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. ODA WATER/LIVFSTOCK DEVEIOPMENT MISSION TO TCHAD NOVEMBER 1972

S

SUPPLEMFNTARY HYDROGEOLOGICAL REPORT ‘“.

Introduction

This‘report aris es from an appralsal MlSSlOH to Tchad in October—November 1972
and follows an earller more generallsed ver51on submltted on the M1551on 5
departure from Tchad It expands the- sectlon on avallablllty of groundwater
- in the earlier report, and pays partn,cular attention to the hydrogoologlcal
conditions prevalllng along the partlcular trade cattle routes proposed for
develonment, confirms the desirability of establlshlng alternative and ‘cheaper
‘means of well constructlon, examines the specific. requests for a1d _and. suggests

‘some possible alternatlves. "The question of well melntenanoe is also considered.. -
N i . . .

The Trade Cattle Route (Piste 8 betail)

A number ‘of such routes cotiverge on the rhbattoirs.at Fort Lamy from the
outlying pasture areas; .this report .deals only with‘the routes serving thelareas..«:
immediately north and north-east of Lake Tohad. : Two tributary routes from Nokou
and Rigrig converge on Mao; in theory these routes should receive cattle raised in o
r\the areas borderlng nger. From Mao the route runs- south—south-east through t,*ﬂi{;
'Ngourl to Massakory where 1t is joined by a route from the admlnlstratlve centre.{hﬁ o
of Moussoro about 110 km to the north—east. From Massakory .the route runs south-_a
4\\west to Massaguet cr0551ng the lihe of the main road thence in approx1mately

g
the same direction across country to Fort Lamy.

Topography and Present Cl1mate -

The entlre -area 'forms part of ‘the 1nternal dralnage basin of.Lake Tchad
the surface level of whlch approx1mateo to 282 metres above mean- sea levelﬁ
The lake is fed by 'the River Char1 and its, trlbutary the Logone from the south
(Tchad & Cameroun) and by the Komadugu Yobe from the west (ngerla) :The"

\
lake now has no-outlet and the more or less constant level is achleved from

equilibrium hetween inflow.via ralnfall and r1vers, and outflow through

I

evaporation from the lake's surface ‘and the: 1ow—1y1ng sandy marglns of the lake. .j,'\.
and the northern edge of” the 1ake to about 600 mm- at Tort Lamy, July and August !
are the vwettest months. There is considerable annual variation in rainfall, l
and cycles of wet or dry years can give rise to a variation'in lake level of
several metres. During the wet season short‘rainstorms of high intensity are
common; the sendy surface of the land north of Massakory abgorbs the rainfall
without surface runoff and infiltration to the water table occurs. South\of
Massakory less permeable surface silts glve r1se to temporary small -lakes and

\ .

ponds during and 1mmed1ately after the rains:




Climatic History -

The ev1dence of strand lines and f0051l lake marglns shows that there have.
been great cllmatlc variations 1n the relatlvely recent past. The lake reached
-its maximum. exten31on around 19000 .BC when it covered some.. 330 OOO sq- km at S ,‘AZ;:jr
an elevation of 3?0 325 m (Schnelder 1966 pp e 5), subsequently the lake shrank o
with strand lines at varlous levels. Durlng the . flnal retreat staﬁes the lake
l ovorf]owed north castwards townrds the low country of the Bodele depresslon via

the now dry channcJ of the Bahr—el Ghazals -
Gcology : y ' o B . _'ﬂ> g V

Lacustrlne depos1ts varylng in age from Ollgo-Mlocene to recent Quaternary
entxrely £ill the Lake" Tchad sedlmentary basin and overlle an igneous basement
’fcomplex. "~ The - depth to basement varies over the. area but -is- said (Schneider 1966 p})

to reach 1500 m near the border w1th nger where subsldence has played ‘an. 1mportant

role. At lort Lamy the basement is belleved to 11e at about 550 m below surface."

Immedlately overlylng the basement there may be a few metres of Tertlary
sediments (Cont1nenta1 Termlnal) but these measures, if present at all, would be
too thin to constltute an aqulfer. By far the greater thickness of the.sedlments.

-comprise clays, snndy clays and clayey sands of Pllocene age, above these lie, '}i L

(3

north of latltude 13 N (through Massakory) 40-70 m. of sands with clay intercalations ,V?:
forming the great ‘sand- mass ( 'Erg') of: Kanem.y Wlnd actlon has redlstrnbuted the a
‘- upper part of these sands 1nto dune ‘forms w1th frequent lower lylng 1nterdunary
fﬁdeprcsslon, in the bottom; of whlch are thin (commonly 1- 4 metre") of shaly,

flood dnpo.lts,' 5 nl]ow f]ood water (common]y 1ons 1hnn q metre) may nccumulnte

1ampn|nvlly dnulnp tha wot nonnon. Govern) motron of rh«ont Ilond—dcpnﬁwtcd

ahiles Are pronont along the floor ol the Bahr- cl.ohﬂdﬂ-nnd nonovtn(od rnmufyan 'Af>ny.

i

depressions. Lake- dep051tcd dlatomaceou earths are also found 1n thc depresulons. i

: i -
South of Massakory, sands of Quaternary age and Pllocene/sands and silts
have been planated by retreat stages of the lake.i( The 51lts are poorly permeable e

B and glve rise to per51stent ponds durlng and Just after the ralny season.

,._ .

- Fort Lamy and 1ts ;mmedlate surroundlngs are‘underla;n by the_recentralluvial';fj""
" flood.plain deposits of the Fivers Chari and:LogOne;a,these'consist mainly of

fine silts.- - R ' Y

Hydrogeology o S g

The Quaternary sands forming the great Erg of Kanem provide an important
unconfined aquifer north of Massakory, and throughout the Massakory, Moussoro and
Mao areas the water'&mle lies at fairly ohallow depths, partlcularly beneath the

bottoms of the’ 1nterdunary depressions where levels of 1 to 5 metres belowxsurface

s ’ o - . . oo
7 - . f ~ W : .
7 . ' =P . oot

4 . o . 2 o :

(bs) are common. Between Mao and Nokou. depths up to 8 metres bs are recorded




and on parts of the route between Moussoro and Massakory the water- table may

lie as. deep as 10 metres beneath the bottoms of 1nterdunary depre551ons.

S——

Between Mao and Ngouri the depth to water table may Sllghtlj exceed 10 metres./

'7 Tradltlonal wells con51st1np at best of brushwood lined holes in the ground
w1th an arrangement of Doum palm logs to form a rudlmentary s5ill at the surface

are often to be found in the interdunary depress1ons where the presence of shade

makes the site attractive to.herdsmen. The water is ralsed - commonly by young

boys - by means of goatskln buckets and discharged into a mud-walled pool.

Condltlons around the well top are far from sanltary and encourage the spread.

of bovine and possibly human parasites.  Nevertheless, partly because of their A'_,

situation, herdsmen evddently prefcr such traditional wells to more mOdern deep’

wells of concrete; - - on two occa51ons the Mission saw concrete wells - sited on the

duncs‘rather than in the deore551ons - that had been/allowed to 511t up and then _f‘“

abandoned. The presence of a deep water . column’ in concrete wells is a further

- factor which may mltlgate agalnst the1r use; - a. dropped goatskln bucket cannot -

easily be retrleved and it -is not unknown for herdsmen to dellberately 1ntroduce’ytbikt

sand. Maintenance of deép wells presents-therefore a con51derable problem.

The level of the water table is sald to fluctuate up. to 4O em seasonally in*

\':- response to 1nf1ltrat10n from ra1nfall allowance for thlS factor should be
.}\p; ‘made vhen shallow wells are deslgned to P?netrategthe Water table by not more ‘than .’
2N 1-2 metres. A ‘ e R o _“g IR : 3
.\ ‘The Chemlcal quallty of groundwater w1th1n this’ aqulfer is good throughout the .
-l
: area.:

 Within the trlangle Mao Nokou—ngrRugimlnerallzatlon is everywhere less than :

- 0.25 grammes per litre (g/l) '-elsewhere it does not exceed '3 g/1 and 1s commonly “".t’
{71'much less. ' ' .

. - . I E 1
; . E . . .
.’

Wh1lst unconflned condltlons are generally present at least ‘in ‘the upper o
layers of the Pllocene sands and sandy s1lts which’ occupy the areas between Massakory:

f‘and Fort Lamy, locally. conflned cond1t1ons may occur: at depth.-
thé main road, ?O Jam west of Mas

At Naala along81de
saguet, the water table in ‘an open shaft (dlSUqu)

lies at )8 m, but a recent nearby deep borehole (now 1n us e).encountered over-

i
|
o
b
%
flowing artesian condltlons. . Between Massakory and Massaguet the level of the '
‘water table varles between 15 m bs at the’ former and 40 m bs at the latter; -in '
this general area are 'a number of drllled boreholes equlpped w1th motor pumps.
Along the direct route between Massaguet'and Fort_Lamy.(south of the main road)

the depth of the water table steadily reduces from 4O metres to 10 metres at
Fort Lamy. . ’

Well Construction

An unconflned shallow aqulfer is present throughout the area. ‘Further deep

boreholes fitted with pumps would ‘appear to be ‘unnecessary and in fact none are

requested. - The requlrement is for open.dug.wells sultable for abstraction by hang
< . . . -

et e e v e
heda, -




1
!

or animal power.l' Existing proposals favour 1 8 metre diameter shafts of concrete

construction 1ncorporat1ng 5 metre 'filter co]umns' ‘also of concrete, below the,

‘water table. . Such wells are expensive to construct and install' largely due to
the high cost of cement which has to be imported;’” Other’ dlsadvantages are the
conrentratlons of animals which inevitably occur around the well-head leadlng to
1nsan1tary conditions - .one 1.8 metre diameter well can accommodate up to 6 buckets
at the same tlme - and of course the excessive depth of water in the well makes cleanlng
and silt removal dlfflcult also leading to loss of buckets whlch may be ;

accidentally dropped.

The substitution of multiple single—hucket wells.of approximately 1 m diameter _%,
and extending 1-2 metres only below the water table has'the following advantages; %
(1) cost is likely to be less; (2) local unskllled labour can be used to dlg‘the : i

wells; (2) heavy concentratlons of anlmals are’ av01ded ) abstractlon of '

groundwater is spread over an area, (5) dropped buckets can be retrieved and

) well-linings present no problems other than cost but 1n thls part of Tchad - '.‘45\

CUN
\ there are no materials locally avallable; although brushwood has been used w1th

v

.~ and developlng a sectlonal 1nterlock1ng plastlc well llnlng for use in’ small

\ " With the ald of an ODA research grant thls Instltute is currently des1gn1ng

there is no temptation to art1f1c1ally reduce the depth of water in the well;

(6) maintenance and cleaning is simple; = (7) 1f constructed 1n approprlate plastlc,

corrosion problems should be minimal.

In areas where rot—proof tlmber or sultablebrlck/stone is avallable,

11m1ted success.

B bt L R . .

uhallow wells ("MlnlpultS") If succeusful the de51gn should find an 1mmed1ate
aopllcatlon in Tchad, where it should be p0551b1e to 1nsta11 M1n1pu1ts ln groups ,;1.
of 4 or 5 in interdunary depre551ons. At present 1t is env1saged that Mlnlpults
could be used at sites where the water table is 5 metres deep or less, but

experlment may show that.1nsta11at1on at”’ greater depths.may-be feasible.

Probable Well Requlrements and Costs Along the Plste a betall

1. Fort Lﬂmy - Massnpuet, (dls tance - dlrect route - 60 km)
.‘Tho quuoet rclatcm to ) wells on A’ 1onger route (QO km) via Adcnou,

Morroum Mjchdire; Kﬂrkam and Gnhul. i “am not clear why such a roundabout :
route should be followed on the dlrect route via Gaoull Redina and Goz el
Kanado, only 2 wells would be required to give a 20 km spacing between wells.~
Well A, sited at 20 km NE of Iort Lamy would encounter the water wblo at
ahout 20 m bs and Well B, H0 km NE of Port Lamy, at 30 m. Wells would have
to be of convontional construction, i.o.'of_concrote and mnd 1.8 m diameter
tognthor with npproprinte ilter column, ourfhco plntforma and capingn,

“with trougha. : T /

’ L .




b

Massaguet-MaSSakory'(direct distance 65lkm,ironté quoted - 102 -km)

|
i
t
_ ;
However, for reasons as yet unexplalned the Al Zara21r borehole appears not to be in
i
i
H

- between Goz leek and Dapkaraye as the dlstance between these ex1st1ng

. Cost of 2 wells (calculated on same basis used-in request.documentj-f'

Lined well, above water table (1 @ 30 m & d’@ 20) h B , "',f /o
. - 50om-@ _ 90.000 CFA-= 4 500 000
5 m Filter columns ':‘31'_'. '_f 1'=,‘ 2m j @1 050 -000 ,"=f 2 100 000
Platforms and Copings =~ - 2. @ 565000 . = 1130 000
b m tronghs o : S ' , h ; ]fﬁ:f 12 e 80 000 ‘:'f=h' 720 000 -
| o | . 8 450 000

9 295 000
10 225 000 CFA

n -

IR antihéeneies.+ 10% - -

i -

Cost increase + 10% -

The cost of 3.we;15 on the_same basis would be 13 633 000 CFA

The significancejof the route quoted in the request document is not.understood,
in particular, Am Sénété does not appear to lie on ‘the route at all.

The area is>Me11 served>by pumped boreholes with tanks and.troughs'(é wells

',were recently re-drilled by Balskhany). - If the ex1st1ng Balakhany borehole at

Al Zarazir. (20 km north of Massaguet) is used as a 'staging post' between
Massaguet and Goz leek “the trail: would remaln on the north side of the \§ 1

main.road and ‘the longer trek (30 km) between Dapkaraye and Massaguet av01ded.
worklng order. At. any rate there is-'no need for a well at. B1r Barka mldway

operat10na1 boreholes 1s only 22 km.

One. well onlj is reoulred in thls sectlon of the plste mldway between Gol D1bek
and Massakory wvhich are 32 km apart ThlS would have to. be of conventlonal

construction as the water table at the 51te 1s approx1mately 20 m below surface.

/.
7
»" .

--...__,
e

The approx1mate cost of thls well would be

} ! . N .

L;ned well | | '-’;.,:":‘1 ib‘h'f .\Yf-,' 20 m’,/@ 90 000 CFA = -1 800,000 CﬁA:
5m Filter columns ~ . == L L e -‘Ab" @1 050 000 "= 1 050 000 i |
Platform etc . oo 0 :-:- S e 565 000" = 565 000 _E ?
Troughs - g ,”@ j'8o 00 .= 480000
. L . /, c - ,'_' - 3 895 000
- i Contingencies:+ 0% = b 283 500
Cost increase + 0% - = b 712 OOOCFA |
: " -\
/

EOe Y S M VL e
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Massakory-Moussoro, (route quoted 1271 kms)

Five wells are requested, average depth 20 m. - At present the route followed
\ by - the herdsmen south from Moussoro is via Kalatlo. "Doum Doum, Chedra,

7 thence down the Bahr el Ghazal to Massakory. The proposed route Via

Eglei Yoroso and RldJll Haz (vhere there are dloused and partlally fllled-ln
cement wells 1n talled by the French (FIDES) durlng the 19505) would. revert
“to a tormer plste, ‘believed abandoned because of thleves.: Careful selectlon
of a route to include intérdunary depressions for Jnotallatlon of groups

of Mlnxpunts should substantially reduce CO>tB 1n thls cctlon, but allowance
should be made for 1, p0551bly 2, conventlonal wells averaglng 15 metres
depth (not 20 m as stated in the request document) - In the following .
calculations,%tne cost of a 1nple Mlnlpult (1nclud1np surfnce works) ha
Eboen nssumed. £o umounf to )60 Q00 GT'A nnd n pronp of % 10 1 800 000 (PA. '
Howowhr"it i poscible lhnt the e 01 MLnlpuxr mdy bo mppmoptiuto ' ‘

lhnouphnnt ihiu sockion.
Convenlbional wellm:

Lined wells - .. (27@15m)  30m @ 90 000 CFA = 2700 000 CFA

Tk m Filter columns :'k“ S ’ -‘f'j?il-a'_j'i@j 910 000 .. = ? 1 820 OOQ\
Platforms - | o 027 @ 565000 ¢ .= © 1130 000 -
Troughs - ...@ 80000 =, 64O 000 --
Minipuité: - - . - o0 4
3 groups'of 5. . o St Ueocnhoo T 5 400 000

“Troughs . -/ & . . L g @ ~ 80 000:CFA =- 1 200 000 .

U Coe /o [ S e
g i A1l wells . ..~ 12 890 000 .
- ! ; Contlngen01es + 10% - ST 179 000
s : ' '_ o %ﬂ “i. Cost 1ncrease +10% . - 15'597 000 CFA

In addition'tnere is the cost, qetalled in’ the request document, of part1a11y »

equlpplng the ex1st1ng new borehole at Moussorz.f
Massakory-Mao (route quoted 149 km) S . T

i

Five new wells are requested in this section'plus complete equipment for an
existing hew borehole at Ngouri which would supply the town as. well as the
cattle trail. R K .

As with the previous section; careful selection of route to include suitable
interdunary depressions. should enable Minipuits to be used at points south -
.of Ngouri, but between Mao and Ngourl_two.oonventionul wells, average depth

about 12 m may be reduired. However Both’this and the previous section

6- ' s




(Mass wkory—Moussoro) nccd to be surveyed on thc ground bofore rlior nre e ;?

“finally selected - use Oi.MlﬂlpULlC may prove toaclble throughout the routon

~with resultant savings in costo. Probnblo co'tf ln_this,seption-nro“uq

follows:—
Conventional wells:

2 160 000
1820 000
1130 000
640 000

Tinedwell .. . (2@12m) - 2hm @ 900000 CEA -
y m‘Filter_columu7‘{ftv;4':’;j.“ﬁ o '*jﬁ“f.zﬂi @ 910 000.- ©
 Platforms vt . o 0T 2. @ 565000

' i @x s o8 @ 80000

S

Troughs

p Minipuits:?’?ﬁf?&f:f-;f‘il;iwf-;.' .f;tsz{;r;z:'
CBgroups of 51 - Aot T oer o o 5400 000
‘Troughs .- w0 0 /0 7iAs @ 280000 CFA £ 1 200 000

o "1; o f.All wells, = . 12 350 000

A ?>,'1'"fi'i-1' . A jli Cost increase + 10% - b oby OOO\CFA
Plus cost of complete set of equlpment for Ncourl borehole (see request

document). _"_ 0 r_f']" o *z"j}/

Mao-Nokou (quoted route 84 km) - y;[
\‘ .\ . .
Three wells, average depth 12 m, are asked for, plus equlpment for ex1st1ng

"borehole at Nokou.;. T ‘”} .;,‘"' .- .j' .

S . s P . .
. P

Use of Mlnzpults may be p0551ble throughout the route, but allowance

:,for 1 convent1ona1 well depth 10 metres, should be made for the area

1mmed1ately south east of Nokou. ff; .?\ A }/H
. . _ S e g ! -
- . aE L

Conventlonal'wells;pi A Y

Lined well = = S (1@a0m) . 10m @ 90 000 CFA - . 900 000 CFA

h m Filter column e 4 @ 910000 . 910 000
Platforms . .. -~ g - F1 @ 565000 . ' 565 000
Troughs SR S @ 80000 320 000

2 695 000 CFA

Minipuits: R
2 grovps of L : - @1 440 000 2 880 000
‘Troughs : / 8 @ 80 000 640 000

, . A1l wells 6 215 000
< i ' . Contingencies + 10% .6 836 500
- Cost increase + 10% . 7 520 000.CFA.

Plus cost of equlpment for existing Nokou borehole (see request document)
e, 2

.

5750 000 -

Contlngen01es b 0% .. “'13 585 000 - |

i . oy g 4 St




Mao-Rig Rig (quoted route 112 km),

Six wells, average depth 10 m, are requested. _ y

T e

L

lnstallétioq_oflsix wells_woﬁldwmean;gn ayerageingcing of'l6ukm oﬁly; ;
5 wells would appear‘to-be more realistic.. '~One conventional well, depth ]
8 m, would probably be needed on this stretch of the plste, Minipuits are -’ {
likely to sufflce at the remalnlng 4 water p01nts, glven careful selectlon ?
" of 1nterdunarv depress1ons en route. ' ' !
: &
Conventional wells: ' SR :
Lined well . S (1e8m) - 8m @ 90000 CFA = 720 000 CFA }
Cbm Filterfoolumn( ) | 177 @ 910000 = 910 000 i
" Platform . ’l / -_@"4565 'OAOOv "= ' 565000 . ¥
.Troughs ST S 4/ T.@ 8000 < = 320000 |
‘ | . 2515 000 -_E
Minipuits: ) ;
"4 groups of iy _ itf;'; ":jfg...-ylf , A'.;; @l.440_OOO‘ : 5 760 000 E
Trowghs * cc. . oo L - 16 . @ 80.000 " | 1280 000, @}
S Mlwells 07 9555000 | :
Contlngen01es + 10 -0 510 500 g %
Cost increase + 0% - 11 562 000 cﬁA :
' T ¢ ' S T
Plus cost of partially equipping existing borehole'at Mao. "Z
"\ The' probable total costs for new wells (conventlonal and Mlnlpults) along : ?
'all the progect routes therefore amount to -;Q";C ‘ir - ;/fa}f>k;ﬂﬁ‘ 3 y
: S SO T ',/ﬁy" B o j
Fort Lamy-Massaguet CL 2'convent10nal wells R - 10 225 000 -
Massaguet-Massakory _;lf‘,":__"ﬂ E; A A..v~?':,//r : ;"U 4 712 000 N
Massakory-Moussoro 2 o ;l C R T %;
: 5 .groups of minipuits = ~ =+ 15 597 000 2%
Massakory-Mao . 2 conventional/wells o : . 1;;
3 grouns of m1n1pu1ts .14 o4h 000 é
Mao-Nokou 1 conventlonal well L ;
' 2 groups of minipuits ' 7 520 000 i3
-Mao-Rig Rig 1 conventional well |
i groups of minipuits 11 562 000
S . . * Grand Total 64 560 000 CFA |
. . . N \.
/
!
. ¢
// _8_ , ) i



If, as the Mission report recommended, wells are not. to be - sunk at - present

on the Mao- Nokou and Mao-Rig Rig sectlons of the piste, the approx1mate cost ~/ p

of the remainder of the scheme would amount to 45 478 OOO CFA

_ The above costlngsiassume 32&35 alla that there is some latitude for well
site selection, and that the route of the E&EEE would follow the wells,'rather ‘
-than vlce versa. * The- 1mportance ‘of careful 31te selectlon on the ground o .
cannot ho over emnhﬁ”:ood, ”oc1olog1cnl as well as hydropeologlcm] fnctorﬁ arc
invelved.”  Site selection uhould not be left to a contrnrtor Propor t:t1ng._ .
of wells WLJ] not onLy ]oﬂd to. considerable- oav1ngs in cost but should also ensure ,

their ontnmum u3e.

Equlpment for LX1sting Boreholes

The M1ss1on recommended in its orlglnal report that the equlpment requested
in respect of four ex1st1ng boreholes should be supplled forthw1th. ‘The - poss1ble '
exclusion of .the Nokou-Mao section of the piste. from the prOJect should in’. no way
-negate the provision of- equlpment for the Nokou borehole, whlch would alsoﬁprov1de :
- a badly-needed publlc supply for the town. Con81derat10n should be glventto,v~
_Drov1d1ng dlesel bowered shaft- drlven turblne pumps 1n place of the: electrlc
,submer51bles usually suonlled -on. the grounds that the former should prove 1n1t1ally '

"'cheaper and subsequently ea51er to malntaln.b

Constructlonal detalls and test results of the boreholes should be checked
w1th the Tchadlan authorltles before orders are placed. 1, e ' S 711}‘
' Malntenance of Wells and Runnlng Costs of Boreholes fi_,?“"

| 3 . o . N - .

In the present state of the Tchadlan economy, 1t would be wise to make -

ilnanc1al prov1s1on, over,a’ llmlted period - (say 5 years) both for the maintenance

of -any open wells whlch‘may be nrov1ded and" for the runnlng costs. of pumped. boreholes..fs

" The figures quoted in the request document appear to .be reasonable, and I have‘

no reason to disagree them. It should be noted however that'the prov151on of B

. Minipuits in quankity should reduce the well maintenance costs to some extent. -
It should also be noted that we are now asked to contrlbute to the running costs - "
"~ of only two (Dapkaraye and Massakory) of the six boreholes recently drilled and

equlnped by Messrs Balakhany“ Goz leek was sunk’ w1th the aid of FAO funds and

Massaguet by the West Germans.-  No mentlon is.made of the remalnlng four Balakhany i'

boreholes -(see following sectlon)

The existing stations at Massakory, Dapkayare and Massaguet are knovn to-be,
and the station at Goz Dibek thought to be, maintained to a high standard by
resident mechanics, and presumably full-time caretaker/mechanlcs will have to be
appointed to the remaining stations at’ Mao, Mossoro Nokou and Neourl once these are

equipped and operational. . If the "UNDP training’ scheme (see .final sectlon)
. . . ) . ‘\._ . ‘
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is implemented according to progromme, some trained'mnintCnanvo staff. should be,
available in about 2 years time. It hoqu be omphnawfod tth the nrov%rton of
mOoh\nlcwjly pnmpod borcholc“ wtthout 11n4n01al prOVLrLon for their maintonancg

cannot bo rocommonded undcr “the pre sent 01rcumotanros. o

Boreholes Recently Sunk and Lqulpped by Messrs Balakhany ;
Do;plie a further wrltten request to the Tohndlnn author1t1eq for anformat:on ,

as to the present state- of these 6 boreho]es, no reply has yet been roce:ved and it
must be assumed that only two are currently in actlon i.e. Dapkaraye and Massakory.

- I am unable therefore to add to the remarks in the appropriate sect1on of . the )
M1551on s original report. Perhaps the Crown Agents or their contractors could '
shed some light, but as matters stand 1t is difficult to av01d the conc_u31on that
" the drllllng or re- drilling of some of these boreholes may not have been strlctly
necessary. It may be 51pn1f1cant that the present request makes no. reference- o
to ‘the four boreholes known to be out of- actlon. through part1al or total lack of
equipment. Attention has been . drawn elsewhere in this report to the apparent
de51rab111ty of utilising Al Zarazir (re- drllled by Balakhany in 1971) as a waterlng

point 1n substltutlon for Dapkaraye, thereby shortenlng the route between Massakory

and Massaguet by some 30 km. .
‘Alternatlve P0551b111t1es for A1d 1n the Water/lnvestock Fleld

Although lack of water 1n the dry season 1s clearly a factor in the loss of
welght suffered by cattle durlng their long treks to- abatt01rs, lack of pasturage

along the route is al“o 51gn1flcant. - In the case of Tchad, groundwater is .

locally abundant at shallow deptho, .80 that the flrst is relatlvely east to’ rectlfy, f' .

but prov151on of  fodder -or 1mprovement of pasturage is more difficult and likely -
"to- prove cons1derably more expen51ve. In my v1ew the re]atlve 1mportance of

"each factor in thls problem of loss of welght has. yet to be establlshed ‘beyond

reasonable doubt, but it may be that Jlack of food is the more. s1gn1f1cant._‘ It would o

seem reasonable to assume that beasts on trek under arduous condltlons expend more

- energy then- they normally would also that they are able to consume only a fraction

of their- normql diet. " The resultlng 1mbalance between cdlorie 1nput and energy outputl

- inevitably leads to weight losses which.the prov151on of addltlonal water may allev1ate"

"to some eytent. S o , 7'lf f

Groundwater 1rr1gatlon of fodder crops., at or near’ waterlng polnts along the Dlstes
would appear to be technlcallyvfea51ble, the shaley ‘soils in many of the 1nterdunarv
depressions seem to be cultivable and there is sufficient groundwater storage at
relatively shallow depths to supply limited irrigation projects at low pumping costs.
What appears to be needed is a pilot project at one or more points along the route,

but the economlcs of the exercise would not be. easg to determine. h

The fattening/finishing of cattle .on non-irrigated ranches'in close proximity

to major abattoirs has been recommended by the US Department of Agriculture
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(Carter and McIeroy 1968 p46) However in view of the apparent suitability'of.
the flat land arourd Fort Lamy for irrigation and the proximity of the Char1 :

1

\.,’
‘river as a vaot source of excellent quality water, further con51derat10n

should be glven to the possibility of produc1ng fodder crops locally under o N S

_1rr1gat10n. The introduction of water into the surrounding countryside via a

c:nal system might be investigated, and the costs comparedito those'of pumping

groundwater from boreholes; . yields of 10-20 lltres/second should be ea511y

obtainable from 300 mm boreholeo sunk to about 75=100 metres. Groundwater
reserves. in this area are con51derab1e and have scarcely been drawn upon.

Using 1r11pﬁ11on present Jtocklng r1t0~ on enclosed land of 1 bcwst per 4 hectares
should be more than doubled.  For comparison the stocking rate on unenclosed

unirrigated land is said to be 1 beast per 10 lectares in Tchad.

Catt]e are producod/fattened on enclosed but unlrrlgated land at the PRODEL .
ranch between Massakory and Maesaguet, these beast still have to be trekked to =

Fort Lamy approximately 100 kms distant with consequent weight loss en route.
- Well and Borehole Maintenance Training School = UNDP - B S i ) o !

The fundamental 1mportance of establlshlng eff1c1ent arrangements for. well
and borehole malntenence within developing countrleJ such as Tchad ‘has been K .\\l1~1
“stressed prevmously,(eg Carter and McLevroy 1968, pi6).  UNDP has' made proposals
and ins carrently financing the greater part and oversceing the setting-up of a .-~ . - 1
. training~school (believed to be at Fort Lamy) for well’construction and maintenance .
\peruonnel. : Itu detailed programme and obJectlves are set out in the attached

memorandum supplled by M. Bonnev1e of UVDP.

Trom thls memorandum 1t appears that "UNDP are prov1d1ng all tra1n1ng )
personnel, materlal and Cqulpment (1nclud1ng transport) for the school so thadt o
opportunities for bllateral a1d in thlS fleld would appear to be limited in this .
‘.'case. . However, ‘the Tchadian Government are expected to contrlbute 30 mllllon
‘:CFA over 3 years, mainly for the constructlon of offlces and other project
premises and - for the salarles of tralnees. Bearlng 1n mlnd the present precarlous'
financial situation 1n Tchad thelr ‘Government might welcome bllateral a551stance
in meeting part of these costs. Pos51bly an.offer/to,meet the salarles and
expenses of X npmber of tralnees for-the 2 year duration of their courses would

prove accentableito the Tchadian authorities;

JOHN B W DAY
April 1973 °
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FIGURE 1 °

. HYDROGEOLDGICAL SKETCH MAP OF PART OF
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