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The project aims to aclp the Organlsation pour la Mise an Valeur du Fleuve
Séndgal (OMVS) eatablish and strengthen a self-austaining groundwatct unit,
the Cellule des Eaux Souterraines, in Salnt-Louis, Senegal. This final
evaluation was conducted by a team of independent experts on behalf of USAID,
on the basis of a review of project documents (including progress reports,
maps, charts, field installation reports, and the FInal Synthesis Report),
interviews and conferences with project petsonnel/and concerned officlials of
OMVS and USAID, vimits to numerous sites important to the underctanding of the
context of the various components, and Interpretation of the data in the light
of the experts' varied and broad experience. The purpose was to ideatify
gignificant lessons learned in the establishment of the groundwater monitoring
unit, and to assess the impact of the prcject on OMVS {rstitutional
capahilities. The major findings, conclusions, and recommendations are:

= A network of pilezometers was successfully installed, largely by a
private-sector firm, and readings are taken regularly by project staff.

-  The computer program is vastly better than could have been foreseen in the
Project Paper. However, Gestion Eaux Souterraines (GES) is a new program and
is not yet fully "debugged”.

- The closing of the Senegal-Mauritania border has precluded the kind of
contact, collaboration and inspection of work that is necessary for the
complete success of this international pcoject.

- It is strongly recommended that OMVS mobilize the financial and technical
resources as needed for .ontinuation of the Groundwater Monitoring Unit (GMV)
of OMVS and its current activities beyond FACD.

- Some of the computer hardware should be replaced as soon as possible.

=~  The GMU should endeavor to publicize its work and the GES system through
dissemination of reports of data and analysis to potential users in the three
member states, and to other interested persons and agencies.

The evaluators noted the following lessons:

- Alternative methods may achieve as much or more success than those planned
in the Project Paper. Flexibility 1s desirable.

-  Computers and computer programs are welcome technology, but successful
establishment and sustainability require time to get new programs debugged,
and call for training and support not only for use but also for maintenance of

Lequipment.,
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. GUMMARY
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o Purpose of ovaluation and methedology unod o Principal recommendations
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I. Purpose of the Project

The OMVS Groundwater Monitoring Project aims to help the Organisation pour la Mise
en Valeur du Fleuve Sénégal (OMVS) establish and strengthen a self-sustaining
groundwater unit, the Cellule des Eaux Souterraines, in Saint-Louis, Senegal. The
tagk of this Groundwater Monitoring Unit (GMU) is the Collection and analysis of
plezometric data from a network of some 1,150 observation points, including 569
plezometers and 582 village wells distributed in the Delta region; the lower, middle,
and upper valleys; and the Manantall region. The three-~fold objective is to improve
knowledge and understanding of (1) recharge-discharge relationships resulting from new
flooding conditions associated with operation of the Diama and Manantali dams; (2) the
effects of irrigation development, and (3) the potential for developing irrigation
using groundwater.

II. Purpose of the Evaluation and Methodology Used

The purpose of this evaluation is (a) to identify significant lessons learned in
establishing within OMVS a system to monitor and investigate potential problems of
groundwater related to the development of irrigation and the operation of the Diama
and Manantal! dams, and (b) to assess the impact of the project on OMVS institutional
capabilities, given personnel and funding constraints of the technical agencies of the
Member States and of the OMVS.

This final evaluation was conducted by ¢ team of independent experts on behalf of
USAID, on the basis of a review of project duvcuments (including progress reports,
'maps, charts, field installation reports, and the Final Synthesis Report), interviews
jand conferences with project personnel and concerned officials of OMVS and USAID,
vigits to numerous sites important to the understanding of the context of the various
components, and interpretation of the data in the light of the experts' varled and
broad experience.

III. Major Findings and Conclusions

The major findings and conclusions are:

* A network of piezometers was successfully installed, largely by a private-sector
firm, and readings are taken regularly by project staff.

*  Information about the network of observation points and the readings taken from
them 18 recorded in a computkrized system comprising three linked computers and the
software programs Groundwater, SURFER and GES.

AID 1330-5 (10-87) Pago 3




SUMMAHY (Continued)

“ [ Groundwater readings are entered In an automated (computerized) data base system
(called Gestion Eaux Souterraines or GES) that was developed especially for this
project. The GES syastem 18 n powerful, user-friendly system for entering and viewing
data, quality control, data management, analysis and report preparation. Coupled with
the program Groundwater, which handles hiatorical information about the network, and
the mapping program SURFER, the program 1s vastly better than could have been foreseen
in the Project Paper. However, GES is a new program and is not yet fully "debugged.”
(In this document, the acronym GES is frequently used to refer to the entire complex
of computer software used by GMU.)

*  The hardware to support the program is in place, but one of the three computers
should be replaced as soon as possible. Support in the form of repair of computers
and debugging of software 18 not available locally.

* A good level of analysis has been performed, and will be reported in the
forthcoming Synthesis Report, for the Delta zeglon and Manantali. Similar in-depth
analysis for the river valleys 1s needed. The GES system in the Groundwater
Monitoring Unit (GMU) has analytical and modelling capability that can make great
contributions to planning of river basin development.

* Training of nationals in USA and in France has been successful in terms of skills
acquired by the trainees, but only onec of three in each of those programs is currently
with the project. The other trainees are working with the National Service of
Hydraulics.

*  The GUMU has been incompletely staffed since July 1988. The staff shortage has
resulted in less analysis being done than is desirable, and has reduced the project's
impact on national staff capabilities.

*  Good documentation has been compiled and maintained throughout the life of the
project.

* The benefits to be derived from collection and analysis of groundwater data
adequately justify continuation of the program, and OMVS is pledged to do so.
Budgetary stringency is expected.

* The closing of the Senegal-Mauritania border has precluded the kind of contact,
collaboration and inspection of work that 1s necessary for the complete success of
this international project.

IV. Major Recommendations

The major recommendations are:

X CMVS should mobilize the financial and technical resources as needed for
continuation of the GMU and its current cctivities beyond PACD., During a transition
period, while OMVS is preparing to assume complete responsibility for the operation,
the necds will include temporary Technical Assistance support by a senior
hydrogeologist and a computer specialist.

*  Some of the computer hardware should be replaced as soon as possible. Maintenance
of all such equipment must be asered by enhanced repair capability within OMVS,
)

*  Additional professional (analytical) and technical (equipment maintenance) staff

are sorely needed and should be obtained. Hydrologists from the National Services of
Hydraulics should be assigned to the Central Office for tours of perhaps two months,

for training and indoctrination, and also for evaluation as possible future full-time
employees.

ATD 1330-5 {10-87) Page 4
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' ' 8UMMARY (Continued)

* A program of analysis and modelling should be organized spelling out specific
studies intended. High on the priority list should be the imminence of need for and
design of drainage in the Delta, and the potential availability of water for
irrigation from underground strata in the Middle Valliey and the Manantall area.

*  The core samples collected during drilling of piezometers should be analyzed, to
provide insights into the gecological complexities of the Bapif.

*  The GMU should endeavor to publicize its work and the GES system through
dissemination of reports of data and analysis to potential users in the three member
states, and to other interested persons and agencies. GMU staff should also seek
publicity through publishing articles in scientific journals and the popular presas.

* A gerles of seminars in the member states should be organized and presented as
soon as possible. The seminars should feature demonstrations of the GES systems, and
discussions of how GMU outputs of data and finding can be utilized to benefit the
Senegal River Basin and the member states.,

V. Lessons Learned

Lessong learned from this project include:

# Alternative methods may achieve as much or more success than those planned in the
Project Paper. Flexibility is desirable.

# Computers and computer programs are welcome technology, but successful
establishiment and sustainability require time to get new programs debugged, and call
for training and support not only for use but also for maintenance of equipment.

##  Coordination of a project's activities with other agencies, and integration of
inputs and outputs with such other agencies, 1s not likely to happen automatically.

Outside help and direction may be needed to maintain broad perspectives and proper
orientation.

# Decentralized control of a project is quite possible, given delegation of both
responsibility and authority.

it Trainees should be contractually obligated to return to serve with the project or
to the national technical service or activity linked to the project.

#  Advance guldance and direction of administrative and accounting procedures may
help to keep the project "on track”.

e -
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Lvaluation Report,

K. Attachments (List attachments submitled wilh this Evaluation Bummary; Always atiagh copy of full evaluation report, sven if one was submitted

COMMENTS

L. Comments By Misslon, AID/W Office and Borrower/QGrantee On Full Beport

!

USAID/Senegal and the Organisation pour la Mise en Valeur du Fleuve Sénégal (OMVS)
are very satisfied with the overall quality of the evaluation report. The report

meets the demand of the scope of work and provides answers to questions posed.

While we are in general agreement with the findings, conclusions,
recommendations, and lessons learned as articulated in the evaluation report, we

have the following comment:

-  OMVS ghould be able to assume now complete responslbility for the continuation
of the Groundwater Monitoring Unit (GMU) and its current activities after seven
years of project implementation.
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OMVS Groundwater Monitoring Project Evaluation
Final Evaluation

EXECUTIVE SUMMARY

The OMVS Groundwater Monitoring Project alms to help the
Organisation pour la Mige en Valeur du Fleuve Senegal (OMVS)
establlish and strengthen a self-sustaining groundwater unit, the
Cellule des Eaux Souterraines, in Saint Louls, Sencgal. The task
of this Groundwater Monitoring Unit (GMU) is the collection and
analyeis of plezometric data from a network of some 1,150
obsgervation points, including 569 piezometers and 582 village
wells distributed in the Delta reglon: the lower, middle, and
upper valleys: and the Manantalil reglion. The three-fold objective
ie to improve knowledge and understanding of (1) recharge-
discharge relationships resulting firom new flooding conditions
assoclated with operation of the Diama and Manantall dams;: (2) the
effects of Irrigation development, and (3) the potential for
developing irrigation using groundwater.

This final evaluation was conducted by a team of lindeperdent
experts on behalf of USAID, on the basis of a review of project
documents (including progress reports, maps, charts, field
installation reports, and the Final Synthesis Report), interviews
and conferences with project personnel and concerned officials of
OMVS and USAID, visits Lo numerous sites important to the
understanding of the context of the various components, and
Interpretation of the data in the light of the experts® varied and
broad experience.

The mafor findings and conclusions are as follows:

* A network of plezomelers was successfully installed, largely
by a private-sector firm, aixl readings are taken regularly by
project staff.

* Information about the network of observation points and the
readings taken from them is recorded in a computerized system
comprising three linked computers and the software prograus
Groundwater:, SURFER and GES.

* Groundwater readings are entered in an automated
(computerized) data base system (called Gestion Eaux Souterraines
or GES) that was developed especially for this project. The GES
system is a powerful, user-friendly system for entering and
viewing data, quality control, data managewment, analysis and
report preparation. Coupled with the program Groundwater, which
handles historical information about the network, and the mapping
program SURFER, tLhe propram s vastly bhoetter than could have been
foreseen In the Prujecl Paper. However, GES Is a new program and
is nol yet fully “debugped.” (In this document, the acronym GES
is frequently used Lo refer Lo the cntire complex of compulet
software used by GMU.)



» The hardware Lo support the program is in place, but one of
the three computers should be replaced as soon as possible,
Support (n the form of repair of computers and debugging of
software is not avallable locally.

w A good level of analysis has been performed, and will be
reported in the forthcoming Synthesis Report, for the Delta region
and Manantali. Similar in-depth analyslis for the river valleys is
needed. The GES system in the Groundwater Monitoring Unit (GMU)
has analytical and modelling capability that can make great
contributions to planning of river basin development,

» Training of nationals in USA and 1n France has been
successful In terms of skills acquired by the trainees, but only
one of three In each of those programs [s currently with the
project. The other trainees are working with the National
Service of Hydraulics.

» The GMU has been f{ncompletely staffed since July 1988.

The staff shortage has resulted in less analysis being done than
is desirable, and has reduced the project’'s impact on national
staff capabilities.

» Good documentation has been compiled and maintained
throughout the life of the project.

* The benefits Lo be derived from collection and analysis of
groundwater data adequately justify continuation of the program,
and OMVS is pledged to do so. Budgetary stiingency is expected.

w The closing of the, Senegal-Mauritania border has precluded
the kind of contact, collaboration and inspection of work that is
necessary for the complete success of this international project.

Lessons Learned from this project include these:

# Alternative methods may achieve as much or more success than
those planned In the Project Paper. Flexibility is desirable.

# Computers and computer programs are welcome technology, but
successful establishmeiit and sustainability require time to get
rnew programs debugged, and call for training and support not only
for use but also for maintenance of equipment,

# Coordination of a projeut's activities with olher agencies,
and integration of inputs and outputs with such other agencies, is
not likely to happen automatically. Outside help and direction
may be needed to maintain broad perspectives and proper
orientation.

# Decentralized control of a project 1Ils quite possible, given
delegation of both responsibility and authority.
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U] Trainees should be contractually oblipgated to retin'n to gervve
with the project or to the national technfcal service or activity
JInked to the projeoct.

[/ Advance guldanze and direction of administrative and
accounting procedures may help to keep the project "on track."”

The major recommendationg are:

+ OMVS should mobilize the financial and technical resources ag
needed for continuatifon of the GMU and fts current activities
beyond PACD. During a transition period, while OMVS ig preparing
to assume complete responsibility for the operation, the rneeds
will include temporary Technical Assistance support by a senior
hydrogeologist and a computer specialist.

+ Some of the computer hardware should be replaced as soon as
possible. Maintenance of all such equipment must be assured by
enhanced repair capability within OMVS.

+ Additional professional (analytical) and technical (equipment
maintenance) staff are sorely needed and should be obtained.
Hydrologists from the National Services of Hydraulics should be
assigned to the Central Office for Lours of perhaps two months,.
for training and indoctrination, and also for evaluation as
possible future full-time employees.

+ A program of analyeis and modelling should be organized,
spelling out specific studies intended. High on the priority list
should be the imminence of need for and design of drainage in the
Delta, and the potential availability of water for irrigation from
underground strata in the Middle Valley and the Manantali area.

+ The core samples collected during drilling of piezometers
should be analyzed, to provide insights into the geological
complexities of the Basin. 1

+ The GMU should endeavor to publicize its work and the GES
system through dissemination of reports of data and analysis to
potential users in the three member states, and to other
interested persons and agencies. GMU staff should also seek
publicity through publishing articles in scientific journals and
the popular press.

ke

+ A series of seminars Iin the member states should be organized
and presented as soon as possible. The seminars should feature
demonstrations of the GES system, and discussions of how GMU
outputs of data and finding can be utilized to benefit the Senegal
River Basin and the member stLates.
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Host Country Contract with SAFOR
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CHAPTER 1

INTRODUCTION

Final evaluation of the OMVS Groundwater Mondtoring Projoect
(625-0958) was undertaken in Aprfl and May, 1990,

PURPOSE OF THE EVALUATION.

The purpose of Lhe evaluation was to follow USAID standard
procedures in regard Lo closing out of projects of international
assistance, but more speciflcally to fdentify significant lessons
learned during the fmplementation of the project, lessons which
may be of value in follow-on, related or other projectt:, A second
purpose was to assess the flmpact of the project on OMVS ardd its
several components In respect of thelir institutional capabllities,
particularly with respect to the enhancement of those capabilities
== the underlying motivation for the ovripgzinal project.

QUESTIONS TO BE ADDRESSED.
The following guestions indicate the concerns of the evaluaiion:

Has the project achieved what {t set out to achieve? If not, why
not? What constraints or problems were encountered? Were they
foreseen or not? What steps were taken Lo accommodate or overcome
themn? With what success? Were the mitigating factors cnough to
rationalize or justify whatever shortfalls may have ensued? 1In
retrospect, how could orr should things have been done differently?
What lessons can be learned from this experience that can
contribute Lo greater success and fewel pmrroblemns fol subsequent
efforts or other projects, where some similarity such as subject
matter, technology, target population, suggests transferability?

Of the original goals and purposes of tLhe project, which of them
remain to be accomplished? What should be done relative to these
goals: should they be abandoned, or should some effort be made to
achieve them? If the latter, then what should be done, and by
whom? What roles should be played by USAID and other actors?

Are there circumstances or needs that have been brought to light
by the work of the project which, although they may not have been
a part of the project’'s original objectives, now appear to be
important and worthy of follow-up effort? If so, what kind of
activity, and by whom, is recommended to sustain the positive
effects of the project Lo date, or' Lo make use of resources or
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data made available by that effort? In other words, what follow-
up actions need to be taken?

An alternative approach to the cevaluation producoes the following
specific questions and topice to be addreszed by the evaluation

team:

- Review of the project's goals and objectives as get forth
in the original Project Paper, and appraisal of the progress
of the project toward achiecvement of those goals.
Consideration of the relevance of those goals at the present
time.

- Assessmerit of the effectiveness of the project and {ts
current status, including what goals have been met or will be
met by the Project Assigtance Completion Date (PACD), and
what goals will not be met. What action or support is
needed, and by whom or what agericy, to assure continuation of
the activities undertaken and/or supported by the project?

- Regarding the aspects of the project that give it its
unique place in the scheme of things -~ the plezometer
network, the data base, the trained personnel, the
documentation, the institutional character -- evaluate and
assess thelir adequacy and appropriateness, the efficiency of
the project in achieving or providing them, their impact and
their sustainability.

- Review the expenditure of funds, and recommend how any
remaining and unexpended funds might best be utilized.

In this report, both sets of questions are addressed.

ORGANIZATION OF THE REPORT.

This Evaluatlon Report follows the format set forth in AID
Handbook 3, Chapter 12, "Project Evaluatilon”.

]
* Chapter 1 provides orlientation as to purpose, questlons Lo
be addressed and report organization.

* Chapter 2 presents the context of the Groundwater
Monitoring Project, including its economic, political,
social, and technical aspects.

* Chapter 3 briefly introduces the members of the evaluation
team and the methods used 1in the evaluatilion. .

* Chapter 4 contains the major technical findings of the
evaluation, by task and according to relevance,
effectiveness, efflicliency, impact and sustainability.

* Chapter 5 presents the findings of the evaluation relative
to project implementation and administration.
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* Chapter o0 diraws gome conclusions (rom Lhe evalvalbfon
findinges, ankl points o, gome losdons loarned,

* Chapter 7 providas pencral and gpeciCice recommondations to
anhiance the operation of cdonor proprams (i West Alrica and Lo
assigl, Lthe doevelopment of the three nations, Mall,

Maww ftanla, ankd Sonepal,

* Appendices (nchaude refarence materfal such as Lhe
Evaluation Scope of Work, the current Lopfcal Framework, a
List of aill cdocuments congulted, {tinorary ancd List of
pertinent contactls.,

This ovaluatfon report. {1 wirttten for Lhie aninftiataed [0 west
African affalrs; complete bul succinct explanations avce piven when
concepts are first cncountered. Maps and fipures are included so
Lthat the report {6 as scelf-sulficlonl as possible.  DescripLions
and explanations are based on project documentation and other
authoritative material, on fnterviews wilh project persommel, and
on-site visits. To the extent possible, the source of objective
information is shown when it is prescnted: the evaluators do not
pretend Lo have re-invented the wheel.

Interpretations and judpgements {n Lhis report are those of phe
evaluating team, although, in sowe cases, by adoption or espousal.

Given Lhie poeopraphic, hydirotopic, cconomic, political and social
conplexity of the Scenepal River scetting, some differences of
opinion may be cxpectaed. An effort has becn wmade to avoid basing
majorr conclusions and rcecommendations of the study on
controversial findings, and the authors bellicve that a strong base
of support exists for the findinge, conclusions and
recommendations reported here.
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CHAPTER 2

THE CONTEXT OF ‘THis PROJKCT

The oripinal fdecas {o1rr the Groundwatcer Monttoring Project are
found Iin the recommendations of the BEnvirommental Asscessment
Projecct (625-0617) in the late 1970s. ‘This study, known as, the
OMVS envirommental study by Garret Fleming, evaluated the overall
environnontal effects from the Senegal River Basin Developwent
Plan, TIn particular, that study pointed to potentfal problems of
"sallnation, changes (n quantitics of proundwater for rocharge and
contamination from pesticlides and fortilizers." Further study and
analyslis are found (n the report of George C. Taylor (October
1979), on the basis of whoue recommendations this project was

established.

A thumbnail sketch of Lhe Senegal River and its tributaries is
necessary hete for a hetterr comprehensfon of the political,
techinlcal, cconomic and social context of tLhe project. A wmore
detalled description of the Senegal Riverr Basin and its geologic,
hydrologic and climatic characteristics Is pertinent to this
evaluation and {s included in Chapter 4. ‘

The Senegal River and fts longest tiibutary,the Bafing in Mali,
have a combined lengtly of 1,800 k. ‘The system draing a watecrshoed
that covers an area of 218,000 squavre Km in four countries, namely
Guinea, Mali, Manitania and Senepal (Figtue 1),

Most of the rainfall and runoff occur's in the upper third of the
watevrshed, In the Fouta Djalon Mountalius of Guinea, and [n Mali.
The highest point on the river (s at an allitude of 1,400 m.
Upstream, the rivers have characteristics typical of mountain
rivers, nanely well defined banks in a narrow valley 1 or 2 Km
wide. Three tributaries serve to collect the waters, of the upper
watershed. The Bafing and the Bakoye join at Bafoulabe in Mali to
form the Senegal River. The Faleme, which forms the boundary
between Mali and Scnegal, ewptics [nto tLhe Senegal River near
Bakel, where the borders of the three states join., Downstream
from that point the Senegal River flows 800 Km to the ocean with a
total drop in elevation from Bakel to the ocean of only 17 m. The
lower basin covers only 1/3 of the area of the watershed and is
mostly desertic. The middle and lower river valley is less well
delineated and includes a floodplain that is up to, 20 km wide.

The hydirologic regime of Lhe vriver is diriven by one rairny season
per year, which may last from May Lhirouglh October in the upper:
watershed., The walers collecled during that perjod are of a
sufffcient quantity over a velatively short period of Lime Lhat a
flood is generatoed. 'I'nis flood, of varfable strenpth and duration
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depending on whether f{t is a woet, avorage or dry year, forces iis
way .o the ocean at Saint-Louls. Aloiy; Lhe way [t £Lllls all low-
lying areas including tlie Lac de Gulers at the confluence of the
Ferlo River, a seasonal stream [n the desertic area of northern
Senegal.

Oonly once a year does Lhe Senegal River have enough volume of flow
to reach the ocean. During the dry scason, recession flows and
bank storage upstroam ave insufficlant Lo sustain the river, f£low
past Podor. oOver Lhe practically flat Delta and Lower Valley, the
absence of flow permits tLhie ocean (if unobstlructed) to creep
inland as far as 250 km, near Podor,

From this quick description (L becomes apparent that Lhis yearly
flood of the Senegal River is a valuable natural resource. To be
sure, this resource has long been tapped, as witnessed by the
operation of the Lampsar Marigot, which supplies water to the city
of Saint Louis, and the Lac de Guiers, which has long becen the
source of part of the water supply for Dakar and with projected
development will supply a larger portion. A system of dikes and
floodgates allows the f£lood to enter, then the gates are closed to
prevent recession (return) flows to the Senegal River.

The present-day management of the Senegal River jincludes the
operation of two dams, namely the Manantali Dam in Mali, a
reservolir barrage buflt on the Bafing tributary, and the Diama
Dam, near the mouth of the river. The recently-campleled
Manantali Dam, designed Lo regulate the river flow arnd Lo provide
hydropower, s in the second year of filling the reservoir, row a
little over half full; the planned hydropower station has not been
constructed yet. The Diama Dam is designed to eliminate saltwater
Intrusion and to control the river levels in the lower valley and
the Delta. Benefits from the operation of the dams will include
water supply, hydropower, greater navigability of the lower
reaches of the river, and most importantly, agricultural
development through flood control and provision of water for
irrigation. '

Institutionally, the management of the Senegal River Valley is
administered by the OMVS (Organisation rour la Mise en Valeur du
fleuve Senegal), an international organisation of Mali, Mauritania
and Senegal. OMVS had no pre~existing entity dealing with
groundwater, although the member states had some groundwater
capability in their respective Ministries of Hydraulics, The
Groundwater Monitoring unit (GMU; French name Cellule des Eaux
Souterraines) was established in OMVS, with its headquarters in
Saint-Louls, Senegal. The crealtion of this permanent structure
within OMVS was a condition precedent Lo the start-up of the
Groundwater Monitoring Project, and the Project was attached to
the GMU. The GMU is Lo take over the monitoring project at .the
end of USAID's involvement, and to move forward in extracting the
full potential offered by the monitoring system.
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The major economic impact of the monitoring project will be the
anticipated effect on agricultural development, natural resources
and blological diversity fn Lthe valley and the Delta of the
senegal River, and in the expansion of use of the grouciwater
resource in the Manantali region in Mall as (Lt le affectoed by the
danm, Institutionally, the major contribution of the Monitorlng
project ls its support for Lthe "Cellule des Baux Souterralnes,'
The project did not create the GMU, but the project provided
funding and a program that cnabled the GMU Lo become established.

Finally, the social Luwpaclt of groundwater monftoring will devolve
from the favorable impact on the entire gamut of development along
the river valley. This development Iincludes not only irrigated
agriculture but also recession cropping, salinity and wateyr-
logeging, fisheries and the diverse fauna and flora of the region,
and local drinking water supplies. The resulting increase in
agricultural production is expected not only to reduce the
national food deficit, but also to contribute to stabilization of
the population in rural areas, away from metropollitan centers,
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CHAPTER 3

TEAM  COMPOSITION AND  STUDY  METHODS

The ovaluation team was composed of Dr. Robert M. Reesor,
agricultural economist and team leader, and Dr. stergiog Dendiou,
hydrologist an? hydropeologist. Both members of the team avre
eminently cqualified forr this evaluation,

Dr. Reeser hag accumulated 18 years of experience in international
development, and has spent several years as analyst for irrigation
and water development projects, His familiarity with the
geographlc area derives from long-term assigrnments in both Senegal
and Mali, and short-term work in Senegal, Guinea-Bissau,
Mauritania, and Niger. His assignments in West Africa and
elsewhere have included, in addition Lo technical work as ari
economist, the design, administration and evaluation of projects.

Dr. Dendrou brings to this assigrnment twenty years of unique
experience in all aspects of watelr resources systems, management
and exploitation, surface water and groundwater., He is principal
developer of a three-dimensional groundwater flow and mass °
transport model with quick, interactive input data preparation
from maps on the screcn. He has expelrience in grouddwater
projects Includliig contamination From pesticides and Certitlzors,
and he Is completely flucent in French.

The combination of backgrounds aid skills of the members of the
evaluation team assures a fresh look at this complex and

challenging project.

The methodology followed in the evaluation included the following
techniques:

* Review of all documents of the project, from the Project
Paper through periodic progress reports, other mid-term
reviews and project evaluations, through drafts of the final
"Synthesis Report'".

* Interviews and conferences with project personnel and
conicerned officials of USAID and OMVS.

* Visits to sites Important to an understandipg of the
context and Interrelationships of the project components,
fncluding both Diama and Manantali Dams, numerous piezZomeler
and observation well sites, and agricultural areas in the
Delta and Lower Valley regions.

* Analysis of maps, tabulated and untabulated data, and
reports and other documentary evidence from alternative
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sourcos, Lo parcelive relationshiips not expressod [ natr ative
portions of thoe repotus,

*  Intorpretatlon of the data and obeoervat.fons tn thoe light
of a framework of wunderstanding of apgtlculture, development,
hyrrogeology, metceorology, burcaucracy, yprojecty aind theldr
oparaticn, and human nature, derfved from a background of:
varied and broad exporiernce.

In addition, there was much interaction among Lhe projeot
personnel and the evaluation team members, who discussed
thoroughly many aspects of the project's importance, history, and
present and future status., Confercnces with USAID personnel,
midway through the assigrnment, permftted a useful interaction with
project officers before the report was drafted. Reactiors Lo and
comments on the draft report by project persormel and OMVS and
USAID staff were duly noted in preparation of this final report,
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CHAPTER 4

TECHNICAL FINDINGS OF ‘THI{ STUDY

BACKGROUND

The Groundwater Monftoring Profject s i concept a massive
undertaking of groudwatelr data collection over the lenglh of the
entire Senegal River. The area encompassed {e 1,200 ku lory,
reaching from the mouth of the river, which forms a delta covering
an area of 4,344 square Kilometers, Lo Manantali Dam. It Includes
the lower, middle and upper valleys, which are of variable width,
from 20 km downstream Lo a few (2 to 5) kilometers upstream. This
global approach Lo data collectlion is dictated hy the
institutional organization for the Sencgal River (OMVS), and it is
unicue in that it encompasses many geologic formations.

Traditionally, a monitoring exercise is designed around orie
particular geologic formation, clther Lo study its extent o1 Lo
evaluate its properties and potential. 1In this case, since many
different geologic formations are at hand, they have to be
fdentified arnd treated separately. The only thread connecting the
various geohydrologic regions of the Senegal River is the river
itself, whose yearly wal scason flood affcecls the hydrology of
each formation.

Rougllly speaking thiere are three major peographic areas Lo
consider. They are, starting from the top of the watershed, the
region of the Manantali Dam, the valley (which may be subdivided
into upper, middle and lower), and the Delta. The most extensive
hydrologic and hydrogeologlic study and analysis of the data
collected has been done in the Delta. A brief description of each
of the three areas is given here, to provide a better under-
standing of the object and setting of our evaluation. Following
that description, the planned and actual outputs of the project
and the achievement of project poals are discussed according to
the criteria of relevance, effectiveness, cfficlency, fmpact and
sustainability.

The Delta Region of the Senegal River

The Delta Region of the Serncgal River is fascinating: at places it
looks desgertic, with sand dunes and little or no vegetation; at
others it is like an oasis, green with active vegetation. And
then there is the river, which after flowing generally due west
for 250 km turns south to finally reach the Atlantic Ocean some 25
km south of Saint-Louis, bordered on the west by that sand-spit
the "Langue de Barbarie" which keeps growing longer every year.
(See Figure 2; the sand-spit is barely distLinguishable.)



10

The river up Lo Lhe Diama Dam fs really a salline egtuary. Before
the Diama Dam, LU was an estuary all the way Lo a polnt botweon
Dagana and Podor.

Undetrstanding the evolution of the Delta n peolopgic times gooes a
long way toward explaining fteg present. day behavior and
propoertics. ‘The highlightes of the pgeologle history of the Delta
are presented here, (Sources: Audibert, 1984; the project's
synthesis Report Vol.2; and observations of the consultants),

over the recent history of the region ~-- "recent', geologjcally
speaking, being in the last thousand or so centurfies -- there have
been at least three episodes of sca water Intrusion resulting £1om
the 1rigse of the level of the Ocean. Sowme 100,000 years apo, the
Delta was part of a gulf. The senepal River flowed due west fnLo
that gulf, and the depositions of vriver-borne particles of that
time were preenish sands that formed a stratum called Lhe
Inchirien. After a partial retreat, Lhe ocean engulfed the Delta
a second time around 40,000 years apo, and there were similar
types of deposition. This was then followed 10,000 yecars later by
a rather intense dry period corresponding Lo the Quaternary
Glaclation. The sea level dropped to about 100 m below present
sea level, and the Delta, then dry land, was coveted by red dunes
(fForming a stratum called Ogolien) of eolian (wind-borne) origin.
It is 1likely that the prevailling winds were from the north-'
northeast,

with the end of Lhe glacliation period Lthe sca level rose again
gradually, eventually reaching a level 2.5 m above present sea
level. A particularly wel period around 10,000 B.C. caused, awmong
other effects, the formation of some lakes, attested by typical
deposits of calcium encountered i{n some areas,

The last 2,000 years are particularly ifmportant in explaining the
present-day landscape. During this period, the river's seasonal
flood inundated much of the Delta, c-»ating small lakes and other
Impoundments called "marigots’”. Silt and clay depositions hclped
stabilize these depressional areas, further isolating them from
the underlying saline groundwater. In turn, further colian
deposition of sands from the Sahara to the north-east, along with
strong northern littoral winds ("les alizes" or trade winds),
caused the river to deviate to the south. The same forces created
the Lampsar, the Gorom and the Djoudj Marigois, all aligned in a
NE-to~-SW direction.

The land area of the Delta can be separated into two zones: the
zone that has been regularly inundated by the river, or Ouallo in
the local language, anc the zone outside that, which is called the
Dieri. Clay layers, because of thefr river deposition origin, are
found only in the Ouallo.,

From this quick descriptLion of the historical evolution of the
Delta, we can draw the following peohydrologic picture: the entire
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Delta region, extending itnto the Ouallo, I undorlain by sallino
wator of marine origin., ('he arcag whoro proundwator (e maline
arae shown 1n Flgmmae 2.) Whero evaporation avted freely, thoro
rosul tad higher salt concontratfons (in sowe placod five tines the
concentration of the ocvecan). Home arvoas (nfluenced by maripots
and othor surface waters are less saline, In a fow placos,
{solated pockets of frosh water arce found over clay lonsoes that
are particularly fmpermeable (perched aquifersg). Howevoer, Grying
to predict where those pockets (of small total volume) are, is
tantamount to tryfng to perform magla: those found so far woerao
found by accident or coincidence.

Potentfal evaporation in the Delta preatly exceeds the amnual
rafnfall of less than 280 Lo 300 mm. ‘Therefore, the ontire systoemn
is driven by evaporation, and is Influenced by the presence of
surface waters whioh may be fresh {f from the river, or more or
less saline (f they come from the drainage of frrigated
perimeters. The cffect of surface waters on groundwalers s very
localized, the Influence zone of the river, canals and marigots
extending a few hundred wmeters according Lo an estimate by
Audibert, or up Lo 2 km according Lo data collected In Lhis study,

Water movement through the soil or through underground aquifers
generally is more efficient vertically than horizontally. Under-
ground water, like that on the surface, sceks its own level,
However, within a few meters of the swuwface, evaporation of some
of the water as it moves horizontally means that the front of
underground water advancing outward from the river bed s at
progressively deeper and deeper depths -- down to the bottom of
the aquifer. This progressively greater depth to water is
technically referrod to as a decline of Lhe piezometric level.
when one views a cross section of the river and adjacent aquifevrs,
the water' present appears as a mound, with its highest point
directly below the channel where It s fed or supplied. The use of
the term “mound of water®' refers Lo this phenomenon.

The difference in the estimated area of influence of surface water
on recharge of aquifers is mostly one of definition, whether
*influernice" is considered to be a 10% or only 1% change in
piezometric level. Fundamentally, evaporation tends to stabilize
the progressing front of the mound of river water very quickly,
within 200 m from the bank. Irrigation in an area reduces the
normal evaporation losses of the local aquifer, permitting pgreater
accumulation of water in the aquifer. Therefore, rise of the
piezometric levels should be expected not only from the
anticipated rise in river level behind the Diama Dam, but more
importantly because of large scale {1ririgation.

Fundamentally, the movement in the aquifer is vertical rather than
horizontal, because of the flatness of the entire Delta, the
absence of gradients, and the predominance of evaporation, Left
on its own, the Delta would be a predominantly saline zone.
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Beforo worious attompls were made to manage the river wators, Gho
yoarly flood of fragh wator barcly covored the antite surf ace of
the Delta (ovar 4,000 gguare km) and sorved only Lo tooed the
marigote and gome fsolatod pockets of frosh wator above clay
lengors, ‘The managomont of surfaco waters, {lrst by the dike along
the left bank of the rivor (Lhe dike on tha right bank {8 undor
congtruction), then by the Diama Dam, fe providing a reservoir of
fresh water for intensive (rrigation purposes. As damonstrated at
the bepinning of the centiny by the Fronclhman Richard, of Kichard-
Toll €ame (Lho term meants “Richard’du farms'), ovan the most sallne
of sollg In the Delta, (f washod out. fivatl, can be ugad forr crop
production, Trrigation has been pofgy on over dglnce fo varfous
paerimetors of the Delta, and at an intensifyjngg pacoe. At o rodult
of Lhis activily, thoe danpoer of the vige of Lthe saline proundwa .ornr
lLooms proeat,.

The problem in the Delta s fundamentally one of surface watelr
management: a neuwwork of canales (s put (nto place to bring fresh
river water for irrigation. Efficlent {rrigation and control of
s0il salinity requires the use of drains. At present, the drained
(and more saline) water is returned Lo the river. As the scale of
operation {ncreases, Lhis contamination will eventually negate the
whole purpose of the management.

A master plan is needed forr Lthe management of the Delta surface
waters, Lo avold the accumulating salinity U at would end econowmic
production of crops. One possible solution {s a dual network of
canals: one to distribute fresh water for Irrigation, another to
collect and convey all drained waler's Lo a discharge point down-
stream of the Diama Dam (a zone entirely condemned Lo be saline).
A draft master plan for surface water management of the Delta
(Plan Hydraulique pour lc Delta) has becn proposed by GERSAR in
1989. A comprehensive Master Plan study should begin from and
build on the findings of that study.

Two clay layers exist, one at an approximate depth of 0 Lo 5 u,
the other deeper at 10 Lo 15 wm. The thickness of these layers
varies, arci at places Lhey Lhin ont. to extinction (wherce clay ancd
silt were never deposited by the tiver floods). Clay layers tend
to isolate water-bearing formations from one another. An
interesting approach to control of salination would be to take
advantage of the presence of this top layer by systematically
flushing out the upper saltwater stratum (the one that would
eventually salinate the root zone) with the excess water in wet
vyears. The result would be a reduced need for drainage. The
feasibility of the approach has not been tested, and the small
horizontal transmissivity of the formations may render this
approach impractical.
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The Lowet anct Middle Valloys of the Sawgal Rivor
(from Richard-=Toll Lo Bakol)

An axcollont pregentation of the upper valleys of the Sonogal
River is included (n a document. proepared by GMU Chiaf Ngom and
Consulting Engineer Richard for presentation to the OMVE-CEFIGRE
conforaence In France (n April 1989, Somae highlighte arce as
follows:

The subdiviglon fnLo Lower Valley (from Richard-=Toll to Dagana),
Middle Valley (firom Dagana Lo Bakel), and Upper Valley (upstream
from Bakel) shown (n Fiy., 3, la based on plarming covwlderations
for agriculiural develupments by the OMVE Collule dfBvaluatfon et
dao Flanlficatiots Continue., The division between the Middle and
Upper Valleys e 25 km downstlrcam from Bakel. At that polnt the
river has the maximum sustalned flows. Varlation of thie geology
along the river valley is gradual. Most of the valley is
underiain by an alluvial aquifer, 40 m deep on average and
interspersed with clay lenses.

The after-effects of marine Lranspgtession are found up to Boghe.
At one time the ocean reached that far inland, and from Richard-
Toll to Boghe the groundwater, being partly of warine ovigin, is
more or less saline. Analysis of Lhe data shows that this aquifer
alternatively rises and falls, being recharged by the rising
waters In the River duving rainy season flows, and then draining
the excess water back Lo the river at low flow, This cffect
extends only to about %00 m from the rviver bank., Beyond that
point, thoe progression of the front of Lhe mound {s couter -
balanced by evaporation Josses. 1nh the lower parts of the Valley,
Lthe rainfall i{s less than the potential cvapolranspiratcion.
Upstrcam in the valley,, Lhe amotmit of rainfall increases, an
higher ground elevation puals Lhe suwface Lo Lhie agquifoer further
underground, which reduces the effect of covaporation,

Intense agricultural development (thruugp irrigation) can modify
this picture: evaporation losses from the aquifer would be
reduced, therefore the mound could progress farther away from the
banks. If irrigation water were pumped from wells, Lthen a
piezometric head gradient could be maintained away from the river
which would result in more rapid recharge of the aquifer.

Of course irrigation water could be pumped directly from the
river. One potential advantage of pumping the aquifer is the
reduced distarnice over which the water has to be transported.
Another is the reduction of evaporation losses from canals, by
avoiding long-distance cornveyance of water by canals. Also, by
maintaining lower piezometl ic levels, evaporation directly from
the aquifer s reduced. This s because cvaporation ceases at a
certain depth, on the order of 4-% m, depending on the sodil.
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In sgum, f{rrigation from growclwater, as was proposed by a Boohtol
study in 1976, appesrs Lo bhe particularly promising for the viver
roachos between Bakel and Kaadl, Ateas with aufficient
transmissivity mugt be fdentified bofore omba King on a massivae
avaluat fon study.

Below Boghe thoe aquifer (s wmore or losg saline., Flushing oul the
saline water from the uppear layers of tho aquifer and roplacing it
with excess wators from tho viver during wet ycars may boe a
feasible and desgirablo altoernative to conslider,

All these alternatives seem worthy of investigation, A model
should be used for that purposae, as outlined In the recommen=
dations section. 1t would e the best way to maximize the returns
from the extensive Investment that the piezometric network
represents,

The Manantall Dam Area

The Manantali Dam is built on the Bafing River. Bafing means
black in the local language, and the river is so named because of
the dark color of the water, derived from the fron-rich rock
formations of the watershed and banks. ‘The Bafing provides' over
half of the flow of the Senegal River, and collects lts waters In
the Fonta Dfalon mountaing, fn Gninca, al an altftude of 800 m,

Hydrogeologically, in the Manantall area there are tlwee aquifer
formaljons: one layel' situataed above the future wmaximum rreservofy
level (which must have been feeding Lhe Bafing through springs): a
second, artesian formation (fractured pelites) with a typical
plezometric head 1 m above the below-dam river level (which also
feeds the river); and Che alluvial aquifer below the river proper.

Unlike the Lower Valley of the Sencgal River (at least below
Kaedi), the aquifers in theiManantali Plateau are replenished by ;

rainfall.

The network of 20 piezometers installed by the Malian Ministry of
Hydraulics and Energy proved to be extremely efficient. All
plezometers reached the targeted two upper aquifer layers. Data
collected from these pilezometers over the last two years have

already shown that the effect of the waters in the reservoir,

rising as it is being filled for the first time, has not

propagated downstream of the dam. These data show a good response

of the piezometric head to river level, corroborating the

mechanism of aquifer replenistment frowm rainfall in the upper ;
plateaus, and gradual draining into the river. Data collected ;
from the three piczometers situated on the reservoir banks g
upstleam of the Dam will show Lhe amount and extentl of bank '
storage. This bank storage will contribute to the storage

capacity of the reservoir. On the other hand, evaporation losses

will be important. At the dam, a figure was supplied of 1.8 m of
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wator depth to ba losL Lo evaporatlon annmially, over a veservolr
aroa of agome 400 gguare k) other estimates are hiphor, ovor 2w,

As a4 gido romark, It can be conjectured that the [neroased
ovaporatfon will result in fncrcasoed ratifall and thorotoroe
runoff. Such rafnfall would not necessat ily oceur ovor Lho
reservoir or the watershed of the Bafing River, but ft might fecd
anothor trributary, for example the Bakoyoe or tho Faleme, and thus
not be conmpletely lost Lo Lthe systen.

The network of piezometers s excellent and [t ig magnificently
maintalined and operated. Readings arc taken every Lwo weeks
Instead of the requisite monthly, and the network (g operated at
minimal cogt as a one=-man operation., It should be maintained in

the foresececable future,

On a more peneral level, it can be obsevrved that groundwatler is
abundant In the region. A simple modeliry exercise can show the
extent and best location of wells to supply villages, including
wells for villages recently relocated from zones that are now
flooded. Abundant groundwater would also support (rripated
agriculture, although marketing problemns related to the distance
from uiban centers make the idea less atiLractive. ,

Other factors also favor developmeinit of this area. With the
planned completion of the hydropower station in 1996, there will
be plenty of cheap enevrgy avallable locally. A cannfng . industry,
tied to irrigated farming, or some other industry that would
beriefit from cheap powel’, could be envisioned in the areca.
Eventually, of course, transwmission lines will be built to carry
electric power to the three capitals of Bamako, Dakar, and
Nouakchott, but power should be cheaper at the source.

ACCOMPLISHMENTS OF THE PROJECT

1
The project output can be grouped in three major categories,
namely the groundwateyr monitoring system, the set-up and training
of staff for data collection and management, and thie developmernit
of the capability for groundwater data compilation and managewent.
The original Scope of Work was adapted and modified over the
course of the study, as dictated by encountered “"field"
conditions, new technology that became available, and adjustment
of study goals. The variance of actual from planned outputs and
its documentation is discussed in Chapter 5. Here, two of the
major products of the project are described and discussed: the
plezometric network that was established, and the computerized
database system GES that was developed for the management and
analysis of the piezometric data.



The Plezowetric Netwoi'k

The observation network covoers some 1151 gpatial data pointg, of
wvhich approximately one half are newly-fnstalled plezometers and
the rest are sclected pre~existing wells Iin villages.
Determination of the location of the pilezometers was basced on Lho
specifications of the Project Paper. The critoria were the
following:

1/ a densivy of 1 plezometelr per 100 hectares fn the zone of
the largest agricultural perimeters (shallow piezoneters).

2/ along 10 transceots of Lhe Sencegal River Valley (shallow,
mnadiun, and averape depth), spaced al a distance of 10 kmn ancd
above.,

3/ average general density of 1 set of plezometers (all tluee
depths) per 100 square Kilometers,

4/ along transects a few hundred meters apart, rear the Diama
Dam.

5/ pre-determination of target aquifer formation LhaL
pilezometer was to reach.

All criteria were satisfactorily met.. Given the size of the study
area (1,200 ki long), Lhis is a very representative network that
can be useful for many years Lo come,

This sample is representative of the study area In anotheyr way
that has not been exploited. The drilling of over 500 bore-holes
produced the same number of corce samples, which reveal -- o1 would
reveal if properly studied and analyzed -- the geology of Lhe
sample area. The availability of these core samples gives the
potential for a textbook-cquality study of the geology of the
Senegal Valley, without the problems and the cost of first taking
samples. It would be a shame to discard a resource of such
interest and potential value, without first extracting from it any
further benefits that are available. These samples should be

analyzed,

The network of plezometers was very carefully evaluated by Bolke
(1989). He ran tests on several randomly selected piezometers,
and was satisfied that they were properly installed and providing
valid data. Vandenbeusch (1988) also evaluated the network and
found it satisfactory. Visual inspection by the evaluation team
at various sites concurs with the abhove findings.

The question has arisen as to the possibility of defining a
limited size netwoirk for the purpose of 1reducing long-tetm
operating costs. The preoccupation with cost is serious, and the
idea merits some thought.. It would be a pity to completely abaridon
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any portion of tha network., The entire nocuwork should be kept
oporational, fnoluding the networks of the upper valleys ond Lho
Manantali arca,

It would appear Lhat some cost savings can be achioved hy Grafoning
thae orow of monthly [nspectors (also known as NeLwork Monitor fng
Agonts) Lo achiieve more with fewer peoplao.

The Data Manapgemernt SysLem GES

The computerjzed data management system of the GMU compt ises threoce
aclements: Groundwater, SURFER, and GES,

The program Groundwater records historical (nformation about, the
obgservation points: location, depth, geologlcal strata, etcoc,

The data management system GES (for Gestion des Eaux Souterraines)
is of particular interest because of [ts unique features and its
newness. Developed specifically for the GMU, it s written in the
CLIPPER data base language. CLIPPER Is a derivative of the well-
kniown language cBase I[1I+, but it is faster. The reason for
selecting a higher order language (as opposed to BASIC, FORTRAN,
PASCAL, or C) is that i{t already incorporates a family of standavd
functions for creating relational data bascs, thus making the
development. of a system faster, more systematic, and therefore
lLese prone Lo orror,

The basfc data are plezometric heads, strecampgapge clevations,
meteorologfc data (ralnufall, temperatwe, windd), results of
permeability tests, listL of maps (Lthe maps Lhemselves are not
saved in the computer, for example in raster form, but vectorized
maps generated by the software SURFER are saved in the database),
data of geologic formations and others. These data bases are
interrelated by origin, e.g. piezometer identification number,
date of data collection, range of level of observed value and
others. Thus, these sources of information can be accessed for

1

direct intercomparison and report presentation,

The GES system is entirely menu driven, so that all applications
can be accessed from the screen with appropriate guidance and
help-screens to elucidate the proper way of proceeding. . An
innovation in this regard consists of allowing the user to edit
the help-screen and add his or her own remarks or instructions,
thus making the help-screen more effective. A foolproof feature
is included which prevents the user from accidentally erasing the
already existing text. Some graphical software was also written
in the PASCAL language specifically for this project, Dala
management and some analysis modules avre incorporated in the
system. No groundwater flow simulation wmodule exists at this Lime

In GES.
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The goftware BURFFER was ngtallad on the recommendat fon of Lho
consultant. Hollway of USGS, who also providaed trafnfng (o Lhe
program's uge, Thig fg another [nstance where tho bhroad=gpoectrum
capablility of USGS conuributed (mportantly Lo the profject.,
SURFER, ag onc eloment of GMU's computerization, providos the
capability of making and printing maps showlng the locatfon of

water data,

The entire system rung on a set of three computers, a Nopthgate
386 and two IBM XfTs, cach performing as an avtonomous work statton

and linkecd by way of the LAPLINK softwate. The hardwatre
requirements are as follows:

1/ Central menory, 640 KB (prefcerably 1 MB)

2/ Graphics Card CGA

3/ Printer 17 cpi, 1% inches wide )
4/ Hard disk 120 MB, Lo accommodate the ever-expanding database,

For recompiling and linking the progiram, the system should have
the CLIPPER and PASCAL compilers,

Considering the adequacy of the equipment now in use by the GMU,
one of the IBM XT computers shows signs of terminal wear; it
should be replaced as soon as possible. 1In this replacement,
consideration should be given to upgrading to a 386 machine, fully
compatible with the Northgate computer. In the resulting setup,
the Northgate could be dedicated Lo data management, data entry,
and upkeep of the GES system, with the new computer dedicated to
analytical work. 1In particular, it would be used to access SURFER

and other application software,

The old IBM XT has minfmal. salvage value, 1 replaced, ft should
be turned over to OMVS, where it could be used for training
purposes, Any intensive professional use (s likely Lo result in
early bhreakdown and termination of yhe machine’'s usefulness.

The system as thus upgraded should be able to carry the operations
in the foreseeable future (1 to 2 years). Any future upgrades
should be carefully examined in relation to future project needs,
numerical modeling capability, graphical (map) interfaces and
other conditions that will arise from a future study effort.

The GES system overall is efficient, robust (has fail-safe
features), and extremely useful. 1t is also easy to use. Anyone
who can learn the instructions of a word-processor should be able
to learn this system also. 1L renders the product of this
project, i.e. the vast set of data, alive and attractive, If
properly disseminated (or advertizecd) it can create quite a
following of intcrested pactics from numerous other national
agencies (for example, SAED, SONADER, DNHE, 1SRA) or institutions
1ike ORSTOM, CIEH Ouagadougon, etc,
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The foregoling statemont, abotil, GBS (6 Lo o cortaln oxtont a
agtatament. of the poal, Lhe target, vathoer Chan the real vy, GES
18 a new program, and wanr developod for thig speofflce uso, It
does not nave the long history of wuwor feadback and oxper lonved=
based ref fnoment that necesesarily poou (nto a computer progiam Lo
make {L ontirely cave~froeoe. ft can boecons ovorything pood Lhat
has been safd about. ft, but at presont [t (s sLill a (ragile
system and it occaslonally reveals problems (n uge., For oxamplae,
during the visit of the cvaluation team, a problem developed that
the local staff (unassisted) was unable Lo resolve,  Telephone
contact with the designer of the propgram brought ingtructiong that
led to resolution of the difficulties, butl this sort of thing can
be expected to happen agaln, perhaps repeatedly, over the next
several months. Access Lo the program's degigner or someonce with
equivalent skille and knowledge of the program should be assured,
50 that GMU will be able promptly to cope with such difficulties,
if and when they arise.

wWhile several separate and distinct software programs are usced by
the GMU, they are commonly spoken of collectively as "the GES
system.” That ugsage s rceflected (n this report, which also uses
the acronym GES to refelr to the GMU's combination of programs.

QUESTIONS ADDRESSED BY GROUNDWATER STUDIES

The Project Paper describes (on pape 106) the alm "to establish
within the OMVS a system for monftoring and investigating
potential groundwater problems.... The system will address:

a. Recharge/discharge relationships... (between Lhe Senegal
River and the aquifers);

b. Changes In the groundwater regime... (from the operation of
the Diama and Manantall Dams):;

c. Irrigation potential from groundwatcer in the Matam-Boghe
sectot,

d. Water quality in domestic and livestock wells, resulting frow
changes in river flow, ivrrigation and use of fertilizers,
pesticides and other materials: and,

e. Groundwater dynamics, including water-logeging and salination,
in and around irrigatced perimeters.'

Neither these research topics nor results of the studies are
mentioned as outputs of the project., The evaluation team
construes this to mean that there was no obligation to perform the
studies, but only to establish a system capable of doing so. The
list of research topics constitutes a very ambitious program of
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stiadler, vonderad ovaon more formidable by Lhie oxtoent of Lho stikly
arcea, fron Lhe Delta Lo Manantal { dome 1, 200 ki away .,

Tha profoct, has In fact made a great deal of progroess toward
answoring thoeso questions, and Lthe tools hiave bean dovelopoed Lo
cont Inue Inproving on Ltho atwwels (i Lhie years Lo como.  Bach
Lopie td discusged geparatoely in vhie following suction, and [n Lhe
next gectfon some roecommerclatfons for futuro work are offorad,

Rechavge/Discharge Relationships

This cquegtion i of primary lmportance in the Delta region, but [t
is also fmportant Ln the Matam=Bophe scctor, The major £indlmg s
that the cffcect of the river on the surrounding aquifers (e
limfited to a narrow zone cxtendimg 200 Lo 500 m from the riven
banks. "This should calm fears that the saline aquifers would risc
as a result of increased levels n the river from operation of the
Diama Dam. However, this appeascment or calming should not lead
to complacency. The entire uvystem, cspecially in the Delta, is
controlled by vertical exchanges and by evapotranspiration,
Increased frrigation will causc vise of Lhe aquifer. Effcecllive
drainage of the perimeters must be provided. Furtherr detalls avre
given in the discussion of studies necded forr the future, in this

chapter.

73

Changes in Groundwater Reglme from Diama and Manantall Daws

The forepoing discussion leads Lo and supports the conclusion that
the changes in the groundwater regime are not a direct consequence
of the operation of the dams, but rather are a result of the
increased irrigation. Expansion and proliferation of irvigated
perimeters should be in compliance with a comprehensive master
plan for the management of surface waters and groundwaters of the
Delta. Such a plan should include a network of canals for
irrigation, and canals for the evacuation of drained (saline)

waters.

Irrigation Potential from Groundwatevr

Other than the fact that the limit of influence of the river on
the aquifer does rnot extend beyond 500 m, the study did not
further establish the potential for irrigation in the Matam-Boghe
sector. The question, involving as it does not only water
resources but also soils, topography, weather, human resources,
markets, etc., is too complex Lo be appropriate for the scope of
this study. The feasibility of irrigation using groundwater would
be a very interesting topic for a future study, but the study
should be of restricted geographic scope in order to be of
manageable proportions. A Pilot Project approach is suggested.
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wWater quality considoerat fop

The study of water qual ity [(n domestic and |ivestock wol ly, and
changes tesultiig Crom chanped tn river (low, rrbpation and ke
of fertilizers, pesticided and othoer materials fg an agpeot of Lhe
project that should also be lefty for futuare stuady. Such an
effort, lLike the foregolng one, should be of manageablo
dimenslong: a pilot gtudy would be a recasonableo way Lo start,

Groundwater Dynamics, Salination and wWater-logping near
Irripated Perineters

This 1 amoiy: Lho most crucial probloms affecting apticultural
development In the Delta, and the fmportance of its beling properly
and adequately addressed can hardly be overstated. The problem
needs t.o be addressod both at the level of individual perimeters
and at the level of the overall water supply and evacuation
framework for the Delta. The first of these roncerns can be
addressced by GMU, as is (urther discugsed wneder Modellifmg.,  An
Integrated Masterr Plan s needed for water management in the
Delta, addressing the supply of fresh water via a systoem of
canals, and also the disposal of the drained, wmore salline water,
Developnent of such a plan should involve diverse viewpoints and
multiple agenclies. Jdeas on the formulation of such a study are
given In another scctlion of this chapLor,

STUDIES NEEDED FOR THE FUTURE

Envirommental Impact of the Dams.

The consequences of raising the level of the lower reaches of the
Senegal River include inundat. ing certain areas inow above water
level -- except whelre protected by dikes. The world-famous bird
refuge at Djoudj is one area that will be affected. Concerns are
being expressed that the flooding of additional land now used as
nesting sites will have an adverse impacl greater Lhan was
foreseen earlierr. A comparable park in Mauritania will be
similarly affected. Such concerns should be put to rest, or else
corrective action taken, depending on thie £indings of a study.
Both the effect on nesting sites and probable bird population, and

the consequences for agriculture and the qualiLy of life If bird
populations are decimated, should be iluvestigated.

Analysis of Core Samples,

While the geology of Lhe valley is of far less concern Lo this
study than the hydrogeology, Lhe core samples produced in the
drilling of more Lhan 500 bhore-holes represent a resource of both
academic and practical fnterest, Ef fort. should be made to locate
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an interosted fngtiltution, and Lo arrange for the analysafg and
intorpretation of these coro samples and thoe voporting of the
gaolopgical oross-saotion of the Honoapal Vallay which they
represent.,

Groundwatoer Mode Ll f,

Modael ing was suggostad by BRGM fn 1988, and the use of a spacif le

model was proposed. Lator, a USGS consultant recommended agafngt

modoll iy on the grounds Lhat the proposod model was fhapproprfate
and Lhat Insufficlont Lime romalned Lo develop a sultable model .,

There arce Lwo fundamental proevoguisitos (ot a successiual model Loy
effort, In addition, of course, Lo Lhe Lime and resources for G
a good understanding of Lhe physical system at hand, and a psood
understanding of Lhe problems orr questions thal Lthe model will bo
called to answer. Both elements are very impovtant, because the
level of understanding of the physical system dictates the cholice
of model, while Lhe level of detail required and Lhe questions
asked determine which processes must be included in the model.

In view of the level of understanding of the hydrogeolopic
environment reached from the data collected of this project, and
with a clear perception of the problems that neced to be addressed,
the evaluation team recommends tLhat a systematic modeling effort
be undertaken. As a Clrst slep, Conce diapgrrams can he drawn, to
give a plctorfial representation of the various stlralipgraphic
formations.

The modeling effort should be Lhe object of a comprehiensive study
directed by the OMVS (with funding from any reliable source ovr
combination of sources). The study should address all areas of
the Senegal River valley, so as to achileve economies of scale.
Each of the three major arcas of tlie river basin has ifts own set
of physical processes and relevant questions. These are as

follows:

For the Delta: The scale of groundwater influence is small, the
size of one or two {rrigation perimeters. The predominant
movement is vertical. The wodel should be three-dimensional and
should include the processes of evapotranspiration, percolation
(with perhaps the need to incorporate tlie unsaturated zone), and
the capability of simulating the effect of dirains. The model will
be used to determine optimal location and size of draing 1in
relation to depth of frrigation, so as to control the rise of the
saline water tLable.

The larper scale problewm in the Delta {s that of the management of
surface waters, Irvrigation waters, aicd the wore saline waters from
the drains. A master plan should be drawn to determine the
network of canals for furrigation, and jts mirror image for the
disposal of the drained (saline) water, The appropriate scale for
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thig model would be, for oxample, Lhoe entiro left baok,  Tho
dataflod groundwater models of Lhe varlot porimotors will provide
tho flowe Lhat the noutwork would bo dosipghod Lo ovactato. A
larper-geale groundwator model may also be ndoed to evaluate the
feasibll Ly of tluahing out. a portion of Lhe galine agqmbfor whotba
U e anderlaln by an fapermeable clay layoelr,

The Delta g an arca whoso potantial hat beon provon since Lho
begiiming of this contury., Uncoordinated, pfecemcal dovalopment,
howaver, will reach, and probably has already rcached, a point of
diminishing returns, A large scale nodoelling effort, auch as is
outlined here should be a Lwop priovity.

The model ling effort suggosted hete (8 nol Lhe same as an
Integrated master plan for water management in the Delta,
Modelling and groundwater expertise should, however, be major
components and contributors to such a plan. Cellule Apres Barrage
(CAB) should be involved, and possibly would be an appropriate
agency Lo coordinate and direct the development of such a plan.,
The sugpgested plan has features in common with the 1989 proposal
of GERSAR for a "Plan Hydraullque powr le Delta”., The effort of
GMU along this 1line should be complementary rather than
competitive with other planming efforts.

Forr the Upper, Middle, and Lower Valleys. The hydirogeovlogic scale
hore s largoer,.  The processes are prodominantly Lransverse to the
river axis, with (in general) small expected varfation
longitudinally.

A model would encompass a reach about 10 km long, and a width up
to 5 or 10 km, in order to include most of the land suitable for
irrigation development. The question that tLhis model will be used
for is the feasibility of pumping water for irrigation from the
aquifer. The aquifer will be replenished from the rviver by
maintaining an outward gradient. "The advarntage of this scheme is
reduced distance of transportation of Lhe water for [rrigation,
and reduced evaporation losses.

Many such models can be sel up in the valleys, starting in the
most promising sector between Matam and Kaedf. Below Podor, the
aquifer's salinity Increases. The feasibility of flushing out the
upper layers should be investigated -- again, by the technique of
modelling.

For. the Manantali Area. Groundwater is plentiful in the Manantali
area. It is replenished, seasonally, by the abundant rain. A
model would encompass an area large cinough to iInclude the upper
plateau where most of the recharge takes place (an area of the
order of 100 square Kkm). ‘The model could be used to deterwmine
best location and amount of water supply from wells for the
varfous villages (recenitly relocated from the flooded zones). It
could also be used foir the determination of larger scale watelr use
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for agricultimoe or fndustry that the (atine avallability of choeap
anergy may attiraot,

An ovaluation should aleo bo mado of theo bank stotapgo rosulting
from the hifghor lovols of the roseorvolr, Thies sLtourage can of fsot
gome of Lhe fwmportant evaporation losses (egtimated at. 1.8 wm ovet
apmmoximately 400 square km of Lhe rogorvolr). As an aside, tLho
flows from tributarios such as the BDakoye and the Falome should boe
monftoraed Lo detect any evontual Increade fn rainfa'l (and
therefore runoff) from the increascd eovaporation,

This global approach to wmodeling has wany merits,
Tngtitntionally, (UL i a proven way of carrylig out larpge scale
gtudios, T will allow cconomifes of sealer one set of wmodel
softwara will be fistalled Lo bo uscd in many applications.  The
repetitive characler of the exercise offoers Lhe best weans for
efficlent Ltechnolopgy Lransfoer:!: tnitial model set-ups will be
carrlied out by expericnced personnel, later applications can  be
entrusted Lo natinnals (with appropriate supervision). Most
important of all, the study will be desipgned to give real and
practical answers to fmportant questjons about the development of
the Senegal River,

Selection of the appropriate software (s also a matter of
tmportance. In the old days, data setup was manual and very time
consumling. Weeks could be spent [n data preparation only to find
out that. if it was possible Lo start over, things could have becn
done better, A model s no longer the solution algorithm alone;
it Is also the enviromment in which the data are preparved and the
attendant graphical interface, because that dictates how easily a
mocdel can be used.

Finally, let us note that no teclmolopy is too advanced for &
developing nation, especially as far as computer technolopy is
cornicerned, because the problems and the questions are rcal, and
the latest technology allows to find better answers more reliably
ancd more ecoromically.

The modelling effort envisaged by the evaluation team would no
doubt involve and justify an entire project, inasmuch as an
expatriate team and a multi-year effort would be required. It is
recommended that the process of fdentification of a project and
study of its feasibility, as steps to obtalning funding, should be
undertaken without delay.
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CHAPTER %

PROJECT IMPLEMENTATION FINDINGS: OUTPUTS AND PROBLEME

PLANNED AND ACTUAL OUTPUTS

The purposes ardd outputs Lo be achlievod Ly the Groundwator
Monitoring Projoct, as thoy were indicated fn the Project Paper
and the Grant. Agreemont., wore as follows:

(1) a comprehensive master plan,

(2) a managemont informatfon systom For OMVS,

(3) a data compilation and analysis systoem,

(4) trained staff for f{mplementation of the Comprelicnsive
Master Flan, and

(5) a network of piezometors amxl observation wells.

The project wae to supply long- and short-term technical
assistance, technical and office equipment and construction
materials, and was to support the overall program with personnel
(including, specifically, the salarlies of local staff of Lhe
project at the central office in saint-Louis and the three sector
offices), and operating costs of dri{lling the piczometers and
establ iching the ohsel'vation woells.

In general, the profject has achifeved sipnif {fcant outputs and has
been satisfactorily timoely. Tn some cases chanpes were made fa
the outpuls required, as time passcd and Che situation cvolved,
The five outpul catepories ave discussced (u wmore detafl helow,

Master Plau.

The project output mentioned first in the list of outputs in the
Grant Agreement was “A comprehensive master plan for monitoring
and solving problems created by hydro-agricultural developments in
the Senegal River Basin." That commi.ment, In retrospect, was
excessive; monftoring was and is fearible, but to provide a plan
for solving any number of as-yet-unidentified and unspecified
problems, and that within the structure of the project, was overly
ambitious, and as such it should not have been a part of the
contract.

Work on the monftoring system went on apace; understandably,
nothirg was done on the master plan, A consultant f£rom BRGM
recommended that modelling be undertaken, and proposcd a specific
model. A conttract amendment with IST! was sipgned on 31 December
1988 which promiscd six reports; Lheso reports appacrently were Lo
be in lfeu of the Master ["lan. 1The Boulke report, based on a
consultancy in early 1989, rcecommencied preparatfion of an interpre-
tative repotrt on hydrology of Lhe basin as Phase 1[I of the
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projeat. Bolke also supported elaboration of a groundwater modeal,
ag revommended by BRGM, as Phase II1 on the condition *hat [t be
found feasible (n Phase Il. 'The Welss teport, In draft latet In
1989, recognized that too little time remained to avhicve a master
pplan, or to undertake any sevfous modelling effort, Welss
recommended combining all techniaal analyses Into one "synthesis
report. ., "

A8 for the six reportg that were promised by I8T1T o the contract
amendment signed on 31 Decvembet 1988: less than a yecar later and
with some nine monthe remaining before PACD, [t was seen as
“impogsible {n the project time remalning Lo do the exteisive
analysis and Interpretation nocessaty Lo write six toports”
(cquoted from September 1989 draft version of B, Wejss' report of
January 1990)., Instead, a major report would bhe done which would
have chapter's addressing, perhaps [n abbreviated form, the toplics
of the promised reports.

These recommendat{ons were approved and adopted at project, OMVs
and USAID levels in 1989, and the agreement was made official at
GMU headquarters on January 30, 1990, ‘'I'his agreement constitutes
a de facto deletlon of the requirement of preparing a compre-
hensive master plan, substituting a Syntheses Report that would
focus on the Delta. Thus, the Synthesis Report, when finally
completed and submitted (it was still in draft at the time of
evaluation), will meet the contractual obligations for- the 1ISTI
reporting requirements, as well as the requirements of prepdring a
comprehensive master plan.

With the Master Plan requirement deleted and ifts replacement
requitrement met, the first-listed Output is fulfilled,

Management Information System.

The term and the requirement for a "management information
system’” {8 somewhat ambiguous and subject to alternative inter-
pretations: a 'systeme de gestion'” or a "systeme d'information."
whichever was meant, the requirement has been met.

A management system would be a suUstainable, easily verifiable,
probably manual, administrative and accounting system, meeting
high standards and acceptable to USAID. Inasmuch as the GMU was a
newly-created entity, starting out with an efficient and effective
system was important.

This kind of a system of information for management has been
installed. The system that is in use is8 basically a traditional
account ing and record-keeping system, built around the "Accounting
and Administration Procedures Manual,'" prepared by USAID. while
computerization of records was attempted early in the project's
history, that approach was abandoned because of competition for
the limited computer capability. The decision to use a
traditional, manual system was wise, given that the system
installed should be continued by local personnel after the
departure of the TA personnel. The system has worked well, and
the fact that audits by USAID's Controller reveal no major problem
corroborates that statement.
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An alternative and more commonly-aguepted Interpretation of the
required managemaent. Informatfon system s a “systeme d'infor=
mation," a mevhanism whareby (nformation (data, analysls,
interpretation) collected or developed by the GMU fg transmittad
or pagsed on, Tranamfittal to other entitied for which that
information is of potential use or (ntarest (such as Hydraulivs
Miniptries, SAED, 18RA, WARDA, Cellule Apres Barrage, eto,) would
be ideal, especially (f the (nformation system included (a)
widespread awareneas within the development community as to just
what type of information is available through the GMU, and (b)
faedback from recipients of information, that could help the GMU
orfent. thelr analyses around the needs of their "clients."

Direct digsemination of information by GMU was undettaken, with
distribution of informatifon Lo the member states, but was not
continued. Currently, GMU submite all technical reports and
periodic progress reports to OMVS headquarters in Dakar, thus
satisfylng the second-listed output, Digtribution beyond that
point, to the member states and/or other agencies and organi-
zations, 18 handled by headquarters rather than by the GMU. 1t lis
doubt.ful that maximum avaflability or utility of information to
the potential users is being achieved., A parallel distribution
system, with expectation of feedback to GMU, should be
investigated and (f possible undertaken.

Data Compilation and Analyels System. '

The Data Management System GES was described and discussed in some
detail in Chapter 4. 1Its adequacy forr the task and {ts general
suitability can hardly by questioned. A comment on this output,
relative to what was foreseen at the time the project was planned,
may be appropriate.

Recording of monthly readings on level and characteristics of
water, taken from over a thousand observation points, would soon
add up to a formidable data compilation and management problem.
The requirement that the project establish a system for coping
with this problem certainly was appropriate. However, it
apparently was envisfoned that the system would be based on manual
record-keeping, for the Project Paper and Grant Agreement make no
reference to or provision for a computer or a computerized data
base such as has been installed and is in use. This was no doubt
largely because then-avajilable computer technology for such a
system required larger and more costly equipment than the desk-top
computers that, thanks to evolving technology, now accommodate the
system. In this instance, the project output is much better and
far more powerful than could have been foreseen.

An incident that occurred during the final evaluation provides a
commentary on the GES system. The system broke down, in the sense
that certain important functions could not be performed.

Telephone communication with Louis Brunelle, who developed the
software program, brought a FAXed message with instructions for
resolving the difficulty. This scenario, which could happen
again, suggests a need to keep open present channels of
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cgomnmunication or to establisgh new channels, because loval staff
neod support. and atre likely to continue Lo need {t,

Irainod sStafg.
The fourth-listed output In the Grant Agreement is “"Irainecl
ptaff for (mplementation of the Comprehensive Master Plan.,' A

requirement. to train staff to meet ungpocified and unknown needs
would be unreasonable and perhaps unenforceable; like the master
plan, 1t should never have been tequired, It can also be claimed
that training for the needs of the master plan is irrelevant,
given that there is no master plan,

what should have been required instead, and what the project has
accomplished and provided, is trained staff for carrying out of
the program of the GMU: maintaining and taking readinge from the
pilezometer network, compiling and entering the data in the
management Information system, and analyzing and reporting the
data.

The training program and the training inputs provided in achieving
this level of output are worthy of comment.

The project inputs for training specified In the Project Paper
vere as follows: Long-term academic training in the U.S for three
participants, long-term third country training for six
participants (later reduced to three, for reasons of cost), and
short-term training for research assistants and support personnel.

Training on-the-job was also to be provided, and the trained
personnel were to be integrated into the project prior to its
completion.

Following is a list of the persons who received long-term overseas
training:

In_United_States: Graduate programs 1in Hydrogeology at Utah State

University:
Ousmane Ngom (Senegal), October 1985 - June 1988
Soungalo Togolo (Mali), July 1986 ~ August 1988
Moulaye Driss Ould Guih (Mauritania), Sept. 1985 - August
1988

Ousmane Ngom had another month of training in USA in July-August
1989, when he attended a week-long seminar on computer
applications for groundwater and three weeks OJT in modelling at

USGS.

In France, Training by BRGM, August - December 1986 in France,
followed by on-the=-job training January - April 1987 in country of
origin:

Toumane Diakite (Mali)

Mouhamed Fadel Ould Saad Bouh (Mauritania)

Mamadou Sarr (Senegal)
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The hydromotilfates wore given a monthe of trafndng and Lhoe
controllers (who overdaw Lhe hetal lation of plesomotory) 1 172
monthe (n late 1986, in Lho respective soctor of flaes. e lne
Sangare, sector chief [(n the Delta, and Lhe Contral Off fee
socretary rocefved %0 hours of trafnfop {n Lotus and wordlerfoect,
fn Safnt~Louls, The accounmtant recefved a week's Lrafofig on
off lce machines in Dakar amnd 40 hours on Lotus on Lhe projoect
computarag. ‘The photocopy man had two weeks of Xerox tratning In
Dakar. btnglish lessons have been provided for the gocretary anc
the former Chef de Projot., For many employeet, formal o informal
on=the-job Lrainfng has been provided,

Of the reciplients of Tong-term Lratutiyey [ USA, only Onematice Npom
Ig currently attached Lo the project.  Soungalo Topolo and ‘l'oumanc
Diakite are workfng with Ministry of hydraulics in Mali. Mamaclou
Sarr is with Ministry of Hydraulics (n Dakar. Mouhamed Fadel ould
Saad Bouh has been assistant sector chief in Rosso, Mawritania
since June 1987,

Certainly, the training provided by the project has benefitted the
trainees, and their {mproved capabilities have benef [tted the
project. However, (L (s to be regretted that so low a proportion
of traifnees has bheen retained in project service. The objectives
of USALD include contributing to the trained national cadre’
whether retainecd by the project or not., Clearly, those trainees
who are serving in responsible administrative or technical posts
in the povermments of Lhelr countirfes, whether fne orr oul of the
project, are performing scrvices uscful to their countries. It
has heen accepted policy that oeven whoere retinnecs are
contractually required Lo serve the project -- whifch was not Lhe
case here -- tLhey will normally be released Lo wotrk elsewhiere in
the govetinment.,

From the narrow and selfish viewpoint of this project, the
training component of the project might be considered less than
completely successful, because the necds of Lthe GMU for more
trained people in the Central Office was not met by the training
program. In fact, however, it was not the fntent that all the
trainees should return to the project; GMU would not have been
able to accommodate all of them. The current understaffing of GMU
is more a function of needs of the national services of Hydraulics
and/or budgetary stringency than it is a function of training.

However, strings tied to the training or clauses inserted into the
contracts, to assure that the project's need for trained persons
would be met, should be carefully considered by donors. It is far

easier Lo relax those requirements, and to permit a trainee Lo
take otherr employment., Lhan it is to raoguire him Lo retiun € that
wasn'tL part of thce ovipinal barpalin. .
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Plogomelric Network,

The notwork (ot obusorvat ton of plozometr e levels was desor baed
and discusged {n ChapLor 4, fn view of maltiple evaluat fore
attest iy Lo Lthe adeguacy of distribution, fndlal lation, quality
control, eue,, no more necds Lo be gafd; this outpat b beon
fully achioved,

With these interprotations and wodif fecations of some of the
original contractual oblipatfons, (4L appears that all of Lhe
required outputs have beon satisfactorily achfeved,

CHANGES IN METHODS AND INPUTS

Although the planncd outputs of Lhe project were satlsfactorily
achieved, some of Lhe means or the techiniques by which they were
achieved were at varfance from those plammed and described in the
PFroject Paper. This section discugses the principle varlancos,

soucce_ of. TA_Personnel.,

The Project Papelr wag very speceiffc about obltaining the Long-Letm
technical assistance personnel from UsSGS undelr a PASA apreement.,
However, (L owass notl dope thal, way,  Whon Lhie USGS person arrived,
he could speak no French, and fU became clear Lhat he was nol,
prepared to live and work {n Saint-Loulis., He returned Lo USA
within a couple of weeks. UsSGS was unable to provide a
replacement, so another source of personniel was sought, ‘The
contract was awarded to International science and Teclinology
Institute, which provided the services of Mr. Denis Richard, who
served from January 1985 until the end of the project.

The Administrative/Finance Officer was Lo be supplied by USAID
under  local direct-hire arvangements. ‘I'his procedure was
effective. Mr. James Onofrey served from the ifnception of the
project (June 1984) until March 1987. Mvr. Timothy Rosche took
over the post {n May 19487, Lo serve until PACD. There was a Lwo-
month gap between the assignments of tliec Lwo officers, but there
is no evidence that the gap caused any sel ious problems, due in
part to interim assistance provided by Alfred schultz of USAID's
Agricultural Research Project.

Short-term consultants were to have been supplied by USGS. Some
10 man-months of consultant time were supplied by ISTA (Brunelle,
Migneault, Fortin), 6 by USGS (Bolke, Hollway, Weiss), and 1 1/2
by BRGM (Vandenbeusch). Use of ISTI as the primary source of
short-termers was reasonable, given that the principal adviser was
from that comparny, but several of the USGS consultancies provided
inputs that were crucial, and more extensive participation by USGS
would have been welcomed. :
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A Lo Lhe qual (f leatfons and capablit ity of the consultants who
wora brought to scrve the project, congidorable difforence of
opinfon oxiste, tn view of USAID's dtandat-d procedm-os {or
seloction of pordomel, whoreby tho qual ifications of the
candidatoes are cirontated and the guccoesstal candidate wast be
found acceptahblo to all partios, all parLicy muesl aceopt o gharoe
of the raegpongibility for seloction,  Hindsipht, of conrsoe,
pernits comparfgons: naturally some consnltants were boettor aid
more prodoctive that othors, It s pointicys Lo dwell on Lhe
parsgonal fvios, work habite, cte. of fndividuales,

One feature of the use of congultante appears at (irut examinat ion
to be out of balance, Soveral of tho congultants made maltiple
visites to the project, wtayligy for short periods and rotaridng for
another visit after ounly modest Intervals.,  On cluser examination,
the multiple Lrrips appear Lo be not junkets but vigites (ully
justified by such consfderatfons as jx opressive availablilivy of
data or computer equipment, or trajuee Lime, faplementation of
proposals made on earlier visit,., cto.

A common crfticism of USAID's persoimne ! selrction system,
regarding the length of time requfved vo e v the neoed, draft
the necessary documents, {ind the ! 0 ners.on 2ad Lo et hin
approved by all parties, and pgel him w, Locadd, applies Lo this
project. as well. As an examwple, {rov ‘he vwi'ef visit of USGS'
candidate for the Consultim: Englne vosl oo the arvival of Dends
Richard, nearly scven months elapse. . on L othier haael, Luarnover
in personnel, another common difficonicy, def fuely was nol a
problem In Lhis proicet.

Vehicles.

The original plan and budpget provided ‘o cctiebnlitation of
vehicles already possessed by OMVS, Hoe :wveyr, these vehiicles were
found to be in such condition that vehusilitation was not
economic,

and new vehicles were obtafned ifnstead., Proper maintenance of
these vehicles during the Llife of the project has resulted fn
their condition at PACD being such that, when they ave wurned over
to OMVS, there will be a reasonable expectation of another couple
of years of useful life before they need Lo be replaced --
assuming continuation of proper maintenance.

Plezometer Installation.

The original Intention, cxpressed in Lhe Project Papoer, was Lhat
the network of piezometers would he fnstalled by the OMVS uging
equipment. supplied by the project, with crrews and materials
financed from the same somrce.  Subsequently it was decided Lhat
the objectives of effecliveness and cefficiency would be belter wmet
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i Ltho il ling and ingtallations woere done under contiacte,.  ‘That,
meant., in Ltho cases of Sonepal and Mau itandfa, conti acte with
private-goctor Mfrms,  This doecision was approved and supportad by
OMVE and USATD,  The privato=goctor § hem SAFOE was goloctod, o
carrfoed out, the plozoneter Tnetallations (o Sonepgal ol

Mawn ftanfa, fn Mall, the DNHE (Diveetion Nationate d Hydyand (oue
ot. do |'Enerpte) has conductod wall-dirf L) ing oparations for yeardg,
and wag fully competent to parform the nceceded work, which Lhey did
with success,

The decision to do the work wder convradct was soud.,  ‘The
administrative burdan on project. personnmel was thorehy reduced
sfgnificantly from what (L would have been, and the private segtot
anterptrires (diilling companfes) wore cnabled Lo develop rathoer
than state-supported entities. ‘I'he fmpact on emp loyment occurtred
in the private rather Lthan the public sector, but (s mapnitude
probably was not much different. The (lexibility and prapgmat Lem
of OMVS and USAID in acceptfing such a change is to be applaudec,

The decision to use contractors for Installlngy plcZzometers came
after Lhe new vehicles were boupht.,  More vehicles had bheen
obtalned than would have been essential (o supervision of
construct fon and subscqguent operation of the nelwork, As a
resuly, the project had fewer Lranspory problems Chan norma’l, and
the vehicles at PACD ate probably fu botter condition, pliven thelr
agce, than usually happons.

Staffine.

The staffing pattern of the project and the organization within
which {t operates has evolved over time; this was revealed by
organigrams examined in Saint-Louis. The changes are for the most
part related to modifications already mentioned, especially Lhe
contracting-out of piezometelr installation and attendant
reductions in need for directly-employed staff, oir to normal
rearrangements to improve efficiency.

One major staffing champe came about in mid-1988 which deserves
comment. There was long-standing disagreement over technical and
otherr matters amoiy; Lhe Consulting Eoplineer and the tliree Chiefs
of the Central Office, such Lhat these four teclmical persons 1Ln
the project were not functioning as a team. To resolve the
impasse, the head of Lhe GMU and the Chiefs of Operations and of
Data Collection were sent back to thejur home fnstitutions by tLhe
OMVS High Commissioner. Ousmanc Npom was assigned as Chef
d'Operations a few monLhs later, and subscquently he was named as
Chef de Cellule. The other posts were not and still have nol been

filled.

Inasmuch as the program of fnstalling plezometers was larpely
complete by that time, dispensing with the services of the
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suparvigor of that. work was ot complotoly wnceadgonabla,
Unfortimatoly, woro way at glako Lhon possible redumclinw o,
Momantum waes Jost, and gralfing had not Dbeen ap Lo proper steeniglh
at any tiwme sinca,

Beforoe the High Commigsiong 't aclion <ais Lakon, thoe deteriovatjon
of working ralatfondghips rosulted in vivtual cossation ol Lhe
techinfcal advancoment, of the projeat.,  For geveral montles, an
axpattiate sorved ag projoect divector.  ‘Tho now Chef de Celtula,
when he arrvived, had to “learn the ropes, " and Lhie Consal Gy
Engineer's coaching hin interfored with othor duatios,
Institution-buflding offecty wera dealt o sertous blow by
reduction of qualified national profoessfonal stalt of the coentral
of f {ce, Lo unly one person, Bonefits Lo fadividuaals, (o Lerms of
training from the experience of serving, as countoerparts Lo
aoxpatriate professionals, have been redoaced, and the nvmber and
dqual fty of analyscs that conld be done daring the 1ife of the
project have also suffered, More difficull Lo appralse (g the
loss of momentum, loss of [nsLitutional presence, perhaps even
loss of Lhe critical mass necessary (ol survival of Lhe GMU,

The Central Office of GMU has been able to function with an
abbreviated local staff while It was (leshed oul with Ltwo long-
term expatriates ardd of ten one o L\wo wmore short-Lermers; progress
could be and was made. In the future, without the expatriate
staff, lmportant analytical work and the disseminatfion of
technical Information, which will bhe sccen as the "raison d'etre”
of the GMU, can hardly be accouplished with the staff that will be
available. 'This s bhecause of the priority that is given to
administrative matters, which will leave Insuff{icicent time for
analysis of data and preparation of vreporis. ‘The ability of the
GMU to continue to function, and jts viahility as an operational
unit, are both in question bhecange of tha timited staff,

The GMU needs to have additional national personnel assipgned.
Long-term assipgnment of at least one worae professionally-qualiflied
person to the central office s serfously nceded. 4n addition, or
as an alternative ({{ budgetary stringency dictates, hydrologists
from the Nationmal Scrvioces of llydrologists could be sent to the
Central Office of GMU (or periods of perhapls two mopnths, durng
which time they would learn about GES and how the data are
processed and analyses propduced. Not only would this permits
them to return to their home institutions as supporters of the
utility and boosters for the use of GMU outputs, but they could be
evaluated as potential full-time GMU staff members, for the time
in the future when finances permit and demand requires more staff
and increased output,

Lvxpenditures.

It s not within the compeltency of tLhe cvaluation team Lo do an
audit of project (fnancial rrecotrds, but only Lo review aitdd commait
on morce general aspecls of costs.
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The original budpgotary allocation for tho OMVE Groundwalon
Monitoring Projoct wasg ULE 4,651,000, This wag lator incroeasiod to
uss 6.5%01,000, ag shown in the table, wra 4.  Actual funds
obligated for the project havae been (1 1ine with the reviged
budgot,, and the amovnt remaining Gmdpoent) as of the Lime of
avaluation ig approximataly UsSH2%0, 000,

The origlnal budpget was folr a four=yeat' project; tLhe actual LOP
will have bean 6.% years. Thus the cost per yoar has been less
than forescen: 1.0 miliion per year trathor than 1,16 Mitlion, On
a per=-yealr bagies, actual costs for Teclmical Assgigtance wote
slightly higherr that originally budgeted, Actual Operating Costs
were sgomewhat legs than budpeted, probably due at least fn part Lo
the under-staffing of the Central Offfce since July 1988,

The decision to Install the plezometor network under contract.,
rather than by goverrmental agenicies cquipped and supplicd by the
project,, led to changes 1 the cost stirncture,  Under the original
plan, equipment and materials would have been furnished by the
project as Commodities, and other costs of Lhe {nstallation would
be paid under Construction., Under contract [nstallation,
materials furnished by tLhe contractor were (ncluded {n
Construction costs, 'This had the effect of reducing Commodity
expense while expanding costs [fn the Construction category. ‘The
two categories combined show an Increase of about 50%. Somé of
this increase was due to unforeseen increases in the cost of
materials -- fncreases that would have applied to US purchases of
materfals had the piezometers been done by project crews.

In the aftermath of stalf reductions [n 1988, is was sech as
desirable to evaluate the work done and to review the project
accounting to date. A USGS consultant (Bolke: see bibliography)
ingpected the piezometer nctwork, and Price-waterhouse reviewed
the accounts of the SAFOR contract. Both roeviews concluded on a
positive rote, with no major discrepancics oir problems found.

The USAID Controller has periodically ireviewed various aspects of
accounting and administrative piocedures of the project. The
representative of the Controller's office stated that no complete
audit or review had been done -- evidently because the level of
review that was used revealed no justification for deeper inquiry.

A6 can be seen from Figure 4, amounts remaining in the pipeline
and unliquidated as of the time of evaluation approach a million
dollars, but much of this will be used up. Even an outsider can
recogniz2 that salaries are to be paid and the costs of the
evaluation remain to be billed. The contiract with SAFOR and
certain other matters will not be finally scttled until after
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Filgure 4
EXPENDI'TURES FOR
OMVS GROUNDWA'TER MONITORING PROJECT
(US$ 000)

L L L L L L L T I u i g AR I e o e K e A PV R

Category original Budget Revlised Budget Unifcquidated
Total Per Yr Total Per Yr May 25 '90
(4 yrse) (6.5 yrs)

AID INPUTS

Technical Assistance 938 235 1,640 252 297

Commodities 1,154 " 630 " 98

Construction 968 » 2,539 " 232

Other/Operating Costs 1,271 318 1,245 192 212

Training ’ 320 hd 387 » 15

Evaluation 0 " 60 » 57
Total 4,651 1,163 6,501 1,000 911

OMVS INPUTS

Project Costs 551 138 650 100

TOTAL INPUTS 5,202 1,301 7,151 1,100

* Not meaningful on an annual basis

Sources: Project Paper
USAID/Dakar, Controller’'s Office
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PACD, and 1L Is not poseiblo at. this time Lo gLata with predigion
how muoh money will vemain, The Profect. Adminfgtrative officm
egtinates that (L could bo as mach ag $289,000, but only about
B25,000 (2 now certatn,

I enough Clme remaling for accompl isghment of further puarchasos, L,
s desirable that some of Lhe Cunds Chat wonld otherwise po vnged
bo spent Lo meel. two alteady-{doent il fod noods: LO roplace one of
the profect's aging compnters, and Lo iy (e a comput or
technfcian forr one lagl session of Lratndig of locgal staff in the
GES software program, If that (s impossible becansoe of
Inswfficiont Line remafndng, so boe L.,

Another well-jusgtified use of s would be Lo support plaming
and staging of seminars (n the momber staltes.,  Those sominalrs
would provide an opportimity folr GMi! to disseminate fipures and
reports pgenerated to date, to demonstate GES ankd what ft will do,
and Lo recelve feedback in discussion groups on how the data and
analyses can be used, The publicity penerated by such an
activity, and general and international recopnition of the
usefulness of GMU and GES, would help Lo pencrate support and Lo
assure funding for future activities, support needed for such
seminars, however, Includes: plannming: determining the target
audience and the list of invitees: arrampging the vene, !
accommodat. fons, and logistics: schedul inyg speakers, ete., as well
aga payimpy for travel costs, facilities akdl accommodat fons, and
related expenses.  Plamnhg and stagioge such af Faives s o skRill in
fte own right, ancd GMU neceds to have that kind of techinical
asslstance provided to i,

wWhatever amount remains atter atl projcect accounts are settiled is
subject to deobligation, but continued support. of the project. as
described above would be a use of Lhe funds that approximates much
more closely the original concept arxl purpose of the project, if
it can be arranged.

ADDITIONAL PROBLEMS ENCOUNTERED

Every project encounters piroblems, and this project (s no
except.ion. Some of the problems have already been mentioned;
several others remain that are worthy of mention.

Yandalism. i

The Project Paper foresaw a problem of vandalism, Tt is hard to
understand why anyone wonld want. Lo brreak open the locked cap of a
plezomcter: there (s vothiinge heside than can be stolen orr asaed,
notr can water be obtalned from §G., Noeverthieless, the caps are
broken opcn, and sometimes materials suach as sand are g, fnto Lhe
wells, effectively destroyim their utility, Continuation of a
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program of eduvation js probably the only feagible solhut fong
hopaftully, when everybody undergtands why the plezometers are
thetre and what. thelr mupore is, the vandals will leave thom

alone,

computer Repalrs.

Computers, like other machines, Ireak down oocaslonally. Usually
they can be f(ixod, but repalis to a complicated thing ke a
comprterr cannot be handlad by the local witah=doctor orr anto
mechanic.  There are other computers n Salnt=Lonis, bnt not voery
many of them, and thore (s no tocal capability for reopaires. 'The
GMU)'s rellance on compnters makes the Cellule very valnerable.
Thie vulnerabli lity shonld bo roducod or eliminated by taking steps
to assure better compnter repafr capability,

The other user of computers {n Saint-Louis, SAED, faced with the
same problem, may have a solution that could be shared if the
costs thereof are shared. Falling such a solution or the
possibility of developing one, the only recourse would be Lo
develop in-house capahility: hire 1t, or train voul' own,

At this stage, it {s not realistic to think of "in-house" as being
within GMU: even OMVS/Dakar does not have full capability,
although tLheli's Is bettor than that of GM/Saint-Louis. Their
malntenance problem s largely resolved by the combinatjon of
their in-house computer specialist, M. Pape sartr, and Lhe local
avajflability of computer specfalistes (private companics) in Dakar,

M. Sarr's qualifijcations should bhe upgraded by trajning on Lhe
hardware and software in use at GMU, and means should be (ovmd Lo
get him to the scene promptliy when his services are needed, It
may be necessary to ChHxd an alternative to M., Sarr., Certafuly |t
would be desirable, althougl perhaps fmpossible at this time, Lo
have 1epafr capabfl ity in Safnt-Louis. Tn view of the alwost-
total breakdown of (unctioning of the GMU Lhat would resnlt from a
breakdown of the computer systcem, hipgh priovity should be given to
establishing a "lifeline” In the form of a system for coping with
hardware problems.

Use of GBS Software Program..

The software program GES that was developed especially for the GMU
is a pood program, and it has becen functioning well., However, it
is a new program, and the probability is high that there are still
fmperfect.ions or “bugs*" in jt. Therefore, tt can be expected
that, overr the next sceveral months or years, problems will arise
in the use of the program. The pofint here is not hardware,
already discussed in Lhe previous pavagraph, but software. An
operators’ manual for Lhe user of GES has becn preparved, and ft
will be helpful, but given the size and level foreseen o1t the
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manual, there probably will he pnoblens boyond e scope.  ACCOES
Lo gomeone who can solve such diff icalties will be nesedod when
thoge probhlems ariso,

An arrangement. js needod whorebhy GHMU can obtain advics and { fod
solutions to computer software problomg, et the preat potentfal
benef it of the program be lost to the GMU, The difficnliy of such
arrvangements serves to anderline the importance of asinge standard
"off the shelf"” computer soflwarce whoroever poasiblo, and of
fnstalling special programe, whero they are necessary, early in
the life of the prajeoct, Lo permit thoroagh “debnmppe g while
project staff are oo hand,

Problems Resulting from Border Conflicis.

OMVS is an international organfzation, and the GMU to which the
Groundwater Monitoring Project is attached is also an
international unft. However, of Lhe Lhree countries that. make up
the OMVS, Senegal and Mawnritania are currently ifnvolved [n
disputes that closed their common border a year ago. The vegular
contact that existed between Lhe Central offjce and the soeclor
off ice at. Rosso, Mauritania was possible to a limtted extent for a
while, but in recent. months, no direct contact at all has been
possible. Indlhrect contact, through postal service, has becen less
than satisfactolry. All levels of administration have suffered,
from personal contacts throngh submission of teports, to delivery
of sparc parts and suwoplles, Lo payment of salarics.

[L I8 not even possible to determine the real extent. of the
probliam, becansce personal vieits and on=site ingpections in
Mawmftanfa have not bheen possiblo., lsven Lthe close~-ovt. of Lhe
project atL PACD will be complicated crommously. Yoo, thore is
little or nothing that project personnel can do to resolve the
problem, otherr than to be patient amd do the best possible under

the circumstances.
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CHAP'TER 6

CONCLUSTONS AND LESSONE LEARNSD FROM CTHIE FINDINGE

Froum the outget, the Groundwater Mounitoring Project appeared to
the evaluating team to be a good project, with a soljd tevord of
acconpl ishments and few probloms, Increasing famillarity with the
project and Lts higtory tempoered the original opt lnisw,  'The
project is still)l a pood moject, and some of e achiovemeonts are
excellant., Howevel, thore have bhoeon probloms, and ceortain
cantfons remain for the futanre,

The conclusions prescntod in the chapter are derived directly fiow
the findinpes, which are extonsively discngsed (o Chaptors 4 and N,

The grouping and summarizat fon here isg intended Lo provide case of
reference. ‘Thy Lessons Learned follow the Conclusions.

CONCLUSIONS

" The long-t *rm Consulting Engineer was not supplied by USGS as
foreseen in the Project Paper, but rather by 18TI.  ‘This change
deferred the start-up of the project by about seven months., 1571
alsce supplied more than half of the short-tera personned,

* The project has stuccessfully installed and operates a
network of piezomoters thiroupghout the study area, (rom which
readings arc taken repilarly.,

* The installation of piezomelters by a private-gector
contractor (n Senegal and Mauwritania, although contrary to the
fntentions expressed (1 the Projeoct Papar, was a sotnkl declsion
and it was successlfilly catried out.,

* Evaluation by consultants in 1989 conf firrmed that the
plezometers were well located and properly installed.

bl Core samples resulting firem the dirflling or plezometcr bore-
holes constitute a resource that wotilcd teveal much geological
information (s analyzed.

" The chronic problem of vardalism and damage to Lhe
piezometaers is befing addressed by a program of teaching. Villagers
are being taught about the nature and purpose of the pipes and
the holes, and how the program will henefit the villagers.

* The long-term training of nationals (n USA produced gqualified
professional hydrogeologists, but only one of the thirece so ttained
is now with GMUJ. The trafinces were not required by their
contracts Lo return Lo serve Lhie projoct, and (L was not oxpoected
that the project. orr the GMU wonld be able to accommodatce thewm,
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hd Third=gountty trafining (in Franve) has railsed the sgkill level
of the trainees, but only one of Linee petsons recelving that

training is now with the project. The other two are serving Lheir
Nationa! SBervices of Hydraulicvs, which as acceptable to the donor.

" The Central Offfoce of CGMU s Inadegquately staffed, and has
been since July 1988 when thiree national engincers were sent. back
to their home counti-ies, to resolve a problem of disharmony
involving thoge three and the Conaulting Englneoer.,

» Adding to the GMU staff, particularly at the profesgsional
(analytical) level, 1is very important to the unit's success and
perhaps even to {te survival,

" Good documentation has been compfled and maintained through
the projeot..

" A powerful and user-friendly automated (computerized) data
base system (Gestion Eaux Souterraines or GES) has been developed
and installed, that is useful for entering data, viewing data and
quality control, data management, analyesis, and report writing.
This program {s supported by the other programs in uge:
Groundwater for geogtraphic and historical data, and SURFER for
mapping.

" Problems have been encountered with “bugs' in this new
software program, and these problems are likely to recur for some
time. Establishment of a system to cope with such problems, is
sorely needed.

bl A good level of analysis has been performed, and will be
presented in the Synthesis Report, for the Delta region and
Manantali. Similar in-depth analysis for the river valleys is
needed.

b Data and analytical findings generated by the GMU are passed
to OMVS, thus satisfying the basic requirement for an information
gystem. Further dissemination is handled by OMVS. Interest in
and need for' the GMU's findings is known to exist. More active
dissemination of data and findings will help to generate support
for the GMU's work, and action to this end should be taken by
OMVS.

bt The hardware to support the computer-based information and
analysis system is in place. Locally, computer repair service is
not available. One of the three computers should be retired in
favor of a new machine. .

* The permanent groundwater monitoring capability represented
by the Groundwater Monitoring Unit (GMU; the French name is
Cellule des Eaux Souterraines) s a very i{mportant institutional
contribution of this project. 1In the future, GMU should be tied
to the agency in charge of management of the dams, AGOC.



411

ol (L fe tmportant thal. the network of piezomelors ho maintained
and Lhat. the program of voadings be continued, ae e Jonger
gerfod of troadings onhonvod Lhe value of Lhe data alteady
acgquired,  The proptram should remain in place,

" The proptam of malntainfing and readiig the piczometers dan b
garrfed out with a limited crow and at roelativoly wmodest cost,
some further cost savings probably e be of foutod,

bl Whifle OMVE has pledped to continue the GMU and ius
activities, and plans to support it (rom revemies Lo be earnod
from water vge charpes and other [(ncome, a poerfod of transition of
porhaps two years can be expectoed boefore that system Is (o place,
OMVE will need external svupport duaring Chat perfod.

* Tie computer ized antomated data base GBS (for Gestion des
Baux Souterraines) (nh itself represents an (mportant element of
the success of tLhils project, Tu fs far better than the system
foresecen in the project design.

" The GES system has analytical capability to addiress many
qgquestions and problems of Delta and Valley apticulture, and has
alrcady supplied some uscefual o inciyys:
-~ Serfous salinfty problems are fmminent fn the belta’
-- Rafsing the river level will in itgell have very little
offact, on Lhe rtmderlying aquifer, et Chat only in a rather
HALT'OW 2o, Intt, addditional (rvipgation will rafse Lhe water
table.
-~ Trrfgatfon (rom pimped growrlwater may be feasible in the
Matam~Boglhe scctol.

* Further study and analysis using modelling would produce
additional information of even greater detail and thus greater
utflicy,

* The Synthesis Report, now lq prepalation, has replaced the
Comprehensive Mastelr Plan as a required output of the project.

»* Other significant ontputs contributing to project success
include the piezometer network and the capabilfties of trained
personnel.

hod The USAID-developed Accounting ard Administration Procedures
Handbook facilitated the establistment and following of a systemn
of project administration that avoided problems and confrontations
with thoe USAID Controllor,

* The closing of the sScoegal -Mamnrttania border has prevented
normal contacts bolween the GMU's Central Offfce at Balnt-Louis
and the Maurltanian Sector Offjce at Rosso, and has resuttaed in
serfous [nefficioncies al all Tevels of administration,
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* The projeact, having achtovod all (te projeolt outpote
agoording to (revisod) plans, must be adjudped a sucoess,

LESHONS LEARNKD

" Departure frrom even the mogt carefully tald plang may be not
only necossary but aleo a wige choice, Al exanple (8 the
nstallatfon of pltezometoerg by contractors tather than by
attempt.ing Lo develop Institut fonal capability.

* The development and instal latton of a gpoecial fzed sof tware
program (GES) took place in Lhig project degpile that there was o
mention of it in the Project Paper and that it was not Fovedeon in
the early stagbe of Lhe project, ‘The jesron s not that it can boe
done casily, for it carmot, Dal rather that major fopute ol htsan
and other resoutrces are needed, andd that sach an effort should
come early in the project, Lo give time Lo "work the bups out”

before PACD.

» Automated computerfzoed systoems are Lhe kind of tochnology
Lthat would always be welcome, whether provided by USALD or another
agency.
* Consultants and similar TA personnel must carry out thelr
duties and discharge tLheir responsibilities in a professional
fashion. Techrifcians who depart from post of assigiment without
having completed the task for which they werce sent there endanger
the credihility of Lhemselves, Lhelt employers, the project and
the donor, and bring cmbartassment on all concerned,

* The transfer of teclhmology Lo natjonals is of viLal
importance. Furthermore, the teclhmology of usce and the technology
of repajrr must be linked; both must be provided If either is Lo
continue for long. The technolopy of repair and maintenance for
computers s likely to be fgnored and left behind, but [t (& of
vital fmpoitance that it be available on a level comparable to the
capabilily for use of the machines.,

* Coordination among projects having similar goals or otherwise
related actvities is usually a good thing, regavdless of Lhe
sources of funding. Such coordination is not automatic. Common
goals of increased incomes and food production in the Senegal
River Basin and similar sub-goals regavding irvigation, hydropower
and navigation might have suggested coordination with other
agencies/projects such as other OMVS entities, SAED, SONADER,
CNRADA, ISRA, Technical Services of Hydranlics, ORSTOM, ctc.
Little or no such coordinat.fon happened in this case. Jt should
be encoutraged, and compattmentaliztion of projects disconragoed,

from the very begiiming.
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* Dacaontral {zation worke, The GMU i manapged from Saint-Louis,
degpitoe OMVS' hoadguartors hefoy, fn Daker,  Dolegation of

regpong (il ity and author ity Lo pertonnel at the projoect dite make
L guite feasthlo for a project to bhe physically apart from Lop
manapgoement., and Lo bo gnccossfual,

* I the objective of Lralndng i Lo provide gual i ied
pargonmel for the fngtitatfon supported by the profoct, Gralneos
should bo cgontractually required Lo roetvrn for service with that
fnstitutfon aftaor trainhy,

hd OQualtfilcations of oxpatriate Tealhnical AsslgLance personnel,
forr both long and short-torm assignments, should be carefutly
eXam hned for personal compat (hility enrl Teargiense skl o well oag
tochnical compotence,

* Good adminfistiration s very fmportant to Lhe success of a
project., It can be fostered by carcful gelectfon of porsonnel and
by establishing a good systom of adminfstration and record-
keeping, as was done in thisg case with the usce of USBALD's
Adninfstrative and Accoun ing Handbook.,
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CHAPTER 7

RECOMMENDA'' TONS

One of Ltho most sorlous tasks of any ovaluation I8 Lo formilate a
gat of recommendatfons.  Thoy are gerfous bus nesg bocandge they po
heyond the operational dotatls of Lthe particular profect alt b,
Thay concern the contination of the effort and the achievemont of
goalr, after the end of USAID's fnwolvement.,  Thoey also way
concern findamental fdeas for future gtuadfes o1 projocts for the
future, Lo facilitate Lhe fall development of the Honegal Rivoer
corridor, and to extend to other areas o projects Lhe technology
that. has hoen succossful here,

The recommendations presented here derive Crom the (indings of
this evaluation., Mosl of them arc discussed {n some detail at the
pointe where they are (irst encountered, in Chapters 4 and 5, so
they are summarized hera, Those that have not boen ment fonocl
previously are treated at greaterr lenpgth,

1. continuation of Program. 'The monitoring of groundwater in
the Senegal River Valley should continue for the foreseeable

future.

2. Funcltional Continufty. The GES databases should remain wxler
the presont aduninfstrative arvanpement., with a Lrained local OMvs

expert in charge.

3, Institutional. Continuity. The prascent Groundwater Monitovring
Unit should be retained and comtinued as tLhe fnstitution charged
with execution of the monitoring program. Within the OMVS
organfzation, the GMU shiould be linked Lo Lhie structarre in chavge
of operation of the Qams: AGOC, Agence de Gestlon des Ouviages
communs .

4. Transition Perfod. A transition period of perhaps two years
may be recognized during which OMVS will attempt to establish
funding and administrative arrangements with promise of
continuity.

5. Bxternal. Suppart.. During the transition period, continued
external support to OMVS will be needed. Such support should be
supplied in threc arcas:
- Malintenance aixl repaftr of compulers.
- Application arkd Lrouble-shooting of the GES softwal'e
program, hy supplylinge the services of a compuler spoecial isu,
- Lechnlcal assistance Lo Lthe Cellule des EBaux soutervaines,
in the form of a short~-Letm expatiriate senfor adviser in
hydrogeciogy.
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0. Inereagfog Lhe glize of glaff, At least one addiUional
profoesfonally-qualified parson, « hythaoloplst o hiydiopeoloplst,
sghiould he added Lo the statf of the Contial Off fce, Lo assfct with
data analysis and repor U proeparation aod dideombnatfon,

l Pamporary Staff. A o weans of oxpandlng and expaneling
public awareness of the work, outputs and potontial contr thut o
of GMU, tho Central offfceo should receive hydrolopistes of moembor
states' Sorvices of lydraulics who woutld be sont Lo Salnt-Loudig by
thelr apgencleos, on a Lomporary duty o detachoed gervice basis, for
porfods of perhaps two months. Some tratnbng could take place,
and candi{dates could be fdentif ied anedl evaluated forr possible
future employment. at the Central Office, whon financinge permibs,

., Hacdwas'e _forr the GLES sygtem, One of the two IBM X'T1' computers
should be replaced ag soon as possible, [ possible, the
replacement. should be a 3486 machine, (ully compatible with the
Northgate computer, The old TBM XT, [ replaced, should be tuarned
over Lo OMVS, Lo be used for trafnfogy, pnposes,

9. Maintenance of Computers. The GMU's usce of computer
tochinology has {ts “"downside” in Lhat the entire operatfon can be
paralyzed by a breakdown of the computer cyuipwent.  ‘This vilner -
abllity should be reduced to the extent possible by provision of
repalft capabllity., ALl opLions shonld be bnvestipatod; the boest,
possibilities appecar Lo he jolnt arrapements with othor comprter
users in Salnt~Louls, and upgrading Lhe capabilities of OMVE/-
PDakav's best cwployec(s) whitle also arvanpging fov oexpoeditions
service from Dakatr whoen (U s needed,

10. GES._Softiware Program. Gvery effort should be made Lo resolve
resfdual difficulties fn Lhe operation and use of the GES softlwalce
program, so that as of PACD the progiram will be fully operatjional.

It would be tragic if the showpiece that has been called "the
major accomplishment of the project'" were not even operatjonal
when Lie project cnds.

11. Groundwater Modelling. Modelling is a useful tool, but it
should be included in the activities of GMU as a tool, addresscd
Lo specific and relevant questions, rather Lhan as & prestipe-
building exercise.

12, Priorities _in . Modelling. Fence diagrams constitute the flrst
step in all areas. For the Delta, a thiree-dimensional model
should be used Lo determine optlimal size and location of drains.
For' the valley, models for areas of perhaps 50 to 100 square km
should be used Lo study of the feasibility of pumping srotmdwaler
for irrigation. lu the Manantali ateca, wmodelling could (a)
determine best location and potential supply from villape wateln
wells: (b) evaluate the potential of prommdwater for large-scale
supplies for apriculture ot [ndustly, and (¢) evaluate bank
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glLotage for [ty possible contribnatlon to the stot apoe capacdity of
the reosorvolr,

13, Plamning Lor Modaelding. 'The wmodel g el fort onvisapoed by
the evaluation teawm would no dovbt fnvolve and jast ity o ot fre
project , fnasmuch as an expatl bate Coam and a sl Ul -yoar of fort
woulld L roquiroed, LUt recommended Ut tho prociops of
fdent iry tiyy and descr tbing a projoect and study oy FLe Toasibility
should hoe undertakoen withont dolay,

14, Uge of GMU Output in Llanning Development.  The protndwater
data and analysos already avallable and those to be fortheomingg fn
the futwwre can make real contribatiomns Lo plivninge of g fenl tinal
developwent (n the Basin, (neluding the smich-needoed messter prlan
for water management fn the Delta, and the desipn of a pllot
project/feasibility study of {vrigation (row groundwat.er vpstioam,
such use nust ho encowraged, by wider dissemination of data and
findings, and the propgram of disscemination should begln with GMU
finftiatfve.

15, Somipars. A practical device forr obtaining publicity and
cnhancing the popularity of and demand for Lhe GES propram and |us
output would be a series of seminars. Such seminars mipht fecatine
presentation of the results of the study, demonstration of the
model and how It s used, and thouphtful papers and discussion
proups on application of Lhis toecimolopy Lo problems of the
Senepal River Basfin., Semfnars should be piven at several
locationg, and in cach of the member states: at Saint-Louls,
Dakar, Bamako, and Nonakchotl. Development of plans o such
seminars should be a fecature of the [nterim suppor't to GMU by
external souwrces of fundihigy, and unspent Ookds frowm Project 620~
0958 should be allocated Lo support. of this activity §if possible

16. Publications. Another way to briwg the GES propram and its
capabilities to the attention of potential users is through
publications. Pro[esslqual papers and popular articles alike
should be used. The GMU should consldderr contributions Lo
professional publications such as the National Bulletin
Meteorolopique, Bulletin {iydrologique, and others. Repular
contributfions could highlight recent (indings, especially those
related to season o1 other events.,
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Boope of Work (ot the Evaluatlon

7
ALR.A250-) (10-86) . PIO/Y. Mo 6B5-0958-3 dodeq. ... vage B of 12 pages
2. Taska
A, ntakion for the evaluation team will come feom an

in-depth familiarity with the Project Paper, in partlcular Section III Project
Description, Pect C Project Components, Annex A Technlcal Analyslis, and Annex
D Logical Pramework. The team will be responsible for reviewing the project’s
goals and objectives as set forth in the Project Paper and then appraising the
project’'s progress toward the achievement of these goals.

B. In order for the evaluation team to be able to effectively
perform their tasks, they will need to become familiar with the following:

(a) Plezumater petwork: criteria for placement and quality of
construction to determine if the network is a viable tool to meel the

tochnical objectives of the project.

(b) Data Base: State of computer capability and quality of
data to evaluate its effectiveness as a tool for the storage, consultation and
analysis of the data collected,

(c) Pergonnel: Degree of expertise and level of effort
crequired by project staff member to determine if data collection and analysis
is being conducted in an efficient and cost effective mannor that will allow
for its continuity (either through the Member-States or OMVS) after PACD,

(d) Documentatjon: Review all available documentation
including the technical repocrts issued by project staff, quarterly progress
reports, Bolke, Brunelle and Vandenbeush reports, etc..

(e) Implementing Agzency: An understanding of the structure,
administrative and political functions, and operational procedures of the
Organisation pour la Mise en Valeur du Fleuve Sénégal (OMVS).

C. The evaluation team will cacry out the following tasks:

* assess the overall current status of the project, and the
progress made towards the achievement of objectives;

. * determine what project goals have been met, what goals will
be met by the PACD, and determine what goals require an extension of the PACD,

for how long;

% jdentify the reasons for delays, and make recommendations for
full achlievement of all project objectlivas;

* recommend how the remaining project funds (after PACD) can be
most effectively utilized; :
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e determine what recommendations can be made Lo help ensure the
project's continuity after PACD;

D. In additlon, evaluation team members should expect to conduct g
(lald trip to visit several plezometer gliqy, conduct visits to the
Saint-Louls and Rossu sector offices, and, if possible to fly to Manantall to
visit the sector office there, as well as to fly over a large part of the
SBenegal Rivor Valley to get an aerial perspoctive of the project area.

£, The evaluation report is to provide empirical findings to answer
the above-montioned questions, conclusions (interpretations and judgements)
that sre based on the (indingd, and recommendations based on an assessment of
the results of the evaluation exercise. The evaluation repoct ls also to
provide lessons learned emerging from the analysis.
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APPENDIX C

L18T OF DOCUMIENTS CONSULTHD

Audibert, M. Delta du Fleuve Senegal: bLlude Hydvologlque, |,
Generaliteeg et Rapport de Sunthege, Salint-lLouls: Organisat.ion des
Btate Souverains du (fleuve Senepal., 1970

Audibert, M., and Filippf, C., Influence dJde La retenue de DIAMA sur
la napve salee Jans le delta du fleuve-~rapport d'expertise, Burcau
de Recherchoes Geolopiques ot Minilores. 1984

Bolke, EBdward L. and Jertry C. Stephens. Senepal River Valley
Groungiwater Monitoring Project: Summary Repott on Plezometer
Bvaluat {on, Febiuary-March 1989. Portland, Oregon: U.&8, Geological
Survey, Open-i'{fle Report 89-411. 1989

Brunelle, Louis. Rapport d'Intervention Projet Eaux Souterralinesg
(Version Preliminaire), Baint-Louis: Cellule des Eaux Souterraines,
OMVS/USAID. 15 juillet 1988

Cellule des Eaux Souterraines. Presentation du Projet OMVS/USALID a
l1'Attention des Etats Membres de 1°'0OMVS, 1@ Texte; 2: Annexes,
Saint-Loufis: OMVS, 5 Janvier 1987

Cellule des Eauy Souterralines. Proces-vVerbal de la Rencontre du
Proiet Baux souterraines avec les veprescntants du Hauts Commisariat,
de 1'USAID ct des Etats-Membres. Sailnt-Loudis: OMVS/USALID,. 24 Jduin
1987

Cellule des Eaux Souterraines. Projet d’'Amenagement des Eaux
souterraines: Situation. Saint-Louis: OMVS, 12 Juillet 1989

Chef de la Cellule et Ingenfeur Conseil. Rapport d'Avancement des
Travaux. Rapport Nos. 1 - 18 (issued periodically). Saint-Louls:
OoMVS, Cellule des Eaux Souterraines. '

No. 1: Janvier 198% - 3 Avril 1985

No. 2: 4 Avril 1985 - 17 Juillet 1985
No. 3: 18 Juillet 1985 - 30 Decembre 1985
No. 4: 20 Decembre 1986 - 27 MaJs 1986

No. 5: 29 Mars 1986 - 28 Juin 1986

No. 6: 29 Juin 1986 - 30 Septembre 1986
No. 7: 1 Octobre 1986 -~ 5 Janvier 1987
No. 8: 6 Janvier 1987 - 30 Juin 1y87

No. 9: 1 Juill=t 1987 - 31 Decembre 1987
No. 10: 1 Janvier 1988 - 31 Mars 1988

No. 11: 1 Avrr{l 1988 - 30 Juin 1988

No. 12: 1 Juillet 1988 - 30 Septembrce 1988
No. 13: 1 Octobre 1988 - 31 Decemnbre 1988
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NG, 14t t Janvier typy - 31 Mars 198Y
No. 15¢ 1 Avi i) 1ugn - 30 Judin tosg
No. 106t t Juitlet {99 - 30 Hoptembro 1989
No., 17! { Octobtre tugy - 3 Decoembie 1989
No. 14: f Janvier (990 - At Mars 17190
Diakite, Boubacatr. Notes sw los Activites do ' lExpert charpe dos

Operations sur le Teiraln pour la Povfode du ler Janvier 1udb au 14
Julllet 1988 (date Je la cessaltlon de Service), saint-Louis:
OMVS/USAID. Julllet tony

Dioge, Diegane. Fapwort final de 1'Expert Analyste, Jujllet 1988.
Balnt-<Louls! Projet Baux Souterraines, OMVS/USALD. IRET

Hmeriah, Moussa Ould. Rapport de Synthese des Activites du Projet du
ley Janvier 1985 au 15 Juillet 1988 (Rapport de IFin de service),
Saint-Louis: OMVS/USALD. 1% Julllet 1988

Ngom, E. Ousmane and Denis Richard. Techhwologies Nouvelles et Gestion
des Grands Fleuves, Saint-Louls: OMVS, Direction des Infrastructures
Regionales. Avril 1989, Presentation to the CERL - 9MVS Conference in

france.,

Price-Waterhouse. Controle Financier du Marche de Travaux de
Construction d'un Reseau de Forage Peizometres dan la Vallee du Fleuve
senegal. (Report of audit) Dbakar: Price-Waterhouse, Inc., 7 July,
1989 (Two volumes with same identif ication but different content)

Richard, Denis and Ousmane L. Ngom. Rapport Hydrologique de synthese,
1986-89, Volume 2. Saint-Louls: OMVS. Mai, 1990 (In Drafyi)

USAID. Project Papelr: OMVS Groundwater Munitoripng Project (625-0958)
Dakar: USAID/Senegal. July 16, 1983

USAID. Proiect Paper Supplement: OMVS Groundwater Monitovring Project
(625-0958) Dakar: (USAlID/Senegal. April, 1987

USAID/Senegal. Accounting and Adminjstration Procedures Manual
(for OMVS Groundwater Mopiitoring Project). Dakar: USAID/Senepal Date
not shown.

Vandenbusch, Michel. Rapport de Mission de Consultant. en
Hydcogeologie, 12 Septembre - 7 Octobre 1988, Saint-Louis: OMVS,
Cellule des Eaux Souterraires, Octobre 1988

Weiss, FEmanual. Modelling Feasibility Study four the Scnegal River

Valley Grouund-water Monitoring Project. Safnt-Louis: OMVS. [Feb. 1990

Weliss, Emanuel. Ouganization, Methpdology and Limitations of the
synthesis Report of. the Groundvater Monitoring Project of the Senegal
River Valley. Sa‘nt-Louis: OMVS, 27 February 1990,
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APPENDIX D

PTINBRARY AND LIST OF CONTACTS

in Henegal and Mali, April 25 - May 29, 1990

N
(3,4

wWed. Apr,

Thur. Apt. 26

Fri. Apr. 27:

Sat-85un. Aprt.

Mon. Apr. 30

Tues. May 1

Arvival in bDakar of Dr. Reeger and Drr, Dendrou

In bakar. Briefing in USBAID/Dakar: Willlam Egan,
Projeagt Officer; Gilbert Haycoouk, Ditrector WML
Jean LeBloas, Project Manager: Seydou Cisse, I’RM,
Meeting at OMVS: Babali Dewme, Director of DIR,
and Bakary Ouattara, Chief tlydrogeolosist.,

Trevel by car to salfmt-Louis,

In Saint-<Louls: Meetings in OMVS, Cellule des Laux
Souterraines. Meeting with Jean LeBloas,
USAID/Dakar; Ousmane Npom, Chiel, OMVS/DIR/Cellule
Baux Souterraines; Denis Richard, 1811
Hydrogeologisl and Principle Adviser: Tim Rosche,
USAID Administrative and Financlial Off icer: Louls
Brunelle, 1STI computer expert; LEmandel Weliss,
USGS expert in Hydrogeolog.. ,

20-29: Study of project documentation

AM: Demonstiration of GES software program by Louis

Brunelle.
PM: Visit Lo Diama Dam arnd inspection of

plezometers
with Lamine Sangare, Secctorr Chief at salnt-Louis

Holiday: International Laborr Day. sStudied project
documents and began outline of report.

Wed~-Fri. May 2-4: Discussions with project staff, stu.ly of

documents, progress on organization of report.
Interview with Mr. Ouattara of OMVS/Dakar,

Sat-Sun. May 5-6: Trip to Manantali, Mali a..d return to Saint-

Louis via chartered afircraft. Meetings with Mr.,
Garan Konare, OMVS, Chief of Dam Operation, and
Moustafa Toure, Sector Chief, Monitotring Project.
Vigit to dam site and 1nspection tour of dam.
Inspection of piezometers.

Mon-Tues. May 7-8: In Saint-Louis. Discussions wiLth GMU staff,

Drrafting, printing and review of preliminary
summary of findings.



Wedl, May 91 Fiteld trip Lo Poador by o, with 1w Rosche,
Admin, Off tver, and Lamine Dangate, Saint-lLouis
fleceolr Chief, tnspoctior of plezometet s,
observat fon of apt il al areas and deve lopment,
of i ipated porimelers, Hetinn to Saint-Lonis.

Thur, May 10: Trip Lo bakar, Discussion in USAID of fice of
preliminary Findings, lLessons, Conclusions, and
Recommendat fons, with Haycook, Epan, LeBloas.
Retiyun Lo Saint-Lowis,

Fri-Tues. May 11-15: In saint-Louis. Draftig, review and
discussion, revision of 1report,

wWecd, May 16: Printed and made copies of Draft Final Report.,
Travel Lo Dakar .

Thhae. May 17: In Dakat: Debirief hwy, at. OMVE for Deme and
Ouattara,
Debrief ing of USAID.
Discussion of propram for {inalization and
translation of report.,
Drr. Dendiou depatrted ot ISA,

Fri. May 18: Retinned Lo Saint-Louis. Review and discussion of
draft voeport,

Sat-Tues. May 19-22: In Saint-Louis. Review and discussion of
draft. report. Collection of additijional information.
Preparation of maps, completion of forms, elc. for
inclusion in final report. Intensive revision and
editing of duraft report.

Wed. May 23: Travel to Dakair. Sessions with USATL persoimel on
techimjcal aspecls of Lhe report.

Thur-sun. May 24-27:' [n Dakar. Further sessfions with URAID,
Bditing, preparation of executive stmmal'y,
(inalization of fovrms, maps, oto,

Mon~-Wed. May 28-30: Receipt and incorpotation of comment f{1om
OMVS. Printing, copying, binding and subwiss{on of
Final Report.



