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DEFENSe: MAPPING AGENCY 
TOPOGRA?HIC C£NT!:R 

WASHINGTON, ::I,C. %011' 

"~YTO 
.. rn:l'<T1QH 0': 

Mr. David Shear 
Director, Office of Central and 
West Africa Regional Aifalrs 
Agency for In ternational Development 
Departmen t of Sta -e 
'I ashington, D.C. 20523 

Dear ,'vIr. Shear: 

1 ~ JUL i9iS 

As requested:,y Sr,lD, enclosed ' s ~ e Lnal ?Ian dcressing t e mapping and 
geode ' c survey r'" uiremenrs fJr :he Senega R' ~ er Sas 'n ?roJec: in '-Vest Africa. 
This final version, raJlels :.le or ' gina! e ra!' p.,.epared by 0 , 1,\ ~ec ' n'c 'ans who 
visited the ?r.o jec: ' rea nder US.-\ID sponsors!!p .3.st ,la,'. At· e request of 
\-Ir. Hal Gray fro m y ur .::>i: 'ce, a lew modi : 'ca: i os '.vere :';'lade in me fnal 
pr6posal t ref ec: J~dget c ns:r :lints. 

Enclosure 
,-\5 S tao 'ed 

an 'Je c ns idered a 
c men! . Slieht 

'Je ac ommoda ted 
rev ' e"v of e 

f : ' ' 5 Cen:er . 

S'ncerely, 

--;/ • "1 /J # 
11'""1t.t7Zi It {. 1---)1~V 

W.-\L TE.~ I. LEECH 
Oepu 'I DI'ectDr, 2:- gr~ 5, 

Pr a c: on and .Jper? 1 ns 



SENEG.~L RIVER BAS I~ SUR'lEY Axe j!A?P I~G ?ROP'JSAL A~m TSRMS OF REF~:::~CS 

~ntroduct1on 

In, order to meet the Congressional mandate "to develop a long t rm 
c't,mprehensi va de':alopment prog-:'am for the sa h el", priori ty a ttent ion 
must be given to the need for basiC resou~ce data in the various 
river basins. The planning ot irrigation, draioage aod t~ood control 
proj ects, whic will be a very iuportan: part o! long term sahelian 
area d 'Ie opment, can only be done on a sound b3sis at:ract~ ve to 
donors and i:l'lestors 'lihen dequa:e in!or:n3t ion 9:<15:5 on topography, 
suitability of land for fJ~mi:lg, "'ater suppl" susceptlbili:j' to 
floodi~g, othar physical t"e50urces J ~u~an n=d economic ~esou rces. 

The "long term comprehensi','a developmp,o :" :na:;da':ed by the C ncrress 
has further i~plic3:~ons. 9asia-~~de and :,eS lo=31 =35:e: p.ans 
identifj'i:1g potent ial p:'o ec~s ~eed :0 ~~ p:'epa:'ed . ~erieo e ~as 

shown tha: cont ur maps : 0 a scale of bou: .: 0, 00 o r, 1n the: 
cases, 1 :20, 000, are gecera: 1:; needed:o j€::l'Cl!:' 1:t'163bte :an ~ 

and to make feasibL.Lty des~g~5 l~d es:i~3 : ~9 ! ? r a ternati'l8 ?ro e :5 , 

L3c ldng such r:1aps, i::di'l"jual. p:-o ects ;:)l~~t be ~uil: '.vhi h 'Nou .-Q 
later prove i~ ompa : L~ e ~l : h e~~ec:i~e e ~ e _ ~pmen : o! he rl~ e r b3! 1~. 

A.r.D.'s inte es: in ?ar:i :?ati::lo 1:1 the 1 9~ . cul: 'r~l 
the Senega l Ri ver 3as i :1 ~3S been ~eccn5tr3:ed 10 s~Ver3 ~Jy, 

Agency has a:-eful. J• _ ": udied tho? eneg3. "':, '/e ':" 9:lsin De'.-a1 p .. e!1: 
Aut hori::,'s r:: l 3::i';e 33s1n Plan, (T':e A c:l :,.Orl~/':; :re!1ch l r oo:.'';1 
is O\NS). Th15 t r:~-~e3r ~o:;ter plln eo v:sa~ es J ! ":31 in'lest~e~t 

of $3,5 oi •• ion L:::o : ou :' "ec: :-s ~ 1a'la. P::1 "'o-: J ,st".cul:u :-e, ~a 'S, 

?or ts and :l~'1Lg3:l ~ n, A.I.J.'s p gram oncen ::-l:lon h s ~e.n .J:- ~e y 
00,. 19r1cu.:ur'il. -' e \'9 . p r.jec~ .3~d J ':;0 ':>0 t:,o:'::i:1g a::d hu:nan . es u t"_ e 
de'/e:09 rn e::t:, T!':e :~ge::lc~ :-: JS r ep o r:ed :D _ c.~:-ess ~ ;;l: ::s ;ll::: ' J~3:_ n 
in other, ';lore i!1 !:-3S::'~C : :31, Jsnec:s ~ :~e ?. In s~ou :d :: : ':e . , " 
excluded. rn its :,epor: :0 C~n~ r es5, I~p:e en :~: 00 ot ' ~ew Jirecr: ns' 
in Development AS5ist3!1Ce", cJ,ed ':u:'r _~, . 975, ,:'d:1in1s::':lt' r ?3!",e:, 
reported, ":h~I"e ~,t:l c nt::: u~ :o:,e CC:lSI. il3:' J:ge ~c:lle :':ltraS:~'.Jc:ure 
pro j ects '.vI...tc!1 A.Ln. "'1.1 oOSld>?I" l m ~or::ln: .?o U!; ~ · 0 !~::.1::ce t! 
· hey con·:-i~ute to OV~:-3: 3~:-i ul·ura ~rc~ c~: a soals f o r t~e poo:
majority. An e:<a:rp.~ . '. is th~ Senegal ?ivar Bas'!.n Oe'le l pm~nt ' :,(VS) 

loan ... t!1e fi!'st s:ag~ of a oot"dl03cad mul:!.natlonal eftor': to 
!"eg".!la';e the , .. atet's of t;,e Sahel r'eg'io n. ~,:ajor m3!.as:re2Cl d3C1S 
i:or!.ga tion ;vo.ks, ~ort de'le!.opiil~nt a:ld ba,siC 1o!!,a!tr..lc>:ur~ "ill 
ulti::lately be i:lvolved. Especially 10 A!!'!.ca this :leed for' A.I.D. 
to joio with other donors in support ot critical major in!rast!'uctU!'3 
may recur and shou!d ~e cons tdered on • ts merL ts. " 
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The development of irrigated agriculture and the control of flooding 
in the Senegal River Basin requires new surveying aod mapping, 
Existing maps of the area are small scale (1:50,000 and smaller), 
lacking in detail, and incomplete in t~eir c~verage of he ar~as where, 
according to he Indicative Basin Plan, major develop ents will occur. 
Existing surveys in he basin are, in many area~, not related to a 
common horizontal reference point or elevation datum, This lack of 
adequa~e topographic information, i! not correcte , will l ead to more 
costly and less sat i sfactory projects ~ithi~ t~e basia; ~n fact, in 
the absence of better topographic information, s ome potential17 
feasible gravity irrigation projects ~ay not be identified, snd some 
development may occur ~hich is iacompati~\~ ~i ~h opti~um resource use, 

Justification !or Surv ey/~tappi!lg ! ? o r": i') l:s at tl-.e Seneg3l ~1'/er 3.15 1 0 

The planni::lg of development i n a ri ver basin :nust ~e coropreheos i.'/e , 
This 1s requi:ed ooth by logi c acd bi' ur appr opriation s legist 3': ion 
(see Foreip AS5is t3nce and Re l .J': ed .-\p pr pr:a:: ons . .\ cr:: ot . 914, 
Section 101 ), Only thrOU6~ detailed know edge o f - h e resources of 
a ri ver basi:l can c om pre::ensi',e plan:ll:lg oc u ;" !his;> anni:lg IIIU ,S: 

include cons ide ;,at io n of : he ;, emaini~g baSln ar n, atterna:1 ve proJec s 
within the b33in, J::d c0:1sida r 3 : 1 n · hese 31cer~3t. ~es ma y be 
affected, I~ is no' uS.la.l, adeq ate ( 3 : :, g .. 1: is :~dn · one ::r 
reasons of ec onomy a::d :l spor'::! e ~ J;>i~ll ) : 0 s ';",'d,/ a~ on;l ooLy 
a limi ted project area ~~ ;l.ann. ng:1 new l rr: g3tl on e r1~ e ce r or 
other proJec t , 

Development of ~aJ o r r ive r ba s i :l pr Jec:s r e u :r~s ! da31~L _ ty studies 
"/lith reaso03017 :: r:l eS:L":la~aS !;:>r ~~c ::: s ts aod . ~o!::~ ::t: 5 (Forelgn 
Assis tance A 1; vi ._ 6 , Sac:: n 6 l ) , ' ch es :~ . J:dS ..;an on i' 'je 
based o n surveys. ;l rel.::tina'7 e !.:1ee ,;,: ~g eS:67.:i J"':! -: -3 0:1 'i 
esti1l3 tas , :::x;:Jdl':.ence :-:a5 s:-.o~'T1 

be made ~i':bou: :IJ;lp :ng .:1 ': he 
sur'leys 0: s:..u'::lbl~ 3CCLl..: Jq'.;. 

. , 
r e . !.J:::' e 

r t : 2 , 
s : eS:l:lates Jnnot 
)0 :J ::~~ 0 r "'1. : i:ou -; 

Detail a:1d accu.r:1 7 :: oaps Jre ;"Jeas ' : ed ::1 :~r:ls .o~ : h ~l: ~Ori!OO "3 

scales a::d !hel;' coatou r ~:1ta r'/a : s, ' T:-.e sCHll :' er ::Ht o ntou r In : . .erV;) 
and ':be larger :he ratl o o~ .s·ance on a ~a;l~.o o r;,es~onaing jlst3nce 
on the gl'oUoid , t;-:~ :lOr3 det'aHed Ilnd J cW'~t~ lS : ~~ :nap, and ,;~e ass 
field sUI veying : equi red :0 su~p emec : : ~~ o r ~3~l 0 n the :lap , It i s 
of grea-:est intare s':, the r efo re, tr:a t e:l !l s::ep l :l t!1e ::1app .:lg ~ r oce!3 

be u:lda:taken 50 t!'l3t th e most aCCU:3':e 3~ de :.JL'ed ~ap5 cons i s:ent 
with :leeds can be produced, 
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The ' O~WS has asked A.I.D. to finance th9 triangulation and mapping of 
the Basin area, or at least of key portions thereof. Tha technical 
proposals contained herein have been prepared ~y two consultants from 
the U. S. Defense ~tapping Agency on the !:lasis of a four- 'Neek TOY to 
Dakar and points within t oe Basin area For the survey aspect of 
toe projec, hey have proposed utilization of the t averse system in 
lieu of the triangulation requested by the O~S. since modern traverse 
methods are more accurate, and less expensive. 

Purpose the Proj ec: 

this project is to provide the O~WS with critical 
1Iertica data required ~o put a 11 1!)3p-ping in. the area 

on a cOllllllon system, to enable it :0 undertake ";.'ha,:~ve r s,,;udles and 
implementations are envi.3ag~ :0 realize the obJ~c:i'/es a! the 
Indicati ve Bas i ~ Plan. These data ~i ll be req uired tor the plaoned 
irrigation pro j ects, dams and ~or " a~d for studi~s ot forestry 
and natural resources. This ~ 11 e accomplished through preclse 
leveling and horizontal networks, !o.lowed '0'1 large-sca e ::I3ppini. 

Precise leveli~g is :he !irst requLreoent becausa gravity-powered 
irrigation is planned for several reoi ons i~ ,,;~e Basin. ~be ~r esen : 

leveling is inadequate for this pur?ose. 

Horizontal cO:1.trol is t he second requi r e:nent. T~e on '1' existing 
control in the area is t~e ~et ot ast ~onom ~ cn_ stati os est3~lishcd 
by the Fre nch ~3:1 nal Geogr3~hlc !~sti:u:e (!G~) o ver 20 ye3rs ago 
for the 1/ 200,000 ma~s. 7~ls net "lias an e:Qedient J 'Jst ad<!qu3ta for 
that scale. This con~ r01 is ~ot reliable for lJrga-scale ~appi~g; 
therefor~, a ?r~=!sa horlzont31 net~or~ ~eeds to b~ esta~lished. 

The :h_rd requ:re ent is ;>rocur'?men: t JeriJ ;l ila. g73p 'i ~or 

the purpose o f pr'Jduc:.ng ClHS A ph t ma;>s 3nd ort::Dp noto'oaps. T!1e 
length of t~e aerial phot o~r3p~y ~ly~~g season lS :a~ed on ~u arous 
cloud- iree days 7I:.tn '/'3r'l ~ood " 15.bl~ :': i· . 7his l:..:l.l:s t:::~ ~ yl:lg 
season to :he january : 0 ~tarc h pe!"~od. 

The fourth requ:.rem~n: :s r.h~ ~r oduc : i 0 o~ ~3ps ~:om seril 
photog!'a;J h:,·. This :. ocl'Jdes : he es:abl!s :-:c:ent at geodet~c control 
tp pOSit ion the ::I:lpS ... er:.!.ca_.l and hOl'.zon: al r. 

Descript io n of the ?ro Jec· 

The project consists of t";.'o pha ses. The tir5t 1s the establishment 
ot a precise geoda:1c traverse connected to t~e 12th par3l1~1 at 
Kayes, ~(al1, passicg through the Senegal Valley beyond the Cuiers 
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Lak~ and then rejoining the 12th paralle near Thi~5, which lies about 
40 kilometers east of Dakar. At the same time, basiC first order 
levelling will be carried out. This is necessary because there are 
several local horizontal and vertical networks that do not meet the 
requiretl standards and are not based on a common datum. These first 
phase acti'lities will support the second phase activity, 1Ih1ch 1s the 
aerial photography, mapping surveys and photogrammetr1c mapping. 
The mapping operations will begin with the aerial photography. 

Aerial photography will be procured for the mapping of ten select~d 
sites along the Senegal River Basin. (see attached map with sites 
delineated.) Aerial photography will consiat of: 

l.} 1:9,000 scale ?anc~romat ic pho~~g~3?hy ·0 be used for 'ler~1cat 

data. T· .... o cameras 1Iill operate simul:Joeousl;,.; thereby produci.ng 1;70 

rolls ot original film. 

2.} 1:18,000 scala paochroma:ic and color-io!r3~~d photog~aphy 
flown si:nul taneous 1,. The panc~roma tic photography ',1/1.11 be u,Sed tor 
aerotriangula:ion "00 .provice ?hotog~amme :ri ca1 :y-deri ved control tor
the 1:9,000 scale photog=!phy. I~ addition, it will be used as a 

base for t~e orttopnoto and p~oto ~aps . The co or-infrared ~Lll be 
useful for dell~ea::~g ~yd r01 g ~ al fea:ures and ~eget3ti o ~. 

3.) The entire 3asi~ ~ill be f lown f~o ·he Oe1-a to ~3yes at a 
scale of 1:50, 00 . Again, panchromn:ic !':'::n 3~d co1 0r-in!r:lr!!d wi. a 
be exposed si:nultaneously. T~is '~' ill ?rovt d e ao overview of ,;r.e 
entire Basi~ for p~rposes of suppor:ing :~ e Indicative P1J n's propo~ed 
pro j ec ts :n n3'11ga:1 0n, "' r~st:-)' , pos1:: o nl.~g of levees lnd 3::15, 

identifica-:on o f -i?es ot r ps, disea St;d o r del d '\'eg~tl ion, aed 
area::; sU ':l J ec: : 0 :l oc<1':":1g 3r.d o,;~er re ev:tnt H ' dies. 

Ter~s ot ~e:er~~cQ : 0 : :~~ 

::;stabl:s i" ... e-:: 0: J ?:-ec:se 

Ifer'ti 3_ 00::'01: :-~e ~ u:tb e:- of s:;aV1.::t ?o'lo'er~"': l:-:-tgat1. n ?!"OJdC';: 
being ?lanned 3 ~d/ r i " p_emen:ed c ~:3:es : ~e ~e~d tor preci$e 
level:":1g. 'T~e e :ns ::~s ::':-5: orde.:- _e '/e 4r:~ _s : ''''0 decJd~s 0: a::c 
many of ~he be nc~ma :-.- s !1a ~,' e '::leen d :s:urbed . .l,j a ;Jr:1ctic31 ~a:ter:'t 
is bet ter a~d P sSl'::l y c~ea?er to 9s:ab _in new firs: :-de : lev9:1n~ 

than s:':np ly- ·o cr:ec:'; : ':l e e:tis:ing bench:na~:..;s. £;(1sting benchmJrks 
are too tar Jpar:; 5p3cin~ ior the new leva Lng shou:d seldom exce~ 
one kilometer between benc~m3rk5. 

In addition to est rblis~ng ~e~ first order levell~g 3lo~g the roa~ ' 

betwgen Kayes a~ Saint Louis, leveling should be tran!!erred a~ro!! 
the river in the mapping a:"eas of B3 ~<el, ~13t3m, Kaed1, salde, BOiUe, 
Podor and Richard Toll. 



• 

Horizontal Control: The next prtority is the establishment of a 
precise horizontal framework to which all mapping surveys can be 
attached. This framework will consist of a precise geodetic traverse 
similar to the 12th Parallel Survey and will be connected to the 
12th Parallel Survey near Kayes and Thies. This precise traverse 
will tollow the 'Senegal Valley frOID Kaye;! to the vicinity of Rosso, 
Mauritania, before turning south Qward Thies. The exact path of the 
precise traverse 'Nfll be one that combines sound surveying practices 
with economy of op ation. 

The 12th Parallel SU 'ley (Traverse) specifications we~e writ:en about 
ten years ago to employ electronic distance measuring equipment 
(EDME) designed and manutactur~ severa 1 yea rs before that.. Those 
specifications ~ere drawn up :0 yield a horizontal accuracy ot one 
part io a million. Comparisons o! t~at traverse ~th t~iangula ti on 

1odica~e that the one part in a million goal ~as achieved. With the 
EDME available today similar accuraCies could be obtained 'dth less 
eftort. 

Although first and/.~ second order horizont3l : 1e5 !rom tbe main 
traverse to the supplementary s:atioos would be zdequate, ?rec ise 
traverse ~ould be bes: tor the basic contro because of the dtsta~ce 
it must be extended. I! firs: order basi c horlzont3 con:ro ~er~ 

used, the misclosure when reconnecting to the 2~h para .el Dear 
Thies, could be as hi~h as 8 meters (0 e ~ar: in a hundred ~housand) 

as compared :0 le~5 than 3 :ne::er for prec ise t :1 '/9 1'58. It the 
m1sclosure for first order- triangulati n or traVer!e did turn out 
to be as high as 3 meters it ~ould either leave serious doubts as 
to ",1/hether a gross blu.,der exis ted somewhere .:1 the '.'ork. or it 
could ultimate ly cost ~o re ttan prec i se : ~ ve rSd l~ :~e ng rue ~ o 

show that the error ~as really : he allowable srsteoa:~c ~rro r tone 
part i3 J hundred :~ou5a~d ?er~:tad in ! i rs: rde r ~ork (dod not 3 

blander) . 

Since all fu:ure ::Iappi:lg :onQ; sur vey -:.ork .:1 the area -;;il' us e !li!se 
precise traverse s:a:~oas nd su~plemen:Jr7 sC3t i os l3 3 refereoce. 
~t will be good long tero c.osed 
preCise ~eodetic :raverse 
region in the first place 
methods -;;hich ·.1/ould mo:.-~~~~,.. 

the future. 

', . 
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Add±tional horizontal survey stations will be 
to the precise traverse by appropriate methods to 
order accuracy. Thes. stations 'Ni.ll be at convenie 
the future mapping surveys of this project and each 
azimuth mark, visible trom tripod height on its sid 
Also, at intervals not to exceed 30 kilometers, suck 
establishea across the river from the main travorse 
auxiliary microwave tra',erse (wi th some astronomica 
the delta area north of Saint Louis wil~ have to be 
to the precise traverse. 

connected 

Will have a~ 
of the rive . 
a point will be 
Furt hermore, an 

control) around 
ied at both ends 

Once the basic vertical aod horizontal framework bas established, 
th •• erial photography flown and picture points sele ted (see tollowing 
section tor terms of reference on aerial mapping pho ograpby), the 
mapping surveys will hegi!l. These surveys '.vt11 connect about 95 
horizontal picture points to the horizontal , framewor and about 3100 
vertical picture points to the precise leveling. These su:veys for 
mapping control will require a lot of field work. The 3100 vertical 
picture points will entail about 990 kms. of s&cond 0 er leveling, 
110 IODS. of th1rd order leveling, and ~300 KlIIS. of lus preci!e 
leveling. Ooce these surveys are completed the maps can be made. 

Development of navigation up the Senegal River "liill requlre chanoel 
surveys, Though ulti:n3te development '.vil1 Jwait construc:10n of he 
dam at ~13nanta 11 and reg\l13t Lon of the now, some improvement ot 
the channel can begin before then. These channel surveys '.vould take 
advantage ot the survey stations 8stabl!.shed during this pro ec:. 

Terms ot Reterence for the 
Aerial ~lap!J l ng ?hot0lf!aphy 

The aeria 1 mapping photog.:-aphy serves a t~o!old pu:;,?ose. rts function 
is to produce 1:10, 000 scale, one ~eter con photomaps or 

, orthophotQmaps of :en ar'!3S in the Senegal 1: er -~~5e areas, 
delineated on the map att3c~ed :0 t~is ?~Op sal, ar~ ocated tn the 
regiolls at: 1) A!tout as Sahel; 2) Rossa-Lolc :t!d:-L~c de Guier; 
3) Podor; 4) Bogue; 5) salde;,o) 3:aed1; 1) YatJQ; 3) Bakltl; 
9) Karakora Ri ';er; and 10) KaYlts. T!lese ~reas 'lIere speci'!!'ed by 
OMVS officials as meriting the priority, 'lIlthin t~e framework ot t~e 

Indicative Basin ?tan, a! being flown tor l~rge-scal. photogrammetry. 
The attached map also indicates, tor each area,the 5ize 1n square 
kilometers . 
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Thl! color-infrared photography and the small scale black and white 
(panchromatic) photography are for hydrological, forestry, range 
management and other studies to be conducted according to the work 
plan of the O~WS during the next ten year~. 

The recommended mapping ~lan is as follows: 

1.) The first season of 90 days duration (January - ~arch) 

must be devoted tu flying the 1:9,000 scale and 1:18,000 s~ale 
photography. Every etfor~ ~ust be made to fly the two scales in 
usar'~, concentrated blocks. In this way, actual m2.pping can begin 
afttf picture jJoJ nt control !s es-.:abl:'she::;1. T~e 1 :9,,]00 scale jJuotos 
will be flown at 1,37~ ~eters (~,500 r~et) al-.::tude Jnd t~e 1:18,000 
scale at 2,743 meters (9,000 feet). 

a.) The first photogr3phy to ~e flown ~Ill be the 1:9,000 
scale, panchromatic pcotography - two cameras operating :1~ultaneously 
to yield ::"'0 ort5inal :1egat:'·/~s. In tce same a!"eas the 1:13,JOO scale 
photos shall be o~tained. Sl~i1J!"ly, ~~o cameras ~ill ~pera~e 
slmultaneousl:;, one",ntl1 ::ol.)r-in::-:J!'ed J::d t:-.e .)t::er ~it:: par.c~romat!.c 

film. 

b.) The 3i:-cr:J:~ ~us: ~e cJpabld o! ~au~!~~~ :~o 15~ ~~. f.)cal 
length ca~eras. The =oc~ro15 of Jne C3~er3 ~houlj be set t~ 2perata 
automatisall:; the other ca=era. 7~e :~=~ras ~ust be ~t !'~cer.: ieS1i:l 
to obtain :n3xi:nU::l !'esOl'.ltlun, :ninlT.U:;J ji:,:or:~Jo, lnd accc::-:=c<!Jta J~!. 

film types. 

c.) T~e l::'.:3"JIJO SC3>~ ;::3=C~'Jr..J':!.= ;Jr.o:.J'r-a;C:::: .~~~ ~e 'ljdd 
for aerotriJr-I{'.J'..J::,:n J:-:d :.J :;:3ke :~:~ ::.. ::3:" ;::i:ocCr:1aps 3r.d Jr:::op~ot.J

maps. The .:ol.)r-!.:1:rar~(!, ":!.>::pn:;ed:':1 :h~ )':::er '::;Jner3, 'n'..:'::'e J 

valuable tool :Jr ::,·cr'Jl.Ji{:;, ·:'~g~~3':!".Jr:. '; . .!t)l:o.;:r, ::J·;!.~at:...::r. Jr.d .Jt~er 

purposes. 

a-

d.) In :he 3er'Jtr:Jr'.!{'..l'...J::"JO ;Jhut.::o.;!":lp::::. · .. er::.:a~ ;Jt.::'.l=~ 

points ~l'..! je eSL3bl~3::ed :.~ ~JC~ :or=e!' J! J s:ereo~cop~.:: ~JLr .J~ 

photogr3phs. cOr:l::Jcnl/ ,.,:nown JS J :J-..1el. A ;::!'c:'~e ;J01:J: ~s J ;::ho:.J
identi':i3 ble, ;Jl.,-pr: .:::-:td • .:!esc:-: ::ed. ::on-~.or.t.:::ler. :ed e;eode::..:: ;::o!.::t. 
poSitloced ~ert:,c3:!y, ~or:=cotall/ or ::'ot~. :~e ::u~ber )! ~er:~cJl 
picture ;:Joi.:Jts :or :h~ 1, 7CO ;Jt.ot.J:!I cO\'er:::~ ::Je :en J!"eas ',n:':' bt! 
about 3,150. T:-:e nU::lber .J! :Jor!.::on'::.Jl, ';ert::al pLct~e :::o~:::s -..t11 
be about: 35. T~e honzontal/·:er:ical po!.::t.; ~111 be plJced in :::9 
corners and jJel'i:::eters 0: :~e Jerotr:Jn~..llJ ted ~lucks. :~e jJu!"jJose ot 
aerotriaogulat:!..Jo (:lot to ~e contused .. 'itb bTound 113 ... ..,1 -:r:'Jn/.r..l:'a:1on, 
which in :his ;:Jrcposal will ~ot: be undertaken 10 tavor ot :rJv~rse, 



the more modern and technologically more accurate method) is to 
derive photogrammet~1c control both horizontally and vertically, 
as opposed to ground geodetic control. Aerotriangulation derives 
many points on the ~ap from a few ~round established points. 

e.) The aerotr1angulation photo~aphy, totalling 1,100 
photos, will be di'/ided into manageable blocks :jependlng upon the 
method of aerotriangul3tion, size and s~pe ot the area. The density 
and distribution of ~he control is for ~odern analytical block 
adjustment ~ethods using the ~,!USAT progra:l. O!CSAT is ~rul tip le 
Station Anal~ical Triangulation). 

t.) Prior to ';hi5 ad]U5t~ent, ~ou~ ?a99poi~ts ¥ill be 
selected in the cor~ers ~! ~ach :Jodel of t~e 1:9,JOO scale ?hotOgr3ph~ 
Passpoiots are ?hoto ident:.:!!.able ?oi:;ts. 7~e ~or:.!cntal J:;d 'lertical 
values are deri'led ?hotogr3r:=netr'~call:r ::'::-ou~~ '::::e Jerot:-iJng'.!lat!.on 
~!USAT procedures. T~e selected ;Jasspoin,;::; nll :e :r:lns!er!"~ ':0 ':he 
l:lB,OOO scala pcotogr3ph7. A!'::er Jerotr!.J~lplJ,;:...)n each l:9,')00 
scale photo ~ill h~ve horl.!on,:al and ver:i..:al ~3l~es !~r each ~ass
point. Use of this ~et:'od !"educes ~~e :~qu~re~en':s !or ~rcu~d 
g~odeeic control to a quar':er )! :~e :1or-:::al. :<.!c;u':':e::ent 4·r.':'':~ :esu .... s 
in substantiall:; l.J';f'H ''':05t5. :~e :':'3,:00 scale :;:-'~tJg!"Jp::y~:i :~eo. 

stereo-compi.led ::J J ::.i 5 h 3CCU:-3CY ster':?') ;Jl.J::~r :]r" :::e Jr-e ~e!:~:-

contou.r i:1:~r·:3l. I:1 Jddi::'.Jn, ::~,r .. s r·!c,'~r:1er.c!3 J :a5::~ ~':'::6 

representing hal! ~e:er supp12~en:3L·..:=:::cu:s ~=r ~:Jt J~eas Jnd 
numerous spot ~lavat:',Jns :!eter.n::~ ;Jr.ot,;o{r3::::::e:r:'':3~:'::, ~s?':!C13l1:r 

i:1 depressian:3 ar.d -elevated Jr~dS. Spot ~L~'/3::"Jr.5 .Ii:':: :e J";CU.:-3:d 
to 20-25 cen:::Jet~rs. 

~.) The 1: 13 ,~01) :3ca:'~ ;J::utc~:]~r.:: .... ~:.: ':;e·..ls~ ~.Jr :::6 ae ::JJ 

photomaps J::d ort::op:-:,):crr,.J;:S. 7~e '.,:se J~ :::e :;:3, ;C,) :lCJ:d ;Jho:.) 
instead o! :he ::),:<JO .;ca~a ;Jhc::.J ~Jr :::e :::JP:l :·~SU::'; :.n 5U~:lta:lt!.J~ 

savi:1~S. 1:1 ':erj' ~::'J: "''''o'dS, ,j''':C:: J:; :,j :':::.Jr3c:e:-::ed ::: -::uc:: ,J~ -::::e 
lower ',at:'a!'::;;: :::e 33::;::1. ~r:u-::.:map:; J:': Jc!',':.i.lb:". 7~~ ;::'.Otug!":lp:-:y 
~111 be ~~c::!!.ed J::d :::en ;Jos':'::'J::ed !,J: J ~OSJ':'C. :~~:;e ;Jtot~mJ?s 

~ill :e true ::1a;::s; ::-.e .:iC21l:! ·l{:..ll r~~u:.~ ":011:l:J:-:t ::::-:;U~::l:U: :~6 ~;Jp. 

!::l areas of :e~:-3::1 ~~l.:."t, ':2':~n '.,:;w :-:1:':'3 Jr9 ':uc::;:":t!r~d :.~l':'dt), 

or'thophot-Jmaps .:1.::' '::;~ ;Jr'Jd'.lced. :'~6 0r::-:ophcto ;J:ac'~U:9 ~ect!.~!."':5 

the photo a:.d remO'19::i relief j:splJce!:len: so :::-:at :~e scale remains 
constant. T!:e orthopr.otomap, :.:.:<e ::::e ;Jhot.::mup, :'3, ~n ever/ sen:;e, 
a :lap. Accord!::g:o :err3:'O :91.:.e!, edch ;JhOtO~:-3ph 0r ::1ap shede Jr~a 
must ~e exa~ined ~or dete~1::l3ti0n o! ;Jr"cducl~g J ?hoto~ap or or~ho
photomap. 
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2.) The second season's operation, lasting about 45 days in January 
and February, will complete the large scale photography and the 1:50,000 
scale, 152 mm. focal length camera lens photography. As is the case tor 
the first season's work, two sets cf si~ultaneously obtained photography, 
panchromatic and ~olor-infrared, will be used for flooded land studies, 
forosts in the river valley that may be destroyed, agronomy, range 
management and vi tal navigat~,on su.:-veys. This ;:>hotography ·.nll cover 
the enti.:-e Senegal Ri'ler Basin tu Kayes Mall. 

It is possible that this operation could be carried ou~ during the 
first season if no logistical, shi;:>pin& or cli~atic difficulties artse. 
The likelihood of all three factors ;:>lJ:/i~g no in::~r::-·.l?,;:.ve role is 
slight enough ::hat this proposal ::-ea11s:icall/ envisages the need to 
complete ~he total task in :~o seasons. 

3.) The fi.:la1 :naps, :otal.!.':'~g J::.ou: ~70 1n :lu::1ber, ~:.::. ':tl ortho
photomaps or photomaps on J ?r.oto.p'aphl.c ;:>::-1:1t ';;aso3 of S'.!l :able 
thickness, stabili:j' Jnd durabtli:;r. 7::e ::laps 7{11l be :!::e color ot 
the prints, black aed ~r~:e. Super:.=pos~d on the ~3pS 41:1 ~e In 
appropria;;e &rid, nJ::1es, contours ar:d 3;1ot dlev3::".Jr:S. 7!::e JC:·,.I31 
map interior size of the s!::eet3 .. "ill ':e :hr"!e ~l::U~dS ":J:r :hr~e :ll.::utes, 
or about 56 C~. ~or';h-Sou::h J~d 54 C::l. Eas:-~es:. 7hd J~8ra:l Slze 
of the sheets · .. i::~ :;Jar;;::..~s J:1C le~ends =Jy ':e 70 C::l. ~y -34 C::J. 

4.) FinaL ?roduc::s -::0 :e jel.!.·/~red ';.:> ,;he c:,r,·s. 
approx:im3 :e) 

a.) Pri~::s, 4 each 

1:13,000 SC3~e ;Ja::c~or.la-:::.: ;:>r.ot.J~:-apr.7 

1:50,JOO scal~ :olor-:~!:3::-~d ~totc~:-~phy 

, 
1:50,000 sca:~ ;:>a=c~~oma::..: ;:>hoco~rJpty 

b.) Film - RoL13 

1:9,000 scale panc~o~3t.!.C ;:>hoto - 2 each 

1:13,000 scala ;:>anchrO~3::ic photo - 2 each 

1:18,000 scale color ioirared photo - 1 each 
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1:18,000 scale color-in!=ared photo - 1 each 

1:50,000 scale color-in!~ared photo - 1 each 

1:50,000 scale panchromatic photo - 2 each 

c.) Photo Indexes - Only black snd white 

1) Two negatives each ot 1:9,000, 1:18,000 and l:~O,OOO 
scale photo 

2) Four prints each ot the above 

d.) ~i~ copies each ot ~hoto l:=e plots 

e.) 1:10,000 scala ~3p s~eets, ~O cople~ each, 270 sheets 

5.) Listed below is a t3bula~ion a! areas ~a be ~apped, 1:10,000: 

Name Area ~o. Square !(i1ometar, 

Aftout es Sabel 1 829 

Rosso (La c R I iU. z) 2 3,434 

Podor 3 340 

Bogue 4 175 

Salde 5 337 

Kaedi 6 525 

)ta t 3 rn 7 411 

Bakel ,B 262 

Karakoro 9 399 

Kayes 10 262 

6.) Senegal River Basin Area - Photo only at l:~O,OOO ,cale, 
24,636 square kilometers. 



Summary of Survey Costs (BUDGET) for Basic Control 

First Order Levelling $ 500,000 

Precise Geodetic Traverse and Supplement3ry 
Stations $2,000,000 

Mapping Surveys $2,646,600 

TOTAL • $5,146,600 

Detail of Budget Fo~ul3tion 

1.) Leveling, tirst order, (500,000) 

Assumptions: A) Full season's ~ork tor laveli~g crew each Y9sr. 

9) Average spac~=g bet~een !!rst order benc~arks 
about lk~. '30 existi=g ~arked feature 
rt 11 ;Jrobably '.:e usab!.e Qver ':~e 790 ~::J. 

stretch. 

C) The esti~a~e t~r secor.d ~rder !.evel:=~ assu~es 

:nonuoented :er:.c~arks :~ J':er:lg!3 5 ~::J. Jp.Jr':. 
For a i90 ~~S. stretch i: 1s assumed that ~6 

e:d.sti:lg feJt'.!:e!! ·.l/oulJ serve as banch:narks. 



Budget for Levelling First Order 

Reconnaissance (selection 
benchmark loca~1un) 

Monumenting (price for concrete 

First Order 

S 6,900 

and labor for benchmarks ~ S75 ea.) ~~ 
49,~OO 

(660 neIY) 

OBSERVATICNS 

- (surveyor~ 896 ~tanday9 :t S150/day) 134,400 

- (local skilled. 13bor 396 :,fandays :t $25) 22,400 

- (900 ~an-days unsk:~l~ 3t SlS/d3Y 
for diggi::l; hold:!!, :::Ii:C.:lg' conc!"·He, etc.) 13,300 

VEHICLE OP~RA7IC~ 

- 2 vehicles Jt 1300 ::11,'::10 :t 15 ::lOS. 3t 

.25 per 1I11e 0,000 

AIR FAR:: :r;~ ?::RSO~'_ 

AB :HEIGHT 

~,II SCEL.:..\~fEClJS 

TOTAL 

-+- Over:lead (30~.) 

+ Cont1:lgency (l~) 

Expected B1d 

4,400 

1'!,000 

1,000 

S2~2,32~ 

202.,020 

500,000 
CTbis column represents 
,breakdown of S~OO,OOO 
beln, requested for 
FY76 funding for 
leve1l1ni) 

Second Order 

(for figuring 
cost per km.) 

$ 6,300 

9,900 
(132 new) 

61,200 

11,200 

6,750 

3,000 

2,200 

6,')00 

300 

1. 210 

51!.4,260 

91,408 

:0,567 

226,23~ 

(or about S300 
per k:ll) 

(This colUmn i~ 

calculated to 
show average 
coat per knl fc 
tbe later 
lIa!)pinC survey 



Budget for Precise Traverse Estimate (800 km) 

Assumptions: 

A) Average leng~h of line is 25 km or a total of 32 lines. 

B) No more than half of the st3tiol1S ;vt11 require Bilby Steel towers; 
por~a ble stands ,Nt 11 suft1cs for the 0 che:s. 

C) Ties to su~,plement3ry poin~s will only !"equire a'single oc~upatloll. 

D) Each precise line will require Jbou: 45 ~an-days of ~f!ort by 
surveyors and technicians, 1'~is includes anticlpa:~d 'J.'sa:her loss. 
Assumed also is a :i6\.lreJf ·15 ::Jan--:ays Jf loc:ll employees. 

E) Each supplement.Jry s':3Cion 'nil :-equire Jbou: ::W ::1a:::l-dJ::s af ef!or~ 
by surveyors and :ecbn.:.ciJns J~d 20 ";1a::1-13:,s 0: loca:, e::Jpl.oyees. 

F) A loss of about 600 ::Jan-days each sea:wn :or ::lOblL.::a"::il..', 3lckness, 
etc. 

G) Average salary 3:::1d ;J~r di.~m :or 5'u,:":eys J::c! ~~chn:clJnS is SlSO;'day; 
for skilled, locally ::lred er:Jplo7et:'S is 525/1a7 J!:d !or ·..1n.iKlll~d 

locally hired employees ~sSl5/c.!3::. 

H) About 35 supplemen:a~y s:atians, for eX30ple, 3cros~ ~he rl~er from 
the precise t:averse, ~ll :9 es~ablis~ed, 

I) About 12 5,:ations 3r'Jund :~e del~a '/Hi: be dst:Jbl1shed ',I/:!.:n lbout !our 
astron0~icJl st3t:ons, 

J) Appro,,:i:nate cO[Jposi :::.on of ',l/ork. c::-ews: 

1 
3 
3 
1 
2 
2 
3 
2 

TOTAL 17 

Chief 
Geod1:ne C ~r· Obser-;ers 
'-\zi;:ruth/Ang!e Obser'/ers 
Computer Spec13~i~t 
Astronomic3l, Obsen'ers !. Computer Speci3lists 
Reconnaissance :::tgineers 
Tower Sui lders 
Clerical/LJi{!.stics ,\ssi.st3nts to the Chief 
~ren 

K) Vehicles: Four 5-ton trucks, 4x4 
Nineteen l-ton t::-ucks, 4x4 



BUDGET: 

Salaries: 

Precise Traverse: 

U.S. Techn1ciails - 32 main stations x: 45 man-days 

toe..! 1 Skilled - 32 main stations x: 25 man-days 

Local Unskilled 32 main stations x: 20 ma n-day s 

Supplementary Stations: 

U.S. Technicians - 35 suppl stations x: 20 :na n-days 

Local Skilled - 35 suppl stations x: 12 !Ilsn-day!! 

Local Unskilled 35 suppl st3tions :c: 8 :nan-days 

Del t3 Sur'/ev , 

U.S. Technicians - 12 st3tions x 20 x $150 
- '4 astron stations x 12 x: S150 

Local Skilled - 12 stations x 12 x $25 
- 4 astron stations x 12 :c: $25 

Local Unskilled - 12 st3tion3 x S x SIS 

Loss Time - 600 man-days x S150 
- 600 Jlan-days :c S25 

x: $150 

x: $25 

x: $15 

:t S 150 

x: $25 

x: S 15 

TOTAL SALARI:::S if, 

COMMODITES .'NO OTHEi< ~ u:»J: lo...t~ 
~vehicles (of ~h1ch four are for t~e 1evelli~g activ1:y 

4 5-ton Trucks 

Ottice Rent ($500/mo x: 7 mas) 

Monumenting Stations, equipment & material.! 

216,000 

20,000 

9,600 

105,000 

10,~00 

4,200 

36,000 
7,200 

3,600 
1,200 

• 

1,440 

90,000 
1!S • 000 

~19,740 

150,000 

40,000 

.3,500 

2~,OQO 



Fuel for generators, lamps, etc. 

Off1 ce Supp 11 es 

Ve~c1e Operating costs (15 x 19,000 mi x .25 mil 

17 round-trip air tickets @ $1,100 

Air freight for instruments (6,000 1bs. x $2.50 x 2) 

Sea freight for vehicles, tower equipment, aod 
camping equipment 

~Uscel1aneou9 

TarAL COMMODrr'IES A:m OTHER cosrs 

SUMMARY 

Total Salaries 

Total Commodi~ies ~ Other Costs 

Data Reduction (- computer ~i~e 3 $25,000 
+.2, man-y~ars ~ S20,OOO) 

SUB-TarAL 

Overh~ad (3~) 

Contingency (10%) 

TarAL BUDGET FOR ?R.ECISE TRa-v::RSE 

~,OOO 

~,ooo 

n,250 

18,700 

30,000 

60,000 

6,911 

'&15,361 

$ 519,740 

413,361 

75,000 

$1,010,101 
• 

808,081 

181,813 

S~:, 000,000 



Mapping Control Estimate 

This assum~~ that the same contractor will do both the basic control 
and the mappin~ control and therefore, antici~ates storage costs, but 
no additional expenses :or sea freight nor the capital loss (i.e., equipment 
worth less than the ~r1ce of shipp1~g it back to t~e U.S.). 

Vertical Control: The required accuracy tor t~e vertical p1=ture points 
is 0.1 meter. This accuracy can be achieved by ~ning fourth order level~ 
be .'Neen first, second, and third order benctmarks. This :ne3:lS that 
consider~~le suppleoentary levelling of second or third order will have 
to be ( _ablished for the vertical ~icture tJoi.:lt ·j/ork. 

Along '.I(i '::b t::'e esti::Jate :or tte!::st order le'lell::lg (double :-.10) is 3n 
esti::Jate for second order (sJ~e :net!:lod 3:ld ~~u:tJ~e~:, Jut jone ~:l Jne 

direction only). T!'.e $300 per :.;:1lometar :16'.1:e :S Ja:led on :::e "::lucget on 
page 12. Third order levelli=g is es~i~Jted :0 =e cheap~r - lbou: 5275 
(same ::letbed and ~quipmen: JU: longer si~hts J:ld larger clcsur~s ?e~l::ed). 
Fourth order 1evelli=g :9 esti~Jted a: 5250 per ~~locecer. 7::es~ !:~~es 

include overhead 3n~ con~i:lge:lC7. 

To deter:ni:le the elev:1:icns !or a1..: :he '/er::''::31 p~c:'-l!"e ?'}~:1:3 !.:1 

the mappi:lg areas, :~e !ollow1:lg a~oun:s ~! ld~ell!=g WL1~ hJ~e :0 ~e r~l: 

'/'ERT rC\L CCST~OL 3t:DG2T 
Second Order: 988:<::1 x 5300 
Third Order: 103 :';:::1 x 5~75 
Fourth Order: 4342 ~:J X :50 

Tota 1 E:qJected Cost of .sur':ey:.::~ 

Vertical ?ic:~r~ ?Oi~t3 for 
~[appi::g 

::; 29>5, 4elJ 

::!J,'700 

1,035,500 

1,Hl,c5CO 

Horizontal Con:~ol: ~~~ borizoatal p:::~~9 ?Ol:l:S C30 ~e ccn::ected 
to the precise tr3':~rse 701::~ :lucho! :~e 530e equ.;,tJ::lent :.;sed for :~e 

traverse and i': :Z1e ~e!:1ber~of :Z1e c:.-ews Jre ;:~'Jss- ::-:1 !.=~. 'J,! :!:e 53me 
teams doi~g t!:e ~er:lc31 plct~re P01::t ~ork. A3 :!:e ~o~k :CC3::~~ :~e 

horizont31 picture pOi:::3 ·.n11 :'eqt...l!.re l.:.::l:!, ~! J::y, -::onu::1en::..::~ Jnd 
less acc~r3c7, :~is work ~ll! ~e cheaper :h~~ the supplementary pOl~:~, 
About 16 :nan-days (sur'/ayors and :echniciJns) per ;:J01::t. 

HOR rZON!' AL CO~ROL 3UDG E'f 

Sa laries : 

u.s. TechniCians - 16 man-days 
x 95 'Points x SUO S 228,000 

Skilled L~al - 10 ms n-~.ja ys 
x 95 points x S25 23,750 
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Unskilled Local - 7 man-days x 
x 95 points x S15 

Loss Time 
- U.S. Employees: 500 ~ac-days ~ 5150 
- Skilled Local: 500 mac-days x $25 

TOTAL SALARIES 

Commodities ~ Other Costs: 

Vehicle Operating Costs: 19 x 16,000 mi 
x .25/m1 

Otfice Rent (20 ~os ~ $500) 

Storage of Equipmenr. duri=g wet season 
(13 Jlos., ~ $800} 

Fuel for Gener3tors, l3~s, etc. 

Round-trip Air Tickets 

Office Suppl.:..es 

Air Freight !or Instruments (6 trips' 
x 6000 les :<: $2.50) 

Miscel130eou!! 

TOTAL Cmf.l.IODITES ?;. arn~ COSTS 

Total Sa13ri~5, Cocrmodl:ias ?;. Ot~er Costs 

~ 

Overhead (30"',) 

Conti~geccy (lO~) 

TarAL HORIZOm'AL PIC7T.JRE POIYrS 

TOTAL VERTICAL PIcrURE POIYl'S 

GRAND TOTAL FOR ~,tAPP DiG SURVEYS 

17 

9,975 

75,000 
12,~00 

349,225 

75,000 

10,000 

1-1,400 

15,000 

40,000 

15,000 

90,000 

J.S, !12 

274,512 

623,737 

498,990 

112,273 

Sl, 235, 000 

$1,411,600 

$2,646,600 



AERIAL MAPPING PHarOGRAr~ 

First Season - SO days - plane on site. 

Mobilization (Manager & labmen arrive 3 ~ks before plane) 
Crew Prep. 

Pilot, copilot, cameraman, mechanic, 2 lab men 

Ship Plane 
Ship Supplies 2500k x S3 
Manager 3 weeks at S25,000/year 
Lab men (2) 3 weeks at S18,000/year 
TOY 3 men x S100 x 21 days 
Fare 6 men x SllOO ~ S2200 round trip tor manager 
Car S30/day x 21 day~ 

Demob. (Lab men sta~ behind 3 ~ks) 
2 Lab men 3 ~ks at S18,OOO/y~ar 
Fare 6 people x SllOO/year 
TDY (2 lab ::len) S80 x 21 days x 2 men 
Car S30/day x 21 days 
Ship plane 
Ship Supplies 200k x $3 2000k 
Oftice 
Local help 

5tandby 
Pilot 525,000 S10/day x 90 days 
Copilot 520,000 SSS/day x 90 days 
Mechanic S13,000 S50/da'f x 90 jays 
2 Lab :n~n S 18,000 550/':31 x 90 days :c 2 :::lei 

Cameraman 518,000 SSO/day x 90 days 
Office & Lab S500 /:::Iont~ :c 3 months 
Per diem 0 men :c 580 :c 90 days 
Car rental $30 per cay :c 90 days 
Trans1ator/dri':er SJOO/mo. x 3 ;no. 
Janitor S200/mo. :c 3 mo. 

ID.sc. 
Aircraft S125/day x 90 days 

$ 200 

$ lO';OOO 
$ 7,500 
$ 1,500 
$ 1,038 
$ 6,300 
S 8,.800 
S 630 
S 35,968 
$ 79,130 

$ 1,038 
S 6,600 
$ 3,360 
$ 630 
S 10,000 
:;; 6,000 

"'3. 500 
S 40u 
S 28,528 
S 62. ;51." 

S 5,300 
S 4,950 
S 4,500 
S 9,000 
S ~,500 

S 1,500 
S 43,200 
S 2,100 
S 900 
$ 600 

S 2,000 
$ 11,250 

,,$ 91,400 
-$201,080 



Flying Cost 
$lOO/hr x 155 hrs 

Materials 
10602 photos inc. 2~ rej. rate 
10602 x .50~ each 
212 rolls pan film at $125 each 

(100 pies/roll 1:9000, 1:18000) 
Chemicals 
18 rolls False color at S545 ~er roll 
False color developed in States 
18 rolls x 100 pies .SOc / foot 

First Season Photo • 3 montbs 

~obilizat1on 

Standby 

Fl y1 n g t i :ne 

Materials 

Demobilization 

19 

$ 15,500 
34,100 

5,301 
26,500 

2,000 
9,810 

900 
44,511 

$ 97,924 

$ 79,130 

$201,080 

$ 34,100 

5 97,924 

S 62.751' 
5474.995 



Mobilization 
Crew prep. 

1:50,000 Second Season 

Pilot, copilot, cameraman, 
mechanic, lab man (3 wks before plane) 

Ship Plane 
Ship Supplies 2000k x $3 
Labman 3 weeks at SlB,OOO/year 
TOY Labman 3 wks x SSO/day 
Fare 5 men x $1100 
Car $30/day x 21 days 
Ot-fice ~ Lab 
Local help 

Demob. (Labman sta:rs behi:ld:J wks) 
Lab man 3 'Nks at S13,OOO/year 
Lab ~an TDY S80 X 21 days 
Car S30/day x 21 days 
Fare 5 ~en x SllOO 
Ship P LIne 
Ship Supplies 1500 ~ x S3 
Office 
Local Help 

Standby 

45 days 

1st Season S201,080 ~ 2 (hal! of 1st season) 

Flyi:=.g Cost 
SlOO/h: X' 50 !1.rs 

~Iaterials 

Prints - 1200 x .50~ each 
10 rolls pan at S128 each 
10 rolls color - infrared at S545 each 
C!lemicals 
100 pics - color .50~/ft. (develop) 

20 

S 

s 200 

$10,000 
6,000 

519 
1,680 
5,500 

630 
500 
500 

25,529 
S56,164 

519 
1,680 

630 
5,500 

10,000 
4,500 

500 
400 

~,729 

52,204 

SlOO,540 

S 5,000 
11,000 

600 
1,280 
5,450 

200 
500 

8,030 
17,666 



Second Season 
Mob. 
Standby 
Flying time 
Materials 
Demcb. 

Photo Indexes - ~umber of photographs and scale 
7069 1 :9000 
1766 1:18000 

815 1:50000 
9650 prints at .50~ each = 

70 indexes 
1 day each x 70 days ~ 8 hrs. x S7/hr = 

Material for neg3ti7e 
$5 :< 70 

Control Plan 
1766 Photos x 2 each :< .50~ eacb 
38 Photo I~de:<es ~ sets at S8 
Two men - three ~ontbs 

92 days :< 2 :< ? hrs :< S7/hr. 

Triangulation - ?hotvgr3mme~y (3erotri30gulation) 
1766 photos :< 5100 ~acb = 

Compilation - Contours, spot heights 
7069 photos :< 3 hrs ea. x S7/hr = 
7069 Estars x $1.50 = 

21 

$ 56,164 
100,540 

11,000 
17,666 
52,204 

237,5!! 

4,825 

3,920 

350 
9,095 

20,009 

1,766 
1,216 

10. J04. 
IJ,286 
29,229 

176.600 

395,864 
10,603 

406,467 
894,227 



Orthophotomaps 

1. 9 photos/sheet 

2. 9 plates 

3. C-8 9 models 8 days ~ 3 hrs x $7 

4. GZ-l 9 negatives 
9 prints 
4 models/day x 2 days x 8 hrs x $7 

5. Preparation ~ Completion 

6. Mosaics 8 hr9 ~ 57 

7. Annotation 
names, spot heights, contour9 

8. Photo Process 

9. Repro 

270 sheets 
75% by ortho - 202 x 2488 = 

Cost ot Photo~aps 

1. 9 photo:!! 

2. Recti!y 9 photos • photos/hr ... 
~ 

3. 9 E.st3rs 9 x: Sl. i5 

4. Prep. & Comp 103 t Lon 

5. ~rosa i c a hours x: Si 

6. Annotation 
names, spot hei&nts, contours 

7. Photo Process 

8. Repro 

25~ of 270 sheets 
68 sheets x $1230 

~ 57 

9 

20 

448 

18 
18 

112 

100 

56 

150 

100 

100 
1,13l 
2,488 

$502,516 

9 

28 

16 

100 

56 

150 

laO 

100 
m 

$1,230 

$83,640 



Materials Furnished to OMVS 

1. Prints 4 each 
1:9000 7100 x 4 x $1 $ 28,400 
1:18000 1770 pan ;0: 4 x $1 7,080 
1 :18000 1770 F.C. x 4 x $5 35,400 
1:50000 815 Pan x 4 x $1 3,260 
1:50000 815 F.C. x 4 x $5 16,300 

90,440 

2. One set of original rolls of film at scales listed in Item 1. 
This includes 2 sets of 1:9000 scale film rolls exposed s:~ultaneously, 
therefore, not listed in Item 3. 

3. Duplicate Fil:n 
1:18000 18 rolls ;Jan x 100 . ~., x ~_ 
1:50000 10 rol:s ;Jan :t 100 ' :t 52 

False color 1:18'000 :t 1:~0000 

original fib can be shal'e-d by 
participating coun:ries. 

4. Photo Indexes - 31ack ~ ',l(hite - False co:" __ 
will be in the sa~e sequence =ecJuse o~ 
'simultaneous opera ::!.ons, (70 indexes) 

2 neg. ea of 1:9000, 1:13000 Jed 1:50000 
6 x 70 negs. x 515 
4 prints each 70 x 12 x S:2 

Pan = panchI'omatl.-: - 31ack ~ ',Vh.i:e 
F.e. = F31se color = color-in!r3red 

5. Photo Line' ?lot - 7hree 
5 copies each 

6. 1:10000 Scale sheets 
20 copi es each 
20 x 270 sheets x S12 

. 

3,600 . 
2,000 
5,600 

6,300' 
10,080 
16,380 

~,ooo 

64,800 

$182,220 



Cartographic Costs 

Item Cost S Cost CFA a 1: 230 

Aerial Photography 712,569 163,890,870 

Photo Indexes 20,009 4,602,070 

Control Plan 29,229 6,722,670 

Trian!r..J1a t'OD 176,600 40,618,000 

Compi1~tlon - Vertical Only 894,227 205,672,210 

Orthophotomaps 502,616 115.601,15,- " 

Photomaps 83,640 19,237,::JO 

Materials to O~fVS 182,220 41,910,600 

2,601,110 598,255,300 



I:'/tu,,, 
/: /.1'"'' 

r;-;--\ I 
I \', LLl mlljt .... 11 " :.1 

cou .. e<t I'Qr 

[CHUtE: 1 . / , 000,000, " 

.,' 

'" 
A' -' 0 b, e~ __ , __ It r l_, tl_S __ r_ ' 

(ft 

(TJ 

Z 
ITI 
CI 

IP 
:r 

... 

I' 



· H~._' --r--"""I'_-' 

""'; ! . 
. "::: " - 1 

-'" 



" 
, 

....:.- ..... 

, . . 
... ~ .. ..: .. 

. I 
{ 

, I 
"-

(" 

. I 
I 
~ 

./ 
/ 

.' 

• Y •• fA 

., 
I . 

'~-.'" ...... ., r' O 

'-C-
o • • 

. .." .. 
- . .:.:-.... -. -,----

... ,'-

,,' 

< 
}~ 

r ,-
III 
(II 

o 
c 

'1 ,-
/II 
C 
< 
/1\ 

- II 

. . .. 
o " 

. '. 



, 
CO~MO ITllS.tKI T~.fILM 
I 

o 0 0 

fO~ PlUTO 1 NUlX .S •• oll Gill 
, 0 

-1lJ!L !'Q.H. ~y'~!' _ f;!!~P~ J ~TC 



~: ., 

• •• -I ~. 

( ' " I .' • ',;'., \ Co I .\ 1\ • 
~ . ~ '... '-'-

ACTION MEMORANDUM FOR THE ASSISTANT ADMI!tISTRATOR, AFRICA 

THRU: 

FROM: 

AFR/DP, Charles l-lard 

AFR/SFWA, David She~ 
SUBJECT: Request for Funds for OMVS Basin Survey and ~~pping Program 

Problem: To obtain your approval for the use of $1.2 million, ~o ~cme 

from the $5 million African i::evelopment ?!:'ogram, Sec-:ion ~94 3 of the 
Foreign ~.ssista.'ice ;..ct., :n or:'e!:' to conduct a :;orticn 0: th~:~fVS 
Basin Sur"/ey and >!,appi::g ?!:'CS=3.r.l, and :0 cbtai:1 jcur a;?proval for 
requesti:1g t~at con-:=actor p=cposals for t~e $1.: ~illion als0 ccntain 
a proposal Eo!:' the ent.ire s-.r=·/e'! and ::1a?p':'::g .?=cgr3or.J, c-..:r=er:'.::''r' estL"ated 
to cost S8 ~illion, wit.h t~e ~nde!:'standing tha: only t~~ $1.2 million 
portion is to be let ':'~~ediatelJ. 

Discussion: 
long ter:n c:::mtJ::-er:c:1si'/e =e~.,"el~t:r.le:,.~ ~!:":<;r.:l..":l :or ::1e 3ar-.e.!a " I :ri.ori~y 

attention must be ;i~en to the need :~r baJ.!.c =~sou!:':e ~at3. .:.:: t~e 

various ~ive!:' bas.!.:1s. 7~e p13:::1i::g of lr=ig3.ti~r., c!:'3.in3.se and flood 
control projects, ·,.;nich ·,.;i.11 be a ':er'! :.::;;::ort3.:1t :;3.=-:: 0: :cn:; tC:7.: 
Sahel ian area develo:::~ent, :30:1 ~r.:y be d=ne on 3. sound basis a:t=3.ctive 
to dOflors a.nc! i:l'/es~o~s ·...,·:;er. J.c.~c.:·':..l":e ':':::~~a:":':r. ~xis-:.s :n "::J~cg=3.phy I 

suitabili~y (J: la.:1G. ::J:: :J.=::..:~g I • ... ·a:e:- 3l.!;~::!, s:..:sccs:,:i:::':"l.':"':.:: ~:J ::'soc.i!".g 

regional ~as:e= ~:~~S ':'~Q~:':'!y:.n; ~c:enci~: :::r::~=t3 ~~e~ :: ~~ prerared. 
Expe!:'ience :-.2.5 S;:-::;',1;1 ':~.lt -::::-i'.':::..:= :7.a~s ':0 3. S::3:e :: :':1.:,:::; J!:' :'::C,:':::O 
arc ge:1e~3.11f need~d ::J ':'':e:-:::':y .:..=:-:.:;~l .. :! :'.l:-.:5 Jr:c "::: :-:-.a:-:~ :-2J.s:,;:'i.!.!.:.y 

individual ;r~jec~3 ~i;~t ~e ~u~:: ~h~=h ~c~:j :'3:e= ;~:::-~e :.~c:::-::;?atible 

,..,ith ef:ecti.,e ':'e~/elc;::r.'\e:1~ =f :.:.~e =i·:~= ::as.!.:l. 

small scale (l::O,-:CO, !r.d s:7'.~:'':'e~) I 13.'.::':':'::-; :.~ ~e~.J.:'l., !~:: :.:-:~~:;.r~t:t.e i~. 

their cove=ags 0: ':hc 3=2a3 ~hc=e, a=:or~in~ ':~ the :~d~:3:~ve 3aSl:1 ?l~n, 
najor dev~10FDen':3 wl:l cc::..:=. :Xi3':~~; 3:..:=~ey3 i~ :he baSln 3.=e nat, 
In many cases, rcl.J.t'2d ~:J a =~~ .... ~.on ~cr!.:'2l.':J.l 0:: ·;cr':.i-:.J.l ~~fc!'"er.~e ~oin~. 

Chis lack a: a~eGua:e t=FOS=~~h:= i~:or~3.':i~n, if not :cr=ec,:cd, will lead 
:0 more costly and less s2.tis:acto=y proJects withi:1 the ~as~n. :r. :act, 
Ln the absence of ~e':t.er '::::;FaS=<l~:'i: ':':-.:o=:-.a:ion, so~e :;otenti<ll!.y feasible 
rravity irrigation projects ~ay noe be ~der.ei!':'cd, <lnd scme develoFment 
'ay occur which is inc:::~patible · .... loch apti:::u.':l rcsou==e use. 
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The CWR DAP OVerview (page 101) states, " ••• it is appropriate that 
the U.S. should be involved in (river basin development) as part of a 
continuing interest in the (Sa!1el) Region," and notes that "water 
resource development and irrigated farming are major areas of U.S. 
expertise; not only do we have the technology and the experience, but 
also we have some awareness of tile range of problems involved in the 
transformation toward modern wal;er use." 

The purpose of the general program is to initiate the surveying and 
mapping of critical portions of the Senegal River Basin in order to 
assist the Senegal River Basin Development Authority (OMVS) with the 
coordinated development of the Basin. The program consists of two 
phases, the first of which will provide the O~!S with the precise 
horizontal and vertical networ~s required to rut all ~apring in the 
area on a common syst~~. The second phase will consist of the large
scale mapping of selected sites. The entire surley and r..apping project, 
as proposed by the U.S. Defense Mapping Age~cy, would cost about $8 million. 
Of this amount, Sl.2 million is being proposed here for funding from the 
$5 million provided especially by the Congress for the African Develop~ent 
Program. AFR/SFW~ is proposing to fund the re~air.i~g $6.8 milli~n from 
regular program funds or the Sahel Develor-r..ent ?r'Jgran i:: approved, via 
the PID-PP process. The additional activities have already been reviewed 
aJ)d approved at the PID stage ::or the next st.:lqe of design work. 

The project's first phase will establish r-recise horizontal control by 
means of a precise geodetic traverse con~ectcd to the sc-salled 12th 
parallel survey at Kayes, :·\ali, passing thr:)uqh the Seneqal River 'v'al:ey 
to the vicinity of Rosso, Maurit.:lnia before t~rning south a~d rejoini~g 
the 12th parallel survey near ~hies (which lies about 40 kilometers east 
of Dakar). At the SilIl'.e tirr.e 'lertic.:ll centrol · .... ill be establis~1ed by 
carrying out basic first or::;er levelling. ':'his est..lbli:~hr.lent of proper 
horizontal and vertical control is necessary becaust.:! the eurrentlj' existing 
horizontal and vertical net·.·;ork.io do not ~et.:!t the required s ca~dards and 
are not based on a cor."":1on dat'.:.":1. ':'he only existing hori::ontal control -
in the area is the net established by the French ~ational Geographic 
Institute (IGrl) over 20 years ago frc~ astrono~ical observ~tions. 
This net WaS ctn expedient just adequate for 1:2CO,OOO scal~ ~aps but is 
not reliable for large-scale mapping. Hori~ontal distance is i~portant 
for linking two originally separate sites as for ex~~ple in designing an 
irrigation canal linking a reservoir with crop production sites, Precise 
vertical control is required to establish relative vertical position of 
all points which is essential to project planning, some of which will 
include gravity irrigation. 

These first phase activities will snpport the second phase activity which 
includes the aerial photography and preparation of the maps. The photo
graphy will include the Senegal River Flood Plain including the Faleme, 
Bafing and Bakoye tributaries at a scale of 1:50,000 in order to provide 
basin development planners with information on such topics as navigation, 
forestry, positioning of levees and dams, identification of types of 
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crops, diseased or dead vegetation, areas subject to flooding, and other 
relevant studies. Beginning after the photography is completed will be 
the surveys for mapping control which tie the photographs into the 
vertical and horizontal control. 

The aerial photography will also provide for the mapping at a scale of 
1:10,000 of the following ten sites within the Basin: (1) Aftout es Sahel, 
(2) Rosso (Lac R'Kiz) (3) Podor, (4) Bogue, (5) Salde, (6) Kaedi, 
(7) Matam, (8) Bakel, (9) Karakoro, (10) Kayes. 

Because of the hi~h priority placed by the 01NS on establishing horizontal 
and vertical networks, we ~re requesting Sl.2 million in this memorandum 
to fund a portion of the first phase. Because of the nature of ground 
control work, the project's first phase, based on the availability of 
funding, c~n be logically divided into co~~lete packages. Therefore we 
are proposing that the Sl.2 million be used to establish a series of 
benchmarks (vertical control points) across the valley fleor f:::om Kayes 
to St. Louis, Senegal and a series of triangulation stations (horizontal 
control points) frem Kaj'es to the vicinity of ::acdi, !-lauritania. This 
network can be drawn upon irr.rnediately for arrlication to the develor::ment 
projects now being considered by the o~:s in conjunction with the United 
States and other don0rs. The data generated will have measurable impact 
and could stand by itself even if no additional ~unds were forthccming. 
Technical and physical. resource:; for this Fcrticn ·,.;ill include equirment 
and cOl1Ullodi ties as ·,.;ell as such personnel .1S sUr'!eyors .1nci related 
technicians and laborers required for idcnti~yi~g.and marking natural 
benchmarks, constructing ne',.; ones, and making obsen'c1 tions. 

A budget based on the Defense Mapping Report is as follows (SOOO) 

1,. Vertical Control 381 
Expatriate Personnel 150 
Commodities 92 
Other Costs ( local labor and 
construction material and 
operating costs) 139 

2. Horizontal Cont:::ol 764 
Expatriate Personnel 339 
Commodities 241 
Other Costs (local labor and 
construction material and· 
operating costs) 184 

3. Contract Inspection 55 

Total 
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The funds will be obligated by a grant agreement with the OMVS. 
Thereafter, arrangements will be concluded to implement the project 
'<lith the help of the ~1.S. Defense Mapping Agency or the Bureau of 
Reclamation of the u.s. Department of the Interior. It is currently 
planned to conduct most of the program with private U.S. contractors; 
therefore these agencies will assist AID and the O~NS with the writing 
of contract specifications and the evaluation and selection of con
tractors as well as the monitoring and evaluation of contractor 
performance. 

It will be pointed out to the contractors· that Landsat imagery of the 
Senegal River Basin is available from the EROS Data Center in the 
United States and at the O~~S Documentation Center in St. Louis, Senegal. 
While Landsat imagery does not have the resolution nor contain the 
topographic data needed for large scale irrigation project mapping, it 
still-has several potential uses in a project such as this. The contractors 
will be informed that they should consider the application of Landsat 
imagery to cartography and resource j~ventories. 

It is likely that there will be a requirement for local procurement of 
services as well as for an increase of the per transaction limit on 
shelf items in order to most effectively conduct the study. However, 
we believe that any request to you for an authori=ation regarding these 
requirements should wait until we have the details provided by the 
selected contractor. 

With regard to the contractors we believe that we would attract the 
best-qualified contractors if these contractors knew about AID's entire 
$8 million survey and. mapping program. ;-1e also beli\~ve that the 
submission of proposals for the entire program would significantly 
strengthen the results by ensuring that the main components of such a 
program - ground control, aerial photography, and map preparation -
were conducted as an integrated effort r~ther than by three disparate 
companies possibly producir. n ~~ults which did not dovetail properly 
with the various components. Therefore we propose to inform possible 
contractors that ~~ are considering a major survey and mapping pr~gram in 
the Senegal River Basin ar.d that 'Ne would like integrolted propos.J.ls for 
the whole program, based on the report prep.J.red for AID by the Defense 
Mapping Agency in consultoltion with the C~NS. We would make it clear 
to the contractors that only a certain portion - that for which we are 
requesting the $1.2 million here - is going to be let i~ediately, but 
that the possibility of subsequent funding exists. It would be made 
clear that any additional contracting would be dependent on AID programming 
decisions, the approval of the project design, and the availability of 
funds from the U.S. Congress. 

Recommendation: That you approve the use of $1.2 million to fund the 
first portion of the OIWS Basin Survey and ~lapping Program as described. 
above and that you approve our proposal to seek integrated proposals 
for the whole $8 million program as described above, 
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Disapprove ____________________ __ 

Drafter: AFR/SFWA: H~:8/19/76:baa 
Clearances: AFR/SFWA: IRosenthal 6rj~i)~ 

AFR/SFWA: DBaker ~~. 
AFR/DR: JK.elly S~ ..... · )"--ph
AFR/DP: EDOnOqhUe,,\~ 
GC/AFR: STisa SeA: 
SER/ENGR: LHastrofini (!)r""'t)f.t 

TA/OST: MConitz (].'gtlJe{-· 
\ 

AA/PPC:AShakow (d~)--

Date ~/3[} /7~ 
------~~-Ir----------



Subject:. Africa .. . f) RM 

INFORt-'IATION HEHORAHDUM FOR THE DEPUTY hD:.tINISTRATOR 

TlIRU: 

FRO!1: 

. SUBJECT: The Ol1VS Basin Sur'vey and :·~c1.pping !'rogrilm 

This is" to advi~e you that r intend to approve the u.se of $1.2 ll'ill5.on 
froln th~ $5 million provided especL:!.ll:: by the ('onq::l!::is for tile A:ricu. 
Development Progr.J.i:1, S~ctir)n ,194 B of t:h~ Forei911 ,'\ssi~tance ,\ct-., to 
fund the first portion of t~e Basin Survey a;'ld :·:.J.PtJi ng Pro~rJ.J11 be:ng 
irnplcr.1€:nted with the Seneg3.1 Riv~r Easin Oevel~rT1r::!1t AuthC"lr.it:! ('Jt':'IS), 
aE Ge.~~ribed in tr.c a tt.lc:-:ea r.1emor<::nril!r.1. The ent ire sur'l('~' am.! :'lCIppin,] 
project, as prof-osed by tl:c U. S. :Jefense !·ic.E1Pir.g ":seney, ·.:o'-lld cost 
about $8 r.1illion, .. Ji th tr.C! remai!1.i.ng SG. 0 r~illL)Il rrcroseJ to cc::-.e :rO::1 
regul'lr p-cogram funds, or the Sahel OC"/elorment p!'oCj t· a: ,1 if ar't'L'OV(;C, vi.l 
the PIO"Pl' precess. 

Bec:all~e of the nature of the g round ,-VI. trol ..... or).: lJC ~ :-.g ~ror-osej in t!le 
project, this ·.JOrk, b.J.sed 0!1 the ,1vailubility Q;' !l!.':dinq, (;r!ll he lc~iL:all:' 

divided into complete ~ackt1gcs. For i!1St3!1C2 ~hc f!.c~t por~ion, bel~g 

financed v.'ith tr.e $1.2 million, · .... ill r::O\'lJC' c1 :;~t·.!ork of ccntl:JJ. :cuints 
establi~hing, betw~cll given qeo~r~~hic~l points, CX2ct h~ri~or.t~l 

distClnce, as · .... ell as thelr difference in clltituC:e. 7he !lori::cn'::..:ll 
distance is irnrortant fer linking t~o ori0i~311; sepa::ate sites ~s ~cr 

ex.:.mple in designi:1g an irrigation c~r.al 1 in:~ir.-:; .:\ reservoir · .... i ~:-, .:r=p 
prcduction si'::es. Ve::tic.:ll di:"fe::cnce~ are i~t-'ortiJnl for d~t.er::~i:l:.r.g 

potential gravity-tIn· .... i::ri:;,l~ion s~t~s. C0:npl('tion of '::his Sl.;!·;cj·i:-:c:: 
will result in si::able eccrlc~ies in later ~orks ~nd ~c~ld have the ~ajor 
adva~tage of providing dll const::ucticn ~ites ~ith syst2ms ~hich ~.l~~ 

general applicabili~::. ;:~.is nct·.:c=~~ ::.J.n DC d::':l',.;n U~r.ll ~:r • .,edi.-:tel:: ~O!:' 

applicat:ian to the cievelcr;::'.'2':1t r=oject~ :,0 .... ' !:;e':n-,l cons idered b~' t~.l' O:'~'!~ 

. ira eonjunc':ion I-li'::h thE' L'"itc:d St(\tcs '1r.:1 atr.':!r d-::lOrs. The d.H') 9~ncrJ.t~=' 
... lill h,'.\"~ ;ne3.sur:lblc ir.1pact .::.r.d coul:l. ~tJnd by itself even if no t1cdi':io:".'!.l 
funds \,ere for'::.hccl:1ing. Inclu::!cj ..... i thin U".(! adJi tio/l~l $6.0 ::lillion 
component of the p::-or-oscd progri' . .'n is the extension of the 'Jrc.'t.:.r.c centrol 
work to addition"l area.!;; of the basin. The acditicr..J.!. fundin ",Iso 
includes t~e photogr.arhy and ::-.'lp-makiny. r t i~ tr.crefore \,'i th the ['.111 

$8 million [n:ogr2..r:l that devclcrment of the Sene-gal Ri\"cr DClsin · .... ill 
achieve maximum benefit frcm this activitr. 

I ; .. ~' ~. 



Because the components - ground control,_aerial photogruphy, and map 
preparation - are seen as integral part~ of a genc~al surveying and 
mapping program, and in order to at~ract the best-qu~lified contractors, 
we propose to inform possible contructors of the entire 
survey and mapping program. We also believe that the submi~sion of 
proposals for the entir~ program would significuntly strengthen the 
results by ensuring that the ~ain cc~ponents of such a program were 
conducted as an integrated effort rather thun by three disrarate 

. companies possibly producir.g results which did not.: dovetnll properly 
with the various components. There:cre \~e propose to inform fossible 
contractors that \~e are considerir.g a major survey and mapping prC'grar.. 
in the Senegal ~iver Basin and that we would like integrated proposals 
for the whole program, based on the repor~ prepared for AID by the 
Defense Mapping ,'\gency in consul ta tion wi th the C:WS. We would make 
it clear to the cont:::-.J.ctors that ollly a c8rtaill fCortion - that for 
which I intend to upprovc $1.2 million - is going to be let irr.mediately, 
but that the possibility of subsequent funding exists. It will be 
made clear that any a~ditional ccntracting ~auld be dependent on ~he 

approval of the project design, AID prcgrar.ming decisions, and the 
availability of funds frum the U.s. Congress. 

Clearances: AFR/snl1\, DShe3.r(~ 
AFR/DR, JKelly -.! I: ;;; 
AFR/DP, C'dard -:." \. 
GC/AFR, STisa t.: ~·f·~ 

--~ ( ') ENGR/OPN:S, L:-!astro:::ni ,ir' ~! r; 
AA/PPC : AS h3 kOl,' (~r:.1 t_~ I ;;~-<~ 
TA/OST, :-!Con it;: Vr.:,~t ) 1_(" ! 

Drafter: H@:Y:Af'R/SF'dA:8/17/7b:baa 
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·/&·7/:: dt.. .. / TIIiI 

OMVS Coordinator 

Aln ,.,.,n . ., 1'.'';'1 
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PROJECT IDENTIFICATION DOCUMENT: (PID) 
OMVS BASIN SURVEY AND MAPPING PROGRAM 

I. The Problem and the Proposed Response 

A. The Problem 

In order to meet the Congressional mandate "to develop a long term 
comprehensive development program for the Sahel", prioricy attention must 
be given to the need for basic resource data in the various river basins. 
The planning of irrigation, drainage and flood control projects, which will 
be a very important part of long term Sahelian area de' l elopment, can only 
be done on a sound basis attractive to donors and investors when adequate 
information exists on topography, suitability of land for farming, · .... ater 
supply, susceptibility to flooding, other ?hysical resour~es and ~uman and 
economic resources. This comprehensive p:anning i~ speCifically required for 
AID projects both by logic and by S':;:tion :01 of our appropriations legislation. 
Therefore, basin-wide and regional master p11ns i~cntifying potential projects 
need to be prepared. Experience has shown that contour ;"laps to a scale of 
1:10,000 or 1:20,000 are generally needed to i~enti:y irri 1able lands and to 
r.lake feasibility designs and esti.::1ates for al':.er:1a,::i.·:'~ ?roJects. Wcking such 
rr.aps, individual proJects r:1iyht be built · ... hi::~ ·~·O'...l1d later pro'Je incel11patible 
with effective developr:1ent of the river basin. 

In order to achieve such 'ievelopnent pl,:,.r.ning f.;r ':.~e S"nt~qal Ri'/er Basin, 
new surveying and mapping 3.rereq\lired. ::xis'::lng ~.J.rs 'J: ':.he ar'~d are small 
scale (1:50,000 and smaller), :','cking ~n J~':..11:', ilnd ~::'~r:;:1pl·_·':.e ~n ,::heir coverage 
of the areas .Ihere, accordir:g ':.0 the :nC:!i.::.ltl·:~ ?~S~:'. ?~1r:, ;-.,1;')r .!.~velopments 

will occur. Existing sur/eys in the :::asln .,lre net, in ~clr.'i :J.,;,,~s, related to a 
corronon horizontal or vertical reference ?o:n,::. 7h:s :J:::k of M!.!.!\.:,lte topoqr3phic 
information, if not corrected, · .... 111 l,~ad to :-c::·~ ::::5 t 1 ... ' a:~d :ess s.,tlsfactory 
proJects · .... ithi:1 the ::asin. ::n fact, In '::hc ,lcsei,ce 0: ::etter tcr:cgraphic 
information, sene potentially :casible;ravity :rr:;a~io:1 pra]~cts ~ay not be 
identified, and seme develoF::1ent may occur .... hl-::h lS lnco::1pdtible -.... ith o:)tinum 
resource use. 

• The CWR OAF Cver·Jiew (p.J'je 101) s~ates, If ••• i~ is d;:rrorridte ':~at t!1e 
U.S. should be i:1vclved in (ri~er basin devcl:pr:1ent) as par~ 0: a :cn~inulng 

interest in the (Sahel) Region," ,lnd notes that .. · ... ater resource 1evelorrnent 
and irrigated :arminq are :::ajor areas of U.S. expertise; net onl'i do ...... e have 
the technology and ~he ex;::erience, but a1..o ·.;e have sene a .... ,1reness of the range 
of problems involved in the transformatiO:1 tow,)=d :::odern .... ater use." 

B. Proposed Response 

1. Project Purpose 

The purpose of this project is to complete the surveying and mapping of 
critical portions of th~ Senegal River Basin in order to assist the OMVS with 
the coordinated development of the Basin. This project consists of two phases, 
the first of which will provide the OMVS with the precise horizontal and vertical 
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networks _ qui red to put all mapping in the area on a common system. The 
second phase will consist of the large-scllie mapping of selected sites and 
1:50,OOOt;tb~'a;fi;?graphy of the entire basin area including Faleme, Bafing 
and Bakoy~ ¥He project activities being presented in this PIO are expected to be 
the continuation of activities which have been proposed for funding under separate 
funds provided especially for the Sahel by the Congress. 

2. Project Details 

a. Projects Outputs 

The Project's first phase will establish precise horizontal control by means 
of a precise geodetic traverse connected to the 12th parallel at Kayes, Mali, 
passing through the Senegal River Valley to the vicinity of Rosso, Mauritania 
before turning south and rejoining the 12th parallel near Thies (which lies 
about 40 kilometers east of Dakar). At the same time ':ertical control will 
be established by carrying out baSic first order levelllng, This establishment 
of proper horizontal and vertical control is necessary because the currently 
existing horizontal and vertical networks do not meet the required standards 
and are not based on a common datum. The only eXisting horizontal control 1n 
the area i~ the net of astronomical stations established by the French National 
Geographic Institute (IGN) over 20 years ago for 1:200,000 scale maps. This 
net was an expedient just adequate for t hat scale but 15 not reliable for 
large-scale mapping. Precise vertical control is requ-lred because gravi ty
powered irrigation is planned for several regions in the BaSin, 

These first phase activities will support the second phase activity which 
includes the aerial photography and preparatlon of the maps, . The photography 
will include the entire 13asin from the Delta to Kayes at a scale ot 1:50,000 
in order to provide basin develop ment planners W1 th information on such topics 
as navigation , forestry , positionlng o f le vees and dams, ident1fication of types 
of crops , diseased or dead ve~e t a tion areas sub j ect to flooding, and other 
relevant studies, Beginning after the pho tog raphy Is completed Will be the 
surveys for mapping control which tie the photographs lnto the vertlcal and 
horizor.tal control, 

The aerial photography will also provide for t ho mapping at a scale of 
1;10,000 0" the following ten S1~s wi th in t he Basin : ( 1) Aftout os Sahel, 
(2) Rosso (Lac R'Kiz) , (3) Podor , (4) Bogue, (5) Saide, 6) Kaedl, (7) 
Matam, (8) Bakel, (9) Karakoro . (10) Kayos, (Se~ attached MAPS for details). 

b. Technical and Physical Resources for tho first phase horizontal and 
vertical control net 'Norks will include equipment and commodl ties as .... ell as 
such personnel as surveyors and related technicians and laborers required for 
identifying and marking natural benchmarlts, constructing new ones, and making 

... / ... 
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observations. These same resources will conduc~ the mapping control surveys 
to be conducted once the second phase aerial ph·)tography is completed. The 
second phase aerial photography and map preparation will include film, 
airplanes, pilots and support personnel and also the personnel and support 
services required to make the maps. 

c. Disbursements during the early phases of the project will bunch up 
each year as a result of the s~~e~ ·month working period between rainy seasons. 
Once map ~reparation gets underway, disbursements are expected to occur on a 
more regular basis. 

3. Major Assumptions 

It is assumed that weather conditions will remain "normal" and will not 
adversely affect the implementation or results of the program. 

4. Host Country and Other Donor Activities 

There is no host country sue/eying and rr.apping of the Senegal River Basin 
in the scale required for prop,:;r JeveloFment. rndividual activit.y sites and 
s~rrounding areas, such as the Dia::1a and ~lanantali ~.'U:1 3ites, w111 be ::1apped 
by the Other Donors conducting the fertinent en~ln~ering studies on those projects, 
and for that reason these sites have not been included for the detailed mapping 
indicated on the attached maps. 

5. Project Alternatives 

There is no sensible alternati':e to con,-:!'..Ic:ing a ,ur':·,Ylnd :'lapping program. 
However the L'11plementation of such 1 progrlm :C 11lJ ~e ~:)Oe solely ·,.,ith U.S. 
support, as proposed in this PID, or cou!d be ~cne 1n cC~'~nc:icn with one or 
more Other Donors. PerhaD5 this alternattve s~:~ld ~e ~xF:~red before the 

PP stage. 

6. Project 8eneficiarie~ 

Project beneficiaries will u!:imately be the Sene~al ?iver 9~slns approxi
!:lately 1.6 million inhabitan':.s '.."ho _11 sh,ne in the r"!"ults ot tasin de'/eloFment 
activities which have been be':ter planned ~nd coc:~!n~ted as a result of this 
proposed activity. 

7. Soread Effect . 
The proposed activity is designed for Basin-w1de imract. with all Senegal 

River Basin inhabitants in mind. However, ~s a result 0: the activity. other 
Ri,'er and lake basins not yet possessing such a data case may be more interested 
ill doing so. 

II. Financial Requirements and Plans 

A. The entire project as proposed in draft by the U.S. Defense Mappjng 
Ag~ncy Topographic Command would cost about $7.7 million. A.I.D. is proposing 
to fund $1.2 million of the project's initial costs with funds appropriated 
especially by the U.S. Congress for the Sahel. This will allow project activities 
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to begin in FY 1977. The details are pres~nted elsewhere. The remaining 
$6.5 million being proposed here will cover seven y~ars (1978-1984) and is 
broken down as follows (SOOO): 

1. vertical control (funded within ~~e Sl,200) 

2. Horizontal control (partially funded within the ($1,200) 

3. Mapping Control 

Technical Assistance 
corrunodities 
Other Costs 

Technical Assistance 
Other Costs 

4. Aerial Photography and ~~p preparation 

Technical Assistance 
Corrunodities 
Other Costs 

TOTAL 

$550 
400 
320 

$1,270 

Sl,30l) 
1,350 

S2,650 

S 100 
2,030 

450 
$2,580 

S6,5tlo 

B. A.I.D. provision of the $6.5 mil~ion :s expected to be entirely in 
t!-.e fori"l of a Technical A,sistance ''::rClnt. 

C. The O:1'/S is expe':t.~d to pr'Y/1Ce -::-.e '~qui':alent sf $2()O,OOO of local 
cost expellditures and i:1-ki:;c 5':!r'/ic'.!5. ::;:'s is obviously :1ot expected to 
total 25 percent of t:Jtal ;-ro;,!·:t:,:sts ::u': tr.tS :loes ~ot ::ose any legislative 
problems sir.;:'e the asslstilnce is :;.~ing pro'/ided '::h::cugh the OI1VS, a regional 
organization. __ 

III. Pro;ect Deve10cment . "---

Since this is !:Jc:sically a prc:ect to gather inf'J~ation ra.ther t:.:.b::.al.1n--"'t ... Q ___ .. ~ , 
kbuild an institution 0r train local people, ht is sk9gestCG ~bdt prgject 
deyelopmppt move to the PP stage. PP preparation may be acccmplished best 
after the initial results are available !::om the activities funJed by the 
special Congressional funds for the Sahel. The PP therefore could probably be 
ready by May 1977 and require a desi.]n team of se\'f~::al ~apping experts and a 
Project Design Officer/Team Leader all of whom cou!d prcbably do their work 
in Washington with ~ mor.th's effort. 
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IV. Issues 

A. Project obligations are expected to run from FY 1978 through FY 1984. 
These seven years exceed A.I.D.'s 5-year policy but since this is a project 
to gather information rather than to build an institution or train local people, 
it seems reasonable to seek a waiver of the 5-year limitation. Alternatively, 
this project does have separate activities and could therefore be tranched, but 
it still makes more sense to go for the full seven-year approval. 

B. Should the United States conduct this project alone or should we seek 
Other-Donor participation? This question could be especially important if the 
Senegal-based French National Geographic Institute (IGN) were the most logical 
candidate to implement much of the project, yet we might not want to use U.S. 
dollars to fund their participation. In this case, we might want to seek French 
or Other-Donor participation. 
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DAKAR, BAMAKO, NOUAKCHOTT, ABIDJAN 
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E.O. 11652: N/A 

TAGS: 

SUBJECT: SUMMARY OF THE OMVS FY 1978 ABS REVIEW 

REFERENCES: {A} OMVS FY 1978 ABS DATED JUNE 1976, {B} 
ISSUES PAPER FOR JULY 20, 1976 REVIEW, {C} INDIVIDUAL PID 
REVIEW CABLES 

1. FOLLOWING SUMMARIZES SENEGAL RIVER BASIN DEVELOPMENT 
AUTHORITY {OMVS} ANNUAL BUDGET SUBMISSION {ABS} REVIEW 
OF JULY 20, 1976. THESE POI~TS MAY BE BEST UNDERSTOOD 
IF READ IN CONJUNCTION WJlTH ISSUES PAPER {BEING POUCHED} 
WHICH SERVED AS AGENDA FOR REVIEW. 

2. PROGRAM ISSUE RESULTS -
A. PROPOSED CHANGE IN DAP STRATEGY. AID'S OMVS PROGRAM 
IS PROPOSING TO CONCENTRATE IN THREE AREAS OF {1} STUDIES 
TO GENERATE BASIC TECHNICAL DATA ESSENTIAL FOR PROPER 
PROJECT PLANNING AND DESIGN; {2} INSTITUTIONAL DEVELOPMENT 
OF OMVS SECRETARIAT AND OTHER BASIN-RELATED ORGANIZATIONS; 
{3} AGRICULTURAL PRODUCTION AND SUPPORTING INFRA STRUCTURAL 
DEVELOPMENT. IT WAS AGREED, REGARDING ITEM 3 ABOVE, THAT 
U.S. SUPPORT FOR PROJECTS LIKE MANANTALI MIGHT BE OUTSIDE 
CONGRESSIONAL MANDATE AND THAT THEREFORE THIS WOULD BE 
EXPLORED IN INFORMAL DISCUSSIONS WITH THE CONGRESS IN 
CONTEXT OF SAHEL DEVELOPMENT PROGRAM {SDP}. 
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f. BASIN GEODETIC SURVEY AND MAPPING -

{1} IT WAS NOTED THIS ACTIVITY IS CGNSISTENT WITH SDP 
INfORMATION TRANSMITTED TO THE CONGR~SS IN WHICH WE STATED 
NEED fOR fIVE TO TEN YEARS Of STUDIES fOR PROPER DEVELOP
MENT Of SAHEL. 

{2} THERE WERE NO PROBLEMS RAISED WHEN IT WAS PROPOSED TO 
MOVE fROM THE PID TO THE pp. THIS ACTIVITY IS BASICALLY 
DATA-GATHERING RATHER THAN INSTITUTION-BUILDING SO THAT 
THE PRP STAGE IS NOT NECESSARY. 

G. HEALTH RESEARCH PROGRAM -

{1} THERE WAS SOME CONCEPN THAT THIS MIGHT DUPLICATE 
SOME HEALTH ACTIVITIES IN OTHER PARTS Of AfRICA, BUT IT 
~AS AGREED THAT WE STILL NEEDED TO CONDUCT SUCH A 
PROGRAM SINCE IT WOULD BE DESIGNED SPECIfICALLY TO LOOK 
AT THE EffECTS Of RIVER DEVELOPMENT ON THE HEALTH Of THE 
POPULATION Of THE SENEGAL RIVER BASIN. YY 
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D. The establishment of a rea~-time flood-warning system. 

E.· The assessment of ground-water utilization' and potential 

for irrigation development. 

Some critical assumptions include the following: 

A. Availability of tn.inees and their extended tenure on the . 

project after receipt of training. 

B. Residents will use the information generated by this 

project to advantageollsly mudify their fanning practices. 

C. The progJ'am will cUlltilllle to he ujJL'J'ated by O;\lVS and 

the member countl"ies after the tenniJl:tti('1l (If tlie ~)-'year pruject. 

D. \Vatcr-reS()llJ'Cl~S dcve]c)J,lllellt pL!lls will be il1lpll'lIlcnted 

using the data gellerated by this Jd·uject. 

How Illuch eXjlcriellce /\. I. D. has hac! in projects that are 

exactly as pJ'(Jjlu:)I~d in this I"l'jlol'i is lIut kIIUWII. It is Knuwn that A. I. D. 

and its cuuperators, under I' :\S:\ agl'l"L:llwllts, have had COliS idvrable 

experience in the individual Ltl'l:ts of this jll'Ojl>ct---i. c., .str'eam-gaging 

f' 
programs, grulIllll--w;ltl'L' ill\'l,~;t ig:dioll alld dl'\'I'l11j>IIJ('llt jll'(l~~I';lIl1S, river 

basin and pruject planllillg j!rugl';lms, trailling :lIld cnllllllllnic~.~ions 

systems, and precipitaCon data-gathel'illg systems. The LT. S. BIlI'eau 

of Reclamation has had vast cxpericllce in water-r'CSOIlI'ces dcvelopment 

projects from h:lsic-rbta gatherinl; jJI'ograms, investig:ltions,· pl::tnning, 

http:precipitat".on


design, and constrllction on large and small scales in the United States 

and in many fcreign countries. The U. S: Geologic<;tl Surve:v is a leade~ 

in the field of surface-water and ground-water resources investigation~ 

. . . 
and development programs. The Corps of Engineers and NOAA have 

established flood-warning systems in the United States. This project 

is intended to further deveJop ~nd utilize existing and prior programs, 

improving and augmenting them to provide accurate and usable data. 

From the beginning of this century, different organizations 

have worked to obtain a better knuwll:dge of the behavior of the Senegal 

River. At first, the Union llyd]"(lcll'ctt'iqu(' :\ft'ic:tine (LJI/E:\) and, 

Servic:es of HiveI' StItes L;'t';ll]lIa]}y too).: li\'l:t' this t;t~k. F1I)ud t;tges 

were it1stall(~d and Clhsct'\'c'd at l:\'L~,';tl :-;ilt·s includillg H;lkl'l, I\ayes, 

fu 11 11 i cl cd i , 1\ 1; 1 h ina, l'i c . n () t h t 11 cSt' 11 ( • ! ',; 11" ;; (' ; II J d 1\ 1:11 i a 11 g u V C I' 11 "J e 11 t S 

Scienlifiqlll'S d Tc'Clltliqllt'S, Ollt,'e-:\lcr (]\ll'is) «)f{STO;\l) to upgrade 

and equip sl'lcckd river eaging st:diolls ill tllt' Sl'llL'gal Hi\Tt'l' hasin. 

According to lllC Sellegal-C'llll~;UJt Study, aHllough gage-height 

records and stream-gaging llleaSllt'Clllents have been tllade at many 

stations, only 13 sta1icJI1s have adequate r'eCOl'ds that can be used as 

a reliable basis for hydroJogic studies. 



Ground-water surveys and development programs are currently 

underway by the Hydraulic Services Agencies of the three member 

countries. In addition, numerous ground-water surveys have been 

made and reports pr..!l,ared by the Bureau de Recherches Geologiques 

ct" Minicrcs (HRGM) as a ~onsu1ting service to agencies of the three 

mcmber counlries. 

The Agence pour ]a Sect.!ritc de la Navigation AeTienne-Dakar 

(ASECNA) pedOt'J]IS a we:ltlll'r-f()J'ccastill[; ~cl'\'ke fur :tircraft, using 

lllcteorCJlu[;ical data fr(JIlI the' thl'l'c 1l1t'lllher COlllltl'iL's. The existing 

climatol()!,;ic;1] 111~twuJ'k in the 111']1\'1' ~~\'IWg;tl Hivt'J' basin cOll,.;ists of: 

1. E 1l' v l' n (1 1) ,';.y II ( ) 1 Jt i (' ,'; t. It i ( ,n s • 

2. Sixftoen (If)) ('lilll;d(l]f'l:ica] stati()lls (:lIlxilliary stations). 

3. Fifty (IIIC (:>1) j'I'('('ijliLlti(lll St.tli(lllS. 

In gencl';1l, 111(lst Ilf tIl(' :;Ylllljlt ic sLtli()ns II:1V(' r:lllio !'L'al-time reporting 

facilities. 

An CXkll:;ivc ··\I~I'I>llld·llydl'lIllld s)':;tl'l11 is heing est;lhjished 

ull(kr tlll~ allsl'irl's (If tIll' l'el'lll:lllO'llt lllk!,·~t;lk C(lJl1IlJitf<oe f(l(' Dr'ollght 

Contl'cll in t IJ(' S;t11('l ( 'II ,~~~) thl'( "lglll lilt t hl: ~~:dll' 1 i :111 :1 ('(':I.
t This system 

includes sevl:r'al l'ivcr I.::leing ;llld Ilf'l'('ipitatilln stations ill the Senegal 

HiveI' basin. 

One of lhe ohjectives of the A. I. n. pJ'~)jcct is to assist OMVS 

in coonlinating the water--rCSOlll'CeS activities of these different 

organiza tions. 
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