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I. INTRODUCTION

A. Summary and Recommendai.cns

USAID/Senegal recommends approval of a grant of $ 4.6 million from the
Sahel Development Appropriation to the '"Organisation pour la Mise en Valeur
du Fleuve Sénégal" (OMVS)f for a Broundwater monitoring project
(lo. 625-0958).

The project will concentrate on the.establishment of a network of
observation wells and piezometers, and will aléo include assistance for the
OMVS organizational and institutional builaing capability. The project wiit
emphasize the creation of an institutional structure capable of implementing

a basin-wide groundwater field study and will include the training of OMVS

Mempber States nationals. Inese natlonals will staif the OMVS Groundwater

Unit and the hydrological services of the OMVS Member States, to monitor

w '

the effects of groundwater development and other hydraulic management
activities involving the aquifer systems. In addition, the data collected
will he utilized by other agricultural development projects such—as The

inanced Integrated Development and the Agricultural Research II Projects.

B. Project Goals, Purpose and Objectives

The overall goal of the Groundwater Monitoring Project is to increase
incomes and food production in the Senegal River Basin. A sub-goal is to

P pport the-exect utlon of projects in the OMVS Basin development plan, namely,

rrigation ppr:m;::;? dams, hydroe]ectrlc power generation, ports and

___;::;;ﬁnagéggzzggi/fér;;;;\énd, the purpose of the project will be to
/

‘eatahlich an affective monitaring and early warning svatem which identifies

P

current and potential problems (i.e. water logging, salination, wateY
quality) and identify opportunities related to groundwater development

and management and to Jistribute information to Member States.

River Basin Development Organizationm.



Figure 1b. - Map showing ex:ent of Projecl 3ectors
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The Groundwater Monitoring Project encompasses the following elements:

1. Overall institutional development assistance to the OMVS and Member-
States to develop their capabilities in groundwater monitoring and management
planning;

?. Specific short-smd medinm-term assistance to help the hydrogeological
services of the OMVS to establish a groundwater management system in the
Senegal River Basin;

3. Establishment of a network of observation wells and plezometers
to monitor the effects of dam construction and irrigation development on the
recharge aﬁd water quality of aquifers and drainage systems; and,
4. Provision of human and material resources to the UMVS and

Member States for a continuation and expansion of their capabilities for

groundwater monitoring and management planning.

The project's objectives will be attained through the provision of
quantitative data required for evaluation and exploitation of the groundwater
systems. AID will finance materials, vehicles, expatriate technical assistance
and a portion of operating costs, and construction of piezometers. Long-term
training in the US , third country training as well as on-the-job training

. on the aspects of groundwater hydrology will be gained by the Member-States'

personnel participating in the work.

II. PROGRAM FACTORS
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Monitoring Project. They are the "UMVS Data and institutional Developueat

Project”, the OMVS Indicative Program for Hydro-Agricultural Development

of the Seunegal River Basin (1981-1990) and the AID Regional Develepment

Strategy Statement within the context of the CILSS and Club du Sahel.



Each of these statements is outlined below so that the relationship

between the project, the OFMV3 awd USAID planning can be seen.

A. OMVS Data and Institutional Development Project

The OMVS Data and Institutional Development Project (625-0620)
was approved ia 1977 with threc subprojccts @ Instituticnal Develooment
Water Data Collection, and Basin Survey and Mapping. At that time only the
Basin Survey and Mapping sub-project was submitted for funding. Groundwater
resources were studied in a series of USAID-financed reports, but a
sub-project was not then developed. Further study and recommendations of an
October 1979 report by George C. Taylor, Jr.,of CH2M Hill International

(attached as Annex G) reviewed the needs and requirements for this project.

The DID project structure highlights that existing data on the occurence
and quality of groundwater are adequate for the purpose of siting wells
for relatively small-scale developments for stock, domestic and public
supplies. However, the data are i~adequate for the purpose of evaluating water
management practices or for planning large scale development for irrigation
supply, especially with respect to the Maestrichtian artesian aquifer which
probably is the only potential regional source of groundwater supply
for'irrigation in the Basin. Lacking are data on the hydrodynamic relationships
between the Maestrichtian aquifer, and under aquifers in the Senegal
River. These data are required to evaluate water wanagement practices and
to determine the development potential of the Maestrichtian aquifer under

1
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gation supply
throughout its area of occurrence in the Senegal Basin. But the area of
immediate interest is the reach of the Senegal River Valley between Matam
and Boghé. This reach probably is the principal source of natural recharge
to the Maestrichtian aquifer; it also will contain several large irrigation
developments which may produce marked changes in the groundwater regime;
and regardless of other considerations it probably will be the scene of
rather extensive groundwater development to supply the growing demands for

public and industrial supplies which will arise as a result of the

irrigation activities.

In sum, the DID project views the groundwater monitoring activities as
complementary elements in the development of the basin. In addition, it
identifies the need for suh-—proj@{}r_q tn he more responsive to EB?\’.i.‘%ting data.

This element is directly addressed by the project through the establishment

: of a central locale for groundwater-related data and institutional assistance
\\@o the OMVS,.

\

B. OMVS Indicative Program for Hydroagricultural Development of the

Senegal River Basin

The OMVS has four broad objectives which are :

1. to provide and improve incoms far | maw numher of inhabitants
in the basin and in neighboring regions;

2. to establish a more stable balance between the human population

and the environment;



3. to make the economics of the three States less vulnerable to
climatic and external faclors; and,
4. to accelerate the economic development of the three States

through inter-State cooperation.

In the basin, these objectives are being reached through the afore-

mentioned plan wiich includes the constructiun of

A. Manantali Nam == a mnltipurpose npstream reservoir of 11 billion
—
cubic meters capacity, for irrigation of some 255,000 hectares plus hydroelectric
4]

power and riverine navigation, based ... a regulated flow of 300m®/sec
downstream from Kaves, Mali. Although Manantali will reduce flood peaks in
most years, it cannot provide sufficient reduction of thé highest probable
flood peaks to eliminate unplanned flooding completely. The sturage

effect of Manantali on the BafingRiver will be partly offset by constrictions

Fh

of the floodplain due to road. levee and other construction. The flows o

the Bakoye and Falémé will remain unchanged.

b. Diama Dam -- a low barrage to prevent salt water intrusion and permit
irrigation of some 55,000 hectares. Until upstream storage 1s provided
by Menantali, Diama Reservoir levels will fluctuate seasonally
between O and 1.5 meters above sea level as its far more modest projected
storage capacity of 250 million cubic meters is used to meet irrigation
requirements in the Delta. After Manantali begins operation, Diama will be

operated at a nearly constant water level of 1.5 meters to facilitate river

navigation.



As a result of the dam construction, flood recession agriculture which
provides a marginal existence for a population of about 400,000 living
along the river banks will change. Changes in this type of cultivation are
expected as a result of the water-flow control proposed by the OMVS. The
CMVS plan for the operation of Manantali Dam provides for an artificial
flood of 2,500 cubic meters/second to be provided during the August—-September
period for a transition period estimated at seven years (the duration in

years is still under consideration and discussion). The purpose of this

£1 - .2 PO B — ey b m demades b £ an ~ 3
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recession agriculture into intensive irrigated agriculture. During the

transitional period recession agriculture should have a more predictable

v, 2nd viclde chould bo more ctable,

Recession agriculture will be reduced as irrigated areas are

developed but will not be eliminated by Manantali operation. The Bakoye
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of the flow volume. Only when other upstream storage sites are ultimately
developed will recession agriculture disappear. When this happens, nearly

400,000 heciares could be irrigated in the basin.

Once the artificial flood release program has been terminated, overbank
flooding in many arcas will be reduced or eliminated, which raises the
question of whether recharge of aquifers may be adverscly affected. This

problem as well as the problem of drainage, will be investigated by the

project.



C. AID Regional Development Strategy Statement

The AID Regional Development Strategy Statement (RDSS) endorses ihe
project approach, stating that AID will give high priority to the
development of ir{i§3§gg_agricu]ture and to river basin planning and
feasibility studies necessary for future projects. The RDSS further
emphasizes a regional approach to river basin development and expresses
AID's desire to assist international organizations like the OMVS in fermulating
ptimum strategies for river haein development. The formulation of optimum
and basin development requires that data be compiled and analyzed by the
project on aquifer hydraulics, groundwater flow, recharge, water quality

and changec in these resulting from development.

As an institution~building effort, the present project will strengthen
the capacity of the OMVS and Member States to monitor and manage groundwater
develepment. It will direcrly affect OMVS and Member States officials as
beneficiaries. The ultimate beneficiaries of this increased institutional
capability will be approximately 2.0 million residents of the Senegal River
Basin. These benefits will derive from better development planning and

management of groundwater resources by the OMVS and Member States.

D. Relation to Other Projects

a) USAID Funded Projects

In addition, AlD is funding through OMVS the Agricultural Kesearcn
Project (625-0957). This project will assist the OMVS in carrying out
improved crop research and adaptiVe agriculture programs by trained

agriculture and extension personnel and by upgrading research centers in



b1 and Mouritania. Octher U.S. assisbance to the OMVL Las
included funding of the Environmental Assessment Project!/ (625-0617) which

b P ) A=, e S ) £ N
ronmental cffeccts to the overall €

evaluated the envire o negal River Rasin

Development Plan, and funding for a UNDP-sponsored socio-economic study.

Future assistance to the OMVS is expected to include an Integrated
Development Project (625-0621), now in the final stages of design. As of July
1981, there existed a total of 29,700 hectares of irrigated perimeters in
the Senegal River Basin. By country, this aggregate consisted of 24,500 hectares
in Senegal, 4,900 hectares in Mauritania and 280 hectares in Mali. The OMVS

"' Indicative

plan for irrigation perimeter development as presented in the
Programme for Hydro-Agricultural Development of the Senegal River Basin, 1981~
1990" sets as a goal the development of an additional 41,000 hectares by 1990.

The rate of development is estimated at 3,500 hectares/year in the beginning

of the planning period; increasing tc a 5,100 hectares/year later.

The IDP's contribution towards development of irrigated perimeters will
consist of the upgrading of approximately 703 hectares of existing perimeters

and the construction of 2,120 hectares of new small perimeters, 1, 663 hectares

| e
i

EOE SR
[ SSRGS

arcs of gravity-fed irrigated nerimeters.

of medium~sized pecimetcrs and 933 z 4
In addition,the project will fund Feasibility Studies for an additional
15,000 hectares. Other new agricultural development activities include the

development of 2,250 additional hectares of large perimeters in the Delta

1/ This project addressed the problems of salinatinn  changes in quantities
of groundwater for recharge aud wo. of pesticides and fertilizers.The "Plan of
Action" recommended the establishment of a groundwater mouiiviiig program
along with piezometer construction as a means of mitigating detrimental
groundwater impacts. Additional discussion 1s found on pages .5 and 19,
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Region to be operational by 1984. This will include 750 hectares in Debi-Tiguet -
which will he financed by the Government of Kuwait; 2?50 hectares in Kassack
North; and 720 hectares in Ndombothiago. Renovation of some large perimeters
will be accomplished in Dagana, Nianga and Boundoum. In the upper basin,
irrigated perimeters are being studied in Térékolé and Lake Magui Valleys,
30,000 hectares, and in the Karakaro and Faleme arcas; as well as the safoulabe-

Kita plains, 20,000 hectares.

The Groundwater Monitoring Project will complement the Integrated
Development Project as well as other U.S —-funded OMVS projects, such as the
Agricultural Research I1 and the Basin Survey and Mapping Projects, by
providing decision makers with vital information on existing and potential

drainage and salinit roblems affecting the design and location of irrigation
g yp g g g

projects and also, potentials for supplemental irrigation from groundwater.

In addition, this project will also use data collected by the AGHRYMET

project which is being implemented by CILSS.

h) Mauritanian Proiects
h) 03

In Mauritania, both the national components of the Groundwater
Monitoring Project and AGHRYMET will be under the auspices of the Division
of Hydraulics. According to the Director of the Division of Hydraulics,

he plans to closely coordinate the activities being carried out under the



Groundwater Monitoring Project with those of AGHRYMET. The AGHRYMET Project
is assisting in developing an agrometeorological and hydrological
forecasting capability in order to establish a water resource data collection

and processing network. Given the similar nature and common objective of

0]

these twe projects, the Director contemplates eventually linking the activities
of the Groundwater Monitoring and AGHRYMET Projects into one operation to be

called National Agro-Meteorological Services.

c¢) CILSS and the Club du Sahel

This project supports AID regional objectives within the context of
CILSS and the CLub du Sahel. The CILSS/Club Strategy emphasizes the quick
‘execution of feasibility and planning studies so that large multi-purpose
projects can begin in the mid to late 1980's. By establishing a system of
groundwater monitoring, analysis and management planning, this project will
assist in the development of a hydrological information and institutional,
base necessary for proper development and utilization of the water resources
in the Scnegal River Basin. This information will identify actual and
potential hazards in and near irrigated lands, making possible better
drainage design, will identify any deterioration of water quality in existing
domestic and livestock wells that may result from irrigation development,
and will define relationships of river recharge to changes in aquifer
storage in areas considered most critical by Member States and OMVS.
(See figure 1 for the area to be covered by the project). The project is

Ltechinically Ieasible ana appropriate as presented.
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ITI. PROJECT DESCRIPTION

A. Overview

The Senegal River, 1800 kms long, 1is one of the major rivers of West
Africa, draining an area of approximately 300,000 km?. Its major tributaries
are the Bakoye , Bafing and Falémé Rivers. This area contains the principal
land and water resources of the Sahel and has been an important concern of

the Member States of the OMVS, namely Senegal, Mali and Mauritania.

B. Groundwater Occurence

The groundwater resources of various parts of the basin have been
investigéted by several parties. A bibliography of the most pertinent studies
1s attached as Annex L. Most of these studies merely investigated Liue
existence of groundwater and its availability for villages, livestock and
public water supply. Most of fhese studies have had limited, short-term
objectives, with little attention given to the training of groundwater

specialists and technicians who are nationals of the three Member States.

0f all the studies reviewed, that of ILLy (1973),1/ sponsored by OMVS/FAO,
most pertinently described the hydrodynamic relationships among the river,
its contiguous alluvial aquifer, and the underlying regional aquifers. The
principal conclusions were that:

1. the river and its contiguous alluvial aquifer form a line source

of rechar
Ccr Yecnar

harge for deeper regional aquifers in the Continental Terminal, Eocene,

and Maestrichtian formations underlying the western parts of the Senegal

Divwvnavr Pr=dn 3m Qanneal oand Manvritaniae
Tl LT senegal onag Many In1 Al

1/ IlLy p, | Etude Hydrogéologique de la Vallée du Fleuve Sénégal.
3 parts, OMVS/FAU mtude hydroagricole, FAO, RAF/65/061, 1973,




2. the alluvial aquifer is alternatively recharged by the river
during floods and depleted during ithe dry season thereby sustaining most
of the base flows of the river below Bakel; and,

3. hydrogeologic conditions are favorable for the development of
groundwater for irrigation in the Matam—Boghé sector of the valley, but
additional investigations, including exploratory drilling and aquifer

testing, are needed to determine the limits of such development.

The ILLy study recommended continuing monitoring of water level and
water quality in the piezometers constructed for his investigation and
the establishment of a pilot groundwater irrigation project in the Matam-
Boghé sector. While water level and water quality obscrvations were continued
by the OMVS during 1973-74, they were subsequently discontinued due to the
Lack of operating funds, personnel and vehicies. The pilot project recommended
by LLLY was not implemented. possibly because it was considered premature in

view of OMVS emphasis at that time on surface-water development.

Another OMVS/FAQ sponsored study by Audibert (1970)!/ concentrated on
the Senegal River Delta. This study concluded: .
1. wvirtually all the aquifers beneath the delta and extending
up;tream as far as Podor contaln saline or brackish groundwater;

2. the groundwater beneath most of the delta is highly saline

and present at a depth less than 3 meters; and,

1/ Audibert, M., Delta du Fleuve Sénégal, Etude hydrogéologique,
4 parts, OMVS/FAOQ Frude hvdroagricole du Rasgein du Fleuve Sénégal.
Projet MAR/REG 61. 1970.
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deep drainage systems would be required within irrigated

perimeters in order to control water-logging and soil salination.

Audibert aleco advised that monitoring groundwater quantity and quality
is needed as part of water wmanagement in irrigated perimeters as lack of

this knowledge could threaten the entire investment.

The installation of an observation well network in the river valley

downsireaw {row Dakel was rccomaended by an April 1074 gtudy prenared for
USAID by the US Bureau of Reclamation 1/, This network was recommended to
monitor the response of the water table to changes in the river regime,
l:rigat;_(;n 2c zand groundwator verharece and discharge. The number,
location, and specification of observation wells were not detailed, nor were

the aquifers to be monitored, nor the costs.

ristics has deterred at least one potential project. This was the Bechtel
proposal for the development of groundwater to irrigate 2,800 hectares

of sandy "diéri" lands for vegetable production at Matam2/.

1/ US Bureau of Reclamation, Semegal River Basin - Preliminary Basic Data

and Examination and Suggested Study Program, 1976. - USAID Report.

2/ Bechtel Overseas Corp., Development of Irrigated Agriculture at Matam,

Senegal. Feasihility study, USAID report, 1976.
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Greenman presented a proposal for a basin-wide program of groundwater
data cellection and analyeie that included training and institutional
development components for OMVS. He proposed a first phase, one-year
effort to identify requirements for data collection, program formulation, and
institutional development, then a long-term second phase of technical

assistancel/.

Further study of groundwater was conducted during 1977-78 as part of
a USAID-financed series of studies by Gannett Fleming Corddry and Carpenter.
This effort concluded:

1. groundwater levels and saline water from the shallow aquifer will
tend to rise around the impoundment created by the Diama Dam in the Senegal
Delta;

2. water-logging and salinity are likely to develop in irrigated
perimeters unless there is adequate water management;

3. the potability of the shallow groundwater tapped by village and
livestock wells could be adversely affected by increasing use of fertilizers
and pesticides; and,

4, regulation of river fleowe pormitted by the Manantali Dam should
somewhat reduce the periodic recharge to groundwater in the alluvial and
reglonal aquifers.

In conelucion  the Gannett Flemine Corddrv and Carpenter report
strongly recommended a program to monitor groundwater levels and water

quality. This conclusion was supported and further developed by the Taylor report.

man, N "_va\rv\cr!] tn nccomhle yrmmdwnter data 1in the Sene‘;’,al

River Basin,' USAID/OMVS, Dakar, 1977.



C. Project Components

1. Goals
The project aims to establish within the OMVS a system for monitoring
and investigating potential groundwater problems related to irrigation

development and to the construction of the Diama and Manantali dams. [he

S)s%ém will addreas:

a. recharge-discharge relationships of the Senegal River,
its valley aquifer and contiguous regional aquifers;

b. changes in groundwater regime caused by the construction
of the Diama and Manantali dams and the resulting alterations of the flow
regimes of the river;

¢. 1irrigation development potential from grounawater 1n the
Matam—-Boghé sector;

d. water quality in domestic and livestock wells resulting
from changes in river flow, irrigation and use of fertilizers, pesticides
and other materials; and,

e. groundwater dynamics, including water-logging and salination,

in and around irrigated perimeters.

2. Implementation

i+ The project will be carried out over a four-year period to accumulate
significant observational data for interpretative analysis, and to establish

. . . .
litics given personnel and funding constralnts

Fae

of the technical agencies of the Member States and of the OMVS. By the end
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a. a groundwater monitoring system, includiug a network of

observation wells and piezometers:
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b. trained OMVS and Member State staff for water data
collection and management planning; and ,

c. a capability for groundwater data compilation and analysis.

D. Management and Operational Procedures

The project will be directed and managed by a central hydrologic/
hydrogeologic office to be established in OMVS at Saint-Louls, Senegal.
The cern* 2l office staff will consist of:

1. the OMVS Chief of Project;

2. Deputy Project Chief;

3. an Administrative/Finance Officer;

4, an Hydrologist in charge of data compilation and analysis

and training;

5. an Hydrologist or Engineer in charge of sector cperations;
6. tithree Sectur Chiefs {tuchuicians);
7. two draftsmen;
8. three secretaries;
9. a translator;
10. an accountant; and,

11. three chauffeurs/mechanics.

The three Scetor Chiefs, designated by their parent national agencies,
wlll be trained and oriented in the centrai oflilce aud Lheily, wien Liciu
activities begin, move to sector headquarters in Saint-Louis, Kaedi,and

Manantali.



The three Sector Chiefs will implement. and supervise the ficld
activities of the construction and/or surveving crews and witli monitor the
work of the well observer crews.lThese crews will be comprised of national
agency employees of Senegal, Mali and Mauritania. (The administrative
structure and project implementation are discussed in detail in Section IV C,
"Institutional Aﬁalysis”, and Section VI "Implementation Plan”). To achieve
these results, the proiect includes financing for technical assistance,
training, equipment, construction, and operating support. The OMVS.will
supervise the project and field operations with its central staff, but most
of the data collection will be through national agencies of the Member States.
The OMVS will, therefore, assume responsibility for filling the professional,
administrative and support positions required for the central office and

for overseeing project implementation.

More specifically, implementation of the project involves technical
assistance, commodities, construction, and operating support. The proposed
technical assistance is for a total of 94 person-months. This includes one
long~term Deputy Project Chief with expertise in groundwater hydrology and
monitoring technology who will he assigned to the project for 36 months.
The Deputy Project Chicef will work directly with the Project Chief in
Saint-Louls, beginning late in the first yecar of the project to assist the
Project Chief in developing field methodology, procurement of commodities,
training of field personnel, and in setting up a central system for data
collection, compilation and analysis.

T 284150

of short-term technical assistance will be ;0 Ided for water budget and



salt balance analysis, water quality analysis, and groundwater modeling.
Ihis technical assistance is to be provided by the US Geological Survey

under a PASAl/.

Further, AID will finance the services of an Administrative/Finance
Officer for a total of 45 months. (see Annex B-4 for a detailed description

of his/her duties).

Commodities to be financed by this project include technical equipment,
office equipment, materials and vehicles. The tcchnical equipment includes
Alectric water=Tewvel ranes, steel tapes. specific conductivity meters,
surveyor levels, water-level recorders, hand augers, power augers, pipe
cutters, and miscellaneous hand tools. The office materials includes desks,
tables, chairs, typewriters and other items. The materials include the pipe,

AAAAA etc., needod for rconstrucring rhe niezomerers and wells.
Construction of the piezometers along the proposed 10 lines in

Senegal and Mauritania is to be done under local contract.

1/ In the event that the US Geological Survey i< unable to field a qualified
hydrologist, AID will seek the services of this professional via an

. . .
institutional centract.



The construction of shallow (less than 5 meters deep) piezometers
and intermediate (5 to 30 meters) piezometers in and around the irrigated
perimeters will be done using hand and truck-mounted power augers, respectively,
by teams working under the supervision of the Saint-TLouis and Kaédi Project
Sector Chiefs. In Mali where virtually all piezometers must be constructed
in hard comsolidated rocks to depths averaging 60m, the Malian Directorate
of Hydraulics and kEnergy will provide special drilling equipment with trained
drilling crews on a direct cost reimbursement basis. The sites for the
piezometers.will be chosen on the basis of antecedent photogeologic analyses

and geopnysical surveys by trained Malian personnel.

Operating costs to be funded by the project include administrative
support for OMVS hcadquarters, salaries for short-term employees at
Saint-Louls office, gasoline and maintenance for vehicles, and travel expenses
for implementation supervision. The OMVS Member States will gradually assume
the burden of recurrent costs. Recurrent costs, however, will be handled directly

by the Member States,

The training proposed under this project will include:

1. long-term and on~-the-3iob practical training for cectoral teams;

2. training of OMVS central staff persomnel in hydrogeological

comniltation and analuveic hath nnmdeav thao gnirlnnnn Af tho OMUS +rainin
1 3 . wrdancoe ob th
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assisted by the Deputy Project Chief; and,



3.a. USAID/RBDO will issue PIO/Ps for long and short-term participants
who will be placed at US institucions by the Office of Tnternaticnal Training

(s & T/1IT).

b. candidates for training will be nominated by the OMVS for each
Member State and jointly sclected by the respective USAIDs, the OMVS and RBDO.
A training program for each candidate will be proposed by the US Geolopical
Survey and approved by USATD and will include on-site research for the degree
program. Candidates will be selected among hydrology service personnel of the
three participating countries;

c. an English language program will be coordinated by ICA/Senegal
for training of US degree students; and |

d. all candidates will be placed in an institution selected on the

basis of criteria defined by AID for institutional degree training programs,

Training at the university level will provide OMVS with the necessary’ I
staff to take over project functions after AID's assistance is terminated.
This will also insure continuation of project activities at improved level of
competence. This training will address all aspects of project methodology and
implementation necessarv to institutionalize and continue the groundwater
monitoring project, and therefore, cover a broad range of activities from

'hydrblogical data analysis to the care and maintenance of technical and field

equipment.

The project is an institution-building activity which will have no
direct impact on the social structure ot the Senegai Kiver pupusialioll.

Nevertheless, a sccial ang hac been included as well as an economic
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analysis (See Sections IV.B and IV.D). The proposed research activities may
atfect the physical appearance of the locality; however, it will not have a
significant effect on the environment as a result of its limited scope,
carefully controlled nature and ctffective monitoring system. The Initial
Environment Examination recommends a negative determination and details of that

examination are attached as Annex F.

All procurement of drilling and monitoiing equipment has been distrioutea
between procurement from Code 000 (US only) and waivers for shelf-item
procurement/(Code 935). A waiver for vehicle procurement is listed under
Aunea By, "Trocureweui Lisi". Local cvoutrtacilug will Le uillilzed ful cousiiuciion
of some 200 piezometers and 10 observation boreholes. In accordance with
Handbook 11, Section 2.2.5.2.e, the use of a local firm is permitted since:

1) the estimated cost of construction services is less than $ 5 million,
Z2) mno US firms with the required capabilitles are operating in the hosc
countries and 3) the locally based companies have been doing business in the host

country on a continuing basis for more than three years prior to the issuance

date of invitations for bids or requests for proposals.

As a Condition Precedent to the disbursement of project funds, the OMVS
will establish the Hydrology and Groundwater Monitoring Unit at Saint-Louis.
The establishment of tiils unit will require the appointment of a Project Chief
and central office administrative personnel. The Project Chief and the
technical supnorting staff will be appointed prior to the disbursement of any
project funds and the Sector Chiefs will be appointed prior to disbursement

of the second tranche of project funding for training, field operations,



and construction. The terms ot 1inan<‘in;a Lie Custs of certdaln

personnel bLy Hewber States' national services Lo work under the Sector Chiefs
shall be governed by a written agrecment between the OMVS and each participating
Member State. The functions and coordination of these personnel are discussed

in the "Institutional Analysis' and "Implementation Plan', Scctions IV.C and

V1. Total funding of $ 4.0 wmillion i8 requested for this project over a four-year
life of project. Project implementation over this period will follow the general

arhednle nrovided in the Tmnliamantatrs an D1 an P thn 3 wmb svaes
A ¥ i 'y x - . R T (e

of $ 1.0 million is requested with approval of this Project Paper.

V. PROJECT ANALYSES

A. Technical Analysis

The technical feasibility of this project was analyzed by CGeorge C. Tavlor,Jr.,
of CH2M-Hill International in an October 1979 report, "USAID Groundwater
Manayement Planning’, The techinfeal dacinn =F- rha wwsdr o
is based on the soundness analysis completed by the consultant, and the
design team considers that the project is feasible and will achieve the

intended output.

To date, water monitoring in the Senegal River Basin has been virtually
hil. Hence, water—logging and salination problems have surfaced in scveral areas
in the valley. Proposed investments from the World Bank, FED and USAID amount
to several millions of dollars for diked irrigated perimeters in the Senegal
River Basin. These investments, if realized, may be jeopardized in the
absence of an adequate water monltoring svstem. This project mav serve as the
needed linkage between the planned development of Irriguated ageiculture and an

appropriate infrastructarce to supporl and improve water managencent in the Basin.



1. FPropused bata Colicction and Monitoring Progiam

Over a four-year term the project will establish a system of data
collection Lo monitor and lnvestllgale caisilig and pulueatiai probicuws oi
groundwater development and management. This system will address several
problems:

a. recharge-discharge relationships of the Senegal River
and its aquifers;

b. groundwater changes caused by the construction of the Diama
and Manantals Adame and alteratriong in the flow reeoime of the river:

¢. development potential ol groundwater for supplemental
irrigation in the Matam—Boghé sector;

d. water aualitv in domestic and livestock wells resulting from
changes in river flow, irrigation and use of fertilizers, pesticidon pd other
materials; and,

e. Croundwater dynamics in and arcund irricated perimeters.

The four-vear iife of oproject will permit time Lour training and
institution-building within OMVS and allow enough time to accumulate a volume
of statistically significant hydrologic data. The project takes into account
personnel and funding constraints of the technical services of the Member States
and the OMVS, by allowing for long~-térm and on-the—job training and for their
take-over of project support costs. The OMVS Directorate of Regional Infrastructure
Qill be responsible for staffing most of the professional and administrative
support positions called for in the project. For these positions, adequate
skills are available in the technical agencies ot the Member States and 1n the
OMVS and advanced training is proposed for higher level technicians, to

insure proper follow-up.



2. Technical Assistance

Contractual technical assistance for a total of 49 person-months will
be provided to assist in on-the—job training in developing the final implemen-
tation and monitoring strategies, and In speclalized studies ol water quality,
salt balance analyses, water budgets and groundwater modeling. One long-term

Deputy Project Chief with expertise in general nydrology and groundwater

s

e

monitoring will work a total of 36 months on the project. This technician
work with the Project Chief in Saint-~Louis beginning late in the first year
of the project. The Deputy will also assist in procurement, training and
planning activities. An estimated 13 person-months of additional short-term
technical assistance will be provided for special training in water budget
studies, salt balance analyses, and groundwater modeling.

3. Work Plan

The "Technical Analysis" (Annex A) cxamines in detail the five
principal work components of the project. These are planning, data compilation
and analysis, training, field operations, and construction. The planning
activities involve designing appropriate systems for project management,
implementation supervision, data recording, and other project activities. The
establishment of a larve network of observation wells and piczometers will
require careful planning. Data compilation and analysis involves updating
‘earlier studies, compiling information from published reports, and using this
and new data from the project to construct maps of groundwater and water
quality Linctuations and hvdraonlie profiles as well as to studvy the wate
budget and the salt balance in irrigatéd perimeters. Project personnel will
prepare technical reports 1nterpreting these data for water resources planners

And manmaeaee
NG MOanIgero.



On-the-job and workshop training will involve the use and maintenance
of electric tapes, water sampling equipment, leveling instruments, automatic
water—-level recorders and other cquipment, the systematic recording of ficld
measurcuments, and the training of surveyors, wel! UbHUFVv;H, mechanics, and
other personnel. Professional personnel will receive more advanced training
in the construction of hydraulic profiles, water—-table, water quality and
other groundwater maps. At a later stage of the project, training will be
provided in water budget, salt balance analyses, and groundwater modeling.
In addition, candidates ror bolh Long=-term Ub and Lhiru—wounily tocucpal we
Niger) training in hydrogeology and related arcas will be identified during
implementation of the project. This training will be initiated early in.the
project 80 that trainea personnel wiil be lutegrated isiu thé piojoct pricr

to completion.

The construction and field activities will be supervised by three sector
P y

field offices at Sainc-Louls, Kaédli and tlapnancall respeciively (Fig. 1).
Sites will be selected and construction undertaken for new or replacement

shallow piezometers in and around each major diked perimeter and in the vicinity
of Diama reservoir and for 10 lines of combined batterics of shaliow (iess

then 5 meters), intermediate (5 to 30 m), and deep plezometers (30 to 60 m)
along, the lines of the LIIly and Bechtel studies. In all, 450 piezometers of
shallow and intermediate depth will be constructed in and near major diked
irrigatad porimeters, and some 200 shallow, intermediate aund deep plezometers
and observation welle in 10 lines (Fig. 2) across the valley. Also, 20

Aran niarama © will he conatruected around the perivherv of the Manantall

reservolr to obscrve the effects of the impoundment of the Bafing River

on the 1ocal groundwater regime.



The weasuremcnts of water level and specitic conductivity will be maac
about once a month in the beginning. After the tecams gain experience, the ;
frequency will he increaced to weekly intervals., where needed, especially during
the flood season. Water sampling will also be taken for detailed chemical analysis
to be performed by the "Direction des Mines et de la Géologle" for about 150
samples during the life of the project. Testing for pesticides/herbicides
will be done in the US., since Lhe capability docs not exist locaily. Tho

results of the measurements and analvses will he compiled and evaluated bv the

technical staff of the central office in Saint-Louils.

In addition to the records of groundwater levels and quality, logs will be
made of the lithologic characteristics of subsurface formations encountered
during the construction of piezometers and observation boreholes. An additional
duty of the Deputy Project Chief will be to determine the scope of future
hydrogeclogical investigations which should be carried out in the basin following
the moanitorine nroveam and (o advise OMVS on special cquipment which will he
required. To this end, the Deputy Project Chief will consult OMVS and Member States
organizations having responsibilities for long-term hydrogeological investigations.

4, Technological Stratepy

The technelony solertod for the nroaioct ds rhe simplest nossible. consonant

with the requirements for technically sound groundwater monitoring and data collection.
With the exception of ten automatic analop water—level recorders to be used on

deep observation boreholes on cach of the ten proposed piezometer lines and on

Cive deon niccamctore in the Manantali Reservoir arca, all instruments tor

field observations will be hand-operated. The proposed investment in field

equipment (excluding that for constructing piezometers) is approximately

| i
s

- L R ]
i -

3L M S ST
L oLiuwjvee s apli, ¢ WAl

% 45,000. In reviewliny ihe dia



by USAID/REDSO/Abldjan that consideratlion be given to automating the piezometer

vital water—-level recorders with radio transmittal of data

stworl ueino die
SHODE WELNY Q1P

to a central master receiving station for computer processing. This suggestion
wae made in the interest of reducing recurring personnel costs of observation
well crews using hand-operated cquipment.

It shauld he pointed out, however, that the capital cost ol such an
automated system would be of the order of $ 2,000,000 (See Economic Analysis,
Section IV B). A radio transmitter at each observation well or piezometer

line would cost about F 10,000 1n addition to the cost of an automalic water-
level recorder (about $ 2,700 each). Add to these the cost of a central master

receiving station for the observation well network which would be about

$ 50,000 and a computer for processing the data which would cost about $1UU,UUU.

In addition to the high initial cost is the problem of operation and
maintenance. All these instruments are mechanically sensitive and must be
regularly serviced by highly specitalized technicians if they are to tunction
fectively. Also realistically there is very limited need for real-time
data in groundwater nonitoring as mosL secular changes in groundwater levels
and water cquality occur rather slowly over time as compared to, say, the rvapid
passage of a {lood crest down a river, for example. In view of the financial
and personnel constraints described above and taking into account the
prevailing weak infrastructure of the regilon, it has been decided that the

‘mlest toechnology i also likely to be the most wviahle a
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on completion of the four-ycar term ot the project.
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5. Timing of Project Implementation

During preparation of the draft Projcct Paper, the question was raiccd
as to optimum timing for initiation of the project vis-a-vis changes in the
river regime that will be caused by the construction and operation of the
Diama and Manantali dams. With respect Lo changes caused by these dams,
actnal oheorvarional activities in the monitoring project should optimally
begin about 2 to 3 years before the actual operation ot the dams begins and
continue indefinitely thercafter. Such a schedule would provide sufficient
time for acquisition of base-line data which subscquently can pe compareu

with later data effected by the operation of the dams.

Construction of the Diama dam began 1n November ivdi and the daw is

scheduled for completion seventy months after contractor mobilization.

Full-scale construction of the Manantali dam is scheduled to begin later
in 1982 with the dam becoming operational in 1988-89Y, depending on ievels of
funding.

The data collection activities of the Groundwatoer Monitoring Project
will, initially, have thoeir greatest sipgniticance in the Senegal Deita and
in the lower valley downstream of Podor and should be given first priority in
these areas. In the delta, water-logging and salination problems are already
manifested in the older diked perimeters, such as M'Pouré near Rosso, and are
Likely to develop rapidly in the newer pevinmetors of Savoiens=lampsar and
Grand Digue—Kassack,which will Tic alony the southern periphery of the
i reee el Dottt ealde e i e b catinat ian are already

probiems In parts ol the Gucde ooantaovt, Soangd, and Danana operating diked

perimeters and will intensify o in the absence of pood water management .



Additional diked perimeters, not yel designated, are likely to be recommended
for construction under the USATD/RBDO fntegrated Development Frojoeot. Gls,

in so far as the requirements of the delta and lower valley are concerned, data
collection activirics should begin as soon as possible. Taking into account

the usual delays inherent in project design, approval, and implementation,

: T N, s - I : Y 1

LL NOW Seems Hibd b by cildt sdata coiideellon avl ivil bes wiider Liae project oan
reasonably bhe cvncceted to beein before the middle of 1985, This is good timing

with respeect to the construction schedule for Diama dam.

Lower priority will be given to the initiation of data collection
activities in the middle valley until such time as these are fully operaticnal
in the lower valley and the delta. In any case, full data collection activities
under the project in this reach of the valley would not be likely to be ready
to becin before the middle of 1986, thereby giving adequate time for
acquisition of c=1line data before the beginning of operation of the

Manantali dam.

G. Protection of Pleczomelers and Observation Wells

In past groundwater studles, vandalism or willful destruction of
niezomerers or observation wells has been a chronic problem. Pipe caps are
removed and the piezometer pipes are filled with sand or other debris making

them useless for water-level and water—quality observations.

Some effective means must be found to protect new lnstallations.
In some localities a counselling program undertaken through the djiscrice
chief and the local village chiefs may be etlective 1n apating the Prouicus.
has proven that hiring 2 watchmen or placing mew installations

| e Ll
LapcDiCnll 4GS proven caat a4 R . LB

under the preview of the village chief may be the best prevention against



vandalism. Also the concept of proper maintenance needs to be learned by

nroject participants.

Piezometers located at sites subject to flooding, as in the cuvettes
or flood basins, must be protected from direct entry of silt-laden water
into the piezometer pipes. This means that the end of the piczometer pipe
must be clevated 3 to b m oabove pround lTevel, depending on the anticipated
maximum flood heights. In past Investigations (LLly 1973), this was done by
add L ST R o G A S PR T Y A Y L T 0 D R S G
flood and then detaching them during falling stages. Also, during the three
to four months of the flood season, such piezometers can only be reached by
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located outside of the diked irrigated perimeters will be at sites subject to
flooding. Such piezometers, of course, could not be protected by the method
suggested in the previous paragraph.

i Groundwatet PlunLior sy su L e va

Discussions with the Malian Directorate of Hydraulics and Encrgy
(DNHE) pointed out that it gave higher priority to groundwater monitoring
getivities in the wiviron of the Manantali rescrveir thau o LLc reauie:
the Bafing and Senegal Rivers downstream of the dam. The plan for groundwater
monitoring in Mali consists of the development of a network of observation
points at existing open wells and boreholes along the reach of the Bafing
River belween Manantali Dam and Bafeulabd and, also, along the Scnepal River
from the confluence with the BafimRiver at Bafoulabé downstream to the Malian

border. In addition, twenty piezometers would be constructed upstream of

Manantali Dam in areas of hydrmlngir ;mpurrﬂnvw ﬂdjﬂPUﬂY to the impoundmpnr_



The network of obscrvation points along the Bafing and Sencgal Rivers .

Dam would he utilized to monitor changeg in the

groundwater regime resulting from the alteration of flow patterns caused by
operation of the dam. The data acquired during the monitering period will

be utilized Io the development of plans to mitigate any adverse results of rviver

flow regulations 1l.c. possible reduction ol recharge to the aquifers with a

V'(‘\'-‘-1FA7. T mrmrt o [ 1 rabkle 1 1 i bl i lanmine o f arhar
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projects which contemplates the utilization of groundwater resources (irrigation,

domestic water supply, etc).

The piezomctlers to be constructed in the areas adjacent to Manantali
reservoir will provide hydrogeclogic data on the effects of the c¢reation

of the impoundment and the seasonal variation in reservoir water levels on the

- ¥ : - : g e R
exigskine groundwater repame i1in the sgpripheral areas wi velrologic
e pron wat cg1m tt
connactiong to the imnoanndment . Thia netwerk af niprzometrere will nroavide nlannine
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agencies, OMVS and Malian Covernment agencies with informaticn required for

=}

the utilization of groundwater resources in the area around Manantali Reservoir.

Of most immediate concern is the nced for groundwater data for utilization in

+ha Tl amnainns FAasr ranecat bl amamte AF #hha 19 OANN meaaal o ssbhn =2 TT W A7 anl A
- PLIONINE TCY XL e e T TE e iy SOp 3 L0
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asere Bl gl
Manantali project. Concern has also been cxpressed over the possibility of leakage
from the basin through fracture zones identified during preliminary geologic
reconnaissance., The aerial photographic and geophysical studies proposed under

thia cammornent alone with the ctratecic citine af niezometrere will attemnt
H if 3, 4 1 :

to identify areas of leakage and estimate its magnitude.
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B. ELconomic Analysis

it
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Since this project is a data-gathering, research, and institutional-
building effort aud not a revenue-producing project, cconomic benefits directly
attributable Lo the project are difficult to measure. However, the act of
gathering data on groundwater levels and quality over time will provide
essential Information for the begt management of hydraulic rescurces in the
Senegal River Basin for agricultural production. The most direct use of the
data will be in irrigated agriculture, butl the information will also be
important in managing the area's water resources for household consumpticn
and for livestock. Beluw is an analysis of these problemsi(a) water-logging and
salination of irrigated lands, (b) leakage from the Manantali dam, and (c)
the improvement of the development planning, management and monitoring

capubility of the OMVS.

A. Nature of Risk

Water-logging on irrigated perimeters ana build up of toxicity.
/

(n Valuation of Affected Assets

T g et L= o g o o, 2 1 . -
s Lhse kh 4ASBEOCLACI 4 Wiy

1. T ey ey
s e e
valuation approaches arc possible: (a) the present value of the installed

infrastructure (land preparation, water control system, ctc.); and (b) the

net value of production. Assume that these are equal and represented by recent

i 1, Dt TR T AT R e oy IR TR SRR, S e =S Th NAale
[ T R DAt R S L et I '3 .= >
Arcaz: 500 hectares
Yield: 4 tons/hectare

value: $ 4UU chousand



Per hectare: $ 500
Deduct: $ 30U cost ol inpuls (Lo be veriiiced)
Net per hectare: $ 500 per year, current prices.

(2) Potential Loss

Several types of loss are possible: (a) loss due to improper
selection of perimeter site. Assume this is permanent, unavoidable (once
investimenl decision has unwisely becn wade) and tolal (;;\IJ falis below

operating cost, land is abandoned) , this typc of loss is not considered here §

(b) loss due to improper application of inputs (excessive water, excessive

pestivide) . Assume this o cutiectable by dicering inputs and 5y supplcmsntary
.(drainage) infrastructure. Actual loss is equal to a drop in production for
number of years before remedial action is undertaken. Calculate:

Period of analysis: 25 years

Net yieid before loss: 3 200 per hectare

Probability of loss over 25 yra: 507

Probability in any one year: s

Average aftected yiceld: $ 10

Pattern of loss: 207 per year until corrected.
Year g { 1 T o ) g 4 5 and later
Loss in year 52 4 O 8 18
Cumulative $2 6 12 20( 30
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(3) Remedial Action

m

This may involve {a) olicoing inputs (including watec), or

(b) supplementary infrastructure. For purposes of this analysis, it is assumed
that these remcdial actiovns would eventually Lo taken in any case. Nellher
their cost, nor their rate of ultimate success, therefore, affects the analysis.
r L E | —

= ! e b > I 7 oA . - : L : e
Comment: ability tLu recover (polenitial success of reaedial action) in

practice may be dependent on specd with which remedial action i1s initiated.

(4) 1Identification of Imminent Loss

Without the project, loss would not be identified until after
it has wamrred for one or more years. Assume average time to identification is
two years.
With the project, imminent loss would be identified one vear before actual
nccurence by measurement of marginal changes in water quality.
Comment: This is a hest-case hypothesis,

Remedial action is assumed Lo require oue yoear.

Therefore without the project, average loss would be $12 per hectare,

while with the project it would be zero.

' (5) Cost of Identification

At least two costing options are possible: (a) relative to the
total cost ot the project; or (b) relative Lo that subsystem which most
directly addresses this specific risk. In the following analysis, option

() s ubkrlised.



36.

Subsvatem Deseription: o mix of 450 shallow and intermediate
11 \

piceometers will, on the banic of 1 plezometer per 100 hectares,provide

survelllance lor approximately 45,000 hectarces of irrigated land.

Cost Per Pilezometer

Total Project Cost 5 5,202,000
Less cost of Malian Component - 618,000

$ 4,584,000
Less cost of construction of
the 200 piczometers and 10 borcholes

by contract ("lines") - 770,000

$ 3,814,000
Less cost of materials for

$ 124 nooly

+ Tocal materiale § 12_000 = 3 156.000) & - 156.000
3,658,000

5

This amount, & 3,658,000, represents the various costs to implement

the Senegal and Mauritaniacomponcuats i,e. technical assistance, vehicles,
technical equipment, operating expenses, administrative and training costs:
less the cost of materials for construction of the 450 piezometers. Assuming
that this cost Is divided equally between the activities involved in the
monitoring svstem and the piczometers and boreholes on the lines, the
portion attributable to the irrigated land is $ 1,829,000. Therefore, the

cost of instaliing the 450 pliczometers is $ 1.829,000 nlus the cost of

materials, 156,000 ot 1,985,000.

.

Pipe cost ihcluditg, transportation and ani b o,



The cost/hectare is $ 1,985,000/45,000 ha or $ 44/ha.

Recurrent Costs

Saint-Louls OMVS Office $144, 640
Senegal Sector 43, 100
Mauritania Sector 38, 400

Total $ 223, 100
Assuming that roeourrent coete acenciated with the niezometers in

the

irrigated perimeters are proportional to the ratio of the number of plezometers

in the perimeters to the number on the 10 lines, 450 to 210, the recurrent

cogt attrihntahle ta rhe irriegared perimeter is about 2/3 x $223,100 or about

$ 149,000/yr. On the basis of 45,000 hectares,the annual recurrent cost

per hectare is $ 3.30.

S[jypmg'_r‘)r f‘nat Per Hecrare

Investment $ 44.00

Recurrent $  3.30

(6) Cost Benefit Analysis

The proposed subsystem of 450 piczometers in this case would be

sufficient to protect 45,000 hectares. Costs and benefits would be:

Costs

Investment ' $ 1,985,000

Recurrent per year $  149,000/year

Benefit $ 540,000 per year (at $12 per hectare)

(loss averted).



costs are ail rocntired

It is assumed (very liberally) that piezometer installation investment

T Y T axiam T

nEred opne year CEDOre Proaubion DeIlis, 48 EREEERe

project is 25 years long.

: =
Year i [nvestment 0 &M Total At 107 Present Benefit| Benefit
Bl worth Present
Worth
1 1,985,000 149,000 2, 143,000 LH09 1,939,500
2 = 25 = 149.000 149,000 9.276 1,382,100 540,000} 5,009,000
Total 03,000 2,362,500 3,060,000 3,321,800 5,009,000

3
i

5,009,000
i T

3,321,900

Benefit — cost ratio

(7) Conclusions

Under the fairlv reasonable but nonetheless unverified assumptions
presented in this analysis, the net benefit from the project in averting water-

logging and toxicity build-up lusses appears substantial. The cost-benefit

ratio implies this project sub-component is well worth the investment.

B. Nature of Risk

Reduced hydropower capacity at Manantali dam. The Manantali dam 1is to

be located in a geological zone characterized by faults through which water

from the recervoir conld forco ite wav as the reoservoir fills and watrer
' -

level and pressure increase, producing loss of water, lower sustainable

water level in the reservoir and, potentially, danger to the dam infrastructure

-

& ~
iitbetrli.



(1) Valuation of Afferted Asset

It 1is assumed that the principal risk is lower sustainable
water level behind the dam. Water lost is assumed to re—enter the river
without net effect on downstream flow (valid provided that loss rate does
not exceed planned minimum release rate from the dam so thar dowmatrream
flow can be compensated by dam flow managcment to remain on target). Risk

of damage to the structural integrity of the dam is considered not measurable

by this project.

The principal asset affected will be power generating capacity, assuming
that management strategy is to compensate loss by reducing turbine flowthrough,
so that total downstream flow (release plus loss) remains on target.

- Power generation potential is 800 gigawat/hours/year

1
i

Unit value at dam is assumed to be $0.1 per Kwh

- Value of annual production ~ $80 million

(2) Potential Loss

Without elaborate scientific and engineering data and models,
‘the extent and probability of power capacity loss cannot be estimated. For
the .present purpose, it is assumed:
Maximum loss: 207 of capacity.
+1

v - A S e | e s Do e - e
(Civen the managoment SEratepy assumed above, this lesst ratc docs nol 5¢

unrealistic).
~ R e e C{\"’
Under these assumptions, the maximum loss in any given year would be

$ 16 million, and the probable loss would be $ 8 million.
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It is further assumed that (a) any loss to occur will take place
only in the first 10 years of dam operation; and (b) once identified and

remedied, there is no future occurence.

(3) Rémediqlﬂﬁg}igg

It is assumed that the engineering capability exists to block
major leakages to the extent necessary to recover full power capacity.
Related studies make reference to such measures 1n LVA developments, but
detail is not available. The risk of failure to fully recover capacity is not
covered by this project. It is also assumed that the cost of remedial action

would be lucurred irrespective of wherher rhis project was implemenced

or not, and therefore does not enter this analysis.

However, in the absence of precise information on the rate
of ioss and 1ts location, the delay belore remedial actions could be planned
and implemented might be extensive. During this time, power output would
deteriorate.

(4) ldaniiiCuEluqruf Loss

The sub-purpose of this project related to Manantali dam
monitoring is to provide ecarlier and more accurate identification of water
loss endangering gencration capacity, permitting more effective management
decision-making as to (a) flow-through management and (b) remedial
engineering interventions.

In the absence of a formal wmodel of the probsbility of advanced

detection and the delay to completion of remedial action, it is assumed that:



% “oject, time to full recovery would be 3
years, worth $24 million;

- with the project, time to full recovery would be 1 year,

worth $8 million.

(5) Cost of ldentification
The sub-system In the project addressing this risk is an array
of 20 deep piezometers around the dam.
Comment : probability of timely and accurate detection obviously will be
sensitive to the number of plezometers installed above or below this
planning level.
Costs are calculated as:
Installation
- Site identification $ 60,000
- Construction, instrumentation,
vehicles, equipment, otel/ 618,000
~ Associated Project Costs?/ 610,000 (pro-ration to construction

costs)

$ 1,288,000

1/ Based on Nov. 15, 1982 Memo to File outlining costs of Malian Component
b) : . ; ’ Sk . : o
2/ Proportion of Torhnical Aecictanee. Oneration.Administrative. Trainine

and Evaluation Costs; estlmated at 20% of § 3,054,000 or $ 610,000.



Recurrent

- Monitoring $ 4,200 ($ 210 per borehole
per year)

(6) Cost - Benefit Analysis

It is ngsumed that investmoent costs are incurred in 1987 and

measurements commence on that date.

It is assumed that the power generation begins at full capacity in

The net benefit is the ditference between probabhle cumulative loss
without the project (3 years at $8 million) and with the project (one year
at 8 million) or $§ 16 million. This benefit is considered possible only once
and only during the first 10 years of the project. Thus the average annual

benefit during the first 10 years is $ 1.6 million.



D
Groundwater Monitoring ~ Manantali
Cost Benefit Analysis
($ thousands)
Costs Benefits
Year luvestment O& fotal 1072 Prosent Current Present
D.M. Worth Value Worth
1 1,288 4.2 TeadYdnd .909 1,175 ~0- -(-
h -0- Alv 2 4 .2 2.881 12 ~0- -0-
6-15 =0~ ) Ll 3.815 16 1,600 6,104
16-25 —— 4.2 452 1.483 6 =0- -U-
1,307 105 1,412 - 1,209 1,800 6,10
benefit SGat rofic = %0 104
3 = g
$1,209
- (7)  Conclusion

The esscotially illustrative cost-henetfit analysis presented above
suggests that the Manantali dem piezomcter sub-system could permit a substuantial

net benefit in terms of reducing the risk of power capacity loss.

(8) Scnsitivity Analysis

5

The project would still have a net economic benefit 1L (e rish avirtcd
was only 0% as ligh as assumed above, Such lower level of risk aversion
might he associated with lesser severily or probability of loss, less
effective predictive capability of Lhe piczometer sub-system, or ineffcectiveness

of romedial actions.



All aspects of this analysis merit additional refinement. Given

high risk uf sume (and perhaps substantial) water loss due to
the geological structure of the Manantali dam site, it would appear likely

that some advanceswarniuy and monitoring propram. such as that proposed in this

sub-system, would still be shown to be o worthwhile investment.

C. Nature of Risk

Failure to improve the groundwater development planning, management

and monitoring capability in the Basin.

One of the major objectives of this project is to improve the tools
of planners in selecting areas for irrigated development and maximizing the
potential for use of subsurface water in the broader basin fed by aquifers

recharged from the Senegal River.

(1) Valuation of Affected Asset

The risk to be averted and the benefit to be realized are
extremely difficult to quantify. Following is only a schematic outline of

how those factors might be studied:

: (a) ELeonomic losses due to misplaced irrigation
perimeters, Conversely,economic benefits from optimal placement of such
pet tmelers,
(b) Economic losses due to failure of existing or planned

use ol sulsull water (Lor numan, animal and pump-irrigated agricultural purposes).
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Conversely, economic benefits from optimal exploitation of such resources
(for example, current policy precludes intensive use of groundwater tor

irrigation due to uncertainty about recharge patterns).

(c) Subsoil transmission of urban, industrial and agricultural

pollution, and linkage to changes in the quality of surface water.

{aN P RSN
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i
associated with water management decisions at the two dam sites and offtakes

for irrigation.

(2 Trnartr nfF +tha Dyninnt
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The subsystem devised to address these broader planning concerns
is a series of ten lines of piezometers at roughly equal distance between

Diama and Bakel, and extending some 25 kilometers on each side of the river.

This subsystem should provide a means to obtain broad planning
information rclated to the four types of risks and benefits outlined above,

*

and thereby to avuld coustly errors of commission and owmission in developing
the basin.

Finally (and perhaps most important) this project will develop the

institutional capability of the OMVS to handle groundwater management issues

(3) Cost-Benefit Analysis

Given the wide range of unknowns, a standard cost—benefit
calculation cannot be supported. However, it anpears that nogitive benefits
(to glve a benelit-cost ratio ol .U or better) would be derived from the

proposed project 1f the present worth ot the subhsystems 18 calculated and



compared over an appropriate (25-ycar) period.

2. Cost-effectiveness
In addition to the above cconomic benefits that will be reaped
from this project, the following illustrates the cost effectiveness of the
project:
~  the project has a relatively minor cost compared to the
larger investment in irrigation and agricultural developme-t in the Senegal
River Basin over the mnext 20 years and protects much larger investment;
~ the organizational structure chosen is the least-cost
combination of regional and national organizations; and ,

- the technology chosen has the lowest overall cost.

a. Project Cosl versus Total Investuent Cost

L P ISR Y I
ci
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$ 5.2 million, with AID contributing $ 4.6 million. Relative to the cost
of this project which will play a key role in supporting most , if not all,
developmental activiries in the Senegal River Basin, the total investment

Us

el

portrolio in the sasin 1s estimated to be $ i ©illion. Of this tota
investment will amount to approximately $ 100 million over a period of ten

vears.
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This project's investment of $4.6 million, which underpins the substantial
vicultural development activities in the Senegal River

irrigation

1
And

N _
ey

Basin, represents a minimal percentage of the total investment.

Thus, the significance and the cost-cffectiveness of this project is

quite self-evident. The importance of groundwiater monitoring for the protection ol

irrigation Luvestment, domestic waler supplles (o huomans and

1hs

al ook
B 80

and “or greater overall efficliency in the use of the total hydraulic system

(the river and associated aquifers) has already been discussed.

Upon completion of this project, the recurrent costs to the OMVS will

be relatively low. In summary, the total annual recurring

as follows:

b.

Recurrent Costs Implications

L.

Soint-Lonic OMVS Oftice

a) Rental and Office Supply
1)  Personnel

¢) 2 vehicles (il and maintenance)

subtotal

Senegal Sector

a) 1 team (including vehicle)

N~

Navmlannment ol oilavimatpre
ST A

e a2l

o

¢) Office rental and supplies

Subtotal

30,000
102,000

9,600

24,000
7,100

12,000

costs are estimated

ioi,000

43,100



IIT. Mauritania Sector

a) 1 team {iuncluding vehiele) 24 gl

b) Replacement Costs of piczomcters 2,400

¢) Office rental and supplies 12,000
Subtotal 38,

V. Mali SchOY

a) Personnel (supervision and monitoring

ol pleguleLlers, 51,004
b) Office supplies 4,000
¢) Vehicle operation and maintenance 4,000
FESREE
Subtotal 39,000
Estimated Total Annual Recurrent
Costs 262,100

The estimated toatal annual recurrent costs represent onlv 57 of the
total project cost of approximately 5.2 million. In terms of the total
investment portfolio of approximately $ 1.0 million that is expected to be
carried out in the Senegal River Basin region, which the Croundwater Monitoring

J =y

P e st e ‘ IR SIS | A
PrOVILITN el B ol I | T {

- 1 ~ A = 1
< H a < ok Ak LT ilg (BN juia i gk 1
5 5 < 84 g ae 5 oG V,

Considering that these costs would be shared by three countries, the
roeonrront ecrncete Foar rthic nrntoct will havae 1Tittla Smnacrt an the deht servicino
T = E et N e = e -

capacity of the Member States.

Finally, Alp wiill obtain a commitment, in wricing, [rom OMVS assuriuy

AlD that the Membed Sooces will underwrite the cost ol those employces
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required by the Groundwater Monitoring Unit upon completion of this project.

d. Cholce ol Orsanizational Struciury

The OMVS and AID considered several alternatives in organizing the
project. At first, Senegal planned to establish a groundwater monitoring

capability in the riverine arcas it considered important.

The approach, if followed later by Mauritania and Mali, would have meant
thyee zoparate ‘ygq”;””c:nvu for arvovmduar or momitarine, This would have created
expensive duplications in analysis of data and in higher-level direction and
administration -~ 3 project managers, 3 officers of studies and analysis,

R hioch=laval dirertars aof construction (of niezometers and observation wells),

and so on.

The organizational option, chosen by both AID and the Member States,
wias implementation of the project by the national hydraulic entities of the
Member States but with strong coordination by the UMV through an oiLice
of Hydrology and Geohvydrology at Saint—lLouis. Several high-level technicians
would be assipgned to this OMVS officc by the Member States with some supporting
personnel. However, most of these employees would not be new employees.
Only a few would remain at Saint-Louis after the project was fully implemented.
The employees would return to their national entities bringing new technical

shills to their own organizalions.

In this organizational option, the scctors have been cut "horizontally'™.

Tn nthor 'lvr\\“y'(‘l tho coctoar affien ar Kacdi will diveer all ectivities on the
Mauritanian side of the river; the Saine Louwss sector office, all activities

on the Senegalese side; in the Kayes office, all activities



in the Malian Upper Valley. The persommel for these sector offices would be
existing persenna! (i available, of the national hydranlic entitieg excent for
some short—term personnel needed for the one=time construction of large
numbers of shallow- and wedium—depth piczometers. As mentioned carlier,
private firms under contract would construct the limited number of deep

observation wells needed in cach sector.

Therefore, the chosen option provides for regional cocordination by
the OMVS and responsibility for analysis and training functions needed only
at the higher OMVS level. This option uses existing national hydraulic
entities for specific project activities in the national sectors. Since it

prevents duplication of costly high-level analysis capabilities while it

uses existing personnel and structures for sectoral activities, it is the

least—cost organizational allernative.

d. Least-cost Technology

During the development of this project, certain parties suggested that
an automated svstem of data recording and radio transmission to Saint-Louls
ot s =l A """"!'..'.”.r(,‘v

~
s e uhil +

would be p:.L‘fk,A.n‘a;1lx‘ Lo u sysluin L&,L‘HJ.L ;né_:) i
data at the several hundred piczometers. Those suggesting the automated
| 1

alternative argucd that recurrent costs would be sutliciently lower Lo

justify somewhat higher capital costs.

A comparative view of costs for the two systems follows. This is
a2 partial picture because it represents only 10 lines of 70 piezometers

crossing the valley at varlous points. lhis does not Include the majority



of piezometers planned within irrigated perimeters, which are even more
urgent than the other piezometers, because of the need to monitor closely
e e water-logging of this land. However, no additional recurrent
salination, and wat gging 1 10w e di nal recurrent
costs are associated with the piezometers within irrigated perimeters because
SAED and SONADER persounnel will be collecting the data as part of their

normal activities.



Table

Comparative Costs of Non-Automated versus an Automated Partial Svstem

10 lines ol 20 piezometers - OQutside of Perimeteors.

Non-Automated System

Will have 10 piezometerslineswith

20 piezometers per line plus 10 large
dlameter observaltion borc¢holies, one
on each line.

75 shallow, small diametor piczowmeters
distributed on 10 lines.

80 intermediate , small diawmeter
piezometers distributed on 10 lines

45 deep small diameter plezometers
digtrihutred am 10 lines.

10 large diameter observation boreholes

one on each line.

Construction Costs

770,0007/

Instrumentation

10 analog water—level recorders
completely equipped at §1,800 cach
% 18,000

Hand instruments $ 16,000

1/

Advanced Automated svstem

Would require all piezometers to
be large diameter boreholes.

200 large diameter observation
boreholes.

3 . i)
Doy gl - g . g A A ETaYAT
et K i3 1 TR J

Shelter for instruments at $500

cach = §$ 100,000

Construction Costs

€ 1,240,000

Instrumentation

200 digital water—~level recorders
completely el pped ot $2, /00 el
$540,000.

200 radio transmitters at § 10.000
each - $ 2,000,000.

1 central master receiving station
$ 50,000.

1 computer for processing data-—
$ 100,000.

includes contingencics, sce Technical Analysis. Appendix A

based on a unit price of $220/um plus coutlugencles.



Table 1.

Instrumentation Costs

$ 34,000

Capital Costs

Construction plus instrumentation
804,000

Recurring Costs

Operation and Maintenance

2 observer crews at $ 21,000/yr.
each or $ 42,000/yr.

$ 42,000/yr. fur 10 years or
$ 420,000.

CONL.

Instrumentation Costs

$ 2,690,000

Capital Costs

Construction plus instrumentation
3,930,000

Recurring Costs

Operation and Maintenance

10 watchmen full-time at $3,000/yr.
each or $ 30,000/yr.

2 Instrument technicians at $ 12,000/yr.
each or % 24,00U/yr.

2 driver/mechanics full-time at
$ 4,000/yr. or $ 8,000/yr.
62,000/yxr. for 10 a
$ 620, 000.

o1

ot

yedars
4

X

Assuming a 10-year life for both piezometers and instruments:

(I‘!)

Total Cost

$ 1,224,000

(A) 18 3.7 vimes less costly

than

(B)

Total Cos t

$ 3,930,000
620,000

5 4,550,000

(B).



Thus, thrs cost comparison shows that the non—antomated system of
200 piezometers could have one fifth of the capital costs of the automated
system. On the recurrent cost side, the unautomated svstem would reguire
approximately two thirds of the recurrent costs that the automated system
would require to keep 1t functioning. ibis results [row Lhe greater dellcacy
and sophigtication of rhe instruments in the automated svstem which would
require more expensive surveillance and protection on the one hand and more

highly trained technicians for repair and adjustment on the other hand

C. Institurional Analysis

1. OMVS

As shown by the OMVS Organizational Chart (Fig. 3) the OMVS is

g

overned by the Conference of Chiefs of States. This Conference is the fina

v which rules on questions of general policy. Such decisions
must be unanimous and are binding obligations of the respective States. The
Chair of the Conference is rotated every two yedrs among the Member States.

The next leve! of orveanization ¢ a three-person  Council

mf gjwiffcrf.

The Council Is comprised of one individual of ministerial rank
"appointed by cach State, one of whom is designated as OMVS President. The
Presidency is rotated every two years. The Council of Ministers directs the
reneral operations of the OMVS by defining priorities for development
projects, authorizing the acceptance of loans and grants, and apportioning

payment obligations among the Member States.



Fig.3 - OMVS ORGANIZATLONAL CHART
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In 1975, a nigh Commissioner's Uftice was created under the Council
of Ministers and broad executive powers were delegated to it by the Council
of Ministers. The High Commissioner is nominated by the Chicfs of State and
serves for a four-year term. With the amendment of the DHVS  tharter in becember

1979, the High Commissioner was given broad responsibilities over the execution

of all studies, the management of irrigation development, and control of

OMVS petsonnzl and sdaindgeration, Withis the uffice of & . 4 Commissioncr
there are 4 main Directorates.

(a) Nevolanmant anAd CAaAannyatsan (D1 ’Inn‘;n{v avd (Canvd w'nnf—w'nn)

) T oration (Pianning and Coovdination

This Directorate is responsible for the long-range Master Plan for the
integrated development of the entire Senegal River Basin, for the harmonization

of individual national development plans with the Master Plan, and for the

va o haman doasenl Ameanmt oA ne
H L OF Tt
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(b) Training and Human Resources

This Directcorate plans and addresses all manpower needs of the OMVS
program including training of personnel for the High Commission and of
personnel requived for the manapgement and operation of all infrastructure within
the OMVS development program. The Directorate also coordinates training required
within the Member States for realizatica of irrigated agricultural development

projects in the Basin.

(¢Y  Program and Finance

This Dirccetorate plans and exccutes the overall UMVS budget, including



the execution and monitoring of contracts and the management of all
accounts. These activities arc carricd ot @ cording to the guidelines

governing the relationships among the OMVS Member States and in close liaison

with external sources of financing.

R M P
(d) Regional Infrastructure

This Directorate handles all tasks associated with the studies,
construction, management and operations of the Diama and Manantali dams,
hydroelectric power, navigation and river ports.

The Groundwater Monitoring Project will be cotablished as o new Unit
within the OMVS Directorate of Regional Infrastructure (See Fig. 3) as the
concerns of this Directorate are related to the studies, construction,
operation and management of the water resources of the valley. This Directorate
is also charged with overseeing activities relating to the survey and implementa-
tion of joint construction works which involve the basic infrastructure
of the Senegal River Basin such as: (a) the D'ama dam, (b) the Manantali dam,
(¢) the Manantali hydroelectric dam and power transport networks, (d)
navigable river systems and ports, and (es basic survey (mapping, hydrology aﬁd
hydrogeology) .

The Operations Section will be direéted by an engineer who will
supervise three Sector Chiefs located at Saint-Louis (Sector 1), Kaédi
(Sector 2), and Manantalli (Sector 3). Sector i inciudes the valley to the
left of the Senegal River (Rive Gauche) as far upstream as the mouth of the

Faleme Kiver (Klve Drolte) as Lar upsLredm ds Lie Hatlpui de KRaianGdo.
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Sector 3 includes both banks of the Senegal and Bafing Rivers upstream

4 )

from Sectors 1 and 2, to and including the Manantall Regervoir aroa,

The OMVS Operations Chief will coordinate construction and observational
schedules through the three Sector Chiefs to assure that these are congruent.
National agency employees assigned as observers will remain under national
agency control. llowever, the Sector Chief will coordinate their activities

and ths MVS will be responsible for their transportation.

The Rive Cauche (Senegal) and Rive Droite (Mauritania) Sector Chiefs
will each be assigned two (2) brigades of five (5) percons each for

construction of shallow piczometers (less than 5 m deep), for surveying

assistance, and for piezomcter observation and maintenance.

'The two (Z2) driliing construction and observer brigades each In Seciuis
1 and 2 will be composed of national agency employees funded by their
respective governments through the OMVS. The employees will work under the

supervision and direction of the Sector Chicf. The Sector Chicef will ceoordinate

his activities with the national hydraulic entities to assure that they arp
consistent with the national plans and objectives of the Member States.
Two brigades will work in Scctor 1,and 2 in Sector 2. A power auger operator
with two helpers will work directly under the Sector Chief for construction of
intermediate depth (5 to 30 m) prezomelors. ALSO, @ bDUCVEYOD Witl WOLK
directly under the Sector Chief. The Surveyor will be responsible for
installing a bench mark or altitude refercnce point at or near each piezometer

or observation well. He will also be responsible for determining the elevation



f the measuring point (MP) of cach npiezometrer or obecervation well relatrive
g p . piez beservation well v ve

to the common IGN mean seca level datum.

The location of each piezometer and observation well will also be
deseribed relative to easily found landmarks. These desceriptions will be
maintained at sector headquarters in an appropriate file with a duplicate
set at the OMVS Project Headquarters in Saint-Louis. As the deep piezometers
in the Upper Basin (Mali) would all be constructed with a DNHE drilling rig
and trained DNHE drilling personnel, only a limited staff would be required
for surveying assistance and for piezometer observation and maintenance.

A surveyor will work under the Upper Basin Sector Chief with duties and
responsibilities comparable to those of the Senegal and Mauritania Sectors
described below. On-the-job training will be provided in the project for

Sector Chiefs, shallow piezometer construction crews, surveyors, and observers.



The Admiricrrative Services Sectinn will provide a full range
of administrative and financial management responsibilities in order to

assure the financial accountability of the project. An AlD-financed

Administrative/Finance Officer will direct the Section; he will report to

the Deputy Project Chief. This Section will be responsible for meeting all

of the non-technical administrative requirements of the nroject, including

the secretarial, translation, transport and vehicle maintenance, procurement
{including contracting),storage and general financial management functions. As
the Administrative/Finance Officer will assist in the establishment and start-up

operations of the decentralized Sector Offices, this position should be filled

as soon as possible after the project is executed.

2. Senegal

[n Senegal the national entity responsible for the Groundwater
Monitoring Project is the Directorate of liydraulic Studies which is one of the
four Dircctorates comprising, the Ministry of Hydraulics. The Directorate
of tlydraulic Studies is responsible for the following:

1 R I 4
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1on, documentetion and study of @1l swrfaee and
groundwater resources in Senegal;

2. Baseline studies necessary for hydraulic and rural development
studies in topography, agroclimatology, lhiydrometeorology and geophysics,
conmornhalacy - agricnltural hyvdranlice. river hasin hvdraunlics. ote:

3. Data analysis and its relationship to water resources

legislation, specifically water conservation; and,
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4. 1In collaboration with private laboratories it is responsible
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for the calibration ol bydruiogic and guevphysical iusliuwmenls, cconcwic aund

statistical analysis and responsible for all general programming and

technical monitoring bearing on water resources in Scnegal.

(a) Organizational Structure

As shown in the organizational chart (Fig.4), the Dircctorate of
Hvdraulie Studies is comprised of:

1. The Office of the Director

The Office of the Director is responsible for planning all research
activities to determine the quantity, quality and location of surface and
groundwater resources in Senegal. The Office of the Director is also responsible
for the coordination of activities with the Directorate of Urban and Rural
Hydrology which 1s charged with drilling operations. The latter has severail
well driliing crews (for a Lotal ol apvroximalely HU wen) avallable for the
construction of shallow wells or piezometers. The drilling of the deep

plezometers, however, is done by private drilling companies based in Senegal.

The Directorate of Hydraulic Studies is divided into two principal
subdivisions, as follows:

1. The Division of Hydrologv is charged with the development of a
network of hydrological observation wells; the study of the development of
river basin systems 1n Senegal; the torecasting ol Lleods; the study ol the

regulation and controd of surface waters:; and surface water data collection.



Fig.4

Organizational Chart of the Directorate of Hydraulic Studies
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2. The Division of Hydro geolopy is responsible for the rescarch and

decumentation of groundwaler and ity develvpment potenlial.

(b Staff

The Dircctorate of Hydraulic Studies currently has a staff of
approximately 40, as follows: 10 engincers, 20 trained technicians and
10 administrative support staff. There are also five (5) expatriate staff
memherae. © addition, there are several uppner level personnel in training
who will return to the Directorate of llydraulic Studies upon completion of
their training. These include two engineers who are currently studying
hvdrogeologv in France, and six students who will soon rcturn after a two-year
AGHRYMET training program for technicians in hydrology. 1t was pointed out
that the Directorate of Hydraulic Studies draws personnel from other local
African training schools from time to time. For this reason, the Director

felr confident that there are sufticient and gualilied upper—ievel personnel

in Senegal available for assignment to the Groundwater Monitoring Project.

The Sector Office at Saint-Louis will consist of the following personnel:
a) 1 Terhnician (Sectar Chief)

b) 2 Drivers/Mechanics

¢) 1 Surveyor

d) 2 Brigades which will be comprised of 2 foremen and 8 laborers

e) 1 power augcer operator

f) 2 aides for power auger operator

g) A Secretary.
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AID will finance the costs of the employees at the Scctor Office. It is

i+ ] » ¥ o 1 b bl . . . 3 . - -
.‘inL.x('lpatud thal theoe cliployces Wil b bhegin Lnelr sSrvice around the socond

year of the project.

(c) Current Project Activily

The Directorate of Hydraulic Studies is currently engaged in a variety
of proiects, some of which have significant contrlbullons Lrom other donors.
For ev wmple, therec is a water Supply for Chemical Industries of Senegal Project
funded by FED to explore the possibilities of increasing chemical production
in Senegal by greater inputs of water resources. Specifically, the project
will study the feasibility of providing 12,000 m® per day to the Senegalese
Phosphates Company of Talba. Under this project the FED is funding 1 engineer
(Hydrogeologist) and 1 technician. In addition, there is an on-site engineer/
hydrologlst with responsibilitics for monltoring and supervising pruject
aclivities. & private driillayg company, oA31F, Ls respousibic [ur Lhe
drilling and related ficld operations. The Directorate of Hydraulic Studies
is also responsible for another study entitled Survey Program of Resources and
Needs in the North of Senegal which is funded by the FAC and the Caisse
Centrale (the French S0l t-|oan window). lthis study will examlne the water

resources, principally in the Senegal River Basin, Louga and Diourbel regions.



In the Saloum region the Caisse Centrale and the World Baunk are
funding, through the Directorate of Hydraulic Studies, a feasibility study

to determine water resource needs of the local population.

(d)  Conclusions
The Directorate of Hydraulic Studies i:. conlident that thore is
adequate qualified staff with the necessary experience to discharge its
responsibilities under the Groundwater Monitoring Project. As already noted
above, the Direetor did indicatc, howersr, that lTawer-level perscnnal for

the project, e.g. construction Ccrews, suUrveyors, power duger operators, etc.

are not presently available and will have to be locally recruited.

3. Mauritania

In Mauritania, the national entity responsible for the Groundwater
Monitoring Project is the Division of Hydraulics which is within the Ministry
¢ Divigilen of Hydravlips is charged wath the
following:

a) exploration and development of water as well as its
conservation;

b) survey and study of groumdwater resources;

c) planning, implementation and supervision of water resource
development through the construction of wells, boreholes, etc., as well as
their maintenance;

d) carrying out of hydrological studies;

oY carvying out studies for the control and installation

nt agrometeorolosical network ..
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f) formulation of legislation as well as rhe regulation of
surface and gronndwatoer nango;

g) production and distribution of water and the development
of a water treatment system:

h) study, construction and maintenance of a water canal nctwork
as well as the scewage systen;

i)  study, exocution and control of clectrical systems for
urban areas and special projects; and,

j) technical supervision of SONELEC (the Mauritanian national

electrical company).

As shown in the organizational chart (see Fig. 5), the Division of

Hydraulics is comprised of:

{2Y OfFfica of tho Dircctor

The dircctor and his assistant are responsible for the activities
that are carried out by four services (the Water Resource Service, the Equipment

Service, the Hydraulics Infrastructure Scrvice, and the Urban Hydraulics

3 o
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responsibilities include the AGHRYMET project, a UNDP borehole project consisting
of 36 boreholes for vegetable and livestock development mainly in the Trarza

region but also being carried out in the Brakna and Assaba regions, and the

At et v v rade Tha Chinfe of tha toan hviandoe (larcrared in Arayw
el & s T Y e 3 ] ) B e U s o o a0 g L e o (G eI Y

Nouakchott, Rosso, Kaedi, Sélibaby, Aleg, Kiffa, Aiou, Nema, and Tidjikja)
report directly to the Divector, although they operate under the auspices
ot the Rural Hydraulics Uftice, one ot two otrrices ol tne Hydraulics

Infrastructure Service.



e

Citionat arg of H

zani

ng

31

and

wlics

Uyds

Ministry

tania)

(Maur

1

jraul

I

je]

s sy

] |

>

s

e | >
i 15

P
es S

45l
o
] ba
) Sl
1
{
i
08
i g
I &
i
|
{
_\

,

|

54



6/,

(b) Watcr Resource Service

ic compricsed of three (ffices which are:

1) Hydrogeology Office: the activities being carried out

by this office include hydrogeological synthesis of the Mauritanian South-East
Basin, and hydrogeological evaluation for Kiffa, Aiou and Tidjikja.

2) Geophysics Office: among the activities being carried

oul by this olfice are exploiation between Kitfa and Nema altong the Xiffa-
Nema road, exploration of Zoucrate region for survey of Taoundeni Basin. water

searching in Batha de 7Tidjikja, and geophysical research in the Aftout region.

3) Hydraulics Resources Inventory Office:This office

is responsible for design and documentation of hydraulics surveys and studies.

(c) Equipment Service

The activities of this service include contracting for equipment
supply for the office, wells and bhereholoss inventary and rontrnal of equipment
: 3 AR

as well as its repair and maintenance.

(d) Hydraulics Infrastructure Scrvice
This svivice is cuompriscd of (wo offices,
Office of Rural Hydraulics:

1) Borehole Office: this office 1s constructing large

borecholes at Kiffa and 1s planning to construct medium and small size boreholes

S L I SIS RS AR I PR
G ARk CGNMGE A | bas e

2) Rural Hydraulics Office: construction of wells is being

carried out by brigades in ten locations (for locations refer to above Office

of the Director).
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(e) Urban Hydraulic Service

This service is responsible for, inter alia, the extension of the
water network in Nouakchott, installation of water pipes at Rosso, extension
and improvement of water systcem in Moudjeria, and the reinforcement of urban

water works system as well as the strengthening of SONELEC's supervision.

Tn 1981, the budget for the Division of lHydraulics was approximately
$14.5 million, and in 1982 it was reduced to around $ 14.0 million. The amount

allocated for personnel totaled about $ 7.7 million.

The Division of Hydraulics confronts several institutional constraints:
They include:

- the lack of qualified and skilled personnel;

- the lack of structure in training and improving mid-level
managers in hydraulics;

- difficulties in training senior staff and reintegrating them
into the national services;

= lack of adequate structure for contractors in water works;

~ the exodus of senior and mid=level qualilticd staff due to
the existing financial conditions of the GIRM and the lack of competent
"technicians;

- difficulties for the regional authorities in the timely
mobilization of personnel and material, thus limiting the productivity and
cfficiency of the staff;

- lack of lialson and cuvrdiuative Syooomoy

Taclk »~f farilitics and offices 1n out=lying regions; and

-~ lack of financial resources for maintenance and repair of cquipment.
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Notwithstanding the above constraints, the Director of the Division
of Hydraulics expresscd contidence in being able to mobiiize the personnet
necessary for the Groundwater Monitoring Project, with the possible exception
of the Surveyor to be located at the Kadédi Sector Office. Consideratlon was given
to the integration of the well-drilling brigade presently working in Kaédi and
the OMVS Sector Office to be estabiished there to execute this project. A
capable technician, the brigade chief, is assigned to Kadéddi and is believed to
be competent to handle the Groundwater Monitoring Project Sector Chief
position. However, the consideration of iutegrating the OMVS Sector Office
and national service well drilling brigade was dropped as lines of authorities
and responsibilities of the two distinct activities could well be confused.
Thus, it was determined by the Director that a discrete Sector Office would

be established to implement the Mauritanian component of the Groundwater

Monitcring Project.

The Sector Office at Kaédi will consist of the following personnel:
a) 1 technician (Sector Chief)

L) 2 Drivers/Mcechanics

) 1 Surveynr

d) 2 Brigades which will be compriscd of 2 foremen and 8 laborers
e) 1 power auger operator

£) 2 aides for power auger operator

Q
fer
~a

seoretarvy

AID will finance the cost of the apbove cmployees who will, ror tne

.
hie seeend yeoar of the project

- ' N 7 1 o " . s am vy e
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With regard to lines of responsibilities and authorities, the Sector
Office 1n Kaédi weuld be under the supervision, tor Lechnical matters, of the
OMVS Chief of the Operations Division (Saint-Louis) but for administrative
matters (e.g. recruitment and funding of certain national personnel) it would
report to the Mauritanian Division of Hydraulics. A written agreement between
the CMVS and the Division of Hydraulics or the responsible CIRM representative
should be executed outlining the responsibilities and relationship of the
Division of Hvdraulics vis=a-vis the 7 V8§ Sector Office in Kaédi and the role
of OMVS, Saint-louis-bascd office, prior te the dichursement of any funds

under the project.

5. Mali
The Ministry of Industrial Development, notably the technical division
called DNk witn its "Groundwater Division', 1s responsible Lor groundwater
cploration and monitoring. Reglonal subdivision, asstlened Lo ecach ob Lhe

7 regions of the Malian territory, coordinate water-related activities of

of the regions and the management of DNHE. The organizational chart (see Fig.6)

wn

jows the responsibility and position of the Groundwater Service regarding

~

all hydrogeological issucs in Mall.

The Groundwater Division has the following tasks:

a. At the Management Level

1) 1o conduct an 1nventory ot all hvdrogeologlcal data collected
during the implementation of drilling and well cons;ruction projects.

2) To draw a map showing tubewells and update results and to
deetaenEs ..
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3) Plan and organize hydrogeological studies in collaboration

with the financing agencies and tlicco - charge of the studies.

4) Supervise the implementation projects, the construction of welis
e.g. projects at the level of:
= the DNHE
= gther depaftoments within the Ministry of Rura
Yevelopment of Public Works concerning the "Hydraulics
components' .
5) To survey water requirements and establish water holes
programs.
6) Determine a water policy on the basis of requirements,
the groundwater works which have been carried out and technical aspects of

related issues (socio-economic, geographical,ethnic, livestock, agriculture, etc.)

b. At the Level of Project Implementation

1) Hydrogeological Studies

- Monitoring of studics -f all hydrogecological activities
which are financed and implemented by international agencics.
- Discussion and application of the results at the level
of the Ministry of Industrial Development and the National Division of
Hydraulics. fo make the rural population and the regional services which are working
i1 close collaboration with the other departments, e¢.g. fublic Health and sanitation,
Piblic orks. Aericulture and Livestock aware of the hvaropecologic studies.

2) Project Implementation

-  dupervision ol on=goliug driliing and well counscructlon

nraiects financed and manaced by international and non-povernmental apencies.
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- .
Ol praject
o

distribute documents to interested services and organizations in order to
S owater

ol

assure sati"factory groundwatcer managemcnt .
Put an emphasis on the maintenance sorviee

resvonsible for

vorks.
(1) Guology and Hydrogeology {raining
In Bamako. two public institutions are
training technicians. They are:

- National School of Engineers
- Central School for Industry, Commerce and Administration,

currentiy being

dl v

(1ii) International Aid and Cooperation in Groundwater
Rescarch and Monitoring.
m'u}m'lh
the Republic of Mali.

Several waler driliing
tmplemented in various regions of
These projects are under the supervision of the Groundwater

is financially

Service of the DNHE. None of the projects
they are financed by external donors and therr
management is also in the hands of expatriate experts. Given

autonomous,
the variety of financing sources, and the nature of the
projects to be implemented, there are several categories of

W
e

water drilling project

i

Hydraulie Projects
Hydraulic projects arc submitted dircctly te the DHNE, specifically

to the Groundwater Service. The latter is responsible for supervision
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the urgency of cascs. These projects serve as a basis for regional development
in order to improve water supply in villages and rural areas. It should be
underscored that thesc well-drilling projects are part of a Mali-wide strategy

whoge objective is to supply water to the rural populations.

2. Non-Governmental Organizations Hydraulics Projects

These projects are financed by various groups, particularly non-profit
and private organizations. They in turn receive prants from International
agencies and foreign governments. The projects are managed by a project
director, who in principle is the representative of a religious organization

working in Mali.
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Some regional development projects include "hydraulics" components in

their implementation plan in order to supply water to the population of the

region. They arc usually hydrogeological and geophvsical studies followed by

one or several boreholes or well construction.lt is of course evident that

water drilling is necessary prior to public health, hygiene, livestock and

agricultural activities.
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Groundwater. They are:

(1) UNDP/UNICEF - This is a S5-year project (1977-82) for

$ 11.0 million (INTCEF. & 2.5 miliion and UNDE, 38,5 miiiionjco

increase rural water supplv of small settlements and for



the improvement of sanitary conditions.
This project is being carried out in Central West

Mull.
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provision of water supply to Mali-Sud (Bougouni, Yanfolila,
Koloudieba). The project began in 1978 and will be

completed in 1983. The cost 15 $4.0 million.

(3) Mali Aqua Viva - This rural village water supply project

for approximately $ 6.0 million began in 1975 and 1is
being exccuted in Central Mali (Djenné, San, Tominian,

Koutiala, Yorosso, Bla and Ségou).

(4) OMBEVI - This is a 25-year project which began in 1978
with the first phase continuing through 1983. The project
assists in the development of water and pasture resources
in the Kaves-North and Nara-East region. The total cost
of the project is $14.9 million, of which $3.0 million

is for water resource development.

{5) UDIK = This is an integrated land development project
including construcrtion of 50 dug wells and 100 drilled
wells Lor the amprovement OI rural water Supply Ior tne
norfhuectarn reginn  of Mali (Nioarn). The cost of rhe
proeject 15 $1.9 million. It began in 1973 and is scheduled

to be completed in 1983.
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() ODEM - This project is a component of regional
improvement of cattle raising and animal husbandry
for $12.8 million, of which $3.0 million is for
water supply. Approximatcly 70 woelle and 50 water
holes are to be constructed and improved, respectively,
under this project. The project duration is 1973-1983
and is beling carried out in the Senomango and Dioura

' s RS
Lupivin vi rldda .

(7) Japanese Project - This project which is being imple-
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the construction of 70 wells, the carrying out of
hydrological studies, exploratory drilling and
training of drillers, hydrogeclogists, and mechanics.
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(8) Tlateau Bandiagara - The aim of this project is to

increase rural water supply through the comstruction
of drilled wells, cxploratory boreholes and the

training of personnel for well coustruction.

c. Staffing
The organizational chart (Fig. 6) shows that all water projects
are assiened to the Groundwater Division and hvdrogcelegical Studies DIvision

which is responsible fer starting and exccuting water works to imnjement its

L 1 A ; | . \ . conlagolatea
activities. The staff of these divisions is comprised of 10 engineces (e.p.peologlsts,
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hydrblogists,geophysicistﬁ,etc.), 10 technicians and 10 mechanics. Accelerated
training of technicians is necessarv for Mali to participate in the various
groundwater monitoring projects, organized and financed by international agencies.
It is projected that the personnel which are trained in the two technical
schools in Bamako will eventually take over the organizing and mangement of the
on-goling projects. lhe technical school graduates will, ror the most part,

be hired by the Government, notably, by the Ministry of Industrial Development

and the DNHE.

Personnel for the Sector Office at Manantali will either be drawn
from existing personnel or recruited, Ll not available at DNHE, to staff the
office,

The Sector Office at Manantali will be comprised of the following
personnel:

a) 1 technician (Sector Chief)

b) 1 Driver/Mechanic

¢) 1 Surveyor

d) Laborer, 1 guard and eventually 3 piezometer ohservers

) 1 Clork ,/'l'_\lp jat

AID will finance the cost of the employees at the Scetor Office.

D. Social Soundncss Analvsis

1. Beneficiaries

The most immediate beneficiaries of this project will be the
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who will receive technical assistance and (raining in the lmproved performance



of their groundwater monitoring functions. The activitices that will support

the work of other ALD projects involve primarily the study of the of fects of
the dams on the water regime and drainage of the areca. Therefore the project
will be providing information that will increase the chances for the success of
current programs and projects which more directly involve and benefit the

local populations described herein.

5 ptimates ~f tha Sencoal River Basin population are approximately

Current
2.0 million people, or about 14 perveent of the total population of the three
Member States. Among the six ethnic groups in the basin, subsistence food
productien ieg the nrimarv economic activity, with 85 percent of the rural
basin residents and many urban residents participating in subsistence
agriculture. Much of the Senegalese and Malian River Basin has long been
sedentarized. Mauritania, however, has only recently experienced a dramatic

stiift fyom rrans ance herding ro sedentarization due tu recent drought

onditions., These have played a critical role in destabilizing much of the
region's econcmic activity creating iucreased uncertainty in the production

habits of the residents.

2. Productive Activity

Although subsistence food production is the primary activity in the
delta, commercial agriculture now exists, following 150 years of experimentation
with irrigated agriculture. The two crop seasons 1n tue riuvdie Vallly
consist of rainfed dieri away from the river followed by the productive
oualo flood recession farming of the rich river floodplains after the flood

Ta

waters have receded. Dieri farming predominated in thoe nner Valley.



79.
The major crop is millet, followed by rice, maize, and assorted vegetables.

Herding is the secondary activity for the region. Sheep and goats
combine to generate 20 percent of thg wealth in the river basin. Herding 1is
not normally reparded in terms  of production, bul as an investment -- a savings
system. Anin@ls often have a higher soctal value than the cquivalent amount
of cash invested elsewherc. Tlic drought and the cuuscquent degradation of
ranoelandg have o3 fhor AianTased many pe—sddis AT ws L. ¢ )
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intecgratc into agriculture intensification schemes.

Water 1s basic to conduct all these activities and remains the primary
need of peasants. In this context, the project will serve to collect useful
data on the local perceptions on water requirements.

AR ). L S

Since the socio-cconomic feasibility of a project relates the propesaod
technology to the people who are expected to support it and benefit from it,

the dams will have diverse impacts in the basin's population.

Groundwater monitoring, as a technology, will identify and seek
solutions to remedy water—velated adverse offects. The ressertlement of
12,000 people will certainly result in an alteration of agriculture activity.
Irrigation wateor or the conven of Tt dn ton Wil affoct the nradonection
pattern. Although the OMVS predicts a decreasce in flood recession agriculture,

the regulation of groundwater regources may scerve Lo stem this deeline.

Because ot the mailntenance of pgood quality water, Uhe avaliabliiity of
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water sites, livestock activities and irrigated forage could be increased

1l Leturn.

4. Social Impact of the Project

Une of the effects of this project will be to create a better
general understanding on the part of local inhabitants concerning the

relationship between groundwater resources and agricultural activities in

which the vast numbers of the prople of the basin are engiged. Thig cutcome
will be largely the result of the community education activities contemplated

under this project and the participation of some of the local villagers in

. 3
mand tarine and Adatn
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the achievement of this project's objectives will allow villagers to
identify any deterioration of water quality in existing domestic and
livestock wells that may result from irrigation development. Above all, the
schicvement of projeet chjestives will demonetrrate the importonce of

S I saape 2 £ =

groundwater monitoring data in preventing loss of land to agricultural
production.

Project data will be made available to the local Regional Development
Agencies (RDAs) as a tool in planning the development of groundwater resources

of the Senegal River Basin.

It is,however, necessary to discuss one of the principal problems
oftentimes encountcred by this rype of project, namely, vandalism. In
the past, vandalism of piezometers bv laeal inhabitants has been a chronic
problem. Pipe caps are often removed and the plezometer tubewells are filled

with debris, thus making rnem uscless for water level and water quality
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This project will address these problems by: (a) a community
education program; and,(b) through the physical protection of the piezometers

and other instrumentation.

5. Education/Local Involvement

Past experience has demonstrated that the best method of addressing
this problem is by a community education program aimed at educating the local
population in fhe principal objectives of the project and/or directly
involving them in some of the project activities. In this manner, local
involvement not only protects investment in the piezometers but also allows

participation by the puor In the development process itself.

In its early phase, the Groundwater Monitering Unit in Saint-Louls
will be responsible for planning local education programs, including the
extent of local participation in the project. This strotegy will include
specitic plans which take account of the socio-cultural diversity of the
Senegal River Basin. Subsquently, Sector Chiefs will be trained in ficld
. methgdology before they go to the villages to work with local chiefs and
"significant others"” In explaining the program, specifically how the piezometers

and data compildaiion relate Lo the long-term welrare or the lLocal imhabitants.

The Sector Chiefs will also be responsible for choosing, where

foasibible, selectod membhoers of Toes? aamppunities to assist as paid monitcrs.
b L
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An attempt will also be made to select local women to assist in the

monltoring process.

6. Environmental Concerns

The basic components of this project consist of data éompilation,
analysis and institution building. Groundwater data thus obtained and
analyzed by the project will improve the quality of decisions which relate
o Lihe dey - lopment impacts upon groundwatér, agricu
the environment because the construction of the majority of piezometers will

be located in and near irrigation fields which have already been altered

. . .
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will be carefully monitored throughout its entire life and will be limited

to data gathering activities.
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and a Negative Determination has been recommended (See Annex G).

V. FINANCIAL PLAN

A. Summary

Project costs over the four-yecar life of project will be $ 5.2 million.

AID's contribution will be $ 4.6 million as a grant.

The OMVS and its Member States will contribute $ 551,000 of this

amount 1n project costs.

Table 11. summarizes major catepories of expenditures.
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BUDGET - Table II- of Expeunditures by Froje. . =
veaR 2 | vear 3 YEAR 4 TOTAL | GRAND TOTAL
T
L nnical Assistance AlD MUS L OAID L uHYS AID OMVS AID OMVS
AR i —
32! Hydrologist, Deputy Chicf (36 months at $ 135,000 | j
per year) £7,90 | ; 135,000 403,000 405,000
L. Administrative/Finance Assistant {45 months at $ ! |
90,000 per vear) 90,000 | ? 337,500 337,500
¢; Short Term TA (12 Months at $15,000 per month 30,000} { 195,000 195,000
Sub Total i87, o’c‘v? ! 5 G0 9
]
i
H !
! | i i
| ] i !
{ . | i
25,2001 50,000 i | i g
[ | % :
i I
for Senega | i | i
d. Pa senger H { [' {
otorbike i ] ! !
i : | ; i
H ; | i
| | |
i i 1697 00U
- : | !
i i ) 1 i
| i { 64,000 | 13‘
i ! {6a.000 | [
| ; i ] | 45,000
i (128,000 50,000 x.,lié o007
B. | : i
iy | | i
2 {5 5,000/¥r x 373 yrs = | ; {
000; and duplicaring machines at 5 ! i
$6,500) | 2,000 |
Sacrtor Office X 3 vears) ‘i |
I. Cement + Local ivn materials | ! |
3. Inflation {102 =uodity Costs, or ' t |
548,200 i | 15,500
i {
Sub Total % 17,400 500
'/ Tetalsfor inflation arc added up only in the 4th year ! ! : !
rather than being spread over the life of the project : ‘ | | f }
in order to simplify the ralculation of the budget { { i i | i
1 | i 1 I
BASIS OF ESTIMATE: A1l piezszeters to be comstructed on |} by "Contract™ .
"7 Ai picoocmeters infaround irrigated ts to be constructed by "Secter Ferces".
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Construction (piezometers + boreholes)
Senegal and Mauritania

Mali {inciudes Secror Office}

Sub-total

= Y LI
Inflaction -  (10%)
Sub-Total

Operating Casts

year x

house rental

~St-Louis cffice ($3C.000 per vr x & ¥rs, rental
plus operaticmal costs)

-St-Louis wWarenouse ($12,000 per year x 3 yvears)
~3 Sector Offices ($36,000 per vear x 3 vears)

e) Perscnnel

} St-Louis headquarters
(23 Senegal Sector Office
{3) Mauritania Secter Cffice
(4) Mali

Sub-Total

USAID's Admi ive Support Costs
3 Project Ass s for USAID/Dakar,
Eamakc{$8,0 vear for 3 years

Training i
a) 3 Long-term US Participants(320,000 per vear x

& 1/Z yrs ea, or §€30,000 per participant) = o == 43,0

b) 6 Long-term third country {in Senegal or Nige:
for Malians and Mauritanians;$3,000/yr for 2 yrs)’
¢} In-Country Training

Sub~Total

Evaluation/Monitering (2 pw)

Contingency i ] { o

GRAND TOTAL

418, 0O0125,25

700000
180, 600

880,000

88 , 600

" 968 ,000

180,060

126,000
36,0600

108, 600

469, GOL

25G 500
82

A

i
i

(=}
2
SRR - SRS 4D S CRRRE e

(5]
-

15,00C¢

(=)
L
2

o

60,000 |

|

320,000

45,090
35,300

202,000

e ]
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B, AID Expenditures

1. Technical Assistance

Technical assistance (See Technical Analysis Section for details
concerning the types of technical assilstance to be provided) will be
provided by the U.S. Geological Survey through a PASA, The cost for
long~term technical assistance for afhydrologist (Deputy Project Chief)
and an Administrative/Finance Assistant are $135,000 and $90,000,
respectively, inclusive of travel, ;;-country support, per d&em, etc.
It is anticipated that the Hydrologist will begin his duties at the
beginning of the second year of the project (13th month) for a duration
of 36 months, and the administrative assistanat around the third to
sixth month of the project for the contractual period of not more than
3-3/4 years. In addition, the tost for 13 months of short-term
consultant services at approximately $15,000 per mouth is budgeted for:
(1) 3 of the 13 months short-term conﬁ;ltancy will be utilized in
assisting, in establishing, and in the start-up operations of the
decentralized sector offices in Saint-Louis, Kaedi and Manantali;

(2) setting up a mopicgr*qg information system early in the project; and
(3) carrying out an‘evaluafigf_of the project toward the end of the
project's life. / ' /A

/
/
/

{
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2. Commodities

A variety of technical equipment, office equipment, materials and
vehicles will be procured under the project. The technical equipment,
office equipment/material and pipe will all be purchased from the United
States (Code 000), except as noted in waiver requests submitted with this

PP or waivers subsequently prepared.

The OMVS Deputy Project Chief will coordinate procurement of most
N !
commodities to be purchased for this project. USAID Mission will assist

OMVS in procuring an initial list of basic commodities that will be

required upon arrival of the AID-financed Hydrologlst (Deputy Project Chief).

Vehicles to be purchased under the project include 13 in the first
tWo years. New vehicles will include 6 four-wheel all-terrain vehicles for
field transportation, 4 one-and-a-half-ton trucks, and 3 passenger cars for
the control office at Saint-Louis. The vehicles will be used by the three
sectors In Saint-fouls, Kaedl, and Manantalf{. As adequate maintenance 1is
not avallable for American vehicles in Mauritania and Mali, all-terrain
vehicles for Kaedi and Manantali will be purchased from the Free World.

A waiver is being requested for the wvehicles which is attached to Annex E.
Further, the establishment of a central maintenance center is not feasible.
Some maintenance training will Se provided to each sector, but non-routine

services and repairs will be done through private garages.
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Shelf item procurement will include cement, gravel and other
miscellaneous construction materials and office supplies. A waiver
will be requested to raise permissible shelf item purchases from 10%

of the total project local cost financing to 25%.

The USAID Mission in Dakar will provide procurement guidance
and assistance as necessary. Ocean shipping and marine insurance
source rules will apply. The commodities to be purchased and their

1

estimated cost are found in Annex E,“"Procurement Plan'

3. Shelf Items

Estimates of local procurement are the following:

-

Office materials

Saint-Louis central office 38,500
3 Sector offices 22,200

Cement; gravel and other local construction

materials 12,000
Inflation (L0%) - 5,500

Total $78,200



/e Construction

Construction of the 45U shallow (less than 5 meters)and intermediate
(5 to 30 meters) piezometers in and around the irrigated perimeters will be
carried out by the OMVS Scctor Offices. Construction of the 210 piezomerers
and 10 cbservation boreholes to comprise the ten "lines" transversing the
alluvial valley (Senegal and Mauritania) will be accomplished by local well
drilling firms under contract with OMVS . In Mali, the 20 proposed piezometers
B Ty

s : . i - 1131 -1y - TE .
will ne comstructed by DUIL itilizimg the agency cquipment and wark forces.

(a) Construction of Observation Borecholes (Contract)

ne ahaeorvatrian b wohnle will he ecanatructed at each of ten proposed
lines transversing the alluvial aquifer in Senegal and Mauritania. These
boreholes will be equipcd with a water—-level recorder to provide a continous

record of groundwater level fluctuations,

The observation boreholes will be 8 inches in diameter and 30 to 60m
deep(averaging 45 m deep) for a total of 450 m of plastic casing and hole.
The casing wili be set itn a 12 inch hole. The casing of cach borehole will be
slotted in the lower 3 teo 5 m; gravel packed, packers placed above the gravel;
backfilled with clay in the annulus between the casing and the hole wall;
cemented for 5 m below the land surface; and developed by compressed air.
The contractor will alse construct a concrete recorder shelter with dimensions

of approximately 1.5 m x 1.5 m with a lockable steel door over each horehola,

The shelter will be provided with a wooden platform about 80 cm above the base

for positioning the water-Tevel recorder (See Fig. 3, Annex A).
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The estimated cost of the 20 boreholes 1s a shown belorr The
$ 220/meter unit price includes drilling, casing and development by the

contractor

Cost Estimate — Observation Borcholes

10 boreholes at 45 m = 450m x $220/m = 5 99,000
10 recorder housing at $ 500 each = 5,000
$ 104,000

Contingencies (107) 10,000

Total $ 114,000

(b) Piezometer Construction along the 10 lines (Contract)

Construction of the proposed 75 shallow,80 intermediate and 45 deep
piezometers to be located along the 10 lines will also, be accomplished by
contliact.

The design of these piezometers is as shown in Figure 2., Annex A and
consists of a 5-6 inch bored hole, a 2 "diameter PVC picerometer pipe with
the lower section slotted and gravel paciked and o shiort scceticnr of galvanizod
pipe set in a concrete block and extending above ground surface to provide
protection.

Cost Estimate - Piezometers along the Lines

Shallow -~ 75 at 8 m= 375 m x § 125/ =8 46,875
Intermediate = 80 at 26 m = 2080 m x $ 125/m =$ 260,000
Decp = 40 at 40 m 1800 m = $125/m =% 225,000
Subtotal $ ;51,87;
Contingencies (10%) 53, 125

Total $ 585,005ﬁ_



Summary of Contract Costs

Observation Boreholes $ 114,000
Piczcmeters 585,000
TOTAL ESTIMATED CONTRACT ©o0sTS -;g;,UUU

Rounded to $ 700,000

(c) Malian Component - Construction by'DNHE"

lwenty observation vureholes, 5 tu 7 Zaches in diameter and  neing

in depth between 60 and 80 meters, will be drilled by the Malian DNUE around
the perimeter of Manantali Reservoir using departmental drilling equipment and

trained drillilng crews. The Jdesign of thoo

¢ borehnles ic chown on Figure 4.
Annex A and further discussion of the details of the Malian Component is
contained in Section 6, Annex A. Costs are based on the Direction de
1'Hydraulique eﬁ de 1'Energie’s'"Proposal for the Execution of Hydrologic

Studies”. the foliowing esiimaie ailse includcs the cogt of the anall affice

complex to be constructed in the vieinity of Manantali Rescrvoir.

Cost Estimate— Malian Component

Borehole construction

Mobilization $ 8,000
Boreholes, 20 at 70 m = 1400mx $90/m 126,000
Pemobilization 7,000
$141,000
R A
Of fice 60m? x $300/wm” 18,000
Storave 17m? x & 300 /m? 3,600

Lot rine 400



Subtotal $ 163,000

Contingencics (107) 17,000

TOTAL $ 180,000

(d) Construction of Shallow and Intermediate Piezometers

hv Sector Forces

The propused construction of the 450 piezometers in and around the
irrigated perimeters will be accomplished by sector work forces with equipment
and materials furnished bv the proiect. The technique to be employed is
discussed in detail in Annex A and the cost of this work is included in the

project budgets for equipment, materials and operational support.

5. Onerating costs
T g

a. Costs of geophysical and photogcological studies by the Malian

DNHE for selection of sites for 20 deep observation boreholes

{1 eamamenl i regervoir arga af & 3.000

per site 60,000
b. Chemical analyses

Laboratory analvses 1in Dakar 150 tests, $ 60 each; $ 9,000
Pesticide/lUerbicide 1n US 40 tests $ 5HUU each JAVIRVIVIY]
Supplies 3,000
32,000
contlngencivs (iG4) 5,000

TOTAL $ 35,000



90.

Vehiele operation and maintenance at
$ 60,000/yr. (excludes replacement vehicles)

for 3 years: 180,000

Office and warehouse rental

Saint-Loulis warchouse at $24,000/yr.
fosr 5 years: 72,000
3 Sector Offices at $36,000/yr. for

3 years: 108,000

Personnel
Budgeting for personnel costs to be paid by

AID has been dore under the following principles:
(1) The OMVS and Member States would pay the cost

UL daii peluadenlt @Rpioyees wiining .~ Lhe pro

headquarters at Saint-Louls;

(.

[

) AID would pay for the salaries of the temporary
employces at sSalnt-Louls Headquaricrs as well as for th

per diem of all permanent employeces requiring it; and |

(3) In addition, AID would pay salaries and per diem for
all employees working at the sector offices during the life of

the project.
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LAl SECTOR OFFTCHE

1 technician (sec
$10,060/yr for
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IV. MALI SECTOR OFFICE (MANANTALL)
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$ 8,000/yr for 3 years 24,000 10,000
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V1. IMPLEMENTATLON PLAN

A. Management

Project implementation will be the responsibility of the OMVS Groundwater
Monitoring Unit which will plan and coordinate the activities as well as act
in a technical advisory capacity Lo tbhe Member States. In addition, they will
be responsible for training of personnel so as to strengthen the institutional
capability of the national hydraulics agencies. However, implementation

of project activities in cach country will be the responsibility of the

respective national hydraulics agency.

The Groundwater Monitoring Unlt willl regroup the management Of all
activities and will serve as a support service component for the three

sectors described in Section C, "Institutional Analysis'".

For this project to guccced the USAIDs involved as well as the OMVS
and the three Member States, must provide strong and continous capabilities
in project managemeul, lopistical support and technical expertise. To this
end, the following administrative structure will be established, based on the
staffing requirements of the Unit. A Project Chiefl will be appointed by OMVS
to direct and manage the Unit, as well as to coordinate project implementation
activities that will be carried out by the national hydraulic entities of
Likewise

h
the Member States

i the Project Chief wil) colliabhorate and work

closely with USAID/RBDO to assure that project implementation is carried out

ne nlammad  Tha Dealioas ALinf will hn accictad hv 2 Denutrv | hired under

A oraoa wilh the voncuriviiee of Lhe O0Vs.
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his person, preferably an Hydrologist, will supervise the training of the
Personnel of the Unit and the three Sectors. In addition, he will design,
supcrvise and assist in implementing an on-the=job training program,

including seminars.

B. Sector Offices

Sector offices in the Groundwater Monitoring Unit will be set up and

[
~
n
r
4

flnaticed Ly AID throughout the life gf the project. Operating under the
supervision of the Chicf of the Operations Division, these offices will

organize, coordinate and supervise construction and survey personnel under

its divect contrsl and will monitsr and conrdinare nheerver personnel#
composed of employees from the national hydraulic agencies. The Sector Chief
will coordinate with the appropriate mational hydraulic agencies in plamning
the work of the observer persomnel to cnsure that the needs and priorities

I 3 e 1. i T s . e s
OL Llle TlaliVligl Uydlaul o 4gehicidli aic &

Successful implementation of this project depends on good field-level
cooperation with, and coordinatioun of, national cmployces by OMVS supervisors.
Written commitments from each Member State concerning its contribution of
personnel and their qualifications to be assigned to the project by each of
the national hydraulic agencies will be required. These agreements should
also include the employees' reporting responsibilities for administrative and
technical matters to OMVS and to the national hydraulic services. Further,
the agreements will include a commitment by the naticnal hydraulic services

to undertake groundwater monitarine activities in the Senegal River Basin

*  SAED and SOMADER pereonnel already working in the irrigated perimeters

S ol B T Fobbs midesmetors Wil bo insgal Ted.
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after the completion of the project.

€. Role and Responsibilities of USAID/RBDO

The USAID/RBDO will have overall responsibility for planning, coordination

and monitoring of project activities and will be ultimately responsible to
AlD/Washington for the implemcitation of the project. An AID direct-hire
emplovee of the USAID/RBDO will be the Project Manager. He will be
responsible for maintaining close communication with counterpart OMVS

project staff as well as with USAID/OMVS project officers located in
Nouakchott, Bamako and Dakar. The Project Manager will be responsible for
preparing 6-montls project implcmentation reports which will be reviewed
‘jointly by the OMVS and the USAIDs. The RBDO Engineer will provide assistance

in preparation of IFBs and monitoring implementation of the project.

D. Role and Responsibilities of the USATDs
The USAID Missions in Mali, Mauritania and Senegal will be responsible

for overseeing Lhe Lmplementation of country-specific activities. In cach

USAID Mission, OMVS Preoject Officers will be assigned, possibly consisting

of the following:

1. USAID Project Officer - This person will be an AID direct hire

“cmployee or a contract/PASA technician to be designated by the Mission.

2. Counlry Project Officer = This person will be funded under the

Integrated Development Project ( 615=-002i).
3. Depyty Project Officer  ~ This person will be funded under the
Agricultural Research Il Projecl (vels wvouis.

. Seerotary — Thie nevaon will he funded under the Groundwater

Monitoring Project.



In the event that authorizations of the proposed Integrated Development
Project (625-0621) and che Agricuitural Résearch II Project (625-0957)
arc delayed, the existing staff of the USAID Mission will cover the

implementing and monitoring activities of this project.

The OMVS Project Officers will be under the general superviscien of,
and accountable to, the respective Mission Directors. Further, the OMVS
Project Officers will coordinate project implementation activities with
each national hydraulic entity and also with the OMVS Sector Chief in their
country. However, the OMVS Project Officers will provide reports periodically
on the status of project implementation to the USAID/RBDO and will receive

reports from the Saint-Louis Groundwater Monitoring Unit.

5. Staffing Schedule

Provided that Conditions Precedent to disbursement have been fulfilled,
RBDO will attempt to execute project implementation documents simultaneously

with the signing of grant agreement.

Serviees will be provided by USGS for approximately

Shrt =T Advt eary

3 months to assist in the establishment of the overall organizational

structure i.e. the Headquarters Office at Saint-Louis as well as the Sector

Offices.

An Administrative/Finance Officer will be recruited to work

with the short term advisor in the creation of the Sector Offices. This officer
will be requircd for procurement of essential supplies for the various offices,

pavroll and tfinancial manapgement.



The Deputy Project Chiet will be provided for under the UBGS PALA.

whose PIO/T will be prepared in a timely fashion to facilitate his arrival

by the 13th month ¢f the project life.

The Hydrologists for the Technical and Operations Divisions will be

nominated by their respective governments and submitted to AID's approval.

The Sector Chicfs will also be sclected among the national hydraulic

-vices and assigned to the Scctor Offices. They in turn will participate
in the selection of staff for the Sector Offices (as described in Section
IV C, Institutional Analysis).

The organizational chart (Fig. 7} follows on the nexr page.

E. Programming and Fiscal Procedures

After the project ;s authorized by Alb/Washington, a Project agrecment
will be executed between the Director of USAID/Dakar, or his designee, and
the OMVS. Only one Project Agreement, covering the authority and responsi-
bilities of the OMVS, USALD/RBDO, USAID/Nouakchott, USALID/Bamake, USAID/Dakar,
as well as those of the respective national bhydraulic entities, will be
required for the project. However, the Project Agreement subimplementing
documents and related Project lmplementation Letters (PILs) concerning
country-specific matters will be cleared with USAID/Nouakchott,

USALD/Bamako and USALU/Dakar prior to thielr execullon and/vl issudnies.

All allotments for the Groundwarer Monitoring Project will be made

to the Regional Controller's Office which will be responsible for coordinating
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compiling, and reporting on the financial status of the project.

fhe ALb-financed Admind

OMVS office will assist

slratave/Pinance vificer of the Saint-T.ouis bLased

in carrying out the functions. As local currency

expenditures (e.g. salaries, construction costs, shelf-items, per diem,

etc.) will be incurred

in both Mali and Mauritania, advances will be made by

the Regional Controller's Office to USAID/Bamako and USAID/Nouakchott

to cover such expenses.

the e gt

The OMVS Administrative/Finance OLfiicer will assist

entities and the USAIDs in preparing the requests for

advances and salacles to be paid by ALD, vouchers for shelf-iten commodities, etc.

Certification and payment of the local currency expenses will be the

reanonaibilities of the Controller's Office of the USAIDs which provide

periodic financial reports to the Regional Controller's Office in Dakar.

F. Project Implementation Schedule

Month 1 =~ Signing of

- OMVS establ

~ OMV5 Projec

Project Agreement
ishes Project Office in Saint-Louils

t Chiof appointed

- Negotiation of leases for temporary (b6-% months) offiice spacc

~ Prcparation of projecct implementation documents {(i.c. PLO/Ts

and P1O/Cs.

Month 2 ~ Mecting of

Conditions Precedent.

Month 3 ~ Administrative Otticer (expalrlate; repures Lui duly

~ Short-frerm

- N ' 4 t
Montly & =~ Plgigdieag die

Kacar and

technical assistance arrives for start~up operations

f~v ocstablishment ~f Sector Offices at Saint-iLouis,

I

e ke
Chiblbenioe oo



Month 9

Month 10-

Month 11-

Pkﬁ\th 12~

First 6-mouth projecl implementation report and review with OMVS

OMVS Engineer (Operations) reports for duty

OMVS Hydrogenlogist (Data Compilarion and Analycie and Training)
reports for duty

Filing and recordkeeping system developed for Saint-loutis
Project Office

Sector Chiefs appointed and report to their respective sectors
to arrange for office space, local construction and operational
personnel

Work Plan established for first year

Commodities arrive
Leascs negotiated for permanent office space 1n Saint-Louis
Plans finalized for field activities.

Leases negotiated for Sector Offices 1n Kaddi and Manantali.

Sector Offices opened

Loag—term hydrology technician (Deputy Project Chief) arrives.

Reginfizaaning of OMVS Scanior Staff af wells as 8ector Chiefs
Complete training of Sector Chiefs

Qlhimvmt b Atrm mmavmes ] FAasbk  dtasmasram +m maremAvme ma rmAams Eavanma cyre b am
Short sEeamEss el Ramts GYennnh S oizotiiios pewesyiods ioyioe

Commodities delivered to Sector Offices
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-  Continue l’.l'.tinlu;.; of OMVS Senior Staff

~ Construction brigades organized in Sector Offices

—~ IFBs prepared for local well-drilling companies for deep
piezometer construction

- 2nd 6-month project lmplemenlation report and review

Month 13-23 - Continuing operational field tasks: (1) construction of
shallow and intcermediate depth piezometers; (2) identification
and selection of observation wells; (3) establishing measuring

points; and (4) collection of water samples for analysis.

- 6-month project implementation reports and reviews

Month 14 -~ Contract construction of deep plezometers by well
drilling company begins (July 83)
~ Continuing data compilation and planning
~ Continuing technical assistance for on-the—-job training of

surveveors, well-ohservers . mechanics, etc.

Month 15 - Sector Chiefs report to Saint-Louis for initial orientation
Month 25-41 - Six-month project implementation reviews continue

- Operational field tasks continue: (1) construction completed;
(2) piczometer and opservarion well NeLWOrK eslabilsied;

T el e T e e e | i 7 -
and (2) datz colleeticon and analyeig nnderway.
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Month 44 =~ Major projcct evaluation, with contract assistance

(3 person-montiis)

Month 36-48 6~month project implementation reviews continue

- Operational field tasks continue : (1) piezometer maintenance;
{(2) observer Lewiis colloct data; cre.

- Data compilation and analysis continue

- Continue short-term technical assistance consultancies for
water balance and quality studies, hydraulic profiles,
wathematical modcling, ctc.

-  Groundwater Monitoring Office and system functioning

effectively

Month 48 =~ ZLong~term technician (Deputy Project Chief) departs



VIT. MONITORING AND EVALUATION PLAN

Project activities will consist of : a) ou-going monitoring and
b) evaluation. Short- term technical assistance will help in establishing a
monitoring information systems, assist project staff and USAID/RBDO in

carrying out a project assessment in the third year of the project; and,

assist in a broader evaluation of the project in its fourth year.

A. Menitoring

During the second year of the project, AID will provide one month of
technical assistance to assist project staff to establish a monitoring information
avatem. This svstem will provide project staff, the OMVS and USAID/RBDO with
basic information on progress in meeting training, data collection and piezometer
construction targets. Information from the monitoring system will provide
the major source of data for the 6-month implementalion reports which Lhe
USALD/REDO Proiect Manacer will prepare and which will focw the basis for
semi-annual joint reviews. The OMVS and USAID/RBDO, as well as USAID/Senegal,

Mali and Mauritania, will participate in these bi-annual joint reviews of

Using thie information collected through the monitoring system and
half-year reviews, a short-term consultant will participate in a project
assessment to investigate a number of issues, including the following:

- the adjnstments needed to enable the project to reach its original

objectives;

- the quality of training, piezometer construction, and data collection

efforts, and improvement needed;

- the actious necessary by the OMVS and its Member States to cover

recurrent costs of the project when AID funding ends;
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- the appropriate timing and nature of the 6 months of short-term
technrcal assistance pianned for the Toarth and £1f¢h vears of the
project; and,

- given the data so far collected, the problems (on salinity, water
Logging, etc) that are likely to arise and will require OMVS acticn
and the systems nceded to insure that the OMVS and Member States act

on the recommendalions for corruvcelive actlon.

This assessment will indicate the necessary changes in project strategy

for meeting the project's objectives.

B. Evaluation

The above monitoring activities will serve as a basis for the in-depth
project evaluation to occur during year % of the project. The periodic reviews
wiil provide information which will be uscd for meaguring the institutionalization
of project activities in the OMVS and Member States. Three person-months of

external technical assistance will assist project staff and USAID/RBDO to

asscess project progrese, performance and Impact.

C. Execution of the Monitoring and Evaluation Plan

The project budget incorporates three months of technical assistance
for monitoring and evaluation. Many of the project autputs involve data compilation
and analysis as well as hydrolugical plauining studics for vhich nraper

assessment requires specialized expertise.

Hydrogeological expertise will be needed tor monitoring and evaluailuw
assistance, (1) creation of the monitoring information system. 'The USAID/KRBDO

Project Ofticer will coordiuate iLhivc LUruadetr protrer owaluarisane . AT nraiect
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records and reports will be available for review as will other USAID and OMVS

documents and financlal records.

VIII. NEGOTIATIONS STAIUS AND CONDITIONS PRECEDENT

A. Negotiating Status

As this projecti is primarily an ifnstitution-building project dirccted
toward improving the capabilities of the OMVS and of Member States national
services, the full and active commitment of the OMVS and the Member States
to this project is necessary. AlD will finance most of the OMVS administrative
costs during the first three years of implementation with OMVS gradually taking
over these cosls in the fourth year of the project. Sencgal, Mauritania and
Mali will provide field-level personnel for the construction, survey and
observations crews who will be assigned to work out of the Sector Offices at

Saint-Louis, Kaédi and Manantali.

B. Conditions Precedent

In o.der to assure OMVS commitment to the project, the OMVS official
creation of the Groundwater Monitoring Office and the appointment of the
Project Director shall be Conditions Precedent to the disbursement of any
project funds. In addition, a written agreement will be entered into between
OMVS and each participating country which will delineate each party's
responsibilitjes to the project, especially its contribution of field-level
personnel to be assigned to the Groundwater Monitoring Unit by each of the
national services. Another Condition Precedent to the disbursement of second-
year funding will be that the Sector Chiefs are appolnted and the bdector

NEEs Cadmt T Ars
(OB cSa Hilaee 121

ices at in 1o, Vaddil and Manantali aroe Fr\'r-mﬂ11y satahliched.
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to this project as specified in the Project Paper. OMVS administrative support
will include salaries,office space, scerectarial and other adminisirative
support. This contribution is estimated to be approximately $551,000 over the

lite of the project.,

As indicated on Table 3, "AID/OMVS Personnel Costs" (Page 91 ), the
total contribution required of the OMVS Member States to cover the costs
of those personnel assiened to the Saint-Louis headauarters amounts to
$381,000. Howevecr, since the Project Chief is alrecady on-board, only $298,000
($381,000 less $ 64,000 and $18,000) will be needed by OMVS to cover its share
of the personnel costs. This would average approximately $ 100,000 per country.
Thus the yearly contribution per country would be $ 25,000 over the four-vear

period of the project.

{0 assure adequate and timely support [or these personnel, as an
initial condition to the disbursement of funds under this project, each Member
State is required, within 90 days of the signing of the Project Agreement,
to contribute an initial advance to cover the first vear of the personnel costs.
This amounts to $ 25,000 for each Member State. At the end of the first,
second and third years after the execution of the Project Agrecment, cach
Member State is required to contribute another $25,000,which would fully cover
its share of $ 100,000. Should more than 90 days elapse after the expiration
ot the dates ftor the first, second and third years before the Member bState
makes its required contribution, no additional AID funds will be provided to

that country's component of the Groundwater Monitoring Project until the

arrears are paid in full.
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ANNEX A

Technical Analysis

The technical feasibility of this project was analyzed by George C. Taylor, Jr.
of CH2M Hill in an October 1979 report entitled '"USAID Groundwater Management
Planuning". This annex includes the project justification and detailed work

plan adapted from Taylor's report.

Project Justification

Several diked irrigated perimeters are under construction or have recently been
completed in the Senegal Valley with the financial aid of various ¢onors, in-—
c¢luding the IBRD, FED, and USAID. Multimillion dollar investments have already
been made in these perimeters and investments for perimeters under construction
and planned for construction are expected to be more than $1 billion in the next
decade. Despite these investments, little attention, with the exception of the
sugar plantations opcrated by the Compagnie Sucriére Sénégalaise (CSS) at Richard-
Toll, has been given to water-management in the Senegal Valley. As a result,
water-logging and salination problems are already in evidencc in the M'Pourié
rice perimeter near Rosso, in the Dagana perimeter, and in the Nianga and Guédé
chantier perimeters, and they are impending elsewhere.

Good water managemeit of irrigated perimeters reguires zccurate meagsurement

of gross pumpage, water use by crops, cvapotranspiration, losses by leakage

{rom Caudals and by duvp porcwswts. .l 7 iertosiad fiolda. and manitarine

of changes in groundwater levels and salinity.



Large investments could be vitieted in a few ycars by water logging
and/or salination, if good water management practices are not develop-
ed and luwplemented. Water manugpement 1s Likely to be mosi critical
in the immediate future in the diked irrigated perimeters of the
Senegal River Delta and in the valley downstrecam from Podor, but 1is

important also in the middle and upper valley.

The role of the Senegal River and its alluvial aquifer in recharging
regional aquifers =7 "ch sustain the water supplies of hundreds of
domestic and livestock wells has been shown by earlier groundwater
studies. The alluvial aquifer is alternatively discharged during the
drv season and replenished by floods during the rainy season. Since
aquifer charge-discharge relationships are imperfectly understood, one
of the project objectives would be to compile and analyse groundwater
data bearing on these relationships. The need for groundwater analysis
; ik | ; A : e : 9 i

1s 1ntensified bv construction «¢i the Diama - and Manantalir = daws
which will change the regime of the river and of groundwater in adjacent

areds.

1 b ; ; " ?
L Construction on the Diama dam began in November 1981 and is expected

to be completed in 1986.

2/

=" Yull construction on the Manantali dam is scheduled to begin in

middl: i R PN 1(‘\82 Th,: d:\_m 1'_f' r}yp(jﬂfurl tn hornme ('\T\QYHY':IOHHI in

1988-89, depending on levels of funding.
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The Diama dam, located near the mouth of the river, will prevent upstream
flow of sea water, and will create a fresh-water impoundment. The loading
effects of this reservoir could cause lateral migration of saline ground-
water or aggravate irrigation-related problems. For this reason, ground-
water monitoring is of particular importance in the vicinity of the
reservoir. Similarly, the Manantali dam will change the river regime by
regulating and altering the flow of river. Overbank flooding will be
reduced. Tuls could affcct Lhe alluviai aquifer teclidaige, aud ludiiectly,
the contipguous regional aquifers.

Groundwater mounitcoring cgipmlisiicd Sric
regulation by the Manantali dam will provide important base line data for
quantifying the magnitude of the changes. The area of investigation
included in this project will include the reaches of the Bafing and Senegal
Rivers affecied by rlver regulatiovn. Alsu the Mallau DNHD gives high
priority to the emplaccument of obsecrvation boreholes (large diameter
piezometers) in the Manantalil arca. Geological surveys made during
ivasibilicy studies oif thie dam site and reservolr ares discioscd Lhe
presence of an extensive system of faults some of which may offer avenues
_of leakage during and following impoundment of the Bafing. Piezometers
will be required to observe the effects of build-up in hvdraulic head or

groundwater in the fault system caused by the impoundment.



The possible contamination of shallow groundwater by fertilizers and
pesticides. being increasingly used in irrigatiou perimeters, is another
potential problem, as this groundwater also sustains many existing

domestic and livestock wells., therefore, another project objective would

be to monitor groundwater quality as it relates tro these hazards.

Finally, as shown in the 1lly (1973), Bechtel (19/06), and other studics,

an important poteatial exists ior developuent of proundwater for
tion, especially in the Matam-Bogh& sector. This project would provide
groundwater monitoring and analysis of aquifer data to further quantify

this potential and its limits.

Work Plan

The area to be covered is the Senegal River Delta and valley from

Bafoulabé downstream to St-Louis, including a strip 10 to 12 km wide on

rt

|

. leo ineludoed ie tho Manantali resevrvoir area

m
Fi

and the Bafing downstream from Manantali dam. The work components of the
project are divided into planuing, data compilation and analysis,

training, [ield operations, construction and evaluation.

A. Planning:
Planning activities that will be initiated early in the project include:

n of an apprnpriate system for filing hydrogeologic data,

construction details, location, and equipment inventories for cach

- . e o 5671 Do mmac b men el Al it g i
E€X1STLNY OPEll wWell, LuvUwCirg FESEOHESER m5 obrevallew el T Thy

project area,



2. Design of an appropriate format [or recording the hydrogeologic

data, coanstruction detaily, location, and cqulpment for 250k cxinting

)

[4

open well, tubewell, piezomecter, and observation wells.

3. Establishment of an appropriate system for filing periodic water-
level and specific conductivity measurement data alL project headquarters
in St. Louis.

4. Design of an appropriate lormat for recordiag water-level and
snacific conductivity measurements for each observation well and piezo-
meter,

5. Design of plans and blueprints for a network of observation wells
with an average density of about one for cach 100 kmZ along the valley
downstream of Bafoulabe and the strip about !0 to 12 km wide on either
side of the valley. Carefully selected open wells (puits) now existing
can be used for observation together with proposed plezometers.

for carh eviating

6. Planning for a network uvfl shallow picnen
diked irrigation perimeter in the alluvial valley in an area exceeding
100 hectares. If feasible, one plezometer will be installed in each
100-hectare block. Pilezometers will also be installed iummediately out—
side perimeters for purposes of comparison.

7. Planning for a network of shallow plezometers adjacent to the
proposed Diama reservoir to monitor the effects of impoundment on

groundwater levels and water quality in the delta.



8. Planning a network of shallow and deep piezometers in the

Matam—-Boghé sector to study in oreater detail the nhgervations of
Illy (1973) on the recharge-discharge relationships of the Senegal
River, its valley aquifer, and contiguous regional aquifers. This
sector holds the greatest promise for groundwater development for

irrigation, both in the valley as well as in the adjacent 'dieri.

B. Data Compilation and Analysis

Data compilation activities to be initiated carly will continue
throughout the project life. Analysis will begin around the middle and

later stages of the project after a data base has been established.

The first data compilation task will be to update the well inven-—

=3 = | iy S o , - ¥ : % - fo- g SRS ! ST F A
i related growm duater data intkiated dun 10, whie UliVo, oaw

)

tories an:

{

Hvdroagricultural Study referred to in the proiect

The second task will be the search and identification of all published

reports and data pertaining to identified objectives in the Documentation

1 s - i h
2 il

il 3 o] ) 3 . 5 TS T A el =S - P R Ml
Cetiter In St. Loures and tho rovicw 'ef the documents lisSed im Anpes

of the Project Paper.

The third task will be a search and identification of unpublished

Aot arm by cole 3 e
Wlee jhd b ke o 0 I o LU OB o

dara in the filoa nf rhe Malinon Direction deo 1'Hvdran
and the OVSTM, at Bamako; the Mauritanian Direction de l'Hydraulique'and
the SONADER, at Nouakchott; the Senegalese Direction de 1'Hydraulique,

al wmakar;  and the SARD at St. LoOuls.



When sufficient water—level and water-quality data have been
accumulated, dalu wuualysis and interpretation activities can begin,

These activities will include:

1. Construction of maps for groundwater salinity, depth-to-water

(below land-surface datum) of the larper diked irrigation perimeters,

2. Construction and analysis of hydraulic profiles along lines of
piezometers showing the pressure and water—-quality relationships cof
the river, the valley fill aquifer and deeper regional aquifers,

particularly the Matam—Boghé sector.

3. Study of water-quality fluctuations in domestic and livestock

wells and seasonal and/or long-term trends in groundwater levels.

4. Study of the water budgets and salt balances of selected

irrigation perimeters.

.. . . 4 i3 ' . . . . . 1o
Lhese studloes should be based on o walcr tabie aod waler qgualivy

fluctuations compared with irrigation applications, infiltration and

evapotranspiration estimates.

C. Training

Training activities will begin early in the project and continue
at regular intervals throunghout the lifce of the project. Training

elements will incliude:



1. Instruction in the use and maintenance of electric tapes,
water sampling equipment, specific conductivity meters, levelling
instruments, water-level recorders, and other field equipment.

2. Instruction in the systematic recording of field measurements
on standard schedules. These would include Llic dates and times of
measurements and any local observations of conditions that might affect
measurements.

J. Lkarly in the project trainiog of the ceslgned CIVE mauagement
staff at St. Louis in the scope and objectives of the project. This
training will be combined with that of the Sector Chiefs.

4. Ildll‘.lnlg SULVEyULD atw asbienBnoE e STeTois SIntconaliakUikkieae,

5. Training well observers to operate alone or in pairs.

6., Training will be achieved and intensive workshops coupled with

on-site instruction in the use of field instruments.

~
"

Training and indocirination of well CLocivers and v
the function and importance of the piezometers and the need for their
protection against vandalism. The USAID/REDSO anthropologist/sociologist
will be requested to provide consultation on this problem.

8. Pcriodic inspections by supervisory personnci of the activities
of well observers and surveying tcams will be required of the data

collection activities to insure quality control.
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a later stage in the project, training of professional
perscunel attached to the OMVS office at St~Louis in the basics of

water balance and salt balance analysis, water—quality, groundwater

hydraulics, and mathematical modelling and in the preparation cf

technical reports for use in reclamation and/or water development

planning,

b, Field Uperacions:

Operational activities at the field level, which will be carried

out with close supervision by the St-Lculs professional staff, will

include:
observations wells from among existing

1. Identify and select
vi.llage and livestock open wells (puits) and boreholes (forapes). Tt
come 450 oheoavoratione wella will bhe required in the

network.
Identify by

2. Establish measuring points at observation wells.

painting appropriate, easily rcad markings on well curbings (margellecs)

3. Refer measuring points to land-surface datum and to sea-—level

datum by instrumental levels.

Make a field check of lines of piczomerers constructed for the

4.
117v (1973) study at Kanel (lett bank); Matam (right and ieil baoks),

Guédé (lefr bank); Nianga (Jetrt bauk); Bophd (right bLank); and Podor
(left bank). Do the same ror the Audibert (iY/Uj sStudy L (e deica
(1976) ctudy ot Matoam,

e Ee Vel
i1



5. Rehabilitate or replace thesec piezometers as nceded and as desirable.

6. Select sites for in-house construction of new shallow pivzometers
with hand augers or power auger drilling cquipment. Approsimately 10 to
15 shallow piczometers will be installed in or near cach major diked
irrigation perimeter and about 25 to 30 in the vicinity of Diama reservoir.
A total of about 450 shallow piezometers 3 m to 15 m deep will be
required in and near the larger irrigated perimeters of the projeét area.
About half of these can be installed by hand auger and the remainder by
pOWEer auger.

7. Select sites for lincs of combined shallow (less than 5 m), inter-
mediate (5 m to 30 m) and deep (30 to 60) piezometers along the lines

of the I1ly and Betchel studies. Some piezometers will be set up as
‘three~hole batteries'" with shallow, intermediate, and deep piezometers
to measure pressure heads and water quality at different depths in

at the game eite,. Tt i eatimated that an average of about

20 piezometers will be required on cach of 10 piesometer lines for a
total of about 200. In addition 10 larger diameter observation boreholes,
are equipped with water level recorders will be constructed under

contract with a 1oecal well drilling firm.

8. Between Bakel and the Manantali dam site the Senegal and Bating
fiow largely on bard cousviidated focks.  Tu these reaches of the

valley existing open wells and borceholes ocar the rivers will



be included in the observation well network to observe the fluctuations-

in river flows on Lhie water table.

9. Around and in the vicinity of the Manantali dam and reservoir
there will be need for wonitoring the c¢ffects of the impoundment of
the Bafing River on the local groundwator regime, particularly potential
leakage through fault systems which transect the reservoir area. For
this purpose some 20 piezometers averaging 60 m deep will be drilled
around the periphery of the rcescrvoic for perindic water level ahserva-

tions. Also existing open wells (puits) in the enviroms will be

measured periodically for additional data control.

10. Once observation wells are selected and identified in the
field, periodic measurements can begin. An average frequency of about
once a month is suggested in the beginning for all observation weclls
(puits), piezometors; and observation tube wells (forages). As the
teams gain experience increasing effort should be made to take weekly

measurements of water level and specific conductivity, especially

during the flecod scason.

curemonte huy well ahearvers will be sent to

il Copies G all m
OMVS St-Louis headquarters for compilation and analysis as soon as they
are made. Check measurements will be made from time to time during
field inspections by the OMVS technical staff to ensure that well

are Ful€illine tholy reanansihilities.
! I
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E. Construction

1. Traditional Construction Method

Numerous shallow piezometers have been installed in the Senegal River
Bacin neing hand augers and relatively simple bailine technigues. The
hole is started with a hand auger and proceeds until either caving
material is encountered or the limits of the hand augering equipment
is reached. When caving materials are encountered the piezometer pipe
is inserted into the hole and the pipe is forced downward by bailing the
hole and applying force to the pipe. If the caving material is dry,
water is added to facilitate bailing. The depth of piezometers
constructed by this method is limited to about 6 to 8 meters. Two,
two and a half and three inch galvanized pipes have been used in piezometer
construction.
However, 2 inch pipes have a.tendency to fail during driving and 2 1/2
inch pipes (64 mm) are recommended as the minimum size for this type of
operation. Slotting of the lower section of pipe is accomplished by
hacksaw cuts. The equipment required for this operation is inexpensive
and uncomplicated. These include hand auger and extension sections, a
. locally fabricated bailer, a tripod, rope and a pulley.

2. Comstructicn Details
Construction activities for installation of shallow and intermediate

piezometers can begin at any time after the selection of sites for



piezometers and the arrival of the requircd commodities. Most of the piezo-~
neters will be 64 mm (2 1/2 inch) in diameter. Such a piezometer can
readily accomodate an electric tape or other water-level measuring

device and also a 2.5 em tubular "bucket' for water sampiing. The
plezometers will zencrally be set in grout withaconcrete block to prevent
removal of the pipe. They will be fitted with a threaded cap that can
be removed only with a pipe wrench. Where vandalism appears to present

a serious problem the piezometers can be cquipped with a lockable

steel cap or cut off flush with the top of the concrete block and
protected by a lockable steel plate.

Vandalism cr willful destruction of piezometers by local inhabitants

has been a chronic problem in past groundwater studies. Some means must
be found to protect new installations against vandals, perhaps a

counselling program undertaken with assistance from village chiefs or

local police would be effective (see Social Soundness Analysis).

3. Shallow P iczomet ors
Piezometers less than 5 m deep (Fig. 1) will be constructed by in-
house ' crews directly supervised by the sectorial technical staff., The
method of construction will be the traditional method as described in 1.
above. Four crews of three to four men each, two in the Rive Gauche
sector and two in the Rive Droite sector can be kept intermittently
occupied during most of the life of the project installing shallow

) T s vial mraas [ T I N N A R T VR PRSP TR PR PRUR BT RN | | i)
IO e DU . Paeih B0 B S 0. d e S e Ul o LU . 0. i

¢

¥ oeven veesoa dD Vet ey v o
JU LGNV LU L o e s Uil



be more than simple pipe with the Jower 5U cm or so slotted and wrappped
with a nylon to serve as a filter; they would be installed about 2 m

below the water table in a permeable, saturated sand.

4. Intermediate Piczometers

Piezometers ranging from 5 to 30 m deep (Fig. 1) will be installed by
a truck-mounted power auger under the control ot the St-Louls and

Kaedi sectorial operators and helpers. Two (2) power augers will be
provided for the project. Sectorial headquarters at St-Louis and Kaedi
will provide technical supervision.

The construction technique will be similar to the traditional method
with the exception that the provision of the power auger will provide

the Sector Offices with the capability to bore the deeper holes.

5. Deep Piczometers and Observation Boreholes

(Senegal and Mauritania)

The deep piezometers and observation boreholes in the Rive Droite and
Rive Gauche Sectors will be constructed under contract by a locally
baced drilling firm. There are fwo experienced drilling companies

based in Dakar.

Tho rinrl +a ho arcramnlichad inder rAantrart caneiaete nf the cancetruction
THE unee | S Due oo L1353

of approximately 45 deep piezometess and 10 larger diameter observation



boreholes to be located along the 10 piczometric lines proposed. Each
observation borehole will be equipped with a continuocus water-level
recorder housed in a locked concrete shelter (see Figure 3). One well
observer would be assigned to maintain each recorder and assure 1ts

protecilon against vandalisw.

Bid documents will be developed by OMVS Groundwater Monitoring Unit
staff with the Deputy Project Chief (USCS groundwater hydrologist)
providing technical assistance in the siting of deep piezometers/bore-
holes and in the development of the technical specifications. The
RBDO, which will have a contract engineer on its staff, will assure
that the bid documents ave iu conformance with ATD's regquirements for
Lost countiy contracting. The contractor will he responsible for the
entire construction package; including construction of the boreholes,
geologic logging, furnishing and installing casing and screen, temporary
casing 1 F reguired, develapment and pump testing of the observation
borehofes If this opilon is tvvomneinded by the tochnical staff of the

OMVS Groundwater Monitoring linit, With the exception of the water-

level recorder, the contractor will be responsible for providing all

materials required including construction of the recorder housing.

6. The Malian Component

(1} Observation Nerwork - Bafing and Scunegal Rivers Downstream from

Manantali Dam.



The work planned for the arca extending {rom Manantali Dam dowmstream to
the Malian Border consists of:

1 - A
4 u

1 - -
L3 Gk

(a) the ldentificalion aud scleclion of cxisling wpcn we

to comprisc the observation network;

(b) surveying to establish location and the elevation of

measuring points;

(c) implementation of the groundwater monitoring program; i.e.
measurement of water levels and water parameters(conductivity,

PH and temperature) at regular intervals.

This operation will be conducted out of Kayes where DNHE has an established
office with technical personnel. The reach of river to be studied is

about 300 km in length and has heen divided into two sectors for opera-
rional purposes. The Groundwater Monitoring Project will provide an all
purpose vehicle and motorbikes along with radios for transmitting data

‘and for general communication purposes. Radio communication is essential
for coordination between the sub-sector office at Kayes and the sector
office which will be established at Manantali. “The project will also

provide water level indicators and other instruments necessary for data

collection.

(2) Observation Network - Manantali Rescervoir Area



The work planned for this area consists of

(a) geologic reconnulssance

(b) Piezometer site selection utilizing aerial photograpiny
and guopliysical mcthods

(¢c) Piezometer construction

(d) Construction of a small office complex in the vicinity

of the Rescervoir.

The aerial photographic and geophysical studies will be accomplished

by DNHE personnel under the supervision of the Sector Chief and the

OMVS personnel. Geophysical methods will consist of electrical resistivity,
ravimetris methada The DNHE has the required equipment

available.

Construction of the 20 pierometers will be accomplished by DNHE personnel

N 1 1

utilizing DNHE Jdiilling guipment. The doecign of rhe niezometers

is also shown on Figurce 4 and consists basically of a 6-8" diameter

v

borehole equipped with 4-6"PVC well casing. Slotted PVC well screen

will be utilized and the well will be gravel packed. The average depth

N
Ak

the piczometers In cerimared at A0 ra 80 meters. Tt should be

noted that the well diameter and casing are larger than required for

piczometric observations, however,;DNHE justifies this on the basis ot
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the eventual utiiization of the plezowwiers foi walei odpp



Not e

(1

(2)

T The—Plpe Cap
I
Lk,—Z 1/2 inch galvanized pipe
|
|
|
e
;ﬂ . gk, u, Concrete Block
Y = £ |
S S R ~-"ﬂ i — T~
-7 > e ] /‘“ SIS,
e
\ ’.- [
by Ln
sty I
B H

Plozometors
Sm deep would be

instalicd with haid auger s

Piezometers
5 meters deep and up to
30 meters deep would

utilize power

™ Grout

4 inch hole (augered)

J_m,_4/m =

(o
il s N
o

!

!
| Y |
£ . , 4" hole by augering
: ‘2z ~— 1In non-caving mtls

| | “ g
Co ‘

e 1}
B i
ol

{ |

% i

AN .

A

Less than hole 1sphbitled

s
ELFr

e i

greater than

/
a

—— Slotted section of pipe

//
F’

~Nylon mesh wrapping
augers. Y pping

! g

PO S S W S B
/£
-

> w -

|

e

SHALLOW AND INTERMEDIATE

in caving materials

1o torced downward.

- 14

ripe

DEPTH

PIEZOMITERT TO BE CONSTRUCTED

IN AND ARQUND ! RRLGATHRD

PERIMETERS BY SECTOR FORCES



[~ ye———Pipe Cap

l
‘ Le——21/2 "galvanized Pi pe

s
Gt — S 8 | “L L T et
t 4 &
&, | ' A
i *
g I 1 N
¢ .rd»—— - Concrete Block
\ P! |3 i by
\* U po/
o p
I

d

i {ﬁﬁ-~—Grout
3

T SO

.‘
[k , . :
1; -~ LTemporary Casing as required
l
f
|

T "“‘T‘f‘TT" e Y TY
d#—Lumdeteu Clay

/"__? ,”1"

2 B

~":if% |
any

—+

i’i}-w(vlavcl Pack
o
5
i
5!

*T"rﬁ“* T

% e o

A5

i
3

ol

e i
TR

3

K
j =~
.

U
it
i Ll

—— ey

Note: This is the typical
T Aesten far the shallow.

intermediate and deep 3 e
plezometers to be e e
constructed aiony tne it

Lot S EREE CONSTRUCTLON BY LOCAL

DRILLING CONTRACTOR.



slecl Plate

NOL(“

Typical desipn for
the 20 obscrvation
horehaolog to ho
constructed, one per
"line".

i = . Recorder

e Concrete block

Hous

steel door

* . AN i
e N !
b el
i !
i
f ] =

? LR T i

{

ol

o

/

of

-4&——-8 inch PVC Well
|

%e—— Grout

TN

=—12 inch hole

s

n’&‘*‘*_"ﬁ‘l lacker

Ca

sing

i Slotted PVC Well Screen
Gravel Pack
FIGURE 3
ODOBERVAT lO‘\ ST O ES
CONSTRUCTTON BY LOCAL

DRIELING CONTRAC

W

o

Water=level recorder

et

[

.‘A
1)

r—



1NN i 4
"')‘\I\‘

bl e d

T T e—
Sy

i
i

|
uiy
| [
i

|
|
|
|

|
!
GLTER LS il
I
|

<
-~—

| 1 i i e FORAGF
I i tl VATV
i o = . t}
ARL NG Y 3 S
AN 4 J ‘? %
= Ty Brrueace
N Y i 'H K D'LXHLOITATION
. o £ ' € 115 = th
o 4 Ho - liemn
¢ Tl A
Pipeein !
5 v e |
TRt
L3 it
.\‘Li”lﬂi‘bl et
I 11
. i
Plisr JUitm GRAVIER A
» . ," froow
L |
¢ T : o !
x =l i
*/'/ ¥ |~‘lixﬁ.1;’, l
’ Y . $a g F T L T
215 Sy 3 #015 — 125 mm
Th | Ler00-20um

*

’ e o
f\ﬁ\[,l\‘;,‘) ool |

&
e g
< "4

FORAGE  TYRF

. IA\U

¢

1

f s [RT
| | .
A s 0—
; f:/'xx*‘wr ST T
? | i
n
| Mo tupaoc prav. 7
{ ‘ € |
i {
) 10p
. L‘(\r- sro

07’/|‘- G'/x.

|
J

20 =

N.-. i%——-—-—

i
a‘puu.'.'f]

\ [ e TR

BOuE

t (H—J

€001

= = A w 22

o tdnlon, st

(R I (T

!

)«-'50 ALL HrlUd

$ by

!

|

I*-—;'Li\‘\ui.

S A A

, CIEELEITIF BL

~RAETENUE Tull
OLXre.

GRANITE HoE
FILLURE ]

1 % | =~ FOR A L

2 ! FEAS :_:I/" )

i

UHE DEXHAURE
£

H
LE LA PLMPFE

*

‘..-.,-TU;}LUL
l LLyriOnt
R PR PO

FUND LuNoHT

| {
—{ i}
|

- 2yiana a
7OLL o i i o
S e BN
bivkhv 1 Uhe ko | .
/' l Y
(PR3 SR AR Nl 4 ~

A



to cnsure the accuracy of iron and manganesc d.ot(drminm 10ns

when laboratory analyvsis 1s requested. Prucedures will

be established for bailing of the piezometers for a long enough

period to remove standing water and onsure that groundwater has enter-

ed and the sample is representative of the water in the aquifer.

The initial chemlcal analysis o: groundwatcer [rom tlic deep plecvmetcra
and observation boreholes, those which will be constructed by contract,
will be accomplished by the drilling firm as a contract requirement.

- LS | | B
i L

subsequencly, water yualiiy alvny tue 10 1iads, wi TR

b avAad Ry
RS et ol 5

3 e
the sector staff using field methods, in addition to collecting samples
for laboratory analyses. Considering the time required to complete the
deep piezometers and observation boreholes the monitoring period during
the Lite ob the project wouid be about two years. The GMVE cstimntes

that about 40 samples for laboratory analyses, would be collected

during that period (2 samples/line/ycar for 2 years).

In and around the irrigated perimeters laboratory analyses of water

from the shallow and intermediate piczometers will be accomplished on

a selective basis., TFactors such as previous water quality analyses 1n
the arca, electrieal conduetivity measurcments aund the use of pesticides,
herbicides and fertilizers in the area will be used to determine the
Taratinn and schednline of samnle collcections for laboratory analyses.

A preliminary estimate of the number of laboratory analyses required



A

is 110 with most being conducted during the 3rd and 4th years of the

project.

l.aboratory analyses will be accomplished by "Groupe Laboratoires de
la Direction des Mines et de la Geologie" located in Dakar, This
laboratory serves the water tésting needs of Senegal by providing
service to other government agencles and private driliiug LumpaqLL;.
It has the capability to perform the specific constituent analysis
required for gencral tests under this project ; i.e. specific and

total anions and cations, boron, dAK, €L, 11U labulaitudy, HOWOVEY,

does not have the equipment required for pesticide/herbicide analyses,

These analyses will be accomplished by the U.S.G.S. National Water

Quality Laboratory in the United States.

The estimated cost of testing and materials required for the water

quality monitoring component is as follows:

Laboratory analysis in Dakar
150 tests at$B0/test. ... ... LeiAerE e e By, Ual

Pesticide/Herbicide analysis at USGS Lab

40 tests at $500/test $20,000
Supplies (bottles, reagents) 3,000
Tatal $32.000

Contingencies(10%Z) -~ 3,000

$35,000

'
—



A - 25

This total does not include the cost of the additional initial water

quality analyses to furnished by the well drilling contractor,






Technical Assistance and Personal Services Contracts

A.  Scope of Work for Technical Asgistance Contract

The U.S. Geological Survey under a PASA will provide basic technical
support and quality control for the five components of the project

which include planning, data compilation and analysis, training, field
operations, and construction. Planning éctiviLies include designing
appropriate systems for, implementation, supcrvision, data recording,

and other activities.

Training will be provided in the use and care of all types of technical
field equipment; in data recording and compilation; in measurement/
observation of water-level, water—-quality, and other groundwater maps;
and in the preparation of interpretative technical reports. Field opera-
tions and construction include inventories of existing wells, construct-
ion of piezometers, systematic water-level and water—quality observations
in piezometers and observation wells. All thcse components are described

in detail in Annex I.

The USGS will provide up to 49 person-months of technical assistance

Py
N

One hydrologist ar ervoundwater engineer (long term) on a contin-—
uing assignment beginning about the end of the twelf month of the

project, until 11s completion: . ...ivescioveisssees . S povson—monthis



(b)

(e)

(d)

One water budget expert to evaluate data collec:ed during the
project and to recommend needs for additional data nceded for
developing groundwater models of the Diama reservoir area,
selected diked irrigated perimeters between Richard Toll and
Boghé, and the groundwater deQelopment potential of the Matam-—

Boghé sector, beginning about the 24th month.........3 person-

months
One hydrologist (short term) to assist with start up operations
of the project, including the establishment of the Scctor Offices.
Thia alan invalves formulatineg the initial work program and
identifying commodities for early procurement. The assignment is
scheduled to begin upon finalization of the PASA, or about the

BERSHEME  A5a 5506 e 4753 1 a0 Hean Gl SN S B LR S b iy G

manthg

One water-quality expert to evaluate water—quality data

collected during the project and to recommend needs for additiomal

£nnnt M1l mrinan
LErCrlizeeEl s

data for appraisal of groundwatcr contawmination by

and pesticides and for water-quality modelling, beginning

about Ehie SGERTMORER. &G o i's len v eablighs b i bada b vn o REES DY

months

One groundwater modelling expert to carry out the following duties:

Wy | il L b

(1) dovelan coancantnal and mathematical models ot flow and/or
solute transport in the Diama Reservoir arca of the Sencgal

delta,



(2) develop conceptual and mathematical models of flow and/or solute
transport of selected diked irrigation perimeters between Richard
Tn31 and Roghé, particularly directed toward water management for

irrigation and salinity control.

(3) develop conceptual and mathematical models of tlow and/or solute
transport of recharge-discharge rclations between the Senegal
Valley alluvial aquifer and contiguous regional aquifers of the

Matam-Boghé sector,
(4) calibrate and verify the models developed in (d) and (2).
This technician will begin work about the 30th month of the

EONEeE o vy sl e § e s 5w i (i v e e e o PETSON-MOGENS .

B. Duties to be Performed by the Long~Term Technician

(Hydrologist or Groundwater Engineer)

, 1. Assist the OMVS in developing standards and operating modes
for monitoring and investigating existing and potential

problems of proundwater develeopment and management related to :



(a) Water-logging and salination lu vaisting aud proposed diked
irrigation perimeters.

(b) Deterloration of waler quality in domestic and livestock wells.

(c) Recharge-discharge relationships of the Senegal River, its
vailley aquifer and contiguous regicnal aquifers.

(d) Chanaes in the proundwater repime caused by construction of
the Diama and Manantali Dams and resulting alterations of
the flow regimen of the river.

(e) Potential leakage along fracture systems in the Manantali
Reservoir area.

(f) Irrigation development potential of groundwater for either
supplemental irrigation or with surface water in the Matam-
Boghe sector.

Assist in the training at workshops in St. Louis of the OMVS'senior

staff and the three Sector Chiefs.

Assist in on—the-job training of pilezometer construct’sn crews,

power auger operators, surveyers, and well observers in the use

and ecare of technical eauipment and in recording water-level and
water-quality measurements.

Assist in developing effective means of protecting piezometers

against vandalism including sensitizing local villagers. This

wnrk would he done with the USAID/REDSQ Abidjan anthropologist/
sociologist.

Assist the OMVS' senior staff in compiling and 1llustrating

. . a a R e o T e ve
uydtogeviogic dala 10OCLUALGLE £ TEral e

and water quality maps, hydrooli. .0 water—quality profiles and



similar more detailed maps and profiles of selected irrigated
perimeters.

6. Asgsict in developing standirvds and data requirements for detailed
water-budget studies of selected diked irrigated perimeters.

7. Assiet in setting up the terms of reference tor short—term
speclalists.

8. Train Sunior stafl member of the OMVS Lo analvze and internret
groundwater data and prepare technical report and mams for the

guidance of water resources planncrs, developers and managers.

Qualifications of the Long-Term Technician

(Hydrogeologist or Groundwater Engineer)

i. Equivalent or FSI R-3, S$-3 competence in the French

T
[

Z. Good manaLcridal, COMmuNICailion and tedd

3. Strong background in general groundwater hydrolopy, including
quantitative aquifer theory, particularly with applications to:
(a) River-alluvial aquifer ralationships,
(b) Fresh-water salt-water relationshlps in deltaic enviroviuieutls,
(c) Water-logging and salinity control in irrigated areas.

4., Minimum of 8 years experience in groundwater investigations and/

or development, some of which preferably should have been in the

developing countries oL 1rancopnone airiva.

- . . ~ LI c ALY T T e, Aokt
C.. bulles Lo pe peilivimcud by Lue Husaaaselalive T

expalriate local hire) hased at St-Loats

1. Provide continumine administrative support for the project.



Work closely witn wonID/RBDO and with OMVS/Dakar as well as with
the USAID's in Mauritania and Mali in order to coordinate adminis-
trative needs in all countries.

Work in close collaboration with the Deputy Project Chief in
carrying out basic administrative duties as well as monitoring

of national activities for procurement, logistics, tax exoneration,
field-level liaison with project principals, éontractors, and
national services.

Manage day-to-day activities in logistics and vehicles, procuremént
and property, cash disbursement for local expenditures, and
recruitment and supervision of local administrative personnel.
Assist in preparation of budgets, verification of monthly accounts,
preparation of progress reports.

Assist in the leasing, furnishing and maintenance of office space
as well as living quarters for expatriate technical assistance

personnel .

Qualifications of Administrative Officer/ Finance Officer (U.S.

expatr kﬂ}.‘:‘_ docal hire) in charpe of Administrative and Fiscal management

Fluent in French to FSI R-3, S-3 level or better.

Good managerial, communication and teaching skills.

Strong background in fiscal management, office management, procuremeut

and inventory, personnel management.
Minimum of 6 years experience in administrative support of technical
assistance and development projects, some of which should preferably

hoave boen in the developing countries ol francophone Africa.
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ANNEX [

Qualifications of National Agency Personnel attached to Project:

iie

Hydrogeoiogist or Engincer in charpe of doice compileticn and analysis:

1. Educational qualifications: Equivalent to 2 years at the Senegal
Institut Universitaire de Technologie (IUT) plus 2 to 3 years of
university technical education outside his home country.

2. Experience: Preferably 3 or 4 years experience in the collection,

Hydrogeologist or Engineer

compilation, analysis and interpretation of hvdrologlic, hydrogeologic,

and hydrochemical data.

Will share some of

duties of "A" above.

s

2

Educational qualifications: Similar to "A" above.

Experience: Similar to "A" above but with additional capability in

training and teaching.

Engineer in charge of operations:

i E_dkugk:‘q._i:inunx_l:i:;Mq_u_@_._l}é_i(_.__L’i_fﬁ_._i_ amilas ite HAN abowa but with the sneion
practical field experience in ground-water exploration and/or development
in substitution for education.

2. Experience: Freferably 3 to 4 vears experivonce in directing ground-water
expleration and development activitics includiog well divilling and/or
well construction operations. Good managerial skills important.

Draftsman

1. Educational qualifications: Graduate of 7 year secondary school with
pu:f::xq‘uiy SURME e dia e e T e s ot Fha Dowel zf the .C’Q‘Y‘.“;V',f?-! T
or its equivalent.

2. Experience: Preferably 3 or 4 years experience in drafrinp maps, plans,

diagrams, and/or other live drawings. Skills in using dratting

instruments and in the design ot maps and drawings essential.



B

Accountaunt-vookkeeper to work under the Adﬁinjstruaéc“ Nffirar (expatriate)

and serve as his assistant.

1. Educational qualilications: CGraduate of 7 vear secondary school with
preferably some more special training in acéounting and bookkeeping.

2. CEzperience: Preferably 3 or 4 years' experience in accounting and

bookkeeping.

Sector Chiefs

1. Educational qualifications: Equivalent to 2 years at the Senegal

Institut Universitaire de Technologie (IUT) with a "Technicien
Superieur" rating.

2. Experience: Preferably 3 to 4 ycars experience in ground-water
inventories, data collection, and well construction operations. Good
managerial skills important.

Surveyors

1. Educational qualifications: Graduate of 7 years secondary school with

preferably some more special training in use of surveying instruments,
particularly the engineer's level,

2. Experience: Preferably 3 to 4 years experience in field enginecring
surveying, particularly use of engineering leveling equipment.

Power Auger Operators

1. Educational qualifications: Graduate of 7 year secondary school with

preferably sovme more special training in the use of light drilling
equipment.
=

3 = . - -
L. pXpelieuce ., EEEE Sy

particularly light rotary drilling rigs.

orionco arnund Arillino eaquipment.



Foremen and Well Observers:

It

Educational qualifications;:; Preferably at least a primary school

education and ability to read and write.
Experience: Preferably exzpericnce in using and maintaining small

mechanical equipment, Reliable character.

Translator/interpreter:

ik

2.

Educational qualifications: Graduate of 7 year secondary school with

prele..bly some more special training

g in Enpiieh-French translation.

Experience: Preferably 3 to 4 years experience in English-Trench

translation-interpretation. Good communication skills important.
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ANNEX D

of Project :
FY 83 to FY 8§

S Funding $4.6 million

Prepared June 1982
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NARRATIVE SUMMARY

OBJECTIVELY VERIFIABLE INDICATORS

MEANS OF VERIFICATION

IMPORTANT ASSUMPTIONS

Project Purpose:

To establish an effective =o
and early warning system to identif
current and potential problems and
possibilities related groundwater
development and management and to
distribute information to Membar-
Sctates.

Conditions that will indicate pur=—
pose has been achieved : End of
project status :

& omnil
concerning wate
salination, water—quality, recharge-
discharge, changes and irrigation
potential and brought to attenticn
of appropriate parties by completion
of project (1987).

b. Problems (e.g. pesticides and
fertilizers) in groundwater
identified and proughi to attention
of appropriate parties hy 1987.

c. Solutions to problems developed
and tested as they are discovered.

b. Copies of reports;

recordi

€.  Site
OMVS and hydr
evaluations.

s and water analvsi

isits reports

ogeological

s

Assumptions for achieving
purpose :

Continued support for OMVS
og Member-Siules and iluler-
ational donors.

Bormom
"o

b. Systematic implementaticn
cf all planned conitoring and
evaluations conducted as
necessary.

c. Planned monitoring and
evaluations conducted as
necessary.

d. Criteria and personnel
review for all project main-
tained.

e. USAIDs and OMVS recognize
realistic constraints and
make necessary adjustment as
work progress.



PROJECT DESIGN SUMMARY

LOGICAL FRAMEWORK

. Twasimdr-gras Manitavinag Draiank 1‘25_‘g353

Life of Project :
From FY 83 to FY 88
Total US Funding 34 @mil.

Page 3

NARRATIVE SUMMARY

OBJECTIVELY VERIFIABLE INDICATORS

MEANS OF VERIFICATION

IMPORTANT ASSIMPTIONS

Qutputs:

o)

Comnrehsnein Wzcrar Dlan

for menitoring and solving probdlems

created by hvdro-agriceltural
developmenis {2 Ll.=

Managemeat Information Systes
oMVS.

Data ¢
system.

Trained staff

Nerwork

1
1 RS

in the Senega

Magnitude of Qutputs

1are {he end of
Project

Magnitude of outputs:

for the el

2. Data compilarion for three work
ts and analysis for four
ponents.

3. Central staff of ahout 10 and
field staffi of about 30 technicians
trained in US in-country.

4.

=ts consiructed by
i walls and 43 pi erers
¥ ntractor, and 20 piezometers
constructed by the Malian DHNE.

. Glauls aglezilicuc
contracts between OMVS

Memher-Srates—-site visits

eatation Center Workshof
, records, correspond-
institutional

v Director's
, development plans,
ind technical speci-

Assumptions for achieving
Outputs.

a. TA and ticiuliig pPrugiaws
effectively establish
OMVS staff capabilities for
praject.

b. Effective management of all
activities of project

€. Ail lnpuls Suppiled in a
timely manner.



Project Title and Number

PROJEGT DESIGH SUMMARY

LOGICAL FRAMEWORK

Groundwater Monitoring Project (625-0388

ANSLE D
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NARRATIVE STMMARY

OBJECTIVELY VERIFIABLE INDICATORS

MEANS OF VERIFICATION

IMPORTANT ASSUMPTIONS

Inputs:

Technical Assistance
OMVS Personrel
Member-States Personne
Construction Materials
Participant Training
Commodities

Operating Expenses

Evaluation perscanel

1

Implementation Targe:r {Tyte and
Quantity)

See Chapter ""Financial Plan"

CHV3 Member-States and
AID Records

Assumptions providing inputs

AID Funds made availabla

suppert.
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ANNEX [

PROCUREMENT PLAN

A. Procurement Responsibility - Procurement of technical equipment will

be the responsibility of the AID-financed Deputy Project Chief and will be
included in the scope of work under the PASA.

Procurement of the balance of commodities will be carried out in collab-
oration with USAID/RBDO, in conformity with AID's procurement policy.
Proguiement assistance will be ruguosted, & nomisd, from the USATD/Dakar,
Supply Management Office (SMO).

k2] Dewnnsrmmmant Qasivsnne A
v ook vacltS

ont (PQI\\ - DrAacuramnnt nf rammndities in

—aas

the USA will be delegated to a professional prucurement services agent.

C. Equipment/Commcdity List — The items listed under this heading represent

o P T e B h I I ol
LT Erilcial ltcud

& PR : o .
£ the project covey its 1:2fe epan. Detaile pertaining

to the specifications of the commodities will be furnished in the Project
Implementation Orders/Commodities (PIO/C's) which will be issued to initiate

procurement.



Quantity

10

40

10

16

(o)

10

15

10

Commodity

Technical Equipment

Electric water level tapes, of 100m long Fi
long Fisher-M-scone type WLM-100 graduated

in centimeters and meters with extra probes
at $104 per set.

Cloth tapes praduated in centimeters

with sampling bucket, combined with sounder
for water-level measurement (local manufacture
in'-Sencgal) ai EE0

Steel tapes, 30 m long, graduated in
centimeters and meters, Lufkin-black-face

type with reel at $93.45

meters and meters, Lufkin black-face type
with reel at $164 each

Specific conductivity meters, portable,
batterv-operated for field water-quality
measurements at $495 each.

Phormomctors gradusted dn idegrsees Centis
grade (C) up to 100 C for water tempera-~
turces measurement at $4.75

Engineer's levels, dumpy-type with
accessories, tripod and stadia rods for
instrumental leveling at $505 cach

Rods, level, 7.5m extended at $129 each
Compass, Brunton~type w/case at $127 each

Float-type water-level recorders with
floats, pens, cable, gears, and counter-
weights. Lecupold-Stevens type A-71 at
$1.800 per set

Hand earth post-hole Augers, 4 inch
diameter with 10 1 meter extensions for
each auger at $175 per set

Y
o
T
<

2 40N

935

1,640

4,950

48

27,000

1,750



Quantity

—
3]

L2

Commodity

Power augers with helical continuous
spiral flights, in lengths of 1 meter
and good to depths of up to 30 m, truck
mounted on a tandem axes at $36,000 each

Plpe cutting and threading sets for
3-inch pipe at $600 per set

Miscellaneous hand tools, pipe wrenches,
chaln wrenches, etc.

Stool, drafstman at $142 each.
Light tables for drafstmen at $681 each.
)

Drafting equipment

Pipe snakes with basked and valve attach-

ments for removing sand with 30 m length
for 7.5 cm (3 inch) pipes at $1,500.

Sub-Total
Contingencies (20%)

0ffice Equipment (Off-Shore Procurement)

Desk with armchairs at $500

Office chairs at $200

Secretary desks with chairs at $400
Map and plan file

File cabinets at $150

Bookcases at $150

Sub-Total

Rounded to

$ 72,000

1,800

1,800
284
1,362

850

18,000

$140,899

27,101

$168,000

3,000

2,400

2,400
913
750
750

$10,213
$10,000



20

80

10

Office Equipment /Materials (Local Procurement)

Photocopy machine

Duplicating machine (manually operated)
Electric fans at $150 (220V 50 cycles)
Electric typewriters at $1,000 (220V 50 cycles)
Manual typewriters at $400

Calculators at $15Q0 (220 V, 50 cycles)

Work tables (1.2 x 0.8 m) at $270

Conference tables 6 x 2.4 m x 1.2 m) at $600

Wooden chairs at $50
Wooden Benches (2 meters long) at $50

Sub-Total
Rounded to

Construction Materials

The pipe is a standard 2 1/2 inch (64 mm) galvanize
pipe for piezometers to be Installed by the sector
forces.

A cost of $18.50 per meter Iincluding requisite
couplings and caps has been used for the budget
calculation,

$ 6,000
500
1,500
2,000
1,200
750
5,400
2,000

4,000

500

$23,850
$24,000

d



Irrigated Perimeters Average Length of Casing Total (m)
225 (shallow) 6 1,350
225 (intermediate) 15 3,375

Total 4,725 m
Pipe Cost 4,725 m ¢ $18.50/m* 87,400
Contingencieé (10%) __ 8,600
Total $96,000
\ [}
Vehicles
*%5 Land Rover or equivalent, all terrain vehicles for
field transport of leveling crews, plezometer
construction crews, and supervisory personnel for
rehabilitation at $5,000 each $25,000
6 All terrain vehicles, (2 at $25,000 and 4 at 110,000
$15,000) .
4 Trucks of 1 1/2 tons for transport of pipe 140,000
and supplies at $35,000 each
3 Passenger cars for St-Louis at $9,000 27,000
30 Motorbikes for transport of well observers 26,000
at $850 each -
Spare parts at 15 percent of costs (15 x 303,000) 45,000
* Cost of 2 1/2 "G" pipe: $5,10/Ft = $16.80/m + 10%Z for couplings = $18.50/m. P

#% These are rehabilitated vehicles salvaged from those furned over to OMVS
on completion of Basin Survey and Mapping Project (Teledyne).



D. Waivers

The following waiver authorization from Geographic Code 000 (United
States) to Code 935 (Special Free World) is being requested and is

contained herein.

(1) A Source/Origin Procurement Waiver for vehicles.

The approximate value of the waiver is $400,000.

L i
In addition, a Source/Origin waiver for the procurement of construction
materials and office equipment costing approximately $20,000 will be
approved by the Director, USAID/Senegal, after the authorization of this

Project Paper.



ACTION MEMORANDUM FOR THE ASSISTANT ADMINISTRATOR FOR AFRICA

From: David Shear, Director ID/Senegal

Subject: OMVS - Source/Origin Procurement Waiver for Vehicles

Problem: The Groundwater Monitoring Project will require the procurement
of non-U.S. manufactured vehicles and spare parts for which your
authorization is required. You are hereby requested to authorize such
procurement by granting the following:

(1) A source/origin waiver from Geographic Code 000 (United
States) to Geographic Code 935 (Special Free World).

(2) A waiver of the provision of Section 636(i) of the FAA.

Facts:

(A) Cooperating Country : OMVS Member-~States of Senegal, Mali and
Mauritania

(B) Project Groundwater Monitoring (625-0958)
(C) Nature of Funding : Grant
(D) Source of Funding : SH

6 all-terrain vehicles (2 at $25,000 and
4 at $15,000)

4 % ton trucks ($35,000 each)

- 3 passenger vehicles ($9,000 each)

(E) Description of Goods

- 30 motorbikes (8850 each)
- Spare-parts (15%)

(F) Approximate Value : $400,000

(G) Probable Sources : Senegal, Mali

(H) Probable Origin : Germany, France, Japan, United Kingdom, etc.



Discussion:

A. Source/Origin Waiver

The Groundwater Monitoring personnel will be required to frequently visit
the project sites which are located in rural areas of the Senegal River Basin
to supervise construction of the piezometers. For the most part, the road
network in the Basin is poor. Most paved roads are poorly maintained and
potholes are rampant. Unpaved, washboard-type roads are extensive throughout
the region. During the rainy season the road further deteriorates, many are
impassable, and others require sturdy four-wheel vehicles. In Mali and
Mauritania non-U.S. manufactured vehicles are utilized because of their proven
durability, longer life, and resultant lower replacement costs. Further,
adequate spare parts, maintenance and repair facilities are available in
Mauritania, Mali and Senegal. On the other hand, while there are distributors
of U.S. manufactured vehicles in Senegal, although none in the other countries
mentioned above, the density of such vehicles throughout Senegal has not
reached the point to justify investment of substantial spare parts inventories
with the result that spare parts support is still very poor in Senegal as well
as in the other countries. 1In Senegal, the distributors confine their support
activity to the main city which results in lack of service in the country.
Throughout all of the countries, the local mechanic with some degree of know-
how is unable to cope with the English measure system of nuts and bolts, even
if he could sufficiently understand the unfamiliar American vehicle.

In addition, this waiver request is to cover 30 motorbikes which are
needed for monitoring and data collection. This small size (49 c.c.) is not
manufactured in the United States.

In accordance with Handbook I, Supplement B, procurement of commodities
from Code 935 under a grant financed project requires a waiver. Under
Handbook I, Supplement B, Chapter 5B4a (2) and (7) a waiver may be granted
if "the commodity is not available from countries included in the authorized
geographic code'" and for '"such other circumstances as are determined to be
critical to the success of project objectives'

B. Wailver of Section 636(1)

In addition to the general source/origin limitations on the procurement
of commodities, Section 636(1i) of the FAA prohibits the procurement of
non-U.S. manufactured vehicles. However, the provisions of Section 636(i)
may be waived when special circumstances permit it. Under Handbook I B,
Chapter 4C2d(l)(a), special circumstances are deemed to exist if there is
an "inability of U.S. manufacturers to provide a particular type of needed
vehicle:"  The authority to find such circumstances and grant a waiver has
also been delegated to you by AID Delegation of Authority No. 40.

Since, as discussed in the source/origin context, U.S. manufacturers are
unable to provide for adequate spare parts support and service of their
vehicles, the special circumstances criterion set forth above is satisfied.



Conclusion: The waivers authorizing the procurement of the non-U.S.
manufactured vehicles (e.g. Mercedes-Benz, Land Rover, Peugeot or their
equivalent) are justified because:

1. Such vehicles are not available from countriles in the
authorized geographic code; and

2. The non-availability of spare parts, inadequate knowledge of
servicing the vehicles and lack of adequate repair facilities.

Recommendations: For the above reasons, it is recommended that you:

(1) Approve a vehicle procurement source/origin waiver from AID
Geographic Code 000 to Code 935;

(2) Conclude that special circumstances exist which merit a waiver
of the provisions of Section 636(1i) of the Foreign Assistance
Act of 1961, as amended; and

(3) Certify that the exclusion of procurement from Free World
countries other than the cooperating countries and countries
in Code 941 would seriously impede the attainment of U.S.
foreign policy objectives and the objectives of the foreign
assistance program.

APPROVED:

DISAPPROVED:

DATE:




ANNEX F

INITIAL ENVIRONMENTAL EXAMINATION
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Lzamination of Nature, Scope, and Magnitude of Environmental Impacts

&. Description f the Project

The purpose of this project is to establish within the OMVS a capacity
for monitoring and investigating problems of groundwater development and
management. This will be accomplished by (1) establishing a methodology
and plan for a groundwater management system in the Senegal River Basin
Valley, (2) establishing u system of approximately 650 observation wells
and piezometers, (3) compiling and analyzing groundwater data, and
(4) strengthening an OMVS an’ Member State capability for groundwater

monitoring and management planning.

The total cost of the project over a 4~year period is estimated to
be $4.6million. This cost includes $551,000 of in-kind local cost support

by the OMVS and Member States for personnel, office space. The proposed

technical assistance is for 2 totel of @4 man-months. This includes
one loneg—term technical advisor in eproundwiater bhvdraloov swho would he
assigned to the proijcct for 36 months, and an Administrative/Finance
Nfficer for 45 manths. Thirteen (13) moanths of short-torm technicensl

assistance will also be provided.

The project will be implemented by a central hydrologic and hydro-
geologic office to be established in OMVS at St. Louls, Senegal. The
centrail office siafl will consict of the OMVUS Chief of Project, a Hydro-

geologist Deputy Project Chief in charge of data compilation/analysis
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operations, 2 draftsmen, 3 Sccretaries, a Trauslator, a Storekeeper, and
2 Drivers and 1 Mechanic. The three scotor chiels, designated by their
parent national agencies, will be trained and oriented in the central

office and then, when field activities begin, will move to sector head-
quaters. The three Sector Chiefs will implement aund supervise the field

activities of the construction and/or surveying crews and will monitor

the work of the well observer crews.

B. Examination of Nature, Scope and Magnitude of Environmental Impacts

Because this project responds L0 an important resource monitoring
need, it makes a clearly positive contribution to the future needs of
resource management in the basin. The project will go a long way to satis-

recommendations of the Assessment of Environmental Effects of Proposed

Development in the Senegal River Basin (Gannet et al). Specifically,

the Action Plan recommended the monitoring of groundwater quality, among
other parameters. This project carries out that recommendation. Secondly
the Action Plan recommended integrated water use planning. Data from

this project will be essential to this planning. Outside of the hydro-

graphic basin, the project's data will also be essential in the planning
and Tnarther Aol smoan nlC divennr aanitfore that amdorl o the Oroanadnot
Basin, and which are belicved to be charpged in the past from water of

alluvium in the Senegal River Valley,



The physical impact on the environment from augering approximately
650 piezometers will be small. Of this oumber, 450 of the piezometers
are to be located in and near irrigated fields where the environment
is already altered more than the piezometer installation could possibly
cause, The re@aining 200 piezometer stations are to be located on 10
transects, each of which also will have one observation well. Existing

rural roads will provide access to 10 wells and 250 stations.
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ANNEX G

TAYLOR MEMORANDUM ON DHNE (MALL) PROPOSAL
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MEMORANDUM

March 12, 1982

Subject: Review and recommendations on 'Proposition pour 1'Exécution
d'Etudes Hydrogéologiques Complémentaires en vue de suivre
l1'Evaluation des Données Hydraulliques Souterraines lors du

Fonctionnement du Barrapre de Manantali',

From: George C. Tavlor, Jr.. Hvdrozeoloais®

During a visit to Bamako, Mali on February 25-26, 1982 to discuss the
terms of reference of the Malian Directorate of Hydraulics and Energv
(DNHE) participation in the groundwater monitoring project, the project
on
design team was presented for review and comment/the subject document
entitled "Proposal for Complementary Hydrogeologic Studies for
Evaiualing Groundwater Data durineg the Operation of Manantali Dam"
This document dated May 1981 topcether with a summary entitled
"Complementary Hydrogeologic Studies for Evaluating Groundwater Data
during the Opcration of Manantali Dam'" were submitted hy the Malian DNHE
£0 RBDO/OMVS/DAKAR but apparently had not been previously transmitted to
USAID or OMVS/DAKAR for review and comment. As the studies proposed
in the attached documents express the Malian government's technical
priorities and are related to those to be undertaken in the present

prujecc, tne writer was requested to review the document and make

recommendations.



Phase A described in the document includes:

(1) an inventory of existing open wells and boreholes in the
reservoir area and selection of some of these for periodic water-—
level and water—-quality measurements, and (2) photogeologic and
geophysical studies for the selection of some 60 sites for 120

boreholes over a pericsd for about 6 months.

The cost of this phase of the proposed project is estimated by
DNHE at %266, 667 (See attachment) . All this work would be carried

out by presently available trained DNHE technical personnel.

Phase B includes drilling of the sites selected above with an
average ''success' rate of 75 %, so that some 90 boreholes with an
average depth of 60 m would bc completed as plezometers.

The cost of this phase of the proposed project is estimated by the
DNHE at § 626,400. This work would be carried out by presently

available DNHE drilling equipment and trained drilling crews.

Finally phase C includes a S5-year program of water-level and water-
quality observations in previously selected observation wells as well

as recently constructed plezometers in the Manantali reservoir area.

Additionally water-level and water—quality observations would be
carried out at selected existing open wells and boreholes (forages)

in two subscctors bectween:



1. Manantalli dam and the junction oi the Bakoye and
2. Along the Senegal between Bafoulabe as part of phace C.
The cost of phase C over a S-year term is estimated by DNHE at

$ 142,916 (sec attachment).

The writer has revicwed the documents and counsiders the technical
anprecch peneryo il woll annenjesd s Hagersr oo ha hae yecarvnrinng
about the desi?abllity of setting up a "successful' piezometer as
one capable of producing Im3/h, which happens to be the minimum
yhﬂr? ronaiderad neceaceary in Malt for a harehale (_fnrngp) destined
for a village water-supply point (the implication is that the bore-
holes are really not being constructed for piezometric observations

but rather for village water-supply). Actually, a borehole (forage)

vialdine raneidnrabhlyg Taece tham 1wt/ ann e aead vrave 9all
Y o SORSICOTROLY desl Caahlt @ TS0 S Lpf e LS o Wioes Ta7

plezometric observations.

Taking into account thie overall project objectives and related
budget constraints for the Groundwater Monitoring Project, the writer
makes the following recommendations:

1. That as part of the project, financing be provided for actual
costs of DNHE's construction of twenty (20) piczometers averaging 60
meters deep around the periphery of the Manantali reservoir at an

average cost of § 7,000 per piezometer for a total of § 140,000.



2. That the Malian counterpart contribution to the project
includes costs for locating the sites for the twenty (20)
piezometers using photbgeologic and geophysical techniques and
trained DNHE personnel at an average cost of ¢ 3,000 per

piezometer for a total of $ 60,000.

3. That as part of the project, financing be provided for
phase C with the exception of salaries and indemnities for

Malian personnel.

€N
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ANNEX H -~ Legislative Checklists

WLy - PROJFCT THELYLTST

Listed below are statutory criteria applicable qgererally to projecte with FAA funds and project
criteria applicable to fndividual fund -ovrces: (wvaloprent A sistance (with a subcateqory for
criteria applicable anly to lToous), ar ! Loononde Sapport Fond,

CROSS REFERENCES: IS COUNIRY (JECH]TSYT 1P 10 hAtL?
HAS STANIARD TTEN (U CHETAT BEFR BEVIEVED 1R THES PROPUCT?

A, GENERAL CRITERIA TUR Fivaivi

1. FY 79 App. Act Unnustronds (AR ten 651 (H),
Sec. B3N, m.gﬁ_(.:,__,_;“ Rt TS e A
Kpopropriations of Senate ovd Hause hayve been o
will be notified concerning the pnaject;

(b) s assistance within (fperaticmal Year
Budget) country or internafronaf grgamization
allocation reported to Congren (or pot morve
than $1 million over that 'laure}):?

2. FAA Sec. 611(a)(1). Prior to nbligation

in excess of $100,000, will thera be (a) enqi
neering, financial, and cther plans necessary

to carry oui the assistarce anid (h) a reasonahly
firm estimate of the cost! Lo the 117 of ‘the
assistance?

3. FAM Sec. 611(a)(2). 11 fuether deqiglative ey ative actio saquired.
Mti&?T??@ﬂﬁF&H&%hh)lwivnmlrnmﬂrv, A EFLAL sEIARRRELR) Satuirad
what is basis for reasornhle cepeet tion that

such action will he completpd in 2 ine ta permit

orderly accomplishment of pinpone of the

assistance?

4. AR sec, BLI{DY; FY f0 Bppe o e 100 Yes
1f for water or water-ralated land venouree .
construction, has prolect not the «tandaride

and criteria as per the Principles and Standaree

for Planning Water and Related land Rewources

dated Octoher 25, 19732

BEL(e)s o B0 pralosd Gee ag-idad
q., conatrucd Frand, g o1
L' 4

5. [ Sec.
assistanc
u.hL oassistance i ;
has Mission Rirector coevtiflod and Frglonnl
Assistant Administrator taken fnto consideratton
the country's capability ettectvvely 1o naintaln
and utilize the project?

I8 L Y sl TV i
Y, () a

(914

6. FAA Sgc. 209. Is preject wuteeptitde of Yes. OMVS is a regional
execution as part of rediomy] or emltilateral b s N 5 e
Dr‘OjCCt? If so why 1s piniect pot o execytedy organlzation.
Information and conclusion whelhey asoistancs

vill encouraqe reqional fevelopment pyogyams




i 60 () Informat ion and cow g ions
whether project will cncomage efforte nf ti
country to: (a) itverae the Chaw of internaticra
trade: (h) foster mivate Initiative and oo opety-
Lion, (€] encuurdie covedofur il aod

cooperatives, crodit uniang, ant' <aving. and Inap

assoctations; (d) diccourage wonopalistic pyactiooen,

(e) improve technical eificiency of indyatiy,
cultture and commerce: and () +tvengthen G
labor unions.

agrd

8. FAA Sec, i()l(?'). Fefurmat ion dnd mom "usion
ST R S S 7 IR r | 2
on how project will eovcmrage V5, private tqde
;_qf{ ‘:"'."‘_"Z'_.’“."!". Abyaat o b vy aon e duat o 8
participation in forecign assintance progran:
(including use of private trade channele and the
soryicos of .S, private enterpeice)

Q.. FEAA Sog. hidh)s “we. RI6(W) . begaribie ateps

taken to assure that, tn fhe o g ps Lont pesai
I S ) T 122 0o U TR0 S S A T R TR I gy 2

to meet the cost of contractunl and ather rprvicr o
and foreign currencir. connd Dby The U6 arn
utilized to meet the cost nf contracltual and

other services.

10.  FAA Sgg;_ﬁlzigl. Doy the 115, own pveecs
foreign currency ot the comtry and, if so, what

Arrangenents Hdave DR aae o by 1 ETuG e

1. FAA Sec. 601(e). Will the project ulilize

L Lk vl .
competitive selection procedures for the awarding
of contracts, except whore applicahle procurement
rules allow otherwice?

V2. EY 79 App. Act hec. A0, T assistanee i
for the production of any covnedity for caport,

ie the cromndrte Tikele to fe in carndas o wnr bl
markots at the Sl e sacn i el i
capacity becomes operative, and o such ansistance
Tikely to causo substantial injury to .S,
nroducers of the same, cimilar, or rompeting

commodity?
B. FUNDING CRITERIA Fuok ragper
1. Development Assistance frode-t Criteria

a, FAA Sec. 102(1); 111: 113 #ila.
Extent to which activity will (3} effrctively
involve the poor in development, by extending
access to cconomy at lacal level, increasing
Jabor-intensive production and the use of
appropriate technoloqy, spreading investment
out from cities to smill towns and rural areas,
and insuring wide participation af the poor In
the benefits of develppmnnt an a suctained

"\II)
ot /O

N/A

N/A

The OMVS and its Member States
are contributing an estimated
$551,000 to the project.

U.S. does not own any excess
foreign currencty

Yes competitive selection
procedures will be used.

No sucn commodities are
invoived.

Participation in dat:gathering
and use of results in irrigated
agriculture in the Senegal
River Basin.




B.1

.4a,

basis, using the appmraprivte B S, jnctitutions;

(b) help develop cooperative ., roecinily hy foo,

nical ascistance, to assi~t vyl and arhan poor fo
help Lhemseives towdrd bLelte 1ile, and ptherwice
encourage democratic private and local aovernmentyl
institutions; (c) support the relf-belp efforts of
developing countries; (d) promote the participal o rt
women in the national econudes of deceloping couynlrie:
and the improvement of wonen's status: and (e) utiljze
and encourage regional cooperation by developing

countries?
3 €~ 1N hlakels 104 100, mnan 10
{1 r/\/‘\ ST RO LI T i ! . N/’,‘x

Is assistance beiﬁg-mﬁaa>ﬁbﬁfiﬂﬁiv:' (inéfhﬂﬁ onty
applicable paragraph which corveapends to couren
of funds used, 1€ iware than one fond coapeen iy
used for project, include relevant pymragraph fu
each fund source.)

(1) £Y03T for e iy 0biime, vt dpveiog abi
or nutrition; 1f so, extert fo vhich activity (-«
specifically designed to incvesp prodie tivity and

income of rural poor; [103A] ff tor agricultural
research, 1s full account !aben ol needs of small
farmers;

(2) [104] for population planning under soc,
IUGID) OF NEATLN UNUEY Ste. TUS{C ), 11 50, CaALtie
to which activity emphasizes law-cost, intearatnd
delivery systems for hecalth, rutrition and famlly
planning for the poorest pconle, with parttcular
attention to the needs of mothers and young
children, using paramedical and auxiliary madical
rersonnel, clinics and health pogts, commercial
distribution systems and other modes of cormunity
research.

W opeiieis e Lo PRISY P o Aobeiag

Mo e
stration, or human resources develapmont, §f o,
extent to which activity ~treratbene nonfornal
education, makes formal esduratfon corve vedeegnt,
especially for rural fomilir< and prban poor, or
strengthens management caprbilite ol dnctitut fone
enabling the pcor to participvte 1o e dnperanl

(&) (V06 for techndaal ointance, ppeay,
rocnarch, roconstruction, cod o cnlop ted doyebape agl
problems; §f co, extent acticaty feoo

(1) technical conprmation avt deveing.
ment, espectally with U.5. private and voluntary,
or regional and international deyelopment,
organizations; .

(11) to help alleviate ruevgy probler :

(i1i} research inta, and evaluation af,
eConNOMIC deveiopmenL proCe s, i Los iy,

(iv) reconstruction after patural or
manmade disaster;

‘ e ‘ | ' il | W o T
! : 1
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((2)- 4 ! "“'?ﬁ,f\ 171, |

B.1.b.(4).

(V) {or Spe ia) doyplepront prohlios,
and to envure proper utilizalien of earlier 0 €
infrastructure, €tc., o " irtan o

(vi) for pragrams of wrban develaiment,

especially small labor-intenslyve enterprises,
marketing systems, and ‘inancial or other fnsti.
tutions to help urban peor participate in ecoppiic
and social development.

{107] 1s appropriate effovt placed an nee
of appropriate tectnolouv!

d. FAA Sec. 110(a). WilY the rvecipfent
country provide at least 76 nf the costs of the
program, project, or activity with respoect 1o
which the assistance is to be furnished (or has
the latter cost-sharing requirement been waived
for & el Cdeactadeveloned” cagntyv)?

e. FAA Sec, 110(b). Hill grant vapital
assistance be dlshurfcd tor project over more
than 3 years? If so, has justification satis-
factory to the Congress heen made, and efforts
for other financing, or is the recipient country
"relatively least developed"?

f. FAA Sec. 281(h). Descrile extent Lo
which program recognizes the particular needs,
desires, and capacities of the people of the
country; utilizes the country's intellectual
resources to encourage institutional development;

and supports civil educw?‘vn and training in
skills required for coffvitive participation In
governmental and po11t1a:1 procesnes e,annrsx'
to self-government.

g. FAA Sec.. 1"7(h) Yo Ve aet ity
give reasonable promine of contrituting ta the
development of economic resources, or to Lhe
increase or p._ Justive capacities amf self.
sustaining economic qrouth?

2. Development Assistance Profect triterda

{Loans Unly)f"'

a. [M Sec, H’\tl fnion

'inn At

the loan, 1nc1ud1ng reanonahlepees of
repayment prospects.

b. FAA Sec. 670(g% If assistance is for
any productive enterprise which will corpete in
the U.S. with U.S, enterprise, s there an

agreement by the rcc%plrnt counlvy to prevent
. of rovna than 207 nf the
21 preduction diring the 1ifp

| EIRTETRINNY j‘ Vi \\7) \
i e iy e s e s el e ]

Yes, project will utilize appropriate
technology.

This project will assist a

regional organization under section

121 and thus the 257 requirement
is not applicable.

N/A

This project will provide groundwater
monitoring data which

will assist the OMVS Member States

in irrigated agriculture projects.

OMUR will prnvidpl(uuﬁ

manpower to complement the U.S.
technical assistants,

b
N/ A

N/A
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Listed below are statutrry ftess which normaltv il be covered routioely in those provisions
of an assistance agreawent doaling with its doplennntatinon, or coverpd in the agreement by

imposing limits on certain vees of funds,

These items are arrvanged .ol Pl wprral he bings of
(C) Other Restrictions.

A, Procurement

1. FAA fec. €02, Mo there s gegeaenls o
permit U.S. eoall bosive s 1o paticipate
(,'quitnMy tn the farraeahivreg o8 ool atad

services financed?

2. £hp T R L £ o S e ) [
procurement financed be frar the U S, exeept
as otherwise determined by the Predident or
under delegation from him!/

3. TAA Sec. 604(d). If the cooperating

M e e N : i i
country discriminates anainst .S marine
insurance companies, will agrecuont require
that marina dncovanca hn Pln:nd in the

United States on conmeditics financed?

4, FAA Sec. 604(e). . If offchore procurement
of agricultural conmodity nv product 35 to be
financed, is there pravisien aqainst such pro-
curement when the domsstic price of such
commodity is less than g ite!

5. FAA Sec. 608(a). 311 U Bovernwent
oxcnss personal propesty be ulobyzed wharovee
practicable in liew of the precimenent of rew

items?

6. FAA “2c. 603, (o) Corg Viaier with pegquine
ment an soction 0H(L) of the Moyvchant Myine
Act of 1936, as amend-d, that at leact 50 per
centum of the grass toovvge of comendities
(computed separately + o den ol caprien s
dry carqo liners, anl tanbey o) dinanend ebgl)
be transported on procately coney BoL oo
conmercial vessels to the extent that swh
vessels are avatlable at fabr on] eeasonahls
rates.,

7. FAA Sec. 621. 1t technical assistance is
financed, Will such assislance be furnished to
the fullest extent practicable as gnods and
professinnal and other seyvices fvam private

apndnmned An s ~ v ie
cheRnpr st ta o Ealrach lamis 1f the

(AY Procurement ) (B) Construction, and

Yes.

Yes.

N/A.

Yes.

Yes.

Yes, Sources for technical assistance

will be selected on a competitive
basis




facilities of ather Tede 3 aoor s -

ol

utilized, are they paritciniy waitable

competitive with private rtergy -
available without undue inieci ferer

+ 5 [ aa— -~
domestse prnuiEiss

with

8. International Air Treropm b 1

C()“np('
transportation of prrogne v g0 o

9. Fr79 Arp. Aot o e

TOr procureent conlain § (roeicogne
the termination of such covtract o

convenience of the United 1 ytans
Construction

1. TA Sea. 60YEAY 1§~ e

titive Pr artu'r" At 1974 |t

Ui

financed on grant basis, wiil (o riniom
made that U.5,-flaq carricec will J.o

phadized
1o the extent ueh-gesuile ba 50 0iis

at e iring

P

COnStr‘llC/t."li)ﬂ)»[\.FAUJ(‘.LI are enaincer gpg oo |

professional services af 11 * (i~

Lo

he

not
ard aade

verd l),\w,

affiliates to be usnd to the paximum evlinnt
consistent with the pational interent

2. FAA SG(‘ 611(e).  IF contyaota

let on a COmDAtitive haris to o 5
practicable?

{’l
construction are to be flnun(ﬂd il

3. FM Sec. 620(k). If for conctruction o

product ive enterprise, will aagieaate
of assistance to be furnished Ly fhe

States not exceed $100 million?

Qther Restrictions

.OEAR nec, 142 el T sy

)

Interest rate at least 2% per anmer

Vain

g

dny iang

grace period and at least Y jua goepes

thereafter?

i F/\A__ig_ 300(d). If fund g e
solely by U.S. contrabution g ot
by an mterm? ional ovaanizatinon, o

Comptroller General have au

3, 045 Sc(, Dzt h) 13y ars ang = oot -

promntlnq or assisting tho forico

or activities of Communist-l-loc countr fes,

contrary to the best interests of *in
United States?

4. ’I’\A W0, (]‘(I(]) T fanape ing ot
1o be vd without waiver, o pnet oo

term lease, or exchamge of o dar viton fe
manufactured ovteide {he ‘]n\t | et i

auaranty of <o h feane i

tad sl i dieeed

they b

1o Log pod
pres binde
A prniects

tibted
Lo

ASERARTIIOGK S0 "

— et e

Yes

Yos

Yes

Yes

N/A

AT A
P AR

b
.
A

oy

Yes

Yoeu.o ALD procurement regulat tong
will be applled. A walver for

pul chase of sowe Non~US source and
origin vehlcles will be requested.
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5. Will arrvangements | bade nnae ot Diogee v

2 H\/‘ L( |\|\ T O 0 S S e { YR3.
abortions ar to mol 1v.\(: opnerce persong to
practice abortions, to pay for peatornanee ol
involuntary sterilizatiy o, v tovoeree nr
provide financial inceatice brooane perap b
undergo sterilization?

h. FAA Sec. 620{q). 1o corpens Hn (e YES.
for expropriated nationalized propem t,

c. £M_-§9C. 660, da fivance palice teain g YES.
or other law enforcement assictance, except tos
narcotics proarams?

d. FAA Sec. 662. o (IA artivities? YES.

o, I'V 79 I£ P,-# C,x . bivd 140 ! ' ’n,-,.‘r{,\,.»l YFg
etc., for m1\1tary personne!?

f. FY 79 App. Act Sec. 6. Ta pay W.N, YES.
assessments?

g. r‘f_7?_hkg Aot Sec. 1070 Do oy oyl YES.
provmmns of F ‘!'rt mn' /‘)’((‘) apd 251(h)?

< ta 1 . ¥

e b e Y B iR
organizations for )endlnu )

h. FY 79 App. Act Ser. 112, {n finance fhe YES.
export of nuclear equipment, fucl, or technoln )y
or to train foreign natior« in puclear fields?

P FY 79 App. fct Seo o000 Do be unad :m YES.

publicity on propaganda pmposes within Unite
States not authorized by the Conmen?
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BRGM (1869) - Interprétation des variations natureclles du
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Arch. Dir. Energie et Hydraul. Dakar.

GOUZES R, LOUVRIER M. MARTIN A (1973) - Etude hydrochimigue
Gd'orientoticn 2gricole des nanves du
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phréatique autour du lac de Guiers
(Sénégal). Rapp. BRGM.DAK 66 A 4. Arch,.
Dir. Energie et Hydraulique, Dakar

SAINTON C. ( 1957) - Etude géologique de la région du lac
de Guiers (Sé&négal). Rapp. Serv. Gécl.
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méthodes électrigues en Mauritanie Aftout,
Akrerai-khalwa-Dimja.
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COMPAGNIE GENERALE DE GEOPHYSIQUE (1964) - Etuc par sondagcs
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DARS R. et SOUCY J. (1957) - La stratigraphie du cambro-ordo
vicien de 1'Ouest africain et ses relations
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ANNEX J

611 (e) Certification of Capacity to Maintain and Utilize the Goods and

Services Provided by the Groundwater Monitoring Project (625-0958).

I. Project Data:

A. Country: OMVS - Senegal, Mauritania and Mali
B, Projeat: Groundwater Monitoring
C. Fundiug: $4.6 million

D. Life oi Pruject: 4 years

IT. DescriEtion:

The purpose of the Groundwater Monitoring Project is to establish within
the OMVS and Memwher—States institutions a system to monitor and analyse the
Senegal River underground water regime,

The projecl will address problems of: (1) water-logging and salination
in existing and proposed irrigated perimeters; (2) deterioration of water-
quality in domestic and livestock wells; (3) discharge-recharge relationships
of the Senegal River Valley aquifers and contiguous aquifers; (4) changes in
the groundwater vegine caused by the construction of the two dams and the
resulting altetations of the flow regimes of the river and; (5) irrigation
development potential of groundwater in the Middle and Upper Valley (Matam-
Boghé and Kayes) sectors.

In sum, the project will include the following elements:

1. Overall long-term institutional development assistance Lo the OMVS
and Member—Statc¢s to develop their capabilities in groundwater monitoring
and management v.anulug;

2. Specific short and medium term assistance to helm the hydrogeological
services of the OMVS nember states to establish a groundwater management system
in the Senegal Kiver Hasing

3. Establistheent of a network of observation wells and pivzometers to
nonitor the effeirs of dam construction on the recharge of aquilers and drainage
systems; '

The project's ohjectives will be attained through the provision of
quantitative datu required for evaluation and exploitation of the dynamics
of the groundwater svstems. AID will finance materials, vehiclies and expatriate
rechnical assistuance. Long-term training in the U.S., third country training
as well as on-the-job training on the aspects of groundwater hydrology will be
gained by the Member-States' personnel participating in the work.
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ANNEX J-2

As indicated in S ction II of the PP, Program Factors (page 3), the
OMV5> has had previous cxperience in maintaining and utilizing goods and
services under an carlier AID-funded project- The OMVS and Imstitutional
Devolopment Project (625-0620)., Further, the OMVS has established, within
the Directorate of Regional Infrastructure, a Groundwater Monitoring Unit
which will be.charyad with the implementation of this project. In order to
strengthen the institutional capability of the newly established Unit and to
assure that the project is efficiently and effectively implemented, AID will
provide adequate tuchnical assistance (e.g. and Hydrologist and an Admin~
istrative/Finance Assistance) to the OMVS and also to the national hydraulic
agencies., In addition, long~term, short-term and on—the-—job training will
be supported through AID's assistance to further improve the managerial and
administrative capacity of the OMVS and its Member States.

IIT. Certification

As the principal officer of the Agency for International Development in
Semi:gal and for the CMVS, I affirm that, in my judgement, the OMVS has both
the financial capability and the human resources to effectively maintain and
utiiize the goods and services being provided by the Groundwater Monitoring
Project (625-0958) .

, P )
David Shear SignatureJ;LLuqlqy/%gQiLafq

Director, . .
USAID/Senegal pate (lqauf 15, /7€ 3
U /

Clearance:DFranklin‘])<5 6?

RegCon.



DATE:
REPLY TO
ATTN OF:

SUBJECT!

TO:

UNITED STATES GOVERNMENT

memoranadum

April 13, 1y#1

{?ﬁf?ﬁbas Mos! -, i.1. PDO/ENG
b

OMVS Groundwat: v Fonitoring Project - No. 625-0958 (611 A requirement)

bavid Shear, L rector

I have examii ' LIi. relevant background material, technlcal waterial .
and preliminaiv cost estimates for subject project to make this
determinatior, '

The construction proposed for this project consists of 450 shallow

plezometers dune by hand or power augers with depths ranginy Lrom 3 to
15 meters. i piluesometers will be condtructed along ten piczometer
iines. Of th i uoproximately 75 Will be constructed with*hand augers;
80 by power ac :cry, and 45 will be installed with percussion or rotary
drilling equiy-iir, LEight lnch observation wells will also he put down
on each pilezcucrer line at depths ranging from 30 - 60 meter: deep.

These wells w, 'L b2 constructed by a private drilling contractor.
It i1s also pliuned to have the Malian DHNE drill 20 observation

boreholes in ilic Manantali reservoir area.

The proposed ".thois: of construction appear sound and well plinned.
Accordingly ! ..3we determined that the plans and specifications for
the boreholer o wells ave adgquate and that a reasonable e:r.mate of
cost for U.S. wainsoance has been made.

O TIONAL FORM NO. 10



ANNEX K
From the High Commissioner of the OMVS Request [Or Fivauciiig

To the Director of USAID/Dakar
SUBJECT: Groundwater Monitoring Projet

(625-0958)

On behalf of the Member States of the OMVS, (Mali, Mauritania, Senegal),
I have the honor of presenting a request for financing by USAID of the

aforementioned study.
The following decisions listed below were taken as the result of meetings:

-on one hand,of experts from April 15 to April 18

-on the other, of Council of Ministers on May 5th and {.l.

1) The national services will be the main implementing agencies under

the supervision of the OMVS which will designate a Project Manager.

2) The Sector Chiefs whose job description will be described will be

nominated within the project deadline.

3) The Member States commit themselves to guarantee participation in
project follow up as of the 5th year.
4) the horizontal transection of sectors within the national boundaries
is requested by the Member States.

-
5) The OMVS High Commissioner agrees tu establiszh within the assigned
deadline, a hydrology and hydrogeology unit in St-Louis and has nominated

Mr. Abdallahi Ould HAMDINOU as a supervisor of this unit.

The Council of Ministers at its session of May 5th to May 6th 1981, has
exprecsed the wish that this project becomes immediately opcrational, Tt

would have wished however to adopt for this project a more appropriate

ritle auch as: Hvdrogenlogical Studies Project for the Valley and the

Delta of Sencgal.
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SUBJECT : Gluutidwatd

(625-0958)

On behalf of the Member States of the OMVS, (Hali, Mauritania, Senegal),
I have the honor of presenting a request for financing by USAID of the

aforement ioned study.
The following decisions listed below were taken as the result of mectings:

-on one hand,of experts from April 15 to April 18

-on the other, of Council of Ministers on May 5th and 6th.

1) The national services will be the main implementing agencies under
the supervision of the OMVS which will designate a Project Manager.
2) The Sector Chiefs whose job description will be described will be

nominated within the project deadline.

3) The Member States commit themselves to guarantee participation in

project follow up as of the 5th year.

©) the horizontal transection of sectors within the national boundaries

s

i3 requested by the Member States.

5) The OMVS Righ Commissioner agrees to establish within ti.e assigned
dtadline, a hydrology and hydrogeology unit in St-Louis and has nominated

.

Mr. Abdallahi Ould HAMDINOU as a supervisor of this unit.

The Council of Ministers at its session of May Sth to May 6th l98i,-has
expressed the wish that this project becomes immedistely operational., It
would hove wished however to adopt for thie projfct 8 more appropriste
l;llv such as: Mydrogeological Studies Project for the Valley snd the

Deita o ¢ pal.
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Annex L

PROJECT AUTHORIZATION

Name of Country/Entity: Name of Project: Groundwater

Sahel Regional Monitoring Project

Number of Project: 625-05958

1. Pursuant to Section 121 of the Foreign Assistance Act of 1961, as
czcnded, T hereby =2nth.  ze the Groundwater Monitoring Project for the
Organisation pour la Mise en Valeur du Fleuve Sénégal (OMVS) involving
planned obligations not to exceed $4,651,000 in grant funds over a
four~-year period from date of authorization, subject to the availabili-
ty of funde in accordance with the AID OYB/Allowance Process, to help

in financing foreign exchange and local currency costs for the project.

2, The project consists of assisting the OMVS in establishing an effec~
tive early warning system to identify current and potential problems
related to groundwater development and management in the Semegal River
Basin., To accomplish this purpose, the project will carry out the
following: (&) long-term imstitutional developwent assistance to the
OMVS and Member States to develop their capabilities in groundwater
monitoring and management planning; (b) short and medium-term assistance
to help hydrogeological services of the OMVS to establish a groundwater
management system in the Basin; (c) establishment of a network of ob-
servations wells and piezometers to monitor the effects of dam construc-
tion on the recharge of aquifers and drainage systems; and (d) provision
of human and material resources to the OMVS and Member States for a con-

tinuation and expansion of their capabilities for groundwater monitoring

and management planning.

3. The Project Agreement, which may be neguiiaicd aid xccutcd by the
Officer to whom such authority is delegated in accordance with AID regu-
lations and Delegations of Authority, shall be subject to the following
essential terms, covenants and major conditions, together with such

other terms and conditions as AID may deem appropriate.
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a. Source and Origin of Goods and Services

Gocd= and services, except for ocean shipping, financed by
AlD under the project shall have their source and origin in Senegal,
Mali, and Mauritania or in the United States except as AID may other-
wise agree in writing. Ocean shipping financed by AID under the pro-
ject shall, except as AID may otherwise agree in writing, be financed

only on flag vessels of the United States.

b. Conditions Precedent

Prior to any disbursement of funds, or the issuance of any
commitment documents under “he Project Agreement, the OMVS shall furnish
in form and substance satisfactory to AID evidence that: (1) the Ground~
water Monitoring Unit of the OMVS has been officially created and that
the Project Director of the said Unit is appointed; (2) a2 written agree-
ment between the OMVS and the national hydraulic service of each partic-
ipating country, delineating the roles and responsibilities of each party;
the secondment or assignment of personnel to the Unit by each of the
national hydraulic services, etc; and, (3) the contribution of an imitial
advance of $25,000 by each Member State to cover the first year's costs
for permanent personnel employed at the St. Louis headquarters. Sub-
sequent advances are also required at the end of the first, second and

third years after the execution of the Project Agreement.

c. The OMVS shall Covenant as Follows:

To provide administrative support which include salaries,
office space, secretarial and other administrative support amounting

to approximately #551,000 over the life of the project.

Francis S$. Ruddy
Assistant Administrator

-~ )
LViedlauLed.

GC:

Date




Annex

SUGGESTED MODEL AGREEMENT BETWEEN THE
ORGANIZATION FOR THE DEVELOPMENT OF THE SENEGAL RIVER BASIN
. AND:
15 The Division of Hydraulics of the Ministry of Hydraulics and Housing of
thie Governument of the Islamic Republic of Mauritania (GIRM);
2) The National Directorate for Hydraulics and Energy of the Ministry of
Industrial Development of Mali (DNHE);
3) The Directorate of Hydraulic Studies of the Ministry of lydraulics of
Senegal (DHS).
FOR THE IMPLEMENTATION OF GROUNDWATER MONITORING ACTIVITIES IN
THE SENEGAL RIVER BASIN - USAID FINANCED PROJECT No. 625-0958.
Between the Organization for the Development of the Senegal River Basin
hereafter referred to as "OMVS";
and:
The Division of Hydraulics.of the Ministry of Hydraulics and Housing of the
Government of the Islamic Republic of Mauritania hereafter referred to as
"DH/GIRM";
1t has been agreed that:

Article 1: Objectives

This agreement is to establish the guidelines for collaboration between
the OMVS and the DH/GIRM, to implement the Groundwater Monitoring Project
financed by USAID - No. 625-0958 in accordance with the Grant Agreement

between the OMVS and the Agency for International Development signed on

This project will be implemented in the Sector of Kaédi in the Mauritanian
side of the River Basin and will be effective from 1982
to 1986.

Article 2. Definition of work to be undertaken

The work to be undertaken under this agreement are defined in the Project
Paper dated July 1982 pages 97 to 101, entitled "Implementation Plan' and
specifically in Annex A, pages A-9 to 17, "Field Operations"; Annex C,

"

pages 1-3, "Qualifications of National Agency Personnel Attached to Project

This agreement is particularly concerned with the "Work Plan' described

g pagee 26tai 3l o the Prosecy Paper



Article 3. Establishment of an Action Plan for the Project Operations

During Month 9 of the Project, the Proier+ Team, Project Personnel from
the DNH/GIRM will meet with USAID/Mauritania Project Manager and Deputy
Project Manager to establish workplans for the following year. During subsequent
years, these meetings will take place 3 months before the end of Project Year
for the following year. v
These planning meetings will resolve issues such as:
- Achieving project targets;
~ Review of tasks assignments between the OMVS Operations
Office in St. Louis and the Kaedi Sector Office as well as
field level brigade operaticns.

Article 5, Data Gatheriqgﬁand Construction of Piezometers

Data gathering and piezometer construction activities will be undertaken
by the Kaedi Sector Personnel in accordance with the "Workplan" Annex A,
pages 4-18 of the Froujecti ;épcr. Mcre cpecificaliy:
- Filing of hydrogeologic data, construction details - location
and equipment inventory;
- Planning a network of piezometers;
- Implementation of the training program;
- Execution of field level uperdtions cutlined in Section D
"Field Operations', Annex A, pages 8-12,

Article 6. Data Analysis and Dissemination

The DNH/GIRM will be responsible for the diffusion of groundwater data
collected in the Mauritanian Sector. Each subject area (salination, water
logging, seepage, ctec.) will be analyzed in & technical report to be
disseminated among the project participants, the OMVS Operations Office,
USAID/Mauritania, USAID/RBDO.

All data analyzed will be placed at the OMVS designated central locatién
for groundwater monitoring data bank.

Article 7. Tasks Assignments'

The OMVS and DNH/GIRM will designate the services and persons respousiblc
for effectiveness of this agreement. The OMVS, USAID/RBDO will be promptly
advised of any percmnnel changes. These will be discussed ai the Cix Menth
Joint Review Meetines with USAID/Mauritania.

DNH/GIRM will designate the Sector Chief as well as the staff
participating in Project Activities as listed on page 94 of the Project Paper,

. Besag—rs oy 100
Specllicarsy .



1 Technician (Sector Chief) for 3 years

1 Mechanic/Driver for 3 years
1 Survevor for 24 years
2 Foreman | tor 3 yeares
8 Crew Laborefs for 3 years
1 Power Auger Operator for 2 years
2 Aides Auger Operétor for 2 years
1 Clerk Typist for 34 years
The personnel will be selected in accordance with the criteria described

on pages C-1 to C-3 of Annex C, "Qualifications of Natioral Agency Personnel
Attached to Project'.

Article 8, Distribhntinn f Financing Costs

All salaries of the personnel assigned to the sector offices as well as
the temporary personnel assigned to the St. Louis headquarters will be paid
by the Project. The OMVS will finance non-salary personnel costs and some
operatinnal expenses whereas the DNH/GIRM will pay for ____percent of these
costs as described in the Financial Table, Table S5-Project Budget, page 98
of the Project Paper. It is agreed that the Member States will assume the

recurrent costs of groundwater monitoring activites after USAID financing is

terminated.
Article 9, Litigatione

In case of litigations between the OMVS, DNH/GIRM and USAID/Mauritaunia;
which could not be settled between the Project Manager and his Mauritanian
Counterparts, the Secretary General of the OMVS and the Director General of
the DNH/GIRM will try to come to a friendly soclution.

Article 10. Modificigéqgg

The OMVS or the DNH/GIRM may request reviews and/or modifications for
this agreement. However, these reviews and/or modifications should ir no way
affect normal implementation of the program,.

Article 11. Approval

In accordance with the Regional Agreement between USAID/REDO and the

is agr e ¢ submitted Lo USAID/RIEDC approval.
OMVS, this agreement wil! be sut ID/RIDC app 1






Clearances:
GC:

AA/PPC:






