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PREF A C E

A S A T P S S L et S

This revort on degradation and related hydraulic
problems caused by the controlled relase of clear water
irom Aswan Dam was prepared by Dr. Daryl B. Simons,

Associate Dean for Research, Colorade Stats University,
Ft. Collins, Colorado. The report is to the United

Nations. Three copies of this report were sent to
Mr. S.4, Orlic, Chief, Section for Africa, Bureau
of Technical Assistance Operations, United Nations,
New York 17, L.Y. Also, cogies of the report were sent
to Mr, Vojko Pavicic, Resident Representative of the

Technical Asolsuance Board in the United Arab R=pub11c,
29 Sharia Wlllcocks, Zanalek, Cairo and to Mr. A.Sager,
Chlef Technical Assistance Cooperation Unit, Economic
Oommlss1on for Afrlc“, P.0. Box 3001, Addis Abecba,
Ethlopia.

The Teport was prepared in accordance with the
Job‘descrlptvon, Post UAR-33 G in the United Arab
Republic at the Hydraullc Research and Experirent
Station, Delta Barrage and the Nile Control Offices,

This assignment was made possible by a joint

agreenent between Colorado State University, “he Urited
Nations, and The United Arab Republic. '

—— T —— S ——— — —— —
o .



Eveluation of Degradation and
Related Hydraulic Problens
Downstpeam of Aswan Dam

SRR

TNTRODUCE ION

gggpoee.qf Visit

In response %o a request from the United Nations for
an expert on sedinent transport in rivers and canﬁls %o
provide technical essistance to the M;nlstry of Irrigation
and to their Hydraulic Research and ‘xperiuent Station,
United Arab Republlc, Dr, Daryl B SiLons, Associate Dean
for Research, Colorado Stete Uhlver51ty, Ft. Colllns,
Color do visited Culro and the Delta Burrage, Undted Arab
Republlc fron Nov. 19 1965 “to Dec. a2, 1965. This visit
was authorlze for a 6 weeks perlod termlnatlng Dec. 23,
1965 through a reimbursable loan arranged with “olorado
State University. The reference for the a551gnrent is
Post UAR-33-G,

Upon arrival in Cairo, Nov. 20, 1965 a neeting was
held with Mr. V, P. ‘Pavicic, Res1dent Reprementative of the
Teohnlcal Assistxnce Bomrd and Director of Special Tynd
Prograns; Mr. H.L, Maggs, Deputy Re81dent Representative
of the Technlcml Assistance Board and Deputy Directors of
Speclﬁl Fund Prograns; Mr. Y.Y, Kln, Assistant Resident
Representabtive of the Techﬂlcel Assistaonce Board and
A581stunt Director of Speclal Fund Prograns and  other
UNTAB staff, The objectives of the visit to the United
Arab Republlc were discussed in general and the group -
spe01fled conpletion of a finel roport at ox after termi-
nation of the assignment with the Mlnlstry of Irrigation.

' The erter was Welcoaed to the United Apob Republic
and the Hydrﬁullo Rese arch and Experlment Statlon, Delta
Barrage by M. A A, FEldarwish, Dlrectar. Meet;ngs Were



- arranged with the officials of the Ministry of Irrigation
where thg writer was warmly welcomed. The following is
a list of the gmembers of the HRES Board of Directors.

The problems of the River Nile have been discussed with
the first three members of the Board.

Mr. Ahmed Komal, Under Secretary of State for the
Ministry of Irrigation and Chairman of the Board

of Directors for the HR E S Deltta Burrage.

Mr, Hosscun Khalil, Under Secretmry of State for Nile
Control,

Mr, Mahmoud Hasseab Dafrawy, Under oecretary of State
for Research, Mlnlstry of Irrlgatlon.

Mr, Mostafa El-Kadi, Under Secretary of State for
Irrigotion Projects, Lower Egypt.

"~ Mr. Abd El-Homid - Abu-El-Dahab, Under Seeretary of

State for Irrigation Projects, Upper Egypt.

Mr, Mohaomed Mamoun Under Secretary of State for
Administration and Finance.

Dr. Mohamed Hassan, Under Secretury of St“te,
© Ministry of High Education.

Dr. Anwar Khofagi, Dean Faculty of Engineering,
Cairo University.

Dr. Hassan Isuail, Prof. Faculty of Engineering,
‘ Cairo Unlveﬁ51ty and Director, Suiz Canal
Laboratory.

Dr. Hammad Yousif Hammad, Prof. Faculty of
Engineering, Alexondria University. -

Mr. Yousif Senaika, Technical Advisor, Ministry
of Irr1g°tlon. ~

Mr, Mohamed £bd El-Aal El-Madani, Technlcal Advisor
Ministry of Irrigation.

Mr. Abd El-Salam Hashim, Technical Advisor, .
Ministry of Irrigation.

Dr. Abd El-Fattoh Fahmy, Director for Research
and Plonning, Ministry of Irrigation.

Mr. Ahmed Ali El-Darwish Director, Hydraulic Reseach
and Expeiment Station, Ministry of Irrigation.

Mr. lohamed Nadar, Engincer, Secretaory Board of
Directors. Hvdrauwlic Research Expriment Station.



Special acknowledgement is made of the many pri-
vilages and courtesies extended by Mr, Ahmed Kamal,
Undersecretﬂry of State and Mr. Mahmoud Hasseab El-
Dafrwwy Undersecretary of State for Ministry of
Irrigation. Also Mr, Eldﬂrw1sh, Mr. Aly Fowa, Director
General, Nile Control General InsPectorute, .
Mohamed Lutfy, Inspector, Nile Control; Dr. Sulah
Shalash, Nile ControL, Dr, Soud Al-kaflf, The
Hydraulic Research and Experiment St&ﬁion and Mr.
Hassan Wahby of the Hydraulic Research ond Expeis
ment Station were all most helpful in providing
detailed data and vital 1nfor11t10n ‘pertinent %o the

Nlle River and the hydraullc problems aSSOOLated,
with it.

To focus attention on sbme of- the hydraulic pro-
blems presently of major importance to the UAR
Mr. Ahmed Ali Kamal, Under Secretﬁry of Stxte,

Mlnlstry of Irrlgﬂtlon, proposed the fo;lowlng
questions : -

1, What is the gvonble amount of derrmdgtlon in
- the rlver be veen Aswan Dam and tﬁe Delta

Barrage
2. Whot degradation can be untlc ad at _the
' existing reguiators at Esna ? RSt

ond Assiut ?

3~ Where are new dams or weirs requlred to control
" and llult degradafion 7.

4~ What are the most sultable sediment theories thaot
~ can be applied to the Nile-River ?

5- To what extent will agrmdqtlon occur upstrean
: of the High Dam ? :

6~ What effect will river degradation hawe on tne
banks cf the Nile ?

These are all timely and important questions that
must be resolved. However, as the remainder of thé
report emphasizes it will be ne ecessary to conduct
. continued research and field observations to give

quantitative onswers to some of these questions and



it is essential ta.do so. The nece;sary research need
includes both laboratory and field studies. These
should be best conducted by codperation between the
HRES and the NCGI. The collected data from the
field should be published every year.

THE_NILE RIVER

For general information a brief descrip-iion :f the
Nile River and its inportance to the life cnd economy
of Egypt is presented. This topic was treated breifly
by Bonduront’ and Brown ( 1963 ). The following porag-
raphs pretaining to the Nile were taken from their
report. '

" The Nile River is formed by three major t.+ibu-
tary systens, the White Nile, Blue Nile, and 4ttara
which drain a humid area of equatorial Africa, ilow-
ever, from the confluences of the Atbara througiout
the approximately 1500 miles of its course to tac
head of the delta near Cairo, the stream flows
through an arid region with no tributaries of c:in-
sequence. At the head of the delta, the river ¢(ivides
into two distributories, the Damietta and Roseitia
Branches, which continue approxiuntély 130 milcs to

the Mediterranean Sea.

Roinfall throughout most of Egypt is generilly
less than 2 in, per year, and the flow accumul:ted in.
the upper tribubtory system of the Nile is esseaxtially
the only surface water available in the country. Soune
areas Qf subsurface water are curréntly_being Geveloped,
but these are only a small fraction of the total .
More thon 90 percent of the population, and practically
all the agriculture and industry of -the country are
ecrowded within the confines of the Nile valley. In
addition to being the primary source of water for



’

douestic, agricultural, and industrial use, the stream
above the head of the delta is the major ﬁrtery of tra-
nsportation. The Nile is literally the lifeline of

Egypt. J

Floodwaters of the river have irrigated the valley
thoughout histoxry; however, the floods occur in August
and September rather than during the periods which would
better corresepond to agricultural needs. A prograr of
storage and diversion stmuctures to enable more effi—
cient distribution and use of the water was inaugurated
with the completion in 1861 of the Delta Barrage at
the head of the delta. Bubsequently, additional struc-
tures were completed on the main stem and on tke two

delta branches, and one was constructed on the Whits
Nile. Although this program involved storage 2s well
as diversion, the total storage provided was culy
slightly over 5,000,000 acre-ft, which allowecd. only
moderate control during flood periods.

Currently, the High Aswan Dam is under ccnstruction
This project, located approximately 20 mile upstrean from
the upper mainstem structure (the Low Aswan Barrage) and
about 580 miles above the head of the delta, 7ill provide
conplete storage regulation except for extreme floods. IU

will also effectively divide the river so that only that

portion dovmstream will currently‘need be considered in
the coatrols., | '

Statistics on that portion of the strea:n are -

Length (Aswan Barrage to head of delﬁa) 560 miles
Fall - | 223 ft,
Average slope (varies from 8,6 to 6.5 cm/lm) 0.3ft/mi'e
Width; 500-700 meters approximately -’-“‘,5 Oniles
Flow , maXimun naturnl approximately 450,000 cfs
Flow ; ninimum natural approximately . 40,000 cns



A The regulated dischorge with the Hikh Aswen Dan

operation will decrease frou Aswan downstrearn, since the
only replocorbnt for the water Vithcr wn'vlll be sone

return flow or dr"ln“ge fLO“ 1rr1goted arcas. During

S years of high flow, the relase at Aswon will be about

143,000 cfs for the period August 20 though May, and
98,000 cfs from June 1 to August 20. During years of nornal
and low flows; the corresponding values will be 89,000 cfs
and 52,000 cfs. A4nticipated discharges during the August-
Moy period at the various control structures downstreat

are shown in the following table :

Distonce frou Disch:rge; cfs
Low Aswnn Barrage Nor:2l and

Location niles, High Yeors Low_yeaors
‘ Aswon Borrage 0 143,000 98,000
—  Esna B:rragg 98 120, ,000 . 85, ,000
Naga-Hanadi Borrage 212 123,000 78,000
. Assuit 519 99,000 54,000
Delta 560 97,000 52, 20
Mediterranoan Sen 660 (Approx.) 45,000 0

The Aswon Barrage is founded on rock, which almost
innmediately dips below the surface. Tho renaining struc-
tures are founded on sand, which is stated to kiwe a depth
of pore than 100 ft; they are, essentially, nul*iported
and gated structures on 2 sl2b base with upstrc n and
downstreary sheet pile cubtoffs.”

A sketch noap of the Nile River fron Asw il Dan to the

Mediterraonean Sea is given in Fig. 1. Note the location
of existing barrages ocnd the distonces in kilo.eters
between barrages.



 DATA AVATLABLE TO EVATLUATED THE
DEGRADATTIQN AND . RELATED PROBLEUS

——————————

In 1955 the late Dry L. G. Straub, University of
Minnesota was retained as a consultant Dy the Ministry of
Irr15atlon to suggest a data collection program that would
prov1de the type of field data requlred to evalyate the
degradatlon of the Nile Rlver and help solve other related
Tiver problems, 4 plan for procurement of essential data
was formulated and since that time these 'verj valuable
' basic data have been and are being'systematically e0llected
in accordance w1th this well concieved plan by the Mlnlstry
of Irrlgatlon.

The plan called for : -

1+ Test borings of the bed of the Nile +to a dspth of
' ten meters at varlous locatlon dowvnstrean of Aswan Dam.

2~ The selection and operation of new river gagesT

5f nhe systematlc establlshJegt of ratlng curves at the .
gaglng statlons. o

4-  River ohannel 9ross¥seCtion data.

5~ Sediment load (silt) investigations.

Test Borings

—_—_——— s

The .test borings were taken in the river channel at
Gabal ElASelsela and in the v1cln1ty of existing barrcges.
Twelve borings were taken at the Gabal El—Selsela lOCuthD.
There were three borings at each of four cross—sectlcno.
The borings extended to a depth of ten meters. The bcrln
were analyzed to determine partlcle size and gradatlol The
results of the analyscs of the borings from three of the
twelve test holes is shown in Fig. 2. :
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Note that the median diameter, dBO; of the bed material is
about 0.24 mn, the d75 is about 0,35 mm, and the dgo
is around 0,51 mm. The average sizes of bed material
based upon the analysis of a larger number of boring bet—
ween Aswan Dam and the Delta Barrage are: i—

ago - 0,22 mm,
dgg = 0,55 m,

It can be concluded from the analysis of the borings
that the bed materisl is quite uniform in characiir %o a
depth of about five meters., To this depth thewre is eppa-
rently very little coarse material that can be ‘epended
upon to armor the bed and limit degradation., This skould
be verified by a more deteiled investigation.

Another point.uf interest, the size and graiatich of
the bed naterial does not vary much between Lswan Dax
and the Delta Barrage.- The median diameter is approxi-
nately 0,22 mm through—out this reach of the riter, This
is different from most sand bed s%ireans, In giaeral the
nedian diameter of the sand bed materiai decreises with
distance downstream in accordance with an e :ponential
equation of the form - a

4 = G o ‘,,,,1,....,'<1>

where:

dx is the median diameter of the bed mate-~ial in mnm
~ at any station downstream of the refrcice station,

is the median diameter in mm at the r:frence sta-
- tion.
a is a coefficient which varies from river toc river.

X is the distance in kilometers downstream of the
refrence station.



The reason for this lack of reduction in size of bed
material with distance should be studied, It may be the -
result of the type of bed Toughness and the naturve of sedi-
nent transport in the Nile River. Also this reduction in
size of bed naterial may subsequently develoPe durlng the
process  of degradation and nay need to ‘be consldered in

futuxe enalyses of river problems. . !

New River Gages

~——_ ~

TS EEEE ST
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There are many river gages between Aswan and the Delta
Barrage, The establishment of these gages and the subses
quent collection of data at them provlde'very uscful infor-
matlon pertenent to dealing with changes .in th“ ~rmiver,
_The data collected at these Tiver gages - | B

1- Prov1de present, .and will prov1de future iriormatioﬁ'
on water surface slope ' charmel slope depth of flow,
velocity, width of channel and other essvntlal
hydraullo data. :

2- A neans of checking present loss of water between

" . gages and nore iuportant, the gages will provide
information on future river losses and gains which

' may begin to vary as a result of the clear water
released fron Aswan Dam and changes in Water level
in the river. ' '

Such data are so important to rlver control and,‘
develoPUent that it nay be. expedient and economlcal, con~
sldering long tevm developmeut, to start naking per-odlc
aerlal SUTVeys ‘and neps of the rlve“ and nore comnlete
maps of the channel alignment, the bed conflguratlon and
maps showing the location and movement of sand bars. In
fagt, a model of the Nile River or models of parts of
the river nay be needed Yo~ holp solve these river
problems. ' !



Rating Gurves

Adequate rating curves have been developed at ‘the
gaging stations to provide the essential dat:. on discharge
required in the deternination of the backwai:r curves and
the magnitude of probable scour at various ..hcations along
the river downstream of Aswan Dam.

-

River'cross;Section Data.

-

Data are collected on the channel cross—se stions
at 161 stations spaced 5 kn. apart from Aswar Dam to
the Delta Barrage. This proviaes limited data 1:quired
te. detect changes.in chonnel shape, degradation and
channel slope. Velocity, discharge ond sedimeni data
are not collected at the crosglsection stations In
addition there are 139 cross-section stations special
locations such as in the vicinity of existing barrages.
A1l of these daba are very valucble the collect.on of
such data should be continued and possibly expiaded by
gpecial surveys; see the discussion of this problemn under
"New River Gages".

811t Investigations

Periodic measurements of the sediment loal carried
by the Nile River have been made since 1929. In a recent
report by Mr. M. Iutfy and Dr, M. Salzch E,'Sﬁalash (1S65)
the details of the silt inves%igation proéram -nd pertinent
s8ilt data are presented. Their report states that an
average of about 125 nillion tons of sedirent per year
was transported down the Nile prior to closurc of the dan
in May, 1964,



Henceforth, this sediment will be stored in the
reservoir, The reservoir has a maximun water depth of
abvut 71 meters and a length of about 500 kilometers. The
reservoir has been designed +to provide stor ge fur
30,000,000,000 tons ¢f sediment. This is suffieient space
50 accomodate the silt accunulations for an estinated
Derlod of 222 ‘jears, The reservoir area extends a
sonsiderable distance into Sudan,

The present well concieved plan to collect sediment
data has . provided information that will help to :

1~ Establish the rate of sedinent inflow to the high dan
fron which aanucl loss of reservoir storage car be
estinated,

_2— _ Deternine the initial rate at which the clear water
__released froa Aswon will pick up sediment frum the
~ bed of the river5 :

- 5>~ Fix the rate ond general location of degralation in
the river channel, ‘

4- Establish sediment discharge relation for “he river
- from which the future rate of degradation con be es~
tinated., '

5~ Determine the extent of hydraulic sorting of the bed
naterial with tine after closure of the dan,

A study of the silt load in the Nile River by Y. I,
$innika, Technical Advisor, Ministry of Irrigation, showed
the following percentages of sand, silt and clay for a
total flood :

Silze o@ Sedinent Percentage
0e2 = 2 : ~ trace
0,02-0.2 | 30
0.002-0,02 40
Less than 0,002 30

It is essential to continue with and expand the collec-
tion of these sedinent-data in »rder to check estimates ef



river degradation, These data provide an accurate nethod

of estinating the location, nagnitude and rote Of degrado-
tion in the river., They also provide a means of establishing
sedinent discharge relatiuns for the river which will Dbe
very useful in future river development ond planning.,

River Mechanies

The degradation of the river and the analysis of rela-

ted hydraulic problens nust be based upon sound physical
principles and adequate river and laboratory data. '

In sand bed channels, such as the Nile, two regines of
flow and several different bed roughness are.possible depen-
ding en the nagnitude of pertinent hydraulic, geonmetric and
sedinent variables,

It has been shown by Sinons and Richardson (1963) that
flow phenonena in sand bed channels can be subdivided as
follows :- '

Lower regine flow

ripples
ripples on dunes
dunes

Transition zone

Upper regine flow
| plane or flat wed
standing waves
antidunes.

The geonectry of these bed formg and related data are shewn
:L"l Fig. 3'

In the lower regine the rate of scdiment transport
is snall, the resistance to flow is large ond the average
velocity is snall, In the upper regine the opposite is true,
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The forn of bed roughness that will occur in a channel
can be predicted with fair accuracy from a diagran relating
strean power, nedian fall dianeter of bed material and form
of bed roughness. Sinons and Richardson (1965). & schenatic
of this relation is shown in Fig. 4.

At and near flood stage the Nile River probably had-a
plane or flat bed in the nain channel, transported a rela—
tively large sedinent load and had a rather large velocity
and a snall resistance to flow. Now that river discharge
is reduced by storoge in the réservgir ond as degradation
increases in total amount with tine, the slope of the river
will decrease and the strcan power will be reduccd to a
range where lower regine flow will be established in nost
of the channel, The river bed will finally stablize ot
sonre reduced élope that will probably produce ripples on
nuch of the bed. There will be a wvery low rate of sedinent .
transport, a relatively large resistance to flow & a snaller
average velocitye. Of inportance is the question that will
the resultant stable slope and depth of degradation be along
the river? This problen will be discussed,

Degradation

The nagnitude of degradation that nay oecur oz the
Nile River in +the vicinity of Aswon Dan and downstrean to
the Delta Barrage 1is a problen of great importance and
interest, The extent of degradation has beep estinated
by vorious groups and individuals. Answers range fron a
few centineters to several neters, ‘For exouple Mr. Y. M.
Sinnika, Technicel Advisor to +the Ministry of Irrigation
and former Under Secretary of State thinks that degradation
of the river will be negligable. His estinate 1is based
upon river cross—section surveyé soro 30 kiloneters down-
strean of low Aswan during a period when <the low dam was
used to store flood waters. OConversoly, Mr. 4, Fathy,

fornerly Professor of Hydraulics, University of Alexardria,
aoatimnted +hat Ancradatinn 4n  avanas A~ 11 rmateorg wAag
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possible., Certainly, if nothing else such a large figure
helped bring abtention t¢ the problen, Intermediate volues
were dcternined by Dr, Gonal Mostafa (1957) based wupon. a
tronspert study, He estinated ul¥inato values of 8,5,
9.0, 7.0 and 6,6 ngters downstrean of structures starting
at Aswcn Dar, In (1963) Banduront and Brown used critical
trapspert values detemined for Missowrd River sapd and +he
criticel tractive force equation 1
Sg = T/ Y D asssesecas(?)

wheres .

S, 1is the eritical energy gradient,

T, 1s the critioal tractive foree,.

¥ is the speoific weight ©f water,

D 1s depth of flow in feet,

to estinate a paxinun degradation of 7.0 neters below
Aswan Dan. This valwe 1s in close agrocneant with the
valwe given by Dr, Mostafg.. :

The Swedish consultant £irm VBB (1960) discussed the
water power of the River Nilc between Aswcn and the Delta
Barrage. This analysis requircd on estinate of the apti-
cipated degradation after closure of the High Dan, They
enphasize the inporbtance and complexity of ¢his problen
and inplied the need for further study of degradation

to help evaluate the need for mew dans between existing
barrages to protest existing structures and to provide
additional power goeneration sltes,

Figure 5 was tolken fron the VBB report & illustrates
typieal backwaber curves for different discharges and the

- degradation curvc. Note that naxinun degradation is shown

near the dan and there is some f£ill Just upstreann of Esna,
The naztrun degradation shown 4s on the order of 3 to 4
neters. It was not possible to deterrinc the nethod utilized
to estinate this degradation curve,
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Recently Mr. Mohaned Lutfy ond Dr.l, Salah E.
Sholash used the river dota collected prior to ond since
the closurc of thc high dan to estinate degradation.

The results of their analysis is presented in a paper
entitled " A study'of Degrodation of Nile Bed ofter
Sad-el-Acli", which the writer had the privilage of
reviewing. '

Based upon sedinent data, Mr., Iutfy and Dr.
Shalash established a relation for sedinent transport
in the Nile of the form.

620,375 (Q=20) 1.5 wem———m-n (3)

which

C  is the silt eoneentration in ppn
- Q@ is the water discharge in nillions

of m3 per day.

The nunber 20 in ¢quation 3 signifies that C = Owhen

Q €20 pillion ¥ per day.

The total annual sedinent dischorge observed as
port of the silt investigation in the various reaches
downstrear of Aswan Dan ofter closure in 1964 are given.

4

33 I amew

"River Reaeh ¢ Bedinent discharge in
riillions of tons per year

o o

Gaaffa to Esna

- wn weted = -

i

26.22 :

Downstrear: of Esna 29 .42 !

3Downstrean of Nagi-Harmiadi © o 36.43 E
‘ Downstrean of Assuit . 38,67 i
:Upstream of Delta Boarrage A: 51.76 g
IR |




.The forcgoing values are in good agreeuent with

values predieted by their transport relation. The

- sedinent discharge has not been subdivided into pereent

of sond, silt ondéd elay.

The nognitude of degradation eaused by the re-
novel of sedinent fron the river bed cre given for
1964, ‘

T e ] -
' .

? River Roach i Degradation in e, !
; . . i - S - L
: E |
7 i i
Aswon to Esno _ , 1.27 o
: . . i

{Esna to Nogl-Harrmadd ' 2.08 :
SNagi-HaEmadi to Assuit ' 0.75 %
: P | i
Assuit to Delta Barrage ! 2,01 :
' 1

L

To estinate these volues a length of the river
fron Aswon Dan to the Delta Barrage of 964 ku ond a
neon average weltted pereneter of 900 ﬁ was used. The
corresponding approxinate value of the water cross-
seetion is 5000 n? and the average bed depth is on

the order of 5.6 m.

In generil the conputations prescnted by
. Mr. Iutfy ~nd Dr. Shalash point out thot degro-
dation will total o few centiuveters per year.

They eonclude thot only a ninoy reduction in
river slopc will result. '

It is suggested by the writer that i-

1- This excellent nethod of checking degra-
dation should be continue and expanded so present
results can be revisced based upon a longer period
of clear water flow and corresponding sedinent
transport. '
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The neosured silt load between bdrrages should be
analysed to deternine percent of clay; silt and
sond., Por jexanple, is the tOu 1 tons qQf sediment
ueasu;ed upstreau of the Delta Barruge about cne
third sondor is the percent of sand pelatively
snaller thon for normal floods ? |

Future rotes of degradation mdy be nore intinately

related to the sand fraction of sedinent trans-
port thon the clay and silt fractions.

In couputing the avera ge degraldtlon in the river

consider o wedge of sedlnent being eroded fron
the bed instead of a rectongle. This may dcuble

-the estinated degrada ‘tion conputed by Mr. Lutfy
" and Dr. Shalash.

¥

-The silt investigation progran should be expan-

ded., Silt dmta should be collected at nore
cross—scctions and nore frequently.

’

OTHER LETHODS OF ESTIMATING
DLGR@ATIODI IN THE RIVER.

To estinate the nognitude of degradation in o

river certain basic data are required, certain assuip-
tions nust be nade regarding the nagnitude of variables

such as W’ch. depth and slope and comutational pro-—

cecdures uust be adopted.

Such data as : resistonce coeficients, slope

of energy gradient, geometry of channel cross—section,

the characterestics of the bed wmaterinl, the charac-
terestics of the water, sediment discharge relations

and other data are necessary. The essentinl data
and infornation required for prelininary computations

are available,
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The conputational proceedures suggested by

the writer cre :

P

Deternination of degradation based upon sedinent
discharge data and sedinent discharge relations

as presented by Mr. Lutfy and Dr. Shalash. The
initial data and degradation resulting fron the
first years of closure of the dan can be used to
estinate the final conditions in the river. A4lso,
the'resultsﬁc:n be periodically revised as dictated

by future doata and neasurements.

Other transport relations such as the one proposed

by Colby ( 1964 ) con be used to check degrnlation.

This proceedure would be sinilar to that proposed by
ir, Lutfy and Dr. Shalash but utilizes a tronsport
relation developed for other, but siniliar, rivers.

The final slope of the Nile can be estinated using
stable chonnel design criterion. ZFron the diffe-

rence between original chonnel slope and stible
channel slope an estinmate of degradation for each

reach of the Nile can be nade.

The stability criteria for channels based upon basic
data collected by Sirons and Richardson ( 1961 ) in
he hydraulic laboratory ot Colarado State University

can be used to estinnte degradation.

w

The recnt laboratory studies of degradation campleted
by Dr. Isunil and Mr. Wahby ( 1964) at the Hydraulic

Rescarch ond Experinent Station, under the direction

of Ur, A.A. Eldarwish, can be used to approxinate

the degradation of the Nile River. Also a resent

Study of degradation corpleted by Dr. Al-Khoafif

(1965) can be used to estinate river degradation.



6~ The CrlUlC&l tractive foree procecdure using Sh.elds
data can be used .

7- A vecent paper by Prof. Kouupa and Dr. Sinons, st;ll
unpublished, ¢stablishes a proceedure for estines
tlng degradation. A copy of the rough droft of
this paper will be giyen to Mlnlotpy of Irrlgmtlon.
An estinate of ultinate degradatlon in the Nile
bévﬁeen Esna and Aswan‘;s nade using nethods 3,

'%, 5 and 6. | '

Stable Channel Concepts.

Sevcxai nehtods of seieptiqg_a'stable ghcnnel
slope for a canal or river has been proposed, Sinons
and Miller ( 1964). One such relation is

0.84/ 2

sx10® =209 OB am.®

where

S is slope of energy sradient

D 1is the medlan dlaueter of bed uaterlal
Q 1is the des1gn dlshcarge

This equation was selected because it has been checkad

uSlng large flows in Paklstan and the Unlted States
and it is a ;unctlon of the size of bed naterial.

Based upon exlstlng field data lt 1s assuned

that the nedian diameter of bed nate*lﬁl of the Nile
is O, 25 i and that the domlnant dlscharge, th%ﬁ which
is exceeded not nore than about 15—20 pcrcent of the

tlne, is about 2;0 nllllon cubic neters per day. Tor

these flguros the stﬁble slope is,

8 x 105'

2.09 (0.25) O® 20,058
[(2.50) (1100) (36.7)°+2*
5.8 cm/h“ : :

{
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This combination of slope, river discharge and
size of bed naterial gives a channel with falrly
stable slopes, and a channel capable of transportlng
about 50 ppu of sand. To reduce the sedinent trﬁn3¥
port to a negligable value, using existing sedinent
trénsport theories the slope should be further re-
dﬁced to about 4 cry/km, 'Assuring the baclorater up-
strean of Hsna bavrage wUuld control degradation for
~about 50 kn the degradation $an be estinated by sub-
tructlng the suggested stgble river slope of 4 c./L,

fron the ex1st1ng river slope whlch is 6-8 cu and
multlplylnb this dlffrence by the length of lhﬂnne_
above thﬁ backwgter of Esna to the high dan Glb6~50'

116 kn )

Hence, the degradatidn-at the high dan should e dbout

‘(7-4) (16) =3.5 neters
100
This is a first approxination of the degradasion
at Aswan Dan. Assuning, as we have, the uniforn bed

- materlal conditions exist and the absence of other
controls upstrean of Esna, the estinated 3.5 meters

of degradation nakes good engineering sense.

" Without any backwater above Esna %o feduce
the average v91001ty, slope and dewrudatlon +he

total degradwtlon could be

( 3 )(16) =5 metérs'
T :
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Degradation Based Upon Observ ations af Coloquo
State Unlver51ty.

A study of sands siniliar to the sand whieh
forus the bed of the Nile River was coupleted by
Sinons and Richardson ( 1961), This study showed that
significant sedinent transport with graded sand having
a nedian dianeter of 0.28 um starts when the boundary
shear is about 0.04 lbs/ft . Assuning that the depth

associated with the doninant diseharge is about 5 neters
( 16.7 £t ) this criteria gives a stable slope.

s = Ty e w2242 - 0.000038
¥D (62.4) (16.7)

whieh is about 3.8 or 4 ecn per kiloueter.

This is approxinately the sane answer arrived
at by using stable channel theory nodified by sedie

nent transport relations. To provide a nore positive
check to prove that this slope is sufficiently small

%o stop degradation wse the Einstien ( 1951 ) Bed Load
Function, the Colby ( 1964 ) method or the method
proposed by Bishop, Sinons and Richardson ( 1965 )

to verify that the bed material discharge and henee
the degradation will be negiligable after a slope

of 4 cu/kn is reached,

Degradation Based Upon Experinents at
The Hydraulic Rescarch and Experinent
Station, Delta Barrage.

-y =

Studies eonducted by Dr. Ismail and Mr. Wehby
( 1964 ¥ ean be unsad tn snnravrineka the dacradatian
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of the river Nile, Treating their study as a nodel
of the Nile it is observed that degradation experi-

nents run for as long as 600 hours only reduced the
initial cheonnel slope, established with sedinent
transport, by about 40 percent. Using.a aodel -
prototype time scale, the 600 hours of tine during
which degradation occured in the model rcpresents
several years of prototype operation.

It is suggested thot the percentage reduction
in the slope of the river will be on the order of
that observed in the flune study or model. Using
this proceedure the original river slope of about

7 en per kn will be reduced by 40 percent to n
ultinate value of '

7 - t 7)(40) = 4.2 e/l

This slope indicates that degradation in the Aswon-
Esna reach, considering backwater as before, will
total about { 2.8) (116 ) = 3.1 neters at

100
Aswon Dan. This value is in clecse agrecnert with

previous estinates by the two other nethods.

. Degradation Based Upon

Critical Tractive Force.

'Using the Shields criteriaX and assuning the
Nile River will degrade until the boundar;” shear is
reduced to the critical shear stress or tractive
force ( the critical tractive force or shoar stress is
defined os the force per unit area requirced to start
notion of the bed material ) larger degradation is
indicated, Fron the Shieclds diagran the dritical

shear velocity - Reynoldé nuriber is
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¥

Assuning as before a depth of about 16.ft,, a nedian
dianeter of bed'materlal equivilant to d95 = 0, 7 nn  and
Y =09 x 10 2. £t /sec. one can solve for the crltlcal
channel slope..

That is : | N Fo e b s s

V9 (6) 8 (0.7) 0 | 154
©:9) (.5%) (10) (12)
Solving for the critical slope:
| S = O}q- Ci;l/klll_.

This indicates a total degradatlon between Esna bqrruge and
Aswan Dau, considering backwater, of

! (7 = _0.4) (,116 ) .
, ‘ 100 = 8,8 neters,

This vulue is in close agreenment with the one a praposed by

Dr. Ganial Mostafa (1957) and by Bondurant and Brown (1963).

The writers experience with canal and river problens
indicates that the use of the Shields criteria suggests
nore dégradation than will actually occur because or armo-
ring, boundary layer effects and boundary roughress. host
tranéport theories will show that degrodation will essent-
ially stbp before the slope of the channel is reduced %o
the snall value indicated by the Shields criteria, Also,
there is usually an appreciable anount of sedirent supplied
to the river fron internittent tributaries. This mnay be a
signlficant factor that will linit the degradatlon of the
River Nile,

Using present data, theories and experience the writer
believes that an ultinate liniting slope of obout 4 cn/kn.
and a degradatlon at Aswun of about 3 " neters are realis-
tic,
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In the introduction to this report seweral hydroulic
questions, for which answers are needed; were aszed. The
question of degradation botween Esna and Asvan has been
considered. Using +the sane procedure an cstimate of
degradation at other barrages can be obtained.

There has not been sufficient tine to becone well
enough acquainted with the river +to suggest the need
for and the location of new barrages and weirs to linit
degradation and accomodate new diversions, Fowever,
considering the estinated degradation at Aswan, the need
for new structures in this reach of river nay ve fixed
by the need to divert water more +than by the need %o
control degradation ot internediate points <olong the
river, However, the safety of each eXistihg stracture nust
be cerefully and continuously considered in the light of
new datzi, Where larger distances exist between barrages
new weirs nzy be required to linit degrodation end protect
existing structures., There is the possibility c¢f generating
power at these new structures as suggested by VEB (1960).

Dhe sedinent tronsport theories most applicable  to
the Nile River is a conbroversial subject but i1 the wri-
tYers opinicn :-

1- TPransport relations based upon neasured data that have
been eorrected to include bed load transport is the
nost relicble procedure. A good estinate of the bed
load transport to be added to the suspended sedinent.
load to obtain total.load con be nads using the Hodi-
fied Binstein Method, Hubbel and Matejka 71959).
Detalksd use of this nethod is illustrated in their
paper. Other similar reports that discuss the Modi-
fied Einstein procéedu'e are available though .the
U.S. Geological Survey, A copy of the Hubbel -
Mé;tejka report was givén to the laboratory.



2—-  Another good choice is the method proposed by Colby

(1964). This nethod has the advantage of sinplicity

and it is based upon a large ronge of field conditions
inc;udipg conditions sinilax to those in the DNile,.
This nethod relates sedinent discharge, averoge velo—
city, size of bed naterial, depth of flow, concentra~
tion of silts and clays and waber. tenperature. The
report by Colby was given to the laboratory and is
available from the U oS Geological Survey.

3-  Other excellent. nmethods are given by Bishop, Sinons
and Richardson (1965) and by H, A, Einstein (1951),
The Bishop, Sinons, Richardson Teport is available
fron the Aneriean Soelety of Civil Engineers.

The condltlon at the entrance to the reserv01r up-
stream of the high dan will be of intercst and inportance,
The lorger sediment portieles will deposit in the backwater
of the reservoir and at the entrance to the reservoir, In
fact, a delta will forn, This delto will be quite unstable
because of changing water level in the reservoir, Never-
thless, with certain engineering works to give sone stabi-
1ity to the delta and after a long tine a new linited
agrlcultural areo night be developed. & detailed study of
the developnent of the reservoir delta and nmethods of
stabilizing and utilizing it should be considered as well
os other effects Qf agradatidn upstrean and the developneat
of agrieulture and related activities around ¥he leke,

_ The question of erosion of the banks of the Nile is
alsu a problen, Earlier, the writer enphasized the geed
- for both labordtory studies and field observations to
evaluate this problen. In tine, as the silts and eclays.
presently forning the bonks of the river are eroded away
bank areas nuch less stable and nore erocdable nay be
exposed fo the flow, The failure of such areas nay require
extensive use of bank protection works of various Yypes,
Also, as nmentioned earlier in this report as large sand
bars and a low water chagnel forn the channel may neander
and cause a lowering of bed level, ond as the neanders



approach the original bank the bank will cone under attack
and nay fail, A nore detailed study of this problen is
certainly warrented.

Sinilarly the future stability and hydraulic perfor-
nance of irrigation canals should be considered. A loss
of silts and claoy fron these channels ﬁay cause signifi¥
cant changes in then and complicate groundwater and'
drainage problens as well.

PROPOSED RESEARCH AT THE HYDRAULIGC RESEARCH
' AND EXPERIMENT STATION AND IN THE FIEID

FEDS=EEEEE
The conversion of the Nile from the partially coat-

rolled to the conpletely controlled state & the subseguent
dranatic changes in the water from a heavilYy silit ladden
condition to a clear woter release at Aswon will introduce
nony new and unique problens that nust be studiel as soon
as practicable in order to provide basic information reg-
uired to solve then. ‘

In nany instances the initiation of these wressarch
projects will require addition to new staff; equipnent and
instrunentation. ‘ ' ‘ :

Instrunentation Needs

e e e e e e S e e —
—_ == ==

Sonie of the instrunentation esSential to such research
was cited by Bondurant and Brovn (1963), Additional inst-
runentation needs include : .

1- Loboratory and field sonic cquipnent capable of accu—
rately neasuring bed configuration; chanriel cross—
sections and chonnel profiles. In particular, this
equipnent nust work accuratel& at shallow depths.
Such laboratory cquipnent is available through Colorado
State University, Ft. Collins, Colorado and Autonation



- Ingtrmanents, inc,, Boulder, Collrhdo. Fach unit of such
equlpment lncludlng an accurcte “ecorder costs apprOXI—

nately $ 4000

‘" 2+ Hot-Filn velocity neasuring equipnent capablé of measu-
' ring and recording the instantoncous velocity fluctua-
tions in time and space in liquids, Such equipment can
be procured f£rom Honeywell Manufactures, UsS.4, or a
8inilar device will be available fron Colorudo State
' Univers1ty‘by January 1967. Such a wnit will cost
~ sboub § 4500,00 including an adequabe reecorder,

3 A cdnplete set of glass tubes for the visual accunula~
tidnfequipnent. The large size tubes are essential to
_analyze sanples of bed naterial of both the river and
fhmw:ﬁwbes. : > ‘

4— Appropriate scopling equipnent to obtain systenabéc
 sanples of the river bed and banks, the suspended
sedinent load and total sedinent flow passing each
barrage are necessary. Staidard sanpling eguipment
and sanpling proceedures.are described by the Inter—
agency Sedinentation Sub—Conmlttee and both publica-
tions and.equipnent caon be obtained fron-the Corps of
Engineers, U.5,A, or sinilar equipnent is available
fron the other countrles, The inportaonce of instru—.
nentation is sufficiently great to worrent special
evaluation. . | - '

Resoarch and Field Studles

—_————— ===

- To achieve the naxirun . results with nininun effort it
is necessory to develdpe a close and épordinatcd working
relation between the various subdivisions of aiy agency ond
in particular excellent cooperation between these groups
and reseurch staff. Close coopecration nake possible a nore
conplete'utllizatlon of staff and the data resulting fron
both laboratory and field studies, One of the grectest
obsticals to a coordinated activity“is lack of appreciation
of each others assisnnents and objectives.



To help solwve the nony cor'-plicat'ed engineering probé-
lens that will result fron a controlled clear water release
fron Aswen Dam, the Ministry of Irrigation should mnake
continued and expanded use of the Hydraulic Rasearch ond
Experinent Ste.tion_,_ |

_ At the - outset of the report several problems that
nay resu.lt fro'"' the release of clear water fron Aswan Dan
were cited. Mzny of these problens con be best solved
by conducting properly designed and executed studies at
‘the laboratory and in the fn.eld. A few such studies that
are of sufficient inportance as 'bo Wo..rren'b inmediate con-
.sideratlon are suggested.

T River Degradation. Using natural river sanc fron the
Nile, study the machanics'of degradasion, thke effect
of the courser particles conprising the bed naterial
on the armoring of the bed 30& the reduction of scour
and in particular the nagnitude of degradati.on, Sui-
table flunmes for such a study are available at = the
laboratory and initial studies of.degradation have
been completed, Isnail and Wahby (1954).

2+ The st bility of the banks of the Nile shculd be

- exonined. Possibly undisturbed sanples of the bani
naterial should be carefully obtoined and subjecteld
to erosive forces of different nmognitude to determine
the stability of such naterial when subjecied o
clear water flows. Such a study should be conducted
in the laborgtomf but sinulteneous observations and
neasurenent should be nmade at selected field stations
or sites.

5-- The change in chamnel geonetry should be studied in
detail. It is poésible that the present width-Cepth
ratios of the Nile are too large for the rceduced
flow rates of the futurc. This ney induce the deve-
lopnent of nore large sand bars and a snaller channel
within the large natural chm_nel. This dewvelopnent of
a channel within the exdsting channel is accelerated
by the developnent of large sand bars. The possible
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changes in the ch~nnel and increased Aeanunderlng will
endanger existing hydraulic structures, water intakes,
brldges, bwnk stability und etc. Furtkernore this new
channel nay be less stable in alignnert than the cold
channel, ths new channel nay eut into the banlk cf
the old channel doing serious damage Yo p:operty unless
eontrolledo ' -

It is proposed that a three—dluen51onal model study
of a quajitative nature should be considered to estab-
lish the p0551b111ty of the deyelopnent of a new channel
and its nany consequences on the river and upon river
operatlon and development.

One njnor advontage of the developnent of a new
channel neandering on the bed of the original chonnel
o greater channel length, reduced channel slope, -
lncreased resistonce to flow and less favordble con-—
ditions for continued degrauatlon.

Channel bank lnst bility fron segpage Forces caused by
a high water table and return flow nay be of increasing
inportance, particularly at low flow ond upstrean of
the back water effect of barrages. With a water taoble
h}gher thon the woter level in the river the bapks will
Seep, and m%y slide into the river chonnel, Special
treatuent of such unstable banks nay be required. The
Jocation of problem areas should be investigated and
nethods of locating and stabillZlng such tank condi-
tions should be investigated in both the hydraulic
leboratory und the field, |

Navigation requlroments nust be established and fron
these requirenents ninimun w:.dths, depths and radii
of. bends, To neet future navigoation needs naoy require
detailed studies of river mechqnics; best river align-
nent, depth of pools, depth of crossings, nininun rad-
ius of eurVature; nininun width and etd, Such problens
will require close¢ coordination and éeoberation 5etween
field and laboratory staffg The consideration of navi-
gation problens nay require nore detailed collection of



field data to estoblish a more accurate alignnent of
river banks, the location of the nain navigation cha—
nnel and to help identify those reaches of the river
that will require ncintainance and possibly stabili-
zation, Such data con be nost economically obtained
byAcombleting periodic aerial surveys o»f the river
and sonic surveys of the configuratior of the river -
bed, AMlso, such surveys will help incontify & deter—
nine the nagnitude of river degradatic.a,

The developnent of suitaoble control structures for the
Nile is on inportant problem., If a certain channel
width, depth and curvature is to be naintailed it will.
be by using nany types of chaonnel controls, bank revet;
nents, low level sills, weirs and etc. Sinilarly, cone
trol structures nmay be required between existing barra-
ges to linit the degradation. at important structures.
The best type of basé level control structire should be
studied 4n deteil since the .design and ccnstruction of
such structures nay be very inportant and cxpensive,
Possibly sone type of weir constructed of rock will be
nost economical,

Changes in the quality of the water fcr irrigation nay

cause significant and inportont changes ir the irriga~-
tion canals. Appurcntly, the najor part of the sedi-
nent load eﬁtering the canals has been silts ard clays.
these channels have develope a rather stidle, semi-
cohes1ve boupdary. With the introduction of clear
water intu the canals sone of the silts mnd clays
presently forning the perineter of the conals riay be
eroded dway leaving nore permeable and lass stable
banks exposed to the fluid forées, Alsc, the teds of
thése canals nay be covered with coarser sand that
will be forned into dunes by the flowing; water. If
sand dunes and bars do develope on the teds of the

canals there will be an increase in resistance to flow

and the ability cf these nonveychce channels to deliver
an adequote supply of water to the fields may.be rodu—
ced, This problen should be investigated in the labo-
rotory flunes by subjecting the natural bed naterial
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of canals to fluid forces to see if the fine sedinents
are in fact carried away; if a deposit of coarser sand
renains and if this sand is nolded by The flow into
dunes that Wiil insrease resistance to flow and reduce
channel capacity,

The ability of the Nile to transport the eroded %bed
and benk naterial should be studleu. The water dis;.
charge will decrease with dlstance downstream of Aswen
Dani, It was pointed out by E. W, Lane (1955) that the
general relation: e '

Q@ el QS serea(5)

can be used to help identify and to solve such fluvial
hydraulic problems, This relation sinply swuates thatb

a river developes a reglme ‘apgely dependenb updn QS;
the bed nmaterial discharge; d,.the size of oed naterial;
QW; the water discharge; and S, the slope of energy
grau_ent. In the case of the Nile Qw will decrease -
with distance of the dam, S will be decreased by degra—
dation of the river bed, the size of the bed naterial d
ﬁay coarsen slightly with tine and 'Qs will be scoured
fron the bed and will decrease in nagnitude with tine,

‘The future regine of the WNile should be considered'frbn
~the point of view of the development of a aew stable

regine consistent with new conditions and the approach
suggested by Lone (1955) may serve as a guide,

bne specificlobject of such a study would be to
deternine whether or not the pool reaches will partly
fill with sand., This developmeht could cause serious
problens to na§igation and to diversions fron the
river for irrigation and for muniéipqlities,

Travelling by airplane._fron Cairo to Aswrn enabled the
writer and Dr. Soud El-Khafif to observe that there
are nany large internittent tributaries to the Nile..
These nust prov1de a relatively large supply of sand;
Sllt, clay and sone gravel sized particles to the
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River Nile, "The nagnitude of this sedinent load supplied
Yo the river must be at least guélitatively deternined.
This sedinent s‘uﬁp.ly will reduce dégrddation and for
pefiods of lapger storms noy even‘c ause sone agradation
of the Tiver ch:m.nel. Englnecrs at the Esna Ba.‘rage
when asked about inflow of water and sedinent to the
Nile fron side d.ra.lnage, stated tha.t occas:,onally the:ce

1s enough ;.nflow ‘of seds.nent o cho:lge the color of -
. the river Water.
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CONGLUSIONS

This study of the degradation and other hydraulic prob—
lens assccicted with renovol of the nornal sedinent load of
the Biver Nile was facilitated by the cooperation of the
Minlstry of Irrigation and the Director and staff of the
Hydrwullc Research anc Experinent Statlon.

The existing river data and the data cullection progran
were studied and discussed. . The present data collection plan
has proviaed infornation required to nake initial estinates
of river degradation, Also, these data can be used to help
evaluate and solve other river hydraulic problens, This
progran should be continued and expanded. Such inforuation
nust be obtained to ccpe with hydraulic problems which nust
be evulusted and solved, More data are needed ca sedinent
transport, river gecmetry, the presence or absenze of eoorse
bank and bed naterial that nay armor the channel the anount
of sedlnent inflow fron internittent tributaries and changes
in bed eonfiguration and flow regine with tine,

Methods of estinating river bed degradation were pre;
sented and ;pplled to the Aswan - Isna reach of river. An
ultinate degradation of about 3 neters is antlclputed in
this reach, These nethods can be applied to other parts
of the rlver. Conputations should be checked as nore data
are collecteu. This is essential because of ths conplex
and unoertaln nuture of this problem.

Other hydraulic problens were considered and discussed
briefly to enphasize the problens of the future and how
they night be solved, These problens should be given the
iDJedlate and contlnuod attentdon of a highly conpetent
stwff. Such an effort will require the appropriatior of
adaltlonal funds for resewrch, field studies ~nd instru~
mentmtlon.
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The efficient solubion of the problens of the River
Nile will require very close cooperation of all groups and
Minlstrys responsible for the use of and developmen’c of
the riyer, In foct, it nay be worth while to ceordq.na’ce
and execute thie work within one orge.niadolon. & lack
of coordination of effort will increase the expense and
di.fficult‘y of solving these probleus.

A staff of conpetent engmeers and ‘ot‘acr interested in
the developnen’c of the river ‘should be encouraged, to work
contlnuously on these problems. E_‘;‘equen‘b changes of staff
reduces the continuity of effort and the ability to effi-
ciently and econonically achieve the desired objectives,
These staff should .be adequately conpensated for their
efforts. O‘ther'v:Lse, they will look for nore rewe rdj.ng
qesiéljrlents .

COnt;nued nde EhARLd Be made of technical experts
a.nd consultants that have speclaliz.ed in river engineennb
and water resources development. The perlodic use of a

a.rblculur consultant is prefer"ble to the perlO\.JC use of
various consultants. Such a plan avoids the loss of tine
required to orient new experts, is nome ﬁrocluctlw, allows
the :ana.v:.dual tine to discuss the probleas with his
associates and increases the interest of the expert in the
problens bé,eause of continued participation. Also, it
g:}_ves the expert the necessary tine to besone acquainted
with the country and its ‘beekgro'und. Often this knowledge
is necessary 1f best solubtions of probleg; are to be}
found.
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. Program at the Hydraulic Research and Experinent
Stagion -

| The present activities at the Hydraulic Research and
Experinent Station at the Delta Barrage was reviewed in
detail in a report entitled "Experinents nd Research,

Hydfaulic Research and Experinent Station, I'alta Barrage,
U,A.R. Septeuber, 1965 by the Director, lr. A.A, Eldarwish,

A list of current Experinents and Research Studies
follows i~ ]
1- Developnent of the water wheel design for field irriga-
.. VieRs :
2- Tests on flow regulation through Isna Barrage.,

3+ Model study of shoaling at the entrance of Loathy Punping
Station on the River Nile.

4~ River training dovmstrean fron Nag-Hamnadi Barrage.

5~ A study of tidal currents and the littoral drift at
the entrance of Lake El—Borolos.

6-~. A nodel study for the design of the Ather .Elnabi Ganal
~ Intake, 3

7% River training at Kafr El;Zayat bend.,

8% Experinents on perforated sheet piling:

9— A nodel study of the Wurno Txrigation Project,

10—~ A study‘of seepage forces by electric analogues.

11~ New river survey equipaent for research at the Hydraulic
Research and Experinent Station, Delta Barrage, U.A.R..

12- Soil Mechaniecs Laboratary.

The laboratory has excellent space and is planning an
additional building 40n x 100n., The laboratory can continue
with present studies and still oxpand its activities to help
golve the varietv of irnnortant river nroblens +hot will
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result fron the change in flow conditions caused by const-
ruction and use of Aswan Dan, Refer to She research prob-
lens digcussed under Proposed Research in the nain report,

' To obbain naxinun usefulness of he Research Labo-
ratopy and Experinent Station it will be necussary to -

14 Continue to provide training opportunltles for staff
 at ageneies and universities that specialize in:
hydraullos, rlver nechanics, water resources develop—
nent and mater resources econoulcs¢

2~ Study 1n detail the 1nstrunentatlon “equlrenonts of
the laboratory and continue to procure the rtqulred
;nstrunentaflon. In this regard, as the complexity
of instrunentatlon increases it will be essential %o
obtain dn, as staff, on electronics and 1nstrm:en ation
engineer and possibly electronic technieci~ns to help
select and utilize new instrunents,

3- As nentioned previously, a unified efort involving
| both applied and research staff 1s essentinl if the
maximgmlbenifits are to be obtained from the tech-

‘ nieal and engineering stoff, A close .cooperation
nakes all groups aware of each others problens ,
talents and inprove conditions for high lewel, top

- quality engineering work.

- The proYlens ond suggestions have been lisghased
in sone detail with both the field engineers ahd with
Mp. A, A. Blderwish and his staff at the Delta Barrage
Laborwtory of the Mlnlstry of Irrlgatlon.

, A shemqtlc, Fig. 6, shows the laboratory arran—
genent and facilities at the Hydraullc Rogearch and
Experlnent Stﬂtlon, Delta Barrage.
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