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IfctW OB'^ort-pf KMjr* W*ter Problem, bj
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' H— 1. 1% the dlffi.blblV ;
. , ■ BrtalBc fYom wi.roltjr of wter n»p»e* b. remedied feri

* oadip'aSmi^, yti that ^/tl» o«ee-e^bbe^^the^

Proijtler Prorisoe e^rtllflg-ireeulte mey 
- ;.^‘fr^feorgenleed preKrenee of anbaoll water dwTeloiilei

U Bleo affirmed that In the dereloplng of eobeoll 
•mter by drilling Ilea the main hope of promoting the 
iLgrloaltaral and paatoral progreaa of the Ooloay. a. 
opportunltlea for Impounding water era wary rmre. and 
thm Mat «f wueh pro'jaatm la axoaedUcty htCh. and 
laaml la Ita effaet.

»Ma 9. Tha HI ft Talley la partlenler offwra 
mlaeat wBllmlted aeopa for detailed lareatlgatioB.

Pane Id, Aa regmrda tha MaflUl mtaa, the oaa- 
Aitlana warrant drilling In the flrat parallel ralley
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ar*
- I-? ^«tweeii the rlft» on the east elde of the lake and

k bore-hole lo the middle oi
• i-

' oloee to the railway.
taka Saerndt woaU aartalal# dlaeloae data of the

1 * i
f. « :

•raataat aelaatl-fla lataraat, aad peaalbly fraah «tet 
ba found below tha alnerallaad lona. bat Irlll- 

' lay Bhould only be eonduoted under ekllled adwioe.

I Page 15. Tube welle eoald be drlren la aaady

/y ^ ^tehaa to be found M tha aharea of Lakta Vlotorla
■yaaaa and Albert with a aartalnty of tapping 

1 V aa abaodaaea af good filtered and olaar water. Aa

ragarda Uka lalralaha. tha gaolegleal aondltloBa 
jmatlfy the belief that awooaaafbl tab. walla aewld 
M drlraa ahlel^ would amatre an aapla eagply af wmtar
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Many of tho owoajio frlogloff tho[ 
iistoT lakes and roBDlnie inXaod 

»^i»}.l worth pya^so<^|^^%^.s«M*lt water.
ii.v 

^ 'U hOtr fdllr^va* Ml Vak. the water snppllsa 
r> ooold ho l^)reTs< bayoad reoogaltlaa by simple 

works, and Is the lorlaa swaop region the

( •

% Fasos ir oe.

i

i

^ ».?' ■.

^eloglsal seadltloos appear to farour the pre- 
; seooe of sabsoll waters of good gsallty oTsr a 

dlaag ths Oaos Blwor 
separatlag Kenya aad dbysalala, a series of 
water atattoas ooald be MabliShed under asst

Fosaibly a asthodioal a>.

rv'-;-- \xwide belt of aoqntry.

o. page W they refer to the "Star*, a 
' ■aehine of diHrioan origin, as being tho -oat popaUr 
! portable pereus.lon rig. and one w«oh has far Oat- 
^ sold all other types.
t Already bees aedslred. by ths Ksoya oewer

• •/ • I
pl«»alllg OODlitlOM.

I

ploratlos of the Inks beds would result is the
d speeial1. 1

flhls is the type wbiok has, /r-1 looation of bettor taality asters, 
report on water prospeots in the lorthem 
Prontisr Prorinoe will be fouad at pages »T-dB

mi) *I

I ■'

pf th« rpp^to:jvN.
• -s

d saaber of aater ooarsos aero 
seen whioh ooald be daralopsd by drirw take 
wells.

Fade BO.t;-

Fans «a. Bo heaitatios is felt is eesert- 
iBg that boreholes are Uksly to afford ths baa 
safest and ohaapaat solatloa of ths water sapplb 
of nest dlstriets wkera aedsrato tnaatitlea are 
needed. fbere esastities in sxesss of, say.. 
5O.0C0 gallons a day are rofolsltloaed.’ the i 
tloo of some other souros of supply sbeald be 
easeidsred.
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---- Eaagra Bater prohlaaa. I atta^
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abloh poa *111 aaa that tba 
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Fi«. 21, Tyi^ Scenery near IsioTa (d«:o«ipo6ed 9|^t« and TuffSl 
,, 2#, The Water Holes of Wajlr fljAtoji nrjjelf^aii water In^hJy 
^ ' moieralned).

N.tiws ^Mni; fi4* Ci4tk«« w,ll at ya',
Sjt Wal (I7_»iaii tod.lrcuabi enipl«y,d o4 at<^ in anil to 

‘•^1^ ' ■ up «Ki <l,*ni
^ BaiMof a tracer Hole til W'ak (nne ot thetvir, (ea ttm^lit .

J'-: hoto aW bu-ite lierda t>( caoieU altaniered dn«v)

' ‘v^r N i-«, -- j' .. w ft A

i.,’ Kenya water problems... 45 rhf Lakcat Wei«r.

*6 Nrver Oaua, Fronii^' of fcihtopia. iwar Rauu td*nf wnter 
obuii»ble ii»i)v«rM«nd and (travel 

.- ^7. Wai^ at e.ca^^ltied^T.nfc. •« ton™ So.1
• Tank of s cooion* .aperiry exenvated >n ( otton Soil

Impowjiled Water R«rrv.iir 
<*ountr>;

V> l>opleii Steaio Pttmp in well 
; \ « entnfuitaJ Pump in well 
;i ‘'•nffle Acting: Bore hole Pump and Surface Gear 
via Double Aatm^ liore Pump and Surlaet Gear 

•Mai Kj^ Isteam puweri
"Mt Drilling kjjr (ud engine dnven)

Flia ExcnUncy,
)bUi Edwaju) Obkc.

('jOVERNM£NT Houfik,
Nairobi.

ir> the Machakoa (gneta* Sir*
We have pleasure m presentiog the attached Report 

haswl on the recent td&it of our seaior partiMr who desires to 
take thi!> opportunity oi acknowiedguig with fratitude the wOJ- 
mg aatcstance alli d and social courtesies extended to him by 

ly oihoiab with whom it was hts pleasure to be placed 
tn ccmiact dutmg the many safaris undertaken
the

The gravity ol tlie water situation was repeatedly brought 
home very’ forcibly during journeys to the more poorly watered 
districts, and on many occasions the distress caused to men and 
auimals by the scarcity of water was witnessed That this state 
of a^hirs can be remedied in many regions is certain, and in the 
case of the Northern Frontier Province startling results may 
fottow an organised prograjninr of subsoil water development.

No hesitatum is felt m a|irmmg that in the devekiptag 
of suhaoil water bv drilling lies the mam hope of promoting the 
agricalturaJ and pastoral prognrM of the Colony, as opixn 
tunfttas lor unpoundtng water are very rare, and the cost of 
curb profacts ts exceedingly high and local in its effect.

Daring a Msit uf some eight weeks duration tn Kenya, 
m addition to a furtlwi live weeks journeys in I'ganda. a fair 
Kiea was i^Uained of the watar diffi^ultias of thi^ country. Moat 
attention was naturally direc tgd to those areas where the watar 
WMCily was moft aiute, but tuch wide strips ol temtory' are 
rharactensed by similar topographical and geolugicai conditio 
that almost Mknticai problems at« repeuduged and the same 
rcmedim are affihtahir. A map a iaemporatrd showi^ the
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lMMliraeiltation..4iKl flltntioa cbainben ••« ■ ■
provided. Ob «ccog|it.«< th* itmtf to'woid the ibove difl-' '^3^ 
cukio. tka use of subsoil wster is advocated whoever circam- 
kttnces admit. There are natorafly at timas obvious supgIaM 
iimn springs wtfich it would be foUy to neglect, but very distant 
soonies of supply are apea W the objection of possible damage 
to ;dpea along the lines of their rouM. When a piped supply 
fodoau tba satiwuy, there art fewer objections to long distance 
transmission as the ayiten comes under the immediate observa- 

V officials, but, generally spsajting. it will be iound
■' Xt 4. cliM^^^rkl more convenient to have a number of water stations 

with independent supplies than to place reliance upon a siagla 
Si^urcc for a long stTPtcli of line.

to the pumps, nol“hi*> >=■'-

\
2

/ I

. .T ,e
il'.

Vw ■ - nothms^r*.‘*1!!"^ -«et witk ^ '

. . investing ensure the full extent of the difficult,,, being

Referring specihcalli to the railwai >. and more generalh 
to eg„«s remote from the line, it wss apparent fimtk "^t

d. mands for water are increasing due to the natural increase 
t aft, rf settlements cmtne, ted with devel,.,,-

em As regards the tmaJ or parb.I failure o, supplies deemill

eatf, 'rt’ a 'a™: *'*''■ --*•*-" “<* <*"' "■

s77e77 ’"'“ft'- ft-'- t-oftrbh
1 suited from laas., connected with rainfall
bkeh to greater uses nearer the wmr, e of supply, Ttu nriwress

uT' '‘7a*"c on the Und leads to stnkmg
■l.angcs ,„ ,he ,iistnb„„.n, of prer,p.,ated ram ; ploughing of 
onl drainage of land, destruction of forests o, clearing of scrub

1 s r .17'"^' j T:’ - •***■
an r du.e the pe rad of flow of sprmgs. Increased popula 
MU, and iiiiderr, saiolaiy p.ovision alv. o|..rate in d.-pll^g

Viain'Mi'erel'? 'f'" ‘7 "’I"''™™"'
vpart fberelore fr™ du.turb.ng fluctuations of rainfall l.„|,

■1 1, gards amount and incidence
Ic-ss reliau. 1 sfH.uld la- laced 
dimensw,ns

The development and use of subsoil water calls lot 
material changes m the type of plant for water cxuictmu, and 
these nutters are discussed elsewhere. .Not everywhere can 
underground water be obtained 111 useful ijuantities, so that any 
work undertaken must be done with diacretion asd under advice. 
The customary means of reaching subsoil waten are by meaiu 
of Drive tube wells, shafts or hc-ottings or boreholes where the 
water is deep More detailed reierence to this subject will be 
•mind on fuges t<| to 14

(UOUlOtCAL nATURBS^ The geologKal conditions 
of Kenya can scarcely be regarded as lavourable lor water 
supplies, but in this resfiect they diflet little from so many otlier 
parts of .\fnoa where the geological featuraa call lor exoaptkioai 
liaiidliitg Sc cjdics .are numeroiis enough to discourage activities 
where the prospects cannot fw clearly defaied. for amimgsl 
Waterworks Engueers thare is a strong disinclinatioa to pnibe 
into the earth after the unknown, if visible supplies of

be collected and stored. Impounding water is. however, 
far too cosUy a pnxiedure for most young Colonies with limited 
funds lot dispinal, especially as there are vi many objections 
and diftculties connected with the storage ol water in tropical 
louniries. Much more extended development results hum a 
wide distribution of small water units tluui from 
in some region bounded by the limits of a reservoir The earth 
Itself constitutes by far the best container ior water which 
lule undergoes punhcation in its descent and travel through rocks 
where It is preserved hoB pollution and evaporation losses until 
sbstrarfed lor use. CiysUUine rocks which cover the bulk of 
Kenya are not good water yielding beds, lor neither the vokanK, 
'"Wamorphic. nor igneous types are themselves porous and 
liermeahle. but lortunately they are sufficiently Assured and

va^aru-s ..r more

I! IN Cfitain that lesN ani 
"n ,urface SUJ,plies ..|

water
can

• util tCCfUtlv.......It:
'•r '{Ttiits aiMl It

etuirHy 
'*ater from nveni. Atreamk

„„j, , procedure m new rountnes t„
utiJ.Mf t.hMt.u^ sounrs ,n urefererifr t,. i
Jinknewn and uncertain aquifers caJUng idten l,„ 
hspial and m^han.al appliances which are nut

..^erthele^s there are very obnons object.,a.s ,0

hcqu. nt clianges in their levels. volu.nrm7cWa7.177f 

peitsmn tm km, ^
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of some kind favouring the fc^mation of pore space where pre- 
" < viously only watpr of crj-staliiiation or capillary watef was 
V present. \>ry aaturajly such conditions preclude trustworthy 
( ^ of depths, yields and qualities of water, bat acquaint- "

work iq many countt^ qpables those with experience

POMmUt ««dnMt|>*5 - 
OiHv bv • roBr^rew p„firy of, *pl*r«o« •ln»i» 1 < 

Oh- watw rewAirm of -itik ootinfiy h« Hhrkwl 
•hfrrvef rnidcrtlfcm WHh '•Mtfy M 
W rrwuiM an rnorH.

■I (Mlt*
I ■

t

dMermiMHnt
^ proport*>o of faa»rrt>v^aiH! f» 3'[ 

■ «*irjp»»»4 thfwt of «ndi b a IcgitimM* ohargi; m, rtr
wr* nndfrtafctir for «r t>mrfit nf ,hr ntmm*,it4

at larg>-

A-*
,! '■■V'.. t

• .»«,«kf ..-t~
. * --■

I < Tbc An<k«ui MolflMI a
gtdtfktly to Rmch distartad tint thcf —m»p or n'lpi—fc ito 
foMm at « altcp angte. Donag tfae papcM* of cniahing ■» 
diatnrllMtca, lian atf ■woakaaai deveiopad wiwh adordad oppaa* 
^mitica tor ptmoapbAic agitic i) to opcntr aad set up a pCBaiia 
Mllladaipcnttion.' ft wfplUttd watara ran dared activt by a«hp 
tinn alditypta apd.aafboB dioxide (ran ttw air attack Ike laaa , 
stable tniair,f» ebmpoeing the rocta causing their dMdtegraticai.
The depth to which these a^;encies operate depends upon many 
cimimauocea. bot aa k rnle the ContBtions favonrable lor anlet / i 
aCfumulitiM ki naefni araidnts fade at depth and with them ' ^ 
Ilka chance of (ndiug wa»«r. Major fault planet may af '\teaa 
yfcU watar at great depth, but the search lor thaae lew and far 
separated hues of wrakneas would he far too prrcariou4.a work 
to attempt by dnlhng. Generally tpeaUag. it k unpro^table 
to prospect for water in crystalline rocks at deptha in excess of 
500 feet except of course where for scene reason a lagb point is 
selected near a deep depreaaioo adnch » equivalent to asaaming 
the land surface at the lowest point.

■

^epl lor a stnp ol cuiitrv along the Indian (Kean and 
along thejubaiund frontiei district where sedinientanes of sup 
rx’S. d Juraseie age outcrop the bulk ,W the country cs , overed 
with eokaiiK metamorphic or igneous r., Ics Patches of Ter 
tian- or n«er fed, recur here and there, and in some disfri. ,s 
anrn-nl lake deprsifs .,-r„r but the rharactenstic 
^rv-faUfn*

r• (
>,,

I
type IS i

nbviouslv some types of rock oiler better 
w«tef than others, hut re^ardlese of the 
Widtinns are

prospects for 
tvp*- of rock. ?aom( 

No one denies tiu

Ua

more favoorabie than others, 
unsuitahihtv frf crvHUJIine rocks for the 
of wall I, hut

h
{

raceplion and storage 
stipporrerr. of a dr.lling policy « r.xks have 

aU..ys iiMiiitaioed fha, decmtposed. crushed o, faulbsl U.d- 
not rails lead to the formation of pArmis sonea, hut also 
Iheenfri of water '

\s

permit
Provided w»ne kind of underground ruruJ* 

j IS established iwlt. derived from the decomp-eutioo of the

'P“' - "wMOTBpre of rrxire watrr •’.'t

IGranitK and gncsssig 
rucks readily decotnpoar on expoaure to atmospharic ageacies.
Tboae m maiaive (onn better reaist attack than thhae prumi* 
neotly foliated when teams of isolated, concenualed mineraS ' 
catiae difierential decosnpoaiticei and axpoac the harder Uyyt*'*. 
to deatnictive agencies. Fortunately the massive granite (arely 
axapes fracturing, aad a roughly rectangular system of joint 
pUam breaks the htanogeneity of the mass and permits aeccrxi * 
of active rain water Sometimea granites an pierred by intru­
sive veins or dykas uf more bask material tskkh asaist dxdnte- 
graiion and pranote liars of awaknaas wtSck lacUtalc tlw 
proceia of destractioai. Tba pktaresqae tMt (ouad in graiite 
cumitry are the rewiM of coalkiaad »gmn» (nlloerinf the 
josating which ia such an aiiaoat uatneraal kataoe.

OMANITCI AMD

.. j ' 'c -w* •-“^e idea of the large 1

ton '■"'■dd-on. of tmnperatutv m„l r.«.
X. , „d,, nendKioru, ,h«e effloraac-
G ds vield water in commerrikky »H.| quant.,los

•mount t4 salb Irachad fruui

.
x' - A. •

Bt w liafet er mean: 
I' ahuiidaiil evidence that 
siithcient spui e 1 
supplies however. 
leiHv ,,| results
Water

S sraler gams aeceaa to the earth, chare 
: not only n sneh the cast, bot that 

-cum in the hardest frwks to gin
as might be expecterl, there is no canals 

■ veo in rocks of the sam. ganmxl character 
l agung aci ess , ir, ulat« in a complicatnl iM^k of 

l«< ' racks Insures. Cleavage and lohaiion jU___ r *,g Once hckiw tha regiolul katar labk of the dntridt any

4->r ■1

>■ ► ‘'
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W-p h}\ W*'MMmp?^pp.,^l
p-, ‘nprir^ . complex of joW'piaiM^

, ■■ gni^to y„M . Jup4,<IMlily d w^. but M Mvulitioo is

‘Wtalned by dnlli^f !■ tW rock »t i distance frpn any Wktar- 
co^ wh« the first rsu. w«dd d»i,h« mi c«rv awa> the 
.Urf«e «cn»UUuns, wfiid, «.dd HWw.1 M access to

,^ *’*'-">»«»«• «d p«,a>uib« pec,^
V - ‘ fio wh^ water-does tauj^

■ '‘fV-AL- * " '>i«her pumts grodually

f
^ V*'i ■m. ■»:SV I -

i '• I#7 K'/

ANMy^tnoa the matoritatni of pMt tnlMie •dctirity f
everylMng in siglit and to gmt isptfM lunrittt ol lew aotn. ^ 

' the siMrts «d lava have iolotrad Ibe ,

<1
ft • WJk.twt

As a rule r4
poor

.K..- MeatriaaoM '
topography ha the Arehaean rocks, and asMaegtMaMty paaiaat a y %■■ ■,
nev data of conditiona. Moat el the vokaaiic rooks an haaid ->V. \
or ahn-baaic in character aad do aat disfiste^lo totn aandft .' >‘4^'-
me the graaites or ^aaetaitea. tAm deoaaniOaitMB ■ asnot - 
otten aoconpanird by^ iamwritai iathe aahpyi at days aqatt '•^. /fflU JjSL-,
S&ts Where pftpmiswMpt unulMHiiartiglit. t

f
/ tt**'^.f ■ 1

- ■.t '-'■

Cartahl types of volcana; rods aiy very vesacplai aac^. 
readdy waalhar, othan an of a vecy naiitaat aatun aad an 
quite laaparvieas to water. ; The basd. waterless type cataildy ^ 
pnikaahtatas ia nost dMrieta. bpt > sitastiuo cf sodk gravity 
is nUssad by tfaeir sporadir ilinflht|iiiiii aad hautadJ 
at aad) haw. naaafttiag thasaby ia tha larauUoa oi bad 
which have weathered and fotmed ixiroas layers land tnovo-i 
inents, earthquakes, sad tetnperalure variatians have also 
caaaad the crackiag oi the basdad rocks eaabiiag ataftr to gain 
admiitiaa to the aeries ao that It can circnlate' in the porous 
layers. Possibly Iwda of ash. scocui aad lapUli separate some 
of the haidar Was aad ooQstitatc raservoirs lor waUrr. Tba 
Uva floan atytant iron thy vakaaoaa an geaerally horisewtaUy 
beddqd or aaariy so, and when deeply eriaM into moderu 
valleya tbs waning tprmgs denote the extent to which the beds 
rectivr aad yiald up water.

Vast areas are conared with basaltie type lavas which 
dectxnpoae aauia readily than most varieties, particularly the 
very WHCtihw ebaaea Otbftr regloib are marbail% a coveliiv 

•of whita.^w grey lallt which, afthowgfr very pObaM, are not 
(Wnneablr' »wl »i* not yield up the coafaiaed-wattr bhich is 
mainly capillaiy Neverfbol^, tlwse tufll do ^e water often 
quite freely, dns doubtbti to the presende of bterlaminated aMi 
beds or dacmppqsed sad pittad old MadWaCn along which 
water can t^hnal At tiiqea the tofls, thoin|h pnenjiy hori- 
aimtal, have Iwea sobjectad to omsidriable Ihnariag since 
fkpoaitioa, and in a de^ qo ft. milnwy atttior *ar Equatoa 
ypringa are to be seen isaunlg frorar ponnM ™ »•»
otharwha fine grained natarihl. See '^. 't and^J ■

ROCK.-The Arciuranroni^lexolioatttams , f 
remaking aaoertain typo calHai fhr coo- 1 ■ K"'

asdetabaa. IWIha the >dhm thay an tme datntat raefta af < d 
lidhhawieyomwrabch aredbaertad ak a^aetad hbo eaiw. *
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r^ h.v* ■id»»r»ie>d, startling changes that file or!^' '>‘!«^ 

- ^ Chanctar is toUBy fMheratad. Quart^ and silkeous Irtik 
-Mpenade all others in importance, but slaty shsles are camiwi< * 
fa some districts. The very hardness of tl«!se rocks, as a result 

. rt ttansfonmation by ctuaafcsl actions and pressure has led tl^
^ iMsry fracturing, lauhinf and slkkensiduig by 
~ nppMouitiaaare afforded for watef to gain access a«d circulate 

averywhele where opportwitvs exist 
te watw to _a«a their uptumrti expired ed^ea there, are 

- f/ . "^afae cMm at strifang water below the n«iqnal sone ol 
"Wafiort ^o* m evidence that such cracks and ckvick 

-fadrteds^.MSet p^ i. nmnerous vemlea ot eaicite. ■
earthy or ^hoous matter which are to be set* rnanw '

> rocks tjt all angtes The same cJaas ul hactun. i.
y thpredncedm therdcks as at taesent wdactert and .a th~ Hwii 

< !r** toraarid otwared with other sediments
^ >soqhl be tted W«h mfaeraJ

i-
■ FtnUems present almost uniqti^^ fiafurea whidi will only bs • ZJi

‘ properly undeistood when boreholes have been sunk. TheRi»V’'' W J'jlJ
Valley, in particular, ottan almost unliimt^ scope lofiietAi ' ilMf '• t/'.-y
inveatigation. aa along this giaat belt d faulrtd co^ts^ tha , -
«ow of ground water is influenced by a jnihoie senes ol uasauafl 

a and obscure conditions only impertsctly understood. The vord WSt a

nature,«the lorcescausinB«hattl»a Is fa dhpute, wane sapporti jf*,'
iifg aMpramiot ibaaay lanppaaitiM to thetfentraUy aoOepiod Vi.
)eiirt»eiipl0atMn. Approach bottom of tWvallr* i

•' thamatenssd by the passage of snrteuiive fauhs aatithiriM ‘ 
is reached tafafae a faw of lakes cxbibitb« »

Ilf1

a)«am of which

H
1-,

K• V

V ^
lety e« perahari-

ties marks lU lowest pnml At each nf* a metical escarpment 
laces dw oalkh. and behmd this the racks dip away rauM 

- • the forihadifa'Of valleys between each scarp. These interveiMg 
valleys are oftoi covered to an .uutheLwed mUi ieihm«|. 
taiy depoMts, mainly tufls and dfatomite, but simietfaies
and gravels, and the value af them as sourees of water supply^ ' .« >?>,•■
1^ yet to he demonstrated Whethw these repmaent the reUcs ' . f ’

e vast lakes which envemd the valley. « whether ‘ H: ri 
a series ol independent lakes sUetsfaed almig the villey as at
premnt, Uuot yet dear, but the lattarmems the moat likely
event. Afaindant proof is forthcoming to show that some ol
the present Uhashke Nakura, Naivairiia and Ehnenttaucovered
mflnitely lagger atuas than at pnsent, even srithin the period 
when mao mhahited the earth. Srt Figs, d and J

,1 ts:<
■I

■. I

1'^i

f' •>
r ■/., ' i

\
.\ note of warning might be sounded conaming the

■' ZSlf oofaropping grmutes mid .
quutntm Arc representative of rocks over mlervming areas. ' 
w^c strips of country betiyeoi ridges are covered with aflirrtnm 
«.l or swamps, and it majf be that these unexplored basins owe 
^■ir to the occuirence of other and softer types ol rock -

^ J »e Sudan iHiSte somewhat similar conditions prevail

ofy.; ^ Irr . . cx>e orSf;
i"

1?
■s' r*-Icase in ■f-T

the rauUall » low over moft of the Rift VaUeyp 
cerUin \)vt% receive rnMiiiiKbit vUumee ol water at eertam

V

acrount^ ** « • skuchx
Aw i Ag ^ rod® Iifliicb are exjiected to yieW water ' ‘

“-finnatoty evidence. Mm* the nunc ' 
f^jop^a^lones a yvat deal ofSomh Alrica. where 

i’ a J?* /"FWtMm at sacceSsfal bores hm kd to diilline

n. t -r I. !»»«• fawn subjected u, different lectmuc mdoencey

\ , ' .
>>«o the uesgkbaunuc hOb Urn the Aberdares. yet aU , ^

diaairpears m pocoua vallty dapoaita soou aitar raadung tlw 4:. f, V;-i.v4 
plains. Tlus watar naturally emusaa underground, loUowii^i ^ ^
channels af Inaat icaistanoe to lowar pumts. and no very utfa> 
factory rtiplaiiatiBU of ita movcmaala hi beau evolved. .Mew
faaehyles sue* near the volcanoes fa the Rilt Valiev have yiddad '
hot or boiling water, apparenUy the reeah ol meteoric wutan ' •
meeting atith deep^eated voiranK Just or scoria winch haa not . 
yetcoqied. Haar the vcArannesol I ongonrtand Monanlai there 
are extenaive depoalts ..f lapiUi. uhich not only rea«ly abaorb 
water, but pfomotg itf rajiid iiiijerfroond dtunlatinn. Where 

. thoss beds are very thick admitted water may reach gnat deptfa 
and escape imuaed and onaaen to the lakrt. In this oonoectiun 
a siKccssian of earth tissora which have recently developed 
between yum dtp of Mmianlai and Uke Nakara are worth 

s-r the directionpllW Rift VaBey roughly
- < ■ ■■atrienfal fadk fhrallel cracks have eppeared which hnve

‘ '"RBil ll»«ly eontedu far the safety of the faOway and puUfa ’
-e , ■ ,-.-yW V

«eas«n«s .

. »
»•]

t- .€k ' v:

i-.Itl^ Cf, exscs-c.j

i"4'in
J,^l.ari;ig., « fcseti soma the ICmy. aad fgWfe ,,ter 
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racks have undergone such startling changes that the original 
character is totaUy oblitented. guarUites and siUceous baik

, c

IHMobs pitKcit abKost unique teatures fthielt ar» 
prufasty undtcsteod when borebaks have ijfceD sank, '
Valley, k {laiticatar, oflers almost unlimited scope

^ H »*• others in importance, but slaty shales are ___
f in some distiictB. The very hardneas ol these rocks, as a result 
. o< tranaiofaiatioa by ehemicel actions and pressure has led ta 

heavy fracturing, faulting and slickensiding by meaiM of which ' 
opportunities are afforded for water to gain access and circulate 
in their midst. Almost everywhere where opportunities eaht 
far water to

'fX-
tevMtigaiticiii, as akmg this great belt of faulted country the 

ground water is influenced by a whc4e senes of unusual 
and obscure conditions cmly imperfectly understood. The very 
nature of the forces causing the nfts is in dispute, some support­
ing a corapresoion theory in ofiposition to the generally accepted 
tension explanation. Appro^ to the bottm of the vaH^ is 
characterised by the passage of succeawwe faults until the floor 
is reached when a fine of lakes exhibiting a variety of pecdtiari- 
tiaa narks itp.hswest point. At each rift a vertical escarpment 
fkces the valley, and behind this the rocks dip away causing 
the formation of vane^-s between each scarp. These interveiUDg 
valleys are often covered to an undisclosed depth with sedimen' 
tary deposits, mainly tufli and diatomite, but sometimes sands 
and gravels, and the vahie of these as sources of water supply 
1^ yet to be demonstrated. WTiether these represent the relics 
of one or ntcwe vast lakes which covered the valley, or whether 
a series of independent lakes stretcbe<r'along the valley as at 
present, is not yet clear, but tbeiatter teenu the most likely 
event. Abundant proof is forthcomiiig to show that some of 
the present lakes like Nakuni, Naivaisha and Ehnentcitacovered 
infinitely larger areas than at present, even within the period 
when man inhabited the earth. S« Figs. 4 and 5.

w- 4

CTOM Uitir uptuiwad expr»e4 edges these an 
reasonable chances of striking water below the regional loggaif 
saturation. There is CMdcnce that juch c racks and. — crevke*,
existed at earlier periods in the numerous veinlets of calcite, 
gypsum, earthy or silicioos matter which are to be seen nmrung 
through the rocks at all angles The same clas. of fractures i, 
reproduced in the rocks as at present inflected, and in time when 
these are submerged in turn and croered with other sediments, 
the present cavities and channels would be filled with 
substances.

.’sv
fj

V c-

sir.mineral

A note of warning might be sounded------- concerning the
danger of assuming that ridges of outcropping granites and 
quartrites are representative of rocks over intervtming «eas 
Wide strips of country between ridges are covered with aUuvinm 
Sial .a swamps, and it may be that thme unexplosed basins owe 
their c^n to the occurrence of mher and softer typm of rock
than thow exp««d on the ridges. Thi. is eertmnfy the erne in
the Sudan where somewfiat suaiUr cqoditions prevail

■ f

Although the ramlail ia low over most of the Rift Valley,
The above description can only be consuler,*) as a sketchy 

water can be obtained from rocks of the

Gtrtain parts receive conaiderable volumes ol water at certain
seasons from the neighbouring hUb like the Aberdares, yet all
li rs in porous valley depusiu efter reaching the
piaios. This water naturally courses underground, fallowing

g.vrr ibtiitjictT^fi'riX Mur'tL''s^e
type of geology characterises a great deal of South Africa where 
the large proporti™, of successful bore, has led to drilling 
demand, f., „ excess ol existmg facilities. Some v.rieti«
araT , I— othem. andstrata ol a particular chaiacter may be barren,
one plare, yet highly prolific in 
base Isren subjected to different

chaimels of least resistance to lower points, and no very satia-
lactory explanatkm of its movements has been evolvad. A lew
boreholes sunk near the vidcanoes in the Rift Valley have yielded
hot or boiling water, apparently the reeult of meteoric waters
meeting with deep-seated volcanic dust or scmla which has not
yet cooled. Neat the volcanoes ol Longenot and Uenenlai there
are extenaive deporits of lapilli, which not only readily absorbor nearly so. at
water, but promote Hs rapid underground circulation. Wherewnter at another where they 

tectonic influences. these beds are very thick admitted water may reach great depths
and escape unused and unseen to the lakes. In this connection

ROT VAURY rMRLIIB...A. » tuoceuriofi ®f eanh Assures which have recently developedbe
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2t!c

' .^T r’/•■

rii■4 ,:i! «'»

j i*; ’^il^ iiMttta^M dMi. :;?i» i4i#al>Hiufc>i^a<iy4o 
■ riMnil (iinctiao, iiiir'&Diani Mvai>T«yMeMtic uraafNMM.

. ^ and ^ OM therefore Ukd7 epMnWid «i«k fauMta#^
I ttam' allvrd positive pr<^ tfiat ^BOMi* beds eidet al il1pl|^-ead 

tUt aach «tter Him atoiaio* tksrMe daria« n«a' ''Tba
taOi, bat on. , -

the «d<;«s of Lake Sdai ndife san<f>' types of lake sedunants wtm ' ' 
Uatta. tbertfon, derpasdted iaalu a the voicank streu 

cany away the arater. matbodieat seatpb for mta in the dattiet 
w boond lu I^iove siaccsaafuL Lohe'Golai had ia fact dhed ap 
in May; iptdi except for a iaiv pooti of water at acv«aal low 
poims, dadwfaete iL.waa an aapanas of graea graaa on aMek 
herds of aebia and buek and other animak ffiMif undiaturfaed.
Stt FIh- 7 ta 9

1^- 10

Bli
" - t J.i jkwf 'm

v;r

*rW. Valley T. S^l^T ”■ /‘,t
';v'^

I ■ rr> '' UJ

' *.' ;
\

exposed va%jtdeposits 9^ whitish.. • -I

t

i

; csaisWerid ,ot "'■■

Ihr bed> and the general ahst n, 
leadh wie 
hods Its

-if

»[■/
Andeat volcanic raffs and horiaoOtnHy bedded sediments 

conld be trsesd to the lowest point of the lake bnd, so that 
bores are ihnoat oartain to ywM sitpplm el geod water in the 
lake basin.- '■ <

The Rift Vsiby lakes )>lHeBt a aihole mot hCproblems 
awnfthig it satisfactory nptanafion. Contney, tb popular 
opSiton, nan of the tal» a>t very shallsw, and their levels 
are snb)eCt to considerable dOclnations Doubtlees an eaplana- 
tion of the tednctfon at lake levels from the high stage m'arked 
by ancient scdfments h doe to fhe breakage ol barriets wfpch , 
once mclosed--the water, and is not attrlbnUblg W raMlU 
changes Present topography woold certainly not m&t nfaHSi^ 5 
impounding of such vast bodies ol water as existed in the ^sf : ^ ' 
M besides llrh there are reaaons to tatpect the loss of ihuch

IV «»•
in these tX? '■IKS if water cou,^.^

W^v ‘Z‘t uf warer

e«',/rr.xrx rixsr- -"s-dee,«t pomt in tbeee plZZ Z
vertical chd. The .ralo«K. of the (auU ft^lT'^'^

.......a—

v*; •
!

eqnk lu uas to the
scarp of volcanic rm ks

•f
wnter underground roncertiing the waters which Sow nrtfth-
wards and feed the Nik, the level of Lake Victoria Nyanza, » t- . 
the largeht of the African lakes, wflh an area of 17,000 hiuare 
auTes. is controlled by the outflow at the Ripop Falb at Jinga, '■* '
evaporation, and ran-off barn a we*-watered Wea round the

»• -V.»» • medhan

lake, and it receives nom el the water from tlw high mountains 
of Central Africa, lekt Albsrt on the conSiary ia dHra-x qq 
the Ba%ian Coofo side with mountainous^ coiatry, and la M 
by the SamliU river which leceivss the m»m drainage of the 
Howeniori snow-capped tai^, and it is piobably the chi-f 
feeder ol Ike while Nfk waters There is evidence to show thM 
the weters of Lake Albert

vaBeys.

betweeo'rtLraXTiri^^
^ d^ovenre hearing on thr water protJH!

f«.nd ,ha*.’rbi!;ivi^t2riis^rTof*^^ “"Cum.
rk '•'inch were IimukI

-Uinly anipi, -Uruf.^^^

s

»*«dy. and it wee
quantity of watar stood hundreds of feet highei 

than their present kvel, as lake deposits are found round the 
foot of Rowenxori, end the eastern lake sides where aUq the 
dills show a '

ooce
w wrtllow
the plains.

__ _ _ distinct line marking an ancient shot*. . The. >
,.; . reverted Bow of some rivers in Uganda traced out Vy the Gew '

I ' '* ■ ■ et Vtaada kdtlu. Otestrate. fh. eatesrt ol '
'W ' ^ ' *»iBhr ol (-entraf .Africa. ' ^^vir if '. -

then;

' A
t «'.

V
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Ms «e #<m «y««iiurf»tod by silty deposits sMb- 
■‘<*‘‘‘ 4*^ ? »sK^ beiow.4lie lakes along {wrons

, sums in the VolMk waters tsaavsing dsM'
seated be#,fi^t be ol good viMftr due to itSiudakge ataie^ 
less decoaqtosed rocks thanMi^mtflrs. ThelM>Pi>dM' 
ssmtbwds of the stsp^ 1|tt V«l|l4r arould «d|H» a steady , 

^ ' fleW'id any subsoil w4st in'lBl«,'liwc«s»». .^^' dsep pictu-
i^ue gorge that one* led the anr^rfOw '*»»e^ frosn 
Naivagaha no longer carries surface wafers, and 
lake e^t SugMl WKlo«roiud conditions of Mass intenst and 
peeplgwty. Toiiiihahl. vafar laiQt still dote ^ dssp updar. 
fiOuadghanneisbiM'dte'prdMnt gorge.

cosnDriffr^ -pacdkally to the eastern Rift Valiev which 
ii r “T"®" <=*-*”*"• »«s besides receiving the
I aeeim^mL^^”*'^ adjoining areas of moderate rainfall it

■ecmMk>«cMe tbe pos&ibiUty that#•
■■'a

V •'

•hocks TW
much water find, it, 1,^^

^henvdy conadtut, 1
IB the nwtfIv h.!!^l!i?^ ‘[or'
-hich-h-d force I. W T^Twird^

cont«ta b^.h “-r-rterised by hwh soda
-d some Id. » hin soda

pot^bh fmrpos«. Maivai^a 
l-dk^ Ma^^adi oomains j 
IniDati

. /'i oon-

caves Dear tftem ^tcr coonirs after earthq«dk«
^^roimds (or belit^nn tiM 

porooi hnh^ tlie vokanic rocks 
Rift Valley sfniclurrs below the

s, ,
the^ Valley fKo (^eep bfirvs hav«.beeu s«Dk in or pear w^d'v lakas^ but tniocmation ol sAuch value lesult from such

k“' tcsli. Below the Hagadi Spda deimsit. aebir ifi (I, deap. a clay 
ii aaid to occnr, and thia may cqmtiihte an inaulatitig ainliniie
hetwarn the aoda deposit and water bearing bedt beneath.' > !Sodium cafhonate deposits an a(«a of about yo aqidud 
miles, say as,dot) ai res. bat this doea not repceMit the whole ' ‘‘ 
area of the lake daptessson into which the apfian, and mina 
•ntas flow. Undgr the hat arid cooditions i^yail^ in tha V 
ennity ol the'laka noly a.ooo It above sea lev*!

cover

,11
much highi ies ISri an- too auJine (or 

contains nearly hmb water, whilm
^ AHhimgh

^e flow Of the river Uaso Nyiro, it

4Eaa Kg. lo.

I CTiporaliaw
wsMld easilx dupose of the total mvolvad. The W anpiesaitp 
that die spihiti art the caaae of the depnsitt it rather coanteted<■«

Tanganyika tacgivcs the■; V' by the fact that 40 pet aaat of the salts m solution afc sodianii. ■a a concentraWJ mass u| i 
»«‘«pr.«l mrmnps nem fK chloride, wke^aa in tha lake proiluct this salt ia aaarly noay, . ■ 

. existasit. The ^asaea of chert deposited on the volcah^ *'
bonteing the lake, and as'layers or slaba on some 0? 'r".

the ephemeral streams which n '■'‘I'P'oncal run-nfl or
flw springs at Magadi were n^ 
cweptionally largr Those
end tif the lake with a tarn,'

bi.t at the south end ,4 the lake'tlJlif!)^
™4k» na^s a iby the temn^s. 'he flow isieveral '

»>Uv.«c».e '
leeswittn w.manyrg U,, Uv^ «»

todi'content, of w,*, m Z ^iTT ^ '
l««aBi«at r.. ki The wnter *** “ “f '?4.' > i.

'it'

■ ■ ;■

saL..

Ipke betU neat the sodA m»-t> may have resaltrd frIf ’
^jrhich thurr is abundant evidence in the

sediments.
•• *r

Wtt data coauteniilif the iaa|>eratu<a, rate of flow, 
ilduw QoDleols at diflerent pnoiLs of tha year werh ebtaig 
tt* the vstal ntpaRance <d Tkrse far altpnpM to copnvet M 
Himfl mata.^ waters is ohvioaa. ‘ ' < 1 ^

‘isigadi is'at present supplied with druW^ wafer h^t'''
|dg» toe Ip,^ hom the N'goog Hdb twwdWjllbl aadiopmv,
cajoceen hah'Mn o>i;a«^ by the gaduul.fafl of yield of.the ‘'i'-c® 

- »irv^ M the meraaaing needs lot wutac at the S?da worka^ A 
qpmtkat of ifcveloia^ a* local aup|4t tututafli arises, but:.>1^ 

thee* are nowhere «ir^ge£.p^.yr a^ wells which {foukJ. d^'i
hi. t.! g»idsV2;M>^??ib.^ mflart^e soM? - 

th* Uun ^,TB) w|||g^My>K>' Uka .Vatrort W
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fofe^ .p«aie.Uy u« e^m Rift ^'«-

°T^* f'«iv.„g the ^
: areas of moderate rainfall, it 

evapontion from the 
surface

■ wA'-
Rot ieem,«a.Ri«clBde the poasibUity that 
«e cr-ftat- ipaatfaled by iHty deposits aads^ 

much water tads a aiss^ bdow.the takes along paeons ' 
aum^ in the VglMM and waters tuMrsing dsap-' '' , 
seated 1 11^) |i^pil te of good iptHttl due to itsf 
less decusnposed rocks than

comprises aa , _________
.;- * **inage of considerable adjoinMg
. • seems impossible to believe that the .

--~e:

j^ir^“4r::rsr;rto d» vaiiey, ^
■' st^*'* »«« carthqirike

■ouch water frnda its believing tihrt

lake ST’”*' «i«c

«li»e eawmts of the ^ <bflerenc m t|»
rtg-ri these as momor^i^. ' *no«s take, lemk «„e ,4 ' 
heal hydrolomcaf ■ ” “"“s miuehced rather bv
raiidaU Moat of the 'T** *“*c»Prea<l and gcnerai
cont«ta b^ih ^ "• *“»«cri«id by high soda

Po»aWep„rpJa *'» *«- <«
l-ake Magad. eoWa^ns a s^dlZru*'"'^ ?^
tKjDait AhhMuk I Alt* V ^ crysteUi»d aedium c*rwhole «ow o^ivt^J^‘r ^

•.to. ^ “"‘"•‘"-•"bOpsno.r.K

ggNatatera. The
southuffrds of the 6«&(ieni ip|^ would ipdfHt'a steady* ^

’ fl^of any subsoil in'<H^’1iitKt«OD. .^^'‘deep pictu- '
oaque gorge that oooe led the ovgrtliM date^ from ka^e 
Slaivlith t no longer carries surface waters, and caves near ^ 
lake evt nwlevgroiuid conditiuas of
perplgaty. (amMUtit wt/K mt^ aliD low ^ d^ imdar- 
^OUBdghanneis bakth ^pntamt gorge.

No (Jeep bores havu beeu sank in appear Ihe’Ktl Valley 
lakesi but jnfacmation oLmuch value w^wd result from such 
tasai. Below the Uagadi Sgda dejiosit, saWic i6 ft, deap, a clay 
h taid to occur, and thn may cgoaliiata an insulating awdium 
betwam the aoda deposit and water hearing beda beneath.
Sodiitm calbnoate deposits
miles, say aa,acn airea. tmt this doea not rapratapt the vdwle 

of the kkc dapressMin into which Uw and aain-'
wptw 8ow. Undpr the hot and conditions j^SYuShig in the 
vwnity of the lake only s,ooo ft above tea les al. eyaporatian 
wnnld easily diapoM of the total involved. The irsf anpressinp 
that the springs art the canK of the depmits is rsther tonntered 
by the tact that 40 per cent, of the saUs m solution art wditim 
chloridt, wheceaa in tha hike product this salt i# paarly nuns 
exirient. The ipasgea of chert depuaited on the volca^ 
bordering the t^. and as'layers or slabs on some ofW ^ ' i' 
lake beds neat the soda mass may have resnlted trem dlidwilW^{ 
ef jrhkh tfiere is abundant evidence m the diatog^m'm:.W/;• v i 
'■aitV^scdinimts. ■*

itb data cunaamihg the ieB|>eratuni, rate of flow, 
snluw otmtenm at diflarent ptDods of tha year wet4 ebtaipable,' ^ 
ttathe vital imparttiiu of (tear fur altenapf^f to connect Bin • 
spamgp tj^ mMnnctc waters is obvioua ' •''* /

'ynilMi p> at present supplied iritli dni^ltag wafo li^*r ■
. ' Idpn be lahpng imn the N'gong Hib Deardbta^'addiomev, '

concern bh^en oci.aat^ by the gcadualjijrfy'*''’ ‘’*-^>**
* aa^ the increasing needs fur watai at th» !^a works. ^ i f,"

Ilia tpwaihiw of developii^ si local supply tutuadly ariscy, buf ^ .f,„.
J - th«W am"nowhere aujpet^ap^pr a^ wells wliicb ■

- aflunl a clue to itfa'iiMrth '* ‘ ^ ersiidkd • '^f^.a.rW
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W« CTpwlfBcfd «)«»<», in Mto»itv fl,^ ^ ■'
".«■ accM«^ rtwpply «i^rrfe,red. «ad tbctn^^ 

(c^nlv w,n«., drilfaf „ .h, 4^

far hoar >pru,r ol y,,

hods. wlucJi Juvr "* “*'*’ »'""•! p®"**.

T«^>»r lyiiw briow U«f u« * niiii-r.r**»'2^ •» ISihiw

^rra..,. ^ «[ ' ■ .
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v«4

.• -4^
nBons ol the Iresh-watei' %J|M YKnori^. Myyixa rad Albert, ,)j 
where hibe welh couk) be driven v^UPtbe cerQCty ol topping , ’ ', 
»■ abondance of good'filtered an^dear water. ‘Entebbe wnB 
iftaliatee the potentiafities in thbtfirectkm wh^e eaMaip bays 
are filled with a coarse. sUver-sand of nearly port Ipnna gfhais 
aitainbly suited for drive tube walla. Instead of (hnaing tW 
lal(^ water, which is always turbid with suspended organic ^ 
intirganic matter, and liable to poUutimi from the shore even 
when collected some (haunce away, naturally-filtarad wipplica 
sboold be taken from lube wells deeply set in the beach sands 

,* ' . '•“d gravels. By grouiang and cuoplwg
jape almost any quantity of water can be abstracted in lh«

■ mf. .

/!''v' > / i
/

.!
V-••r
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III*

Thtya.ooo 
water aear th.'

< to a common micUoMi A-
■

1I \i.I;
Naivaisha presents a somewhat different prCfUeiay ‘ 

4or ikie a 'Senes ol sand and gravel^, silts and clays compoae the 
lahe batapm. apd the variations ol lake level, which cause the 
waWw'a edgq to advance aifd recede long distances over itt «M 
^ give thoae usiag its waters constant trouble. DarinrilM'r 

the laite level haa Wllen la ft., bwt tUi, It ft J 
bJtaiwd, > oily owe e< those pfrindicaT

^ a«l » titriboted 40 «eigiKy of rainfall. 1,
TW gaahgieal eonditiara eeitaioly fostify th» hefcl that snecesa-
lul tube wells cratld he drteen round the edge of the lake at 

which woohi anfinra an ample supply of w^tet at aU 
periods m the unflooded hall and at a depth which would admit 
a sochoo pump drawmg water at any tune. When at Naivanha 
the diffieiikies ol Mr. MaCjne's inataUation were deacrlbed. airf

f'.’ r

F*’.* ■
.V.r • -

► .
i* y

whicli"t

l-i/
elabwate

'y
(1^'- ■I htede on the hoes desenbed above to tllisj ^ 

mttity. Hcta the constant recemipn ul the lake idga h«n 
enloRed the excavation of a long rhaamd to the sump at tka ' 
pumps, bat inrunning sand and sih leads to mcessant attention 
dnd-afiappagBH. ami (he pomps imatt suffer from Ihe indrawn 
r^matter fn Ihfc ruse some yn,an, gaB<aa per hour ale . 
•wW when the mm hVnrtring. rad a brief t(ap|i^p for water 
ftinrilA fti y

ttM above lumed fc i w 
-,ilt. locaiiom in other tod 7L!* ^ZZ

water I., sviilahle. awrtaoe ohi

^’^bpe, ,d ■‘'^-
as .xwee. M rn..i

‘■; * Some ol the lake b,d.7^t **?T“'**>’

4 hrartk-t ty siripa w|oa« * ’"•"T'lhrte an aaady -
~ > mat.TTal. Sodi mndv natche.'^ ^fwifed

- « •" K»9«»<J cp the
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. ■ ■) iff , .'4*..
. A wsH sunk to 30 ft. at the Mafeaiaha Hotel brthepro-

e , fi«»>*«w»>taaiuiniidat tbereqweatollheossnar, wtioanMth* . '
^ thpugli phmtilwl. emrited ra «fo«. Appiw«tl)»1df well

*ww water twan lake sedhaenta in wMah
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lute afd a.faw Hf f*

botteidy Iter oofnes in whx* tfe* iaUmg «at«r Ubk b lut- 
^ted by teper-M dMp«r Movutxte in tbe undy bsd*, ?■
Itan an no regular ««««ng cntKS. For soar time aftn tla '
nios sotfooB wter MUeetod in dopnniens or impounded in 
img

pnitnbly bo bact(nala(icaUy pw* d oken weU bteytV Vffei
tame cd Mturntion. '( ■ r/

i: XtWAlOt.—M«i» of the swunps fringing the great fmh- .•i
mter laJm and running inluHf ate well worth prospecting for • a

o( the gmond nudte herds vt cattle end flociasnbsoil water where the snrianr dow is precarious or too ohjec-
ei tetp or gaata to graae on the gnae whkk ie ptaitifnlly di»- 
lltetad about the scrub country ae well as on the extaorive

tkadble iar the purposes required. Beneath a mam of organic ■fel,,hi(f "slinies or silts there may be depoeits o( ta^ or gravel, or perhaps 
>y^'laferitic beds ahkb would yi^ conteent supplies oi clear, 

i Bprilied water. Mrlien laeldag the fouitetions lor the railway
coMon «nl plama. Mach of the distnm occasioned by the 
soanily el sratar cote be i| by developing new water 
ceMRs and improving the enisling ones. At both Wajh and 
EU Wak the water supplies cote be improved beyond meogai-1 
tfon by simple works ootlined in the Beport, in the Lokm 
swamp region the gadogical oondWona appear to favour the 
praaeooa of aubsoil waters of good quality over a wide behul • 
country. SO* Figs, iq to tj.

Unpsoal inlerest attaches to these schemes, as in this 
regisa are to be fourrd extensive plains overgrown arith rank 
grass which qpw supports as absmdance of game wherever a 
little water can be found. In some of the sandy water couiaes, 
which only carry surface water during rains, peimaneot works 
could be installed to replace the improvised sliaits made by the 
natives each aeason. The process of watering herds of thirsty 
cattle by abstraction of water from crude excavations in the 
river gravels and sands is a slow and tedious process, aq 
looie sands run into holes nearly as fast as the water is remote 
and necesoitate the double operation ofc learing sand and raisiiig 
water.

1

viaduct over the arm of lake Salisbury near Soroti, thick deposits 
of water-heanng pisobtk latcrite were struck below the muddv 
swimp depuetts

^ 5A very common feature of Central Alricaa Kenecy is the 
papyrus swamp which extends alor^ flat valleys at all altitudes 
up to 7,000 ft or more, aod in many c 
repay eaptoraiioa with a dnD Even if no marly sediments 
were struck, the upper deo. 
crysUllmr r>r Arducan rocks might yield useful supplies of water 
(jaitc free from the impurities which pollute the surface end 
shallow sourie*

la several 'atm the allnviaT deposits had been piereed 
and the baeonent gnentes uncovered in native excavations, 
and m each cme the eaposed rocks were so decomposed that 
they ctmld he kxncued with the point of a pick A little water 

the shaft between the aOuvial clays and the |uck 
sarfam. bat the rock itseH was saturated with water which 
uoaed slowly into the shall

' -V'they wote probably >
surface of the snclosiDg

^'•,1 .
I >i

t r

■ ?:tetn into

At the Ileua river which sepanus Kenya ateteystei 
no srater mm to be fouiul,
Rama. As rahanoe eras rather plaoed on dui nver had fit 

stocks lor drtemg, waahmg and for the oar mdia- 
tors, considerable pnvacion was only averted by rigid economy 
for ttuiM days. Here there is a glating 
of HOe obvious and parennial supply of good quality mater due 
ta Mek of Oclaucal knowledge. Along this frontier river a , 
saries of water sutions rould he eatablUicd under most pleaa- j 
mg conditians. ai the iloptng valley sidea ate overgrown with 
a mam of large Uem and dome pahna, giving a welcome shade 
and relief m this province of intense beat, lesa than i.ooo It.
Bhove soatouaL Sm K<. ah.

Tha Natthem Frontier Prnvtea lepreamts a laift pmh '■ 
aantags af tha tatal ana of Kenya, ytt m wBad and poor M tha

<. COrtOH too. PLAHB. Along some of the wide aflu- 
vial aad cutton sod plains of the Northern Frontier Province. 
Tarkana. Karamoja. lying withm rigiuus of low lainfall. the 
whrde local precipitatian can be readily atnorbed by the apper

poinbly hnd its

what to our oonttemaisan.

lew metre* of dry material, and nu water can 
wav mto the untelyiH eryataUme or other rocka. t'idcss 
thecefurv, water can gain 
a gteWnt canam uavrJ * the directioa of the ganarai rcgiemal 
dramage, it lanaot reach the nndertyint rocks, which may. 
neverthekss. he snfhamUy porous to admit md store w^. 
S*e Figs, n aud ta.

pie of the nsgfect

i*l dluaat point andat
sV'

N

MMv* Thr Northern
♦ , ♦ . .'.'Fteliet Provtaeq id Kenya has hMB the subject ^ s mpmU

» /
mi-I .

ao form of taaation has eo far bean levied eftdJ

k i.'k 'u .
i



mw. -1»_
- ■ •• —

A^s

S?? •' •'

* 4' 4 4 to S ft. of Mual alw»ys uturmted with water, their ne n aot' . W ?
•» recommisidBd. hot where couw wnd er gihvcla. ^ ;*L !■

Ler «^ul« to a co™ider»We depth. n. ^^Metocy .i N-‘,Cr >

' - A ' «w»pfctwi m. other procte^yonpere. i>reyiasd. i i' . -5 4^’^’^'
•■• BiMy water cooniei carry perennial water iniiM^ gpaatitiM '■ • Hfi'ii' Jj., , 

either above or below rurfaoe MVtJ,- they cah^ be 'impidly' 4'“ 
develciped by drive tube weB». A preliminary furvey of tuctl . • ' '
river beds can be ex^itiously oade by driving tubes at 
intervals across the bed of the stream, preferably aj'shme coi^ ' 
tracted point where scour is likely 40 have sayvetf a deepgi, ( t» . -
channel at some former period. Moat of existing yaSK^t 
have tuflered from the cauequeaces of a rflBfall far hi exceai . />H '• "'M „
•f the normal or recent, and thagg is Usually'some'deep poinf V > i/“> v X

- • where undergroead water aows prheo U fails elsewiere' Such - w^ '
deep dpota also fraquendy contain coarser and, therefore, ihore f s"’ '‘*^ '1 
peimeablb sediments than inhere where the current hbrnob- S
been so strong.

►• •' /? ^ f

c. .18
P‘ "sr V . • -tv* «J

the tribes. Most of the area tuyersed was fantrten nmttfab- ^ ^
, tiye, and although parched and ^oid-n(|saf, extensive fomla ^ ■" __

thorn bus* and acnib and long pltlns of dry grass shoandf 
tlist^noil eras fertile and the«ificient »» #tii(ufeinhd'»,*rjn^CJ.J!y .. r^J 
sustain a heevy growth of vegeution capable of lupporting cun' 
siderable herds and docks of animals. In additinn to the group 
of IT"-- rocks with overlymg volcaaic lavas in pUcea, there 
is an iaapectmt devdapment of sedimentaries of supposed- 
Juras^ age. and Urge bells of Umestoo^ believed to represent 
the bed or beds of inland lakes which eoveipd a large area,
Very httk is hnown concerning the extent and depth of these 
Gnestonea, as tlwy an harixaataOy bedded and have never 
been prospected with a driU. They have been penetrated to 
a depth of abont 70 H. at £U Wak, where the water table is 
low. On the other band, sections of the Jurassic rocks are 
expoaed on ridge of hOh where it is seen that aandstonas pee- 
doaniixate.

f

■*

j •».
If :
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t Wl%>/ *
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"A- 1 . e-• rsJ Both the Jurassic sandstones and the lake limestones are 
iftsly to give water at sdectad pointa where topography favoois 
an overground dow in excess of the meagre rainfall of the 
province. Elsewhere the surface soils might absorb the whole 
rainfall to that no water would reach underlying beds. The 
limestone series often appear to be gypseous in cbaracter, and 
the waters are mainly objectkinable to drink due to salts in 
solution. Possibly a methodical exploration of the lake beds 

, would result In the location of battar quality watsrs at certain 
depths or in circumscribed localities.

Unquestionably the construction ol modern watering 
centres would lead to an influx of Somalia from the neighbour­
ing States of Abyssinia and JuhaUnd, and the strategic dis­
tribution of water station, wamid not merely facihute the woit 
of the District Oficers when coleoCing taxes,'bq|l diminisfa the 
sufleringi and
water holes. So long at the wuteriag of aniinalt can only be 
undertaken at a tew places, it it unpossible to keep the cattle 
in good condition or to prevent the spread of dUeaae. Miles 
around the known water holes every blade of grass has been 
devoured, and animals have to andure long dusty tramps before 
water or m turn graaing is reached.

/ -fMot all aUter eounes pttsenf the necessary’ cAaditionf Jreti 
foe auaW. 'Vhiae liSvtag f bed of boulders in a torrential, 
stream camiot be so handled , nor can us^ sjijgiliet hi 
obtained where ftao tilts or clays Imve been depoaitad in dowty' " 
moving wntea. Generally thereW»jaiycaaino si silts, wndl 
of vurioua gnflea and r>veU rep^eaAiM|(Mia^t jpi^ods 
rainfall and flow, and thaw provide ideal ch^lom far drive ' '
tube well work. Under ordinary cooditicaa the tcreena can b# ■ 
tet at points which enaare the abatractioa of a dear Sitared 
water often bactarialogically pure. Tubea ihiven to a puitabis 
stratum wail below the water table of the vaUey and preferably

- rSC- c'

/ i■^r1-■>

r

to bed rock will yield a water quite unaffected by overground
flow or surface poltetion. fklien a single tube anil not supply 
naafla, tevatal should be coupled together and the suctioa of thf

■V paaap shetild be oonnected with the grouped tubes.^ f ice due te over-graaiag near coBgeated\
A drive tube wall consists ol a peftoraird tuacned eg- 

unaersened stad-pointed drive pipe anth upper tciasred socketed 
joint to which additional langths can be added as they are driveif

(f by a monkey or otherwise to the requisite depth. They vary 
kuna ij in. to a in. diaaaeter usually, and can ouly be used ia

ilidi or loosely coanpaicted-strata aihich suffer com*■p

pnaaion during the procew of driving, and thus provide space 
lor the passage of the tafaang. If strack within 10 or ij ft. . 
faraa the euilece good aopphes of water can be obiemed by ' 
aimpty attaching a auction pump to the saiflade pipe. Maiqf 
little, but vety essential, technical matters require careful ^

- . . . -

DRIVB TUBE WELIA-W«icr cooepes c«rfying penn- 
uuU pupplick can be cheap!) and efiKtivdy Upped lor water 
by driving tube wflOe where the rievK bed contains % modenteiy 
duck depusii lA fairty ccArse sand or gravels. Cnlees there ere

- ..
f •

1
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’ /«■*' ta MCWe -'|-tt~'l «bcc«9^ ■» that akboiigh an apparently .

'aimpla afiair. skiliiii^openite U generaUy niirnry except in 
,, the Hopleat o< caati,

„ .The productive capa^y ^ t«»)« »eU» dqieKU op«» flieii;
dhm^fer And tipVrmaayjty 6f the wator-baaiia* Mi FaeJ fnpi 
Mchnkal icaataa tubes in ex^ tl i ia, diameCeia fm aoii w. 

^If^fSpneraJly adjViMd, ■ad Uwae *{ th^t «be wifl ywM Ipan 5«»- 
■', to a/wo^gallDat per boat, mxaiSbt t» the eoancacaa or thick- 

tM-M^ to tfloob the unenad point 6 yt. WI>*t«
, heir^ shrfaap *iras may occur aad tree tmuka or bcUdm way 

be cartKd wonJd destroy m^eoterted laoika. the /
"tubes siSHildV connected belowlSr snrtittmd myni 
pipi shapld be led joi tr^ jw one||# rf the»m charnel 
The same advice ag|^Wo t^||^ caaep.where the water jt^la 
may fall consideraj^^ith the untwax Nta no case should (m 
suctions be in eiicM si 15 ft. at the Vorsl jptriod tod ptcferall)! 
always within 5 to 10 ft of tbe^i at tW £aui suatiua .aMlh|

One of the manifest advantapps of tehipm 
for working in water. Where, as sonastimes n 
ol riyw cuur^can bithpesied ia ftie ^ ssastjn 
^^rit)edy^lw next section adlVMiUe.

( \f; Water cemsas traversing granite coontry at territory a 
trSeie acid aystalliae rocks prevail usually have sandy badt „ ^ 
aoMble for drive aabasKlI work, except where tha gntUent of '
lbl>«aDeys‘ is steep aad the ate not ^ consoqnenoe ' ;

'.I ’Aly. // =S V-•* > -y,
-1'

snftcientiy thick to gffe satisfactory leaolts. Such oouisea „ jj.: 
should, hoi^ver, ha paaiamed for srietchea where the fall is 
gentler, or the width contracted, in anch a way aa.to have 

• cauied deeper eroaion and subaequently thidier depoaiiions of 
detritus. At Myanga, some miles from Ualawa where water b 
taken for station use from a stream) conditions appear pna^ 
ing for tube wed work. Here a pump draws water from a flow­
ing atresum evidently subject to tael sat floods of tnrtaid water.

I

f
iottiat as was scan by floed bwa af dafaria on the shsep sides. Thn .

. bapki ccassist of cramblaiw Rrsnite which is d^n^posing into ^ 
^•quarts sand and kaehn, the lattar gets washed away, iMving 
“miqKeUent auid into which a gtick was poshed seve^ ; .

"' •■iMl- ''dliaoM h<ataiol)( dppe Mbe wsils c«iW he sef 
ensuia downier at ^

r'

I ^
ed i^llle Atbi

r I

Uia UvSimihk prpspiiaMjr t*
sUlion where ttojftjpr croyms tuflajhd batfc roek^^ot* 

Jy to produce imprmrebWjiau. ^ imt mi^t; howeve^, 
made a* aaldJat Jbods f|i|^ have loured out and later

- T

rt

' 't. , designed to escape Mia udhsences
•' ; ‘"y .Marion may oftsp he uhimr-d

J. e ' . 'V iriwr hsdx esfhdsri^ fehti or beadmga along their ooursa.
I ■ ' ' *■ »*»y* »<!>««»“ « sinoonM4ated sedi. J

■! y .■ bMMe (oonavemeDt. and once walsrjnsaacimd inly vary

fUM channels with aaarsersedhncnta. For working inatmetiaaa ^
on driving tube well see " Emargehcy Water Sadies-''* , kA itumBar of water courses were seen which cnnM btf 

developed bjg^^ tube weUs. The wnrks at Malawa itatkui - s-" iii'- i'
--------- - ^ thaisopply if Tororo furnbb a typical sMmple lor mssaigp- * ^

" flShF Net the station a ptldaai aows in a sandy bed ovtw ^
granite .ountry. Just bMow a waterfall water ia drawn by 

' Marin pumps flem the rfream and put mho sntlemani and
... lUtrarion chambers hefon intoafl-fn pips hns some

-; ^ 7 mdes to Tororo. p«styg|4M«aii«4ga coarse qnarts sand
' *• •*!*»►«>< •*««' » h

> *»V, I>rnn«nfcd«iewat*b<i«rytWbl<,*Wl«*oidaliimttr» -
'* r give* Uouhle in ths hltxatiim chombirs. The waterfall hors

'-2 ' probably canned at this point a deeply tcuused channd in tba —
■• V * ' F'"**''' • '*• driven into these sandsi ' 1

' should ensure a pjemifnl suigily of clear filtered water at all 
\ »lier*y asotding tha use ol filtration and redunentation '^'2

' chambers ____ _ »'

’w.'.t . si- •. .IHAFTfi, nmCHlM Ota HBAOnm-l^ar «gr« ..
of surface flowg and forint of

td h) auiklug shafts in hr near

till nmaily enable Mdrk r»he ciaitiaaad
iail at same period, anleas carrieddeapar. ShMKsgeswgpUy

much dmpar that Aniaitdler table during coostinhtson. and in 
taoae straU ■nessant cx'ilentliliny is ha^fiently <ecasroned by b jl
Ihc need hr cVnning «M mraaOing sand. This trouble can c b f 

, ,. somctimiwSinvmcaiwtiy sinking a shaft in hatil material near . ^
;V tfic w.atsr oonrfr and dnviag *
,4 fhr had of thr stream Fettolating water sn obtained h usnaUy k,
^ disr and free from pollution, but nliaf is much chea||irn»dBio*»'lc «n 

' ' aatfs&rtory if to open op As tlisin bad at low water aitat
, Igstlffl <!>' character of thelfid 1i« pmflinginMh tnbe srailtw ailM| 

oaterwiae a^.Aposstuig almU^te trench, |Mti XlWit seraathi ' >‘V| 
nr opctwioiifled piprd'to wIiMt a pomp snctlon'pfpe can ha

I,k < -V4 i.
; i»F

-1^
'f/

;1
■* ' •>1 fa mm . 1 ,>

Kor instaUations at thia knd wa A nut advise bitge '

mi
A' •'

panps w.trkmg for a lew hnits flaly. A mneh better pUa a 
to nSe Bm.ilter pra^mand ran Ilieaa fin xhoigeT period so that 
g^AMiifsMuigraMva ds«a miu 

o- . : Aaiigis'malWrby>e4aced whilai nmniiig labour coou 
■ " Aattrlalv incrilasKi '

dr on tbr tube w«lb Opcul

Ji.'.'a
l.l.

V
-'i>

f'
■ •

’u
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cootiiBM*. tba^patflow. the lubnerg^ pi^
ahv^ioadedandmasUtetoyieUdeatlltwedtkMw. Whea . ,
Sxering the periotaled sector grareto »4 Mai th*yU fc nKa|l»
JUed U mft^r a good &ltera« aMdhim.. TV •>«» "«»* -f ,
feplOy ctaapacH tV s««Bients aad ccaoilete* t^^ork. "'.'. y

Work, tlie abo« nataie ire <«iy p«&ir widil '
wa^ tlWe <Jo» »»« laU ™f> >«► the srortt leaioo ; and ^

h4o to ft. only u« pvohred pumping raa be avoided bjt ' ^ ^ 
tiiadiihg Iv enough dos^ stream to carry awSy thcarater that ,• ‘..i'

: laraes from the trenrh.

idieriM)' tiootfiooo *>»>*•) "phttV »*» priatected '
aad aater *a» drasm by ike aatiya and placed'bto 

cintiilar mud ttaughs near the taaki inatead of permittla|| 
aaimab ty «it«r aird foul the water. Suitably comtructed ih' 
din^i ■■iin|raeeam where a soriaoe flow of Water can be direct^
daring raiaa, whilst providing ipr the by-paasi}tg o< storm water 

VjjSr^ahd silt, tanka to caaatructed have saliered li(^ Wtage or 
• J ..'Isiltihg in face of ordinary UopimI itorat conditjoha.

' Several iSuatrations are attached of taldts crxutracted 
in the Bhatan^- Stidan where tidge numbers of caaielt and cattle 

daily watered lor eight months after (he cftsation of raim 
The completed taiika, to ft. deep, ooat bctsreen A. yd. and ». 
yer toil <rf capacity, and a little expense in aanual repafts c 
should keep them in good oonditvyi. Even allowing fdb 
evapara(saa,;it siill ba ooticed that if the watet srcre valued to 
repay the cmt m one year the price would not ba higher tfiaa 
that c^iaiVd to shippihg at maay ports in dry countrin like ^ 

<£gy^. imdaa and Aden, srhete ikt prte h ea 6d. up to los. ' i 
par tmi.^ 5m Figs. 27 and t8. A view shown as .

-\/J, imiewnrirt water reeefvoir in the Maibakaa. Fig tiS

■PBBWIJBI.—Jj^^haattatiou in Mt in asaertmg that 
aio hVly to aflord the best, saieet aad cheapest tolo- 

timi d the! Wter .gtgiply of most distticU when moderate 
|[.<.S quasriitiesaroneedpl). .Wharci|aantitiesin caoesaol say jotooo

' '••ttunitr •Vathf.'* sonsiderad.
\ " ■ t* *

"The loUowmgvvery pertinent mmarha fWafU i?wiafet»*.

■>
■1

, nffOONDIlMl WATBRe-Althaugh there are ha hmnp . 
oyecUons to the stetage of water in tni|Sical couVrm, them f 
may be oftnsieaa when it aiiards ^ only feasible, mctbad^ al f 
opening up a district The sbaltaw dew pond type ct —"im'" V. 
pool relies upon a wefTpuddled nsasa of mud aad straw which 
plags the interstices of pNmaable staagato pre^ phrcohi^i 1 '
ilmses. Fuddling is usually sdbctad by t^fmdkJVch wade AVT I.
the svsfUr to drink, aa that the AMroa and Indian viih^e pondk 
iiccerot maasra ol poUuled lajad wheriMhe ithtlves perforia*

{.fi'f-Jlifa abtuticp^ wash their clothes andl^^ncb their Hunt. .
^ A>'<- omi^oly fod by the ran-ofl of badly louled groupd " ‘‘W;

3^'- ' W cbosuituts a maaar* to hfalth which sbossld be avoided. ,
'■ M'iliun;tke dry bdts the water’ls only infrequently refceshsd 

tfvaporftUvn rearbes half-an-mcb a day,

V, \

were
^ V.

3i■c'-'i- VI V-
'll

■*

-".it' fev'
l(\¥, a very yenous te/ '

■■’-'I: :
>water at dry rivar cmiri^ an

hable tw iliuiM^ii||M|
j. /. I during stiams aa wrifl a!» dMhimsfiun of sire by had 5aiiBgi.j’^l^.... ,

• V m South Africa have oaaaed much trouble, and we base V*'
rjt sritneased maav faifmjB ehyodw"* tjllMnifioo losaia are a '

f'xperunente iw under om diteniia
‘>t JdvdsVd^thatvaiMaiilaaappiieaolwdidrc^ be collected and 

stored in deep eaigvaf—n.in eetfoa vJ. -Once the catton sod 
^ / is saturated it n ptttkiik impenueaUe, and the sas^tfrleases 

• are iieghgitds t eatjwy iwmuiectatioqs the wstethss remained 
fcrsb sad clear afftr si,«c|tV and looflr donog

• ' .7 A whwh;ie,iod tte u>«asuVI),«^.&M^ llhll.mi-inth dady
» the tastahlM} Vn'T oU^Aatef isatglAoted to the aendion

;.> • amnltiog-ftmn wiod md »av» action, as no aVto'daveioped.
(' 'jj -dor did wepds grow. The rfi (angular exras«||ii||h sd *0*0

.4► .

paper by Dt. du Toit, late Oeologkt to the Irngatinn Depatt-'ii
of the Ubuv of South Africa, ew South Alrip^n work e \ ', ^ ^

•' Although such does not amm to have secured ade- ■ 5i , 1'
‘L ’*<!»»•« recognilior. the uecupancy al the vast spaces oC ‘SiXa

‘ "Sobth Africa amt tlndrSertlaSfwu has been m^^iaasibla ' r S
: ''principally thiUgb the sgcncy o< the boring’machine. , I %,

• “flnnly believe that mote has keen achieved Inwards Am' ^ 
general detolopmedf’ of the country from tUa compara-

“tivdy few fhoosandsolpmmds spent anmuUj \pan Stato , :
bating than bpm all the milhoiu nepepded -[y lai^H^

' storage hemps , '
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oef ilepf«ac4«VU<Mr amov&t, vnUch cnsiirw ^ i
'mbnunion'of the pon)»4HM at aU Kfc
Niter to meet fluctoatm^ by hoAMtd fW^pag nttnt
than by ipeed o( operating pumps ; one equipped ben abould

■ driUed in groups, but too much multiplicity of bores entails 
expense and trouble outweighing advantages. It w(^ be dan­
gerous to assume that water can be obtained 
ing, but experience has shown that there i*» l#w typed i
«ven the mo6t.unlav«irabIe>hich.«««B not yipM economiblly _ 
qsefnl supplirf of wai# d JocaUpn !L;p«*uUr 
Adniit|i^y.Jt h W«nrtim<^ g-mere questit^Lhit and miss, 
but mailly 'tbeye <ne surface clne/«hich%||||B geo 
give pfefeienot to oertiaii sdis. 1

y
by drill- ?

always be held in reserve at imporUnt waterlog centres.

chosen. Cflotnry to popular notions, there la usually no advan­
tage in drtBiag deeply into rock* of the prevailing types lor•I ■

SS- naelul supplies of wattf ; indeed, in crystalhoe rocks the pro­
spect of success dimudib with dqdh below some pant to wluch ./(■ 
decuagpotition and encka rxMd. Bryood 500 It. it is rarely ' ! '

’ll .

lipaalrisg generally, tho ho»*** hi drfBksg sn gmter in
:wjier« gpieous and mefsnmrphit'yocta ooenr than in 

? • ,0 KgioBs where the rocks are asdinientary, Plutonic rocks Kk*
granitr cover vast areas in some districts, whilst in other i^ona 

. ' volcaairlHavw or ashes alone are in evidence and they mch a

, #•, advttataic to drill into thr fodtt ol tro)iH'al Africa, and if water
i': areas a not fcia»d i^ithin .250 ft. a ute should be cbuMH under

moat arcuiBataiices. -Beyopd Uic looc ci decumpoeition and
surface cracks, drculattoa of admitted water 1^ to impeded that
dissolved aalta am itet flashed away, but cause minrraliaad

thicluiew whn^ makes them the main source ol ground watw. , > p
■ f Kacb of theae typ« strata introdace their own problems.

al nature of which is find<^tood. Several general

watm. Native water holes are rarely carried beyood 100 ft.*
partfy awmg to the dangers and diftcwlbca of working at this
depth and partly on account ol the physical energy required 4o

should be kept in viest whm arranging a water '.'v
hit UHrfal <|aanttties of water that distance hy hand measures.
boreholes have the advantage ewer shafts by permitting the

' S"» V • -*• hole to be cntiiiDd without incaavenHsice king elur the wnterFirstly, the bore site'^lil not hesuboidSonted Ni«rliU(
requirements where an ^om Hte»*igg«s^ -

■ r- ' -
table has been struck. This is always advisable to provide, 
a^unat naciUatioas of the water table with and yearsi
and to establish a head when the level is depresaad.Secondly, short! be selected \ahere water M Mptertd r:y^,»■' y* •.*

■ iat the shallowest depth, as this uivolves less cost au driHug.
,0r BOMHOUi.-rhe type of inatalia- . 

tioa tar a borehole must be guided by circuasstances. Aa a ;
■QUIespecially li erratic resuhi neeesaitata several irelk or sewesal y--yT,trials before Success is achievvsl. ■ s: ?lu'i .drep weB pomp can be operated It any depth within the hmits. -M.

thirdh^loAcieacy ofM|l|' 
I of e«aa«k bona tuWoBiil

?' tat coreddenttan with ahnust equal eaae, thcishould 1^ tataursd by the 
t« -a scses^ wd'alkpw a( a ':J. . ’

ol any act
• I 'water taMc plays little paH in the dcagn ol ptart if that type - £ 

it utref. Ralhny work preeeats special featurna which do aov 
apply te taRibly-to othre htalaltatiaas, aad sunewhat modiftail; 
ciMea ol ptant are In eonseqaenct adopted. Rehabihty euneu. ' 
flret, M a shortage of water at a secognued statioo throws int^

•g. ^ - . cuirfnataa arranguasesits fre waaenng traffic evre tang distaiKrt.
QuaBty at applied to mineral cnuiaitt ui solutioa is imporuat.

or intermiilesrt pumpatg.

s liriefTiiig to the second pient.^ssSI be'gathernd that the
r. r^kuml water tabie is UMy at about the same depth for 
’some Cfliuidaable dit|arta. so Uiak the vertical lift would be ■'-M

the same to anv pavtiedhr talk The determining factor may ; 
hr thie pipe hictiosi in the surface line to the tank. Not Inly '.,

J; .

i.Ji when water is wanted for bdlets aa well as dmnestic purposes,
iga a shallow bore cost less and take less time than a dotp bat as regards the type of powut, tactoss which mducsce othsrif /. • N.

«clMgiM» mnovt^ tnm a railway hoioMa^not n c
line of tke raaaana for preferring be s'

d matter in the dateIron
'1 tba boitan; pomps and trooMr bi 
-' ' cootams minerals m sohitka, thf'{>■ quality and character an that vimf
^ Uiin tainry. Stiuam or bnpoundei

:-y rcr -
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r'^-V j6^ , •*• -^1 •7 ■r >V ■•» ■m -'•I,rm ^ {ica^t. ^-emptey«ao« of air-l|lt is not raMnmmiM. fi^ "»(Ot changoa. and (akpeada^ '.’ 

lend.to ohMdtMUf ininilin miit:

MkntidnMd.'

.1!\ '\
• i‘¥

'■ • >',

\
• t-^y, . Perhaps it would V well to emphauw dut ill any gn*

V' d

can be raised from* borehobi by the iolkngiiy 
rwih of which has its particular advantage lea special 

iffwppees;-. ■

--/i > r :.*,1. .• -v’■t'W 'f'*':hreU the starting and working air j
submergcsKe. and that any exMsa paeseure beyoert thait due to 
asehoergence of dae air-pipe plus that necessary to-tfveroonie • 
friction of the air leads to defective lestilts. “Water rnes meniy 
as the result of lightening arith air, «nd any excess heyood that 
neoeaaaiy to aerate the oohnna causes ejector aeiiaou£^spotls

rrlT':
KttnM cattpiag foal Mndeam ^snAaticai fenaaw 

ftoiont steam plwts ferthear wooer installktians, and tW snnplc 
and fool-proof efcarecter of this class <d machineiy encooiagm - 
its use srhcnever circunutaaces permit. If, therefore, the aprata 
are compact and the water level of a bore riies to within say 
}o ft. of the surface and 100(11 no ataoermal depraakn an 
pumping, a popular plan is to sink a laasonry lined shaft to 
Bear the highest water table and provide feundntions for the 
installatioo of a duplex steam pump to which steam could be 
led frtMi dh< sflrfaea. Araongst the advantages pertaining to 
this method may be mentioocd the lexibUty in pumping rates 
within the capacity of the liote to suit requirements and the 
earn with which the pumps can he replaced. This type of pump 
can he purchased almost anywhere, and Railway Companies 
usually have many in stock for use in ccastructional and other 
works, All wurkmg parts are in sight, easily accessible, and no 

Hikill m ioquired for mnning. (.Sm Fig. 30.)

ared iaedbyV
(a) Deep well phm^ lift and force pamp. 

, 'IrtsB surfoce (») Vertical centrifugaU.
' W Xir-lift

By nsecf j(d) Hodnontalcentrifugala.
W Plunger pumps.

»

7Shalt i
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Obviously no hard and fast rale can be made for tth« 
file type of pirap for particular duties, but genenivrales 
for ggiaknee iaay ha Uid dom base* on cxpmesKe elsewhere

- ■»/it; V,-. aa,. b V,m,
r'\^IV.0

ttw.foater fevel is-deep.* say in laQsss of-ioo'ft ' V. 
■ fMii the suifoie. and fiif inter is cb«, a borelwfo pmnp usually 

best meets the case Borehole csntnhigals and air-lifts are nea 
well suited to cases where the water level fluetnates with seasons 
or w ith the rate of pumping, as their efbaiency falls d the erm- 
ditions for which thev were designed vary. VrrtieuI centrihigals ‘ ^ 
are open |o the plifoe|ion that Ihsv caU for bfgh ilpeeds must

• -usefully transmitted hv an electrical diipe, and their withdraw^
lor inspeeinai or repairs u a lengthy opention .Theyjm Imgely 
used for free yielding, low-hft boiabefos of lane laiwity wh4^ ^
( heap MvctncAf pnei^) is ff**ailaltlo. ' - •

\ ^ ,1: V'!.,>- > .
•■'■I'
•-V ■■ hA 

■'ll

i.-

r- t.'
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■. Kp"^ Ail lilt IS an iiirflicimt nucbanaal Maeess moally coni' ^ 
lined III practice to employiueul where some uncMMi eCcuitepcfo^

' renders the use of pumps urtsalisfnctor) Such cases mbaWhat) 
corrosive or turbid water has to be raised, or where the noiss or 
vibrauon caused bv pump# ip motion might prove a aoisance.
In the absence of electrical power, it may prove aa advanti^ 
u> iasial the power plaut some distance from the borehole when 
air constitutes a convenient medium of transmission. The chief 
(ibjeetion to ail lift besTii the restricted hmita of water level 
under which it wdl function at even low cflicieBcy Firstly, a 
50 per cent, submergenr* is essential for proper aeratioD and 
consequently effoctive opentiun. and aeocmdly, compressors are 
more espciisive than pumps and require nxwe attention. It 

be apjweciattid that the neoesaary sutic and workx^ .
• Irveh to gnv the proper submergence cannot always be obtalnad.

ami that only by a lawly laagthy pumping tesT can the wakm^ ------
” Je^ of wafer in a borehoipjp suaieflxad rata of alptraoticn hsc 
* foniUiiMd. (|tewotuijiirortbeghan-iiamedccndi«iima

4 ''

Some engiaeers favour the tt»e of plain horiauntai centri­
fugal pompt for we in elMfU mainly oo the »core of cheapness.
Their employment calls the use of coonteeshahs and betting 
liabU to give trouUe UAle&s a self'Coatained steapi tvrhuie umt 
IS placed in the shaft above the borehole. Provided Steam power ' 
is weed to give Bexibility of speed, th^ are no obfeptioiis tw 
this course if it is favoured for sgine reasoa. Th<^ that the 
discharge of centrifugals m&ning at a fixed speed falU as the 
water levd is depressed certainly suits some classes of bores 
when an undue lowering of the water lewt causes trouMe in 
Uw bole. iSsr Fig. 30A.)

Next in ssefulDces for railway werk is the deep pronp 
he driwn.by stcew. 
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•^^^miff .97^..
I M-tio. mito'V^'oprirf# ^ mafc «< tluj'^.

dkaitfar caURt»« «r»t«rWca*M-wbe« the 
stafl^ ud long hourj^ ^um'pinil nt .a alow Tat*|M 
(dvwtage. By sinldn^a dtalt well bdoW the stat^ tt 

''<’ tj. ', water in the borehole, a'stotage cah N‘ created ircip^
;. * *■■'. . watel can be pumped at a high rate at, intervals. Imhl

OTetimes preferable to drive headl-

i .
L* ' . a8 . MfH' • 'IJ'

A
9

iatomuid. The only objec- . 
MM of enMiMrawkTbon and '

b , wfithdraw^d,' brsdeW Al iloneewhal hi^ iiMiaj'coat.' We'iye ' 
5% mchned fo iSvise 9Vih{erenee the much wiipfcr engfae^htvefr,^ 

fORie and cranh device which invalvea a oanunoin of ^'

m-y*.

tr;
^ ^V v in^t>eiow t'btt (lOWs^ water Itfvd witli the same object In view.

Battuany the jddd d the bori at variooh depths ot depressioi 
>v fS>« he aseerthiMi by trial brfaredeculing upon the stohl#;.- 

Datdtul M give convenient periods tot pumping

janrying the ibah deep it is sometinus pre 
in^ below the lowt^ water level witli the 

jddd d the bori at

to hiatal or repair, and in moat makes poneidm iat the 
balancing of the pomp rods. Thoe pumping fraanea cai^ba '
belt or chain driven hesn any kiad o< power amt and gro WV ‘ 
ebaaii. (Sw Figs. 31 and 31A.) ■ ■ 1

Single or double-acting deep weB pumps, ran be uh^tiiM V
for use in 6-hi. to la-in bores. ftt tai^c/r ot dm hole

gallcgid^rhlur, tMr» is noTeadSo -
oonpikate matters with-nidoahtofadlinff pump, but tot qusnti- ^ '
tiea » eacess it is an ademltagr to erafiiy the latter type tt fTpL - ' '
small diameter botes. Thimps of 2,500 galtoae per hour capqcity ,
can b.- cpnvenientiv employed in gdn or 8-in. botehiBai. ^ 
.\na<hec'{otilre which makes suboiergad pumps poplar is Ihal ^ y '^1 
tiw Sre d^ays primed ready fur use, whereas a pdfp aboyp r ■
water often nerds pnming beiore it add start. • -s ,

\
Hm attarlwd sketches iflustrate the types al installatiaos .' 

racofinaeiided and-described, and the. Ubulat atatanenl sho^ / /T 
the bdatuc cgst of plants to do the same daty. Set Page fc). ^

,r i'.
►. 2

does not iar ancaed 1.000 h.
DRIJLLING PROBtCs ot

avt'i -2*-
jHOUJini MAfSnOBIT,-

af 'dnUing machinery IhouM equally wep'deal.with all the many \
, ittodsM ttratk thto ghkh it may be l|dB(Maty to driU fat water ■

' '■ InCMtialandEoBtikfrieor-’niBiomayaSaiiqekbeioatideoliDn
■ ' ; fat file poitiBse of ptort than one type olplani, but this Aoald
' tfa asnded tUmrevti^pahsifale as dnplkity of types aopolm a

maltip<M«f dl^ap^ear^Hools and peshapa operators. Eflorta ^ 
S .' Vc 'dannld W dhoctori |o ^ sefactiosi of a stant^d form of rig 

,**' which la likely to giva the ^staBaoundrosnlfs. Conaidiratiana 
' ^ 'of intenMpns. di«i|eter of Ware, yie^nvailihle or desired, depth- ^ 

aaWbn* of sbrath combihe to mfloence one in the choka of 
■ plapt. blit nperieace in vaitous Colonies and 

Arvod to ^^ph^m^be impohance ol avoiding t

%

«t

»
I

. •;
i*.,:

' T .
•^«>mj.VlJUTE relative tQ6TS OF PU 

PLANT

haiJ^NG

of cheap wilgfatVwben ordering drilling for0/

when sMsons of ghtot heat w %oeiaive rains, as in the Tropka, ( 
Me liable to impnd^^ptinal n^erHjm. 
should be speeded'nF to the maximi^Jiaut. 1° moat>dnart^ 
pSuauke stindiag ch^g|s km such^n i^midera^ \SSSS0^ 
oi the total coats that exhep* under v«ry'ex'ii«f^w6nditiaos all 
dsr^shriuM be snbordinatod to ip^rd. c "'

^ .. . » f \
A portable type oi nmclulie hal so ma^ adunBU0et\ivet 

requiring pismantliiig and reassonbling at each bora that

iWRL|4 »!!■ 
Wurr At T(^.i l^MWiLaas «*V 40« •' Dmf

it is essentia] Uut workr . ^VornmLt

SlbtnA »*dD
CcA* AHU Qkab mo 

OIL OisEMiMi

r:zsr'-
I SMdin

Am Urt 
WIT»

ARD Oil 
Emocnb

-r; 1 te 2*.Sire of Pump 4* *>Oj>6 4I a
2.7«>o I 3,ipo

C r '>c ■
I .qis. Ill inC, (-1 Hr I j/oo
A(i)^i<taiiiiat>* acta^]

HsP. rf <|ufr»-<i
< ost (4 Poiiip
( list

3.000 2.300 one
it wvranti firsA coosidera^km, 4od fl«lereri|!e has been given t»< !/

5 li12 tenn an^
w^( amr

^5 this inmost 
lacltn^ in its oieani^

tri^. but po^bUity is a wid^
V ^« tI L4>' £22 £265 'ijpa must be obacryed. Ibus 

bulk may be rdduced by monntuig tba cagi
V, i \£61 i ■if*> ; £96 , £Mp ypi a aaparql*

V rtuck.aad the Marhim itseH nu/ ha hgtniaad by the taoKsnl
. "r4- %V‘If \ /tf ^4 a

, J 0^1 { OST £*06
Vr s.
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:Vs' •
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•m^ wbeM fciii^ «—
-.V -A. 3‘ f •■^-•v

i^Mnt* teirff pi«ci«« roete •i-'W«»i. kmiis, p; j . ^ 4,-
. ■ i, V ^

, . ■' . which,^ cop. *«. «hl». qwbty of .*.d, «d ' ? { ' V ^
jcDdited (IMWW ol bH. •« «i*bttii, li«Jrr ud •,- *

Cder ro<i. to succiwb pucker to ttbliTk by PCTOIVBOO tooH < -uV^i v“ -•
■od evM tlw dwynitoii loP.biU tp d*j>«t fr<«i fh. mtkal 
•hen dtiUnc '0 ,t^-wkM<l UnmtM strnU bw bM '
tttwrWU to t awdwbfe gtMt. hy i^xcioMy «kh»ird tori«.

'fjl r

}

/.
- Jl '»

i ^r
power may be carried od a 
self-propeUing, bat mom often 

' draft animate or tfactors.

I Whateva-type of rig bor^l^thtklllB of motive powCT 
can be decided lb siirt ciw—itiftii«? 9leun is tecommended 

[ ^ where full a*d n^tcr «|e available, as the steam ei«ine is the 
^ ataplest fcyai of power lor ooSkiUed people to handle and it 

.’V allows of wide vai^tmos of spsd » necessi^ lor meetinf 
-, changeaMeconditions. AnincraaaiBg«V».H^n»j fas.internal , 

cembaMiantititteiaraaeinrsniale^'distikUisnowmanili^, < 
'. and greater idability and sii^tcitj; of oil engin^ has mollified 

J some of the earlier objections to thiiir employment. If ampin 
><)wer it provided and the anginea are left ui^ovemed so that 

: .they can be regplated by a «*ntrul at the.iroiit of^ nuKhilie. 
a-,fair vaBation of speed oan be arrsngml to meat dfflerBit 

: situatiems tisd operations. -(Sar jt mni j,.) ’ ■ ^ ^

, 1 -By far the most poptdar pnrUhla permatfcn t^'na the
' dmelcet is the " Stw.'.' a

t

I

['''

Unconsolidated tadlBMartt can be heal hnndM with the 
aid of rotary ftah tooh with fiah 1tail or disa bi^ bnt thfi 

<'< process calk ior heavy duaands on water to ensim a n^idat 
; circnlation to fitish away fika *' enttinga.** Such Strata ars'ifin 

mtti ns tba part ol Atrisa Under smdsa* that they caU lor no J 
serious thought, and such Instgulfiaant alluvial dipeaits sa art 

. S ' itamd can be quite well negotiated With an ordinary percussion 
i " tig. (ha the other hand, diamond or chilled iho« <>n^ can 
J best deal with the hard tucks so often met with, but this typa Mpiv*

, df diiti is npen to lha.grave obieetion ot lafge water mqidreP’e ^ •
i^mts for circnlatiobi in additisa to dificoltiea'hi ptat^^

^ dHpond or deconspbsed soosa in utiiefa water ia tisnaily soU|^

rm-V ,

k i
-
•*

\ •

hme of American okigin uMch haa
‘I'ertypm; Boris thkpapalantydiuneirted, as v

wjBteF-As ^ s« canprelwns.v.iy.

.sJMdinaryWater-drUlmg opendlond'l&wotld-wide dhtA- ' 
f' TIDtioo of "Star" ngt simpMes the^MMhrdnr

' ’hdfmitsoldaUo .s'lp:s ,1 ij
f’■■A, \ ‘

cia^liiAfami outdt wouldmay be cfism *1*^ »
accelerate to a marked degre*. bot a criticar

,-,n«mbey,ol ,ieatHnBdovdoped as the iwnhol long and wide- > 7^
> and H does not pmcUdeii^ addMIm «l
7' * ■“* ^ oodditioiia, '

A si?'*; made to mem ,a>ctdl demands b a "Call
*^<yf , 1*^ .bropwntecaamg blocks without tlmuncanuty a uncoil.
'A “*•*<»»« «•!>*• from the adfii drum, also the mast may

l\,be iKightened and sirenglhaned tor the use of le— .tJLn 
. U^toyb

ol rasulu in South Alrpu hsa M to ^ unqualified caov^# 
that with suitahle took and plant it ip fip- onnecemar)' refine-' 
Ipeiit. Full concurrence is felt srith this view as a reault olk^ 
dxpierience elsewhere. l4th a Suitable as4rtment of took thltm 
dre few crystalUac or other hard rocks wMh which flu* mod^ 
percosaion system will iu)t deal.

-A----- eipetisneed
operstors accusUimed to a particular type ot drlH. lor tlmiTate 
•if'progress with a drill i ___
of diillcts on a ^artiq^ 1% Thii nlaclune,iiieocp«*bas

i

Ml■ %i

, O'* V..
A' i' Speaking with gnatcr jauciahio it may be said that tuj 

hiUowiog quantitias of wnSsr and hmi sspieaiwt the onrds (cr; /" trjf
I,

n , dwiuga.uuUs nmliioda;—«difi
i-

w A •.jjgm-
lai,^ arrangenuw^ are oKWi made fii dri^ thsL ' 1 !•* rw iw

ss«>(j* 1*^, PmcossiOn portable rig wHh
siaam tsrwer ' doto Ihl V

' {>ercosaioa poikabk rig with 
A ' V ■; oU (kerosanel aogins .. *9^
^ -‘ R«iiyaa>lscsrediiU.«l«am

h JO Iba. good qoalfly
s

t* lha, my a gpls, 
, ksiaqpie.Hac hoHpi,The driUmg ng only comprises the mechaa 

ipperatmg toots wtadi jittfotm the act of shilhng, and n 
the salectioa at tbsse lansr that

»
rAboMf same «# pc»>/•i

90 muck depends
»axim«m rate» ol progfeas. Muck km keefc 
leecnf accom

^ in they.y ol qnpr,^ both the dssign mid 0ubt/

v' .A
'Mx ‘iF.'C <

}•‘A

.si>
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V4. fi u* p SI:'> ^
Ga»™ily water ter.drflSng fa » mon serious ^ -.d oU.«r i.e™ oT^riwrLTroSS 

<^t««iwuog factor in the selection

S, ■and the popular yet erroaeaus impressiori that suitable marta 
be got at any time troni South Africa should be dissipated. The 
IJniooAioymment is itseli much perturbed by the difficulty of 

food drillers, and having just deciM 
dSlTiii* policy, tht;y have recognised (Ita 

^aga started a systeiirM training aaij|(|ii'y^ 
uittetf with the CMoHaary. yaliftrttii 

but tn^leorthy jutd proved' 
abort notice. Home drilling experience in the British 

, does not adai)uately fit • imp for Colonial work of th« , 
clg|s bang diecusaed, as help is always at hand in the event «l 
mbble, and it is rarely neriery to iaepravise 

w’hicb are ^^ ~—'* » « *.

;
___ of tho ifinet of rmw^r #dk

i-' ««>dteising the exhaust of !«, rtsem sngine i* f ■
1^ stnng, of pipmg or by the use of Z < i |

‘ A boaer should be p«vid«f with “ X*. 5

'• • ibe fuel s^uiar^'‘°

' ^ ** » draught mar be
y ^ mto the ash po, by deflectim. 0, the pt^^llUZuT

a mtich r-“4. V
Brit«k.|d

M W iound occa* ^ 
tors ire not to be

1,

a*'

•j

• aiTiy urrmisry to laeprovise or flRMioiiuse in
of the first augnituds when dutwl front MixfI.

, ■ ;,■

Provimon should be made in each Cojony te haveow «g,i i ,•
IwoyoudowilhroechMttcal.knemledgeglWtyaintrammtand f/'.

I**“* also judrve* of^supetiet inteSect shmild be i f \
- ‘ 9 telected with the same ab|eot in riew. ■ . (■ ■ >'

■ •’

I '• • •>rinen usually ^piiliand a higlwT rate of P«y than otb*
artws, partly berauae gM on« are Karoe, but mamJy bccnM' tgg 

. thay have to hive generally in mriote locaWia mny from xh^ ..
■^4'. henw and fiunilies wh^ Imen t« U enpyorted. A leak ol i 

abeot i(yo naothly to mchide lisinf expenses has ceaw to^ be 
.'If:-, ' ,»»SW*d as a snitahleMnuneratioo fc» skilled opwatert'in .■

4 foreign countrfrn, bM they arr usuaOy furnished with freg t 
V^^„*.nte„ »«1 brinpbrg omfit and otto, water, fuel oh! b^ , #

^ Ttnselliag expenses iwaiited no official joumeve are rHtetded. ,* ■'1 >i
, Hen of Ittarked topteiority deserve am] rightfully coianuted a ,' ■ > . ^

',PT:. i- .. ">♦* "I l»y. but payments beyond the f^tdiahrii "%y.- % St^

yntoshtold preferabtr be given in seme fohn of hoone dependAi
„ lf|Mn results, iDitetfl ol estaMiihing a hi^ rale which might',i. *

t*nte disaatisfactiaa amongst‘others of less merit. Generosity V 
. in the nutter of knvr is usually well repaid by imprtrved •'k-ri_e 

.; rdkdeney where smb work in dktnte and olt-timas lahenlthy 'at t 
whrre nnflltimte food eannht hi obtained and white - 

ri-tety » nonexistent. ^ ^

* J-
■1 *•<

^ .-Pu j >

The transport M three to five tens of 
prove a serious ftem ol 
or other aounals fix

water daily mgy 
expense caninge igby car, tw^ai 

a distanct 'osfcr roswh country and thi< 
drtktoZ^ «»ily be tecremnd uveral-faM in the case ol rotarv 
“J™ water m broiaca ground. It is nuinlv the ouMien

i'i»;

m*
/

:t- ■

»pMd TQenMired in mclMA m div tl^ rnt*^ *es^
' »tt«rio>’4ollowi., CrysUlBriitJn

^The u, ^ tmtedjightly as

S y / ' go WT(Mlg. Opraiqfg sboold. Lm d/rf es

1? ■ ................< i

\'ii >

t

^1'
t'

a- ;

. K'' /
■ f

1^-

I t

\ V- .•*
T f n* ol how many canatitote a dKKng craw 

cMrtentiaan views. 8tana drillars udB •nrround ' »
with IS to ts men. odmltea equally cortent with f!

bv 4 or 5 asaratanta There is oartainly no need lor the l«rers ; ' 
paaaed anmber about a ng hoseaver inefficient they may be, ' 
and in the Union of South Africa 4 oc ) are couidered aaipie. >'W/f '

re of labour ia a bindrwee rather (&M p

■ fs*-
N i

. %k• , A ■

\ K
f Uaually a
ft Tr d*A».«»waliiftit i»a»ri«fcM tbaychatterandbacomernglcctfirf

rr

^W'\ m>»»
i
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''' medUuMrkM^Mee. A Ubour timr ibeet u irniil^ ‘lifllf ^

1 . '

r V . ■

'-■t

c«k)u4«.'*« Ihctad lik*'. V) «>H4h«*« *M

4^'
water it more genoalfy appreaaked. enwhaWy m tropic^ ud 
«ut>-tn>pio«l'Coaiitries where (urtace nipplaea lo often fail alter Mtirfrit' 1' 
long phriods without rain and the quaUty »ullm deteTi«mtk» < : 
tluDugh expoaure and polhitjpn. Drilling afioida a ehenp and^,^ 

of explora« for and developing groond wever^ ' 
suppliet, and the incretiing use ol the power drill in all parts 

world clearly proves dut satisfaction is derived from its •

the defller. and one man displaying abilities beyond the ortSin^•'^v '
pV .' “ gederallv aonuaated bead man and UugM to operate tbw is ’"’'al
' ii:. i drill in the tanporaiy absence of the skilled operator.

■'■ >•

it
I'l'.L'1• (5'’?

A supervnor is cownaonly appointed if • munber of 
have to be maintsinad in apeniion. at the HuiMd dsties ]
invohsd m keeping rigs supplied with ad needs beromes qnilc 1 
onemos Uriavs fw materiahi widrh mat have to he t ransporled '

" hundredt at ndles are very driMrahsing to the staff hesidn
■ ‘«'»Wy “»<>»oatt»n«<«»ents should be omitted deaigned to beep

" the rig working the wfaije time. In South Africa the wotting 
days per rig year average aoo, and the cost k £1,200 a year, 
say £6 per working day, witen toel. water and transport at* 
provided by the farmers and the raff:. I^r the Government -

easy mt%a&

r-

,g..- A. BEEBV THOMPSON & PARTNEKS. 4, ■-I*

■4-

, ^iaturally little more than an approximate cost far bajei
, .V , even wbme to many vayabiea are »votved A’

" *^'=“’.^'^‘’,^"*®k‘^"e™»*‘hra»vlH iu„^forestimatinri'
''*»■>* coatpot outfits luiderwonnal onndititns whqre trans- 

^.V ***" ™*‘ '"thyut great ddfeuhy,
tJ easing and overhead charges, .All,swing Ini'rdwas^ .

rig and other delay 5. it is likely tliat £roo a month or iT.aav '
Ptr jrat wiU yovehrOsts. II an aVergge footage ol 8 ft pet 

^JWbiiig day n taken oc es-aou workihg daya, tfm eqnak t.(<oo ft. 
pet riryear, say seven to iight wells p«r j-ear' betwaas ^ apd, ^
230 ft deep Bores are, therefore, liko|y to cOdt acaimd°^tte 

■ each, about ij, per kail, excluding aijtstaaduig chai^ It
will bemndersliaai that Iransiiort to some reolMa dktricMBJI^if^- " ‘

^ cost the aq^^^em of several bon-holes and keep a rig'liuwi 
' effec tive use (fit a nioiiUj^iHt, In order to cimpmsaW'lor .' ,

such cont.ngen. ..-s, „ .s an adsanra;!e-lM«Td‘Snr7t^o spare a-* 
rigs so tliat the driUing slaH would not be engaud on uaptuST ^ * i'^r
able work during long non priKlurtii e interv a^.

m 4.1:^
■ -t-

)) ; s^-; *;■

/
/ ✓

<-

V■^/r\
pet'

/ The average cost of M.cgjo bor<» fai the Union of South ' 
.AlnC^ representing a footage of 1.715^02 ft. has been almc^ 
exactly^ fTao, the average yield 
mllona. In Semthem Khod^^v 
opciatmg 111 iqaS were uwrensed to

<■

1<' day per bote being 15^000 
where the nmaber ol ngs 
13, some 33gxx> ft. had bon
It Jb/Omr font. The

f

*

■ iv •,• ... ^

ad^candtlw
riao It. deep, of sAich hh pnr cent gw guful

VetMl/lOb

ad

T, ♦-,
wias
;».1



Ip )}ortlMn FroatMT Piorincc ot lUnya « March. t9*9» «Am torur t,^ miw
r , i ‘ oOMnl by cw Tb. mow. tolkmol •«« •km* tl* !«’
‘ J . MMwble to w ««1 thm WM Dll uni. 1« It«*n tikini inf»

^ amit^ to tb. mi l^>|pclIH± o< Uui rtte. Bmuntuil witb <bc ,l.)>»t5 o<. , - 
, , Di. IVkiooiomiU.. Dot..UllvJ«<»»»0«.»»»^i»*t«toUvH*4i*»f f

• tim aran Um OMily aiully ‘in'*!'* 'l* couWif umloV «l*t ^
4 otmvm. teoimiMolcontooi mofiMid UfdimiitnJ a
^ , tim o< Uttle m. Init UK* otatnniuuo*«»<MiW bo stub •"«" ladl«*t.d . >-oi 

. •*» abMoc. o( iboM undct^rtivik and a mroly ^ <«lia*« «u t*. i
•k- i*,\. (oOowiti* the km* thought. .

, Gmlaaf^^..tt^i'tU^I^tDI«w•tlt*alana»Ulhl*tolhmt.Ka. -
C J *-• aiadllv *aeni<hir. (Smijaa "* M uad tolfaca <w*«nattiai 1*1. oanOKoly 

' -'^nMut hy mttatWv Smtul gninb UK) laaflci plaahi •
■foaitryoiKmtMaliol^with thagnm. I»m »ad imna virilr d.»Ji1»»»"

Iia4a igcataki typa oaer a laugar 
oapiuK.

• ■>“ W aad^aaMma..
■patio*. Al^

, Jaoh natiaail lakal type, prod
-—-----aalnaiin' is trada^ thWnaga fceg t*are

and an ah^ooa <* uasiui etiaioKti wail*.

•hqia water wi4i beM by « 
I vnaecMateted with tba U ww

oaihw (Mlercnt ctyidlti

t Wvt IM eiie
(?*»v

tr
Mi^y.

^ Allhs«^urafaaewxo<avrtKtt«^-o»wasrttdme<] by Ux 
over ki« 4irtMK«« ef rimi or vBirpdorars. the- toctTWt^

about thr cnaatrv and.*!an nften he traoc^ a oanHwatinf f
paMtiou. Witli ■ rainfaM avcr^Jnng Irw dMi ten iMhN a y««r tha -tib-rA ' 

|haa^- 4ajr*pourx evm tba*-# #w» feat ^ V
b tbr%balc aswunt uhkh|p»|3H ea(«Qf»- 

^ka lUn-aQ a|«Md w« a suflkieflt mteaval vt iun* to amm*

k ;■

■/

a :*cwudlf bt Wtey natf ej 
MitaU* tail wooM gt^•' *

■r^r- " ' gasatnuos.
•hate aiidi,Saifan. lohaf (atwntt no Mrihlint iastiiia ova. h«|e 

iJMMnad ridaa. laiwata daiaaalon. is auva ol »kMi IMtar udbnaiuaiy 
ha*a have baas dqiaaiM m volcmc hvaa haaa teau* Jht Lonan Suasap 
ia aanataly a faatara of a^nitoaaaa an* may proaide a cilia to tha alucidatiai 

J ^ . (d^ptUhbma mmactaduiUi the li«aatosadapoUb<*W.)s and Eil Wall,
■ , Ituta la lattaigly faod roaaoo ui iss|koi that tloe aaria. h ol aadunaslary

J mtgio ukI not as ahomml .lav4a|imeH >* Kal^ Una aMoIlKaBaatj^
"V , i Wg-iy.by WS. mtara; TTi, |.in;^yiwhl «lri.yti,s4^ 4a^- 

SS'a v V Ai '*»*.■ P« «i Uldiuaf it anw> >0 lautll. brffol duhaghh «*> ■■- . ^
Ev>«-^ - 1., i» ma-tta. h«- the mhu^rf hak. <«. _
itr-'f-. amt#* k*.*. ol rock. TbaW.jKlima«m...»usly<>«tlaptha(n.«i., ^TV '

. ropk* tuwank Uw Luhiui Sw^p and tfw Moy^ Road, foe m h f-4' ^
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:r^ »• Mfcnr, aUTZi' .p:^ur;:,Trr^
AaliinH ^etiln —M• |Morifmrather tlm n——t kra«am 
.■d .1, cn—n l|^ wA • kkr Ur*, —a, ^
mM hrve b— rarpt h,m ,h, .,„tct»ppirai ciyiuilw racht akM .

• whm- wrattarr hkraBw unda

^‘••^^KtEfcoih, Ike pmtr
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i*b—E^
akin, md H imy he thM per—
k—.yietd better qeekliee el »«M Ae eeph—Mi lee diqar —a ie oa 
kMy iiatikad. ra *hou«h <
it likely that ell would beuAt from lele mieerakeed eupElke. Ae *m 
etooc aeries iekk
ek Ike aide* «» '^ie«y >e keen *Mty de—d beddiii* ptakeiekd beats ol
liWfuUr hardneai and perewily.'

Nothiog to ■

V-,'
^ w' oaly tap wtttar taa katata«apataaei rj; or at can

dtat. I . w;(kM rtandmk ." • V. oatly e very kndted sect— « e«|iosed,*ot
tm It.V •k

Althi—k thaee is l—iaraptiei; eeUeuee o( tk» wade eocuneaiai ..I Ij—.,' ‘ 
with - -"t‘ pr—bids lee aetler, e isey ktttc a—eet««i would dek'.i, V'^ ',f 

kkely pa— thear harats. H ma(ht be tk« the —tiai*er «t Ike laa—d—i|U.
ig|ucke dkeeb see Ike i i*eii'i ; 'a j '
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. ■ee h baxdaen u< iMenrais wkh outkald Id
o<tbepreuutp^rad quaUaiandaetuiif.M tknr fimiU egoU W
», ueiti^pktin* ^ iMk.*-Wkd,

r4nbut such m«kt have baeu mehlly ce^tued lb
Mhapa ii-luck led to Ike laikiie to —to 

1" »»ne Ikfeifc. f

lilat minm attoMlQ^ can be tum^y dalmeatad 
m Ite Mtth at 5^ aj« iit» a pcant «n tW Meru Wajir road 
aidt road b> Uuyaie braaabn . un tba Unyak mad trtm a i
beyond Ike Witgbalk wdbtoi^ ttequaAi are mar «tU oo ttr

-keredus.-. • ^

tha Dmu n«« on the KO Wak . W
an#v% upmed gn tW Nrftot ^

mnypmuollbaN F rrowee Tbak pmi«e ■
•nriaoa by anane qvarti madi end fwk fr^marae. Tine ciytudiM lockq >. . ‘ Si^\ ^
■re iad iMt eath »o«i aiter brasdunf of from tba Men nod to the Wajir ^ ^ ^

> 4pod, tb«a after a lone ftrip of caaDtrv they eppai( tgabi a* a M(%a rkn^-' \
^ allow tbie pUine and contiaoa almuat witWnt appamt ddMrqpOan antil wme ^

alike frob) Ib^jtr At Ga^ TiAa e groiH^ll granitic ImIIi k ■ (catwa of* ' - ' t t 
the kndtfape.and a deep kbor had boep qit ^to the cryataDio^ gicka (See ' , ' '
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Ike b tl

where dm,1
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%. ' "’"><1 edlheaurlwi.jn the pkSSuaLMl ,

•Ve k—ed, uri the ll»«t.«,.Wv«i. kwi-lyuaj 
^ wali r d. leared u( siH and «|ih ukicfc hu wkdhe 
jk JIVW lu ywld Iseely „. thu d-ITKl, aral ihe rate ^

krtr errvkses » tkd lira..u«, be' ‘
■■ was. r » the beds below wer. m-es. ■‘''

io«i . akaw tb« Ld M ak road w be^mtS £«1 Wak antd
•Kmee afDwr Aim aa di-d^nrd bnk
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For many mde« a deaily de&md kbor hned witii 4ont pafebe 

#^toiiree rDugh]|y yaralet t6 the rand. «id at vaabus pubrti waiw m 
tnan w«lb ar anrlace poob for watcibig cattle, tfceep and canMi At 
an ootcrop oCfiaaitic^oahifenm a boldaod pktvfwqar l|ahm m
the couBtry u much cut ap with khme Mndidtai'iino the niAi wwewaw^ ' jB 

ipmiU' were wen la the hank* «j4 tbr ettean near hem
■jj </?’'■

r
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■ '’^erlvu^ the cryatailine nieka. Anolher iaaq{ atrip <4 crymalima vqqba 

raaclwd aboot #5 iMka out froB Wi|ir oo4he Moyak rupd. and dtptmkada 1 
made appaaent by the paaiadbwl aptwaramy ul mme iuninant veftataM of 
t3BMi that do not thriw in c*y 
men on ihe anrtace. u^gaetiw ul
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paivluaie the luM* * heed etielKe Ae 4* U ' ' '■ | V t ' •

eppeoaeked the pb— ai« brobeu bP kdl «>— al eekkuUy fMiithl ,1% .'' jjk 
ruck^ aral M.Sai^ ilaeM teeter w he— draws tpm deep wule m oyatsltw'' ., .'^
roebe with aeerly —tusi ioRatson kk— knkbt* totpkiy weth mitk. . .r ^ y *

'' r Althmih the kilb wwt see viaited. Ike west—top t— jppisst W bulb eci4 , ' ■!} .tvl''M
* ■■ be tucks, aadkltke wells ara^,hMll Ippee el to* wet* iwuced ab— ^ ’VfeiS
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a fi4f gnmi’ pkt» a< MwtuUy soft aatf te» aatekl mkieh a 
V b»4»dlr ciit % uid produM clowfa ol dwt.
Our kftx car. ladwd, ga«« np here, and we had to •inpkte thf }ouni^ t* , - 
fimt witfc <4fpnnd lul— in the ewaiii^ EventMi|t^ w man ^

■OK* <lM6<^fan. ■
*S; k-'"-

«K tromi bf^m^oU taw Hat mini ommd by i thick dcjmrt al hmvy 
, Ml the Imd It itooy md nmrly hmw AJwiM Mem Bie httoHic iaMiii*;<
1 tarn lonmd thick depoeiti al rich tetOe »il oo which IkwdMin >11 hhiili o« ‘ 

lE^ *' >mkne..kWby.*o«lr«nfca
* t ’ W' '3',V . ■ Thcndiip-i thi^^ p«i-ii. ethtrikn* mhml warn m

imdemie <mi«hi« the Jmm when Wtt»al»<»«l.lm« the W^r •^' ,■
' iitati imtiE The lk>n ti^ximl m thrmaiwe beymd the •» p

■A

\t !rl .
tt certain

i rwintw ■ JudguH! hymri^w dehrii end ootcrope kwI neks peedenipMe. ud 
'IfX more freely rim. «my bmc type, md ,md«« .

«pt«le Igf w»tn The Bme weds sre l<nt,d hetwna two hdl 
tf ■. "* *•'>”*' —•• •" The rmedi fro. tk.

^ ^ ^t^brionni hill rancei •raid enmre a greater

■ \ ":j 'A* iirrinilie tad Imn the >p
KK- -■..i' ' TV emdicme poep uHm f£tk« pnMh4tia fo enter B thpkMt 1^ ,

i>. -\ .r-eSrttyhetweenEd W* md R««m A wmiisle4 •< cruned , ' . ,f'll
■ 4, tiy the nml Kme mfles noethat Eli Wik, md k« emiy odk* eorOiwmk -I ' ^, ,!"

' iwmrpe el smdnOM an vnMe to the ent of the rgnl The tUhtm eppen to i ^ 
.*c1h.hone<«.t«llyhe<kle*prohdMyomri*<deheMMt«ritoeyk.the«et|(.V<tt- , ,

. f>aK>«d. Been msk kite riw serin of nxkeM low pedns el* wuw to yietdmter * 
r' iei emdsntt depth A lew odd hHiocm pkked op rkowvl oilrrbedded >

d cd the rocks
•^hm elaewhim. aod in cwiiiqoeoce furtha pnr^ttii

Id arid reg>ons wrU ates are prekt^M^ kxnicd in deprMim i4«c ttv
eifM'ak-M (d tu mure that Ike averagr- rauM uf tW dntnet ___

i Prfo^mi is inriy o hoKriip, ol ttn.' ami the higher the percobtioo the 
grt-att* Hie dQ|re« c4 deo

1
of the rorkf, and c fy the better but tub did not appear to be a gencrat charaetcHalk

the po^ts Id kndiiig watjr hi cryMalJIiw rocks b the abseisae ol sorlsce
outer,^ilkesnmist always he «w dwne of wsentainty ae to ismlt,; Jor
as subsdA ««(« lofitTwy'^M

c^thyers ^gypoum.
Et the hods are Ukely to ytakl a water nt goodittr ci

t kdrknta syttem of cm-ioa. )aiat,cnck* '"‘m -^
and cUkvaga ||aiiea. tbe actnai ootpM cd Mviduk «db nay 
sideraMy «peciMly ai the type M ykcttnUy fanned rwcki way .kfln itOely 
wubm ihcwt daurned A aon* ed iMiirals

ipakty U C Kaees sfalad that a ksB iklge at lugh eosntry mtmdt to the 
aoiA-wm at Ell Wak. adndnbly nifad fat pwswsl oerupsikm. a«d Ihh 
wodM kppcV a laehll dIrectiiiD is which to prtaecwtc nsaareh lor water.con-

'-Al hkaV fa prone nsefaliwfaer IsMe) moaDy eilita n lU of faa dwlnal
^ mtm placea. rmt ittha 

nHhelyfapcaasafeedauabareheia.
iM tUa dapth any faam system I-Ihefa reatse eappv k> SOTM phmea All the khaaa

eiasks haae toosa fa dfaa, coarsa-k
sfaaac so fa JO per mst fa liMic nfawBa ol walac Ainmy 

ja.Ma'hfaifa waund-lnm
i-'laad

/t b aiil|r rarefy t nHhodknl wnk U •indcH.kn.
w Um oi .

a tbafiaU r«eou of pim^ kafa circwwsliamts 
la ai a larin fa bona <|riJkd at Q Oleid. Khoi 

a.ia^tnpraMidhic 
wnhfa,a dhiaw radius

J fa vfeH

oltai s mrlaen Afar Al Msiddo (nshi l*ans'mall rime
oral ^v<|t.AwA a«fa. . <.«fa.dWadaiH^faaho*tiJ«.iao_

f ■ y ^wm sUaHwd to pater, largrknda fa

.'•"4 .
.Vith Aattan with «aMr

line <kil «dnit af any
in Bte sdiuu wHb pagtektrte piiRts It h(if than iMUat - ------------ .. — five dUferent ykldk

^and ipulitir, ol wap,. iV wt,l,d pifad varyfag faaa laa to l.ooo pip, per

■hian. aadtkculldsoiiolotKwfraiajoofai^paitaparipihoo. Oae or'
more lailaras iliaald

if m ikancier irniidni «ai:. fi •' apparent that tb^ beds of the khan
V, Um ^adwnt. «Bd aiakg sum Umg stnrt^ ^d arysttUbbr ruskb are aspond 

At other places tb^ aib lUQg stnipa uf 4|a^ aands and 
<bD(b. Tht aflpwal.depoafir ot Uw khu at

I
> i^’.

cdvartM ‘ 
gravda cariyni tnUr
nth littleon. cniaNinntly, ba tabdn bi Mndmi a aod^It^theabten diouid bf nkfaedat right aogha to lha imka faM at some

aiorf tbr strike wWe. suadar runbtwaM bsjmtK^ioted; ^ b
iWMil> can and weid rather itk^n oorlh a»d «i-f h
Out

I ^hlsWvel\
.\ tiurd mws of depowss ommwtg co«eldn»k»t areaa h. sooie perta nr

the v.kafac eanpliyr gro^, Mf^, «| tin natose«ren tbai«||y|d btghly vewAdkr banlbc hva frrbafatbaiMat
' 1tadt pi pumtry ifartch^ brtt of sMMls fdtoM a bnnacover fa band of tInlloBo Msira. whan aourtbcily aad noftbA meastern duedhm tbr l^ib 

hmdrriiig Ufa crystaHbk masim haid
.i'l pmar. kfa*. aetlonwal plain ol grefa kwrihty HaraWtal sod aatwre olaluog the M pfaina.

, Ar Jraribafa rarfat TV ktfaa ate . .

orpstaJhllc aaiaea which nae ool ol the plairu. Ofay ”
Ik ipofaipgs wnr'whue tufa piled oa lha mad hetweeu Mem and

will mrai Vdfaaws. rill laalad by «wdfa hada fa Ma Uraw awwnpi bat iiimihriatf tbe wida Mt af reyauflfm neks imnod and tbe great
wbvb nnl he camad into Maaabnp t>y tbe

rial, at iMl m parts.! anat be aI
r' ke tbe oman-idl ^ibni an the nnih. m obsthhnaf brtbat

fa this fash place fa hatd. rm ml, naplble
f

anyflMi« bi nare wban tbea« a^ipurtanc cattle, bn abo
Bbndbcint T1

.f ndaMadgr^ The Olber aearoe atgeod enpa of
w She Unia



mr wI "
—i-d

,*•' <,
if.-■

-r..
<{■ 1

•Tk..,
ij. * -A A-'T- . V
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»rr tv.uu«hl, pravKti o( d.^, ki»h« a-hu ™„l_ ^

^ Vwhr"' -V* -.ter , ww ,rtb „ ^ ^,*!y’'.'°*T*^ “•
•a llw .11 M.ite.1 ^ i, ^ *l»«ted pte.)..

. ■* ,^ev, of mtcno^ much Uth H (»n«1 K.te-1, ™”*‘ t*»■■ ^r:r-;r^xx“.r—
' .tem in., .tet, J .teUbtite,--------- ^

i
■:~i-'iAm mtinnUI uicft.lMl 1^ ml  ̂twfP-V

Aa)
^ ■

i
A ukt^alty lika W^ir aB4 HI Wik It laifhfrbc ptBlfct* 
1« aawififite acak and hi the Natives see wtwt CBa%a 

ireflKts. Tte

f'l ■v^^
iv

' rt'P t-v wtribOC (Bwiel plants amd a<.<tini{ 
wottid batD test oemui wcUs for cs( Md U yuMiin s a,. Atte M«<lliii wpfdr teiib thsBi c« m fsod ilyls v Mk ana <p«gi 
nisc water by sirriiiili, with periM(» 
haaiimpte
It ii Wak |l fli^ bs

,. m Wiific^aad rsiMsrt tkt tmwi*a tmdL A deep wcU fiasqp fauU 
^ ‘4«i be testaSsd and ofNntad bv a power plant orwndmia. Watsreealdin

coweyed by a pipe to trouglv kxated su«M distaooa teap (ha «eU^

Bora sunk to crvataUkie racks an wdlMlvU fie Wr F^*
•( too ft wtodnab could to apy 

cut mi ratoe 1^ i^antittoB. so that il Aaftntaly la^ weO centres an td* 
he ssUbMMd'^yhtor ttone conthbam amral bores woaU be aetoasary Otoe 
bun at least shonld be fitted with an e«wr|;eacy power plant for uae to the 
event dt the wind fail top for loof penuda A tank will take care to the daily 
dtrtnatwoa doe M wtod changat In the Sndaa tlw nnluiv to Oedt bores''

J » d |ilpR i. (V ouin r.p«iM a( dhUim tV cod d tevnyl -dk ittf 0t pwlr , itT •
tVj»t d-ik-WMBMei.*., / ■• ’•; '’^^: 't/^

Soote d Ute COMM cmU ptdaUy V UtedOy «»*• 4*^ *, ^

.^.lV^m«kt.p|>tyloH«lyl^l.lVD>te.$ta«*d«d. ^
' the «fr>-aeastn tone el Mfurati.ei Is mUiu^ j« to sj ft. ftoraAie'iJrtaca. U . .r’'^' t r.,

Uteaandepsraistktdepth eraetotorbeddedwttkdnivnitoooanersend.'tvfia'' 
quMrtitost to water oTicbt be Wurk Adcr a sub-artadan hend at depths 
to 90 or 40 K. , An aaprriiaito wndd be chsar m4 jqtonk. end a tow tortfi ^ — ^jjS 
w<BilAsjiirkly dehawtof (tw leatotolrty

' ''tiJ-

IttnnU 
iw taUe to b^b, bnt 
d dwdt ur bnr near

toap
the Waprta

to s

-■i

\
; . r '■ dorm to water, and if the depth to to

T/Tl
i. -’4

'S
< -4. ;

I ■'i iera rach - .H ^ \
•n diM ovi

d .ItetefcnH .««, Vw lUW .M, 
Wot ted ».- -..1.1. 0.: ■ r:—“p wa «u n k. ,wi AtM

ow*o<» mb. Fo<irb« lo 
« i«™rltedly dBft

— • V^sJrX 1-
.. IVrMAalmki 
lo Ote Idl-ip^, v» d

.i:

K '^”'*"<«V‘«Vr mteh up b, rdm d
,<». ‘opi«r. .. umv.1. te P-4

•■tototorn men and

• V

'W
''*x^

d^r^Ftw
-JVf >Va<^ wunkS uefbatoiy y obtained in the Dana told Lu^nrec eowr^ 

tob^iedpotota. In ^Mkiarverradiftitownter table tony at tMtow be deeper 
iW bo to 3» k . that V beynnd the imts to a Mcttoo (MAP, mitolkh 
it would be wceaaary M nnk k 4^11 to n depth ntoera a idt and (mve pol^i 
roufid be ptoead wilkto werkable reach to the watee. In to! casee (W toibto ^
•hiWld be dnvsh »«1! below the w^aer Ubte to ordw to cniare a head iw the

ptom to tol ttowa. otbwwtoe cenatant tfonhtos mt aape- , 
ma^ toVra water Is found la the «al 

atdepttweaceadtoraiewtoaitharetoalwV»trouWtBikeepinfianopmhtoe
iw.tlw mdruanfl^ to. This dtokadto

- ^ ' i^aAi. dheie the water wpk drawn frcwi kiuae r
^ ft-

I nder aalira infdK

^ -------------- ..,. .o . <-mn^ o, boP hltelv .,

^ «d „te. M. 1 -

f

/
^ 3

wcrmmm and
di -rth in

pm, » V- *.,-• ^ 
"“k.Vinftemdtedip"; ;- ' -■* q bbUr DDUcMl >t MoiU.

* and raaveto af

aomr Of penppaewi
te^todtop (Sarr«.

Ohtogi^y. t»*« —
■ f

lotddhpo<v.|.<l«kMeSB|AiUtmgKthdth’<«nV^OFU«.tmtmMH 
aim e-r. dm«. •.!« i. •mtabW »-.»* oa tl.« ipiiil

mtorabto to saik a shaJi on the sd«e 4 the khpr where dear wat 
drawn by

V

F? i to «■« <hs%^ 44 totated wattx. doa>A^cttold berf; « A
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if ^1^ ddMMl U pmrt. tod tteaMunl 
ti'aright be a lugT*F fcr conuDoa wMV proje^ (nd re«tt^ « 

i. *** **'^*“ ’-■oBeeted aB>B Wd mx or otiMrwii* lur the cwnpi 
^ ‘ itjoa^ « [«dak()tw«i chw^

uglier wach circiwtfbcM.'tad tbf ich«raM M'* <»«*•»,IW<l»'«a»»iry-li»<f ftnmn -u ma. Wwwi.

f ,1^ V J ••>'*(«. t1«t tb./ ''^t'

T^x^-zSxsiz^'asc:'
'1*11^ VM IMU vl th, SMtaaMhoe kIkmm «

- >ni|nni 'ri«ii.iit»bfc iw«»«i.i—iiian«niiii to 
. N^IC raio tr !b( invk oaadMt <i< cala«^
,' bot tkt linly aftjnk laopunry mM aiul Ux NalivaatR e 

toonmiiiMc HW wam kids wbm iW a^idv
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