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ACTION MEMORANDUM FOR THE DIRECTOR 

SUBJECT: Project Authorization: Southern Zone Water Management (SZWM) 
Project 685-0295 

I. ACTIONS REQUESTED 
I 

Your approval is requested for a grant of eighteen million dollars ($18 
million) from the Section 121, Sahel Development Program and the Sub-Saharan 
Africa, Development Assistance Appropriation (DFA) (Pub. L. 100-102) to 
Senegal for the Southern Zone Water Management Project (685-0295). It is 
planned that a total of $6.5 million will be obligated in Fiscal Year 1988. 

11. DISCUSSION 

A. PROJECT BACKGROUND AND DESCRIPTION 

The proposed project represents a multi-disciplinary approach to 
assist in meeting part of the basic food requirements of Senegal from the 
higher agricultural potential of the southern zones (Casamance). The decline 
in rainfall in Senegal during the past fifteen years has particularly reduced 
valley farm-land crop yields in the Casamance due to land salinization. 
Farmers also lack the technical and organizational capacity to reclaim 
salinated lands and to manage available water properly. Local government and 
the private sector cannot provide farmers with the requisite institutional 
capacity or the technical wherewithal to plan and to execute water 
control/management programs. This proposed project will concentrate on 
approximately 15,000 hectares in Ziguinchor and the Kolda regions which are 
recoverable andlor improvable through small water control and retention 
infrastructure operations to produce cereals, principally rice. Four priority 
zones will be addressed : Sedhiou, Soungrougrou, Bignona/BaYla, and last the 
upper Casamance River Basin. The project committee has reviewed and approved 
the analyses of the ten initial sites within the four priority zones 
recommended by the PP design team (see PP attached Page 27, Tables 1 & 2). 
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The project's goal is to increase cereal (mainly rice) production in - 
the Ziguinchor and in the Kolda Regions by 50% on approximately 15,000 
hectares from 54,000 tons in 1987188 to 81,000 tons in 1999. This goal is 
compatible with the GOS ' New Agricultural Policy (NAP). The project ' s purpose 
is to improve farmer recovery of land and water utilization for agricultural 
production purposes. 

As stated above and as developed in the PP, this will be a 
multi-disciplinary effort. The following are the key inter-related elements: 

1. Water Control and Management 
1 

Each water retention or anti-salt structure planned will be done 
only' in cooperation with a Village Water Hanagement Committee. The villagers 
must: 

(a) organize themselves into a committee; 
(b) elect a spokesperson/leader ; 
(c) participate in the design, layout and construction of the 

structure, and, 
(dl provide post construction operation and maintenance labor in 

conjunction with local government technical personnel. 

First phase anti-salt and water control structures will be 
followed by construction of second and third phase works such as upland 
terracing and berms. 

2. Institutional Strengthening 

The technical services of the Ministry of Rural Development and of 
the Ministry of Hydraulics will be strengthened by project-financed technical 
assistance to support water management development. Additionally, the village 
farmer groups will receive support and training in developing their capacity 
to operate and maintain water control infrastructure. Private sector firms in 
the project area will be encouraged to provide the full range of water 
management services, e.g., leveling, surveying, construction, rehabilitation, 
etc. 

3. Operations and Applied Research 

The project will assist national and locally based research 
institutions to help identify locally adapted water, soil, and crop management 

1 

practices which could ensure maximum project benefits, and increase farmer's 
ability to reclaim salinized land and to increase crop production. 
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4. Environment and Project Monitoring 

Consistent with the IEE as amended, the project will systematize 
environmental monitoring of the impact of all project structures and 
activities in the Casamance Basin and its estuary. Project monitoring will 
include baseline data collection in each valley or watershed as part of a 
continuous feedback system to support project management and evaluation. 

B. PROJECT IMPLEMENTATION AND STRATEGY 

The proposed project covers an eight year effort in the amount of $18 
million with an initial tranche in FY 1988 of six and one half'million dollars 
($ 6.5 million). The lead ministry proposed is the Ministry of Rural 
Development (MDR) via its Directorate of Agriculture (DA). Field ,work will be 
done by water management teams composed of staff from both DA and the Ministry 
of Hydraulics (MH) via its rural construction unit Direction des Amgnagements 
et Infrastructures Hydroagricoles (DAIH) . 

A Project Management Unit (PMU) in Ziguinchor will field manage all 
project activities and will be headed by a MDR appointed project director. 
The Project Director and the respective heads of the regional services of DA 
and of MH will form a Regional Technical Committee in each project area to 
ensure close technical and managerial coordination. Project funding will 
provide for competitively procured technical assistance, training, commodities 
and other inputs. Four long-term TA consultants staggered appropriately over 
LOP are envisioned: 

(1) Water Resources Specialist (Chief of party), 
(2)  Water Resources Engineer 
(3) Agronomist, and 
( 4 )  Sociologist. 

All project funds for training, construction, research and monitoring 
will be managed by a contract Administrative Assistant who will report to the 
Chief of Party. 

Construction funds will not be approved by the Mission Project Officer 
unless there is convincing evidence that a viable farmer's group with a named 
leader has been formed and is committed to water structure design, 
construction, and sustainability. The Mission Project Officer will be field 
assisted by a locally-hired U.S. contractor. They will be responsible for 
coordinating all U.S. inputs and monitoring activities during the life of the 
project. A project organizational chart is found on page seven (7)  of the 
attached Project Paper. A tentative schedule of principal project activities 
can be found on page 64 of the PP. 



Action Memorandum for the Director SZWM Page 4 of 6 Pages 

C . WAIVERS 
No waivers are required for the project. 

D. CONDITIONS AND COVENANTS 

1. Conditions 

The Grant Agreement in addition to the standard clauses will also 
contain language for requiring prior to initial diebursement, -- that (1) the GOS 
name in writing the lead Ministry, (2) the GOS agree to disburse all allocated 
decentralized funds for rehabilitation to the Ziguinchor and Kolda regional 
Agricul.tura1 Iri~pectorutes, tilid ( 3 )  that the GOS officially forin Ikg i  onol 
Technical Committees in Ziguinchor and in Kolda to coordinate and,manage the 
respective Water Management Teame. 

2. Additional Disbursements -- 
Conditions precedent have been crafted to ensure that the two 

Ministries appoint appropriate technical personnel to the project, and that 
the GOS provide full budgetary support for all COS project personnel. The 
full additional disbursement conditions are found at page xii of the attached 
Project Paper. 

2. Covenants 

These play an important role in the project agreement. In 
addition to the standard language that the GOS will facilitate, use best 
efforts and coordinate all GOS inputs, the covenants will also seek agreement 
that farmer assistance will become part of the mandates of the Regional 
Services of MDR and MH in the Ziguinchor and the Kolda regions. Agreement 
will also be sought for making construction funds available through the use of 
local tax rebates (Fonds de Contours) at the local level. Other covenants 
deal with the IEE, and highly specific technical constraints which must be 
addressed to ensure project success. The full covenant text is found at page 
xiii, B of the PP. 
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111. ECONOMIC AND FINANCIAL SUHHARY 

Eighteen m i l l i o n  d o l l a r s  ($18 mi l l i on )  is proposed from DFA funds out  of a  
t o t a l  p r o j e c t  c o s t  of $20,700,000 a s  fol lows ( i n  000 's) :  

Technical Assis tance 
Local profess iona ls / suppor t  s t a f f  
I n f r a s t r u c t u r e  development 
Training 
Research and Monitoring 
Equipment/Conmodities 
L o g i s t i c a l  support/O&E 
Evaluat ions/Audits  

Sub-Total 15,900 

Grand Tota l  $18,000 

Pages 54 and 55 of t h e  a t tached  P r o j e c t  Paper show annual estimated cos t  
breakdown over t h e  LOP. $2,700,000 i n  l o c a l  c o s t s  i s  planned i n  cont r ibu tory  
l abo r ,  s a l a r i e s ,  e t c .  s p l i t  nea r  evenly between t h e  GOS and t h e  v i l l a g e  
organiza t ions .  
The P r o j e c t  has  a  h igh ly  favorable  I n t e r n a l  Rate Return of 22%. Even with a  
drop i n  some of t h e  planned b e n e f i t s  t h e  r e t u r n  on investment i s  s t i l l  robus t .  

I V .  COHHITTEE ACTION AND CONGRESSIONAL NOTIFICATION 

The PID received ECPR approval i n  AID/W J u l y  9 ,  1987. The amended I E E  was 
approved by AID/W on March 14 ,  1988. The p r o j e c t  i s  shown i n  t h e  FY 1988 
Congressional Presenta t ion  and no f u r t h e r  advice t o  t h e  Congress is requi red .  

V .  RESPONSIBLE OFFICERS 

The I r r i g a t i o n ,  Water Management and Engineering Off ice  (IWME) w i l l  be  
r e spons ib l e  f o r  Mission implementation. The IWUE Deputy w i l l  be P ro j ec t  
O f f i c e r  under t h e  Direct ion of t h e  Chief ,  IWME. Close coordinat ion with 
Agr i cu l tu ra l  Development Of f i ce r s  w i l l  be  necessary t o  ensure success .  A s  
f i e l d  r e a l i t i e s  s h i f t ,  t h e  P r o j e c t  Development Off ice  (PDO) w i l l  be ca l l ed  on 
f o r  advice v i s  5 v i s  any f u t u r e  design changes t h a t  might be requi red .  

The c o n t r a c t  F i e ld  Of f i ce r  w i l l  work c l o s e l y  with and r e p o r t  a s  
app ropr i a t e  t o  t h e  IWHE P r o j e c t  Of f i ce r  and t o  t h e  Chief. P r i n c i p l e  l i a i s o n  
with t h e  GOS w i l l  be  done by t h e  IWME Deputy and t h e  Chief .  
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VI. GRAY AMENDMENT 

The Mission has indicated preference for open competitive procurement for 
the proposed project's required technical services. We have indicated, 
however, that we would give full attention to encouraging potential prime 
firms to contract in a prime-sub relationship with Gray Amendment firms for a 
portion of the technical assistance. 

VII . SECTION 611(E) CERTIFICATION 

AA/AFR has authorized you to field approve the project taking into 
consideration and approving the text of Certification (provided in Dakar 
0205). The AA/AFR stipulated that the PP should address in detail concerns 
raised in the PID guidance cable. The Project Committee has revikwed the PP 
and has determined that all PID guidance concerns have been addressed 
regarding 611 (E) Certification. 

VIII . 
the 

RECOMMENDATION: that you sign the attached Project Authorization and 
Project Paper. 

Data 

Clearances: 

date 
date 
date 
date 
date 
date 
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PROJECT AUTHORIZATION 

COUNTRY : SENEGAL 

,PROJECT TITLE : Southern Zone Water Managen~ent 

PROJECT EIUMBER : 685-0295 

1. Pursuant  t o  Sec t ion  1 2 1  of t h e  Foreign Assis tance A c t  of 1961, a s  amended, 
and t h e  Foreign Operat ions,  Export F ina~rc ing  , and Related Progran~s 
Appropr ia t io~rs  Act., 1988, (Pub. L. 100-2021 , I hereby au tho r i ze  t h e  Southerm 
Zone Water Management P r o j e c t  f o r  Senegal involving planned ob l iga t ions  of n o t  
t o  exceed e igh teen  m i l l i o n  d o l l a r s  ($18,000,000.00) i n  g r a n t  funds over a  
f o u r  year  per iod  from the. d a t e  of au tho r i za t i on ,  s u b j e c t  t o  t h e  a v a i l a b i l i t y  
of funds i n  accordance with t h e  A .  I. D. OYB/allotment process ,  t o  he lp  i n  
f i nanc ing  fo re ign  exchange and l o c a l  currency c o s t s  f o r  t h e  p r o j e c t .  The 
planned l i f e  of t h e  p r o j e c t  is e i g h t  years  fronl t h e  d a t e  of i n i t i a l  ob l iga t ion  

2 ,  The P r o j e c t  w i l l  h e lp  fat-mers recover  l o s t  p roduct ive  fa~mlarrd and improve 
t h e i r  u t i l i z a t i o n  of water t o  i nc rease  product ion of c rops .  The P r o j e c t  
c o n s i s t s  of f o u r  components which w i l l  be coordinated t o  p r o t e c t  and reclaim 
s a l i n i z e d  l ands ,  improve water c o n t r o l  on non-salinized l ands ,  and inc rease  
cereal crop product ion.  The p r o j e c t  w i l l  f inance  t echn ica l  a s s i s t a n c e ,  
t r a i n i n g ,  conwodities , i n f  r a s t r w c t u r e  development s e r v i c e s  and o the r  c o s t s  
suppor t ive  of t h e  f o u r  components. The f o u r  components of t h e  p r o j e c t  a r e :  

a .  Water Control  and Mana~en~ent  , which wi 11 inc lude  water 
management p l ans  develop~uent with v i l l a g e  water lnanagement 
conmlittees and d ikes  and berms cons t ruc ted  with v i l l a g e s  
and p r i v a t e  c o n t r a c t o r s  ; 

I n s t i t u t i o n a l  S t r e n ~ t l r e n i n g ,  which w i l l  enhance t h e  
c a p a b i l i t i e s  of t h e  Minis t ry  of Rural Development and 
Minis t ry  of Hydraul ics  t o  suppor t  water  managment 
development i n  t h e  southenl  zone; develop v i l l age - l eve l  
capac i ty  t o  ope ra t e  and maintain water-control 
i n f r a s t r u c t u r e ;  and encourage p r i v a t e  s e c t o r  s e r v i c e s  f o r  
water management i n  t h e  pro  j ect a r ea  ; 

Operat ional  and Applied Research, which w i l l  support  
c o n t r a c t s  wi th  n a t i o n a l  research  i n s t i t u t i o n s  t o  he lp  
i d e n t i f y  l o c a l l y  adapted water ,  s o i l  and crop management 
p r a c t i c e s  t o  maximize b e n e f i t s  of a n t i - s a l t  p ro t ec t i on ,  
improve fa rmers '  a b i l i t y  t o  rec la im s a l i n i z e d  land ,  and 
inc rease  crop product ion;  

Er~vironmental and P r o j e c t  Monitoring, which w i l l  t r a c k  t h e  
impact of t h i s  P r o j e c t  and o the r  water-control  p r o j e c t s  i n  
t h e  Casamance Basin and i t s  es tuary .  
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3 .  The P r o j e c t  Agreement which may b e  negot ia ted  and executed by t h e  o f f i c e r s  
t o  whom such a u t h o r i t y  is de lega ted  i n  accordance with A . I . D .  r egu la t i ons  and 
Delegat ions of Author i ty ,  s h a l l  b e  s u b j e c t  t o  t h e  fol lowing e s s e n t i a l  t e r n ~ s  
and covenants and major cond i t i ons ,  t oge the r  with such o t h e r  terms and 
condi t ions  a s  A. I .D. may deem approp r i a t e .  

a .  Source and Or ig in  of Conm~odities, Na t iona l i t y  of Serv ices .  

Except a s  A . I . D .  may agree  o therwise  i n  wr i t ing :  

(1) Conm~odities f inanced by A . I . D .  under t h e  P r o j e c t  s h a l l  have 
t h e i r  source  and o r i g i n  i n  t h e  United S t a t e s ,  The Cooperating 
Country, o r  i n  c o u n t r i e s  included i n  Geographic Code 935 ; 

( 2 )  The s u p p l i e r s  of conmodities and s e r v i c e s  f inanced by A . I . D .  
under t h e  P r o j e c t  s h a l l  have t h e  United S t a t e s ,  t h e  Cooperatiqg 
Country, o r  coun t r i e s  included i n  Geographic Code 935 a s  t h e i r  p l a c e  
of n a t i o n a l i t y ;  

(3) The procurement p o l i c i e s  e s t ab l i shed  by AA/AFR f o r  t h e  
Development Fund f o r  Afr ica  s h a l l  be  appl ied  t o  t h e  procurement of 
goods and s e r v i c e s  f inanced by A. I .  D. under t h e  P r o j e c t .  

b . -di t i o n s  Precedent 

1. F i r s t  Disbursement 

Except a s  A.  I .D. may ag ree  otherwise i n  wr i t i ng :  

( a )  P r i o r  t o  i n i t i a l  disbursement ,  o r  t h e  i s suance  of any conmitment 
documents under t h e  P r o j e c t  Agreement, t h e  Cooperating Country 
s h a l l  advise  A .  I .D.  i n  w r i t i n g  of t h e  governmental agency which 
w i l l  be  t h e  lead  agency f o r  t h e  p r o j e c t .  

( b )  P r i o r  t o  i n i t i a l  disbursement ,  o r  t h e  i s suance  of any conm~itment 
docunwlts under t h e  P r o j e c t  Agreement, t h e  Cooperating Country 
s h a l l  f u r n i s h  i n  form and substance s a t i s f a c t o r y  t o  A . 1  . D . ,  
evidence t h a t  t h e  Govenlment of Senegal agrees  t o  d i sburse  a l l  
a l l o c a t e d  d e c e n t r a l i z a t i o n  funds f o r  o f f  i c e  r e h a b i l i t a t i o n  of 
t h e  Regional In spec to ra t e s  of Agricul ture  i n  t h e  regions of 
Ziguinciux and Kolda. 

( c )  P r i o r  t o  i n i t i a l  disbursement,  o r  t h e  i s suance  of any commitment 
documents under t h e  Pro j e c t  Agreement o t h e r  than t h e  c o n t r a c t  
f o r  t e chn ica l  a s s i s t a n c e ,  t h e  Cooperating Country s h a l l  fu r - r~ ish  
i n  form and subs tance  s a t i s f a c t o r y  t o  A.  I. D .  , evidence t h a t  t h e  
Government of Senegal has  o f f i c i a l l y  formed Regional Technical 
Conm~ittees i n  t h e  reg ions  of Ziguirmchor and Kolda, composed of 
t h e  r e s p e c t i v e  Regional In spec to r  f o r  Agr i cu l tu re  and t h e  
Regional Head of t h e  Hydraulic Divis ion i n  each region and t h e  
P r o j e c t  D i r e c t o r  (Chairieen of C o n u n i t t e e ) ,  C o  c o o r J i n a t e  a n d  
manage t h e  a c t i v i t i e s  of t h e  r e spec t ive  Regional Water 
Hanagement Teams. 
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2 .  Addit ional  Disbursement 

Except. a s  A . I . D .  may agree  otherwise i n  wr i t ing :  

( a )  PL-ior t o  any d i s b u r s a ~ m ~ t  under t h e  P r o j e c t  Agreement f o r  any 
cons t ruc t ion  i n  t h e  Kolda reg ion ,  t h e  Cooperating Country s h a l l  
f u r n i s h  i n  f  o m  and substance s a t i s f a c t o r y  t o  A . 1  .D.  , evidence 
t h a t :  

(1) The Minis t ry  of Rural Development has appointed t o  t h e  
Regional In spec to ra t e  of Agricul ture  i n  t h e  Kolda reg ion  one Agronomist with 
s o i l s  t r a i n i n g  and one Vil lage-Project  Liaison Of f i ce r  o r  Soc io log i s t  t o  be 
based i n  Sedhiou t o  c a r r y  ou t  p r o j e c t  a c t i v i t i e s  a s  p a r t  of t h e  Kolda 
r eg iona l ,  i n t e rd i sc ip l ina r -y  Water Managenlent Team; and 

(2) The Minis t ry  of Hydraulics has  appointed t o  t h e  Regional 
Divis ion of Hydraulics i n  t h e  Kolda reg ion  one I r r i g a t i o n / C i v i l  Engineer and 
one Surveyor/Constr-uctio11 Supervisor  t o  be based i n  Sedhiou t o  c a r r y  bu t  
p r o j e c t  a c t i v i t i e s  a s  p a r t  of t h e  Kolda r eg iona l ,  i n t e r d i s c i p l i n a r y  Water 
Management Team. 

(b )  P r i o r  t o  any disbursement under t h e  P r o j e c t  Agreement f o r  any 
cons t ruc t ion  i n  t h e  Ziguinchor reg ion ,  t h e  Cooperating Country s h a l l  f u r n i s h  
i n  form and substance s a t i s f a c t o r y  t o  A . I . D . ,  evidence t h a t :  

(1) The Minis t ry  of Rural Development has  appointed t o  t h e  
Regional In spec to ra t e  of Agr i cu l tu re  i n  t h e  Ziguinchor reg ion  one Agronomist 
wi th  s o i l s  t r a i n i n g  and one Vil lage-Project  Liaison O f f i c i e r  o r  Soc io log i s t  t o  
be  based i n  Ziguinchor t o  c a r r y  ou t  p r o j e c t  a c t i v i t i e s  a s  p a r t  of t h e  
Ziguinchor r eg iona l ,  i n t e r d i s c i p l i n a r y  Water Managenlent Team; and 

( 2 )  The Minis t ry  of Hydraulics has  appointed t o  t h e  Regional 
Divis ion of Hydraulics i n  t h e  Ziguinchor region one I r r i g a t i o n / C i v i l  Engineer 
and one Surveyor/Co~istruct ion superv isor  t o  be  based i n  Ziguinchor t o  c a r r y  
ou t  p r o j e c t  a c t i v i t i e s  a s  p a r t  of t h e  Ziguinchor r eg iona l ,  i n t e r d i s c i p l i n a r y  
Water Management Team. 

(c )  P r i o r  t o  disbursement of any cons t ruc t ion  funds under t h e  P r o j e c t  
Agreement s t a r t i n g  i n  Year Four ( 4 )  of t h e  p r o j e c t ,  t h e  Cooperating Country 
s h a l l  f u r n i s h  i n  f o m  and substance s a t i s f a c t o r y  t o  A . I . D . ,  evidence t h a t  t h e  
r e s p e c t i v e  budgets of t h e  Regional In spec to ra t e s  of Agr icu l ture  and Regional 
Div is ions  of Hydraulics i n  t h e  Ziguinchor and Kolda reg ions  have been 
increased  s u f f i c i e n t l y  t o  pay f o r  a l l  pe r  diem of GOS employees and vehic le  
opera t ing  c o s t s  of veh ic l e s  assigned t o  t h e s e  d i v i s i o n s  s t a r t i n g  Year Four ( 4 )  
of t h e  p r o j e c t  and cont inuing a f t e r  t h e  end of t h e  p r o j e c t .  . 

( d l  P r i o r  t o  disbursement,  o r  t h e  issuance of commitment documents 
f o r  t h e  disbursement of funds f o r  t h e  purchase of p r o j e c t  veh ic l e s ,  t h e  GOS 
w i l l  ag ree  t h a t  t r a v e l  au tho r i za t ions  f o r  vehic les  purchased under t h e  p r o j e c t  
f o r  o f f i c i a l  t r a v e l s  may be approved by t h e  P r o j e c t  Di rec tor  f o r  vehic les  a t  
t h e  P r o j e c t  Management Uni t ,  and by t h e  Regional Inspec tors  of Agr icu l ture  o r  
t h e  Regional Heads of t h e  Hydraulic Divis ions f o r  veh ic l e s  assigned t o  t h e  two 
Water Management Teams. 
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C.  COVENANTS 

The Cooperating Country w i l l  covenant,  i n  substance,  a s  follows: 

1. That it w i l l  a s s u r e  coord ina t ion  of a l l  donor-funded and 
GOS-funded water management a c t i v i t i e s  i n  t h e  Ziguinchor and Kolda regions 
through bi-annual meetings of a l l  involved donors and Min i s t r i e s ,  organized by 
t h e  Minis t ry  of Plan and Cooperation. 

2 ,  That it w i l l  make i ts  b e s t  e f f o r t s  t o  ensure t h a t  ( a )  s t a f f  ' 

assigned t o  t h e  r eg iona l  Water Wanagment Teams w i l l  remain f o r  a t  l e a s t  t h r e e  
years  and t h a t  they  w i l l  b e  rep laced  immediately; and (b)  Regional Inspec tors  
of Agr icu l ture  and Regional Hydraul ic  Divis ion Chiefs  remain a t  p o s t  f o r  a t  
l e a s t  t h r e e  years  and t h e i r  replacements w i l l  be  a t  pos t  p r i o r  t o  t h e  
depa r tu re  of t h e  incumbents. 

I 

3. That t h e  a s s i s t a n c e  t o  farmers  t o  improve water management and 
rec la im s a l i n i z e d  lands w i l l  become p a r t  of t h e  mandates of the. reg iona l  
s e r v i c e s  of Agr i cu l tu re  and Hydraul ics  i n  t h e  Ziguinchor and Kolda reg ions .  

4 .  That a d d i t i o n a l  f i n a n c i a l  resources  f o r  d ike  cons t tvc t ion  o r  
maintenance may be made a v a i l a b l e  through t h e  u s e  of Fonds de Concours a t  t h e  
l o c a l  l e v e l .  

5, That t h e  i s s u e s  of ( a )  a n t i - s a l t  barrage e f f ec t iveness  i n  
c o n t ~ ~ o l l i n g  upstream s a l i n i t y ;  (b )  t h e  e f f e c t s  of i n f r a s t t v c t u r e  on 
groundwater q u a n t i t y ,  q u a l i t y  and d i s t r i b u t i o n ;  ( c )  t h e  cumulative e f f e c t s  of 
r eg iona l  bar rage  c o ~ l v t ~ u c t i o n  on e s t u a r i n e  and o the r  aqua t i c  ecosystem 
resources  ; (d )  t h e  e f f e c t s  of regional  in f  r a s t r u c t u r a l  development on 
water-associated d i s e a s e  inc idence  r a t e s ;  and ( e )  t h e  e f f e c t s  of 
i n f r a s t r w c t u r a l  development on t e r r e s t r i a l  ecosystems and endangered, 
pro tec ted  o r  conu~erc i a l ly  important s p e c i e s ,  a s  descr ibed i n  t h e  P ro j ec t  I E E  
Amendment, s h a l l  be  addressed a s  descr ibed except a s  t hose  i s s u e s ,  assessments 
o r  approaches may be modified by nwtual agreement. 

6 .  That implementation p l a n s  f o r  i n f r a s t r v c t u r a l  development w i l l  be 
modified i n  accordance with t h e  f ind ings  of t h e  f i v e  i s s u e  assessments l i s t e d  ' 
i n  paragraph 5. above. 

7 .  That a n t i - s a l t  d ikes  s h a l l  only be constructed where t h e  a r eas  of 
h igh  p o t e n t i a l  ac id  s u l f a t e  s o i l s  o r  a l r eady  a c i d i f i e d  s o i l s  of t h e  taxonomic 
subgroup of t y p i c  su l faquents  (USDA S o i l  .Taxonomy) do n o t  exceed 15 percent  
p l u s  o r  minus two percent  of t h e  s e r v i c e  a r ea  upstream of t h e  d ike .  
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8.  That s i t i n g  of water r e t e n t i o n  d ikes  w i l l  be  undertaken with t h e  
f u l l  knowledge, advice  and consent of t h e  a f f ec t ed  v i l l a g e  populat ion.  

9 .  That any i r r i g a t i o n  system funded under t h i s  p r o j e c t  s h a l l  have 
had s u f f i c i e n t  t echn ica l  a n a l y s i s  performed t o  i n d i c a t e  t h a t  s a l i n i z a t i o n  and 
water logging p o t e n t i a l  i n  t h e  a f f e c t e d  a rea  w i l l  be minimal; measures w i l l  be 
a v a i l a b l e  t o  t h e  t a r g e t  populat ion t o  m i t i g a t e  any s a l i n i z a t i o n  o r  
waterlogging which may occur i n  t h e  f u t u r e ;  and sedimentation r a t e s  upslope of 
t h e  primary s t r u c t u r e  a r e  s u f f i c i e n t l y  low t o  p e ~ m i t  u s e  of t h e  r e s e r v o i r  f o r  
i r r i g a t i o n  throughout a  reasonably long f a c i l i t y  t a r g e t  l i f e .  

Clearances ( a s  shown i n  Action Me~notwndua) . 
37590 
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EXECUTIVE SUHNARY 

GRANT: 818 m i l l i o n  over  t h e  8-year l i f e  of p r o j e c t  with $6 .5  mi l l i on  
t o  be  ob l iga ted  i n  FY 1988. The p r o j e c t  w i l l  improve farmer 
u t i l i z a t i o n  of water  and recovery of f e r t i l e  v a l l e y  lands f o r  
a g r i c u l t u r a l  purposes  i n  t h e  southern reg ions  of Senegal. 

GRANTEE: Gover-tunent of Senegal (60s) 

IHPLEMENTING AGENCY: Overa l l  management r e s p o n s i b i l i t y  of t h e  
Minis t ry  of Rural Development, working i n  c l o s e  coordinat ion 
wi th  t h e  Minis t ry  of Hydraul ics .  

A.  WHY? 

Senegal meets b a r e l y  one-half of i t s  b a s i c  food requirements from 
domestic sources .  The southern zones of Senegal o f f e r  a  h igh  a g r i c u l t u r a l  
p o t e n t i a l ,  wi th  gene ra l l y  h ighe r  average y i e l d s  and lower v a r i a t i o n s  i n  y i e l d s  
than o t h e r  reg ions  i n  Senegal f o r  a l l  c e r e a l s ,  peanuts  and co t ton . '  
Nonetheless,  annual product ion of major c e r e a l s  l a g s  behind t h e  p o t e n t i a l  due 
t o  a  number of f a c t o r s ,  t h e  most important  of which a r e  r e l a t e d  t o  e r r a t i c  and 
decreased l e v e l s  of  r a i n f a l l .  

The d e c l i n e  i n  average annual r a i n f a l l  during t h e  p a s t  15 years  has  
r e s u l t e d  i n  s i g n i f i c a n t  l o s s  of p roduct ive  fa r~nland  i n  t h e  va l l eys  due t o  
s a l i n i z a t i o n  and i n  decreased y i e l d s  f o r  major c rops .  There i s  an urgent  need 
t o  he lp  far~ner-s rec la im l o s t  p roduct ive  v a l l e y  lands and improve t h e i r  
u t i l i z a t i o n  of t h e  a v a i l a b l e  water .  A t  t h e  same time, farmers  l ack  t h e  
t e c h n i c a l  and o rgan iza t iona l  c a p a c i t y  t o  s i g n i f i c a n t l y  rec la im lands and 
manage a v a i l a b l e  water e f f e c t i v e l y .  Likewise, l o c a l  government s e r v i c e s  and 
t h e  p r i v a t e  s e c t o r  i n  t h e  reg ions  do n o t  have t h e  i n s t i t u t i o n a l  capac i ty  t o  
a s s i s t  farmers  p l an  and execute  water  c o n t r o l  and.nanagement programs. 

1. Land and Water A v a i l a b i l i t y  f o r  Increased Production 

S ince  t h e  drought of t h e  l a t e  1960's  t h e r e  has  been a  dec l ine  i n  t h e  
average annual r a i n f a l l  i n  t h e  Casamance r i v e r  bas in  by about one-fourth. A s  
a  consequence, s a l t  i n t r u s i o n  i n  t h e  Casamance r i v e r  has  reached 220 km inland 
with extreme h y p e r s a l i n i t y  l e v e l s  i n  t h e  c e n t r a l  and upper reaches of t h e  . 
r i v e r  system. Lands i n  t h e  v a l l e y  have been exposed t o  i nc reas ing  pe r iods  of 
t i d a l  seawater  i n t r u s i o n  and t h e  concent ra t ion  of s a l t s  from t h e  c a p i l l a r y  
rise dur ing  t h e  d r y  season. 



The r e s u l t  has  been a  sharp  d e c l i n e  i n  paddy r i c e  s u r f a c e  a rea  due 
t o  s a l i n i z a t i o n  and subsequent abandonment of product ive v a l l e y  lands .  

Est imates  of l o s s  of product ive  r i c e  lands  a r e  a s  high a s  7 7  percent  i n  
one department i n  t h e  Ziguinchor region.  Another r e p o r t  es t imates  t h a t  
between 20-60 percent  of t h e  c u l t i v a t e d  r i c e  lands  i n  t h e  va l l eys  i n  t h e  
Ziguinchor region have been l o s t  i n  t h e  p a s t  8-10 years  due t o  t h e  low 
r a i n f a l l  and s a l t  i n t r u s i o n .  

I n  response t o  t h e s e  dramatic environmental changes, farmers s h i f t e d  
t h e i r  r i c e  product ion onto t h e  less product ive  bas in  v a l l e y  s lopes .  The 
cropping m i x  moved from an aqua t i c  r i c e  p a t t e r n  t o  one incorpora t ing  
r a in fed  r i c e  on t h e  s l o p e s ,  and an increas ing  upland peanut and ce rea l  
c u l t i v a t i o n .  The upland and s lope  a r e a s  have l i g h t e r  s o i l s  with lower 
f e r t i l i t y  and lower water-holding capac i ty  than those  of t h e  lowlands. 
Loss of v a l l e y  lands  and lower y i e l d s  on s lope  lands have c rea ted  a  r i c e  
d e f i c i t  f o r  n e a r l y  every household. Production of o the r  c e r e a l s  has n o t  
made up t h e  gap. Current  e s t ima te s  a r e  t h a t  only ha l f  of t h e  ce rea l  
requirement i s  m e t  from household product ion.  The Ziguinchor and Kolda 
r eg ions  now import n e a r l y  50 percent  of t h e i r  c e r e a l  needs.  Fieldwork 
dur ing  p r o j e c t  design and o t h e r  r ecen t  research  c l e a r l y  i n d i c a t e  t h e  
ove r r id ing  p r i o r i t i e s  of farmers i n  t h e  a rea :  t o  reclaim l o s t  r i ce l ands ,  
t o  i nc rease  r i c e  product ion,  and t o  reach se l f - su f f i c i ency  i n  food 
product ion.  

There a r e  an est imated 40,000 h e c t a r e s  i n  t h e  Ziguinchor and Kolda 
reg ions  which a r e  recoverable  and/or improvable through water con t ro l  

- i n f r a s t r u c t u r e  opera t ion .  I n  t h e  near-to-medium term, recovery of t h e  
more product ive  v a l l e y  lands is one of t h e  most cos t - e f f ec t ive  ways t o  
s u s t a i n a b l y  inc rease  crop production i n  southern Senegal and i s  t h e  
h ighes t  p r i o r i t y  of farmers i n  t h e  a r e a .  In  e f f e c t ,  p r o j e c t  analyses  
show t h a t  b e t t e r  r e t e n t i o n  techniques a lone  can inc rease  a v a i l a b i l i t y  of 
water and lead  t o  increased product ion,  e s p e c i a l l y  f o r  r i c e .  Estimates 
a r e  t h a t  t h e  average y i e ld  of paddy r i c e  w i l l  i nc rease  from cu r ren t  
average l e v e l s  of .5-. 8  tons/ha t o  1.8-2.3 tons/ha.  Also, increased 
a v a i l a b i l i t y  of water reduces r i s k  and farmers w i l l  have more incen t ive  
t o  u s e  o the r  y ie ld- increas ing  inpu t s  such a s  f e r t i l i z e r  and improved 
seeds .  

2. Farmer Capacity t o  Reclaim Lands and Improve Water U t i l i z a t i o n  

Farnlers a r e  gene ra l ly  e f f i c i e n t  i n  u s e  of resources under t h e i r  
c o n t r o l .  Many f a r n ~ e r s  c l o s e  t o  t h e  mouth of t h e  Casamance r i v e r  have 
cons iderable  experience i n  water con t ro l  and management i n  t h e  va l leys .  
However, t h e  lower average r a i n f a l l  has  changed dramat ica l ly  t h e i r  
op t ions  f o r  improving water management. Most farmers l a c k  t h e  knowledge 
and means t o  bu i ld  and opera te  t h e  more durable  water-control works 
requi red  t o  p r o t e c t  and recover  t h e  va l l eys .  

A t  t h e  s a m e  t i m e ,  where p r o j e c t s  have a s s i s t e d  farmers t o  bu i ld  
d i k e s ,  farmers have n o t  been involved i n  t h e  planning and design nor  i n  
t h e  subsequent requi red  opera t ion  and maintenance of t h e  d ikes .  This  has 
l e d  t o  a low l e v e l  of reclamation and improved water u t i l i z a t i o n  behind 
t h e  d ikes .  

- v i i  - 



3. I n s t i t u t i o n a l  Capacity t o  A s s i s t  Farmers Improve Water Mana?,enn\en_t_ 

I n  t h e  mid-1970s, Rural Development Au tho r i t i e s  (RDAs) such a s  SOHIVAC 
(RDA f o r  t h e  r eg iona l  development of t h e  Casamance) and SODAGRI (RDA f o r  
i r r i g a t i o n  a g r i c u l t u r a l  development i n  t h e  Kolda region)  were given t h e  
mandate t o  des ign  and execute  water  c o n t r o l  and management programs. S t a r t i n g  
i n  1982, t h e  AID-funded Casamance Rural Development p r o j e c t ,  through SOMIVAC, 
cons t ruc ted  31 small  a n t i - s a l t  d ikes  u s ing  v i l l a g e  labor .  

The dominance of t h e  RDAs and autonomous donor-funded p r o j e c t s  i n  
water-control works e f f e c t i v e l y  excluded t h e  l o c a l  development of p r i v a t e  
s e r v i c e s  i n  Ziguinchor and Kolda f o r  t h e  planning,  design and cons t ruc t ion  of 
planned works o r  f o r  s p e c i a l i z e d  s e r v i c e s  i n  e a r t h  moving, concre te  works o r  - 
survey and planning. 

A t  t h e  same t i m e ,  t h e  r eg iona l  o f f i c e s  of t h e  l i n e  Minis t ry  of Rural 
Development (MRD) and Minis t ry  of Hydraul ics  (MI) have been iqvolved only 
r e c e n t l y  i n  water-control i n f r a s t r u c t u r e  development and c u r r e n t l y  have l i t t l e  
capac i ty  t o  p l a n  and execute  water  management programs. 

The GOS k a s  formal ly  changed i ts  po l i cy  through t h e  New Agr i cu l tu ra l  
Po l i cy  (NU). The NAP inc ludes  f o u r  major provis ions  a f f e c t i n g  t h e  southern 
zone: (1)  l o c a l  popula t ions  a r e  expected t o  mobil ize  and manage resources  f o r  
l o c a l  development; (2 )  RDAs have a  much reduced r o l e  i n  providing d i r e c t  
s e r v i c e s  t o  farmers;  (3) t r a d i t i o n a l  t e chn ica l  m i n i s t r i e s  a r e  t o  be 
r e v i t a l i z e d  t o  provide those  s e r v i c e s  def ined t o  be i n  t h e  pub l i c  domain; and 
(4 )  t h e  p r i v a t e  s e c t o r  has  a  v i t a l  r o l e  t o  p l a y  i n  providing d i r e c t  s e r v i c e s  
t o  farmers .  

Therefore ,  t h e  l i n e  M i n i s t r i e s  (HAD and HH) have now been given d i r e c t  
r e s p o n s i b i l i t y  f o r  a s s i s t i n g  farmers  t o  p l an ,  execute  and manage water-control 
works, working c l o s e l y  with t h e  l o c a l  v i l l a g e r s  and u t i l i z i n g  t h e  p r i v a t e  
s e c t o r  where f e a s i b l e .  The i n s t i t u t i o n a l  capac i ty  of t h e  reg iona l  o f f i c e s  of 
MEtD and MH must be  improved, t h e r e f o r e ,  b u t  keeping withir? a l e v e l  of 
a s s i s t a n c e  which i s  s u s t a i n a b l e  f o r  t h e  GOS and focused on s p e c i f i c  needs of 
farmers .  

B . WHAT? 

1. P r o j e c t  Goal: I nc rease  Cerea ls  Production 

The goal  of t h e  p r o j e c t  is t o  i n c r e a s e  c e r e a l s  product ion,  mainly r i c e  
product ion ,  i n  t h e  Kolda and Ziguinchor regions of southern Senegal.  The 
p r o j e c t  w i l l  l ead  t o  an i nc rease  i n  r i c e  production i n  t h e  p r o j e c t  a r ea  of 50 .- 
pe rcen t ,  from 54,000 tons  of paddy r i c e  i n  1987/88 t o  81,000 tons  i n  1999, 
once t h e  project-funded water-control i n t e rven t ions  a r e  f u l l y  ope ra t i ona l  and 
land reclaimed on 15,000 hec t a r e s .  I f  t h e  GOS and farmers  cont inue t o  i nves t  
i n  t h e  water management a c t i v i t i e s  i n i t i a t e d  by t h e  SZWnP once t h e  p r o j e c t  is 
over ,  recovery of v a l l e y  lands  and improvement of product ion could occur on 
approximately 40,000 ha over  a  twenty-year per iod .  This  would be a  major s t e p  
towards making t h e  two reg ions  s e l f - s u f f i c i e n t  i n  r i c e  product ion.  

- v i i i  - 



Also, t h e  i n s t i t u t i o n a l i z a t i o n  of water management methodology, when applied 
i n  o t h e r  areas of t h e  southern zone of Senegal,  w i l l  con t r ibu te  fur t l le r  t o  
increased product ion.  

2 .  P r o j e c t  Purpose: Improved Water Control and Mana~ement 

The S Z W  w i l l  h e l p  farmers recover  l o s t  product ive farmland and improve 
a t h e i r  u t i l i z a t i o n  of water t o  i nc rease  product ion of crops.  By t h e  end of t h e  

p r o j e c t  approximately 60 v a l l e y s  and 15,000 hec t a re s  of land w i l l  have been 
recovered o r  w i l l  have improved water con t ro l  and u t i l i z a t i o n .  The improved 
water con t ro l  and u t i l i z a t i o n  w i l l  l e ad  t o  product ion s t a b i l i t y  during years  
of v a r i a b l e  o r  low r a i n f a l l  and t o  average increases  i n  r i c e  production of 1.8 
metric tons  p e r  h e c t a r e  during years  of nornlal r a i n f a l l .  

The p r o j e c t  w i l l  a l s o  develop t h e  capac i ty  of t h e  r eg iona l  s e rv i ces  df 
t h e  MRD and MH s p e c i f i c a l l y  t o  formulate  and execute water management p l ans  
whi le  inc luding  l o c a l  farmers  i n  a l l  planning and cons t rvc t ion  a c t i v i t i e s .  

Most important ly,  l o c a l  farmer groups w i l l  be  organized and t r a ined  t o  
operate  and maintain t h e  water-control  i n f r a s t r u c t u r e ,  thereby  improving t h e  
impact and assur ing  s u s t a i n a b i l i t y .  I 

While developing t h i s  capac i ty ,  t h e  p r o j e c t  w i l l  determine t h e  most 
app ropr i a t e  s e t  of ntethodologies and approaches t o  provide t h e  most 
t e c h n i c a l l y ,  environmental ly ,  economically and s o c i a l l y  appropr ia te  mix of 
water-control  s t r u c t u r e s ,  water management techniques,  and forms of l o c a l  
p a r t i c i p a t i o n .  

3 .  P r o j e c t  Components 

The Souther-n Zone Water Management P r o j e c t  (SZWMP) t a r g e t s  fou r  major bu t  
r e l a t e d  components : 

o Water Control and Management component: Water management p lans  f o r  
watersheds w i l l  be  developed wi th  v i l l a g e  water management conunittees and 
water-control  d ikes  cons t ruc ted .  V i l l age r s  w i l l  provide t h e  l abo r  f o r  t h e  
p lac ing  and compaction of a l l  d ike  and b e m  embankments while  p r i v a t e  s e c t o r  
con t r ac to r s  w i l l  provide t h e  embankment m a t e r i a l s  and cons t ruc t  s l u i c e  ga t e s  
and sp i l lways .  Small a n t i - s a l t  d ikes  w i l l  be constructed i n  t h e  lower va l l eys  
f o r  s a l i n i z a t i o n  con t ro l  and reclamation while  water r e t e n t i o n  s t r u c t u r e s  and 
contour  berms and d ikes  w i l l  be  constructed on t h e  mid and upper va l l eys  f o r  
f reshwater  runoff catchment. The p r o j e c t  w i l l  work i n  seven t o  t e n  new 
v a l l e y s  p e r  year  once teams a r e  i n  p l a c e  i n  each region f o r  a  t o t a l  of about 
60 v a l l e y s  over t h e  l i fe -of -pro jec t  a f f e c t i n g  about 15,000 hec t a re s .  F i r s t  
phase a n t i - s a l t  d ikes  and r e t e n t i o n  dams w i l l  be followed by cons t ruc t ion  of 
second and t h i r d  phase works such a s  upland t e r r a c i n g  and berms. 

o I n s t i t u t i o n a l  S t r e n ~ t h e n i n r :  conrponent: The p r o j e c t  w i l l  he lp  t h e  
t r a d i t i o n a l  t echn ica l  s e r v i c e s  of t h e  HRD and MH develop t h e  capac i ty  t o  
suppor t  water  management development i n  t h e  southern zone. It w i l l  he lp  
v i l l a g e r s  develop t h e  capac i ty  t o  ope ra t e  and maintain water-control 
i n f r a s t r u c t u r e  and t o  f u l l y  u t i l i z e  improved a v a i l a b i l i t y  of water f o r  
a g r i c u l t u r a l  purposes.  Also, t h e  p r o j e c t  w i l l  encourage locally-based p r i v a t e  
s e c t o r  f  izms t o  provide t h e  f u l l  range of water management s e rv i ces .  



o Operat ional  and Applied Research component: n a t i o n a l  research 
i n s t i t u t i o r l s  w i l l  he lp  i d e n t i f y  l o c a l l y  adapted water ,  s o i l ,  and crop 
management p r a c t i c e s  which could ensure  maximum b e n e f i t s  of a n t i - s a l t  
p r o t e c t i o n ,  i nc rease  farmers a b i l i t y  t o  rec la im s a l i n i z e d  land ,  and increase  
crop p roduc t iv i ty  l e v e l s .  

o  - Environmental and P r o j e c t  Monitoring component: c o n s i s t e n t  with t h e  
f ind ings  i n  t h e  IEE Amendment, t h e  p r o j e c t  w i l l  t r a c k  t h e  impact of p r o j e c t  
i n t e rven t ions  and o the r  water-control p r o j e c t s  on t h e  Casamance Basin and i t s  
e s tua ry .  The types  of i n f r a s t r u c t u r a l  i n t e rven t ions  planned i n  t h e  p r o j e c t  
a r e  designed t o  r e s u l t  i n  t h e  environmental p ro t ec t ion  and/or  ameliorat ion of 
a g r i c u l t u r a l  and o the r  lands  upslope from t h e  s t r u c t u r e s .  Also, a s  p a r t  of 
t h e  fotmulat ion of t h e  water management p l ans ,  p r o j e c t  monitoring w i l l  inc lude  
co l l ec t ion  of base l ine  data  i n  each va l l ey  o r  watershed t o  al low f o r  
c o n t i ~ ~ u o u s  feedback and p r o j e c t  approach modificatiorl  and f o r  pe r iod ic  
eva lua t ions  of p r o j e c t  progress .  

P r o j e c t  implementation w i l l  be  t h e  r e s p o n s i b i l i t y  of t h e  MRD. The MH 
w i l l  be  c l o s e l y  involved i n  planning and execut ing t h e  d ike  cons t ruc t ion .  The 
Di rec to ra t e  of Agr icu l ture  (DA) i n  t h e  MRD w i l l  be  p r imar i ly  respons ib le  f o r  
p r o j e c t  implementation. Water Management Team composed of technic ians  f  rum 
both t h e  DA and t h e  MH w i l l  be  s e t  up i n  each region.  These teams w i l l  work 
under t h e  r e s p e c t i v e  r eg iona l  s e r v i c e s  of t h e  DA and t h e  HH i n  t h e  reg ions .  

A P r o j e c t  Management Unit (PW) w i l l  be s e t  up, based i n  Ziguinchor,  t o  
p l an ,  manage and coord ina te  a l l  p r o j e c t  a c t i v i t i e s  i n  t h e  two reg ions ,  t o  be 
headed by a  MRD-assigned P r o j e c t  Di rec tor .  The P r o j e c t  Di rec tor  and t h e  
r e spec t ive  heads of t h e  r eg iona l  s e r v i c e s  of DA and MH w i l l  form a  Regional 
Technical Conunittee i n  each reg ion  t o  a s s u r e  c l o s e  t echn ica l  and managerial 
coord ina t ion .  

USAID w i l l  c o n t r a c t  d i r e c t l y  wi th  a  U.S. i n s t i t u t i o n ,  u n i v e r s i t y  o r  
consortium t o  provide t echn ica l  a s s i s t a n c e ,  t r a i n i n g ,  conm~odities and o the r  
i npu t s .  Four long-term t echn ica l  adv i so r s  w i l l  be  provided: Water Resources 
S p e c i a l i s t  (Chief of Party) , Water Resources Engineer, Agronomist and 
Soc io log i s t .  A l l  funds f o r  t r a i n i n g ,  cons t ruc t ion ,  research  and monitoring 
w i l l  be  managed by t h e  con t r ac to r .  

The p r o j e c t  has  been discussed ex tens ive ly  with t h e  GOS which concurs i n  " 

i ts  ob jec t ives  and s p e c i f i c  approaches t o  water management and reclamation.  

Regular eva lua t ions ,  a u d i t s  and monitoring by USAID w i l l  be c r i t i c a l  t o  
p r o j e c t  success .  The USAID p r o j e c t  o f f i c e r  w i l l  be  t h e  Deputy Chief of t h e  
I r r i g a t i o n ,  Water Management and Engineering Off ice ,  a s s i s t e d  by a  
loca l ly-h i red  U.S. con t r ac to r .  They w i l l  be respons ib le  f o r  coordinat ing U.S. 
i npu t s  and monitoring a c t i v i t i e s  during t h e  l i f e  of t h e  p r o j e c t .  



The A . I . D .  funds w i l l  be  used i n  t h e  fol lowing manner: 

U. S. Cont r ibu t ions  ($000) 

- Technical  Ass i s tance  5,600 

- Support S t a f f  1 ,000 

- I n f r a s t r u c t u r e  Development 3,800 

- Training 900 

- Research and Monitoring 1,100 

- L o g i s t i c a l  Suppo~WOperat ing Costs 

- Evaluat ion/Audit  

Senegalese Cont r ibu t ions  

- S a l a r i e s  of GOS personnel  working on p r o j e c t  
a c t i v i t i e s  1,300 

- L o g i s t i c a l  Support/Operating Costs  300 

- Labor con t r ibu t ion  of v i l l a g e r s  f o r  cons t ruc t ion  1,100 

2,700 

FEASIBILITY? 

The t e c h n i c a l  f e a s i b i l i t y  of improving water u t i l i z a t i o n  through t h e  
u s e  of small  r e t e n t i o n  d ikes ,  berms and t e r r a c i n g  is c l e a r  and 
s t r a igh t fo rward .  The t ec lmica l  f e a s i b i l i t y  of reclaiming s a l i n i z e d  land 
us ing  small  a n t i - s a l t  d ikes  has  been t e s t e d  i n  var ious ways throughout 
t h e  southern  zone. The approach works bu t  t h e  most e f f e c t i v e  means of 
f l u s h i n g  s a l t s  and reclaiming lands  w i l l  be  researched and developed 
dur ing  t h e  p r o j e c t  i n~p len~en ta t i on  . 

The most important cha l lenge  f o r  t h e  p r o j e c t  w i l l  be t h e  
i n s t i t u t i o n a l  f e a s i b i l i t y  of o rganiz ing  and t r a i n i n g  v i l l a g e  
o rgan iza t ions  and improving t h e  capac i ty  of t h e  reg iona l  s e r v i c e s  of HRD 
and HH t o  provide app rop r i a t e  s e r v i c e s  t o  t hose  farmers  and farmer groups 
who need it. However, t h e  farmers  i n  t h e  a r ea  see reclamation and 
improved water  u t i l i z a t i o n  a s  t h e i r  t o p  p r i o r i t y  and t h e  GOS views 
improved water  management and land veclamation a s  t h e  t o p  short-term 
p r i o r i t y  i n  t h e  southern zone of Senegal.  There is cons iderab le  i n t e r e s t  



a t  a l l  l e v e l s  i n  t h e  proposed p r o j e c t  a c t i v i t i e s ;  what is needed most i s  t h e  
te.chnica1 and f i n a n c i a l  a s s i s t a n c e  t o  p lan  and design appropr ia te  
water-control s t r u c t u r e s  given t h e  changed environmental condi t ions .  

The p r o j e c t ' s  I n t e r n a l  Rate of Return of 22 percent  demonstrates a  s t rong  
economic r e t u r n  from p r o j e c t  i n t e r v e n t i o n s ,  inc luding  a c t i v i t i e s  n o t  d i r e c t l y  
app l i cab le  t o  production such a s  r e sea rch  and monitoring. The Socia l  
Soundness Analysis concludes t h a t  farmers  a r e  eager  t o  rec la im l o s t  lands and 
improve t h e i r  water u t i l i z a t i o n  t o  become s e l f - s u f f i c i e n t  i n  c e r e a l s  
requirements .  

F i n a l l y ,  a  121 (d)  nega t ive  determinat ion is included. 

5. COVENANTS AND CONDITIONS 

I n  add i t i on  t o  s tandard  cond i t i ons  Precedent (CPs), t h e  Grant Agreement 
w i l l  conta in  t h e  following: 

A. Conditions Precedent 

1. F i r s t  Disbursement 

a .  P r i o r  t o  i n i t i a l  disbursement,  t h e  GOS w i l l  agree  t o  d i sbu r se  a l l  
. a l l oca t ed  d e c e n t r a l i z a t i o n  funds f o r  o f f i c e  r e h a b i l i t a t i o n  of R I A s  i n  t h e  
reg ions  of Ziguinchor and Kolda. 

b.  P r i o r  t o  disbursement,  o r  t h e  issuance of any conrmitment documents 
under t h e  P r o j e c t  Agreen~ent o t h e r  than  t h e  con t r ac t  f o r  t echn ica l  a s s i s t ance ,  
t h e  GOS w i l l  o f f i c i a l l y  fozm Regional Teclmical Conm~ittees i n  t h e  regions of 
Zigu inchor  and Kolda , composed of t h e  r e spec t ive  Regional Inspec tor  f o r  
Agr icu l ture  and t h e  Regional Head of t h e  Hydraulic Divis ion i n  each region and 
t h e  P r o j e c t  Di rec tor  (chairman of Committee) , t o  coord ina te  and manage t h e  
a c t i v i t i e s  of t h e  r e s p e c t i v e  Regional Water Hanagement Teams. 

2 .  Addit ional  Disbursment  

a .  P r i o r  t o  any disbursement,  o r  t h e  issuance of any conm~itment 
documents under t h e  P r o j e c t  Agreement f o r  t h e  disbursement of any constt-uction 
funds i n  t h e  Kolda reg ion ,  t h e  GOS w i l l  f u r n i s h  evidence t h a t :  

(1)  t h e  Minis t ry  of Rural Development has appointed t o  t h e  Regional 
In spec to ra t e  of Agr icu l ture  i n  t h e  Kolda region one Agronomist with s o i l s  
t r a i n i n g  and one Vil lage-Project  Lia i son  Of f i ce r  o r  Soc io log i s t  t o  be based i n  
Sedhiou t o  c a r r y  out  p r o j e c t  a c t i v i t i e s  a s  p a r t  of t h e  Kolda r eg iona l ,  
i n t e r d i s c i p l i n a r y  Water Hanagement Team; and 

(2)  t h e  Minis t ry  of Hydraulics has  appointed t o  t h e  Regional 
Divis ion of Hydraulics i n  t h e  Kolda reg ion  one I r r i g a t i o n / C i v i l  Engineer and 
one Surveyor/Construction Supervisor  t o  be based i n  Sedhiou t o  ca r ry  ou t  
p r o j e c t  a c t i v i t i e s  a s  p a r t  of t h e  Kolda r eg iona l ,  i n t e r d i s c i p l i n a r y  Water 
Management Team. 

- x i i  - 



b. P r i o r  t o  disbursement,  o r  t h e  issuance of any commitment documents 
under t h e  P r o j e c t  Agreenlent f o r  t h e  disbursement of any cons t ruc t ion  funds i n  
t h e  Ziguinchor reg ion ,  t h e  GOS w i  11 f u r n i s h  evidence t h a t  : 

(1) t h e  Minis t ry  of Rural Development has  appointed t o  t h e  Regional 
I n s p e c t o r a t e  of Agr icu l ture  i n  t h e  Ziguinchor region one Agronomist with s o i l s  
t r a i n i n g  and one Vil lage-Project  Lia i son  Of f i ce r  o r  Soc io log i s t  t o  be based i n  
Ziguinchor t o  c a r r y  ou t  p r o j e c t  a c t i v i t i e s  a s  p a r t  of t h e  Ziguinchor r eg iona l ,  
i n t e r d i s c i p l i n a r y  Water Management Team; and 

(2) t h e  Minis t ry  of Hydraulics has  appointed t o  t h e  Regional 
Divis ion of Hydraulics i n  t h e  Ziguinchor region one I r r i g a t i o n / C i v i l  Engineer 
and one Surveyor/Construction Supervisor  t o  be based i n  Ziguinchor t o  c a r r y  
o u t  p r o j e c t  a c t i v i t i e s  a s  p a r t  of t h e  Ziguinchor r eg iona l ,  i n t e r d i s c i p l i n a r y  
Water Management Team. 

c .  P r i o r  t o  disbursement of any cons t ruc t ion  funds under t h e  P r o j e c t  
Agreement s t a r t i n g  Year Four ( 4 )  of t h e  p r o j e c t ,  t h e  GOS w i l l  incr&ase  t h e  
r e s p e c t i v e  budgets of t h e  Regional In spec to ra t e s  of Agr icu l ture  and Regional 
Divis ions of Hydraulics i n  t h e  Ziguinchor and Kolda reg ions  s u f f i c i e n t l y  t o  
pay f o r  a l l  pe r  diem of GOS entployees and veh ic l e  opera t ing  c o s t s  of deh ic l e s  
assigned t o  t h e s e  d i v i s i o n s  s t a r t i n g  Year Four ( 4 )  of t h e  p r o j e c t  and 
cont inuing a f t e r  t h e  end of t h e  p r o j e c t .  

d .  P r i o r  t o  disbursement of funds f o r  t h e  purchase of veh ic l e s ,  t h e  GOS 
w i l l  agree  t h a t  t r a v e l  au tho r i za t ions  f o r  vehic les  purchased under t h e  p r o j e c t  
f o r  o f f i c i a l  t r a v e l s  which a r e  r e g i s t e r e d  i n  t h e  SO series may be approved by 
t h e  P r o j e c t  Di rec tor  f o r  vehic les  a t  t h e  PMU, and by t h e  Regional Inspec tors  
of Agr i cu l tu re  o r  t h e  Regional Heads of t h e  Hydraulics Divis ions f o r  vehic les  
assigned t o  t h e  two Water Management Teams. 

B .  COVENANTS 

The P r o j e c t  Agreement s h a l l  conta in  i n  substance t h e  f  ollowirlg covenants : 

1. Agreement t h a t  t h e  GOS w i l l  a s su re  coordinat ion of a l l  donor-funded 
and GOS-funded water management a c t i v i t i e s  i n  t h e  Ziguinchor and Kolda reg ions  
through bi-annual meetings of a l l  involved donors and H i n i s t r i e s ,  organized by 
t h e  Minis t ry  of Plan and Cooperation. 

2.  Agreement t h a t  t h e  Government of Senegal w i l l  make b e s t  e f f o r t s  t o  
ensure  t h a t  ( a )  s t a f f  assigned t o  t h e  Regional Water Management Teams w i l l  
remain f o r  a t  l e a s t  t h r e e  years  and t h a t  they  w i l l  be  replaced inmediately; 
and (b)  Regional In spec to r s  of Agr icu l ture  and RHD c h i e f s  remain a t  pos t  f o r  
a t  l e a s t  t h r e e  years  and t h e i r  rep lacen~ents  w i l l  be  a t  p o s t  p r i o r  t o  t h e  
depa r tu re  of t h e  incumbents. 

3. Agreement t h a t  t h e  a s s i s t a n c e  t o  farmers t o  improve water management 
and rec la im s a l i n i z e d  lands  w i l l  become p a r t  of t h e  mandates of t h e  reg ional  
s e r v i c e s  of Agr icu l ture  and Hydraulics i n  t h e  Ziguinclior and Kolda regions.  

- x i i i  - 



4.  Agreement t h a t  a d d i t i o n a l  f i n a n c i a l  resources  f o r  d ike  cons t rvc t ion  
o r  maintenance may b e  made a v a i l a b l e  through t h e  u s e  of Fonds de  Concours a t  
t h e  l o c a l  l e v e l .  

5. Agreement t h a t  t h e  i s s u e s  of ( a )  a n t i - s a l t  bar rage  e f f ec t iveness  i n  
c o n t r o l l i n g  upstream s a l i n i t y ;  (b)  t h e  e f f e c t s  of i n f r a s t t v c t u r e  on 
groundwater quan t i t y ,  q u a l i t y  and d i s t r i b u t i o n ;  ( c )  t h e  cununulation e f f e c t s  of 
r eg iona l  bar rage  cons t ruc t ion  on e s t u a r i n e  and o the r  aqua t i c  ecosystem 
resources ;  (d)  t h e  e f f e c t s  of r eg iona l  i n f  r a s t rwc tu ra l  development on 
water-associated d i s e a s e  incidence r a t e s ;  and ( e )  t h e  e f f e c t s  of 
i n f r a s t r u c t u r a l  development on t e r r e s t r i a l  ecosysten~s and endangered, 
pro tec ted  o r  conm\ercially important s p e c i e s ,  a s  descr ibed i n  t h e  P ro j ec t  IEE 
Amendment, s h a l l  be addressed a s  descr ibed except  a s  those  i s sues  o r  
approaches may be  an~ended by t h e  agreen~ent  of both p a r t i e s .  

6 ,  Agreement t h a t  implementation p l ans  f o r  i n f r a s t r u c t u r a l  developnwnt 
w i l l  be  modified i n  accordance wi th  t h e  f ind ings  of t h e  f i v e  i s s u e  assessments 
l i s t e d  i n  5 .  above. 

7 . Agreement t h a t  : 
4 

( a )  a n t i - s a l t  d ikes  s h a l l  on ly  be constructed where t h e  a r eas  of high 
p o t e n t i a l  ac id  s u l f a t e  s o i l s  o r  a l r eady  a c i d i f i e d  s o i l s  of t h e  taxonomic 
subgroup of t y p i c  su l faquents  (USDA S o i l  Taxonomy) do n o t  exceed 15 percent  
p l u s  o r  minus two percent  of t h e  s e r v i c e  a r ea  upstream of t h e  d ike ;  

(b)  s i t i n g  of water r e t e n t i o n  d ikes  w i l l  be undertaken with t h e  f u l l  
knowledge, advice  and consent of t h e  a f f ec t ed  v i l l a g e  populat ion;  and 

( c )  any i r r i g a t i o n  system funded under t h i s  p r o j e c t  s h a l l  have had 
s u f f i c i e n t  t echn ica l  a n a l y s i s  performed t o  i n d i c a t e  t h a t  s a l i n i z a t i o n  and 
waterlogging p o t e n t i a l  i n  t h e  a f f e c t e d  a rea  w i l l  be minimal; measures w i l l  be 
a v a i l a b l e  t o  t h e  t a r g e t  populat ion t o  m i t i g a t e  any s a l i n i z a t i o n  o r  
waterlogging which may occur i n  t h e  f u t u r e ;  and sedimentation r a t e s  upslope of 
t h e  primary s t r u c t u r e  a r e  s u f f i c i e n t l y  low t o  permit u s e  of t h e  r e s e r v o i r  f o r  
i r r i g a t i o n  throughout a  reasonably long f a c i l i t y  t a r g e t  l i f e .  

- x i v  - 
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PROBLEH AND PROJECT DESCRIPTION 

A. PROBLEH 

Senegal meets b a r e l y  one-half of i t s  bas i c  food requirements from 
domestic sources.  The southern zones of Senegal o f f e r  a  h igh  a g r i c u l t u r a l  
p o t e n t i a l ,  with gene ra l ly  h igher  average y i e l d s  and lower v a r i a t i o n s  i n  y i e l d s  
than  o t h e r  reg ions  i n  Senegal f o r  a l l  c e r e a l s ,  peanuts and co t ton .  
Nonetheless,  annual product ion of major c e r e a l s  l ags  behind t h e  p o t e n t i a l  due 
t o  a  ~wmber of f a c t o r s ,  t h e  most inportant;  of which a r e  r e l a t e d  t o  e r r a t i c  end 
decreased l e v e l s  of r a i n f a l l .  

The d e c l i n e  i n  average annual r a i n f a l l  during t h e  p a s t  15 years  has  
r e s u l t e d  i n  s i g n i f i c a n t  l o s s  of product ive farmland i n  t h e  va l l eys  due t o  
s a l i n i z a t i o n  and i n  decreased y i e l d s  f o r  major crops.  There is an urgent  need 
t o  he lp  farmers rec la im l o s t  product ive v a l l e y  lands and improve t h e i r  
u t i l i z a t i o n  of t h e  a v a i l a b l e  water .  A t  t h e  same time, farmers lack  t h e  
c a p a b i l i t y  and capac i ty  t o  s i g n i f i c a n t l y  reclaim lands and improve t h e i r  water 
managenlent. Likewise, l o c a l  government s e rv i ces  and t h e  p r iva t e  s e c t o r  i n  t h e  
reg ions  do n o t  have t h e  i n s t i t u t i o n a l  capac i ty  t o  a s s i s t  farmers plan and 
execute water con t ro l  and management programs. 

1. Problem: Land and Water A v a i l a b i l i t y  f o r  Increased Production 

The key t echn ica l  problems t h e  SZWMP addresses  a r e  how t o  ( a )  
p r o t e c t  and rec la im s a l i n i z e d  land ,  ( b )  improve water management, and ( c )  
minimize yea r ly  v a r i a t i o n  i n  crop product ion due t o  r a i n f a l l  amount and t iming.  

Since t h e  drought of t h e  l a t e  1960 ' s  t h e r e  has  been a  major dec l ine  
i n  t h e  average annual r a i n f a l l  i n  t h e  Casamance r i v e r  bas in .  The average 
r a i n f a l l  f o r  t h e  period 1940-1960 was 1500 nun f o r  t h e  Ziguinchor reg ion .  By 
c o n t r a s t ,  t h e  average r a i n f a l l  f o r  t h e  period 1965-1985 i n  t h e  Ziguinchor 
department was 1100 mm and i n  t h e  Bignona department only  900 m. Average 
annual r a i n f a l l  has  decl ined about one-third i n  t h e  l a s t  15 years .  

A s  a  consequence, s a l t  i n t r u s i o n  i n  t h e  Casamance r i v e r  has  reached 
220 km inland with extreme h y p e r s a l i n i t y  l e v e l s  i n  t h e  c e n t r a l  ar~d upper 
reaches of t h e  r i v e r  system. The reg ion  has a  number of e s t u a r i e s  and creeks 
which c o n s t i t u t e  a r e a s  favorable  t o  t h e  i n t r u s i o n  of s a l t  water i n t o  primary 
and secondary t r i b u t a r i e s  and onto t h e  bordering lands .  Lands i n  t h e  va l l ey  
have been exposed t o  increas ing  per iods  of t i d a l  seawater i n t r v s i o n  and t h e  
concent ra t ion  of s a l t s  from t h e  c a p i l l a r y  r i s e  during t h e  dry  season. 

The r e s u l t  has  been a  sharp d e c l i n e  i n  r i c e  s u r f a c e  a rea  due t o  
s a l i n i z a t i o n  and subsequent abandonment of product ive v a l l e y  lands.  Estimates 
of l o s s  of product ive  r i c e  lands  a r e  a s  high a s  7 7  percent  i n  one department 
i n  t h e  Ziguinchor region.  Another r e p o r t  es t imates  t h a t  between 20-60 percent  
of t h e  c u l t i v a t e d  r i c e  lands i n  t h e  va l l eys  i n  t h e  Ziguinchor region have been 
l o s t  i n  t h e  p a s t  8-10 years  due t o  t h e  low r a i n f a l l  and s a l t  i n t r u s i o n .  

I n  response t o  t h e s e  dramatic  environmental changes, farmers s h i f t e d  
t h e i r  r i c e  product ion onto t h e  l e s s  product ive  bas in  v a l l e y  s lopes .  The Diola 
cropping mix moved from an aqua t i c  r i c e  p a t t e r n  t o  one incorpora t ing  ra infed  



r i c e ,  and an increas ing  upland peanut  and c e r e a l  c u l t i v a t i o n .  The women 
farmers  of t h e  Handinka e t h n i c  group, once s o l e l y  r i c e  farmers ,  have begun t o  
c u l t i v a t e  upland crops.  The upland and s lope  a reas  have l i g h t e r  s o i l s  with 

, lower f e r t i l i t y  and lower water-holding capac i ty  than those  of t h e  lowlands, 
making them less s u i t e d  t o  c e r e a l s ,  e s p e c i a l l y  r i c e ,  production. Loss of 
v a l l e y  lands and lower y i e l d s  on s l o p e  lands  have c rea ted  a c e r e a l s  d e f i c i t  
f o r  n e a r l y  every household. Production of o t h e r  c e r e a l s  has  n o t  made up t h e  
gap. Current  e s t ima te s  a r e  t h a t  only h a l f  of t h e  c e r e a l  requirement is m e t  
from household product ion.  Fatm f a m i l i e s  make up t h e  d i f f e r e n c e  by purchasing 
r i c e  from t h e  proceeds of peanut s a l e s  and, increas ingly ,  by seasonal  and 
permanent out-migration t o  seek employment i n  towns and c i t i e s .  The 
Ziguinchor and Kolda reg ions  now import n e a r l y  50 percent  of t h e i r  c e r e a l  
needs. 

Fieldwork during p r o j e c t  design and o the r  r ecen t  research  c l b a r l y  
i n d i c a t e  t h e  over r id ing  p r i o r i t i e s  of farmers i n  t h e  a rea :  t o  reclaim l o s t  
l ands ,  t o  i nc rease  r i c e  product ion,  and t o  reach se l f - su f f i c i ency  in ,  food 
product ion.  

There a r e  an estimated 40,000 h e c t a r e s  i n  t h e  Ziguinchor and Kolda 
reg ions  which a r e  recoverable  and/or  improvable through water con t ro l  
i n f r a s t r u c t u r e  opera t ion .  I n  t h e  near-to-medium term, recovery of t h e  more 
product ive  v a l l e y  lands is one of t h e  most cos t - e f f ec t ive  ways t o  sus t a inab ly  
inc rease  crop product ion i n  southern Senegal and is t h e  h ighes t  p r i o r i t y  of 
farrier-s i n  t h e  a r e a .  A t  t h e  same time, increased a v a i l a b i l i t y  of water 
through b e t t e r  r e t e n t i o n  techniques a lone  w i l l  lead t o  increased production, 
e s p e c i a l l y  f o r  r i c e .  Est imates  a r e  t h a t  t h e  average y i e l d  of paddy r i c e  w i l l  
i n c r e a s e  from cu r ren t  average l e v e l s  of . 5 - - 8  tons/ha t o  1.8-2.3 tons/ha.  
More impor tan t ly ,  increased a v a i l a b i l i t y  of water reduces r i s k  and farmers 
w i l l  have more incen t ive  t o  u s e  o t h e r  yield- increasing inpu t s  such a s  
f e r t i l i z e r  and improved seeds .  

2 .  Problem: Farmer Capacity t o  Reclaim Lands and Inprove Water 
U t i l i z a t i o n  

Farmers a r e  gene ra l ly  e f f i c i e n t  i n  u s e  of resources  under t h e i r  con t ro l .  
Many farmers c l o s e  t o  t h e  mouth of t h e  'Casamance r i v e r  have considerable 
experience i n  water con t ro l  and management i n  t h e  va l l eys .  During periods of : 

h ighe r  r a i n f a l l ,  farmers used l o c a l l y  hand-built  d ikes  t o  f l u s h  s a l t s  from 
v a l l e y  lands t o  a l low r i c e  c u l t i v a t i o n .  The lower average r a i n f a l l  has 
completely changed farming opera t ions  and t h e  t echn ica l  op t ions  f o r  improving 
water management. Most farmers l a c k  t h e  knowledge and means t o  bu i ld  and 

. ope ra t e  t h e  more durable  water-control  works required t o  p r o t e c t  and recover 
t h e  va l l eys .  

A t  t h e  same t ime,  where donor-funded p r o j e c t s  have a s s i s t e d  farmers t o  
b u i l d  d i k e s ,  farmers have had minimal involvement i n  planning and design and 
i n  subsequent opera t ion  and maintenance. This has  led  t o  a low l e v e l  of 
reclamation and inproved water u t i l i z a t i o n  behind t h e  d ikes .  Farmers must be 
organized and t r a i n e d  t o  ope ra t e  and maintain water-control s t r u c t u r e s  i n  
o rde r  t o  f u l l y  e x p l o i t  t h e  increased a v a i l a b i l i t y  of water t o  increase  
product ion.  
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3. Problenl: I n s t i t u t i o n a l  Capac i ty  t o  A s s i s t  Farmers Improve Water 
Malla~enlellt 

There  have been a  number of f a c t o r s  i n h i b i t i n g  development of an 
i n s t i t u t i o n a l i z e d  c a p a c i t y  t o  improve wate r  management. E a r l y  e f f o r t s  f a i l e d  
t o  i n c l u d e  v i l l a g e  o r g a n i z a t i o n s  i n  p lann ing  and des ign .  111 t h e  mid-19703, 
Rural Development A u t h o r i t i e s  (RDAs) such a s  SOMIVAC (RDA f o r  t h e  r e g i o n a l  
development of t h e  Casamance) and SQDAGRI (RDA f o r  i r r i g a t i o n  a g r i c u l t u r a l  
development i n  t h e  Kolda r e g i o n )  were given t h e  mandate t o  des ign  and e x e c u t e  
w a t e r  c o n t r o l  and management programs. Large a n t i - s a l t  d i k e s  w e r e  b u i l t  i n  
t h e  Casamance w i t h  l i t t l e  p a r t i c i p a t i o n  o f  l o c a l  f a rmers ;  t h e y  have n o t  been 
a s  s u c c e s s f u l  a s  p lanned.  S i m i l a r l y ,  s t a r t i n g  i n  1982, t h e  AID-funded 
Casamance Rura l  Development p r o j e c t ,  through SOMIVAC, c o n s t r u c t e d  31 smal l  
a n t i - s a l t  d i k e s  u s i n g  v i l l a g e  l a b o r .  4 

The dominance of t h e  RDAs and autonomous donor-funded p r o j e c t s  i n  
wa te r -con t ro l  works e f f e c t i v e l y  excluded t h e  l o c a l  development of p r i v a t e  
s e r v i c e s  i n  Ziguinchor  and Kolda f o r  t h e  p l a n n i n g ,  des ign  and c o n s t r u c t i o n  of 
p lanned works o r  f o r  s p e c i a l i z e d  s e r v i c e s  i n  e a r t h  moving, c o n c r e t e  works o r  
s u r v e y  and p lann ing .  Dakar-based f i r m s  c o n t r a c t  f o r  l a r g e r - s c a l e  s p e c i f i c  
s e r v i c e s  i n  t h e  re.gions,  b u t  no l o c a l  f i r m s  have developed.  

A t  t h e  same t i m e ,  t h e  r e g i o n a l  o f f i c e s  of t h e  l i n e  M i n i s t r y  of Rural  
Development and M i n i s t r y  of Hydrau l ics  have n o t  been invo lved  i n  water-control  
i n f r a s t r u c t u r e  development and c u r r e n t l y  have l i t t l e  c a p a c i t y  t o  p l a n  and 
e x e c u t e  wa te r  management programs. 

However, t h e  GOS has  f o r m a l l y  changed i ts  p o l i c y  through t h e  NAP. The 
NAP i n c l u d e s  f o u r  major p r o v i s i o n s  a f f e c t i n g  t h e  sou thern  zone: (1) l o c a l  
p o p u l a t i o n s  a r e  expected t o  m o b i l i z e  and manage r e s o u r c e s  f o r  l o c a l  
development; ( 2 )  RDAs have a  much reduced r o l e  i n  p rov id ing  d i r e c t  s e r v i c e s  t o  
fa rmers ;  (3)  t r a d i t i o n a l  t e c h n i c a l  m i n i s t r i e s  a r e  t o  b e  r e v i t a l i z e d  t o  p r o v i d e  
t h o s e  s e r v i c e s  d e f i n e d  t o  be i n  t h e  p u b l i c  domain; and ( 4 )  t h e  p r i v a t e  s e c t o r  
h a s  a  v i t a l  r o l e  t o  p l a y  i n  p rov id ing  d i r e c t  s e r v i c e s  t o  fa rmers .  

The l i n e  M i n i s t r i e s  (MRD and HH) have now been given d i r e c t  
r e a p o n a i b i l i t y  f o r  a s a i a t i n g  fa rmers  t o  p l a n ,  execu te  and manage wate r -con t ro l  
works, working c l o s e l y  wi th  t h e  l o c a l  v i l l a g e r s  and u t i l i z i n g  t h e  p r i v a t e  
s e c t o r  where f e a s i b l e .  Th i s  c l e a r l y  i n d i c a t e s  t h e  need f o r  t h e  S Z W  t o  
improve t h e  i n s t i t u t i o n a l  c a p a c i t y  of t h e  r e g i o n a l  o f f i c e s  of HRD and UH, 
keeping w i t h i n  a  l e v e l  of a s s i s t a n c e  which i s  s u s t a i n a b l e  f o r  t he  GOS and 
focused on s p e c i f i c  needs  of f a n n e r s .  

B. PROJECT DESCRIPTION 

1. ProiecC Goal: Tncrueee C e r e a l s  P~.oduction 

The g o a l  of t h e  p r o j e c t  i s  t o  i n c r e a s e  cereals, mainly  r i c e ,  p roduc t ion  
i n  t h e  Kolda and Ziguinchor  ~ * e g i o n s .  T ~ I G  p r o j e c t  w i l l  luod t o  an i n c r e a s e  i n  
r i c e  p roduc t ion  i n  t h e  p r o j e c t  a r ea  of about 50 per.cunt, from 54 ,000  t o n s  of 
paddy r i c e  i.n 19R7/R8 t o  81,000 toris i n  1999, once the 
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project-funded water-control i n t e rven t ions  a r e  f u l l y  opera t iona l  and land 
reclaimed i n  t h e  t a r g e t t e d  15,000 hec t a re s .  I f  t h e  GOS and farmers cont inue 
t o  i n v e s t  i n  t h e  water management a c t i v i t i e s  i n i t i a t e d  by t h e  SZWMP once t h e  
p r o j e c t  is over ,  recovery of v a l l e y  lands  and inlprovement of production could 
occur  on approximately 40,000 ha over  a  twenty-year per iod .  This would be a  
major s t e p  towards making t h e  two r eg ions  s e l f - s u f f i c i e n t  i n  r i c e  production. 

The p r o j e c t  should n o t  on ly  lead  t o  an inc rease  i n  o v e r a l l  production of 
c e r e a l s ,  b u t  a l s o  an in~por t an t  i nc rease  i n  t h e  p roduc t iv i ty ,  o r  y i e ld  per  
h e c t a r e ,  of a f f ec t ed  c e r e a l  crops.  Achievenlent of maxinwm a g r i c u l t u r a l  
product ion depends on many f a c t o r s .  I n  southern Senegal improved water 
u t i l i z a t i o n  and reclamation of v a l l e y  lands  a r e  key. 

2 .  P r o j e c t  Purpose: Improved Water Control and Hana~ement 

The S Z W  w i l l  he lp  farmers  recover  l o s t  product ive farmland and improve 
t h e i r  u t i l i z a t i o n  of water t o  produce c rops .  By t h e  end of t h e  pro jec t ,  
approximately 60 v a l l e y s  and 15,000 h e c t a r e s  of land w i l l  have been recovered 
o r  w i l l  have improved water con t ro l  and u t i l i z a t i o n .  F u l l  r e s t o r a t i o n  of 
pro tec ted  lands  i n  t h e s e  v a l l e y s  w i l l  t a k e  f i v e  t o  s i x  years  a f t e r  t h e  p r o j e c t  
because of t h e  phasing of works and t h e  d i f f i c u l t y  of reclaiming c e r t a i n  
s o i l s .  The improved water con t ro l  and u t i l i z a t i o n  w i l l  l ead  t o  production 
s t a b i l i t y  during years  of v a r i a b l e  o r  low r a i n f a l l  and t o  average increases  i n  
r i c e  product ion of 1 . 8  me t r i c  tons  p e r  h e c t a r e  during years  of normal r a i n f a l l .  

The p r o j e c t  w i l l  develop t h e  capac i ty  of t h e  r eg iona l  s e r v i c e s ,  t h e  MRD 
and MH s p e c i f i c a l l y ,  t o  develop and execute water management p l ans  while 
inc luding  l o c a l  farmers i n  planning and cons t ruc t ion  a c t i v i t i e s .  Most 
impor tan t ly ,  it w i l l  organize and t r a i n  l o c a l  farmer groups t o  opera te  and 
maintain t h e  water-control i n f r a s t r u c t u r e  , inrproving t h e  p ro  j e c t  ' s impact and 
assur ing  s u s t a i n a b i l i t y .  I n  so  doing, t h e  p r o j e c t  w i l l  determine an 
appropr i a t e  s e t  of methodologies and approaches t o  provide a  t echn ica l ly ,  
environmentally,  economically and s o c i a l l y  sound mix of water-control 
s t r u c t u r e s ,  water-management techniques ,  and foz-ms of l o c a l  p a r t i c i p a t i o n .  

3 .  P r o j e c t  Components 

The SZWM P r o j e c t  has  fou r  r e l a t e d  components: 

o  Water Control and Mana~ement 

o I n s t i t u t i o n a l  S t r e n ~ t h e n i n g  

o Operat ional  and Applied Research 

o Ehvironmental and P r o j e c t  Monitoring 
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These f o u r  components w i l l  be  coordinated t o  p r o t e c t  and reclaim 
s a l i n i z e d  lands ,  improve water-control on non-salinized land ,  and increase  
c e r e a l  crop p roduc t iv i ty .  Under t h e  Water Control and M a l l a ~ ~ e n t  component, 
water  management p l ans  w i l l  be  developed with v i l l a g e  water  management 

'conunittees and d ikes  constr-ucted. These a c t i v i t i e s  w i l l  address  p r i o r i t y  
concerns of farmers t o  p r o t e c t ,  recover  and make more product ive va l l ey  lands 
l o s t  t o  drought and s a l t  i n t r u s i o n  during t h e  p a s t  15 yea r s .  The 
I n s t i t u t i o n a l  S t r en~ then inp ;  component w i l l  enhance t h e  a b i l i t y  of t h e  
t r a d i t i o n a l  t echn ica l  s e r v i c e s  of t h e  EIRD and MH t o  support  water management 
development i n  t h e  southern zone; develop v i l l age - l eve l  capac i ty  t o  opera te ,  
and maintain water-control i n f r a s t r u c t u r e ;  and encourage p r iva t e  s e c t o r  
s e r v i c e s  f o r  water management i n  t h e  p r o j e c t  a rea .  The Operat ional  and 
Applied Research conrponent w i l l  support  c o n t r a c t s  with n a t i o n a l  research  
i n s t i t u t i o n s  t o  he lp  i d e n t i f y  l o c a l l y  adapted water ,  s o i l ,  and crop. 
management p r a c t i c e s  which maximize b e n e f i t s  of a n t i - s a l t  p ro t ec t ion ,  improve 
farmers '  a b i l i t y  t o  rec la im s a l i n i z e d  l and ,  and inc rease  product ion.  The 
Er~vironmental and P r o j e c t  monitor in^ component w i l l  t r a c k  t h e  impact of SZWMP 
and o t h e r  water-control  p r o j e c t s  on t h e  Casamance Basin and its es tuary .  

a .  Water Control and Management f o r  Increased Cereals  
Production 

Outputs of t h i s  component w i l l  be watershed management p lans  f o r  
about 60 va l l eys  and 15,000 hec t a re s  of land.  The watershed management p l ans  
w i l l  g ene ra l ly  inc lude  a  f i r s t  phase of a n t i - s a l t  d ikes  and an upstream 
r e t e n t i o n  d ike .  The second and t h i r d  phases may inc lude  a  second s e t  of d ikes  
r egu la t ing  flow h igher  i n  t h e  v a l l e y  and s o i l  conservat ion works, i f  needed, 
t o  p r o t e c t  a g a i n s t  e ros ion  o r  s i l t i n g  of s t r u c t u r e s  i n  t h e  va l ley .  F i n a l l y ,  
microbasins  and su r f  ace d r a i n s  may be b u i l t  t o  improve on-f arm water-control , 
and t o  rec la im a c i d i f i e d  s o i l s .  These p l ans  w i l l  u s e  a  h o l i s t i c  watershed 
planning approach t o  ensure  t h a t  s tz%ctures  a r e  s i t e d ,  s i z e d ,  and operated t o  
p r o t e c t  land and water u se  r i g h t s  and permit  cons t ruc t ion  of downstream 
s t r u c t u r e s .  The p l ans  w i l l  inc lude  water management extension programs t o  
opt imize farmer r e t u r n s  from t h e i r  investment i n  d ikes .  

Two t echn ica l  elements d i s t i n g u i s h  t h i s  p r o j e c t  component from o t h e r  
water-control  e f f o r t s  i n  t h e  southern zone. F i r s t ,  t h e  SZWMP w i l l  plan with 
t h e  farmers from t h e  pe r spec t ive  of a  whole watershed o r  subwatershed. 
Second, i t s  water-control  program extends beyond planning and cons t rvc t ion  t o  
t h e  opera t ion  and maintenance of t h e  c o t l s t ~ u c t e d  works. 

The S Z W  w i l l  n o t  p lan  and cons t ruc t  a n t i - s a l t  d ikes  and small 
r e t e n t i o n  dams a s  independent i n t e rven t ions  bu t  ins tead  examine t h e  hydrologic  
l i n k s  between t h e s e  s t r u c t u r e s  and cons ider  t h e  secondary works needed t o  
achieve land reclamation o r  enhance land p roduc t iv i ty .  The watershed p lans  
developed by S Z W  w i l l  support  f a ~ m e r  ob jec t ives  of reclaiming va l l ey  r i c e  
land l o s t  t o  s a l i n i z a t i o n  and low r a i n f a l l .  It w i l l  a l s o  he lp  farmers p lan  
f o r  secondary works needed t o  con t ro l  water depth f o r  r i c e  product ion,  d i v e r t  
e a r l y  season runoff  t o  s t o r a g e  s t r u c t u r e s ,  p r o t e c t  s t r u c t u r e s  from s i l t i n g ,  
where e ros ion  is a problem, and, where f e a s i b l e ,  i nc rease  t h e  r a t e  of land 
recovery through t i l l a g e  and su r f  ace drainage. 

Once teams a r e  i n  p l ace  i n  each reg ion ,  t h e  p r o j e c t  w i l l  work i n  
seveil t o  t e n  new v a l l e y s  pe r  yea r ,  improving water con t ro l  on approximately 
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2,300 hec t a re s  annual ly.  F i r s t  phase a n t i - s a l t  d ikes  and r e t e n t i o n  dans w i l l  
be  completed i n  a l l  sites by t h e  end of t h e  pro jec t .  Second and t h i r d  phase 
works w i l l  be constructed a t  some sites during t h e  l i f e  of t h e  p r o j e c t  
although some secondary works may be  l e f t  t o  l o c a l  follow-through. 

Evaluat ions and f i e l d  v i s i t s  have shown t h a t  previous p r o j e c t s  g r e a t l y  
underestimated t h e  s t a f f  t i m e  requi red  t o  organize v i l l a g e  water management 
committees f o r  cons t ruc t ion  and t o  prepare  them f o r  t h e  t r a n s i t i o n  t o  
opera t ions  and maintenance (O&M). The SZWHP r e c o ~ n i z e s  t h a t  t h e  o r ~ a n i z e d  
t r a n s i t i o n  t o  O&M is one of t h e  key l i n k s  t o  e f f e c t i v e  u s e  of constructed 
works. It w i l l  u s e  t h e  c o n s t ~ v c t i o n  per iod  t o  t r a i n  fanners i n  maintenance 
and energency r e p a i r  procedures ,  p l an  opera t ions  and maintenance guide l ines  
wi th  Vi l l age  Committees from t h e  o u t s e t ,  equip t h e  Committees with t h e  bas i c  
t o o l s  needed f o r  maintenance, and provide  t echn ica l  follow-up t o  he lp  
Committees a d j u s t  t h e i r  O&M prograns over  t i m e .  P r o j e c t  f i e l d  s t a f f  w i l l  work 
wi th  t h e  Vi l lage  Committees t o  he lp  them organize farmer p a r t i c i p a t i o n ,  
v i l l a g e  dues o r  u s e  payments t o  o b t a i n  new t o o l s ,  t r a n s p o r t  s e r v i c e s , ,  and 
masonry se rv i ces .  The opt ion  of he lp ing  f armem t o  c o l l e c t  funds t o  organize 
an opera t ions  and maintenance (O&M) revolving fund w i l l  be  explored during 
p r o j e c t  implementation. A n  es t imated two percent  of t h e  c a p i t a l  c o s t  of t h e  
in f r a s t rwc tu re  w i l l  be  needed f o r  annual maintenance. Based on t h e  est imated 
infrastx-ucture c o s t s  on t h e  t e n  sample sites, average annual maintenance c o s t s  
f o r  t h e  t h r e e  t o  s i x  d ikes  a t  each s i te  i s  approximately $1,300. 

I n  add i t i on ,  t h e  SZWMP w i l l  work wi th  farmers t o  improve t h e i r  s o i l  and 
water managenent p r a c t i c e s .  I n i t i a l  p r i o r i t y  w i l l  be  on a s s i s t i n g  farmers t o  
adapt  t h e i r  cropping p r a c t i c e s  t o  t h e  operat ion of t h e  water-control 
s tzwctures  . Then, us ing  t h e  r e s u l t s  of appl ied research  from ISRA ( I n s t i t u t  
SbnBgalais d e  Recherches Agricoles)  and o the r  i n s t i t u t i o n s  working i n  s i m i l a r  
env i romen t s  , SZWMP w i l l  work with f  ar-ners t o  inprove on-f arm water and 
f e r t i l i t y  management on r ec l a ined  land .  

The p r o j e c t  s t a f f  f  rom M R D ' s  Department of Agr icu l ture  and t h e  Ml's 
Departnent of Hydraulic and I r r i g a t i o n  Works w i l l  work on p r o j e c t  a c t i v i t i e s  
fu l l - t ime  under t h e i r  r e spec t ive  r eg iona l  o f f  i c e s .  However, because of t h e  
l imi t ed  capac i ty  of t h e s e  r eg iona l  o f f i c e s ,  t h e  SZWMP w i l l  u se  a P ro j ec t  
Management Unit  (PMU) t o  i n i t i a t e  p r o j e c t  a c t i v i t i e s .  The two Regional 
Agr icu l tura l  In spec to r s ,  incol-porated i n t o  t h e  PMU from t h e  o u t s e t ,  w i l l  t a k e  
over planning r e s p o n s i b i l i t i e s  of t h e  GOS P r o j e c t  Di rec tor  during t h e  l i f e  of 
t h e  p r o j e c t .  The t r a n s f e r  of GOS r e s p o n s i b i l i t y  f o r  program management t o  t h e  
Regional Inspec tors  w i l l  t a k e  p l a c e  once t h e  procedures f o r  watershed planning 
and p lan  execut ion have been e s t ab l i shed .  The Regional Hydraulic Divis ions 
(RHD) w i l l  be c l o s e l y  involved i n  t h e  planning and execut ion of t h e  program. 
F igure  1 shows t h e  o rgan iza t iona l  s t r v c t u r e  f o r  t h e  p r o j e c t .  Detailed 
a n a l y s i s  of t h i s  s t r v c t u r e  i s  given i n  t h e  I n s t i t u t i o n a l  and Administrative 
Analynis . 

The SZWMP w i l l  b r ing  toge the r  two in t e rd ioc ip l ina ry  reg ional  teams of GOS 
s t a f f  t o  work with farmers and l o c a l  organiza t ions  i n  t h e  f u l l  cyc le  of 
watershed planning,  des ign ,  cons t ruc t ion  of primary water-control works, O&H, 
cons t ruc t ion  of secondary works, and improvements i n  s o i l  reclamation and 
water management p r a c t i c e s .  The advantage i s  t h a t  t h e  teams can modify t h e i r  
approach a s  they  ga in  experience i n  watersheds with d i f f e r e n t  n a t u r a l  and 
socioeconomic condi t ions  and with t h e  d i f f e r e n t  phases of t h e  watershed p lan .  
Each Regional Water Management Team w i l l  i n i t i a l l y  c o n s i s t  of an 
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I r r i g a t i o n / C i v i l  Engineer and a  Surveyor/Construction Supervisor  t o  come from 
t h e  MH and an Agronomist and a  Vi l lage-Pro jec t  Liaison Of f i ce r  t o  come from 
t h e  MRD. Others may be  added i f  requi red .  They w i l l  be  respons ib le  f o r  
i den t i fy ing  sites where v i l l a g e s  a r e  committed t o  providing both cons t ruc t ion  
and O f M  suppor t ,  developing and execut ing watershed p l ans ,  organizing 
v i l l a g e r s  i n  Water Managen~ent Conm~ittees , and t r a i n i n g  v i l l a g e r s  i n  O&M . 

The SZWMP w i l l  bu i ld  on t h e  experience and lessons  learned of predecessor  
p r o j e c t s  i n  working with v i l l a g e  organiza t ions .  These lessons  a re :  

o  t h e  importance of v i l l a g e  i n i t i a t i o n  of a s s i s t a n c e  r eques t s ,  j o i n t  
planning of s t r u c t u r a l  works , and conm\i tnlent of l abo r  and o the r  
support  ; 

o r e s o l u t i o n  of land t enu re  c o n f l i c t s  before  construct ion '  s t a r t s ;  

o  c a r e f u l  programming of con st^-uction pace t o  match l abo r  , 
a v a i l a b i l i t y ;  and 

o  maintaining t h e  Vi l l age  Management Co~nmittee's sense  of 
r e s p o n s i b i l i t y  f o r  and ownership of t h e  water-control works and 
developing l o c a l  capac i ty  f o r  opera t ion  and maintenance of t h e  works. 

The p r o j e c t  w i l l  fo rmal ize  con tac t s  between t h e  p r o j e c t  and v i l l a g e s  by 
r equ i r ing  each p a r t i c i p a t i n g  v i l l a g e  t o  e s t a b l i s h  a  Water Management 
Committee. Given t h e  d i v e r s i t y  of formal and informal v i l l a g e  organiza t ions ,  
t h e  p r o j e c t  w i l l  be  oppor tun i s t i c  i n  i t s  search  . for  t h e  appropr ia te  l o c a l  
p a r t n e r  t o  a s s i s t  i n  v i l l a g e  o rgan iza t iona l  e f f o r t s .  Other p r o j e c t s ,  
non-govenmental organiza t ions  (NGOs) , Peace Corps Volunteers (PCVs) , and/or  
t h e  f i e l d  s t a f f  of t h e  Minis t ry  of Soc ia l  Development (MSD) w i l l  be s o l i c i t e d  
depending on t h e i r  presence and e f f e c t i v e n e s s  i n  working with t h e  l o c a l  
v i l l a g e  groups. The Vil lage-Project  Liaison Of f i ce r  w i l l  p l a y  a  key r o l e  i n  
a s s i s t i n g  v i l l a g e s  t o  f o m  t h e  Water Management Conm~ittees and i n  
incorpora t ing  t h e  above l i s t e d  l e s sons  i n t o  p r o j e c t  programming. 

I n i t i a l l y ,  d i scuss ions  w i l l  be  he ld  with v i l l a g e r s  t o  determine t h e i r  
water management needs. In-depth i n t e r  and i n t r a - v i l l a g e  d iscuss ions  w i l l  
a s su re  t h a t  v i l l a g e r s  understand t h e  land t enu re ,  agronomic, s o c i a l  and o t h e r  
impl ica t ions  of t h e  requested and proposed water con t ro l  s t r u c t u r e s .  
Organization of V i l l age  Water Management Conunittees w i l l  t a k e  p l ace  
concurren t ly  with t h e  d e t a i l e d  t e c h n i c a l  s tudy  of t h e  r e l a t e d  va l l ey  and 
o v e r a l l  watershed. The Water Management Teams w i l l  work with t h e  v i l l a g e r s  t o  
determine t h e  f i n a l  number of s t r u c t u r e s  and t h e  loca t ion  of t h e  s t r u c t u r e s .  
It is d i f f i c u l t  t o  e s t ima te  how long it w i l l  t ake  t o  s e t  up t h e  r e q u i s i t e  
v i l l a g e  o rgan iza t ions ,  ob ta in  v i l l a g e  approval of t h e  p l ans  and ensure t h a t  
t h e  v i l l a g e s  have e s t ab l i shed  work schedules  f o r  t h e  consCruction phase. 
Timing of t h e  p r e - c o n s t ~ u c t i o n  phase w i l l  depend on t h e  l e v e l  and type  of 
e x i s t i n g  v i l l a g e  o rgan iza t ions ,  competing denlands on v i l l a g e r ' s  t ime,  ex t en t  
of land t enu re  and i n t e r - v i l l a g e  problems and o the r  soc io-cul tura l  f a c t o r s .  
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Once t h i s  phase i s  completed, it is est imated t h a t  t h e  t echn ica l  s i t i n g ,  
surveying,  design and c o n t r a c t  documentation prepara t ion  f o r  a  t y p i c a l  d ike  
involving a  number of s t r u c t u r e s  w i l l  t a k e  t h r e e  months. The con t r ac t  should 
b e  awarded f o r  cons t ruc t ion  support  a c t i v i t i e s  and v i l l a g e s  organized t o  s t a r t  
cons t~ -uc t ion  work a t  t h e  end of t h e  ha rves t  season when v i l l a g e  labor  is 
a v a i l a b l e .  I n i t i a l l y ,  most of t h e  movement of e a r t h  f o r  d i k e  embankment u s ing  
l a t e r i t e  m a t e r i a l s  w i l l  be  c a r r i e d  ou t  by t h e  p r o j e c t  us ing  t r a c t o r s  and 
t r a i l o r s .  Construct ion of re inforced  concre te  con t ro l  s t r u c t u r e s  w i l l  be  
c a r r i e d  ou t  by p r i v a t e  s e c t o r  f i rms .  During t h i s  phase, c o n t r a c t  documents 
w i l l  b e  prepared t o  encourage p r i v a t e  f i rms  t o  become involved i n  t h e  movement 
of d ike  embankment and l a t e r i t e  m a t e r i a l s  a s  w e l l  a s  c o r ~ s t t u c t i o n  of t h e  
con t ro l  s t r u c t u r e s .  The farmers w i l l  provide a l l  of t h e  labor  f o r  t h e  
placement and compaction of t h e  d i k e  and berm embankments. 

The p r o j e c t  design recognizes  t h a t  t h e  heavy r e l i a n c e  on farmer labor  f o r  
cons t ruc t ion ,  opera t ion  and maintenance means t h a t  execut ion of t h e  f u l l  
watershed management p lan  may t a k e  s e v e r a l  years  i n  l a r g e r  va l l eys .  0,f t h e  
40,000 h e c t a r e s  which can be recovered o r  improved, somewhat more than a  t h i r d  
w i l l  be  a f f e c t e d  by t h e  p r o j e c t  over e i g h t  years .  The pace of t h e  p r o j e c t  
w i l l  be d i r e c t l y  t i e d  t o  t h e  t iming and amount of farmer l abo r  ava i l ab l e  f o r  
cons t ruc t ion ,  opera t ions  and maintenance. Crop production b e n e f i t s  w i l l  a l s o  
depend on farmer access  t o  complementary inpu t s  f o r  crop production and 
reclamation.  

Resources 

Technical  a s s i s t a n c e  (TA), veh ic l e s ,  t r a c t o r s  and t r a i l e r s ,  t o o l s  and 
equipment, c o n t r a c t  cons t ruc t ion  s e r v i c e s ,  appl ied research  s e r v i c e s ,  
environmental monitoring s e r v i c e s ,  and a  three-year  opera t ing  subsidy f o r  
veh ic l e  c o s t s  and GOS s t a f f  pe r  diem w i l l  be  provided by USAID. Performance 
bonuses w i l l  be  financed by USAID throughout t h e  p r o j e c t .  The p r o j e c t  w i l l  
pay f o r  t h e  r e n t a l  of o f f i c e  space and t h e  opera t iona l  c o s t s  of t h e  PMU over 
t h e  l i f e  of t h e  p r o j e c t .  

The TA team w i l l  c o n s i s t  of t h e  following: Water Resources 
Spec ia l i s t /Ch ie f  of Pa r ty  (COP), C i v i l  h lg inee r ,  Agronomist and 
Sociologis t /Water  User Associat ion S p e c i a l i s t  and Adrni~~ i s tra t ive /F inar lc ia l  
Off i ce r .  A s en io r  Water Resources Specialist/COP w i l l  be  assigned t o  t h e  
p r o j e c t  f o r  seven years .  A C i v i l  Engineer with a  s p e c i a l i z a t i o n  i n  water 
r e sou rce  engineering w i l l  a l s o  be assigned t o  t h e  p r o j e c t  f o r  seven years .  
Year Five of t h e  p r o j e c t ,  when t h e  emphasis on s o i l  and water manapen~ent 
a c t i v i t i e s  w i l l  t a k e  on major inlportance, an Agronomist w i l l  j o in  t h e  team f o r  
t h e  l a s t  fou r  years  of t h e  p r o j e c t .  A Sociologis t /Water  User Association 
S p e c i a l i s t  w i l l  work f o r  two years  during p r o j e c t  s t a r t -up  t o  t r a i n  t h e  water 
management teams i n  water user organiza t ion  and develop gu ide l ines  and 
procedures  f o r  Water Hanagen~ent Conm~ittee fo rn~a t ion .  The s p e c i a l i s t  w i l l  
r e t u r n  each year  f o r  two months i n  years  t h r e e  through e i g h t .  Short-term 
t e c h n i c a l  a s s i s t a n c e  w i l l  be  provided i n  sociology (15 pm), agronomy ( 6  p m ) ,  
s o i l  s c i ence  (11 pm), economics ( 4  pm), development ecology ( 7  pm), and 
spec i a l i zed  engineering (6 pm). The r e l a t i v e l y  high a l l o c a t i o n s  of sociology 
and s o i l  sc ience  e x p e r t i s e  r e f l e c t s  t h e  need f o r  s p e c i a l i s t  a s s i s t a n c e  i n  
s tart ing  the f i e l d  work end impr.oving key s k i l l s  of GOS staff . The 
A d r n i n i s t r a t i v e / F i ~ ~ a ~ ~ c i a l  Of f i ce r  w i l l  provide necessary admin i s t r a t i ve  and 
f i n a n c i a l  managenlent f o r  seven years .  In  add i t i on ,  a local -h i re  
Administrat ive A s s i s t a n t ,  Secre ta ry  and .Motor'pool Supervisor/Mechanic w i l l  be  
funded by t h e  p r o j e c t  t o  s t a f f  t h e  PMU over seven years .  
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The GOS w i l l  provide t h e  p ro fe s s iona l  s t a f f  f o r  t h e  Water Management 
Teams and a  fu l l - t ime P r o j e c t  D i rec to r  from t h e  MRD t o  work i n  t h e  PMU. The  
GOS w i l l  a s su re  t h a t  t h e  Regional In spec to r s  of Agr icu l ture  and t h e  Heads of 
t h e  Regional Hydraulic Divis ions provide  requi red  input  on a l l  p r o j e c t  
a c t i v i t i e s .  The GOS w i l l  provide d r i v e r s  f o r  t h e  10 veh ic l e s  and f i v e  
t r a c t o r s  purchased under t h e  p r o j e c t .  The GOS w i l l  a l s o  provide o f f i c e  space 
in t h e  R I A  and RHD i n  Ziguinchor for  t h e  Ziguinchor Regional Water Management 
Team and o f f i c e  space i n  Sedhiou f o r  t h e  Kolda Regional Water Management Team. 

In add i t i on ,  s t a r t i n g  Year Four,  t h e  GOS w i l l  pay f o r  per  diem f o r  
o f f i c i a l  t r a v e l  f o r  a l l  GOS employees working on t h e  p r o j e c t ,  including t h e  
P r o j e c t  Di rec tor ,  and f o r  ope ra t ing  c o s t s  of t h e  veh ic l e s  assigned t o  t h e  
Water Management Teams and t h e  t r a c t o r s ,  inc luding  p e t r o l  and maintenance. 

The GOS w i l l ,  a s  a  Condition Precedent ,  agree  t o  d i sbu r se  a l ' l  a l l oca t ed  
d e c e n t r a l i z a t i o n  funds f o r  o f f i c e  r e h a b i l i t a t i o n  t o  t h e  Ziguinchor and Kolda 
regions.  The GOS w i l l  covenant t o  make a  b e s t  e f f o r t  t o  a s su re  t h a t  ,a po r t ion  
of t h e  arrondissement r e b a t e  of t a x e s  (fonds de contours) may 'be made 
a v a i l a b l e  f o r  investment i n  water-control s t r u c t u r e s  a t  t h e  l o c a l  l e v e l .  

b.  I n s t i t u t i o n a l  S t r e n ~ t h e n i n g  

The SZWMP suppor ts  t h e  GOS p o l i c y  of r e v i t a l i z i n g  s p e c i f i c  water 
management s e r v i c e s  provided by t h e  Minis t ry  of Rural Development and t h e  
Minis t ry  of Hydraulics t o  l o c a l  farmers .  The p r o j e c t  w i l1 , enab le  them t o  f i l l  
t h e i r  r o l e s  a s  p lanners  and supe rv i so r s  of water development and management 
and a s  s p e c i f i c  s e r v i c e  providers  t o  fax-mers. The p r o j e c t  provides f o r  b e t t e r  
cons t ruc t ion  of s t r u c t u r e s  through con t~ -ac to r - a s s i s t ed  e a r t h  moving and 
concrete work. The key t o  s u s t a i n a b i l i t y  of t h e  p r o j e c t  ' s water management 
a c t i v i t i e s  w i l l  be  t h e  p r o j e c t ' s  perforn~ance i n  organizing v i l l a g e  
p a r t i c i p a t i o n  i n  watershed planning and development. 

The SZWMP approaches i ~ l s t i t u t i o n a l  s t rengthening a t  t h r e e  d i f f e r e n t  
l e v e l s  : t e chn ica l  m i n i s t r i e s ,  v i l l a g e  groups, and t h e  p r i v a t e  s e c t o r .  

(1) Technical M i n i s t r i e s  

On-the-job t r a i n i n g  f o r  MRD and MH t echn ica l  p e r s o ~ m e l  w i l l  be  an 
on-going a c t i v i t y  under t h e  p r o j e c t .  The t r a i n i n g  w i l l  be  provided by t h e  
long-term and short-term t e c h n i c a l  advisors .  Much of t h e  work with t h e  
engineering s t a f f  w i l l  be  i n  t h e  app l i ca t ion  of t h e i r  t h e o r e t i c a l  lcnowledge t o  
d i f f e r e n t  f i e l d  s e t t i n g s .  Both engineers  and a g r i c u l t u r a l  s t a f f  w i l l  need t o  
develop new s k i l l s  i n  opera t ions  and maintenance, s o i l  reclamation, s o i l  and 
water management, and s o i l  ~ o n s e ~ v a t i o ~ ~  works. 

The p r o j e c t  w i l l  a l s o  support  12  s h o r t  workshops and seminars i n  
Senegal. These w i l l  g ene ra l ly  be  run  by t h e  long and short-tern1 technica l  
adv i so r s  and inc lude  s p e c i a l i s t s  from t h e  i n s t i t u t i o n s  working on t h e  research  
end environmental programs, e. g . , ISRA, ORSTOM, CRODT. Short-term TA w i l l  b e  
charged, a s  p a r t  of t h e i r  scopes of work, t o  hold a  seminar o r  workshop on 
t h e i r  f i e l d  i n v e s t i g a t i o n s ,  methodology and f ind ings .  
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I n  add i t i on ,  short-term tec imica l  t r a i n i n g  w i l l  be  provided i n  
Af r i ca ,  Asia and t h e  U .  S. t o  approximately 1 4  p a r t i c i p a n t s .  Training on small  
dam cons t ruc t ion ,  g a t e  design,  and r u r a l  water-control works is ava i l ab l e  i n  
Burkina Faso and Morocco. The U.S. Bureau of Reclamation and t h e  USDA S o i l  
Conservation Serv ice  can provide p r a c t i c a l  i n t e rnsh ips  f o r  foreign 
p a r t i c i p a n t s .  Short-term t r a i n i n g  i n  Asia w i l l  be f o r  p r a c t i c a l  aspec ts  of 
water  u s e r  organiza t ion  f o r  cons t ruc t ion ,  opera t ions  and maintenance. The 
p r o j e c t  w i l l  a l s o  provide s tudy  t r i p s  f o r  up t o  s i x  i nd iv idua l s  t o  v i s i t  
r e l a t e d  programs i n  t h e  Gambia, Guinea Bissau,  S i e r r a  Leone, Burkina Faso 
and/or  Ivory  Coast. 

F i n a l l y ,  fou r  M.S. degrees i n  c i v i l  engineering and s o i l  and water 
management w i l l  be  financed by t h e  p r o j e c t .  This  t r a i n i n g  w i l l  be  c a r r i e d  ou t  
i n  t h e  U.S. o r  t h i r d  coun t r i e s .  The Training Plan (Annex J) gives  d e t a i l s  on 
types  of t r a i n i n g ,  l o c a t i o n  of t r a i n i n g  and number of p a r t i c i p a n t s .  

E f f e c t i v e  f i n a n c i a l  planning,  management, accounting and con t ro l  ' a re  key 
ing red ien t s  t o  successfu l  p r o j e c t  execut ion and t o  cos t - e f f ec t ive  technica l  
s e r v i c e  de l ive ry .  The S Z W  w i l l  p rovide  short-term a s s i s t a n c e  t o  t h e  PHU t o  
e s t a b l i s h  f i n a n c i a l  and management systenls f o r  t h e  p r o j e c t  and t r a i n i n g  
p rog ram f o r  t h e  f i n a n c i a l  s t a f f  of t h e  Regional In spec to ra t e s  of Agr icu l ture  
and Regional Hydraulic Div is ions .  

(2) Vi l l age  Groups 

The S Z W  w i l l  provide d i r e c t  a s s i s t a n c e  t o  v i l l a g e  groups i n  watershed 
p lanning ,  cons t ruc t ion ,  and O&M. The p r o j e c t  w i l l  develop a t r a i n i n g  of 
t r a i n e r s  approach f o r  t h e  Water Managenlent Teams. Team n~embers w i l l  be 
t r a i n e d  t o  t r a i n  V i l l age  Water Managenlent Conunittee organizers  drawn from 
NGOs,  PCVs, l o c a l  v i l l a g e s  o r  t h e  MSD. These organizers  should be e a s i l y  
a c c e s s i b l e  t o  t h e  v i l l a g e  groups and have a  l imi t ed  a rea  of r e s p o n s i b i l i t y  so 
they  can work through an e n t i r e  watershed p l an .  

The proximity of water management p r o j e c t s  i n  The Gambia and Guinea 
Bissau w i l l  enable  t h e  SZWMP t o  organize  f i e l d  v i s i t s  f o r  approximately 80 
members of Water Management Committees. S imi la r  l o c a l  languages a r e  spoken i n  
The Gambia, Guinea Bissau,  and Senegal,  so  farmers can t a l k  d i re .c t ly  with 
t h e i r  counterpar t s  and t echn ic i ans  i n  t h e s e  coun t r i e s .  

(3)  The P r i v a t e  Sec tor  

The S Z W  w i l l  c o n t r a c t  with t h e  p r i v a t e  s e c t o r  f o r  constrwction,  haul ing 
of m a t e r i a l s ,  surveying and o the r  s e r v i c e s  whenever poss ib l e .  The p r o j e c t  
w i l l  encourage p r i v a t e  s e c t o r  development r e l a t e d  t o  water-control 
i n f r a s t r u c t u r e  planning and cons t ruc t ion  by e s t a b l i s h i n g  s impl i f ied  
con t r ac t ing  procedures f o r  increased GOS u s e  of p r i v a t e  s e c t o r  cont rac tors .  

The p r o j e c t  w i l l  a l s o  explore  ways t o  s impl i fy  c o n t r o l  s t r u c t u r e  des ign ,  
provide  t r a i n i n g  t o  enable l o c a l  masons t o  bu i ld  g a t e s  t o  acceptab le  
engineering s t anda rds ,  and encourage u s e  of l o c a l  s u p p l i e r s  f o r  cons t ruc t ion  
and maintenance equipment. 
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I n  add i t i on ,  NGOs a r e  a c t i v e  i n  cons t ruc t ion  of water-control 
s t r u c t u r e s ,  b u t  have only i n t e r m i t t e n t  access  t o  t echn ica l  s p e c i a l i s t s  with 

. . knowledge of water management planning,  cons t ruc t ion  techniques ,  and 

, opera t ions  and maintenance. Where NGOs a r e  playing an important r o l e  i n  
water-control,  t h e  p r o j e c t  w i l l  i nc lude  them i n  i t s  p r o j e c t  work. It w i l l  
provide t r a i n i n g  t o  NGO s t a f f  who work d i r e c t l y  with farmers i n  group 
organiza t ion ,  cons t ruc t ion  and 0&H techniques.  

c .  Operat ional  and Applied Research 

(I) Operat ional  Research 

The p r o j e c t  w i l l  support  a minimal monitoring program of one l a r g e  
a n t i - s a l t  s t r u c t u r e  i n  t h e  Casamance: t h e  Affiniam dam. SZWMP w i l l ,  support  a 
minimum l e v e l  of monitoring of t h i s  dam t o  model l a r g e  a n t i - s a l t  s t r u c t u r e  
e f f e c t s  on upstream land reclamation a s  it r e l a t e s  t o  project-funded land 
reclamation and t o  monitor environmental e f f e c t s .  The Af f iniam Dam is being 
turned over  t o  t h e  GOS i n  e a r l y  1988. The mini~nal monitoring program w i l l  
r e q u i r e  nego t i a t i on  between t h e  GOS and USAID and w i l l  t a k e  p l ace  a f t e r  Year 
Three of t h e  p r o j e c t  when p r o j e c t  i n t e rven t ions  a r e  planned i n  t h e  Bignona 
area .  SZWMP w i l l  support  short-term TA t o  design an ope ra t iona l  research 
program t o  c a r r y  o u t  t h e  t a r g e t t e d  monitor ing.  

( 2 )  Applied Research 

ISRA has a well-defined program of research  i n  water management, s o i l  
survey and a n a l y s i s ,  r i c e  cropping systems, production systems research ,  and 
farm management. The SZWMP w i l l  d e f i n e  and w r i t e  research  con t r ac t s  f o r  
s p e c i f i c  a c t i v i t i e s  over t h e  l i f e  of t h e  p r o j e c t  c o n s i s t e n t  with ISRAis 
p r i o r i t i e s  and programs i n  t h e  southern zone of Senegal. Research a reas  w i l l  
include:  

o Water con t ro l  s t r u c t u r e  opera t ion  t o  optimize su r f ace  a rea  and 
season length  a v a i l a b l e  f o r  c u l t i v a t i o n .  

o Mul t ip le  si te t r i a l s  t o  match r i c e  v a r i e t i e s  t o  water and s o i l  
condi t ions  brought about by p r o j e c t  i n t e rven t ions .  

o Surf ace  water and groundwater exchange i n  developed va l l eys .  
o Reclamation of a c i d i f i e d  s o i l s .  
o F e r t i l i z e r  opt imizat ion on t h e  d i f f e r e n t  v a l l e y  s o i l s  under 

var ious  reclamation condi t i o h s  . 
o Weed con t ro l  i n  t h e  a l t e r n a t e l y  wet and dry  r i c e  f i e l d s .  

d . Environmental and P r o j e c t  Monitoring 

The SZWMP w i l l  l ' inance s p e c i f i c  research  c o n t r a c t s  with ISRA, ORSTOH, 
and t h e  CRODT, supported by some t echn ica l  a s s i s t ance ,  t o  car ry  out  t h e  
environmental s t u d i e s  o r  reviews descr ibed i n  d e t a i l  i n  t h e  I E E  amendment 
(Annex H ) .  These a c t i v i t i e s  w i l l  inc lude :  

o Round t a b l e  d iscuss ions  on a n t i - s a l t  d ikes .  
o Review of t h e  e f f e c t s  of water con t ro l  s t r u c t u r e s  on t h e  shallow 

groundwater t a b l e .  
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o Regional s tudy  of cumulative e f f e c t s  of water con t ro l  under a  range 
of watershed development s cena r ios  r e f l e c t i n g  no,  low, moderate, and 
f u l l  con t ro l  of upstream f lows.  

o E f fec t s  of water con t ro l  s t r u c t u r e s  on water-associated d i sease  
incidence.  

o  Impact of water con t ro l  on t e r r e s t r i a l  ecosystems. 

Resources requi red  f o r  t h e s e  a c t i v i t i e s  w i l l  be  provided by USAID i n  t h e  
form of approximately 11 pm of short-term expe r t  consul tanc ies .  

As p a r t  of t h e  environmental monitoring a c t i v i t i e s ,  t h e  SZWMP w i l l  a l s o  
f inance  a  paired-watersheds s tudy  over f i v e  years  t o  answer s p e c i f i c ,  appl ied 
ques t ions  concerning e f f e c t s  of water management s t r u c t u r e s  on s o i l s ,  water ,  
c rops ,  f l o r a  and fauna. ISRA w i l l  c a r r y  ou t  t h i s  s tudy under a  sub-contract 
with t h e  primary con t r ac to r .  

4 .  P r o j e c t  Organizat ion,  P h a s i n ~  and Se lec t ion  C r i t e r i a  I 

a .  P r o j e c t  O r ~ a n i z a t i o n  

(1) National  Level 

The lead  GOS m i n i s t r y  w i l l  be  t h e  Minis t ry  of Rural Development. The 
D i r e c t o r a t e  of Agr i cu l tu re  w i l l  have implementation r e s p o n s i b i l i t y  f o r  t h e  
p r o j e c t .  The Di rec to ra t e  of Hydraulic and I r r i g a t i o n  Works w i l l  a ss ign  
engineering and survey personnel  on a  fu l l - t ime  b a s i s  t o  t h e  Regional 
Hydraulic Divis ions.  The MRD w i l l  a s s ign  i t s  personnel t o  t h e  Kolda and 
Ziguinchor Regional In spec to ra t e s  of Agr icu l ture .  A l l  GOS personnel w i l l  be  
assigned on an a f f e c t a t i o n  b a s i s ,  i . e . ,  personnel w i l l  have t h e i r  s a l a r i e s  and 
r e l a t e d  b e n e f i t s  pa id  from t h e  n a t i o n a l  budget,  n o t  A . I . D .  funds. This w i l l  
a s s u r e  t h a t  p r o j e c t  t echn ic i ans  w i l l  cont inue t o  work i n  t h e i r  pos i t i ons  once 
t h e  p r o j e c t  i s  completed. 

The MRD, t h e  MH, and USAID w i l l  form a na t iona l - l eve l  overs ight  
committee. I t  w i l l  be  composed of r ep re sen ta t ives  from t h e  DA, t h e  D A I H ,  and 
USAID. The Minis t ry  of Rural Development w i l l  des igna te  a  P r o j e c t  Di rec tor  t o  
d i r e c t ,  on a  fu l l - t ime  b a s i s ,  t h e  P r o j e c t  Management Uni t .  The P ro jec t  
Di rec tor  w i l l  be  based i n  Ziguinchor. The MRD w i l l  d e l ega t e  f i n a n c i a l  
management and ope ra t iona l  a u t h o r i t y  t o  t h e  PMU. P r o j e c t  accounts w i l l  be 
managed d i r e c t l y  by t h e  PMU based upon a  six-month f i n a n c i a l  and opera t iona l  
program. The P r o j e c t  Di rec tor  w i l l  approve a l l  vouchers submitted t o  USAID 
from t h e  con t r ac to r .  A l l  A .  I. D .  -supplied funds w i l l  be funded through an 
A . I . D .  d i r e c t  c o n t r a c t ,  whereby t h e  con t r ac to r  w i l l  be  f i n a n c i a l l y  respons ib le  
f o r  t h e  funds. 

A P r o j e c t  Honitoring O f f i c e r  (PMO) w i l l  be h i r ed  by USAID t o  begin 
p r o j e c t  a c t i v i t i e s  under a  Personal Serv ices  Contract  (PSC) . The PMO w i l l  
work wi th  t h e  USAID P r o j e c t  O f f i c e r  and t h e  GOS t o  ensure t h a t  Conditions 
Precedent and Covenants a r e  met, manage veh ic l e  and equipment procurement, and 
ar range  f o r  housing, of f  ice r e n t a l ,  o f f  ice r e h a b i l i t a t i o n ,  and o the r  l o g i s t i c  
requirements f o r  t h e  TA team. I n  a d d i t i o n ,  USAID w i l l  h i r e  a  short-term 
(9-month) Water Resources S p e c i a l i s t  under a  PSC t o  a s s i s t  t h e  MH and HRD i n  
Ziguinchor i n  i n i t i a t i n g  p r o j e c t  organiza t ion ,  GOS s t a f f i n g  , l i a i s o n  with 
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l o c a l  admin i s t r a t i ve  o f f i c i a l s  and v i l l a g e  groups and v i l l a g e  organiza t ions  a t  
i n i t i a l  s i t e s .  This expe r t  w i l l  b a s i c a l l y  i n i t i a t e  p r o j e c t  a c t i v i t i e s  d u r i n g  
t h e  long cont rac t ing  process  p r i o r  t o  t h e  a r r i v a l  of t h e  long-term technica l  
a s s i s t a n c e  (TA) team. 

USAID w i l l  c o n t r a c t  f o r  t echn ica l  a s s i s t a n c e  with an experienced U.S. 
company o r  i n s t i t u t i o n .  The GOS w i l l  p a r t i c i p a t e  i n  eva lua t ion  of t h e  U.S. 
con t r ac to r  and approve t h e  ind iv idua l  r e s i d e n t  expe r t s  on t h e  TA team. 

( 2 )  P r o j e c t  Mana~ement Unit  (PHU) i n  Z i ~ u i n c h o r  

The PMU w i l l  be  headed by t h e  GOS P r o j e c t  Di rec tor .  The Chief of Pa r ty  
(COP) and t h e  rest of t h e  TA team w i l l  be  f o ~ n ~ a l l y  included i n  t h e  PMU. The 
PMU w i l l  be  r e spons ib l e  f o r  planning and inlplementation of p r o j e c t  a c t i v i t i e s  
and f i n a n c i a l  ntanagen~ent of p r o j e c t  funds.  The TA team w i l l  includ'e an 
Administrative/Financial  O f f i c e r  t o  manage t h e  d a i l y  func t ions  of t h e  p r o j e c t  
and p r o j e c t  accounts.  Also, t h e  c o n t r a c t o r  w i l l  h i r e  a  l oca l -h i r e  , 
Administrat ive Ass i s t an t ,  a  b i l i n g u a l  Sec re t a ry  and a  Motorpool 
Supervisor/Mechanic. 

The Regional Agr i cu l tu re  In spec to r s  from Ziguinchor and Kolda w i l l  be 
members of t h e  P r o j e c t  Management Unit  from t h e  beginning of t h e  p r o j e c t .  
They w i l l  work with t h e  P r o j e c t  D i rec to r  and t h e  COP t o  develop t h e  annual,  
q u a r t e r l y ,  and monthly work p lans .  They w i l l  then be respons ib le  f o r  
coord ina t ing  and superv is ing  t h e  work of t h e  t echn ica l  team i n  t h e i r  
r e s p e c t i v e  reg ions .  The head of t h e  ~ e ~ i o n a l  Hydraulic Divis ion w i l l  se rve  a s  
t h e  second member of t h e  Spec ia l  Technical Conunittee i n  each region.  When t h e  
USAID and GOS j o i n t  review concludes t h a t  p r o j e c t  a c t i v i t i e s  a r e  
wel l-establ ished and management systems i n  p l ace ,  probably by about Year Four 
of t h e  p r o j e c t ,  t h e  In spec to r s  w i l l  assume co-leadership of t h e  PMU along with 
t h e  COP. 

The o the r  long-term and a l l  short-term TA w i l l  work out  of t h e  PMU bu t  i n  
c l o s e  co l l abo ra t ion  with t h e i r  t e c h n i c a l  counterpar t s  on t h e  Water Management 
Teams. 

The PMU w i l l  a s su re  t h a t  a l l  project-funded veh ic l e s  and t r a c t o r s  a r e  
proper1 y  maintained and u t i l i z e d .  The Motorpool Supervisor/Mechanic w i l l  
i n i t i a l l y  u t i l i z e  p r i v a t e  garages f o r  requi red  veh ic l e  maintenance and 
r e p a i r s .  I f  adequate p r i v a t e  sources a r e  n o t  a v a i l a b l e  a t  a  reasonable c o s t ,  
t h e  Motorpool Supervisor/Mechanic w i l l  r e p a i r  and maintain t h e  vehic les  within 
a  PMU motorpool. 

( 3 )  R e ~ i o r l a l  Water Mana~enlent Teams 

The f i r s t  Regional Water Management Team w i l l  be e s t ab l i shed  i n  Sedhiou 
i n  t h e  Kolda reg ion .  The intplen~entation team, with USAID and t h e  GOS, w i l l  
dec ide  when t h e  second Water Management Team w i l l  be e s t ab l i shed .  Each team 
w i l l  include:  

o  1 Water Resources/Civi l  Engineer 
o  1 Surveyor/Consttwction Superviser  
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o  1 Agronomist with s o i l s  t r a i n i n g  
o  1 Vi l l age  P r o j e c t  Liaison Of f i ce r  

The teams w i l l  u s e  l o c a l  survey a s s i s t a n t s .  They w i l l  work with t h e  TA 
team and short-term s p e c i a l i s t s  t o  eva lua t e  v i l l a g e  r eques t s  f o r  a s s i s t ance ,  
f a c i l i t a t e  t h e  formation of V i l l age  Water Management Committees, develop 
watershed p l ans ,  superv ise  cons t ruc t ion ,  and develop t h e  approach f o r  t h e  
t r a n s i t i o n  from cons t ruc t ion  t o  opera t ions  and maintenance. They w i l l  have 
r e s p o n s i b i l i t y  f o r  superv is ing  con t r ac to r  performance of e a r t h  and concrete  
works. The Team w i l l  a l s o  work with t h e  Vi l lage  Committees t o  develop t h e i r  
t e c h n i c a l  and o rgan iza t iona l  capac i ty  t o  p lan  and execute subsequent water 
c o n t r o l  works. 

( 4 )  V i l l a ~ e s  and Vi l l age  Water Mana~enlent Committees 

The v i l l a g e s  w i l l  provide l abo r  f o r  t h e  p lac ing  and compaction of a l l  
d i k e  and berm embankments during cons t ruc t ion ,  and a l s o  f o r  operat ion? and 
maintenance of t h e  water-control i n f r a s t r u c t u r e  once t h e  cons t rvc t ion  i s  
completed. The p r o j e c t  w i l l  a s s i s t  t h e  v i l l a g e r s  i n  forming Water Management 
Conmittees. The Water Managenlent Conm~ittees w i l l  i n t e r a c t  with t h e  Regional 
Water Management Teams t o  develop watershed p l a n s ,  mobil ize and superv ise  
l abo r  f o r  cons t ruc t ion  and e s t a b l i s h  operatiorls and maintenance guide l ines  'and 
emergency r e p a i r  procedures .  It i s  a n t i c i p a t e d  t h a t  t h e  Water Management 
Conmittees w i l l  s e rve  a s  an organizing focus f o r  i n t e n s i f i c a t i o n  of crop 
product ion on land t h a t  i s  recovered o r  b e n e f i t s  from a  more regula ted  water 
supply due t o  t h e  water con t ro l  s t rwc tu re s .  

( 5  ) Reaiorlal Technical Conm~ittees and t h e  R e ~ i o n a l  
Development Conmlittees 

The GOS w i l l  e s t a b l i s h  a  Regional Technical Conmlittee (RTC) i n  each 
reg ion .  This  Conmittee w i l l  be  composed of t h e  Regional Inspec tors  of 
Agr i cu l tu re ,  t h e  heads of t h e  Regional Hydraulic Div is ions ,  t h e  GOS Pro jec t  
Di rec tor  and t h e  COP. The P r o j e c t  Di rec tor  w i l l  i n i t i a l l y  lead these  
Conm~ittees. The Conunittees w i l l  c a l l  upon t h e  advice and support  of o the r  
r eg iona l  s e r v i c e s  a s  requi red  f o r  t h e  successfu l  implementation of t h e  
p r o j e c t .  I t  w i l l  be  r e spons ib l e  f o r  execut ion of t h e  work programs and p l ans  
developed with t h e  P r o j e c t  Management Unit .  The second major r o l e  of t h e  RTC : 
w i l l  be  t o  r e p o r t  t o  t h e  Regional Development Conmlittees (RDCs) already 
e s t ab l i shed  i n  each region.  The RDCs a r e  chaired by t h e  Regional Goveznor o r  
h i s  des igna te .  The RTC-RDC l i n k  w i l l  enable  t h e  p r o j e c t  t o  maintain good 
working r e l a t i o n s  with t h e  r eg iona l  adminis t ra t ions .  

b .  P r i o r i t y  Zones f o r  P r o j e c t  A c t i v i t i e s  

Overa l l  ranking of zones and suggested t i m e  phasing f o r  p r o j e c t  
opera t ions  have been done pr i iuar i ly  on t h e  b a s i s  of tec lmicul  soundness, 
r a i n f a l l ,  topography, s o i l s ,  land t anu re ,  and farmer p a r t i c i p a t i o n  c r i t e r i a .  
S p e c i f i c  s e l e c t i o n  c r i t e r i a  a s  de l inea t ed  below w i l l  be used t o  s e l e c t  
i nd iv idua l  watersheds. 

F i r s t  P r i o r i t y  Zone -- Sedhiou Department 

(1) The l e f t  bank of t h e  Casan~ance River downstream of Sedhiou 
t r i b u t a r i e s  have good p o t e n t i a l  f o r  development. Higher r a i n f a l l  should 
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permit  f a s t e r  land reclamation behind a n t i - s a l t  d ikes ,  and t h e  topography of 
t h e  upper watersheds lends  i t s e l f  t o  low-cost water r e t e n t i o n  and regula t ion  
s t r u c t u r e s .  Farmer enthusiasm is high  and c o l l e c t i v e  organizat ion f o r  
cons t ruc t ion  is promising. 

(2) The Sedhiou sites on t h e  r i g h t  bank of t h e  Casamance River 
have s i m i l a r  p o t e n t i a l ,  b u t  a r e  more d i f f i c u l t  t o  reach because of t h e  poor 
condi t ion  of t h e  roads and l a c k  of br idges .  The I t a l i a n - a s s i s t e d  PRIHOCA 
p r o j e c t  w i l l  ilr~prove t h e  road notwork und may firlance cons t tvc t ion  of roado ut 
some of t h e s e  s i t e s .  

Second P r i o r i t y  Zone -- S o u n ~ r o u ~ r o u  

(3) The Soungrougrou sites rece ive  l e s s  r a i n f a l l  than t h e  
preceding two. Ex i s t i ng  a n t i - s a l t  d i k e s  and r e t e n t i o n  s t rwc tu re s  iieed t o  be 
r e h a b i l i t a t e d  and provided with g a t e s .  Small add i t i ona l  investments i n  
i n f r a s t r u c t u r e  and a  much g r e a t e r  emphasis on O&M w i l l  y i e l d  e a r l y  ret;urns. 
Farmer i n t e r e s t  w i l l  be  g r e a t e r  f o r  a n t i - s a l t  d ikes  than f o r  r e t en t ion  
s t r u c t u r e s  and improved upland water  management. 

Third P r i o r i t y  Zones -- Bignona and Bai la  

( 4 )  The Bignona Val ley  has  r e l a t i v e l y  good r a i n f a l l ,  but  
severe  s a l i n i z a t i o n  and p o t e n t i a l  s o i l  a c i d i f i c a t i o n  problems i n  t h e  lower 
p a r t s  of t h e  landscape. The f u t u r e  of aqua t i c  r i c e  product ion i s  now l inked 
t o  t h e  Affiniam dam. I n  t h e  lower p a r t  of t h e  va l l ey ,  t h e  Diola farming 
systems a r e  s eve re ly  l abo r  cons t r a ined .  In  t h e  upstream p a r t  of t h e  va l l ey  
s a l i n i t y  problems a r e  lower, g r e a t e r  p o t e n t i a l  e x i s t s  f o r  water r e t en t ion  
works, and l abo r  a v a i l a b i l i t y  is p o t e n t i a l l y  g r e a t e r  i n  t h e  mixed 
Mandinka-Diola farming systems . 

(5 )  The upper Ba i l a  Val ley has been i n t e n s i v e l y  s tudied  f o r  
i t s  i r r i g a t i o n  p o t e n t i a l .  A p i l o t  smal l  s t o r a g e  dam, r e s e r v o i r ,  and 
i r r i g a t i o n  perimeter  was s tudied  by t h e  p r o j e c t  design team. The cos t  of t h e  
dam and i r r i g a t i o n  works, l ack  of p r i o r  i r r i g a t i o n  experience i n  t h e  a r e a ,  t h e  
u s e  of t h e  r e s e r v o i r s  p r imar i ly  f o r  supplemental i r r i g a t i o n ,  and t h e  lack  of 
oppor tuni ty  f o r  double-cropping make t h e  p i l o t  p r o j e c t  u n a t t r a c t i v e .  The 
cons t ruc t ion  of small  c ross -va l ley  water  r e t e n t i o n  d ikes  i n  t h e  unsa l in ized  
subwatersheds of t h e  Ba i l a  show g r e a t e r  p o t e n t i a l .  

Fourth P r i o r i t y  Zone -- Upper Casamance River Basin 

(6)  The Upper Casamance bas in  above Kolda has numerous sites 
t h a t  a r e  topographica l ly  wel l-sui ted t o  water r e t e n t i o n .  Previous s t u d i e s  
examined t h e s e  from t h e  pe r spec t ive  of p o t e n t i a l  small  r e s e r v o i r  development 
f o r  i r r i g a t i o n .  The conclusion was t h a t  most s i t e s  were un feas ib l e  because of 
p o t e n t i a l l y  high s i l t a t i o n  r a t e s .  Also, t h e  dams would be expensive t o  b u i l d ,  
involve ex tens ive  land c l e a r i n g ,  and gene ra l ly  r equ i r e  pumping t o  s e r v i c e  
downstream i r r i g a t i o n  s i t e s .  The SZWHP implementation team w i l l  f u r t h e r  s tudy  
t h e s e  sites t o  determine t h e i r  v i a b i l i t y  f o r  cross-val ley water r e t en t ion  
d ikes .  The Yorofoula bolong i n  t h e  Gambia River Basin has  a l s o  been 
recommended by t h e  Kolda r eg iona l  a u t h o r i t i e s  a s  a  s i t e  t o  be f u r t h e r  s tud ied  
during p r o j e c t  in~plenientation. A c c e s s i b i l i t y  is a  key problem i n  t h i s  a r ea .  
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c. Phasinr: of P r o j e c t  Work i n  t h e  P r i o r i t y  Zones 

(1) Years One and Two - C o r ~ c e ~ ~ t r a t i o n  i n  t h e  Sedhiou area  on 
t h e  l e f t  and r i g h t  banks of t h e  Casamance. 

(2)  Year Three - Addition of t h e  Soungrougrou and Bai la  zones. 

( 3 )  Year Four - Addition of Bignona and Kolda zones. Bignona 
is delayed u n t i l  Year Four because of q u e s t i o ~ l s  about t h e  e f f e c t s  of t h e  

Affirliem Dala on upstream s tructures  and becauee of the need t o  dstot~nilio 
whether and how t h e  SZWMP should work with t h e  African Development Bank - 
f itlanced DERBAC p r o j e c t  . 

( 4 )  Year Four and Following - A l l  zones with s i t e  p r i o r i t y  
determined by s i t e  - s p e c i f i c  s o c i a l ,  t e chn ica l  and economic f e a s i b i l i t y  
con~bined with t h e  e f f i c i e n c y  of u s e  of personnel and o the r  p r o j e c t  resources.  

I 

d.  S i t e  Se l ec t ion  C r i t e r i a  

The  P W  and Water Management Teams w i l l  p r i o r i t i z e  and choose s p e c i f i c  
watersheds o r  v a l l e y s  f o r  i n t e rven t ions  based on t h e  fol lowing key s e l e c t i o n  
c r i t e r i a  : 

(1) Far-nier P a r t i c i p a t i o n  

( a )  Consensus among v i l l a g e s  
(b )  Agreement t o  form Water Managenlent Conmii t t e e s  
( c )  Labor a v a i l a b i l i t y ,  conm~itnient t o  provide  labor  f o r  

c o n s t r u c t i o r ~  and O&H . 
Economic Considerat ions 

( a )  Cost/Benef it r e l a t i o n s h i p s  
( b )  F inancia l  r e t u r n s  t o  f a ~ n ~ e r s  

Physical  C r i t e r i a  

( a )  S o i l  quality/suitability/salination/acidificatior~ 
i n d i c a t o r s  

(b )  Topography 

S o c i a l ,  Labor and Other Fac tors  

( a )  P r i o r  exposure t o  improved water management technology 
(b )  Absence of land t enu re  pvoblenls 

C.  PROJECT BENEFICIARIES 

Hajor p r o j e c t  b e n e f i c i a r i e s  inc lude  t h r e e  groups: t h e  farmers of t h e  
southern zone; the GOS technical services of Agriculture and Hydraulics; and 
p r i v a t e  con t r ac to r s .  

1. The Farmers: Cerea ls  farmers and t h e i r  f a m i l i e s  i n  t h e  p r o j e c t  
zones w i l l  be  t h e  primary b e n e f i c i a r i e s  . Improved water management 



Southern Zone Water Management P r o j e c t  Paper (685-0295) Page 18 

and increased a v a i l a b i l i t y  of water  w i l l  i nc rease  r i c e  product ion,  decrease 
t h e  food d e f i c i t  of p a r t i c i p a t i n g  farmers  and inc rease  incomes. The proposed 
ac t iv i t i e s  w i l l  h a l t  s a l t  i n t r u s i o n ,  reclaim l o s t  rice lands ,  and improve 
con t ro l  of ra inwater  runoff f o r  r i c e  c u l t i v a t i o n  on t h e s e  lands .  The 
water-control  s t r u c t u r e s  may a l s o  r e p l e n i s h  t h e  shallow a q u i f e r s ,  thereby 
al lowing more groundwater f o r  v i l l a g e  consumption and small  garden product ion.  

Both women and men w i l l  b e n e f i t  from t h e  p r o j e c t .  Nearly a l l  women 
i n  t h e  p r o j e c t  zone a r e  a c t i v e  r i c e  farmers , and, depending on t h e  e thn ic  
group, o f t e n  have f u l l  r e s p o n s i b i l i t y  f o r  r i c e  product ion.  ( I n  Diola a r e a s ,  
men prepare  r i c e  land f o r  p l an t ing  and a s s i s t  with o the r  opera t ions  a s  w e l l ) .  
Women w i l l  have a  voice  i n  determining t h e  u s e  of add i t i ona l  r i c e  production. 
Men a r e  gene ra l ly  r e spons ib l e  f o r  purchasing r i c e  when household production i s  
i n s u f f i c i e n t  t o  meet consuntption needs. Increased r i c e  productior! w i l l  permit  
t h e  r e a l l o c a t i o n  of some of t h e s e  s c a r c e  cash resources.  

Both men and women w i l l  p a r t i c i p a t e  i n  water management conmli t t e e s  
and i n  t h e  cons t ruc t ion  of water-control  s t r u c t u r e s .  Women w i l l  be important 
p a r t i c i p a n t s  i n  a l l  dec i s ions  concerning design and implementation of water 
management p l ans  . 

2 .  GOS Technical Serv ices :  The GOS w i l l  b e n e f i t  from 
re in fo rced  r eg iona l  s e r v i c e s  of Agr i cu l tu re  and Hydraulics with t r a ined  
t echn ic i ans  capable of cont inuing water  management a c t i v i t i e s  i n  t h e  southern 
zone a f t e r  p r o j e c t  te rmina t ion .  The s t a f f  of t h e  reg ional  s e rv i ces  w i l l  a l s o  
b e n e f i t  from increased opera t ing  budgets ,  enabl ing them t o  undertake 
s u b s t a n t i a l l y  more f i e l d  a c t i v i t y .  

3. P r i v a t e  Contractors:  A t  p r e sen t ,  no l o c a l  c o n t r a c t o ~ ~ s  i n  
Ziguinchor and Kolda a r e  involved i n  cons t ruc t ion  of water-control works. The 
p r o j e c t  w i l l  u s e  l o c a l  con t r ac to r s  t o  cons t ruc t  and r e p a i r  s l u i c e  ga t e s  and 
sp i l lways  and t o  p a r t i c i p a t e  i n  t h e  t r a n s p o r t a t i o n  of d i k e  embankment 
m a t e r i a l s  t o  t h e  s i t e s .  I n  a d d i t i o n ,  t h e  p r o j e c t  w i l l  encourage t h e  GOS and 
v i l l a g e  groups t o  u t i l i z e  p r i v a t e  c o n t r a c t o r s  whenever poss ib l e .  

4 .  National Level: A t  t h e  same time, t h e  na t ion  a s  a  whole 
w i l l  b e n e f i t  because of reduced r i c e  import requirements.  By 1999, p r o j e c t  
i n t e rven t ions  should r e s u l t  i n  over 25,000 me t r i c  t ons  less imported r i c e  than  : 
would be t h e  case  without  t h e  p r o j e c t .  

D. RELATIONSHIP TO USAID AND GOS STRATEGY 

1. Rela t ionship  t o  USAID S t r a t egy  

USAID/Senega18s FY 1987 CDSS (February 1985) g ives  top  p r i o r i t y  t o  
i nc reas ing  a g r i c u l t u r a l  production. The over r id ing  long-term ob jec t ive  i s  t o  
h e l p  Senegal achieve food s e c u r i t y ,  def ined a s  t h e  capac i ty  t o  feed i t s  people 
by domestic product ion and t r a d e ,  even i n  drought years .  

The CDSS t a r g e t s  a number of "hurdles" t o  p o s i t i v e  growth i n  
a g r i c u l t u r a l  product ion.  Host c r i t i c a l  is water management and s o i l  
conservat ion.  "It is  c l e a r  t o  USAID t h a t  throughout t h e  country,  t h e  
non-ava i l ab i l i t y  of water a t  app ropr i a t e  t imes and i n  appropr ia te  amounts is a 
major c o n s t r a i n t .  Senegal cannot cont inue  t o  count on r a i n f a l l ,  which i s  
sporadic  and h igh ly  v a r i a b l e  a t  bes t . "  (CDSS, p.  4 4 ) .  
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The S Z W  d i r e c t l y  advances t h e  USAID s t r a t e g y  of increased a g r i c u l t u r a l  
product ion through improved water management and s o i l  conservat ion.  It w i l l  
a l s o  make a  dramatic  impact i n  t h e  r e v e r s a l  of s a l i n i z a t i o n  i n  t h e  va l l eys  of 
t h e  lower and middle Casamance River  bas in ,  and i n  t h e  r e v e r s a l  of ove ra l l  

' environmental degradat ion i n  t h e  a rea .  

The major r o l e  played i n  t h e  p r o j e c t  by farmer organiza t ions ,  t h e  use  of 
l o c a l  NGOs f o r  l o c a l  a c t i o n ,  and emphasis on t h e  use  of l o c a l  p r i v a t e  s e c t o r  
con t r ac to r s  f o r  d ike  cons t ruc t ion  and o the r  s e rv i ces  a r e  a l l  key  p r o j e c t  
elements c o n s i s t e n t  with o v e r a l l  USAID s t r a t e g y  and t h e  GOS New Agr icu l tura l  
Po l i cy  (NAP). 

2 .  Rela t ionship  t o  GOS Water Pevelopment Plans and Pol icy  

The GOS water resource  p o l i c y  promotes r a t i o n a l  e x p l o i t a t i o n  of a  l imi t ed  
resource  upon which m u l t i p l e  demands a r e  placed.  While t h e  Casamance basin 
has gene ra l ly  been considered by t h e  GOS t o  be an a rea  of r e l a t i v e  abundance 
of s u r f  ace  water ,  t h e  adminis t ra t ion  and its re l evan t  t echn ica l  minist 'r ies 
have formally acknowledged t h a t  t h e  long d ry  period s i n c e  1969 has reduced 
s u r f a c e  water s u p p l i e s  and q u a l i t y .  I n  d iscuss ions  with t h e  MRD and HH, s en io r  
o f f i c i a l s  have made it c l e a r  t h a t  t hey  agree  with t h e  p r o j e c t ' s  watershed 
approach t o  water planning and water con t ro l  s t r u c t u r e  cons t ruc t ion .  There i s  
a l s o  s t rong  agreement wi th  t h e  p r o j e c t  approach of p ro t ec t ing  i n t e r i o r  va l l eys  
a g a i n s t  f u r t h e r  s a l t  i n t r u s i o n .  The P res iden t  of Senegal r e c e n t l y  announced 
(December 1987) an emergency p lan  of a c t i o n  aga ins t  s a l t  i n t r u s i o n  i n  t h e  
reg ions  of Ziguinchor and Kolda. The p r o j e c t  is c o n s i s t e n t  with t h i s  major 
new p o l i c y  d i r e c t i v e  and has been included i n  t h e  GOS Publ ic  Investment Plan.  

The government owns a l l  twra l  land and n a t u r a l  resources .  Land use  
confers  land access  r i g h t s ,  bu t  t r a d i t i o n a l  land tenure  systems a r e  genera l ly  
n o t  challenged un le s s  d i spu te s  cannot be s e t t l e d  l o c a l l y .  There a r e  no 
s p e c i f i c  p o l i c i e s ,  and no implementation gu ide l ines  with r e spec t  t o  p r i o r  u s e  
r i g h t s  f o r  su r f ace  water .  The GOS appears t o  assume t h a t  p r i o r  u s e  r i g h t s  a r e  
n o t  being in f r inged  upon by water con t ro l  s t r u c t u r e  cons t ruc t ion .  This i s  
obviously n o t  always t h e  case.  S t r u c t u r e s  have been designed and operated i n  
ways t h a t  reduced downstream access  t o  water.  General ly ,  farmers have gained 
r e s p e c t  f o r  upstream uses  and p r i o r  u s e  by involving l o c a l  a u t h o r i t i e s ,  
normally r e s u l t i n g  i n  increased upstream r e l e a s e s  from small  r e t en t ion  
s t r u c t u r e s .  

The S Z W  w i l l  fo l low a  p o l i c y  c o n s i s t e n t  with t h e  s p i r i t  of farmer 
p r a c t i c e  i n  t h e  Casamance. The p r o j e c t  w i l l  n o t  cons t ruc t  water con t ro l  
s t r u c t u r e s  which p re jud ice  t h e  e x i s t i n g  r i g h t s  of downstream u s e r s .  The S Z W  
w i l l  formal ize  t h i s  approach a s  a  ma t t e r  of p o l i c y  within t h e  reg ional  
s e r v i c e s  and promote it through project-sponsored workshops with o the r  
branches of t h e  GOS and o t h e r  donors.  

Formal laws e x i s t  on con t ro l  of groundwater e x t r a c t i o n .  Control i s  vested 
i n  t h e  MH, although enforcement of t h e s e  laws and po l i cy  i s  n o t  s t r i c t .  But 
groundwater is explo i ted  p r i n c i p a l l y  f o r  domestic and l i v e s t o c k  uses .  This i s  
a  proper  and s u s t a i n a b l e  u se  f o r  t h e  r eg ion ' s  cu r r en t  l imi t ed  groundwater 
resource .  No p o l i c y  d ia logue  ac t ion  is requi red  un le s s  t h e  GOS should 
undertake major new development of groundwater f o r  crop i r r i g a t i o n .  
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OBJECTIVELY VERIFIABLE INDICATORS H U N S  OF VERIFICATION ASSUHPTIONS 

4. Set of methodologies and approaches 
determined to provide most 
technically. environmentally. 
economically and socially appro- 
priate mix of water control 
infrastructure. water management 
techniques. soil and water 
conservation practices in the . 
watersheds, and forms of local 
participation. 

5. Increased regional and local capa- 
city to plan. execute, operate and 
maintain water control works. 

6. Technical Ministries in regions 
assisting farmers improve 2.000 ha. 
per yer through better water 
management. 

OUTPUTS 

1. Water management plans, including 1. Water management plans for 6 0  
designs. for small watershed areas sites on a small watershed basis (in- 
completed and implemented at request cluding plateaus, slopes and valleys) 

completed leading to installation and through assistance of local 
farmers. 

2. Protection of hishrisk valleys 
against salt-intrusion. 

of mix of: anti-salt dikes. water 
retention dikes. land-terracing, land 
leveling. diversions and waterways, 
and Contour berms; depending on 
needs. requirements. technical. 
social and environmental constraints 
in each watershed area. 

2. Small anti-salt dikes installed 
using village labor and maintained 
by villagers, resulting in desalina- 
tion of 10,000 has. improved water 
availability on an additional 5.000 
hectares. 

1. Contractor Reports. 

2. Project evaluations 

1. Availability of COS functionnaires 
able and willing to do required 
work. 

2. Support of administrative officials 
at all levels; cooperation from NCO. 



SWHARY OBJECTIVELY VERIFTABLE INDTCATORS UEANS OF VERIFICATION ASSLlrPTrI2N~ 

3. Well-defined s e t  of i n s t i t u t i o n a l  3. Working group: - Following r tandar-  
r e l a t i o n s h i p s  between URO and WI and dized approach and procedurrr .  
c a p a c i t y  f o r  supervising and - organizing v i l lages  and l o c a l  
c a r r y i n g  o u t  water management organizat ions.  - planning and 
p lanning ,  development , Follow-up, and dasisning b e s t  mix of water mana- 
evaluation/monitoring.  gement s t r u c t u r e s ,  - get tin^ egree- 

ment among v i l l a g e r s  and v i l l a g e s  
on t h e  p lans  and designs. - follow- 
ing through with construct ion and 
organizat ion of management cormnit- 
t e e  f o r  maintenance and follow-on. 

4:  Research completed by ISRA o r  4 .  Applied research r e s u l t s  leading 
o t h e r  r e s e a r c h  organizat ions on top ics  t o ,  improved methodolo~ies  and 
r e l a t e d  t o  water  management concern- approaches s t a r t i n g  i n  year d of 
i n s  soc ia l / , . a l tu ra l  pi.oblms. t h e  pro jec t .  
i n f  r a s t r u c t u r e / t e c h n i c a l  quest ions , 
s o i l  and topography, and bes t  mix of 
water  management techniques. 

5. P r i v a t e  s e c t o r  involved i n  5. a .  60 percent  of overa l l  value or' 
i n f  r a s  t ~ c t u r e  development. i n f r a s t ~ u c t u r e  c o n s t ~ u c t i u ~ ~  

car r ied  o u t  by pr iva te  s e e t o - .  

b ,  Procedures and r e l a t i o n s h i p s  
developed f o r  GOS t o  increase  use  
of p r i v a t e  sec tor .  

6 .  PVOs and poss ib ly  PCVs working 6 .  60  l o c a l  organizat ions formed nnd 
c l o s e l y  with v i l l a g a  organizat ions t ra ined  by PVOs and PCVs f o r  using 
i n  developing and suppovting water b e t t e r  water managweat techniques 
management a c t i v i t i e s  and improved and maintaining i n f r a s t r u c t u r e .  
water  u t i l i z a t i o n .  

7. Environmental s t u d i e s  completed 7 .  - Anti-sal t  d ike  round-table, 
on impacts  of water cont ro l  s tructu-  - ground - ta r  stydy, 

=. , . roe on  so i l s ,  water. f l o r a  and fauna . . - ces ionnl  water  c ~ n t r o l  modeling 
i n  t h e  p r o j e c t  area. study. - water-borne d i sease  assessmmt.  

- and t e r - r e s t r a l  ecosystem study 
a l l  completed a s  scheduled. 

3 .  Pro jec t  monitoring 
reports .  

4 .  ISRA and o ther  research 
r e p o r t s  . 

5. MRD tupor t r  

6 .  P ro jec t  repor t s  

3. Courdinntion and good vorking r e l a -  
t ionsh ip  among a l l  o rganiza t ions ,  
M i n i s t r i e s  involved i n  pro jec t  
inlplammtation. 

4 .  Land tenure  and land d i s t r i b u t i o n  
a r e  n u t  c o n s t r a i n t s  t o  i n f r a : ~ t r u c -  
tur e development a d  imroved 
water rranagement . ~ n d  wtrr u t i l i -  
za t ion .  

5. Local populat ion provides labor  f o r  
i u i r a ~ t r u c t u r e  de rolop~cent. 

6 .  P r i v a t e  cont rac tor  and/or COS can  
procure mater ia l s  f o r  cons t&uct ion  
i n  a t imely  manner. 

7 .  Study Reports 7 .  Available p r i v a t e  cont rac tors  and 
PVOs w i l l i n &  t o  provide required 

, . , . . . services a t .  accaptablo .quality 
s tandards  and cos t s .  
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11. SUMMARY OF PROJECT ANALYSES 

A. BACKGROUND 

I n  August 1987,  a  team composed of USAID and GOS o f f i c i a l s  and TA 
consu l t an t s  reviewed t h e  t e c h n i c a l ,  economic and s o c i a l  f e a s i b i l i t y  of t h e  
various water management options proposed i n  the  SZWMP PID. The TA team 
included a  Tropical  Agronomist, a Water Resources Engineer, an Agr icu l tura l  
Economist, and a  Rural Soc io log i s t .  

Five zones of p o t e n t i a l  i n t e rven t ion  were inves t iga t ed  f o r  t h e  p r o j e c t :  
t h e  Bai la  Valley, t h e  Bignona Valley,  t h e  Sedhiou Region, t h e  Soungrougrou 
Valley and t h e  Kolda Region, These zones were j o i n t l y  i d e n t i f i e d  by the  GOS 
and by USAID during PID development. Thi r ty- f ive  s i t e s  were v i s i t e d  during 
t h e  p r e f e a a i b i l i t y  s tudy i n  t h e s e  zones t o  i n v e s t i g a t e  t h e  range of corlditions 
within each zone and t o  p r i o r i t i z e  the  zoneo f o r  p r o j e c t  in te rvent ion  i n  tstmo 
of t h e i r  t e c h n i c a l ,  economic, and soc io log ica l  f e a s i b i l i t y .  

The PP design team subsequent ly s e l ec t ed  t en  s i t e s  which b e s t  represented 
t h e  c h a r a c t e r i s t i c s  of each zone and which showed t h e  most inm~ediate 
p o t e n t i a l  f o r  p r o j e c t  i n t e rven t ion  i n  t h e  r e spec t ive  zones. I t  was decided t o  
s tudy  t h e s e  s i t e s  i n  g r e a t e r  depth during t h e  PP design t o :  

o  v e r i f y  t h e  zone p r i o r i t i z a t i o n  of t h e  p r e f e a s i b i l i t y  team; and 

o  obta in  s i t e - s p e c i f i c  da t a  on which t o  base s t r u c t u r a l  design 
s p e c i f i c a t i o n s  , c o s t i n g s ,  b e n e f i t s  and opera t ions  and maintenance 
approaches. 

These t e n  s i t e s  a r e  only  a  r e p r e s e n t a t i v e  sample of t h e  estimated 120 
va l l eys  throughout t h e  p r i o r i t y  zones. The PP team conducted de t a i l ed  s o i l s ,  
hydro logica l ,  soc io log ica l ,  economic and engineering analyses  on these  t en  
s i t e s  t o  e s t a b l i s h  d e t a i l e d  c o s t  e s t ima te s  and o v e r a l l  water management 
p l ans .  A complete range of i n f r a s t r u c t u r e  types were designed and costed 
ou t .  Based on t h e s e  c o s t  e s t ima te s  and t h e  c u l t i v a b l e  s e r v i c e  a rea  above t h e  
d ikes ,  an average c o s t  p e r  h e c t a r e  f o r  cons t ruc t ion  of d ikes  was e s t ab l i shed  
assuming v i l l a g e  l abo r  is u t i l i z e d  f o r  t h e  p lac ing  and compaction of a l l  d ike  
and berm embankment. 

For t h e  t e n  s i t e s ,  t o t a l  es t imated cons t ruc t ion  c o s t s  f o r  t h e  d ikes  when 
v i l l a g e  l abo r  is u t i l i z e d  is about $676,000, of which an est imated $463,000 is  
f o r  con t r ac to r  c o s t s  and an est imated $213,000 is t h e  v i l l a g e  l abo r  
cont r ibu t ion .  The t o t a l  c u l t i v a b l e  s e r v i c e  a r ea  i n  t h e s e  t e n  sites is almost 
3,000 hec t a re s .  The average c o n t r a c t o r  c o s t  of t h e  i n f r a s t r u c t u r e  which w i l l  
be  pa id  f o r  by t h e  p r o j e c t  is $159 p e r  hec t a re  of c u l t i v a b l e  s e r v i c e  a r ea .  
This average c o s t  only inc ludes  t h e  est imated contracted c o s t  of t h e  
co r~s t ruc t ion  i t s e l f .  I f  o t h e r  costs r e l a t e d  t o  t h e  i n f r a s t r u c t u r e  
development, such a s  TA, GOS personnel ,  v i l l a g e  l a b o r ,  l o g i s t i c a l  support and 
equipment and conm~odities are inc luded ,  t h e  estimated investment c o s t  is $947 
per  h c t a r e  . 
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The fol lowing s e c t i o n s  summarize t h e  engineering,  agronomic, 
s o i l s ,  hydro logica l ,  e.conomic, f i n a n c i a l  , soc io log ica l ,  and i n s t i t u t i o n a l  
ana lyses  completed during PP f i e l d  work. 

B. TECHNICAL ANALYSES 

1. E n ~ i l l e e r i r l ~  Analysis  

a .  Major D e s i ~ n  Al t e rna t ives  

I n  order  t o  improve water management i n  t h e  Casamance Basin and 
improve b e n e f i c i a l  u s e  of r a i n f a l l  i n  t h e  reg ion ,  t h e  following engineering 
s t r u c t u r e s  were s tudied  : 

o a n t i - s a l t  d ikes  
o  water r e t e n t i o n  d ikes  
o  water con t ro l  s t r u c t u r e s  
o  water s to rage  dams 
o  g r a v i t y  i r r i g a t i o n  sys t en~s  
o  con t o u r  b e ~ m s  

An t i - sa l t  d ikes  should be placed a t  t h e  mouths of marigots  t o  r eve r se  
t h e  s a l i n i z a t i o n  process .  These d ikes  should be provided with gated 
r e in fo rced  concre te  con t ro l  s t r u c t u r e s .  The purpose of t h e  d ikes  would be t o  
prevent  s a l t w a t e r  from coming onto farm lands  and, a t  t h e  same time, enable 
f r e s h  ra inwater  t o  be s to red  on a  given a rea  and d i s s o l v e  s o i l  s a l t s .  The 
con t ro l  s t r u c t u r e  would be opened a t  i n t e r v a l s  during t h e  r a i n y  season t o  wash 
away t h e  s a l t s  t h a t  have been d isso lved  by t h e  s to red  ra inwater .  During t h e  
d ry  season,  s a l t y  water would be  allowed onto t h e  lands t o  keep them moist and 
prevent  a c i d i f i c a t i o n .  

I n  some upstream a r e a s  less a f f e c t e d  by s a l t w a t e r  i n t r u s i o n ,  water 
r e t e n t i o n  d ikes  a r e  proposed. These d ikes  would be s i m i l a r  t o  t h e  a n t i - s a l t  
d ikes  b u t  t h e i r  purpose would be  t o  s t o r e  ra inwater .  This  water would be 
s t o r e d  t o  a  depth of 0.5 meters  and would be used t o  grow aqua t i c  r i c e  
upstream from t h e  d ike .  

For upland r i c e  growing a r e a s  n o t  g r e a t l y  a f f ec t ed  by sa l twa te r  
i n t r u s i o n ,  contour berms and s e l e c t i v e  land shaping a r e  proposed t o  d i r e c t  
and c o n t r o l  f low t o  ha rves t  water and reduce e ros ion .  

One f u r t h e r  a l t e r n a t i v e  was s tudied :  t h e  s to rage  of excess rainwater  
behind small  ear then  dams and water r e l e a s e  t o  a  downstream s e r v i c e  a rea  v i a  
an o u t l e t  loca ted  a t  t h e  bottom of t h e  dam. The water would be d i s t r i b u t e d  t o  
t h e  s e r v i c e  a r ea  v i a  ear then  gravi ty-fed cana l s  provided with tux-nout 
s t ruc ture t l  t o  d i r e c t  t h e  wuter t o  i v r i g a t i o n  blocka. Tho cout  ontimutou for. 
such a  system, based on simple t echn ica l  des igns ,  although much lower than 
previous s t u d i e s ,  ran $4,000 per  h e c t a r e  and could n o t  be j u s t i f i e d  f o r  
eupple~nental  i r r i g a t i o r l .  

Plan and croes  s e c t i o n  surveys were ca r r i ed  out  f o r  such of t h e  s i tes 
s e l e c t e d .  P lo t t ed  p lans  and croes  s ec t ione  for each s i t e  a re  presented i n  
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Appendix A of t h e  Engineering Annex. These surveys were used t o  conlpute 
constr-uction q u a n t i t i e s  and c o s t s .  

b.  Prel iminary S t r u c t u r e  Designs 

Typical prel iminary s t r u c t u r e  drawings a r e  presented i n  Appendix B of 
t h e  Engineering Annex. Design c a l c u l a t i o n s  f o r  each s i te  a r e  presented i n  
Appendix A of t h e  Engineering Annex. A b r i e f  sununary desc r ip t ion  of t h e  
a l t e ~ m a t i v e  designs i s  presented below: 

(1) Ant i -sa l t  Dikes: These d ikes  s h a l l  be cons t t~uc ted  of 
c layey m a t e r i a l  which can be obtained from borrow a reas  loca ted  near  t h e  
d ikes .  The d ikes  w i l l  have s i d e  s lopes  of 2 t o  1. The top  width w i l l  be two 
meters  and t h e  d ike  s lopes  w i l l  be  provided with l a t e r i t e  p ro t ec t ion .  The 
d i k e  he igh t  w i l l  be  about one meter .  A re inforced  con t ro l  s t r u c t u r e  with 
removable stop-lops w i l l  be  provided. The s t r u c t u r e  w i l l  have a number of 1 . 5  
meter bays depending on t h e  s i z e  of t h e  upstreem drainage a rea .  A t o p ' s l a b  
w i l l  have removable p i eces  so t h a t  s top-logs can be l i f t e d  and lowered. A 
one-meter deep upstream cutof f  wal l  w i l l  be  provided. 

(2) Water Retent ion Dikes: The water r e t e n t i o n  d ikes  s h a l l  
have a t op  width of one meter ,  1 t o  1 s i d e  s lopes  and be  approximately 0.5 
meters high.  The d ike  w i l l  be  provided with t h e  same con t ro l  s t r u c t u r e  
provided f o r  t h e  a n t i - s a l t  d ike .  The only d i f f e r ence  w i l l  be t h a t  t h i s  
s t r u c t u r e  w i l l  s t o r e  excess  ra inwater  f o r  upstream r i c e  c u l t i v a t i o n .  

(3) Contour Berms: Contour berms s h a l l  be constructed of 
c layey m a t e r i a l ,  be approximately 0.5 meters high,  have a top  width of one 
meter  and have 1 t o  1 s i d e  s lopes .  The purpose of t h e s e  berms w i l l  be  t o  
d i r e c t  overland flow, ha rves t  t h i s  f low and reduce s o i l  e ros ion .  These berms 
w i l l  be  loca ted  along t h e  contours  i n  t h e  upper ha l f  of t h e  s e r v i c e  a rea .  

c .  Construct ion Q u a n t i t i e s  and Cost Estimates 

(1) General: F i e ld  surveys were c a r r i e d  ou t  a t  each of t h e  
t e n  se l ec t ed  r e p r e s e n t a t i v e  s i t e s  t o  determine lengths  of proposed d ikes .  
Drainage a r e a s  and design f loods  were ca l cu la t ed  t o  s i z e  t h e  con t ro l  s t r u c t u r e  . 
widths.  Gross and n e t  s e r v i c e  a r eas  were measured from s o i l  maps prepared i n  
t h e  f i e l d .  

(2) Quant i t ies :  A summary of a n t i - s a l t  and water r e t e n t i o n  
d i k e  l eng ths ,  contour berm lengths  and con t ro l  s t r u c t u r e  widths a r e  presented 
i n  t h e  following t a b l e :  



Table 1 

Control S t r u c t u r e  Widths/Dike Lengtlls/Berm Lengths 

No. Name Control 
S t r u c t u r e  
Widths 
(M. 1 

Anti-Sal t  
~ i k e  
Length 
(M. 1 NO. 

Retent ion 
Dike 
Le11g t h  
(M. NO. 

Tanaf f 4 .5 
Samine Escale  3.0 
Kinndi r i  Med ina  3 .0 
Bounki l i n g  12 .0  
Nd i ama 10 .5  
Mayor 1 . 5  
Diatok 4.5 
Bal ingore 3.0 
D j  imande 1 . 5  
Essoum 1.5 

Contour 
Berm 
Length 
(M..) 

6,000 
13.000 

6,900 
4,500 
3,300 

' 1,600 
1,300 
4,100 
1,000 
2,800 

A sununary of cons t ruc t ion  q u a n t i t i e s  f o r  a n t i - s a l t  d ikes ,  water 
r e t e n t i o n  d ikes ,  and contour berms f o r  each of t h e  t en  se l ec t ed  s i t e s  i s  
presented i n  t h e  fol lowing t a b l e .  Also, n e t  s e r v i c e  a r ea  is shown f o r  each 
site.  The t e n  sites rep resen t  a n e t  s e r v i c e  a r ea  of 2,915 hec t a re s .  Detai led 
ca lcu la t ior l s  a r e  presented i n  Appendix A of t h e  Engineering Annex. 

Table 2 

Summary Dike/Berm/Control S t r u c t u r e  Quan t i t i e s  

No. Name 

Tanaf f 
Samine Esca le  
Kinndi r i  Medina 
Bounkiling 
Nd iama 
Mayor 
Diatok 
Balingore 
D j  imande 
Essoum 

N e t  
Serv ice  Dike L a t e r i t e  R.C.  Berm 
Area F i l l  Concrete F i l l  
(ha)  ( m . ~ . )  (m.M.) (Cu.M.) (Cu. M.) 
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d. Unit  Pr ices /Cos ts  

The c o s t s  f o r  t h e  cons t ruc t ion  of t h e  d ikes  and berms a t  each p r o j e c t  
s i te  were est imated us ing  two d i f f e r e n t  s e t s  of u n i t  p r i c e s .  F i r s t ,  a l l  
con t r ac to r  u n i t  p r i c e s  w e r e  used. Secondly, a  combination of con t r ac to r  and 
v i l l a g e  l abo r  u n i t  p r i c e s  w e r e  used,  whereby t h e  v i l l a g e r s  would provide a l l  
of t h e  l abo r  requi red  f o r  d i k e  f i l l .  V i l l age  labor  s u b s t a n t i a l l y  decreases  
t h e  u n i t  c o s t  of t h e  d i k e  f i l l .  A sununary of t h e  two sets of u n i t  p r i c e s  i s  
presented i n  t h e  fol lowing t a b l e :  

Unit  P r i c e s  Assumed 

Item 
Combination 

Contractor  V i l l age  Labor/Contractor , 
Unit  P r i c e  Unit  P r i c e  
($)/cu.m. ($)/cu.m. 

Costs f o r  each item of work w e r e  computed us ing  both s e t s  of u n i t  
p r i c e s .  The t o t a l  cons t ruc t ion  c o s t  of t h e  water con t ro l  works including 29 
d ikes  and contour b e m s  us ing  t h e  combination v i l l a g e  l abo r  and con t r ac to r  
u n i t  p r i c e s  was about $ 676,000. The c o s t  us ing  a l l  con t r ac to r  u n i t  p r i c e s  
was approximately $ 1,230,000. A 20 X contingency f a c t o r  was appl ied .  The 
d e t a i l s  f o r  us ing  only  con t r ac to r  u n i t  p r i c e s  is presented i n  t h e  Engineering 
Annex. The d e t a i l s  f o r  us ing  t h e  conlbination of v i l l a g e  labor  and con t r ac to r  
u n i t  p r i c e s  f o r  each v a l l e y  is presented i n  t h e  following t ab l e :  

Summarv Estimated Costs Using Vi l l age  Labor For Dike/Berm Embankment ($0001 

lame 

Tanaf f  
Samine Escale  
Kinndi r i  Hed. 
Bounkil ing  
Nd i ama 
Ha yor 
Diatok 
Balingore 
D j inland e  
Essoum 

Dike L a t e r i t e  
F i l l  

R.C.  Berm 
Concrete F i l l  

Total  ! Of which: 
! Contract V i l l age  
! 
! 
t 30.6 20.6 
! 58.2 41.5 
! 88.2 28.6 
I 3 8 . 6  18.5 
! 35.4 15.4 
! 9.6 6  -5 
! 34.8 10.1 
! 139.8 51.0 
! 8.8 9.0 
! 18.5 11.9 
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e. Prel iminary Construct ion Spec i f i ca t ions  

(1) Dikes/Berms: Dikes s h a l l  be constructed of clayey 
m a t e r i a l s .  The embankment matevial  s h a l l  be placed i n  l a y e r s  n o t  exceeding 
0.15 M.  . i n  a  moistened condi t ion .  Compaction s h a l l  be c a r r i e d  ou t  by means 
of hand tampers. Ant i - sa l t  d ikes  s h a l l  have 2 t o  1 s i d e  s lopes  and water 
r e t e n t i o n  d ikes  and con t ro l  b e m s  s h a l l  have s i d e  s lopes  of 1 t o  1. Ant i - sa l t  
d ikes  s h a l l  have a  t op  width of 2 .0  meters  and a  he igh t  of 0.8 meters.  Water 
r e t e n t i o n  d ikes  and con t ro l  berms s h a l l  have a  t op  width of 1 .0  meters and a 
h e i g h t  of 0.5 meters. L a t e r i t e  s lope  p r o t e c t i o n  s h a l l  be provided f o r  
a n t i - s a l t  s i d e  s lopes .  

( 2 )  Control  S t ruc tu re s :  Dike con t ro l  s t r u c t u r e s  s h a l l  be  
cons t ruc ted  with 350 kg. c l a s s  r e in fo rced  concrete .  Rock aggregate  s h a l l  be 
used.  Deformed r e in fo rc ing  b a r s  s h a l l  be used. Sand s h a l l  be well  graded and 
c lean .  Concrete s h a l l  be  mixed and tamped i n t o  p l ace  by hand. Water used t o  
prepare  concre te  s h a l l  be f r e e  of impur i t i e s .  Wooden stop-logs s h a l l  be 
provided. 

A t y p i c a l  mix of i n f r a s t r u c t u r e  would be t h e  provis ion  of an 
a n t i - s a l t  d i k e  and con t ro l  s t r u c t u r e  a t  t h e  downstream end of t h e  basin ac ros s  
t h e  mouth of t h e  marigot  t h a t  p e n e t r a t e s  t h e  bas in .  Approximately one-third of 
t h e  way up t h e  bas in  a  water r e t e n t i o n  d ike  would be provided with a  one-bay 
con t ro l  s t r u c t u r e .  Two-thirds of t h e  way up t h e  basin another  water r e t e n t i o n  
d i k e  would be provided. Over approximately one-half of t h e  s e r v i c e  a r e a ,  
contour  betnw would be provided t o  con t ro l  overland flow, ha rves t  water and 
prevent  e ros ion .  

f .  Operation and Maintenance, Ant i - sa l t  System 

(1) Operation: The a n t i - s a l t  system w i l l  be operated t o  
prevent  sa l t -water  i n t r u s i o n  and keep p o t e n t i a l l y  ac id  s u l f a t e  s o i l s  n ~ o i s t  
enough t o  avoid a c i d i f i c a t i o n  and mineral  t o x i c i t y  problems. It  is proposed 
t h a t  t h e  system be operated a s  fol lows:  

When t h e  r a iny  season commences, t h e  stop-logs a r e  closed t o  prevent  
s a l t w a t e r  from en te r ing  t h e  pro tec ted  lands .  This w i l l  a l low rainwater  t o  

; 

d i l u t e  s a l t s  l y ing  on t h e  upstream l ands .  A t  i n t e r v a l s  during t h e  r a iny  
season,  t h e  stop-logs should be withdrawn t o  al low d isso lved  s a l t s  t o  flow 
out .  The s top-logs should be opened and closed i n  cyc les  t o  br ing  about 
f l u sh ing  and f i l l i n g .  A t  t h e  end of t h e  r a i n y  season t h e  lands  should be 
dra ined  t o  t h e  l e v e l  of t h e  h igh  p o t e n t i a l  ac id  s o i l s .  

The con t ro l  s t r u c t u r e s  f o r  water r e t e n t i o n  d ikes  a r e  used t o  con t ro l  
t h e  upstream l e v e l  o f  water used f o r  r i c e  c u l t i v a t i o n .  

( 2 )  Maintenance: It is recommended t h a t  prevent ive 9 

maintenance be  c a r r i e d  ou t  every year  a f t e r  t h e  ha rves t  season. Dike and 
berms should be r epa i r ed  and eros ion  around con t ro l  s t r u c t u r e s  r epa i r ed .  
Excessive d i k e  s e t t l e n ~ e n t  and bank eros ion  should be r epa i r ed  each year. 
Af t e r  a few years ,  stop-logs may r e q u i r e  replacement. 
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It is proposed t h a t  a minimum of two percent  of t h e  c a p i t a l  c o s t  of t h e  
a n t i - s a l t  system be  s e t  a s i d e  by farmers  f o r  annual maintenance. For t h e  t e n  
sample sites, t h i s  would amount t o  a t o t a l  of $9,260,  o r  approximately $3.20 
per  h e c t a r e  of c u l t i v a b l e  a r e a  f o r  annual maintenance requirements.  Farn~ers  
w i l l  be  provided with hand tampers, shovels  and wheelbarrows l e f t  over from 
t h e  cons t ruc t ion  per iod .  

2 . Av ronomic and Water Management Analysis 

a ,  Eatinmtion o f  Areas f o r  Recovery o r  In~provecl_ Water 
Control 

Exis t ing  s t u d i e s  by ORSTOM, ISRA,  Harza and s o i l  and land u s e  maps, 
combined with f i e l d  v i s i t s  and s o i l s  ana lyses  were used t o  make an,assessment  
of t h e  t o t a l  amount of land p o t e n t i a l l y  recoverable  o r  improvable through 
improved water c o n t r o l ,  a s  presented i n  Table 5. 

1 

Estimated Surface Area f o r  Recovery and/or Improved Water 
Supply i n  t h e  Lower and Middle Casamance Basin 

Sub-Basin 

Bignona 

Bai la  

Soungrougrou 

Sedhiou 

Kolda Area 

To ta l  

Estimated Recoverable/ 
Improvable (ha)  

6 ,  BOO 

8,000 

12,600 

12,000 

3,000 

42,400 

Now i n  
Cropped (ha)  

These est inlates  a r e  considered t o  be reasonable.  Addit ional  a r eas  may 
b e n e f i t  from improved water c o n t r o l ,  without  investments i n  an t i - s a l  t 
s t r u c t u r e s ,  i n  t h e  Kolda and Velingara Departments. But, t h e s e  a r eas  a r e  more 
spa r se ly  populated and have h igher  r a t e s  of e ros ion  than o t h e r  p a r t s  of t h e  
p r o j e c t  a r ea .  The implementation team w i l l  need t o  c a r r y  ou t  f u r t h e r  a n a l y s i s  
of t h e s e  sites. The sub-basins shown above inc lude  over 120 va l l eys .  The 
v a l l e y s  a r e  n o t  c o n s i s t e n t l y  of t h e  same s i z e .  Thei r  watershed a reas  range 
f r o m  e few aquere kflometer~ to over 800 square kilonretere. 
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b. Scenarios  f o r  Crop Production on Di f f e ren t  S o i l  Types 

(1) Non-Saline Valleys and So i l s :  s t r u c t u r e s  w i l l  inc lude  
r e t e n t i o n  d ikes ,  i n t e r i o r  r i dg ing  and s i d e  v a l l e y  bern~s f o r  water accumulation 
and d ive r s ion .  The f i r s t  s t e p s  w i l l  be  t h e  add i t i on  of r i c e  land a s  water 
supply becomes more r e g u l a r  up and down t h e  toposequence. Peanut production 
i n  t h e  upper watershed may d e c l i n e  i n  Diola a r eas  and perhaps Mandinka a reas  
depending on peanut p r i c e s  and l abo r  a v a i l a b i l i t y .  I n  t h e  lower p a r t  of t h e  
toposequence, t r a n s p l a n t i n g  w i l l  probably r ep l ace  t h e  d i r e c t  seeding t h a t  
dominates t h e  d r i e r  va l l eys .  D i rec t  p l an t ing  can be  maintained by t e r r a c i n g  
t h e  s l o p e s  of t h e  v a l l e y s ,  b u t  t h e  f l a t  t e r r a i n  and s l i g h t  s lopes  reduce t h e  
advantages of t h i s  approach. Rice i n t e n s i f i c a t i o n  w i l l  occur i f  i npu t s  a r e  
a v a i l a b l e .  L ike ly  i n t e n s i f i c a t i o n  moves would be some r e t u r n  of longer  cyc l e  
v a r i e t i e s ,  f e r t i l i z a t i o n ,  mechanical weed con t ro l  i f  t h e  hand-pushed r o t a r y  
weeder is  pe r f ec t ed  f o r  Senegalese condi t ions ,  and p l a n t  p ro t ec t ion .  

1 

( 2 )  S l i g h t l y  Acid t o  Moderately Acid and Sa l in i zed  S o i l s :  
t h e s e  s o i l s  can be recovered and t h e i r  p roduc t iv i ty  increased  through t h e  
d ik ing  of p a r c e l s .  The ind iv idua l  paddies  formed can then be used t o  c o l l e c t  
ra inwater  and f l u s h  out  s a l t s .  Rice p l a n t s  r e q u i r e  a  roo t ing  depth of about 30 
cm and a  s o i l  e l e c t r i c a l  conduct iv i ty  of less than about 10 nunohms/cm. Using 
t h e  Diola approach of r idg ing  s o i l s ,  t h e  s l i g h t l y  t o  moderately ac id  s o i l s  can 
be  used f o r  r i c e  product ion wi th in  one t o  t h r e e  years .  Farmers w i l l  probably 
cont inue  t o  u s e  short-cycle  v a r i e t i e s  on these  s o i l s  t o  avoid t h e  e a r l y  season 
peak of a c i d i t y ,  i r o n ,  and aluminum t o x i c i t y .  Far-mers may move t o  longer 
cyc l e  v a r i e t i e s  a f t e r  four  o r  f i v e  years  a s  carry-over s a l t  l e v e l s  drop and i f  
v a r i e t i e s  t o l e ~ w l t  t o  high alumirlum and i r o n  a r e  introduced. Crop y i e l d s  can 
be  s u b s t a n t i a l l y  improved up t o  a  p r a c t i c a l  maximum of 3.5-4 tons/ha i f  
f e r t i l i z a t i o n  o r  l iming is p r a c t i c e d .  Phosphate f e r t i l i z a t i o n  may be t h e  most 
c o s t  e f f e c t i v e  way t o  i nc rease  y i e l d s  i f  a c i d i t y  l e v e l s  a r e  n o t  too high.  

(3) Acid i f ied  Fa t  Clays: while  d e s a l t i n g  these  s o i l s  w i l l  n o t  
be  d i f f i c u l t ,  u l t i m a t e  recovery of t h e s e  h ighly  ac id  s o i l s  is dependent on t h e  
l eng th  of t ime t h a t  they  have been oxidized and a c i d i f i e d  and t h e  subsequent 
r a t e  of leaching of j a r o s i t e  minera ls  below t h e  50 cm l e v e l .  While about ha l f  
of t h e  s o i l s  s tud ied  i n  t h e  f i e l d  a r e  approaching t h i s  p o i n t ,  t h e  b e s t  
management p r a c t i c e  may be t o  avoid any f u r t h e r  investment i n  them u n t i l  
vege ta t ion  begins t o  r e - e s t ab l i sh  i t s e l f .  When these  s i g n s  of recovery begin 
to. t a k e  p l a c e ,  t h e  reclamation process  may be hastened by liming o r  heavy 
phosphate f e r t i l i z a t i o n .  The p r o j e c t  should await  add i t i ona l  research  r e s u l t s  
inc luding  an economic a n a l y s i s  of r e t u r n s  from s o i l  reclamation e f f o r t s  be fo re  
at tempting extension of t h e s e  techniques with f  armers. 

( 4 )  Upland So i l s :  t h e s e  s o i l s  a r e  n o t  s u b j e c t  t o  s a l t  
i n t r u s i o n  o r  i n t e n s e  a c i d i f i c a t i o n ,  b u t  they  have low s o i l  f e r t i l i t y  s t a t u s  
and, i n  some cases ,  a r e  s u b j e c t  t o  e ros ion .  Conservation approaches t o  t h e s e  
s o i l s  would be t o  promote contour plowing of t h e  upland s o i l s ,  p a r t i c u l a r l y  
with peanuts ,  t o  reduce competit ion f o r  water ,  n u t r i e n t s  and l i g h t  by 
improving weeding p r a c t i c e ,  p a r t i c u l a r l y  with animal drawn weeders, t o  p l a n t  
t r e e  bands on t h e  s l o p e s ,  and t o  f e r t i l i z e  s o i l s  t o  i nc rease  t h e  y i e l d s  and 
t h e  amount of crop t r a s h  which can be fed  t o  animals o r  l e f t  a s  a  s o i l  cover. 
These p r a c t i c e s  a r e  n o t  an t i c ipa t ed  t o  be a major focus of p r o j e c t  a c t i v i t i e s  
i n  t h e  f i r s t  four  years .  
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c .  Rice P roduc t iv i ty  and Production 

Current  average r i c e  y i e l d s  vary  from a  high about 2 . 0  t / h a  f o r  
aqua t i c  r i c e  t o  less than 400-700 kg/ha f o r  upland r i c e .  Much more r i c e  i s  
grown under a l t e r n a t i n g  w e t  and d r y  condi t ions  than under cons tan t  w e t  
condi t ions .  The spread i n  r i c e  y i e l d s  is l a r g e  bu t  t o  b e  expected when r i c e  
i s  grown ac ros s  a  d i v e r s e  s e t  of s o i l  condi t ions  and a s  a  t ransplan ted  and a  
direct-seeded crop. A l l  r i c e  crops i n  t h e  Casamance s t a r t  a s  ra infed  r i c e  
with low o r  no water c o n t r o l .  While e a r l y  season drought s t r e s s  w i l l  n o t  
d i r e c t l y  have a major effect on crop y i e l d ,  b l a s t  d i s e a s e  i n f e c t i o n  develops 
r a p i d l y  i n  many seed beds. This  is a problem both f o r  t r a n s p l a n t  n u r s e r i e s  
and direct-seeded f i e l d s .  I n  both direct-seeded and t ransplan ted  a reas ,  
v a r i a b i l i t y  i n  y i e l d s  is high because of r e l a t i v e l y  g r e a t  d i f f e r ences  ac ros s  
s h o r t  d i s t ances  i n  d e s a l t i n g  r a t e s  and i n  f looding ,  d i s so lv ing ,  accumulation 
and p r e c i p i t a t i o n  of t o x i c  i ons  of aluminum and i ron .  V a r i a b i l i t y  i n  seasonal  
d i s t r i b u t i o n  of r a i n f a l l  a l s o  l e a d s  t o  a spread i n  y i e lds .  

t 

The l a r g e s t  e f f e c t s  on r i c e  crop p roduc t iv i ty  can be expected from 
t h e  r e t u r n  of r i c e  product ion t o  t h e  va l l eys  a f t e r  desa l t i ng .  These 
environments have a h igher  n a t u r a l  f e r t i l i t y  than t h e  sandier  high t e r r a c e s ,  
s lopes  and upland s o i l s .  The f i r s t  e f f e c t  on r i c e  crop production w i l l  be a  
gain i n  s u r f a c e  a rea  c u l t i v a t e d .  The second major impact w i l l  occur a s  
growing condi t ions  inprove through reduced v a r i a b i l i t y  i n  water supply and 
reduced s a l t  and a c i d i t y  l e v e l s  e a r l y  i n  t h e  growing season. With t h e  d ikes  
i n  p l a c e  y i e l d s  on t h e  v a l l e y  s o i l s  should s t a b i l i z e  a t  around 2 t o  2 .5  t / h a .  

Supply of inproved r i c e  v a r i e t i e s ,  f e r t i l i z e r  and p l a n t  p ro t ec t ion  
m a t e r i a l s  would boost  y i e l d s  s u b s t a n t i a l l y  higher .  But, t h e  p r o j e c t  w i l l  n o t  
provide ex tens ion  s e r v i c e s  i n  i npu t  supply. Ins tead  it w i l l  concent ra te  on 
water con t ro l  work t o  d e s a l t  s a l i n i z e d  a r e a s ,  provide secondary water 
r e t e n t i o n  d ikes  con t ro l  t o  improve f r e s h  water supply t o  t h e  h ighes t  p o t e n t i a l  
s o i l s ,  and fol lowing t h e  r e s u l t s  of appl ied research ,  extend techniques i n  
acce lera ted  land reclamation and more advanced water con t ro l  work such a s  land 
l e v e l l i n g  and t e r r a c i n g .  Inprovements i n  water supply and land a v a i l a b i l i t y  
w i l l  inlprove t h e  u s e  of i npu t s  obtained from o the r  sources.  

d .  Applied Research 

While t h e r e  i s  a  s u b s t a n t i a l  backlog of d e s c r i p t i v e  research on s o i l  
and water i s s u e s  i n  t h e  Casamance, t h e  drought has rendered e a r l y  approaches 
t o  s o i l  and water management problematic .  ISRA, ORSTOM and o the r s  have been 
a c t i v e  i n  searching t o  d e f i n e  how management p r a c t i c e s  need t o  adapt t o  t h e  
new condi t ions .  The SZWMP w i l l  support  research  aimed a t  i den t i fy ing  
p r a c t i c a l  managenlent op t ions  of broad a p p l i c a b i l i t y  t o  t h e  va l leys  of t h e  
south.  The p r o j e c t  w i l l  p l ace  s p e c i a l  emphasis on extension of ISRA's a r ea  of 
research  t o  inc lude  t h e  Middle Casamance. Areas f o r  i nd iv idua l  research 
a c t i v i t i e s  under t h e  p r o j e c t  include:  

o  Water con t ro l  s t r u c t u r e  opera t ion  t o  opt imize sur face  a rea  and 
season length  a v a i l a b l e  f o r  c u l t i v a t i o n .  

o  Mul t ip le  s i t e  t r i a l s  t o  match r i c e  v a r i e t i e s  t o  water and s o i l  
condi t ions  brought about by p r o j e c t  i n t e rven t ions .  
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o  Surface  water and groundwater exchange i n  developed va l l eys .  
o  Reclamation of a c i d i f i e d  s o i l s .  
o  F e r t i l i z e r  o p t i n ~ i z a t i o n  on t h e  d i f f e r e n t  v a l l e y  s o i l s  under 

var ious  reclamation condi t ions .  
o  Weed con t ro l  i n  t h e  a l t e r n a t e l y  wet and d ry  r i c e  f i e l d s .  

F ie ld  eurveys, sanyle  c o l l u c t i o ~ l ,  l abora tory  anu lys i e ,  end eva lua t ion  
of f i nd ings  were done i n  the  ten sample watersheds. The major s o i l  groups 
descr ibed and evaluated a r e  prevented below. 

a .  Major S o i l  Groups 

(1) Mangrove S a l i n e  S o i l s :  The Mangrove s o i l s  occur along 
t h e  dra inage  ways and i n  depress iona l  a r e a s  of t h e  watershed basins . '  S o i l s  of 
t h i s  group remain sa tu ra t ed  with s a l t w a t e r  throughout most of t h e  year .  These 
s o i l s  a r e  h i g h l y  s a l i n e  with a l a r g e  anlount of s u l f i d e s .  Despi te  t h e i r  high 
s u l f i d e  l e v e l s ,  t hey  have n o t  undergone ex tens ive  a c i d i f i c a t i o n  because of 
t h e i r  water s a t u r a t e d ,  reduced s t a t e .  

( 2 )  Acid and S a l i n e  So i l s :  The ac id  s a l i n e  s o i l s  
p r i m a r i l y  occur on broad f l a t s  wi th in  t h e  bas in  and ad jacent  t o  t h e  s a l i n e  
(bu t  non-acid) Mangrove s o i l s .  These s o i l s  a r e  f r equen t ly  inundated with 
s a l t w a t e r  and have undergone ex tens ive  a c i d i f i c a t i o n  t o  a  p o i n t  where most 
have become s t e r i l e .  This  is due t o  t h e  moisture d e f i c i t  during t h e  dry  
season and, a s  a  r e s u l t ,  ox ida t ion  of s u l f i d e s .  

( 3 )  S o i l s  wi th  High P o t e n t i a l  f o r  Ac id i f i ca t ion  and 
Sa l in i za t ion :  These s o i l s  occupy broad f l a t s  and very low t e r r a c e s  along t h e  
dra inage  ways wi th in  t h e  watershed bas ins .  They a r e  young undeveloped s o i l s  
t h a t  remain s a t u r a t e d  with s a l t w a t e r  most of t h e  yea r ,  except f o r  t h e  period 
j u s t  p r i o r  t o  t h e  t r ansp lan t ing  of r i c e .  They conta in  a  high amount of 
s u l f i d e s  and s a l t s  wi th in  50 cent imeters  of t h e  sur face .  A s  a  r e s u l t ,  t h e s e  
s o i l s  w i l l  become extremely ac id  when allowed t o  d r y  f o r  long per iods .  

( 4 )  S o i l s  with Moderate P o t e n t i a l  f o r  Ac id i f i ca t ion  and ' 
S a l i n i z a t i o n :  These s o i l s  a r e  on low t e r r a c e s  of t h e  second bottom of t h e  
dra inage  b a s i n s ,  and on s l i g h t l y  h igher  broad i n t e r f l u v e s  between small 
d ra inage  ways of t h e  same bas ins .  They a r e  s l i g h t l y  developed a t  depths from 
below t h e  su r f ace  l a y e r  t o  approximately 90 cent imeters  i n  depth. They have 
a l s o  undergone some oxida t ion  of s u l f i d e s  i n  t h e  upper 50 cent imeters  of t h e  
s o i l  depth.  The ground water t a b l e  f l u c t u a t e s  seasonal ly ,  bu t  remains high 
throughout most of t h e  year .  A s  a  r e s u l t ,  they  have a  very low p H  and i ron  
s u l f a t e  ( j a r o s i t e )  mo t t l e s  a t  l e a s t  i n  t h e  upper po r t ion  of t h e  s o i l  p r o f i l e .  

(5) S o i l s  wi th  S l i g h t  P o t e n t i a l  f o r  Ac id i f i ca t ion  and 
S a l i n i z a t i o n :  t h e s e  s o i l s  are on mid-level t e r r a c e s  of t h e  bas in ,  and on low 
t e r r a c e s  along narrow dra inage  ways a t  t h e  middle t o  upper reaches of t h e  
watershed bas ins .  Typica l ly  t h e  s o i l s  of t h i s  landform p o s i t i o n  i n  t h e  
landscape r e f l e c t  a  somewhat deeper groundwater t a b l e ,  o r  s h o r t e r  per iods when 
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t h e  s o i l  is sa tu ra t ed .  Evidence i s  t h a t  they  a r e  no t  a f f ec t ed  by s a l i n i z a t i o n  
of t h e  ground water t a b l e ,  b u t  do r e c e i v e  s u r f a c e  inundat ion from sa l twa te r  
i n t r u s i o n .  

However, t h e s e  s o i l s  do mani fes t  evidence of probable a c i d i f i c a t i o n  
i n  f u t u r e  yea r s ,  i f  placed i n t o  a  s i t u a t i o n  of continued wett ing and drying 
year  a f t e r  year ,  a s  is  t h e  c u r r e n t  p r a c t i c e  i n  r i c e  c u l t u r e .  This p r a c t i c e ,  
along wi th  continued c u l t i v a t i o n  without  proper  f e r t i l i z a t i o n ,  w i l l  g r e a t l y  
i nc rease  t h e  p r o b a b i l i t y  of a c i d i f i c a t i o n  due t o  t h e  oxida t ion  of i r o n  and 
s u l f i d e s .  

b.  S o i l  Management Approaches and S i t i n g  C r i t e r i a  

(1) Acid and S a l i n e  So i l s :  These s o i l s  have a l ready  been 
a c i d i f i e d  (due t o  oxida t ion)  and s a l i n i z e d .  Any environmental damage from 
a c i d i f i c a t i o n  has a l r eady  occurred. A l l  s i t e s  v i s i t e d  had s i g n i f i c a n t  a r eas  
of t h e s e  s o i l s  with t h e  except ion of Djimande and Essoum. They a r e  g'enerally 
s t e r i l e  and a r e  undergoing some matura t ion  (development) o r  r ipening  which 
w i l l  permit  r eco lon iza t ion  by p l a n t s  and r i c e  c u l t i v a t i o n .  Generally,  
s eve ra lyea r s  of reclamation w i l l  be  requi red  before  r i c e  can be grown on them, 
with t h e  except ion of those  s o i l s  which have a l ready  shown some maturat ion and 
a reduct ion  i n  s u l f i d e  concent ra t ion  i n  t h e  upper s o i l  horizon. 

ISRA and ORSTOH s o i l  s c i e n t i s t s  be l i eve  t h a t  t h e s e  s o i l s  can be used 
i f  t h e  upper 20  t o  30 cent imeters  i n  depth can be reclaimed. Microcatchments 
and d r a i n s  a r e  one way of reclaiming t h i s  land.  S o i l  amendments such a s  l i m e ,  
ground rock phosphate,  phosphate s l a g ,  and some phosphate f e r t i l i z e r s  can a l s o  
be used t o  permit  r i c e  c u l t i v a t i o n .  Rice w i l l  withstand r e l a t i v e l y  acid 
condi t ions  (down t o  about a  3.5 pH th re sho ld )  i f  n u t r i e n t  a v a i l a b i l i t y  is n o t  
below crop growth requirements.  

( 2 )  P o t e n t i a l l y  a c i d  s o i l s :  F ie ld  inves t iga t ions  by t h e  
PP team separa ted  t h e  p o t e n t i a l l y  a c i d  s o i l s  i n t o  t h r e e  ca t egor i e s  based on 
t h e i r  p o t e n t i a l  a c i d i t y ,  which r e l a t e s  d i r e c t l y  t o  s u l f i d e  content .  Su l f ide  
accumulation i s  i n  t u r n  a func t ion  of s lope  p o s i t i o n  and, probably, of t h e  
amount of t ime over which s u l f u r  has been deposi ted on t h e s e  s o i l s .  The s o i l s  
h igher  on t h e  s lope  have lower s u l f i d e  content  and lower p o t e n t i a l  f o r  
a c i d i f i c a t i o n .  The s l i g h t  and moderate p o t e n t i a l  s o i l s  have a l ready  undergone 
some oxida t ion .  They have a l s o  matured more than t h e  p o t e n t i a l l y  high acid 
s o i l s .  A l l  t h r e e  sub-categories  of t h i s  p o t e n t i a l l y  ac id  s o i l s  group a r e  
c u r r e n t l y  being used f o r  r i c e  product ion.  There i s  no mangrove vegetat ion on 
t h e s e  s o i l s  because they  e i t h e r  dry  o u t  each year o r  because they a r e  
s a l i n i z e d .  

S i t e  s e l e c t i o n  w i l l  n o t  be  s i g n i f i c a n t l y  a f f ec t ed  by t h e  presence of 
t h e  s l i g h t .  t o  moderate p o t e n t i a l l y  ac id  s o i l s .  The high p o t e n t i a l l y  acid 
s o i l s  a r e  t h e  more r e c e n t  ( l e s s  a l t e r e d )  s o i l s .  Thei r  presence i n  s i g n i f i c a n t  
q u a n t i t i e s  w i l l  r e q u i r e  t h a t  t h e  water  con t ro l  s t r u c t u r e s  be operated t o  keep 
them a t  f i e l d  capac i ty  moisture content  ( o r  ebove) throughout t h e  year .  This  
may r e q u i r e  t h e  inf low of s a l t w a t e r  during p a r t  of t h e  d ry  season. S o i l  
s a l i n i t y  w i l l  remain a  problem on t h e s e  s o i l s .  They a r e  and can cont inue t o  
be used f o r  r i c e  product ion i f  kept  mois t .  
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( 3 )  Mangrove S o i l s :  Mangrove s o i l s  a r e  those  f o ~ n ~ e d  under 
t h e  in f luence  of mangrove vegeta t ion .  A t  a l l  s i t e s  v i s i t e d  t h e  n a t i v e  
vegeta t ion  was almost e n t i r e l y  absent .  These s o i l s  a r e  h ighly  organic  and 
have en extremely h igh  a c i d i f i c a t i o n  p o t e n t i a l .  While some have a l t e r e d  from 
f i b r i c  t o  muck s t a t u s ,  none o f f e r  much p o t e n t i a l  f o r  r i c e  product ion.  Only 
small  s t r i p s  of t h e s e  s o i l s  e x i s t  a t  most sites. They border  t h e  water 
courses  of t h e  bolongs. They l i e  n e x t  t o  t h e  high p o t e n t i a l  ac id  s o i l s  i n  
many a reas .  

Where t h e  mangrove s o i l s  a r e  of broader ex t en t ,  they  should be 
avoided. Building d ikes  on them would cause no f u r t h e r  o r  i r r e v e r s i b l e  
environmental damage, b u t  t h e i r  l a c k  of s t r u c t u r e  and consol ida t ion  makes it 
d i f f i c u l t  t o  bu i ld  s t a b l e  d ikes  and concre te  s l u i c e  g a t e s  on them. Their  
ex t ens ive  presence i n  t h e  Tanaff bolong caused t h e  exclusion of t h e  c e n t r a l  
bolong s i t e  and its replacement by s e l e c t e d  s i d e  va l l eys  a s  t h e  prefer red  
sites f o r  d ikes .  The opt ion  of excavat ion and/or bu i ld ing  s t zvc tu re s  on 
p i l i n g s  was excluded a s  being too  expensive. The Bounkiling d ike  s i t e  has  
been moved upstream from t h e  i n i t i a l  s i te  t o  avoid t h e s e  s o i l s .  An e x i s t i n g  
s t r u c t u r e  is s t e a d i l y  s inking  i n t o  t h e  muck mangrove s o i l s  t h e r e .  

The only recommended management approach t o  t h e s e  s o i l s  is  t o  
maintain them i n  t h e i r  wet s t a t e .  Diking w i l l  probably improve t h e  moisture 
s t a t u s  of t h e s e  s o i l s  when they  occur upstream i n  small va l l eys .  Exis t ing  
d ikes  have gene ra l ly  r e s u l t e d  i n  some recovery of mangrove s tands  a s  s a l t  
concent ra t ions  have dropped behind t h e  d ikes .  

The hydrology s t u d i e s  were c a r r i e d  o u t  by an ORSTOM s c i e n t i s t  and 
d a t a  was used by t h e  engineer  t o  determine appropr ia te  s i t i n g  and 
s p e c i f i c a t i o n  f o r  t h e  water-control works. Annex G.1.d. provides d e t a i l e d  
i n f o m ~ a t i o n .  The key p o i n t s  of t h e  s tudy  are :  

o  Small a n t i s a l t  d ikes  can withstand both t h e  ca l cu la t ed  ten  year  
f l oods  and t h e  known high t i d e  l e v e l s ;  

o  While t h e  drought has  l ed  t o  a  dec l ine  i n  average annual 
r a i n f a l l ,  n e i t h e r  t h e  l eng th ,  genera l  d a t e  of onse t ,  nor  peak i n t e n s i t y  of 
r a i n f  a1  1 has  changed ; 

o There has been an inc rease  i n  v a r i a b i l i t y  of r a i n f a l l  events  
e a r l y  i n  t h e  season and a t  t h e  end of t h e  r a i n y  season; 

o  Runoff r a t e s  from t h e  p l a t eau  and v a l l e y  s lopes  a r e  r e l a t i v e l y  
low. E r o d i b i l i t y  i s  no t  high.  There should be s u f f i c i e n t  e a r l y  season runoff 
t o  provide designed l e v e l s  of water f o r  a n t i - s a l t  d ikes  and r e t en t ion  
s t r u c t u r e s  ; 

o There w i l l  need t o  be a d d i t i o n a l  work done during t h e  p r o j e c t  on 
t h e  l inkage  between t h e  v a l l e y  and surroundir~g groundwater aqu i f e r  recharge 
and water q u a l i t y  c h a r a c t e r i s t i c s .  
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The succession of lower-rainf a l l  years  s i n c e  1969 and e spec i a l1  y s i n c e  
1979 has  modified t h e  hydrogeological  condi t ions  of t h e  Casamance va l leys .  

-Ten meter decreases  have been noted i n  some water- table  l e v e l s .  I11 t h e  
p r o j e c t  reg ion ,  one shal low a q u i f e r  and some deep a q u i f e r s  a r e  present .  Of 
t h e  deep aqu i f e r s ,  on ly  t h e  acqu i f e r  i n  t h e  sandy c l ay  depos i t s  of t h e  upper 
Ecocene is explo i ted .  The f r e s h  groundwaters flow toward t h e  t r i b u t a r i e s  and 
along t h e  banks "compete" on a  continuous f r o n t  with t h e  s a l t  waters of t h e  
t r i b u t a r i e s .  

C. ECONOMIC ANALYSIS 

The ca l cu la t ed  Economic I n t e r n a l  Rate of Return (IRR) of t h e  SZWMP is 
22%. The s e n s i t i v i t y  a n a l y s i s  shows t h a t  with a decrease i n  b e n e f i t s  of 30%, 
t h e  IRFt would drop t o  1 7 %  and a  decrease  i n  b e n e f i t s  of 50% would still show 
an I R R  of 12%. The d e t a i l s  of t h e  economic a n a l y s i s  a r e  presented i n  t h e  
Economic Analysis annex (Annex 6.2). Table 6 summarizes t h e  s e n s i t i v i t y  
a n a l y s i s .  I t  shows t h a t  t h e  p r o j e c t  d e s i ~ n  is robus t  and makes ecodomic sense  
even a t  g r e a t l y  reduced b e n e f i t  f lows. 

S e n s i t i v i t y  of P r o j e c t  I R R  t o  Decreased Surface Area and Yield 
Levels.  

......................................................... 
! expected ! x $243 = ! 22% ! x $243 = ! 1 7 %  ! 
! 15,000 ha ! $6.561 m i l !  ! $4.593 m i l !  ! 
......................................................... 
! reduced by 30% ! x $243 = ! 17% ! x $243 = ! 9% ! 
! 10,500 ha ! $4.593 m i l !  ! $3.215 m i l !  ! 

Note: Estimated economic Casamance farm g a t e  p r i c e  f o r  paddy i n  
1990 i s  $243/t .  

Although t h e  t echn ica l  a s s i s t a n c e ,  t r a i n i n g ,  research ,  monitoring and 
eva lua t ion  c o s t s  a r e  s u b s t a n t i a l ,  t h e  economic v i a b i l i t y  of t h e  p r o j e c t  does 
n o t  rest on t h e  ca lcu la t ior l  of pos t -pro jec t  spread e f f e c t s ,  no tab ly  t h e  
f u e t h e r  reclamation and improvement of land and t h e  va lue  of t h e  c r ea t ion  of 
i n s t i t u t i o n a l  c a p a b i l i t y .  The I R R  is based on t h e  assumption t h a t  during t h e  
e i g h t  years  of USAID a s s i s t a n c e ,  15,000 ha w i l l  b e n e f i t  from t h e  p r o j e c t .  The 
t o t a l  economic c o s t  from a l l  sources (USAID, GOS, v i l l a g e s )  f o r  t h e  
recuperation/improvement of 15,000 ha amounts t o  $14,203,000 a t  cons tan t  1987 
p r i c e s .  The investment c o s t  p e r  ha w i l l  be  $947. The con t r ibu t ion  of t h e  
Senegalese econoiuy i n  t h e  form of v i l l a g e  l abo r ,  investments i n  c i v i l  works, 
govet-nment o f f i c i a l s ,  l o g i s t i c a l  support  and o f f i c e  space is approximately 
$2.7 mi l l i on .  
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The n e t  product ion f i g u r e  of 1 .8  t ons  of paddy r i c e  p e r  hec t a re  takes  
i n t o  cons idera t ion  t h e  e x i s t i n g  r i c e  product ion on t h e  uplands,  t h e  expected 
dec rease  i n  product ion of o t h e r  (cash)  crops and t h e  v i l l a g e  labor  required 
f o r  t h e  maintenance of t h e  i n f r a s t r u c t u r e ,  which is deducted from t h e  gross  
product ion expected t o  be  2.5 t / h a .  I t  is expected t h a t  t h e  p r i v a t e  s e c t o r  
may become more a c t i v e  i n  supplying t h e  necessary inpu t s  a s  a  r e s u l t  of t h e  
NAP and t h e  A. I. D. -funded Agr i cu l tu ra l  Production Support p r o j e c t .  On l5,OOO 
ha the armual product ion would be  t h e  equiva len t  of 19,500 tons  of white 
r i c e .  This  product ion would have a  va lue  of $4,739,000 and represent  , 

approximately 6% of t h e  p re sen t  annual l e v e l  of na t iona l  r i c e  imports.  

I f  p ro j ec t  a c t i v i t i e s  would cont inue a t  t h e  same pace f o r  another  12 
yea r s ,  an a d d i t i o n a l  25,000 ha could be  reclaimed and/or improved, br inging 
t h e  t o t a l  a r ea  a f f ec t ed  by t h e  p r o j e c t  t o  40,000 hec t a re s .  Once t h i s  su r f ace  
a rea  has reached f u l l  product ion,  and i f  a t  l e a s t  50% of t h e  farmers has 
access  t o  moder-n i n p u t s ,  t h e  n e t  a d d i t i o n a l  production p e r  hec t a re  could be 
conse rva t ive ly  e s t i n ~ a t e d  a t  two tons  of paddy r i c e  pe r  ha per  year .  Based on 
t h e  World Bank pro jec ted  1990 world market p r i c e  f o r  r i c e ,  t h e  economic value 
of t h e  Casamance paddy r i c e  would be  $243 p e r  ton.  Therefore,  t h e  t o t a l  
a d d i t i o n a l  va lue  would be  n e a r l y  $20 mi l l i on .  The November 1987 economic farm 
g a t e  p r i c e  i s  $205/ton w h i l s t  t h e  government f ixed  farm g a t e  p r i c e  f o r  t h e  
1987- ha rves t  is $300/ton. 

The t o t a l  a d d i t i o n a l  paddy product ion on t h e s e  40,000 ha would be t h e  
equ iva l en t  of 52,000 t o n s  of white  r i c e ,  which i s  15% of t h e  p re sen t  l e v e l  of 
r i c e  imports (340,000 tons /y r  . The fo re ign  currency savings  t o  t h e  Senegalese 
economy i f  f u l l  product ion on 40,000 ha could be achieved would amount t o  
n e a r l y  $20 m i l l i o n  p e r  year  a t  es t imated 1990 world mar-ket r i c e  p r i c e  l e v e l s .  

Other s u b s t a n t i a l  economic b e n e f i t s  a r e  environmental and n a t u r a l  
resource  r e l a t e d .  However, i n s u f f i c i e n t  d a t a  is a v a i l a b l e  t o  value them. The 
a n t i - s a l t  d ikes  w i l l  recover  s u b s t a n t i a l  amounts of v a l l e y  land ,  which w i l l  
lower t h e  p re s su re  on t h e  uplands.  Overal l  water resources  w i l l  be b e t t e r  
used a s  a  r e s u l t  of improved water management. I n  a d d i t i o n ,  recovery of palms 
and o the r  t r e e s  around t h e  lower v a l l e y s  is expected a s  w e l l  a s  an inc rease  i n  
f i s h e r y  p o t e n t i a l .  

D .  FINANCIAL ANALYSIS 

The f i n a n c i a l  a n a l y s i s  concent ra tes  on t h e  b e n e f i t s  t h a t  t h e  farnlers and 
t h e i r  f a m i l i e s  would s tand t o  ga in  from t h e  p r o j e c t  i n t e rven t ion .  The r e s u l t s  
of t h e  f i e l d  work c a r r i e d  ou t  and t y p i c a l  farm budgets a r e  presented i n  t h e  
F inanc ia l  Analysis (Annex G.  3. ) . 

Yields  a r e  expected t o  i nc rease  a n e t  1.8 tons  of paddy p e r  hec t a re  a s  a 
r e s u l t  of t h e  a v a i l a b i l i t y  of more f e r t i l e  va l l ey  l ands ,  and t h e  b e t t e r  u s e  of 
a v a i l a b l e  water .  The t o t a l  a v a i l a b l e  su r f ace  a rea  per  family s u i t a b l e  f o r  
r i c e  product ion w i l l  i nc rease .  The inc rease  i n  y i e l d  w i l l  make t h e  f ami l i e s  
b e n e f i t t i n g  from t h e  p r o j e c t  s e l f - s u f f i c i e n t  i n  r i c e .  Rice production pe r  
fami ly  i n  t h e  reclaimed and/or improved va l l eys  w i l l  be f o u r  t o  seven t i m e s  
h igher  than  t h e  product ion obtained on t h e  s lope  and uplands,  given t h a t  
p re sen t  y i e l d s  a r e  on average 500 kg pe r  hec t a re .  
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The va lue  of product ion p e r  person day worked on t h e  c u l t i v a t i o n  of r i c e  
w i l l  i nc rease  by a f a c t o r  of s i x  when compared with t h e  c u l t i v a t i o n  of r i c e  on 
the uplands. The va lue  of paddy p e r  person day worked under p re sen t  
condi t ions  averages FCFA 170. The r e t u r n  t o  l abo r  w i l l  i nc rease  t o  FCFA 1100 
i n  t h e  with-project  s i t u a t i o n .  

Production of r i c e  w i l l  p rovide  t h e  h ighes t  r e t u r n  t o  labor  i n  t h e  
with-project  scenar io .  This  c o n t r a s t s  with t h e  cu r r en t  s i t u a t i o n  i n  which 
peanut production g ives  t h e  h ighes t  re turn  t o  labor  a t  approximately FCFA 
750/day. 

From t h e  in te rv iews  conducted with t h e  farmers ,  it was evident  t h a t  t hey  
a r e  s t i l l  p r imar i ly  subs i s t ence  farmers .  I n  t h e  p re sen t  s i t u a t i o n ,  i n  which 
r i c e  can no longer  be c u l t i v a t e d  i n  t h e  va l l eys  and r i c e  production has 
s h i f t e d  t o  t h e  l e s s  product ive  uplands,  it would make f i n a n c i a l  sense t o  
concent ra te  on t h e  product ion of groundnuts,  and use  t h e  proceeds of t h e  s a l e  
of groundnuts t o  purchase r i c e .  The proceeds of one ha of peanuts a t  cu r r en t  
p r i c e s  would al low t h e  purchase of t h e  equiva len t  production of four  ha of 
upland r i c e .  

However, it was found t h a t  every fami ly  was s t i l l  producing r i c e ,  d e s p i t e  
t h e  lower y i e l d s  and t h e  f a c t  t h a t  peanut production would be more 
remunerative. I n  a few v i l l a g e s ,  it was noted t h a t  some f a m i l i e s  had 
p a r t i a l l y  s h i f t e d  away from r i c e  product ion i n  favor  of peanut product ion,  bu t  
t h i s  s h i f t  was n o t  a general  one. 

A t  p r e sen t  p r i c e  l e v e l s ,  ca l cu la t ed  revenues pe r  person day worked i n  
r i c e  and peanut production a r e  equal  a t  a y i e l d  of 1 . 2  t ons  of paddy per  
hec t a re  and one t o n  of peanuts  p e r  hec t a re .  

E. SOCIAL SOUNDNESS ANALYSIS 

The Soc ia l  Soundness Analysis '  i s  presented i n  Annex G .  4 .  The 
a n a l y s i s  p re sen t s  t h e  most important a spec t s  of t h e  farming systems i n  t h e  
p r o j e c t  zone a f f e c t i n g  p r o j e c t  inrplementation. I n  add i t i on ,  t h e  ana lys i s  
a s se s ses  t h e  v a l i d i t y  of a number of key assumptions t o  achieving p r o j e c t  
ob jec t ives .  Throughout t h e  a n a l y s i s ,  t h e  importance of p r e - c o n s t ~ u c t i o n  
b a s e l i n e  da t a  on each key assumption emerges a s  c r i t i c a l  t o  p r o j e c t  success ,  ' 

hence t h e  important emphasis placed on t h e  r o l e  of t h e  r eg iona l  water 
management teams i n  t h e  p r o j e c t  design.  

1. farm in^ Systems i n  t h e  P r o j e c t  Zone 

Two major e t h n i c  groups, and t h e i r  r e spec t ive  farming systems, 
predominate i n  t h e  p r o j e c t  zone. Both groups, Diola and Mandinka, grow r i c e ,  
m i l l e t ,  sorghum, maize, and groundnuts. Among t h e  Diola ,  farming t a s k s  f o r  
a l l  crops a r e  shared between men and women. Hen a r e  respons ib le  f o r  land 
c l e a r i n g  ar.d t i l l i n g ,  while  women do t h e  p lan t ing .  Both sexes p a r t i c i p a t e  i n  
weeding and harves t ing  a l l  crops.  Agr i cu l tu ra l  t a s k s  among t h e  Mandinka a r e  
divided between men and women by crop. Women a r e  e n t i r e l y  responsible  f o r  
r i c e  production while  men c u l t i v a t e  maize, m i l l e t ,  sorghum, and groundnuts. 
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I n  both farming systems, producers  have been forced t o  s h i f t  t h e i r  r i c e  
f i e l d s  from t h e  inc reas ing ly  s a l i n e  v a l l e y  f l o o r s  t o  t h e  h ighe r  s lopes .  

.Although n o t  s a l t - a f f e c t e d ,  t h e  s o i l s  on t h e  s lopes  have a  poorer  water 
r e t e n t i o n  capac i ty  than  t h e  v a l l e y s ,  and consequently a  lower y i e ld  
p o t e n t i a l .  The c u l t i v a t i o n  of upland c e r e a l  crops among t h e  Diola i n t e n s i f i e d  
only  a s  a  response t o  dec l in ing  r i c e  y i e l d s .  Although t h e s e  crops have long 
been a  p a r t  of t h e  Handinka farming system, women a r e  ~ r a d u a l l y  including 
groundnut c u l t i v a t i o n  i n  t h e i r  f  azming calendar  t o  compensate f o r  poor r i c e  
y i e l d s .  

Rice i s  t h e  p re fe r r ed  s t a p l e  food i n  t h e  p r o j e c t  zone. I n  t h e  p a s t ,  
fazm f a m i l i e s  grew s u f f i c i e n t  q u a n t i t i e s  of r i c e  each year  t o  s u b s i s t  a t  l e a s t  
u n t i l  t h e  fol lowing ha rves t .  Surpluses  were common, and t h e i r  s a l e  allowed 
farmers  t o  i n v e s t  i n  c a t t l e  o r  o the r  personal  needs. Recently,  however, most 
f a m i l i e s  have been faced with d e f i c i t  r i c e  production l e v e l s .  With dec l in ing  
r a i n f a l l  l e v e l s  and t h e  rap id  i n t r u s i o n  of s a l t  water i n t o  t h e  r i v e r  and 
t r i b u t a r y  v a l l e y s ,  t h e  s u r f a c e  a rea  of product ive r i c e  land i s  corltSnuously 
shr inking .  I t  is n o t  uncommon f o r  f a m i l i e s  t o  begin purchasing r i c e  only 
t h r e e  months a f t e r  t h e  ha rves t .  Furthermore, s i n c e  y i e l d s  from upland food 
and cash crops have a l s o  dec l ined ,  many households have been forced t o  borrow 
on subsequent h a r v e s t s .  The incidence of f ami l i e s  l i v i n g  i n  continuous debt  
i s  becoming more and more f requent .  

2.  Demand f o r  Water-Control S t ruc tu re s  

Two types of demand f o r  water-control  s t r u c t u r e s  exist:  e x p l i c i t  and 
i m p l i c i t .  Furthermore, t h e  type  and magnitude of demand f o r  p a r t i c u l a r  kinds 
of s t r u c t u r e s  -- a i l t i - s a l i n i t y ,  water r e t e n t i o n ,  and upland contour bern~s -- 
vary between t h e  Ziguinchor region and Sedhiou department. 

a .  A n t i - s a l i n i t y  Dikes 

The t r a d i t i o n  of a n t i - s a l i n i t y  d ike  cons t ruc t ion  among t h e  Diola i n  t h e  
Ziguinchor reg ion  has been well-establ ished f o r  c e n t u r i e s .  With t h e  
in t roduc t ion  of improved g a t e s  which could r e g u l a t e  t h e  water l e v e l  upstream 
of t h e  d ikes ,  farmers inmediately recognized t h e i r  p o t e n t i a l  b e n e f i t .  The 
demand f o r  a n t i - s a l i n i t y  d ikes  i n  t h e  Ziguinchor reg ion  can be described a s  
e x p l i c i t .  For t h e  most p a r t ,  r i c e  farmers i n  t h i s  a r ea  c l e a r l y  understand t h e  
func t ion  of t h e  d ikes ,  have years  of experience with them, and s e e  them a s  
important  i n  p ro t ec t ing  r i c e  land from s a l t  water degradat ion.  

Fu r the r  e a s t  i n  t h e  Sedhiou department,  s a l i n e  i n t r u s i o n  is a  r e l a t i v e l y  
new phenomenon. I n  t h e  upstream p o r t i o n s  of some Sedhiou va l l eys ,  s a l t  
i n t r u s i o n  occured f o r  t h e  f i r s t  t ime t h i s  year .  Without m i t i g a t i v e  measures, 
t h e s e  farmers w i l l  soon be coping with t h e  same problems a s  t h e i r  downstream 
neighbors .  

Examples of a n t i - s a l t  d ikes  a r e  s c a t t e r e d  around t h e  Sedhiou department; 
Iiowever, demand i n  t h e  Sedhiou department appears t o  be more i m p l i c i t  i n  
na tu re .  That i s ,  t h e  need t o  a r r e s t  s a l i n e  intzwsion is c l e a r ,  bu t  t h e  
s o l u t i o n  of constrwcting a n t i - s a l i n i t y  d ikes  i s  n o t  a s  ev ident  t o  f a r n ~ e r s  a s  
i t  is i n  t h e  western p a r t  of t h e  Ziguinchor region.  
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b  . Water Retent ion Dikes 

I n  both Ziguinchor and Sedhiou, t h e  demand f o r  water r e t e n t i o n  d ikes  
appears t o  be more i m p l i c i t  than  e x p l i c i t .  Only s i x  r e t e n t i o n  d ikes  have thus  
f a r  been constructed under P I D A C  superv is ion  i n  ea s t e rn  Casamance. In  
Sedhiou, r e t e n t i o n  d ikes  a r e  even more scarce .  

The i m p l i c i t  demand i s  c l e a r l y  i l l u s t r a t e d  by farmers '  own e f f o r t s  a t  
developing water r e t e n t i o n  s t r a t e g i e s .  For exanrple, a  l abo r  i n t ens ive  system 
of digging small holes t o  trap rainwater i n  rice fields i s  being practiced i n  
both r sg ions .  Thio systum produces very low y i e l d s  because the  p l a n t  dens i ty  
p e r  u n i t  a r ea  is very low. 

A f u r t h e r  i n d i c a t o r  of t h e  i m p l i c i t  demand f o r  r e t e n t i o n  dikes.  i s  t h e  
manner i n  which many v i l l a g e s  choose t o  ope ra t e  t h e  s l u i c e  ga t e s  on t h e i r  
a n t i - s a l i n i t y  d ikes .  The t iming of opening and c los ing  t h e  ga t e s  recommended 
t o  farmers  is designed t o  f a c i l i t a t e  t h e  f lu sh ing  of s a l t  from t h e  barren 
a reas .  However, farmers g ive  p r i o r i t y  t o  securing y i e l d s  on p re sen t  r i c e  
f i e l d s  r a t h e r  than t o  recovering f i e l d s  f o r  f u t u r e  use.  I n  p r a c t i c e ,  t h i s  
means keeping t h e  g a t e  closed t o  a l low t h e  impounded water l e v e l  t o  reach 
beyond t h e  abandoned a r e a  t o  h igher  ground, t h e  loca t ion  of t h e i r  p resent  
f i e l d s  . 

c  . Pla teau  S t r u c t u r e s  

Farmers have l i t t l e ,  i f  any, experience with s o i l  and water conservat ion 
s t r u c t u r e s  (contour  berms, water d ivers ions ,  e t c .  ) on t h e  p l a t eaus .  No 
evidence was found of any o rgan iza t ions  which have attempted t o  introduce such 
s t r u c t u r e s .  

The p r o j e c t  design r equ i r e s  v i l l a g e s  t o  i n i t i a t e  t h e  process  of water 
management by making a  f o ~ m a l  r eques t  f o r  a s s i s t a n c e  t o  t h e  p r o j e c t .  Pas t  
experience is an i n d i c a t o r  of t h e  varying v a l i d i t y  of t h e  reques ts  vis-a-vis 
t h e  v i l l a g e ' s  commitment t o  provide  a l l  r e q u i s i t e  c o n s t ~ r r c t i o n  labor .  While 
some v i l l a g e s  made r eques t s  with no i n t e n t i o n  t o  mobil ize t h e  needed labor  
f o r c e ,  o t h e r s  have been completed wi th  v i l l a g e  l abo r .  C lea r ly ,  t h e  v a l i d i t y  
of r eques t s  c a ~ m o t  be assessed simply by t h e  v i l l a g e ' s  w r i t t e n  l e t t e r s .  The 
p r o j e c t  design de f ines  a  procedure whereby each v i l l a g e  request; is 
sys t ema t i ca l ly  evaluated and subsequent ly monitored by a  mu l t i -d i sc ip l ina ry  
water management team. 

Where i m p l i c i t  demand e x i s t s ,  t h e  p r o j e c t  w i l l  have t o  s t r i k e  a  balance 
between wait ing f o r  v i l l a g e  i n i t i a t i o n  and developing an awareness of t h e  
opt ions  a v a i l a b l e  t o  farmers i n  so lv ing  t h e  water management problems. 

The p r o j e c t  has  proposed a  s t r a t e g y  of coordinated watershed management. 
Not even an i m p l i c i t  demand e x i s t s  f o r  upland s o i l  and water conservation 
s t r u c t u r e s .  Therefore,  any demand f o r  t h e s e  s t r u c t u r e s  w i l l  have t o  be 
generated through an intens ive  program of 'f arn~er educat ion and extension.  The 
concept might b e s t  be introduced on a  p i l o t  b a s i s  i n  one watershed where more 
than  one water-control s t r u c t u ~ - e  a l r eady  e x i s t s .  
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3. Labor A v a i l a b i l i t y  

The exodus of able-bodied a d u l t s  from t h e  r u r a l  a r eas  has been a  
well-documented phenomenon, no tab ly  by t h e  Harza Master p lan  i n  1984 and more 
r ecen t  ISRA research  r epor t s .  The p r o j e c t ,  t he re fo re ,  can expect t o  be 
confronted with a  l imi ted  a v a i l a b i l i t y  of cons t ruc t ion  l abo r  i n  some 
v i l l a g e s .  Experiences of water management p r o j e c t s  confirm t h i s  l imited l abo r  
a v a i l a b i l i t y ,  p a r t i c u l a r l y  during t h e  dry  season when seasonal  migrants leave  
t h e  v i l l a g e  i n  search  of wage labor .  

To compensate f o r  cons t ruc t ion  l abo r  shortages,  t h e  p r o j e c t  w i l l  provide 
bas i c  machinery t o  l i gh ten  t h e  work load;  f o r  example, a  tractor-drawn plow t o  
loosen t h e  s o i l  and a  t r a i l o r  t o  haul  s o i l  t o  t h e  d ike  s i t e .  Furthermore, 
p r o j e c t  a s s i s t ance  with d ike  compaction and s t a b i l i z a t i o n  (with l a t e r i t e )  w i l l  
minimize t h e  need f o r  maintenance l abo r  during t h e  l i f e  of t h e  dike.  

Supplemental cons t ruc t ion  labor  could a l s o  be h i red  by t h e  v i l l a g e s  
us ing  t h e  l o c a l  t a x  r eba t e  (fonds de  contours). These funds a r e  retuz-ned t o  
t h e  v i l l a g e  through t h e  sous-prefet and a r e  intended f o r  u se  on village-based 
development p r o j e c t s .  

Labor a v a i l a b i l i t y  i s  n o t  expected t o  be a  cons t r a in t  t o  explo i t ing  
reclaimed and improved va l l ey  land. A t  s i t e s  where a n t i - s a l t  d ikes  have been 
constructed and previously s a l i n e  s o i l s  recovered, t h e  o r i g i n a l  owners have 
tended t o  s h i f t  back t o  t h e  va l l ey  f l o o r .  No ins tances  have been c i t e d  where 
t h i s  land was l e f t  uncul t iva ted .  Rice farmers consider  it t o  be t h e  super ior  
land.  With t h e  cons t ruc t ion  of water-retent ion d ikes ,  t h e  i s s u e  of explo i t ing  
t h e  improved land does n o t  a r i s e  because t h i s  land had n o t  been abandoned i n  
t h e  f i r s t  place.  The i s s u e  i s  one of s t a b i l i z i n g  and improving y i e lds  on 
a l ready  cu l t i va t ed  r i c e  land.  

The amount of ava i l ab l e  labor  v a r i e s  from v i l l a g e  t o  v i l l a g e .  Work 
schedules must be determined on a  s i t e -by - s i t e  b a s i s  tak ing  f u l l  account of 
t h e  labor  ava i l ab l e  t o  each v i l l a g e .  This implies  t h a t  t h e  speed of 
developnlent may be slower than what may be considered i d e a l  by t h e  p ro j ec t .  

In s p i t e  of fat-me.rst genuine e f f o r t s  t o  provide a l l  r e q u i s i t e  labor f o r  
d ike  cons t ruc t ion ,  t h e r e  w i l l  be some v i l l a g e s  which lack  a  l a rge  enough work 
fo rce .  The p r o j e c t  w i l l  work f i r s t  with those v i l l a g e s  t h a t  can indeed 
provide t h e  r e q u i s i t e  labor .  Requests from labor-poor v i l l a g e s  could be 
monitored t o  v e r i f y  a  genuine shortage,  then a s s i s t e d  with t h e  d e f i c i t  i n  
l a t e r  years  of t h e  p r o j e c t .  Without d ike  cons t ruc t ion ,  more land w i l l  be l o s t  
t o  s a l t  i n t r u s i o n  fo rc ing  more people t o  leave t h e  v i l l a g e ,  thereby f u r t h e r  
reducing labor  supply. The p r o j e c t  should make a  cont r ibu t ion  t o  breaking 
t h e  cyc l e  of rural-urban permanent migration. 
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4 .  Vi l lage  P a r t i c i p a t i o n  

There a r e  a  number of t r a d i t i o n a l  v i l l a g e  i n s t i t u t i o n s  which a r e  conmon 
t o  nea r ly  a l l  e thn ic  groups i n  Ziguinchor and Sedhiou. They include t h e  
v i l l a g e  c h i e f ,  counci l  of e l d e r s ,  men's and women's groups of age pee r s ,  and 
a g r i c u l t u r a l  work groups. 

Organizational s t ruc tu re s  l i nk ing  two o r  more v i l l a g e s  have t r a d i t i o n a l l y  
been somewhat informal.  A s  v i l l a g e s  a r e  no longer s e l f - s u f f i c i e n t  i n  food, 
and a s  t h e  t r a d i t i o n a l  economy becomes ever  more market o r i en t ed ,  
i n t e r -v i l l age  l i n k s  become e s s e n t i a l  and more frequent .  Superimposed on t h e  
s t r u c t u r e  of t r a d i t i o n a l  v i l l a g e  groups i s  a  p le thora  of modern 
organiza t ions .  Some a r e  formal i n s t i t u t i o n s  s e t  up under t h e  auspices of 
n a t i o n a l  government agencies while o t h e r s  have been organized by PVOs around 
p a r t i c u l a r  development a c t i v i t i e s .  The most common of t hese  s t r u c t u r e s  a r e  
described i n  d e t a i l  i n  t h e  I n s t i t u t i o n a l  Analysis (Annex G .  4 .  ) . 

Given t h e  p r o j e c t  s t r a t e g y  of coordinated watershed management, t h e  
importance of involving a l l  concerned v i l l a g e s  from t h e  onse t  cannot be 
overemphasized. A conmion cons t r a in t  t o  working with v i l l a g e  groups is t h e  
varying degree of cohesion and s t r e n g t h  among t h e  groups concerned. Some 
v i l l a g e s  a r e  more d i f f i c u l t  t o  work with than o thers .  For example, v i l l a g e s  
which, i n  t h e  p a s t ,  have benef i ted  from "free" donor a s s i s t ance  a r e  no t  
i n t e r e s t e d  i n  co l labora t ing  on p r o j e c t s  cont ingent  on v i l l a g e  p a r t i c i p a t i o n .  
Also, d i f f i c u l t i e s  have been encountered i n  reaching a  v i l l a g e  concensus i n  
fragmented o r  very l a r g e  v i l l a g e s .  

The p r o j e c t  has adopted a well-defined s t r a t e g y  f o r  assessing v i l l a g e  
readiness  t o  p a r t i c i p a t e .  Before honoring a  v i l l a g e ' s  reques t  f o r  a s s i s t ance ,  
t h e  p r o j e c t  team w i l l  convene a  s e r i e s  of general v i l l a g e  o r i en t a t ion  meetings 
t o  assess :  t h e  v i l l a g e ' s  c l a r i t y  i n  problem i d e n t i f i c a t i o n ;  t h e  presence of a  
f e l t  need f o r  a  p a r t i c u l a r  water con t ro l  in te rvent ion;  an understanding of t h e  
proposed in te rvent ion;  t h e  s o l i d i t y  of t h e  v i l l a g e r s  conmi tment t o  s ee  t h e  
p r o j e c t  through; t h e i r  u n i t y  i n  t h i s  ob jec t ive ;  and t h e i r  a b i l i t y  t o  mobilize 
themselves t o  complete t h e  t a sk .  This  w i l l  o f t en  be a long and painstaking 
process  through which agreements a r e  reached on t h e  type and loca t ion  of t h e  
proposed d ike  ( i f  no t  a l ready  s t a r t e d  by t h e  v i l l a g e ) ,  and t h e  expected 
cont r ibu t ions  of t h e  v i l l a g e  and t h e  p r o j e c t  . This pre-construction s i t e  
prepara t ion  and s e n s i t i z a t i o n  process  ( " sens ib i l i s a t ion" )  w i l l  be  v i t a l  i n  
e s t ab l i sh ing  an e f f e c t i v e  working r e l a t i o n s h i p  with t h e  v i l l a g e .  

No system has ye t  been introduced t o  quant i fy  expected v i l l a g e  labor  
cont r ibu t ions .  Experience has shown t h a t  a  wr i t ten  con t r ac t  between t h e  
p r o j e c t  and a v i l l a g e  l eade r  alone c a r r i e s  l i t t l e  weight a s  f a r  a s  v i l l a g e r s  
a r e  concerned. The p r o j e c t  w i l l  f i r s t  nego t i a t e  t h e  agreements between t h e  
p r o j e c t  Water Management Teams and t h e  Vi l lage  Water Hanagement Conmti t t e e s  . 
Then, t o  ensure t h a t  a l l  concerned v i l l a g e r s  a r e  behind t h e  agreement, a  
genera l  meeting w i l l  be  convened a t  which t h e  agreements a r e  conmmnally 
witnessed and each ind iv idua l  acknowledges concurrence with t h e  agreements 
presented.  This c r e a t e s  a  s t rong  motivation f o r  v i l l a g e r s  t o  abide by the 
terms. The d e f i n i t i o n  of sanc t ions  aga ins t  v i l l a g e r s  who do no t  abide by t h e  
terms of t h e  con t r ac t  should be l e f t  e n t i r e l y  with t h e  Water Management 
Committee . 
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Two elements emerge a s  c r i t i c a l  f o r  ensuring e f f e c t i v e  operat ion and 
maintenance of completed s t r u c t u r e s .  F i r s t l y ,  it is much e a s i e r  t o  set up a  
maintenance and opera t ion  system i f  done gradua l ly  throughout t h e  planning and 
cons t ruc t ion  phase r a t h e r  than wai t ing  u n t i l  a f t e r  cons t ruc t ion  is  complete. 
Secondly, v i l l a g e s  need infozn~at ion  on how t o  go about opera t ing  t h e  s l u i c e  
g a t e s  and maintaining t h e  d ikes .  The p r o j e c t  e n t r u s t s  t h i s  r e s p o n s i b i l i t y  t o  
t h e  same Vi l l age  Water Management Conunittee charged with overseeing t h e  
cons t ruc t ion  phase.  I n  t h i s  way, n o t  only a r e  t h e  problems of operat ion and 
maintenance d e a l t  with from t h e  onse t ,  bu t  con t inu i ty  is insured between 
cons t ruc t ion  and opera t ion .  

5. Land Tenure System 

The land t enu re  system is based on u s u f ~ v c t o r y  r i g h t s  with a l l  v i l l a g e r s  
having t h e  r i g h t  t o  t h e  u se  of land f o r  subs is tance .  The founding' f ami l i e s  
gene ra l l y  have permanent t e n u r i a l  r i g h t s  over t h e  b e s t  land by v i r t u e  of t h e i r  
e a r l y  se t t l ement  i n  t h e  a r ea  and t h e i r  choice of t h e  most product ive ,land f o r  
c l e a r i n g .  Nevertheless ,  c o l l e c t i v e  concerns a r e  fundamental and any v i l l a g e r  
can a t  l e a s t  borrow land f o r  c u l t i v a t i o ~ h .  

Despi te  t h e s e  bas i c  r i g h t s ,  rlu~aerouv land-related c o n f l i c t s  have elnerged 
i n  t h e  course of water-control p r o j e c t  inplumantation. Those c o n f l i c t s  have 
been of two b a s i c  types:  

o Between borrowers and o r i g i n a l  land holders  -- Under t r a d i t i o n a l  
land t enu re  law, e t e r n a l  r i g h t s  over land rest with t h e  o r i g i n a l  
t i l l e rs .  With t h e  i n t roduc t ion  of t h e  n a t i o n a l  land law ( l o i  s u r  l e  
domaine n a t i o n a l ) ,  primary r i g h t s  a r e  t h e o r e t i c a l l y  extended t o  t h e  
cu r r en t  u s e r s .  Although t h e  t r a d i t i o n a l  laws a r e  s t i l l  respected i n  
t h e  v i l l a g e s ,  borrowers w i l l  always wish t o  own land of t h e i r  own. 
A common source  of land c o n f l i c t ,  t he re fo re ,  i s  when borrowers 
a t tempt  t o  ove r r ide  t h e  t r a d i t i o n a l  laws and s t a k e  land claims of 
t h e i r  own. By cons t ruc t ing  intprovements such a s  water-control 
d ikes ,  t h e i r  s t a t u s  a s  c u r r e n t  u s e r  is enhanced. 

o  Between two v i l l a g e s  with c o n f l i c t i n g  claims -- Often, two v i l l a g e s  
claim t e n u r i a l  r i g h t s  over t h e  same p l o t  of l and .  In cases  of 
long-standing c o n f l i c t s ,  t h e  two v i l l a g e s  tend t o  come t o  some s o r t  . 
of temporary se t t l ement  i n  t h e  i n t e r e s t  of peaceful  co-existence; 
f o r  example, l eav ing  disputed land uncul t iva ted  o r  l e t t i n g  t h e  
c o n f l i c t  l i e  dormant. With t h e  i n t i a t i o n  of d i k e  cons t ruc t ion ,  
t h e s e  c o n f l i c t s  o f t en  r e su r f ace .  

Many of t h e s e  i n t e r -  and i n t r a - v i l l a g e  land c o n f l i c t s  w i l l  be aver ted i n  
t h e  i n i t i a l  s t a g e s  of implementation by t h e  reg iona l  water management teams. 
A key t a s k  of t h e  team is t o  prepare  a  land u s e  and land tenure  map of t h e  
a r ea  a f f e c t e d  by t h e  water con t ro l  s t r u c t u r e .  Before cons t rvc t ion  begins ,  
agreements w i l l  be  reached among land "owners" and borrowers a s  t o  t h e  
post-construct ion use  of t h e  land .  This  w i l l  be v i t a l  t o  p r o j e c t  success .  
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Despite t h e  precaut ions taken by t h e  p r o j e c t  t o  a v e r t  land c o n f l i c t s ,  
u n c e r t a i n t i e s  remain about t h e  impl ica t ions  of t h e  na t iona l  land law and t h e  
ex t en t  t o  which, i n  p r a c t i c e ,  it w i l l  over r ide  t r a d i t i o n a l  law. Under t h i s  
law, t e n u r i a l  r i g h t s  a r e  based on possession of t h e  land and on productive u s e  
of t h e  land.  Conf l i c t s  r e s u l t  when u n i t s  which have long used such land 
r e s i s t  t h e i r  r e t u r n  t o  t h e  t r a d i t i o n a l  owners. Family u n i t s  borrowing land 
a l s o  have a  chance, under t h e  same law, t o  be a b l e  t o  claim t h e  land.  
Because of t h i s ,  t h e  v i t a l  r o l e  of t h e  p r o j e c t  Water Management Teams i n  
monitoring p o t e n t i a l  land d i spu te s  cannot be overemphasized. 

F. ENVIRONMENTAL ANALYSIS 

The S Z W  has undergone an unusual ly i n t ense  l e v e l  of erlvironmental 
review, i n  p a r t  because of t h e  b io log ica l  and physico-chemical coniplexity of 
t h e  environnent i n  which it w i l l  work, and, i n  p a r t  because d e f e r r a l  of some 
environmental review w i l l  b e  requi red  u n t i l  s p e c i f i c  i n f r a s t r u c t u r a l  fnixes and 
in t e rven t ion  sites a r e  i d e n t i f i e d .  

The o r i g i n a l  I E E  f o r  t h e  p r o j e c t  reconunended ca t egor i ca l  exclusions f o r  
t h e  TA, t r a i n i n g ,  s t u d i e s  and commodity components of t h e  p r o j e c t s ,  and these  
exclusions were approved by A.I.D./Washington on 11 J u l y  1987. The I E E  a l so  
recomended d e f e r r a l  f o r  i n f r a s t r u c t u r a l  in te rvent ions  pursuant t o  t h e  
provis ions  of 22 CFR 216. 3 ( a ) ( 7 ) ,  with A.I.D./Washington l a t e r  request ing i n  
87 S t a t e  260192 add i t i ona l  information on 1) in tervent ion  zone enviror~mental 
c h a r a c t e r i s t i c s ,  2) t h e  range of i n f r a s t r u c t u r a l  a l t e r n a t i v e s  t o  be considered 
f o r  p r o j e c t  f inancing,  and 3)  a  l ist  of environmental c r i t e r i a  f o r  
cons t ruc t ion  of each i n f r a s t r u c t u r a l  type.  Each of t hese  reques ts  was 
responded t o  i n  a  de t a i l ed  amendment prepared by t h e  REDSO/WCA Regional 
Environmental Off icer  along with t h e  f ind ings  of add i t i ona l  environmental 
review undertaken during PP development. Based on f u r t h e r  ana lys i s  during 
p r o j e c t  paper design,  t h e  I E E  recommends a  negat ive determination f o r  t he  
i n f r a s t r u c t u r a l  a c t i v i t i e s  with t h e  assurance t h a t  re levant  regional  and 
sub-regional e~lvironmentally-related s t u d i e s  t ake  p l ace  during t h e  p ro j ec t .  

A s  with t h e  o r i g i n a l  I E E ,  t h e  I E E  amendment was submitted t o  
A .  I. D.  /Washington with t h e  wr i t t en  concurrence of t h e  USAID/Senegal Pro jec t  
Development Off i c e ,  I r r i g a t i o n  and Water Management Off i c e ,  Mission Legal 
Advisor, and Mission Director .  The negat ive  determination reconm~ended i n  t h e  
I E E  amendment was approved by A. I .D.  /Washington on March 11, 1988. A copy of 
t h e  approval is included i n  Annex H.  

The overwhelming consensus among t echn ica l  s p e c i a l i s t s  (engineers ,  s o i l  
s c i e n t i s t s ,  a g r i c u l t u r a l i s t s ,  aqua t i c  eco log i s t s  and f i s h e r i e s  s p e c i a l i s t s )  
f a m i l i a r  with t h e  southern zone region,  i t s  n a t u r a l l y  changing environmental 
c h a r a c t e r i s t i c s ,  and t h e  m i x  of engineering i n f r a s t r u c t u r a l  in te rvent ions  
which have taken p l ace  t h e r e  t o  d a t e ,  is t h a t  water and s a l i n i z a t i o n  cont ro l  
through cons t ruc t ion  of small  a n t i - s a l t  d ikes  i n  t h e  lower va l leys  and 
freshwater  runoff catchment through cons t ruc t ion  of water r e t en t ion  s t r u c t u r e s  
i n  t h e  mid and upper va l l eys  a r e  c r i t i c a l  t o  s t a b i l i z i n g  t h e  preva i l ing  
d e t e r i o r a t i o n  of a g r i c u l t u r a l  land and water q u a l i t y  occuring n a t u r a l l y  i n  t h e  
region.  Far from represent ing  t h e  p o t e n t i a l  t o  r e s u l t  i n  s i g n i f i c a n t  adverse 
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environmental i npac t ,  t he se  types of i n f r a s t t v c t u r a l  in te rvent ions  a r e  
designed t o  r e s u l t  i n  t h e  e~wironmental  pro tec t ion  and/or t h e  amelioration of 
adverse environmental condi t ions on a g r i c u l t u r a l  and o the r  lands upslope from 
t h e  s t r u c t u r e s .  

With t h e  poss ib l e  exception of s o i l  a c i d i f i c a t i o n  p o t e n t i a l ,  t h e r e  a r e  
few i f  any environmental threshold c r i t e r i a  f o r  t h e  water cont ro l  
i n f r a s t r u c t u r e  t h e  exceedance of which would r e s u l t  i n  s i g n i f i c a n t  adverse 
environmental impact a t  t h e  s c a l e  envisioned f o r  p r o j e c t  in te rvent ions .  The 
environmental i s sues  r a i s ed  i n  t h e  I E E ,  a s  amended, f o r  t h e  S Z W  ( e . g . ,  
e s t u a r i n e  impacts, t e r r e s t r i a l  impacts, s o c i a l  and human hea l th  impacts) w i l l  
be  appropr ia te ly  addressed on a  watershed, subregional o r  regional  b a s i s  
r a t h e r  than through establ ishment  of in te rvent ion  - o r  s i t e  - s p e c i f i c  
environmental threshold c r i t e r i a .  

The i s sues  assoc ia ted  with cons t ruc t ion  of small d ikes  and b e m s  
r ep resen t  very gradual and cumulative impacts p o t e n t i a l l y  occuring due t o  
development of t h e  water-control i n f r a s t r u c t u r e  r eg iona l ly  by t h e  GOS and 
donor-funded p r o j e c t s .  The i s s u e  of s o i l  a c i d i f i c a t i o n  is addressed through a  
covenant which assures  t h a t  a n t i - s a l t  d ikes  w i l l  only be constructed above 
a reas  with a  c e r t a i n  percentage of p o t e n t i a l  acid s u l f a t e  s o i l s  o r  a lready 
a c i d i f i e d  s o i l s .  

The I E E ,  a s  amended, r equ i r e s  t h e  p r o j e c t  t o  undertake a  number of 
reg iona l  o r  sub-regional s t u d i e s  over t h e  l i fe -of -pro jec t ,  a s  follows: 

o  round-table d iscuss ion  of t h e  lessons  learned from t h e  whole range 
of a n t i - s a l t  barrages and operat ion of t hese  barrages i n  t h e  
southern zone, t o  t ake  p l ace  i n  Year Three o r  Four; 

o  s tudy of t h e  e f f e c t s  of water-control s t r u c t u r e s  on t h e  shallow 
groundwater t a b l e ,  t o  t ake  p l ace  i n  Year Two o r  Three; 

o  reg iona l  s tudy of t h e  cumulative e f f e c t s  of water cont ro l  s t r u c t u r e s  
under a  range of watershed development scenar ios  r e f l e c t i n g  no, low, 
moderate and f u l l  con t ro l  of upstream flows, t o  take  p lace  i n  Year 
Five; 

o  s tudy of t h e  e f f e c t s  of water cont ro l  s t r u c t u r e s  on water-associated 
d i sease  incidence,  t o  t a k e  p l ace  i n  Year Two; and 

o s tudy of t h e  impact of water cont ro l  s t r u c t u r e s  on t e r r e s t r i a l  
ecosystems and endangered spec i e s ,  t o  t ake  p lace  i n  Year Two o r  
Three. 

The cont rac tor  w i l l  be respons ib le  t o  assure  t h a t  t hese  s tud ie s  and 
reviews a r e  c a r r i e d  ou t  a s  planned. 

I n  add i t i on ,  t h e  p r o j e c t  w i l l  c a r r y  out  a  paired-watershed study over 
f i v e  years  a s  p a r t  of t h e  environmental monitoring of p r o j e c t  in te rvent ions .  
The s tudy w i l l  answer appl ied ,  s p e c i f i c  quest ions concerming e f f e c t s  of 
p r o j e c t  water con t ro l  s t ~ w c t u r e s  on s o i l s ,  water ,  crops,  f l o r a  and fauna. 
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Both t h e  I E E  and IEE Amendment a r e  appended t o  t h i s  PP a s  Annex H,  
Environmental Determination. The t h r e e  environmental-related covenants t o  be 
included i n  t h e  P r o j e c t  Agreement between USAID and t h e  Grantee a r e  given i n  

I Sect ion I11 a s  wel l  a s  i n  Annex H. 

G. INSTITUTIONAL AND ADMINISTRATIVE ANALYSIS 

1. In t roduct ion  

The pro jec t  w i l l  s t rengthen  t h e  c a p a b i l i t y  of t h e  GOS technica l  s e rv i ces  
t o  provide s p e c i f i c  s e rv i ces  t o  farmers f o r  design,  constrwction, operation 
and maintenance of water-control works, and inproved water management i n  order  
t o  increase  a g r i c u l t u r a l  production. The s t r a t e g y  w i l l  be  t o  work c lose ly  
with v i l l a g e r s  on planning, s i t i n g ,  and construct ing water-control works a s  
wel l  a s  having v i l l a g e r s  t ake  f u l l  r e s p o n s i b i l i t y  f o r  t h e  operat ion and 
maintenance of t h e s e  s t r u c t u r e s .  P r o j e c t  success w i l l  g r e a t l y  depefid on t h e  
c a p a b i l i t y  of i t s  i n s t i t u t i o n a l  str-uctures t o  f a c i l i t a t e  productive 
p r o j  ec t -v i l l age  dialogue. 

The adminis t ra t ive  s t r u c t u r e  of t h e  p r o j e c t  w i l l  be  kept  s t reamlined,  
whereby a u t h o r i t y  and r e s p o n s i b i l i t y  w i l l  be delegated t o  t h e  PHU o r  regional  
o f f i c e s  a s  much a s  poss ib le .  Roles and r e s p o n s i b i l i t i e s  w i l l  be c l e a r l y  
defined . 

A number of adminis t ra t ive  and l o g i s t i c a l  cons t r a in t s  e x i s t  which need t o  
be resolved i f  t h e  p r o j e c t  is t o  perform well .  The s u s t a i n a b i l i t y  of p ro j ec t  
a c t i v i t i e s  a f t e r  p r o j e c t  completion depends on t h i s  performance. 

2.  P ro j ec t  Organization, Location and Staf f  i n q  

a .  P r o j e c t  Organizat ion,  Management, and Administration 

The Ministry of Rural Development w i l l  be  t h e  lead i n s t i t u t i o n  i n  t h i s  
p r o j e c t  because: (1) t h e  goal of t h e  p r o j e c t  is increased a g r i c u l t u r a l  
production; and ( 2 )  a  key phase of t h e  implementation process  w i l l  be 
follow-up t o  maximize t h e  b e n e f i t s  from t h e  water-control works. Funding f o r .  
t h e  p r o j e c t  w i l l  be  provided through a  d i r e c t  A . I . D .  con t r ac t  t o  an 
implementing U.S. cont rac tor .  

The Di rec to ra t e  of Agr icu l ture  and t h e  Regional Inspec tora tes  of 
Agr icu l ture  a r e  key p l aye r s  i n  t h e  p r o j e c t  i n s t i t u t i o n a l  s t r u c t u r e .  The DA 
and R I A s  w i l l  have t h e  support  of t h e  Direc tora te  of I r r i g a t i o n  and 
Water-Control Works and t h e  Regional Hydraulic Divisions of t h e  Ministry of 
Hydraulics. Three new s t r u c t u r e s  w i l l  be  created f o r  p r o j e c t  implementation: 

o  P ro j ec t  Management Unit  (PMU) 
o  Regional Water Management Teams (RWMTs) 
o  Regional Technical Committees (RTCs) 
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The func t iona l  and h i e r a r c h i c a l  r e l a t i o n s h i p s  between them a r e  given i n  
t h e  p r o j e c t  o rganiza t iona l  c h a r t  on page seven of t h e  PP and discussed i n  
Sect ion I .B. 4 .  of t h i s  p r o j e c t  paper .  The RWMTs and t h e  RTCs w i l l  cont inue t o  
provide t h e  i n s t i t u t i o n a l  framework f o r  continued se rv i ce s  t o  farmers once 
A. I .D.-funding i s  completed. 

b  . P r o j e c t  Location 

The PMU1s main o f f i c e  w i l l  be i n  Ziguinchor. It w i l l  r e n t  o f f i c e  space 
nea r  t h e  R I A  and t h e  RHD headquarters  (both sha re  t h e  same premises).  The 
water n~anagenlent teams w i l l  be based a t  t h e  r e spec t ive  R I A  and RHD 
headquarters  i n  Ziguinchor and, a t  l e a s t  i n i t i a l l y ,  i n  Sedhiou f o r  t h e  Kolda 
reg ion .  This w i l l  e n t a i l  minimal r e h a b i l i t a t i o n  of t h e  R I A  and RHD o f f i c e s  
and f a c i l i t i e s .  

The choice of Ziguinchor is based on l o g i s t i c a l  convenience: frequency 
of a i r  t r a v e l ;  conmwnications a v a i l a b i l i y y  and r e l i a b i l i t y ;  housing , f a c i l i t i e s  
f o r  TAs; o f f i c e  space; educat ional  f a c i l i t i e s  f o r  GOS s t a f f  f ami l i e s ;  and 
t r a v e l  d i s t ance  of less than two hours between Ziguinchor and most proposed 
e a r l y  p r o j e c t  a c t i v i t i e s .  

This  l oca t ion  may c r e a t e  an imbalance i n  favor  of Ziguinchor o r  a f f e c t  
t h e  f u l l  p a r t i c i p a t i o n  of t h e  Inspec tor  i n  Kolda. This can be a l l ev i a t ed  by: 
( a )  e s t a b l i s h i n g  weekly coordinat ion meetings between t h e  PMU and t h e  two 
Inspec to r s  during t h e  f i r s t  s i x  months t o  one year from p r o j e c t - s t a r t ;  (b )  
progranuning pe r iod i c  v i s i t s  of t h e  P r o j e c t  Di rec tor ,  t h e  COP and o ther  p r o j e c t  
s t a f f  t o  Kolda; and ( c )  organizing in t e r r eg iona l  t r a i n i n g  sess ions  t o  address 
t echn ica l  and implementation i s s u e s .  - 

3. Regional T rad i t i ona l  Technical Services:  R I A s  and RHDs 

The Rural Development Agencies took over many of t h e  a c t i v i t i e s  once 
mandated t o  t h e  R I A s .  Althoush s t i l l  involved i n  a g r i c u l t u r a l  surveys,  
ex tens ion ,  and farmer t r a i n i n g ,  t h e  R I A s  have concentrated mostly on 
c o l l e c t i n g  a g r i c u l t u r a l  and r a i n f a l l  da t a .  It  is now t h e  i n t en t ion  of t h e  GOS 
t o  r e s t o r e  t h e i r  r e s p o r ~ s i b i l i t i e s  t o  provide ta rge ted  d i r e c t  s e rv i ce s  t o  
f a m e r s  . 

The R I A s  a r e  s t a f f e d  a t  a l l  admin i s t r a t i ve  l e v e l s .  The Ziguinchor R I A  
has  t h i r t y  s t a f f  members which have p o t e n t i a l  f o r  p a r t i c i p a t i n g  i n  t h e  
p r o j e c t :  two sen io r  p r o f e s s i o r ~ a l s  ( a g r i c u l t u r a l  economist and i r r i g a t i o n  
t echn ic i an )  with MS equiva len t  degree (Ing6nieurs  de Conception); s i x  
mid-level p ro fe s s iona l s  ( Ing6nieurs  des  Travaux Agricoles-ITA) with BS 
equiva len t  degrees; and 2 1  extension agents  with high school p lu s  t h r e e  years  
of voca t iona l  t r a i n i n g .  

The region of Kolda t o t a l s  s i x t y  people i n  t h e  Agr i cu l tu ra l  Service: 
t h r e e  s en io r  p ro fe s s iona l s  (two agronomists and one hydrotechnician);  s i x  
mid-level p ro fe s s iona l s  (ITA) ; and 51 extension agents .  
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The mandates of t h e  R H D s  w e r e  a l s o  s h i f t e d  t o  t h e  RDAs.  They now c o l l e c t  
hydrological  da t a  and coordinate  well-digging con t r ac t s .  Again, t h e  GOS 
i n t e n t i o n  is t o  r e s t o r e  t h e i r  s e r v i c e  r o l e .  Unlike t h e  R I A s ,  t h e  RHDs i n  t h e  
two regions a r e  severe ly  unders ta f fed .  The Ziguinchor s t a f f  includes seven 
mid-level profess iona ls  (Techniciens Superieurs-TS) with BS equivalents .  The 
Kolda RHD has only two TSs c u r r e n t l y  a t  pos t .  

Clear ly ,  v i t a l  s t a f f  weaknesses p re sen t ly  e x i s t  i n  t h e  R I A s  and RHDs 
which w i l l  l i m i t  t h e i r  e f f e c t i v e  p a r t i c i p a t i o n  i n  p r o j e c t  a c t i v i t i e s .  Few of 

t h e  i r r i g a t i o n  technic ians  nor  t h e  a g r i c u l t u r a l  agents have work experience 
r e l evan t  t o  water management o r  t h e  operat ion and maintenance of water-control 
s t r u c t u r e s .  Some of t h e  s k i l l s  v i t a l  t o  p r o j e c t  implementation, such a s  s o i l  
and water management, land reclamation,  and r u r a l  sociology a r e  no t  
represented.  

The Regional Hydraulic Divis ions a r e  weaker than t h e  R I A s  i n  f i e l d  
experience and l e v e l  of s t a f f i n g .  S t a f f  cu r r en t ly  a t  t h e  regional  sef-vices do 
n o t  have any p r a c t i c a l  experience i n  cons t ruc t ing  and operat ing water-control 
s t r u c t u r e s ,  nor  profess iona ls  with t h e  expe r t i s e  needed f o r  watershed 
planning. Furthezmore, R I A s  and RHDs s u f f e r  from inadequate l o g i s t i c a l  
support  and operat ing budgets. The e n t i r e  R I A  of Ziguinchor, f o r  ins tance ,  
has  only four  vehicles:  one pick-up (1984), two four-wheel d r i v e  vehic les  
(19851, and one s t a t i o n  wagon. A few motorbikes a r e  ava i l ab l e ,  bu t  most a r e  
out  of order .  The opera t iona l  budget of t h e  R I A  is below minimum 
requirements.  Fuel a l l o c a t i o n s  amount t o  CFA 4,198,000/year while only CFA 
50,00O/year i s  a l loca t ed  f o r  t r a v e l  expenses. 

The i d e n t i f i e d  func t iona l  weaknesses i n  t h e  R I A s  and RHDs can be 
surmounted. Qual if ied s t a f f  ( t r a ined  i n  t h e  U . S .  , USSR, Eastern and Weste~n 
krrope,  China, e t c . )  do e x i s t  wi th in  t h e  m i n i s t r i e s  and w i l l  be drawn upon t o  
s t rengthen  t h e  re&ional  s e rv i ces  and s t a f f  t h e  Water Management Teams. It  
should no t  be d i f f i c u l t  t o  r ea s s ign  underemployed s t a f f  from other  regions t o  
t h e  Ziguinchor and Kolda regions.  However, t h e  GOS nius t reass ign  appropriate  
s t a f f  and increase  t h e  opera t iona l  budgets of t h e  R I A s  and R H D s .  Both of 
t h e s e  requirements a r e  included a s  condit ions precedent t o  addi t iona l  
disbursement ac t ions .  

4 .  Other Formal and Informal O r ~ a n i z a t i o n s  i n  t h e  P ro j ec t  Zone 

There a r e  a number of formal and in fo rn~a l  organizat ions and s t r u c t u r e s  
with which t h e  p r o j e c t  can work t o  reach t h e  l o c a l  population f o r  p ro j ec t  
implementation. Given t h e  d i v e r s i t y  of formal and informal v i l l a g e  
organiza t ions  and o the r  groups, t h e  p r o j e c t  w i l l  be oppor tunis t ic  i n  u t i l i z i n g  
NGOs ,  PCVs o r  MSD agents  i n  v i l l a g e  organiza t iona l  e f f o r t s  and i n  
post-construct ion water managenlent a s s i s t ance .  Assis tance w i l l  be s o l i c i t e d  
from dynamic locally-based NGOs depending on t h e i r  presence and ef fec t iveness  
i n  working with t h e  l o c a l  v i l l a g e  groups. 
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Among t h e  formal GOS organiza t ions  are:  t h e  reg ional  s e rv i ces  of t h e  
Minis t ry  of Socia l  Development (MSD); Centres d'Expansion Rurale (CERs); and 
t h e  Local Development Conunittees (LDC). These organizat ions a r e  c lo se  t o  t h e  
l o c a l  populat ion and provide them with organiza t iona l  and technica l  
a s s i s t ance .  The s t a f f  from MSD i n  p a r t i c u l a r  has been a b l e  t o  s e t  up and 
organize about 700 women and youth groups i n  t h e  two regions.  Working with 
t h e s e  s t r u c t u r e s  w i l l  n e c e s s i t a t e  e s t ab l i sh ing  i n i t i a l  contac ts  with and 
seeking cooperation of t h e  reg ional  and l o c a l  a u t h o r i t i e s .  

Major locally-based NGOs i n  t h e  p r o j e c t  zone a re :  Comite dlAction pour l e  
Developpement du Fogny; Association des  Jeunes Agricul teurs  de l a  Casamance; 
and Associat ion pour l a  Lu t t e  Contre 1'Exode Rural; French Volunter se rv ices ;  
and Peace Corps, which is  planning i ts  African Food System I n i t i a t i v e  (AFSI) 
i n  t h e  Ziguinchor region.  I t  is  expected t h a t  some AFSI Peace Corps 
Volunteers w i l l  be involved i n  v i l l a g e  organizat ion and follow-up. 

Un t i l  now, t h e r e  has  been l i t t l e  demand f o r  water management-rellted 
se rv i ces  from locally-based p r i v a t e  f i rms.  There a r e  no p r i v a t e  en t e rp r i s e s  
based i n  t h e  two regions t h a t  could provide technica l  s e rv i ces  o r  l o g i s t i c a l  
support  t o  t h e  p r o j e c t .  The p r o j e c t  w i l l  s t imu la t e  t h e  l o c a l  establishment of 
p r i v a t e  f i rms  o f f e r ing  cons t ruc t ion  and/or o the r  s e rv i ces  appl icable  t o  
p r o j e c t  a c t i v i t i e s  by o f f e r ing  l o c a l  con t r ac t s  and by encouraging j o i n t  
ventures  between l o c a l  people and Dakar-based cont rac tors .  

5. Cons t ra in ts  t o  P r o j e c t  1nvle.mentation 

Two major personnel management i s s u e s  may h inder  p r o j e c t  e f f ic iency:  
( a )  GOS po l i cy  on t r a v e l  au thor iza t ion ;  and (b)  GOS po l i cy  on c i v i l  se rvant  
pos t ing .  

a .  GOS po l i cy  r equ i r e s  a l l  c i v i l  se rvants  t r a v e l l i n g  outs ide  
t h e i r  adminis t ra t ive  boundaries t o  have a t r a v e l  au tho r i za t ion  (o rd re  de 
mission) .  This must be approved by Serv ice  Heads and t h e i r  lead minis te rs  o r  
designees,  f o r  c i v i l  se rvants  posted i n  Dakar, o r  by t h e  Governor f o r  
personnel se rv ing  i n  a region.  

Conformance t o  t h i s  po l i cy  by t h e  water management teams and Regional 
Agr icu l ture  Inspec tors  implementing t h e  p r o j e c t  w i l l  undoubtedly i n h i b i t  
p r o j e c t  a c t i v i t i e s .  Through a condit ion precedent ,  t h e  GOS w i l l  ensure t h a t  
a u t h o r i t y  f o r  s ign ing  t r a v e l  au thor iza t ion  f o r  t h e  wa trr management teams i s  
delegated t o  t h e  Regional Agr icu l tura l  Inspec tors ,  heads of t h e  RHDs and t o  
t h e  GOS P r o j e c t  Di rec tor  f o r  vehic les  assigned t o  t h e  PMU. 

b. GOS po l i cy  usua l ly  g ran t s  a reques t  f o r  reassignment t o  any 
c i v i l  s e rvan t  who has served two years  a t  pos t .  Although n o t  s t r i c t l y  
enforced,  team members could be t r ans fe r r ed  sinwltaneously two years  a f t e r  
p r o j e c t  s ta r t -up .  This may cause problems s i n c e  t h e r e  i s  no guarantee t h a t  
t h e  reassigned person(s )  w i l l  be replaced and on t i m e .  
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Through a  covenant, t h e  GOS w i l l  make b e s t  e f f o r t s  t o  ensure t h a t :  (1) 
assigned persoilnel w i l l  r en~ain  f o r  a t  l e a s t  t h ree  years;  and ( 2 )  no more than 
one-third of t h e  team w i l l  be reassigned a t  a  time t o  f a c i l i t a t e  t h e  t r a i n i n g  

, of new a r r i v a l s .  

6. P ro j ec t  S u s t a i n a b i l i t y  

I n s t i t u t i o n a l l y ,  t h e  s u s t a i n a b i l i t y  of p r o j e c t  a c t i v i t i e s  is  predicated 
on two key assun~ptions : 

o The t r a d i t i o n a l  t echn ica l  s e rv i ces  of Hydraulics and Agricul ture  
w i l l  be  t echn ica l ly  experienced i n  co l l abo ra t ive ly  planning and 
executing t h e  a c t i v i t i e s  a t  new s i t e s  i n  t h e i r  respec t ive  regions 
a f t e r  t h e  p r o j e c t  t e r n ~ i n a t e s ;  with defined r e s p o ~ ~ s i b i l i t i e s  p a r t  of 
ove ra l l  R I A  and RHD f i e l d  r e s p o n s i b i l i t i e s .  

o  The MRD and t h e  MH w i l l  cont inue t o  provide s a l a r i e s  f o r  s t a f f  and 
operat ing expenses f o r  watershed management a c t i v i t i e s .  

These two condit ions a r e  themselves predicated on: 

o The need t o  maintain t h e  personnel necessary f o r  t h e  technica l  teams 
f o r  a  s u f f i c i e n t  period of t ime t o  al low con t inu i ty  of water 
management a c t i v i t i e s ,  i .e .  t o  allow newcomers t o  be t ra ined  by 
experienced team members ; and 

o resources (veh ic l e s ,  f u e l ,  operat ing budget, e t c . )  must be made 
ava i l ab l e  t o ,  and resource management and con t ro l  vested i n ,  t h e  
t echn ica l  s e rv i ces .  

The p r o j e c t  , through a  covenant, w i l l  ensure t h a t  water management 
e x p e r t i s e  w i l l  be es tab l i shed  and w i l l  petmanently remain i n  t h e  technica l  
s e rv i ces  of Agr icu l ture  and Hydraulics t o  respond t o  farmer demand f o r  
cons t ruc t ion  and u t i l i z a t i o n  of t h e  water-control s t r u c t u r e s .  

Also, t h e  GOS w i l l  ensure t h a t  f i n a n c i a l  resources may be made ava i l ab l e  
f o r  f inancing water-control s t r u c t u r e s  through t h e  use  of t h e  "fonds de 
concours" granted t o  t h e  q u a l i f i e d  r u r a l  counci ls  and through o ther  re f  lows, 
i n  addi t ion  t o  v i l l a g e r s '  l abor  cont r ibu t ion .  

F ina l ly ,  a  CP f o r  add i t i ona l  disbursement a f t e r  year  t h r e e  w i l l  ensure 
t h a t  t h e  GOS t akes  over r ecu r ren t  operat ing c o s t s  t o  prepare t h e  smooth 
t r a n s i t i o n  t o  post-project  development and operat ion of water-management 
s t r u c t u r e s .  
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111. COVENANTS AND CONDITIONS 

I n  addi t ion  t o  s tandard Conditions Precedent (CPs), t h e  Grant Agreement 
w i l l  conta in  t h e  following: 

A. CONDITIONS PRECEDENT 

1. F i r s t  Disbursement 

a .  P r i o r  t o  i n i t i a l  disbursement, o r  t h e  issuance of any 
commitment documents, under t h e  P r o j e c t  Agreement, t h e  Cooperating Country 
s h a l l  f u r n i s h  i n  form and substance s a t i s f a c t o r y  t o  A . I . D . ,  evidence t h a t  t h e  
Govenunent of Senegal agrees  t o  disburse a l l  a l loca ted  decel!tralization funds 
f o r  o f f i c e  r e h a b i l i t a t i o n  of R I A s  i n  t h e  regions of Ziguinchor and Kolda. 

b. P r i o r  t o  i n i t i a l  disbursement, o r  t h e  issuance of any 
commitment documents under t h e  P r o j e c t  Agreement o the r  than t h e  cont rak t  f o r  
t echn ica l  a s s i s t ance ,  t h e  Cooperating Country s h a l l  f u r n i s h  i n  form and 
substance s a t i s f a c t o r y  t o  A.  I. D. , evidence t h a t  t h e  Gove~mment of Senegal has 
o f f i c i a l l y  formed Regional Technical Conm~i t t e e s  i n  t h e  regions of Ziguinchor 
and Kolda, composed of t h e  r e spec t ive  Regional Inspector  f o r  Agricul ture  and 
t h e  Regional Head of t h e  Hydraulic Division i n  each region and t h e  Pro jec t  
Di rec tor  (chairman of Conunittee), t o  coordinate  and manage t h e  a c t i v i t i e s  of 
t h e  r e spec t ive  Regional Water Management Teams. 

2 .  Additional Disbursement 

a .  P r i o r  t o  any disbursement under t h e  P r o j e c t  Agreement f o r  
any cons t ruc t ion  funds i n  t h e  Kolda region,  t h e  Cooperating Country s h a l l  
fur-nish i n  form and substance s a t i s f a c t o r y  t o  A . I . D . ,  evidence t h a t :  

(1) t h e  Ministry of Rural Development has  appointed t o  t h e  
Regional Inspec tora te  of Agr icu l ture  i n  t h e  Kolda region one Agronomist with 
s o i l s  t r a i n i n g  and one Vil lage-Project  Liaison Off icer  o r  Socio logis t  t o  be 
based i n  Sedhiou t o  c a r r y  ou t  p r o j e c t  a c t i v i t i e s  a s  p a r t  of t h e  Kolda 
r eg iona l ,  i n t e r d i s c i p l i n a r y  Water Management Team; and 

( 2 )  t h e  Ministry of Hydraulics has appointed t o  t he  
Regional Division of Hydraulics i n  t h e  Kolda region one I r r i g a t i o n / C i v i l  
Engineer and one Surveyor/Construction Supervisor t o  be based i n  Sedhiou t o  
c a r r y  ou t  p r o j e c t  a c t i v i t i e s  a s  p a r t  of t h e  Kolda r eg iona l ,  i n t e r d i s c i p l i n a r y  
Water Management Team. 

b. P r i o r  t o  any disbursement under t h e  P ro j ec t  Agreement f o r  
any cons t ruc t ion  funds i n  t h e  Ziguinchor region,  t h e  Cooperating Country s h a l l  
f u r n i s h  i n  form and substance s a t i s f a c t o r y  t o  A . I . D . ,  evidence t h a t :  

(1) t h e  Ministry of Rural Development has appointed t o  
t h e  Regional In spec to ra t e  of Agr icu l ture  i n  t h e  Ziguinchor region one 
Agronomist with s o i l s  t r a i n i n g  and one Vil lage-Project  Liaison Off icer  o r  
s o c i o l o g i s t  t o  be based i n  Ziguinchor t o  ca r ry  out  p r o j e c t  a c t i v i t i e s  a s  p a r t  
of t h e  Ziguinchor r eg iona l ,  i n t e r d i s c i p l i n a r y  Water Management Team; and 
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(2) t h e  Minis t ry  of Hydraulics has  appointed t o  t h e  Regional 
Division of Hydraulics i n  t h e  Ziguinchor region one I r r i g a t i o n / C i v i l  Engineer 
and one Wrveyo~- /Cons t~uc t ion  Supervisor  t o  be  based i n  Ziguinchor t o  c a r r y  
ou t  p r o j e c t  a c t i v i t i e s  a s  p a r t  of t h e  Ziguinchor r eg iona l ,  i n t e r d i s c i p l i n a r y  
Water Management Team. 

c. P r i o r  t o  disbursement of any cons t ruc t ion  funds under t h e  
P r o j e c t  Agreement s t a r t i n g  Year Four ( 4 )  of t h e  p r o j e c t ,  t h e  Cooperating 
Country s h a l l  f u rn i sh  i n  form and subs tance  s a t i s f a c t o r y  t o  A .  I .  D. , evidence 
t h a t  t h e  r e spec t ive  budgets of t h e  Regional Inspec tora tes  of Agr icu l ture  and 
Regional Divis ions of Hydraulics i n  t h e  Ziguinchor and Kolda regions have been 
increased s u f f i c i e n t l y  t o  pay f o r  a l l  p e r  diem of GOS employees and vehic le  
opera t ing  c o s t s  of veh i c l e s  ass igned t o  t h e s e  d iv i s ions  s t a r t i n g  Year Four ( 4 )  
of t h e  p r o j e c t  and cont inuing a f t e r  t h e  end of t h e  p r o j e c t .  

d .  P r i o r  t o  disbursement,  o r  t h e  issuance of commitment documents 
f o r  t h e  disbursement of funds f o r  t h e  purchase of p r o j e c t  veh ic les ,  t h e  GOS 
w i l l  agree t h a t  t r a v e l  au tho r i za t i on  f o r  vehic les  purchased under t 1 1 e ' ~ r o j e c t  
f o r  o f f i c i a l  t r a v e l  may be  approved by t h e  P ro j ec t  Di rec tor  f o r  veh ic les  a t  
t h e  PMU, and by t h e  Regional In spec to r s  of Agr icu l ture  o r  t h e  Regional Heads 
of t h e  Hydraulic Divis ions f o r  veh i c l e s  assigned t o  t h e  two Water Management 
Teams. 

B .  COVENANTS 

The P r o j e c t  Agreement s h a l l  conta in  i n  substance t h e  following 
Cooperating Country covenants: 

1. Agreement t h a t  t h e  Government of Senegal w i l l  a s su re  coordinat ion of 
a l l  donor-funded and GOS-funded water  management a c t i v i t i e s  i n  t h e  Ziguinchor 
and Kolda regions through bi-annual meetings of a l l  involved donors and 
Min i s t r i e s ,  organized by t h e  Minis t ry  of Plan and Cooperation. 

2. Agreement t h a t  t h e  Government of Senegal w i l l  make b e s t  e f f o r t s  t o  
ensure t h a t  ( a )  s t a f f  assigned t o  t h e  reg iona l  Water Management Teanrs w i l l  
remain f o r  a t  l e a s t  t h r e e  years  and t h a t  they w i l l  be replaced inm~ediately; 
and (b) Regional Inspec tors  of Agr icu l ture  Regional Heads of Hydraulic 
Divis ions remain a t  pos t  f o r  a t  l e a s t  t h r e e  years  and t h e i r  replacements w i l l  , 

be  a t  pos t  p r i o r  t o  t h e  depar ture  of t h e  incu~nbents.  

3 .  Agreen~ent t h a t  t h e  a s s i s t a n c e  t o  f  a rn~e r s  t o  inprove water management 
and reclaim s a l i n i z e d  lands w i l l  become p a r t  of t h e  mandates of t h e  Regional 
Serv ices  of Agr icu l ture  and Hydraulics i n  t h e  Ziguinchor and Kolda reg ions .  

4 . Agreement t h a t  a d d i t i o n a l  f i n a n c i a l  resources  f o r  d ike  cons t ruc t ion  
o r  maintenance may be made a v a i l a b l e  through t h e  use  of Fonds de Concours a t  
t h e  l o c a l  l e v e l .  

5 .  Agreement t h a t  t h e  i s s u e s  of ( a )  a n t i - s a l t  barrage effect iver less  i n  
con t ro l l i ng  upstream s a l i n i t y ;  (b) t h e  e f f e c t s  of i n f r a s t ~ u c t u r e  on 
groundwater quan t i t y ,  q u a l i t y  and d i s t r i b u t i o n ;  ( c )  t h e  cunm~ulation e f f e c t s  of 
reg iona l  barrage cons t ruc t ion  on e s t u a r i n e  and o the r  aqua t i c  ecosystem 
resources ;  (d )  t h e  e . f fects  of r eg iona l  i n f r a s t rwc tu ra l  development on 
water-associated d i s ea se  incidence r a t e s ;  and ( e )  t h e  e f f e c t s  of 
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in f  r a s t r u c t u r a l  development on t e r r e s t r i a l  ecosystems and endangered, ' 

pro tec ted  o r  conmercially important spec i e s ,  a s  descr ibed i n  t h e  P ro j ec t  I E E  
Amendment, s h a l l  be addressed a s  descr ibed except a s  those  i s sues  o r  

, approaches may be  amended by t h e  agreement of both p a r t i e s .  

6 . Agreement t h a t  implementation p l ans  f o r  in f  r a s  t r u c t u r a l  development 
w i l l  b e  modified i n  accordance with t h e  f ind ings  of t h e  f i v e  i s s u e  assessments 
l i s t e d  i n  5 .  above. 

7 .  Agreement t h a t :  

( a )  a n t i - s a l t  d ikes  s h a l l  on ly  be  constructed where t h e  a rea  of high 
p o t e n t i a l  ac id  s u l f a t e  s o i l s  o r  a l ready  a c i d i f i e d  s o i l s  of t h e  taxonomic 
subgroup of ty-pic su l faquents  (USDA S o i l  Taxonomy) do n o t  exceed 15 percent  
p l u s  o r  minus two percent  of t h e  s e r v i c e  a r ea  upstream of t h e  dike;  

(b)  s i t i n g  of water r e t e n t i o n  d ikes  w i l l  be undertaken with t h e ~ f u l l  
knowledge, advice and consent of t h e  a f f e c t e d  v i l l a g e  populat ions;  and 

(c )  any i r r i g a t i o n  system funded under t h i s  p r o j e c t  s h a l l  have had 
s u f f i c i e n t  t e chn ica l  a n a l y s i s  performed t o  i n d i c a t e  t h a t  s a l i n i z a t i o n  and 
waterlogging p o t e n t i a l  i n  t h e  a f f ec t ed  a r ea  w i l l  be minimal; measures w i l l  be  
a v a i l a b l e  t o  t h e  t a r g e t  populat ion t o  m i t i g a t e  any s a l i n i z a t i o n  o r  
waterlogging which may occur i n  t h e  f u t u r e ;  and sedimentation r a t e s  upslope of 
t h e  primary s t r u c t u r e  a r e  s u f f i c i e n t l y  low t o  permit u s e  of t h e  r e se rvo i r  f o r  
i r r i g a t i o n  throughout a  reasonably long f a c i l i t y  t a r g e t  l i f e .  
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I V .  COST ESTII\lATE AND FINANCIAL PLAN 

Year 1 Year 2 Year 3 Year 4 Year 5 Year t Y~ar 7 Y~ar 8 IOT EST ROUNDEU 
P I Y  Cost F I Y  Cos t  F'JY Cast F t Y  Coct F t Y  Cast F t Y  Lust PIY ins t  F/Y Lo:t CDSSS T O  
------"--.---------"-----------------..--------..--..-----------------------------------.---------- 
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C o n t i n g e n c y l h f l a t i o n  f 4 d , l O O  $1,000 I $ (1 ti! t ail :$O 1 $2,100 1 
""---" ..-..- ----. 1 ---- -.?a-,.--.,dm- f -- ----...------.. ' - - - - - - m e -  f 

G R M D  TUTAL PROJECT $ 9 , 7 0 0  $8,300 1 $ 0  Sl,i00 I $4 2:,100 f E2b,700 1 
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B.  BUDGET NOTES 

1. Technical Assistance: 

A f a c t o r  of $180,000 per  year  f o r  long-tern advisors  and a f a c t o r  of 
$15,000 per  person/month f o r  short-tezm advisors  were used. This includes 
s a l a r y ,  overhead, f r i n g e  b e n e f i t s ,  allowances, f u r n i t u r e ,  and o the r  c o s t s  a s  
appropr ia te ,  including pe r  diem f o r  shor t - te rn  consul tan ts .  
A f a c t o r  of $120,000 pe r  year was used f o r  t h e  Adnlinistrative/Finarlcial 
Off i ce r  . 

2 . Indenmi t ies 

Payment of any project-financed indemnities w i l l  b e  i n  accordance with 
t h e  USAID Indemnity Pol icy  i n  e f f e c t  a t  t h e  time. 

3. I n f r a s t r u c t u r e  Development 

Engineering c o s t  es t imates  f o r  site prepara t ion ,  movement of e a r t h  and 
cons t ruc t ion  of re inforced  concre te  con t ro l  ga t e s  f o r  t h e  2,915 hec tares  i n  
t h e  sampled 10 sites a r e  $462,420, o r  $159/ha. These c o s t s  do no t  include t h e  
v i l l a g e  labor  component f o r  cons t ruc t ion  which is approximately $73/ha. In  
addi t ion ,  hand t o o l s  such a s  hand tampers, shovels ,  p icks  and wheel barrows 
w i l l  be  purchased f o r  u se  by v i l l a g e r s  during years  two through e igh t .  Also, 
funds a r e  budgeted f o r  t h e  purchase of f i v e  50 hp. t r a c t o r s  and f i v e  t r a i l e r s  
during t h e  f i r s t  t h r e e  years ,  and replacement t r a c t o r s  i n  year f i v e ,  along 
with funds f o r  spare  p a r t s  and opera t ion  and maintenance of t h e  t r a c t o r s .  

Twelve in-country workshops and conferences ( operat ions and maintenance , 
land reclamation, watershed planning,  v i l l a g e  organizat ion)  have been budgeted 
over t h e  l i f e  of t h e  p r o j e c t ,  a t  $5,000 pe r  workshop o r  conference. This 
includes funds f o r  a Third Round-Table on Anti-sal t  Dikes i n  t h e  Casamance. 
Also, $20,000 i s  budgeted f o r  20 s tudy  t r i p s  o r  observat ional  t ou r s  over t h e  
l i fe -of -pro jec t .  The a c t u a l  cos t  w i l l  vary considerably whether t h e  t r i p  i s  
t o  Asia o r  t h e  U.S. o r  t o  neighboring Ganibia o r  Guinea Bissau. Also, 20 
short-term courses a r e  budgeted a t  $6,000 per  course f o r  t r a i n i n g  i n  t he  U.S. 
and i n  o the r  count r ies  such a s  Morocco and Phi l ipp ines  with re levant  
programs. F ina l ly ,  funds a r e  provided f o r  four  M.Sc. degrees i n  t h e  U.S . ,  
budgeted a t  $75,000 f o r  each average 30-month program. 

5. Research and Monitorinq 

Spec i f i c  environmental s t u d i e s  a r e  required under t h e  app roved ' l n i t i a l  
Environmental Exanination. The s t u d i e s  w i l l  r equ i r e  approximately 13 
person/months of shor t - te rn  t echn ica l  a s s i s t ance ,  budgeted a t  $15,000 per  
month. Also, a paired-val ley s tudy w i l l  be  conducted by ISM over a f i v e  year 
per iod,  $500,000 a r e  budgeted f o r  t h i s  s tudy,  t o  include personnel ,  
t r anspor t ,  f i e l d  equipment and some o f f i c e  equipment and sub-contracts with 
ORBTOM and p o a a i b l y  CRODT. In a d d i t i o n ,  $400,000 i o  budgotod for contructing 
with ISRA f o r  d i r ec t ed  and s p e c i f i c  , water-n~anagement and s o i l s  reclamation 
appl ied research a c t i v i t i e s  over t h e  l i f e  of t h e  p ro j ec t .  



Southern Zone Water Mana~enlent P r o j e c t  Paper (685-0295) P a ~ e  57 

6 . Equipment /Comnlodi ties 

( a )  Ten vehic les  and spa re  p a r t s  f o r  technica l  a s s i s t ance  personnel 
( t h r e e )  , P r o j e c t  Di rec tor  (one) and Water Management Teams ( t h r e e  per  team) t o  
be  purchased i n  t h e  f i r s t  year with replacement of n ine  vehic les  i n  t h e  f i f t h  
year  ( P r o j e c t  Director w i l l  only be i n  p l ace  during f i r s t  four  years ) .  

(b)  Operation and maintenance of t h e  10 vehic les  f o r  t h e  f i r s t  
t h r e e  years  of t h e  p r o j e c t ,  a f t e r  which t h e  GOS w i l l  cover operat ions and 
maintenance c o s t s  of t h e  s ix  vehic les  assigned t o  t h e  Water Management Teams 
i n  t h e  Regional Inspec tora tes .  USAID funds w i l l  continue t o  cover opera t iona l  
c o s t s  of t h e  vehic les  assigned t o  t h e  PMU. 

(c) Standard o f f i c e  equipment such a s  desks,  cha i rs ,  f i l i n g  
cab ine t s ,  typewz-iters and computers w i l l  be  purchased f o r  t h e  PHU, t h e  R I A s ,  
t h e  RHDs and t h e  Sedhiou off  i c e  of t h e  reg ional  Water Management Tearh during 
year one with replacen~ent  of required items i n  year f i v e .  Off i c e  suppl ies  f o r  
t h e  PNU only w i l l  be provided over t h e  l i f e  of t h e  p ro j ec t .  

(d)  F ie ld  equipment w i l l  include surveying equipment and s o i l  
t e s t i n g  equipment. 

(el Annex I provides a de t a i l ed  h d i c a t i v e  procurenlent plan.  

7 .  Log i s t i ca l  Support/Operational Costs 

(a )  In-country per-diem ' w i l l  be provided f o r  t h e  TA team over t h e  
l i f e  of t h e  p ro j ec t .  In-country per-diem w i l l  be provided f o r  t h e  GOS members 
of t h e  Water Manage.n~ent Teams and o the r  GOS employees ( including t h e  Pro jec t  
Di rec tor )  t r ave l ing  on o f f i c i a l  p ro j ec t  business  f o r  t h e  f i r s t  t h r ee  years of 
t h e  p r o j e c t  only following t h e  USAID Indemnity Pol icy.  S t a r t i n g  year fou r ,  
t h e  GOS w i l l  pay a l l  in-country per-diem c o s t s  o the r  than f o r  t h e  TA team and 
con t r ac t  personnel.  

(b) Perf orn~ance awards f o r  t h e  P ro j ec t  Di rec tor ,  Water Management 
Teams, t h e  Regional Inspec tors  of Agr icu l ture ,  and Regional Heads of Hydraulic 
Divis ions may be provided by t h e  p r o j e c t  i n  accordance with t h e  USAID 
Indentt~ity Pol icy.  

(c)  Funds have been budgeted f o r  r e n t a l  of long-term TA housing i n  
Ziguinchor and f o r  r e n t a l  of an o f f i c e  f o r  t h e  PMU located c lose  t o  t h e  R I A  
and RHD. I n  addi t ion ,  t h e  p r o j e c t  w i l l  provide up t o  $100,000 f o r  minimal 
r e h a b i l i t a t i o n  of t h e  o f f i c e s  of t h e  R I A s  i n  Ziguinchor and Kolda. 

8. Evaluations and Audit 

Three eva lua t ions  w i l l  r e q u i r e  approximately $175,000 over t h e  l i f e  of 
t h e  p r o j e c t .  I n  add i t i on ,  funds a r e  provided f o r  t h r e e  ex t e rna l  aud i t s  during 
years  t h r e e ,  f i v e  and seven, a t  $75,000 f o r  each a u d i t .  
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9. Con t in~ency  and I n f l a t i o n  

An exchange r a t e  of CFA 283 t o  U.S.$l has been used f o r  a l l  l o c a l  
currency cos t s .  A s u f f i c i e n t  contingency i s  required i n  case  t h e  d o l l a r  
cont inues t o  drop. Also, although i n f l a t i o n  has n o t  been a  s i g n i f i c a n t  f a c t o r  
on U.S. c o s t s ,  t h e  l o c a l  i n f l a t i o n  r a t e  r equ i r e s  an i n f l a t i o n  f a c t o r  on those  
l o c a l  currency c o s t s  sub jec t  t o  i n f l a t i o n  such a s  construct ion cos t s .  
Therefore,  t h e  con t r ac to r  corlstruction c o s t s  have a  10 percent  i n f l a t i o n  
f a c t o r  b u i l t  i n t o  t h e  l i n e  i t e m .  

C. FINANCIAL PLAN 

During t h e  f i r s t  year  of t h e  p r o j e c t ,  USAID w i l l  arrange f o r  t h e  
procurement of veh ic l e s ,  o f f i c e  equipment, i n i t i a l  o f f i c e  suppl ies  and f i e l d  
equipment and r e n t a l  of o f f i c e  space i n  Ziguinchor f o r  t h e  PMU. U S A I D  w i l l  
con t r ac t  d i r e c t l y  with a  short-term water resources exper t  t o  s t a r t  p ro j ec t  
organizat ion and planning a c t i v i t i e s  i n  Ziguinchor and a  Pro j e c t  Monitoring 
Off icer  based i n  Dakar. USAID w i l l  a l s o  manage t h e  short-term as s i s t ance  of 
t h e  Development Ecologis t  i n  accordance with t h e  I E E  Amendment and t h e  
eva lua t ions  and a u d i t .  A l l  o the r  i npu t s  w i l l  be included i n  one A . I . D .  d i r e c t  
t echn ica l  a s s i s t ance  con t r ac t  with a  U.S. f i rm o r  un ive r s i t y ,  o r  consortium, 
following A . I . D . ' s  competit ive cont rac t ing  r u l e s .  Since t h e  cont rac tor  w i l l  
manage a l l  p r o j e c t  funds n o t  managed d i r e c t l y  by USAID, a  1 2 1  (d)  negat ive 
determination has been approved (Annex E). The sub-contracts with ISRA f o r  
s p e c i f i c  research a c t i v i t i e s  w i l l  be  requirements-type con t r ac t s  which w i l l  
no t  r e q u i r e  accounting of funds pursuant  t o  1 2 1  ( d ) .  

Since almost a l l  t e chn ica l  a s s i s t a n c e ,  t r a i n i n g ,  commodities, and 
cons t ruc t ion  funds w i l l  be  provided by one U.S. con t r ac to r ,  t h e i r  monthly 
invoices  w i l l  provide,  i n  one document, a  continuing and e f f e c t i v e  system of 
mo~l i tor ine  axpendituras .  Contractor  q u a r t e r l y  progress  r epo r t s  should include 
progress  aga ins t  budgets and work p lans .  The COP and t h e  P ro j ec t  Director  
w i l l  meet with t h e  USAID Con t ro l l e r  during t h e  f i r s t  week on s i t e  t o  ensure 
t h a t  t h e i r  records ,  r e p o r t s ,  and f i n a n c i a l  cont ro l  systems a r e  complete and 
s a t i s f a c t o r y  . The U .  S . con t r ac to r  w i l l  be reimbursed monthly from A I D  by 
submission of form 1034 vouchers i n  accordance with A I D  regulat ions.  

Three important ex t e rna l  a u d i t s  have been budgeted i n  years  t h ree ,  f i v e  
and seven of t h e  p r o j e c t  i n  l i n e  with cu r r en t  A . I . D .  po l i cy  regarding use  of 
non-federal audi t ing  f i rms  t o  monitor and improve p r o j e c t  accounting and 
inventory con t ro l  p rac t i ce s .  The a u d i t s  may be performed by l o c a l  a u d i t  
f i rms ,  i f  approved by RIG/Dakar, and w i l l  focus on f i n a n c i a l  management and 
accoun tab i l i t y  of con t r ac t  funds i n  t h e  PMU. 
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D. METHODS OF IWLEMENTATION AND FINANCING 

Nethod of Implementation Method of Financing Est. $000 

AID Direct Contract 
with U , S ,  private firm or Direct Payment 
university to provide: 
TA, training, commodities, 
research and monitoring, 
construction costs, logistical 
support. 

USAID Commodity Purchases 
initial vehicles, office 
equipment and in i t ia 1 
supplies, field equipment, 
and rehabilitation of offices. 

Direct payment or 
Bank L/Comm for PSAs 

IJSAID Evaluations and Audit Direct Payment 

USAID Direct Contract for Direct Payment 
Initial Short-Term 
Water Resources Expert and 
for Project Monitoring 
Officer. 
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V. IHPLEHENTATION PLAN 

Implementation pace w i l l  b e  inf luenced by two major f a c t o r s :  (1)  t he  
need t o  rebui ld  t h e  capac i ty  o f  t h e  t echn ica l  Min i s t r i e s  i n  t h e  p ro j ec t  zone 
t o  carry out  water management a c t i v i t i e s ;  and ( 2 )  t h e  requirenent  t o  involve 
v i l l a g e r s  and v i l l a g e  conunittees i n  t h e  planning and design s t age  and t o  
assure  t h a t  i n t e r  and i n t r a - v i l l a g e  coordinat ion takes  p l ace  p r i o r  t o  
cons t ruc t ion  of water con t ro l  i n f r a s t r u c t u r e .  

A .  CONTRACTING 

1. Technical Ass is tance  Contract  

P ro j ec t  long-term and short-term t echn ica l  a s s i s t ance ,  t r a i n i n g ,  research 
and monitoring, conunodi t y  procurenlent, and c o s t s  of i n f r a s t r u c t u r e  developnlent 
w i l l  be  provided under one d i r e c t  A . I . D .  con t r ac t  with a p r i v a t e  U.S! 
organiza t ion ,  u n i v e r s i t y  o r  consortium of organizat ions.  The cont rac t  w i l l  be 
conlpetit ively bid i n  accordance wi th  A . I . D .  Handbook 14 procedures. 

2 .  P ro j ec t  Start-Up A c t i v i t i e s  

Since t h e r e  i s  genera l ly  a de lay  of n ine  t o  twelve months before 
long-term t echn ica l  advisors  a r e  i n  p l ace  following p r o j e c t  approval,  USAID 
w i l l  h i r e  l o c a l l y  two U.S. Personal  Services  Contractors  (PSC) t o  s t a r t  
s p e c i f i c  p r o j e c t  a c t i v i t i e s .  A long tern PSC who w i l l  be  t h e  Pro jec t  
Monitoring Of f i ce r  w i l l  work c l o s e l y  with t h e  Direct ion of Agricul ture  i n  
Dakar t o  assure  t h a t  a l l  of t h e  condi t ions  precedent a r e  being met, e spec i a l ly  
concerning t h e  GOS s t a f f i n g  requirements . fo r  t h e  Kolda reg ional  Water 
Management Team. I n  addi t ion ,  t h e  PMO w i l l  procure vehic les ,  r e n t  o f f i c e  
space f o r  t h e  PMU, arrange f o r  r e h a b i l i t a t i o n  of t h e  R I A  and RHD o f f i c e s  i n  
Ziguinchor and Kolda, and c a r r y  ou t  o the r  a c t i v i t i e s  i n  preparat ion of t he  
a r r i v a l  of t h e  t echn ica l  a s s i s t a n c e  team. I n  add i t i on ,  a short-term Water 
Resources Expert w i l l  be  h i r ed  f o r  9 months t o  work i n  Ziguinchor t o  s t a r t  
d i scuss ions  with and organiza t ion  of v i l l a g e  groups i n  t h e  f i r s t  phase s i t e s .  
This exper t  w i l l  develop an in t e r im  workplan and s t a r t  t o  develop procedures 
and programs f o r  f  emulating basin-wide water management p lans .  

B.  RESPONSIBILITIES 

1. USAID 

USAID/Senegal w i l l  des igna te  t h e  Deputy Chief of t h e  I r r i g a t i o n ,  Water 
Management and Engineering (IWHE) o f f i c e  t o  be t h e  USAID Pro jec t  Off icer  (PO), 
t o  be a s s i s t e d  by t h e  PMO. The PO w i l l  be responsible  f o r  A . I . D .  approval,  
guidance and general  monitoring of t h e  con t r ac t  i n  accordance with i t s  t e r n s  
and condit ions.  H e  w i l l  be  respons ib le  f o r  advancing p r o j e c t  a c t i v i t i e s ,  
keeping implemention moving, and working c lose ly  with t h e  Director  of 
Agr icu l ture ,  t h e  Director  of DAIH and o the r  GOS o f f i c i a l s .  The P O  w i l l  be 
supported i n  USAID by t h e  Mission P r o j e c t  Conmittee which may be convened a t  
any time t o  examine s p e c i f i c  problems. 
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The Ministry of Rural Development w i l l  appoint and f inance  a P ro j ec t  
Di rec tor  f o r  a t  l e a s t  t h r e e  years  t o  be s ta t ioned  i n  Ziguinchor and i n  charge 
of t h e  P ro j ec t  Management Unit.  The P ro jec t  Director  w i l l  se rve  a s  t h e  
primary counterpar t  t o  t h e  COP and be respons ib le  f o r  a l l  p ro j ec t  a c t i v i t i e s .  
The P r o j e c t  Di rec tor  w i l l  be  i n  p l ace  and t h e  PMU s e t  up within n ine  months 
a f t e r  t h e  Grant Agreement i s  s igned.  

The MRD and MH w i l l  a l s o  appoint  highly-qualif  ied f i e l d  personnel ' t o  
s t a f f  each reg ional  Water Management Team. The HRD w i l l  provide an Agronomist 
with s o i l s  t r a i n i n g  and a Vil lage-Project  Liaison Off icer  o r  Socio logis t  f o r  
each region while t h e  MH w i l l  provide an I r r i g a t i o n / C i v i l  Engineer and a 
SurveyorlConstruction Supervisor f o r  each region. These f i e l d  personnel on 
t h e  reg ional  Water Management Teams w i l l  work on p r o j e c t  a c t i v i t i e s  fu l l - t ime 
under t h e  GOS c i v i l  s e r v i c e  arrangemnt ca l l ed  a f f e c t a t i o n  whereby t h e  GOS 
cont inues t o  pay f u l l  s a l a r i e s  and a l l  indenmities due t o  t h e  personqel.  
USAID-provided funds under t h e  p r o j e c t  w i l l  n o t  be used t o  pay any GOS 
s a l a r i e s ,  s a l a r y  supplements o r  indemnit ies .  I n  addi t ion ,  t h e  MRD w i l l  
provide d r i v e r s  f o r  p r o j e c t  vehic les  and f o r  t h e  t r a c t o r s  t o  be used f o r  
moving e a r t h .  

The MRD and MH w i l l  a ssure  t h a t  t h e  heads of t h e  reg ional  s e rv i ces  i n  
each region w i l l  provide appropr ia te  management and t echn ica l  oversight  over 
t h e i r  r e spec t ive  s t a f f  on t h e  Water Managenlent Teams i n  c l o s e  cooperation with 
t h e  P ro j ec t  Di rec tor  and t h e  technica l  a s s i s t ance  team. I n  addi t ion ,  t h e  GOS 
w i l l  e s t a b l i s h  a Regional Technical Conm~ittee i n  each region t o  ensure c l o s e  
coordinat ion between WRD and MH and appropr ia te  management of p ro j ec t  
a c t i v i t i e s .  

In  add i t i on ,  t h e  GOS w i l l  provide o f f i c e  space and o f f i c e  suppl ies  f o r  
t h e  water nlanagenlent teams based i n  Sedhiou and i n  Ziguinchor . 

A . I . D .  g ran t  funds w i l l  be used t o  pay c o s t s  of per  diem f o r  GOS 
personnel and operat ion and maintenance of vehic les  f o r  t h e  Water Management 
Teams f o r  t h e  f i r s t  t h r e e  years  of t h e  p r o j e c t  only. S t a r t i n g  t h e  four th  
year ,  t h e  GOS w i l l  pay f o r  a l l  per  diem c o s t s  and operat ion and luaintenance of 
vehic les  f o r  t h e  GOS Water Management Teams. 

3. Technical Assis tance Contractor 

The technica l  a s s i s t a n c e  con t r ac to r  w i l l  provide necessary inputs  and 
ac t ions  required f o r  implementation a s  described i n  t h e i r  con t r ac t .  The 
con t r ac to r  w i l l  provide s t a f f  t o  c a r r y  out  planned and ad hoc s tud ie s .  The 
t echn ica l  a s s i s t a n c e  team w i l l  be located i n  t h e  PMU i n  Ziguinchor and a l l  
s t a f f  w i l l  be s t a t i oned  i n  Ziguinchor. The cont rac tor  w i l l  h i r e  l o c a l l y  an 
Administrat ive Ass i s t an t ,  Bi l ingual  Secre ta ry  and Hotorpool 
Supervisor/Mechanic t o  provide adminis t ra t ive  and s e c r e t a r i a l  se rv ices  t o  t h e  
PMU . 

The Water Resources Expert w i l l  be  t h e  COP and w i l l  provide leadership 
and a s s i s t a n c e  over t h e  seven-year l i f e  of t h e  cont rac t .  The Water Resources 
Engineer w i l l  a l s o  provide long-term as s i s t ance  f o r  t h e  seven-year l i f e  of t h e  
con t r ac t .  The Agronon~ist w i l l  provide short-term as s i s t ance  of two 
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person-months per  year during t h e  f i r s t  t h r e e  years  of t h e  con t r ac t  and w i l l  
be  s t a t i oned  f u l l  time i n  Ziguinchor- during t h e  f i n a l  four years  of t h e  
con t r ac t .  The Sociolo~ist /Water-User  Associat ions Expert w i l l  be a t  pos t  f o r  
t h e  f i r s t  two years  of t h e  con t r ac t  and then f o r  two person-months per  year 
through t h e  end of t h e  cont rac t .  The Administrative/Fina-ncial  Off icer  w i l l  
provide necessary adminis t ra t ive  and f i n a n c i a l  management f o r  t h e  MU f o r  seven 
years .  Short-term technica l  a s s i s t a n c e  timed t o  coincide with t h e  farming 
calendar  w i l l  be  a  v i t a l  input  t o  he lp  e s t a b l i s h  guide l ines  f o r  base l ine  da ta  
c o l l e c t i o n ,  develop i n i t i a l  procedures and methodologies f o r  t h e  Water 
Management Teams, and provide on-the-job t r a i n i n g  f o r  t h e  teams. Short-term 
TA f o r  t h e  f i r s t  year of implementation w i l l  include a  S o i l  S c i e n t i s t ,  
Agronomist, Economist, and Natural Resource S p e c i a l i s t .  

The COP w i l l  have primary r e s p o n s i b i l i t y  f o r  assuring t h e  progress  of 
t h i s  p r o j e c t  on behalf of t h e  con t r ac to r  and f o r  carrying ou t  a l l ' c o n t r a c t  
a c t i v i t i e s .  The COP w i l l  i n t e g r a t e  and advance t h e  implementation of t h e  
p r o j e c t ' s  a c t i v i t i e s  and be respons ib le  f o r  t h e  following major a c t i y i t i e s :  

a .  Work d a i l y  and co l l abo ra t ive ly  with t h e  GOS Pro jec t  Director  on a l l  
aspec ts  of p r o j e c t  implementation and ove ra l l  p ro j ec t  planning. 

b .  Meet r egu la r ly  with t h e  USAID Pro jec t  Of f i ce r ,  with o ther  members of 
USAID, with r e l evan t  GOS o f f i c i a l s  from t h e  HRD and MH both a t  t h e  regional  
l e v e l s  and na t iona l  l e v e l ,  with adminis t ra t ive  o f f i c i a l s  from t h e  regions of 
Ziguinchor and Kolda and with o the r  involved GOS and o the r  donor organiza t ior~s  
i n  t h e  Ziguinchor and Kolda reg ions .  

c .  Coordinate p r o j e c t  a c t i v i t i e s  within t h e  two regions,  assuring t h a t  
a l l  r e l evan t  l o c a l  o f f i c i a l s  a r e  aware of t h e  p r o j e c t  a c t i v i t i e s  and t h a t  
smooth r e l a t i o n s  cont inue under t h e  p r o j e c t  with a l l  adminis t ra t ive  o f f i c i a l s  
of t h e  two regions.  

d .  A s s i s t  t h e  P ro j ec t  Di rec tor  t o  r e c r u i t ,  s e l e c t  and supervise l oca l  
h i r e  personnel.  I n s t i t u t e  appropr ia te  management systems f o r  t h e  smooth 
funct ioning of t h e  PMU and o v e r a l l  p r o j e c t  a c t i v i t i e s .  

e. Formulate with t h e  GOS P ro j ec t  Director  t h e  p r o j e c t ' s  annual 
workplans t h a t  de f ine  t h e  a c t i v i t i e s  t o  be ca r r i ed  out  by t h e  Water Management 
Teams, t h e  TA team and o the r  p r o j e c t  p a r t i c i p a n t s  under a  d i s t i n c t  t imetable .  

f .  Assure t h a t  t h e  p r o j e c t ' s  a c t i v i t i e s  a r e  implemented a s  defined i n  
t h e  p r o j e c t t  s annual workplans . 

g. A s s i s t  t h e  P ro j ec t  Di rec tor  i n  a l l  PMU funct ions ,  including 
procurement, cont rac t ing ,  inventory con t ro l ,  con t r ac t  management of research 
a c t i v i t i e s  and s t u d i e s ,  and f i n a n c i a l  accounting; and, a f t e r  t h e  departure of 
t h e  P r o j e c t  Di rec tor ,  manage t h e  PMU a c t i v i t i e s  i n  c l o s e  co l labora t ion  with 
t h e  r e spec t ive  Regional Inspec tors  of Agricul ture .  
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h.  Manage t h e  p r o j e c t  monitoring and evaluat ion system using timely 

o the r  long-te~m 

short-term t echn ica l  a s s i s t ance  a s  requi red .  

Annex K includes t h e  s p e c i f i c  scopes of work 
t echn ica l  advisors .  

C.  FIELD INPLMENTATION PLAN 

1. General 

Based on t h e  p r i o r i t i z a t i o n  of zones f o r  pro  

f o r  t h e  

j e c t  a c t  ion (Section 
I.B.4.b.) ,  only t h e  Kolda Regional Water Management Team w i l l  be formed during 
t h e  f i r s t  year of f i e l d  implementation. This  team w i l l  be  based i n  Sedhiou 
because of i t s  proximity t o  t h e  p r i o r i t y  s i t e s .  Af te r  t h e  f i r s t  year and a s  
implementation progresses ,  t h e  dec is ion  w i l l  be made a s  t o  when t o  form t h e  
Water Management Team i n  t h e  Ziguinchor region.  

1 

The p r o j e c t  w i l l  i n i t i a l l y  work i n  t h e  l e f t  bank of t h e  Casamance River 
i n  t h e  Sedhiou departnlent, using t h e  s e l e c t i o n  c r i t e r i a  de l inea ted  i n  Section 
II.B.4.d. t o  choose s p e c i f i c  sites. Based on t h e  analyses  ca r r i ed  out  during 
PP design using t h e s e  c r i t e r i a ,  t h e  team w i l l  focus i n i t i a l  e f f o r t s  i n  t h e  
high-potent ial  Sanline Escale  and Tanaf f  va l leys .  

2 .  Typical S i t e  Implementation Plan 

I n i t i a l l y ,  d i scuss ions  w i l l  be held with v i l l a g e r s  t o  determine t h e i r  
water management needs. In-depth i n t e r  and i n t r a - v i l l a g e  discussions w i l l  
a s su re  t h a t  v i l l a g e r s  understand t h e  land tenure ,  agronomic, s o c i a l  and o the r  
impl ica t ions  of t h e  requested and proposed water con t ro l  s t rwctures .  
Organization of Vi l lage  Water Managenlent Conm~ittees w i l l  t ake  p l ace  
concurrent ly with t h e  d e t a i l e d  t echn ica l  s tudy of t h e  r e l a t e d  va l l ey  and 
o v e r a l l  watershed. The Water Management Teams w i l l  work with t h e  v i l l a g e r s  t o  
determine t h e  f i n a l  number of s t r u c t u r e s  and t h e  loca t ion  of t h e  s t r u c t u r e s .  
I t  is d i f f i c u l t  t o  es t imate  how long it may t a k e  t o  set up t h e  r e q u i s i t e  
v i l l a g e  organiza t ions ,  ob ta in  v i l l a g e  approval of t h e  p l ans  and ensure t h a t  
t h e  v i l l a g e  has e s t ab l i shed  work schedules f o r  t h e  cons t ruc t ion  phase. Timing 
of t h e  pre-construct ion phase w i l l  depend on t h e  l e v e l  and type of ex i s t i ng  
v i l l a g e  organiza t ions ,  competing demands on v i l l a g e r s  t ime,  ex t en t  of land 
t enu re  and i n t e r - v i l l a g e  problems and o the r  socio-cul tural  f a c t o r s .  

Once t h i s  phase is completed, it i s  estimated t h a t  t h e  technica l  s i t i n g ,  
surveying,  design and con t r ac t  documentation preparat ion f o r  a  t y p i c a l  d ike  
involving a  number of s t r u c t u r e s  w i l l  t ake  t h r e e  months. The con t r ac t  should 
be awarded f o r  cons t ruc t ion  support  a c t i v i t i e s  and v i l l a g e s  organized t o  s t a r t  
cons t ruc t ion  work a t  t h e  end of t h e  ha rves t  season when v i l l a g e  labor  is 
ava i l ab l e .  I n i t i a l l y ,  most of t h e  movement of e a r t h  f o r  d ike  embankment us ing  
l a t e r i t e  ma te r i a l s  w i l l  be ca r r i ed  ou t  by t h e  p ro j ec t .  Construction of 
re inforced  concrete  con t ro l  s t r u c t u r e s  w i l l  be  ca r r i ed  out  by p r i v a t e  s e c t o r  
f i rms.  During t h i s  phase, con t r ac t  documents w i l l  be prepared t o  encourage 
p r i v a t e  f i rms  t o  become involved i n  t h e  movement of d ike  embankment and 
l a t e r i t e  ma te r i a l s  a s  w e l l  a s  cons t ruc t ion  of t h e  cont ro l  s t r u c t u r e s .  The 
farmers w i l l  p l ace  and compact dikefberm embankment ma te r i a l s .  
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D. SCHEDULE OF MAIN EVENTS 

Obligat ion of funds (Grant Agreement s igna tu re )  

RFP f o r  TA con t r ac t  completed and i ssued  

I n i t i a l  PSCs h i red  t o  begin p r o j e c t  procurement and 
work with GOS on s e t t i n g  up Water Management Teams 

Regional Technical Continittees f o r  Kolda and Ziguinchor 
reg ions  formed 

GOS meets i n i t i a l  Conditions Precedent  

Technical Assis tance con t r ac to r  s e l e c t e d  and con t r ac t  
approved 

GOS ass igns  s t a f f  t o  water management team i n  Kolda 
region and P r o j e c t  Di rec tor  f o r  PMU 

TA team a r r i v e s  i n  country and begins  work 

TA team, P r o j e c t  Di rec tor ,  R I A  and RHD heads submit 
f i r s t  year  workplan 

F i r s t  watershed p lan  completed and v i l l a g e  organizat ion 
groups formed 

Dikes constructed i n  f i r s t  p r i o r i t y  zone 

Paired-watershed research  a c t i v i t y  s t a r t e d  

Long-term p a r t i c i p a n t s  depa r t  f o r  M.Sc. t r a i n i n g  

Water Management Team i n  Ziguinchor region organized 

F i r s t  f orma1 eva lua t ion  t o  eva lua t e  p r o j e c t  implementation 

GOS t akes  over c o s t s  of l o c a l  per-diem, veh ic l e  operat ion 
and maintenance and o the r  R I A  ope ra t i ona l  c o s t s  

P r o j e c t  Di rec tor  depa r t s  and Regional Agr icu l ture  
Inspec tors  t a k e  over management of p r o j e c t  a c t i v i t i e s  
with t h e  TA team 

Long-tem Agronomist a r r i v e s  

Second f  o m a l  eva lua t ion  t o  eva lua t e  p r o j e c t  
implementation and p r o j e c t  impact t o  d a t e  

F i n a l  Impact Evaluation t akes  p l a c e  

Water Resources S p e c i a l i s t  (COP) depa r t s ,  submits 
con t r ac to r  f i n a l  r e p o r t  

Date 

Aug. 88 

Oct. 88 

Oct. 88 

Jan. 89 

Jan.  89 

Jan. 89 , 

Jan. 89 

March 89 

Apr i l  89 

May 89 

June, 89 

J an ,  90 

Jan, 90 

March, 90 

Hay, 90 

June, 91 

June, 92 

June, 92 

June, 93 

Dec, 95 

Jan ,  96 
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V I .  MONITORING AND EVALUATION PLAN 

A.  USAID MONITORING PLAN 

The Deputy Chief of t h e  USAID I r r i g a t i o n  and Water Management Off ice a s  
P r o j e c t  Of f i ce r  w i l l  have primary r e s p o n s i b i l i t y  f o r  monitoring t h e  progress  
of t h i s  p r o j e c t  on behalf of A I D .  The P ro jec t  Off icer  w i l l  be a s s i s t ed  i n  
monitoring by a  P r o j e c t  Monitoring Of f i ce r  who w i l l  be  a U.S. Personal 
Services  Contractor .  These two indiv idua ls  w i l l  u t i l i z e  t h e  following , 

a c t i v i t i e s  i n  monitoring o v e r a l l  p r o j e c t  progress: 

1. Workplan and H o n i t o r i n ~  Plan 

Following a r r i v a l  on site, i n i t i a l  annual work and monitoring p lans  w i l l  
b e  developed by Senegalese and con t r ac to r  s t a f f  and approved by t h e  USAID. 
The USAID, GOS and t h e  con t r ac to r s  w i l l  u s e  t h e  work and monitoring plans a s  a  
b a s i s  t o  measure p r o j e c t  progress .  The p lans  w i l l  be reviewed and modkfied on 
an as-needed b a s i s  bu t  a t  l e a s t  every 1 2  months and implementation adjustments 
w i l l  be  made accordingly. 

2. S i t e  V i s i t s  

The P r o j e c t  Of f i ce r  and/or P r o j e c t  Monitoring Off icer  w i l l  v i s i t  p r o j e c t  
a c t i v i t y  s i t e s  on no less than a  q u a r t e r l y  bas i s .  These s i t e s  w i l l  include 
t h e  of f  i c e s  i n  Ziguinchor , Kolda and Sedhiou and constzwction s i t e s  throughout 
t h e  p r o j e c t  zone. 

3. P ro j ec t  Conm~ittee M e e t i n ~ s  

The Mission maintains  an a c t i v e  system of p ro j ec t  committees (PC). The 
PC is composed of r ep re sen ta t ives  from key Mission o f f i c e s  and meets a t  l e a s t  
two times p e r  year t o  review p r o j e c t  progress  and ob jec t ives .  The PC may be 
convened a t  anytime by t h e  P ro j ec t  Of f i ce r  t o  d iscuss  s p e c i f i c  implementation 
problems, proposed modif icat ions,  p lans  f o r  eva lua t ion ,  e t c .  The Hission PC 
provides t h e  p r o j e c t  o f f i c e r  with valuable ,  mul t i -d isc ip l inary  support.  The 
PC includes r ep re sen ta t ives  from IWME, ADO, PRM, PDO, RCON and RLA. 

4 .  J o i n t  Reviews 

Annual j o i n t  reviews a r e  held f o r  each major Mission p r o j e c t .  The j o i n t  
review br ings  toge ther  t h e  USAID Mission Direc tor ,  a  s en io r  GOS o f f i c i a l  and 
t h e i r  key s t a f f  and is usua l ly  held a t  t h e  p r o j e c t  site. J o i n t  reviews 

- - 

examine progress  made towards achieving p r o j e c t  purpose and whether planned 
a c t i v i t i e s  a r e  l i k e l y  t o  produce t h e  intended impact. Assumptions a r e  a l s o  
reviewed. Mission experience with t h e  j o i n t  review system has shown it t o  be 
a  very u s e f u l  exerc ice  f o r  ( a )  reaf f i rming  t h a t  t h e  USAID and GOS a r e  s t i l l  
managing f o r  t h e  same ob jec t ive  and (b) removing obs tac les  t h a t  could n o t  be 
otherwise resolved.  
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5. Audits 

This p r o j e c t  provides f o r  a  r igorous  a u d i t  schedule with a u d i t s  planned 
during years  t h r e e ,  f i v e  and seven. Audits w i l l  be  conducted by p r i v a t e  
accounting f  i ~ n \ s ,  p r e f e r ab ly  local ly-based,  i n  accordance with A .  I .  D.  
r egu la t i ons .  The a u d i t s  w i l l  focus on t h e  f i n a n c i a l  managen\ent and accountirhg 
systems set up by t h e  PMU f o r  c o n t r a c t  funds.  

6 .  Evaluat ions and Monitoring 

A s  descr ibed below, t h r e e  eva lua t ions  a r e  scheduled during the l i f e  of 
p r o j e c t .  A f o ~ ~ a a l  program of environ~nental  ~noni tor ing  has been desigr~ed for 
the project .  I t  in described i n  d o t e i l  i a  thu At~~orld~nunt t o  tho hititll 
E ~ ~ v i r o r m e ~ r t a l  Examination . 

B . EVALUATION 

4 

The SZWHP w i l l  have an e i g h t  year  l i f e .  Three extermal eva lua t ions  a r e  
planned. The f i r s t  should be conducted a t  t h e  end of t h e  second year  a f t e r  
i n i t i a l  ob l iga t ion  of p r o j e c t  funds.  The second should be conducted during t h e  
f i f t h  year  of t h e  p r o j e c t .  A f i n a l  impact eva lua t ion  should be conducted a t  
t h e  end of t h e  e igh th  year  of t h e  p r o j e c t .  

Basel ine da ta  f o r  p r o j e c t  eva lua t ions  w i l l  come from t h r e e  sources .  Two 
a r e  p r o j e c t  sources ,  t h e  t h i r d  is independent of ttle p r o j e c t .  The f i r s t  w i l l  
be t h e  water management p l ans  developed by t h e  p r o j e c t  team. These w i l l  
conta in  da ta  on populat ion,  l abo r  mobi l iza t ion ,  land t enu re ,  land use ,  water 
con t ro l  s t r u c t u r e  design,  es t imated economic b e n e f i t s ,  cons t ruc t ion  programs 
and schedul ing,  and es t imates  of land recovery. The second source of da ta  
w i l l  be t h a t  obtained from t h e  ope ra t i ona l  research  and t h e  environmental 
monitoring program which w i l l  provide a  b a s i s  f o r  comparing t h e  impact of 
execution of watershed p l ans  on s o i l  and water c h a r a c t e r i s t i c s ,  f l o r a  and 
fauna. The t h i r d  set of d a t a  w i l l  t r a c k  crop production impact and be b u i l t  up 
from t h e  independent crop s t a t i s t i c s  of t h e  D i r ec to ra t e  of Agr icu l ture .  The 
water management and crop s t a t i s t i c s  w i l l  be a v a i l a b l e  f o r  t h e  f i r s t  scheduled 
eva lua t ion .  The da ta  from t h e  environn~ental  monitoring program w i l l  be 
a v a i l a b l e  f o r  t h e  second eva lua t ion .  

The eva lua t ions  w i l l  be under t h e  general  d i r e c t i o n  of t h e  USAID p r o j e c t  
o f f i c e r  i n  co l labora t ion  with t h e  DA and t h e  USAID Evaluation Off icer .  The 
DAIH w i l l  a l s o  p a r t i c i p a t e  i n  t h e s e  eva lua t ions ,  a s  w e l l  a s  o the r  appropr ia te  
GOS o r  USAID personnel.  

The f i r s t  eva lua t ion  should be c a r r i e d  ou t  by a  t h r e e  person team t o  
include:  a water resources  engineer ,  an a g r i c u l t u r a l  economist, and a  s o c i a l  
s c i e n t i s t .  The f i r s t  eva lua t ion  should be formative i n  n a t u r e ,  assess ing  t h e  
p r o j e c t  i n s t i t u t i o rka l  arrangements and watershed management approach f o r  
course cor rec t ions .  The key p r o j e c t  assumptions t o  be t e s t e d  include: t h e  
pace of water management p lan  development execution; working r e l a t i onsh ips  
between t h e  PMU, R I A s  and RHDs; o v e r a l l  coordinat ion with v i l l a g e s  and v i l l a g e  
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groups; t h e  development of t h e  reg iona l  Agr icu l tura l  Inspec tora tes '  a b i l i t y  to' 
t a k e  over s u b s t a n t i a l  management r e s p o n s i b i l i t y  f o r  execut ing p r o j e c t  by Year 
Four of t h e  p r o j e c t ;  t h e  a b i l i t y  and comnlitment of t h e  GOS t o  t a k e  over 
opera t ing  expenses of t h e  p r o j e c t  i n  Year Four of t h e  p r o j e c t ;  and t h e  
f e a s i b i l i t y  of t h e  appr-oach of us ing  p r i v a t e  con t r ac to r s  a s  providers  of f i l l  
t r a n s p o r t  s e rv i ce s  and concre te  works f o r  v i l l ager -cons t ruc ted  dikes .  An 
o v e r a l l  judgement should be made of t h e  v a l i d i t y  of t h e  i n s t i t u t i o n a l  
framework , at ta i~mn~ent  of p1.0 j e c t  ou tputs  and course modif i c a t i o n s  needed , i f  
any. 

The second eva lua t ion  should be  ca r r i ed  ou t  by a  t h r e e  person team with 
t h e  same composition a s  t h e  f i r s t  eva lua t ion ,  and with a s s i s t a n c e  on t h e  
e ~ l v i ~ - o ~ m e n t a l  and crop s t a t i s t i c s  da t a  from ISRA and t h e  DA. The major focus 
of t h i s  eva lua t ion  should be  both sunm~ative and f  o rn~a t ive  . The sunmative 
eva lua t ion  p o i n t s  should inc lude  measurement of progress  towards exdcution of 
watershed management p lans ;  of achievement of q u a n t i t a t i v e  ob j ec t ives  f o r  land 
recovery and cfop production ; of i d e n t i f i c a t i o n  of improved water mana,genlent 
teclniologies from t h e  appl ied research  protgram; of opera t ing  budget a l l oca t ion  
and disbursement by t h e  DA t o  t h e  R I A '  s ; of execution of reviews, wot~kshops , 
round tub l ao ,  and uo~nineru; und of t h e  umount und kinds of t r a i n i n g  cur r ied  
ou t  . The f  oz-mative eva lua t ion  p o i n t s  should include:  a s ~ e s s m e n t  of t h e  
a b i l i t y  of t h e  r eg iona l  s e r v i c e s  t o  r ep l en i sh  and t r a i n  replacernent s t a f f  f o r  
the  p r o j e c t  ; need f o r  nodif  i c a t i o n s  o r  improvements i n  t h e  watershed planning 
approach; examination of t h e  r o l e s  and e f f ec t i venes s  of t h e  Vi l lage  Water 
Management Conm~ittees; assessment of t h e  e f f ec t i venes s  of using N G O s  o r  l o c a l  
gover-nment s e r v i c e s  i n  mobi l iza t ion  of denland and v i l l a g e  organiza t ion .  An 
o v e r a l l  judgement should be made: whether s u f f i c i e n t  p rogress  i s  being made 
toward achieving t h e  p r o j e c t  purpose; whether unant ic ipa ted  b e n e f i t s  a r e  being 
obtained;  and whether add i t i ona l  a c t i o n s  should be pursued by USAID a f t e r  t h e  
PACD . 

I n  add i t i on ,  a  f i n a l  impact eva lua t ion  w i l l  be c a r r i e d  ou t  by a  s i m i l a r  
three-person, ex t e rna l  team. This  sunm~ative eva lua t ion  w i l l  u t i l i z e  t h e  
cons iderab le  monitoring da t a  generated under t h e  p r o j e c t  t o  eva lua te  t he  
o v e r a l l  p r o j e c t  impact t o  da t e .  This  f i n a l  eva lua t ion  w i l l  de l i nea t e  lessons  
leanmed from t h e  p r o j e c t  methodology, means of r e p l i c a t i o n ,  arld success toward 
meeting t h e  p r o j e c t  purpose and goal .  This evaluat ion w i l l  a l so  be v i t a l  t o  
determine i f  a  phase I1 is  warranted, and f u t u r e  A.1.D.-funded water 
management a c t i v i t i e s  i n  t h e  southern zone. 

C .  TECHNICAL MONITORING PLAN 

A s  mentioned above two general  types  of t e chn ica l  monitoring w i l l  t a k e  
p l ace  wi th in  t h e  p r o j e c t .  One type  i s  an in t ens ive  da t a  c o l l e c t i o n  and 
ana lys i s  which w i l l  be  done a s  p a r t  of t h e  opera t iona l  research  and t h e  
environmental monitoring components of t h e  p r o j e c t .  The second type is  a  
well-defined set of information needed t o  monitor p r o j e c t  progress  and impact 
and r e f  itle methodologies and approaches a s  implementation progresses .  The 
research  and enviror~mental monitoring da ta  c o l l e c t i o n  and ana lys i s  w i l l  be  
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comprehensive. I t  w i l l  r e q u i r e  and ?]as been accorded a  s i g n i f i c a n t  por t ion  of 
p r o j e c t  resources .  Monitoring of p r o j e c t  progress  and impact cannot be a s  
i n t ense  without i ncu r r ing  unnecessar i ly  high c o s t s  and d i v e r t i n g  p r o j e c t  
personnel from t h e i r  primary work ob jec t ives .  The research  and environmental 
monitoring contponents have t o  respond t o  t h e  need f o r  information with 
s c i e n t i f i c  accuracy and p rec i s ion .  The monitoring of p r o j e c t  progress  and 
impact can be measured more s i n p l y  by focusing on accu ra t e  repor t ing  of input  
u s e  and by iden t i fy ing  key i n d i c a t o r s  of p r o j e c t  p rogress .  The opera t iona l  
research  and envirormn~enCal monitoring components a r e  descr ibed elsewhere i n  
t h i s  PP+ The plan f o r  project  monitoring and evaluation is presented here. 

1. Object ives  and Approach 
The p r o j e c t  monitoring and eva lua t ion  system is designed t o  achieve t h e  

following ob jec t ives :  

o  t o  provide base l ine  d a t a  on t h e  phys ica l ,  socioeconomic, and 
a g r i c u l t u r a l  condi t ions  of watersheds before  p r o j e c t  , 
i n t e rven t ions  occur;  

o  t o  t r a c k  p r o j e c t  i npu t  u se  on a  whole p r o j e c t  and on an 
ind iv idua l  watershed b a s i s ;  

o  t o  monitor changes i n  p r i c e s  f o r  r i c e ,  peanuts and o ther  
important c rops ,  r i c e  su r f ace  a r e a ,  r i c e  y i e l d s ,  peanut su r f ace  
a r e a ,  peanut y i e l d s ,  a r ea s  and y i e l d s  of o the r  s i g n i f i c a n t  
crops i n  s e l e c t i o n  a r e a s ,  d ike  breeches and r e p a i r  events ,  
contour berm damage and r e p a i r  events ,  and percent  completion 
of watershed p l ans  ; 

o t o  make c a l c u l a t i o n s  of b e n e f i t  streams and ove ra l l  
cos t : bene f i t  r a t i o s  of p r o j e c t  i n t e rven t ions  i n  t h e  ind iv idua l  
watersheds. 

o  t o  perform s p e c i a l  s t u d i e s ,  i f  needed, t o  explain unexpected 
var iance i n  t h e  i n d i c a t o r s .  

The ob jec t ives  a r e  h igh ly  s p e c i f i e d  t o  avoid heavy and time-consuming 
da t a  co l lec t io i l  and ana lys i s  burdens being placed on p r o j e c t  personnel.  The 
base l ine  da t a  is a  f i r s t  s t e p  i n  preparing watershed management plans.  The 
t r ack ing  of inputs  is a  t o o l  intended t o  s i g n a l  var iance from expected c o s t  of 
execution of watershed plans.  The impact measures a r e  designed t o  provide 
o b j e c t i v e l y  v e r i f i a b l e  i n d i c a t o r s  of t h e  success  o r  f a i l u r e  of watershed 
in t e rven t ions .  Rice su r f ace  a r ea  and y i e l d  i n t e g r a t e  a l l  r e l evan t  f a c t o r s  of 
p r o j e c t  a c t i v i t i e s .  I f  r i c e  a r ea  and y i e l d s  do n o t  i nc rease ,  t h e  p r o j e c t  i s  
n o t  working. The opera t ions  i n d i c a t o r  of g a t e  opening and c los ing  is intended 
t o  provide a  more f requent  s i g n a l  of t h e  func t iona l  s t a t u s  of p r o j e c t  works 
and whether opera t ing  r u l e s  a r e  being followed. The b e n e f i t  streams and 
c o s t l b e n e f i t  c a l cu l a t i ons  f low from t h e  impact i n d i c a t o r s .  The spec i a l  
s t u d i e s  provide p r o j e c t  management wi th  a  small  pool of resources  t o  
i n v e s t i g a t e  var iance from a n t i c i p a t e d  progress .  By keeping t h e  range of 
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measures small  and q u a n t i t a t i v e ,  p r o j e c t  management can focus on acquiring 
accura te  d a t a  and us ing  it on a r egu la r  b a s i s .  

It is extremely important t o  n o t e  what t h i s  system is no t  intended t o  do. 
It is n o t  intended t o  measure f a c t o r s  such a s  r a i n f a l l ,  which a r e  already 
co l l ec t ed  and reported by e x i s t i n g  se rv i ces .  It is no t  intended t o  measure 
year  t o  year  changes i n  s o i l  and water q u a l i t y  within t h e  water-sheds. I t  is 
n o t  intended t o  provide d iagnos t ic  information on b e n e f i t  d i s t r i b u t i o n ,  
reasons f o r  y i e ld  f l u c t u a t i o n ,  populat ion movements, e t c .  The d iagnos t ic  wor'k 
and t h e  search  f o r  so lu t ions  t o  s p e c i f i c  t echn ica l  problems a r e  a reas  of 
i nqu i ry  f o r  t h e  research  and environmental monitoring a c t i v i t i e s .  The small 
pool of resources f o r  s p e c i a l  s t u d i e s  is meant t o  be a t o o l  t o  i d e n t i f y  t h e  
reasons f o r  problems and f i g u r e  ou t  i f  they  can be handled by adjustment t o  
p r o j e c t  opera t ions ,  by add i t i ona l  research ,  o r  r equ i r e  ex t e rna l  in te rvent ion  
o r  a s s i s t ance .  It i s  n o t  intended t o  respond t o  any other agenda than a 
respons ib le  t racking  of p r o j e c t  resource use  and p r o j e c t  impact i n  o$der t h a t  
major adjustments can be made i n  p r o j e c t  approach and t o  provide t h e  da ta  s e t  
needed f o r  p r o j e c t  eva lua t ions .  

USAID and t h e  GOS w i l l  avoid p lac ing  add i t i ona l  expectat ions and demands 
f o r  d a t a  c o l l e c t i o n  and s p e c i a l  s t u d i e s  on t h e  monitoring system of t h e  
p r o j e c t .  Special  reques ts  should be funded by t h e  research  o r  environmental 
monitoring programs and executed by personnel ex t e rna l  t o  t h e  p r o j e c t  
implementation team. 

The p r o j e c t  monitoring and evaluat ion system w i l l  be  managed d i r e c t l y  by 
t h e  COP/Water Resource S p e c i a l i s t .  The following sec t ions  descr ibe  da ta  
ga ther ing  and ana lys i s  procedures t o  be followed by t h e  p r o j e c t .  

2. Basel ine Data 

a .  Options 

Several approaches t o  base l ine  da t a  c o l l e c t i o n  were considered during PP 
design.  These were: 

o Basel ine Quest ionnaire  Surveys -- a t r a d i t i o n a l  base l ine  survey 
based on design and execution of a ques t ionnai re  and us ing  standard eco~lomic 
and s o c i a l  sc ience  methodology. Such a survey could be ca r r i ed  out  by I S R A  
which is equipped with t h e  FA0 Farm Map software,  Dbase 111, MSTAT, and has 
r e c e n t l y  s t a r t e d  work with t h e  microcomputer version of SPSS. Problems 
f r equen t ly  encountered with t h i s  approach a r e  t h e  almost i n e v i t a b l e  debates 
and de lays  about design of t h e  survey, t h e  attempt t o  c o l l e c t  too  much 
information, t h e  long s ta r t -up  t i m e  required t o  design and test t h e  
ques t ionnai re ,  execute t h e  f i e l d  survey, t h e  long delays genera l ly  experienced 
between da t a  c o l l e c t i o n ,  ana lys i s  and i n t e r p r e t a t i o n ,  and repor t ing .  Above 
a l l ,  t h i s  type  of base l ine  survey o f t en  r e s u l t s  i n  unve r i f i ab l e  da t a ,  s ince  it 
is  based on farm family r e c a l l .  Repet i t ion  of t h i s  survey a t  i n t e r v a l s  
throughout t h e  pro jec t  is sub jec t  t o  t h e  same problems a s  t h e  i n i t i a l  survey. 
Seldom i s  t h e  s a m e  design executed twice,  and seldom is t h e  in foma t ion  
provided quickly enough t o  be used t o  a d j u s t  f i e l d  a c t i v i t i e s .  
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design executed twice, and seldom is t h e  information provided quickly enough 
t o  be used t o  a d j u s t  f i e l d  a c t i v i t i e s .  

o  Diagnostic Analyses -- d iagnos t i c  ana lys i s  approaches a s  developed 
I 

by t h e  AID-funded Water Management Synthesis  p r o j e c t  us ing  i n t e r d i s c i p l i n a r y  
teams of e x p a t r i a t e  and na t iona l  s c i e n t i s t s  t o  c a r r y  ou t  rap id  reconnaissance 
of both phys ica l  and socioeconomic f a c t o r s .  This  approach has  t h e  advantage of 
combining both phys ica l  measures and farmer r e c a l l  and a t t i t u d i n a l  da t a .  It 
can provide a  comprehensive overview of  t h e  water management system and. t h e  
f u l l  environment i n  which it works. Its c l a s s i c  app l i ca t i on  i n  Asia has 
required long per iods  of t r a i n i n g  of na t iona l  s c i e n t i s t s  and recur r ing  da ta  
c o l l e c t i o n  t h a t  approaches t h e  i n t e n s i t y  needed f o r  l i n e a r  programming models. 
Its high c o s t s  have made it f e a s i b l e  on ly  f o r  l a r g e  and sophis t ica ted  
i r r i g a t i o n  systems. The approach has  more r e c e n t l y  been trimmed down t o  u se  
rap id  reconnaissance techniques wi th  teams t h a t  come toge ther  f o r  four  t o  s i x  
weeks. This  approach has  been used i n  Afr ica  t o  i d e n t i f y  key operat ing and 
maintenance problems, bu t  does n o t  provide t h e  accuracy of output  meaSurement 
needed f o r  intpact eva lua t ion .  It relies very heavi ly  on secondary da ta  
sources .  

o  Resource Inventory -- n a t u r a l  resource inventory approaches a s  
c u r r e n t l y  being used i n  t h e  Mauritania Agr icu l tura l  Research P ro j ec t  which 
combine a e r i a l  photography with ground survey work. This approach is usefu l  
f o r  o v e r a l l  land use  and cropping p a t t e r n  work. Combined with survey work t h i s  
approach provides good phys ica l  d a t a  and use fu l  socioeconomic d a t a .  The 
socioecononlic da t a  i s  s t i l l  cons t ra ined  by problems of accuracy of farmer 
r e c a l l .  Aer ia l  photography c o s t s  have come down i n  r ecen t  years  and t h e  work 
can be done f a i r l y  r ap id ly .  This approach is most u se fu l  f o r  observing gross  
changes i n  land use  p a t t e r n s  over l a r g e r  a r ea s  and over a t  l e a s t  two t o  t h r e e  
year  i n t e r v a l s .  Often, however, t h e  accuracy of t h e  a e r i a l  photography leads  
i n t e r p r e t e r s  t o  assume t h a t  t h e  ground survey work is done a t  t h e  same l e v e l  
of accuracy. This  is seldom t h e  case .  Variance i n  t h e  production and 
socioeconomic survey r e s u l t s  tend t o  lead  t o  t h e  app l i ca t i on  of l a r g e  
co r r ec t i on  f a c t o r s  which of t e n  e i t h e r  magnify t h e  d i f f e r ences  i n  observed 
production f i g u r e s  o r  income, o r  r e s u l t  i n  inconclusive separa t ion  i n  
p roduc t iv i t y  and economic r e t u r n  da t a  across  d i f f e r e n t  n a t u r a l  zones. 

o  Limited Data Se t  Measurement -- concentrat ion on t h e  measurement on a  
s i te  s p e c i f i c  b a s i s  of a  l im i t ed  set of phys i ca l l y  measurable var iab les .  This  
approach is use fu l  when a  few key v a r i a b l e s  i n t e g r a t e  t h e  e f f e c t s  of p r o j e c t  
a c t i v i t i e s .  It is most u s e f u l  when t h e  p r o j e c t  has a  s i n g l e  c l e a r  ob j ec t i ve  
and is operat ing wi th in  a  well-defined geographical a r ea .  The approach avoids 
t h e  problem of r e l i a n c e  on s u b j e c t i v e  farmer r e c a l l .  It is a l s o  genera l ly  of 
lower c o s t  than t h e  o t h e r  op t ions ,  permi t t ing  more f requent  measurements. An 
add i t i ona l  advantage is t h a t  t h e  per iod  between da t a  c o l l e c t i o n  and 
i n t e r p r e t a t i o n  i s  g r e a t l y  reduced. Often t h e  da ta  can be co l l ec t ed  and 
analyzed by f i e l d  s t a f f  and used by p r o j e c t  management within a  few weeks 
t i m e .  Its chief  drawback is  t h e  need f o r  high accuracy i n  da t a  co l l ec t i on  and, 
t o  t h e  ex t en t  t h a t  sampling procedures a r e  used, t h e  accuracy of s e l e c t i o n  of 
r ep re sen t a t i ve  a r ea s  f o r  sampling. 
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The approach of measurin~:  a  l imi ted  da ta  set is t h e  most appropr ia te  
base l ine  da t a  c o l l e c t i o n  and subsequent mopitorinp; opt ion f o r  t h e  S Z W .  The 
SZWHP w i l l  work i n  well-defined watersheds and sub-watersheds. The objec t ive  
of t h e  p r o j e c t  is t o  improve farmer con t ro l  of water resources.  The only 
r e l i a b l e  measures of improved water con t ro l  a r e  increased su r f ace  a rea  and/or 
increased y i e ld .  Two crops a r e  expected t o  be most s e n s i t i v e  t o  recovery of 
va l l ey  lands.  These a r e  r i c e  and peanuts .  The p r o j e c t  is based on t h e  
expec ta t ion  t h a t  one t o  t h r e e  years  w i l l  be required t o  achieve s i g n i f i c a n t  
recovery of land and increased rice y i e l d s .  An intermediate  i nd ica to r  of t h e  
opera t ion  of t h e  water con t ro l  s t r u c t u r e s  is needed t o  ensure t h a t  t h e  minimum 
condi t ions  f o r  improved water con t ro l  a r e  being met. The ga t e  opening and 
c los ing ,  breech incidence and r e p a i r ,  and contour berm incidence and r e p a i r  
provide t h i s  i nd ica to r .  

b  . Procedures 

The following procedures w i l l  b e  used t o  e s t a b l i s h  base l ine  da t a  f o r  t h e  
p ro j ec t :  

o  Basel ine da t a  w i l l  be e s t ab l i shed  on a  watershed by watershed b a s i s .  
The Water Management Teams w i l l  c o l l e c t  t h e  base l ine  da t a  a s  they  begin work 
i n  each watershed. 

o  Base maps a t  1:20,000 s c a l e  w i l l  be prepared from a e r i a l  photographs 
t o  d e l i n e a t e  land forms and su r f ace  a reas .  Then ava i l ab l e  imagery w i l l  be 
combined with a  ground t r u t h  survey t o  develop base l ine  s t a t u s  of land use  and 
cropping p a t t e r n s .  S o i l  sampling w i l l  be  done using rap id  f i e l d  techniques of 
ana lys i s .  The longi tudina l  s lope  of t h e  va l l ey  w i l l  be measured and t r a n s e c t s  
w i l l  be  surveyed a t  t h e  t echn ica l ly  ind ica ted  i n t e r v a l s  f o r  cross-valley 
s t r u c t u r e s .  Exis t ing  s t r u c t u r e s  w i l l  be  mapped. A s  most p lans  w i l l  be done 
over t h e  course of a  r a i n y  season, t h e  f i r s t  measurements of sur face  area of 
r i c e  and peanuts can be done and crop c u t t i n g  sample g r i d s  l a i d  out .  The  
r e s u l t s  of t h e  populat ion and land tenure  surveys w i l l  be  prepared a s  overlays 
t o  t h e  base maps. 

o  Computerized da ta  base f i l e s  w i l l  be prepared t o  enable t h e  key 
f a c t o r s  t o  be t racked.  

3 .  Water Management Plans and Monitoring 

Plans f o r  t h e  cons t ruc t ion  and phasing of water con t ro l  s t r u c t u r e s  w i l l  
be  developed with f  a m e r s  a s  o v e r a l l  water management p lans .  These p lans  w i l l  
inc lude  opera t ions  and maintenance guide l ines  and es t imates  of recovery time 
f o r  each major s o i l  category i n  t h e  v a l l e y  a reas .  Copies of t hese  plans w i l l  
be  he ld  by t h e  p r o j e c t  and t h e  Vi l lage  Water Management Conm~ittee. 

During cons t ruc t ion ,  t h e  p r o j e c t  s t a f f  w i l l  monitor resource use  and 
cons t ruc t ion  progress  using s tandard t racking  shee t s ,  copies  of which w i l l  
remain with t h e  Vi l lage  Water Managenlent Conm~ittees. 
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Af te r  cons t ruc t ion ,  monitoring w i l l  be  done on a  monthly and seasonal 
b a s i s .  Each month t h e  team w i l l  c o l l e c t  copies  of forms i n  notebooks i n  which 
t h e  V i l l age  Water Management Committees w i l l  record g a t e  opening and c los ings  
with gauge l e v e l s ,  t h e  d a t e s  of any breeches and da t e s  of r e p a i r .  During each 

' growing season, t h e  Water Management Teams, a s s i s t e d  by o the r  s t a f f  of t h e  
R I A s ,  w i l l  do a  crop survey f o r  r i c e  and peanut a rea .  They w i l l  a l s o  perform a 
crop c u t  of r i c e  and peanuts f o r  y i e l d  es t imat ion  on each p a r t  of t h e  
toposequence . 

4 .  Data Col lec t ion  

a .  Agr i cu l tu ra l  Data 

Before work s t a r t s  i n  a  given watershed t h e  record of ex i s t i ng ' c rops  
should be  prepared and es t imates  made of pre-project  crop y i e ld s .  The gross  
and n e t  a r ea s  t o  be  a f f ec t ed  by t h e  pro jec ted  works i n  t h e  watersheds ~ h o u l d  
be  measured. This da ta  is necessary  t o  determine development c o s t s  pe r  hec t a r e  
and t o  compute b e n e f i t s  t h a t  can be  a t t r i b u t e d  t o  t h e  p r o j e c t  i n t e rven t ions .  

b. Cost Data 

The c o s t s  of a l l  p r o j e c t  i n p u t s ,  such a s  cons t ruc t ion ,  consul t ing and 
v i l l a g e  incurred expenses w i l l  be recorded. This  in forn~at ion  w i l l  be 
e s s e n t i a l  t o  c a r r y  ou t  f u t u r e  eva lua t ions  and prepare accura te  completion 
r e p o r t s .  

c. Soc io logica l  Data 

P ro j ec t  a r ea  populat ion f i g u r e s  should be co l l ec t ed  i n  order  t o  determine 
b e n e f i c i a r i e s  and land t enu re  d a t a  co l l ec t ed .  

d ,  Water Data 

Water q u a l i t y  d a t a  should be  measured t o  determine t h e  impact of t h e  
p r o j e c t  on l e v e l s  of s a l i n i t y  and sa l t -water  i n t ru s ion .  Gauge l e v e l s  a t  t h e  
con t ro l  s t r u c t u r e s  should be  recorded t o  confirm and e s t a b l i s h  an operat ion 
p lan  f o r  t h e  a n t i - s a l t  d ike / con t ro l  s t r u c t u r e  system 

e. S o i l  Data 

S o i l  types  a t  each p r o j e c t  l o c a t i o n  should be c l a s s i f i e d  and planimetered 
before  t h e  cons t ruc t ion  i s  implemented. This da ta  w i l l  be  used t o  determine 
b e n e f i t s  and monitor p r o j e c t  impact. 

f .  Construct ion Data 

Construct ion q u a n t i t i e s  completed and planned should be recorded along 
with records  of p rogress .  This  d a t a  w i l l  be u se fu l  f o r  p r ed i c t i ng  f u t u r e  
progress and evaluating past  performance. 
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5. U s e  of Data and Report ing 

The b a s e l i n e  d a t a  w i l l  be  t h e  most d e t a i l e d  set of in fo rmat ion  used by 
t h e  p r o j e c t  f o r  moni tor ing and e v a l u a t i o n  purposes.  The b a s e l i n e  w i l l  p rov ide  
t h e  p r e - p r o j e c t  s t a t u s  of each watershed.  The p l a n s  and t r a c k i n g  r e p o r t s  w i l l  
b e  sunm~arized f o r  p r e s e n t a t i o n  t o  t h e  GOS and USAID i n  q u a r t e r l y  r e p o r t s .  The 
Water Management Teanrs w i l l  p r e p a r e  t h e  b a s e l i n e  d a t a  and c o l l e c t  most of t h e  
d a t a .  Design of t h e  system w i l l  r e q u i r e  shor t - term t e c h n i c a l  a s s i s t a n c e  i n  
cartography/photo-interpretation and s t a t i s t i c a l  des ign.  A t o t a l  of two 
person-months of shor t - term w i l l  be  funded by t h e  p r o j e c t  f o r  t h i s  purpose .  
One person-months time of an Informat ion System S p e c i a l i s t  w i l l  be  needed t o  
a s s i s t  i n  t h e  des ign  of t h e  d a t a  base ,  f i e l d  d a t a  r e c o r d s ,  and a n a l y t i c  
t echn iques .  The same S p e c i a l i s t  w i l l  r e t u r n  f o r  one month t o  a s s i s t  i n  t h e  
f i r s t  c y c l e  of d a t a  a n a l y s i s  and i n t e r p r e t a t i o n  and t o  a d j u s t  t h e  d a t a  b a s e  
and r e c o r d s  d e s i g n ,  i f  necessa ry .  

When s i g n i f i c a n t  v a r i a n c e  occurs  from expected r e s u l t s  t h e  COP and t h e  
P r o j e c t  D i r e c t o r  w i l l  i n v e s t i g a t e  t h e s e  even t s .  They can fund b r i e f  s p e c i a l  
s t u d i e s  i f  o u t s i d e  a s s i s t a n c e  is needed. I f  a  longer  term e f f o r t  i s  needed, 
t h e n  t h e  funds  i n  t h e  a p p l i e d  r e s e a r c h  o r  environmental  moni tor ing program 
should b e  used t o  des ign  and execu te  a  r e s e a r c h  program. 
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EXIST IN TZF PROJECT B E G I P N S .  T S I S  WILL 33 IMPO3TANT 
INFORiUTION FBOF! TEE 'PC!INT OF VIEW NOT ONLY O? 
ENVIRONYENThL CERTIPIC!!TION , BUT -4LSO WILL PL 
1NDISPEiJSA"aE FOE 611(8) ANT) -611 (P) PURPOSES. P R O J I C T  

' COMMITTET BEPZ3SENTATIVES BELIEVE THAT T H I S  EhTA FAX 
EEXN COMPILE2 IN USEABLE FCRM WITHIN TEE VARIOUS 
XNGINEEhING BNC O T G Z R  STUCIES RELATED TC THZ P40FOSED 
P R O J E C T  A E X A S .  M I S S I O X  Y A Y  C A B L E  T H I S  A f f A L T S I S  AT I T S  
EAXLIEST C O N V E N I S N C E  E U T  P R I O B  TO S U B Y I S S I O N  CF I93 
AMENDMSNT, AS D Z S C B I E E D  IN PAzT 9 ,  EELOW. 

U N C L A S S I F I E D  S T A T E  2 6 @ 1 9 2 / C 1  
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(B) AN I E S  AMSNDMENT F 0 9  INFRASTRUCTURE A C T I V I T I E S  
VHICK ST3C I P I E S  (1) TiIZ ENVIRONMENTAL CSA3ACTER.I ST I C S  OT 
EIFFSRENT BXGIONS XZERT INFRASTRUCTUBE J I L L  SP S U i L T ;  
( 2 )  TiiX i l 1 X  OP S P E C I F I C  INFBASTRUCTURE ALTEXHATIVES T G  
BE CONSI?E3ED FO2 PilOJECT VINANCING (NOTE: T X S  \ i I L L  
ALSO BE E E Q U I R I C  roa 6 i i ( ~ )   AN^ ( z )  PURPOSES AS 
D I S C U S S 3 3  IN P A Z A .  3,  ?ELOW); AND ( 3 )  A L I S T  3F 
ENVIRONFZNT.\L C2 I T E S I A  FOR CONSTRUCTION OF RACE 
INPRASTBUCTUEE TYPE; E . 2 .  QUOTE I N  AREAS % E R R ?  P9 
CONTEttT Ok THL S O 1 1  I S  A 3 O V E  ( X  AMOUNT), ( Y  
INFhASTBUCTUR3 T Y P S )  WILL NOT 9E USED UUOTF. TXE 
PURPOSX OF ESTkSLISHING SUCH A C R I T E R I A  L I S T  I S  TO SET 
OUT TH? Ii4V IRON MEN TAL PARAMETERS TO BE APPLIED DURING 
PROJLCT IMFLEMIYTATION PRIOR TO AUTROXIZATION TREBESY 
ENABLING TYZ P R O J X T  TO MOVE FORWASD W I T H  AN APPSOVED 
I E E .  Of4LY T O  T H E  EXTENT THAT DEVIATIONS PROM T H X  
C K I T B E I S  Ah2 BXOMHSNDZD DURING IMPLEMENTATIOb! U C U L D  
ZNVIRONKENTAL ASSESSMENTS (PXR MISSION SUGGZSTION) 03 A N  
ENVIRON,Y?NTAL IMPACT STATEHENT BE REQUIRED. 

3 .  E l l ( . % )  A N ?  511(X) REQJIREPiSNTS. TO COMPLY V I T Y  
ST ANDIG!? 611 ( A )  A N D  G 1 1 ( Z )  RBOUIRXMENTS FOR PEOJECT 
AUTYGBIZ.4TION A N 2  AS INPUT TO TIIE ECONOMIC ANASYSIS, T 3 3  
P P  SHOUL3 P3OVIDT 3STAILED COST ESTIMATES FOR EACE 
PBOPOSXC I N ~ ~ A S T R U * C T U B E  TYFE AND TEEN PROVIDF B 
D E T A I L E 3 ,  3 V T  ILLUSTEATIVT,  MIX OF INPRXSTRUCTURE 
PECFOSZZ PGB FEOJECT F I N k N C I g Z .  

4 .  PAETICIPATION.  T E 3  P I G  PLACES GREAT IMPOBTANCS ON 
TXZ PAZTIC IFATC7.Y ASTZZTS 03' PRCPOSEII L C T I V I T I Z S  P.S 

VITAL TO TEE K T I P A T E  SGCGESS OF THE PROJECT. T E E  
PROJECT CCJMYIITTEZ APFLAUDS T E I S  STRATEGY. HO1!;ZVEE, T25 
PBOJECT CCY,EITTZE FELT STRONGLY TSAT IT S3OUiG NCT E E  
kSSUPiED TEAT Pii-RTICIPATIO>i WILL OCCUR SPONTbN3OUSLY. 
RATEES LOCAL 'PA9TICIFATIC)N IN FROJECT A C T I V I T I E S  YUST 3Z 
AGGRESSIVELY S O U G E T ,  BGILT U P ,  AND SHOULD EE HIGIILY 
STRUCTCEEC. PURING INTENSIVX ANALYSIS. MISSION I S  
ENCOUShOE3 TO LIAMIt i3  VILLAGE LEVEL FINANCING nKD 
PARTICI?A?I@N SCESYES AND EXPERIENCE UNDES OTSER !. . I  . D .  
h F P O R T S ,  ZSFZCIALLY IN A!JE BOT9 FROM T E E  S5T WATER 
MANAGEMZNT SYNTHESIS I 1  PROJECT AND FROM OTEEE SCURCES. 
WISSION MIGHT % I S H  TO CONTACT SPAN PEAE3D7,  SENIOS i A T E R  
hAi'iAGEPiXBT ACVISOS; ANE/TR/ARD, FOR RECOMMENDATICNS 
EMERGING F3OM ZELEVANT EXPEIiIPNCE. 

ECPR ALSO RGCOGNIZES THAT THX PARTICIPATOBY ASPECTS OP 
TEE PSOJECT EXTEEME .EEYGNC ENCOURAGING POTENTIAL 
b E N Z E I C I A E I E S  TO PAPTICIPATE IN PROJXCT A C T I V I T I E S .  TH9 
FACT TXAT SMALL 1NFSASTRUCT.UBE INSTALLATIONS ( C I K E S ,  

" U N C L b S S I F I E n  STATE 268192/81 
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DAMS, A N 3  TR9 L I X E )  WILL EEQGIRE COOPERATlFS ACTION 
AMONG SEVERAL VILLAGES TO MAINTAIN AND OPF3ATS WILL 
DEMAND .A SINS?  OF B E S P O N S I S I L I T Y  FOR, AND PARTICIPATICN 
IN VAT33 MANAGEilZNT SYSTEYS LONG AFTER T E E  PROJECT I S  
OVEH. 

. 5. TRAINItJG.  PROM THE POINT OF VIEW OF IDGNTIFYING AND 
DESCRIBING A SPF;CIFf  C FROSECT STRATEGY, THE TRhINING 
ACTIVITY WAS TEE LEAST CLEAR OF ALL THE PEOPOSED PRCJECT 
COMPONZNTS PaOPOSED IN THE P I D .  THE MISSIOK 
REPRESXNTATIYE CLARIFIED THE POINT BY DBSCBIEING THE 
TYPES O? TRAINING CONTEMPLATED A N 3  THE PUBPOSE OF TRE 
TRAINING ( I . S . ,  TO ZNSURE THAT ADEQUATE PROMOTION 
CAPAl3ILITIES EXIST TO IMPLEMSNT T H X  PIZOJXCT)  . THE XCPB 
APPRECIATED BNP CONCURRED WITB TEE M I S S I O N ' S  PREFERXNCZ 
FOR INFCSMAL TRAINING, AS STATED BY T 9 E  MISSION 
BZPRES D i T A T  TP 5. EOUEVXR , ECPR PARTICIPANTS Y ISHED TO 
UNDEaSC03E TO TEZ E I S S I O N  TEE IMPORTANCE OF ENSURING 
THAT F?.CYOTEXS A X 3  ACEQUATPLY TRAINED. TEE SUCCESS 09 
FAILUR3 O? V I L L A G Z  PARTICIPATION IN THE PROJECT % I L L ,  T O  
A GBZAT 3ZGIEE, DZPEND Oh T96 A 3 I L I T I E S  QY' T 9 2  
PEOMOTEZS. ALOYG T X I S  L I N E  AND TO ENCOURAGE TET BSS'L] 
POSSIBLE TFAIiJINS TOR PROMOTEES , YE WISH TO EhrCOilRArJt' 
T E E  MISS ION TO ZXPLORE TSS P O S S I B I L I T Y  OF It4CLUDIMf A 
TSAINIa\iG 07 T 3 A I h Z i S  ACTIVITY UNDER THE TY4INING 
C G M P G N Z h T .  

6. DISS ZRINATIOW CF NET AGROrlOMIC TECENOLOGIZ5. TES PP 
S90U3J I 3 D B E S S  IN D3TAIL THE L INlAGE P E T V X U !  TECSNCLCGP 

T E C B N C L C G Y  C I E S E ~ l I N b T I O N  . YE U03LD EXPECT TO SEE A 
DZTkILZ2 ZESCF.I?TION OF TZE TECHNOLOGY PLOW FROM ISRA TS 
PABTICiFP.TIXS PhfiMZZS A N C  VEbT MEANS WILL Bl? USFC T O  
ENSURX T3AT T E A T  ?LOv# EXPFENS. 

( A )  GOO?.DI?iATIO?~. PROJTCT IMPLEMENTATION WILL DZPEND 
ON SUCCXSZFVL COO3CINATIO% OF A C T I V I T I E S  A N D  STAFF AT 
TSE TIELD LEBZL S3TWESN VhRIOUS D I V I S I O N S  OF TWO GOS 
MINISTRIES , IN FOF.;lAL WATER 3ANAGEMEN T ZR3 UPS AT TXE 
REGIONAL A N D  VILLAGE LEV%S, PVOS, .AND PEACE CORPS. AS 
THE KISSION POINTS OUT IN Ti36 P I D ,  INVOLVFHENT OF SUCE A 
LARGE HUFBER GF FORMAL AGENCIES AND LESS FORMAL GROUPS, 
as W E L L  A S  PZOJPCT BENSPICIARIZS,  Y I L L  U N D O U B T E D L Y  
RESULT IN PROJFCT 1.MPLEMEMTATION COEIPLICITICNS.  ECPE 
STRONGLY AECOMMSNDS THAT AUTHORITY AS WZLL A S  
RESPONSISILITY FOE PROJECT IMPLEMENTATION EX VESTED TO 
THE M A X I M D M  EXTENT POSSIBLS IN ONE E N T I T Y ,  PREFE2ABS.Y 
THE PROPOSED OM-SXTB PROJECT IMPLEMENTATION UNIT.  TO 
THE EXTZNT TSbT TAIS REQUIRTS SPEC1.h-L CELllGATIONS TO TEE 
HEAD Gi' TkIS UKIT,  THE MISSION I S  ENCOURAGED PO 
VIGOROUSLY PUESUI SAME. Y ITHOUT DELFGATION 09 
COMPARAZLE ACTION WEICF! PLACSS FULL AUTEORITY AT F I E L E  
LEVEL, ECPR SERIOUSLY OUESTIONS F E A S I B I L I T Y  OF TROP3SED 
PEOJECF DESIGN. PLSAS3 YEEP AFR/PD ADVISED OF FROGRXSS 
OF NEGOTIATIONS ON THIS ISSUE. 

UNCLASSIFIED STATE 268192/P2 



( B )  S T S T X I N A E I L I T Y  O F  MANAGEMENT ARRANGEMENTS AND 
R E P L I C A S I L I T Y  OF M O D E L .  V B I L E  ECTR S U F P O Z T S  H I S S I O N  
FBGPCSZD H>.NAGEKENT A E E L N G E M E N T S  ( S U B J E C T  T O  P R G V I S Q  03 
D I C E N T S A L I Z A T I O N  OF Mh~hSEMEf4T AUTHOXITY CISCUSSXD 
AbOVE), 3CPR REMAINS C O N C E R N E D  TEAT T H X  P70JECT SliOULP 
LEAVE IN P L A C E  03 O T E E E W I S E  P R O V I D E  F3R A MANAGEMENT 
U N I T  WZICH C A N  REPLICATE PROJECT MODEX I N  OTHER AREAS. 
T B 3  P P  S E O U L D ,  T B E X F F O l ? E ,  D I S C U S S / A N A L Y Z E  T I I I S  I S S U E  A N D  
O U T L I f i E  A S T R A T Z G Y  T O  E N S U R E  MANAGEWENT C A P A C I T Y  TO 
IMPLEiYZNT A S I M I L A R  PROGRAM AFTER TEE A . 1 . C .  T B O J E C T  
C L O S E S .  

8. B G C U B A I N G  C O S T S  OF WATER MANAGEMENT S Y S T E M S .  TI!E PP 
SHOULD O U T L I N E  S P E C I F I C  P L A N S  T O  GUARD A G A I N S T  
O V E R D E S I G N  VIS-A-VIS S U B S E Q U E N T  O P E R A T I O N  A N D  MANAGEPIENT 
C O S T S  'dB I L E  E N S J R I N G  T E C K N I C k L  MAINTENAXC ? O F  YATER 
CONTROL V O R Y S ,  A D M I N I S T R A T I V X  FOLLOV-UT 0 3  MONITOBING 
AllRANG3MENTS W B I C S  DEMAND T H A T  M A I H T S f i A N C P  X T C E I V E  
PRIORITY A T T E N T I O N ,  AND F U N D I N G -  SOURCBS O R  F T N A N C I N C  
ARXBNGZMENTS S U F F I C I E N T  Ti3 COVER THE C O S T S  OF R E Q U I R E D  
M A I N T E N A N C 2 .  

9 .  60s V A T 3 S  MANAGEMX?IT P O L I C I E S .  P I D  D I S C F S S I O N  O r  
T E E  V A 3 1 0 U S  OTEEB DONOR YATER MANAGEMENT PROC2AMS LED 
E C P R  T O  Q U E S T I O V  WHETHER T E E  GOS 3 A S  A C O N S I S T E N T  WATEB 
MANASEYZNT F O L I C P  OR STRATEGY. T R 3  FP S 2 3 U L J l  
ADDRESS/EAT I O N I L I Z E  YRAT A P P E A R  T O  BE VERY D I F F E B E N T  
V A T 3 2  YAf iAGFMENT P O L I C I E S .  

1 L X K D  T E N Y R E  C O N C E R N S .  E C P R  A P P L A V D S  K I S S I O h '  FOR 
P t i IG3ITI  S E I N G  P L A C E D  ON T H I S  A S P E C T  O F  P E O J E C S  
F E A S I Z I L I T ' I .  . IN A D D I T I G b !  T O  O U T L I N E D  S C O F E  3P 'k'0RK 3'02 
T H I S  S T U D Y ,  ECPE RECOMMENDS T H A T  F O L L O Y I N S  TE!I?E9 A S P E C T S  
OF T E I S  I S S V Z  BE S F E C I F I C A L L Y  A D D 9 E S E E D  B Y  STUDY TEAF.  

( A )  IS T E N U R E  A D E U G T E L Y  S E C U R E  T O  E N S G R E  F E A T  LAME,  
ONCZ i Y P E O V 3 D  BY E E I ? I G  I R R I G A T E D ,  V I L L  N O T  EX O V E R T A Z I N  

U N C L A S S I F I X D  STATE 266192/32 . 
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OR CLAIYED EY BBZVIOUS OCCUPAflTS? ROW YASY SCULD I T  B E  
FOR OTZTR CLAIYANTS TO DISPUTZ TENURE RIGKTS OF CUEREN? 
OCCUPANTS? 

( B )  I S  TENURE ADEQUATFLY SECURE ON AN INDIVIDUAL OR 
F A M I L Y  E A S I S  RATEER T H A N  GROU? BASIS  S O  A S  TO E N S U R S  
THAT THX FACT THAT LARD M A Y  BE HELD COMMUNALLY I S  NOT A N  
IMPEDIM3T TO 1NDlVIDUAL INVXSTMENT IN MZW WP.TSR AND - 

A G R O N O M I C  TECENOLOGIES? 

( C )  I S  TSERE A DISTINCTION BETWEEN LAND BIGHTS AND 
VATER RIGHTS IN SENEGAL? I F  S O ,  Y E  RECOl-lMEND THAT WATEX 
RIGHTS UNDER SENEGALESE LAY AS WBLL A S  TRIBAL CUSTOMS BE 
AS TEOROUGELY RESEARCHED AS TH9 LAND TENURZ I S S U E ,  

11. 113. A CATEGORICAL EXCLUSION WAS APPROVED ON JUNE 
11, 1987, roa THE r o u R  PROJECT INPUTS AS DESCRIBED I N  
THZ DRAFT I E E  (TECHNICAL ASSISTANCE, TRAI!dING, STUDIES 
AND CCMMODITIZS OT3ER TZAN CONSTRUCTION EQUIPMENT AND 
M ~ T E i l 1 . 9 5 ~ ) .  I F  ADD1 TIONAL A C T I V I T I E S  B.RX CONTRMPLhTED , 
OR I F  A N Y  ATIZITIONAL ACTIVITY AFFECTING THE PIIYSICAL 
ENVIRONMENT I S  CGNTEMPLATED IN THE FUTUsit ,  TXESE MILL BE 
SUEJECT TO AID/W ENVIRONYENTAL R E V  IEV. 

12 .  PRCJECT BACYGROUNC A N D  RZLATIONSHIP TO OTBER A .I .D.  
A C T I V I T I E S .  AS ?ART OT THE BACKGROUND TO TEE FEGJECT,  
MISSION I S  RXQUESTED TO INCLUDE IN TEE P P  A MOB3 
COMPLXTE DESCRIPTION OT THE EXTENSIVE EISTORY I T  EAS 
WITH IR3IGATION PROJECTS,  ISBA RESEARCE CAPACITIES 
(ESPECI.4LLY IN THE PROPOSED PSOJECT AsEP.), BND WELL 
CONSTRUCTION AND USE IN THE PROPOSED PBOJECT AREA.  

13. EVALUATION. MISS ION EXPERIENCP WITB THE 

PARTIC 1PATOF.Y MODELS DEVELOPED UNDER THIS PROJECT SECULD 
BE DOCUMENTED IN GBZAT DETAIL AS THE AGENCY I S  VEST 
INTERESTED IN LEARNING DEVELOPMENT LESSON S FROK 
SUCCESSFUL PARTICIPATION SCHEMES. IN ORDER TO FULLY 
EVALUkT3 PSOJECT IMPACT, MISSION I S  PEQUESTED TO ENSUE7 
THAT ADZQUATE EATA I S  GATEEXBD TO FULFILL BASELINB D A T A  
EEQUIREM3NTS. h . 1 . D . h  RECOMMENDATIOK I S  THAT YISSION 
INCLUDE FUNDING FOR A BASELINE DATA GATHERING EFFORT IN 
FINAL EXSIGN UNLESS MISSION I S  CONVINCED TEAT ADEQUATE 
DATA COVERING ENTI>E PROJECT AREA E X I S T S  TO MZASURX EOTH 
PURPOSS LEVEL AND, EVENTUALLY, GOAL LEVEL IMPACT. 

14. FECCUREMENT PLAN. IN CONJUNCTION WITH THE 
DBVELOPMENT OF THE PROJECT 'S DTTAILED PRO CUREflBKT PLAN , 
MISSION I S  REQUESTXI) TO INCORPORATE ALL WAIVERS. TO Ti33 
EXTENT T H A T  W A I V E R S  W H I C H  CAN ONLY BE APPROVED I N  A I D / Y  
A 2 3  I I !B~4TIFIED,  MISSION I S  E?lCOURAGED TO REQUEST SAKE IN 
ADVANCZ OF AUTHORIZATION. 

15. SPXCELL CON CBRNS. GIVEN INCREASING SONGRSSSIONAL 
INTEREST,  THE MISSION SaOULD MAKE E X P L I C I T  IN TBE PF THE 
LItiXAGS BETWEEN T H I S  PROJECT AND NATURAL RESOURCE 
PRGTXCT I ON AND PBOMOTI CN . 

U N C L A ~ S I F I E D  STATE 263192/23 
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16. OTZER COMMENTS. 

( A )  ECPR WISHES TO COMPLIMSNT MISSION ON I T S  TREATM3NT 
OF WID ISSUES IN T B I S  P I D .  WE WERE ESPECIALLY PLEASED 
WITH T H Z  NAP U I D  CONCEBNS ARE TULLY INTEGSITED INTO 
PROJECT A C T I V I T I E S .  

( B )  IN GENERAL, ECPR FOUND THE P I D  TO BE OF EIGB 
QUALITY A f i D  QUITE COMPEE3ENSIVE. AT THF SAYE T I M E ,  WE 
ARE COYFSLLED TO POINT O J T  TEAT RECENT GUIDANCE 9 A S  
PROVIDE2 THAT ? I D S  BS LIMITED TO 15-20 PAGES OF 
SINGLE-SAPCED, STANDARD SIZE TYPE. YRITXBEAC 
BT 
#a 192 

N M N N  

UNCLASSIFIED STATE 260192/~3 
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0 B J E T : Mise en oeuvre du P r o j e t  de Gestion 

des Eaux dans l e  Sud. 

REFERENCE : V/L du 7/11/1986 e t  31/03/1988 

Madame l e  Directeur ,  

P a r  l e t t r e  AID/PD0/035/88 en da t e  du 31 Mars 1988, 

vous avez bien voulu me t ransmet t re  l e  document preparatoire  du P ro j e t  

de Gestion des Eaux dans l e  Sud. 

Conformdment 5 ma l e t t r e  no 7667 du 20 Novembre 1986, 

j e  vous confirme la  haute importance que l e  gouvernement du S in iga l  

a t tache  B l a  r e a l i s a t i o n  de c e  p r o j e t  dont l e s  o b j e c t i f s ,  a i n s i  que 

l e  montant du financement propos6 rencontrent  mon agriment. 

Je pu i s  vous a s su re r  que t ou t e s  les disposi t ions u t i l e s  

se ront  p r i s e s  du ca t6  du gouvernement pour l a  r e a l i s a t i o n  de ce  p r o j e t  

dam les meil leures  conditions.  

En vous remerciant pour. l e  sout ien  constant que vo t re  

i n s t i t u t i o n  apporte au d6veloppement 6conomique e t  s o c i a l  du S6nBga1, 

je vous p r i e  d t - c r o i r e ,  Madime l e  Directeur ,  l 'assurance de ma 

haute  consid8ration. 

+) Madame l e  Directeur 

de 1 'USAID . 

D A K A R  

'3  
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SC(2) - PROJECT CHECKLIST 

Listed below are statutory criteria applicable 
to projects. This section is divided into two 
parts. Part A includes criteria applicable to 
all projects. Part B applies to projects funded 
from specific sources only: B(1) applies to all 
projects funded with Development Assistance; 
B ( 2 )  applies to projects funded with Development 
Assistance loans; and B ( 3 )  applies to projects 
funded from E S P .  

CROSS REFERENCES: IS COUNTRY CHECKLIST UP TO 
DATE? HAS STANDARD lTEM 
CHECKLIST BEEN REVIEWED FOR 
THIS PROJECT? 

A .  GENEHAL CRITERIA FOR PROJECT 

1. FY 1908 Concir~uinu Hesolution S e c .  523; 
F M  S e c .  6 3 4 A .  If money is sought to -- 
obligated for an activity not previously 
justified to Congress, or for an amount 
in excess of amount previously justified 
to Congress, has Congress been properly 
notified? 

2 .  FAA S e c .  611(a)(l). Prior to an 
obligation in excess of $500,000, will 
there be ( a )  engineering, financial or 
other plans necessary to carry out the 
assistance, and (b) a reasonably firm 
estimate of the co6t to the U.S. of the 
assistance? 

3. FAA Sec. 611Ja)(2). I f  legislative 
action is required within recipient 
country, what is the basis for a 
reasonable expectation that such action 
will be completed in time to permit 
orderly accomplishment of the purpose of 
the assistance? 

Yes 

Congressional 
Notification will 
be sent to Congress. . 

( a )  detailed financial, 
engineering and other 
plans have been 
prepared. 
( b )  Project Paper 
includes reasonably 
firm cost estimates. 

No legislative 
action required. 



4. FAA Sec. 611(b); FY 1988 Continuing 
Resolution Sec. 504 .  I f  project is for Yes 

water or water-related land resource 
construction, have benefits and costs 
been computed to the extent practicable 
in accordance with the principles, 
standards, and procedures established 
pursuant to the Water Resources Planning 
A c t  (42 U.S.C. 1962, seq.)? (See  
A.I.D. Handbook 3 for guidelines.) 

5. FAA Sec. 611!e). i f  project is capital Yes. See Annex D of 
ass i s taece  ( e . o . ,  construction), and Project Paper. 
total U.S. assistance for it will exceed 
$1 million, has Mission Director 
certified and Regional Assistant 
Administrator taken into consideration 
the country's capability to maintain and 
utilize the project effectively? 

, 6. FAA 3ec. 209. Is project susceptible to No 
execution as part of regional or 
multilateral project? I f  s o ,  why is 
project not so executed? Information and 

. .  conclusiori whether assistance will 
encourage regional development programs. 

FAA Sec. 601(a). lnformation and 
7-- 

conclusions on whether projects will 
( a )  N/A 
(b) Yes 

encourage efforts of the country to: (c) Yes 
( a )  increase the flow of international 
trade; (b) foster private initiative and 

(dl N I A  
(e) Yes 

competition; (c) encourage development 
and use of cooperatives, credit unions, 

( f )  N/A 

and savings and loan associations; 
(d) discourage monopolistic practices; 
( e )  improve technical efficiency of 
industry, agriculture and commerce; and 
( f )  strengthen free laboc unions. 

8 .  FAA Sec. 601(b). Information and 
conclusions on how project will encourage 
U.S. private trade and investment abroad 
and encourage private U.S. participation 
in foreign assistance programs (including 
use of private trade channels and the 
services of U.S. private enterprise). 

9 .  FAA S e c s .  612(b), 636(h). Describe step6 
taken to assure that, to the maximum 
extent possible, the country is 
contributing local currencies to meet the 
cost of contractual and other services, 
and foreign currencies owned by the U.S. 
are utilized in lieu of dollars. 

.U.S. long and short-term 
technical Assistance will 
be furnished under the 
project .. Project ' commodi- 
ties will. be from U.S. 
wherever. poss5ble.. Much 
training will- also be m 

in the U.S. 

USAID will ensure that 
GOS and local farmers are 
contributing to project, 
both in kind and in cash, 
those items as agreed 
upon in the Project 
Agreement. 



10. FAA Sec. 612(d). Does the U.S. own 
excess foreign currency of the country No 
and, if so, what arrangements have been 
made for its release? 

K 1 9 8 8  Continuinta Resolution Sec. 521. 
I f  assistance is for the production of No 
any commodity for export, is the 
commodity likely to be in surplus on 
world markets at the time the resulting 
productive capacity becomes operative, 
and is such assistance likely to cause 
substantial injury to U.S. producers of 
the same, similar or competiny commodily? 

12. FY 1988 Continuins Resolution Sec. 553. 
Will the assistance (except for programs No 

+a , in Caribbean Basin lnitiative countries 
. $5:: 
&r+i. . under .U.S, Tar iff Schedule "Section 80'7, 

. 5 . .  which allows reduced tariffs on articles 
-. assembled abroad from U.S.-made 
5 - components) be used directly to procure 

feasibility studies, prefeasibiliry 
studies, or project profiles o t  potential 
investment in, or to assist the 
establishment of facilities specifically 
designed for, the manufacture for export 
to the United States or to third country 
markets in direct competition with U.S. 
exports, of textiles, apparel, footwear, 
handbags, flat goods (such as wallets or 
coin purses worn on the person), work 
gloves or leaCher wearing apparel? 

13. FAA Sec. 119ts)(4)-(6). Will the 
assistance (a) support training and 
education e f f o r t s  which improve the 
c a p a c i t y  of recipient countries to 
prevent loss of biological diversity; 
(b) be provided under a long-term 
agreement in which the recipient country 
ayrees to protect ecosystems or other 
wildlife habitats; (c) support efforts 
to identify and survey ecosystems in 
recipient countries worthy of 
protection; or (dl by any direct or 
indirect means significantly degrade 
national parks or similar protected areas 
.or introduce exotic plants or animals 
into such areas? 

(a> No 
(b) Yes .' Thru anti-salt 
dikes, valleys will be 
protected against the 
further intrusion of 
salination. 

(c )  Yes 
( d )  No 



14. FAA 121(d). If a Sahel project, has a This is a Sahel Project. 
determination been made that the host No project funds w i l l  be 
governmenL has an adequate system for made available directly 
accouritiny for and controlling receipt to the GOS. 
and expenditure of project funds (either 
dollars or local currency generated 
therefrom)? 

IS. FY 1988 Continuinq Resolution If 
assistance is to be made to a United 
States PVO (other than a cooperative 
development organization), does it obtain 

N/A 

at least 20 percent of its total annual 
funding for international activities from 
sources other than the United States 
Government? 

16, FY 1988 Continujnu ~esoiution Sec. 514-.  
If funds are being obligated under an N/ A 

appropriation account to which they were 
not appropriated, has prior approval of 
the Appropriations Committees of Congress 
been obtained? 

17. FY Continuins Resolution Sec. 515. I f  
deob/reob authority is sought to be 
exercised in the provision of assistance, 
are the funds being.  obligated for the 
same general purpose, and for countries 
within the same general region as 
originally obligated, and have the 
Appropriations Committees of both Houses 
of Congress been properly notified? 

18. FY Continuinq Resolution Sec.  541. If 
assistance is being made available to a N/A 

PVO, has that organization provided upon 
timely request any document, file, or 
record necessary to the auditing 
requirements of A.I.D., and is the PVO 
registered with A.I.D.? 



FUNDING CRITERIA FOE? PROJECT 

1. Development Assistance Proiect-Criteria 

a ,  FY 1988 Continuing Resolution S e c .  
5 5 8  ( a s  i n t e r p r e t e d  by conference -- (a) No. 
r e p o r t ) .  If assistance is for 
agricultural development activities 

(b) No. 

(specifically, any testing or 
breeding feasibility study. variety 
improvement or introduction, 
consultancy, publication, conference, 
or training), are such activities (a) 
specifically and principally designed 
t o  increase agricultural exports by 
the host country to a country other 
than the United States, where the 
export would lead to direct 
competition in that third country 
with exports of a similar commodity 
grown or produced in the United 
States, and can the activities 
reasonably be expected to cause 
subsLantia3 injury Lo U.S. exporters 
of a similar agricultural commodity; 
or (b) in support of research that is 
intended primarily to benefit U.S. 
producers? 

b. FAA Secs. 1 0 2 b  1 113, ZBl(a). 
Describe extent to which activity 
will (a) effectively involve the poor 
in development by extending access to 
economy at local level, increasing 
labor-intensive production and the 
use of a p p r o p r i a t e  technology, 
dispersing investment from cities to 
small towns and rural areas, and 

(a) Village-level farmers 
and farmer groups will 
directly benefit from 
improved water availabi- 
lity and protected land. 
All villagers have land 
both in the valleys and 
highlands; thus all 
families will benefit 
from improved water 
management. 
(b) Project will help 
develop and organize 
water management groups 
allowing farmer groups 
to increase production 
and improve income. 
(c) Project focused on 
total involvement of 
villagers in dike cons- 
truction, maintenance 
and operation; responsi- 
bility rests with 
villagers. 



insuring wide participation of the 
poor in the benefits of development 
on a sustained basis, using 
appropriate U.S. institutions; 
(b) help develop cooperatives, 
especially by technical assistance, 
to assist rural and urban poor to 
help themselves toward a better life, 
and otherwise encourage democratic 
private and local governmental 
institutions; ( c )  support the 
self-help efforts of developing 
countries; ( d )  promote the 
parLicipation of women in the 
national economies of developing 
countries and the improvement of 
women's status; and (e) utilize and 
encourage regional cooperation by 
developing countries. 

(d) Women are major force 
in rice production and 
will be greatly involved 
in project activities and 
affected by project. 

(e) Training and obser- 
vational tours will be 
carried out in regional 
countries. 

c. FAA Secg, 103, 1 0 3 A ,  104, 1 0 5 ,  1 0 6 ,  Yes. FAA Sectionl21. 
1 2 0 - 2 1 .  Does the project fit the --- 
criteria for the source of funds 
(functional account) being used? 

d. FAA S e c .  107. Is emphasis placed on ye s  small dikes are 
use of appropriate technology most appropriate techno- 
(relatively smaller, cost-saving, logy for water management 
labor-using technologies that are in the area. 
generally most appropriate for the 
small farms. small businesses, and 
small incomes of the poor)? 

e. FAA Secs. 110, 124(d). Will the 
recipienL country provide at least 25 N/A to Section 121. 
percent of the costs of the program, 
project, or activity with respect to 
which the assistance is to be 
.furnished (or is the latter 
cost-sharing requirement being waived 
for a "relatively least developed" 
country)? 

'AA -- Sec-. 128lbI. I f  the activity Yes. Institutional 
~ttempts t o  increase the capabilities will be 
,nstitutional capabilities of private developed to assist 
brganizations or the government of village farmers. 
.he country, or if it attempts to 
,timulate scientific and 
.ethnological research, has it been 
.esigned and will it be monitored to 
!risure that the ultimate 
beneficiaries are the poor majority? 



FAA S e c .  281(b). Describe extent to 
which proyram recognizes the 
particular needs, desires, and 
capacities of the people of the 
coun t ry ;  u t i l i z e s  the country's 
intellectual resources to encourage 
institutional development; and 
supports civil education and training 
in skills required for effective 
participation in governmental 
processes essential to 
self-government. 

FY 1988 Continuing ~esolution Sec. 
5 3 8 .  Are any of the funds to be used -- 
for the performance of abortions a s  a 
method of family planning or to 
motivate or coerce any person to 
practice abortions? 

~ c e  any of the funds to be used to 
pay for the performance of 
involuntary sterilization as a method 
of family planning or to coerce or 
provide any financial incentive to 
any person to uadergo sterilizations? 

Are any of the funds to be used to 
pay for any biomedical research which 
relates, in whole or in part, to 
methods of, or the performance of, 
abortions or involuntary 
sterilization a s  a means of family 
planning? 

i. FY 1988 Continuinu Resolution. Is 
the assistance being made available 
to any organization or program which 
.has been determined to support or 
participate in the management of a 
program of coercive abortion or 
involuntary sterilization? 

If assistance is from the population 
functional account. are any of the 
funds to be made available to 
voluntary family planning projects 
which do not offer, either directly 
or through referral to or information 
about access to, a broad range of 
family planning methods and services? 

Project will fund acti- 
vities aimed at and 
managed by Senegalese 
themselves. Training 
and technical assistance 
will strengthen the 
capacities of the GOS tc 
provide appropriate 
services to farmers, thc 
private sector to sup- 
port water management 
and especiqlly the far- 
mers to take responsibi- 
lity for the dikes and 
improve production. 

No. 

No. 

No. 

No. 

I 



j. FAA Sec. 601(e). Will the project yes, 
utilize competitive selection 
procedures for the awarding of 
contracts, except where applicable 
procurement rules allow otherwise? 

PY 1988 Continuina Resolution. What -- 
portion of the funds will be 
available only for activities of 
ecoriomically and socially 
disadvantaged enterprises, 
historically black colleges and 
universities, colleges and 
universities having a student body in 
which more than 20 percent of the 
students are Hispanic Americans, and 
private and voluntary organizations 
which are controlled by individuals 
who are black Americans, Hispanic 
Ame~icans, or Native Americans, or 
who are economically or socially 
disadvantaged (iricluding women) ? 

1, FAA S e c ,  118lc). Does the assistance 
comply with the environmental 
procedures set forth in A.I.D. 
Regulation 1 6 1  Does the assistance 
place a high priority on conservation 
and sustainable management of 
tropical forests? Specifically, does 
the assistance, to the fullest extent 
feasible: (a) stress the importance 
of conserving and sustainably 
managing forest resources: (b) 
support activities which offer 
employment and income alternatives to 
those who otherwise would cause 
destruction and loss of forests, and 
help countries identify and implement 
-alternatives to colonizing forested 
areas; (c) support training 
programs, educational efforts, and 
the establishment or strengthening of 
institutions to improve forest 
management; (d) help end destructive 
slash-and-burn agriculture by 
supporting stable and productive 
farming practices; (e) help conserve 
forests which have not yet been 
degraded by helping to increase 
productiori on lands already cleared 

No project funds are set 
aside solely for such 
organizations. All inte- 
rested organizations will 
be encouraged to submit 
proposals in open compe- 
tition or as joint ventu- 
re partners. 

- Yes. 
- Project will encourage 
conservation of tropical 
tree species thru anti- 
salt program. 

- (a) Yes 
(b) N/A 
(c) N/A 
(d) N / A  
(e) Yes 
(f) Yes 
(8) N/A 
(h) N/A 
(i) N/A 
(j) N/A 
(k) Yes. 



or degraded; ( f )  conserve forested 
watersheds and rehabilitate those 
which have been deforested; ( g )  
support training, research, and other 
actions which lead to sustainable and 
more environmentally sound practices 
for timber harvesting, removal, and 
processing; (h) support research to 
expand knowledge of tropical forests 
and identify alternatives which will 
prevent forest destruction, loss, or 
degradation; (i) conserve biological 
diversity in forest areas by 
supporting efforts to identify, 
establish, and maintain a 
representative network ot protected 
tropical forest ecosystems on a 
worldwide basis, by making the 
e.stablishment of protected areas a 
condition of support for activities 
involving forest clearance or 
degradation, and by helping to 
identify tropical forest ecosystems 
and species in need of protection and 
establish and maintain appropriate 
protected areas; ( j )  seek to 
increase the awareness of U.S. 
government agencies and other donors 
of the immediate and long-term value 
of t r o p i c a l  f o r e s t s ;  and (k)/utilize 
the resources and abilities of all 
relevant U.S. government agencies? 

m. FAA S e c .  118(c)(13). If the 
assistarice will support a program or N / A ,  Project 
project significantly affecting will not significantly 
tropical forests (including projects affect tropical forests 

- involving the planting of exotic 
plant species), will the program or 
project  ( a )  be based upon care fu l  
analysis of the alternatives 
available to achieve the best 
sustainable use of the land, and 
(bl/take full account of the 
environmental impacts of the proposed 
activities on biological diversity? 
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n. FAA Sec. 118(c)(141. Will assistance 
be used for (a) the procurement or 
use of logging equipment, unless an 
environmental assessment indicates 
that all timber harvesting operations 
involved will be conducted in an 
environmentally sound manner and that 
the proposed activity will produce 
positive economic beqefits and 
sustai~iable forest management 
systems; or (b) actions which will 
significantly degrade national parks 
or similar protected areas which 
contain tropical iorests, or 
introduce exotic plants or animals 
into such areas? 

o, FAA Seq. ll8(cl(l5). Will assistarice 
be used for (a) activities which 
.woul'd result in the conversion of 
forest lands to the rearing of 
livestock; (b) the construction, 
upgrading, or maintenance of roads 
(including temporary haul roads for 
logging or other extractive 
industries) which pass through 
relatively undegraded forest lands; 
(c) the colonization of forest lands; 
or (d) the coristruction of dams or 
other water control structures which 
flood relatively undegraded forest 
lands, unless with respect to each 
such activity an environmental 
assessment indicates that the 
activity will contribute 
significantly and directly to 
improving the livelihood of the rural 
poor and will be conducted in an 
.environmentally sound manner which 
supports sustainable development? 

p. FY 1988 Continuinu Resolutioq If 
assistance will come from the 
Sub-Saharan Africa DA account, is it 
( a )  to be used to help the poor 
majority in Sub-Saharan Africa 
through a process of long-term 
development and economic growth that 
is equitable, participatory, 
environmentally sustainable, and 
self-reliant; (b) being provided in 

(a) No. 

(b)  No. 

(a) No. 
(b) No. 
(c) No. 
( d )  No. 

(a) Yes. 
(b) Yes. 
(c) Yes. 
( d )  Yes. 
(e) Yes. 



accordance with the policies 
contained in section 102 of the FAA; 
(c) being provided, when conistent 
with the objectives of such 
assistance, through African, United 
States and other PVOs that have 
demonstrated effectiveness in the 
promotion of local grassroots 
acLivities on behalf of long-term 
development in Sub-Saharan Africa; 
( d )  being used to help overcome 
shorter-term constraints to long-term 
development, to promote reform of 
sectoral economic policies, to 
support the critical sector 
priorities of agricultural production 
and natural resources, health, 
voluntary family planning services, 
education, and income generating 
opportunities, to bring about 
appropriate sectoral restructuring of 
the Sub-Saharan African economies, to 
supporc  reform in public 
administration and finances and to 
establish a favorable erlvironment for 
individual enterprise and 
self-sustaining development, and to 
take into account, in assisted policy 
reforms, the need to protect 
vulnerable groups; (e) being used to 
increase agricultural production in 
ways that protect and restore the 
natural resource base, especially 
food production, to maintain and 
improve basic transportation and 
communication networks, to maintain 
and restore the natural resource base 
in ways t h a t  increase agricultural 
production, to improve health 
conditions with special emphasis on 
meeting the health needs of mothers 
and children, including the 
establishment of self-sustaining 
primary health care systems that give 
priority to preventive care. to 
provide increased access to voluntary 
family planning services, to improve 
basic literacy and mathematics 
especially to those outside the 
formal educational system and to 
improve primary education, and to 
develop income-generating 
opportunities for the unemployed and 
underemployed in urban and rural 
areas? 



2. Development Assistance Proiect Criteria 
(Loans OnJa 

a .  FAA Sec. 122(br. information and 
conclusiori on capacity of the country to 
repay the loan at a reasonable rate of 
interest. 

b. FAA Sec. 620Cd). If assistance is for 
any productive enterprise which will 
compete with U.S. enterprises, is there 
an agreement by the recipient country to 
prevent export to the U.S. of more than 
20 percent of the enterprise's annual 
production during the life of the loan, 
or.has the requirement to enter into such 
an agreement been waived by the President 
because of a national security interest? 

c. PY 1988 Continuinq Resolution. If for a 
loan to a private sector institution from 
funds made available to carry out the 
provisions of FAA Sections 103 through 
106, will loan be provided, to the 
maximum extent practicable, at or near 
the prevailing interest rate paid on 
Treasury obligations of similar maturity 
at the time of obligating such funds? 

d. FAA Sec. 122(b). Does the activity give 
reasonable promise of assisting 
long-range plans and programs designed to 
develop economic resources and increase 
productive capacities? 



Economic Support Fund--Project Criteria --- 

a .  FAA Sec. 531(al. Will this assistance 
promote economic and political 
s t a b i l i t y ?  To the maximum extent  
feasible, is this assistance consistent 
with the policy directions, purposes, and 
programs of Part 1 of the FAA? 

b. FAA Sec. 5 3 1 - 0 .  Will this assistance be N / A .  
used for military or paramilitary 
purposes? 

c. 1SDCA of-1985 Sec, 207. Will ESF funds N / A .  
be used to finance the construction, 
operation or maintenance of, or the 
supplying of fuel for, a nuclear 
fac.il,ity? If so, has the President 
certified that such cou~ltry is a parry to 
the Treaty on the Non-Proliferation of 
Nuclear Weapons or the Treaty for the 
Prohibition of Nuclear Weapons in Latin 
America (the "Treaty of Tlatelolco") , 
cooperates fully with the IAEA, and 
pursues nonproliferation policies 
consistent with those of the United 
States? 

d .  FAA S g c .  609. If commodities are to be N / A .  
granted so that sale proceeds will accrue 
to the recipient country, have Special 
Account (counterpart) arrangements been 
made? 



5C(3) - STANDARD ITEM CHECKLIST 

Listed below are the statutory items which 
nczmally will be covered routinely in those 
provisions of an assistance agreement dealing 
with it6 implementation, or covered in the 
agreement by imposing limits or1 certain uses ot 
funds. 

These items are arranged under the general 
headings of (A) Procurement, (B) ~onstruction, 
and (C) Other Hestrictions. 

A. PROCUREMENT 

FF-9 Sec, 6 0 2 ( a ) .  Are there arrangements 
to permit U.S. small business to 
participate equitably in the furnishing 
of comrnodicies and services financed? 

FAA Sec. 6 0 4 ( a ] - .  Will all procurement be 
from the U.S. except as otherwise 
de~ermined by the President or under 
delegation from him? 

FAA Sec. 6 0 4 ( d ) .  If the cooperating -- 
country discriminates against marine 
insurance compariies authorized to do 
business in the U.S., will commodities be 
insured in the United States against 
marine risk with such a company? 

FAA Sec. 6 0 4 ( e ) ;  lSDCA of 1980 Sec. --- 
705(a). If non-U.S. procurement of 
agricultural commodity or product thereof 
is to be financed, is there provision 
against such procurement when the 
domestic price of such commodity is less 
than parity? (Exception where commodity 
financed could not reasonably be procured 
in U.S.) 

F U  Sec. 6 0 4 ( q ) .  Will construction or 
engineering services be procured from 
firms of advanced developing countries 
which are otherwise eligible under Code 
941 and which have attained a competitive 
capability in international markets in 
one of these areas? (Exception for those 

Yes. 

Yes. 

No offshore 
procurement of 
agricultural 
commodities. 

Construction services 
will be procured from 
local firms capable 
of carrying out 
required services. 



countries which receive direct economic 
assistance under the FAA and permit 
United States firms to compete for 
construction or engineering services 
financed from assistance programs of 
these countries.) 

FAA Sec. 603. Is the shipping excluded - 
from compliance with the requirement in 
section 901(b) OF the Merchant Marine Act 
of 1936, as amended. that at least 
50 percent of the gross tonnage of 
commodities (computed separately for dry 
bulk carriers, dry cargo liners, and 
Cankers) financed shall be transported on 
privately owned U.S. flag commercial 
vessels to the extent such vessels are 
available at fair and reasonable rates? 

FAA -Set. 6 2 1 . 0 .  If technical assistance - 
is financed, will such assistance be 
furnished by private enterprise on a 
contract basis to the fullest extent 
practicable? Will the facilities and 
resources of other Federal agencies be 
utilized, when they are particularly 
suitable, not competitive with private 
enterprise, and made available without 
undue interference with domestic programs? 

Internationa1,Air Transportation Pair - 
Com~etit,i.e Practices Act, 1974. If air 
tra~lsportation of persons or property is 
financed on grant basis, will U.S. 
carriers be used to the extent such 
service is available? 

FY 1988 Continyinu Resolution Sec. 504. -- 
If.the U.S. Government is a party to a 
contract for procurement. does the 
contract contain a provision authorizing 
termination of such contract for the 
convenience of the United States? 

10. PY 1488 Continuins Resolution Sec. 524. 
If assistance is for consulting service 
through procurement contract pursuant to 
5 U.6.C. 3109, are contract expenditures 
a matter of public record and available 
for public inspection (unless otherwise 

.provided by law or Executive order)? 

No. 

Yes. 

Not used. 

Yes. 

Yes. 

Yes. 



8 CONSTRUCT_I_gE 

C. OTHER RESTRICTIONS 

Sec. 6 0 1 m .  If capital ( g . ~ . ,  U.S. services will be construction) project, will U.S. used to supervise work engineering and professional services be 
carried out by local used? contractors. 

FAA Sec. 611(c). If contracts for - 
construction are to be financed, will 
they be l e t  on a competitive basis t o  Yes. 

maximum extent practicable? 

FAA Sec, 620(kL. If for construction of 
productive enterprise, will aggregate N/A . 
value of assistance to be furnished by 
the U.S. not exceed $100 million (except 
for productive enterprises in Egypt that 
were described in the CP), or does 
assistance have the express approval of 
Congress? 

FPA Sec. 122Ib). 1 f  development loan -- 
repayable in dollars, is interest rate at N / A .  

least 2 percent per annum during a grace 
period which is not to exceed ten years, 
and at least 3 pereelit per annum 
thereaf Ler? 

FAA Sec. 3Ol(d). if fund is established - --- .. 
solely, by U.S. corltributions arid 
administered by an international 
organization, does Comptroller General 
have audit rights? 

FAA Sec. 620(hl. Do arrangements exist - 
to insure that United States foreign aid 
is not used in a manner which, contrary 
Lo the best interests of the United 
States, promotes or assists the toreign 
aid projects or activities ot the 
Communist-bloc countries? 

N/A . 

Yes. 



4. Will arrangements preclude use of 
financing: 

a. FAA Sec. lO4(f l; FY 1987 Continuing. 
Resolution Secs. 525, 538. (1) To 
pay for performance oL abortions as a 
method of family planning or to 
motivate or coerce persons to 
p r a c t i c e  abortions; (2) to pay for 
performance of involuntary 
sterilization as method of family 
planning, or to coerce or provide 
financial incentive to any person to 
undergo sterilization; ( 3 )  to pay for 
any biomedical research which 
relates, in whole or part, Lo methods 
or the performance of abortions or 
inv.oluntary sreriliza t ions as a means 

. of family planning; or (4) to lobby 
for abortion? 

YES 

b. FAA S e c ,  483. To make reimburse- 
ments, in the form of cash payments, 
to persons whose illicit drug crops YES 

are eradicated? 

c. FAA Sec. 6 2 O t q ) .  To compensate 
owners for expropriated or 
nationalized property, except to YES 
compensate foreign nationals in 
accordance with a land reform program 
certified by the President? 

d. FAA Sec. 660. To provide training, 
advice, or any financial support for 
police, prisons, or other law YES 
enf orcemerit forces, except For 

. na rco t i c s  programs? 

e .  FAA Sec_,-k<2_. For CIA activities? YES 

f .  FAA Set,, 636til. For purchase. sale. 
lony-term lease, exchange or guaranty 
of the sale of motor vehicles YES 
manufactured outside U.S., unless a 
waiver is obtained? 



FY 1988 .ConLinuinq ResoluJion Sec,. 
503. TO pay pensions, annuities, - 
retirement pay, or adjusted service 
compensatiori for prior or current 
military personnel? 

FY 1988 Continuiriu Resolution Sec. 
5 0 5 .  To pay U . N .  assessments, -- 
arrearages or dues? 

FY 1988 Co~itinuinq Hesolution Sec. 
5 0 6 .  To carry out provisions of FAA -- 
section 209(d) (transfer of FAA funds 
to multilateral organizations for 
lending)? 

FY 1988 Con~inuina Resolution Sec, 
510. To finance the export of 
nuclear equipment, fuel, or 
technology? 

988 Continuing Resolution Sec. ---.- 
For the purpose of aiding the 

rts of the governmex~t of such 
country to repress the legitimate 
rights of the population of such 
country contrary to the Universal 
Declaratioxi of Human Rights? 

FY 1988 Con-tinui-xiq Resolution S e c .  
516. To be used for publicity or -- 
propaganda purposes within U.S. not 
auLhorized by Congress? 

YES 

YES 

YES 

YES 

YES 

YES 
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USAID/SFNEGAL M I S S  ION D I R E C T O R  O N  C A P A B I L I T Y  OF S E N E G A L  

.,. TO EFFECTIVELY MAINTAIN ANC U T I L I Z E  S U B J E C T  P R O J E C T  AS J 

R Y Q U I R Z D  UNDER d Z C T I O N  611 (El O? T d 3  FAA. REQIJES'F 
AFR/PD/SVAP ASSURE T E A T  T H E  A A / A B R  EAS R E C E I V E D  AND T A ~ E N  

.... , INTO CONSIDEBATI ON T H I S  C E R T I F I C A T I O N .  . , 

2 .  OOOTE. 1. T E S C R I P T I O W  
C ,..' 
' LCHE SOUTliERN .ZONE WATES MANAGEHENT P I O J L C T  WILL CO:ISTR!lCT 
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AGENCY F O R  I N T E R N A T I O N A L  D E V E L O P M E N T  
WASHINGTON. D C .  2 0 5 2 3  

ACTION MEMORANDUM FOR THE DEPUTY ASSISTANT ADMIIGISTRATOR FOR AFRICA 

FROM A?R/SWA, Phyllis Dichter, 

SUEJECT : FAA 121(d) Determination for Senegal: 
Southern Zone Water Management ( 6 8 5 - 0 2 9 5 )  

Purpose: To make a finding that the Determination set out in 
Szction 121(d) of the Foreign 3.ssistance Act of 1961, as 
anended (the 'FAAn), for either Sahel Development Fund Program 
or DevelopIrient Fund for Africa funds, is not required for the 
Sauthern Zone Water Management Project, Number 685-0295. 

3a:kqroui!d: Section 121(d) states: 

Fur.ds available to carry out this section (iccluding 
foreign currencies acquired with funds appropriated to 
carry out'this, section) may not be made available to any 
fareign government for disbursenent unless the 
Administrator of the Agency for International Develognent 
dstermines that the foreign government will maintain a 
systea of accounts with respect to those funds which will 
prsvide ade~aate identification of and control over the 
receipt and expenditure of those funds. 

Discassion: There is no longer a Sahel Development Progran 
cpprosriation account. However, the Joint Explanatory 
~tateient of the Committee of Conference provides that it is 
the intent of the Conferees that provisions of law that meks 
reference to FAA Section 121 (and to FAA Sections 103 through 
106) will apply to funds made available from the Development 
Fund for Africa appropriation. 

In Dakar 13316 of December 29, 1987, The Mission Director has 
certified "that no Sahel Development Program or Development 
Fund for Afric.a funds will be made available to the Government 
of Senegal for disbursement concerning the subject project." 
A copy of the cable is attached. 

Recomnendation: I recommend that you approve a finding that 
the requirement for a determination set out in FAA Section 
121(dl does not apply to this project for either Sahel 
Develqnent Fund Program or Development Fund for Africa funds. 

Attachment: Ezkar 13316 

XPPXOVED: 

DISAPPROVED: 

DATE: /[tt(l'd 



Clearances: 
AF3/SWA :GJones (draft 
Gc/APa:  PJohns+& 

- &J ~rafter:AF2/SWA/S:* aitaitis, 01/12/88:8798U/p.5 
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A Development Alternatives Inc., (DAI), Team was hired by USAID, 
Dakar, to visit the Casamance basin in August-October, 1987. The team's 
mandate was to determine the feasibility of improved water management 
practices as well as optimization of rainfall in the lower and middle 
Casamance basin in order to counteract the adverse effects of reduced rainfall 
in the region. The feasibility team visited 35 sites and selected ten sites 
from the 35 that were representative of priority zones. The team returned to 
the Casamance in early November to prepare portions of a Project Paper for the 
Southern Zone Water Management Project and carried out detailed investigations 
at the ten preselected sites. The engineering studies that follow describe 
and present: the existing conditions at each of the sites; the investigations 
carried out; the solutions recommended; typical designs; quantity and cost 
estimates; typical construction specifications; operation and maintenance 
considerations; and implementation staff requirements. 

HAJOR DESIGN ALTERNATIVES 

In order to achieve improved water management in the Casamance 
Basin, engineered structures which included anti-salt dikes, water retention 
dikes, water control structures for the dikes, water storage dams and gravity 
irrigation systems were studied for the sites visited. The primary emphasis 
was placed on the engineering structures to achieve improved water management, 
but secondary water control practices were also investigated to achieve the 
desired goals. These secondary items included the control and management of 
overland flow by selective land shaping and the provision of contour berms to 
direct flow and reduce soil erosion, and active operation and maintenance 
program for the proposed facilities. 

The prefeasibility study determined that it is necessary to place 
anti-salt dikes at the mouths of marigots to reverse the salinization 
process. These dikes would be provided with gated, reinforced concrete 
control structures. The purpose of these dikes would be to prevent saltwater 
from coming onto the farm lands and, at the same time, enable fresh rainwater 
to be stored on a given area and dissolve soil salts. The control structure 
would be opened at intervals during the rainy season to wash away the salts 
that have been dissolved by the stored rainwater. During the dry season, salty 
water would be allowed onto the lands to keep them moist and prevent 
acidification. 
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I n  some a reas  t h a t  a r e  s l i g h t l y  upstream and less af fec ted  by 
sa l twa te r  i n t rus ion ,  water r e t e n t i o n  d ikes  a r e  proposed. These d ikes  would 
have t h e  same conf igura t ion  a s  t h e  a n t i - s a l t  d ikes  and would be provided with 
a  gated cont ro l  s t r u c t u r e .  The purpose of t h e s e  d ikes  would be t o  s t o r e  
excess r a i n  water which would be  used t o  c u l t i v a t e  r i c e .  The d ikes  would be 
low and t h e  depth of t h e  s t o r e d  water would average approximately 0.5 
meters.  This would be an  i d e a l  depth f o r  growing medium-straw r i c e .  The 
con t ro l  s t r u c t u r e  would make it p o s s i b l e  t o  con t ro l  t h e  depth of t h e  s to red  
water. I f  excess r a i n  f a l l  occurred,  t h i s  excess  could be re leased  through 
t h e  cont ro l  s t r u c t u r e .  

For s lope  r i c e  growing a r e a s  which a r e  n o t  g r e a t l y  a f fec ted  by t h e  
s a l t  water i n t rus ion ,  contour berms and s e l e c t i v e  land shaping a r e  proposed t o  
d i r e c t  and cont ro l  t h e  f low of rainwater .  

The a l t e r n a t i v e  approach of i r r i g a t i o n  was inves t iga ted  by t h e  PP 
Design Team. This a l t e r n a t i v e  design included s to rage  of excess rainwater  
behind a  small ear then  dam and t h e  r e l e a s e  of t h i s  water t o  a  downstream 
se rv i ce  area v i a  an o u t l e t  works loca ted  a t  t h e  bottom of t h e  s torage  dam. 
The water would be d i s t r i b u t e d  t o  t h e  s e r v i c e  a r ea  v i a  gravity-fed ear then 
i r r i g a t i o n  canals  provided with d i v i s i o n  s t r u c t u r e s  t o  d i r e c t  t h e  water t o  
i r r i g a t i o n  blocks. This  concept was s tudied  a s  a  b a s i s  f o r  a  p i l o t  p r o j e c t  t o  
determine t h e  f e a s i b i l i t y  of su r f ace  s to rage  u t i l i z i n g  gravity-fed i r r i g a t i o n  
systems i n  t he  Casamance. No i r r i g a t i o n  systems have been used i n  t h e  lower 
Casamance before,  but  a  few run-of-the-river and groundwater pumping systems 
have been t r i e d  i n  t h e  middle and upper Casamance. The farmers have no 
experience with such systems, and, so  f a r ,  a l l  systems proposed have been 
estimated t o  cos t  Pn t h e  reg ion  of $ 7,000 t o  $ 12,000 per  hec tare .  The PP 
Team estimated t h e  c o s t  of a  s imp l i f i ed  i r r i g a t i o n  system a s  a  p i l o t  study a t  
Essoum. These cos t s  came t o  approximately $ 4,00O/ha. De ta i l s  of t hese  c o s t s  
a r e  presented i n  t h e  c o s t  s ec t ion  below. This scheme was f i n a l l y  determined t o  
be unfeas ib le  and was dropped. 

Some p r o j e c t s  r e q u i r e  only improved opera t ion  and maintenance of 
a n t i - s a l t  dikes and con t ro l  s t r u c t u r e s .  A t  some s i t e s ,  where ex i s t i ng  
f a c i l i t i e s  have a l ready  been constructed by v i l l a g e s  and o the r  l oca l  
departments, only some r e h a b i l i t a t i o n  i s  requi red .  

111. SITE CONDITIONS 

A .  General 

A summary of t h e  e x i s t i n g  s i t e  condi t ions ,  surveys ca r r i ed  o u t ,  
proposed so lu t ions ,  design f loods  assumed, q u a n t i t i e s  and cos t  es t imates  and 
t y p i c a l  construct ion s p e c i f i c a t i o n s  a r e  presented below and i n  Appendices A 
and B f o r  each of t h e  t e n  loca t ions  v i s i t e d  by t h e  team. Typical photos of 
each s i t e  a r e  presented i n  Appendix C.  A P ro j ec t  Location Hap i s  presented i n  
Appendix D .  Appendices A, B, and C a r e  contained i n  a  s epa ra t e  fo lde r  and 
f i l e d  i n  t h e  o f f i c i a l  p r o j e c t  f i l e  i n  USAID/Senegal. 
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1. Tanaff 

At Tanaff, the villagers had decided in a meeting of the 
elders of the adjacent villages that they should construct an anti-salt dike 
across the mouth of the main marigot just upstream from the Casamance River. 
This site was visited by the PP Team. It was not possible to survey directly 
across the marigot at the location selected by the villagers because of the 
existence of a large quantity of water. A survey was attempted approximately 
500 meters upstream from this location. After traversing 600 meters of the 
marigot in a northerly direction, extremely soft, bottomless muck was 
encountered approximately 200 meters from the northern edge of the marigot. 
The survey was abandoned and the site judged not to be feasible for the 
villagers to construct a dike. 

The first marigot arm to the left when facing upstream was 
then selected as an alternative site. An existing anti-salt dike/road, 
located a few hundred meters from the mouth of this arm was traversed in a 
south-westerly direction and this location was selected for rehabilitation. A 
450-meter survey was carried out. 

It is p~~oposed that an additional anti-salt dike 
embankment be placed at this location, that laterite slope protection be 
placed on the upstream and downstream slopes, and that a control structure 
with a total width of 4.5 meters or three bays be provided. Throughout half 
of the gross service area of 456 ha. it is proposed that contour berms be 
constructed with a length of 6000 meters. Two water retention dikes, each 
with a length of 400 meters, are proposed for construction upstream from the 
anti-salt dike at one-half kilometer intervals. Design calculations, 
quantities and costs are presented in Appendix Al. 

2. Samine Escale 

At Samine Escale an anti-salt dike had been constructed by 
the villagers. It has been completed for approximately two years. During the 
pre-feasibility mission, two breaches were observed in the dike. By the time 
the team returned these breaches had been repaired. Two control structures 
existed. The dike surveyed had a length of 1,165 meters. The dike was in 
relatively good condition. One hand tamper had been used during the 
construction. This tamper was inspected. It was a square weight of 
approximately 5 kg. attached to the end of a handle. This dike requires the 
placement of some additional embankment, provision of upstream and downstream 
laterite slope protection and the construction of one additional control 
structure having a width of 4 . 5  meters or three bays. 

Four water retention dikes, each with a length of 400 
meters, are proposed for construction at one-half kilometer intervals upstream 
from the anti-salt dike. 

Contour berms with a length of 13,000 meters should be 
constructed over half of the gross 972-ha. service area. The plans, typical 
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c ros s  s ec t ions ,  quan t i t y  and c o s t  es t imates  a r e  presented i n  Appendix A2. 

3 .  Kinndir i  Hedina 

A t  t h i s  si te an a n t i - s a l t  d ike  had been constructed by t h e  
v i l l a g e r s  over a  two-year per iod .  During t h e  l a s t  season a con t ro l  s t r u c t u r e  
had been constructed with t h r e e  1.5 meter  bays. The e x i s t i n g  d ike  surveyed 
had a  length  of 1,244 meters  and had an east-west o r i e n t a t i o n .  During t h e  
f i r s t  v i s i t  by t h e  team, t h e  d ike  had been found i n  sound condit ion.  By t h e  
second v i s i t ,  f ou r  breaches had occurred. These breaches had been blocked with 
bags f i l l e d  with s o i l .  It  was evident  t h a t  no embankment compaction had been 
ca r r i ed  out .  The stop-logs i n s t a l l e d  i n  t h e  s t r u c t u r e  were n o t  high enough t o  
block off  t h e  flow. This  r e su l t ed  i n  i n e f f e c t i v e  opera t ion  of t h e  system. 

The d ike  should be r epa i r ed ,  some add i t i ona l  he ight  added 
t o  br ing  t h e  d ike  l e v e l  with t h e  top  of t h e  con t ro l  s t r u c t u r e ,  l a t e r i t e  s lope  
pro tec t ion  provided and one add i t i ona l  con t ro l  s t r u c t u r e  constructed having a  
width of 3 . 0  meters o r  two bays. 

Two water r e t e n t i o n  d ikes ,  each with a length  of 400 
meters ,  a r e  proposed f o r  cons t ruc t ion  a t  one-half ki lometer  i n t e r v a l s  upstream 
from t h e  a n t i - s a l t  d ike .  

Throughout ha l f  of t h e  gross  s e r v i c e  a r ea  of 515 h a . ,  
contour berms with a  length  of 6,900 meters should be cons t ruc ted .  The p l ans ,  
t y p i c a l  s ec t ions ,  quan t i t y  and cos t  es t imates ,  and con t ro l  s t r u c t u r e  width 
ca l cu la t ions  f o r  t h i s  s i t e  a r e  presented i n  Appendix A3. 

4 .  Bounkiling 

A t  t h i s  s i t e  an a n t i - s a l t  d ike  had been constructed by t h e  
v i l l a g e r s .  The d ike  had a  measured length  of 600 meters.  The e x i s t i n g  d ike  
needs r e h a b i l i t a t i o n .  The d ike  r equ i r e s  add i t i ona l  he igh t  and top width. 
L a t e r i t e  s lope  p ro t ec t ion  should be provided and a  concre te  cont ro l  s t r u c t u r e  
constructed having a  width of 1 2 . 0  m e t e r s  o r  e i g h t  bays. 

Two water r e t e n t i o n  d ikes ,  each with a  length  of 400 
meters ,  a r e  proposed f o r  cons t ruc t ion  a t  one-half ki lometer  i n t e r v a l s  upstream 
from t h e  a n t i - s a l t  dike.  

Throughout ha l f  of t h e  gross  s e r v i c e  a r ea  of 351 ha. it is 
proposed t h a t  contour berms with a  length  of 4,500 meters be provided. The 
p l ans ,  s ec t ions ,  con t ro l  s t r u c t u r e  width ca l cu la t ions  and quan t i t y  and cos t  
es t imates  f o r  t h i s  s i t e  a r e  presented i n  Appendix A4. 

A t  t h i s  si te a  p a r t i a l l y  constructed d ike  e x i s t s .  It had a  
surveyed length  of 300 meters. This  d ike  should be improved t o  funct ion a s  an 
a n t i - s a l t  d ike  and should have a  completed length  of 600 m e t e r s .  L a t e r i t e  
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s lope  p ro t ec t ion  should be provided and one concre te  con t ro l  s t r u c t u r e  
constructed having a width of 10.5 m e t e r s  o r  seven bays. 

One water r e t e n t i o n  d ike  wi th  a length  of 400 meters is 
proposed f o r  cons t ruc t ion  upstream from t h e  a n t i - s a l t  dike.  

Contour berms with a length  of 3,300 meters should be 
provided over ha l f  of t h e  gross  s e r v i c e  a rea  of 247 ha.  P lans ,  s ec t ions ,  
con t ro l  s t r u c t u r e  width ca l cu la t ions ,  and quan t i t y  and c o s t  ca l cu la t ions  a r e  
presented i n  Appendix A5. 

6.  Mayor 

A t  t h i s  s i t e  two water r e t e n t i o n  d ikes  a r e  proposed. They 
should be located a t  r e spec t ive ly  500 and 1,000 meters upslope from t h e  
road/berm t h a t  t r a v e r s e s  t h e  p r o j e c t  a r ea .  Each r e t e n t i o n  d ike  would have a 
length of 400 meters and be provided wi th  a s i n g l e  bay, width 1 .5  meters ,  
cont ro l  s t r u c t u r e .  

Contour berms wi th  a length  of 1 ,600 meters a r e  proposed 
f o r  half  of t h e  gross  s e r v i c e  a r ea  of 104 ha.  P lans ,  s e c t i o n s ,  and quan t i t y  
and cos t  es t imates  a r e  presented i n  Appendix A6. 

7 .  Diatok 

A t  t h i s  s i t e  an a n t i - s a l t  d i k e  constructed by t h e  
v i l l a g e r s  e x i s t s .  The v i l l a g e r s  s t a t e d  t h a t  t h e  d ike  caused some improvement, 
bu t  t h e  operat ion of t h e  Affiniam a n t i - s a l t  dam had caused t h e i r  s o i l s  t o  
t o t a l l y  dry  ou t .  More immediate harm than  b e n e f i t s  have been gained, bu t  
farmers a r e  w i l l i ng  t o  wai t  t o  s e e  i f  d e s a l i n i z a t i o n  w i l l  occur by 1989. The 
Diatok d ike  had a surveyed length  of 876 meters .  This s i te  should be 
improved, l a t e r i t e  pro tec t ion  provided and a concre te  con t ro l  s t r u c t u r e  having 
a width of 4 . 5  meters ,  o r  t h r e e  bays, cons t ruc ted .  

One water r e t e n t i o n  d ike  wi th  a length  of 400 meters is 
proposed f o r  cons t ruc t ion  upstream from t h e  water r e t e n t i o n  dike.  

Contour berms wi th  a length  of 1,300 meters a r e  proposed 
f o r  ha l f  of t h e  gross  s e r v i c e  a r ea  of 111 ha. P lans ,  s ec t ions  and quan t i t y  
and c o s t  ca l cu la t ions  a r e  presented i n  Appendix A7. 

The v i l l a g e s  have constructed an a n t i - s a l t  d ike  a t  t h i s  
s i t e .  It requ i r e s  s i g n i f i c a n t  improvement. PIDAC has constructed two 
concrete  con t ro l  s t r u c t u r e s .  The d ike  has a surveyed length  of 3,876 meters.  
The d ike  r equ i r e s  a l a r g e  quan t i t y  of compacted embankment t o  br ing  it up to 
proper he ight  and width. L a t e r i t e  s lope  p ro t ec t ion  should be provided f o r  
both t h e  upstream and downstream s lopes .  One add i t i ona l  con t ro l  s t r u c t u r e  
with a width of 3.0 meters should be cons t ruc ted .  
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Two water r e t e n t i o n  d ikes  with a length  of 400 meters a r e  
proposed f o r  cons t ruc t ion  a t  one-half ki lometer  i n t e r v a l s  upstream from t h e  
water r e t en t ion  d ike .  

Contour berms with a  length  of 4,100 meters should be 
provided f o r  ha l f  of t h e  g ros s  s e r v i c e  a r ea  of 328 ha. P lans ,  s ec t ions ,  
cont ro l  s t r u c t u r e  width c a l c u l a t i o n s  and quan t i t y  and c o s t  ca l cu la t ions  f o r  
t h i s  s i t e  a r e  presented i n  Appendix A8. 

9 .  Djimande 

A t  t h i s  s i t e  an e x i s t i n g  r e t e n t i o n  d ike  e x i s t s .  Two 
cont ro l  s t r u c t u r e s  e x i s t .  One s t r u c t u r e  was constructed r ecen t ly  by PIDAC and 
t h e  o the r  about t e n  years  ago by ILACO. The d ike  r equ i r e s  add i t i ona l  length 
and some improvement. The e x i s t i n g  d i k e  has a  measured length  of 300 meters.  
It should be extended f o r  an a d d i t i o n a l  300 meters.  A 400-meter long water 
r e t en t ion  dike should be constructed across  t h e  basin and about 500 meters 
above t h e  road t h a t  c rosses  t h e  bas in .  This d ike  should be provided with one 
cont ro l  s t r u c t u r e  having a  width of 1 . 5  meters o r  one bay. 

Contour berms wi th  a  length of 1,000 meters should be 
provided f o r  half  of t h e  gross  s e r v i c e  a rea  of 64 ha. The p l ans ,  s ec t ions ,  
cont ro l  s t r u c t u r e  width c a l c u l a t i o n s  and quan t i t y  and c o s t  es t imates  f o r  t h i s  
s i t e  a r e  presented i n  Appendix A9. 

10. Essoum 

For t h i s  s i t e  two a l t e r n a t i v e s  have been s tudied .  
F e a s i b i l i t y  s tud ie s  f o r  an i r r i g a t i o n  system have been prepared by BCEOH. 
These s tud ie s  described a  very complicated and expensive system. The cos t  of 
t h a t  system was estimated a t  $9,50O/ha. A rev ised  p lan  f o r  i r r i g a t i o n  is 
presented i n  Appendix A10. The c o s t  of t h i s  l e s s  complicated system is 
$4,0OO/ha. However, a  l e s s  expensive so lu t ion  seems more a t t r a c t i v e  than 
e i t h e r  i r r i g a t i o n  opt ion.  This  scheme would e n t a i l  t h e  provis ion of four  
400-meter long water r e t e n t i o n  d ikes  constructed a t  one-half kilometer 
i n t e r v a l s  along t h e  bas in ,  each provided with one con t ro l  s t r u c t u r e  having a  
width of 1 .5 meters o r  one bay. 

Contour berms with a  length  of 2,800 meters should be 
provided over half  of t h e  est imated gross  s e r v i c e  a r ea  of 186 ha. 

Plans,  s e c t i o n s ,  quan t i t y  and c o s t  es t imates  f o r  both 
schemes a r e  presented i n  Appendix A10. I t  is proposed t h a t  t h e  l a t t e r  scheme 
be considered and t h a t  t h e  p i l o t  i r r i g a t i o n  scheme be dropped. 

B.  Plan and Cross Sec t ion  Surveys 

Plan and c ros s  s e c t i o n  surveys were ca r r i ed  out  f o r  each of t h e  
t e n  s i t e s .  To measure d i s t ance ,  a  f i f t y -  meter t ape  was used. A magnetic 
compass was used t o  t ake  bearings.  Cross s e c t i o n s  were measured with a  
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fo ld ing  engineer ' s  rod and a  hand l e v e l .  Each survey has  been p lo t t ed  and t h e  
plans and t y p i c a l  c ros s  s ec t ions  a r e  presented i n  Appendix A. These p l ans  and 
cross  s ec t ions  were used t o  compute cons t ruc t ion  q u a n t i t i e s  and cos t s .  The 
lengths of t h e  surveys a t  each of t h e  ten  s i t e s  are presented i n  t h e  fol lowing 
t ab l e :  

Survey Plan Lengths 

P ro j  e c t  

Tanaf f  
Samine Escale  
Kinndir i  Medina 
Bounkiling 
Nd iama 
Mayor 
Diatok 
Ba l i ngore  
D j imand e  
Essoum 

To ta l  Length 
(m. 1 

Typical prel iminary s t r u c t u r e  drawings a r e  included i n  Appendix B. 
Designs f o r  each s p e c i f i c  s i t e  a r e  presented i n  Appendix A.  A b r i e f  sunmlary 
descr ip t ion  of t h e  design a l t e r n a t i v e s  is  presented below: 

A.  Ant i - sa l t  Dams 

The a n t i - s a l t  dams proposed w i l l  be  ear then  dikes constructed 
of clayey ma te r i a l  which i s  obtained from borrow a reas  near  t h e  d ikes .  The 
dike w i l l  be  r e l a t i v e l y  impervious and w i l l  have s i d e  s lopes  of 2 hor izonta l  
t o  1 v e r t i c a l .  The t o p  width w i l l  be  two meters ,  t h e  d ike  height  0.8 meters 
and t h e  dam s lopes  w i l l  be  provided with l a t e r i t e  p ro t ec t ion .  An ana lys i s  of 
t h e  wave va r i a t i on  by t h e  PP Team Hydrologist  ind ica ted  t h a t  t h e  a n t i - s a l t  
d ike  with a  he ight  of 0.8 meters w i l l  be  s a f e  from overtopping from downstream 
waves. These waves w i l l  have a maximum height  of 0.65 meters leaving a  
freeboard of 0.15 meters. 

A ga ted ,  re inforced  concre te  con t ro l  s t r u c t u r e  w i l l  be 
provided. Gates w i l l  c o n s i s t  of wooden stop-logs. The cont ro l  s t r u c t u r e  w i l l  
be  s ized  t o  pass  a  ten-year f lood  and thus  w i l l  a c t  a s  an emergency sp i l lway 
as w e l l  as a  con t ro l  s t r u c t u r e .  It w i l l  have a  number of 1.5 m e t e r  bays 
depending upon t h e  s i z e  of t h e  dra inage  a rea  which con t r ibu te s  t h e  f lood .  The 
depth of t h e  s t r u c t u r e  w i l l  be  1.5 m e t e r s .  A t o p  s l a b  w i l l  be provided t h a t  
has  removable s ec t ions  s o  t h a t  t h e  wooden stop-logs can be  placed and 
removed. Two rows of stop-log guides w i l l  be provided. These rows should be 
about one-third of a  m e t e r  a p a r t  s o  t h a t  when two stop-logs a r e  placed,  e a r t h  
can be placed between t h e  f r o n t  and r e a r  s top-logs,  t hus  providing a  p o s i t i v e  
cutoff  . 
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A s  an a l t e r n a t i v e ,  t h e  provis ion  of an ungated, ear then  s i d e  
channel emergency sp i l lway could be considered. I f  such a sp i l lway were 
provided t h e  con t ro l  s t r u c t u r e  widths could be reduced, b u t  t h e  a n t i - s a l t  d ike  
he ight  would have t o  be increased by approximately one-half a meter,  This 
a l t e r n a t i v e  can be s tudied  by t h e  implementation team. 

B. Water Retent ion Dikes 

The water r e t e n t i o n  d ikes  s h a l l  have a top  width of one meter ,  
1 t o  1 s i d e  s lopes  and a he igh t  of 0.5 meters. The d ikes  s h a l l  be provided 
with t h e  same con t ro l  structure/emergency sp i l lway a s  t h e  a n t i - s a l t  d ike .  The 
only d i f f e r ence  w i l l  be  i n  t h e  s t r u c t u r e  funct ion.  The purpose of t h e  water 
r e t e n t i o n  d ike  is t o  s t o r e  excess  r a i n  water f o r  deep water r i c e  c u l t i v a t i o n  

The water r e t e n t i o n  d i k e  he ight  has been s e t  s l i g h t l y  lower 
than t h e  a n t i - s a l t  d ike  he igh t ,  s o  t h a t  t h e  water held behind t h a t  dike is n o t  
too deep t o  c u l t i v a t e  r i c e .  

C .  Contour Berm 

Contour berms w i l l  be  constructed of c layey m a t e r i a l ,  be 
approximately 0.5 meters i n  he igh t ,  have a top width of one meter and have 1 
t o  1 s i d e  s lopes .  The purpose of t h e s e  berms w i l l  be t o  d i r e c t  t h e  overland 
flow, harves t  t h i s  flow and reduce s o i l  erosion.  Di rec t ing  t h e  overland flow 
by t h e  use  of t h e  contour berms w i l l  increase  t h e  water y i e l d  of t h e  basin by 
d i r e c t i n g  t h e  water t o  l oca t ions  where it can be captured.  The berms w i l l  be 
located over t h e  upper one-half of t h e  gross  s e r v i c e  a r e a .  Grading and 
shaping t h e  land and t h e  berms could be accomplished with t r a c t o r s  and d i s c s .  

D.  Water Storage Dams 

To s t o r e  a l a r g e  q u a n t i t y  of excess rainwater  a t  s e l ec t ed  
loca t ions ,  a zoned e a r t h f i l l  dam was s tud ied .  The dam would be provided with 
an impervious core and a impervious cu tof f  t rench .  The dam would have a 
he ight  i n  t h e  range of t h r e e  t o  f o u r  meters with a top width of two meters.  
The upstream dam s lope  would be provided with r i p r a p  p ro t ec t ion  and t h e  
downstream s lope  wi th  g ra s s  p ro t ec t ion .  The dam would be provided with a 
re inforced  concrete  ungated broad-crested weir emergency spi l lway which i s  
s ized  t o  pass  a 100-year f lood .  A concre te  chute  would be provided a t  t h e  
downstream s lope  of t h e  dam and would be provided with a s t i l l i n g  basin t o  
d i s s i p a t e  energy. An escape channel would lead from t h e  s t i l l i n g  bas in .  A 
gated o u t l e t  works would be provided through t h e  body of t h e  dam t o  provide 
f o r  i r r i g a t i o n  water r e l e a s e s .  This  a l t e r n a t i v e  was f i n a l l y  discarded because 
of t h e  high cos t  pe r  hec tare .  

E .  I r r i g a t i o n  F a c i l i t i e s  

To d i s t r i b u t e  i r r i g a t i o n  water t o  a s e r v i c e  a rea  loca ted  below 
t h e  dam, primary trapezoidal-shaped ear then  cana ls  could be constructed.  
Reinforced concrete  i r r i g a t i o n  d iv i s ion / tu rnou t  s t r u c t u r e s  would be provided 
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a t  f requent  i n t e r v a l s  along t h e  main cana ls .  The i r r i g a t i o n  water would be 
de l ivered  t o  t h e  f i e l d s  v i a  secondary and t e r t i a r y  ear then  canals .  The e n t i r e  
i r r i g a t i o n  system would be g r a v i t y  f ed .  These f a c i l i t i e s  were l a t e r  discarded 
because of high c o s t .  

V. CONTRUCTION QUANTITIES MID COST ESTIMATES 

A. General 

F i e ld  surveys were c a r r i e d  out  a t  each of t h e  t e n  proposed 
s i t e s  by t h e  PP Team Engineer t o  determine lengths  of proposed d ikes .  The PP 
Team Hydrologist  determined t h e  drainage a rea  and design discharge f o r  each 
s i t e .  The gross  and n e t  s e r v i c e  a r eas  f o r  each s i t e  were measured from s o i l  
maps prepared by t h e  PP Team S o i l  S c i e n t i s t .  Drainage a reas ,  gross  and n e t  
s e r v i c e  a reas  and con t ro l  s t r u c t u r e  design flows a r e  presented f o r  each of t h e  
t e n  s i t e s  v i s i t e d  i n  t h e  following t a b l e :  

Drainage Area /Des i~n  Flows/Service Areas 

No. Name 

Tanaf f  
Sanine Escale  
Kinndir i  Med . 
Bounki 1 ing 
Ndiama 
Mayor 
Diatok 
Balingore 
D j  imande 
Essoum 

Drainage 
Area 
(Sq. m.)  

3 1 
122 
316 
203 
170 
- 
12 
2 1 
7 

- 

Design Gross 
Flow Service 

( CMS Area 
(Ha.) 

N e t  
Service  
Area 
(Ha. 

424 
822 
446 
3 35 
230 
83 
8 0 

245 
64 
186 

A t  Kinndir i  Medina a  design flow of 14.0 CMS was adopted. The 
PP Team Hydrologist  l a t e r  rev ised  t h i s  value t o  26.0 CMS. The design was n o t  
changed t o  r e f l e c t  t h i s  change. 

B .  Control S t r u c t u r e  Widths 

The con t ro l  s t r u c t u r e  widths required t o  pass  t h e  design flows, 
(10-year f l ood) ,  and dikelberm lengths  a r e  presented f o r  each site i n  t h e  
following t ab l e .  The broad-crested w e i r  formula was used t o  s i z e  t h e  
s t r u c t u r e  widths from t h e  design flows ca lcu la ted  by t h e  PP Team Hydrologist .  
Detailed ca l cu la t ions  f o r  each s i t e  a r e  presented i n  Appendix A.  
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No. Name 

Control S t ruc tu re  Widths/Dike Lengths/Berm Lengths 

Control Anti-Salt  Retention Contour 
S t r u c t u r e  Dike Dike Berm 
Widths Length Length Length 
(M. 04.1 No. (24.1 No. (H.) 

1. Tanaf f 4.5 450 1 800 2 6,000 
2. Samine Escale  3.0 1,165 1 1,600 4 13,600 
3. Kinndira Med ina  3 .O 1,244 1 800 2 6,900 
4. Bounkiling 12.0 600 1 800 2 4,500 
5. Nd i ama 10.5 600 1 400 1 3,300 
6. Mayor 1.5 - - 800 2 1,600 
7. Diatok 4.5 876 1 400 1 1,300 
8. Balingore 3.0 3,876 1 800 2 4,100 
9. D j imande 1.5 - - 1,126 2 1,000 
10. Essoum 1.5 - - 1,600 4 2,800 

C .  Quan t i t i e s  

A summary of cons t ruc t ion  q u a n t i t i e s  f o r  a n t i - s a l t  d ikes ,  water 
r e t en t ion  d ikes ,  and contour berms f o r  each of t h e  t e n  se l ec t ed  s i t e s  i s  
presented i n  t he  following t a b l e .  Detai led ca l cu la t ions  a r e  presented i n  
Appendix A. 

Summary Dike/Bem/Control S t ruc tu re  Quan t i t i e s  

No. Name 

Tanaf f 
Samine Escale  
Kinndir i  Hedina 
Bounkiling 
Nd i ama 
Mayor 
Diatok 
Balingore 
D j imande 
Essoum 

Unit P r i ce s  

Dike 
F i l l  
(CU.M.1 

1,231 
1,827 
2,736 
1,758 
1,788 
6 00 

1,819 
11,063 
1,701 
1,200 

1. us in^ P r i v a t e  Contractors  

L a t e r i t e  
(CU.M.) 

495 
1,282 
1,368 
660 
660 

- 
964 

4,264 
- 
- 

R.C.  
Concrete 
(CU.M.) 

10.1 
10.1 
7.8 

21.6 
19.3 
5.5 
10.1 
7.0 
5.8 
22.0 

Berm 
F i l l  
( C u . M . )  

4,5m 
9,750 
5,175 
3,375 
2,475 
1,200 
9 75 

3,075 
800 

2,100 

Using est imated con t r ac to r  u n i t  p r i c e s  of $12.76/Cu.H. f o r  
supplying and placing compacted d i k e  embankment, $ 20.00/Cu.H. f o r  obtaining 
and p lac ing  l a t e r i t e  s lope  p ro t ec t ion  and $ 400.00/Cu.M. f o r  supplying and 



Southern Zone Water Management PP - Annex G.1.a. P a ~ e  13 of 19 

placing 350 kg. reinforced concrete, the costs for each item of work were 
computed. Additionally, a 20% contingency factor was applied to account for 
unforeseen items. A summary of the costs for each item of work at each site 
using contractor unit prices are presented in the following table: 

Summary of Costs @ Contractor Unit Prices 

No. Name 

Tanaf f 
Samine Escale 
Kinndiri Hedina 
Bounkiling 
Nd i ama 
Mayor 
Diatok 
Balingore 
D j imande 
Es s oum 

Dike Laterite R.C. Berm Total 
Fill ( $000) Concrete Fi 11 ( $000) 

( $000 ( $000 1 ( $000) 

Total Cost 

It is noted that the costs presented above for the Essoum 
site include four simple water retention dikes provided with control 
structures and the provision of contour bernls over 50% of the S~L-vice area. 
Feasibility studies which include a complete irrigation system have been 
carried out by BCEOH. The cost of that system was approximately $ 9,50O/ha. 
This system was judged to be excessively expensive. A preliminary design of a 
less costly system has been prepared by the PP Team. The details of this 
system are provided in Appendix A10. The estimated costs per ha. for this 
scheme are in the range of $4,0OO/ha. This scheme was still judged to be 
excessively expensive and was later dropped. 

2. us in^ Village Labor 

If it is assumed that villagers carry out the placing and 
compaction of all dike and berm embankment and that contractors provide the 
embankment materials, place the laterite slope protection and construct the 
control structures, reduced costs will result. Assuming that it costs 
$2.00/Cu.M. to haul the dike/bem embankment and that a village laborer can 
place 0.5 cubic meters of embankment per day at a daily labor rate of $1.50, 
the resulting unit price for villager-placed dike embankment used was 
$5.00/Cu. M. The following table presents the resulting reduced costs: 
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Simrmary Costs us in^ Villa~e Labor For Dike/Berm Embankment ($000) 

Name 

Tana f f 
Samine Escale 
Kinndiri Hed,  
Bounkiling 
Nd iama 
Mayor 
Diatok 
Balingore 
Di jmande 
Essoum 

Dike Laterite 
Fill 

3.8 11.9 
3.8 25.6 
12.8 65.5 
6.9 15.8 
8.9 15.8 
3.6 - 
9.1 23.1 

62.8 102.4 
10.2 - 
7.2 - 

------ ------ 
$129.1 $260.1 

R.C. 
Concrete 

Berm 
Fill 

Total ! Of which: 
! Contract Village 
! 
! 
! 30.6 20.6 
I 58.2 41 -5 
! 88.2 28.6 
! 38.6 18.5 
! 35.4 15.4 
! 9.6 6.5 
! 34.8 10.1 
! 139.8 51.0 
! 8.8 9.0 
! 18.5 11.9 

SELECTION AND PRIORITIZATION OF ZONES OF INTERVENTION 

Four zones of intervention were investigated by the PP Team. These 
zones were the Bignona Valley; the Baila Valley; the area between the 
Casamance River and the So~ngroung~ou near Sedhiou and an area south of the 
Casamance River upstream from Ziguinchor in the Sedhiou Department; and an 
area north of the Soungroungrou. These four areas described fell into four 
zones which can be described in the table presented below: 

Zone Description 

Baila Water retention dikes, 
minor salt water intrusion, 
lower rainfall 

Bignona Higher rainfall, serious saltwater 
intrusion problems. 

Sedhiou Higher rainfall, less saltwater 
intrusion problems. 

Soungroungrou Less rainfall, shorter history of 
saltwater intrusion problems, but 
current year-round hypersalinity. 

The zones of intervention are prioritized as 
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presented in the following table: 

Zone - Priority 

Sedhiou 1 

Soungroungrou 2 

Bignona 3 

Baila 4 

Within the four zones, 10 sites were visited as 
potential startup sites for the Southern Zone Water Management Project. The 
prioritization of the ten sites is presented in the following table: 

Project Priority 

Proj ect Zone - Priority 

Tanaf f 
Samine Escale 
Kinndiri Medina 
Bounkiling 
Nd i ama 
Mayor 
Diatok 
Balingore 
Dj imande 
Essoum 

Sedhiou 
Sedhiou 
Sedhiou 
Soungroungrou 
Soungroungrou 
Soungroungrou 
Bignona 
Bignona 
Bignona 
Baila 

VII . PRELIMINARY CONTRUCTION SPECIFICATIONS 

A. Earthen Dikes 

Anti-salt and water retention dikes shall be constructed of 
impervious clayey materials. The clayey material shall be placed in the dike 
embankment in layers of approximately six inches, 0.15 M., and in a moistened 
condition. Compaction shall be carried out by means of hand tampers and as a 
result of the four passes of construction vehicles over the dike embankment 
during construction. Mechanical compaction by the use of hand operated 
compactors is preferred. The anti-salt dikes shall have maximum side slopes 
of two horizontal to one vertical, a top width of two meters and a height of 
0.8 meters. Water retention dikes and contour berms shall have a top width of 
one meter, 1 to 1 side slopes and a height of 0.5 meters. Laterite slope 
protection shall be provided for both the downstream and upstream slopes of 
anti-salt dikes when available, otherwise grass slope protection shall be 
provided. 
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B. Control S t ruc tu re s  

Control s t r u c t u r e s  f o r  a n t i - s a l t  and water r e t en t ion  d ikes  
s h a l l  be constructed with 350 kg. c l a s s  re inforced  concrete .  It  is  d e s i r a b l e  
t h a t  rock aggregate be  used ins tead  of s ea  s h e l l s  i n  order  t o  obta in  t h e  350 
kg. s t r eng th .  Deformed r e in fo rc ing  b a r s  a r e  p re fe r r ed .  Well-graded clean 
sand s h a l l  be used. The concrete  s h a l l  be hand-mixed and tamped i n t o  p lace  by 
hand. The water used s h a l l  be f r e e  of impur i t ies .  Wooden stop-logs s h a l l  be 
provided. Typical plans and s e c t i o n s  f o r  t h i s  s t r u c t u r e  along with backup f o r  
q u a n t i t i e s  and c o s t  es t imates  a r e  presented i n  Appendix B. 

VIII. ILLUSTRATIVE MIX OF INFRASTRUCTURE 

A t y p i c a l  mix of i n f r a s t r u c t u r e  would be t h e  provis ion of an 
a n t i - s a l t  d ike  a t  t h e  downstream end of t h e  bas in  across  t h e  mouth of t he  
marigot t h a t  pene t r a t e s  t h e  bas in .  Approximately one-third of t h e  way up t h e  
basin a water r e t en t ion  d ike  would be provided across  t h e  basin t o  i n su re  an 
adequate depth of water t o  c u l t i v a t e  deep water r i c e .  Two-thirds of t h e  way 
up t h e  basin another water r e t e n t i o n  d ike  would be provided. Over 
approximately one ha l f  of t h e  gross  s e r v i c e  a r e a ,  c ros s  contour berms would be 
provided a t  constant  i n t e r v a l s  t o  ha rves t  water,  con t ro l  overland flow and 
prevent erosion.  

OPERATION AND HAINTENANCE, ANTI-SALT SYSTEM 

A. Operation 

The operat ion of t h e  a n t i - s a l t  d ike  and con t ro l  s t r u c t u r e  has 
t h e  objec t  of excluding s a l t  water i n t r u s i o n  and revers ing  t h e  s a l i n i z a t i o n  
process t h a t  has taken p lace  during t h e  l a s t  decade due t h e  f a l l  i n  average 
r a i n f a l l .  The operat ion of t h e  system is a l s o  intended t o  keep p o t e n t i a l l y  
acid s u l f a t e  s o i l s  moist  enough t o  avoid a c i d i f i c a t i o n  and mineral t o x i c i t y  
problems. The g r e a t e s t  b e n e f i t s  w i l l  occur when t h e  desa l in i za t ion  process i s  
r ap id ,  s ay  t h r e e  years .  A s  t h e  s a l i n i z e d  land i s  being reclaimed, c o n f l i c t s  
w i l l  a r i s e  amongst t h e  farmers.  Short-term b e n e f i t s  w i l l  occur when water i s  
held behind t h e  a n t i - s a l t  d ike .  Whereas, long-term b e n e f i t s  w i l l  a r i s e  from 
evacuation of dissolved s a l t s  a f t e r  they  have been pu t  i n t o  so lu t ion  by year ly  
sweet rainwater .  The farmers must dec ide  which b e n e f i t  is more valuable  t o  
them. Also operat ing r u l e s  w i l l  have t o  be adjusted t o  low r a i n f a l l  and high 
r a i n f a l l  years .  

When completed, t h e  a n t i - s a l t  system s h a l l  cons i s t  of a 
well-compacted ear then d ike  and a number of re inforced  concrete  con t ro l  
s t r u c t u r e s  provided with wooden stop-logs which w i l l  enable  t h e  farmers t o  
r egu la t e  flows. The system w i l l  a l low rainwater  t o  be r e t a ined  up t o  a he ight  
of 0.8 meters and w i l l  prevent  excess ive  s a l t  water i n t rus ion .  
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It is proposed t h a t  t h e  system described above be  operated a s  
follows: 

When t h e  r a iny  season commences, t h e  s top-logs a r e  placed i n t o  
t h e  cont ro l  s t r u c t u r e  t o  prevent downstream s a l t y  water from enter ing  t h e  
protected lands.  This w i l l  a l low rainwater  t o  d i l u t e  t h e  s a l t s  ly ing  on t h e  
upstream land. A t  i n t e r v a l s  during t h e  r a iny  season t h e  stop-logs should be 
withdrawn t o  al low the dissolved s a l t s  t o  flow ou t .  The stop-log ga t e s  would 
be opened and closed i n  cyc les  t o  br ing  about f l u sh ing  and f i l l i n g .  A t  t h e  
end of t h e  r a iny  season t h e  lands should be drained t o  t h e  l e v e l  of t h e  high 
p o t e n t i a l  acid s o i l s .  Normally, it w i l l  t ake  t h r e e  years  t o  achieve 
s i g n i f i c a n t  reclamation. When t h e  stop-logs a r e  closed t h e  upstream water 
l e v e l s  must be observed t o  i n su re  t h a t  t h e  d i k e  is  n o t  overtopped. A gage 
should be i n s t a l l e d  t o  monitor water l e v e l s .  I f  t h e  water l e v e l  becomes too  
high,  t h e  con t ro l  s t r u c t u r e  w i l l  be  used a s  a sp i l lway.  The stop-logs must be 
removed t o  prevent t h e  d ike  from being overtopped. During t h e  dry season, it 
w i l l  be des i r ab l e  t o  al low some downstream-originating s a l t w a t e r  onto t h e  t h i n  
s t r i p s  of mangrove and p o t e n t i a l l y  ac id  s u l f a t e  s o i l s  t o  prevent  t h e  excessive 
drying out  of t h e  s o i l s  and reduce excess ive  buildup of a c i d i t y .  

The following c r i t i c a l  da t e s  should be e s t ab l i shed :  

o c los ing  da t e  of con t ro l  s t r u c t u r e  

o s t a r t i n g  d a t e  f o r  f l u sh ing  of d i sso lved  s a l t s  and 
t h e  frequency 

o maximum upstream and downstream water l e v e l s  

o d a t e  of e n t r y  f o r  downstream s a l t y  water 

B . Maintenance 

I t  i s  recommended t h a t  prevent ive  maintenance be ca r r i ed  out  
every year a f t e r  crops a r e  harvested and v i l l a g e  labor  is ava i l ab l e .  Af te r  
each wet season, breaches i n  t h e  d ike  m u s t  be f u l l y  r epa i r ed .  The cont ro l  
s t r u c t u r e  should be inspected t o  i n su re  t h a t  excessive e ros ion  i s  no t  
occurring around t h e  s t r u c t u r e .  Dike banks should be repa i red  where 
s i g n i f i c a n t  r i v u l e t  e ros ion  has occurred. Af te r  a few years  of opera t ion ,  
some of t h e  wooden stop-logs may become warped o r  s p l i t ,  they  should be 
replaced a t  t h i s  time. I f  excessive se t t l emen t  o r  e ros ion  occurs i n  t h e  d ike ,  
it should be brought back t o  i ts  o r i g i n a l  c ros s  s ec t ion .  When r e p a i r s  t o  t h e  
d ike  a r e  ca r r i ed  ou t ,  t h e  ma te r i a l s  placed should be clayey and properly 
compacted. 

Contour berms w i l l  r e q u i r e  pe r iod ic  maintenance. This can be 
done with hand t o o l s  and hand tampers. The land and contour berms can be 
graded and shaped with d i s c s  and t r a c t o r s .  
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It is proposed that a minimum of 2% of the capital cost of the 
anti-salt system be allocated by the farmers for annual preventive 
maintenance. It is also proposed that the farmers at each site be provided 
with some of the hand tampers, shovels, hand picks and wheel barrows used 
during construction to use for dike embankment repairs. 

X. TRAIWING WEEDS 

A .  Technicians 

Technicians assigned to the project by the Government of 
Senegal will have the chance to get extensive on-the-job training by working 
with the TA Team. In addition, the TA Team will periodically hold workshops 
for technicians in various fields which will be identified by the TA Team. 
These workshops could cover such items as survey, design, construction 
supervision, agronomy, soil science, sociology, operation and maintenance, 
budgeting, planning and project monitoring. A small number of technicians 
could be selected for further training overseas. Short courses for 
technicians are also available in adjacent countries in West Africa. 

B. Farmers 

Farmers will require training in construction, operation and 
maintenance of the proposed systems and assistance in setting up water user's 
'groups and improved agriculture and farming practices. The training could be 
in the form of workshops, on-the-job training and observation tours for key 
farmers . 

PCVs that are assigned to the project should have prior 
experience in the field of construction. In addition they can gain on-the-job 
training by working with the TA Team, and at the same time by participating in 
workshops in the same fields as mentioned above for in-country technicians. 

XI. STAFF REQUIREMENTS-ENGINEERING 

It is proposed that the implementation team be composed of members 
coming from four different sources, the Ministry of Rural Development ( H R D ) ,  
the Ministry of Hydraulics (Mi), the TA Team (TA), and the US Peace Corps 
(PCV). The summary of those requirements are presented in the following table: 

Civil Engineers 4 1 2 

It is proposed that two of the engineers from the HRD/HH be 
stationed in Sedhiou along with the two PCVs. It is proposed that the other 
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members be  s t a t i oned  i n  Ziguinchor. It is  proposed t h a t  t h e  TA Engineer be  
t h e  Technical Chief of t h e  TA Team. 

The PCVs should have some cons t ruc t ion  experience and preferab ly  
they should be r e c e n t l y  graduated C i v i l  Engineers. 

It is proposed t h a t  a l l  of t h e  s t a f f  be assigned t o  t h e  p ro j ec t  a t  
t h e  t i m e  of s t a r t u p .  

APPLIED RESEARCH 

Two e x i s t i n g  a n t i - s a l t  dams w i l l  o f f e r  a reas  f o r  research  i n t o  t h e  
e f f ec t iveness  of l a r g e  a n t i - s a l t  dams. These two e x i s t i n g  p r o j e c t s  a r e  Guidel 
and Affiniam. 

A t  Affiniam, t h e  opera t ion  of t h e  system was s t a r t e d  t h i s  year.  The 
dam has had success i n  i t s  f i r s t  season of operat ion i n  reducing sal t -water  
i n t r u s i o n ,  bu t  a t  t h e  same time it has  allowed t h e  removal of excess water 
from t h e  basin above t h e  dam with t h e  accompanying inc rease  i n  a c i d i f i c a t i o n  
of s o i l s  t h a t  were a l ready  h ighly  a f f e c t e d .  The r e s u l t  has  been t h a t  one of 
t h e  subprojects  contemplated f o r  inc lus ion  i n  t h e  Southern Zone Water 
Management P r o j e c t ,  Bal ingore,  appears very u n a t t r a c t i v e  because of t h e  lack 
of downslope t i d a l  water .  The opera t ion  of t h i s  dam would o f f e r  an exce l l en t  
opportuni ty t o  determine t h e  negat ive  e f f e c t s  of opera t ing  t h e  system. 

A t  Guidel,  ISRA has a l ready  s t a r t e d  operat ing t h i s  a n t i - s a l t  system 
as  a  research p r o j e c t .  This research  should be continued. The SWZM Pro jec t  
should s t a y  ab reas t  of t h i s  research  i n  order  t o  b e t t e r  design t h e  a n t i - s a l t  
systems proposed f o r  t h a t  p r o j e c t .  

When t h e  f i r s t  p r o j e c t  a n t i - s a l t  d ikes  a r e  completed, records should 
be kept  t o  determine e f f ec t iveness  of t h e  systems. 

X I I I .  EVALUATION 

It w i l l  be very important t o  e s t a b l i s h  base l ine  e x i s t i n g  condit ions 
before  t h e  s t a r t  of t h e  p r o j e c t  s o  t h a t  changes i n  da t a  such a s  water q u a l i t y  
and crops production recorded during t h e  l i f e  of t h e  p r o j e c t  can be evaluated 
t o  determine t h e  impact of t h e  p r o j e c t .  To accura te ly  eva lua t e  t h e  p r o j e c t  
r e s u l t s  thorough and c a r e f u l  record keeping w i l l  be necessary.  I t  i s  
important t h a t  a l l  da t a  t o  be monitored be i d e n t i f i e d  e a r l y  i n  t h e  p r o j e c t  s o  
t h a t  a  complete s e t  of information i s  a v a i l a b l e  t o  c a r r y  ou t  pe r iod ic  
eva lua t ions .  
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Field visits were made in August-September, 1987 and again in 
November 1987 to examine cropping patterns and production practices, to 
examine crop condition, and to study with the soil scientist the factors 
conditioning potential land protection and land recovery. Discussions were 
held with farmers, Department of Agriculture staff, researchers from ISRA and 
ORSTOH, and staff of development projects and rural development authorities 
(RDA's). The field studies were combined with analysis of prior project 
experience and research work to produce the following synthesis. 

I. EXISTING CROPPING PATTERNS, CROPPING SYSTE3S AND CROP PRODUCTIVITY 

A. crop pin^ Patterns 

The PID and Prefeasibility Study describe the cropping patterns in 
the five zones of project intervention. Table 1 provides a summary of these 
cropping patterns. 

TABLE 1. CROPPING PATTERNS BY PROJECT INTERVENTION ZONE 
(% Area Cultivated by Crop on an Average Farm) 

INTERVENTION ZONE 

Rice 

Peanuts 

Maize 

Millet 

Sorghum 

Cowpeas/ 
Other 

Cotton 

SEDHIOU 

21 % 

40 % 

15 % 

18 % 

6 % 

N/ A 

N/A 

SOUNGROUGROU 

16 % 

46 % 

7 % 

31 % 

N/A 

BAILA BIGNONA 

13 % 21 % 

53 % 66 46 

7 % 7 % 

23 % <I % 

4 % N/ A 

KOLDA 

2 40 

14 % 

20 40 

15 % 

34 % 

N/A 

15 % 

While these figures are indicative, they do reflect observable 
patterns of land use in the five zones. The drier zones of the Soungrougrou, 
Baila, and Kolda have the highest percentages of drought resistant millet and 
sorghum. Rice has its greatest representation in the wetter areas of Bignona 
and Sedhiou. Maize cultivation is more widespread where there is a favorable 
growing environment. A long period of intensive extension and development 
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project effort has been devoted to this crop in Sedhiou and Kolda. The peanut 
cash crop which dominates four of the zones is replaced by cotton in the area 
of intensive SODEFITEX extension and marketing effort around Kolda. 

B. crop pin^ Systems 

Cropping systems have been described in detail in the lower 
Casamance by ISRA and others. Less detailed studies have been made of 
cropping systems in the middle and upper Casamance. Key factors in the current 
characteristics of cropping systems are: the decline in average annual 
rainfall; the sexual division of labor by crop and landscape type; the 
proportion of land and other resources devoted to lowland and upland 
production; the use of animal traction; the proportion of cash crop 
production; and access to inputs and credit. 

Declining rainfall has led fanners to increase their planting of 
short-cycle crop varieties as a means of avoiding drought stress in the 
uplands and the salinity problems in the lowlands. The move in many areas 
from transplanted rice to direct seeded rice has been accompanied by other 
changes, e.g., a greater weed challenge, exposure to iron toxicity in the 
groundwater zones, the need to alter water retention microstructures to 
conserve water on previously wet terraces. The increased salinity has led 
farmers to move rice production onto higher and sandier terraces once occupied 
by peanuts and upland cereals. On these areas, the growing season has been 
shortened by the low water-holding capacity of the soil, and yields reduced 
due to low soil fertility. 

The two dominant patterns of sexual division of labor are described 
in detail in the Social Soundness Analysis in Annex 6.4. In the Diola system, 
men till the rice fields and women carry out the bulk of the cropping 
practices. The added labor, power and use of heavier tools used permit both 
deeper land preparation and the construction of more solid ridges around rice 
parcels. In the Mandinka system, women do all land preparation and crop 
operations, men work only on upland crops. Land preparation is done with a 
light swinging hoe, and little soil is used to form ridges. Ridges are also 
formed later in the season when women weed. In some cases ridges are not 
formed at all. Instead, the women make small 0.8 m diameter depressions to 
hold water, leach salts, and provide an oxidized zone to protect roots from 
high iron concentrations. The Handinka system allocates less labor at 
critical land preparation and weeding periods. It reduces investment of labor 
in water management and constrains timeliness of cropping practices, reducing 
potential yields in all but the well-watered and non-saline valleys. 

As the valley lands have been lost to salt intrusion and 
acidification, the proportion of upland to lowland areas cropped has 
increased. Productivity on the uplands is lower because of lower soil 
fertility and generally low to moderate water-holding capacity. Cropping 
systems have had to change to accomodate these problems. As in the lowland 
areas, the drier conditions have led generally to the use of shorter cycle 
varieties. The weed challenge is strong in the uplands, requiring heavier 
labor input. Weeds also reduce both water and nutrient availability to crop 
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p l a n t s .  Staggered p l an t ing  d a t e s  and in te rcropping  reduce peak labor  
requirements f o r  land prepara t ion  and weeding. In te rcropping  of 
sorghum/millet and corn reduces mid and l a t e  season weeding requirements. 
These p r a c t i c e s  a l s o  spread t h e  r i s k  of crop f a i l u r e  ac ros s  p l an t ing  d a t e s  and 
crops. These s t r a t e g i e s  a r e  employed throughout t h e  Casamance River Basin. 
A s  t h e  Socia l  Soundness and Economic Annexes po in t  ou t ,  t hey  a r e  employed t o  
secure  a subs is tence  l e v e l  of food i n  an  environment of decreased land 
a v a i l a b i l i t y  and increased weather v a r i a b i l i t y .  

Animal t r a c t i o n  is a f a c t o r  d i r e c t l y  a f f e c t i n g  both f i e l d  s i z e  and 
timing of operat ions.  It is more widely used i n  Handinka, Handinka-ized 
Diola,  and Fula f i e l d s .  Upland crop land is plowed and p lan ted  with animal 
drawn equipment. Subsequent opera t ions  a r e  done by hand. The exception i s  
t h e  l imi ted  a reas  of co t ton ,  which a r e  h i l l e d  up us ing  moldboard plows and, 
occasional ly,  r i dge r s .  The expansion of planted su r f ace  a rea  i n  zones where 
animal t r a c t i o n  is used is probably constrained by a v a i l a b l e  weeding l abo r .  
Animal t r a c t i o n  programs have always found it d i f f i c u l t  t o  extend t h e  use  of 
weeding equipment because of t h e  g r e a t e r  e f f o r t  needed t o  t r a i n  both animals 
and d r ive r s ;  t h e  p o t e n t i a l  t o  damage crops i f  animals and equipment a r e  no t  
carefully-guided; t h e  a d d i t i o n a l  investment c o s t s  and t h r e e  t o  four  year 
per iod of negat ive cash flows which r e s u l t ;  and, t h e  poor performance of many 
of t h e  e a r l y  designs of weeding t o o l s  which were adapted from t r a c t o r  drawn 
equipment. Animal t r a c t i o n  is  l i t t l e  used i n  r i c e  production a p a r t  from a reas  
of in tens ive  extension e f f o r t  i n  d i r e c t  seeding of r i c e  i n  northern Bignona 
and t h e  Bai la  va l l eys .  Some plowing f o r  t ransplan ted  r i c e  is done i n  t h e  a r ea  
around Harsassoum i n  t h e  Sedhiou department, t h e  only case  seen where b u l l s  
were working i n  water.  

The cropping systems a r e  a l s o  shaped by t h e  proport ion of cash crops 
i n  t h e  mix. A s  Table 1 i n d i c a t e s ,  peanuts  a r e  by f a r  t h e  most important cash 
crop. PP Team discuss ions  i n  t h e  sample a reas  showed, however, t h a t  t h i s  cash 
crop i s  grown t o  enable farmers t o  buy r i c e ,  t h e i r  c e r e a l  of preference.  The 
l a rge  proportion of peanuts  i n  t h e  cropping p a t t e r n  is  l a r g e l y  a r e s u l t  of t h e  
high o f f i c i a l  buying p r i c e  and input  subs id i e s ,  which have, up u n t i l  q u i t e  
r ecen t ly ,  provided except ional  i ncen t ives  t o  product peanuts .  Economic 
ana lys i s  (Annex G.2.) shows t h a t  land ,  l abo r  and c a p i t a l  have probably been 
overal located t o  t h i s  crop. But, t h e  peanut p l a n t  is very  well  su i t ed  t o  t h e  
d r i e r  zones of t h e  Casamance uplands. It is r e l a t i v e l y  drought t o l e r a n t ,  and 
it produces a po r t ion  of its own n i t rogen  needs through symbiotic f i x a t i o n .  
I n  Kolda, cot ton p l a y s  a c e n t r a l  r o l e  i n  t h a t  a r e a ' s  cropping. I t  is s o l e l y  a 
cash crop, a s  it can be  so ld  only t o  one buyer, SODEFITEX. But, it br ings  
with it an in t ens ive  program of ex tens ion ,  input  supply, and input  use  
supervis ion.  A s  i n  t h e  case  of o i l s e e d s ,  n a t u r a l  f i b e r s  a r e  a l s o  p a r t  of a 
h ighly  competit ive world marketplace. 

It should be  noted t h a t  peanuts and co t ton  have been t h e  p r i n c i p a l  
c a r r i e r s  of a g r i c u l t u r a l  technology i n  t h e  Casamance. Both crops have had 
in t ens ive  research,  extension,  and a r e  p a r t  of a wel l -a r t icu la ted  s t r u c t u r e  
l inked t o  t h e  i n d u s t r i a l  s e c t o r .  The plows, p l a n t e r s ,  c a r t s  and weeding 
equipment manufactured i n  Senegal w e r e  developed f o r  t h e s e  crops. The 
development of t h e  f e r t i l i z e r  i ndus t ry  i n  Senegal was based i n  l a r g e  p a r t  on 
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the requirements of these crops. The related needs for agricultural chemicals 
support a plant protection industry. And, large parts of the agricultural 
research network, infrastructural and human, owe their existence to the 
programs devised to support these crops. Cropping systems seen in the 
Casamance have been greatly affected by these programs. Their productivity, 
if not their economic efficiency, has been tied to the large network of 
supporting services surrounding these crops. On a smaller scale, the same was 
true for rice, up until the time that the Senegal River Basin became the major 
site for investment in this crop. 

The supporting structures for the cash crops are undergoing radical 
transformation under the NAP. The short-term effect is to decrease the access 
of farmers to inputs which have traditionally arrived at their fanns under 
very concessional terms. The Southern Zone Water Management Project will 
operate in a greatly different support service and input supply environment. 
Cropping systems will change during the project through direct action by the 
project to protect and reclaim land and to increase water supply to crops. 
Indirectly, the project will rely on the supply of services and inputs to the 
fanning population that invests in water control infrastructure. 

C. Crop Productivity 

Crop productivity varies widely from year to year and from f a ~ m  to 
farm. The level of variability intrinsic to the shift in environmental 
conditions makes it difficult to establish average cases. Table 2 gives a 
rough approximation of average yields as reported by previous studies and by 
the Department of Agriculture. 

Table 2. AVERAGE YIELDS OF CROPS BY INTERVENTION ZONE (MT/HA) 

INTERVENTION ZONE 

CROP - SEDHIOU SOUNGROUGROU BAILA BIGNONA KOLDA 

Rice 1.2 1.6 2.6 .4-2.9 0.8 

Peanuts 1.4 1.2 1.1 .4-1.0 1.0 

Maize 1.5 1.5 1 .O -6-1 .O 1.1 

Sorghum 1.3 1.5 0 . 4  -- 1.0 

Cowpeas/ 
Other -- -- -- .2  -- 

Sources: Fall et al, 1986; Harza, 1984; Kolda Region Agricultural Inspection; 
Berger, Coyne et Bellier, 1985. 
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Rice y i e l d s  are t h e  average f i g u r e s  from aqua t i c  and groundwater 
r i c e .  Upland r i c e  y i e ld  averages a r e  less than  0.7 HT/ha. It should be noted 
t h a t  many of t h e  team's in te rv iews  wi th  farmers  showed t h a t  r i c e  y i e l d s  were 
cu r r en t ly  i n  t h e  0.4 t o  0.7 HT/ha range. These low y i e l d s  a r e  due t o  
s a l i n i t y ,  pos i t i ons  of f i e l d s  on t h e  sandy s lopes ,  and water s t r e s s .  ISRA 
farming systems team d a t a  f o r  Bignona show t h e  range i n  y i e l d s  encountered. 
The spread i n  r i c e  y i e ld  l e v e l s  is l a r g e ,  b u t  t o  b e  expected when t h e  crop is 
grown across  a d ive r se  set of s o i l  condi t ions  as a t ransplan ted  and a d i r e c t  
seeded crop. A l l  r i c e  crops i n  t h e  Casamance s t a r t  a s  ra infed  r i c e  with low 
o r  no water cont ro l .  While e a r l y  season drought s t r e s s  w i l l  n o t  d i r e c t l y  have 
a major e f f e c t  on crop y i e l d ,  b l a s t  d i s e a s e  i n f e c t i o n  develops r ap id ly  i n  many 
seed beds. This is a problem both f o r  t r a n s p l a n t  n u r s e r i e s  and d i r e c t  seeded 
f i e l d s .  In  both d i r e c t  seeded and t r ansp lan ted  a r e a s ,  v a r i a b i l i t y  i n  y i e lds  
is high because of r e l a t i v e l y  g r e a t  d i f f e r ences  ac ros s  s h o r t  d i s tances  i n  
desa l t i ng  r a t e s  and i n  f looding regimes and, t he re fo re ,  i n  d isso lv ing ,  
accumulation and p r e c i p i t a t i o n  of t o x i c  i ons  of aluminum and i ron .  Besides 
t h i s  s p a t i a l  source of v a r i a b i l i t y ,  t h e  v a r i a b i l i t y  i n  seasonal  d i s t r i b u t i o n  
of r a i n f a l l  a l s o  l eads  t o  a l a r g e r  spread i n  y i e l d s .  

11. ANTICIPATED CHANGES I N  CROPPING PATTERNS, CROPPING SYSTEMS 
AND PRODUCTIVITY WITH 1)IPROWD WATER CONTROL 

Changes i n  cropping p a t t e r n s ,  cropping systems, and product iv i ty  
l e v e l s  w i l l  depend on t h e  r a t e  of i n f r a s t r u c t u r e  development, t h e  r a t e  a t  
which sa l in i zed  lands a r e  desa l t ed ,  t h e  r a t e  a t  which a l ready  ac id i f i ed  s o i l s  
a r e  reclaimed, and t h e  year-to-year r e l i a b i l i t y  of water supply t o  a n t i - s a l t  
d ikes  and r e t en t ion  s t r u c t u r e s .  

A .  crop pin^ P a t t e r n s  

The Socia l  Soundness ( 6 . 4 . )  and Economic ( G . 2 . )  Analyses Annexes 
descr ibe  t h e  an t i c ipa t ed  changes i n  cropping p a t t e r n s  which w i l l  occur when 
va l l ey  lands a r e  recovered and t h e  r e l i a b i l i t y  of opera t ion  of t h e  a n t i - s a l t  
d ikes  and r e t en t ion  s t r u c t u r e s  a r e  demonstrated. Recovery of va l l ey  land and 
an t ic ipa ted  dec l ines  i n  producer p r i c e s  f o r  peanuts  over t h e  next  few years  
w i l l  lead t o  a marked r e s t r u c t u r i n g  of cropping p a t t e r n  i n  t h e  Diola a reas .  
The importance of upland crop product ion w i l l  diminish. A smaller  por t ion  of 
e f f o r t  w i l l  be devoted t o  peanut product ion with some dec l ine  i n  m i l l e t  and 
sorghum production. Corn, t h e  upland crop most s e n s i t i v e  t o  t h e  low f e r t i l i t y  
s t a t u s  of t h e  upland s o i l s ,  may be  reduced t o  very  small  sur face  a reas ,  
p a r t i c u l a r l y  i f  t h e  need increases  f o r  land nea r  houses f o r  t r ansp lan t  
nu r se r i e s .  To t h e  ex t en t  t h a t  cash cropping i s  reduced, it is conceivable 
t h a t  fanner a b i l i t y  t o  pay f o r  i npu t s  w i l l  d e c l i n e  i n  t h e  Diola a reas .  I n  t h e  
Mandinka and Mandinka-ized systems, women w i l l  reduce t h e i r  e f f o r t s  t o  grow 
upland crops. The cropping of t h e  same o r  s i m i l a r  upland areas  before  and 
a f t e r  va l l ey  p ro t ec t ion  and recovery should h e l p  improve fanners  a b i l i t y  t o  
pay f o r  inputs  a s  food needs a r e  m e t  from v a l l e y  r i c e  production. 

B. The s h i f t s  i n  cropping systems w i l l  b e  important ones a s  va l l ey  
lands a r e  recovered. In t h e  i n i t i a l  per iod  a f t e r  a n t i - s a l t  d ike  cons t ruc t ion ,  
farmers w i l l  a l l o c a t e  l abo r  t o  move r idges  toward t h e  water course t o  impound 

3 
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water. The shortest cycle rice varieties will be planted where residual 
salinity exists. These will generally be transplanted crops. As salinity 
drops the farmers should be able to plant these lands earlier, permitting a 
switch to longer cycle transplanted varieties in the deeper water areas. The 
groundwater zones on the sandier terraces will be maintained in direct seeded 
rice for the most part. In the areas behind upstream retention dikes, taller 
and longer rice crop varieties will be transplanted along the watercourse; the 
higher land planted in shorter cycle varieties of medium straw length. Local 
varieties, old introductions from the 1960's, and new varieties are available 
for the range of flooded and unflooded conditions. 

One of the chief problems facing farmers in the recovered valleys 
and upstream retention sites will be weeds. Labor requirements for weeding 
rice lands will increase. There are a large number of aquatic weeds of the 
Cyperaceae family which are removed as part of land preparation for 
transplanting along with flooding tolerant grasses (Echinochloa sp.). The 
Diola system uses male labor to remove these weeds quickly with the Cajando. 
The Mandinka system relies on women to use small swinging hoes for land 
preparation, slowing land preparation and leaving substantial amounts of roots 
and rhizomes which resprout and require additional weeding effort. 

Farmers can control aerobic weeds in the lower part of the landscape 
if they can maintain a more constant depth of water across their parcels. 
Such an approach will require more closely spaced contour or rectangular 
ridges, and in more sloping areas, some land levelling. This is not likely to 
be a priority for farmers until a higher degree of water control is achieved 
and lowland parcels are recovered, a process of from three to five years 
duration. In many watersheds, this control can come from secondary works such 
as contour berms to divert early season rainfall to retention structures in 
the valleys. Early season flooding will control aerobic weed growth. In the 
upper part of the landscape where continuous flooding is not possible, it is 
unlikely that a herbicide strategy will be cost effective. The use of 
medium-to-long straw varieties with broad leaves, the current Brazilian and 
IRAT ideotypes for upland rice, may be the cheapest way to reduce weeding 
effort. 

The Soils Annex (Annex G.1.c.) describes the soils of the valleys, 
the degree of salt and acidity problems, soil use, and management 
alternatives. As the soils with slight and moderate salt and acidity problems 
are reclaimed over a two to four year period, there will also be some 
improvement, further ripening and leaching of the areas of already acidified 
soils. Farmers will attempt to recover these lands when the upper part of the 
soil profile loses its toxic properties and is recolonized by halophytes and 
grasses. By this time, the applied research activities o f  the project should 
have sorted out the major financially viable options for accelerated recovery 
of these soils. The management of soil amendments and microbasins and 
drainage works would result in important shifts in labor and capital 
allocations. It is likely that these shifts would not occur without external 
assistance. 
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In the areas where animal traction is important, e.g., the Baila 
Valley, valleys subjacent to the Sefa plateau, and the Kolda department, 
animal traction has the technical potential to play an important role in 
valley fanning. PIDAC ran a program concentrating on direct planting using 
plows and row planters to establish the rice crop in non-salt affected 
valleys. This practice enables farmers to compress their land preparation and 
planting effort. In areas with shallow slopes, animal-dram moldboard plows 
and ridgers could be used to make small contour ridges in the upper 
catchment. A third use mag be in plowing land after early rains to accelerate 
the dissolving and flushing of salts from the salinized lands. While these 
are potentially important changes in cropping systems, they do conflict with 
the need for upland crop land preparation and seeding. It is likely that 
animal traction use in the rice lands will continue to be a very small part of 
the cropping systems in the project area. 

C. Crop Productivity 

After protection and recovery from salinity rice crop productivity 
should increase. A global increase to a yield of 2 HT/ha should be acheivable 
over most of the recovered land without substantial additional inputs. In the 
retention sites it should be possible to move average rice yields to a level 
of about 2.5 t/ha with better water control. With additional inputs of 
fertilizer an average yield of 3 to 3.5 tons per hectare could be achieved. 
Additional improvements in varieties and plant protection might push the yield 
figure to 4 MT/ha, but this level of cropping intensity would require an input 
supply and credit support system that is in the future. 

111. ESTIWATION OF SURFACE AREA AND RATES OF RECOVERY OF POTENTIALLY 
RECOVERABLE LAND THROUGH IMPROVED WATER CONTROL 

The Soils Annex (Annex G.1.c.) gives the results of field studies at 
the ten sample sites studied by the PP team. It was the conclusion of the 
soil studies that all soils other than the Mangrove Soils could be reclaimed 
and used for agricultural purposes. However, as a practical matter, the costs 
and time required to rehabilitate the already acidified soils and the 
management problems posed by the potentially highly acid and saline soils 
places these soil groups outside the development purview of the project. The 
reclamation or management of the potentially highly acid and highly saline 
soils and the already acidified and salinized soils will be part of the 
applied research program to be financed by the project. Table 3 presents the 
PP team's estimation of the time and rates of soil recovery due to project 
interventions at the ten sample sites. 
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Table 3. ESTIMATION OF TIME AND RATES OF SOIL RECOVERY 

Sedhiou Zone Surf ace Current Surf ace Time to 
(3 sites) Area Used Recoverable Recovery 

(ha. 1 

Non-Salt/ 
Non-Acid Soils 493 70 % Improve 0 

Water Supply 

Slightly Salt/ 
Acid Soils 472 20 % A1 1 

Moderately Salt/ 423 
Acid Soils 

High Salt/Acid 201 
Soils 

@ 
Acidified Soils 196 

1-2 Yrs 

A1 1 1-3 Yrs 

None 

Half 

Keep Wet 

4-12 Yrs 

Mangrove Soils 154 None Keep Wet 

Soungrougrou Zone Surf ace Current Surface Time to 
(3 sites) Area Used Recoverable Recovery 

(ha.) 

Non-Acid Soils 354 70 % Improve 0 

Slightly Salt/ 
Acid Soils 9 7 20 % All 

Moderately Salt/ 
Acid Soils 8 1 

High Salt/Acid 
Soils 2 8 

1-2 Yrs 

A1 1 1-3 Yrs 

None Keep Wet 

Acidified Soils 103 Half 4-12 Yrs 

Mangrove Soils 39 None Keep Wet 
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Baila Zone Surf ace Current Surf ace Time to 
(1 site) Area . Used Recoverable Recovery 

(ha. 

Non-Sal t/ 
Non-Acid Soils 127 20 % Improve 0 

Water Supply 
Slightly Salt/ 
Acid Soils 59 20% Improve Water 1 Yr 

Supply 
Moderately Salt/ 
Acid Soils N/A A1 1 1-3 Yrs 

High Salt/Acid 
Soils N/ A 0 Keep Wet 

Acidified Soils N/A Half 4-12 Yrs 

Hangrove Soils N/ A 0 Keep Wet 

Bignona Zone Surf ace Current Surf ace Time to 
(3 sites) Area Used Recoverable Recover 

(ha.) 

Non-Salt/ 
Non-Acid Soils 94 

Slightly Salt/ 
Acid Soils 8 2 

Moderately Salt/ 
Acid Soils 2 6 

High Salt/Acid 
Soils 7 7 

Acidified Soils 148 

Mangrove Soils 7 9 

70 % Improve 

20 % All 1-2 Yrs 

All 1-3 Yrs 

Will Acidify 
1988 Keep Wet 

Half 4-12 Yrs 

Hay Acidify Keep Wet 
1988 

At least one of the nine sites studied should be dropped from the 
list as a potential SZWH site. This site is Balingor in the Bignona valley. 
Huch of this site will require a long reclamation period, the existing 
potentially highly acid soil will probably go acid in 1988 because of Affiniam 
dam operations, the proposed dike is too long for the surface area to be 
recovered, and the local population does not appear to have sufficient labor 
to carry out dike constsuction. Diatok is another site which may be dropped 



off the list due to Affinam dam operations. Upstream dikes may not be 
permitted to operate as retention structures in the Bignona Valley, making 
their construction a moot point until operating rules change. 

Estimation of the amount of land throughout the Lower and Middle 
Casmance which is potentially recoverable needs careful study. The PP team 
used existing studies by ORSTOH, ISRA, Harza, and soil and land use maps, 
combined with their field visits and soils analyses to make an assessment of 
the total amount of land potentially recuperable through improved water 
control. Table 4 presents the team's estimates. 

Table 4. ESTIMATED SURFACE AREA FOR RECOVERY AND/OR IMPROVED WATER SUPPLY IN 
THE LOWER AND MIDDLE CASAMANCE BASIN 

Sub-Basin. Estimated Recoverable Now in 
Improvable (ha) Crops (ha) 

Bignona 6,800 2,800 

Baila 8,000 1,600 

Soungrougrou 12,590 2,000 

Sedhiou 12,000 3,600 

Kolda 3,000 6 00 

Total 42,390 10,600 

These estimates are considered to be reasonable by the team. 
Additional areas may have their water control improved, without investments in 
anti-salt structures, but these sites are in Kolda and Velingara Departments. 
They are less densely populated and have higher rates of erosion than other 
parts of the project area. The implementation team will need to carry out 
further analysis of these sites in the second year of the project to decide if 
the project should eventually move into these zones. 

It is important to note that reclamation of salinized lands has 
become increasingly difficult since 1983 when the annual cycle of fresh water 
flushing of salts out to sea to reduce the salt concentration of the Casamance 
and its tributaries to less than seawater stopped. Since 1983 the Casamance 
and its tributaries have been saltier than seawater year round. The lowered 
rainfall has also led to oxidation and acidification of soils, creating a more 
widespread area of tannes nues. Final rates of land reclamation will depend 
on the rainfall amount, the effort expended by the population to protect and 
reclaim land, and the within-season distribution of rainfall. 
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SCENARIOS FOR CROP PRODUCTION OH DIFFERENT SOIL TYPES 

A. Non-Saline Valleys and Soils 

Structures will include retention dikes, ridging and side valley 
berms for water accumulation and diversion. The first steps will be the 
addition of rice land as water supply becomes more regular up and down the 
toposequence. Peanut production in the upper watershed may decline in Diola 
areas and perhaps Handinka areas depending on peanut prices. In the lower 
part of the toposequence, transplanting will probably replace the direct 
seeding that dominates the drier valleys. Direct planting can be maintained 
by terracing the slopes of the valleys, but the flat terrain and slight slopes 
reduce the advantages of this approach. Rice intensification will occur if 
inputs are available. Likely intensification moves would be some return of 
longer cycle varieties, fertilization, mechanical weed control, if a 
hand-pushed rotary weeder is perfected for Senegalese conditions, and plant 
protection. 

B. Slightly Acid to Moderately Acid and Salinized Soils 

These soils can be recovered and productivity increased through the 
diking of parcels. The individual paddies formed can then be used to collect 
rainwater and flush out salts. Rice plants require a rooting depth of about 
30 cm which has a soil extract electrical conductivity of less than about 10 
mmohms/cm. Using the Diola approach of ridging soils, the slightly to 
moderately acid soils can be used for rice production within one to three 
years. Farmers will probably continue to use short-cycle varieties on these 
soils to avoid the'early season peak of acidity, iron, and aluminum toxicity. 
Farmers may move to longer cycle varieties after four or five years as 
carry-over salt levels drop, and if varieties tolerant to high aluminum and 
iron are introduced. Crop yields can be substantially improved up to a 
practical average level of 3.5 -4 tons/ha if fertilization or liming is 
practiced. Phosphate fertilization may be the most cost effective way to 
increase yields if acidity levels are not too high. 

C. Acidified Cat Clays 

While desalting these soils will not be difficult, ultimate recovery 
of these highly acid soils is dependent on the length of time that they have 
been oxidized and acidified and the subsequent rate of leaching of jarosite 
minerals below the 50 cm level. While about half of the soils studied in the 
field are approaching this point, the best management practice may be to avoid 
any further investment in them until vegetation begins to re-establish 
itself. When these signs of recovery begin to take place, the reclamation 
process may be hastened by liming or heavy phosphate fertilization. The 
project will await additional research results including an economic analysis 
of returns from soil reclamation efforts before attempting extension of these 
techniques with farmers. 
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D. Upland Soils 

These soils are not subject to salt intrusion or intense 
acidification, but they have low soil fertility status and, in some cases, are 
subject to erosion. 

Standard management approaches for these soils are: to promote 
contour plowing of the upland soils, particularly with peanuts; to reduce 
competition for water, nutrients and light by improving weeding practice, 
particularly Kith animal drawn weeders; to plant tree bands on the slopes; and 
to fertilize soils to increase the yields and the amount of crop trash which 
can be fed to animals or left as a soil cover. 

COIZPLGIIENTARY INPUT SUPPLY SITUATION AND OUTLOOK 

A. Seeds 

The seed supply situation in the Kolda and Zinguinchor regions is 
generally poor. The historical exceptions have been cotton and peanut seed, 
and more recently, maize seed. Cotton seed will continue to be supplied by 
SODEFITEX. Peanut seed multiplication has been done through contract 
multipliers supervised by the regional agricultural services, but seed storage 
and distribution has been under the control of SONACOS, the processing and 
marketing parastatal. Maize seed is supplied to cooperating farmers of the 
German-assisted maize production project. 

The Chinese rice missions, and a series of other projects have 
introduced rice varieties. These projects date from the mid-1960's when BDPA 
and SATEC worked in the Sedhiou area. Other projects include PRS I and 11, 
SODAGRI efforts first at Sefa, then in the Anambe basin, SOMIVAC and PIDAC, 
among others. 

Farmers generally use the same rice varieties today as they did 20 
years ago. Their major change in choice of varieties has been Co drop the 
longer cycle aquatic and groundwater rice varieties. The women indicated that 
if water supply improved they would switch back to some of the longer cycle 
varieties, There are reservoirs of the traditional varieties which are 
maintained in several of the better watered valleys. 

Farmers store their own rice seed or obtain it in exchanges with 
other farmers. When asked if they would use new varieties, they responded 
that they would if the varieties were better than those currently used. No 
one interviewed outside the ISRA research area or the PIDAC intensive 
extension area has seen a recent demonstration of new rice varieties. 

The USAID-financed Agricultural Production Support (APS) project 
will support the development of private sector seed multiplication and 
distribution. Breeder seed and quality control for foundation seed will be 
provided by ISRA. Private seed companies and contract seed growers are then 
supposed to bulk up and distribute certified seed. To be effective in efforts 
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in Ziguinchor and Kolda, APS will have to coordinate its efforts in seed 
supply with those of the DERBAC and PRIHOCA projects, which will assist 
farmers to obtain seed. 

B. Fertilizer 

Fertilization or manuring would be beneficial on nearly all project 
area soils. The upland soils are very poorly supplied in nitrogen and suffer 
from low levels of phosphates. Micronutrients are deficient on the coarser 
textured sandy soils. The lowland soils are generally better supplied in 
nutrients than those of the uplands, but the vast majority of soils are 
generally poorly supplied with nitrogen and phosphorus. Potassium 
deficiencies are present in many rice fields. 

Important yield improvements can be made with fertilizer 
applications in relatively small quantities. Figure 1 shows the response to 
increasing levels of fertilization of five rice varieties as studied by ISRA. 
All fertilizer levels applied were well-below the level needed to maximize 
production. They lie on the linear portion of the fertilizer response curve, 
where marginal returns to investment are highest. 

Figures 2 and 3 show that, when the rice crop is well-fertilized, 
there is a significant yield increase with increased water supply. The 
results shown are from nearly 50 multiple site trials conducted in the 1970s. 

C. A~ricultural Chemicals 

Agricultural chemicals are in extremely short supply in the 
Ziguinchor and Kolda regions. The major sources of supply in the past were 
the Rural Development Agencies, development projects, and emergency pest 
control programs. As the RDAs have withdrawn from direct involvement in plant 
protection supply, the availability of insecticides and herbicides has been 
reduced. SODEFITEX is still a major supplier of herbicides, fungicides, and 
insecticides, but only for its cotton growers. 

The regional inspectorates of agriculture receive a quota of plant 
protection chemicals which are further subdivided into quotas for the 
departmental services. The departmental service retains a portion of this 
quota for targeted application against grasshoppers and blister beetles. The 
remainder is divided into quotas for the Rural Expansion Centers and 
distributed. There is little flexibility in this system. The timing and 
amount of chemicals delivered and applied bear little relationship to actual 
crop protection needs. The national campaigns produce a higher level of 
coordinated effort. 

Except for a few small suppliers of insecticides and fungicides for 
vegetable producers in Ziguinchor and Kolda, no private sector supply of plant 
protection materials was found. 
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Table 5 .  Rice Yield Response to Fertilizer Levels 

Fertilizer 
Level Rice Variety Yields in Kg/Ha 

144B/9 IRAT-112 DJ8-341 BAFUFITA Se3076 

.Source:Mbodj et al, 1985. 

0 = ON, OP, OK 
1 = 21 KG N, 9KG P205, 13.5KG K20 
2 = 2 X A l  
4 = 4 X A l  

Table 6. Comparison of Yields of I Kong Pao and 63/83 
at Different Rainfall Amounts (Kg/ha) 

Rainf a1 1 
(mm> 

Results of 35 local site trials run between 1967-72 
in the Casamance. Source: Hagne, 1973. 

Table 7. Comparison of Yields of I K o n ~  Pao and TS123 
at Different Rainfall Amounts (Ka/ha) 

Rainfall 
(nun) 

IKP TS123 

Results of 21 local site trials run between 1967-72 
in the Casamance. Source: Hagne, 1973. 
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D. Conclusions 

The SZWHP is not intended to support input supply to farmers. It 
will increase farmer access to more fertile valley soils and improve water 
supply on the valley terraces. While there will be substantial return from 
improved water control, full benefits will depend on the development of input 
supply systems. The current level of private sector supply of inputs is 
negligeable. In the very near-term this supply is likely to come from other 
donor-assisted projects and in the medium-term from increased private sector 
sources. 

A. Overview 

Agricultural research programs in the Casamance have most recently 
been reviewed by Posner (1985) in an ISRA publication. The focus of much of 
the early research in the historical Casamance Region began in Sefa near 
Sedhiou on the Sefa plateau. Originally established in 1947 to accompany an 
estate development scheme, it was taken over by IRAT in 1960. Substantial 
research on plateau soils, soil conservation, agroclimatology, general 
agronomy, plant improvement, and livestock production had been done by that 
time. In 1967, Djibelor was established as a major sub-station to Sefa, 
becoming the principal regional station in 1975 under ISRA. The small staff 
at Sefa now conduct little research other than meteorological data - 

collection. The other major active research station in the region is located 
near Kolda and concentrates on agropastoral research. 

The Djibelor station manages the applied research efforts for the 
natural region of'the Casamance. It is the major historical center for rice 
research in Senegal. USAID assisted ISRA to build up a strong farming systems 
program there, which is now managed entirely by Senegalese researchers. 

ISRA has developed regional program objectives in support of 
national policy directives. In July 1987, ISRA released its overall strategy 
and program orientation for the Casamance. Eight programs were identified: 

Water Management and Infrastructure Development 

Soil Fertility and Bioclimatology 

Rice Improvement and Intensification 

Farming Systems Research 

Production Economics 

Agricultural Uechanization for the Casamance 

Casamance Fisheries 

Inventory and Improvement of Forest Resources 



Southern Zone Water Management PP - Annex ~.l.b. Page 20 of 24 

The f i r s t  t h r e e  of t h e s e  programs conta in  p r o j e c t s  which t r e a t  
d i r e c t l y  t h e  main technica l  problems faced  by t h e  p r o j e c t .  

3. Water Control and Water Management I n f r a s t r u c t u r e  

This  program is based i n  Dj ibe lor .  It works only  i n  t h e  Lower 
Casamance. Its primary ac t ions  a re :  

o management of water behind t h e  Guidel and Katoure a n t i - s a l t  
dams ; 

o t he  s tudy of approaches t o  v a l l e y  development and techniques of 
desa l t i ng  a t  Guidel and Katoure; 

o socioeconomic s tudy  of water con t ro l  s t r u c t u r e s ;  

o study of t h e  impact of water con t ro l  s t r u c t u r e s  on t h e  
environment; and 

o a sub-region wide inventory  of n a t u r a l  resources i n  developed 
bolongs. 

The objec t ives  of t h e  program a r e  t o  e s t a b l i s h  a typology of bolongs 
and watersheds behind d ikes ,  e s t a b l i s h  maps of land use  and c o n s t r a i n t s  t o  
improved land use,  e s t a b l i s h  an ope ra t ing  model f o r  t h e  dams, t o  propose an 
approach t o  secondary water con t ro l  works behind a n t i - s a l t  s t r u c t u r e s ,  
eva lua te  t h e  socioeconomic f a c t o r s  which inf luence  t h e  success  of d ikes  f o r  
production purposes, and eva lua te  t h e  environmental changes brought about by 
t h e  works. 

The research programs have r e s u l t e d  i n  a b e t t e r  understanding of t h e  
su r f ace  water and shallow groundwater t a b l e  dynamics and water q u a l i t y .  They 
have demonstrated t h a t  s a l i n i z a t i o n  and a c i d i f i c a t i o n  have dramat ica l ly  
a l t e r e d  t h e  n a t u r a l  environment of t h e  small  va l l eys .  They have a l s o  
demonstrated t h a t  a n t i - s a l t  d ikes  a r e  e s s e n t i a l  i f  f u r t h e r  s a l i n i z a t i o n  i s  t o  
be avoided. Perhaps t h e  key genera l  observat ion is t h a t  upstream works a r e  
necessary i f  a n t i - s a l t  d ikes  a r e  t o  func t ion  e f f i c i e n t l y  i n  reclaiming 
sa l in i zed  lands.  

ISRA and ORSTOM a r e  c u r r e n t l y  cooperating on a s tudy  of t h e  
monitoring of undeveloped and developed va l l eys  t o  determine what t h e  e f f e c t s  
of e x i s t i n g  a n t i - s a l t  and upstream r e t e n t i o n  s t r u c t u r e s  a r e  on recovery from 
s a l i n i z a t i o n ;  whether d ikes  have a s i g n i f i c a n t  e f f e c t  on t h e  bordering shal low 
aqu i f e r s ;  and, how small d ikes  need t o  be managed t o  i nc rease  recovery r a t e s .  
A r ecen t  paper by Boivin and Lebrusq 11985) p o i n t s  ou t  t h a t ,  i n  t h e i r  s tudy 
zone, t h e  mangrove zones have been e s s e n t i a l l y  l o s t  t o  r i c e  production from 
hypersa l in iza t ion  and mangroves have been reduced t o  a minor component of t h e  
landscape. Secondly, t h e  major a r e a s  of high p o t e n t i a l  a c i d i t y  have f o r  t h e  
most p a r t ,  a l ready  gone ac id .  Thi rd ly ,  t h e  dominant problem on t h e  non-acid 
s o i l s  is s a l t .  These r e s u l t s  a r e  e n t i r e l y  cons i s t en t  with t h e  observat ions of 
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the field team. Three recommendations for water control are made: 

o to build an anti-salt dike near the mouth of the marigot to 
prevent further salt intrusion. Dike location is recommended 
at the juncture between the highly acid soils and the point at 
which the marigot widens to become dominated by mangrove soils. 

o upstream development using either cross-valley dikes or contour 
ridging to hold as much rainwater and runoff as possible on the 
upper terraces of the valley to accelerate their desalting. 

o subsequent ridging and draining of the oxidized and acidified 
soils to reduce salt concentration and transfer of salts by 
groundwater to the higher terraces. 

Key issues remaining to be studied for this type of valley are the 
design and placement of dikes, ridges and drains, their sequencing, and their 
effectiveness in normal, wet, and dry years. 

It is recommended that the SZWHP establish a contract with ISRA to 
support an extension of their current work on small dams and the impact on 
land recovery and management, as well as the environmental montoring program 
described in the environmental analysis (Annex HI. USAID financing will be 
used for research to be carried on in the Middle Casamance, as well as for the 
regional studies described in the IEE Amendment and Environmental Analysis. 
The AFDB will support much of the Lower Casamance research on these 
questions. USAID will provide a complementary amount for the middle Casamance. 

A summary of the major research needs of the S Z W  project includes: 

o watershed dynamics, runoff, interception, and groundwater links; 

o water balance; 

o salt balance; 

o desalinization rates; 

o physical characteristics and electrochemical characteristics of 
surface and groundwater; 

o analysis of technical and economic characteristics of the small 
dams; 

o analysis of the organization and management by farmers of small 
dams ; 

o technical and economic evaluation of secondary and tertiary 
works; and 

o monitoring of the O m  of the Affinian anti-salt structure. 
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C .  Fertilization of Soils and Bioclimatolo~y 

1. Overview 

This program is based in Djibelor. It concentrates on finding 
substitutes for mineral nitrogen sources using biological nitrogen fixers, 
experimenting with water control techniques to avoid iron and aluminum 
toxicity as well as using local soil amendments, using high phosphate content 
gypsum to reduce aluminum toxicity, and the use of NP fertilizer and rice 
straw to maintain macronutrient supply, the search for the right blend of 
organic and mineral fertilizer for upland and lowland crops, and the 
collection and analysis of agroclimatic data in collaboration with the 
AGRHYMET program. 

2. Research on Saline, Acid Land Reclamation 

There has been at least 20 years of research into the reclamation 
and management of salinized, potentially acid sulfate and acid sulfate soils 
in the lower Casamance. There have also been some medium-scale attempts to 
try to carry out experimental land reclamation on an applied scale, most 
notably in trials managed by ILACO. 

The studies and trials have indicated that soils can be reclaimed 
and that they can be managed to produce substantial yields of rice. But, 
there has not been the sustained effort to define potential rates of 
reclamation, water management norms, and crop and soil management practices 
needed to maintain reclaimed lands in stable production. 

The sub-humid nature of the salinized bolongs and mangrove areas 
along the Casamance makes it essential that the solutions advanced for land 
reclamation be simple and robust ones, capable of withstanding important 
swings in water supply without causing acidification of potential cat clays. 
To date no one has found an economic solution that farmers, or technicians, 
can manage consistently. Current ISRA monitoring work is helping to describe 
the dynamics of wet year and dry year management of water behind anti-salt 
dikes, but guidelines for operating the structures to optimize surface area 
and season length available for cultivation are still very rough. 

ISRA has begun to study the effects of land preparation procedures 
on salt and acidity status of soils. They have shown that practices need to 
be adapted to the soils of the valley terraces, and that year to year 
variation in water supply requires that secondary works be put in place if 
land preparation and cropping practices are to affect salt status of the 
soils. Phosphate and potash fertilization has been shown to have a beneficial 
effect on soil acidity, as well as crop yields, but the research is away from 
being able to be submitted to economic analysis for extension purposes. 

Trials for the past 15 years in the Casamance have shown that all 
crops show significant responses to fertilizer applications under a wide 
variety of rainfall regimes. It can be safely concluded that nutrients are 
major limiting factors on the plateau soils and many of the nonsalinized 
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valley soils of the Kolda and Ziguinchor. The applied research challenge is 
to find the forms and quantities of fertilizing elements that will generate 
financial returns enabling the farmers to purchase and use them. ISRA has 
been conducting trials on this problem for the past several years. They have 
found that fertilizer doses that produce yields falling on the linear portion 
of the fertilizer response curve provide optimal returns to farmers. 

Organic amendments have shown same effectiveness in rice fields. 
Part of the response to heavy manuring may be due to the calcium and phosphate 
contents of the manure. It should be noted, however, that very little of the 
regions* surface area could be fertilized with manure. Research in other 
locations has shown that equivalents of from 6 to 60 tons/ha of manure are 
needed to maintain soil fertility and organic matter content as well as more 
concentrated fertilizers. Some work has been done using organic amendments 
such as neem seed cake to retard detrification of urea fertilizer with some 
promising results. 

SZWMP should support land reclamation and fertilization research as 
well as combined testing of water control and land preparation practices to 
accelerate land recovery. 

D. Crop Improvement and A~ronomic Research 

Rice, peanuts, cotton, and corn have each been the subject of 
intensive crop improvement and agronomic research. As in other parts of the 
world, the search has generally been for shorter cycle, daylight insensitive 
varieties, with good fertility response, pest and disease resistance. This 
overall orientation has served the Casamance reasonably well. Historically, 
multiple site testing of advanced breeding lines and stable varieties was 
widespread in the Casamance. The shorter cycle varieties have been retained 
by farmers faced by declining rainfall and increased drought and salt stress 
in rice fields. 

ISRA Djibelor has proposed a set of rice varieties for each part of 
the toposequence from upland to deeply flooded rice. But, these varieties have 
not made it into the hands of farmers. This points out the need for an applied 
research-development linkage. There is a need for extensive multiple site 
testing of stable varieties which can be evaluated and adopted, perhaps even 
multiplied by fanners. Farmers have stayed loyal to shorter cycle varieties 
and local varieties which are under their control, reducing the risk of mixed 
varieties or weed contaminated varieties being delivered to them. 

Trials on rice, peanuts, maize and cotton have shown the sensitivity 
of these crops to delays in weeding after planting. On-station studies by 
ISRA have shown that yields of direct seeded rainfed rice may decline by half 
h e n  only one weeding is done six weeks after planting. The applied research 
challenge is to find ways of controlling weeds on upland soils which do not 
increase labor requirements and can be paid for by the returns from increased 
yields. Herbicides, hand weeders, and animal drawn weeders are being tested 
by ISRA Dj ibelor . 
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E. Farming Systems Research 

The Farming Systems Research team has been working intensively in 
the Lower Casamance to describe farming systems, to run technology orientation 
trials, and to develop technology for transfer to farmers. Their extensive 
documentation is too complicated to summarize here, but it is important to 
underline a theme which runs through the classification of their farming 
systems zones and their work to define production dynamics and fanners' choice 
of techologies. Labor stands out as the major constraint to both extension of 
surface area cultivated and to intensification of production without external 
inputs. Sometimes this constraint is due to the sexual division of work 
tasks, sometimes it is due to the sexual division in crop production 
practices, and sometimes it is due to peak labor demands across several crops 
falling at the same time. 

The adaptive research challenge is to improve returns to land with 
technologies which also demand low marginal increases or net decreases in 
labor requirements. Doing this within the capital availabiilty of 
smallholders is the second part of this challenge. 

F. Applied Research Proposals 

These proposals are presented as a recapitulation of the challenges 
research faces which were identified above: 

o sustained long-term effort to define potential rates of 
reclamation, water management norms, and crop and soil 
management practices needed to maintain reclaimed lands in 
stable production; 

o guidelines for operating the anti-salt structures to optimize 
surface area and season length available for cultivation; 

o ex-tensive multiple site testing of stable varieties which can 
be evaluated and adopted, perhaps even multiplied by fanners; 

o find the forms and quantities of fertilizing elements that will 
generate financial returns enabling the farmer to purchase and 
use it; 

o find ways of controlling weeds on upland soils that do not 
increase labor requirements and can be paid for by the returns 
from increased yields; and 

o improve returns to land with technologies which also demand low 
marginal increases or net decreases in labor requirements, and 
do this within the capital availabiilty of smallholders. 
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TECHNICAL APPROACH 

In order for the soil scientist to accomplish the soil-related tasks 
outlined for the project plan it was necessary for him to complete three 
general tasks. They were: (1) site visits of each of the ten selected 
watershed basins, ( 2 )  soil testing analysis and evaluation of such from each 
basin, and (3) the compilation of a planimetric map for each of the basins. 
After these three tasks were completed, soil and water management concerns 
could then be addressed, such as reconm~endations for reclamation of the acid 
and salt affected soils and the development of fertilizer recommendations. 

A. Site Visits 

The soil scientist's first activity during each site visit was 
to locate and define the basin limits and the three major soil groups within 
the basin itself. The major soil groups being the saline soils of the 
mangroves (symbol H), the soils that have become sterile as a result of 
extensive acidification and salinization (symbol A), and the soils which have 
the potential for acidification and salinization (symbol P). The potentially 
acid and saline soils were also further defined in accordance to their degree 
of potential acidity and salinity. 

After orientation at the site on the relationship of each of 
the basic soil groups to the landscape, the soil scientist selected 
representative areas of each soil group. Typical pedon descriptions and soil 
samples were obtained from these areas. Along with this data and sample 
collection, soil boundaries were then plotted on a field overlay in order to 
permit their later compilation onto each planimetric map. U. S. National 
Cooperative Soil Survey Standards (NCSS) were followed for the soil sampling 
and mapping activities. 

It was necessary to make all basin site visits with the team's 
engineer to correlate his input. This allowed the team the ability to 
establish the limits of the affected areas in each basin, and to determine the 
feasibility of each proposed structure. 

B. Soil Testing 

Soil testing was performed by the soil scientist for all 
samples collected from the typical pedons of each basin. The goals of these 
tests were to determine the amount and extent of acidification and 
salinization in each of the major soil groups, and in the degrees of these two 
conditions within the potentially acid and saline group. 

Determination was made of the amounts of total dissolved salts, 
total sulfates, total sulfides, total sulfur, and total potential acidity from 
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t y p i c a l  pedons of each of t h e  fol lowing s o i l  groups: 

H - Mangrove s a l i n e  s o i l s  

A - Acid and s a l i n e  s o i l s  

P - P o t e n t i a l l y  ac id  and s a l i n e  s o i l s  
h - with h igh  p o t e n t i a l  
m - with moderate p o t e n t i a l  
s - with s l i g h t  p o t e n t i a l  

I n  add i t i on  t o  t h e s e  determinat ions,  t e s t s  were a l s o  conducted 
t o  determine t h e  amount of t o t a l  d i sso lved  s a l t s  p re sen t  from a l l  o the r  
samples co l l ec t ed  from each bas in .  

The amount of t o t a l  d i sso lved  s a l t s  (TDS) was determined us ing  
e l e c t r i c a l  conduct iv i ty  (ECe) method from 1:5 s o i l  e x t r a c t s .  The Hach Model 
44600  Conductivity/TDS Meter was u t i l i z e d  f o r  t hese  analyses .  Tota l  dissolved 
s a l t s  were determined i n  grams p e r  l i ter  (g/L) and then converted t o  percent  
f o r  repor t ing  purposes.  

Another necessary requirement was t o  determine t h e  amount and 
l e v e l  of accumulation of s u l f u r  i n  each of t h e  t h r e e  major s o i l  groups. 
Ext rac ts  were prepared from t h e  t y p i c a l  pedon samples of each s o i l  group i n  
order  t o  determine t h e  presence of s u l f a t e .  I n  add i t i on ,  e x t r a c t s  were a l s o  
prepared f o r  t o t a l  s u l f i d e s  (S--) determinat ion,  t o t a l  s u l f u r  (S) 
determinat ion,  and t o t a l  p o t e n t i a l  a c i d i t y .  

The ana lys i s  of t h e  e x t r a c t s  f o r  s u l f a t e s ,  s u l f i d e s ,  and s u l f u r  
was accomplished us ing  t h e  Hach DR 100 Calorimeter Model 41100-19. A l l  
readings were given i n  mil l igrams p e r  l i t e r  (mg/L) and then  converted t o  p a r t s  
per  mi l l i on  (PPM) f o r  r epo r t ing  purposes.  

Determination of t o t a l  s u l f i d e s  and s u l f u r  ou ts ide  of a 
well-equipped l abo ra to ry  is very d i f f i c u l t .  However, f i e l d  analyses  were 
performed by preparing an add i t i ona l  sample. This  sample was f i r s t  subjected 
t o  accelerated s u l f u r  ox ida t ion  by t i t r a t i o n  with hydrogen peroxide (H2021, 
before  undergoing t h e  normal e x t r a c t i o n  process  using d i s t i l l e d  water.  
Readings of s u l f i d e s  and t o t a l  s u l f u r  were expressed i n  s u l f a t e  form and then 
ca lcu la ted  from conversions r e l a t i v e  t o  t h e  elemental formula weight of s u l f u r .  

Tota l  p o t e n t i a l  a c i d i t y  was a l s o  determined from p a r t  of t h e  
aforementioned e x t r a c t .  This  was performed by t i t r a t i o n  u t i l i z i n g  given 
nonna l i t i e s  of sodium hydroxide (NaOH). 

These r e s u l t s  w e r e  then  given i n  mi l l i -equiva len ts  pe r  100 
grams of s o i l  (meq/lOOg) f o r  r epo r t ing  purposes. 

C. P lan imet r ic  Hap Production 

P lan imet r ic  maps of each of t h e  t e n  watershed bas ins  were 
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prepared utilizing available soils maps, hydrologic maps, and/or topographic 
maps as a base. 

Where possible, the maps were compiled at a scale of 1:20,000. 
However, due to the unavailability of suitable base maps, and the size of the 
basins themselves, some of the basins were compiled at either a scale of 
approximately 1:25,000 or approximately 1:50,000. 

The aforementioned major soil groups were plotted on these 
maps. In addition, the subgroupings of the potentially acid and saline soils 
were also identified on these maps. As a result, the project plan team was 
able to determine the distribution and calculate the extent of acidification 
and salinization intensity in each basin. 

Contours could not be plotted since this data was not available 
below elevation of 20 meters mean sea level, and in some cases, elevation data 
below 40 meters mean sea level were not available. The only other alternative 
in obtaining such information would be that of utilizing a survey team for an 
extensive geodetic survey of each basin. 

D. Development of Reclamation Recommendations 

Reclamation recommendations were developed after all field work 
and laboratory testing were completed. The reconm~endations are also a result 
of coilaboration with the tropical agronomist, and a search of existing soil 
and hydrologic data and documentation. Additional information was obtained 
from interviews with specialists from other organizations working on rice land 
acidification and salinization problems in the Casamance basin. 

E. Development of Fertilizer Recommendations 

These recommendations were primarily developed based on 
specific requirements (as a result of tests conducted during this field study 
and the studies of others) to offset the continued or potential acidification 
and salinization of the soils evaluated. 

Since emphasis is mostly on acidification, methods whereby the 
affected soils might be somewhat neutralized were explored. This approach was 
evaluated taking into consideration the availability of fertilizer and soil 
amendments in the project area. 

As in the case of the reclamation recommendations, this 
interpretation included input from specialists of other organizations who have 
knowledge and experience in the use of both currently available commercial 
fertilizers and alternative fertilizer amendments for this region. 

EVALUATIONS OF SOIL GROUPS 

The following sections describe and evaluate the major soil groups 
of the valleys in the Casamance basin using the U.S. Soil Taxonomy 
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c l a s s i f i c a t i o n  system. 

A .  H -- Mangrove S a l i n e  S o i l s  

The Mangrove s o i l s  occur  along t h e  drainage ways and i n  
depressional  a r eas  of t h e  watershed bas ins .  The g r e a t e s t  amount of t h e  s o i l s  
on t h i s  p a r t i c u l a r  landform p o s i t i o n  of t h e  landscape a r e  i n  t h e  taxonomic 
subgroup c l a s s i f i c a t i o n  of Fabr ic  T e r r i c  Troposapris ts .  However, some a r e a s  
immediately ad jacent  t o  and, i n  some cases ,  i n  t h e  bolongs themselves w i l l  
c l a s s i f y  a s  Hemic Troposapr i s t s .  The l a t t e r  s o i l s  conta in  more raw, p a r t l y  
decomposed p l a n t  f i b e r  and o the r  organic  ma te r i a l .  They a l s o  lack  t h e  gray 
clayey mineral s o i l  t h a t  occurs  wi th in  t h e  upper meter of s o i l  depth of t h e  
Fabric  Te r r i c  subgroup. They make up a  minor p a r t  of t h e  t o t a l  a rea  covered 
by t h e  mangrove s a l i n e  s o i l  group. 

S o i l s  of t h i s  group remain sa tu ra t ed  with sa l twa te r  throughout 
most of t h e  year.  These s o i l s  a r e  h igh ly  s a l i n e  with a  l a r g e  amount of 
s u l f i d e s .  Despite t h e i r  high s u l f i d e  l e v e l s ,  they  have n o t  undergone 
extensive a c i d i f i c a t i o n  because of t h e i r  water s a t u r a t e d ,  reduced s t a t e .  

Typical Pedon: 

O A l  0  t o  12 cent imeters ,  black ( N  2/01 muck; approximately 30 
percent  by volume of dark red (2.5YR 3/6) f a b r i c  ma te r i a l ;  
s t r u c t u r e l e s s ;  very f r i a b l e ;  pH 6.2; gradual  wavy boundary. 

(sample no. 1 H 1 )  

OA2 12 t o  40 cent imeters ,  black (10YR 2/11 pea ty  muck; 
approximately 45 percent  by volume of dark red (2.5YR 3/61 
f a b r i c  ma te r i a l ;  very weak coarse  columnar s t r u c t u r e  pa r t i ng  
t o  s t r u c t u r e l e s s ;  f r i a b l e ;  pH 5 .8 ;  gradual  i r r e g u l a r  
boundary . 
(sample no. 12421 

c g l  40 t o  88 cent imeters ,  s t r a t i f i e d  l a y e r s  of black (1OYR 2/1) 
muck and very dark gray (10YR 3/1) c lay ;  common medium 
prominent yellowish red (5YR 4/6) mot t les ;  massive; very 
f i rm; pH 5.6; d i f f u s e  i r r e g u l a r  boundary. 
(sample no. 1H3) 

cg2 88 t o  120 cent imeters ,  very  dark grayish  brown (10YR 3/21 
h ighly  organic  s i l t y  c l ay ;  few medium prominent yellowish 
red (5YR 5/8)  and common f i n e  d i s t i n c t  brownish yellow 
(10YR 6/61 mot t l e s ;  massive very f i rm; pH 5.0. 
(sample no. 1H4) 

B. A -- Acid and S a l i n e  S o i l s .  

The ac id  s a l i n e  s o i l s  p r imar i ly  occur on broad f l a t s  wi th in  t h e  
basin and adjacent  t o  t h e  s a l i n e  (bu t  non-acid) Mangrove s o i l s .  The s o i l s  
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which occupy this position in the landscape are predominantly in the taxonomic 
subgroup classification of Typic Sulfaquepts. 

These soils are frequently inundated with saltwater intrusion 
and have undergone extensive acidification to a point where most have become 
sterile. This is due to the moisture deficit during the dry season and, as a 
result, oxidation of sulfides. 

Typical Pedon: 

AP 0 to 22 centimeters, very dark gray (10YR 3/11 silty clay; 
common medium prominent reddish brown (5YR 4/4) and few 
coarse distinct reddish yellow (7.5YR 6/81 mottles; weak 
medium subangular blocky structure parting to moderate 
medium granular structure; friable; few black (N 2/01 
organic matter stains; pH 3.8; clear wavy boundary. 
(sample no. 1Al) 

22 to 54 centimeters, gray (10YR 5/11 clay; common coarse 
prominent yellowish red (5YR 4/6) and conunon medium distinct 
brownish yellowish (10YR 6/61 mottles; weak coarse prismatic 
structure to massive; very firm; pH 2.8; gradual irregular 
boundary. 
(sample no. 1A21 

54 to 76 centimeters, light gray (10YR 6/1) silty clay; many 
medium prominent yellowish red (5YR 4 / 6 )  and common medium 
distinct brownish yellow (10YR 6/6) mottles; massive; very 
firm; ph 2.6; diffuse irregular boundary. 
(sample no. 1A41 

76 to 120 centimeters, equally mottled dark gray (10YR 4/11 
and light gray (10YR 6/11 clay; few medium distinct brownish 
yellow (10YR 6/61 mottles; massive; very firm; pH 2.8. 
(sample no. 1A4) 

C. Ph -- Soils With H i ~ h  Potential for Acidification and 
SalinizaCion 

These soils occupy broad flats and very low terraces along the 
drainage ways within the watershed basins. They are young undeveloped soils 
that remain saturated with saltwater most of the year, except for the period 
just prior to transplanting of rice. 

The soils on this landform position are within the taxonomic 
subgroup classification of Typic Sulfaquents. 

They contain a high amount of sulfides and salts within 50 
centimeters of the surface. As a result, these soils will become extremely 
acid when allowed to dry for long periods, continuously over several years. 
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Typical Pedon: 

AP 0 to 22 centimeters, black (N 2/0) highly organic loam; 
very weak medium granular structure to structureless; very 
friable; few pockets of dark reddish brown (5YR 3/41 fabric 
material; pH 4.2; clear wavy boundary. 
(sample no. 7P1) 

%I 22 to 56 centimeters, very dark gray (10YR 3/1) silty clay; 
few medium distinct brownish yellow (10YR 6/8) and common 
fine prominent yellowish red (5YR 4/61 mottles; massive; 
firm; pH 4.6; diffuse irregular boundary (sample no. 7P2). 

cg2 56 to 72 centimeters, equally mottled gray (10YR 5/1) and 
pale brown (10YR 6/31 clay; few medium distinct brownish 
yellow (10YR 6/8), common medium prominent reddish brown 
(2.5YR 4/41 and many coarse prominent yellowish red (5YR 

4/6) mottles; clay; massive very firm; pH 4.6; clear 
irregular boundary. 
(sample no. 7P3) 

2% 72 to 120 centimeters, light gray (10YR 6/1) clay; many 
coarse prominent yellowish red (5YR 5 / 6 )  and few medium 
faint gray (10YR 5/11 mottles; ;massive; very firm; pH 4.2. 
(sample 7P4 ) 

D. Pm -- Soils 'nlith Moderate Potential For Acidification 
and Salinization 

These soils are on low terraces of the second bottom of the 
drainage basins, and on slightly higher broad interfluves between small 
drainage ways of the same basins. They are slightly developed at depths from 
below the surface layer to approximately 90 centimeters in depth. They have 
also undergone some oxidation of sulfides in the upper 50 centimeters of the 
soil depth. 

The soils of this position are within the taxonomic subgroup 
classification of Sulfic Tropaquepts. 

The ground (seasonal) water table fluctuates somewhat, but 
remains high throughout most of the year. As a result, they have a very low 
pH and iron sulfate (jarosite) mottles at least in the upper portion of the 
soil profile. 

Typical Pedon: 

AP 0 to 16 centimeters, very dark grayish brown (10YR 3/21 
sandy loam; weak fine subangular blocky structure; friable; 
pH 4.0; clear smooth boundary. 
(sample no. 9P1) 
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16 t o  48 cent imeters ,  dark gray (10YR 4/11 c l ay  loam; few 
medium d i s t i n c t  brownish yellow (10YR 6/8) and few medium 
prominent yel lowish red (5YR 5/81 mot t les ;  moderate medium 
subangular blocky s t r u c t u r e ;  f i rm; pH 3.8; gradual  wavy 
boundary. 
(sample no. 9P2) 

4 8  t o  80 cent imeters ,  g ray ish  brown (10YR 5 /2 )  c lay ;  few 
medium d i s t i n c t  l i g h t  gray (10YR 7/11 and common medium 
prominent s t rong  brown (7.5YR 5/81 mot t l e s ;  weak coarse 
subangular blocky s t r u c t u r e ;  very f i rm; pH 4 . 0 ;  gradual 
i r r e g u l a r  boundary. 
(sample no.  9P3) 

80 t o  102 cent imeters ,  gray (1OYR 6/1)  c lay ;  many coarse 
prominent yellowish red (5YR 5/8)  mot t les ;  very weak coarse 
subangular blocky s t r u c t u r e  t o  massive; very f i rm;  pH 4 .0 ;  
c l e a r  wavy boundary. 

102 t o  120 cent imeters ,  l i g h t  gray (10YR 7/2) loamy f i n e  
sand; many coarse d i s t i n c t  yellow (10YR 7/8) and common 
coarse prominent yel lowish red (5YR 5/81 mot t l e s ;  s i n g l e  
grained t o  s t r u c t u r e l e s s ;  f r i a b l e ;  pH 4 .2 .  
(sample no. 9P4) 

E .  Ps -- S o i l s  With S l i g h t  P o t e n t i a l  f o r  Acid i f ica t ion  
and S a l i n i z a t i o n  

These s o i l s  a r e  on mid-level t e r r a c e s  of t h e  bas in ,  and on low 
t e r r a c e s  along narrow drainage ways a t  t h e  middle t o  upper reaches of t h e  
watershed bas ins .  

They have more development than o ther  s o i l s  within t h e  
watershed bas ins ,  and a r e  wi th in  t h e  taxonomic subgroup c l a s s i f i c a t i o n  of 
Aeric Tropaquepts. 

Typical ly  t h e  s o i l s  of t h i s  landform p o s i t i o n  i n  t h e  landscape 
r e f l e c t  a somewhat deeper ground (seasonal )  water t a b l e ,  o r  sho r t e r  per iods 
when t h e  s o i l  is sa tu ra t ed .  Evidence is t h a t  they a r e  n o t  a f fec ted  by 
s a l i n i z a t i o n  of t h e  ground water t a b l e ,  bu t  do rece ive  su r f ace  inundation from 
sa l twa te r  i n t rus ion .  

Typical Pedon: 

AP 0 t o  22 cent imeters ,  brown (7.5YR 5/4)  loam; few medium 
d i s t i n c t  dark grayish  brown (10YR 4 / 2 1  mot t les ;  moderate 
medium subangular blocky s t r u c t u r e ;  f r i a b l e ;  pH 5 .0 ;  c l e a r  
wavy boundary. 
(sample no. 1P1) 
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Bwl 22 to 58 centimeters, strong brown (7.5YR 5/81 sandy clay; 
common coarse prominent grayish brown (IOYR 5 /21  mottles; 
weak coarse columnar structure parting to weak medium 
subangular blocky structure; very firm; pH 4.4; gradual 
irregular boundary. 
(sample no. 1P2) 

Bw2 58 to 78 centimeters, strong brown (7.5YR 5/8) clay; common 
medium prominent gray (10YR 5/11 mottles; weak coarse and 
medium subangular blocky structure; very firm; pH 4.4; 
gradual wavy boundary. 
(sample no. 1P3) 

Bg 78 to 120 centimeters, gray (10YR 5/1) sandy clay loam; few 
medium distinct brownish yellow (10YR 6/8) and conmlon medium 
prominent strong brown (7.5YR 5/8) mottles; very weak fine 
subangular blocky structure to structureless; friable to 
firm; pH 4.6. 
(sample no. 1P4) 

F. Pal and Pa2 -- Soils With Slight Potential for 
Acidification 

These two soil groups evaluated occur in the Djimande and the 
Essoum watershed basins and have not been affected by saltwater intrusion. As 
a result, the soils of both of these basins are not typical of soils found in 
the other eight watershed basins evaluated. 

However, these soils do manifest evidence of probable 
acidification in future years, if placed into a situation of continued wetting 
and drying year after year, as is the current practice in rice culture. This 
practice, along with continued cultivation without proper fertilization, will 
greatly increase the probability of acidification due to the oxidation of iron 
and sulfides. 

Since these two soil types were not found extensively in the 
other eight basins, a typical (or representative) pedon could not be 
selected. However, field evaluation and tests reveal that the majority of the 
soils within these two above mentioned basins should be within the taxonomic 
subgroup classification of Typic Tropaquepts for the soils identified as Pal 
and Vertic Tropaquepts for the Pa2 soils. The surface textures of these soils 
may vary greatly due to their landform position, as they receive alluvium 
deposition as a result of erosion. 
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111. SOIL TEST RESULTS 

Results of the soil test are given in Table 1. 

Table 1 

TEST RESULTS 

Sample 
No. 

Depth TDS 
cm . % 

BALINGOR 

SAHINE ESCALE 
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Sample 
No. 

Depth 
cm . 

HAY OR 

BOUNKI LING 

DIATOK 

TANAFF 
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Sample Depth 
No. cm . 

TDS 
% 

ACIDITY 
meq/lOOg 

K I N N D I R I  MADINA 

N DIAMA AMONT 
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Table 2 

SURFACE AREA ESTIMATES 
OF 

REPRESENTATIVE WATERSHED BASINS EVALUATED 

WATERSHED SOIL GROUPS 
BASIN 

MANGROVE ACID POTENTIALLY ACID AND SALINE 
NOT SALINE SALINE HIGH MODERATE SLIGHT AFFECTED 

HECTARES------------------------ 
BALINGOR 52 12 7 6 2 8 3 1 4 8 

BOUNKILING 

DIATOK 

KINWDIRI 
WADINA 

SAMINE 
ESCALE 

2 7 2 1 15 18 

(water area = 5 hectares) 

TOTAL AREA 

4 8 208 

TOTAL AREA 

25 8 

TOTAL AREA 

94 217 

TOTAL AREA 

16 19 

TOTAL AREA 

3 3 12 7 

TOTAL AREA 

309 9 7 

TOTAL AREA 

6 9 179 

TOTAL AREA 
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Table 3 

SURFACE AREA ESTIMATES 
OF 

NON-REPRESENTATIVE WATERSHED BASINS EVALUATED 

WATERSHED SOIL GROUPS WITH PROBABLE NOT 
BASIN POTENTIAL ACIDIFICATION ONLY AFFECTED 

VERY SLIGHT SLIGHT ---------------- HECTARES----------------- 

D JIMANDE 21 5 3 8 

TOTAL AREA = 64 

TOTAL AREA = 186 
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LEGEND 

SOILS W S  

M = 

A = 

N/A = 

Ps = 

Pm = 

Ph = 

Pal = 

Pa2 = 

Mangrove soils 

Acidified soils 

Not affected soils 

Slight potential for acidity 

Medium potential for acidity 

High potential for acidity 

Not salt affected but with slight potential for acidity 

Not salt affected but with medium potential for acidity 
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SOIL WAGEMEXT APPROACHES At?D SITING CRITERIA 

A. Acid and Saline Soils (symbol A) 

These soils have already been acidified (due to oxidation) and 
salinized. Any environmental damage from acidification has alreaay occurred. 
All sites visited had significant areas of these soils with the exception of 
Djimande and Essoum. They are generally sterile and are undergoing some 
maturation (development) or ripening which will permit recolonization by 
plants and rice cultivation. Generally, several years of reclamation will be 
required before rice can be grown on them, with the exception of those soils 
which have already shown some maturation and a reduction in sulfide 
concentration in the upper soil horizon. 

ISRA and ORSTOM soil scientists believe that these soils can be used 
if the upper 20 to 30 centimeters in depth can be reclaimed. Microcatchments 
and drains are one way of reclaiming this land. Soil amendments such as lime, 
ground rock phosphate, phosphate slag, and some phosphate fertilizers can also 
be used to permit rice cultivation. Rice will withstand relatively acid 
conditions (down to about a 3.5 pH threshold) if nutrient availability is not 
below crop growth requirements. 

Presence of these soils will not affect the siting of anti-salt 
dikes, except in those areas where acidified-salinized soils represent so much 
of the available surface area that the benefits from rice production would not 
cover the construction costs for the dike itself. 

Estimated percentages of acid saline soils by watershed basin are: 

Balingor - 39% 

Bounkiling - 11% 

Diatok - 18% 

Mayor - 2 7% 

N Diama Amont - 15% 

Samine Escale - 9% 

Tanaf f - 13% 

Options for acidified soils (tannes nues) management: 

1. Ignore them. When they mature and are recolonized by 
plants construct microcatchments and move onto them for rice production. 
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2. Use soil amendments to recover them within one to two 
years. 

a. Lime from oyster and other shells. The problems with 
this approach are the transportation costs, labor costs of collection, and 
energy costs of kilns. It is estimated that at least 5 tfha of lime will be 
necessary. The recovery rate after calcining is about 33% of shell weight as 
calcium carbonate. This amount per hectare should raise the pH of the 20 cm 
rooting zone at least one full point. 

b. Lime applications. Transport and purchase costs 
reduce the viability of this approach. 

c. Phosphate Slag or Partially Acidulated Rock 
Phosphate. These materials are derived from the production of phosphoric 
acid. Transport costs limit the viability of this option. 

d. Use DAP or other phosphatic fertilizers to provide 
nutrients to the rice plants on the more mature acid soils where nutrient 
availability rather than toxicity is a problem. 

e. Increase the use of traditional soil amendments such 
as mango leaves, rice straw, etc. Caution must be exercised to avoid 
application of too much fresh organic matter which can reduce soil redox 
potential and induce the liberation of iron and aluminium cations. 

3. Leach the soils through a system of microcatchments and 
drains. 

Sites will have to be picked carefully because of the 
constraint to efficient drainage posed by the flat topography of most of the 
watersheds. 

B. Potentially acid soils (Symbols Ps,Pm,Ph) 

Field investigations by the PP team separated the potentially 
acid soils into three categories based on their potential acidity, which 
relates directly to sulfide content. Sulfide accumulation is in turn a 
function of slope position and, probably, of the amount of time over which 
sulfur has been deposited on these soils. The soils higher on the slope have 
lower sulfide content and lower potential for acidification. The slight and 
moderate potential soils have already undergone some oxidation. They have 
also matured more than the potentially high acid soils. All three 
sub-categories of this potentially acid soils group are currently being used 
for rice production. There is no mangrove vegetation on these soils because 
they either dry out each year (Ps and Pm) or because they are salinized (Ph). 

Site selection will not be significantly affected by the 
presence of the slight to moderate potentially acid soils. The high 
potentially acid soils are the more recent (less altered) soils. Their 
presence in significant quantities will require that the water control 
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structures be operated to keep them at field capacity moisture content (or 
above) throughout the year. This may require the inflow of saltwater during 
part of the dry season. Soil salinity will remain a problem on these soils. 
They are and can continue to be used for rice production if kept moist. 

The Bignona Valley presents a special soil and water management 
problem, The Affiniam anti-salt dam has just been operated for a full rainy 
season. It is being operated to flush the maximum amount of salt out of the 
valley as quickly as possible. Field observations show that the rapid 
draining of the valley has led to the early drying of the potentially acid 
soils. While samples should be taken later in the dry season to see if 
oxidation is resulting in wide-scale acidification, it is the opinion of the 
field team that current Affiniam dam operations will lead to oxidation and 
sterilization of the subcategory of high potential acidity soils. This 
problem highlights the need for monitoring and modeling of Affiniam d a ~  
operation. The protection against acidification and the maximization of salt 
flushing are conflicting objectives which need to be subjected to optimization 
analysis. 

Percentages of potentially acid and saline soils for each 
watershed basin examined within the priority zones are: 

BAILA VALLEY 

Essoum (NOT SALT AFFECTED) 

BIGNONA VALLEY 

Balingor 

slight - 10% 
moderate - 2 & 
high - 19% 

Diatok 

slight - 21% 
moderate - 15% 
high - 13% 

Dj imande 
(NOT SALT AFFECTED) 

SEDHIOU VALLEY 

Kinndiri-Hadina 

slight - 18% 
moderate - 13% 
high - 7% 
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Samine Escale 

slight - 
moderate - 
high - 

Tanaf f 

slight - 
moderate - 
high - 

SOUNGROUGROU VALLEY 

Bounki ling 

slight - 
moderate - 
high - 

Mayor 

slight - 
moderate - 
high - 

N Diama Arnont 

slight - 
moderate - 
high - 

1. The principal management approaches for these soils are: 

a. Water management to maintain soil moisture using 
secondary dikes, ridges, and basins. 

b. Fertility amendments. 

c. Water management to flush salts from the surface 
layer. 

d. Eventually, utilization of soil amendments to reduce 
soil acidity in the first 30 cm of the soil profile. 

2. Specific management recommendations for these soils by 
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i n t e n s i t y  of p o t e n t i a l  a c i d i f i c a t i o n  and s a l i n i z a t i o n  a r e :  

a .  P o t e n t i a l l y  h i g h  a c i d  s a l i n e  s o i l s  ( syabo l  Ph) - 

(1) An a c c e l e r a t e d  rec lamat ion  approach 

( a )  t o  c o n s t r u c t  l e v e e s  around t h e s e  a r e a s ,  
wi th  microcatchments on t h e  a r e a  w i t h i n  t h e  l e v e e s ,  and i n s t a l l  e i t h e r  g a t e s  
o r  u t i l i z e  s iphon hoses  t o  m a i n t a i n  inunda t ion  wi th  s a l t w a t e r  dur ing  t h e  d r y  
season (For  t h e  Bignona Val ley ,  t h i s  i s  c o n t i n g e n t  upon changes i n  t h e  p r e s e n t  
o p e r a t i o n s  a t  t h e  Affiniam a n t i - s a l t  dam.), and then  

( b )  t o  remove t h e  s a l t w a t e r  and a l low 
inunda t ion  of a t  l e a s t  100 t o  1 2 0  m i l l i n e t e r s  of r a i n f a i l  p r i o r  t o  
t r a n s p l a n t i n g  of r i c e ,  o r  

( 2 )  s t r i v e  t o  main ta in  a  f i e l d  x o i s l u r e  c a p a c i t y  cf 
t h e s e  s o i l s  dur ing t h e  d r y  season w i t h  r a i n f a l l ,  and t h e n  l a t e r  wi th  re ta lne .d  
ra inwate r  t h a t  has  been d ra ined  from f i e l d s  of h i g h e r  e l e v a t i o n .  

b .  P o t e n t i a l l y  moderate a c i d  s a l i n e  s o i l s  ( s m b o l  FT.) - 

(1) Cons t ruc t  s x a l l  contour  l e v e e s  a r w n d  t h e  lower 
e l e v a t i o n s  of t h e  moderate ly  p o t e n t i a l  a c i d  s a l i n e  s o i l s  i n  o r d e r  t o  prevent  
any s a l t w a t e r  in t i -us ion dur ing  any p e r i o d  of t h e  y e a r .  These s o i l s  do n o t  
need t o  be  re-wetted dur ing  t h e  d r y  s e a s o n ,  a s  t e s t s  i n d i c a t e  t h a t  t h e r e  
p r e s e n t l y  i s  n c t  a  g r e a t  amount of s u l f i d e s  p r e s e n t .  However, i t  i n t r u s i o n  of 
s a l t w a t e r  c o n t i n u e s ,  t h e  a d d i t i o n  of s u l f i d e s  from such would pose an added 
p r o b a b i l i t y  of s t e r i l i z a t i o n  i n  t h e  f u t u r e .  

( 2 )  A f t e r  h a r v e s t  i n c o r p o r a t e  wi th  e i t h e r  a  
conmercial  grade f e r t i l i z e r ,  ca lc ium carbona te  from powdered o y s t e r  s h e l l s ,  o r  
rock phosphate ,  o r ,  l e s s  f e a s i b l y ,  u t i l i z e  a v a i l a b l e  green manure. 

( 3 )  I n t e r p l a n t  wi th  leguminous t r e e s .  

c .  P o t e n t i a l l y  s l i g h t  a c i d  s a l i n e  s o i l s  (symbol Psf 
- 

(1) Mainta in  r a i n w a t e r  and runoff  from h igher  
e l e v a t i o n s  f o r  one c rop  and then  r e l e a s e  excess  ( i f  any) t o  t h e  p o t e n t i a i l y  
moderate and hFgh a c i d i f i c a t i o n  s o i l s  a t  lower e l e v a t i o n .  

(2) R o t a t e  t h e s e  s o i l s  o u t  of r i c e  a t  l e a s t  every 
t h i r d  y e a r ,  p r e f e r a b l y  wi th  a legume c r o p ,  such a s  ground n u t s  o r  cowpeas. 
Care would have t o  be  t aken  t o  avoid s o i l  e r o s i o n  w i t h  peanut  c u l t i v a t i o n .  

(3)  P l a n t  leguminous t r e e s  a long t h e  upper 
e l e v a t i o n s  of  t h e s e  s o i l  d e l i n e a t i o n s .  Th i s  should  a l l o w  n i t r o g e n  f i x i n g ,  
reduce e r o s i o n ,  and a l s o  p o s s i b l y  p rov ide  a  s o u r c e  of fuelwood f o r  f e r t i l i z e r  
product ion from o y s t e r  s h e l l s .  
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Mangrove s o i l s  a r e  t h o s e  f o m e d  under  t h e  i n f l u e n c e  of mangrove 
v e g e t a t i o n .  A t  a l l  s i t e s  v i s i t e d  t h e  n a t i v e  v e g e t a t i o n  was almost e n t i r e l y  
absen t .  These s o i l s  a r e  h i g h l y  o r g a n i c  and have an  extremely h igh  
a c i d i f i c a t i o n  p o t e n t i a l .  While some have a l t e r e d  from f i b r i c  t o  muck s t a t u s ,  
none o f f e r  much p o t e n t i a l  f o r  r i c e  p roduc t ion .  Only smal l  s t r i p s  of t h e s e  
s o i l s  e x i s t  a t  most s i t e s .  They border  t h e  water courses  of t h e  bolongs .  
They l i e  next t o  t h e  h i g h  p o t e n t i a l  acid soi ls  i n  many areas .  

Mhere t h e  nangrove s o i l s  a r e  of broader  e x t e n t ,  t h e y  should be 
avoided.  Bui lding d i k e s  on them would cause  no f u r t h e r  o r  i r r e v e r s i b l e  . . environmental  damage, b u t  t h e i r  l a c k  of s t r u c t u r e  and c o n s o l i d a t i o n  makes I= 
d i f f i c u l t  t o  b u i l d  s t a b l e  d i k e s  and c o n c r e t e  s l u i c e  g a t e s  on thex .  The i r  
ex tens ive  p resence  i n  t h e  Tanaff bolong caused t h e  exc lus ion  of t h e  c e c t r a l  
bolong s i t e  and i t s  r e p l a c e m a t  by s e l e c t e d  s i d e  v a l l e y s  a s  t h e  p r e f s r r e d  
s i t e s  f o r  d i k e s .  The op t ion  of excava t ion  and /or  b u i l d i n g  s t r u c t u r e s  on 
p i l i : ~ g s  was ex-luc?ed a s  being t o o  ex?ensive.  The Bounkil ing d iko  s i t e  h a s  . . beer1 n:oved u p s t r e a n  from t h e  i n i t i a l  s i t e  t o  avoid t h e s e  s o i l s .  .%a ex:z=::~g 
s tn lc r -u re  i s  s t e a d i l y  s i n k i n g  i n t o  t h e  muck mangrove s o i l s  t h e r e .  

The on ly  reconmendec? aanagement approach t 3  t h e s e  s a i l ;  i s  t s  
mainkain t h e n  i n  t h e i r  wet s t a t e .  Diking w i l l  probably  i q r o v e  t h e  m o i s t u r s  . . s t a t u s  of t h e s e  s o i i s  wher, t h e y  o c w r  upstream i n  sinall v a l l e y s .  Ex:;-,1-:1g 
d ikes  have g e n e r a l l y  r e s u l t e d  i n  some recovery  of mangrove s t a n d s  a s  s a l z  
cor:centrations have dropTed behind t h e  d i k e s .  

V I  . POTENTIAL FOR USE OF ORGANIC, ROTATIONAL, FALLOW, AWD AGROFORXSTRY 
ATPROACHES TO SOIL FERTILITY MANAGEMENT 

The d e f i n i t i o n  of o r g a n i c  approaches always poses  a  p r o b l e ~ .  The P? 
team uses  t h e  d e f i n i t i o n  of o r g a n i c  m a t e r i a l s  a s  t h o s e  m a t e r i a l s  used is: t h e i r  
n a t u r a l l y  occur r ing  o r  s l i g h t l y  t o  moderate ly  modif ied s t a t e s .  Included a r e :  
green manure, s t r a w ,  l eaves  a d  c rop  t r a s h ;  c a l c i n e d  s e a  s h e l l s ;  ground 
phosphate rock ;  animal manures; and,  a t  t h e  l i m i t  of t h e  o rgan ic  f e r t i l i z e r  
d e f i n i t i o n ,  phosphate s l a g  and gypsum was tes .  

C io la  f a r n ~ e r s  have t r a d i t i o n a l l y  used mango l e a v e s  and r i c e  s t r a w  a s  
o rgan ic  amendnents. These appear  t o  be r e l a t i v e l y  e f f e c t i v e  on t h e  l i g h t e r  
t ex tu red  s o i l s .  The i r  i n f l u e n c e  may be  a s  much on s o i l  water  mois tu re  and 
c h e l a t i o n  of i r o n  and alumirlum i o n s  a s  it i s  on i n h e r e n t  s o i l  f e r t i l i t y .  The 
problems involved i n  widespread a p p l i c a t i o n  of t h e s e  m a t e r i a l s  a r e  ones of 
ob ta in ing  s u f f i c i e n t  q u a n t i t i e s  t o  f e r t i l i z e  s u b s t a n t i a l  s u r f a c e  a r e a s ;  of 
t iming of a p p l i c a t i o n ;  and,  of e f f o r t  ( l a b o r  and power) requ i red  t o  
i n c o r p o r a t e  t h e  o rgan ic  m a t t e r  i n  t h e  s o i l  f o r  f a s t e r  breakdown. 

A s i m i l a r  problem e x i s t s  wi th  animal manures. There is sintply n o t  a  
l a r g e  enough supply t o  f e r t i l i z e  more than  very  smal l  p a r c e l s ,  probably  l e s s  
than a  t e n t h  of a  h e c t a r e  p e r  f a ~ m e r .  
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One sea shell kiln was seen during the teams visit. It's principal 
use seems to be in the building trade for mortar and cement work. The 
problems confronting agricultural use are cost of collection and transport, 
the energy needed to calcine the shells, and the cost of distribution and 
sales. I 5 t/ha of CaC03 - equivalents are needed, 15.2 tons of shells 4- would be required. 

Use of byproducts of the Senegalese phosphate industry should be 
seriously explored. The main constraint to their use is the cost of transport 
from Dakar and their subsequent distribution and sale. The citric acid 
solubility of Senegalese rock phosphate is only mediocre, but their use on 
highly acidic soils could be technically sound. Some research should be done 
with these products. 

Agroforestry approaches have been tried by ISRA and PIDAC. 
Substantial yield response was obtained with neem tree cuttings, but no 
economic analysis was made of the costs and benefits of this approach. 

ISRA should be contracted to conduct research with organic 
fertilizers, soil amendments, and agroforestry approaches to soil fertility 
management on the valley soils. 

VII. CROP YIELD RESPONSE TO FERTILIZER AMENDMENTS UNDER 
DIFFERENT RAINFALL SCENARIOS 

Cf. Agronomic and Water Management Annex 

VIII. RECLAMATION RATES 

Cf. Agronomic and Water Management Annex 
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HYDROLOGICAL SURVEY OF 11 SITES 
IN !MB LOWER AND MIDDLE CASAHMCE 

BY 
Jean Albergel 
Hydrologist 

Researcher with ORSTOH 

Under the USAID Southern Zone Water Management Project, I was 
conrmissioned to conduct an hydrological survey on 11 sites considered for 
small scale water control structures. This survey included: 

- Delimiting the watersheds related to the planned development and a 
summary mapping of runoff contributing zones. 

- A statistical analysis of annual and daily rainfall 

- Predetermining annual stream flows for each site. 

- Computing the 10 year flood and the design flood for dimensioning the 
water discharge structure. The design flood for this project has a return 
period of 25 years. 

- Determining maximum or minimum water levels and extreme amplitudes due 
to tides, and of possible interest for the project designer. 

- A few data on the aquifers and water quality. 
The survey conducted from November 9-30, 1987 was based on: 

- An analysis of the hydrological data available in the ORSTOH data bank. 

- The various hydrological surveys conducted in Casamance: fundamental 
works by ORSTOM, findings published by consulting fi&: Louis Berger, Coyne 
et Belier, BCEOM, SOGREilSH. 

- Observations noted during a field trip to all sites. 
1. The physical parameters of the watersheds to be developed. 

The figures in Annex 1 show the limits and locations of the 11 sites. 
The 1/50,000 topographical maps helped delimit the lover floodable zones of 
the slopes and plateaux. Table 1 is a summary of the main characteristics of 
these watersheds. 
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Table 1 

Ch*rect.ristics of  tho mtorshdr to bo dwolopad 

: Watersheds : Total area :Lower area:Upper area: Relief. C : Pem.C : 
: km2 : km2 km2 : (1) (1) : 

: ESSOH 
: MDINA 
: TANAF 
: TOUnIATABA 
: SANSAKOUTO 
: SAMINE 
: WDIAMA 
: BONKILING 
: DIATOK 
: BALINGOR 
: DJIEIANDE 

(1) (1965) Rodier - Auvray Classification 
R2: gentle slopes less than .5%. They are plain watersheds. 
R3: moderate slopes between -5% and 1%. They are intermediate grounds 
between the plain and the undulating ground zones. 
P3: rather impermeable watersheds including notably large permeable zones 
P4: rather permeable watersheds. 
Permeability measured on various sites of the Continental Terminal in the 
Lower Casamance, ranges between. 5*10-~and and 11*10" m/S (BCEOH 
geotechnical report, Development of the Baila plain, 1985). 

2. Rainfall analysis 

The Casamance rainfall pattern is that of the maritime subguinean climate 
characterized by two clear-cut seasons: a rainy season of about 5 months and 
a dry season of about 7 months. Annual rainfall shows a latitudinal component 
and a maritime component; this results in parallel isohyetal lines in the 
NW-SE direction which draw closer together near the ocean (See isohyetal line 
maps, Annex 2). 

After a critical review of rainfall data (double mass curve method), four 
reference stations were considered for a statistical analysis of the Lower and 
Middle Casamance rainfall. 
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Posts Periods when observations are homogeneous 

ZIGUINCHOR 1922-1986 
SEDHIOU 1922-1986 
DIOULOULOU 1950-1986 
BIGNONA 1954-1986 

2.1 .  Statistics of annual rainfall 

Many authors have demonstrated the non-stationarity of the annual rainfall 
series throughout the tropical African countries stricken by the last 
1969-1986 drought episode. Observations for the pre-1969 period are on 
average statistically different from those of the subsequent period. 
(Carbonnel and Hubert 1985, Snidjers 1986, Husy 1987). Table 2 includes 
estimated rainfall values for wet and dry year return events of 10, 50 and 100 
years at the four reference stations. We give a value for a statistical 
adjustment on observations of the pra-1969 period and another value for an 
adjustment on the 1969-1986 observations. The project design will choose one 
of the two values based on the type of risk it wants to avoid: surplus or 
deficit rainfall; as no criterion can help forsee the length of the current 
drought episode. 

The values of rainfalls of various return events can be obtained from an 
automatic adjustment of 10 statistical laws and from the choice of the best 
adjustment, using as a criterion the Brunet Horet test. This test favors an 
adjustment to extreme values (mininizing areas ranging from the theoretical 
curve and the experimental distribution curve). 

Annex 3 illustrates the use of this method on the Ziguinchor rain gauge 
station. 

If the series observed in Ziguinchor had been considered stationary, we 
would have observed between 1969 and 1986 six years when rainfall would be 
lower than the dry 10 year return event. Probability for observing in a 
stationary series, six times a value lower than the dry 10-year return event, 
is equal to: 

This probability is too low not to consider the assumption of the 
stationarity of the series. 
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Table 2 

h u r l  rrinfrll rtrtimticr 

S U R P L U S  : 

: Post : Period considered : 100 years : 25 years : 10 years : median : 
nun mm nun : m 

:------------:------------------- ----------:---------- 

: ZIGUINCHOR : 4 1969 2194 : 2050 : 1926 : 1550 : 
: (1) 7 1969 1624 : 1527 : 1442 : 1168 : 

: SEDHIOU 1 1969 2150 : 1925 : 1758 : 1362 : 
(2 1 7 196 9 2013 : 1634 : 1400 : 993 : 

: BIGNONA : 4 1969 2393 : 2148 : 1950 : 1433 : 
(1) 7 1969 1671 : 1497 : 1358 : 998 : 

: DIOULOULOU : C1969 2505 : 2261 : 2057 : 1487 : 
(1) ) 196 9 1615 : 1490 : 1383 : 1073 : 
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Table 2 (continued) 

D E F I C I T  

: Post  : Period considered : 100 years  : 25 years  : 10 years  : median : 

; l-m nm man : nun 

: ZIGUINCHOR : 1969 798 : 1010 : 1130 : 1520 : 

(1) 1986 533 : 750 : 832 : 1168 : 

: SEDHIOU 1969 830 : 944 : 1044 : 1362 : 
(2) 1969 698 : 741 : 787 : 993 : 

: BIGMONA 1969 784 : 889 : 1005 : 1433 : 
(1 1969 560 : 628 : 705 : 998 : 

: DIOULOULOU : 1969 605 : 775 : 944 : 1487 : 

(1 1969 523 : 640 : 750 : 1073 : 

(1) Goodrich's law 
(2) Gal ton ' s  law 

2.2. Daily r a i n f a l l  s tat ist ics 

The d a i l y  r a i n f a l l  s t a t i s t i c a l  analyses  (Albergel ,  1986) have shown t h a t  
t h e  drought did n o t  a f f e c t  t h e  p r o b a b i l i t y  of extreme d a i l y  r a i n  r e t u r n  
events .  Table 3 shows t h e  est imated values of d a i l y  r a i n  f o r  r e t u r n  events:  
once a year ,  once i n  10 years ,  once i n  25 years .  

Daily r a i n f a l l  observed a t  t h e  r e f e rence  s t a t i o n s  were analyzed through 
PEARSON'S Law (Brunet Moret, 1970). 
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Table 3 

Daily rainfal l  s ta t i s t i c s  

2.3. Beginning, end and duration of the rainy eeason. 

The rainy season lasts virtually five months only: June, July, August, 
September, October. August is the wettest month in the year in 70% of cases, 
September follows in 20% of cases and then July in 10% of cases. 

Annex 4 indicates Brunet Moret's abacuses (1970) along with the median 
dates for the beginning and end of the rainy season as well as the dates 
observed and corresponding to probabilities 25% and 75%. On the same table, 
appears the median duration of the rainy season (143 days at any given post) 
as well as the probability durations of 25% and 75%. 

A review of recent years does not reveal any significant modification of 
these results with the drought. 

3.  Pradetennining annual etreun flows. 

Hydrological surveys effected by ORSTOH on the Bignona watersheds (Olivry 
and Chouret, 1981) and on the Baila marigot watersheds (Olivry and Dacosta, 
1984) have helped make a rather accurate evaluation of flow coefficients 
according to the zones observed. For the emerged zone, plateaus, slopes, 
terraces, the flow coefficent is .17% in dry 10-year return event (measured 
value); it is 6% in median year. BCEOM, (1985) proposes, based on an 
extrapolation of flows observed in Kolda, a 10% coefficient for the rainfall 
value in wet 10-year return event. 

For the lower zones, the almost permanent submersion gives them a very 
high flow coefficient, this coefficient is estimated at 80% in the 
above-mentioned surveys. It hardly varies, in any given year. 

The division of areas into lower and upper zones is shown in Table 1. 
Table 4 shows flow coefficients and corresponding volumes for each site. 
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Table 4 

Annual flomr 

: Watershed : Dry 10 year Median : Wet 10 year 
: return event : : return event 

REX : VE Mm3 RE % VE m3 K E %  VE lh3 : 
:---------------.---------:---------:----------:----------:---------:---------: 

: ESSOH 14 : 13.1 : 18 : 25.3 22 : 38.4 : 
: MADINA 2 : 6.3 : 8 : 27.2 3.2 : 51.9 : 
: TANAF 5 1 9 . 5  : 11 : 49.4 15 : 88.9 : 
: TOUMIATABA 2 : . 6  : 8 : 2.5 12 : 5.1 : 
: SANSAKOUTQ 4 : -5 : 10 : 1.3 14 : 2.5 : 
: SAHINE 20 : 19.7 : 24 : 30.5 28 : 46.0 : 
: NDIAMA 7 : 6.9 : 11 : 19.1 14 : 31.9 : 
: BONKILING 3 : 4.8 : 9 : 18.2 13 : 35.1 : 
: DIATOK 18 : 1.5 : 23 : 2.7 27 : 4.4 : 
: BALINGOR 25 : 3.8 : 3 0 : 6.2 32 : 9.2 : 
: DJIMANDE 15 : - 7  : 2 0 : 1.3 23 : 2.0 : 

RE: flow coefficient 

VE : flow volume 
Mm3: 1 million m3 

Flow volumes were calculated on the basis of the annual rainfalls estimated from 
post-1969 observations (more unfavorable period). Despite high evaporations (average ETP 
515 mm for the rainy period, June to October), flow levels should be sufficient not to por 
any filling problems for the planned small-scale retention works. 

Notes: In Casamance, data on climatological station evaporation exist, notably at 
Djibelor, but no study (to our knowledge) has been conducted to transpose these 
observations to the flooded valleys. These environments present the following 
peculiarities related to evaporation: 

- salt water 
- vegetables cover variable according to crops and to the date in the rainy season. 

- situation of the valley in relation to the prevailing winds. 

- influence of the variations in neighbouring water surfaces (tides). 

It should be noted that evaporation is one of the climate variable most subject to 
"local conditions". Its quantification in very specific environments such as the Casaman. 
flooded valleys would require a study. 
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4 .  Predetermining the 10-year flood and the design flood: 

"The 10-year flood is the flood caused by a 10 year return shower; all 
other nmoff conditions being average ones" (Rodier and Ribstein, 1986). Its 
determination was made by using the 1964 Rodier and Auvray method. 

The project flood is an indicator of the natural risk. It was part of the 
scope of work of this survey to estimate the maximum flood discharge of 25 
year return period. It was calculated by multiplying the maximum 10 year 
return flood discharge with the following ratio: a point rainfall of 25 year 
return event/point rainfall of 10 year return event. 

Table 5 shows the 10 year return flood parameters for each site and table 
6 shows the maximum design flood discharge: 

Table 5 

10 year return flood 

: Watersheds : 10 year return : R RT : BT : Q10 : q10 : 
shower : m hour : m3/s : l/skm2 : 

: Level : CR : 

: ESSOM 
: HADINA 
: TANAF 
: TOUMIATABA 
: SANSAKOUTO 
: SAMINE 
: NDIAMA 
: BONKILING 
: DIATOK 
: BALINGOR 
: DJIHANDE 

CR: Coefficient of reduction of a shower 
R: Runoff 
BT: Base time, RT: Rise time 
Q10: Maximum 10 year return flood discharge 
q10: Haximum specific discharge of 10 year return flood. 

The Rodier and Auvray method is limited to the watersheds whose area is less than 200 
W ,  we extrapolated it to areas of up to 400 km2. Olivry and Dacosta (1984), 
extrapolate this method for watersheds of over 1.000 km2 on the Baila marigot. The 
specific discharges obtained through this method are slightly higher than those given 
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by t h e  experimental curve proposed by Louis Berger (1985) ( s p e c i f i c  maximum discharge  
based on sur face  f o r  t h e  Lower Casamance watersheds).  

Table 6 

Design flood (25 years) 

: Watersheds : HI0 H25 K : Q10 : 425 : 

:-------------:-------------:------------:------------:-----------:-----------. 
: ESSOM 14 3 165 1.15 : 17 2 0 
: MADINA 14 3 170 1.18 : 2 6 31 
: TANAF 143 170 1.18 : 30 35 
: TOUMIATABA : 143 170 1.18 : 9.5 : 11.2 : 
: SANSAKOUTO : 14 3 170 1.18 : 8.0 : 9.4 : 
: SAnINE 143 170 1.18 : 16 19 
: EaDIAMA 143 170 1.18 : 18 2 1 
: BONKILING : 140 165 1.18 : 22 26 
: DIATOK 140 165 1.18 : 7.5 : 8.9 : 
: BALINGOR 140 165 1.18 : 8.5 : 10.0 : 
: DJIMANDE 140 165 1.18 : 6.0 : 7.1 : 

Q10: M a x i m  discharge of 10 year r e t u r n  f lood 
Q25: Maximum discharge of 25 year r e t u r n  f lood .  

Note: The p r o j e c t  f lood est imated a s  f o r  a con t inen ta l  watershed, does no t  
correspond t o  t h e  f low t o  be discharged by t h e  s t r u c t u r e  s i n c e  t h e  old reach s u b j e c t  
t o  t h e  t i d e  above t h e  dam, w i l l  s e r v e  a s  an absorpt ion r e s e r v o i r ;  it is,  a t  most,  
i ts  upper l i m i t  ( f o r  t h e  25 year  r e t u r n  event ) .  Flood discharge becomes a management 
problem based on maximum l e v e l s  needed upstream (crops)  and l e v e l s  downtream t h e  
s t r u c t u r e  (high o r  low t i d e ) .  

5. Tide ana lys i s  

The t i d a l  wave i n  f r o n t  of a r i v e r  mouth g ives  rise t o  a by-wave which runs 
upstream. This is  a hydrological  phenomenon which is more complex than t h a t  of t h e  
t i d e  which produced it, because t h e  r i v e r  flow, t h e  s lope  and bed shape a r e  
intervening f a c t o r s .  This t i d a l  wave i n  t h e  Casamance r i v e r  has  been analysed by 
Brunet Horet (1970) who provides an abacus with t h e  maximum amplitudes of monthly and 
semi-diurnal t i d e s  (Annex 5). An i d e n t i c a l  abacus has  been made f o r  t h e  Bignona 
marigot (Olivry and Chouret, 1981) and f o r  t h e  Bai la  marigot (Louis Berger, 1981). 

Table 7 shows t h e s e  amplitudes on t h e  surveyed sites; we were n o t  able t o  provide  
t h i s  da t a  f o r  t h e  sites on the Zoungrwrou r i v e r .  
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Table 7 

Amplitudes of the tide@ 

: Watersheds : Amplitudes of semi-diurnal : Amplitudes of semi-monthly : . tides. cm tides 

: Hax : Av. : Hin. : Max. : Av. : Min. 

: ESSOH (1) : 92 : 
: W I N A  (2 )  : 34 : 
: TANAF (2) : 22 : 
: TOUMI. (2) : 22 : 
: SMSAK, (2) : 22 : 
: SAMINE(2) : 23 : 
: HDIANA : - 
: BONICILING : - 
: DIATOK (3) : 65 : 
: BALING (3) : 65 : 
: D J I M . ( 3 ) :  65 : 

(1) Baila marigot abacus (Louis Berger) 
( 2 )  Casamance river abacus (Brunet Moret) 
( 3 )  Bignona marigot abacus (Olivry and Chouret). 

6. Aquifers end water quality 

The succession of dry years observed since 1969 and above all since 1979 
has modified the hydrogeological operation of the Casamance valleys. 
10 m-falls have been noted in some water-table levels (Olivry, 1987). 

In the surveyed region, one can distinguish one shollow aquifer and some 
deep aquifers. Of the deep aquifers, only that of the sandy clay deposits of 
the upper Ecocene is exploited. 

The planned developments can include the shallow aquifer for which the 
following general data has been collected. A survey for each watershed to be 
developed would require a much longer intervention. 

The shallow aquifer lies in the various deposits of the Continental 
Terminal: plateau red sands, laterite layers of the red sand base, terrace 
sands. The impermeable level is composed of the yellow clays of the 
Continental Terminal. 

A n  observation of the piezometric maps drawn on a few valleys similar to 
those to be developed, leads to the following remarks: 



Southern Zone Water Hana~ement PP - Annex G.1.d. Page 11 of 25 

- The piezometric surface is an accurate reflection of the geomorphology 
of the ground with very low gradients under the plateau surface and with a 
steeper slope downwards. 

- The marigot drains the water-table, the contact line between the aquifer 
and the draining system follows all the marigot ramifications. 

- On either side of the divides, the width of the flowing water-table is 
relatively low, the general aquifer is subdivided into rangy, narrow and 
sinuous elements. 

The diagram (Annex 6 )  summarizes the operation of this shallow aquifer. 

The quality of the low-land waters is dependent upon this operation. 

- The fresh groundwaters flow towards the tributaries over almost all the 
banks and "compete" on a continuous front with the salt waters. It is to be 
noted that there are rice fields along all the banks. 

- Based on rainfall, fresh water flows are more or less important and 
above all, last more or less long. Olivry shows, on the Baila marigot, the 
evolution of salinity according to water-table recharge (Annex 7 ) .  

Monitoring of piezometric levels and water salinity after completion of 
the developments, should help ensure a better management of anti-salt 
structures. 
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Rnnexe 1 : ERSSIN D' ESSOM 
Annex 1 : THE ESSOM WATERSHED 
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Rnnexe 1 : EXISIN DE TUNIRTRBQ et DE SRNSRKOUTOTO 
Annex 1 : THE MNIATABA AND SANSAKOUTOTO WATERSHED 
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Rnnexe 1 : BQSSIN DE DIRTOK 

Annex 1 : THE DIATOK WATERSHED 
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Rnnexe 2 : CRRTE DES ISOHYETES SUR LR ERSSE ET MOYENNE CQSQMQNCE 
( O L I V R Y  et DRCOSTR, 1363) 
Annexe 2: YSOHYETAL LINE MAP OF THE LOWER AND MIDDLE CASAMANCE (OLIVRY 

AND DACOSTA, 1983) 

CASAMANCE - ISOHYETES MOYENNES ANNUELLES 

Chsmme - Anmd average isohyetal lines 

tchclle T/B00 OJO 
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Annexe 3 : k j  ustemertt s t a t i s t  ique sur les pluvicmetr-ies  artnuel les A 
ZIGUINCHOR. 

Annex 3: Stat is t icd l  ad-t cn the Z i g u k k  anrnral rainfall. 
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Flnnexe 4 : DBbut, f in ,  et dur-ee de l a  saison des pluies (ERUNNET MORET, 

- k t e o f  t h e d o f  t k r a i n y s e e s c ~ 1 .  
- Date  d e  La f in ?:3 : a  scjison 62s p!t;ies- 

- Duratim of the rainy season. 

- D v r e e  de 13 sa iscn  d e s  p l u i c s -  
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. 
Rnnexe 5 : R m p l i t u d e s  des mar+es (ERUNNET MORCT, 1970) 

Annex 5 : Auplitudes of the tides ('Ensrmt M t ,  1970) 
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Flrtnexe 6 : SchPraa d e  fortct ionnernent d e  1' aqui  fh-e  s u p e r f  iciel. (LOUIS 
EERGER,  I s a )  
Annex 6 . : Diagram of the shallow aquifer operation (Louis Berger, 1981) 

SCHEMA O E S  E C O U L E M E N T S  S O U T E R A I N S  A L 'AMONT DE B A ~ L A  

P A T  T E R N  OF U N D E R G R O U N D  FLOWS U P S T R E A M  OF G A I L A  

L i m i t  o f  t h e  c a t c h m e n t  a r c 0  

Lir:i!e dc t : ,s ; in  - verso. i t  

---- 0 0 .  0 0-7- 

5: Zones + ;r pouvres en r o u  eoucr : pos dr r ~ r ~ i r e r  I s t i r t l r l  
i o n e  ~ 4 t h  l ~ t t t r  u n r a l t a s l  wOter : no race + ~ r \ d r  I r l r r ~  It. l 

FI Z b n e s  c v t c  o;!port d ' r a u  doucr I f <  t : l * I  
Z ~ n r  w i t  t~ unrai:rst water  f l o w s  I t c r t i l e )  - = E c o u t * m c n t r  r u u t r r r o i n r  
U n d t r g r o u r  C f l ~ w r  

I-?= L ignr  dr r i p a r c t i o n  Ges r 2 v r  s ~ . u l . r r o ~ r i r s  
~ ? r * i l r  c droinagt  z o n t r  Io,  undrrj lrcund woter 
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Rnrtexe 7 : Cclncentration saline en  f i n  de s a i s o r ~  sPche pour des annees 
ah l a  recharge des nappes a &t& p l u s  ctu rnoins bonne (OLVHY, 1967) 

Annex 7 : S a l t  c o n c e n t r a t i o n  a t  t h e  end of the  d r y  season f o r  y e a r s .  

when water, t a b l e  recharge  h a s  been more o r  less adequate  
(Olvry , 1987). 

e o roo r 50 

EVOLUTION D E 3  CONSENTRXTlOI3S M A X I M A L E S  OeSERVEES 

E N  FIN DE SklSON SECHE SUR LE h tARIGGT DE B k i L A  

E v o l u t i o n  of maximum salt  c o n c e n t r a t i o n  observed a t  t h e  end 
of t h e  d r y  season on t h e  B a i l a  Marigot, 
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ECONOMIC A#ALYSIS 

I. ECONOMIC VIABILITY OF PROPOSED PROJECT 

A. Over t h e  L i f e  of t h e  P r o j e c t  

The SZWM p r o j e c t  can be considered t o  be economically f e a s i b l e .  The 
economic i n t e r n a l  r a t e  of r e t u r n  (IRR) of t h e  p r o j e c t  i s  22%. With a  
reduction of b e n e f i t s  by 30% t h e  p r o j e c t  shows an IRR of 17%, wh i l s t  a  50% 
decrease i n  bene f i t s  s t i l l  shows an  IRR of 12%. It shows t h a t  t h e  p r o j e c t  
design is robust  and makes economic sense  even a t  g r e a t l y  reduced b e n e f i t  
flows. 

These ca l cu la t ions  do n o t  t a k e  i n t o  account t h e  spread e f f e c t s  t h a t  
can be expected a s  a  r e s u l t  of t h e  p r o j e c t .  Although t h e  t echn ica l  
a s s i s t ance ,  t r a i n i n g ,  research ,  monitoring and eva lua t ion  c o s t s  a r e  
s u b s t a n t i a l ,  t h e  economic v i a b i l i t y  of t h e  p r o j e c t  does n o t  rest on t h e  
ca lcu la t ion  of post-project  spread e f f e c t s ,  no tab ly  t h e  f u r t h e r  reclamation 
and improvement of land and t h e  va lue  of t h e  c r ea t ion  of i n s t i t u t i o n a l  
capab i l i t y .  Appendices 1 and 2 show t h e  d e t a i l s  of t h e  IRR ca l cu la t ions .  

Four p r o j e c t  scenar ios  and t h e i r  consequences f o r  t h e  IRR are 
presented i n  t h e  t a b l e  below. 

Table 1. S e n s i t i v i t y  of p r o j e c t  IRR t o  decreased sur face  a rea  
and y i e ld  l e v e l s .  

I 1 ! ! 
! Improved Surface ! Expected Increased ! Expected Increased ! 
t Area under ! Yield : ! Yield Reduced by 30%: ! 

! Cul t iva t ion  ! 1800 kg/ha ! 1260 kg/ha ! 
!----------------------!------------------------!-----------------------! 

! ! ! ! 
! Expected : ! IRR = 22% ! IRR = 1 7 %  ! 
! 15,000 ha ! ! t 

!----------------------!------------------------!-----------------------! 
I ! ! ! 

! Reduced by 30%: ! ! ! 
! 10,500 ha ! IRR = 17% I I R R  = 9% ! 
I I ! ! 

Note: Estimated economic Casamance farm g a t e  p r i c e  f o r  paddy i n  
1990 is  $243/t. 

The f i n a n c i a l  cont r ibu t ion  of t h e  Senegalese government over t h e  
e i g h t  years  of t h e  p r o j e c t ' s  l i f e  is over  $1.6 mi l l i on .  The cont r ibu t ion  of 
t h e  v i l l a g e r s ,  i n  t h e  form of labor  has  been valued a t  $1.1 mi l l i on .  The 
t o t a l  USAID cont r ibu t ion  is est imated a t  $18 mi l l ion .  
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During t h e  p r o j e c t ' s  l i f e ,  t h e  8 years  t o  be  f inanced by USAID, it 
i s  estimated t h a t  15,000 ha w i l l  b e  reclaimed o r  rendered more product ive a s  a 
r e s u l t  of b e t t e r  water con t ro l  techniques and t h e  cons t ruc t ion  of t h e  requi red  
i n f r a s t r u c t u r e  t o  achieve t h i s .  The t o t a l  economic c o s t ,  expressed i n  1987 
p r i c e s ,  f o r  t h e  reclamation of t h e  15,000 ha is est imated a t  $14,138,000 which 
means an investment of $942/ha. In t h e  p r e - f e a s i b i l i t y  s tudy  it was pointed 
ou t  t h a t  i n  order  t o  meet t h e  t a r g e t  IRR of 12%, an add i t i ona l  production of 
approximately 700 kg of paddy r i c e  would be required t o  j u s t i f y  t h i s  l e v e l  of 
investment. The expectat ion is t h a t ,  as a r e s u l t  of t h e  p r o j e c t ,  add i t i ona l  
net production l e v e l s  of 1.8 t ons  of paddy r i c e  p e r  ha w i l l  be  achieved on t h e  
15,000 ha because of t h e  b e t t e r  water a v a i l a b i l i t y  and t h e  p o s s i b i l i t y  of 
pu t t i ng  t h e  f e r t i l e  va l l ey  s o i l s ,  l o s t  due t o  s a l t  water i n t r u s i o n ,  back under 
c u l t i v a t i o n .  

A t  p resent  production l e v e l s ,  a maximum of 500 kg of paddy per  ha 
a r e  achieved on t h e  uplands i n  t h e  a r eas  where t h e  farmers had t o  abandon 
t h e i r  f e r t i l e  va l l ey  lands because of s a l t  water i n t rus ion .  

The n e t  production f i g u r e  of 1 .8 tons  of paddy r i c e  per  ha takes  
i n t o  considerat ion t h e  e x i s t i n g  r i c e  production on t h e  uplands,  t h e  expected 
decrease i n  production of o the r  (cash)  crops and t h e  v i l l a g e  labor  required 
f o r  t h e  maintenance of t h e  i n f r a s t r u c t u r e ,  which is deducted from t h e  gross  

, production expected t o  be 2.5 t / h a .  It is  expected t h a t  t h e  p r i v a t e  s e c t o r  
w i l l  become more a c t i v e  i n  supplying t h e  necessary inpu t s  a s  a r e s u l t  of t h e  
NAP of t h e  government. On 15,000 ha t h e  annual production would be t h e  
equivalent  of 19,500 tons  of white  r i c e .  This production would have a value of 
$4,739,000 and represent  approximately 6% of t h e  present  annual l e v e l  of 
na t iona l  r i c e  imports. 

B .  Analysis of P o t e n t i a l  Spread Ef fec t s  

The p r o j e c t  w i l l  reclaim s o i l s  t h a t  were l o s t  a s  a r e s u l t  of s a l t  
water i n t rus ion  and improve t h e  use  of a v a i l a b l e  water,  land and labor  
resources by introducing b e t t e r  water management techniques. A t  t h e  same 
time, it w i l l  r e in fo rce  t h e  e x i s t i n g  i n s t i t u t i o n s  with t h e  e q e c t a t i o n  t h a t  
t hese  i n s t i t u t i o n s  w i l l  t a k e  over t h e  land reclamation and water management 
a c t i v i t i e s  by t h e  end of t h e  p r o j e c t  i n  year 8. Based on t h e  f i e l d  s t u d i e s  
ca r r i ed  ou t ,  it i s  estimated t h a t  about 40,000 ha of p o t e n t i a l l y  f e r t i l e  s o i l s  
can be  reclaimed and/or improved i n  t h e  Kolda and Ziguinchor regions.  I f  t h e  
strengthened l o c a l  i n s t i t u t i o n s  a r e  a b l e  t o  maintain t h e  r a t e  of reclamation 
of 2,300 ha per  year a f t e r  t h e  p r o j e c t  has  come t o  an end, it w i l l  t a k e  11 
more years  t o  complete t h e  recupera t ion  of t h e  remaining 25,000 ha.  

An a l t e r n a t i v e  IRR c a l c u l a t i o n  t h a t  includes t h e  spread e f f e c t s  of 
t h e  p r o j e c t  and assumes t h a t  40,000 ha w i l l  be  reclaimed and/or  improved shows 
an IRR of 26%. If b e n e f i t s  decrease  by 30% t h e  IRR would be 21%. 

If p r o j e c t  spread e f f e c t s  t a k e  p l ace  and a t o t a l  of 40,000 ha a r e  
reclaimed andfor improved and brought under r i c e  c u l t i v a t i o n ,  and t h e  ma jo r i t y  
of t h e  farmers have access  t o  i npu t s ,  t h e  n e t  add i t i ona l  production per  
hec t a re  is conservat ively est imated a t  2 tons  of paddy r i c e  p e r  hec tare .  Based 
on t h e  World Bank estimated farm g a t e  p r i c e  i n  t h e  Casamance f o r  1990 of 
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$243/t of paddy r i c e ,  t h e  a d d i t i o n a l  value of production w i l l  amount t o  over 
$19 mi l l ion  pe r  year.  The p re sen t  economic farm g a t e  p r i c e  i n  t h e  Casamance 
is  $205/t of paddy r i c e ,  while  t h e  government f i xed  farm g a t e  p r i c e  is $300/t .  

The annual production t h a t  can be r e a l i z e d  on t h e s e  40,000 ha pe r  
year is t h e  equivalent  of 52,000 t o n s  of white r i c e .  This  represents  
approximately 15% of t h e  amount of r i c e  p re sen t ly  imported i n t o  Senegal 
(340,000 t / y e a r ) .  The fo re ign  exchange savings t o  t h e  Senegalese economy w i l l  
be s u b s t a n t i a l ,  over $19 m i l l i o n  per  year .  

C. Assumptions Used i n  I R R  Calcu la t ions  

IRR ca l cu la t ions  and p r i c e  breakdowns a r e  presented i n  t h e  
appendices of t h i s  annex. 

The exchange r a t e  used i n  t h e  ca l cu la t ions  was 1 U.S.$= 283 FCFA. 

USAID/Dakar supplied t h e  c o s t s  of expe r t s ,  consul tan ts  and support 
s t a f f  a s  well  a s  t h e  l e v e l s  of i ncen t ive  payments f o r  Senegalese c i v i l  
servants  and payment of t h e i r  p e r  diem u n t i l  Year Three of t h e  p ro j ec t .  

The c o s t s  of s a l a r i e s  and p e r  diem (from Year Four, onwards) of 
Government of Senegal s t a f f  were provided by t h e  Government. 

For t h e  c i v i l  works, u n i t  p r i c e s  were used which excluded taxes .  

The opportuni ty cos t  of v i l l a g e  labor  t h a t  w i l l  be  used t o  cons t ruc t  
t h e  i n f r a s t r u c t u r e  during t h e  dry  season was estimated a t  50% of t h e  f i n a n c i a l  
d a i l y  wage r a t e  of $3. 

For t h e  c o s t  of equipment, b e s t  es t imates  of t a x  f r e e  C . I . F .  Dakar 
p r i ce s  were used. 

For t r a i n i n g  and research ,  b e s t  es t imates  were used based on U S A I D ' s  
experience i n  Senegal and t h e  c o s t  of U.S. t r a i n i n g .  

For o the r  c o s t s ,  b e s t  es t imates  were used. When necessary, t axes  
were deducted. 

Operation and maintenance of t h e  i n f r a s t r u c t u r e  w i l l  be ca r r i ed  out  
by t h e  concerned farmers who w i l l  be  t r a i n e d  t o  do so. The c o s t s  a r e  
estimated t o  be ?bout two percent  of t h e  c a p i t a l  c o s t  of t h e  i n f r a s t r u c t u r e ,  
o r  about $ 3.20 her hec t a re  c u l t i v a t e d  behind t h e  d ikes  pe r  year.  

The value of foregone production a s  a  r e s u l t  of t h e  p r o j e c t  was 
deducted from t h e  gross  value of paddy production t h a t  w i l l  be achieved i n  t h e  
with-pro j e c t  s i t u a t i o n .  

On t h e  b e n e f i t  s i d e  it was conserva t ive ly  estimated t h a t  a  n e t  
increase  of 1.8 tons  of paddy r i c e  pe r  hec t a re  can be achieved. 
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The economic farm gate price for paddy rice in the Casamance of 
$243/t used in the IRR calculations has been calculated using long term World 
Bank projections for the world market price of rice in 1990. 

The spread effects for the project were calculated based on 
additional reclamation or improvement of land. Due to insufficient data no 
attempt was made to quantify other benefits accruing from the project, 
although positive environmental effects will be substantial. 

Sensitivity analyses were carried out, reducing the benefits by 30%, 
50% and 60%. 

The calculations have been done using constant 1987 prices for costs. 

11. ECONOMIC IWPACT OF PROJECT ON ENVIRONMENT 

A. Soils 

It is hoped that the spread effects of the project will allow the 
reclamation and protection of an estimated 40.000 ha of land. This land is 
currently lost to agricultural production, or is of very low productivity due 
to salt water intrusion and other water-related problems. 

These lands will primarily be used for the production of rice, the 
main staple food in Senegal. The Casamance area, where these lands are 
situated, has a comparative advantage for rice production over the rest of 
Senegal. Due to more favorable rainfall, rice production can be achieved on 
appropriate soils without the need for sophisticated irrigation systems, but 
protection from salt and proper water management is required. 

As is pointed out above, the total potential value of production of 
these valley lands at 1990 economic Casamance farm gate paddy rice prices of 
$243 per ton would be nearly $20 million per year. 

These valley lands would replace the less productive slope and 
upland rice fields, where a maximum of 500 kg of paddy per ha are grown. In 
turn these areas could be used for the production of other cereal crops. 

The reclamation of these soils would therefor mean a considerable 
savings to the Senegalese economy due to the fact that at present 
approximately 340,000 HT of rice per year are imported. 

The pressure on the slopes and uplands would diminish somewhat 
initially, but as farming becomes more attractive as a result of the 
reclamation of the valley lands, it is assumed that some young people will 
return and become farmers. Also improved agricultural techniques and an 
increase of the present population levels will put more pressure on the 
available land. 

Provided that the inputs are available, these slope and upland soils 
can be very productive for corn and groundnuts. 



Southern Zone Water Hana~ement PP - Annex 6.2. P a ~ e  6 of 8 

B. F i she r i e s  

Within t h e  p ro t ec t ed  v a l l e y s ,  f i s h i n g  a c t i v i t i e s  should be 
improved. This would provide t h e  farmers  with an add i t i ona l  source of income 
and/or improve t h e i r  d i e t .  Due t o  t h e  abundance of f i s h  a l r eady  a v a i l a b l e  on 
t h e  urban markets a t  p re sen t ,  it is doubted whether t h e  marketing of f i s h  from 
t h e  va l l eys  ou t s ide  t h e  a r e a s  where t h e  f i s h  w i l l  be  caught w i l l  be  
p r o f i t a b l e .  Already, f i s h  a r e  harves ted  behind some e x i s t i n g  d ikes  i n  t h e  
Casamance. 

C. Trees 

Trees growing on t h e  lower s lopes  of t h e  va l l eys  a r e  threatened due 
t o  s a l t  water i n t rus ion  a t  t h e  r o o t  l e v e l .  P a r t i c u l a r l y ,  palm o i l  and Borassus 
provide women with add i t i ona l  sources  of income. The value of production of 
t h e s e  a c t i v i t i e s  i s  d i f f i c u l t  t o  e s t ima te .  Palm t r e e s  a r e  a l s o  used f o r  t h e  
production of palm wine. The p r o j e c t  w i l l  have a major impact on t h e  t r e e s  
and p l a n t s  which l i n e  t h e  lower va l l eys  i n  a r eas  where a n t i - s a l t  d ikes  a r e  
b u i l t .  

D .  Erosion 

Contour d ikes  w i l l  slow down eros ion  on t h e  sloped lands ,  and water 
i n f i l t r a t i o n  w i l l  improve a s  a r e s u l t  of t h e s e  contour berms. Although on t h e  
whole erosion is no t  considered t o  be  a s i g n i f i c a n t  problem i n  t h e  Casamance 
a rea ,  t h e  sloped lands between t h e  va l l eys  and t h e  uplands a r e  prone t o  
erosion when under i n t e n s i v e  c u l t i v a t i o n .  

E. S o i l  f e r t i l i t y  

Due t o  a s h i f t  of a g r i c u l t u r a l  production away from t h e  uplands, it 
w i l l  be  poss ib l e  t o  a l low longer  f a l l ow per iods ,  and thus  t h e  f e r t i l i t y  of t h e  
s o i l s  on t h e  uplands w i l l  improve. Due t o  populat ion inc reases  i n  t h e  
Casamance and an i n t e n s i f i c a t i o n  of a g r i c u l t u r a l  product ion,  it i s  doubtful 
whether t h i s  w i l l  be  a long l a s t i n g  advantage. 

111. ECONOMIC CONSTRAINTS TO INCREASED AGRICULTURAL PRODUCTION 

A. Input  Supply and Cred i t  

The f i e l d  work of t h e  PP Team confirmed t h e  f a c t  t h a t  supply of 
modern inputs  f o r  a g r i c u l t u r a l  product ion is very i r r e g u l a r .  Host inputs  
appeared t o  have been suppl ied  i n  t h e  p a s t  by a g r i c u l t u r a l  development 
p r o j e c t s .  During t h e  miss ion ' s  v i s i t s  t o  t h e  10 pre-selected s i t e s ,  it was 
noted t h a t  only SODEFITEX had suppl ied  farmers with t h e  necessary inpu t s  t o  
grow cot ton .  Farmers w e r e  aware of t h e  advantages of t h e  u s e  of modern inpu t s  
such a s  f e r t i l i z e r  and improved seed v a r i e t i e s .  

No planning with regard t o  t h e  supply of i npu t s  exists,  although 
various p r o j e c t s  (DERBAC, PRIIIOCA) intend t o  supply t h e s e  se rv i ces .  A s  a 
r e s u l t  of t h e  NAP, it is expected t h a t  t h e  p r i v a t e  s e c t o r  w i l l  a l s o  s t a r t  
supplying inputs .  
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Another limiting factor to the expansion of agricultural production 
is the lack of access to credit for most farmers. Again, in the past, various 
projects supplied credit. At present the CNCAS is starting its activities with 
the aim to cover the Casamance region. CNCAS is financed by various donors, 
and eventually could become an important source of credit. During the field 
work, no evidence was found concerning CNCAS activities since they just opened 
an office in Ziguinchor in 1987. 

Past credit schemes were often poorly designed and resulted in poor 
repayment rates, with the result that these schemes had to be closed down. 
Farmers themselves are also to blame for the fact that credit is no longer 
available due to poor repayment performance. 

As yet, incentives for the private sector are insufficient for it to 
set up an input supply system. It is expected that as a result of the NAP and 
projects such as the USAID-financed Agricultural Production Support project 
this situation will change. 

B . Marketing Channels 

Agricultural production for f mits and vegetables is constrained due 
to the fact that there is no efficient marketing system in operation. 
Transport for perishables is extremely expensive. Productivity is dispersed. 
Supporting structures are nearly non-existent. Local markets are small and 
provided with good quality produce from overseas. Local vegetable species are 
generally produced all at <he same time causing local market gluts. 

C. A~ricultural Services 

Activities of the Agricultural services are very limited, due to 
financial and logistical problems. They receive operating funds sufficient to 
carry out annual production and yield surveys and administrative duties. They 
also receive special funds for emergency plant protection campaigns. 

D. Pricing and Trading Policies 

The GOS has liberalized trade in agricultural commodities. The 
private sector is now allowed to deal in most agricultural commodities. 
Minimum farm gate prices are fixed by the GOS. 

The farm gate price for rice is also fixed by the government and is 
currently $300/t of paddy. Allowing for transport from the rice production 
areas to Dakar and the fact that the rice produced in the Casamance region is 
of a better quality than the 100% broken rice normally imported, the farm gate 
price in the Casamance is approximately 30% higher than the CIF Dakar price 
for 100% broken rice from Thailand . 

In the Casamance region all produced cereals are consumed on the 
farm. The area has a cereals deficit and imports approximately 50% of its 
cereals. It is not expected that farmers benefitting from this project will 
export rice outside of the Casamance area. 

Cotton and groundnuts are still primarily sold to state 
organizations. 



At the present depressed World market prices for groundnuts, 
-production of groundnuts is no longer economically justified. SONACOS pays, 
at present, more than three times the World market price for groundnuts. It is 
heavily subsidizing the farmers in the Casamance who grow peanuts and who 
depend on the proceeds of peanuts to supplement their diet. 

NOTE: Appendices regarding economic analysis are attached to the 
Financial Analysis Annex (6.3.). 
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FINANCIAL ANALYSIS 

The team v i s i t e d  10 pre-selected sites chosen on t h e  b a s i s  of t h e  
f ind ings  of t h e  p r e - f e a s i b i l i t y  s tudy.  On each s i t e  in te rv iews  were conducted 
with farmers i n  t h e  p r i n c i p a l  v i l l a g e s .  The aim was t o  e s t a b l i s h  t y p i c a l  farm 
budgets f o r  each of t h e  v i l l a g e s ,  o r  f o r  a  group of v i l l a g e s  with s i m i l a r  
condi t ions.  The major product ion c o n s t r a i n t s  fac ing  t h e  farmers were 
i d e n t i f i e d .  Data covering t h e  p a s t  two years  of product ion were gathered. Of 
t h e  10 v i l l a g e s ,  e i g h t  had l o s t  cons iderable  su r f aces  of v a l l e y  r i c e  lands a s  
a  r e s u l t  of sa l t -water  i n t r u s i o n .  

The f ind ings  of t h i s  s e c t i o n  were discussed with t h e  head of t h e  
farming systems research  team of ISRA, and h i s  conments and suggestions have 
been incorporated. 

Due t o  t ime c o n s t r a i n t s  it was only poss ib l e  t o  in te rv iew a l imi t ed  
number of farmers,  and t h e  sample s i z e  is considered t o  be too  small  t o  be 
representa t ive .  However, based on t h e  comments received from ISRA and o the r  
people f ami l i a r  with a g r i c u l t u r a l  product ion i n  t h e  Casamance, it is  judged 
t h a t  t h e  co l lec ted  da t a  is s u f f i c i e n t l y  r e l i a b l e  t o  i l l u s t r a t e  t h e  f i n a n c i a l  
gains  t o  t h e  farmers and t h e i r  f a m i l i e s  a s  a r e s u l t  of p r o j e c t  i n t e rven t ion .  

SOMIVAC and ISRA have c a r r i e d  out  farming systems research i n  t h e  
Casamance basin covering seve ra l  farming seasons. These s t u d i e s  supply a  more 
complete p i c t u r e  of t h e  a g r i c u l t u r a l  a c t i v i t i e s  i n  t h e  Casamance a rea .  These 
s tud ie s  concentrated on v i l l a g e s  t h a t  had n o t  l o s t  land a s  a  r e s u l t  of 
sal t -water  i n t rus ion .  

The farm budget d a t a  presented c l e a r l y  show t h e  i n t e r e s t  of 
concerned f ami l i e s  i n  t h e  successfu l  implementation of t h e  p r o j e c t ,  and 
notably t h e  recupera t ion  of t h e  lands l o s t  t o  sa l t -water  i n t rus ion .  

The revenues pe r  person-day on recuperated v a l l e y  lands from r i c e  
production w i l l  go up by an average f a c t o r  of s i x  compared with revenues p e r  
person-day worked on t h e  s lope  and uplands producing t h e  same crop. 

Revenue pe r  person-day worked f o r  a l l  crops w i l l  go up by a  f a c t o r  
of 1.5 once t h e  recuperated a reas  can be  brought under r i c e  c u l t i v a t i o n .  



Southern Zone Water l4ana~ement PP - Annex G.3. Page 3 of 1 6  

The farm budget f o r  Djimande shows t h a t  t h e  farmers  had considerably 
reduced t h e  c u l t i v a t i o n  of o the r  crops as a r e s u l t  of t h e  cons t ruc t ion  of t h e  
water-retent ion dam, a scenar io  which i s  l i k e l y  t o  be repeated i n  o the r  a r eas  
i f  s u f f i c i e n t  water is a v a i l a b l e  because of b e t t e r  water management. 

However, t h e  most important a spec t  is t h a t  t h e  f ami l i e s  w i l l  again 
be s e l f - s u f f i c i e n t  i n  food and t h a t  t h e  crop of choice ( r i c e )  has a r e l a t i v e l y  
high economic value. Rice production w i l l  i nc rease  from 5 t o  10 t i m e s  i n  t h e  
a reas  t h a t  had l o s t  r i c e  lands because of sa l t -water  i n t r u s i o n .  

I n  t h e  10 p r i n c i p a l  v i l l a g e s  v i s i t e d ,  e i g h t  had l o s t  considerable  
va l l ey  land su r f ace  a rea  a s  a r e s u l t  of sa l t -water  i n t r u s i o n .  

A l l  v i l l a g e s  v i s i t e d  w e r e  unanimous about t h e  f a c t  t h a t  t h e i r  
primary ob jec t ive  was t o  produce enough r i c e  t o  m e e t  t h e  subs is tence  l e v e l s ,  a 
l e v e l  which i n  most of t h e  v i l l a g e s  had n o t  been achieved during t h e  p a s t  10 - 
15 years .  I n  t h e  v i l l a g e s  with t h e  Diola farming system (men and women 
working toge ther )  it was indica ted  t h a t  t h e  c u l t i v a t i o n  of o the r  c rops ,  
no tab ly  peanuts ,  would be s a c r i f i c e d  i f  more s u i t a b l e  land becomes a v a i l a b l e  
f o r  t h e  successfu l  c u l t i v a t i o n  of r i c e  and where y i e l d s  of around 2 t / h a  could 
be expected. A t  p r e sen t ,  proceeds of t h e  s a l e s  of peanuts  a r e  used f o r  t h e  
purchase of add i t i ona l  r i c e ,  repayment of l oans ,  payment of t a x e s ,  c lo th ing ,  
school f e e s ,  e t c .  

Farmers u s e  t h e  proceeds from t h e  s a l e  of peanuts ( so ld  a t  90 FCFA 
per  kg) pr imar i ly  t o  purchase r i c e .  E f fec t ive ly  t h e  s a l e  of 1 kg of peanuts 
allows t h e  purchase of 0.56 kg of white r i c e  a t  t h e  o f f i c i a l  p r i c e  of 160 
FCFA/kg. This means t h a t  t h e  product ion of one h e c t a r e  of peanuts allows t h e  
farmer t o  purchase approximately twice a s  much r i c e  a s  he p r e s e n t l y  produces 
himself on t h a t  hec t a re ,  which a t  b e s t  y i e l d s  500 kg of paddy r i c e .  The t ime 
needed t o  c u l t i v a t e  one hec t a re  of peanuts is  more o r  less t h e  same a s  t h a t  
required t o  c u l t i v a t e  one hec t a re  of upland r i c e .  

It is claimed t h a t  most of t h e  r i c e  so ld  i n  t h e  Casarnance i s  
( i l l e g a l l y )  imported from t h e  Gambia and s e l l s  a t  about ha l f  t h e  o f f i c i a l  
Senegalese p r i c e .  This means t h a t  one hec t a re  of peanuts  would allow t h e  
purchase of four  t i m e s  t h e  amount of white  r i c e  t h a t  could be produced on t h a t  
hec t a re ,  a t  t h e  present  high peanut p r i c e s .  

From a farmer 's  viewpoint, it would t h e r e f o r e  make sense i n  t h e  
p re sen t  s i t u a t i o n  t o  abandon t h e  c u l t i v a t i o n  of r i c e  a l t o g e t h e r  and 
concent ra te  upon t h e  production of peanuts.  
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I n  t h e  with-project  s i t u a t i o n  t h i s  w i l l  be  reversed  s i n c e  it is 
expected t h a t  gross  r i c e  y i e l d s  w i l l  b e  around 2.5 tons  of paddy p e r  hec tare .  
This equals  1 . 6  t ons  of white  r i c e .  The break even product ion l e v e l  would be 
1 . 2  tons  of paddy pe r  hec tare .  This  t a k e s  i n t o  cons idera t ion  t h a t  t h e  
required amount of labor  t o  c u l t i v a t e  one hec t a re  of a q u a t i c  r i c e  is 180 days 
versus 110 days needed t o  c u l t i v a t e  one hec t a re  of peanuts .  

The farm budgets presented below i l l u s t r a t e  t h i s  p o i n t  q u i t e  
c l e a r l y .  The ca lcu la ted  revenues p e r  person-day worked on t h e  c u l t i v a t i o n  of 
r i c e  w i l l  be around FCFA 1100 p e r  day compared t o  FCFA 700 f o r  t h e  c u l t i v a t i o n  
of peanuts. 

Because t h e  p re sen t  peanut p r i c e s  a r e  more than  t h r e e  t imes t h e  
World market p r i c e ,  it i s  n o t  expected t h a t  t h e  farm g a t e  p r i c e  of 90 FCFA/kg 
w i l l  be maintained i n  t h e  nex t  year ,  i f  t h e  World market p r i c e  remains a t  
t h e i r  p resent  l e v e l s .  

A lowering of t h e  p r i c e  pa id  f o r  peanuts t o  p re sen t  World market 
l e v e l s  would have s t rong  repercuss ions  f o r  t h e  farming f a m i l i e s  i n  t h e  
Casamance. A s h i f t  away from groundnuts t o  o the r  upland c e r e a l  crops would be 
t h e  l i k e l y  r e s u l t .  

A s  pointed ou t  above, farmers a r e  p r imar i ly  subs is tence  farmers ,  and 
they a t t ach  a high value t o  feeding t h e i r  own f a m i l i e s  f i r s t .  

SONACOS is t h e  s t a t e  organiza t ion  respons ib le  f o r  t h e  purchasing, 
processing and marketing of groundnuts and t h e  products  der ived from 
groundnuts. Unt i l  r e c e n t l y  SONACOS supplied t h e  farmers with seeds.  A s  a 
consequence of t h e  NAP t h i s  a c t i v i t y  was stopped t h i s  year .  The r e s u l t  was 
t h a t  some farmers were no t  a b l e  t o  produce peanuts because they  had no t  saved 
any seeds from t h e i r  previous ha rves t .  

Few of t h e  f ami l i e s  interviewed were a b l e  t o  produce o r  purchase 
enough food f o r  a whole year .  Although remit tance payments i n  a number of 
cases  were used t o  purchase add i t i ona l  food it appeared t h a t  most fami l ies  
suffered from food shortages a t  c e r t a i n  t i m e s  during t h e  year .  

Fish a r e  an important source of p r o t e i n  i n  t h e  v i l l a g e s  v i s i t e d .  
For t h e  men who p r a c t i c e  it, f i s h i n g  provides a s i g n i f i c a n t  add i t i ona l  source 
of monetary income. 

Women p rac t i ced  vegetable  gardening on a l imi t ed  sca l e .  Due t o  t h e  
lack  of access t o  urban markets,  product ion was mainly consumed a t  t h e  v i l l a g e  
l e v e l  and did no t  form a s u b s t a n t i a l  source of revenue, Transformation of 
food, and t h e  production of palm o i l  provided o t h e r  sources  of monetary 
revenue f o r  t h e  women. 
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A l l  of t h e  v i l l a g e s  v i s i t e d  have had a s t rong  reduct ion i n  t h e i r  
work force .  A s  a r e s u l t  of t h e  diminishing r a i n f a l l  over t h e  p a s t  15 years ,  
- a g r i c u l t u r a l  production decl ined and n o t  enough food could be produced t o  feed  
t h e  e n t i r e  populat ion i n  t h e  v i l l a g e s .  A s  a r e s u l t ,  many young people l e f t  
t h e i r  v i l l a g e s  f o r  t h e  urban c e n t e r s  i n  s ea rch  of more remunerative work. 

IV . DESCRIPTION OF FINDINGS FOR GACH TYPICAL SITUATION 

A. Djimande 

This  v i l l a g e  has a func t ioning  water r e t e n t i o n  dike.  The f i r s t  d i k e  
had been constructed under ILACO superv is ion  approximately 10 years  ago. It 
broke twice i n  t h e  two years  fol lowing i t s  cons t ruc t ion  and was n o t  repa i red  
a f t e r  t h e  second year .  I n  1985 PIDAG r e b u i l t  t h e  d ike ,  and it appears now t o  
be funct ioning i n  a s a t i s f a c t o r y  manner. It was ev ident  t h a t  maintenance of 
t h e  i n f r a s t r u c t u r e  deserved more a t t e n t i o n  i n  o rde r  t o  prevent  a r epea t  of t h e  
previous d i s a s t e r s .  

This v i l l a g e  provided t h e  mission wi th  an opportuni ty t o  study t h e  
e f f e c t s  of a funct ioning water r e t e n t i o n  d ike .  

The work f o r  t h e  upland and v a l l e y  c rops  is shared by t h e  men and 
t h e  women of t h e  v i l l a g e  (Diola farming system). 

No problems with sa l t -water  i n t r u s i o n  w e r e  encountered by t h i s  
v i l l a g e .  For t h e  upland crops ,  land was n o t  a cons t ra in ing  f a c t o r  t o  
a g r i c u l t u r a l  product ion.  However, an inc rease  i n  v a l l e y  land f o r  t h e  
c u l t i v a t i o n  of r i c e  would be welcomed. Agr i cu l tu ra l  production could be 
increased i f  one o r  two upstream dams would be cons t ruc ted .  This would 
increase  t h e  p roduc t iv i ty  of t h e  a r e a s  i n  between t h e  va l l eys  and t h e  upland 
areas .  

The farmers ind ica ted  t h a t  by cons t ruc t ing  a water d ivers ion  cana l ,  
which would channel surp lus  water c o l l e c t e d  by t h e  water-retent ion d ike  t o  
another lower l y ing  va l l ey ,  a f u r t h e r  100 ha could be brought under 
c u l t i v a t i o n .  

The major c o n s t r a i n t s  t o  i nc reas ing  a g r i c u l t u r a l  production c i t e d  
w e r e  t h e  lack  of l abo r ,  t h e  lack  of c r e d i t  and t h e  lack  of f e r t i l i z e r .  During 
school ho l idays ,  young people r e t u r n  t o  t h e  v i l l a g e  t o  he lp  out  with t h e  farm 
work. 
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The villagers interviewed thought that people would return to the 
village if the opportunities to make a decent living would improve. 

This village benefitted from PIDAC assistance in 1985, notably with 
regard to the supply of inputs on a credit basis. Since not all farmers had 
reimbursed their loans to PIDAC, no inputs had been made available since. For 
the farmers there were no other forms of credit available, and it was 
therefore not possible for them to obtain modern inputs. The farmers 
interviewed indicated that they could double their rice yields if they had 
access to fertilizer and improved seeds. 

This year's rice harvest in this valley which benefitted from the 
water-retention dam was 2 t/ha. The lower part of the valley could support a 
second or ratoon crop. However, since the animals are not properly herded 
after the main harvest, it is not possible to get additional production in 
this part of the valley. 

According to the farmers interviewed, groundnut production was 
minimal in the village. Corn and millet grown respectively were one half and 
one hectares yielding 500 kg of corn and 500 kg of millet. 

The sale of oranges provided an additional source of income. The 
farmer interviewed had sold 700 kg for 50 FCFA/kg. 

The women had organized themselves in groups that produced 
vegetables. Due to the difficulty of finding outlets, the production was 
limited. It was indicated that if the area available for rice cultivation 
could be expanded, the cultivation of vegetables would no longer be possible 
due to the conflicting labor demands. 

In conclusion, it can be said that this village provided the team 
with an encouraging example of what can be expected as a result of proper 
water management and productive rice lands. 

B. Essoum 

Essoum is another village that has not suffered from salt-water 
intrusion. However, the production of rice has suffered considerably from the 
irregular supply of water. In recent years, grasshoppers have had a negative 
impact on the rice harvests. PIDAC sprayed the area this year to combat the 
grasshoppers, but the women indicated that a lot of damage had already been 
done prior to the spraying. In 1986, the rice harvest was minimal and many 
women did not have seed left for this year's rice crop. The women grow rice 
with the assistance of the men who prepare the soil (the Diola farming 
system). 
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The upland crops are grown by men and women. Animal traction is 
used. The village has 15 pairs of oxen. 

The farmer interviewed, who used animal traction, grew three 
hectares of groundnuts and three hectares of sorghum. He also had seeded 
corn, but the harvest was strongly reduced as a result of pest problems. 

This village demonstrates the need for improved water management 
which would allow a substantial increase in rice production. Also it is 
evident that the lack of access to agro-chemicals has done a lot of damage 
crops. The use of animal traction allows the cultivation of substantially 
larger areas. 

C. Balin~or. Diatok, Samine-Escale, Mayor, 
Bounkilling, Tanaff, Kinndiri-Madina, Ndiama-Amont 

These villages are similar because they all have suffered from 
salt-water intrusion. They have had to abandon the majority of their valley 
rice fields resulting in a severe shortage of suitable land for rice 
cultivation. As a result, rice production has shifted away from the valleys 
to the areas in between the valleys and the uplands, and to the uplands. 

In Balingor and Diatok, men and women jointly cultivate their fields 
(Diola system). 

In Kinndiri-Hadina a small number of families practice the Diola 
system. However the Mandinka system (women are responsible for the rice crop 
and the men for the upland crops) is used by the majority of the village. 
This is also the case for the remainder of the villages covered in this 
section. 

In none of these villages did the families grow enough rice for 
their own needs. Rice yields varied considerably from year to year and from 
village to village. It was found that the maximum production of rice in these 
villages this year was 6 0 0  kg/ha (Samine-Escale and Balingor), which was 
considerably higher than last year's crop. The level of production in the 
other villages was around 3 0 0  kg/ha However, it was difficult to obtain 
reliable data on the surface area of rice cultivated and the quantities 
harvested, since in many cases rice was consumed immediately after it was 
harvested, 

On average rice production seemed to be sufficient for three month's 
consumption, after which rice had to be bought, and/or other cereals had to be 
consumed. Corn is harvested before the rice, and is therefore an important 
crop. On the whole, there is a net food deficit. 
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In Samine-Escale approximately 25% of the women had in recent years 
started to grow groundnuts. In N'diama-Amont 10% of the women had started to 
do the same. In order to do so they had to reduce the surface of rice 
cultivated. For each unit of abandoned rice surface, sufficient labor was 
freed to cultivate two units of groundnuts. The women who grew groundnuts 
found that by selling their groundnuts they could purchase more rice than 
their own foregone rice production (see also section 3). With the exception 
of a few individual cases, the practice of women growing groundnuts in other 
villages was not recorded. 

Of the upland crops grown by the men, groundnuts appeared to do best. 

Corn on the whole was less successful, either because of the lack of 
fertilizer, or because of insects and other pests. Yields varied from 
0 - 500 kg/ha. 

Millet as well as sorghum also seemed to have suffered from insect 
damage in several of the villages visited, although to a lesser extent. 

Only in Kinndiri-Madina had all the upland crops shown satisfactory 
yields, considering that fertilizer had not been available for corn. The 
other villages either had problems with the corn production, due to insects 
and birds, or with their millet and sorghum crops due to problems with insects. 

Animal traction was partially practiced in a number of villages 
visited. The highest concentration of pairs of oxen suitable for cultivating 
the fields was found in Essoum. The farmers using animal traction were able 
to cultivate approximately twice the surface area as the farmers who did not 
have access to animal traction. The soil tilling implements purchased on a 
credit basis for use with oxen had to be repaid over a period of four to five 
years. Annual payments for these implements ranged from 17,500 - 22,250 
FCFA/year. 

These villages demonstrate clearly the effects that salt-water 
intrusion has had on their rice production. Also the need for better 
agricultural services is clear. 

FARH BUDGETS FOR THE WITHOUT MID WITH PROJECT SITUATIOM 

A. General 

As stated above, it will be difficult to establish typical 
representative farm budgets. The irregular rainfall pattern over the past 15 
years, the irregular availability of modern inputs and the occurrence of 
pests, have resulted in yields for the agricultural commodities that change 
considerably from year to year, and from village to village. However, the 
interviews at village level have provided sufficient data to draw up 
indicative farm budgets. 
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Based on t h e  r e s u l t s  of t h e  in te rv iews  conducted, farm budgets w e r e  
prepared f o r  t h e  fou r  fol lowing s i t u a t i o n s :  

1. F'unctioning water r e t e n t i o n  dam, no sal t -water  i n t rus ion ;  

2 .  No water r e t e n t i o n  dam, no sa l t -water  i n t r u s i o n ,  u se  of animal 
t r a c t i o n ;  

3. Heavy sa l t -water  i n t r u s i o n ,  men and women shar ing  work; and 

4 .  Heavy sal t -water  i n t r u s i o n ,  women r e spons ib l e  f o r  r i c e  
production, men r e spons ib l e  f o r  upland crops.  

Revenues earned from a c t i v i t i e s  o the r  than  t h e  c u l t i v a t i o n  of 
p r i n c i p a l  ce rea l  and groundnut crops have n o t  been included i n  t h e  farm 
budgets presented s i n c e  e x t r a  a g r i c u l t u r a l  a c t i v i t i e s  d i f f e r  considerably from 
family t o  family. However, t hey  can form important a d d i t i o n a l  sources of cash 
revenue. 

B. Assumptions Used f o r  t h e  Farm B u d ~ e t s  

Each person-day used i n  t h e  farm budget equals  f i v e  hours of work. 

The farm g a t e  p r i c e  f o r  r i c e  was derived from t h e  p r i c e  t h e  farmers 
have t o  pay f o r  white r i c e  imported ( i l l e g a l l y )  from t h e  Gambia and f o r  which 
they  have t o  pay 80 FCFAIkg. Using t h e  conversion f a c t o r  f o r  1 kg of paddy 
equal t o  0.65 kg of white r i c e ,  t h e  ca l cu la t ed  value of paddy r i c e  t o  t h e  
farmer i s  1 2 3  FCFA/kg. The o f f i c i a l  farm g a t e  p r i c e  a s  set by t h e  GOS i s  85 
FCFA/kg. Since t h e  farmers i n  t h e  Casamance produce only 50% of t h e i r  
f ami l i e s '  c e rea l s  needs and t h e r e f o r e  never  sell any r i c e ,  it is judged t h a t  
t h e  GOS s e t  p r i c e  unde r s t a t e s  t h e  va lue  of t h e  r i c e  t o  t h e  farmers and t h a t  it 
i s  more r e a l i s t i c  t o  u s e  t h e  p r i c e  t h a t  equals  t h e  c o s t  of white r i c e  t o  t h e  
farmer . 

The average family s i z e  is 13, with s i x  a c t i v e  people.  

Appendix 9 p re sen t s  t h e  var ious  investment s cena r ios .  One scenar io  
assumes t h a t  t h e  i n f r a s t r u c t u r e  w i l l  be  b u i l t  us ing  con t r ac to r s ,  while t h e  
second scenario presents  t h e  investment c o s t s  us ing  some v i l l a g e  labor .  The 
sur face  a rea  of land t h a t  can be  recuperated pe r  farming family i s  a l s o  
presented i n  t h i s  Appendix. The recuperable  s u r f a c e  a rea  p e r  family d i f f e r s  
considerably from s i t e  t o  s i t e ,  and ranges from 4.6 hec t a re s  i n  Essoum t o  0.35 
hec t a re s  i n  Hayor. 

The seed c o s t s  have been ca l cu la t ed  us ing  t h e  farm ga te  p r i c e s  of 
t h e  crops,  s ince  farmers d id  n o t  have access  t o  improved seed v a r i e t i e s .  
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The populat ion f i g u r e s  used t o  c a l c u l a t e  t h e  number of hec t a re s  t h a t  
can be  reclaimed p e r  farm fami ly  w e r e  obtained from t h e  Inspec to ra t e s  of 
Agr icu l ture  i n  Ziguinchor and Kolda. 

For Balingor and Diatok t h e  average ca l cu la t ed  s u r f a c e  a rea  per  
family t h a t  could be  recuperated is 0.7  hec tares .  

For Essom t h i s  f i g u r e  is much higher ,  4 .7  hec t a re s .  It is l i k e l y  
t h a t  i n  t h e  long run,  o t h e r  crops w i l l  be  s a c r i f i c e d  i n  t h i s  a rea  i n  order  t o  
grow more r i c e ,  p a r t i c u l a r l y  i f  peanut p r i c e s  a r e  s u b s t a n t i a l l y  lowered. This  
s tudy  assumes t h a t  a maximum of two h e c t a r e s  of r i c e  can be  cu l t i va t ed  p e r  
family,  which should y i e l d  enough r i c e  t o  cover t h e  needs of a family of 13 
people,  without t h e  need t o  s u b s t a n t i a l l y  reduce t h e  c u l t i v a t i o n  of o ther  
crops.  

A with-project  farm budget has  been presented f o r  Djimande. The 
water d ivers ion  canal  would double t h e  a v a i l a b l e  s u r f a c e  of r i c e  land 
ava i l ab l e  f o r  each family.  The r i s k  a t  Djimande is t h a t  t h e  present  d ike  may 
break i f  proper maintenance is n o t  c a r r i e d  ou t .  Rice product ion would then 
probably drop below t h e  1 t / h a  i n  t h e  a r ea  b e n e f i t t i n g  from t h e  present  d ike ,  
and t o  zero i n  t h e  a r ea  below t h e  water - re ten t ion  d ike .  Based on t h e  
p o t e n t i a l  foregone production i n  ca se  of poor maintenance it seems obvious 
t h a t  a maintenance program i s  j u s t i f i e d .  The proposed contour  berms a r e  
l i k e l y  t o  have a p o s i t i v e  impact on t h e  a r eas  f u r t h e r  upstream. 

For t h e  remaining s i x  sites it was assumed t h a t  an average of 1.5 
hectares  per  family can be reclaimed although t h e r e  a r e  co r~s ide rab ly  
d i f f e r ences  on a s i t e  by s i te  b a s i s .  

The farm budgets presented f o r  t h e  with-project  s i t u a t i o n  assume a 
y i e ld  of two tons  of r i c e  pe r  hec t a re .  This is based on t h e  f ind ings  i n  
Djimande, and is considered t o  be a r e a l i s t i c  f i g u r e  by expe r t s  f ami l i a r  with 
t h e  Casamance a rea .  These y i e l d s  can be obtained without us ing  modern inputs .  
The use  of f e r t i l i z e r ,  improved seed v a r i e t i e s  and b e t t e r  farming techniques 
should al low a doubling of t h e  r i c e  product ion.  



Southern Zone Water Management PP - Annex G.3. P a ~ e  11 of 16 

Table 1; FARM BUDGET, SITUATION WITH EXISTING AND 
FUNCTIONING DAM 

Farm budget; Djimande, Diola farming system functioning water-retention dam, 
no salt-water intrusion 

rice 1 2000 200 2 246000 8680 237320 1187 

millet/ 
sorghum 1 SO0 120 0.5 35000 420 34580 288 

corn 0.3 300 35 1 21000 360 20640 590 

Total 2.3 - 355 - 302000 9460 292540 824 

Table 2; FARM BUDGET, SITUATION WITH EXISTING DAM AND WATER DIVERSION CANAL 

Farm budget; Djimande, Diola farming system, functioning water-retention 
dam, water diversion canal, no salt-water intrusion 

crop ha yield p/days yield value seed net revenue 
kg worked t/ha FCFA cost value /p/day 

rice 2 4000 400 2 492000 17365 474635 1188 

millet/ 
sorghum 1 500 120 0.5 35000 420 34580 288 

corn 0.3 300 35 1 21000 360 20640 590 

Total 3.3 - 555 - 548000 18145 529855 955 
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Table 3; FARM BUDGET, WITHOUT PROJECT SITUATION 

Farm budget; Essoum, Diola farming system no salt-water intrusion, use of 
animal traction 

crop 

----- 

rice 

millet/ 
sorghum 

corn 
peanut 

Total 

animal traction, water-retention dam. 

crop 

----- 

rice 

millet/ 
sorghum 

corn 

peanut 

Total 

ha yield p/days yield value seed net revenue 
kg worked t/ha FCFA cost value /p/day 
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Table 5 ;  FARM BUDGET WITHOUT PROJECT SITUATION 

Farm budget; Balingor and Djatok, Diola farming system heavy sa l t -water  
i n t r u s i o n  

crop 

---- 

r i c e  

m i l l e t /  
sorghum 

corn 

peanut 

Tota l  

ha y i e l d  p/days y i e l d  value seed net revenue 
kg worked t/ha FCFA cost value /p/day 

Table 6; FARM BUDGET FOR SITUATION WITH ANTI SALT D M  SITUATION 

Farm budget; Balingor and Djatok, Diola farming system an t i - s a l t /wa te r  
r e t e n t i o n  dam 

r ice*  1 1570 185 1.6 193110 8610 184500 99 7 

m i l l e t /  
sorghum 1.2 720 145 0.6 50400 500 49900 344 

corn 0.7 420 70 0.6 29400 830 28570 408 

peanut 1.2 1200 132 1 90000 8856 81144 6 15 

Tota l  4.1 532 362910 18796 344114 647 

* 0.7 ha cu l t i va t ed  on recuperated v a l l e y  land ,  0.3 ha on upland. 
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Table 7; FARM BUDGET WITHOUT PROJECT SITUATION 

Farm budget; Samine-Escale, Hayor, Bounkilling, Tanaff, Ndiama 
Kinndiri-Hadina. Mandinka farming system. Heavy salt-water 
intrusion. 

crop 

---- 

rice 

millet/ 
sorghum 

corn 

peanut 

Total 

ha yield p/days yield value seed net revenue 
kg worked t/ha FCFA cost value /p/day 

Table 8; FARM BUDGET WITH ANTI-SALT DAM SITUATION 

Farm budget; Samine-Escale, Hayor, Bounkilling, Tanaff, Kinndiri-Hadina. 
Handinka farming system. With anti-salt dam. 

crop 

---- 

rice 

millet/ 
sorghum 

corn 

peanut 

Total 

ha yield p/days yield value seed net revenue 
kg worked t/ha FCFA cost value /p/day 
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A. Inwt Supply 

It was found during the fieldwork that, except for the fanners who 
grow cotton, few, if any, farmers had access to modern inputs such as improved 
seeds, fertilizer and agro-chemicals. 

SODEFITEX was supplying inputs to the farmers growing cotton in the 
Kinndiri-Madina area on a credit basis. Also, soil tilling equipment for use 
with oxen had been supplied on a credit basis by the same organization. 

In the past, SONACOS had supplied farmers with seeds for peanut 
production. However, due to the changes brought about by the NAP, SONACOS 
will as from this year no longer supply the farmers with seed. The farmers 
who had not saved any seeds from the previous harvest were not able to grow 
any peanuts this year. 

Even if f.anners had sufficient cash on hand they were not able to 
purchase these inputs because of the non-existence of services that supply 
these inputs . 

A number of farmers/villages had access to modem inputs in the 
past, but for a variety of reasons they were no longer able to obtain these 
inputs. Inputs were usually supplied by the various projects, from special 
production campaigns or from the RDAs. The RDAs were usually supported by 
projects . 

Host farmers appeared to be aware of the advantages of the use of 
these inputs, particularly for corn and rice. 

B. Credit 

At the time of the mission, credit facilities were limited to the 
farmers who were growing cotton. 

The CNCAS is still in its start-up phase. None of the villages 
visited had had access to credit supplied by the CNCAS. In the past, several 
of the villages had obtained credit from various projects. Due to the 
non-repayment of loans by a small number of farmers, whole villages had to 
forego credit facilities. 
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C. Markets 

Access to urban markets is difficult due to the lack of an efficient 
marketing system. Activities that are potentially very remunerative are 
therefore limited. Although vegetable gardening is often mentioned as 
suffering from this lack of access to urban markets it should not be forgotten 
that vegetables have a high price elasticity, i.e. prices would drop rapidly 
on the urban markets with an increased supply. However, other activities 
could benefit from improved market access. 

D. Labor 

In Djimande, labor appeared to be a limit to expanding agricultural 
production. Seasonal migration makes this less of a problem during the wet 
season but for the dry season this poses problems. 

This problem may limit the capacity to construct dikes during the 
dry season in a number of villages. The SZWH project proposes to solve these 
problems by providing additional equipment (tractors and trailers) as well as 
contractor services. 

Almost all of the villages visited lacked sufficient land 
suitable for the production of rice. 

Irregular and decreased rainfall have been a major constraint 
to rice production. 

G. Animal Traction 

Animal traction was not widely used in the villages visited, 
although the advantages are obvious if properly used. 



Southern Zone Water Mana~ement FP - Annexes 62 and 63 P a ~ e  1 of 12 
4. . 

BCONOHIC AND F I W C U L  APPEUDICm 

'fO ANNEXES C2 ABD 63 



0 94 101 101 94 74 94 94 '9' L I 

IPPORISTAFF 50 132 132 132 132 132 152 152 - , <.f 

$&* 
0 2bb 276 126 102 70 50 10 7.' V Y > &  9 ,,'+ C .- '? P 

---5507BOQ i b9  45 
- -- -- pp - -- 

4s 45 
110 192 177 205 146 122 122 122 

0 55 75 3 135 6 75 5u --- 
0 3 0 1 6 .  12 19 26 30 41 4 5 - 4 8 4 0 7 0 - 4 a 4 8 4 8 ~ 8 ~ 0 ~ ~ 4 8  48 48 48 40 , ..t 

---- 
, .  

< ~- * 
* < ,, TOTAL COSIS 1044 2216 2307 1911.4 is95.a 1953.1 16BJ.I 19G0.1 S .796  41,110 45.411 r7.7 47.7 +i,7 47.1 47.7 17.7 - 47.7 47.7 47.7 47.i 47.7 47.7 47.7 47.7 

: 1,,1 aiilEFlTS -SOX o o 3 I U , ~  ~ 6 6 . 3  1170.4 1845.9 x i o , 1  5254.3 3575.7 3008.5 36a8.5 3818.5 3 ~ 6 6 . 5  ~a t i a .5  jtwa.5 3363.3 3aari.s m i ~ . ~  ~ B . S  saae.5 3aee.s 3ass.s a e 8 . s  safia.; 
CASH FLOW - 5 0 ~  -1044 -2210 -2307 -1773. -2029. -782.7 -43.26 649.b1 3120.5 3634.5 3893.u J B ~ G . ~  s 6 u . a  384o.a 3wo.a w 0 . a  3BQu.a 3 6 ~ 0 . a  3 4 u . a  j ~ . a  s a + w  u 4 0 . a  m . a  ;a4o.a 3i4O.a 

1 ,  ,:.a <*,* 

, '4" f . & \ . *  

1RR=I7X d:"*w4, 
,2 - s".$,??q@ 

B ~ S  -SOX 3 3 3 90.5 404.5 836 1318.5 IU21.5 2324.5 2 a S . j  2777.5 27~ i j 7 r ;Z i jE i i 7~~ -T7 iS3377775 -21 i fS i i ~ ;~2777 . j ~7 .~  2777.5 2777.5 1777.5 2577.5 
SASH FLOH -501 -1044 -2110 -2307 -1812. -2191, -1117, -570.6 -78.90 2290.7 2584.3 3732,u 272?,8 2729.8 2721.8 2729.d 2729.8 1729.8 2729.3 2729.3 2729.3 27;9,3 2729.a 2729.6 2729.8 2729.a 

+ -  4 



. I,;] GoV STflFF 0 .  94 101 101 94 94 94 94 74 91 74 ? 4  7) 9 1  54 94 94 i i  5 4  
50 132 132 132 131 li2 132 122 -- -- - - - 

4 S b 6  55553 bB2 b b i b a i  bbl bbl thl bbibb-b-obi-bbi-bbf 061 
B Zbb 216 126 101 70 50 10 

:y 
o 325 240 200 170 160 o n -- 

* '$1 
- 13--- - -T-j 

JSU ICa UU 45 569 45 45 42 J 5 ~5 95 J 5 15 5 

m 4  -1210 -2JOI -1714 -178773~f~8-~(~j~334f~2-5~ib-bb~-77~-a69i--~b9~-~~b04-All69b -1%Kij%fl3507 16593 17136 11900 17500 175(10 
- 

> Lt .' 
,; , &! . 3 4  +;q 

11 IRRa26f .- a 
Y #Ye 

. , W F l T S  -30% 0 0 0 130 566 1171 1846 2550 3254 3959 4bbi 5367 b07l 6775 i48S 8183 3087 9591 ID29b 11000 11704 12126 12339 12339 11331 $& ... 
-6% FLDY -30% -1044 -2210 -2307 -1774 -2030 -705 -43 650 2339 3035 3715 4347 5126 5788 6486 7097 7868 8579 7290 10873 11577 11999 12212 12212 12212 Y L J ~  - - 

"I IRR=ZII 4 . . -_ ĉ----- 
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APPENDIX E6 

Official farm gate prices 

Rice (paddy) 85 FCFA/kg 

Peanuts  90 FCFA/kg 

Corn 70 FCFA/kg 

Millet '70 FCFA/kg 

Sorghum 70  FCFI?./kg 

- - -  

sou rce :  M i n i s t r y  cf R u r a l  llevelopment 

Person d a y s  ( 5  h o u r s j  requi red  per crop per ha 

F .  

hlce submerge2: 1 €,0 groundwater :  240 r a i n f e ? :  1 2 5  

Feanuts  wit?, ar~iimal t r a c t i o n :  85 without : i l 9  

Corn with enimal traction: 85 w i t h o u t  : 1i35 

Millet/ 
Sorghxn  with m i n z l  t r a c t i o n :  i00 withou t .  : 120  

s c u r c e :  Recherche sur las systemes de p roduc t ion  erL Eaase 
Cztsarnanze, 1553/1984,ISRA. 



APPENDIX EE 

Seed requirements per crop per ha 

Rice submerged: 70 kg groundwater: 52 kg rainfed: 63 kg 

Peanuts 

-------------- 
s o u r c e :  Recherche sur les systemes de p r o d u z t i o s  ec B a s s ~  

'Casamance, 1983/1984, ISRA 



APPENDIX ES 

SOUTHERN ZONE WATER MANAGEMENT, 10 PRE-SELECTE3 SITES 

- Investment  s c e n a r i o s  u s i n g  c o n t r a c t o r  p r i c e s  and 
c o n s t r u c t i o n  of i n f r a s t r u c t u r e s  w i t h  a  strorig v i l l a g e  
p a r t i c i p a t i o n  

- Gained surface per f a m i l y  

Tar:af f  

.- aam-Esc 

Kim-Man 

Eounki i 1 

Ndiana 

Mayor  

Eiatok,  

Eal ingor 

D j irnaE6e 

Essoum 

ha i n v e s t m e n t  
gained ccntractor 

T o t a l  

executed  

farm 

$/ha ! investment $/hh ! 
village 
executed  

51200 

997oiJ1 

ll68C!0 

57100 

508cJC! 

16009 

44906 

190800 

17500 

30400 

farms ha 
per per 

s i t e  f a rn  



ETJAXDOWN OF ECONOMIC COST ON A PER EZCTARE BASIS 
(1987 costs) 

Scenarios f c r  r r x p e r a t i o n  of 40,000 ha and 15,006 ha 

T o t a i  economic c:>st for 40,000 ha ; $23,294,000 
Total econonic cosz  for 15,CCO ha ; $14,138,00C 

Tota l  



AFPENDIX ~ 1 %  

CALCULATION OF ECONOMIC FARM GATE PRICE 
OF PADDY IN THE CASAMANCE 

Rice f . 0 . L .  Bangkok, 5 % broken $333/ton 

Eeduct ic r  of 20 % f o r  100 broken 
Transport  Bangkok - Dakar 
P o r t  hand l ing  charges  

S . I . F .  1 C O  5,; broken r i c e  Dakar 
.n i r a n s p o r t  Dakar - Casamance 

----- 
*Zeo~omlz ?arm p a t e  p r i c e  m i l i e d  r i c e  Casamance 1 2 2 ,  12::t 

~ h n v e r s i o n  t o  pa2dy 8 . 6 5  
Mi l l ing  c o s t s  

- ----- 
~ c ~ n o m l c  f a r ~  ga te  p r i c e  f o r  paddy r i c e ,  Casamanc* 6 8 , 3 7 3  

i s 2 4 3 1  

S.E. t h i s  c a l c u i a t i o n  fo i lows  t h e  format used  i n  t h e  3 a r s a  
s ta&,  anorig others. This  c s l c w l a t i o n  of the e c ~ n o m i c  f  era gsTe 
p r i z e  of rice. prod:zsed i n  the  Casamarice ir,ccrpcr.2tles t h e  r'a::t 
tha: t h e  r i c e  produced ir: the  Casananca i s  of a be t t e r  c_x?i?r ;  
thm t h e  1C0% broken r i c e ,  t h e  t y p e  of r i c e  imported ir: S e r e g a l .  
-7 . ijsing tkis formula,  the c a l c u l a t e d  economic farm g a t e  p r i c e  f a r  
t . he  Caszn;ari,-.e i s  higher t han  i f  t h e  world market p r i c e  fcls 100  '% 
broken would have been used .  

h u r c e :  World Back e s t i m a t e s  of world market p r i c e s  f o r  h a s i z  
c o m o d i t i e s 7  January 1 9 8 6 .  



APPENDIX El3 

CALCULATION OF ECONOMIC PRICE OF GROUNDNUTS 
FRODUCED I N  THE CASAMANCE 

F . CFA 
P r i c e  C.I.F. Rotterdam 
per t o n  of g roundnut  o i l  $529 
Less t r a n s p o r t  Gakar - Rotterdam 

1. V a l u e  of o i l  per t o n  f . o . b .  Dakar 

2 .  Cor i~ers ior i  t o  groundnuts  X 0 . 3 3  

3 .  Grour,dn:.~t' cake v a l u e  f . o .  b. Dakar $195 
Converted t o  g r cnn2nu t s  X 0 . 4 4  

Total v z l : ~ e  ( 2 i - 3 )  per t o n  groundnuts  Dakar 
Less i n l a r ~ d  t r a n s p o r t  arid h a n d l i n g  
Less conversinc costs 

- econorslc farm gste pr ice  u n s h e l l d  g roundnuts  
i n  t h e  Caiamanse 

Source : M i r i s t r y  of h r a l  Development 
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I. FARMING SYSTEMS IN THE PROJECT 20196 

Two major ethnic groups, and their respective fanning systems, 
predomoninate in the project zone. Both groups, Diola and kfandinka, grow 
rice, millet, sorghum, maize, and groundnuts. Among the Diola, farming tasks 
for all crops are shared between men and women. Men are responsible for land 
clearing and tilling, while women do the planting. Both sexes participate in 
weeding and harvesting all crops. Agricultural tasks among the Handinka are 
divided between men and women by crop. Women are entirely responsible for 
rice production while men cultivate maize, millet, sorghum, and groundnuts. 

In both farming systems, producers have been forced to shift their rice 
fields from the increasingly saline valley floors to the higher slopes. 
Although not salt-affected, the soils on the slopes have a poorer water 
retention capacity than the valleys, and consequently a lower yield 
potential. The cultivation of upland cereal crops among the Diola intensified 
only as a response to declining rice yields. Although these crops have long 
been a part of the ,Mandinka fanning system, women are gradually including 
groundnut cultivation in their farming calendar to compensate for poor rice 
yields. 

Rice is the preferred staple food in the project zone. In the past, farm 
families grew sufficient quantities of rice each year to subsist at least 
until the following harvest. Surpluses were common, and their sale allowed 
farmers to invest in cattle or other personal needs. Recently, however, most 
families have been faced with deficit rice production levels. With declining 
rainfall levels and the rapid intrusion of salt water into the river and 
tributary valleys, the surface area of productive rice land is continuously 
shrinking. It is not uncommon for families to begin purchasing rice only 
three months after the harvest. Furthermore, since yields from upland food and 
cash crops have not increased, many households have been forced to borrow on 
subsequent harvests. The incidence of families living in continuous debt is 
becoming more and more frequent. 

The land tenure systems of both ethnic groups are based on familial 
usufmctory rights. The primary basis for claim to tenurial rights over land 
is by first clearing and working of virgin land. Generally, the founding 
family in a village tended to acquire larger blocks of contiguous land in the 
most desirable locations. These families have generally retained this 
advantage over time. Under traditional law, one can borrow land, sometimes 
for generations, but the "owner" can recall it at any time with one year's 
notice. 

11. SOCIO-CULTURAL FEASIBfEITY OF PROJECT 

From a sociological point of view, the success of achieving project 
objectives is based on a number of key assumptions, namely that: 

i. demand for the water-control structures exists; 
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ii. labor is available for construction and exploitation of the improved 
land ; 

iii. village participation can be achieved given traditional village 
organization patterns; and 

iv. project objectives are compatible with the land tenure system. 

In this section, the validity of, each of these assumptions is discussed 
as well as the constraints to achieving project objectives vis a vis each 
assumption. 

Lessons from past experience with water management efforts in the project 
zone have served as guidelines for project design. The most important lesson 
learned is that many of the problems encountered in project implementation 
could have been averted with better village-project comnication before 
beginning construction. Throughout this analysis, the importance of this 
process emerges as critical to project success. To facilitate this stage of 
project implementation, the project design places strong emphasis on the 
pivotal role of the Regional Water Management Teams and Village Water 
Management Cornmi ttees - 

A. Demand for Water-Control Structures 

The importance of rice in the project area has already been discussed as 
has the dramatic decline in production levels. But, to what extent do fanners 
consider the construction of water-control structures as a solution for 
increasing production? The project assumes there is indeed a strong demand for 
such structures. 

1. Validity of Assumption 

Two types of demand exist for water-control structures: explicit and 
implicit. Furthermore, the type and magnitude of denand for particular kinds 
of structures -- anti-salinity, water retention, and upland contour berms -- 
vary between the Ziguinchor and Kolda regions. 

a. Anti-salinity Dikes 

The tradition of anti-salinity dike construction among the Diola in the 
Ziguinchor region has been well-established for decades. Rice farmers, 
particularly in the southwestern areas, have always had to find ways to keep 
salt out of their fields and over the years have developed a sophisticated 
system of water management and crop husbandry. With the trend of declining 
rainfall, however, the traditional dikes and "one-way sluice gates" are no 
longer as effective as they once were in stabilizing the environment. When 
PIDAC began to cor~struct improved gates which could regulate the water level 
upstream of the dikes, farmers imediately recognized their potential 
benefit. PIDAC was flooded with more requests from villages for improved 
dikes and sluice gates than they could handle. The demand for anti-salinity 
dikes in the Ziguinchor region can therefore be described as explicit. For 
the most part, rice fanners in this area clearly understand the function of 
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t h e  dikes ,  have years  of exper ience wi th  them, and s e e  them a s  important i n  
p ro tec t ing  r i c e  land from s a l t  water degradation.  

A s  one moves f u r t h e r  e a s t  along t h e  Casamance River and up its main 
t r i b u t a r i e s ,  s a l i n e  i n t r u s i o n  is a r e l a t i v e l y  new phenomenon. I n  t h e  Sedhiou 
department, some farmers have been faced wi th  t h e  problem only i n  t h e  l a s t  15 
years.  Farmers i n  t h e  upstream p o r t i o n s  of some Sedhiou va l l eys  have been 
confronted with s a l t  i n t r u s i o n  f o r  t h e  f i r s t  t i m e  t h i s  year.  Farmers i n  t h e s e  
areas are indeed worried about t h e  rap id  degradation of t h e i r  r i c e  f i e l d s .  
Each year ,  rice production is d e c l i n i n g  as more f i e l d s  a r e  l o s t  t o  s a l t .  

Examples of a n t i - s a l t  d i k e s  a r e  s c a t t e r e d  around t h e  Sedhiou department. 
Some were constructed wi th  PRS t e c h n i c a l  a s s i s t a n c e ,  while o the rs  were 
completed by t h e  v i l l a g e r s  wi th  no o u t s i d e  in te rven t ion .  A t  these  sites, t h e  
demand f o r  a n t i - s a l i n i t y  d i k e s  was c l e a r l y  e x p l i c i t .  For t h e  most p a r t ,  
however, demand i n  t h e  Sedhiou department appears t o  be more i m p l i c i t  i n  
na tu re .  That is ,  t h e  need t o  a r r e s t  s a l i n e  i n t r u s i o n  is c l e a r ,  bu t  t h e  
so lu t ion  of cons t ruc t ing  a n t i - s a l i n i t y  d ikes  is n o t  a s  ev iden t  t o  farmers a s  
it is i n  western Ziguinchor reg ion .  

The Tanaf Valley i n  Sedhiou i s  a case  i n  p o i n t  of i m p l i c i t  demand. 
Within t h e  l a s t  few years ,  women i n  v i l l a g e s  a t  t h e  upstream l i m i t  of s a l i n e  
in t rus ion  i n t o  t h i s  watershed have been forced t o  abandon t h e i r  r i c e  f i e l d s  on 
t h e  va l l ey  f l o o r  and s h i f t  t o  t h e  h igher  s loping land.  Asked i f  they had 
considered const ruct ing an a n t i - s a l t  b a r r i e r ,  they  s a i d  they had heard of t h i s  
option but had never seen such a dike;  they would n o t  know where t o  p lace  a 
d ike  nor how t o  go about cons t ruc t ing  it. On t h e  o ther  hand, v i l l a g e s  a t  t h e  
bottom of t h e  m t e r s h e d  have been faced with s a l i n e  i n t r u s i o n  s i n c e  t h e  e a r l y  
1970's .  They organized an i n t e r - v i l l a g e  meeting t o  d i scuss  so lu t ions  t o  t h e  
problem but  have y e t  t o  t a k e  any a c t i o n .  These v i l l a g e s  have made t h e  
t r a n s i t i o n  from i m p l i c i t  t o  e x p l i c i t  demand. 

b .  Water Retention Dikes 

In  both Ziguinchor and Sedhiou, t h e  demand f o r  water r e t e n t i o n  d ikes  i s  
more i m p l i c i t  than e x p l i c i t .  I n  Ziguinchor, 75% of t h e  more than 100 
outstanding reques t s  f o r  a s s i s t a n c e  submitted t o  PIDAC a r e  f o r  a n t i - s a l i n i t y  
d ikes ,  n o t  water r e t e n t i o n  s t r u c t u r e s .  Only s ix  r e t e n t i o n  dikes  have thus  f a r  
been constructed under PIDAC superv i s ion .  I n  Sedhiou, r e t e n t i o n  d ikes  a r e  
even more sca rce .  

The i m p l i c i t  demand is c l e a r l y  i l l u s t r a t e d  by farmers* own e f f o r t s  a t  
developing water r e t e n t i o n  s t r a t e g i e s ,  For example, a l abor  in tens ive  system 
of digging small  ho les  t o  t r a p  ra inwater  i n  r i c e  f i e l d s  is  being p rac t i ced  i n  
both regions .  Farmers d i g  ponds roughly 75 cm i n  diameter and 25 cm deep, 
p i l i n g  t h e  s o i l  onto r i d g e s  around t h e  r i m  of each hole  t o  c r e a t e  a honeycomb 
e f f e c t .  Rice is then p lan ted  on t h e  r idges  and rainwater c o l l e c t i n g  i n  t h e  
holes  seeps i n t o  t h e  r o o t  zone of t h e  p l a n t s .  This system produces very low 
y i e l d s  because t h e  p l a n t  d e n s i t y  p e r  u n i t  a rea  is  low. 
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A further indicator of the implicit demand for retention dikes is the 
manner in which many villages choose to operate the sluice gates on their 
anti-salinity dikes. These dikes are often sited downstream of an area which 
has been lost to salt. The timing of opening and closing the gates 
recommended by PIDAC is designed to facilitate the flushing of salt from this 
area and the eventual recuperation of the land for rice production. However, 
fanners give priority to securing yields on present rice fields rather than to 
recovering fields for future use. In practice, this means using the dike as a 
retention structure. Farmers keep the gate closed to allow the impounded 
water level to reach beyond the abandoned area to higher ground, the location 
of their present fields. As a result, saline water remains standing on the 
abandoned area and the recuperation of the land is hampered. This is accepted 
by farmers in the interest of securing the present crop. 

c . Plateau Structures 

Fanners have little, if any, experience with soil and water conservation 
structures (contour berms, water diversions, etc.) on the plateaus. No 
evidence was found of any attempts by private or governmental organizations to 
introduce such structures. 

Given this situation of explicit and implicit farmer demand for anti-salt 
and water retention dikes in the valleys, the PP implementation strategy 
focuses on water management in these zones. 

The project design requires villages to initiate the process of water 
management by making a formal request for assistance to the project. In 
assessing the validity of these requests, two issues are of concern: (1) 
whether the problem identified by the village can be solved by constructing 
the type of water-control dikes proposed by the project; and (2) whether the 
request is based on a commitment to provide all requisite construction and 
maintenance labor. 

The technical viability of village requests is the subject of the 
technical analysis (Annex G.l). 

Past experience is an indicator of the varying validity of the requests 
vis-a-vis the village's commitment to provide all requisite construction ' 

labor. Some villages made requests expecting projects to provide all labor 
--they have yet to be constructed. On the other hand, the many PIDAC sites 
completed with village labor attest to the validity of these demands. 
Clearly, the validity of requests cannot be assessed simply by the village's 
written letters. One role of the Regional Water Management Teams is to 
systematically evaluate each village request through a series of 
pre-construction meetings with the village(s) concerned. 

2. Constraints 

Where implicit demand exists, the project will have to strike a balance 
between waiting for village initiated requests for assistance and developing 
farmer awareness of the options available for solving their water management 
problems. 
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The PID proposed a 
However, since not even 
conservation structures 

strategy of coordinated watershed management. 
an implicit demand exists for upland soil and water 
, any demand for these structures will have to be 

generated through an intensive program of farmer education and extension. The 
PP strategy is to introduce soil and water conservation on a pilot basis after 
the first years of the project. One approach might be to begin in one 
watershed where more than one water-control structure already exists. After 
formalizing the Village Water Management Conanittee for each structure, the 
project could facilitate communication between the committees and ultimately 
promote cooperative activities between them. Again, in achieving this 
objective, a delicate balance must be struck between promoting new 
technologies and allowing Village Water Management Committees to initiate 
their own programs. 

B. Labor Availability 

The project strategy of requiring villages to provide all non-specialized 
construction labor assumes that this labor is indeed available. Furthermore, 
for the project to achieve the objective of increased agricultural production, 
labor must be available to exploit the improved land. 

1. Validity 'of -~ssumption 

As demonstrated by the completion of numerous anti-salinity dikes by 
villagers in the project zone, labor availability for construction need not 
necessarily be a constraint to project implementation. However, the exodus of 
able-bodied adults from the rural areas is a well-documented phenomenon in 
recent master plans (i.e. Harza, 1984) and ISRA reports and a factor in the 
cycle of declining agricultural production. As rainfall levels decline, 
production yields decrease. With diminished opportunities for earning cash 
from agriculture, farmers leave in search of alternative sources of income. 
Production declines further, prompting even more farmers to leave the villages. 

The Harza Master Plan presents a comprehensive discussion of issues 
related to Diola and Handinka migration. Some of Harza's conclusions have a 
direct bearing on the availability of dry-season labor for dike construction: 

i. The objectives and destination of seasonal migrants have shifted. 
away from rural-rural migration for fishing, palm wineloil trade, 
etc., to rural-urban migration in search of wage-labor opportunities. 

ii. Seasonal migrants are staying away from the villages for longer 
periods of time, i.e. leaving earlier and returning later. 

iii. Permanent rural-rural migration appears to be increasing. Families 
are moving away from rice-growing areas to plateau areas, not for 
reasons of land scarcity, but to grow cash crops and gain access to 
what they perceive as better markets in The Gambia. 

iv. With+the trend towards smaller production units, agricultural labor 
must be hired from outside the unit. The primary source of cash to 
pay this labor is from remittances made by the unit's out-migrants. 
This reinforces the attractiveness of migration. 
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v. There is a decreasing interest in rice production due to increasing 
salinization and lower labor availability, since the returns from 
out-migration are higher than those from rice production. 

Clearly, these conclusions suggest that the project can expect to be 
confronted with a limited availability of construction labor in some 
villages. Experiences of water management projects conf inn this limited labor 
availability, particularly during the dry season when seasonal migrants leave 
the village in search of wage labor. 

To compensate for construction labor shortages, the project will provide 
basic machinery to lighten the workload; for example, a tractor-drawn plow to 
loosen the soil and a trailer to haul soil to the dike site. Furthermore, 
project assistance with dike compaction and stabilization (with laterite) will 
reduce the need for maintenance labor during the life of the dike. 

Supplemental construction labor could also be hired by the village using 
the local tax rebate (fonds de contours). These funds are returned to the 
village through the sous-prefet and are intended for use on village-based 
development projects. 

Before discussing sources of labor for exploiting improved land, a brief 
review of the changes in rice cultivation patterns over the last 15-20 years 
is helpful. In some valleys, declining rainfall levels have lead to 
progressively deeper intrusion of saline water. Each year more rice fields 
were lost to salt and farmers were forced onto the higher slopes of the 
valley. These new rice fields were either on previously cultivated cereal 
fields or on land cleared to accommodate the shifted rice cultivation. The 
use of these topographically higher fields was clearly a second choice for the 
rice farmers given their lower organic matter content and poor water-retention 
capacity. Furthermore, because the higher fields do not flood, rice farmers 
are faced with more weeding as well. In valleys where salt intrusion is not a 
problem, rice farmers have generally stayed on the topographically lower sites 
although yields declined as rainfall levels fell. 

At sites where anti-salt dikes have been constructed and previously 
saline soils recovered, the original owners have tended to shift back to the 
valley floor. No instances have been cited where this land was left 
uncultivated, since rice fanners consider it to be the superior land. Since 
the original owners of any newly reclaimed land are likely to be the ones who 
have remained in the village (because they have access to the best land), they 
will eagerly move back to their superior fields. In Diola areas, both men and 
women would shift from the uplands (i-e. crops they took on only since 
rainfall levels began to decline) to the newly productive rice fields. In 
Handinka areas, m e n  would expand their areas of rice cultivation and/or 
abandon groundnut cultivation after yields of rice become proven. Any of the 
higher land which they cannot continue to cultivate will be made available to 
potential borrowers. 

With the construction of water-retention dikes, the issue of exploiting 
the improved land does not arise because this land had not been abandoned in 
the first place. The issue is one of stabilizing and improving yields on 
already cultivated rice land. 
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Although the Harza Master Plan concluded that farmer interest in rice 
production is declining, this statement should be examined in light of the 
discussion of the preceding paragraphs. Firstly, the land to be affected by 
the project is the most desirable rice land in the watershed and will 
therefore be the first to be exploited. Secondly, although the project may 
have little immediate impact on slowing &he rate of seasonal migration, it may 
gradually have an effect on slowing the exodus of permanent migrants. 
Families with access to rice land on the valley floor, for example, may 
consider remaining behind if they anticipate improved yields. However, it 
must be stressed that although rice farmers in the saline zone have had years 
of experience with traditional dikes, the introduction of improved sluice 
gates and better dike construction techniques are relatively new phenomena. 
The impact of the project on migration patterns can only be realistically 
assessed well into the implementation phase. 

2. Constraints 

The amount of available labor varies from village to village. Therefore, 
it is impossible to have project-wide standards concerning numbers of 
participants or length of construction time. Work schedules must be 
determined on a site-by-site basis taking full account of the labor available 
to each village. This implies that the speed of development may be slower 
than what may be considered ideal. Some dikes will be over one kilometer long 
and require massive mobilization. On such dikes, progress will be slow. What 
is important is for the project Regional Water Management Teams and the 
Village Water Hanagement Committees to agree upon a work schedule and to stick 
to it. There will be delays which cannot be scheduled but can be predicted, 
such as baptisms, funerals and weddings. 

In spite of farmers' genuine efforts to provide all requisite labor for 
dike construction, there will be some villages which lack a large enough work 
force. In such cases, the project will adopt an implementation strategy 
whereby village labor capability is assessed and agreement reached on what the 
village will provide. This leaves open the possibility of villages "hiding" 
their true labor force if they know the project will meet the deficit. The 
implementation team will have to assess this situation. One possibility is to 
work first with those villages that can indeed provide the requisite labor. 
Requests from labor-poor villages could be monitored to verify a genuine 
shortage, then assisted with the deficit in later years of the project. 
Without dike construction, more land will be lost to salt forcing more people 
to leave the village, thereby further reducing labor supply. If the project 
were to assist with supplemental labor, the project could make a contribution 
to breaking the cycle of rural-urban drift. 

Although the project will minimize the amount of labor required for dike 
maintenance, emergency repairs will sometimes be required. Host likely, such 
repairs will become necessary during the rainy season when cropping activities 
are given priority. With past projects, the organization of dike maintenance 
has been difficult to achieve because discussions with fanners on the topic 
usually began only after construction was completed. The SZWHP will have few 
precedents on which to base the development of successful maintenance plans. 
The project will encourage the village to create a maintenance fund with 
contributions from land users. This practice has worked in Asia where cash is 
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regularly required to operate and maintain irrigation works. Such plans will 
be worked out with villagers and tested as the project progresses. 

A final constraint to exploiting improved rice land will appear if any 
attempt is made to promote ratoon or double cropping. Cattle are herded 
during the rainy season, but are allowed to roam freely after the first 
harvest. Herding practices would have to be modified and an appropriate 
watering source located to keep cattle from destroying the second crop. 

C'. Village Participation 

The fundamental strategy of the project is to actively involve villagers 
at all stages of project implementation, i.e. in the identification of an 
appropriate water-control strategy, site selection, construction, and resource 
management for operation and management. How feasible is this strategy? How 
realistic are project expectations in terms of village participation? Through 
vhich village organizations will the project work to ensure village 
participation? 

1. Validity of Assumption 

There are a number of traditional village institutions which are common 
to nearly all ethnic groups in Ziguinchor and Sedhiou. Their existence has 
been well documented elsewhere and include the village chief, council of 
elders, men's and women's groups of age peers, and agricultural work groups. 
What is important to note is that the strength, cohesion, dynamism, and role 
of these units vary widely from village to village. In some villages, for 
example, the chief may be the driving force behind all activities, while in 
others he is little more than a nominal and weak figure head. In the latter 
case, another charismatic individual (religious leader, progressive farmer, 
village sage, etc.) may take the de facto leadership role. 

Some villages are more fragmented than others. In more cohesive 
villages, the council of elders, with representatives from all quarters of the 
village, may indeed speak for the entire population. Often, however, extended 
family units, or wards, within a village act independently of each other and 
have separate groups of elders. These villages essentially have a multiple 
leadership, although there is almost invariably one nominal village chief.. 

The cohesion and role of the fraditional age peer groups and agricultural 
work groups also vary between villages. Age groups, for example, may consist 
of members from all village quarters or, alternatively, represent one single 
extended family ward. Their roles also differ. At one extreme, the male 
young adult group may be a loosely organized social club which sporadically 
convenes a wrestling match; or, it can be a well-structured group with a large 
collective cash fund generated from regularly hiring out the group's labor. 

Memberships of the diverse traditional village groups frequently 
overlap. For example, agricultural work groups are often subgroups of the 
larger age peer groups or can be comprised of males or fentales from different 
age groups. Rarely are men and women members of the same group, but groups of 
different sexes do work together on projects of mutual interest. 
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Organizational structures linking two or more villages have traditionally 
been somewhat informal. In pre-colonial times, the village was an autonomous 
unit, being self-sufficient in land, labor, and food. Links with other 
villages were established on an as-needed-basis; for example, to clear a road 
linking two villages or to settle land disputes. Inter-village marriages also 
facilitated conmunication. In general, this underlying organizational system 
still holds. However, as villages are no longer self-sufficient in food, and 
as the traditional economy becomes ever more market oriented, inter-village 
links become more essential and more frequent. 

Superimposed on this structure of traditional village groups is a 
plethora of more modern organizations. Some are fornlal institutions set up 
under the auspices of national government agencies while others have been 
organized by PVOs around particular development activities. The most 
predominant of these structures are the Rural Communities, rural councils, 
Centers for Rural Extension (CER), women's groups organized by the Social 
Development Ministry, producer groups organized by PIDAC, and the Young 
Fanners Association of Casamance (AJAC). These groups are described in the 
Institutional Analysis (Armex G . 5 ) .  

The strategy adopted by the project for working effectively with 
villagers is designed to build on the strengths of existing traditional and 
modern village organizations. Before honoring a village's request for 
assistance, the Regional Water Management Team will convene a series of 
general village orientation meetings -- men and women and listen to the 
villagers speak. The local president of the "ComnrunautB Rurale" and the 
sous-prefet will be invited both as a courtesy and to officially sanction the 
proceedings and outcome of the meetings. At these meetings, the team will 
att-empt to assess a number of factors: village's clarity of problem 
identification; the presence of a felt need for a particular water control 
intervention; an understanding of the proposed intervention; the solidity of 
the villagers conunitment to see the project through; their unity in this 
objective; and their ability to mobilize themselves to complete the task. 
This will often be a long and painstaking process through which agreements are 
reached on the type and location of the proposed dike (if not already started 
by the village), and the expected contributions of the village and the 
project. This pee-construction site preparation and sensitization process 
("sensibilisation") will be vital in es&ablishing an effective working 
relationship with the village. 

Once the project and village agree to work together towards a water 
management goal, the village will be required to form a water management 
conunittee. This group will become the mobilizing force of the village and the 
link between villagers and the project Water Management Team. During the 
construction phase, the committee's most important task will be to set up the 
construction work schedule and ensure the proper execution of the project's 
technical instructions. Because of the importance of having a dynamic 
committee, project staff may sometimes recommend that certain individuals who 
demonstrate exemplary leadership skills be considered as members. The final 
selection of the committee members, however, should be left entirely with the 
village. 



Southern Zone Water Hana~ement PP - Annex G.4 .  P a ~ e  11 of 14 

Given the project strategy of coordinated watershed management, the 
importance of involving all concerned villages from the onset cannot be 
overemphasized. Although one village may initiate the request for assistance, 
often a given intervention would affect the land of a number of villages. 
Unfortunate conflicts have resulted in cases where a project worked 
exclusively with one village only to find itself in the crossfire of an 
inter-village dispute. To avoid this problem, the project must establish 
during the first village meetings whether or not the land of any other 
villages would be affected by the proposed intervention. If so, those 
villages are called to participate in all subsequent meetings. All villages 
are then represented on the Water Management Committee. 

2. Constraints 

A common constraint to working with village groups, already touched upon 
in the previous paragraphs, is the varying degree of effectiveness and 
strength anlong the groups concerned. Furthermore, some villages are more 
difficult to work with than others. For example, villages which, in the past, 
have benefitted from "free" donor assistance are not interested in 
collaborating on projects contingent on village participation. Also, 
difficulties have been encountered in reaching a village consensus in 
fragmented or very large villages. 

No system has yet been introduced to quantify village labor 
contributions. Developing such a system will be an important task of the 
project implementation team. 

Experience has shown that a written contract between the project and a 
village leader carries little weight as far as villagers are concerned. The 
SZWHP will first negotiate the agreements between the project Water Management 
Team and the Village Uater Management Committee. Then, to ensure that all 
concerned villagers are behind the agreement, a general meeting can be 
convened at which the agreements are communally witnessed. Past experience 
shows that if individual names of participants are read aloud at a comunal 
gathering and each individual acknowledges concurrence with the agreements 
presented, there is a strong motivation for villagers to abide by the terms. 

The definition of sanctions against villagers who do not abide by the 
tern~s of the contract should be left entirely with the village conmiittee. 
With past projects, village-instituted sanctions have varied from a system of 
fines to no sanctions at all. Villagers know best how to mobilize their 
numbers and how to do so fairly. Once the Water Hanagement Team has 
established village readiness to embark on the project and the work schedule 
has been agreed upon, the methods of dealing with individual villagers should 
be left to the village committee. 

A number of pitfalls may lead to the breaking of agreements between 
village and project: 

Villager discouragement - -  Despite the strong motivation and comn~itrnex~t 
of villagers to complete a water-control project, there are factors which may 
lead to their discouragement along the way. For example, the construction of 
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long and d i f f i c u l t  d ikes  may s e e m  an impossible t a sk .  The Regional Water 
Hanagement Teams can a t tempt  t o  avoid t h i s  problem by suggesting s i t e s  which 
requ i re  t h e  minimum amount of work and t h e  s h o r t e s t  d i s t ance .  Also, t h e  
p r o j e c t  w i l l  provide labor-saving equipment, such a s  a  t r a c t o r  t o  haul s o i l  
and a  plow t o  make digging e a s i e r ,  t o  s impl i fy  t h e  work and encourage 
v i l l a g e r s  t o  persevere .  

Technical problems encountered dur ing const ruct ion se rve  a s  a  
d i s incen t ive  t o  v i l l a g e r s  and g i v e  rise t o  a 1ac.k of confidence i n  the 
p r o j e c t .  For example, s i t i n g  a  d i k e  on uns tab le  ground may requ i re  r e l o c a t i n g  
t h e  d ike  a f t e r  v i l l a g e  l abor  has  a l r e a d y  been invested.  The importance of 
having a  competent engineer on t h e  Water Management Team i s  c l e a r .  

Cu l tu ra l  b e l i e f s  have, i n  t h e  p a s t ,  caused v i l l a g e r s  t o  back ou t  of a  
p ro jec t .  For example, f e a r  of t h e  mys t ica l  (and phys ica l )  powers of flowing 
water could br ing cons t ruc t ion  work t o  a  s t a n d s t i l l .  

conflict in^ o r  f a l s e  information regarding t h e  p r o j e c t  o r  t h e  d i k e  may 
a l s o  lead t o  breaking cons t ruc t ion  agreements. For example, a  technic ian from 
another p r o j e c t  may have d i f f e r e n t  i d e a s  a s  t o  t h e  r i g h t  approach t o  
water-control .  Although t h e r e  may be more than one s o l u t i o n  t o  t h e  same 
problem, i n s t i l l i n g  doubt i n  t h e  v i l l a g e r s  may lead t o  breaking p r o j e c t  
agreements. Continuous d i a l o g  between p r o j e c t  and v i l l a g e  can a v e r t  t h i s  
problem. 

Lack of coordinat ion -- F i n a l l y ,  many v i l l a g e  development p r o j e c t s  may 
simultaneously compete f o r  v i l l a g e  l a b o r .  I f  a l l  in tervening p r o j e c t s  can 
coordinate t h e i r  implementation p l a n s ,  a l l  work can be e f f i c i e n t l y  completed 
with l e s s  confusion i n  t h e  v i l l a g e  concerned. 

Solut ions  t o  ensuring e f f e c t i v e  operat ion and maintenance of completed 
s t r u c t u r e s  a r e  s t i l l  evolving.  However, two elements emerge a s  c r i t i c a l .  
F i r s t l y ,  it i s  much e a s i e r  t o  s e t  up a  maintenance and operat ion system i f  
done gradual ly  throughout t h e  planning and const ruct ion phase r a t h e r  than 
wait ing u n t i l  a f t e r  cons t ruc t ion  i s  complete. Experience shows t h a t  v i l l a g e s  
t a k e  r e s p o n s i b i l i t y  f o r  operat ion and maintenance more r e a d i l y  i f  introduced 
i n  t h i s  manner. Secondly, v i l l a g e s  need i n f o ~ m a t i o n  on how t o  go about 
operat ing t h e  s l u i c e  g a t e s  and maintaining t h e  d ikes .  The p r o j e c t  e n t r u s t s  
t h i s  r e s p o n s i b i l i t y  t o  t h e  same V i l l a g e  Colmnittee charged with overseeing t h e  
const ruct ion phase. I n  t h i s  way, n o t  only  a r e  t h e  problems of operat ion and 
maintenance d e a l t  wi th  from t h e  o n s e t ,  bu t  c o n t i n u i t y  is insured between 
const ruct ion and opera t ion .  I n  support  of t h i s  s t r a t e g y ,  t h e  p ro jec t  team 
w i l l  work weekly with t h e  Water Hanagement Conunittee during t h e  year following 
const ruct ion.  Gradually,  t h e  Committee comes t o  understand t h e  consequences 
of opening and c los ing  t h e  g a t e s  a t  p a r t i c u l a r  t i m e s .  Although t h e  Conunittee 
and t h e  p r o j e c t  w i l l  n o t  always agree  on when t o  open and c l o s e  t h e  g a t e s ,  t h e  
Committee w i l l  l e a r n  t o  judge operat ion t iming t o  s u i t  t h e i r  needs. 

D .  Land Tenure System 

The p r o j e c t  land improvement s t r a t e g y  c a l l s  f o r  t h e  const ruct ion of 
water-control d ikes  which w i l l  a t  once a f f e c t  t h e  land of more than one family  
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and even more than one village. The implicit assumption is that the project 
objective is compatible with the prevailing land tenure system. 

1. Validity of Assumption 

The land tenure system is based on usufructory rights with all villagers 
having the implicit right to the use of land for subsistence. The founding 
families generally have pennanent tenurial rights over the best land by virtue 
of their early settlement in the area and their choice of the most productive 
land for clearing. Nevertheless, collective concenls are fundamental and any 
villager can at least borrow land for cultivation. 

Despite these basic rights, numerous land-related conflicts have 
emerged in the course of water-control project implementation. These 
conflicts have been of two basic types: 

o Between borrowers and original land holders -- By traditional land 
tenure law, eternal rights over land rest with the original 
tillers. With the introduction of the national land law (Loi sur le 
Domaine National), primary rights are theoretically extended to the 
current users. Although the traditional laws are still respected in 
the villages, borrowers will always wish to "own" land of their 
own. A common source of land conflict, therefore, is when borrowers 
attempt to override the traditional laws and stake land claims of 
their own. By constructing improvements such as water-control 
dikes, their status as current user is enhanced. 

o Between two villages with conflicting claims -- Often, two villages 
claim tenurial rights over the same plot of land. In cases of 
long-standing conflicts, the two villages tend to come to some sort 
of temporary settlement in the interest of peaceful co-existence; 
for example, leaving disputed land uncultivated or letting the 
conflict lie dormant. With the initiation of dike construction, 
these conflicts often resurface. 

Many of these inter- and intra-village land conflicts will be averted in 
the initial stages of implementation by the Regional Water Management Team. A 
key task for this Team is to prepare a land use and land tenure map of the 
area to be affected by the water control structure. Any land-related 
constraints to fully utilizing improved lands will also emerge and can be 
addressed from the onset of the project. Before construction begins, 
agreements will be reached among land "owners" and borrowers as to the 
post-construction use of the land. This will be a difficult process, but 
vital to project success. Although the project will not attempt to affect the 
distribution of land within watersheds, the Water Management Teams can 
facilitate discussions amongst villagers to ensure that all participants 
decide upon, understand and agree to the planned use of the land after 
construction. 
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2. Constraints 

Despite the precautions taken by the project to avert land conflicts, 
uncertainties remain about the implications of the national land law and the 
extent to which, in practice, it will override traditional law. Under this 
law, tenurial rights are based on possession of the land and on productive use 
of the land. Conflicts result when units which have long used such land 
resist their return to the traditional owners. Family units borrowing land 
also have a chance, under the same law, to be able to claim the land. 

Traditionally, land disputes have been resolved by the village council of 
elders. According to the law, civil authorities are given juridiction over 
land-related matters. With the approval of state authorities, the "ConrmunautB 
hrale" and its "Conseil Rural" could settle disputes and expropriate land. 
However, the viability of the "Conseil Rural" as a dispute-settling mechanism 
is dubious. Village chiefs and other elders who make up most of the 
membership are often not perceived as legitimate representatives of either 
production unit or village interests. The extent to which rulings by these 
bodies are respected in the villages remains to be seen. It is clear, 
however, that the threat of imposition of the national land law has resulted 
in a decreasing flexibility of loaning and pledging of land as original land 
holders become leery of losing their tenure rights. Again, the vital role of 
the project Water Management Teams in averting land tenure disputes cannot be 
overemphasized. 
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INSTITUTIONAL AND ADMIHISTRATDIE MRJQt 

I. INTRODUCTION 

Two key GOS policy decisions, contained in the New Agricultural 
Policy (NAP), have direct implications for the institutional framework of the 
SZWM Project: 

- The roles of Rural Development Agencies (RDAs) are being 
changed whereby most direct farmer services and activities are 
to be taken over by the traditional technical services, to be 
revitalized for this purpose. 

- Responsibility for rural development activities is to be 
transfered to the local cornunities with the assistance of the 
revitalized technical services, the private sector and 
voluntary organizations. 

USAID/Senegal is incorporating the NAP directives into the SZWM 
Project because: 

- working with farmers through the traditional services can pave 
the way for institutionalization and sustainability of project 
water management activities; USAID can assist the traditional 
technical services in shifting their focus from their present 
regulatory and monitoring functions towards providing 
appropriate services to rural communities; 

- the nature of the problem, protection and reclamation of 
salinized areas, has a strong element of national interest 
justifying public investment to protect an important natural 
resource base; and 

- private sector activities, including PVOs, in support of water 
management are not sufficiently established in the Casamance 
basin, but could become involved with the right technical 
support and incentives. 

x3 

The purpose of this analysis is to define a viable institutional 
framework for project implementation. Several decisions on the components of 
the institutional structure have already been taken. Firstly, funding for the 
project will be provided as a direct A.I.D. contract to an implementing U.S. 
contractor. Secondly, the GOS named the Ministry of Rural Development (m) 
as the lead institution with its Directorate of Agriculture (DA) as the lead 
implementing organization. These organizations were selected because (1) the 
goal of the project is increased agricultural production, and (2) a key phase 
of the implementation process will be agricultural extension follow-up to 
maximize the benefits from the water-control works. GOS has also appointed 
the Directorate of Irrigation and Water-Control Works (DAIH) of the Uinistry 
of Hydraulics to take responsibility for construction of water-control works 
and coordinate closely in all activities. 
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This analysis describes the present roles and organizational 
structures of these technical services and discusses their strengths and 
weaknesses vis a vis project implementation. This is followed by a similar 
discussion on other formal and informal organizations operating in the project 
area. The analysis then proposes an institutional framework for the project 
and describes the structural support for the technical services needed to 
implement the project. Finally, a strategy for ensuring post-project 
sustainability of water management activities i s  presented. 

ORGANIZATION, MANDATES AND STAFFING OF THE CORE TECHNICAL SERVICES 
WITH PRIMRY IHPLEHENTATION RESPONSIBILITIES 

A. The Re~ional Inspectorates of Agriculture (RIA) 

1. Organizational structure 

Each regional inspectorate in Senegal is divided into three 
sections : 

- Office of Program Implementation 
- Office of Studies 
- Office of Personnel and Administration 

At the department level there are Agricultural Sectors headed 
by Sector Heads. There are three departments in the Ziguinchor 
region (Ziguinchor, Bignona and Oussouye) and an equal number in 
the region of Kolda (Kolda, Velingara, and Sedhiou). 

The arrondissements are headed by the chiefs of the Centres 
d'Expansion Rurale (CER). Until recently the CERs, which regroup 
extension agents of the technical ministries, were under the 
authority of the Secretariat of Decentralization which has now 
become part of the Ministry of Interior. 

2. Mandates 

~3 The Regional Inspectorates of Agriculture are responsible for: 

- preparing and following up agricultural campaigns and surveys; 
- collecting rainfall data; 
- providing extension services to truck farmers and fruit 

producers ; 
- coupling research results to development; 
- collecting agricultural statistics; 
- conducting agricultural socio-economic surveys; and 
- training farmer groups in farming techniques and crop 

protection. 

Although the Agricultural services' staff are not charged with 
water-related infrastructure development, their training includes some basics 
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in this field. In addition, staff trained in water-control works are now 
found in the HRD because of the freeze on hiring in the HH. 

3. staff in^ and Qualifications of Personnel 

Over the past seven years, the level of education of the DA 
personnel has been of high quality and diversity. Senior agronomists, 
agro-economists and soil scientists trained in the U.S., USSR, Eastern and 
Western Ehrope, and China exist in sufficient numbers to staff leadership 
positions in the national, regional and departmental level of the Agricultural 
Services. The following table gives the number of DA staff at the national 
level. 

CATEGORY 

!Agriculture/ ! 
!Soil Science ! 76 
!----------------!---------------!--------------!---------------! 

!Ag. Economics ! 5 ! ! ! 
'----------------!---------------!--------------!---------------! 

!Hydro-technician! 6 ! ! ! 

a. Zi~uinchor Region 

Thirty of the region's staff menbers have the potential for 
participating in this project: 

* Two senior professionals (Ingenieurs de Conception) 
(Baccalaureate plus six years of vocational training): 

- Agricultural Economist (Regional Inspector) 
- Hydrotechnician, Head of Program Office 

* Six mid-lFvkl professionals wfro are heads of off ices and sectors 
(lngenieurk des Travaux Agricoles--1TA) (Baccalaureate plus three years of 
vocational training); and 

* Twenty-two extension agents (Agents Techniques d'dgricultures, 
ATA) (Brevet plus three years of vocational training) 

Extension agents are found at all administrative levels, although 
the bulk is found at the arrondissement level, the closest level to the rural 
population. There are ten arrondissements in the region. 
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b. Kolda Re~ion 

With its twenty arrondissements, the region of Kolda 
totals sixty people in the Agricultural service. This number is divided as 
follows : 

* Three senior professionals (Ingenieurs de Conception) 

- Two Agronomists (including current Regional Inspector) 
- One Hydrotechnician; 

* Six mid-level professionals (Ingenieurs des Travaux Agricoles); 

* Fifty-one extension agents (Agents Techniques d'Agriculture and Techniciens 
Horticoles). 

B. The ~egional Hydraulic Divisions (RHD) 

1. Organizational structure 

As in the case of the Agriculture services, the Regional Hydraulic 
Divisions throughout Senegal are all structured along the same pattern, each 
comprised of: 

- Regional Office of Rural Hydraulics 
- Regional Office of Hydraulic Studies 
- Regional Office of Irrigation and Water-Control Works 
- Regional Office of Urban Water Management and Sanitation 
- Regional Office of Personnel and Administration 

The Hydraulic Divisions are not staffed at the department or 
arrondissement levels, in contrast to Agriculture and many other GOS technical 
services. 

2. Handates 

The Regional Hydraulics Divisions are charged with: 

- constructing wells and boreholes; 
- m&nitoring surface and ground water levels and water quality; 

f -D - constructing irrigation and water-control works as well as rural 
infrastructure (schools, maternity facilities, storage 
facilities); and 

- controlling water quality for domestic use and standards for 
construction of drainage and sewerage systems. 

3. Staffing and Qualifications of Personnel 

As in the case of Agriculture, the educational background 
of Hydraulics personnel has greatly improved, although in smaller numbers, and 
its sources and experience have diversified. Masters and PhD degree holders 
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are found throughout the country. The following table gives the disciplines 
of HH staff for the entire country. 

CATEGORY 

! TECHNICAL ! Senior ! Professionals and ! 
! DISCIPLINE ! Professionals ! Hid-level Professionals ! 

!-----------------!---------------!--------------------------! 

! Irrig. Plan- ! ! ! 
! ning Engineer ! 2 ! ! 
l-----------------!---------------!--------------------------+ 

a. Ziguinchor Region 

The entire regional staff (including drivers and messengers) number 
eleven men: 

- No senior professionals (Ingenieurs de Conception) 
- Seven mid-level professionals (Techn. Superieurs--TS) 

(Baccalaureate plus three years) (the Inspector and the office 
heads ) 

- Four support staff (one skilled worker, two drivers, one 
messenger). 

Personnel potentially pertinent to the project are missing: senior 
hydrotechnicians and topographers. 

Q ,  

b. Kolda Region 

Compared to the rest of Senegal, Kolda is perhaps the least staffed 
region, with only two mid-level professionals currently at post. 

C. Strengths and Weaknesses of the RIAs and RHDs 

1. Qualifications and work experience of staff 

The present staff of the RIAs have the requisite formal training to 
provide assistance during the construction phase and to carry out the required 
extension services. The two hydrotechnicians (one in each RIA) are trained 
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c i v i l  engineers  and t h e  a g r i c u l t u r a l  agents  (posted t o  t h e  CERs) have r e l e v a n t  
a g r i c u l t u r a l  vocat ional  t r a i n i n g .  However, t h e r e  a r e  s e r i o u s  c o n s t r a i n t s  t o  
r e ly ing  on these  personnel f o r  p r o j e c t  a c t i v i t i e s :  

- The p re sen t  workload of R I A  personnel ,  i f  a c t u a l l y  executed i n  
i ts  e n t i r e t y ,  l eaves  l i t t l e  t i m e  f o r  p r o j e c t  a c t i v i t i e s .  The 
a v a i l a b l e  a g r i c u l t u r a l  agents  a r e  a l r e a d y  f u l l y  engaged i n  d a t a  
c o l l e c t i o n  and a g r i c u l t u r e  campaigns f o r  t h e  R I A  during t h e  
cropping season. The mid-level p ro fe s s iona l  s t a f f  have heavy 
admin i s t r a t i ve  r e s p o n s i b i l i t i e s .  S ince  adding pro jec t - re la ted  
a c t i v i t i e s  t o  t h i s  workload is n o t  f e a s i b l e ,  more personnel 
w i l l  be needed t o  absorb e i t h e r  t h e  new p r o j e c t  a c t i v i t i e s  o r  
t h e  e x i s t i n g  R I A  t a s k s .  

- Neither t h e  hydrotechnicians nor  t h e  a g r i c u l t u r e  agents  have 
s u b s t a n t i a l  work experience r e l e v a n t  t o  water management o r  t h e  
operat ion and maintenance of water-control  s t r u c t u r e s .  

- Some of t h e  s k i l l s  v i t a l  t o  p r o j e c t  implementation -- f o r  
example, s o i l  and water management, land reclamation,  and r u r a l  
sociology -- a r e  n o t  represented a t  t h e  R I A s .  

The Hydraulic Divis ions a r e  weaker than t h e  R I A s  i n  f i e l d  experience 
and l e v e l  of s t a f f i n g .  Neither r eg iona l  s e r v i c e  has  any p r a c t i c a l  experience 
i n  construct ing and opera t ing  water-control  s t r u c t u r e s .  Furthermore, t h e  two 
se rv i ces  a r e  c u r r e n t l y  s t a f f e d  with mid-level p r o f e s s i o n a l s  who do no t  have 
t h e  expe r t i s e  needed f o r  watershed planning ( t h e  TS can only  execute planned 
cons t ruc t ion  a c t i v i t i e s ) .  Surveyors and cons t ruc t ion  engineers  a r e  no t  
p re sen t ly  posted t o  e i t h e r  r eg iona l  s e r v i c e s .  

Despite t h e  s t a f f i n g  weaknesses of t h e  R I A s  and RHDs, t h e  team 
be l ieves  t h a t  t h e r e  a r e  workable s o l u t i o n s  f o r  overcoming t h e s e  shortcomings. 
For example, some of t h e  q u a l i f i e d  personnel  employed wi th in  these  na t iona l  
s e rv i ces  a r e  p re sen t ly  underemployed. Given GOS commitment t o  t h i s  p r o j e c t ,  
it should be q u i t e  f e a s i b l e  t o  redeploy some of t h i s  s t a f f  t o  t h e  regional  
s e rv i ces  a t  Ziguinchor and Kolda. 

2 .  Log i s t i c s  and Operat ional  Budgets 

Inadequate l o g i s t i c a l  support  and opera t ing  budgets a r e  two of t h e  
major c o n s t r a i n t s  of t h e  GOS t echn ica l  s e r v i c e s .  Rather than  present ing t h e  
l o g i s t i c a l  and budgetary problems of a l l  t h e  s e r v i c e s ,  a review of t h e  

ir s i t u a t i o n  a t  t h e  Ziguinchor R I A  w i l l  s e r v e  t o  i l l u s t r a t e  t h e  cons t r a in t s .  

The e n t i r e  R I A  of Ziguinchor has  only  f o u r  vehic les :  one pick-up 
(1984), two four-wheel d r i v e  (19851, and one s t a t i o n  wagon. The opera t iona l  
budget of t h e  R I A  is below minimum requirements.  Fuel a l l o c a t i o n  amount t o  
CFA 4,198,000/year while  only CFA 50,00O/year is a l l o c a t e d  f o r  t r a v e l  expenses. 

To complicate ma t t e r s  even f u r t h e r ,  c u r r e n t  GOS procedures do n o t  
permit t r a n s f e r  of money from one l i n e  item t o  another .  Some l i n e  items a r e  
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over-budgeted (electricity, water, and telephone) and others are in chronic 
deficit. The RIAs have no control over their budgeting process, since their 
budgets are prepared by the National Directorate in Dakar and the input from 
RIA staff seems to be ignored. 

The project cannot count on the current logistical and financial 
resources of the traditional services to function. The project will have to 
provide logistical support as well as fuel for at least three years of the 
project life, and USAID will insure that the GOS will take over operational 
costs from year four and throughout. 

OTHER FORMAL UJD  INFO^ ORGANIZATIONS IN THE PROJECT ZONE 

There are a number of formal and informal organizations and 
structures with which the project can work to reach the local population. 

Both formal and informal organizations can be partners in the 
project's objective to mobilize, organize, and train the local communities in 
water management techniques (including operation and maintenance of 
water-control structures). However, no one organization can be drawn upon to 
meet all the project's needs in these areas. In some cases, project 
efficiency may be enhanced by working with organizations which have 
established productive links with villages participating in project water 
management activities. On the other hand, where villages have had 
unsuccessful experiences with particular organizations, involving those 
organizations in project activities would have detrimental consequences. 
Furthermore, many of the organizations cited above are faced, to varying 
degrees, with the same logistical and financial problems as the RIAs and 
RHDs. For the project to have productive working relationships with such 
organizations, some resources may have to be provided. 

Among the formal organizations there are: the Regional Services of 
the Ministry of Social Development; Centres dVExpansion Rurale (CER); and the 
Local Development Committees (LDC). The major non-GOS structures include: the 
private sector; CADEF; AJAC; ALUCER; Women's Group; and the Peace Corps. 

A. GOS Organizations and Structures 

f t  1. Social Development Service 

The Ministry of Social Development is represented throughout the 
administrative divisions of each region. It has over 42 staff in the region 
of Ziguinchor and about 50 in the Kolda region. Although all staff from the 
Social Development Ministry are familiar with village extension methods, the 
most qualified personnel for project purposes are the group and village 
organizers as well as coordinators for women's activities. They have been 
able to organize about 500 women's groups and youths in the Ziguinchor region 
and more than 200 in Kolda. Discussions with local authorities and PVOs 
(ENDA, CARITAS) attest to the aggressive campaigning and mobilizing approach 
of the women's group organizers. 
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2. Centres d'Expansion Rurale 

This GOS structure was under the Secretariat for Decentralization, 
which has been incorporated into the Ministry of Interior. 

The CERs are multidisciplinary teams representing the technical 
services at the arrondissement level. They have two major roles: (1) 
providing technical assistance and follow-up to development actions of the 
local communities, ( 2 )  organizing consciousness-raising campaigns 
(reforestation, vaccination campaigns, etc.) and training villagers in 
agricultural and crop protection techniques, health, literacy, truck-farming, 
etc. They also help villagers prepare projects of communal interest and 
value, and provide guidance in Rural Council budget formulation. 

The CERs are under the line authority of the sous-prefects. Formal 
approval of these authorities have to be obtained prior to CER participation 
in any activity in the arrondissement. The team feels that this will not be a 
major problem after sous-prefects' cooperation is obtained by decision-makers 
in Dakar through the regional governors. Furthermore, when the project works 
in a given area, the local sous-prefect and CERs will be invited to 
participate in planning with village organizations. 

3. cornitis Locaux de DQveloppement (CLD) 

These committees are headed by the sub-prefects and are comprised of 
the heads of the CERs and the elected Presidents of the Rural Councils. 

The CLDs will facilitate contacts with the villagers and canvas for 
effective organization of the local communities. 

B . Non-GOS Structures 

1. The Private Sector 

There are no private enterprises in the two regions that could 
provide technical services or logistical support to the project. Such 
enterprises exist only in Dakar, but can be utilized to work throughout the 
country. The 'project will stimulate the interest of local intitiatives in 
offering co&kuction and/or other services applicable to project activities. 

2. Cornit6 d'Action pour le DQveloppement du Fo~ny (CADEF) 

Created in 1983, CADEF, a former association, has a membership of 
over 3,000 individual fanners, men and women. Its areas of influence cover 
all the villages in the arrondissement of Sindian in the Bignona Department 
and some villages in the Tenghory arrondissement, also in the same 
department. Its activities include anti-salt dike construction with 
assistance from PIDAC (Sue1 and Bougoutoup), well-digging, agriculture/truck 
farming, artisanal metal works and training (literacy, ironworks, health care, 
etc.). CADEF relies, first and foremost, on the labor of its members and 
their financial contributions; membership fees of CFA 1,000 per person were 
collected at its founding. 
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CADEF also receives assistance from PVOs. It received financial and 
material help from a French voluntary organization, CIEPAC (for spades, 
wheelbarrows, cement and mason's fees) during the construction of the 
anti-salt dikes. CADEF had already mobilized, organized and started 
construction before receiving this assistance. CADEF also received technical 
assistance from Church World Service in well-digging and from EElEA in 
literacy, marketing, accounting and health care training programs. 

This association of farmers can be a real moving force for projects 
and offers a basis for sustainability of project activities which may be 
initiated in Sindian or Tenghory. 

3. Association des Jeunes A~ricultuers de la Casamance (AJAC) 

AJAC was created in 1974. It has about 50,000 individual members 
(all active farmers) in 722 separate groups throughout the Ziguinchor region 
and in the Sedhiou department of the Kolda region. AJAC is now divided in two 
rival groups both maintaining the same name. Both are active. Their 
activities are varied but are generally concerned with improving the living 
conditions of their farmer communities. 

AJAC members have interest and some experience in anti-salt dike 
construction in Bona, Djiragone, Djidjipoune and Bacoundine. Members provided 
labor and bought the services of a private constructor to do the engineering 
works. 

4. Association pour la Lutte Contre 1'Exode Rural (ALUCER) 

The Association, based in Hadina-Faracounda (arrondissement of 
Marsassoum, department of Sedhiou), has more than 2,000 members in 34 farmer 
groups. ALUCER has a high level of organizational and mobilization capacity. 
It is supported by the French PVO, Association Fran~aise des Volontaires du 
Progrk (AFVP) which provided (and continues to provide) technical assistance 
for construction of anti-salt dikes and sluice gates. Discussions with the 
President of ALUCER and a member of AFVP indicate that the project may be able 
to work closely with this group. 

>5. Women's Groups and Associations 
C 3 

There is widespread recognition that women's groups are the most 
dynamic organized force in both regions. They are present in all development 
activities and participate in the most difficult infrastructure works. As 
mentioned earlier, they form a network throughout the Lower, Middle and Upper 
Casamance . 

6 .  Peace Corps (PC) 

The Peace Corps is now finalizing its Africa Food System Initiative 
Program. Two regions in Senegal, Ziguinchor and Kaolack, will benefit from 
it. This program will place Peace Corps Volunteers in the Bignona 
department. PC will recruit volunteers with training and skills in 
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construction and agriculture. Conditions to having PC collaboration in this 
project are being discussed between the three concerned parties: GOS, USAID 
and Peace Corps. The Peace Corps is also planning to place up to four 
volunteers, beginning at the end of 1988, in the Sedhiou department which is a 
project zone. 

INSTI!WTIOHAL FRAMEWORK OF !EHE PROJECT 

The institutional framework chosen for the project must facilitate 
the realization of the project purpose. 

A key strategy for implementing the project is to work closely with 
villagers on planning, siting, and constructing water control works as well as 
having villagers take full responsibility of the operation and maintenance of 
these structures. Project success will greatly depend on the capability of 
its institutional structure to facilitate productive project-village dialogue. 

In addition to building village capability for water management, the 
institutional structure must strengthen the traditional technical services in 
this area. In particular, the organizational structure must include 
appropriate decision-making procedures, clearly defined roles, 
responsibilities, and lines of authority within the project, adequate 
logistical support, and appropriate training of personnel. 

The core structure of the project must be kept streamlined. A 
number of administrative and logistical constraints exist which need to be 
resolved if the project is to perform well. The sustainability of project 
activities after project completion depends on this performance. 

A. Project Institutional Organization, Management and 
Administration, Staffing and Major Roles of Staff 

The Directorate of Agriculture and the Regional Inspectorates are 
key elements in the project institutional structure. The DA and the RIAs will 
work closely and collaboratively with the DAIH and the RHD of the Ministry of 
Hydraulics (PPH). At the national level, a Technical Committee which will 
comprise the DA, DAIH, and USAID, will be set up. This National Technical 
Committee wil'meet twice a year to address policies and implementation 
issues. In'each region, the RIAs and RHDs will form a Regional Technical 
Committee (CTR). In addition, two new structures will be created for project 
implementation: 

- Project Management Unit (PHU) 
- Regional Water Management Teams (RWHT) 

The project organizational chart is found on page seven of the PP. 

The selection of the regional organizational structure described 
above was made after careful weighing of the strengths and weaknesses of four 
possible models for project implementation: 
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Model 1: the selected model appears to be a workable trade-off to 
Model 3, even if it entails higher operational costs than Model 2, with the 
creation of two teams in lieu of one. It has the following advantages: 

- reflects administrative realities; 
- limits implementation problems and personal conflicts; 
- creates teams which are more integrated in their regional 
services as they would be more likely to continue to operate 
after the project terminates, given the appropriate means; and 

- gives more participatory role to the Heads of FUiDs. 

Model 2: establishment of a similar PMU structure as in Model 1, 
with only one inter-regional team and one Inter-regional Special Technical 
Committee. While it has the major comparative advantage of reducing the 
overhead costs with the creation of one team, it turned out to be the least 
viable of the four because: 

- an inter-regional team and an inter-regional comittee would not 
reflect administrative realities; Kolda and Ziguinchor are two 
separate administrative divisions with their own budget cycles and 
control mechanisms. 

- an inter-regional comittee would: a) be costly because of expenses 
incurred during various committee sessions; b) waste time in long 
debates; and c) result in "regionalist" tendencies that could 
deflect from real implementation issues. 

Model 3: the same structure as in Model 1, but with only the RIAs 
having implementation and coordination responsibilities. This model seems to 
conceptually be more workable than the selected model in that (1) it assigns 
program coordination and implementation responsibilies to one person rather 
than two, and (2) it reduces 'the risk of conflicts between two individuals who 
have so far had equal status. Such model was abandoned because of the 
necessity to have the RHD heads participate more effectively in the project. 

Model 4 :  the same as Model 1, except the position of the Project 
Manager is assigned to the RIAs. This model cannot accommodate the intensive 
coordination required for start-up, which would require 100% of the two RIA'S 
time. 

f > 

1. The Office of the Director of A~riculture 

The Director of Agriculture will be the principal coordinator at the 
national level, coordinating project activities requiring central Ministry 
attention. He will negotiate the reassignment of require staff from DA, 
negotiate the provision of services (through covenants/contract) by GOS 
services such as ISRA and the private sector, and work closely with the USAID 
officials. Before project start-up, DA will obtain official recognition of, 
and support for, project activities by the regional administrative authorities 
(Governors, Prefects and Sous-Prefects). 



Southern Zone Water Management PP - Annex G.5.  P a ~ e  12 of 19 

To avoid implementation delays, full delegation of authority will be 
given to the Project Management Unit. The Director of Agriculture and USAID 
will be kept current of project activities and progress through periodic 
reports, and will be advised of implementation problems which are to be 
resolved at higher levels. 

2. Re~i~nal Technical Committees (RTC) 

Each region's RTC will be composed of: the Regional Agriculture 
Inspector and the Regional Head of Hydraulic Division. The RTCs will be 
chaired by the Project Director. 

The Regional Agriculture Inspectors and RHD Heads will participate 
in implementation planning. They will be directly responsible for the 
execution of planned programs, supervision of the technical teams and 
coordination with counterparts in Social Development and Public Works. The 
RTCs will also liaise with the Comit6s R6gionaux de DBveloppement (CRDs) to 
obtain administrative support as well as assistance in resolving 
implementation problems. The RTCs will keep the CRDs informed of project 
progress. 

3. Project Management Unit (PHU) 

The PMU will be responsible for planning, contracting, 
administrative supervision, monitoring, research, evaluation and financial 
activities. 

The Pml will be comprised of a Project Director (PD), appointed by 
the Director of Agriculture, and the U.S. contractors, representing the firm 
awarded the direct USAID contract. 

The Project Director will be a senior agronomist from the DA who 
will work with the project for two to four years, then hand over 
responsibility to the Regional Inspectors of Agriculture and RHD chiefs. The 
team believes that the presence of the PD is needed at the onset of the 
project, when coordination activities are most intense, to (1) coordinate 
between the regions and with Dakar; (2) facilitate financial disbursement; (3) 
manage contracts with other institutions; (4) establish operating policy and 
management pra~tices; ( 5 )  build the regional teams; and ( 6 )  help shield the 
project fro%putside direct intervention. However, it is quite clear that the 
PD's presence will initially limit the role and responsibilities of the 
Regional Agriculture Inspectors and RHD chiefs, in taking initiatives on 
management and administrative coordination. To lay the foundation for smooth 
continuation of activities after the project is completed, it is essential 
that the Regional Inspectors and RHD chiefs be involved in PHU activities from 
project inception. 

The Chief of Party will be responsible for contract administrative, 
financial and procurement matters. All long-term advisors will report to the 
COP. 

S/He will receive backstopping from the USAID controller and the 
Supply Management Office (SMO) when necessary. The GOS Project Director will 
be associated in all the management aspects of the project. Local support 
staff will be recruited for administrative tasks. 
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4 .  Water-Hanagement Teams 

A permanent Water Management Team will be established in each 
region. Each team will be comprised of a Hydrotechnician, Agronomist/Soil 
Scientist, Topographer, and a Village-Project Liaison Officer. All team 
members will be professional and mid-professional civil servants posted in the 
regions and paid by the HRD and MH, and assigned to the project activities on 
a full time basis. 

The role of regional Water Management Teams as the link between the 
project and villagers is essential. Recognizing the vital importance of the 
preliminary village-project dialogue, each team will enlist the participation 
of dynamic extension workers and members of village associations in 
establishing village water management committees. The team's Village Liaison 
Officer will take the lead role in this effort. To be effective in their 
roles, the Liaison Officers must be fluent in the Casamance languages and 
preferably be natives of the region. 

The teams will be charged with a number of specific tasks, namely to: 

- organize villagers to plan and implement water management 
interventions; 

- assist villagers to clarify their needs and determine the village's 
readiness to embark on a water management project; 

- work with the village to select a construction site which is both 
acceptable to the village and technically feasible; 

- collect baseline data needed to determine land tenure arrangements, 
quantify the villages contribution to the project, anticipate any 
constraints to the effective completion of the water-control 
structures, and to ensure the productive use of the scheme after 
completion; 

- supervise the construction of the water-control works; 

- work with the village on post-construction operations and 
maintenance of the structures; and 

d. .> - help integrate production technologies with improved water control. 

Both teams will be assisted by the Water Resources Engineer and 
other technical advisors. 

The technical assistance effort will be oriented toward training the 
Senegalese Water Management Teams in watershed planning, construction of 
water-control structures, post-construction water utilization, and techniques 
for effective formation of Village Water Management Committees. 
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5. Vi l lage  Water Management Conunittees 

Each p r o j e c t  v i l l a g e  w i l l  b e  charged with s e t t i n g  up a Water 
Management Conanittee. It i s  t h i s  group t h a t  w i l l  be  t h e  mobil iz ing f o r c e  of 
t h e  v i l l a g e  and t h e  l i n k  between t h e  v i l l a g e r s  and p r o j e c t  Water Management 
Teams. During t h e  cons t ruc t ion  phase, t h e  Corn i t t ee ' s  most important t a s k  
w i l l  be  t o  set up t h e  cons t ruc t ion  work schedule and ensure  t h e  proper 
execution of t h e  p r o j e c t ' s  t echn ica l  i n s t r u c t i o n s .  The success  of t h e  p r o j e c t  
w i l l  hinge on these  Committees and t h e  e f f e c t i v e  leadersh ip  of the  Committee 
members. 

Some of t h e  p r o j e c t  s i t e s  w i l l  undoubtedly involve more than one 
v i l l a g e .  Therefore, it is e s s e n t i a l  t o  ensure t h a t  each v i l l a g e  concerned i s  
represented on t h e  committee. 

B.  P ro j ec t  Location 

The p ro j ec t  Management Un i t ' s  main o f f i c e  w i l l  be  i n  Ziguinchor. It 
w i l l  r e n t  o f f i c e  space nea r  t h e  R I A  and t h e  RHD headquarters  (both share t h e  
same premises).  The Water Management Teams w i l l  be  based a t  t h e i r  respec t ive  
R I A  and RHD headquarters.  This  w i l l  e n t a i l  extension and r e h a b i l i t a t i o n  of 
t h e  R I A  and RHD o f f i c e  f a c i l i t i e s .  

The choice of Ziguinchor is based on l o g i s t i c a l  convenience: 
frequency of a i r  t r a v e l ;  communications a v a i l a b i l i t y  and r e l i a b i l i t y ;  more 
housing f a c i l i t i e s  f o r  TAs; o f f i c e  space; educat ional  f a c i l i t i e s  f o r  GOS s t a f f  
f ami l i e s ,  and; t r a v e l  d i s t a n c e  of less than two hours between Ziguinchor and 
most proposed e a r l y  p r o j e c t  a c t i v i t i e s .  It w i l l  a l s o  permit  b e t t e r  
communication and coordinat ion with ISRA on appl ied research  and environmental 
monitoring. 

The team has an t i c ipa t ed  t h e  p o t e n t i a l  inbalance such a loca t ion  may 
c r e a t e  i n  favor  of Ziguinchor. With t h e  proximity of t h e  P r o j e c t  Management 
Unit ,  t h e r e  i s  a f e a r  of a l l o c a t i n g  more of t h e  p r o j e c t  a t t e n t i o n  and 
resources t o  t h e  team i n  Ziguinchor,  with quicker  r e so lu t ions  of t h e i r  
implementation problems. 

A second f e a r  i s  t h a t  t h e  Agr i cu l tu ra l  Inspec tor  of Kolda may be 
l e s s  involved i n  t h e  decision-making process  and gain less p r a c t i c a l  
experience Ffr" coordination than  h i s  counterpar t  i n  Ziguinchor through t h e  
on-going supervision and support  of t h e  P ro j ec t  Management Unit.  

The team is conf ident  t h a t  t h e s e  d i f f i c u l t i e s  can be a l l ev i a t ed  by: 
( a )  e s t ab l i sh ing  weekly coordinat ion meetings between t h e  P ro j ec t  Management 
Unit and t h e  two Inspec tors  during t h e  f i r s t  s i x  months t o  one year  from 
p r o j e c t - s t a r t ,  t o  b e t t e r  involve  t h e  Inspec tor  of Kolda; (b)  programming 
pe r iod ic  v i s i t s  of t h e  P r o j e c t  D i rec to r  and Financia l  Cont ro l le r  t o  Kolda; and 
( c )  organizing in t e r r eg iona l  t r a i n i n g  se s s ions  t o  address  technica l  and 
implementation i s sues .  
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CONSTRAINTS TO PROJECT IHPLEXENTATIOU 

A. Personnel Mana~ement-Related Issues 

There are three major personnel management issues that may have 
detrimental impact on project efficiency if not addressed before project 
start: (a) GOS policy on travel authorization; (b) inconsistency between 
project staffing needs and the GOS policy on civil servant posting; and (c) 
GOS policy on salary supplements. 

I. GOS Travel Authorization Policy 

This policy requires all civil servants travelling outside their 
administrative boundaries, or with SO-registered vehicles, to have a travel 
authorization (ordre de mission). This must be approved by Service Heads and 
their lead ministers or designees, if concerning civil servants posted in 
Dakar, or by the Governor for personnel serving in a region. 

Conformance to this policy by the Water Hanagement Teams, Regional 
Agriculture Inspectors and Hydraulic Division chiefs implementing the project, 
will undoubtedly inhibit project activities. 

The team suggests that (1) arrangements be made to delegate 
authority for signing travel authorization for the Water Management Teams to 
the Project Director or RIAs and RHD chiefs and (2 )  the Regional Inspectors 
have blanket authority from the Governors to travel for project activities. 

2. GOS Policy of Staff Reassi~rment 

GOS policy usually grants a request for reassignment to any civil 
servant who has served two years at post. Although not strictly adhered to, 
this policy may affect project continuity and efficiency if team members are 
to be transferred simultaneously, one or two years after project start-up. 
This may cause problems since there is no guarantee that the reassigned 
person(s) will be replaced and on time. 

It is, therefore, important for the project to ensure that: (1) 
assigned personnel will remain for at least two years; and ( 2 )  a maximum of 
one-third of the team will be reassigned at a time. The project must see to 
it that training of the new-comers is efficiently integrated into project 
activities, and that a core group will remain to facilitate the training of 
new arrivals. 

3. GOS Indemnity Policy 

Projects have customarily paid salary supplements and/or allowances 
to civil servants, to bring their salaries closer to those paid to their 
counterpart contractors. 

The current USAID policy forbids salary supplements and allowances 
on all its projects. USAID considers civil servants assigned to a project as 
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performing their regular duties. The only type of monetary rewards permitted 
under this policy are performance awards for outstanding administrative or 
technical accomplishments. This could represent up to 25% of the annual 
salary of the recipient. 

The GOS policy poses a problem of motivation for the "personnel 
affect6" of the technical ministries since other projects in the region offer 
considerable salary supplements. 

The coexistence of the project with three other projects -- DERBAC, 
PRIMOCA, and the BOAD-financed project at Tendouck -- all of which offer 
substantial salary supplements, allowances and fringe benefits, will make 
staffing of this project more difficult. The table below gives an indication 
of the salary supplements and per diem rates of DERBAC and the Tendouck 
project. PRIMOCA has not officially announced its rates, but has a conunitted 
policy of salary supplements. 

.................................................... 
! SALARY SUPPLEMENTS ! PER DIEM ! 
! (CFA/month) ! (CFA/day) I 

There is no easy solution, given the GOS policy, and the Senegalese 
civil servants' attempts to find ways to supplement their relatively low 
salaries compared to the current cost of living. The team can only suggest 
ways to allwiate implementation problems. One suggestion is that assignment 
to the project technical teams be fairly and thoroughly discussed with 
proposed incumbents. They must be informed of conditions of assignment and 
accept it without being forced. The second suggestion relates to the 
performance awards scheme. If awards are 25% of present GOS salaries, it 
becomes clear that awards will be low. For instance, a GOS professional at 
CFA 110,000/month (realistic salary of project staff) would be awarded 
330,00O/year. His counterpart in DERBAC, earning 158,00O/month, will receive 
900,000 to 1,200,000 per year in salary supplements. The team suggests that 
the Mission review its performance awards system to make it more attractive 
while remaining within its regulations. 
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B.  L o ~ i s t i c s  

The lack  of l o g i s t i c a l  support  t o  GOS t e c h n i c a l  s e rv i ces  i s  common 
knowledge and does n o t  need t o  be  documented f u r t h e r .  The very scarce  
l o g i s t i c a l  resources a r e  managed i n  pools .  Fue l ,  i f  a t  a l l  ava i l ab l e ,  is  
ra t ioned  by t h e  Governors, P r e f e c t s ,  Sous-Prefects o r  t h e i r  designees.  

The p r o j e c t  w i l l  have t o  be  l o g i s t i c a l l y  s e l f - s u f f i c i e n t ,  both i n  
terms of t r anspor t a t ion  of p r o j e c t  s t a f f  and i n  a s s i s t i n g  v i l l a g e s  i n  
obtaining cons t ruc t ion  equipment and t r a n s p o r t i n g  bui ld ing  ma te r i a l .  

Theore t ica l ly ,  t h e  p r o j e c t  should be  a b l e  t o  borrow and/or r e n t  
cons t ruc t ion  and t r anspor t a t ion  equipment from two e x i s t i n g  sources: 
SOHIVAC, which r e n t s  ou t  heavy and l i g h t  equipment (bul ldozers ,  g raders ,  
t rucks ,  pneumatic compactors, c a t e r p i l l a r s  e t c . ) ,  and t h e  GOS regional  
s e rv i ces  of Publ ic  Works which provides a s s i s t a n c e ,  though r a r e l y ,  t o  t h e  
l o c a l  conununities. 

Reliance on t h e s e  l o c a l  sources may pose s e r i o u s  problems. With 
t h e  DERBAC p r o j e c t  i n  p l ace ,  demand on SOHIVAC w i l l  be  high.  A s  f o r  t he  
Public  Works, t h e  p r o j e c t  can hard ly  r e l y  on t h e i r  equipment because of t h e i r  
normal workloads and, i n  t h e  case  of Kolda, t h e i r  f u t u r e  involvement with t h e  
PRIHOCA p r o j e c t  cons t ruc t ion  a c t i v i t i e s  i n  t h e  Sedhiou department. 

Although t h e s e  sources a r e  n o t  e n t i r e l y  e l imina ted ,  t h e  p ro j ec t  
w i l l  r e l y  on p r i v a t e  sources a t  t h e  n a t i o n a l  l e v e l  f o r  e a r t h  moving, 
t r a n s p o r t ,  and cons t ruc t ion  of s l u i c e  g a t e s .  

The p r o j e c t  w i l l  purchase t r a c t o r s  and t r a i l e r s  t o  a s s i s t  farmers 
t o  move d ike  ma te r i a l .  

I t  is v i t a l  t h a t  t h e  PMU has con t ro l  over  u se  of i t s  vehicles  and 
o ther  equipment. The USAID vehic le  p o l i c y  makes it mandatory t o  r e g i s t e r  
p r o j e c t  vehic les  (TA vehic les  excepted) i n  t h e  SO category.  This w i l l  pose 
dangers f o r  p r o j e c t  e f f ec t iveness  un le s s  USAID n e g o t i a t i o n s  f o r  a  protocol  
agreement, p lac ing  t h e s e  vehic les  exc lus ive ly  under p r o j e c t  con t ro l ,  is 
concluded. A condit ion precedent  has  been included i n  t h e  grant  agreement 
concerning t h i s  problem. F a i l u r e  t o  reach agreement leaves  no a l t e r n a t i v e  
bu t  t o  r e g i s t e r  p r o j e c t  veh ic l e s  and m a t e r i a l  under TT category t o  prevent 
t h e  vehicles,.$rom f a l l i n g  i n  t h e  GOS motorpool and being used f o r  purposes 
unre la ted  t o  t h e  p r o j e c t .  

PROJECT SUSTAINABILITY: PROPOSED COVENANTS. COUDITIONS, 
AND POLICY DIALOGUE 

The s u s t a i n a b i l i t y  of p r o j e c t  a c t i v i t i e s  is predica ted  on t h r e e  key 
assumptions: 

- t h e  l o c a l  populat ion w i l l  assume r e s p o n s i b i l i t y  f o r  
maintenance and opera t ions  of t h e  cons t ruc ted  works, w i l l  u s e  
t h e  a v a i l a b l e  water more e f f i c i e n t l y ,  and w i l l  have increased 
r i c e  production; 
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- the traditional technical services of Hydraulics and 
Agriculture will be technically experienced in collaboratively 
planning and executing these activities at new sites in their 
respective regions after the project terminates; 

- The WRD and the HH will continue to provide salaries and 
operating expenses to watershed management activities. 

A .  Constraints 

Assuming that the project has successfully enlisted village 
participation through an appropriate "sensibilisation" process, there should 
not be any technical nor social constraints to the villagers' maintaining and 
operating constructed works. The structures will be designed such that they 
will be simple to maintain and operate. 

To ensure project sustainability, it will be necessary to 
institutionalize project activities within the traditional technical 
services. Two key elements leading to the achievement of this goal concern 
present GOS personnel and budgetary policies: 

- the need to maintain the personnel necessary for the technical 
teams for a sufficient period of time to allow continuity of 
water management activities, i.e. to allow newcomers to be 
trained by experienced team members; and 

- resource (vehicles, fuel, operating budget, etc.) management 
and control must be vested in the technical services, not in 
an administrative pool. 

Hindering the enactment of the first element is the GOS policy, 
identified earlier in relation to project implementation, of reassignment of 
civil servants. This policy will, as in the project implementation phase, 
constitute a stumbling block to the permanent establishment of water 
management expertise in the technical services of Agriculture and 
Hydraulics. This source of technical assistance is needed to meet the local 
population's demand for construction and repair of the water-control 
structures. , 

+? 3 

The second element needed to ensure sustainability concerns not 
only this project, but has implications for the sustainability of all 
donor-financed projects. It concerns GOS' inability, or perhaps its lack of 
real commitment to provide for the continuity of project activities after 
donor support ends. 

Better and more flexible administrative regulations to logistically 
support the Water Management Team's activities, the necessary reallocation of 
budget line items, and appropriate disbursement procedures, will be required 
to continue project activities. 



B. Condition Precedent (CP), Covenants, and p o l i c y  
D i a l o ~ u e  Proposed 

Two covenants and one CP must be  negot ia ted  wi th  t h e  GOS. The 
f i r s t  covenant would r e q u i r e  GOS t o  ensure t h a t  cons t ruc t ion ,  maintenance and 
operat ion of water-control works, a s  w e l l  a s  improved water management 
s e rv i c ing ,  become p a r t  of t h e  mandates of t h e  r eg iona l  s e r v i c e s  of 
Agricul ture  and Hydraulics.  Furthermore, GOS must guarantee t h a t  q u a l i t y  
s t a f f  be assigned t o  t h e s e  se rv i ces  and remain i n  p lace .  

The second covenant would a s c e r t a i n  t h a t  a d d i t i o n a l  f i n a n c i a l  
resources a r e  made ava i l ab l e  through t h e  use  of t h e  "Fonds d e  Concours", 
granted t o  t h e  q u a l i f i e d  Rural Councils,  i n  add i t i on  t o  v i l l a g e s '  l abor  
cont r ibu t ion  t o  f inanc ing  water-control s t r u c t u r e s .  J o i n t  s tudy of o the r  
ref lows t o  support  water con t ro l  works should t ake  p l ace  i n  year t h r e e  of t h e  
p r o j e c t  . 

The CP should ensure t h a t  t h e  GOS would t ake  over recur ren t  
operat ing c o s t s  ( f u e l ,  r e p a i r  and per  diem) a f t e r  p r o j e c t  year t h ree .  This 
i s  t o  prepare t h e  smooth t r a n s i t i o n  from t h e  with-project  t o  without-project 
s i t u a t i o n .  

I n  add i t i on  t o  t h e  above, a po l i cy  dialogue with t h e  GOS should 
begin t o  ensure t h a t  t h e  GOS w i l l  conunit i t s e l f  t o  providing adequate 
l o g i s t i c a l  support  t o  t h e  t r a d i t i o n a l  t echn ica l  s e r v i c e s  and t o  t r a n s f e r r i n g  
managerial and admin i s t r a t i ve  con t ro l  of l o g i s t i c s  from t h e  governors, 
p r e f e c t s  and sous-prefects  t o  t h e  reg ional  i n spec to r s ,  s e r v i c e  heads and 
c h i e f s  of CERs. The cu r ren t  motorpool adminis t ra t ion  and t h e  r a t i on ing  of 
f u e l  do n o t  penni t  rap id  and smooth execution of t a s k s .  
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AID/Wasl~ingtan a l o n g  ~ l t h  tl.le w r i t t c ! n  clear*ar~ct-!/car~cilr*rlc!lic.c! CI[:' ~ I I B  R c : ! y % c 1 n ~ ~ 1  

* Enui ronrnen ta l  Of7f':ic.er ( l i E : O ) ,  REDSO/WCA; t h e  lISAID/Sanegal P r o j e c t  Development 
O f f i c e ;  t h e  lISAI[I/Sanega1. I : r r i q a t i o n  ancl Water Management O f f i c e ;  t h e  
IISflID/Ser~egal M i s s i o n  Lega l  R d u i s o r ;  arid t h e  llSA:ll)/Sanagaln Mis s ion  D i r a c k o r .  
AID/Wasliington r~!sp~ntdc!cI on 20 A L I C J ~ I S ~  1987 ( S t a t e  2 6 0 1 9 2 ) ,  s t a t i n g  t h a t  a 
c a t e g o r i c a l  ~ . x c l u s i a n  was approued  on 11 J u l y  1987  f o r  t h e  t e c h n i c a l  
a s s i s t a n c e  ('TA) , ~trainsi.ng , s  t i ~ d i c ! ~  and corrrrr~otdi t i e s  c.orr~pcrn~!r~ts' of  t h e  pro] e c t  , 
A d d i t i o n a l  en \~ i ranrnen i - . a l  f inFc~rrnat - . ia~~,  I~oweuor ,  was r e q u ~ . s  t a d  i n  t h e  Form o f  an  
I E E  amanclrnent on ' l i . n F r a s t r 5 i ~ ~ t i ~ r a 1  a c t i u i t . i e s .  The i n f o r r n a t i o n  r e q u e s t e d  
i n c l u d e d  spec . i f : i ca t . ion  o f  I )  t:ha l l e r i t ~ i r c ~ n r n e ~ ~ t a l  c h a r a c t a r i s l z i c s  o f  d i f f e r e n t  
r e g i o n s   here :Li~l.F'r~a::;.l-.ruc~tr.~r.e w i l . 1  he b u i 1 . t " ;  2 )  t h e  " m i x  o f  s p e c i f i c  
i n f r a s t r u c i : u r e  a3.lrc!r11all.:iuc:3 .Lo hc! con side^-ad Fcrr p r o j e c t  f - inanc. ing";  and 3 )  " a  
l i s t  o f  E ! I ' ~ ~ J ~ I ~ O ~ ~ S ~ I C ~ ! I ' ~ ~ B ' : ( .  cr'3,I:eri,a f a r*  c.onst:ruc. t ion of '  each  i n f ' r a s t r ~ i c t u r e  t y p e . "  

- 
LOChTION AND G E N E R A L  TOPOGRAPHY 2 . 1 --" - 

The S Z W M  P r o j e c t  reqriorl i s  g c ? n c ! r a l l y  hounded on t h e  n o r t h  b y  t h e  s o u t h e r n  
f r o n t i e r  of The Gambia, on t h e  e a s t  b y  t h e  Tamhacounda ( S e n e g a l )  - Koudara 
( ~ ' u i n e a  U i s s n u )  r o a d ,  on t l . 1 ~  s o u t h  b y  t h e  nor.ther.17 b o r d e r  o r  G u i n e a  B i s s a u ,  
and 01-1 t h e  w e s t  b y  tzhe At lan iz ic  Ocean.  The. a r e a  l i e s  between a p p r o x i r r ~ a t e l y  
1 2 . 2  and 1 3 . 5  cJegrac!s n o r t h  l a t i t u d e ,  and hetween a p p r o x i m a t e l y  1 3 . 0  a n d  1 6 . 8  
d e g r e e s  w e s t  l o n g i t u d e .  



The s o u t h e r n  zone reg:icrn i s  e x t r e m e l y  f l a t ,  and slcrpes f rom an  e l e v a t i o n  
o f  approxirr~ak~!! 2 5 0  f e e t  R M S l .  on t h e .  Tarnbacounda..-.KourlcJara road on t h e  e a s t  ko 
s e a  l e v e l  on t h e  w e s t .  P r i n c i p a l  a r e a s  o f  v e r t i c a l  r e l i e f  o c c u r  o n l y  i n  
assaci.a.t:i.on with s t r~ ! a rn s  and ~ " i u e r s  disse!ct:ir)g e a s  t e r n  p c ~ r t i ~ n s  o f  t h e  r e g i o n ,  
and a t  soma s:it:es associa1:ed w i t h  u n f i x e d  c o a s t a l  sand  d u n e s .  

The! c l i r n a t e  of: t h e  sou the r*n  zone! r e g i o n  i s  s t r o n g l y  i n f l u e n c e d  hy bo th  
o c e a n i c  and c . o n t i n e n t a l  c1:irnatic i n f l u e n c e s .  Ocean i c  i n f l u e n c e s  domina t e  
d u r i n g  t h e  r a i n y  s e a s o n  W I I E ! ~  t h e  rr1onsoon or' ~ 0 ~ 1 t h  O t l a n t i c  hurr~id a n t i c y c l o n e  
b r i n g s  mass iue  q u a n t i t i e s  o f  humid a i r  t o  West f l f r i c a .  T h i s  r e s u l t s  i n  
i s o l a t e d  i n t e n s e  thuncler*s.l:or'ms, v e r y  i n t e n s e  w idesp read  stol-ms, and o c c a s i o n a l  

.. - ccrnt inuous  r a i n s .  l o ~ ~ ~ a r d s  t h e  end o f  t h e  r a i n s ,  c o l d e r  a i r  frcrn~ t h e  n o r t h  
i n f l u e n c e s  S e n e g a l  ancl prcrvidc!s f o r  t h e  a t m o s p h e r i c  c o n d i t i o n k  which r e s u l t  i n  
t h e  h a r m a t t a n .  The harrnai:1:an winds  o r i g i n a t e  i n  t h e  Magrebian r e g i o n  o f  t h e  
S a h a r a  and a r e  r ~ s p c ~ r ~ s i h l ~ !  f o r  t h e  v e r y  h o t  terny.,araturc!s and h igh  e ~ ~ a p o r a t i o n  
r a t e s  found  i n  most o f  t h e  S C I C I ~ ~ - I E ! I I  a one  r e g i o n  d u r i n g  t h e  mid t o  l a k e  d ry  
s e a s o n .  

P r e c i p i t a t i . o n  i n  t h e  r s g i o n  g e n e r a l l y  d e c r e a s e s  f rom s o u t h  t c ~  n o r t h ,  and 
n e a r  t h e  c o a s t  i t  a l s o  d e c r e a s e s  w i t h  d i s t a n c e  From t h e  A t l a n t i c  Ocean.  
R a i n f a l l  i s  h i g h l y  u a r i a b l e  f rom year- t o  y e a r  i n  q u a n t i t y ,  t i m i n g  o f  o n s e t ,  
p e r i o d i c i t y  ancl t e r m i n a t i o n ,  b u t  r ~ a r i a t i o n  i s  n o t  a s  g r e a t  i n  t h e  s o u t h e r n  
zone  a s  i r ~  mare n a r t h e r n  p o r t i o n s  o f  S e n e g a l .  

Mean a n n u a l  p r e c i p i t a t i o n  i n  s n i l l i m e t e r s  was c a l c u l a t e d  i n  1982 as .  fcrl laws 
f o r  s i x  p r i n c i p a l .  towns i n  t h e  s c ~ u t h e r n  zone  r e g i o n :  Z i g i ~ i n c h o r  ( 1 5 5 8 ) ,  
Rignona ( 1 4 0 8 ) ,  Sedh iou  ( 1 3 0 7 ) ,  Kolda ( l l 9 4 ) ,  U e l i n g a r a  (1063)  and Tambacounda 
( 8 8 6 ) .  "Dependable  a n n u a l  p r e c i p i t a t i o n , "  d e f i n a d  a s  t h e  amount of: 
p r e c i p i t a t i o n  t h a t  i s  no rma l ly  e q u a l l e d  o r  exceeded  t h r e e - f o u r t h s  o f  t h e  t i m e  
( i . ~ . ,  t h e  75% s t a t i s t i c a : l  p r o b a b i l i t y  a f  o c c u r r e n c e  o r  exceedence )  f o r  t h e  
same s i t e s  i s  a s  f'ollows i n  r n i l l i r n e t e r s :  Z i g u i n c h o r  ( 1 1 5 0 ) .  Rignona ( l O ? 5 ) ,  
Sedhioir  ( 1 1 0 7 ) ,  Kolda ( 8 5 3 ) ,  Uc!li.ngara ( 7 2 7 )  and T'ambacounda ( 6 5 9 ) .  
P r e c i p i t a t i o n  i s  h i g h l y  s e a s o n a l  t h r o u g h o u t  t h e  r e g i o n ,  w i t h  maxirnurn r a i n  
f a l l i n g  frborn June-.October. ancl r r ~ i . n i r n u r n  p r e c i p i t a t i o n  crccilring ~ a n u a r ~ - h ~ r i l .  
( H a r g r e a u e s  1 9 8 2 ) .  

Mean a n n u a l  terny.,eraturbes 51.1 Z igu j .nchor  and Tarrrbacoirnda a r e  2 6 . 8  and 2 8 . 0  
d e g r e e s  C ,  r e s p e c i : i u e l y ,  w i t h  rnaxirna u s u a l l y  o c c u r i n g  i n  May and minima 
u s u a l l y  o c c u r r i n g  D~!ca r~~hc! r~ . - . . : f~nuau .y ,  R e l a t i w e  hurr~zidity g e n e r a l l y  d e c r e a s e s  a s  
one mowcis n o r t h  and in1.ancl From t h e  A t l a n t i c  Ocean and w i t h  i n c r e a s i n g  
l a t i t u d e ,  auer'i.lg:irrg 1663 r r ~ r r d y r  i n  2 igui .nchor .  and a b o u t  1884. rrtrrr/yr i n  
Tarnbacocrnda. Most o f  t:he s o u t h e r n  Z C I I I ~  r e g i o n  has  a  grawing s e a s o n  f o r  
r a i n f e d  a g r i c u l t u r ~ !  of 100-125 d a y s / y r b ,  w i t h  sorne ~ c ~ i ~ t I ~ t ? r - n  l o c a t i o n s  a u e r a g i n g  
g r e a t e r  t h a n  120 d a y s / y r .  (RSI 1 9 8 6 ) .  

U i r k u a l l y  t h e  en i ; i r e  s a u t h e r n  zone  rc!qion du.a:ins g e n e r a l l y  Frorn e a s t  t o  
w e s t ,  w i t 1 1  rrms t S ~ J ~ F ~ C C I !  F'XQ~AJ u l t : i . r n a t ~ l y  d i s c l .~a r~g i s t q  througl,i t11e C a ~ i . l n l a n ~ ~ !  
R i u a r  channe l  . I..:i.rni t f id a r e a s  :in the! n o r t h a r n  p a r t  o f  t h e  r e g i o n  f a l l  w i t h i n  
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mosaic. wl?.rile l o w e r  s l o p e s  a r e  cbccupj.~d by rr loist ,  e u e r g r e e n  r i p a r i a n  " f o r e ~ t . "  
A q u a t i c  p r a i r i e s  a r e  a l s o  found  a s  i n c l u s i o n s  w i t h i n  t h e  r i p a r i a n  v e g e t a t i o n  
and  ' a r e  o f t e n  cu lk iva t ec l  fcor. r i c . ~ ! .  R i p a r i a n  a s s o c i a t i o n s  a r e  d i s t i n c t i u e l y  
Guinean  i n  c h a r a c t e r ,  wikh t r o . e s  a v e r a g i n g  15-20 m i n  h e i g h t ,  t h e  p r e s e n c e  o f  
a i l  pa lm,  .khe p r e s a n c e  o f  a f l o r i s t i c q l l y  r i c h ,  woody u n d e r s t o r y ,  and t h e  
p r e s e n c e  o f  a  herhacecous c o u e r  corninonly domina ted  by -Penn i s e t lL I?  s u b a n ~ i ~ s t u m ,  

- --- n d r o o c  y a n  r a n .  Ua l l ey  bottonrs suppor t :  a q u a t i c  
11erhs and g r a s s e s ,  k ~ i t h  P,r$chi(.lyj-a mput5.c~ and m~$-nfc-,hLq~ p\ / rarnida1isS o r  E y - 2 2  
l o n g i s t a n l i n a t a  dominating clepancling upon d e p t h  o f  i n u n c l a t i o n .  T h i s  g e n e r a l  - --.----- 
v e g e t a t i o n  t y p e  p r i m a r i l y  s u p p o r t s  c u l t i v a t i o n  o f  paddy r i c e  on s u i t a b l e  

, s i t e s ,  b u t  t h e  p r a i r i e s  p r o v i d e  good f o r a g e  f o r  l i u e s t o c k  d u r i n g  t h e  d r y  
s e a s o n .  

Callc!ry "fcorc!st," r e l a t i v e l y  r i c l i  and d i v e r s e  i n  c o m p o s i t i o n ,  o c c u r s  i n  
t h e  d e e p e r  v a l l e y s  where  t h e  w a t e r  t a b l e  i s  a t  o r  n e a r  t h e  s u r f a c e .  The 
hydrophyt ic .  tr.ec:?s can a t t a i n  hc:!igtIis o f  3 0  m and pror~ idc!  cano)l;y c.cbvsr of up t a  
60%. Nul'rlerous e u e r g r e e n  Guinean s p e c i e s  o c c u r  and y e a r  a round  g r e e n  biomass 
o c c u r s  i n  t h e  u p p e r  t r e e  s t r a t a .  Grassc!s a r e  r e l a t i v e l y  s c a r c e ,  h u t  i n c l u d e  
Panicum s p p . ,  & $ ~ - w p g g ~ r j  g-ay-p!ayz and 0I.y~ l a t i f o l i a , -  (RSI 1 9 8 6 ) .  --.---- 

. . P l a t e a u s  clnd Sl~rfac.~~~~,f-~;!-n_4'~?-1_~-Ln_~,,. P l a t e a i l s  and s u r f a c e  p e n e p l a i n s  c a u e r  most  
o f  t h e  s o u t h e r 1 1  zone  r e g i o n  n o t  c . o n s i s t i n g  o f  t i d a l l y  i n u n d a t e d  l o w e r  u a l l e y  
s i t e s ,  o r  s e a s o n a b l y  inuncla.ted and rnid and upper  v a l l e y  s i t e s .  Nor th  o f  t h e  
Casamance R iue r  i n  t h e  a r e a  o f  Rignona ,  t h e  geo logy  of  t h e s e  a r e a s  i s  
e x c l u s i u e l y  c a n t i n e n t a l  t e r r r~ i r r a l  . T h i s  g i v e s  way quick1.y t o  f e . r r i ~ g i n c ~ u s  
c u i r a s s e  f o r m a t i o n  which clasninates t h e  u p l a n d s  o f  most o f  t h e  r e . s t  o f  t h e  
r e g i o n ,  b u t  i n  t h e  r!xtr*err~e s o u t h e a s t  a r e  f aund l i r n i t e d  a r e a s  of  
u n d i f f e r e n t i a t e d  Eocenfi d e p o s i t s ,  u n c l i f f e r e ~ ~ t i a t e d  Carnbrian d e p o s i t s  of 
v o l c a n i c  and sacl5r~-r1tary  o r i g i n ,  and a c i d i c  in t r .us - iva  and r ~ o l c a n i c  Cambrian 
r o c k s .  Upland s o i l s  c .onsi , s t  p r i m a r i l y  o f  p o o r l y  deue loped  and l i g h t l y  
f e r r u g e n o u s  r r r a t e r i a l s  wit1.1 rnadera te  c l a y  c o n t e n t  on p l a t e a u s  and r e s i d u a l  
b u t t e s ,  w i t h  hydrarnorpl.~ic s o i l s  o c c u r r i n g  n e a r  1:he e a s t e r n  ex t r eme  coF t h e  
s o u t h e r n  zone  r e g 5 o n .  Apprc~x:i.rrmt~!ly t h e  e a s t e r n  and n o r t h e a s t e r n  50% of  t h e  
r e g i o n ' s  u p l a n d s  i s  ch;- lract~!r: . ized 13y s a i l s  t h a t  a r e  c o n s i d e r e d  t o  be 
u n d e r g o i n g  degr.aclati.or~ pr.irr~ar:il.y a s  a  r e s ~ . ~ l i :  o f  w a t e r  e r o s i o n .  T'hasc! . s o i l s  
t y p i c a l l y  liaue a  ve ry  s h a l l o w  u s e f u I  d e p t h ,  a  h i g h  cbr ue ry  h i g h  coa r s e '  
f r a g m e n t  contc!nt ,  a ~ i d  nilrrlc!rous c ~ i ~ t c r c ~ p s  . Most arc! rftgoscolic o r  
t runc .a t sd / indurmtc!d  s o i l s  C ~ I I  h a rd  pan which remain  a r a b l e ;  uery  iscola- ted  . a r e a s ,  Iioweuar., a r e  carr~pc~secl oF  I i t h o s o l s  whic.h a r a  g e n e r a l l y  o f  v e r y  low 
f e r t i l i t y  i311d i-11"(: I'Ic~I: a r a h 1 . ~ .  Most up l and  s o i l s  of' t h e  r e g i o n  h a l ~ e  a n  
a g r i c u l . t u r i : i l  l a n d  capal.).:i.2.::i.l:.y rated a t  rrloclere~te p o t e n t i a l .  Major limitations 

" - in f l~cer .~c i .ng  prnduct:iu:.i.t:y o c c u r ,  and c u l t i v a t i o n  r e q u : i r e s  i n u e s t r n e n t s  i n  
clddlit.ion t:a C . ~ ~ " l " ~ ! i ' l ' k  .:i.npi1.1::!: and c :~ r~~~! rb~~c~ . t : d . on  pr'3c.I-..icc!s . G e n e r a l l y ,  f c ! r t i l i z e r s  
and organ:ic. :inpul:s a r e  I " G ! c I I . I : ~ ~ ' E ! ~  dur':ing t h e  qrcwirrq s e a s o n  t r : ,  errsure a c c e p t a b l e  
y l i e l d f ; .  l "h~!se  sc).:i.~l.s fir,€:! gc!nc:!r~el':l.y r . a t~ !d  as f';.lir. r.angc!land, w i - f l . ~  graz-jng 
q u a l i t y  ba:irbq poor. to F - - '  a . i r  d u r b : i n g  t h e  d r y  s e a s o n  and fair {-.a gclod d u r i n g  the. 
r a i n y  ~ e a s o n .  Wooc1 pr.(:odt.~c:. l . i . o n  on tl.ic!se! sc13.3.s i s  a:Lsc~ ralr.c!cl a s  gclocf t c )  fair, 
O n  be t t se r  s i t z e s ,  tlhe natur,a:l " f a r e s t "  s t a c k  can be errr:iched and r c ! fo rbe s t a t i on  
Fo r  woad praduct: inn can bs:! a.lrtt;!rrlp.t:c.t:~J. O n  rrlast o ther .  s i t e s  stoc.k enr.ic.hrnent 
and refor.~!si:aIr:ian f a r  waacl p r ~ d u c . t : i o ~ i  a r e  on171 1 o c a l . l y  p o s s : i b l e .  



N a t u r a l  l ~ e g e t a t i o n  on t h e  p l a t ~ a u s  and s u r f a c e  p e n e p l a i n s  o f  t h e  s o u t h e r n  
z o n e  r e g i o n  u a r i e s  g e n e r a l l y  f rom l i g h t l y  woocded sauannah  t o  dense  woodland.  
'Three rnajor f o r sna t i ons  dorrlinate t h e  a r e a  n o r t h  o f  t h e  Casarnance R i l ~ e r .  The 
f i r s t  rbanges f rom a clense! sauannah  wooclland t o  a  d r y  woodland on l e a c h e d  
f e r r u g i n o u s  s o i l s  o f  sandy t o  sandy  c l a y  t e x t u r e  c r l ~ e r l y i n g  l a t e r i t e  and 
g r a u e l s .  The woody u e q e t a t i o r ~  ha s  a  canopy c o u e r  r a n g i n g  f rom 4.0-60% w i t h  t h e  
uppe r  st:crry making up a b o u t  h a l f  t h e  c o v e r .  T r e e s  oF l l e x c c l l e n t "  commercial 
p o t e n t i a l  o c c u r  a s   ell, a s  dense c11 , r s te r s  o f  barnboo in t h e  u n d e r s t o r y .  Grass 

y e a r  a r o u n d .  

The seconcl f o m a t j . a n  r a n g e s  f rom a  d e n s e  sauannah  woodlnnd tcr a d r y  
woodland on g r a v e l l y  t:o s h a l l o w  g r a v e l  s o i l s .  T r e e  coue r  r a n g e s  f rom 30-SOX, 
t r e e  h e i g h t  i s  t . y p i c a l l y  10-lEirn, s h r u b  c o v e r  r a n g e s  f rom 20--30% and t h e  
u n d e r s  t o r y  i s  clo~n:iriatc!d by t a l l  g r a s s e s .  Nulnerous depress ic rng  a r e  a l s o  
s c  a  t t e. r e el t II r' C) 11 g  I'I o  11 f: .t I'l i s F' cr r rrl a t :i o  ri t y p e! , w i t 1.1 MAA-rt-3yng j-~~~r~~j~~. , S-slbp 
s e n e q a l e r l s i s  and crt:l'~~!~fi I ~ y ~ J r ~ ~ ) l ' ~ ! j t e s  growing among t:harn. -- --.--- -- - ..-- -. -- - - 

The t :h i rd  For*rr~~itri.or~ rwngcs frnrrr dense sauannah--.woodland t o  d r y  wcrodland 
and i s  f'ound on p o o r l y  eua l . ued ,  l e a c h e d  tr'crplical f er5r i rg inous  s a i l s .  R a i n f a l l  
i s  sorrrei~~hat h:ig].~c!r he:!r'~!, i.111c1 t : h ~  uppc!r stcrt-y i s  h e t c ! r o g ~ ! n c ! ~ ~ . ~ s  and r c l a t i o e l y  
d e n s e .  "Sl~c:! woody u r ~ c l t ~ s : : ~ ~  i s  l e s s  d e n s e  and kh t?  h e rbaceous  c.ouer :is 
dorninatecl Iny gr>ar:;ses . Con!;:iclerablc! deuc!gt.:!tatrian i s  occ .u r r i ng  h e r e ,  e s p e c i a l l y  
an  e i t h e r  s:ide of' I:he Sn~ .~g roug ro i r  r2iuer where  woodlands  a r e  r e c e d i n g  a s  
a g r i c u l . i : u ~ e  t?xpanc:ls ont:a ~.:I .IE! p l a t : e a i ~ .  

Sgudana...-Gct:i~,lea~i wcrcrd:land c:larn:.inat:es t h e  p l . a t e a i ~ s  crf w e s t e r n  and s o u t h e r n  
Casarnance, s t r e t c l ~ i n q  f'rorn t h e  Rklant: i .c  Ocean i n  a  b r o a d ,  d i p p i n g  c i l rue  a l m o s t  
t o  t h e  ' T A I , ~ ~ ~ C O L J ~ ~ ~ . ~ + + ~ ( O I , I I . I I ~ ~ ~ P ~ ~  r o a d .  '1-0 t:he wes t  and northwest: ,  t h i s  f a r m a t i o n  
cons i s t ! ;  crf d r y  u~oocJ:l.and crn r.c!lat:fivt:!ly dsap, s l : i q l ~ t l y  f e r r a l i t i c  s o i l s  w i t h  
c l a y e y  tcr sandy t ~ e x l u r e s .  I t  ha s  a r e l a t i u e l y  s t r o n g  Guinean aspect: due t o  
t h e  marj.t:irrre c1irr1ak.a and t . : ! l ~ u w  t e d  p r e c i p i t a t i o n ;  t h e  fo r rna t ion  i s  d e n s e  w i t h  a 
canopy c a u e r  o f  76-80'X nncl an  a u c r a g e  t r e e  h e i g h t  crf a b o u t  15rn. The woody 
unders to l -y  i s  he t e roganec r i~ s  w i t h  t a l l  gInassc!s clcrrr~inating . Much of  t h e  
h e r b a c e a i ~ s  v e g e t a t i o n  i s  b i ~ r r ~ e d  a u e r y  d r y  s e a s o n ,  keep ing  t h e  forrnat io ,n  i n  a 
rrrore open s t a t e  t h a n  ~ r ~ o u l d  he e x p e c t e d  fcrr a  n o n - f i r e  c l i r r~ax  u e g e t a t i o n .  To 
t h e  s o u t h ,  t h e  S i~Cfar io - -G~.~ i~ .~f ia~~  woodland o c c u r s  on r a l a t i u e l y  deap  and s l i g h t l y  
f e r r a l i t i c  s o i l s ,  w i t h  ~ E ! X ~ L I Y ' E ! S  r a n g i n g  frorrr sandy c l a y  t o  c l a y e y  s a n d s .  
P r e -d rough t  p r e c i p i t a t i o n  was a p p r o x i m a t e l y  1500 rnrn/yr, and t h e  u e g e t a t i o n  
h e r e  i s  s i g n i f i c a n t : l y  clensar and t a l l e r  t h a n  rnost woodlands  t o  t h e  n o r t h  o f  
t h e  Casarnance R:iuer. 'Jrc!e canopy colser r a n g e s  f rom 3 0 4 0 %  a t  a  h e i g h t  of  
15-20m, and t h e  woody unc le r s to ry  r a n g e s  i n  c o u e r  frorn 20-30%. The f'orrrmtion , 

i s  cons:iclered c l imax  wl*iere n c r t  sc!r : iously e x p l o i  t a d .  

I n  a  smal l  r e g i o n  t o  t h e  w e s t  and n o r t h  o f  Bignona i s  an  a r e a  o f  seccrndary 
" f o r e s t N  d e r i v e d  f'rom t h e  serni - -euergreen f o r e s t  t h a n  once  covered  much o f  t h e  
11E3assetl crr lcrwer Casarnance. Over t h e  l a s t  c e n t u r y  o r  s o ,  t h e  n a t i v e  
i ~ e g e t a t i c r n  ha s  been modif:ied by c l e a r i n g ,  f i r e  and d r o u g h t  and riurneraus 
Sudan i an  s p e c i e s  have i n v a d e d  i n t o  what  was at one t i m e  primarily a Guinean 
s p e c i e s  co rnpos i t i on .  The r e s u l t i r l g  f o r m a t i o n  i s  ue ry  h e t e r o g e n e o u s ,  w i t h  
t h i c k  p o c k e t s  b e i n g  i .n!:e~~.sparsed w i t h  rrlarc! open s econda ry  f o r w a t i o n s  . Canopy 
c o u e r  v a r i e s  frorn 30-607, w i t h  a  woody i l n d e r s t o r y  c.anapy o f  5-30% and a 



herbaceous s t r a t u r n  clc~minatad by bcrth a n n u a l s  and p e r e n n i a l s .  Numerous snla l l  
c l e a r v i n g s  o c c u r  i n  t h e  ~~ i ( : . . : i . n i t y  o f  ~ i l l a ~ j e s ,  and g r ~ o i ~ n c l n ~ t ~ ,  m i l l e t  and r i c e  
a r e  c u l t i u a t e d .  Old f i e l c f s  IIaue oft-.en d e r ~ e l o p e d  i n t a  n e a r l y  i m p e n e t r a b l e  
 thicket.^ f rom ~a~1iic.h :\.ar\qc! t r e e s  haue sorrletirrlas erner*ged. 

Another  \ ~ e g e t a t i o n a l  Forr~laticbn o f  ve ry  r e s t r i c t a d  d i s t r i b u t i o n  o c c u r s  o n  
I~yd ra rno rph i c  sai:lt; i t ~ h i c l ~  g e n a r a l l . y  averlit:!  l a t ~ r i t i c  clepcrsit:s w i t l i i n  t h e  
Rnambe Basil7 C I ~  "Haute"  clr  upp8r  Casainancc?, T h i s  savannah  and d e n s e  
saua17nwI1--wcrcrcllancl rrmsa:ic ha s  i.1 t r e e  c.auc!r which ~ E ! I ' I ~ S  bc! dense. suer rrlost o f  
. the b a s i n ,  e x c e p t  For  l o w e r  a r e a s  s u b j e c t  t o  f l o o d i ~ ~ g  on which e i t h e r  a  

1 

s auanna  or' a  h e r h a c ~ ! o u s  s t . r*at i~rr~ o c c u r s  . 
I n  i s o l a t e d  p o r t i o n s  o f  t h e  ue ry  s o u t h e r n  p o r t i o n  o f  t h e  r e g i o n  o c c u r  two 

f o r m a t i o n s  o f  t r a n s l i t i n n a 1 .  u e q e t a t i . o n .  The f i r s t  c o n s i s t s  o f  d e c i d u o u s  
woodlands  and d e n s e  serni--e:?uargreen Guinean " f o r e s t s "  on s l i g h t l y  f e r r a l i t i c  
c l a y e y  s a n d s  t o  sandy c l a y s  . Inloodlands o c c u r  on h i g h e r - s i t e d  ' l a n d  where  
g r oundwa te r  i s  t o o  deep  t o  i n f l u e n c e  t h e  v e g e t a t i o n ,  and serni -evergreen 
" f o r e s t s "  occupy l ower  p a r t s  of  t h e  p l a t e a u  where  q roundwa ta r  i s  s h a l l c ~ w  
enough t o  be  used by many s p e c i s s .  V e g e t a t i o n a l  cornpos i t ion  i s  ve ry  
h e t e r o g e n e o u s ,  and c.anopy c o v e r .  r a n g a s  frtcrrn 60-80% w i t h  an  u n d e r s t o r y  canopy 
o f  20-4.0'%,,. The h e r b a c e o u s  u n d e r s t o r y  i s  n o t  a s  we11 deve loped  a s  t h a t  of a  
s a v a n n a h ,  b u t  t h i s  5 s  ona o i  t h e  r i c h e s t  f o r m a t i o n s  i n  S e n e g a l  i n  t e rms  of  
ec.onomic t ~ a l u e .  ' T ~ E !  s econd  f o r m a t i o n  c o n s i s t s  o f  a  complex a f  palm g r o u e s  and 
s e c o n d a r y  flfart?s.I.:" o c c u r r i n g  crn low p l a t e a u s  t o  t h a  s c ~ u t h  and wes t  of' 
Z i g u i n c h o r .  Deciduous  woodlands  t o  t h e  e a s t  haue been a l m o s t  comp le t e ly  
r e p l a c e d  by a d e n s e ,  sc?:?rr~fi--aut?rgr~!~!n fo r rna t i on  which ha s  hec!n degraded by f i r e  
a u e r  t h e  c e n t u r i e s .  O i l  palm i s  no l o n g e r  r e s t r i c t e d  t o  t h e  p e r i p h e r y  o f  
v a l l e y s  a s  i t  i s t o  t h e  e a s t ,  and i t  darn ina tes  t h e  l c r w  p l a t ~ ! a u s .  T h e r e  i s  
some i n d i c a t i o n  k h a t  t h e  f o r m a t i o n  ha s  deue loped  frorn abandoned f i e l d s ,  a s  
e v i d e n c e d  by t h e  d~!nsf". p o p u l a t i o n  crf' o i l  palrn and t h ~ !  r e l a t i v e l y  l aw  d e n s i t y  
o f  l a r g e  t r e e s .  (US1 1 9 8 6 ) .  

The o n l y  rnajor p r o t e c k e d  a r e a  i n  t h e  s o u t h e r n  zone  r e g i o n  i s  t h e  N a t i o n a l  
Park o f  t h e  Rasse  Casar r~a~ice  1crca.tec-l n e a r  t h e  c o a s t .  T h i s  park  i n c l u d ~ ~ s  
mangrove swamps a t  i t s  w e s t e r n  and and Gu:inean woodland,  sauanna  and s econda ry  
f o r e s t  t h r o u g h o ~ . ~ t  t h e  r e s k  o f  i t s  a r e a .  P r \ i n c i p a l  rnanlrnals i n c l u d e  s i t a t u n g a ,  
yel low-backad d u i k a r ,  pafias monkey, r e d  c o l u b u s  monkey, chimpanzee,  Cape 
c l a w l e s s  o t t e r ,  g e n e t ,  spo t t e c l  hyana ,  s a r u a l ,  l e o p a r d ,  hush p i g ,  h ippopotamus ,  
bushbuc.k, b u f f a l o ,  Maxwc!ll I s  d u i k e r ,  kob,  a a r d v a r k ,  cres tc!d  p o r c u p i n e  and a 

t 

number o f  l e s s e l -  s p ~ c i c ! ~ .  MOPE! t h a n  120  spec . i e s  aI.: b i r d s  haue heen r e c o r d e d  
i n  t h i s  and o t h e r  arxt?-!as of' Rasse  Casamance,  and t h e  h e r p e t o f a u n a  can be 
E! x p e c. t E! d t o b E! r r! I. a .t .j. u e I .  y c1 :i. u ti! r  s c! . 



I n t r * o d u c t i o n .  The a q u a t i c  e c o l o g y  of t h e  s o u t h e r n  zone r e g i o n  i s  f a r  a l l  --------- 
p r a c t i c a l  pu rpose s  t h a t  a s s o c i a t e d  w i t h  t h e  Casarnance R i v e r ,  i t s  t r i b u t a r i e s ,  
t h e  f r e s h w a t e r  rrmrshes o f  : i t s  uppa r  r e a c h e s  and t h e  t i . d a l  swamps a s s o c i a t e d  
w i t h  i t s  l o w e r  r e a c h e s .  An u n d e r s t a n d i n g  o f  t h e  b a s i c  a q u a t i c  e c o l o g i c a l  
p a t t e r n s  o f  t h i s  i ~ n u s u a l  sy s t e r r~  i s  e s s e n t i a l  to g r a s p i n g  t h e  a q u a t i c  r e s o u r c e  
i m p a c t s  a s s o c i a t e d  w i t h  n a t u r a l  and a n t h r o p o g e n i c  f o r c e s  :in t h e .  w a t e r s h e d .  

As n c ~ t e d  e a r l i e r ,  t h e  Casarrmnce R i v e r  r i s e s  a b o u t  7 5  k r r ~  e a s t  o f  Kolda 
where  o u t f l o w  from a  number of '  s e a s o n a l  marshes  ccrnuerge. The r i u e r  widens  t o  
a h o u t  5Orr1 a t  Kc~ lda ,  t h e r e  i t  i s  a s s c r c i a t e d  w i t h  uppe r  v a l l e y  sand d e p o s i t s ,  
and t o  a b o u t  2krn abolle S e f a .  Below Adeane, i t  widens  t o  a b o u t  akrn, t h e n  
nar rows  t o  h40m a t  %ig i i inchcr r ;  helow Z i g u i n c h o r ,  i t  widens  g r a d u a l l y  b e f o r e  
a t t a i n i n g  a  w i d t h  crf up t o  8 k m  a t  i t ' s  mouth.  The r i v e r  channe l  a l s o  
g e n e r a l 1  y d eepens  a s  one rrlcrtles dcrwns trearrl, a t t a i n i n g  a  rr~i.lxirrruh d e p t h  o f  a b o u t  
20m. A l ~ e r a g e  wat:er d e p t h ,  Iioweuer, i s  o n l y  a b o u t  51'n a t  t h e  rnouth d e c l i n i n g  t o  
l e s s  t h a n  50crr1 at :  a  pc~ inf :  200ksr1 upstream. 

Runoff i n  the! Casasmnce R i v e r  w a t e r s h e d  has  been e s t i m a t e d  a t  a b o u t  0 . 3  
l / k m 2 / s e c  tss. a b o u t  2 . 0  f a r  t h e  S e n e g a l  R i u a r  h a s i n  and 3 . 0  l /k rn2 / sec  f o r  
t h e  Gambia R i v c ! r  b a s i n .  Hecause w a t e r  d e p t h  i s  g e n e r a l l y  low i n  t h e  r i u e r ,  
wa te r -a  t l ~ io sphe re  and wa ter--sediment r e l a t i o n s  a r e  p a r t i c u l a r l y  i m p a r t a n t  t o  
f l u c t u a t i o n s  i n  sorrlc;! L A J ~ ~ E ! Y *  c h ~ ! r r l i ~ t r y  p a r a r r ~ e t e r s .  In chemical in t~! rc I iangc!  
hetween trhe i n t e r t : : i da l  soi: ls  and s u r f a c e  w a t e r  o f  t h e  r e g i o n ,  rrra j o r  chemica l  
p a r a m e t e r s  are.  N a ,  K ,  Ca,  Mg, C I ,  S O q  and HC03, and minor. parameters 
i n c l u d e  POq, N O 3  and s:i . l . ica. The rnost i.rnporbtant p h y s i c a l  p r o c e s s e s  a r e  
g roundwa te r  t r a n s f ' e r  , : i r~unclat ion and e u a p o r a t i o n ,  and t h e  rnos t important 
physico-chernica:l  p r o c e s s e s  a r e  oxygen r e d u c t i o n ,  a c i d  h a s e  I - e a c t i o n  and 
p r e c i p i t a t i o n .  (Paqes  e t  a l .  1 9 8 6 ) .  

S u b s t r a t e s .  The Casarrrance R iue r  can  g e n e r a l l y  ha d i t ~ i d e d  i n t o  f o u r  ----------.-- 
sedimentary z o n e s ,  I n  t h e  uppe r  r e a c h e s  above! Adeana,  sedirrrents arc! g e n e r a l l y  
s o f t  a r iox ic  inirds c h a r a c t e ~ ~ i ~ ~ i f  hy o r g a n i c  c c ~ n t e n t s  sometimes e x c e e d i n g  20% and 
low t o  ve ry  low s~!cIirr~er~ti . \~t : i .~:~~i  r a t e s .  I 3e l . o~  t h i s ,  frorri fldeane tcr Z i g u i n c h o r ,  
sediment-. part.:icl.c s i z e  :i.ncrc?ases somewhat b u t  sand  and g r a v e l  c o n t e n t ,  r ema ins  
yo.neraI:ly below 15%. From Iiguinchcru'  t o  P o i n t  S t . - - G e o r g e s ,  sr!diments hecome 
inc r ea s ing : l . y  rnor'c! 1~1c!tar.oq~!r~eous and f rom I", S t -Georges  t o  i t s  rnouth t h e  r i l s e r  
f l o w s  ouc!r we l l . - - so r t ed  s a n d s .  fltsc!rir~g~! pa r t t l c : l e  s i z e  diarnc!tar h e r e  i s  c a .  
0.251nm and part:icl.c!s l e s s  l:har~ 6 3  sr~:icrons d:i.arneter o f t e n  cosnprise l e s s  t han  
20% of: t h e  sc:!di.rrrt'!nt:. (Mil::I.c!.l:: et: a l .  1 9 8 6 ) .  

W a  t e  r U E! 1 o  c  i t: y---i?,n.E! ~;ll~,,gj~.gr;,,~~,.g . Wa I: e  r u a  :l o  c :i t y i n t: 11 e 11 p p e  r I- e  a  c  he s  CI f t h a -..-.------ --.- ..---.--.--. 
Casarnancc! R::iuer , be1::ween Scc!f'a and t.lakt:lnlaye, t end  t o  he r r . e l a t i . u e ly  s t a b l e  
(10-20 c r s ~ / s e c ) ;  I:,c:!:l.nw t h i s  a s  Far.> a s  Z.igu:inchar s p e e d s  t end  t o  :incrc!ase a l m o s t  
l i .nea r1 .y  a t t a i n i n g  tsal~.rc!s wI:' 70-85 crn/sc!c.:. Ua lur r~~! tu ' i c  diricl.rarge o f  t:he r i u e r  
t e n d s  t o  : i n c r e a s e  s:l,o~*rly k1l.11: c!xr)o17~!r1l::ia:l:ly a s  one rnaues downskrearn, Near S e f a  
disc.hargc:, i s  c a .  3-5 x :LOfi rr13/riec, incrlaas: ing t o  aklout: 6-13 a t  t~larrrc.inlaya, 
a h o u t  23  at: Gauncfornp 37--61) x 1O6/m3/sac at % i g ~ r i r ~ c h o r .  D i s c h a r g e  can 
tsary c o n s i d a r a b l y ,  o f  cocrr.lse, a s  a  f'urrct:ion o f  t i d a l  s t a g e  a t  any g i v e n  p o i n t  
on t h e  I " : ~ v E ! ~ ' .  ( M I  t :  1 .  1 9 8 6 ) .  



S a l i n i t y , .  ---- S a l i n : i t y  patter..rls arc! arnong t h e  more i ~ n i q u e  f e a t u r e s  o f  t h e  
Casamance R i u e r  s y  s  tern. Prl.i.or t o  1 9 6 8 ,  t h e r * e  was a  dyrrarnic a q u i l i b r i u m  
be tween  a c c ~ ~ r r ~ i ~ l a ~ l - . : i . c ~ ~ ~  o f  t i d a l .  and e l z a p o r a t i u e  s a l t s  i r r  t h e  d r y  s e a s o n  and 
e l i m i n a t i o n  o f  s a l t s  by r a i n s  d u r i n g  t h e  r a i n y  s e a s o n .  The r e s u l t  was 
m o d e r a t e  s a l i n i t y  and a g r ~ . i c u l t ~ . ~ r ~ c !  1r1i.1~ pracf: i .cablc!  :in mangroues and n e a r  t h e  
b o l o n  a r s e a s  . fit t h e  C.I .II~I"F:!II  t kirne, howeuer ,  r a i n f = a l . l  has d e c r e a s e d ,  and  w i t h  
t h a  efft i !ct  o f  a u a p o r a t i a n  sal,i.n:.i.ty has car~carnrni tar~t l .y  i n c r e a s e d  i n  b o t h  
s u r f a c e  and g r o i ~ n d  wat:ers , A t  t:he sarne 1::irne, groundlrmter  l a u e l s  a r e  l o w e r  and 
s a l i n e  q r o i ~ n d  w a . t e r  :is now :ini:rud:i.ng i n t o  t c s r r c ! s t r i a l  a r e a s  ad:jacent  t o  t h e  
b o l o n s .  f l1so ,  and :in adtli. tzion t o  heavy rrlangrove. d i a b a c k  and l o s s  o f  rnangralJe. 
s m m p  ri.c.t? p r o d u c  tri.on s y s  ta rns ,  .t-:hc!re i s  now b o t h  s a l t  crrntarnir iat ion o f  
t e r r a c e d  r r ice  and palrn dic!ol:'f :in some l o c a k i o n s .  (La  Brusq 1 9 8 6 ) .  

P r i o r  t o  , the  recent d r a u g h t  y e a r s ,  s a l i n i t y  chal-actar*. i .s t : ic .al ly d e c r e a s e d  
w i t h  d i s t a n c e  frorn t:he r i v e r  r r~outh ,  By 1 9 8 5 ,  howeuer ,  t h i s  t r e n d  was 
reua r se td  : si.ll:i.n::i t y  : i nc reased  Frorr~ a b o u t  3 0  p p t  a t  t h e  mau.th f o  ualuc!s  a s  h i g h  
a s  1 5 0  p p t  a t  a  po:i.rit 2001tm in3.and b e f o r e  d r o p p i n g  r a p i d l y  a t  200-235km t o  
u a l u e s  n e a r  z e r o .  1.ol-l~er:t s a l i n i t y  ua l .ues  a r e  t y p i c a l l y  f c~ur~c l  i n  Octcrher a t  
t h e  end a f  t h e  r a i n y  s e a s o n ,  a n d  va'l.ues t e n d  t o  i n c r e a s e  a s  t h e  d r y  s e a s o n  
p r o g r e s s e s  unt:ri:l peaking c a s k  o f  S e d h i o u  i r r  J u l y  and  A u g u s t .  T h i s  t r e n d  o f  
r ~ a t u r a l  h u t  : inc . r aas ing  I . \ ! / p ~ l r ~ ~ l i r i i t  a s s o c i a t e d  w i t h  low w a t e r s h e d  
p r e c i p i t a t i o n ,  h i g h  e v a p o t r a n s p i r a t i o n  a n d  r e l a t i c ~ e l y  paor. sys-tern f l u s h i n g  
c o n t i n u e s  t o  o c c i ~ r ,  a  sr~ax:irnurn ~ ~ a l u e  a f  175 p p t  b e i n g  o b t a i n e d  i n  mid J u n e  
1986. The sys tc? rn t s  ex.krc!rr~c:! n a t u r a l  I . ~ y p c ! r s a l i n i t y  h a s  bc!~!i-i c.ompared t o  h o t h  
Rocana d e  V i r r i l a  l a g o o n  :in I%ru and  Laguna Madre i n  T e x a s ,  t h e  Forrr~er 
e x h i h i t r i n g  h i g h e r  and the! l . i . l t ter  s~ rncwhi i t  l o w e r  ~aluc!!s .  (F'aqes e t  a l .  1 9 8 6 ) .  

With  a r e t u r n  t o  e a r l i e r  ( i . e . ,  c a .  11350--1968 mean) r a i n f a l l  l e u e l s ,  the 
c o n s i d e r a b l e  I c !ue l s  oF s a l t  a c c u r r ~ u l a t i n g  i n  t h e  g round  w a t e r  and a n  s o i l  
s u r f a c e s  would g r a d u a l l y  be  r e d u c e d .  T h i s  would o c c u r  s l o w l y ,  howsuer ;  f o r  
e x a m p l e ,  t h e  198411985  r a i n s  wc!rc! r \ e l a t i u e l y  good a l t h o u g h  rrrarigot s a l i n i t y  
s t i l l  i n c r e a s ~ t d  From J u n e  1984. t o  J u n e  1 9 8 6  (La Hrusq 1 9 8 6 ) .  

Ni1trient.5~. I n o r g a n i c  n u t r i e n t  pau.arnc!teu.s of' i m p o r t a n c e  i n  t h e  Casarr~ance R i u e r  
i n c l u d e  d i s s o l l ~ e d  i n o r g a n i c .  c a r b o n  (DIC) ,  p o t a s s i u m  and n i t r o g e n .  D l C  t e n d s  
t o  a t t a i n  rnaxirr~urr~ r~a lue r :  i n  t h c  i ~ p p c ! r w ~ s t  a n d  IOWE!~  r e a c h e s  o f  t h e  r i v e r ,  
d e c l i n i n g  t o  a  n a d + r  a p p r o x i m a t e l y  175krn ups t rea rn  f r o m  t h e  rnouth n e a r  
S e d h i o u .  The.re i s  a  potassium d e f i c i t .  i n  t h e  l o w e r  r e a c h e s  t y p i c a l l y  
a s s o c i a t e d  w i t h  mangrove s y s t e m s ,  and i n o r g a n i c .  n i t r o g e n ,  w h i l e  g e n e r a l l y  - r a t h e r  h i g h ,  i s  l o w  i n  r e l a t i o n  t o  POh. Few good d a t a  e x i s t  on p a r t i c u l a t e  
o r g a n i c  m a t t e r ,  b u t  d i s s o l u e d  o r g a n i c  m a t t e r  (DOM) l e v e l s  a r e  h i g h ,  e x h i h i t  a  
c l e a r  i n c r e a s e  a s  one. moues u p s t r e a r n ,  and c o n s t i t u t e  a s i g n i f i c a n t  n u t r i e n t  

- r e s e r u o i . r .  DOM,  along w i t h  l i t t e r ,  a p p e a r  t o  be  t h e  prirnary n u t r i e n t  s o ~ l r c e s  
i n  t h e  e s t u a r y .  

I n  g e n e r a l ,  t h e  s e a  i s  b e l i e u e d  t o  h e  a sourc .e  o f  r e l a t i u e l y  l i t t l e  
n u t r i e n t  i n p u t  t o  t h e  Casarrlance R i u e r  s y s t e m .  T e r r e s t r i a l  s o u r c e s  a l s o  a p p e a r  
t o  h e  l - i r r ~ i t e d  i n  their c o n t r i b u t i o n  t o  t h e  s y s t e m ,  s i n c e  t h e r e  i s  weak runoff- '  
d u r i n g  t h e  r a i n s  and o r g a n i c  m a t e r i a l  decomposes  o n l y  p o o r l y  d u r i n g  t h e  d r y  
s e a s o n .  

The a t m o s p h e r e  c o n t r i b i ~ t e s  a n  e s t i l n a t a d  250 o f  r n a t e r i a l / ~ n ~ / ~ r ,  rrmstly 3 d u r i n g  t h e  h a r m a t t a n  s e a s o n ,  and a b o u t  2-5 gN/rn-/yr  t ~ i a  r a i n f a l l .  



Mangroues a r e  e s t i m a t e d  t o  p roduce  a b o u t  7 . 5  g / m 2 / y r  o f  b iomass ,  and upper  
sy s t em r e e d  marshes  a r e  e s t i a ~ a t e d  t o  p roduce  a b u t  300 g / rn2 /yr .  (Pages  e t  
a l .  1 9 8 6 ) .  

P r i r na r j  Product-i .on.  Two g e n e r a l  c h l o r o p h y l l  ( a )  r eg imes  have been d s s c r i h e d ,  ---- --.-.---. ",---....-"-.,.,"..,-.-. 
017e 180-1- k m  upst rearn  (50-2000 u c ~ / l )  and a second 0.-1DOkm from t h e  r n c ~ i l t h  (2-20  
u y / 1 )  . F'l.,yt:op:l.i:~r~k.[lor, biosriass ( t o n s  c a r h o ~ ? / s t a t i o n ) ,  however., d e c r e a s e s  a s  one  
moves u p s t r e a m ,  Leve l s  arE! l o ~ r l e s t  i n  t h e  r d n s  and : i nc r ea se  throughoill:  tihe 
d r y  s e a ! ; ~ ~ ~ ,  a r ~ d  ~ l ' ~ l ~ ~ c ~ p h y ~ l ~ l ( ~ )  a n d  [.)OM 1 ~ 1 ~ ~ : ~ l . s  tc !s~cI  1:o FI . i~cI : l~a~l : l !  t o g ~ ! t I ~ c r ' ,  
a lways  oc.curr . ing ~ ~ l i t h  s a l i n i t y  rrraxima. About 30-6~3% of  t h e  r i v e r ' s  s u b s t r a t e  
:is i n  t h e  euphot5.c zone:!, and p h y t o b a n t h i c  p r -nduc t ion  has  heen estimated a t  
a b o u t  1 C ) O  g ~ / r r ~ 2 / y r s  01" COIII~I . IY~I :~~.E!  t c ~  t h a t  OT pl.iytoplc7nktorij.c pr.oductior.1. 
(Pages  e t  a l .  1 9 8 6 ) .  

Marshes  c o n s i s t i n g  p r i a i a r i l y  o f  Phrag_~_ni-~itgp c o v e r  an  a r e a  o f  a b o u t  40 km2 
i n  t h e  upper*rnast rlc!achc!s of  t h e  u ~ a t e r ' s h a d .  They were  f a r  mar'c! c!xtc!nsiue i n  
,1955 t h a n  now, and c o n t i n u e  t o  s h r i n k  i n  a r e a l  e x t e n t  a s  a f u n c t i o n  of 
i n c r e a s i n g  saI.:inri,ty. I IB~~*JE!E!I ' I  :l.I.)84 and  1.986, t h e y  r e c e d e d  a p p r o x i m a t e l y  20 k m  
u p s t r e a m ,  and al-a now foc.~ncl o n l y  above a b o u t  200 ksn  irpstrearn from t h e  rnouth of 
. the  r i v e r .  E:stirrtatc!d p r ima ry  p r o d u c t i o n  o f  t h e s e  s y s  terns i s  ca . 2000 
g/rr~2/yr d r y  weight : ,  CIP R ~ . I O I . I ~  7  t o n s  C / y y  F a r  t:he whole  r i ua r .  s y s t e m .  ' 

Riornass p r a d u c t i r : ~ n  i s  a  ma:jar compar~ent: o f  t h e i r  sy s t e rn i c  r o l e ,  b u t  t hey  a l s o  
p r o u i d e  p r o t ~ ! c t i c ~ r ~  f C I P  j i ~ ~ c ! n i l . e  f i s h  . 

Mangroues ,  c o r ~ s : i s t i n y  of s i x  s p e c i e s ,  a r e  c o n c e n t r a t e d  i n  t h e  l ower  
p o r t i o n s  o f  t h e  Casamance c ! s tua ry  helow Z i g n i n c h o r .  They haue s u f f e r t : d  a  
c o n t i n u o u s  dec l : i ne  frcrrn 9 3 1 . 2  krn6- ( 1973 )  t o  9 0 7 . 5  krrr2 (1979)  t c r  0 8 7 . 5  
k r n 2  ( 1983 )  t o  a b o u t  8QC) krr12 ( l . 9 8 6 ) .  (Recen t  ( 1987 )  i n d i c a t i c r n s  a r e  t h a t  
rnangroues a r e  d e c l i n i n g  a t  a  rlal:c! o f  a h o u t  4-7 km2/yr ,  depending  i ~ p o n  
r a i n f a l l  . ) ~J-i..~..,pt!,~,~~ ha s  r e q r e s  s ed  about: 7QX, c e n i a  s p p .  has  r e g r e s s e d  
somewhat l e s s ,  and ~ R I * I I ' I E ! S  s o i l s  a r e  cc~r~corr~sn:i tantly s p r e a d i n g .  I n  g e n e r a l ,  
t h i s  d e c l i n e  has  o c c u r r e d  p r o g r 1 e s s i v e l y  f'rorr~ uppc!r t o  lowc!r p o r t i o n s  of t h e  
e s t u a r y  and n a t u r a l  r e g e n e r a t i o n  i s  c u r r e n t l y  ue ry  weak.  I t  shou ld  be p o i n t e d  
o u t ,  h o u a v e r ,  th8.k. mangroves t e n d  t o  n a t ' u r a l l y  haue a  r a t h ~ ! r  p r e c a r i o u s  
e x i s t e n c e  i n  t h e  C a s a m n c e  R i l ~ e r  sy s t em because  1 )  t h e  wa t e r shed  a r e a  i s  
s rna l l ,  pu.ec:ip:itat:ri.or., i s  rrrarginal and runof f :  5 s  s l i g h t ;  2 )  i:idc!s arc! n c ~ t  ve ry  
h i g h  ( a b o u t  169  cm a t  t h e  rnouth, a b o u t  52 crn a t  Z igu : inchor )  and t h e r e  i s  
t l i e r e f o ~ ~ c !  1 : i t t l e  a p p r o p r i a t a  subs t r i . l t e  f o r  rnangroue!s t o  beg in  w i t h ;  and 3 )  
weak s e d i m e n t a t i o n  r a t e s  do n o t  f a v o r  t h e  e s t a b l i s h m e n t  o f  new l a n d s  s u i t a b l e  
f o r  mangr.aue colc tnizat : ian .  (Elacliane 1986 )  . - 

The r e c e n t  de!c l ine  i n  nrangror~es  i s  a t t r i b u t a b l e  somewhat t o  a n t h r o p o g e n i c  
s o u r c e s .  I t  has  bc!c!n ~ s t i r r l a t e d ,  for1 .exi.~rr~ple, t h a t  50% of  a l l  c h a r c o a l  i n  
Z i g u i n c h a r  d e r i ~ ~ a s  from rnangroue; t h a t  90% o f  a l l  hous ing  c o n s t r u c t i c l n  u se s  
mangrove wood; . t h a t  3 5 %  of' a l l  rnangroue d e c l i n e  i n  Sornc! a r c a s  i s  d i ~ e  t o  
mangrove swamp r i c e  c u l t i l . ~ a t : i a n ;  {:hat 1% o f  o v e r a l l  d e c l i n e  i s  due. t a  road 
c o n s t r u c t i o n ;  and t h a t  an unknown h u t  pe rhaps  s i g n i f i c a n t  p e r c e n t  i s  due t o  
b a r r a g e  cnnstr i ict : ic:~n and rrrnngrclus s t l l t  root:  cutting d u r i n g  o y s t a r  h a r v e s t i n g  
i n  t h e  s o u t h e r n  zone  r e g i o n .  C ; ene ra l l y ,  howeuer,  i t  i s  a c c e p t e d  t h a t  n a t u r a l  
pl*,enomwria a r e  kha g r n a t c s k  S O L J I ~ C W S  o f  d e c l i n e .  Recent  d r o u g h t  has  r a s u l t e d  i n  
t h e  rrlarkc!cl i.ncrar.lse i n  sa~lin3:L.y baye~ncl rrrangr>oue tol.sr-mncw, a radirct ictn i n  
inuncJalr.ed I:::icli~l s u r f a c e  arc..a, a dec.:l.ine i n  d : iu rna l  inunda t ic rn  f l i i c t i ~ a t i o n s  



T E E  A M E N D M L g T  , SQ,~P f r !~? -N -~?NE WRTER MANAGEMENT PROJECT (685-0295) P .  11  - 

r e s u l t i n g  i n  s o i l  e x p o s u r e  and a c i d i f i c a t i o n ,  and d e c r e a s e s  i n  g roundwate r  
l e u e l s .  Nor%th--south c h a n n ~ ! I  d i s p l a ~ e m e n t  i n  some a r e a s  and s u b s t r a t e  e r a s i o n  
haw& a l s o  been mentiorred,  a s  w e l l  a s  d e c l i n i n g  s e d i m e n t a t i o n  r a t e s ,  (Rad i ane  
1986). 

I n  g e n e r a l ,  mangrove sys tarns  c an  he e x p e c t e d  t o  be  more u u l n e r a b l e  t o  
p e r i o d i c  o r  a p e r i o d : i c  d e c l i . n e  :in s m a l l  w a t e r s h e d s  c h a r a c t e r i z e d  by 1 )  low o r  
m a r g i n a l  and g a n c r a l l y  hiqh1.y v a r i a b l e  p r * a c i p i t a t i c t n ,  2 )  h i g h  , 

e u a p o t r a n s p i r a t i . ~ ~ ~ ~ ,  and 3 )  low rra t c r r a l  r u n o f f  cond i  {: ions.  The r ecen . t  
"die .backt t  i n  t h e  Casamance and Gambia r i u e r  i s  p rohah ly  t l ~ e r e f o r e  a  r e cu t - r en t  
phemonernon a s s o c i a t e d  w i t h  r e c u r r e n t  d r a u g h t ,  and t h e  t r e n d  can p r o h a b l y  be 
e x p e c t e d  t o  s l o w l y  r>eue r se  i t s e l f  d u r i n g  s a r i e s '  o f  y e a r s  o f  h i g h e r  r a i n f a l l  
and r u n o f f .  Such a  r e u e r s a l  may, n o n e t h e l e s s ,  be m i t i g a t e d  by a n t h r o p o g e n i c  
i m p a c t s  s u c h  a s  f r e shwa te r .  in t : c ! rcep t ion  and swamp r i c e  cc r l t iva t - ion  and such  
i rnpact  can  be ~ x p a c t e c l  trn be g r e a t e s t  i n  upper  and rnid part : ions o f  t h e  sy s t em 
where  s a l i n i t y  t r e n d s  a r c !  most markc!d. t 

Primary product::i.on o f  rnangroues i n  t h e  Casarnance e s t u a r y  has  been  
e s t i r na t~ !c l  t o  ua ry  f'ulosrr 2--60 t a n s  o f  h i o m a s s / h a / y r  depending on s i z e ,  de .ns i ty  
and o t h e r  f a c . t a r s .  L i t t e r  pradctc.t:ion f o r  t h e  sy s t em a s  a  whole i s  e s t i r na t ed  
at: a b o u t  1 3  t o n s / h a / y r ,  m s . t  of' L ~ I ~ C I ' I  i s  t r a n s p o r t e d  s eaward .  Mangrc~ve l e a v e s  
c o n t a i n  a b c , i ~ t  1% n : i t r agen  d ~ y  ~reiglrt:  ancl w h i l e  l e a f  d e c o ~ ~ ~ p o s i t i o n  i n  t h e  
s u b s t r a t e  i s  s l a w  ancl laacls  t.cs s i g n i f i c a n t  accurnulat ictn of  d e t r i t u s ,  
l i h e r a t : i o n  a f  n:i.t:raqen and espac:i .al . ly phosphorus  p robab ly  o c c u r s  f a s t e r .  
( Pages  ~ t :  a l .  1 . 9 8 6 ) .  

c c~ecor~da!;y.,--l:'_r~aij~~c.,gh~rl. T l ' i r c ! ~ !  zoopI.anktar~-iC Z O ~ I C : ! S  ~ F I I J B  been d e l i n e a t e d  i n  t h e  
Casaa~ance  e s t u a r y  , a "mar:i. lri.metl ( c . A .  0--4.0krn ups trearn f rom t h e  ~ n o u t h )  , an  
t ' e ~ t ~ ~ ~ r ~ j . r i e "  ( c a  . 4.0-90krr1 crps.l:rc!arr~) and an I1ar i t : i -wstuar inet '  ( c a .  90--180km 
u p s t r e a m )  z o n e .  %oop lank t .~ ,n . j c  biorlmss t ~ y p i c a l l y  peaks  d u r i r ~ q  t h e  r a i n y  s e a s o n  
and highc!s t  l eve1 . s  a r e  found  i.11 t h e  e s t u a r i n e  z o n e .  MicrctI~c!rithic biornass 
( f o r m a m i n i f e r a ) ,  conuer$sel!y, i s  h i g h e s t  n e a r  t:he mouth of t h e  r i v e r  w h i l e  
rnacrohent:l,i-ic hiornass shows no c l . an r  Zongitc.1cJ5.rral t r e n d .  Crahr; hac~e  been no t ed  
t o  s t i l l  o c c u r  a t  sal in: i i :y ~ ~ a l u e s  o f  80 p p t ,  and t-.here i s  a g e n e r a l  i n c r e a s e  
i n  mollusc ahunt.larice f ro r r~  Auqusi: t o  C)ecernhc!r. ( P a g e s  e t  a l . .  1986)  - 

O y s t e r s  tzend t o  he concerlt:ratzed i n  t h e  l ower  s t r e t c h e s  ctf t h e  e s t u a r y  i n  
a s s a c i a ~ t i . o n  ~ c i . t h  rrlangroues, h u t  no r+e l i o?b l e  ~ ~ Q ~ R S S  F i g u r e s  f o r  o y s t e r s  a r e  
a v a i l a b l e .  Almost: a l l  o y s k e r s  a r e  h a r v e s t e d  a t  low t i d e  f rom t h e  mangroves 

L and t h e y  a r e  cansurr~ecl, excl-iangc!d and % o l d  i n  %igcr-i.nchar and Dakar .  O y s t e r  
harvest:irrg i s  a  clynarnic sy s t em whose f u t u r e  i s  a f f e c k e d  b y  d r o u g h t  p e r s i s t e n c e  
and riir'a1.-ui-han r r ~ i g r a t i o n  t:o Daka r .  Oy s  t a r  s i z e  ha s  g e n e r a l . 1 ~  d e c r e a s e d  w i t h  - i n c r e a s i n g  s a l i n i t y ,  hut: t h a r e  r ema ins  a  goc~d p o t e n t i a l  t o  d e v e l o p  c.ammercia1 
0 y s t e . r  c u l . t l . ~ t . . i r  ~ L I I  t h e  r e g i . ~ n ,  (Cor'mler-Salem 1986) . 

S h r i r n p  a p p e a r  tro rcac.h t- .heir  sr~axirnum s i z e  a t  a round  30 p p t ,  d e c r e a s i n g  
w i t h  s a 1 . i n i t i . e ~  c ! i t he r  h i g h e r  o r  l a w e r  t h a n  t h a t  v a l u e .  Q u a n t i t j . e s  tr!nd t o  
depend on sa l in : i t !y ,  seawarcl s r ~ i g r a t i o n  s i z e ,  tzernperature,  ' b o t t o m  d i s s o l u e d  
oxygen ( D O )  l e u s l s ,  n u t r i e n t s  and a  r a n g e  o f  o t h e r  f a c t o r s .  The f i r s t  l i f e  
s t a g e  o f  t h e  preclorninarik sh r imp  i n  t h e  r e g i o n ,  !L)em$au~ n t t a l i s ,  i s  i n  t h e  
e s t u a r i a s .  T h e  i rnpact  of' sh r i r r~p inq  i n  t h e  Casamance R iue r  on s e a  shr imp 
stac .ks  Ielas p r o b a b l y  heel1 Inw, hotmuer ,  s i n c e  t h e r e  i s  l i t t ~ l e  sh r i rnp ing  below 
Z : i g l l i n ~ h o ~  ( a n  iQr'ea uc!ry r i c h  i n  j u u e r ~ i l . e s )  and s e a  stctcks t . c ~  a  l a r g e  



e x t e n t  d c ! r v i v ~  frarrr Guinea  I4issau e skua r t i e s  ~ r h i c h  arb@ s o  f a r  p~ lor* ly  e x p l o i t e d .  
Sh r imp ing  begi3n :in t h e  Casarnance r e g i o n  a b o u t  19hO, arid c a t c h  has g e n e r a l l y  
f l u c t u a t e d  d:i.rec:.t::ly w:i th  s a l i n i t y .  Shrirnp a r e  u s u a l l y  captur*ecl a t  n i g h t  on 
a11 tgoincj  t i d e s  IJ~.  t h  f i x e d  n e t s .  The cat:ch g e n e r a l l y  i n c r e a s e d  f rom 1960-1981., 
t h e n  d e c l i n a d  s i qn i f i c an t : : l y ;  hy 1 9 8 4 ,  shrdrnp prbacessring p l a n t s  werct c l o s i n g  
a s  t h e  w e i g h t  o f  slir*irnp c a p t u r e d  f e l l  d r ama tz i ca l l y .  (Le Res t@ 1 9 8 6 ) .  

I t  ha s  bean rroted t h a t  t h e  zc~r~c! of  p o s t - l a r v a l  and juvc!ni la  .shri imp 
c o r r e s p o n d s  t o  t h a t  o f  t h e  a c c u r b r e n c e  o f  rnangu.oues, h u t  at: a  f i n e  s c a l e  t h e  
r e l a t i o n s h i p  i t ;  n o t  euicdent . I n  1978, f o r  exarrrplc!, n~axirr~urn concen t : rba t i ans  
we re  g e n e r a l l y  F C ~ L I I I ~  where  t h e r e  we re  no mangroves .  (Bad i ane  1 9 8 6 ) .  

T e r t i a r y  .-.-- Produc t i .on .  - -----....,.--.----..--,-,-. F i s h  d i v e r s i t y  i n  t h e  Casarnancc! R i v e r .  g e n e r a l l y  d e c l i n e s  
s t l rong ly  a s  one moues u p s t r e a m .  P r e d a t o r  cornmunit ias a r e  ccsncen t ra ted  i n  t h e  
l o w e r  s t r e t c h e s  1d. t l .1  dt:!tril::ouores crr  p'hytcrphages o c c u r ~ ~ i n g  i n  t h e  uppe r  l i m i t s  
o f  t h e  s y s t e m .  Above s a l i n i t i e s  o f  a b o u t  130  p p t ,  uirt-.uall!y a ' l l  f i s h  
d i s a p p e a r .  Sorrw s p e c i e s  h a v e  a l r e a d y  d i s a p p e a r e d  e n t : i r e l y  T'rorn t h e  er: t u a r y  , 
and t h e  cont: : inental  f i s h  f a ~ ~ n a  r c ! ~ ~ ~ a i n s  o n l y  i n  a  few r e s i d c ~ a l  marshes  n e a r  
Kolda .  A C C I ~ E !  c~~rnrnuni:t:y csf' a h o i ~ t  s i x  f i s h  s p e c i e s  d c ~ m i n a t ~ !  h i g h e r  s a l i n i t y  
a r e a s .  I n  g e n e r a l ,  t h e  d e c l i n e  i n  s p e c i e s  r i c h n e s s  i n  t h e  ~ ! s t u a r y  would be 
e a s i l y  r eve r s lh l . c !  :in e s t u a r i n e  and marritirne a r e a s  w i t h  a  d e c l i n e  i n  s a l i n i t y ,  
b ~ ~ t  i t  ~ o u l d  be more p ~ ~ ~ b l ~ ! ~ ~ n a t i c a l  f o r  c o n t i n e n t a l  . s p e c i e s .  (Pages  e t  a l .  
1 9 8 6 ) .  

F i s h  c a t c h  hicsrr~as s  i s  approx i rna t~! I .y  e q u i v a l e n t  i n  t h e  t h r e e  zones  o f  t h e  
e s t u a r y ,  alt11ougl.1 t:he p r o d u c . t i u i t y  o f  s u r f a c e  c a t c h  i s  c l e a r l y  h i g h e r  i n  
m idd l e  and upper  khan : in  t h e  l c w e r  r ~ ! a c h e s .  The s e a  c a t c h  c c ~ n s t i t u t ~ : ~  a h o u t  
27% and t h e  ~ s . l : ~ ~ a r i r i e  catzch a h o u t  73% o f  t o t a l  o f f t : ake .  Abc~ut 80% crf the. 
c a t c h  c a n s i s t s  o.F T;i.J.xixi?,,, onga s h a d ,  s e n a n t f i s h ,  rr lul let  and c racker . .  Maximum 
c r f f t ake  o c c u r s  i n  !:he d r y  s e a s o n  (Februnry-May) and an  est:irrrated 94% of  l o c a l  
f i s h  ccrnsumption d e r i u a s  f'r+crrri t h e  rc!giortal  a r t i s a n a l  e f f o r t .  (Diadh iou  e t  a l .  
1 9 8 6 ) .  

F:ishing has  occu~-~c!cJ on t h e  Casarnancc! R i u e r  s i n c e  a t  l e a s t  a b o u t  1000 
A . D .  Major  changes  began o c c u r i n g  a f t e r  a h o u t  1900  and a c c e l l e r a t e d  r a p i d l y  
a f t e r  a b o u l  1 9 5 0  w i t h  a s h a r p  incr teas t !  i n  new f i s h i n g  methods and t h e  h r i e f  
f l o u r i s h m e n t  crf a  Casarnance-based smoked f i s h  i n d u s t r y .  I n  1986 ,  i t  was 
e s t i m a t e d  t ha t :  t la lere  were  4.360 f i s h i n g  u n i t s  and 94.60 f i s h e r m e n  work ing  t h e  
Casarnance. Aboc~t 05% o f  t h e s e  u n i t s ,  and 45% of  a l l  f i s h i n g  cc in t e r s ,  were 
d e s c r i b e d  a s  c o n s i s t i n g  o f  " p e a s a n t  f i s h e r m e n "  s t i l l  c l e a r l y  t i e d  t a  
a g r i c u l t u r e  and o t h e r  l and -based  economic s t r a t e g i e s .  C u r r e n t l y ,  h o w e i ~ e r ,  t h e  
economic e f f e c t  of deve lopment  p r t o j e c t s  and t h e  e f f e c t s  on f i s h e r i e s  o f  
n a t u r a l l y  i n c r e a s i n g  s a l i n i t y  l e u e l s  have t ended  t o  draw f i s h i n g  e f f o r t s  From 
t h e  mid-estuar'y bo lons  t owards  t h e  s e a .  (Diaw 1 9 8 6 ) .  

macro fa^^. Water b i r d  d i u e r s i t y  on t h e  Casarnance i s  h i g h e s t  ( 1 2 - 1 4  s p e c i e s )  
i n  t h e  Phraqmit,; rnarshes a t  t h e  uppe r  ext rarne  o f  t h e  syst.am, and b iomass ,  
d e n s i t y  and nurnher o f  w a t e r b i r d  s p e c i e s  g e n e r a l l y  i n c r e a s e d  w i t h  d i s t a n c e  
u p s t r e a m  From Zj.c,luinchor i n  f l p r i l  1 9 8 5 .  Manatees  a r e  s t i l l  hun ted  a l o n g  t h e  
r i u e r ,  c r o c o d i l e s  a r e  s a i d  t o  s t i l l  be  p r e s e n t ,  b u t  h i p p o s ,  which u sed  t o  be 
abundant:  i n  t h e ?  S o u n g r o u r , l ~ - ~ i ~  R i u t ? l n  t r i b u t a r > y  c a .  1 9 6 0 ,  a r e  s a i d  t o  bc! e n t i r e l y  
e x t i r p a t e d  a s  a  r e s u l t  crf h u n t i n g  and o1:hc.r p r e s s u r e .  Human pcrpulat:ion, 
c o n c e n t r a t a d  i n  Z:i.gu:i.nchc~r, S~!dh j . c~ i l ,  Kc)%(:li:( and Marsassorurr~,  i s  s a i d  t o  a p p e a r  



t o  haue  had l i t t l e  e f f e c t  on t h e  Casarr~ance e s t u a r y  w i t h  t h s  p o s s i b l e  e x c e p t i o n  
o f  i t s  a f f e c t  v i a  f i s h i n g  p r e s s u r e .  ( P a g e s  e t  a l .  1 9 8 6 ) .  

I '  

-.. G e n e r a l  ~ p n ~ J L l ~ ~ - ~ g ~ ~ ~ .  I hc! Casamance R i r ~ e r  s y s t e m  i s  c h a r a c . t e r i z e d  by a  
c o n f i n e d  w a t a r s l i e d  o f  lirr1:ite.d s i z e ,  h i g h l y  v a r i a b l e  w a t e r s h e d  p r e c i p i t a t i o n ,  
g e n e r a l l y  l o w  t o  u e r y  lohi f r e s h w a t e r  i n f l o w s ,  and c o n s e q u e n t  h y p e r s a l i n i t y  
i ~ i c r a a s : i n q  i n  r + e c e n t  y e a r s  t o  ex t re rne  h y p c r s a l i n i t y  i n  t h e  c e n t r a l  and  u p p e r  
useaches o f  the  s y s t ~ r n .  As s u c h ,  t he  e s t u a r i n t !  p o r t i o n  o f  t h e  r*iuer car) he 
r ~ i e w e d  l a r g e l y  a s  ,an e v a p o r a t l i u e  s y s t e m .  The u p p e r  r e a c h e s  a r e  e s s e n t i a l l y  
d e t r i t i c  w i t h  e x c e p t i a r \ a l  a r b g a n i c  r e s e r u e s ,  where  s o l a r  i n s o l a t i o n  i s  a ln los t  

+ t h e  o n l y  s o u r c e  o f  e x t e r n a l  e n e r g y  i n p u t .  The b i o l o g i c a l  d i v e r s i t y  a f  t h e  

s y s t e m  i s  g e n e r a l l y  l o w ,  w i t h  t h e  h i g h l y  u a r i a b l e  c e n t r a l  p o r t i o n s  oF t h e  
s y s t e m  s e l e c t i n g  f a r  o l i g o - s p e c i f i c  communi t i e s  which  a r e  h i g h l y  a d a p t a b l e .  
N o n e t h e l e s s ,  t h e  p r o d u c t i u i t y  o f  t l i e  C a s a a ~ a r ~ c e  R i u e r  rarnains  n lodera te  t o  h i g h .  

T h e r e  a r e  two major. and wary d i f f e r e n t  s o i l / w a t e r  p rob lems  c u r r e n t l y  
p r e v a i l i n g  i n  t h ~ !  S o u t h e r n  Zone,  i ,  a . ,  s o i l  a c i d i t y  and s o i l  s a l i n i z a t i o n .  
Deuelopment  o f  a c i d  s u l p h a t a  s o i l s  nor rna l ly  o c c u r s  i n  t h e  s o u t h e r n  z o n e  r e g i o n  
i n  a s s o c i a t i o n  ~ : i t h  rnanqrloue.s, when g r o u n d w a t e r  l e u e l s  d r o p  and o x y g e n a t i o n  of 
p y r i t e  t o  su1phur '~c: .  a r i d  o c c u r s .  1"hris h a s  r e s u l t e d  i n  pH l ~ a l u e s  a s  lclw a s  
1 . 5 - 2 . 0  l o c a l l y ,  and p r e c i p i t a t i o n  o f  f e r r i c .  s u l p h a t e  on t a n n e s  s o i l s  i s  
t y p i c a l . 1 ~  used  a s  a n  ind~i!x t o  i d t : ! n t i f y  area!; o f  p o t a n t i a l  a c i d i f i c a t i a n .  A 
r e l a t e d  phenomenon h a s  a l s o  I:~een o b s e r u e d  i n  t l ie  r a g i o n  where  o l d e r  rnangroue 
s y s t e m s  haua  l ibe!ra tacJ  l a v g c  q u a n t i t i s s  o f  c?xchangeab le  alurr~inurn ( f i x e d  on 
c l a y )  which  i s  b c ~ t h  s o l u b l e  a n d  m o b i l e .  'This a1urn:inurn p r e c i p i t a t e s  a t  the. 
t e r r a c e  l im i t s  and i s  washc!d hy r a i n w a t e r  i n t o  the. r n a r i g o t s ,  rnaking t h e  w a t e r  
b e h i n d  some b a r r a g o . ~  acicl:ic., a .  g .  , 3 . 2  a t  O j i g u i s s o u r n  i n  Decernber 1986  and 
f a l l i n g  f r o r r ~  5.1 t o  3 . 1  a t  Gu:idc!l f o l l o w i n g  t h e  f i r s t  r a i n s  i r r  J u n e  1 9 8 6 .  
T h i s  i s  A p o t e n t : i a l  prablern  b e c a u s e  w a t e r  h i g h  i n  alurninurn :is n o t  u s a b l e  f o r  
i r r i g a t i o n  and i s  p r o b a h l y  a l s o  n c ~ t  ~ l s a b l c .  fo r -  p i s c 5 c u l t u r ~ e .  Low ptl w a t e r  is 
t y p i c a l l y  f l u s  hs!d f'rorn b~!h:il'ld b a r r a g e s  i n  July--Augus t , howeuer ,  p r i o r  t o  
c a p t u r i n g  t h e  l a i c !  r a i n s  Forb r i c e  p r o d u c t i o n ,  arid b o t h  i r o n  arid alurninurn 
t o x i c i t y  a r e  g r e a t e r  prcrblarns f o r  f i s h  t h a n  f a r  s h r i m p  culturcr!.  ( L e  n r u s q  
1 9 8 6 ) .  

T h e  key t c r  c a n t r . o l l i n g  t h e  phenomenon o f  s o i l  a c i d i t y  i n  s u c h  s i t e s  
'I w o r l d w i d e  h a s  t y p i c a l . l y  been  t o  m a i n t a i n  s o i l  s a t u r a t i o n  i n  t h e  d r y  s e a s o n  

( a f t e r  c r o p  h a r ~ J E ! s t i n q  i s  carr~pla.Ired) by f l u s h i n g  t h e  c r o p p i n g  s i t e  w i t h  t i d a l  
w a t e r s  and r r ~ a i n t a i n i r i g  s o i l  s a t u r a t i o n  u n t i l  t i d a l  w a t e r s  can  be r e p l a c e d  w i t h  

r f r e s h  w a t e r  a f t e r  t h e  o n s a t  a f  t h e  r a i n s .  

T h e  otzher m a j o r  so: i l /walzar  proble-rn i n  t h e  s o u t h e r n  zorie i s  i n c r e a s i n g  
salinizw-L:ri.on o f  c.:r.oplancl a s  a r * e s u l t  o f  d e c l i n i n g  p r & ? c i p i t a . t i o n ,  i n c r . a a s i n g  
s u r f a c e  w a t s r  s a l i n i t y  and s a l i n e  g r o u n d w a t e r  i n t r u s i o n .  The. b e s t  w a y  t o  
rrlr.lnaga suck1 ar3c!ar: i s  t l ' l r ' o ~ ~ g l ' l  c c : ~ r ) ~ t r ~ ~ c t i o n  CIF srr1a1X a n t i - s a l t  d i k e s .  T h e s e  
d i k e s  s t o p  s a l t  ~ m t e r  int:1-usion a n d  r e t a i n  f r e s h  w a t e r  r u n o f f  d u r i n g  t h e  r a i n 9  
a n d  e a r l y  d r y  s e a s o n  (~Ti~ne - . . .L )c !c~a r r~b~!~~)  f o r  c r o p  p r o d u c t i o n ;  a f t e r  h a r u e s t i n g ,  
t h e y  a r e  1:liel.r opwned and .F:lushecl w i t h  t i d a l  waters. 
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I n  e s s e n c e ,  t h e  s equence  o f  e v e n t s  which t a k e s  p l a c e  i n  r e c l a i m i n g  
s o u t h e r n  zone  l a n d s  which a r e  b o t h  s a l i n a t e d  and e x h i h i t  p o t e n t i a l  
a c i d i f i c a t i o n  i s  a s  f o l l o w s .  Q s m a l l  a n t i - s a l t  d i k e  i s  c o n s t r u c t e d  a t  an  
a p p r o p r i a t e  l o c a t i o n  ups t r sa rn  o f  t h e  mouth o f  t h e  b o l o n .  From a h o u t  
December-June,  khe d i k e  i s  l e f t  open and s a l i n e  t i d a l  w a t e r s  a r e  p e r m i t t e d  i n  
tcr m a i n t a i n  s o i l  s a t u r a t i o n  and o b v i a t e  t h e  p o t e n t i a l  f o r  t h e  o x i d a t i o n  which 
p roduces  s u l p h u r i c  a c i d  a n d ,  t h e r e f o r e ,  h i g h  s o i l  a c i d i t y .  With t h e  o n s e t  o f  
t h e  r a i n s  ( c a .  J u n e )  r u n o f f  i s  t r a p p e d  heh ind  t h e  d i k e .  P e r i o d i c a l l y  
t h rougha i r t  the. r a i n y  s e a s o n ,  t h e  d i k e  i s  opened t o  f l u s h  t h e  accumu1ate.d and 
d i s s o l v e c l  s a l t s  o u t  o f  t h e  systerri; t h i s  g r a d u a l l y  r e d u c e s  t h e  t o t a l  h u l k  o f  
s a l t s  which Inue accumulated on t h e  s i t e  o v e r  t h e  yea r s .  When w a t e r  l eue l s  i n .  
t h e  e a r l y  d r y  s e a s o n  a r e  r educed  t o  t h e  p o i n t  where  s o i l s  beg in  d r y i n g  and 
o x i d a t i o n  and a c i d i f i c a t i o n  p o t e n t i a l  r i s e  ( c a .  December) ,  t i d a l  w a t e r s  a r e  
a g a i n  pe r rn i t t ed  t o  c!nter t o  keep t h e  s o i l  s a t u r a t e d .  Q f t e r  a  f e w  y e a r s ,  
s u f f i c i e n t  s a l t s :  halze hean f l u s h e d  o u t  o f  t h e  s o i l s  such  t h a t  a  r i c e  c r o p  can 
he  p roduced .  T h i s  systerrl o n l y  u s u a l l y  changes  a t  t h a t  t i m e  i d s o f a r  a s  t h e  
f r e q u e n c y  o f  F l u s h i n g  d u r i n g  t h e  r a i n s  o c c u r s .  T y p i c a l l y ,  t h e  d i k e  w i l l  be. 
c l o s e d  i . r i  J u n e  and opened i n  J u l y  o r  August  t o  f l u s h  c r u t  a c c u m i ~ l a t e d  s a l t s  f o r  
one  t o  t h r e e  weeks .  I t  i s  t h e n  c l o s e d  a g a i n  t o  c a p t u r e  t h e  l a k e  r a i n s  and i s  
opened a g a i n  o n l y  a F t e r  h a r v e s t i n g  i s  complc!te. 

A simrnary o f  t y p i c a l  and p r i n c i p a l  s u r f a c e  and groundwa t e r  phys icochern ica l  
p a t t e r n s  which r ~ ! s u l t  f  rorn such  management , drawn f  ronl t h e  example o f  t h e  
Ka tou re  Ra r r age  i n  1 3 8 6  a s  a n a l y z e d  d u r i n g  i:he 1ISAID-funded ISRA s t u d y ,  i s  a s  
f o l l o w s  : ( I t  s h c ~ u l d  b e  n o t e d  t h a t  t h i s  s i t e  i s  l o c a t e d  i n  t h e  lcrwer Casamanc.e, 
where  t h e  g r e a t e s t  s u r f a c e  a r e a  o f  a c i d  s u l f a t e  s o i l s  e x i s t s . )  Between 
c l o s i n g  a f  t h e  d i k e s .  i n  J u n e  and i t s  tc!rnporary r e o p e n i n g  i n  Auqust ,  s u r f a c e  
w a t e r  s a l : i n i t y  d e c r e a s e s  r a p i d l y  ahove  t h e  d i k e  arid s l o u l y  below t h e  d i k e .  
A f t e r  the! August  c l o s i n g ,  hho. a p p o s i t e  p a t t e r n  o c c u r s .  S u r f a c e  w a t e r  ptl aboue 
t h e  d i k e  I-ernairis low (pH c a .  3 . 0 - 4 . .  0 )  i1111:il t h e  August  o p e n i n g ,  a f t e r  u h i c h  i t  
clirrlbs rapi.c:ll.y .I:a c a .  6 . 0 - - 7 . 0 .  BE!:[OLAI t h e  cJi.kc!, s u r f a c e  w a t e r  a c i d i t y  remains  
a t  l e u e : l s  OF' pl l  6 . 0 - - ' I .  0 r c ! ~ a r d l e s s  o f  d i k e  ~ p e r ' a t i c r n .  

Grou r id~~~ i .~ t f i r  I .C~! I JE !~S  o f  COLII"SE!  ' i nc r - t ?~! ;~!  t h r * o ~ ~ g h c ~ i ~ t  t h e  ra i .ny s e a s a n  and 
d e c r e a s e  a s  t h e  cirl!j s easa r i  plnogrc!sses hot:h aboue a r ~ d  below t h e  d i k e .  
Groundlr~a.Lc!u. sal.i.n:i.l:y shows an a p p o s i t e  pat:i:c!r~~ri, dc:!cr*r!asing c l u r ~ i r r g  t h e  r a i n y  
s e a s n n  and i n c l - e a s i r ~ g  c:lur:irig t h e  drjy s e a s o n  bo th  abcrve and below t h e  d i k e .  
Gr*oundmte r  pH hC!:l(:llrl t:I'it! d i k e  ,typ:i.cal.ly ~"ertmins a t  f i 3 i r l y  s t a b l e  h i g h  l e v e l s  
(c.a.  pH 6 . 0 - 7 . 0 )  t h ~ ~ o u q h o u t r  t h e  rba iny  s e a s o n ,  w h i l e  pH abollc t h e  d i k e  t e n d s  t o  
d e c l i n e  t o  : i t s  l a w e s t  I.euc!:l. be tween ;I'unc! and t h e  A ~ . ~ y u s t  f l u s h i n g ,  a t  which . 
t i m e  i t  i n c r e a s e s  gradira : l ly  t o  a b o u t  6 . 0  i n  Nouember . 

I t  :is impa r~ t a r i t  t o  r*c!i.tt:!r'ate 1 )  t h a t  s a l i n i z a t i o r i  and a c i d i f i c a t i o n  a r e  
ue ry  d i f f e r e n t  phennrnena, 2 )  t h a t  t h e y  o n l y  sorrretirnes o c c u r  on t h e  same p l o t  
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OF l a n d ,  and 3 )  t:Ivlat CI.IY'I"E!~I.I:I.~ i t  i "= .a l . j .n iza t ion  f a r  rncrre t h a n  a c . i d i F i c a t i o n  
which r a p r e s e n t s  \:he pr:irmry cons  t r b a i n t  ko lza l ley  r i c e  deueloprflent.  T h i s  i s  
h e c a u s e  i t  a f f e c . t s  a  g r e a t  d e a l  I~ICIY 'E!  l a n d  and o c c u r s  f a r  h i g h e r  i n  t h e  
w a t e r s h e d s  where  a c i d i f i c a t i o n  p o t e n t i a l  i s  t y p i c a l l y  l aw ,  and i t  i s  because  
oT-' t h i s  phenorrwnon t h a t  i.t i s  p o s s i b l e  t o  s i t e  a n t i - s a l t  d i k e s  i n  a l a r g e  
nurnher o f  a r e a s  w i t h o u t  r un r l i r~g  t h e  r i s k  o f  d e u e l a p i r ~ y  s i g n i f i c a n t  l e v e l s  o f  
a c i d i f i c a t i o n .  



Rarraqc! -i.rr~y.,acts on aclc.rat:ic e c o l o g y  i n  t h e  s o u t h e r ~ n  zone  r e g i o n  hauk been 
d e s c r i b e d  by a  nirmlner crf a u t h o r s  . The ( h i d e l  b a r r a g e ,  e n c l o s i n g  a n  a r e a  o f  
appraxirna. tr! ly 74.5 krn2, ha s  ~ E ! E ! I . I  d e s  c r i b e d  a s  hau ing  had t h e  eFf ec.t of 
d e c r e a s : i r ~ g  sa1 in i t :y  var; iab:i l . : i ty and d e c r e a s i n g  n u t r i e . n t  l e u e l s  and f i s h  
r ac ru i t r r~ t ? r l t  b c l o ~  t h e  harbrsac,ltr! ( e s p f t c i a l l y  f o r  f i s h  and e t h r r ~ o l c ~ s ~ ! ~ )  . Aboue t h e  
b a r r a g e ,  t h e  affc!c. ts  haue I:jc!en t o  rrraintaln t h e  f i s h  hiarnass a t  abou t  
p r e - c l o s u r e  l e u e l s , ,  t o  change t h e !  s p e c 5 . e ~  cc~rr~po~j . t : ion of: t h e  f i s h  ccmrriunity 
and a p p a r e n t l y  t o  gener-all!y improue  t h e  r e g a n e r a t i l ~ e  c a p a c i t y  of  the. a r e a  f o r  
mangroue resstabl . ishrr~t:!r~t: .  O u a ~ a l l . ,  I+rowc!uar*, t h e  a F f a c t s  of: t h e  b a r r a g e  haue 
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been  d e s c r i b e d  a s  ' p r a c t i c a l l y  n i l . '  ( R a r r y  and Posne r  1906 ;  Radian@ 1 9 0 6 ) .  

The a q u a t i c  i r r ~ p a c t s  i n  t h e  Fiignona V a l l e y ,  s i t e  o f  t h e  Af f i n i am Dam, haue 
heen  somewhat rnore i n t e n 5 i u e l y  s t u d i e d .  Data  frorn e i g h t  s t a t i o n s  mon i to r ed  
monthly  and lcicat.r!d b o t h  above  and b ~ l a l l l  t h ~ !  darn p r o u i d e  arr i1 '1c1icat ion of t h e  
u a r i a b i l i t y  p r e v a i l i n g  t h e r e  (Diaw 1 9 8 6 ) .  T h i s  h o l o n  has  a  u a t e r s h e d  o f  
a p p r o x i r r ~ a t e l y  800 krn2, and a  l e n g t h  a f  ahoirt  88  k r r ~  o f  which a b o u t  6 8  krrr was 
o r i g i n a l l y  unde r  t i d a l  i n F l u e n c e .  I n  1 9 7 1 ,  t h e  bed o f  t h e  r i v e r  was a b o u t  
150 rn wide and 1 0  rrr d e ep  a11 E J o r a ,  j i l s t  aboue  t h e  c o n f l u e n c e  o f  t h e  Rignona 
w i t h  t h e  Casarnance R i u c r ,  b u t  by t h e  mid 1 9 8 0 ' s  t h e  hed was no d e e p e r  t h a n  
a b o u t  6  rn a t  t h i s  p o i n t .  F a r t h e r  u p s t r e a r r ~ ,  t h e  c h a n n e l  narrows t c ~  abciut 20  m 
w i d t h  and 1 . 5  rn d e p t h  a t  t h e  town o f  Bignona.  

I n  gc !nera l ,  t h e r e  i s  l i t t l e  d i u r n a l  v a r i a t i o n  i n  w a t e r  ter r rpera ture  i n  t h e  
hol.on. Maxima o f  31--32"C o c c u r  i n  Q c t a b e r  and minima of  21-22°C o c c u r  i n  
Ja11~1ary.-Febrijal-y. Sa l : in i i : i e s  t e n d  t o  r e a c h  t h e i r  rnaxirnum a t  53-68 p p t  d u r i n g  
t h e  r a i n y  s e a s o n  a s  s a l t s  arc! l e a c h a d  o u t  o f  t h e  s o i l .  They min imize  i n  
Sep tember  due t o  I - L I I I Q ~ ~ ,  d i r e c t  r a i n l = a l l  and g r o u ~ . ~ d w a t e r  rnovernent, r e a c h i n g  
a b o u t  3 8  p p t  h ~ . l a w  the! darn and ahauk 7 p p t  ahoue .  No s a l5n l i t y  l e u e l s  helow 7 
p p t  were  e v e r  obse rued  i n  t:.l~a bcilon d u r i n g  t h e  c o u r s e  o f  t h e  s t u d y .  S a l i n i t y  
g r . adua l l y  incrc!ar;ad slcrt*lly af'tai!r Septernber. a s  t h e  r a i n s  s l owed ,  g roundwa te r  
f l o w  d e c r e a s e d  and e u a p o r a t i o n  i n c r e a s e d .  T h i s  pl~enornenon i s  s a i d  t o  h e  
t y p i  cal.  t l - ~ r o t ~ q h o ~ . ~  t h e  C : R : : , R S ~ I A ~ C F !  Riuer s y s  tc! r r~  B X C E ! ~ ~  i n  S o u n g r o ~ ~ y r o ~ ~  Rolon 
which d o a s  n o t  c1esalinat:e i n  t h e  r a i n y  s e a s o n .  In g ~ n e r a l ,  t i d e  w a t e r s  a r e  
marc! s a l i n e  t h a n  ~ . I I O S E !  a t  ehl:) . t i d e  d u r i n g  t h e  r a i n y  s e a s o n .  Herc ,  a s  . i n  most 
o f  t h e  Casa r~ i anc .~ ,  i t  a p p e a r s  t:hat: g roundwa te r  s a l i n i t y  was p r e u i o u s l y  ' lower  
t h a n  t h e  r i u e r  i m t a ~ .  bi.rt t h a t  :in rc!cci!rrt y e a r s  i t  ha s  become 2-3 t i m e s  s a l t i e r  
t h a n  t h e  r i u c ! r  w a t e r .  

I 

Values  o f  pH g e n e r a l l y  rnaxirnize i n  t h e  l a t e  d r y  s e a s o n  and a r e  a t  t h e i r  
minima d u r i n g  t h e  r a i n s .  S e a s o n a l  t ~ a r i a t i o n  i n c r e a s a s  w i t h  d i s t a n c e  ups t r eam 
f r om t h e  conf ' luerlce o f  t h t ?  bolorl w i t h  t h e  Casamancc! R i u e r .  Minirna a r e  

L. 

g e n e r a l l y  f rom 6 .  5 - -7 .1 ,  rnaxirna a r e  g e n e r a l l y  alsou t 8 . 5 ,  and t h a r e  i s  l i t t l e  
d i u r n a l  pH va r . i a t i . on .  DO u a l u e s  a r e  generally hetwt?en 2-4. pprn and show l i t t l e  
 ariati ti an e i t h e r  s e a s o n a l l y  o r  d i u r r l a l l y .  Higher  v a r i a t i o n s  t end  t o  b e  
a s s o c i a t e d  w i t h  pho to sy r r t hc ! t~ . c  a c t i v i t y .  

N i t r a t e  t ~ a l i l e s  ape  g e n e r a l l y  h i g h e s t  d u r i n g  t h e  r a i n y  s e a s o n  
(Ailgust-Octobc!r) and k h a n  det:l.irre e x c e p t  f o r  a minor  peak i n  Dac.c!mher. 
Maxirnuln v a l u e s  c .o r respand  Izo low s a l i n i t y .  V a l u e s  a r e  h i g h e s t  i n  t h e  r a i n s  
due  t o  r u n o f f ,  h i g h  n i t r a g a n  c . on t sn t  o f  r a i n w a t e r ,  wash ing  o f  i r o n  f rom t h e  
s o i l ,  c o ~ i t r i b u l : i o ~ - ~ s  From t:he rnangroues i n  ths lower  reaches  and farm runoff  i n  



a r e a s  where  t e r r e s t r i a l  f a r w i n g  o c c u r s .  Some d i u r n a l   ariati ti on o c c u r s ,  b u t  
pa t t e rn ! ;  o f  uar*i.i:ct:ion ar'e 1'101: p a r ' t i c u l a r l y  c l e a r .  Phospha te  levc! ls  t e n d  t o  
rnaxirnizs i n  Sap te rnher ,  a  pharlomer-~on t y p i c a l  o f  c o a s t a l  and c o n t i n e n t a l  s o i l s  
due  t a  : i . n t~ r l s i f : i . ( : .~ . t : i . o r~  o f  c ; c I : ~ ~  r - e j  u u e n a t i o n  of  p t ~ o s p l ~ ~ c ~ r i ~ s  by t h e  s e d i m e n t s .  
Minimum valuc+s a r e  ilsua1:ly crhtaii-i~.!d :in Decer11bE.!r-Ja111.1~ry . 

Chal.ar.pI.iyll(a) trznds t o  p e a k  i n  Octobc-!r and d e c l i . n e  t h r ~ o u g k o u t  t h e  d r y  
s e a s o n  and a t  t h e  s t a r t  OF' t h e  r a i n s .  . M A X ~ I T I I . I I I I  v a l u e s  o b t a i n e d  were  5 . 5 3 - 1 3 . 1 6  
m i  c r\o y r$i;irn!; / 1 ,, rr11.1 r: h 1 o w  rj ,l: h i s  rr ,t: h c !  rrin x l r r ~  (:I .C: 1.1 p 1;: 0 3 0 rn:i C. Y ' C I ! ~  1"i.l r11s / 1. c~ b k a i net{ a t  
t h e  Gi~ ic le l  Bolon.  The re  i s  cans idarbab le  d i u r n a l  v a r i a t i o n  i n  v a l u e s ,  a s  would 
h e  e x p e c t e d .  

I n  g e n e r a l ,  t e m p e r a t u r e ,  s a l i n i t y , .  pH and n 0  va ry  l i t t l e  t h r o u q h c ~ c ~ t  t h e  
ida te r  calurnn. N: i t rogen and phospho rus  t end  t o  ha much h i g h e r  a t  d e p t h  a s  we11 
aS c h l C I r p h y ~ 1 . ( a ) ,  s1.1pp~1rt:irlg t i l e  t ' lypc~thcs is  of' c7 d e t r - i t a l  o r i g i n .  

I 

I n  g e n e r a l ,  l c~ngi i - . i l t l ina l   ariati ti on i n  p a r a m e t e r s  i n  r e l a t i o n  t o  t h e  
nff in iarr l  Darr~ can h e  surrlrrmrized a s  f c ~ l l o w s :  

S a l i n i  t:y Lower 
tlriqher 
...- ..- 

N i t r a t e s  Lower 

P h o s p h a t e s  H ighe r  

C h l o r o p h y l  ( a )  Lowel- 

Higher  
Lower 
-- -- 

Higher  
Lower 
-- -- 

-... -- 
Lower 

Higher  

Higher  

Lower 

Higher  

Oc.tah~!r-Nour!rr~ber 
March-May 
Ra ins ;  Wint@.r 

June. 
Au~~ust-Nouember  
December-January 

Most a f  y e a r  
August 

Most o f  y e a r  

G e n e r a l l y  

G e n e r a l l y  h i g h e s t  
i n  a s s o c i a t i o n  
w i t h  mangroves 

w 

G e n e r a l l y  
a 
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Bai1 .a  V a l l e y - .  Long- - te rm rbair ' l f  al.1. n~aasur*ernc:!nt s  i n d i c a t e  u a r i a t i o n  f ram -------.- .---- .--- 
a h o u t  1 3 0 0  vnrnfyr i n  t h e  s o u t h  t o  a b o u t  1000 r n r n / y r  i n  t h e  n c ~ r t h ,  b u t  t h e s e  
u a l i l e s  h a l ~ e  d e c l i . n ~ ! d  c l~lr - i r l9  t h e  l a s t  1 0 - 1 5  y ~ ! a r s  t o  a p p r o x i r r r a t e l y  1100 rrirrl a n d  
8QQ mm, r e s p e c t i ~ ~ e l y  , M o s t  p r e c i p i t a t i o n  i s  c . u r r e n t l y  l o s t  t o  a g r i c u l t u r a l  
p r o d u c t i c r r - ~  b e c a u : ; ~ !  of' the! urlt>.uc!n d i ~ t r ~ i h u t i c 1 1 ' 1  o f  r a i n f a l l  crl~er* t h a  wet  sc !asan ,  
h i g h  e u a p o t r a n s p : i r a t : i o n  r a t e s ,  t h e  i n t e n s i t y  o f  r a i n f a l l  w h i c h  l e a d s  t o  
a u e r l a n d  F l o w  O F  r~~r lo .Ff : ' ,  a n d  t h e  l a c k  o f  s t o r a g e  f a c i l i t i e s  t o  c a p t u r e  ~ ! x c e s s  
r u n o f f  d u r i n g  t h e  r a i n y  s e a s o n .  I n  t:he s a l i n i z e d  u a l l e y s ,  e a r l y  s e a s o n  

" r a i n f a l l  5s  u s e d  t o  d i s s o l v e ,  l e a c h ,  a n d  renroue  s a l t s  f r o m  ~ I I E !  s o i l s  t o  a n a b l e  
r i c e  t o  h e  t r a n s p l a n t e d .  A m o n t h  o r  m a r e  a f  r a i n f a l l  may b e  n e e d e d  b e f o r e  
t r a n s p l a n t i n g  c a n  o c c u r .  

G r o u n d w a t e r  r e s o u r c e s  i n  t h i s  h a s i m  c o n s i s t  o f  t h r e e  a q u i f e r s ,  a t  a h c j i ~ t  
5 -20 ,  5 0 - 1 0 0  a n d  1 5 0 - 2 0 0  m a k e r s  d e p t h .  T h e  s h a l l o w  a q u i f e r  kids b e e n  t a p p e d  by  
h a n d - d u g  v i l l a g e  w e l l s  t o  p r o v i d e  r s i l l a q a  d r i n k i n g  w a t e r ,  b u t  t h e  nredium 
a q u i f e r  i s  l a r g e l y  L I I - I I I S E ! ~  a n d  t h e  d e e p  a q u i f e r  h a s  o n l y  b e e n  u s e d  i n  a  f e w  
l o c a t i o n s  t o  p r o u i d c !  w a t e r  f o r  t o w n  m u n i c . i p a 1  water s u p p l y  S ~ S ~ E ! I T I S  a n d '  s m a l l  
f r u i t  a n d  l s e g e t a h l e  g a r d e n s .  T h e s e  a q u i f e r s  c a n n o t  economically p r o v i d e  
s i g n i f i c a n t  arrrnunts o f  w a t e r  f o r  a g r i c u l t u r a l  deuc! loprnen t ,  h u t  t h e  r e s o u r c e s  
s h o u l d  p e r h a p s  b e  m o n i t o r e d  t o  d e t e r m i n e  t h e  r e l a t i o n s h i p s  b e t w e e n  s u r f a c e  
w a t e r ,  g r o u n d  w a t e r  ancl w a t e r  q u a l i t y  w i t h  a  u i e w  t o w a r d s  p r e s e r u a t i a n  o f  t h e  
r e s o u r c e  f o r  p n t a h l e  w a t e r  u s a g e .  

S o i l s  o f  t h e  h a s i n  a p p e a r  t o  b e  o f  a u e r a q e  f e r t i l i t y  a n d  c o n s i s t  o f  l i g h t  
t o  m e d i u m - g r e y  c l a y s ,  c l a y  l o a m s  a n d  l o a m y  s a n d s .  O r g a n i c  m a t t e r  i s  e s t i m a t e d  
a t  l e s s  t h a n  1 % .  T'he reid a c i c l i c  p l a t e a u  s o i l s  f i x  l a r g e !  q ~ ~ a n t i t i e s  o f  
p h o s p h a t e ,  b u t  t h e  g r a y  s a n d y  s o i l s  l a c k  b o t h  n i t r o g e n  a n d  p h o s p h o r u s .  When 
f l o o d e d ,  t h e y  t e n d  t o  s h o w  i r o n  t o x i c i t y .  Loamy s a n d s  a n d  c l a y  l o a m s  i n  t h e  
b o t t o m  l a n d s  a r e  s u b j e c t  t o  d r a i n a g e  p r o b l e m s  f o r  a l l  c r o p s  e x c e p t  r i c e .  They 
a l s o  h a u ~  i r o n  a n d  a lu r r~ inurn  t o x i c i t y  p r o b l e r n s  when  f i r s t :  f l o o d e d .  T h e y  
g e n e r a l l y  h a v e  l o w  pli h u t  away From t h e  m a i n  m a r i g o t  s a l t  w a t e r  i n t r u s i o n  does 
n o t  p r e s e n t  a p r % o b l e m .  A g r i c u l t u r e  i n  t h e  h a s i n  i s  n o t  v e r y  i n t e n s e  a n d  many 
w o o d e d  l a n d s  o c c u r ,  much o f  w h i c h  i s  s e c o n d a r y  v e g c ! t a t i o n  now i n  b u s h  f a l l o w .  
M o s t  o f  t h c ? s e  ar 'e  l a n d s  forrnc!rhly c u l t i u a t e d  h u t  w h i c h  h a u s  r e t u r n e d  tcr, f a l l o w  
s i n c e  1 9 6 2  when  t : n t a l  s u r f a c e  a r ea  c u l t i u n t e d  b e g a n  d r o p p i n g  s u b s t a n t i a l l y .  

T h e  l a n d s  p r o p o s e d  for  p r o j e c t  d e u e l o p r n e n t  a r e  a l l  r e l a t i v e l y  f l a t  w i t h  * l o w  r o l l i n g  h i l l s  c r e a s e d  by srnal .1 v a l l e y s  f o r r n e d  by n o n - p e r e n n i a l  s t r e a m s .  
T h e  l a n d  i s  n o t  i d e a l l y  s u i t e d  t o  q r a u i t y  i r r i g a t i o n  s y s t e m s  w h i c h  w o u l d  h e  
s u p p l i e d  hy s u r f a c e  s t o r a g e  r e s e r v o i r s ,  a s  t h e  s t ream v a l l e y s  h a v e  v e r y  l i t t l e  
relief;. I n  g e n e r a l ,  s a l t  w a t ~ ! r  i n t r n s - i o n  i s  n o t  h c ! l i e u e d  t o  be a  s i g n i f i c a n t  
p r o b l e m  h e r e  n o r  i s  g r o u n d i m t e r  b e l i e v e d  t o  h a  a s i g n i f i c a n t  a q r i c c ~ l t u r a l  
r e s o u r c e .  ( D A I  1 . 9 8 7 ) .  

R i l n o n a  U a l l e y " .  T h i s  b a s i n  i s  a d j a c e n t  t o  t h e  B a i l a  B a s i n  a n d  i s  l o c a t e d  t.o -.-.. -----.---.-.----. 
t h e  sou1:hwest  al-' B a i l a .  I t  :is d r a i n e d  by a  l a r g e  r n a r i g o t  wl3ic.h d i s p e n s e s  
d i r e c t l y  i n t o  t h a  C:asarni:lncci! R ~ I J c ! ~ ;  t h i s  r n a r * i g o t  a l t e r n a t e l y  a c t s  a s  a d r a i n  
f o r  t h e  l s a s i n  a n d  a s  a n  e n t r y  f o r  s a l t  w a t : ~ r  c o w i n g  i n  f r o m  t h e  s e a  v i a  the 
Casanrenne  R ' ~ . \ J c ! ~ ' .  [:)urk:i.ng Chc! l a s t  c.lc!cadc!, r a i n f a l l .  h a s  d e c r e a s e d  i n  t h i s  b a s i n  
a s  i t  h a s  :in t h e  c!nt: ire r%eg:i.c117 h u t  CIII  a u e r a q e  i t  i s  s l i g h 1 : l y  h i g h e r  h e r e  t h a n  
i n  Rail.i.1. -I"hc! 1 . ~ 1 n g  ~.E!P ' I I I  r'ainf;iD.I. dc!cr>c!a~c! F'I-CIITI a b o i l t  1 5 0 0  r r r m  t c ~  1 2 0 0  rrm p e r  
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y e a r  ha s  a l l o w e d  a n  i n c r e a s e  i n  s a l t w a t e r  i n t r u s i a n  and i n c r e a s i n g  
s a l i n i z a t i o n .  A l l  s t r e a m s  i n  t h e  v a l l e y  a r e  intermittent. Groundwater  i s  
g e n e r a l l y  used f o r  v i l l a g e  p o t a b l e  w a t e r  s u p p l y  and i s  wi thdrawn hy hand f rom 
s h a l l o w  a q u i f e r s .  O c c a s i o n a l l y  d e e p  w e l l s  a r e  used t o  i r r i g a t e  f r u i t  and 
u e g a t a h l s  c r o p s  h u t  t h i s  u se  i s  r e l a t i v e l y  s m a l l .  

The s o i l s  i n  t h i s  b a s i n  a r e  more c l a y e y  and l e s s  sandy t h a n  i n  t h e  B a i l a  
b a s i n .  More r e d  s o i l s  were  v i s i b l e  and s i n c e  t h e r e  i s  rnors! s a l t w a t e r  
: i n t r u s i a n  i n  t h i s  b a s i n  t h a n  i n  R a i l a  t h e  a c i d i t y  o f  t h e s e  s o i l s  i . s  m r c  o f  a 
c o n c e r n .  While w t l a r l d  a g r i c u l t u r e  i s  rrlare e u i d e r ~ t  h e r e ,  i n d i c a t i n g  a wore 
f i r m  w a t e r  s u p p l y ,  t h e r e  a r e  a l s o  more l a n d s  l e f t  f a l l o w  because  o f  a  
cornh ina t ion  a 5  s a l t  w a t e r  i n t r u s i o n  a n d  a c i d i t y .  The h a s i n  g e n e r a l l y  s l o p e s  
g e n t l y  upwards tcrwards t h e  n o r t h  and e a s t .  F l a t  and r o l l i n g . ,  t h e  t e r r a i n  
d r a i n s  t owards  .(lIic! Casarr~ancc? R i v e r  t o  t h e  s o u t h .  S a l t u a t e r  i n t r u s i o n  e x i s t s  
i n  t h i s  b a s i n  due t a  t h e  r e l a t i v e l y  mi ld  s l o p e s  o f  t h e  s t r e a m s  which connec t  
t o  t h e  s e a .  Gr30undwater I.c!uels 11.1 Septc!mber 3987 werc? a t  aboift 5-8 rnc!ters 
below t h e  s u r f a c r ! .  Dik ing  of t h e  l a n d  t o  p r e o e n t  t h e  i n f l o w  of s a l t y  w a t e r  i s  
p o s s i b l e ,  and t h e s e  d i k e s  can a l s o  h e  used t o  r e t a i n  F r e s h  wat.er From irpstream 
t o  f l u s h  o u t  s o i l  s a l t s .  ( D A I  1 9 8 7 ) .  

S s d h i o u  Ren&-cc.. The l o n g  tc!rn r a i n f a l l  i n  t h i s  r e g i o n  has  alscr d r o p p ~ ! d  and ,  -. 
euen  though  t h e  b a s i n  i s  l o c a t e d  f u r t h e r  upst rearn  t h a n  Rignona,  t h e r e  i s  s t i l l  
a  s e r i o u s  s a l t  w a t e r  i n t i - u s i o n  problern a l t h o u g h  nclt a s  se.vc!re a s  a t  Hignona.  
'The a r e a  i s  d i s s e c t e d  by Inany m a r i g o t s  and d r a i n s  d i r ec t z ly  i n  t o  t h e  Casarnance 
R i u e r .  Ground w ~ : L ~ E ! Y '  has  haen u s e d  h e r e  f o r  banana p l a n t a t i o n s ,  which draw 
f rom o n e  o f  1:he d e e p e r  a q u i f e r s .  S o i l s  a r e  g e n e r a l l y  s i l t s  and c l a y s  which 
a p p e a r  t o  be f r e e  d r a i n i n g  8nc.l r r ! l a t i u e l y  F e r t i l e .  The re  does  n o t  a p p e a r  t o  
he  a n  abundance crF {:he r e d  s o i l s  t h a t  we re  o b s e r l ~ e d  i n  t h e  R a i l a  u a l l e y .  
fllong t h e  edges  crf' t h e  w a t e r  c o u r s e s  o f  t h e  rna r i go t s  s i g n i F i c a n t  arrmunts o f  
f a l l o w  l a n d s  wera  no t ed  resul.t.:ing f rom t h e  s o i l  s a 1 i n i z a t : i o n  p r o c e s s .  

Land $1.1 t h i s  r1egion : i s  r . e l a t j . v e l y  f l a t :  and s l o p e s  g e n e r a l l y  t:o t h e  n o r t h ,  
w i t h  m a r i g o t s  l"'lc11~1ing :i.nI:cr t h e  Casarnance f rom b o t h  t h e  r i g h t  and l e F t  banks .  
I n  g e n e r a l ,  grountJwater. l t . : ! uc ! l s  arc! l o w e r  t h a n  i n  rrlany o t h c r  a r e a s  o f  t h e  
Casamance,  a s  a  r ~ ! s u l . t  of I:\crth r educed  r a : i n f a l l  and g r e a t e r  use  by hurnan 
pop~rlak:i.arls . ( [ lA:I :  ~l.98'l) , 

... s ragicrn i s  cixtrernely s i m i l a r  t o  t h a t  o f  t h e  Sedhiou  S o  , -1- 11 -i 
Region w i t h  r e s p e c t  t o  w a t ~ ! r  r e s c ru r ce s ,  s o i . l s ,  topography  and h y d r a u l i c  
f e a t u r e s  s i n c e  t h e y  l.:ic! c ! s sc !n t i a l ly  contigirc~irs  t o  e ach  crthc!r. HCIWE!IJE!Y', t h e  C 

Soungrougrou  Ua1:ley i s  s : igrrif ' : icantly d r i e r  and t h e  s h a l l o w  a q u i f e r  o c c u r s  a t  a  
d e p t h  0.F a b a u t  4-5 rr~c!.tar*s i n  t h e  v a l l e y s  and 12-18  m a t a r s  01'1 t h e .  p la tea t1  
d u r i n g  t h e  d r y  s e a s o n .  (Dfi.1 1 9 8 7 ) .  
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There! a r e  f o u r  s p e c i f i c  i n f r a s t r u c t u r a l  a l t e r n a t i v e s  which a r e  under  
c o n s i d e r a t i o n  f a r  p r o j e c t  F i n a n c i n g ,  i . e . ,  a n t i - s a l t  d i k e s ,  w a t e r  r e t e n t i o n  
d i k e s ,  contour .  berms ar~cd d i k e s ,  and a  p i l o t  i r r i g a t i o n  s y s t e m .  (DO1 1 9 8 7 ) .  

A n t i - s a l t  D i k e s .  A n t i - s a l t  d i k e s  w i l l  be. c o n s t r u c t e d  i n  l ower  v a l l e y  p o r t i o n s  ----.-.--....- 
o f  t h e  S a u n g r o i ~ g r o u  Ual . lay ,  t h e  S ~ ! d h i o u  Department, on t h e  l e f t  hank of  t h e  
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Casarnar ice  R ~ . ( J E ! ~  ~ I E ! ~ W C . ' E ! I . I  Se!dhic iu--Tanaf  a n d  Z i k ~ i r i n c l ~ c i r ,  a n d  i n  t h e  B i g n o n a  
V a l l e y .  They  w:i . l . l  be  s i k e d  s o  a s  t o  o p t i r n : i z e  t h e  a r e a  w h i c h  c a n  b e  r e c l a i m e d  
f r o m  s a l i n i z a t i o n  a t  t h e  sarrw t i r n c !  t h a t  E ! X ~ C I G C I Y * E !  t o  p o t e n t i a l  s o i l  
a c i d i f : i c a l - . : i o n  c a n  b e  rnini.rn:i.zed. A p p r o x i m a t e l y  I 5 0  h a  w i l l  b e  p r o t e c t e d  by 

- ,  e a c h  dike! a t  a c r : ~ s t  of' a p p r o x i u r ~ a t ~ ! l y  lIS!1; 1 0 0 0 / h a .  r h e s a  d i k e s  a r e  e x p e c t e d  to 
b e  c o n s  t r ~ ~ c t : e c J  aV ~ e a s t s n a h l  y : i r n p o . r ~ ~ i o u s  c l a y e y  m a t e r i a l s .  Ernbankrnent 
m a t a r i a : l s  wi1.3. hc! corr~pact t? t l  i . r l  p : lacs  i n  l a y a r ~ s  by  ithe her h a n d  t a m p e r s  o r  by 
m e c h a n i c a l  m e a n s  a f t e r  rno:isten:i .ng.  D i k e s  k r i l l  h a v e  rnaxirnirrn s i d e  s l o p e s  o f  
2 :  1 ,  t o p  w i c l t h s  of:', 2--3 rr~c!kc!r*s, h t i ! j .g l~ts  a f  1. 5 m e t e r s  a n d  b e  p r o t e c t e d  by 
e i t h e r  g r a s s  o r  3 .a te r . i t : e  o n  t h e  s l o p e s .  When c o m p l e t e d ,  t h e  systems w i l l  . c o n s i s t  o f  a  wti!13.-..c.ampactci!d e a l - t h e n  d i k a  a n d  a  r a i n f  o r c e d  c o n c r a t e  c o n t r o l  

s t r u c t u r e  p r o u i d s d  kr:il:11 w o o d e n  s t o p  l o g s .  T h e  s y s t e r n  c a n  r e t a i n  r a i n w a t e r  u p  
t o  a  h e i g h t  o f  1 . 5  rnetc:!rs a n d  11ol.d crirt s a l t y  d o w n s t r e a m  w a t e r  t o  t h e  same 
h e i g h t .  

C o n t r o l  s t r u c t u r e s  f a r  h o t h  t h e  a n t i - s a l t  a n d  w a t e r  r e t e n ' t i o n  d i k e s  w i l l  
b e  c o n s t r u c t e d  w i t h  350 kg c l a s s  r e i n f o r c e d  c o n c r e t e .  S t o n e  a g g r e g a t e  w i l l  
p r o b a b l y  b e  u s e d  r a t h e r  t h a n  s h e l l s  t o  o b t a i n  t h e  s p e c i f i e d  c o n c r e t e  
s t r e n g t h .  Defor rned  r e i n f r c i n g  b a r s  a r e  a  p r e f e r r e d  o p t i o n  a n d  t h e  c o n c r e t e  
s h o u l d  b e  h a n d  m i x e d  a n d  t a m p e d  i n t o  p l a c e .  Wooden s t o p  l o g s  a r e  a c c e p t a b l e ,  
b u t  i t  i s  p r e f e r a b l e  t h a t  t h e  s t o p  l o g s  b e  p r o v i d e d  a s  b a c k  u p  t o  
h a n d - o p e r a t e d ,  s t e a l  u e r t i c a l .  s l i d e  g a t e s  o r  f l a p  g a t e s .  As a n  a l t e r n a t i u e ,  a 
l o w  l e u e l  o u t l e t  p i p e  m i g h t  b e  i n s t a l l e d  i n  c o n t r o l  s t r u c t u r e s  w i t h  an.  
o u e r f l o w  w e i r  a t  a h i g h e r  l e v e l .  

O p e r a t i c r n  o i  t h e s e  d i k e s  a n d  c o n t r o l  s t r u c t u r e s  i s  d e s i g n e d  t o  r e d u c e  salt 
w a t e r  i n t r u s i o n  a n d  r e v e r s e  t h e  s a l i n i z a t i o n  p r o c e s s  t h a t  h a s  b e e n  t a k i n g  
p l a c e  w i t h  t h e  rtc!duced r a i n f a l l  l e v e l s  o v e r  t h e  l a s t  d e c . a d e .  I t  i s  a l s o  
i n t e n d e d  t o  k e e p  p o t e n t i a l l y  a c i d  s u l f a t e  s o i l s  m o i s t  e n o u g h  t o  a u o i d  
a c i d i f i c a t i o n  a n d  r r r i n e r a l  t a x i c i t y  p r o b l e m s .  T h e  g r e a t e s t  b e n e f i t s  w i l l  o c c u r  
when  t h e  d e s a l i n i z a t i o n  p r o c e s s  i s  r a p i d .  As s a l i n i z e d  l a n d  i s  b e i n g  
r e c l a i r n ~ ! d ,  f a r m e r s  a r e  l i k e l y  t o  h a t ~ c !  c o n f l i c t i n g  o h j e c t i u e s  i n u o l u i n g  
s h o r t - t e r m  r e l : u r n s  f r o m  h o l d i n g  r u n o f f  b e h i n d  t h e  s a l t  d i k e  1:o i n c r c - ! a s e  t h e  
s u p p l y  o f  w a t e r  t c i  t h e  g r o u n d w a t e r  r i c e  z o n e  a n d  t h e  m e d i u m - t e r m  r e t u r n s  t o  
d e s a l t i n g  a  l a r g e r  s u r f a c e  a r e a  i n  t h e  v a l l e y  p r o p e r .  I t  rnay b e  t h a t  o n  
h e a u i l y  s a l i n - i z e d  s o i l s  a n d  c l n  s o i l s  b e a r i n g  d e e p  s u l f u r .  d e p o s i t s ,  t h p  
s h o r t - t e r m  p r o d u c t i o n  o b j e c t i u e  s h o u l d  t a k e  p r e c e d e n c e .  On more  r e c e n t l y  
s a l i n i z e d  s o i l s ,  t h e  rnad-iurn-.tervr~ l a n d  r e c l a n l a t i o n  o h j e c t i u e  s h c ~ i l l d  p r o b a b l y  
t a k e  p r e c e d e n c e . .  (DO1 1 9 8 7 ) .  

I 

t J a t e r  R e t e n t i o n  L ) , i _ k _ ~ .  W a t e r  r e t e n t i o n  d i k e s  w i l l  b e  c o n s t r u c t e d  i n  
m i d - u a l l e y  p a r t i c ~ n s  o f  t h e  D a i l a  V a l l e y ,  S o u n g r o u g r o u  U a l l e y  , Casarnance. R i l l e r  

U b e t m e e n  S e d h i o u - I a n a f  a n d  Z i g u i n c h o r ,  a n d  t h e  R i g n o n a  V a l l e y .  E a c h  d i k e  w i l l  
p r o t e c t  a n  a r e a  a f  a h o u t  1 5 0  h a  a t  a  c o s t  o f  a p p r o x i m a t e l y  US$ l O O O / h a .  Water 
r e t e n t i o n  d i k e s  w i l l  b e  c o n s t r ~ u c t c ! d  t o  t h e  s a m e  g e n e r a l  s p e c i f i c a t i o n s  a s  
a n t i - s a l t  d i k e s ,  b u t  t h e y  a r e  d e s i g n e d  s o l e l y  t o  r e t a i n  r a i n f a l . 1  a n d  s u r f a c e  
w a t e r  r u n o f f  ups1:rearrr of' t.harn F o r  a g r i c u l t u r a l  a n d  p e r h a p s  o t l a l e r  ~ ~ s e s .  ( D A I  
1 9 8 7 )  . S u c h  s t r i r c t : u r e s  a \ - e  e s s e n t i a l l y  a n a l o g o u s  t o  s m a l l  11 . S .  S o i l  
C o n s e r o a t i a n  S e r u i c e  d i k ~ ! ~  a n d  dams  f o u n d  t h r o u q h o i r t  much o f  t h e  w e s t e r n  a n d  
s o u t h w e s t e r n  U n i t e d  S 1 : a t e s .  

C a n t o u r \  Rerms a n d  ..................... D:iken. C c r n t o u r  berms a n d  d ikes  w i l l  be c a n s t r u c t e d  i n  ---- .-...-.....-..... 
c e r t a i n  u p p e r  p o r k i o n s  af: l:hc S n u n y r a u g r o i r  a n d  p e r h a p s  o t h e r  v a l l e y s .  They 



1diI.1 p r o t e c t  an  a r e a  o f  a p p r o x i m a t e l y  150 h e c t a r e s  p e r  s i t e  a t  a  c o s t  o f  a b o u t  
US$ 500 p e r  h e c t a r e .  T y p i c a l  berms w i l l  haue a h e i g h t  o f  0 . 6  m e t e r s  ahorre t h e  
g round ,  a  w i d t h  o f  2 . 7  m e t e r s ,  1 : l  s i d e  s l o p e s  and a  l e n g t h  o f  a b o u t  300 
m e t e r s .  They w i l l .  typica:Ll.y be l a i d  o u t  a t  1 5 0  m e t e r  i n t e r ~ ~ a l s  a l t e r n a t i n g  i n  
" s t a g g e r e d  s t e p l a d d e r t '  p a t t e r n s .  (DAI 1 9 8 7 ) .  

P i  r i q i n  s t .  A s i n g l e  p i l o t  i r r i g a t i o n  systern i s  under  - 
c o n s i d e r a t i o n  For  a  p o r t i o n  o f  t h e  uppe r  R a i l a  V a l l e y .  The sy s t em w i l l  
p r o t e c t  a n  a r e a  a f  a b o u t  1 5 0  ha a t  a c a s t  o f  a h o u t  US $3000 p e r  h e c t a r e .  The 
dam i s  d e s i g n e d  1 ) '  t o  he  c o n s t r u c t e d  o f  i rnperu ious  m a t e r i a l  which i s  compacted 
i n  p l a c a  m ~ e c h a n i c a l l y  i n  s i x - i n c h  l a y e r s  a t  aptimurr~ m o i s t u r e  c o n t e n t  t o  
a c h i e u e  ~naximum compac t i on ;  2 )  t o  b e  p r o u i d e d  w i t h  at7 u n g a t e d ,  b r o a d - c r e s t e d  
w e i r  emergency s p i l l w a y  which i s  d e s i g n e d  t a  p a s s  a t  l e a s t  a 100  y e a r  
f r e q u e n c y  f l o o d  e v e n t ;  3 )  t o  have a  l i n e d  s p i l l w a y  and downstream ene rgy  
d i s s i p a t i o n ;  4.) t o  have an  u p s t r e a m  s l o p e  p r to tec ted  w i t h  r i p r a p  and hau ing  an 
i m p e r v i o u s  c o r e ;  5 )  i:o halle a  p o s i t i v e  i m p e r l ~ i o u s  c u t o f f  t o  p+euen t  under  
s e e p a g e  undc r  t h e  darn ancl g q t e d  o u t l e t  works thrclugh t h e  corle of  t h e  dam; and 
5) t o  haue out:lc!t: works which s11c1i11d be p r o u i d e d  w i t h  c u t  o f f  c o l l a r s  a t  
f r e q u e n t  i n t e r u a l . s .  I f  the! s e r v i c e  a r e a  i s  l o c a t e d  ups t r eam from t h e  dam a  
r e i n f o r c e d  c o n c r e t e  s i d e  r c s e r u o i r  o u e r f l o w  w e i r  w i l l  l i k e l y  be p r o u i d e d .  The 
i r r i g a t i a n  sy s t e r r~  i.tse:l.f i ~ i . : l l  c o n s i s t  of t r a p e z o i d a l l y  shaped u n l i n e d  e a r t h  
c a n a l s ,  g r a v i k y  f.:'c;!d and hav:.111g s i d e  s l o p e s  oF 1 : 1 ,  o r  2 : l  :if n e c e s s a r y .  
S t a n d a r d  roncr~c:!tc! c . l : j . ~ ~ i s : i . c r r ~ / t ~ . ~ ~ " r ~ c ~ i ~ t  s ~ t r i ~ c t u r e s  w i l l  b e  pr30uided a t  f r e q u e n t  
:inl:erua:l.s a l o n g  t h ~ !  pr:irr~ary c a n a l s  and t l ~ e s c !  s t r i l c t c ~ r e s  w i l l  be p r a l ~ i d e d  w i t h  
s i nl p I. e u t:! r  .t i c: a :l 5; 1.5. id t? g a .t c:! l s  . 

The! 0~~r 'k~kl~f!1.rr1:: i .nr , l  cc lns t i !~~s~rs  arrlong t~!chnic:sl .  s p e c i a l i s t s  ( e n g i n e e r s ,  s o i l  
s c i e n t i s k s ,  agr:ict.rl. Irut-al:i.st:s, a q u a t i c  eco:logist :s  and f is11er: ies s p e c i a l i s t s )  
f cl r n i  I. i. a  r I A J ~  .lr 1.1 t 1,) c! s  <:I 1.1 t 11 E! r n :z <:I II t.! ry E! g i. o  n , Si t s  n ci t L r  r1 a  11 11 y c. l.la n g  :i 11 g s n IJ i r cr n  nr e  n t a  1 
c h a r a c t e r i s  t:i c s ,  and t:he r1.1:i.x CIF c !ng inee r i r~g  i n f  r a s  t r u c t u r a : l  i n t e r u e n t i o n s  
which  hi:rve .l:akc!n p l a c e  tht:!l-c! t o  date!, i s  t h a t  s c l l i n i z a t i o n  con.l:rol i n  t h e  
b a l o n s  t h raugh  cons  t:ruc t:i.ori o f  s m l l  ant : i - -sa l  t d i k e s  i n  t h e  lower  va:llc:y s and 
f reshwatc ! r  runof.(:' catc:l.rrr~c:!rlt: tlircrugi-1 c o n t : t r 1 ~ ~ c . t i o n  of- m t e r  r e t c ! n t i c ~ n  s t , r u c t u r e s  
i n  t h e  mid and uppa r   alleys a r e  c r : i t : i c a l  t o  s t a b : i l i z i n g  t h e  p r e l ~ a i l i ~ i g  
deter iora . t : icrn  of' agr~:icul . t i rr 'a l  l a n d  and w a t e r  q u a l i t y  o c c u r r i n g  n a t u r a l l y  i n  
t h e  r e g : i a n .  Far  f'rorn r e p r e s c ! n t i n g  t h e  p o t e n t i a l  t o  r e su l t :  i n  s i g n i f i c a n t  
a d v e r ~ c  ~!nu i rc rnr r~~!n ta I .  i ~ r l p i ; \ ~ t ,  ~ I I E ! s ~ :  t y p e s  o f  i n f r a s t r u c t u r a l  i n t e r v e n t i o n s  a r e  , 
d e s i g n e d  t o  r e s u l t  i n  t h e  e n v i r o n m e n t a l  p r o t e c t i o n  a n d / o r  a m e l i o r a t i o n  of 
a d v e r s e  c!nu:ir*onrr1ci!17tal. concl:i.tians on a g r * i c u l t u r a l  and o t h e r  lancls u p s l o p e  f rom 
t h e  s t r u c t u r e s  . r, 

W i t h  t h e  pass:il?l.e c!xcc!ption o f  s o i l  a c i d i f i c a t i o n  p o t e n t i a l ,  t h e r e  a r e  f e w  
if any e n v i r o n m e n t a l  t h r e s h o l d  c r i t e r i a  For  such  i n F r a s t r u c t i r r e  t h e  exceedance  
of which would ~ - c ! s u l t  i n  s i g n i f i c a n t  a d u e r s e  enu i ron rnen t a l  irr1pac.t a t  t h e  s c a l e  
e n v i s i o n s d  f o r  p r a j  act: i n t : e ruc?n t i ons .  For  example ,  l ~ e r y  h i g h  s a l i n i t y  l ~ a l u e s  
upslopc! af  t h e  s i t e  o f  a  p c r t e n t i a l  a n t i - s a l t  d i k e  would n o t  r e p r e s e n t  t h e  
p o t e n t i a l  f o r  s i g n i f i c a n t  a d v e r s e  env i ron rnen t a l  i rnpact  s i n c e  cons t r c r c t i on  o f  a 
d i k e  a t  such  a  l a c a t i n n  wcrii:ld n o t  r e s u l t  i n  d e g r a d a t i o n  o f  p r e e x i s t i n g  
c o n d i t i o n s ;  r a t h e r ,  t h e  econolnic a t t r a c t i u e n e s s  and t e c h n i c a l  soundnes s  crf 
such  c a n s t r u c t 5 o n  migh t  be rlenc.lered q u a s t i a n a h l a  b y  v i r t u e  o f  t h o s e  h i g h  
~ ~ a l u e s .  M o r e a v ~ ! r ,  t h e  enu: i ronma~~i :a l  i s s u e s  r a i s e d  i n  t h e  o r i g i n a l  IEE f o r  t h e  



S Z W M  P r o j e c t  ( e .  g . , es t :ua r ine  i m p a c t s ,  t e r r e s t r i a l  i m p a c t s ,  s o c i a l  and human 
h e a l t h  irrrpacts)  a r e  Far. marc! app rap r i a t c ! l . y  a d d r e s s e d  on a  w a t e r s h e d ,  
subregional o r  r a g i o n a l  b a s i s  r a t h e r  t h a n  t h r o u g h  e s  t ab l i s l i rnen t  o f  
i n t e r w a n t i o n - -  o r  s i t e - -  s p a c i f ' i c  enu-ironrriantal t h r e s h o l d  c r i t e r i a .  T h i s  i s  
b e c a u s e  t h e  i s s u e s  assoc:iat:ed ~ i t h  such  c o n s t r u c t i o n  r e p r e s e n t  ue ry  g r a d u a l  
and curr lu la t iue  irripacts p o t ~ ! n t i . a l . l y  o c c u r i n g  due t c ~  d~ ! t~~ ! l c rp r r~~ !n t  o f  such  
J n F r a s t r u c t i ~ r e  r e g i o n a l l y  by t h e  GOS and a d i l l e r s e  a r r a y  o f  o t h e r  
irr terna1:i .onal  clorio~-s. Tt1i.s R ~ S C ,  h o l d s  t ~ i l f i !  f o r  17or1-~!r1u:irci11n1t!n1:i~l h u t  r e l a t e d  
i s s u e s  s u c h  a s  t h e ,  e'!f'f:ic.acy o f  i n t e r u e n t i o n  d e s i g n  and s i t i n g  a1 t e rna t : i ue s  on 
1 )  c o n t r a 1  o f  s o i l .  s a l i n i t y ,  2 )  w a t e r  q u a n t i t y ,  q u a l i t y  and d i s t r i k ~ u t i o n ,  and 
3 )  s o i l  ptl and alurrlinum and i r o n  t o x i c i t y .  

I n  s p i t e  o f  t : h i s ,  howc?uc!r, and q i u e n  t h e  r e q u i r e m e n t s  cvf 8 7  S t a t e  260192,  
t h e  f o l l o w i n g  enu:ironrnent:al c r i t e r i a  a r e  recorr~rnended a s  t h o s e  t o  be t a k e n  i n t o  
s p e c i f i c .  consicleratr i .on f o r  e ach  o f  t h e  i n f r a s t r + u c t u r a l  i n t e r u e n t i c r n  
a l t e r n a t i v a s  pr:i.or tzo a  clec:ision t o  p roceed  w i t 1 1  c o n s t r u c t i o n !  

A n t i - s a l t  I l ikes  a n d  Contr*ol. S t r u c t u r c ! s .  A n t i - - s a l t  d i k e s  a r e  clesignc!d t a  -..---------..- -." - -- .. - +.*." " .---- --- -.-.-.- 
c a n t r o l  s a l t  w a t e r  i ~ i t r u ~ : i . o n ,  r e u e r s e  t h e  s a l i n i z a t i o n  p r o c e s s  and keep 
potent: i .al l .y ac.:i.d s u l p h a t e  ! ; o i l s  moist enough t o  auclid a c i d i f i c a t i . o n  and 
m i n e r a l  t:.oxic:iizy pralslc:!lns. Tho. h e n e f i c : i a l  e f f e c t s  o f  s1rc.h d i  kes on u p s l o p e  
ueqatat:i.on i i nd  c r o p s  arc! ~ ~ ! l . l .  e s t a b l i s h e d .  Because  t h e r e  e x i s t s  a minor  
p o t e n t i a l ,  however ,  f o r  rn3,srnanagernent o f  suc.li d i k ~ . s  t o  r e s u l t  i n  some d e g r e e  
of u p s l o p e  acsi.dj.f:'::i. ca t i o n  a f  tc!r t h ~ !  end o f  t h e  prc1-j ec.t  , t h e  SZWM pro-j e c t  w i l l  
n o t  f und  cans  t r u ~ t : i . o n  o f  S L J C I I  d i k e s  where  a  s s i g n i i i c a n t  po t : en t i a l  f o r  i ~ p s l o p e  
a  c  i d  i f i c  a t i n II LJ 11 d  c! r m:i. F; Irl FI n g E! III E! n t E! x -i. s  t s  . 

I t  was o r i g i n a l l y  en l~ : i s io l i ad  t h a t  a  s i rnple  q u a n t i t a t i v e  c u t o f f  p o i n t  f o r  
p o t e n t i a l .  s o i l  a c i d i t y  a s  rrreasurc!d by s u l f i d e  c . o n c a n t r a t i o n  o r  hy t o t a l  
a c i d i t y  c o u l d  be usad -I:o s i t e  a n t i - s a l t  d i k e s  above  a r e a s  o f  p o t e n t i a l  
a c i d i f i c a t i o n ,  and tlier'eby a v o i d  any p o t e n t i a l  w h a t s o e u e r  f o r  a c i d i f i c a t i o n  
~11ide.r a  misrnanagernent s c e n a r i o  f o l l o w i n g  p r o j e c t  co~nple tz ion .  Subsequen t  s a i l  
s amp l ing  and s u r v a y  work s h c ~ ~ ~ c ! d ,  howeuer ,  t h a t  exc lus - ion  o f  a l l .  p a t e n t i a l l y  
a c i d  s u l f a t e  s o i l s  From aboue  p o t e n t i a l  a n t i - - s a l t  d i k e s  was n o t  a  p r a c t i c a b l e  
a p p r o a c h .  T h i s  was b e c a u s e  p o t e n t i a l l y  a c i d  s o - i l s ,  a s  w e l l  a s  a l r e a d y  
a c i d i f i e d  s o i l s ,  c ~ c c i ~ r  i n  t:liin s t r i p s  a l o n g  w a t e r  c o u r s e s  i n  u i t u a l l y  a l l  o f  
t h e  h a s i n  u a l l e y s .  The pc~t.c!ntZially a c i d  s o i l s  have remained a t  o r  n e a r  
s a t u r a t i o n  rno i s t u r e  c o n t e n t  d u r i n g  t h e  l a s t  F i f t e e n  y e a r s  o f  dought  h u t ,  i n  
a r e a s  where  a n t i - s a l t  dikc!s have heen  c o n s t r u c t e d  and o p e r a t e d ,  s a l t  ' 

, c o n c e n t r a t i o n s  haue di rninis l ied  and mangrove l ~ e g e t a t i a n s  has  begun t o  n a t u r a l l y  
reestablish. I n  a r e a s  where! s i g n i f i c a n t l y  a c i d i f i e d  s a i l s  a l r e a d y  o c c u r ,  s a l t  
c o n t e n t  and r e s i d u a l  a c i d i t y  p r e v e n t s  t h e i r  u s e  f o r  a g r i c u l t u r a l  p u r p o s e s .  
Reduc t i on  i n  s a l t  c o n c e n t r ~ a t i a n  t h r o u g h  c o n s t r u c t i o n  and o p e r a t i o n  o f  

1 

a n t i - s a l t  d i k e s  may, however ,  a l l o w  r e u e g a t a t i o n  and e u e n t u a l  r e c l a r n a t i o n  ' t o  
o c c u r .  The e f f e c t  o f  t h e  a n t i - s a l t  d i k e s  p roposed  by t h e  p r o j e c t  w i l l  be! t o  
m a i n t a i n  t h e s e  s o i l s  i n  t h e i r  s a t u r a t e d  c o n d i t i o n ,  b u t  a t  r educed  s a l t  
c a n c e n t r a t i . o n s  .Fauori.ng mangrocses. And, euan  unde r  a  w o r s t  c a s e  s c e n a r i o  
w h e r e  t h o  r c + c l a m i s t i o n  p r o c o s e  prnunt l  u n s ~ ~ c c o s s f n l ,  t l l a  1-1ydrarrl.i~ r e g i m e  can be 
e x p e c t e d  t o  re tu r 'n  t c r  a prci!--.dike p a t t e r n  o f  a l t e r n a t i n g  f r e s h  and s a l t  w a t e r  
f l a w s .  These  s o i l s  w i l l  n o t ,  t h e r e F o r e ,  be any d r i e r  t h a n  b e f o r e  a n t i - s a l t  
d:ikc! c o n s t r ~ ~ c t r l o n ,  :i. a .  , ri.f:' r *a .:' l.nF.913. and r*i~noFf nr*a  T n s i ~ f  f':i cis!nt  Fcbr 
r e c l a r n a t i o n  t h e n  t h e  d i k e s  w:i:ll. s t i l l  a l l o w  w a t e r  ( r e g a r d l e s s  o f  5 t s  s a l i n i t y )  
t o  moue upstr>ei.irr~ 0.f: the! d:i.kt:! d ~ r r i n g  h i q l i  t i d e s  and r rminta in  maxi.murr1 C I ~  



a n t i . - s a l t :  d i k e s  s u c h  t h a t  t h s  t o t a l  artcia of: h i g h  potc . !n t ia% s o i l  a c i d i f i c a t i o n  
o r  p r e - e x i s t i n g  ac:idif:i.ecl s o i : l s ,  a s  d e f i n e d  by o c c u r r e n c e  o f  t h e  taxonomic 
subgroup o f  s c ~ i l s  dc!scu.ibt:!d as t y p i c  su l fnq t rc ! r t s  i n  t h e  llSnA Soi l .  Taxc~norny 
s y s t e m ,  does  I - I C I ~  exceed  15% p l u s  o r  minus 2% of  t h e  s e r u i c e  a r e a  ups t r eam crf 
t h e  a n t i - s a l t  d i k e s .  

I t  i s  i m p o r t a n t  t o  r~!if:t:!r*ate! here! t h a t  1 )  norla crF' t h e  a n t ? - s a l t  d i k e  s i t e s  
t o  b e  s e l e c t e d  rc !qu i re  r e c l a m a t i o n  o f  h i g h  p o t e n t i a l  s o i l  a c i d i f i c a t i o n ;  
2 )  t h a t  t h e  p r o j e c t  w i l l  h ~ l p  p r o t e c t  a g a i n s t  s o i l  a c i d i f i c a t i o n  by 
m a i n t a i n i n g  l ow- ly ing  l a n d  a t  s a t u r a t e d  o r  n e a r  s a t i ~ r a t e d  c o n d i t i o n s  and /o r  
improv ing  s a t u r a t i o n  c o n d i t i o n s ;  and 3 )  t h a t  e x i s t i n g  a n t i - s a l t  d i k e s  i n  t h e  
s o u t h e r n  zone  r e g i o n  haue t e n d e d  t o  d e m o n s t r a t e  a  beneficial u e g e t a t i o n a l  
e f f e c t  i n  t h e  subwats!rsl.~~!cJ, w i t h  s e d g e s  and mangroves o f t e n  u l t i r r ~ a t c ! l y .  
r e a p p e a r i n g .  

Water  Retenti~n-Qs-kgg. Water  r e t e n t i o n  d i k e s  a r e  d e s i q n e d  t o  r e t a i n  r a i n f a l l  
and s u r f a c e  w a t e r  r u n o f f  f rom u p s t r e a m  f o r  a g r i c u l t u r a l  and pe rhaps  o t h e r  
L I S ~ S .  The o n l y  u.ecornrrrenc.jed e n v i r o n m e n t a l  c r i t e r i a  i s  t h a t  s i t i n g  of such 
s t r u c t u r e s  be such  a s  t o  a l ~ o i d  submergence a n d / o r  p r e c l u d e d  u se  a f  i r npo r t an t  
( f r om t h e  t a r g e t  p o p u l a t i o n ' s  p e r s p e c t i v e )  c r o p l a n d ,  g r a z i n g  l a n d ,  
v e g e t a t i o n a l  a s s o c i a t i o n s  o r  o t h e r  i r npo r t an t  l a n d s ,  o r  t h a t  t h e  b e n e f i t s  
d e r i v i n g  f rom such  cons t ruc : t i on  f rom t h a  t a r g e t  p o p u l a t i o n ' s  p e r s p e c t i v e  
c l e a r l y  outweig1-1 t h e  a d u e r s e  i m p l i c a t i o n s  o f  p r e c l u d e d  u se  of such l a n d s .  

Con tou r  Berms and D i k e s .  Con tou r  berms and d i k e s  a r e  de s igned  t o  irnproue -----.....---------..-- 
w a t e r  r e t e n t i o n ,  t o  irnproue s o i l  i n f i l t r a t i o n ,  t o  irnproue c rop  and a t h e r  
vegc!tat:ional p r o c l u c t i u i t y  and t o  reduce! s h e e t  e r o s i o n  on rr~id and uppc!r l ~ a l l e y  
s l o p e s .  The re  a r e  no e n v i r o n m e n t a l  t h r e s h o l d  c r i t e r i a  f o r  such s t r i r c t u r e s  a t  
the. s c a l e  e n v i s i o n e d ,  exceedance  o f  which cou ld  r e s u l t  i n  s i g n i f i c a n t  a d u e r s e  
enu i ron rnen t a l  i m p a c t .  

P i l o t  I r r i g a t i o n  Svs-$-~nj.. T h i s  s m a l l  s c a l e ,  g r t a u i t y  f l o w ,  p i l o t  i r r i g a t i o n  C 

------ 
sys t em i n  t h e  upper  H a i l a  V a l l e y  i s  under  c a n s i d e r a t i o n  t o  s e r u i c e  a n  a r e a  o f  
o n l y  a h o u t  150 ha ( t h e  S ~ I T I B  a r e a  a s  u i l l  be  a f f e c t e d  beh ind  t h e  a u e r a g e  
a n t i - s a l t  a r  w a t e r  r e t e n t i a n  d i k e ) ,  The o n l y  recommended e n v i r o n m e n t a l  Z 

c r i t e r i a  a r e  1 )  t h a t  s u f f i c e n t  a n a l y s i s  be per.fou.rr~ed p r i o r  t o  s i t i n g  and 
c o n s t r u c t i o n  t o  e n s u r e  t h a t  s a l i n i z a t i o n  and w a t e r  l o g g i n g  p o t e n t i a l  i n  t h e  
a f f e c t e d  i r r i g a t e d  a r e a  w i 1 . l  he rninirr~al and t h a t  a p p r 1 o p r i a t e  rrleasures w i l l  h e  
a u a i l a h l e  t o  t h e  t a r g e t  p o p u l a t i o n  t o  m i t i g a t e  any s a l i n i z a t i o n  o r  w a t e r  
l o g g i n g  ~rrI-I$ch misy occu r*  :in t h a  fut:ur*e\ us;ing a p p r a p r * i n t n  and locally a v a i l a b l e  
t e c h n o l n g y ;  and 2 )  t h a t  s e d l r r ~ e n t a t i a n  r a t e s  i ~ p s l o p o  of t h e  p r i n ~ a r y  structure 
a r e  deter~minecl  t o  b e  s u F f i c e r ~ t l y  l ow  t o  p e r m i t  u sa  o f  t h e  r c ! s e ruo i r  f o r  
i r r i g a t : i c r n  t l ' l ro~ lghout  a r ~ a ~ ~ > n i x b l y  l o n g  f a c i l i t y  t a r g e t  l i f e .  



Recause  o f  t h e  ue ry  s m a l l  s c a l e  o f  t h i s  s t r u c t u r e ,  o t h e r  i s s u e s  t y p i c a l l y  
a s s o c i a t e d  w i t h  i r r i g a t i c ~ n  f a c i l i t y  c o n s t r u c t i o n ,  i n c l u d i n g  p o t e n t i a l  h e a l t h  
i m p a c t s ,  a r e  t o  he a d d r e s s e d  a s  i n h e r e n t  components o f  t h e  r e g i o n a l ,  
suhr .eg iona1  o r  w a t e r s h e d  rr~anaqernent a c t i u i t i e s  a s  described i n  t h e  o r i g i n a l  
T E E .  

5.0 PROJECT P O P E R  LIESIGN STAGE ENVIRONMENTAL REVIEW 

P u r s u a n t  t o  t h e  p r o r ~ i s i n n  o f  t h e  o r i g i n a l  S Z W M  IEE,  a d d i t i o n a l  p r o j e c t  
e n u i r o n m e n t a l  r e u i e w  was u n d e r t a k e n  d u r i n g  t h e  P P  d e s i g n  s t a g e  t o  c l a r i f y ,  
amend and e l u c i d a t e  i s s u e s  and o t h e r  p a i n t s  r a i s e d  i n  t h a t  I E E .  The f i n d i n g s  
of t h a t  r e v i e w  can genera l1 .y  he h roken  down i n t o  1 )  i s s u e  r e v i s i o n s ,  2 )  
t e c h n i c a l  m o n i t o r i n g  and e v a l u a t i o n ,  3 )  p r o j e c t  e v a l u a t i o n  r e q u i r e m e n t s  and 
t e c h n i c a l  a s s i s t a n c a ,  4.) corr~rnodity procurc?rnent and t r a i n i n g ,  and 5 )  c o u e n a n t s .  

The f i r s t  i s s u e  r a i s s c l  i n  thc! o r i g i n a l  I E E ,  t h a t  o f  t h e  e f f e c t i v e n e s s  o f  
a n t i - s a l t  b a r r a g e s  i n  c o n t r o l l i n g  u p s t r e a m  s o i l  s a l i n i t y  l e u e l s ,  ha s  been 
a d d r e s s e d  on a  c a n t i n i r a l  b a s i s  by e n g i n e e r s ,  h y d r o l o g i s t s ,  p e d o l o g i s t s  and 
a g r o n o m i s t s  s i n c e  t h e  a d v e n t  of  s11c.h in f rac . i : r c rc tu ra l  c o n s t r u c t i o n  i n  t h e  
southc!rn zone  r e g i o n  a f  Senaqa l . .  Major r>eu^iews crf  t h e  i s s u e  and e x p e r i e n c e s  
t o  d a t e  t:ook place? a t  a  1 3 7 8  " I - a f l a c t i o n  secnirrar" sponso red  by t h e .  M i n i s t r y  o f  
Hydrology and K u ~ ~ , a l  DC?i~E!lopI'~l~!ll~ i n  Zig i~ i r rchc~r* ,  a t  1 9 8 0  and 1985 round t a b l e s ,  
and i n  a  d e t a i l e d  198'7 s t u d y  by I S R A  f i n a n c e d  by lISA:L'D/Daltar. Ongoing r eu i ew  
o f  t h e  i s s u e  shc}c.l:l.d c an t i r l ue  S O  I C I I I ~  a s  a n t i - - s a l t  clikc!s car~~l-.inue t o  be 
d e s i g n e d ,  const ructzed and e v a l u a t e d  i n  t h e  r e g i o n  si11c.e r ev i ew  of  r ~ a r i a b i l i t y  
i n  e f f e c t i u e n  resul.t:i .ng fr'orn clri.fferr!rlh d ~ ! < i i g n s  and o p e r a t i o n  and ma in t enace  
p a t t e r n s  has  and w:i:1.1 canlz:inue t:o l e a d  t o  s! . tbstanti .al  refinement a f  
i n t e r u e n t i o n  appr*oacho.s . I: t i s  a p p r * o p r i a t a ,  t h e r c ? f o r e ,  t h a t  t h i s  i s s u e  and 
l e s s o n s  l e a r n e d  s i n c e  tho. l a s t  round t a b l e  a g a i n  he c o h e s i v a l y  reu iewed  d u r i n g  
p r o j t ? c t  irrlplerr)c:!n.l:i;it.rit:irI. I . 1 .  i s  r~~!cornmencIed, however1, 1 )  t h a t  such  r e u i e w  o c c u r  
i n  Year 3 o r  Year' 4- o.F t l i c !  p r o j ~ c t ;  2 )  l-.hat i t  he  r e s t r i c t e d  primarily t o  
l e s s o n s  lear3necl F'r-orn t h e  sou.tharSn Z C I I I B  r e q i o n ;  3 )  t h a t  t h e  ~ S S L I E !  o f  e f f i c a c y  
o f  such  h a r r a g e s  :in con t r01 . l i nq  u p s t r e a m  s a l i n i t y  l e r ~ e l s  be on ly  one o f  a  
r a n g e  of r . e l a t ~ . d  i s s u e s  adclrassecl;  4.) t h a t  Y ' B I J ~ B ~  takt !  t h e  For'rrr o f  a  m u l t i -  
dono r  and m u 1  t:i i n s  titu t: ionel  r o u n d t a b l e ;  5 )  t h a t  prirnary r a s p o n s i b i l i  t:y f o r  
t h e  oryan: izakion a f  t h a  round tab le !  f a l l  t a  t h e  Prcrjt.!ct Management l l n i t ;  and 

- 6 )  t h a t  t h e  roi rncl table  be sponso red  by llSAID u s i n g  p r o j e c t  Cunds. Es t ima t ed  
P r o j e c t  Manpower': 6 p c ? r s ~ ~ r ~ - - w e e k s .  

-1 The second  : i ssu~!  r.nisc!cl i n  t h c !  I E E ' ,  t h a t  o f  t h e  e f f e c t s  o f  upper ,  mid and 
l o w e r  v a l l e y  i n f r a s t r u c t u r e  on g roundwa te r  q u a n t i t y ,  q u a l i t y  and d i s t r i b u t i o n ;  
h a s  a l s o  heen t h e  subject of' angclirlg r e v i e w  i n  t h e  s o u t h e r n  zone r e g i o n  b u t  a t  
a much l e s s  : in tensicre  l e u c l .  Because  t he  ~ ! f f e . c t s  o f  s u c h  i n t e r v e n t i o n s  are. 
p a r t i c u l a r l y  i m p o r t a n t  Frorn t h e  h y d r o l o g i c a l ,  p e d o l o g i c a l ,  agronornic., economic 
and s o c i a l  p e r s p a c k i u e s ,  i t  i s  recornmended t h a t  t h e  i d e a  o f  a r e g i o n a l  r ev i ew  
of  o u r  s t a k e  of' t h e  kr~owlet:lr,le i n  t h e  southc!r5n ZCII-IE! t c r  d a t e  undc!r*takan u s i n g  
p r a j (3 c t f' \.I r) cl s  , b c r c! Ir ;:.I :i 1.1 c:! r:l . :I t 9. s a  l s o rs e c  o r r lm  e  rl d ad , h o~*re u e  r , 1 ) t h a t t 1-1 e 
r e v i e w  o c c u r  i n  Year‘ :? o r  Year 3 of: t h e  p r . o j e c t ;  2 )  t h a t  i t :  concc?n t r a t e  
a 1 mo s k e y c \.I s :i u e :l y o 1.1 s 11 a I .  :I. r : ~  q u 1 f.: c;! r c! F I.: c c t: s ; 3 ) cJ 1.1 w t :i l: i:i cl d r a r; s p o t c n t: :i a 1 
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i m p l i c a . t i o n s  1 ~ 1 i t l 7  r e s p e c t  t o  u i l l a g e  g a r d e n  deueloprnent and s m a l l - s c a l e  hand 
i r r i g a t i o r i ;  4.) t h a t  it. a d d r e s s  e f f e c t s  on t h e  s e a s c r n a l i t y  o f  w a t e r  
a u a i l a b i l i t y  a t  d i f f i r e n t  l e u e l s  o f  t h e  t o p a s e q u e n c e  ; 5 )  t h a t  i t  a d d r e s s  
c r i t i c a l  g roundwate r  p h y s i o c h e m i c a l  pararne!tc!rs, i n c l u d i n y  bu t  n o t  r e s  t r i  c t e d  
t o  ph,  01.eci : r ica l  c o n d ~ . l c t i u i t ! / ,  d e p t h  arid r e c l m r g e ,  sodium a b s o r p t i o n  
rsaactic.rri, axcl.ia~?gc!al:rle r:adiuu~l partcerrkwgc:!, sulphaLc!c  k i r~d  ~ ~ ~ l . p l ~ ~ i . c l a c ,  i.rnrl 
aluminum and i r o n  rnoI:):i.I.:i.t!/; and fi) t l ~ a t  p r imary  respons i l2 i l i t :y  f o r  t h e  r eu i ew  
f a 1 1  e i t h a r  tcr  t h a  PMLI Wai:.c!r F:ngine!e!r, a p p r o p r i a t e  I S R n  t e !chn ic ian  or\ an 
incJepentJt:!nt c o n t r a c k o r ,  Er; tirrratad I:)rsnjecl: crrl CctrrLrbac: l: Martpcruor: 
3 persori-.rmnths . 

Thc! t h i r d  i s s u e  r a i s e d  i n  t h e  I E E ,  t h a t  of: i n f r a s t r u c t u r a l  i n t c ! r u e n t i a n  i n  
a r e a s  o f  p o t e n t i a l  a c i d  s c ~ l p h a t e  s o i l s ,  i s  a d d r e s s e d  h e r e  a s  two s u b i s s u e s .  
The f i r s t  s u b i s s u e ,  t h a t  O F  s i t i n g  a n t i - s a l t  d i k e s  i n  a r e a s  where s i g n i f i c a n t  
p o t e n t i a l .  f o r  s o i l  a c i d i f i c a t i o n  e x i s t s ,  i s  no l o n g e r  cons ide+ed  a p p r o p r i a t e  
f o r  w r i t t e n  r c ! u i s w  a s  a dirbc!ct c o m p ~ r i e n t  of i n d i v i d u a l  Watershed Marlage!rnent 
P l a n s  s i n c e  t h o s e  p l a n s  w i l l  i n c l u d e  p e d a l o g i c a l  a n a l y s i s  and exceedance  of 
t h e  15 2, 2 % c r i t e r i o n  wil.l . ,  a  p r l i o r i ,  d i ~ q u a l i f y  a  s p e c i f i c  l o c a t i o r i  f rom 
f u r t h e r  c o n s i d e r a t i o n  F a r  a n t i - s a l t  d i k e  c o n s t r u c t i a n  on t h e  b a s i s  of  
p o t e n t i a l  f o r  s o i l  a c i d i f i c a t i o n .  The second s u b i s s i r e ,  t h a t  o f  s econda ry  
a c i d i f i c a t i o n  due  t o  i n t r u s i o n  o f  low pH g roundwa te r s  behind t h e  s t r u c t u r e s ,  
was rev iewed  w i t h  PF) taarn tc.:!c.hnical p e r s o r i ~ ~ e l .  P t ? d o l o g i c a l ,  I ~ ~ y r o l o q i c a l ,  
agronomic and enu i ron rnen t a l  r e l ~ i e w  showed: 1 )  t h a t  i n t r u s i o n  crf low ph 
g roundwa te r  i s  a  n a t u r a l . l y  o c c u r i n q  phenomenon r e s u l t i n g  f rom f l o o d i n g ,  
s a t u r a t i o n  and m o b i l i z a t i o n  of a c i d i c  c a t i o n s  t h a t  w i l l  n o t  be s i g n i f i c a n t l y  
a l t e r e d  by p r o j e c t  i n f r u s t r . u c t u r a l  deue lopman t ;  2 )  t h a t  hydrographs  
d e m o n s t r a t e  t h a t  mass f l o w  o f  g roundwa te r  d u r i n g  most  o f  t h e  r a i n y  s e a s o n  i s  
d i r e c t e d  away frorn t h e  u a l l e y s ;  3 )  t h a t  t h e  amount o f  i n t r u s i o n  o f  low ph 
g roundwa te r  w i l l  be s m a l l ,  l i m i t e d  i n  a r e a l  e x t e n t ,  and o c c u r i n g  a t  a  t ime  
when a n t 5 - s a l t  d i k e s  and r c ! t a n t i o n  s t r u c t u r e s  w i l l  bc f l u s h i n q  w a t e r  
downstream t o  s a l t i e r  p o r t i o n s  o f  u a l l e y s  below t h e  s t r u c t u r e s  where  b u f f e r i n g  
c a p a c i t y  i s  h i g h ;  arid 4.) t h a t  i f '  grnundwatc!r i n t r u d e s  f rom t h e  i ron-c!nr iched 
s u b s o i l  and i s  r e t a i n e d  beh ind  t h e  d i k e s ,  i t  w i l l  be n e u t r a l i z e d  i n  t h e  
f l o o d e d  zone  t11rc)i~qh r e d i ~ c t i a r i  r e a c t i o n s  cclrnrnon t o  a l l  f l o o d e d  s o i l s .  I t  i s  
a l s o  recommended, t h e r e f o r e ,  t h a t  t h i s  s u b i s s u e  be d e l e t e d  frorn f o r m a l  w r i t t e n  
c o n s i d e r a t i a n  i n  a i t h e r .  t h e  i n d i u i d u a l  Wa t~ ! r shed  Managerncnt P lans  o r  r ' eg iona l  
o r  s u b r e g i o n a l  p l a n s .  

T h e  f a u r % t h  i s s u e  ra: ised i n  t h e  I E E ,  t h a t  o f  t h e  curnu la t iue  r e g i o n a l  
e f f e c t s  o f  i n f r a s  t r u c  t u r a l  : i n t e r ~ . ~ e u t i o n  i n  t h e  s o u t h e r n  zone r e g i o n  cln 
c ! s t i ~ a r i n e  and c~tj.ic!r ac11.iati .~ c ! c ~ s y s t ~ ! r n  ~ C S C ~ ~ I Y ' C ~ S ,  was d i s c i ~ s s e d  w i t h  bo th  P P  
team and o t h e r  reg ic rna l  t:echriic,al p e r s o n n e l ,  I t  :is t h e  c o n c l u s i o n  o f  t h e  R E 0  , 
t h a t  t h i s  i s s u e  shou1c.l he! a d d r e s s e d  r - e g i a n a l l y  by an  a p p r o p r i a t e  and q c l a l i f i e d  
I S R A  tear11 uit1-1 t h e  ~ o s s ~ / ~ : I . E !  a s s i s t : a n c e  o f  ORSTOM and c.ornpletred by Year 5 of  
t h o  pr la j  ti!c.t . The! s t i ~ d y  s11(:1uld 1 ) take f : h ~  f:orrr~ o f  R rr111I.t:i.--s c ~ n a r ' i O  p r e d i c t i u e  
a s s e s s m e n t ,  2 )  f o c u s  on agr : i cu l . i : i~ ra l  v e r s u s  a q i r a t i c  Food and o t h ~ ! r  r e s o u r c e  
t r a d e - . o f f ' s ,  and 3 )  comparti! i r r pu t s  g: : i~t?n no t r i b u t a r y  b a r r a g e  c o n s t r u c t i o n  and 
30% runof ' f  i r~ t : e rup t : i on ;  1960-1984 .  r a i n f a l l  sneans v e r s u s  1950-.I968 r a i n f a l l  
m ~ ? a n s ;  b ~ ! s . t  c a s e ,  w o r s t  C F I S E !  and rr~icl-case! a r , ] r i c u l t ~ r r a l  p r o d u c t i o n  est5rnate.s;  
and h:igh u e r s u s  rnoder*a.tc. f ' r e s l iwa te r  f i s h e r i e s  d e ~ ~ e l c ~ p r n e l l t  s c e n a r i o s .  The. 
a s s e s s r r ~ ~ r ~ . t  s11c11,~lcl use? ex:i.s.t:i.r~g d a t a  t o  t h e !  ex t e r i t  p o s r : i b l e ,  limit n e w  d a t a  
collec1z:ion t o  thal: ahscr:lirtc!ly necessi3r'y t:c~ ~ I I S L I I C ? ~  c r i t : : i c a l l y  ger~narie 
q u e s t i o n s ,  LISE!  bc!sf: p r ~ ) f c ! ~ ~ : i . c : ) r i ~ l  f:~:!cl '~niccll e s t i r m t c ! ! ~  t o  a r ' r ' i r ~ ~ !  a t  c a r l c l u s ions  



a b o u t  e s t u a r i n e  i m p a c t s  and a g r i c u l t u r a l / a q u a t i c  r e s o u r c e  t r a d e o f f s ,  and 
document: a l l  a s su r r~p t i a r r s .  A t e c h n i c a l  and c o s t  propcrsal  shou ld  b e  s o l i c i t e d  
f rom ISHA d u r i n g  Year 1 o f  t h e  p r o j e c t ,  and reiziewed by one o r  more competent  
t e c h n i c a l  p e r s o n n a l  f a r n i l i a r  w i t h  t h i s  i s s u e  i n  West f ifr5c.a.  Es t ima t ed  
C o n t r a c t  Manpower: 4 Person-Months.  

T h e  f i f t h  i s s u e  r a i s e d  i n  t h e  I E E ,  t h a t  of t h e  e f f e c t s  o f  i n f r a s t r u c t u r a l  
ilqte.ruent:iolis an  rater--associated d i s e a s e  inc ic lenca  r a t e s ,  shou ld  he  r e t a i n e d  
f o r  p r o j e c t  fundiinc,l a s  a s i n g l e  r e g i o n a l  a s s a s s m e n t  due i n  Year. 2 o f  t h e  
p r o j e c t  and conduc.t:ed by an  a p p r o p r i a t e  and q u a l i f i e d  GQS, NGQ o r  , c o n t r a c t  
s p e c i a l i s t .  Tho. assessmen.t:  r i h ~ i l ~ l d  1 ) r.o.uie.w t h e  s t a t u s ,  d i s t r i b u t i o n  and 
i n c i d e n c e  r a t e s  o f  w a t e r - - a s s o c i a t e d  d i s e a s e s  i n  t h e  s o u t h e r n  zone r e g i o n ;  2 )  
a s s e s s  t11a po t en t i . aS  f a r  i n F r ~ a s t r u c t u r a l  i n t e r u e n t i o n s  unclertaken hy a l l  donor  
and GOS i n s t i t u t 5 o n s  i n  t h e  r e g i o n  t o  a f f e c t ,  bo th  p o s i t i v e l y  and a d n e r s e l y ,  
t h o s e  d i s t r i bu t : i c rn s  and i r~c idc !nce  r a t e s ;  and 3 )  rBo.cornrnand, i f  a p p r o p r i a t e ,  
i n t e g r a t i o n  measures  t o  recluce p o t e n t i a l  a d u e r s e  i m p a c t .  Estimated C o n t r a c t  
Manpower: 6 f'ersan-Wec!ks . 

The s i x t h  i s s u e  r a i s e d  11.1 t h e  I E E ,  tha t :  cif t h e  s c i c i a l  i rnpacts  C I ~  

i n f r a s t r u c t i r r a l  i n l . : e rvan t i on  :in t h e  s c r ~ t h ~ ! r n  zone r e g i o n ,  W A S  a d d r e s s e d  i n  t h e  
p re feas ib i : l i . t :y  s a c i a l  a n a l y s i s .  S o c i a l  i s s u e s  a r e  a l . so  be ing  addressed a s  a n  
i n t e g r a l  par t :  o f  l " l ~ p r e p a r a t - . i o n  Isy a q u a l i f i e d  p r o f e s s i o n a l  f a r n i l i a r  w i t h  t h e  
r e g i o n ,  and add i t : : iona l  s t u d y  ancl annl .ys5s  i s  c!xpacted t o  crc.cur d u r i n g  p r o j e c t  
i rnp le .menta t ion .  For t h e s e  r e a s o n s ,  and because  s o c i a l  c o n s i d e r a t i o n s  a r e  
o u t s i d e  af t h e  r;c:cips of' t h e  p r ' ~ u : i ~ i c r n s  of' 2 2  CFli 216 ,  i t  i !i r~!~.c~rnrn~!ndc!d t h a t  
t h e  s i n g l e  r e g i o n a l  o r  subrecy iana l  a n a l y s i s  d e s c r i b e d  i n  t h e  I E E  be d e l e t e d  
frorn f u ~ ~ t l ~ e u .  cons:i.dc!rat:i~rr~ Fc)I" p ro jc !c t  fu i i~J i .nc~  i n  t h e  forrn o r i g i n a l l y  
c o n c e i v e d .  

The S E ! ~ J ~ I - I ~ ~ - I  :i.ssue t-aisecl i n  t h e  I E E ,  t h a t  of t:he e f f e c t s  of 
i n f r a s t r u c t u r a l  inkervan t : ions  on t e r r e s t r i a l  ec.osyst:ems and endange red ,  
p r o t e c t e d  o r  cornrnercia:l.ly irnpor-tank s p e c i e s ,  i s  c o n s i d e r e d  by t l ~ e  R E 0  t o  he  
i r r l p l i c i t y  c.ssent:i.al t o  satz:i.s.fying c e r t a i n  requirements of 2 2  C F R  216 .  While 
t h o .  potential for ,  c l ekec t ab l .~ !  advarse! i n p u t s  t o  r e s u l t  i s  c o n s i d e r e d  very  l a w  
hc.cause o f  t h e  g e n e r a l  g e o g r a p h i c a l  s e p a r a t i o n  o f  rnost such  spc..cies From t h e  
r e g i o n  of  p r i r r~ery  p r n j  e c t  ' . i .nteruc!ntion,  5.1;: i s  n o n e t h e l e s s  rec.ornrnendeCl t h a t  
t h i s  s i11g1e r a g i o r r a l  a s s e s s r r ~ e n t  be c.ornpSet:ed by y e a r  2 o r  3 of  t h e  p r q j e c t  b y  
a  l o c a l  NGO o r  Icbcal i n d ~ p c ! n c l ? n t  c c r n t r a c t o r .  Estirnatc!d Ccrntract  Manpower: 
3 Person-Weeks.  

D i s c u s s i o n  cif t:echnical.  rnorrif:ar:ing and eua11. la t ion of i n f r a s t r u c t u r a l  
1 i n t e r u e n t i n n s ,  especia: l . ly a n t i - - s a l t  dikc!s,  was d i s c u ~ s c ! d  a t  l e n g t h  w i t h  f )P  a n d  

GOS t e c h n i c a l  pe rsonr le l  d i ~ r i n g  P P  dc!veloprnent. T h e r e  remains  a  b road  
c o n s e n s u s  t h a t  aclclfit5onal t e c h n i c a l  i r~ fo r r r r a t i on  i s  n e c e s s a r y  t o  b e t t e r  
u n d e r s t a n d  t h e  physiochemi.c.al  clynarnics assoc:iatc!d w i t h  such  d i k e  c o n s t r u c t i o n  
anel t h a t  c n l l e c t i c r n  of suc.h d a t a  s h o ~ r l d  f o c u s  on answer ing  s p e c i f i c . ,  a p p l i e d  
q u e s t i o n s  which wi l l  s i g n i F i c a n t l y  h e l p  dono r s  and t h e  GOS t o  improve t h e  
p l a n n i n g ,  d e s i g n ,  a p e r a t i o n  and m a i n t e n a n c e  o f  t h e  s t r u c t u r e s .  The s p e c i f i c  
t e c h n i c . a l  app roach  r e c a i v i n g  t h e  g r e a t e s t  s u p p o r t  was a  p a i r e d  wate . rsheds  
s t u d y .  P a i r e d  watc!rshc!cJs would be  s e l e c t e d  and mon i to r ed  far.  one y e a r ,  
i n f r a s t ~ ~ u c t u r e  t h e n  placecl i n  one  of: thern, and m o n i t o r i n g  c .on t inu~!d  t h r o u g h o u t  



t h e  l i f e  o f  trhe p r o j e c t .  G e n e r a l  p a r a m e t e r s  t o  be  m o n i t o r e d  i n c l u d e  
p r e c i p i . t a t i . o n  and  euay.)otr i3r1spir*at ior1,  s o i l  cherrris t r y  ( m i c r o n u t r i e n t s  , s u l p h u r ,  
s u l p h a t e s  and  s ~ . ~ l p h i d e s ,  a l u m i n i u m ,  i r o n ,  s o i l   noi is t i ~ r e ,  o r g a n i c  c o n t e n t ,  pH, 
s a l i n i t y  arid o t h e r  phys ioc l .~c ! rn i ca l  p a r a m e t e r s )  ; g r o u n d w a t e r  h y d r o l o g y ,  
h y d r o g r a p h y  and  c h e r r r i s t r y ;  s u r f a c e  w a t e r  q u a n t i t y  a n d  c h e m i s t r y ;  s u r f a c e  
~ l~a ts r -gr 'our idwa. l re r  c o n k a c t  a n d  i n k e r a ~ t i o n a l  phenomena ( b o t h  u e r t i c a l l y  and  
h o r i z o n t a l l y  a l o n g  {:he t n p o s e q u e n c e )  ; c r o p  p r o d u c t i v i t y ;  and  p l a t e a u  u e r s u s  
v a l l e y  c r o p p i n g  p a k t e r n s ,  I t  u a s  n o t e d  t h a t :  t h e r e  h a s  13eer1 s i g n i f i c a n t  b u t  
s c a t t e r e d  a n d  i ~ n r o r r e X a t c ! d  a r ~ a l y s s s  in t h e  r e g i o r ~  i n  b a t h  i n t e r v e n t i o n  a n d  
n o n - i n t e r v e n t i o n  ~ i a t e r s h t : ! d s ,  b u t  t h a t :  t h e  extrcrnt? v a r i a b i l i t y  ~ E ! ~ w E ! E ! ~ I  s i t :€!$ 
a n d  t h e  l a c k  o f  b a s e l i n e  d a t a  f o r  c o r r e l l a t i n g  p r e -  and  p o s t - i n t e r u e n t i o r ?  . - 
f l u c t u a t i o r ~ s  b e t l ~ l a s n  s i t e s  1 s  l a r g e l y  a b s a n t : .  

T h i s  a p p l i e d  t ec l i n : i ca l  monitoring and  e u a l u a t i c r n  r e s e a r c h  p r o g r a m  i s  
c o n s i d e r e d  by t h e  R E 0  t o  13~:: t l i a  s i n g l e  mos t  i m p o r t a n t  resear3c1i  crr  s t u d y  
a c i r i u i t y  t o  b e  f u n d ~ d  L I I ' I C J E ! ~  t h e  p r o j e c t  , R e c a u s e  o f  i t s  na t :ure ,  d u r a t i o n  a n d  
t h e  h e t e r o q a n a o u s  t a c h n i c c i l .  s p c ? c i . a l t : i e s  w h i c h  i t  w i l l  r ~ ! ~ l l i r ~ ! :  I I ~ w E ! I ~ E ! ~ ' ,  i t  
w i l l  a l s o  l i k e l ! ]  be  t h e  m o s t  c o s t l y .  I t  i s  recornrnended I )  ' t h a t  ISRA be. t h e  
l e a d  o r l g a n i z a t : i o n  r e s p o n s i b l e  f o r  i t s  cr} '3erat ion;  2 )  t h a t  I S R A  be  a s k e d  t c r  
r e v i e w  r e l a t e d  r e s e a r c h  :in t h e  s o u t h e r n  z o n e  r e g i o n  w h i c h  h a s  o c c u r r e d  t o  da t e .  
a n d  t h a k  w h i c h  i s  c ~ n g o i n q  01" p r o j e c t e d ;  3 )  t h a t  ISRA be  a s k e d  t o  p r e p a r e  a 
d e t a i l e d  t e c h n i c a l  a n d  c o s t  p r o p o s a l  f o r  f u n d i n g  s u c h  r e s e a r c h ;  and  4.) t h a t  
t h a t  p r o p o s a l  be  r e u i a w a d  by c o r n p a t a n t  t e c h n i c a l  p e r s o n n e l ,  r e v i s e d  and  a  
t u r n k e y  c o n t r a c t  a c c o r d e d  t o  ISRA no  l a t e r  t h a n  t h e  end  o f  y e a r  1 o f  t h e  
p r o j e c t  . EST'1MAI"ECD ACT'IUI1"Y COST: llS$!iO0, 0 0 0 .  

The  pr'elirrrini:rry f incli .r igs of t h e  1:EE t h a t  a  mid - t e rm o r  o t h e r  a p p r o p r i a t e l y  
t i rned  t:ec.hn:ical ~ ! u a l c r a t i o n  o f  t:he ~ n ~ ~ i r o ~ ? r n e r ~ t a l / ~ i a t i ~ r a l  r e s o u r c e .  a s p e c t s  and  
i s s u e s  o f  t h i s  p r b a j e c t  bc! p e r f o r v r ~ e d  by a n  ~ ! x p e r ~ i ~ n ~ e c I  a p p l i . e d  e c o l o g i s t ,  
enu i ron rnen t : a l  g e o g r a p h e r  crtn s i r r ~ i l a r l y  q u a l i f i e d  s p e c i a l i s t  i s ,  a f t e r  f u r t h e r  
c o n s i d e . r a t i o n  dur . i . r~g PI" cle~.lalcrprnan~t, enc.lar?st.!cJ. ESlIMATEL) CONTRACT MANPOWER : 
4-6 w e e k s  . 

The pralirni.r?u7ry f i n d i n g s  af t h e  IEE, t h a t  s i x  person-.months o f  s h a r t - t e r m  
TR i n  t h e  f o r m  crf' a n  app : l i~ !c i  e c c r l o g i s t  o r  similar s p e c i a l i s t  s h o u l d  b e '  f u n d e d  
u n d e r  tht:!  p r o j e c t  i s  a l s o  E!ncdcrrvs~!d. T h i s  s h o r t - - t e r * r r ~  1-0 s h i ~ u l d  138 i n  a d d i t i o n  
t o  t h a t  r e q u i r e d  f o r  t h e  mid--.term e v a l u a t i o n ,  a n d  s h o u l d  b e  p h a s e d  a s  f o l l o w s :  

Year 1 : 1 person.-..rr~~)ri.L:l~ t o  r'euit!w t h e  X S R A  p r - o p o s a l  fcrr  r rmnitcrr inq a n d  
e v a 1 u a t : i a n  r e s 6 a r c h ;  Yea r  2 :  1 person-rrronth;  Yea r  3 :  1 person-srronth; Year  4: 2 
pe r son - -mon ths  ; Year  5 : 1 par*t ;on-month,  c 

No e n u l r o n m e n t a l - s p e c i f i c  commodi ty  p r o c u r e m e n t  i s  e n u i s i o n e d  u n d e r  t h e  
p r o j e c t ,  and  none  i s  recornrnanded. I - l o w e ~ ~ e r ,  t h e  t e c h n i c a l  m o n i t o r i n g  and  
e u a l u a t i n n  r e s a a r c h  prcrqrarrr w i l l .  l i k c ! l y  i n c u r  p o t e n t i a l l y  s i g n i f i c a n t  
cornrnodity p r o c u r e m e n t  t:.crsts ( e .  g .  , p i e z o r n e t c r s ,  pH and  s o i l  and  w a t e r  s a l i n i t y  
In o. t E! r s , i;i s  ri a c  i a ,t e cl 1:' 1 c! 1 (:J i.1 IY tJ 1 a 11 a r. a rb 1: o r. y c! q 11 5 p r n  a 1.1 1: , n n d p o r; !; i 1:) i l y  IJ c? 1.1 5 c 1 c! s ) . 
P r o c u r o ~ ~ ~ e . n t  o f  1:l.lase i.l:cl.ns s l ~ n ~ , r l d  he the! respor.)si .bll : i t :! /  o f  t h e  c o n t r a c t o r  
( ISRR)  a n d  i tarn spac: iF: icat : i .ar~s  s h o u l d  br! i . n c l ~ . ~ d e d  i n  t h e  C C I S  t P ~ O P C ) S A ~  



s o l i c i t e d  f-rorn .I:hern. Llnder no c:ircurnstances should r e s p o n s i b i l i t y  f o r  
pr~ocurernant a f  t h ~ ! t ; c !  ~ ~ E ! I I I S  r e s t  w i t h  e i t h f t r  lISAI:[)/L)akar o r  t h ~ !  pt-ime p r o j e c t  
cancract:or;  1 3 ~ 1 t h  USAID/Dakar and t h e  prirr~e cont- . ractor  shou ld ,  I~inweuer, r e a l i z e  
and'  a n t 5 c l p a t e  t h a t  suc.h t:!xpt:!nd:iI:crr'e for. an a c t i u i t y  of t h i s  n a t u r e  w i l l  be 
I:mt11 necessa ry  and perhaps c o s t l y .  ES'YIMA'l-ED (INC):TIIEC' l - )  COMMQll I l -Y COSTS: 
llS$125,OOQ. 

T r a i n i n g  p l a n t ;  haua y ~ t .  t o  be worked auk by t h e  F'f' team, and 
" e n u i r o n m e ~ ~ t - s p e c i f i c "  tra:irrir19 was t h e r e f o r e  only c u r s o r i l y  d i s c u s s e d .  From 
t h e  envirtonrnsntal pa r spec . t iue ,  F i e l d s  of ernphasis for* t r a i n i n g  should include.  
s o i l  c h e m i s t r y ,  groundwater  hydrology and agronomy w i t h  a  very s t r o n g  f o c u s  on 

* t r o p i c a l  c o a s t a l  systerns.  S h o r t  t e rw  t r a i n i n g  p r o ! ~ i s i o n s  should be made f o r  
a p p r o p r i a t e  p r o j e c t  and GOS t e c h n i c a l  personnel  t o  spend a t  l e a s t  two weeks on 
t h e  sou th  c o a s t  of Guinea Rissau and a t  l e a s t  two weeks a t  WARDQ1s Rokupr Rice 
Research S t a t i o n  i n  S i e r r a  Leone rev iewing e x p e r i e n c e s  w i t h  mangrove and 
s i m i l a r  swamp r i c e  p roduc t ion  i n  t h o s e  l o c a t i o n s .  I 

R E C O M M E N D E D  T R A I N I N G :  

1 pe r son ,  8 . S .  S o i l  Chemistry 
1  pe r son ,  B.S. Groundwater Hydrology 
1 per son ,  8.S. Agronorrry 
6 p e r s o n s ,  2 person/weeks,  Guinea Bissau 
6 p e r s o n s ,  2 person/weeks,  Rokupr, S i e r r a  Leone 

C e r t a i n  covenants  a r c  recluir~ed i n  a s s o c i a t i o n  w i t h  d e f e r r a l  of 
envi ronmenta l  review f o r  i n f r a s t r u c t u r e  a c t i v i t i e s  pu r suan t  t o  t h e  p r o u i s i o n s  
of 22 C F R  2 1 6 .  ( a  ('I) ( i  . Enr~ironrnental  review f o r  i n f r a s t r ~ ~ c t u r a l  
a c t i u i t i e s  under t h s  p ro jec , t  s h a l l  c o n s i s t  of t h e  f i n d i n g s  of t h e  p r o j e c t  I E E ,  
a s  arr~ended, and t h e  F ind ings  of t h e  a s s ~ ! ~ s m e n t s  of t h e  f i ~ e  i s s u e s  r e t a i n e d  i n  
t h e  I E E  arnendrnent. The P r o j e c t  Grant  Agreernsnt s h a l l ,  t h e r e f o r e ,  c o n t a i n  t h e  
f o l l o w i n g  covenan t s :  

( 1 )  lISAS[.) and t h e  Grant86 agrc!@ t h a t  t h e  ~ S S L J E ! G  of A )  a n t i - s a l t  h a r r a g e  
e f f e c t i u e n a s s  i n  cnn t rc i l l i ng  upstream s a l i n i t y ;  R )  t h e  e f f e c t s  of  
i n f r a s t r u c t u r e  on groundwater  q u a n t i t y ,  q u a l i t y  and d i s t r i b u t i o n ;  C) t h e  
curnmulatiue e f f e c t s  of r e g i o n a l  barrage. c o n s t r u c t i o n  an e s t u a r i n e  and o t h e r  
e q u a t i c  ecosystem r>esources ;  D )  t h e  e f f e c t s  of r e g i o n a l  i n f r a s t r u c t u r a l  

- deueloprnent on ~ u a t e r - - a s s o c i a t e d  d e s e a s e  i n c i d e n c e  r a t e s ;  and E )  t h e  e f f e c t s  o f  
i n f r a s t r u c t u r a l  del~C!loprfl~!nt on t e r r e s t r a l  ecosystarrrs and ' endangered ,  p r o t e c t e d  
o r  commercially i m p o r t a n t  s p e c i e s ,  a s  d e s c r i h e d  i n  t h e  P r o j e c t  I E E  amendment, 

1 s h a l l  ha addre.ssed a s  d e s c r i b e d  e x c e p t  i n s o f a r  a s  t h o s e  i s s u e s  o r  approachas  
rnay b e  amended o r  ~ n o d i f i a d  b y  t h e  mutual agreement of bokh p a r t i e s .  

( 2 )  L I S A I D  and t h e  Grantee  a g r e e  t h a t  irnplerne.ntation p lans  For 
i n f r a s t r ~ l c t ~ l r a l  development wi l l  he modif ied i n  accordance. w i t h  t h e  f i n d i n g s  
of fihe f i u a  5 s s 1 . 1 ~  a s ~ @ ~ s r r ~ ~ ! r i t s  l i s t e d  i n  ( 1 )  ahcruc!, a s  a p p r o p r i a t e  and 
p r a c t i c a b l e .  
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( 3 )  U S n I D  and t h e  Grankee  agree: 

( A )  t h a t  a n t i - s a l t  d i k e s  s h a l l  o n l y  h e  c a n s t r i ~ c t e d  where. the! area o f  
11iql1 p o t e n t : i a l  a c i d  s1.11fa te  s o i l s  o r  a l r e a d y  a c i d i f i e d  s o i l s  o f  t h e  
t a x c ~ n a r r ~ i c  subgroup  o f  t y p i c  s u l F a q u e n t s  (IISLIA S o i l  Taxonomy) d o e s  n o t  
exceed  1 5  p e r c e n t  p l u s  o r  minus 2 p e r c e n t  o f  t h e  s e r v i c e  a r e a  ups t r eam o f  
t h e  cJike.  



Diaw C .  1986 .  Les c o n d i t i o n s  h i s t o r i q u e s  du dhveloppement  
" d e  l a  pQche  en Casamance.  I n :  L I E s t u a i r e  d e  l a  Casarnance, 

Enu:ir%onnement, PBche, ~ o c i o = f c o n o m i e .  

n i aw  C . ,  1986 .  S a c i o l o q i e  con t empnra ine  d e  l a  peche  e t  
r a p p o r t s  p6.che a c j r i c i ~ l t ~ l r e  en Casarnarrce. 2;: L I E s t u a i r . e  de  l a  * 
Casarnanca, Enu-ironnerrrent , PQche ,  Socio-E'conornit?. 

D i o u f ,  P . ,  J Pages ,  and J .  S a o s .  1 9 8 6 .  GQogrtaphie d e  l ' e s t u a i r e  d e  
b l a  Casarnance.. In-: L '  Es tu iq i re  cle l a  Casarnance, Enuironnement ,  

PQche ,  Socia--Econornie,  

D o r s t ,  J .  1 9 6 9 .  A F i e l d  Guide t o  t h e  Laqer  Mammals o f  R f r i c a .  
Houghton M i f l i n ,  Bos ton .  

t 

H a r g r e a u ~ ! s ,  G .  1982.  l l apendab le  p r e c i p i t a t i o n  and p o t c . n t i a 1  y i e l d s  f a r  
S e n e g a l ,  a  p r a c t i c a l  g u i d e  f a r  r a i n f e d  a g r i c u l t u r e .  

LE! Rrusq J .  1986 .  Quelques  a s p e c t s  d a s  6cl1anges ch i r r~ iques  
so l s - - eaux  d e  s u r f a c e  en  Casamance.  2:  L '  E s t u a i r e  d e  l a  
Casarr~ance,  Enuironnernent ,  Pgche,  Socio-Economic?. 

La Reste. L .  1986 ,  C o n t r i b u t i o n  A 1 ' Q t u d e  d e s  u a r i a t i o n s  
q u a n t i t a t i v e s  e t  q u a l i t a t i u e s  d e  l a  p r o d u c t i o n  d e  c r e v e t t e s  
en f o n c t i o n  d e  l a  s a l i n i t 6  d a n s  l ' e s t u a i r e  d e  l a  Casarnance. 
I n :  L ' E s t i ~ a i r ' ~ !  d~ : !  l a  Casarr~ancc., Enu i runnement ,  PQche,  
S o c i a - ~ c o n o r n i e .  

Le R e s t e  L .  1986 .  La pBche c r e u e t t i Q r e  a r t i s a n a l e  en 
Casamance.  21 : L ' E s  t u a i r o .  cle l a  Casamance,  E n ~ ~ % r a n n e m e n t ,  
PBche, Socio-E!conornic!. 

Le R e s t e  L .  1986 .  Cons4quences  d ' u n  b a r r a g e  & c l u s a  
a n t i - - s e l  s u r  1 ' enuironrit.!rnerIt a q u a t i q u e  ~ ! t  l a  pBche. x_n_: 
L '  Eskuair 'e  d e  l a  Casarnanca, Enuironnernent , PBche, Socio-Econornie. , 

M i l l e t ,  fi., J .  O:l.i.vv'y and Y .  1-str-oquo.r. 1986.  E tude  
du f o n c t i o n n e m e n t  hyc.lrnlog:ique d e  l a  Casarnance m a r i t i m e .  >A: 

+ L E s  tuai.r.c? dtt! l a  Casarr~ancc!, Enui.r~c)rrnc!rr~c!r~t, P & c h ~ ! ,  Socia--Economi~! .  

Pages ,  J . ,  S.Rad:i.ane, J .  l>eb~!nay ,  S .  D iou f ,  and L C  E l o u t e i l l e r .  1986.  
4 Les rnBcanisrr~c:!ri c J e  ~~roc:lucti .an daris l ' e s t u a i r s  d e  I n  Casamance. 

I n :  L ' Es t u a i r e  d e  l a  Casarnance, Environnerne~i t  , PBche, 
So c :i CI - E c. a n CI rrr :i E! . 

1I.S. Depar tment  o f  I n t e r i o r  F i s h  and WilcJ:Lif:'e S e r v i c e  (DOI). 1984 .  
Endangered arid ' fhr~atenc. .c . l  W:i.ldl.ife and P l a n t s ,  5 0  CFR 1 7 .  11 and 17 .  12 .  



PROCUREHENT PLAN -- 
I .  COUUOOITIES 

-------. -*--- -- --. . - . - -- . -- -I-___ _ . _-_. _ 
Required 

Duscription ()unnt i ty  S App. Pr ice  Sour*:,.  cod^ Delivery Date Responsibility 

Construction Et~uiymant ----- 

- Tractors ,  50 hp 

I I T r a i l o r  (5 tons; r e a r  t i p )  
Spare parts.  (30% of ) 

- Fuel. n~aintenance and r e p a i r  
- Tractors. 50 hp (replacement) 
- Spare par t s ;  f u e l  a a i a t .  and repair  
- T r a i l o r  ( r e p l .  ) 
- Hand tamper 
- Shovel 
- Hand pick 
- Wheelbarrow (rubber wheel) 
- Replacement 
- Uiscellaneous equipment 

2. Pvoiect Vehicles 

- 4WD pick-up db le  
Cabins ( i n i t i a l  purchase) - Spare p a r t s  30% of c o s t  of vehicles 

- 4UD Sta t ion  Wagon 
( i n i t i a l  purchase) - Spare p a r t s  ( i n i t i a l )  

- Fuel, maintenance, r e p a i r  ( i n i t i a l )  - 4WD pick up, db le  cabin and spare p a r t s  
(replacement) - 4UD Sta t ion  Wason and spare p a r t s  
(replacement) 

- Fuel, maintenance r e p a i r  (replacement) 

3. OFFICE SUPPL. 6 EOUIPUENT 

- AT c l a s s  IBH compatible computer 
- IBW compatible laptop computer 
- 5 l l 4  inch d i sk  d r i v e  - P r i n t e r  
- Software 
- E l e c t r i c a l  Typewriters IBW - Photocopier 
- Off ice  desk and (2  c h a i r s  per  desk - Computer desk. c h a i r s  end covers 
- Secre ta r ia l  desk, w/return and c h a i r s  (3 )  
- Larse f i l i n g  cab ine t s  

+ m a l l  f i l i n s  cab ine t  ( I )  
- Office Suppliers  - Fre i sh t  and incountry t ranspor t .  - Office Equip. and eupply (repl . )  - Office repn i r  and maintenance 

Senago I 
SEN 
SEN 
SEN 

000/SEN 
SEN 

Senega 1 
SEN 
SEN 
SEN 
$"V 

935 
935 
935 

935 
935 

935 

SEN 

Apri l  89 CWUE/SflO 
Apri l  89 

IWHE/SHO 
', .. 

' Hay 93 US Contractor 
r " and ongoing US Contcac t o r  

nay 
Apri l  
Apri 1 

January 

, 
January 

January 

January 
onwards 

Apri l  89 
February -89 
February 89 
Apri l  89 
Apri l  89 
Apri l  89 
Apri l  89 
February 89 
February 89 
February 89 

February 89 
February 89 
February 89 
February 89 
February 8.9 

US Contractor 
IW?lE/SUO 
IWnEISflO 

US Contractor 
IWE/SHO ( i n i t i a l ) / U S  Contractor 

US Contractor 

US Contractor 

US Contractor 

US Contractor 
US Contractor 
US Contractor 
US Contractor 
US Contractor 
US Contractor 
US Contractor 
IWWSHO 
IWE/SWO 
Iunwsno 

IWE/SUO 
wns/sno 
IWB/SHO 
US Contractor 

USAID ( i n i t i a l ) / C o r t r e c t o r  
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Southern Zone Water Management PP - Annex J Page 1 of 2 

SOUTHERN ZONE WATER HANAGBWeNT PROJECT 

Descrintive List of Planned Training Activities 

Training is one of the key elements of the SZWn project. It will assist 

in establishing the institutional framework required for sustainability after 

A.I.D. financing has ended. A diverse mix of training programs will be 

required. All training activities will be approved in advance by the USAID 

Project Manager. Approvals will be based upon detailed training plans. 

On-the-job training for HRD and HH technical personnel will be conducted 

as required, throughout the project by both short and long-term technical 

advisors. The project will also support workshops and seminars conducted by 

technical advisors with specialists from institutions such as ISRA, ORSTOU and 

CRODT working on related research, short-term technical training, study tours, 

internships and four MS degree training programs are envisioned in the 

training schedule. For each training activity, the contract Chief of Party 

will be responsible for submitting to USAID a detailed training plan which 

must be approved prior to the start of any training activities. Training 

activities planned with estimated cost are as follows: 

1. Approx. 12 workshops and seminars: Short workshops and seminars using 

technical advisors from the project and local specialists, with additional 

advisors as required. 

2. Approx. 15 participants for short-term observation tours: Study tours to 

r Africa and the United States for 14 participants to review local water 

management programs. Approximately four weeks. To be scheduled as required. 

3 .  Approx. 5 participants training at tho Ecolo Inter-Etatn dtIngbniaurs do 

1'Equipement Rural, Burkina F#o,fn planning, design and management of water 

projects . Nine month program. 



4 .  Appmt, 16 prrtiaipmtr t rr in ia  at mstitut Agronoaique, mnt, urd 
k o l e  du Oinie Rural a t  do Topo6r8phia. Five week program in irrigation and 
water management. 

5. Approx. 12 participants study Tours in West Africa: to visit related 

programs in the Gambia, Guinea Bissau, Sierra Leone, Burkina Faso and/or Ivory 

Coast. Up to four weeks each. 

6. Approx. 12 participants for internships, short-term training in the 

U.S.: two week course on farm practices, agriculture-related soil 

conservation techniques, irrigation and water management with the Soil 

Conservation Services with two weeks of on-site visits. One month courses and 

study tours with the Bureau of Reclamation examining general operation, 

design, maintenance, management and administration of water systems. 

7. Approx. 4 participants for MS training in the U.S.: in civil 

engineering and soil and water management. 

Approx. timing: Masters level training for two participants would begin during 

the second year of the project. Two more participants would begin training the 

following year. Workshops, short-term training and study tours would be 

spaced over the life of the project. 
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1. Water Resources Engineer 

In consultation with the Project Director and the COP, hO/nhe will 
provide direction and advice to the Water Xanaghiment Team in the two 
regions as well as detailed and specified on-the-job training. In 
particular, the Engineer will be responsible for assuring that the 
following tasks are carried out working with the Senegalese professional 
staff to: 

develop overall watershed plans with appropriate topographical, 
soils, hydrologic, agronomic and social inputs; 
site dikes/berms/control structures; 
design dikeslberms/control structures based on overall plan; 
prepare construction contract documents for all proposed 
facilities; 
select construction mode and contractors; 
supervise construction; 
certify construction from private contractors; 
certify payment to contractors; 
provide detailed and specific on-the-job training to Senegalese; 
technical staff and present training seminars, designed so that 
professional Senegalese will take over the above 
responsibilities by Year 4; 
develop planning and management capabilities within Water 
Management Teams. 

11. Sociologist/Water-User Associations Specialist 

The Water-User Associations Specialist will work closely with the 
Regional Water Management Teams and the Water Resources Engineer to 
facilitate the development of effective working relationships between 
villagers and the project. Specifically, the consultant will assist the 
regional teams set up a methodology to: 

* assist villagers to clarify their water management needs and 
determine village readiness to embark on the proposed project; * facilitate the organization of Village Water Management 
Committees; * choose construction sites which are socially acceptable in terms 
of the existing land tenure and use patterns; 

* collect baseline data needed for effective project 
implementation (i.e. data for land use/tenure map of land to be . 
affected by project infrastructure; enumeration of 
householdslfarmers to quantify village's labor available to 
exploit improved land; 



help villago Committoon to not conntruction schedules; 
develop with tho Villago Conanittoes and tho Water Resources 
Engineer appropriate operation and maintenance plans for the 
structures (such planning will begin during the pre-construction 
phase) ; 
facilitate village discussions on post-construction use of 
improved land; 
liaise between village and other agencies concerned with water 
management to avoid the cormaunication of conflicting information 
to them on operation of structures and on follow-up activities; 
facilitate conmunication between Village Cotrunittees to learn 
from each others experience; 

document project experience and succesful methodologies. 

111. Anronomist 

The Agronomist will work full time on the project starting the fifth 
year of the project for a total of four years. By the fifth year, a 
significant number of hectares of valley land will have been reclaimed or 
provided with improved water control, research results on earlier water 
control and water management practices will be available and the project 
will need to develop specific forms of assistance to farmers on improving 
their water management practices. The Agronomist will work closely with 
the Water Management Teams, I S M ,  and other extension personnel in the 
regions to develop a methodology of extending advice and packages to 
farmers or farmer groups on improved water management practices, to 
include : 

contour diking of valley terraces 
realignment of rice parcel dikes 
accelerated land reclamation techniques 
land preparation to increase salt leaching and permit earlier 
transplanting 
land levelling 
management of zones of iron hydroxide interflow 
varietal options for different water management conditions 
soil and water conservation works. 
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