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PREF ACE 

Tltj..s re9or-~ on de~radation and fylated hydraul:j..c 
~ro9+~ms c aused bl the controll~d rel~9e of c +ea+ water 
:(.ram A:3wan Dam wo.~ :prepared by Dr. Daryl B v Simons 1 

1\~~octate Dean for R~~~ar<?l+ , Colofado $-!? at e Un.iy~rsi~, 

f'V. 9o+ l ins , Colorado. The· report fS to t h ~ Un~ t~ c;'l. 

Nc;ttions. . ' ' ' ; 

Thre~ COf i es or thts report ~ere sent to 

Mr . 9t ivI ! Qrlic, Chief, $ectio~ for .Africa , Bureau 

9f ~~y~cal Assistance ~:perations, Untted Nations, 

N~w _Yqfk +?, H.Y. ~lso·, co:r;:j.. e s of the report we -_--e ~e.µt 

~q IVlf't Vo~ ko Pavicic, Resid<¥nt Rypresenta.tj_ v,e •):f tp.e 
I , . , . 

~rC~l~fal Asststance ~9ard in the U.µite d .Arab R~public, 
29 Sl+a,:ria Willcock~, ZaniGllek, Cairo · and to Mr. A. Sager , 

I • I • \ • ,I I • I ' I ' . 

Oqi~f~ ~e?lmicaJ. Assistanc~. Coope~ation Un.it, Ec onomic 

9o~uis~io~ +~r Africa , · f.O. ~o~· 3001~ Add:j..s Abc,b a , 

~:µiopi a . 

I • 

I. ~h~ ·report was prepared in accordance wi ~h the 
' I ' / , 

~~~ de~c-ripti6n , P~st VJ\R-(3-G i~ the Un~ ted Arap 
~e~u~li~ a-y the Hydrm,1.l ic Research and Ex:peri1rent 
Station, Delta Bar rage and the Nile Contro l Off icesr 

' ', 

T{lis a$signmer+t was made po~sible by a ,joint 
q.g:r:eemeµt ·bet--\~reen Colorado $tate Uni versi ~y , +;he Ur.:.i ted 

' . ' ' 

N~~i~n~~ ~ d The United Ar~b Republic. 

-·---------------.'1 I I 
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~vaiuati, on of Pegradnt~o~ m+d. 
Relat ed ttyc1fa1-4ic :rrob+ep.~ 

:Pow.z;i~y:pem.i of AffllGfl :paq 
----------------:---:;-~-':"'i',.----

~se of Visit 
"T"'"T ... . , ~.,.,--~~ 
• • I I . ' · ' · '. . I' ·. 

~ f~~v.o~se t o~ re~u~9~ fron 1'h:e ~~ited Natio~ ~of 
azt e~~f~ op.. 9e~nyp.y i;ran,.91?9tlf ~-n :i:-t ~ 7s aqc1 car;~q i?O. 
pr9yiqe p~~bnipa+ as9tqynI}yy to ~e M;L.-n,isp~Y 9+ I~rigou,on 
·o,nq. . t9 t~e:p:;: · :µyc1+a~ic Ji~ se arcf+ p.µ<;l t xp~~lli;~~t St c;~+op., · · 

I ' , , I . · 

l[niyE3d Afo.1,) R~p~b~tc ~ DrJ. DoJ71 B _:_ S~onq? ~~~o~~nve ·:P ?ar+ 
. ~q+' ~~qeqx:p~~ Ool-0+'9-½0 _q-pate V¢,ye~s~izy~ FtJ_ Co:W,.µ1~, 

Col-ofndo ~ 9:i-1,ed Co.f:ro np.q t h~ De+~n Btq""rnge ~ U~_ted Ara."t, 
• • • • • • I f • 

Rr1rµ.1?l-t? :fro~ Noy~ 19 ~ 1965 t o :p~y~~ 2? ~ · 1~??J This y:L~i t 
W0:9 a\ltf+9rff~d +'?:r o. 6 we~~s peri,9d, ten~nBng De~~- 2-? • 
i9~? th+'o~~h a refr1bµr 9a~+e -+oan ·nrrnn.9ed wt~~ ·colora~o 
St;n.te · Vµi yerst izy r The refe:rep.ee f or the as~ignnent i q 

. ' .. ' : .. . 

Post Ulill~?3-G • . 
,' . ; . . , .. , I ' 

Vpoµ, Offiya~ :p_ Cairo , NoyI ~Q, +965 ~ neeting ~o.~ 

he l d 1i'4-P4 M:r~ . V ~:f?r Po:v:j...cic? ~e~~de~y :J;teprea~ntntiy~ of the 
~~CP:I+.i?~+ A~$~~yap.ce ~oo.rq nnd Dire.ctor of Spoyio.l F-qnd 
?=oo~rru:u;i, !'i'lf~ p ~L! I4c.ggs ~ Deputy ·~es.iden~ Represe~tnttye 

_of yh~ ri'~~~coJ. A$$f$t04ce Bo~d npr~ D~:puty Dire9tors . or 
S1wc:i.al EW1d ·:rrog:rans ; Mr . Y.Y~ Kin , As~istn.nt :ilesident 

; ·. ' I . l I . . ' ' ' • • I • .,: ' I • . ' I I . . ' ' ~ . \ ·-

~ e :p :r~ s et1 ta~ iv~ of t pe Techr~-:ico.f° ~ss~~nnye Bon.re\ . ru+d 

~~st~tnp.t Director of S:pec:i.u+ Jf~d fr,9grau.s onc;l. otµer 
1!N-PA1? ~t3f'f ~_ 'TI4e o°?~ec_tive~ of t Jq.e Y4-piy ·to t µ c U~ted 

ffµP ~e~~b+ic were disc~~syq tn genency. and th~ group -

~~~~ifie ~ con~+etion of o. fiµcl ~~o~ n~ o~ oiter teF.rl~ 
.;:i.~ti,c;> D; of t :qe . o.ss:Lgr+nent with 17he· IvT..inisi?rY of Irrigo.ti Jn ·~ . . '' '. . . ' . . - ' . 

Tl+~ writer wo.s welconec1 t o the United 40.b Repub~iQ 
' ' I I I • \ • • ,l ' 

np,.d }he liy~o:uli9 REi3se o.rch nr+d E:x:pe:r:j..nent Sto.t.ton, D~l to. 
~HF+Ue?3 bf Mr~ A~ ~~- E?,d~T~94~· Di~e~~ort nio~tinJ~S ~,e~ 



,. 

arrcn~ed with t he officin+s of the Ministry of Irrtgation 

where t he vrri ter wns wo.rmly wet99med. T4e f9llov1ing is 

a list of t h e ¢memb ers of the ~S Bo o.rd of 1n.rr.ctors. 

~e problems of the Iq.ver Nile ho.ve been d4,scussed vlith 
' I • 

~he :first t hree mem1;,ers of the Boo.rd. 

Mr. Ahmed Kc:.r10.l/ Under S~cret o.ry of ~t .:i.te fo:p the 

__ _ Min~str;y of Irri9o.t ion o.nd Cho.i+mo.n of the Eo o.;r:-q. 

of Directors for t4e ~ g ES Delt~o. BG.fra ge . 

~r~ ~os 9e on Kho.lil , Under S~creto.ry ~:f . S~ ;J.te for Nile 
Con-yrql 1 

~r . 
I 

Mo..hmoud Ifo.sse o.b Dnfro.wy , Under Se cretary of Stat e 
fo+ Rese rt.rch , Ministry of IrrigCJ.tion: 

' . ' ) . 
Mosto.f o. El- Ko.di, Under Secretnr y of Sto.te · f or 
i+rigo.tion Projects , LoTie r Egypt . 

---
Mr·. Abd El- EOJili d - Abu-El-Dah.:ib t VndGr seireto.r:r of 

qt CJ.te fo ~ Irrigo.t·on Pro~ects 7 Upper .gypt. 

M+, ivloh:JD.ed l\'br.1oun Under Secreto.r-y of Sto.te for 
AdministrQtion o.nd Fino.nee . · 
'' ' . 

Df. Mop.a.me d Ho.sso.n , Under Secretary of Stc.:~e, . 
+Vlinistry of High Educ o.tion . ' . 

Dr. ~riw o.r Kho.f o.gi , De o.n F o.cul ty of Erigin~ ~ring, 
Co.iro U.rµver s ity . 

Dr. Ea.sso.n I smail , Prof. F o.culty of Engineering , 
Ca.ire Un ivers ity and Director , Suiz Co.nal · 

I , r . , 

~aboro.t9ry . · 

Dr. Ha.mmQd Yousif H~mm~d , Prof . Faculty of 
~gineering~ A)..ex:1.ndrio. University. 

Mr . :Cousif Se1:u1iko. , Technical Advisor, Ministry 
o~ +rrigQtion . · ·. 

1:i/Ir! Mohamed Abd El-AD.l El- Mo.d01.1.i , Tecru.1.ictl Advisor 
~Iiqistry of Irrigation. 

llu' . Abd El-Sa.l .:un Ho.shim, Technic a l Advisor, . 
Mµ.istry of Irr:t,gntion. 

Dr . Abd E+- F~ttcth Fo.hmy , Director for ~eseo.rch 
ond Plruming , Minis try of Irrigation . 

Mr . Ahme d Ali El-Da r..--Jish Director , Hydr~ulic Rese acb 
and Expeiment StQtion, Ministry of Irrig ntion . 

Mr . Moho.med lio.dClr , Engin0er, Secretary Boe.r d of 
A ,liyQ.rO. ic Research Exp riment Station. 

.. 



S~~c~o.~ o.cknov1~eqgene+1;t f s mo.de Pt th~ many p:pf-;­
vilnges. Dll:d ca.il+,"ti~s~e~ y~ynd7-~ 0?7 ~'lr, filime ,4 t;o.mu;i., 
Underse:c1;~tD.fJ· of S~ntf an9- 1'41 . · I~p.ht~O\ld Hnss~o.9 ~+:-:· 
, I , \ • I • / • I 

DufrO.W] Up._der~e.cre~O+'Y P:f 9~ 0.t~ f Ol:' Ministry of 
tfr~gnyiop. ~ Alsq M+ ~ ~_ld47~v:J;qf'.; Mfr . A) .. y f nv/iy. r ~}r~~J,o_r 

q~PE:f'O.} ~ . N:i,.le Qqn~r~+ ~~~era~ +nSPrP~9rn~fy; fyif • 

¥onnrned Lu~fl , Insp~~t~r·, ~~i~ · C9ntrol
1

; :Or. 9u~Clfl 
~ • I I • ' • 

~n;o.lo.$h 1 ~ il~ Control;' 1 

Dr• SQ\+q. . Al-Km'if ~ ~he 
. . ' ' . • ' ' . ,, '· ' ' · / . . J, 

ijld~[lt\,t-~c _ B.eseo.r9~ o.nd: ]Jg)erim~ pt ~to.t}p1~ etnd Mf. 
l-3;0.ss_~ Wab.b:y of t)?.e Hyd.ro.ulic Re ~~o.rc+1 eind EJfprtr 

' ~ue~~t ~~O:\i~On. we~e o.l~ m_os~ b,~~pful fn prpv~d~pg 
~~~ail~q. do.to., Cllld v~to.~ info:pno.tipn, . peryiwur~ t_o tp.r 
Nil;.e ~i Vf?r , ond th~ hydrm1lic prqblems o.ssoc},:ited 

w; 1<l~ :i,:~ • 

Tc;, ;f<;>sD:s o.ttention on some ~f ~ne · hydro.ulic :pro-;­

oJ.em9 presently of m11.jor import.:moe to -the UAR 
\'\, ' \ • 1 , \ , • \ ' ' 1 ! I ' : ' I 

~Ir.~ ~m~9: Al~ I~nr11c\~, Under Secr~t9' of Si;o.te ! 
Minist:ry o:f Irrig ,::.i~ior1;, propose d tl~e follow:j,..11._@i 

I ' I , 

q_µesti 9ns : 

2. , , 

3-:-
1 

Wh,J.t is t l10 probo.ble nmount Qf degrc.tdc.tiop. :i.31 
the river between Asvvon Dom and the Del t .':!. 
f3o.rrnge ? · ' · 1 " · · · • · 

Who.t degrnd~tion co.n be 11.nticipatc d nt the 
~x.isti11g . regul ntors o.t Ep.p.o. , no.g- Hc.lll!r.0.9-i 
a.rid 1µ3siut ? ' . · . ' -' 

Wµere nre nev, dclffis or Yve.irs required yo control 
nnd' limit degr o.do.tion ?·- · ' . 

j _ i '1 ' ' 

ft...: . What a.re the most suit nble sedirn:ent theories tho.t 
I ~~ l;)e ' applied to the 'Nile ~River ' ? ' 

5-:-:- To wh o.t extent will o.gr o.da.tion occur upstreo.n 
o_f th~ :High Dnm ? · · · 

I I 1 , 

6- Vfhqt ~ffect VJill ri y~~ degrnd ntion hc:rve 0~ 4he 
bonks cf the_ Nile ' ? . ' ' · ' 

'' 

These nre nll tiuel:y and i mport .-:mt questions t+1.o:t 

must be res olve d. ~ Hm7ever, o.s the reE10.inder of the 

_ eport e tnph.:J.sizes it --d ll oe n ~ces sci.r-,1 to conduct 
I ' 

c ontinued. ~esec:trch c.nd field observatic;ms to give 

qu:::mti t o.:ti ve CJ.lsHers to sor;1e of these questions ond 



.. 

.. 

•·; · ... .. . . 

it is essentio..l to do so. The neceqso.ry reseo.rch n eed 
inclµdes both l aboratory o.nd field studies. These 

sho~l~ 9e best conducte~ by cooper~tioµ betwe en the 

H B. E S and the . .NCGI. The collected do.t o. from the 
• , , , t I 

;. 

fteld 9hoµld be ·publ~she~ every yeo.x. 

THE NILE RIVER .. -~------~-~ 

For gener o.l inforrrw.tion a brief descrip· ;ion .:f the 

NtJ.e B.iver ctnd its i ii.1po+tc..nce to the life c.n d ec :>nomy 

Qf ~gy:pi;; is presented. This topic wo.s treated breifq 

1)y Bondur:mt· and Broi;v"I+ ( ·1963 ) • The f ollow;ing po.ro.g­

x,o.:ph~ pr~tnining i;;o the Nile were t aken from the: :.r 

+epor~. 

'' U:b.e NiJ..e River is formed by three mo.jar t: ·~~bu­
tn:ry .~ys-t?en s, the White Nile , l3lue Nile, o.nd 4,t1::,u,a, 

vrhi~h p.rnin o. hUJJ]j,.d o.reo. of eq~o.torinl M'rico., i bv~­

eyer, from the confluericep of the Atbo.ra throug·10ut 

1i:µe u:pprox;i.mo:~ely 1500 rni~es of its course to t JG 

b.eo.d of the del to. near Cairo ·, tlie st~eara flows 

t~o~gh nn o.rid region .with no tributaries of c:n-

sequence. 
'\ 

At the he.::1d of the deltn , the river c".ivide s 

t.p.to tvv0 distributo.ries , the Damiettn ru1.d Rosei 1;a 

B,rap.ches, vrh ich continue a.pproxirn,.:-tt e ly 130 mile u to 

the Ivled.i te r :c2.neo.n ~ec. . 

· R,o.inf c_ll t lu"oughout most of Egypt is gener llly 

less tiJ.on 2 i n , ver y e o..r, o.nd · the flov, n.c cw;iul : ted fu. 

the UJ,)per tributo.ry ~::rystem of the Nile is asse 1tia.lly 

the only s1.IT~ o.c 0 \Vnter . nvo.ilo.ble in the countr) . So-:te 
o.re(\s of s ubsu.rf 0.ce ._crc..ter a.re currently being z'levcloped , 

' ' . . . 

Q"4t these o.re on ly n s r.10.ll f~ o.ction of the tot,11 • 

Mc;,r~ th :...-m 90 perc~nt of the populntion, o..nd pr'J.ctic '.1lly 

o.11 the agriculture ond industry of -tho country nre 

c rowded •.:Ji tl~i !1. the confines of the Nile v o.lley . In 

µddition to b e i ng the primo.ry source of wo.ter for 



,. 

.. 

·'· 

dom.estic, n.gric~ltura:i, ond industria l use, the stre .::un 

above the he n.d of th~ deita is the major artery of tra­

nsportation. The Nile :i,.;3 literally the life line of 

.. .. : ~: 

Floodwaters of the river h ave irrigo..ted the vc..lley 

thoughout h i story; hoVJever, the floods oc c-..U' in August 

fl:Ild Sep~ern.ber l 'O.ther thon during the periods v1hich -imuld 

better corre~<;;P OI1:,d to ngricul turnl needs. A pro t;r ar::. of 

storo.ge 3n:d _di version s t nu9i,;ures to ep.nble more eff i­

cient distributiop and use of the w~ter WQS in~ugur~ted 

with the c om~letion i~ 1861 of_ the Delta Barr age nt 
the head of t h e delta . Subs$quently, additional struc­

tures were conp leted on the mo.in stem o.nd on t:t.e ~ vo 

delta branches? o.nd one was constructed on the Whit e 

Nile. ilthough this program involved storage J.B v;re ll 
as di version , t h$ total stora ge provided vms c11ly 
slightly over 5,000,000 acre-ft, whic h o.llov1e c_ on l 1 

mod~r~te c ontlo l during flood periods. 

Gq.rrently 1 the High Aswo.n DGJ:1 is under cc.p.stru~tion 

This pro~ect I located aJ;>proxinately 20 mile u1,streo..:i from 

the u:pper ma.ii."1.stem. struc~e ( t4e Low Amvon Bnrro_g~) and 

_ about ?80 miles above t~e hend of the delta, Hi~l provide 

cow.plete storage regu+ation except for extrem,:3 f+oois! It 
v1:µJ. also e:f:fectively divide t he ~~ver s~ tp.n-~ only that 

portion dovmstrenn will currently need be considered in 

the controls. _,_ 

Statistics on that portion of the strea:i. are 
.. 

. . -
. 'f) 

Le~gth (A~vran B~rnge to head of del i:ia) 560 miles 

Ftll 2~ ft, 
Average slope (varies from 8~6 to 6. j cm/~) o~iftir.ri.-1 ~ 

tu • dtl 500 700 t . t 1 . ,...· ~ 5 o·. 4 1 " vv i. i , - me ers approxi.rao. e y ~ , -n ~,-~c_, 

Flow , rarucinmn 11-atu.rc.2. approxim.o.tely 450 ~ 000 cfs 

Flow , o.inifilum no.turnl approximately . 40 1 000 ems 



·- - - --

,:Phe regul ot od disch c.rge with tp.e Hi.git Aswan Do.ri. in 

oper2,tior+ will d ecrG'.;..Se fro r: .Asvrru.1 dmvnst:ce:u-.: , since the 

on ly r epl c.c er_:ent for t ho vvc..te r withdrawn will be soue 

return f+oyv or dr r..inc's.g e fr oc. irrigo.t ed a.re o.s . During 

yeo..+s of high flow, t he r e l o.s e o.t Aswc-ui will b e o.bou.t 
143 ,ooo cf s f or the period August 20 t hough '.\1cy , and 

' . . . . 

98,000 cf$ fron .;rune 1 t o 1.\.u gust 20. During ye.:u-s of n orr.:nl 

and low fl ow$ , the correspondi_n.g v c..luc s wil l b e 89 ,OOQ cfs 

n,nd 52,000 cf s. Anticip o..t e d discharge s dur.i11.g t he August­

M~ p eri9d o.t the v o.rious c ontro l stru cture s downstren:: 

c::tre s hqvm in the f ollowing t o..blo : 

Di s t CJ1ce f r ol:: 
Lov1 Asw::m B ':'..rr c.ge 

Disch :.rge , cfs 
Nor-: cl nnd 

Loc c.tion 
' ' 

1\swo.n Bc.rrGgo 
:Esp.c. B:trrnge 

r:.il_~. 

0 
98 

~ Yec..r_~; 

143,000 
J.,30,000 

Low -;re o..r j:> 

98 000 
85 :ooo 

N D.gO.-Hc..n.'.ldi B o.:rr o.ge 
AsStlit 
De ltc 

212 
319 
560 

123,000 
99,000 
97,000 

78 ,000 
54,000 
52, ?JO 

660 ( Approx.) 45,000 

The iJ..Sw2n Bc..rr.:tge is f ounded on rock~ wh ich clc.o s t 

i rn:1edi :1.tely dips b e l Oiv the surface. The .r ~nc.injng struc­

tures a.re foun ded on s.:md , which is st .::i.ted to :t ~. ;;e n depth 

of uore t hc....11 100 ft; they o.r e , essentially, nu.J _--l;iported 

and go.ted. s tructures on :i.. s1:1·0 b .:1s e wi th upstr( :-'..n c..nd 
d9vr7::i.si,;r~Cl..l · sheet pile cut of f s .,l 

A. sketch netp of the Ni l e River fro n Asw u1 Doi:. to the 

Med.:Lterroneo.n Seo. is gi ven in Fig. 1~ Note the locettion 

9f existing b .:rrro.ges c..nd t h<,3 d i sto.nc es i n kilo· .. e t ers 

betvvoon 96-rro.ges ~ 

0 



:O~A AV AJLABLE C(:10 EVALUATED THE 
• ' ' • • ' ' \ • ! 

:µ~~Rfill~+QN NW . . B.Ry~~ ~O~L];~ 
' . . ' --------- · ,~~-:-r0----. 

~ -+955 °i?Rf3 t't~e :0+1 li_~_ ~~- s~~'-fQ, u~ivet'9.i~ of 
~ tespt~ ~a~ +eta:i.J+~d as~ po~sµ,lyan~ O? ~h.e ~st~y of 

fl:!ffga~o~ t~ ~u~ge·s_-v q ~~a yO~lec~i?_P l?:rogI'~ -phat \;r?u+d 

:p.~9-~ 9-e ~l~e .~e C:t fie.ld d~t?- reg."4~e9- yP evcµ\ia"J;~ ~~ 
I . . I , I 

9-~fr"a~a~f of ~r t4~ ~i:t~ :ft~ve+ ~'1.d he+P. ' q9~ve o1;4e~r;,_ +e~ateid 
+irer :Pf9~.i~~s ! ~ pl~ fo:s . :f_Jro~1ll,'~me~t of ~~se~t~~ ~at~ 

. W,9-9 :f'~:z;.-q~ate 9- aµd ' s~9e ~1+a~ . ~in+e , · "t;~~f,i~ . veq yalu9-ble 

· Q~~tY ~~Y~ ~~v~ be~~~~ are being ·s~s~em,~-t;~c'.3:-++7- ·~~~e~ted 
tr+ ?-9PO:pdan.?e "{i ti,\ ~i~ well concieve~ f~~ Qy yhe Tu_q.nist~ . 

o.f Irr:j.ga~o~~ 

~4Y P+8.A c~~ed +~~: 1 

iT ~E;;~:t; P.()+d.-r,9_s q,f the : b~d of t~~ N:q.e to a ~l?tll of 

te~ metr~P. µ:t Y~{<?~ l~yatio11. ~ovm9t:ream of Asyl<?.,ll ~au-~. 

?,- Tµe Rfl~e ct~9n apd o:pe:i;ation of :q~W p yef gag~s 1 

11 The ~ys~~may~c estq?li~~1~µ t o* ~~y~ ~urv~s at the . 
gag~ stations! 
• •, • ' I I -

ft;- RiY~+ qf+~~l ~rO~q~s_ection ~a~a_~ 
·' ' 

5-;- ~ediment loaq. (silt) iµvesti g;ations_!_ 

Test Borings 
I • ----------. '\ - , 

~p~e -.yest borings v(e r e taken ~'1 thf; ~ Yy+ channel at 
• , • j , I ' I • 

Gabal ~l~elsela and in, the vicinity of e:tj.sting barrc:..ges ~ 
' ' . • f • • • , . 

~Pw~l ve bor:µigs were taken at the ~8;bal El~eisela 3:-ocation~ 
. ' ' . . ' 

i:phe:i;-e wete three borings at e D.cll of four cross-~ecip..cns ~ 
1 '.' ' I ' I ., , , ••. • , 1 _ , 

The borings extended · to a depth of ten meters. The borings 
.•. 1 • ' . • • • I I \ ' 'I ' • 

were cll1,alyzed to detem.ine particle size and gradation ~ The 
. ' I I I . . . -

:r~sults of the a.D;~yses of t he boring~ from -t~ee of t he 
' . '· . -, 

~vyelve te::r~ holes is shovm in Fig_~_ 2. 
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·: !, . 

·· _ Note that the _ med,ia.n dianeter, d50 , of the bed mate::-ial :.s 

about O !24 rµm, the ~ 5 is about 0_!_35 om_! -and the ¾o 
is around 0.51 mm. The average sizes of bed material 

-' ' 
based ~pon the analysis of a larger number .of botj.ng bet-

wee4 iswan Dam and the 1)~lta Barrage are - :-

_<½o = 0.22 nm_!_ --

~5 ::;: 0!35 - IiJill . 

¾o = 01_55 mm. 

It can b~ concluded from the analysis of thE . bor ings 

t:P.at the bed materiw. is quite uniforin in charac~; , I,' to a 

depth of about five m.ete:i:-s_! To this depth the:n.e ;_s &ppa­

rently very little coarse material that can be ~LepE,nde d 

'4:POn to 8.+filOr the bed and linit degradation! Th:Ls s t ould 

b~ ~erified by _a more det?iled :µivestigatton! 

Another point . vf i..ritere st, the size and gra :.atich o:f 

the bed naterial does not vary much betw·een 1 nwan Da:z. 

and the Delta Barra~e_! _ The median diam.eter is appro:xi­
mately 0!22 ·r:rm through.:..out this reach of the ri·Hir! ]~his 

is difierent from most sand bed s~reo.ns. 
• ,, I ' . _I • 

m.edian diam.eter of the sand bed materiru. . : ' ; . . . 

In g, :-1.eral the 

decre ,tses with 

distance dovm.stream in accordance vn.th an e :ponentia:~ 
i'' . 

e~uatioµ of the f9~ :-

where: 
• I • ' 

~ is the median diameter of the ped matE, ::-ial in rru:1 

at ap.y s·cat:;i.on downstreru:i of the refrt.LlC8 st ci.tion .. 

q.,50 is the median diruneter in mm. a:t the r ;frence sta­

tion. 
'. ·, . ' 

a is a coefficient v1hi¢h varies from ri ver to river~ 
; I 

:x: is the distance in kiloo.eters do,;,,-mstre an of the 

~efrence sta tion • 
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The rep.son for this lack o:f reduction in size of bed 
' • I l I ' ' : I • \ \ . ' . ' ~ \ 

- -
· .. 

matericq. vvith clisy~ee E/h:O~d be s~Ci-4~9-T _ Iii m~ be tb.e :. 

~es~~ of the t~e of ·o~d r<?U~e~q ·a.Il;d t4e µat-q.re Pf ~ea:,_~ , .. . 

~e~t t~ans_p~rt ~ ~e +~D:-~ ~1, w.r_, Alq9 tb4~ :r:eq.\1.c~ol?- in 

~i~~ · 9f ~~d ;v;1t~r~a.l ·q~ -~~b~eq,:_i,e~°!il? dey.etope q.~i.qg i;h~ 
w-qcess · of _ d~9~adu~i~~ ®d ~~- f+eed to . q~ 9o~idered i,n 
fu~ up/1+~s~s of fivet fro~~ems! a 

~l+~re a+e m;anJ :i.7t';yf gages betwe~µ L::~wDIJ. ?LD.d: yh~ ]);~tc1. 
:a.~~e_!_· ~he estc\~1is1JR-elf~ q:f: th~~e 9a~es ~d the subse~ 
~ll;~~y co+:1-eytfo,n o+ d?-ta at ~4em provid~ '~e:p? u.s<?fu+ µto~ 
oa'\,~o.q. pe:rtenent to dea+i.µg vii th chap.ge$ . ip. th2 z,i ver. 
• • • 1 • · · l t ,I , I I 1 , j r • 1 ' l•, r' I ' ' \ - · • 

. ~P:E3 <;1atc1: 9pllect~q ~:~ yii7se. ff ve:p ~agys ~~ 
. . . . . ~ . 

l~ P:ro\T'id~ l:1~~sent; .apq. w~~l :PI'?vtq.e +uture ir-.:forqa.t~C?~~--
. . . . 

9.p,. wate::i:- ~u.:i;E'aye s+?:PG, ci1wmel ~lope, depth of :Clpyt • 
. 1~toci ty, ~i~tn of 9h~el ·p.n.a, Py~y.r e asonti¥ · . 

rordfiq¥ltc d~~a.~ 

?~ .fi., me~9 9f. ~~e~k~g l?fe~or+t los~ of water betweeJ+ 
gp,ge!:1 ~d ·09:r:e· ~fo~np.~; yp.e gages vyµJ. prov.ir<i,a 
i.ti;forru.(\i;ioP: ~n J\lyt+:C~ J:?-yer +osses n.nd go.ins wh:ioJ:+- . . . ' . . . 

. ~~ b,eqin to ".'c:trY c\s n: r~s~~ o~ the c;LeG.:¥ wat~r 
. ~~~eas~~ ~~o~ Asw~· 'p~ aqq CA~es ~ wate:r; :ievel 
~ the rive l.' ~ 

I ' ·. • - ' I ' ,. 
' I . - -

q~c~ d,~~~ ~ so important to r~:~ef corit-fo~ - and~ 
~?~l:-p~a~~i; tha,t · it. pay o~ • ~xpe<34ent ~d eyonon~p~~ c~n-;­

~-~d,~f:i?:1g 1C?It6 ~em ~eye:+-orqe+~ ~ to ~y~ t1;*ing :pe~:i..odiy 
aerial,. surveys and rilu.:ps of the ri wr and r:iore corimlete 

' \ i • •• · , • , • ,, ' , t : , , • ' ·'. ·. '. , • • • ' 1 :· . ; r ~ I , 

~nps
1
_ o~ • -tpe ~~n.nue; alignment, ~he bed con.figur.n.tio.q. an~ 

~a:i;>s ~how:µig the ·~oc_n."\iion 9r-id piovetiep.t of ~and p~sr tp. 
f ~yt ~ a rn;odel o:f ~h~. Nile Ei vef of niqde19 of pnr-~s ·of 
tp.e rive~ may be ~eeded tq· hel-p solve tp.ese .. river 

• I . I I • • • ' ' • ' \ • \ • ' 

J?+C>P+eus. · · · · 
I I I. I •":'I. 

(. 
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Rating Gurve s 
------------------------

Adequate rating curves huw been develor,ed at the 

gaging stations to provide the essential do.:t :t on dischnrge 

required in the deteroination of the back:i.7a-:; ~r curves and 

the magnitude of probable scour at various :,_ Jcations aJ.ong 

the river dovvnstream of Aswnn Drun.. 

River · Cross-Section Data 
======= ·============= 

. . 
Data a.re collected on the chrumel cross-se:tions 

at 161 stations spaced 5 lo:J._~_ apart fror:i Asrrru Dar:i to 

the Delta Barrage~- This provides limited data :r ~qu.L.--ed 
tQ_. detect changes in ch rum.el shape , de gradation and 

channel slope! Velocity, discharge nnd sadinent , data 

are not collected at the cross-section stations In 
addition there n.re 139 cross-s0ction stntions ;- ~ii spocinl. 

locations such as in the vicinity of existing 1iarrages! 

ill of these data are very va.luo..ble the collect_on of 

such data. should be continued and possibly exp1~ded by 

special surveys, see the discussion of t..'his pro)leu under 

"New River Gageslfr 

Silt Investigations 

Periodic raeasurem.onts of the sediuent loa L curried 

by the Nile River have been made since 1929_~ In a recent 

report by Mr~ M~ Lutfy and Dr_~_ M~ Sala.h E_t ·sh~dash (1965) 
the details of the silt Lrivestiga.tion progrnm. ·:;nd pertinent 

silt dat a are presented~ Their report state~, that an 

average of about 125 million tons of sedi~ont per year 

was transported dovm the Nile prior to closure of the UDl!l 

in May, 1964~ 
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~ Henceforth, this sodinent will· be stored in the 

reservo:Lr9 The reservoir hn.s a mnximun water depth of 

o.bvut 71 oetcrs ruid n length of about 500 kildoeters~ T:P,e 

reservoir hns been designed to provide stor ge fur 

30,000 1 000 1 000 tons uf sediment. This i 9 su.ffici,.e.p.t spa.c.e 
· ·!;o n~cooodate the silt n.ccur.mln.tions .:for n.o. estioated 

:i.Jeriod ot . 222 · yeoxs_!_ The reservoir ?)I'en. ext~.t:1d~ a 
(•onsiderable disto.nce . into Sudan. 

-··-

. The present well concieved plo.n to collect se~o~nt 

d~t a hn.s_ pr,,vided in.fona~~ion thnt will _hel? to : 

1.- Establish the r nte o+ sed.in~nt inflow to the hi&1 don 

. fron which ru:mucl loss o+ reservoir storn.ge co.n. be 

estio.nted. 

2.- ·_ Dete.r u ine the initi:il rate at which the clear wo.ter 
- . 

_____________ r ele_nsed f:r:-o:-;i _Aswnn will pick up seclim.ep.t frum the 

bed of the river. 

~ ;)-_ Fix the ro.te and. ge:ierctJ.. location of degro,~.ntion iu 
t h$ _river ch:mnel. 

l+- Establish sediment discharge reJ..o.tion :for -!;he river 

- fror.1 which the future r ate of deg:ro.do.tion 0o.n be es~ 
' tii;:10.ted. 

5- Deteroine the extent of hydraul.ic sorting ~f the be4 
n aterio.l with t ine after closure of the d~~. 

A study of . the sil ~ loud in the Nile Ei ver by Y ! M. 

Bi.ooiko. : Te chn.icol. Advisor, Jlfinistry o:f IrrigatioJ?,, showed 

the foJ..:::...oning percehto.ges o~ so.nd, silt ar+d clay for a 

t o·taJ. flood ~ 

~ize of Sed:iLlent 
in um 

0.2 - 2 
0,02-0.2 

. ' ' 

0 .. 002-0.02 . ' 

Less th.an · 0_~002 

~ercentnge 

truce 

30 
40 

~o 

.It i s e ss entiru.. to· continue with nnd exp8.D.d the collec­

b:l.on of these s ediuent · do.to. in ,rder to check 0sti:o.c..t0s ef 



river degra.da.tion_! These do.ta. provide DJl a.ccurate uethod 

of estirmting the location, ua.giu.tude o.nd rc.te of degrnda.­

tion in the river, They nlso 11rovide a. uenns of establishing 
scdiucnt discharge rela.tivns for the river which ~ill be 
very useful in :future river developuen t a.nd planning~ 

River Mechruu.es 
--------------- ·-------------

The degrnda.tion of the ri var nnd the x 1nlysis of rela..:. 

ted hydraulic l?robleus uust be b a.sed upon sound :physical 
principles n.nd adequa.te river o..~d la.bora.tory data.~ 

In sn.nd bed channel s, such ns the Nile; t\-70 regines of 
:f'ltfW and severa.l d.:i.fferent b ed roughness ore .possible depen­

dine;· ~n the uo.gnitude of pertinent hydr;mJ.io, geon.etr:lc a.nd 

s~dioent VD.+'ia.ble st 

lt lJ,as been shovm by Siuons nnd Richo.:rdson (1963) that 

!low phenonena. in sa.nd bed cho.nnels c.m be subdivided a.s 

;f:ollov!S :-

Lower ~gine flow 

:t'ip:ples 
:i::-ipples on dunes 
dunes 

Transition zone 

Upper regir.10 flow 

plo.ne or fla.t )ed 

st anding waves 

ap,,tidunes~ 

The geon.etry of th0s0 bed foms and relnted do.ta. a.re sh<,wn. 

iJ:l Fig! 3. 

In,. the lower rogine the ra.te of sedincnt transport 
is sua.11, the rcsistru.1ce to flo~ is largo end the aver~ge 
velocity is sunJ.J.. In the u:pper rcgine the opposite is truo. 
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The fom of bed roughness tha.t will occur in n chn.nnel 

can be predicted vtlth :foir accuracy froo a diagrnn relating 

streno. power, nedinn :fnll d.ino.eter of bed naterio.l n.nd fern 

of bed roughness! Sinons nnd Rieho.rdson (1965) ! ~ scher.rn.tie 

of this r elation is sho"ivn in Fig_!_ 4-_~ 

At o.nd near flood st a ge the Nile River probably had-a. 
plane or flat bed in the no.in cho.nnel, trruisported n. relo.-- . 

tively lo.rge sedinent lon.d nnd hn.d a rather lnrge velocity 

ond n sunll resistance to flow. No"W" that river dischnrge 
is reduced by storage in the reservoir and ns degradation 

increases in total .:mount -.:,rl th tiue, the slope of the ::t'i ver 
wi l l decrease n.nd the str0m1 power will be reduced to a 

range where lower regine flow will be established in nost 

of the channel. The river bed will finnlly stablize at 

sone reduced slope that will proba.bly produce ripples on 

nuch of the bed. There will be a. very low rate of sedinent .. 

tro.nsport, a relatively l nrge resistance to flow & a so.aller 

ave rage velocity_~ Of :inporta.nce is the question w~at will 
the resultont stable slope and depth of degradation be o.long 

the river? This problen will be discussed. 

Degradation 
------... --------.-----

The nagnitude o:f degradation that ney oocur on the 
Nile RJ.ver in the vicinity o:f Asw8:!l Don cllld down.strerui to 
the DE1lta Barrage is n. problou of grec..t inportance a.nd 

intere~:t . The extent o:f degra.do.tion has been estiuated 
by var1ous groups and indi vi.duru.s. .Answers range fron o. 

few certilleters to severnl neters. For exnople Mr! Y! M~ 
Sinn:i.ka , Technical Advisor to the Ministry of Irrigation 

and foJ .'D.er Under Secretary of St~te thinks tha.t degrada.tion 

of the river will be ne5ligable_~_ His estinate is bnsed 
upon river cross-section surveys s000 30 kilor.1eters down­
streD.IJ. of low Aswnn during n period when the low dor:'-. was 

used t o store flood wa.ters. Conversely, A'Ir . A. Fo.tlzy, 
f'ornerly Professor of Hydr;ulics~ Uuiversi ty of' A.lexo..cdria_;_ 

r,-,P , , M -r: ,-. .., 
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.., possible!' Certainly, if nothing else su.eh a. large figure 
helped bring attention td the problen_,_ InterrJedio.te To.lues 

___ ..,,__ ____ were detexnined by Dr_,_ Gnno.l Mostufa. (1957) ba.sed· upon . a 
transpcrt study_!~ _He estino.ted 'Ultinato vo.l.ue~ of 8!5; 
9~0~ 7JO and 6_~6 neters downstreao of ~tru.otu.ree sto..rting 
o.t AtSwCJJ. Dari~ In (1963) Be..ndu.ro.nt an<l Brown u~ed ·critico.1. 
transpt,rt i,nlues dete:ruined ! or ~sso\U:'i River s~d and ~he 
c:riticcl tractive force equo.tion 1 

· is the cri tictl energy g:t"t\dien~_, 
:ls the critical tra.ctive force,: _ 
1.s the speoifio weight 0! water, · 

~ · dep~ of flow in fee~-~ 

to estinate o. urod.nuu degro..da.tio~ of 7_!_0 nete~s below 
Aswan Dan. TMs T~1t0 is in close agroonent with the 
val\t.e given 'by Dr_, Most"-f'<lJ_ 

The Swedish consul. taut fun VBB (1960) cli5cus se d the 

water power of the River NUc betwee~ Am7cn and the Delta 
Ba.rrnge~ This on.aJ.ysi.s required on cstino.te of the o.nti­
cipated degrnda.tion niter closure ot. the Hish Don_, _ _ They 
en:pho.size the inporte.nce o..nd conplex;tty . of this l)roblen 
and inplied the need for f'llrther ~ey o! deg;r~d~tiop. 

to help evaluate the ncod ~or new dnn.5 'betweeJJ. existing 
bro:-rage$. to proteot existin.s structures . ruid to provide 
additional. power gone:t'.ition sites_!_ 

Figure 5 was ta.ken frou the VBB · repo~ & illustro.tcs 
_. ~ typical baolnvo.ter curves for d.i:f'ferent diseh~ges n.nd the 

· degrndntion curve.~ Note tho.t uoxinun d.og.ro.diition :l.s shovrn. 
. near the clan ruid there is soue fill just upstre an of Esna.~ 

The na:m:run degro.dn.tion shown 1s on the orde:r of 3 to 4-
· neters. It was not possible to dot~rui.no the ncthod utilized 
to est::.nate this degrodo.tion cUJ:Ve. 

. _ l_ 
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Recently Mr. Moha.ned Lutfy o.nd Dr!M~ Scl.o..h E. 
Shclo.sh used the ' river d :::.ta. collected prior to end since 
the closure of tho high dnu to e stin:i. te degrc.d2.tion. 

The r e sults of their nnnlysis is presentod inn po.per 

entitled" A stuey of Degro.dc.tion of Nile Bed c.fi;;er 

Sc..d-el-Ac.li0 ~_which the writer hnd the privilage of 
r~viewing. 

B~sod upon sedin ent dnta., ·Mr. Lutfy c..nd Dr. 

Sho.lc.sh est c..olished n relation fo~ s~q.inent transport 
in the Nile of .the forn . 

·which 

. C ::: 0!375 ( Q 20) 1.15 -------

C 

.Q 

? 

is the silt c oneentrntion in ppn 
.is the wc.ter dischn..rge in nillions 
of n3 per dny. . 

(3) 

The nuc.ber 20 in e qu:i.tion 3 signifies thD.t C = 0v,hen 

Q ~ 20 trillion n3 per dc.y. 

The totD.l onnuo.l sedinent d.ischc.rge observed n.s 
pc.rt of the silt investigc..tion in the vnrious r ec.ches 

d,.ownstre m'.. of Aswo.n Den o.fter elosl.U'e in 1964 a.re given. 

r 
· River Re ::.eh Sediuent clischc.r ge in , 

.. 1 
rrlllions of tons per yea.r , 

1 
? . I . 

i ' i Go.off c.. to Esn.:i t ~6 • 22 i Downstrem.: of Esno. f 29 .4~ 
! Do\lmstrec.n of No.gi-Hoi1,1.:1d.i I 36 .43 

' 1 Dm~mstre c..n of Assuit I 38.67 l 
1

U t f D lt B 1, 51.76 i v ps re o.r:.1 o 0 c.. .nra.ge 
v . r I 

I _______ -4-' ______________ l 



_The foregoing vo.lucs are in good o.greencnt with 
v~ues predicted by t heir trc..nsport r e l c.tion . The 

sedir.:.e nt disch:xgc h(\s not been suodi vidcd into percent 
of sc.nd, $ilt ~n d clay. 

The uc.gn.itudc of degro.dQtion enused by the r e­
uovnl of scdinent fro u the rive~ bed c.re given for 

1964. 

J • ,. 
1 ~iver Roo.ch Deg:t'_ndo.tion in en . 1 

I 
', 

Of-;-. ----.+-----~---....+----------_,,,_ __ _ 
1 . : • r 

' ·1 Asvm.n ~o Esnc. I l-?7 . 
' 

I 
Esna to Nc.gi-Ho.LlI:ndi 2.0~ 

I Nl:igt-HCJJr.:c.di to .Assuit 

I As~"\; to Deltc. Bnrrnge 

0.75 

I 
1 

I 
i 

To esticnt e these vo.l,ues o. +ength of t he rive+ 

:f'+on .Aswo.11 Dc.r: to the Dol t o. Bo.rro.g~ of 964 lrri end o. 

uecn o.voro.go vvetted pc:t'er_:etc:r of 900 n w~.s u sed . Tbe 
: ' ' . \ 

eqrresponding npp:t'oxin::..t e vo.lue of t he wc.ter cross-

s ection i~ 5000 u2 o.n.d the nve~n~e bed depth is on 

t he orde~ Qf 5.6 n . 

In gencr :1.l t he conputc.tions presented b y 

Mr. Lutfy .-:-.n d Dr. Shclo.sh point out thc.t degrc.~ 
da.tion will totc.l a. f ew eentinetcrs per yeo:r. 

They eon.elude thc.t only c. ninor r eduction in 
river slope will r esult. 

+tis suggested by the writer thnt :-

1~ This excellent nethod of che cking degro..~ 
d[1tion should be continue o.nd qxp~dcd so prosont 
r esults c .::u1 be r 0vis0d b .:i.s ed upon c. longer p eriod 
of cleo.r wo.tcr flow and corresponding s edi nent 
tI'QD.Sport. 
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?.,... Tho r.10_2.sure d silt ::J._o o.d b e t v1e en b arrtt$CS sh01,1,+cl 9e 
nno.+;ys ~cl t o d.0ter r.1~n0 per<; E?nt of clcy, silt C111d 

; ' 

SGnq.r For~\:exo.nplo, is the ~otc..l tons qf ~ed_:+.neni;i .. 
t+f 4Eiu:p~d ujstrec.n o:j: the Delyo. Bn.rrn.~~ nbout op.e 

~1:tj.:pd sc.11.d 'i qr ts ~he pe:rcent of smicl tftnyi V:yJ.y 
qr.10.-+l~r t ho.n f or p.orncl +~o?d_~ ? 

fµtur 9 r o.t e s of clegrc.dc.tion no.y be uory t.µ~inc,t ~ly 
~e+:i.te¢l to i i;ihe sonq. ff etCtion of sqdiriyll:i? yro.r,.?- '. 
p9rt t?,c.n. ·4he clny c-p.d s~f t ;frnction~. . 

~~ Ip. ~<;:m p.1.~tin g the ::i.ye t npe ¢legr.o.do.t~on i .q the +i y er 

qqntr~-q.e r o. wedge ~f sedia en~ b e iJ.1.g e~od~d fron 
the 'Qe cl :µist eetd of q rec~ong+e · This n o.y dcuble · 

• ' • I 

- ~he (jl$tirn t ecl degro.d c_tion coppu~ed by ].-~. L1.:tfy 
I 

DA-4 Df~ Sh.Ctl o.sh. 
,. 

4-,_ - ';I:p.e_ silt i nvestig::i_tioµ pro gr o.n s h o1:1-ld be GXJ1CU+- . 
·• ' ' ' 

ded. Silt cb.to. should be collected o:t n oru 
' ' j ' ' ' • ' 

G~OSS-:-s ections end nore :f:requently ~ 

OTHER HET HODS OF EST HIATING 
DEGRADATION ;IN T.HE, RIVER. ' 

r:p9 estin::i.t e the p,o.gpitude a:f degro.do,ti 9n. in o. 

r:i. vef ce:nt ~u n. bc..~ic do.t o. o.:i:-e :requi+ed, c;~rt o.in nssunp-
• I 

1iiOJ::1.$ nust b e n'.lde regnrdi~g the u agnitude of v.:1.rinble~ 

such o..s w~dtll 1 depth ~d s+op
1
0 .::md co nu~ntio~ o.l pro"": 

ceedw;es nust be ::i.dop1;;ed. 
I 

Such d o..t o. o..s : resist:u+ce coeficients, slope 
' t ' \ ' 

of energy grndi ont, geonetry of chnn nql C?ros s-secti on ~ 

thE;) c i1.o.r o..cte:re stics of the bed r.1D.teri .:i.l, t he ch '.lr o..c­
tero~tics of t ho wat er, sedin ent d~s ch c_igo r e l :i.tions 

end othe:r do.t o. a.re n ec e sset+Y. The e ssenti-'.11 do.ta. 
o..r.\,d in£ or n c.t i on r e quire cl f or p~ol i n ifl:C-rY 9or1puto.tion~ 

.::.re nvo..il c..blG. ,, 
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Tho c onpu t .'.:'.tiono.l pr oc eedures suggest ed by 

t he writer c..:re : 

1- Det or n.i n c..tion of degr e,dG.tion bo.s ed u pon s edi nent 

di9cho.rge dc..tG. m1.d sedi r:.1ent dischn.rgo J;e l o.tions 

as p:;r:-esent o~ b y Tuir . Lutfy o.nd Dr. $h nlo.sh . The 

initioJ. do.t o.. cmd degr o.do..tion r e sulting fron t he 

_firs t yeo..rs of clos ure of t he dOJ.J. c on be used to 

estiq,~t G the :fi n nl conditions in_ the river. 
/· 

t he· r e sults con b e periodi cally r e vised c..s 

by f ut1-1..re d c.t:1 o.nd neo.surenents. 

Also, 

dic to.t ed. . ' 

2- Other tro..nsport r e l o..t t ons sue~ o.s t ho one vrop osed 

. by Colby ( 1964 ) c on b e u sed t o check degr :dc.tion . 

Thi s p r oc eedur e i.7oul d b e sinil-:u- to t ho..t · proposed b y 
fvrr. Lutfy G.nd Dr. Sho.l o..sh but ut i lizos c.. tr,~nsport 
relo..ti on de ve l oped f or other , ~ut ~ir_1i _linr, river s . 

3- Th~ f ino..l slope of t he Nile c .i ri. ~ e estinc.. t ec.l usi ng 

sto.bJ..e ch:::inne l de sign criterion. Fron the (li ffe --:­

:penc e b e t w~on origi nc..l chcu:1nel slopo Qlld s t 1.ble 
chc..nne l s l ope on estino.t e of degro.do..tion f or ea.ch 

r E,':)o..ch of t he Nile con b e no.de . 

4"7" The s t,'.lbil i t y cri t e r in f or ch:mnc ls b etse d upo.:i bo.sic 

d o.t o_ c o l lect ed by Sinons o.nd Richn.r cl.son ( J 9 61 ) i n 
t he hyd.ro..ulic l o.b o:;ratory c..t C::> l o..r o.do Sto.t e Univcrs i t y 

co.n b e used to estinci. t e de~r o..dc..ti on ~ 

5- Th -3 r e c11.-~ l o.b oro.t or y s tl.1-di e s of degro..do.ti on c ::>npl e t ed 

by Dr. I suo..i l CUld Mr . Wnhby ( 1964) o.t the Hy::lro.ulic 

Reso~ch ::md Ez..--perinent St o.tion , under t h e di rection 

of i4r . A. A. El dnr wi sh ~ c nn b ~ u sed t 9 o..ppr ox L 10..te 

the dcgr.::1-.cl,'."._tion of t he lh l e River. Also o. r e $ent 

Study of degr:1cle1t ion c o::·.p l eted by Dr. Al-Khetfif 

(1965) c OJ.1 bG used t o e s ti i":10.t e r i ve.:i; degr o.d::'-.tion . 



6- TA~ c+iticnJ .yract~ve fo~~Y pro9eoqµr~ u~~µ9 $W.el~s 
' I 

4~P~ pn.I} 99 ~s~q • 

797 A, +e~ ~nt po.pyr 91 fyof. ~qu~a o.nd 1?~ ~ $~uons, ff~i+:i 
. ' . . . ' 

u.n.P1f1?lish<rd, ~9ta~lisµe~ a ff9,ceed1:-µ'~ :f:o~ ~~t~rn~,j 

~Bl~ , d~ ~fadc,1tio~~ · A co_py of ~he :i:-ou9h dfa.+~ 9f 
t4i$ ~~p~r wil+ o~ qiy~µ ~~ ~ini~~~t of lffi~a~~ ~~ · 
NJ: ~~tinayy of u+~~Uf\tr 9-~~ra9-atib!\ ~P, ifµ~ ~T~l~ · 

-~~?N~P. ~sno. !)J+d A-~w:w. t~ ~?-d~ \l.S~I+~ pe~h9ds, ? , 
'+. , ,? c;U1.d 6 ~ 

Sy,1f~7r4 L1C¥. hyq?-~ of ~el.rf-YiH~ a sta'f?l~ ~P-2?1~0+ 
l?+():P~ f qr ~- c arw). ?r r} ver B8:1? Oreµ prQv~s~ d: ~ piq9µ$, 

~d fy~;i.:q.e:p ( 1964-) ~ _orw s-qql+ ;i;_~J;.ut.:i.?+l i~ · 

. 8 ~ +03 
-, ' . . . 

,.,_ o ~ 84-/ a2.•_ · . ) = f . 09 :-r ~ -~~ ~ •• ·, ( 4- . 

& i9 ...,~lqpe of ~~ef~y g~:;idieny 
P . t~ 11~~ neq.iap. d,~aqyty+ 9f qe_d uat~rtol 
~ i9 ~fltf {i~s~~ d4s.1+c~~e ~ · · · ' ' · 

~l49 equ0~ion wq9 9e+ec~eq ~~9a~s~ ~Y-~as teeµ q4eck~d 
\t9i+tR +clf~y :fl9w~ ¥1 ~a}<i;5trui ~H~ Vn·~ Vntt~C\ S~at~s 
/lR~ f y is ½ fun~ yiog of y4~ s~ze q_:t; qe~ n~~<r,=fta+, 

l?~~eq -µpqn, e~i$~fµg ~i~~q ¢1.E\~l\ ~ t ~~ a,sE>1.µ-1~d 

"\i4l.\'t; ~hy qe4f an d:j..l::\q$te:p of 1;>.e9- 1:1q"½~r~o+ 9:f t:µe Nile 

f Ei 9, ~5 r:1,q_ ru+<;.'l that i;;µ~ d9n:µiant d,~ 9pltcII?g~ ~ tha~ wh:i-q~ . 
i~ ~~po ~~cq µq t; qore than apout .15-20 p,e~cent oft~~ 

. ; • . ' • I\ ' \ I 
I 

I ' ' • 

vtne, tq abo'4y 250 n ill;iop. C\lb:Lc q9tors :per da:[. 1o:r 

"tihr,se !igu:i;qs t,he ~rta9le . sto~~ t~-~ 
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Tp.i9 cor.il?tno.i;iior+ of slope, river clischar9e DIJ,d 

~iz~ 9f "bed r:p.tyrial gtves a chn.n,nel Hith frtj.r;I.y 
I ' ' ' 

s"j:;a9le sto:pe~, and a. c4q.pn~+ c a:pab~~ ~~ ~:PB.+ll?,PQ+ry~ 

~99µ-t; ;.9 :ppu pf S?,P:d,. ,:P9 r 1duc~ the secµ.nen.t t;rc:i.µ~~ 

:tJ9I'ii yq a Itegliga1ii~ va+µe, µsing e~isting i=gidj.per+t? 
. 1· • ' . . . • ' 

~rai.~9:po+t theorie$ ~µe ~+ope should?~ furthe~ ~~i 
q:µpt?d t9 o.oo~t 4 cr:1/lru, A9suning -tl+e bqck,7o.ter 1+P-

• I • ' ' ' ' 

Ryrea,q 9+ ~sria 9ar+ag~ wou+~ ~o~tro+ degr ~dat~9~ fq~ 
c+091Jy 5Q k;n th~ q.egrada~iqp. fap. be estiu2-.teq. by sub­

tro.ct~g ~4~ sugges~ed 9~ab~e 'rtyer sloDe of 4 c~l/~u 
• I . I 1 ·• • ' 

t~o:r.1 tl+~ ~Jµ$~ip. 9 ~i ve:r slope vrhf ch is 9-$ 9n and 

O\½ t \:p,l~rtn.g 1<h is diffr~n,.c<:'3 b;y ~h~ le11.gtp. · of lho..nne""'.' 
. . . . . I 

abovr t:qe;: backwc;te::r of Esn:0 to t:p.e high dau 01()6:--50::: 
--- --· .. ..,.. . 

L!.6 µ.i ) . 

· ( 'Pr 4 ) ( 116 ) ::;: 3. ,-? peters 
,. 
' ' 

I 

100 

~nt? is a fi:rst a:pp;r:-9~iu a t ton of the degradc:r'-ion 

?lt'y -4,pwo.p. Dan . Ass~n ing, as v,e ho.ye, the uni:j:orn b ed 

m:r\,$~i~~ c onditions exist and th(? abe;enQe 9~ other 

qqn,trol~ upsyre~n o:f Esp.a,. th~ ysth1ated 3 ~5 r.1eters 

qf ~egradation nakes ~ood engineering sense. 

Without any backwayer 
I \ • • ' 

above Esna to reduce 
' . . 

tµe µver~ge veloci~y , slop~ and degradation tne 

t9tal degradnyion co~ld be 

< 3 ) ( lf,6 ) = 5 net~rp· 
I. 1 j • • 

lOQ 
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Defiradati,on B"o.sed Upon Observations at Colorado 
• ¥ 

St~te Uni ve:r:,si ty_. 
* 

A s-tru.dy ·of • sands simliar to the sand vv-hieh 

torr.is the_ bed of the Nile River was coupleted by 

Sia ons and Richnrdson ( 1961). · This study showed that 

significru1t sedinent transport with graded sand ha-.,ing 
a nedian diu.D.eter of O .zs rJIJ. starts v1hen the boundary 

shear is about 0.04 lb~/ft2 • Assuning that the depth 
associated with the douinant discharge is about 5 neters 
( 16.7 ft) this criteria gives a stable slope. 

s -. - ___ -2.!.Q~ -- = ,0.000038 
(62.4) (16.?) 

which 1s about 3.8 or 4 en per kiloneter. 

This is approxiuately the san e ansv1er nrrived 
at by using stable channel theory nod.i:fied "oy sedi-

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

to stop degradation use the Einstien ( 1951) Bed Load 
. . 

Function, the Colby ( 1964) uethod or th~ uethod 
proposed by Bishop, Siuons n.nd Richardson ( 1965) 

to verify th:::..t the bed uaterial discharge and henee 

the degradation will be negiligable after a slope 

of 4 ca/kn is re ached. 

Degradation Based. Upon Tocperinents at 

The Hydraulic Research o.nd Experiaent 
St~tion, Delta Ba.rrage • 

.............. -
Studies eonducted by Dr. Ismail ru1.d Mr. w~Jiby 

.· ' 
( _l..9Q4 c;_wJ._ ~ __ ......._ r, ~ n nrr,v-;~1.t"l+.A +'hr.- nr.:,rr.,.....,-",..,+~""' 



- ~q. -

of the river Nile, Tree.ting their study o..s a uodel 

of the Nile it· is observed t hat degr o..do..tion experi--:­

n~nts run for o.s l png o..s 600 hours only r educed the 

~"1.i:tial c hD . .r111e l slope , estublished with s edi r.ient 
tr~sport, by about 40 percent . Using -a •:iodel -

prototy-_}?e ti1:2e i:=;cnle ,. the 600 hours 'of t :.1:ie q.uring 

which degro..d2tion occured in the rrodel r 0presents 
~~verru. yeo.:rs of prototype operation . 

It is suggest ed t ho..t the percent c..ge reduction 
:µi the slope o-:f: tb.e river will be on the order of' 
that observed i ri the flun e study or e odel. l~sir.:.g 

~his proceedure the o~i gi4a l river slope of ~)out 

7 en per k r.1 vlill b e r educed by Lf-0 percent to . ~ 
.ultinate value of 

7 - ( 7) ( .40) = 4.2 cn / p.1 

This slope indic~te s that degr adati on in t h ~ Asw::m­

Esno. re o..ch , c onsidering bo.c {V10.ter ci.s b ef ore , will 

tota+ about ( 2.8 2 ( 116 ) = 3.1 nete r s 
100 · 

A.f;.,vo.n Do..u. . This value is in close o.greer.:1. er..~ 

previous estiu at es by t he t wo other rrethods , 

. . Degradat i on Bc sed Upon 

Critic o.l Tr o..ctive Force . ,. 

o..t 

with 

Using the Shie l ds cri t erio.t o.nsJ. o.ssF::ling t he 

Nile River \7ill degr ude until the b oU11do..r~· ·sheo.r is 

r educed to the criticnl sheo.r stre ss or -t :r·C1.ctive 

f orc e ( t he cri t;i..c o.l tr2.cti ve forc e or s h::.::tr stress is 

defined o..s t he force per unit o.re.:i. r equi red to s t .'.lrt 

notion of t he b ed nnt e:rii al ) l o..rge r degro..cl.'.J.t ion ~s 
. . 

in<lic at e d . Fron the Shi e ],.ds dio.gro.n t he critictl 

shoo.r ve locity - Reynold s llUrlbe r is 
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,·ui . c· a..,.o 
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' \ 
- l.) 

,A.~sµning as before a q.epth of about 16. ft,, a nedian 
' ~ . . ' 

9,inueter pf bed no.terinl _ equ.t vilo.nt to ¾5 ::;:: O_! 7 nn n.nd 

V =. 0.9 x 10-5 · ft2/sec. one can solve for the ~ritical 
• ' I • • • • ' I 

cp.q.n,nel slope ! . 

~no.t is : 
V9 ·cJG) ·s co.7) (1025 
' (~)!'~) (2\54 )' (10) (l2) 

. . ' ' . 

Soi-.1-.p.g to~ the critical s~ope: 

= ]2.0 
..: 

s · o_,4 co/kn~ 

,. 

~hi$ inq.iyQ-tes a totru. degradation b~tvYeen Esna b.J.rrnge and 

·*swaµ Dao., considering b a ckvv.3.te r~ · of 

(7 . -.:.. 
' I ' ' 

0.4) ( 116 ) 
.. ~00 = 8.8 neters. 

This yalue is in close agreenent with the one a proposed: by 
,' ' ! . 

;or! Gnno+ r4ostnf o. (1957) and by Bondurruit a.nd Brown (1963) ! 

Tue writers experie.rice vn.th c·anai and riv~:c prublens 
• I ' ' • \ , 

~d.ipntes that i?he use of ~he Shields criteria suggest::;; _ 
' . ' . 

po:re q.~graq.ation tho.n will nc tu.a+lY occur because or o..rr.10-. ' ' . 

:ring, boundary layer effects and boundm-y rougbr.css . kost 
I / I f • , , • 

. trnns:p.ort tJ:wories wi~l ~how that de~ro.do.tion v.d.11 ~ssent-
iaµy stop before t..ri~ s1ope of the channel is reduced to 

. . ' ' . 

th~ -~na:].-1 value in~cnted by t he Shields. c~iter-:.o_! .Also ' : , 
there is 'll.sually o.n · a.ppreciable Cl.lJ.01:lllt of $ecliu:m,t S'\J.ppl:Led 
to the river froo. ;i.ntero.ittent tributaries. This pcy be a 

J • . • I I ' ' I • 

·sigi:µficont fc.ctor that vlill lir.ri.t the degrncl.D.tior+ of ~he 
River Nile. 

' ' ' I , 

Using present datn, theories n.p.d experien0e the writ er 
' I ' 

be4-iew.;;; t4nt nn ul tino.te lioi ting slope of about 4 cn/lm~ 
, I • -

o.:nc\. o. d~s:ro.datio~ o:p A$VrnJ.1. of · nbout 3 · neters nre reo.lis-

ti~ ! 
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OTHER HYD3.AULIC PROBLETulS 
--------===-=====-=-= 

rn tbe introduction to this report . severtl hydr~ulic 

questions, :for vrhich nnsw0rs are ne0ded, were o.s1-:ed! 

question of degra.dn.tion botween Esnc. and Asunn. hcJ.s 
considered. Using the sone procedure · an ustinate 

d,.egra.dn.tion n:t other ba.rra.ge s can be obt.:rinej_~ . 

The 

been 

of 

There has not been suf':ficient tine to becone well 

enough acqmtlnted wit.Ji the river to suggest the need 

:for n.nd the loca.tion of: new ba.rro..ges n.nd weirs t:o linit 

degradation and nc~onoda.te new diversions! Eowever, 
con~idering the estirmted degroo.ntion o.t Aswo.n, the need 

. for new structures in th.is re a.ch of river nay ·be fixed 

by the need to di ver-c water nore th.on by the .a.eed to 

control d.egrndo.tion at intero.edic..te points along the 
. . 

+-iver! However, _the sa:fety of each existing stru.cture o.ust 

be cc.refull.y nnd continuously considered in the light of 

new dntn. . Where lo..rger distances exist between bo..rro..ges 

new weirs ""' be r e qu.ir€d to linit degrc..do.tion end protect 

eJ<.,1.sting_ structures_! There is the possibility of genera.ting 

pov.,rer at t hese now structures ns suggested by VBB (1.960) ! 

T.he sedi.ucnt trruisport theories rrost n.ppli1::.:J.ble to - . 

the Nile River is a controversial subject but i:1 the vvri­

ters opinion :-

1- ~ro.nsport relations based upon ueo.surea. dn.ta. tho..t have 

been corrected to include bed land transport is the 

nost relinble procedure_~ .A good estiun.te of the bed 
load trnnsport to be added to the suspendE!d sedio.ent . 

land to obt.::i.:i..n total .load cnn be on.de usiug the Modi­
fied Einstein Method ~ Hubbel w.'1.d Mo..te jkn. •:1959) ! 
Detnil&d use of this uethod is illustrate d in their 

paper~ Other sio.ilo..r reports that discus s the Modi­
fied Einstein proceedurs o..re o..vo..il.nble though . the 

U_!S ! Geological Survey J A copy of the Hubbel 
Matejka report w~s given to the laboratory! 
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2- Another good choice is the nethod proposed by Colby 
(1964) .~ Th.is· uethod h.'.15 · the nd-,.antn.ge of sinplici ty . 

o.nd it is based upon a large rc.nge · of :field conditions 

incl,uding eoncli tions sir.lil~ to those in the Nile • . 

~his uetho·d reiates sediuent discharge, aVE-rnge yelo- . 
city, size of bed uateriru., depth of flow, concentra-

tion of silts and clays and water . teuperatu.re. The 
. . . . 

report by Colby was given to the laboratory n.nd is 

avmlabie frou the u.s. Geolo~ical Survey! 
_..... -'·· 

3- O_tb.er e:x:cellent_ uethods ore given by Bishop, Sinons 

and :J;tichnrdson (1965) ruid by HJ_ A_!. Einstein (1951) _! 
Tl+e Bishop; Siuons ~ Richnrdson report is avn.ilable 

-frou the .Arierionn Sooiety of Civil Engineers! 

The cop.di tion at the entro.nce to the reservoir up­
st:renu of the high drui vvill be of interest and lllportn.nee _! 
~he larger sedio.e~t pc.rticles will deposit in the back:nater 
of the reservoir ·and at the entrpnce to the reservoir! In 
fact, a delta will forn! This delto. will be quite unstc:ble 

been.us~ of ch½-riging water level in the reservoir! Never­

thl~s$, wtth certdn engineering works to give soue st~bi­
:j.ity to tlle delto.. nnd nfter a. long tir.ie a. p.ew linited 

agricultural a.rec.. night be developed. A detniled stuczy of 
, i, l - • • 

the dev~lopuent of tll.e reservoir delta. Olld nethods of 
stnbiliz~g nnd ui;;flizi.ng it should be considered ~s well 

c..s other effects qf ae;:radatiori upstrecr1 o.nd the develo~uent 
of agrieru.ture o.nd relo.ted activities a.round ~he lc.ke ! 

~he q~estion of erosion of the bruiks of the Nile is 
nl~u a probleu1_ E~lier; t:he writer eu~husized the ~eed 
fo+' potl+ J,aboratQry stu.aie~ and field observo.tions to 

· evo,J.uo.te ~s :prob1en~ In tine, as the sili;;s ruid cloys . 
presently f oruing the banks of the river ure eroded o.wcy, 
I • • I 

b~ areas uuch less stable o.nd uore erodn.ble uo.y be 

eXJ?ose d to the flow! Tl:+e :failure of S\leh oxeas uczy require . . 

extep.si ve use of bnnk protection works of vo.rious types_! 
Also, ns uent~oncd ~nrlier in this report c..s ll'-I'gO · sand 

bn.rs o.nd a low vrnter ChlJ.l+llel forn the ehan.nel ncy neo.nder 
ruid ca~se n lowering of bed level, end o.s the ue.::i.nders 



avr+onch the original bonk the bank vtj.11 cone under attack 
~d no.y f o.i+~ A no:;:-e d,etxi..J,.ed study of this probleu is 
certo..inly wo.rrented . 

t· I' ., _ ,_ 

p!i,.riq.~ly th$ futufe syo.bµtt;y and, byclrauµ.c. pef"+'Q~ 
J ; I 

P<'.!l.I+C~ qf irrigati9n canals qh9uld by con,.side+ed~ A +oss 
I • . ' • 

o:f si+t? ap.d c;l-o.y fron tJ:+ese $llPAels uo.y cause sigrµ.fi-:- · 
. ' . ' ' ' . ' ' 

yoµt c4£1I+gep tn yµep aq.~ coQp+icate groundwater and, 
I ' ' I , 

d:pa:iJ:¥1.ge :vroblens as well _~_ 

Pg.OPOSJm) RESEARCH AT THE fl+:l)RA;LJLIC B.$EJill.~ 
' . . ', , ' . 

· .A.1'ID EXPERIMENT STATION· AND IN THE FIEIB 
' ' . . . ' . 

. Tµe conyersio:t::- of the Nile froo. the po..rtia:I,.1y co:it­
ro+le d t o the conpletely controlled state & the Hubs.~quent 
9--Dap.atic cho.nge s in the water fron a heavilJy SLLt la~den 
eo~d4tion to a cleo.r wo.ter release o.t Aswo.n will introduc~ 
nqny nevr and Wlique pro blens t nat oust be stud.ie i as soon 
a~ practico.b],.e in orde r to provide bu.sic info:i;:notion +'eq­
uired to solve then. 

I • 

1 In nruzy instance s the ini~iation of the 9e . res,3o.rch 
:p+o~ecr1;;s will require ndditio~ t 9 new staf'f, equi:pn~nt and 

ins~runent atiop._~ 

Jµstrunentation Nee ds 
--------------------
' ' ' 

Sone of t he instrunentation essential to such research 
was cited by Bondurant and Brovm (1963). Addi tiona.l i..nst-

-·,. 
runent o.tion needs i nclude : 

~~ Laboratory and fie~d sonic oquipnent cnpnble of accu­
r at ely nco.suring bed confi guro.tion , chon_~el cross­
sec"j}io-1+s c::ind chL':.illlel profiles. In particular, t his 

_t. 

e g_ui~uen t nust work o.ccuro.t e ly at sholl_ow depths_~ 
Such l o.bor o.tory equipnent is nvo.ilnble through Col or ado 
Stat e Uni;versity, Ft~ Collins, Coloro.do ruid Autonntion 



. : 
. _; ~ 

_!.nstruo.ents, Inc~ , 
eq_uip:ient including 

oulc1.cr, 6liro.c1o . .Hjn_cb uni~ 01· sucn 
- . 

nn uccurc.te =-ecorder costs npproxi.:.· · 

_ DD,~~ ly $ 4-QO() _T 

Ho~Fµn ~~locit;Y neo.puring eq_utpnon~ cc.pc.bl€ of neasu­
tj.ng and _r?cordi.p.g the insto.ntc.neous veloc~ty fluctua.~ 

. : • . . . . . ! . . . 

tiq-l!s in i;iµe ru+d spnce in liquids~ Such equipne1:i:t co.n 

· -_~e vmc~9- trop· fio~e;ywell 11~~o.ct\lres, U ~-S ·~i! or n 

s¥1¥~ sI-e~ce w:i;l;t be ny~o.ble fron Colop1do Sto.te 

'tl~wl:'si ty by Jnnuo.ry 1967 ~ ~iicn a unit will cost 
• - I 

abo~i, $· ~500.00 including on adequate ret"ordor. 
. ..! . . . , . ! . .I 

ii:J.o'µ. eq'll4~0.ent 1_ 

·t1Q.4Yze s.:u:ivles 

· +i'llI:le ·st1,1qies_~_ 

The large size tubes o.re" ess ential to 
• . I I 

of ·bed n o.terioJ. of bot-J:J. the ri yer DJJ.d . . . . . . '. 

4-:r A_ppropriute sc.npling equipuent to obtain systeno.tec 
- . . . . . 

~onpl.es of the river bed end bnnks, the sus;pended 

sed.i.ne.nt ioad o...r1d tota.l sedinent fiow passin g each . - . . ' . ' ' 

bal:'rnge p.re ~ecesso.ry ~ Stn.~dnrd ~:mpl~ng e9_uipnent 

onct sm:i.pliq.g proce ed~es _~_o.re des~ribe d by tri.e · Inte~ 

~gency Sed.io.ento.t-i_on Sub-0Q[1[1ittee ond botµ publica­

ti~ nn¢L equipnent con be obtained :froµ -tµe Co~s of 
I • • • 

'. Engineers, U .s .A. ·. or sinilar equipnent is ava.ilc.ble 
~ - J . . ~ . . . . 

! t.fon tlle other countries1_ The io.portonce of · instru-:- : 

oeµtation ~s sufficiently great to wnrrent. specio.1 

eval-un tion. 

Reseo.rcll nnd Field Studies 
~--:------

To a.chieye the n3.Xinun.results with. ojni □un effort it . . 

is µece sscr-y to dcvelopo o. close ond c?ordino.tud world..n.g 

relc.tion beti.veen the various subdivisions of .rizy agency c.nd 

. in pnrticulo.r · excellent cooperc..tion _ between these sroups 

o.nd rese~h stm':f _~_ Close cooperation nako possible a nore 

conplete utiJ..iz.:i:tion of s~aff o.nd the dnt.::i. resultinG fron 

both l o.bor.:1tory ond field stuc1ies1_ One of the gre o.t e st 

obsticols to o. .coordinat ed activity is lack of o.ppreci~tion 

of ench others as·sig__rmentn and objectives. 

- I 



lens 
frop. 

To he+p solve tJ1e rwny coUIJlic o.te d engµ~e:p..ng prob­

that w:f-ll remfj .. y fro n a c9ntr9lled clear water rele n.se 

"4-svron Dan, the :Ministry of Irr~go.tiop. should r:10.ke 

· y op:~:µ+\1-y d a,nq. e~ o.nde d ~~ e 

Experio.ent Station. 
/ f • , • 1 .' ..- ' • 

of the Hydrc..4ic R9~e.;r-ch oµd 

4-t -pne · out9et of tne r eport severru. probleµs tho.t 
I 'I \ I ' 

o.n;r :r:-e~-iµ.~ ffQD t~ re:J,.ea.se of clear wo.ter fron liBwan D.'.l!J. 

were cit-ed. Mnny of these probleris co.n b e best sol·v-e d 
. ' I ' . ' • I ' ' . . . . • I . ' : • · . . 

l?Y co11q~tj.4g J?rope:rly des~gned and execute d studies o.t 

t,p.f }o.borat9~ o.p.d, in t1?;e fiel~-~- .A few such stucj_es t h:-~t 
i:tr~ o! · st!,.fficient inpo:rtru1ce a.s to warrent i onedi~te co!l-

1 , , I 

. -qtdera.tiop. ~ suggested~ .. 

Ri V(;3f,' ~eg:r°:da.tion! Using D;O.turtl ri ... ,er sa.nc. froo. the 

~ile, study the o.acho.n.ics of degro.da.-'.:iion, t be effect 
• ' I • ' ' o+ th~ cour~er particles coo.~p.sing the bed no.to~icl. 

P?, ~y arno~l'J,g ?f -J;ill:e peel 8'.n'-e: the reduction of SC:)ur 

ap.d in_ parti?uln.r tb,e no.gni t-qde ot degradat:_on~ . Su.i­

tabl~ fl~~ 9 for such n st-ud.y ore a.vo.ilo.ble at . tb.e 
• I . • ' 

laboratory o.nd . ini tia.l stuclie s of. de6 r ado. ti Jn h.:J.ve 
' • I • 

beep. C9P-?+e ted, Isnail o..nd Wnhby (19~4) ~ 

~4e 9to.bility of the banks of the Nile s4culd b e 
' I ' ' , 

e~~ed~ Possibly u..p.clisturbed s.:mples of the h~n~, 
no.terial should be carefully obtai ned o.nd subjecte~ . . .. ' . . 

-:t?o ~=,:-013i ve f orces of different µc.gni tucle t o deter-=:ine 
. . . . . 

tp.e sto.bility of such no.teriru. when subjec-:;ed to 

c+·~o.r wo.ter flows. Such a study should b e conducte d 

irl tp.~ l n.b9 r o.tory but pinul tc.neous observations cm:3. 

o.easpxenent should be no.de o.t seleqted field st~ti0~s 

or sites. 

};- ihe chc:J4ge in c..ho.ru.1.el geone try ·should be studiec.. in 

q.eto.il~ It is p ossible that the present vridth-cepth 

r o.~ios of the Nile are too lo.rge for the ·ceduce J. 

ft-ow rate s of the futuro -~- This n c_y ~ duce tho dev2-
ioprrent of nor e lo.rge so.nd bars ond a s n a.ll er chc.n..-ia l 

within th~ lnrge no.tura.l channel~_ This dewlop::.:e.r:t of 

a cho.nnel within the existing chan..~el is accolor0ted 

·b_y the develo uont of lo.rE_e sand b.:t::'s. The poss ible 



CA,~t;;e~ tu the c~~e~ ruid fnc:ren.sed n~_u,n.underiu.f$ w~ 

endanger ~x;i..s-Pt?-9 hydra.1:l-1--tc 9~cture$, V{b.te:p intD.k~s , 
qridge~ ~ onpk 9ta.9ili ty ruid ?tc ~ · F\l+-4iI--eruoFE3 _this new 

' j ' ' ' 

y{lnnn.e+ !+'.9Y ?e i ,rs1 Er\,a~l~ ;LI} ~t~-W~-P tl}~ th\3 o+d 
~l?-~e+ ! . 't:W-~ µ.cw ¢p.annel Ll~ cu.~ ~to tp.e b c:ip.~ ~f 

. ' 
ti+~ ql.~ P~a.I;lf~el,- d9~g s ~rious ~o.uq.ge t o :p:pop~rt7 1¥1-}e 9s 
f".ontrol.+e q. • 1 

' . ' . \ . . . 

+t · is :P+OP0Se Q. tJJ,c.t n three~diue:a~donol oo d~;t ~t;i,td;Y 
I ' ; • • • j ' • 

of a _4~al--i~~ti1ry3 ~a.tu.re sh9~d oe considrre~ t o estnb~ 
I • • I . ' 

}i$~ ~~ po~$fbili~ of t~c deyylopnont ?f a. n~w cp~~c+ 
ap.d :f..t;s I+¥V eop,se<+,i.l~µ ce_s op. the rt y~:p C\lld upop, ri ye:p 

9~r=raRon qt+d d~yel~1?Dc;t1t_~_ , 

On~ n:µio+ a.~vanta.ge of the 4rveloprrent of a pew 
• • -.. I I I ' I 

phn.p,q..el ueru+dering ?nth~ bed of ~he 9riginru_ chrumel 
' . . . ' . 

ts~ ~e4ter c4opi~e} l eµg~~ , red~ced cho.nnel slope, . 
•. • ' r • 

i~yr~ase~ ~e 9istOJ:?.ce to" fiow U?,d ~~~s tuvora.bie. con-
d4ti9µs fo+ cont:µiv~ d degrndn~ion~ 

Qhannel o on.}c instnbility frou se ~p~ge forc e s c::t.~s~d b? 
~· M~ vr~ter ~~ble· and ;e~ f+oyr uo.y be of increa~~'1g 

fll:Poitanpo ~- ~a.rtic~a.rly o,t l ow [:i.c;,y, end upstreon of 

tp.~ 1;>n.c~ Vfuj:;er," e;f ect of bnrrn.ge s ! With a. w::t.te+ tabl~ 
~~er than the wo.t~r l evel in t ne ri.;,_er t h e 9~k~ v4i+ 
~e$:p ~ ~ net! s+f de in1,o ~he ri ~r cha.nne:} ~ Spe'ctaJ. 
-t;r~6.tn~~t of s-q.ch i.pisto.blo p~ks uny be re quire d·~. ,:r:n,e 
l.09ntion of problerr · a.+eo.s should 1;>e i,nvestig:i:ted op.q. 
µ~tlw4s 9f +~~~tip.g nnd . ~to.bil:i'.?ing -· such bcmk coi;i.q..t~ 

• • ( I I I . 

tions ~hould qe inve stigo:~e d ip. 1?oth · the hyd.r~u:q.c 
;\-~99r~toi-y a,rid -phe fiel d , , . '. . . 

• ' I ' ; - • •• ! , 

~~ ~n;-1gq.~ion reqip.~nents nu~t 1?e 0$ta.o~ished and frou 
th~se _req\rireuents rii ni nu~:.i widths , . depths and ro.dii 

• 
1 

, • ' _ • I • • I ' ' , • , ' ~ J 

9t · bends, ,:Po . rr¢et fut-u.:r;e n avigo.tion needs no.y r ip guire 
' • ' r.• I ! • • 

d~tei.iled $tudies of river r:i.echo.nic 9 1 .best river ru...:.gn .... 
l · . . ' '. I • ' • • ' ' • • • •· '_! ' • 

n~~t_, d~pt~ . of pools ', · depth of . pro'ssings, nW rrurr r .:1.d-

}V-? 9f ~"\1-I'ya.~ , rrininur1 w4.d th and etc _t S\lc4 :f?f9 b+ens 
w~- ~quire . ~lose coordination end c~operc..tion o~twee.zj. 

f.ieid ~d +nbo~ntory stdfJ: The coI1-5ider~tio~ of n~yi~ 
· gn"tiion problens uey req_uire riore _det6.i.Led co:µectj_on of 

' • • • I 



fieid dntn to estnblish n nore ·nccurute nltgnnent of 

l'iver bcmks, the l oc o.tion of the no.in n o.vigntion cha..:. 

~~el and to help identify those renches of the river 

thn:~ wiJ.+ requir·e nc.intmnc.ncc o.nd possiqly stnbili­

zatio.q._!_ Such datn con l;)e nost econocicnlly ootnined 

oy conpleting periodic aerial surveys ~f the river 

~d as,nic ~u.rveys of the configurntio~ of the river _-

1;>eo,._~ Also; such surveys will help i.nc'nntify & deter--:. 

r;rlne the nngni tu.de of river degro.da ti c .. 1_, 

6..,. ~:p.e q.evelopnent of suito..ble control s t ructu.:i:·es for the 

N:Lle ~s on i nport nnt problep_~_ I.f a c ertain chnnnel 
wiq.yp., depth ::md curv.:i.t ure is to be ucd.ntai1.ed it will -

, ' 

?e by ~$ing no.ny 'tr'JPes . of chrum el controls, b~ revet~ 
. . 

ne:p.ts, low l e yel sills, weirs nnd etc_~. Siuilarly, con~ 

tl'Q~ structure s nny b e required between existing p::irro.­

ges to linit t he degrad~tion . nt ~ ~p ortn.nt structures. 
. ' ~.!. . 

· ~h,e best t-'-JPe of b a se l evel control structtcre should be 

~tudied .in detail since the .design and ccns~ction of . ' ' ,. 

$1.1.Ch structures nay be very _ i nportruit o.nd nxpensi ye_r 
fossibly sone type of weir consti"'llcted of ·roe~ wi1l be 

qost eeononical. 

7- 1C1:+nn9es in the quo.11t:y of the wo.ter f er irrigation nl"o/ 
l~µUS~ si&11-ificruit n:.1d ir.1~ortnnt chnnge s i .r-'- the irriga­
tion can.a:Ls~ Ap:pnrGntly, the no.jor part cif the sedi­

n~:q.t :Loud entering -t;h0 co.noJ.s hns been sL ts : ar_d c+~s -~ 
these cho.n.nels h ave develope o.. retther str'..-)le, seni­

pohes;i. ve b9w.1dnry_~_ With the introduction of clear 

wa.t~r int0 the co.netJ.s son e of the silts 1.nd clo.ys 

pr~~ently f aming t he peririeter of the cm:il.s u :cy be 

~~dE3d mvc..y l eaving nore :pera.enble and l a ss stable 

pup.ks expos ed to t ho flu:j.d f orces_~ ..Use , the ·t:,e ds of 

thes~ co.no.ls nay be c overed with coarse r · so..nd 

v4µ 1;>e f oFf.J.ed into dunes by the flowinc wo.ter~ 

tho.t 

If 

sand dunes o.nd bo.r..•s do deve l ope on the teds of the 
' .. ' . 

. var+als ther e vdll b E· on increo.se in reststnnce t o flovr 

~q.. the o.bi;J..i ty cf i ;hese -;onvey:mce c~rumels t o deliw_r 

an. adeq1;1.0 .. t e suppJ.y of wetter t o the fi elds no.y be r oclu, 

oed~ This problen should b e invcstig:tted in the l nb o~ 

. l'O..tory flunes by subjcctinG the · no.turru. be d na.torioJ. 
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of cruialq to fluid forces to see i:f the ~ine sedinents 

are in fa.ct ca.rried awo:y , if a dep~stt·of coarser sand 
rennip.s ruid if tJ:iis sand is nolded by ~he .flow into 
4un~s tJ:ia.t wµl in~reo.se reststancG to flow and redu9e 
C~MI+el cnpacit.7, 

e-r TJ:ie abµt ty of the -ue to transport; t he e:ro¢lyd bed 

and ?l?.P-k nate+iru. shoulcl be stuclied1_ The wo:yer cµs- . 
vlrn+~e wilt decreo.se with distance dovm.strem.J. of AgWc.n 
Dan. It was point~ d out b;)l E-~- W J Lnn(;) CJ:.955) that the 
g~~eral relation: 

Qs d 

can oe 1+-se q, to help identify nnd to sol V(;p such fluyioJ. 

pyc1+nulic prob:j..ens_~ This relatton s:tnpJ,.y s ~::;o.tes tho.t 
4 rtve+ dey~lopes a re gine +n:r:gely dependen~ up~n Q

8
~ 

,Phe ped nate~ial . clischOJ'ge; d ~ . t p.e siz~ of ·oed naterioJ.; 
~' the water discharge; m1d s, the slope of energy 

~ o.di.E;Jnt _r_ I~ the case o! the Ni+e ~ will decrease ~­
with disto.n.9e of the dnp~ Swill be dec+eased by degro.~ 

~ati9n of the river bed; the size of t~e b6d nat~r~nl d 
I ' 

nccy coaxsen slightly with tine anc1 Q
8 

will be scoured 

fron the be d o.n.4 will decrease in nngn::.tuqe vtj.th tine , 
' • ' \ I •' 

The fµtur~ regiq.e of the Nile 9hould be con si¢lerea· f:ron 
I ' ' • ' 

_ the point of view of t he developoent of a :J.ew stnble 
re~ipe consistent with new condit,io~ o.nd the approach 
$µgge~te d by Lo.ne C+955) oo.y serve a.s a guid~ • 

. I' ' ·. . } . 

fin~ specific ob~ect of such a stu~ wo"Llld be to 

detentiJ+e whether or n on the pool reaches will partly 
l ' : ' • 

+t::U . with sa.rid_r This deve l o:pnent could CC\U&e serious 

:p:pQb+eus ~o navigati on oncl t o diversions fron the 
. ! ' . ' 

+-~ye~ for L..---rigntion o,nd f or nunicipnl~ties. 
. ' . . . . ' ! 

Tro.Yelling by a.irplo.ne _fron Cu:Lro t-o .Asv,n.n ena.ble d the 
. ' . . ' . 

writer ru1.d Dr. Soud El-Rlw.:fif t o observe that there 
J. . ' ' 

are nmiy large internittent tributaries to the Nile • . 
' • ' ' • I I I 

These nµ.st provide o. r el o.ti voly lnrge supply of s ruicl , 
, ·1 ' ' ' 

$tlt, clny o.nd 99ne grnvel sized particles ~o the 



R;-ye+ ~il~~ ·The A~_rµ,.tu.de 9f th~? sedipen~ i9nd supplied 

. to t~e f:i.V~r P'l+-S~ Q~ at te~i7 Q.U?-lf~c.~iveir detero.:µied~ 

~~~ ~~~u~~t ~U,fPfY v4p r~~P~ ~eg~p.da~~on · ~d for · 
~er=tod,~ of ln.:pge'r stofrl? . ;'.-Py ~Veft ~~',l~e s91:;-e n.~adat}op 
~t .· t~~ tj. ~-~ ?4°W1~+.i · ~?i~eyr~ q.t tlie E~q . ~.crrs,.ge, 

'' . '· . 
~h~D; ~~ed aqov-t W+?:! : ?1 w~t~:f ~d. ped;1.r~ri+t t.,o ;bhe · 

~B;e !ro9 :t4r ~~~9.e! stq.}e~ th~~ 09fcl.StOf~ly -th~~e 
1-$ enq~gp. ~low 1 of . s~¥pe~~ _ ·t9 c~~-€i yl+~ ~Q+qr Pt · 
i;he · :ti wr wat~r. ., 

., , . ·, . : I ·:. I r4 -



·c ON C L·u ·s IO N'S 
------------------­. ---------------~----

This qtudy of t.~e degra.do.tion and ot~er eydrmµ.ic pro~ 

leps ?-Ssocic.t~d with renovo.l of th~ nornru. sediq.ent loncl. of 
' , • : I • I ' 

tl+Er ~i ycr Nj.+e wa.s fo.cili to.te d by the voaperntion · of 't;he 

Miµistry of rrrigo.tion n.nd t he Director and stuff of ~h~ 
' ' • i • , I I 

~ydrnuli9 Rese_c\I'Oh one. Ex:perinent StatioP,.• 
. . ' • . . ! . ' 

TI+e exi$"V-4+g rive r do.ta nncl the dat11 c~)llect~ql?- P+'Oe;+an 

w~~ ~tudied and di$cu9sed ~ . The present dnto. coil~ctj.. on plrm 

:tia~ :pro-yi_ded in:forua.tion re9:uire d to nake initio.l esy:µ1ntes 

of fiver · q.~grado.tion~ Also; these o.o.to. crui be used,. t o hel:p . 

~val-~te nnd sol~ other river :b..ydra.ulic problens. ~¼s 
. . : . 

progrnn should be continued n,nd ex_panded . 
· : ' ' . .· Such :..nfo~atton 

uust be obta..ined to c ope with bydra.ulic problens which nust 
' , ' .1 , , ';. , ' , • ' ' / , ' ' • 

b.e ~Vo.llill~~d and so~yed ! More de.to. a.re nee ded o~.1. sedinent 

trn.µsp ort, rt ver ge one try, t he p resence or absew~e of . ,oo..:pse 

'\)a.pk and l;>ed nnterio.l tf).a.t no.y . a.rnor the chrumel, the anount 
; . ~ 

of 9edinent inflow fron intern.ittent tributcries and c hanges 
' j ' ' ' • 

:µi b~a, eC?.p;figurc;tion ruid flow regine vri t];:L tine! 

Mei;ho~ . of estir.10:t;tng river _ bed degradation were pre­

. sen-pea, .n.n.d c::ppiied t o the Aswon ~ Esnn reach of river. An 
I I • ' ' , I ' ' 

uli;inate @,9rudation of a.bout 3 neters is nnt:L~ipated :µi 

this r~atjl_!, _ TJ+ese ne-t;hods can b_e applied to other pa,rts 
of · the ri w~-~ Coo.puto..tions should be checked ns nore do:b6. 

a.rp 9o~ecte ~ _! _ This is essentio.l because of tha pouplex 

~d "lµlfe rtn4-~ ·na~e of this problen~ 

Ot4er bydrauli9 problco.s wero c onsidered G.Ud disc~ssed 

l;,riefly to enpp.n.size the problen s of the :future n.ud how 

they r.ligb.t b~ · solved_~_ These problens shciu_;Ld be e;ivep ·the 

~m1ec1.:i--a~e . a.q.~ continued attention o~ o. highly ~onpetent 
st a.ff• Suro. an effort will re quire the a.ppropria.ti01: of 
uc1ditionru.. funds for ·r eseo.rch-~· field studies end instru~ 
netita.tion. 



The efficient s o:J,.u-piQJ?. of the :P=!='QO'.l.eqs o+ ~he Rivet> 

~~e \'4:J..f f~q1,lire yery c+o9e coop,e:rc.~ioh of all g:rou:ps a.p.d 

Ai!i.¢,.f;r):;IT.~ +espons:!.9le for t:p.~ u se of and 9-ev~+G.Pqyµt o+ 
• • • • , • I •, 

~4~ +ir~~, In. foot, ~t nl:\Y q~ ~9f~h w¥.J-~ to p~o+~a}e 

~ 9- ~xecv-t~ thf s wo+k within o.µ~ O+'l?;ni0a~ o:q_~ .ft +nc~ 
o,f p90:r:di.Q.~"F=i:on of ~+fort vr.µ.1 in~reo.s~ t{+.e expe~e ruid 
qi.fffPV-}tzy 9t soi~ th~se :pro'qJ,.en sr 
. . · I · .. i .' . · • • • . - . · 

' . 

4 ~t9f! 9f C?q~e~~nt e~$tp-eefS M d othOf :µlf~f09t~d i?-
jil+~ -Q.~V~+9'.f}Q.ep.t ·9~ , ~J+e ~~ Y0f , snou+cl be . enco~D.6~0. to · worl~ 
~9µt:µ:p.1 ou:;;+;y or+ these problens. Freqµ~nt clppges o+ sta:f+ 
I • • • , ' ' ~ , 1 -• . 1 I ' • , ' • 

~~d\lpes tp.e cop.tiµ1l4-ty of effort ~d i;J::i.e abi+ity "t:;o effi~ 
• • ' 'I , • ' • I ( 

ct~~"\i+Y nnd: e~ononico.++Y n9hteve_ "?P.~ qe$i.re d qbj~~yivel?~ 
. . . ·. . ' . . .. 

Tlwse staff should -. bE3 ade9.1,1nte+y coupellpnted f ol:'. thei~ . ' , ~ . . . . . ,, ' . 

~t+Ofy,i(~ 0th~-~9e ?-. tfley yv:µ+ ~oo~ fs>~ no;i?e ~Vf.ar,d.:f.n~ 
~~S:Lg~e~ts! 

· Co.q~+uued use sl+m.~.ld qe p.ade 9+ .teqhnic~ e~ert~ 

?J+d ·c9n~~tni+ts t4a.t have speciru.i~e~ in _riye~ en&ineep~g 
pµ.d wa"tf~r ~~o'\.µ'ces dew l opnent_~ The 'per,ioaic use o+ ~ 
partiYu+ar consultant is profer c.ble to the p~tiod.ic US E? of 

. ' . ' ,. . . • ' ' . · .. • . ' I I I ' : 

v~ioy-s 99P7y1f}:tap:ts ~ Such a. :p,lnn · avoids tl~e loss of t:µ:ie 

te,~U:ired i;;o . o~~e~1t l}~Y' ex-.9erts: i~ none J?.f-'0°ducti ye~ allow~ 
~p.~ ~ c½v::tcluoJ,. t ~e t o discuss th~ :proble:15 . w~th ·+ll~ 
ass:0via.t~;; · ~ q increo.se s the ~te:res~ of the e~ert 4). t~~ 
:p;:-ol?+eo s b·epnus~ of contil1µed · pa.r~:i--ctpntt:m~ .A.ls~ ~ it • . ' ' ' ' ' - . ' 

giyes the expert t he necessn.ry tin e t :::i byi?ne a.cqµ.n4--r+ted 
/' I - ·•. ' I ' .· ' ! 

~:f-17~ .tll~ c 9u.ntry. ~ <.l its ·bc.ck:g:rou.nd_t Oftan this k!lowl~d9~ 
i~ µ~oe~ 90.V-[ i1 be~t solutio~s · o:f p~blen ~ a.r.e -t?o . be 
fdWt<J..r · . 
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· .APPEND IX ... · A 
----------------------

::f>+ogran at the Hydraulic, Roseo.rch _ nnd Experinent 

Sta-~ion : 
I . . . . 

~he ~resent, activities at the Hydriulic Research and 

Ex.l?e+:µient Station at the Delta Barrage w:1s reviewed in 
deta+i in a. report entitled uExperinents md · Research, 

µy~a1:].lic Research and Experinent Sto..t~on, I •altn Barrage, 

U !A!~! S~pteuber, 1965 b? the Director, Mr_! .A ~A-: Eldc.rwish~ 

.A. lisi:i of cur+ent Experinents and Research S-1:;uclJ,e;::; 
. . 

f oll-ows :-, :_ . . 

l-:- Develo:pnent of the water wheel design for field irriga­

tion. 
' . 

2- Te~ts on flow regu1o.tion through Isna Barrqgo ~ 

3.,. Model study of shoaling _o.t the ent ronce of L1rn.thy :punping 

Station on the Rive r Nile, ~ 

·4-; River training dovmstrean fron Nag-Hnru:wdi Bm:.Tage! 

5.,.. A study of tido.l currents an.c1 the littoral clr:µt 
. I - .· . 

at 

the entrance of Lo.ke El-Borolos • 
. ~ _, . 

9~ A nodel study for the design of the Ather .Eluabi <rnnru. 
·lnta ke~ 

7,"!"" River trainmg at Ko.fr El-Z~o.t bend_-: 

S- Experinents on per:foro.ted sheet :piling1 

9~ /!,. nodel ~tudy of t he Wurno D.:rigation Project _-: 

lO- A stuc1~ of seepage forces by electric .malogues! 

11,... New river survey equi:p;.:i.ent for resea.rch o.t th8 Hydraulic 
. ' 

~es~arch and Experinent Station, Del to. Box:r.·1.ge, U . A.R •• 

:i2-:- 9 oil Mechanics Laboratory_-:_ 

The laboratory ha$ excellent space a...r1d is plruming on 

addi t~onul building 4-0n x lOOnr The lo.bo:ra.tory can c ontinue 

ydtµ present studi es ruid ·still expond its activities to help 
·t vo.r ·etv of ·no ~ t r·v0.~ no \e · ~ +h~+ 
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r~s1.4t +ron the chaqge :µ} fl ow condit{on~ oa~s~d br const~ 

f't9RO~ a..qd -q.$8 of Aswrui Dau!_ R~fe:p t 9 ~4~ ~SGa+ch prolr.-
1~9~ di~y¥ssed und~r Pfoposed Resepx,c~ in t 4e q a:µi. :re~9rl! 

• • • .I f ' 

~9 991:ic.4-P- nroc.:µ1uri µsefulr+ess of ~h~ R~ Syclf'Cb,. L~bo~ 
~a~o:p:r n.µ.d ~er~10µt ptatio~ it vAfl b~ n¢c~~s~ to :-

.,. 

+· Co~tm~~ yo vroviµe ~ra..:µring o:pportuµitiep fof 9Ynt+ 
~t ag~npies an~ ~v~r s;ti ?9 y4at speciol.ize ir.q 

, I, I 

w a.+ai.u:t.q. s ~ rt ve~ nechanics 1 wn;~er +O S O,U'C ~~ deve+or. 
ne:µ.~ M,d V([\t ~r +e~ources e?o11-oi:l4cst 

. ' . . ,-

2~ Syµ~ i µ, detai+ t ~e i nstrµne~tatton ~equirenents of 
1:;~e l ~P?fD.~qry ruid continue t o :pr oc\1-Fe yb,.e r nq1;1ire9-
f.n.~"t;f11I1~:q.tf o,~ion! In. tp.is r~gc:q-d, as th<r con?lexity 
ot :µi;:r~:rµi.1entatton i ncr e.as es it w=µ.+ be e~sen~:j-al t o 
o't;>tain-r °:~ sta.+f, on el ectronics and tnstrmentn:~to1:1 
e~gine er o.nd possi bl y el ectro.µic t ech..i.'1..ici~s t o help 
: • J ' t I ' •• 1 

~elect and utilize new i ns t runents . 
: ' , _,' I ''. , . ' , • , • ; 

3- M ne4tione d previously, a unified e=fort L~vo+ving 
· 1?9~4 a:p~i:+-ied and research pt aff is eqsentioJ =i:..f ~h~ 
u~µiV,I;1 ben.i.ftts are to be obto.~~e c1 frou t hE t E;) ch; 
m9al ap,.cl, engi neering sto.f'f~ A close .co oper o.tion 

. . I _! , ' . 

pµ~e 9 "4l groups awar e of en.oh ot he r q P+ob:ens , 
ta+~P:t;~ ?-D,cl inprove conclit~ons +o:p ~ 9h 1c~m1; t o~ 

Q.'9-o.:L=l-p- e.µg~~er ing vmrk~ 

~he pro~l ens c.nd sugges t~on~ ho.ye been ~~1ho.sed 
in ~oqe q~t nil with both the fie+d e~gineer s o.hd ~ith 

' . 
~~ .A..r A~. ~ldo.rwi sh ruicl. his st o£f a;~ t ~e D?l t (\ BD.ffO.@i~ 
Lo,po:pa t ory . of t he M:j . .nist ry of Irrigati on_~ . 

4 shen~tic, Fig . 6 , shows t he 
~~ue~t ~ d :fac~l~ti~s nt .• t ho· Hydr9-~ic 
E::x:P,erinent Sto.tion , Del t o. Bo.rro.ge_~ 

l o.qorat 0ry o.rron-, 
R,:rneo.rch Gncl 
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