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APPENDIX A  

POPULATION AND LAND USE 

Appendix A  covers background i n f o r m a t i o n  on 
denlographi c  t rends  and p r o j e c t e d  popu la t ions  
f o r  t he  e n t i r e  s tudy area and var ious  sub- 
d i s t r i c t s  o f  A lexandr ia .  
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TABLE A-1 

POPULATION STATISTICS AND ANNUAL RATE OF NET MIGRATION TO ALEXANDRIA 

Compound Annual Rate, % (a 

A1 exandr ia  Natu ra l  Net 
Year Popu la t ion  Growth Increase M i g r a t i o n  

1 976(b) 2  382 O O O ( ~ )  2.85 2.2 ( E s t . )  0.65 

( a ) ~ a s e d  upon compound i n t e r e s t  formula:  Pf  = Pi(l + i ) n ;  
where: Pf  = f i n a l  popu la t ion ;  

Pi = i n i t i a l  popu la t ion ;  

i = i n t e r e s t  r a t e ;  

n  = number o f  years .  

( b ) ~ e n t r a l  Agency f o r  P u b l i c  M o b i l i z a t i o n  and s t a t i s t i c s  (CAPMAS). 



A c t i v i t y  

TABLE A-2 

ALEXANDRIA LABOR FORCE BY ECONCIMIC ACTIVITY -1974 

Manufactur ing 

Commerce,Transportation & Communications 

Serv ice  & Insurance 

A g r i c u l t u r e ,  F o r e s t r y  & F i she ry  

Cons t ruc t ion  

Gas & E l e c t r i c i t y  

Mines & Q u a r r i e s  

Other 

Number of 
~ m p  1 oyee s  ( a )  percent  

TOTAL 582 000 100 

( a ) ~ e n t r a l  Aqency f o r  Pub1 i c  Mobi 1  i z a t i o n  and S t a t i  s t i c s  (CAPMAS) 



TABLE A-3 

Year - 
1882 

1897 

1907 

191 7 

1927 

1937 

1947 

1960 

1966 

1976 

HISTORIC POPULATION OF ALEXANDRIA 

Number o f  Average 
1nhabi t a n t ~ ' ~ )  Annual Increase 

( a ) y a l  ues from ~ u b l  i shed  census f i g u r e s  a re  rounded t o  neares t  
thousand ~ e r s o n s  . 



TABLE A-4 

PRESENT DISTRICT POPULATION - 1976 

( a >  
General Economi c  

D i s t r i c t  Permanent Popu 1  a t i  on C l a s s i f i c a t i o n  ( b )  

Gomrok 166 000 low t o  m idd le  

Mans h i  a  48 000 midd le  t o  low 

Labban 91 000 low t o  m idd le  

A t t a r i n e  80 000 m idd le  t o  low 

Karmouz 235 000 1  ow 

Moharrem Bey 371 000 low t o  m idd le  

Bab Sharky 354 000 m idd le  t o  low 

Ramleh 454 000 midd le  

Montazah 249 000 m idd le  t o  h i g h  

M ine t  e l  Bassal 260 000 1  ow 

Dekhei 1  a  54 000 1  ow 

Ameri a  

TOTAL 

( a ) ~ a s e d  on CAPMAS mid-76 census i n f o r m a t i o n  rounded t o  nea res t  thousand 
persons. 

(b)Based on e s t i m a t i o n  o f  average f am i l y  income l e v e l ,  t h e  i n i t i a l  c l as -  
s i f i c a t i o n  be ing predominant w h i l e  t h e  l a t t e r  i s  secondary (e.g., low t o  
m idd le  means lower  incomes i n  genera l  a l though  rang ing  t o  m idd le  income 

. . l e v e l  i n  some neighborhoods w i t h i n  t h e  d i s t r i c t ) .  - 
( C ) ~ o p u l a t i o n  i s  rough ly  approximated i n  t h i s  d i s t r i c t  due t o  t h e  t r a n s i e n t  

na tu re  o f  many i n h a b i t a n t s  ( i  .e., t h e r e  a re  s i g n i f i c a n t  numbers o f  
nomadi c  Bedouin and y e t  u n s e t t l e d  r e c e n t  a r r i  va l  s ) .  



TABLE A-5 

Sub-Area ( a  

MB 1 

MBZ 

ADIMINISTRATIVE, ZONES OF ALEXANDRIA 

K i  sm Sheyakha(s)  

M i n e t  e l  Bassa l  Om Kebeba, Wardi an  

M i n e t  el Bassal  Ka f r  Ashry South  

Gabbary bJes t 

Borsa K a f r  Ashry  

Maf r o o z a  

T a b i e t  Sa leh 

Amoud 

Kom e l  Shokafa Eas t  

Kom e l  Shokafa West 

Gabbary Eas t  M i n e t  e l  Bassa l  

Bab Sharky 

Bab Sharky 

Bab Sharky 

Bab Sharky  

Bab Sharky 

Bab Sharky  

Rarnleh 

Racl  eh 

Mazar i  t a  Chatby 

Bab Sharky 

Baboor e l  Fayya 

Hadara Keb ly  

I b r a h i m i a  N o r t h  

I b r a h i m i a  Sou th  

S i d i  Gaber 

Ezbet  Saad 

Ezbet  Nouzha 

Ezbe t  Gamaa 

Mos ta fa  Pasha Bu l  k l e y  

Flemming 

San Stefano 

Abu e l  Nawateer 

Zaarabana 

Hamam 

Mahroosa 

Z a h r i a  

Ezbet  Safeeh 

Hagar e l  Nawat ia  
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Sub-Area (a > - K i  sm 

R4 Ram1 eh 

R5 Ram1 eh 

M 1 Montazah 

M 2 Montazah 

V i  1 lages (M3) Montazah 

M4 Montazah 

Montazah 

Montazah 

blontazah 

S heya k h a 0  

Kas ie  South 

Kas ie  Nor th  

Akessa Bacos 

Danna Geddeda 

S i o u f  No r t h  

S iou f  South 

Tewfi  k i a  

Abbi s 

Nas r i a  

Manshi a 

Ezbet Nubar wa Khorshed 

Mandara Bahar i  

S i d i  B i s h r  

Ezbet Babeyn wa Dar I s s a  

Nandara South 

Maamoura 

Abu K i r  



TABLE A-6 

HISTORIC AND PROJECTED SUBDISTRICT POPULATIONS A N D  DENSITY 

Gross Area ~ c o n o m i c ( ~ )  Gross Density, personsha Population, Thousand 
District & Subdistrict (ha) Class 1966 1 976 1980 1 990 2000 1 960 1966 1 976 1980 1990 2000 

Gomrok 
Labban 
Mansh ia 
Attarine 
Karmouz 
Moharrem Bey 

Bab Sharky Total 

Rarnleh Total 

Montazah Total 

Mine te l Bassa l To ta l 49 1 - - - - - - 131 170 2 60 2 73 32 7 370 
Ameria - L - - - - - - - 
Dekheila 

40 60 1 75 - L 
5 00 - - - - - 23 3 7 55 63 106 145 

Note: (a) L, M, and H describe the general economic classifications of  each district as low, middle, or high income. - 



TABLE A-7 

PROJECTED PERMANENT AND SEASONAL POPULATIOFJ BY SEWER AREA 
(Popul a t i  on, thousand) 

Sewer Area 1980 1990 2000 1980 1990 2000 

Present ly  Sewered 

East Zone 

West Zone 

Centra l  Zone 

D 

Present ly  Unsewered 

Mouzha 

Ras e l  Soda 

S i o u f  Kebl ia 

Sadat C i t y  

Abu K i r  

Dekhei la 

Arneri a 

O t h e r d a )  

TOTAL 

( a )  P r i m a r i l y  i n  the  Agamy area - n o t  expected t o  requ i re  sewering by year  2000. 



TABLE A-8 ( 1 )  

LAND USE/POPULATI ON INVENTORY 

Area : Western 

D i s t r i c t  [Kism]: M ine t  e l  Bassal 

S u b - d i s t r i c t  [Sheyakha(s)]:  Om Kebeba, Wardian 

Economic C l a s s i f i c a t i o n  [p r imary ]  : Low Income 

[secondary]  : 

Map Des igna t ion :  MBl ( a )  

Land Use (ha)  

Gross Area 226 

Parks/Spor ts  C lub  I n d u s t r i a l  Zones 

H o s p i t a l s  1  Storage 57 

U n i v e r s i t i e s  18 T ranspor t  C o r r i d o r s  

Government B u i l d i n g s  Open f o r  I ~ d u s t r y  

Workshops Open f o r  R e s i d e n t i a l  

Cemeteries Other  

Ne t  ~ r e a ( ~  ) 150 

Gross 
Year D e n s i t y  Perso?sjha Net  b  P o p u l a t i o n  

General Comer-::Due t o  l i m i t e d  a l t e r n a t i v e  housing l o c a t i o n s  i n  t h e  p o r t  
area,  p o p u l a t i o n  has been r i s i n g  v e r y  r a p i d l y .  Housing 
i s  g e n e r a l l y  2, 3 and 4 f l o o r s  b u i l t  on r e l a t i v e l y  w ide 
s t r e e t s ,  thus  p e r m i t t i n g  v e r t i c a l  expansion. Expansion 
o f  p o r t  f a c i l i t i e s  and i n d u s t r y  i s  expected t o  a c c e l e r a t e  
i n c r e a s e  i n  t h e  d e n s i t y  of  t h e  area between 1980 and 1990. 

( a ) ~ e f e r  t o  F i g u r e  A-3 

( b ) ~ e s i d e n t i a l  and commercial o n l y .  



TABLE A-8 ( 2 )  

LAND USE/POPlILATION INVENTORY 

Area: Mestern 

D i s t r i c t  [Kism]: Minet  e l  Bassal 

S u b - d i s t r i c t  [Sheyakha(s)]: Kafr  Ashry South, Gabbary West, Borsa, Ka f r  Ashry, 

Mafrooza, Tab ie t  Saleh, Amoud, Kom e l  Shokafa East, Kom e l  Shokafa West. 

E c o n a i c  C l a s s i f i c a t i o n  [pr imary] :  Low Income 

[secondary] : 

Map Designat ion:  MB2 

Land Use (ha)  

Gross Area 166 

Parkc/Sports Club I n d u s t r i a l  Zones 11 

Hosp i t a l  s  4 Storage 8 0 

U n i v e r s i t i e s  Transpor t  Co r r i do rs  6  

Government B u i l d i n g s  2 Open f o r  I n d u s t r y  

Workshops Open f o r  Res iden t i a l  

Cemeteries Other 

Net ~ r e a ( ~ )  - 

Gross 
Year - Densi t y  Per Net ha Popul a t i o n  

General Comnents: Housing i s  g e n e r a l l y  mixed w i t h  s torage zone b u i l d i n g s  
and c o t t o n  manufactur ing f a c i  1  i t i e s .  For  t h i s  reason, 
n e t  r e s i d e n t i a l  area was n o t  ca l cu la ted .  The popu la t i on  
growth r a t e  may be very low due t o  expansion o f  s to rage  
zone f a c i l i t i e s  which may rep lace  some e x i s t i n g ,  p o o r l y  
cons t ruc ted  housing , 

( a ) ~ e s i d e n t i a l  and commercial on ly .  



TABLE A-8 ( 3 )  

LAND 'USE/POPULATI ON INVENTORY 

Area: Western 

D i s t r i c t  [Kisml: M ine t  e l  Bassal 

S u b - d i s t r i c t  [Sheyakha(s)]: Gabbary East 

Economic C l a s s i f i c a t i o n  [pr imary] :  Low Income 

[secondary] : 

Map Designat ion:  ME3 

Gross Area 

ParksISpor ts  Club 

Hosp i t a l  s 

U n i v e r s i t i e s  

Government Bui  1 d i  ngs 

Workshops 

Crrneteri es 

Gross 
Year Densi t y  

Land Use (ha) 

I n d u s t r i a l  Zones 4 

Storage 20 

Transpor t  Co r r i do rs  45 

Open f o r  I n d u s t r y  

Open f o r  R e s i d e n t i a l  

Cther 

Net ~ r e a ( ~ )  

Per:;7;Jha 
Ne r Popu la t ion  

General Comnents: P u b l i c  housing was b u i l t  between 1960 and 1966, thus 
c o n t r i b u t i q g  t o  t he  a r e a ' s  h i gh  growth r a t e .  Some new 
housing may be added i n  t h e  near-term, however, t he  
predominance o f  p u b l i c  housing i n  t h e  d i s t r i c t  w i l l  
1 i m i t  f u t u r e  popu la t i on  dens i t y .  

( ' l ~ e s i d e n t i a l  and commercial on ly .  



TABLE A-8' ( 4 )  

LAND USE/POPIILATI ON INVENTORY 

Area : Western 

D i  s t r i c t  [ ~ i  sm] : Gomro k 

S u b - d i s t r i c t  [Sheyakha(s)]: 

Economic C l a s s i f i c a t i o n  [pr imary]  : Low Income 

[secondary] : Low Midd le  Income 

Map Designat ion:  

Gross Area 

Land Use (ha)  

178 

Parks/Sports Club 

Hosp !. t a l  s 6 

U n i v e r s i t i e s  

Government Bui  1 d i  ngs 67 

Workshops 

Cemeteries 

Gross 
Year - Densi t y  

I n d u s t r i  a1 Zones 

Storas: 

T ranspor t  C o r r i d o r s  

Open f o r  I n d d s t r y  

Open f o r  R e s i d e n t i a l  

Other 

Net ~ r e a ' ~ ;  

Perso?:( Net  ha Popu la t i on  

General Comnents: I t i s  assumed t h a t  t he  area has ve ry  n e a r l y  reached 
s a t u r a t i o n .  Some new cons t ruc t i on ,  however, i s  s ca t -  
t e r e d  through the  d i s t r i c t .  

( a ) ~ e s i d e n t i a l  and comnercial  on l y .  

A-12 



TABLE A - 8 ( 5 )  

LAND USE/POPULATI ON INVENTORY 

Area : Western 

D i s t r i c t  [Kisni] : Labban 

S u b - d i s t r i c t  [Sheyakha(s) ] :  

Economic C l a s s i f i c a t i o n  [p r imary ] :  Low M i d d l e  Income 

[secondary]  : Low Inco~i ie  

Map Des igna t ion :  

Land Use ( h a )  

Gross Area 105 

Parkc,'Sports C lub  I n d u s t r i a l  Zones 

H o s p i t a l  s S to ras?  17 

U n i v e r s i t i e s  T ranspor t  C o r r i d o r s  

Government B u i l d i n g s  11 Open f o r  I n d u s t r y  

Workshops 28 Open f o r  R e s i d e n t i a l  

Cemeter ies Other  

Ne t  ~ r e a ( ' )  49 

Gross Perso s ha 
Year Dens' t y  Ne t  ?a$ P o p u l a t i o n  

General Corments: Labban c o n s i s t s  of  g e n e r a l l y  o l d e r  hous ing mixed w i t h  
workshops, s t o r a g e  areas and numerous i n s t i t u t i o n a l  
b u i l d i n g s .  Predominance o f  workshops l i m i t s  p o t e n t i a l  
g rowth i n  p o p u l a t i o n  d e n s i t y .  

( a ) ~ e s i d e n t i a l  and commercial o n l y .  

A-1 3 



TABLE A -8  ( 6 )  

LAND USE/POPULATION INVENTORY 

Area: Western 

D i s t r i c t  [Kism]: Karmouz 

S u b - d i s t r i c t  [ ~heyakha (s ) ] :  

Economic C l a s s i f i c a t i o n  [pr imary]  : Low Income 

[secondary] : 

Map Designat ion:  

Land Use (ha)  

Gross Area 4 0 9 ( ~ )  

Parks/Sports Club 2 I n d u s t r i a l  Zones 7 1  

H o s p i t a l s  Storage 158 

U n i v e r s i t i e s  Transpor t  C o r r i d o r s  4  0  

Government B u i l d i n g s  2 Open f o r  I n d u s t r y  

Workshops Open f o r  R e s i d e n t i a l  

Cemeteries 16 Other 

Net ~ r e a ( ~ )  120 

Gross 
Year - Dens i t y  Per Net ha Popu la t i on  

General Comnents: Karmouz i s  one o f  t he  o l d e s t  and densest r e s i d e n t i a l  areas 
i n  t he  c i t y .  Reasons f o r  expected s l i g h t  i nc reases  i n  
d e n s i t y  r e l a t e  t o  the  d i s t r i c t ' s  p r o x i m i t y  t o  t he  p o r t  
as w e l l  as l a b o r  i n t e n s i v e  i n d u s t r i e s  such as sp inn ing  and 
weaving 

( a )  Res iden t i a l  and commercial on ly .  

( b ) ~ r e a  n o r t h  0 5  Lake Maryut.  



TABLE A- 8 ( 7 )  

LAND USE/POPULATION INVENTORY 

Area : Western 

D i s t r i c t   i ism]: Ameria 

S u b - d i s t r i c t  [ ~ h e y a k h a ( s ) ] :  

Economic C l a s s i f i c a t i o n  [p r imary ] :  

[secondary]  : 

Map Des igna t ion :  

Land Use ( h a )  

Gross Area 

Park./Sports C lub 

H o s p i t a l s  

U n i v e r s i t i e s  

Government Bui  1 d i  ngs 

Workshops 

Cemeteries 

Year - 
Gross 

D e n s i t y  

I n d u s t r i a l  Zones 

Storage 

T ranspor t  C o r r i d o r s  

Open f o r  I n d u s t r y  

Open 'or R e s i d e n t i a l  

Other 

Ne t  ~ r e a ( ~ )  

Per Net  so?:( ha P o p u l a t i o n  - 

General Conments: Background i n f o r m a t i o n  d e r i v e d  f r o m  Master  Plan-New 
Ameria City - I I A C O  ( P r o f .  Dr .  Hassan I s m a i l  & 
P a r t n e r s ) .  Repor t  p repared f o r  MOHR, November 1977. 

( a ) ~ e s i d e n t i a l  and commercial o n l y .  

(b)Based on p r e l i m i n a r y  e s t i m a t e  o f  p resen t  p o p u l a t i o n .  



TABLE A-8 (8) 

LAND USE/POPULATION INVENTORY 

Area: Western 

D i s t r i c t   ism]: Dekhe i la  

S u b - d i s t r i c t  [Sheyakha(s)]:  Dekhei l a  , B i  t t a s h ,  Agamy, Mex 

Economic C l a s s i f i c a t i o n  [pr imary ] :  Low Income 

[secondary] : 

Map Des igna t ion :  

Land Use (ha) 

Gross Area 

Parks /Spor ts  C lub 

H o s p i t a l s  

U n i v e r s i t i e s  

Government B u i l d i n g s  

Workshops 

Cemeteries 

I n d u s t r i a l  Z o ~ e s  

Storage 

T ranspor t  C o r r i d o r s  

Open f o r  I n d u s t r y  

Open f o r  R e s i d e n t i a l  

Other  

Net ~ r e a ~ ~ )  

Gross Perso s ha 
Y e a r  D e n s i t y  Net?  a 5 Popul a t i o n  

General Comnents: Area n o t  c l e a r l y  de f ined  i n  terms of e x t e n t  
and l a n d  uses, a l though  p redominan t l y  i n d u s t r i a l .  

( a ) ~ e s i d e n t i a l  and commerical o n l y .  



TABLE A-8 ( 9 )  

LAND USE/POPlILATION INVENTORY 

Area: C e n t r a l  

D i s t r i c t   ism]: Manshia 

S u b - d i s t r i c t  [Sheyakha(s)]:  

Economic C l a s s i f i c a t i o n  [pr imary ] :  M i d d l e  Income 

[secondary] : Low Midd le  Income 

Map Des igna t ion :  

Land Use (ha)  

Gross Area 58.5 

Parks /Spor ts  Club 3.5 I n d u s t r i  31  Zones 

Hospi t a l  s  Storage 

U n i v e r s i t i e s  T ranspor t  C o r r i d o r s  

Government B u i l d i n g s  Open f o r  I n d u s t r y  

Workshops 4 ( b )  Open f o r  R e s i d e n t i a l  

Cemeteries Other 4  

N e t  ~ r e a  ( a  ) 5 1  

Gross 
Yoar D e n s i t y  Per Yet ha P o p u l a t i o n  

General Comnents: Manshia c o n t a i n s  h o t e l s ,  o f f i c e s ,  p u b l i c  markets and r e s i -  
d e n t i a l  areas.  A l though o f f i c e  and h o t e l  expansion may l i m i t  
i nc reases  i n  r e s i d e n t i a l  p o p u l a t i o n  d e n s i t i e s ,  Mansh ia 's  
p r o x i m i t y  t o  o f f i c e  and commercial areas makes i t  d e s i r a b l e  
p l a c e  f o r  m idd le  and lower  m i d d l e  income o f f i c e  workers t o  
l i v e .  Fo r  t h i s  reason Manshia 's p o p u l a t i o n  shou ld  c o n t i n u e  
t o  i nc rease  gradua l  l y .  

( a ) ~ e s i d e n t i a l  and commercial o n l y .  

( b ) ~ o u s i n g  mixed w i t h  workshop, 

A-1 7 



TABLE A-8 (10) 

LAND USE/POPULATION INVENTORY 

Area: Cen t ra l  Zone 

D i s t r i c t   ism]: A t t a r i n e  

S u b - d i s t r i c t  [Sheyakha(s)]: High Income, Midd le  Income 

Low Midd le  Income 

Economic C l a s s i f i c a t i o n  [pr imary] :  

[secondary] : 

Map Designat ion:  

Land Use (ha) 

Gross Area 174 

Parks/Sports Club 20 I n d u s t r i a l  Zones 

Hosp i t a l s  9 Storage 

U n i v e r s i t i e s  Transpor t  Co r r i do r s  

Government Bu i l d i ngs  15 Open f o r  I n d u s t r y  

Workshops Open f o r  Res iden t i a l  

Cemeteries 

Gross 
Year Dens i t y  

Other 

Net ~ r e a ( ~ )  

Per Net ha Popul a t  i on 

- 71 148 
- 74 794 
- 79 700 
- 82 000 
- 88 000 

- 93 000 

General Cements : A t t a r i n e  i s  the  commercial cen te r  o f  A1 exandr i  a. Housing 
i s  mixed w i t h  commercial areas so t h a t  n e t  r e s i d e n t i a l  
areas cou ld  n o t  be determined. O f f i c e  expansion mdy tend 
t o  l i m i t  increased r e s i d e n t i a l  expansion. 

( ' ) ~ e s i d e n t i a l  and commercial on ly .  



TABLE A-8 (11 )  

LAND USE/POPULATION INVENTORY 

Area: Cen t ra l  

D i s t r i c t  [Kism]: Moharrem Bey 

S u b - d i s t r i c t  [Sheyakha(s)]:  

Economic C l a s s i f i c a t i o n  [pr imary ] :  Low Midd le  Income 

[secondary] : Low Income, M idd le  Income 

Flap Des igna t ion :  

Land Use (ha) 

Gross Area 470 

Parks jSpor ts  Club I n d u s t r i a l  Zones 114 

H o s p i t a l  s 13 Storage 

U n i v e r s i t i e s  7 Transpor t  C o r r i  dors 

Government B u i l d i n g s  4 Open f o r  I n d u s t r y  6 4 

Workshc.ps Open f o r  R e s i d e n t i a l  

Cemeteries Other 

Ne t  ~ r e a ( ' )  268 

Year 
Gross 

Densi t~ Per Ne t  ha Popul a t i o n  

General Comnents: The eas te rn  p o r t i o n  o f  Moharrem Bey i s  dominated by 
e x t e n s i v e  pub1 i c  housing. T h i s  i n  combinat ion w i t h  
expanded m i d d l e  income areas west o f  Suez Canal 
S t r e e t  w i l l  tend t o  l i m i t  t h e  p o p u l a t i o n  d e n s i t y .  
The Western p o r t i o n  o f  t h e  d i s t r i c t  c o n t a i n s  ve ry  
dense, low income hous ing where p o p u l a t i o n  i s  n o t  
expected t o  grow s i g n i f i c a n t l y .  

( a ) ~ e s i d e n t i a l  and commercial o n l y .  

A-1 9 



TABLE A-8 (12 )  

LAND USE/POPlILATION INVENTORY 

Area:  C e n t r a l  

D i s t r i c t   ism]: Bab Sharky 

S u b - d i s t r i c t  [Sheyakha(s) ] :  M a z a r i t a  Chatby 

Economic C l a s s i f i c a t i o n  [ p r i m a r y ]  : M i d d l e  Income 

[secondary]  : Low M i d d l e  Income 

Map D e s i g n a t i o n :  BS1 

Land Use (ha )  

Gross Area 110 

Parks /Spor t s  C lub  14 I n d u s t r i a l  Zones 

H o s p i t a l  s  7 S torage 

U n i v e r s i  t i e s  22 T r a n s p o r t  C o r r i d o r s  

Government B u i l d i n g s  Open f o r  I n d u s t r y  

Workshops 8 ( b )  Open f o r  R e s i d e n t i a l  

Cemeter i  es 

Year - 
Gross 

D e n s i t y  

3 1  Other  
Ne t  4rea ( a )  

Perso s'ha 
N e t T a j  Popul a t i o n  

General C o m e n t s :  The area i s  dominated by A l e x a n d r i a  U n i v e r s i t y .  Some 
o l d e r ,  l o w  m i d d l e  income areas  e x i s t  i n  t h e  c e n t r a l  
p a r t  o f  t h e  zone. Land devoted t o  workshop a c t i v i t i e s  
t e n d s t o l i m i t  t h e  o v e r a l  d e n s i t y  o f  t h e  area.  

( ' I ~ e s i d e n t i a l  and commercial on1 Y. 

( b ) ~ o u s i  ng mixed w i t h  workshops. 



TABLE A-8 (13) 

LAND USE/POPULATION INVENTORY 

Area: Cen t ra l  

D i s t r i c t  [Kism]: Bab Sharky 

Sub-di s t r i c t  [Sheyakha(s)]: Bab Sharky, Baboor e l  Maya 

Economic C l a s s i f i c a t i o n  [pr imary] :  High Income 

[secondary] : Midd le  Income 

Map Designat ion:  BS2 

Land Use (ha) 

Gross Area 8 7 

Parks/Sports Club 18 I n d u s t r i a l  Zones 8 

Hosp i t a l s  6 Storage 

U n i v e r s i t i e s  Transpor t  Co r r i do r s  7 

Sovernment Bui  l d i  ngs 7 Open f o r  I n d u s t r y  

Workshops Open f o r  Res iden t i a l  

Cemeteries 3  Other 14 

Net ~ r e a ( ~ )  30 

Gross 
Year - Densi ty  Per Net ha Popu la t ion  

General Comments : The area conta ins upper income housing (bo th  apartments 
and v i l l a s )  and governmental o f f i c e  b u i l d i n g s .  The 
ex is tence  o f  upper income housing l i m i t s  growth poten- 
t i a l ;  however, as some areas c u r r e n t l y  occupied by 
s i n g l e  fami l y  v i l l a s  a re  u t i l i z e d  f o r  apartment develop- 
ment, the  d e n s i t y  of the  area w i  11 increase.  

( a ) ~ e s i d e n t i a l  and conmercial  on ly .  



TABLE A- 8  ( 1  4)  

LAND USE/POPULATION INVENTORY 

Area: C e n t r a l  

D i s t r i c t  [Kism]: Bab Sharky 

Sub-di s t r i c t  [Sheya kha (s )  : Hadara Heb ly  

Economic C l a s s i f i c a t i o n  [p r imary ] :  Low M i d d l e  Income 

[secondary] : Low I ncome 

Map Des igna t ion :  BS3 

Gross Area 

Land Use (ha )  

80 

Parkz /Spor ts  C lub  I n d u s t r i  a1 Zones 

H o s p i t a l  s  

U n i v e r s i  t i e s  

Government B u i  1  d i n g s  

Workshops 

Cemeteries 

Storage 

T ranspor t  C o r r i d o r s  

Open f o r  I n d u s t r y  

Open f o r  R e s i d e n t i a l  

Other 

Net  ~ r e a ( ~ )  

Gross 
Year Dens i ty  Per Ne t  ha P o p u l a t i o n  

General Comnents: The area can be c h a r a c t e r i z e d  as a  mixed low and low 
m i d d l e  i ncome i n d u s t r i a l  a rea.  

( a ' ) ~ e s i d e n t i  a1 and comnerc ia l  on1 y. 

( b ) ~ o u s i n g  and i n d u s t r i a l  zones n o t  c l e a r l y  def ined,  t h e r e f o r e  n e t  
r e s i d e n t i a l  p o p u l a t i o n  d e n s i t i e s  were n o t  c a l c u l a t e d .  



TABLE A-8 (15) 

LAND USE/POPULATION INVENTORY 

Area: Cen t ra l  

D i s t r i c t   ism]: Bab Sharky 

S u b - d i s t r i c t  [Sheyakha(s) l :  I b r a h i m i a  North,  I b r a h i m i a  South, 

S i d i  Gaber 

Economic C l a s s i f i c a t i o n  [pr imary] :  M idd le  Income 

[secondary] : Low Midd le  Income 

Map Des ignat ion:  BS4 

Land Use (ha) 

Gross Area 322 

Parks/Sports C l  ub 4 1 I n d u s t r i  a1 Zones 2 

Hospi t a l  s 7 Storage 

U n i v e r s i t i e s  43 Transpor t  C o r r i d o r s  

Government B u i l d i n g s  Open f o r  I n d u s t r y  

Workshops 4 ( b )  Open f o r  R e s i d e n t i a l  

Cemeteries 13 Other 

Net Area ( a )  21 6 

Year - 
1960 

1966 

1976 

1980 

1990 

2000 

General Comments: 

Gross 
Dens i t y  Perso?;$ Net ha Popu la t ion  

The area i s  cons idered t o  be a w e l l  e s t a b l i s h e d  m idd le  
and low midd le  income d i s t r i c t .  Very l i t t l e  new con- 
s t r u c t i o n  i s  expected. 

( a ) ~ e s i d e n t i a l  and commercial o n l y .  

( b ) ~ o u s i n g  mixed w i t h  workshops. 



TABLE A-8 (16)  

LAND USE/POPULATION INVENTORY .- 

Area : Cent r a  1  

D i s t r i c t  [Kism]: Bab Sharky 

S u b - d i s t r i c t  [Sheyakha(s)]: Ezbet Saad 

Economic C l a s s i f i c a t i o n  [pr imary] :  Low Midd le  Income 

[secondary] : Midd le  Income 

Map Designat ion:  BS5 

Land Use (ha)  

Gross Area 41 1  

Parks lSpor ts  Club 9  5  I n d u s t r i a l  Zones 2 3 

Hosp i t a l s  Storage 

I;., f v e r s i  t i e s  Transpor t  Co r r i do r s  

Government Bu i 1 d i  ngs 

Workshops 

Cemeteries 

Open f o r  I n d u s t r y  2 7 

Open f,:r Resident ; a1 

Other 

Net ~ r e a " )  

Gross 
Year Densi ty Per Net so?:$ ha Popu la t ion  

General Coments:  Current  p lans c a l l  f o r  d r a m a t i c a l l y  i nc reas ing  t he  
r e s i d e n t i a l  development of t he  area p r i m a r i l y  f o r  
m idd le  income and u n i v e r s i t y  s tudent  housing. By 1980, 
a  l abo r  c i t y  f o r  900 f a m i l i e s  i s  planned f o r  cons t ruc -  
t i o n  on 4.5 hectares,  south o f  t he  Smouha Spo r t i ng  Club. 

( a ) ~ e s i d e n t i a l  and commercial on l y .  



TABLE A -8  (17)  

LAND USE/POPULATION INVENTORY 

Area: Cen t ra l  

D i s t r i c t  [Kisrn]: Bab Sharky 

S u b - d i s t r i c t  [Sheyakha(s)]: Ezbet Nouzha, Ezbet Gamaa 

Economic C l a s s i f i c a t i o n  [pr imary]  : Low Income 

[secondary] : 

Map Desi gnat  i on : BS6 

Land Use (ha) 

Gross Area 600 

Parks/Sports Club I n d u s t r i a l  Zones 59 

Hosp i t a l s  Storage 

Un i ve rs i  t i e s  Transpor t  Co r r i do r s  

Government Bui  l d i  ngs Open f s -  I n d u s t r y  202 

Workshops Open i ~ r  Res iden t i a l  22 

Cemeteries 

Gross 
Year - Densi ty  

Other 
Net - . .E?(a)  

Per Net  so?:( ha Popul a t i o n  

General Comnents: Inc ludes area south o f  Mahmoudia Canal bordered on 
the  south and eas t  by r a i l r o a d  t r acks .  A l a b o r  c i t y  
i s  planned i n  Ezbet Gamaa adding approx imate ly  20 000 
people between 1976 and 1980. Fu tu re  open i n d u s t r i a l  
zones may a l s o  con ta i n  some assoc ia ted employee housing. 

( a ) ~ e s i d e n t i a l  and commercial on ly .  



TABLE A-8  (18)  

LAND USE/POPlILATION INVENTORY 

Area : Eas te rn  

D i s t r i c t  [Kism] : Ramleh 

S u b - d i s t r i c t  [Sheyakha(s)]:  Mostafa Pasha, Bu l  k l e y ,  Flemming, 

San Stefano, Abu e l  Nawateer 

Economic C l a s s i f i c a t i o n  [p r imary ] :  H igh  Income 

[secondary] : M i d d l e  Income 

Map Des igna t ion :  R1 

Land Use (ha)  

Gross Area 458 

Parkc /Spor ts  C l  ub 3  

H o s p i t a l s  8 (b )  

U n i v e r s i t i e s  14 

Government Bu i  1  d ings  56 

Workshops 

Cemeteries 

I n d u s t r i a l  Zones 

Storage 

T ranspor t  C o r r i d o r s  3  

Open f o r  I n d u s t r y  

Open f o r  2 e s i d e n t i a l  

Other  

Ne t  ~ r e a ( ~ )  374 

Gross 
Year Densi t y  Perso?:$ Net  ha Popul a t  i 2n - 

General Coments :  A l l  areas have apar tments  i n t e r s p e r s e d  w i t h  v i l l a s .  
There have been d ramat i c  i n c r e a s e s i n  new apar tment  
c o n s t r u c t i o n ,  p a r t i c u l a r l y  a long  wide t ram and a u t o  
t r a n s p o r t a t i o n  c o r r i d o r s .  Abu e l  Nawateer i s  t h e  
most s t a b l e  area, w h i l e  Mostafa Pasha,Bulkley,and 
San Ste fano a r e  deve lop ing  r a p i d l y .  

( a ) ~ e s i d e n t i a l  and commercial o n l y .  

( b ) ~ n d e r  c o n s t r u c t i o n .  



TABLE A-8 (19)  

LAND USE/POPULATION INVENTORY 

Area: Eastern 

D i s t r i c t  [Kism]: Ramleh 

S u b - d i s t r i c t  [Sheyakha(s)]: Zaarabana, Haman 

Economic C l a s s i f i c a t i o n  [pr imary] :  Low Income 

[secondary]: Midd le  Income 

Map Designat ion:  R2 

Land Use (ha) 

Gross Area 3 8 

ParksISpor ts  Club I n d u s t r i a l  Zones 

Hosp i t a l s  Storage 

U n i v e r s i t i e s  Transpor t  Co r r i do r s  

Government Bui  l d i  ngs Open f 2 t -  I n d u s t r y  

Workshops Open f o r  Res iden t i a l  

Cemeteries Other 
Net ~ r e a ( ~ )  

Gross 
Year - Dens i t y  Per Net so?:$ ha Popu la t ion  

606 23 041 

690 26 230 

964 36 639 

990 37 600 

1190 45 100 

1350 51 200 

General Comnents: The zone i s  approx imate ly  25% midd le  income and 75% 
low income. Dens i t i e s  i n  bo th  areas a re  expected t o  
increase.  

( a ) ~ e s i d e n t i a l  and commercial on ly .  



TABLE A-8 (20 )  

LAND USE/POPULATI ON INVENTORY 

Area: Eas te rn  

D i s t r i c t  [Kism]: Ramleh 

S u b - d i s t r i c t  [Sheyakha(s)]:  Mahroosa, Zahr ia ,  Ezbet  Safeeh, 

Hagar e l  Nawatia. 

Economic C l a s s i f i c a t i o n  [p r imary ] :  Low Income 

[secondary] : 

Map Des igna t ion :  R3 

Land Use (ha)  -- 

Gross Area 171 

Parks ISpor t s  C l  ub I n d u s t r i a l  Zones 7 3 

H o s p i t a l  s Storage 

U n i v e r s i t i e s  T r a n s p o r t  C o r r i d o r s  

Government B u i l d i n g s  Open f o r  I n d u s t r y  10 331(b)  

Workshops Open f o r  R e s i d e n t i a l  10 

Cemeteries 4 Other  

Net  ~ r e a ( ~ !  74 

Gross 
Year D e n s i t y  Per Net  ha P o p u l a t i o n  

1960 261 ( E s t )  604 

1966 358 827 

1976 427 987 

1980 485 1120 

1990 680 1575 

2000 770 1780 

44 672 ( E s t )  

61 161 

73 057 

82 700 

116 600 

131 700 

General Comnents: The development o f  t h e  area i s  c l o s e l y  t i e d  w i t h  t h e  
expansion o f  i n d u s t r i a l  zone. 19.7 hec ta res  o f  open 
a g r i c u l t u r a l  area w i t h i n  Mahroosa may, i n  t h e  f u t u r e  
be u t i l i z e d  b o t h  f o r  housing and i n d u s t r i a l  expansion. 

- -- - 

( a ) ~ e s i d e n t i a l  and commercial o n l y .  

( b ) ~ o u t h  o f  Mahmoudia Canal. 



TABLE A-8  (21 ) 

LAND USE/POPULATION INVENTORY 

Area : Eas te rn  

D i s t r i c t  [Kism] : Rardl eh 

S u b - d i s t r i c t  [ ~ h e y a k h a ( s ) l :  Kas ie  South, Kas ie  Nor th ,  Akessa Bacos 

Economic C l a s s i f i c a t i o n  [p r imary ] :  M i d d l e  Income, Low M i d d l e  Income 

[secondary] :  Low Income 

Map D e s i g n a t i o n :  R4 

Land Use (ha )  

Gross Area 133 

Parks /Spor t s  C lub  I n d u s t r i  a1 Zones 

H o s p i t a l s  S torage 

U n i v e r s i t i e s  T r a n s p o r t  C o r r i d o r s  

Government B u i l d i n g s  Open fors I n d u s t r y  

Workshops 12 Open f o r  R e s i d e n t i a l  

Cemeter ies Other  

Ne t  ~ r e a ' : ~ )  121 

Gross P e r s o ~ s  ha 
Year D e n s i t y  N e t i a (  P o p u l a t i o n  

General Conments: N o r t h e r n  p o r t i o n s  c o n s i s t  o f  60-75% m i d d l e  income 
housing.  The sou the rn  p o r t i o n  o f  t hese  d i s t r i c t s ,  
as w e l l  as Bacos b o r d e r i n g  on S h a r i  Mos ta fa  Kamal, 
c o n t a i n s  l ow  m i d d l e  and l ow  income hous ing  d i s t r i c t s  
wh ich  a r e  n o t  expected t o  expand e x t e n s i v e l y .  The 
e x i s t e n c e  o f  workshops tends t o  l o w e r  r e s i d e n t i a l  d e n s i t y  
o f  t h e  area.  

( a ) ~ e s i d e n t i a l  and commercial o n l y .  



TABLE A-8  (22) 

LAND USE/POPULATION IriVENTORY - 

Area: Eastern 

D i s t r i c t  [Kism]: Ramleh 

Sub-di s t r i c t  [Sheyakha(s)] : Danna Gedeeda 

Economic C l a s s i f i c a t i o n  [pr imary] :  Low Income 

[secondary] : 

Map Designat ion:  R5 

Land Use (ha) 

Gross Area 292 

Parks/Sports Club I n d u s t r i  a1 Zones 7 3 

Hosp i t a l s  Storage 

U n i v e r s i t i e s  Transpor t  Co r r i do r s  

Government Bu i l d i ngs  Open f o r  I n d u s t r y  28 

Workshops Open f o r  Res iden t i a l  12 

Cemeteries Other 

Net ~ r e a ( ~ !  179 

Gross 
Year - Dens i t y  Pers0?3ha Net Popu la t ion  

12 556 (Es t )  

61 371 

146 392 

196 000 

250 600 

267 000 

Gereral  Comnents: The area i s  ad jacent  t o  a r a p i d l y  expanding i n d u s t r i a l  
zone. Between 1976 and 1980 a l a b o r  c i t y  i s  planned 
on 12 hectares o f  open land.  Th is  w i l l  add 17 500 
people w i t h o u t  i nc reas ing  n e t  dens i t y .  Beyond 1980, 
dens i t y  i n  expanded r e s i d e n t i a l  zones i s  expected t o  
increase. 

( a ) ~ e s i d e n t i a l  and commercial on l y .  



TABLE A - 8  (23) 

LAND USE/POPULATION INVENTORY 

Area : Cen t r a  1 

D i s t r i c t   ism]: Ramleh 

S u b - d i s t r i c t  [Sheyakha(s)]:  Khorshed South 

Economic C l a s s i f i c a t i o n  [pr imary ] :  LOW Income 

[secondary] : 

Map Des ignat ion:  

Land Use (ha) 

Gross Area (b )  

Parks /Spor ts  C lub I n d u s t r i a l  Zones 

H o s p i t a l  s  Storage 

U n i v e r s i t i e s  T ranspor t  C o r r i d o r s  

Government B u i l d i n g s  Open f o r  I n d u s t r y  

Works hops Open f o r  R e s i d e n t i a l  

Cemeteri 2s Other 

Net ~ r e a ( ~ )  

Year - 
Gross 

D e n s i t y  Perso?3ha N e t  P o p u l a t i o n  

General Comnents: Small fa rming v i l l a g e s ,  n o t  expected t o  undergo 
devel  opmen t . 

( a ) ~ e s i d e n t i a l  and commercial o n l y .  

( b ) ~ o u n d a r i e s  n o t  i d e n t i f i e d .  



TABLE A-8  (24 )  

LAND USE/POPlILATION INVENTORY 

Area: Eas te rn  

D i s t r i c t   ism]: Montazah 

S u b - d i s t r i c t  [sheyakha(s) l :  Siouf  N o r t h  

Economic C l a s s i f i c a t i o n  [p r imary ] :  Low M i d d l e  Income 

[secondary]  : Low Income 

Map Des igna t ion :  MI 

Land Use (ha)  

Gross Area 72 

Parkc /Spor ts  C lub I n d u s t r i a l  Zones 

H o s p i t a l s  Storage 

U n i v e r s i t i e s  8  T ranspor t  C o r r i d o r s  

Government Bui  1  d i n g s  3  Open f o r  I n d u s t r y  

Workshops -2en f o r  R e s i d e n t i a l  

Cemeteries Other  
Ne t  Area ( a )  6 1  

Gross Perso s  'ha 
Year - Dens i ty Ne t  ? a j  P o p u l a t i o n  

1960 164 193 11 820 

196" 247 292 17 803 

1976 37 9  450 27 300 

1980 400 470 28 800 

1990 420 500 30 400 

2000 460 540 33 000 

General Comnents: The t ram l i n e  wh ich  runs  th rough  t h e  d i s t r i c t  separa tes  
low income, r e l a t i v e l y  l ow  d e n s i t y  areas f rom low  m i d d l e  
income areas.  The low income areas have r e l a t i v e l y  l o w  
d e n s i t i e s  due t o  p reva lance  of o l d ,  smal l ,  s i n g l e  
fami  l y  v i  1  l a s  on narrow, genera l  l y  unpaved s t r e e t s .  

( ' ) ~ e s i d e n t i a l  and comnerc ia l  o n l y .  



TABLE A-8 (25 )  

LAND USE/POPLILATION INVENTORY 

Area: Eas te rn  

D i s t r i c t  [Kism]: Montazah 

S u b - d i s t r i c t  [Sheyakha(s)]:  S i o u f  South 

Economic C l a s s i f i c a t i o n  [p r imary ] :  Low Income, Low Medium Income 

[secondary]:  M i d d l e  Income 

Map Des igna t ion :  M2 

Land Use (ha )  

Gross Area 427 

Parkc /Spor ts  C lub 3 

H o s p i t a l s  

U n i v e r s i t i e s  

Government Bu i  l d i  ngs 11 

Workshops 

Ceme t e r  l e s  

I n d u s t r i a l  Zones 

S to ras?  

T r a n 5 - - r t  C o r r i d o r s  

Open f o r  I n d u s t r y  32 

Open f o r  Residen:.al 148 

Ccher 

Ne t  ~ r e a ( ~ )  154 

Gross 
Year - Densi ty Per Net  ha Popu:  tio on 

General Comnents: S i o u f  South i s  one o f  t h e  most r a p i d l y  expanding 
i n d u s t r i a l  and r e s i d e n t i a l  a reas w i t h i n  A l e x a n d r i a .  
The Ras e l  Soda area i s  e s s e n t i a l l y  l o w  d e n s i t y ,  m i d d l e  
income whose d e n s i t y  i s  expected t o  i n c r e a s e  c o n s i d e r a b l y .  
A 96 h e c t a r e  l ow  and low  m i d d l e  income hous ing p r o j e c t  
and a d m i n i s t r a t i v e  complex i s  p lanned t o  be completed by 
1980. I t  i s  assumed, however, t h a t  o n l y  70% o f  t h e  
8500 apartments wi 11 be completed by 1980 and t h a t  t h e  
rema in ing  u n i t s  be completed by  1990. 

a m a d  commercial o n l y .  



TABLE A-8 ( 2 6 )  

LAND USE/POPULATION INVENTORY 

Area: East  

D i s t r i c t   ism]: Montazah 

S u b - d i s t r i c t  [ ~ h e y a k h a ( s  11: T e w f i k i a ,  Abbis,  Nas r ia ,  Manshia, 

Ezbet  Nubar, Khorshed 

Economic C l a s s i f i c a t i o n  [p r imary ]  : Low Income 

[secondary]  : 

Map Des igna t ion :  M3 

Land Use (ha )  

Gross Area 

Parkz /Spor ts  C lub  

H o s p i t a l s  

U n i v e r s i t i e s  

Government B u i l d i n g s  

Workshops 

Cemeter ies 

Year 

I n d u s t r i a l  Zones 

Storage 

T ranspor t  l s r r i d o r s  

Open for. I n d u s t r y  

Open f o r  R e s i d e n t i z l  

Other 

Net ~ r e a ( ~ )  

Gross 
D e n s i t y  Per Ne t  ha P o p u l a t i o n  

General Comnents: Area i s  comprised o f  smal l  v i l l a g e s  wh ich  a r e  n o t  
expected t o  grow s i g n i f i c a n t l y  a f t e r  1980 due t o  l a c k  
o f  j o b  o p p o r t u n i t i e s .  P r e c i s e  boundar ies  were n o t  
i d e n t i f i e d ,  however v i l l a g e s  a r e  l o c a t e d  w i t h i n  
a g r i c u l t u r a l  zones i n  t h e  sou the rn  p o r t i o n  o f  Montazah. 

( a ) ~ e s i d e n t i a l  and commercial o n l y .  



TABLE A-8 (27)  

LAND USE/POPUCATI ON INVENTORY 

Area: Eas te rn  

D i s t r i c t  [ K i  srn] : Montazah 

S u b - d i s t r i c t  [Sheyakha(s)]:  Mandara Bahar i  , S i d i  B i s h r ,  Ezbet Babey.n, 
Dar I s s a  (permanent p o p u l a t i o n )  

~ ~ ~ ~ & i ~  C l a s s i f i c a t i o n  [ p r i m a r y ]  : M i d d l e  Income (seasonal  and permanent) 

[secondary]  : LOW M i d d l e  Income, Low Income 

Itlap Des igna t ion :  M4 

Gross Area 

Parks /Spor t s  C lub 

H o s p i t a l s  

U n i v e r s i  t i e s  

Government Bu i  1  d i n g s  

Workshops 

Cemeter ies 

Land Use (ha )  

356 
I n d u s t r i a l  Zones 

Storage 

T r a n s p o r t  C o r r i d o r s  

Open f o r  I n d u s t r y  

Open f o r  R e s i d e n t i a l  7 4  

Gross 
Year Oensi t y  

Other  

Ne t  

Pers0Y3 Net  ha P o p u l a t i o n  

General Comments: T o t a l  peak summer p o p u l a t i o n  i s  expected t o  r i s e  f rom 
168 000 t o  265 000 by  y e a r  2000. 

( a ) ~ e s i d e n t i a l  and commercial o n l y .  

ib )~ssuming 356 hec ta res  u t i l i z e d  f o r  housing.  



TABLE A-8 (28) 

LAND USE/POPUtATION INVENTORY 

Area: Eastern 

D i s t r i c t  [Kism]: Montazah 

S u b - d i s t r i c t  [Sheyakha(s)]: Mandara South, Ras e l  Soda 

~ c o n i m i c  C l a s s i f i c a t i o n  [pr imary] :  Low Midd le  Income 

[secondary] : Low Income 

Map Designat ion:  M5 

Land Use (ha) 

Gross Area 477 

Parks/Sports Club I n d u s t r i a l  Zones 8 

H o s p i t a l s  

U n i v e r s i t i e s  

Government Bu i l d i ngs  

Workshops 

Storage 

Transpor t  Co r r i do r s  

Open f o r  I n d u s t r y  

Open f o r  Res iden t i a l  241 

Cemeteries 127 Other 
Net ~ r e a ( ~ )  

Gross 
Year - Densi t y  Perso?3 Net ha Popu la t ion  

General Comnents: Only 20-25% o f  t o t a l  l and  area i s  c u r r e n t l y  u t i l i z e d  
f o r  r e s i d e n t i a l  and commercial purposes. The remainder 
i s  open land, some of which i s  used f o r  a g r i c u l t u r e  
The H o ~ ~ s i  ng and Reconst ruct ion D i r e c t o r a t e  map o f  
A lexandr ia  i n  t h e  Year 2000 des ignates 127 hectares i n  t h e  
south eas t  p o r t i o n  of t he  zone t o  be used as a park and 
cemetery. It i s  env is ioned  t h a t  r a p i d l y  expanding low 
income housing i n  t h e  no r t he rn  and western p o r t i o n s  o f  t h e  



Mandara South (con t . )  

zone w i l l  e v e n t u a l l y  u t i l i z e  a l l  remaining open space, a l though  h i g h  
water  t a b l e  i n  t h e  c e n t r a l  p a r t  o f  t h e  d i s t r i c t  may t e m p o r a r i l y  1  i m i t  
r a p i d  inc rease  i n  o v e r a l l  housing d e n s i t y .  Reasons f o r  assuming t h e  
d i s t r i c t  w i l l  con t inue  t o  grow r e l a t e  t o  i t s  p r o x i m i t y  t o  expanding 
i n d u s t r i a l  areas a long t h e  Mahinoudia Canal and i t s  access t o  r a i l  
t r a n s p o r t a t i o n  a long the  Nor thern Border.  

( a ) ~ e s i d e n t i a l  and commercial o n l y .  

( b ) ~ s s u m i n g  100 hectares u t i  1  i z e d  f o r  housing.  

(')Assuming 340 hectares u t i l i z e d  f o r  housing. 



TABLE A-8 (29) 

LAND USE/POPULATION i NVENTORY 

Area: Eastern 

D i s t r i c t   ism] : Montazah 

S u b - d i s t r i c t  [Sheyakha(s)]: Maamoura (permanent popu la t ion )  

Economic C l a s s i f i c a t i o n  [pr imary] :  Low Income 

[secondary] : 

Map Designat ion:  M6 

Gross Area 

Parks/Sports Club 

Hosp i t a l s  

U n i v e r s i t i e s  

Government Bui l d i  ngs 

Workshops 

Cemeteries 

Land Use (ha) 

I n d u s t r i a l  Zones 

Storage 

Transpor t  Co r r i do r s  

Open f o r  I n d u s t r y  

Open f o r  Res iden t i a l  

Oth6rS 

Net ~ r e a ( ~ )  - 

Gross Perso s  ha 
Year Densi t y  Net ?a{ Popu la t ion  

G e w r a l  Coments :  Gross area n o t  determined due t o  l a c k  o f  c u r r e n t  maps 
de f i n i ng  Maamoura's boundaries. Peak summer, r e s o r t  
popu la t ion  i s  est imated t o  be 20 000 and i s  expected 
t o  r i s e  t o  40 000 by t he  yea r  2000. 

- -- 

( ' I~es iden t ia l  and commercial on l y .  



TABLE A-8 (30) 

LAND USE/POPUCATION INVENTORY 

Area: Eastern  

D i s t r i c t  [Kism] : Montazah 

S u b - d i s t r i c t  [ ~ h e y a k h a ( s ) ] :  Abu K i r  

~ c o n i m i c  C l a s s i f i c a t i o n  [pr imary ] :  Low Midd le  Income 

[secondary] : Low Income 

Map Des ignat ion:  M7 

Land Use (ha)  

Gross Area - 
Parks/Sports Club 

H o s p i t a l s  

U n i v e r s i  t i e s  

Government B u i l d i n g s  

Workshops 

Cemeteries 

Year - 
Gross 

Dens i t y  

I n d u s t r i a l  Zones 289 

Storage 

T ranspor t  C o r r i d o r s  

Open f o r  I n d u s t r y  256 

Open f o r  R e s i d e n t i a l  248 

Other 

Net Area ( a )  

Perso?:$ Net  ha 

General Comnents: R e l a t i v e l y  good s o i l  c o n d i t i o n s  f o r  housing c o n s t r u c t i o n  
and Abu K i r ' s  p r o x i m i t y  t o  expanding i n d u s t r i a l  areas 
a long Abu K i r  Bay suggest t h a t  r e s i d e n t i a l  l a n d  use w i l l  
become more predominant. Popu la t ion  p r o j e c t i o n s  assume 
planned p u b l i c  housing p r o j e c t s  w i l l  add 20 000 people 
between 1976 and 1980. F u r t h e r  housing c o n s t r u c t i o n  on 
248 hectares o f  open p r i v a t e  l a n d  and land  c u r r e n t l y  
u t i l i z e d  by t h e  Navy i s  expected t o  increase the  p o p u l a t i o n  
d e n s i t i e s  pe r  hec ta re  i n  expanded housing zones w i l l  average 
550. Exact  boundar ies undef ined , t h e r e f o r e  gross area i s 
u n s p e c i f i e d  . 

( a ) ~ e s i d e n d i a l  and comnercia l  on ly .  
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APPENDIX B 

WATER USE 

Append ix  B c o v e r s  p r e s e n t  and p r o j e c t e d  
d o m e s t i c  and i n d u s t r i a l  w a t e r  use t r e n d s .  
The i n f o r m a t i o n  i s  compos i t ed  f r o m  d e t a i l e d  
d a t a  e x p r e s s e d  i n  t h e  A l e x a n d r i a  Immed ia te  
Phase Waterworks M a s t e r  P l a n  R e p o r t  ( P a r t  1 .  
Augus t  1977 ) .  
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RECCllT WATER USE EASEU 01'4 HEVEiiUE RECORDS - -- - -- - .- - - - - - - - - -. - 

Annual Water Use, nii i 1  i o n  m31year 
Type o f  Use 1972 1973 1974 - 1375 -- 1476 

Domest ic :  BR ( a )  2 C 2 9 3 0 3  1  40 

E R ( ~ )  4  4  4  5 47 48 5 0 

S R ( ~ )  2  2  2  2  5 

I n d u s t r i a l  2  0 2  1  24 3 1  3 0 

Government 1 2  11 9 13 20 

O t h e r  ( b )  - 7  - 5 5 4 3 - - -. 

T o t a l  a c c o u n t a b l e  113 113 117 123 148 
- 
1 o m 1  p r o d u c t i o n  190 200 21 4  229 250 

Unaccountab l  e ( c )  77 (4.1:;) 87 (441:) 97 (45;;) 130 (44?>) 102 (41::) 

( a ) B 9  = base r a t e  pa.ynent o f  1r)O m i l l e m e s  f o r  i n i t i a l  19  m3 p e r  month. 
ER = expec ted  r a t e  o f  15 .2  m i l  lemes f o r  each a d d i t i o n a l  m3. 
SR = s p e c i a l  r a t e  o f  6 .6  m i l  lemes/ml .  

( b ) ~ n c l u d e s  h a r b o r  use, w a t e r  s a l e s  s t a t i o n s ,  w e s t e r n  d e s e r t  consumpt ion ,  
and unmetered s u b s c r i b e r s .  

( ' )gpen t o  e r r o r  as p r o d u c t i o n  f i g u r e s  n a y  be  o v e r - e s t i r a t e d ;  t h e  v a l u e s  
i n  parentheses a r e  pe rcen tage  o f  t o t a l  p r o d u c t i o n .  



TABLE 0-2 

ANNUAL MATED SALES PELENUE 
(LE t h 6 . x ~ - p -  

F i s c a l  Year ( 1  J u l y  - 30 June) Calender Year (1  Jan. - 31 Dec. )  
66/67 67/68 68/69 69/70 70171 -- 1972 1973 1974 1975 1976 

Domestic Base Rate 334 342 357 365 356 ( 3 7 5 ) ( a )  
? o n ~ e s t i c  Excess Rate 676 690 71 7 735 755 (761 ) ( a )  
Spec ia l  Rate 10 15 16 14 16 
I n d u s t r i a l  276 285 329 423 414 ( 4 5 0 ) ( ~ )  

S u b t o t a l  904 936 1024 1084 1182 1296 1332 1419 1537 1541 (1602) 

Government 346 341 388 31 0 267 3 88 5 1 0 ( ~ )  
West Deser t  112 109 5 9 50 5 2 -- 36 3 2 - 
S u b t o t a l  257 300 32 1 4 58 450 447 460 327 424 542 

Un~ne t e r e d  161 161 145 117 7 5 3 0 9 8 8 8 
w Harbor 2 2 2 7 26 3 3 3 3 3 2 3 2 3 9 4 5 1 8 3 ( ~ )  
I 
N F i r e  System 23 2 3 2 4 2 6 2 6 28 28 2 8 28 28 

Raw Water 9 8 8 8 7 7 7 
- - - 7 7 - - 7 - 

S u b t o t a l  21 5 21 9 203 184 141 9 7 7 6 8 2 88 226 

TOTAL Revenue 1376 1455 1548 1726 1773 1840 1868 1828 2049 2309 (2370) 

( a )  I n v o i c e s  i n  p o r t i o n s  o f  A l e x a n d r i a  were n o t  prepared d u r i n ?  l a s t  two months o f  1976 t h u s  u n d e r s t a t i n p  domest ic 
revenue by an es t ima ted  LE 25 000. 

( b ) ~ c t u a l  revenue i n  1976 was low due t o  f a i l u r e  o f  some i n d u s t r i a l  water  meters  i n  t h e  (iabbary area.  Probable  
a d d i t i o n a l  revenue, i f  meters  were p r o p e r l v  f u n c t i o n i n g ,  i s  es t ima ted  a t  LE 36 00?. 

('1 Inc rease  p r i r n a r l y  due t o  new t a r i f f  r a t e s  e s t a b l i s h e d  i n  second ha1 f o f  1976 which a r e  now; 40 rni l lemes/m3 
f o r  9overnment use and 550 m i l  lemes/m3 f o r  ~ o r t  o r  h a r b o r  use. 

( d )  I n c l  udes bo th  domest ic (20%) and qovernment (80%) revenues r e c e i v e d  f rom t h e  s a l e  o f  wa te r  i n  t h e  
Western Q e s e r t  Area. 

( e l u n t r e a t e d  water  used f o r  garden i r r i g a t i o n  ourooses i n  t h e  Ramleh and S i d i  B i s h r  area.  



HISTORIC WATER USE BASED ON REVENUE - 
( M i l l i o n  c u b i c  met res lannum) 

T a r i f f  
Rate 

1 4 i  11 emes/ F i s c a l  Year ( 1  J u l y  - 30 June)  Ca lender  Year 
rn3 66/67 67/68 68/69 69/70 70171 1972 1973 1974 1975 

-.- 

Dornestic Base Rate 10.0 2 8 2 9 3 0 3 1 
Domest ic  Excess Rate  15.2 44 4 5 4 7 4 8 
Spec-i a1 Rate 6.6 2 2 2 2 
I n d u s t r i a l  13.8 2 0 2 1 24 3 1 - - - - 

S u b t o t a l  6 6 68 7 5 7 9 8 6 94 9 7 103 112 

Governnient 30.8 10 11 12 11 9 13 
Western D e s e r t  33.0 - 3 - 3 - 2 2 - 2 1 - - 

m S u b t o t a l  8 9 10 13 14 14 13 11 14 
I 
2 0 t h e r ( a )  

Accounted f o r  
Water Use 

TOTAL Water S u p l ~ l y  ( b )  143 146 161 174 185 193 203 21 6 231 

Unaccounted f o r  ( C  ) 36% 35% 37% 39% 41 % 41 % 44% 46% 44% 

( a ) ~ n c l u d e s  h a r b o r ,  w a t e r  s a l e s  s t a t i o n s ,  unmetered use and u n t r e a t e d  w a t e r  f o r  ga rden  i r r i g a t i o n .  

( b ) ~ s t i m a t e d  AWA w a t e r  supp ly  . .  ~ 

( C ) ~ e r c e n t  o f  t o t a l  w a t e r  supp ly  n o t  accounted f o r  b y  w a t e r  s a l e s  revenue.  



TABLE B-4 

DISTRIBUTIOI'i OF INDUSTRIAL NATER DEIlAIID, -- 1976 

l la  p 
( a )  

Es t ima ted  Use 
L o c a t i o n s  D i s t r i c t  n13/ day 

Gonirok 
Ialanshia 
Labban 
A t t a r i  ne 
Ka rmouz 
t l oha r ren  Bey 

GI, G2 Cab Sharky 
G3, 4, G i3ab Sharky 
ti5 6ab Sharky 
G 7 Lab Sharky 
G8 6ab Sharky 

111, 1 ,  2, 3, G Rami eh 
t i  4 Kaml ei l  
H 5 Ram1 eh 
7 2 Ram1 eh 
119, 10  Ram1 eh 

i4ontazaIi 
i / lontazaIi  
I lontazat l  
l j lontazah 
i lon tazah 
thlontazah 
t4ontazah 
Sadat City 

1 3i) 
GOO 
51 4 

30 
5 32G 

12 144 

r l i n e t  e l  Bassal  2 497 
l l i n e t  e l  Gassal 2 035 

L Cleknei 1 a 18 9GO 
i 1 Arrier i a - 
I i Cehe i ra  Governora te  1 O5G 

Free  Zone - -- - - 
TOTAL 91 462 

Percent  
o f  Use 



TABLE B- 5 

GEOGRAPHICAL DI STRIBlij ION OF WATER DEMAND BY COMPONENT(Year 1976 ) 

A Gomrok 
B Manshia 
C Labban 
D A t t a r i n e  
E K a m u z  
F Moharrem Bey 

Inner  C i t y  Subtotal  

GI, 62 
63, 64, 66 
G5 
67 
68 

Bab Sharky Subtotal  

HI, HZ, H3, H6 
H4 
H5 
H7, H8 
:'9, HI0 

Ramleh Subtotal  

53 
54 
J 5 
JG 
57 

Montazah 
I S a d a t c i t y  

Subtotal  

K1, K2 
K3 

Minet e l  Bassal 
L Dekhei la 

Subtotal  

Alexandria C i t y  

M A m r i a  
N Desert Area 

1ndust.Free Zone 
Subto ta l  

Study Area TOTAL 

Pern,q- Equiv Total  
Perma- nent. Sea- Equiv. 
nent Served S0nal Served 

Percent 
Of Total  

Popu- Indus- 
L a t i o n  t r i e s  - -  

Domestic Seasonal Adjustments 
(d 

ECO- Per Cap. Average Water Demand, 1000 m3/day Added Added Avg.Day Max. 
nomic Demarlrl S u b  Loss Average Popu- Domes.. Tota l  Day 
classc o n e s .  Indust.  Gov't Other Tota l  Etc.  Demand l a t i o d b )  Demand Demand Demand 

( a ) ~ e f e r  t o  Fiatrre 8-2. 

( b ) ~ n  1000 persons. 

( ~ ) ~ c o n o n i c  c l a s s i f i c a t i o n s  are  low income (L ) .  middle inc 
and h igh  income ( H ) .  

( d ) ~ n  l(100 m3/day. 

( e ) ~ n c l u d e s  harbor f a c i l i t i e s .  

' f ) ~ n c l u d e s  700 rn3/dzv t o  tlersa Yatruh b u  r a l l r c a d  

("parentheses i nd i ca te  weiahted averaoc Lpd. 



TABLE 8-6 

GEOGRAPHICAL DISTRIBUT_ION OF WATER DEHAND BY COMPONENT(Year 1982) 

Perma- Equiv. To ta l  
Area Penna- nent Sea- Equiv. 
( ~ e f e r  t o  F iqure  B-2) nent Served Sonal Served 

A Gomrok 
B Manshia 
C Labban 
D A t t a r i n e  
W Karmouz 
F Moharrem Bey 

Inner  C i t y  Subtotal  

61, 62 
63, G4. 66 
65 
G7 
G8 

Bab Sharky Subtotal  

HI, H2, H6 
H4 
H5 
H7. H8 
H9, HI0  

Ramleh Subto ta l  

53 
54 
55 
56 
J 7 

tlontazah 
I Sadat C i t y  

Subto ta l  

Percent Domesti: 
Of To ta l  Per Cap. Average Water Demand 1000 m3/day 

Popu- Indus- Econ. Demand S u b  Loss Average 
L a t i o n  t r i e s  Class (Lpd) Cknnes. Indus t .  Gov't Other To ta l  Etc.  Demnd --- 

4.5 7.7 258 34.5 
1.3 - H 175 6.8 
3.0 6.5 LM 103 9.1 
3.3 - M 175 16.9 
7.1 5.9 Ltl 103 21.4 

19.2 20.7 ( W . 0 )  lK-7 
1.4 - MH 225 9.1 
2.9 5.9 M 175 15.2 
3.7 - M 175 19.0 
3.3 2.0 LM 103 9.9 
0.6 - M 175 3.1 
1.5 0.8 NL 135 6.2 
1.8 0.9 MH 225 11.8 m 9.6 (m5.9) 74-3 

e-2 T% (m5.9, 7 i 3  

~ 3 -  - 136.6 136.6 - 136.6 4.6 1.7 L 71 
M i n e t e l  Bassal 
Dekhe i la  69.9 53.2 4.8 58.0 2:0 L / l o i l ( c F ( c )  

Subto ta l  m . 1 )  

A lexandr ia  C i t y  2751.7 2669.0 128.0 2797.0 94.8 87.6 (129.1) 

M Ameria 45.5 43.0 - 43.0 1.5 0.2 ML 135 
N Desert  Area 164.4 110.0 - 110.0 3.7 1.6 L 71 

Indus t .  Free Zone - 10.8 
s u b t o t a l  zw;u m;a + I%O +. 01 

Study Area TOTAL 2961.6 2822.0 128.0 2950.0 100.0 1'00.0 (127.0) 

thousand ?ersms.  

( b ) l n  1000 rn3/day. 

( C ) ~ o m e s t i c  per  c a p i t a  demand f o r  the  permanent popu la t ion  ( low incone) i s  71 Lpd; f o r  
the  seasonal popu la t ion  (middle t o  h igh  income) i t  i s  225 Lpd. 84 Lpd represents a 
weighted average o f  both.  

( d ) ~ n c l u d e s  700 m3iddy t o  Fle~ s ?  I'd:! uh by r a i l  road. 
( e ) ~ n c l u d e s  harbor f a c i l i t i e s .  

Seasonal ~ d j u s t m e n t i ~ )  
Added Added Avg . Day Max. 
Popu- , Domes. To ta l  Day 
l a t i o d a '  Demand Demand Demand -- 

30.1 36.4 
9.5 11.4 

16.3 19.6 

16.9 38.9 20.4 46.9 
- - 77.8 93.8 - 189,5228.5 

16.6 2.2 12.5 15.1 
81.1 18.3 83.6 100.7 

33.9 40.9 
18.3 22.0 
9.1 11 .O ~ n f 5 m m  

29.4 7.6 70.1 84.5 
9.6 11.6 

28.5 34.3 
23.9 28.6 
46.7 56.3 

1 3 8 . 8 2 1 5 . 5  
25.4 5.7 18.1 21.8 

34.2 41.2 
88.4 15.5 42.5 51.2 

20.1 24.2 
16.6 2.9 7.8 9.4 

12.5 15.1 
14.8 3.3 23.9 28.8 

m 2 7 . 4 1 5 9 . 1 1 9 1 . 8  

e T T 3 k T T i b  
26.9 32.4 

- - 20.9 25.2 
- m m  

10.6 2.4 64.3 77.5 
1 0 . 6 2 . 4 m 1 3 5 . 1  

282.9 57.9 796.9 ' 960.6 

14.4 18.7 
28.2 36.7 
20.0 26.0 - - - -  
62.6 81.4 - - - -  

282.9 57.9 859.5 1042.0 



TABLE 8-7 

GEOGRAPHICAL DISTRIBUlgt l  OF WATER DEMAND BY COMPONENT(Year 1990_). 

Perma- Equiv. To ta l  
nen? Sea- Equi v. 

Served sonal Served 

Seasonal ~ d j " s t m e n t 4 ~ )  
Added Added Avg.Day Max. 

Average Popu- Domes. T o t a l  Day 
Demand l a t i o d a )  Demand Demand Demand ----- 

Percent 
Of T o t a l  

Popu- Indus- 
L a t i o n  t r i e s  - -  

Domestic 
Per Cao. Average Water Demand 1000 m3/day 

Sub- Loss 
Indus t .  Gov' t  Other T o t a l  Etc.  

3.2 5.4 4.2(e) 28.7 3.9 
1.0 1.8 n.A Q.& 1.7 
0.2 3.3 0.8 15.8 2.1 
0.2 2.8 0.7 1 6 .  2.2 

11.0 7.3 2.8(d) 39.3 5.3 
22.8 11.3 2.0 76.6 10.4 
3 5 , 4 3 1 . 9 r r r J m m  

0.2 1.4 0.4 10.1 1.4 
2.6 6.9 1.7 6 1 .  8.3 

15.1 3.2 0.8 33.0 4.4 
8.6 5.0 1.2 32.2 4.4 

Perma- 
nen t 

Econ. ~ e m a n i  
Class (Lpd) Domes. 

Area 
(R~f&r  t o  F i g u r e  8-2 

A Gomrok 
B Manshia 
C Labban 
D A t t a r i n e  
E Karmouz 
F tloharrem Bey 

I n n e r  C i t y  Subto ta l  

61, 62 
63. 64. 66 
65 
67 
68 

Bab Sharky Subto ta l  

HI ,  HZ, H6 
H4 
5 
H7. H8 
H9. HI0 

Ramleh Subto ta l  

m J1 
-1, 52 

53 
54 
55 
JG 
57 

Montazah 
Sadat C i t y  

S u b t o t a l  

K1. K2 
K3 

Mine t  e l  Bassal  
DekheiS a 

S u b t o t a l  

A lexandr ia  C i t y  

M h e r i a  
N Deser t  Area 

1ndust.Free Zone 
Sub t o t a l  

Study Are? TOTAL 

( a I ~ n  thousand persons 

( b ) l n  1000rn~/da~ 

(')L - Permanent Popu la t ion  80 Lpd; KH - Seasonal Popu la t ion  231 Lod; weiqhted averdqe l i l l  Lpd 
'd lncludes 700 m3/day t o  Mersa Matruh by r a i l r o a d  

( e ) l n c l u d e s  harbor  f a c i l i t i e s .  



GEOGRAPHICAL DISTI!IBUTION OF WATER DEMAND BY COMPONENT (Year ?Jg) 

Percent Do~nestlc 
Perma- Equiv. Total  Of Tota 1 Dot- Cap. Average Water Demand 1000 m3/da.1 

Area Perma- nent Sea- Equiv. Popu- Indus- Lcon. -: ' Sub- Loss 
(Refer t o  Fiqure 9-21 nent Served sonal Served Lat ion  W e - s  Class fia !'oms. I l l U t l a + .  - * ' t  Other Total  E tc .  

A Gomrok 170.0 170.0 - 170.0 3.4 0.1 LM 125 21.3 0.3 5.4 4 .9 " ' 31 .7  3.7 
B Manshia 56.0 56.0 - 56.0 1.1 0.3 LM 125 7.0 1.0 1.8 0.4 10.2 l . 2  
C Labban 112.0 112.0 - 112.0 2.2 0.1 LM 125 14.0 0.3 3.6 9.9 18.8 2.: 
D A t t a r i ne  93.0 93.0 - 93.0 1.9 0.1 ML 150 14.0 0.3 3 .2  0.7 18.0 2.1 
E Karmouz 252.0 242.3 - 242.3 4.9 3.4 L 90 21.8 12.0 7.8 3.4(d) 45.0 5.3 
F Moharrem Bey 385.0 369.3 - 369.3 7.4 7.2 LM 125 46.2 25.3 11.8 3.0 06.3 i0.1 

I n n e r c i t y s u b t o t a l  r068.0 1042.6 - 1042.6 ( m . 2 )  124.3 33I4 13.3 210.2 24.6 

GI, 62 37.2 37.2 11.0 48.2 1.0 0.1 M 190 9.2 0.3 1.5 0.4 11.4 1.3 
63, 64, 66 174.7 174.7 17.0 221.7 4.4 0.8 MH 240 53.2 2.8 7.1 1.8 64.9 7.6 
65 105.0 105.0 - 105.0 2.1 4.3 ML 150 15.8 15.1 3.4 0.8 35.1 4.1 
G 7 155.4 155.4 - 155.4 3.1 3.2 LM 125 19.4 11.2 5.0 1.2 36.8 4.3 
G8 60.0 57.6 57.6 1.2 4.3 L 90 5.2 15.1 22.6 2.7 

Bab Sharky Subtotal  5 m . g  ~ ( m . 9 )  rn rn T% % ~ m ; 8  m x  
HI, H2. H3. H6 146.0 146.0 18.0 164.0 3.3 6.7 HM 280 4 5 . 9 2 3 . 4  5.3 1.3 75.9 8.9 
H4 51.2 51.2 - 51.2 1.0 - M 190 9.7 - 1.6 0.4 11.7 1.4 
H5 131.7 131.7 - 131.7 2.6 9.7 M 190 25.0 34.0 4.2 1.1 64.3 7.6 
H7, H8 106.6 106.6 - 106.6 2.2 - M 190 20.3 - 3.4 0.8 24.5 2.9 
H9. HI0 270.3 269.7 - 269.7 5.4 5.8 ML 150 40.5 20.3 e.6 2.2 71.6 8.4 

Ramleh Subto ta l  7 7 E f f ~ T 8 ; 7 T  72r?m Z-7 ( ~ . 5 ) ' ~  77'7 ?3T 5.8 248.0 Zr'2 

m J1 33.0 33.0 8.0 41.0 0.8 - MH 240 8.8 - 1.3 0.3 10.4 1.2 
52 185.0 185.0 - 185.0 3.7 6.7 M 190 35.2 23.4 5.9 1.5 66.0 7.8 
53 110.0 110.0 50.0 160.0 3.2 - MH 240 38.4 - 5.1 1.3 44.8 5.3 
54 273.0 273.0 - 273.0 5.4 2.2 M 190 51.9 7.7 8.8 2.2 70.6 8.3 
J 5 17.0 17.0 11.0 28.0 0.6 - H'l 23: 7.8 - 0.9 0.2 8.9 1.8 
56 50.0 47.8 - 47.P 1.0 1.3 ML 150 7.2 4.5 1.5 0.4 13.6 2.7 
57 - 177.0 174.8 3.0 177.8 3.6 2.7 MH 240 42.7 9.4 5.7 1.4 59.2 11.8 

Montazah 845.0 840.6 m 3  12.9 ~ ~ m . 4 )  -m w x n3.[; 38.9 
Sadat C i t y  500.0 500.0 - 500.0 10.0 --- - - - ML 150 75.0 16.0 4.0 95.0 11.1 

Subtotal  1345.0 1340.6 72.0 1412.6 28.3 12.9 (m.0)%73 GX Tz!? n-3 XK-5 ?xm 
K1, KZ 
K3 

t l i ne t  e l  Bassal 
Dekhei l a  

Subtotal  

Alexandria C i t y  4166.1 4125.0 230.00 4325.0 86.7 84.3 (160.4) ti93.6 292.9 138.4 39.6 1164.5 143.4 

M Ameria 468.0 445.0 - 445.0 8.9 0.6 ML 150 66.8 2.1 14.3 3.6 86.8 34.7 
N Desert Area 255.0 220.0 - 220.0 4.4 4.3 L 90 19.8 15.0 7.0 1.8 43.6 17.4 

1ndust.Free Zone 11.4 
Subtotal  -- z i k i i e <  a k i J T f 3  K - 7  2 % n% -- EkT 5k 

Study Area TOTAL 4889.1 4790.0 290.0 4990.0 100.0 100.0 (156.4) '80.2 350.0 159.7 45.0 1294.9 195.5 

larln thousand oersons 

( b ) l n  100 m3/day 

( C ) L  - Permament P o ~ u l a t i o n  90 Lpd: MH - Seasonal Ponulat ion 240 L D ~ ;  weiohted averaoe 
133 L D ~  

l n c l  udes 700 m3/day t o  Mersa Yatruh Sai 1 road 

( e ) ~ n c l u d e s  harbor  f a c i l i t i e s  

Seasonal ~ d j u s t m e n t s ( ~ )  
Added Added Avg.Day Max. 

Average Popu- Domes. Total  Day 
Demand 1 a t  i on( a ) Demana Demand Demand ----- 

35.6 - 35.6 C3.1 
11.4 - 11.4 13.8 
21.0 - 21 .O 25.4 
20.1 - 2 . 1  24.4 
50.3 - 59.3 60.3 
9c.n  - - - - 95.4 116.7 

234.8 - - m m  
12.7 21.7 4.1 16.8 20.3 
72.5 92.8 22.3 94.8 114.8 
39.2 - 39.2 47.5 
41.1 - 41.1 49.8 

25.3 33.6 em% n m 
84.8 35.6 10.0 93.8 114.8 
13.1 - 13.1 15.9 
71.9 - 71.9 87.1 
27.4 - 27.4 33.2 
80.0 80.0 96.9 m* RGi 2W-T rn 
11.6 15.8 3.8 15.4 18.7 
73.8 - 73.8 80.4 
50.1 98.8 23.7 73.8 83.4 
78.9 - 78.9 95.5 
10.7 21.7 6.1 16.8 20.3 
16.3 - 16.3 19.7 
71.0 5.9 1.4 72.4 87.7 m m  35.0 347.4 420.7 

106.1 106.1 128.5 
m~ 35% 4 3 3  rn 

43.7 - 43.7 52.9 
18.8 - 1E.8 22.9 m-3: - - T2Tm 

124.1 102.7 24.6 148.7 lCO.l 
mxlo2.r 7K-C rn 255.8 -- - - - 



WATER DEMAND PROJECTION BY CATEGORIES 

1976 1980 1985 1990 1995 2000 

YEAR 

Q In 1000m3/ day 

YEAR 
FIGURE B - I  

1976 

--- .- 

MAXIMUM DAY 780.0 1060.0 1486.0 2035.0 

O/o 

47.8 
- 

18.0 

12.5 

1987 

Q 

DOMESTIC 286.9 

Q 

374.7 
-- 

185.0 

91 4 

- - - - 

INDUSTRIAL 

GOVERNMENT 

O/O 

45.9 
- - --- - - 

22.7  
-- 

11.2 

1990 

-- 

108.0 

75.0 

Q 
- -- 

548.5 
-- - -- 

260.0 

120.8 

2000 

Yo 

48.4 

22.7 

10.6 

Q 

780.2 

350.0  

159.7 

O/o 

49.8 

22 .4  

10.2 







JMenustik
Best available







APPENDIX C 

INDUSTRIAL WASTEWATER SURVEY 

Appendix C conta ins  a  summary r e p o r t  on t h e  
I n d u s t r i a l  Wastewater Survey c a r r i e d  o u t  
dur ing  t h e  i n i t i a l  s i x  nionths o f  t h e  Master 
P lan Study. The appendix covers b a s i c  i n f o r -  
mation c o l l e c t e d  on e x i s t i n g  i n d u s t r i e s  and 
p r o j e c t i o n s  of  i n d u s t r i a l  waste flows and loads.  
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APPENDIX C 

INDUSTRIAL WASTEWATERSURVEY, 

C. 1 Summary and Concl u s i  ons 

1. An i n d u s t r i a l  wastewater survey o f  t h e  A lexandr ia  i n d u s t r i e s  was con- 
ducted as a p a r t  of  t h e  A lexand t i a  Wastewater Master P lan  Study. The 
survey was donducted d u r i n g  t h e  p e r i o d  January through June 1977. 

2. The i n d u s t r i e s  a c t u a l l y  v i s i t e d  were those d i scha rg ing  about  90 per-  
c e n t  o f  t h e  i n d u s t r i a l  wastewaters generated i n  A lexandr ia .  Des- 
c r i p t i o n s  o f  each i n d u s t r i a l  p l a n t  v i s i t e d ,  sumnaries o f  wastewater 
sampl ing analyses, and est imates of po l  l u t i o n a l  loads  d ischarged as 
i n d u s t r i a l  wastewaters a r e  con ta ined  i n  t h i s  Appendix. 

3. The i n d u s t r i e s  o f  A lexandr ia  d ischarge  about 870 MLIday o f  wastewater 
o f  which about 226 MLlday c a r r y  a p o l l u t i o n a l  load.  The l a t t e r  waste- 
waters  a r e  termed "contam-i n ated" . 

4. The est imated p o l l u t i o n a l  l oad  f rom t h e  i n d u s t r i e s  of A lexandr ia  i s  
160 tonneslday BOD5 and 31 5 tonneslday COD. Concentrat ions of  BOD5 
and COD i n  contaminated wastewaters a r e  700 mg/L and 1400 mgIL, 
r e s p e c t i  v e l y  . 

5. H igher  than  average o rgan i c  loads a r e  generated i n  t h e  a b a t t o i r  and 
tanning,  food, beverage, paper, o i  1 and soap, and s t a r c h  and y e a s t  
i n d u s t r i  es . 

6. Heavy meta ls  a re  conta ined i n  t h e  d ischarges from chemical, e l e c t r i c  
and e l e c t r o n i c ,  metal  processing, p r i n t i n g ,  tann ing  , and t e x t i  l e  
i n d u s t r i e s .  

7. Large c o o l i n g  wate r  f l ows  a re  d ischarged f rom o i l  r e f i n e r i e s ,  power 
genera t ing  s t a t i o n s ,  and o i l  and soap p l a n t s .  

8. Major  i n d u s t r i a l  wastewater problem areas a re :  t anne r i es  i n  Mex, 
chemical p l a n t s  i n  Dekhei 1 a, paper m i  11 s near Abu K i  r, misce l  laneous 
s t r o n g  wastewaters centered around I n d u s t r i e s  Pump S t a t i o n ,  and d i s -  
charges t o  t he  lower  reach o f  t h e  Mahmoudia Canal. 

9. P r o j e c t i o n s  i n d i c a t e  t h a t  contaminated wastewater volume w i l l  i nc rease  
t o  about  647 ML/day b y t h e y e a r  2000 and t h e  l o a d i n g  w i l l  be about  
440 tonneslday BOD5, an inc rease  of about 280 percen t .  

10. Discharge of contaminated i n d u s t r i a l  wastewaterss should be t o  t h e  pub1 i c  
sewerage system, a f t e r  i n - p l a n t  p re t rea tment  i n  compliance w i t n  sewer 
use regu la t i ons ,  f o r  f i n a l  d isposa l  . Uncontaminated wastewater should 
be kep t  segregated and disposed o f  t o  t h e  neares t  app rop r i a te  sur face 
d ra in .  



11. A l a n d f i l  l l e v a p o r a t i o n  pond s i t e  should be es tab l i shed  t o  rece i ve  
and dispose o f  s o l i d  and low-volume l i q u i d  t o x i c  m a t e r i a l s  generated 
i n  i n - p l a n t  pret reatment  works and i n  i n d u s t r i a l  operat ions.  

12. A program should be i n s t i t u t e d  t o  encourage i n d u s t r i e s  t o  segregate 
wastewater streams and t o  r e c y c l e  and reuse water  -in cascading 
fashion f o r  water  conservat ion. 

C. 2 I n t r o d u c t i o n  

General 

As a r e s u l t  o f  A lexandr ia 's  m i l d  c l ima te  and ex tens ive  beaches, a substan- 
t i a l  r e s o r t  business has developed i n  the  c i t y .  More impor tan t  f o r  eco- 
nomic growth, however, has been the  steady progress o f  i n d u s t r i a l  develop- 
ment i n  recent  years, aided by the  a v a i l a b i l i t y  o f  a good p o r t  and p o s i t i v e  
government p o l i c i e s .  

The i n d u s t r i a l  areas o f  A lexandr ia  a re  w i d e l y  d i s t r i b u t e d  b u t  tend main ly  
t o  be loca ted  a long the  Mahmoudia Canal, near t he  Cai ro-Alexandr ia  r a i l r o a d  
and highway and near the  p o r t .  I n d u s t r i a l  development i s  t a k i n g  p lace t o  
t h e  west a long the  n o r t h  and south shores o f  western Lake Maryut, near 
Ameria, i n  Nouzha, and t o  t he  eas t  a long Ab1.1 K i r  Bay. Continued i n d u s t r i a l  
development w i l l  occur i n  these areas as we1 1 as a long the  Mahmoudia 
Canal upstream o f  t h e  c i t y  and a long the  c o r r i d o r  o f  t he  r a i l r o a d  and 
d e l t a  highway. Thus, t he  i n d u s t r i a l  areas o f  A lexandr ia  w i l l  occupy much 
of t h e  1 ong, narrow space border ing  the  Lake Maryut - Lake Idku  marine 
lagoons i n l a n d  from the  c i t y  and seashore. 

A1 1 types o f  i n d u s t r y  e x i s t ,  f rom very heavy i r o n  and s t e e l  f a b r i c a t i n g  t o  
very 1 i g h t  e l e c t r o n i c  components manufacture. Fac tor ies  o f  a1 1 s i  zes 
a re  found f rom l a r g e  t e x t i l e  m i  11 s which employ thousands o f  workers t o  
1 ocal shops and s t r e e t - s i d e  s t a l l  s . The most widespread i n d u s t r i e s  i n -  
c l  ude t e x t i  l e  m i  11 s, tanning, paper, o i  1 r e f i n i n g ,  and food processing. 
A broad range of i n d u s t r i a l  products i s  manufactured. 

Water f o r  i n d u s t r i a l  use i s  d e r i v e d  from severa l  sources.  The b a s i c  supply 
i s  sur face  water from the  Mahmoudia Canal. Much o f  t he  coo l i ng  water  and 
poor q u a l i t y  f r e s h  water i s  taken d i r e c t l y  from the  Mahmoudia Canal. 
Potable and t rea ted  water  i s  purchased from t h e  Alexandr ia  Water General 
A u t h o r i t y  (AWGA). L im i ted  water supply i s  avai l a b l e  fro111 p r i v a t e l y  owned 
ground water  sources. Very l i t t l e  use i s  made o f  the  s i l i n e  waters of 
t he  sea and a g r i c u l t u r a l  drainage water;  bo th  o f  which are abundant i n  t he  
area. Large d ivers ions . .  from I1ahmoudi.a Canal and, purchases from the A u t h o r i t y  
a re  expected t o  meet f u t u r e  water demand. increased i n d u s t r i a l  use of 
Noubaria Canal water  i s  expected t o  take p lace as t h e  Ameria i n d u s t r i a l  areas 
develop. 

The number o f  water-using i n d u s t r i e s  i n  Alexandr ia  i s  i n  excess o f  200. 
Water use by  i n d u s t r i a l  p l an ts  va r i es  from more than 40 000 m3/day t o  l e s s  
than 25 m31day. Data from i n d u s t r i e s  and from the  AWGA on water  use afford 
t h e  bes t  in fo rmat ion  a v a i l  i b l e  on wastewater p roduc t ion  as few i n d u s t r i e s  
have the  means o r  the  need t o  determine the  volume o f  wastewater discharged. 



The i n d u s t r i a l  waste survey i n fo rma t ion  provided a basis  f o r  assessment 
o f  t he  scope o f  A lexandr ia 's  wastewater problem. A comprehensive survey 
o f  t he  major i n d u s t r i a l  p lan ts  was performed, and as many of the  smal ler ,  
predoniinantly "wetu i n d u s t r i e s  were inc luded as t ime and study funds 
permi t ted,  iil order  t o  c o l l e c t  the most comprehensive data possib le.  

I n d u s t r i a l  Survey tlethods 

A p re l im ina ry  s tudy o f  i n d u s t r y  i n  Alexandr ia i n d i c a t e d  t h a t  t ime and funds 
d i d  n o t  permi t  a  complete survey t o  be made i n  any o f  the  p l i n t s .  P r i o r i t y  
was g iven t o  those i n d u s t r i e s  which produced l a r g e  q u a n t i t i e s  o f  s t rong 
wastewater. The i n fo rma t ion  t o  be obtained was l i m i t e d  t o  the  q u a n t i t y  
and c h a r a c t e r i s t i c s  of o v e r a l l  p l a n t  discharge. Accordingly,  the  survey 
was l i m i t e d  t o  those i n d u s t r i e s  having water use greater  than 25 m3/day 
except where the  nature o f  the  i n d u s t r y  woul d make i t  1 i kely ,  o r  even suspect, 
t h a t  i t s  wastewater might  conta in  t o x i c  ma te r i a l s ,  heavy metals, pes t i c i des  
o r  o the r  t o x i c  organics. Therefore, the  survey d i d  no t  inc lude an assessment 
of such f a c t o r s  as ease o f  i n-p lan t  separat ion o f  wastewater streams, area 
and e x i s t i n g  f a c i l i t i e s  a v a i l a b l e  f o r  i n - p l a n t  pretreatment,  and possi t;le 
mod i f i ca t i ons  t o  p l a n t  processes and methods t o  reduce wastewater o r  t o  
f a c i  1  i t a t e  pretreatment.  

An inventory  o f  a l l  major water-using i n d u s t r i e s  was made du r ing  the  survey. 
Plants accounting f o r  90 percent o f  the  contaminated i n d u s t r i a l  wastewater 
produced i n Alexandr ia were i n c l  uded. 

A quest ionnaire was designed t o  record  the  des i red  i n fo rma t ion  obtained by 
p l a n t  v i s i t  and i n te rv iew .  A copy o f  the  quest ionna i re  i s  shown as Figure 
C-5. I n i t i a l  ly ,  quest ionnaires were d i s t r i b u t e d  t o  managers o f  p lan ts  
p r i o r  t o  a scheduled v i s i t ,  b u t  i t  was fo l~nd  t h a t  answers were no t  f o r t h -  
coming, except dur ing  the  i n te rv iew .  The ques ti 'onnai res  becal;;e forms f o r  
record ing bas ic  data and in format ion.  

I n d u s t r i  a1 Survey In te rv iew  Procedures 

Study team engl neers, accompanied by a rep resen ta t i  ve o f  GOSSD, v i  s i  ted  
each fac tory  s i t e  and in terv iewed each f a c t o r y  manager. The p l a n t  manager's 
responses t o  the  survey quest ionnal f e  were recorded. Usual l y  the  techn ica l  
and bookkeeping s ta f f  of the p l i n t  assisted the  p l a n t  manager i n  providing 
information. 

An important  p a r t  o f  the  i n te rv iew  consis ted o f  ob ta in ing  est imates o f  
annual product ion and est imates o f  chemicals and rawmater ' ia ls used each 
year.  Quest ions were asked regarding the  var ious uses o f  water, such as 
process use and coo l i ng  use. The average annual pol  l u t i o n a l  load of a p l a n t  
could be determined from the  responses t o  such quest ions. Th is  method pro- 
vided the  most r e l i a b l e  est imates of p o l l u t i o n a l  loads. 

I n d u s t r i a l  processes d ischarging wastewater were s tud ied  a1 so. Factory 
personnel were asked t o  e x p l a i n  the  processes employed i n  the  fac to ry ,  
s tep  by step. Questi'ons were asked t o  c l a r i f y  po in t s  which were no t  under- 
stood. A f te r  the  processes had been described, the  p l i n t  was toured t o  see 
the  processes i n  operat ion. 



During the  i nspec t i on  tour ,  wastewater discharge arrangements were observed 
and t h e  bes t  l o c a t i o n  t o  measure and sample the  f l o w  o f  wastewater was 
determined. A f t e r  the  i n i t i a l  survey o f  t h e  fac tory ,  data were assembled and 
reviewed. P o t e n t i a l  pol l u t i o n a l  loads were ca lcu la ted .  Decis ion t o  sample 
wastewater was made on t h e  bas is  of the  est imated magnitude o f  p b l l u t i o n  
p o t e n t i a l .  Then, where necessary, sampl i ng schedules were developed and 
samples obtained. 

Wastewater Sampl i ng and Analys is  

Sampling was undertaken i n  those cases where pol  l u t i o n a l  load could n o t  
be determined on t h e b a s i s o f  raw ma te r ia l s  and chemicals used. I n  p a r t i c u l a r ,  
m i  11 s producing paper pulp, tanneries, and chemical p lan ts  were sampled. 
Sampling was done p r i m a r i l y  by technic ians from GOSSD under d i r e c t i o n  of 
a chemist. I n i t i a l l y  an engineer from the  study team accompanied the  tech- 
n i c ians  t o  i nsu re  t h a t  sampling was done i n  accordance w i t h  es tab l ished 
methods. I n  some cases, sampling was done a t  the  t ime o f  i n i t i a l  i n te rv iew .  

Co l lec ted  s.aniples were taken e i t h e r  t o  the  GOSSD labo ra to ry  o r  t o  t he  l abo r -  
a t o r y  of D r .  Fahmy M: E l  Sharkawi , Professor of 'Sani tary Engineering a t  
the  U n i v e r s i t y  o f  Alexandria, High I n s t i t u t e  o f  Pub'l i c  Heal th.  Samples 
were subjected t o  ana lys is  appropr ia te  t o  the  i n d u s t r y  being inves t iga ted .  
Both l abo ra to r i es  had l i m i t e d  capacity;only a few samples could be handled 
each week. The High I n s t i t u t e  o f  Pub l ic  Heal th conducted a1 1 t e s t s  f o r  
heavv m e t i l s .  Anal vses were made i n  accordance w i t h  the  ~ r b c e d u r e s  i n  
~ t a d a r d  Methods fo; the  Examination o f  Water and ~ a s t e w a i e r ,  Fourteenth 
Ed i t i on ,  1975, publ ished by American Pub l i c  Heal th Associat ion.  Although 
extensive ana lys is  o f  i n d u s t r i a l  wastewater samples cou ld  n o t  be made, - 

est imates o f  po l  1 u t i o n a l  load are  considered t o  be s u f f i c i e n t l y  accurate 
f o r  t h i s  type o f  study. Estimates were made on the  bas is  o f  raw ma te r ia l s  and 
chemical usage. A more accurate determinat ion o f  pol  l u t i o n a l  load w i  11 
requ i re  a de ta i  l e d  sampl i ng, measuring, and ana lys is  program o f  several years. 
A f u l l y  equipped l abo ra to ry  w i t h  several h i g h l y  t r a i n e d  chemists and a number 
o f  technic ians s k i l l e d  i n  san~p l ing  would be requi red.  Such a program shoulcl 
be undertaken i n  con junc t ion  w i t h  opera t ion  o f  the  f u t u r e  wastewater system. 
The r e s u l t s  of such an ex tens ive  i d v e s t i g a t i o n  would form the  basis  of 
s p e c i f i c  recomnendations f o r  pre-treatment a t  each i n d u s t r i a l  p l a n t ,  t o  
render i t s  wastes compatible w i t h  the p u b l i c  c o l l e c t i o n  and d isposal  system. 

Results o f  t h i s  survey prov ide a comprehensive view o f  the  i n d u s t r i a l  
wastewater s i t u a t i o n  i n  Alexandria. D e t a i l  i s  s u f f i c i e n t  t o  a1 low i n v e s t i -  
ga t ion  o f  a1 t e r n a t i v e  disposal schemes and permi t  f o rmu la t i on  o f  a responsive 
master plan. 

C.3 Results o f  the  Survey 

Figure C-1 i nd i ca tes  the  l oca t i ons  o f  i n d u s t r i e s  i n  Alexandr ia which were 
v i s i t e d  du r ing  t h i s  survey. Figures C-2, C-3, and C-4 d e t a i l  the  more 
crowded i n d u s t r i a l  areas o f  the  c i t y .  I n d i v i d u a l  p l a n t  s i t e s  a re  i d e n t i -  
f ied  by number on these maps and l i s t e d  i n  Table C-1 , along w i t h  name, 
l oca t i on ,  and p r i n c i p a l  products. 

To prov ide an o r d e r l y  means t o  ca ta log  and cross reference quest ionnaires, 
computations, f i gu res ,  and tables,  i n d u s t r i e s  were g iven i d e n t i t y  numbers 
and r e l a t e d  i n d u s t r i e s  were grouped according t o  the  f o l l o w i n g  system. 



The number of i n d i v i d u a l  p lan ts  v i s i t e d  dur ing  the  surve.y was d i s t r i b u t e ?  
over 57 categor ies and each category g iven a  separate i n d u s t r y  i d e n t i t y  
number. 

Type o f  I ndus t r y  

Beverages 
Metal Works 
Cheniical Mfg. 
E l e c t r i c  and E lec t ron i cs  
Food 
M i  scel  1  aneous 
Paper 
Petroleum Refining 
Power Generation 
P r i n t i n g  
P l a s t i c s  , Glass, Rubber 
O i l  and Soap 
Starch and Yeast 
Tanneries 
A b a t t o i r  
T e x t i l e s  
Water Treatment P lan ts  

Iden ti ty Nurr~ber 

1-4 
6  and 21 

7-1 0  
11 

12-20 
22-24 
25-26 
27-28 
29-30 
31 -32 
33- 36 
37-39 

40 
41 -43 
44-45 
46-56 

57 

Number of Plants 

7  
2  
6  
1  

39 
5  
3  
2  
2  
2  
4  

12 
3  
4  
2  

2  9  
6  

In fo rmat ion  c o l l e c t e d  du r ing  the  survey i s  summarized i n  t h ree  tab les .  
Table C-2, Present I n d u s t r i a l  Wastewater Flow Rates, conta ins water use, 
wastewater product ion, and wastewater discharge. The tab1 e  1  i s t s  i n d u s t r y  
number, water use from AWGA and from p r i v a t e  sources, t o t a l  water use, 
san i ta ry ,  process, coo l i ng  and t o t a l  wastewater produced, and wastewater 
discharged t o  the  sewer system, t o  the  drainage channels, t o  t he  canals, 
and t o  the  sea. Flow ra tes  were ca l cu la ted  from Water A u t h o r i t y  records, 
est imates o f  pump capac i ty  f o r  p r i v a t e  suppl ies,  and ac tua l  f l ow  measure- 
ments. Water balances were ca l cu la ted  wherever poss ib le  t o  check the  
i nforma ti on received . 
Table C-3, I n d u s t r i a l  Wastewater Charac te r i s t i cs ,  presents a n a l y t i c a l  r e -  
su l  t s  of t he  wastewaters sampled. The t a b l e  1  i s t s  the i n d u s t r y  number, 
pH, t o t a l  so l i ds ,  v o l a t i l e  so l i ds ,  suspended s o l i d s ,  s e t t l e a b l e  so l i ds ,  
5-day biochemical oxygen demand, chemical oxygen demand, phosphate, t o t a l  
n i t rogen,  o i l  and grease and a l l  spec ia l  analyses i n c l u d i n g  metals.  
A1 1  r e s u l t s  a re  repor ted  i n  m i l  1  igrams per li t r e  except s e t t l e a b l e  s o l i d s  
which are repor ted as m i l l i m e t r e s  per l i t r e  and pH which i s  t he  negat ive 
l o g a r i  th im o f  t he  hydrogen i o n  a c t i v i t y .  The a n a l y t i c a l  r e s u l t s  a re  from 
samples c o l l e c t e d  f o r  t h i s  study, from several previous s tud ies  done, and 
from the  High I n s t i t u t e  o f  Pub l i c  Heal th of Alexandr ia Un ive rs i t y .  Notes 
i n d i c a t e  the  source o f  t he  r e s u l t s ,  type o f  sample, sample po in t ,  and 
discharge p o i n t .  Where a n a l y t i c a l  r e s u l t s  are no t  a v a i l a b l e  the  t a b l e  has 
been l e f t  b lank.  

Table C-4, I n d u s t r i a l  P o l l u t a n t  Loads, l i s t s  i n d u s t r y  number and the  mass 
discharges expressed i n  k i  1  ograms per 'day (except f o r  s e t t l e a b l e  so l  i d s  3 which i s  m per  day) o f  several  parameters. These are: t o t a l  so l  ids ,  
v o l a t i l e  so l  ids ,  suspended s o l  i ds ,  s e t t l e a b l e  so l  ids ,  5-day BOD, COD, 
phosphate, t o t a l  n i t rogen,  and miscel laneous cons t i t uen ts .  The quant i  t i e s  
presented i n  t h i s  t a b l e  are  t h e  bes t  est imate o f  the  p o l l u t i o n  p o t e n t i a l  
of each p l a n t  based upon ava i l ab le  data and in fo rmat ion .  I n  making the  



est imates,  i n f o r m a t i o n  was ob ta ined  from: 

- a n a l y t i c a l  r e s u l t s  f rom ssmpl ing t h e  wastewater from t h i s  
survey and pas t  r e p o r t s ;  - i n f o r m a t i o n  concern ing t h e  raw m a t e r i a l s ,  chemicals,  and p ro -  
cesses used; 

- comparisons made between A lexandr ia  i n d u s t r i e s  and s i m i l a r  
i n d u s t r i e s  surveyed e l  sewhere. 

Resul t s  i n  Table C-4 do n o t  correspond i n  a1 1 cases w i t h  t h e  da ta  i n  
Table C-3. The values i n  Table C-4 r e f l e c t  t he  a p p l i c a t i o n  o f  i n f o rma t i on  
on raw m a t e r i a l s ,  chemicals,  and processes used as we1 1 as comparisons 
w i t h  s i m i l a r  i n d u s t r i e s  elsewhere. The sums of t h e  columns i n  Table C-4 
represen t  es t imated  pa l  l u t i o n a l  l oad  o f  i n d u s t r i e s  v i s i t e d ,  o r  about  90 
percen t  of t h e  t o t a l  p o l l u t i o n a l  load  f o r  A lexandr ia  i n d u s t r i e s .  Accord ing ly ,  
t e n  percen t  o f  t h e  Table C-4 va lues has been added t o  o b t a i n  es t imated  
t o t a l  p o l  1 u t i o n  1 oads. 

C.4 Assessment o f  I n d u s t r i a l  Wastes 

Present  Flow and Loads 

Est imates o f  p resen t  i n d u s t r i a l  wa te r  use and wastewater p roduc t i on  a r e  
shown i n  Table C-5. The p r e s e n t a v e r a g e d a i l y  i n d u s t r i a l  wastewater f low 
determined by  survey was 795 ML/day which, inc reased  by t e n  percent ,  leads 
t o  an est imated average d a i l y  f l o w  of 870 ML/day. Th i s  i nc l udes  process 
and s a n i t a r y  wastewaters and c o o l i n g  water .  About 570 ML/day, 66 percen t  
o f  t h i s  f l ow,  i s  uncontaminated c o o l i n g  wate r  which i s  used once and d i s -  
charged. U s u a l l y  t he  adverse e f f e c t  of t h i s  k i n d  of  d ischarge  i s  a l o c a l  
inc rease  .in ter r~perature b u t  i n  some ins tances  these d ischarges c o n t a i n  
o i  1 s . The remai n i  ng 300 ML/day o f  contami nated wastewaters i n c l  udes 
74 ML/day from water  t rea tment  p l an t s .  Va te r  t rea tment  p l a n t  d i  scharqes 
c o n t a i n  spent  chemical coagulant,  s i l t ,  c lay ,  and the, bodies o f  organisms 
removed from the  water  i n  t h e  t rea tment  process. The p o l l u t a n t s  i n  t h i s  
wastewater a r e  l a r g e l y  i n e r t  s o l i d s  and e x e r t  a very  low l e v e l  o f  s t r e s s  
on t h e  o x i d a t i o n  and s t a b i  1 i z a t i o n  resources ava i  1 ab le .  Therefore,  t h e  
est imated contaminated i n d u s t r i a l  wastewater f low i s  226 ML/day. Th i s  
d a i l y  f l o w  i s  ~ilade up o f  about 7 MLIday s a n i t a r y  wastewaters, 208 MLlday i n -  
d u s t r i a l  process waters  and 11 ML/day o f  unseparated c o o l i n g  water.  D is -  
posal  of these contaminated f lows  i s  es t imated  t o  be 83 ML/day t o  area 
d ra ins ,  15 ML/day t o  t h e  Mahmoudia Canal, 93 ML/day t o  t he  p u b l i c  sewerage 
system and 35 ML/day t o  t h e  Mediterranean Sea. Coo l ing  wate r  d ischarges a re  
203 ML/day t o  area d ra ins ,  307 ML/day t o  canals,  and 60 ML/day t o  t h e  sea. 

The i ndus tri es surveyed d i  scharge 1 46 tonneslday BOD5 and 288 tonneslday 
COD. A p p l i c a t i o n  o f  a t e n  percen t  inc rease  t o  account f o r  i n d u s t r i e s  n o t  
surveyed r e s u l t s  i n  an est imated p resen t  t o t a l  p o l l u t i o n  load,  i n  terms o f  
broad parameters, of 160 tonnes/day BOD5 and 315 tonneslday COD. These 
loads c a r r i e d  i n  226 ML/day wastewater r e s u l t  i n  an average concen t ra t i on  
of 700 mg/L BOD5 and 1400 mg/L COD i n  i n d u s t r i a l  wastewaters. That p o r t i o n  
of t h e  i n d u s t r i a l  wastewaters e n t e r i n g  t h e  pub1 i c sewers a t  t h e  p resen t  
t ime has BOD5 and COD concen t ra t i on  o f  695 mg/L and 1460 mg/L, r e s ~ e c t i v ~ l ~ .  
I n d u s t r i a l  wastewaters e n t e r i n g  t he  d ra ins ,  canals,  and t h e  sea a re  
r e l a t i v e l y  l e s s  concentrated due t o  d i l u t i o n  w i t h  c o o l i n g  water .  



Tables C-6, C-7 and C-8 are  summaries o f  wastewater f l o w  and p o l l u t i o n a l  
load by i n d u s t r i a l  group. Table C-6 presents water use, wastewater 
flows, and wastewater discharge po in t s .  Table C-7 presents flow, BOD5 
and COD values. Flows i nc lude  l a r g e  coo l i ng  water  discharges. Table 
C-8 presents 71 ow ra tes ,  BOD5 and COD va l  ues f o r  i ndus t r i a l  wastewaters 
exc luding 1 arge c o o l i n g  water f lows.  I n d u s t r i e s  which c o n t r i b u t e  a 
l a r g e r  po l  l u t i o n a l  load than average a re  beverages, food, paper, o i  1  
and soap, s ta rch  and yeast,  tanner ies,  s laughter ing,  and t e x t i l e s  . 
Indus t r i es  w i t h  l a r g e  coo l i ng  f lows inc lude o i l  r e f i n i n g ,  e l e c t r i c  
power, and the  o i  1  and soap i ndus t r y .  Tables C-9 and C-10 l i s t  f low,  
BOD5 and COD values f o r  var ious d i s t r i c t s  i n  Alexandr ia having s i g n i f i c a n t  
i n d u s t r i a l  wastes. I n d u s t r i a l  wastewater discharged t o  the sewer system, 
dra ins,  Canal, and sea a re  t o t a l  l e d  separate ly .  Table C-9 inc ludes a l l  
l a r g e  cool i n g  water f lows whereas i n  Table C-10 cool i n g  water f lows have 
been deducted . 
P r i n c i p a l  I n d u s t r i a l  Wastewater Discharges 

Several i n d u s t r i a l  wastewater discharges c rea te  s i g n i f i c a n t  p o l l u t i o n  
problems i n  Alexandria. A major chemical p l a n t  i n  Dekhei l  a  discharged 
34 000 m3/day d i r e c t l y  t o  the  sea through a p r i v a t e l y  owned s h o r t  o u t f a l l .  
This wastewater conta ins inorgan ic  chemicals i n c l u d i n g  l ime,  caus t i c  soda, 
ch lo r ine ,  f e r r i c  ch lo r i de ,  mercury, and ac ids.  F ish k i l l s  r e s u l t i n g  
from t h i s  d ischarge,  have been : repor ted.  .Pretreatment of t h i s  waste- 
water a t  the  p l a n t  w i l l  be requ i red  f o r  any discharge o f  t h i s  wastewater 
of f  the  premises whether t o  the  sea, t o a p u b l i c  sewer, o r  t o  a separate 
i n d u s t r i a l  wastewater c o l l e c t i o n a n d e v a p o r a t i o n  pond d isposal  system. 

The aba t to i r - t ann ing  area i n  Mex i s  the  l o c a l e  of another s i q n i f i c a n t  
p o l l u t i o n  problem. A l a r g e  slaughterhouse, a l a r g e  tannery, and many small 
tanner ies d ischarge about 1 750 m3/day o f  wastewater which c a r r i e s  
4450 kg/day o f  BOD5 a t  an average concent ra t ion  o f  more than 2 500 mg/L. 
These wastewaters, which conta in  s i g n i f i c a n t  q u a n t i t i e s  o f  chromium, are 
co l l ec ted  i n  pub1 i c  sewers which d r a i n  t o  the  sea a t  the  shore1 i n e  near 
t h e  entrance t o  Western Harbor. 

Discharges o f  wastewaters t o  the  lower reaches of the  Mahmaudia Canal, 
p a r t l y  by i n d u s t r i e s  i n  the  Karmouz area, have r e s u l t e d  i n  marked degra- 
d a t i o n  o f  Canal water q u a l i t y .  The major i n d u s t r i a l  p o l l u t e r s  i n  the  area 
inc lude a yeas t  p l a n t  a t  Moharrem Bey, a power p l a n t  and e d i b l e  o i l  p l a n t  
a t  Kafr  e l  Zayat and several s a l t ,  soda, and o i l  and soap p lan ts  i n  Karmouz. 
The Canal i n  t h i s  area i s  used as an emergency water supply f o r  the  Forn 
e l  Garaya water  treatment p l a n t .  

The water  qua1 i t y  c h a r a c t e r i s t i c s  o f  t he  Mahmoudia Canal have been studied.  
Results o f  analyses prepared by Makkawy Mohamed Akel f o r  h i s  t h e s i s  
"The E f f e c t  o f  the  D i f f e r e n t  Sources o f  P o l l u t i o n  on the  Water Qua1 i t y  
Charac te r i s t i cs  o f  Mahmoudia Canal i n  Alexandr ia D i s t r i c t  and i t s  Publ i c  
Heal th Aspects" f o r  the  High I n s t i t u t e  o f  Publ i c  Health, Environmental 
Heal th Department, U n i v e r s i t y  of Alexandria, October 1975, f o l l ow :  



Water Q u a l i t y ,  Mahmoudia Canal ( i n  Summer) 

Temperature 
To ta l  So l ids  
V o l a t i l e  So l ids  
O i l  and Grease 
Dissolved Oxygen 
BOD5 
COD 
Chlor ides 
Col i form 

Canal , Upstream 

2 7 ' ~  
450 mg/L 
60 mg/L 
50 mg/L 
4 mg/L 

15 mg/L 
20 mg/L 

100 mg/L 
1x104 MPN/100 mL 

Canal, Near Forn e l  Garaya 

37Oc 
750 mg/L 
160 mg/L 
150 mg/L 

1 mg/L 
175 mg/L 
325 mg/L 
160 mg/L 

2x105 MPN/100 mL 

I n d u s t r i a l  wastewaters generated i n  the h i g h l y  i n d u s t r i a l i z e d  Moharrem Bey 
area are co l l ec ted  a t  the  Indus t r i es  Pump S ta t i on  which pumps them t o  Lake 
Maryut f o r  discharge w i thou t  treatment. The present f l ow  amounts t o  about 
31 000 m3/day and the  BOD5 load ing t o  the  lake from t h i s  source alone i s  
18 800 kglday. The wastewater var ies  considerably i n  s t rength,  pH, and 
flow r a t e .  I n  the  v i c i n i t y  of the  o u t f a l l ,  oxygen dep le t i on  i s  complete 
and there  i s  s t rong evidence o f  t o x i c  cond i t ions .  

S i g n i f i c a n t  volumes of i n d u s t r i a l  wastes are present ly  being discharged i n t o  
Abu K i r  Drain, and hence i n t o  Abu K i r  Bay. The two p r i n c i p a l  dischargers 
are both paper m i l l s  which use up t o  83 000 m3/day o f  water from Rakta Canal 
and discharge t h e i r  e n t i r e  waste f l ow  t o  the  Abu K i r  Drain. I n  add i t ion ,  
outs ide the  study area, several t e x t i l e  m i l  1  s  discharge wastewaters conta in-  
i n g  wool-scouring, dyeing wastes, and s t rong acids t o  the  upstream por t i ons  
o f  the  Abu K i r  Drain. 

3 The e s t i  a  ed f l ow  i n  Abu K i r  Dra in  l i e s  between 1 and 2 m i l l i o n  m /day. 
'Paf Analyses o f  A ~ I J  K i r  Dra in above and below the paper m i l l s  f o l l o w .  

I tem - 
pH 
Dissol  ved Oxygen, mg/L 
COD, mg/L 
BOD, mg/L 
O i  1  and Grease, mg/L 
Tota l  so l i ds ,  mg/L 
Fixed so l i ds ,  mg/L 
Vo la t i  l e  so l  ids ,  mg/L 
Set t leab le  so l i ds ,  mg/L 
Free ammonia, mg/L 
N i t r a t e ,  (NO3), mg/L 
Chlor ides, (C l ) ,  mg/L 
Tota l  A1 ka l  i n i  t y ,  mg/L 
Hydrogen su l  phide, mg/L 

Range o f  Values (b)  
Upstream from Downstream from 
the Paper M i l  1s the  Paper M i  11 s 

6.4 - 8.2 8.0 

( a ) ~ u r n i s h e d  by Dr. E l  Si~arkawi 

(b)i3ased on 10 samples. 



I n  a d d i t i o n  t o  t he  p r i n c i p a l  d ischarge l o c a t i o n s  descr ibed above, t he re  a re  
numerous i n d i v i d u a l  p o i n t s  where i n d u s t r i a l  wastewaters a re  re leased w i t h o u t  
t reatment  t o  t h e  canals, d ra ins  and open water  bodies causing s i g n i f i c a n t  
p o l l u t i o n  and nuisance. 

C.5 P ro jec t i ons  o f  Flows and Loads 

General 

I n d u s t r i a l  waste survey i n fo rma t i on  prov ides a bas is  f o r  es t ima t i ng  fu tu re  
waste loads f o r  p lanning purposes. A l l  i n d i c a t i o n s  p o i n t  t o  a con t i nua t i on  
o f  t he  r a p i d  growth o f  A lexandr ia  i n d u s t r y  which has occurred i n  recen t  
years. Each p l a n t  manager in te rv iewed i n  t he  survey was asked what p lans 
had been formulated f o r  expanding h i s  p l a n t .  Repl ies were v a r i a b l e  b u t  good 
i n fo rma t i on  was obtained f o r  s h o r t  term (up t o  f i v e  years )  expansion p lans.  . 
I n fo rma t i on  was a l so  a v a i l a b l e  from t h e  p lann ing  and housing departments 
o f  t h e  Governorate. Th is  in fo rmat ion ,  along w i t h  s h o r t  term p r o j e c t i o n s  o f  
i n d u s t r i a l  water use, was used t o  es t imate  i n d u s t r i a l  wastewater f lows 
and loads f o r  t he  nex t  f i v e  years.  For the longer  term, i n d u s t r i a l  a c t i v i t y  
and discharges were p ro jec ted  us ing  popu la t ion  and water use fo recas ts  . 
The popu la t ion  s tud ies ,  see Chapter 5 and Appendix A o f  t h i s  Report, 
developed fo recas ts  o f  numbers o f  people who w i l l  be engaged i n  i n d u s t r y  
through the  year  2000. I n  add i t i on ,  use was made o f  the  est imates o f  
i n d u s t r i a l  water  developed dur ing  t h i s  study. With t h i s  i n fo rma t i on  and 
assuming a mix o f  new i n d u s t r i e s  s i m i l a r  t o  t h e  present  mix, i n d u s t r i a l  
f lows and loads were est imated f o r  the  p lanning per iod.  B y t h e  yea r  2000, 
t he  populat ion,  and the  i n d u s t r i a l  a c t i v i t y  as w e l l ,  i s  expected t o  double 
i t s  present  l e v e l .  

Water Use by I n d u s t r y  

A summary o f  t he  1977 i n d u s t r i a l  water  use data and p r o j e c t i o n s  o f  years 1982 
and 2000 i n d u s t r i a l  water  uses a r e  contained i n  Table C-11. 

Large sca le  coo l i ng  water use i s  expected t o  increase a t  a  f a i r l y  cons tan t  
ra te ,  reaching 1 250 ML/d by t h e  year  2000. Water supp l ied  by the  Alex- 
andr ia  Water A u t h o r i t y  and from p r i v a t e  water  supp l ies  i s  expected t o  i n -  
crease r a p i d l y  f o r  t he  nex t  f i v e  years and then increase a t  a  slower r a t e  
through the  year  2000. By the  mid-80's and the rea f te r ,  o v e r a l l  water  use 
i s  expected t o  increase more s l o w l y  because o f  conservat ion and reuse. 

The by-product ion o f  contaminated i n d u s t r i a l  wastewaters i s  expected t o  
increase from the  present l e v e l  o f  226 ML/day t o  647 ML/day by t h e  year  
2000. The p r o j e c t i o n  i n d i c a t e s  an average increase o f  30 ML/day each 
year  through 1982 and therea f te r ,  15 ML/day each year .  

Table C-12 presents a sumnary o f  i n d u s t r i a l  wastewater discharges from 
each d i s t r i c t  o f  t he  c i t y  f o r  t h e  years 1977, 1982 and 2000. Large 
increases a re  expected t o  the  eas t  i n  Abu K i r  and t o  t he  west i n  Dekhei l a  
and Ameria, b u t  increases a re  a l so  expected i n  e x i s t i n g  i n d u s t r i a l  areas 
along the  Mahmoudia Canal. 

The charac ter  o f  i n d u s t r i a l  wastes i s  expected t o  undergo change i n  the  
fu ture.  D i l u t i o n  o f  i n d u s t r i a l  wastes en te r i ng  the  sewer system w i l l  



probably be reduced b u t  pret reatment  o f  i n d u s t r i a l  f lows w i l l  p a r t i a l l y  
counteract  t h i s  t rend.  The s t reng th  o f  contaminated wastewater i s  expected 
t o  increase s l i g h t l y  over t h e  nex t  23-year per iod.  

The p ro jec t i ons  o f  f u t u r e  p o l l u t i o n a l  loads are shown on Table C-13. 
A t  the present t ime about 40 percent o f  t h e  i n d u s t r i a l  wastewater i s  d i s -  
charged t o  t h e  Alexandr ia p u b l i c  sewer system. By the year  2000 the  
implementat ion of t he  Master Plan should r e s u l t  i n  e s s e n t i a l l y  a1 1 of t h e  
contaminated i n d u s t r i a l  wastewater being co l  l e c t e d  i n the publ i c sewer 
system f o r  d isposal .  Those i n d u s t r i e s  which generate wastewater streams 
conta in ing  t o x i c  and o the r  ma te r i a l s  p r o h i b i t e d  i n  the  p u b l i c  sewers w i  1.1 
have pret reatment  f a c i l i t i e s  t o  remove these ma te r ia l s  so t h a t  t h e  t r e a t e d  
wastewater can be discharged t o  the  p u b l i c  sewer. The amount of water and 
p o l l u t i o n a l  waste loads removed i n  pret reatment  f a c i l i t i e s  i s  expected t o  
be n e g l i b l e  as measured by BOD5 and COD. Therefore, i t  i s  assumed t h a t  
by the  year  2000, a l l  contaminated i n d u s t r i a l  waste discharges w i l l  be 
c o l l  ected i n  t h e  publ i c  sewers. The pro jec ted  contaminated i n d u s t r i a l  
wastewater f lows and pol l u t i o n a l  loads f o r  Alexandr ia i n  t he  year  2000 a re  
647 ML/day, 453 tonnes/day, BOD5 and 970 tonnes/day COD, a1 1 t o  be rece ived 
i n  t he  p u b l i c  sewer system. 

C .6 Recommendations f o r  I n d u s t r i a l  Wastewaters 

1 . I t  i s recomnended t h a t  wherever capac i ty  e x i s t s  i n  the  publ i c  seweraqe 
system o r  wherever capac i ty  can be provdied a t  a reasonable cos t ,  i n -  
d u s t r i a l  wastes should be discharged t o  the  p u b l i c  sewerage system. 
Such discharges should be regu la ted  by a new sewer ordinance. Where 
necessary, i n  order  t o  meet requirements of a new ordinance, i n d u s t r y  
must prov ide su i  tab1 e pret reatment  o f  i t s  wastes p r i o r  t o  discharge. 

I t i s  recomnended t h a t  a sewer use law conta in ing  t h e  elements o f  t h e  
ordinance i n  Appendix L be adopted and enforced by government a u t h o r i t y .  
The longer adopt ion and enforcement a re  delayed, t he  more d i f f i c u l t  and 
expensive i t  w i l l  become t o  implement. Cost f o r  p rov id ing  wastewater 
treatment o r  c o n t r o l  i n  a new fac tory  i s  a smal l  o r t i o n  o f  the  con- 
s t r u c t i o n  c o s t  o f  t h e  f a c t o r y  ( u s u a l l y  l ess  than [ percent  i n  t he  
Un i ted  s ta tes) ,  whereas cos t  t o  p rov ide  such t reatment  o r  c o n t r o l  i n  an 
e x i s t i n g  fac tory  may have much greater  adverse economic i m p l i c a t i o n s  
on p l a n t  opera t ion  and product ion costs. 

3. Government a c t i o n  should be taken t o  encourage water conservat ion and 
reuse by i ndus t r y .  Water should be p r i c e d  near the  cos t  o f  product ion 
as an i ncen t i ve .  Sewer use charges should be es tab l ished based on f l o w  
ra te .  Through such charges, i n d u s t r i e s  conserving water would be 
rewarded, whi l e  those was ti ng water  would be pena 1 i zed. 

4. A hazardous ma te r ia l  d isposal  s i t e  should be establ ished.  High 
st rength,  1 ow volume wastes conta in ing  t o x i c  metals should be c o l l e c t e d  
and t rucked t o  a d isposal  area. F-inal d isposal  o f  the  l i q u i d  p o r t i o n  
would be by evaporat ion. Net evaporat ion f o r  Alexandria i s  about 2000 rrm 
per year.  Wastewater which could be t rea ted  i n  t h i s  manner would i n -  
c l  ude: concentrated chrome tanning so lu t i ons  , chrome dyeing so lu t i ons ,  
i ron a c i d  p i  c k l  i ng wastes , concentrated wastes from copper r e f  i n i  ng by 
e l e c t o l y s i  s, and metal p l a t i n g  wastes. 



5. It i s  recomnended t h a t  t h e  f o l l o w i n g  minimum pret reatment  requirements 
and o t h e r  i n - p l a n t  operat ions be imposed on the  type  o f  i n d u s t r i e s  
1 i sted be1 ow: 

- Beverages: Concentrated c a u s t i c  b o t t l e  washing s o l u t i o n s  should be 
equal i zed and/or neu t ra l  i zed be fore  d ischarge t o  the sewer system. 

- Metal  Processing: Ac id p i c k l i n g  wastes and wastes from copper r e -  
f i n i n g  should n o t  be discharged t o  t he  sewer system. These wastes 
should be recovered f o r  use o r  t rucked t o  a hazardous m a t e r i a l  
d isposal  area. Studies a re  requ i red  t o  develop methods t o  min imize 
water  use and wastewater product ion.  

- Chemicals: A reduc t i on  i n  water  consumption i s  requ i red .  The 
h ighes t  standards of housekeeping are  requ i  red  t o  avoid contaminat ion 
o f  wastewater streams. Suspended s o l i d s  and pH c o n t r o l  w i l l  a l s o  
be necessary i f  contaminat ion cannot be reduced by i n - p l a n t  changes. 

- E l e c t r i c a l  and E lec t ron i cs :  Cool ing water  use must be c o n t r o l l e d .  
Wastewaters con ta in ing  f l u o r i d e s  and mercury should be segregated 
f o r  spec ia l  t reatment.  

- Food: Food processing wastes should be f i n e  screened through 3 mm 
s l o t s .  Some p l a n t s  w i t h  h igh  l e v e l s  of suspended s o l i d s  may re -  
q u i r e  sedimentat ion. O i l  and f l o a t i n g  so l  i d  t r a p s  should be i n -  
s t a l l e d  a t  some p lan ts .  Whey recovery i s  necessary a t  d a i r i e s .  
I n  a l l  food p l a n t s  improved housekeeping can reduce waste loads.  

- Paper: Paper m i l l  wastewaters should be f i n e  screened ( w i t h  l ess  
than 0.4 mm s l o t s )  and adequately s e t t l e d .  Systenis f o r  water  re-use 
should be i nves t i ga ted .  

- Petroleum Ref in ing :  A1 1 wastewaters from r e f i  ne r i es  should pass 
through g r a v i t y  o i  1 separators.  O i  1 s p i  11 prevent ion  and cleanup 
plans should be es tab l  ished. Maintenance and housekeeping should 
a l s o  be improved t o  reduce leakage and s p i  1 lage  o f  o i  1 . 

- E l e c t r i c  Power Generation: Thermal discharges should be w i t h i n  
prescr ibed 1 i m i t s .  B o i l e r  blowdown should n o t  be discharged t o  the  
canal and should be w i t h i n  a l lowab le  temperature l i m i t s  before d i s -  
charge t o  the  sewer system. Leakage o r  discharge of o i l  o r  naphtha 
should a1 so be prevented. 

- P r i n t i n g :  Rinse water from the produc t ion  o f  p r i n t i n g  p l a t e s  should 
n o t  be discharged t o  t he  sewer system. Such wastes should be t rucked 
t o  a hazardous m a t e r i a l  d isposa l  s i t e .  Gasol ine o r  so lven ts  used f o r  
c l ean ing  must n o t  be a1 lowed t o  en te r  t he  sewer system. Disposal by 
i n c i n e r a t i o n  i s  recommended. 

- P l a s t i c ,  Glass and Rubber: Studies should be conducted t o  reduce 
water consumption and wastewater product ion.  Glass p a r t i c l e s  
should be caught i n  t r ays .  S p i l l s  o f  so lven ts  should be prevented. 
Lead from b a t t e r y  p l a n t s  should be c o l l e c t e d  f o r  d isposal  a t  t he  
hazardous m a t e r i a l  d isposal  s i t e .  



- O i l  and Soap: Traps f o r  c o l l e c t i o n  o f  f f o a t i n g  s o l i d s  and o i l  should 
be i n s t a l l e d  and cleaned r e g u l a r l y  t o  l i m i t  o i l s  escaping t o  the  
sewers. Cool i ng water  use should be studied.  Contaminated wastes 
should be co l  l e c t e d  and discharged t o  the  sewers. Non-contaminated 
cool  i n g  waters should be exc l  ucied from the  sewers a1 though, i f  d i s -  
charged t o  the  canal, a1 lowable temperature 1 i m i t s  shogld no t  be 
exceeded. 

- Starch and Yeast: The wastewater from s ta rch  u n i t s  should rece i ve  
sedimentat ion t o  reduce s e t t l e a b l e  s o l i d s .  So l i ds  from sedimentat ion 
basins must be removed r e g u l a r l y  t o  ensure bes t  opera t ion  of the  
system. So l i ds  should be dewatered and recovered o r  disposed of 
app rop r ia te l y .  Contaminated wastes must be segregated from cool i ng 
water. Cool ing water use should be minimized. 

- Tanneries: Chrome tanning so lu t i ons  and f i r s t  r i n s e  water should be 
segregated from t h e  o ther  wastewaters. These chrome tanning s o l u t i o n s  
must be t rea ted  separa te ly  p r i o r  t o  discharge t o  t h e  sewer. A l l  
o ther  wastewaters should be f i n e  screened, w i t h  screens having 2.0 mm 
s l o t s ,  t o  remove l a r  e s o l i d s  which might  b lock  sewers. The b i t s  o f  
f l e s h  and hides may ! e recovered f o r  use i n  by-products. Flow equal- 
i z a t i o n  w i l l  probably be advisable. 

- Slaughter ing:  Wastewater from the  a b a t t o i r  should be f i ne  screened 
through 2 mn s l o t s  t o  remove l a r g e  s o l i d s .  Blood should be c o l l e c t e d  
separa te ly  f o r  u t i l i z a t i o n  and n o t  wasted i n t o  the  sewers. Traps 
f o r  c o l l e c t i o n  o f  f l o a t i n g  s o l i d s  and fa ts  should a l s o  be i n s t a l l e d .  
So l i ds  and f a t s  can be recovered f o r  rendering. 

- T e x t i l e s :  T e x t i l e  and dyeing shop wastewaters should rece ive  equal - 
i z a t i o n  and/or neu t ra l  i z a t i o n  be fore  discharge. Dyeing so lu t i ons  
con ta in ing  heavy metals should be separated f o r  pretreatment p r i o r  
t o  discharge. Fine screening w i t h  screens having 0.4 mm s l o t s  should 
be used t o  reduce the  amount o f  f i b e r s  discharged t o  the  sewer. 

- Water Treatment: Water treatment p lan ts  could reduce the  volume o f  
t h e i r  discharge w i t h  sedimentat ion of backwash water w i t h  c l e a r  over- 
f l ow  being routed back t o  the  p l a n t  i n f l u e n t .  The bottom f l o w  from 
the  sedimentat ion tank would be discharged t o  the  sewer o r  otherwise 
t rea ted  f o r  d isposa l .  

6. Ma te r i a l s  removed from wastewater du r ing  i n d u s t r i a l  pret reatment  should 
a l so  be handled proper ly .  So l ids  i n  the  form o f  sludges o r  screenings 
can e a s i l y  be handled as s o l i d  wastes. There are th ree  bas ic  modes 
by which the  s o l i d s  from i n d u s t r i a l  wastewater pretreatment can be 
hand 1 ed : 

a. Reprocessi ng and recover ing o f  va l  uable by-products. 
b. B u r i a l  by l a n d f i l l .  
c. I nc ine ra t i on .  

A l l  t h ree  have some degree o f  a p p l i c a b i l i t y  f o r  use i n  Alexandr ia.  

7. E x i s t i n g  and f u t u r e  pretreatment sys tems must a1 so be proper ly  operated. 
To be e f f e c t i v e ,  o i l  t raps  must be cleaned r e g u l a r l y .  Sedimentation 
tanks and screens a l s o  requ i re  r e g u l a r  s o l i d s  removal and c leaning.  



TABLE C - 1  

LIST OF ALEXANDRIA INDUSTRIES 

NO. -- 

1 

NAME LOCATION PRODUCT 

E l  Nasr B o t t l i n g  Gala1 E l  Desouki Carbonated 
Co. Hadara s o f t  d r i n k s  

Egypt ian B o t t l i n g  S h e r i f  S t r e e t  Carbonated 
Co. - Labban u n i t  Labban s o f t  d r i n k s  

Egypt ian B o t t l i n g  Ib rah im S h e r i f  St. Carbonated 
Co. - Main u n i t  Mostafa Pasha s o f t  d r i nks  

Egypt ian Vineyards Saraya No. 3 St .  Brandy and 
and D i s t i l l e r i e s  Bab Sharky Run 
Bolnaki  u n i t  

Egypt ian Vineyards 
and D i s t i l l e r i e s  V i c t o r i a  
Zo t tos  u n i t  

Egypt ian Vineyards 
and D i s t i l l e r i e s  Nouzha 
Kassimatis u n i t  

Pyramids Brewery Abdel Moneim Sanad Beer 
Ib rah imia  

Alexandr ia  Por t land  E l  Dekhei la S t .  Por t land  
Cement Co. Mex Cement 

Egypt ian Copper Mahmoudia Canal S t .  Copper, A1 urninurn, 
Works E l  Zaheria s t e e l  products 

Alexandr ia  Phar- Gamila Bohre id s t .  Pharmacuetical s 
maceutical  Co. S iou f  rubber  g loves 

and p l a s t e r s  

N i l e  Match Co. Suez Canal St.  Wooden matches 
Manshia u n i t  Manshia 

N i l e  Match Co. Mahmoudia Canal S t .  Wooden matches 
Moharrem Bey u n i t  Moharrem Bey 

M i s r  Chemical Ind.  E l  Dekhei la S t .  NaOH,Cl, HC1 
Caust ic & C1 P lan t  Dekhei la FeCl , H2S04, H202 

M is r  Chemical Ind.  E l  Dekhei la St. Na2C03, Na HC03 
Soda Ash P l a n t  Dekhei l a  Na OH, CaC03 



TABLE C -1 

( c o n t  ' d)  

NO. - 
10- 1 

11 

NAME LOCATION 

I n d u s t r f a l  Gases Co. Mahmoudia Canal S t .  
Hadara u n i t  Hadara 

PRODUCT 

Acety lene 
Oxygen & n i t r o g e n  

E l  Nasr E l e c t r i c  Mahmoudia Canal S t .  
& E l e c t r o n i c  Co. N o ~ ~ z h a  
(Phi  11 i p s )  

L i g h t  bu lbs  and 
F luorescen t  tubes 

A lexandr ia  Chocolate Mahmoudia Canal S t .  
& Confect ionary Co. Hadara 

C,hocol a t e  Candy 

E l  Nasr Dehydrat ion Saraya No. 3 S t .  
Co. Hadara 

D r i e d  Vegetables 

E l  Nasr Dehydrat ion Ma1 i k  Shaw S t .  
Co. Gabbari 

D r i e d  Vegetables 

E l  Nasr Cehydrat ion Gabbari Mosque S t .  
Co. Gabbari 

D r i e d  Vegetables 

E l  Nasr Dehydrat ion Mahmoudia Canal S t .  
Co. Hagar e l  Nawatia 

D r i ed  Vegetables 

Ed f i na  Co. Mostafa Kame1 S t .  
Main p l a n t  Ras e l  Soda 

Canned f r u i t s  & 
vegetables,  jams 
and j u i c e s  

Ed f i na  Co. M u f f a t i s h  St .  
Agar u n i t  Hadara 

Agar 

Egyp t ian  Food Co. Mahat te t  E l  Souq 
ICA Chocolate Bacos 
f a c t o r y  

Chocolate, helawa, 
chewing gum, candy 

E l  NasrCanned Food Tabia 
CO. (KAHA) Abu K i r  

Ju ices,  jam, 
canned f r u i t  
and vegetables 

No r th  A lexandr ia  Mahmoudia Canal St .  
R ice H u l l i n g  Co. Moharrem Bey 
Moharrem Bey u n i t  

R ice  

Nor th  A1 exandria (Beside Ragheb 
Rice H u l l i n g  Co. B r i dge )  
Karmouz u n i t  Gomkour i a  

R ice  

No r th  A lexandr ia  Malek Shah S t .  
R ice H u l l i n g  Co. Gabbari 
Gabbari u n i t  

R ice  



TABLE C-1 
( c o n t ' d )  

NAME - 
North  A1 exandr ia  
R ice  Hul l i n g  Co. 
E l  Masreya u n i ' t  

LOCATION PRODUCT 

R ice  

NO. 

Nouzha B r i dge  

N o r t h  A lexand r i a  
Rice H u l l i n g  Co. 
E l  Hadissa u n i t  

Nouzha B r i dge  R ice  

N o r t h  A1 exandr ia  
R ice  H u l l i n g  Co. 
E l  Fatha u n i t  

Hagar e l  Nawatia R ice  

M i  s r  M i l  k  & Food 
Co. (S ic lam D a i r y )  

Mostafa Kame1 S t .  
Ras e l  Soda 

M i l k ,  cheese, 
y o g u r t  

South A lexand r i a  
M i l l i n g  Co. 
Sena 'e t  e l  Tahn u n i t  

E l  Rasafa S t .  Ex t .  
Moharrem Bey F l o u r  

South A1 exandr i  a  
M I l l i n g  Co. 
Awad Mohnem M i l l  

T k w f i k i a  S t .  
Karmouz F l o u r  

South A lexand r i a  
M i l l i n g  Co. 
No fa l  M i l  1  

Karmouz S t .  
Karmo uz F l o u r  

South A1 exandr ia  
M i l l i n g  Co. 
E l  Anfoushi M i l l  

Kasr Ras E l  T i n  S t .  
En Anfoushi  F l o u r  

South A1 exandr ia  
M i l l i n g  Co. 
'Hergaret  A  Gawad M i l  1  

Akhsh id i  S t .  
Gabbari F l o u r  

South A lexandr ia  
M i l l i n g  Co. 
Wasef M i l  1  

Gabbari Mosque S t .  
Gabbar i  F l o u r  

South A1 exandr i  a  
M i l l i n g  Co. 
A  Gawad Cyl i nder  M i  1  1  

E l  Aman S t .  
Gabbari F l o u r  

South A1 exandr ia  
M i l l i n g  Co. 
E l  Sowehi M i l l  

Tshoudi S t .  
Gabbari F l o u r  

South A lexandr ia  
M I l l i n g  Co. 
A  Gawad Son's M i l l  

E l  Aman S t .  
Gabbari F l o u r  



TABLE C-1 

(con t ' d) 

NAME 

South A lexandr ia  
M i l l i n g  Co. 
Chaff P ress ing  u n i t  

LOCAT1014 PRODUCT 

E l  T i ga ra  S t .  
M ine t  e l  Bassal F l o u r  

NO. 

South A lexandr ia  
M i l l i n g  Co. 
Ima Macaroni u n i t  

E l  Rasafa S t .  Ex t .  
Moharrem Bey F l o u r  

South A lexandr ia  
M l l l i n g  Co. 
He lakhr ina  u n i t  

Mostafa Kamel. S t .  
Ras e l  Soda F l o u r  

Nor th  A lexandr ia  
M i l l i n g  Co. 
Moharrem Bey u n i t  1 

Mahmoudia Canal S t .  
Moharrem Bey F l o u r  

No r th  A1 exandr ia  
M i l l i n g  Co. 
Moharrem Bey u n i t  2 

Mahmoudia Canal S t .  
Moharrem Bey F l o u r  

Mahmoudia Canal S t .  
Moharrem Bey F l o u r  

Nor th  A lexandr ia  
M i l l i n g  Co. 
Mahmoudia u n i t  

Moh. Abbas e l  Mahdi S t .  
Moharrem Bey F l o u r  

No r th  A1 exandr ia  
M i l l i n g  Co. 
Gha l i  Megale's u n i t  

Mostafa Kamel S t .  
Bacos F l o u r  

No r th  A lexandr ia  
M i l l i n g  Do. 
Sharaf  u n i t  

No r th  A lexandr ia  
M i l l i n g  Co. 
E l  Shenawi u n i t  

Mohsen Pasha S t .  
Moharrem Bey F l o u r  

No r th  A lexandr ia  
M i l l i n g  Co. 
Farhoud u n i t  

Masged e l  Hadari  S t .  
Moharrem Bey F l o u r  

No r th  A1 exandria 
M i l l i n g  Co. 
E l  Ma l l ah  u n i t  

A1 ban S t .  
Karmuz F l o u r  

No r th  A lexandr ia  
M i l l i n g  Co. 
I b rah im  Awed u n i t  

'lahmoudia Canal St .  
Moharrem Bey F l o u r  

No r th  A1 exandr ia  
M i l l i n g  Co. 
Sheta u n i t  

Mahmoudia Canal S t .  
Karmouz F l o u r  



TABLE C - 1  

( c o n t ' d )  

NO. - 
20-11 

NAME - LOCAT I ON PRODUCT 

Nor th  A1 exandria A. Hal im E l  S h e r i f  
M i l l i n g  Co. Ghe i t  e l  Enab F l o u r  
E l  Keek u n i t  

E l  Nasr Cast I r o n  Mahmoudia Canal St .  Cast I r o n  
Co . Moharrem Bey Cast Steel  

A lexandr ia  I c e  & Mahmoudia Canal St.  
R e f r i g e r a t i o n  Co. Hadara I c e  
Mahmoudia u n i t  

A lexandr ia  I c e  & Mahmoudia Canal S t .  
R e f r i g e r a t i o n  Co. Moharrem Bey I ce 
Moharrem Bey u n i t  

A lexandr ia  I c e  & E l  Kawkab St .  
R e f r i g e r a t i o n  Co. Labban I c e  
Labban u n i t  

A lexandr ia  I c e  & Mahmoudia Canal S t .  
R e f r i g e r a t i o n  Co. Karmouz I c e  
Karmouz u n i t  

A lexandr ia  I c e  & Suez Canal St. 
R e f r i g e r a t i o n  Co. Moharrem Bey Cold s torage 
Athenos u n i t  

A lexandr ia  I c e  & E l  Kobri  E l  Kadima S t .  
Ref r i g e r a t i o n  Co. Souk e l  Gomaa Cold s torage 
Souk e l  Gomaa u n i t  

Alexandria Ice & E l  Mex S t .  
R e f r i g e r a t i o n  Co. Mex 
E l  Wardian u n i t  

Cold s torage 

Alexandr ia  I c e  & A l b e r t  I S t .  
R e f r i g e r a t i o n  Co . Nouzha Cold s torage 
E l  Nouzha u n i t  

Egypt ian Co. f o r  Gabbari 
Ba 1  i ng c o t t o n  

B a l i n g  and 
s t o r i n g  co t ton  

West De l ta  N i l e  V i c t o r  Emnanuel St .  Workshop and 
Bus Co. Smouha Garage 

Nat ional  Paper Co. Mahmoudia Canal St .  Wrapping paper 
Moharrem Bey u n i t  Moharrem Bey and Box board 

Nat ional  Paper Co. Tabia Wrapping paper 
Tabia u n i t  Abu K i r  Bay and Box board 



TABLE C - 1  

( con t  ' d )  

NAME LOCATION 

Racta Paper Co. Tabia, Abu K i r  
Bay 

PRODUCT 

W r i t i n g  Paper 
and Box board 

NO. - 
2 6 

A1 exandr ia  Petroleum Dekhei la  S t .  
Co. E l  Mex 

Ref ined Pe t ro -  
l eum produc ts  

E l  Nasr Petroleum Cai ro-A1 ex Deser t  
Co. Highway, Ameria 

Ref ined  Petro-  
leum produc ts  

Labban Power S t a t i o n  Mahmoudia Canal S t .  
and Gas Works Karrnouz 

E l e c t r i c  Power 
& Petroleum Gas 

S i o u f  P o w e r s t a t i o n  E l  Awayed E l e c t r i c  Power 

Moharrem I n d u s t r i a l  Mahmoudia Canal S t .  
Press Nouzha 

P r i n t e d  M a t e r i a l  
packages , gummed 
Pa Per 

Conversion o f  Paper Mahat te t  E l  Souq S t .  
Co. ( ~ e r t a )  

P r i n t e d  paper, 
Paper products  

Egypt ian Co. f o r  Mahmoudia Canal S t .  
R e f r a c t o r i e s  Nouzha 

Ceramic T i  1 es 
E l e c t r i c  I n s u l a t o r s  

Egypt ian P l a s t i c  & I b n  A k i l  S t .  
E l e c t r i c  Co. V i c t o r i a  

P l a s t i c  A r t i c l e s  
Lead Ac id  B a t t e r i e s  

E l  Nasr Co. f o r  M u f a t i s h  S t .  
Glass & C r y s t a l  Hadara 

Glass & F i b e r  
g l ass  

T ranspo r ta t i on  and Number 38 S t .  
Engineering Co. Smo uha 

T i r e s  and I nne r  
tubes 

Alexandr ia  O i l  & Soap Mahmoudia Canal S t .  
Co.. Karmouz u n i t  Karmouz 

Hydrogenated o i l  

A lexandr ia  O i l  & Soap Mahmoudia Canal S t .  
Co., K a f r  e l  Zayat Karmouz 

E d i b l e  o i l s ,  
soaps & de te rgen t  

A lexandr ia  O i l  & Soap Mahmoudia Canal St .  
Co., Ragheb u n i t  Moharrem Bey 

Ex t rac ted  c o t t o n  
see o i l  

A lexandr ia  O i l  & Soap Mahmoudia Canal S t .  
Co., Nouzha u n i t  Nouzha 

Laundry soap, 
t o i l e t  soap and 
g l y c e r i n e  

Egpy t ian  S a l t  & Soda S. Mahmoudia Canal S t .  
Co. , Karmouz u n i t  Ka rmouz 

Cot ton seed o i l  
& laundry  soap 



TABLE C - 1  

( c o n t ' d )  

NO. NAME - LOCATION PRODUCT 

Egyp t ian  S a l t  & S o d a  S. Mahmoudia Canal S t .  Ref ined o i l ,  
Co. , Moharrem Bey Moharrem Bey candles, f 1 oor  
u n i t  po l  i sh 

Ex t rac ted  O i l s  Co. Suez Canal S t .  E d i b l e  o i l s ,  
E l  Haddisa u n i t  Moharrem Bey laundry  soap 

Ex t rac ted  O i l s  Co. Mahmoudia Canal S t .  E d i b l e  o i l s  
O i l  Re f i ne ry  Karmouz 

Ex t rac ted  O i l s  Co. Mahmoudia Canal S t .  Ex t rac ted  o i  1  s  
Hexane Extn.  u n i t  Moharrem Bey 

Ex t rac ted  O i l s  Co. Aman S t .  
T o i l e t  Soap u n i t  Gabbari 

T o i l e t  soap 

E x t r a c t e d  O i  1  s  Co. E l  Salam St .  Laundry soap 
Laundry Soap u n i t  Gabbari 

Ex t rac ted  O i l s  Co. Gabbari Mosque S t .  C a t t l e  f eed  
Animal Feed p l a n t  Gabbari 

Egypt ian S ta rch  & Abu Soliman St .  R ice  s ta rch ,  
Yeast Co. S i o u f  de te rgen t  and 
S iou f  p l a n t  Na2S04 

Egyp t ian  S ta rch  & Suez Canal St .  R ice  s t a r c h  
Yeast Co. Moharrem Bey G l  ucose 
S ta rch  p l a n t  

Egyp t ian  S ta rch  & Mahmoudia Canal S t .  Baker ' s  yeas t  
Yeast Co. Moharrem Bey 
Yeast p l a n t  

E l  Nasr Leather  E l  Mex St. ,  a t  Tanned l e a t h e r  
Tanning Co. E l  Kadi S h e r i f  St .  and shoes 

E l  Nasr Tanning Co. E l  Mex S t .  
Glue Fac to ry  Mex 

P r i v a t e  Tanneries El  Mex S t .  
Mex 

S t a r  Glue Works E l  Mex St .  
Wardian 

Glue 

Tanned 1 ea t h e r  

Glue, animal f a t ,  
bone meal 

General Co. f o r  Cai ro-A1 exandr ia  S laughtered & 
P o u l t r y  Highway processed chickens 



TABLE C - 1  

( con t ' d )  

NAME - LOCATION 

Slaughterhouse E l  Mex S t .  
Mex 

PRODUCT 

Slaughtered 
animals 

NO. - 
45 

Arab Rug Co. Mufa t t i sh  S t .  
Hadara 

Dyed yarn  and 
k n i t t e d  f a b r i c s  

Gama Shops M u f a t t i s h  S t .  
Hadara 

Bleached & dyed 
co t ton  f a b r i c s  

Pyramids Dyeing Co. Mahmoudia Canal S t .  
Moharrem Bey 

Dyed and p r i n t e d  
viscose & co t ton  

A1 exandria Spinning 
& Weaving Co. 
Nouzha u n i t  

Mahmoudia Canal S t .  
Nouzha 

Cotton yarn 

Alexandria Spinning 
& Weaving Co. 
Hadara u n i t  

M u f a t t i s h  S t .  
Hadara 

Dyed thread & 
ready made 
c l o t h i n g  

Alexandria Spinning 
& Weaving Co. 
Bacos u n i t  

Mahatet E l  Souq S t .  
Bacos 

Woven co t ton  
f a b r i c  

E l  Nasr C lo th ing  
Co., Main u n i t  

Mahmoudia Canal S t .  
Ha da r a  

Underwear, k n i t  
c l o t h i n g  & f a b r i c s  

E l  Nasr C lo th ing  
Co., Hosiery u n i t  

M u f a t t i s h  S t .  
Hadara 

Nylon stockings 
& co t ton  socks 

E l  Nasr T e x t i l e  Co. 
ST IA ,  p l a n t  no. 1 

Prince Ibrahim S t .  
Nouzha 

Cotton & viscose 
f a b r i c  

STIA 
P l a n t  No. 2 

Mu fa t t i sh  S t .  
Hadara 

Underwear 

STIA 
P l a n t  No. 3 

M u f a t t i s h  S t .  
Hadara 

T r i c o t  k n i t s ,  
and thread 

ST1 A 
P l a n t  No. 4 

Mahrnoudia Canal S t .  
Ha da ra  

Woolen f a b r i c s  

ST1 A 
P l a n t  No. 5 & 6 

Mahmoudia Canal S t .  
a M u f f a t l s h  S t .  

Wool en b lankets 

ST I A  
P lant  No. 7 

Abu Sol iman S t .  
S iou f  

Woolen b lankets 

Gawad Hosni S t .  
S iou f  

ST I A  
P lan t  No. 8 

Blankets 



TABLE C - 1  

(cont  I d )  

NO. - 
51-8 

NAN E 

ST1 A 
P l a n t  No. 9 

LOCATION PRODUCT 

Zaki Ragab S t .  Wool & wool 
Nou z  ha s y n t h e t i c  f a b r i c s  

E l  S iou f  Spinning 
& Weaving co. 

Mahmoudia Canal S t .  Woven co t ton  
S iou f  f a b r i c  & co t ton  

yarn 

Modern T e x t i l e  Co. 
Bovara un i t 

Suez Canal S t .  Cotton, s y n t h e t i c  
Moharrem Bey & s i l k  f a b r i c s  

Modern T e x t i l e  Co. 
Durra u n i t  

Saraya No. 3 S t .  Cotton, s y t h e t i c  
& s i l k  f a b r i c s  

Modern T e x t i l e  Co. 
Sharawi u n i t  

Mahmoudia Canal S t .  Cotton, s y n t h e t i c  
Moharrem Bey & s i l k  f a b r i c s  

Modern T e x t i l e  Co. 
Cul ve r tex  uni  t 

Moh. Bey e l  Shafee S t .  Bleach,Dyed & 
Bab S idra  p r i n t e d  f a b r i c s  

Nat ional  Spinning 
& Weaving Co. 
Karmouz u n i t  

Mahmoudia Canal S t .  Cotton yarn  
Karmouz 

Nationa 1  Spinning 
& Weaving Co. 
Moharrem Bey u n i t  

S.  Mahmoudia Canal S t .  Woven co t ton  & 
Moharrrem Bey s - i l k  f a b r i c ,  

t e r r y  c l o t h  

Or ien ta l  Linen & 
co t ton  Co. 

Mostafa Kame1 S t .  L inen & co t ton  
Ras e l  Soda f a b r i c  

Arab & Un i ted  
Spinning & Weaving 
C o . ,  unit No. 1 

Gamila Bohraid S t .  Cotton ya rn  
S iou f  

Cotton ya rn  
and f a b r i c  

Arab & Un i ted  
Spinning & Weaving 
Co., u n i t  No. 2 

Gamila Bohraid S t .  
S iouf  

Arab & Un i ted  
Spinning & Weaving 
Co., u n i t  No. 3 

Gamila Eohraid S t .  
S iou f  

Cotton yarn 

Arab & Un i ted  
Spinning & Weaving 
Co., u n i t  No. 4 

Gamila Bohraid S t .  
S iou f  

F in ished co t ton  
f a b r i c  

Arab & Un i ted  
Spinning & Weaving 
Co., u n i t  No. 5  

Abu Sol iman S t .  
S iou f  

Cot ton yarn  



TABLE C - 1  

( c o n t ' d )  

NO. - NAME - 
57-1 AWGA 

Bab Sharky p l a n t  

57-2 AWGA 
S i o u f  p l a n t  

57-3 AWGA 
Mans h i a  p l  a n t  

57-4 AWGA 
Forn e l  Garaya p l a n t  

57-5 AWGA 
Maamoura p l  a n t  

57-6 AWGA 
Maryut p l a n t  

WCATION PRODUCT 

Midan Babour Water 
E l  Mayya 

Mahmudia Canal S t .  Water 
S i o u f  

Gabbari Rapid Rond Water 

Mahmoudia Canal S t .  Water 
Karmouz 

Abu K i r  S t .  
Maamoura 

Water 

Southwest of A lex.  Ma t e r  
i n  d e s e r t  



TABLE C-2 

PRESENT INDUSTRIAL WASTEWATER FLOU RATES 

3 Water Use, m / d  
3 Wastewater Flows, m / d  

3 Wastewater Discharges, m / d  
AWGA P r i v a t e  To ta l  Sani tary  Process Cool ing Tota l  To Sewer To Dra in  To Canal To Sea 

( b )  Inc ludes  100 m3/day o f  groundwater. 



TABLE C-2 

PRESENT INDUSTRIAL WASTEWATER FLOW RATES ( c o n t '  d )  

3 Water Use, m / d  3 \.:astewater Flow5, III /d \Ids tewa t c r  Ui  sctrd rqes ,  1 1 1 4  3 
A W G A ~ ~ ~ V ~  t e  l o  ta  1 Sdn i ta ry  Process ~ o o l i n g  T o t a l  To sewer l o  G a i n  l o  ~B1ra-i To Lea 

( b ) l O O  m3/daY s a n i t a r y  wastes a r e  discharged t o  s e p t i c  t a c k s  



TABLE C - 2  

PRESENT INDUSTRI  l L  WASTEWATER FLOW RA-I E S  ( c o n t  ' d )  

3 3 \.:astewatcr Tlow;, III / c 1  
3 Water Use, III / d  -- \ l a \  t e w , ~  t c r  Ui  ---.- s c l ~ d r y e s ,  n ~ L d -  

AM(; A T  -7- - - I r i v a t e  i o t a 1  h n i  t a F y P r o & s s  c o o l  i rlg Tuta 1 l o  Sewer I o U r ~ i n  l o ~ a r l a - 1  l o 3 e a  



TABLE C-2 

PRESENT INDUSTRIAL IhASTEWATER FLOW RATES (con t ' d) 

3 Water Use, ~n / d  I : ~ S  tewa t e r  - -'-* T I  owr -. I I I ~ ~  \,Ids - - tew,~ - - t c r  - - U . - i - sclld -. -. ryes, n~/d- 3 

A w ~ r i v i ~ i o  t a 1 h n i  t a r y o r o c e s s  ~ o o L  ny To ta 1 To Sewer To Dra in  To <aria7 To Sea 

3 400 m /d i s  sent t o  El Nasr Canned Food Co. 

Discharges t o  Lake Maryut. 
3 Includes 250 m / d  o f  ground water. 
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PRESENT INDUSTRIAL WASTEWATER FLOW RATES ( c o n t  ' d) 

3 Water Use * III / d  3 \.:as tewa t e r  f 1 ows , III /d 3 
p- 

tewd t c r  D i  sclldryes, rn / d  
Flo . ~ ~ ~ A - r i v a  te To ta  1 Ldni t a r y  Process LO* ng To ta  1 To Sewer To D r a i n  To Cbrlbl To Sea 

'f '10  m3/day d i  scharged t o  s e p t i c  tanks and d i y  we1 1 .  



TABLE C-2 

PRESENT INDUSTRIAL WASTEWATER FLOW RATES (cont ' d)  

No. 

3 \*,'as tcwa t c r  f 1 ows, III 3 /tl ~ I J  s tewd tc r U i s c l ~ d  ryes ,. n / d  3 Water Use ,  rn / d  --- - 
A W G A ~ ~ ~ V ~  te  To ta 1 h n i  ta-roc css  ~ o f i  n y  To ta 1 To Sewer To Urairi l o  catla? To Sea 



TABLE C-2 

PRESENT INDUSTRIAL  WASTEWATER FLOW RATES ( c o n t  ' d )  

3 Water Use, si / d  \:as t e ~ a  tcl- I I ow. 1,l3/d 
3 

-- \ /as tewa t c r  U i  scttdt-yes, n i L d  -- - - - - - . . - - - - - - . 
NO. ~ w ~ ~ i f i i b t e i o  ta I :an i ta  ry 7rfirc'SS -i hiij- To ta  1 TO Sewcr ~ o  b r a i n  To CbrlBl -To ~ c a  

3 (g) lncludes 450 rn /d  o f  water  t reatment  wastewater.  



TABLE C-3 

INDUSTRIAL WASTEWATER CHARACTERISTICS 

Vola- Sus- S e t t l e -  Phos- Oi 1 
Total t i l e  pended a b l e  5-day phate  and Mi s c e l  laneous  
So l ids  Sol i d s  'k1 i d s  Sol i d s  ZOOBOD COD Po4 TKN Grease C o n s t i t u e n t s  

No. ( a )  pH ng/1 ~ 1 1  Q/ 1 mill "911 "XI/ 1 nlg/ 1 "91 1 "91 1 mg/ 1 

( a )  Sample 



TABLE C-3 

INDUSTRIAL WASTEWATER CHARACTERISTICS 

(con t  I d )  

Vola- Sus- Se t t le -  Phos- o i  1 
Tota l  t i l e  pended able 5 %day phate and M i  sce l  1 aneous 
Sol ids Sol ids Sol i ds  Sol ids 20 BOD COD Po4 T KN ~ r e a s e  Cons ti tuents 

No. ( a )  p~ mg/l mg/l mg/l m l / l  m!3/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ 1 

14-1 a 4.6 

b 6.9 

c 6.95 

15 a 5.2 

b 10.4 
0 
I c 5.8 

16 a 6.7 

b 7.3 

18 a 4.9 

b 3.9 

c 5.1 

21 a 7.65 

2 5 - l a  7.4 

26 a 8.5 

b 10 

27 a 7 

28 a 8.05 

b 7.8 

( a )  Sample 

- 
Cu = 1.7 
- 
- 
Fe = 0.26, Cu = 0.96 

Fe = 1.48, Cu = 0.52 
- 
- 
- 
- 
- 
- 
- 
Fe = 3,86, C r  = 0.13, Mn = 0.43 
- 
- 
Phenol = 0.0 

Phenol = .06 



TABLE C-3 

INDUSTRIAL WASTEWATER CHARACTERISTICS 

( c o n t ' d )  

Vola- Sus- Se t t l e -  Phos- O i  1 
T ~ t a l  t i l e  pended able 5 ;day phate and Miscel laneous 
Sol i d s  Sol i d s  Sol i d s  Sol i d s  20 BOD COD Po4 TKN Grease Cons t i tuen ts  

 NO.(^) p~ mg/l mg/l "Jg/l m l / l  "g/ 1 nlg/ 1 mg/ 1 mg/l mg/ 1 mg/ 1 

c 7.9 7 9 0 9  2 3 2 2  121 0.7 3 1 - 0.76 1.72 5 0 Phenol = -05 

31 a 3.0 1 5 4 7  727 124 0.4 600 821 60.5 50.5 - C r  = 28, Zn = 1.45, Fe = 3.8 

32 a 7.45 1 010 636 - 9.1  320 1 140 - 6.0 4 0 Fe = 0.96, Cu = 0.53 



TABLE C-3 

INDUSTRIAL WASTEWATER CHARACTERISTICS 

(con t  'd)  

Vola- Sus- S e t t l e -  P hos- 0 il 
To ta l  t i l e   ended ab le  5 %d ay pha t e  and Miscel  laneous 
s o l  i d s  So l i ds  Sol  i d s  S o l i d s  20 BOD COD Po4 TKN Grease Const i tuents  

NO. pH mg/l mg/l mg/ 1 m l / l  mg/ 1 mg/ l  m3/ 1 mg/ 1 ~ng/ 1 mg/ l  

Sample 



I N D U S T R I A L  WASTEWATER C H A R A C T E R I S T I C S  

(cont'd)  

Vola- Sus- Set t le -  Pho s - 0 i l  
~ o t a 1  t i l e  pended able 5-day pha t e  a rid Miscellaneous 
Solids Solids Solids Sol ids 20~800  COD 1'04 T KN Grease Constituents 

ti0 . pll *J; I w / l  mg/l 111111 w l l  mgll mgll ~ ~ 3 1 1  mg/l mg/ 1 

40 - l a  7 . 0  4 9 3 5  2 1 9 0  862 40 970 2 550 12.5 15.8  - Fe = 1 .54 ,  F = 3.95 



TABLE C-3 

INUIJJ ,..,iL WASTLWATFR CtiAKACTERISl ICS 

( c o n t ' d )  

Vola- Sus- S e t t l e -  Ptlos- oi 1  
Tota l  t i l e  pended a b l e  5 -day pha t e  and Misce l laneous 
So l i ds  So l i ds  So l ids  S o l i d s  Z O ~ B O D  COD Po4 T KN Grease C o n s t i t u e n t s  

~ I O  . ( 1  ptf m11 QIl "Ql 1  mi 1 i ?I/ 1  51 1 '"31 1 n g l  1 W l  1  "!Ill 

- 
Fe = 3.9, C r  = 79, Zn = 1.75 

S u l f i d e  = 164 

Fe = 0.5 

Fe = 0.35 

Fe = 5.0, Zn = 0.37, Pb = 0.44 
- 
- 
- 
- 
C r  = 2.8, Fe = 0.54 
- 



TABLE C-3 

INDUSTRIAL WASTEWATER CHARACTERISTICS 

( c o n t ' d )  

Vola- Sus- s t ~ ~ 1 ~ -  Phos- O i  1  
T o t a l  t i l e  pended a b l e  5 -day  pha t e  and M i s c e l l a n e o u s  
s o l i d s  s o l i d s  S o l i d s  S o l i d s  Z O ~ U O D  COD P04 TKN Grease C o n s t i t u e n t s  

No. ( a )  pH mg/1 mg/ 1  El/ 1  m l / l  '!I/ 1  ml/ 1  mg/ 1  "w 1  mg/ 1  "w 1  



Table C-3 Notes 

Companv 
Number 

6 a 

Sample 
Source 

1 

Sampl e 
Type 
grab 

grab 

grab 

comp . 
comp. 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

comp 

grab 

grab 

Sample Locat ion  

Neu t ra l i zed  Pick1 i n g  
Wastes 

F ina l  E f f l u e n t  

F ina l  E f f l u e n t  

F i n a l  E f f l u e n t  

F i n a l  E f f luen t  

F ina l  E f f l u e n t  

F ina l  E f f l u e n t  

F i n a l  E f f l u e n t  

F ina l  E f f l u e n t  

Discharge Pump 

Discharge Pump 1 

Discharge Pump 2 

Discharge Pump 3 

Discharge Pump 4 

E f f l u e n t  i n  Sewer 

F ina l  E f f l u e n t  

F i n a l  E f f l u e n t  

F ina l  E f f l u e n t  

F i n a l  E f f l u e n t  

F i n a l  E f f l u e n t  

Fina l  E f f l u e n t  

F i n a l  E f f l u e n t  

F i n a l  E f f l u e n t  

F i n a l  E f f l u e n t  

E f f l u e n t  Discharge 1 

E f f l u e n t  Discharge 2 

E f f  1 uent Discharge 1 

E f f l u e n t  Discharge 2 

E f f l u e n t  Discharge 3 

F ina l  E f f l u e n t  

F ina l  E f f l u e n t  

F i n a l  E f  f 1 uen t 

F ina l  E f f l u e n t  

Discharge P o i n t  

Sewer 

Sewer 

Sewer 

Sewer 

Sewer 

Dra in  

Dra in  

Sewer 

Sewer 

Sea 

Sea 

Sea 

Sea 

Sea 

Sewer 

D ra in  

Dra in  

Sewer 

Dra in 

Dra in  

Drain 

Sewer 

Sewer 

Sewer 

Dra in  

Dra in  

Dra in 

Dra in  

Dra in  

Sewer 

Sewer 

Dra in  

Dra in  



Company 
Number 

Sample 
Source 

1 

i 
1 
1  

1  

Sample 
J Y I L -  
grab 

Sample Locat ion  

O i l  Sep. E f f l u e n t  

I n f l u e n t ,  Combined 

E f f l u e n t ,  Combined 

EfTluent,  Combined 

Zinc P l a t e  Rinse 

F ina l  E f f l u e n t  

F ina l  E f f l u e n t  

F ina l  E f f l u e n t  

Ba t te ry  Dept. Dra in 

P.V.C. Coat ing Dept. 

F ina l  E f f l u e n t  

F ina l  E f f l u e n t  

F ina l  E f f l  uent 

F ina l  E f f l u e n t  

Discharge P o i n t  

Dra in  (sea) 

grab 

grab Dra in  ( lake)  

Drain ( l ake )  

Dra in  

grab 

grab 

grab Sewer 

Sewer 

Drain 

Sewer 

gra b  

grab 

grab 

Sewer 

Sewer 

Sewer 

Sewer 

Sewer 

grab 

grab 

grab 

comp . 
grab Pump Discharge 1  Sewer 

Pump Discharge 2 Sewer 

E f f l u e n t  Manhole Sewer 

E f f l u e n t  O u t f a l l  Cana 1  

E f f l eun t  Manhole Sewer 

E f f l u e n t  O u t f a l l  Canal 

O u t f a l l  Spr ing Canal 

grab 

grab 

grab 

grab 

grab 

mean 
grab 

O u t f a l l  Sumner Cana 1  mean 
grab 

O u t f a l l  Autumn Canal mean 
grab 

O u t f a l l  Winter Canal mean 
grab 

O u t f a l l  1, Spr ing Canal mean 
grab 

O u t f a l l  1, Sumner Canal mean 
grab 

O u t f a l l  1, Autumn Canal mean 
grab 

O u f a l l  1, Winter Canal mean 
grab 

O u t f a l l  2, Spriug Cana 1  mean 
grab 

O u t f a l l  2, Sumner Cana 1  mean 
grab 



Company 
Number 

Sample 
Source 

9 

Sample 
Type 
mean 
grab 

Sample Locat ion 

O u t f a l l  2, Autumn 

Discharge Po in t  

Canal 

O u t f a l l  2, Winter Canal mean 
grab 

grab F ina l  E f f l u e n t  

F ina l  E f f l  uent 

F ina l  E f f l  uent 

Soap P lant  E f f .  

Soap P lant  E f f .  

F ina l  E f f l u e n t  

F ina l  E f f l u e n t  

F ina l  E f f l u e n t  

F ina l  E f f l u e n t  

F ina l  E f f l u e n t  

F ina l  E f f l u e n t  

F ina l  E f f l u e n t  

F ina l  E f f l u e n t  

F ina l  E f l ' l  uent 

F ina l  E f f l  uent 

F  nal E f f l u e n t  

F ina l  E f f l u e n t  

F ina l  E f f l u e n t  

F ina l  E f f l u e n t  

F ina l  E f f l  uent 

F ina l  E f f  1  uent 

Ou t f a l  1  , Spring 

Sewer 

Sewer 

Sewer 

Sewer 

Sewer 

Sewer 

Sewer 

Sewer 

Sewer 

Sewer 

Sewer 

Sewer 

Sewer 

Sewer 

Sewer 

Sewer 

Sewer 

Sewer 

Sewer 

Sewer 

Sewer 

Canal 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

comp. 

comp. 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

mean 
grab 

Ou t fa l l ;  Sumner Canal mean 
grab 

O u t f a l l ,  Autumn Canal mean 
grab 

O u t f a l l ,  Winter Canal mean 
grab 

grab F ina l  E f f l u e n t  

F ina l  E f f l u e n t  

F ina l  E f f l u e n t  

Sewer 

Sewer 

Drain 

grab 

mean 
grab 

F i n a l  E f f l  uent Drai  n  mean 
comp. 



Company 
Number 

45 a  

Sample 
Source 

1 

2 

1 
1 

1 

1 

2 

1 
2 

3 

3 

3 

3 

1 

1 
1 

1 

3 

3 

3 

3 

Sarnpl e  
Type 
grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

comp. 

comp. 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

grab 

Sample Locat ion  Discharge P o i n t  

F i n a l  E f f l u e n t  Sewer 

F ina l  E f f l u e n t  Sewer 

F i n a l  E f f l u e n t  Sewer 

Conc. Dyeing Wastes Sewer 

Conc. B l  eachi ng Wastes Sewer 

F ina l  E f f l u e n t  Sewer 

F i  na l  E f f l u e n t  Sewer 

F ina l  E f f l u e n t  Sewer 

F i n a l  E f f l u e n t  Sewer 

F i n a l  E f f l u e n t  D ra in  

F i n a l  E f f l  uent D ra in  

F i n a l  E f f l u e n t  D ra in  

F ina l  E f f l u e n t  Dra i  n  

Bleaching Room E f f .  Sewer 

Dyei ng Room Eff .  Sewer 

F i n a l  E f f l u e n t  Sewer 

F i n a l  E f f  1  uent Sewer 

F i n a l  E f f l u e n t  Sewer 

F ina l  E f f l  ueht Sewer 

F i n a l  E f f l u e n t  D ra in  

F i n a l  E f f l  ueht Dra in  



Reference L i s t  For Table C-3 Notes 

Sample c o l l e c t e d  f o r  t h i s  study, A n a l y t i c a l  Work by Prof .  Fahmy M. E l  
Sharkawi , High I n s t i t u t e  o f  Publ i c  Heal tti, Alexandr ia  Un ive rs i t y .  

Sample c o l l e c t e d  f o r  t h i s  study, A n a l y t i c a l  Work by D r .  Dimian Gad P l a n t  
Chemist, East  Wastewater Treatment Plant ,  Alexandria.  

Results from Thesis work by Nar i  urn ~ o u s t i f a  Sohai 1  "Charac te r i s t i cs  
o f  Wastewater o f  Some p lan ts  i n  the  S i o u f  Region", For Prof .  Fahmy 
M, E l  Sharkawi , High I n s t i t u t e  o f  Publ i c  Health,  A lexandr ia  Un ive rs i t y ,  

Resul ts  from "Report on I n d u s t r i a l  Wastes i n  Moharrem Bey, 1969: Prof. 
Fahmy M. E l  Sharkawi, High I n s t i t u t e  o f  P u b l i c  Health,  A lexandr ia  
U n i v e r s i t y .  

Results from "Report on I n d u s t r i a l  Wastes i n  Moharrem Bey, 1973," 
Prof .  Fahmy M. E l  Sharkawi, High I n s t i t u t e  o f  Pub l i c  Health,  A lexandr ia  
Un ive rs i t y .  

Resul t s  from "Report on I n d u s t r i a l  Wastes i n  Moharrem Bey, 1976. " 
Prof,  Fahmy M. E l  Sharkarri, High I n s t i t u t e  o f  Pub l i c  Health,  A lexandr ia  
Un ive rs i t y .  

Resul ts  from Report  "Water use i n  P o u l t r y  Processing", EPA Pro jec t ,  
1977. Prof .  Fahmy M. E l  Sharkawi, High I n s t i t u t e  of Pub l i c  Health,  
A lexandr ia  Un ive rs i t y .  

From "Report on P o l l u t i o n  From t h e  Paper Indus t ry , "  by D r .  Fahmv M. 
E l  Sharkawi, High I n s t i t u t e  o f  Pub l i c  Health,  A lexandr ia  U n i v e r s i t y .  
January, 1976. 

From Ph.D. Thesis by Mekkawy Mohamed Akel "The E f f e c t  o f  t he  D i f f e ren t  
Sources o f  P o l l u t i o n  on t h e  Water Q u a l i t y  C h a r a c t e r i s t i c s  of t he  Mahmoudia 
Canal i n  Alexandr ia  D i s t r i c t  and i t s  Pub l i c  Hea l th  Aspects". For t he  
High I n s t i t u t e  o f  Publ i c  Health, Environmental Hea l th  Department, 
U n i v e r s i t y  of Alexandria,  October 1975. 



TABLE C-4 

INDUSTRIAL POLLUTANT LOADS 

Vola- Sus- Se t t le -  Phos- O i  1 
Tota l  t i l e  pended able phate and Miscellaneous 
So l ids  Sol ids Sol ids S l i d s  BOD COD Po4 TKN Grease Const i tuents  

NO. kg/d kg/ d kg/d m /d  kg18 kg/d kg/d kg/d kg/d kg/d 

11 280 85.4 84.5 0.22 72.6 86.2 4 8.5 - Su l f ide  = 1.2, F = 0.33, Zn = 0.5 

- 12 7 920 - 5 750 - 9 3 000 6 000 - - - S u l f i d e  = 1.5 

(')NO in format ion.  



TABLE C-4 

INDUSTRIAL POLLUTANT LOADS 
(Cont ' d) 

Vola- Sus- Se t t l  e- Phos- O i l  
Tota l  ti 1 e pended able phate and Miscellaneous 
Sol ids  Solids Solids Solids BOD5 COD POA TKN Grease Constituents 

No. kg/d kg I d  kgld m3/d kg/ d kgld kgld kgld kgld kg ld  



TABLE C-4 

INDUSTRIAL POLLUTANT LOADS 
(Cont' d) 

Vola- Sus- Set t le -  Phos- O i  1 
Tota l  t i l e  pended ab le  phate and 
Sol ids Solids Solids Solids BOD5 COD TKN Grease Miscellaneous 

No. kg/d kg/ d kg/d m3/d kg/ d kg/ d d kg/d kg/d Consti tuents 
kg/d 



TABLE C-4 

INDUSTRIAL POLLUTANT LOADS 
(Con t ' d) 

Vola- Sus- Sett le-  Phos- O i  1 
Total  t i l e  pended able pha t e  and M i  scel laneous 
Sol i d s  Sol i d s  Sol ids Sol ids BOD COD Po4 TKN Grease Consti tuents 

No. kg/d kg/d kg/d m3/d kg/8 kg/d kg/d kg/d kg/d kg/d 

- 
Fe=160, Zn=8, Cu=0.4, Mn=16, Cr=5.2 

Phenol = 8.35 



TABLE C-4 

INDUSTRIAL POLLUTANT LOADS 
(Con t ' d )  

Vola- Sus- S e t t l e -  Phos- O i  1 
Tota l  t i l e  pended able phate and M i  s c e l l  aneous 
S o l i d s  Sol ids So l ids  S l i d s  BOD COD TKN Grease Cons ti tuents 

No. kg/d kg/ d kg/d !I /d  kg12 kg/d ::4d kg/d kg/d kg/d 

- 
C r  = 0.16, Fe = 0.02, Zn = 0.01 

Fe = 0.4, Cu = 1.2 

Su l f i des  = 1.2 

Cu = 1.8, Pb = 2.1 



TABLE C-4 

INDUSTRIAL POLLUTANT LOADS 
(Cont ' d) 

Vola- Sus- Set t le -  Phos- O i l  
Total  t i l e  pended ab le  pha t e  and Miscellaneous 
Sol ids  Sol ids Solids S l i d s  BOD COD POA TKN Grease Cons ti tuents 

No. kg/d kg/d kgld m I d  kg12 kg/d kg/d kg/d kg/d kg/ d 



TABLE C-4 

INDUSTRIAL POLLUTANT LOADS 
(Cont '  d)  

Vola- Sus- S e t t l e -  Phos- O i  1 
T o t a l  t i l e  pended a b l e  pha te  and 
Sol i d s  S o l i d s  Sol  i d s  Sol i d s  BOD5 COD Po4 TKN Grease 

No. kg/d kg/d kg/d m3/d kg/d kg/d kg/d kg/d kg/d 

M i  s e l l  aneous 
Cons t i tuen ts  

kg/d 



TABLE C-4 

INDUSTRIAL POLLUTANT LOADS 
(Cont '  d )  

Vola- Sus- S e t t l e -  Phos- O i  1 
To t a  1 t i l e  pended a b l e  pha t e  and Miscel laneous 
Sol i d s  So l ids  S o l i d s  Sol ids  BOD5 COD Po 4 TKN Grease Const i tuents  

No. kg/d kg/d kg/d m3/ d kg/d kg/d kg/d kg/d kg/d kg/d 



TABLE C-5 

SUMMARY OF INDUSTRIAL WATER USE AND WASTEWATER PRODUCTION - 1977 

I s ( a )  T I ( b )  c F ( ~ )  NF(d) wT(e)  T C ( f )  
Survey Tota l  Cool i n q  Net AWA WW - - 

Water Use, ml/d 

AWGA 88.9 97 - 97 - - 
P r i v a t e  612.6 684 5 72 - 11 2 - - - - 

TClTAL 701.5 781 572 209 - - 
Waste Discharge, ml /d 

Sani t a r y  5.9 8 - 8 - 8 

Process 251.0 2 75 - 275 68 207 

Cool i ng 538.1 - 587 570 17 - 6 11 

TOTAL 795.0 870 570 300 74 226 

To: 

Sewers 

Drains 

Canal s 340.5 377 307 70 56 14 

Sea 91.4 - 95 - 6 0 3 5 - - 3 5 - 
TOTAL 795.0 870 570 300 74 226 

( a ) ~ o t z l  f l o w  a t  i n d u s t r i e s  surveyed. 

( b ) ~ s t i m a t e d  t o t a l  f l o w  f o r  a1 1 i n d u s t r i e s  i n  A1 exandria.  

( ' )p r inc ipa l  f lows o f  c o o l i n g  water. 

( d ) ~ e t  f l o w  = t o t a l  f l o w  l e s s  c o o l i n g  water. 

( e ) ~ a t e r  t reatment  p l a n t  back f lows and non-contaminated cool i n g  waters 
n o t  considered under p r i n c i p a l  coo lan t  f l o w  ( i t e m  c) .  

( f )~on ta rn ina ted  i n d u s t r i a l  wastewaters = n e t  f l o w  ( i  tern d)  l e s s  backflows, 
non-contaminated cool an t  water ( i  tern e )  . 



TABLE C-6 

1 977 WASTEUATEI: FLOWS BY INDUSTRIAL GROUP - -. ---- 

Water Use, m3/day 
Number - Name - AWGA P r i v a t e  t o t a l  

Beverages 2 476 2 476 

Metal Works 12 400 12 400 

Chemicals 17 775 18 000 35 775 

E l e c t r o n i c s  540 540 

Food 4 853 2 223 7 076 

Mi sce l  laneous 3 073 3 073 

Paper 1 370 45 350 46 720 

Petroleum 2 665 228 000 230 665 

Power 1 307 273 920 275 227 

P r i n t i n g  1 110 1 110 

P l a s t i c ,  G & R(') 3 551 1 700 5 251 

O i l  & Soap 7 590 32 530 40 120 

Starch & Yeast 5 316 4 800 10 632 

Tanneries & Glue 1 1 8 0  17 1 197 

S laugh te r i ng  6 82 682 

T e x t i  1 es 22 983 6 040 29 023 

Water Treatment 

TOTAL 88 871 612 580 701 580 

3 
( a ) ~ x c l u d e s  97. /day t o  s e p t i c  tanks 

San i ta ry  
Wa tewater  F l  a s ,  .m3/day 

Process Cool i ng To ta l  

3 Wastewater Discharges, m /day 
To .Sewer . To D r a i n  To Canal To Sea - - 

(b) 1ncl  udes 1000 m3/day groundwater 

 lass and Rubber 

3 ( d ) ~ n c l u d e s  250 m /day groundwater 



TABLE C-7 

PRESENT FLOWS AND LOADS BY INDUSTRIAL GROUP 

Percent  
Flow o f  To ta l  BOD5 COD 

I n d u s t r y  m3/ day F l  ow Kg/day mg/l Kglday mg/l 

Beverage 2 170 

Metal  Works 9 240 

Chemical s 35 300 

E lec .  & A l e c t r o n i c  440 

Food 6 480 

M i  sce l  1 aneous 1 800 

Paper 86 400 

O i l  R e f i n i n g  225 600 

E lec .  Power 275 200 

P r i n t i n g  1 090 

P l a s t i c ,  Glass 5 130 
& Rubber( 

O i l  & Soap 39 180 

S ta r ch  & Yeast 10 090 

Tanner ies 1 200 

S laugh te r i ng  680 

T e x t i  l e s  27 400 

Water Treatment 67 700 

TOTAL 795 000 

Average TOTAL 



TABLE C-8 

NET INDUSTRIAL FLOWS AND POLLUTIONAL L O A K  
(Less Large Scale  Coo l i ng  Water) 

Percent  
51 ow o f  To ta l  BOD3 COD 

I n d u s t r y  rn /day Flow K g / d a ~  mg/l Kg/day mg/l 

Beverages 2 170 0.70 

Metal  Works 9  240 2.97 

Cherni c a l  s  35 300 11.35 

Elec.  & E l e c t r o n i c  440. 0.14 

Food 6 480 2.08 

Misce l laneous 1 600 0.51 

Paper 86 400 27.79 

O i l  Re f in ing  11 600 3.73 

E lec .  Power 5  225 1.68 

P r i n t i n g  1  090 0.35 

P l a s t i c ,  Glass 5  130 1.65 
& Rubber 

O i l  & Soap 39 180 12.60 

S ta rch  & Yeast 10 090 3.24 

Tanner ies 1  200 0.59 

S laugh te r i ng  680 0.22 

T e x t i  1  es 27 400 8.81 

Water Treatrnen t 67 700 21.77 

TOTAL 3 1 0 0 0 0  100.00 

Average TOTAL 



TABLE C-9 

TOTAL INDUSTRIAL DISCHARGES BY DISTRICT 

51 OW BOD BOD COD COD 
D i s t r i c t  m /day k g / d a ~  mg/ 1 Kglday mg/ l  

Me x 

Gabbari 

Karmouz 

Ghe i t  E l  Enab 

Moharram Bey 

I n d u s t r i e s  Pump Sta.  

Hada r a  

Snouha D r a i n  

East  W.W.T.P. 

Horreya New Col 1 e c t o r  

Salah E l  D i n  

Bab E l  Akhdar 

S p o r t i n g  Pum Sta. 

TOTAL t o  Sewer 

Ameri a 167 600 1 500 3 000 

Nouzha 1 539 272 61 7 

S i o u f  6 515 3 166 5 284 

Abu K i r  84 000 53 775 110 562 

Kalaa D r a i n  12 962 2 821 4 371 

Ras E l  Soda 6 752 4 827 6 860 

TOTAL t o  D r a i n  279 368 66 261 237.5 1 3 0 6 9 4  468 

Karmouz(to Canal ) 131 050 8 255 10 935 

t4ahmoudia Canal 207 000 10 780 16 650 

Noubar ia Canal 2 400 480 720 

TOTAL t o  Canal 340 450 19 551 59 28 305 85 

Dekhei l a  92 950 4 155 12 160 

TOTAL t o  Sea 92 950 4 155 44.7 12 160 131 

Grand TOTAL 795 000 146 387 184 289 266 364 



TABLE C-10 

NET INDUSTRIAL DISCHARGES BY DISTRICT 
(Less Large Scale Coo l ing)  

D i s t r i c t  

Mex 

Gabbari 

Karmouz 

Ghe i t  E l  Enab 

Moharra~n Bey 

I n d u s t r i e s  Pump Sta. 

Hadara 

Smouha D ra in  

East  W.W.T.P. 

Horreya New C o l l e c t o r  

Salah E l  D in  

Bab E l  Akhdar 

Spo r t i ng  Pump Sta. 

TOTAL t o  Sewer 

BOD 
Kg/day 

BOD 
mg/ 1 

COD 
Kg/day 

COD 
mg/ 1 

Ameri a 11 600 1 500 3 000 

Nouzha 1 539 272 617 

S i  o u f  6 515 3 166 5 284 

Abu K i r  84 000 53 775 110 562 

Kalaa Dra in  12 962 2 821 4 371 

Ras E l  Soda 6 752 4 827 6 860 -- 
TOTAL t o  D ra in  123 370 66 361 538 130 694 1 059 

Karmouz ( t o  canal ) 11 050 8 255 10 935 

Mahmoudia Canal 57 000 10 780 16 650 

Noubaria Canal 2 400 480 720 

TOTAL t o  Canal 70 450 19 550 227.5 28 305 402 

Dekhei la 34 950 4 155 119 12 160 3 48 

TOTAL t o  Sea 34 950 4 155 11 9 12 160 348 

Grand TOTAL 3 1 0 0 0 0  1 4 6 3 8 7  472 289 266 933 



TABLE C-11 

SUMMARY OF PROJECTED INDUSTRIAL WATER AND WASTEWATER FLOWS 

I n d u s t r i e s  
T o t a l  

1977 1902 2090 --- 
Water Use ,Ml /day 

AWGA 97 170 310 

P r i  va te  684 945 1800 - -- -- 
TOTAL 781 1082 2110 

Wastewater, M l  /day 

S a n i t a r y  8 10 27 

Process 275 455 535 

Cool i ng 587 749 1405 --- 
TOTAL 870 1214 1967 

Coo l ing  Waters & 
W.T. ~ a c k f l o w ( a )  
1977 1982 2000 --- 

Contaminated 
Wastewater 

1977 1982 2000 --- 

To : 

Sewer 92 130 - 3 6 - 89 124 - 
Dra in  306 539 - 218 358 - 88 181 - 
Cana 1 377 411 - 363 403 - 14 8 - 
Sea 95 134 - --- 60 66 - - -- - 35 68 - --- 

TOTAL 870 1214 1967 644 833 1320 226 381 647 

( a ) ~ o o l i n g  waters and water  t rea tment  p l a n t  washwater ( f i l t e r  backf lows)  



TABLE C-12 

SUMMARY OF CONTAMINATED INDUSTRIAL WASTE DISCHARGES BY DISTRICT 

D i s t r i c t  

Dekhei l a  

Me x 

197 Flow 3 m /day 

Gabbari 990 

Karmouz & Ghe i t  E l  Enab 7 600 
(Mahmoudia West & Ghe i t  E l  Enab) 

Moharram Bey(Mahmoudia East )  500 

I n d u s t r i a l  Pump S t a t i o n  32 000 

Hadara 

Nouzha 

Saouha & Hagar E l  Nawatia 12 000 

Bacos, S i o u f  & V i c t o r i a  14 000 

Abi s 3 000 

Ras E l  Soda 

Mamoura & Sadat City 

Abu K i r  Bay 84 000 

Downtown & Western Harbor 600 

I b rah im ia  1 000 

Ameri a 

TOTAL 

19 2 Flow 9 m /day 
20 0 Flow 9 m /day 

Note: Contaminated wastewater does n o t  i n c l u d e  l a r g e  c o o l i n g  water  
o r  water  t rea tment  wastes. 



TABLE C-13 

PROJECTED INDUSTRIAL POLLUTION LOADS 

51 ow BOD BOD 
Descr ip t ion  m /day mg/l K g l d a ~  

Flow t o  Sewer 81 000 700 56 700 

Net D i  scharge 310 000 475 147 250 

Contaminated Discharge 226 000 640 145 000 

1982 

Flow t o  Sewer 130 000 700 91 000 

Net Discharge 503 000 500 251 500 

Contaminated D i  scharge 381 000 650 248 000 

T r i b u t a r y  t o  E x i s t i n g  
Sewer System(1977) 220 000 700 154 000 

Contaminated D i  sc harge 647 000 700 453 000 

COD 
mg/ 1 

COD 
Kg/day 



















APPENDIX D 

WASTEWATER QUANTITY AND QUALITY 

Appendix D covers present  and es t imated  
f u t u r e  wastewater f lows and loads f o r  
var ious p o r t i o n s  o f  t h e  study a r e a .  
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TABLE D-1 

East STP 

h u h a  

Ind. P.S. 

Gheit e l  Enab 

Gabbary 

Kai t  Bey 

East STP 

Srnouha 

Ind. P.S. 

Gheit e l  Enab 

Oabbary 

Kai t Bey 

Date 1000 - - 

6 June 380 

6 June 570 

13 June 450 

3 J u l y  580 

20 June 180 

20 June 760 

2 300 .- 

7 June - 
7 June 530 

11 June 450 

4 July 610 

21 June 140 

21 June 630 

-AM- 
1030 1100 - - 
330 230 

660 590 

- 450 

610 610 

210 210 

1370 1290 

(Mid- 
n igh t )  

2330 2400 - - 

- 250 

550 540 

450 - 
610 610 

140 130 

770 770 

SUMMARY OF GAUGED WASTEWATER FLOWS. L i t res/sec)  

(Noon) -pH- 
1200 1230 1300 1330 1400 1430 1500 1530 1600 - - - - -  - - - -  

24-hour Pveraqe 

3 30 

570 

450 

540 

150 

11 70 

TOTAL 3210 

la'8ased on hourse when f low 
passing gauge. 



TABLE 0-2 

SUMMARY OF SAMPLED WASTEWATERS 

Tota l  V o l a t i l e  
V o l a t i l e  Suspender; Suspended Ammonia 

Sol i d s  Sol ids Sol i d s  (as N l  
A l k a l i n i t y  'a) Tota l  

CaCo7 Sol i d s  
A1 bumi no id  O i l  & 

N i t rogen Chloride <Phosphate Grease 
Sample 

No. COD 

East P lan t  1 

7 June 1977 2 
3 
4 

Average 

Smouha Dra in  1 

7 June 1977 2 
3 
4 

Average 

1 
2 
3 
4 

Average 

1 
2 
3 
4 
5 

Average 

1 
2 
3 
4 

Average 

1 
2 
3 
4 

Average 

Indust ry  P.S. 

12 June 1977 

Gheit e l  Enab 

4 J u l y  1977 

12 June 1977 

Gabbary Dra in  

20 June 1977 

K a i t  Bey 
20 June 1977 

( a ) ~ l  i values i n  mg/l except f o r  pH 



TABLE D-3 

PROJECTED WASTEWATER FLOWS BY SEWER AREA - 1980 

Sewered Area 

East Zone 
West Zone 
Central Zone 

Unsewered Area 

Nouzha 
Ras 1 Soda 
Siouf  Kebl i a  
Sadat C i t y  
Abu K i r  

0 
Mex-Dekhei 1 a 

I 
W 

Art= r i a 

To Be Sewered 

To Remain Unsewered 

Alexandria - TOTAL 

Areal Total Domestic I n d u s t r i a l  ( a )  
Extent POP. Rate Average Peak Average Peak 

ha thousand l / c / d  MLlday ML/day ML/day ML/day 

I n f i l -  
t r a t i o n  
Muday  

To ta l  Flow 
Average Peak 
ML/day ML/day 

( a ) ~ n d u s t r i a l  f low, includes water treatment p l a n t  f i l t e r  backwash f lows. 



Sewered Area 

East  Zone 
West Zone 
C e n t r a l  Zone 

Unsewered Area 

Nouzha 
Ras e l  Soda 
S i o u f  Kebl i a  
Sadat City 

u 
Abu K i r  

I 
P 

Dekhei l a  
Ameria 

To Be Sewered 

To Remain Unsewered 

A l e x a n d r i a  - TOTAL 

TABLE D-4 

PROJECTED WASTEWATER FLOWS BY SEWER AREA - 1990 

Area l  To ta l  Domes t i c  I n d u s t r i  a1 (a )  
E x t e n t  Rate Average Peak Average Peak 

ha thousand l / c / d  M u d a y  ML/day -- M u d a y  M u d a y  

( a ) ~ n d u s t r i a l  f l o w  i n c l u d e s  wa te r  t rea tment  p l a n t  f i  1 t e r  backwash f lows.  

I n f i  1- 
t r a t i o n  
M u d a y  

T o t a l  Flow 
Average Peak 
M u d a y  M u d a y  



TABLE D-5 

PROJECTED WASTEWATER FLOWS BY SEWER AREA - 2000 

Areal Tota l  Domestic Tndus t r ia l  ( a )  
Extent POD. Rate Average Peak Average Peak 

ha thousand l / c / d  ML/day ML/day ML/day MLiday 

I n f i l -  
r a t i o n  
M L/day 

To ta l  Flow 
Average Peak 
ML/'day Muday 

Sewered Area 

East Zone 2320 1450 130 1 90 270 104 156 
West Zone 920 800 125 100 150 110 165 
Central  Zone 1250 930 136 127 190 3 4 51 

Unsewered Area 

Nouz ha 
Ras e l  Soda 
Siouf  Kebl i a  

0 
Sadat City 

I 
Ln 

Abu K i r  
Dekhei la-Mex 
Ameri a 

To Be Sewered 

To Remain Unsewered 

Alexandr ia  - TOTAL 

( a ) l n d u s t r i a l  f l o w  inc ludes water treatment p l a n t  f i l t e r  backwash f lows. 



TABLE D-6 

DETERMINATION OF FUTURE WASTE LOADS 

Concentrat ion 

Domestic BOD5, mg/L 

COD, mg1L 

I n d u s t r i a l  BODS, mg/L 

COD, mg/L 

Fu tu re  Flow, ML!day 

Domestic 

~ackwash( ' )  

I n d u s t r y  ( b )  

Sub- to ta l  

I~fi 1 t r a t i o n  

TOTAL Wastewater 755 

Fu tu re  Load, tonneslday 

BOD5 
Domestic & Backwash 

I n d u s t r i  a1 

TOTAL 394 

COD 
Domestic & Backwash 

I n d u s t r i a l  

TOTAL 

Per Cap i ta  Load, mglpersonlday 

BOD 
Domsstic & Backwash 6 2 

I n d u s t r i a l  - 7 1 

TOTAL 133 

COD 
Domestic & Backwash 117 

I n d u s t r i a l  152 

TOTAL 269 

( a ) ~ a t e r  t rea tment  p l a n t  f i l t e r  backwash f lows .  

( b ) ~ o n t a m i  nated i n d u s t r i  a1 process wastewater o n l y .  



APPENDIX E  

REUSE OF WASTEWATER FOR IRRIGATION 

Appendix E  con ta i ns  a  summary r e p o r t  on 
Eva lua t i on  o f  Wastewater Reuse f o r  Crop 
I r r i g a t i o n  c a r r i e d  o u t  d u r i n g  the  f i r s t  
ha l f - year  o f  t h e  blaster P lan Study. The 
appendix covers  i r r i g a t i o n  wa te r  r e q u i r e -  
ments, c rop  y i e l d s ,  e f f e c t s  o f  wastewater 
a p p l i c a t i o n  and assessment o f  reuse poten-  
t i a l  f o r  p r i n c i p a l  a g r i c u l t u r a l  areas near  
A lexandr ia .  
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PREFATORY NOTE 

This study on wastewater use f o r  i r r i g a t i o n  was scheduled 
and completed i n  an e a r l y  phase o f  the  wastewater study program. 
A basic  assumption made f o r  the  study was t h a t  water use i n  
Alexandr ia would add an increment of 350 mg/L t o t a l  d isso lved 
so l  i d s  (TDS) t o  the concentrat ion found i n  the water  supply, an 
incremental value commonly found i n  wastewater systems elsewhere. 
F i e l d  sampling and analyses showed t h a t  t he  use o f  water i n  
Alexandr ia added TDS ranging from 750 t o  1450 mg/L and correspondingly  
g reater  concentrat ions o f  o ther  cons t i tuents .  Account has been 
taken of these l a r g e r  increments i n  Chapter 6 o f  the  Technical 
Report (Volume 11). 

These g rea te r  concentrat ions o f  TDS i n  Alexandr ia wastewater 
requ i re  d i l u t i o n  of e f f l u e n t  w i t h  canal water  i n  o rder  n o t  t o  
exceed 1  i m i  t s  o f  s a l i n i t y  known t o  cause reduct ion  i n  crop 
p r o d u c t i v i t y .  The n e t  r e s u l t  i s  t o  increase se rv i ce  area t o  be 
supp l ied  by a  g iven amount o f  wastewater and, hence, increase 
conveyance and d i s t r i b u t i o n  costs . 



APPENDIX E 

REUSE OF WASTEWATER FOR IRRIGATION 

E e l  I n t r o d u c t i o n  

Purpose and Scope o f  S tudy  

Appendix E descr ibes  s t u d i e s  t o  eva lua te  t he  p o t e n t i a l  reuse of wastewater 
f o r  i r r i g a t i o n  on lands near A lexandr ia .  The general  s tudy  i nc l udes  a wide 
area b u t  i s  focused on lands nearby probable sewage c o l l e c t i o n  po in t s .  
These l o c a t i o n s  a r e  t h e  kbu K i r  D ra in  area, t o  t h e  n o r t h  of  Mahmoudia Canal 
between t h e  Montazah Canal and t h e  v i c i n i t y  o f  Abu K i r  Dra in ;  ;the Abbis Area, 
i n c l u d i n g  Abbis Extens ions and ad jacen t  areas south o f  t h e  D r i n k i n g  Water 
Canal; p a r t s  of Maryut Sec to r  t o  t h e  southwest o f  Ameria; and Ameria 
Northwest. The areas a r e  shown on F igu re  E-1, 

O f  these s tudy  areas, Abu K i  r Dra i  n  and t he  Abbis Area a re  p r e s e n t l y  
i r r i g a t e d .  R e l a t i v e l y  smal l  areas i n  Maryut Sector  and Ameria I ior thwest  a r e  
n o t  i r r i g a t e d .  Secondary t rea tment  o f  A lexand r i a ' s  wastewaters i s  cons idered 
necessary i n  o rde r  t o  reduce c o l  i form b a c t e r i a  and phys i ca l  -chemical 
c o n s t i t u e n t s  t o  acceptable l e v e l s  f o r  widespread a p p l i c a t i o n  on t he  c rop  
areas considered. Crops grown f o r  human consumption r e q u i r e  a  h i g h e r  l e v e l  
o f  t rea tment  than can be p rov ided  by pr imary wastewater e f f l u e n t .  Waste- 
water  reuse w i t h  l e s s e r  t rea tment  i s  considered f e a s i b l e  o n l y  where new c rop  
pa t t e rns  n o t  d i r e c t l y  used f o r  human consumption a r e  t o  be developed. 

Study Method 

The genera l  procedure was t o  i n v e n t o r y  l and  c h a r a c t e r i s t i c s ,  and i n  i r r i g a t e d  
a reas ,ex is t ing  crop pa t t e rn ,  c rop  y i e l d s ,  i r r i g a t i o n ,  and d ra inage  p rac t i ces .  
Tak ing i n t o  account s a l t  and n u t r i e n t  composi t ion of wastewater, t h e  e f f e c t s  
upon f u t u r e  c rop  pa t te rns ,  y i e l d s  and management, and t h e  b e n e f i t s  a r e  
assessed. B e n e f i t s  were n e x t  compared w i t h  t h e  cos t s  o f  wastewater 
i r r i g a t i o n ,  sewage t reatment ,  wa te r  se rv i ce ,  and l and  improvement. Costs of 
1  and improvement were a l s o  inc luded.  

To eva lua te  l and  c h a r a c t e r i s t i c s ,  a v a i l a b l e  maps and r e p o r t s  from t h e  
M i n i s t r y  of A g r i c u l t u r e  and t h e  U n i v e r s i t y  o f  A lexand r i a  were reviewed. 
These p rov ided  da ta  on s o i l  c h a r a c t e r i s t i c s ,  depth t o  wate r  t ab le ,  s a l i n i t y ,  
p r o d u c t i v i t y  c l a s s i f i c a t i o n s ,  and r e s u l t s  o f  l each ing  t r i a l s ,  as they a f f ec t  
l and  rec lamat ion.  

A v a i l a b l e  da ta  on c rop  pa t te rns ,  y i e l d s  and p r i c e s  were ob ta ined  f rom the  
M i  n i s  t r y  o f  A g r i c u l  t u re ,  t he  government operated Nahda and Maryut Companies , 
r e p o r t s  by t he  Ford Foundat ion and t h e  World Bank. 'These were checked 
aga ins t  da ta  furn ished by t he  USDA Economic Research Service. The income 
rece ived  by t h e  Egypt ian Government, i n  a d d i t i o n  t o  t h a t  pa id  t o  t h e  farmer  
f o r  c e r t a i n  crops, was es t imated  f rom t h e  World Bank annual rev iew o f  
commodi ty  p r i  ce f o recas t s  , 



A v a i l a b l e  data on i r r i g a t i o n  were ob ta ined  from t h e  M i n i s t r y  o f  I r r i q a t i o n ,  
and i r r i q a t i o n  requirements were est imated by comparing d e l i v e r y  data w i t h  
evapo t ransp i r a t i on  requirements computed by data f rom t h e  U n i v e r s i t y  of 
C a l i f o r n i a ,  Davis,  U.S.A., and from t h e  Food and A g r i c u l t u r a l  Organ iza t ion ,  
U.N. Th is  comparison has a l s o  been used t o  a i d  i n  e s t i m a t i n g  t h e  amount 
o f  l each ing  achieved w i t h  present  i r r i a a t i o n  p r a c t i c e .  

The above data have been supplemented by f i e l d  inspec t ions ,  s o i l  bo r ings ,  
water  qua1 i t y  sampl i ng and observat ions of c rop growth, i r r i g a t i o n  and 
dra inage management, Th is  a ided i n  e s t i m a t i n g  necessary leach ing  and 
i r r i g a t i o n  requirements f o r  wastewater, and i n  e s t i m a t i n g  p o t e n t i a l  c rop  
growth and income, 

Sumnary 

1. P o t e n t i a l  reuse of wastewater f o r  i r r iga i : i on  was s tud ied  f o r  lands near 
probable  sewage c o l l e c t i o n  p o i n t s  i n  A lexandr ia  and Ameria; Abu K i r  
D r a i n  and Abbis Areas, Maryut Sector,  and Ameria Northwest. A v a i l a b l e  
l o c a l  data  were used and supplemented w i t h  f i e l d  observat ions.  

2. The lands occupy p o r t i o n s  o f  t he  nor thwest  N i l e  D e l t a  and a d j o i n i n g  d e l t a  
f r i n g e ,  Cl imate i s  f avo rab le  f o r  year  long  a g r i c u l t u r e .  S o i l s  range 
f rom excel  l e n t  t o  poor; c ropping inc ludes  general  f i e l d  crops, f r u i t ,  
and vegetables, 

3, I r r i g a t i o n  i s  app l i ed  main ly  i n  smal l  checks w i t h  some fur rows i n  annual 
row crops, v ines,  and t rees,  O v e r - i r r i g a t i o n  i s  common and shal low 
water  t ab l es  a re  widespread. Improved systems and management o f  
i r r i g a t i o n  and dra inage are needed. 

4, Po ten t i  a1 i r r i g a t i o n  sources i nc l ude  t r e a t e d  wastewater and mix tu res  o f  
wastewater-canal water. Wastewater i s  s l  i g h t l y  s a l i n e  w i t h  enr iched 
n u t r i e n t  cons t i tuen ts .  Wastewater-canal mix tures,  t o  p rov i de  ample 
n u t r i e n t s  and min imize s a l i n i t y  hazards, a r e  recommended where i n t e g r a -  
t i o n  of t h e  two sources i s  p r a c t i c a l .  

5. Water requirements va ry  by s o i  1  and crops.. For p lann ing  purposes an ann i~a l  
d i v e r s i o n  requirement o f  7000 m3/feddan has been adopted, As t he  
p ro j ec ted  monthly d i s t r i b u t i o n  of wastewater d i f f e r s  f rom monthly 
i r r i g a t i o n  demands, var ious schedules f o r  se r v i ng  f u l l  and mixed ( p a r t  
wastewater- p a r t  canal wa te r )  suppl i e s  a re  presented. 

6 ,  Subject  t o  needs f o r  e f f e c t i v e  government management o f  rec la imed lands 
and improved i r r i g a t i o n  and dra inage management, on-farm benef i  t s  and 
l ~ n g  range na t i ona l  b e n e f i t s  a re  pro jected.  On-farm b e n e f i t s  i nc l ude  
a  sav ing i n  f e r t i l i z e r  c o s t  and, where s a l i n i t y  i s  n o t  l i m i t i n g ,  
increased crop y i e l d s ,  Na t iona l  bene f i t s  i nc l ude  u l t i m a t e  increases i n  
water  and f e r t i  1  i z e r  f o r  a g r i c u l  ture .  

7. P o t e n t i a l  b e n e f i t s  o f  sewage i r r i g a t i o n  a re  presented f o r  f o u r  areas. 
For Abu K i r  D ra i n  and Abbis Areas, mixed wastewater-canal supp l i es  a re  
recommended. For Maryut Sector m i  xed suppl i es would r e s u l  t f rom the  
proposed means o f  se rv ice .  I n  Ameria Northwest, lands a re  f avo rab le  f o r  
a  f u l l  supply  o f  t r e a t e d  sewage, a f f o r d i n g  a  r a r e  oppo r t un i t y  t o  
increase Egypt 's  a g r i c u l  t u r a l  p o t e n t i a l  and op t im i ze  l and  use. Zoning 
t o  p r o t e c t  t h i s  p o t e n t i a l  would be needed now. 



8. Net  b e n e f i t s  r e q u i r e  account ing f o r  costs  of l and  improvement, wastewater 
t reatment,  and conveyance t o  t h e  land. 

9, B e n e f i t s  a r e  assessed i n  t h e  pe rspec t i ve  of a l t e r n a t e  i r r i g a t i o n  sources, 
as, f o r  example, t he  development of a d d i t i o n a l  N i l e  R ive r  s torage.  

E.2 General Desc r i p t i on  o f  Study Area 

General Loca t ion  

The s tudy areas occupy p o r t i o n s  o f  t h e  nor thwest  N i l e  De l t a  and t h e  f r i n g i n g  
dese r t  p l a i n .  The areas a r e  shown on F igure  E-1. The Abu K i r  D ra i n  Area 
southeast o f  A lexandr ia  i s  a  f l a t  p l a i n  o f  mixed a l l u v i a l  sediments. The 
Abbis Areas c o n s i s t  o f  l and  rec la imed from Lake Maryut. The Maryut Sec to r  
i s  p a r t  o f  t he  ex tens ive  d e s e r t  p l a i n  t o  t h e  west o f  t h e  d e l t a  and Ameria 
Northwest i s  a  h i gh  r i d g e  above t he  p l a i n .  

C l  imate 

The c l i m a t e  o f  t h e  area i s  very  f avo rab le  f o r  long-season ag;iculture. Both 
w i n t e r  and summer a re  r e l a t i v e l y  m i ld ,  w i t h  a  mean monthly minimum tempera- 
t u r e  o f  9,3"C i n  January and a mean monthly maximum o f  30.6"C i n  August. 
Mean monthly r e l a t i v e  humid i t y  ranges f rom 65 t o  75 percen t  throughout  t h e  
yea r  near A lexandr ia ,  b u t  decreases i n l and .  Wind v e l o c i t i e s  away from t h e  
imnediate sea coas t  average l e s s  than 3 m/sec yea r  long. The r a i n f a l l ,  
occu r r i ng  almost e n t i r e l y  f rom October t o  March, averages 192 mm per  yea r  a t  
A lexandr ia ,  decreasing in land .  

Land 

Most o f  t h e  s o i l s  i n  t h e  A lexandr ia  area a re  of marine o r  mixed marine- 
a l l u v i a l  o r i g i n .  To t h e  south, f r i n g i n g  Lake Maryut i s  an area o f  f l a t  
topography, l y i n g  2 t o  4  m below sea l e v e l ,  w i t h  predominant ly c l a y  su r face  
so i  1  s  unde r l a i n  by v a r i a b l y  s t r a t i f i e d  mate r ia l s .  These range f rom h i g h l y  
permeable sands and s h e l l  depos i t s  t o  t i g h t  c lays ,  The underground water  
tab le ,  o r i g i n a l l y  very  shal low, now ranges from 50 cm t o  more than 1 m depth. 
S a l i n i t y ,  o r i g i n a l l y  more than 8 rrmho/cm, i s  gene ra l l y  l ess  than 4 mmho/cm, 
due t o  dra inage and rec lamat ion,  Th is  area inc ludes  the  Abbis Area and 
Abbis Extension. 

East o f  t h e  rec la imed areas and t h e  Mahmoudia Canal i s  another  area o f  
nea r l y  f l a t  topography, rang ing  from s l i g h t l y  above t o  s l i g h t l y  below sea 
l eve l .  Near the  Montazah Canal a re  sandy s o i  1s unde r l a i n  by t i g h t  c l a y s  and 
water  t a b l e s  a t  l e s s  than 50 cm depth. Fur ther  eas t  a re  c l a y  s o i l s  unde r l a i n  
by s t r a t i f i e d  and medium tex tu red  m a t e r i a l s  w i t h  v a r i a b l e  s h e l l  depos i ts ,  
and water  t ab l es  ranging f rom 80 cm t o  more than 1 m depth. S a l i n i t y  ranges 
general l y  f rom 2-4 rnmho/cm. Th is  inc ludes  t h e  Abu K i r  D ra i n  Area. 

West o f  Lake Maryut and south o f  Ameria i s  a  p o r t i o n  of  t h e  d e s e r t  p l a i n  w i t h  
ma in ly  f i n e  t ex tu red  s o i l s .  I n  t h e  Maryut Sector,  t h e  smooth p l a i n  s lopes 
eastward from an e l e v a t i o n  o f  30 m t o  about 10 m near the  Cai ro-Alexandr ia  
Deser t  Road. These s o i l s  a re  mos t l y  c l a y  loam, some t o  depths o f  more than 
1.5 m, some unde r l a i n  by l ime  o r  gypsum accumulations below 50 cni, and smal l  
s ca t t e red  areas w i t h  l imestone below 40 cm, The water  t ab l e ,  o r i g i n a l l y  
near sea l e v e l  o r  10 t o  30 m below t he  ground surface, i s now w i t h i n  1.5 m 
of surface i n  most o f  t he  area due t o  o v e r - i r r i g a t i o n .  S a l i n i t y ,  o r i g i n a l l y  
low, has increased and h i gh  accumulations occur i n  su r face  s o i l s  which a re  
l e f t  uncu l t i va ted .  

E-3 



The Ameria Northwest area cons i s t s  o f  a  h i gh  r i d g e  w i t h  deep c l a y  loam 
s o i l s  on r e l a t i v e l y  smooth topography, and h i ghe r  r i dges  of sha l low non- 
i r r i g a b l e  s o i l s .  The eas te rn  p a r t  o f  t he  area i s  zoned f o r  i n d u s t r y  and 
housing; t he  southern lands a re  occupied by t he  town of I k i n g y  Maryut. Other 
lands have developed d r y  n a t i v e  grasses w i t h  some sca t t e red  o l i v e  and almond 
orchards. The lands a r e  j u s t  ou t s i de  t h e  s tudy  area, b u t  a re  c a l l e d  t o  t he  
a t t e n t i o n  o f  MOHR due t o  t h e  urgency o f  zoning, i f  t he  lands a r e  t o  be 
preserved as p a r t  o f  Egyp t ' s  f u t u r e  a g r i c u l  t u r a l  resource. The p o t e n t i a l  
f o r  us ing t he  h i ghe r  n o n - i r r i g a b l e  lands f o r  housing w i t h  1  arge i n t e r spe rsed  
areas o f  green f i e l d s ,  o f f e r s  an oppo r t un i t y  t o  b e t t e r  op t im ize  l and  use and 
c rea te  an a e s t h e t i c a l l y  and env i ronmenta l l y  p leas ing  landscape. 

Add i t i ona l  areas n o t  s t ud ied  i n  d e t a i  1  i nc l ude  t he  land  nor theas t  of Ameria 
and areas west o f  Agamy. The lands no r t heas t  o f  Ameria a r e  zoned f o r  
i n d u s t r y  o r  a g r i c u l t u r e ;  t he  s o i l s  west o f  Agamy a re  ma in ly  sandy, unde r l a i n  
by sha l low l imestone depos i ts .  These appear expensive t o  serve, would have 
h i g h  water  requirements, and would be l i m i t e d  t o  t he  p roduc t ion  of few crops. 

Land Ownership. A l a r g e  p a r t  o f  t he  lands i n  t h e  p o t e n t i a l  s e r v i c e  areas 
a re  government rec la imed lands, which a re  s t i l l  i n  governmentswnership o r  
under government con t ro l .  Th is  inc ludes  the  lands between the  Maamoura and 
Tau f i  k i  Canals, about ha1 f o f  the  lands between Maamoura Canal and Abu K i r  
Dra in ,  most o f  the  l and  between Abbis Canal and Alexandr ia ,  and most of the 
lands served from the  Noubaria Canal, i n  the  Maryut Sec to r  and the  Nor th  
T a h r i r  and Nahda Company lands. A r e l a t i v e l y  smal l  p a r t  o f  these lands was 
f o rmer l y  i n  p r i v a t e  ownership and has remained so. The s i z e  of p r i v a t e  
ho ld ings  was reduced by  ag ra r i an  re fo rm t o  a  maxinium o f  50 feddans. The 
average s i z e  i s  now approx imate ly  25 feddans. Present ownership s t a t u s  o f  
the  o r i g i n a l l y  government-owned land  i s  n o t  e n t i r e l y  c l e a r .  According t o  
some sources, the 1  ands i n  t he  Abbis Area a re  now p r i v a t e l y  owned, a1 though 
t he  owners con t inue  t o  pay on a loan f o r  land  development costs.  Other 
sources i n d i c a t e  t h a t  farmers a r e  s t i l l  tenants.  I n  Maryut Sector,  most of 
the  farmers a re  tenants,  b u t  some have been granted t i t l e  t o  the  lands. 

Cropping. Due t o  f avo rab le  c l ima te ,  year  l ong  cropping occurs i n  a l l  areas, 
Most ex tens ive  a re  f i e l d  crops and vegetables, w i t h  f r u i t  i n  c e r t a i n  areas. 

The p r i n c i p a l  w i n t e r  crops a re  berseem, wheat, and i n  some areas, ba r l ey ,  
broad' beans, and w i n t e r  vegetables. Cotton i s  ex tens ive  t o  t h e  south, b u t  
l i t t l e  c o t t o n  i s  grown near A lexandr ia ,  due t o  t he  h i gh  demand f o r  
vegetables . 
I n  t h e  Abbis Area, records show t h a t  t he  above descr ibed cropping p a t t e r n  
predominates; mos t l y  b a r l e y  i s  grown i ns tead  o f  wheat and no f r u i t  i s  
produced. Crop growth va r i es  f rom excel  l e n t  t o  poor. Reported y i e l d s  a re  
be1 ow average. 

I n  t he  Abu K i r  area, a  d i v e r s i f i e d  p a t t e r n  o f  f i e l d  crops and vegetables i s  
grown. F r u i t s  account f o r  about 20 percent  o f  product ion;  c i t r u s  f r u i t s  a re  
grown most ly,  b u t  apples and pears a re  a l s o  c u l t i v a t e d .  Crop growth ranges 
from e x c e l l e n t  near Abu K i r  Drain,  t o  poor i n  areas near Montazah. 

I n  Maryut Sector,  t h e  c rop  p a t t e r n  i s  l a r g e l y  f i e l d  crops and vegetables, 
w i t h  ex tens ive  areas o f  grapes. Reported y i e l d s  a re  below average, l a r g e l y  
due t o  l i m i t e d  water  suppl ies .  The b e t t e r  lands should have a p o t e n t i a l l y  
h igh  p r o d u c t i v i t y  wi  t h  adequate water  and good management. 



I n  Ameria Northwest cropping i s  l i m i t e d  t o  a few o l i v e  and almond orchards 
i r r i g a t e d  by w indmi l l s ,  

Land C l a s s i f i c a t i o n .  A 1960 c l a s s i f i c a t i o n  of lands according t o  s u i  t a b i  1 i ty 
f o r  i r r i g a t i o n  a g r i c u l t u r e ,  prepared by t he  S o i l  Survey D i v i s i o n  of t he  
~ i n i s t r ~ - o f  ~ r r i g a t i o n ,  i s ~ s h o w n  i n  ~ i g u r e  E-2, updated t o  r e f l e c t  land  
development i n  the Abu K i r  and Abbis Areas s ince  t h a t  t ime. S i m i l a r  c l ass -  
i f i c a t i o n s  were n o t  obtained f o r  Maryut Sector  .and Ameria Northwest area, 
b u t  r e l a t i v e  s u i t a b i l i t y  f o r  i r r i g a t i o n  may be i n f e r r e d  from the  s o i l  maps 
shown i n  F igures E-3 and E-4. 

I n  F igure E-2, the  r e l a t i v e  s u i  t a b i  1 i ty o f  t h e  lands i s  shown f o r  the  Abu 
K i r  Dra in  and Abbis Area. It i s  understood t h a t  the  c l a s s i f i c a t i o n  i s  
adapted from t h a t  used by t he  U.S, Bureau o f  Reclamation, and the  c lasses 
may be gene ra l l y  de f ined  as fo l lows :  

Class 1 : Su i t ab le  f o r  h i g h  y i e l d s  o f  any c l i m a t i c a l l y  adapted 
crops w i t h  minimum costs  o f  management. 

Class 2: Su i t ab le  f o r  moderate y i e l d s  o f  most crops w i t h  
moderate cos ts  o f  management. 

Class 3: S u i t a b l e  f o r  marginal  t o  moderate y i e l d s  o f  most 
crops w i t h  h i gh  cos ts  of management. 

Class 1 lands occur on l y  t o  the  eas t  o f  Abu K i r  Drain. They have f i n e l y  
textured,  b u t  we1 1 aggregated sur face  so i  1s unde r l a i n  by v a r i a b l y  s t r a t i f i e d  
mater ia ls .  They a re  used f o r  a v a r i e t y  o f  f r u i t s ,  vegetables, and f i e l d  
crops. Crop growth i s  excel  l e n t  and t he  f i e l d  d ra i ns  a re  deep and e f f e c t i v e .  

Class 2 lands a re  ex tens ive  i n  t he  Abu K i r  Dra in  area and i n  p a r t s  o f  t he  
Abbis Area. They have s o i l  p r o f i l e s  t h a t  a re  l e s s  permeable than those o f  
Class 1 lands, and drainage i s  less  e f f ec t i ve .  The growth o f  f i e l d  crops 
and many vegetables i s  s i m i l a r  t o  t h a t  o f  Class 1, b u t  t r e e  f r u i t s  a re  
l ess  p roduc t i ve  due t o  less  e f f e c t i v e  drainage. 

Class 3 inc ludes lands near Montazah and Lake Idku  i n  the  Abu K i r  Dra in  
area, and much o f  the reclaimed lands o f  the  Abbis Area. They were 
o r i g i n a l l y  h i g h l y  s a l i n e  and, a f t e r  many years o f  fanning, a re  s t i  11 more 
s a l i n e  than Class 2 lands. To some e x t e n t  t h e i r  p r o d u c t i v i t y  can be 
improved by deeper drainage, e s p e c i a l l y  where unde r l a i n  by penneable sands 
and s h e l l  deposi ts.  Improvement w i l l  be d i f f i c u l t ,  however, where unde r l a i n  
by t i g h t  marine clays. Class 3 lands are charac te r i zed  by f a i r  t o  good 
growth o f  most crops, except f r u i t s  which a re  genera l l y  poor. 

The general maps o f  Maryut Sector and Ameria Northwest Area show the  
r e l a t i v e  s u i t a b i l i t y  f o r  i r r i g a t i o n ,  a1 though no o f f i c i a l  l and  c l a s s i f i c a -  
t i o n  was obtained, 

I n  Maryut Sector, t he  extens ive areas o f  deep c l a y  loam s o i l s  i n  t he  western 
sec to r  are comparable t o  Class 2. Th is  i s  a l s o  t r u e  o f  t he  i r r i g a b l e  lands 
i n  Ameria ;lorthwest which, l y i n g  ou ts ide  o f  t he  p r i n c i p a l  s tudy area, were 
n o t  evaluated i n  d e t a i l .  

I r r i g a t i o n  P rac t i ce  

I r r i g a t i o n  water  i s  fu rn ished  t o  t he  Abu K i r  and Abbis Extension areas by 
branch canals from the  Mahmoudia Canal; t o  t he  Maryut Sector  by t he  Maryut 



Canal, a  branch f rom the  Noubaria Canal. Water i s  re leased f rom t h e  
Mahmoudia Canal by g r a v i t y  through headworks, and t he  f l o w  i s  c o n t r o l  l e d  by 
these re leases and t he  water  e l e v a t i o n  a t  t h e  d r a i n  sp i l lways  a t  t he  end o f  
t he  branch canals,  Dur ing  t h e  pe r i od  t h a t  t h e  canals  a re  open, water  i s  
re leased t o  t h e  farms through s l i d e  gates s e t  by t he  d i t c h  tender,  accord ing 
t o  water  l e v e l s ,  t o  g i v e  the  des i red  f low.  

Noubaria Canal water  i s  conveyed through t h e  Maryut Canal by a  s e r i e s  o f  
pump l i f t s ,  due t o  r i s i n g  e l eva t i ons  and thence t o  o the r  canals se r v i ng  
var ious  p a r t s  o f  t h e  area. 

Since t h e  f l o w  i n  t h e  branch canals i s  c o n t r o l l e d  by e l eva t i on ,  accurate  
measure o r  c o n t r o l  o f  water  re leases i s  d i f f i c u l t ,  and i s  f u r t h e r  aggravated 
by problems o f  g rad ien t ,  weeds, and s t r u c t u r e  maintenance. Also,  due t o  
water  schedul ing and unce r t a i n  f lows,  the re  i s  a  tendency f o r  farmers t o  
take more water  than needed when water  i s  ava i l ab l e .  

A1 though ac tua l  q u a n t i t i e s  o f  water  d e l i v e r e d  a re  n o t  accu ra te l y  measured, 
d e l i v e r i e s  a r e  scheduled t o  p rov ide  water  on a  r o t a t i o n  bas i s  i n  accordance 
w i  t h  crop needs, Serv ice  areas from t h e  main canals  a re  d i v i d e d  i n t o  two o r  
t h ree  b locks  i n  a  g iven  area. Branch canals i n  these b locks  then rece i ve  
water  a t  va ry ing  i n t e r v a l s .  

For  general f i e l d  crops, the  b locks a r e  open f i v e  days and c losed  t en  days 
from September 15 t o  May 30, whi l e  open seven days and c losed seven days 
from June 1  t o  September 15. For vegetables t he  schedule i s  seven days open, 
seven days closed, throughout t h e  year;  f o r  r i c e ,  fou r  days open, f o u r  days 
c losed  through t he  growing season. An est imated schedule f o r  f r u i t  cou ld  
n o t  be obtained. The schedules a re  n o t  f o l l owed  r i g i d l y  and a r e  mod i f i ed  by 
on l y  p a r t i a l  c losures t o  f u r n i s h  water  f o r  l onger  per iods  t o  vegetables i n  
f i e l d  crop areas o r  t o  meet o t h e r  needs. 

A  r i g i d  a p p l i c a t i o n  o f  the  f i e l d  crop schedule, i .e., 8 months i r r i g a t i o n  
one- th i  r d  o f  t h e  t ime a t  an a p p l i c a t i o n  of 50 m3/feddan/day, three-and-one- 
h a l f  months 50 percen t  o f  t he  t ime a t  72 m3 feddanlday, and one-ha f month I 3 c losu re  f o r  c lean ing  would amount t o  8030 m /feddan/year o r  1.91 m /m2, 
A v a i l a b l e  records i n d i c a t e  t h a t  such a  schedule i s  n o t  s t r i c t l y  fo l lowed,  
t h a t  d e l i v e r i e s  vary  more n e a r l y  i n  accordance w i t h  crop demand, and t h a t  
t o t a l  y e a r l y  a p p l i c a t i o n s  a r e  l e s s  than i nd i ca ted .  The r o t a t i o n  under which 
farmers must complete t h e i r  i r r i g a t i o n s ,  inadequate f unc t i on i ng  o f  1  i m i  t e d  
water  c o n t r o l  s t r uc tu res ,  and f u r t h e r  problems i n  d e l i v e r y ,  due t o  uneven 
g rad ien ts  and channel weeds, tend t o  make farmers take  more water  than 
ac tua 1  1  y  needed. 

When water  i s  ava i l ab l e ,  accord ing t o  i r r i g a t i o n  o f f i c i a l s ,  farmers over-  
i r r i g a t e ,  hoping t o  s t o r e  excess mo is tu re  i n  t he  s o i l .  A t  t he  same t ime, 
accord ing t o  these o f f i c i a l s ,  t he  farmers o f t e n  f a i l  t o  shu t  the  water  of f  
when t h e  i r r i g a t i o n  i s  complete and waste much excess water  t o  t h e  d ra ins .  

Another f a c t o r  a f f e c t i n g  i r r i g a t i o n  management i s  t he  canal design. I n  many 
p a r t s  o f  t he  Abbis and Abu K i r  D ra i n  Areas, t he  canal  water  su r face  i s  below 
f i e l d  l e v e l  and an imal -dr iven water  wheels. I n  some cases, mechanical pumps 
a re  used t o  1  i f t  the  water  f o r  i r r i g a t i o n .  According t o  M i n i s t r y  of 
I r r i g a t i o n  represen ta t i ves ,  canals a re  so designed t o  r e q u i r e  farmers t o  1  i f t  
t h e  water  t o  encourage more e f f i c i e n t  i r r i g a t i o n  use. With an average water  
wheel capac i t y  o f  250 m3/day f o r  a  farm o f  f o u r  feddans , t h e  average f low 
per  feddan i s  62.5 m3/day. The peak requirements f o r  evapo t ransp i r a t i on  



alone a re  about 7  mm/day, i .e., (.007) (4200), o r  29,4 m3/day. I t  i s  thus 
ev i den t  t h a t  d u r i n g  the peak season, i r r i g a t i o n s  would be needed 50 percen t  
o f  t he  t ime, and t he re  would be l i t t l e  leeway i n  water  e l e v a t i o n  f o r  
adequate d e l i v e r i e s  by  t he  water  wheel, o r  i n  s o i l  mo is tu re  storage, 

Canal des ign may a l s o  a f f e c t  water  q u a l i t y  and s a l i n i t y .  Seepage from the  
canals  causes h i gh  ground water  on a d j o i n i n g  lands i n  areas where t h e  canal  
water  surface i s  above f i e l d  e l eva t i on .  Uhere t he  canal  water  su r face  i s  
below f i e l d  l e v e l  and o n l y  s l i g h t l y  above the  water  t ab l e ,  seepage i s  
reduced. However, du r i ng  c losures  and low f lows,  ground water  may d r a i n  
i n t o  the canal  and t empo ra r i l y  increase the  s a l i n i t y .  

I r r i g a t i o n s  a re  gene ra l l y  a p p l i e d  t o  smal l  checks separated by f i e l d  d ra ins .  
For g r a i n  and berseem t h e  e n t i r e  check i s  f looded; f o r  vegetables, f r u i t ,  
and o the r  row crops,furrows a re  gene ra l l y  used. Many o f  t h e  fur rows a re  n o t  
w e l l  mainta ined and, toge ther  w i t h  inadequate l e v e l i n g ,  t h i s  tends t o  reduce 
the  u n i f o r m i t y  o f  app l i ca t i on .  

Drainage 

The main d r a i n s  i n  t h e  Abbis Extens ion and Maryut Sector  lead  t o  Lake 
Maryut, conveyed from the  f i e l d  d r a i n s  through a system of c o l l e c t o r  d ra ins .  
The f i e l d  d r a i n s  i n  t he  Abbis Extens ion a re  open d ra i ns  about 25 m a p a r t  
and n o t  more than 1 m deep. I n  t h e  Abu K i r  area they are mos t l y  open d r a i n s  
a t  25 t o  50 m spacing and 1 t o  1.5 m deep. Some t i l e  d ra i ns  have been noted 
on p r i v a t e  lands, 

I n  t he  Maryut Sector,  the f i e l d  d ra i ns  a r e  open, gene ra l l y  a t  50 m spacing 
and about 1 m deep. 

Need f o r  improved maintenance o f  open d r a i n s  has been noted i n  a1 1 areas. 
Many d ra i ns  a re  c logged w i t h  e a r t h  o r  weeds and do n o t  f unc t i on  p roper l y .  
There i s  a l s o  a  need t o  improve maintenance o f  dra inage pumps where t h e  
e f f l u e n t  i s  pumped i n t o  t h e  c o l l e c t o r  systems and t h e  main d ra i ns ,  

I n  some places there  i s  a  need f o r  deeper and more f requen t  d ra ins ,  as i n  
t h e  Maryut Sector,  I n  t he  Abbis Area, deeper d ra i ns  a r e  needed a t  about t h e  
same spacing. Where f eas ib l e ,  t i l e  drainage should be i n s t a l l e d  t o  save land  
and reduce maintenance costs.  Plans f o r  t i l e  dra inage have been recomnended 
by FA0 i n  the  Maryut  Sector and o the r  nearby Noubaria Canal s e r v i c e  areas. 
I t  i s  a l s o  understood t h a t  the Egypt ian government p lans t o  i n s t a l l  t i l e  
d ra i ns  i n  t he  Abbis Area w i t h i n  the  nex t  t e n  years. 

E.3 Water Qua1 i ty f o r  I r r i g a t i o n  

General 

The i r r i g a t i o n  waters considered i n  t h i s  s tudy  a re  t he  waters o f  t he  
Mahmoudia and Noubaria Canals and branches thereo f ,  t r e a t e d  sewage o f  
A lexandr ia  and Arneria, and var ious m ix tu res  of canal  and wastewater. The 
waters  o f  bo th  the  Mahmoudia and Noubaria Canals a re  f rom the  N i l e  River ,  
However, d i f f e r e n t  f a c t o r s  a f f e c t  t h e i r  q u a l i t y  and they a re  cons idered 
separate ly .  

Mahmoudia Canal and A lexandr ia  Wastewaters 

The Mahmoudia Canal prov ides se rv i ce  f o r  i r r i g a t i o n ,  munic ipa l  and i n d u s t r i a l  
(M & I )  use, and nav iga t i on  t o  A lexandr ia  and a d j o i n i n g  a g r i c u l t u r a l  lands. 



It i s  t h e  p resen t  i r r i g a t i o n  supp ly  f o r  t h e  Abu K i r  D r a i n  and Abbis areas 
which m i g h t  use t r e a t e d  wastewater c o l l e c t e d  near  A lexandr ia ,  

Water qua1 i t y  analyses f o r  t h e  Mahmoudia Canal a re  a v a i l a b l e  from t h e  
A lexandr ia  Water A u t h o r i t y  f o r  1973 and f rom samples taken i n  1977 by CDM. 
The more r e c e n t  analyses a re  n o t  m a t e r i a l l y  d i f f e r e n t  f rom t h e  1973 data  
which a r e  used here in .  I n  Table E-1 t h e  mean canal  composi t ion o f  t h e  
Mahmoudia wa te r  i s  shown i n  column 2 and t h e  p r o j e c t e d  composi t ion o f  
t r e a t e d  wastewater i n  column 3, The o r i g i n a l  da ta  were s l i g h t l y  m o d i f i e d  b y  
a r b i t r a r i l y  adding s u l f a t e s  t o  a t t a i n  i o n i c  balance, and b y  assuming t h a t  
t h e  carbonates, repor ted  w i t h  pH 7.2, were a c t u a l l y  b icarbonates.  As 
shown, t h e  canal  water  has a  t o t a l  c o n c e n t r a t i o n  of 324 mg/L and an 
e l e c t r i c a l  c o n d u c t i v i t y  (EC) of 0,39 mmho/cm. 

Pro jec ted  wastewater c m p o s i  t i o n  i n  column 3 was ob ta ined  by adding 350 mg/L 
t o  t h e  i o n s  o f  column 2 on a  p r o  r a t a  b a s i s ,  a  t o t a l  r e s u l t i n g  i n  674 mg/L. 
Froni these data,  t h e  EC i s  es t imated as 0.8 mnho/cm, SAR (sodium absorp t ion  
r a t i o )  i s  c a l c u l a t e d  as 2.57, and the  a d j u s t e d  SAK, which r e f l e c t s  t h e  
increased tendency f o r  sod i  uni absorp t ion  due t o  b i ca rbona te  p r e c i p i t a t i o n ,  
i s  5.04, The computed EC o f  0.78 was increased t o  an es t ima ted  0.9 mmho/cnl 
based on an independent es t ima te  o f  s o l u b l e  n i t r o g e n  and phosphate, as 
d iscussed l a t e r ,  

P ro jec ted  wastewater q u a l i t y  i s  s l i g h t l y  s a l i n e ,  w i t h  a  smal l  tendency t o  
reduce s o i  1  p e r m e a b i l i t y  by  sodium absorpt ion.  I t  would be s a t i s f a c t o r y  
f o r  use on w e l l  d ra ined  s o i l s ,  b u t  marg ina l  f o r  use on p o o r l y  d ra ined  s o i l s ,  
where i t  would be d i f f i c u l t  t o  o b t a i n  t h e  l e a c h i n g  needed f o r  s a l t  s e n s i t i v e  
f r u i t s  and vegetables,  which a r e  i m p o r t a n t  t o  A lexandr ia .  

An es t ima te  o f  added n u t r i e n t s  was a l s o  made. By r e l a t i n g  p r o j e c t e d  sewage 
f l ows  t o  p o p u l a t i o n  and a p p l y i n g  p e r  c a p i t a  n i t r o g e n  c o n t r i b u t i o n s  c o r r e c t e d  
f o r  t reatment  losses,  wastewater was est imated t o  c o n t a i n  about 23 RQ/L of 
t o t a l  n i t rogen .  B a  s i m i l a r  process, phosphate, p resen t  m o s t l y  as o r tho -  Y phosphate, was es lmated t o  be about 6  mg/L, e q u i v a l e n t  t o  4.4 mg/L o f  P20-5. 
These v a l  ues a r e  p r o j e c t e d  as n i  t rogen  and P205 composi t i o n ,  independent ly  
o f  the  pro r a t a  increase g iven i n  Table E-1. 

A t o t a l  N c o n c e n t r a t i o n  of 23 mg/L and P205 c o n c e n t r a t i o n  of 4.4 mg/~ 
a p p l i e d  i n  t y p i c a l  annual i r r i g a t i o n s  o f  1.67 m3/m2, o r  7000 m3/feddan, would 
rep resen t  annual a p p l i c a t i o n s  o f  161 kg  p e r  feddan of n i t r o g e n  and 30.8 kg 
p e r  feddan o f  P205. T h i s  i s  more than t w i c e  the  annual consumption o f  
69.3 kg/feddan o f  n i t r o g e n  and 12.2 kg l feddan P205 f e r t i l i z e r  quoted f o r  
Egypt i n  1975. (H.A. E l  Tobgy, i n  Contemporary Egypt ian A g r i c u l t u r e ,  Ford 
Foundation, Cairo,  1976.) 

The Mahmoudia Canal wa te r  i s  q u i t e  low i n  s a l i n i t y  and a l s o  low i n  n u t r i e n t s .  
A1 though wastewater would have an EC of about .9 ,nmho/cm and a s l i g h t  
tendency t o  inc rease  exchangeable sod i  um i n  t h e  s o i  1, i t s  use would annual l y  
add more than t w i c e  t h e  n i t r o g e n  and phosphate t y p i c a l l y  used i n  Egypt as 
we1 1 as o t h e r  v i tamins,  t r a c e  elements, and hormones n o t  q u a n t i t a t i v e l y  
evaluated.  A 50 percen t  m i x t u r e  of wastewater and canal  waters  would have 
an EC o f  0.65, and an ad jus ted  SAR o f  about 4,O. I t  would cause no s i g n i f i -  
c a n t  l each ing  d i f f i c u l t i e s  on most s o i l s  o f  t h e  area, and would p r o v i d e  a  
f e r t i  1  i z e r  c o n t r i b u t i o n  equal t o  t h e  annual average consumption. 



TABLE E-1 

COMPOSITION OF ALEXANDRIA WATERS 

I o n s  Canal Water 

mg/L 

EC (mmho/cm) 0.39 

SAR ( a ) 2.52 

SAK ( ~ d j . ) ( ~ )  

Wastewater 

mg/L me/L 

( a ) ~ ~ ~  = Na/ ( 9 ) , 5  ; a l l  i o n s  i n  me/L. 

( b ) ~ ~ ~  = (Ad jus ted )  = SAR [ I  + (8.4 - pHc)], where 8.4 i s  pH of 
w a t e r  i n  equ i  1  i b r i u m  w i t h  CaCU3 a t  1  Atmosphere; pHc i s  
(pk2 - pkc) + p(Ca + Mg) + pAIK; pk2 and pkc a r e  n e g a t i v e  l o g s  o f  
2nd d i s s o c i a t i o n  cons tan t  of H2CO3 and s o l u b i l i t y  cons tan t  o f  
CaCU3 r e s p e c t i v e l y ,  p(Ca + Mg) and pAIK a r c  n e g a t i v e  l o g s  o f  m o l a r  
c o n c e n t r a t i o n s  o f  Ca and Mg, and o f  e q u i v a l e n t  c o n c e n t r a t i o n s  o f  
t i t r a t a b l e  CU3 and tIC03. 



Noubaria Canal and Ameria Wastewaters 

The Noubaria Canal, through t he  Maryut Canal, serves the i r r i g a t e d  lands o f  
Maryut Sector,  a p o r t i o n  o f  which i s  a p o t e n t i a l  s e r v i c e  area f o r  wastewater 
c o l l e c t e d  i n  Ameria. I t  i s  a l s o  the  probable source o f  !,I & I water  f o r  
Ameria, f rom which sewage water  would be der i ved  t o  serve e i t h e r  a p a r t  o f  
Maryut Sector  o r  the  undeveloped i r r i g a b l e  lands nor thwest  o f  Ameria. 

The s a l i n i t y  o f  Noubaria Canal water  above Nasser Canal, about 45 km south 
of Ameria, i s  s i m i l a r  t o  t h a t  o f  the  Mahmoudia Canal. From t h i s  p o i n t  
northward i t  s t e a d i l y  increases, due t o  s a l i n e  r e t u r n  f lows,  Data obta ined 
f o r  1976 from FA0 i n d i c a t e s  t h a t  the  average TDS near Maryut canai was 
500 mg/L, a1 though i t  ranged as h i gh  as 1000 mg/L du r i ng  low f lows. 

Analyses i n d i c a t e  t h a t  even i n  h igh  f l ow  stages i t  ranges above 750 mg/L. 
Apply ing t he  p rev i ous l y  descr ibed est imated increase of 350 mg/L i n  
wastewater, the  p ro j ec ted  e f f l u e n t  would have a TDS o f  a b o ~ ~ t  1100 mg/L, 
o r  an EC of about 1.57 mniho/cm. Th is  would be u n s a t i s f a c t o r v  except f o r  
s a l t  t o l e r a n t  crops w i t h  good dra inage dnd l r r i g a t l o n  management. 

Th is  may be cor rec ted  somewhat by t he  West Noubaria Main ~ r a i n ' w h i c h  i s  
p resen t l y  under cons t ruc t ion .  Ameria may be prov ided w i t h  a water  supply 
t h a t  does n o t  exceed 500 mg/L. I f  t h i s  can be done, the p r o j e c t e d  sewage 
supply  f rom Ameria would have 850 TDS, o r  an EC o f  1,2 mmho/cm. Th is  
would be acceptable f o r  i r r i g a t i n g  s a l t  s e n s i t i v e  crops w i t h  good dra inage 
and i r r i g a t i o n  management. The n u t r i e n t  con ten t  would presumably be s i m i l a r  
t o  t h a t  o f  A lexandr ia  sewage. 

Ameria wastewater might  be conveyed t o  t h e  Maryut Canal a t  Pumping P l a n t  
No. 2 t o  f u r n i s h  a mixed supply f o r  about 5000 n o n - i r r i g a t e d  feddans i n  
Maryut Sector.  The q u a l i t y  o f  Maryut Canal water  as w e l l  as wastewater i s  
thus o f  concern. 

Data from FA0 i n d i c a t e  t h a t  i n  1976 t h e  TDS i n  Maryut Canal ranged from 500 
a t  Pumping P l a n t  1'40. 2 t o  1000 mg/L a t  the  h i ghes t  Ptmping P l a n t  (No. 5) .  
Recent analyses i n d i c a t e  t h a t  approaching t h e  peak i r r i g a t i o n  season, a t  
Pumping P l a n t  No. 2, the EC was 1.1 mmho/cm; about 7 7 ~  mg/L TDS. 

As reported, t he  s a l i n i t y  increase i n  Maryut Canal i s  caused b y  s a l i n e  
ground water  i n t r u s i o n  i n t o  the canal a t  low f l o w  stages i n  the  deeply 
excavated sec t ions  near pump l i f t s .  The h igh  s a l i n i t y  a t  h i ghe r  f l ows  may 
be due t o  i nc reas ing  s a l i n i t y  i n  the  Noubaria Canal o r  o the r  f a c t o r s  n o t  
y e t  determined. 

I f  canal s a l i n i t y  can be reduced by c o r r e c t i v e  measures, a wastewater-canal 
- 

water  mix would be s u i t a b l e  f o r  high-income s a l t  s e n s i t i v e  vegetables and 
f r u i t s  w i t h  good dra inage and i r r i g a t i o n  management. I f  uncorrected, t he  
mixed wate r  would on l y  be s u i t a b l e  f o r  lower-income s a l t  t o l e r a n t  crops. 

E .4 Ag r i cu l  t u r a l  Water Requirements 

General 

Water requirements f o r  a g r i c u l t u r a l  crops were determined t o  a i d  i n  es t ima t -  
i n q  monthly and annual sewage q u a n t i t i e s  t h a t  would be needed t o  supply 
p o t e n t i a l  se r v i ce  areas and t o  a i d  i n  es t ima t i ng  t he  f e a s i b i l i t y  o f  meet ing 
leach ing  requirements o f  t h e  more s a l i n e  wastewater. The l a t t e r  was 



impor tan t  s ince  most o f  t he  lands have shal low water  t a b l e s  and sus ta ined  
cropping requ i r es  i n t e n s i v e  dra inage systems, The general  approach 
compares i r r i g a t i o n  d e l i v e r y  records w i t h  computed crop use t o  a i d  i n  
es t ima t i ng  conveyance and on-farm losses and thus d e r i v e  a  bas i s  f o r  
p r o j e c t i n g  f u t u r e  i r r i g a t i o n  requirements,  

D e f i n i t i o n  o f  Terms 

The f o l l o w i n g  terms a re  used i n  t h i s  r e p o r t :  

1. D ive rs ion :  The monthly o r  annual q u a n t i t y  o f  water  supp l i ed  t o  
an area through t h e  branch canals,  I t  inc ludes  t he  farm requ i r e -  
ments p lus  opera t iona l  sp i  11 s  t o  d ra ins ,  evapora t ion  1  osses, and 
t r a n s p i  r a t i o n  by water  weeds, 

2. Farm D e l i v e r y  (FD): Genera l ly  t h i s  i s  de f i ned  as t h e  q u a n t i t y  
d e l i v e r e d  t o  t h e  farm-headgate. I n  areas of sha l low wate r  t ab l e ,  
i t  a l s o  inc ludes  canal seepage losses which move t o  t he  water  
t a b l e  and supply some o f  t he  wa te r  t o  farm crops. 

3. Evapo t ransp i ra t ion  (ET): The month ly  o r  annual q u a n t i t y  o f  water  
used by a  crop t o  complete i t s  growth cyc le .  I t  inc ludes  c rop  
t r a n s p i r a t i o n ,  evapora t ion  f rom the  ad jacen t  s o i l ,  and wate r  i n  
t h e  harvested crop. 

4. E f f e c t i v e  P r e c i p i t a t i o n  (EP): The p o r t i o n  o f  t o t a l  r a i n  t h a t  
con t r i bu tes  t o  crop ET, apprec iab le  q u a n t i t i e s  w i l l  reduce farm 
d e l i v e r y  requirements; negl i g a b l e  q u a n t i t i e s  cannot be considered 
i n  schedul ing i r r i g a t i o n s .  As most r a i n s  occur d u r i n g  w i n t e r  
cropping per iods,  t h i s  i s  considered p a r t i a l l y  e f f e c t i v e ;  r a i n s  
a f t e r  January a re  neglected. 

5. ET o f  Appl ied Water (ETa): That p a r t  of ET t h a t  must be met by 
i r r i g a t i o n ,  determined by deduct ing EP f rom ET. 

6. Surface Run-off: The wate r  app l i ed  t o  t h e  f i e l d  t h a t  runs o f f  
i n t o  d r a i n  d i t ches  and does n o t  c o n t r i b u t e  t o  ET o r  t he  leach ing  
requirements. A lso  inc luded  a re  farm d i t c h  s p i l l s  t o  d ra ins .  

7. Deep Perco la t ion :  Nater  e n t e r i n g  t h e  s o i l  i n  excess o f  c rop  
needs which perco la tes  below t he  r o o t  zone. I n  areas o f  sha l low 
water  t a b l e  i t  runs o u t  through d ra i ns  o r  r a i s e s  t he  water  tab le .  
That p o r t i o n  p e r c o l a t i n g  and remaining below t h e  r o o t  zone i s  
termed the  leach ing  f r a c t i o n .  

8. I r r i g a t i o n  E f f i c i e n c y  ( I E ) :  Th is  i s  t he  r a t i o  ETa/FD expressed 
as a  percentage, t h e  d i f f e r e n c e  (FD - ETa) i s  su r face  r u n - o f f  
and deep pe rco la t i on .  

General Methods of Determinat ion 

ET may be measured d i r e c t l y  i n  l y s ime te r s  o r  computed f rom measurements 
us ing  c l i m a t i c  data. As no measurenlents t h a t  cou ld  be f u l l y  ' i n te rp re ted  
were a v a i l a b l e  f o r  t h i s  area, ET was computed by a  method developed f o r  FA0 
by consu l t an t  P.E. R i  j tema a?d W i  1  l i a m  0. P ru i  tt, I r r i g a t i o n  Engineer, 
U n i v e r s i t y  o f  C a l i f o r n i a ,  Davis, U.S.A. 

From a v a i l a b l e  r a i n f a l l  records,  EP was determined by monthly s o i l  mo is tu re  
budgets and deducted from computed ET t o  g e t  ETa. 



FD q u a n t i t i e s  were d e t e n i n e d  a f t e r  ava i  1  ab le  1976 d i v e r s i o n  records f o r  
Abbis Extens ion were compared w i t h  ET computed f rom c rop  records f o r  same 
year,  D ive rs ions  g r e a t l y  exceeded computed ET i n  October and December and 
f rom d i s c u s s i o n  w i t h  Engineer Maher, i t  was lea rned  t h a t  these con ta ined  
o p e r a t i o n a l  s p i  1  l s ,  The deep p e r c o l a t i o n  and su r face  r u n - o f f  were then  
est imated from general  observa t ion  o f  s o i l s  and i r r i g a t i o n  p r a c t i c e  and 
a v a i l a b l e  d a t a  on leach ing  exper ience. 

Est imated Water Requirements 

From d i s c u s s i o n  w i t h  P r u i t t  i n  C a l i f o r n i a  d u r i n g  1977 i t  was lea rned  t h a t  
t h e  ET f o r  grass 10 cm h i g h  i n  t h e  a t tached  Table E-2 agreed f a i r l y  w e l l  
w i t h  l y s i m e t e r  measurements a t  Davis, c o n s i d e r i n g  c l  i m a t i c  d i f f e r e n c e s ,  
Th is  was taken as t h e  re fe rence  ET (ETo), 

The monthly ET o f  o t h e r  crops would be r e l a t e d  t o  ETo b y  a  c o e f f i c i e n t  KC 
( r a t i o  ET/ETo) depending on t h e  s tage o f  growth, and rang ing  f rom .15 t o  .45, 
depending on s o i l  mo is tu re  c o n d i t i o n s .  As growth progresses,  i t  approaches 
1.0 and exceeds i t  f o r  aerodynamica l ly  rough crops,  decreas ing a f t e r  
m a t u r i t y ,  depending on c rop  mo is tu re  a t  harvest .  For  severa l  ma jo r  crops, 
p l a n t i n g  and h a r v e s t  dates were determined as g iven  i n  Table E23, and p l o t s  
were made f o r  KC f o r  t h e  m idd le  o f  each p e r i o d  as shown on F igures E5-E8. 
Al though these should be curves r a t h e r  than s t r a i g h t  l i n e s ,  as drawn, no 
l o s s  i n  accuracy r e s u l t s ,  The values ob ta ined  were g r a p h i c a l l y  smoothed t o  
r e f l e c t  t h e  spread i n  p l a n t i n g  and h a r v e s t  per iods,  g i v i n g  an a d j u s t e d  KC, 
Th is  was then a p p l i e d  t o  monthly ETo values t o  g i v e  month ly  ET as shown i n  
Table E-4. 

Monthly ET values were n e x t  ad jus ted  based on f u r t h e r  communications w i t h  
P r u i t t .  The re fe rence  t o  ETo f o r  the  year  was 30 percen t  h i g h e r  f o r  
A lexandr ia  than measured grass ETo a t  Davis, A lso  accord ing t o  P r u i t t ,  t h e  
Ri j tema metnod by which t h e  ETo was developed over -p red ic ted  t h e  measured 
grass ET a t  Davis by  15 t o  20 percent.  Th is  i n d i c a t e d  a  p o s s i b l e  r e d u c t i o n  
i n  t h e  reference data  f o r  A lexandr ia  t o  g i v e  values 5  t o  10 percen t  h i g h e r  
than a t  Davis. Rather than  repea t  t h e  e n t i r e  procedure, t h e  ET o f  i n d i v i d u a l  
c r o w  was ad jus ted  t o  g i v e  values 10 percen t  g r e a t e r  than t h e  measured ET 
of t n e  sar,ie crops a t  Davis. These were used i n  c ie r i v ing  o t h e r  water  
requirements i n  Table E-5. 

E? atid ETa a r e  g iven  i n  Table E-5. Only "Lie r a i n f a l l  o f  January and December 
were considered t o  be s i g n i f i c a n t .  S o i l  mo is tu re  budgets were run, deduct ing 
ET and adding EP and ETa as needed. The sum o f  E P  and ETa i n  each month 
equals t h e  ET un less s o i l  mo is tu re  changes, The general  r e s u l t  i s  a  d e l a y  
o f  needed ETa due t o  w i n t e r  r a i n f a l l ;  no change occurs f o r  summer crop. 

FD was determined by a p p l y i n g  a  60 percen t  i r r i g a t i o n  e f f i c i e n c y  t o  t h e  ETa's 
shown i n  Tables E-2,3,4 and 5  f o r  a l l  crops except  grapes and c i t r u s ,  where 
65 and 70 percen t  were used. T h i s  r e f l e c t s  b e t t e r  management, observed 
c rop  growth, and p a r t i a l l y  an a r b i t r a r y  adjustment as t h e  computed c i t r u s  
ETs seemed h igh.  

The FD values a r e  summarized i n  Table E-6, conver ted f rom mm depth t o  m3/m2 
( a  t e n  more w i d e l y  used i n  Egypt)  and a l s o  expressed i n  t h e  common t e n  
m3/feddan (1  Feddan = 4200 m2; about 1.04 acres) .  Water requirements i n  
m3/feddan were s u p p l i e d  f o r  severa l  crops by t h e  t i l i n i s t r y  of I r r i g a t i o n .  
These supposedly rep resen t  FD, b u t  a re  l e s s  than ETo values a t  Davis,  
C a l i f o r n i a ,  where ETo i s  l e s s  than t h a t  f o r  A lexandr ia .  As these d i f f e r -  
ences cou ld  n o t  be reconc i led ,  l o c a l  f i gu res  were n o t  used. On an annual 



TABLE E-2 

EVAPORATION DEMAND FOR GRASS 10 CM HIGH AT ALEXANDRIA 

Month 

January 

February  

March 

A p r i  1 

May 
June 

J u l y  

A ~ ~ g u s  t 

September 

October 

November 

December 

TOTAL 

Evapora t i on  Demand (ET), m 
Mean D a i l y  Mon th l y  

2.52 7 8 

3.21 90 

4.29 133 

5.14 154 

6.10 189 

6.73 202 

7.10 220 

6.61 205 

5.82 175 

4.24 131 

2.81 84 

2.19 68 - 
1 729 

Source: Crop Water Use, P,E, R i t j e m a  and A. Abou Khaled, 
Tab le  20, FA0 C a i r o  Research on Crop Water Use, 
S a l t  A f f e c t e d  S o i l s  and Drainage,  Arab Repub l i c  
o f  Egypt, 1975. 



TABLE E-3 

Crop 

Bar1 ey  

Gerseem (1  ong season) 

Broad Beans 

Wheat 

Win te r  L e t t u c e  

Win te r  Tomatoes 

R i c e  

Corn 

Watermel on Seed 

Potatoes (surmler) 

Tomataes ( l a t e  summer) 

Cot ton 

( a ) ~ s e d  t o  determine ET 

MAJOR CROP GROWTH PERIODS(~) - ----- - 

P l a n t  

15 Nov - 15 Dec 

1 Sep - 10 Nov 

15 Oct - 30 Nov 

15 Oct  - 1 ilec 

1 Oct - 1 Dec 

15 Oct - 15 Dec 

15 Apr - 15 May 

1 May - 15 Jun 

15 Apr - 15 Jun 

1 Feb - 15 Mar 

1 Feb - 1 Mar 

5 Mar - 15 Mar 

Harves t  

1 May - 31 Hay 

1 May - 31 May 

15 Apr - 31 May 

1 May - 1 Jun 

15 Feb - 1 Apr 

1 Feb - 1 Apr 

15 ~ u g ' -  15 Oct  

15 Aug - 30 Sep 

15 Aug - 30 Sep 

1 J u l  - 20 J u l  

1 Jun - 1 Dec 

10 Sep - 20 Sep 



TABLE E-4 

CROP COEFFICIENTS AtiD COMPUTED ET 

Cro p 14ov Dec Jan Feb Mar Apr itlay Jun J u l  Au q Se p Oc t  Annual 

Grass Bas ic  Kc 1.00 1,00 1.00 1.00 1.00 1.00 1.00 1 . 0  1.99 1.99 1.09 - 
ET, mmlday 2.81 2.19 2.52 3.21 4029  5.14 6.10 6.73 7.10 6.61 5.82 4.24 - 

Grapes ( a )  ~ a s i c  KC .35 - - - .25 .45 .60 .70 .70 .65 . 55 .45 
ET, rmlday .98 - - - 1.07 2,31 3.66 4.71 4.97 4.30 3.20 1.91 
ET, mnlmonth 28.8 - - - 33.2 69.3 113.5 141.3 154.1 - 133.3 96,O 59.2 828.7 

~i t r ~ s ( ~ )  Bas ic  Kc .67 .67 .63 .63 .67 .67 .67 .72 .72 .72 .72 .72 
ET, riunlday 1 8 8  1.47 1,59 2,02 2.87 3.44 4.09 4,85 5.11 4.76 4,19 3,05 
ET,mn/month 56.5 4 5 3  49,2 56,6 89.1 103.3 126.7 145.4 158.5 147.5 125.7 94.6 1 1 9 8 . 6  

Berseem ('1 ~ a s i c  KC .67 .92 .92 .92 .92 .71 .25 - - - - .26 
Ad jus ted  Kc "72 .86 .92 .92 .90 .63 . 22 - - - .10 . 33 
ET, mnlday 2.02 1 3  2,32 2.95 3.86 3.24 1.34 - - - .5& 1.27 
ET,mi/month 60.6 58.3 71.9 82.6 119.7 97.2 41,5 - - - 17.4 39,4 5C8.6 

B a r l e y  Bas ic  Kc - .45 .58 1.02 1.05 .99 .22 - - - - - 
Ad jus ted  Kc .06 .40 .61 .98 1.05 "90  .27 - - - - - 
ET, mmlday . I 7  " 8 8  1.54 3.15 4,50 4,65 1.65 - - - - - 
ET,mi/month 5.1 26.4 47.7 88,2 139.5 138.9 51.1 - - - - - 496.9 

Wheat Bas ic  Kc .30 .52 .97 1.05 1.05 1.05 .75 . I 1  - - - - 
Ad jus ted  Kc .27 .57 "89  1.01 1.05 .75 .65 . j 4  - - - .06 
ET, mnlday .76 1.25 2,24 3.24 4,50 3,86 4,21 2,29 - - - .25 
ET, mmlmonth 22.8 38.7 69.5 90.8 139,6 115,G 130.5 68.6 - - - 7.90 bt;4,0 

Broad Bean Bas ic  Kc .30 .56 .99 1.05 1.05 1.01 .24 - - - - - 
Adjus ted Kc .29 .61 .93 1,05 1,04 .86 .40 - - - - .05 
ET, m i lday  .81 1.34 2,34 3.37 4.46 4.42 2.44 - - - - .21 
ET,mm/month 24,3 41.5 72.5 94.4 138.3 132,G 75.G - - - - 65.1 644.3 



TABLE E-4 ( c o n t ' d )  

CPOP COEFFICIENTS AND COMPUTED ET 

Crop Nov Dec Jan Feb Mar Ap r May Jun J u l  Aug Se p Oct  Annual 

R i  ce Bas i c  Kc - - - - - - .15 .82 1.10 1.10 1.09 -33  
Adjuste.d Kc - - - - - .04(d)  .25 .76 1.10 1.13 1.08 .37 
ET, mnlday - - - - .21 1.52 5.11 7.81 7.27 6.29 1.57 
ET, mrnlmonth - - - - - 6.2 47.3 153.4 242.1 225.4 188.6 4 8 . E  911.6 

Corn Bas i c  Kc - - - - - - .15 .57 .99 ? .05 .32 
Ad jus ted  Kc - - - - - - - 2 0  .56 .90 .94 .42 
ET, nunlday - - - - - - 1.22 3.77 6.39 6.21 2.44 
ET, mm/nlonth - - - - - - 37.8 113.1 198.1 192.5 73.2 

Co t ton  Gasic Kc - - - - .20 .32 .62 .96 1.05 .91 .34 
ET, mmlday - - - - .86 1.64 3.78 6.40 7.46 6.01 1.93 
ET, nnn/rnonth - - - - 26.7 49.2 117.2 193.8 231.2 186.2 59.4 

m 
I 
A Water- B a s i c K c  - - - - - - .22 .60 .93 .92 .24 

melon Ad jus ted  Kc - - - - - .05 . .21 . 6 4  .84 .75 .33 
seed ET, mmlday - - - - - .31 1.28 4.31 6.04 4.96 1 - 9 2  

ET,mvjmonth - - - - - 9.3 39.7 129.3 187.2 153.8 57.6 

Po ta toes  Bas ic  Kc - - - - .43 .90 1.05 .95 .40 - - 
(sumner) Ad jus ted  Kc - - - .10 .41 .85 1.03 - 8 5  .41 - - 

ET, mrnlday - - - .32 1.76 4.37 6.28 5.65 2.91 - - 
ET, m / m o n t h  - - - 9.0 54.6 131.1 194,7 169.5 90.2 - - 

Toma toes  
E a r l y  
-sumner Bas ic  Kc - .02 .05 .31 .48  .89 1.05 .94  .34 - - 
L a t e  

summer Bas ic  Kc - - - .05 .13 .40 .65 1.03 1.03 .77 - 
Win te r  Bas ic  Kc .45 .82 1.05 1.03 .37 - - - - - .05 



TABLE E-4 ( c o n t ' d )  

CROP COEFFICIENTS AND COMPUTED ET 

Crop Nov Dec Jan Feb Mar Apr May Jun J u l  Aug Se p Oct Annual - 

Tomatoes Mean Kc .15 .28 .36 .46 .33 .43 .56 .66 .4fi .26 .02 .07 
( c o n t ' d )  ET, mnlday .42 .61 .91 1.48 1.42 2.21 3.42 4.44 3.27 1.72 .12 .20 

ET,mn/month 12.6 19.0 28.1 41.3 43.9 66.3 105.9 133.2 101.2 53.3 3.5 9.2 617.5 

Win te r  Bas ic  Kc .55 .94 1.00 .85 - - - - - - - .2 1 
C a r r o t s  A d j u s t e d K c  .50 .90 .98 .80 .30 - - - - - .10 .30 

ET, mn/day 1.41 1.97 2.47 2.57 1.29 - - - - - .58 1.79 
ET, mn/month 42.3 61.0 76.6 72.0 40.0 - - - - - 17.4 55.5 364.8 

Win te r  Bas ic  Kc .42 .60 .88 .93 - - - - - - - - 
m L e t t u c e  Ad jus ted  Kc .43 .65 .84 .90 .30 - - - - - - .20 
I 
A ET, mm/day - 1.20 1.42 2.12 8.89 1.29 - - - - - - 
-J 

.85 
ET, mn/month 36.0 44.0 65.7 80.9 40.0 - - - - - - 26.4 293.0 

Composite Ad jus ted  Kc .65 .65 .65 .65 .65 .65 .65 .65 .65 .65 .65 .65 
Vegetables ET, m n / d a ~  1.83 1.42 1.64 2.09 2.79 3.34 3.97 4.37 4.62 4.30 3.78 2.76 369.1 

ET, mm/month 54.9 44.0 50.8 58.5 86.5 100.2 123.1 131.1 143.2 133.3 113.4 85.6 1124.6 

( a ) ~ a l u e s  a d j u s t e d  upward 10% f o r  Ameria area 

( b ) ~ a l f  cover  c rop ,ha l f  c lean  c u l t i v a t e d ,  decreased 5% f o r  s m a l l e r  t r e e s  . 
(')when preceed ing c o t t o n  va lues deducted a f t e r  March 

( d ) ~ u r s e r y  f o r  15% o f  t r a n s p l a n t e d  r i c e  areas 

( e ) ~ u m n e r  c rop  f o r  Abbis Extens ion 



TABLE E-5 

DERIVATION OF ETa AND FD FOR MAJOR CROPS 

3 2 Monthly Water Requi rernent, m /m 
Crop Nov Dec Jan Feb Mar Ap r May Jun J u 1 Aug Se p Oct Annual 

Grapes ET 2 8 - - - 33 69 113 141 154 133 9 6 5 9 82 6 
EP - 56 49 - - - - - - - - - 105 
ETa 78 - - - - 102 11 3 141 - 147 140 - 72 1 
F D 120 - - - - 157 174 21 7 - 226 21 5 - 11 09 

C i t r u s  ET 3 9 32 34 40 6 2 72 89 101 11 0 103 88 66 836 
EP - 5 6 49 - - - - - - - - - 105 
ETa - - - 40 60 90 106 106 11 0 103 88 2 8 731 
F D - - - 5 7 86 128 151 151 157 147 126 40 1043 

m Vegetables ET 47 3 8 44 5 1 74 86 1 06 131 143 133 11 3 87 1053 
I Year Long EP - 56 49 - - - - - - - - - 
A 105 
03 ETa 1 00 - - 6 6 74 86 106 131 143 103 84 5 5 94 8 

FD 167 - - 110 123 143 177 202 220 158 140 92 1532 

Berseem ET 6 1 5 8 72 83 120 97 41 - - - 17 3 9 588 
(Long E P 5 6 49 - - - - - - - - - - 105 
Season) ETa 91 - - 73 85 63 4 1 - - - - 130 483 

FD 151 - - 122 142 105 6 8 - - - - 21 7 805 

Wheat ET 2 0 3 4 61 79 120 100 56 . - - - - 7 477 
EP - 5 6 49 - - - - - - - - - 105 
ETa - - - 116 120 136 - - - - - - 372 
FD - - - 193 200 227 - - - - - - 62 0 



TABLE E-5 ( c o n t ' d )  

DERIVATION OF ETa AND FD FOR MAJOR CROPS 

3 2 Monthly Water Requirements, rn /m 
Crop Nov Dec Jan Feb Mar Ap r May Jun J u 1 Aug Se p Oct Annual 

B a r l e y  ET 4l 2 2 41 76 121 120 44 - - - - - 428 
E P - 5 6 4 9 - - - - - - - - - 105 
ETa - - - 110 121 9 2 - - - - - - 313 
FD - - - 183 202 153 - - - - - - 508 

Broad- ET 2 1 36 63 82 120 116 6 6 - - - - 56 560 
beans EP - 56 49 - - - - - - - - - 105 

ETa 140 - - 117 120 78 - - - - - - 455 
FD 233 - - 195 200 130 - - - - - - 758 

y Rice ET - - - - - 6 4 7 153 242 225 189 49 91 1 
-I ETa - - - - - 6 177 153 242 225 1 08 - a 91 1 

FD - - - - - 10 295 235 372 346 180 - 1438 

Corn ET - - - - - - 3 8 113 198 192 7 3 - 61 4 
ETa - - - - - - 7 5 180 190 169 - - 614 
FD - - - - - - 125 277 292 260 - - 954 

Water- ET - - - - - 9 40 129 - 187 154 58 - 577 
melon ETa - - - - - - 153 129 160 135 - - 577 
seed F D - - - - - - 255 ' 198 246 208 - - 907 

Cot ton ET - - - - 2 7 49 117 194 23 1 186 59 - 863 
ETa - - - - 5 5 6 5 11 7 194 200 158 7 4 - 863 
F D - - - - 92 108 195 298 308 243 123 - 1367 



TABLE E-6 

FARM DELIVERY REQU IREMENTS OF MAJOR CROPS 

3 Monthly Requirements i n  m3/m2 and m /feddan 

Dec Jan Feb Mar Apr May C r o !  -___-- --- A -- --. N O "  -. = .- - Jun J u l  Aug Sep Oc t TOTAL 

Grapes 3 2.- 
m3/m . I20  - - - - . I57 . I74 .217 - .226 .215 - 1.109 
m/ feddan 504 - - - - 659 731 911 - 949 903 - 4 657 

C i t r u s  3 2 
m3/m - - - .057 .086 . I28  ,151 . I 5 1  . I57  . I47 .126 ,040 1.043 
m/ feddan - - - 239 361 538 634 634 659 617 529 168 4 3 7 9  

3 2 Vege tab1 es m3/m . I67  - - . I10 . I23  -143 ,177 .202 .220 . I58  ,140 .92 1.532 
m /feddan 701 - - 462 517 601 743 848 924 664 588 386 6 434 

3 2 
Berseem(1ong m3/m . I 51  - - . I22 . I42  . l o5  ,068 - - - - .217 0.805 

m season) m /feddan 634 - - 512 596 441 286 - - - - 911 3 3 8 0  
I ru 
0 

Wheat 3 2 
m3/m - - - . I93  .ZOO .227 - - - - - - 0.620 
m /feddan - - - 811 840 953 - - - - - - 2 604 

Bar ley 3 2 
m3/m - - - . I83  .202 . I53  - - - - - - 0.508 
m /feddan - - - 769 848 643 - - - - - - 2 260 

3 2 Broadbeans m3/m .233 - - . I95 .ZOO . I 30  - - - - - - 0.758 
m /feddan 979 - - 819 840 546 - - - - - - 3 184 

Rice 3 2 
m3/m - - - - - .010 .295 .235 .372 -346 . I80  - 1.438 
m I feddan - - - - - 42 1239 987 1562 1453 756 - 6 039 

3 2 Corn m3/m - - - - - - . I25 .277 .292 ,260 - - 0.954 
m /feddan - - - - - - 525 1163 1226 1092 - - 4 006 

3 2 Watermelon m3/m - - - - - - -255 . I98  .246 .208 - - 0.907 
seed m l f e d d a n  - - - - - - 1071 832 1033 874 - - 3 810 

Cot ton m3/m2 - - - - .092 . l o 8  . I95  .298 .308 .243 . I23 - 1.367 
m3/feddan - - - - 386 454 819 1252 1294 1021 517 - 5 743 



b a s i s ,  however, t h e  combinat ion o f  berseem, g r a i n ,  o r  b road beans, as 
w i n t e r  crops f o l l o w e d  by corn ,  r i c e ,  o r  vegetables as summer crops,  r a n g i n g  
f rom 6600 t o  9400 m3/feddan agree reasonab ly  w e l l  w i t h  f i g u r e s  commonly 
quoted i n  Egypt, Thus, t h e  f i g u r e s  i n  Tab le  E-6 have been adopted f o r  
es t i m a t i  ng wa te r  demand f o r  wastewater. 

Farm d e l i v e r y  demand f o r  ma jo r  c rops was determined, as shown i n  Tab le  E-6, 
When a p p l i e d  t o  p resen t  c rop  p a t t e r n s  as 1  i s t e d  i n  Tables E-11-13, t h e  
annual farm d e l  i v e r y  was 6357 m3/feddan f o r  t h e  Abu K i r  D r a i n  Area and 
6827 m3/feddan f o r  t h e  Abbis Area. When a p p l i e d  t o  a  p r o j e c t e d  c rop  p a t t e r n  
o f  grapes, vegetables,  and f i e l d  c rops i n  Maryut  Sector ,  t h e  fa rm d e l i v e r y  
was 6580 m3/feddan0 

For  p r a c t i c a l  p lann ing  purposes, 7000 m3/feddan has been adopted as t h e  
d i v e r s i o n  requirement,  which a1 lows f o r  some t r a n s p i r a t i o n  by  wa te r  weeds, 
evapora t ion ,  and unavo idab le  o p e r a t i o n a l  s p i  11 s. Th is  annual q u a n t i t y  d l s o  
agrees g e n e r a l l y  w i t h  t h e  average d i v e r s i o n  d e l i v e r i e s  commonly used by  t h e  
Egyp t ian  M i n i s t r y  o f  I r r i g a t i o n .  

Leaching Requirement 

T h i s  w i l l  v a r y  w i t h  s o i l ,  i r r i g a t i o n  methods, d ra inage  c o n d i t i o n s ,  and many 
o t h e r  f a c t o r s .  Es t imates  may be made f rom f i e l d  measurements. Where these 
a re  n o t  a v a i l a b l e  t h e  f o l l o w i n g  a re  used f o r  es t imates :  

1. F i e l d  obse rva t i on  o f  s o i l s ,  d ra inage c o n d i t i o n s ,  and c r o p  growth. 

2 .  Cociparison o f  r e p o r t e d  d i v e r s i o n s  o r  farm d e l i v e r i e s ,  and, i f  
a v a i l a b l e ,  d ra inage f lows,  w i t h  computed ET o r  ETa. 

The f i r s t  method was used f o r  t h e  e n t i r e  s e r v i c e  area; t h e  second c o u l d  
o n l y  be a p p l i e d  where reco rds  were ob ta ined  f o r  Abbis Extensions.  

E n t i  r e  Serv i ce  Area, The es t ima ted  1  each in  a t t a i n a b l e  under p resen t  ! management v a r i e s  f rom about  0.30 t o  0,40 m /m2 p e r  year,  For  most s o i l s  
and crops, t h i s  i s  adequate f o r  t h e  EC o f  t h e  p resen t  wa te r  supp ly  wh ich  i s  
about  0.4 mnho/cm. For  wastewaters, EC would be about  0.9 mmho/cm o r  w i t h  
a  50 pe rcen t  m i x t u r e  o f  canal  wa te r  and sewage, about  0.65 mmho/cm. Wi th  
t h e  increased EC the  adequacy o f  l e a c h i n g  w i l l  depend on t h e  s a l t  t o l e r a n c e  
o f  t he  crops. Most f i e l d  crops grown a re  moderately t o  h i g h l y  t o l e r a n t  o f  
s a l i n i t y  w h i l e  c e r t a i n  vegetables and f r u i t s  are  v e r y  s e n s i t i v e .  Thus, where 
f r u i t  i s  grown, o r  where vegetables a r e  i m p o r t a n t  i n  t h e  r o t a t i o n ,  as i n  
most areas near A lexandr ia ,  t h e i r  t o l e r a n c e  w i l l  de termine t h e  l e a c h i n g  
requ i red. 

The leach ing  requ i rement  i s  t h a t  p o r t i o n  o f  wa te r  e n t e r i n g  t h e  s o i l  t h a t  
must pass below the  r o o t  zone t o  m a i n t a i n  s a l t  concen t ra t i ons  t h a t  p e r m i t  
a  s p e c i f i e d  c rop y i e l d .  I n  t h e  U.S., i n  e s t i m a t i n g  l e a c h i n g  requirements,  
90 pe rcen t  optimum y i e l d s  a re  cons idered p r a c t i c a l  goals,  as many f a c t o r s  
besides s a l i n i t y  a f f e c t  y i e l d .  I n  t h i s  s tudy  area, c r o p  y i e l d s  much lower  
than under s i m i l a r  c o n d i t i o n s  i n  t h e  U,S. suppor t  a  subs is tance economy due 
t o  many agronomic f a c t o r s  besides wa te r  q u a l i t y  and leach ing.  From 
d iscuss ions  a t  t h e  A lexandr ia  S a l i n i t y  Labora tory ,  85 pe rcen t  of optimum i s  
considered as a  p r a c t i c a l  y i e l d  goal f o r  vegetables and f r u i t s .  For  f i e l d  
crops 90 t o  100 pe rcen t  o f  optimum may be a t t a i n a b l e  w i t h  r e s p e c t  t o  s a l i n i t y  
r e s t r i c t i o n s .  



The leach ing  requirement i s  a  f u n c t i o n  o f  c rop  s a l t  to le rance ,  q u a l i t y  o f  
t h e  water,  and the  p r o p o r t i o n  o f  wa te r  app l i ed  t h a t  must move through t he  
s o i l  t o  ma in ta i n  s a l t  t o l e rance  concen t ra t ion  i n  the  main r o o t  zone. The 
leach ing  requirement i s  presented i n  Table E-7. 

S a l t  t o l e rance  values a re  expressed as ECe, i.e., e l e c t r i c a l  c o n d u c t i v i t y  of 
t he  s a t u r a t i o n  e x t r a c t ,  as E C  i s  p r o p o r t i o n a l  t o  s a l t  concen t ra t ion .  They 
represen t  t he  EC's i n  t h e  main r o o t  zone o f  crops occu r r i ng  i n  s o i  1s w i t h  the  
i n d i c a t e d  y i e l d s ,  They were determined by l y s ime te r  exper iments a t  t he  
U.S. S a l i n i t y  Laboratory ,  R ive rs ide ,  and i n  o the r  p a r t s  o f  t he  wor ld .  The 
data were compiled by the c o n t r i b u t o r s  t o  t h e  1976 FAO, Rome p u b l i c a t i o n ,  
"Water Qua1 i . ty  f o r  Aq r i cu l  t u r e . "  The B i n i s t r y  o f  A q r i c u l  t u r e  S a l i n i t y  
Laboratory  a t  A lexandr ia  has a l s o  conducted l y s i m e t e r  exper iments and no 
s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  pe rm iss i b l e  ECe's i n  t he  y i e l d  ranges were 
i nd i ca ted .  

The permiss ib le  ECe's i n  t h e  c rop  r o o t  zone a re  l i s t e d  f o r  i r r i g a t i o n  waters 
w i t h  EC's o f  0.9, t he  es t imated  EC o f  A lexandr ia  sewage water,  and 0,65, 
a  50 percent  m i x tu re  o f  sewage and Mahmoudia Canal water ,  Other EC's may 
a l s o  be considered, b u t  these s u f f i c e  f o r  es t ima t i ng  t he  e f f e c t s  on leach ing  
requirements. 

The leach ing  requirements a re  determined as t he  average q u a n t i t y  o f  water,  
and percentage o f  water  appl i e d  t o  t h e  s o i l  t h a t  must pe rco la te  below the  
c rop  r o o t  zone t o  ma in ta i n  t he  i n d i c a t e d  ECe a t  a  g iven  s o i  1  depth. They 
a re  based on the premise t h a t  under cont inuous i r r i g a t i o n  a  balance i s  
reached between the  s a l t s  o f  t h e  i r r i g a t i o n  and p e r c o l a t i n g  waters.  The 
s a l t s  i n  t he  i r r i g a t i o n  water,  whose removal by p l a n t s  i s  n e g l i g i b l e ,  w i l l  
i nc rease  i n  concen t ra t ion  due t o  water  uptake by p l an t s .  A t  e q u i l i b r i u m ,  
except a s  mod i f i ed  by m inera l  weather ing and p r e c i p i t a t i o n ,  t he  q u a n t i t y  o f  
s a l t s  p e r c o l a t i n g  f rom t h e  r o o t  zone w i l l  equal t h a t  e n t e r i n g  t h e  s o i l  i n  the  
i r r i g a t i o n  water. That i s ,  C i D i  = CdDd, where C i  and Cd a re  t he  concentra- 
t i o n s  o f  the i r r i g a t i o n  and p e r c o l a t i n g  waters,  and D i  and Dd a re  t h e  depths 
o f  the  app l i ed  and p e r c o l a t i n g  water. Kearranging terms Cd = C i  (Di/Dd), 
i.e., t h e  concen t ra t ion  o f  the drainage o r  p e r c o l a t i n g  water,  i s  increased 
over t h a t  o f  t h e  i r r i g a t i o n  water  by the  r a t i o  o f  t he  depth of water  
en te r ing ,  t o  t h a t  l eav i ng  t h e  r o o t  zone. 

S i m i l a r l y  a t  s a l t  balance, t he  conc2n t ra t ion  o f  water  d r a i n i n g  f rom any depth 
increases over  t h a t  o f  t he  i r r i g a t i o n  water  by t h e  r a t i o  o f  t he  q u a n t i t y  o f  
water  e n t e r i n g  the  s o i l  t o  t h a t  d r a i n i n g  from t h a t  depth. Thus, i f  h a l f  t he  
app l i ed  water  d r a i n s  from a g iven depth, the  concen t ra t ion  w i l l  be tw i ce  t h a t  
o f  the  app l i ed  water,  and i f  o n l y  5  percent  d r a i n s  f rom the  bot tom o f  t he  
r o o t  zone, the concen t ra t ion  w i  11 be twenty t imes t h a t  o f  t he  app l i ed  water .  

Apply ing t h i s  p r i n c i p l e ,  t h e  FA0 c o n t r i b u t o r s  i n d i c a t e  t h a t  under favorab le  
dra inage c o n d i t i o n  t h e  EC o f  t h e  water  d r a i n i n g  from the  r o o t  zone may be 
much h i ghe r  than a  s a t i s f a c t o r y  ECe i n  t he  main r o o t  zone. For p o o r l y  
dra ined condi  t i ons ,  however, where capi  11 a r y  r i s e  may r e t u r n  t h e  s a l  t s  f rom 
the  bot tom t o  t h e  main r o o t  zone, i t  i s  necessary t o  p rov ide  more leach ing  
and ma in ta i n  lower EC's a t  t he  bottom o f  the  r o o t  zone. Thus, f o r  t h i s  
s tudy leach ing  requirements have been computed t o  p rov i de  t he  ECe f o r  an 
85 percent  y i e l d  near t he  bot tom o f  t he  r o o t  zone where 90 percent  of the 
a p p l i e d  wa te r  has been used by evapo t ransp i ra t ion .  By t h i s  means a  
s a t i s f a c t o r y  ECe can be mainta ined i n  t h e  main r o o t  zone desp i t e  some water  
t a b l e  f l u c t u a t i o n  and capi  1  l a r y  r i s e .  



TABLE E-7 

LEACHING REQUIREMENT FOR 85 PERCENT OPTIMUM YIELD 

Crop 

Carrots  

Onions 

Oranges 

Le t t uce  

Other Trees 

Grapes 

Potatoes 

Corn 

Broadbeans 

Cabbage 

Tomatoes 

Berseem 

Me1 ons 

Rice 

Wheat 

Cot ton 

Leachi ng Requi rement (a 

depth, mn FD, percen t  
EC=0,9 EC=0.65 EC=0,9 EC=0,65 

640 330 39 2 5 

570 300 36 25 

380 200 28 17 

440 2 30 31 19 

480 250 3 2 20 

290 150 22 13 

300 160 23 14 

300 1 GO 2 3 14 

( a J ~ i t h  i r r i g a t i o n  water  EC's o f  0.9 and 0.65 mho/crn. 

( b ) ~ l e c t r i c a l  c o n d u c t i v i t y  o f  the  s a t u r a t i o n  e x t r a c t  a t  85 percent  o f  
optimum y i e l d ,  mnho/cm. 

(')"auld prov ide  100 percent  y i e l d  w i t h  respec t  t o  s a l i n i t y  r e s t r i c t i o n s .  



Apply ing t h i s  p r i n c i p l e  t o  compute the  leach ing  requirement,  the  s a l t  
balance i s :  

ETa (100 + D) ECi = ETa (10 + D) EC 90, where 100 and 10 a re  100% and 10% 
o f  the  ETa; EC, t h e  EC o f  i r r i g a t i o n  water; EC 90, t h e  EC a t  t h e  depth, 
where 90% o f  ETa has been used; and D i s  t he  unknown percentage o f  ETa t o  be 
leached fro111 t h e  r o o t  zone bottom. From t h e  above, 
EC 90 = E C i  (100 + 0110 + D) and D = (100 E C -  - 10 EC 90) / ( E i  50 - ECi) ,  
U i  t h  ETa i n  u n i t s  o f  depth, (mn, rn3/m2, etc.) ,  D, a percentage, m y  be a l s o  
converted t o  t h e  same depth u n i t .  The l each ing  requirement may a l s o  be 
expressed as a percentage o f  app l i ed  water,  by LR ( l each iqg  requi rement)  = 
D ( i n  percen t )  / 100 + Do 

The above computat ion would be mod i f ied  under w e l l  d ra ined  cond i t i ons ,  n o t  
on l y  i n  t h e  depth o f  t he  pe rm iss i b l e  ECey b u t  t o  r e f l e c t  t he  f a c t  t h a t  t h e  
EC o f  t he  drainage water can be much h i ghe r  than t h a t  o f  ECe ( s a t u r a t i o n  
e x t r a c t )  s ince  t he  d r a i n i n g  water  i s  much l ess  than sa tu ra t i on .  With a 
sha,l low water tab le ,  however, t he  water  p e r c o l a t i n q  near the  r o o t  zone 
bottom approaches s a t u r a t i o n  so t h a t  ECe and EC 90 a re  comparable. 

I n  computing t he  values shown, t he  ETa's f o r  oranges and grapes a re  those 
g iven i n  Table E-5. For o the r  crops grown i n  year long  r o t a t i o n ,  t he  ETa ;or 
t he  e n t i r e  yea r  must be considered, Th is  va r i es  f rom winter-summer 
vegetables, 948 mn, t o  vegetables and berseem, 999 mm, and many o the r  
combinations. For purposes o f  es t ima t i ng  t h e  f e a s i b i l i t y  of leach ing,  an 
average f i g u r e  o f  1000 mn was used. 

As p rev i ous l y  determined, t he  amount of l each inq  requ i r ed  w i t h  wastewater a t  
an EC o f  0.9 mmhos/cm f o r  t he  more s e n s i t i v e  vegetables would be as much 
as G50 mn, Th is  would be d i f f i c u l t  t o  achieve on f i n e  t ex tu red  s o i l s  
w i t h o u t  good dra inage and would necess i t a t e  spec ia l  i r r i g a t i o n ,  f o r  l each ing  
purposes. I t  would be f u r t h e r  compl icated by some HCO p r e c i p i t a t i o n ,  and 
consequent inc rease  i n  SAR and pe rmeab i l i t y  problems w 2 i c h  a re  more acute a t  
low EC's o f  app l i ed  water, Thus, gypsum o r  o the r  ca lc ium amendnients m igh t  
be needed toge ther  w i t h  good dra inage t o  achieve t h e  necessary leach ing  f o r  
t he  more s e n s i t i v e  vegetables and f r u i t s .  

The leach ing  requirements f o r  t he  o the r  crops appear t o  be r e a d i l y  a t t a i n a b l e ,  
and f o r  c o t t o n  o r  wheat,yields u n r e s t r i c t e d  by  s a l i n i t y  cou ld  be achieved 
w i t h  low annual l each ing  q u a n t i t i e s ,  

For a 50 percen t  m i x tu re  of wastewater and canal water  t he  necessary leach inq  
i s  a t t a i n a b l e  w i t h  a l l  crops, even though e x t r a  q u a n t i t i e s  m igh t  be needed 
i n  some impermeable so i  1s n o t  complete ly  leached o f  s a l t  present  be fo re  
i r r i g a t i o n  development, 

Abbis Extension. Crop records f o r  w i n t e r  1975-1976, and summer 1976 a re  
g iven  i n  Table E-8. D i ve r s i on  records f o r  t he  same pe r i od  a re  shown i n  
Table E-9. The ET computed as p rev i ous l y  descr ibed and p l o t t e d  i n  F igure  E-9 
toge ther  w i t h  d i ve r s i ons  fu rn ished  by Engineer Ibrah im Maher, Department o f  
I r r i g a t i o n ,  Alexandr ia,  general l y  f o l l o w  the  ETa, b u t  g r e a t l y  exceed i t  i n  
October and December, I n  January t he  canal was c losed  f o r  c lean ing,  as 
shown i n  the graph. Normal ly t h i s  occurs f o r  o n l y  15 days. 

The computed ETa o f  26.7 m i  11 i o n  m3 i s  about 57 percent  o f  t he  annual 
d i v e r s i o n  of 46.7 m i l l i o n  m3, However, accord ing t o  Engineer Maher, excess 
re leases occur from October t o  December r e s u l t i n g  from s p i l l s  d u r i n g  t he  



TABLE E-8 

ABBIS EXTENSIONS CROP PATTERN 1975-76 

Crop 

Berseem 

Bar ley  

Wheat 

Broadbeans 

Vegetables 

Wa termel  on Seed 

Corn 

Rice 

TOTAL 

Area, feddans 
Winter  Summer 

Source: M r .  Gamal Etman, Nahda Co. 



TABLE E-9 

Nov 1975 

Dec 1975 

Jan 1 9 7 6 ' ~ )  

Feb 1976 

Mar 1976 

Apr 1976 

May 1976 

June 1976 

J u l y  1976 

Aug 1976 

Sept 1976 

Oct  1976 

TOTAL 

ABBIS EXTENSIONS - DIVERSIONS FROM MARYUT CANAL 

D i v e r s i o n  o f  Water 

1000 m3 m3/ feddan 

Source: Eng. Ib rah im Flaher, Dept. o f  I r r i g a t i o n ,  A1 exandr ia;  
d l  v e r s i  ons t o  6297 n e t  i r r i g a t e d  feddans. 

( a ) ~ a n a l  c losed  f o r  c l e a n i n g  d u r i n g  e n t i r e  month. 



r a i n y  season when t h e  Mahmoudia Canal s t o r e s  w a t e r  as most gates  a r e  c losed.  
Apparen t l y ,  t h i s  cannot  be adequate ly  prevented by  s h u t t i n g  down t h e  N i l e  
Pump S t a t i o n .  An a l lowance f o r  t hese  s p i l l s  was made b y  assuming an 
i r r i g a t i o n  e f f i c i e n c e y  o f  63.5 p e r c e n t  f rom October t o  December, t h e  same 
as i n d i c a t e d  by  d a t a  f o r  February  th rough  September. I n  a d d i t i o n ,  5 p e r c e n t  
o f  t h e  d i v e r s i o n  was assumed t o  be l o s t  t h rough  s p i l l s ,  evapora t i on ,  and 
weed t r a n s p i r a t i o n  d u r i n g  t h e  r e s t  o f  t h e  year .  On t h i s  b a s i s ,  farm 
d e l i v e r y ,  and fa rm losses  a r e  e s t i m a t e d  as f o l l o w s :  

U i  v e r s i  on 
W i n t e r  s p i  11s 
Other  s p i l l s ,  l osses  by 

e v a p o r a t i o n  and weeds 
Farm Del  i v e r y  
Runo f f  
A p p l i e d  t o  s o i l  
Leach i  ng F r a c t i o n  
ETa 

As a p p r e c i a b l e  su r face  runo f f  and f a r m  d i t c h  waste was n o t e d  i n  t h e  area,  
an a l lowance o f  15 p e r c e n t  was made. Deduct ing  t h i s  from t h e  farm d e l i v e r y  
o f  1.51 m3/m2 leaves 1.28 a p p l i e d  t o  t h e  s o i l .  T h i s  l e s s  t h e  computed ETa 
of 1,01 g i v e s  0.27 m3/m2 o r  21 p e r c e n t  o f  t h e  a p p l i e d  w a t e r  a v a i l a b l e  f o r  
l each ing .  

O the r  f a c t o r s  t o  c o n s i d e r  a r e  s o i l s ,  d ra inage  c o n d i t i o n s ,  and r e p o r t e d  
l e a c h i n g  exper ience.  The su r face  s o i l s  a r e  c l a y ,  u n d e r l a i n  by s t r a t i f i e d  
sands, she1 1  l a y e r s  o r  c l a y s .  T h i s  was n o t e d  i n  t h e  s o i l  b o r i n g s  and f rom 
s o i l  b o r i n g  l o g s  f u r n i s h e d  by  t h e  Nahda Company who manage t h e  area. A 
r e p o r t  by  Drs. Bakr  and E l  A t t a r ,  U n i v e r s i t y  of A lexandr ia ,  F a c u l t y  o f  
A g r i c u l t u r e ,  1963, r e p o r t e d  l e a c h i n g  as much as 1  m on s i m i l a r  s o i l s  a  few 
k i l o m e t r e s  sou th  i n  a  month 's pe r iod .  However, o b s e r v a t i o n s  showed s p o t t y  
c r o p  growth  and s u r f a c e  s a l t  i n  many areas u n d e r l a i n  b y  t i g h t  c l a y s  where 
t h e  r e p u t e d l y  permeable s h e l l s  do l i t t l e  t o  improve dra inage.  Water samples 
f rom t h e  Maryut  branch cana l  and t h e  Main D r a i n  f rom t h e  area i n d i c a t e  a  t e n  
f o l d  i n c r e a s e  i n  c h l o r i d e s .  T h i s  cou ld  r e p r e s e n t  a  s a l t  ba lance  w i t h  o n l y  
10 p e r c e n t  l e a c h i n g  o r  d ra inage  f low l i n e s  sweeping s a l t y  l a y e r s .  However, 
as t h e  d r a i n s  a r e  sha l low,  and subsur face f l o w s  a r e  d i l u t e d  b y  s u r f a c e  
r u n o f f ,  i t  i s  l i k e l y  t h a t  average l e a c h i n g  i s  much l e s s  t h e n  r e p o r t e d  by  
Bakr and E l  A t t a r .  

Deeper d r a i n s  shou ld  improve t h i s  s i t u a t i o n ;  these a r e  p lanned w i t h i n  t h e  
n e x t  f i v e  years .  I n  v iew o f  t h i s  and t h e  c l o s e  d r a i n  spac ing,  l e a c h i n g  
a t t a i n a b l e  would be g r e a t e r .  W i th  adequate dra inage,  l e a c h i n g  c o u l d  a l s o  
be i nc reased  by  e x t r a  a p p l i c a t i o n s  between crops.  Some were no ted  i n  t h e  
area i n  tlay s h o r t l y  be fore  p l a n t i n g  a  sumner c rop,  r e p o r t e d l y  ponding t h e  
w a t e r  f o r  two o r  t h r e e  days. T h i s  c o u l d  a l s o  be done i n  f a l l  o r  w i n t e r  and 
such i n t e r m i t t e n t  l e a c h i n g  would be one of t h e  more e f f e c t i v e  ways t o  
c o n t r o l  s a l t .  

For  p r e s e n t  c o n d i t i o n s  an o v e r a l l  i r r i g a t i o n  e f f i c i e n c y  o f  about  67 p e r c e n t  
was assumed, w i t h  an average l e a c h i n g  f r a c t i o n  o f  about  0.27 m3/m2. Wi th  
improved d ra inage  i t  i s  e s t i  a t e d  t h a t  t h e  l e a c h i n g  f r a c t i o n  m i g h t  be 'i! inc reased  t o  about  0,40 n13/m . 



E,5 U t i  1  i z a t i o n  o f  Wastewater f o r  I r r i g a t i o n  

F u l l  and P a r t i a l  Supply 

The p r o j e c t e d  month ly  supp ly  o f  wastewater has a  much lower  peak f l o w  than  
month ly  i r r i g a t i o n  demand. T h i s  must be cons idered i n  p l a n n i n g  d e l i v e r i e s  
t o  a  s e r v i c e  area. I n  Tab le  E-10, t h e  month ly  d i s t r i b u t i o n  o f  p r o ' e c t e d  1 wastewater i s  compared w i t h  t h e  mon th ly  fa rm d e l i v e r y  demands i n  m I f eddan .  
D i s t r i b u t i o n  i s  based on p r o j e c t i o n s  o f  p o p u l a t i o n  and p e r  c a p i t a  sewage 
g e n e r a t i o n  r a t e s .  As shown i n  column 3, supp lv  exceeds w a t e r  demand f rom 
September through January b u t  i s  l e s s  than demand from February through August. 
The d i f f e r e n c e  i n  each p e r i o d  i s  1770 m3, o r  25 p e r c e n t  of annual demand. 
Var ious s e r v i c e  o p t i o n s  t o  a d j u s t  f o r  t h i s  d i f f e r e n c e ,  d iscussed i n  t h e  
f o l  1  owi ng paragraphs, a r e  f u r t h e r  cons idered f o r  each p o t e n t i  a1 s e r v i  ce area, 

F u l l  Supply. To f u r n i s h  f u l l  supp ly  o f  wastewater f o r  i r r i g a t i ~ n  would 
r e q u i r e  c o n s t r u c t i n g  s t o r a g e  f o r  25 pe rcen t  o f  annual f low, I t  would a l s o  
mean d e s i g n i n g  a  system t o  accommodate month ly  f l u c t u a t i o n s  r a n g i n g  f rom 
100 t o  more than  1000 m3/feddan0 As p r e v i o u s l y  d iscussed, f u l l  supp ly  of 
sewage i r r i g a t i o n  wa te r  i s  u n d e s i r a b l e  due t o  s a l i n i t y  excep t  on w e l l  d r a i n e d  
s o i l s ,  F u l l  supp ly  i s  thus  cons idered o n l y  where d ra inage  i s  known t o  be 
s a t i s f a c t o r y  and i t  i s  i m p r a c t i c a l  t o  i n t e g r a t e  wastewater and canal  w a t e r  
suppl  i e s .  

P a r t i a l  Supply - 75 Percent.  A  l e s s  expensive and more p r a c t i c a l  a l t e r n a t i v e  
i s  t o  f u r n i s h  75 p e r c e n t  of t h e  supp ly  t o  an area and u t i l i z e  canal  r e l e a s e s  
f o r  t h e  remain ing 25 p e r c e n t  o f  demand. Such a  program would i n v o l v e  
r e l e a s i n g  25 p e r c e n t  o f  t o t a l  wastewater volume t o  Lake Maryut  o r  t o  t h e  sea 
i n  w i n t e r ,  o r  a p p l i e d  t o  o t h e r  areas as p a r t i a l  supp ly .  Canal wa te r  thus 
saved would be re leased  i n  summer f rom High Dam Storage. The month ly  
f l u c t u a t i o n s  i n  wastewater f l o w s  would range f rom 550 m3 t o  645 m31feddan; 
an i n c r e a s e  o f  o n l y  17 percent .  

P a r t i a l  Supply - 50 Percent, Wastewater m i g h t  a l s o  be f u r n i s h e d  by  d e l i v e r -  
i n g  h a l f  o f  t h e  demand q u a n t i t i e s  l i s t e d  i n  column 2 o f  Tab le  E-10, w i t h  t h e  
o t h e r  h a l f  f u r n i s h e d  by canal  d e l i v e r i e s .  Month ly  f l u c t u a t i o n s  would be 
reduced t o  a  minimum o f  250 and a  maximum of about  500 m31feddan. I n  
a d d i t i o n  t o  p r o v i s i o n  f o r  month ly  f l u c t u a t i o n s ,  t h i s  approach p resen ts  some 
d i f f i c u l t y  of p l a n n i n g  f o r  wastewater d e l i v e r i e s  i n  w i n t e r  months when l a r g e r  
o p e r a t i o n a l  s p i l l s  a r e  l i k e l y  t o  occur. I t  has t h e  advantage, however, o f  
v i r t u a l  l y  e l  i m i  n a t i  ng s a l  i n i  t y  hazard and p r o v i d i n g  b e n e f i t s  t o  an area t w i c e  
t h e  s i z e  than would u t i l i z e  t h e  f u l l  wastewater supp ly .  

Another means o f  f u r n i s h i n g  50 p e r c e n t  wastewater supply,  shown i n  column 4 
o f  Tab le  E-10, i s  a t  a  c o n s t a n t  r a t e  f rom February through August, thus 
a v o i d i n g  supp ly  f l u c t u a t i o n s  and t h e  compl i c a t i o n  o f  d e l i v e r i e s  d u r i n g  w i n t e r  
months. I t  a l s o  a l l o w s  f l e x i b i l i t y  f o r  l o c a l  i r r i g a t i o n  opera to rs  t o  
i n t e g r a t e  cana l  d e l i v e r i e s  w i t h  a  c o n s t a n t  known q u a n t i t y .  I t  has t h e  
disadvantage, however, o f  u t i l i z i n g  o n l y  h a l f  o f  t h e  sewage supp ly  and 
p r o v i d i n g  b e n e f i t s  t o  an area t h a t  cou ld  u t i l i z e  f u l l  supply.  

Other P a r t i a l  Supp l ies .  I n  some cases, as i n  t h e  Maryut  Sector ,  t h e  f u l l  
supp ly  o f  Ameria wastewater i n  y e a r  2000 c o u l d  be mixed w i t h  t h e  Maryut  Canal 
f l ow .  The r e s u l t i n g  m i x t u r e  can o n l y  be r o u g h l y  es t ima ted  f rom a v a i l a b l e  



TABLE E-10 

Nov 

Dec 

Jan 

Feb 

Mar 

A P ~  
May 

June 

J u l y  

4uq 

Sept 

Oc t 

TOTAL 

COMPARISON OF IRRIGATION DEMAND AND WASTEWATER SUPPLY 

I r r i g a t i o n  
Demand 

433 

Wastewater 
Supply 

5 79 

D i f f e rence  ( a )  50% ( b )  
100% Wastewater 

Supply Supply 

146 

474 

452 

( -17) 500 
(-233) 500 

( -91) 500 

(-330) 500 

D i f f e r e n c e  
5 0% 

Supply 

4 33 

( a ) ~ a s t e w a t e r  supply minus i r r i g a t i o n  demand. 

( b )~ewage  i s  fu rn ished  a t  a cons tan t  r a t e  from February through August. 



data a t  about 15 percen t  sewage water.  As mentioned p r e v i o u s l y  and f u r t h e r  
d iscussed under p o t e n t i a l  s e r v i c e  t o  14aryut Sector,  t h e  m i x t u r e  percentage 
i t s e l f  i s  l e s s  impor tan t  than t h e  measures needed t o  reduce s a l i n i t y  i n  t h e  
Noubari a  and Maryut Canals. 

E,G Crop Y ie lds  and Farm Income 

Present 

I n  Tables E-11-13 c rop  areas, y i e l d s ,  and income a r e  shown f o r  p o r t i o n s  o f  
t h e  Abu K i r  D r a i n  and Abbis Areas, and f o r  Maryut  Sector.  Crop areas a r e  
l i s t e d  i n  feddans, Y ie lds  were ob ta ined  from t h e  te l in is t ry  o f  A g r i c u l t u r e ,  
A lexandr ia .  Several  years '  records were provided, b u t  many d i  screpanc ies 
occurred which cou ld  n o t  be reso lved,  and o n l y  t h e  1975-1976 data  were 
usable, A l l  y i e l d s  were conver ted t o  a  common u n i t  o f  m e t r i c  torlnes. 

As t h e  M i n i s t r y  f u r n i s h e d  no p r i c e  data,  p r i c e s  were ob ta ined  f rom t h e  Ford 
Foundation, C a i r o  f o r  1970-1974, and m o d i f i e d  f o r  1976 c o n d i t i o n s  i n  
accordance w i t h  IBRD recommendations. These p r i c e s  were taker i  as a  f i r s t  
approximat ion.  The data  were then reviewed by a g r i c u l t u r a l  economists w i t h  
e rsona l  farming exper ience a t  FAO, A lexandr ia  and f u r t h e r  m o d i f i e d  

Eased on da ta  f rom USDA Economic Research Service.  

As da ta  i n d i c a t e ,  t h e  major  source o f  income f o r  t h e  t h r e e  areas i s  
vegetables,  where y i e l d s  and p r i c e s  assoc ia ted  w i t h  them g r e a t l y  outweigh - 
e f f e c t s  o f  v a r i a t i o n s  i n  f i e l d  crops. l o  a  l e s s e r  e x t e n t  t h i s  i s  a l s o  t r u e  
o f  f r u i t s .  As shown b y  t h e  tab les ,  farm income i s  480 LE/feddan i n  t h e  
Abu K i r  D r a i n  Area and 387 LE/feddan i n  Abbis Canal Area. The low income i n  
the  Maryut Sec to r  o f  243 LE/feddan i s  due t o  l a r g e  areas o f  l and  t h a t  now l a y  
i d l e  i n  summer. 

P o t e n t i a l  f o r  Increase 

To n o t i c e a b l y  inc rease  farm income r e q u i r e s  adjustments t o  many complex 
economic problems i n c l u d i n g  more e f f e c t i v e  government management o f  rec la imed  
1 ands, and e x t e n s i v e  improvements i n  i r r i g a t i o n  and dra inage systems as we1 1 
as educat ion and t r a i n i n g  programs. I t  i s  u n r e a l i s t i c  t o  assume t h a t  a l l  
o f  these problems w i l l  be reso lved  i n  t h e  n e x t  20 years.  Th is  i s  a  f a c t  t h a t  
must be taken i n t o  c o n s i d e r a t i o n  i n  f o r e c a s t i n g  b e n e f i t s  f rom wastewater 
reuse, 

Economic Problems. Many economic problems a re  i n v o l v e d  i n  i n c r e a s i n g  c rop  
income. S p e c i f i e d  amounts of many crops must be marketed through t h e  
government a t  f i x e d  p r i c e s ,  These i n c l u d e  co t ton ,  corn, wheat, r i c e ,  broad 
beans, onions, oranges, watermelons, and grapes a t  t h e i r  peak season. The 
balance o f  p roduc t ion  o f  these and oxher crops i s  s o l d  a t  ir i1c:ontrol led and 
g e n e r a l l y  h i g h e r  p r i c e s .  The farmer 's  market s e l l s  a t  u n c o n t r o l l e d  p r i ces .  
The A lexandr ia  area farmers g e n e r a l l y  maximize p roduc t ion  o f  vegetables i n  
o r d e r  t o  market  them a t  u n c o n t r o l l e d  p r i c e s .  

A b i l i t y  t o  inc rease  t h e  area o f  h i g h  income crops i s  l i m i t e d  b y  government 
requirements t h a t  a  c e r t a i n  p o r t i o n  o f  t h e  land  be used f o r  b a s i c  crops a t  
f i x e d  p r i c e s ,  and by problems i n h e r e n t  i n  p resen t  farming methods. A l though 
t h e r e  i s  some mechanizat ion,  most of t h e  farm work i s  done b y  nand, o r  by  
farm animals. To suppor t  these animals, l a r g e  areas a r e  p l a n t e d  w i t h  
berseem each year,  r a t h e r  than cash crops, Mechanizat ion would a1 low more 
l a n d  i n  cash crops, b u t  would inc rease  t h e  p resen t  su rp lus  o f  fa rm l a b o r  



TABLE E-11 

CROP AREAS AND IIVCOME 1975-1976 - ABU KIR DRAIN AREA 

Area, Y ie ld ,  Income, LE 
Crop feddans tonnes l feddan t o n n e  / fed .  Gross 

F r u i t :  

General ( a )  

Oranges & lemons 960 8.0 

Sub-tota 1 3 608 - 

Winter  Crops: 

Wheat 80 1.2 

Bay1 ey 1 132 1.0 

Green Beans 54 1 6.2 

Berseem 3 499 ( 4 ~ 6 . 7 )  = 26.8 

Tomatoes 346 5.6 

Other vegetables 2 589 8.0 

Sub- to ta l  8 187 

Sumner Crops : 

Potatoes 94 1 7.0 

Corn 69 1 1.1 
Rice 1 794 2 .6  

Tomatoes 1 498 5.8 

O the rvege tab les  4 2 1 9  8.0 

Sub-to t a l  JL94.l 

TOTAL Crop 20 738 

TOTAL Land 12 551 

(a l pea rs  assumed t o  be rep resen ta t i ve  

( b ) ~ n i m a l  va lue taken as 30% o f  annual c rop  value. 



TABLE E-12 

CROP AREAS AND INCOME 1975-76 - ABBIS AREA 

Area, Y i e l d  Income, LE 
Crop feddans tonnes/feddan / tcnne / fed .  Gross 

F r u i t :  

None - - - - - 

Winter Crops: 

Wheat 41 5 0.8 

Bar1 ey 2 069 0.9 

Berseem s h o r t  30 ( 3  x 4) = 12.0 

Berseem, cont .  4 873 ( 4  x 5.6)= 22.4 

Dry Beans 1 327 0.9 

Tomatoes 255 5.6 

Other vegetables - 1 996 8.0 

Sub- to ta l  10 965 

Summer Crops: 

Potatoes 

Corn 

Rice 

Sunf 1 ower 

Watermelon Seed 

Toma toes 

Other vegetables 

Sub-to ta1 

TOTAL Crop 22 166 

TOTAL Land 11 201 

3 331 396 

(297.39) 

89.21 

To ta l  386.60 

( a ) ~ n i m a l  va lue taken as 30% o f  annual crop value. 



TABLE E-13 

CROP A9€.4S AND INCOME 1975-76 - FIA9YUT SECTOR 

Area, Y i e l d  Income, LE 
Crop feddans tonnes/feddan / tonne / feddan Gross 

F r u i t  

Genera 1 ( a )  6 418 3.0 50.00 150.00 962 700 

Win te r  Crops 

Wheat 4 653 1 . O  51.30 48.74 226 787 

Ba r l ey  1 046 0.8 48.31 38.16 39 915 

Dry beans 6 273 0.9 91 .OO 77.35 485 216 

Berseem 

Toma toes 

Other vegetables 37 1 8.0 38.00 304.00 1 1 2 7 8 4  

Sub- to ta l  21 192 (81.32) 1 723 296 

Summer C r o w  

Potatoes 113 7.0 60.00 

Corn 

Tomatoes 

Watermelon 1 939 8.0 33.12 

Watermelon seed 445 0.2 350.00 

Other  vegetab les 

Sub- to ta l  7 831 

TOTAL Crop 29 0 2 3 ( ~ )  

TOTAL Land 21 192 

To ta l  

( a ) ~ r a p e s  assumed t o  be rep resen ta t i ve .  

( b )13  361 feddans now es t imated  t o  be i d l e  i n  summer. 

( ' l ~ n i m a l  va l ue  taken as 30% o f  annual c rop  va lue.  



which w i l l  become more acute as popu la t ion  cont inues t o  increase. To o f f s e t  
t h i s ,  o t h e r  employment i s  needed i n  i ndus t r y ,  i n c l u d i n g  ag ro - i ndus t r i es  f o r  
process ing and grad ing o f  crops, 

A1 though a  l a r g e  p o r t i o n  o f  c rop land i s  devoted t o  berseem f o r  w i n t e r  feed 
and some o f  i t  d r i e d  f o r  hay, t h e r e  i s  a  shortage o f  summer feed which i s  
o n l y  p a r t i a l l y  met by straw, o the r  d r y  feed, and concentrates.  Product ion 
o f  n i l k  and meat i s  low, and t he re  i s  a  need f o r  fewer animals, improved 
l i v e s t o c k  breeds, b e t t e r  animal husbandry, and b e t t e r  i n t e g r a t i o n  o f  w i n t e r  
and s u m e r  feed ing t o  increase product ion.  

Land Ownership and Farm Operations. The problem o f  improved crop p roduc t i on  
i s  a l s o  a f f e c t e d  by l and  ownersnip and s i z e  o f  opera t ion ,  A  l a r g e  p o r t i o n  
o f  the  lands considered f o r  wastehater reuse are. government rec la imed lands, 
which a re  s t i l l  i n  government ownership o r  under governniental c o n t r o l .  
There a re  no t i ceab le  d i f f e r e n c e s  i n  managenlent o f  t h e  o r i g i n a l  l y  p r i v a t e  
lands, t he  " p r i v a t e "  lands of  t he  government p ro j ec t s ,  and o the r  lands i n  t h e  
government p r o j e c t s .  The o r i g i n a l l y  p r i v a t e  farms a re  l a r g e r ,  more e f f i c i e n t  
operat ions w i t h  b e t t e r  crops, s o i  1, i r r i g a t i o n ,  and dra inage management. 
The " p r i v a t e "  farms i n  t he  rec lamat ion  p ro j ec t s ,  a l though on ly .3  t o  ti 
feddans i n  s i z e  a l s o  have b e t t e r  crops and appear b e t t e r  managed than o t h e r  
government lands. The f a c t  t h a t  y i e l d  o f  most crops on government lands 
i s  l ess  than t he  Egypt ian average, and much l e s s  than under s i m i l a r  c l i m a t i c  
cond i t i ons  i n  the  U.S., i s  apparen t l y  r e l a t e d  t o  ownership and opera t ion ,  as 
we1 1  as t h e  qua1 i ty o f  t h e  land. 

Taher 2 .  Khal i f e ,  A g r i c u l t u r a l  Serv ice Exper t  w i t h  Un i ted  Nat ions Development 
Pro jec ts ,  i n  t h e  r e p o r t  "Abbis Extension Set t lement" ,  March, 1973, i n d i c a t e s  
t h a t  the  a g r i c u l t u r a l  cooperat ives respons ib le  under t he  M i n i s t r y  o f  
A g r i c u l t u r e  f o r  se rv ices  t o  farmers have been d e f i c i e n t  i n  many respects .  
He i n d i c a t e s  t h a t  t h e  farmers were f u rn i shed  o n l y  about h a l f  o f  t h e  needed 
seed and f e r t i l i z e r  and o n l y  about 10 percent  of t he  summer concent ra te  
needed f o r  l i v e s t o c k .  He a l s o  i n d i c a t e d  t h a t  they had f a i l e d  t o  adequately 
c a r r y  o u t  "b lock  farming".  Th is  i s  a  system i n  which severa l  pa rce ls  
compr is ing a  3  t o  5 feddan farm are  assigned t o  separate  l a r g e  b locks  which 
a re  farmed as u n i t s  t o  p rov ide  more e f f i c i e n t  operat ions,  e s p e c i a l l y  i n  
mechanizat ion and p e s t i c i d e  con t ro l .  While the  farmer has t h e  disadvantage 
of t r a v e l l i n g  t o  separate b locks  i n  t i m i n g  h i s  operat ions,  the  operat ions 
themselves a r e  more e f f i c i e n t .  

K h a l i f e  i n d i c a t e s  a  g rea t  need f o r  improved ex tens ion  se rv i ces  t o  t he  
farmers and b e t t e r  management o f  t he  lands i n  o rder  t o  inc rease  c rop  and 
animal product ion.  

Improved I r r i g a t i o n  and Drainage. Improved i r r i g a t i o n  methods such as d r i p  
o r  s p r i n k l e r  systems a re  recomended by many Egypt ians as a  means o f  
i n c reas ing  farm income and sav ing i r r i g a t i o n  water. These systems a re  
expensive and bes t  adapted t o  h i g h  income f r u i t s  and vegetables,  n o t  t o  
close-grown c l ove r ,  g ra i n ,  and o the r  r e l a t i v e l y  low income crops, which a re  
now grown i n  r o t a t i o n  w i t h  vegetables, Whi le these systems a re  be ing  
s tud ied  i n  Egypt, t he re  i s  no i n d i c a t i o n  t h a t  they w i l l  become widespread i n  
t he  near  f u t u re ,  

Also,  w h i l e  these methods p rov ide  a  b e t t e r  means o f  water  c o n t r o l ,  they a re  
no s u b s t i t u t e  f o r  good management o f  su r f ace  i r r i g a t i o n .  Genera l ly ,  they 
should be used o n l y  where lands a re  n o t  s u i t e d  t o  o the r  methods. 
Consequently, they a re  n o t  considered i n  es t ima t i ng  b e n e f i t s  on t he  smooth, 
n e a r l y  f l a t  lands, compr is ing most o f  t he  s tudy area. 



Same improvement in irrigation methods may be expected in the next 20 years, 
a1 though i t  wi 11 not change the basic need for improved operation and 
management of existing irrigation and drainage systems, as the primary a n d  
fundamental means of increasing farm income. 

E.7 Effects o i  Wastewater Irrigation on Farm Income 

General 
Wastewater supply will be more saline and will contain more nitrogen and  
phosphate than the canal water. The effects of wastewater irrigation on 
farm income will be determined by the interaction of these constituents. 
With adequate leaching and drainage, sal ini ty can be controlled and the land 
can benef i t from the i ncreased nitrogen and phosphate. The m i  niniuni benefit 
w o u l d  be a savings in f e r t i l i ze r  cost; the maximum would also include an 
increase in crop yields. Where drainage and leaching are inadequate, f u l l  
supply of wastewater will produce l i t t l e  or no benefit as sal ini ty will 
limit nutritional gains. Under these conditions a mixed supply of wastewdter 
and canal water would be more beneficial, reducing the sal ini ty hazard, 
while providing adequate nutritional gains. 

Specific On-Farm Benefits 
Tne savings in f e r t i l i ze r  cost consists of saving in f e r t i l i ze r  materials 
and the labor for  application. The saving in f e r t i l i ze r ,  with an average 
application of 400 kg/feddan a t  4 LE/100 kg, i s  estimated as 16 LE/feddan. 
The labor saved i s  estimated as 3 man-days/feddan with an average wage of 
1 LElman-day, or 3 LE/feddan. Total estimated savings are 19 LE/feddan. 
The effect of wastewater on crop yield will vary with land characteristics,  
crop patterns, and irrigation management. Benefits versus adverse effects 
are discussed separately for each potential service area in Section E.9. 

National Benefits 

In addition to on-farm benefits, reuse of wastewater for irrigation can 
ultimately provide national benefits including the foll  owing: 

1 .  Increase of total f e r t i l i ze r  available for agriculture. 
2. Increase of total avai lable water supply: 

( a )  i f  utilized on irrigable lands, would increase the nation's 
potential food and fiber supply for  an expanding population; 

( b )  would expand potential for municipal and industrial water 
supply by offsetting a portion of agricultural water supply; 

( c )  by exchange would increase the water supply available for 
navigation, 

3 .  Provides benefit to the nation represented by the difference in 
price paid t o  the farmer for governmental regulated crops and the 
world prices received, by the government. (From avai 1 able data, 
i t  i s  estimated that this i s  a t  least  20 percent of the farm 
income in the Alexandria area.) 

4. Provides social benefit holding people t o  the land rather than 
migrating t o  c i t i e s  in search of employment. 

5. Provides social benefit of increased agricultural employment on 
farms and in processing agricultural products. 

6. I n  areas such as Ameria Northwest, the creation of green t racts  
among the industrial and residential developments would be envi - 
ronmentally and aesthetically desirable. This type of development 



would pe rm i t  l o c a t i o n  o f  a g r i c u l t u r a l  process ing p l a n t s  c l ose  t o  
t h e  l a b o r  supply.  

Net B e n e f i t  

Net b e n e f i t  t o  t h e  farmer and t he  n a t i o n  i s  determined by d i f f e r e n c e  between 
t h e  above mentioned b e n e f i t s  and t h e  cos ts  o f  development, The l a t t e r  
i n c l u d e  cos ts  o f  sewage t reatment  a t t r i b u t a b l e  t o  i r r i g a t i o n  use, cos ts  o f  
conveying water  t o  t h e  land, and cos ts  o f  l and  irr~provement a t t r i b u t a b l e  
t o  i r r i g a t i o n  w i t h  wastewater. To assess t he  n e t  b e n e f i t  o f  wastewater 
reuse a l s o  r equ i r es  o m p a r i s o n  wibh. a l t e r n a t i v e  i r r i g a t i o n  sources, as 
discussed i n  t h e  f o l l o w i n g  sec t ion ,  

E.8 A l t e r n a t i v e  Sources o f  I r r i g a t i o n  Supply 

A1 t e r n a t i  ves 

The f o l l o w i n g  two a l t e r n a t i v e s  a re  means o f  u t i l i z i n g  a d d i t i o n a l  N i l e  R i ve r  
water.  They would n o t  p rov ide  t h e  f e r t i l i z e r  b e n e f i t s  o f  wastewater, b u t  
t h e i r  r e l a t i v e l y  low c o s t  i n  comparison w i t h  t he  expense o f  sewage t reatment  
and conveyance f o r  i r r i g a t i o n  j u s t i f i e s  cons ide ra t i on  i n  t he  near f u t u re .  

Add i t i ona l  Storage. The cos t  o f  deve lop ing f u r t h e r  i i i l e  R i ve r  s to rage  may be 
rougt i ly  es t imated from a v a i l a b l e  c o s t  i n f o rma t i on  on t h e  Aswan Hiah Dam. 
According t o  i n f o rma t i on  rece ived from t h e  Beher ia  Governorate a t  Damanhur, 
Egyp t ' s  share o f  t h e  a d d i t i o n a l  s torage a t  t he  High Dam was 7.5 b i l l  i o n  m3 
a t  a  c a p i t a l  c o s t  of LE 100 m i l l i o n ,  o r  .U133  LEI^^. With an annual c o s t  o f  
10 percent  f o r  i n t e r e b t ,  operat ion,  n~aintenance and replacement, t h i s  amounts 
t o  1  .3 nms/m3 ( ,001 3  LEI^^). 

Water Salvage f rom Present I r r i g a t i o n  Systems. As p r e v i o u s l y  discussed, 
t he re  i s  a  tendency f o r  wasteful  i r r i q a t i o n  p r a c t i c e  i n  e x i s t i n q  i r r i q a t i o n  
systems. Farmer i F r i g a t i o n  p r a c t i c e  cannot r e a d i l y  be co r rec tea  i n  t he  
s h o r t  term. However, improvements i n  system ope ra t i on  cou ld  save a s i g n i -  
f i c a n t  amount o f  water  and f a c i l i t a t e  more e f f i c i e n t  farm uses. 

According t o  represen ta t ions  o f  the  M i n i s t r y  o f  I r r i g a t i o n ,  about 10 t o  15 
percent  o f  t h e  i r r i g a t i o n  water  annua l l y  d i v e r t e d  t o  branch canals i s  l o s t  
by opera t iona l  s p i l l s  t o  dra ins.  Th is  i s  l a r g e l y  due t o  inadequate 
maintenance o f  e x i s t i n g  s t r uc tu res ,  With b e t t e r  water  c o n t r o l  , these losses 
could  be reduced and more e f f i c i e n t  farm d e l i v e r i e s  cou ld  be made. 

Thus, 10 percent  o f  the  annual d i ve r s i ons  t o  10 feddans would meet t h e  
d i v e r s i o n  requirement f o r  1  feddan. According t o  some i r r i g a t i o n  o f f i c i a l s ,  
t h i s  sav ing could  be accomplished by r e h a b i l i t a t i o n  o f  e x i s t i n g  s t r u c t u r e s  
a t  a  c o s t  o f  about 1  LE per  i r r i g a t e d  feddan. With an average d i v e r s i o n  o f  
7000 m3/feddan, 700 m3 cou ld  be saved f o r  a  c o s t  o f  1  LEY which amounts t o  
1.4 mms/m3 (.0014  LEI^^). 

E,9 Areas w i t h  P o t e n t i a l  Tor Wastewater I r r i g a t i o n  

General 

I n  t h e  f o l  l ow ing  subsect ions,  p o t e n t i a l  f o r  wastewater i r r i g a t i o n  i s  
discussed f o r  f o u r  major  areas. I n  t h e  Abu K i r  D ra in  and Abbis Areas, 
mixed supp l ies  o f  wastewater and canal water  appear t o  be more b e n e f i c i a l  



than a  f u l l  supply. I n  Maryut  Sec to r  t h e  proposed method o f  s e r v i c e  would 
n e c e s s a r i l y  i n v o l v e  a  m i x t u r e  o f  wastewater and canal  wa te r .  I n  Ameria 
Northwest,  s o i l  and dra inage c o n d i t i o n s  a r e  f a v o r a b l e  f o r  a  f u l l  supp ly  o f  
wastewater. 

I n  t h e  Abu K i r  D r a i n  and Abbis Areas, which now have ample water  supp l ies ,  
t h e  imnedia te  b e n e f i t s  a r e  t h e  f e r t i  1  i z e r  c o n t r i b u t i o n s  of wastewater, I n  
Maryut  Sec to r  and Ameria Northwest where i r r i g a t i o n  suppl  i e s  a r e  inadequate 
o r  l a c k i n g  aJtogether ,  t h e  b e n e f i t s  a r e  a t t r i b u t a b l e  t o  bo th  wa te r  supply  
and f e r t i  1  i zer  c o n t r i b u t i o n s .  

I r r i g a t i o n  o f  e i t h e r  Maryut  Sec to r  o r  Ameria Northwest c o u l d  u t i l i z e  most 
o f  t h e  p r o j e c t e d  Ameria wastewater supply  t o  t h e  y e a r  2000. 

I. Abu K i r  D r a i n  Area 

L o c a t i o n  and Size.  As shown i n  F i g u r e  E-2, t h i s  area l i e s  t o  t h e  r i g h t  o f  
t h e  Mahmoudia Canal ex tend ing  f rom l lontazah Canal t o  t h e  v i c i n i t y  o f  Lake 
Idku.  Most o f  t h e  land  i s  d ra ined  t o  t h e  Medi ter ranean through Abu K i  r 
Drain.  The E l  Teraa Canal and Di fshu D r a i n  N o r t h  were a r b i t r a r i l y  s e l e c t e d  
as t h e  eas te rn  1  i m i  t s  o f  probable  economic se rv i ce .  

P o t e n t i a l  Serv i ce  Areas. Depending on t h e  t ype  o f  s e r v i c e ,  t h e  areas t h a t  
c o u l d  u t i  1 i ze wastewater suppl i e s  a r e  determined as f o l  1  ows : 

P o t e n t i a l  Reuse Area. feddans 

supp ly  F u l l  Serv i ce  P a r t i a l  Serv i ce  
Year M V d a y  (1  00%) (75%) (50%) ( a )  

(a)50% supply  f l u c t u a t i n g  w i t h  demand; area r e c e i v i n g  50% supp ly  a t  
cons tan t  r a t e  f rom February t o  August i s  t h e  sane as t h a t  which cou ld  
u t i  1  i ze f u l l  supply.  

As i n d i c a t e d ,  wastewater supply  i n  1980 would be s u f f i c i e n t  t o  f u r n i s h  a 
f u l l  supp ly  o r  a  50 percen t  supply  a t  cons tan t  r a t e  t o  2740 feddans, I t  
cou ld  a l s o  p rov ide  a  50 percen t  mixed supply  a t  f l u c t u a t i n g  r a t e  t o  5480 
feddans, T h i s  would comprise about h a l f  t h e  area between Montazah Canal and 
Abu K i r  Dra in ,  t h e  area neares t  t o  t h e  probable  p o i n t  of sewage c o l l e c t i o n .  
Th is ,  however, i s  l a r g e l y  l e s s  p r o d u c t i v e  Class 3 land, much o f  which may 
be conver ted t o  urban development. I f  s e r v i c e  were p rov ided  f a r t h e r  east ,  
more p r o d u c t i v e  1  ands would r e c e i v e  an i r r i g a t i o n  supply.  

By y e a r  2000, t h e  e n t i r e  area o f  12 540 feddans between Montazah Canal and 
Lake Idku  cou ld  r e c e i v e  a 50 percen t  supply  a t  cons tan t  r a t e  and most o f  t h e  
s tudy  area cou ld  be served w i t h  a  mixed supply  a t  f l u c t u a t i n g  r a t e .  Thus, 
as shown i n  F igu re  E-2, t h e r e  i s  o p p o r t u n i t y  t o  serve a  l a r g e  area o f  Class 1  
land  and maximize p o s s i b l e  b e n e f i t .  

Land and Crops. These a r e  m a i n l y  c l a y  s o i l s  u n d e r l a i n  b y  s t r a t i f i e d  s o i l s  
o f  v a r i a b l e  tex tu re .  Water t a b l e s  range f rom l e s s  than 50 cm t o  more than 
1.0 m depth, as s a l i n i t y  i s  low t o  moderate. As shown i n  F igu re  E-2, areas 
o f  Class 3 l a n d  occur  near  Montazah, and areas o f  Class 2  e a s t  o f  T a u f i k i  
Canal. Class 1  areas, compr is ing t h ?  b e s t  lands,  occur  e a s t  o f  Abu K i r  Dra in .  



Drains a re  gene ra l l y  50 m apar t ,  rang ing  from l e s s  than 1 m depth i n  t he  
west t o  about 1,5 m depth i n  eas te rn  lands. Open d ra i ns  predominate, b u t  
t i l e  d ra i ns  were observed on some p r i v a t e  farms, Crops i n c l u d e  t r e e  f r u i t s ,  
which a re  ma in ly  c i t r u s ,  vegetables,  and f i e l d  crops. Crop growth v a r i e s  
f rom f a i r  on Class 3  lands near Montazah t o  e x c e l l e n t  on Class 1  lands near 
Abu K i r  Drain,  For t h e  area as a  whole, y i e l d s  a re  below the  Egypt ian 
average, 

P o t e n t i a l  E f f e c t s  o f  Wastewater I r r i q a t i o n .  As s a l t  s e n s i t i v e  f r u i t s  and 
vegetables a re  impor tan t  i n  t he  area, i t  would be d i f f i c u l t  t o  meet the  
leach ing  requ i r ed -  t o  ma in ta i n  p r o d u c t i v i t y  w i t h  a  f u l l  supply  o f  wastewater. 
A mixed supp ly  o f  canal-wastewater would reduce t he  s a l i n i t y  hazard and 
p rov ide  adequate n u t r i e n t s ,  

Bene f i t s .  F u l l  supply  o f  wastewater would produce no immediate on-farm 
bene f i t s ,  as t he  s a l i n i t y  would n u l l i f y  t he  n u t r i e n t  gain,  A 50 percent  
m i x tu re  o f  canal-wastewater would produce a f e r t i l i z e r  sav ing b e n e f i t  o f  
19 LE/feddan. I n  add i t i on ,  an est imated crop y i e l d  inc rease  would produce 
an incremental  n e t  income o f  10 percent  o f  the amount shown i n  Table E - l l ,  
o r  48 LE/feddan, The t o t a l  annual b e n e f i t  would be 67 LE/feddan. For 
20 080 feddans t h a t  cou ld  r ece i ve  a  mixed supply i n  year  2000, t h i s  would 
amount t o  LE 1 680 000. I n  1977 the  present  wor th  a t  10 percent  d iscoun t  
r a t e  i s  LE 1.9 m i l l i o n .  

The d i f f e r e n c e  between on-farm b e n e f i t s  and development cos ts  becomes the 
n e t  b e n e f i t .  Costs i nc l ude  land  improvement, sewage t reatment  a t t r i b u t a b l e  
t o  i r r i g a t i o n ,  and conveyance and d i s t r i b u t i o n  of t r e a t e d  wastewater, 

With mixed supply  no land  improvement o r  spec ia l  management i s  needed. 
Dra ins are deep and e f f e c t i v e  i n  t he  eas te rn  p a r t  o f  t he  area. I n  the  
western lands, w i t h  shal  low c l a y  s o i l s  o f  Class 3, deepening the  d r a i n s  
would have l i t t l e  e f f e c t .  Adequate leach ing  f o r  adapted crops cou ld  be 
c a r r i e d  o u t  w i t h  the  e x i s t i n g  d ra ins .  Sewage t reatment  and conveyance cos ts  
a re  determined i n  Chapter 7  of t he  Technica l  Report. The f o l  l ow inq  
general  observa t ion  can be made. I f  wastewater d isposa l  through sea o u t f a l l s  
i s  l e a s t  c o s t l y ,  then t he  cos t  o f  secondary t reatment  i s  a t t r i b u t a b l e  t o  
i r r i g a t i o n ,  Assuming wastewaters were t o  be c o l  l e c t e d  near Montazah Canal , 
conveyance and d e l i v e r y  t o  t he  i r r i g a t i o n  system i n  t he  western p a r t  o f  
t he  area would have t h e  l e a s t  cost .  As b e t t e r  lands l i e  eas t  o f  the 
Tau f i  k i  Canal, g rea te r  b e n e f i t s  w i  11 be r e a l i z e d  if the  supply can be 
t ranspor ted  t o  these areas, 

Q u a n t i t a t i v e  ana l ys i s  of n e t  b e n e f i t  f o r  reuse of wastewater on area cropland5 
i s  presented as p a r t  o f  a  bene f i  t s / c o s t  eva lua t i on  made i n  comparing 
reg iona l  a l t e r n a t i v e s  i n  Chapter 7  of Volume 11. 

A1 t e r n a t i  ves t o  Wastewater I r r i g a t i o n .  As these 1 ands now have adequate ---- 
water  supply  f rom Mahmoudia Canal, t he re  i s  l i t t l e  de f i ned  need t o  develop 
a d d i t i o n a l  suppl ies ,  Sewage could  p r i m a r i l y  p rov ide  f e r t i  1  i z e r  b e n e f i t s .  
I f  canal water  i s  l i m i t e d  i n  the  f u tu re ,  lower  c o s t  a l t e r n a t i v e s  t h a t  would 
i n i  ti a1 l y  be considered i n v o l v e  development of addi ti onal s torage o r  
s a l  vage o f  opera t iona l  s p i  11 s, 

11. Abbis Area 

Loca t ion  and Size, Th is  inc ludes  lands south and eas t  o f  the hydrodrome, 
bounded on t h e  n o r t h  by the  Mahmoudia Canal, on the  southeast  by t he  
Deshoudi O u t f a l l  Dra in ,  and t o  the southwest by the  E l  Umoum Drain,  



I t  inc ludes  t he  lands served by t h e  Maryut, Beida, and Abbis Canals. The 
t o t a l  area, shown on F igure E-2, comprises 24 000 feddans. 

The Deshoudi O u t f a l l  D r a i n  was a r b i t r a r i l y  se lec ted  as t he  eas te rn  l i m i t  o f  
probable economic se rv ice .  As t he  lands southeast of Deshoudi D ra i n  a re  
s i m i l a r  t o  those w i t h i n  t h e  de l i nea ted  area, bene f i t s  per  feddan should be 
t h e  same, 

W i t h i n  t h e  area t he  p o r t i o n  known as Abbis Extens ion was s tud ied  i n  g r e a t e r  
d e t a i l ,  I t  l i e s  imned ia te ly  south o f  t he  D r i n k i n g  Water Canal and E l  Kalaa 
D ra in  l ead ing  t o  Lake Maryut and i s  served by the  Maryut Canal. A f u l l  o r  
p a r t i a l  wastewater supply  cou ld  be fu rn ished  r e a d i l y  t o  the  land  by an 
i n t a k e  s t r u c t u r e  near Kalaa Pump S ta t i on .  The l o c a t i o n  o f  Abbis Extensions 
i s  shown on F igures E-1 and E-2. I t  comprises an i r r i g a t e d  area o f  
6 300 feddans. 

P o t e n t i a l  Serv ice  Areas. Depending on the  type o f  se rv ice ,  areas t h a t  cou ld  - 
u t i l i z e  t h e  p ro j ec ted  sewage supp l ies  a re  determined as f o l l ows :  

Po ten t i  a1 Reuse Area, feddans 

Year Supply, M L l d g  F u l l  Serv ice 75% Serv ice  50% Serv ice  ( a )  

( a ) ~ O ~  supply  f l u c t u a t i n g  w i t h  demand, area r e c e i v i n g  50% supply  a t  cons tan t  
r a t e  f rom February - August i s  same as t h a t  which cou ld  u t i l i z e  f u l l  
supply. 

The above data a re  de r i ved  from sewage supply  est imates and concepts 
discussed i n  Sect ion R-5. 

As i nd i ca ted ,  t he  p ro j ec ted  wastewater supply  would be s u f f i c i e n t  t o  p rov ide  
a f u l l  supply,  o r  a  50 percent  supply  a t  a  cons tan t  r a te ,  t'o 23 885 feddans 
( n e a r l y  the  e n t i r e  s tudy area o f  24 000 feddans) by 1980. By 1990 and 
t h e r e a f t e r ,  t h i s  supply  would exceea t he  demand o f  t h e  e n t i r e  area. I n  a l l  
years  supp l ies  a re  more than s u f f i c i e n t  t o  p rov ide  p a r t i a l  se r v i ce  m ix tu res  
i n d i c a t e d  f o r  t he  area. 

Land and Crops. The i r r i g a t e d  lands have been rec la imed f rom Lake Maryut, 
They l i e  2 and 4 m below sea l e v e l  and a re  smooth, w i t h  n e a r l y  f l a t  topo- 
graphy. The sur face  s o i l s  a re  c lay ,  unde r l a i n  by v a r i a b l y  s t r a t i f i e d  
sediments. These range from t i g h t  c l ays  t o  permeable sands and she1 1 
depos i ts .  The water  tab le ,  o r i g i n a l l y  ve ry  shal low, i s  f rom 50 cm t o  1  In 
below t he  ground surface. S o i l  s a l i n i t y ,  o r i g i n a l l y  more than 8 mnholcm, 
i s  gene ra l l y  l ess  than 4 mmholcm. 

The lands a re  predominant ly Class 3. Open f i e l d  d ra i ns  l e s s  than 1 m deep 
a re  spaced 50 m apar t ,  F i e l d  crops and vegetables a re  grown; crop growth 
i s  f a i r ,  b u t  y i e l d s  a re  below average f o r  Egypt. 

Po ten t i  a1 E f f e c t s  o f  Wastewater I r r i g a t i o n .  As s a l t  s e n s i t i v e  vegetables 
a re  impor tan t  t o  the  economy o f  t h i s  area, i t  would be d i f f i c u l t  t o  meet 
t h e  1  caching requ i red  t o  ma jn ta i  n  p r o d u c t i v i t y .  Deeper d ra i ns  a re  
needed and accord ing t o  l o c a l  sources, deeper t i l e  d ra i ns  a re  planned f o r  



t he  Abbis Area w i t h i n  t he  n e x t  t e n  years.  With adequate dra inage and a 
mixed canal-wastewater i r r i g a t i o n  supply,  t he  leach ing  needed f o r  even s a l t  
s e n s i t i v e  crops cou ld  be achieved, 

Bene f i t s ,  F u l l  wastewater supply  would produce no on-farm b e n e f i t s ,  as 
s a l i n i t y  would o f f s e t  t he  increased n u t r i e n t s .  A mixed supply  would 
p rov ide  a f e r t i l i z e r  sav ing of LE 19 e r  feddan, and an income inc rease  of 
10 percen t  o f  t he  amount shown i n  Tab ! e E-12, o r  LE 39 p e r  feddan. The 
t o t a l  annual b e n e f i t  would be LE 58 pe r  feddan. For  23 G85 feddans t h a t  
would r ece i ve  a  50 percen t  mixed supply  i n  1980 t h i s  would be LE 1 385 000 
i n  1977, t he  p resen t  wor th  o f  which a t  10 percen t  d i scoun t  r a t e  i s  LE 10.4 
m i l l i o n .  

The d i f f e r e n c e  between t h e  on-farm b e n e f i t s  and development cos ts  i s  n e t  
b e n e f i t .  The costs  would i nc l ude  l and  improvement, secondary sewaqe t r e a t -  
ment a t t r j b u t a b l e  t o  i r r i g a t i o n ,  and t h e  conveyance and d i s t r i b u t i o n  of  
i r r i g a t i o n  water. An improved dra inage system would be requ i r ed  t o  r e a l i z e  
t he  b e n e f i t s  i nd i ca ted .  Since improved dra inage i s  planned by  t h e  Egypt ian 
Government, the  c o s t  should n o t  be a t t r i b u t a b l e  t o  wastewater reuse. The 
conveyance cos t s  t o  reach t he  main canals,  i n c l u d i n g  Abbis, i n  o rde r  t o  
serve t he  e n t i r e  area have been determined. These cos ts  a re  r e l a t i v e l y  
low and i f  secondary t reatment  i s  r equ i r ed  f o r  Maryut discharge, then t he  
n e t  b e n e f i t  should be p o s i t i v e .  

Q u a n t i t a t i v e  ana l ys i s  o f  n e t  b e n e f i t  f o r  reuse o f  wastewater on area 
croplands i s  presented as p a r t  of  a  benef i  t s / c o s t  e v a l u a t i o n  made i n  
cornparing reg iona l  a l t e r n a t i v e s  i n  Chapter 7  of Volume 11. 

A l t e r n a t i v e s  t o  Wastewater I r r i g a t i o n .  As t h e  lands now have an adequate 
water  supply  f rom Mahmoudia Canal, t he re  i s  no immediate need t o  develop 
a d d i t i o n a l  i r r i g a t i o n  suppl ies .  Wastewater would p r i m a r i l y  p rov ide  f e r t i  - 
l i z e r  bene f i t s .  I f  canal water  i s  l i m i t e d  i n  t he  f u t u r e ,  t h e  lower  c o s t  
a1 t e r n a t i  ves , such as develop ing a d d i t i o n a l  s torage and sa l  vage of opera- 
t i o n a l  s p i l l s ,  should f i r s t  be considered, 

111, A - ----- Maryut Sec to r  

Loca t ion  and Size. Maryut Sec to r  l i e s  south o f  Ameria and west of t h e  
Cai ro-Alexandr ia  Deser t  Road as shown on F igures E-1 and E-3. I t  i s  
i r r i g a t e d  f rom Maryut Canal, a  major  branch f rom Noubaria Canal, which 
t raverses  t he  cen te r  o f  t h e  Sector  f rom eas t  t o  west, and through a se r i es  
o f  f i v e  pump l i f t s ,  conveys t he  water  t o  an e l e v a t i o n  30 m above sea l e v e l ,  
From the re  i t  branches i n t o  a  canal se r v i ng  t h e  southwest s e c t o r  and i n t o  
Bahig Canal which serves t h e  nor thwest  s e c t o r  and cont inues many k i l ome t res  
west t o  serve Maryut Extension, 

The t o t a l  area i s  41 000 feddans, o f  which o n l y  22 000 feddans a re  i r r i g a t e d .  
Due t o  water  shortages, l a r g e  areas a re  i d l e  i n  t h e  sumner. 

P o t e n t i a l  Serv ice  Areas. Wastewater cou ld  be t r anspo r t ed  from Ameria a t  
an e l e v a t i o n  of about 12 m t o  Pumping P l a n t  No. 2  a t  t h e  i n t e r s e c t i o n  o f  
t he  Deser t  Road and Maryut Canal a t  an e l e v a t i o n  o f  14 m. The d i s t ance  i s  
8 km. A t  Pumping P l a n t  No. 2  i t  would be mixed w i t h  t l a ryu t  Canal waters t o  
serve t he  areas se lected.  

As shown on F igure  E-3, ex tens ive  areas o f  deep s o i l  occur  i n  t he  Western 
Sector,  and these a re  r e l a t i v e l y  f r e e  of drainage o r  s a l i n i t y  problems and 
are comparat~le i n  qua1 i t y  t o  Class 2  1  ands. 



The mixed canal-wastewater supply cou ld  be used t o  serve p resen t l y  non- 
i r r i g a t e d  lands o f  t h i s  area, Comparison o f  p r e l i m i n a r y  c o s t  est imates w i t h  
b e n e f i t  es t imates i n d i c a t e  t h a t  about 5  000 feddans would be necessary t o  
y i e l d  a  p o s i t i v e  n e t  b e n e f i t ,  As t he  p ro j ec ted  sewage supp l i es  would be 
inadequate t o  serve so l a r g e  an area be fo re  year  2000, o n l y  t h a t  yea r  i s  
considered f o r  eva lua t ion ,  

The t o t a l  annual q u a n t i t y  o f  sewage water by year  2000 o f  34.2 m i l l i o n  m3 
would i r r i g a t e  about 4  890 feddans, i f  t h e  supply  conformed t o  i r r i g a t i o n  
demand, However, the re  would be a wastewater excess o f  1  770 m I feddan  o r  
25 percent  o f  t he  t o t a l  i n  w in te r ,  w i t h  a  corresponding d e f i c i t  i n  summer. 
Only 75 percent  o f  the  supply  would be f u r n i  stled t o  t h e  4  890 feddans and 
25 percent  would be supp l i ed  t o  o the r  p resen t l y  i r r i g a t e d  lands. The s u m e r  
d e f i c i t  on the  4 890 feddans could  be met by High Dam storage re leases of 
canal water  rep laced by the  w i n t e r  excess wastewater, The wastewater would 
a c t u a l l y  be p a r t  o f  a  mixed supply, b u t  f o r  b e n e f i t  e v a l u a t i o n  i t  may be 
considered as t he  equ i va l en t  o f  a  new supply f o r  4 890 feddans. 

According t o  M r ,  Fouad Taha o f  t h e  Maryut Company, t he  supply  cou ld  be used 
immediately and the Maryut Canal and pump s t a t i o n s  cou ld  accommodate an 
a d d i t i o n a l  500 MLlday. As t he  est imated peak sewage f l ow  i s  about 9 percent  
o f  34,2 m i l l i o n  nd, o r  about 100 Ml lday,  the  peak f l o w  would be w e l l  w i t h i n  
canal capac i t y  , 

Land - - --- and --- --~- C r o ~ .  The lands f o r  which b e n e f i t s  a re  eva luated would be 
se lec ted  from the  n o n - i r r i g a t e d  lands o f  Class 2  q u a l i t y  i n  the  Western 
Sector.  These a re  smooth g e n t l y  s l op i ng  lands, hav ing deep s o i  1s o f  c l a y  o r  
c l a y  loam tex tu re ,  They a re  f r e e  o f  s a l t  o r  on l y  s l i g h t l y  sa l i ne ,  
calcareous, and water  t ab l es  a re  now more than 1,25 m deep. F i e l d  d ra i ns  
a re  open, about 1  m deep, and about 50 t o  100 m apar t .  

The lands a r e  no t  p resen t l y  cropped, b u t  s i m i l a r  lands i n  t he  Sector  
produce grapes, almonds, vegetables, and general  f i e l d  crops, 

P o t e n t i a l  --- ------- E f f e c t  o f  Wastewater I r r i g a t i o n .  Wastewater would necessa r i l y  be 
mixed w i t h  Maryut Canal water  t o  f u r n i s h  a  mixed supply,  As discussed i n  
Sect ion E-3, t h e  waters o f  the Noubaria and Maryut Canals have TDS ranges 
of 750 t o  1  000 my/L and what can o r  cannot be done t o  reduce t h i s  w i l l  
markedly a f f e c t  the s a l i n i t y  o f  Ameria's wastewater, the Maryut Canal, and 
the  r e s u l t a n t  mixed supply. 

With 22 000 feddans i r r i g a t e d  i n  Maryut Sector  and 12 000 i n  Maryut Exten- 
s ions,  average canal f l ow  would be 7,5 m3/sec t o  meet an annual demand o f  
7 000 m3/feddan0 Average f l o w  o f  wastewater would be 1.04 m3/sec. 

Assuming t h a t  the West Noubaria Main Dra in  and c o r r e c t i v e  measures i n  the  
Maryut Canal can reduce t he  s a l i n i t y  t o  about 600 mg/L TDS, arid. t h a t  t h e  
sewage water  w i l l  have about 850 mg/L TDS, the  r e s u l t i n g  m i x tu re  would have 
about 630 mg/L,or an EC of about 1  mmho/cm. 

With s a l i n i t y  reduced t o  t h i s  l e v e l ,  and some n u t r i e n t  increase, t he  
leach ing  requirements f o r  a l l  f i e l d  crops, grapes, o l i v e s ,  o r  almonds could 
be met, and good y i e l d s  obtained. Th is  would b r i n g  an est imated gross 

income of LE 345 per  feddan. Based on in fo rmat ion  f rom the  Ford Foundation, 
Cairo,  t he  n e t  va lue added t o  t he  land  would be about LE 200 per  feddan. 



Scne f i t s .  The est imated n e t  income o f  200 LE/feddans f o r  an i r r i g a t e d  area 
-7- 

of 4 890 feddans i s  LE 978 000 s t a r t i n g  i n  t he  year  2000. The 1977 present  
wor th  a t  10 percen t  d i scoun t  r a t e  i s  LE 1.1 m i l l i o n .  

Costs necessary t o  achieve the  above b e n e f i t  a re  land  improvement, sewage 
t r e a t m e n t ~ a t t r i b u t a b l e  t o  i r r i g a t i o n ,  and c a p i t a l  expense and annual 
opera t ion  o f  a  system t o  convey t he  sewage from Ameria t o  Pumping P l a n t  
No. 2. These costs,  on a  present  worth,  bas is ,  must be deducted from the  
b e n e f i t  t o  o b t a i n  the  n e t  b e n e f i t .  

The l and  improvements which a re  needed i nc l ude  dra inage and some l e v e l  ing.  
As these improvements would be necessary regard less  o f  i r r i g a t i o n  source, 
they a re  n o t  chargeable t o  sewage i r r i g a t i o n  i n  comparison w i t h  o the r  
a1 t e rna t i ves .  

The a l t e r n a t e  l o c a t i o n  f o r  d i sposa l  of sewage would be t o  t he  sea v i a  t he  
lower  reaches o f  t he  West Noubaria Main D ra i n  where t rea tment  by  waste 
s t a b i l i z a t i o n  ponds would be requi red,  Thus, o n l y  p a r t  of t reatment  c o s t  
would be chargeable t o  sewage f o r  i r r i g a t i o n .  

Q u a n t i t a t i v e  ana l ys i s  o f  n e t  b e n e f i t  f o r  reuse o f  wastewater on area 
croplands i s  presented as p a r t  o f  a  b e n e f i t s / c o s t  e v a l u a t i o n  made i n  
comparing reg iona l  a1 t e r n a t i v e s  i n  Chapter 7  of Volume 11. 

A1 t e ' r na t i ve  I r r i g a t i o n  Sources. While sewage i r r i g a t i o n ,  s t a r t i n g  i n  t he  
year  2000, may show a f avo rab le  b e n e f i t  cos t  r a t i o ,  i t  i s  u n s a t i s f a c t o r y  t o  
w a i t  23 years  t o  b r i n g  i r r i g a b l e  land  o f  good p o t e n t i a l  i n t o  product ion.  
High p r i o r i t y  should be g iven  t o  o the r  supply  sources, such as increased 
s torage on t he  N i l e  R ive r  and sa lvag ing  i r r i g a t i o n  water  wasted t o  d ra ins ,  

I V .  Ameria Northwest 

Loca t ion  and Size, Th i s  area extends f rom t h e  Cai ro-Alexandr ia  Deser t  Road, 
n o r t h  o f  Ameria, which i s  t h e  eas te rn  boundary, about 9  km t o  t h e  west. It 
i s  bounded on t h e  n o r t h  by s teep non- i  r r i g a b l e  lands s l o p i n g  toward Lake 
Maryut and on t h e  south by the  Ameria-Mersa Matruh Rai 1  road. To t he  west, 
near the  i r r i g a t e d  lands o f  Maryut Extensions, t h e  i r r i g a b l e  lands become 
a narrow s t r i p ,  f o r  which i r r i g a t i o n  w i t h  Ameria sewage i s  n o t  considered 
feas ib le .  The t o t a l  e x t e n t  o f  t he  area i s  about 4 975 feddans, as shown i n  
F igure  E-4. 

P o t e n t i a l  Serv ice  Areas. The lands a re  mos t l y  i r r i g a b l e  except f o r  
s ca t t e red  n o n - i r r i g a b l e  areas of sha l low s o i l  on t h e  h igher  r idges .  The 
percen t  land  use cons i s t s  o f  ex tens ive  areas o f  d r y  land, w i t h  s c a t t e r e d  
i r r i g a t e d  o l i v e  and almond orchards, and e x i s t i n g  r e s i d e n t i a l  lands i n  and 
near t h e  community of I k i n g y  Maryut, A d d i t i o n a l l y ,  a  l a r g e  t r a c t  i n  t he  
eas te rn  area has been zoned f o r  f u t u r e  r e s i d e n t i a l  and i n d u s t r i a l  use. The 
d i s t r i b u t i o n  o f  the  e x i s t i n g  and proposed land  uses, and t h e  i r r i g a b l e  and 
n o n - i r r i g a b l e  lands shown on F igure  E-4 a re  summarized as f o l l ows :  

Area, fed- 

Land Use Irri gable Non-i r r i g a b l  e  To t a  1  

E x i s t i n g  Res iden t i a l  640 21 2 852 
Future Res iden t i a l  and I n d u s t r i a l  1  142 320 1 762 
Other ( d r y  1  and) 

TOTAL 4 .262  71 2 4 974 



There a re  2 180 feddans of i r r i g a b l e  l and  a v a i l a b l e  f o r  commercial a g r i c u l -  
t u r e  w i t h  no known l and  use r e s t r i c t i o n s .  A d d i t i o n a l l y ,  the  area zoned f o r  
f u t u r e  r e s i d e n t i a l  and i n d u s t r i a l  use inc ludes  1 762 feddans, o f  which 
1 442 a re  i r r i g a b l e  and have h i gh  p o t e n t i a l  p r o d u c t i v i t y ,  Maximizing t he  
u t i  1 i z a t i o n  o f  these i r r i g a b l e  lands f o r  a g r i c u l t u r e ,  w i  t n  housing conf ined 
i n s o f a r  as p r a c t i c a b l e  t o  the  h i ghe r  n o n - i r r i g a b l e  lands would be a h i g h l y  
d e s i r a b l e  land use. 

To u t i l i z e  the  n o n - i r r i g a b l e  lands f o r  housing o r  i n d u s t r y  w i t h  l a r g e  i n t e r -  
spersed areas o f  green f i e l d  prov ides a r a r e  oppo r t un i t y  t o  op t im ize  land  
use and concu r ren t l y  p rov i de  an a e s t h e t i c  and env i ronmenta l l y  p l eas ing  
landscape. Whi le these lands a re  n o t  w i t h i n  t h e  p r i n c i p a l  s tudy area, they 
a re  c a l l e d  t o  t h e  a t t e n t i o n  o f  MOHR, because of t he  urgency of zoning now 
t o  preserve the  i r r i g a b l e  lands as p a r t  o f  Egypt 's  f u t u r e  a g r i c u l t u r a l  
resource. 

I n  a d d i t i o n  t o  these lands, t he re  i s  a p o t e n t i a l  f o r  wastewater i r r i g a t i o n  
o f  home gardens and orchards i n  the  e x i s t i n g  r e s i d e n t i a l  areas. I t  i s  
understood t h a t  these areas a re  zoned f o r  low d e n s i t y  r e s i d e n t i a l  develop- 
ment, w i t h  n o t  more than 15 percent  t o  be occupied by housing and b u i l d i n g s .  
Sewage, a f t e r  s u i t a b l e  secondary and p o l i s h i n g  t reatment ,  m igh t  be f u rn i shed  
t o  an est imated 70 percent  o f  t he  r e s i d e n t i a l  lands, 

Assuming i r r i g a t i o n  o f  i r r i g a b l e  lands n o t  s p e c i f i c a l  l y  des ignated f o r  o t h e r  
uses, the  i r r i g a b l e  p o r t i o n s  o f  t he  area zoned f o r  f u t u r e  housing and 
i ndus t r y ,  and 70 percent  o f  t h e  e x i s t i n g  r e s i d e n t i a l  areas, t he  t o t a l  
i r r i g a t e d  area would be 4 020 feddans. The d i v e r s i o n  requirements,  a t  an 
average of 7 000 m3/feddan, a re  compared w i t h  t h e  p ro j ec ted  wastewater 
supp l ies  as f o l l ows :  

Q u a n t i t y  , 1 000 md/year 

P i  v e r s i  on 
Land Use Requi renien t Wastewater Supply 

E x i s t i n g  Res iden t i a l  3,100 - 1980 1930 - 2030 
Future Housing and I n d u s t r i a l  10 100 
Other ( d r y  land)  -- 15 300 

TOTAL 28 500 2 500 10 700 34  200 

Only a smal l  p a r t  o f  t h e  area cou ld  be served i n  1980, l e s s  than h a l f  i n  
1990, and a1 1 by  y e a r  2000. 

I t  i s  poss ib l e  t h a t  wastewater cou ld  be supp l i ed  throuqh t he  Bahig Canal 
which serves Maryut Extensions. The general  1 and g rad ien t ,  however, 
s lopes upward t o  the, eas t  and t h i s  p o s s i b i l i t y  does n o t  appear promising. 
I t  i s  thus l i k e l y  t h a t  s torage o f  w i n t e r  excess supp l ies  compr is ing 25 
percent  of the annual demand would be needed t o  u t i l i z e  the  f u l l  supply  of 
wastewater. 

Land and Crops. The major  p a r t  o f  Ameria Northwest i s  a broad r i d g e  whose 
major a x i s  i s  f rom nor theas t  t o  southwest. I t  ranges i n  e l e v a t i o n  from 
35 t o  45 m above sea l e v e l ,  and approx imate ly  28 m above Ameria. The general  
r e l i e f  i s  smooth t o  g e n t l y  undu la t ing  w i t t i  h i ghe r  r i dges  o f  n o n - i r r i g a b l e  
sha l low s o i l s .  The southeast p o r t i o n  n o r t h  o f  t h e  r a i l r o a d  i s  a smooth 
p l a i n  ranging as h i gh  as 30 m above sea l e v e l .  



The s o i  1s a re  predominant ly  c l a y  1  oams,wi t h  no obvious s t r a t i f i c a t i o n  o r  
b a r r i e r s  t o  drainage,of depths o f  2  t o  3 m o r  more. Drainage should n o t  be 
d i f f i c u l t  on t h e  h i g h e r  lands b u t  should  be a l l owed  f o r  i n  t h e  absence of  
deep b o r i n g s  t o  determine s t r a t i g r a p h y ,  and p a s t  dra inage problems on 
s i m i l a r  l ands  t o  t h e  south. The presence o f  w i n d m i l l s  suggests t h a t  wa te r  
a q u i f i e r s  occur w i t h i n  depths o f  10 t o  15 m; p o s s i b l y  pumping would a i d  i n  
d ra inage  c o n t r o l ,  

The land  should  be h i g h l y  p roduc t i ve ,  and w i t h  adequate drainage, moderate ly  
s a l t  t o l e r a n t  f r u i t s  and vegetab les and a l l  f i e l d  crops c o u l d  be qrown w i t h  
a  f u l l  supp ly  o f  t r e a t e d  wastewater. 

P o t e n t i a l  E f f e c t  o f  Wastewater, As t h e  lands would be i r r i g a t e d  e n t i r e l y  - 

b.y wastewater, t h e  es t ima ted  TUS would be 850 mq/L; an EC o f  about 
1-.3 mmho/cm.  he wate r  would a l s o  c o n t a i n  n u t r i e n t s  amountincr t o  more than 
t w i c e  t h e  Egypt ian average annual consumption o f  n i t r o g e n  and phosphate 
f e r t i l i z e r ,  Adequate leach ing  and d ra inage  would be necessary t o  c o n t r o l  
s a l  i n i  t y  and p r o v i d e  f o r  a t t a i n i n g  t h e  f e r t i l i z e r  b e n e f i t s ,  

As t h e r e  i s  no p resen t  sha l low water  t a b l e  o r  obvious d ra inage  b a r r i e r  t o  
a  depth o f  2  t o  3 m, adequate dra inage should  be achieved by a  d r a i n  
1.5 m deep a t  a  spac ing o f  50 m. With adequate dra inage t h e  needed l e a c h i n g  
c o u l d  be achieved f o r  moderate ly  s a l t  t o l e r a n t  crops,  such as grapes, o l i v e s ,  
almonds, f i g s ,  most vegetables except  c a r r o t s ,  spinach, o r  potatoes,  and a l l  
f i e l d  crops. Crop y i e l d s  should be above t h e  Egypt ian average as t h e  h i  yh 
p o s i t i o n  o f  t h e  lands, f a v o r a b l e  a i r ,  drainage, and f e r t i l i z e r  c o n t e n t  o f  
t h e  sewage would a l l  c o n t r i b u t e  t o  h igh  p r o d u c t i v i t y .  A l s o  i n  deve lop ing 
t h e  new lands,  t h e r e  i s  an o p p o r t u n i t y  t o  develop imprSoved i r r i g a t i o n  methods 
and management. 

Bene f i t s .  The es t ima ted  gross income from t h e  above c ropp ing  p a t t e r n  i s  - 
LE 350 p e r  feddan. The n e t  income, a1 low ing  f o r  a  f e r t i l i z e r  sav ing  o f  
LE 19 per  f e d d ~ n , i s  es t imated as LE 220 per  feddac. 

I n  1990, t h e  wa te r  supp ly  o f  10.7 m i l l i o n  m3 would meet t h e  d i v e r s i o n  
requ i rement  f o r  1  528 feddans. A t  LE 220 per  feddan, t h e  t o t a l  b e n e f i t  would 
be LE 336 000. The p resen t  wor th  i n  1977 a t  10 percen t  d i s c o u n t  r a t e  i s  
LE 1.0 m i l l i o n .  

For t h e  a d d i t i o n a l  2  492 feddans t h a t  would be i r r i g a t e d  i n  2000, t h e  b e n e f i t  
a t  LE 220 per  feddan would be I-E 548 000. Assuming t h i s  s t a r t e d  i n  y e a r  
2000, t h e  p resen t  wor th  i n  1977 i s  LE 0.6 m i l  1  i o n .  

Costs necessary t o  achieve t h e  above b e n e f i t s  a r e  land  improvement, sewage 
t reatment  chargeable t o  i r r i g a t i o n ,  and t h e  c a p i t a l  and o p e r a t i n g  expense of 
a  system t o  s t o r e  and convey i r r i g a t i o n  water  f o r  t h e  area. 

Land improvement would i n c l u d e  a  d i s t r i b u t i o n  system a t  an es t ima ted  c o s t  
o f  LE 2CO per  feddan, and a  dra inage system a t  an es t ima ted  c o s t  o f  LE 100 
per feddan. 

Q u a n t i t a t i v e  a n a l y s i s  o f  n e t  b e n e f i t  f o r  reuse o f  wastewater on area 
crop lands i s  presented as p a r t  of a  b e n e f i t s / c o s t  e v a l u a t i o n  made i n  
comparing r e g i o n a l  a1 t e r n a t i  ves i n  Chapter 7 of t h e  Technica l  Repoi-t. 

A l t e r n a t i v e  I r r i g a t i o n  Sourc_e_~. I t  i s  p o s s i b l e  t h a t  wa te r  m igh t  be conveyed - -  ------- 
t o  t h e  area through Gahig Canal, b u t  t h i s  would probably  r e q u i r e  enlargement 



of the canal or an additional faci l i ty t o  furnish the necessary capacity. 
Also, until the salinity of the iblaryut and Bahig Canals i s  reduced, the water 
qua1 i ty would probably be no more favorable t h a n  t h a t  of Ameria wastewater. 

By a system similar t o  t h a t  needed for Ameria, additional supplies from iiile 
River storage or salvage of operational losses might also be conveyed t o  
the area. This would provide the necessary water supply, b u t  wou ld  n o t  
provide the fer t i l izer  benefit afforded by reuse of wastewaters. 
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APPENDIX E 

SUPPORTING DATA 

C e r t a i n  Data ob ta ined  f rom var ious  Egyp t ian  governmental agencies c o n t r i b u -  
t e d  t o  t h e  p r e p a r a t i o n  o f  t h i s  Appendix. The f o l l o w i n g  a r e  i n  t h e  f i l e s  
o f  t h e  CDM A lexandr ia  O f f i c e .  

Maps 

Prepared by t h e  S o i l  Survey D i v i s i o n ,  M i n i s t r y  o f  A g r i c u l t u r e ,  1960, f o r  
areas near A lexandr ia .  

Scale 1:100.000 

1. SoTl P r o d u c t i v i t y  C l a s s i f i c a t i o n  
2. S o i l  Groups 
3. S o i l  S a l i n i t y  C l a s s i f i c a t i o n  
4. Depth t o  Water Tab le  
5. S o i l  A l k a l i n i t y  
6. S o i l  Organic M a t t e r  Content 
7. S o i l  So lub le  Phosphoric Ac id  ' C l a s s i f i c a t i o n  

Scale 1:300 000 

1. S o i l  S a l i n i t y  
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3. S o i l  Groups 

Prepared by t h e  L?nd and Water Department, Maryut  A g r i c u l t u r a l  Soc ie ty ,  
1976-77. 

Scale 1:25.000 

1. S o i l  Map o f  Maryut  Sec to r  
2. D i s t r i b u t i o n  o f  S o i l  S a l i n i t y  (Sur face S o i l )  Maryut  Sec to r  

Reports 

1. Crop areas ( feddan) ,  and average y i e l d s  f o r  Abu K i r  D r a i n  Area, Abbis 
Area, and Maryut  Sector,  1975-76 (Arab ic  O r i g i n a l  and Engl i sh t r a n s l a -  
t i o n )  f u r n i s h e d  by M i n i s t r y  o f  A g r i c u l t u r e ,  A lexandr ia .  

2. Reclamation o f  Sal i n e  A1 k a l  i S o i l s  by Leaching Abbis Area, Hat im E l - A t t a r  
and Helmy M.A. Bakr, D i s s e r t a t i o n  a t  Col lege of A g r i c u l t u r e ,  U n i v e r s i t y  
o f  A lexandr ia ,  June 1963. 

3. Abbi s Extens ion Sett lement,  Taher S. Khal i f e ,  A g r i c l ~ l  t ~ ~ r a l  Serv ices 
Expert ,  UNDP, March, 1973. 

4. P r e l i m i n a r y  Repor t  on Orab i  P i l o t  Farm, Taher S. K h a l i f e ,  A g r i c u l t u r a l  
Serv ices Exper t ,  UNCP, June 1972. 

5. F e a s i b i l  i ty  Study on the  Estab l ishment  o f  Agro - Indus t r ies  i n  t h e  Newly 
Reclaimed Sectors  o f  Northwest De l ta ,  Maryut  and N o r t h  Tahreer, UNDP, 
June, 1972. 

6. S t a f f  P r o j e c t  Report, a F r u i t  and Vegetables Development P r o j e c t ,  
Arab Repub1 i c  o f  Egypt, World Bank, May 12, 1976. 
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APPENDIX F 

FUNCTIONAL DESIGN CRITERIA 

Appendix F s e t s  f o r t h  the  f u n c t i o n a l  p l a n -  
n i n g  and des ign  c r i t e r i a  used f o r  assessment 
o f  e x i s t i n g  wastewater f a c i l i t i e s  and f o r m u l a t i o n  
o f  a l l  proposed f a c i l i t i e s  o f  t h e  recommended 
master p l a n .  



TABLE OF CONTENTS 

Page 

I n t r o d u c t i o n  

Wastewater F lows and C h a r a c t e r i s t i c s  

Sewer Des ign 

Pump S t a t i o n s  

Treatment  P l a n t s  

P r e l i m i n a r y  Treatment  

P r i m a r y  Treatment  

Secondary T rea tmen t  - A c t i v a t e d  S ludge Process 

secondary Treatment  - Has te  S t a b l l  i z a t i o n  Ponds 

Submarine O u t f a l l  s 

General  Requirements 

LIST OF FIGURES 

F- 1 Peak F a c t o r  Curve 



APPENDIX F 

FUNCTIONAL DESIGN CRITERIA 

F.1 I n t r o d u c t i o n  

Design and p l a n n i n g  c r i t e r i a  used i n  t h e  a n a l y s i s  o f  e x i s t i n g  f a c i l i t i e s  
and i n  t h e  p r e p a r a t i o n  o f  o u t 1  i n e  des igns f o r  proposed f a c i l i t i e s  a r e  s e t  
f o r t h  i n  t h i s  Appendix. I n  s e l e c t i o n  o f  these  c r i t e r i a ,  account  has been 
taken  o f  l o c a l  w a t e r  use and wastewater g e n e r a t i o n  found i n  t h i s  s t u d y .  
Account has a l s o  been taken  o f  modern p r a c t i c e s  e lsewhere i n  t h e  w o r l d  
w i t h  p a r t i c u l a r  re fe rence  t o  c o n d i t i o n s  found i n  t h e  M i d d l e  E a s t .  C r i t e r i a  
f o r  p l a n n i n g  of f u t y r e  f a c i  1  i t i e s  have been developed by  e x t r a p o l a t i n g ,  
where a p p r o p r i a t e ,  p r e s e n t  c r i t e r i a  va lues  based upon h i  s t o r i c a l  t r e n d s  
and upon exper ience  ga ined  i n  a  wor ld -w ide  p r a c t i c e .  

F.2 Wastewater Flows and C h a r a c t e r i s t i c s  

The p r e s e n t  o p e r a t i o n  o f  l a r g e  p o r t i o n s  o f  t h e  sewerage system i n  a  s u r -  
charged c o n d i t i o n  1 i m i  t s  c o n s i d e r a b l y  t h e  o b s e r v a t i o n  and measurement of  
wastewater  f l o w  r a t e s  and q u a l i t y .  A  l i m i t e d  number o f  measurements were 
made a t  p o i n t s  o f  d i s c h a r g e  o f  sewers s e r v i n g  s i g n i f i c a n t  areas.  Data 
f rom these  o b s e r v a t i o n s  se rved  as a  check f o r  f l o w  r a t e s  developed f r o m  
t h e  a n a l y s i s  o f  w a t e r  use r e c o r d s  made a v a i l a b l e  by  t h e  A l e x a n d r i a  Water 
General A u t h o r i t y  (AWGA) . Design c o n s i d e r a t i o n s  r e 1  a t e d  t o  t h e  qua1 i t y  
o f  l o c a l  wastewaters have been based upon t h e  r e s u l t s  o f  a n a l y s i s  of 
composi te samples taken  i n  t h e  1  o c a l  systems. 

Flow da ta  a r e  developed f r o m  a b a s i c  p e r  c a p i t a  d a i l y  wastewater  use p l u s  
i n d u s t r i a l  f l o w  p l u s  an a1 lowance f o r  i n f i  1  t r a t i o n  a c c o r d i n g  t o  t h e  fo rmu la :  

1  
Qa = m (PaqFa + 1 .51 + 8640H ) Eq. 1  

a a  

Qa = t h e  r a t e  o f  f l o w  a t  p o i n t  A i n  t h e  system, l i t r e s l s e c .  

Pa = t h e  t r i b u t a r y  p o p u l a t i o n  upstream o f  p o i n t  A. 

q  = the  p e r  c a p i t a  d a i l y  r a t e  o f  domest ic  wastewater  g e n e r a t i o n  
i n  l i t r e s l d a y .  

Fa = a  peak ing f a c t o r ,  dependent upon p o p u l a t i o n  upstream o f  
p o i n t  A. 

I, = 
t h e  est- imated i n d u s t r i a l  f l o w  t r i b u t a r y  t o  p o i n t  A, i n  
1  i t r e s l d a y  . 

Ha = t h e  t r i b u t a r y  area upstream o f  p o i n t  A, i n  h e c t a r e s .  

The peakincj f a c t o r ,  F, i s  a  f u n c t i o n  of  average r a t e  o f  wastewater f l o w  w i t h  
va lues as g i v e n  i n  F i g u r e  F-1. The 1 . 5  m u l t i p l i e r  f o r  i n d u s t r i a l  f l o w s  d l l o w s  

f o r  v a r i a t i o n s  i n  i n d u s t r i a l  d i scharges .  Values o f  i n d u s t r i a l  f l o w ,  I, 
were developed f o r  a l l  areas o f  t h e  c i t y  and were p r o j e c t e d  f o r  e s t i m a t e s  



o f  f u t u r e  f l o w s .  The i n f i l t r a t i o n  a l lowance i s  0.1 l i t r e / s e c  p e r  h e c t a r e  
o f  t r i b u t a r y  area.  

Values o f  average pe r  c a p i t a  f l o w ,  q, were developed f rom w a t e r  use i n -  
f o r m a t i o n .  The v a l u e  o f  q  = 100 l i t r e s l c a p i t a l d a y  was used f o r  t h e  y e a r  
1977 wastewater  f l o w s .  Th is  v a l u e  was inc reased  on a  s t r a i g h t  l i n e  b a s i s  
t o  125 l i t r e s / c a p i t a / d a y  i n  t h e  y e a r  20G0 f o r  e s t i m a t i n g  f l o w s  i n  t h e  
i n t e r v e n i n g  yea rs .  

Wastewater s t r e n g t h ,  based upon composi te sampl ing  and reasonab le  pro-  
j e c t i o n s ,  i s  g i v e n  ( i n  mg/L) as f o l l o w s :  

Year 
1977 1980 1990 2000 

F. 3  Sewer Design 

9es ign  Per iod .  For l a t e r a l s  and sub-mains, and f o r  t r u n k  mains where 
p a r a l l e l i n g  sewers cannot  be b u i l t  economica l l y  i n  t h e  f u t u r e ,  p i p e l i n e s  
s h a l l  be designed t o  hand le  t h e  f l o w s  f rom t h e  f u l l y  developed t r i b u t a r y  
a rea .  For t r u n k  mains where a  p a r a l l e l i n g  p ipe1  i n e  can be b u i l t  i n  t h e  
f u t l r r e .  t h e  des ign  p e r i o d  s h a l l  be 20 yea rs .  

P ipe  Size.  Pipe1 i n e s  s h a l l  be designed t o  convey t h e  peak f l o w s  developed 
by Equa t ion  1, w h i l e  f l o w i n g  f u l l  and w i t h o u t  surcharge.  d iamete r  
f o r  sewers s h a l l  be 200 mm and f o r  house connect ions ,  150 mm. 

P ipe  Slope. P i p e l i n e s  s h a l l  be designed f o r  a  minimum s l o p e  t h a t  w i l l  
p r o v i d e  a  f l o w i n g - f u l l  v e l o c i t y  o f  0.6 met res /sec .  The s l o p e  o f  l a t e r a l s  
s e r v i n g  l e s s  than 100 p r o p e r t y  connect ions  s h a l l  be 0.006 minimum. 

P i p e  Depth. Minimum cover  s h a l l  be 1.0 rn o v e r  t h e  crown of t h e  p i p e .  
Se rv i ces  below t h e  l e v e l  r e q u i r e d  f o r  g r a v i t y  c o l  l e c t i o n  s h a l l  be p r o v i d e d  
w i t h  pumps. Sub-main and t r u n k  sewers s h a l l  be des igned w i t h  dep th  f o r  
cjravity flow from smal le r  branch sewers. 

Pipe  J o i n t s .  P ipe  j o i n t s  s h a l l  be tongue and groove o r  b e l l  and s p i g o t  
w i t h  rubber  o r  neoprene r i n g s  t o  fo rm r e s i  1  i e n t ,  w a t e r - t i  g h t  j o i n t s .  

P i p e l i n e  Design. H y d r a u l i c  des ign  o f  p i p e l i n e s  s h a l l  be ~ a d e  u s i n g  t h e  
Manning Formula. 

V = M R 2/3 s1/2 Eq. 2  

where V = v e l o c i t y  i n  metres p e r  second 

k  = roughness, 0.0015 m f o r  c o n c r e t e  and v i t r i f i e d  
c l a y  p i p e  

R = h y d r a u l i c  r a d i u s ,  metres 

S  = s l o p e  



Pipe1 i n e  C o n s t r u c t i o n .  Pipe1 i n e s  c o n s t r u c t e d  i n  c l a y  s o i l s  s h a l l  be p i l e  
suppor ted ,  i f  necessary,  and s h a l l  be  bedded on 153 mm coa rse  sand. 

P i p e l i n e  T r a n s i t i o n .  Design s h a l l  p r o v i d e  a  smooth energy  g r a d i e n t .  A t  
changes i n  s i z e ,  t h e  crowns o f  upstream and downstream sewers s h a l l  be 
matched. T r a n s i t i o n s  s h a l l  be gradua l  t o  m in im ize  t u r b u l  ence and d e p o s i t i o n  
o f  s o l i d s .  

Manhole L o c a t i o n .  Kanholes s h a l l  be c o n s t r u c t e d  a t  a l l  sewer j u n c t i o n s  
and a t  a l l  changes i n  sewer s i z e ,  g r a d i e n t  and d i r e c t i o n .  

Manhole Spacing.  Manhole spac ing  s h a l l  be  as f o l l o w s :  

P i p e  S ize ,  mm Maximum Spacing,  m  

Less t h a n  200 30 

L a r g e r  than 1200 150 ( s p e c i a l  s t r u c t u r e )  

Nanholes s h a l l  be a  minimum d iamete r  o f  1200 mi w i t h  600 mm c l e a r  openings 
f o r  e r ~ t r y .  Manholes s h a l l  be w a t e r - t i g h t  w i  t h  j o i n t s  between p r e c a s t  
s e c t i o n s ,  i f  used, adequa te l y  w a t e r - p r o o f e d  by  t h e  use o f  w a t e r  s t o p  
m a t e r i a l s  o r  o f  tongue and groove des ign  and f i t t e d  w i t h  a  r u b b e r  o r  
neoprene gaske t .  Manhole s t e p s  s h a l l  be  o f  c a s t  i r o n  c a s t  i n  t h e  man- 
h o l e  b a r r e l  d u r i n g  manufac ture  o f  t h e  b a r r e l .  Manhole frames and covers  
s h a l l  be o f  c a s t  i r o n  w i t h  covers  des igned f o r  l o c k i n g .  Covers s h a l l  have 
adequate h o l e s  f o r  sewer v e n t i l a t i o n .  

Force  Mains. P i p e l i n e  s i z e  s h a l l  r e s u l t  i n  f l o w  v e l o c i t i e s  between 0.6 m/sec 
and 3.5 m/sec when any comb ina t i on  o f  pumps i n  t h e  s t a t i o n  i s  i n  use. 
V e l o c i t i e s  s h a l l  be  computed u s i n g  t h e  Manning fo rmula ,  Eq. 2, and 
k  = 0.0015 m f o r  cemen t - l i ned  c a s t  i r o n  and cemen t - l i ned  s t e e l  p ipe ,  
0.002 m f o r  u n l i n e d  c a s t  i r o n  and s t e e l  p i p e  and 0.0012 m f o r  asbestos-  
cement p i p e .  

P i p e l i n e  a l i g n m e n t  s h a l l  be s e l e c t e d  t o  m i n i m i z e  t h e  t o t a l  p u ~ r ~ p i n g  head 
and as much as p o s s i b l e  on an up-grade. H igh  p o i n t s  i n  t h e  l i n e  s h a l l  be 
p r o v i d e d  w i t h  a i r  r e l e a s e  va l ves ,  and low p o i n t s  s h a l l  have b low o f f  
p r o v i s i o n s .  P ipe1 i n e s  s h a l l  be  p r o v i d e d  w i t h  r e s t r a i n i n g  t y p e  j o i n t s  
as r e q u i r e d  t o  e l i m i n a t e  t h e  need f o r  t h r u s t  b l o c k s .  Surge supp ress ion  
s h a l l  be assumed necessary and p r o v i d e d  f o r  i n  p r e l i m i n a r y  des igns .  

Siphons.  I n v e r t e d  s iphons o r  depressed sewers s h a l l  be  used o n l y  where 
necessary .  The d e s i g n  s h a l l  p r o v i d e  f o r  m u l t i p l e  b a r r e l s  as needed t o  
convey peak f l o w s .  The p r i m a r y  b a r r e l  s n a l l  be  s i z e d  t o  p r o v i d e  a  
v e l o c i t y  o f  0 .6  m/sec a t  minimum f l o w  and a  v e l o c i t y  o f  1.0 m/sec a t  
l e a s t  once each day. Termina l  s t r u c t u r e s  s h a l l  b e  des igned t o  f a c i l i t a t e  
p ipe1  i n e  c l e a n i n g .  



F.4 Pump S t a t i o n s  

Ca a c i t  . Pump s t a t i o n s  s h a l l  be capab le  o f  h a n d l i n g  peak i ns tan taneous  w 
Screening.  Each pump s t a t i o n  s h a l l  be p r o v i d e d  w i t h  a  manual ly  c leaned t a r  
screen o r  t r a s h  rack .  

Pumps. Pumps s h a l l  be e l e c t r i c  motor  d r i v e n  c e n t r i f u g a l  t y p e  des igned espe- 
c i a l l y  f o r  pumping screened raw sewage. The pump s i z e s  s e l e c t e d  s h a l l  be 
such t h a t  t a k i n g  i n t o  account  t h e  o p e r a t i n g  volume o f  t h e  w e t w e l l  and t h e  
v a r i a t i o n  o f  t h e  incoming f l o w ,  no pump w i l l  be r e q u i r e d  t o  s t a r t  more f r e -  
q u e n t l y  than  once i n  t w e l v e  minutes .  The number and s i z e  o f  pumps s h a l l  be 
such t h a t  peak i ns tan taneous  f l o w  can be d i s c h a r g s d  w i t h  one o f  t h e  l a r g e s t  
pumps on standby.  Pump s u c t i o n  and d i scha rge  openings s h a l l  be a t  l e a s t  
100 mm i n  d iameter .  C o n s i d e r a t i o n  s h a l l  be g i v e n  t o  p r o v i d i n g  pumps designed 
f o r  two speeds o f  o p e r a t i o n  under f a v o r a b l e  c o n d i t i o n s  o f  f l o w  v a r i a b i l i t y .  

Yo to rs .  E l e c t r i c  mators  s h a l l  be s e l e c t e d  w i t h  s u i t a b l e  s e r v i c e  f a c t o r  f o r  
cont inuous o r  i n t e r m i t t a n t  o p e r a t i o n  and s h a l l  be o f  such des ign  t h a t  s t a r t -  
i n g  c u r r e n t  does n o t  o v e r l o a d  t h e  e l e c t r i c  supp ly  system, and if a p p r o p r i a t e ,  
t h e  a u x i l i a r y  power system. 

A u x i l i a r y  P.ower. A u x i l  i a r y  power s h a l l  be p r o v i d e d  e i t h e r  by s e l f - c o n t a i n e d  
d i e s e l  eng ine d r i v e n  genera to rs  s i z e d  adequa te l y  f o r  h a n d l i n g  s t a t i o n  needs 
o r  a : t e r n a t i v e l y ,  a  dua l  power source by  connect ions  t o  two independent power 
sources.  Automat ic  t r a n s f e r  sw i t ches  s h a l l  be p rov ided .  

Me te r ing .  The s t a t i o n  d i scha rge  header s h a l l  c o n t a i n  a s u i t a b l e  meter  f o r  
measuring, i n d i c a t i n g ,  r e c o r d i n g  and t o t a l i z i n g  t h e  s t a t i o n  d i scha rges .  

S t a t i o n  S t r u c t u r e .  The s t a t i o n  des ign  s h a l l  p r o v i d e  a  d r y w e l l  f o r  hous ing 
t h e  pumps and a  two-compartment, i n t e r c o n n e c t e d  w e t w e l l .  The w e t w e l l  des ign  
o p e r a t i n g  c a p a c i t y  s h a l l  be c o n s i s t e n t  w i t h  t h e  s i z e  s e l e c t i o n  o f  t h e  pumps 
t o  meet t h e  requ i rements  o f  pump opera t i on ,  w i t h o u t  s u r c h a r g i n g  incoming 
p i p e l i n e s .  Adequate p r o v i s i o n  f o r  c l e a n i n g  t h e  w e t w e l l s  s h a l l  be i n c l u d e d .  
S u p e r s t r u c t u r e  b u i l d i n g s  s h a l l  be a r c h i t e c t u r a l l y  compa t ib le  t o  t h e  sur round-  
i n g s .  The b u i l d i n g  s h a l l  p r o v i d e ,  i n  a d d i t i o n  t o  space f o r  mechanical  and 
e l e c t r i c a l  equipment, adequate v e n t i l a t i o n  and l i g h t  and such o p e r a t o r  
amen i t i es  as t o i l e t  and shower. 

F. 5 Treatment P l a n t s  

General .  Treatment l e v e l s  f o r  t h e  Plaster P lan s tudy  a r e  l i m i t e d  t o  p r e l i m i -  
n a r y ,  p r i m a r y  and secondary t r e a t m e n t  w i t h  u n i t  processes as f o l l o w s :  

- P r e l i m i n a r y :  screen ing,  g r i t  removal, f l o t a b l e  removal .  
- Pr imary :  screen ing,  p l a i n  s e t t l i n g ,  s ludge  t rea tmen t ,  c i s i n f e c t i o n .  
- Secondary ( a c t i v a t e d  s ludge  process a1 t e r n a t i v e )  : screening,  

p r e a e r a t i o n  ( o p t i o n a l  ) , g r i t  removal, p l a i n  s e t t l i n g ,  a e r a t i o n ,  f i n a l  
s e t t l i n g ,  d i s i n f e c t i o n ,  s ludge t rea tmen t :  

- Secondary (waste s t a b i  1  i z a t i o n  pond a1 t e r n a t i v e )  : screening,  
anaerob ic  lagoon, a e r o b i c  lagoon, r e c i r c u l a t i o n  system, d i s i n f e c t i o n .  

Treatment p l a n t s  s h a l l  be stage-designed f o r  n o t  l e s s  than t e n  y e a r s  p e r  s tage.  
I n i t i a l  l a n d  procurement s h a l l  p r o v i d e  t h e  area needed f o r  t h e  f u l l  f u t u r e  
development o f  t h e  p l a n t  s i t e  c o n s i s t e n t  w i t h  t h e  Mas te r  Plan,  i n c l u d i n g  t h e  
necessary b u f f e r  zones as s p e c i f i e d  below. E a r l y  s tage  p l a n t  des igns s h a l l  



p r o v i d e  f o r  l a t e r  stage c o n s t r u c t i o n  t o  o p t i m i z e  t h e  c o s t  of ex tens ions and 
t o  min imize o p e r a t i o n a l  problems d u r i n g  c o n s t r u c t i o n  and s t a r t - u p  o f  ex ten-  
s ions,  and subsequent ly . The des ign s h a l l  p r o v i d e  f o r  c o n s t r u c t i o n  o f  
ex tens ions w i t h o u t  i n t e r r u p t i o n  t o  f l o w  i n  e x i s t i n g  p l a n t  u n i t s  and t h e  
p l a c i n g  o f  t h e  ex tens ion  p l a n t  on l i n e  w i t h  a  minimum i n t e r r u p t i o n  t o  p l a n t  
s e r v i  ce. 

Hydrau l i c  des ign s h a l l  accommodate peak ins tantaneous f l o w s  t o  t h e  p l a n t .  
Fo r  p l a n t s  r e c e i v i n g  f l o w  e n t i r e l y  f rom pump s t a t i o n s ,  t h e  h y d r a u l i c  c a p a c i t y  
s h a l l  be t h e  sum o f  t h e  peak pump s t a t i o n  f l o w s  o r  a l t e r n a t i v e l y ,  a  h o l d i n g  
tank  f o r  ba lanc ing  peak f l o w s  s h a l l  be prov ided.  Bypass f a c i l i t i e s  s h a l l  be 
prov ided so t h a t  t h e  p l a n t ,  o r  any u n i t  o f  t h e  p l a n t ,  can be taken o u t  o f  
s e r v i c e .  

Standby power s h a l l  be prov ided t o  be ab le  t o  handle t h e  peak p l a n t  f l o w s .  
Standby power w i l l  n o t  be prov ided t o  operate  t rea tment  u n i t s  such as aera to rs ,  
s e t t l i n g  tanks and s ludge t reatment  f a c i l i t i e s .  Standby power as needed For 
o p e r a t i n g  d i s i n f e c t i o n  f a c i l i t i e s  d u r i n g  a  power outage s h a l l  be prov ided.  

Mete r ing  s h a l l  be pr& ided i n  t h e  p l a n t  i n l e t  f l o w  stream. The mete r ing  
system s h a l l  c o n s i s t  o f  a  p r imary  element and secondary i n s t r u m e n t ( s )  f o r  
t o t a l i z i n g ,  i n d i c a t i n g  and r e c o r d i n g  f l o w .  Preference s h a l l  be g i v e n  t o  open 
channel meter ing.  

M u l t i p l e  p l a n t  u n i t s ,  where appropr ia te ,  s h a l l  be p rov ided  so t h a t  one u n i t  
o f  a  t y p e  can be withdrawn f rom s e r v i c e  f o r  maintenance w i t h o u t  i n t e r r u p t i n g  
p l a n t  f l o w .  Hydrau l i c  connect ions and f l o w  c o n t r o l  dev ices s h a l l  be prov ided 
t o  f a c i l i t a t e  maintenance o f  p l a n t  u n i t s .  

3  For  a c t i v a t e d  s ludge t reatment  p l a n t s  sma l le r  than 4.0 000 m /day, t h e  process 
u n i t s  s h a l l  be designed f 0 r ~ 1 . 1 5  t imes average d a i l y  f l o w  and load ings .  
P l a n t s  l a r g e r  than 40 000 m /day s h a l l  be designed f o r  average d a i l y  l oad ings  
f o r  purposes of p lann ing  est imates.  

A b u f f e r  zone n o t  l e s s  than 500 m wide s h a l l  be prov ided on a l l  s ides  o f  a  
t reatment  works, i n c l u d i n g  o x i d a t i o n  ponds. T h i s  land should be c o n t r o l l e d  
by GOSSD. B u i l d i n g  on t h i s  l and  ,should be r e s t r i c t e d  t o  p reven t  cons t ruc -  
t i o n  o f  housing, f a c t o r i e s  and commercial b u i l d i n g s .  Farming can be permi t ted .  
Except ion t o  t h i s  requ i rement  f o r  b u f f e r  zones may be taken i n  t h e  case o f  
p r e l i m i n a r y  o r  p r imary  t reatment  p l a n t s  assoc ia ted  w i t h  submarine o u t f a l l  
d i sposa l  where p l a n t s  must be b u i l t  i n  w a t e r f r o n t  o r  developed areas.  When 
t h i s  i s  t h e  case, p l a n t  u n i t s  s h a l l  be covered and prov ided w i t h  odor c o n t r o l  
f a c i l i t i e s .  The p l a n t  s t r u c t u r e s  s h a l l  be a r c h i t e c t u r a l l y  designed t o  b lend 
i n t o  t h e  l o c a l e ,  i f  appropr ia te .  

F.6 P r e l i m i n a r v  Treatment 

P r e l i m i n a r y  t rea tment  i s  d e f i n e d  as t h e  s e t  o f  u n i t  p r o c e s s e s ~ h i c h :  
- screen t h e  raw sewage t o  remove s o l i d s  t h a t  may cause c l o g g i n g  o r  

m a l f u n c t i o n  o f  downstream u n i t  processes o r  f a c i l i t i e s ;  
- remove sand and o t h e r  g r i t t y  m a t e r i a l s ;  
- remove f l o a t i n g  s o l i d s  such as garbage, b i t s  o f  paper and p l a s t i c ,  

grease, o i l  and m a t e r i a l  brought  t o  t h e  sur face i n  t h e  process.  

P r e l i m i n a r y  t reatment  s h a l l  be employed o n l y  f o r  e f f l u e n t s  t o  be d ischarged 
t o  t h e  sea through long o u t f a l l  s. 



Screens. S h a l l  be mechan ica l l y  c leaned b a r  racks  hav ing  a  c l e a r  opening n o t  
g r e a t e r  t h a n  20 mm. The screen mechanism s h a l l  be des igned t o  ope ra te  c o n t i n u -  
o u s l y  t o  rake  and e l e v a t e  t h e  m a t e r i a l  i n t e r c e p t e d  on t h e  screen and d i s -  
charge i t  i n t o  wheeled c o n t a i n e r s .  The wheeled c o n t a i n e r s  s h a l l  a l l o w  
d ra inage  t o  t h e  f l o o r  o f  any water  accumula t ing  i n  t h e  c o n t a i n e r .  The 
screen s h a l l  be t h e  f i r s t  u n i t  i n  t h e  process cha in .  

Screen Chamber(s) . S h a l l  p r o v i d e  sniooth hyd rau l  i c  conveyance o f  inconl ing 
wastewater  and s h a l l  have h y d r a u l i c  c r o s s  s e c t i o n  l a r g e  enough so t h a t  t h e  
v e l o c i t y  th rough  t h e  b a r  r a c k  a t  peak f l o w  w i l l  n o t  exceed 1.0 mlsec.  The 
v e l o c i t y  d i s t r i b u t i o n  i n  t h e  channel  immed ia te l y  upstream o f  t h e  screen 
s h a l l  be un i fo rm.  

Screen ing d i s p o s a l  i s  t o  be by t r u c k - h a u l i n g  t h e  d r a i n e d  sc reen ings  t o  a  
s u i t a b l e  remote l a n d f i l l  s i t e .  

G r i t  removal s h a l l  be accompl ished i n  an a e r a t e d  g r i t  chamber l o c a t e d  down- 
st ream o f  t h e  screens b u t  ahead o f  t h e  f l o t a t i o n  u n i t .  The des ign  s h a l l  
be such t h a t  i n o r g a n i c  p a r t i c l e s  g r e a t e r  t han  0.2 mm i n  d iameter  a r e  
depos i ted  on t h e  bot tom o f  t h e  chamber. Ceposi t e d  g r i t  s h a l l  be removed 
from t h e  chamber d u r i n g  i t s  con t inued  o p e r a t i o n  by  mechanical  means. The 
g r i t  s h a l l  be e l e v a t e d  and washed f o r  d i scha rge  t o  a  t r u c k  o r  wheeled 
c o n t a i n e r  f o r  t r a n s p o r t  and d i s p o s a l .  G r i t  s h a l l  be washed by t h e  e f f l u e n t  
wastewater  which s h a l l  be r e t u r n e d  t o  t h e  g r i t  u n i t  i n l e t .  

Design of g r i t  chambers s h a l l  p r o v i d e  r e c t a n g u l a r  u n i t s  about  4 m deep, 
l e n g t h  t o  w i d t h  r a t i o  about  3 ,  and a  h y d r a u l i c  d e t e n t i o n  p e r i o d  a t  peak 
f l o w s  n o t  g r e a t e r  t han  f i v e  m inu tes .  A i r  supp ly  s h a l l  be 0.02 m3 p e r  m3 of 
wastewater ,  manua l ly  a d j u s t a b l e .  

F l o t a b l e  removal s h a l l  employ p l a i n - a i r  a e r a t i o n ,  i .e., a i r  i n j e c t e d  a t  
a tmospher ic  pressure ,  as c o n t r a s t e d  w i t h  d i s s o l v e d  a i r  p r e s s u r e  o r  vacuum 
f l o t a t i o n .  The o b j e c t i v e  i s  t o  remove f l o t a b l e  m a t e r i a l s  w h i l e  removing 
a  minimum o f  suspended m a t e r i a l  hav ing  a  s p e c i f i c  g r a v i t y  s l i g h t l y  g r e a t e r  
t han  1.0, i . e . ,  s ludge.  F l o a t i n g  m a t e r i a l s  s h a l l  be skimmed f rom t h e  t a n k  
f o r  d r a i n i n g  and d i s p o s a l  by t r u c k i n g  t o  a  s a n i t a r y  l a n d f i l l .  The g r i t  
removal and f l o t a b l e  removal u n ' t  processes may be combined i n  a  s i n g l e  
conc re te  s t r u c t u r e  i f  d e s i r e d .  

F.7 Pri,mary Treatment  

Pr imary  Treatment i s  d e f i n e d  as t h e  s e t  of u n i t  processes which:  

- screen t h e  raw sewage t o  remove s o l i d s  t h a t  may cause c l o g g i n g  
o r  m a l f u n c t i o n  of t h e  downstream u n i t  processes o r  f a c i l i t i e s ;  - remove sand and o t h e r  g r i t t y  m a t e r i a l s ;  

- remove s e t t l e a b l e  s o l i d s  by p l a i n  sed imenta t ion ;  
- t r e a t  t h e  r e s u l t i n g  sludge; - d i s i n f e c t  t h e  s e t t l e d  e f f l u e n t  p r i o r  t o  d i scha rge .  

Screens and g r i t  removal s h a l l  be as d e s c r i b e d  above f o r  P r e l i m i n a r y  T r e a t -  
ment. 

P l a i n  sed imen ta t i on  s h a l l  be c a r r i e d  o u t  i n  a  r e c t a n g u l a r  t a n k ( s )  hav ing  a  
l e n g t h  t o  w i d t h  r a t i o  o f  a t  l e a s t  t h r e e .  The f l o w  s h a l l  be d i s t r i b u t e d  ove r  
t h e  v e r t i c a l  c ross  s e c t i o n  of t h e  tank  a t  t h e  i n l e t  end and removed ove r  a  



system o f  w e i r s  a t  t h e  e f f l u e n t  end. The tank  s h a l l  be equipped w i t h  mechan- 
i c a l  s ludge sc rapers  and skinimers t o  c o l l e c t  t h e  s ludge i n  hoppers a t  t h e  
i n l e t  end and t h e  scum i n  a  scum t r o u g h  near  t h e  o u t l e t  end. The mechanism 
s h a l l  be e l e c t r i c  motor  d r i v e n .  

The tank  s t r u c t u r e  s h a l l  be designed t o  p r o v i d e  a  s u r f a c e  l o a d i n g  r a t e  of 
25 m/day and a  d e t e n t i o n  p e r i o d  o f  2.5 hours a t  des ign  r a t e s  o f  f l o w .  \dei r  
des ign s h a l l  p r o v i d e  w e i r  l o a d i n g  r a t e s  n o t  t o  exceed 620 m3/day p e r  met re  
l e n g t h  o f  w e i r .  The hoppers s h a l l  have s i d e  s lopes  o f  n o t  l e s s  than  60° 
from h o r i z o n t a l ,  o r  1.73 v e r t i c a l  t o  1.0 h o r i z o n t a l .  

Sludge and scum s h a l l  be w i thdrawn by  g r a v i t y  o r  h y d r o s t a t i c  head t o  a d j a c e n t  
s ludge and/or  scum h o l d i n g  sumps. Conveyance o f  t hese  m a t e r i a l s  f o r  t r e a t -  
ment o r  d i s p o s a l  s h a l l  be by  pumping and p i p i n g  systems. I n d i v i d u a l  v a l v e d  
p i p e l i n e s  s h a l l  be p rov ided  f o r  each s ludge hopper. 

Fo r  p r i m a r y  t rea tmen t  p l a n t s  a s s o c i a t e d  w i t h  sea o u t f a l l  d i s p o s a l ,  s ludge 
s h a l l  be conveyed by'pumping and p ressu re  p i p e  system t o  t h e  e x i s t i n g  Eas t  
Treatment P l a n t  s i t e  f o r  t rea tmen t .  Sludge t r e a t m e n t  s h a l l  c o n s i s t  o f  
dewa te r ing  on e x i s t i n g  sand beds o r  by c e n t r i f u g e  ( o r  f i l t e r  p ress  o r  vacdum 
f i l t e r )  f o r  d i s p o s a l .  P r o v i s i o n  s h a l l  be made f o r  a d d i t i o n  o f  l i m e  and 
polymer coagu lan t  a i d s  t o  o p t i m i z e  dewater ing .  D isposa l  w i l l  be by h a u l i n g  
away by fa rmers  f o r  use on l and .  For  o t h e r  means o f  d i s p o s a l ,  t h e  s ludge 
t r e a t m e n t  f a c i l i t i e s  s h a l l  be l o c a t e d  a t  t h e  p l a n t  s i t e .  

Sludge pumps s h a l l  be non-c log,  c e n t r i f u g a l  t y p e  w i t h  f u l l y  recessed i m p e l l e r .  
Sludge conveyance p i p e l i n e s  s h a l l  be designed f o r  a  f l ow  v e l o c i t y  o f  1.6 t o  
2.0 m/sec and a  f r i c t i o n  f a c t o r  e i g h t  t imes  t h a t  f o r  w a t e r  f o r  a  g i v e n  t y p e  
o f  p i p e .  P ipe  f o r  s ludge conveyance s h a l l  be cemen t - l i ned  c a s t  i r o n  o r  
asbestos-cement. Long s ludge conveyance p i p e l i n e s  s h a l l  be designed w i t h  
c l e a n o u t  f i t t i n g s  a t  i n t e r v a l s  of 300 m. 

D i s i n f e c t i o n  s h a l l  be by  a d d i t i o n  o f  a  c h l o r i n e  s o l u t i o n  t o  t h e  e f f l u e n t .  
C h l o r i n e  supp ly  s h a l l  be by t o n  c h l o r i n e  c y l i n a e r s  and p l a n t  f a c i l i t i e s  s h a l l  
be p rov ided  t o  hand le  and s t o r e  these c o n t a i n e r s  i n  covered s to rage .  C h l o r i n e  
feed machines s h a l l  be s i z e d  t o  feed  up t o  20 mg/L a t  a l l  r a t e s  o f  p l a n t  
f low. C h l o r i n e  feed  s h a l l  be m a n ~ l a l l y  a d j u s t a b l e  b u t  t h e  amount f e d  s h a l l  
be a u t o m a t i c a l l y  metered i n  p r o p o r t i o n  t o  t h e  measured p l a n t  f l o w .  C h l o r i n e  
s o l u t i o n  s h a l l  be d i f f u s e d  i n t o  t h e  e f f l u e n t  a t  a  p o i n t  where downstream 
a e r a t i o n  i s  min imal .  

For  i n l a n d  d i s p o s a l  of e f f l u e n t ,  a  c h l o r i n e  c o n t a c t  p e r i o d  n o t  l e s s  than  15 
minutes  a t  peak f l o w  r a t e s  s h a l l  be p rov ided  i n  a  c o n t a c t  tank .  Where d i s -  
posa l  i s  by means o f  an o u t f a l l  o f f e r i n a  more than  15 minutes  f l o w  t ime  
before d i scha rge  a t  peak f l ow  r a t e s ,  no c o n t a c t  t ank  w i l l  be needed. 

F. 8 Secondary Treatment - A c t i v a t e d  S l  udge Process 

Secondary Treatment - A c t i v a t e d  Sludge Process i s  def ined as t h e  s e t  o f  
u n i t  processes which:  

- screen t h e  raw sewage t o  remove s o l i d s  t h a t  may cause c l o g g i n g  o r  
m a l f u n c t i o n  o f  t h e  downstream u n i t  processes o r  f a c i l i t i e s ;  - remove sand and o t h e r  g r i t t y  m a t e r i a l s ;  - remove raw sewage s e t t l e a b l e  s o l i d s  and scum by p l a i n  sed imenta t ion ;  



- t r e a t  t h e  s e t t l e d  e f f l u e n t  i n  an a e r a t i o n  t a n k  r e a c t o r ,  u s i n g  t h e  
conven t iona l  a c t i v a t e d  s ludge process, f o r  removal and o x i d a t i o n  
o f  o r g a n i c  p o l l u t a n t s  n o t  removed by p r i m a r y  s e t t l i n g ;  - separa te  t h e  e f f l u e n t  and a c t i v a t e a  s ludge by secondary s e t t l i n g  
and r e t u r n  o f  a  p o r t i o n  of t h e  s ludge t o  t h e  r e a c t o r ;  

- d i s i n f e c t  t h e  s e t t l e d  e f f l u e n t  p r i o r  t o  d ischarge;  
- t r e a t  t h e  p r imary  and waste a c t i v a t e d  s ludge.  

Screening,  g r i t  removal and p r imary  s e t t l i n g  s h a l l  be as r e q u i r e d  f o r  
p r i m a r y  t rea tmen t .  

A e r a t i o n  tank  r e a c t o r s  s h a l l  be r e c t a n g u l a r  i n  p l a n  and 4.5 t o  5  m deep. 
The tank  s h a l l  be s i z e d  t o  p r o v i d e  s i x  hours d e t e n t i o n  f o r  t w i c e  t h e  average 
d a i l y  f l o w  r a t e  ( a f f o r d s  up t o  one hundred p e r c e n t  r e t u r n  a c t i v a t e d  s l u d g e ) .  
A e r a t o r s  s h a l l  be mechanical  s u r f a c e  t ype  designed t o  d i f f u s e  1 .0  kg oxygen 
p e r  kwh i n t o  t h e  mixed l i q u o r .  Ae ra to rs  s h a l l  be d r i v e n  by two-speed 
e l e c t r i c  motors  th rough gsa r  boxes aesigned w i t h  adequate s e r v i c e  f a c t o r  f o r  
cont inuous and i n t e r m i t t a n t  d u t y .  The number o f  a e r a t o r s ,  t h e i r  s i z e  and 
shape o f  t h e  t a n k  s h a l l  be s e l e c t e d  t o  p r o v i d e  adequate m i x i n g  and c i r c u l a t i o n  
i n  t h e  r e a c t o r  a t  minimum o v e r a l l  c o s t .  

Secondary s e t t l i n g  tanks  s h a l l  be r e c t a n g u l a r  i n  p l a n  and s i z e d  t o  p r o v i d e  a  
s u r f a c e  l o a d i n g  r a t e  o f  25 mlday based upon sewage f l o w  ( n o t  mixed 1  i q u o r  
r a t e  o f  f l o w )  o r  a  s o l i d s  l o a d i n g  r a t e  o f  3.4 kg d r y  s o l i d s  p e r  m2 o f  t ank  
s u r f a c e  area p e r  hour, whichever g i v e s  t h e  l a r g e r  area.  The d e t e n t i o n  p e r i o d  
based upon average d a i l y  sewage f l ow  s h a l l  be 2.0 hours.  The t a n k  s h a l l  be 
designed w i t h  t h e  s ludge hoppers near  t h e  e f f l u e n t  end of t h e  t a n k  t o  d e r i v e  
maximum b e n e f i t  f r om d e n s i t y  c u r r e n t s .  N u l t i p l e  e f f l u e n t  w e i r s  s h a l l  p r o v i d e  
a  l o a d i n g  r a t e  n o t  t o  exceed 370 m3ldaylm. The tank s h a l l  be equipped w i t h  
t r a v e l l i n g  b r i d g e  o r  c h a i n - a n d - f l i g h t  s ludge sc raper  mechanism, e l e c t r i c  
motor  d r i v e n .  

The r e t u r n  a c t i v a t e d  s ludge system s h a l l  c o n s i s t  o f  pumps and p i p i n g  s i z e d  t o  
handle a  f l ow  equai  t o  t h e  average d a i l y  sewage f low. Pumps may be c e n t r i -  
f u g a l  t y p e  e l e c t r i c  motor  d r i v e n  w i t h  v a r i a b l e  speed c a p a b i l i t y ,  b u t  cons id -  
e r a t i o n  s h a l l  be g i ven  t o  a i r  l i f t  and Archimedes screw pumps i f  secondary 
tank  bo t tom- f l ow  i s  l i f t e d  p r i o r  t o  s e p a r a t i o n  o f  waste a c t i v a t e d  s ludge and 
r e t u r n  a c t i v a t e d  s ludge.  

D i s i n f e c t i o n  s h a l l  be as q i v e n  under Sec. F.7, P r imary  Treatment,  above. 
No l e s s  c h l o r i n a t o r  c a p a c i t y  s h a l l  be a l l owed  f o r  secondary t r e a t e d  
e f f l u e n t  t o  p r o v i d e  f o r  t h e  event  of o l a n t  b,yoass o r  m a l f u n c t i o n .  

Waste a c t i v a t e d  s ludge s h a l l  be r e t u r n e d  t o  t h e  i n l e t  channels o f  t h e  p r i m a r y  
s e t t l i n g  tanks  where i t  s h a l l  be mixed w i t h  incoming sewage. 

Sludge. p r i m a r y  s e t t l  i n g  tank  bot tom f low, s h a l l  be t r e a t e d  by dewater ing,  
add ing l i m e ,  coagu lan t  and/or  polymer f i l t e r  a i d s .  Dewater ing s h a l l  be by 
c e n t r i f u g e ,  f i l t e r  p ress  o r  vacuum f i l t e r  as d i c t a t e d  by  s:udge c h a r a c t e r -  
i s t i c s  and economics. Dewatered s ludge s h a l l  be t ruck -hau led  t o  s to rage  
s i t e s  where farmers can hau l  i t  away f o r  t h e i r  use o r  a l t e r n a t i v e l y ,  compost- 
ed w i t h  o t h e r  s o l i d  wastes f o r  a g r i c u l t u r a l  use. 



F.9 Secondary Treatment - Waste S t a b i l i z a t i m  Ponds 

Waste s t a b i l i z a t i o n  by  anaerob ic -ae rob ic  lagoons i s  def ined as t h e  s e t  of u n i t  
processes i i h i  ch : 

- p r o v i d e  i n i t i a l  s e t t l i n g  of t h e  wastewater  and anaerob ic  d i g e s t i o n  
o f  t h e  s e t t l e d  s o l i d s ,  a l l  i n  compar tmenta l ized lagoons;  - t r e a t  t h e  s e t t l e d  e f f l u e n t  i n  a e r o b i c  lagoons w i t h  p r o v i s i o n  f o r  
r e c i r c u l a t i o n  of a e r o b i c  lagoon e f f l u e n t  t o  t h e  lagoon i n l e t .  

The anaerob ic  lagoons which  r e c e i v e  t h e  raw wastewater  s h a l l  be 4  t o  5  m deep 
and p r o v i d e  a  d e t e n t i o n  p e r i o d  of t h r e e  days based upon des ign  average 
d a i l y  f low. The des ign  s h a l l  p r o v i d e  a t  l e a s t  two compartments f o r  p a r a l l e l  
o p e r a t i o n  so t h a t  one u n i t  may be taken  o u t  o f  s e r v i c e  f o r  c o n s o l i d a t i o n  

' 

and removal of d i g e s t e d  s ludge.  I n l e t  s t r u c t u r e s  s h a l l  p r o v i d e  f o r  l o a d i n g  
t h e  lagoon near i t s  c e n t e r .  O u t l e t  s t r u c t u r e s  s h a l l  be l o c a t e d  near  t h e  
p e r i p h e r y  o f  t h e  laqoon.  They s h a l l  be desiqned t o  a1 l ow  w i thd rawa l  a t  
s e l e c t e d  l e v e l s  o f  t h e  laqoon f o r  b e s t  q u a l i t y  e f f l u e n t .  

Ae rob ic  lagoons s h a l l  be designed t o  ope ra te  between 1.0 and 1.8 m depth,  w i t h  
d e s i g n  f l o w s  b e i n g  computed on t h e  b a s i s  o f  1.5 m depth.  The lagoon area 
( t o t a l )  s h a l l  be designed on t h e  b a s i s  o f  BOD5 l o a d i n g  o f  300 kg/ha p e r  day 
assuming t h a t  35 p e r c e n t  o f  t h e  raw sewage BOD5 i s  removed i n  t h e  anaerob ic  
lagoon. A  d e t e n t i o n  p e r i o d  o f  a t  l e a s t  30 days s h a l l  be p rov ided .  I n l e t  
and o u t l e t  s t r u c t u r e s  s h a l l  be l o c a t e d  t o  m in im ize  s h o r t - c i r c u i t i n g .  The o u t -  
l e t  s t r d c t u r e  s h a l l  be designed t o  a l l o w  e f f l u e n t  w i thd rawa l  a t  o r  below t h e  
w a t e r  su r face ,  a t  t h e  o p e r a t o r ' s  o p t i o n ,  f o r  optimum e f f l u e n t  q u a l i t y .  The 
o u t l e t  s t r u c t u r e  s h a l l  be designed t o  be a b l e  t o  d r a i n  t h e  lagoon by  l o w e r i n g  
t h e  pond l e v e l  a t  a  r a t e  o f  0.3 m p e r  week w h i l e  r e c e i v i n g  i t s  normal l oad .  

Lagoons s h a l l  be designed w i t h  e a r t h  dykes on a  s l o p e  n o t  t o  exceed 1  v e r t i c a l  
t o  3  h o r i z o n t a l .  Freeboard s h a l l  be n o t  l e s s  than  0.7 m a t  maximum o p e r a t i n g  
depth  excep t  t h a t  ponds g r e a t e r  t han  t h r e e  hec ta res  i n  area s h a l l  have 1.0 m 
f reeboard.  Dykes s h a l l  be n o t  l e s s  than  3 m wide a t  t h e  t o p  and prepared f o r  
v e h i c l e  t r a v e l .  A  4m w ide  roadway o r  t o p  of dyke s h a l l  be  p r o v i d e d  t o  and 
around t h e  anaerob ic  pond, p r o p e r l y  prepared t o  hand le  heavy equipment. The 
lagoon bot tom s h a l l  be n e a r l y  l e v e l ,  graded s l i g h t l y  t o  a1 low d ra inage  of t h e  
pond. The s o i l ,  if n o t  r e l a t i v e l y  imperv ious,  s h a l l  be prepared b y  compact ion 
and, i f  necessary, t h e  p l a c i n g  o f  a  sandy c l a y  l i n i n g ,  adequate ly  compacted. 
Dyke areas above t h e  w a t e r  l i n e  shou ld  be seeded w i t h  grass  t o  reduce wind 
and wave e r o s i o n .  Su r face  r u n o f f  f rom areas a d j a c e n t  t o  lagoons s h a l l  be 
d i r e c t e d  away f rom t h e  lagoons.  

F a c i l i t i e s  f o r  r e t u r n  o f  a e r o b i c  pond e f f l u e n t  t o  t h e  i n l e t  o f  t h e  a e r o b i c  
pond s h a l l  be p rov ided .  The t o t a l  c a p a c i t y  of t h i s  system s h a l l  be e q u i v a l e n t  
t o  twenty  p e r c e n t  o f  t h e  p l a n t  f l o w .  The r e c i r c u l a t e d  f l o w  s h a l l  be mixed 
w i t h  t h e  incoming wastewater  f l o w  (anaerob ic  pond e f f l u e n t )  b e f o r e  d i s c h a r g i n g  
f rom t h e  a e r o b i c  pond i n l e t  s t r u c t u r e .  

F.10 Submarine O u t f a l l s  

P r e l i m i n a r y  des ign  c r i t e r i a ,  based on incomp le te  i n f o r m a t i o n  of t h e  sea f l o o r ,  
c u r r e n t s ,  d e n s i t y  g r a d i e n t s  and bathymet ry ,  t o  be used i n  deve lop ing  ou t1  i ne 
des igns f o r  e s t i m a t i n g  comparat ive  c o s t s  a r e  g i v e n  below. F i n a l  des ign  s h a l l  
be based upon c r i t e r i a  e s t a b l i s h e d  when t h i s  i n f o r m a t i o n  i s  a v a i l a b l e  f rom 



d e t a i l e d  marine s tud ies .  

The o u t f a l l  p i p e l i n e  s h a l l  be p laced i n  a  t r e n c h  w i t h  n o t  l e s s  than 2  m back- 
f i l l  cover  over  the  t o p  o f  t h e  p i p e  a t  t h e  s h o r e l i n e ,  through t h e  s u r f  zone 
and t o  a  depth o f  15 m. The b a c k f i l l  cover s h a l l  be adequate ly  p r o t e c t e d  
a g a i n s t  wave e ros ion .  A t  depths g r e a t e r  than 15 m, t h e  p i p e l i n e  s h a l l  be 
p laced i n  a  t r e n c h  the  depth o f  which i s  a t  l e a s t  h a l f  t h e  d iameter  of t h e  
p i p e  and s h a l l  be p r o t e c t e d  by rock  b a c k f i l l .  I n  the  d i f f u s e r  sec t ion ,  t h e  
t r e n c h  s h a l l  be one- fou r th  t h e  d iameter  o f  t h e  p i p e  o r  l e s s .  

The p i p e l i n e  s h a l l  be s i z e d  so t h a t  a t  average des ign d r y  weather f l o w  t h e  
mean v e l o c i t y  i n  t h e  p i p e  i s  0.75 m/sec. The p i p e l i n e  s h a l l  be o f  u n i f o r m  
diameter throughout  i t s  l e n g t h  and s h a l l  be f i t t e d  w i t h  a  gate  s t r u c t u r e  a t  t h e  
end t o  f a c i l i t a t e  c l e a n i n g  and/or f l u s h i n g .  The l e n g t h  o f  t h e  d i f f u s e r  s e c t i o n  
s h a l l  be est imated on t h e  bas is  o f  1.2 m l e n g t h  per  1000 m3 o f  wastewater p e r  
day. The l e n g t h  o f  the o u t f a l l  s h a l l  p lace  t h e  d i f f u s e r  s e c t i o n  i n  50 m depth  
o f  water t o  a f f o r d  an i n i t i a l  d i l u t i o n  i n  t h e  range o f  500-1000 t o  1.  

The p i p e l i n e s  s h a l l  be o f  r e i n f o r c e d  concrete  o r  concrete  l i n e d  and coated 
s t e e l  w i t h  double gasketed j o i n t s  t o  a l l o w  f o r  pressure t e s t i n g  each j o i n t  
a f t e r  placement o f  t h e  p ipe.  

F . l l  General Requirements 

Sewerage and sewage t rea tment  f a c i l i t i e s  a r e  u s u a l l y  funded over  l ong  p e r i o d s  
o r  have long  repayment pe r iods  over  which replacement c o s t s  should  n o t  be 
r e q u i r e d  and maintenance cos ts  should be minimized. Therefore  designs s h a l l  
f e a t u r e ,  as much as i s  p r a c t i c a l ,  f a c i l i t i e s  having long  l i f e  and minimum 
maintenance. Design s h a l l  be such t h a t  r o u t i n e  and p r e v e n t i v e  maintenance a r e  
made easy. C a p i t a l  programs s h a l l  p r o v i d e  t h e  h o i s t s ,  c a r r i e r s ,  t o o l s  and 
shops necessary t o  c a r r y  o u t  normal maintenance. A d d i t i o n a l  l y ,  designs s h a l l  
s p e c i f y  q u a l i t y  m a t e r i a l s  and workmanship as w e l l  as mechanical equipment 
known t o  have long  s e r v i c e  l i f e  and t o  be adequate ly  backed by a  good f a c t o r y  
s e r v i c e  o r g a n i z a t i o n .  

Treatment p l a n t  s e r v i c e  b u i l d i n g s  s h a l l  be p rov ided  t o  t h e  e x t e n t  and q u a l i t y  
c o n s i s t e n t  w i t h  t h e  proposed p l a n t  process u n i t s .  Permanent b u i l d i n g s  s h a l l  
be p rov ided  f o r  l ong  term t rea tment  p l a n t s  t o  house c o n t r o l  f e a t u r e s ,  o f f i c e ,  
l a b o r a t o r y  and general  s e r v i c e  f u n c t i o n s  such as s to res ,  shops, garage, l o c k e r  
room, t o i l e t s ,  showers, t o o l  rooms, and a  communications system. For  i n t e r i m  
p l a n t s ,  such as waste s t a b i l i z a t i o n  pond i n s t a l l a t i o n s ,  b u i l d i n g s  may be o f  a  
temporary n a t u r e  b u t  s h a l l  be s e r v i c a b l e  and r e l a t i v e l y  maintenance f r e e  f o r  
the expected s e r v i c e  l i f e  o f  the  p l a n t .  Adequate space s h a l l  be p rov ided  t o  
house c o n t r o l  fea tu res ,  o f f i c e ,  1  abora to ry  and the  same general  s e r v i c e  
ameni t ies  as f o r  permanent b u i l d i n g s .  
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APPENDIX G 

BASIS OF COST FOR ESTIMATING 

Appendix G presents  cos ts  f o r  l o c a l  b u i l d i n g  
m a t e r i a l s ,  l a b o r  and proposed c o n s t r u c t i o n  
i tems found i n  A lexandr ia .  
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TABLE G - 1  

AVERAGE DAILY WAKESOF WORKERS I N  CONS'TRUCTION INDUSTRY 
PUBLIC SECTOR 

IYlZ Rate, LE 

Unskli 11 ed : 

Earthwork 

Watchman 

Water S p r i  n k l  i n g  

M a t e r i a l  s  C a r r i e r  

k lo r ta r  Mixer.  

Concrete Pourer,  M ixe r  

Semi -sk i l l ed :  

Foreman 

Manual V i b r a t i o n  Work 

Reinforcement Work 

Rough Carpent ry  Work 

Stone Facing Work 

Mechanic 

S k i l l e d :  

E l e c t r i c i a n  

Carpenter 

Concrete Facing Work 

F l o o r i n g  Bui  1  de r  

Formwork Carpenter 

P l a s t e r e r  

Mason 

P l  umber 

( a ) ~ l  1  va lues expressed as o f  J u l y ,  1977. A lexandr ia  p r i c e s  i n c l u d i n g  Soc ia l  
S e c u r i t y .  Based on f i g u r e s  from M i n i s t r y  o f  Housing and Recons t ruc t ion .  



TABLE 6-2 

UNIT PRICES OF B U I L D I N G  MATERIALS 

OPEN MARKET 

IYE Price, LE Unit 

Stone, second class 8 ( a )  m 3 

Stone, screened for kdding 

Gravel, for concrete mix 

Gravel, fine 

Sand, f i l l  

Brick, f i r s t  quality 

Port1 and Cement 

Wood Planks, rough 

Lumber, plywood 

Reinforcing bars, pl ai n 
Reinforcing bars, deformed 

m 3 

m 3 

m 3 

m 3 

per 1000 

tonne 

tonne 

tonne 

( a ) ~ u l y  1977 Alexandria prices excl usi ve of on-si te  delivery cost. 

( b ) ~ a l  ues in parentheses are official  government subsidy prices a t  which 
major contractors for public works are required to bid. Supplies a t  
these prices are not always available. 



TABLE G -3 

UNIT COSTS OF PRINCIPAL CONSTRUCTION ITEMS 

E a r t h  Excavat ion :  
f i a )  Cost, L- 

Foundat ions,  l e s s  than  2 m deep 3 
Foundat ims,greater  than 2 m deep 7 
W i  t h i n  Caissons 20 
Trenches l e s s  than  2 rn deep 1-2 
Trenches 2-5 m deep 2-8 
Trenches 2-8 rn deep 8- 12 

Truck H a u l i n g  0.3 

B a c k f i l l  

N a t i v e  m a t e r i a l  
Hauled g r a n u l a r  f i  11 

L a t e r a l  Trench Support  ( b  

I n s t a l l  and remove wood s h e e t i n g  2 

S t r u c t u r a l  

Masonry, B r i c k  o r  Stone 25 
P l a s t e r  (1 .5  crn t h i c k )  3 
Lean Concrete 11-15 
P l a i n  S t r u c t u r a l  Concrete 15-25 
Re in fo rced  Concre te  

Foundat ion slabs 7 5 
Beams and f l o o r  s l a b s  100 
Columns and p i 1  l a r s  120 

G r a v i t y  P i p e ( F l e x i b 1 e  w a t e r - t i g h t  j o i n t s )  ( c )  

150 rnm v i t r i f i e d  c l a y  
300 rnrn I I I I 

600 mrn I I II 

1000 rnm r e i n f o r c e d  conc re te  
2000 Mn 

I I I I 

Pressure Pipe ( D u c t i  1 e i r o n  w l r u b b e r  j o i n t )  ( C  

250 rnm 
600 rnrn 

1000 mrn 

Pavement Removal and R e s t o r a t i o n  4- 12 

U n i t  

( a ) ~ u l y ,  1977 A lexandr ia  p r i c e s  i n c l u s i v e  o f  c o n t r a c t o r  overhead and p r o f i t .  

( b ) ~ e r  square m e t r e  o f  t r e n c h  w a l l .  

( C ) ~ e l i v e r e d  on s i t e  b u t  n o t  i n c l u d i n g  i n s t a l l a t i o n  c o s t .  



APPENDIX H 

SEWER DESIGNS 

Appendix H i n c l u d e s  f u n c t i o n a l  des ign  
l a y o u t  drawings ( i n i t i a l  ) f o r  t y p i c a l  
sewer appurtances and p r i n c i p a l  convey- 
ance s t r u c t u r e s  ( g r a v i t y  c o l l e c t o r s  and 
f o r c e  mains)  proposed i n  t h e  recommended 
f a c i  1  i t i e s  master  p lan .  
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Typ ica l  Manhole f o r  G r a v i t y  Sewers 

Typ ica l  Layout o f  P roper ty  Connections (as const ructed i n  
A1 exandr ia )  

Hagar e l  Nawatia D ive rs ion  S t ruc tu re  

Moharned A1.y Col 1  e c t o r  

New P.S. No.5 - East C o l l e c t o r  

S i d i  B i sh r  C o l l e c t o r  

Ras e l  Soda C o l l e c t o r  

Main S iou f  Kebl i a  Col 1  e c t o r  

S iou f  Kebl i a  Col 1  e c t o r  - Nor th  Branch 

S iou f  Keb l ia  C o l l e c t o r  - South Branch 

Sadat City Col l e c t o r  
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Mex-Dekheila C o l l e c t o r  

Dekhei la  I n d u s t r i e s  C o l l e c t o r  

S i d i  B i  shr  O u t f a l l  -Land P o r t i o n  
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OR PEA GRAVEL 
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COMPACTION FOR BACKFILL AND 
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AS SPECIFIED 

SPECIAL PIPE BEDDING NOT SHOWN 
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FIGURE H-1 V> 
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. # .  
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CONSTRUCTION. 

MINISTRY OF HOUSING AND RECONSTRLlCTlON 
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Existing or New Sewer 
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or Wastewater 
Collector System 

A R A B  REPUBLIC OF EGYPT 

Wastewater 
-+ Combined Storm Flow 
.)-.- -b Diverted Flow 

FIGURE H - 3  
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@ NO SUPPORT REQUIRED. 

(@ WOOD SHEETING 
WOOD WALES AND STRUTS. 

@ DOUBLE T IERED 
WOOD S H E E T I N G  
WOOD WALES AND STRUTS. 

@ INTER LOCKING STEEL SHEET 
PILING WITH S T E E L  W A L E S  AND STRUTS.  

Y INI8TRV OF HOU8lNO AND RECOHBTRUCTloN 

LATERAL BRACING FOR 

9 . J ~ D  
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BELL AND SPIGOT ENDS TONGUE AND GROOVE ENDS 

CONCRETE PlPE WlTH RUBBER "0" RlNG JOINT 

PLASTIC SEALING 

VITRIFIED CLAY PlPE WlTH COMPRESSION JOINT 

SOLVENT JOINT RUBBER RING JOINT 

PLASTIC PlPE 

MINISTRY OF HOUSING AND RECONSTRUCTION 

GRAVITY SEWERS 



$ 0 . 6 0  MANHOLE FRAME 
AND COVER 

FINISHED GRADE 

ADJUST TO GRADE 
REINFORCED CONCRETE 

BRICK MASONRY 

S E W E R  

SHALLOW SEWE 

FOR SEWER SIZES GREATER THAN 0 800 mm 

DIMENSIONS IN METERS 

FIGURE H - 6  
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P L A N  

RAS EL SODA 
PRELIMINARY 
TREATMENT 
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SEA OUTFALL - 
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SECTION A-A 
Not t o  scale 

OUTFALL STRUCTURE 

1100 m. 

PROFILE 

SlDl BISHR OUTFALL 
LAND PORTION 



APPENDIX I 

PUMP STATION AND TREATMENT PLANT DESIGN 

Appendix I inc ludes  f u n c t i o n a l  des ign l a y o u t  
drawings ( p r e l  i m i n a r y )  f o r  t h e  pump s t a t i o n s  
and t rea tment  f a c i l i t i e s  proposed i n  t h e  
recommended master p l  an. 
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West Treatment P l a n t  S e c t i o n  Drawing 

Mex-Dekheila Waste S t a b i l i z a t i o n  Pond 

Mex-Dekhei la Waste S t a b i l i z a t i o n  Pond ( P l a n  A & B) 

Ameria Waste S t a b i l i z a t i o n  Pond 
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L A K E  M A R Y U T  PLAN 
S C A L E  1 : 4 0 , 0 0 0  

FORCE MAIN ( M  D 8 ) 
FROM MAIN DEKHEILA P. S. 

SEE ENLARGED PLAN 'r 

ROBlC CELL 

-LINED DRAIN 

COLLECTION CHANNEL 

HYDRAULIC PROFILE 
TER SURFACE 

TYPICAL DIKE CROSS- SECTION 

(AREA OF 4 0 0  RECOMMENDED) 
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L 
a3 
m MEX DEKHEILA WASTE 
7' 
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APPENDIX J 

ELEMENT COSTS OF PRINCIPAL ALTERNATIVE PLANS 

Appendix J covers c a p i t a l  c o s t  e s t i m a t e s  
made f o r  t h e  p r i n c i p a l  a l t e r n a t i v e  p l a n s  
e v a l u a t e d  i n  e s t a b l i s h i n g  t h e  recommended 
f a c i l i t i e s  p l a n .  
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TABLE J-1 

I tem 
~ - 

EZ 1 
EZ 2 
EZ 3 
EZ 4 
EZ 5 
EZ 6 
EZ 7 

C 
I 
A 

EZ 8 
EZ 9 
EZ 10 
EZ 11 
EZ 12 
EZ 13 
EZ 14 
EZ 15 
EZ 16 
EZ 17 
EZ 18 
EZ 19 
EZ 20 
EZ 21 
EZ 22 
EZ 23 
EZ 24 

CONVEYANCE COSTS - - (INTEGRATED SYSTEM) SEA DISPOSAL/SUBMARINE OUTFALL ALTERNATIVE 

Zone Fac i  1 i ty - 
East Hagar e 1 Nawati a 

D i  ve rs ion  Sewer 

Abu Soliman P.S. 
Abu Soliman F.M. 
Mohamned Aly Col 1 . 
New Smouha P.S. 
New Smouha F.M. 
Maamoura P. S. 
Maamoura F.M. 
P.S.  No. 1 
P . S .  No. 3 Sewer 
P.S. No. 5 
P.S. No. 5 F.M. 
P.S.  No. 2 
P.S.  No. 2 F.M. 
P.S. No. 4 
P.S. No. 4 F.M. 
P.S.  No. 6 
P.S.  No. 6 F.M. 
S i d i  B i s h r  P.S. 
S i d i  B i sh r  F.M. 
S i  d i  B i  sh r  Sewer 

East - TOTAL 

Pump 
Capac i ty 

NL/day 
-- 

Pipe Size 
mn -- 

1 300 
800 
750 

P i  pe l  i ne 
Length 
metres 

Annual 
To t a  1 Operat ion and 

Cap i ta l  Cost Maintenance Cost 
LE thousand LE thousand 



TABLE J-1 

CONVEYANCE COSTS (INTEGRATED SYSTEM) SEA DISPOSAL/SUBMARINE OUTFALL ALTERNATIVE 

( c o n t ' d )  
Annual 

Pump P i  p e l  i ne T o t a l  Opera t i on  and 
Capac i t y  P i p e  S i z e  Length C a p i t a l  Cost  Maintenance Cost  

I tem Zone F a c i  1 i ty ML/day mm metres  LE thousand LE thousand 

RS 1 Ras e l  Soda Hospi t a l  ' s P.S. 17 - - 390 4.3 
RS 2 H o s p i t a l  ' s  F.M. - 350 1 150 180 - 
RS 3 Ras e l  Soda P. S. 224 - - 2 250 30.0 
RS 4 Ras e l  Soda F.M. - 1 300 800 390 - 
RS 5 Ras e l  Soda Col 1 . - 500 450 400 - 
RS 6 Ras e l  Soda Col  1 . - 750 600 580 - 
RS 7 Ras e l  Soda Co 1 1. - 1 250 1 010 1 560 - 

c RS 8 Ras e l  Soda C o l l .  - 1 400 480 9 30 - 
I 
N RS 9 Ras e l  Soda C o l l  . - 1 600 850 1 800 - 

Ras e l  Soda -TOTAL 8 480 34.3 

SK 1 S i o u f  
SK 2 Kebl i a 
SK 3 
SK 4 
SK 5 
SK 6 
SK 7 
SK 8 
SK 9 
SK 10 
SK 11 

S i o u f  
Kebl i a  

Main Col l e c t o r  
Main Col l e c t o r  
N o r t h  Branch 
N o r t h  Branch 
N o r t h  Branch 
South Branch 
South Branch 
South Branch 
South Branch 
South Branch 
South Branch 

TOTAL 



TABLE J-1 

CONVEYANCE COSTS ( INTEGRATED SYSTEM) SEA D ISPOSAL/SUBMARINE OUTFALL ALTERNATIVE 

( c o n t  ' d )  
Annual 

Pump P i  p e l  i ne To t a  1 Opera t i on  and 
Capaci ty P i p e  S i z e  Length  C a p i t a l  Cos t  Maintenance Cost  

Zone F a c i l i t y  M'Vday mn met res  LE thousand LE thousand 

Abu K i r  Pump S t a t i o n  ' A '  5 - - 170 3.2 
Force Main ' A '  - 250 240 3 0 - 
Pump S t a t i o n  ' B '  6 - - 190 3.2 
Force Main ' B '  - 250 400 50 - 
Pump S t a t i o n  ' C '  2 1 - - 450 6.4 
Force Main ' C '  - 400 1 000 140 - 
Main Pump S t a t i o n  52 - - 800 13.7 
Main Force Main  - 650 8 000 1 770 - 
Tab ia  Pump S t a t i o n  225 - - 2 250 109.0 
Tabia  Force Main  - 1 300 8 000 3 540 - 
Abu K i  r C o l l e c t o r  - 375 235 40 - 
Abu K i  r C o l l e c t o r  - 600 200 50 - 
Abu K i  r Col l e c t p r  - 750 975 240 - 
Abu K i  r C o l l e c t o r  - 1 100 1 100 430 - 
Abu K i  r C o l l e c t o r  - 1 200 500 220 - 
Tab ia  Col l e c t o r  - 1 400 2 000 1 370 - 

Abu K i r  - TOTAL 11 740 135.5 

West West Zone Col 1 . - 1 200 1 500 1 750 
West Zone Col 1 . - 1 400 4 250 6 860 

West Zone P.S. - 324 - 2 840 117.0 
West Zone F.M. - 1 600 

A 5 200 3 270 - 
Pump S t a t i o n  No. 2 - 3 2 - 260 9.3 
P.S. No. 2 F.M. - 500 1 150 240 - 

West - TOTAL 15 220 126.3 



TABLE J-1 

CONVEYANCE COSTS (INTEGRATED SYSTEM) SEA DISPOSAL/SUBMARINE OUTFALL ALTERNATIVE 

( c o n t ' d )  Annual 
Pump P i  pe l  i ne To ta l  Operat ion and 

Capaci t y  P ipe S i  ze Length Cap i t a l  Cost Maintenance Cost 
I tem Zone Fac i  1 i t y  :M L/da;/ m metres LE thousand LE thousand 

SC 1 Sadat C i t y  Main Pump S ta t i on  - 113 - 1 420 17.5 
SC 2 Main Force Main - 900 2 600 860 - 
SC 3 Grav i t y  Sewer - 1 800 3 400 7 320 - 

Sadat C i t y  TOTAL 9 600 17.5 

Centra l  No Faci 1 i t i e s  



TABLE J-2 

CONVEYANCE .COSTS (INTEGRATED SYSTEM) SECONDARY TREATMENT/REUSE ALTERNATIVE 

Annual 
Pump Pipe1 i n e  To ta l  Operat ion and 

Capaci ty Pipe Size Length Cap i t a l  Cost Maintenance Cost 
I tem Zone F a c i l i t y  MYday mm metres LE thousand LE thousand 

- -  - -- 

East Maamoura F.M. - 
P.S. No. 1 2 1 
P.S. No. 2 2 1 
P.S. No. 2 F.M. - 
G r a v i t y  Sewer 
P.S. No. 3 t o  5 - 
P.S. No, 4 17 
P.S. No. 5 49 
P.S, No. 6 2 7 
S i d i  B i s h r  P,S. 6 
S i d i  B i s h r  F,M. - 
Glym P,S, 5 7 
Glym F,M, - 
Glym-Sarwat Swr. - 
Hagar e l  Nawatia - 
Hagar e l  Nawatia - 
Hagar e l  Nawatia - 
Hagar e l  Nawatia - 
Hagar e l  Nawatia - 
Abu Sol iman Re1 i e f  - 
Mohamned P1.Y Co l l  . - 
Mohamned Col 1 . - 
Smouha P.S. 249 
Smouha F.M. - 

East TOTAL 



TABLE 5-2 

CONVEYANCE COSTS (INTEGRATED SYSTEM) SECONDARY TREATMENTIREUSE ALTERNATIVE 

( c o n t ' d )  
Annual 

P i  pe l  i ne To ta l  Operat ion and 
Capaci ty P ipe S ize  Length Cap i t a l  Cost Maintenance Cost 

I tern Zone F a c i l i t y  M L! day mm metres LE thousand LE thousand 

Ras e l  Soda Hosp i ta l  ' s  P.S. 
Hosp i t a l  ' s  F.M. 
Ras e l  Soda In t ,  
Ras e l  Soda I n t .  
Ras e l  Soda I n t .  
A f r i c a  S t .  Col l .  
A f r i c a  S t .  Co l l .  

Ras e l  Soda - TOTAL 

S i o u f  S iou f  Keb l ia  I n t o  
Kebl i a Siouf Keb l i a  I n t o  

S iou f  Keb l ia  P,S. 
S i ou f  Keb l ia  F.M. 

S iou f  
Keb 1  i a - TOTAL 

Abu K i r  Pump S t a t i o n  'A '  
Force Main 'A' 
Pump S t a t i o n  'B'  
Force Main 'B' 
Pump S t a t i o n  ' C '  
Force Main ' C '  
Main Pump S ta t i on  
Main Force Main 
Tabia Pump S ta t i on  



TABLE 5-2 

I tern --- 

AK 10 
AK 11 
AK 12 
AK 13 
AK 14 
AK 15 

L AK 16 
1 

w 

CONVEYAIqCE COSTS (INTEGRATED SYSTEM) SECONDARY TREATMENT/REUSE ALTERNATIVE 

( con t ' d )  

P i  pe l  i ne To ta l  
Capaci t v  P ipe S i ze  Length Cap i t a l  Cost 

Zone !aCw&' - _. - ML / day - - mm - - --- metres - - LE thousand 

Tabia Force Main - 
Abu K i r  Co l l ec to r  - 
Abu K i r  C o l l e c t o r  - 
Abu K i  r Co l l ec to r  - 
Abu K i r  C o l l e c t o r  - 
Abu K i r  C o l l e c t o r  - 
Tabia C o l l e c t o r  - 

Abu K i  r - TOTAL 

Centra l  K a i t  Bey P.S. 253 - - 2 370 
Kai t Bey F.M, - 1 400 6 600 3 150 

Centra l  - TOTAL 5 520 

West West Zone I n t .  - 1 500 1 330 2 530 
West Zone I n t o  - 2 300 2 860 7 100 
West Zone I n t .  - 2 300 1 200 2 980 
P,S. No. 2 Eqp. Rpl, - 32 - 260 
P,S. No. 2 F,M, - 500 1 150 240 
West Zone I n t ,  - 1 100 400 6 50 

West - TOTAL 13 760 

Sadat City Same as Tab1 e J -1  9 600 

Annual 
Operat ion and 

Mai n tenance Cost 
LE thousand 



TABLE 5-3 

I tem Zone 

East 

East  - 

Capaci ty 
Faci 1 i t y  

? .- - -- - - - .- -- M Vday  
Hagar e l  Nawatia - 
Di vers i o n  Sewer - 
D ivers ion  Sewer - 
Abu Soliman P.S. 194 
Abu Soliman F.M. - 
Mohamned A l v  Col 1 . - 
Mohamned A1 Y C o l l  . - 
New Smouha Po S. 163 
New Smouha F.M. - 
Maamou r a  P . S , 2 1 
Maamou r a  F , M . - 
P.S, Iio, 1 2 1 
P,S, No. 3 Sewer - 
P.S. No. 5 49 
P.S. No. 5 F,M. - 
P.S, No. 2 4 2 
Pas. No. 2 F,M. - 
P.S. No. 4 17 
P,S, No. 4 F,M, - 
P.S. i.40. 6 14 
P.S, No. 6 F,M. - 
S i d i  B i s h r  P,S. 6 7 
S i d i  B i s h r  F.M, - 
S i d i  B i s h r  Sewer - 
TOTAL 

P i  p e l  i ne 
Pipe S ize  Length 

mm metres 

To ta l  
Cap i t a l  Cost 
LE thousand 

1 380 
1 760 

46 0 
2 010 
1 360 
3 200 
2 830 
1 770 
1 680 - 

700 
440 
330 
790 
100 
7 10 
2 40 - 
290 - 
80 

950 
420 

1 120 

22 620 

Annual 
Operat ion and 

Maintenance Cost 
LE thousand 



TABLE 5-3 

CONVEYANCE COSTS -- (SEPARATE - . . - - SYSTEM) SEA DISPOSAL/SUBMARINE - -  - .- OUTFALL -- ALTERNATIVE 

(cant ' d) 
Annual 

Pump P i p e l  i n e  To ta l  Operat ion and 
Capaci ty Pipe S ize  Length Cap i t a l  Cost  Maintenance Cost 

I t e m  Zone Faci 1 i ty - - ML/day . -. mn - -- -- metres - - - - LE thousand LE thousand 

RS 1 Ras e l  H o s ~ i  t a l ' s  P.S. 17 - - 390 4.3 
RS 2 Soda Hospi t a l  ' s F.M. - 350 1 150 180 - 
RS 3 Ras e l  Soda P.S. 204 - - 2 130 27.0 
RS 4 Ras e l  Soda F,M, - 1 200 800 360 - 
RS 5 Ras e l  Soda Col l  , - 500 450 400 - 
RS 6 Ras e l  Soda Col l ,  - 7 50 600 580 - 

c RS 7 Ras e l  Soda Col l  . - 1 100 1 010 1 520 - 
I 
CD RS 8 Ras e l  Soda Col l .  - 1 250 480 900 - 

RS 9 Ras e l  Soda Col l  . - 1 400 850 1 700 - 
Ras e l  

Soda - TOTAL 8 160 31.3 

S iou f  Main Col 1 ec t o r  
Keb l i a  North Branch 

Nor th  Branch 
North Branch 
South Branch 
South Branch 
South Branch 
South Branch 
South Branch 
South Branch 

S iou f  
Kebl i a  - TOTAL 



TABLE 5-3 

CONVEYANCE - - - - COSTS (SEPARATE - SYSTEM) SEA DISPOSAL/SUBMARII~E OUTFALL ALTERNATIVE 
- - - - . - -- - - - - - - - - - 

( c o n t  I d )  
Annual 

Pump P i  pe l  i ne To ta l  Operat ion and 
Capaci ty P i  pe S ize  Length Cap i t a l  Cost Maintenance Cost 

I tem Zone Faci  1 i ty  ML/day mn metres LE thousand LE thousand 

WZ 1 West Wes tZoneCo l l .  - 1 200 1 500 1 750 - 
WZ 2 West Zone Co l l  . - 1 400 2 920 4 720 - 
WZ 3 West Zone Co l l .  - 1 000 1 330 1 950 - 
WZ 5 West Zone P,S. 2 40 - - 2 250 98.0 
WZ 6 West Zone F.M, - 1 350 5 200 2 690 - 

t WZ 7 P,S. No. 2 32 - - 260 9.3 
I - 
A WZ 8 P,S. No. 2 F.M, 500 1 150 240 - 
0 

West - TOTAL 13 860 107.3 

Mex- Tanneries P,S. 
Dekh. Tanneries F.M. 

Va l l ey  o f  Moon P.S, 
Va l l ey  o f  Moon F.M. 
Mex-Oekh. C o l l e c t o r  
Mex-Dekh. Co l l  e c t o r  
Main Dekhei la P.S. 
Main Dekhei la F.M. 
I n d u s t r i e s  Co l l  . 
I n d u s t r i e s  Col 1 . 
West Ind,  P.S. 
P.S, Force Main 

Mex- 
Dekh. - TOTAL 



I tem -- . .- -. 

NZ 1 
NZ 2 
NZ 3 
NZ 4 
NZ 5 
l4Z 6 

c NZ 7 
I 
d 

d 
NZ 8 
r4z 9 

CONVEYANCE . COSTS .- - . (SEPARATE . - SYSTEM) SEA - DISPOSAL/SUBMARINE --- OUTFALL ALTERNATIVE 

( c o n t ' d )  
Annual 

Pump Pipe1 i n e  T o t a l  Opera t i on and 
Capac i t y  P i p e  S i z e  Length  C a p i t a l  C o s t  Maintenance Cos t  

Zone Fac i  1 i ty ML/day mn metres  LE thousand LE thousand 

Nouzha 

Nouzha 

Nouzha Col l e c t o r  - 
Fisherman V i l l a g e  P.S. 16 
Fisherman V i l l a g e  F.M. - 
Nouzha Col l e c t o r  - 
Nouzha Col l e c t o r  - 
Nouzha Col l e c t o r  - 
Nouzha Col l e c t o r  - 
Nouzha P.S. 6 3 
Nouzha F,M. - 
TOTAL 

Sada t 
City - Same as Tab le  J -1  

Abu K i  r- Same as Tab le  J - 1  11 740 135.5 

C e n t r a l -  No F a c i l i t i e s  

Ameria - Same as Tab le  5-4 11 080 16.0 



TABLE 5-4 

I tem 

CONVEYANCE COSTS (SEPARATE SYSTEM) SECONDARY TREATMENT/REUSE ALTERNATIVE 

Zone 

East  

Eas t  - 

Pump 
Capaci ty 

F a c i l i t y  
- - -  - . . .-  M L/day -- 

Maamoura F.M. - 
P.S, No. 1 2 1 
P.S. No. 2 2 1 
P.S. No. 2 F.M. - 
G r a v i t y  Sewer 
P.S. No. 3 t o  5 - 
P.S. No. 4 
P.S. No. 5 
P,S. No. 6 
S i d i  B i s h r  P.S. 
S i d i  B i s h r  F,M. 
Glym P,S, 
Glym F.M, 
Glym-Sarwat Swr, 
Hagar e l  Nawatia 
Hagar e l  Nawatia 
Hagar e l  Nawatia 
Hagar e l  Nawatia 
Hagar e l  Nawatia 
Abu Soliman R e l i e f  
Mohammed A1.y Col 1 . 
Mohamned A1.v Col l  . 
Smouha P.S. 
Smouha F,M. 

TOTAL 

Pipe S ize  
m 

P i  pe l  i ne 
Length 
metres 

Annual 
To ta l  Opera t i on and 

Cap i t a l  Cost Maintenance Cost 
LE thousand LE thousand 



TASLE 5-4 

I tern 

CONVEYANCE C O ~ S  (SEPARATE SYSTEM) SECONDARY TREATMENTIREUSE ALTERNATIVE 

( c o n t ' d )  
Annual 

Pump P i  pe l  i ne To ta l  Operat ion and 
Capaci ty Pipe S ize  Length Cap i t a l  Cost Maintenance Cost 

Zone F a c i l i t y  MVday mn metres LE thousand LE thousand 

Ras e l  Hosp i t a l  ' s  P.S. 17 - - 390 4.3 
Soda Hosp i t a l  ' s  F,M. - 350 1 150 180 - 

Ras e l  Soda I n t ,  - 1 400 1 600 2 960 - 
Ras e l  Soda I n t .  - 1 500 800 1 520 - 
A f r i c a  S t .  Col l .  - 900 600 2 30 - 
A f r i c a  St.  Col l .  - 1 000 1 300 2 020 - 

Ras e l  
Soda - TOTAL 7 300 4.3 

S i o u f  S iou f  Keb l i a  I n t ,  - 1 800 2 300 4 910 
Keb l i a  S iou f  Keb l i a  I n t .  - 2 000 500 1 160 

S iou f  K e b l i a  I n t .  - 2 300 1 000 2 510 
S iou f  Keb l i a  P.S. 447 - - 3 430 
S iou f  Kebl i a  F.M. - 1 800 8 500 5 610 - 

S i  ou f  
Keb 1 i a- TOTAL 17 620 103.0 

Centra l  K a i t  Bey P,S. 246 - - 2 370 9 5 
Kai  t Bey F.M. - 1 400 6 600 3 150 - 

Centra l  - TOTAL 5 520 9 5 

West West Zone I n t o  - 1 200 1 330 2 280 - 
West Zone I n t .  - 2 000 2 860 6 310 - 
West Zone I n t o  - 2 000 1 200 2 650 - 
P,S. No. 2 Eq. Rpl. - - - 260 9,3 
P.S. No. 2 F.M. - 500 1 150 240 - 
West Zone I n t .  - 1 100 400 650 - 

West - TOTAL 12 390 9.3 



TABLE 5-4 

I tem 

CONVEYANCE COSTS (SEPARATE SYSTEM) SECONDARY TREATMENTIREUSE ALTERNATIVE 

( c o n t ' d )  
Annual 

Pump P i  pe l  i ne To ta l  Operat i  on and 
Caoaci ty P ipe S ize  Length Cap i t a l  Cost Maintenance Cost 

Zone F a c i l i t y  M Uday  mn metres LE thousand LE thousand 

Ameria Maryut Ind. Co l l .  - 
Free Zone Co l l  . - - 
Ameri a C o l l  . - 

- 
I n d u s t r i a l  P,S. - 
Ind, P,S, F,M, - 
Ameria Co l l .  - 

Ameri a - TOTAL 

Sadat 
City Same as Table 5-1 o r  5-2 

Abu K i r  Same as Table 5-2 

Mex- 
Dekh. Same as Table 5-3 

Nouzha Same as Table 5-3 6 690 23.2 



TABLE 5-5 

TREATMENT/DISPOSAL COSTS (INTEGRATED SYSTEM) SEA DISPOSAL/SUBMARINE OUTFALL ALTERNATIVE 

Annual 
P i p e l i n e  To ta l  Operat ion and 

Capaci ty/Pi pe Size/Land Length Cap i t a l  Cost Maintenance Cost 
I tem Zone Faci  1 i t v  Muday mn ha metres LE thousand LE thousand 

East Ras e l  Soda 
(P re l im )  P lan t  

S i d i  B i s h r  O u t f a l l  
Land 

Centra l  Kai t Bey (Pre l im)  
P l a n t  

K a i t  Bey O u t f a l l  
Land 

West West P l a n t  (Pre l  im) 
Conv. 

E f f l u e n t  P.S. 
E f f l u e n t  F,M. 
Land 



TABLE 5-6 

TREATMENT/DISPOSAL COSTS (INTEGRATED SYSTEM) SECONDARY TREATMENTIREUSE ALTERNATIVE 

Annual 
Pipe1 i ne Tota l  Operat i  on and 

~ a p a c i  t y / ~ i  pe S i  ze/Land Length Cap i ta l  Cost Mai ntenance Cost 
I tern Zone Faci 1 i t y  ML1da.y mn ha metres LE thousand LE thousand 

East (Sec.) P l a n t  560 - - - 
E f f l u e n t  P.S. 700 - - - 
E f f l u e n t  F.M. 

(Crop Reuse) - 2 400 - 34 000 
Land - - 144 - 

West/ 
Central  West (Sec.) P lan t  392 - - - 

Ef f luen t  P.S. 5 50 - - - 
E f f l u e n t  F.M. 

(Crop Reuse) - 2 000 - 24 000 
Land - - 10 5 - 



TREATMENT/DISPOSAL COSTS (SEPARATE SYSTEM) SEA DISPOSALISUBMARINE OUTFALL ALTERNATIVE 

Annual 
P i  pe l  i ne Tota l  Operat i  on and 

~ a p a c i  ty /Pipe SizeILand Length Capi t a l  Cost Maintenance Cost 
I tem Zone Faci 1 i t y  ML/day mn ha metres LE thousand LE thousand 

East Ras e l  Soda 
(Pre l im) Plant  475 

S i d i  B i sh r  O u t f a l l  - 
Land - 

Central Kai t Bey (Prelim) 
P lan t  165 

Kai t Bey Ou t f a l  1 - 
Land - 

West West P lan t  
(Pre l  im) Conv. 19 5 

E f f l u e n t  P.S, 22 5 
E f f l u e n t  F.M. - 
Land - 



TABLE J-8 

TREATMENT/DISPOSAL COSTS (SEPARATE SYSTEM) SECONDARY TREATMENTIREUSE ALTERNATIVE 

Annual 
P ipe l i ne  Tota l  Opera t i on and 

Capaci t y l P i  pe SizeILand Length Cap i ta l  Cost Maintenance Cost 
I tem Zone F a c i l i t y  MLIday mm ha metres LE thousand LE thousand 

East East (Sec.) Plant  
E f f l u e n t  P.S. 
E f f l u e n t  F.M. 
Land 

West/ 
Central  West (Sec.) Plant  

E f f l u e n t  P.S. 
E f f l u e n t  F.M. 
Land 



TABLE J-9 

CONVEYANCE FACILITIES - LOCAL SYSTEMS ALTERNATIVES 

Pump 
Capaci ty  

I tem Zone Fac i  1 i t y  tlL/day 

AM 1 Ameria Maryut Ind.Col1. - 
AM 2 Free Zone C o l l .  - 
AM 3 Free Zone Col l  . - 
P,M 4 Ameria Co l l  . - 
AM 5 Ameri a Co l l  . - 
AM 6 Ameria Co l l  . - 
AM 7 Ameria Co l l  . - 

t AM 8 Ameria Col 1 . - 
I - AM 9 Ameria Col 1 . 

U3 AM 10 Ameria Co l l  . - 
AM 11 I n d u s t r i a l  P.S 83 
AM 12 I n d u s t r i a l  P.S. F.M. - 

TOTAL Conveyance 

An/Ae r . Lagoons 137 
Land 315 ha - 

MD 1 Mex-Dekeila Tanneries P.S. 10 
!ID 2 Tanneries F.M. - 
MD 3 Va l l ey  o f  Moon P.S 6 
MD 4 Va l l ey  o f  Moon F.M. - 
MD 5 Mex-Dekheila Col 1 . - 
MD 6 Mex-Dekhei l a  Col 1 . - 
MD 7 Main Dekheila P.S. 3 2 
MD 8 Main Dekhei la F.M. - 

Pipe Size 
mm 

750 
900 

1 200 
900 

1 200 
6 00 
850 
600 
85 0 

1 400 

Annual 
P i p e l i n e  To ta l  Operat ion and 

Length C a p i t a l  Cost Maintenance Cost 
Metres LE thousand LE thousand 

10 000 2 910 - 
1 250 41 0 - 
1 750 780 - 
3 100 1 020 - 
3 250 1 450 - 
1 750 41 0 - 
1 650 490 - 
4 650 1 080 - 
1 900 570 - 
4 400 2 210 - 

- 1 120 66.0 
2 000 500 - 

12 950 66.0 

8 610 48.0 
1 180 - 

- 270 4.0 
2 500 330 

- 190 3.2 
6 00 7 0 - 
800 220 - 
600 190 - 
- 360 4.8 

1 100 140 - 



TABLE J-9 

CONVEYANCE FACILITIES - LOCAL SYSTEMS ALTERNATIVES 

(con t ' d )  

Annual 
Pump P i p e l i n e  To ta l  Operat ion and 

Capaci ty  P ipe Size Length Cap i t a l  Cost Maintenance Cost 
I tern Zone Faci  1 i t i e s  MUday mm ble t r e s  LE thousand LE th,ousand 

MD 9 I n d u s t r i e s  Col l  . - 2 000 1 500 1 025 - 
MD 10 I n d u s t r i e s  Col l  . - 2 100 1 100 1 100 - 
MD 11 West I ndus t .  P.S. 249 - - 2 370 77.7 
MD 12 West Indus t .  F.M. - 1 400 12 000 5 590 - 
MD 13 I n d u s t r i e s  Col l  . - 1 000 500 225 - 

TOTAL Conveyance 

An/Aer Lagoons 161 - 
E f f l u e n t  Channel (7.0m x 1.6m) - 
E f f l u e n t  P.S. 200 - 
Land 3 7 0 h a  - - 

NZ 1 Nouzha 
NZ 2 

Nouzha Col l e c t o r  
Fisherman V i l l a g e  

P.S. 
Fisherman V i  1 l age  

F.M. 
Nouzha Co l l  e c t o r  
Nouzha Col l e c t o r  
Nouzha Col 1 ec to r  
Nouzha Col l e c t o r  
Nouzha P.S. 
Nouzha F.M. 

TOTAL Conveyance 

East  P l a n t  45 - 
(Conversion) 



TABLE J-10 

I tem 

CONVEYANCE/TREATMENT/DISPOSAL COSTS (SEPARATE INDUSTRIAL TOXIC WASTE SYSTEM) 

Annual 
Pump Pipe1 i n e  To t a  1 Opera ti on and 

Capaci t y  Pipe Size Length Capi ta l  Cost Maintenance Cost 
Zone Faci li t.y Mlfday n metres LE thousand LE thousand 

Ras e l  Soda 
II 

East 
East 
S i  ouf 
East 
Nouzha 
Nouzha 
Central 
West 
West 
West 
Mex 

Col 1 ec t o r s  - 
Ras e l  Soda 
Siouf  
Siouf 
East 
East 
Nouzha 
Nouzha 
Nest 
West 

Ras e l  Soda Col l .  1 - 
Ras e l  Soda Col l  , 2 - 
East Col l .  1 - 
East Co l l .  2 - 
S i  ouf Col 1 . - 
East Co l l ,  2 - 
Nouzha Co l l .  1 - 
Nouzha Co l l .  2 - 
Central Col 1 . - 
Karmouz Col l .  - 
Karmouz Central Co l l  . l  - 
Karmouz Central Co11.2 - 
Gabbary Col 1 , - 
TOTAL 

Ras e l  Soda F.M. - 
Siouf F,M. - 
S iouf  Main F.M. - 
East F.M. - 
East Main F.M. - 
Nouzha F.M. - 
Nouzha Main F.M. - 
Indust r ies  F.M. - 
Indust r ies  Main F.M. - 



TABLE 3-10 

CONVEYANCE/TREATHENT/DISPOSAL COSTS (SEPARATE INDUSTRIAL TOXIC WASTE SYSTEM) 

(cont 'd )  
Annua 1 

Pump Pipe1 i n e  Tota l  Operat i  on and 
Capacity Pipe Size Length Cap i ta l  Cost Maintenance Cost 

I tern Zone Faci 1 i t y  ML/day mm metres LE thousand LE thousand 

I 19 Mex Gabbary F.M. 
I 20 Mex Gabbary Main F.M. 
I 25 Dekhei 1 a Dekh. Main F.M. 

Force Mains- TOTAL 

L 
'I 1 Ras e l  Soda Ras e l  Soda P,S. 

I 
N 

I 2  S i  ouf  Siouf  P.S. 
N I 3  East East P.S. 

I 4  Nouzha Nouzha P.S. 
I 5  West I ndus t r i es  P.S. 
I 6  Mex Gabbary P.S. 
I 7  Dekhei 1 a Dekh. Booster P.S. 

Pump 
Stat ions - TOTAL 
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APPENDIX K 

ECONOMIC EVALUATIONS 

Appendix K p resen ts  t h e  b a s i s  o f  economic 
a n a l y s i s  ( b e n e f i t s  and c o s t s )  f o r  t h e  
recommended p l  an. 
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TABLE K-1 

SUHYARY OF BENEFITS, LE thousand 

Year 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2 004 
2005 
2006 
2007 
2008 
2009 
201 0 

TOTAL 

C u r r e n t  
New User  User  

A B 

246 - 
258 - 
282 - 
31 2 - 
342 255 
348 263 
840 2 86 

1104 31 1 
121 2 327 
1224 354 
1224 380 

554 389 
553 398 
5 54 406 
5 53 41 5 
5 54 423 
553 433 
534 44 1 
534 450 
534 458 
534 46 7 
534 475 
534 484 
534 484 
534 484 
5 34 484 
534 484 
534 484 
534 484 
534 484 
534 484 
534 484 
534 484 

19 257 12 255 

Land 
Value 

C 
I n d u s t r y  

D 
R e c r e a t i o n  

E 
H e a l t h  

F TOTAL 

- 15 716 
- 15 728 
- 23 120 

1 7 1 6  2 5 1 2 1  
1 808 26 532 
3 865 28 896 
3 968 29 808 
4 158 30  582 
4 344 27 469 
5 899 29 362 
6 1 6 0  2 9 9 5 1  
6 436 29 869 
7 743 31 478 
8 080 32 202 
8 425 32 956 
8 778 33 693 
9 147 34 447 
9 5 1 4  3 5 1 7 8  
9 907 35 956 

10 300 36 507 
10 720 37 536 
11 138 38 338 
11 575 39 160 
11 575 27 410 
11 575 27 410 
11 575 27 410 
11 575 2 7 4 1 0  
11 575 27 410 
1 1 5 7 5  2 7 4 1 0  
11 575 27 410 
11 575 27 410 
11 575 27 410 
11 575 27 410 

259 431 973 707 

P resen t  I l o r t h  Va lues (LE) :  316 526 OOC a t  8% 

259 379 000 a t  10% 

168 075 COO a t  15% 



TABLE K-2 

SUMMARY OF COSTS, LE thousand 

Year - 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
200 1 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 

TOTAL 

C a p i t a l  

P resen t  Worth Values: 275 072 - 3 584 = 271 488 (8%) 

239 775 - 1 957 = 237 818 (10%) 
176 5 1 3 -  451 = 176 062 (15%) 

TOTAL 

6 749 
18 603 
27 017 
46 114 
32 552 
33 118 
51 529 
55 332 
50 669 
43 127 
37 737 
9 073 
9 123 
9 173 
9 223 
9 273 
9 333 
9 327 
9 352 
9 377 
9 402 
9 427 
9 452 
2 710 
2 710 
2 710 
2 710 
2 710 
2 710 
2 710 
2 710 
2 710 
2 710 

541 182 

Assumptions and Method01 ogy: - 
1. C a p i t a l  c o s t s  i n c l u d e  t h e  Top P r i o r i t y  Program and t h e  Mas te r  Plan.  



TABLE K-3 

SUMMARY OF COST OF RECOVERY ITEMS, LE thousand 

Value o f  Value o f  
S t r u c t u r e s  Equipment S t r u c t u r e s  Equi pment 

Year - 40 Years 20 Years i n  2011 i n  2011 

Assumptions and Methodology: 

1. Assume a l i f e  o f  40 years  f o r  s t r u c t u r e s  and 20 years  f o r  equipment. 
Assurne replacement, i f  necessary, a t  1977 costs .  

2. Assume no recovery  f o r  sewers, f o r c e  mains, g r a v i t y  sewers, and o u t f a l l s .  

3. Take s t r a i q h t  l i n e  deprec ia t ion ,  so t h a t  t h e  recovery  i n  20 years  on 
3n i t e m  w i t h  a 40-year l i f e  would be 50 percent .  



TABLE K-4 

Year 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

TOTAL 

ESTIMATED BENEFITS OF A 

WASTEWATER SYSTEM TO THE NEW USER 

New Users 

1 640 
1 720 
1 880 
2 180 
2 -280 
2 320 
5 600 
7 360 
8 080 
8 160 
8 160 
3 690 
3 690 
3 690 
3 690 
3 690 
3 690 
3 560 
3 560 
3 560 
3 560 
3 560 
3 560 
3 560 
3 560 
3 560 
3 560 
3 560 
3 560 
3 560 
3 560 
3 560 
3 560 

Connection 
Cost, LE 

150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
1 50 
150 
150 
150 
150 
150 
150 

Annual 
Benef i  t , LE 

Assumptions and Method01 ogy: 

1. Value t o  connections i s  t h a t  charged by GOSSD i n  1977 (LE 150). 

2. New connections as est imated i n  Reconended Faci 1 i t i e s  Plan. 

3. Comnence i n  1978 w i t h  Top P r i o r i t y  P ro j ec t s  (TPP). 



TABLE K-5 

ESTIMATED BENEFITS OF IMPROVED 

WASTEWATER SYSTEM MAINTENANCE TO CURRENT USERS 

GOSSD Sewer 
Maintenance Annual 

Year - Costs, LE Mu1 ti p l  i e r  B e n e f i t ,  LE 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 

TOTAL 

Assumptions and Methodology: 

1. C u r r e n t l y ,  over  one-ha l f  o f  t h e  GOSSD sewer maintenance budget i s  spent 
i n  responding t o  emergencies b rough t  about by  stoppages due, p r i m a r i l y ,  
t o  excess ive so l ids /greases i n  pipes--use .5. 

2. Assume e l i m i n a t i o n  o f  a1 1 b u t  excess over  50% when TPP completed. 

3, Costs as p rov ided  i n  t h e  recommended Master Plan. 

K- 5 



TABLE K-6 

BENEFITS TO OVERALL LAND VALUES 

New Sewered Areas Inc rease  i n  Values, LE thousand 
I n n e r  City Outer City I n n e r  City Outer  C i t y  Annual 

Year ha ha 15% 25% B e n e f i t  

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

TOTAL 

Present  Worth Values(LE): 143 237 000 a t  8% 

125 920 000 a t  10% 

31 e73 000 a t  15% 

Assumptions and Methodology 

1. An average c o s t  o f  LE 125 p e r  m2 o f  l and  i n  t h e  c i t y  and LE 25 p e r  m 2 

o u t s i d e  o f  t h e  c i t y  was used, based on p resen t  l a n d  va lue  . 
2. Assumed va lue inc reases  i n  p r o p e r t y  o f  15% ( i n n e r )  and 25% ( o u t e r )  

present  increased a t t r a c t i v e n e s s  o f  areas f o r  r e s i d e n c y  o r  commercial 
and i n d u s t r i a l  development. 



TABLE K-7 

Year 

TOTAL 

ESTIMATED BENEFITS OF A 

WASTEWATER SYSTEM TO INDUSTRY 

I n d u s t r i  a1 
Wate Usage 5 m /day 

days p e r  
Year 

Annual 
B e n e f i t ,  LE 

778 270 
815 734 
853 867 
893 784 
935 485 
979 193 

1 024 908 
1 072 353 
1 110 540 
1 143 767 
1 200 855 
1 230 960 
1 261 I 6 5  
1 291 170 
1 321 275 
1 126 150 
1 381 485 
1 411 590 
1 442 810 
1 442 810 
1 442 810 
1 442 810 
1 442 810 
1 442 810 
1 442 310 
1 442 810 
1 442 810 
1 442 810 
1 ,442  810 

35 703 861 

Assumptions and Methodology: 

1. GOSSD 1961 charge of LE .003 per  m3 t o  indus tri a1 users i s  assumed t o  
r e f l e c t  t h e  b e n e f i t  t o  users o f  a p u b l i c  sewerage system. The charge 
has been r a i s e d  t o  LE .0061 per  m3 t o  r e f l e c t  i n f l a t i o n  s i n c e  1961 and 
est imated i n f l a t i o n  u n t i l  1982. 

2, B e n e f i t s  commence i n  1982 a f t e r  TPP complet ion.  

3. Usage i s  equal t o  contaminated wastewater f low.  



TABLE K-8 

ESTIMATED BENEFITS OF A R  

Year 

EXPANDED WASTEWATER SYSTEM TO RFCPE.4TI9N -- 

R e c r e a t i o n a l  
Bene f i t ,  

LE thousand 

29 470 
30  492 
31 514 
32 536 
33 558 
34 580 
35 603 
36 625 
37 647 
38 669 
39 691 
41 072 
42 452 
43 833 
45 213 
46 594 
47 975 
49 355 
50 736 
52 116 
53 497 
53 497 
53 497 
53 497 
53 497 
53 497 
53 497 
53 497 
53 497 
53 497 
53 497 

Annual 
Benef  i t, 

~ u l  t ipl i e r ( ' )  - LE thousand 

.25 7 368 

.25 7 623 

.25 7 879 

.25 8 134 
- 2 5  8 390 
.25 8 645 
.25 8 901 
.25 9 156 
.25 9 412 
.25 9 667 
- 2 5  9 923 
.25 10  268 
.25 10 613 
.25 10 958 
.25 11 303 
.25 11 648 
.25 11 994 
.25 12 339 
.25 12 684 
.25 13 029 
.25 13 374 
.25 13 374 
.25 13 374 
.25 13  374 
.25  13 374 
.25 13 374 
.25 13 374 
.25 13 374 
.25 13 374 
.25 13 374 
. 2 5  13 374 

TOTAL 347 050 

P r e s e n t  Wor th  Va lues (LE) :  95 639 000 a t  8'; 

74 864 000 a t  l f i o l  

44 378 000 a t  1 5 ,  

No te :  r e f e r  t o  f o l l c w i n g  pages f o r  assumpt ions  and me thodc logy .  

( a ) ~ r n o u n t  dependent  on e l  i r n i n a t i o n  o f  beach p o l l u t i o n .  

K-8 



Assumptions and Methodology f o r  Table K-8: 

1. Basis o f  C a l c u l a t i o n  

A. Assumes t h a t  t o u r i s m  and use o f  beaches w i l l  i nc rease  w i t h  
r e d u c t i o n / e l i m i n a t i o n  o f  beach p o l l u t i o n ,  and t h a t  t h e  r e s u l t  w i l l  
be increased spending i n  t h e  A lexandr ia  area by European and r e g i o n a l  
t o u r i s t s ,  and increased beach use by l o c a l  r e s i d e n t s .  

B. B e n e f i t s  based on number o f  t o u r i s t  days and t h e  average expendi tures 
f o r  European and r e g i o n a l  t o u r i s t s ,  and on average expend i tu res  of  
ba thers .  

2. C a l c u l a t i o n s  

A. Est imated number of l e i s u r e - o r i e n t e d  t o u r i s t s  t o  A l e x a n d r i a  and 
Western Deser t  beaches ( f r o m  Vol . I1  Regional P lan f o r  t h e  Coastal  
Zone) : - 

Number of T o u r i s t  Days, thousand 

Source of 
T o u r i s t s  

Regional 1  950 2 496 3  198 

European 1  113 4  526 11 788 

TOTAL 3  063 7  022 14 986 

B. Assumed, on a  conserva t i ve  bas is ,  t h a t  10% o f  t h e  r e g i o n a l  (Arab) 
t o u r i s t s  and 5% o f  b t h e r  i n t e r n a t i o n a l  v i s i t o r s  use A lexandr ia  ' 
beaches if a e s t h e t i c  and h e a l t h  q u a l i t i e s  a re  improved; number of 
beach-usi ng t o u r i s t  days a r e  es t ima ted  as f o l  lows: 

Number o f  T o u r i s t  Days, thousand 

Source o f  
T o u r i s t s  1980 - 1990 2000 - 

Regi onal  195 250 320 

European 5  6  2  30 590 

Egypt ian 11 004 14 646 13 418 

TOTAL ( a ) 11 255 15 126 20 328 

(a)Based on t e n  m i l l i o n  v i s i t o r  days i n  1976, esca la ted  a t  3 pe rcen t  
pe r  year ,  t h e  Egypt ian t o t a l  rep resen ts  t h e  d i f f e r e n c e  between 
t h e  t o t a l  and t h a t  o f  i n t e r n a t i o n a l  v i s i t o r s .  



3. C a l c u l a t i o n  o f  B e n e f i t s  

A. For  a l l  t o u r i s t  v i s i t o r s ,  u s i n g  t h e  average i n d i v i d u a l  d a i l y  
expend i tu res  f rom t h e  Regional  Plan,  d e d u c t i n g  t h e  e q u i v a l e n t  o f  
t r a n s p o r t a t i o n  and accomodations between C a i r o  and A l e x a n d r i a  
(80 p e r c e n t ) ,  and i n c l u d i n g  o n l y  70 p e r c e n t  o f  E g y p t i a n  v i s i t o r s  
( t o  e x c l  ude A1 e x a n d r i a  r e s i d e n t s )  , 1  o c a l  expendi  t u r e s  a r e  c a l c u l a t e d  
as f o l l o w s :  

Source o f  Expendi t u r e ,  LE thousand 
F a c t o r  T o u r i s t s  LElday 1980 1390 2000 

0.2 Regional  (A rab )  12.0 46 8  600 768 

0.2 European 15.0 168 690 1  770 

0.7 E g y p t i a n  3.5 26 960 35 883 47 574 

TOTAL 27 596 37 173 50 112 

6. For  those a c t u a l l y  u s i n g  t h e  beaches (one o u t  o f  each t h r e e  v i s i t o r s ) ,  
t h e  c o s t s  o f  a  beach t a b l e  and u m b r e l l a  (LE 0120 p e r  day) ,  and 
concess ion consumables a t  LE 0.30 p e r  day f o r  a  t o t a l  o f  LE 0.17 
p e r  t o u r i s t  p e r  day. 

On-Beach Expend i tu re ,  LE thousand 



TABLE K-9 

PROJECTED HEALTH BENEFITS 

Year 

1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 

TOTAL 

Cost o f  Work 
Absences Due 

t o  Wastewater 
Re1 a ted  

I l l n e s s e s ,  LE 

8.77 
8,95 
9.13 
9,31 
9,50 
9.69 
9.88 

10,08 
10,28 
10,49 
10,70 
10,91 
11,13 
11.35 
11,58 
11,81 
12,05 
12,29 
12.54 
12.79 
13.05 
13,31 
13,58 
13,85 
14.13 
14.13 
14,13 
14,13 
14,13 
14,13 
14,13 
14.13 
14.13 
14,13 
14.13 

OF AN EXPANDED WASTEWATER SYSTEM 

Est imates o f  
Decreases i n  
Wastewater 

Rela ted 
I 1  1 nesses 

B e n e f i t  per  
Labor Force 

Member, 

T o t a l  
Labor Force 
(thousand) 

B e n e f i t  t o  
T o t a l  Labor Force 

(LE thousand) 

Present Worth Values: 59 144 000 a t  8% Note : r e f e r  t o  f o l l o w i n g  
page f o r  assumptions 
and methodology. 



Assumptions and Methodology f o r  Table K-9: 

1. Assumes t h e  l oss  o f  f i v e  work ing days pe r  yea r  by a  l a b o r  f o r c e  member 
due t o  wastewater - re la ted i 1 lness, 

2. Assumes t h a t  t he  average mean urban household income o f  LE 500 i n  1977 
w i l l  increase i n  r e a l  terms, e,g,, as a  r e s u l t  o f  increases i n  p r o d u c t i v i t y ,  
a t  a  r a t e  o f  2 percen t  annual ly ,  Th i s  i s  be1 ow t h e  MOHR/USAID est imated 
increase, thus o f f s e t t i n g  t he  e f f e c t  on household income o f  increased 
female p a r t i c i p a t i o n  i n  t h e  l a b o r  force,  

Source : Urban Land Use i n  Egypt, Table 4, MOHR/USAID, August 1977. 

3. Assumes t h a t  t he  e f f e c t  of t h e  wastewater system p r o j e c t  w i l l  be t o  reduce, 
b u t  n o t  e l  im i  nate,  wastewater-re1 ated diseases. 

4. The es t imate  of l a b o r  force s i z e  was de r i ved  f rom a  1969 survey; t he  l a b o r  
f o r c e  assumed t o  remain i n  a  cons tan t  r e l a t i o n s h i p  t o  popu la t i on  ( t o  1976) 
and was ad jus ted  upward t o  r e f l e c t  increased female p a r t i c i p a t i o n  i n  t he  
l a b o r  force, The average annual i nc rease  (20 000 pe r  yea r )  was assumed 
t o  h o l d  cons tan t  through t h e  yea r  2000, Th i s  es t imate  i s  somewhat below 
those est imates which m igh t  be der i ved  f rom h o l d i n g  l a b o r  f o r c e  i n  a  
f i x e d  re1  a t i o n s h i p  t o  t h e  est imated popula t ion,  

5. No a t tempt  has been made t o  es t imate  medical cos ts  as these a re  l a r g e l y  
subs id ized  by  t h e  n a t i o n a l  government. 



APPENDIX  L 

RECOMMENDED SEWER USE ORDINANCE 

Appendix L p resen ts  a model sewer use o rd inance  
which  i s  recommended f o r  imp lemen ta t i on  as p a r t  
o f  t h e  master  p l a n  program. 



APPENDIX L  

RECOMMENDED SEWER USE-ORDINANCE 

I n t r o d u c t i o n  

D ischarge of  l a r g e  q u a n t i t i e s  of  s o l i d s  such as t r a s h ,  garbage, s t r e e t  
sweepings, o i  1  s, manure, and septage (semi-1 i q u i d  waste pumped f rom sep- 
t i c  t a n k s )  i n t o  t h e  sewerage system o f  A l e x a n d r i a  causes s e r i o u s  o p e r a t i o n a l  
problems. Problems a r e  compounded bv o p e r a t i o n  o f  t h e  system i n  a  surcharged 
c o n d i t i o n .  As a  r e s u l t ,  v e l o c i t y  o f  f l o w  i s  decreased so t h a t  s o l i d s  a r e  n o t  
c a r r i e d  th rough  t h e  system. The d i scha rge  o f  c e r t a i n  l i q u i d s ,  such as used 
o i  1, mazout res idue ,  t o x i c  i n d u s t r i a l  wastes, l i q u i d s  hav ing  a  h i g h  o r  l ow  
pH, and inf lammable l i q u i d s  t o  t h e  sewers causes s t r u c t u r a l  damage t o  t h e  
c o l l e c t i o n  system and t r e a t m e n t  works, u p s e t  o f  t r e a t m e n t  process,  and un- 
accep tab le  damage t o  r e c e i v i n g  waters .  O i  l s ,  t a r s ,  and o t h e r  inf lammable 
l i q u i d s  pose a  f i r e  and e x p l o s i o n  hazard a t  pump s t a t i o n s ,  t r e a t m e n t  works, 
and w i t h i n  t h e  sewers. 

Proper  o p e r a t i o n  and maintenance o f  t h e  wastewater  system i n  an economical 
manner r e q u i r e s  p r e v e n t i o n  o f  a l l  such harmfu l  d i scha rges .  Enactment and ' 

enforcement of an e f f e c t i v e  sewer use o rd inance  i s  t h e  usua l  w a y o f  a c h i e v i n g  
p roper  f u n c t i o n i n g  o f  a  wastewater  c o l l e c t i o n  system. 

An o rd inance  p r o v i d e s  a  f u l l  range o f  r e g u l a t o r y  procedures,  such as those 
needed i n  a p p l i c a t i o n  f o r  connect ions ,  des ign  of connect ions ,  payment f o r  
se rv i ces ,  p e r m i t s  f o r  b u i l d i n g  sewers, sewer m a t e r i a l s ,  f l o w  sampling, and 
measurement o f  d i scha rges .  The o rd inance  c o n t a i n s  s p e c i f i c  p e n a l t i e s  
such as heavy f i n e s  and i n c a r c e r a t i o n ,  f o r  non-compliance w i t h  i t s  p r o v i -  
s ions .  An e f f e c t i v e  o rd inance  g i v e s  an o p e r a t i n g  agency necessary l e g a l  
a u t h o r i t y  t o  c o n t r o l  use o f  t h e  sewerage system. I t  i s  designed t o  p r o t e c t  
c o n s i d e r a b l e  p u b l i c  investment ,  i n s u r e  p r o p e r  o p e r a t i o n ,  and m i n i m i z e  a d d i -  
t i o n a l  e x p e n d i t u r e  f o r  system maintenance and replacement.  

Present  Sewer Use Law 

C u r r e n t  Egyp t ian  l aw  which r e g u l a t e s  t h e  d i scha rge  o f  wastewaters i s  l aw  93- 
1962, D e c i s i o n  o f  t h e  P r e s i d e n t  o f  t h e  UAR, Concerning t h e  D ischarge o f  
Wastewaters. T h i s  l aw  c o n s i s t s  o f  f o u r  chap te rs :  

Chapter  I The P u b l i c  Sewer and Discharges t o  It 
Chapter  I 1  Water Courses and D ischarg ing  i n t o  Them 
Chapter  I 1 1  General Laws 
Chapter  I V  P e n a l t i e s  and F i n a l  Laws. 

The law e s t a b l  i s h e s  genera l  p r i n c i p l e s  r e g u l a t i n g  c o n s t r u c t i o n  o f ,  connec- 
t i o n  t o ,  and d i scha rge  i n t o  p u b l i c  sewers, as w e l l  as d i scha rge  o f  wastewaters 
i n t o  v a r i o u s  t ypes  o f  p u b l i c  watercourses.  I t  a l s o  c o n t a i n s  c o n t r o l s  f o r  
v a r i o u s  d i scha rges  and p e n a l t i e s  f o r  v i o l a t i o n s .  Whi le  t h e  l a w  p r o v i d e s  b a s i c  
c o n t r o l s ,  i t  i s  t o o  genera l  t o  a f f o r d  t h e  k i n d  o f  r e g u l a t i o n  needed f o r  
economical o p e r a t i o n  of t h e  sewerage system and adequate p r o t e c t i o n  t o  r e c e i v i n g  
waters .  

Another document hav ing l e g a l  s t a t u s  i s  D e c i s i o n  No. 649 i n  t h e  Execu t i ve  
Program o f  t h e  Law No. 93 f o r  1962 by t h e  M i n i s t r y  o f  Housing and 



Recons t ruc t i on .  The document c o n s i s t s  o f  f i v e  chap te rs  and appendices e x p l a i n -  
i n g  t h e  law i n  d e t a i l ,  as f o l l o w s :  

Chapter I A p p l i c a t i o n s  
Chapter  I I Manholes and Chambers f o r  I s01  a t i  ng Po l  1 u t a n t s  
Chapter I I 1  Substances Harmf!l l t o  Sewer System 
Chapter  I V  Ex tens ions o f  Sewer System, Connect ions,  and Costs 
Chapter  V General Laws 
Chapter  V I  Qua1 i ty Standards f o r '  'Wastewater D isposa l  
Chapter  V I I  Sampling and A n a l y s i s  

Chapter  VII c o n t a i n s  qua1 i ty s tandards  f o r  d i scha rges  o f  1 i q u i d  wastes t o  pub1 i c 
sewers, wastewater  d i s p o s a l  t o  waterways, d i s p o s a l  t o  t h e  R i v e r  M i l e  and i t s  
branches, wastewater  d i s p o s a l  t o  cana ls ,  and d i s p o s a l  o f  wastewater  by irr i- 
g a t i o n  on j q r i c u l  t u r a l  l and .  A l i r n i t e d  number o f  s p e c i f i c  c r i t e r i a  a r e  es tab-  
l i s h e d  which  l i m i t  e f f l u e n t  q u a l i t y ,  b u t  these a r e  t o o  few t o  p r o v i d e  t h e  p ro -  
t e c t i o n  needed. They a r e  a l s o  o u t - o f - d a t e  i n  v iew o f  p r e s e n t  techno logy.  

Recommended S-ewer. Use Ordinance 
The need f o r  a s t r o n q e r  sewer use law and i t s  enforcement has been exuressed 
th roughou t  t h e  ~ a c i l i t i e s  Master  P lan  Study.  P r o v i s i o n  f o r  imp lemen ta t i on  and 
enforcement o f  such a law has been i n c l u d e d  i n  t h e  immediate phase work (Top 
P r i o r i t y  P r o j e c t s )  o f  t h e  Master  P lan Program. The f o l l o w i n g  i s  a recornmended 
sewer use o rd inance  which, i f  adopted, w i l l  p r o v i d e  needed s t r e n g t h  and mod- 
e r n i z a t i o n  t o  t h e  p r e s e n t  law. It i s  recogn ized  t h a t  t h e  proposed r model o r -  
d inance w i l l  r e q u i r e  some m o d i f i c a t i o n  t o  adapt  i t s  p r o v i s i o n s  t o  Egyp t ian  
l e g a l  terms and procedures b u t  t e c h n i c a l  aspects  shou ld  n o t  need much a1 t e r -  
a t i o n  f o r  adap t ion .  

The new o rd inance  does n o t  c o n t a i n  r e g u l a t i o n s  f o r  c o n t r o l  o f  wastewater  d i s -  
charges t o  watercourses as covered by Chapter  I 1  o f  t h e  e x i s t i n g  law 93-1962. 
D ischarge of wastewater  t o  watercourses i s  a separa te  s u b j e c t  wh ich  shou ld  be 
addressed by a separa te  law o r  by r e t a i n i n g  t h e  p r o v i s i o n s  o f  Law 93-1962. 

ORDINANCE REGULATING SEWER CONSTRUCTION,SEWER USE 

AND INDUSTRIAL WASTE DISCHARGE 

ARTICLE 1 

General P r o v i s i o n s  

S e c t i o n  7.01 Purposes. T h i s  i s  an o rd inance  r e g u l a t i n g  t h e  use o f  p u b l i c  and 
p r i v a t e  sewers and d r a i n s ,  p r i v a t e  wastewater  d i s p o s a l ,  t h e  i n s t a l l a t i o n  and 
connec t ion  o f  b u i l d i n g  sewers, d i s c h a r g e  of wastewaters and wastes i n t o  t h e  
p u b l i c  sewer system, and p r o v i d i n g  p e n a l t i e s  t h e r e o f ;  f o r  t h e  A l e x a n d r i a  
Governorate,  Arab Repu b l  i c  o f  Egypt .  

S e c t i o n  1.02 D e f i n i t i o n s .  

.O1 "Agency" sha1,l mean t h e  governmental a u t h o r i t y  hav ing 
j u r i s d i c t i o n  ove r  t h e  o p e r a t i o n  and maintenance o f  t h e  
sewerage system i n  A lexandr ia ,  c u r r e n t l y  t h e  General 
O r g a n i z a t i o n  f o r  Sewerage and S a n i t a r y  D r a i n a g e - A l e x a n d r i a .  



.02 "Approved" s h a l l  mean approva l  by t h e  D i r e c t o r  o f  t h e  
Agency o r  h i s  a u t h o r i z e d  r e p r e s e n t a t i v e .  

"B iochemica l  Oxygen Demand", (BODS), s h a l l  mean t h e  q u a n t i t y  
o f  oxygen u t i l i z e d  i n  t h e  b iochemica l  o x i d a t i o n  o f  o r g a n i c  
m a t t e r  under s tandard  l a b o r a t o r y  procedure  i n  f i v e  ( 5 )  days 
a t  20°C, expressed i n  m i l l i g r a m s  p e r  l i t r e  (mg/L). 

" B u i l d i n g  D r a i n "  s h a l l  mean t h a t  p a r t  o f  t h e  l owes t  h o r i -  
z o n t a l  p i p i n g  o f  a  d r a i n a g e  system which r e c e i v e s  t h e  d i s -  
charge f rom s o i l ,  waste, and o t h e r  d r a i n a g e  p i p e s  i n s i d e  
t h e  w a l l s  o f  t h e  b u i l d i n g  and conveys i t  t o  t h e  b u i l d i n g  
sewer, beg inn ing  one and o n e - h a l f  (1 .5 )  met res  o u t s i d e  t h e  
i n n e r  f a c e  o f  t h e  b u i l d i n g  w a l l .  

" B u i l d i n g  Sewer" s h a l l  mean an e x t e n s i o n  f r o m  t h e  b u i l d i n g  
d r a i n  t o  t h e  p u b l i c  sewer o r  o t h e r  p l a c e  o f  d i s p o s a l ;  a l s o  
c a l l  ed " p r o p e r t y  connec t ion " .  

"Combined Sewer" s h a l l  mean a  sewer i n tended  t o  r e c e i v e  
b o t h  wastewater and s torm o r  s u r f a c e  wa te r .  

"Commercial Wastewater" s h a l l  mean w a t e r - c a r r i e d  wastes 
and wastewater  f rom commercial and bus iness e s t a b l  i shments. 

"D ischarge r "  s h a l l  mean any person, company, bus iness o r  
o r g a n i z a t i o n  t h a t  d i scha rges  o r  causes a  d i s c h a r g e  t o  a  
p u b l i c  sewer. 

"Domestic Wastewater" s h a l l  mean t h e  w a t e r - c a r r i e d  wastes 
produced f rom non-commercial o r  n o n - i n d u s t r i a l  a c t i v i t i e s  
and which  r e s u l t  f r o m  normal human l i v i n g  processes.  

"Easement" s h a l l  mean an a c q u i r e d  l e g a l  r i g h t  f o r  s p e c i f i c  
use o f  l and  ownzd by  o k t ~ e r s .  

" F l o a t a b l e  O i l ' '  i s  o i l s ,  f a t s  o r  grease i n  a  p h y s i c a l  s t a t e  
such t h a t  t h e y  can be e a s i l y  separated by  g r a v i t y  f r o m  wastewater  
p r i o r  t o  sewer d i scha rge  i n  an approved p r e t r e a t m e n t  f a c i  1  i ty. 

"Garbage" s h a l l  mean animal  and vege tab le  waste r e s u l t i n g  
f rom t h e  hand l ing ,  p r e p a r a t i o n ,  cooking,  and s e r v i n g  o f  f oods .  

" I n d u s t r i a l  Connect ion Sewer" s h a l l  mean t h e  sewer con- 
n e c t i n g  t h e  b u i l d i n g  sewer o r  b u i l d i n g  waste d ra inage  
system o f  t h e  p u b l i c  sewer f o r  t h e  purpose o f  conveying 
i n d u s t r i a l  wastewater .  

" I n d u s t r i a l  Wastes" o r  " I n d u s t r i a l  Wastewater" s h a l l  mean 
a l l  w a t e r - c a r r i e d  wastes and wastewater, e x c l u d i n g  domest ic  
wastewater and uncontaminated water ,  and s h a l l  i n c l u d e  a l l  
wastewater f rom any producing,  manufactut- ing,  p rocess ing,  
i n s t i t u t i o n a l ,  a g r i c u l t u r a l  o r  o t h e r  o p e r a t i o n  where t h e  
wastewater  d ischarged i n c l u d e s  s i g n i f i c a n t  q u a n t i t i e s  o f  
wastes of non-human o r i g i n .  

"May" and " S h a l l " ,  may i s  permiss ive ,  s h a l l  i s  mandatory. 



" N a t u r a l  O u t l e t "  s h a l l  mean any o u t l e t ,  i n c l u d i n g  s to rm sewers and com- 
b ined  sewer over f lows,  i n t o  a  watercourse,  pond, d i t c h ,  l ake ,  o r  body o f  
s u r f a c e  o r  groundwater .  

"pH" s h a l l  mean t h e  l o g a r i t h m  o f  t h e  r e c i p r o c a l  o f  t h e  hydrogen i o n  con- 
c e n t r a t i o n .  The c o n c e n t r a t i o n  i s  t h e  w e i g h t  o f  hydrogen ions ,  i n  grams, 
p e r  l i t r e  o f  s o l u t i o n .  N e u t r a l  water ,  f o r  example, has a  pH va lue  o f  7  
and a  hydrogen i o n  c o n c e n t r a t i o n  o f  1  o - ~ .  

" P r o p e r l y  Shredded Garbage" s h a l l  mean t h e  wastes f rom t h e  p r e p a r a t i o n ,  
cooking,  and d i spens ing  o f  food t h a t  have been shredded t o  such a  degree 
t h a t  a l l  p a r t i c l e s  w i l l  be c a r r i e d  f r e e l y  under t h e  f l o w  c o n d i t i o n s  n o r -  
m a l l y  p r e v a i l i n g  i n  p u b l i c  sewers, w i t h  no p a r t i c l e s  g r e a t e r  than 10  mm 
i n  any dimension.  

" P r o p e r t y  Connect ion" r e f e r  t o  .05 above. 

" P u b l i c  Sewer" s h a l l  mean a  common sewer c o n t r o l l e d  by a  
governmental  agency o r  p u b l i c  u t i l i t y .  

" R a d i o a c t i v e  M a t e r i a l "  s h a l l  mean m a t e r i a l  c o n t a i n i n g  
chemical  e lements t h a t  spontaneously change t h e i r  a tomic  
s t r u c t u r e  by e m i t t i n g  p a r t i c l e s ,  r a y s  o r  energy forms. 

" S a n i t a r y  Sewer" s h a l l  mean a  sewer t h a t  c a r r i e s  l i q u i d  
and w a t e r - c a r r i e d  wastes f rom res idences ,  comniercial b u i l d -  
i ngs ,  i n d u s t r i a l  p l a n t s ,  and i n s t i t u t i o n s  t o g e t h e r  w i t h  m ino r  
q u a n t i t i e s  o f  ground, storm, and s u r f a c e  waters  t h a t  a r e  n o t  
a d m i t t e d  i n t e n t i o n a l l y .  

"Sewage" i s  t h e  spent  o r  used wa te r  of community. The te rm 
i s  synonymous w i t h  "wastewater" .  

"Sewer" s h a l l  mean a  p i p e  o r  c o n d u i t  t h a t  c a r r i e s  wastewater .  

"Sewerage System" s h a l l  mean t h e  network  o f  wastewater  
c o l l e c t i o n ,  conveyance, t r e a t m e n t  and d i s p o s a l  f a c i l i t i e s  
i n t e r c o n n e c t e d  by sewers and owned by t h e  Agency. 

"S lug "  s h a l l  mean any d i s c h a r g e  of water  o r  wastewater  which, 
i n  c o n c e n t r a t i o n  o f  any g i v e n  c o n s t i t u e n t  o r  i n  q u a n t i t y  o f  
f l o w  exceeds f o r  any p e r i o d  o f  d u r a t i o n  l o n g e r  than  f i f t e e n ( l 5 )  
minutes  more than  f i v e  ( 5 )  t imes t h e  average t w e n t y - f o u r  (24 )  
hour c o n c e n t r a t i o n  o r  f l o w s  d u r i n g  normal o p e r a t i o n  and s h a l l  
a d v e r s e l y  a f f e c t  t h e  c o l l e c t i o n  system and/or  performance o f  
wastewater  t r e a t m e n t  works. 

" S o l i d  Wastes" s h a l l  mean t h e  n o n - l i q u i d  c a r r i e d  wastes of 
a  community n o t  s u i t a b l e  f o r  d i s p o s a l  by d i scha rge  i n t o  t h e  
sewerage s y s t e m o r  p lumbing f a c i l i t i e s .  The te rm i n c l u d e s  
garbage, t r a s h ,  u e b r i s ,  s t r e e t  sweepings, waste b u i l d i n g  
m a t e r i a l s ,  and animal  manures. 

"Standard  Methods" s h a l l  mean "Standard Methods f o r t h e  
E x a m i n a t i o n  o f  Water and Wastewater", t h e  most r e c e n t  e d i t i o n  
p u b l i s h e d  by t h e  American P u b l i c  ~ e a l t h  A s s o c i a t i o n .  

"Storm D r a i n "  (sometimes termed"Storm Sewer") s h a l l  mean 
a  d r a i n  o r  sewer f o r  conveying water ,  groundwater, subsur face 
water ,  o r  u n p o l l u t e d  wa te r  f rom any source.  



.30 "Suspended S o l i d s "  s h a l l  mean t o t a l  suspended m a t t e r  t h a t  
e i t h e r  f l o a t s  on t h e  s u r f a c e  o f ,  o r  i s  i n  suspension i n ,  
water ,  wastewater, o r  o t h e r  l i q u i d s ,  and t h a t  i s  removable 
by l a b o r a t o r y  f i l t e r i n g  as p r e s c r i b e d  i n  "Standard 
Methods" and r e f e r r e d  t o  as n o n f i  1  t e r a b l e  r e s i d u e .  

.31 "Uncontaminated Water" s h a l l  mean any wa te r  f l o w i n g  f r o m  an 
i n d i v i d u a l  p r o p e r t y ,  commercial e s t a b l i s h m e n t  o r  i n d u s t r y  
n o t  contaminated o r  p o l l u t e d  w i t h  wastes and which  i s  s u i t a b l e  
f o r  d i scha rge  i n t o  a  s torm d r a i n  o r  t o  a  n a t u r a l  o u t l e t .  

.32 "User" i s  synonymous w i t h " d i s c h a r g e r " .  

.33 "Wastewater" i s  synonymous w i t h  " sewage" ( re fe r  t o  .23)  

ARTICLE 2  

Use o f  Pub1 i c  Sewers Required 

S e c t i o n  2.01. It s h a l l  be u n l a w f u l  f o r  any person t o  p lace,  d e p o s i t ,  
o r  p e r m i t  t o  be depos i ted  i n  any u n s a n i t a r y  manner on p u b l i c  o r  p r i v a t e  
p r o p e r t y  w i t h i n  ~ 1  exandr ia  ~ o v e r n o r a  t e  any human o r  animal  excrement, 
garbage, o r  o b j e c t i o n a b l e  waste excep t  i n  o f f  i c i a 1  l y  des igna ted  p laces  
e s t a b l  i s  hed spec i f  i c a l  l y  f o r  d e p o s i t  of these wastes. 

S e c t i o n  2.02. It s h a l l  be u n l a w f u l  t o  d i scha rge  t o  any n a t u r a l  o u t l e t  
o r  s torm d r a i n  w i t h i n  A l e x a n d r i a  Governorate any wastewater  o r  o t h e r  
p o l  1  u t e d  waters  excep t  where s u i  tab1 e  t rea tmen t -  has been p rov ided  i n  
accordance w i t h  a l l  p r o v i s i o n s  o f  t h i s  ord inance.  

S e c t i o n  2.03. Except  as h e r e i n a f t e r  p rov ided,  i t  s h a l l  be u n l a w f u l  t o  
c o n s t r u c t  o r  m a i n t a i n  any p r i v y ,  p r i v y  v a u l t ,  s e p t i c  tank ,  cesspool ,  o r  
o t h e r  f a c i l i t y  i n tended  o r  used f o r  t h e  d i s p o s a l  o f  wastewaters.  

S e c t i o n  2.04. The owners o f  a l l  houses, b u i l d i n g s ,  o r  p r o p e r t i e s  used f o r  
human occupancy, employment, r e c r e a t i o n ,  o r  o t h e r  purposes, s i t u a t e d  i n  
A l e x a n d r i a  Governorate and a b u t t i n g  on any s t r e e t ,  o r  r i g h t - o f - w a y  i n  
wh ich  t h e r e  i s  now l o c a t e d  o r  may i n  t h e  f u t u r e  be l o c a t e d  a  p u b l i c  o r  
combined sewer o f  the  Agency, i s  requ i red  a t  the  owner's expense t o  i n s t a l l  
s u i t a b l e  t o i l e t  f a c i l i t i e s  t h e r e i n  and connect  such f a c i  1  i t i e s  t o  t h e  
p roper  p u b l i c  sewer i n  accordance w i t h  p r o v i s i o n s  o f  t h i s  ord inance,  
w i t h i n  n i n e t y  (90 )  days a f t e r  d a t e  o f  o f f i c i a l  n o t i c e  t o  do so, p r o v i d e d  
t h a t  s a i d  p u b l i c  sewer i s  w i t h i n  30 met res  o f  t h e  p r o p e r t y  l i n e .  

ARTICLE 3  

P r i v a t e  Wastewater D i  sposal  

S e c t i o n  3.01. Where a  p u b l i c  s a n i t a r y  o r  combined sewer i s  n o t  a v a i l a b l e  
under t h e  p r o v i s i o n s  of S e c t i o n  2.04, t h e  b u i l d i n g  sewer s h a l l  be connected 
t o  a  p r i v a t e  wastewater  d i s p o s a l  system comply ing w i t h  t h e  p r o v i s i o n s  of 
t h i s  A r t i c l e .  

S e c t i o n  3.02. Before beg inn ing  c o n s t r u c t i o n  of p r i v a t e  wastewater  d i s p o s a l  
system t h e  owner s h a l l  f i r s t  o b t a i n  an o f f i c i a l  w r i t t e n  p e r m i t  f rom t h e  
Agency. The a p p l i c a t i o n  f o r  such a  p e r m i t  s h a l l  be made- on a  f o r m  f u r n i s h e d  



by t h e  Agency which t h e  a p p l i c a n t  s h a l l  supplement by p lans,  s p e c i f i c a t i o n s  
and o t h e r  i n f o r m a t i o n  r e q u i r e d  by t h e  Agency. A p e r m i t  f e e  ( o f  LE 
s h a l l  be p a i d  a t  t h e  t i m e  t h e  a p p l i c a t i o n  i s  accepted by t h e  Agency. 

1 

Sec t ion  3.03. A  p e r m i t  f o r  a  p r i v a t e  wastewater d i s p o s a l  system s h a l l  n o t  
become e f f e c t i v e  u n t i l  t h e  i n s t a l l a t i o n  i s  completed and i s  approved by 
t h e  Agency. An a u t h o r i z e d  r e p r e s e n t a t i v e  o f  t h e  Agency s h a l l  be a l l owed  
t o  i n s p e c t  t h e  i n s t a l l a t i o n  a t  any s tage o f  t h e  c o n s t r u c t i o n  and t h e  a p p l i -  
c a n t  s h a l l  n o t i f y  t h e  Agency when t h e  work i s  ready  f o r  f i n a l  i n s p e c t i o n  
and b e f o r e  any underground p o r t i o n s  a r e  covered.  The i n s p e c t i o n  s h a l l  
be made w i t h i n  f o r t y - e i g h t  (48)  hours a f t e r  r e c e i p t  by t h e  Agency of  n o t i c e  
t o  i n s p e c t  f rom t h e  a p p l i c a n t .  

Sec t ion  3.04. The des ign  of a  p r i v a t e  wastewater system s h a l l  comply w i t h  
t h e  s tandards o f  t h e  Agency as regards  type,  l o c a t i o n ,  and l a y o u t  of t h e  
system. No p e r m i t  s h a l l  be i ssued  f o r  any p r i v a t e  wastewater s.ystem 
employing subsur face s o i l  a b s o r p t i o n  where t h e  area o f  t h e  p r o p e r t y  . . i s  
l e s s  than  f i f t e e n  hundred (1533) square metres.  No s e p t i c  t a n k  o r  cesspool  
s h a l l  be p e r m i t t e d  t o  d i scharge  t o  any n a t u r a l  o u t l e t  o r  s torm d r a i n .  

Sec t ion  3.05. A t  such t in ie  as a  p u b l i c  sewer becomes a v a i l a b l e  t o  a  p r o -  
p e r t y  se rved  by a  p r i v a t e  wastewater d i s p o s a l  system, as p rov ided  i n  
Sec t ion  2.04, a  d i r e c t  connect ion s h a l l  be made t o  t h e  p u b l i c  sewer w i t h i n  
s i x t y  (60)  days i n  compl iance w i t h  t h i s  ord inance and any s e p t i c  tanks,  
cesspools and s i m i l a r  p r i v a t e  wastewater d i s p o s a l  f a c i l i t i e s  s h a l l  be 
c leaned of s ludge and f i l l e d  w i t h  s u i t a b l e  m a t e r i a l  as approved by t h e  
Agency. 

Sec t ion  3.06. The owners s h a l l  opera te  and m a i n t a i n  p r i v a t e  wastewater 
d i s p o s a l  f a c i l i t i e s  i n  a  s a n i t a r y  manner a t  a l l  t imes .  The c l e a n i n g  o u t  
o r  pumping of s ludge from s e p t i c  tanks and cesspools  s h a l l  be done by t h e  
Agency's maintenance crews o r  by a  p r i v a t e  c o n t r a c t o r  l i c e n s e d  by t h e  
Agency. 

ARTICLE 4  

B u i l d i n g  Sewers - C o n s t r u c t i o n  and Connect ion 

Sec t ion  4.01. No person s h a l l  uncover, make any connect ions w i t h  o r  open- 
i n g  i n t o ,  use, a l t e r ,  o r  d i s t u r b  any p u b l i c  sewer o r  appurtenance t h e r e o f  
w i t h o u t  f i r s t  o b t a i n i n g  a  w r i t t e n  p e r m i t  t o  do so f r o m  t h e  Agency. 

Sec t ion  4.02. There s h a l l  be two c lasses of  b u i l d i n g  sewer pe rm i t s ;  
) r e s i d e n t i a l ,  commercial and i n s t i t u t i o n a l ,  and ( 2 )  i n d u s t r i a l .  
For e i t h e r  c l a s s  t h e  owner o r  h i s  a u t h o r i z e d  r e p r e s e n t a i v e  s h a l l  make 
an a p p l i c a t i o n  f o r  a  b u i l d i n g  sewer and/or  connec t ion  on an o f f i c i a l  
a p p l i c a t i o n  fo rm f u r n i s h e d  by t h e  Agency. The p e r m i t  a p p l i c a t i o n  s h a l l  
be accompanied by p lans  , s p e c i f i c a t i o n s  and o t h e r  i n f o r m a t i o n  r e q u i r e d  
by t h e  Agency. A  p e r m i t / i n s p e c t i o n  fee ( o f  LE ) wi 11 be charged 
f o r  a  r e s i d e n t i a l  commercial and i n s t i t u t i o n a l  p e r m i t  and (LE 1 
f o r  an i n d u s t r i a l  pe rm i t .  The f e e  s h a l l  be p a i d  t o  t h e  Agency a t  t h e  t i m e  
t h e  a p p l i c a t i o n  i s  submi t ted.  

S e c t i o n  4.03. A l l  c o s t s  and expenses f o r  t h e  i n s t a l l a t i o n  and connec t ion  
of t h e  b u i l d i n g  sewer(s)  s h a l l  be borne by t h e  owner. The owner s h a l l  
i ndemn i f y  t h e  Agency f rom any l o s s  o r  damage t h a t  may d i r e c t l y  o r  i n d i -  
r e c t l y  r e s u l t  by t h e  i n s t a l l a t i o n  o f  t h e  b u i l d i n g  sewer(s) ,  



Sec t ion  4.04. A  separate  and independent b u i l d i n g  sewer s h a l l  be p ro -  
v ided  f o r  every  b u i l d i n g ;  except  where one b u i l d i n g  stands a t  t h e  r e a r  o f  
another  on an i n t e r i o r  l o t  and no p r i v a t e  sewer i s  a v a i l a b l e  o r  can be 
cons t ruc ted  t o  t h e  r e a r  b u i l d i n g  through an a d j o i n i n g  a l l e y ,  c o u r t ,  yard ,  
o r  dr iveway. I n  t h i s  l a t t e r  case,the b u i l d i n g  sewer a t  t h e  f r o n t  b u i l d i n g  
may be extended t o  t h e  r e a r  b u i l d i n g  and t h e  whole cons idered as one b u i l d -  
i n g  sewer, b u t  t h e  Agency does n o t  and w i l l  n o t  assume any o b l i g a t i o n  o r  
r e s p o n s i b i l i t y  f o r  damage caused by o r  r e s u l t i n g  f rom any such s i n g l e  
connect ion and t h e  o p e r a t i o n  t h e r e o f .  

Sec t ion  4.05. Old  b u i l d i n g  sewers may be used i n  connect ion w i t h  new 
b u i l d i n q s  on1.y when they  a r e  found, on examinat ion and t e s t  by t h e  Agency, 
t o  m e e t - a l l  requ i rements  of t h i s  ord inance.  

Sec t ion  4.06. The s i ze ,  s lope, a l ignment,  m a t e r i a l s  o f  c o n s t r u c t i o n  o f  
a  b u i l d i n g  sewer, and t h e  methods t o  be used i n  excavat ing,  p l a c i n g  o f  
p ipe,  j o i n t i n g ,  t e s t i n g ,  and b a c k f i l l  i n g  t h e  t rench,  s h a l l  a l l  conform 
t o  t h e  requirements o f  t h e  b u i l d i n g  and plumbing code o r  o t h e r  a p p l i c a b l e  
r u l e s  and r e g u l a t i o n s  o f  t h e  Agency. 

Sec t ion  4.07. Whenever poss ib le ,  t h e  b u i l d i n g  sewer s h a l l  be brought  t o  
t h e  b u i l d i n g  a t  an e l e v a t i o n  below t h e  basement f l o o r .  I n  a l l  b u i l d i n g s  
i n  which any b u i l d i n g  d r a i n  i s  too  low t o  p e r m i t  g r a v i t y  f low t o  t h e  pub- 
l i c  sewer, s a n i t a r y  sewage c a r r i e d  by such b u i l d i n g  d r a i n  s h a l l  be pumped 
o r  o therwise l i f t e d  by a  means approved by t h e  Agency and d ischarged t o  
t h e  b u i l d i n g  sewer. 

Sec t ion  4.08. No person(s)  s h a l l  make connect ion of r o o f  downspouts, 
foundat ion d ra ins ,  areaway d ra ins ,  o r  o t h e r  sources o f  su r face  r u n o f f  
o r  groundwater t o  a  b u i l d i n g  sewer o r  b u i l d i n g  d r a i n  which i n  t u r n  i s  con- 
nected d i r e c t l y  o r  i n d i r e c t l y  t o  a  p u b l i c  s a n i t a r y  sewer un less such con- 
n e c t i o n  i s  approved by t h e  Agency f o r  purposes o f  d i sposa l  o f  p o l l u t e d  
su r face  drainage. 

Sec t ion  4.09. The connect ion o f  t h e  b u i l d i n g  sewer i n t o  t h e  p u b l i c  sewer 
s h a l l  conform t o  t h e  requirements of t h e  b u i l d i n g  and plunibing code o r  
o t h e r  app l  i c a b l e  r u l e s  and r e g u l a t i o n s  o f  t h e  Agency. A1 1  such connect ions 
s h a l l  be made g a s t i g h t  and w a t e r t i g h t  and v e r i f i e d  by proper  t e s t i n g .  
Any d e v i a t i o n  f rom t h e  p resc r ibed  p roceduresandmate r ia l s  must be approved 
by t h e  Agency b e f o r e  i n s t a l  l a t i o n .  

Sec t ion  4.10. An a p p l i c a n t  f o r  t h e  b u i l d i n g  sewer p e r m i t  s h a l l  n o t i f y  
t h e  Agency when t h e  b u i l d i n g  sewer i s  ready f o r  i n s p e c t i o n  and connect ion 
t o  t h e  pub1 i c  sewer. The connect ion and t e s t i n g  s h a l l  be made under t h e  
s u p e r v i s i o n  o f  t h e  Agency o r  i t s  r e p r e s e n t a t i v e s .  

Sec t ion  4.11. A l l  excavat ions f o r  b u i l d i n g  sewer i n s t a l l a t i o n  s h a l l  be 
adequately guarded w i t h  ba r r i cades  and l i g h t s  so as to p r o t e c t  t h e  p u b l i c  
f rom hazard. S t ree ts ,  s idewalks,  parkways, a n d o t h e r  p u b l i c  p r o p e r t y  
d i s t u r b e d  i n  t h e  course o f  t h e  work s h a l l  be r e s t o r e d  i n  a  manner s a t i s -  
f a c t o r y  t o  t h e  Agency. 

Sec t ion  4.12. There s h a l l  be no d ischarge o f  i n d u s t r i a l  wastewaters 
d i r e c t l y  o r  i n d i r e c t l y  t o  t h e  sewerage system o f  t h e  Agency w i t h o u t  having 
f i r s t  ob ta ined  a  p e r m i t  f ro in t h e  Agency i n  accordance w i t h  t h i s  ord inance.  
Such a  p e r m i t  s h a l l  be i n  two p a r t s ;  ( 1 )  f o r  t h e  c o n s t r u c t i o n  o f  the  
b u i l d i n g  sewer and i t s  connect ion t o  the  p u b l i c  sewer, as s e t  f o r t h  i n  
Sect ions 4.01 through 4.11 above and as r e q u i r e d  h e r e i n a f t e r  i n  Sect ions 



4.13 through 4.21; and (2 )  f o r  t h e  c o n t r o l  of wastewater discharges. The 
permi t  s h a l l  r e s t r i c t  t h e  q u a l i t y  and q u a n t i t y  c h a r a c t e r i s t i c s  o f  t he  d i s -  
charge as s e t  f o r t h  i n  A r t i c l e  5  of t h i s  ordinance and i n  a d d i t i o n ,  may 
r e q u i r e  pret reatment  o f  the i n d u s t r i a l  wastewaters, r e s t r i c t i o n  o f  peak 
r a t e s  o f  d ischarge, t h e  d ischarge o f  c e r t a i n  wastewater o n l y  t o  s p e c i f i e d  
sewers o r  d ra ins ,  r e l o c a t i o n  o f  a  p o i n t  o f  d ischarge, p r o h i b i t i o n  o f  c e r t a i n  
wastewater components n o t  inc luded  i n  A r t i c l e  5, r e s t r i c t i o n  o f  d ischarge 
t o  c e r t a i n  hours o f  t h e  day and any o the r  cond i t i ons  as may be r q u i r e d  t o  
c a r r y  o u t  t he  purpose o f  t h i s  ordinance. A l l  cos ts  of cons t ruc t i on ,  opera- 
t i o n  and maintenance o f  any pret reatment  works a t  the  i n d u s t r i a l  p l a n t  
s h a l l  be borne by t h e  owner. 

Sec t ion  4.13. The pe rm i t  issued by t h e  Agency f o r  an i n d u s t r i a l  wastewater 
a ischarge  s h a l l  con ta i n  r e s t r i c t i o n s  and cond i t i ons  as prov ided f o r  i n  
Sec t ion  4.12. For  a  d ischarge occur ing a t  t he  t ime o f  enactment of t h i s  
ordinance, a  d ischarger  s h a l l  be a l lowed one hundred-twenty (120) days 
t o  comply w i t h  permi t  cond i t i ons .  For a  new discharge, compliance s h a l l  
begin immediately.  The permi t  cond i t i ons  s h a l l  be f o r  t he  c o n t r o l  o f  t h e  
r a t e  o f  d ischarge and/or t h e  c o n t r o l  o f  d ischarge q u a l i t y .  I f  f o r  any 
reason t h e  d ischarge q u a n t i t y  and/or qua1 i t y  i s  t o  be changed because of 
increase i n  p l a n t  product ion,  i n s t a l l a t i o n  o f  new o r  d i f f e r e n t  processes 
o r  change i n  product,  a p p l i c a t i o n  f o r  a  new o r  amended pe rm i t  s h a l l  be 
made through r e g u l a r  procedures descr ibed above. A  new o r  amended permi t  
s h a l l  be r equ i r ed  f o r  an increase i n  average d a i l y  f l o w  o f  f i f t e e n  (15)  
percent  o r  more. 

Sect ion 4.14. The Agency may suspend a  pe rm i t  f o r  i n d u s t r i a l  wastewater 
d ischarge f o r  a  pe r i od  n o t  t o  exceed f o r t y - f i v e  (45)  day when such suspen- 
s i on  i s  necessary t o  s top a  d ischarge which presents  an imminent h a z a r d ' t o  
p u b l i c  hea l th ,  safety,  o r  wel fare,  t o  t h e  l o c a l  environment o r  t o  t he  Agency's 
f a c i l i t i e s .  Any d ischarger  n o t i f i e d  i n  w r i t i n g  o f  a  suspension o f  h i s  per -  
m i t  s h a l l  immediately comply w i t h  t he  order  t o  suspend d ischarge.  I n  t he  
event of f a i l u r e  o f  t he  d ischarger  t o  comply v o l u n t a r i l y  w i t h  t h e  suspension 
order,  t he  Agency s h a l l  take  such l e g a l  steps as a re  necessary t o  i n s u r e  
compliance. A f te r  suspension o f  a  permi t ,  t he  Agency may r e i n s t a t e  t he  
pe rm i t  o r  r e q u i r e  an amended pe rm i t  as app rop r i a t e  f o r  the  purposes of 
t h i s  ordinance. 

Sec t ion  4.15. The Agency may revoke a  permi t  f o r  i n d u s t r i a l  wastewater d i s -  
charge upon f i n d i n g  t h a t  t he  cond i t i ons  o f  the  permi t  o r  any p r o v i s i o n  o f  
t h i s  ordinance have been v i o l a t e d .  Revocat ion s h a l l  be ordered o n l y  a f t e r  
a  hear ing on the  ques t ion  has been he ld  by t h e  Agency. A t  t h i s  hear ing 
t h e  d ischarger  nlay appear pe rsona l l y  o r  through counsel, c ross examine w i t -  
nesses and present  evidence i n  h i s  own beha l f .  No t i ce  o f  the  hear ing s h a l l  
be g iven  t o  t he  d ischarger  a t  l e a s t  f i f t e e n  (15) days p r i o r  t o  t h e  da te  o f  
the  hear ing.  Any d ischarger  whose permi t  has been revoked s h a l l  s top  imme- 
d i a t e l y  a l l  d ischarge of i n d u s t r i a l  wastewaters t o  the p u b l i c  sewers(s).  
The Agency may d isconnect  o r  permanently block f rom t h e  pub1 i c  sewer t h e  
b u i l d i n g  sewer o f  any d ischarger  whose permi t  has been revoked if such 
a c t i o n  i s  needed t o  i nsu re  compl iance w i t h  t h e  order  of revoca t ion .  

Sec t ion  4.16. A1 1  domestic o r  s a n i t a r y  wastewaters from t o i l e t s ,  showers, 
flnking foun ta ins ,  e t c .  i n  an i n d u s t r i a l  p l an t ,  s h a l l  be kep t  separate 
from a1 1 i n d u s t r i a l  wastewaters u n t i  1  the  i n d u s t r i a l  wastewaters have passed 
through t he  c o n t r o l  manhole descr ibed i n  Sec t ion  4.17. 

Sect ion 4.17 P, c o n t r o l  manhole o f  a  design approveu by t he  Agency s h a l l  
be cons t ruc ted  by the d ischarger ,  if requ i red ,  as a  c o n d i t i o n  o f  t he  pe rm i t .  



The c o n t r o l  manhole s h a l l  f a c i  1  i t a t e  i n s p e c t i o n ,  sampl i ng ,  and f l o w  measure- 
ment by  personnel  o f  t h e  Agency. The c o n t r o l  manhole s h a l l  be l o c a t e d  
o u t s i d e  t h e  p l a n t  f ence  o r ,  i f  w i t h i n  t h e  p l a n t  fence, access a t  a l l  t imes  
t o  t h e  manhole by Agency personne l  s h a l l  be guaranteed by  t h e  d i s c h a r g e r .  
The c o n t r o l  manhole may be used as a  j u n c t i o n  manhole f o r  domest ic  sewage 
and i n d u s t r i a l  wastes p r o v i d e d  t h e  j u n c t i o n  occu rs  downstream o f  t h e  
sampl i n g  and measuring p o i n t .  

S e c t i o n  4.18. P e r i o d i c  measurements o f  f l ow  r a t e s  and volumes s h a l l  be 
made and sampl ing of t h e  i n d u s t r i a l  wastewaters s h a l l  be c a r r i e d  o u t  by 
a l l  i n d u s t r i a l  wastewater  d i s c h a r g e r s  u n l e s s  s p e c i f i c a l l y  exempted by  t h e  
c o n d i t i o n s  o f  t h e  p e r m i t .  The f requency  of such measurements and sampl ing,  
and t h e  scope t h e r e o f  s h a l l  be s p e c i f i e d  i n  t h e  p e r m i t .  A l l  sampl ing 
ana lyses and f l o w  measurements s h a l l  be performed by  a  l a b o r a t o r y  s e l e c t e d  
by  t h e  d i s c h a r g e r  and approved by t h e  Agency. The r e s u l t s  o f  t h e  measure- 
ments and ana lyses s h a l l  be v e r i f i e d  by a  r e s p o n s i b l e  a d m i n i s t r a t i v e  o f f i c i a l  
o f  t h e  i n d u s t r i a l  d i s c h a r g e r  under p e n a l t y  o f  p e r j u r y  and submi t ted  t o  
t h e  Agency as  s p e c i f i e d  i n  t h e  p e r m i t .  A l l  wastewater  ana lyses  s h a l l  be 
i n  accordance w i t h  t h e  procedures  con ta ined  i n  "Standard Methods". 

S e c t i o n  4.19. A l l  d i s c h a r g e r s  r e q u i r e d  by t h e  c o n d i t i o n s  o f  t h e  p e r m i t  t o  
make p e r i o d i c  measurements o f  f l o w  s h a l l  f u r n i s h  and i n s t a l l  a t  t h e  c o n t r o l  
manhole o r  o t h e r  a p p r o p r i a t e  l o c a t i o n  a  c a l i b r a t e d  f lume, w e i r  o r  f l o w  
meter  of s i m i l a r  d e v i c e  approved by  t h e  Agency s u i t a b l e  t o  measure t h e  
i n d u s t r i a l  wastewater  f l o w  r a t e  and t o t a l  volume. A  f l o w  i n d i c a t i n g , t o t a l -  
ing ,  and r e c o r d i n g  r e g i s t e r  may be r e q u i r e d  b y  t h e  Agency. I n  l i e u  

o f  f l o w  measurements t h e  Agency may accept  r e c o r d s  o f  water  usage and 
a d j u s t  t h e  f l o w  volumes by s u i t a b l e  f a c t o r s  t o  de te rm ine  peak and average 
f l o w  r a t e s  f o r  t h e  s p e c i f i c  d i scha rge .  The d i s c h a r g e r  s h a l l  submi t  t o  t h e  
Agency t h e  r e s u l t s  of a l l  measurements and ana lyses as soon as t h e y  a r e  
a v a i l a b l e  b u t  n o t  l e s s  f r e q u e n t l y  than once month ly  o r  i n  accordance w i t h  
t h e  terms o f  t h e  p e r m i t .  

S e c t i o n  4.20. Measurements t o  v e r i f y  t h e  wastewater  f l o w s  and q u a n t i t i e s  
o f  waste c o n s t i t u e n t s  r e p o r t e d  by t h e  i n d u s t r i a l  d i s c h a r g e r s  w i  11 be con- 
ducted on a  random b a s i s  by personnel  of t h e  Agency. Should measurements 
o r  o t h e r  i n v e s t i g a t i o n s  r e v e a l  t h a t  t h e  i n d u s t r i a l  d i s c h a r g e r  i s  d i s c h a r g i n g  
a  f l o w  r a t e ,  o r  q u a n t i t y  o f  f l o w ,  o r  q u a n t i t i e s  o f  c o n s t i t u e n t s  s i g n i f i c a n t l y  
i n  excess o f  t h a t  s t a t e d  on t h e  p e r m i t ,  o r  i n  excess o f  t h e  q u a n t i t i e s  

r e p o r t e d  t o  t h e  Agency by t h e  d i s c h a r g e r ,  t h e  d i s c h a r g e r  s h a l l  be r e q u i r e d  
t o  a p p l y  f o r  an amended indus t r i a l  wastewater  p e r m i t .  I f  such v e r i f y i n g  
measurements and ana lyses i n d i c a t e  v i o l a t i o n  o f  t h e  p r o h i b i t i o n s  on d i s -  
charges as s e t  f o r t h  i n  A r t i c l e  5, t h e  d i s c h a r g e r  s h a l l  be r e q u i r e d  t o  
s t o p  t h e  d i s c h a r g e  o f  wastewaters w i t h i n  twen ty - fou r  ( 2 4 )  hours of n o t i c e ,  
s h a l l  c o r r e c t  t h e  c o n d i t i o n  caus ing  t h e  v i o l a t i o n  i n  a  manner approved by  
t h e  Agency, and make a  new a p p l i c a t i o n  f o r  an i n d u s t r i a l  wastewater  d i s c h a r g e  
p e r m i t .  The d i s c h a r g e r  s h a l l  a l s o  pay any p e n a l t i e s  imposed under p r o v i s i o n s  
of t h i s  o rd inance  p r i o r  t o  a p p l i c a t i o n  f o r  a  new p e r m i t .  

S e c t i o n  4.21. Designs o f  p re t rea tmen t  works s h a l l  be approved by t h e  
Agency p r i o r  t o  beg inn ing  c o n s t r u c t i o n .  The Agency sha l  l be a l l owed  access 
t o  t h e  s i t e  a t  any t i m e  d u r i n g  c o n s t r u c t i o n  of t h e  p re t rea tmen t  works f o r  
t h e  purposes of i n s p e c t i o n .  



Sec t ion  4.22. Sample P r i v a t e  Waste Disposa l  Appl i c a t i o n  f o r  Pernii t. 

PRIVATE WASTE DISPOSAL APPLICATION 

................................. t o  t h e  (Agency) . :  
.................................... The undersigned, be ing  t h e  o f  t h e  

(owner, owner 's agent )  
p r o p e r t y  l o c a t e d  a t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(number) ( s t r e e t )  
does hereby reques t  a  p e r m i t  t o  i n s t a l l  s a n i t a r y  sewage d i s p o s a l  f a c i l i t i e s  
t o  serve t h e  ............................................. a t  t h e  l o c a t i o n .  

( res idence,  commercial b u i l d i n g ,  e t c . )  
1. The proposed f a c i l i t i e s  i n c l u d e :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

......................................................................... 
t o  be c o n s t r u c t e d  i n  complete accordance w i t h  t h e  p lans  and s p e c i f i c a t i o n s  
a t tached  hereunto  as E x h i b i t  " A " .  

2. The area o f  t h e  p r o p e r t y  i s  . . . ........... square metres.  
3. The name and address o f  t h e  person o r  f i r m  who w i l l  pe r fo rm t h e  work 

i s :  ...................................................................... 
4. The maximum number o f  persons t o  be served by t h e  proposed f a c i  1  i t i e s  

i s :  ...................................................................... 
5.  The l o c a t i o n s  and n a t u r e  o f  a l l  sources o f  p r i v a t e  o r  p u b l i c  wa te r  . . 

supp ly  w i t h i n  t h i r t y  (30 )  metres of any boundary of s a i d  p r o p e r t y  a r e  
shown on t h e  p l a t  (map) a t tached  hereunto  as E x h i b i t  " B " .  

I n  c o n s i d e r a t i o n  of  t h e  g r a n t i n g  o f  t h i s  pe rm i t ,  t he  undersigned agrees:  

1. To f u r n i s h  any a d d i t i o n a l  i n f o r m a t i o n  r e l a t i n g  t o  t h e  proposed work 
t h a t  s h a l l  be requested by t h e  (Agency) . 

.............. 2. To accept  and ab ide  by a l l  p r o v i s i o n s  of Ordinance No 
................. o f  t h e  (Agency) o f . .  , and of  a1 1 o t h e r  p e r t i n e n t  ord inances 

o r  r e g u l a t i o n s  t h a t  may be adopted i n  t h e  f u t u r e .  
3 .  To opera te  and m a i n t a i n  t h e  wastewater d i s p o s a l  f a c i l i t i e s  covered by 

t h i s  a p p l i c a t i o n  i n  a  s a n i t a r y  manner a t  a l l  t imes,  i n  compl iance w i t h  a l l  
requ i rements  o f  t h e  ( h e a l t h  o f f i c e r ) ,  and a t  no expense t o  t h e  (Agency).  

4. To n o t i f y  t h e  (Agency) a t  l e a s t  t w e n t y - f o u r  ( 2 4 )  hours p r i o r  t o  
commencement o f  the  work proposed, and aga in  a t  l e a s t  twenty- four  ( 2 4 )  hours 
p r i o r  t o  t h e  c o v e r i n g  o f  any underground p o r t i o n s  o f  t h e  i n s t a l l a t i o n .  

Date: . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Signed . . . ........................... 
(app l  i c a n t )  

. ................................... 
(address o f  a p p l i c a n t )  

.................................... ............. LE i n s p e c t i o n  fee p a i d .  
Appl i c a t  i o n  approved and p e r m i t  ( c e r t i f i c a t i o n  o f  (Agency) t r e a s u r e r )  
issued: 
Date . ............................ Signed .............................. 

( f o r  t h e  Agency) 



Sect ion  4.23. Sample A p p l i c a t i o n  f o r  Res iden t ia l  and Commercial 
Sewer Connection permi t .  

RESIDENTIAL OR COMMERCIAL BUILDING 

SEWER CONNECTION APPLICATION 

...................................... To t he  (Agency). .: 
The undersigned, being the  ........................................ o f  the  

(owner, owner 's agent)  
.................................................... p rope r t y  l oca ted  a t  does 

(number) ( s t r e e t )  
hereby request  a  permi t  t o  i n s t a l l  and connect a  b u i l d i n g  sewer t o  serve t he  

a t  s a i d  l o c a t i o n .  ........................................................ 
(residence, comnercial  b u i l d i n g ,  e t c .  ) 

1. The f o l l o w i n g  i n d i c a t e d  f i x t u r e s  w i l l  be connected t o  t he  proposed 
b u i l d i n g  sewer: 

Number F i x t u r e  Number F i x t u r e  
.................. Ki tchen s i nks  ..................... Water c l o s e t s  
................. .Lavatory  Sinks ..................... Bathtubs 

..................... Laundry tubs .................. Showers 
................. .Ur ina l  s  ..................... B ide ts  

Spec i f y  o t h e r  f i x t u r e s  .................................................... 
..... 2.  The maximum number o f  persons who w i l l  use t he  above f i x t u r e s  i s  

3. The name and address o f  the  person o r  f i r m  who w i l l  perform t h e  pro-  
posed work i s  ............................................................. 

4 .  Plans and s p e c i f i c a t i o n s  f o r  the  proposed b u i l d i n g  sewer a r e  a t tached  
hereunto as E x h i b i t  "A" .  

I n  cons idera t ion  o f  t he  g r a n t i n g  o f  t h i s  permi t ,  t he  undersigned agrees: 

.............. 1. To accept and abide by a l l  p r o v i s i o n s  o f  Ordinance No. 
o f  t he  (Agency). ........................... and o f  a l l  o t h e r  p e r t i n e n t  o r d i -  
nances o r  r egu la t i ons  t h a t  may be adopted i n  t he  f u t u r e .  

2. To ma in ta i n  t he  b u i l d i n g  sewer a t  no expense t o  t he  (Agency). 
3 .  To n o t i f y  t h e  (Agency) when t h e  b u i l d i n g  sewer i s  ready f o r  inspec- 

t i o n  and connect ion t o  the  pub1 i c  sewer, b u t  be fo re  any p o r t i o n  o f  t he  work 
i s  covered. 

............................. ............................. Date: Signed 
(appl  i c a n t )  

.................................... 
LE ............. inspec t i on  f e e  pa id .  (address o f  appl  i c a n t )  
A p p l i c a t i o n  approved and pe rm i t  .................................... 
i ssued: ( c e r t i f i c a t i o n  by (Agency) t r e a s u r e r )  
Date: ............................ Signed ............................. 

( f o r  the  Agency) 



Sec t ion  4.24. Sample A p p l i c a t i o n  f o r  I n d u s t r i a l  Sewer Connect ion Permi t .  

INDUSTRIAL SEWER CONNECTION APPLICATION 

........................................... To t h e  (Agency) : 
The undersigned be ing  t h e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  o f  t h e  

(owner, lessee, tenant ,  e t c .  ) 
p r o p e r t y  l o c a t e d  a t  ...................................................... 
.......................................................................... 

........................... does hereby reques t  a p e r m i t  t o  an i n d u s t r i a l  
( i n s t a l  1, use) 

sewer connect ion s e r v i n g  t h e  ................................. which company 
(name o f  company) 

i s  engaged i n  ............................................................. 
........................................................................... 
a t  s a i d  l o c a t i o n .  

1. A p l a n  o f  t h e  p r o p e r t y  showing a c c u r a t e l y  a l l  sewers and d r a i n s  now 
e x i s t i n g  i s  a t tached  hereunto  as E x h i b i t  " A " .  

2. Plans and s p e c i f i c a t i o n s  c o v e r i n g  any work proposed t o  be performed 
under t h i s  p e r m i t  i s  a t tached  hereunto  as E x h i b i t  "B " .  

3. A cornplete schedule o f  a l l  process waters  and i n d u s t r i a l  wastes pro-  
duced o r  expected t o  be produced a t  s a i d  p roper ty ,  i n c l u d i n g  a d e s c r i p t i o n  
o f  t h e  c h a r a c t e r  o f  each waste, t h e  d a i l y  volume and maximum r a t e s  o f  d i s -  
charge, and r e p r e s e n t a t i v e  analyses,  i s  a t t a c h e d  hereunto as E x h i b i t  " C " .  

4. The name and address o f  t h e  person o r  f i r m  who w i l l  pe r fo rm t h e  work 
covered by t h i s  p e r m i t  i s  ................................................ 

I n  c o n s i d e r a t i o n  o f  t h e  g r a n t i n g  o f  t h i s  p e r m i t  t h e  undersigned agrees: 
1. To f u r n i s h  any a d d i t i o n a l  i n f o r m a t i o n  r e l a t i n g  t o  t h e  i n s t a l l a t i o n  o r  

use o f  t h e  i n d u s t r i a l  sewer f o r  wh ich t h i s  p e r m i t  i s  sought as may be r e -  
quested by t h e  (Agency). 

.............. 2. To accept  and ab ide by a l l  p r o v i s i o n s  o f  Ordinance No. 
o f  t h e  (Agency) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  and o f  a l l  o t h e r  p e r t i n e n t  
ord inances o r  r e g u l a t i o n s  t h a t  may be adopted i n  t h e  f u t u r e .  

3. To opera te  and m a i n t a i n  any waste p r e t r e a t m e n t  f a c i l i t i e s ,  as may be 
r e q u i r e d  as a c o n d i t i o n  o f  t h e  acceptance i n t o  t h e  p u b l i c  sewer o f  t h e  
i n d u s t r i a l  wastes invo lved ,  i n  an e f f i c i e n t  manner a t  a l l  t imes, and a t  no 
expense t o  t h e  (Agency). 

4. To cooperate a t  a1 1 t imes w i t h  t h e  (Agency) and i t s  r e p r e s e n t a t i v e s  
i n  t h e i r  i n s p e c t i n g ,  sampling, and s tudy  o f  t h e  i n d u s t r i a l  wastes, and any 
f a c i l i t i e s  p rov ided  f o r  p re t rea tmen t .  

5 .  To n o t i f y  t h e  (Agency) immedia te ly  i n  t h e  e v e n t o f a n y  acc iden t ,  
neg l igence,  o r  o t h e r  occurrence t h a t  occas ions d i scharge  t o  t h e  p u b l i c  
sewers o f  any wastes o r  process waters  n o t  covered by t h i s  p e r m i t .  

Date ............................. Signed ............................. 
(app l  i c a n t )  

.................................... 
LE .............. i n s p e c t i o n  f e e  p a i d  (address o f  app l  i c a n t )  
A p p l i c a t i o n  approved and p e r m i t  .................................... 
granted:  ( c e r t i f i c a t i o n  by (Agency) t r e a s u r e r )  

............................. Date: ............................ Signed 
( f o r  t h e  Agency) 



ARTICLE 5 

Use o f  t h e  P u b l i c  Sewers 

S e c t i o n  5.01 P r o h i b i t i o n s  on Discharges.  No d i s c h a r g e r  s h a l l  d i s c h a r g e  
wastes t o  a  ~ u b l i c  sewer wh ich  cause, t h r e a t e n  t o  cause, o r  a r e  capab le  
o f  caus ing  e i t h e r  a l o n e  o r  by i n t e r a c t i o n  w i t h  o t h e r  substances:  

a  f i r e  o r  exp los ion ;  
o b s t r u c t i o n  o f  f l o w  o r  i n j u r y  t o  t h e  t r e a t m e n t  works; 
o b j e c t i o n a b l e  substances i n c l u d e  b u t  a r e  n o t  l i m i t e d  t o  
a s p h a l t ,  dead animals,  o f f a l ,  ashes, sand, mud, s t raw,  mazout 
res idue ,  i n a u s t r i a l  p rocess shavings,  me ta l ,  g lass ,  rags ,  
f e a t h e r s ,  t a r ,  wood, whole b lood,  paunch manure, bones, h a i r ,  
f l e s h i n g s ,  and paper p roduc ts  e i t h e r  whole o r  ground. 
danger t o  l i f e  o r  s a f e t y  o f  personnel  ; 
a s t r o n g  o f f e n s i v e  odor  o r  p r e v e n t i o n  o f  t h e  e f f e c t i v e  
maintenance o r  o p e r a t i o n  o f  t h e  t r e a t m e n t  works. 
a i r  p o l l u t i o n  by t h e  r e l e a s e  o f  t o x i c  o r  nialodorous gases 
o r  malodorous gas-produc ing substances; 
i n t e r f e r e n c e  w i t h  wastewater  t r e a t m e n t  processes;  
t h e  Agency's e f f l u e n t  o r  any o t h e r  p r o d u c t  o f  a  t r e a t m e n t  
process,  res idues ,  s ludges,  o r  scums, t o  be u n s u i t a b l e  f o r  
r e c l a m a t i o n  and reuse o r  t o  i n t e r f e r e  w i t h  t h e  r e c l a m a t i o n  
process ; 
a d e t r i m e n t a l  env i ronmenta l  impac t  o r  a  nu isance i n  t h e  wa te rs  
i n t o  wh ich  t h e  Agency d i scha rges  wastewaters,  o r  a  c o n d i t i o n  
unacceptabl  e  t o  any pub l  i c  agency hav ing r e g u l a t o r y  j u r i  s d i  c -  
t i o n  ove r  t h e  Agency; 
d i s c o l o r a t i o n  o r  any o t h e r  c o n d i t i o n  i n  t h e  q u a l i t y  o f  t h e  
Agency's t r e a t m e n t  works e f f l u e n t  such t h a t  r e c e i v i n g  wa te r  
q u a l i t y  requ i rements  e s t a b l i s h e d  by  l a w  cannot  be met; 
c o n d i t i o n s  a t  o r  near  t h e  Agency's t r e a t m e n t  works which v i o -  
l a t e  any s t a t u t e  o r  any r u l e ,  r e g u l a t i o n ,  o r  o rd inance  o f  any 
pub l  i c  agency o r  r e g u l a t o r y  body; 
t h e  Agency's t r e a t m e n t  works t o  be ove r loaded  o r  cause exces- 
s i v e  Agency c o l l e c t i o n  o r  t r e a t m e n t  c o s t s .  

S e c t i o n  5.02 P r o h i b i t i o n s  on S t o r m  Dra inage and Ground Water. Stormwater, 
groundwater, r a i n w a t e r ,  s t r e e t  drainage,  subsur face d ra inage  o r  y a r d  
d ra inage  s h a l l  n o t  be d ischarged th rough  d i r e c t  o r  i n d i r e c t  connec t ions  
t o  a  p u b l i c  sewer un less  a  p e r m i t  i s  i ssued  by  t h e  Agency. The Agency 
may approve t h e  d i scha rge  o f  such wa te r  o n l y  when no reasonab le  a l t e r n a t i v e  
method o f  d i s p o s a l  i s  a v a i l a b l e .  I f  a p e r m i t  i s  g r a n t e d  f o r  t h e  d i s c h a r g e  
o f  such v a t e r  i n t o  a  community sewer, t h e  use r  s h a l l  pay t h e  a p p l i c a b l e  
charges and f e e s  and meet such o t h e r  c o n d i t i o n s  as r e q u i r e d  by t h e  Agency. 

S e c t i o n  5.03 P r o h i b i t i o n  on Unpol 1  u t e d  Water. Unpol 1  u t e d  water ,  i n c l  ud- 
i ng ,  b u t  n o t  1 i m i  t e d  t o  c o o l i n g  water ,  p rocess wa te r  o r  blow-down f rom 
coo l  i n g  towers  o r  e v a p o r a t i v e  c o o l e r s  s h a l l  n o t  be d i scha rged  th rough  
d i r e c t  o r  i n d i r e c t  connec t ion  t o  a  p u b l i c  sewer u n l e s s  a  p e r m i t  i s  i s s u e d  
by t h e  Agency. The Agency may approve t h e  d i scha rge  o f  such w a t e r  o n l y  
when no reasonab le  a l t e r n a t i v e  method o f  d i s p o s a l  i s  a v a i l a b l e .  I f  a p e r m i t  
i s  g ran ted  f o r  t h e  d i scha rge  o f  such wa te r  i n t o  a  community sewer, t h e  
u s e r  s h a l l  pay t h e  a p p l i c a b l e  charges and f e e s  and s h a l l  meet such o t h e r  
c o n d i t i o n s  as  r e q u i r e d  by t h e  Agency. 



Sec t ion  5.04 L i m i t a t i o n s  on Rad ioac t i ve  Waztes. No person s h a l l  d ischarge 
o r  cause t o  be discharged, any r a d i o a c t i v e  waste i n t o  a  p u b l i c  sewer except :  

( a )  when t h e  person i s  authot- ized t o  use r a d i o a c t i v e  m a t e r i a l s  by 
t h e  governmental agency empowered t o  r e g u l a t e  t h e  use o f  r a d i o -  
a c t i v e  m a t e r i a l s ,  and 

( b )  when t h e  waste i s  d ischarged i n  s t r i c t  conformi  t y  w i t h  c u r r e n t  
r e g u l a t i o n s  and recommendations f o r  s a f e  d i s p o s a l ,  and 

( c )  when t h e  person i s  i n  compliance w i t h  a l l  r u l e s  and r e g u l a t i o n s  
o f  a1 1  o t h e r  app l  i c a b l e  r e g u l a t o r y  agencies.  

Sec t ion  5.05 L i m i t a t i o n s  on t h e  Use o f  Garbage Gr inders .  Waste f rom gar -  
bage g r i n d e r s  s h a l l  n o t  be d ischarged i n t o  a  p u b l i c  sewer except :  

( a )  wastes generated i n  p r e p a r a t i o n  o f  food  normal l y  consumed on 
t h e  premises, and 

( b )  where t h e  user  has ob ta ined  a  p e r m i t  f o r  t h a t  s p e c i f i c  use f rom 
t h e  Agency. 

Such g r i n d e r s  must shred t h e  waste t o  a  degree t h a t  a1 1  p a r t i c l e s  w i l l  be 
c a r r i e d  f r e e l y  under normal f l o w  c o n d i t i o n s  p r e v a i l  i n g  i n  t h e  pub1 i c  sewer. 
Garbage g r i n d e r s  s h a l l  n o t  be used f o r  g r i n d i n g  p l a s t i c ,  paper products ,  
i n e r t  m a t e r i a l s ,  o r  garden re fuse .  

Sec t ion  5.06 L i m i t a t i o n s  on P o i n t  o f  Discharge. No person s h a l l  d ischarge 
any substances d i r e c t l y  i n t o  a  manhole o r  o t h e r  opening i n  a  p u b l i c  sewer 
o t h e r  than through an approved b u i l d i n g  sewer, un less he has been issued 
a  p e r m i t  by  t h e  Agency. I f  a  p e r m i t  i s  i ssued  f o r  such d i r e c t  d ischarge 
t h e  user s h a l l  p a y t h e a p p l i c a b l e  charges and fees and s h a l l  meet such o t h e r  
c o n d i t i o n s  as r e q u i r e d  by t h e  Agency. 

Sec t ion  5.07 Ho ld ing  Tank Waste. No person s h a l l  d ischarge any h o l d i n g  
tank  waste i n t o  a  p u b l i c  sewer un less he has been issued a  ~ e r m i t  bv t h e  
Agency. Unless o the rw ise  a l l owed  by t h e  Agency under t h e  terms and" condi  - 
t i o n s  o f  t h e  permi t ,  a  separate p e r m i t  must be secured f o r  each separate  
d ischarge.  T h i s  p e r m i t  w i l l  s t a t e  t h e  s p e c i f i c  l o c a t i o n  o f  d ischarge,  t h e  
t i m e  o f  day t h e  d ischarge i s  t o  occur, t h e  volume o f  t h e  d ischarge and t h e  
wastewater c o n s t i t u e n t s  and c h a r a c t e r i s t i c s .  I f  a  p e r m i t  i s  g ran ted  f o r  
d ischarge o f  such waste i n t o  a  p u b l i c  sewer, t h e  user  s h a l l  pay t h e  a p p l i -  
cab le  charges and fees and s h a l l  meet such o t h e r  c o n d i t i o n s  as r e q u i r e d  by 
the Agency. 

S e c t i o n  5.08 L i m i t a t i o n s  on Wastewater St renqth .  

.O1 No person s h a l l  d ischarge wastewater c o n t a i n i n g  i n  excess o f :  

0.1 mg/L a r s e n i c  
0.2 mg/L cadmium 
2.0 mg/L copper 
1.0 mg/L cyanide 
1.0 mg/L l e a d  
0.01 mg/L mercury 
1.0 mg/L n i c k e l  
0.2 mg/L s i l v e r  
0.5 mg/L t o t a l  chromium 
3.0 mg/L z i n c  

Adding water f o r  t h e  purpose o f  d i l u t i n g  wastes which would o the rw ise  
exceed maximum c o n c e n t r a t i o n  1  i m i t a t i o n s  s h a l l  be u n l a w f u l .  



.02 No person s h a l l  d i scha rge  any wastewater :  

( a )  Having a  temperature  h i g h e r  than  65°C. 
( b )  Con ta in ing  more than  300 mg/L o f  O i l  o r  Grease o f  animal  

o r  vege tab le  o r i g i n .  
( c )  C o n t a i n i n g  more than  100 mg/L of  O i l  o r  Grease o f  m i n e r a l  o r  

pe t ro leum o r i g i n .  
( d )  Having a  pH lower  than  6.0. 

.03 P re t rea tmen t  E f f  1  u e n t  
When p r e t r e a t m e n t  o f  i n d u s t r i a l  wastewater  i s  r e q u i r e d  as a  con- 
d i t i o n  o f  t h e  p e r m i t ,  see S e c t i o n  4.12 of t h i s  ord inance,  t h e  
p e r m i t  s h a l l  s p e c i f y  t h e  p r e t r e a t m e n t  p l a n t  e f f l u e n t  q u a l i t y  
r e q u i r e d .  

ARTICLE 6  

M a l i c i o u s  Damage 

S e c t i o n  6.01. No pe rson (s )  s h a l l  m a l i c i o u s l y ,  w i l l f u l l y ,  o r  n e g l i g e n t l y  
b reak ,  damage, des t roy ,  uncover,  de face  o r  tamper w i t h  any s t r u c t u r e ,  
appurtenance o r  i t e m  o f  equipment which i s  a  p a r t  of t h e  sewerage system. 
Any pe rsons (s )  v i o l a t i n g  t h i s  p r o v i s i o n  s h a l l  be s u b j e c t  t o  immediate a r r e s t  
under charge o f  ( e q u i v a l e n t  of d i  s o r d e r l y  conduc t ) .  

ARTICLE 7  

Penal t i e s  

S e c t i o n  7.01. P e n a l t i e s  f o r  v i o l a t i o n  o f  t h i s  o rd inance  s h a l l  be imposed 
upon v i o l a t o r s  as h e r e i n a f t e r  p rov ided .  Upon d e t e c t i o n  of a  v i o l a t i o n  t h e  
Agency s h a l l  n o t i f y  t h e  owner w i t h i n  twenty- four  (24 )  hours, i n  w r i t i n g ,  of  
t h e  v i o l a t i o n .  The n o t i f i c a t i o n  o f  t h e  v i o l a t i o n  s h a l l  c o n t a i n  a  r e v o c a t i o n  
of any v a l i d  p e r m i t .  To r e i n s t a t e  a  p e r m i t  revoked f o r  v i o l a t i o n ,  t h e  owner 
s h a l l  make a  new a p p l i c a t i o n  f o r  p e r m i t .  A  c o n d i t i o n  f o r  r e i s s u e  o f  a  p e r m i t  
by t h e  Agency s h a l l  be f u l l  payment o f  a l l  p e n a l t i e s  imposed as r e s u l t  o f  t h e  
v i o l a t i o n .  If t h e  v i o l a t i o n  i s  connec t ion  t o  and use o f  t h e  p u b l i c  sewers 
w i t h o u t  a  v a l i d  pe rm i t ,  a  c o n d i t i o n  f o r  i s s u e  o f  a  p e r m i t  s h a l l  be f u l l  
payment of a l l  p e n a l t i e s  imposed as r e s u l t  o f  t h e  v i o l a t i o n .  P e n a l t i e s  
s h a l l  be imposed each ca lendar  day o f  t h e  v i o l a t i o n ,  each new day i n  wh ich  
t h e r e  i s  v i o l a t i o n  be ing  cons idered as a  new v i o l a t i o n .  

S e c t i o n  7.02. P e n a l t i e s  f o r  v i o l a t i o n  s h a l l  be as f o l l o w s :  

( a )  No v a l i d  r e s i d e n t i a l  and commercial p e r m i t  
f o r  p r i v a t e  wastewater  d i s p o s a l  L  E ( 1  .3)  p e r  day 
f o r  connec t ion  t o  and use o f  p u b l i c  sewers L  E  ( 1 . a )  p e r  day 

( b )  No v a l i d  i n d u s t r i a l  p e r m i t  
f o r  p r i v a t e  wastewater  d i s p o s a l  L  E (500.0) p e r  day 
f o r  connec t ion  t o  and use o f  p u b l i c  sewers L  E (500.0)  p e r  day 

( c )  V i o l a t i o n  o f  A r t i c l e  5, b y  r e s i d e n t i a l  and 
commercial h o l d e r  o f  v a l  i d  p e r m i t  L  E (20 .0)  p e r  day 

( d )  V i o l a t i o n  of A r t i c l e  5, by  i n d u s t r i a l  h o l d e r  
o f  p e r m i t  L  E (5000.0)  p e r  day 

( e )  P e n a l t i e s  f o r  hav ing no v a l i d  p e r m i t  and 
v i o l a t i o n  of A r t i c l e  s h a l l  be a d d i t i v e .  



Notes : 

1. The p e n a l t y  f i n e s  i n  parentheses a r e  o n l y  suggested l e v e l s .  
2. The recomnended o rd inance  has no p r o v i s i o n  f o r  charges by  t h e  Agency 

on i n d u s t r i a l  d ischarges.  The t r e n d  i n  some i n d u s t r i a l  i z e d  c o u n t r i e s  
i s  t o  r e q u i r e  i n d u s t r i a l  d i s c h a r g e r s  t o  bear  t h e  c o s t s  o f  i n d u s t r i a l  
wastewater  t r e a t m e n t  by  c h a r g i n g  r a t e s  wh ich  a r e  dependent on t h e  
volume and s t r e n g t h  o f  t h e  wastewater  and which  a r e  c o n s i s t e n t  w i t h  
t h e  c o s t s  t o  t r e a t  t h e  wastewaters i n  t h e  Agency 's  t r e a t m e n t  works. 
I t  i s  n o t  economica l l y  j u s t i f i a b l e  o r  r e a l i s t i c  a t  t h i s  t i m e  t o  d e v e l -  
op a  r a t i o n a l  f o rmu la  f o r  c h a r g i n g  i n d u s t r i e s  based on t h e i r  waste-  
w a t e r  d ischarges.  



APPENDIX M 

RECOMMENDED PLAN COSTS AND FINANCE 

Appendix M cove rs  recommended p l a n  c o s t s  
by i tem,  element, and area as w e l l  as 
f i n a n c i a l  s ta tements  f o r  t h e  proposed master  
p l a n  program. 



LIST OF TABLES 

Cost o f  P r i n c i p a l  C o l l e c t o r s  

Cost  o f  Force Mains 

Cost  o f  Pump S t a t i o n s  

Cost  o f  Treatment and E f f l u e n t  Conveyance F a c i l i t i e s  

Cost  o f  Land A c q u i s i t i o n  

Cost Breakdown f o r  Top P r i o r i t y  P r o j e c t s  

Master  P lan  Costs Breakdown - Eas te rn  Areas 

Master  P lan Costs Breakdown - West/Centra l  Area 

Master  P lan Costs Breakdown - Outer  West(Mex-Dekheila) 

Master  P lan  Costs Breakdown - Nouzha Area 

Master  P lan  Costs Breakdown - Abu K i r  Bay I n d u s t r i e s  

Master  P lan  Costs Breakdown - Ameria 

Master  P lan  Cost  Summary 

GOSSD-Alexandria F ive-Year  F i n a n c i a l  Summary,1973-1977 

A l l o c a t i o n  o f  1976 GOSSD-Alexandria Opera t i on  and 
Maintenance Costs 

C u r r e n t  Value o f  GOSSD-Alexandria F i x e d  Assets and 
D e p r e c i a t i o n  Expense 

Master  P lan  f o r  East ,  West, and C e n t r a l  Systems 
P r o j e c t e d  Income Statement 

Master  P lan  f o r  East ,  West, and C e n t r a l  Systems 
P r o j e c t e d  Cash Flow Statement 

Master  P lan  f o r  East, West, and C e n t r a l  Systems 
P r o j e c t e d  Balance Sheet 

Master  P lan f o r  East, West, and C e n t r a l  Systems 
Schedule of C a p i t a l  Assets  

Master  P lan f o r  East ,  West, and C e n t r a l  Systems 
Schedule o f  D e p r e c i a t i o n  Expenses 



TABLE M-1 

COST OF PRINCIPAL COLLECTORS 

I d e n t i f i c a t i o n  

EASTERN 

I n n e r  Eas t  

Hagar e l  Nawat ia 
I1 II 

Mohamed A l y  
I1 II 

New P.S.5East  

S i d i  B i s h r  

Outer  East  

Ras e l  Soda 
II I I 

S i o u f  Kebl i a  

Main 

Main 

N o r t h  Branch 
I1 11 

South Branch 
I I I I 

Sadat C i  t v  

Desi gn C o n d i t i o n s  C a p i t a l  
I d e n t .  F low Depth S o i l  Length  S i z e  Cost  
No. Ml / d  m Type m mm LE thousand - - 

Abu K i r  
Pen insu la  



COST OF PRINCIPAL COLLECTORS (con t .  ) 

Des i gn 
I d e n t .  Flow 

I d e n t i f i c a t i o n  No. t!l /d  

NOUZHA 

Cent ra l  

S i l s i l a  C o l l e c t o r  CZ I* 70-160 

Western Harbor 

N o r t h  Por t *  C Z 4 

South Por t *  C Z 5 

Bab e l  Akhdar* CZ 73 

I n n e r  West . 
West Zone WZ 1 99 

I1 I  I  WZ 2 256 
I1 I 1  WZ 3 2 80 
I1 I  I  WZ 6 62 

S h e i t  e l  Enab WZ 10 8 ' 
Aux.P.S.Col1. 

Ghe i t  e l  Enab W Z - - 
Main P.S.Col1. 

I n d u s t r i e s  P .  S.  WZ - - 

ABU K I R  BAY INDUSTRY AK 16 113 

OUTER WEST 

Mex-De k he i 1 a MD 5 10 
II I  I MD 6 16 

I n d u s t r i e s  MD 9 90-130 
I  I  MD 10 80-100 
I1 MD13 4 0 - 5 0  

I n f  1 uent  Sewer MD 12 250 

Cond i t i ons  C a p i t a l  
Depth S o i l  Length S ize i o s t  

m Type m CE thousand 



COST OF PRINCIPAL COLLECTORS(cont.) 

Des I qn Cond i t ions  Capital 
I d e n t .  Flow Depth S o i l  Length Size Cost 

I d e n t i f i c a t i o n  No. ttl / d  In Type rn mrn LE thousand - .- - - 

AMERIA 

I n d u s t r i a l  AM 1  18 3 S 10000 750 3370 

Free Zone AM 2 3 2 3 S 1250 900 470 

Free Zone AM 3 6 5 4 S 1750 1200 1050 

Ameri a AM 4 3 4 3 S 3 100 900 920 

* Under Top P r i o r i t y  P ro j ec t s  



TABLE M-2 

COST OF FORCE MAINS 

Design C a p i t a l  
I d e n t .  F l  ow Length S i z e  Cost 

No. 
.- 

F l l  / d  m mm LE thousand I d e n t i f i c a t i o n  

EASTERN 

I n n e r  East 

Abu Sol iman 

Maamoura 

P.S. No. 5E 

P.S. No. 2E 

P.S. No. 4E 

P.S. No. 6E 

S i d i  B i s h r  

Outer East  

H o s p i t a l s  

Ras e l  Soda 

Sadat City 

Abu K i r  Peninsula 

Pump S t a t i o n  A 

B 

C 

Main P.S. 

IIOUZHA 

Fisherman 

Nouzha 

WEST, / CENTRAL 

I n n e r  West 

P.S. No. 2W 

Cent ra l  

S p o r t i n g  

Western Earbcr  



I d e n t i f i c a t i o n  - 

TABLE M-2 

COST OF FORCE MAINS ( c o n t . )  

Design C a p i t a l  
I d e n t .  Flow Length S i z e  ' Cost 
No. .- M l /d  m mn LE thousand - - 

OUTER WEST 

Mex-Dekhei l a  

Tanner ies MD 2  10 

V a l l e y  o f  Moon MD 4 6 

Mai n MD 8 16 

AMERIA 

I n d u s t r i a l  AM 12 8 5 

ABU K I R  BAY INDUSTRY 

Tabia P.S. 

* 
Under Top P r i o r i t y  P r o j e c t s  



TABLE M-3 

COST OF PUMP STATIONS 

C a p i t a l  Cost  
LE thousand 

I d e n t .  
No. 

Design Flow, 
ML/day 

To t  a 1 Dynami c 
Head ,m I d e n t i f i c a t i o n  

EASTERN 

I n n e r  West 

Abu Sol iman P.S. 

Smouha P.S. 

P.S. No.1 

P.S. No.! 

P.S. No.2 

S i d i  B i s h r  P.S. 

Outer  East  

H o s p i t a l ' s  P.S. 

Ras e l  Soda P. S.  

Sadat City P.S. 

Abu K i r  

P.S. A 

P.S. B 

P.S. 1.C 

Main P.S. 

Tab ia  P.S. 

NOUZHA 

Fisherman's V i l l a g e  

Nouzha P.S. 

WEST/CENTRAL 

P.S. No.2 

West P l a n t  P.S. 

OUTER WEST 

Tanner ies  P . S .  

V a l l e y  o f  Moon P.S. 

Main P.S. 

AMERIA 

I n d u s t r i a l  P.S. 

( a ) ~ q u i p m e n t  replacement and s t a t i o n  m o d i f i c a t i o n s  o n l y .  

M-6 



TABLE M-4(A) 

COST OF TREATMENT FACILITIES 

Design Flow Processes C a p i t a l  Cost, 
L o c a t i o n  Ml./day - o r  ( l e v e l )  LE thousand 

Ras e l  Soda 

Ka i t Bey 

West P l a n t  

560 ( P r e l  i r n ina ry )  

175 ( P r e l  i r n ina ry )  

1 4 5 ( ~ )  ( P r e l  i r n i  n a r y )  

160 Anaerob ic /Aerob ic  
Lagoons 

Laks ~ d k ~ ( A b u  K i r  Bay) 150 Evapora t i on  Pond 

Eas t  P l a n t  (Nouzha) 4  5  - - 
Ameri a  140 Anaerob ic /Aerob i  c  

Lagoons 

TOTAL 

( a ) ~ o t a l  c a p a c i t y  t o  be 220 MLlday; 75 RL/day o f  wh ich  now be ing  
c o n s t r u c t e d  as a  p r i m a r y  p l a n t .  

( b ) ~ p g r a d i n a  of  e x i s t i n g  p l a n t  f o r  convers ion  t o  Nouzha f l o w s .  

COST OF EFFLUENT CONVEYANCE FACILITIES 

Design Capi t a l  
I d e n t .   low Length S i z e  Cost  
No. ML/d m - rnrn LE thousand I d e n t i f i c a t i o n  

West P l a n t  

S i d i  B i s h r  O u t f a l l  
Land P o r t i o n  

Ilex-Dekhei l a  
L i n e d  Channel YD 15 175 6  OOC 

- - 495 10 000 

- - 833 10 OCO 

Kai t Bey O u t f a l l  

S i d i  P i s h r  C u t f a l l  

West E f f l u e n t  P.S. 

Mex - Dekhei l a  L i f t  

Arneria L i f t  



TABLE M-5 

COST OF LAND ACOUISITION 

Loca t i on 

Ras e l  Soda 

Kai t Bey 

 ex-~ekhei la ( ' )  

Ameri a  

Lake I d k u  ( b )  

Area Percent  U n i t  Cyst  Cost, LE 
ha Purchased LE/m thousand 

6  100 50.0 3  000 

2 100 65.0 1  300 

500 3 0  0.4 600 

400 100 0.4 1  600 

4000 3 0  0.4 4  800 

TOTAL 11 300 

( a ) ~ a l t  bed l a n d s  a long  s h o r e l i n e  o f  wes te rn  Lake Elaryut. 

( b ) ~ a r s h  l a n d  a t  southwest  end o f  Lake I d k u  f o r  Abu K i r  I n d u s t r i e s  
e v a p c r a t i o n  pond. 



TABLE M-6 

Ca tego ry  I (1 -4 )  

FEC 

L o c a l  

TOTAL 

Ca tego ry  I 1  ( 1 -15 )  

FEC 

L o c a l  

TOTAL 

COST BREAKDOWN FOR TOP PRIORITY PROJECTS 

Ca tego ry  111 ( 1 - 4 )  

FEC 

L o c a l  

TOTAL 

Ca tego ry  I V  (Des ign )  

FE C 

Loca 1 

TOTAL 

1980 1981 TOTAL 

TOTAL FEC 730 2 990 3 085 1 955 8 700 

L o c a l  1 525 7 180  9 010  6 725 24  500 

TOTAL 2 2 5 5  1 0 1 7 0  1 2 0 9 5  8 6 8 0  3 3 2 0 0  



TABLE M-7 

MASTER PLAN COSTS BREAKDOkN - EASTERN AREAS - 
(LE thousand) 

Stage I 
1980 1981 1982 1983 - - - - 

Stage I 1  
1984 1985 1986 - - - 

Stage 111 Stage I V  
(89-94) (95-00) TOTAL East  - 

S t r e e t  Sewers DFEC 

I FEC 3 0 

Loca 1 7 0 

TOTAL 

G r a v i t y  C o l l e c t o r s  DFEC 

I FEC 

Local 

TOTAL 

Force Mains DFEC 

I FEC 

Loca 1 

'f TOTAL 
A 

0 

Pump S ta t i ons  DFEC 

I FEC 

Loca 1 

TOTAL 

Treatment P l a n t s  DFEC 

I FEC 

Loca 1 

TOTAL 

O u t f a l l  s DFEC 

I FEC 

Loca 1 

TOTAL 

Connections IFEC 

Local 

TOTAL 

Land A c q u i s i t i o n :  Local 

('I Inc ludes E f f l u e n t  FM (EZ 25) 



MASTER PLAN C.OST5 BREAKDOWN - WEST/CENTRAL AREA 
(LE  thousand) 

Stage I11  
(89-94) -- 

Stage IV 
(95-00) TOTAL - - 

Stage I  
1980 - 1981 - 1982 1983 - 

Stage I 1  
1 984 1985 1 986 - - 

S t r e e t  Sewers DFEC 

I  FEC 

Loca 1 

TOTAL 

Grav i t y  Col 1 ec to rs  DFEC 

I FEC 

Loca 1 

TOTAL 

F o r c e ~ a i n s ' "  DFEC 
I  FEC 

Loca 1 

TOTAL 

7 
d - Pump S t a t i o n s  DFEC 

I FEC 

Local 

TOTAL 

Treatment P lan ts  DFEC 
I FEC 

Local 

TOTAL 

O u t f a l l  DFEC 

IFEC 

Loca 1 

TOTAL 

Connections IFEC 

Loca 1 

TOTAL 

Land Acqui s i  t ion:  Local 

( a ) ~ n c l u d e s  E f f l u e n t  FM(WZ9) 



TABLE M-9 

MASTER PLAN COSTS BREAKDOWN - OUTER WEST (MEX-DEKHEILA) 
(LE thousand) 

Stage 111 Stage I V  
(89-94) (95-00) 

Stage I Stage I 1  
1983 1982 - 1981 - 1980 - 1979 - 1 986 1985 - 1984 - - - 

TOTAL 

S t r e e t  Sewers DFEC 

I FEC 

Loca 1 

TOTAL 

Grav i t y  C o l l  e c t o r s  DFEC 

I FEC 

Local  

TOTAL 

Force Mains DFEC 

I FEC 

Loca 1 

TOTAL 
? 
4 

h) 
Pump DFEC 

I FEC 

Local 

TOTAL 

Lagoons DFEC 

I FEC 

Local 

TOTAL 

E f f l u e n t  D i t c h  DFEC 

I FEC 

Local 

TOTAL 

Connections I FEC 

Loca 1 

TOTAL 

Land Acqu is i t i on :  Local  

( a ) ~ n c l u d e s  E f f l u e n t  P.S. (MD 15) 



TABLE M-10 

S t ree t  Sewers DFEC 

I FEC 

Loca 1 

TOTAL 

Grav i t y  Col l e c t o r s  DFEC 

IFEC 

Local 

TOTAL 

% Force Mains DFEC 
d 

w I FEC 

Loca 1 

TOTAL 

Pump S t a t i o n s  DFEC 

I FEC 

Loca 1 

TOTAL 

Treatment P lan ts  DFEC 

I FEC 

Loca 1 

TOTAL 

Connections I FEC 

Loca 1 

TOTAL 

MASTER PLAN COSTSBREAKDOWN - NOUZHA AREA 
(LE thousand) 

Stage I 
1979 - 1980 - 1981 - 1982 - 1983 - 

Stage I 1  
1984 -- 1985 - 1986 - 1987 - 1 988 - 

Stage111  S t a g e I V  
(89-94) (95-00) TOTAL 



TABLE M- 1 1 

MASTER PLAN CnSTS 3REAKDOUN - ABU KIR BAY INDUSTRIES 
(LE thousand) 

Stage I 1 1  
(89-94) 

Stage IV  
(95-00) 

Stage I 
1979 - 1980 1981 1982 - 1983 - 

Stage I 1  
1984 - 1985 - 1986 - TOTAL 

S t r e e t  Sewers DFEC 

I FEC 

Loca 1 

TOTAL 

Grav i  t y  Col 1 ec t o r s  DFEC 

I FEC 

Loca 1 

TOTAL 

Force Mains OFEC 

I FEC 

Loca 1 

TOTAL 

Pump S t a t i o n s  DFEC 

I FEC 

Loca l  

TOTAL 

Evaporat ion Pond OFEC 

I FEC 

Loca l  

TOTAL 

Connect ions IFEC 

Loca 1 

TOTAL 

Land A c q u i s i t i o n :  Local 



TABLE M-12 

MASTER PLAIi COSTS BREAKOOWN - A l lEK IA  
(LE thousand) 

Stage I11  Stage I V  
(89-94) (95-00) TOTAL 

Stage I Stage I 1  
1979 - - 1980 - 1981 - 1982 - 1983 1984 - 1985 - 1 986 - 

Street  Sewers DFEC 

I FEC 

Loca 1 

TOTAL 

Gravi ty  Col 1 ec to rs  DFEC 

I FEC 

Loca 1 

TOTAL 

Force Mains DFEC 

I FEC 

Loca 1 

TOTAL 

Pump ~ t a t i o n s ' ~ )  DFEC 

I FEC 

Loca 1 

TOTAL 

Lagoons DFEC 

I FEC 

Local 

TOTAL 

Connections IFEC 

Loca 1 

TOTAL 

Land Acqu is i t i on :  Local 

( a ) ~ n c l u d e s  E f f l u e n t  l i f t  (AM 15) 



TABLE M-13 

MASTER PL r\ J COSTS SUF4MA?V ----- 
TLF--tFoUSan~p 

Stage I 1 1  Stage I V  
(89-94) (95-00)  

Stage I 
1983 1982 - 1981 - 1980 - - 

Stage I 1  
1988 1987 - 1986 - 1985 - 1984 - - TOTAL 

Eas t  DFEC 

I FEC 

Loca l  

TOTAL 

West/Centra 1 LFEC 

IFEC 

Loca l  

TOTAL 

Nouzha DFEC 

I FEC 

Loca l  

TOTAL - 
2. 
I 
d 

cn Outer  Wes.~ DFEC 

I FEC 

Loca l  

TOTAL 

Abu K i r  Bay DFEC 

IFEC 

Loca l  

TOTAL 

Ameria DFEC 

I FEC 

Loca l  

TOTAL 

TOTAL DFEC 

IFEC 

Loca l  

TOTAL 



APPENDIX M 

FINANCE 

1  Recent F i n a n c i a l  Performance 

I n t r o d u c t i o n  

F i n a n c i a l  reco rds  o f  GOSSD f rom 1973 t o  da te  wereanalyzed t o  determine mag- 
n i t u d e  o f  v a r i o u s  c o s t s  o f  i t ems  which c o n s t i t u t e  annual e x p e n d i t u r e s  and those  
f a c t o r s  wh ich  a f f e c t  yea r - to -yea r  e x p e n d i t u r e  l e v e l s .  An i n v e n t o r y  and a  
v a l u a t i o n  o f  c u r r e n t  asse ts  were a1 so developed w i t h  a s s i s t a n c e  f rom GOSSD- 
A1 exandr i  a. 

The assembled f i n a n c i a l  i n f o r m a t i o n  summarizes GOSSD-Alexandria's r e c e n t  
performance and p r o v i d e s  a  b a s i s  f o r  p r o j e c t i n g  i t s  f u t u r e  f i n a n c i a l  
c o n d i t i o n .  Whi le  most data  r e q u i r e d  f o r  a n a l y s i s  were a v a i l a b l e  i n  e x i s t i n g  
r e p o r t s  and records ,  GOSSD o f f i c i a l s  p r o v i d e d  t h e  necessary  e s t i m a t e s  where 
data  were n o t  recorded.  

O ~ e r a t i n q  Costs 
I 

T a b l e  M-14 summarizes h i s t o r i c a l  o p e r a t i n g  c o s t s  o f  GOSSU-Alexandria i n  
seven ma jo r  c a t e g o r i e s .  D e s c r i p t i o n  o f  each categ0r.y i s  as fo lows:  

S a l a r i e s  and Al lowances i n c l u d e s  s a l a r i e s  f o r  permanent and tempo- 
r a r y  employees and l o c a l  c o n s u l t a n t s ,  t o g e t h e r  w i t h  a l lowances which 
a r e  i nc remen ta l  wage and s a l a r y  payments made t o  f i e l d  workers 
t o  compensate f o r  hazardous work ing  c o n d i t i o n s  and t o  p r o f e s s i o n a l s  
t o  d iscourage them f rom seek ing  second j o b s  o r  ~ u t s i d e  p r i v a t e  
c o n s u l t i n g  work. 
Employee b e n e f i t s  i n c l u d e s  c o s t s  o f  food,  c l o t h i n g ,  and s o c i a l  
se rv i ces ;  insurance f o r  h e a l t h ,  work a c c i d e n t s ,  o l d  age o r  death;  
and c o s t - o f - l i v i n g  compensation. 
Fuel i n c l c d e s  c o s t s  f o r  benzene, d i e s e l  f u e l ,  o i l  and o t h e r  l u b r i -  
can ts .  I n  a d d i t i o n ,  m ino r  expend i tu res  f o r  c o a l ,  butane, and kerosene 
a r e  a l s o  i n c l u d e d .  
U t i l i t i e s  i n c l u d e s  payments f o r  water ,  gas and e l e c t r i c i t y .  
About 90 p e r c e n t  o f  annual expend i tu res  f o r  power a r e  f o r  pump s t a t i o n  
and t rea tmen t  p l a n t  energy requ i rements .  
Spare P a r t s  and   ate rials i n c l u d e s  expend i tu res  f o r  r e p a i r  and 
replacement o f  sewers, v e h i c l e s ,  and equipment. 
~ a ~ o r  Repa i rs  i n c l u d e s  u n a n t i c i p a t e d  expend i tu res  f o r  m a t e r i a l s  
o r  c o n t r a c t u a l  s e r v i c e s  f o r  ma jo r  r e p a i r  o f  mechanical  equipment 
and v e h i c l e s ,  o r  r e p a i r s  o f  b u i l d i n g s ,  roads, b r i d g e s ,  cana l  banks 
and o f f i c e  equipment o u t s i d e  t h e  scope o f  normal maintenance. 
Other Expend i tu res  i n c l u d e s  charge f o r  s e r v i c e s  p r o v i d e d  t o  GOSSD 
by o t h e r  o r g a n i z a t i o n s  such as t h e  M i n i s t r i e s  o f  F inance and I n t e r i o r ,  
and t h e  F i r e  Department; t r a v e l  expenses; p u b l i c a t i o n s ,  p r i n t i n g  and 
o f f i c e  supp ly  expenses; a  research  and development a l lowance;  and 
misce l laneous o f f i c e  a d m i n i s t r a t i o n  expenses. 

Cur ren t  accoun t i  n!l procedures do n o t  p r o v i d e  deta- i  1  ed sumnary r e p o r t s  on 
t h e  a l l o c a t i o n  o f  these c o s t s  t o  t h e  v a r i o u s  branches o f  GOSSD. A  summary 
w i t h  t h i s  d e t a i l  would p r o v i d e  management w i t h  a  t o o l  f o r  e v a l u a t i n g  t h e  
c o s t - e f f e c t i v e n e s s  o f  each branch.  The c o n t r i b u t i o n  o f  each branch t o  



TABLE M-14 

GOSSD-ALEXANDRIA FIVE-YEAR FINANCIAL SUMFWRY, 1973-1977 

Annual Expendi tures ,  L E  

Operating Costs 

Salar ies  and Allowances 
Empl oyee Benefi ts  
Fue 1 
U t i l i t i e s  
Spare Parts  and Materials 
Major Repairs 
Other Expenditures 

TOTAL 

Capital Costs 

Master Pl an Sewers 111 155 
Master Plan Pump Stat ions 48 041 
Master Plan Treatment F a c i l i t i e s  203 859 
Other Projects  181 795 

TOTAL 544 850 

Debt Payments - 

Total Annual Expenditures 1 175 693 

Revenues 

Service charges, fees (b )  87 870 
Government contribution 1 087 823 

127 015 79 262 96 993 not avai lable  
1 0 4 8  500 1 2 0 9  188 1 8 3 4  074 not avai lable  

Source: Financial records of the Budget and Finance Department, GOSSD-Alexandria. 

'a)Operating costs  based on budget approved by GOSSD-Cairo. Capital cos ts  based on annual needs 
estimated by the  Project Execution Department on 1 July 1977. Debt Payments based on information 
from Budget and Finance Department on exis t ing  commitments, 

( b ) ~ u s  tomer contributions f o r  extensions and connections. 



t h e  o rgan i za t i on  and i t s  e f f i c i e n c y  cou ld  be measured from yea r  t o  year,  
a l l o w i n g  the  development o f  budgets which maximize t he  p roduc t i ve  use o f  
funds. 

Table ?l-15 presents an a l l o c a t i o n  o f  cos ts  among the  var ious  branches based 
on t h e  a v a i l a b l e  f i n a n c i a l  data f o r  1976. I n  c o n s t r u c t i n g  t h i s  t ab l e ,  cos ts  
a l l o c a b l e  t o  more than one branch, such as general a d m i n i s t r a t i v e  and o f f i c e  
expenses, were d i s t r i b u t e d  on a  bas is  o f  the  number o f  employees i n  each 
branch. 

Increases i n  s a l a r i e s  and i n  the  expenses and amounts o f  m a t e r i a l s  r e s u l t  i n  
increased ope ra t i on  and maintenance from year  t o  year .  Dur ing t he  pe r i od  
f rom 1973 through 1976, ope ra t i on  and maintenance cos ts  f o r  GOSSD-Alexandria 
increased an average o f  12.6 percent  annual ly .  The cos t  increase i n  1976 
was 21.1 percent .  

Cap i t a l  Costs and Debt Payments 
Tab le  M-14 summarizes over  a  f i  ve-year p e r i o d  expendi tures o f  GOSSD-Alexandria 
on c a p i t a l  improvements. Major master p l an  p r o j e c t s  a re  l i s t e d  accord ing 
t o  category;  ( i . e .  sewers,pump s ta t i ons ,  o r  t reatment  f a c i l i t y ) .  I n  add i t i on ,  
the re  have been a  v a r i e t y  o f  o t he r  c a p i t a l  needs f o r  which expendi tures a re  
made p e r i o d i c a l l y .  Because expendi tures i n  "Other P ro j ec t s "  account va ry  
cons iderab ly  from year  t o  year,  no s i n g l e  y e a r ' s  expendi tures can be cons id-  
ered rep resen ta t i ve .  A lso inc luded  a re  occasional  minor  debt  payments. 
These a re  t o  reimburse con t rac to r s  f o r  p r o j e c t  cos t  over- runs d u r i n g  the  pre-  
v ious year .  

Cap i t a l  improvement f o r  the  A1 exandr ia wastewater system has been 1  i m i  t e d  
i n  recen t  years  by n a t i o n a l  economic condi ti ons. Funds ava i  1  ab le  f o r  c a p i t a l  
investment have been d i s t r i b u t e d  annua l l y  by t h e  M i n i s t r y  o f  P lanning t o  
sec to rs  accord ing t o  n a t i o n a l  p r i o r i t y .  The 1961-1965 GOSSD-Alexandria 
c a p i t a l  improvement program was t he  l a s t  f i  ve-year program which rece ived  
s u f f i c i e n t  fund ing t o  be completed on schedule. 

Cap i ta l  fund ing f o r  the  A lexandr ia  wastewater system remained r e l a t i v e l y  
s t a b l e  i n  t h e  1973-1975 per iod .  A  92 percent  increase i n  c a p i t a l  fund ing 
occurred i n  1976. Cu r ren t l y  t h e  M i n i s t r y  o f  P lanning rev iew c a p i t a l  budgets 
semi -annual l y  so t h a t  a d d i t i o n a l  funds are prov ided as they become ava i  lab1 e. 
The approved 1977 budget f o r  A lexandr ia  was LE 777 000 a t  the beginn ing o f  
t he  year .  A  p r e l i m i n a r y  es t imate  o f  the  r ev i sed  1977 budget request,  a f t e r  
the semi-annual review, was LE 1,600,000. The r e c e n t l y  pub1 ished M i n i s t r y  
o f  P lanning Five-Year Plan (1978-1982) prov ides an est imated LE 17.0 m i l  1  i o n  
(domestic funds) f o r  c a p i t a l  investment over  t he  coming f i v e - y e a r  p e r i o d  
o r  about LE 3.4 m i l l i o n  annua l l y .  

Local 1  y-Generated Funds 
Local ly -generated funds f o r  GOSSD-A1 exandr ia,  summarized i n  Tab1 e  M-14 
represent  payments made by new wastewater system customers o r  developers 
f o r  t he  ac tua l  cos t  o f  p r o v i d i n g  sewer extens ions and connect ions.  The 
remaining funds requ i red  f o r  operat ions,  c a p i t a l  improvements and debt  
payments a re  prov ided by t h e  M i n i s t r y  o f  Finance. 

Before 1962, GOSSD-Alexandria generated revenues through a  sewer se r v i ce  
charge t o  i n d u s t r i a l  customers. The charge was 0.003 L E / ~ ~  o f  wastewater 
discharge based on metered water use. There was adjustment f o r  i n d u s t r i e s  



TABLE M-15 

ALLOCATION OF 1976 GOSSD-ALEXANDRIA OPERATION AND MAINTENANCE C O S T S ( ~ )  
(LE thousand) 

,,, Admini- ~ r o . j e c t  ( d ) 
Operat ion and Maintenance 

Wastewater Sewer Pump Vehi c l  e 
I tem ~ x e c u t i v e ( ~ I  s t r a t i v e  ~ e v e l  opment Treatment Maint .  s t a t i o n s  Maint .  

S a l a r i e s  and A1 lowances 2 700 35 000 19 700 

Ernp 1 oyee Bene f i t s 7 00 9 100 5 100 

Fue 1 - - - 

7 U t i  1 i t i e s  1 00 800 500 
IU 
o Spare P a r t s  and M a t e r i a l s  - - - 

Major Repai r s  1 00 1 000 600 

Other Expendi tures 800 9 700 4 500 

4 400 55 600 30 400 

( a ) ~ o s t  a l l o c a t e d  t o  va r ious  f unc t i ons  and departments based on f i n a n c i a l  records o f  1976 expend i tu res  rounded 
t o  neares t  hundred LE; cos ts  a l l ocab le  t o  more than one f u n c t i o n  a re  a l l o c a t e d  on a bas is  o f  t he  number o f  
employees. 

( b ) ~ n c l u d e s  General D i r e c t o r ' s  O f f i c e  

1ncl  udes Personnel , Budget and Finance, Legal  and Pub1 i c Serv ices Departments. 

1nc l  udes Design and P r o j e c t  Execution Departments. 



t h a t  d i d  n o t  r e t u r n  a l l  wa te r  t o  t h e  sewer due t o  e v a p o r a t i o n  o r  use i n  
p r o d u c t i o n .  Problems occu r red  i n  revenue c o l l e c t i o n  due t o  i n a c c u r a t e  
documentat ion by i n d u s t r i e s  o f  t h e  amount of metered wa te r  n o t  r e t u r n e d  
t o  t h e  sewers and i n a b i l i t y  t o  measure wastewater  d i s c h a r g e  r e s u l t i n g  
f r o m  t h e  use o f  ground wa te rs .  The i n d u s t r i a l  wastewater  s e r v i c e  charge 
was abandoned i n  1963 when t h e  government n a t i o n a l i z e d  i n d u s t r y .  

Sewer connec t ion  f e e s  a r e  r e c e i v e d  f r o m  two d i f f e r e n t  t ypes  o f  new customers.  
Those customers who s p e c i f i c a l l y  reques t  a  sewer connec t ion  must pay t h e  
es t ima ted  c o s t  o f  making t h e  connec t ion  i n  advance; t h e  fee i s  t h e n  a d j u s t e d  
i n  accordance w i t h  t h e  a c t u a l  c o s t  i n c u r r e d  by GOSSD-Alexandria. About 150 
such connec t ions  p e r  y e a r  have been made s i n c e  1973. The average c o s t  
has r i s e n  f r o m  LE 43 p e r  connec t ion  i n  1973 t o  LE 102 p e r  connec t ion  i n  1976. 
About t e n  pe rcen t  o f  t h e  annual amount c o l l e c t e d  was p a i d  by GOSSD-Alexandria 
as a  subs idy  f o r  new customers i n  l o w - r e n t  hous ing.  

The GOSSD c a p i t a l  improvement program f o r  sewer e x t e n s i o n s  i n c l u d e s  r o u t i n e  
c o n s t r u c t i o n  o f  a1 1  sewer connec t ions  f o r  newly-sewered s t r e e t s .  T h i s  
c r e a t e s  a  second c a t e g o r y  o f  new customers-- those who a r e  connected t o  t h e  
system w i t h o u t  r e q u e s t i n g  a  connec t ion .  These connec t ions  have averaged 
about  725 a  y e a r  d u r i n g  t h e  l a s t  two y e a r s .  The connec t ion  f e e  has averaged 
about  LE 150 p e r  customer.  About 50 pe rcen t  of these fees  have been 
c o l l e c t e d  i n  t h e  same y e a r  t h a t  t h e  connec t ion  fee was l e v i e d ,  however, 
t h e  unpa id  balance o f  these f e e s  as o f  t h e  end o f  1975 was LE 261 387. 
T h i s  t o t a l  ba lance was reduced, due t o  improved c o l l e c t i o n s ,  t o  LE 195 763 
by t h e  end o f  t h e  y e a r .  

E x i s t i n g  F i xed  Assets and D e p r e c i a t i o n  Expenses. 
Accounts o f  GOSSD-A1 exandr ia  do n o t  i n c l  ude r e c o r d s  o f  f i x e d  a s s e t s  and 
d e p r e c i a t i o n  expense. S ince t h i s  i n f o r m a t i o n  i s  e s s e n t i a l  i n  e v a l u a t i n g  
t h e  f i n a n c i a l  c o n d i t i o n  o f  t h e  o p e r a t i o n ,  s survey was conducted of e x i s t i n g  
asse ts  t o  e s t i m a t e  t h e i r  J u l y ,  1977 va lue .  P r i n c i p a l  components o f  t h e  
survey a r e  as f o l l o w s :  

1 .  Sewers were va lued a t  p resent -day c o n s t r u c t i o n  c o s t ,  l e s s  accumulated 
d e p r e c i a t i o n ,  based on a  u s e f u l  l i f e  o f  50 y e a r s .  O f  t h e  1500 km 
o f  e x i s t i n g  sewers, an e s t i m a t e d  18 p e r c e n t  have been i n  s e r v i c e  
f o r  a t  l e a s t  50 y e a r s  and an a d d i t i o n a l  20 p e r c e n t  w i l l  r each  t h e i r  
50 th  y e a r  i n  s e r v i c e  by t h e  y e a r  1990. Wh i le  many o f  these o l d e r  
sewers a r e  s u b j e c t  t o  c o l l a p s e  and w i l l  r e q u i r e  replacement,  many 
a r e  s t i l l  i n t a c t  and w i l l  be i n  s e r v i c e  w e l l  beyond an assumed 
50-year l i f e .  For  t h i s  a n a l y s i s ,  50 pe rcen t  o f  t h e  sewers ove r  
50 y e a r s  01 d  were g i ven  no value,  and t h e  remaining 50 pe rcen t  
o f  these sewers were assumed t o  have u s e f u l  l i v e s  c o n t i n u i n g  th rough  
1990. The i n v e n t o r y  o f  sewers va lued  a l s o  i n c l u d e d  750 km o f  
b u i l d i n g  connect ions ,  and 31 000 d r a i n  i n l e t s .  

2. S t r u c t u r e s  were va lued a t  p resent -day replacement c o s t  f o r  pump 
s t a t i o n  s t r u c t u r e s ,  l e s s  accumulated d e p r e c i a t i o n ,  based on a  
40-year u s e f u l  l i f e .  GOSSD-Alexandria p r o v i d e d  e s t i m a t e s  o f  
c u r r e n t  va lue o f  a d m i n i s t r a t i o n  and f i e l d  o f f i c e  b u i l d i n g s  and 
s t r u c t u r e s  a t  t h e  East  Treatment P l a n t ,  wh ich  were d e p r e c i a t e d  on 
t h e  same b a s i s .  

3. E  u i  ment was va lued a t  e s t i m a t e d  p resen t -day  replacement cos t ,  
h m u l a t e d  d e p r e c i a t i o n ,  based on a  use fu l  l i f e  o f  20 y e a r s .  
No va lue was g i v e n  t o  equipment i n  s e r v i c e  f o r  l o n g e r  than  20 y e a r s .  
I n c l u d e d  i n  t h i s  i n v e n t o r y  were mechanical  and e l e c t r i c a l  equ ip -  
ment f o r  pump s t a t i o n s  and t rea tmen t  f a c i  1  i t i e s ,  and o f f i c e  equ ip -  
ment f o r  a d m i n i s t r a t i v e  and f i e l d  o p e r a t i o n s .  



4 .  e h i c l e s  were valued a t  present-da r e  lacement cost ,  l e s s  accumu- 
b p r e c i a t l o n ,  based on a use fu l  P i f e  of 10 years.  More than 
40 percent  o f  t he  c u r r e n t  f l e e t  has been i n  se r v i ce  f o r  l onge r  than  
10 years;  these veh i c l es  were assumed t o  be i n  se r v i ce  u n t i  1 1980 
by which t ime an upgraded v e h i c l e  replacement program should be 
i n  e f f e c t .  

5. Land was valued a t  the c u r r e n t  c o s t  of l and  as es t imated  by 
m D - A 1  exandr ia  ; no dep rec i a t i on  i s appl  i e d  t o  and va l  ues . 

S 1 Est imated average land  values used were LE 1 O/m f o r  adminis-  
t r a t i v e  and f i e l d  o f f i c e  l o c a t i o n s ,  LE 116/m f o r  pumping s t a t i o n  
yards,  and LE 5/m2 f o r  the  East  Treatment P l a n t  s i t e .  

Resul ts  o f  t h i s  survey are shown i n  Table M-16. 

M.2 P r o j e c t  Segmenting 

As discussed i n  Chapter 9, segmenting o f  the  Wastewater Master P lan const ruc-  
t i o n  program may be a v i a b l e  f i nanc ing  approach if c a p i t a l  development funds 
a re  delayed o r  i n s u f f i c i e n t .  One segment o f  t he  Master P lan migh t  cons ider  
wastewater system extens ions and improvements i n  o n l y  the  p r e s e n t l y  developed 
areas o f  t h e  East and West/Central d i s t r i c t s  o f  A lexandr ia .  The t a b l e s  
which f o l l o w  present  a mod i f i ed  s e t  o f  f i n a n c i a l  statements f o r  GOSSD- 
Alexandr ia  assuming segmenting r e s u l t e d  i n  implementat ion o f  the  program 
i n  these p r i n c i p a l  d i s t r i c t s .  This' exe rc i se  p rov ides  guidance f o r  f u t u r e  
analyses o f  a l t e r n a t i v e  Master Plan segments should such an approach be 
taken. A summary o f  t he  t ab les  which f o l l o w  inc ludes :  

Tab1 e T i t l e  

M-17 Pro jec ted  Income Statement 
M-18 Pro jec ted  Cash Flow Statement 
M-19 P ro j ec ted  Balance Sheet 
M-20 Schedule o f  Cap i t a l  Assets 
M-21 Schedule o f  Deprec ia t ion  Expenses. 



TABLE M-16 

CURRENT VALUE OF GOSSD-ALEXANDRIA FIXED ASSETS AND DEPRECIATION EXPENSE 
(Lt thousand) 

Book Va 1  ue 
a t  C u r r e n t  
Rep1 cement 

~ s s e t s ( ~ ) ( ~ s e f u l  L i f e )  Cost  ?b 

Sewers(50 y e a r s )  

C o l l e c t i o n  and Transmiss ion 96,166 

Bu i  1  d i n g  Connect ions 12,675 

D r a i n  I n l e t s  4,030 

sub- t o t a l  1  1  2,871 

S t r u c t u r e s  (40 y e a r s )  

F i e l d  and Main 626 

Purnp S t a t i o n s  2,400 

Treatment Fac i  1  i t i e s  ( c )  2,000 

Sub- to ta l  5,026 

Equipment(20 y e a r s )  

O f f i c e  Equipment ( c )  

Sewer C lean ing  Equipment 2  5  

Pump S t a t i o n s  12,650 

Treatment ~ a c i  l i t i e ~ ( ~ )  2,000 

Sub- t o t a l  14,725 

V e h i c l e s ( l 0  y e a r s )  

TOTAL 139,772 

Accumu- 
1  a t e d  
Depre- 
c i a t i o n  

Net  Annual 
C u r r e n t  Depre- 
Va 1  ue o f  c i a t i o n  
Assets  Expense 

( a ) ~ a s e d  on survey o f  e x i s t i n g  asse ts  as o f  J u l y  1, 1977. 

( b ) ~ e p l a c e m e n t  c o s t  es t ima tes  based on c u r r e n t  day c o n s t r u c t i o n  o r  
replacement c o s t s  as developed by CDM. 

( C ) ~ u r r e n t  va lue  based on GOSSD-Alexandria es t ima tes .  



TABLE r4- 77 

MASTER PLAN FOR EAST, WEST AND CENTRAL SYSTEMS 
PROJECTED IIiCOME STATEMENT 

(LE thousand) 

REVENUES 

Serv ice - - - - - - 3 625 5 447 6 538 7 536 8 293 8 924 9 769 10 717 17 438 26 716 

Less P r o v i s i o n  f o r  
Uncol l e c t a b l  es (b )  - - - - - - 173 259 31 1 359 395 425 465 51 0 830 1 272 

TOTAL - - - - - - 3 4 5 2  5 1 8 8  6 227 7 177 7 898 8 499 9 304 10 207 16 608 25 444 

Z 
& Operat ing 3 0 0 8  3 8 6 6  4 6 0 7  3 0 5 9  4 7 1 5  5 679 6 573 7 249 7 789 8 525 9 348 15 211 23 304 

Income Before 
Deprec ia t i on  

Net Income (6  262) ( 7  225) ( 8  225) (3 524) (4  022) ( 5  100) (6  965) ( 7  309) (7 678) (10  301) (10 730) (18 089) (20 882) 

( a ) ~ e r v i c e  charge was designed t o  recover  annual operat ing costs, p lus  a reserve t o  p rov ide  working 
c a p i t a l  equal t o  one month of ope ra t i ng  cos ts  i n  the fo l l ow ing  year, p lus  a p r o v i s i o n  f o r  u n c o l l e c t a b l e  
revenues. Serv ice charge i s  assumed t o  be i n s t i t u t e d  i n  1981. 

( b ) ~ s t i m a t e d  t o  be 5 percent  of To ta l  Revenues. 

( ' I ~ s t i m a t e d  opera t i on  and maintenance cos ts  f o r  wastewater f a c i  1 i ti t e s  i n  the Eastarn, Western and 
C e ~ i t r a l  d i s t r i c t s  are based on operat ion and maintenance cos ts  f o r  the recommended p l a n  reduced 
i n  p r o p o r t i o n  t o  the  number of connections t o  be served i n  these d i s t r i c t s  on l y .  

( d ) ~ a s e d  on Table M-21, 5 c h e w l e  of Deprec ia t ion Expenses. 



TABLE M-13 

'!ASTER PLAN FOR EAST, dE5T \?I3 .':';TRXL 5YilEMS 
PROJECTED C \SH FLOV:' S T  :-!YE .IT 

(LE thous lnd - e s c ~ '  l t 2 J )  

net ~ n c m ( ' )  

Increase i n  Current  
L i a b i l  i t i e s ( c )  

Decrease i n  Cur ren t  .Assets 
(Exc lud ing C3sh) ( A )  

Cap i ta l  Con r bution; from 
t u s  tomerst  el 

Cap i ta l  Contr ibut ion;  from 
~overnmen t ( f )  

TOTAL 

USES OF FUNDS 

Investment i n  U t i  1  i t y  3 927 16 236 22 659 53 532 50 201 55 958 75 271 95 160 98 478 71 856 67 642 
P l a n t  (g )  

vl 
Decrease i n  Current  - - - - - - - - - - - - - - - - - - 5 669 -- 

~ i a b i l  i t i e s ( h )  

Increase i n  Curren Assets - - 9; 106 61 2 51 4 310 533 2 44 215 332 239 
(Exc lud ing Cash)ti ) 

TOTAL 3 927 16 321 22 765 53 114 50 715 56 268 

WET OF SOURCES LESS USES 

CASH AT BEGINNING OF 
PERIoD (J) 

CASH AT E?:D OF PERIOD ( k )  

!')laken f rom Income Statements f o r  East, West and Central Systens ( f ) l nc ludes  government funding requ i red  t o  suppl e m n t  customer 
c o n t r i b u t i o n s  t o  ensure a sound f i n a n c i a l  posture throughout 
the pe r iod  o f  s tudy and n a i n t a i n  a  s u f f i c i e n t  l e v e l  o f  working 
c a p i t a l  f o r  sound f i n a n c i a l  management. 

' b ' ~ a k e n  f rom Schedule o f  Deprec ia t ion Expenses f o r  Ea i  t, Cle;t i n d  C e n t r ~ l  Systems. 

(E)(d)~hanges as shown i n  P ro jec ted  Balance Sheets f o r  i a j  t, Ut;t and Centra l  Systems. 

( e ) ~ n c l  udes c o n t r i b u t i o n s  from sewer connection charges and kenof i t charges t o  
b e n e f i c i a r y  developers. One- th i rd  o f  each y e a r ' s  c m n e c t i m  charge b i l l  i ngs  
i s  assumed t o  be c o l l e c t e d  i n  the f o l l o w i n g  year; f i v e  percent o f  a l l  connec- 
t i o n  cnarges are assumed t o  be unco l l ec tab le .  

( ' ~ l ~ s t i m a t e d  c a p i t a l  expendi tures f o r  East, West and Centra l  Systems 
a r e  shown i n  Table 9-11. 

(h) ( i )~aken from Pro jec ted  Balance Sheets f o r  East, k s t  and Centra l  
Systems. 

( J ) ( k ) ~ a s e d  on cash requ i red  t o  f inance one month o f  ope ra t i ng  cos ts .  
Income Statement p lus  one month o f  the c a p i t a l  expenditures. 



TABLE M-19 

MASTER PLAN F3R EAST, WEST AND CENTRAL SYSTEMS 
PROJECTED BALANCE SHEET 

(LE t iousand - escs lated)  

ASSETS 

Fixed Assets 

U t i l i t y  P l a n t  i n  139 871 143 553 154 986 169 506 191 556 227 525 327 114 346 535 

Less Accumulated Deprec iat ion(b)  73 333 76 499 79 917 83 782 88 214 93 794 101 323 109 238 

Net F ixed Assets i n  Service 66 538 67 054 75 069 85 724 103 342 133 731 225 731 237 297 

York i n  ~ r o ~ r e s s ( ~ )  3 7 7 7  1 6 1 3 8  2 7 1 6 4  66124 9 4 2 1 2  114133  8 9 7 7 5  1 6 5 4 7 1  

TOTAL 70 315 83 192 102 233 151 848 197 554 247 364 315 566 402 768 

Current Assets 

Cash(d) 1 675 2 272 4 716 4 376 5 136 6 820 8 534 8 856 

Accounts Receivable-Service - - - - - - 302 154 345 628 691 
Charges (e)  

Less Uncol lectable Servi ce - - - - - - 173 259 31 1 359 395 
C h a r g e s ( f ) -  

Accounts Receivable - Cap i ta l  6 1 7 7 100 129 156 183 10 7 454 
Con t r i  bu t ions (g )  

Less Uncol l e c t a b l e  Cap i ta l  9 12 15 19 23 28 6 1 68 
Con t r ibu t ions  (h)  

Inven to r ies  ( i )  220 2 86 36 6 470 71 5 850 995 1 086 

TOTAL 

To ta l  Assets 

LIABILITIES 

Equi t y  

Capi ta l  C o n t r i b u t i = n s 1 j )  77 988 97 005 125 624 171 325 223 719 279 448 356 213 445 092 536 025 612 921 673 516 796 913 967 225 

Retained ~ a r n i n ~ s ( ~ o r r e i j "  ( 5  262) (13 487) (21 712) (25 236) (29 258) (34 35R) (41 323) (48 632) (56 310) (66 611) (77 341) 
-- - 

(163 798) (280 531) 
- 

TOTAL 71 726 83 518 103 912 149 089 194 461 245 090 314 890 396 460 479 715 546 310 596 175 633 115 686 694 

Current L i a b i l i t i e s  

Accounts Payable (1 ) 327 1 353 1 888 4 461 4 183 4 663 6 273 7 930 8 207 5 988 5 637 10 455 15 615 

Deposits (m) 227 968 1 630 3 967 5 653 6 8 4 8  5 3 8 7  9 9 2 8  1 4 5 4 3  1 1 0 9 3  1 3 6 2 2  1 249 1 869 
- 

TOTAL 554 2 3 2 1  3 5 1 8  8 4 2 8  9 8 3 6  1 1 5 1 1  1 1 6 6 0  1 7 8 5 8  2 2 7 5 0  1 7 0 8 1  19 259 11 704 17 484 

Tota l  L i a b i l i t i e s  72 280 85 839 107 430 157 517 204 297 256 601 326 550 414 318 502 465 563 391 615 434 633 115 686 694 



NOTES TO ACCOMPAIIY TABLE M-19 

RECOMMENDED MASTER PLAN PROJECTED BALANCE SHEET 

U t i l i t y  P l a n t  I n  Serv ice  i s  t he  sum o f  Deprec iab le  Values p l u s  Land 
appear ing on Table M-20 Schedule o f  Cap i t a l  Assets. 

Accumulated Deprec ia t ion  i s  taken from Table M-21 o f  Deprec ia t ion  
Expenses 

Work I n  Progress i s  taken from Table 14-20 Schedule of Cap i t a l  Assets. 

Cash balance on December 31 i s  taken from Table  M-18 Cash Flow 
Statement . Th is  end o f  yea r  balance i s  s u f f i c i e n t  t o  f i nance  one month 
o f  ope ra t i ng  cos ts  (Table  M-17 Pro jec ted  Income Statement ) p l us  one 
month o f  c a p i t a l  expendi tures.  

Accounts r ece i vab le  a r e  est imated t o  equal one month o f  s e r v i c e  charge 
b i l l i n g s  f o r  each yea r  as shown i n  Table M-17 Pro jec ted  Income Statement . 

J 

Taken from Table M-17 Pro jec ted  Income Statement. 

Accounts r ece i vab le  a re  est imated t o  equal one - t h i r d  o f  t he  sewer 
connect ion charges i n  each year .  

Est imated t o  be 5 percent  o f  connect ion charge b i l l  ings. 

I nven to r y  f o r  1978 based on end o f  yea r  balance from 1976 GOSSD-Alexandria 
f i n a n c i a l  records ; i n v e n t o r i e s  i n  succeeding years  assumed t o  inc rease  
w i t h  increased expendi tures f o r  m a t e r i a l s  and supp l i es  opera t ing  costs .  

Cap i t a l  Con t r i bu t i ons  a re  t he  cumulat ive sum of t h e  annual Cap i t a l  
Con t r i bu t i ons  o f  Customers and Government as shown on Table M-18 
Cash Flow Statement . The i n i t i a l  balance f o r  31 December 1978 was 
es tab l  ished as the  d i f f e r e n c e  between t o t a l  Equ i t y  and Retained losses 
i n  1978, Th is  approach was necessary because a  balance sheet d i s p l a y i n g  
Retained Earning and Cap i t a l  Con t r i bu t i ons  was n o t  ava i l ab l e .  

Retained Earnings (Losses) a re  the  cumulat ive earn ings o r  losses appear ing 
on Table M-17 Pro jec ted  Income Statement as Wet Operat ing Income. Under 
the  proposed revenue program Operat ing Income a f t e r  dep rec i a t i on  w i l l  
r e s u l t  i n  opera t ing  losses du r i ng  t h e  e n t i r e  pe r i od  1978-2000 which 
w i  11 r e q u i r e  an opera t ing  subs idy f rom government. 

Accounts payable a r e  equal t o  one month o f  c a p i t a l  costs .  

Deposi ts i nc l ude  con t rac to r  depos i t s  of 5 percent  and c o n t r a c t o r  
insurance o f  1  percent  based on the  amount o f  work i n  process f o r  each 
year.  



TABLE Y-20 

MASTER PLAN FOR EAST. WEST AND CENTRAL SYSTEM 
SCHEDULE OF CAPITAL ASSETS 

(LE thousand) 

ASSETS ADDED DURING 
THE YEAR 

Sewers 

Structures 

Equipment 

Vehic les 

Land 

TOTAL 

ASSETS RETIRED 

Vehicles 

7 DEPRECIABLE VALUES 
N 0) 

Sewers 

Structures 

Equipment 

Vehic les 

TOTAL 

WORK IN  PROGRESS 

Sewers 

S t ruc tu res  

Enui pment 

Land 

TOTAL 

LAND 

BOOK VALUE OF CAPITAL 

ASSETS 



TABLE Y-21 

MASTER PLAN FOR EAST. WEST AND CENTRAL SYSTEMS 
SCHEDULE OF DEPRECIATION EXPENSES 

(LE thousand) 

1978 1979 - 1980 - 1981 1982 - 1983 - 1984 - 1985 - 1987 1988 1986 - 1994 

ANNUAL DEPRECIATION 
EXPENSES 

Sewers 2% 2 257 2 324 2 544 2 833 3 178 3 332 5 253 5 641 6 071 A 239 8 748 14 079 

S t ruc tu res  2.5% 126 126 126 126 130 547 547 547 5 ~ 7  1 n70 1 070 1 561 

Equipment 5% 7 36 7 36 7 36 7 36 965 1 546 1 546 1 546 1 5A6 1 546 1 546 3 615 

Vehic les  10% 135 173 21 2 222 222 223 223 224 224 225 225 231 

TOTAL 3 254 3 359 3 618 3 917 4 495 5 649 7 569 7 958 9 3R8 11 080 11 589 19 436 

BOOK VALUE OF ASSETS 
RETIRED 

? Vehic les  
rU w 

ACCUMULATED DEPRECIATION 
(NET OF RETIREMENTS1 

Sewers 

S t ruc tu res  

Equipment 

Vehic les  

TOTAL 

NET CAPITAL ASSET 
VALUES 




