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Barrages were made capable of doing their duty and the corvée
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fields and utilising these waters to the utmost.
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tion about the Upper Nile and the nitrate question.

W. WILLCOCKS.

CAIRO : Fanuary 1st, 1899.






CGNTENTS

CHAPTER L
EGYPT.

Geology of N.W. Africa—Egypt between the First and Second Cataracts—Deserts between Halfa
and Assuin—Gebel Silsila—Gebelain—Nile valley, Assufn to Cairo—The Fayim and Lake
Kurlin—Meteorology—Analysis of the soil and water—Evaporation and absorption—Trees—
Animals— Railways— Roads—Navigation—Population—Vield of lands, Upper and Lower
Egypt— Principal crops and their value—Cotton and sugar production, 1878-1898—Rents
—Classes of proprietors and density of population—Sizes of holdings—Areas of different
classes of land according to system of irrigation—Values of flood and perennially irrigated

Jands compared — Imports and exports— Revenue and expenditure — Debt — Irrigation
budget . . 2 - . . . . . . s > . PAGES 1-26

CHAPTER IL
THE: NEFELE

The White Nile from Lake Victoria to Lado—and from Lado to Khartoum—The Nile at
Khartoum—The Nile from Khartoum to Assufin—Assuin—The Nile from Assufin to Cairo—
Cairo—The Barrages and the bifurcation—The Rosetta and Damietta branches of the Nile—
The catchment basin of the Nile—The rainfall in the Nile valley—Time the water takes to
reach Cairo from Lake Victoria—The Nile in flood—The Nile in low supply—Navigation on
the Nile—Assuén gauges corresponding to drought and inundation—Assudn and Cairo gauges

in pics and kirats referred to the mean low-water level standard—Explanation of the tables

F . PAGES 27-56

accompanying the chapter—Tables . : .

CHAPTER IIL
BASIN IRRIGATION IN UPPER EGYPT.

PartT L

mptying basins— Theoretical quantity of water

Basin irrigation before 1889—System of filling and e !
on between Assuin and Cairo gauges in flood

needed for basins in an ordinary year—Comparis
__Sir Colin Scott-Moncrieff on the remodelling of basin irrigation—Colonel J. C. Ross on the

method adopted for remodelling the basins—Difference between the old and new régimes—
Regimen of the Nile—Amount of water delivered—Summer irrigation in the basin tracts—
Drainage of basins—Maintenance of banks—Maintenance of canals—Maintenance of masonry
works—Declaration of a bad or low Nile—Measures to be adopted in a low year—Conclusions



X EGYPTIAN IRRIGATION.

i y ination of the rental values
drawn from the low flood of 1888—Conclusions drawn from an examina e
of the lands of Upper Egypt—Main factors affecting rents—F lood.nnd summer mnlle’.s—M:;is(_ly
and sandy canals— Utilisation of subsoil water—Bahr Yusuf basins—Discharges of the : .“l:
canals in 1892 and 1893—Duty of existing basin canals in a mean yea.r, ina m'uum\uf\. ant i
maximum year—Duties of basin canals by systems in a mean year—l..fst of baslns—Ll.sl of basin
canals—Dates of openings of basin canals, 1884-1897—Dates of discharges of basins, 1884~-
1897—Lengths of basin canals, banks, and number of regulating works, &c. PAGES 57-110

CHAPTER IV. :
BASIN IRRIGATION IN UPPER EGPY T—continued.

ParT IIL

Selection from Sir Colin Scott-Moncrieff’s Report for 1886—Bahr Yusuf basins—Ramadi Canal—
Sir Colin Moncrieff's Report for 1887—Bahr Yusuf basins—Colonel Ross’ Report for 1891 —
The Kena basins—The Girga basins—Geeza basins—Mr. E. W. P. Foster’s Report for 1893 on
the Geeza basins—Major Brown’s Report for 1892—Rubble revetments for basin banks—Type
sections—Major Brown’s Report for 1893—Grass planting and rubble revetments for basin
banks—Major Brown’s Report for 1894 on the behaviour of the basins in the high flood of 1894
—Safe maximum gauges at Cairo—Mr. Wilson’s Report for 1896—Summer sorghum and open-
ing of the basins—Escapes on to the Nile—Relief of the basins—Regulation between Fourth
and Third Circles—Regulation between Girga Directorate and Fourth Circle—Regulation
between Fifth Circle and Girga Directorate—Date of reaching full irrigation level—Discharge
of basins south of Assiout—Discharge of the basins north of Assiout—Effect of opening the
Koshesha Escape—Most suitable dates for discharge—Water for early and late flood sorghum
—Lands on the west of the Bahr Yusuf—Dates of principal events of discharge in the Fourth
Circle—Reveting of basin banks with stone—Sir William Garstin’s Report for 1896—Summer
sorghum—Final decision about opening of basins—Koshesha escape opening—Mr. Webb on
the necessity of remodelling the basins west of the Yusuf Canal PAGES 111-135

CHAPTER V,
PERENNIAL IRRIGATION IN UPPER EGYPT.

Details of areas under perennial irrigation in Upper Egypt—The Ibrahimi —
discharges—Value of summer irrigaﬁon—EstimE:e ofgle?ops—Basin and l;::r(e:r‘::x‘n:ll i:;lm:?:;
'comparefi—l\'umber of engines and pumps, details of works, cost of mainlenance—D;t‘:iled
mformau?n about the Ibrahimia Canal—Silt deposits and silt clearance of the Ibrahimi
Canal—Table of gauges, discharges and cubic metres of silt clearance, 188 1-1898—Distributi s
of summer supply.bctween Upper and Lower Egypt—Table of distribution from 1881-189;)—n
Reports on the S'Ih clearance of the Ibrahimia Canal—Sir Colin Moncrieff, 188 —Colonel
Ross, ngx_—-Ma;or .Brown, 1892—Mr. Wilson, 1896—Ibrahimia silt depo,sits an ;oneh
h?cnouﬁa silt deposx.ls compared—Distribution of supply between the Ibrahimi day‘i
Yusufi Canals—Dctaxls' of discharges and duty of the Ibrahimia Canal—The Y : ;ﬂ C a
and thc Fayoum—Details of discharges and duty of the Yusufi Canal in the Fa e aflal
of minimum supply—Mr. Wilson’s Report of 1896 on the summer irrigation of UYOUmEPCHOd
'hl‘he \(\lrri:z.?e of the perennially irrigated tracts—Sir Colin Moncrieff’s chc;:rl:e :;f !zggt——
- ,:,, buinn]:n l;:p‘(:;t; of 1894 .and. 1'896‘—Condition of Ibrahimia tracts and the Fayom:—
—Tnsuficiencyof canal sections i the Fayoumm—-Abnciorase s reions {0 the Ibeahimia tract
face of Lake Kurfin should be maintained at 138:‘ ﬁ;::ﬁflgrprfpf el FIYO\m‘l—S\II:-
S it : eat future before the Fayoum if

PAGES 136-163



CONTENTS. &5

CHAPTER VI.
PERENNIAL IRRIGATION IN LOWER EGYPT.

Perennial irrigation explained—Formation of Lower Egypt—Difference between southern and
northern halves—Mehemet Ali begins perennial irrigation in 1820—Comparison of summer
discharges between earliest times and to-day—Discharges available in summer and utilised,
1874-1898—Quantity of water needed for the Delta in summer—Insufficiency of supply in
four years out of twenty—Evil results of bad years in future—The three circles of irrigation—
Principle on which the perennial canals were designed—The three seasons of the year—
Numbers of pumping engines, masonry works, canals, &c.—Cost of maintenance of works—
Prime cost of works—Difficulties of summer and flood irrigation from the same canals—Action
taken by the Irrigation Department—Consequences—Main classes of land in the Delta—
Principles on which canals should be maintained—Quantity of water needed for different
classes of land—Necessity for keeping spring level low—Existing supply subdivided between
the different classes of land—Future improvements which may be expected from improved
system of drains and escapes—Discharges subdivided between the three circles—Duty of water
in summer, flood and winter—The July discharges—Typical longitudinal and cross sections of
canals—Tables of typical canals and regulators—Selections from Reports, 1884, 1885, 1886,
1888, low summer of 1889, 1890, 1891—The Rayah Behera—1892, 1893, 1894—The Katatbeh
and Atfeh pumps—1896—Drainage . . : . . . . PAGES 164-207

CHAPTER VII
EGYPT BY PROVINCES.

Assudn, classes of land, proprietors, population, rents, taxes, nitr-ates in the descrts..crops, r'xeglecx
of navigation—A@na, classes of land, proprietors, population, rerfts, taxes, nitrates lrn] tl:je
deserts, sugar factoiies, crops, faults in basin irrigation—Samhid basm—Sa/mg,' classeslo an 1'
, proprietors, population, rents, taxes, land sold up after years of (lr?ught, Sohagia 'Cana], super ;_
' basin irrigation, independent peasantry, sugar and l?ul‘ter factories, crops—.'d.r.mmt, ]T ns‘sisod
land, &c., taxes, good and bad basin irrigation, Ibrahm‘ua C?,nzjll, sugar factories, excellen f:m
near Roda—Minia, classes of land, &c., taxes, perennially 'xmgs‘\ted tracts, ficte.noran(;u: :orlrf
over-saturation, proposed remedies, sugar factories, cotton, inferior basin u'ngatu?nI lan. riraa t:d
ling sand in the deserts— Beni-Suef, classes of land, &c., taxes, ex.cel.lent. perennia y(lir go <
land, poor basin irrigation and remedies, good and bad perennial irrigation contraste ;_azx;op 2
sugar factories—Geesa, classes of land, &c., taxes, crops, good well 1rngatxon], sfugatrh g ry:
basin irrigation indifferent—Zay#dm, classes of land, &c., taxes, crops, prtl)lp(o:sa .:] Ormodellifa
tion and the Garak— Bekéra, classes of land, &c., crops, the lakes, Katatbf : :nt f;l:m Banagi
Canopic branch, great lack of escapes, irrigation 'by' pumps comparded \(w; it b,t adasscs P
—Menoufia, classes of land, &c., crops, excellent irrigation and la; — :(; \:;ir v Y
&c., crops, necessity for additional water in summer, prf)pf)seq am?inlnnd——szlmrhh e
escapes— Kalyubia, classes of land, &c., crops, excellf:nt' 1rr_!gauon and. s S sed—babalia,
of land, &c., crops, Rayah Tewfiki, excessive flush irrigation, ;C“”; l:h-r()}agl(:adn ooy
classes of land, &c., crops, Bahr Sogair and Bohya compared, Zan

i ial irrigation compared.
Colonel Ross’s saying about red water, basin and perennial irrigation comp Paons sob-ast

CHAPTER VIIL
DRAINAGE AND LAND RECLAMATION.

e ts of the introduction © basin
P tion of land f 1 . . 1 £ h f
e ormulation a“d classxﬁcatlon of lnnd Resu

It
irrigation —Drainage of the flat lands in the southern half of the De



xii EGYPTIAN IRRIGATION.

necessary in such tracts—The deltaic formations of the north —Faulty and correct melho.ds of
drainage--Necessity for escapes as great as for drains—Method proposed for gmdn_nlly.mtro-
ducing lift irrigation in the flat lands of the south—Details of drainage construction in tl.xe
deltaic tracts—Capacity of drains—Necessity for lifting drainage water into the dranLlft
and flush irrigation by rotation—Inlet pipes into the drainage cuts—Clover washings—Drainage
channels dredged into the lakes—Methods of clearing the drains of weeds—Bridges—Pipe
crossings—Cost of thoroughly draining and providing escapes for Lower Egypt—Subdivision
of land in Lower Egypt, according as it is waste, or reclaimed or under water—Description of
the existing waste lands of Egypt—The openings into the sea of the great lakes—Causes of
deterioration of land—Areas of lakes and their water levels—Drying the lakes—Effect on the
openings into the sea—Fishing revenue—Reclamation by basin irrigation in Mehemet Ali's day
—Mr. Frank Hazeldeen’s éxperiment—Mr. Aubert of the State Domains—Proposed basin
reservoirs in the Berea—Lake Abukir—Mr, Sheppard’s paper on The Reclamation of Lake
Abukir—Cost of pumps—Experiment on pumps —Method of irrigation and drainage—Salts in
the soil—Cost and results of reclamation . - . > . PAGES 229-254

CHAPTER IX.
. THE BARRAGES.

Barrages or weirs—Their object—Temporary Barrages on the Nile—The Nile Barrages—Descrip-
tion— History. of the Barrages—Detailed description—Method. of working previous to 1884—
Principles of working adopted in 1884—1884 to 1886—Repairs begun in 1887 under Colonel
Western—Original method of construction—Method of repairing—Details of closing springs—
Principles involved in method of repairs adopted—Mr. Reid’s reports for 1887, 1888, 1889,
1890o—Error in canal regulation on the completion of the Barrages—Mr. Foster’s repairs in
1891—Stock ramming in 1896—Grouting in 1897—Subsidiary weirs under construction.:

PAGES 255-288
CHAPTER X.

THE NILE IN FLOOD.

The country protected l')y. longitudinal dykes from flood—Sections and type sections— Protective
works—Spurs—Training worlfs—Eads on river training—The high flood of 1878—Damage
:::;‘u:v i:]lw: 'countg_—-hc;)mplan?on between Rosetta and Damietta branches—Rosetta branch

ening—High level of water in the Damietta branch—Flood of 1887 i
Lower E‘gypl—Detalls of flood protection—Sand bags—*‘ Banquettes ”—l{e,:ysgpz; at:?:
waves—Safety banks—Culverts—Sharp bends—Flood corvée—Experiment to substitute con-

tract for corvée work in flood—The banks of i i
Moncrieft’s Report for 1885—Major Bro:n’ss :ndt}ll\; flod gt e ud, e

)
1894—The undue lengthening out of the Nile flood i it '893—::5::‘5':89_1’0“ i,
: ’ < 3 314

CHAPTER XI.
ENGINEERING DETAILS.




CONTENTS. i

Canal heads—River training needed near canal heads—Sohagia and Baguria—Ramadi and
Girgawiah—Ibrahimia and Rayah Menufia—Silting up of tail reaches of canals and escapes—
Navigation—Prohibitive tolls—Dimensions of boats, etc.—Lock gates—Aqueducts and cross
drainage works—Iron pipes—Discharge of the Nile—Colonel Western—Harlicher—Notes on
dredging—Specifications—Lock gates—Well sinking—Masonry works—Dredging—Rates of
work—Mr. Wilson’s Report on works for 1897—Major Brown’s Report for 1897.

PAGES 315-364

CHAPTER XII.
DUTY OF WATER AND AGRICULTURAL.

Duty of water in perennial irrigation in summer, winter and flood—Duty of water in basin irriga-
tion and colmatage—Drainage cuts for colmatage, rice and ordinary lands—Drainage cuts in
the Second Circle of irrigation—Duty of water in Upper and Lower Egypt—Engines and
pumps—Sizes of pumping engines—Cost of pumping—Advertised duty of pumps—Practical
discharge of small pumps and areas capable of irrigation— ‘ Sakyas” — Shadoofs " —
“ Natilis "—Archimedian screws—Cotton—Sugar-cane—Millets—Indian corn—Wheat, beans,
barley and clover—Cost of raising crops and value of yield per acre—Theoretical and actual
rotation of crops—Table of weights and measures and equivalents—Sizes of bcds—Qut.lmily
of seed corn per acre—Manures—Tobacco culture and taxation—Land tax settlement history
—Areas of registered land and taxes—*‘ Kharagi ”—* Ushfiri "—Land tax adjustment and
rent valuation—Factor governing renting values of land—Nitrates in the deserts—Manures—
Cotton worm—Reclamation works in the valley of the Po—Pisciculture . PacEs 365-399

CHAPTER XIIL
ADMINISTRATIVE AND LEGAL.

tection—The earthwork maintenance corvée—Iistory

Publi R 2
blic Works expenditure—Cost of Nile pro Fvhé systom—Nuber Pasbi's

of the corvée—Decree of 25th January, 1881—Injustice of the co
action—Sir Colin Moncrieﬂs' ’s reports for 1884, 1885, 1886, 1887, 188.8 and 1889—-Earthwolrk
maintenance corvée abolition—Evils of underpaid Egyptian employés—Decrees and rcgu:'
tions concerning irrigation—Canal Law of 1890, modified by decree of 2and l."e'bmi_l')]’. l?‘_
Decree of the Sth March, 1881, for regulating water-raising machmes—Mm'xstena hor te;‘"
Decree of the 12th April, 1890, concerning watercourse heads, and macln;es ;s! e;o_ 22
pumping engines—Articles in law codes referring to irrigation . R gty

CHAPTER XIV.
RESERVOIRS.

ation——Reports——Agricultuml

Basin and perennial irrigation compared—History of the reservoir qupt-— Methods of obtaining this

side of the question—Water needed for Lower and UPPC"A Egy ; ’ —The
Wlter-—Soli?i insubmergible dams—Proposed dam at Assfla;n—Su' JOhl;) R;Eier:ioﬁ:)l;o;lc o
Report of the Technical Commission—Sir William Ga..rstm s Report: clfann :)l—Cost o8 ek
under construction at Assuin—Size of Reservoir—Sluice g‘“s—llloc canal—Method of filling
—Cost of water storage—Wady Rayan Reservoir—Inlet and out et A o Description and
and emptying—Cost of work—Quantity of water m'ed_mfm 1 Ross’ criticism—Compari-
method of employing—Quantity of water stored, an‘d o P oned the Ibrahimia Canal head
son of different systems of water storage—The Assiout NG *5

: . 2 i i training
—~The Samanud Barrage—Sources of the Blue and White Nile as re,sc‘w"s—l-’il;‘;ir.u_‘; 20
* in the Sadd region of the White Nile :



EGYPTIAN IRRIGATION.

xiv
APPENDICES.
PAGE
I. DESCRIPTION AND STRENGTH OF EGYPTIAN STONES, AND STRENGTH OF
EGYPTIAN MORTARS . . . . s . . . . 455
IL. A NoTeE BY DR. SCHWEINFURTH ON THE SALT IN THE WADY RAYAN ., 460
IIL. * NOTE ON IRRIGATION AND DRAINAGE, BEHERA PROVINCE, BY MR. N. E. VER-
SCHOYLE, INSPECTOR OF IRRIGATION . 5 g . . 466
IV. AssuAN GAUGE : . ’ ¢ : ¢ 2 . . . 471
V. CAmro GAUGE . . . . . ’ . . '3 . . 472
VI. TABLE FOR CONVERTING CUBIC METRES PER DAY INTO CuBIC METRES PER
SECOND—ROUGH WORKING APPROXIMATIONS . . . ¥ . vl 4T73
VII. TABLE FOR CONVERTING CUBIC METRES PER SECOND INTO CUBIC METRES
PER DAy . . o . . v . . . .
. . + 474
VIIL. DETAILS OF EXISTING WORKS IN UPPER AND LOWER EGYPT. . . . 475
IX. DETAILS OF WATER-LIFTING MACHINES IN UPPER EGypr . 476
X. DETAILs OF WATER-LIFTING MACHINES IN LOWER Eeyrr . . . . 477
XL DETAILS OF SUMMER AND FLOOD CROPS IN THE BASIN TRACTS . 478
INDEX

479



INTRODUCTION.

By MAJOR R. HANBURY BROWN, C.M.G, LATE R.E,,
Inspector-General of Irrigation, Lower Egypt.

So far as his contemporaries are concerned, neither Mr. Willcocks nor his
book requires an introduction in the ordinary sense of the word. For the
book, the first edition, much appreciated as it has been, is the best intro-
duction to the second. As for the Author, no European is better known to
all sorts and conditions of men in Egypt from the First Cataract to the sea
“from Migdol to Syene.” But though the present generation is not likely
to forget who he is and what he has done, we must take thought for the
future when a new generation will arise that knows not Willcocks, but for
whom the book will survive and the Nile still flow. “For men may come
and men may go, but I go on for ever.” For those that come when we
have gone, it will be an advantage to have the means of forming a just
estimate of the Author’s claims to be accepted as an authority on the
subject of Egyptian Irrigation ; and they will be better able to decide how
far to trust themselves to the guidance of what is written, if they know
the extent of the opportunities of acquiring correct knowledge enjoyed
by him.

Mr. Willcocks, after distinguishing himself beyond his fellows as a
student at the Thomason Civil Engineering College, Roorkee, and passing
out brilliantly, made his mark in the Irrigation Department of the North-
West Provinces of India, and gained much useful experience during eleven
years’ service. In 1883 he came to Egypt, leaving India, where he was
born, for the first time in his life. He was one of the pioneers in the
work of causing order to evolve out of the chaos in which Sir Colin
Scott-Moncrieff (then Colonel Moncrieff) found the Irrigation Service of

Egypt. £
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During the fifteen years that have followed, Mr. Willcocks, like Joseph. of
old, has gone throughout all the land of Egypt, and gained a compn?hensxve
knowledge of the country, and the condition of its irrigation and agriculture,
such as few, if any others, have. He was the first to discover that the
Barrage was wrongly classed with the incurables, and to demonstrate that
its shattered constitution could be restored to a sufficiently sound state
of health to enable it to do its appointed work, a revelation that has had in
the sequel beneficial results to the country of first magnitude. As Inspector
of Irrigation of the Central Provinces of the Delta, his energy and enthusi-
asm astonished all with whom he had to do. And it was while he was our
Inspector that he took the lead in introducing and carrying out the experi-
ments which paved the way for the abolition of the corvée—a reform also of
first magnitude. During the exceptionally low flood of 1888 he had the
good fortune to be told off to accompany and advise the Ministers of Public
Works on a special mission, undertaken to consider measures for meeting
the difficulties of the situation ; and it was on this mission that he became
the hero of the account, given in Milner’s ¢ England in Egypt,’ of an English
irrigation officer being invited to join and taking part in a Mohammedam
thanksgiving service in a mosque at Tahta. This mission gave him a clear
insight into the conditions of basin irrigation.

Afterwards, as Director-General of Reservoirs, he conducted the studies
which led to the decision to make a reservoir above the First Cataract ;
and he drew up the designs and estimates according to which the Assouan

dam and the Assiout Barrage are to be built ; projects which may well be
described also as of first magnitude,

Finally, he was entrusted with the task of ascertaining the rental value

of all land in Egypt, with the object of obtaini
assessment of the land tax could be
taught him much about the country,
improbably form the foundation of an
magnitude,

Such an environment of w
knowledge and to profit by
exceptional manner for beco

ng figures on which a re-
based, a mission that must have
and the results of which will not
other desirable reform, also of first

ork, acting on natural ability to assimilate
experience, has fitted Mr, Willcocks in an
ming an author of unusual authority on the
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year as Mr. Willcocks. Colonel Ross is not here to write the Intro-
duction to this second edition as he did to the first. A few years ago
he went home to die in England, but he had first left his mark on the
Southern Provinces in works that have become generally known as “ Ross’s
Sharaki Works,” on which, during his last few years of service, he exhausted
his failing powers so completely that he never enjoyed health again.
And his works, among which his name still lives, were not, like those
of ancient Egypt, useless monuments of stone to enclose the forgotten
dead, but modest canal works to carry and distribute life-giving waters to
a thirsty land.

The second edition of ‘Egyptian Irrigation’ has the advantage over
the first edition of having been written with the fuller knowledge of the
country, that has been since gained in many directions. The studies of
the different reservoir projects, conducted under Mr. Willcocks himself, as
Director-General of Reservoirs, the Geological Survey, under Captain
Lyons, R.E, the Protectorate of Uganda, and the Soudan Campaign,
have given us new or more perfect information about the Nile beyond
the limits of Egypt proper, and about the desert outside the Nile valley.
And of Egypt proper and its irrigation we have the fuller knowledge
that the experience of ten more years has given, and the printed record
of it in the annual reports.

In 1883 and 1884, when Sir Colin Scott-Moncrieff was organising
the Irrigation Department, the first thing his staff had to do was to
arrest decay and prevent things going from bad to worse, at the minimum
expenditure possible, and with no records of past experience to guide
them.

Next, as knowledge increased, what was bad had to be made good ;
and the Western practice of repairing existing works was one of the
first novelties introduced to take the place of the Eastern practice of
letting works, once constructed, take care of themselves. Ruins of earttf-
works and masonry buildings were restored, and made to perform their
duties ; hopeless wrecks of native inspectors and chief engineers, unfit
for the open sea of profitable service, were towed into port and left
there. The native officials of the subordinate staff, who survived the stress

of reform, learnt that they were paid for work ; and they also were made

to perform their duties and move about their districts—another startling

novelty.

Then, when fuller experience of the country had been gained by the
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new reformers, came the period of remodelling and making crooked ways
straight, both materially and morally : defects (by no means all) in the
system of canals and drains were removed, the cross-section and grading
of canals and banks were adapted to their objects,; and extensive alterations
to masonry works were carried out to make them work with more efficiency
and less expenditure of human labour.

And, at last, when the Nile supply had been made to do the maximum
work that could be got out of it, and the beneficial effects of repairs of
works, remodellings of canals, perfecting of the means of regulation,
and just distribution of water had been made evident in increased crops
and general prosperity, and there seemed to be little for the matured
experience of the reformed Department to operate upon within the limits
imposed by the ordinary budget allotments, a new prospect of develop-
ment was opened in a vista of new works. Large sums of money were
given by the commissioners of the Caisse de la Delta from the general
reserve fund for extending the drainage system of Lower Egypt; the
same body in 1898 granted L.E. 530,000 to be spent in a period of four
years on two new weirs to be built below the old barrages; and in the same
year, a financial arrangement and contract were concluded in virtue of
which the Assudn Dam and the Assidt Barrage are to be built within the
next five years.

The foregoing is an outline of the course of development of Egyptian
Irrigation during the period in which the Author’s experience was collected.
Probably no period of fifteen years, not even during the most progressive
times iq the reigns of the Amenemhats and Usertesens of the Twélfth
Dynasty, has had such a creditable list of irrigation achievements on
record.

With the materials that have been collected during this period.in the
hands of such an experienced workman as I have shown the Author to be,

it was a matter of course that the resulting work on E

tian Irrigati
would be of high value, gYpP rrigation

not only to the members of that Irrigation Depart-
ment to which a short time ago Mr. Willcocks belonged, but also to those
outside of it, whom he has lately joined.

But we live in a scientific and critical age, which teaches us to accept
nothing on authority, and a fortiori no authority as infallible. And tlr:e
reason for my “but” is this. I do not agree on all points with Mr. Wil
cocks. He has paid me the compliment of asking me to writ.e th'-
Introduction because I have had charge personally of both Upper anlj
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Lower Egypt and am, Mr. Willcocks thinks, in a position to criticise and
judge what he has written. Such being his express reasons for asking me,
I presume I am in order if I point out wherein I differ from him, at any
rate in matters that bear on our present and future operations, about which
it is important to the country that the conditions which we accept and act
upon should be the best possible. And, moreover, the Author has delibe-
rately challenged Macduff to “lay on.” .

His book, however, is not a book of one man’s view, for he has quoted
largely from the now considerable mass of reports written during the last
fifteen years by those who were his colleagues in the Irrigation Service.
Generally speaking, there is agreement as to what are the desirable results
to work for, but there is often difference of opinion as to the best method
of obtaining those results. Mr. Willcocks has naturally expressed his
own views, but he has also paid due respect to the views of others by
quoting them in their own words.  The reader is thereby paid a compli-
ment and credited with the power of arriving at a decision “when doctors
disagree ” by the exercise of his own private judgment.

There is some difference of opinion between us regarding the subject
dealt with on pages 173 to 175 of Chapter VI. Mr. Willcocks gives the
reader to understand that there is much damage being done in Lower
Egypt by maintaining high levels in the canals in winter and summer.
When this danger signal was hoisted some years ago, I had two maps
made up by the Inspectors of Irrigation to show the areas irrigated
respectively by free flow and lift at different seasons of the year, one
map to refer to the time preceding the restoration of the Barrage, and
the other to the time succeeding it. The conclusions drawn from a
study of these maps were that the increase, since the Barrage restoration,
of the areas of winter and summer flusk irrigation was decidedly small ;
and that “heavy and high level irrigation throughout the year ” was
limited to comparatively small areas under exceptional conditions, of
which the most notable instances are the Wadi Tumilat in Lower Egypt,

and the Salakds lands in Middle Egypt. Hence it sounds to me like

exaggeration to say that “over hundreds of thousands of acres” are

affected by the results of such irrigation. i

Further, I cannot reconcile the statements made on page 175 with
the facts that a given quantity of water now irrigates a largc?r area of
crop than it used to do; that the average price of land has risen ; that
" the land tax is collected without difficulty ; and that the cotton crop



EGYPTIAN IRRIGATION.

xxii

has enormously increased. In support of my facts I give the following
extract from a note addressed by the Domains Administration to the
Council of Ministers on the 23rd February, 1899.

“Lors de la conclusion de 'Emprunt Domainal, la valeur des terres
données en garantie était trés inférieure au montant de 'emprunt.  Aussi,
lors de I'établissement du premier cahier des charges, en 1883, les Commis-
saires des Domaines durent attribuer aux terres, non pas leur valeur vénale
réelle, mais une valeur en rapport avec le montant de 'emprunt dont elles
étaient la garantie.

“].écart entre ces deux valeurs était si grand que pendant dix ans, c'est
a dire jusqu'en 1888, les ventes furent insignifiantes.

“En 1888, lorsque le gouvernement procéda a I'échange des pen-
sions contre des terres, il reconnut lui-méme que cet écart était au moins
de 20 pour cent, et pour faciliter 'échange, il prit & sa charge cette
différence.

“Depuis lors, la prospérité du pays s'est développée et la situation, que
nous venons de signaler, s’est renversée.

“Nous sommes aujourd’hui en mesure d’affirmer que la valeur vénale
des terres restant entre nos mains est supérieure de 20 pour cent au solde
de I'emprunt domanial, bien que la valeur des produits ait baissé depuis
1888 de plus de 50 pour cent.”

There is, however, agreement as to the existence of land damaged by
infiltration, though not as to its extent nor as to the remedy to be applied.
Mr. Willcocks recommends (p. 175) deepening and widening the canals, and
giving the water a free flow down to the northern lakes. As regards the
lowering of the water level wherever it is now continuously too high, and
the introduction of weekly rotations, I am at one with him ; but I cannot
?ee how giving the waters a free flow down to the northern lakes can assist
in working a cure. What I recommend is an easy, cheap and plentiful
water supply, alternating with periods of low levels in th
all times efficient drainage.

But I must remember that the ion i a
I am confined, and that I have no rlxrgl:-:‘xi: ct::nallasd'the R g
fore anything that I h : .le.n'ce chamber. There-

ything tha ave to say in the way of crit
going and following remarks, if an A A
) y more is called for, I must keep for the

Irrigation Report of 1899, which has i
s yet to be
not be confined to ante-room limits, e e ke

On page 173 of this book “

e canals, and at

reductions of canal sections to provide flush
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irrigation in summer” are referred to as the first mistake of the Depart-
ment. Though I should like to believe it was only the first, still it is
not clear to me what Mr. Willcocks has here in mind. Whatever it may
be, the Department has for some time ended and mended it so far as its
guiding principles are concerned ; for the sections of canals are calculated
in all new projects and remodellings to carry the flood supply (25 cubic
metres per twenty-four hours per acre commanded) with the water surface
only a little above soil. Consequently, as the winter allowance is half and
the summer one-third the flood discharge, the mean winter and summer
supplies must flow with a water surface well within soil when all the canals
have been remodelled. I was under the impression the Department had
of late years followed this rule with all new projects. Anyhow, our ideals
are what Mr. Willcocks would have them, though we have not yet realised
them.

The second mistake he lays to the charge of the Department is the
conversion of the tail reaches of many of the canals into drains. Mr. Will-
cocks has the virtue of being ever ready to admit his share in mistakes, and
will not object to my pointing out that on p. 115 of the first edition of this
book he shows that he was a consenting party to this mistake, if mistake it
was, But I question its being a mistake, and I cannot accept the following
statement as accurate, namely, “ It (the Department) thus obtained cheap
drains badly situated, but lost its flood escapes. Owing to the absence
of these tail escapes, many canals have been turned into stagnant pools of
water through eight months of the year.” I do not understand how the
flood escapes are lost : the channels exist, call them drains or flood escapes
or what you will ; and they are available for carrying away excess water at
any time of the year. They may not be, and often are not, large enough
to carry off the maximum excess of the year, with a sufficiently low water
surface to provide satisfactory drainage at all seasons; but the re,me-dy
for that is enlargement by deepening or widening or both, whtch
remedy has been and is being applied to them. As the channels, which
Mr. Willcocks calls flood escapes, and which have recently been named
drains, still exist, it is not owing to their absence that the tail reaches
of the canals have been turned into stagnant pools, wherever such may
be the case ; but it must be owing to bad regulation and handling of the
water in the canal, and also to the ends of the tail reaches being closed by
solid dams instead of by tail escapes : for again an ideal state has not yet
been reached.
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This idea of separating drains and flood escapes is more fully developed
in the chapter on Drainage (No. VIIL) The problem is to get rid of ex-
cess water during the flood and winter seasons : there is no excess in summer,
Mr. Willcocks would solve the problems by providing one channel for the
flood excess escaped from canals, and another for the flood and winter
drainage. I cannot see why the drainage kitten should not use the same
door as the flood escape cat; nor why, if the door is not already large
enough for them to pass out together side by side, it should not be
made so. The so-called “flood escapes,” which have been deepened and
enlarged (see p. 235, line 13 e seq.) to make them serve as drains, are, as a
rule, those which occupy the natural drainage lines of the country, and
which have been formed by flood escape water finding its way to the
low-lying lakes. I say as a rule, as I admit that there have been mistakes,
but the mistakes must not be taken as exemplifying the principles that
guide us.

The general scheme of drains, which the Irrigation Department is
carrying out, is shown on a skeleton map which accompanies the Irrigation
Report for 1897. d

On this question of the separation of flood escapes and drains, the
divergence of our views however may not be permanent. For Mr. Willcocks,
on the one hand, is not yet a fossil that has taken on its final shape and
is mcapabl? of 'further change, but a living organism responding freely to
external stimuli with the sensitiveness of high development. And I, on
the other hand, have not, I hope, yet reached that time when I shall be
classified as a geological specimen, instead of as an irrigation officer.
tl‘herefore, I look hopefully forward to the Third Edition, to find that our
:::a:vs;‘it;:it::yf::)l:vrdcie;i):nencc, have grown into agreement on all points

““ Qui color albus erat, nunc est contrarius albo.”’

Mr. Willcocks has two objections to the weirs being built below the
Barrage : one on account of their cost, the other on account of their futy

: re

effects. He estimates (p. 287) that he could make two stone bars, to reduce

the head on the Barrage to 350 metres, for L.E. 30,000. This is the

estimate of a man out of office, and it reminds me of certain rival

estxmat.es that were made by unfriendly and irresponsible critics of th
first Director-General of Reservoirs, when his re .

g port on various i
reservoir sites was under discussion. g

Bars of loose stone might be formed
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for L.E. 30,000, but not such as would hold water or provide for the passage
of boats.

As regards the second objection to “the rising of the water level at the
heads of the canals in June and July,” I consider Mr. Willcocks overrates
this objection. Before the Assudn reservoir is complete, there will be no
raising in June, After it is complete, the raising in June will not exceed the
present difference between a good and a bad summer supply, but the date
of reaching the supply which will enable us to stop rotations, and satisfy
the demands for maize sowings, will be advanced about a month ; and
August rotations, to which Mr. Willcocks objects, will be done away
with. Neither will this necessitate raising the water surface of the main
canals in the middle reaches of the Delta more than would be necessary
by any arrangement that professed to meet the demand. The vision of
“vistas of new areas of saturation and new drains” (p. 287) is then “but a
dagger of the mind, a false creation, proceeding from the heat-oppressed
brain.”

The Author, moreover, expresses an opinion that the Ziftah Barrage
should have been built in preference to the weirs below the Cairo Barrage.
The alternative was not presented for choice in that simple way. The
first question to decide was this: was it advisable to build the weirs, if
the Caisse would provide money, for reasons independent of the construc-
tion of a reservoir at Assuén or elsewhere ? This first question having been
decided on its own merits, the second question then became: Given the
weirs and an extra water allowance of 300 million cubic metres only of
reservoir water for distribution in Lower Egypt, was it worth while
spending L.E. 400,000 and extras in constructing the Ziftah Barrage? The
question was argued out, and the conclusion arrived at that, though the
Ziftah Barrage was acknowledged to be a most desirable work for more
reasons than one, its construction would not offer advantages of a sufficiently
remunerative character to justify its inclusion in the programme of reser-
voir works connected with the construction of the Assuin dam, when
the nature of the financial arrangements necessary for the carrying out of
that programme was taken into consideration. The Ziftah Barrage will
probably be undertaken as soon as a satisfactory financial arrangement
can be made for paying for it.

Finally, I have a word or two to say on the subject of the chapter that
will probably attract most attention at the present time. Chapter XIV.

deals with Reservoirs, a subject which, as applied to Egypt, no one has
%
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studied more thoroughly than Mr. Willcocks himself, since it was .hi.s sole
duty to do so for four years. Still, I make bold to advance an. optmon, as
to the purposes for which the stored water should be used, which is not 1‘n
agreement with his. Mr. Willcocks calculates that 2000 million .cu.blc
metres of water are necessary “to ensure the irrigation of the existing
perennially irrigated tracts” ; and he considers that such tracts should be
first served. “ For whosoever hath, to him shall be given, and he shall have
more abundance” But this rule is not going to be followed ; for the
Author’s opinion, right or wrong, is not that which has commended itself
to those who are responsible for deciding. It has been considered more
just to distribute the benefits of the first reservoir to different parts of
Egypt, so that its results may be widely felt ; though the lion’s share is
to be devoted to that purpose which, financially regarded, promises to be
most profitable to all concerned.

The reclamation of the low lands on the north of the Delta, which are
not only of the worst quality, but are also most unfavourably situated as
regards irrigation and drainage, and what is more, where there is no
population, cannot easily be brought about except by a gradual process
such as has been taking place ever since the Barrage was restored and
improvements in the water distribution introduced. Lower Egypt’s share
of the contents of the first reservoir will give a fresh impetus to a similar
pushing forward of the cultivated areas towards the shallow lakes; and
the new cultivation and its attendant population will be introduced and
become established on the reclaimed areas before a second reservoir makes
it possible to push the limit of profitable cultivation still further forward.
The programme will be similar to that adopted for Lord Kitchener's
advance on Khartoum—slow and sure, with pauses to obtain a firm grasp
of what has been gained, and to give time to prepare for the next forward
move. The Third Edition of this book may have to tell of these advances,
of the construction of the Ziftah Barrage, and of much else that has not
yet been thought of.

As regards this Second Edition, I hope, for the sake of the readers,
that they may be many. A book such as this is, will ever remain a
permanent record of experience useful to irrigation officers in all countries,
but ‘f‘OSt especially to those who have to control the irrigation which is
:::ol'tf:eoioljxl;tas I;i:'ll(l:oﬁivesr r?to;& be ._necessal’y to send crfﬁcers out
S i an t;o - oncneﬂ‘. l.mad to do, equipped with

e local conditions of the problems with



i —

INTRODUCTION. Xxvii

which they were expected to deal, and with no further instructions than
that they were to put things right with as little expenditure as possible.
This book is a milestone on the road of reform to show what length of it
we have left behind us; and a finger-post to point to the road that we
should take in front. But it is more than that: its publication is the
pushing forward of the head-quarters of our accumulated and systematised
knowledge to a point from which we shall not recede, but from which
further advances towards the goal of perfection can be made. The Irriga-
tion Officers of the future must always, if the reputation of the Department
is to be kept up, approach nearer that goal than their predecessors, for
they start from a more advanced post, the permanent possession of which
this book secures to us.
R. H. BROWN.

April 12k, 1899.
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Errata.

Page 29, line 3 from top, instead of ** 2 metres,” read ** 5 metres.”
»» 157, line 22 from the bottom, for *‘ Mr. Wilson,” »ead “ Major Brown.”
»s 225, line 7 from top, for “ 350,000,” read ** 300,000.”
s last line, for “ light,” read ““1ift.”
»s» 357, line 5 from the bottom, for “ 1887,” read ** 1897.”
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CHAPTER I
LCGYPT,

Geology of N.W. Africa—Egypt between the First and Second Cataracts—Deserts between Halfa
and Assuin—Gebel Silsila—Gebelain—Nile valley, Assuin to Cairo—The Faylim and Lake
Kur{in—Meteorology—Analysis of the soil and water—Evaporation and absorption—Trees —
Animals—Railways—Roads—Navigation—Population—Yield of lands, Upper and Lower
Egypt—Principal crops and their value—Cotton and sugar production, 1878-1898 —Rents —
Classes of proprietors and density of population—Sizes of holdings—Areas of different classes
of land according to system of irrigation—Values of flood and perennially irrigated lands com-
pared—Imports and exports—Revenue and expenditure—Debt—Irrigation budget.

THE Egypt treated of in this book extends from 22° to 31° 30’ N. lat,,
along the valley of the Nile. Wady Halfa is the southern limit, and the
Mediterranean Sea the northern. The 3oth parallel of latitude, which
passes through Cairo, divides the country into Upper and Lower Egypt,
the former lying to the south, and the latter to the north. Since the impor-
tant question of reservoirs renders a general knowledge of the rock forma-
tions of the Nile valley a matter of considerable importance, I shall begin
by giving a general description of the geology of the Nile valley and the
surrounding deserts. This description has been written for me by Captain
Lyons, R.E., Director-General of Surveys. The geological description will
be followed by a sketch of the Nile valley from Wady Halfa to the sea,
looked at solely from the point of view of the hydraulic engineer.

“Situated in the largest rainless area of the world, the topography of Eg)rpt is
more directly determined by its geology than in countries where a regular ramfgll
is constantly eroding the valleys, and annually removes a large amount of solid
material from the land. ! S

Egypt is occupied mainly by a gréat thickness of sedimentary deposits of
Cretaceous and Tertiary age, which have been laid down upon the uneven and
eroded surface of a great mass of crystalline rocks, which come to the‘surface along
the eastern boundary of the country, and cover considerable arcas in the eastern
desert of Egypt and Nubia. Westwards of this extend the' rocky (iesert plateaux
formed by the Nubian sandstone (Cretaceous) south of' lantudi 25° and by the
Tertiary limestones to the north of this as far as Cairo, latitude 30°. L :

The Nile valley itself and the cultivable soil which has been deposited in : during
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many thousand years, occupies a generally north and south dirfection in this
sedimentary plateau, and is due to the great earth movements which took place
over what is now North-eastern Africa and the adjoining part of Asia in Miocene
times.

There must then have been extensive fracturing of the earth crust, and the long
depression now occupied by the central African lakes, the low area south of
Abyssinia, the Red Sea, the gulfs of Suez and Aqaba and the Jordan valley,
was the result.

Throughout Egypt there is clear evidence of considerable movement, and the
Nile valley itself has been determined by a line of fracture which is traceable from
the sea nearly to the First Cataract.

Into this valley in late Miocene or early Pliocene times the sea penetrated at
least as far as Esna, and laid down thick deposits of sand and gravel on the floor of
the valley and up to the foot of the cliffs bounding it, while the tributary streams,
fed by a rainfall much heavier than that of to-day, brought down masses of detritus
from the limestone plateaux and piled them up along the margins of the valley.
A subsequent rise of the area converted this “fiord” into a river valley, and the
deposition of the Nile mud and the formation of cultivable land began.

The crystalline rocks commence in latitude 28° N., and form the southern portion
of the Sinai Peninsula and the range of hills which border the Gulf of Suez and the
Red Sea, and extend as far south as the northern boundary of Abyssinia. In width
they gradually increase, reaching two-thirds of the way to the Nile east of Kena,
while ?.t Assuin, Kalabsha, Wadi Halfa and at numerous points further south they
occur in the valley of the Nile, forming cataracts and gorges, though often still hidden
ove; larse areas eas;lt of the Nile by the Nubian sandstone.

n the westerp esert one solitary hill (Jebel Abu Bayan, 15 kilometres south of
:Zginl‘(::;g; :2;5::’) occurs, which is a peak rising through the superincumbent

In the northern part of this area, east and i
e i : north-east of Kena, they consist of the

At the base is a gneiss, overlain by mi i i
‘ . : . Y mica, talc and chlorite sch i
is 3 :;ery lt:uck vol;amc series, and into this arre intruded a g;e(; s}iolrjxt;’l::gzeg:a}:iit
and also later a red granite, They often form hj i

: gh mountain peaks, a i

Jebel Gharib, Jebel Abu Harba, and Jebel el Shaib, all 200 metrep:or t’no:leoil:ngh:i:l::‘,

are the principal ones in the northern i
ar : Gy s
to 2500 metres. €4, while in Sinai there are some which rise

T'he best ‘known of these rocks is the red hornblendic

of Ph.ny) which was used so largely by the ancient Egyptians for sta
of their temple buildings. Besides this there occurs in the volcal;nisc :::'S an? oy
es at many

points, and especially at Jebel Dy i i
so much in request f{)r thJe buildin]g(:?n&’cfhe g v o e
M.any other kinds of these hard rocks’
the minerals they contained, iron, copper and, i
from them by crude methods through the ag
In Egypt and Lower Nubia, Wadi Half

granite of Assuin (syenites

-



EGYPT. 3

More recent volcanic rocks occur at many points in Egypt, though they cover no
large area : and an outcrop of basalt (olivine-dolerite) is worked near Abu Zabel on
the east side of the Delta for road metal, &c., furnishing a dense black fine-grained
rock of great durability.

On the eroded surface of the crystalline rocks has been laid down over a very
large area the Nubian sandstone. 'This is a yellowish sandstone which at its base
usually becomes a quartz conglomerate. It covers almost the whole of Nubia, and
in Egypt extends from Assuin nearly as far as Esna, where it passes under the clays
and limestones of Cretaceous age. Equal in texture and easy to work, it has always
been in request as a building stone, and all the ancient temples in the southern part
of Egypt and Nubia have been constructed of it. Gertassa, 40 kilometres south,
and Silsila, 70 kilometres north of the First Cataract are the principal places where
it was quarried,

Above these lie a large series of green and grey clays with thick banks of soft
white limestone, and here and there thin beds largely composed of fish remains and
yielding a fair percentage of phosphoric acid. These beds are of no special im-
portance, and in the Nile valley are succeeded with hardly any apparent break by
the lower Eocene strata. The unconformity between them is, however, very clearly
marked at many points in the deserts east and west of the Nile.

From this point in the geological sequence, we have an immense thickness of
soft white limestone which forms the cliffs of the Nile valley from Luxor to Cairo,
and furnishes almost the whole of the building stone in Egypt. Here and there
harder and more siliceous beds occur locally (as at Issawia near Sohag), but on the
whole it is a soft stone and one which deteriorates when exposed to the weather, and
especially if it contains much salt, as it often does.

North of Cairo there is no building stone of any value except the siliceous
sandstone of Jebel Ahmar near Cairo, and the basalt of Abu Zabel already
mentioned. The Jebel Ahmar sandstone belongs to a shallow water deposit which
has been in many cases cemented into a hard refractory rock by silica, an action
intimately connected with the numerous local outbursts of basalt which occur
plentifully in this part of the desert.

In ancient days this stone was very largely used for the temples of the Delta,
and to-day Jebel Ahmar itself is little more than a mound of quarry rubbish.

Miocene limestones have been locally worked at Jebel Geneffa on the Suez
Canal, but the beds have no great importance in the Nile valley.

All the above succession of strata have been affected by the great earth move-
ments of the Miocene period, which have been already referred to as initiating
the Red Sea, Gulfs of Suez and Agaba and Jordan valley depression, and also
the Nile valley of Egypt, which was filled by an arm of the sea as far apparently as
Esna, while, to the north of the western desert, in the neighbourhood of the Wadi
Natrun, were shore lagunes. As a result of this thick deposits of sand and gra‘./el
were laid down, which to-day underlie the later Nile mud deposits and which furnish
a good and easily obtainable water supply.

After this, climatic conditions analogous to those of to-day seem to have soon set
in, and river deposits of dark sandy mud were laid down which were at levels con-
siderably above the deposits of to-day.

Nile mud with shells similar to those now existing occurs in Nubia at 30 metres,

and in Egypt at lesser heights above the present Nile flood level.
B 2
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To-day the Nile is depositing in its bed at the rate of about o* 12 metre per century.
The thickness of the layer of the Nile mud in the valley is given for several
places where borings have recently been made :—

metres
Benha . . . . 17
S O In the Delta.
Tanta . . - . — . . ) 2
Zagazig . . . 33 (Prof. Judd, F.RS)
?5{,‘;5“"‘ v e AR T e LR O Yo e M VIR
Tahta . - - I .

. It has been already stated that the rocks traversed by the Nile at the
cataracts are crystalline. In the Second Cataract there is a very fine outcrop
of granite at the Semne rapid ; but from there on to Halfa the latter rock
is scarce, and this part of the cataract is consequently ill suited for dams
of any magnitude. The crystalline rocks have a general fall westwards,
and can be seen disappearing under the Nubian sandstone near the water’s
edge at the rock of Abusir. Of the 345 kilometres which lic between the
Second and First Cataracts there are 305 kilometres of Nubian sandstone
and 40 kilometres of crystalline rocks. The latter are met with at Abkhor,
Kalabsha, and from Debod to Shellal. The only point where sound granite
is met with between the two cataracts is Kalabsha, where there is an island
of this rock south of the narrow pass. The depth of water here is exces-
sive, and in the pass itself, which is 155 metres wide, the depth of water in
low Nile is 33 metres.

The Nubian sandstone, which is met with nearly everywhere, is totally
unsuited for supporting dams of any magnitude. Not only is the stone
itself weak, but it has interposed between the strata of sandstoné, layers
of yellow and violet coloured marls. Of the unreliability of these marls a
very good example is to hand at the rock-cut temple of Abu Simbel,
70 kilometres north of Wady Haifa. One of these belts of earth passes
some distance above the cornice at the top, and another along the knees
of the colossi. The knees are very considerably degraded, while the upper
belt of earth, in.decaying, had left the superposed layer of sandstone pro-
jecting forward in an exceedingly dangerous manner. One big fragment
from this superposed stratum had already in the past fallen on the head of
?he second colossus, counting from the left, and had completely destroyed
it, while the existence of the first colossus on the left was threatened by the
fellow of the rock which fell before. In 1890, M. Roux and I had crept
along the face of the hill under the overhanging rock, but the following
year found our passage barred by a decided subsidence. This matter
was !_Jrought to the notice of Wodehouse Pasha, the commandant of the
frontier, who took the matter up warmly, and had the whole hill thoroughly
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examined and all the loose and dangerous rocks cemented by a party of
English soldiers under Captain Johnson, R.E.

There is a complete absence of fossils in the Nubian sandstone. Very
occasionally strata are met with which contain traces of salt or lime, but
both these substances are very rare indeed. The violet coloured earthy
strata crumble away when exposed in a vertical section, but where a
stratum comes to the surface the uppermost layers become covered with
black blisters, which increase in size and form eventually round hollow

TypPICAL DECAYING SANDSTONE.

black balls which cover the face of the desert. These are the infernal
bombs so graphically described by Sir Samuel Baker in his account of
the desert journey from Korosko to Abu Hamed at the beginning of the
¢Nile Tributaries of Abyssinia.’ There is also a stratum of deep red sand-
stone, which on coming to the surface hardens into vitrified looking masses.
Wherever these bombs and balls cover the hills there is no flying sand
and the deserts are hard and clean, both banks of the Nile valley are

TyPICAL SANDSTONE NOT IN A STATE OF DECAY.

cultivated and there is no fear of sand drifts. When these substances do
not exist on the surface of the desert the ‘sandstone hills are in full decay,
and the flying sand fills up the valleys, forms dunes, and we have the
ideal wilderness. The western bank of the Nile is buried undcr. san.d
under the action of the prevailing north-west wind, and cultivation 18

confined to the right bank.

Descending the Nile
between sandy and degraded hills past Wady Halfa.

from the Second Cataract, we find it flowing
The left bank is
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nearly everywhere low and mean and covered with sand
there are evidences of ancient cultivation, but as the ¢
inhabitants against the sand drifts have been intes
centuries, while the action of nature has been unceasing,
land has dwindled to a minimum. £ -
From Abu Simbel northwards, the valley is bounded on

high limestone plateau, known as the “Sin el Kidab,”*
00 kilometres away from the Nile, but gradually appro
Assuin it is 40 kilometres away, and from Gebelain no
close to the river. Between Esna and Gebelain a similar
on the right bank of the Nile, like a table mountain, ri
midst of degraded hills. I had two cross sections of
levelled, one at Ibrim, north of Abu Simbel, and the othe
They are given on Plate II. The reduced level of the N
at Ibrim 116 metres, and at Assuidn 94 metres, while the
the plateau is 450 metres, and its highest point, the Garra
Assudn, is 540 metres above the sea level. The dip of the
where is north-west. On this plateau are the Kurkur and
.{\t the top of the Garra Hill are some 9o metres of lo
]ll:ﬂCStOI‘lC, then a 5-metre belt of Suessonian yellow clay
with Echinoids, and then about 230 metres of foliated marl
taceous formation, with a thick belt of Ostrea Overwegi
Below these stretches away the sandstone plain. Near
stone is calcareous, but as we approach the Nile we have t
siliceous Nubian sandstone. The Kurkur wells are at the
the so-called Kurkur Oasis, a basin on the top of the f
there are a few acacias and dém palms. There is always
of good water at Kurkur. The Dunkul well is a cup on
range. There is very little water here and one cluster of dor
tS}‘C;‘{gh aboyt 5 kilometres to the north there is a valley with 0
w; llcl;:l :::::glas. The two sections of the Nile valley at Ibrim
il Z‘Pnny the.plan on Plate II., show how heavy the

- At Assudn it must have been fully 60 kilometres X
:l?i(: at I:nfn 100 kilometres X 150 metres. The excessive @ 1
v r::; . Lstdue to the.fact that the thick belt of foliated »
L etween the limestone and sandstone strata has gene
like sug‘:‘y wé‘valte"ef, and in the‘ presence of water must have:
Gothe vight T ]:r::;. :lt:)we‘ver, this folia.t?d marl has con isten
of nitrates, which rend i fwer from Basllia to Gt N

) er it a valuable manure.

* g . A i
in el Kidab " means “ the liar's tooth,” and is used by the Arabs to define

its great height makes it a . 4 /
day, it will take you a day l:ﬁ:l‘: lc.l:;;er s et ’“"1
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A cursory examination of the two cross sections will show the impossi-
bility of storing Nile water in the deserts of Nubia north of Wady Halfa,
outside of the trough of the Nile.

The arrow heads on the plan show the direction of the rain-water to-day.
It rains once in two or three years. The watershed is close to the Nile on
its left bank, but on the right bank the whole of the desert drains into
the Nile through seven main Khors and numerous minor ones.

At the First Cataract there is an extensive outcrop of granite and
quartz diorite. These rocks are very hard and compact, and well suited
for the foundations of important works. It is just where the rock is hardest
and most compact that the alignment of the Assuin reservoir dam, under
construction, has been fixed.

Between Assuin and a point a few kilometres to the south of Esna
(where the Nile may be said to enter the limestone hills which skirt it
as far as Cairo) the river is between sandstone hills except at two places,
the plain of Kom Ombo and the plain of Edfu. These two plains
were ancient deltas of rivers coming down from the high ranges which
skirt the Red Sea. There are solitary limestone hills standing in the
two plains surrounded by sandstone. The sands and clays of the Edfu
and Kom Ombo deltas, of an age anterior to the Nile, are covered with
pebbles of porphyry and granite brought down from the Red Sea range.
These stones have no affinity to those met with at Assudn, Kalabsha or
Halfa.

About 35 kilometres to the north of Assuin we enter the Kom Ombo
plain, with Nile deposit 25 metres above the maximum flood level of
to-day. About 8 kilometres downstream of the Kom Ombo ter_nple, on
the left bank of the Nile, is a very good section showing the relative posi-
tions and depths of the ancient sandy clay and sand deposits overlaid 'by
the more recent Nile mud. At Raghama (kilometre 60) we meet with
limestone for the first time in coming down the valley of the Nile. Imme-
diately north of it is the Silsila sandstone. There is apParcntly no other
limestone in the valley of the Nile south of Silsila, r1g¥1t up to Lak;:l
Victoria, though Sir Samuel Baker has stated that there 1S kankar sout
of Khartoum. ! NS

It has been imagined that the Gebel Silsila pass was an .ancAlent catara :
of the Nile. Though the present channel is narrow, yet it 1$ only a branc
of the river ; the real channel, 1500 metres wide and e 15 metres de_eizi
is on the right of the hill in which the quarries are, and is at present })un;
under mud and silt. ~ Silsila itself can never have been a cataract,hor t t:
Nile deposits and @theria shells are met with north'and south‘lof t ers:sh
at exactly the same level, and no change is experienced unti “:ie- =
Gebelain, where there is a decided drop in the level of the ancient Gc[;(:f;ai.[;
The upturned and undermined hills which strew the Nile valley at ¢
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encourage one in the belief that here was the site of a great cataract in the
remote past.

From Assuin northwards the sandstone is generally inferior to that
south of the first cataract, while the belts of yellow clay increase in thick-
ness and number, until finally the sandstone gives place to the foliated marl
which underlies the limestone. The low hill to the right of the Gebel
Silsila pass is, however, an exception to this general rule and contains
very good stone. Here, on the right bank of the river, are the extensive
red sandstone quarries of the ancient Egyptians.

That part of the “Sin el Kidab” plateau which was cut through at
Gebelain was only a promontory, and at Luxor the Nile again emerges
into the low denuded plains on its right hand, having the plateau as a wall
on its left. To the north of Kena the plateau is entered for the second
time, and from here to Cairo the Nile keeps between limestone hills on
cither side. At Kena the lower Londinian formation dips below the level
of the Nile deposit, and the upper Londinian formation monopolises the
whole section of the limestone as far as a point midway between Assiout
and Minia. Here the lower Parisian strata appear on the tops of the
plateanx, and the upper Londinian strata finally disappear a little to the
north of Minia. The lower Parisian formation is now generally met with
as far as Cairo. All these limestones, like the sandstones, are unfit for
sul?porting reservoir dams of any magnitude. Serious failures of dams
built on these very formations in Algeria have proved their total unfitness
;)r sutci:h wotrks. IndAppe.ndix I. will be ft?und a description of the principal
l;l'g()};'£§s?): ;{c:lr;e:o :nB their fpowe'r of resistance to crushing, as tested by
apper;dix g eare, o l{mversnty College,' London. In the same

power of Egyptian mortars to resist tensile stresses is also

recorded.
i e e
the limestone, howe:/er thesg invxc'eptlonfs' : lmfndated rrdayhes ' 4
Flying sand of a not véry seriousas}llons 3 f?ymg sa.n.d AU 50 SER.
“Cudee-mperel R ol i f:t aracter is met with on the left bank of
; to the north of Delga ; and along the left

l;::‘],ci ,ﬁ; (i?ri; pfr.o;;inlce. Serious invasions of sand are going on in Minia
of Balansura for a distanc i i
Garak depression of the Fa 2 i

yQm ; and in the fir i

R ; st 30 kilometres of the
le:;:aolf”gzd]‘(?f the Nile. In the Minia province, on the fore-mentioned
has been com ]l :Tet;,es’-an area of some 20,000 acres of cultivated land
ol east;:v e 3 y buried under sand which is surely but deliberately
lying togthe imar;;i:?: :i\a}sum?re or less injured an equal area of land
should be made by the ght of the destroyed tract. Strenuous efforts

Government to st
. Oop an
sand by means of plantations of tamarisks axl:d g:;;;:‘:hef i
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If the mean width of the Nile valley as it traverses the different rock
formations may be taken as an indication of the power of the different
rocks to withstand the action of the water, it may not be without interest
to state that in granite the width is 160 metres, in the crystalline rocks
500 metres, in sandstone 2000 metres, in the Lower Londinian limestone
8000 metres, in the Upper Londinian 13,000 metres, and in the Parisian
limestone 18,000 metres. To the north of Lahoun, where the Bahr Yusuf
enters the FayQm, the Nile valley in Parisian limestone contracts to a
width of 7000 metres, doubtless because great part of the water of the
ancient river found its way westwards through the Faytim and Wady
Rayan depressions. The enormous masses of salty and bitter marls,
loams and clays which have been deposited at the Lahoun bifurcation
and to its south-west, reminded M. Boulé, the French member of the
Reservoir Commission, of the corresponding marls in the Paris basin which
make foundation works so dangerous there. These same marls and clays
underlie the Nile deposit of the Faylm over the greater part of its area.
They are very salted, and difficult to reclaim for agricultural purposes.
The Faym province is a deep depression in the desert scooped out of
the Parisian limestone, and as just remarked, overlain in great part by
thick belts of salted loams and marls. On these salted loams has been
deposited Nile mud to a greater or less depth. To the north of the
provirice is the Kuriin Lake, with its water surface about 40 metres below
sea level. It is all that remains of the ancient Lake Mceris of which so
much has been written. Appendix IL contains an interesting paper by
Dr. Schweinfurth on the salt in the Wady Rayan. He attributes the fact
that the waters of Lake Kurlin are only slightly brackish to the fact- that
there must be very considerable subterrancan drainage. These drainage
waters, he argues, descend to great depths, become intensely hot, i}"d are
then discharged below the Mediterranean Sea. 1 quote some of his argu-
ments :—
the extmordinary phenomenon of the water

ly sweet, in spite of the fact that it is t'he
is intimately connected with

«[ conclude by calling attention to
of Lake Qurun in the Fayum being nearly § .
residuum of the ancient Lake Meeris. This question

that of the proposed Wady Rayan reservoir. Very probably the creation of the

i i of the strata composing its bed were
s o e g ady Rayan. This reflection

due to the same geological action which produced th.e W yan.
makes it probable that this latter reservoir, when 1t 1S full, w1!1 @sc::seb;}(\ieos?:zz
clefts and fissures in its bottom, which I shall try and prove, exist in the

Qurun Lake.
These subterranean passages will cause the loss of a great part bofb 1th(:a v::l‘t:;
stored in the reservoir, and will give birth to distant springs, and probably

irwill b
the formation of new oases in the Libyan desert. The effect on thﬁ :jesf,r:to:;:lwor:
the following : the quantity of salt in the reservoir will be diminished,

$ in operation.

of the filling the reservoir will be more difficult and longer 1
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The Qurun Lake has to-day a surface of about 250 millions of square metres; and
probably a cubic content of 1500 millions of cubic metres. :
If we suppose that the lake has existed at this same level since the Rom period
(A.D. 200), the lake would have received salt from the Nile since that period.
In millions of
grammes
1. Salt in the entire mass of the water, 1500 X 40 . = 60,000
2. Salt contained in the strata of water evaporated an-
nually during 17 centuries, 2 X 250 X 40 X 1700 = 34,000,000

Total . 34,060,000

The salt in this case would amount to 34,060 millions of kilogrammes, i.e. 2°27
per cent.

As, however, at the time in question, the lake had very probably its water level
at + o, its volume has decreased by 43 metres in perpendicular height during the
17 centuries. We must therefore find the quantity of salt in the water which was in
excess of the present volume of the lake, and the annual loss by evaporation off the
excess of the surface of the lake over the area of to-day. This latter excess equalled,
in all probability, the present area of the lake. ;

At R.L. o the area of the lake was approximately oo millions of square metres,
and its excess volume was from 13 to 14 times the actual volume of to-day. I
estimate this excess volume at 20,000 millions of cubic metres and the salt at
800,000 millions of grammes. The diminution of the surface of the lake was
slightly under 250,000 square metres per annum. The salt contained in the strata
of water evaporated outside of the actual area of the lake to-day amounted in
17 centuries to 17 billions of grammes. This total quantity of 17,800,000 millions
of g;a6mmes of salt in 1300 millions of cubic metres of water give a percentage of
1°186.

If we add 1186 to 2*27 found before, we have 3* 45 per cent. of salt in the lake
to-day if it had existed only 1700 years ; and at the beginning of that time had been
at level of the Mediterranean.

So far I have not considered the supply of salt from other sources such as :—

1. The infiltration water brought into the lake by the canal and drains from the
cultivated land of the Fayum.

2. The greater quantity of salt in the Bahr Yusif i i
el on entering the Fayum, than in

On the other hand, I have exaggerated in
of salt which is in the Nile only during flood
Any way, one will readily see to what de

increase in a 1'ake whose volume has been so considerably reduced through incal-
culable centuries, . . ++ « « .. This would represent a percentage of salt of 8°53.
But who knows since when the great lake existed, and how many centuries
eh:psed. before the controlling of its water was begun? What has become of the
:‘awt ;RISCh wou'ld ha.ve mounted to figures far higher than mine? Where again are
o c;)ntamed.m the basx.n _beff)re the Nile water entered, and the salt of in-
ration from drainage and irrigation? The salt in the lake to-day b
relation to the quantities I have enumerated. il g

To-day the waters of the Qurun Lake are but slightly brackish. They are even

giving for the whole year the percentage

gree of concentration the salt ought to
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potable, and inhabited by fresh-water fish from the Nile. It has been definitely
proved that Lake Mceris never had a natural outlet towards the interior of the
country, and that it never even was in connection with the Wady Rayan, which it
nearly touched. (See Major Brown’s work on the Fayum, pp. 43 and 48.) The
Fayum basin is closed on all sides by bluffs and hills of considerable height.
We have seen that, in spite of their concentration through immemorial ages, the
salt in the waters of the lake has not increased. This renewal of fresh water
can only be accounted for by subterranean drainage. Where have the waters
gone to ?

(Lake Tchad in the central Soudan is an example of subterranean drainage on a
larger scale. The waters are perfectly sweet in spite of the absence of any apparent
outlet. The lake is drained by active infiltrations towards the north-east in low
depressions which are known as the Bahr El Gazal.)

The Natron Lakes are probably due to direct infiltrations from the Nile, since
Sickenberger in 1892 observed that all the springs which gave birth to the lakes were
situated on the eastern side of the valley. The difference of level, also, prevents the
establishment of any similarity between the systems, as well as the fact that the
springs of the Natron Lakes are not thermal.

Oases and depressions provided with springs are to be found to the north-wgst
of the Fayum as far as Siwah ; and this latter oasis may perhaps obtain some of its
water from the Qurun Lake in spite of the difference of levels. There are many
phenomena connected with thermal springs which as yet await solution.. We are
still in ignorance of the destination of the currents of those thermal springs which
traverse the bottom of the depression of the Great Oasis and the oasis of Dakhel, at
great depths. These springs are abundant and flow evidently towards tht? north.
It is probable that all these subterranean streams, which are fed by the .Nlle, flow
towards the Marmarica coast between Alexandria and Derna. There, owing to the

: ; : : discharged at great
tensile force inherent in all water at a high temperature, they are g
depths below the level of the Mediterranean Sea.”

I have obtained from Captain Lyons, R.E, the following information
about the meteorology of the Nile valley :—

“Except the northern margin of the Delta, the climate of Egypt isl thatac;lf ;:;
great desert area of North-eastern Africa, the rainfall being extremely Sm
occurring mostly as occasional thunderstorms. ;

Along the Mediterranean coasts there is a const
months, but this only extends for a short distance sou
twelve rainy days a year is probably the average. = . howers
decreases raPidl;: andyfrom Cairo to Luxor and in the “e‘ghbourlngrSEZ;T;’ salfv:hat
on one or two days and an occasional thunderstorm fePr(?sentl ptorm of rain ever
falls in an average year. South of this nothing but an occaswn;tifm drains rapidly
falls, though this falling on the rock desert, bare of all vefgte o much as 2 metres
into the nearest wadi, and in a few minutes fortps a torrent c;— Z drowning men and
deep, sweeping tons of stone and gravel with it, and ofte
animals who are caught by it. but the following

South of Cairo no regular rainfall obsen{ations have ll);e“e:n;(:;’p:_
table gives the average annual rainfall for six places in LOW

derable rainfall in the winter
thwards, and at Cairo ten or
South of this the amount
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Place
Alexandria
Port Said
Ismailia .
Suez
Cairo

Rainfall in millim.*

per ann.

. 210
89
54
28

27

In the following table t are given the average temperatures (Centigrade) for five
places in Lower Egypt and two in Nubia for the months of January and July, as well
as the mean of the year.

Sk Jan. July Aﬁg::l Exht‘rienme E;{tr::!e
Alexandria 144 262 206 73 37°4
Port Said . 13°5 278 20°§ - —_
Ismailia 12'6 281 20'5 —_— —
Suez. 12°1 20°2 21'5 —_ S
Cairo 11°9 29'1 21°3 2'5 42°9
Assuin 167 34'9 267 g% 481
Wadi Halfa 163 34°1 26°3 e 47°1

The prevalent winds in Egypt and Nubia are N., N.N.W. and N.W., which blow
the greater part of the year.

In winter, S. and W. winds often prevail for a short time, and in the spring and
early summer the N.N.E.—N.E. wind is frequent. On the whole, however, the
N.N.W. wind may be said to be by far the most important wind, and its effect is
seen in the lines of dunes in the western desert, which are sometimes over zoo kilo-
metres in length, lying in the direction of this prevalent wind.”

No substantial additional information about the analysis of the soil
and the Nile has been obtained beyond what was known when I wrote
my first edition, and 1 consequently reproduce what I then wrote. I may
state that Dr. Mackenzie, of the Agricultural School, has taken a series of
very careful observations, but as the specimens of Nile water he analysed
were unfortunately taken from a point just downstream of where the
Nile was eating away a sandy island, his results are, I am afraid, no true
gauge of the matters held in suspension in ordinary Nile water.

According to the French sevants of the beginning of this century, the
analysis is—

Water . 18

Carbon . < . Bkl

Oxide . 4 : .7 546

Silica . . in 10

Carbonate of magnesia . : e
& lime . =18

Alumina

48 ) Note the excess of alumina and lime.

o e I
Hann’s ¢ Klimatologie,’ ii. P 143 t Op. cit., iii. p. 73.
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fkfter an analysis made by Messrs. Payer, Champion and Gastinel at
Paris, in 1872, the result is—

Silica . : e - - g !

Argil. . . . . . o gg

Magnesia . - : - : o 2tg POtk

Lime = 2 . 2 . A 0E o L S A e oS
Azote 3 . % . . p ‘o3 to’ °1

Phosphoric acid. ; : ) i 03.10. >33

The very careful analysis made by Dr. Letheby and Professor
Wanklyn in 1874-75, of Nile water, given in Mr. B. Baker’s paper,* gives
the sedimentary deposit of Nile water in the flood of 1874 as—

Organic matters . : ; . ; . 1508

Phosphoric acid . LS Bl p .

Lime . . 5 . . s =a'al

Magnesia : . g - A : 2 10

Potash . . . : . 3 . . 1°82 )in 100 s.
Soda . . : : . 3 - EorrtoR s
Alumina and oxide of iron . . - . 20°02

Silica %, 2 % . 3 . - . 55°09

Carbonic acid and loss . - - A Lt

It is unfortunate that the flood of 1874 was an exceptional one
altogether ; indeed a flood similar to 1887 in every way, but totally
different from a mean flood like 1886, or a low flood like 1884. It may
be gathered from this that the water was light in colour and clear in
consistency, as compared with ordinary years like 1886, and very clear
compared with dark muddy low floods like that of 1884. It may also be
gathered that the quantity of sand brought down, owing to the strong
force of the current and the ability of the clear water to take up sand from
the river’s bed, was also excessive. Dr. Letheby’s analysis is therefore
more like that of the sandy Nile berms, formed in years similar to 1874
and 1887, than of the ordinary clay soil of Egypt, analysed by the French
savants. The soil of Upper Egypt, and Lower Egypt down to a contour
of 7 metres above the Mediterranean, is practically free from salt in excess,
except where very high lands are being perpetually irrigated by lift,
and never washed by a flood. Below a contour of 7 metres, however,
bad drainage is always accompanied by salt efflorescence. Below a
3-metre contour, salt is everywhere in excess, and the land needs very
careful drainage and frequent washings. Below a 1°50-metre contour,
the land has practically still to be reclaimed. When it is considered that
the bottom deposits of Nile alluvium have always been in sea water, and
that up to I1'50 metres above sea level they have frequently been washed
it is not to be wondered at that capillary attraction brings
the surface in the northern part of Lower Egypt. In Lower

» Inst. C.E., vol. Ix. p. 367. Now Sir Benjamin Baker, K.C.M.G.

by the sea,
salt easily to

* ¢« Minutes of Proceedings,
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Egypt, above a 6-metre contour, wells are freely used for irrigation; the
springs are from 3 to 6 metres below the surface. The higher the spring
level the sweeter the water; wells in black clay soil give much less, but
much sweeter water than those in sand. Below a 6-metre contour, wells
are very seldom used, possibly because the water is salt. In the Upper
Egypt basins, wells are dug everywhere for summer irrigation ; the water
is from 3 to 5 metres below the surface, and sweet.

The rise and fall of spring levels depends on the soil, which varies
considerably. Where the ordinary compact clay soil of Egypt is met with,
the rise of the Nile has not much effect at the surface of the country.
The Nile may be 3 metres above the level of the country, and the fields
will be as dry as in the height of summer. Where, however, the soil is
sandy, a few days after the Nile has risen about a metre above the level
of the country, every field becomes a stagnant pool of black water, which
reaches up to half a kilometre from the river, and in some places even a
kilometre. Immediately the Nile falls, however, the spring level falls with
it. The water in the wells rises and falls with the river, much in some
places, little in others. At a well near Cairo, in apparently sandy soil,
Sir J. Fowler found the water rise 3'7 metres above its minimum, while
the Nile rose 6°1 metres. The wells in the Delta depend for their springs
as much on the main canals as on the Nile itself. The spring level in the
southern half of the Delta proper has been permanently raised by the
extra height to which the water has been held up in summer at the
Barrages since 1884. Fellaheen have frequently informed me, that owing
to this rise they have been enabled to put in extra wells, both on account of
the extra water, and of the easiness of lifting it two metres or so less than
before. (This rise of spring level constitutes a very great danger to Lower
Egypt) In low hollows and tanks in the clay soil there is little water
during the floods, as evaporation is more active than infiltration in such soil.
During winter, however, the infiltrations continue, the evaporation decreases,
and the tanks soon fill. . In. clay soil, therefore, infiltration may be taken
as less than the evaporation in summer.

In Upper Egypt the evaporation ma i
half millrijxlx)lcetrefy pir day inpsummer. }"I’l})xiest?i];ix:‘easishfl:‘t:?nSzvi'n_and.a-
following calculation. S

g calculatio

Lake Kurfin,in th
and lies 40 metres ttefoza};:;;fz::r? ?téf:ll’le?a:;c?,t?zooo’ooo'square metr:eS,
s i Thne 1855, ; ¥ 40 centimetres during

cubic metres

Of the water in the lake (307,000,000 X *40) = x:vzagzr:ted
Of the water received from canals 30 X 330,000 , = 9’900’222
and 30 X 210,000 , = 6:3001000

Total 139,000,000
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evaporated in 60 days, or per day 2,320,000 cubic metres off an area of
307,€00,000 square metres, which gives seven-and-a-half millimetres per day.
Linant Pasha considered the evaporation in Upper Egypt as nine milli-
metres per day throughout the year. Monsieur J. Barois, in his treatise
‘L’Irrigation en Egypte,’ states that the French engineers considered the
evaporation off the bitter lakes near Ismailia as three to four millimetres
per day between March and August. The Roorkee treatise on Civil
Engineering (vol. ii.) says that the summer evaporation of Upper India
may be taken as 12} millimetres per day, while Molesworth says the mean
of the year in India is 5 millimetres per day. I had a good opportunity
in 1888 of testing the daily summer evaporation in the northern half of
the Delta. A tract of 380,000,000 square metres, lying at sea level,
received daily for 120 days, from 1st August to the end of November, about
2,000,000 cubic metres per day, and at the end of the 120 days had risen
25 centimetres. Therefore—

cubic metres
There entered the lake (120 X 2,000,000) . . = 240,000,000
There remained in the lake (380,000,000 X *25) . = 95,000,000

and were evaporated 145,000,000

cubic metres in 120 days, or 1,200,000 cubic metres per day off 380,000,000
square metres, i.e. three millimetres per day. Summing up the above, we
may consider about seven millimetres per day as the summer, and five
millimetres per day as the annual evaporation of Upper Egypt; and three
millimetres per day as the summer, and two millimetres per day as the
annual evaporation in Lower Egypt. This would give as 1825 metres
the evaporation for one year in Upper Egypt, and ‘72 metre as the
evaporation for one year in Lower Egypt. The percolation or infiltra-
tion is considerably in excess of the summer evaporation in the sandy
tracts, while in the clay tracts it lies somewhere between the summer and
winter evaporation of Lower Egypt.

No trees except the date palm and the acacia arabica, or “sant,”
are common in Egypt. Such trees as are met with are generally
sycamores, mulberries, willows, poplars and tamarisks. In the towns the
acacia sirisa, or “lebekh,” is the principal avenue tree. The fruit trees
principally cultivated are the vine, the fig, oranges, lemons, bananas and
apricots.

Outside the principal towns there are no metalled roads. Until quite
recently there were no carriage roads in the country, while at the present
moment there are 1800 kilometres of unmetalled agricultural roads. Out
of 760 kilometres of agricultural railways of 2 feet 6 inches gauge for which
concessions have been given, 117 have been opened for traffic in L?wer
Egypt. The Daira Sania Administration owns 576 kilometres of agricul-
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tural railways of 4 feet 8} inchesgauge in Upper Egypt. The following
table gives the lengths of the existing railways :—

_— Lower Egypt Upper Egypt Nubia Total

kil kil. kil. kil
4' 8}" gauge (Government) . 1242 752 % 1994
A Private) . % 71 ols S 71

3’ 6" gauge (Government) = 209 922 1131
1313 961 922 3196

I am indebted to Mr. J. Cotterill, of the Egyptian Railways, for the
above information.

The number of passengers conveyed by rail in 1897 was 10,742,000,
while 2,796,000 tons of merchandise were transported.

Apart from the railways, transport is generally effected by river or canal
boats and pack animals. The principal pack animals are camels and
donkeys.

At the close of 1897 the registered boats were as follows :—

tons

Ferry boats s % . 2,074; with a joint tonnage of 10,500
Barges . - ¥ ’ 46 @ v 4,500
Cargo boats g : o ATTOY 5 o 200,000
Fishing boats . . s X008 ® ok 9,500
Dahabias and house boats . 403 N . 12,000
Steamers and launches ; 113 . ¥ 6,000

Total . . 15,408 5 . 242,500

Oxen, cows, female buffaloes and camels are used for agricultural
purposes, while female buffaloes and cows also supply milk. During the
winter months much butter is manufactured. Sheep are very numerous.
Horses and mules outside the big towns are animals de /uxe. Poultry.
consisting of fowls, geese and turkeys, is very plentiful, while tame’
pigeons are reared in millions.

The population of Egypt in 1882 was 6,814,000, and in 1897 was
9,734,000, of which 5,676,000 were in Lower Egypt, and 4,058,000 in Upper
Egypt. There were 9,622,0c0 Egyptians, and 112,000 foreigners in the
country.  Of the total population of 9,734,000, there were 8,979,000
Moslems, 790,000 Christians, and 25000 Jews. The males m;mbe’:red
4,948,000, and the females 4,786,000.

If we consider the cultivated land and the land undergoing reclamation
we may state that the area of Egypt is 5,750,000 acres, of which 4,6goooc;
acres pay full taxes, while the remaining 1,060,000 acres are in diﬁ'c;ent
stages of reclamation and paying taxes more or less in proportion to the
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extent to which they have been reclaimed. Of the 5,750,000 acres of
cultivable land in Egypt, 2,320,000 lie in Upper Egypt and 3,430,000 in
Lower Egypt. Of the 2,320,000 acres in Upper Egypt 2,140,000 acres pay
full taxes, and 180,000 acres are partly reclaimed and partly under reclama-
tion. Of the 3,430,000 acres in Lower Egypt, 2,550,000 acres pay full taxes,
and the remaining 880,000 acres are partly reclaimed and partly under
reclamation. In addition to the 3,430,000 acres, Lower Egypt has another
500,000 acres of salted and marshy land on which no reclamation works
have as yet been attempted. These lands are all capable of reclamation.
Summing up, we may state that Egypt possesses 4,690,000 acres fully re-
claimed and cultivated ; 1,060,000 acres under reclamation and partially
reclaimed ; 500,000 acres on which reclamation has not been attempted ;
or 6,250,000 acres in all, which are capable of being cultivated, and which
were probably cultivated in Roman times before the Arab conquest, when
the population of Egypt was 12,000,000 according to the early Arab his-
torians.
 In subsequent chapters the different systems of irrigation and agricul-

ture practised in the country will be described. It suffices to state here
that the year may be divided into three seasons: the summer, lasting from
1st April to 1st August; the flood, from 1st August to 1st December ;
and the winter, from 1st December to Ist April. The following tables
give the importance of the different seasons, and the names of the principal
crops grown in the country, with their gross yields.

For the whole of Egypt the summer crops cover 2,046,500 acres, and
yield 15,177,500/

The flood crops cover 1,510,000 acres, and yield 6,870,000/

The winter crops cover 4,260,000 acres, and yield 17,013,000%

The whole area of 5,750,000 acres has a gross yield of 39,060,500/, or

7/. per acre.
UrpPEr EcvrT.

Summer Crops.

acres

Sugar cane . 4 5 . 75,000at £16 = £71,200,000
Cotton . -3 5 . 110,000 ¥0. i == 1,100,000
Vegetables, gardens, &c. . o 58,000 10 = 150,000
Melons . 3 A . iRy EDO 10, = 127,500
Summer sorghum . 5 . 160,000 6 &= 960,000

372,500 at £9°'5 = £3,537,500

Flood Crops.

Dates (trees) é 5,200,000 at £'2 = 471,040,000
Flood sorghum . 510,000 acres 4 = 2,040,000
Rice . . : 20,000 4 = 80,000

= 43,160,000

530,000 acres at £6
C
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Wheat .
Beans .
Clover .
Barley .
Lentils
Flax
Onions.
Vetches, &c.

Total cultivated area

Winter Crops.

acres

600,000 at £
500,000
500,000
250,000
140,000
1,000

15,000 1
115,000

5

N O oW wH n

‘o
3
)
9
‘o
)
)
3 5

2,121,000 at £ 4
2,320,000 at £6'7

43,000,000
2,145,000
2,000,000

875,000
420,000

8,000
150,000
290,000

438,888,000
= £715,585,500

L O T T

The double-cropped area amounts to 703, 500 acres, or 30 per cent.

Lower Ecypr.

Summer Crops.

acres

Cotton . : . 1,500,000 at £7%
Sugar cane 5 - 4,000 10
Vegetables, gardens, &c. 70,000 10
Sultani rice . é 100,000 4
1,674,000 at £7
Flood Crops.
Dates . - 2,200,000 trees at £ ‘2
Maize . 900,000 acres 38
Flood rice 80,000 acres 1'5
980,000 acres at £3'9
Winter Crops.
acres
Wheat . 600,000 at £4'5
Barley . 330,000 2'0
Clover . 955,000 3’5
Beans . . 180,000 38
Vegetables, &c. 70,000 10
Flax . 4,000 10
Total 2,139,000 at £3'8
Total area 3,430,000 at £6°9

410,500,000
40,000
700,000
400,000

£11,640,000

£,440,000
3,150,000
120,000

43,710,000

42,700,000
660,000
3,395,000
630,000
700,000
40,000

A£8,125,000
= £23,475,000

The double-cropped area amounts to 1,363,000 acres, or 40 per cent.

The summer crop covers 50 per cent,

the winter crop 60 per cent. of the area.

of the area, the flood crop 30 per cent,, and
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The following comparative tables are interesting :—

, :
Cotton Cro Sugar Cane | ; |
o in Kantarsg C:log:)l in tons s { gloiéﬂts:sn g:f;:nc tl:ncs
1878 1,700,000 — | 1889 | 3,200,000 ; 31,000
1879 2,700,000 27,000 || 1890 I 4,100,000 52,000
1880 2,500,000 8,000 1891 4,500,000 58,000
1881 3,100,000 27,000 1892 * 5,200,000 54,000
1882 2,500,000 18,000 1893 ’ 5,200,000 64,000
1883 2,600,000 30,000 || 1894 ’ 4,600,000 62,000
1884 3,600,000 38,000 | 1895 5,200,000 83,000
1885 2,000,000 44,000 1896 ! 5,800,000 91,000
1886 3,000,000 42,000 1897 | 6,500,000 74,000
1887 3,000,000 43,000 1898 | 5,800,000 —
1388 2,700,000 36,000 | (estimated)

We have hitherto considered the gross yield of the land, and estimated
it at 39,000,000/ on 5,750,000 acres, or approximately 7/ per acre. Of
this, Upper Egypt with 2,320,000 acres gives 15,585,000/, and Lower
Egypt with 3,430,000 acres gives 23,475,000, If we consider the renting
value of the land, we shall find that the renting value of Lower Egypt is
13,700,000/, or §8 per cent. of the gross yield. The renting value of Upper
Egypt is 8,300,000/, or 54 per cent. of the gross yield. For the whole of
. Egypt the renting value is 22,000,000/, or 57 per cent. of the gross yield.

The table on pages 20 and 21 gives the areas of land held by different
classes of proprietors, and the population according to the census of 1882
and 1897. The returns of ownership have been collected with the greatest
care, and although absolute accuracy cannot be guaranteed, the propor-
tions may be considered as very fairly accurate.

The density of the population in the southern provinces of Upper
Egypt, where the deserts contain nitrates and the fellaheen and resident
Egyptians possess great part of the land, is in striking contrast to the scarcity
of population in the province of Minia, where the same classes possess less
than 40 per cent. of the land, and where the deserts contain no nitrates.

The table on page 22 has been taken from a pamphlet on statistical
returns published by Sir Elwin Palmer, K.C.B, financial adviser to the
Egyptian Government.

The table on page 23 gives the areas of land under different systems of
irrigation in Upper and Lower Egypt by provinces. In Upper Egypt
there are 1,731,800 acres under flood irrigation, and 587,500 under peren-
nial irrigation. Of the 1,731,800 acres under flood irrigation, 1,435,000
are under basin irrigation, and 296,800 acres are situated on the Nile
berms and are more or less perennially irrigated by direct-lift irrigation
from the Nile. The 587,500 perennially irrigated acres are dependent

* Kantar = 98'09 lbs,
C2
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20
TABLE GIVING THE PARTICULARS AND APPROXIMATE PERCENTAGE
Acres
Provinces Area in acres
State Daira Sania Religious Banks,
Domains (State) Bodies Foreigners, &c.
Upper Egypt:
Assuén . 73,538 4,416 581 48
Kena 342,936 45,255 6,316 12,284
Girga 324,958 5 o 512 4,154
Agsxout. 421,473 6,483 34,871 840 14,875
Mmja : 407,485 i 133,700 2,651 16,613
Beni-Suef 237,374 1,842 13,027 - 886 1,930
FayQm . 329,390 39,074 75,686 372 2,539
Geeza . 182,180 e -5 4,464 12,202
Total 2,319,334 47,399 306,955 16,622 64,645
Percentage . 2 13 1 3
Lower Egypt :
Menufia 351,596 o
?{2{?&; 1,077 ,347 186,981 Is,og; 3:::::3 zigjﬁ;
ia 191,84 2
Sharkia. 568,482 v 3 92? 2 323: 13’253
]g::halia 514,462 3,077 11:507 112:8 2221;9
era . 734,395 2,852 907 15,790 197,270
Total 3,437,827 192,910 31,581 56,638 519,537
Percentage . 5 1 2 15
Totals :
Upper Egypt | 2,319,334 47
»319, 399 396,955 16,622 64,6
Lower Egypt : 4 . s 4,045
gypt | 3,437,827 | 192,910 31,581 56,638 519,537
Grand total .
0 5,757,161 240,309 338,536 73,260 584,182
Percentage .
o 4 6 1 10
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OF THE LAND POSSESSED BY VARIOUS CLASSES OF LANDOWNERS,

owned by Census, 1882 Census, 1897
- Resident : 3
NE;;;:;S::' E e};!t;x; :nd Population Pf:l:g:::::; Population p]e,gli‘t‘)‘:t;g:u
3,493 65,000 158,265 214 240,382 320
27,334 251,747 486,827 150 711,457 206
35,775 284,517 521,413 160 688,011 211
49,233 324,171 563,049 135 782,720 185
95,852 158,669 315,803 77 548,632 134
102,652 117,037 219,573 92 314,454 131
51,210 160,509 228,709 71 371,006 112
38,259 127,255 283,833 155 401,634 225
394,808 (1,488,905 2,777:472 119 4,058,296 175
17 64
,226 290,764 646,013 181 864,206 245
zg‘:,oss 3711078 936,276 87 1,297,656 120
71,158 106,754 271,391 141 371,465 193
176,787 355,552 471,139 83 749,130 131
212,746 229,465 588,644 114 736,708 140
216,586 300,990 401,730 55 631,225 85
982,558 | 1,654,603 | 3,315,193 97 4,650,390 135
29 48
8,296 175
394,808 | 1,488,905 | 2,777,472 119 4,058,
982,558 | 1,654,603 | 3,315,193 97 4,650,390 135
1,377,366 | 3,143,508 | 6,092,665 106 8,708,686 151
24 55
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NUMBER OF PERSONS WHO PAy LAND AND DATE TAX.

st jgll:ury, On 1st January, 1897
- 1896
Total _Natives .| Europeans Total

Proprietors of less than 5 acres | 580, 674 | 608,373 z,701 611,074

< from sto1o0 82,067 80,024 783 8?,2;2
» y 10, 20 41,691 40,548 72 41, 78
-3 SRy RO 13,236 12,550 378 lz,g

» n 39 9 50 g 9,379 8,847 450 9’897
= of more than 50 ,, 11,788 10,389 1,486 11,875

Total . .| 738,835 | 760,731 6,529 767,220
Date tax only . ‘ . . | 250,719 o r 253,280

Total . . | 989,554 e e 1,020,540

on the great perennial canals. In Lower Egypt there are 3,4.37,8.00
dependent on the perennial canals. The total area of flood irrigation
is therefore 1,731,800, and of perennial irrigation 4,025,300, making a total
of 5,757,100 acres.

It may be interesting to collect here the information given in the follow-
ing chapters, and compare flood with perennial irrigation under all its aspects.

At present, out of a total cultivable area of 6,250,000 acres, 500,000 acres
are uncultivated, 4,020,000 acres are under perennial irrigation, and 1,730,000
acres are under flood irrigation.

If the 1,730,000 acres under flood irrigation were changed into peren-
nial irrigation, their gross yield would be increased from 11,000,000/ to
13,700,000/ per annum, or by 2,700,000/. The rents would be increased by
1,500,000/, and the taxes by 400,000/. per annum.

If the whole of Egypt had been left under flood irrigation, the gross
yield to-day would have been 33,000,000/ per annum against a gross yield
of 39,000,0c0/. per annum as it is to-day, or there would have been a loss
of 6,000,000/. per annum.

If the whole of Egypt were put under perennial irrigation, the gross
yield would be 42,000,000/ per annum, a gain of 3,000,000/ per annum on
the existing condition of to-day, and a gain of 9,000,000/, on what would
have been the state of affairs if the whole country had been left under
flood irrigation.

: The above calculations have been massed from the detailed information
in Chapters IIL, V. and VI, and embody information collected during a
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special study of the subject, a study which lasted two years, and was {nade
by a staff of twenty experts and myself, not in office, but in a tent life of
twenty-four consecutive months spent in every part of Egypt from Wady

Halfa to the sea.

The value of imports in 1897 was 10,603,000/, of which the principal

items were :—

Animals . : 3
Skins and leather goods
Cereals, vegetables, flour
Provisions and drugs
Spirits, liqueurs, &c. .
Rags, paper and books
Wood and coal

Stone, cement, glass .

Dyeing materials and colour;

Chemical products and perfumes .

Textile goods . ;
Metal and metal goods
Tobacco . . s
Sundries

The principal imports are textile goods, chiefly cotton,

goods, wood, coal and cereals.

The value of exports in 1897 was 12,321,000/, of which the principal

items were :—
Animals - 5
Skins and leather goods
Cereals, vegetables, &c.
Sugar, provisions, &c. .
Liqueurs, spirits and oils
Rags, paper and books
Wood, straw, cane, &c.

Perfumery, &c.
Cotton and fibres
Metal goods
Sundries

It will be noted that the principal exports are cotton, cereals and sugar.
In 1897 the total ordinary revenue was 1 1,092,500/, thus made up :—

Direct taxes—
Land tax .
Dates
House tax.
Road tax .

Indirect taxes—
Customs .
Tobacco .
Octrois

Carried forward

* For 5,328,600 acres.

Dyeing materials and colours

.

£375,000
174,000

1,197,000

390,000

637,000

. . s 145,000
< ’ . 1,178,000
. . . 235,000
. . % 253,000
. s 252,000
3,526,000
1,129,000
522,000
590,000

: A . 449,000

. . 89,000
: A . 2,390,000
5 s 3 646,000
: g 14,000
. . ¢ 15,000
. 19,000

. 13,000

8,000

8,990,000

- 26,000

62,000

- £4,776,600*
104,500 }
148,000

20,200
51049, 400
. 934,600
1,044,800
217,000

—

2,196, 400
t For 4,480,000 trees.

metals or metal
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Brought forward . £2,196,400 5,049,400

Salt . : > 5 2 . 3 191,500

Fisheries . . . . . i 92,800
Navigation 3 4 . S 74,800
Stamps and reglstratxon 3 " 40,900
Miscellaneous . - . - ‘ 42,600
Port dues ; . . : g 153,700
Lighthouse dues > . - 69,400
Revenue of judicial courts g % 527,100
Suakin receipts . < , - 2 9,600

8,800

Miscellaneous taxes— it

Interest on investments . . = 4 29,400
Military exemption fees . . 118,600
Miscellaneous . - . g 107,100
Rent of Government lands . . 100, 300
Contribution to pension fund . . 63,100

; _— 418,600
Railways . - g ; : . 1,982,900
Telegraphs . - : iz 46,400
Post office . : # v > 118,800
77,600

St 2935 ) 19O

411,092,500

Railways . : s : 3 . . - . £979,000
Telegraphs . p N A A - 8 . : 42,000

Post office . p g . . : : . ' 97,200
Postal steamers . . * 5 5 s . S 71,400
Expenses of administration . 3 . 3 . . 1,244,600
Justice . " . 5 . 3 X . v 247,500
Public works . - . p % - 4 . 914,500
Customs 5 5 . . . 5 . . 159,600
Octrois i P : . . % - i . 33,700
Salt . . . g : - £ F 2 i 56,000
Fisheries . s > R : 15,800
Navigation . : 3 5 ; - - . . 2,900
Ports . - ; » . g 5 3 . ‘ 33,500
Lighthouses : F . 29,600

Egyptian army . 8 . . . ’ : , 589, 300
English army X 5 T & . . . 84,800
Suakin 3 g . r . . . 3 > 36,600
Pensions A . 5 . . 3 3 521,300

Tribute to 'I.‘urkey 665,000
Public Debt commission » s 1 2 31,000
Mukabala . 3 . A : : 150,000
Guaranteed debt % 3 a . . 307,100
Privileged 1,003,000
Unified = 2,182,900
Domain = 157,000
Daira % 258,600

49,913,900

The total ordinary expenditure of 1897 was 9,913, 9ool., thus made up :—
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At the end of 1897 the total Egyptian debt amounted to-98, 1.07,0001.
The expenditure on the more important items of j:he Irrigation Works,
debited to the regular budget of the Ministry of Public Works, has been as

follows :—
Mainten- i rainin Nile |Temporary
Ve leszzry ance of Pnit:&ng o Lake . Protection Dnﬁx.; in M%:tt::x:re
Works~ | Masonry | canals | Mareotis | Works | the Nile
Works
£ £ £ £ P
1884 14fioo 31,§;o 27,000 e 58,000 i 80,000
1885 13,000 | 31,000 | 31,000 b 62,000 | 12,000 180,000
1886 | 40,000 | 20,000 | 54,000 . 44,000 | 21,000 250,000
1887 21,000 | 28,000 | 54,000 .o 49,000 7,000 250,000
1888 20,000 | 23,000 | 61,000 b 63,000 | 10,000 | ‘250,000
1889 38,000 | 27,000 | 60,000 S 34,000 | 21,000 250,000
1890 | 42,000 | 36,000 | 50,000 . 56,000 | 3,000 | 400,000
1891 56,000 | 38,000 | 26,000 oo 38,000 3,000 400,000
1892 56,000 | 38,000 | 27,000 4 45,000 A 400,000
1893 58,000 | 46,000 | 28,000 6,000 | 21,000 % 400,000
1894 | 56,000 | 53,000 | 9,000 | 12,000 | 24,000 e 400,000
1895 | 53,000 | 52,000 500 | 14,000 | 24,000 al 400,000
1896 60,000 | 47,000 500 | 8,000 | 33,000 os 400,000
1897 45,000 | 46,000 260 9,000 | 32,000 .o 400,000

The normal expenditure of the Irrigation Department debited to the
regular budget is as follows :—

Establishment charges

Contingent charges
New works ¢ £
Maintenance of masonry works

Nile protection works

Draining Lake Mareotis

Earthwork maintenance

There have been, in addition to the above,
special works, such as the 1

CRE IR

. 470,000

25,000
60,000
55,000
25,000
10,000

. 400,000

A£645,000

large grants of money for
/000,000/. grant of 1887 for repairing the Barrage

and completing the irrigation canals of Lower Egypt; the drought grant

of 800,000/ of 1889 for Upper Egypt;

Lower Egypt; of 550,000/ for buildin
and finally, of 2,000,

drainage grants of over 500,000/, for

g subsidiary weirs at the Barrages ;
5000/ for the Assuédn dam and the Assiout weir,



P INvT Lw38TY

o & s
Difoooiesm

t \ .
N:; \wﬂmru.ﬂ
4
S N KW




27

CHAPTER II.
THE NILE.

The White Nile from Lake Victoria to Lado—and from Lado to Khartoum—The Nile at
Khartoum —The Nile from Khartoum to Assun—Assuin—The Nile from Assuin to Cairo—
Cairo—The Barrages and the bifurcation—The Rosetta and Damietta branches of the Nile—
The catchment basin of the Nile—The rainfall in the Nile valley—Time the water takes to
reach Cairo from Lake Victoria—The Nile in flood—The Nile in low supply—Navigation on
the Nile—Assuin gauges corresponding to drought and inundation—Assufin and Cairo gauges
in pics and kirats referred to the mean low-water level standard—Explanation of the tables
accompanying the chapter—Tables.

THE Nile drains nearly the whole of North-eastern Africa, an area com-
prising 3,110,000 square kilometres. Its main tributary, the White Nile,
has its sources to the south of Lake Victoria, and has traversed over 3500
kilometres before it is joined by the Blue Nile at Khartoum. From the
junction onwards the river is known as the Nile, and after a further course
of 3000 kilometres flows into the Mediterranean Sea by the Rosetta and
Damietta mouths. The modulus of the Nileat Assuén is 2990 cubic metres
per second, and at Cairo 2610 cubic metres per second. ,
Lake Victoria, covering an area of 70,000 square kilometres, is the first
reservoir of the Nile. The equator passes through this lake, which lies in
the region of almost perpetual rains, and receives an excessive supply of
water from its western tributaries, from subsoil springs and heavy raix}fall.
Owing to its great extent, the fluctuations of water level are very 'shgh't.
Stanley considered the discharge of the White Nile as it.left Lake Victoria
as one-third greater than that of the Tangouri, the princxpal. af’ﬂl:cnt of the
lake. Judging from recorded observations further down the river, the mean
discharge of the lake is probably 1000 cubic metres per sec.ond.f | Shortly
after leaving Lake Victoria, the White Nile descends the ‘Rlp(.m I_‘alls ona
width of 400 metres and a drop of 4 metres. Lake Victoria lies about
1130 metres above sea level and is 500 metres higher thal} Lal'ce Albert.
Between these lakes, on a distance of 480 kilometres, thc? White Nile (known
here as the Somerset) traverses at first the succession of the swamps

* ¢Le Nil, le Soudan, l’ﬁgypte,’ by A. Chely, p. iz, Paris, 1891. The figures should be 500
and 1600 instead of 550 and 1200. .

t ¢Saggio idrolico sul Nilo,” by E. Lombardfm, P 35
800 cubic metres per second. See also Plate I1L., Fig. 4, of his
at Gondokoro or Lado.

Milano, 1864. Lombardini ¢st'imated
book for an interesting flood diagram
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known as the Ibrahimia Lake, and then taking the character of a moun-
tain torrent, precipitates itself into the north-eastern corner of Lake Albert.
The survey of Lake Albert, which has an area of 4500 square kilometres,
was made in 1877 by Mason’ Bey,* and he recorded the fact that the lake
was 1°20 metre below its high-water level. The rainfall of that year was
deficient in the whole of the Nile Valley, and the summer supply of the
Nile in Egypt was the lowest of which there is any record. Lake Edward,
with a probable area of 4000 square kilometres and a height above sea
level of 880 metres, is a feeder of Lake Albert. After leaving Lake Albert
the White Nile flows for 200 kilometres in a deep, broad arm, with scarcely
any slope and scarcely any velocity, as far as Duffl¢, and then after a short,
troubled course tosses over the Fola Falls on a width of go metres, and
continues as a torrent for another 200 kilometres to a short distance south
of Lado. At Lado the river is 2 metres deep at low water, and only.
4°50 metres deep in flood, the discharge ranging between 500 and 1600
cubic metres per second.t The regulating effect of the great lakes is
well felt here. It is one of the keys for understanding the flow of the Nile,
and will be dwelt on later in this book. At Lado the river is at its lowest
in winter ; it begins to rise about the 15th April, and reaches its maximum
between 15th and 3oth August.} A

From Lado to Boér, a distance of about 120 kilometres, the river keeps
in one channel and has a rapid fall, while from Bo6r to the mouth of the
Gazelle River, on a further reach of 380 kilometres, the river divides into
numerous channels and has a very feeble slope. The main channel is
known as the Bahr el Gebel (the mountain stream) and is the one always
used for navigation. In this reach are the “sadds” or dams of living vege-
tation, which at times are capable of barring the surface and completely
blocking navigation. The Gazelle River joins the White Nile on its left
bank and has a feeble discharge in summer, though occasionally it exceeds
the Bahr el Gebel in flood.

At the junction of the Gazelle River and While Nile is a lake of an area
of some 1 50 square kllometre.s in summer. In years of scanty rainfall, all
this flat, marshy part of the river acts as an evaporating basin and a source
of loss to the Nile. The waters of the river likewise become polluted here
with decaying vegetable matter, which at certain times of the year imparts
a green colour to the Nile as far north as Cairo. A hundred kilomF(:tres
below the Gazelle River the White Nile is joined by the Saubat river on it
right bank.. During flood this river has a discharge nearly equal to rtl}:ai
of the White Nile above the junction, while in summer it has a feeble

* Khedivial Geographical Society’s Journal, Cairo, 1877.
t See footnotes on preceding page.

$ See second footnote on preceding i i
' page. I take this opport i igati
to the late Sir Samuel Baker for much information about lhepl\)vohi‘tl: !gu:fa;??;d:gi‘:?ﬁ::]lgltlons



.

. W M
|
. \ H 2 .
sonsy aunobuey sy yffig i — “__ X e B Th: § MM s
Il
- s/1eq QQ\.NQ —l_ -lh—..uuhhulouunllollv"unlluunulllcnl =L ““M"I 06SS
oyer wiyesqy ___. .
i
Bsiamoy - - - - _.tal-!.- s

obusbe L S R T et

~-—o00gzel -4 séas

9ZES

fmu.ﬂﬁ&z. O APy
i B Fopte ) it o
W .
YI. sppes o varbay
= -
© 1o
e = Jaly ajjozeg a4y y)im voounp - -~ ‘6vel-—1 oooy
L AN~ % vanty jeqnes ayj yym uogaunp } .. -] veer
, W M o~ epoysey &—---——-—-— 00'rat--{ g6LE
S T il
e £ 0
S
Ny e T !
[T XSS
S-S
g
T ¥ b-.. soyiN amg
N g S5 PERANN fo e ey s ~t--{oosse|--{ 6ooe
“lm ) m m 190018 Y218 (§=ozzzzzzooJ0ONeE ] 22
N M S Apuays e =~ 00'04c}--1 9282
T x> danry eseqry ayy yim vonoung| W T- 6892
NS Joquag®-—---==T =400 uE =] 5997
P prupwijos &———==~1--{ 00"é9¢\--1 0z9z
- 19078)8) .\sk.&“
. =y PRI =S 1--100'90¢}--+ 09v2z
evapwp \--—----4-— o016z} e9c2
LY
ﬁ“ Qﬂa %&‘k PIPUBIING -~~~ - -400'84Z }--{ £S22Z
ejobuog ¢----- - .L —{ 0002
suuey \—---- - e0'zez |- oves
PRGN e \.\\ﬁ**.\l.:i ....... doo'ssz |--{e08s
evew - ———{--100'y6s\--4 0544
JoBURIEY) pUOIEg W.
ey1et Fipepm m—--1-—foo'ezs |- ossi
_.1 o066l __| sozs

7984878] JSuly UENSSY &=

JOXN] #—+--4 00°8L }--{ £@E
eysnys nqy&-1--100729 ---{ 048
Jnoissy &-1--400°€s |- €59
eIUI [ &+~ 09'0% |--{ 00§

ou1e)
abeioeg

1ehez jo ey
#9050y

eog uesuessaypayy [

| o 090z |---| 952
t~-| 09°84 |-~ 9£2

-409'8 |- oz

00‘46 "7 002+

n*
__
L)

i




P00 0 ueuns gsaybiny p &G pamaqyy som qpuv ‘o) gy (suonbiss answq oadd oy uay) ruo
0]V ST POOY. G 9/ @Y “Eunns mo) Koy .G pamoqyey som prew Kme gy qr  pooyy porpseacy G
TUD STM POOY 1) 9) Y] eI @ PO Ak P DLDGTY Y[ UONSS 0 Uy LY
-4 ‘abrob g9/ Y} g .a;m%:\ o som pbrwb grg1 oy SO )00 JNOGD 7088 Uy FAUDISYT
TAUORDY] 1 UORTUTY DY) QA0GD) SOLIUDYTY @ FROGD ST YT FYp U0 pooys abmwb aunoy.eongr ey

.00 uld3s  ‘1snanv AInp “ANAP AYW®

(snNIW) 801 = — ol
£ ~.-
o 1 2 ‘SHV3IA 01
L L 40 NYIW
£ g
e O i
912 A
7 91
T 7
$2€ 4 hu\\ = 8l
SuVaA 0L ;
40.NVAN o N | V>4 -
‘//(W ..“na y .«.\r.\..‘.. s
N\ N_ard 2~ "
\ 7 A\¥4)
8+9 ./.VW./{\II\.; \\ vz
,v«/o.\!.//\ﬂ? 7
SIYIIW 95 o 9z
TPPAD] L2JOM MO) AU 0} [pRLspaL D ‘S01d M1 30VN9

€881 93 FL8T sTeak 01 Jo oFeanne pue ZQYT‘L/ST ‘SLST FLST WweaFerp o3med WO VDT

9 4IVIA



THE NILE. 29

discharge and is occasionally quite dry. From the junction of the Saubat
to Khartoum, on a length of goo kilometres, the White Nile has a mean
width of 1700 metres, a depth varying from 2 metres in low supply to
7'5 metres in flood, and is a sluggish stream. The action of the current is
always on the right bank, owing to the prevailing north-west winds, and
this action is continued during the whole of the remaining course of the
river as far as the sea. The soil from the Saubat river to Khartoum is
light and friable, and the White Nile, in spite of its moderate velocity, has a
width 160 times its depth in flood.

At a point 3009 kilometres from the sea and 390 metres above it, is the
town of Khartoum, where the Blue Nile from Abyssinia joins the White
Nile. The Blue Nile has its sources in the mountains of Abyssinia, where
Lake Tsana—with an area of 3000 square kilometres, and height above sea
level of 1780 metres—is another reservoir of the Nile. The Blue Nile has
a length of 1350 kilometres. This river is comparatively clear in summer,
but during flood, i.e. from the beginning of June to the end of October, it
is of a reddish-brown colour, highly charged with alluvium. The Khartoum
Nile gauge, which was read from 1869 to 1883, used to stand on the Blue
Nile about 3 kilometres above its junction with the White Nile, and its
recorded readings are not exact records of the Nile. In flood the dis-
charges of the two rivers are nearly equal, but in summer the White Nile
is the more important source of supply. The Nile here has a mean range of
6° 50 metres between high and low supply, with a maximum of 7*80 metres
and a minimum of 5-30 metres. From comparison with the Assudn gauge
and observed discharges referred to the Khartoum gauge, it is probable that
the high supply varies between 11,100 and 5200 cubic metres per second,
with a mean discharge of 8000 cubic metres per second, while the low
supply varies between 1500 and 320 cubic metres per second, with a mean
discharge of 550 cubic metres per second.* April is the lowest month and
September the highest.

At a distance of 86 kilometres downstream of Khartoum is the Sixth
Cataract. Here the Nile descends 6 metres on a length of 18,000 metres.
At a distance of 320 kilometres from Khartoum the Nile is joined by the
Atbara river. This latter is another stream fed by the Abyssinian torrents,
and though dry in summer is a considerable river in flood. Heav.ily
charged with volcanic detritus, it provides the greater part of the rich
fertilising mud which the Nile carries in flood. The Atbara has a range of
8 metres, and from calculations and comparisons, I estimate that its ﬂo?ds
range between 4900 and 1600 cubic metres per second, with a mean high
flood of 3100 cubic metres per second. It is in flood from July to October,

* “Géographie Universelle,’ by E. Reclus, vol. x. p. 77, Paris, l8§4. Linant Pashndmad; :::
high flood discharges of the White and Blue Niles 5000 and 6100 cubic metres per second, an

low summer discharges 300 and 160 respectively.
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with its ordinary maximum in August. Below the Atbara junction the
Nile has no tributary, and flows throughout its 2700 kilometres to the sea;
a solitary stream. Traversing one of the greatest deserts on the globe, it
is the sole source of life and vigour to whatever exists on its banks.
Twenty-four kilometres downstream of the Atbara junction is Berber,
and 45 kilometres downstream of Berber is the beginning of the Fifth
Cataract, which has a length of 160 kilometres and a drop of 63 metres,
with three principal rapids, the Solimania, Baggara and Mograt. The
village of Abu Hamed is situated at the foot of this cataract. Between
Abu Hamed and Dongola is the Fourth Cat&ract, which begins at a point
97 kilometres downstream of Abu Hamed, and has a length of 110 kilo-
metres with a drop of 49 metres. In this series of rapids are the Um Déras
and Guerendid. Between the Fourth and Third Cataracts is a reach of
313 kilometres on a slope y3}55. On this reach is the town of Dongola.
The Third Cataract has a length of 72 kilometres and a drop of 11 metres,
with the Hannek and the Kaibar rapids, surveyed and levelled by
De Gottberg in 1857. Upstream of the Hannek rapid, on the left bank
of the Nile, is the termination of the long depression in the desert which
goes by the name of the Wady el Kab, and is considered by many as lower
than the Nile valley.* Between the Third and Second Cataracts is an
ordinary reach of 118 kilometres. West of this part of the Nile are the
Selima Wells.t
The Second Cataract, known as the “Batn el Haggar,” has a length of
200 kilometres and a drop of 66 metres, with the rapids of Amara, Dal,
Semna and Abka. At Semna are the rocks where Lepsius discovered
the Nile gauges cut by one of the Pharaohs some 4000 years ago.t The
Nile flood recorded there is 8 metres higher than any flood of to-day. As
the Nile at S<.:mna could be very easily barred by a dam, it struck me when
I was there in 1892, that probably King Amenemhat (of Lake Mceris
fame), 'had tried to bar the river with a dam in the hope of creating a
reservoir. At Wafly Halfa, near the foot of the Second Cataract, a
masonry gauge divided into metres has been erected and read since 1877.
Its acfcudcntal zero is R.L. 11669, and the mean low-water level or true
::‘rsoalslel:gl,:l.1 I c: f7 '3119§§ki11(3;t]\:;: :::;1 I;irs:: and t§econd Cataracts, the Nile
of the river is 500 metres, and the g T'ﬂM. B Town i
b anC mean depths in flood and summer are
9 and 2 metres. The velocity in summer falls to 50 centimetres per

* ¢ Géographie Universelle,” vol. x. p. 457.
t The rocks at Selima are limestone.
+ Mr. Coteril made a section of the river here for Count d
e la Motte,
§ I have adopted everywhere the mean lo s
Everything above is +, and below —,
water level as zero.

w-water level as the natural zero of the
: 1 gauge,
All the tables in this book are referred to the mean lu%v-
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second, and rises to 2 metres per second in flood. The river in this reach
is generally within sandstone, and the greater part is provided with
gigantic spurs on both banks. These spurs perform the double work
of collecting soil on the sides in flood and training the river in summer.
They were probably put up by the great Rameses 3000 years ago, as
some of the most massive of them have evidently been constructed to
turn the river on a curve out of its natural channel on to the opposite
side in order to secure deep water in front of his temple of Jerf Husain
(“ Jerf” means steep, scoured bank). The spurs have been constructed
with care, and as the courses of roughly dressed stone can be examined
at fairly low water (I have never seen them at absolutely low water), it
is evident that there has been no great degradation of the bed during the
last 2000 or 3000 years. The First or Assudn Cataract has a drop of
5 metres on a length of 5 kilometres.

From Khartoum to Assuin, on a total length of 1809 kilometres,
there are 565 kilometres of so-called cataracts with a total drop of
200 metres, and 1244 kilometres of ordinary channel with a total drop of
05 metres.

At the foot of the First Cataract, opposite the town of Assuin, on the
Island of Elephantine, has stood a Nile gauge from very ancient times.
An officer belonging to the Roman garrison in the time of the Emperor
Severus marked an extraordinary high flood on the gauge. The maximum
flood mark at the time of the visit of Napoleon’s French savants was,
however, 2° 11 metres higher than the above. As the middle of Severus’
reign was A.D. 200, and the visit of French savants A.D. 1800, they con-
cluded that the bed and banks of the Nile had risen 211 metres in 1600
years, or 0* 132 metre per 100 years. The new gauge, divided into cubits
and twenty-fourths, was erected in 1869, and has been recorded daily since
then (a cubit = 54 centimetres). Its accidental zero is R.L. 84°16. The
mean low-water level or true zero is R.L. 85-00.

Recently Nilometers of the Ptolemaic and Roman periods have been
discovered by Captain Lyons, R.E, and Dr. L. Borkhardt at Kubosh,
‘Taifa, Edfu and Esna. Also very complete information has been obtained
by them of the previously known gauges at Phile and Elephantine. They
are publishing a monograph on the subject, which will throw considerable
light on the behaviour of the Nile during the last 2000 years. Ventre Pasha,
in a paper read before the Khedivial Geographical Society, calculates a rise
of *096 metre per century, from recently discovered flood marks at Karnak
dating from the time of Rameses.

From Assuin to the Barrage the length of the river is 973 kilometres
in summer and 923 in flood. The slope in summer is y3d50 and in flood
tsdgge The mean fall of the valley is ygdgg- The slopes vary in the



32 EGYPIIAN IRRIGATION.

different mean reaches, the least being 434y in the Kena Mudiria, and the
greatest yy155 in Beni-Suef. In a high flood, with a rise of 9 metres at
Assuin, the rise in Kena will be 95 metres and only 8-2 in Beni-Suef,
Neglecting spill channels, we may state that in a high flood the mean area
of the section of the Nile is 7500 square metres and the mean width
900 metres. In the Kena Mudiria the area is 7000 square metres and
the width 800 metres, while in Beni-Suef the mean area is 8000 square
metres and the mean width 1000 metres. Speaking generally, it may be
stated that where the Nile valley is narrow the slope of the river is small,
its depth great and width contracted ; while where the valley is broad
the slope is great, the depth small and the