MINUTES .. -

*-In the general despatch about the "i‘deal ¥

s'er‘v'ices received last J’u’l'y' (Gov/Bl193/24) = 4.
£100,000 waa atked for for the lombasa Water Z
’Sﬂpply Tne enclosures to the pre,aent daapatch
te.ke us_up to August, whén the recorrmendatm :
was m f&vm}r of an expenmture ‘of “about £40 Obb
1 or ,rea.ti,nb the' exxatme pzpes e
In the Gavernor 8 telebram of Degedibék‘ } éth
: b’7968/2,4) 1t waa stated uhl‘t QQ& g*epl‘acemeur{,?\bf
.e maln was urgent. t}@:\ﬂé& n‘&ly&a.pp; ’3& ;

A i) Nf)‘u'
ab the ﬁbb 000 scheme is %am
i elther 'C" or "D" in the table i
‘O

ed oy, the ﬁ}.reotor of Public Works, . ! ~\\;“

\'reyresexﬁ;mb p




repr’r*ntme expf"’mlt ure of £9%,000, or £10%6-0 as the

-

casé miy be.)
{ I do not tiiinc veyneed (0 into this ‘point, as)if-

scholmes is propoded, it will mean an

offe of the larghr
incx;oase‘ysuppl) of 1,100,000 a8 against 700, OOO gallons
a. ﬂw; and'acoordlm to I’awor Bhodes will last a longer
’w.me-lf) yedrs; f" : 48
?’M mﬁ :!me‘ﬁu;}p story, of tnese water wodkd ie rot
;tymg. outkhe War certainly had sométh ng to do

ith theu?aﬂure to exscute the work promptly, and to
ﬁnﬁﬁﬂ the lnnqbprocess, whibh'¥9u)d apparently have
aved ‘mach of the corrgaian of the Teel pipes. As
‘a.n exaimple, however, of aep&rtmenta.l struction, AAW‘J/
tne g;:raddal gx‘owth of the caplual expenditure 'n a
lchwle vhich in bhe end was {msatnfm.tory and: mcompleta,
""ﬁlere {s" fioh wuch o be- proud of in this matter.

"\ Apart from the service to the town of

Mombasd, the watering of shipping as being w means of
attracting transport'to the Colony is a matter of
general advantagg, and I think that it should be ruled

that whe loan charges on both the original cost, and

the new expenciture, shall not be borne on the revenue
of the water works emds. until a net revenue of
“£10,000 a year has been obtained, and that all net

eael pran
revenue up to that amount shall be set aside to she 4

YAy \f

; Renewals Fund.

Fin i B2
L '@Mva mocuﬂ\i Wl LTL.».«/( o~ e |
sémlulcn((zm« 21 o fiven A 5% ,
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. MENYA
s -~ ol
§ u°--;l$- HAmbm.
! . KENYA,
\ s 4th February 1925, -
10388 e
- \ \; & b
Sir, : M\'\—-—'ZO"
With reference to my Confidential
7
( i%M . ¢ ¢ g
L N J ¢ elegrem No.349 of the 10th December, relative

to the urgency of immediately replacing the
existing mains of the Mombase v“’““ Supply, and
. ¢ to your telegram ox"tne l4th January, intimating
¢ R that thve‘ inclusion of & sum of £100,000 for thias
purpose in the proposed Colonial Loan has your
‘approval, I have the hoflo\;l!‘ to trenamit for your
1nfo-i?tion copies of Reporf;ﬁ' upon the Mombasa
¥ater Works, prepared by the Director o.f Publj;c
Works and the Chief Engineer, Uganda Railway,
which were laid on the t.able{ of the Legial:ativs

) T
Gouncil in August last{-i -

I have the honour to be,

8ir,

Your mos}? obe ent, humble servant,

HE RIGHT HONOURABLE V™
- LIEUTENANT COLONEL ! )
L, C., M, 8, AMERY, P.C., M.P., YJoypzprwonr.

SECRETARY OF STATE FOR THE comms i ) :
DOWNING STREET, . i/ !
mx, 8 W . . . ‘J
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BARLY INVESTIGATION,

- She TEeN yieject Ted the aigply of witey te
Howbass Ixland wis pwepared Wy ColiBegie MK, iu 1899, and
was baned w8 recomisissance by hiw of & viress culled the
Kitsansi at the dertl 4wl of the Hilabs Hills.  The sehems,
which war estinmated to cost £,97,000, cwmprised the.sen-
veyames of 500,000 gallons of water per day to the Island,

No astion was taken at that time and in later years the
st resm was reported 4o have seaned Lo flow curing ¢ dreughs. |
In. 1909, the supply of witey for Mowbasa again
besame a pressing one, and affer an dmsminstion ¢f the
Kitsanst in that yeaw, a preliminary tnvest{gstion of a
scheme to supply Nombasa frem the Nreri, s tributary of the |
Manole, & river draining the western slopes of the Shimba 1
Hills through Mombasa Gap, was madé in 1910 by the Direstor

(
of Publie Works, and a repert advoeating the utilisation of i
that stremm was submitted to Government on Wovember 18th,
1910, The preliminary estimate annexed to the report

plased the prebable cost of the werks for the delivery of
1,500,000 gallens yer day at £,86,000, The repert was
examined by the Consulting Engineers te the Colemial Office,;
and the opinion was expressed that omly 700,000 gallons per »i
day should be provided at a cost of £2,91,000,

Detailed investigastien for the proposed works on
the Mainland took place in 1911 with the result that the
scheme was adepted in a modified form, and the expenditure
of a sum of £,90,000 out of loan funds was sanctionéd for
the @xecuition of the project,

In 1912, Govermment srranged for a report after ‘
examination of the projeet on site by lg.u.x.;smn.:.x.c.l.i
of the firm of Wessrs.Babbte, Shaw snd Worton, M.X,Y.00%,, ﬂ
Consulting Engineers, ohun.‘ lp,y_onon'- ggpo.r,t was.
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submitted in September, 19i2, It centaimed many

valuaMle muggestions, whidl ¥ene sdopted. a8

. Professer Simpson, an eminmmt sanitarian,

) reported to Goveriait in 1913 while pipe laying was
19 yregiesn, ° The $hlef feature Bf nis repsrt was
wmcmﬁhn‘hmuuum
viié for the delivery of 1,100,000 gallons per Ay,
iy recomueriistion im this respevt was net mm'
by Gevermment,

VOLES CARRIND OUT.

The sountzy in whish thq werks were tp e
carried twt wag Milly mnd irvelved) mosk of i€ wak
‘denuely coveved with forest and sprwd well dewsly-
diwsected by gorges. It glwo proved to be very "
ushealthy ror buth Maropeasis and Afrisans.

The projeet, fiaslly sdopted after vayious
alterations of the original intemtien, provided for
headworks sifunted 709 Teet above sea level st o
pollt ot bl Krerl ‘Strean seme 4 milew south of Kwale
Porest Siation, Prom this i¥dake a gravitation main
@64 miles in length was to convey the water to &
Service Réserveir of 1,500,000 gallons nmlty,
pitusted 200 fest whove eee 1ovel at Chengamre, from
whichi the Hﬂrﬂuuon gystom emansted.

The first 8 miles of the Gravitation Main
consisted of pipe of 12 inehes in interhel dismeter
and ﬂ!h portion vas 1a4d to » hydrsulie gradient of
17048, e senalnder was of 10 inehes internl
dismeter and consisted of 3 miles at a hydrsmulie
gradient of .530f to o break pressure tank situated
at leved 535, ‘ind 15 mides at a hydraulic gradiem of
% (4108, The alignment, diameters and grodients were i
mich that tHe main sheuld have Welivited 800,000 galisns ;
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pexr day at the Servies Ressrveir while the pipes were

elean,

The pipes were of lapwedded shesd, 3/16 inch
Shiek with fnserted joints, They were in lengths
mﬁ.“muamum“yﬂh
Smidhts selutien, wrapped in hessism, mmunu
Wy Ahe makerw,

The Distyibution Systes censisted n‘ptpﬁ ot;
d-httno.thuuu-ﬂufmﬁmimv
wards, A complete prejest was prepared 1o mest future
reqiirenents, but seme of the bramech mains were left
for axeeution in mm‘rmmdﬂo
Justified their instalfstion.

INITIAL CAPITAL TXPMNIITURR, ,

In the middde of 19KA, loan funds to the
wmeunt of £.90,000 bearing Luterest ot 3 and to Ve
exvingaished by o sinking fund of I wese provided. The
Metriution Sywbem was not investigated im detail
Wati) 2934, It wes them fwund thet $he mim of £.14,200
which had been provisienslly inserted in the early
estimates for this divisien of the work weuld be
inadequate and thet o further sum of £.9600 wpuld be
necessary, nmmmwl. -mﬁu—
tions Mmtm lt.-. to provide .um«
muummm-nmvmmum
of 750,000 gallens sapagity, which had previeusly 'ml
regarded as Mikely to be adequate for seme yeais, Tthe
-ct.mm-mym«mqqu
Tor 1925416 dringing the total sepetiensd exsemaiture
-t.thun-noa.m.m-,

OONSTRUCTION,
Ma&“mw“dﬂnh_'







done i eemmpotion vith the clearimg of

;hnmwuuum.rm«w @.ﬁg_

| ommizy fateraested with vater brsesi $he srestion
ot . M W ‘h"‘ﬁ‘w nd seps) the
Mﬁ of the tweneh and Wﬂmn L4
Wi»l“.b;vﬁlu ‘saFbus the girges.

X fhe recerds shiew hat, even befsrs the way
mma. work was sarried on under most trying come
dtun‘, lﬂom on afopunt of the diffienlty of s¥oe
Iutll Mu supplies of labour, the wihealthiness
of the ciimase and twansport troubles, There was mash
iliness, and meyy deaths ccourxved amengst tha mative
labourers, in spite of evaery effert to provide goed
Mm and sanitary conditions, The Murepesns
ou-mug became incspasitated By illness. Thawe
causes f}immw brought work practically te a stande
“ 23l fer long periods at o time, Aftew the wer
started, the difffcultios of proeuring labour and
obtaining stowes wore muoh acoentuated,

Vork was completed, with the exseptlen of
' eerbatn items, by the end of 1936, A limited sepply,
chisfly to meet militaxy recuirements, had already
‘been led into ombase in Wareh, 1915, vartly by means
of/ varigus temporary connecting pipes of small uinu
petidng the completion of the permanent werks.

1 On me 30th, 1917, the completien repert
m mttod by W ﬁxmm of Publie “qrks to

om. t tmr snnnmun of ‘cortain Ltems of

work, whieh 1% had wot been: found pounn ﬁy that

" time to saxsy eut, wves foreshadoved. imongst thewe
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of the Seporazy bridgen on the
 rond by nn-ut structures, 61
on of the uﬁrmu- Aysten on the

m m Gpenditure o gapital works up to |
W‘ﬂ the year 1926 was x.m;,m !.hcn Bad been
-&M after the war started, and the deley and
n-o* exhyn expess in precuring stores, labeur nnt

nnnia were mich inevedssd. g
MW BTV 191718 AND 1923 m:x.qtm

The u’ﬂu up.ﬁtm incurred on W
Vater Vorks mbseouent to the eubmission of m come
pistion n_na up teo the emd of 1923 was 2,14, 562, (R
bringing the tetal capital expenditure on the wark to
2,117,622, Details of thiy expenditupe are given in
Appendix I,

: The necesaity for post of the sapital works
‘exeeuted in recent years had been foreseen frem the
days of the sarly investigations, Chiefly on sccount
of various uncertainties and delays to be aseryibed to
the war and consequent high cost of material, many eof
them had not been exesuted previcusly. Others again
are works which only become necessary as demands
inorsase from year to year, such ss extensions of the
diwtyibution system and new kiosks, It would not be
Mn} to comstruct initially a distribution system
te fuiril all future desands, thereby looking up

initially unpreductive eapital and ineurring unnecessay
dwpreststion on the works,

The expenditure on aceount of flood damage
was rendered essential by the destjuction caused by the
floeds of Way, 1922, whem 19 inghes of rain fedl in 4
fayn, wnﬂn numerous bridges and sweeping swey

¥




omcnim W, )
_ bosn mswnu aftn m fodds sansed, il o
,mn mx mmmm R

Wﬁu rmﬂc. “ut nn, .,
Qi‘ m M. the lni ouutﬁd iy
: '; vmmtowmtbuumnwu ]
o Mﬂi ‘fhe dempl{tion of the second temoeyazy:

. stracture dyxtng the Tloods of 1932 vendered 1t
am to /onysy out the permenent work immediately

.~ The buildings ecustructed during this
'Qﬂ'd gorisist of stores for material and scégnmedas

“tioh for employees at the Heed Works and Service
N

: Ressrvolr. : y

) ‘ ) The other items in Appendix I are either
aelf whn-toq oy lmvuuuy 66 small that they

de n« ciu to' m.xm oomeent except the Liming

‘ _nqnt whish vui » r-fmm to later, : :

T the wm. ‘whesks for the veried E—

'1.;, :.9:1. to December 3lut, 1923, are shewn in

% ajpentdx I, In the cempilation ef these balanse

- M-, sllowsnee has. ho.nu for all administrae |

gy
. mmm (Whether n-vuu
o <

! \h\M the uu m-um. mu..&
"h wm:x i-‘(l ‘-’w&m: f

i




.».f m "W the nut »mnﬁu 5
.;wco wigm this bssed duday in
mm&. ‘fhe dempiltion of the second temperazy
. ntauuo‘ dyring the Tlovds of 1922 rendered it
ot dentesdls to eury ot the permanent work immediately
‘ . The buildings ecnetrusted during this
lﬁlﬂ corisigt of stores for material snd scednmedas
tloi for employees L tho Heed Worke sid Service

Reservolr.

The otter {toms in Appomnx I sre either
uels mhnntor[ or individuslly so small that they
“de" nu Q%ln to' Sall for egmeent sxsept the Liming
un\t in,gh vuf L nroﬂu to later,
MW AND RTVENR.

; ! The \wm -h«u for the peried Jamary
,'t. 1917. to Decembér 31et, 1923, are shewn in

W 31, In the compilation of these balanse

‘thfhu bein mads for all administra~

SR 2 W
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roasen interest and sinking M at thq oun-\ ,‘ o ;
on the sapital expenditure provided out of uncnl {
Revenue has been takem inte eccoumt although this
chayge is not aotually paid. However, no renswsl 63
Wﬁn‘ has been insugurated, o

Ty will be seen that during the peripd from
Juguery lst, 1917, to jlet wopeh, 1920, the werks
were opernted ut a loss, and that it ’m enly in 1922
that the undertaking entered on the profucing stage
taking previcus lesses intv ¢onsideration,

It will aleo be ubw'rvod thet ‘».‘..w 0ld rode
fér interest plus b!.mun;; I\énd %ps £, 4=1007; this
was inereased to £,6~12-0% in 1922 by reasen of the
repayment of t e old loan wet of the new one wh&oh
could not be ruised on such ecsy terms as the former,

The revemue wd the cpepatipn and n_dnt;m-
snee eharges (exaluding miﬂ.t_ntzon and overhead
charges) betwoen tle years A917+18 and 1923 -1m1§;g}io
wore &¢ 1c.lpwhie

0

Yenr, Rrvanus. Operating snd

Yaintenance.

& ? P SO

191728 4.’(518,’. 2,75

1018419 6,5341 : 2,214 '
17192 7I.I‘)‘6~ 2,730
1920471 13, 506 4,573
1921 {9 mos,) 16,247 4,153
922 e 14,648 6,131
1923 T 16,473 6,111

In 1923, 1t w11} ho nn‘ad thet the cost
of pperation and mmmo wes 4% of the capital
W-latlﬂ wp to'the end of that year, m the ‘
revemis 147 of that expenditure. nnrtholon. the
gross profit hrhc the year 1923 (taking losses mﬁ
mﬁ“ in vrmﬂn years into ucount in uuﬂncp



v m m Nake during the | yur.

dn;m q-aun 1o, end of 923,

\ma the ha.hno sheets) m only ¥% of the tnnl

it m Wton of water during the early

« ""‘nm -Mtn of tite WEier Vorks 18 not knewn
m&»‘(dpﬁw wan mot metared;oit was used for
-u:my ﬁmm- %o e eon-unnun extent, The
sverage. Fonmumption ner day during recent ysars was

,m s followsie

192021
_ 923 (9 mos,) 244,000
1“3 360,000

3924 ( mes.) 383,000
- During 1923, the m—- consamption in any
one cuy m 506,609 mm ‘Heavy dmu sesur when
-unﬂ? i -u»nu. There were 523 sexvice cone
on 45 wne ot the cxoss of 1923, 60 new enes

VARER RATRE,
‘ The wepter roies were fixed by Govermment on

$he wu{;uun- of e ¢urmiftee which sat in June,

1’:6, u!@lr th. uhnirmnnnMp of the Hon,the Treasurer, |

1 was decided that the rate for domestie purpeses

; e Re.d.50 (RE.1.25 for pach 1000 gallems in

‘ot 3n§w0 mlm in ene dy) for ubu.

m ﬂ:z -mwtu Rs.4.00 per thou




&

"'tﬂ&mn mcwmm., 413 snalypes. \
Mmucmw of purity. They wise shewed
v.qm the mav& - -xtn-ny seft gue, =nd that

-

M*mw .
¥ m&mnuaumaup
Mﬁﬁ nd- de & mimber of snalyses of

$4 would be necessayy téo. m its temporery
hardness; for if Lz well ¥newn that soft waters
sorrode iron and stéel more rapidly $hen hapd waters,
Exsmination of spevimens of the yarieus soils threush
which the main would be laid was also made, to
estadblish whether thers would be likely to be selvent
setion of the metel from the outside or mot, This
exemination indieated that there was not likely to

be action, snd in fact none has oscurred,

Tests were earried out in 1911 with a
small axperimental filter of which ome of the layers
was ooyal limestonme, and on the failure of this
filter to give satdafactory remults, filtzation by
mesns of one of the rapid processes was under cone
sideration in 1934 fer the Nedisal Department had
recommended filtration, in view ¢f a certain degree
of epalescence due to the presence of fimely divided,
matter in suepension,

Of the eieven esnalyses of the lreri water
earried out by the Direstor of Chemieal Repeareh im |
1913, -tx-hmdthot..mbmié-uux. ana
tb Temainder es o Msu of one on ewx'. séale.
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'wmm;. The fllew indicate

‘4hat full details amd bhe cost were ﬁt.hd Govern=

' was firet intsoduced’ R T PR —

\ucwn’m(a tu 17,500) and in 1922 to
'lm;;unuu (11&%).-

.-j;_.‘ :‘“’amn‘twmlﬁu-nﬁn
: 'h-h- have Mww:rn interne) eorroston

i Al i o

e (67

verious Wretdie of Fliradien wery then exemined. 66
Severel well known firas of numwvm
mmumummm nunzuhnq
ware prévided in Ragland, vers independently analyeed
by them, The low degreos of Lamporsyy Narénsss was
evident, and they 21l recoumwnded lime treafment. a¢
purt of the filtering precess,

Filtration, s su essential requirement,
appenrs to havs boen sbandoned in 1934, 4 the ecorress
pondppoe indieptan thst it wegs then deelled to instal
‘Aofapepdent Liming plamt. Tha perticular type
Muni was the Paterson Patent Osilameter, & well
Enown mul for thiy purpose made by the Patersen
Mginsering Compagy '1td, The natter seems to have
bﬂn l‘.l in shayanee for r@me sause probably con-
nevted with th}m. ahd 1% was met until the Divester
of Pablic wum visited Mngland in 1915 end 1916

ment unfbuu for the expenditure was applied for in
1916, Difficulties arcwe threigh the enlismcement of
priees by the war and rutr:n.i““"ﬁ‘th' m of
material, 5o that it wes not amu 1919 ‘tHit-Ahe
Poterson Osilaneter wn\ ncuvpl and un.uu Lime

Ballon (rl in 35,000), Thiv was afterwards inereased

cf ih m,#/@c nﬂmn wwn of the




‘that full details s the sest were eBtained. Govern-

" was SLE ‘$atraduced’ & e mas o 1 greiee yov

"h 4 ht wu ﬂ in xy,’u) and 1n 1922 te
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gland ﬁlﬁ 1933, - The flles incieate
wwduumm"mm exenined, U 0
Severel well kmown firms of F11tEP-menufacturers’ vere
Wﬂmumm-. with which they
waTe previded in Eaglant, were independently analywed
¥y them, T8¢ dew degrer of temporszy haxdness was
ovident, snd Lhey 2ll recommended lime tredfment. as
part of the filtering precess,

Tiltration, as sa easential requirememt,
appenrs te hsve been sbandoned in 1934, 90 the eorress|
pondppoe indiestay that 1t wes then deeided to instal
tfapgpdent 1iwing plant.  The pertisular type
favoured was the Patersen Patent Osilameter, a well
known apparatus for 124y purpese made by the Paterson
Mgingering Compagy ‘L4d, The natter seems to have
i&w in shbayanee fo¥ »3me sause probably con-
mected with tlnam. aid 1% was met until the Direster
of Peblic Torks Wein viaited Ingland in 1915 and 1926

nent u-'bun for the expenditure was spplied for in
19016, Difficulties arose threugh the enlisncenent of
priees by the war and n-triouﬁ‘ﬁ\h. -'Cﬂ of
material, so that it -n not Gnt1l 1719 ANt ahe
m Osilaneter wn znuvpd and instelled. Lime

I‘M“ in 35,909). Yhde was aft exwards inereased

o |




-ﬁ-m«b&wmlm of the cerronion of steel
and fren 5ipes in order that the ceuse vhich has
‘0 . opersied st Membess may be sppresisted. it §u commen
X ‘M&mnﬂ-&.‘humemuth
" w*mwmm-nxuumo !
& lﬁ-ﬁmanﬁmu»-mmm-w
2 \ ) "‘Mi\pj Wc aeid in solutien, 3
;:“"*‘ hnﬂMmcmnmpuimuhy
x o ¢ mcm fm ‘solvent actiom, and s ing ay '
o> i Ahe pretestive sosting nnmq- ageess of Watér hnd
rematns uanp‘\ corzosion «;p not- oegyx. * Wies the .,
3% Mﬁ voating | Docoues dnbaged 85 ak 4o aldow |
mnmn -mrnnm unﬁ » the
ohﬂ- o *ﬂin m huq-! iowt«l in &
nn.nm form an. the llu'mc ot the pibe. thc-ut ;
uwasual probection adopted fu both esst iren pnd: su.'
pipes during the last 30 oy 40 ybm lhfl wm
wpollestion st high temeratury o 8 solution in 7
certain propertions of ol Yar, uﬁn, mmza-. ;
rerdd wnd torl nephthe kmown rs Mthbo lnm.hu} L.

solutioms of tar and asphalte, bitumen and maiihs,

bitumen and tar hrve nlso been used, L
At the end of last century, steed pipes

M

instead of east iren begen to ecome into fairly g

use in localities where transport was diffieult and,
expeusive and the 1iability of breskage of vast irem

pipes was great on ueun; of frecupnt handling snd

$h §olting befare they were laid. Tha ecet ef comstrue-
e [0 f'm-g.nm&ymrmmmummapsm.
i —ﬂlmmum'--hchmto handle, transe
| port mwm&w fragile cust irem pipes.
R B \“ M“uthﬂm decade of this |}
AL . mmn record where dimage to the 'y
e o Whﬂ omused serious mm
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-’cﬁmmﬂmm g (4 mdsenmt cvaen-

; m&tlu' owing fe¢ the unonu botnx concent rated at
ghich the metal is gradually removed im solutiom, and

.88 Wa“d forrio oxlde im a colloidal state as a cone
;-mm Wmtotton) over the pit. The volume of

"V ihe mbstence of the coms §& some ten times the volume °
:* of the metal frem whioh ii is forméd and when the spets
-~ where tntensive -mo-ug has taken plase are mnsreus

% mun vones |
»Mmun in tho ﬁn vy, mrmu mnua and

,zmigpm after their 63
"_‘,rth-ou-t«hrhﬂ‘m.
ribe hsmmhmmnu;'

tngy. ey ph Pipes verd den wpoved Tor wgy someidarable
m% to laying. m shene Sireunstmees, ¥
W with a Jow ‘selting or fluxion temperature tends
t9 Evevitabe tp Ube lowpsh pat of the pipe, where 4t
uuntn ‘4n » Yengttudinel strip betweem the ends, Whem
the w is prolonged, loss by evaporation of $he
nors volatile sopstituents cecurs, and, probsdly Delped
by stresses induged by heating during the day and eoolimk
»t night, the costing besomes britile; it crasks snd
assunéd » pattern like that of a orscedile skin, which
has beefk teymed "alligetoring®, The flow of the egsting
causes the portion of it sdhering teo the majority of the
pipe to be much thitnpey than it should be; the cracking
can gt AcUese 0{7&:‘.’ to the -tll.

The esuse and prevention of cmuub‘l; metal
pipes have been the subject ¢f wish snvéstigatiem, !
ohufxy in America, and thére s mach litersture on the
mibject, The particular form of intémal corrosion
Wich ocours in Meial plpep oirrying water is known as

-.n areas of the iatemal urf-n of the pipe from

aftor andergoing certain chemical echanges 16 deposited

.m ath b nﬂoﬁn pmu
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decrease of effective pipe diameter. As the pits
inerease in depth, up to the thickness of the sipe,
perforation takes plase, but it is probable that owing
te solidifieation of the cones which are initially
hollew and solidify by deposition of intemal layers
of ferric oxide, corrosion does n:t nor--ny'usm to
a grester depth than ¢ ineh. 1t is well kmown that
onee corroeion has started and ferrie oxide her begun
to form the corrosien proceeds, for a time at any rete,
at a greater spead thuuxnnlnun if other factors
are constant, It is nov held by moet investigators
that the cause of this type of sorrosion is an elecire-
chemicnl one seccentuated, LI the water contains cerben
dioxide, by direct attack by carbonic ncid on the
metal and initial foxmation of ferrous Carbonate, It
may be sa.{d that, in outline, this theory is that
corrosion is initiated at spots where there is a sligt
difference of potential between =djncen® particles
which may be either a particle of metel and a particle
of millscale or two particles of metal of slightly
different compoesition, A galvanic couple is set up
and by eleetrolytie actiom im the presence of dissolved
oxygen mnd free hydrogen ions, the electropositive
pertiecle of iren enters into eclution aw ferrous oxide
and ie denorited ar ferric oride on the cnthode, which
is eltler the fragment of millseale (magnevic oxide of
iren) or the more electronegative of the twn particles

of melal., Ouce ferric oxide ie u‘mad the eleciro-

‘ ohcdeal uun is Altq“ltht, m it is n rnet.

‘M Xw umuu Sorrosien will take place and a
lodnh -ux h tm at that -pot.

ﬂn cthcu \of corrosion on cast iron pipes




| : m.g ,; oast tren mu’hpu
-ui'b‘ Y Fepiaty, e sitwunt d“’lhdi mqﬁ-

nees. mtﬂw“mmum »
pipes pun w,:m y seraping st Antervals without

; Muld-uatn Lhcpl’ﬁ. This has to be done

froousutly 10 be effeotive, for, on astount of the
destivetion of the proteciive vosting, sorvesion 1w
repid, snd the evating eammot be repliced effieiemtly
withogt dismesling the main,

Beveral metheds for rtopping corrosion aftes
it has started have been proposed and tried, Ome of
these aims ot the slimination of dissolved oxygen by

meany of deserstore. Another consists of trestment ¢

“the water with excess of lime with the object of

ssusing a proteetive devosition of carbonate of lime
on the pipe. fm former method i: expensive, and it
has not Been proved that it can be effectively spplie
in practice, The latuier methed prodbably reduces
corresion, but doew not wstep it.
CAUBR OF THR CORROSIQN OF THR MOMBASA 'A.!'- MAXNS,
It wiil be observed from the abeve remarks
that Smithts Bolution flows and perishes when sxposed
for a considersble time to solar heat im a tropiesl
elimate, The Mamdess water plp'u were coated with
Emith's Solutien, wravped with hepsisn, and recoated
in sscordanse with the umial sngineering practice of

'mnmu.u-h--unﬁ.mu “GONBTRUCTION

M'ﬂk was st ® -n-mxn for nuu.n.b!.o
m&dmun-wmmﬂrw
months after arvival befois wuj cuu be earried,
mt. A4S intervals * guuéya_m. ocessional
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Andividusd pipes have Receme wi badly i«z thet o)

1% was unevonemical to repair thew hm-(thq
have bosm Feplaced by new ones. Thess iy ‘
s longitudinel strip -ﬁ,@ :
-h-nm:-uauuﬁnmwmu-» ¥
wily sfferted to s sI{EMt cegrée, %

moucmmummnum

prier to laying, and (2) tu:ucu una MM'
wmtil feur years mmmcmmunmm*'
Both sauves ave primrily ettributedle te nuw, _
(2) would prodadly net have esuwed tiokble u 1), had
not scauryed. It may alse be regemisd a4 esrtain that
1f the liming plant hed bean inetalied snd operated
from She conmemsement of the supply; eerrosion vulu
Rave taken plsees, though net so rapidly.

BEGIODE OF CORROBYON OF MOMBASA WAWER SUPPLY MAINS.

The filap indicate thst the firet evidence

of wolvent apiten by the water oh \lh metal of the
pipes was neted in 1917, dut 1% was met wutil the ent
of 1919 that the first perfarxtions were mw& The j
m«;wxmmawu um.uot
p \\92: was 401; dmring 1922, 276 were nnﬂm ‘in 19:3

A 220 ceurred; while during the firet six -dh- of 1924
w & Smmrcp,“\mﬂ. The tetal m‘w e
W7 T Crune joMh, 1926, Naw, ihersfsre, been 970.
Y . These leaks have been ou-u in the unx
A manney wm\ rubber insertion nh fixed by elamss. The

miﬂm securred threughout the main, Bt
the greatest uuuuy osours in portions where the
‘nsm-m is greatest, It will be odsarved that q»;g !
nﬁ!ﬂ‘. ot the munber of porﬂutxou in l.ﬂ)
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i to be aseribed
in excess and the resulting
ve coating of earbonate of lime,

’n Wik, -p-u ue apigtdls & mu-m of the
»rndd matn m sent for nmquw. ih- ﬂqut was
Yhken up with the mekers’ sf the upcn, h\t no' trntuut
Cather M nﬂu vas recommended, xmu.n nnu-
ing water m im-- lmmxu: hag hun tyhed, '
mmm wmno um s wﬂan. 2
Mu the w of i.’t). soeoimens of thc

-

sorroded madn wers m&n uxﬁ ‘o, the Cfown Agents, and
weelings wore Held in Londen batween ths Director of

' PubH Y #osks, the Chies. mn to the Crown Agents

and_the Congnitifig Chemists of the Colonial Office, The
menbion of imﬁ‘!, the malm, recoating and relaying
1t was umuv sonsidered. m best protective coate
ing to uﬂ' under the éircumstaisoes was the subject
of much discussion and experiment by the Consulting
Chemists snd o fim of steed manufseturers whe took the
matter wp. The desiradility of diswantling the main and
ning it with ‘cu;gm. wae aleo- exemined. Visits were
nade by the Directer of Public Works to certain stehl
and iron works in this com-otun. and ooznspm..
was earried on with vartous m‘h ks Authosities vhe
hiad adopbed this mm or intu%ol. )
" Whem the Direstor of Public ¥orks et gor
m’ﬂ MW. 1913. !Mi‘“m -and Gorz-npon-
w ‘The' experiments which hed
r oy - Mwhun, and decision °
-km It m decided that tm- of {




ifacturers. hmim.ﬂu»uu vartons

%

: h};mp#mthw i-imu. sush us

Sover Wﬂmor‘lﬁphw
mm;-m.gun-una
W'C’utm proocn.

mumm}:‘inuuﬁnu.:w:
mtom .Wuﬂdmm:'
mm-l tmn-u. duubu.u conttmued, The
unwmmm- 1o6ally has been
wmwmm mum.,-.m o

: T;Wmmummmxu.nn.-ﬁ-

MMN Mhmduu and tnmpon and for use
l.ltbnh.
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1% were Quo‘ on m;iumlon of the fastor
(1) The quantity of water prosurable from sveile
able sources of supply during drought,
(2) The present consumption of Membasa Townsii-
and probable inereass.
(3) The availedility of .o\hor sourees of sunply
and supply to the portien of the Mainlaend
adjncent to Nombasa Island,
QUANTITY QF WATER AVAILABLE,

The higher elevations of Lthe Mhimbe 'dlle, 4
which the Mreri Valley is situnted, are composed of a
quertso-felspathie grit Xnown as the Chimbe Grit, from
ites considerable development in '‘"e regiom south of
Mombasa; it irs the uppermost component of the Duruma
Sandstone Series, The rock i capable of transmitting
water through its substance as well as along its joint
planes, Although this formation, and othere of &u
similar nature underlying it, oceur to the north of
Kombasa, the streams of the flimba fille are the only
ones which need be considered for the future sunply of
Wombasa until the demand ie so grest that srtificial
conservation of fleood water hms to be resorted to,

The prineipal peremmnial streams, of which tt
Mreri is the largest, discharge into the “anolo Rivrr
on its right bank, The Mernolo Ad.v:lr disc! nrpes into
Port Reitz, These stresms -re nom;l in thet they
incrense in volume by increment \t‘r‘om snrings ns they
flow to lower levels, fhi.y ;n somewhat nbnormal in
that pertions of their Courses ere underground; for
the neture of the strata is suech that subsurface
channels are easily eroded, and works which 1mf:olc a
hydrestatic pressure at the surfece may o.\‘j.ly‘ cause 1
ll;‘f“. stream to follow an underground course, It 1
: M“ M mm{\m is dcpondom to some:
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bk mqr o tho dw to which nbmrrak_dﬁ'nna;u are
Dlocked oy :

from natvarel couses, .hie fagtor hn-

to bv\lﬂﬁ inte considerstion when installing
neAmxig woirs,
Since the yaar 1913, rndug. of measuring
‘weirs have net been taken, and th- weire have fallen
ﬁlmv u-u_o._ Puring this year, these measuzing weirs
are being reestablished in n'e"altel 80 that continuow
records 0f mrface flow throughout dry sessons can be
eobtained and recorded.
Furthey investigation is necessary during
future dry seasons to determine with aceuracy the |
ameunt of water which cen be rol}’.u.l on froem tho-mr!ﬁ
streams during droughts, but there is reason fer
pelieving that not less than 200,000 gallons per day
will be a.vl.i).&h%o in L‘r driest years from the three
streams in the !reri Valley (iireri, Hakombo and
Hedabara)., It is probable that-1,500,000 giliens’

per day would be available excep . towards the close of

exceptionsl droughte, +“hen a supply, greater than
that which is rvedleble by urovity to the present
herd works during droughts, is neceesitated by the

|

|

| demands, pumping from the danolo Hiver to the Mreri
Intske will be essentinsl at such times es it may be
recuired to nugment the supply; for it is not desir-
able on engineering grounde to lower materially the

present level of the head works on the iigerd River, =

&

-

WATER DRMAND IN THE FUTURE. .
The eversge d-,‘\ly.nouwmpum of #ater in
xﬂu. (uomnn of thi island and thn poﬂ.ton of
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ot have raadhed 706,000 garlens ver a0 s

rnw«l M‘tﬁa nncuy of the nain on comsletien

ﬂ»tﬂm-oln&luhnh. njectu
W m ..mw be antisipated thet 14 wild
mu-n yearly during the mext dedinde vhen Xilindind
lubﬂ!im are finished, Xombass Township develsos,
ng,m experts and imports Louse o grester
mmumnmnmpw it 4s vo Ve 5
r“nmlwtxun st eaner . may require as much as
mnn na.nhu to £i11 its tarke. Inereasing a--n
vin mﬁim estefistons of the dusmbuiice weten
"ok nw-u. In'this m-cum slsé the ‘Probadi ity
of th!‘c_-u_-un -tghq townsbip to the mafwisne efther
o 4 the Shangeswe - Weritind axes of Likont or heth
Guring the Hext we dedsies has to be censidered, I
u ‘M wu M the averagh consumption will

uu.wtnmmuuuw one day
nay be Mhu that smount, smxm it mst be
-tn“d M it iy -au-ay U*- to undersastinats’
the nu u ﬁunaé.,r «nu for water of dereltving |
wut. and: udu frecuently erise where ¥ater Worke
hnhorluu have te imeu# liesvy sapitel expenciture on
uauow, Wosks dowm niter Water Aorks'have been |
lmdlﬂ‘ D'l“ t. ﬁl.i.q c-no-
eamm o e ma:mw

Mﬂu vipds were clean, the on-uu main, . |
MM Bave delivered #ot less than 800,000 gallons
mw a tnc tqd:mno grédionts worked to. IV 1s

t m,ooo gallons per Oq'. m it 19 not

# present capmoity is only 510, 000

i
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Gt an (120)
m per Wv Mo T m far bM{k@

‘ iﬂq M M\v u.ut mum e o inerustation

ane hat improvement esn e effeited at comparatively
w expenes, The matter is the subjeet of hn‘uhg»
then & present, ®

PHOFORALS WOR KMCONDITIONING OR RMPLAGING THE MAIN:

It is considered that replaéa‘n’mt or r;b,gn
ditioning nhouu be una.utghu as soon as possille: .
Although the m- of oarroihn has become aonﬂ«r&l&"
redused by wreess 1ming, u c;nm be stoppo& brt '_
procews; and gradusl reduction ur thn mmv of 4 he) :
main by *manlufﬂn wa depoett, 't mnm*n aime
will cauumo. The smn \h- 'oi»k is undormq thaf '1
EPenter i1l Be the proportion of the lg u.w&ﬁ can
e saved, Moreover it s the ecse that smmmu 5
burets of soie conbecuence sometimes ocour - thore "‘"“ 5
six dw 2923 = and while these are being repaired the
sipply of water has tu be curtsiled, l‘urthogngc the
replacement or recgnditioming of the main -tlht take as
log s twe years to Fiwieh after financial arrangements

had been made for its execution, Verious proposals for
resonditioning end replscement ﬁlich are under comid&p’-
tion are referved to_inm Appendix III, Of the seven
proposals therein mentioned, A would be most suitable if°
a2 Mv future is provided for; C if o periof of, say,
15 years is Out-plutod. and B if 4t is desired to
wake wm-uu for, suy, © r-xhd of 25 ynr-.

0, 4 YJ,
! ] u,.’ ﬂhmﬂém
s . DXRRCTOR OF nn:’xc WORKS,

{
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(4407 PG, WONKS DRPARTONT,
S0 Ga (e R ommes,

- waYnomt, $ist Wiy, 19240

ol ol

37 Ref.No. 1387, ¥
' the Hon'dle / ) )
S ¥ J
The Ag.Oeneral Managez, [ = /5 /
Ugands Railwey, Nadrobi. L\
|
Nombase ¥ater Vorks.

with ‘!'f.onn.o 40 the decision of
Governmest exyressed st the last Semsien of
Legisiative cmi thet a full report om the
Mombasa Valsr '«'ﬁ: should be prepared By me
in consuliation with you snd laid on the table
at next l!"llton of cﬁmu, 1 enclose herewith
the draft of the repart which I propese.
2. I shall be glad to dicuss the matter

with you at 10.0 a,m, on August Gth, as arranged,

8d. H.L.Bikes.
DIRRCTOR OF PUBLIC WORKS,




& R +ined Selp Bcor A
L0
¢ ! g
1 Tervices, , < ™ ’ Ve 5
E"‘i* et B
urvey. | = 4/ @} - B - o
. auildings. 249 156 73 ¢ - - - + 250 - 200 - - 934
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2232| 7866 47206) 22205 | 20043 2908| - [ 91} 27761 9811 1746 | 1697 5450 | 117622
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HoMB ,5_&}_4 WATER SUPPLY.

In accornlnuo vith your inetructions I have gone Lare-l

fully inco the problem of the lombun Wafer bupply.

Direct

1 mv% fead tne enclosed reporf from Lhe on'tle

or of Public Warka, ang x.uve'di;tcusaed the nmtter fully

with Lhat v)rfi"cer, and who bas very Kindly placed all avail-

abl® informatiom 8% my disposél, A8 e result o: these

investigations I ’ave cots to the following ccnclusions’:-

(m)

()’

“(a)

) diately tﬁkon to put. matters right.
% : &
ce C. L U AN Y

Inception of Schnmi.

It .48 evident tnat vefore ar(y' work was actually
commenced, ‘the whole scueme wae thoroughly worked out,
both by Iooa.l officers of tire Public Works artment
and by an expert from home. ‘All the presm faiffi-
culties as regards. corroaion. were anticipated ‘and fore-
seen, and the sibject was exiaustively examihed from
eyery point of view by many clemists end experts,in
addition to liming by the Medical Aut:orities. ais
requirement was, however, subsequently crcpped.

Execution of Work.

The actual execution of tie sc..eme sufferec from
varicus causes, manhy of wddci were due to tLe war,some
to the unhetltuiness of the climate,and some tg the
delay in reacldng a decisign as to Lue »est method of
treating the ‘water. A#'8 result many of tie pipes
euffered, perhaps more tunan they otlerwise would tlave
dorfe, from expodure to the ‘sun. Moreover, the liming
plant itself was ‘not finally installed unti], 1919. :

Present condition of Pipe Line.

b ¢
The present condition of tug ppipe. l.\lne is clearly
deccribed by the hon'ble Ii rector of Public Works 'in
his report. ‘A .codsi ﬁble amount of ‘permanent work
has been carried oUt’! the. Mt two years,and 1
mderstmﬁ.ﬂost of the" temporary idges will have been
made pe ent by the end of, ﬁpgsp resént year, , The
conditien of tihe actuel pipe 1iné gives cause for
co rn, and there-is no doubt that some cte\ps‘ must be

o The ﬂgur.,l given bi the Hon'ble Dlirector of
1i¢ Works shew that the wrole concern has not been

; "fwo:rking at a profit, but that during the past two years

or so the sale of water hae considerably increased, and
the supply is therefore beginning to shew sisns o:‘ 3
becoming &' commercial success. ; .é‘
The bon'ble Director of Public Works shews in _
Appendix II, & sumnary of Balanae Sheets to December

M 5 R - P !.

“y 7 3let.1923. Tt wily be noticed that no allowance ms




& therefore, that there ced be no reduction of uxarges
i o for some time to come.
(@) tion to. . -

2
v

o ‘ Aor Bemeval T a: nr & 'work of
{ d.s ; at 000 er annwm
) 4 be g or 'Rd"ﬂ-‘ d'ﬁms nad

n done from 91'7 thbre would uave beem a reserve.

svallable at tue end of 1923 of £35,000/«, Actuslly
the bﬂ available de pnly £3,735/+. 1t e evident,

It ig quite’ iﬁdom that tue time :ss arrived
i mben soie definite aoticn aust ve taken if tue weter
LYy for Mombasa 14 0 be assured for the future,
he gbeence of A Renewal Pund, money must !
romd from the Colony's Revenue or from Loan.

The various poseible sobemes with their cost
are sbewn in Appendix I1I. Thesé appear ‘o have
been carefully prepared and considered.

v.I &m 07 T:ic opinion that Lue present capa ..y
of tus pipe line snould be sufficient for some
congiderable time, say, 10 to 15 years, Under *ie
circumstanaes, therefore, I do not cinsider money
snould be fommd at the pr(sent moment to increase
the capacity of Lu. pipe 1ine, Froposa. "B" would,
tuerefore, be t.e moet satisfactory if t.e suggestec

ﬂetbod of :e-condniming were likely to

orove

successful, Owing to t:e present gonditicn of '.e
pipes, however, I do not neider tiis meti.d as

beirg poesible owing to the pitting the pi:« ust
be reinforced in some way. Proposal "A" fuwii.is

tids condition, ang
every promise of
recommend tnat £40,0

marked for carryin, ut. tals work.

Special plent cf a more - .ess inexpcnsive
nature would have tc te provices, and probatly the 2
payment of a royalty fur tile .se of t.e syster to te !
employed would be necesshry. "t"‘f

from all engquiries made plvee

being & success.
sho1l1d be definitely ear=

00, -

1 therefore

3o

The Hon'ble Director

of Publié Works uas already

made many preliminary enquiriés regarding the method to be

adopted, and the evidence appears to shew t:at it will De

successful, '

V

4, If, Mowever, thig work is to be undertaken, it must

Jbepushed on with vigour and witiout interruption, umil

conplete;l it is imparative, therefore, that funds must be

fortheoming in q. r.gular mnor s0 that a suitable organisa~
uon can be inn;llld to{ coﬁ.oting tne wiole amo:unt .
LT ) o e o y
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