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/

The Government of Japan, in response %

Government, entrusted to the dﬁerseas Techniéal Cooperatioﬁ Agency (OTCA)
the task of conducting & preliminary survey in the U.A.R. The OTCA, fully
realizing the importance of the Development Program of the Desert District
in the U.A.R., organized & seven-member team of experts end dispatched it
to the T.AR. on October 20, 1963 for a two month on—the;spot survey under
the leaderchip of Dr. M. Kobayashi, Professor of Xeio University.

The OPCA, which was established on July 1, 1962, serves as an execut-
ing agency of the Japsnese Government to conduct Japan's government-level
technical cooperation to Asia, the Near and Middle Bast, Africa and Latin
America. Its principal activities are acceptance of overseas trainees,
aggignment of technical experts, establishment of overseas techniecal co-
operation centers and the conducting of preliminary surveys for develop-
ment projects.

It is my sincere hope that this report will prove to be useful in the
field of technical help to the Development Program of the Desexrt District
in the U.A.R. and will also help to foster closer technical ties and bet-
ter understanding between the U.A.R. end Japan.

Lastly, on behalf of the OTCA, I wish to tske this opportunity to ex-
press our greatest appreciation and sincere thanks to the various agencies
of the U.A.R. Government for their invaluable help and cooperation given
to the Survey Team, without which it would not have been possible for the

Team to conduct a smooth survey on the spot.

March 1964 . SR
Shin-ichi Shibusawa
N ANasaa o
. Director General

Overseas Technical Cooperation Agency
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I. TINTRODUCTION

l. Orgenization of Survey Team

Mr. Yuteka Touchida, former BEnvoy Extraordinary and Ambassador Pleni-
potentiary to the United Arab Republic, had the chance %o ligten to Presi-
dent Nasser's enthusiastic speech on the New Valley Development Project.
Although no definite proposal was made at that time, a friendly atmosphere
was engendered leading to future cooperation. In 1961 (September), Dr. I.
Kobori, Tokyo University, made a first official visit to the New Valley in
close contact with His Excellency General Sobeih, the President of the
Egyptian General Desert Development Organiéation, the Embassy of Japan
(Cairo) and UNESCO (Cairo). Dr. Ootao, Technical Counsellor and Mr,
Suzuki, from the Embassy of Japan, participated in this trip end the friend-
ly connection was started. In 1962, Mr. Tsuchida contacted His Excellency
General Sobeih again and met President Nasser with regard to Japan's Sei-
entific & Technical interest in the Desert Development, Thus, His Excel-
lency Mr. Wajima, Ambassedor to Cairo, Embassy of Japan, and His Excellency
General Sobeih, started to heve-official contacts.

In line with the above, the Government of Japan formally decided to
supply assistance'to the United Arab Republic in comnection with the
latter's desert development project, as.one of the formen's economic
cooperation programs in foreign countries. Negotiations were held between
the Governments of Japan and the United Arab Republic through His Excel-
lency Eiji Wajims, Envoy Extraordinary and Ambassador Flenipotentiary in
Cairo, It was agreed that a Japenese Survey Team would be sent to Egypt
in the sutumn, which season app?ared 1o be the most suitable for the suc-
cessful fulfillment of the planned survey. Therefore, the Overseas

Technical Cooperation Agency, entrusted by the Government of Japan,
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orgenized the following survey team and dispatched it.
2. Members of Survey Teem and surveys made
The survey team consisted of the following experts representing
various fields of science:
Chief: Dr, Magatsugu Kobayashi
Utilization of solar energy and

electrical communication

Members: Dr. Takao Sskamoto
Geology

"Dr, Shunichi Kurosawa
Chemistry and electric powsr

Dr. Goro Nishikawa
Agronony

' Dr. Yoshiro Komatsu
Irrigation and drainage

Dr. Iwazo Kobori
Geography

Dr. Kazuo Hayashi
Electronics

Prior to our departure, we collected as meny documents and liter-
ature as possible to gain a detailed knowledge of the New Valley Project
and had frequent discussions on methods of how best to carry out our
Planned field survey. We also procured various equipment and deviceg
+0 be uged in tests in the désert, including an unatitended lighthouse
unit, powered by solar batteries, manufactured in Japan.

At the suggestion of the UAR authorities, our survey tour was made
from October through Dece@ber 1963. With EGDDO ag its managing center,
the United Arab Republic rendered us unstinted assistance, including
that given by the National Physical Research Center, the Desert Insti-
tute, the Uhivers;ty of Cairo, etc. Supported by this essistence,

our tesm was able to make full use of ite scheduled survey periocd,

In the entire course of our survey tour, EGDDO provided us more

o
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than generously with variocus services, such as transportation and houging
facilities, guidance at experiment sites, and supply of necessary infor-
mation and date. As helpful weTe other quasi-Governmental research
orgens, such as NRC, the Desert Institute, the University of Cairec, the -
Agricultural Experimental Farm, etc. We surmise that failing assistance
from the above organizations it would have been impossible for the survey
team to attain its objectives,

Our survey team was also accorded a warm welcome by the inhabitenta
of every place visited, We were all able 1o enjoy close association with
the UAR people in their everyday life, apart from our primary objective
of studying arid lands. We wish to take this opportunity to express our .
deep appreciation for all the kind assistance rendered us'auring our stay.
5. Outline of results of our survey

At first we were concerned as to whether Japanese technology, origi-
nating in a country where there are no deserts, would be of use to the
UAR desert project. Under this apprehension, we studied desert develop-
ment projects proposed oxr currently being carried out by the UAR Covern-
ment and visited sites to be developed. In each project there were a few
points yet to be solved. These points are explained in detail below, We
are now confideﬁt thgt Japenese technology is capable of working out the
suitable steps to be taken in cornection with these points, and have added

over 20 recommended steps which are given at the end of this report.



IT. KHARGA OASIS

(INCLUDING DAKHLA OASIS)

1. Outline of the project

According to the five~year project of EGDDO, the total development
area of the New Velley Project is 121,000 Fds. This area-is estimated
at 40% of the total area, 300,000 Fds of the entire EGDDO project. The
expenditure for the New Valley is 21,550.103 £E, which corresponds to
35% of the total expenditure for the entire project, 62,100.103 £E, but
this amount of money corresponds to 40% of the difference, if we subtract
Economic Development expenditures.

According to Report 1, (P.B., three lines from the bottom of page 13
t0 the top lines of page 14) of the EGDDO five-year project, it has been
decided to develop 21,000 Fds in the first two years, and study the con-
servation possibilities of water resources, and contribute to the progress
of the development project.

The actual plans proceeding under the development project are as
follows: 27,996 FPds in Kharge and Dekhla, as of June 1963, adding 8,000
Fds o the development in 1964, totalling about 36,000 Fds by the end of
1964, If the five-year project ends in 1964, the actusl developed area
of the project will be 30% of the original project.

2. Water resources are & fundamental necessity for the development of
oages

Every effort has been made by EGDDO to acquire water, and good Tre-
sults have been achieved. The investigation in the Kharga area is pax-
ticularly advanced.

Tn the Nubian sandstone formation, five-group eight-stratum aquifers

heve been discovered. They are as set forth below. If we list them,
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starting with the deepest: (1) the first group (the first stratum), the
deepest one has 15 ~ 187m of aguifer in thickness, (2) the second group ]
(second, third and fourth strata) has 54 ~215m of aquifer in total thick-
ness, (3) the third group (fifth and sixth strate) has 71~ 252m of squifer
in tot;al, (4) the fourth group (seventh stratum) has 70~198m, (5) lestly
the fifth (eighth stratum) has 62~ 200m of aquifer, which is the uppermost.

Asg one example that aprings exist in the areas sbove the lowest De-
pression, the Ain Amur Well in the middle of the plateau, (460m sbove sea
level) which bhas served caravans on their route between Kharga and Dekhla,
and alsc the Omm-Dabadid Well on the north escarpment of the Kharga Val-
ley, ere both very wonderful. It is quite possible that the water of
these high-altitude weils must have originated from the' concentration of
the rare rains in the Hemmada Plateau, and they are independent of the
Nubian sand-stone formation.
() Roman Wells

.The water from the eighth stratum, the uppermost in the Nubian sand-
stone formatlon, has been utilized for more than 3,000 years, and millions
of people owe their lives to this water. This water springs naturally out
at certain spo?s, but most of the wells are of the man-made artesian iype.
The depth is at mést 200 m, the diameter 40 ~.75 cm, and the well pipes
are made from the trunks of a kind of palm tree, called the Dom~Palm, Such
wells are called Romen Wells.

The water in this stratum was very plentiful in ancient times, but

it is now decreasing yearly. The data on the Kharga Valley is as follows:



3 Avergge Discharge per well
Year Number of Wells Discharge in m /day  in m ' [day

- 1931 670 - -
1941 354 123,200 348
1953 412 105,800 257
1961 285 100,051 351
1963 - 79,000 - -

It has already been proved that even if the number of wells should he
increased, they would only interfere with each cther, resulting in no
increase in the quantity of water secured.

The total number of Roman Wells in the Daekhla Valley has not been
gtudied in as much detail as in Kharga, but it was reported that the total
water discharge in 1963 was about 250,000 m3 per day, From this result,
it may be believed that the 329,000 m’ per day discharge of water must
have been drawvm up in Kherga and Dakhle from the eighth stratum.

(b) New Wells

To compensate for the tendency of the water supply from Roman Wells
from the uppermost eighth stratum to decrease, and also to promote new
development of water resources, it has been decided to develop new agui-
fers. It was estimated that the total quantity of the underground water in
these new aguifers is some 740,109 m3, and it is possible that, even if no
fresh supply flows in, only one third of this amount of water can irrigate
farming areas of about 50 million Fds for 198 years, This amount corres-
ponds to 1.25 billion m3 per year, or 3.42 million m3 per day, and a 16
mm per day decrease in the water level. By the year 1954, only seven
deep wells had been drilled, but after that new wells have been dug one
after another, and now the new wells in both the Kharga and Dakhla velleys

total as many as 140,



The £ew wells in the Kharga valley are not aimed at the eighth stretuom,
as were the useful Roman'W911s, but they afe_aimed at the stratum below;
the eighth., The most proﬁising of all seven strata has proved to he the
seventh, just below the eighth stratum of the Roman Wells.

In each area from one to three deep wells have been dug, but these
were laid out designedly so that each well draws water from an individual
aguifer. This differs widely from the deep Japanese well which is de-

"signed so that it will draw water from several aquifers. There is no
interference within the same stratum, but as mutual interference occurs
when two wells are drilled too c¢lose together in the same stratum, inter-
vals of 3 ~ 4 km are necessary between wells served by the same stratum,

The number of new wells and the total amount of water drawn, both
now rapidly increasing, are as follows:

Total production  Averzge flow Iate
per well inm

Year Number éf wells in m3 per day ver dey

1961 34 63,795 1,876
1962 56 187,000 3,340
1963 140 585,000 4,040

Notes: (1) The data for 1961 and 1962 are derived from page 140 of
’ the report, 'and probably refer only to Kharga.
(2) The figure for 1963 was confirmed by on-the-spot obser-
vation, 345,520 m° per dey for Kharge (May 1963) and
239,650 m per day for Dakhla, and the total being
585,170 w’ per day.
The discharge from one well is from 2,000 to 10,000 m’ per day, and
its depth is from 400 to 600 meters. However, new problems have arisen
in that the increase of discharge is mainly due to the new wells, and the

apparent increase is offset by the yield from old wells being conspic-
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uwously on the decréase, which fact worries us very much. Outstanding
examples, perhaps, proving that the discharge from the ten newly-dug wells
in Kharga is patently‘on the decrease are the following:

Year 1956 1958 1959 1960 1961 1962

Total Yie%d
(n?/aey) 80,100 61,190 47,800 44,410 36,169 29,490

Average d%7charge

- (w?/day) 8,010 6,119 4,780 4,441 3,616 2,949
Total percentage
decline - 23%  40.3%  44.7%  54.T%  63.1%

(from page 139 of the report)

fhe main gauses for the decrease in discharge are considered to be
as followss
1) Undexrground water which supplies one well exclusively shows a tendency

to decrease due to less flow-in from others.
2) Bven if sufficient underground water exists, the layers of earth
arcund the well pipe become too tightly packed.
3) Corrosion of the well pipe étrainer, which obstructs free flow of water.

According to on-the-spot study, the third is the principsl cause.

In any case, it is desirable to learn the correct water pressure of
every well, variafions in the deily quantity of water drawm, the total
yield of every well, and so on,

Ag one method of preventing strainer corrosion, it was decided to
change the material the stréiner is made of ordinary to steinless steel
or alvmimum, end this method has proved very effective, btut as thesé mate-
rials cost more than ordinary steel, it‘is inevitable that the cost of
every well should be higher. On the other hand, if the useful life bf-a
well increases sufficiently, it will compensate for the disadvantage of -

initial higher cost, and water becomes cheaper.
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Now experiments with glass fibre, synthetic resin and other materials

are being carried out.

It must be added that the cost of a well differs, according to its

site and depth, but the cost is roughly from 15,000 to 40,000 £E, the

average being 20,000 £E, and the average life is estimeted to be about_ten

years.

{c) Quality of water, eta.

As the deep wells in Kherga are deeper than- the conventional

Roman Wells, the temperature of the water from the former ig higher,

registering at from 320 to 4000, the average being 3600. The solute con-

tained in the water is from 177 to 602 ppm, somewhat higher than the 100

ppm of the Nile wiver water, but still deserves to be of good. quelity.

Table 1. The water quality and temperature of water from the main
deep wells
‘\\\\ﬂell Numberx Kharga Kharga Nasser Garmashin Baris
Item™>—o Wo.l No.2 No.l No.2. No.l
Py 7.3 7.22 8 7.8 7.65
Temperature °C 38.5 37.5 32 35 35
mg/4 me/s g/ /s s/
HC?BF i 137 82 85.4 84 95
s © 41 35 119 119 105 |
50 4 5.1 76 20 - 52
Cai+ 12.8 19,2 39,4 78 36 i
ngtT 7.3 8.7 38 88 15 :
Na* 27.5 27.5 61 50.5 73 i
x* 27.5 27 a4 36 31 !
Fe't 1.9 2.1 - - - ;
co, 23 23 31 26 19 §
- H
rotel dissolved | 503 193 487 330 04 |
Total depth 637 602 394 802 499 i
Aquifer Zone I-IV. I-IV. VI-VII. V-VII.  IV-VI. |




Photo 1. The natural artesian
spring in the Baris Oasis.

Photo 3. A new well (Nasser No.l)

BN
e
g

4,

Photo 2. Traces of the Roman Well
in the towmn of El Kharga.

(Manaur el Ain Mohamed Badr)

A e

Photo 4. A new well, Tresexrvolr,
notched water-level meter, ditch,

- and newly cultivated farm areas.

(At Nasser No.l and No.2, ,
the latter now being unproductive)
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The water from these wells is colourless and transparent, but has a
slight smell of Hydrogen sulfide. When exposed to the air, the iron in
solution oxydizes immediately, so tﬁat the immer walls of the reservoir
and the ditch are stained the colour of iron rust. It can be easily seen
that this HéS and CO2 are the cause of pipe corrosion.

The digging of wells is not directly-done by EGDDO, but is operated
under contract by drilling compenies of the U.A.R. and Yugoslavia.

3. Land Reclamation .

As it hag been proved that we can acquire underground water by drill-
ing deep wells, it has been decided to proceed with the development.

Well sites must be selected in line with development possibilities.
Even if the water is obtained, if there is no land nearby possible of
development, the water must be transported to other places over a long
distance, resuliting in uneconomical procedures.

(2) The process of selecting land that cen be developed, land suitable
for development, and execution of lend development.

Land to be developed must be selected after considering a combination
of the ease of acquiring water, the nature of the soil, the availability
of transport, etc.

First, a rough classification of land is carried out by means of
aerial photographs, and then those aress roughly selected from tﬁe pozint
of view of possible agricultural development. Let us call these areas as
land possible of development, Within the lands posgible of development,
the drilling spots of deep well are to be decided.

When well sites are decided upon, and the probable amount of the
water availeble is estimated from the geological structure, the area
of land that can be irrigated by the water is selected from the land

possible of development, a semi-detailed investigation is made, and lastly
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the land is classified into five cetegories from the data on thickness,
orgenization, structure, solidity, etc., of the soil stratum. It is in-
disputable that establishment of a utilization plan from the upper to the
lowest of five classes, be made, and also consideration should be given
the period necessary to dissolve and get rid of the saline content of the
soil, and the balance between necessary work expenditure and the probable
productivity of the soil. For this purpose, several standards have been
previously given, and higher or lower efficiency can be determined by
maethematical calculasion, In such ways land suitable for development can
be determined. \

After the work of drilling a well is finished, and we come to the
stage where the discharge and gquality of the water are measured, a detail-
ed survey must be performed, and finally the lend to be developed is se-
lected,

From the results s detailed investigation of soluble ions is per-
formed, and finally, a minute classification of the land is made. With
reference to this classification, the areas to be developed are finally
selected, and the scheduled work follows.

Generally spesking,
i) Those areas with sand dunes to windward (north) are not desirable.
In such cases there is the possible danger of dunes drifting over
the land after development, covering the agriculturel land ob-
tained with great effort.
ii} In the casze of fen-shaped areas at the ends of wadis, the fol-
lowing diffefénees may be noted, according to the upper, middle,

.and lower portions of the fan,



Parta

Items Oppex Middle Lower
particles of soil Coarse Medium Fine
thickness of surface seoil Thin " Thick
salinity Low n High

difficulty or ease in
removing saline material Easy " Difficult

Teking sufficient account of these elements, the plan has developed
to the point where if is known that long-rooted plants, such as fruit-
trees, should be planted in the upper part of the fan, medium-rooted ce-
reals in the central pert, and shallow-rooted herbs in the lower part.
(b) Land Levelling

The all out development work is such that in addition to the work of
drilling wells, levelling of 1and; irrigation, pumping and drainage are
necessary.,

Almost a1l the soil of land suitable for development, both in the
Kharge and Dekhle areas, is loemy clay of heavy texture, end is none
osmotic; moreover, it contains a great quantity of soluble salts amount-
ing to as much as from 3 to 5%. Therefore it is necessary to leach out
these salts and expel them within a depth range of about one meter from
the surface, resulting in the lowering the percentage of salt from 0.2 to
0.3%. _

Por this purpose it has b?en recommended that the flood-irrigation
system must be adopted. The contour irrigation system has been adopted
for some terrain, but the sprinkler irrigation system is not desirable,
Therefore it can be easily understood thet the levelling of land is &
necegsary procedure in the formation of agricultural land.

The standard grade in land levelling is about 1/2500, but in case

the quantity of earth t0 be removed exceeds 600 m3 per ¥d or 1,500 m3 per
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hectare, development becomes inefficient and is removed from the overall
development plan because of the high expenditure involved. As the expend-
iture for remobing 1 m5 of the =s0il is estimated to be 100 yen, using Jap-
anese terms, expenditures for levelling must be limited to 143,000 yen per
HA,

Thus it is seen, that great emphasis is placed on land 1evelling,mand
that deliberate formation of basic agricultural land is making steady pro-
gress and is worthy of note. »

For the purpose of land levelling work, the EGDDO has regimented two
mechanized corps, each corps having a hundred or more civil engineering
machines, The prineipal machines are bulldozers, light scrapers, heavy
gerapers, land-levellers, tracters, etc., and it has been reported that
their operating capacity is 500 thousands cubic meters per month, or an
area of 1,000 Fds per month at full capacity.

For the maintenance and control of such a large-scale mechanized
work group, a repair workshop has been built in the town of Kharga.
(Details will be given later).

-(¢) Process of cultivation

When levelling of land has been finished by the large mechanized corps,
the next process, that of cultivation, follows:

i) dirrigation to leach out undesirable salts,

ii) tilling the soil with ploughs,

iii) finishing off the levelling work with small-type machines,

iv) finishing with plows, and harrows, and planting trees; to form
wind-breaks,

v) making divisions and ridging by hand, by the farmers,

vi) lastly, after watering the fields, the planned sowing and plant-

ing are carried out, ' .



{d) Irrigation and Drainage
The quantity_units of water adopted for use as standerds for irrige-

3

tion are ag follows: 40 m” per day pér ?d. or about 10 mm per day in

3

sumner, and 20 m” per day per Fd, or about 5 mm per day in winter. These
quantities include probable losses in canals, due to percolation and evap-
oration, as even if we line canals, the amount of water will decrease.
Moreover, if piping is used in place of lined open'ditches, further cur-
tailment of water will result, and higher construction expenditure will
also follow, At present a U-type concrete conduit is used, and it is by
this means that the amount of water necessary, 20 m3 per day per Fd. for
solely earthen ditches is reduced, it is reported, to 17 m5 per day per Fd.
(15% loss) when only the main cenal is lined, and to 15 m3 per day per Fd.
when all branches are lined.

As these standards for the quentity of water for irrigation are mere-
ly set down from the standards used in the execution of work in the Nile
delta, we feel there must be some disperity in applying them to districta
where climatic and soil conditions differ from those of the Nile delta,

It may therefore take many years to learn the standards suiteble for these
districts, but it seems advisable to adopt such provisional standards for
the purpose of speediﬁg up the work.

According to these standards, the amount of water needed in summer
is, in any case, twice that for the winter months, but as it is impossible
to draw twice the amount of water from the well, we must actuslly decrease
the acreage to be sown or planted for the sake of adapting to reality,

The frequency of irrigation should be to water once every 7~ 8 days
in summer, and once evexry 12 ~ 15 days in winter.

The farm land is divided into many small subdivisions. We have two

systems of irrigation, the row-system and the bed-system, the former being
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applied for tall plants, and the latier for ordinsry vegetables.

In such districts where the soil is evexry sticky clay, and the salt
concentration is high, the removal of salts must be given constant atten-
tion, the efficacy of irrigation by flooding being highly esteemed, It
is very difficult to supply water uniformly over such & wide area, but it
may be & very excellent idea to find a general solution to this difficulty,
not only in these digstricts, but in order that gll over Egypt irrigation
of' guch subdivisions should be uniform, )

However, this method of irrigating subdivisions has some demerits,
such as it being troublesome to maintain these subdivisions in good order,
and careful day-long sttendance is necessary to supply them properly,
which results in the need for a large labour force, and, moreover, the use
of agricultural machines is considered almost impossible. But at present,
when the farm area per femily is smell, and the families ere large, such
en intensive agricultural system may be appropriate umtil the +time comes
when modernization of agriculture must be considered.

Drainage is done by the drainage ditches, The drainage ditches con-
.sist of a mein and branches, and the letter, 2 meters deep, are set a%
regular intervels of 50 ~ 70 meters., This water, collected from the branch
ditches, uniting with the water in the main ditch, and finally flowing into
the nearest depression, where evaporation and concentration take plece,
finally becomes a so-called "bitter pond". As evaporation proceeds, the
salts will eventuslly form & deposit.

(e) Settlements

A5 wells are drilled in the above-described way, and land is ready for
filling, settlement villages will be built. -

At present, new settlements are being built at some 20 km intervals,

along the paved road between Kharga and Baris.
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The daily water digcharge from one well is 2,000~ 10,000 m5 rer day,
and therefore if we assume & reduction in depth to be 5 mm per day, this
would irrigate an ggricultural area of as much as 40~ 200 hectares ox 160
~/ 500 Fds. )Téking this area into.consideration, the scéle of“; settlemept
can be determined, —

We have inspected a village called Nasser Village.

&He source of water for Nasser Village consisted of two wells called
Nagser No.l and No.2, The water flows st present at 5,500 m3 per day for
No.l and 6,500 m3 per day for No.2, totalling 12,000 m§ per day, corres-
pondiné to jﬁst 5 mm pér day for an area of 600 Fds. Two years have pagséd
since the’first settlement, and now 66 families have already settled there,
Argble land 05“5/;'6 Fds per family, according to its size, and one house,
one cow and one donkey are all given newly ssttlers. The price per Fd, is
£E 150, end every family cen own the farm-lend, including the house, under
e long~term contract covering forty years for payment.

The settler's houses are built so that two one-storied houses of sun-

dried brick face each other, the so-called mirror itype of construction,

The plan is shown as follows:
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Fig 1. Nasser Village for settlement farmers
The site area per family is 200 m> (70 tsubo), and the dwelling ares

ig 13m2 x 2 (rooms) = 26 e (8 tsubo), Measurements are paced off.

Although the houses are small and not very attractive, yet they are
for superior in comparison with conventional farm houses.

In the village, the mosque, primary school and commodity booths have
been egtablished, and clinice have been built in the ratio of one to sev-
eral villages. “

The occupents of settlements were seleoted from among applicants
of the Nile Valley and also from inhabitents of oamses who had to migrate

because of water shortage, but the former exceeds the latter in number.



Since the beginning of the five-year plan, the aree newly developed
to June 1963 was already 27,966 Fds., and it hes been decided that an ad-
ditional area of 8,000 Fdg be developed'by the end of 1964. (This fact has
been mentioned in the summary of the plan, 2-(1)).

(f) Experimental research to be performed later

In the Enterprise office in Kharga operated by EGDDO, a Department of
Experimental Resesrch has heen established, and equipment for experimental
research on, for ipstance, the c¢limate, particularly agricultural micro-
climate, irrigation and drainage, types of agriocultural plants, fertiliza-
tion,‘etc., are now approaching completion,

The research items of particular importance are:

1) E¥periments to’improve the system of irrigation for subdivisions to
apply .-to large divisions. It has been mentioned thet each division is,

at présent, iOO m2, which it is now planned to enlarge to 2,000 5,000 m?.
2) Experimental research on the amount unit of water for irrigation. We
were pold that theée experiments were not carried out on a small scale
devioé indoo;s, but & large scale experimental device for use in the open
are was plarmed. We have alreedy mentioned that the standard quantity of
water for irrigetion was provisionally borrowed from that of the Nile Val-
ley, and it is planned to test this standard ageinst the date on the quali-
ty of the soil, etec., on the site.

3) Research on drainage, particularly by means of culverts.

This experimegt was performed for the purpose of measuring the effects
of stéps taken for the removal of selts. It is intended that the relation
between the intervals, depth, etc., of drainage ditches as it affects salt
removal, be investigated.

4) Research on plénts for cultivation

As the fertility of the farm lands increases, it is only natural
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that the growing boundary conditions of plants also change, so that var-
ious kinds of plants must be studied for adaptation to these new condi-
tions, 7
5) Research on fertilizers .

This research is aimed at studying the standards for fertilizers most
suitable for the many kinds and qualities of soil in every district.
Vil Agri&ﬁlture |
(a) The quality of soil
The quality of the agricultural soil in the Kharga Valley is sandy
loam ér light loam. It is reported that the quality of the soil in the
gouthern section is better than that in the nothérn part, resulting in
higher productivity in the south. The organié meterial content is gen-
neraliy small, being only abouf 1%. The duality of the soil is much higher
where the saline material has been carefully removed, but there are some
farming areas where the salts have accumuleted. The caleium carbonste
content (CaCO3) is comparatively high, sometimes as much as 17.5%, and
therefore the alkaliéing of the soil is not carried out over the entire
scope of the farmi?g area., There is no {race of sodium carbonate (N32003),
but there is. 0,06 ~ 0,30% of sodium bicarbonate (NaHCOs). .

In the bakhla Velley, the soil varies from loam to clayey soil, and
although it is heavier than that of ﬁharga, it is better suited to ag-
riculture. There are some places in Dakhls as wéll as in Kharga, where
salts_have aécumulated, but the percentage of calcium carbonate (CaGO3)
in the Dekhla area is 2.17v 9,7%, which is much 1éss than in the Kharga
soil, Alkelizing of some ferm lend is under way.

55 we have st;ted above, the quality of the soil is not too bad for
agricultural'purposes, but because it has only smsll quantitiés of organic

matter and also because salts tend to accumulate, it is necesgsary o be
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extremely alert in the growing of agricultural products.
(b) System of sowing end planting

EGDDO has lately adopted a system for the rotation of crops to grow
agricultural plants in this district.

A1) agricultural land is equally quartered, and crop rotation is car-
ried out every four years in the individual divisions in oxder to-equalize
the whole,

The above rotation system is shown in the following table:

Teble 2, Sowing and planting plans in the New Valley

division .
I iT I1T Iv
Year season .

% '$§i$2£ alfalfa iigzs wh;at ba;ley
: ;Eﬁgzi alfalfe wgeat iﬁgﬁs ba;ley
2 :2E$:i elfalia b;rley Wh;at iigzs

4 intor \ﬁiggt alfalfa o s barley

In relation to this system of sowing and planting, it is considered
urgent that great emphasis‘be ploced the removal of szlts and the supply of
organic material, and that the growing of rice-plants in the paddyfields
speeds the removal of salts from thg soil, paiticulary from the lower
depths, and, moreo;er, that the introduction of alfalfa, incorporated with
éattle-raising, contributes to the supply of organic material to farm lands.,
Moreover, carbon dioxide (002) is liberated at the roots by respiration,
end therefore as a result, that the solution of salts is promoted, this
indirect assistance in salt removel also being worthy of mention. Wheat,

barley and beans are all selected because they form the staple diet of
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the inhabitents, but it is feesred that if only these crops are produced,
the quality‘of the so0il will deteriorate sooner or later, g0 it is planned
that rice and alfalfa also be grovn, as this method is considered to be
very sensible and effective.
(¢) Rice in paddyfields

With regard to rice, EGDDO is now considering that, for the present,
this cereal must be incorporated into the overall system, but in such a
extremely arid belt as this, for if the growing of rice is not included
in the crop rotation gystem, it is feared that salts would again accumu-
late. One reason why rice cannot be grown every year is that it necessi-
tates a large amount of irrigation water, and in a district wﬁeée water
is precious, it is natural to think first of saving as much water as pos-
sible, but taking account of the hazard of acoumulation of salts, the
omission of rice\planting from this system should be very carefully re-
consgidered. It may be more desirabie to study measures for reducing the
water needed for this crop. |

At present, the.inhabitants of this district do not habitually eat
Tice., Accordingly, the rice grown in the paddyfields is considered an
item for export. On the other hand, in such a district, where the cost of
water is too high, the cost of producing rice will be inevitably too high,
and it may be very difficult to sell it at a profit. However, when rice
is grown as a staple food supply for the districi, the planting of rice
will itselfvfe stabilized, and combined with its efficacy in salt removal,
systematizing will be complete.

In this way, if rice is planted regularly in the crop rotation systen,
the soil deterioration can he Prevented naturally, and therefore other -
¢rops, such as barley, wheat, beans, and also safflower, Soybeans, ete.,

+in the fields now under test planting, can be produced at a high return,
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As a resulf, effective overall production will be achieved.

To counter the curtailment of water supplied to paddyfield, it is
considered that paddyfiel@s should not be continuously flooded, but that
vinyl-chloride sheets, OED, etc., be used as mulch to conserve moisture.

It must be added that if vinyl-chloride sheets are laid under the
entire surface, capiilary action will be completely blocked between the
upper aﬁd lower soil layers. This obstruction serves to curtail the water
needed for rice growing, and is also the reason for the henefit to general
field planting, as it prevents the salts from the lower layeré of the soil
from rising,

(d) Tree-planting for shade-cover and for windbresaks.

The intensity of solar radiation is extremely strong in the desert.
This intensity may be generally useful for the growing of plants, but some-
times it has proved too strong for some kinds of plants. Also, the fact
that the héat is too intense promotes the evaporation of water from the
surface of the soil with 2 consequent high accumulation of salts. There-
fore it is considered that crops may sometimes tend to inerease when some
shade-cover is provided. For this shade~cover, the method of planting trees
at suitable gntervals is more economical than using artificial screens.

If the suitable %rees are selected for this shade-cover, it is felt
that the solar radiation fgom tree-top height will be‘softened, shelter
from strong winds will be provided, fallen leaves will cover the surface,
which last, combined with its deterrent effect on evaporation of moisture,
will serve as organic manure. In case of tall leguminous trees, the fer-
tilizing propertieé of the root-node can also be taken into account.

v In developing land in oases, Casuarina Equestivolia trees, etc., are
planted to mark the divisions between farms. These trees are also useful

as windbreaks, These trees are arranged in single rows, both in the east-
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west and north-south directions. As mentipned before, 80% of the pre-
vailing winds in this district are from the north reaching, and therefore
it is considered that to atfain efficient windbreaks, the density of the
trees planted at right-angles to the Prevailing wind must be increasea.
It has already been proved in Japan that if we plant trees thickly to wind-
ward, the micro-weather of farms ﬁill considerably'alle%iated, which is a
great help in the cultivation of graing and vegetables,
(e) Improvement of the quality of the soil

With regard to the process of cultivation, first the land is irrigated
to a depth Sf 200~ 300 mm in summer, next the soil is ploughed with trac-
tors, and lastly fertilization and sowing are carried out. The guantity of
fertilizei now used is considerably less than is used in Japan. As an ex-
ample, in whest cultivation, the quantity of superphosphate of lime per Fd.
is 100 kgs and that of nitrogen sulphate per Fd is 15 kgs. It is reported
that the wheat crop in the Baris district is 450~ 900 kgs per Fd., the
averege being 600 kgs per Fd. (the average in Japan is 800 kgs).

As the s0il in the development ares ig cleyey, after being irrigat-
ed and ploughed,. it solidifies into large lumps (aggiomerations), and the
necessary fragmentétion is very laborious. For the burpose of reducing
this work, it would seem that the physical quality of the soil could be im-
Proved by mixing sand with it, If this is done, it is desirable that irri-
gation and plowing be done after covering g1l the.land with sand. Through
this procedure, we can expect the capillary structure of the heavy, clayey
soil to be greatly changed, the dispersion velocity is much reduced, and
consequently the evaporation of water is also restricted.
(f) Proposal to introduce grass ‘ :

With regard to some of the Kharga and Dakhls aress, they are not sched-

uled to be developed as agricultural land, but there is a wide area which
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appears to be developed as grass land. In such areas, the¥e is some amount
of water in a layer 50 cm below the sﬁrface, and if we go 70 cm below the .
surface, there is sufficient water for the growth of plants. In such areas,
if we mulch by using asphalt emulsion, for ingtance, select and sow a type
of grass that will thrive in a dry climate, it would not be impossible to
produce grass-covered land. There may be more of a possibility of succéss
if we apply this method to places such as the western coastal areas where
precip;tation is comparatively heavy, than to try it in the Kharga and
Dakhla areas.

Moreover, if we introduce such plants as lemon grass and citronells,
which providg the raw materials for essential o0il, by applying the above
methoé, we can obtain the veluable essential 0il merely by setting up a
simple distilling apparatus, which will assist in increasing cash income.
In such areas as deserts, where transportation is difficult, such products
as eésential oil, which are of small volume and high price, have a wide
significance.

As water is. comperetively abandant in soil where a plant called abal
grows wild, application of the shove-mentioned method seems very promising.

Moreover, the fostering of grassland will deter the drifting of sand.
(g) Date palms '

Kharga and'Dakhla, together with Bohariya, are famous for théir
dates, end particularly in Kharga, much culti%ation is carried on. The
production of dates in all Egypt is estimated to be as much as 6 million
tons per year, of which this Qasis produces 2,000 tons.

4s one of EGIDO's development projects, a date drying factory of a
4 ton per day capacity was established, and when we visited the place, it
was nearing completion. : -

The process is (1) fumigation by carbon disulphide (CSE)’ (2) wash-
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ing, (3) drying in an oven at a temperature of 140° F and 50% humidity,
(heated by heavy-oil burning boileré) {4) sorting and (5) pecking. The
plan calls for operation of the factory for 6 8 months per year, and from
50 60 laborers are employed.

Egypt desires to export as many dates as possible for sale. TUsing
only the above-mentioned simple process, there is very little feaxr of roi-
ting and deterioration in quality, the appearance of the product is enhanced,
and the value of the commodity is increased. It is likely that superior
methods of manufacture and processing of dates have not been sufficiently
gtudied as yet. As dates are one of the most important zasets of the desert
area, it will be necesséry to increase its value by further study of pro-
cessing methods and its énd uses.

5. ZILivestock and pouliry raising

A great effort is being made to increase livestock’and poultry in
Kharga and Dakhla as well as other areas controlled by EGDDO.

As for cettle, an improvement in breed is now under way by mating the
Bgyptian and Holstein breeds. Cattle of the Egyptian breed produce only
3 4 litres of milk per day, and therefore increased production capacity
is particula;ly desirable.

An effort is being made to0 improve poultry, and by importing Leghorns,
Rhode Island Reds and Plymouth Rocks, better breeds are being raised. TFirst
of all, the Faium, indigenoﬁs to this country, is to be increaséd. This
Faium lays 150 180 eggs a year, and when dressed for eating weighs 1.5
2.0 kgs.

Then there is the necessary equipment, such as incubators, and chick
sexers are now being traine@, with technical aid from Japan on this special-

ty also bheing considered. -

Moreover, turkeys are imported from the Netherlands, and increase has
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already been plamned. There are two kinds of turkeys, white and black, but
the white is considered better because it survives in a hot, dry climate,
and has more meat. They lay about 70 eggs a year, There are now about
1,000 turkeys at the experimental station in Kharga.

6. Repair workshop in Kharge

The development of Kharga and Dakhla depends largely upon meche-
nical power, and a repair workshop operated by EGDDO was established for
the repair of machines for construction use.

The repair workshop consists of two main buildings of skeleton steel
structure, several wooden annexes, and a concrete office building.

The offices, include a room for the manager, one for business, a blue-
print room, and so on.

The two main buildings are equipped with every kind of machine tool,
where the repair of machines and instruments under its jurisdiction is
carried out, and where also simple metal plate work and welding are also
performed,

In the wood~working department in the annex, such commodities as beds
and furniture as well as = foot operated potterts wheel for the manu-
facture of pottery, all to be supplied to the settlement village, are now
being.manuf;ctured. ‘

The machine tools for repair work, such as lathes, planers, and drill
Presses, were imported from Czechoslovakia, the People's Republics of
China; Denmark, Poland, West Germany, USSR, the U.S.A. etc., but not from
Japan,

The number of employees in the workshop is about 300, including
apprentices and 50 technicians.

Construction machinery under its jurisdiction is as follows:

250 vehicles, 50 landlevellers, 50 tyred tractors, 50 caterpillared
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agricultural machines, and 150 tyred agricultural machines.
7. The energy situation .

According to United Nations statistics, thé situation in the U.A.R.
in 1961 was such that if we calculate ifs total energy output in the coal
equivalent, the total production was 5.10 x 106 tons and the total con-
sumption 7.90 X 106 tong, which is equivalent to a 0.297 ton per capita
consumption, This figure is rather low compéred with the international
standard. i

With regard to electric power, the total generating capacity in 1961
was 1,182 X 103 kW, including 350 X 103 kW of hydraulic generation, and

the total electric energy generated is 3.722 X 106 kWh, inéluding 1,012

4 106 k¥Wh of hydraulic in the same year, so"this country may be thoughi
of as one that depends, mainly upon thermal energy and auxiliarily upon
hydraulic. The electric energy consumption per capita per year is 140
kWh, and this is rather less than the international standard.

The above figures refer entirely to the Nile Valley from the Nile
delte to the Aswan Dam, but in the desert areas the population is sparse,
and provision of electrica% energy is also out of the gquestion.

In the Kharga and Dakhle areas, the fuel in every household is
almost all used for cooking, and such fuel as exists there is the fallen
leaves of date palms., Kerosene is also used for lighting,

In the New town and a part of the 0ld town in Kharga, the eleciric
light and motive power are supplied from an electric power station operated
by EGDDO. This electric power is generated by Diesel engines.

e) New town power plant
100 kW x 2 (made by Skoda)
30 kW x 2 (made by G.E.)

Total 460 kW



b) 0ld é;wq power plant

Samg'és New town power plant, that is 460 kW,
c) HNew é%ation under censtruction

460 KW x 3 = 1,380 KW

Aft;; %his new power plant is completed, a) and E) will be abolished.

The électric power generated is transmitted to the town by 3-phase
and 6,60qiéo}t underground cables, where the voltage is stepped down to
220 volté for lighting and 380 volts for motive power and distributed
over aerigi‘lines to the customers. The transmission distance from the
power sta;ion iz within only & radius of 2 kms,

In addition to this power, the following factories are equipped with
their own’power-generating devices. Each factory is supplied with power
by its geﬁerating plant only within its own precincts, and there are no

electrical connections between factories.

'1.0.0. factory 108 kW x 1 (mede by Skoda)
, 80 XW x 2 ( " )
Date processing factory 80 kW x-1 ( n )
Wheat flour mill 80 kW x 1 ( " )
Machine tool factory 60 kW x 1 ( n )
Stand-by: . 60 kW x 2 ( " )

The total power generated is 608 kW, including 488 kW for constant
supply and a 120 kW stand-by.

Besides the Khargs area, there are 140.kW X 3 in Baris and the
same in Dakhla, both driven by Diesel engines.

The fuel oil consumption to drive the above electric generators is
estimated at 2 kilolitres a day, and the barrels of fuel oil are trans-
ported by truck from Asyut Station.

If the generating power capacity should be increased hereafter, it
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_would naturally be economical to uge tanker lorries. It is also considered
that each power generating unit is too small in scale, and that it is very
uneconomical to have them independent of each other, and it is thought de-~
sirable to complete a central power station to unite all the power,

After a power station at Aswan are completed, it may be possible to
connect this desert area with & transmission line, but this idea is not
being very seriously considered at this time. Unless powef consumption in
the desert area becomgs greater, it is felt that it -is more economical to
generate electric power locelly even if it involves transporting heavy oil
than to transmit power from Aswan.

The cost of electric power in the desert area is 3.0 3.5 p/kWh,
(100p = 1 £E), which is higher then in Cairo (1.7 p/kWh), but does not
differ greatly from the cost in Asyut and Suez. It is likely that, to
some extent, political considerations mey affect the charges.

The prices of fuel oils are controlled by the Stete, as follows:

Mobil gasoline, high quality 5.3 p/l
H . low quality 4.7 "
Diesel oil 1.6 ©

Heavy oil o.7T "

It is this policy of price control that benefits repote areas to a
comparatively high degree.
8. Hydrogeology of Kharga Oasis and automatic measurements of water table.
(a) Lacustrine sediments and their soil
1) Previous studies
2) The easfern eséarpment and its group of terraces in Kharga Oasis.
3) The climatic cycle and the oasis lake. ‘ _

4) The evolution of the oasis depression.
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5) The soil and its wind erosion in the Kharga Oasis depression
(b) The eppropriate amount of water delivery, the life of undeégound water
storage and the technique of drawing up water.
(c) A proposal for the adoption of a central office control system by the
use of an antomatic observation device of the water level and its pressure
(the gelf-recording and telemetering of water pressure b& means 6f solar
batteries as the power source)
Lacustrine sediments and their soil
1) Previous studies .
Almost all reports on the geology of the Western Desert are referred to
as "In the oasis depression, the lacustrine sediments are widely distributed.":
H. Idris (1963) p. 19, A. Shata (1959) p. 86, R. Anwar (1954), A. Samei (1956),
V.A. Kovda (1958), A. Shata (1959) has particularly referred to this as follows:
"Younger Fleistocene strata consist of aeolian deposits, lacustrine sediments
and Piedmont piles. (colluvial phase. )"
It has already been recognized by many scholars that these thréé kinds
- of accumulations, mixed with weathered products of the Nubian type sandstone
and shale, are the base of the so0il of the oasis depression -- the most im-
portént of the three being the lacustrine deposits.

"These deposits have been considered, since Beadnell in 1909, to be the

sediments in prehistoric fresh-water lakes and their distribution extends N-S
in the northern part\of the Kharga depression, and their total area amounts
to as much as 350,000 hectares. The 10,000 hectares of cultivated land
around Kharga are naturally included in this area. The soil is clayey, con-
taining 0.2 - 17% of calcium carbonate (CaCO3). The clayey soil contains
salts; as usual, and these salts are deposited in thin layers, showing the

variation of meteorological conditions since the Pleistocene up to recent
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timés. The soil of this ocasis contains fairly large amounts of zirconium,
tourmaline and rutile, ingredients common in the Nubian sandstone formation."
2) The eastern escarpment and its group of terraces

The writer has made the following observations at the escarpment east
of Beris Village (the height above the depression is about 200 m). We were
favored by Dr. A.Shata from the Desert Institute for accompanying and direct-
ing us. It must be added that conclusions reached on the evolutional stages
of.the terrace group express only_the present writer'!s opinions. A sketch
section of the outcrop of the escarpment to the east of Beris, Khargs QOasis.

Owing to an intensive dissection, the high level terraces are now éimply
a number of promonfories along the slope. The fact that these are arrange&
laterally on ledges covered with a conglomerate bed (2bout 3 m in thickness)
of boulders may indicate that these were once piedmont terraces developed
along the lake shore at the foot of the mountain.

Among low-level terraces, thers are few sedimentary terréces with
boulders, but, beyond our expectations, frequent eroded t;rraces with exposed
horizontal layers gf formation some low-level terraces from conspicuocus promon-
tories, extending for several kilometers into the oasis plain. It is remark-
able that the strata of low-level terraces, consisting of weathered and soff
sandy shale, purple shale, etec., should retsin this topography. It is likely

that these low-level terraces must have been formed along the shore of a lake
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of a comparatively younger age.

A1l deposits of the bottoms of former lakes, along whose shores the
above stated high and low terraces formed, seem to have disappeared these
days in the oasis depression, leaving only a vestige in the terraces at the
Toot of the mountain. The so-called lacustrine sediments which at present
thinly cover the surface of the oasis depression may be the deposits of a
lake which has only recently disappeared.

It must be coﬁsidered that such cycles of lacustrin? sedimentation are
not only important in the theory of soil genesis but also they suggest the
genesis and stages of growth of the oasis depression itself.

3) Climatic cycle and oasis lake
The boulder 1éyer on the terraces is about 3 meters in thickness, and
tightly cemented together., On the surface outcrop, a piece of the most
interesting limestone Dreikanter has been found. This is a Dreikanter 8 cnm
in diameter, a subrounded cobble stone, with its eadges more or less worn
away.

The cobble is beheaded on one of the apices of its three edges, having
long been exposed on the surface; the new surface is polished smooth by recent
wind erosion. A% present, on top of the plateaun of Eocene limestone, many
typical Dreikanter are found. These cobbles are likely fo have resulted
from such a process as, firstly, Dreikanter were formed by wind erosion on the
plateaun; secondly, they were washed down, during occasicnal downpours, over
the edge of the escarpment into steep gullies; and‘finally, after being
partially worn down by water erosion, they formed gravel beds and then
conglomerate beds on the surface of terraces. On outcrops of the conglomerate,
wind erosion resulted in beheading, and iﬁ is considered that they must have
been formed in this manner. These facts elearly explain the climatic cycle

of dry - wet - dry periods. Along with such climatic cycles, the appearance

s
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and disappearance of the oasis lake has been repeated.

On the limestone plateau near the entrance of the Kharga depression on the
Asyut highway, there are sporadic nodules of siliceous limestone within a range
of several hundred meters. This nodule is oval in form the major axis being a
few scores of centimeters, and called a "desert melon". Along one edge facing
north, radial grooves have been carved out in such a mammer as to graduaslly
sharpen the edge. This is due, at present, to sand blasting by the strong pre-
vailing wortherly winds. The limestone layers on the plateau had been dis-
solved and left many complete nodules on the surface before the action of the
gand blasting on the nodules. However, during the course of the dissolution,
these nodules were not affected by sand blasting as they bscame exposed very
gradually. This fact is also evidence of the climatic cycle; dissolution --
wind erosion, that is, humidity -- aridity.

4) ‘The evolution of the oasis depression
It has been known from the ehove-mentioned examples of Dreikanter and
nodules that climatic cycles have always occurred. It is zlso evident from &
certain number of terraces that lakes have repeatedly emerged and disappeared
in parallel with climatic cycles.

This leads to the conclusion that the fundamental causes of the growth
and formation of the oasis depression are, "firstly, that water erosion pro-
ceeds, accompanied by‘dissolving action during the humid period, and next,
receiving the effects of wind erosion during the dry period, the brittle por-
tions of sediment must have been scored away," Alsec, in the limestone ouicrops
on the escarpment, beehive-shaped holes are often found, and this fact reminds
us of the dissolving action of dew, Also, as the altitude above sea level of
the depression decreases, the water yield of casis springs grow greater, and
this fact not only helps to increase the water level of the lake, but has
kept the lake bottom wet, and prevents differentizl wind erosion of such brit-

tle layers as that in Kharga, and consequently, it seems to us, sexves to keep
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them comparatively flat.

In short, it is likely that as long .as the dry climatic cycle continues,
the oasig is not replenished with deposits, but is ever doomed to be scoured
away deeper. It is also acknowledged that in areas where soluble material,
such as limestone, chalk, etc. are particularly abundant, development is great-
ly promoted. It is considered that the reason for the bottom of the oasis de-
pression being kept pérticularly flat is due to the powarfﬁl underground water
under high pressure from the Nubia sandstone formation permeating, and prevent-
ing the differential scoring by wind erosion. ‘

5) The soil of the Kharga oasis depression and wind erosion
The aree at present under reclamation in the Khargs ocasis depression is
5 - 80 meters above sea level. The brittle Uppermost Cretacecus purple shale
is exposed there, or covered only by a thin layer of soil, The soil consists
of & mixture of the so-called lacustrine sediment, aeolian sand and weathered
products in situ derived from purple shale,

Considering the growth history of the oasis depression, the lake water
had left lacustrinejsediment, but these deposits had been aslmost completely
scored awey by wind erosion in the subsequent dry period. Moreover, as the
wind erosion further reached the brittle rock of the basement and increased
its depth, the depression graduslly become expanded horizontally.

Therefore the oasis depression was originally an unstable place for
deposits, which oceupy the place only temporarily. This can be understood
from the fact that the later Tertiary to older Fleistocene strate can herdly

be discovered now in the central part of the oasis depression.



The soil of the Kharga Oasis

Ingredients Distribution Soil
Products of wind erosion depression of . sandy loam,
residuals in situ of gentle, slope loam
purple shale
same as above, bui hill slope loamy sand
slightly sorted
residuals
same as above, transported depression loam
end redeposited after
sorting
aeolian sand sand dune (thick) drift sand

whole area sand, loam, ete.

(mixed with others)

It is considered that the most suitable areas for cultivation are hill
slopes and depressions of loamy sand and sendy leam. In particular, hill
slopes of loamy sand have been irrigated frequently from ancient times, but
this tendency is likely to decrease at present, due to intensive wind erosion.
The cause is probably the gradual decrease in the supply of water for irriga-
tion. In relation to this, however, it mey be necessary to invetigate the
sociclogical history of sgriculture and use of land in ocases since 1,000 -
2,000 years ago.

6) Appropriate water delivery, life of underground water and production
technology.
In relation to the geologic structure, and hydrogeology of the New

Valley, recent investigations have been published by the following authors:

M. A. Ezzat  (1959), (EGDDO, UAR)

P. BE. LaMoreaux {1959, 1961), {104, USA)

M. I. Pavlov (1959, 1961), (UNESCO)

R. A. Higazy & A. Shata (1960) (Desert Inst., UAR)
A. Shata (1961}, ‘ ( " )
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H. A. Weik & H., Idris (1961), (EGDDO, UAR)
M. A, Ezzat & M. K. Ayouty (1961), ( n)

M. A. Ezzat (1962)

As & result, an estimate of the underground water budget in the entire
Khargs oesis srea has come to be made, (Ezzat, 1962). On the other hend,
EGDDO of UAR hes drilled about 140 new wells as deep as 200 - éOO meters in the
three years since 1959. '

From the results, such items as follows have graduaily become clarified:

1) shape of piezometric surface;

2) transmissibility;

3) hydrostatic pressure, water yield, and

4) tendency of decline

Things are currently at the stage when fundemental inrestigaéions are
being carried on, together with construction work. Under the present circum-
stances, the ultimate hydrogeologic problems that EGDDO is now facing are the
amount of a safe or appropriate delivery and the life of the stored water,
Moreover, there is the problem of delivery engineering amongst those of con-
struction. Therefore it is urgent to learn as soon as possible the rate and
cauges of decline of the water yield.

The water yield of new wells has shown a decline of 3(¢%h one year after
completion and ebout 50% or more five years after completion. Also, the water
level of some wells has been lowered by a2 maximum of 200 cm per yeer.

The points at steke can be classified as follows:

1) rate of decline of water pressure;

2) materials for gnti-corrosion screens and casings;

3) aggregate transmissibility, (advantage or disadvantege of tapping a

- 38 -



numbér of aguifers with different pressures, individually or collec-
tively).

Although item 1) belongs to hydrogeology, items 2) and 3) are problems
coming under hydraulic engineering. In felation to item 1), the non-flowing
wells in several spots are used as observation wells, equipped with self-
recorders for measurement of hydrostatic pressure. Accerding to these records,
the water level of wells has shown a twice daily ebb and flow, the difference
between high and low being 35 cm, which corresponds to that of ocean fides.

In addition tc this daily variation, & steady decrease has been evident in many
cases, but in others none can be detected. Sometimes the decrease reaches a
maximm of 200 cm per year. As regards all the artesian wells or springs,
these have been equipped with notched markers in the well-head tank for the
measurement of the amount of discharge. Since 1961, smzll manometers have
heen attached to the Christmas trees around about ten wells, and by these
means the hydrostatic pressure and recovery time after valve closure can be
measured, and thus the equifer tests are being performed. Although all the
flowing wells are natural springs, at present, it is considered that it will
eventually become necessary to draw water by pumping. We have seen that one
of the new wells, completed lately, is equipped with aluminum screens with
saw-slots, which we heard were designed with the thought that it would become
necessary to use pumps in the future.

As regards item 2), researches were quickly made, both at Kharga and at
the Cairo chemical laboratories. The screen now in use is 6" 5/8 in diameter,
and its total length is as much as 300 meters, in the longest case, for one
well. The cost of the screen amounts to 25% of the average expenditure for
the construction of a well, and renewal is difficult in case of corrosion, and
these facts heavily affect the efficiency of a well and eventually the cost of
water. Along with the studies on the problems of type, material and diameter

of the screens, the possibility of entirely dispensing with screens in the
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cage ol some aquifers, is also being investigated.

Ag regards item 3), the problems have been shared recently (1963) by
hmerican technological aid experts, and are now under on-the-spot investiga-
tiom. American experits mentioned a new idea that "either.individuval or col-
lective delivery does not meke any difference after a sufficiently long period
of time," and brisk discussions are being carried out among the experts on the
spot.

{(d) A proposal for the adoption of a central office control system by the
use of automation for the observation of the water 1evel‘and pressure. (The
gelf-recording and telemetering of water pressure by means of solar batteries
as the power source)

With regard to such problems as the water budget, the limit of exploita-
tion etc., of the oasis in the New Valley Project, Mr. H. Idris, the Chief
Engineer, has stated as follows:

"In the reclamation project to utilize the underground water of the Nubia
sandstone formation in the Western Desert, it is necessary to study correct
data on the foilowing itemg: daily yield, source, storage, decrease i? rate
of water pressure, period to free flow stoppage, economical limit of project,
artificial increase of water pressure in the project area.

As it is by no means easy to analyze such complicated hydrogeclogical
conditions, it was decided to try 'electric analog model experiments! for
obtaining the needed data as soon as possible. We have requested Arizona
University to study these problems by using 1/500,000 model, including such
neighboring districts as the Sudan, Libya ebc., and these preparatory experi-
ments have already been finished; but it has further been decided to make a
1/250,000 model to obtain more detailed data. "

It has already been mentioned that the decrease in the rate of the quan-
tity of water delivered by new wells is high, and the most important cause of

all seems to be the decline in hydraulic pressure. As mentioned before, EGDDO
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has already equipped several non-flowing wells with water level self-recorders
(mechanical self-recording apparatus by use of floats), and also about ten
flowing wells with monometers fixed on Christmas trees. By these means for
measuring the static pressure head and the recovery time, aguifer tests are
being performed.

In order to expand the water pressure observation network, EGDDO has newly

prepared to drill a number of deep wells for observation, as follows:

southern part of Khargs 3 - 4 wells
area between Asyut and Kharga 1 well

west bank of the Nile 3 - 4 wells
area between Kharga and Dakhla 1 well

in and around Dakhla several
Farafra, Baharia, Siwa several

Of all the above-mentioned plans, in November, 1963, when our survey
mission visited the plateau on the road between Asyut and Kharga, an observa-
tion well 1,200 meters in depth had already been drilled by an Iialiasn drill-
ing company, and was nearing completion.

Such being the case, as the decrease in the rate of water pressure is one
of the fundamental problems for determining the economical limit of exploita-
tion, it is considered desirable ito record these data as précisely and suc-
ciently as possible, Therefore our survey team has proposed trying the follow-
ing automatization. (Refer to report "Telemetering and recording of flow and

level of wells at the central station".)
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IIT. WADY NATROUN

Wadi Natroun is the name of an ovael-shaped depression of 121,000 feddans,
situated northwest of Cairo and’midway of the 220-km desert road between
Cairo and Alexandria. The depression lies to the west of the road with its
50 km length almost parallel to the road, and is 5 to 10 km wide. The lowest
point of the depression is 7 m below sea level. The general lowland area is
about 50 m below the rim of the depression. A series of -salt-water lakes
occupies the central part of Wadi Natroun.

1. Hydrogeologic Problems

A contour map of the piezometric surface of the water in wells in the
area between the Nile Delta and Wadi Natroun is already available. The
piezometric surface is about 18 m above sea level at Cairo and descends
gradually towards the coast. One notes that a sharp ridge of 8-4 m runs
along the Nubaria Canal. On the northeast side of the canal, the piezo-
metric surface slopes down gently towards the Mediterranean Sea, while on
the southwest side it descends steeply towards Wadi Nairoun. In the north-
eastern part of Wadi Natroun the surface is 2 m below sea level. This mey be
good evidence of the fact that the Nubaria Canal plays an important role as
2 source of underground water, There is no doubt that the underground
water of Wadi Natroun originates in the Nile Delta, but there are several
differing opinions as to the route taken by the water, The following are
the three main speculations:

1) In the lower portions of Wadi Natroun, wells have to be dug through a
400 m-thick sand layer containing water., The layer of sand and the
stone stratum below it spread as far as the Nile Delta. -

2) An old river bed lies buried between Wadi-Natroun and the Nile Delta,

serving as an underground water channel.
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3) The underground fault running from the barrage where the Nile divides
into the Damietta and Rosetta branches, to Wadi-Natroun, is the route
taken by the underground water.

2. Agriculture

The water table in Wadi-Natroun is 0.5 to 2 m below the surface of the
ground. As water rises to 0.3 to 0.5 m below the surface by capillary
action, the problem is how to grow seedlings until the roots are long
enough to reach the water. Flooding by sprinkler irrigation is now used to
solve this problem. It may also be helpful to cover the ground with a thin
film of vynil, a kind of polymer, éo prevent evaporation of surface moisture.

Farms are usually surrounded with casuarina trees for shelter from
violent winds, More effective results would be attained by planting the
trees more densely on the windward side.

Wheat, barley, onions, tomatoes, castor beans (for castor-oil), water
melons, citrus and olive trees are planted in this area. Tt would be

worth while to try growing aromatic crops, such as lemon-grass, in adjacent

areas.

3. An Unattended Lighthouse Powered by Silicon Solar Batteries

In accordance with the G.D.D.0. proposel, we erected an unattended
lighthouse for desert travelers in Wadi-Natroun as one way of using solar
batteries in the desert. Silicon solar batteries are already used in
lighthouses on the coast and in repeater stations in the mountainous aress
of Japan. This is the first time solar batteries have been used in desert
areas, and this field test in the desert will give us the information
necessary to develop solar batteries for areas where solar energy is almost
constant.

During daylight hours, the solar batteries deliver electricity to charge

the storage batteries which, in turn, automatically light the lamps during
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the night. .

P
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As is seen in the photograph, the lamphouse and solar batteries were
fixed on the 16 m-high roof of the G¢.D.D.0. office. The combination of
T-watt solar batteries and the Ni-Cd storage batteries can deliver suf-
ficient power to operate the lighthouse for two weeks even under unfavorable
weather conditions. The signal light was visible at a distance of 10 km at
night. With a higher lighthouse, the visibility distance would be increased.

Especially in desert areas, solar batteries are expected to be used,
not only for lighthouses but alsc for communication systems, telemetering

equipment, and so on.
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IV, NORTHWEST COASTAL ZONE

The Northwest Coastal Zone is a narrow strip 6f 1land extending westwards
from Alexandria to the Egypt-Libya border along the coast of the Mediter-
ranean Sea. The Government of the United Arab Republic have drawn up an
irrigation project for this zone, under which productive land is expected
to be created by extensive irrigation, as follows:

Arable land along the coast line ..... 20,000 Pd.
Grazing land ...........cvvivvvenn.... 60,000 Fd:
Total ....vvvuviiiiiiiinsnsa... 80,000 Fd.
The area involved in this current project measures 499 kilometers in
length, but its width varies from place to place.
1. Irrigation

In this area, there is no means of obtaining fresh water other than
from shallow wells., One cannot draw fresh water from such deep wells as
are widely used under the New Valley Project. Deep wells produce only salt-
water. This is because the underground fresh-water stratum lies over salt-
water. In this vast area there is no available source of potable water
other then the shallow underground fresh water stretum and the rainfall,
which is very scanty. .

2. Utilization of underground fresh water

It was observed that in order to irrigate the area underground fresh
water was being pumped up by windmills from independent shallow wells or, in
Some cases, from shallow wells connected to each other by underground tumnels
at points near their outlets. The 1attér methed is known as the Kandsak
system.

The use of windmills is due to the fact that the salinity of the water

Increases when any large amount of water is pumped up at one time from the
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underground fresh-water stratum. Andther reason may be that no cther
“suitable power sources are available there.

3 of water per day, and by

One windmill is capable of rais;ng 10 m
operating 6 hours a day this can irrigate sbout 10 Fd. of arable land where
olive and fig trees are cultivated.

3. Rain-water Storage

It rains very seldom in this area, but when it does it comes down in
torrents. Former generations saw the«necessity of storing the‘water from
these scarce but’heavy rainfalls, and during the Roman era a number of
cigterns were built throughout this area. It is said that there are still
the remains of as many as 10,000 of such Roman cisterns. Some 300 of them
were later reconstructed and are now in use. -

Qur survey team encountered a heavy shower during its stay in this area
and one of these Roman cisterns was filled up with rain-water. We under-
gtand that there is a cistern capable of storing as much as 1,000 m3 of
rain-water., It can therefore be understood that these Roman cisterns
contributed a great deal toward the irrigation of this area.

4. Cultivation of Underground Water

The true origin of the undergrbund fresh water stratum should be
discussed from various aspects. From various supporting evidence, however,
it does not seem logical to conceive of any contributing factor other than
rain-water and/or dew.

The site chosen for the current UAR Government development project
happens to have, at its rear, a vast platean. Therefore it is expected
that the amount of underground water will increase by natural drainage of )
water from the plateau to the underground fresh-water stratum.

It would of course be possible to convert water draining from the

plateau to underground water by inundating the lower plains with this water
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so that it will seep through the ground. A diversion project based on this
principle is being implemented. Howeéér, it was observed that a considerable
portion of the rainfall appeared to flow down to the sea with & minimal
quantity infiltrating the soil when a heavy rain fell in the area during our
visit there.

We therefore studiéd a method of utilizing the plateau water as ef<- ... ‘
fectively as possible. The following is our recommendation:

The plateau slopes gradually to the lower plain. It is suggested,
therefore, that as great a part ;s possible of this gentle slope be utilized
as a permeation surface. A possible method is to terrace the slope in
parallel contour lines and build a ridge of a suitable height on the outer
edge of egch terrace, Such walls are usually 30 - 45 cm high in Japan.

Terraces so formed may be used for farming and will be irrigated after
the Contour irrigation system by water draining from the platean. It will )
be neéessary for the surface soil of the terraces to be turned and softened
by ploughing should it be loamy. This is because loamy soil is practically
impervious to water in ifs natural state, while it has great permeability “

when ploughed and harrowed.

Figure 1 illustrates the above idea.

Fig., 1
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The rain falls in brief but heavy showers in this area, and the discharge’
from the plateau changes rapidly. As a result, there might be some dif-
ficulty in obtaining a consiant supply of water from the so-called dry
streams or wadis. In order to obviate this possible difficulty, it is
reconmended that a number of over-flow type intaske dams be constructed
across the dry streams, preferably in their upper reaches, as shown in
Figure 1. Water will be held by these dams and led into the terraces, first
from the uppermost dam and then from the dams on the lower courses, according
to the rise and fall of the water. In this mammer it is expected that water
led into terraces in winter will contribute effectively toward increasing
the vnderground water by its gradual seepage into the soil. This method
not only provides more arable land but also prevenis erosion of the plateau
slopes and the dry streams cutting downhill. There will be fewer floods on
the lower plain, whereby mo;e productive utilization of this plain will be
achieved.
A study should be made from & different approach on the conservation

of underground water., Dew has another importance. While at Marsa Matruh,
our survey team carried out an observetion of the dew on a sand dune on the
sea board, at 6 o'clock on the morning of November 20, 1963. At a temperature
of 18°C and & humidity of 100%, it was observed that the surface of the sand
dune was moistened by the night dew. The surface of the sand was moinstened
to a2 depth of 5 - 10 mm, below which the sand was dry. Tbe water detgcted
seemed to correspond to a& rainfall of 1.0 mm.

© This moisture evaporated as the sun rose. On the assumption that the
moisture dissipates into the air simultaneously with its downward penetration
of the soil, it can well be imegined that underground water will be-increased
by the dew. It was evident, from an observation conducted by Egyptian

scientists on 2 sand dune at Berg-el-Arab, thaet the guantity of underground
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water drawn up was greater than provided by rain. In another experiment on a
sand dune at El Arish, it was found that the daily yield of underground water
from dew amounted to 2 mm.

These phencmena are the subjec£<of further study, and we believe that
the UAR Government development project of this area will be greatly
facilitatgd by throwing light on various phases of such phenomena.

5. Acquisition and Maintenance of Potaﬂle Water

Olive and fig trees grow even in places flooded by water of considerable
salinity, for instance, some 13,000 ppm. However, such water is not potable.
Potable water must be less than 800 ppm in salinity. Therefore there are
many places where plants will grow but practically impossible for human
beings to survive.

4 6-inch-diameter water pipeline is laid between Alexandria snd Marsa
Matruh for the supply of potable water from the former to the latter, these
places being 289 kilomete;s apari. Water from the Nile is, after
purification, carried to Marsa Matruh through this pipeline.

This speaks eloguently of the great need for good potable water in
this area, and such need is of particular poignancy to people who are unable
to enjoy the benefits of the pipeline.

In order to work out a solution to this problem, our survey team
brought an earth water collector unit to Marsa Matruh. The device, which
works on the principle detailed in the attached pamphlet*, is eipected to
prove effective in obtaining good potable water with comparative ease,
thanks to the almost constant sunshine at Marsa Matruh, if it is installed
in such places as the hOliOWS between sand dunes or on damp salty ground.

Dr. I. Sharkawi of the EGDDO!s Marss Matruh Laboratories agreed
with us on the above, and promised to carry out a series of experiments at

his laboratories.
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In the meantime, Dr. Sekr of NRC had been making experiments to obtain
potable water through the use of solar energy. We left four earth water
collector units in his care to assist his further experiments.

It is earnestly hoped that the de&elopment of this arid area will be
expedited as a result of our success in obtaining potable water which we
bhelieve can be attained as described above.

* A Method of Obtaining Wat;r in Arid Land

M. Kobayashi, Solar Energy Vol VII No. 3, July, 1963
6. Plant Cultivation

Barley and wheat are widely cultivated in this pert of the country
where the soil is celcareous. Experimental cultivation is also being made
of olive, pear, almond, pistachio and fig trees, grapes, carrots, dates,
etc. Olive saplings, in particular, were being distributed to intending
farmers.

Plantations were established on the tablelands of some big sand dunes
for the cultivation of grapes, figs, and dates, and it was observed that
melons and tomatoes thrived as catch-crops with the above trees.

Qur survey team also saw date palms growing wild at the bases of
seaside sand dunes. ‘There seemed to be a possibility of transforming such
sand dunes to date farms. In Kuwait an experiment was being made to create

a forest in a bleak desert by using the earth water collector principle.
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V. SIWA OABIS

For two days from its arrival at Siwa on the evening of November 22,
1963 to the time of its departure on fﬁe morning of Névember 25th, the survey
team conducted various investigations at this place. The following are some
observations relating to the subject matter: ‘

1. Terrain and soil

The terrain slopes gradually down to Zeitun Lake and the soil is sandy.
There was a heavﬁ'rainfall of 16 mm oﬁithe evening of November 23%rd. It was
observed that despite the sandy soil, permeability did not seem to be good.
There were many muddy poo}s here and there even at the time of departure
from Siwa on November 25th. Lumps of chemicals forced out of the ground,
which are called "Karshif", were observed with particular intefést. It is
possible to guess the strength of these lumps from the fact that this material
is used as plaster for houses. On the other hand, it is also conceivable
that they are soluble in water, because many houses collapsed after a two-
day continuous rain in 1925. "Karshif" was found to be more plentiful in
the higher plains than in the lowlands,

The survey team was very much interested in the chanées in the water
level of Zeitun Lake. However, concrete details were not available, inasmuch
as there was no record of observations kept regarding the water level.
Further, there appears to be no plan to keep such records in future. Without
such records, it is possible to map out development projects or to drain the
land for desalinisation.

2, Underground Water

Underground water seemed to be quite abundant. The team was informed
that the guantity flowing from artesian wells was much greafer than that
needed for present use. The survey team inspected about 10 wells and found

the following:
-5 -



(a) The team found no water which was not potable.
Although time did not permit of carrying out investigations as to the
quality of the water, it was observed that various kinds of vegetables were

growing around uncurbed artesian wells which looked like ponds..

Further, in agricultural experimental stations or ﬁrivate farms, good
results were observed. If the quality of the water were bad, such good
results could not be attained. The team was informed that the water in
Siwa was strongly saline. Judging from the above observation, it is assumed
that some wells are of good quality and some are bad.

(b) The altitude of the well sites seemed to be from 10 to 15 m higher than
the level of Zeitun Lake.

(c¢) Two wells out of three found near Zeitun Lake, which we observed on
November 24th, were those with bountiful springs. It was assumed that the
water flowed, at a guess, at a rate of about 50,000 m3 per-day. However,

much of the water was not utilized and flowed down to Zeitun Lake.

3. Status of Agrioculture

Good crops of various kinds of vegetables were reported at the
agricultural experimental station which we visited on November 23rd. "It
was also observed at a private farm on November 24th, that good results were

attained in cultivation of agricultural crops over a long time.

=52 -



The above proved that this area could be developed as arable land.
4. Improvement of Saline Soil

nIt was assumed that soil conditions ‘seemed to be better in the higher
altitude areas than in the lowlands, inasmuch as "Karshif" is not found
higher up. However, from the standpoint of irrigation and drainage, the
lowlands would be more suitable, although a greater quantity of "Karshif"
is present. Therefore it is recommended that the lower altitude areas,
rather than the available wells, be considered for agricultural development,
in case mechanical facilities such as pumps, etc., are not used.

Secondly, detailed iﬁformation on the present use of wells snd the
effects on the growth of agriculiural plants shou;d be provided by conducting
a survey on the quality.and éuantity of yield{of individual wells.

As a result of the above survey, it should be possible to clarify the
quality of water and the present status of its use. The above information
is a good basis on which the overall deveiopmen£ plan can be worked out.

However, recommendations are made, not on the overall development
problem but on limited problems, based on factors which the writer obtained

from' the present survey.

éhe following processes are considered as a means of improving the
saline soil.‘

(2) Remove saline lumps, such as "Kershif", forced from the gﬁound.
(b) In case hard-pan is found, which may be deleterious 40 the growth
of vegetables, it is recommended that this be cut or cracked by using
a panbreaker.
(c) Desalting irrigation should be carried out.

A suffiéient quantity of irrigation water should always be kept

on the surface of the soil in order that it may gradually seep through

the $0il by natural drainage.
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(d) Draiﬁage.

Dig drainage ditches about 1 m deep, at a sharp slope so that
water can be drained easily.

As it is easily deduced, the above recommendationgucan be eaéily put
into practice. For instance, the well observed by the writer on November
24th yielded about 50,000 m5 of water per day, but no§ much use was made of
it all, a great deal being allowed to flow away to Zeitun Lake. It is
considered that it would be easy end useful to conduct some experiments on

a small scale by utilizing this water.

5: Control. of 0ld Artesian Wells

It is understood that EGDDO is now plamning to utilize fresh water
held under high pressure to be found in the "Nubian sandstone" stratum which
lies beneath the Post Nubian stratum by having deep wells sunk to the Nubian _
sandstone stratun. A4ccording to a cross-section graph attached to the
Parsons Report, it is said that tﬂe fresh water stratum in the Nubian
sandstone layer under Siwa is 2100 m in thickness and lies from 400 - 2500 m
underground. At present, fresh water held in the Nubian sandstone stratum
has partly risen into the Post Nubian stratum and thus lost much of its
static hydraulic pressure., It flows in springs contaminated unit saline
material. Therefore, it is believed that ifrigation of the slope (average
width 10 Km) lying between the plateaun and the lake shore will be sﬁccessful,
in case water is conducted to the high terrain by utilizing the high
hydraulic pressure of deepuwells (7400 m). Before completing these deep
wells, it is preferable to close some wells of bad quality'or to control
the flow from such wells as are not in present use, due to their high
location, out of the existing 200 springs rising from the Post Nubian

stratum. Thus the number of wells used should be minimi%ed. In order. to
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control the yield of well watef, it is suggested that flow be controlled by
raising the well cribs by piling up stones or making concrete curbs.
6. Industrial utilization of saline watér and saline deposits

An analytical study of the quality of four samples of water shows
that Mg/Ca tends to increase in accordance with the increase in TSM as
follows:

Sample 1 Sample 2 Sample 3 Sample 4

TSM (ppm) 2,560 8,760 22,060 30,176

Mg/Ca (hardness) 282/346  1,720/760  2,800/800 3,640/840
Of the lakes in Birket Siwa, it is reported that the highest density found
in some of them.registered 350,000 ppm, which was higher than the 315,000
ppn of the Dead Sea. Although the method of analysing the elements and the
K content are not clear, it is assumed that some elements may be present
which can be used as magnesium brine, judging froﬁ the findings in the above
table.

It is considered that the saline .soil is a mixed impurity formed by
gypsum end salt. Therefore it is doubtful whether they would be useful as
industrial raw materials. However, in case arable land can be developed
after removing the saline soil it may be of great value to make a positive

study of the use of gyﬁsum as a source for ammonium sulphate, sulfuric acid

and Portland cement.
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VI. BAHARIYA AND FORAFRA OASES

1. New wells dug by EGDDO

After World War II pilot oil wells (about 2,000 m deep) were sunk by
the Sahara Petroleum Company in the northern part of the Bahariya lowland,
which have proved very useful for clarifying the underground siructure of
that area. (See illustration in the preceding Chapter. )

Recentl& EGDDO drilled 9 new wells (200 - 300 m deep) in and aroﬁnd the
‘ northern lowland of Mandisha Village. The lowland was once the bed of a
lake and even now there is a podi in one corner, Its altitude is 99 -

104 m above sea level, the piezometric level being 127 m, and therefore
underground water gushes out at a pressure of 1.8 - 2.6 kg/cmz. Some

wells in this. area produce muddy water containing bluish-white colored sand
when their valves are opened, forming tall heaps 6f sand around the well-
heads.

In drilling new wells (200 - 300 m degp) at‘Bahariya, strong emission
of underground water always occurs at a comparatively shallow level.
Therefore, the specific gravity of the circulating muddy water to be used
in drilling wells must always be high. We understood that there had been-
two "blow-out" accidents caused by the use of water of low speciﬁ¥c gravity.

The daily yield of water from an ordinary well amounts to 7,000 -
8,000 m3, while the best wells produce as much as 12,000 m3 of water pef
day. For example, the 300 m Maser No. 1 Well, whose mouth is 99 m above

3

gea level, produces 12,000 m” of water at a pressure of 2.6 kg/cmz. This
well was constructed at a cost of only £E8,000 (¥8,000,000).
Lowland wells are all intended for the measurement of underground

hydraulic pressure and are not used for irrigation. On the other hand a

few villages, including Mandisha, have been in straitened circumstances as
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old wells ran dry and the date palms withered. In order to extend a
helping hand to the people of such arid villages, reclamations are being
carried out on old wells and simul taneously land ﬁrovided with new wells
are being reclaimed at the foot of a nearby hill,

At any place where the altitude is over 120 m; for instance at the
foot of a hill, underground water has to be pumped up inasmuch as the
piezometric level is about 127 m, and accordingly productive artesian
wells are very scarce. In the case of z Tepaired well at Mandisha, its
usual water level is close to the ground surface, and a pump was employed
to raise the water at a rate of about 3,000 m3 per day.

At the foot of a small hill rigsing between Bawiti and Mendisha and
of some northerly basaltic tablelands, there still remain terraces which
represent the receding shoreline of an old lake. These terraces are
composed of horizontael strata of lower Cretaceous variegated shale and in
some places there are sandy mudstones on them. It is assumed that these
mudstones were formed by the lacustrige sediments deposited during the
Diluvial age. TFurther, the fertile soil which is often found on the
gentle slopes skirting a hill is supposed to be lacustrine sediments of a
later stage whose material is derived from weathered sandy shele and/or
sandy mudstone and géts deposited undergoings the action of sorting to
some extent. In the northern lowland plain near Mandisha where new
experimental well were sunk, a thorough study of the deep soil could not
be made because the surface of the ground was covered with drifted sand.
It is assumed that the nature of the deeper layers of soil in this pare
would decide the success or failure of any future development projects.
2. Hydrogeological comparison with Dakhla and Khargs Oases

The following Table 1 shows the rough estimate of comparative

potentiality of artesian underground water storage from the four major
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oases?s

Table 1
Altitude of Altitude Width and Thickness of (4 - B)
plezometric of length of Nubian sand- xTxD
level base base stone stratum
(Rough
Qasis A B C D calculation)
(In meters) (Tn kilometers) (In meters)
Bahariya 130 100 30 % 60 2,000 1
Farafra 180 50 100 x 100 2,000 . 25
Dakhla 145 20 35 x 150 . 1,000 6
Kharga 75 30 60 x 150 700 3

It may be essumed that
A - B (a) is approximately proportional to the piezometric pressure,
and so is
C xD (b) to the quantity of underground water storage.
The figures at the extreme right are calculated by multiplying (z2) into-
(b) to obtain coefficients ¥epresenting the order of scale of the four
oases. Even teking into account a 20% error probability in respect of
each figure in that column, the above order will show no change. The
coefficients may be used for reference in assessing the approximate order
of importance of each oasis although an exact comparison of its utility
value should be decided upon afier accurate data are obtazined on the area
of each oasis, the transmissibility of the aquiferous stratum and the
quality of the underground water from different horizons.
According to the Report by R. M. Parsons & Co. (1961 - 1962), the
underground water resources of the vast desert which covers the western

resion of Egypt, were estimated as follows:
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"Underground water to be recharged to the Western Desert:
355 x 106 mB/year

Underground water drained from the WEséern Desert:
1,850 x 108 m5/year

Balance (Loss in quantity): " 1,495 x 108 m3/y‘ear

The above calculation elucidates the situation to be mining

of underground water resources but that of an exceptionally

large quantity of water resonrces.!

Above figure for the underground water recharge into the whole area
does not differ very much in quantity from that calculated for the Kharga
Oasis (0.89 x 108 m3/day according to Dr. Ezzat). This proves thaet this
kind of estimate involves great difficulty., In any case, to say."a
mining of exceptionally large quantity of water reserves" would be putting
it properly, and the Farafra QOasis and the Dakhla Oasis, the second
largest, are particularly blessed with abundant underground water,

There are various points which should be clarified in order to
evaluate the estimated quantity of underground water resources in more
detail. Omne such point is the change in the lithology found in the
"Nubian sandstone formation" and that in quality of the water held therein,
as the thickness of the Nubian sandsitone stratum grows in some areas.

It is widely known that in Kharga the Nubian sandstone stratum
consists mainly of terrigenous deposits, buf as it nears the Mediterranean
coast, the sandstone increases in thickness and also intercalation of -
sortings of marine facies.

In southern oases underground water is able to improve in quality by
the constant suppiy of new water, and the consequent flushing away of old
underground water. In northern oases, however, fewer chances of such

replacement are expected and "fossil water" is apt to remain. The st
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content in underground water is about 1 ppm in Kharga and some 2 ppm in
Dakhla. By this it can be seen that the flushing of underground water is
more freguent in Kharga than in Dakhla.

An SPC pilot-well dug at Bahariya reéistered 300 ppm cl! at a depth
of 1,000 m and 900 ppm cl' at 2,000 m, As compared with Kharga wells,
which usually record 100 ppm cl' at a depth of 700 m, the quality of
Bahariya water does not seem to be as good ag at Kharga. The Roman well
at Farafra registered 300 ppm cl!. This figure is higher than that
pertaining to the Roman wells at Kharga.

It is noted from Table I that the difference in altitude between
the piezometric level and that of the lowest point of each oasis, is
more than 100 m at Farafra and Dakhla Oases, but at Kharga and Bshariya
it is as little as 30 - 40 m. Any relation which may exist between the
above figures and the rate of decrease in the yield and water level of
new wells in the oases concerned, has a pydrogeological interest.

As has been reported separately, our survey team suggested tp EGDEO
that they adopt a centralized monitoring system powered by solar batteries,
which can automatically record and telemeter the varying water levels.,
Through a broadening of its application, the system will enable any changes
occurring at different oases to be measured simultaneously. It is assumed
that this new method of measuring will serve to greatly expedite future
desert development plans. Since refturning to Japan last December, our.
gurvey team asked a competent menufacturer to study the possibility .of
such a System. A design for such a system has now been drawn up and
details will be submitted in a separate report.

3. Development of Bahariya (Gorabi) Iron Mine -
On December 14, 1963, our survey team went in jeeps to inspect the

Bahariya Iron Mine (Gorabi and Nasser Fields) as well as the new Jeddidha
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Mine.

The Bahariya Iron Mine lies about 30 km northeast of Bawiti Village,
where the Bahariya - Cairo highwsay runs‘pphill over an escarpmenf. The
site is at.the northeastern extremity of the Bahariya lowland, and has
sheer cliffs on both sides, There are two isolated hills between the
cliffs. On the surface of these‘hills an iron ore bed descends northward.

The Gorabi Stope spreads over one of these hillg. Its altitude is
316 m above sea level, a little higher than the opposite plateau (250 m)
atop the escarpment, inasmuch as the‘tableland lies along the axié of the
Gorabi anticliﬁe.

The Nasser Stope and the Gorabi hill stand opposite each other with
a dry stream (wadi) ﬂetween them. The iron ore stratum of the Nasser
Stope lies along an imaginary line which extends zcross the dry stream
from the Gorabi ore stratum in the direction of its-pitch. The Nasser
hill is of a cuesta type. The dry st;eam between the hills is 170 m high -
at its source and winds its way sounthward in an easy curve to run into the
Bahariya lowland (107 m above sea level). The area and thickness of the

iron ore stratum, etc., of each stope, are as follows:

Table II
Thickness of Kind Lump
Stope Area iron ore stratum Fe-fineness of ore or powder
Gorabi 5 km? - 50% Goethite -
Nasser 3km x 0.5km 15 m 60% Hematite Powder 90%
{0 - 20m) and Lump 0%

Goethite

Ten years ago a report on these ore deposits was published in a

bulletin by the UAR Geological Survey Office, and an intensive exploration

I
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has been continued since 1956. Today about 1,000 ieople are engaged in
this survey.

One pit is drilled each 10,000 m2 without the help of machinery,
under the tutelage of a Swedish company, SANTEP. An analysis of the soil
is made at each additional depth-of 1 m.

Strip-mining is possible on these stopes. The regolith or mantle
rock is ebout O - 3 m thick there and 90% of the ore obtained ié'in powder
form. The survey is expected to be finished during this yeer, when the
estimates of the quantity and grades of the deposits will be determined.
It is planned that following such completion a 200 km railroad will be
constructed between Bashariys and Samalut on the Nile. PFirst shipment of
iron ore is scheduled for 1967 with an expected daily yield of approximately
10,000 mt.

The above survey indicates that the iron stopes will have the advaniages
of strip-mining, ore-washing by underground water in spite of being in an
arid land, fusible Hematite, etc. No details have been divulged regarding
the 5, P and Cu content of the ore.

The Jeddidha Mining Field is 25 km southeast of the Nasser Stope,
énd occupies the entire area of a small depression in the plateau. The
probable area of this stope is 3 x 2.5 km2 and its ore stratum, lying
under 12 - 15 m below the surface is ¥mown to be, as a result of prospect-
ing, about 0 - 25 m thick. This field appears to be less productive, in
various respects, compared with the Nasser Field. In any case, test-

boring has just been started here.



VII. THB UNATTENDED LIGHTHOUSE POWERED BY SOLAR BATTERTES -

Pearson, et al,l) invented solar batteries in 1954 at the Bell Telephone
Laboratories.r The idea was to utilize tﬁélphotqvoltaic effect of the large
flat area of silicon p-n junctions which convert light energy directly into
glectrical energy at high efficiency.

Silicon solar batteries are loaded on United States and U.S.S5.R.
statellites to supply electricity to the equipment. In‘Japan, we have suc-
ceeded in the application of solar batteries to unattended lighthousesg),
radic buoys, repeater stations, robot weather stations, and so forth.

We wanted to extend the application fto deserts as well as the sea --
where there is plenty of sunshine and it is easy to lose oneself in the
vastness -- and in accordance with the recommendation of E.G.D.D.O., we
chose Wadi El-Natroun as the spot to build an unattended lighthouse powered
by solar batteries.

1. General Description

Solar energy

g

Solar Control .
batteries panel : Lemp ~ > Tight
Ni-Cd
batteries

Figure 1 Sys?em of Power Supply
Figure 1 shows the schematic block diagram of the lighthouse. Silicon
gsolar batteries convert solar energy into electricity and energize Nickel-
Cadmium batteries during the day. Through the control panel the stored
electricity is used ?o light the signal lamp during the night when darkness
covers the vast desert., The lamphouse and the solar batteries were fixed
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at the top of the 16-meter-high roof of the E.G.D.D.0. office, and the control
panel and the Nickel-Cadmium batteries were set indoors.
The greater the height of the lamphouse, the farther it can be seen.
This relation is expressed by the following equation:
d = 2,52 x 103(VfTT+-\/ED,
where d is the observable distance (m), h is the height’of the lamphouse (m),
and m is the eye-level of the observer (m).
2. Lamphouse .
4 lemp of 10 watts at 12 volts flashes for 0.6 seconds at inter&als of
4.4 seconds by means of a mechanicel relay. Accordingly the duty cycle of
the lamp is 0.12. If we assume the working time to be 15 hours in winter or
on cloudy days, the average power consumption per day is ‘
1078858 4 0,12 x 15/24 = 0,757 | |,
The mechanical relay is driven by a DC motor consuming 0.03 watts, and the
sunlight valve which signals the lighting of the lamp is composed of a solar
cell and a rela&, and consumes 0,07 watts. The total power needed is the sum

of the above, and is .
0.75watts + 0.03watts + 0.07watts _ O.Bswatts L.

'3, silicon Solar Batteries -

The required output of the golar batteries is determined by the load,
the amount of sunshine, which depends on the location, weather, elevation
angle, etc. Roughly assumi?g that there are twenty fine days a month and that
the solar batteries will work for an average of six hours a day, and that the
}oss in the control panel and the Nickel-Cadmium batteries is approximately
thirty percent, the required output power of‘the solar batteries is -

0.85"2%%8 ¢ 24/6 x 30/20 x 1.3 = 6.5%F% | |,

-

One solar battery unit is composed of nine silicon solar cells in a hermetical-

ly sealed acrylic resin case, Twenty of these units were fixed on an iron
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panel and are connecte& in series and parallel so as to produce seven watts in
normal sunshine, as shown in Figure 2. The solar battery panel was fixed in
the sunniest spot on the roof of the office, facing south, and at an elevation

angle of 30% 10°.
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Fig. 2, Output Characteristic of Solar Batteries

The angle of elevation is adjustable so as the produce maximum averagé output
power in the different seasons.

Solar gatteries, the control panel, connections, cables, and the lamphouse
should all withstand long exposure o gales, strong sunshine, humidity, and
salty air.

4. Nickel-Cadmium Batteries

The output of the solar batiteries is stored in the Nickel-Cadmium batteries
for nocturnal use. Perfectly sealed Nickel-Cadmium batteries are chosen
because of their toughness against over-charging and over-discharging, their

high charging efficiency at low voltages, low self-discharging, and their
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nonrequirement of supplementary elecitrolytes. Ten Nickel;Cadmium batteries
of a 23 AH storage capacity are connected in series to produce 12 volts. They
can operate for two weeks without charging even in constant bad weather.
5. Control Panel

The control panel consists of terminals, diodes, switches, a volt-ammeter
and & voltameter. The open-circuit voltage and the closed-circuit current of
the solar batteries, voltage of the Nickel-Cadmium batteries, the charging
and discharging current, and their integrated values, can be measured at the
control panel,
6. Discussions

The light was visible at night at & distance of 10 km. We are now check-
ing the balance of the charging and discharging current of th; storage batteries
by means of the voltameter on the control panel. The open éest will give us
very valuable information on the effeet of 8trong sunshine, high temperatures,
sandstorms, and other severe conditions encountered in the.desert area, which
cannot be reproduced in the mild climate of Japan.

In the very near fﬁture, solar batteries will contribute greatly to the
development of undeveloped areas where there is strong sunshine not now utiliz-

ed, and will be the source of energy.and of consequent prosperity.
References:

1) G. L. Pearson et al., J. Appl. Phys., 25 276 (1954)

2) M. Kobayashi and K. Hayashi, NEC R&D, 3 46 (1962)
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VIII. DESERT LOCATING SYSTEMS

When.traveliné in the desert, damage to motor-cars and losing track of
roads are the main causes of disasters. With an adequate commuication equipment
and the beacon service,such disasters can be completely avoided. There are
now several checﬁ points along main roads in the desert, such as the Asyut-
Kharga, Cairo-Alexandria, Alexandria-Marsa Matruh and Marsa Matruh-Siwa
routes, but they are not enough to prevent disasters. Communication networks
in the neighboﬁrhood of ECIDC are as follows: Telephone service between Cairo-
Asyut, Kharga-Dekhla and Cairo-Alexandria-Marsa Matruh-Siwa. Stations at
Cairo, Kharga, Bahariya, Farafra and Marsa ﬂatruh are equipped with radio
transmitters and receivers (frequency, 5 - 12 Mc, output, sbout 100 watts) and
carry out the telephone, teletype and telegraph services between them. For
commmication between Bahariya and Farafra it is very difficult to maintain
constant contact due to low transmitter output (output, 12 watts).

One of the siting systems in the desert using light is detailed in the
chaptér, Han wnattended light-house poﬁered by silicon solar batteries". In
the chapter on "Récommendations", we have proposed a reformation of the radio
beacon system and the radio and wired communication systems. In this chapter
we will discuss the radio beescon system and the road-finding system in the
desert.

1) Beacon system for aerial navigation
1-2) Medium-frequency beacon stations
‘MF beacon stations are recommended to assist in the nagivation of
airplenes. A signal from a ground beacon station is received by the air-
borne ADF ;eceiver, and helps the pilot to know his location and the
direction of flight. The MP beacon system is used all over the world and

is one of the orthodox and reliable methods of direction finding. An ADF
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receiver is necessary in an airplane to receive beacon signals, and it is
supposed that actuzlly a good number of airplanes are equipped with such
Tecelvers.

1-b) Airport surveillance radar (ASR)

When an airport control tower is eguipped with ASR, the locations of
airplanes within 100 km are plotted on the screen of théﬁPlane Position
Indicator (PPI), meking it essy to give directions to Automatic Praffic
Control (ATC) and elsoc to airplanes. The merit of the ATC system com-
bined with the ASR is that ADF or similar equipment on airplanes is nct
needed, except for simple VHF receivers and transmitters to communicate
with ground station. It is especially important to note that PPI gives
the over-sll situation of airplanes above the airport, which assures
safety during busy flight hours.

1-¢) Doppler radar

Communication between airports and airplanes usuelly employs VHE.
Direction finding at ground stations is done by receiving a radio signal
from an airplane. The information as to location of an airplane is fed
to the ATC and is also fed back to the pilot of the airplane. The Doppler
gsystem direction-finding can give much more precise location with less

gite-error compared with the usual Adcock system direction-finding.
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2) Road finding system
Here is a proposed method of finding one's road when one has lost trace
of it in the vastness of the desert. The following conditions are assumed:
1. The maximum over-all length of the road is 200 km.
2. Use of this system is limited to surface travelers such as motorcar

-

drivera and pedestrians.

I
7

_-’ Forming Equipment

-

~
———

Automatic Stations

Fig. 1.

Automatic sf&tions Wwith transmitters and receivers are built along the
road at 50 km intervals. The transmitter output is 5 watts at 50 Mc and the
height of the antennae is 200 feet. The transmitter stands by, waiting for
instructions. The traveler carries a poritaeble VHF transceiver with a forming
antemma, with a transmitter output of 0.6 watts, and a receiver sensitivity of
1.0 3V at 10 db of S/N ratio. When a traveler is lost, he should switch thé
transmitter on to call any station along the road. The effective distance of
this system is 30 km, s0 he can meke contact with at least one station. On
receiving a call signal from the lost person, the switch of the automatic
transmitter is turned on for a certain length of time, during which the lost
person catches the signal from the automatic station and can then locate his
position. The automatic stations are powered by solar batteries. A good
example of solar battery power supply is mentioned in.-the chap%er, "The-unat—

tended light-house powered by solar batteries".
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IX. TELEMETERING AND RECORDING OF FLOW AND
LEVEL OF WELLS AT THE CENTRAT STATION

When depending on a well for irriédtion and drinking, as is the case in
the desert, it is important to observe the flow, pressure or level of a well
in order to learn the structure of the underground strata and to estimate the
1life of the well. .

Generally speaking, wells are dug ﬁ few kilometers apasrt from each other
to elimihate mutual effects and it often happens that they are at some distance
from desert roads. It is usually very difficult, if not impossible and
troublesome, for a man to keep records of such wells. It would seem very
helpful to build a system to telemeter the conditions of wells auvtomatically.
Here is a brief description of the plan for building such a system;

a) Conditions for the system
a-1) Values to be measured
a-1-1, Flow (for springs)
a-1-2. Level (for pumped wells)
a-2) Transducers
a-2-1. Flow: Using“an orifice, the difference in pressure is mechanical-
1y measured and indicated in the form of binary decimal
nﬁmbers.
a;2-2: Level: Variations* in capacitance according to level is measured

and indicated in the form of binary decimal numbers.

-
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¥ PFigures I
Changes in level vary the capacitance of the immersed cable,
which provokes an unbalance in the bridge.
(Figure l). The output of the bridge is ampl@fied by the ampli-~
fier and energizes the baléncing motor (BM) which rotates the
potentiometer (VR) so as to keep the bridge in balance: Thus the
angle of the potentiometer indicates the level of the well.,
a-3) Number of wells
The central station should be capable of telemetering either flow or
level of a hundred wells. The mean Qistance of neighbouring wells is
taken as two km.
a-4) Measuring cycle
" One measurement per hour per well is assumed.
a-5) Recording
Twenty recorders are provided at the central station, each of which

keeps records of five wells. The recording paper moves at a speed of §

cm/day.

‘a-6) Distances of wells from the central station T 3

The distance of a well from the cemtral station is assumed to he less

than 300 km at the farthest.
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b)

4 brief description of the systenm
b-1) Unit of measuring time
The unit of measuring time (t;) is determined by the number of wells
to be observed and the measuring cycle. In order to measure a hundred
wells successively,

sec sec

%) = 3600 /100 = 36

b-2) Schematic diagram
‘ The schematic diagram is shown in Pigure 2. The observed values of

the wells are collected at the observation station by wire and then sent

to the central station by wireless. Assuming the distance between the

observatién station énd the central station to be 300 km, and the output

of the tremsmitter to be 5 watts, five repeater stations are required.

The observation station is powered by three 50-watt arrays of solar bat-

teries, the repeater station by a 50-watt erray of soler batteries, and

the central station by an eliminator power supply.

Principles of operation

The central station gives instructions to the observation station to

send information on a selected well, then receives and records the informa-
tion. This cyclic procedure is repeated for a hundred wells, and then re-
peated regularly. The cycle is timed by a standard clock at the central
station. (Figure 3) When the stand-by receiver at the observation station
receives an instruction from the central station, the switches of other
instruments afe turned "on"., (Figure 4) A certain well is selected and
the observed value ig turned into a synchronous regenerative parity check
code which shifts the subcarrier of the transmitter. The signal is sent for
five seconds and then the observgtion station returns to the "stand-by"
state. The central station receives the signal from the observation station,
demodulates the signél énd keeps a re;ord on regulation recording paper.
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Fig. 2
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Calling-recording is completed in ten seconds. The standard clock gives
the signal to start the cycle at 36-second intervals, so the system is at

rest for 26 seconds following a 10-second operatiom.



X. GSTUDY OF WATER IN DESERTS

1. Introduction
Even in a desexrt there is a phenomenon which suggests the existence of
water. On our way back from a tour of OQmm Dabadib, we caught insects between

sand dunes on the arid sand, On the road to Siwa from Marsa Matruh, we saw '
i
white snail-like shells scattered over the sand. We heard that snakes and

gscorpions also lived in deserts. . .

Animals can never live without water. The fact that animals live in
deserts is a sign that there is water there. Our survey team conducted a few
experiments during its siay in the United Arab Republic in order to study
water found in deserts. Because of the limited time of our stay there,
however, no thorough study could, to our regret, be made.

2, A method of measuring moisture

The electrical resistance of the dry san@ or soil is very great and may
practically be construed as infinite. The more the soil is moistened, the
smaller its electrical resistagce. This is because electrical conductance
varies depending on the thickness of the £ilm of water which is a good conduc-
tor and covers the entire surface of a sand or soil particle. No electric
current whatever runs when & particle is dry and has no film of moisture
around it. In other words, the value of the electrical resistance is infinite
in such aridity. The greater the thickness of the moisture film, the more the
eleciric current to be conducted increases; that is, the value of the elec-
trical resistance decréases.

Although it is true that electrical conducéance is affected by the
quality of the water which encloses a particle, any change in the electrical
resistance is an index of the quantity of moisture if measurements are made

only in a specific area,



Inasmuch as accurate measurements on an extensive scale did not seem
suitable for a desert tour, we adopted a simple method at the sacrifice of

accuracy. . .

//(

Ohm meter

Fig, 1

Insulator

Conductor

Figure 1 above illustrates this method. The eleclrical resistlance ;f
the soil can be determined by the use of an ohmmeter, which has two electrodes
comected, as shown in Figure 1, to its two terminals. In measuring the
electrical resistance of the soil, a‘téster must push the electrodes into the
soil. In our experiments, it was observed that the value of the electrical
resistance had almost no relation to the distance between the elecirodes, and
it was in inverse ratioc to the area of each electrode exposed to the soil.
Such value is also proportionate o the '"relative resistance" g2 of the soil,
and g varies according to the quantity of meoisture present in the soil.
Therefore, the amount of underground moisture can be easily estimated by
measuring the electrical resistance value of the soil.

By means of the above instrument, mensuration of the moisture content
and electrical resistance was made of the sand on dunes at Kharga Ossis aﬁd
on the Mediterranean coast, and of the Kanto Kuroboku or Volcanic ash soil

of the Xanto Plain around Tokyo and Yokohama.
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The results of the mensuration are shown in Figure 2.

Fig. 2
500
800
Sand 1.
700 1. Sand froa Ehargs
Sand 2, Sand froo Esditerranean coast
Clay Eantg Kurcbelu
£00 -

16 ) 30 0 ) W %
Water content in Voluss %

The axis of abscissag denoctes the percentage of moisture contént represented -
in the quantity of soil involved, while the axis of ordinates indicates the
éorresponding electrical resistance. The surface of the electrodes used was
1.2 cm2.

We would like 4o refer to this simple instrument as a '"moisturemeter",
since, by its use, the approximate quantity of moisture present in the soil
can be measured with reasonable accuracy.

3. Changes in underground temperature

One has to know of changes in underground temperature in order to detect

any movement of moisture in the soil. For this purpose, we conducted experi-

ments on sandy soil about 10 km south of Khargs. Rod type thermometers

were placed in the earth at various depths. Figure 3 shows the temperature-
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distribution recorded at various depths.

Pig. 3

=10+

1 6815 Nov. 9, 1963
g T 10%20 "
‘3 _Imn 13%5' "
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=40 v 10%45 "
vI  0%0t Nov. 10, 1963

60 -

6‘ 160 200 - 300
Renistance

The temperafﬁre of the ground surface alters from 1500 to 4000 du; o
the waxing and waning of solar heat. With increasing depth, temperature
variations curve in a complicated pattern, and at a depth of about 40 cm or
more, it is static at a uniform 28°C. |

Supposing that underground'temperatﬁie T is a function of x, which re-
presents the distance.between the point at which the temperature .is to be

measured and the ground surface, an underground vapor pressure gradient

hecomes + when gi or a temperature gradient is +. In other words, the

vapor pressure increases as the depth increases. As a result, underground

aquecus vapor rises toward the surface. In the meantime, under a condition

under which

gﬁ is -, a temperature gradient also shows -, and vapor moves.

downward.,

. In furthering the study of the distribution of underground temperatures,

(1) daytime, when the earth is heated by the sun, end
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(2) nighttime, when the earth is not heated by the sun
should be analysed in more detail, as follows:
(1) Daytime, when the earth is heabed by the sun:

In respect of Figure 3, study begins with temperature curve I. It is

a7
dx

a depth of 40 cm. This causes the agueous vapor present in that pa;t of the

noted that

of the temperature curve is always + until the curve reaches

goil to move toward the surface. Supported by certain other factors, such as
low temperature and high humidity, an increase in the amount of moisture on
the ground surface is brought gbout in the early morning. In most cases,
dew forms upon the ground. Thus, & moisture stratum is created on the surface
of the soil. |

Tn the above situation,the sun rises and begins to heat the ground. As
& result, the temperature of the grdund surface rises rapidly. Temperature
curve II represents the distribution of underground temperatures observed at
10:20 a.m. The iemperature stends at 3500 on the ground surface. However,
the rise of temperature in the soil is siow. At a depth of 13 om a minimal

temperature of 2300 is recorded. The temperature curvé dips in & trough at

gz is -, while below that level

the same is +. In other words, a gradient of the underground vapor pressure

this depth. Above the depth of this trough

lapses into this trough from both sides, upward and downward. Moisture on
" the surface seeps into the soil, while that deeper down is drawn up to the
level of the trough.

Tt is noteworthy thet more moisture seeps downward from the surface than
is drawn up from greater depths. This is still more apparent in temperature‘
curve IIT, which shows readings at 1:00 p.m. The difference between the tem-
perature of the ground surface and th;t at the level of the trough is as much
as 14“00 .

Temperature curve IV was obtained at 5:00 p.m. when the sun was low in
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the west. The ground surface temperature dropped to 2500, but the underground

temperature did not show any rapid change. Due to the above, a temperature

gﬁ is + above the 7.5 om deep.level, and - below that level. This

gradient
shows that in soil where the temperature gradient is +, aqueous vapor is drawn
upward‘and in deeper éoil where the temperature gradient is -, the saﬁe is
drawn downward. In-case the quantity of the agueous vapor so drawn to the
trough of the temperature curve exceeds the saturation point at that level,
water is produced and stpred there.

To sum up, moisture on-the surface sinks into the soil during the day
and is stored at a level between 10 - 20 em deep, such level being temporarily
named the "M stratum".

(2) Nighttime, when the earth is not heated by the sum: ,

After the sun sets, the temperature of the ground surface gradually drops
and reaches its lowest point of 1300 around 6 a.m, of the following day,
before the sun rises. Temperature distribution is shown by temperature curves
I, Vand VI,

The supply qf solar heat ceases at sunset, and therefore only radiation
of subterranezn heat through the ground surface is résponsible for the drift

in temperature curves. Curve V shows temperature distribution at 6:45 p.m.

A temperature gradient‘or gﬁ ig + in the proximity of the ground surface.
However, at a debth of 7 cm or more, & uniform temperature is obtained,

creating a condition in which

gz equals 0. TIn other words, underground
moisture moves towaerd the surface at night. Water present in the M stratun

also rises.

Temperature curve VI was obtained at midnight. The temperature of the

ground surface drops io 1600 and. gﬁ shows a constant +. TUnder this condi-

tion underground moisture dissipates into the air. The dissipation occurs

from the M stratum, if such a stratum exists. Further, it can readily be
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imagined from the itemperature curve obtained that moisture rises to the M
stratum from a lower constant-temperature stratum.

In the light of the foregoing, we know that a desert "breathes" moisture
in and out through its surface. The quantity of moisture present in the air
and that of underground water affect this breathing, and various types of a
desert could be accounted for from this method of approach.

4. Clasgification of deseris:

Our survey team encountered mmltifarious types of deserts during its
recent tour of arid areas in the United Arab Republic. Such types differ
from each other but can roughly be divided inte the following categories:

A. Plateau (Highland)

a. Flat deserts

b. Rocky deserts

¢. Mountainous deserts

d. Grassy deserts
B. Lowland basin

a. Flat deseris

b. Sand dunes

¢. Grassy deserts

d. Oases

2. Saline swamps
C. Coastal district

a, Band dunes

b. Flat land

¢, Swamps

Figure 4 illusirates the above classifications.

P
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Fig. 4
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It was observed that the behavior of water differed according to the Type os
desert in which water exists. In attempting an effectivé development of a
desert, it is necessary that the above varieties be takén into account and
the most suitable method for any individual ocategory be applied.
5. Observation of water in deserts
A, Platean

In general, the plateaun is completely barren. In some places, however,
the ground has a sparse growth of weeds. Such places suggest the presence of
some water, while one can not conceive of there being any water whatscever in
the completely barren areas that form the major portion of the plateau.

As has been previously reporied in this chapter, snail-like shell-fiéh,
ligards, etc., could bé seen on the sterile sandy su;féée.

Our survey team carried out a test in a flat desert. The site of the
test was atop an escarpment where the Kharge road runs uphill over it.
The soil there was of a clayey gravel type. At about 4:00 p.m., when the sun
was low in the west, we tried to detect the presence of moisture on the ground
surface by using a moisture meter. Moisture was found at a level just below
the surface. Clcser measurements should be made of this moisture in considera-
tion of the fact that the surface of any desert "breathes", as we have report-

ed hereinabove. The formation of dew is a phenomenon frequently observed
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atop mountains. Therefore, it is surmised that a so-called M stratum existed
below the ground surface of the site of our test., We did not have an oppor-
tunity to perform experiments at night. We are therefore very sorry to be

unable to give any decisive conclusions in this report.

Fig. 5 Fig. 6
ngc 10°¢ Temperature
o 1,000 o 500 1,000 K ohz
[--3
-2 Renlatance
-4 -10
3
~§ 20
Temperature
=10
-12 =30
-14
=18 -40
-18 =
=20

B. Lowland basin desert-

a. Flat deserts

It was almost impossible for our survey team to dig in deseris during
its limited periocd of stay in the United Arab Republic. Fortunately, however,
at Omu Suril we happened {0 come across a highway construction site where the
surface soil had been cut open about 1 m deep. A section of the open cut
appeared suitable for measurement of moisture distribution. We fixed the
two electrodes of the moisture meter in the exposed face of the soil to meaéﬁre
the moisture content. As shown iq Figure 6, moisture was found at a depth
of 10 - 20cm. No moisture was perceptible above or below this level. This

means the formation thers of the so-~called M siratum.



b. Sand dunes

On November 4, i963, we made & test on a sand dune near the Copt Hill in
order to take a measurement of underground‘temperaturea and moisture there.
Figure T shows the temperature curve observed at 10:00 a.m. near the summit
of the dune. The temperature stood at 3300 on the surface, but it graduaily
dropped until it reached the lowest point of 26°¢ at a depth of 8 em. In
deeper soil the tempergture began to rise again and finally stocd at a con-
stant 2700. It is presumed that air temperature fluctuations dgring the
course of a day affect only the temperature at or near ground lével but not
on soil below the 20 cm level.

Our moisture meter recorded an electrical resistance of infinity at a
depth of O {ground surface) - 40 cm. This indicates that there is no moisture
at levels near the surface of the ground and that the M stratum is seldom

formed in inland sand dunes.

Fig. 7T Fig. 8
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¢. . Grassy deserts

- Grassy places, wherecever found - in lowland basins or on plateaux -
indicate that water exists.
We carried out an experiment at a weed-grown place near Omm Suril about
45 km north of Kharga. Camel thorn grows there. Figure 8 shows the

results of measurements made by using the moisture meter. The deeper the

- measurements, the greater the moisture.

Fig. 9 Fig. 10. Ohm meter

AL
L TR
o / TL Mo:.stureﬁé%% o

We dug the soil around a camel thorn. At a depth of 75 cm the root was

S5ca Vinyl sheet

ALY

3.5 mm in diameter and there was still more below.- We uproéted the plant and
found hairlike roots growing out of the tip of the main root, as depicted in
Figure 9. .

Temperature curves in Figures 2 and 8 represent the moisture content
of the soil in which the root grows, is in figures such as are given in

Figure 9, that is:

At a depth of 20 cm 1%
" 30 om 1.2%
" 37 em 2.4%
" 50 cm 5.0%

The roots grow downward through this moisture stratum. This fact gives hope
of successful afforestation over this type of soil. It would seem that grass-
land or forests could be formed if only there were some means of protecting
young plants until their roots reach a depth of about 30 cm. Figure 10 de-

picts one possible method,
) - 86 -



Consider that a sheet of vinyl is laid underground at a suitable depth, as

shown in Figure 10. Moisture in deeper soil evaporates upward, but the vinyl
sheet prevents it from rising to the surface. The moisture is retained below
the vinyl sheet, trapping sufficient moisture where it is needed. This method
would supply the young plants with the necessary moisture.

fur gurvey team were not able to conduet any experiments con this method

during its stay in Bgypt. On our way back to Tokyo, however, we happened to
gsee & similar ides undergoing test in a desert in Kuwait. We put the two
electrodes of & moisture meter into the soil through a buried viﬁyl sheet and
observed the indicator oscillating between 40 to 50 K2, In this manner, it
was found that there was plenty of moisture in the soil surrounding roots of
the young plants.

d., Oases

At a place where underground water gushes out, an aasis is formed.
Therefore, there is no concern as to the existence of water. Rather, the
matter to be considered is to see that the flow shall not fail and also to
drain off used water properly.

e. BS8aline swamps

During our survey tour of Egyptien deserts, we came across many swamps
where the water was tbo rich in mineral salts. The origin of such swamps is
from evaporation of weter which once flowed into the lower parts of basins,
resulting in a considerable increagse in the saline content of the water remain-
ing.

In a saline swﬁmp area there is no lack of water. The problem is the
high saline content. It is almost impossible to desalt the water of these
swamps. Although there is plenty of water, this area is barren and uninhebited.
C. Coastal district

a. Sand dunes
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In the coestal area there are sand dunes, plains and swamps. Here fresh
water is obiained mainly from shallow wells. Deep wells do not produce
potable water. "

The structure of the fresh water siratum of a sand dune is a question of
great interest. It rains very seldom in this area, and the yearly precipita-
tion is as little as 130 mm.

.The fact that in such an arid area water for irrigation can be obtained

from shallow wells by the use of windmills, tells of some soﬁrce of water

other than rainfall., Dew is the only possible one.

4

‘ Let us consider, then, the importance of.morning dew. We conducted

observations on morning dew at Kharga, where dew is said to be scanty.
Clayey soil in the oﬁtskirts of Kharge was chogsen for our test site. We
found that the ground surface there was wet and discolored in places. The
thickness of therdiscolored soil differed from place to place, the maximum
being about 5 mm.

Pollowing the above test, another one was carried out on a seaside sand
- dune near Marsa Matruh af 6:00 a.m. on the morning of November 20, 1963, At
a jemperafure of 18°C and a humidity of 100%, it %as observed that the surface‘
of the sand dune was moistened by night dew. The moisture penetrated to 2
depth of 5 - 10 mm, below which the sand wes dry. The moisture so detected
" seemed to correspond, from Figure 2, to & rainfall of about 1.0 mm.- In this_
manner, dew equalling an annual‘rainsall of 365 mm was formed, this quantity
being three times the yearly amsunt of rainfall,

As outlined above, dew is one of the must important factors in the con-
servation of underground water in deserts. A layer of moisture on fhe ground
surface, made by morning dew, seeps downward by the morning sunshine to fo;m
an M stratum. The greater the amount of dew formed on the ground‘sqrface;

the greeter must be the production of moisture in the M stratum.
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Further, the grains of sand found in the sand dunes along the Maditer-
ranean coas’ possess a unique advantage in connection with the better
conservation of underground water., Figure 11 is an enlarged photograph of

such sand grains., The grains are globular and have smooth surfaces.

As a\result, considerable dampness could be sensed if it shouid contain
moisture corresponding in capacity to only 2 or 3% of the soil. It seems that
this is bécause moisture contained in this type of soil cen move easily thanks
to the force of gravity and capillaxry action.

If it is true fthat dew formed on the ground su¥face will first be trans-
ferred by sunshine to thg M stratum and then diffused into deeper soil and sink
into the fresh-water stratum by the force of gravity and capillary action,
conservation of a fresh-water stratum caﬁ bé maintaeined by dew. In order to
enrich the fresh-water stratum in any area like this coastal sand dune area,
it is suggesﬁed that some means should be taken to encourage as much dew as
possible to_form and to lead this dew downward into the soil as effectively
28 possible. Study of these steps is urgently needed in connection with an
eerly development of desert regions. .

b, TFlat land -

Here the underground fresh-water stratum lies at a shallower level as
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compared with that of sand dunes, and its thickness is also less. This is
presumably due to the fact that the amount of morning dew formed is less in
a fla% land than that in the dune area.

c. OSwamps

There is sufficient water but too high salinity. Here the amount of
fresh water supplied by dew falls short of the sea-water flowing in.
6. Use of earth-water collector

The water in'any ocasis is usually hard. Water obtained from shallow
wells in desert sand dunes is very salty and is not Quitable for drinking.

It is abgolutely necessary for human beings to obtain good water in deserts
for various purposes, particularly water for chemical and medical use, for
batteries and for drinking.

. Por this purpose, experiments were made with an earth-water collector,
a device which collects underground water, %o discover how such a device
operates in deserts. The principle of the earth-water collector* is given in
detzil in a separafe pamphlet ettached hereto.

In order to obitain'l litre of water a day, the evaporation rate of agueous
vapor within the frame of the earth-water collector must be 1 mm per day. The
aécumulation of underground water by the use of an earth-water collector will
naturally ﬁe successful When wet golil is fully exposed to the air and the
moisture dissipated into the air is replaced by moisture present in deeper
s0il, this moisture being sucked up to the surface by capillary action.
However, results might not be too favourable in places where the underground
moisture. stratum lies at deeper levels and fails to replace, by capillary

. acfion, the supply of moisture lost through evaporation. As can be noted

* .... M. Xobayashi "A Method of Obtaining Water in Arid Lands"

Solar Energy, Vol. VII, No. 3, July, 1963
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from Figure 3, changes in underground temperature do not follow the rise and
fall of surface temperature. Therefore it is not dgsirable that the moisture
-stratum should lie at too deep a level.

Taking all the above into account, we conducited experiments in collecting
mderground water, as follows:
a, Experiment at Kharga:

An earth-water collector can accumnlate underground water from clsyey
soil showing an electrical.resistance of less than 100KQ when the electrodes
are placed in the soil to 2 depth of some Sum. We performed an experiment
in a cultivated field which satisfied the above condition, and obtained a yield
of 1.2 1/m2 of water. Judging from this, it appears to be feasible to obtain
potable water in the vicinity of cultiveted fields by utilizing the earth-
water collectior.

Another experiment wag carried out in an arid area. We chose as the
gite for this experiment, a cultivated field surrounded by land covered with
dead grass. Moisture was found and an earth-water collector was set up. By
operating for two full days, the device collected 0.175 l/m2 of water, tub
after that the yield graduelly decreased.

It is assumed that the underground ﬁoisture present in the M stratum was
sucked up completely, aifhough further study is required for clarification of
the exact cause.

b. Experiment in sandy soil:

Following the experiment shown in Pigure 3, sanother measurement was
carried out at the same site. No water was obtained. Here the so0il, with an
electrical resistance of 100 K0, lay under a covering of sand 5 om thick.

The water content of clayey soil is 20%, as Figure 2 indicates, but it is as
low as 2% in sandy soil. In other words, in sandy soil it is very hard for

underground water to be raised by capillary action, and in consequence,
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sufficient moisture to produce heavy vapor in the space enclosed by the frame
of* the earth-water collector cannot be supplied from deeper down.

Therefore, in installing an earth-water collector, a preliminary study-
of the possible productivity of an installation site should be made by using
a2 moisture meter. Otherwise the results will be disappointing.

c. Swamps: -~

It is apparent that water can be obtained from saline swamps. No ex-
periments are necessary, obviously, in order to prove this to be -true.
T. Conclusion

Even in deserts water exists in various forms; rain water, dew, under-
ground water, etc. The influence of solar heat on such water is a topic of
vital interest.

) Day-and-night cycles create a moisture stratum in the soil at a depth of
10 to 20cm. Our survey team has named this stratum the "M stratum®. Thanks
to the existance of the M stratum, underground water can be conserved and,
in some cases, potable water can be obitzined therefrom by using an earth-
water collector.

This conclusion has been arrived at after making analysing the obzerva-
tions, experiments and findings made during our recent but very short survey
tour of arid areas in the United Arab Republic., 8Since the above offers
?arious suggestions, we would like to make further and more detailed studies,

should the opportunity be presented.



RECOMMENDATIONS

1) Utilization of Solar Energy

In desert areas it is usually difficult to generate electricity in the
ugual ways, while there is plenty of sunshine, so it would be vexry sensible
to convert solar energy directly into electricity by means of silicon
solar batteries, Solar batteries can be used to operate beacon lights
(cf., "Wadi Natroun", and a special chapter,"The Unattended Lighthouse Powered
by Solar Batteries"), wire/wireless communication equipment, telemetering
systems for weether and well observation, and so forth, PFurthermore, they
could be used to pump up underground water, when high-power solar batteries
can be manufactured quite cheaply.

2) Utilization of Wind Energy

In the coestal zones, wind mills are nsed to pump up water from wells,
It would be more convenient o produce eleciricity by wind-power. The power
of the wind (P) is expressed by the following equation:

P=0.37 x V7 (watts),
where V is the velocity of the wind in m/sec.

The working efficiency of & windmill is usually between 30 and 50 % of
its total power, With given values of average wind velocity, the electric
power to be delivered, aﬁd generator efficiency, the necessary sweep area
(effective area) of the windmill is calculated.,

3) Improvement of Communication and Radar System
2) Radio Bescon and Radar System
a-1 Radio Beacon
It is recommended that medium-wave beacon stations be bu;lt to assist
aerial nevigation. The radio waves emitted by the beacons are received

by a pilot through an ADF receiver in an airplane, informing him of his
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position in relation to the station or stations,

a-2 Airport Surveillance Radar (ASR)

An ASR system can show the locations of airplanes within a 100 km
radius on the screen of a cathodé ray tube, which is necessary for air-
port traffic control.

a~-3% Doppler Radar
A Doppler Radéi catches VHF signels from airplanes and can make
directional locati;ns of airplanes near the airport. -

b) Radio Communication between Cars and between Cars and the Base Station
Vhen driving in desert areas, radio communication is very important
for car-drivers, especially in case of accident.

A contact distance of 10 to 50 km is easily achieved by using the
mobile communication eguipment now on the market,

¢) mTelephone Service along Desert Roads
Along the desert roeds, such as the Marse Matruh - Siwa route, there
are open wire telephone lines. However, people cannot make use of
telephone service except at a few check points almost 150 km aéart.

By providing telephone booths or simple jacks at suiteble intervals
along the cable, and in an emergency one can call for help from a booth
or by connecting a portable telephone to the nearest jack.

" d) Road-FPinding System
While driving in the desert, it is easy to lose track of the road in
bad weather. The following road-finding system will be very helpful in
such cases.
Automatic telephone stationg are built along the roads a%.certain
intervals, An automatic station consists of a recei#er and a trans-
mitter which operates fbr a certain length of time after the receiver

detects & calling signal. As the station is driven by solar batteries,
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neither power cables nor electric generatofs are needed.
When a traveler gets lost, he should call some of the asutomatic
stations along the road with & VHF itransceiver and search for echoes
rotating the forming antenna,
4) Development of Aquerium Type Water-Collecting Apparatus
We have discussed underground moisture in a special chapter,"Study of
Water in Deserts!, It is possible to collect pure water from underground
moisture choosing & promising spot. Using the sun as the source of heat,
water is collected at the rate of around one 1iter/m2 daily. It is & kind of
distilled water, and is good for drinking, filling storage batteries, for
medical and other chemical purposes.
Although the w%ter thus collected is not sufficient for plant irrigation,

it may be just enough for planting seedlings.

5) Cultivetion of Weter Resources and Improved Utilization of Land (Northwest
Coastal Zone)

Under this project, land development is proceeding by utilizing under-
ground water. It was found, however, that the quantity of undergrounq water
for irrigation purposes was quite limited. The greatest problem in the project
seems to be to increaese the quantity of water available, As & means of
cultivating catchment basins, there is no alternative other than to catch
water in a vast areas of the higher altitudes and to allow it Yo seep into the
s0il to accumulate as vnderground water. It is recommended £hat as great &
part as possible of all gentle slopes be utilized as a permeation surface.

One possible method is to terrace the slopes in parallel contour lines and to
build a cetchment wall 30 —'45 cm high along the outer edge of each terrace.

Terraces so formed mey be used for farming and will be irrigated after the
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contour irrigation syztem by‘water draining from the plateau, It will be
necessary for the surface of the terraces to be turned and softened by
ploughing and harrowing should it be loamy. This is because loamy soil. is
practically impervious to water in its nstural siste, while it has great
permeability when ploighed and harzrowed. In order to develop the lower plain,
the level of the underground water should be lowered. However, this problem is
closely related to that of permeability, mentioned above, and therefore re-
quires very high construction costs, together with some technical difficulties.
The productivity of the so0il will be greatly increased by improving drainage.
Therefore a study on the development of the lowlands should be made.

6) Improvement of Saline Scil (Siwa)

The water level of Zeitun Lake is low and the land goes up to a platean
ét a gradual slope., Wells used as water resources are sbout 10 - 15 m higher
than the lake level and therefore improvement of drainage can be easily caerried
out, There is no informztion evailable on the quality of the well watexr.
Judging from the fact that various kinds of vegetebles are growing around
artesian wells and good results are obtained by experimental agricultural
stetions and private farms, it seems possible to locate the good wells to be
"used for irrigation,

As a means of improving the saline soil the "Karshif" should first be
removed and then eny hard pan found should be cracked by & pan bresker,
Secondly, for the purpose of leaching, considerable water cover should be
maintained for a constent seepage of water through the ground. Dreins should
be so constructed that weter will run down the slopes.

It is recommended that on-the-spot experiments be carried out on a small
scale, gince such experiments are easily put into practice. -
7) Afforestation (Kharga)

The necessity for afforestation can be discussed from various angles. -
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In Kharga, it is particularly important to keep evaporation loss of water
0 2 minimum. Afforestation is emsily done by irrigation from canals,
However, this is not practicable and therefore some other way must be con-
sidered.

As explained in a separate paper, it is possible to find-froisture under
a comperatively shallow leyer of earth if suitable places are selected. 1In
this case, water is needed only when planting. In this initial stage,
mulching with various materials, such as vinyl, asphalt emulsion, 0.E.D.,
etc,, is considered effective.

8) Soil Improvement by Underdrainage (Kharga)

At the experimental area in Kharga, a study of a method of drainage
is planned by implementing underdrainage. In our experience, successful im-
provements of the goil itself have been obtained by implementing underdrainage
in a heavy_clayey soil area, and it is recommended that draining experiments
be conducted simultaneously with seil improvement,

9) Necessity for Studying "Microweather" of Date Farms:

In the date farm ares of the New Valley Project, there are no majene
(pools) such as are often found in such places as the Algerien Sahara, and
date-palms are planted quite carelessly. Therefore, it was found necessary to
redistribute arable land and to improve catch cropping. As a means of solving
this problem, it is necessary to carry out a study of the microweather in the
g0il surface of the fields, As an example, in the case of Algeria, the
agricultural weather should be observed within limited areas, especially from
the standpoint of the construction of defense against sandstorms, selection of
suiteble crops (most probably millet, Deccan grass, etc.),.use of irrigation
weter., It is asdvisable to establish small-ascale agricultural weather observa-
tion stations in the date-palm fields and to collect data in the manner

decided upon when construction of the station in Kharga was started.
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10) Preparation of Overall Land Utilization Map:

Considerable progress has been made on the development of maps on a
reduced scale, showing natural resources, such as the geology and solil in the
New Velley aree. However, overall land utilization maps of the New Valley . -
aree which would be helpful as a basis for the project have not yet been made.
Even in the case of Khaerga end Dskhla, it is necessary to keep exact records
regarding the present status of land utilization in oases in addition to
statistical figures, Further, in such pleces as Bahariye and Farafra, where
pléns are made $0 change the menner of using land in oases, it is recommended
thet various land utilization meps be prepared, for instance, of agricultural
crops, the present status of plantation, etec. In this respect, Japanese
map-making techniques should be utilized,‘inasmuch as various practical ex-
perience has been obtained by us in meking a number of land maps on the
1:50,000 scale. It mey also be necessary to prepare a map on the 1:1,000,000
scale t0 show the overall land use of the New Valley area.

11) Investigation of Water Utilization from Historical Standpoints:

In the New Valley &area, one will find a reguler distribution of what we
cell "Roman Wells". In meny cases in Kharga and Dakhle, these wells were
lOGatgd higher up then those found at present. It will also be found, through
investigation, whether these wells were used for canasl style irrigation
drainage or until how recently they were used, or the history of changes in use
of weter around osses, ¥or instance, it will be very useful to show the
distribution of wells by colors by the change of the times on a topographical
mep with 1 mefer contour lines. It is elso possible to restore the former
stetus of ocases by ?repgring—illustrations of water utilization up to the
present time, Such investigations should be conducted simultaneously with the

development of land hefore valuable data is lost.



12) Necessity of Investigations on Social Status of Villages end Preparing

Documentary Films:

Special care must be teken in oﬂéerving changes in social and economic
structures cansed by such rapid development as is observed in the New Valley
Project area. The development of deserts will be conducted not only in Egypt
but also in the Sahara. Therefore, it will be very useful for desert
countries, including Egypt, o keep records on traditional village stracture
by studying the society.

It is also recommended that documentary films be made in 16 mm or, if
possible, in 35 mm (not in 8 mm), for keeping valuable records and for the
education of other desert countries. In order to produce documentsry films,
it wonld be very hélpful to use the zdvanced movie-making ftechnique of
Japanese engineers,

13) Bstablishment of Organization for Sand Dune Study:

There are at present no radical measures being taken to prevent damsge
by dune invaesion to farms and villages., Therefore, it is intended that at
present only stop-gap measures will be taken to divert the movement of dunes,
In order to consider countermeasures by studying the origin of the dune-lines
lying south to north, fthe following steps should be taken to esteblish an
overzll study organiéation:

1) Prepare & dune distribution mep on a large scale by utilizing.airphoto—
graphs.
2) Determine the source of the sand by studying the distribution of sand
graing, rocks, minerals, etc., by selected from dunes at several locations.
3) Establish roed signs around ocases and along rog@s end determine the status
of the sand movement by taking airphatographé at certain internals (for
_ instance, one year).

4) In order to clarify thé problem of sand stabilization, try to accumlate
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information on microweather. Obtain fundamental data on differences
in temperature and select suitable vegetables,

5) Carry out verticel measurements of changes in temperature and moisture
ingide dunes. In this case, study should be made of the area where
dunes are found,

6) Conduct experiments of dune irrigation (particularly of dunes on the
seashore) end make a comparative study of available data, such as those
of Israel and California against data obtained in the New Valley area.

14) Development of a Simplified Chemical Analysis Insirument

Up to the preéent time, rough classifications have already been made of
gsoil from each development site in the United Arab Republic. In order to
raise useful plants successfully at such sites and to improve productivity,
however, a more detailed study should be made in such a manner that the
physical and chemical properties of the soil of each farm can be made clear,

For this purpose, it would be very effective if we could use an easy-
to-handle measuring instrument which would require a very small sample of
material, a short analysing time, and little skill, It seems possible that a
conventional but simplified soil analyzer, which has enjoyed wide acceptance
in interested circles in Japan, will be reﬁodelled for use in deserts.

In attempting a chemical analysis of water found in deserts, it is
éuégested that a microguantity analysis method, in which Japanese scientists
have wide experience, be adopted so that the quantity of a saﬁple required
for a single test may be kept to as little as 100 cc. Further, in order to
m;ke it possible to analyze samples of material- where found, a portable water
tester is urgently needed,

15) Importance of Mixing.Soil:"

In general, the soil of a portion of the Egyption deserts, falling within.

the area of the current UAR Govermment development project, is of-a heavy
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clayey t&pe, and its physical properties are very poor. An attempt has been
made by the UAR authorities to improve its physical proPertiés by mixing sand
with the soil. In spite of such atteﬁ@fs, at each development site the soil
settles after each irrigation, and a great deal of labor has to be spent to
break up the conglomerate intc grains. In order not only to merely seek to
improve the physical properties by mixing sand with the soil, but also to
minimize this heavy labor, it is suggested that, first, the clayey soil be
covered with gsand and then tilled while it is being irrigated.

By adopting this method, it will be possible to preserve the soil from
clotting, and at the same time, evaporation of moisture from the surface of
the soil can be reduced. -

Further, sand which covers the surface of the clayey soil, or z mulch
of sand, prevents underground moisture from dissipating into the air.
Moisture in deeper soil rises to the sufface by capillary action, but the up-
ward dfift of moisture is intercepted by an artificial mantle of sand,
retaining the moisture in the soil. This facilitates the germination of seeds
and the growth of roots.

16) Introduction of Rotational Rice Cultivetion:

At Kharga favms, rice is grown every four years by changing farm lands
to paddy fields. Tﬁis cultivation system is adopted by the Government as one
of its development projects. The aim of this system is to desalt the cleeper
s0il and prevent further accumulation of sa2lt and seems to be very effective.
Since, however, irrigation of farm lands by drawing up underground water
appears to be too costly (some two or three times the cost required in Japan),
it will be difficult to sell rice so produced.

In this respect, it is necessary that in Egypt the matter of rice culti-
vation be considerediin reference to the dietary habits of farmers in re-

claimed territory. TIn other words, rice cultivation will assist the egri-
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cultural economy in desert areas only in so far ag it will result in a
self-gufficiency of the staple diet of the farmers.

Desalting and preventing accumulation of salt are the important factors
to which special consideration should be given in promoting the productivity
of desért soil., It is, therefore, desirable that the crop rotation system for
rice cultivation be continued in the fﬁture. Should it be discontinued, the
loss which might accrue from the reduced productivity of desert soil arising
from new accumulations of selt, would be more than the expenditures required
for irrigation of paddy fields with costly underground water.

" As outlined above, some economic difficulty might be involved in growing
rice for saele. Therefore, it is recommended that rice cultivation here
should be considered in close relation to the usual dietary habits of the
‘Egyption people.

17) Planting of Citronella Grass and Lemon Grass as Sand Stabilizers and

Cash Crops:

In pushing its farm land development program, EGDDO plens to grow, in
new farm lands, food plants and/or plants for commercial raw materials. We
certainly agree that this is a very wise procedure.

On the other hand, there are many places where & natursl growth of trees
and other plants can be observed. These places are, in most cases, covered
with sand and are not suitable for agriculture. Sand covering the surfacé of
these places must be kept from drifting in order to protect adjecent cultivated
land,

Even in such sand-covered areas, it is known, as has been reported in
this paper, that some moisture is present at a depth of seversl tens of
centimentres. This underground moisture will permit the growth of herdy -
plants with long roois. .

In acétermining the kinds of plants to be introduced as sand stabilizers

+
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in these sand-covered lands, it is preferable that cash crops be planted,- as
they will serve & double purpose., As is commonly known, in deserts the
trénsportation situation is extremely difficult ;nd shipment of products is a
great problem. Therefore, the plents cultivated in desert farms should be
such as are easy to procesa and the final products not bulky. Plants which
msy meet the above two requirements are citronella grass and lemon grass.
Their cultivetion will make for speedy afforestation and prevention of en-
croachment by sand, the formation of new arable land, the promofion of rural
industries, the increase in income of farmers, ete.. It will bhe possible for
a small distilling sppesratus to preoduce & good amount of refined oil from
citronella and/or lemon grass. These plants also seem the most suitable
among agricultural products for export purposes.- . S

18) Raising Trees to Form Windbresks according to the Direction of

Preveiling Winds: .~ = .. .. CL o ..

In Egypt all new ferm:lends are sheltered by windbreeks of casuarina
trees plented.in rows. In planting such trees, however, 'the thickness of the
row should be .varied according:to need. . It is necessary -that the windward -side
of & farm be protected by a -thicker -row of trees to act as & windbreak. In.
addition to their primary function, windbreaks will, if planted as above, be
effective in improving the "microclimate" of a farm and also in keeping the -
evaporation of underground moisture o, a:minimum. . - ool
19) Plenting:of Shadetrees.on Farms to Improve the "Microclimate" and the Soil:

Development sites at Kherga -and Dekhle oases have deficient rainfall and
direct solar heat is oo constant..: If the entire .surface of a farm were ex-
posed to-the sun.under these conditions, the land would suffer severaly --
moisture present in.the soil -would dissipate into the air -very rapidly, .
plants would dry out, very- quickly, temperatures would .rise and fall to ex-

tremes too frequently,; and vegetation would suffer from the strong.winds.

- 103 -



In order to produce the most successful results, it is advisable to
try to stabilize the microclimatic conditions of & farm and to conserve as
much underground moisture as possible by planting shade trees where needed,
With the promotion of soil fertility teken into consideration, it is pre-
ferred that leguminous trees be used for shade inasmuch as this kind of plent
fixes gtmospheric nitrogen in the soil and their fallen leaves would replenish
the s0il with organic matter., In this respect, further and more detgiled
study must be carried out before the kinds of shade\trees to be planted and
their spacing are decided upon,

20) TUse of Chemicals for Better Conservation of Underground Moisture:

In arid lands like Egyptian deserts, evaporation of underground moisture

is exceptionally great. Any measures to reduce or prevent such evaporation
-should be studied promptly.

As possible methods, it is suggested that the surface of the soil be
completely covered with vinyl sheets, etc., or a film of emulsion bhe formed
over the surface of the soil or on pools. Early application of these proposed
methods is needed, particﬁlarly in cases where trees will be planted in places
not_provided with irrigation chamnels or where saplings for windbrezks will be
set,

In deserts on the Mediterranecan coast where it sometimes ;ains in winter,
Gne possible method of retaining the underground moisture supplied by the rain-
water long enough to help plants to grow quickly, is to form, after each rasin-
fall, a film of emulsion over the sugface of seeded soil. Or, elternatively,
to spray an emulsion mixed With seeds ovér the soil, In addition, steps

‘ should be taken %o encourage germination of seeds and plant roots to Teach
the underground moisture stratum (about 30 cm deep) as soon as possiblé. -
21) Preventing Accumulation of Salt and Seving Irrigation Water through

. Introduction of "Vinyl Paddy Fields" and/or "Vinyl Farms":
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It seldom rains in the desert and surface evaporation is very rapid, In
such extreme conditions salt once dissolved in irrigation water is prone to
re-accumulate, A great guantity of water is required to wash away such
constantly increasing accumulations of salt into the deeper soil, This is the
greatest problem confronting agriculture in desert areas,

In order to cope successiully with this difficulty, introduction of the
Urinyl paddy field" or "vinyl farm" system should be considered in connection
with the cultivation of rice and other farm crops.

To fofm a\"vinyl paddy field", the surface soil is, firgt, opened up to
a depth of about 40 to 60 em, and then a vinyl sheet is spread out on the
bottom of the excavation, Then the hole is refilled with the goil. Saﬁd-
mixed soil is preferable for such g "vinyl paddy field".

Plant cultivation, following placement of the vynil sheets, called the
"vynil farm" system, has been studied and is now being practiced in Japan.

We hope that this prior example will be followed to produce good crops in the -

United Arab Republie,

22) Development of Siwa Oazsis Region should be done by Differing Methods in
the High and Low Areas:

In the Siwa regiom, con@itions for reising produce in the lowlends diffex
considerably from thééé in éhe highlands. In the sbove low area, water gushes
out abundantly and drainage to Zeitun Lake is possible. It would a?pear that
the creation of paddy fields here should be comparatively easy. Therefore,
it is desireble that in the Siwa lowlands, future emphasis be placed on rice
cultivation,

In the meantime, vegetables and other cash crops should be raised in the
" highlands by using good water cobtainable from the deep wells in that area.
This procedure ghould bring in a comfortable ﬁrofit.

At Siwa, two agricultural experimental stations are needed, one 1o be
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established in the lowlands and the other in the highlends. Xach station
should be responsible for its own particular territory, determining what
plants will grow best in its territory, and meking tests of cultivation
methods, Ffertilization and other pertinent matters.

23) Introduction of Seaside Grass to Waste Lands in Siwa Region:

A wild grass closely resembling the seaside gress grows densely in the
saline aréas of the Siwe lowlends, This grass is called "smar" in that area,
and the inhabitants.habitually collect it for sele as commercial raw materisl
for matting and other woven producis.

If this wild grass could be replaced by seaside grass of an improved
type, e heévier'crop of better guality could be raised. The weaving of such
grasses would seem to be a remunerative side-line for the Siwa farmers, In

any case, test cultivation is needed on the possibilities of seaside grass.
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CONCLUSION

After fulfilling the entire course of our survey at this time, the
E.G.D.D,0. advised us of their desires, of which the particulars are as
follows:

1. In full appreciation of the existing state of affairs in Japan,
Japanese assistance should take, iIn its initiai stage, the form
of scientific, engineering end educational cooperation (The
educational cooperation appears to mean a scholarship grent).

2. However, it is most desired that such assistance should be
rendered by regions,for instance, Siwa, Bahariya and the Sinai
Peninsula,

'5.7 As it is well known, the United Areb Republic is the gateway to
Africa and the Middle East., In this conﬁection, Japan's economic
participation in this country is eagexly hoped for, and this will
alsc prove of great benefit to Japen itself, The UAR Government
desires to be provided with technological assistance from Japan, not
“in the form of export of completed goods but through export of plant
equipment,

To be moreAAetailed:

() The UAR Government would like Jepan to send, during the
fiscal year 1964, senior experis specializing in the
following, for a period of more than six months:

(1) Underground water
(ii) Engineering

(iii) Agronomy
(iv) Administration

The Government will-be prepared to provide such Japanese
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experts with promising young assistants of E.G.D.D.0. and ex~
pects them to study the above four subjects thoroughly.

(b) The UAR Government would like Japan to invite, during the
fiscal year 1965, several such young essistants to Jepan for
a period of six months to one year for thorough training.

In wview of all the above proposals by the UAR Government, we will strive
for 'early materialization thereof through Govermment-to-Government channels,

Apart from the-fergoing, the UAR Government was particularly interested
in the following new technology:

(1) Unattended lighthouses (powered by solar batteries)

(2) Telemetering and recording of flow, pressure and hydrostatic

level of weter in a well
In providing the UAR people with the necessary engineering guidance, it is
held that the most effective means will be for the Japanese experts sent to
take up the above two items as well as the first three desires mentioned pre-
viously,

Meantime, the E.G.D.D;O. showed us thirty items on which they desired
advice and assistance from Japan. These items should also be settled en bloe,
in the same manner as the above, After making a collective study, we would
like to carry out work on the thirty items in the sequence in which prepara-
tions are made.

We debated from various aspects as to which geographical zone should be
chosen for future development projects, and the conclusions arrived at were
as follows: 7

The sites, development of which can-brobably be carried out according
to Japanese blueprints without casting any undue burden on Japan's economy -
are {in order of priority):

(1) Behariyas (including Farafra)
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(2) the Sinai Peninsula
(3) Siwa

The reasons are as folloﬁs:

(1) Bahariya
This inland area is one of the least developed in Egypt. Since, however,
iron ore deposits of a 60 % fineness, were lately discovered in this
area, it is expected that the Bshariya lowlands will show a remarkable
and profitable development in the near future, cénterea around a mining
industry.
A geographicael survey will be finished during the first half of tﬁis
year and thereafter development will be carried out by a Swedish
company to bring an expected daily yield of about 10,000 mt, The
conatruction of & railroad and a highway has been determined upon for the
purpose of {ransporting the iron ore produced. The UAR Government has
elready asked the Japanese National Railways to assist them in such e
planned construction. In view of the current demand and supply situation
in the iron and steel industry of the United Arab Republic, development
of the Behariya ore deposits will certainly be expedited.
Exploitation of deserﬁs hes 1little commercial value, if any project is
limited to ag?icultgre only. In the case of Bshariya, however, a rail-
road, mining facilities, iron foundries, dwellings, roads, communications
facilities, etc. should be tzken into consideration, iogether with the
consequent rapid population drift to the site and the resultant necessity
of supplying agricultural products,
The Cairo-Bshariys-Ferafra route is the worst of any of the roads
linking oases in Egypt. Fatal accidents have often taken place along
this route., Communications and security facilities are urgently needed.

Since this area is still in the very early stages of the processes used
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for exploiting deserts, it will serve as an interesting subject for
doéumentary Tilms, if Japanese assistance is rendered, as such films are
a Japsnese speclality. Improvement in methods of rice cultivation at
Behariya will also be one of the subjects to attract the attention of
interested parties.
All considered, Bahariya is the most promising site for the carrying out
of a development projeci under the assistance of Japan. (A map drawn on
a scale of 1 to 25,000 and an air photograph on e reduced scale of 1 to
50,000 of the Behariya area, have already been completed, Therefore,
fundamental data required for the implementation of such a development
project can be checked with comparative ease. )

(2) Sinai Peninsula:

- About 120,000 people live in the Sinai Peninsula, of whom 80,000 live in
El Arish, on the Mediterrvanean coast. Therefore, one could correctly
say that almost the entire area of the Sinai Peninsula is uninhabited. -
The Sinai region abuts on Isreel along its northeastern frontier. In
this regard, the UAR Desert Jevelopment Agency is averse to having the
development of this region undertaken by the United Stetes and/or
Buropean countries inasmuch as all these countries have some connection
with Israel, On the other hand, Japan has no such ties whatsoever. Thus
the choice has fallen on Japan.

Major developments considered for this aree are the exploifation of ore
resources {abundant nonferrous metals) in mounteinous districts, the
exploitation of petroleum rescuces on the Red Sea coast, and the promotion -
of agriculture in the Mediterranesn coastal zone. Exploitation of

Petroleum resources has already been started by Italy. Japan should -
therefore cooperate with the UAR Governmment in exploiting ore resources

and in promoting agriculture,
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(3)

The East Canal Project has also been drawn up by the UAR Government,
under which reclamation will be carried out on an extensive scale east
of the Suez Canal, Subsequeht to completion of the Aswan High Dam, vast
areas of arable land will be formed by the consequent irrigation from the
Hile, It seems possible that Japan will be given an opportunity of par-
ticipating in this contemplated reclamstion plan, supported by its
successiul achievement in dredging the Suez Canal,

Siwa:

The problem which confronts the Siwa Oasis is an effective method of
draining water from the area as well as desalting the saline soil and
water of this oasis. At Siwa there is no lack of water, It can be
foreseen that a long-range introduction of Japanese agricultural tech-
nology, rich in experience, will contribute considerably toward improve-
ment of the agricultural enviroment of Siwa. Procurement from 3kgine
lakes of raw materials for chemical industry is glso possible. At Siwa
slow and steady development is preferred to extensive and hurried ex-
ploitation, because this oaéks is comparatively small, It is suggested
that several agricultural engineers be sent here from Japan to give the

necessary technical assistance over & long period of time,
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