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15th Mareh 1930.
The Seeretary of State tor the Colomnies, <

Colemial Office, =
Lomdon, 3.W.1.

3
8ir, {8 A A

< \ 3 e
We have noticed in the Press rewqndly y

to a report on Keaya Water Supplies by Messrs. A. Beedy y
Thompson & Partners. On approaching them for coplos:i.f
have iaformed 4s that s muader o: these reports were handed
#0 you and that they have ‘no further copies availadle for
dllttibutlon.

We are therefore taking the liberty of approaching
you and asking whether you would be good enough to let us

have, say, two or three eopies of thia report rfor our perusal
and filea,

We remaia,
r,

Your pbediens servants,
FOR THE MAGADS SODA COMPANY, LTD:

q
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East Ar‘rlr-n-i;'epartunt, '
COLONIAL OFFICE.

o

Ve have been :sked by the Bditor of "East A?ricn
for & review ypy of Mr. A, Beeby Thomps >n's Report on
Water Problems in Kenya, and we shall be glad to knew
whether there is any aobjection 'ta & copy belng supj lied
to him for review in is pertodicsl.

Report wsa printed for
' Kenya, nd is not usual
the press before publication,

The Editor ha farmed us that his attention

the Report by Nr: Beeby Thompson himselr.
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! ‘Wotes on' I'G;'s‘or"clot'mp Water Problems by
T wr-. i. Bebby Mompson and 'F
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‘ Ve it ping o ’°..
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et u‘tlﬁ. 3 gpglt’ of water ocan :

.’ . p jp;%th d%{.ﬂn’

Or P:ﬂtne‘ -t;rtung’&uult- may Qolﬁ" a0

crpnuo& nogn_o of subsoil water devel s J&
is also affirmed that in the developing of subsoil
water by drilling lies the main hope of promoting the
agriculturdl and pastorsl progress of the Coloay, se
opportunities for impounding water are very rare, and
the cost of such projects ie exceedingly high, and
loeal in its effect.

Page 9. The Rift Valley in partienlar offers

slmost unlimited scope for detailed investigation.

Pa, 4. As repards the Magadi area, the coh-

ditions warrant drilling in the first parallel valley

between the rifts on the &ast side of the lake and

cloge to the railway. A bore-hole in the middle of

Lake Magadl would certainly diselose data of the

greatest sclentific interest, and poseibly fresh wmate

might be found below the minerslised zone, but drill-

ing should only be oconducted under skilled advige.

Page ‘15, Tube wells sould be driven in sandy

‘ patohes to be found on the shores of Lakes Victoris

g . Myaiise and Albert with s oertainty of tapping ek
it ! an abondanece of good filtered and clear water. As
. regards Lake Naivaisha, K the geological eonditione

i e justify the belief that successful tube wells eou

‘ Y e e ] he luvuutqud ampure an smple supply of Wil
-&'":6*"‘; ""»mu .
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16. Many of the swamps fringing tho‘

great h water lakes and running inland 8
'3 R e

';11 "P‘i 40 0 pube ‘ mater.
.8 g :“ § o1 ler

&% HOSK ¥aJir and Bi1 Wak, the water supplies
could be improved beyond recognition by simple
works, and in the Lorian swamp region the

geological oconditions appear to favour the pre-
sence of subsoil waters of good quality over a
8

wide belt of couatry. Along the Dausa River

separating Kenys and Abyseinia, a peries of

ould be atablished under most o the "Star”, &

water stations

noted that on page 30 they refer t

plesaing conditions. Poseibly & methodioal exs . machine of American origin, as being the most popnlar

ploration of the lake beds would resnlt in the and opé which hae far out-

porteble percussion rig,

=S
etion of better quality waters. A special (This is the type which has

sold all other types.
report n water rr(\srﬁn‘.a in the Borthern ! 1% m.’.” e

Kenys Government ).

already been asoquired by the
Prontier Province will be found at pages 37-45

f the report. m

Page P A sumber of water sourses were ' [/’/3t’

whieh could be developdd by drive tube

wells.

Bo heaitation is felt in assers.

ing that boreholes are likely %o afford the besd,

afest and cheapeat solution of the water supply
districts where moderate guantities are
needed Where guabtities in excess of, say,

gallone a day are requisitioned, the qNes-
some other source of supply shounld be
The report slgc deals fally with Abe* By

tesbaddnl asresta of thy prodlem, and it may B4
poted.
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4, MILLBANK,
\WESTMINSTER,

NLONBBY, s £

fvicTonia 7730)

#6th Depgember, 1929.

Dedr, Mr. Cliffe,

" th reference to your
recent ¢ tion on the
telephone h Mr. Spiller
regarding Mr. Beeby Thompeon's
report of the 5th Beptember on
Kenya Water problems, I attach
& vopy of correspondence, from
which you will see that the
OGovernment of Kenya suthorised
the printing of 200 capies, after
having been advised of the
approximate cost.

Yours sincevely,

>

P/

————————

€. A. B Ciifrre, Beq.,
Colonial Office,
8. 8. V4




The ‘Crowa w:;tﬂ' the Colonies,
s Mi2ibank, 9,801

Gentlemen,
fhe Kenys Water Report is mow ready, but &s it 18

desired to introduce reproductions of sany W.uu

1ilestrate features, it would sppesr duw 0 have

it printed. The cost of 100 swiig coples with go‘-
dllgatratione would, ve understand, be about £100. It’

Mutu to authorise prm will you w 'tn

m it they agree to progedure nd._u*—‘-'




"Beshy Thompson recommends that report on
Vater Supply now ready should be printed cest of
100 copies with 50 illustrations about £100 do you
concur if a0 how many copies shall we order”.

Dated 17th 8§

"Referring to your telegram of 11th Septeaber Martin

telegraphed to by Private Secretary that 200 coples of
Beeby Thompson's Report were required"

»
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I have the hopour to $ransmit herewith, for the
ntdrmation of the Secretary(or State asd for the service of the
Coloniel Office, two copies of the report addressed to ‘the
Governor of Kenya by Messrs. A. Beeby Thompson & Partners, on
the Water Problems of the Colony.

2. Bix copies of the report have been forwarded to the

Coleonial Govermment by this week's mail, and 150 further copies

are in course of shipment,

3. There remdin approximately 30 copies in this Office
available for distridution as required.

I have the honour %o bde,
8ir,

Yamr obedient Servant,

w2t Ll

for Crown Agents.
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Downing Street,

‘:»/ M August, 1929,
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E. Hording.

Sir J. Shuckburgh
.
Sir. G. Grindle. 4 |\ T
." G 31 .i
Sir G Davis v + - 18
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DRAFT.

P

that he approvee of your raying to “esers

THE €.A, - FOR THE COLS.

Beeby Thompson and Partners, the sum of

£231 ., being the expenses ineurred by

’%Aluur.a_

their Senior Partner in cgnnection with
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hin recent visit o Henya.
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8ir Samuel Wilsen, X.0M
m.r-u.mu,f!‘\u-'m i Colesies,
' Golonia) BfE
s, “

Dear Sir Samuel, ‘

1 arvived home Tast Sopday after vigihs to Nosssbique, Rbodewie
and South Africs, snd on #he %oyage Bowd frem ke Oepe T was Napt busy with
& Kenya-Ugands Repart I promised o write. A0 I an & Litile Wndsoided as W
the best way of presenting wy flepord, T aliowld wych 1ike four advioce 41 you
could spare & fey ninuies sue day. S0 sany of the recosmendations made
apply slmest equally S0 most of pur AM¥isgn posssdiiems Ahat 4% would sppoer
an advantage for all o B ingarporated #o ona gettarel Awpert whish ceuld be
printed asd Lllustrated with repredustdgne of sems of T many interseting
photes T have taken. Op the eflier hand, @8 viali ans Sade {n the Luterest.
of Kenys which usderivgk to reisbures sy egpenditury Sucdrevl bayend e Budan.

»mu«o.—u--wwmg&-n
favitation by the Governer, ud I evaniuuLly speut o Sonth there Shveefigating a
¢ yArious weter prodlems as well as the lake Albert o) sitastign. "w‘y
) 1o nder 56 obligation te share expimsee, Kemys might Wjmet o o foint Repors, i

\ " &



sthough T havp waived all question of Tesmefor the #ip In sy saxiety to
obtain fiyat-hasd Inforugtion eu thy pot sud be edter able %o sdvise s
Crown Agenie. T oarsainly 444 et antioigsty an edwanse ¢f wix Bootls,
i} onoce oy Hhe grownd I YALiagly shbondsl whay belly T oqud dad Gt dis-
inalined to lsave yatyl [ had Lovestigated ¥ae wore 4LffTvult prodles aibkiveed

™ "

1 bawe prepared « faifly long and eomprabenaist Wpord iy |
addision to the magy miner Raperis on Lpeal ppdtlene hamded te the twy Ogvern-
morrte WAlyt ous fleve, ALY % o Ovlonies seen sproed that agnjenitengl
progrese depanis largely 6% W@, Wi Teen T sastent of wy Reperde whigh
VAl regsh ha Gedenial Mfigs in dus conrsa, yuh SRAL hg e f fwige et
aan be dons Shth o mederedy empendliuny ¢ B WK 1 gy dirested

1 enclosa Becewith segy oF & Repgrd waich I hayy foday seut

:" te the Crgw Agenty for famimiselpn o “Tenpengiie Saeling yish Wiker pweblaps
/"'ut‘bﬂn-'v- A tie nev Boxwruonit s weseldering dovelepment sobhepey
’2"‘ | ter 4he Qaleniss, the Beperds Iham in prepntinn wey phage Jlpfel. b wwr
€ opme, T ahnia ek 1i0e n Seperieabty, 4 deet ds gaislile, o papheting see
‘f’ of the Committesd belng ferwed, 1 mderviand, 4dr spualdering Oslonigl Settigment |
o sohiuss where wwtor 1s o Tlrnt necenpidy. '
Toprs sinperely,

95%oq 71 Q Bty Hrmpin..




KENYA
WATER PROBLEMS

A. BEEBY THOMPSON & PARTNERS

APPENDICES
NORTH FRONTIER PROVINCE

LAKE SOLAI DISTRICT




Map of East Africa o g 1, £
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I'ypical View of Plains between Rifts in Kift Valley (rocky
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Volcano, near Nakuru
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Typical Scenery near Isiola (decomposed Hadalts and Tuffs

The Water Holes of Wajir (Liftlestone Belt and water kgt
mineralised)
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Sth Seplember, 1939

KENYA WATER PROBLEMS

His Excellency
Sik Ebwarp Grige, K.CM.G
GOVERNMENT Housk,
NairoBI
SiR,

We have pleasure in presenting the attached Report
based on the receit visit of our semior partmer who desires to
take this oppertunity of acknowledging with gratitude the will
mg assistance afforded and social courtesies extended to him by
the many officials with whom it was his pleasure to be placed
in contact hurng the many safaris undertaken

The gravity of the water situation was repeatedly brought
hame very forcibly during journeys to the more poorly watered
districts, and on many occasions the distress caused to men and
animals by the scarcity of water was witnessed. That this state
f affairs can be remedied in many regions is certain, and in the
ase of the Northern Frontier Province startling results may

follow an organised programme of subsoil water development

No hesitation 1s felt m affirmung that in the developing
f subsoil water by dnlling lies the main hope of promoting the
agricultural and pastoral progress of the Colony, as oppor
tunities for impounding water are very rare, and the cost of
such projects 1s exceedingly high and local in its effect

Dunng a visit of some eght weeks' duration in Kenya
w addition to a further five weeks' journeys in Uganda. a fair
dea was obtained of the water difficulties of the country. Most
attention was naturally directed to those areas where the water
scarcity was more acute, but such wade strips of tesritory are
haracterised by similar topographical and geolegical conditions
that almest identical problems ate reproduged and the same

remedies are apphcable

A map is incorporated showing the
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routes followed wheh away from the railways
Systemv various trips were magde with Offiéx
See Fig. 1
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th the pumps, unlessisédimentation.afid filtration chambers age
provided. - On. accoupt .of the desire to'avoid the above diffi-
culties, the use of subsoil water is @dvocated whenever circum-
stances admit. There are naturally at times obvious supplies
from springs whiich it would be folly to neglect, but very distant
sources of supply are open to the objection of possible damage
to pipes along the lines of their routes.” When a piped supply
follows the yallway, there are fewér objections to long distance
transmission as the system conres under the immediate observa
uon of the officials, bat, generally speaking, it will be found
chipagaiidl more convenient to have a number of water stations
with independent supplies than to place reliance upon a single
source for a long stretch of line >

The development and use of subsoil water calls for
material changes in the type of plant for water extraction, and
these matters are discussed elsewhere Not everywhere can
inderground water be obtained in useful quantities, so that any
work undertaken must be done with discretion and under advice
T'he customary means of reac hing subsoil waters are by means
of Drive tube wells, shafts or heaflings or boreholes where the
water is deep. More detailed reference to this subject will be
found on pages 19 to 24

GEOLOGICAL FEATURES  The geological conditions
A Kenya can scarcely be regarded as favourable for water
supplies, but in this respect they differ little fram so many other
arts of Afmca where the geological features call for ¢ XCeptional

andling Sceptics are numerous enough to discourage activities

where the prospects cannot be clearly defined. for amongst
Waterworks Engineers there is a strong dismelination to probe
into the earth after the unknown, if visible supplies of water
can be collected and stored Impounding water is, however
far too costly a procedure for most young Colonies with limited
funds for disposal, especially as there are so many objections
and difficulties connected with the storage of water in tropical
countries. Much more extended development results from a
wide distribution of small water units than from a concentration
in some region bounded by the limits of a reservoir The earth
itself constitutes by far the best container for water which as a
rule undergoes purification in its descent and travel through rocks
where it is preserved from pollution and evaporation losses until
abstracted for use. Crystalline rocks which cover the bulk of
Kenya are not good water ylelding beds, for neither the voléanic
metamorphic, nor igneous types are themselves porous and
permeable, but fortunately they are sufficiently fissured and
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decomposed at many points to cause them to admit and to hold
water, and in this way to befidve mnch as permeable <edimen
tary rocks. Only bys courageous policy of pxplorator drilhing
ean the water resources of subly oSt be Hiclosed  hrit
Wherever undertaken with enegy antl determination, sucoess
ha\A rewarded all efforts. A proportion of failores” mie. Pe
anticapated &nd the cost of such is a legitimate charge on the
mo)rﬂ-whl works undertaken for the benéfit of the comnninity
At large

Bxcept for a stnp of country along the Indian Ocean anc
alung the Jubaland frontier district where sedimentaries of suy
Jurassie age utcrop. the bulk of the country ere

metamorphic or igneous rock Patche f1

beds occur here and there, and in some dist

deposits occur. but the characteristic tvne

Obviousty some types of rock offer better prospects

water than others, but regardless of the type

Jocations are more favourable than others. No

unswmtabihty of crystalhine rocks for the recept and

but supporters of a dnlling policy m such
tamed that decomposed, crushed or fault
lead to the formation of pareus zones but alsc
f water Pre ’
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' la
lecomposition of the
hed
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1ore water

space for the
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ide he large amomnt of salts leac hed from
ine rocks 1s shown |
k showr the enormous deposits of laterite

murram kankar (efflorescent lime) fopme d on the surfa
) n Suriace

re four »
¢ nd covering nearly all kinds of cry

talline
onditians of temperature and raig
ertam favourable conditions these effloresc

N commercially useful quantities

mear water gains access t« the earth, there

that not only is sach the case, but that
N the hardest tocks to Bve enduring

might be expected, there B no comnsss
rocks of the same general character

} i a comphcated metwork of
and foliation plages and crush

rock has asually suffered changes

5

of some kind favouring the formation of pore space where pre-
viously only water of crystallization or capillary water was
present. Very naturafly such conditions. preclude trustworthy
estipations of depths, yields and qualities of water, but acquaint-
apge With work igimany countties epables those with experience
$ o la faly idled of wﬁ.a may beaﬁ;ected upder’ different

: Ry ¢ g ORNG
gererally so much distorted that they outcrep or approach the
surface at q steep angle. During the process of crushing or
disturBance, lines of 'weakness developed which afforded ‘'opper-
tunities for atmospheric ageneies to operate and set up a process
of déctmpasition. Precipitated waters rendered active by sobus
tion of ‘Sxygen apd carbon dioxide from the air attack the less
stable mumeérals composing the rocks causing their disitegration.
The depth to which these agencies operate depends Wpon many
circumstances, bat asq rule the conditions favourable for water
atcumulation in useful amotnts fade at depth and with them
the chance of finding water: Major fault planes may af tiies
vield water at great depfh, ‘but the search for these féw ind Tar
separated lines of weakness would beé far too precariousia work
to attempt by dnilling. Generally speaking, it is unprofitable
to prospect for water in crystalline rocks at depths in excess of
0 feet except of course where for some reason a high point is
selected near a deep depression which is equivalent to assuming
the land surface at the lowest point
GRANITES AND GNEISSES. Granitic and pgoeissi
rocks readily decompose on exposure to atmosphenc agencies
[hose in massive form bettér resist attack than those promi
nently foliated where seams of isolated, concentrated minetals
cause differential decomposition and expose the harder layers
destructive agencies, Fortunately the massive granite farely
escapes fracturing, and a roughly rectangular system of joint
planes breaks the homogeneity of the mass and permits wetess
of active rain water. SOmetimes granites are pierced by intry
sive veins or dykes of more basic material which assist disinte
gration and promote lines of weakness which facllitate the
process of destruction. The picturesqie tofs found in granite
motry are the result of  conibined agencies following the
jointing which is such an almost universal feature,

Onee belaw the regional water table of the district any
crack or fissyre will Vield water, the quanuty depending 1pon
the sige and extent of the fissre system which, Buwever, usually




of joint' planes. As a rule
L r, but #f ciculation is poor
ining/ SPans of arcas
e surface, the
proved results may be
o the rock at a distance from any water-
course where the first rains would dissglye and carry away the
surface incrustations, which would ﬂh\w— find access to
absorptive outcropping rocks, - Amidst. these surmundings it is
often found that the watdr at\differeht depths Will difier in
saline opntenty; af ylse will thequality of swater in nearby wells.
A singly disgppointmens shotild Dot therefore, discourage further
tests wherd ‘the cire e and possibili are perfectly
clear.

\

The extent to Which watér does &Aig admission to hard
granific. but jointed. yocks is seen by thé presemce of springs
Dedir the boudder-strewn bak¢ of gramite tors many months after
3l have ceased.* Water adimiteed at higher pounts graduallp
percolates along cracks yatil a convenient escape is found 4t

“eome | pomt.on the hill side,

Gridisses vary 86 much & clhrecter that It'is difficult 1o
Beocralise.” The foliation may, be almost indistinguishiable o
themiperd compotients may Ui iy tleafly\defined bangds which
give the appéarance of 2 sedimentary yock. Nearly alwiys
standing with the cleavage planes at a stéep angle they present
very faveurable opportunities for the operation of Hisintegra
tion agénciey and for water adimisaion As with graite, intru
SIVE. Wins may assist the process of destruction by diflerential
djﬁmr&mu. Rartly do bores sunk into thess rocks tall to
yleld water when entered in regions of modetate rainfall O Dear
wheve surfice flows occur Sometimes a sluggish circylation
ay Tead to bighly miveralised water due to the solution of $ate.
derived from ghie decompasition of the nock winerall, buf the
frequency’ of Springs in valleys carved out of thise beds is itself
Pronf Of 11 i vale, as water receivels ahd retainers.  The best

auﬁq%n«pa@-m-dmlnﬂynmm L v
surf@gp!mtmmto~‘_~uhcmn;&
st .ﬂ!whmhum'

. (CNBRY
ST A 5 8

TR R Y 35 M Yo
ka;ym the main centres of
evi ins‘ght and fo J
the of lava have
:'a:uumubxw""“
like the granites or

. ‘decomposition /1
. often accompanied: formation in the valleys of days aud i

silts where papyrus swamps are a familiar sicht.
< Bk '
© . Certain types of valcanic rock amg very vesicplar and
readily weather ; others are of a very wgsistant nature -dole
quite impervious to water. | The hasd, w;igrln.typecmﬂy .
p-m-'-non districts, ﬂm‘“ of some gravity
is by their sporadic. distsily ‘ m
at each flow, resujting thereby dn the formation of land surfaces
which have weathered and formed porous hyu:n. Land move-
ments, earthquakes;, and témperature vlrhm have ahc
caused the cracking of the Mmr.h\q.hl-qurm t0 gain
admission to thé series 3o that it can &whte in the porous
layers. | Possibly beds of ash, scoria and Japilli separate some
of the harder lavas and constitute reservows for water, The
lava flows distant from the volcanoes are generally horizentally
bedded or mearly so, and when deeply ehaded, into moder
valleys the issuing springs denate the extent to which the beds
recéive and yield up water.

Vast dreas are covered With basaltic type: lavas wiiich
decompose more reallily. than most varieties, ‘parficulirly the
very r classes. reglons U; mnrh:-*'z: covq::

- ful hich, althought very 3 s, dfe b
;:I‘:I“&Fu?‘zl. t:t yield up the cotained }wa'tt-r which is
mainly capillagy. Nm, these tuff€ do give water often
quite freely, dite doubtless to the presence. of intérlaminated ash
beds or decomposed and pitted old tind surtaces along which
Waler can travel. At times the tuffs, t'hoqlpnm.y hori-
sontal, have Been subjected to considerable M since
dq'ahddm,ndinndecpqoh.nﬂwgy !




rock$ have !ltdm# m.

character is totally ebliterated. and siliceous

heavy fracturing, faulting and slickensiding by means of which
Opportunities are afforded for water to gain access apd circulate
in their midst. Almost everywhere where opportupities exist
Aot Twater to (Foss their upturned exposed edgesi theres are
-reasonable chances of striking m below the regianal zone of
satovationt. There i evidence that such cracks and creyices
existed.at leather, périods in the mumerous veinlets of galcite,
gypsum; edrthy or @ici %Mwwumm
throdgh the rocks at all angles. The same class of fractares is
J+ eproduced in the rdcks as at MMM@M“
theye are submerged in tor and covered with other sediments,
the present cavities and chanield\would be filled with mineral

%
‘ : o4 (sithstances

A note of warning might be sounded concerning the
danger of assuming that ridges ‘of outeropping granites dnd
quartzites dre representative of rocks over intérvening areas
Wide strips of country betyeerf ridges are covered with alluvinm,
soil or swamps, and it may be that-these unexplored hasins-owe
their origin to the ootrirrence of other and softer types of roek
than those exposed on the ridges. "~ This'is certanly the case in
the Sudan where somewhat similar, condifions prevail

Ny

The above description ein only be considered a8 a sketchy

#ocount of the rotks. which are expected to yield water. Suff

goens duilling has been undertaken in Kenya to demonstrate that

b J WA vay be obtaimed #6m rocks of the type described, but

Wy 3o ¥ive and widespread tests 'in the Union of South Affica
o ,-: 4 ”‘m abundance of confirmatory evidence. Much the same
-,k.‘. » " typeat Beology characterises a great deal of Sonth Africa, where

% RN 4y the large Pettion of successtul bores Bas led to drilling
; ¥ demands gextess of existing. (acilities, . Some varietics
. o rocks fess dreely to develope than others, ang

> “trata o 3 particnlar character may, ™, of Dearly s, 4t
\ \‘mpfea.yetpi‘h),mmﬁcm,"‘ where they'
bave been gubjected to Mmtwun
: *
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¢ mmusual and special w problems ar‘ from purely  local

;\ B8 “ . & Ppculiarities, in faét] some of the Kenya and Uganda water
AN J ? y

wmmmhnponm,butﬂnynhnhsmm“
in some districts. The very hardness of these rocks, as a result :
of transformation by chemial actions and pressure has led to

problems present almost unique features which will only be
properly understood when boreholes have been sunk. - The-
vuky,nwucup;,aﬂmdmostmhgmmpﬁ
mvestigation, as along this great belf of faulted the
flow of ground mtczisinﬂoueedby 1

fectly understood.

P are often covered to an undisclosed depth with sedimén.

tary deposits, mainly tuffs and dintontite, but sometimes sands
-nl‘énvels.anduwvnuedhummdmnpﬁy
has yet to'be demonstrated. 'Whether these represent the relics
ofoneumrevastllkuwhichmvend!hvdky.uw
a%dh&w&uthhlwm&mun
pfucm.islutyetdnr,butthchthneennlh“ﬁe}y
event. . Abundant proof is forthcoming o ‘Show that some of
the present lakes like Nakoru, Naivaisha and l:he-ﬁuemed
mﬂnilelthau\_uthmnmn.mmme period
when man inhdbited the earth. "See Figs. 4 and 5.

Although the rainfall is low over most of the Rift Vlﬂvy.
certain parts receive considerable volumes of water at certain
scasons from the neighbouring hills like the Abenhm.}yﬂdl
&n;'pemhpmvn&ymumwmgfh
plains. This water naturally courses underground, following
ch Is of Jeast resi tolowpt'nu.ﬂw:y:n::
factory, explanation of its movements has bees evolved. .
hn?obl-kw the volcanoes in the Rift Valley hv_cyidded
hot ar bailing water, apparently the result of meteotic waters
meeting with' deep-seated volcanic dust or seéria which II- not
yet cogled. . Near the volcanoesof Longonot and Menenlai there
are extensive deposits of lapilli, which not only readily sbsorb
water, but pfomote itg rapid undergtound cirdulation. ‘Where
tbeubedsuevay-thipkadlmuednmmaynﬁ.m&p?h
udc‘\sapemmogudmtothhkn. In this connection

@ syccession. of carth fissures which have recently developed

ip of Menenlai and Lake Nakuru are worth
the direction of £€ Rift Valley roughly
rallel cricks have dppeared which have
the safety of the failway and public
4 y
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"rocks have undergone such startling changes that the original
character is totally obliterated. Quartzites and siliceous beds
supersede all others in importance, but slaty shales are commaon
in some districts, The very hardness of these rocks, as & result
of transformation byschemical actions and pressure has led to
heavy fracturing, faulting and slickensiding by means of which
opportunities are afforded for water to gain access and circulate
mn their midst. Almost everywhere where opportunities exist
for water to cvoss their uptumed exposed edges there are
reasonable chances of striking water below the regional zong.of
saturation. There is evidence that such cracks and (u-\-i( s
existed at earlier periods in the numerous veinlets of calcite
gypsum, earthy or silicious matter which are to be seen running
through the rocks at all angles. The same class Of fractures is
reproduced in the rocks as at present inflected, and in time when
these are submerged in turn and covered with other sediments
the present cavities and channels would be filled with mineral
substances

A note of warning might be sounded cone erning the
danger of assuming that ridges of outcropping granites and
quartzites are representative of rocks OVer intervening areas
Wide strips of country between ridges are covered with alluvium
oil or swamps, and it may be that these unexplored basins owe
their origin to the occurrence of other and softer types of rock
than those exposed on the ridges. This is certainly the case in
the Sudan where somewhat similar conditions prevail

The above desc ription can only be considered as a sketchy

account of the rocks which are expected to yield water. Suff
cient drilling has been indertaken in Kenya to demonstrate that
water can be obtained from rocks of the type described, but
extensive and widespread tests in the Union of South Africa
give an abundance of confirmatory evidence Much the same
type of geology characterises a great deal of South Africa, where
the large proportion of successful bores has led to dnilling
demands far in excess of existing facilities. Some varieties
f rocks respond less freely to development than others, and
strata of a parficular character may be barren or nearly so, at
me place, yet highly prolific in water at another where they
ha een subjected to different tectonic influences

RIFT VALLEY PROBLEMS. A might be expected
untsual and specitl water problems avise fromy ouirely local
peculiarities, in fact, some of the Kenya and Uguwh' water

9 !

pooblems present almost unique features which ‘will &’
properly understood when boreholes haye béen sank, " /The Rift |

Valley, #n particular, offers almost unlimited scope for:detailea '

imyestigation, as along this great belt of faulted country the
flowlof g‘mund water is influericed by a whole series of unusual
and obscure conditions only imperfectly understood. The very
nature of the fortes causing the rifts is in dispute, some support
Ing a compression theory in opposition to the generally accepted
tension, explanation. Approach to_the bottom of the valley is
characterised by the passage of succéssive faults until the floor
is rgached wherea line of lakes exhibiting a variety of pecdliari-
ties marks itg lowest point. At each rift a vertical escarpment
faces the valley, and behind this the rocks dip away causing
the formation of valleys between each scarp. These intervening
valleys are often covered to an undisclosed depth with sedimen-
tary deposits, mainly tuffs and diatomite, but sometimes sands
and gravels, and the value of these as sources of water supply
h§ yet to be demonstrated. Whether these represent the telics
of one or more vast lakes which covered the valley, or whether
a series of independent lakes stretchéd along the valley as at
present, is not yet clear, but the latter seems the most likely
event. Abundant proof is forthcoming to show that some of
the present lakes like Nakuru, Naivaisha and Elmenteita covered
infinitely larger areas than at present, even within the period
when man inhabited the earth. See Figs. 4 and 5.

Although the rainfall is low over most of the Rift Valley,
certain parts receive considerable volumes of water at certain
seasons from the neighbouring hills like the Aberdares, yet all
disappears in porous valley deposits spon after reaching the
plains. This water naturally courses underground, following
channels of least resistance to lower points, and no very satis-
factory explanation of its movements has been evolved. A few
boreholes sunk near the volcanoes in the Rift Valley have yielded
hot or bailing water, apparently the result of metearic waters
meeting with deep-seated volcanic dust or scoria which has not
yet cooled. Near the volcanoes of Longonot and Menenlai there
are extensive deposits of lapilli, which not anly feadily absorb
water, but promote its rapid underground circulation. Where
these beds are very thick admitted water may reach great depths
and escape unused and unseen to the lakes. In this connection
& Succession of earth fissures whigh  have recently developed
between the crater lip of Menenlai and Lake Nakuru are worth
describing. Following the direction of the Rift Valley roughly
NS, a series of ldig parallel cracks haye appédred which have
cansed Jively contern for the safety of the railway and public
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- road which they efoss, The major fissure is 20 to 30 ft. wide
at places, _?I"e sdrface has collapsed about 30 ft.;, leaving
nedrly Vertical sides. Other parallel fissures haveappearcd, gnd
they are generally attributed to the movement of streains of
water which continually eyode & déeper oourse beneath the
surface. This mMay besog although it is strange that the removal
of so much material should Bave es. aped notice at Lake Nl
into which the water passes T'he iCks are probably related
to rift faulting, but the inte rest of such phenomena l:‘a, in the
direct eyvidence afforded of obscure subsoil water moVemrents in
the Rift Valley area See Fig. (

Judging by what was seeq t long paralle}
ve nfts, and from

ubsoil watey are

s and valleys Jyip

g betwes

I mation collected, t
ensidered to be fay

DK Detween twg

W SCArps near the 2(
: f a N'g Ueytsupply
y vater I .
¢ Wwater at 450 ft. from the vojcan <ks. and shouldthe fake
leposits in the lower rift tall to give water, there ar lway
iere are always
good chances in the zone of ntact with the lcanics or n
hewr upper brecciated of decomposed surfac Ihe natuge. of
the beds and the general absence of water o v

l Pus>es ' these villeys
tads Gne to conclude that a onsig rabMgiRantity of water

way into thie ground and works fts way by devieus

to lower levels. ["Until Some bores "have been sgak in
.!hv'\-‘ valleys, no very rehable advice Gan be tendered as to the
best sites for drilling With thie vertieat scarp of voleanic rocks
always facing the valley, and that on the

Opposite side inglining
it a moderate angle, it is difficult 10 say where the
deepest point in these plaing will be struck, but probably pear
the vertical cliff. The mfluence of the faule Ttself as a m'admm
"t escape for water at great ‘dépths is unkpown and much
hat Jakes have filled these valleyy possilily
it a date when lower lakes existed, supports the belief that
these fault planes are ¢ logged and do not drain off the valleys

generally

debated, but the fact ¢

A detadled nvestigation of some of the Plains and valjeys

Vetween rifts above and west of Lake Solsi led 10 sorife interest
ing discoveries bearing on their water problems. Severa) unusy
ally dry plains were the object of careful study, and it was
of the not inconsiderable quantity of water
Which reached these Plains escaped underground in swallow

of which were found dotted about the plains.
said that following rhins the rush of water enger.
tese holes could be heard from a long distance, and there
ertainly ample Mmanifestations that much silt-laden water

found that the ik

holes, dozer
I'he matives
ing t}

were ¢

o
escaped inf this yay ad m&%%ﬂum
ral direction, ‘ady’ conform ta.Any systeratic arrangement,
:dc,ar. pot therefore likegly tww faulting, ‘but

¢ they afford -positive proof that m’“ zﬂxa%m

that much watet gains admissiof. thereto during ragw‘ The
exposed valley deposits are whitish, veell-luminated @, but on
the edges of Lake Solai wbee sandy types of lake sedimgnts wem,
sepht.  Unless, theréfore, decp-sedted fanits m the Vf:lcmx strata
casty awhy the water, methodical search for water in the dm-ct_
is bound to prove sutcessful. Lake'Solai had m fact dried up
in May, 1929, except for'd few phols of water at sevésal b-
poimts ; elséwhere it was an éxpanse of green grass on. which
herds of zebra and buck dnd other animals graged undisturbeds
Ste Figs. 7 to.9.

Ancient volcanie tuffs and horizsontally bedded sediments
could be traced to the lowest point of the lake bed, so that
bores are almost certain to yield stipplies of good water in the
lake basin,

The Rift Valley lakes present'a whole mass df'problems
awaiting. 2 satisfactory - explanation.  Contrary , to popular
opiftion, ‘maey of the lakes afe very shalléw, and their. levels
ar¢ subject 1o considecable fiétuations. * Doubtless an explana-
tion of the Fedtiction of lake levels from the high stage marked
by tricient sediments is Wue to the breakage of barriers which
once enclosedifhie water, and is not attribiitable S8 eabmtall
¢hanges. - Present topography would certainly not it
mpounding ‘of such vast bodies of witer as existed in the past . ¢
Bui besides this there are reasons to suspect the loss of much
water upderground. Concemning the waters which flow north-
wards und feed the Nile, the level of Lake Victoria Nyanza,
the largebt of the African lakes, with an area of 27,000 square
miles, is controlled by the outflow at the Ripon Falls at Jinga,
evaporation, and run-off from a wellwatered Area round the
lake, and it receives none of the water fram the high mountains
of Central Africa. Lake Albert on the contrary is skirted on
the Belgian Congo side with mountainous country, and is fed
by the Samliki river which receives the main drainage of the
Rowenzori snow-capped range, and it js probably, the chief
feeder of the white Nile waters. There is evidence to show that
the waters of Lake Albert once stood hundreds of feet higher
thap their present level, as lake deposits are found round the
foot of Rowenzori, and the eastern lake sides where alsé fhe
clifis show a distinct line marking an. ancient . shoves s The
reversed flow of some rivers in Uganda tracéd out by the Geo-
logica) Pepartment of Uganda futther illustrates the extent of
movements which modified the drainage of Central Africa

)
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seems “impossible to . believe that the
present lakes accounts for all the' water

losses in *my seasons.
; Streatns of imiportance

flowing from the Aberdare Maupn

hmmdothf*blttﬁir\n!nn{icﬂyw&

Passage to the valley, and strange disappearances or fppear-

evaporation from the
whigh ieseapes surface

southwirds of the ; By v
oW’ of any subsoil ¢ T in that duwrecuon,
msque gorge that once led the "HW ‘waters” from j&:
Naivaisha no longer carries surface waters, and caves near

deep pictu- |

lake chit " d conditions of mﬁ interest angd e ,‘
“nees dre said to be observed iy water courses after earthqirike perplexity. Em" Ty il flow \ ) g
shiocks. . Therd seems reasonable grounds for believing . that ground channels beloW Mwbent gorge. 3 ‘ LE
mouch water finds its WAy ito:porots beds.of the voleanic rocks o Gocp boits hveibilen sunk in og pear thiliih Valley NN, 3 l
which exclusively: comstitute Rife Valley structures below the ) but, information of Much value wolld résult from such \ ¢ {
lake deposits; and. ihis Water may trave] for hundreds of miles lakij Magadi Soda deposit, some 16 ft; desp, 4 clay : \
n the Retirly horizontal formations without meeting any obstacle ws”: Below m"md‘fm ey cm:tﬁ.u an mauhm( medium { f
whichiwpald force it 1o the surface. The wide differences in the s, mith 3 oot .

salive‘eontents of the witers of fhe vanous lakes leads one to

regatd these as moeor less isolgled units influenced rather by
local hydrolegical conditions than by widespread and genéral

between the/soda deposit and ntcrhqnq beds beneath.
Sodium cathonate deposits cover ap “ﬁ%ﬁ’ “m

miles, say 20,000 acres, but this does ot £ kol AR
the 1a ke depr to which the d raim >
raimfall  Most of the waters are eharacterised by high soda b v sprlany 3 ';59:; I:ri:l conditions (‘in the =
contents, but the concentration of some fakes is much_highe: watér flow.. Under the b |“‘¢.pom 4
p X . , viginity of the'lake only 2,000 ft. above sea level; 7 . o |
thag thers. Thus Nakuru and Elmenteita are too saline for ily dispose of the total mvolved. ' The firs( unpression i
Ppotable purposes. Naivaisha eontains nearly fresh'Water, whilgs phsity 4 it is rathe tered
A that the springs are the cause of the deposits is rather conn 1
Laké Magad, contdins a solig mass of erystallised sodiuin cap . t. of the salts in solution ate soditm o
bonate Although Lake Natron in Tanganyika receives the By the fact that o i e is 1 il [+
. o L : ‘hloride, whegcas It the ke product this salt is pearly nony | g
whole flow of the river [ aso Nyiro, it is a concentrated mas of Y- The f chert d ited on the volcagh ¥
. - : : t. e e :
sadts de: ta y:h-n» Cvaporation in widéspread swamps near the "u“m. the lake, and as’layers or slabs on soineé of A
lake. . See Fig' 10 bordesing AN %
Jake beds near the soda miass may have ““u"fd Bom 4 1
Hot mi..-nllscdgpringyuf pesenttial oW are fognd ety ofgehich thete is abuiidant evic = thr SR X m. L) " 4
sionally dear the great faults, and these supplement nun-off jor valley sedimgnts. B\ §
the ephemeral streams which gain'docess to the lakes. Only ”yu, data congermiig the tefperatugy; ! rate “of flow, N TR S i
the $Prings at Magadi were personally visited,vhut  these are saline contents at different petiods of thig year werd, obtaigable,? ' A
exceptionally large. Those issuing at Lake level near the north
end bf the

lake with a temperature of abgut 98" Figwe 750 000
1y, but at the south end of the lake the &f:iatbvq'll
cnpemtoe at the polrits of agress

1 A waters which bave

Bk the vital mepdrtance of these for attemipfing to connect the -
sprngs with megeorie waters is obvious. o Al

§

gallons a d

traversed: the, véloanit rorkf. and |

; ;'nwuu_xwmany(lth%' s
: the $od” Contents of water 1p f
i Legement rocks, mn g
: the saline Con tents : .
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canp—,::mg specifically to the eastern Rift Valley which
i an enormous @cl}@enl area besides receiving the

inage of considerable adjoining areas of moderate rainfall. it
seems “impossible to. believe that the evaporatioh from the
present lakes accounts for all the' water which gscapes surface

losses in Abe vainy seasons.

Streams of importance flowing from the Aberdare Moup
tains: and. ather finges ‘los¢ their water rapidly during thelr
::l-:g:"t:‘:n valley, and strange disappearances or @ppear-
rigreh rmm be bbserved i water courses after carthqisike
odd wik M"!.' 'w‘ _gromnds for believing . that
which ke .lts .ly mto. pumm beds.of the'voleanic rocks
o .:)‘ Comstitate Rift Valley' structures below the
- mww,\,‘, : his water may travel for hundreds of miles
iy yhorzontal fapmations without meeting any obstacle
; Would force it to the swiace. “The wide differences m the
saline fomtents of the waters of the v
regafd these as moge or
:::lb:ydr;‘:hpcal cunditions than by widespread and genéral

08t of the waters are_characterised by hagh soda

contents, but the concentration of some Yakes is ﬁnu« h hlgh-;
Thus Nakurn and Elmenteita are. too sdline for

Ppotable purposes Naivaisha contains nearly fresh'Water, whilst
Laké Magadi copégins a solid mass of crystallised sodi ; .
bonate.  Although- 1ake Natron in Tanganyika feczum “l‘
whole fow of the rives Uaso Nyiro, it is a mncmtrattdl::\ “;
s du€ 10 intense evaporation in widéspread sWamps m-:t“t}:'

lake. . See Fig 1o

Hot miseralised Sprmgs-of pegenifial flow are found
sionally dear the great faults, and these supplement o
the ephemeral streams which Baun docess to} th::‘kmn.“ﬂ rd
the springs at Magadi were personally visited, bt :;h =
vu’rp:n;rulh large. Those ssuing at Lake lPVd‘ near tb::t:*:
Cng bf the lake with a tem rature of » v
gallons a day, but gt the solu!h end '4{!;:0:;3?'”'8::! v i
million galions a day; (he temperature at fhe pojrit -:‘mmem
blku 140 F. As sodi predominates in AUl waters :‘hﬁd y
Uraversad the, vilcanit 160%. and soddi. e
presentin P manyof the laegs one is i
the $odA” confents of Water l'h ’
bagement rocks, - The ‘MM
the satine contents of ke waters wore

of Sal it o1y M”s xhiz::n i :
x % from ) ’ ro:k? ."’t s,
W AR PR : :
s .

-

n E: ; : - : pi ' y
o ) Q!ﬁ . . il }
4 clue to guide m'm;

seams in_they
seated bedd

less decomiposed rocks than S
southwgrds of the m&&m
Wi of any subsoil water in'§ hrection, ;j'h deep pictu-
ysque gorge that once led the overflow Whters>from Lake
Naivaisha no longer carries surface waters, and caves near the
lake exit Suggésh underground conditions of Séme interest and
perplexity. Considérable water may still flow it ‘deep under-
ground channels below the'present gorge X

No deep bores havesbeéen sunk in or pear the Rift Valley
lakes{, but information of wuch value wolild sésult from such
tests. ., Below the Magadi Soda deposit, some 16 ft; deep, 4 clay
is said to occar, and this may constifute an insulating medium
between the soda deposit and’ water-bearing 'beds beneath.
Sodium caghonate deposits cover ap apea of ‘abont' 30 sguare
miles, say 20,000 acres, but this does net sent the whole
ared of the lake depression into which the springs and. rin-
watér flow.. Undgr thé het arid conditions in the
vianity of the'lake only 2,000 ft. above sea level, eyaporation
woald ecasily dispose of the total mvolved. . The firs€ impressiop
that the springs aré the caue of the depeosits is rather conntered

by the fact that 40 per cetit. of the sdlts in solution ate sodigm
chloride, whereas in the Mike product this salt is pearly ,nons
existent. The masses of chert deposited on the volcagic rocks,
bordering thie lake, and as’layers or slabs on some ofifhe dry
lake beds near the soda miass may have resulted fr M
of which there is abufidant evidence in the diutomu;’e; in_the

valley sediments iy

No data congermilig the temperaturs; mate "of flow.

saline contents at different periods of the year werd, obtaigable,
Bl the vital impirtance of Hese for attempting to gonnect the

m‘w u\?lb waters is ubkuf Vi
1 45 af present supplied with drinling s

from the N'gong Hills e i aid some

i yisld df the

d Works, o

“wes, the river Unsa Nyiro w
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. . Tanganyika would certainly satisfy all Magadi's needs for the ; g

_ﬂdc year, but it involves a pump station in rather wild and

move acchssible source of Supply is'‘preferred, and. the conditions
| certainly wartant drilling in the first parallel valley bétween thié
rifts on the east of the fake and ¢logé to the railviy.  The 30,000 /
gallons per hour Spring of mingralised yet clear Water l.u the f
Soda works fulfils all the requirements of the factory for process
work, but the'sweet:water is needed for potdhid domestic and
boiler purposes as well as for impraxing the amenities of the
camp where starcely a tree of Shrulf edks the bareness of the
desert-like, wind swept townghip. g

et As already n\q&mrho Rift Villey cpndhtions are very
wiissual, if not unique, Where are redions Yap beheving that
tuch water travels updergriund tosally protected Wam evaporat
tion mfluences. ( onstant cyculation of such water along porous
beds, whnchhawca’apnd the decompos  tion to- whin the sueface,” "+ 1.
and shallow ‘wocks are subjected, could Tesalt, i of, gecrd .
quality lyiig below that of 4 minerahised '
' the middie of Lake Magudi would, certaicily distlose data’ of
the greatest scientific inteyest, as salts of o different
be struck, but’belgy the mineralised zone fresh. water might b
sbtained angd comeeivably ander 4 head. o any case drifling
>ould anly” e Goneted under skilied. adViee’ s somewhat
elabgrate meastires should be. taken to isalate upper Wminerahsed

Waters and to copteod ARy artesian flow by valves itable
and 1
appliances, b

{
-

Showld the above named sites fail ¢o 81ve saccessfu
esults kn_'au'om m other and higher vafleys might be t!slh“
near thgpipe line into whidh, any water found conld he )ud‘
Needless to add, the discovery of Water in these vdkpu:.d
;;lamv. vbuldklx- of considerable muportance in the jot
o aatives whose cattle 3 v
o graze the region only when surface raiy

15

shores of the fresh-water lakes )
where tube wells could be' driven

an abundance of good filtered :
lustrates the potentialities in where ¢
are filled with a coarse, silver-sand of nearly pure’ '
admirably suited for drive tube wells. Instead of & t
lake water, which is always turbid with suspended organic and
IngFRdnic matter, and liable to pollution from the m
when collected some distance away, naturally-fiitered sypplies
should be taken from tube wells deeply set in “the M sands
and gravels. By grouping and Goupling to a common suttion
Pipe almost any quantity of water can be abstracted in this
way.

anid Albert, |

o L,Lc Kaivaisha presents a.somewhat different problem,:
for Berea Sexies of sand and gravel§, silts and clays compose the
lake bottom, and the vanations of lake level, which cause the
water’s eclge #6. advance arid recede long distances over it flat

L

bedy give those using its waters constant trouble.
bust fowr years the lake level has bellen 1

ft., but this, it is

belloved, is cuily ome of those \ ‘have
been witnessed before, and is > of rainfall.
The geolngical conditions certainly justi that success-

ful tube wells could be drien round the edge of the lake at

locations. which ! fre an ample supply of wates at all

perieds in the unflooded belt and at a depth which would admit

a suction pump drawing wager at any time. When at Naivaisha

the difficuities of My, McCrae's installation were described, and

Abggestions werg inade on the lines described above to elfect

retdedy. Here the constant recessign. of the lake edge. b E n_3.
ellf.trd the excavation of a long chasnel to the sump at the i
Ppumps, infunning sand and silt deads to incessant attention

Gase somve 30,000 gallogs per hour ate
. and a brief stoppage for water

wel) surk €0 0.1t the Naivaisha Hotel
M 1 at the request of the owner,

by the pro-




zane of saturation. R s

water lakes and yunning inland ave well worth prospecting for

subsoil water where the siurfee flow is precarious or too objec-
& . tiongble for the purposes required: ' Beneath a mass of organic
VOVR e sliyés or Silts there may be deposits of sand or'gravel, of perhaps

“lateritic beds which would yield consistent supplies of clear,
purified water; When making the foundations for the railway
visduct over the arm of Lake Salisbury near Soroti, thick deposits
of water-bearing pisolitic laterite were struck below the muddy
swamp deposits

A very common feature of Central African scenery is the
papyrus gwamp which extends along flat valleys at all altitudes
up 107,000 ft. or more, and in many cases they would probably
repay exploration with a drill, Even if no sandy sediments
were struck, the upper decomposed surface of the enclosing
crystalline or Aschaan rocks might yield useful supplies of water
quite free from the impurities which pollute the surface and
shallow sources

In several cases the alluvial deposits had been pierced
and the basement gnéisses ungovéréd in native excavations
and in each case the exposed tocks were 80 decomposed that
they could be lopsened with the point-of & pick. A little water
ran inte the shaft betwees‘the alluvial clays and the pock
surface, buf the rock itself was saturdted with water which
oozed slowly inte the shaft

COTTON SOIL PLAINS. -Along some of the wide allu
vial and cotton soil plains of the Northern Froutier Province
Turkaga, Karamoja, lying within regions of low rainfall, the
whole Jocal precipitation can be readily absorbed by the wpper
few metyes of dry material, and no water can possibly find its
way into the undeclyisig crystalline or other rocks, - Unless
therefore, waler can gain admission at some distant point and
a gradient causes travel in the direction of the general regional
drainage, M canhot reach the underlying rocks, which may
nevertheless, be sufficiently porous to admit and store water.
See Figs. 11 a0d 22,

NORTHERN FRONTIER PROVINCE. The Northern

s ' Frontier Provitieg of Kenya hias been the subject of a separate
p B3y, B Report WWMWIM*.(
g ; P i
B, ¢ iy y Y
ag " :l |
- ¢ " 4 it le
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ﬂlﬁdq)- of the swamps Mﬂgam fresh-

irregularities of the ground enables herds of cattle a

dnﬂmwmmm'—‘mvn,ﬁmﬁ;ﬁ:
““NMBM."UMQMWW
cotton sbil plains. Much of the distress occasioned by the
Mdmwhmw@mﬁ.ﬁ
centres and improving ‘the existing ones. At both Wajir-and
Eil Wak the water supplies could be improved beyond

tion by simple Works outlined in”the" Report ; in the Lorian

M":‘Mmmmumtohmrm

il

mmuw. .

pr of good quality over a wide beltof |

country. Se¢ Figs. 14 to 25. ;

. Ungsual interest attaches to these schemes, as in this
region are to be found extensive plains overgrown with rank
qunwﬂchuvwmﬂsmlhnd\mofmewbeuwra
hu.le water can be found. [n some of the sandy water courses,
which only carry surface water during rains, “permanent \lotk;
cou!d be installed fo replace the improvised shaits made by the
natives each season. The process of watering herds of thirsty
c.ntt)e by abstraction of water from crude excayvations in the
river gravels and sands is a slow and tedious process, as the
loose sands run into heles nearly ds fast as the water is removed
xecessitate the double opération ofc learing sand and raising

At the Daua river which separates Ken and-Abyssinia,
nom-utohefmnd,—nutoowe::mﬁq‘—t
Ramu. As. reliance was rather placed on  this river bed for
tors, considerable privation was only d by rigid
im_ed.yn Hﬂlhﬂ‘ei‘lm-‘#d~*;
of seme obvious and perennial supply of good quality water due
to lack of technical knowledge. - Along this frontier river 2

series of water stations could be established under most. pleas- |

ing conditions, as the sloping valley sifles are overgrown with
a mass of large trees and dome palms, giving a welcome shade
“ﬂuhﬁhpmdhtmw.h-zhnnx.mn.

above sea level. Sce Fig: 26.

The Nerthern Frontier Province represents a large
per-

centage of the total area of Kenya, yet so small and poor is the

populistion that no form of taxation has so far been levied on
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important

me.wdhrgemdm believed to represent
the bed ‘or- beds of inland lakes which govered a large area. |
Very little is Jsiown concerning the extent and depth of these
fimestones, as ‘they. are horizontally bedded and have never
been prospected with a drill. They have been penetrated to
a depth of about 70 ft. at Eil Wak, where the water table is
low. On the other hand, sections of the Jurassic rocks are
exposed on ridge of hills where it.is séen that sandstones pre-
domipate.

Both the Jurassic sandstones and the lake limestones are
ifRely to give water at selected points where topography favours
an overground flow in excess of the meagre rainfall of the
province. Elsewhere the surface soils might absorb the whole
rainfall so that ne water would reach underlying beds. The
limestone series often appear to be gypseous in’ character, and
the waters are mainly objectionable to drink due to salts in
solutign, Possibly a methodical exploration of the lake beds
would result in the location of better quality waters at certain
depths or in circumscribed localities.

Unqguestionably the construction ‘of modern watering
centres would lead to an inflax of Somali$ from the neighbour-
ing States of Abyssinia and Jubaland, and the strategic dis-
tribution of water stations, would not merely facilitate the work
of the District Officers when collecting taxes, but diminish the
sufferings and inconvenience due to over-grazing near cotigested
water holes. So long as the watering of animals c¢an only be
undertaken at a few places, it is impossible to keep the cattle
in good condition or to prevent the spread of diséase. Miles
around the known witer holes every blade of grass has been
devoured, and animals have to endure Jong dusty tramps before
water or in turn grazing is reached

DRIVE TUBE WELLS. - Water courses carrying peren-
uial supplies can be cheaply and effectively tapped for water
by driving tube wells Where the river Mm.wy
thick deposit of fairly choasse sand or gravels, Od-&-: are

Uahahuywﬁ-ﬁmeqh
set at points which emsure the abstraction of a clear filtered -3
water often bacterialogically pure. Tubes driven to a guitable

sﬂmﬂmtbmﬂhdﬂuvﬂq.‘m ’
to bed rock will yield a water quite unaffected by s
flow or surface pollution. When a single tube will not ; |
niceds, several should be coupled together and the suction of the : ; s F
pamp should be connected with the grouped tubes. s L AN B '

Ammhwnmudlmmw* Lt
unscreened steel-pointed drive pipe with upper screwed socketed ] {
{

X

joint to which additional lengths can be added as they are driven
by a monkey or otherwise to the requisite depth. vary
Irom 1} in. to 2 in. diameter usually, -dunmly.nlld
dumg‘:ha of driving, - g ,
pression process and thus provide space ’
for the passage of the tubing. If struck within To or 15 ft.
from the surface good supplies of water can be obtained by Y
simply attaching a suction pump to the surfade pipe.  Many $
m&mtvsymndtuhnmlmmmauﬂw X Yl
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tubes siwuldbe comnected below
pipe sh be led _“i‘g?.!’

The saffie advice aggihe V e Wm (hc

may fall considerajffy ‘with the no
suctions be in ekc¥ss of 15 ft. at h&om
always within 5 to 10 ft. of the '.lt-'\a of the Main s ]

3

¢

for working an water. Where, as soméfimes
of riyer mnuxhwlb(openedmﬁle season, other
Hescribed igfthe next section €. o

One of the manifest advantages of tub‘&bcbﬁly ‘ J
Atk
r

A rumber of water courses were seen '“ :

developed by d#ve tube wells. The works at

fof thesupply of Tororo furtiish a typicel éxample
tion)” Nedr the station grxh~ﬂn ih a 3

steam ;mmhmdnnmmnn&pt-'
filtration chambers before

gived, trouble in the Altration M ¥

probably cagsed at this pomt a

granitic rocks, and @ few fube

should cnsure a plentiful supply of clear fltered water at all
seasons, therdby avoiding the use of filtfation and sedimentation
chambers Lo !

For installations_of ahiss kind, qﬁﬂ m*
pumps working for 4 few ”* "ww

19 whe smalleg 3

“Wul

ts. A .fm@! however,
hvoacouxed out and later

Funmtlmg ou A

on driving wbevdlw * Water Supyhes., %
f ¥ b- ot

deumdzomma-dmdunowxmdfnmu

,.-n.u....., “wmp.m;-mw

 their course,




T Works o
Y du(-ukw‘h :
Mlbuh -nly-MmlM pumping
far enough down stream to carry a
‘issues frouthettﬂth-

LAY

Y mwAMm

o ob,echq.,mbn&*o&wnm
may be occasiotis when it  affords ghe only feasible:
opening ‘up a district.”  The “thdﬂ*
pool relies upon a well-puddied mass af-nd‘a-d qn-mh
plugs the interstices of M b
/Adsses. ' Pnddling js uulgpy : i
the water to drink, 8o that the Indian village pon
becomé masses of polluted liguid % the perform
_their ablutions, wash their clothes and- their thirst.
§ xea?odyldb)thwdbadl)kmldponpd

constitute & menacs to health which showld be aveided:

wmm ithe dry belts the water' I8 ouly infrequently refreshod

by rmﬁ the evaporatien reaches half-an-inch a day, equal

to )um‘alnnspﬂucmday a very serious loss
in shallow retalners -

Rts(rvmm mad'qupd*m
mvarigbly expefive tohz and are hiable to-damage;
duritig storms as well éduhﬁmmsmhyusﬂm
Sy Phose i South- Africa h&e”edmuqb trouble, .d.l“
" mmﬂu-d many failures elspwhere.

serious’ matter and may

where ma“&ma!um
\ B'utw

anwﬂ#'ﬁnﬂa-j’l’

qu
stored i deep excayations, in eotfom soil, -Once the catton soil
is saturated i nvamulir and the

fresh u‘ttd-r

4 which period
T sistalfod Purity oLah

wingd #hd wave aftion:as mb

f P%“ w; grow. The tbctangular exca
g
% o2 ;

haodcd&l if the watet were valued to
. the mldnottf-htqher&u

!p& an“k T}
\ppe hnsecur\:dad&
'ﬂ:m<ﬁovu(;gucuol
Settletfients has been
heqencydﬁ
that moq;u.beeuamedi& rdsa"."

\ of the try from tie compara-
3 nvdy few € rﬂ”
" boring" than from all ”:ﬁ

pon State

R |




Soss - o Mhﬁ:mﬂh occur than in
”m sedimentary> Plutonic rocks like

: s in some districts, whilstin' other regions
bt ashes alone arcmendmcem{ﬁeymxha
il hakes them the main 'source of ground water.
¢ types of strata introduce their own problems,

N : » '
ey i e ! ture of which is nndersuod. Several ' general
W Should /B kept in view. when arranging’ a water

ﬁ ,ﬁ Firstly, the bore site shoulknot suba\‘.ﬁttd
requirements where an Sbvious'site )

-\ SO
Y Secondly, Sites should be sdtle"where

at the shallowest depth, as this inwolves less cost on drilling,
especially if erratic results W several wells or several
trials beforf Success is achtnad«"

rhnrd!y -ﬁo-:yd nhouldb!qdbyﬂn
drilling of enough borés mummdwas
?ﬁtwmuﬂnmmm

ﬁd«mgnth%odpum. M&e
regional water table is th!n-od‘ﬂl
wmew &g.'mu'ﬂﬂt
thtr M The determining factor may
uthzudueuutothemk. Not dnly
’)mwuumdmeu.muu-p
bﬁ““‘*ﬂpbﬂﬂ'mmdhyon

s
5 J c

.mﬂtﬁtmwdu

yv

»( '“Wm&mnsmuuu
most circumstances. - the zope of
circulation water s so.

‘are not - flushed away,

of the water tlbbmthm' d,—-
-dh“-hdwhmﬁelwdnw f

m.m--—l'hcwolw
m*amm\m be guided by circumstances. As'a
deep well pump can be operated ¥t any depth within the limits
of any under consideration with almost equal ease, the
““N“mhm”ﬂ”i{uw

first, as &

confusion arrangements
Quality as applied to mineral contents in
*mhvuhmnd-
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M ‘rm-wrhee ‘a) Vertical
Y. Air-lift.

By use of {,(l) womtdhah
shaft . |(¢) Plunger pumps.
Wymhudlndl.tmkalhtmwlulﬁg

the umwmmwmm
for wmummw

Where the, fater fevel is: deep, sa:'l:gp- ol'loo‘ft
. M&e surface, and the water is clesit;a pump usually

best mieets the case. Borehole centrifugals and air-lifts are not
well suited to cases where the waler Jevel fluetuates with seasons
or with the rate of pumping,as their efficiency hlh‘(he"b-
ditions for which they were designed vary, VW o
are open to the phjeefion that they call fops Qnas most

usefully transmitted by an electfical d’e, and thewr 'llhﬁwi

for inspection or repairs isa Jengthy operation. - They h.rgvkt
used for free yielding, low-lift boreholgs of h;gt (3;@0

cheap electrical energy is availablel

-

¢ r

Air-lift 1s an inefficient Miechanical [ovess Buﬂy cone '

timed in practace to employmesf where some ulw ofrutepor,
sénders the use of pumps unsgtistactery. Such cases afisé when
cartosive or turbsd wager hiag to be raised, or-whege the noise or
vibraton caused by pumpg g1 motion might prove a muisance.
In the absence of electrical power, it may prove an

to rstal the power plaut some distance from the borehole when
ar constitutes a convenlent medium of transmission, The chief
objection to air-lift Lies*in the yestricted limits of water level
under which it will function at even low efficiency. Firstly, a
50 per cent. submergenee is essentia) for proper aeration and
consequently effeetive opepation, and secondly, compfessors are
more expensive than pumps and require more  attention. - [t
will also be appreciated that the necessary stafic and working
levels to grve the proper submergence cannot alwiys be obtainéd,
and that only by A fawly lemgthy pumping test. can the working

Jev E of water in a'boreholg gt some fixed rn.dd.tnd-h

ane o othér of the gi

um-eﬂn-t-
iamwhnv-rammm
mm“&mmdlw*”m-y
50 ft, of the surface and suffers no’abnormal depression on
pumping, a popularplan is to sink a masonry lined-shaft to
near the highest water table and proyide foundations for the
installation 6f a"duplex steam pump o' which steam could be
led from the sirfave.. Amongst the advamtages pertaining to
this‘method may be mentioned. the fiexibility in pumping rates
within, the capacity. of the bore to suit requirements and the
ease with'which the pumps can be replaced. This type of pump
can he purchased almost anywhere, and Railway Companies
uspally have many in stock for use in constructional and other
works, Al working parts are in sight, easily accessible, and no
skill is séquired for running. . (Ses Fig. 30.)

Some engineers favour the use of plain herigontal centri-
fugal pumps for use in shafts on. the score of cheapness.
Théir employment calls for the use of countershafts and belting
liable to-give trouble uniless 4 self-contained stegm. turbine unit
is placed inthe shaft above the borehole. ~Provided steam power
is-Sed to giye flexibility of speed, these ar¢ no objestions to
this course if it is favoured for some reason. The fact that the
discharge of centrifugals rurining at a fixed speed falls as the
water level is depressed certainly suits some classes of bores
when an undue lowering of the water level causes trouble in
the hole.  (Ser Fig. 30A.)

Nextnnduhmhtunwlymknthed..sp




(See Figs. 31 and 314.)

Weordmble-actmg deep %‘
foc use # 648, fo 12-in. bores. Wi c:;q(votﬂnhde =

doss not Jar exceed 1,000 gallguéperhbur, thirg is ng Beed 4o ks

complicate matters mtumfung‘pump but for quamti-
ties in excess it is an ad¥witage to employ the latter type 1. ¢
small diameter bores. - "Pumps of 2,500 gtﬂonspcrhou;calmm
can be convenienfly employed in 6dn. or 8-in. berehdhss’
‘\nutbu f&tire which makes submenrged pumps popt“r is thiat

-

they &re wlways primed ready for use; whereas a pdmp dbove 5 [/
-

& wates often needs priming before it will start.

The attached sketches illustratethe types of installations
recorumendéd an@described, and thé tabular statément shows
the relative cost of Plants to-do the samé duty. See Page 69, *

APPRONIMATE RELATIVE CQSTS OF PUMPING
PEANT 4

:""1“““"""‘ Bowamdizs, sAY 400 o* Duxr
' b - St
t SivaLe m-n
CUI G Ko | o | A L
roast Possraan Puwr Bons Houx |Boak Hous | T
50 Onr T Borian | o HasnfPgwr Myan COrREseon
Carn and | Gaarie | A0 O
{ On. Ewggxm (MFnu- o

Size of Pamp el 6 A44>6 41
pacity m G per Hr

Approximate getug)

H.P. requited

Cost of Pany

€ ost ‘\thlh

Cost of H‘l T

metypedphnsh“ﬂl
gble as duplicity of qps.u,ahes
and peshaps opeyators. Efforts
wwﬂgsdecu“oflltmﬁrdfqmo(ng
libly\nng‘the best allgourid resalts. - Considerations

»dw diaigeter'of bre, yieldsavaitible or desired, depth—

. apdhinds of Stiath combihe to influénice one in the choice-of
WMWvaF‘ ies and dencies has
&Mto the impoftance of avoiding t nion
of chieap \@uugmwhmadgmgmnngpx

when sdasons of gieat heat' &omvemnsumthel‘mpb

““axe liable to impadenetmal ) .itisessentinl!hat\vak_

should/be speeded’ap to the maximump. limit. In most

parsults standing cﬂw form mch‘tmdcnbbmw
of the totabcosts that exdept ugler mcxtren;_; qéadmons all
rlsg should be subordinated to s”ld ‘

A portahle type m;ch;he had so maﬁy -dvqptggc;\ner
one requiring ‘.nsmnn and tedssembling at each bore that
it waranty first considerafion, dnd prefercace has been given to
this ‘glass i most tries, bt ity I8 a wide
latitade. in “its-meanin mno( be ¢




implicity of oil encm9
some of the earlier nb]c(lmns to M employmient. i ample
Ppower 1§ provided and the engines are Téft ungoverned so that
,they.can be reg‘;lzted by a gbatrol at the front ouhemxﬂm
afain. vagiation of speed can' be arranged to me@ diﬂuh't
snumons*dopenboni (Sﬁplp yundy)

3 Byfafthem(pqmlupahhhpe
muiretnthe.“Stt.’,‘nmhco(Am'

opetators Accusu-mu‘l to a particular type of h/w 5 » of results in %

Of progress with-a drill is Jargely dependent upan the \ ‘ 1 that wif.‘:mnml’k tools ‘:‘!dmt v)itlh

of rillers on a particiilar 9. | Thie ntachiie. inborporates % f .48 s

nymbeg ol featyfes developed as the result of lotig and wide- W ; welsevhﬂ!“ q‘:‘h;:‘;"x::

o pread expenepee, and. it does not prechude &he addition of mhtmm.ﬁnww '
'W-‘W"t‘w&mmwm pevcustion system ¥ ’ ¥ ol 3
Am»n’t\bcchmgn.madewm“ubu Calg \ ' ¥
V\hed"mwmmgbhnb‘dum of uacoil- ; o Mﬂﬁmmh "::dx
ing the @rilfing eable from. the mish-driim, the mast guay ¢ S5 following quantities of water s it
% be heightened und s'm:gth-edlwthen-dlup ayerage wells using differcnt methods— . .

of lrv}s

Logal arrangen: are witen -made brdpvm( the
Toachine with dn' enginé Mounted oo a separate lp-cupd truck
fof the sake of portability

+ The . drilling ‘rig only ‘comprises the mechanism ‘for
pperating tools which perform the aet of drilling, Mkuw
the selection of these latter that so much depends to ensure
maximim  rafes of progress. Much has been accomplished in
mu.ryw-_m’ntheuav nl-!pmvh(hothbmldm




mast of that used for drilling by dum;

in a'tub
or tank, dlso by condnsing the exhaust of engine in
lqvgstﬁnpo'pbpin.or‘bythemeolw In

this connection the losses of watér sustained by the use of 4
sten jet in the chimney for maintaining pressure in the boiler

ndt be ayerlooked. A boiler should be provided with
sufficient heating surface to give an'ample supply of steatn ‘with
the “fuel available without the need’ of. artificial blast.~ This
fréquent defect might be overcoime by having a longer smoke
stack’ and by -so placing the Woilet' that a draught may be
dirécted into the ask pan by deflection of the prevailing wind.

The transport #f three to.five tons, af water daily may
Prove a serious dtem of expensé 'wheg- carriage is by car, tamel
or other agimals for a distance over rough country, and this
amount may casily be inicreaséd Several-fold in the case of rotary
drills losing water iny broken ground. It is mainly the Guestion
of watér that has led to the introduction of oil engines in place
of steam engines, notwithstanding  fhe objections already

enumerated
7

» There may he odeasjons when a very light' portable vig
might-be justified, But the whole tendency is towards increased
welght which feans quicker and mose efficient d\'llhg ABand
boning plant is' practically useless for hatd roeks, a8 besidles 4
speed meastured in, only_inched s day, the rods-and tools are
constantiy being Broken by vibradios followitg  crystallization
ol the metd), \

y

wl aY
5 The subject of staff is fol one 1o be treated lightly, as

Avlling is & bighly specialised gré only acquirkd by miany years

of practice, ' It i not so A question of drilling & hole as
the abiliry to: aveid diff “Tecover toals lost through
accidént; * Dillerd” ave. left  thei ‘

from control gr direction, angh it ‘
9peratoes chatges of carelessness; ‘neglect, laziness, *» when
things go wrong. ors should, theyefore, be selected with
(¢2re, and it is just ies 4o 10 be faced, as the
demands are far in exc Vl’ble.mhAméu
where very Ligh Fatss of pay are eamed by qualified men. It
 mscless providing good plant for the use of inefficient oper
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liing oo arilers, and having just on
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be got at any time from South Africa should |

ed. The
is itself much perturbed by Gy
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selected with the same abjest in vie

,z.ioﬁtydesm'e-ﬂww‘

muich higher rale of pay, but payments beyond the effablished

7 e >weumidbyw
eficiency where men work in distant and oft-times unhealth hy
wmamfwmum.mmuyhg
society is non-existent. ; \ :

-~ Thesquestion of how many constitute &

themselves with 12 to 15men, others e equally




tropical and

i gefierally nomnated léad man and taugitt to operate the : - i g by e suffers deteriogation
i temporary e of the skilled operator. s el . long 'periods without rain and the quality R,

in the “ &S A L@ . ‘.: ! : : A o . expt:nm‘elnd Pd}"g‘: D Il!”\ “ ‘thﬂ 5
monly a & number of r 3 : P of the power drill in all parts
and the gw?.'u. s’ decivdd Srotelts

.\

Naturally little miore than an approximate cost !u-*
can be given where so many vagables aré jgvolv A general
figure of {150 per working rig month may be nsedfor estimating
the nafing costs of outfits undermormal condifiens where trans-
port, fuel and water needs can be met without great dufficulty,
exaading casing and everhead charges.  Allowing forf rémovaty |

"ol rig apd other delays, it is likely that {rog ahonth or {1,200
Per_year will coved casts.  If an average footage of 8 ft. per
working day is taken oves.200 workibg daps, this equals 1,600 ft
per rigeyedr, say seven to eight wells pér year between 20op and
230 ft. defp. Bores are, therefore, likely to cO8t acoumdef 160
each, about 15, per foot, excluding iy standing chargls. It
will be/understood that transport to sofne ranmdi-uimsmlghf'

ost the equivalent of several bopeholes and keep a ‘rig.iluln

effective use 18 a month or moge. In order to compensat® for

ich ngencies, it is an advantage t6+havd e of tWo spare
rgs so that the drilling staff would not be engaged on unpriofit-

able work during long non productive intervajs(

The average cost of 11 989 bores in the Union of South
\ndy representing a footage of 1,7¥5802 ft. has been almost
exactly {120, the average yield pef day per bore being 14,000
wllons. In Southem Rhodgsfa, where the number of ngs
Opcrating i 1928 were inereased to 13, some 33,000 ft. had been
duilled In five years at a cost pf about 20/6 pex foot. The aggre-
grte yield Wik 2,400,000 galleps 3 dey and the bores avetnged
120 ft. deep, of which 66 per cent. gave useful supplies of water







and natives readily drink the
Justified, as although the cattle ties
mymtmmbwtﬁmbw

only & V!l" limited -#‘5
.‘:':::.:.Fg_'?a-» W )

Mu-uv-oﬁ'é"“"“"'":_.._t
" stooe with exesllent prospects for seatess o very lite proarph ()
3 " . mitely prove, their i which are the souece
.Nmnthnmnn ¢ B e il ‘m‘ml . . o

couptry.  Infé such a lake Jarge m‘* 4 : 'l the iling red quartzsand ﬂ’" ““thﬂdd d:‘.“.‘ :
mulf have hnq SWept from the outeropping crystalline rocks -“ every i '
whitre weatber fifoGodrse sands but such might have beei Mc*dﬂ
rhuurl.nfr:“&nms- ons. - Pethaps iluck led to the h&nhnﬂh

the sandy mmenn wed in some teports.

3 hqkumxthp.dy academic side of the Problem and dealisig with
- i ce “._,..ru.rwof&m:m:-em‘h
of water. lhwhnumd*

o and up by solution chabinels.

o pear the depth of saturation
and vieldayery coprous’ sapy s . & S
< .,....~v-|o!tdthmﬂurmthwwmem-* E m‘*"“ h
re lacated, and the kuedm'n’rvaLhmlyw‘uuw'n;h‘hlym N N e T ~ “mwmdt—ﬁh -‘wz

water if cleared of silt and ‘§ith which has whshed into the basin.  The wells - + theu after & long mbdmtr'L-
" g -appear to yield freely in this district, and the rate pf extraction was estimdted . ‘.&#_.;anmnﬂmlﬂ" T-' ' o o‘
&t gbo r,.:‘\.ﬂwm;whmrpnwﬂlhyhmimam ® rate of 4 Tiles from Wajir. - At Gaght Tollla a . .‘*, (See
;nu. ton said to be cottinued often, dagh and night. Someshalf-ile away £ o3 the landscape, and a deep Kkhor had been Q!lhw the !
#Wpier SUll Glled 4 banip in the fimestone 1o o depth of several feet, although Fig. 16.) q o !
; Jt.d Jar wategag atimals dinte the last-dhins. This was. thouglit to be surface : ’" lined with dome palms
Perainage, but it seems morg probable.thyt ithis depression reaches below the . For many "9‘ M #nd at vasious points s
preut watcc Jevel apd is fed by inflow Hom the limestones, On thy edge of e 16 the Toad, 4
WS ool somie 106 yards m dianmter, large ereviges in thé limestones cap be N \ -
sernd efiéee 'econid fiardly f48 ¢ 1 admit water if the beds below Wwere unsiity ’ g 4
el A few shalldy shafts.on (b edge of N‘ pool \mul‘deﬂ-u-h settle x | .-:mlhl“l"‘ the stream near’ here "
erlying the crystalline rocks. Another Joig ” o

(
Donubitionsy it is the ghaliow m,un o e ’W ”?‘} ; ! &»mz“wwmmamﬂ

the question.  (See Pigs. 22 ar Wl

mdch hefow present level. that h.uMWq'Q ‘a iy tha . m”
At Eil Wik, whiér® no such anmu-m_mm\‘; - ' W"?m:‘y. M.._m
B9 () f trom cronked wells, whidi admithoady i R » ek on the suciace. sugg hard sucface. As M is
Wethods of extraction: _ Althdugle Wit - -n.--- that h- ] seain feriginons iateritic g b,._"mmup! evidently gueisaic
Would be found everywhé ; - >. inc'
U Therv e in the limestone el it s almolfétain thay - A e - .:ls-hth‘-v".“‘w
‘( “\ h.-m! be obtasged over b widke #o 4 rocks, and wu. *—m N‘,
ﬂ 25 *n» wed to Beggler .y.m«?l—n and longer comtiet than elewherd, The rachl with o "“h“"',h‘ .
:.'_,“.,‘a ty ,lmt-lm-.n‘rmumnmam-d-r— § Mm“"‘ﬂmu
£ A e i - A capiliary water One objection te g
s high sahio vy wi‘mmummn*
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b2 of heavy 1 # Ry
fhe grotmd MM-&MD‘VIMM
ofl the land is stony and nearly barren: Amh!cuﬁehnlﬂcm-
"h—dmﬁwammwﬂmmmdmd

LS
= Mh&ﬁdmnﬂ&r@nw-h&ﬁquﬁm :
pints. *Judging by surface debris and outcrops acid secks-predominate, and N The laves ”q‘ e b ",
!btamnllvdeump-unm!rulylhummyh&!”ulﬂ’hn bighhe ‘ ot
geeeptacle’ fof ‘witer. . The Bina wells are Jocated between two: hil)
rafiges, and are alleged 8.yiéld water at all séasong, * Thl-dﬁ-ﬁ
Beighbouring bill ranges would ensure a greater and ignger ﬂ‘hdbﬂﬂ:
than elsewhete, and inchseqience leallto further pértalation. (Se« Fig. 20

( in aid regions well sites are preferpbly located in depressions whdre the
s equivalent of far more than the. average rainfall 'of the district mpst flow.
' «  Pereslation is lasgely a tunctigee of time, and the higher the porcolation the
greater the degree of decomposition of the rocks, and consequently the better
the progpects of finding water in orystalling rocks. | Inl the ‘sbsence of surfscs
sutcroph these must Alixwh some degree of uncertainty as to resalts ; for
as subsofl walter follows 3 somewhat intricate system of crevices, joing, cracks
and cedvage planes, the actual outpat of individual wells may vary con-
sudetably, especially as the fype of yertically foliated rocks may M!'ﬁﬂy
within short distances’ A sone of ssturation (waler table) wanally exists in
most places, s nm-mummbdwtﬁsdqﬁqhemm

a5 likely W act as o fveder 00

It & ouly rarcly that sifficient’ mefbodtical work i m. within

of cess,
inn-qnd

A , & cirguuseribeg grea to « mnﬂwulmmdwwm -MMW'-"
4 AQlose ¢ !nrw};-mmumﬂeﬂo“dbﬂl‘#ﬂulu% Kbor- ”Wu‘.h
i M%Mhm.\wm;m&g“mwthm ‘ARthoagh ten ?w.”-,wuu

Wells weyr deilled withiy & ma- radius in wice schists withy pegmatite
o Erusions o' bore faild 1o yitld af somé depth, everyone gave different yields
and’ qualities of witer, #hé settiod Yield varying fom 130 to 1,000 giligns per
“honr, and the solids in Sohtion fem $90 %0 1250 parts per millio,. Oge o
more {ailures should oot, congequently, betalén S0 sondemn 4 region, and
lupthey sites should by seleated at right angles o this strike of foliation. and
not along ghe strike whese, similar ‘cobditions -\ﬂ' h‘.(med. that i
usually cast and west Tather than north and seuth.

detailed examwation of
apparent that the beds of

th"ﬁﬂ.nd*& el
, mm»md’-md-m :
gravels carpyirig at some dgpth.
‘imcmm«imm - “
yields of waer to the depths seen onged from the
‘“hﬂmmﬂh“h‘hnlw Mm

\, third seney of deposits cowering considerable areas in some parts are
cagic muptive group, Wiite tafls and highly Vesiculhr Basaltic fava

ver o« belf ¢ govbtey sretchifg ' noctherly and north. .
castern diredtion.,’ Oa the Wagir road Seest alaog the first plaips s
bandering 1. crystaliiie, magses m;mm The, tulls ase '

3 and the great

not extensively: developed but the basaltic lavas cover & wide srip of plain., ,L

the varions khoes

entend over We hlls arpund Mer. “Towasds-Taioks Busaltic Tavas cover ) “._“- .-,mu ¢, i parts,

a:m‘n-n-nd(h:‘:)summm-hnhmmdthephm Only : g in which

x';:‘ 'n-ru(wmwrrr‘hueml'mdmt}nnldhﬂmnlauand capable

* g “ whea the
gt ~ 8 ey S = :

”“’ ? lhmmmmmnun.wlm;uuumd or upwards -""""‘“
y wnn -‘Lq‘-kunhelﬁﬂwm&ienm:ﬂxnﬁquﬂchﬂngwl y ! 'M"d*m ‘“*-“

within o bundhed ge dwo fect. | Op high ground they may so effectively drain LY e



1 ,3

bewght to which water & B
o that all anima) refdse s
process of waterig much)

¥ / "‘”hmﬂpmﬁuhan.m“,“ir
“or ol ::-M’"Paﬂdy- SIS and empty vessels to the tine al s .:t
3 e surface hiindfeds of ol Joppatieit Sime.al asong. " At
Ldraf o Beabm. (See Fig, 23, animals théir tum for

« . ¥
0 Ry Tihe chddked! Well ma cunstruction pm:‘
5 y b due U gnskilled

} \v'u‘:,.‘mmwdw '.,muﬂqmm:a‘ ~ 5

» .;;: vergigwn Jepressions were noticed, “an‘

nting the of ar.r_’w-dh&-thadmedthmqh cause

i ‘ The P mwur"mmuomumw rather
:4... encouraging cosuentration of spimals at certain e o o X,
xisting stations, - o

Ngesliun Bl fow points leads to great tering much unneces »
sy suttering of Ammab besides r-unid:.y‘n . — - N

s Smpified Generally the water tablé Will be

" and may ffen regch 10 ft ., which lats .\“‘
!', R denge bay shown - I

_bore at least should be fitted with an emergency power plant for use in the /

3 'n-&”hlkqhm d: d and answer admirably, and AW f

~ the dry seasom zbme of saturation 18-within 2o to'ag ft.

v "“.5 “cunnln e

ben be installed and operated by 4 power piant o windmill  Water could be
Wb}-#uﬁmwmmmuﬂ. \ \
Bores sunk in crystalline rocks are umlikely to be targe individual pro- :

¥
, and if the depth is in excess of 100 ft. windmills could in any
» ‘5o that if wodifately large well centres are o™
thase conditions several bores would be nedessary. One

event 5 the wind failing for long periods. A tank will fake care of the daily
_Muctuations due 10 wind changes. In the Sadan the sinking of thide bores

dwhh”wdw&hmdwﬂ“ﬁ

“-gu&/tqnm,\ N < ¥ ‘ -2 . Yoo {'
" Some of_the river Towses coukd i be cheaply. and, quickly P
m-m.m-uuuhm-dutq the SN

and the-same might apply to sgady behts in. the Thrian Swaing
mmwﬁnm(nuwmm
quantities of ‘water Tiight be sbrick Wider & Sub-drtesian headat .
10990 or 4o &, An experimént would be cheap dnd guick; and's tew
wald.quickly determine the feasility ot AR

. Watix would cerbaisly b obtained in the Daua'gnd
af Vlgcted points, 1o 4 castthe water table may
than 206 30 i, et s “m‘&l* am;
ft would be necessary to sink depth
could be plaeed withitl workable'
shcald b driven well hekow the

m*&is*:{
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ot el pment.ase e
+ W rags by the gmple expedient of collecting water in depressions.

bat Mmmammu.mma-“uu
to-concmytrate near water holes where the supply never quite fajls. . Doubtless
“the Agricaitucal Department may have ideas a3 to the best areas for directing
energies, but, on the other hand, strategic questions may sway decisions as
they do in the Sudan Fhekvmmnp&ml&iylo'hcthom-»l
imitial activity, and gome effort will surely be made to space the wells at

convenient distances apart to facilitate movements of amimal- gbout the _

colntry

Conversgtions with the Provincial Officials dod -to the fecling that some
disqontent was felt by the Natives at repeated failures fo fulfil promases, and
if @b a preliminary to mposing taxation it is desired 6 give practical proof
dl the Goverpment intentions to improve their lot jt might be prefesable to
start by making » useful ot & place Jike 'Fil Wak, Whete any model
scheme would. bé scen by man 4 its usefulness appreciated to fhe full
A project'sf detlopinent outwards from such centres as Wajir and Eil Wik,
Where water is procurable in abundance would appear » usefil way of attadking
the Northern Prontier probiem

The question of revenae and prevention of waste will certainly srercise
the minds of oficinis heve as it has done in the Sedan So highly prised is
water 1 the Sudan that no difficulty is fownd in obtaming pa yment for watit
o addition 1o the collection of the usual herd taxes. On the other band, the
Governmernit has slways distiked the ides of charging for water in addition
o imposing taxes, yet the policy has continmed awing to the certalnty of
excessive waste f the tribes were given free water Collection of changes,
shout halfpehey per four-ghllon tin, by native clerks is always liable to abuses,
but certain cheeks A imposed by various means which reduce the evil
When \_n}y Munt'p.ynual s charged for water, as by herd takes, it sfems
very dcsiralble & hrztingd the platits i sych-« ‘wily that although water is avail-
absle in i it ‘eadnin be Gbfained. witbout 4 ertain amount of c:

LD - R ~ -
ﬂ’ s examph, by W Gni 4 ) pabtirrancin, fnok rathes fhan by
x u“.l—-.ﬂ, . $hort time

y

§ And useful for future guidance
Ahqu-dlt-uhe-kn\\‘nikwtub-usmunnd-tl‘:uwa
& bore should' be sunk to prove the value and thicknesé of the limestone.
mmﬂHWU(ot&bﬂmdhﬂwquplwmu
of drilling ; whether by working hwiirds fooen the Aby frontier to
attract p lists from that dire, or working northwards from some spot
like the Loviair Swamp region, or even further south to tempt & population

) Ahmmm“hmmqm«mm
to test promising localities. The number of drilling rigs would naturally have
whe d huyd!vﬁqmtd(_u‘a-—:
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upling plain, wabreuched by 4 pass over a low point |
the scarp ta the weshwhich is abgut 500 f. Kigher thap the Sclai
Boor bhﬂwmmﬁﬁd@h‘gﬂ-n

‘M’e—rpbp. Thisplain variesin width, 5/




of the soil, Ou-anﬁ--ﬂ
dnd n many places there was

I expelled by b ng animals was
qurm mvem‘nm in this valley led to 8

side where a strip o(M was
to the rush of wa‘r&.h.

by a low \pu),u( velcanie m*:

The Aecand and higher paralief yalley Yo the west, 'flaldl is marower
it thist just described. but othérwise nmchthnmmw
but, if anythisig, is more desiccated the Iower as the mugm
,/Mldww Hanb,lal(dqﬂ"rnhmdhtmlkh.nd‘-dvm
J -rksihull\masnd:;p'\lbvrs:ah@vmmxl“mmld
the plaip hu-t side wkmx;,:ksuopaxum
to the plain‘ Alodg the \‘d-hr thesswallow hbles hrb nteroud and
h hove ,uu.;'uy develophd T p.ru rup off is northwards on a low,
gradientt g iy the ‘plain itself tﬂ&” cleat ihdicitions that water hades
collected gurifg waing when. therg was & gsirface flow.. A very distinh water
‘um~mhﬂwsdAluq“phmuotvﬂ“ ”‘u of
large swallow tjoles, which m‘d to follow ‘o obvious autngvmt

~ ¥
Quite & ppmber of ) wwalldw Halds were exafined ‘i detgl md'
photogfaphed ). They variediitydie 8t the sa¥facy from nwdeubssnmﬂupm
g 10 to 2q ft diameter: b songated depresdions; perhaps 50 # longsand
%o 1§ (1 wikle All were uu&gron with Scrub and bush, dnd at a ~h
ol betwihen 6 and 12,ft. one 4 Miore holes coliid e #bund between 1 and & ft
dgmetsr whest water hai gosepgded. Ty rush of water Was
féund in the cgniused collection’ of grass  aves, &¢., around and abopt
‘ (" mggoth of nm tual orifice, @s well as in/the pit. Tn some cases the water
n',q Kave rum'mwiy as fast as it entered the pit . ispathr instances thé deposit
# tnull wo e sofih a0d vegetation showed that-the pit thad filled asd éven
overfiowed, so-fliat the rate of outflow did not keep pace with the inflow of
water  NWatwves gonfimed this fact on mterroghtion, bat they also dfficmed
that the inrush was so fierce in some cases thilf She gugling’of Bhe wateé
conid be hegrd for & com vt!b.j."uldg).

L the plam was touversed for sevegal miles and matiy swallow

heles minu uspected, they appeared to fe no gemeral plan of direction
\

gccur] more or less sporadically ‘Wherever itregulprities of the

surigce favoured a goncentration of water duning rans.  Fortunafely oné large

pit Wi found exposing an excellgnt section of the valley sedungnts, and they

erable distance

bot seemed t

were secn 1o congist of weil-laminated ke deposits of white or grey tuffs with
perhaps diatoms At another spot am excavation for drinking water over
6 0 deep was carried into the same beds, as the spoil heap alongside proved,
thewater d t leak, and we were told that the supply would last for

th everal cases were noticed where water was lying in

wallow boles. thus clearly showing that unless

zoge 1s yeached the beds do notpréadily absorb

i with suwd

Owe naturally

sught fur some artificial cause for the entrunce of water
he ground, ather accidental or intentigpal, but beyond a) few obsidian

g
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One day was spent-exploring still higher valleys between ‘two volcanic
where always the eastern edge of the ridge was represeited by a vertical
‘Innidreds of feet high. | The narrow plains separating the ridges above
lw-wwun“m.hdmmﬂ*htnm
hﬂ*‘bﬂn&n‘h*ﬁh."y
&‘ ‘v“:n‘ Only silt deposits were
ow these y-h- a steep fall noythwards
dppchasge any water into Wi nartheri{ end of wwnl.«"‘

-'ﬁ.nomwuhmmummw
aented Jands o fioe view way unfobded of the whole series of paralll valleys
between successive bareness of the Native reserve was especially |
woticeable.  The m’\wwummwmh-p
portéd the contention thaf the were over-grazed of otherwise
neglected and suggested the advice, especially as Puinage was
ldrgely northward into the Nati rather than southward into alienated

Both the Kapetikei and N'dalal plains, as dlso the) Solai, havé lake
deposits, by their depth is unknown and can bnlly be astertained byl drifling
Thnbeamngmvdmmtmndww and if water does
‘M‘“hﬂd’)uw‘lcwwuh*

.h- w&thdw Al the
Mmpmmbﬂ-—mtvakluhdmnbwd—w
at the Fate it enters swallow holes.  Only rarely does water find unebstructed
wscape h subterranean channely of size. and such would not be expected i fhe
hh&pwllamtuﬁudlhevolﬂtmhbtbﬂ”

NOMcﬂhMW»M
or wells had been' sunk by
10 topographital features,
sion thist the rpots may ' wach 4 sone
attracted ‘Witeition. . Unless the water 4%
fussures, the sub-soil drainage must find its way along these
there are no signs of percolation thmnghm-vdmnn:ﬂmu
hl-vt :

ko810 shafrs

P ‘ﬁnnl spourses of action suggest themselves for

m. the present miserabegituation. Only the remote
punsible contingency that watér finds its way into, deep fanit

I.»‘
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When discussing this subject with Mr La-kry-lhhpdqg&ulw
clate at his campwesr Naknry, the opinion was expressed that &l these upland
lake deposits had & waler table, and fhiat the discharge did Wi exhaost the
hedl in the igtervals between yainy seasons  1f this proves » correct-diagniosis

conditions and the lake are moderately thigk, Useful supglies of
water may be tapped at quite! depthe, Say within 10q oc 1gigft from
the surface, nwhudq:ﬂa;wanhléhnm and the giudient of the
plains northwards is gertainly insufcient £0 dnduce an excessive rate’of flow
In the event ol Take deposits not being very thick, it might he w) e
+6 drill into the Mecomposed or eecelated surface of the volcanio rocks which .
may fgm a uh-hl- resexvolr #or witer

Although these is lmb o guide one in the choice o dﬂllm‘ sites, and
astegional waler table may exist, initial operations might be concen
where mast_whter is-tikely Yo cuffér the ground As the surfece and
dwnnlnhmvt h-ﬂnhe‘k‘iyrhlblyheltndmthcmm
and R"‘M Were any < of the valley concentrales the flow
A hmﬁ*‘vnlm n the ,uq would be near the north end
where wity surface floy, would, pass wod be supplemented by an easter flow
fromm  lsgher which deflecty the Wischarge from a large, catchment Mo the
valley, Lecations hould bhe fear the Ceptre of the plain, or if anything tearer
the webton Gde thatt the eastesn owiilg to the vertical natdre of the clifis on
O 1«'.u side s £

\ \n“-mﬂtuhnhtwulw the waterepurse extending o g 3
the sfpn subiitiged by -weter ot the time of fhe visit/ iear the triek which )
fea }mn. Kaperiked 40 N dalal ower the low, ridge Here were found op the
sirface the oulyfravel Bl notited fn the district, a fact which had not
escaped the hotice of the Natives wh® slid watet, was usually found associated
with peiibles At both of these sited growpe of thorn trees with luxuriaft
Wwpw{ul.nuuuntmmm Ak

@u’the Wdaial plin o position is suggesied oo the edge of the water _,.n_:é;’m ! i3
course i the -u’h'm part somewhere neqs the large tree situated in the AL
gmall plantation 8§ which water is being conducted by trenches during rain-

2. '
‘ef;b ¥ ?’.

falls. The valley nagrows here, swallow holes oceur Aod the vegelation is
fresh and green  Prabably it mattery litthe whete o bere & made, ided it
ts kept well gway from the eistern. dide whete the voldaic gently

under the valley sediments

¥ [ht‘,

carried upwards and away, whereas o
such attrition of soil was taking place. ‘,, "

A contributory capse for Gessication’ h“hmhd
n:ermmmﬂmﬂmbhﬂmw
jnpkexpedm‘oluhngnptumupuhpnhewMemmm‘
with & sutzound of earth which would prevent the waler gaining access
running undergrognd at too great a deptheto provide moisture-fox plant life.
ermldthm*uduver‘themd&.mdlmwm;mtm

¥ \-growth of Vegetation; s 3 y o

Should the ahd‘.lcc of seeding be Qqq} the causes Tor-thé bgrfey con.

\ SN Tdition of, the, l,nd, s fow ateas with a'fgnce where grass
N could be ﬂ.\n!ed and allowed fo *,,w: M«l then spread the seed
{¢ and help matters, \ = -
5 Acute distress must be mm\v A arivgm, as far as the Molo
rivey for watér, 3 jourmey oecupying &h,m of two days ajong barren

Mnds, separated by swmdww‘uq‘mw a ‘goat
G5 might hesitaté to Chimb inl Jot “ (‘My the passage over these
& SeArps was noil.;"’ task fos/ M\bﬂtﬂ ‘Owy i mioderately cool weather

[ ., indging by, coniition on m‘mnp

. - 3 f

g%} "{‘ O*OL\"“ y plains withoot access m'

‘ndtwn if drilling failed
grses dre open ; namely,
in th Solai valley and

e

granting suitable access.
fushishes Sisy access 1o
near where water &mld be,

dow point-gn the scarp

lmpunﬁngnquﬂdmtunwualmowhmuq
the usual objects exXgohing water to surface influences and evapotation
Sattefactory silts &nmhmdm;whmqmmwm
for mudding up excavations in the lake depusits, The somewh
m;dnunwwvmr&mt&mwmm

are to ¥ found in the valley, Ummd-p.mmmmw
nu‘hyndﬂaibycvmanh&mlﬁpbymm-m
ud—'-muhtmo\nuv“.
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ALL COMMUNICATIONS
TO 8% ADDARSSED TO THE

CAOWN ASENTS FOR THE COLOWIES
THE FOLLOWING REFERENCE AND THE
QATY OF Twis LETTER SEiNG QUOTED

e ——————
!_ZA.,jziénLaecsweo

TeLEenAus cagwn. London

TELEPHONS "-ntntu; Q‘ M‘“
LSeV BF FloQ

2200 duids S9RBL A ©

a1r,
b

I have the honour to trensmit the edeldbed copy of a

letter from Mesars. A; Beeby, Thompsom & Partners submitting

an scoount amoumging te’'£2%1, 0. 0. for oxpapses incurred by

their senlor partner Iin connection with;his recent visit to

“wj 4

| Kenya.

»

Ve understand that the arrangements for this visit
were made by the Oolonial Office and we accordingly await the

formal authority of the Secretsry of State before paying.

14 pn 09

£J7<7ilﬂv

I have the honnur to be,

Sir,

(4™ "“l.

Your obediemt servant,

for Crown Agents. .

re]
eV

7w S

/

L& 2
-
-
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cwtwﬂ@# 1@ ’hm v;su mm

Tanganyika, &8 no arrangements were mads for such. AW
of reports were submitted to the Authoriyies in Uganda on
variouns problems and & report has been for'grdad to ;rnhhaw

24 Mr. A.Beeby. Thompson left Khartoum for Vgann. on
hbﬂbry 9th and departed from Tangenyika on J’hm }vtl. !

35 Aa"ne_returned ¥1a South Africa he b-o charged s »‘
lvmp sum ot £420 _t6° caver cnp rm-es and experiges be’uoaxr,lult,"
Africa, ana -londpn 8nd n-rhte" the othér expenses 48 pcnnn;.l. ‘

&3 The . following reporis were.snbuitted locanx:v ‘i‘.

: i 2
{1) North West Prontier Province, Kenya, : : \1‘ .3 ‘

<

(2) Bailways « onf schemes ai_many poings on. }Zonyay"znr{dl X
systen. & ?

());i.ke Solei district,'Kenys.

1 Coumcil Stheme to augment, water

W
water supplieas,
Yours t:aT!hf‘\nlly.

(egd. ) A. Beeby Thompson & Bprtners.
F . J
4, Y 8 iy f \

-~
.
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fay '.;_v

A. Bv‘hu ‘mon”on Wtht‘-’.

A . 1 \4‘ ) : .u!;»
by “/ 4 PR ]

- " R A
a w3, e A .

The Crown Agents for. &hé Cownlea.
4 Millbsnk, B.¥W.1.

1H.AQCDUNT WITH As W
1929.° Expensed incurred in o ¢ th, K8 2.

v Lord’
Pares and expenses Khartoum to No’.roh;‘ "7’“1"3\05
Bxpenses incurred in connectiof:with North 2

Prontier Safari’mot wét by Government . }0.0-0&'
Hotel ‘and travelling expenses in.Kenys and

sundry d;!l'po for ecars no;. met by

Government .......ieee evmcseseyps cheaens 40.0.0,

Fares and expenses Mombasa - \Londml évh e 00120.0.0,




el V2

Downing Street, »

" lla.n:h. ms

M BT : Dear Dutton, ‘
] S
b c. o I''am ‘sorry that there has Been
30 S Wileew
M. Grasshy’ Cors " some ‘delay in answering your letter of
Lovd, dovas
A, i - the 20th Februiry regardingithe enquiry
& by Ur. }{ouﬁ whether we bad ayy mews
DRAFT. 4 ‘
L0 abolt '8 tranafer:bf the water bormg
MAJOR E.4.T.0UTT0N g 2
X
“Zo. Basters African maehiiner, and 'Aema’»m‘ wuont
nfendencua Irade ard = Y
1 urmt.xoq Office. 5 2 Jw
B ‘ For witer - Boring i# this Northern _,:.
LA of . R .4 il . ,
ne & s o'

L (‘ .
ﬁ A a w e
ax ? % e ﬂk’ﬁuer Proyvince _iad ‘bveen providad "or)

. yoo

in" the }onyu htw‘?s for 1929,

4

K rezards A distridition
<,
of the water boring plant, éur lateat::
information was that giuﬁ by B . N

himself when nhe called at the Lolfmif&
5

Office on the ¥th of l’ehrm .dﬁ
: T do not arpear to have any WM“ d
iy b _ s .
~ Sl PR
At 5 ¥ a8 to the transfer of any of the
5 0 tyy

machines to the Noptharn Framtier



The draft Estimates for 1927

provided the sum of 213,080 for the
Water Boring Branthand -that was increased
by the Select Camnittésto 286,823.
This increase was in par$ due 4o the
creatdon of &h appo'u.limant. of Water
Uéﬂélmpoctor, l.r.-?the increase of
the satablisment of
Aihe Brasioh by five additional Dpill
Foramei’ (S¥0. .for aine months and two
for mig monlh;l m/tn additional
Asgistapt Dpill Foremem. . . Sanctiom for
H‘ y o

tnis experiditure weé coVered by the
general approval ;k;. ch has now been
gdven for the ex;.e;..nl.ﬁn_ provided in
tneWetimates.

The oemct Cwmw

resommended that; four more drills nm’n
ba bell, At 1f WWMM
but there is no ma:cmu oiﬁn in
Report of the Committse or other,
-
papers aa tu where the existing drills
are at tne moment being employed, or

whergy any additiona] drille that may
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