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Tho p ro joc t  aims t o  :lolp t h e  Orgnnlsation pour l a  Mise en Valeur du Flouve 
SQnLgnl (OMVS) o s t a b l i n h  and s t rongthan a  se l f - sue ta in ing  groundwater u n i t ,  
t he  Ccllu.le dos Eaux Soutorrn inos ,  i n  Saint-Louis,  Senegal. Thle f l n a l  
evaluation wiio conductod by n tonm of lndupandant e x p e r t s  on bahalf of USAID, 
on the  bnsie of a  review of p ro joc t  doc~~ment s  (including progress  r e p o r t s ,  
maps, c h a r t s ,  f i c l d  i n s t a l l n t l o n  r e p o r t s ,  and t h e  ,FXnal Synthes is  H ~ p o r t ) ,  
in terv iews and conferencss  wi th  p ro joc t  pnrsonnel and concerned o f f i c i a l s  of 
OMVS and USAID, v i a i t s  t o  numerous s i t e s  important t o  t h e  undurotanding of t h e  
context  of t he  va r ious  compononts, and I n t e r p r e t a t i o n  of t he  d a t a  i n  the  l i g h t  
of t he  e x p c t t s '  vnricd and broad cxporlcnco. The purpooo was t o  i d e n t i f y  
s i g n i f i c a n t  l e s sons  l ea rned  i n  the  cs tabl i shmont  of t h e  groundwater monitoring 
u n i t ,  and t o  a s s e s s  t h e  impact of t he  p r c j e c t  on OMVS i n s t i t u t i o n a l  
c a p a b i l i t i e s .  The major f ind ings ,  conclus ions ,  and rocommendations a re :  

- A network of piezomcters was successful:y i n s t a l l e d ,  l a r g e l y  ba a  
pr iva te-sec tor  f i rm,  and readingn a r c  taken r e g u l a r l y  by p r o j e c t  s t a f f .  - The computer program is v a s t l y  b e t t e r  than could have been fo reseen  i n  t h e  
P ro jec t  Paper. Howevcr, Ces t ion  Eaux Sou te r r a ines  (GES) is a new program and 
i s  not  ye t  f u l l y  "debugged". - The c los ing  of t h e  Senegal-Mauritania border has  precluded t h e  kind of 
con tac t ,  c o l l a b o r a t i o n  and in spec t ion  of work t h a t  i s  necessary f o r  t h e  
complete success  of t h i s  i n t e r n a t i o n a l  p r o j e c t .  - I t  i s  s t r o n g l y  recommended t h a t  OMVS mobil ize t h e  f i n a n c i a l  and t e c h n i c a l  
resources  a s  needed f o r  con t inua t ion  of t he  Groundwater Monitoring Unit (GMV) 
of OMVS and i ts c u r r e n t  a c t i v i t i e s  beyond FACD. - Some of t h e  computer hardware should be replaced a s  soon a s  poes ib le .  - The GMU should endeavor t o  pub l i c i ze  i t s  work and t h e  GES system through 
dissemination of r epoz t s  of d a t a  and a n a l y s i s  t o  p o t e n t i a l  u se r s  i n  t h e  t h r e e  
member s t a t e s ,  and t o  o t h e r  i n t e r e s t e d  persons and agencies .  

The eva lua to r s  noted the  following l e s sons :  

- Al te rna t ive  methods may achieve  aa  much o r  more success  than those  planned 
i n  t h e  P ro jec t  Paper. F l e x i b i l i t y  is d e s i r a b l e .  - Computers and computer programs a r e  welcome technology, but s u c c e s s f u l  
es tabl i shment  and s u s t a i n a b i ? i t y  r e q u i r e  time t o  g e t  new programs debugged, 
and c a l l  f o r  t r a i n i n g  and suppor t  not  only  f o r  use  but  a l s o  f o r  maintenance of 
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A,I,D. EVALUATION SUMMARY - PART I I  
_ U -  . I 

-7. 
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J, Suntmrry ol Evnlurllon Plndlnor, Conoluolonu nnd ~ e o o m m r n d n ~ l o n r  (Try no1 lo rxoood tho lhroo (3 )  p r g r ~  provldrd) 
Addrrar tho lollowlng l l a m o ~  

Purpoae of ovnlunllon nntl rnrlhodolo(ly uaod Prlnolprl rroommondrllonr 
Purpoae of ro l lv l ly ( lo~ )  ovdlualad Lraronr  lsrrnod 
Plndlnua and oonolublom (rolnla lo qunallona) 

M l ~ a l o n  or Olllor: nd Dn b 01 Fill Evpluall n Ra or lo oil#!! 6roundwatcr konltorPns Froject 
USAID/Scncgnl Final Evnluati,on, dtd May 1990 

1, Purpose of the Projcct: - 
The OMVS Groundwotcr Monltorlng project aims to help the Organisation pour la Mise 

!n Valeur du Fleuve S6n6gal (OMVS) establish and strengthen a self-sustaining 
;roundwater unit, the Cellule des Eaux Souterraines, in Saint-Louis, Senegal. The 
.ask of this Groundwntcr Monitoring Unit (GMU) is the Collection and analysis of 
~iezometric date from a network of some 1,150 observation points, including 569 
dezometers and 582 village wells distributed in the Delta region; the lower, middle, 
md upper valleys; and the Manantali region. The three-fold objective is to improve 
:nowledge and underutnnding of (1) recharge-discharge re.lationships resulting from new 
ilooding conditions associated with operation of the Diama and Manantali dams; ( 2 )  the 
dfects of irrigation development, and ( 3 )  the potential for developing irrigation 
 sing groundwater. 

11. Purpose of the Evaluation and Methodology Used 

The purpose of this evaluation is (a) to, identify significant lessons learned in 
!stablishing within OKVS a system to monitor and investigate potential problems of 
;roundwater 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 1 capabilities, given personnel and funding constraints of the technical agencies of the  ember States and of the OMVS. 

1 This final evaluation was conducted by e team of independent experts on behalf of 
USALD, on the basis of a review of project dvcuments (including progress reports, 
'maps , charts, field ins tallation reports, and the Final Synthesis Report), interviews 
and conferences with project personnel and concerned officials of OMVS and USMD, 
visits to numerous sites important to the understanding of the context of the various 
components, and interpretation of the data in the 1it:ht of the experts' varied and 
broad experience. 

111. Major Finding8 and Conclusions 

The major findings and conclusions are: 

* A network of piezometers was succes~fully 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 is recorded in a computkr'lied system comprising three linked computers and the 
software programs Groundwater, SURFER and GES. 
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* 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 is not available locally. 

.J 

* 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 
analysie 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. 

ti U M M A H Y (Conllnuod) - 
* Groundwater  reading^ ara entered In an automated (coaputerizad) data base systam 
(called Gestion Eaux Souterrninos or GES) that was developed especinlly for this 
project. Tho GES syetom is n powerful, user-friendly system for entering and viewing 
data, quality control, data managcmont, analysis and roport preparation. Coupled with 
the program Gr,oundwater, which handles historical information about the network, and 
the mapping program SURFER, thc program is vastly bettor than could have been foresaon 
in tho Project Paper. However, GES in n new program and is not yet fully "dubugged." 
(In thin document, tho acronym GES io frequently used to refer to tho entire complex 
of computer software uscd by GMU.) 

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

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

V o o d  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 h ~ s  precluded the kind of contact, 
collaboration and inspection of work that is necessary for the complete success of 
this international project. 

Major Recommendations 

I The major recommendations are: 
* C.WS should mobilize the financial and technical resources as needed for 
continuation of the GMU and its current rctivities beyond PACD. During a transition 
period, while OMVS is preparing to assume complete responsibility for the operation, 
the needs will include temporary Technical Assistance support by a senior 
hydrogeologist and a computer specialist. 

I * Some of the computer hardware should be replaced as soon as possible. Maintenance 
of all such equipment must be asstred 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 poseible future full-time 
employees. 

AID 1330-5 (10-87) Page 4 



I - 
B U M M A N Y (Contlnurd) 

A program of analy~is and modelling should be organized spelling out specific 
studies intonded. lligh on the priority list should be the imminence of need for and 
design of drainaga in the ~elta, and tha potential availability of water for 
irrigation from under~round strata in the Middle Valley and the Manantali area. 

* The core samples collectod during drilling of piezometers ehould bo analyzed, to 
provide insights into tho geological complexities of the Dapih. 

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

* A series of seminars in the member states should be organieed and presented as 
soon as possible. The seminars should feature demonstrations of the CES syetems, and 
discussions of how CMU outputs of data and finding can be utilized to benefit the 
Senegal Rivet Basin and the member states. 

t ' Iv. Lessons Learned 

llessona learned from this project include: 

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

I Computers and computer programs are welcome technology, but successful 
establishnent 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. 

1 Coordination of a project's activities with other 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. 

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

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

/I Advance guidance and direction of administrative and accounting procedures may 
help to keep the project "on track". 

.. 
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u- AIDIW Offloe rnd I30rroworlQrpalp9 On Full R m r l  

USAID/Senegal and the Organisation pour la Mise en Valeur du Fleuve SQniigal (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 should be able to assume now complete responsibility for the continuation 
3f the Groundwater Monitoring Unit (GMU) and its current activities after seven 
years of project implementation. 
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OMVS Grou~'~dwat,er Morrl t o r  11.16 IJro j cct Eval~.~i l t  ion 
IJSnal Evaluat ion 

TIie OMVS Groundwater Monitoring Pr'ojoct a11116 t o  Iwlp Llle 
Organlsat ion pour l a  Miuc en Valour du Fleuve Seriegal. (OMVS) 
e s t a b l l s l ~  and strengtl ien a s e l f  -r;ustaln.ing groundwater u n l t  , t he  
Ce l lu le  des  Eaux Souterralncu,  i n  SainL Louis, Sencgal. T11e task  
of t h i s  Groundwater Monl Lor.Lr1g U l i i  t ( CMII 1 Is the  c o l l e c t  101 I arid 
a n a l y s i s  of p i ezon~e t r l c  da ta  Eron a network of some 1,250 
observat ion p o i n t s ,  irlcluding 560 plezometers and 582 v l l l a g e  
w e l l s  d i s t r i b u t e d  i n  tllc Delta rcglol'l; t he  lower, middle, ar'ld 
upper v a l l e y s ;  and t h e  Manantali regloll .  The three- fo ld  objective 
Is t o  improve krlowledgc and undcrs ta~ '~di r -~g of ( 1) recharge- 
d ischarge  relationships re sill tin^ f ro~n 11cw f looding c o ~ ~ d l  t 1.01-16 
a s soc ia t ed  with operatiorr of t h e  Dlama and Manantali d a w ;  (2) the  
e f f e c t s  of i r r i g a t i o n  develop~nent,  and ( 3 )  tl'le potent ial .  f o r  
developing i r r i g a t i o n  u s l r ~ g  groundwater. 

This f i n a l  eva lua t ion  was conducted by a team of indepel.lderlt 
expe r t s  on behalf  of USAID, on t h e  b a s i s  of a review of p r o j e c t  
documents ( inc luding progress r e p o r t s ,  maps, c h a r t s ,  f i e l d  
i n s t a l l a t i o n  r e p o r t s ,  and t h e  F i n a l  Synthes is  Rek?orL), in tcrv lews 
and conferences with p r o j e c t  personnel. and concerned o f f i c i a l s  of 
OMVS and USAID, v i s i t s  Lo nuserous sitcs import.ant t o  t h e  
under s t a~ 'd lng  of t l ~ e  context  of t h e  va r lous  componel~ts , a1 ld 
i n t e r p r e t a t i o n  of Lhe da ta  i n  t h e  ligl'rt of the  exper t s '  va r i ed  alld 
broad exper ierice . 

* A network of plezo*~~~et .ors  was sl .~oce~;sf u l l y  I n s t a l  l ed ,  l o r e e l y  
by a p r iva te - sec to r  f i n n ,  a~i i l  readings  a r e  Laken regu la r ly  by 
p r o j e c t  s t a f f .  

I * Information b o u t  t h e  network of observat lon po in t s  and t h e  
readings  taken from  then^ 1s recorded i n  a computerized s y s  t a n  
comprising t h r e e  l inked computers and Lhe so£ tware programs 
Groundwater, SURFER and GES . 
* Groundwater readings  a r e  en te red  i n  an automated 
(computerized) d a t a  base system ( c a l l e d  Cestion Eaux Souter ra ines  
o r  GES) t h a t  was developed e s p e c i a l l y  Eor t h i s  p ro jec t .  The GES 
system is a powerful,  u se r - f r i end ly  systela f o r  en tp r ing  and 
viewl ng d a t a ,  qua1 i t y  c o n t r o l ,  d a t a  ma1 ~agcluerrt, ana lys i s  and 
r e p o r t  prepara t ion .  Coupled wi th  t h e  program Groundwater, whicl~ i 

handles I ~ i s L o r l c a l  1nfotrtat.lon about  t.lm  letw work, and tlm n~iipping i 
pro~ra111 SURFER, Ll lo pr'o):l=a~e 1 G vas (.'I y I.)c:t. Let- Llwn coul d I lave becn !. 
Eorosecn In  the  PrujecL Paper. Howc:vo:, GES 1s a 11ew ylugrala and 
IG not. y e t  f 111.1 y "clcl~ugt;ctl. " 1 1 1  I l .1  I l s document., the? ac:r:ol~y~~r GBS 
Is f rcyucn t ly  w e d  Lo refer Lo tile c:~~t.i~. 'u col~rplcx of cor~yuler' 
sof tware  used by GMU.) 



* The hardware L o  uupport  tile progralr is 1r1 p l ace ,  but 0111: of  
t h e  t h r e e  computers shou1~1 be ropl.aued as w o n  a s  por;~;lblc?. 
Support In  t h e  f  orw of' r e p a i r  of  computers ar~cl cfcbu[:gl nr: of  
so f  tware is not  a v a i  la11l.c l o c a l l y .  

* A good l e v e l  of.' a r ~ a l y s l s  Ras been p e r f o m e d ,  a ~ d  w i l l  bc 
r epo r t ed  i n  t h e  f  orrchcomint: Synthes  1 s l icport  , f o r  tile Delta r eg ion  
and Mallantall. S i n r i l a r  in-depth a n a l y s l s  f o r  t h e  r l v c r  va l  Jcys  is 
needed. The CES systcln lrr t h e  Groundwater Monltorlng l l r ~ l t  (GMU) 
has  analy tlcal arid n~ode l l l ng  c a p a b l l i  t y t h a t  cat I n~ako gr'cat. 
c o n t r i b u t  l ons  t o  p lanning  of r i v e r  ba s i l  I dcvelop~ncnt  . 
n Tra in lng  of naLlona ls  i n  USA and 1 1 1  France has  bcun 
succes s fu l  i n  Lerms of s k l l l s  acyuir-ed by t h e  t r a i n e e s ,  but only 
one of Lhrec 11.1 c a c l ~  of t l ~ o s e  pr-ogrars I E  c u r r e r ~ t l y  w l  t l ' ~  t l ~ ?  
p r o j e c t .  The o t h e r  LJ.-alr~ees are working w l t l ~  t he  NaLlonal. 
Se rv i ce  of Hydrau l ics  . 
* The GMU has  been 1r1completel.y s t a f f e d  slrlce J u l y  1988. 
The s t a f f  s h o r t a g e  ha s  r e s u l t e d  1n  less a n a l y s i s  belug done than 
is d e s i r a b l e ,  and has  reduced t h e  p r o j e c t  ' s  ltnpact or1 naLlo11al 
s t a f f  c a p a b i l i t i e s .  

, 
* Good documentation has  been complled and maintained 
throughout t h e  l i f e  of t h e  project; .  

* The b e n e f i t s  L o  be de r lved  from c o l l e c t i o n  and a n a l y s i s  of  
groundwater d a t a  adequa te ly  j u s  t l f  y c o n t l ~ w a t i o r r  of t h e  program, 
and OMVS is pledged t o  do s o .  Budgetary s t~: ingency 1s expec ted .  

* The c l o s i n g  of  the ,  Senegal.-Mauritania border  has  p rec luded  
t h e  kind of  contact; ,  c o l l a b o r a t l o r ~  and inspection of  work tha t .  is 
necessary f o r  t h e  complete s u c c e s s  of t h i s  i n t e r n a t i o n a l  p r o j e c t .  

m- f r o a  t h i s  project i n c l u d e  these :  

# A?.ternat ive methods may ach i eve  as much o r  more succes s  t h a n  
t hose  pl.anned i n  t h e  P r o j e c t  Paper.  F l e x i b i l i t y  is d e s i r a b l e .  

# Computers and compuLer programs are welcome tectinology, b u t  
s u c c e s s f u l  e s t a b l i s h s e i ~ t  and s u s t ; a i n a b i l i t y  r e q u i r e  t h e  to  get 
r iew programs debugged, and call f o r  t r a i n i n g  and suppor t  no t  on ly  
.?or use  bu t  a l s o  for  maintenance of  equipment,  

# Coord ina t ion  of a ~ > r o j e c t ' s  a c t i v l t l e s  wiLh o t h e r  agenc i e s ,  
and i n t e g r a t i o n  o f  inpuLs and o u t p u ~ s  w i t h  such  o t h e r  agenc i e s ,  is 
no t  l i k e l y  t o  happen a u t o ~ n a t i c a l l y .  Ou t s ide  h e l p  and d i r e c t i o n  
may be 1.1eeded t o  ~ n a l n t a i ~ ' ~  broad p a r s p e c t l v e s  and proper  
o r i e n t a t i o n .  

# Decent ra l ized  c o n t r o l  of a p r o j e c t  1s q u i t e  p o s s i b l e ,  g iven  
d e l e g a t i o n  of  bo th  r e s p o n s i b i l i t y  and a u t h o r i t y .  



I/ 'rl.ai~loes s t ~ o u l d  IN contrac1.l.1a.l. .l y ob.1 J catct l  t.0 rat.lllvi t.0 scl'vc?. 
w l t h  t h e  proJctct. o r  t o  the nat iona l  tect inlcal  f iervlcc  or aat..tv.lt:y 
J lnkcd t o  t h e  pro  jsct . 
H Atlval~ce gultla~i~:c and d l r e c t l o ~ ~  o Z  adn1111.lsLrat.lve arld 
accol~r i t lng proceclurrl~s may h e l p  t o  keep tllo p r o j e c t  "on t r ack . "  

+ OMVS should mobi l ize  t h e  f  inar ic la l  arid tectinlcal. r esourcas  a s  
r~eeded f o r  cont lnuat ior i  of t h e  GMU and I t s  c u r r e n t  a c t l v i t l e s  
I~cyond PACD. Durlng a t r a r ~ s l  t l o n  pe r iod ,  wl11 le OMVS is preparlrlp, 
t o  assume complete respotisl bi  11 t y f o r  t h e  operat , ion,  tho rleecls 
w i l l  i nc lude  temporary Techn1ca.L Ass.!stance suppor t  by a Senior  
1.1ydrogeologlst and a computer s p e c i a l i s t .  

+ Some of ttie computer hardware should  be rep laced  a s  soon a s  
posslb . le .  Maintenance of a l l  such eclulpment. must. be ausured by 
er~hanced r epa l  r capabl  J.1 t y  w i  t h l n  OMVS. 

+ Additiorlal proEesslona1 ( a n a l y t i c a l )  and tec t in lca l  (eqv ipsen t  
nall l tenance) sLaf f  a r e  s o r e l y  needed and should  be obtalried. 
t ~ y d r o l o g i s t s  from tlie Nat iona l  Se rv i ce s  of Hydraul ics  should I>e 
ass igned  t o  ttie Cen t r a l  Off ice f o r  t o u r s  of  perhaps two nlonths, 
f o r  t r a i n i n g  and i n d o c t r i n a t i o n ,  and a l s o  f o r  eva lua t i on  a s  
p o s s l b l e  f u t u r e  f u l l - t i m e  employees. 

+ A program of a n a l y s i s  and modelling should  be organized,  
s p e l l i n g  ou t  specAfic  s t u d i e s  intended.  High on t h e  p r i o r i t y  list 
should lx? t h e  imminence of need f o r  and des ign  of  d ra inage  I n  t h e  
Del ta ,  and t h e  p o t e n t i a l  a v a i l a b i l i t y  of  water f o r  i r r i g a t i o n  frofll 
underground s t r a t a  i n  toe Middle Val ley and tlie Manantali a r e a .  

+ The co re  samples c o l l e c t e d  dur ing  d r i l l l n g  of  piezometem 
should  be analyzed, t o  p rov ide  i n s i g h t s  I n t o  t h e  geo log i ca l  
complexities of t he  Basin.  a 

+ The GMU should endeavor t o  p u h l i c i z e  its work and t h e  GES 
system through d i ssemina t ion  of r e p o r t s  of  d a t a  and a n a l y s i s  t o  
p o t e n t i a l  u s e r s  i n  the t h r e e  meinber s t a t e s ,  and t o  o t h e r  
i n t e r e s t e d  persons and agencies .  GMU s t a f f  should a l s o  s e e k  
p u b l l c i  t y  t t~ro~. igh p ~ ~ h l  l.stij ng articles i n  s c i e n t l  E i c  journa ls  and 
t h e  popular p ress .  

+ A series of seminars  i n  ttie member states shoulci be organized 
and presented a s  soon as pos s ib l e .  The seminars  should  f e a t u r e  
clemonstrations of t h e  GES system, and d i s c u s s i o r ~ s  of  how GMU 
o u t p u t s  of d a t a  and f i n d i n g  can be u t i l i z e d  t o  b e n e f i t  t h e  Senegal 
River Basin and t he  member s l a t e s .  



1 . CounLr lea : Senegal, Maurl tan1 a a~id Mall (OMVS) 

2. Project Ti t1.e: OMV8 Groutidwater Monl torine 

3. Project Number: 625-0598 

4. Project' Dates: 

a. Flrst Project Agreement: August 2983 
b. Final Obligation Date: FY 87 (June 30, 1988) 
c. Most Recent PACD: June 30, 1990 

5. Project Funding: 

a. A.I.D. Bilateral Funding (grant) IJS$ 6,501 
, 0(.)0 

b. Other Major Donors: US$ 0 
c . Host Country Counterpart Funds US$ 650,000 

Total US$ 7,151,000 

6. Mode of Implementation: 
AID direct contract with ISTI (Technical Assl~tallce 1 
Personal Service Contract (Teohnical Assistanae) 
PASA with USGS (Technical AsslBtance) 
Host Country Contract with SAFOR 

(Piezometer Network in Senegal and Mauritania) 
Force Account Contract with DNHB (Mali) 

(Plezometer Network in Mali) 

7. Project Designers: I 

AID/Dakar, River Basin Development Office, and 
REDSO/Abidjan 

8. Responsible Mission Officials: 
Mission Directors: David Shear, Sarah Jane Littlefield, 

Ji~l.ius Cales 
Project officers: Hugh Smith, John Anderson, 

William Sgan 

9. Previous Eualuation: 
No previous evaluation of the project. 
Evaluation of Location, Construction and Installation 

of Piezometer Network, Feb.- Mar. 1989 





Figuro 1 The Senegal Rlver Waterstwd 4a 

Figure 2 Hydrogeological Map 10a 

Figuro 3 SuUiviulol-IS oE the  Senegal Rivor Valley 13a 

Figure 4 Exporldi t u r e ~  for OMVS Groundwater 
Mor1.i torlng Project 
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Ag@noo de  Gastion des  oauvragorj Coalnlllnu (Jn (HrlVL:) 
Bwoau do Root ~ o r c l ~ o u  Cool oglcluon o t  Mlrllaros 
Contra  clo Fomat.1011 In la r t ra t  l o n a l e  a La GosL Lon clou 

Resnouruot3 clr Eau 
Card f o r  c o l o r  on colaputcr IIIOI 11to1' 
COIII l t o  Ir~tor-ELaL cl' r;L~#lun Hydra~llic(uau 
C o l ~ t r a  Natlol la1 do Roc1 lo rc l~c  Agi'or ~ u ~ ~ l l y u c  o t  do 

Devolo)qn~~~~c?r~L Agrl c:o Lo (Mawi t an l an  crltllvi~ 1 olll. of 
161th 

Cha rac t e r s  per' l r ~ c h  
Malian D i r ec t i on  Natiorlale do I 'Hydrau l iyue  cL do 

1 ' Energle  
Groupement d 'Etudes  el. de  Realisatlon des  S o c i c t e s  

deAmenagorents Rurales  
Ges t ion  Eaux Sou te r r a lnc s ,  a so f twa re  progran 
Groundwater' Mor~l tor lng Unit  of OMVS 
I n s t i t u t e  Senega la i se  de s  Hecl~erches  Agr lco les  

I 

I n t e r n a t i o n a l  Science arid Tecl~lrology I n s t i  t u t c  
Irrigation, Watcr Managernerlt a1 ltl Engineer i ng Off ice 
k i l o b y t e s  
k i l o m e t e r ( s )  
meter ( 8  
Megabytes 
m i l l i m e t s r ~ s )  
On-the- job t r a i n i n g  
Organ i sa t i on  pour l a  Mise cn  Valeur du Flt?l.we Senegal  
O r g a n i s a t i  on d e  Rec l~e rc l~e  S c i e n t  i Elque et Tecllrliyue 

Outre-Mer 
P r o j e c t  Ass i s t ance  Conlpletion Date 
P a r t i c i p a t i n g  Agency Se rv i ce  Agreement 
pe r sona l  computer 
P r o j e c t  Implen~enta t lon  ~ r d e r / T e c l l n i c a l  Serv ice5  
S o c i e t e  pour  1' Amenage~nent et 1' Exp lo i t a t i o l l  de la  

Vallee du Fleuve Senegal  
S o c i e t e  A f r i c a l n e  d e  Forage 
S o c i e t e  National d 'Equipenent  Rurale (Mauritanian 

e q u i v a l e n t  of  SAED) 
United S t a t e s  Agency for  International Development 
Unlted S t a t e s  Geolog ica l  Survey 
West Af r i can  Rlce Develop~lrer~L Association 
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PURPOSE OF T)IK KVALUATION. 

Tl~e  purpose of the  e v a l u a t l o l ~  was t o  I'oL Low USA1.D st,ar~clard 
procodweu i n  regard Lo c:Los.(ng ou t  of' proloctu of 111Ler1iaLl.orml 
assis tance,  but nlorc? opt?clf~.lca.LLy t o  IclcnLl f y s l g n i f l c a l ~ L  lcasons 
learrled dur ing tl'lc .11splo111c1 ~ L a t  lor1 oZ the pro J c u t ,  10sw1 IS W I  11~1-I 
may be of value 111 f o  1 low-on, relatecl  01' other: projectr.:. A soco1.1~1 
purpose was t o  a s sess  Lhc llrpact. of thc p r o j e c t  on OMVS arrtl L L G  
s e v e r a l  components 11-1 1:espect of t h e i r  I I 16 t i tu t . lor~al  capabl3. l t l e s  , 
p a r  t i c u l a r l y  with r e spec t  t o  thc  o ~ i h a n c e ~ ~ ~ e r ~ t  of those c a p a b l l l  ta les  -- t he  u l~der ly ing  ~no t iva t lon  for' tile o~.'lt;lr~al p ro jec t .  

QUESTIONS TO BE ADDRESSKD. 

The following yues t lons  ind ica te  Llle co l~ec~-na  of t,he e v a l l ~ a t i o n :  

Has t l ~ e  p ro jec t  achieved what 1 L  set out. t o  achieve? If l ~ o t ,  why 
not? What c o n s t r a i n t s  o r  problems wcre encountered? Were they 
Eoresecn o r  I ' I O ~ ?  What s t e p s  were t3kc11 t o  accol~~aodate o r  overconlc 
 then^? W i t t ~  wl  at success'? Wore the 1n.I ~l yat.llrg f a c t o r s  cl ~ol lg l~  t o  
r a t i o n a l i z e  o r  j u s t i f y  whatever shor LEalls way have ensued? I n  
r e t r o s p e c t ,  l~ow could o r  s h o ~ ~ l d  t h l n e s  l ~ a v e  becn done d l£  f e r e n t l y ?  

What lessons can tw l e a r ~ ~ e d  f ron~ t h l s  exper ience  t h a t  can 
cul-rtrlbutc t o  g r e a t e r  suc:co~;s a11cl fewer p'oblell\s f o r  subsecl~~1'1L 
e f f o r t s  o r  o t h e r  pro jecls, where some si1111 l a r i t y  such a s  s u b j e c t  
mat ter ,  teclinology, t a r g e t  populat101.1, sugges ts  t r a n s f e r a l > l l i l y ?  

Of t h e  o r i g l r ~ a l  goals  a ~ ~ d  purpose6 of t h e  p r o j e c t ,  whlcll of then1 
remain t o  be accomplished? What should be done r e l a t i v e  t o  these  
goa l s :  should they be abandoned, o r  should  s o m  e f f o r t  be made t o  
achieve them? I f  t t ~ e  l a t t e r ,  then what should be done, and by 
whom? What r o l e s  st-~ould be played by U S A I D  and o the r  ac to r s?  

A r e  t h e r e  circumstances o r  needs t h a t  have been brought t o  l i g h t  
by the work of t h e  p r o j e c t  which, a l though they may not  have been 
a part of t h e  p r o j e c t ' s  o r l g l n a l  o b j e c t i v e s ,  now appear t o  be 
important arid worthy of follow-up e f f o r t ?  If  so ,  what kind of , 
a c t i v i t y ,  and by wl-im~, is recom~~~er~detl  t o  s u s t a i n  the  pos l Live 
e f f e c t s  of the  p ro jcc t  Lo d a m .  o r  Lo make use of resources o r  



1 data made available by that orfort? In olhur worclo, wtruL tol.l.ow- 
up trotlonu need to be taka117 

1 An alternative olpproaoh to tho uvaluertlon produnuo Lhe Eollowlng 
speaiflo questions and topioa to bo addroosod by the oval.uat.lor~ 
team : 

- Heviow of the projoat's goals and obleutlvos as uoL forth 
in the original Project Paper, and appra.lua1 of tho prosrom 
of the project toward achiovemonl of those goals. 
Consideration of the ralovanue of those goalu at tho preaent 
time. 

- Assossrnent of ttio efEectivenoss of the project and its 
ourrent status, inoludlng what goals have hen IIICL or will be 
mot by the Project Asrjiotarloe Completion Date (PACD), and 
what goals will not be met. What action or support 1s 
needed, and by whom or what agency, to assure continuation of L 
the aativities undertaken and/or supported by the project? 

I - Regarding the aspects of the project that give it its 
unique place in the scheme of things -- the piezometer 
network, the data base, the tralr~od personnel, the 
documentation, the institutional character -- evaluate and 
assess their adequacy and appropriateness, the efficiency of 
the projeot in achieving or providing them, their impapt 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 arc. addresstsd. 

. . 

ORGANIZATION OF THE REPORT. 

Thls Evaluation Report follows tho forn~at; sot forth in AID 
Handbook 3, Chaptmr 12, "Pro jeot Eva:l.uat;:Lon". 

I 

* Chapter 1 providss oriontation as to purpose, quest.ior~s to 
be eddresse3d and roport or~:;~~~I .zal : l  or]. 

* Chapter 2 presents the c:ont.ext of tho Groundwater 
Moni.cor.l.n& Project., inc ludi~~p, its ecxmorn'lc, po1.j.t. S.ca I., 
social, and tochnlcal aspects. 

* Chapter 3 briefly introduces the members o f  the eval.uation 
team and the methods used in tho evaluation. . 
* Chapter 4 contains the major techn~cal findings of the 
evaluation, by task and according to relevance, 
effectiveness, efficiency, impact and sustainability. 

* Chapter 5 presents the findings of the evaluatlorr relative 
to project implementation and admlnis tratlon. 



c.1 VC!l I 1-1 I(: l :(XJ~~l-i3jd 1 1  C ,  1 1ydl'O 1 0 ) :  1 C ,  W.!OI 1 0 1 1 1  I(:, )><)I 1 1, [.l7il 1 i j l ' l ~ l  GOl: i3 1 
co111plexl. t.y of t l  lc :;<!I ~o}:al Iti vcr tic! 1.1. l I I}.:, GI>III ( :  cl I f. I.'CL'CI I(:c!K US' 
oplnlon may be cxpc?c:t.cd. An e f f o r t   ha^ IX?CI.I lnndc to avold Imclnr: 
1naJor co r~c lus io~  IE BIKI I-CJCOIIIIIICI 1daLiol IS or 1.1 I(! s Lutly  01 I 

controvers la l  Eir'ld 1 ngs , and tl'ic authorc; be1 lcve that a ELL-ot'lk: l3asc 
of support e x l s t s  Lor Lhe f l n d l n ~ u ,  r:or~cIl.ls 101 1s and 
recommendat ions repor led here. 



A tk~urnbnail sketch of Lhc Scl~egsl Rivcl- a l~d l t s  Lributarlcs 1s  
r1cccr;sary Ilere Tot '  a I)ct.I.e!r- comp~x?licl 1s lo1 I of tl le pol J t. 1 cn 1 , 
t e c l ~ ~ i l c a l ,  c?conoar ic alrd soc l n l  aulrLcxL of Llm ~ ~ ~ j c c l .  A aorc 
de ta i led  c l c s c r i p t l o ~ ~  oC tilt? S e n e ~ a l  Hivcl' Dasill ard i ts geolocic, 
hydrologic and allmat l c  cl laracteris  t lcs 1s pertinent to L l l l s  
cvaluat ion and 1 s i llc111c.lecl in  Chapter 4 . a 

The Senegal River and I . t s  longest L~:il~utclry,tl~e Baflng An Mall, , 

have a colnbinecl lerl&:tl.l or  1 , UoO kw. '1'1 IC SYGLCIII  dralrlt: a watcxslwd 
tha t  covers an area  of 210, OU0 syua1.e krn l r r  four co l~nt r ies ,  llarrlely 
Cu.lric?a, Mali, Mallrl tallla allcl Selle}:aI (P.11:lu'c 1)  . 
Most of the r a i r~Ea l l  a ~ ~ d  rulroLC u c c l u . ~  . ~ I , I  Llic upper t l ~ i r ~ l  of Llw 
wa.terr;llcd. i n  t.1'1e Fouta, 1)laloli Mol.ll~t,alrrl.: of Guinea, allcl In Mall. 
The h l g l w ~ t  point 0 1 1  t l l c ?  ~ : l v e ~ .  .IG at. all d l ~ i t i l d e  of 1.,400 nl.  

Ul'lotreaa, t l  le r i v e r s  Iiave character is t i c s  LypJ ca l  of aour1t.a.11~1 
r i v e r s ,  r~an~cl.y w c l  I. dcClned banks i 1 1  a IlarJ:ow valley 1. 01' 2 kill 
wide. Three t r i b u t a r i e s  pc~-vc t o  col .lcc:t. t.llc. water's, of Lho upper 
water-sired. The Bailng arid the  Bakoye jo111 aL Uafoulabe 111 Mall t o  
form the Senegal Rivel-. The Falemc, wl~ jc l~  for1116 tile boundary 
between Mall arid Scneyal, e lnp t i c~  1r1Lo Lllc Senegal Rlvcr I'rcar' 
Bakel, where the  borders of the .tllr-ee s t a t e s  joln. Downstreanr 
from tha t  poirrt L l i c  Sencgal River flows 800 KIII t o  the oceari with a 
t o t a l  drop i n  e levat ion from Bakel t o  the ocean of only 17 n l .  The 
lower basin covers only 1/3 of the area  of Lhe watershed and is 
mostly deser t i c .  The middle and lower r iver  valley is l e s s  w e l l  
delineated and i11c1ud~s  a floodplain tl'lat i n  up to. 20  kur wide. 

The hycko3.oglc re,: 1 IIK! of- L tle r J v w  J 2; ell: J ven by OIW rainy seasor') 
per year , w l . ~ i c l  I may l a s t  f r'oln May L ~ ~ I I : ~ I . I ~ ~ ' I  October i n  Ll ~e upper 
wateralled. l 'l~c wal.orc; cul l c c ~ c t i  tl1.11. I I ' I ~ :  t.llat. pel-jot1 ~ I Y :  o f  a 
suf f l c i e ~ l t  q~.tar~l.i. t y  uvct* a ~:cl;ll: i v e  1 y t;l I U I ' ~ .  ~ ~ c r l o r l  ol: L I I I I ~ ; .  LllaI. a 
f.Lood i s  gel ~erat.c?tl. 'l'l~ls Cloud, of var.I;~l, 1.c :.;LIxI'I~:I.II a1 id cil.l~-ill;.lo~ I 
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depending on Wtwthor i t  1s a wot., avo1.alr.c o r  d ry  y e a r ,  f.orcen lts 
way Lo t,ha ouoan aL Salr~L-1,ou.l~. Al.ol~r: L l ~ c  way Lt f l l . 1 ~  al.1 low- 
l y  lrlg a r e a s  1.1'1ulucllng Ll lc. Lac do Gulcrs  at. Lhs conf ~ . I J ( ? I  lo(! o f  Lhe 
F e r l o  Rlvor , a s c a s o ~  la1 slt'oam .I I I Lhe dcesr'L.lc:: a r e a  of r~or'l.l lorn 
Scnep,al. 

Only otmo a year  doen t l ~ c  ScmgaJ. Rlvc?~: I ~ a v c  w o u g l ~  vo.iumc of f low 
t o  r each  Llw ocean. 1)urlnl: t h e  dry soason,  t 'ocesslof~ f l.ows and 
bank s t o r a g e  upat.ro;lr~ a r c  IrmufE 1c.L~ I L  l o  surs'La11.1 Ll~o river , Elow 
pas6 Podor. Ovor Lt~o ~ I ' G c I . ~ c ; I I  l y  f l i l l .  L)c?.lta and Lowcl.' Val lsy,  L I E  
absence  of flow per1111 t u  L l ~ e  ocoarl ( l.f rr~iobt;LrucLud) t o  a r w p  
i n l a n d  a s  L'ar a a  25f'J k ~ ,  rmar Podor. 

From Lhls qu i ck  d e r ; u r l p ~  1011 1 L bocor~et; apparen t  thaL L l ~ l s  y e a r l y  
f l o o d  of tlre Senegal River  Is a va luab l e  1raLura1 r e sou rce .  1'0 be 
s u r e ,  t h l ~  r e sou rce  has long  been tapped, a s  wi tnessed  by t h e  
o p e r a t i o n  of  t h e  Lampsar Marigot,  whlch s u p p l i e s  wate r  t o  t h e  c i t y  
o f  S a i n t  Louis,  a r d  t h e  Lac d e  Guiers ,  whlch has  l ong  Imen t h e  
s o u r c e  of p a r t  of  t h e  wate r  supply for Dakar and w i t h  p r o j e c t e d  
development w i l l  s upp ly  a larger po r l l on .  A system of  d i k e s  and 
f l o o d g a t e s  a l lows  t h e  f l o o d  to  e n t e r ,  t hen  t h e  g a t e s  a r e  c l o s e d  t o  
p r even t  recession ( r e t u r n )  f lows Lo t h e  Senegal River .  

The present-day rnanage~r~er~t of  t he  Sellegal River i nc ludes  t h e  
opera t io r l  of two dams, namely t h e  Manantall  D a ~ n  I n  Mali ,  a 
reserv0. l  r ba r r age  bu l  I. L on tile Baf i ng  tl:LIxrLary, ancl Ll  ~e Dla~lla 
Dam, lleac LIE IIIOULII ol: t.1 ~u 1 .1  vct: . TI le t-cc~~r~~.ly-co~~~~~l.eI.c?cl 
Manantal l  Dale. de s igned  Lo regulate Lhe ~'ivcl. '  flow and Lo ~ ~ ~ ' o v l r l e  
hydropower, 1s 1 r 1  tl'le second yeat' of E l  1.11111: t h c  rese t 'vo l r ,  now a 
l i t t l e  over  h a l f  f u l l ;  t h e  planned I I ~ ~ I - O ~ ~ W O L '  s t a t i o n  Ims riot been 
c o n s t r u c t e d  y e t .  The Diama Dam is designed t o  e l i m i n a t e  s a l t w a t e r  
i n t r u s i o n  and t o  c o n t r o + , t h e  r i v e r  l e v e l s  i n  t h e  lower v a l l e y  and 
t h e  D e l t a .  B e n e f i t s  from t h e  ope ra t i on  o f  t h e  clams w i l l  l n c lude  
water supply ,  hydropower, g r e a t e r  n n v l g a b i l i t y  of  t h e  lower 
reaches of t h e  r i v e r ,  and most i ~ n ~ r l a n t l y ,  a g r i c u l t u r a l  
development th rough  f l o o d  c o n t r o l  and pt;ovision of  water f o r  
i r r i g a t i o n .  

I n s t i t u t i o n a l l y ,  t h e  managcment of t h e  Senegal River  Valley is . 
admin i s t e r ed  by t h e  OMVS (Organisa t ion  r o u r  l a  Mise e n  Valeur du 
f l euve  Senega l ) ,  a n  l r ~ t e r r ~ a t i o r r a l  o r g a n i s a t i o n  of  Mall, Maur i tan ia  
and  Senegal .  OMVS had no p r c - e x i s t i n g  e n t i t y  d e a l i n g  w i th  
groundwater,  a1 though t h e  member s t a t e s  had sonle groundwater 
c a p a b i l i t y  i n  t h e i r  r e s p e c t . t v c  Mdnist.ries of  HyclraulJcs. The 
Groundwater Moni t o r l n g  Uni L (GMU; Fr'elmli naale C e l l u l e  cles Eaux 
S o u t e r r a i n e s )  was e s t a b l l s h c d  i n  oMVS, with its heAdquarters i n  
Salri t-Louls.  Setruya 1 . T l ~ e  c r ' ca l lon  of  t l . 1 1 ~  Ix?raral lent h-tl'uctulx 
w i t h i n  OMVS was a c o n d i t i o n  precedent  Lo t h e  start-up oL' tllc 
Groundwater Monitoring P r o j e c t ,  and t h e  P r o j e c t  was a t t a c h e d  t o  
t h e  GMU. T l ~ e  GMU is L o  t a k c  over  t h e  ~ ~ ~ o n l t o r i n g  p r o j e c t  a t  . t118  
end  o f  U S A I D ' s  i n v o l v e m n t ,  and t o  move forward i n  e x t r a c t i n g  t h e  
f u l l  p o t e n t i a l  o f f e r e d  by t h e  monitorin,: s y s t e a .  



- 1 Firral l y  , the soa l a l  1111pacL of ~rx.u~clwaLcr' I I I ~ I  11 tor' 11.16 w i l l  dcvolvc? 
from the favorable ilnpact 011 Lhc e n t i r e  ganlut of development alorlg 
t he  r iver valley.  '1T1ic (Javelop~~~cr~t  l r~c lc~dss  not only lrt'igatecl 

I agr icu l tu re  but a l so  ~ ' C C C S G ~ O I I  C L ' O ~ J J ~ I I ~ ,  ~a l i11 i t .y  and water- 
logging, Eisherles and the diverse fauna and f l o r a  of the regiorr, 
and local  drinking water supplies.  The resul t ing Increase 111 

I a g r i cu l tu r a l  productlori is expected not orrly t o  reduce the 
national food d e f i c i t ,  Imt a l so  t o  uontrlbute Lo s t a b i l i z a t i o r ~  of 
the population i n  ru ra l  areas,  away from ~netropoll  tan cel'lters . 



D r .  Rseser' tian accur~rulated 18 yea r s  of uxper lenoe  i n  i n t c r r l a t l o n a l  
d e v e l o p w n t  , and has  spen t  soveral ,  y e a r s  a s  a n a l y s t  f o r  ir't l ~ a t l o n  
and water development p~:o lec t s .  H i s  fa1111 liar1 t y  w 1 L t 1  tlle 

geographlc  a r e a  d e r i v e s  from long-terrr  ass igruner~ts  11.1 boLI I Senegal 
and Mall ,  and s h o r t  - l ;c?rm work i n  Senegal., Guinea-Bissdli, 
Maur l tan la ,  and Niger.  H i s  a s s lgn~r l e r~ t s  i n  West A£ r l c a  and 
elsewhere I-lave inc luded ,  i n  add1 Lion to Leotinlcal work a s  a n  
economist,  t h e  d e s i g n ,  a d m i n i s t r a t i o n  and eva lua t ; io r~  of p r o j e c t s .  

D r .  Derldrou b r i n g s  t o  t h l s  assigr11ne1-lt twenty y e a r s  of unique 
e x p e r i e r ~ c e  i n  a l l  a s p e c t s  of water  r e s o u r c e s  syslellls, reanagenlent 
and exp lo i t a t i o r r ,  sur'Eacc water  and groundwater ,  H e  is p r i n c l g a l  
developer  of: a t t i rce-cl i~nensior~al  groundwater flow and mss ' 
t r a n s p o r t  lilodel w i t h  qu lck ,  i n t e r a c t i v e  ir lput d a t a  p r epa ra t i on  , 

f r o s  Illapo 011 1.llo scl-son. He has exlwr. i c?,rwc .[.I I gro1.11 ~dwatcr  
p r o  J u o t s  11 1~1.ucllr 11; o(>~~tijln 111atlo11 ~ ' I Y H I I  pcul.i c.i t l i : ~  i i r d  I ' c I ' ~ .  1 I l z~ l 'k ; ,  
arid t le Is c o l ~ ~ p l e t e  ly  fi 1.uc1-1t i n  FL-CI ICI I .  

The c o ~ ~ l b i ~ ~ ~ a t i o n  o f  backgrounds a ~ ~ d  s k l l k  o f  LIE! a ~ e r ~ ~ b e r s  of Ll ' l e  
e v a l u a t l o n  tea111 a s s u r e s  a f r e s h  look a t  t h i s  coalplex and 
c h a l  l e n g i  I ' I ~  p r o j  ect . , 

The methodology fo l lowed 11-1 t h e  e v a l u a t  1011 inc luded  t h e  fo l l owing  
techniques  : 

* Review o f  a l l  documerk.s of  t h e  p r o j e c t ,  from t h e  Project;  
Paper th rough  p e r i o d i c  p rog re s s  r e p o r t s ,  o t h e r  11i1d-term 
reviews and project e v a l u a t i o ~ ~ s ,  Ll'lrough d r a f t s  of t11e f i n a l  
"Synthes i s  Report". 

* In t e rv i ews  and conferences  wi th  p r o j e c t  personnel  and 
concerned o f f i c i a l s  of  USAID arlcl OMVS . 
* V i s i t s  t o  sites lmportant  t o  an  unders tandipg  of t h e  
c o n t e x t  ahd Ir1tc.l-rt?latjonshlps of tile project colnpor.lents, 
i r ~ c l u d l r  lg botll  Dlalna arld Manantal i Drul~s, ~~unlorous y l c " z o ~ ~ ~ e t c r  
and o b s e r v a t i o n  w e l l  s i t e s ,  and a g r i c u l t u l - a 1  a r e a s  i n  t h e  
Del ta  and Lower Valley r eg ions .  

* Analys i s  of  maps, t a b u l a t e d  and un l abu l a t ed  d a t a ,  and 
r e p o r t s  and o t h e r  docua~entary ev idence  from a l t e r n a t i v e  



i 
Un addi Lion, Ltle~m wau iruct.~ il~Lo~-acLlorl among Ll~o ~ x w l  ccL 
porsoriric?l and tho ovaluatlon Lea111 ~lralirburs, wtro discust-rcd 
thorougtily marly aspccls  of Lt~o projuct ' s  ll~rportar~cc, II.IGLoL'Y, and 
proserrl arrd fu ture  s t a t u s .  Cor~fcrcncuu w l  L h  UGAID pet'r;ol IIIUL, 

I mldway through the acs  lgrlslenL, ~~er'llil Ltod a usof u l  J.~~toract.lorl w l  L l  I 
p ro jec t  off  lcers before L l l c  r'eporl was draf Led. RoacLlorl~; Lo and 
comlnonts on the d r a f t  rxport by pro jout. yc?~.'sor~nel ard OMVS ard 

I USAID s t a f f  were duly notod i n  proparat1011 of tt11s final ~~~~~~L. 



UACKGHOUND 

'lltle Grout'~dwater Mot11 t,or'lt IE Pro.1 ocl  I.s 1 I I cot lcopt a 111a~sl vc. 
underLaki nh; of ~ro~~~~clwal ,o l .  data aoJ 1.ect.lon ovw tllo 1ct1~Ll.1 6f LIw? 
ent  I r e  Sotlecal Hivcl . TI lc area ul'rcon~paused 113 1 ,200  ~ I I I  lorig, 
reachl.ng fro111 tile I I IOLIL~I  OF Ltw rJver ,  whlcl~ forflls a doJ.La covurlng 
an area of 4 , 3 4 4  square kl lorotors ,  Lo Matlar~eali Dam. I t  Includes 
the  lower, mlddlc ancl r.lppc*r v a l l c y ~ ,  w t ~ l c h  a r e  of var iable  wlcltl.1, 
from 20 km downstreiun Lo a few ( 2  t o  5) kilometers upstream. %MG 
global appr'oacl.~ Lo clata coll.ect.lor~ ic  tllota tecl by the 
l n s t l t u t i o r ~ a l  organizatlorl f o r  tlre Senegal Hivcr' (OMVS) , atrd it. J . s  
unlque 11-1 t h a t  1 t encompasses lllarly t:eol.oglc f orrnat 101'1s . 
Tradi t ional ly ,  a tnor~ltorlr~g exercise ls clesJ.gned around one 
par t icu la r  geolocic tol.-alat loll, (?.I Lher L o  rstudy 1 ts eXLelIL ol' Lo 
evaluate 1 ts propertlels arld potenLLa1. In L t i l s  case, sillue alany 
d i f f e r en t  geologic fortnatlons a r e  at. hand, they have t o  be 
lden t l  f l ed  arld t reated separately . The only thread cot 11 ~ e c t  h l l :  tl le 
various geohydrologic regions of the  Senegal River is tl.lc. r l v e r  
i tso'lf , wllom? year'l y wet, r;c?aeoli f'loocl ;rEf c ? c L l s  tin? I'~ydrolo&r,y of 
each forlna t ion. 

Roughly speaking tlrere a re  three raalor geographic areas Lo 
consider. They are ,  ~ L a r t l n g  fro~n the  top of the  watershed, the 
region of t he  Marlantali Darn, t h e  valley (whlch may be subdivided 
irlto upper, middle and lower), and the  Delta. The most extensive 
hydrologic and hyclrogeoioglc study and analysis  of the  data  
col lected has been done i n  the  Delta. A brief  description of each 
of the  three areas is given here, t o  provide a better under- 
standing of the  obtect and s e t t i n g  of our evaluation. Following 
tha t  descrlptiorr, the planned and ac tua l  outputs of tile project  
and the  act~levement of project 1:oals a r e  dlscussecl according t o  
the cl..I Li?rla of r c l eva~  I W ,  eC£ec:Livo~ l c t ;~ ,  cff iclor~cy , 1111)mc:t. atxl 
sus  La1 I lab1 1.1 L y  . 

I 
The Delta ,Region of tlw Senegal River 

I 
1 The Delta Region of the Ser~egal River is fasc1natil;lg: a t  places it 

looks deser t l c ,  wit.1'1 sand dunes and l i t t l e  o r  no vegelatlon; a t  

1. others  it. is l i k e  an oasis ,  green w l t l ~  a c t i ve  vegetatiof~.  AIKI 
then there  is the river', whicl~ a f t e r  flowit-I&? generally due west 
f o r  250 km turns  south t o  f i n a l l y  reach the Atlant ic  Ocean sonle 25  
km south of Saint-Louis, bordered on the  west by Lhat sand-spit 

I t he  "Langue de Barbarie" which keeps growing longer every year. 
(See Figure 2; t h e  sand-spit Is barely disLi1'1guis11able. 



'l'lro 1'1vo1. up Lo Lllo D ~ ~ I I I . ~  IIirr~ It: t ' ( ~ l  l y  ,I t;d 1.1 rlc. ut:I.llirt'y. 1 l o f . o ~ ~  
L t W  Dl i l ln&l  k l l l l ,  1 L W t W  i l l 1  t ? i J ~ . t l : l l '  I e l  1 1 l , t l t *  Wily l,O iJ 1 ~ 0 1  l i t ,  I N J ~ , w C ? O I ~  

Dagm la a1 ld I7trdor. 

Undotw Lat wll.r~g Ltlo ovo111t.  lo^ I of . '  LI  I(! Du 1 ta i l  11.1 y,ool.or: LC: t. 1111c~r1  OW a 
1 ong way Lowartl cxplal I 11 II}! 1 t.1-I prc!r;c~ ~ l .  clay 1mtravl.or at lcl 
propor1;iou. Ttlo I . i i r : t ~ l l ~ I ~ L o  of. ~ t r c  ~c!olorz;lc I.11etot.y of Lllc 1)c:lLa 
arc? ~ L ' o ~ c ? I I L ( ? ~  ~ I ~ X C .  ( S0Cll'C08 : A~ldi))~'~ ' t .  , 1 9U4 ; 1;t-IC' r)~.'oJeut. ' G 
Syrithotri~ Heport Vol. % ; aird o)~aorvilr,lor~s oC' Ltre c :oi~eul ta~~ts  . 
Ovor the 1:ecerrb I~int,ory of ttlo reg1011 - - "rocc?ntW , eco.l.ogJ ual ly  
speaking, I~elny, j r ~  Llw laut Lllol~uand or' uo ccnLuriot: -- t.l'lct'e tlavc: 
boor1 a t  l eas t  L l  lrec c?l~.lsoclcr; of sea watct. 1 r ~ t r ~ ~ s l o r r  r'c~.?~.LLl~rt: f~.'ora 
the r loc  of: Ltro Ievo.1 of Lla? Ocoal-I. S ~ I I I ~ ?  100, 000 years aeo, Llw 
DolLa wa!; ],art of. a t;rllf. l ' l l c ?  t;or~c!,:al It l vc?ln I'lowecl rl~rc. wcsl. I nl.o 
thaL gulf-', and Lhe cleposl Liolrs of r l  vcr -borr ~u parl lclou of tha t  
Lirr~o wsrc ~ : ~ ' e e r r i ~ I ~  sa1'1c16 t.1 laL E O ~ I I I C ? C I  i.1 ii L L ' ~ I . U I I I  c a l  l.cd tilo 
I r rc t~lr ier~.  Af Ler a part.la1 t:eLreaL, Ll~c ocean er~gulfed t l ~ c  Dcl t a  
a second Limo around 40, Ot10 years aco, allcl there wet.-t! 611111 l a r  
Lypes of dcposlt.1011. T l ~ l s  was then followed 10,UWJ years lat.er by 
a rattier 1iiLense dry pcrlod corres l~or~dl~rg t o  t t ~ e  Quatel-rrai-y 
( ; laclaLio~~.  The sea l.evcl dropped Lo about 100 In below present. 
sea  leve l ,  and the  I)elta, Lherr dry laird, was covered b y  reel dlJl-lW 
(fornrlng a s t ra tu~n  ca l led  0golle1.1) of eo l ian  (wind-borne) o r i g l r ~ .  
It is l ike ly  tha t  the prevajllng wlncls were from L t ~ c  north- ' 
nor tlwas 1; . 
W i  t l r  Lhe erd of Ltre glaclaLlo~r pcrlod ~lrc  sca  level  rose again 
gradually, eventually reacl~lnl: a level 2 . 5  III above presellt sea  
leve l .  A pat'tlcularly w e t .  per lod al.oiu rd 10,000 B. C. caused, arrlol~g 
ottrer ekfects , the  f orrnatlor I of solw lakes,  a Lt.es tccl by Lyl>ical 
deposits  of calclun ei~cour~tered 111 some arcas .  

Tlw lasL 2,000 years are ~ ~ a r ~ l c u l a r l  y  i spor tan t  l r l  exp3 a i r ~ i ~ g  t l ~ e  
preserrt-day landscape. During tl~is par Lod, Ll  le r lvor  ' s seasonal 
flood inurdated rnuct~ of  Ll l r?  Delta, cS-wt.l I ~g swall I akea and other 
lrnpourldarc*~its ca l led  "n~at'igoLs". S.llL a ~ c l  c lay doposlt lor~s I w l ~ ~ r l  
s t a b i l i z e  t l ~ e s e  depresslonal areas ,  f u r lhe r  i s o l a t l r ~ g  them f roln 
the  underlying sal l rw groundwaler. I n  turll, f u r t l c r  collal '~ 
deposition of sands fro111 the Sahara t o  the  north-east, along with 
strong northern l i t t o r a l  wlnds ("les a l l ze s "  o r  t rade winds), 
caused the  r i ve r  t o  deviate t o  the south.  The sarne forces created 
t he  Lampsar, the  Gororn and the  Djoudj Marigots, a l l  aligned 111 a 
NE-to-SW direct ion.  

The land area of the  Delta can be separated 111t.o two zones: the 
zone tha t  has been re~;r_rlarly inur~dated by the  r i ve r ,  o r  Ouallo i r r  
the  local  language, ant1 the zolre outs ide  Ltmt, wtiicl~ is ca l led  the  
Dicrl . Clay layers ,  1~eca1.1sc of L l l c ! . l ~ -  r.ivc-!I- clcposl Llon o ~ - l r : l ~ ~ ,  a r e  
f'ol.rrld 01 I l y 11 I I.1 rc! 0l.ra I. 1 u. 



Source : 

A u d i  bert , M . 



Water lnovelnerrt Lt~rougt I t l  ~e s o l 1  or Lt~rougt~  u ~ ~ l c r # r o u l  ~d aqul  f crs 
g e n e r a l l y  is more of f i c i e r ~ l  v e r t l c a l l y  Llra13 hor lzonLal ly .  UI-der- 
ground wate r ,  l i k e  LhaL on  t h c  s u r f a c e ,  socks  1 ts owl-I l c v c l  . 
However, w l  t t ~ i n  a f e w  ~ a a t e r s  of  L l ~ c  e~ .~ rZacc ,  evaporation of sollle 
of  t h e  wate r  as i t  moves h o r i z o r ~ t a l l y  weans t h a t  tlrc Erollt of 
underground water advancllrg outward EI~OII I  Lhe r l v e r  bed I s  a t  
p r o g r e s s i v e l y  deeper  and deepe r  dept l~r ;  -- down Lo tlle boltom of 
t h e  a q u i f e r .  Th i s  progressAvely g r e a t e r  dep th  t o  water  is 
t e c h ~ ~ i c a l l y  referrc?d tq as a d e c l l n c  of  L t ~ e  p i e z o ~ n e t r l c  l e v e l .  
When one views a c r o s s  s e c t i o n  oi: tile r l v e r  and adjace11L acluifers ,  
t h e  water  p r e s e n t  appea r s  a s  a nround, w i th  its h ighes t  p o l n t  
d i r e c t l y  bclow L l i e  ctta1111el w t ~ e ~ ' e  J L  11; fed or suppllccl .  The use of 
t h e  term "mound of water' refer's Lo tl~ls phcnoaenon. 

The d l f f e r e n c e  i n  t h e  e s t l ~ n a t e d  a r e a  of  l r . ~ f luence  of  s u r f a c e  water 
on recllarge of  a q u i f e r s  is 111orst1y orle o f  def lnlt101.1, wl.~cLt~er 
" i n f l l ~ e n c e "  is cor~s ic le red  to  be a 10% o r  on ly  1% change i n  
p i ezome t r l c  l e v e l .  Fundasen ta l ly ,  e v a p o r a t l o r ~  t ends  t o  s t a b 1  l l z e  
t h e  p rog re s s ing  f ror r t  of t h e  sound o f  r i v e r  water very c ~ u i c k l y ,  
w i t h i n  200 m fronr t h e  bank. I r r i g a t i o n  I n  a n  area reduces  t h e  
normal evapo ra t i on  l o s s e s  of t h e  l o c a l  aclulf e r ,  permi t t  l r ~ g  greater '  
accumulat ion of  wa t e r  i n  t h e  a q u i f e r .  Therefore ,  ~ l s e  of LtIe 
p i ezome t r l c  l e v e l s  shou ld  b e  expec ted  n o t  on ly  from t h e  
a n t  l c l p a t e d  rise A n r i v e r  l e v e l  behind Llw Dla lna  D ~ I I I ,  buL more 
in lpor tan t ly  because o f  large scale i r r i g a t i o n .  

Fundan~enLally , t h e  I I I ~ V C I W ~ I L  i n  t h e  a y u l f c r  1s ve r  L i ca l  raLl ~ c r  tllan 
h o r i z o n t a l ,  because of t h e  f l a t n e s s  of: t l~c e n t i r e  De l t a ,  tlte 
absence  o f  g r a d l c r ~ t s  , and t h e  predoal  r ~ a ~ s c e  of evaporabion . Lo£ L 
on 1 ts owl-I, t h e  D e l  t a  wo1.11cl be a l~reclo~nl I I ~ I I L  l y  [;a1 ilie zulle. 



A master plan is r~eecled Tor Lllc Isal~a}:cret~L of the 1)elLa surface 
wators, Lo avoid ~ l ~ c  acuu1111~1atltig b-all111 Ly L a t  would end ecorlo1111c 
producLlor~ of crops. Orlc i ~ o s s l l ~ l e  ~o11lLlo11 1s a clual ~lctwork of 
canals:  one to  d i ~ t r l b l l t e  E r t r s t ~  water Eor l r r . lga t lo~l ,  arioll~er LC) 
collecL ard convey a l l  drairled waLe1-s Lo a tilscharge I J O ~ I I L  ~ O W I I -  
strean of t.he Dlan~a Dam ( a  zorlc e ~ ~ t i r e l y  cor~dernr~ed t o  be s a l l ne )  . 
A d r a f t  master plan f o r  surface watcr n~al~agelnent of t l~e  Delta 
(Plan Hydraullque pour, lc Dclta) l ~ a s  becm proyosed by GBRSAR 1 r 1  
1989. A con~preher~sive Mastcr Plar~ sLucly sl lould lleg111 f roll1 ar ld 
bui ld  on the f111dlngs of LllaL stlldy. 

Two clay layers e x l s t ,  one a t  an approxla~ate dcptll of o . to  5 In, 
the  other dccpcr a t  10 Lo 15 111. Tl~e Ll~lckr~css ok tlwrsc layers 
v a r l e ~ ,  ant1 a t  places t.ll(?y LII.LI I 01.11. L O  CXLI r ~ c t l o ~ i  ( w I I ~ I ' c !  cl a y  arlel 
s i l L  were never deposltcd by Lhc t.lvor f loods) .  Clay layers tcl~rl 
t o  i s o l a t e  water -bear 11 IE formaLloris f ro111 one another. A1 I 
ln te res t lng  approach t o  control  of sallrsation would be t o  take 
advantage of the  presence of tl~is top layer  by systen~at lcal ly  
f lushing out the upper sa l twater  s t r a t u ~ ~ ~  ( t h e  one tha t  would 
eventually sa1inat.e the root  zone) wlth the  excess water I n  wet 
years .  The r e s u l t  would be a reduced rleed fo r  drainage. The 
f e a s i b i l i t y  of the approach has not beer1 tes ted,  and the s r~~al l  
horizorrtal t r ans rn i~s lv l  ty  of the  forlaat 101.1s may render L l ' l l s  
approach impractical. I 



1710 aubdlvlu loll 11 I L ~  Lower Valloy ( f WIII  Iilcllald-TuJ 1 Lo ~ a g & ~ a )  , 
Micldlo Val Joy (fr'o~s Dijgal~i~ Lo Uako 1 )  , aid Upper Va 1 l oy  (lllzb*Lt'oan~ 
Fror~ Uilkol ) slrowr~ 111 1'1 1:. 3 ,  In I~asotl ot I I) Lat I I I ~ I I ~  uor ~uldr?~'atlona 
tot' agt'lc111 LUL'YI ~ U V U ~ U J J I I I G ' I  I L U  IJY 1.1 10 OMVS C0 111.11~~ tl '  Eva 11 lal.lol I ul. 
do F!ar~Lflcat lo~~ Co11l,111uo, Tl~u d lv lu lo t~  ImLwout~ L11o Mlcldlc? and 
Upper Val l o y ~ ~  I s  25 ka clow~ ~sLrwa~n f ro111 I3ako 1 . AL t,l lilt. p011 I[, Ll~o 
~iV€3r' Ilak: L I l c  lna~lllllltll L ; U L ; L ~ ~ ~  t l t ? ~ )  f 1 O W W  . Vi~l'ii3l.1011 LI IC' C(?O 1 UP,)' 

along L l l c  r l va r  valley lr; gradual. MosL oZ L l ~ c ?  vallcy I s  
underla111 by arl a l l u v i a l  aqulfet', 4 0  I I I  dccp O I I  average d t ~ l  
intel-sperscd w l t l l  clay 1 ellecs. 

' P l ~ e  af tcr-ef f ec l s  of ~na r l r~c  Lrallugr'cw 101 I a r c  f out lei I I P  Lo Uot:t~c. 
A t  one tilne the occatl rcacl~od Lllat far' l ~ ~ l a ~ ~ c l ,  ar~d from lilcharcl- 
Tol l  t o  Boghe Lhe p,rouncIwaLer', bulr~g par t ly  of a~arltw ot ' lg l l~ ,  I s  
more at. l e s s  salirre. Arlalysls of L l ~ e  data  sllows LllaL L 1 1 1 s  !~yuitcl- 
alternatively rises and f a l l s ,  beil~g rccl ~arged by the r i s lng  
waters In River cli lr lr~r:  ra l r~y scacorl flows, ard Ltlon elraining 
the  excess water back Lo 1 . 1 ~  rivut. aL low C low. 'rk~ls cCft~:L 
extends or~ ly  t o  about SOU III fro111 L I E  river b a ~ ~ k .  Beyol~tl t h a t  
p o l t ~ t ,  Llrc? progrct:~ loll of' ~ . I I ( !  Trot I L  o f  Ll  I(: I I I O L I I I ~  It; co1111l~'r- 
I~alar~cc?d by evaporatlo~i Jofisos. 111 Ll~c lower 13arts of Lllc Valley, 
Lt~e ra111f iall. is loss  ~t  at I Lllc poLctrL l a l  cval)oLrarrspiraLlo~ I .  

lipstl'ce~n 111 Ll~c vallcy, ,  Ll~c aeolll~t. of l ' a l l~fa l l  Lr~cl'oar;ec, allel 
I I ~ ~ ~ I C W  &:I OUI KI e1cvaLA011 IAILG L I I C  L;III.~~AC:C! LO LIIC  ac11.11 f ~ t -  r t ~ t . t ~ ~ e r  
ur~der~rou~icl ,  wt ~ l c l  I rcclr lccs the cCf ecl. of. c v a ~ m r a t i o ~  I .  

Intense a y r l c u l l ~ x a l  d c v e l o ~ n e t ~ l  ( ~l~r : .uy~l l  l r r ' lgat lor~)  cat I 111od1f Y 
t h i s  plc ture  : evaporation losscs f roa the aqulf er woi~ld be 
reduced, Ll ~ e r e f  o rc  t t  IC ~nou ld COIJ 1 rl prol:c'eso Ear Lher away f LWIII  t l  I@ 

banks. I£ i r r l g a t i o r ~  walor were pumycd f ~ - o ~ n  wells, L l ' l c l ~  a 
piezometrlc head gradient could be tnall~tairred away from Ll'te r i v e r  
which would r e s u l t  i n  more rapld recharge of the aqulfer. 

Of course i r r i g a t i o r ~  water could be pun~ped d l rec t ly  from the 
r i v e r .  One  po ten t ia l  advantage of pumping tlhe aquifer is the  
reduced distance over w l ~ l c l ' ~  the water ltas t o  be trgnsporled. 
Another is the r ec luc t lo~~  of cvaporatiol~ losses from canals, by 
avoiding long-distance corlveyanue of water' by canals. Also, by 
maintai r ~ i r ~ g  lower plezonle t r i c  1 evels , evaporation d i rec t ly  f ro111 
the  ayulfcr  is rcduced. 'l'lhls It ;  bccauac cvaporaLlon ceases aL a 
ce r t a ln  dep t l~ ,  on the order of 4 - 5  111, dcpcr~cllng on Ll~c toll. 





A l l  thoso  alternatives seein wor'tliy oE i r ~ v o e L l g a t l o r ~ ,  A 111odo1 
s t lould be used f o r  t t ~ a t  pul'poso, a s  ol~Ll111ocI i n  tlle I.'ot'omslotl- 
d a t l o n a  aout. lor~. I t  would Lw Ll~o IxuL way t o  ~naxl~nizo  t h o  r c t u r n a  
from t h e  c x t e r ~ e i v o  lnvoo L m w l t  t l ~ a t  t l  la pi czomotrlo network 
represar i to .  

Thu Manantal l  Dan1 Area 

The Mariar~tali  Dam l u  b t ~ i l t  on  Lhc BaZ 1111: I<lver .  t3aKl11g 111ea11s 
b l a c k  l n  t h e  local l a ~ ~ g u a g e ,  arid t h e  r l v e r  1s s o  named because of 
the d a r k  c o l o r  of  t l ~ e  wa le r ,  tlnt'lved ~ I - O I I I  Llm 1ro11-rl(:li rock 
formations o f  t h e  watershed a r d  banks. 'l't~e Baflrle provides '  over  
h a l f  of  tire flow of tlic Senegal  Rlvcr,  arld c o l  lects Its watcr-s 1 1 1  
L ~ I C  b'.'ol!Li~ I)Jaloll 1110 l l l  I l . i ~  I IIL;,  L 1 1  ( 3 1  l t~@ij ,  d l ,  i i r l  a1 Ll Ll l t lc?  of 800 In. 

Hydroncoloylcal l  y , 111 L l r c  M a l l i i 1 1 L a l . 1  ilrcd tllcrc dre LI~rcc ayuiEer  
f or-111al. lo1 t t ;  : one l a y c l  I; 1 L t ~ i l l . ~ t l  almvc! t . l ~ c ?  rl1l.1 lr'e I I I ~ X ~ I I I ~ I I I I  I ' ~ : C I ' V O  I L' 
l e v e l  (w l~ l ch  n ~ u s t  tiavo IJCCII  Eccdl l~g Ltle B a f  i ng  LI 11:ounI I M I J ~ ~ I  IKG ; a 
seuond,  a r t e s i a n  fo rmn t io r~  ( f r a c t u r e d  p e l 1  tes) w i t 1 1  a t y p i c a l  
p l e z o e e t r l c  head 1 m akovc t h e  below-danl r i v e r  l e v e l  (whic11 a l s o  
f e e d s  t h e  r i v e r )  ; and t h e  a l l u v i a l  acluifer  below L l l e  r i v e r  p roper .  

Unl ike  tlx? Lower Val ley of  t h e  Senegal River  (a t  l e a s t  below 
Kaedi ) ,  t h e  a q u i f e r s  i n  t he ,Manan ta l i  P l a t e a u  a r e  r ep l en i shed  by I 

r a i n f a l l .  

The network o f  20 p i e z o n ~ e t e r s  i n s t a l l e d  by t h e  Malian Min i s t ry  of 
Hydrau l ics  and Energy proved to  be e x t r e ~ n e l y  e f f i c i e n t  . A l l  
piezometers reached  t h e  t a r g e t e d  two upper  a q u i f e r  l a y e r s .  Data 
c o l l e c t e d  from t h e s e  p iezometers  over  t h e  l a s t  two yea rc  have 
a l r e a d y  shown t h a t  t h e  e f f e c t  of  t h e  waters i n  t h e  r e s e r v o i r ,  
r i s i n g  as 1t is be ing  f l l l c d  f o r  t h e  f i r s t  tillle, has  n o t  
p ropaga ted  downstream o f  t h e  dam. These d a t a  shoy a good response  
o f  t h e  p i ezome t r i c  head t o  r i v e r  l e v e l ,  co r robo ra t i ng  t h e  
tnechanlsn~ of a q u i f e r  replenlstanerrt  f r:oa t a a inEa l l  i n  tlre ' upper 
p l a t e a u s ,  at ~d gradua l  clral r i ir~g i n t o  t h e  r i v e r .  Data c o l l e c t e ?  ! 

from t h e  Ll~ree p l czon~e t e ro  o i t u a t e d  on  1 . k ~  r csc rvo . l r  banks ! 

upstreal11 of  t h e  D ~ I I I  w i l l  s l~uw L l ~ e  aroullt. and L ' X L ~ I I L  of bank 
s t o r a g e .  Th l s  ba~ lk  s t o r a g e  w i l l  co r l t r i bu t e  t o  ttle s t o r a g e  , . 

c a p a c i  t y  o f  t l ~ e  r e s e r v o l  r .  On LI-~e o t h e r  hand, e v a p o r a t i o r ~  l o s s e s  
w i l l  be  impor tan t .  A t  L l ~ e  dam, a f i g u r e  was suppliccl of 1.8 a of  



AU G I ~  do culnal.'k, .I L (:all I.)(! tro~ ~juuL~.~r.utl LllaL Llw 1 I I(:~'O~AYC'O 
~VallOl'i3t. loll W 1 .I 1 1"CYl:ll.l.~ t. 11 I 1 l ~ ~ X ! i l ~ l c ~ r l  1'i.I 1 1 I f  i3 1 1 i3l It1 h l l O l ' ( ~ i  trl '(! 
r'unofE . 8ucl1 r:a 111fal.l wo11.l cl I K I ~ .  t~uuouuat~l 1 y ocuu~. uvor t.1 lo 
roaorvo l t '  or  Ltio wut.ot'r.;l~otl of Llw I-3aE 1 ~i l :  IZ 1 vc?l-, I~ut. J t. 1l1.1 b:hL feud 
ar~ot.l~or LrlLu~ar'y, for oxan~plc: Ll~o Hukuyc! ( J I .  Lllo Valor~u, a ~ ~ d  LINJH 
hot be colnplalely loat  Lo Lho oysluln. 

'Tho r~oLwork ol: piezo~~lolora lo  excol.lct~l. a t d  1 L  l o  a~au,r~lf luallll  y 
minta lnnd  and operated. Headl ngu arw taken evory Lwo weeks 
lrlsLcad of the rcyulalLc ~ ~ ~ o r ~ t l ~ l y ,  and t . 1 ~  ~~oLwork 1s opcratcd aL 
~nlnlmal cos t  a s  a OIIC-nlan operallol '~. IL s1'101.1ld bc ~nalntalrlc?d 1 1 1  
tile f oreseoable fu ture  . 
On a more general l eve l ,  1L car1 be observed Lhat groul~dwalcr' 1s 
abr~ridant In the region. A slrnple 1noclcl111~: cxerclse  car1 stlow the  
exLerlL a~ ld  besL 1ocaLlo11 of wells t o  supply v i l l agcs ,  lrlcludlng 
wells fo r  v i l l agcs  ~ ' c ce r~ t l y  relocated frolr zones L t m t  a re  now 
Elooded . Abundant grour dwa t e r  would a l s o  sl~ppor'L irr11;aLed 
agr l  culLure, although 1narket.111g p~.oblen~s relatecl Lo t l ~ c  d1sLa11cc 
Erols ut ban centers make t11e idca Lccs a t l r ' ac t lve .  . 
OLher fac tors  a l so  favor clevelop~ne~'~L of this a rea .  W l t h  t t ~ e  
planned aompleL1on of Llw l~ydropowcr ,aLaLlon 1 1 1  1'33G. Lllero w l l l  
he plet'lty of cheap energy ava.Llablc l oca l l y .  A ca11111111: . i r~~IusL~^y ,  
t l e d  t o  l r r i ga t ed  f a r r l ~ ~ g ,  or' sowe ott~cr '  lndus L r y  Ll'rat would 
b e r ~ e f l t  Erom cheap power, could t3e envlsionecl 11-1 t l ~ e  arca .  
Eventually , of course, t r a n s ~ ~ ~ i s s l o r  I l l n e s  w l l l  be b u i l t  Lo carry  
e l e c t r i c  power t o  the  three cap i l a l s  of Barnako, Dakar, and 
NouakdioLt, but power d ~ o u l d  be ctieaper' aL ttK? source. 

ACCOMPLISHMENTS OF THE PHOJBCI' 

The pro jec t  output can be: grouped i n  th ree  major categories.  
namely Lhe groundwater' tnonitoring systc111, the se t -up and t ra in ing  
of s t a f f  f o r  data col. l e a l i o ~  I a1 ld ~rar~agen~cl'~L, and Ll ~e dcvclom~errL 
of the  capabi l i ty  f o r  groundwater data  coll~pilation and ~~~anagelnetit . 
The orlglr-la1 Scope of Work was adapted and ~ ~ ~ o d i f i e c l  over the 
course of the  study, a s  d.lctatec1 by cr~countered "f le ld"  
conditions, new technology tha t  became ava i lab le ,  and adjustn~ent 
of study goals. The varlance of ac tua l  fro111 planned outputs and 
its docu~nentation is dlscussecl 111  Chapter 5. Hew, two of t he  
major products of t h e  project  a r e  clescr 1 bed and cliscussed : the  
p i e z o ~ ~ ~ e t r  ic network t.t'~at. was e s t ab l  lsl'1cc1, nl ld thc  co~nputcrlzecl 
database system GES t t ~ a t  was developed for the r~anagenrent and 
ana lys i s  of the plezolnetric daLa . 



Tl~o obuor 'vallo~~ r~olwork covurw wn~o 1151 updLla1 c1at.a ( J ~ J I I L U ,  oL 
w11lc l1  approx ln~alely o11c half a1.o r~ow l y - J  I mtal 1 ocl pl oxo~~lc!t.c~-r: a11t1 
t h o  root clro solecl.ed ~ ~ r ' c - o x l u L l ~ r ~ ~  wo 1 la  In vl l1nl:ou. 
Dcrtorn~inatlon of' Ll~o louat.lon ol: L I E  1) l c m o o ~ o r a  wau b~uot l  ol I L I  lo 
spacifiuaLl01'1s of: t.11(! ProlccL Pal~or'. 'l'l~c c t ' l lo r la  wcro 1 . l ~  
follo\-fir~t:: 

3/ average gcneral density of 1 set oE piezos~uters ((all tlux?e 
depths) per 100 square kllo~ncters.  

/ t /  along t ransecls  a few hundred 111uLers apar t ,  near the Dla~na 
Dam. 

5/ pre -de t e rn~ lna t lo~~  of target  aql.tifer' Eol.'mation thaL 
piezometer was t o  reacl~.  

All crl t.tw la were saL 1.sEactol'L.l.y I I I C ~ .  . G l v c ~ ~  Llw s l z c  of t11c stc lBy 
area  ( 1 , 2 0 0  kln long),  Ll~le 1s a very r t ?p~-c se l~ t a t l ve  ~~e twork  LliaL 
can be useful  £or marly years Lo come. 

Thls sample 1s represenLat.lve of Llw st.l.lcly a rea  111 a l~o t t~e r  way 
t h a t  l ~ a s  I I O L  been exploited.  l'l~e dr l l l111g of over' 500 bore-l~oles 
produced tile sawc nun~ber of core sa rp lcs ,  w t~ l c l~  revoal -- 01- woulcl 
reveal  i f  properly studlcd arrd a ~ ~ a l y z c d  -- tlre geology of L l ~ c  
sample area .  Thc ava i l ab l l l t y  of t I ~ c $ s c ?  core  samples glves t l~e  
potential.  f o r  a LexLbook-cluallty stucly of t l ~ c  geology of the  
Senegal Val ley, w l  tl-lotlL t l  ~c problems ancl L t  ~e cos t  of f l r e t  taklrig 
samples. It woulcl be a share Lo discard a resource of suc t~  I 

i n t e r e s t  and potent.lal vaJcre, without f 1 s t  ex t rac t i r~g  from 1 t any 
fu r the r  hen& i ts tha t  a r c  ava 1 lab1 e. Tl'lesc samples choulcl be 
analyzed. 

The network of plezometers was very care fu l ly  evaluated by Bolke 
(1989). He ran tests on  several  rardo~nly selected piezonleters, 
and was s a t i s f i e d  t h a t  they were properly i n s t a l l ed  and providing 
va l id  data .  Vandenheusch (1988) a l so  evaluated tQe network and 
found i t  sa t i s fac tory .  Visual Inspection b y  t he  evaluation team 
a t  various s i t e s  concurs with the  above fi l-dings.  

The questlon has ar isc l  I a s  t o  the poss1b.i 1.1 Ly of def 1111 I ' I ~  a 
limj ted s l z e  network for ttlc purpose of r'ecluclng long- term 
operating costs .  The p~-coccl.lpatio~.b w i t t . 1  cosL l s scrlous,  and t l~e 
idea ~nerjts some tliougltt.. .It would be a p i t y  t o  co~t~pletely abandon 
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Wlillc sevcral  separate ar~cl cllst111c't tmf laware progralrs are  u ~ o d  by 
tlic GMU, they a r e  cornsio~~ly r;poke~~ of co l lcc t lvc ly  as "tlle GES 
system." Tllat usagc? 1s  rcflcctccl In Llllt; L'CPOL'L, W I I ~ C I I  alco U G ~ G  
Lhc acroliyls GES to  r'cfcr Lo the CMII' s c o ~ ~ ~ l ~ l r ' ~ ; \ t i o l ~  of pl-ogl-alns . 

QUBSTWNS ADDRBSSED BY GROUNDWATER STUDIES 

Tlle Project Paper desct.ll>es (01.1 pa,:c. l o )  ~ t l c  all11 "LV c~tabl.lrs11 
w l  thl l  I the  OMVS a system for  nlur11 tor'11~1g and i1'1vesL1gallng 
po ten t la l  groundwate~: prol~l elas. . . . 'rlw r;ys teal w l l l  address: 

a. Hecharge/di scharge re la t lo r~sh lps  . . . (between L11e Senegal 
River and the ayuif e r s  1,; 

b. Changes i n  the  grourldwater regime. . . ( fro~il tlie operation of 
the  Dlanla a ~ l d  Manantall Dams ; 

d. Water qua11 Ly 1 I I dolllcst L C  a l~d  l ives  tock wells, resultlllr: fro111 
changes 11'1 r l vc r  flow, i r r i ga t i on  and IJSC of f e r t i  l l z e r s ,  
pest lc ldes  al'ld otl m- laalerlalo ; a d ,  

e. Groundwater dylianllcs , Including watela-:log#l nl: arid s a l l ~ i a t l o n ,  
i n  and arourlcl lt'rl yattad por' l rlelxrs. " 

Neither these research toplcs rror rcsi11Ls of the studies a r e  
mentioned a s  outputs of the project .  Tl~e cvaluatlor~ teal11 
construes t h i s  t o  mearr that. 1.1-iere was no o l ~ l  igation to  perf or111 LIE 
s tud ies ,  but only t o  e s t ab l i sh  a s y s t e n ~  capable of doing so. The 
list of research topics  cons t i tu tes  a very alllbitious prograln of 



This cluo~~t.lon 1s of' 131.l.111ary l~n l~or la l~uc  1 1 1  Lllc Ik.l.l.a ror{4on, but LI. 
! IG a l so  i ~ n p o r t a ~ ~ l .  11 I 1.1 le MaLa~~~-Hoj:lic: s c u t o ~ '  . TI lo I I I ~ ~ O L  f. J I ~d  111s I I J  

tha t  L l l c  cf fcret. of' Ll~o ].'.I vc?~' or1 t l ~ c  ~ ; ~ . r l - ~ w ~ ~ ~ t l l  n&: aclirlfors Is 
li1111tctl Lo a  narrow zolle cx tor~di l~g  2U(J I.o ! N O  III fro111 Ltrc l'lvor 

I banks, Thls sI1oul.c1 call11 f ea r s  Ll~at Llro sallr le aquifers  wol.ll.cl rlec 
as  a rcsult of lncreascd levols  1.11 Lllc t'lvcr' from ol~cr'atlorl of Llm 
Dlawa Daw. Howcvo~', L l ~ l s  appeasolncnt. 01' calming should not. I.ead 
t o  coll~placer~ay. 1'1.1~: e1'1t1t'c tiyGLes, csl~c?clal.ly In Lllc Delta, l r ;  
c o ~ ~ t r o l l c d  by vcr't1ca.l cxcl la1 Ices arlcl I J ~  c v a ~ ~ o t t ~ a r ~ ~ p l ~ - a L  lorl. 
111crcased l.rrlgaLlo1.1 w i l l  cause ~-1.sc of' Llrc ayuiEer. EEfocLlvo 
drainage of L11e perla~etcr 's must be provicled. Lzurtk~e~ detal  LG a rc  
given 11.1 the  dlscuss lor~ of ~Lucllcs 11ecilet1 Eot: the future,  it1 LIIII; 

i chapter . 

! Chartges I n  Grour~dwatcr Hcglrne f roll1 Dlalna al ~d Ma1 la1 I ta l l  Daw 

The foregoil~g cllscusslor~ leads Lo allcl cupports tho col~clusloll LIlaL 
the  c l~a t~ges  11-1 the grou~ldwater reglnlc a r c  riot a  d i r ec t  consecluencc 
of the operation of LIE, danl~,  but r a t l ~ c ~ l  a r e  a r e s u l t  of t l ~ e  
increased i r r i g a l l o l ~ .  Bxpal~slon and proliferation of i r r iga ted  

1 perimeters should be i l l  compliance w i t 1 1  a  coe~prehensive nlaster 
I plan f o r  t i l e  managenlet~t of ~ u r f a c c  waters and t:roundwatcrs of the 

Delta. Such a  plan s t~oyld  i~~c luc l e  a  lletwork of canals for  
I i r r i g a t i o n ,  and canals for' the evacuat io~ I of drained ( s a l i ne )  

wa tcrs . 

I r r i g a t  lo11 Potential f ro~n Grour~dwater 

Other than the f a c t  t h a t  tile l i r l t  of inf 11.1ence of the r i ve r  on 
t he  aqu i fe r  does riot extend beyond 500 111, t 1 . 1 ~  study did not 
f u r the r  e s t a b l i s l ~ ~  the  po t en t i a l  f o r  i r r l  gat  ion 11'1 .the Mataw-Boglie 
s ec to r .  The question,  involving a s  i t  does not only water 
resources but a l so  s o i l s ,  topography, weather, huwan resources, 
markets, e t c . ,  is too complex t o  be appropriate f o r  the scope of 
t h i s  study.  The f e a s i b i l i t y  of i r r i e a t i o r ~  using groundwater' would 
be a very Ir l terest lng top ic  f o r  a  fu tu re  study,  but t l ~ e  study 
should be of restricted geograpl-11c scope i n  order t o  be of 
manageable proport ions.  A P i l o t  Project  approact~ is suggested. 



I The coriseyuences of r a i s i n g  the l e v e l  of the  lower reaches of the 
I Senegal River i n c l l ~ d c  irlundat, 11 ~c: c c r t a l l  I a r eas  I ' I ~ W  above walcr 

l e v e l  - - except w k ~ c ? r c  protectecl by dikes . The worl d-f alnol.ls blrcl 
I r e fuge  a t  Djoudj 1s; OIE a r e a  t h a t  w l l l  be a f fec ted .  Cor~ccrns a r e  ' 
I being expressed LtlaL Lhe f looding of aclclitional l a rd  now usecl a s  

nes t l n g  s ltes w l l l  Imve a1 b advcrsc LrpacL grea te r  Lllan was 
foreseen e a r l i e r .  A con~parable park i r ~  Mauritania w i l l  be 
s i m i l a r l y  af fec ted .  Suc11 concerns s l~ou ld  be put  t o  r e s t ,  o r  e l s e  

I c o r r e c t i v e  ac t ion  taken, depentllnr, on t l~e f i n d i l ~ g s  of a study. 
Both t h e  e f  Fect on nest l r ~ g  sl tes a1 ICI probable b l rd  popl~laLlol'l, and 

t h e  consequences f o r  a w i c u l t u r e  and Ll~e q u a l i  Ly of l i f e  I f  b i r d  
populat ions a r e  deci~nated,  s l ~ o u l d  be 11 ~vest lgated . '  

I 
I Analysls of Core Salnples . 

W t i l l e  t hc  geology of Ll~c va l l ey  1s of f a r  less colrccrll L o  t . l~ls  
I stl.dy Lila1 I t l  ~e t 1ydrogc?~11ogy, Ll IC C O ~ I  sa~nples pr'oducetl 11 I Llw 

d r i l l 1 1  lg of Inore L l  la11 500 bore-l ~ o l e s  L'C~L'CSCI I L  a I - ~ S V L I L ' L ' ~  of boLI I 
acadc~nlc and practl(:a 1 I llt.e~-csl.. El f o1.L r;l~oultl I J ~  n~dtlc 1.0 locate  



1 1 1  view of the l e v e l  of ul~rdorslandl~~~g of L l  lo hydrogco1ur:lc 
environmer~t reached fro111 t l ~ e  data  collectccl of' L l ~ i s  project , and 
wlth a c l ea r  perceptior~ of the  problenrs t l ~ a t  r~eed to  be addkcssecl, 
the evaliratlor~ teas  racorrr~~~e~-~ds tha t  a s y s L e m L l c  tnocleling e f f o r t  
1x1 r~r1tlot'Lakcrr. As ;a Cl t'st ~ t r ? ~ ) ,  Cc?~rce ill.ar:~'ass can hc clrawn, Lo 
give a plc.l.ot:iaJ ~'cl~r'cr;cr~(.atlut~ o l  t . 1 ~  va1'1o1.w sLraLI~:r';~g~lllc: 
Eormatlot~r;. 

Tire rnudellr~g eEforL stlotl l tJ be Ll lc o l ) J e c ~  of a co111p1xAlct 1s ive study 
directed by the  OMVS ( w l  LI.1 fut1cl11.1g f'ro~n a1 ly r e l i ab l e  source o r  
combination of s o ~ ~ r c e s ) .  The study s l~ould  address a l l  areas of 
the Senegal River val ley,  so  a s  t o  ac l~ lcve  economies of sca le .  
Each of the  three  lnajor areas  of tile r l v e r  basin 11as its own s e t  
of physical processes and relevant questions.  These are  as  
follows: , 

For the  Delta: The s ca l e  of groundwater influence is s ~ n a l l ,  the  
s i z e  of one or two l r r i ga t l on  perimeters. The predotnlnant 
movement is ve r t i ca l .  The Illode1 should be tlrree-diaer~sional and 
should include t h e  processes of evapotral-~sj>iration, percolation ' 

(with perhaps the  reed t o  1 r~corporate the  ut  saturated zone 1 , and 
the  capabi l i ty  of s i n ~ u l a t i r ~ g  ttre e f f e c t  of drains.  The 111ocle1 w i l l  
hr? used Lo tletermlrre optltnal location a ~ ~ d  s i z e  of dra111c 1 1 1  
r'c?lat.lot~ t o  depttr o f  11- r I~a t lo11 ,  so a s  Lo contl'ol .tlw l'isc? of tire 
s a l i ne  waLer table .  

Tile 1 arj:o~- ~ca1 . c  pl-01~ l ~ I I I  I I I  t.1 lo Dc 1.t.a It; Lliat of LIK? ~naliage~ncl l t  of 
surf  ace waters, l r ' r l ~ a t .  101 I watcl.-s, a1 rtl 1.1 lc alor'e s a  lllrc wal.ol's I l'olll 
the drains .  A nrasLer p1a1.1 sIio1.11cl be clrnwt.~ t o  cletcralne the 
network of canals EOL' .Il.-~.lgaLlorl, a11d J L s  a11rror lnlage f o r  L l l c  
dlsposal  of the dralrled ( ~ a l l r  lc.) waLtr1:. Tlw appropriate sca le  f o r  



I , t~le antlul wo111d lm, lo r  oxu~nl~lo, I . l ~ r -  c l ~ ~ t ,  l I c j  Ic!f 1, ) J i l l lk ,  ' I ' I I ~ I  
( l ~ ? t , t ~  I 1 t 1 ~ 1  } ~ I ' f ) \ ~ t ~ ( l ~ $ j t , t ~ l '  I I I W I ~ ?  I ~ I  l , l ~ t >  V i l I  I o I  I[) I JUI  I I I I ( I I ,~ ! I ' I ;  W I I I { ) I  OV I ( I f ?  

I f W E  I I  wok W I J  I I I I I I  J J ~ I I I  A 
1  art;^!^ - I ~ W  10 F;L o ~ I I I c I W ~ ~ L ~ ~ I  111u(lo1 m y  <i I f;o I J P  I I I I ~ H I  t , r >  clvti I I M L ( *  (,I I ( *  

roaa I 11 1 I 1 t,y t~ i I I J I I I I ~  111: 01 I (  ti ~ O I  t, 1 ( J I I  0 1  L I  I ( *  11.1 I I I c ~ ( ~ ~ ~  I 1 (!I W I  1r11 ( 3  

1 t 1~ llll~lc~l~l~llll  l)y all ~ l l l ~ ~ f ! l ~ l l l ~ ~ l l ~ l ~ l  ~ : I * l y  I a l Y C ! l . .  

'l'l~e model l l 11g el f o1.L s~~y,y,ar;l.acl Iwl'c Ir: I lot t.1 IL. rsi1111~' d~: r l I  I 
lntegratc?d InacLsr plan Lor' wator Illar la:c?lnc!llt I I I Lhi? Dc 1 ta i l .  
Model1 lng and groc~rlclwatur cxpal't lsc. H I  I O I I ~  (1, IKJW~VC'I ' ,  bc! ~nalol' 
cosponellts and c o r ~ t r  1butot.s Lo G I I C I I  a p J  a1 I .  Cc 1 l I 11c: A l x c ! s  I3srl.clgc 
(CAB) etrould be ir~vo Lved, allel posaj bly wc~u l t l  I)(? all al~l~l-opriatx 
agellcy t o  c o o r d l ~ ~ a t o  arld direct. Ltle devc loprlellt of. sl.lci I d I J ~ ~ J I I .  

Tl ~e suggested plan has Ccatur-c.s 11 I ~ O I I I I I I ~ I  I w i  tl I t . 1 1 ~  l 9 U O  propmaJ 
of GERSAR tor a "l'lall Ilydl'a~rllcl~~c IXNII- lo 1)c.l 1.d". 'I'll(? r:ffot-l of 
GMIJ a lol~g L t ~ l s  Illlo sl~oultl Ijc C O I I I ~ ~ ~ ~ I I I ~ I I ~ . . ~ ~  I-atl~ul'  t.11a11 
co~npet l t ivc  w i t 1 1  o t l~cl-  pla111111q: C I  fc~1.L~. 

A model would erlcoslpass a rcaclr abouL 11) k ~ n  lolrg, a ~ d  a widl.11 up 
t o  5 o r  1 0  km, i n  orclor t o  lr~cll.#le IIIOGL of t l ~ e  la1.1tl su i tab le  for  L. 

i~ - r lgaLior~  develop~ner~t . Tl'rc yr.lest1011 tl~aL Ll.11.s 111odcl w i l l  be used 
fo r  is the f e a s i b i l i t y  of pulnpirlg water fo r  i r r i ga t i on  froa the 
aquifer .  The aquifer w i l l  be replenished fro111 the  river. by 
maintaining an outward gradient.  'rhe advantage of this scheme is 
rqcluced dis tance of tranoportation of Ll ~e water €or l r r iga t lon ,  
and reduced evaporation losses.  

Many s u c l ~  111ode1s can be seL up 111 t l ~ c  val leys ,  s t u r t i ~ l t :  11'1 the 
most prom is ing sec tor  be twcer I Matam a11c1 Kaecll . Below Podor, Lhe 
aqu i f e r ' s  s a l i n i t y  increases.  The f easibl  l i t y  of E l u s l ~ i ~ i ~ :  out L l l e  
upper layers  st~oulcl be investigatecl - - again, by the Lecllniquc of 
n~odel l i  r~g . 
For t l ~ e  Manal~tall Area. Groundwater is p l en t i fu l  i n  Llle I4a1lanLall 
area. I t  is r ep l e~ l i s l~cd ,  seasor~ally , 11y t l ~ c  abundant, ra ln .  A 
model would encompass an area large ellol~gtl Lo i l  ~c lude  L l l c  uypcl- 
plateau where most of Llie recharge t.akes place (a11 arca of t l ~ e  
orclcr of 100 square ~ I I I )  . Tl~e ~noclel could L x  11scd LO CJCLIJ~IIIIIIC 
best  location and alnoullt of water supply ~ L - ~ I I I  wells for t h e  
various v i l l ages  (recct ~ L l y  relocated f ro~n t l ~ c  f loodcd zor~ca . It 
col~lcl a l so  be used £or LIw detcr'1n111atlo11 of lartzcr scale  water use 



Fina l ly ,  l e t  u s  11oLe LtlaL 1 1 0  ted111010gy 1s LOO adva~lcad Lor a 
developing I.~atlori, espcclal 1 y a s  far' as col11)mt.er techno1 ogy is 
cot-~ccr'ned, because the prohlea~c and tile quest ions a r e  r c a l ,  and 
tile l a t e s t  tectinology allows t o  f lnd bcLLcr' ? r l s w t ? l - s  11101-c r o l  iably 
and more ecor~o~nlcally.  

The modcll11'1g e f f o r t  crlv lsagcd by t l ~ c  c?valr~aLlor~ team would 110 

doubt involve and j u s t l  t y  an cn t  i r e  p ro jec t ,  l~.~asmilcl-~ a s  an 
e x p a t r i a t e  tealu ard  a  ~nu l t l -yea r  e f f o r t  wc~.lld be req l~ i~-e t l .  I t  is 
recommended t h a t  tile process of 1denL.L r l ca t lon  of a p ro jec t  and 
study of its Eeas ib l l l ty .  as s t e p s  t o  ob ta l r~ lng  Eundlrlg, sl~oulcl he 
undertaken wlthout delay.  



'LYio ptwrjouas arid orlt.j~utfi t,o be aCI11owtl ),,I t 
Monitor- 1 r~r, Pro J o c t ,  ar: t Jwy  w c ? ~ ~ !  I I ~tll~:ot.arl I 
and t,h? Gt-ant. Agroemcx~t, , w c ? ~ ~  ae f o l 1 owf: : 

( 4 )  tralnocl s t a f f  for. implt?~nnntat.lo~~ of the Cor~~)~rcl~uriolve 
Master Plan, a~ ld  

( 5 a nelwol-k of plezometol-r: a11c1 observatlorl we1 1~;. 

The project  was t o  supply 1 or ig- a1 lcl s11o1-t - t e r s ~  tuc111 11 cal 
a s s i s t a i ~ c e ,  technical ar ld off ice  equlpa~ent ar lcl constrnct lor) 
mater ia ls ,  a t~d  w a s  to  srippol-t t l ~ e  ove~ .a l l  program w l  t h  j~e~.norlr-lal 
( including,  spec i f ica l ly ,  tile salaries of local  s t a f f  of Ll~e 
project  a t  tlre c e r ~ t r a l  of f l e e  11 I Sa J IIL-l,orllr: alicl Llre Lllrec 'GeCLor 
o f f i c e s ) ,  atld operating cos t s  of d r i l l i c ~ g  tile yluzomelers atld 
eatah1 l d l  l l l r :  the ol>ot?~.vat lo11 wc l Is. 

Master Plat I .  

The project  output. ~wnllorrecl f i r s t  J I I  ttre list of outputs irr the  
Grant Agreement was "A coepreliet '~~ ive master plan fo r  111onl toritig 
and solving problems created by hydrct-agrldultural developments i n  
t he  Senegal Rlver Basin. " That commi lnient , 1 n re t rospect ,  was 
excessive; monitoring was alld is feariible, but t o  provide a plan 
f o r  solvlng any number of as-yet-unfclentified and unspecified 
problems, and tha t  within the  s t ruc ture  of t . 1 ~  project ,  was overly 
ambitious, and as  such it ~ t lou ld   no^ have k e n  a par t  of the  
cont rac t .  

Work on the morritoring system w e n t  on apace; undeptandably, 
nothin& was clone on t.1 le mas t c r  111 an. A co~~sr.rlLant from RRGM 
recomlnelldcd Lhat tnodal 1i1 I,: u~~dortakel  I ,  arld ~~roposcd  a specif  ic 
model. A contract. a~nellcllne~ ~t w 1 t l  I I t;l'.l wal; a i ~ n e t l  ol i 31 I)ccelskV 
1980 wl I l c t l  ~woln lnc?cl o i x I - ~ I X J I - L S  ; \.I lc?t;c? ~.cpo~'t.s aplmr'el IL  1. y were Lo 
be i n  1 [(?IJ of tlle Mas t.c.1: I'.lall. 'l'l~c? I h  I kc! i ~c :~~o l~ t ,  l ~ ~ ~ o c c l  011  a 
consul tar ICY i r ~  ea r ly  1 0 0 9 .  L-CC~IIIIII~?IK~L'(I prcl~a~-aL 101'1 of a1 I i r~ t e rp rc -  
t a t i v e  rclsort or1 tiytlt'ology of ~ l l c  basill at; IJhasc i f  ol' t . 1 1 ~  



ht;l f o r  t t ~ o  a l x  rnpol-tu t 1 1 ~ 1 .  wer t! IA.VIII lrsecl by 1111'1 111 L I w  c ! o ~ ~ t t  auk 
anlendmetit slgrlecl or1 31 Deuembul 19UU: loae t l lar~ a ycdr l a ta t .  i l r d  

w l t h  some r1111e mor~ t l~s  1ama11il11g bufor'c? I~AC:tl, I t .  was rloail .la 
"lmposs 1 bl e 111 t . 1 ~  p r x ~  J eat. tlnw t-onla 1 r l  l I ~ y ,  t.o tlu tl ~ r ?  t?xt.w rcilvu 
arlalyrrls s ~ l d  I ~ ~ t c l - ) r l . t a L a t l o ~ ~  l lC?C?~?S6d l 'Y  t o  wr1t.e s i x  r ~ l p o r ~ a "  
(cluotod from Septeml~er 1 W Y  dru l  L vc1.e 1011  or E ,  Wa l s s '  ~.t!port of' 
Ja11ua1.y 1990) . fr~sLeatl ,  a ma jol. i - c p o ~ ~ t  woulcl be dorm w 1 1 l c l 1  would 
have uIiapL~1's acIdrtrss1 I IE ,  ~ ( ? I - ~ I U J J U  11 I i l b111 . c~ l a t~d  1 vt.111. t11o t op ld s  
of t h e  promised r e p o r t s .  

These recommondatlons were approved ar~cl adopted a t  pro] ect , OMV6 
arid USAID l e v e l s  i n  1 ~ 0 9 ,  and t h e  agr-ecrerlt was madc o f f l c i a l  a t  
GMU headquar te rs  on January 30, 1990. 'I'hJ s agroenent  cons t  1 l u t e s  
a de. f a c t o  d e l e t l o n  of t he  t ' e c l u l l - ~ I I I ~ I I ~  of p repar ing  a colllpr'e- 
hens ive  master p l an ,  s u b s t i  l u t i n g  a Syntheses  Hepor t t h a t  would 
focus  on t h e  De l t a .  ' I ~ L I s ,  the Syn thes l s  Report ,  w11c11 E l r ~ a l l y  
completed arid submitted ( i t  was st111 I n  d r a f t  a t  tile tiwe of 
e v a l u a t l o r ~ ) ,  w i l l  meet t he  c o n t r a c t u a l  o b l i g a t i o n s  f o r  tlrc ISTI 
r e p o r t  1 ng requi rements ,  a s  w e l l  a s  L l ~ e  r -eyulren~ents  of prepdring a 
compre l~~er~s ive  master- p lan .  

With tile Master Plan requl re re r l t  d e l e t e d  and its r ep l ace s~en t  
requirement met, t h e  f i r s t - l i s t , e d  Output I s  f u l f i l l e d .  

The term and t h e  requirement. For a "manage~nent l n f o r n ~ a t i o n  
system" is somewhat ambiguous and s u b j e c t  t o  a l t e r n a t i v e  i n t e r -  
p r e t a t i o n s :  a "systeme cle g e s t i on"  or- a "systeme d ' i n f o r w a t i o r ~ . "  
Whlchever was meant, t h e  requirement  has  been met, 

A management system would be  a s d s t a i n a b l e ,  e a s i l y  v e r i f i a b l e ,  
probably manual, a d m i n l s t r a t l v e  and account ing  system,  meeting 
h igh  s t a n d a r d s  and accep t ab l e  to  USAID. Inasmuch a s  t h e  GMU was a 
newly-created e n t i t y ,  s t a r t i n g  o u t  wl th  an  e f f i c i e n t  and e f f e c t i v e  
system was impor tan t .  

This  kind o f  a system of i n f o r n ~ a t l o n  f o r  management has  been 
I n s t a l l e d .  The system t h a t  1s I n  use  1 s  b a s i c a l l y  a t r a d l t l o n a l  
account lng  and record-keeplnp system,  b u i l t  around thc? "Accounting 
and AdminlsLrat i on  Procedures Manual, " prepared b y '  USAID. While 
computer iza t ion  of r eco rds  was a t tempted  e a r l y  i n  t h e  p ~ - o j c c t ' s  
h i s t o r y ,  t h a t  approach was abandoned because of c o ~ ~ ~ p e t l t i o n  f o r  
t h e  l i m i t e d  computer c a p a b i l i t y .  The d e c i s i o n  t o  use  a 
t r a d i t i o n a l ,  manual system was wise ,  g iven  t h a t  t h c  system 
i n s t a l l e d  should  be cont inued by l o c a l  personne l  a f t e r  t h e  
d e p a r t u r e  OF t h e  TA personnel .  The system has  worked we l l ,  and 
t h e  f a c t  t h a t  a u d i t s  by  USAID's C o n t r o l l e r  r e v e a l  no major problem 
c o r r o b o r a t e s  t h a t  s ta tement .  



An altet'nsltlvo at~d more uornlnor~l Y -au~uyLecI 
required managernetit 1 nf ormat loti- eye~eh Is 
mrrt.lc>rr, " a meot~arr.lom wlrareby irrt'ormntlor~ (data, aria1 yale, 
intorpt'oLat,loti) uol lact c?O or rlovclapacl IJY t.t IC GMII 1 o I,t'a~~c;ln~ J I, tod 
or paused on, Trar~smjttal to ot11t.r c ? t ~ t l t l w  for wPrlr:l~ tt~u~ 
lrlf ormcltlon 1s of. potu11Lla1 1 1 w  or. 111torak;rt. (stlut~ arJ IlydraUJ lus 
Mlnlcltrles, BAED, ISllA, WAJWA, Cel.lulr? Aprofd 13alAt'age, aLu, wuulcl 
be Ideal, espealally If tho lnlormatlon sys1,L.m It~ulutlocl ( a )  
wlcleepread awcu-erieso wL thin the clevolopnrcr~l. cmmmunl Ly arJ to Jugt 
whaL type of lnfol-n~atio~i Je available t111-ou&h tt~u GMU, ar~tl (b)  
f oedbaok from rscJp1ar1t.s of 1nf'or4matiur~, tt~at. could he lp tlio <;MU 
orlot~t. ttrelr ut~ulyses s~~ouncl the lwedn oZ Lt~olr "cllentr~." 

Direut dlseemlnetlon of Informat 1011 by CMU was undertiikor~, wltl~ 
dlstr ibutlon of lnf ormal.lon LO tl'm ~ncn~l~ar s tatae, but was I I ~ L  
oontinuecl. Currant ly , CMU subn~l t s  all tecti~ilcal roports arld 
periodlo progresra reports to OMV6 heackluartars In Dakar, thus 
mtlsf ylng the second-listed oulput , DistribuLior~ beyor~d that 
polnt, to the member states and/or other agericles and or'gaill- 
zatlons, 1s handled by headquarters rather than by tho GMU. It 1s 
doubtful that maximum aval labillty or utlll ty of lnkormatlon to 
the potentlal users is beltrg achieved. A parallel dislrlbutlun 
system, wlth expectation of feedback to GMIJ, should be 
investigated and if possible undertaken. 

The Data Management System GES was described and discussed in some 
detail in Chapter 4. Its adequacy fol: the task and 1 ts general 
suitability can hardly by questioned. A comment on thls output, 
relative to what was foreseen at the t h e  thc 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 compilatior~ and management problem. 
The requirement that the project establish a system for coping 
with this problem certainly was appropriate. However, it 
apparently was envlsloned 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 suoh as has been installed and is in use. This was no doubt 
largely because then-available computer technology for such a 
system required larger and more costly equipment than the desk-top 
computers that, thanks to evolvlng 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 certaln important functions could not be performed. 
Telephone commun1catlon wlth Louis Brunelle, who developed the 
software program, brollght a FAXecl message wl t11 instruct ions for 
resolving the difficulty. This scenarlo, which could happen 
again, suggests a need to keep open present channels of 



The Lourtli-1lr;rLod output It1 L11e Orat it, Agrocrnont i u  "TcaItmcl 
ataEE for lmplamar~tatlorl of tho Comprut~ena lvo Mautcr Plan. " A 
roqulroment to trnirl sltaff: Lo moot ut~e~~oc~lfied and utlkrlowll r-~ucclw 
wou.ld be urlreta9onabJ.e atid ~~erhapn urlotllorcoablu; J.lko the maptat' 
plan, it bthoc-tld nevor have bosn required. ft can also be clalmod 
that Lr'alnlng for the tiaods of tllo mastar' plun is lrl-oluvarlt, 
given that LIiore is no rnastar plan, 

What should have been required instead, and what h e  project llae 
aooomplished and provided, is krained star£ Zor uarrying out of 
the program of the GMU: maitltalnlng and taking roadlngs from the 
piezometer network, compiling and entering the data in the 
managerncnt lnformatiorl aysleln, and analyzing and reporting the 
data. 

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

The project inputs £or training specif led 11.1 the Project Paper 
were as follows: Long-term academic training in the U.S for three 
participants, long-term thlrd coun$ry training for six 
part icipants ( later' reduced to three, f CII. reasoliG of cost 1 ,  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: 

Xn-.Slnlf e.d-.FAa&.e : ~rabuate programs in 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 trainlng in USA in July-August 
1989, when he attended a week-long seminar on computer 
applications for groundwater and three weeks OJT id modelling at 
USGS . 
In ..Franc.e, 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 Fade1 Ould Saad Bouh (Mauritania) 
Mamadou Sarr (Senegal) 



Certainly, tile traln1111: provicletl by  t . 1 1 ~  1~1.ojucL Imr; I~c~~c.fILtcd Ll~e 
t rainees,  and LIIc? i~ ln~)~~~ovc?cl capel,i 1 l t lc?s 1 lave I I C I I C ~  1l.l c:c I t.1 IC 

project. tlowevcr, L L  1s  to  be ~-cel-c+ttcd t,l~at so luw a pro)wrLloll 
of: t r a l ~ ~ e e s  has ~ C C I I  rc?t i l i f~~d 1r1 prujcct scrvlce.  'l'he ol>jc?cI.lves 
oE USA111 lr~cludc c o ~ ~ t ~ . l ) ~ t l ~ ~ l r ,  Lo Lllr? Ll'alr~ed 11at lor ~ a l  cadre: 
whether rc ta  lnecl by t t  IC pro J eel. or I lot.. Clearly, t l~osc  txal r~oes 
wl~o are ~crv111g i n  rcsyo~lsl blc ad1111 I l i~L1 .a~  ive or Lecl II  ~ i c d  1 pus t ~ ;  
i n  the goverrrlcrll.s of t.11~1 r COUIILI'ICC;, WIIC'I . I ICI '  1 1 1  0 1 -  0111 of L I I C  
projcct,  a re  p e r f o ~ w i ~ ~ g  sct'v Ices uscf u l  Lo Lt~cll' cou~itl- lcr;. 1 L 
Iras 1)ct?11 acocpLcd ~ ~ o l  l c:y t.11irt. c:vc!~~ w l ~ c ? ~  r r CI . I I I  llcrr: .11'c 
co~itraclua L l  y t-cq14 l ~ . cd  LO r;crvc t . 1 ~  I ILXJ  j cc:L -- wl llcll wdu I IOL t i  ~ t ?  
case Ilert? -- L l w y  w I 1  1 1101'1nal 1 y Ilc ~x:lcncotl Lo wm'k c ? l  eewl IC?IX? An 
Lt re govcr~ I I I I ~ I  I t . 
From the narrow and self  Lsh viewpoir~l O F  L l ~ l s  proJccL, Ll~c 
train1 ng cofwoncnt of t.hc project In l ght. be cons iclel-ed 3 ces than 
completely, successf 1.11, I~ccausc Ll~c I ~ecdr; oE Lllc GMU for IIIOL'L' 
t rained people in  the Central Office was rml; met by t t ~ e  tr'ainic~g 
program. In f a c t ,  however, it was I I O L  Ll'e InLent tha t  a l l  t l ~ e  
trainees should return t o  the projecl.; GMU woillcl not l~avc I~eeli 
able t o  accomn~odate a l l  of: ttles~. TI ~e current unclers taf f ing of GMU 
is more a function of needs of the natlonal servlces of Hydraulics 
and/or budgetary stringency than i t  IG a function of tralnlng. 

However, s t r ings  t ied  t o  t h e  trainir~p, or  clauses inserted into tlre 
contracts,  t o  assure that the pro j e c l ' s  11eeB for t ~ a i n e d  persons 
would be met, should be carefully consldered by donors. 1 L  is f a r  

easier- Lo relax those t t ? q u l r c ? ~ ~ ~ c ~ ~ l s ,  alitl l o  1~cr111i1. a traillee Lo 
take o t l ~ e r  cnlploylw~~l., t.l~ar~ I t  I s  t.u I W ~ I I  l I T  111111 Lo l-et.ll~-rl l C t.t~at. 
wasn'L pa1.L oC ttlc o~. l r ; i~lal  b;u.,;a.itl. 



'I'l~e ProJccL  Papel' was vuuy I;!J(:C l l'.lc ; I ~ J ~ I . I ~ .  o I . I L ~ A I I ~ I I ~  t .11~ Lo~~l!-Lot III  

tech1.1J c a  1 ass is t a n c c  pc-lr'so~-~rln 1 Prcw I1:X;S 1.11 lclc?r a PASA al:retmcnl.. 
I lo~f.?Vf.!l', 1 t .  Wiif.1 I ' ICJ I ,  (k)l I(! t.1 l d l ,  Wily . w l  l<!l I t.1 I(! IJ2;f.;:; il(!l 'f;fll I d l ' l '  i vC'!tI, 
110 C ~ u i t l  ~ ; ) ~ c ? a k  110 L'I'CI ICI I ,  i l l  1t1 J L I>C'L'IJIII(! i: 1 ~ ! ; t l '  L l  k t [ .  I IC Will:; I I C I I .  

p r e p a r e d  to 1 l v c  ard wol:k 111 Sa i l  I L -  Louis  . t l c  L'cLu~'IIL'CI Lo USA 
w J  tliirl  a col.lp1e of weeks. IJSGS was u ~ ~ a b l c .  t.o ~ x o v l d e  a 
t ' c p l a c e t ~ ~ c n t  , so a r w t h c r  s o u r c e  oE persol  11 IC 1 was soup1'1L. ' 1 ' 1 1 ~  
con t . r ac t  was awardeci t.o 111t.er1iat.l o n a l  Sclerlcc? and  Tecl~llology 
I n s t i t u t e ,  wlilch p r o v l d e d  tile s c r v l c e s  o f  Mr. U e l ' l i s  Rlctlartl, wllo 
s e r v e d  fro111 J a n u a r y  1085 u n t i l  t h e  cncl of t h e  p r o j e c t .  

The Ad~ril ~ l s L r a t i v e / F i r ~ a ~ i c c '  O f  f l e e r  was L o  be s u p p l i e d  by USAID 
wxler 1 ocql d l  rect -1-11 re i~rrarly,cllrol~t.s . 1'111s p~'oceclurc? was 
eEEecLlve. M r .  Jallies Ollofr'ey s e r v e d  Zroa t h e  i l m c p t l o l ~  of tllu 
PI-ojecl ( q J ~ . ~ ~ ~ o  I cJ84 ) 111 ~ t .  i I Marc11 l Q 8 ' / .  ML.. Ttlnotlly Itosallc Look 
o v e r  t h e  p o s t  i n  May lW'/, L o  sc l -vc  il11L11 PACD. Tllerc was a Lwo- 
month g a p  between t h e  a s s l  cnmelils o f  Ll IC two o f f  l c e r s ,  b u t  Llicre 
is no e v i d e n c e  thaL t l ~ c  g a p  c a u s e d  any  s e r i o u s  p r o b l c ~ ~ \ t i ,  clue 111 
p a r t  t o  i n t e r i m  a s s i s t a n c e  provldecl  by A 1 f r e d  S c l i u l t z  of IJSAlU' s 
A g r i c u l t u r a l  Resea rch  P r o j e c t .  

S h o r t -  te rm c o n s u l t a n t s  wcre t o  have  becr I s u p p l l e d  by USGS. Solw 
10 man-n~onths o f  c o n s u l t a r ~ t  t im werc sc lpp l l ed  by ISTA ( t3ru11elle,  
Migneau l t ,  F o r t i n ) ,  G by USGS (Bolke ,  Hollway,  Welss), and  1 l / 2  
by BRGM iVandenbousch) . U s e  o f  l S T I  as L I l c  p r i a ~ a r y  s o u r c e  o f  
s h o r t - t e r m e r s  was r e a s o l ~ a b l e ,  give11 Lhat  t l ~ e  p r i n c i p a l  a d v i s c r  was 
f roln t h a t  coslyal ly , buL s e v e r a l  o f  Ltie CISGS col l s u l  tar lclcs p r o v i d e d  
i n p u t s  t h a t  w e r e  c r u c i a l ,  ar~cl Illore e x t c ? ~  ~ s i v e  p a r t i c i p a L J  or1 by  USGS 
would have  been welco~netl.  



The o r l g l n a l  p1a11 and 1 ~ 1 d ~ : c L  }x'ov,i rlccl : 0,. ,. B A  I G I * : ~  11 l LaL I V I  I oC 
ve t i i c l c?~  a l r e a d y  posst?ssecl by oMVS, Iic :wels ,  Lhese vc?l I iel o s  wt!l.c 
found t o  be  !rl s u c l ~  col-ltli L l o l  I LlIat r(!l l i i r > J  : i Lib t. loll W i t s  I 101. 
~ C O ~ O I I I  1  c , 
and r lew v e h i c l o s  were o b t a  l I led ir~sLearl. Pr:c~pcr' ra in t . c t~m~ lee: of 
t.hese v e l ~ l  cles dur  J ng t . 1 ~  11 f e of t.1 lc 1u.01 c c ~  l bas rest I 1 Let1 i I I 

t h e i r  c o n d i t i o n  a t  PACD b e l r ~ g  s u c l ~  LllaL, w l l e l l  tllcy a r e  Lurllcd over  
t o  O M V S ,  t h e r e  w i l l  hc a I -easor~able  cxpect .a . t . lo~~ of anotlier col~p1.e 
of y e a r s  of  u s e f u l  l l £ e  b e f o r e  Lhey need L a  he rcplacecl -- 
assur t~ i r~g  c o n t l  nu at lor^ oC proper  ~ s a l  I ~Lenarce .  

'rile 01. igi 11a1 ~ I I L C ~ I L  I O I I ,  e x ~ ) t ~ ! s [ ; c ~ ~  ~ I I  1.11~: t J r o ~ c c t .  I ~ ) C : I  , WLW I . I I ~ ~ ,  
t h e  ~ lc two~.k  of piezo~nr:tt!~.s would I.)(: I~lsLdl  led by 1 I I(: oMVS iw ill): 
e q ~ ~ l j n ~ ~ c ~  ~ t .  silpl)I i c!d 13y tl IC p ro  I (:c L , w i Ll  I (:~-(:ws dl K I  I I I ~  t.er I d l s 
f lnar~ci!cl f l'oln Ll  lc EOIIIC! 601 11x:o. S I I ~ J ~ ; O C I I  ICI I L  I y I I. W i i O  CICC: I LICXI 1.1 I ,~L 
ttle o b j c c t l v c s  of c f l ~ c l l v c ? ~  lem a r d  c?f f 1cic11cy woul~i  IJC: I ~ c l . L c l '  III~!L 



uut't'lutl ot~t .  t,lto I ) ~ ~ % ~ I I I ~ ! ~ . I - I  I III:~ ,J I l C 1 l  I(JIIG 111 :~!IIc!I:,I I .III~ I 
M~~II~II~IIII;I, 111 M t l l l ,  t I 1 (1  l)Nll l~ ( I I I I ( * C ! ~ I O I I N ~ I ~ I ( J I I ~ I I ~ ~  ~ I ' I IY~ I I~ I I I I I I ~ I I ~ !  
ol. do I ' l . ;~~c?r.~la)  l ~ a u  t:o~~cl~~ctt,c?tl w c ~ l  L-111 I 1 l IIIJ: I J ~ J ~ ! I  lo1111 lor yc!;i~ U ,  
a t ~ l  wu~; f'irl 1 y aolnpolcrll, t.o I J ~ I - f  olw t.1 II* I ~c!orlc!tl rrolak, WII l ul I 1.1 ley t l  l t l  
W ]  t.11 HllCJt;t?t4&i , 

The s t a f f i n g  pa t t e rn  ol: t t ~ c  p r o j e c t  and thc organization w l t h l n  
which I t  operates has evolvecl ovcr the; t l ~ l s  was revealed by 
orgarligrams examined i n  Sa in t  -Lou1 s . The changes are f o r  the most 
p a r t  r e l a t e d  t o  mocliElcatlons al ready rentlonecl, especially Lhe 
cont rac t ing-out  o f  plezolneter i n s ta l l a t 1011  and attendal-IL 
reduc,tlons i n  need f o r  directly-e111ployec1 s t a f f ,  01% t o  rlorlnal 
rearrangelnentc; t o  improve e t f l c i e n c y .  

One ma 101. starc11 IE cl  lnll~c? carla a l m  II. i I I 111icl- 1 OMti  w11 i c l ~  clesc!rvc?s 
comlner ~t . There was ion,;-sland 1 I ~g cl l sagrc?cr~cllt ovcr t.ecl In l ca 1 al ld 
o t t~e l .  a~a t te ro  amollb: t l l c :  COIIGII~ t111l: If1 I):J I ICX!I. 8 1 ~ 1  tl IC! Llll'ce C11ic!Cs 
o f  t l ~ e  Cer l t r a l  O f f  l c c  , sucl I t h a t  I.1 lcsc Lollr Leclll ~ l c a l  1x1-sol IS 111 
the p r o j e c t  were not C ~ l ~ ~ c L l o ~ ~ l n g  as a tcam. To resolve t i le  
lmpaeuc. t11e Ileacl o f  Lllc C;MII alltl LIK? Cl l lc fs o f  Operatlolls allti or 
Data Col lccL lon were scl~t.  back Lo I.11ei L. I I~ I I I~  i n s t  1 L l l l l o ~ i s  by tllr! 
OMVS Hlg11 Co~n~n l~s ionc r .  Ousaallc Nj:o~n was asslglled as Cle f  
d'Operat1011s a few IIIOI~I,~ IS l a t c ~ ' ,  al~cl l ;~~ l~suc j~~cr~ t . l  y 11e war; I I ~ I I I ~ ~  as 
Chef dc? Ce l l u l c .  Ttle oLlier posts wcl-c 1101. and st111 llavc 11oL bee11 
f l l l e d .  

Inasnlucl I as the prograrl o f  11 1s La L l i n g  plczosretcrs was 1art:cly 
complete by t ha t  time, d lspe~ls  111f: w l  t 1 1  t l l c  serv lccs o f  the 



The GMIJ needs t o  Ixwc add i t lona J I la t i ona .I pe~.'sor'l~ lcl ass  1 ):I led. 
Lone- tcrnr assignn~cnt oL at. leas t  01 w IIIOI:~: p~:ofcsslonall y-qlJil11 I' ic!d 
person t o  t h e  cen t ra l  of'rlce .Is ser- lous l y rlcecled. ? r i  at1tlitJo1'1, 01' 
a s  an a l t e rna t ive  If br~dgetary stringency d ic ta tes ,  h ' /c l rolo~ls ts  
fro111 the Wationmal Scl'vioccs of Ilydroloclets co1.11d be sent  t o  the 
Central Of  F ice  of GMU Cor pcriods of pcrhap[ cs two 111opntI-16, durng 
which tlme they would lean1 about GES ancl l~ow the data a re  
processed and analyses propduced. Not 01-11 y would t h i s  pel-1111 ts 
them t o  r e t u r n  t o  t h e i r  home i r l s t i  t;ut.ions as  si~pporterfi of the  
r ~ t i l i t y  and boosters for tlic use of CMU o i l t ~ x ~ t s ,  but they corllcl be 
evaluated as potent la1 Eull- t.1111e GMU s t a r  C l l~ell lbe~~, for- the t.ilne 
i n  the future  when Einances permit ar~cl demand 1-equjl-cs more ~ t a f  f 
and .ti-~cl.-eased o i~ tpu t  . 



The drwlslor~ to  1nct.al l t l ~ e  plc%u~~~ct.c!~ I ~i!t.wol k u~~clc:~' col~l.~^act. , 
r a t h e r  t.1  an by governinclrtal agcr~clca c c l u  l l~pcxl 1c1 su l~p l  l ocl by Lt~c 
pr-oject., l ed  t o  ct~anf:c!r; 111 Llle cos t  s1.1 llct,lrre, Ui~clcl. Lltt! 01 .  L C  1r1d I 
p lan ,  equlpnler~t and matel-lals would l~nvc: 11ncr1 fu~ ' r~ls l~ccl  by ttla 
project. a s  Cor~nocll t 1 cs , a1 ~ t l  ot11o1' con t.r: of I.Iic? 1 lbsl.nl 1 at. lor1 Wall l cl 
be paid under CollsLr-uct 1 on. Ur~der co~'~t.l-ac:t 1nr;tal l a t  Lon, 
nlatcrla.lu rurnlsl~c?rl I)y Lllc corltr-actol. wc~-c! L~~cluclctl J I I  
Cor~s t r u c t i o r ~  co6 ts . 'I't I J  s had ttw c r f c c t  of rcduci lit: Co~n~nodl t-y 
expense whi l e  cxpandj I lr: cosLs 111 tllc COIIGLL-uct. lol I uatceol'y . 'l'l IC? 

two ca tegor lcs  cornl~lr~erl show an lncrcase of about 5OX. Sor~rd oL 
I t h i s  increase  was clue t o  ullforeseen l r ~ c r c a s e s  f r i  tl-IC COGL of 

materials - - increases  tliat would tiavo appl led  t o  U S  purcl lases of 

I materials had the  p lezo~neters  bcen donc? Ily IJI-oject crews. 

I n  tire a r t e r ~ n a t h  of staff '  1 - c d ~ ~ c t l o ~ ~ s  L I I  l W U ,  1~ waG ECCII  a s  
d e s i r a b l e  t o  eva lua te  t l~c  work done a l c l  t.o rcvlcw the pr.ojcct 

rn accounting t o  da tc .  A IJSGS consul tant  (Bolkc; see b i b l l o ~ r a p h y )  
lndpccted tlic p l e z o ~ ~ ~ e t c r  llctwor'k, a r~d  I~~.Loc-Wat.e~-lio~~sc? l'evl cwcd 
t h c  accounts of t h e  SAFOI7 c o n t r a c t .  Dot11 rcwlcws concll~ded on a 

I p o s i t l v e  ~ ~ o t  e ,  w l  t l ~  I I O  I I I ~  jol. d l ~ c r c p a l  la l c s  or- problca~s fo1.1nc1. 

The U S A I D  Controller has pe r iod ica l ly  reviewcd varlouG aspects  of 
I accounting and admin i s t r a t ive  p~'ocec1ur-cs o r  the  p ro jec t .  The 

rep resen ta t ive  oC t he  Contro l l .e r ' s  o f f i c c  s t a t e d  t h a t  no complete 
a u d i t  o r  review had bcen done --  evLde11t.Ly because the  l e v e l  of 
review t h a t  was used revealcd no j u s t i f i c a t i o n  f o r  deeper inquiry.  

I As can be seen from Figure 4 ,  amounts re~naining i n  the  pipcl i t le  
and unl iquidated  a s  of t h e  time of evaluat ion  approach a mi l l lon  
do l . l a - s ,  but much of t1.116 w i l l  be used up. Even a n  ou t s ide r  can 
recognize t h a t  salaries are t o  be paid and the  c o s t s  of t h c  
evaluat ion  rernain t o  bc 1,llled. TI'I~? cont.1-act with S A I W R  and 

I '  c e r t a i n  o the r  mat ters  w i l l  not bc C i r ~ a l l y  s e t t l e d  u n t i l  a f t e r  



Category or igltial UudgeL Rev1 [;led UuclgaL Unilc~uidatctl 
Total Por Y r  ToLal Per Yr May 25 '90 
(4 yrs) ( 6. 5 yre 1 

AID INPUTS 

Teohnical Assistance 938 235 1,640 252 297 
Commodities 1 , 154 a 630 a 9 8  
Cons truat i on Y h O  * 2,539 a 232 
Other/Operatlng Costs 1 , 2 7 1  31U 1,245 192 2 12 
Tra1n.l ng 320 * 387 a 15 
Evaluation 0 a 60 e 57 

- --- - 
Total 4,651 1,163 6,501 1,000 91 1 

OMVS INPUTS 

Project Cost6 551 1 3 8  650 100 

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

* Not meaningful on an annual basis 
I 

Sources: Project Paper 
USAID/Dakar, Controller's OEfice 



Every project  e~icount.ers probleas , and this project  Is rio 
except. i o n .  Some of thc prohlcnis have a1 l'cady been menl l oncd; 
several  o lhers  rernaln that are  worthy of  ~nentlon.  



The other user of compllters In Salnt- l ,o~l ls ,  SAtSD, f aclccl w i t 1 1  t11o 
same pt-ol~lem, may have a so1ut.ior-I t lwt. corllrl t x  slialxxl I I Llw 
costs t l i c reof  are s11a1-ctl. Fa 11 1 I I ~  r;llc:l~ ;I so11rt.Jon o r  Ll~c? 
possl b i l l  t y  of c levelo j~ l  ng orlc, t l te 011 1 y I-ecola-st. w o ~ ~ l t l  In? Lo 
develop in- t~ousc capahi 1 l t,y : t~ l l.r? 1 t , 01. t.l.alr~ vou~. owr~. 

M r .  Sarr ' a  c lua .1  i f Jcdt l o ~ w  s l to t~ ld  I J ~  I J ~ C I  aded by I )'ill 11 I II~: 011 t l w  
11ar-dwat-c n r ~ d  soFt.wa1.o 1 1 1  rwr! at. GMIJ, a~icl nwalls s l ior~l t l  Ix: CollrKI t.0 
get  hlm t o  the scerle promptly w1ic11 11 lr; serv lccs arc? ~~actlccl. 1 t 
may bt? necessary t o  C111cl ;ill a1 l.c?tviat. lvc? 1.0 Mi-.  Sat-1'. C(?I.~LI i 111y i l ,  
would be cleslr-able, a1 tl1o111:l I ~ ~ e r l ~ a p s  1111po~si b l a  a t  l.11 ls t lm, t.o 
have leepa l r  capabIJ ILy III Saint-Louis. 111 vlew of Lllc a1111ost.- 
t.ot.al breakdowrl of f1111ct.to111ng o f  t,lir? GMII L l ~ a t  w u l d  rt!sllJt. TI-UIII a 
lxeakdowrl o f  t,hc C~III)IIIL~:I- systc111, 1 1  ir:11 IN' l o r  I t y  al~oulcl be E LVCII  t.o 
es tab l i sh ing  a " l . l fel111c" 11-1 t l te fo1.111 of a system f o r  co)>llig w i t 1 1  
Iiarclware pl'ohLeas. 





* EvaJ uation by  cons111 tarlts In I 9 u 9  C ! O I I ~  .lmed tha t  t . 1 1 ~  
p1ezomet.ers were well located and 131-opc1.-1 y I n s l a l  l e d .  

I Core samples 1-em11 t. 11 IC f rcm t.lw th.1 l 1 i I ly, 01. 1) 1 czo111c!Lcl Imrc:- 
holes const. l t u t e  a resource t.hat wo111 ct ~'cvcal much p,co l og 1 oa 1 
inforarat Lon is a~ralyzed. 

R The chronlc problerr: o t  var-rlal lsnl and damage Lo the 
plezometors I s  being addressed by a PI-ogram of teactll.ng. V l l  I agers 
a r e  Ixlng taught atxmt t.he nature and p~.trpose of the pipes and 
t:je holes, and how the prograal wI 1 1 I.)enef 1 t the v l  1 l a g e r s ,  



* Acldlrig t o t h e G M U s t a f f ,  p a r t l r : ~ . ~ l a r l y  a t  theproFtlt ;rslot~al 
( a r r a l y t l c a l )  l e v e l ,  1 s  very import.ont t o  t.ha unl t . 's aucuess arld 
perhaps even t o  1 t o  s u m  lva l  , 

* Good documentat lor, has  beer1 tlo~r~pi l c d  a r ~ d  nlalr~talr~acl throug11 
t h e  pr-oj eut.. 

n A powerful anti u s e r -  Crlet~rll  y automated ( c o r j ~ ~ t e t ~ i z e d )  d a t a  
baee aystem (Gee t iort  Eaux S o u t e r r a l r ~ e s  o r  GES) has been devolopod 
and i n s t a l l e d ,  t h a t  1s u s e f u l  f o r  tlntct-lng d a t a ,  v l e w i r ~ ~  d a t a  and 
c lua l i ty  cortt t 'ol ,  d a t a  mallaeerlcllt, a n a l y s i s ,  and r e p o r t  w r l t l n g .  
Thie  program 1a suppor ted  by t11e ottlet- programs 111 use: 
Groundwater Tor geographic and h i s tot -  l ca1 d a t a ,  allcl SIIRFEH For' 
mapping . 
* Problems have been ericountered w i th  "bugs" i n  t h i s  new ' 

s o f t w a r e  program, and t h e s e  problems are l i k e l y  t o  recur f o r  some 
time. Establ ishment  of a system t o  cope wi th  such problems, is 
s o r e l y  needed. 

* A good l e v e l  of ana lys l r ;  has  been performed, and w i l l  be 
p r e sen t ed  i n  t h e  Syn thes i s  Report ,  f o r  t h e  Del ta  reg ion  and 
Manantal i .  S iml l a r  in -dep th  a n a l y s i s  f o r  t h e  r i v e r  v a l l e y s  is 
needed. 

Data and a n a l y t l c a l  f i n d i n g s  gene ra t ed  by t h e  GMU are passed  
t o  OMVS, t hus  s a t i s f y i n g  t h e  b a s i c  requi rement  £or  an in format ion  
system.  Fu r the r  dissemination is handled by OMVS. I n t e r e s t  i n  
and  need f o r  t h e  G M U ' s  f i n d l n g s  Is known to  e x i s t .  More a c t i v e  
d i s s emina t i on  of d a t a  and f i n d i n g s  w i l l  h e l p  t o  genera te  suppor t  
f o r  t h e  GMU's work, and a c t i o n  t o  t h i s  end should  be taken by 
OMVS. 

* The hardware t o  suppor t  t h e  corlputer-based informat ion and 
a n a l y s i s  system is  i n  p l ace .  Loca l ly ,  computer r e p a i r  s e r v i c e  is 
not a v a i l a b l e .  One of t h e  t h r e e  computer's should  be r e t i r e d  i n  
f a v o r  o f  a new machine. 

* The permanent groundwater moni tor ing c a p a b i l i t y  r ep re sen t ed  
by t h e  Groundwater Monltoring Unit  (GMU; t h e  French name Is 
CelLule  de s  Eaux S o u t e r r a l n e s )  is a ve ry  important  i n s t i t u t i o n a l  
c o n t r i b u t l o n  of t h i s  p r o j e c t .  I n  t h e  f u t u r e ,  GMU s t ~ o u l d  t i e d  
t o  t h e  agency i n  charge oE marragelnent of  t h e  dams, AGOC. 



w Further study a11d arm 1 y s  l s I I ~ ;  l I lg ~nocla 1 l 1 I I ~  wo111cl produce 
addi t ional  infol~mat.loll o f  cvc?~~ gl'cate1' tlcta l l and tlli~s gl'eatel- 
uLJl i ty .  

w The Synthesis Report , now i \I prepal'at.1o1.1, has replaced L! le 

Comprellenslve Master P l a n  a s  a I-ec1u.l l-ed ol.ltput of Llie pt'o jc?ct . 
w Other  sign1 f l  carrt 01 ~ tp i t t s  C O I I L ~  111111.1 I lg t o  pl'o jcc t  sl.lccess 
.I nclude t l ~ e  pi ezoalctel- I 1et.wo1-k a1 lcl t,1 le capal).tl t t i e s  of L1.a 1 ned 
person1 le 1. 

w 'I't~e 1ISAl:D-tlevelopcd AccounL I lit: a1 l t l  Atl~nl I l i s t r a t  lo11 Procedures 
Handbook Cacill tatccl L l l e  c s t a l ~ l . i s i ~ ~ ~ ~ c ! ~ ~ t .  alld follow111g of a fiysteln 
of pro jcct. ad~n 111j s t.t'at. lo1 I ~ t ~ a t .  avo klwl ptwl~2e111t; all$ col ~f 1.01 l ta l lons  
w I t 1 1  t,Il(! I I S A I I I  Co11l,l.o1 ](!I , 



a Coordl naClon among pt'oJects l mvl l  IE G 1111 1 la goals or oLlierwlsc 
related act.vl t les  I s  i l s l ~ a l l  y a good 1.11 i I I ~ ,  1-(?gitr(11ess of Llle 
sources o f  funding . Such coordl  ~ i a t  ton Is  not autoola t LC. Coallnon 
goals o f  i I ~cr-easecl t rtcor~er; and f ootl 1 1 r c ~ t l 1  lc:L 101 I I n L l  rc %?I legal 
River- Basin and s i ~ l l a r  sub-goals ~-egauddrlg ir~'Lgat.1011, I~yclroyowel- 
and naviaat  i o n  nl t gl lt have sugges t cd  conl*tll I lrlt 1 on w i  tl I o t  t ler' 
agencj es/pro jeclr; such as oLllet- OMVS w ~ t .  1 t . l a ~ ,  S A E ~ ,  SONPDISK, 
CNRADA, TSRA, 'I'echr~lcal Serviccs oC Hyclrd111 los, ORSTOM, cLc: . 
Little or no SIJCII coalad lnat. lor1 I~appelied LII t . l ~ l  s cast?. 1 t s l~ou l t l  
I J ~  CI ~ c o ~ ~ ~ . a g c r l ,  A I I ~  (:o1111)iit (.III~?I ILH 1 I %[..I 01 I o f  1)l.o j(!c:t.s ( I  I GCOI I I ' J~ (?c~ .  

froin Llie very  IX?~~II I  11 I I ~ .  



a Coot1 ildlll ill 1 ~t l 'aL101 I 11; VCI 'Y  III~JOI'I.JI 11. 1.0 l.1 10 611<:C(:Bll a 
pro jcct., It can be rot:tc:retl by cal-cfr.11 t:t? l oc:l i 011 o f  pc?~.f;or I I I ~  l a~i r l  
by eMl.abl 1 f;ll 1 1 lg i1 ~ 0 0 t l  Gyt;l,c!lll O f  il(I111 i l l 1 H l  l.t3t.~Oll ill K l  I.(!(:OI ( 1 -  
k u e p l l l ~ ,  ;IS was clorlc 111 t . l ~ l f :  car;(? wl t.11 t.llc! \IE(! of 11::AJl)'h' 
Ad~nlnlsl. l~aI, 1 vve a ~ ~ r l  Aoc:o~l~~l. l~ ~g Ila~rtlbook. 



3. I r l s . C l  LuL1orla.l. Co11t.1) w A L Y . .  'I'l IC plw;c:~ I L  GL ourrdwilLe~~ Mur 11 Lol.11 IE 
IJnit sl lould be t e t a  l r ~ e d  and cor~L lrlued as  L l  le 1 1 1 s L 1  Lutlo11 cl~argccl 
w i  t t l  e xecu t ion  oC Ll le 11101 11 torlrrg pror:l.ilr\. W l  t l1111  Llit? OMVS 
o r g a n l z a l l o ~ ~ ,  Lhe GMLI s l rol~ld I x  l i ~ ~ k c c l  Lo Lllo sLl'uct,llr'o 11.1 cllilr#c? 
of o p e r a t i o n  oE t h e  qalns: ACOC, Agellce cle G e s t l o ~ l  de s  Ouvrages 
Commur~s . 
4 .  l k a ~ e x & d .  A t r a n s i t i o ~ r  p e r i o d  of pcr.haps t w o  years 
may be recognized  d u r i l ~ ~  whlc l~  OMVS wil 1 a l t emp t  t o  e s t a b l  l s h  
fund t ne  and ad rn in l s t r a t  i v e  arrangenlenls w i Lh promise of 
c o n t l r ~ u l  Ly . 
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A ,  f o r  t h e  e v a l u e t i o ~ r  tcera w i l l  come ftom an 
1 in-depth t u n l l l a ~ l t y  wi th  t h e  P r o j e c t  Pape r ,  i n  p a r t l c u l r r  Sea t ion  I11 Pro jea t  

Dasor lp t lon ,  p a r t  c ProJeat  Componrnts, Annex A Technica l  Analysis, and Annex 
D t o g l o a l  Irun.work. f i e  team w i l l  be r e s p o n s i b l e  t o r  reviewing t h e  p r o j e c t * s  
g o a l s  and o b j e c t i v e s  oe s e t  f o r t h  in  t h e  P r o j e c t  Paper and then appra i s ing  t h e  

I p r o f c a t ' s  p r o g r e s s  toward t h e  achievement of t h e s e  goa l s .  

I 8 .  I n  o r d e r  f o r  t h e  e v a l u a t i o n  team t o  be a b l e  t o  effectively 
p o r t o m  t h e i r  t a s k s ,  they w i l l  need t o  become f a m i l i a r  w i th  t h e  following: 

( a )  - 9 - w :  c r i t e r i a  f o r  placement and q u a l i t y  of 

1 c o n s t m c t l o n  t o  d e t e m l n e  i f  t h e  network i s  a  v i a b l e  too l  t o  meet t h e  
t a c h n l c a l  o b j e c t i v e s  of t h e  p r o j e c t ,  

( b )  e a t s  B ~ s Q :  S t a t e  of computer capab i lL ty  and q u a l i t y  of 
d a t a  t o  ova lua te  its e f f e c t i v e n a s s  a s  a  t o o l  f o r  t h e  s t o r a ~ e ,  consu l t a t ion  and 
a n a l y s i s  of t h e  d n t a  c o l l e c t e d ,  

( c )  enrpsmd.: Dogree of expertise and l e v e l  of e f f o r t  
r e q u l r e d  by p r o j e c t  s t a f f  member t o  de t e rmine  i f  d a t a  c o l l e c t i o n  and a n a l y s i s  
is  being conducted i n  an e t f i c . i e n t  and c o s t  e f f e c t i v e  mannor t h a t  w i l l  a l low 

I f o r  i ts  c o n t i n u i t y  ( e l t h o r  through t h o  Member-States o r  OMS) a f t e r  PACD. 

( d l  pocurnentatiou: Roview a11 a v a i l a b l e  documentation 
inc lud ing  t h e  t e c h n i c a l  r e p o r t s  i s sued  by p r o j e c t  s t a f f ,  q u a r t e r l y  pro6reas  
r e p o r t s ,  Bolke, B m n e l l a  and Vandenbeush r e p o r t s ,  e t c . .  

( e l  Jmlemen t ins  Axency: An under s t and ing  of t h e  s t r u c t u r e ,  
a d m i n i s t r r t l v e  and p o l i t i c a l  f u n c t i o n s ,  and o p e r a t i o n a l  procedures of t h e  
Organ i sa t ion  pour  l a  Mise en Valeur du Fleuve  S i n i g a l  (OIVS). 

I 

1 C. The eva lua t ion  t e r n  w j l l  c a r r y  o u t  t h e  fo l lowing t a sks :  

* a s s e e s  t h e  o v e r a l l  c u r r e n t  s t a t u s  of t h e  p r o j e c t ,  and the  
p r o g r e s s  made towards the  achievement o f  o b j e c t i v e s ;  

* d e t e r n i n e  what p r o j e c t  g o a l s  have  been met, what g o a l s  w i l l  
b e  met by t h e  PACD, and determine what g o a l s  r e q u i r e  an extens lon of the  PACD, 
f o r  how long;  

* i d e n t i f y  t h e  reasons  f o r  d e l a y s ,  and make recOnunendatlons f o r  
f u l l  achievement of a11 p r o j o c t  o b j e c t i v . ~ ~ ;  

* recommend how t h e  remaining p r o j e c t  funds ( a f t e r  PACD) can be  
most e f f e c t i v e l y  u t i l i z e d ;  



drtermAnci whAt reaommendatlons can be made to help eneure the 
project *e cvrit lmli ty a f t e r  PACD; 

1 
D ,  tn addition, evaluation teal member# rhould etcyeat to conduct 

fJJLQ.,.u to vlsit noverel plssometer II~U;-QI, conduat viritr to the 
-a 1 Saint-Louis and loesv sector afflcos, and, l f  poselble to fly to Manantall to 
>p 

4j virlt the sector office there, as well as to fly over a large part of the 
Senegal ~ i v o c  Vaf loy to set an aerial perwpoctiva of the project area. 

I g, The evrtluatAon report As to provlde empirical fin 
the above-montioned quertionr, concluslonr (Anterpretations and 
that are based on the lindhsu, and ceaammendaLionr based on an 
the r e r ~ l t s  of the evaluation exorclae. The evaluation report 
provide loasons learmd emerging from the analyola. 

ding6 to answer 
jud&ementr 
arrersment of 
As also to 





- i ?.- ?FAbISit  u cf%ctirr d t d q  - -_c~.J m.:q qao ro i d i f 2  
cPrrun & $wtcn=-id * l a  d 
~i+i ; : t i r r  r r : d  -CT 
-7 .:=I 8?Y EilqaPL m d  to 
; .T;Ji;:C ~ T ~ J S Z L D D  I 0  -7- 

2 L  -di- 

I 
I 
! 

dat. roiiuted. 

' e. rcricr Cri::ria f -r  .I1 an6 project prrmooe: u i n -  

:*:--<. 



-. +S4 +iczorrrra combtructed by --. 10 r l l s  a d  LS p i c r a t c r t  
b? :-tractor. mP 20 u i e z o o r m  
c 3 m t c t e d  br thr -limn D11*E. 





Brune l l e ,  Louis.  Rapport d*  Ir!Lwverit 1011 P r o  lnt EAux Suu tc r r a  lnes  
-a (Varsion P r e l i m i n a t r e ) .  Sair i t -  Louls : C e l  Lulc! cles Eaux So t~Ler r a ine s ,  

OMVS/USAID. 15 j n l l l e t  19UU 

C e l l u l e  d e s  Eaux S o u t e r r a i n e s  . lJresentaLlori d u  Pro let WVS/IJSALD a 
: 1 'At tsn t lon  d e s  E t a t s  Membl-eb: dc 1'oMVS. 1 : l 'exte;  2: AnllexcG. 

Sa in t - lmu l s :  OMVS. 5 Jarrvler 1987 

I C e l l u l e  doe Bauv S o u t e r r a  1 r ~ m .  Proces -Vclabal dc la  RcnconLl.e du 
Prolet 6aux soute r - ra lnes  a w c c  lcs Ceprcscntantfi clu Ilauts Com~mlaarlat, 
de A'USAID c l  clr?s Etats-Menlbrca:. Sairbt-l.otlie: C>MVG/UL;AlD. 7 4  J r J l r i  
1987 

C e l l u l e  des Eaux S o u t e r r a i n e s .  P r ~ l o t  dgAmenagelnent .den Eaux 
Snuterralnes: Situation. Saint-Louis :  oMvS. 12 J u i l l e t  1989 

Chef de la  C e l l u l e  e t  Ingenieur- Consei 1. Rapport d' Avanceaent des 
Trauaux. Rapport Nos. 1 - 18 ( I s s u e d  pe r - i od l ca l l y ) .  Sa in t -Louis :  

' OMVS, C e l l u l e  d e s  Eaux Sou te r r a ine s .  

No. 1: 
No. 2: 
No. 3: 
No. 4: 
No. 5: 
NO. 6: 
No. 7: 
No. 0 :  
No. 9: 
No. 10: 
No. 11: 
No. 12: 
No. 13: 

J a n v i e r  19U5 - 
4 A v r i l  1985 - 
18 J u i l l e t  1985 - 
20 Decembre 1986 - 
29 Mars l9eG - 
29 J u i n  1986 - 
1 Octobre  1906 - 
G J a n v l o r  1987 - 
1 J u l l l 9 t  1987 - 
1 J a n v i e r  13U8 - 
1 AVI-11. 1980 - 
1 J u i l l c t  l W 8 ,  - 
1 Octobre 1988 - 

3 A W i l  l9U5 
17 , l u l l l e t  1985 
30 Decembre 1985 
2 7  Md:s 1986 
28  J u i n  1986 
30 Septembre 1906 
5 Janv. ter  1987 
30 J u i n  1987 
31 Deceslxe 198'1 
31 Mars 1988 
30  .luln IOU8  
30 Septcnbrc  138U 
31 Dccea~bro 1988 



Pr  Ice-Waterhouse. Cor ILL'OLC I.'llla~~c l yr dy Ma1 c t ~ c  dc: TL'ava~lx dc 
Cunstruction d'un Rescau cle Forage IJelzo~sutres clan l a  Valler! clu ,l.'lc~,lve 
Serlegal. ( Report of atldiL Uakal : 19-ice-Wa t.cl't~ouse, L I W .  7 .lu l y , 
1989 (Two volumes with smle ltlcntl f lcal. lo11 1x11. ditfel'erbt. colIt.c!nt) 

/ Rlchard. Denls and Ousn~arlr B.  Ngolu. Rapport Hydrolupl~ue de LiyvLl lest?. 
1996:89, Volume 2 .  Saint -Lo\) 1s: CWVS. Mal , lW0 ( I n  Draft 1 

USAID. Prs joc t  .Papex: ..OMVS Groundwate~--.Mut.ll L u t ' l l ~ ~  Plolcct  ( 6 Z 5 - O Y 5 U )  
Dakar: USAID/Senegal. July  16, 19U3 I 

USAID. Pxolect P a m  .Supplentcnt :. OMVS Grout ~clwater. M ~ n l  Lor.ing PKQ lect 1 (GZ5-0958)  Dakar: USAID/Senegal . Apr 11. 13117 

USAID/Senegal. Accounti~lg and Adslnbstration P r o c e d w e ~  Mal.lua1 
.(for OMVS Groundwater Mol:ltoring Pro lect 1 . Dakar : lJSA1D/Se1rn~al Date 
riot shown. 

I Vandenbusch, Mlchel . Hwpw t da Mlesf on dc .Col-~sulf ane en 
Hydl;ogeologle, 12 Septemb~.c - 7 Octobrc 19W. Saitlt-Louis: OMVS, 
Cel lule  des Eaux Souterra l~.cb . OcLobre 1VUU 

I Weiss, Enanuel . Organlzabloi~, MeLliodology awl L l s l  tat ion6 ol: the 
Synthesis Pepor t .of. the Grounchater Monl tor11 ~c: .Proloct of the Setlegal 
River Valley. Sa:llt-Loulc : OMVS.  27 I'ebrual'y 1900. 



Wed. Apt', 25 

mlut.. A ~ L . .  2 6  

Fr i .  A p r .  27:  I r i  Sair~t-Lotiis: Meetjrigs 111 OMVS, Cellulc cles lfaux 
Souterrair~ew . Meet l r~ t :  w i tlr Jeara LeUloas, 
USAID/l)akal ; Ousrnatie N}:~III, ClrleI, OMVS/Dll~/Ccllule 
Ealrx Souterralnes; Oerrls Rlcllard, IS11 
tlydr-op,r?o 1 o g  1 s L ar rrl PL 1 r ~c i p l  o Adviser ; Tirn Houcl re, 
U S A I O  Adrri~iletr'allve ar~ii k'lrtarialal OZf Acer ; 1,ouiu 
81-rme 1 l e ,  I S'TI coinpulel- cxpcr't ; Emantie l Wc iss, 
USGS export i r  I tlydrogeolog,p. 

SaL-Swr. Apr. 20-29: Study of project docir~~rent.atAorr 

Mon. Apr. 30 AM: Denronslration of GUS software prograin by Louie 
Brurrell e . 
PM: Vlel t  t o  Dlama Dam a id  I r 1 6 ~ c l i 0 1 1  O C  
piezomeler'e 
w l  Lh Lanrirw Sarllpatw, Sectol. CliJeZ a t  Salnt-Louis 

Tues. May 1 Hollclay: Iriternatlorbal Lal~or Day. S tud ledpro jec t  
docl~lnents arrd hgatr out1 1 I re of repor L .  

Wed-Frl. May 2-4:  Disc\lsslorrs wlth projecl  s t a f f ,  study of 
documents, progress on orgarrization of report .  
Interview wlth Mr. Oirilttara of OMVS/Dakar. 

Sat-Sun. May 5-6: Tr ip  t o  Manantall, Mall a..d r e t u n  t o  Saint-  
Louls v i a  chartered a i r c r a f t .  Moqtlngs wlth M r .  
Caran Konare, OMVS, Chlef of D m  Operation, and 
Mouetaf a Tom-e, Sector Ckrdef , Monltorlng Project .  
V i s l t  t o  dam si te and l~ i spec t ion  tour of dam. 
lnspectlorr of piezometers. 

Mon-Tues. May 7 - 8 :  I n  Salnt-Louis. Discussions w l L h  CMU s t a f f .  
Draf Ling, prlrbting arid I'eview of prellrrlrrary 
surllnrary of L'lnd f  rig^ . 



Sat-Trles. May l rJ-2%: 111 Salrlt-Louis. Heview alld tllscussiol~ of 
draft. r.cpoi-t . Col Lt!c*t. i V I I  of drkiil. lo~ra l I ~ t rulw~at ior~.  
Preparatlor~ oC maps, C U I I I ~ J ~  el1011 of Eurn~s, eLc. for 
i n c l u s l o ~ ~  1 1 1  f i n a l  l'eporC. I~iterrslve revis1011 and 
edl t l r~ t :  of d~.af  L rspr- L . 

Wed. May 23:  T rave l  to  Dakar.. S e s s l o ~ ~ s  wiLh I lSAI t  persol~llel V I I  
t.ecl11 11ca 1 aspecLs of I I I(: ~'t?(wt.L. 

Mon-Wed. May 28-30 :  RecelpL a1 ltl Incorpot.at ion of coaulertt Crow 
OMVS. Pl'~llt,ll1g, copyll~t:, I ) l ~ a l l ~ ~ r :  a t~d  slllnslssl011 of 
Final Itepot-t. 


