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CHAPTER 1 

INTRODUCTION 

1.1 P u r ~ o s e  and S c o ~ e  of Study 

This  s tudy was undertaken t o  develop a F a c i l i t i e s  Master P lan f o r  t he  

wastewater c o l l e c t i o n ,  t reatment ,  and d isposa l  system of A lexandr ia .  The 

s tudy addresses t he  absence of  sewerage i n  developed and develop ing areas, 

problems i n  ope ra t i on  and maintenance o f  t he  e x i s t i n g  system, p o l l u t i o n  o f  

major  su r face  waters, and poor p u b l i c  h e a l t h  c o n d i t i o n s  i n  many sec t ions  

of  the c i t y .  Using the  most r ecen t  p lann ing  techniques and t he  p r i n c i p l e s  

of environmental  engineer ing,  a program i s  proposed f o r  t he  p e r i o d  exten- 

d i ng  f rom the  p resen t  t o  t he  year  2000. The o r i g i n a l  scope o f  work i n c l u -  

ded the  f o l l o w i n g  major  elements: 

- a d e t a i l e d  assessment o f  e x i s t i n g  f a c i l i t i e s  and c o n d i t i o n s  i n  

t he  urban A lexandr ia  s tudy area. 

- de te rmina t ion  of f ac to r s  which a f f e c t  t he  design of e x i s t i n g  

system improvements and t h e  development o f  new f a c i l i t i e s .  

- de te rm ina t i on  of necessary oceanographic s tud ies  and conduct o f  

o t h e r  f i e l d  s tud ies .  
- s e l e c t i o n  o f  a p r e f e r r e d  p l a n  a f t e r  eva lua t i on  o f  each of t he  

f e a s i b l e  a l t e r n a t i v e  p lans and i n t e r i m  plans, t a k i n g  i n t o  account 

economic and f unc t i ona l  c o n s t r a i n t s .  

- s e l e c t i o n  o f  Top P r i o r i t y  P ro jec t s  f o r  immediate c o n s t r u c t i o n  and 

s e l e c t i o n  o f  a f eas ib l e  f i r s t  stage c o n s t r u c t i o n  program. 

- p repa ra t i on  o f  conceptual designs and c o s t  est imates f o r  the 

recommended works. 

- developemnt of a sound program f o r  the  implementat ion of the  

proposed p lan .  

The program was t o  be a compromise which would s a t i s f y  the  requirements 

f o r  improved wastewater d isposa l  and, a t  the  same time, avo id  unacceptable 

economic, f i n a n c i a l ,  socia1,and environmental  impact.  A major o b j e c t i v e  was 

the de te rmina t ion  o f  an e a r l y  c o n s t r u c t i o n  program, which would p rov ide  

maximum b e n e f i t  t o  the s tudy  area and s t i l l  be cons i s ten t  w i t h  t h e  long  

range p lann ing  goals .  



1.2 Studv Amendments 

Four amendments t o  the o r i g i n a l  c o n t r a c t  have been made. These amendments 

have prov ided:  

1  . Fundi ng o f  t h i  s  s tudy by the  Un i t ed  S ta tes  Agency f o r  I n t e r n a t i o n a l  

Development. 

2. Procurement and i n s t a l l a t i o n  o f  l a b o r a t o r y  equipment and supp l i es  

f o r  a  p r o j e c t  l a b o r a t o r y  t o  become the  p r o p e r t y  of GOSSD. 

3. Extens ion o f  t he  s tudy area t o  i n c l u d e  t h e  whole o f  t he  A lexandr ia  

Governorate; e x t e n t i o n  o f  the  s tudy  scope t o  i n c l u d e  economic and 

f i n a n c i a l  f e a s i b i l i t y  s t ud ies  f o r  t he  i n i t i a l  program; and ex tens ion  

of the  s tudy scope t o  i n c l u d e  d e t a i l e d  mar ine s tud ies .  

4. Extens ion of t he  s tudy scope t o  i n c l u d e  an environmental  impact 

statement accord ing t o  the requirements of USAID; and ex tens ion  o f  

t he  s tudy scope t o  i n c l u d e  a program-def in ing survey of the  d i sposa l  

problem of waste s o l i d s  and l i q u i d s  t h a t  w i l l  be excluded from sewers 

under a  new sewer use ordinance. 

The Master Plan Report  f o r  A lexandr ia  wastewater f a c i  li t i e s  i s  presented 

i n  four  separate volumes. 

Volume I - Summary 

Volume I 1  - Technica l  Report  

Volume I 1 1  - Appendices ( t o  t he  Technica l  Repor t )  

Volume I V  - Marine Stud ies 

Completion o f  t he  marine s tud ies ,  the  environmental  impact  statement,  and 

the excluded waste survey w i l l  occur  i n  mid 1978, a t  which t ime  separate 

spec ia l  r e p o r t  documents w i l l  be submit ted. 

1.3 TOD. P r i o r i  t v  Pro. iects 

The Top P r i o r i t y  P ro jec t s  (TPP) were de f ined  d u r i n g  the  Master Plan s tud ies  

as immediate works needed t o  c o r r e c t  problems i n  opera t ion ,  maintenance, and 

f a c i l i t y  inadequacy, t o  improve the  e x i s t i n g  system and t o  p rov ide  sewer 

s e r v i c e  i n  severa l  developed areas where t he re  a re  no sewers a t  present .  

The recommended TPP work was d i v i d e d  i n t o  f o u r  ca tegor ies :  

Category I - i n s t i t u t i o n a l  changes 

Category I 1  - r e p a i r s  and replacement i n  the e x i s t i n g  system 

Category I 1 1  - new se rv i ce  i n  s p e c i f i e d  unsewered areas 

Category I V  - new c o n s t r u c t i o n  needed t o  adapt the  e x i s t i n g  

system t o  the  Master Plan. 



The o b j e c t i v e  o f  t h e  Top P r i o r i t y  P r o j e c t s  was t o  enab le  necessary  sewerage 

work t o  b e g i n  b e f o r e  t h e  c o m p l e t i o n  o f  t h e  Master  P lan  Repor t .  Two TPP 

programs were developed:  t h e  f i r s t  was a  f u l l  program wh ich  i n c l u d e d  work 

i n  each o f  t h e  f o u r  c a t e g o r i e s  o v e r  t h e  p e r i o d  1977-1981. The e s t i m a t e d  

c o s t s  were beyond t h e  s h o r t - t e r m  f i n a n c i a l  c a p a b i l i t i e s  o f  t h e  M i n i s t r y  and 

t h e  commitments o f  USAID, so a  second reduced program was developed,  

t a i l o r e d  t o  a  f o r e i g n  exchange c o s t  e s t i m a t e  o f  (US) $15 m i l l i o n .  T h i s  

program w i l l  cornplete a l l  o f  t h e  work o u t 1  i n e d  i n  Ca tegory  I V ,  on t h e  

b a s i s  of i t e m  c o s t s .  Funds f o r  t h e  reduced TPP program have been commit ted 

and des ign,  c o n s t r u c t i o n ,  and i m p l e m e n t a t i o n  commenced i n  March, 1978. 

Those i t ems  o f  work d e f i n e d  o r i g i n a l l y  i n  TPP, b u t  n o t  i n c l u d e d  i n  t h e  

reduced program, have been i n c l u d e d  i n  t h e  F a c i  1  i ty  Mas te r  P l a n  recommen- 

d a t i o n s .  

1 .4  P rev ious  Repor t s  

I n  accord  w i t h  t h e  te rms o f  t h e  c o n t r a c t ,  r e p o r t s  on t h e  p r o g r e s s  of t h e  

s t u d y  have been submi t ted ,  as d e s c r i b e d  below: 

- S p e c i a l  Repor t  Number 1  (Oceanographic S t u d i e s ) ,  28 Februa ry  1977, 

p resen ted  a  recommended scope f o r  a  mar ine  su rvey .  An e x t e n s i v e  

oceanograph ic  s t u d y  has been ~ n d e r t a k e n ,  as a  r e s u l t  o f  t h e  r e p o r t .  

- S p e c i a l  Repor t  Number 2  ( E x i s t i n g  System I n v e n t o r y ) ,  26 A p r i l  1977, 

c o n t a i n e d  a  c o m p i l a t i o n  o f  i n f o r m a t i o n  on t h e  e x i s t i n g  system o f  

g r a v i t y  sewers, pump s t a t i o n s ,  f o r c e  mains, and t r e a t m e n t  p l a n t s .  

- S p e c i a l  Repor t  Number 3  (Background S t u d i e s  and Des ign C r i t e r i a ) ,  

1  May 1977, p resen ted  s t u d i e s  p e r t i n e n t  t o  t h e  Mas te r  P lan  work and 

t h e  development o f  c r i t e r i a  f o r  a l t e r n a t i v e  f a c i l i t y  p l a n s .  

- I n t e r i r ~ i  Repor t  (Top P r i o r i t y  I d e n t i f i c a t i o n ) ,  13 J u l y  1977, t e n t a -  

t i v e l y  d e f i n e d  and d e s c r i b e d  t h e  recommended immediate phase o f  work 

- S p e c i a l  R e p o r t  Number 4  (Top P r i o r i t y  P r o j e c t s ) ,  15 August  1977, 

d e f i n e d  works f o r  immediate imp lemen ta t i on ,  c o m p r i s i n g  r e p a i r ,  

r e c o n s t r u c t i o n ,  and r e h a b i l i t a t i o n  o f  p a r t s  o f  t h e  e x i s t i n g  system 

and p r o v i s i o n  o f  new sewers i n  a  deve loped a rea  where sewers do n o t  

e x i s t .  I n c l u d e d  were c o s t  e s t i m a t e s ,  f i n a n c i a l  f e a s i  b i  1  i ty  e v a l u -  

a t i o n ,  and management recomnendat ions.  
- Master  P lan  S t a t u s  Repor t  1, 16 J u l y  1977, d e s c r i b e d  t h e  p rog ress  

o f  Master  P lan  s t u d i e s  up t o  d a t e  o f  i s s u e  and de f ined  a l t e r n a t i v e  

p l a n s  be ing  cons ide red .  



- Master P lan  S t a t u s  Number 2, 8 November 1977, i n c l u d e d  p rev iew o f  

t h e  F a c i l i t i e s  Master P lan recommendations and c o n t a i n e d  d r a f t  

o f  s e v e r a l  t e c h n i c a l  r e p o r t  chapters ,  p r e l i m i n a r y  e v a l u a t i o n s  of  

a l t e r n a t i v e s ,  and a  d e s c r i p t i o n  o f  t h e  t e n t a t i v e l y  s e l e c t e d  p l a n .  

Gra te fu l  acknowledgement i s  expressed t o  t h e  f o l l o w i n g  agencies and e s p e c i a l l y  

t o  t h e  personnel  w i t h i n  t h o s e  agencies f o r  t h e i r  h e l p  and a s s i s t a n c e  i n  t h i s  

s t u d y  e f f o r t :  

A1 exandr ia  Governorate  

A1 exandr ia  U n i v e r s i t y ,  F a c u l t y  o f  Eng ineer ing  

A l e x a n d r i a  U n i v e r s i t y ,  F a c u l t y  o f  Science 

A l e x a n d r i a  U n i v e r s i t y ,  H igh I n s t i t u t e  of P u b l i c  H e a l t h  

A1 exandr ia  Water General A u t h o r i t y  

C 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  

Department o f  Housing, A1 exandr i  a  Governorate  

Food and A g r i c u l t u r a l  O r g a n i z a t i o n  

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  Dra inage 

I n t e r n a t i o n a l  Bank f o r  R e c o n s t r u c t i o n  and Development 

M i n i s t r y  o f  I r r i g a t i o n ,  Cai ro ,  A l e x a n d r i a  and Damanhour 

M i n i s t r y  o f  Housing and R e c o n s t r u c t i o n  

TAMS, Eng ineer ing  Consu l tan ts  t o  MOHR 

U n i t e d  S t a t e s  Agency f o r  I n t e r n a t i o n a l  Development 

World H e a l t h  O r g a n i z a t i o n  

1.6 General Notes - 

No standard E n g l i s h  s p e l l i n g  e x i s t s  f o r  many A r a b i c  p l a c e  names, as 

t r a n s l i t e r a t i o n  o f  A rab ic  sounds i n t o  E n g l i s h  v a r i e s  f r o m  one source t o  

ano ther .  A s tandard  s p e l l i n g  f o r  each p l 'ace name has been adopted t o  

rep resen t  approx imate A r a b i c  sounds i n  c u r r e n t  Engl i sh and, where p o s s i b l e ,  

t o  i n d i c a t e  common usage. 

The s tandard i n t e r n a t i o n a l  m e t r i c  system of we igh ts  and measures i s  used 

th roughou t  t h i s  r e p o r t .  An Egyp t ian  u n i t  o f  measurement, t h e  feddan 

(0.42 ha) i s  a l s o  used. The Egyp t ian  Pound i s  i n d i c a t e d  by t h e  abbrev ia -  

t i o n  LE, taken  a t  t h e  t o u r i s t  r a t e  o f  LE 0.70 = US $1 -00.  A l l  e l e v a t i o n s  

a r e  based on mean sea l e v e l  a t  A1 exandr i  a  (Western Harbor T ide  Gagge) . 



E l e v a t i o n s  below mean sea l e v e l  a r e  expressed as n e g a t i v e  v a l u e s .  

M e g a l i t r e s  p e r  day (ML/day) o f t e n  r e p l a c e s  t h e  more common t e r m  c u b i c  me t res  
3 p e r  day (m /day)  due t o  t h e  magni tude o f  wastewater  f low.  One mega l i  t r e  

6 3 equa ls  10 l i t r e s ,  so t h a t  1  ML i s  e q u i v a l e n t  t o  1000 m . M e g a l i t r e s  p e r  day 

can be c o n v e r t e d  t o  t h e  common US u n i t  o f  f l o w ,  MGD, b y  d i v i d i n g  b y  3.785. 

A  l i s t  o f  acronyms, m e t r i c  u n i t s ,  and a b b r e v i a t i o n s  used i n  t h i s  r e p o r t  

f o l  lows.  

Acronvms 

ATECO - Arab T e c h n i c a l  and Economical C o n s u l t i n g  O f f i c e  

AWGA - A l e x a n d r i a  Water General  A u t h o r i t y  

CAPMAS - General Agency f o r  P u b l i c  M o b i l i z a t i o n  o f  S t a t i s t i c s  

CDM - Camp Dresse r  & McKee i n t e r n a t i o n a l  I n c .  

GOSSD - 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  Dra inage  

MAIN - Char les  T. Main I n t e r n a t i o n a l  I n c .  

MOHR - M i n i s t r y  o f  Housing and R e c o n s t r u c t i o n  

USAID - U n i t e d  S t a t e s  Agency f o r  I n t e r n a t i o n a l  Development 

M e t r i c  U n i t s  

c e n t i m e t r e  

square  c e n t i m e t r e  

gram 

h e c t a r e  = 10 000 m 
2 

hour  

horsepower 

k i  1  ogram 

k i l o m e t r e  = 1000 m  

square  k i  l o m e t r e  = 100 ha 

k n o t  

k i l o w a t t  

k i l o w a t t - h o u r  (power)  

l i t r e  p e r  c a p i t a  p e r  day 

m i l l i m e t r e  

m e t r e  = 1000 m 



m 2 - square metre  

P  Pm 
tonne 

sec 

ADWF 

BOD5 

C I F  

COD 

DFEC 

D  0  

DWF 

dwt 

FOB 

HWL 

:[FEC 

LCC 

L  E 

MPN 

MS L  

No 

P" 
PDWF 

P  t 
SS 

TDS 

- cub i c  metre  = 1000 l i t r e s  

- cub i c  metre  per  second 

- m i l l i g r a m  pe r  l i t r e  

- micromho pe r  cen t ime t re  
6 - m e g a l i t r e  = 10 l i t r e s  = 1000 m 3 

- p a r t s  pe r  m i l l i o n  

- m e t r i c  t o n  = 1000 kg 

- second 

Abb rev ia t i ons  

average d r y  weather f l o w  

b iochemica l  oxygen demand (5-day) 

impo r t  p r i c e  (dock d e l i v e r y )  

chemical oxygen demand 

d i r e c t  f o r e i g n  exchange component (of c o s t )  

d i  sso l  ved oxygen 

d r y  weather f low 

d r y  weight  tonnage 

e x p o r t  p r i c e  

h i g h  water  1  eve1 

i n d i r e c t  f o r e i g n  exchange component (o f  c o s t )  

l o c a l  cu r rency  component (o f  c o s t )  

Egypt ian Pound 

most probabl  e  number ( co l  i f o rms)  

mean sea l e v e l  

number 

l o g a r i t h m  of  r e c i p r o c a l  of hydrogen i o n  concen t ra t i on  

peak d r y  weather f l o w  

Egypt ian P i a s t e r  = LE 3.01 

suspended so l  i d s  

t o t a l  d i s so l ved  s g l i d s  

degrees ce l  s i u s  

percent  

Un i ted  S ta tes  D o l l a r  = LE 0.70 ( a t  p a r a l l e l  o r  " t o u r i s t "  r a t e )  

nominal d iameter  ( o f  p i p e )  



CHAPTER 2  

CONCLUSIONS AND RECOMMENDATIONS 

2.1 General  

P r o v i s i o n  o f  improved, adequate, and e f f e c t i v e  sewerage f a c i l i t i e s  f o r  

A l e x a n d r i a  t o  meet t h e  needs o f  t h e  a rea  t h r o u g h  t h e  y e a r  2000 poses 

c h a l l e n g i n g  problems, b o t h  t e c h n i c a l  and f i n a n c i a l .  The t a s k  i s  of such 

magni tude as  t o  n e c e s s i t a t e  a  s taged c o n s t r u c t i o n  program f o r  t h e  many 

i n d i v i d u a l  p r o j e c t s  needed o v e r  t h e  n e x t  23 y e a r s .  T h i s  r e p o r t  p r e s e n t s  

r e s u l t s  o f  comprehensive s t u d y  o f  t h e  t e c h n i c a l  p rob lems and p r a c t i c a l  

s o l u t i o n s  i n  t h e  form o f  a  Recomnended Wastewater F a c i l i t i e s  M a s t e r  P lan .  

The p l a n  c o n s t i t u t e s  t h e  framework w i t h i n  wh ich  i n d i v i d u a l  p r o j e c t s  may be 

funded, scheduled,  and c o n s t r u c t e d  w i t h  c o n f i d e n c e  i n  t h e  t e c h n i c a l  

i n t e g r i t y ,  l o g i c ,  and e f f e c t i v e n e s s  o f  each toward  a t t a i n m e n t  o f  t h e  

u l t i m a t e  p r o d u c t :  adequate sewerage f a c i l i t i e s  i n  A l e x a n d r i a .  

The recommended p l a n ,  i f  f u l l y  implemented, w i l l  p r o v i d e  t h e  necessa ry  

c o l  1  e c t i o n ,  t r e a t m e n t  and d i  sposa l  f a c i  1  i t i e s  r e q u i r e d  t o  a d e q u a t e l y  hand le  

s a n i t a r y  wastewaters  o f  t h e  a r e a  t h r o u g h  a t t a i n m e n t  o f  t h e  f o l l o w i n g  

s p e c i f i c  o b j e c t i v e s :  

1. E l i m i n a t i o n  o f  s u r f a c e  d r a i n a g e  o f  u n t r e a t e d  s a n i t a r y  and 

- i n d u s t r i a l  wastewater  by  p r o v i d i n g  necessa ry  sewers, c o l  l e c t o r s ,  

pump s t a t i o n s ,  and appur tenances f o r  underground c o l l e c t i o n  and 

conveyance o f  t h e  wastewaters  t o  t r e a t m e n t  f a c i l i t i e s  and p o i n t s  

o f  d i s p o s a l .  

2. E l i m i n a t i o n  o f  o v e r f l o w ,  o r  o t h e r  d i s c h a r g e  o f  u n t r e a t e d  s a n i t a r y  

wastewater  o r  combined r u n o f f  up t o  a t  l e a s t  t h r e e  t i m e s  average 

d r y  weather f l o w  t o  t h e  beaches o r  nea r -sho re  w a t e r s  o f  t h e  

Med i te r ranean  Sea, Abu K i r  Bay, and t h e  h a r b o r s  o f  A l e x a n d r i a .  

3. Treatment  o f  c o l l e c t e d  s a n i t a r y  and i n d u s t r i a l  wastewaters  t o  a  

degree wh ich  w i l l  assu re  p r o p e r  o p e r a t i o n  o f  d i s p o s a l  f a c i l i t i e s  

and /o r  w i l l  a l l o w  d i s c h a r g e  t o  r e c e i v i n g  wa te rs  o r  l a n d  mass o f  

t h e  a rea  w i t h o u t  s t r e s s i n g  n a t u r a l  p u r i f i c a t i o n  processes,  

r e s u l t i n g  t h e r e b y  i n  r i iaintenance o f  an  a c c e p t a b l e  s teady  s t a t e  

c o n d i t i o n  i n  t h e  env i ronment .  



4. E l i m i n a t i o n  o f  troublesome f l o o d i n g  d u r i n g  wet weather of c e r t a i n  

key areas o f  t he  c i t y  t h a t  a re  impor tan t  t o  commerce and 

t r a n s p o r t a t i o n .  

5. Accomplishment o f  t he  above o b j e c t i v e s  w i t h  maximum use o f  e x i s t i n g  

f a c i l i t i e s  and processes o f  n a t u r e  and w i t h  minimum adverse impact  

on t h e  s o c i a l ,  n a t u r a l ,  and f i n a n c i a l  resources o f  Egypt. 

2.2 E x i s t i n s  Cond i t ions  

3 
The d ischarge  of an es t imated  volume o f  570 000 m /day of p redominan t l y  

raw sewage ( l e s s  than 15 percen t  o f  a l l  wastewater f l o w s  r e c e i v e  any form 

o f  t r ea tmen t )  t o  Lake Maryut and a long  t h e  s h o r e l i n e  o f  t h e  c i t y ' s  

Medi ter ranean beaches c rea tes  se r i ous  h e a l t h  problems, causes ex tens i ve  

p o l l u t i o n  o f  t h e  r e c e i v i n g  waters,  and r e s u l t s  i n  cons ide rab le  nuisance 

and nox ious odors th roughou t  A lexandr ia .  

The e x i s t i n g  sewer system, se r v i ng  t h e  c e n t r a l  area o f  A lexandr ia  f rom 

Maamoura i n  t h e  eas t  t o  Gabbary i n  t h e  west, covers  an area o f  approx imate ly  

4300 ha. The system comprises approx imate ly  1500 km o f  s t r e e t  sewers, 

150 km o f  i n t e r c e p t o r s ,  30 km o f  f o r c e  mains, and pump s t a t i o n s  o f  v a r y i n g  

c a p a c i t i e s .  A lso  i nc l uded  a r e t h e  East Sewage Treatment P l a n t  ( l i m i t e d  

secondary l e v e l )  w i t h  a  c a p a c i t y  o f  65 ML/day and t h e  West Sewage Treatment 

P lan t ,  now under c o n s t r u c t i o n ,  a t  a  p r o j e c t e d  c a p a c i t y  ( p r ima ry  l e v e l  o n l y )  

o f  85 ML/day. 

The system i s  d i v i d e d  i n t o  t h r e e  zones: Cen t ra l ,  East,  and West. Sewage 
f rom the  Cent ra l  Zone i s  e i t h e r  pumped t o  t h e  sea th rough  a  p o o r l y  f u n c t i o n i n g  

o u t f a l l  a t  K a i t  Bey o r  over f lows d i r e c t l y  i n t o  t h e  Eastern and Western Harbors. 

East Zone f lows a re  conveyed by sewer o r  open d r a i n  t o  e i t h e r  t h e  East P lan t ,  

l o ca ted  near t he  Hydrodrome f o r  p a r t i a l  secondary t rea tment ,  o r  d ischarged as 

raw sewage t o  t h e  Smouha Dra in .  Wastewaters f rom t h e  eas te rn  a rea ,a f t e r  pass- 

i n g  through severa l  k i l ome t res  o f  open d ra i ns ,  e n t e r  Lake Maryut and a r e  sub- 

sequen t l y  d ischarged t o  t h e  Western Harbor, w i t h  t h e  excep t i on  t h a t  wet weather 

over f lows  occur a t  s h o r e l i n e  d ischarged p o i n t s  a long t h e  Medi ter ranean f rom 

S i l s i l a  t o  Montazah. I n  t h e  West Zone, raw sewage from areas n o r t h  o f  t h e  

main r i d g e  f lows d i r e c t l y  i n t o  t h e  Western Harbor, w h i l e  t o  t h e  south, t h e  

sewage d r a i n s  t o  t h e  main lagoon of Lake Maryut  v i a  sewers and open channels.  



The e x i s t i n g  c o l l e c t i o n  system i s  o f t e n  over loaded d u r i n g  t imes  o f  wet weather 

as i t  i s  e s s e n t i a l l y  a  combined ( s a n i t a r y  sewage and stormwater r u n o f f )  

system. Ex tens ive  p o r t i o n s  o f  t h e  sewerage system a r e  opera ted  i n  surcharged 

c o n d i t i o n  much o f  t h e  t i n ie  even d u r i n g  d r y  weather.  Over f lows e x i s t  a t  many 

l o c a t i o n s ,  d i s c h a r g i n g  e i t h e r  t o  t h e  sea o r  t o  nearby sur face d r a i n s .  

The s t r e n g t h  o f  A l e x a n d r i a  sewage i s  u n ~ ~ s u a l l y  h i g h  i n  comparison t o  t h e  normal 

range found i n  many urban wastewaters, as shown below: 

Wastewater S t reng th ,  mg/L 
C o n s t i t u e n t  Normal Range A1 e x a n d r i a  

Suspended s o l i d s ,  SS 180 - 240 300 - 1100 

O i l  and Grease 80 - 120 150 - 1400 

Biochemical  oxygen demand,BODg 175 - 250 340 - 1100 

Chemical oxygen demand,COD 450 - 600 740 - 3280 

The e x i s t i n g  system i s  p lagued by many o p e r a t i o n a l  problems, many o f  which 

c o u l d  be a l l e v i a t e d  by enforcement o f  t h e  e x i s t i n g  sewer use law.  Large 

q u a n t i t i e s  o f  such m a t e r i a l s  as garbage, t r a s h ,  mazout r e s i d u e  and o t h e r  

o i l s ,  t o x i c  i n d u s t r i a l  wastes, cow manure and septage f r o m  h o l d i n g  tanks,  

a r e  i l l e g a l l y  dumped i n t o  t h e  system which r e s u l t s  i n  r e d u c t i o n  i n  f l o w  

c a p a c i t y ,  and u l t i m a t e  blockage o f  t h e  sewers, as we l l  as d i f f i c u l t  b i o l o g i -  

c a l  t r e a t m e n t  c o n d i t i o n s ,  f i r e  hazard, and inc reased  p o l l u t i o n  loads  on t h e  

r e c e i v i n g  waters .  

The e x i s t i n g  c o l l e c t i o n  and conveyance system i s  f u n c t i o n a l  from a  h y d r a u l i c  

s t a n d p o i n t  and can be e f f e c t i v e l y  u t i l i z e d  as an i n t e g r a l  p a r t  o f  any f u t u r e  

wastewater master p l a n  program, i f :  

1  . d e f i c i e n c i e s  of  s t r u c t u r e  and c a p a c i t y  a r e  co r rec ted ,  

2. s e r i o u s  abuse o f  t h e  system i s  m i t i g a t e d  th rough  enforcement o f  a  

s t r o n g  sewer use law, and 

3. i t  i s  operated i n  t h e  manner f o r  which t h e  system was designed. 

Water q u a l i t y  a long t h e  Medi ter ranean shore a t  A lexandr ia ,  e s p e c i a l l y  a t  t h e  

Western Harbor, eas te rn  beaches, and Abu K i r  Bay i s  poor due t o  t h e  d i s c h a r g e  

o f  raw sewage, i n d u s t r i a l  wastes, and sur face d ra inage  o f  t h e  area. I n l a n d  

waters,  p r i m a r i l y  those  of t h e  Lake Maryut main lagoon, t h e  lower  reach  o f  t h e  

Mahmoudia Canal, t h e  f u l l  l e n g t h  of t h e  Montazah Cana1,and Kalaa and Abu K i r  

D r a i n s  a r e  a l s o  p o l l u t e d  by wastewater d i scharges  f r o m  domest ic and i n d u s t r i a l  

a c t i v i t i e s .  



The c u r r e n t  s t a t e  o f  p u b l i c  h e a l t h  i n  A l e x a n d r i a  i s  f ound  t o  be v e r y  poor,  

due, i n  p a r t ,  t o  l a c k  of f a c i l i t i e s  f o r  m a i n t a i n i n g  adequate s a n i t a t i o n .  

An expanded program f o r  e f f e c t i v e  c o l l e c t i o n  and d i s p o s a l  o f  t h e  c i t y ' s  

wastewaters  must  be  implemented soon, as a  b a s i c  s t e p  toward  -improvement 

i n  t h e  s t a t u s  o f  p u b l i c  h e a l t h .  

2.3 P l a n n i n q  P ro . i ec t i ons  

P o p u l a t i o n  o f  A l e x a n d r i a  i s  i n c r e a s i n g  a t  an  annua l  r a t e  o f  a p p r o x i m a t e l y  

2.8 p e r c e n t  due t o  n a t u r a l  g r o w t h  r a t e  and i n - m i g r a t i o n .  I t  i s  expected 

t h a t  by  t h e  t u r n  o f  t h e  c e n t u r y  abou t  5.3 m i l l i o n  peop le  w i l l  r e s i d e  w i t h i n  

t h e  Governora te  boundar ies .  T h i s  i n c l u d e s  600 000 temporary  r e s i d e n t s  d u r i n g  

t h e  summer h o l i d a y  season as w e l l  as  4.7 m i l l i o n  permanent i n h a b i t a n t s .  

By y e a r  2000, t o t a l  p o p u l a t i o n  w i t h i n  t h e  a r e a  i s  expected t o  be d i s t r i b u t e d  

as f o l l o w s :  

Area 

C e n t r a l  

E a s t e r n  

P o p u l a t i o n  
P resen t  Year 2000 

1  400 000 (56%) 1  800 000 (34%) 

Western 350 000 (14%) 1  200 000 (23%) 

TOTAL P o p u l a t i o n  2  500 000(100%) 5  300 000(100%) 

P r o j e c t i o n s  o f  average d a i  l y  wastewater  f l o w ,  wh ich  w i  11 r e q u i r e  adequate 

c o l l e c t i o n  and d i s p o s a l  a r e  as f o l l o w s :  
3  Flow, m  /day  

P resen t  Year 2000 

Domest ic  & Commercial 280 000 (49%)  720 000 (49%) 

I n d u s t r i a l  wastes 230 000 (40%) 650 000 (45%)  

I n s t i t u t i o n a l  & Other  60 000 (11%)  90 000 ( 6%)  

TOTAL Flow 570 000(100%) 1  460 000(100%) 

C o n s t i t u e n t  c o n c e n t r a t i o n  o f  f u t u r e  domest ic  and i n d u s t r i a l  wastewater  i s  

expected t o  remain  a t  much t h e  same l e v e l  as  i s  p r e s e n t  t o d a y  w i t h  o n l y  

s l i g h t  i n c r e a s e  i n  t h e  s t r e r l g t h  o f  i n d u s t r i a l  wastes as a  r e s u l t  o f  i n -  

p l a n t  w a t e r  c o n s e r v a t i o n  p r a c t i c e s  and new m a n u f a c t u r i n g  p r o c e s s e s . I n d i c a t i o n  

o f  expected average waste l o a d  i n c r e a s e  i s  g i v e n  by  f i v e - d a y  b iochemica l  

oxygen demand as f o l ' o w s :  



I n d u s t r i a l  wastes 

BOD5 Load, kg/day 
Present Year 2000 

145 000 (48%) 455 000 (55%) 

Domestic & a l l  o t h e r  wastes 155 000 (52%) 365 000 (45%) 

TOTAL Load 300 000 (1 00% ) 820 000 (1 00%) 

2.4 Engineer ing Cons idera t ions  - 

Alexandr ia  s o i l s  p rov i de  few c o n s t r a i n t s  i n  c o n s i d e r a t i o n  o f  normal methods 

o f  t r ench  excava t ion  and f ounda t i on  design. Standard dewater ing procedures 

w i l l  be necessary. I n  areas south o f  t h e  main r i d g e l i n e ,  where ve r y  s o f t  

t o  s o f t  c l a y s  a r e  found t o  some depth, p i l e  founda t ions  a re  expected t o  be 

r e q u i r e d  f o r  suppor t  o f  proposed pump s t a t i o n s  and t rea tment  p l a n t  s t r u c t u r e s .  

I n  these areas, spec ia l  cons ide ra t i on  f o r  p i pe  bedding and suppor t  w i l l  a l s o  

be r e q u i r r d .  

Groundwater, weather, t r a f f i c  and a v a i l a b i l i t y  o f  c o n t r a c t o r s  and l a b o r  

a r e  n o t  expected t o r e p r e s e n t  any unusual o r  d i f f i c u l t  c o n s t r a i n t s  on s tandard 

c o n s t r u c t i o n  p r a c t i c e s  f o r  land-based p i p e l i n e  and s t r u c t u r a l  work. 

Congested l and  uses and d i f f i c u l t  access i n  many develop ing p o r t i o n s  o f  t h e  

c i t y  must be taken i n t o  account when de te rmin ing  c o n s t r u c t i o n  procedures.  

The p resen t  l i m i t e d  a v a i l a b i l i t y  of some bas ic  m a t e r i a l s  ( s t e e l s ,  cement, and 

p i p e )  i s  expected t o  be a l l e v i a t e d  by t h e  t ime  o f  program implementat ion and 

should n o t  r ep resen t  a  severe r e s t r i c t i o n  on cons t ruc t i on .  

Wi th  adequate superv is ion ,  much of t h e  c o n s t r u c t i o n  work necessary f o r  t h e  

proposed p r o j e c t s  can be done by major  l o c a l  c o n t r a c t o r s ,  a l though  some 

s p e c i a l i z e d  i n s t a l  1 a t i o n s ,  such as submarine o u t f a l l  s, t rea tment  process 

u n i t s  and pumps w i l l  r e q u i r e  f o r e i g n  procurement and superv is ion ,  i n t e r n a t i o n a l  

c o n s t r u c t i o n  con t rac to r s ,  and ass is tance  i n  s t a r t - u p .  

I n  o r d e r  t o  assure h i g h  standards o f  work i n  accordance w i t h  good c o n s t r u c t i o n  

p r a c t i c e s ,  al*lowances f o r  competent i nspec t i on ,  e f f e c t i v e  superv is ion ,  tender  

eva lua t i on ,  and o t h e r  q u a l i t y  c o n t r o l  measures have been i nc l uded  i n  de te rmin -  

i n g  p r o j e c t  cos t .  Such i n c l u s i o n s  a r e  necessary i n  o rde r  t o  c o r r e c t  problems 

i nhe ren t  i n  present  1  oca l  p r a c t i c e s .  



A l l  wastewater f a c i l i t y  o u t l i n e  designs a r e  based on e s t a b l i s h e d  f u n c t i o n a l  

eng ineer ing  des ign c r i t e r i a  developed i n  c o u n t r i e s  where wastewater c o l l e c t i o n  

and t rea tment  have been p r a c t i c e d  f o r  many years .  The f a c i l i t i e s  proposed 

f o r  A lexandr ia  w i l l  be modern, e f f e c t i v e  and r e l i a b l e  and a r e  se l ec ted  t o  

m in im ize  o p e r a t i o n  and maintenance problems and cos ts ,  t o  r e q u i r e  l e s s  h i g h l y  

t r a i n e d  opera to rs ,  and t o  m in im ize  t h e  requi rements  f o r  f o r e i g n  exchange. 

Costs expressed f o r  a l l  f u t u r e  wastewater p r o j e c t s  a r e  based on mid-1977 

p r i c e  c o n d i t i o n s  i n  Egypt, w i t h o u t  t a k i n g  i n t o  account e s c a l a t i o n .  To ta l  

p r o j e c t  cos t s  i n c l u d e  a  30 pe rcen t  i nc rease  f o r  eng ineer ing  and con t ingenc ies  

as w e l l  as t h e  c o s t s  o f  l and  a c q u i s i t i o n .  Unescalated annual o p e r a t i o n  and 

maintenance cos t s  a r e  es t imated  f o r  va r i ous  stages th roughou t  t h e  p l ann ing  

p e r i o d  . 

2 .5  Concept f o r  Treatment and Disposal  

The Recommended Wastewater F a c i l i t i e s  Master P lan  has been prepared t o  p rov i de  

t h e  guidance necessary f o r  o r d e r l y  and economic development o f  an expanded 

sewerage system i n  A lexandr ia .  I t  i s  based on e l i m i n a t i n g  d ra inage  o f  

un t rea ted  sewage t o  l o c a l  wa te r  bodies,  reduc ing  t o  a  low l e v e l  t he  magnitude 

and f requency o f  ove r f l ow  from t h e  sewage c o l l e c t i o n  system, and adequate ly  

t r e a t i n g  and d i spos ing  o f  c o l l e c t e d  was te~ra te rs  so t h a t  they  do n o t  have 

adverse impact on t h e  peogle o r  env i rons  o f  A lexandr ia .  

There a re  t h r e e  b a s i c  d isposa l  o p t i o n s  a v a i l a b l e  f o r  t h e  f u t u r e  c o n t r o l  o f  

A l e x a n d r i a ' s  wastewaters:  d i scharge  t o  a  r e c e i v i n g  body o f  water ,  l and  a p p l i -  

ca t i on ,  and evapora t ion  f rom ho ld i ng  ponds. Each approach d i c t a t e s  an a l t e r -  

n a t i v e  l e v e l  o f  wastewater t rea tment  i n  o rde r  t o  a t t a i n  a  comparable, des i r ed  

l e v e l  of q u a l i t y  i n  t he  environment.  

A t  l e a s t  a  secondary l e v e l  o f  t rea tment  i s  necessary f o r  d i scharge  t o  i n l a n d  

f r e s h  waters  (Lake Maryut )  o r  f o r  subsequent reuse o f  e f f l u e n t  by c rop  i rr i -  

g a t i o n  on nearby a g r i c u l t u r a l  lands.  A  p r e l i m i n a r y  l e v e l  o f  t rea tment  

(screening: and removal o f  so l  i d s / g r i  t and f l o a t i n g  m a t e r i a l s )  i s  necessary 

f o r  submarine d ischarge  w e l l  o f f  t he  shores o f  t h e  Mediterranean, whereas 

p r imary  t rea tment  ( w i t h  adequate d i s i n f e c t i o n )  i s  r e q u i r e d  f o r  s h o r t  o u t f a l l s  

near t h e  coas t .  Apar t  f rom removal by screening o f  gross m a t e r i a l s  t h a t  

m igh t  i m p a i r  ope ra t i on  o f  pumps and f o r c e  mains, t rea tment  i s  n o t  necessary 

f o r  conveyance o f  raw sewage t o  remote evapora t ion  ponds. 



There a re  two bas i c  means by which t o x i c  i n d u s t r i a l  wastewaters can be handled 

e f f e c t i v e l y :  1 )  exc lus ion  f rom the  mun ic ipa l  sewerage system by c o n s t r u c t i o n  

o f  a  separate i n d u s t r i a l  c o l l e c t i o n  /d isposa l  system; 2 )  acceptance i n  t h e  

mun ic ipa l  sewers a f t e r  s p e c i f i c  t o x i c a n t  m a t e r i a l s  have been n e u t r a l i z e d  o r  

removed by i n - p l a n t  t reatment  systems prov ided  a t  each i n d u s t r y  genera t ing  

t o x i c  wastewaters. 

2.6 Eva lua t i on  o f  A l t e r n a t i v e s  

Three l e v e l s  o f  system c o n s o l i d a t i o n  ( e n t i r e l y  separate,  p a r t i a l l y  combined, 

and complete ly  conso l ida ted)  o f  sewerage zones were eva lua ted  on a  r e g i o n a l  

o r  " g l o b a l "  bas i s  by comparing economic and f u n c t i o n a l  aspects o f  each. 

L ikewise two modes of wastewater c o l l e c t i o n  were compared i n v o l v i n g  i n teg ra ted  

versus separate systems f o r  t o x i c  i n d u s t r i a l  wastes and domest ic seNage. 

Fu tu re  comparisons were made i n  terms o f  cos t s  and f u n c t i o n a l  f a c t o r s  among 

th ree  d isposa l  schemes: a )  sea discharge, b )  reuse by c rop  i r r i g a t i o n ,  

and c )  dese r t  evaporat ion.  

Cost comparisons i n d i c a t e d  t h a t  a  p a r t i a l  l e v e l  o f  c o n s o l i d a t i o n  i n v o l v i n g  

an i n t e g r a t e d  c o l  l e c t i o n  system f o r  t he  p r e s e n t l y  developed areas o f  t h e  

c i t y  and separate wastewater c o l l  e c t i o n  and d isposa l  f a c i  1  i t i e s  i n  t h e  o u t e r  

develop ing areas i s  the  most economical choice. 

Economic comparison o f  a l t e r n a t i v e  d isposa l  schemes, as shown by t he  f o l l o w i n g  

comparat ive costs ,  i n d i c a t e s  t h a t  a  master p l an  program o r i e n t e d  toward sea 

d ischarge f o r  a  major p o r t i o n  o f  t he  c i t y ' s  wastewater i s  t he  p r e f e r a b l e  

a l t e r n a t i v e  by a s i g n i f i c a n t  margin. 

Comparative Costs, LE m i l l i o n  
Scheme A  Scheme B Scheme C 

Sea Crop Deser t  
D i  scharge Reuse Evap. 

To ta l  Cap i t a l  31 0  380 41 0  

Annual 0  & M 4  7 6 

R e l a t i v e  Present 
Worth Cost 1 . 00 

The d iscounted (p resen t  wor th )  va lue  i s  t h e  sum o f  annual ope ra t i on  and 

maintenance (0 & M )  cos ts  p l us  t o t a l  c a p i t a l  c o s t  f o r  conveyance, t reatment  and 

d isposa l ,  exc lud ing  connect ions and s t r e e t  sewers, through a  staged program t o  

t he  year  2000 a t  a  d i scoun t  r a t e  o f  10 percent .  



C o n s i d e r a t i o n  o f  b o t h  t h e  g l o b a l  a l t e r n a t i v e s  and more d e t a i l e d  "hardware" 

a l t e r n a t i v e s  w i t h i n  each sewerage zone, t a k i n g  i n t o  accoun t  b o t h  c o s t s  and 

i m p o r t a n t  f u n c t i o n a l  f a c t o r s  (sys tem effectiveness,reliability, f l e x i b i l i t y ,  

ease o f  imp lemen ta t i on ,  and env i ronmen ta l  i m p a c t )  l e a d s  t o  s e l e c t i o n  of a  

p r e f e r r e d  g e n e r a l  p l a n  c o n s i s t i n g  o f  t h e  f o l l o w i n g  p r i n c i p a l  e lements  

by  zone: 

East  - a  p r e l i m i n a r y  t r e a t m e n t  f a c i l i t y  and l o n g  submarine o u t f a l l .  

West /Cent ra l  - two p r e l i m i n a r y  t r e a t m e n t  f a c i l i t i e s  and a  s i n g l e  l o n g  sub- 

m a r i n e  o u t f a l l .  

Abu K i r  - s e p a r a t i o n  o f  systems; Pen insu la  f l o w s  ( d o m e s t i c )  t o  t h e  

Eas t  system, t h e  Bay ( i n d u s t r i a l )  f l o w s  conveyed t o  a  remote  

e v a p o r a t i o n  pond a t  Lake Idku .  

lVouz ha - use o f  e x i s t i n g  Eas t  Sewage Treatment  P l a n t .  

Mex/Dekhe-ila - waste s t a b i l i z a t i o n  ponds w i t h  d i s c h a r g e  t o  t h e  West 

Noubar ia  Main D r z i n  

Ameri a  - waste s t a b i l i z a t i o n  ponds w i t h  d i s c h a r g e  t o  t h e  West 

Noubar ia  Wain D r a i n .  

2.7 Recommended Wastewater P l a n  

The recommended wastewater  p l a n  i s  composed of s i x  independent  c o l l e c t i o n  

t r e a t m e n t - d i s p o s a l  systems, as  f o l l o w s :  

1. Eas te rn  - A l l  f l o w s  f r o m  t h e  I n n e r  and Ou te r  Eas t  Zones and Abu K i r  

Pen insu la  conveyed t o  a  r e g i o n a l  p r e l i m i n a r y  t r e a t m e n t  f a c i l i t y  

560 ML/day c a p a c i t y )  l o c a t e d  i n  Ras E l  Soda f o r  subsequent m a r i n e  

d i s p o s a l  t h r o u g h  a  2200 mm d i a m e t e r  submarine o u t f a l l  d i s c h a r g i n g  

10 km o f f  t h e  sea c o a s t  a t  S i d i  B i s h r .  

2. Abu K i r  - Predominan t l y  i n d u s t r i a l  wastewaters  conveyed t o  a  

4000 ha f u l l y  c o n t a i n e d  e v a p o r a t i o n  pond a t  Lake I d k u  f o r  comple te  

r e t e n t i o n  a v o i d i n g  d i s c h a r g e  t o  any r e c e i v i n g  wa te r .  

3. Nouzha - A l l  wastewaters  conveyed t o  t h e  e x i s t i n g  Eas t  Sewage 

Treatment  P l a n t  (mod i f i ed  t o  adequate secondary l e v e l  o f  b i o l o g i c a l  

t r e a t m e n t  a t  45 ML/day c a p a c i t y )  f o r  subsequent d i s c h a r g e  t o  t h e  

Kalaa D r a i n  l e a d i n g  t o  Lake Maryu t .  

4. West /Cent ra l  - A l l  wastewater  t r e a t e d  a t  p r e l i m i n a r y  l e v e l s  w i t h i n  

each zone , 175 ML/day c a p a c i t y  a t  new K a i t  Bey ( C e n t r a l  Zone f l o w s )  

P l a n t  and 220 ML/day c a p a c i t y  a t  expanded West P l a n t ,  f o r  combined 

d i s p o s a l  t o  t h e  sea t h r o u g h  a  1700 rrni d i a m e t e r  submarine o u t f a l l  

d i s c h a r g i n g  10 km o f f  K a i t  Bey P o i n t .  



5. Mex/Dekheila - A1 1  Outer  West Zone f lows conveyed t o  a  370 ha waste 

s t a b i l i z a t i o n  pond (anaerob ic /ae rob ic  lagoons)  a t  West Lake Maryut  

f o r  30-day d e t e n t i o n  p r i o r  t o  d i scharge  t o  an open channel f o r  

conveyance 6 km t o  t h e  West Noubar ia Main D r a i n .  

6 .  Ameria - A l l  wastewater f l ows  conveyed t o  a  315 ha waste s t a b i l i -  

z a t i o n  pond (anaerob ic /ae rob ic  lagoons)  e a s t  o f  t h e  c i t y  f o r  30-day 

d e t e n t i o n  p r i o r  t o  e f f l u e n t  d i s c h a r g e  i n t o  t h e  nearby West Noubar ia  

Main Dra in .  

The recommended p l a n  i n c l u d e s  p r o v i s i o n  o f  92 800 new d w e l l i n g  connec t ions  

and 1040 km o f  a d d i t i o n a l  l a t e r a l  sewers ( r a n g i n g  i n  s i z e  between 200 mm and 

800 mm d iameter  p i p e ) ,  as we1 1  as p r i n c i p a l  wastewater conveyance , t rea tment ,  

and d i s p o s a l  f a c i l i t i e s .  A  d o u b l i n g  o f  p resen t  s t a f f  i s  es t ima ted  t o  be 

r e q u i r e d  i n  o r d e r  t o  opera te  and m a i n t a i n  t h e  expanded system by 1990. 

The scope o f  t h e  recommended p l a n  w i l l  r e q u i r e ,  a t  minimum, s t a g i n g  o f  ma jo r  

c o n s t r u c t i o n  p r o j e c t s  over  t h e  p l a n n i n g  p e r i o d  as f o l l o w s :  

Top P r i o r i t y  P r o j e c t s  - Immediate r e h a b i l i t a t i o n ,  r e p a i r ,  and improve- 

(1 978-1 981 ) ment works i n  e x i s t i n g  system. 

Stage I C o n s t r u c t i o n  - Emphasis on expansion of c o l l e c t i o n  system 

(1 979-1 983) i n  t h e  Outer  East  Zone a long  w i t h  new t rea tment  

and o u t f a l l  f a c i l i t i e s  t o  se rve  t h e  e n t i r e  e a s t e r n  

area; a l s o  some a d d i t i o n a l  c o l l e c t i o n  i n  t h e  

West Zone and i n i t i a t i o n  of t h e  Nouzha c o l l e c t i o n  

sys tem . 
Stage I 1  C o n s t r u c t i o n  - C o n s t r u c t i o n  of t h e  West/Central  t rea tment  and 

( 1984-1 988) d i s p o s a l  system, as we1 1  as " o u t e r  a r e a U p r o j e c t s  

i n  Mex/Dekheila, Ameria and Abu K i r .  

Stages I11  and I V  - Expansion o f  t h e  e n t i r e  c o l l e c t i o n  system t o  meet 

(1 989-2000) a d d i t i o n a l  s e r v i c e  demands f r o m  domest ic and 

i n d u s t r i a l  development as i t  occurs .  

Costs assoc ia ted  w i t h  t h e  recommended p lan,  as rep resen ted  i n  Table  2-1 

i n c l u d e  a  t o t a l  c a p i t a l  investment  f o r  f a c i l i t i e s  o f  LE 447 m i l l i o n  ( a t  1977 

p r i c e s )  over  t h e  n e x t  25 y e a r  p e r i o d  and an annual c o s t  f o r  o p e r a t i o n  

and maintenance of t h e  system i n c r e a s i n g  f rom LE 1 .8  m i l l i o n  i n  t h e  e a r l y  

1980 's  t o  LE 2.7 m i l l i o n  by y e a r  2000. 

It i s  es t ima ted  t h a t  d i r e c t  and i n d i r e c t  b e n e f i t s  from t h e  recommended master  

p l a n  t h a t  can be q u a n t i f i e d  ( p r i m a r i l y  those r e l a t e d  t o  inc reased  l a n d  va lues  



and inc reased  r e c r e a t i o n a l  a c t i v i t y  r e s u l t  i n  a  b e n e f i t - t o - c o s t  r a t i o  of 

1.15 a t  a  d i scoun t  r a t e  o f  10 percent .  

The sca le  o f  investment  f o r  t h e  e n t i r e  p l an  may n o t  y e t  be w i t h i n  t h e  n a t i o n a l  

l e v e l  o f  expend i t u res fo r  f i x e d  c a p i t a l  investment.  The i n i t i a l  stages o f  

c o n s t r u c t i o n  (1979-1933) a r e  f i n a n c i a l l y  f e a s i b l e  i f  i n t e r n a t i o n a l  loans can 

be secured f o r  t h e  f o r e i g n  exchange components of c a p i t a l  cost .  O v e r a l l  

economic and f i n a n c i a l  f e a s i b i l i t y  of t h e  recommended p l an  r e s t s  on cons ider -  

a t i ons  and p r i o r i t i e s  o f  t h e  n a t i o n a l  government which should  be reso l ved  

i n  t h e  near  f u t u re .  

2.8 P lan Implementat ion 

Implementat ion o f  t he  f a c i l i t i e s  p l a n  w i l l  r e q u i r e  s t r eng then ing  of 

o r g a n i z a t i o n  and management systems o f  GOSSD-Alexandria. I nc reas ing  

o rgan i za t i ona l  r e s p o n s i b i l i t i e s  should be met by e s t a b l i s h i n g  a  P r o j e c t  

Mon i t o r i ng  U n i t ,  an I n t e r n a l  A u d i t  U n i t ,  and a  p o s i t i o n  o f  Deputy General 

D i r e c t o r .  U t i l i z i n g  e x i s t i n g  o r g a n i z a t i o n a l  s t r u c t u r e ,  departmental  

r e s p o n s i b i l i t i e s  should be expanded t o  i n c l u d e  t r a i n i n g  and s t a f f  develop- 

ment; sewer use r e g u l a t i o n  enforcement; c e n t r a l  r eco rds  and management 

i n f o r m a t i o n  systems; c o l l e c t i o n  se r v i ces  f o r  mazout res idue ,  manures, 

septage, and spec ia l  i n d u s t r i a l  wastes; o p e r a t i o n  and maintenance o f  new 

sewage t r ea tmen t  f a c i l i t i e s ;  and an i n d u s t r i a l  waste m o n i t o r i n g  program. 

F inanc ing o f  t he  master p l an  program should u t i l i z e  a  number o f  sources. 

Local  funds can be generated t o  recover  ope ra t i ng  c o s t s  of t h e  expanded 

system as w e l l  as c o s t s  f o r  p r o p e r t y  connect ions.  Developers should pay 

a  p o r t i o n  of t h e  c o l l e c t i o n  system c o s t s  i n  areas under t h e i r  development. 

The f o r e i g n  exchange component of c a p i t a l  investment  c o s t s  should be f i nanced  

th rough  f o r e i g n  i n v e s t o r s  w h i l e  t he  l o c a l  cu r rency  share o f  c a p i t a l  c o s t s  

must be der i ved  f rom n a t i o n a l  funds. A l though l o c a l  f und ing  l e v e l s  i n  t h e  

pas t  have been w e l l  below those e f f o r t s  needed i n  t h e  f u t u r e ,  placement o f  

a  h i ghe r  n a t i o n a l  p r i o r i t y  on c a p i t a l  investment i n  p u b l i c  u t i l i t i e s ,  and 

wastewater systems i n  p a r t i c u l a r ,  would improve t he  l e v e l  o f  f und ing  a v a i l -  

ab le .  Delays o r  shortages i n  f o r e i g n  o r  domestic c a p i t a l  development funds 

can, t o  an ex ten t ,  be o f f s e t  by segmenting t h e  recommended master p l a n  i n t o  

independent staged wastewater system components f o r  va r i ous  geographica l  

areas of A lexandr ia .  



TABLE 2.1 

COST OF RECOMMENDED PLAN 

Sys tem 

~ a s t  ( a )  

West/Central  

Nouz ha 

Mex-Dekheila ( b )  

Abu K i  r Bay Ind .  

Ameri a 

TOTAL Master  P lan  

C a p i t a l ,  LE m i l l i o n  
Stage I Stage I 1  Stage I I I & I V  

(1 979-1 983) (1  984-1 988) (1  989-2000) 

Top P r i o r i t y  36.5 - 

To ta l  
( 1978-2000) 

Component o f  Cost (percent  

D i r e c t  Fore ign  Exchange (48 (26)  ( 0 )  

I n d i r e c t  Fore ign  Exchange (9 )  (25 (30)  

Local  Currency (43) (49) (70)  

(100) (100) ( 100) 

Annual Operat ions & Maintenance, LE m i l l i o n  
By: 1983 1988 - 1994 2000 

A c t i v i t y  

Personnel ( P a y r o l l  ) 1.39 1.75 1.98 2.11 

Energy ( d l  0.20 0.24 0.28 0.29 

M a t e r i a l  s/Suppl i e s  0.21 0.26 0.30 0.31 

TOTAL 1.80 2.25 2.56 2.71 

( a ) ~ n n e r  and Outer  East Zones p l u s  Abu K i r  Peninsu la .  

( b ) ~ u t e r  West Zone. 

(')TPP cos t s  occur  between 1978 and 1981, LE 9.4 m i l l i o n  i s  f o r  new 
c o n s t r u c t i o n  p r o j e c t s  (Category I 1 1  i t ems )  i n  t h e  Ras e l  Soda area 
and of t he  East Zone, t h e  remain ing cos t s  a r e  f o r  r e p a i r  and genera l  
improvements (Category I & I1  i t ems )  o f  t h e  e x i s t i n g  sewerage system. 

( d ) ~ u e l  and e l e c t r i c a l  power f o r  veh i c l es ,  equipment and f a c i  1 i t y  ope ra t i on .  



CHAPTER 3  

EXISTING CONDITIONS 

3.1 H i s t o r i c a l  P e r s p e c t i v e  - 

H i s t o r y  o f  t h e  Area 

A l e x a n d r i a ,  founded by  A lexander  t h e  G r e a t  i n  332 BC, i s  one o f  t h e  o l d e s t  

c i t i e s  i n  t h e  wes te rn  w o r l d .  I t  was t h e  c a p i t a l  under  t h e  P to lema ic  pharaohs 

who r u l e d  t h e  c o u n t r y  f rom 304 BC u n t i l  Egypt  became a  p a r t  o f  t h e  Roman 

Empire i n  30 BC. N e a r l y  seven c e n t u r i e s  o f  Roman and B y z a n t i n e  government 

f o l l o w e d ,  b e f o r e  P e r s i a  conquered Egypt  i n  616 AD. The P e r s i a n  t r i u m p h  

l a s t e d  o n l y  a  s h o r t  t i m e  and t h e  end o f  t h e  B y z a n t i n e  e r a  o c c u r r e d  i n  642, 

when t h e  remains o f  t h e  B y z a n t i n e  f l e e t  were d r i v e n  f r o m  t h e  h a r b o r  a t  

A l e x a n d r i a  by  i n v a d i n g  Arab armies.  P o l i t i c a l  a b s o r p t i o n  o f  t h e  c o u n t r y  

by  t h e  Arabs proceeded r a p i d l y .  Arab r u l e ,  c h a r a c t e r i z e d  by  c o n s t a n t  power 

s t r u g g l e s  and l a c k  o f  economic p l a n n i n g ,  c o n t i n u e d  u n t i l  1260, when power 

s h i f t e d  t o  t h e  Mamlukes, t h e n  t o  t h e  Ottoman Turks ,  and back t o  t h e  Mamlukes. 

From 1260 t o  1798 t h e  c o u n t r y  was r u l e d  b o t h  haphazard ly  and h a r s h l y  by  

Mamluke s u l t a n s ,  w i t h  few l a s t i n g  b e n e f i t s  t o  Egypt.  

Napoleon 's  i n v a s i o n  i n  1799 marked t h e  b e g i n n i n g  o f  t h e  s t r o n g  French i n f l u e n c e  

on c u l t u r e  i n  modern Egypt.  F o l l o w i n g  d e f e a t  o f  t h e  French a  s h o r t  t i m e  l a t e r ,  

Nohamed A l i  was appo in ted  Pasha by  t h e  Tu'rks, and became, i n  t ime ,  a b s o l u t e  

r u l e r .  He ensured t h e  c o n t i n u i n g  development o f  A l e x a n d r i a  by  o r d e r i n g  

c o n s t r u c t i o n  o f  t h e  Mahmoudia Canal. The cana l  p r o v i d e d  a  w a t e r  supp ly  which 

was necessary t o  s u p p o r t  a  growing p o p u l a t i o n .  A f t e r  t h e  Pasha's dea th  i n  

1849, l e s s  capable  successors,  th rough  pe rsona l  ex t ravagance and mismanagement, 

l e d  Egypt  t o  bankrupcy i n  1876. The B r i t i s h  took  c o n t r o l  o f  f i s c a l  a f f a i r s  

and, a f t e r  suppress ing  a  n a t i o n a l i s t  movement i n  A l e x a n d r i a  i n  1882, occup ied 

t h e  c o u n t r y  f o r  f o u r  decades. Cons ide rab le  a d m i n i s t r a t i v e  re fo rm,  economic 

expansion,  and improvement t o  p u b l i c  s e r v i c e s  occur red  d u r i n g  t h i s  t ime .  

A l e x a n d r i a ' s  i n i t i a l  w a t e r  and sewerage systems d a t e  f rom t h i s  p e r i o d .  

The t i m e  from World War I u n t i l  1952 was c h a r a c t e r i z e d  by  p o l i t i c a l  u n r e s t  

and r i s i n g  n a t i o n a l i s m .  A f t e r  t h e  inteinal i n s t a b i l i t y  and economic d i f f i -  

c u l t i e s  which f o l l o w e d  K ing  Farouk ' s  l o n g  r e i g n ,  a  group of  m i l i t a r y  o f f i c e r s  



headed by  Gamal Abdel f iasser took  c o n t r o l  o f  t h e  coun t ry .  The economic and 

s o c i a l  re forms o f  t h e  new government b rough t  o rde r  t o  Egypt. Never the less,  

u n r e s t  i n  t h e  M idd le  East has r e q u i r e d  Egypt t o  commit funds f o r  i t s  n a t i o n a l  

s e c u r i t y  which m igh t  have been used f o r  economic development, such as expan- 

s i o n  of i n d u s t r i e s ,  t h e  b u i l d i n g  o f  c i t i e s ,  and p r o v i s i o n  o f  p u b l i c  u t i l i t i e s .  

L i m i t e d  funds f o r  improvements have caused se r i ous  l a g g i n g  i n  impo r tan t  areas, 

one of which i s  c o n s t r u c t i o n  o f  sewerage and d ra inage  f a c i l i t i e s .  

Urbani  z a t i o n  

O ld  A lexandr ia  developed ma in l y  around t h e  n a t u r a l  harbors  on e i t h e r  s i d e  o f  

t h e  Ras e l  T i  n-Anfushi  Peninsu la  (F i gu re  3-1 ) . R e s i d e n t i a l  and commercial 

use o f  t h i s  area has reached f u l l  development and expansion has occur red  t o  

t h e  eas t ,  a long  h i g h  ground. I n  t h e  eas te rn  expansion area, t h e  l and  

a v a i l a b l e  f o r  development i s  be ing  occupied r a p i d l y .  A  l a r g e  area 

between t h e  Montazah Palace grounds and Abu K i r  P o i n t  i s  now used f o r  parks,  

reserves,  and m i l i t a r y  purposes; i t  i s  n o t  l i k e l y  t o  be developed o therw ise .  

I n d u s t r i a l  development has taken p l ace  a long  t h e  Western Harbor west o f  t h e  

dock area i n  Mex, a long  t h e  r a i l r o a d  and Mahmoudia Canal sou th  o f  t h e  

c e n t r a l  c i t y  and, more r e c e n t l y ,  a long  Abu K i r  Bay between Abu K i r  and 

I-laadeya. Low income hous ing and commercial devel  opnient , i n  dense 

c o n f i g u r a t i o n s ,  have a l s o  occurred i n  i n d u s t r i a l '  areas. 

Popu la t i on  d e n s i t i e s  range fro111 400 persons per  hec ta re  i n  h i g h e r  income 

areas t o  1350 persons/t ia i n  low income areas. The p resen t  maximum o f  1350 

persons/ha f o r  low income areas i s  cons idered t o  be near  s a t u r a t i o n ,  

a l though  severa l  smal l  areas w i t h i n  t h e  c i t y  c o n t a i n  d e n s i t i e s  i n  excess o f  

1700 persons/ha. Values shown i n  Table  3-1 i n d i c a t e  t h a t  c u r r e n t  i nc rease  

i n  A lexandr ia  p o p u l a t i o n  i s  n e a r l y  60 thousand persons annua l l y .  A lexandr ia  

i s  a  r a p i d l y  growing, commercial, i n d u s t r i a l ,  and r e c r e a t i o n a l  seapor t  

t h a t  l i n k s  t h e  M idd le  Eas t  w i t h  Europe. 

Sewerage System Development 

U n t i l  l a t e  i n  t h e  n i ne teen th  cen tu r y  a l l  wastewaters i n  A lexandr ia  were 

d ischarged t o  l o c a l  dra inage d i t c h e s .  A sewerage system r e p o r t  was prepared 

i n  1893 a d v i s i n g  c o n s t r u c t i o n  o f  two sea o u t f a l l s  and an Eastern Harbor c o l l e c -  

t o r  sewer. The l a t t e r  was then  b u i l t .  I n  1902 a  r e p o r t  prepared by t h e  A lex-  

and r i a  Water Company proposed c o n s t r u c t i o n  o f  a  separate  wastewater c o l  1  e c t i  on 



TABLE 3-1 

Census 
Year 

1882 

1897 

1907 

1917 

1927 

1937 

1947 

1960 

1966 

1976 

ALEXANDRIA POPULATION .-.--- DATA 

Number 
(a )  

Average 
o f  People Annual Inc rease  

Percen t  
Annual Inc rease  

(a )~e r rnanen t  popu la t i on  on ly .  



system w i t h o u t  sea d ischarge .  Severa l  o t h e r  r e p o r t s  were then  prepared 

c r i t i c i z i n g  such p roposa ls  and a d v i s i n g  p u r s u i t  o f  t h e  p r e v i o u s  sea d i s -  

posal  approach. 

I n  1908, M r .  L l o y d  Davis,  member o f  t h e  c i v i l  e n g i n e e r i n g  commit tee and 

c h i e f  eng ineer  o f  t h e  A l e x a n d r i a  M u n i c i p a l i t y ,  prepared t h e  f i r s t  d e t a i l e d  

r e p o r t  on t h e  problem o f  sewerage. The s e r v i c e  a rea  a t  t h a t  t i m e  extended 

f rom S p o r t i n g  on t h e  e a s t  t o  Gabbary and Mex on t h e  west ( r e f e r  t o  F i g u r e  

3-3) and f rom t h e  Mahmoudia Canal on t h e  sou th  t o  t h e  sea on t h e  n o r t h ,  

an area o f  1257 hec ta res .  The p o p u l a t i o n  o f  t h e  c i t y  was e s t i m a t e d  t o  be 

360 900. The r e p o r t  recommended use o f  a  combined system f o r  wastewater 

and runo f f ,  except  i n  t h e  zone a d j a c e n t  t o  t h e  Mahmoudia Canal .  I n  t h i s  

zone, a  separa te  system was proposed f o r  w a s t e w ~ i t e r  d i scharge  by pumping t o  

a  K a i t  Bey o u t f a l l ,  w h i l e  r u n o f f  would be d r a i n e d  i n t o  Lake Maryut .  An SO0 

metre  sea o u t f a l l  was proposed a t  K a i t  Bey t o  d i scharge  wastewater f rom t h e  

n o r t h e r n  p o r t i o n  o f  t h e  c i t y  i n t o  t h e  open sea, w i t h  o v e r f l o w  i n  excess o f  

t h r e e  t imes  average d r y  weather f l o w  (ADWF) t o  be d ischarged  t o  t h e  sea 

d i r e c t l y  th rough  w e i r  o u t f a l l s  a t  S i l s i l a  and K a i t  Bey. C o n s t r u c t i o n  o f  

main c o l l e c t o r s  was adv ised  f o r  Wardian and Mex. These two c o l l e c t o r s  were 

t o  end a t  t h e  K a i t  Bey Pump S t a t i o n .  I f  t h e  beaches c o n t i n u e d  t o  be p o l l u -  

t e d  a f t e r  c o n s t r u c t i o n  o f  t h e  o u t f a l l ,  t h e  r e p o r t  p r o v i d e d  f o r  t h e  c o n s t r u c -  

t i o n  of " p u r i f i c a t i o n  tanks" ,  t o  t r e a t  t h e  d r y  weather f l o w ,  b e f o r e  d i s -  

charge t o  t h e  sea. 

Implen ienta t ion o f  t h e  "Davis P lan"  was c a r r i e d  o u t  over  a  l o n g  p e r i o d  w i t h  

i n t e r r u p t i o n s  due t o  t h e  F i r s t  World War and a  l o n g  p e r i o d  o f  t u r m o i l  i n  

Egypt.  Whi le  i t s  recommendations were g e n e r a l l y  f o l l o w e d ,  t h e  m u n i c i p a l i t y  

a l s o  c o n s t r u c t e d  a  combined system o f  sewers i n  t h e  sou thern  p o r t i o n  o f  

t h e  c i t y ,  so t h a t  d u r i n g  wet weather pe r iods ,  raw sewage mixed w i t h  r a i n  

wa te r  was d ischarged t o  Lake Maryut .  K a i t  Bey sea o 3 t f a l l  was s u b j e c t  t o  

cons ide rab le  c o n t r o v e r s y  and was n o t  c o n s t r u c t e d  u n t i l  1954. 

I n  1935 M r .  T a y l o r ,  C o n s u l t i n g  Engineer ,  was cormiss ioned t o  p repare  a  r e -  

p o r t  on t h e  A l e x a n d r i a  sewerage system. M r .  T a y l o r ' s  r e p o r t ,  submi t ted  i n  

193G, was s i m i l a r  t o  t h e  Dav is  r e p o r t ,  excep t  t h a t  i t  d i d  n o t  r e j e c t  t h e  

idea o f  a  combined sewer s y s t e ~ i ,  even f o r  t h e  sou thern  p a r t  o f  t h e  c i t y .  

The w r k  proposed by :Ir. T a y l o r  was n o t  accompl i s h e d  before t h e  Second 

L ior ld  War. I n  t!:e i n t e r i m  p e r i o d  c o n s t r u c t i o n  c o s t s  had inc reased  substan- 



t i a l l y ,  so t h a t  b y  1945 t h e  A l e x a n d r i a  Committee r e j e c t e d  t h e  i d e a  o f  

b u i l d i n g  a  sea o u t f a l l  and pump s t a t i o n .  Ano the r  con imi t tee  was a p p o i n t e d  

t o  s t u d y  t h e  m a t t e r .  Recon;mendations o f  t h i s  cornmi t t e e  i n c l u d e d  d i s c h a r g e  

o f  t r e a t e d  e f f l u e n t  i n t o  t h e  sea t h r o u g h  a  K a i t  Bey o u t f a l l .  Wastewaters 

f r o m  t h e  e a s t e r n  and w e s t e r n  areas o f  t h e  c i t y  wou ld  a l s o  r e c e i v e  t r e a t m e n t  

b e f o r e  d i s c h a r g e  t o  l o c a l  d r a i n s .  

Recommendations were agreed upon b y  t h e  Corr~mittee and - in January ,  1947, t h e  

m u n i c i p a l i t y  i n v i t e d  b i d s  f o r  t h e  o r i g i n a l  p r o j e c t ,  c o n s i s t i n g  o f  t h e  con- 

s t r u c t i o n  o f  t h e  sea o u t f a l l ,  t h e  new main c o l l e c t o r ,  anu t h e  new Kai  t Bey 

pump s t a t i o n .  I n  March, 1347, a n o t h e r  t e c h n i c a l  commi t tee  was formed t o  

s t u d y  t h e  A l e x a n d r i a  on-go ing sewerage p r o j e c t  and comn~e!lt. T h i s  c o ~ i m i t t e e  

rev iewed t h e  proposed c o n s t r u c t i o n  p r o j e c t s ,  a l l  p r e v i o u s  r e p o r t s ,  med ica l  

and t e c h n i c a l  n o t e s ,  and d i scussed  m a t t e r s  w i t h  t h o s e  eng ineers  who proposed 

d i f f e r e n t  p l a n s .  I t  a l s o  s t u d i e d  a l l  c o m p l a i n t s ,  t h e  i n e f f i c i e n c y  o f  t h e  

pump s t a t i o n s ,  t h e  problems o f  c a p a c i t y  i n  c o l l e c t o r s ,  t h e  p o l l u t i o n  o f  

Lake Maryu t  and t h e  sea, and t h e  a reas  n o t  se rved  b y  sewers. 

The commi t t e e  recommended t h a t  maximum use be made o f  topography by d i v i d i n g  

t h e  c i t y  i n t o  t h r e e  zones. The e a s t e r n  zone i n c l u d e d  t h e  area e a s t  o f  S i d i  

Gaber, between t h e  sea and t h e  Mahmoudia Cana l .  C o l l e c t o r s  i n  t h i s  zone were 

t o  convey wastewaters  t o  a  p o i n t  s c u t h e a s t  o f  t h e  c i t y ,  where comple te  t r e a t -  

ment would be p r o v i d e d  b e f o r e  d i s c h a r g e  t o  Lake f , laryut  t h r o u q h  d r a i n a g e  

c a n a l s .  The c e n t r a l  zone ex tended west  and n o r t h  o f  t h e  Mahnioudia Canal 

t o  S i d i  Gaber on t h e  e a s t .  C o l l e c t o r s  wou ld  convey wastewaters  t o  a  K a i t  

Bey pump s t a t i o n ,  where t r e a t m e n t  " a c c o r d i n g  t o  need" wou ld  be p rov ided ,  

be fo re  d i s c h a r g e  t o  t h e  sea. Sludge would be conveyed t o  t h e  s o u t h e r n  s i d e  

o f  t h e  c i t y ,  where i t  would be t r e a t e d  and d i sposed .  The t h i r d  o r  wes te rn  

zone ex tended a l o n g  t h e  ilahmoudia Canal s o u t h  and west  t o  t h e  c i t y  l i m i t s .  

T h i s  zone would be se rved  b y  a  comple te  t r e a t m e n t  p l a n t  and d i s c h a r g e  would  

be t o  t h e  d ra inage  cana l  f o r  f i n a l  d i s p o s a l  t o  t h e  sea t h r o u y h  t h e  ?,lex Pump 

S t a t i o n .  

I n  v iew o f  t h e  agreement b y  p r e v i o u s  commit tees i n  1945 and 1947 on d i s -  

posa l  o f  wastewater  f r o m  t h e  c e n t r a l  zone o f  A l e x a n d r i a  by  sea o u t f a l l  a t  

Kai t Bey, and t r e a t m e n t  o f  wastewaters  from e a s t e r n  and wes te rn  zones, t h e  

A l e x a n d r i a  M u n i c i p a l i t y  o rde red ,  i n  1948, c o n s t r u c t i o n  o f  t h e  f o l l o w i n g  

f a c i l i t i e s :  



1. A sea o u t f a l l  a t  K a i t  Bey (735 m o f  1.25 m d iameter  p i p e  t o  

d ischarge 16 m below t h e  water  su r face) .  

2. A  new shore1 i n e  c o l l e c t o r  f rom Kai t Bey t o  A v i r o f  S t r e e t  

(1.55 m d iamete r ) .  

3. A  K a i t  Bey pump s t a t i o n  c o n t a i n i n g  s i x  pumps each hav ing c a p a c i t y  
3  o f  50 m /minute.  

I n  1954, t h e  A lexandr ia  M u n i c i p a l i t y  engaged M r .  Abbas Helmy, c o n s u l t i n g  

engineer,  t o  make t h e  necessary s t u d i e s  and designs f o r  p r o v i s i o n  of sewerage 

s e r v i c e  t o  t h e  h i g h  p r i o r i t y  areas i n  t h e  eas te rn  and western zones. F o l -  

l ow ing  p repa ra t i on  o f  desigrls and s p e c i f i c a t i o n s ,  t h e  Mun i c i pa l  i t y  asked two 

West German expe r t s  t o  rev iew and r e p o r t  on t he  work. A f t e r  t h i s  rev iew,  

the  Y u n i c i p a l i t y  then  i n v i t e d  i n t e r n a t i o n a l  c o n t r a c t o r s  t o  submi t  tenders  

f o r  t h e  whole o r  p a r t s  o f  t he  p r o j e c t .  Con t rac ts  were awarded and con- 

s t r u c t i o n  was s t a r t e d  i n  1961, t o  be completed by 1965. Economic p rob le~ns  

have forced t he  ex tens ion  o f  t h e  c o n s t r u c t i o n  and i t  appears t h a t  comp le t ion  

o f  the  work i s  s t i l l  severa l  years  away (as  o f  1978). 

Add i t i ons  and ex tens ions  t o  t h e  A lexandr ia  sewerage system d u r i n g  t he  p a s t  

two decades have g e n e r a l l y  f o l l o w e d  t he  recomn~endations o f  Eng. Abbas Helmy 

and e a r l i e r  committees. The eas te rn  zone system has been extended t o  i n -  

c lude  !lontazah Palace, Maamoura, and t h e  H o s p i t a l s  area.  Changes i n  t he  

c e n t r a l  zone have been l a r g e l y  t o  inc rease  t h e  c a p a c i t y  o f  the  e x i s t i n g  

system. C o l l e c t o r s  and sewers have been cons t ruc ted  i n  t h e  western zone 

i n  a n t i c i p a t i o n  o f  t he  West P l a n t  p r o j e c t .  Treatment f a c i l i t i e s  a t  the  

East  P l a n t  were p laced i n  o p e r a t i o n  i n  l a t e  1974. The West P l a n t  i s  s t i l l  
under c o n s t r u c t i o n .  Raw sewage f rom the  c e n t r a l  zone i s  be ing  pumped t o  

t he  sea from t h e  K a i t  bey pump s t a t i o n .  

3.2 Geographical  Features 

P h s i c a l  Features - 
The dominat ing p h ~ ~ s i c a l  f e a t u r e s  o f  the  A lexandr ia  area a r e  t he  Medi ter ranean 

5ea, the  lower  N i l e  D e l t a  lands,  and t he  vas t  Western Deser t .  A1 so of rnajor 
importance a r e  t h e  manmade canals  which convey N i l e  R i ve r  wa te r  t o  the  area. 

If Alexandr ia  had t o  r e l y  upon l o c a l  f resh  water  resources,  i t  would l o n g  

ago have reached i t s  1  i m i t  o f  development. The Mahmoudia Canal, which was 

b u i l t  i n  1820, has f i g u r e d  s t r o n g l y  i n  t he  development o f  A lexandr ia  and the  



t h e  nor thwes t  De l t a  r eg ion ,  and i t  has a l s o  become a dominat ing phys i ca l  

f e a t u r e  as shown on F igure  3-1. The l o c a t i o n  o f  dra inage and t r a n s p o r t a t i o n  

f a c i  1  i t i e s  have been i n f l uenced  by i t s  a1 ignment. 

The s tudy area con ta ins  severa l  d i f f e r e n t  geo log i ca l  and topographic  f ea tu res  

which a f f e c t  t h e  cha rac te r  o f  development. The bas i c  geo log i ca l  fea tu res  

which have caused t he  l i n e a r  development o f  A lexandr ia  a r e  a r i d g e  and a 

marine lagoon, bo th  o f  which p a r a l l e l  t he  seashore. The r i d g e  of c a l -  

careous rock  and sand occurs 500 t o  1500 m i n l a n d  f rom t h e  seashore and 

extends f rom Abu K i r  P o i n t  i n  t he  e a s t  t o  beyond t h e  western 1 i m i  t s  o f  

t h e  s tudy  area. The h e i g h t  of t h e  r i d g e  v a r i e s  from 5 t o  22 m. 

The mar ine lagoon, which v a r i e s  i n  w i d t h  up t o  6 km, l i e s  behind t h e  r i d g e  

and extends beyond t h e  p r i n c i p l e  urban areas i n  bo th  d i r e c t i o n s .  The w i d t h  

o f  t h e  h i gh  ground dominated by t he  r i d g e  v a r i e s  f rom about 1.3 t o  4.4 km. 

The h i g h  ground a f f o r d s  good foundat ion  c o n d i t i o n s  and groundwater o n l y  a t  

o r  s l i g h t l y  above sea l e v e l .  On t h e  o t h e r  hand, t h e  marine lagoon s o i l s  

a re  s i l t  and c l ay ,  o f f e r i n g  very  poor foundat ion  c o n d i t i o n s  and groundwater 

s a t u r a t i o n  t o  t he  surface, which i s  commonly a  metre o r  two below sea l e v e l .  

Much o f  t h e  o r i g i n a l  marine lagoon area has been recovered f o r  c rop land  

by f i l l i n g  and c o n s t r u c t i o n  o f  a  dra inage canal network. The wate r  body 

t h a t  remains on t h e  west s i d e  i s  c a l l e d  Lake Maryut and t o  t h e  eas t  of t h e  

Mahmoudia Canal, Lake Idku.  

West o f  t h e  Noubaria Canal and south o f  t h e  mar ine lagoon, t h e  d e s e r t  l and  

r i s e s  t o  a  r o l l i n g  p l a teau  w i t h  e l e v a t i o n  of 30 t o  50 m. The s o i  1  i s  
sandy c l a y  and has e x c e l l e n t  foundat ion  p rope r t i es .  I t i s  g e n e r a l l y  
s u i t a b l e  f o r  i r r i g a t e d  a g r i c u l t u r e  w i t h  use of wa te r  f rom the  Noubaria 

Canal and p r o v i s i o n  o f  adequate drainage. Local  domest ic wa te r  suppl  i e s  

i n  t h i s  area a r e  ext remely  l i m i t e d  o r  non-ex is ten t ,  so t h a t  t h e r e  i s  complete 

r e l i a n c e  on t h e  A lexandr ia  water  supply  system. 

The Plahmoudia Canal extends f rom the  Roset ta  Branch o f  t h e  R i v e r  N i l e  a t  

Mahmoudia, about 40 km upstream of Rosetta,  t o  A lexandr ia .  Water l e v e l  i n  

t h e  canal i s  above t h e  l e v e l  o f  ad jacen t  land  sur face  f o r  much o f  t h i s  

d is tance ,  p a r t i c u l a r l y  where i t  crosses t h e  marine lagoon. Th is  makes t h e  

Canal an e f f e c t i v e  dra inage b a r r i e r  throughout  i t s  e n t i r e  leng th .  

A newer canal,  t h e  Noubaria, o r i g i n a t e s  a t  t h e  Reiha Behera Canal about h a l f -  

way between A lexandr ia  and Cai ro .  I t s  course fo l lows  c l o s e l y  t h e  edge o f  t h e  



d e s e r t  u n t i l  i t  reaches t h e  mar ine lagoon near  A lexand r i a  where, through 

l ocks ,  i t s  l e v e l  i s  dropped t o  t h a t  o f  t h e  mar ine lagoon. The canal  con t inues  

t o  t h e  Western Harbor, where t h e r e  i s  another  s e t  o f  l o c k s  t o  r a i s e  t h e  

waterway t o  sea l e v e l .  Th is  canal  supp l i es  i r r i g a t i o n  wa te r  t o  t h e  develop- 

i n g  Western Deser t ,  i s  impo r tan t  t o  barge t r a f f i c  between A lexandr ia  and 

Ca i ro ,  and supp l i es  water  i n  r e l a t i v e l y  smal l  amounts f o r  mun i c i pa l  uses 

near Ameria. 

The Anfushi Peninsula,  which dominates t he  coas t  o f  t h e  Medi ter ranean Sea a t  

A lexandr ia ,  forms t h e  p r o t e c t e d  Eas te rn  and Western Harbors.  Added p ro tec -  

t i o n  i s  a f f o r d e d  by  manmade breakwaters which enc lose t h e  harbors  and reduce 

c i r c u l a t i o n  o f  cu r ren t s .  The Western Harbor Por t ,  Egyp t ' s  p r i n c i p a l  commer- 

c i a l  sh i pp ing  cen te r ,  i s  always f u l l  t o  c a p a c i t y  w i t h  sh i ps  w a i t i n g  o u t s i d e  

t h e  harbor  f o r  un loading.  The Eastern Harbor i s  p r i m a r i l y  used f o r  sma l l  

boats .  Two o t h e r  prominant peninsu las,  Agamy on t h e  west and Abu K i r  on t h e  

east ,  g i v e  t h e  s h o r e l i n e  i t s  unusual cha rac te r .  West o f  Agamy t h e  s h o r e l i n e  

i s  a  wide sandy beach, ve r y  a t t r a c t i v e  f o r  summer l i v i n g .  Near f u t u r e  p lans  

i n d i c a t e  t h e  wide, U-shaped i n d e n t a t i o n  between Agamy and Anfush i  w i l l  

become an expanded Western Harbor, p robab ly  semi-c losed by  harbor  p r o t e c t i o n  

s t r u c t u r e s .  The s h o r e l i n e  f rom Anfush i  t o  Abu K i r  c o n s i s t s  o f  a  s e r i e s  o f  

smal l ,  r ocky  p r o j e c t i o n s  i n t o  t h e  sea, which separate  sandy beaches. 

East  o f  Abu K i r  i s  another  wide U-shaped i nden ta t i on ,  Abu K i r  Bay. A  sub- 

merged rocky  r i d g e  extends across t h e  open p a r t  o f  t h e  bay and e f f e c t i v e l y  

c u t s  o f f  t he  normal s h o r e l i n e  c u r r e n t s  t o  decrease s i g n i f i c a n t l y  t h e i r  

f l u s h i n g  e f f e c t s .  

The near shore sea bottom, t o  about 8 km offshore,  i s  cha rac te r i zed  by  a  s e r i e s  

o f  rocky  r i d g e s  p a r a l l e l  t o  t h e  s h o r e l i n e  w i t h  f l a t  o r  s l i g h t l y  upgrade 

( s l o p i n g  upward away from t h e  shore)  sandy areas between them. F a r t h e r  away 

f rom shore, t h e  bottom i s  sandy w i t h  a  f l a t t e r  and more un i form down s lope.  

C l  imate 

C l imate  i n  t h e  s tudy  area i s  a r i d .  There a re  e s s e n t i a l l y  two seasons; summer 

extends f rom May through October, and w i n t e r  runs f rom November th rough  A p r i l .  

Sur~mer i s  cha rac te r i zed  by  h o t  days and c o o l e r  n i gh t s ,  w i t h  no r a i n f a l l  ; 

winds a r e  g e n e r a l l y  o f f  t h e  sea from t h e  nor thwest .  Win te r  i s  t he  r a i n y  

season w i t h  storms bea r i ng  v a r i a b l e  amounts of r a i n f a l l  and o c c u r r i ~ g  i n  

cyc l es  d u r i n g  t h e  p e r i o d  between l a t e  November and mid-March. 



The s h o r t  (3-5 day) storms a r e  u s u a l l y  accompanied by f r e s h  t o  s t r o n g  

winds f rom the  northwest.  Between storms t h e  winds may s h i f t  t o  o t h e r  

d i r e c t i o n s  f o r  two o r  t h r e e  days. T r o p i c a l  storms, such as typhoons o r  

hur r i canes  do n o t  occur,  nor  a re  t h e r e  v i o l e n t  c y c l o n i c  storms assoc ia ted  

w i t h  l a r g e  masses o f  c i r c u l a t i n g  a i r .  The breeze f rom t h e  Medi ter ranean 

Sea d u r i n g  t h e  summer i s  one o f  A lexand r i a ' s  major  a t t r a c t i o n s .  

In fo rmat ion  e x t r a c t e d  from C l i m a t o l o g i c a l  Normals pub1 i shed  by t h e  M i n i s t r y  

o f  M i l i t a r y  Product ion,  Meteoro log ica l  Department f o r  t he  A lexandr ia  weather 

s t a t i o n  i s  descr ibed on F igu re  3-2. The numerical  da ta  presented on 

meteoro log ica l  cond i t i ons  a re  a p p l i c a b l e  t o  t h e  p r i n c i p a l  p o r t i o n s  o f  t h e  

s tudy area t h a t  a r e  d i r e c t l y  i n f l uenced  by t he  Medi ter ranean Sea. For 

remote d e s e r t  p o r t i o n s  o f  t he  s tudy area, t h e r e  i s  more v a r i a b i l i t y  i n  

temperatures w i t h  h i ghe r  maximums, somewhat lower  humid i t y ,  g rea te r  

evapora t ion  r a t e s ,  and more v a r i a b l e  winds. 

A1 exandr i  a  mean maximum temperature read i  ngs vary  between 18°C and 30°C 

w i t h  t he  annual average a comfor tab le  25°C. The mean minimum temperature 

readings vary  between 9.3"C i n  January and 22.9"C i n  August w i t h  an annual 

mean o f  15.9"C. The recorded nlaximum and minimum teri iperatures f o r  

A lexandr ia  a r e  42.1°C and 2.4"C, r e s p e c t i v e l y .  

R e l a t i v e  humid i t y  va lues near 70 percent  r e s u l t  i n  a  p leasan t  c l ima te .  

However, t h e r e  a r e  t imes when t h e  r e l a t i v e  hum id i t y  i s  uncomfor tab ly  h i gh .  

The hum id i t y  i n  A lexandr ia  p l us  t h e  s a l t y  spray f rom t h e  sea have a p a r t i -  

c u l a r l y  c o r r o s i v e  e f f e c t  on s t r u c t u r e s  near t h e  shore. Inadequate ly  

p ro tec ted  metal  corrodes q u i c k l y .  Concrete and wood a l s o  a r e  a f f e c t e d .  

A r e l a t i v e l y  smal l  amount o f  r a i n f a l l  occurs p r i m a r i l y  d u r i n g  f o u r  w i n t e r  

months, November through February, w i t h  o n l y  t r a c e  amounts ever recorded 

from A p r i l  through September. The mean annual r a i n f a l l  i s  192 mm (7.6 

inches) .  Data on t h e  v a r i a b i l i t y  o f  annual t o t a l s  a r e  n o t  a v a i l a b l e .  

R a i n f a l l  over  t h e  area i s  ext remely  v a r i a b l e  f o r  any g i ven  storm. Instances 

o f  steady r a i n  i n  apprec iab le  amounts over severa l  hours a r e  few, most o f  

t he  r a i n f a l l  be ing  de r i ved  from smal l  s q u a l l s  o f  l i m i t e d  e x t e n t  which, under 

t h e  i n f l u e n c e  of s t r ong  winds, pass q u i c k l y  over t h e  c i t y  f rom t h e  sea. 



Evaporat ion exceeds annual r a i n f a l l  by an o r d e r  o f  magnitude, averag ing  

more than  1900 mm p e r  year .  The l a r g e  excess o f  evapo ra t i on  over  r a i n f a l l  

makes a t t r a c t i v e  t h e  d i sposa l  o f  wastewater by evapo ra t i on  and t h e  d r y i n g  

o f  s ludge on open beds. However, f o r  waste s t a b i l i z a t i o n  ponds, evapo ra t i on  

tends t o  inc rease  d i sso l ved  s a l t  c o n c e n t r a t i o n  and make e f f l u e n t  l e s s  

a t t r a c t i v e  f o r  a g r i c u l t u r a l  and o t h e r  p o t e n t i a l  reuses. 

A v a i l a b l e  wind da ta  i n d i c a t e  t h a t  t h e  p r e v a i l i n g  w ind  d u r i n g  much o f  t he  

yea r  i s  f rom t h e  nor thwest  quadrant.  The l e a s t  windy month i s  October, 

d u r i n g  which 1  i g h t  no r t heas t  winds predominate. Wind speeds a r e  genera l  l y  

l e s s  t han  16 kno ts  and o n l y  ve ry  i n f r e q u e n t l y  do w ind  speeds exceed 34 kno ts  

( g a l e  f o r ce ) .  Wind speeds a r e  g e n e r a l l y  g r e a t e s t  d u r i n g  t h e  January t o  

March per iod .  

Hydro1 ogy 

Hydrology i n  t h e  A lexandr ia  area i s  r e l a t i v e l y  s imp le  because seve ra l  

f ea tu res  occur  t h a t  l i m i t  h yd ro l og i c  processes. A lexand r i a  and t h e  eas te rn  

Medi ter ranean Sea a r e  under t h e  i n f l u e n c e  o f  t r o p i c a l  zone c i r c u l a t i o n  of a i r  

masses. A i r  c u r r e n t s  r i s e  t o  h i g h  a l t i t u d e s  near t h e  equator,  f l o w  n o r t h  

t o  l a t i t u d e  30°, and descend t o  f l o w  south near t h e  l a n d  sur face .  Th is  

c i r c u l a t i o n  tends t o  concen t ra te  r a i n f a l l  near t h e  equator ,  where r i s i n g  

a i r  c u r r e n t s  a r e  coo led and p r e c i p i t a t i o n  takes p lace .  Thus, t h e  h i g h  and 

descending a i r  masses c a r r y  1  i t t l e  mo is tu re .  

Dur ing  t h e  w i n t e r ,  when t he  n o r t h e r n  hemisphere i s  t i l t e d  away from the  sun, 

lower  l a t i t u d e  c i r c u l a t i o n  becomes weaker and l o c a l  h y d r o l o g i c  processes 

become i n f l u e n t i a l  . Thi  s  res i r l  t s  i n a1 t e r n a t i  ng southwest and nor thwes t  

winds, and r a i n f a l l  which i s  b rough t  by t h e  nor thwes t  winds. The mo i s tu re  

source o f  t h i s  r a i n f a l l  i s  t h e  t ledi  te r ranean  Sea, w i t h  he1 p  p e r i o d i c a l l y  

f rom a i r  masses o r i g i n a t i n g  n o r t h  of l a t i t u d e  30". The consequence o f  

these c i r c u l a t i o n  pa t t e rns  i s  t h a t  Egypt has ve ry  l i m i t e d  r a i n f a l l ,  

concent ra ted mos t l y  on t h e  c o a s t l i n e  ove r  a  few w i n t e r  months. 

Much of t he  r a i n  f a l l i n g  on developed areas i n  A lexandr ia  f lows d i r e c t l y  t o  

t h e  nearest wa te r  course. Much of t h a t  f a l l i n g  on sandy surfaces o u t s i d e  

t he  urban area i n f i l t r a t e s .  The sandy s o i l s  which a l l o w  h i g h  i n f i l t r a t i o n  



rates also allow good a i r  circulation in the pore space and the h i g h  evapo- 

ation rates tend t o  remove soil moisture before much of i t  accumulates. 

Therefore, in sandy soils  of the study area hydrologic processes tend t o  
deter significant accumulation of groundwater. The common "lens" of fresh 

groundwater floating on brackish water often found i n  humid coastal regions 

does n o t  occur i n  Alexandria. This results i n  1 i t t l e  or no fresh ground- 

water i n  the area. Proximity t o  the sea, maintenance of the marine lagoon 

below sea level, a n d  discharge of surface runoff waters directly t o  the sea 

exacerbate the situation further. The relatively h i g h  elevation of the 

sea surface w i t h  respect t o  the surface in the marine lagoon creates a poten- 

t i a l  flow through the porous ground from the sea t o  the lagoon. The method 
of drainage a n d  pumping water from the marine lagoon limits the accumulation 

of any fresh water drainage and runoff on the heavier saltwater. 

Dra i nage 

Except for the Mediterranean Sea, water resources for Alexandria are closelj  

associated w i t h  the area's canal and drainage system as shown i n  Figure 3-1. 

The northwestern corner of the Nile Celta i s  largely farm land irrigated 

w i t h  water supplied from the lVile River. This water i s  conveyed from E l  

Mahmoudia on the Nile by the Mahrnoudia Canal, and from the Cairo Barrage by 

the Reiha Behara Canal. The two canals intersect near Damanhour and flow 
continues t o  Alexandria and the Mediterranean Sea. Flow in this system, 

except for low-lift pumping  a t  the Nile, i s  entirely by gravity. The sur- 

face slopes of the canals are very f l a t ,  however, i n  order t o  preserve 
available elevation for distribution of irrigation water w i t h o u t  general 
p u m p i n g .  The wat.er surface i n  theMahmoudiaCana1 a t  Alexandria i s  m a i n -  

tained a t  t1.5 metres above sea level for barge t ra f f i c ,  for irrigation head, 
and for the discharge of excess water t o  the sea. 

Much of the northwestern delta farm land varies i n  elevation from -1.5 m 

t o  4 m above sea level. In order t o  drain this land, the collection 
system must be below sea level and pumps are required t o  1 i f t  the drainage 

water into the sea. Near Alexandria, there are two extensive drainage areas 

as mentioned which are divided by the Mahmoudia Canal. 

The drainage area north and east of the canal i s  served by the Abu Kir 

drainage system and the Tabia Pump Station, which l i f t s  drainage water from 
an  elevation of about -5.5.m and discharges i n t o  nearby Abu Kir Bay a t  the 



s h o r e l i n e .  The d ra inage  c o n s i s t s  o f  n o t  o n l y  a g r i c u l t u r a l  r e t u r n  wa te r ,  b u t  

a l s o  s i g n i f i c a n t  amounts o f  chemical  and o rgan i c  wastes from seve ra l  t e x t i l e  

m i l l s  near Kafr  e l  Dawar and two l a r g e  paper m i l l s  near  Tabia.  

The d ra inage  area sou th  and west  o f  t h e  Mahmoudia Canal d ischarges r e t u r n  

wa te r  through severa l  d r a i n  systems, t h e  p r i n c i p a l  one be ing  t h e  Umoum 

Dra in .  The l e v e l  o f  Lake Maryut i s  ma in ta ined  a t  approx imate ly  -2.5 n by 

t h e  Mex Pump S t a t i o n ,  which l i f t s  excess waters  i n t o  t h e  Western Harbor.  

The area of A l exand r i a  sou th  o f  t h e  r i d g e ,  which p a r a l l e l s  t h e  seashore, 

d r a i n s  e i t h e r  t o  t h e  Abu K i r  D r a i n  system o r  t o  Lake Maryut .  Th i s  d ra inage  

i s  comp l i ca ted  by  t h e  Mahmoudia Canal because runo f f  f rom n o r t h  of t h e  Canal 

must be conveyed under t h e  canal  by  i n v e r t e d  siphons. The s iphon d ischarges 

add t o  t h e  s u r f a c e  r u n o f f  sou th  o f  t h e  Canal and f low con t inues  t o  Lake 

Maryut.  East  of t h e  Nouzha A i r p o r t ,  t h i s  r u n o f f  combines w i t h  e f f l u e n t  from 

t h e  East  Treatment P lan t ,  raw sewage t h a t  bypasses t h e  p l a n t ,  Smouha D r a i n  

d ischarges ( runof f  and urban wastewater) ,  and a d ischarge  of u n t r e a t e d  

wastewater from t h e  Nouzha area. The f lows  pass th rough  a system o f  d r a i n s  

and d ischarge  i n t o  Kalaa Dra in ,  where f l ows  a r e  mixed w i t h  a s i g n i f i c a n t  

amount of i r r i g a t i o n  r e t u r n  water .  The d r a i n  i s  an open d , i t c h  about 6 km 

l o n g  which conveys f lows t o  Lake Maryut.  

West o f  t h e  D r i n k i n g  Water Canal, runo f f  mixes w i t h  u'rban sewage from an 

area which d r a i n s  v i a  t h r e e  channels i n t o  l a k e  Maryut a l ong  i t s  n o r t h e r n  

shore, and one channel near  i t s  sou theas t  co rner .  These d r a i n s ,  from 

developed areas b o t h  eas t  and west  o f  Nouzha A i r p o r t ,  c o n t a i n  ve ry  s t r o n g  

domest ic and i n d u s t r i a l  wastewater. 

Nor th  of t h e  s h o r e l i n e  r i dge ,  an area which v a r i e s  f rom 0.5 t o  

about  1.5 km i n  w i d t h  : d r a i n s  t o  t h e  Medi ter ranean Sea. I n  t h e  developed 

p o r t i o n  o f  t h i s  area, stormwater r u n o f f  i s  c o l l e c t e d  i n  sewers t o  be 

d ischarged e i t h e r  w i t h  s a n i t a r y  sewage (up t o  t h e  c a p a c i t y  o f  t h e  downstream 

system) o r  over f low t o  t h e  sea a t  t h e  shore1 i ne .  

Lake Maryut  extends from near t h e  Nouzha A i r p o r t  westward f o r  a cons ide rab le  

d i s t ance  beyond t h e  developed area of A lexandr ia .  The l a k e  i s  d i v i d e d  i n t o  



two p a r t s  by t h e  Mersa Flatrouh R a i l r o a d  causeway, which has no openings f o r  

in te rchange  o f  f l o w .  The eas te rn  p o r t i o n  o f  t h e  l a k e  which has a  mean depth 

o f  0.8 metres con ta i ns  f r e s h  water .  It i s  t r ave rsed  by t h r e e  b a r r i e r s ,  

Umoum Dra in ,  Moubaria Canal and t h e  A lexandr ia -Ca i ro  Deser t  Highway. 

A l though t h e  severa l  segments o f  t h e  l a k e  a r e  in te rconnec ted ,  the  p o r t i o n  

o f  t h e  lake  west o f  t h e  causeway i s  s a l t y  and i s  used as an evapora t ion  

pond f o r  t h e  p roduc t i on  o f  i n d u s t r i a l  s a l t .  The a r e a l  e x t e n t  and depth 

o f  t h i s  p o r t i o n  i s  v a r i a b l e ,  depending ma in l y  on the  n e t  evapora t ion  r a t e .  

Much o f  o r i g i n a l  Lake Maryut  e a s t  o f  t h e  r a i l r o a d  causeway has been rec la imed 

f o r  a g r i c u l t u r a l  uses. The l and  use p l a n  o f  t h e  Governorate shows t h a t  

t h e r e  w i l l  be, when rec l ama t i on  i s  complete, a  main lagoon o f  about  2000 

hectares,  anex ;~c r imen ta l  f i s h e r y  lagoon o f  about  500 ha and a  pond, 

presumably f o r  c o o l i n g  water  f o r  t h e  r e f i n e r y  and f o r  commerical f i s h i n g  

o f  about  1200 ha. A p o r t i o n  o f  t h e  e x i s t i n g  l a k e  ad jacen t  t o  t h e  

Noubaria Canal i s  t o  be rec la imed f o r  i n d u s t r i a l  uses. Drainage c a r r i e d  by 

t h e  Kalaa D r a i n  e n t e r s  d i r e c t l y  i n t o  t he  l a k e .  Other  l o c a l  d r a i n s  i n  t he  

a rea  e n t e r  t h e  f i s h e r y  lagoon, pass i n t o  t h e  southern p o r t i o n  of t he  main 

lagoon, and t r a v e r s e  t h e  l a k e  t o  t h e  Mex Pumping S t a t i o n .  A  l o c a l  c o n t r o l  

gate  a t  Mex regu la tes  t h e  w i thdrawa l  of water  from the  l a k e  t o  the  pumps. 

The Umoum D r a i n  does n o t  d ischarge i n t o  Lake Maryut, excep t  as an ove r f l ow .  

However, the  excess water  i n  the  Noubar ia Canal r e s u l t i n g  f rom the  opera- 

t i o n  of the  l o c k s  a t  k i l o m e t r e  pos t  100 and a t  Western Harbor i s  d ischarged 

by over f low ing  i n t o  t he  main lagoon. 

Southwest of Lake >!aryut t he  land  r i s e s  t o  a  l e v e l  o f  30 t o  53 m; t h e  

dese r t  p la teau .  Much o f  t h i s  l a n d  i s  composed of sandy c l a y  s o i l s  s u i t a b l e ,  

i f  i r r i g a t e d  and dra ined,  f o r  a g r i c u l t u r e .  Development o f  t h i s  area i s  p ro -  

g ress i ng  r a p i d l y .  The dra inage o f  t h i s  area a t  p resen t  i s  incomplete .  

The West Noubaria Main D r a i n  i s  in tended  t o  d r a i n  t h e  a g r i c u l t u r a l  areas i n  

Ameria t o  t h e  sea. The lower  p o r t i o n  o f  t h e  d ra i n ,  between t h e  r i d g e  and 

t h e  sea (see F igu re  3 - I ) ,  i s  p r e s e n t l y  under c o n s t r u c t i o n .  The d r a i n  w i l l  

f o l l o w  the  south shore o f  t h e  western p o r t i o n  o f  t he  l a k e  t o  a  p o i n t  west 

o f  t he  Ameria-Agamy road, where i t  i s  t o  c ross  t he  l a k e  and d ischarge  by 

g r a v i t y  i n t o  t h e  Medi ter ranean Sea between Agamy and S i d i  K r i e r .  A t  p resen t  

some dra inage i s  d ischarged t o  t he  Noubar ia Canal and passes on t o  Lake Maryut.  

No r t h  o f  the  western p o r t i o n  o f  Lake Maryut  i s  a  coas ta l  s t r i p  one t o  f o u r  

k i l ome t res  wide, c o n s i s t i n g  o f  a l i m c s t o n ?  r i d g e  and sandy area n o r t h  o f  



t h e  r i d g e .  Th i s  area i s  l a r g e l y  undeveloped, except  f o r  a  s t r i p  o f  r e s o r t  

p r o p e r t i e s  a t  Agamy and t o  t he  west. There has been min ing  of  l imes tone  

a long  t h e  r i d g e .  Drainage sou th  o f  t h e  r i d g e  i s  t o  Lake Maryut w h i l e  run-  

o f f  n o r t h  o f  t h e  r i d g e  seldom occurs  because o f  p e r c o l a t i o n  i n t o  t he  sand. 

D r i n k i n g  Water Canal 

The D r i n k i n g  Water Canal, cons t ruc ted  i n  1943, f o r n s  a  dra inage b a r r i e r  

f o r  an area o f  about 6000 ha, l o c a t e d  between t h e  canal  and t h e  Mahmoudia 

Canal. The Kalaa I r r i g a t i o n  Drainage Pump S t a t i o n  l i f t s  water  f r om  t h i s  

a rea  through a s i p h o n  under t h e  D r i n k i n g  Water Canal t o  a  d r a i n  t h a t  d i s -  

charges i n t o  Lake Maryut.  

Hydrodrome 

The Hydrodrome was b u i l t  i n  1945 i n  t h e  Nouzha area t o  p rov i de  an i n t e r n a -  

t i o n a l  mar ine  a i r p o r t  and t o  ensure an emergency water  supp ly  i n  t he  event  

o f  an i n t e r r u p t i o n  i n  t h e  Mahmoudia Canal .  Th i s  570 ha manmade l a k e  has 

a  des ign  water su r face  e l e v a t i o n  a t  sea l e v e l  and a  dep th  o f  about t h r e e  

metres.  Water i s  supp l i ed  through a  connec t ing  c o n d u i t  f rom t h e  Mahmoudia 

Canal and t h e r e  a re  over f low and o u t l e t  s t r u c t u r e s  on t h e  soutk  s i a e  t n a t  

p rov i de  f o r  d ischarge t o  t h e  Kalaa Dra in .  The open canal  connec t ion  f r om 

t h e  tiydrodrome t o  t h e  D r i n k i n g  Water Canal i s  n o t  operab le  i n  i t s  p resen t  

condi  t i o n .  

3.3 Present  Sewerage System 

General D e s c r i p t i o n  

Drainage and sewerage systems nave been cons t ruc ted  t o  se rve  t h e  developed 

areas f r om tlaamoura on t h e  east ,  t o  t h e  i n d u s t r i a l  highway on t h e  south,  Gab- 

bary  on t h e  west, and t h e  Medi ter ranean Sea on t h e  n o r t h .  Impor tan t  and 

develop ing areas o f  Abu K i r ,  Ras e l  Soda, S i o u f  Kebl i a ,  Nouzha, Mex, Dek- 

h e i l a ,  Agamy, and Ameria have l i m i t e d  formal  dra inage and PO s a n i t a r y  sewer- 

age system. 

The e x i s t i n g  sewerage system serves an area o f  about 4300 ha and has 

a  connected popu la t i on  which v a r i e s  f rom about 2 m i l l i o n  i n  t he  w i n t e r  

months t o  about 2.4 m i l  1  i o n  i n  t h e  summer. I n  a d d i t i o n ,  t h e r e  i s  a  cons id-  

e rab le  i n d u s t r i a l  wastewater f low, es t imated  t o  amount t o  870 000 m3/day. 



Th i s  f l o w  i s  cons idered 25 pe rcen t  contaminated, t h e  g r e a t e r  p o r t i o n  be ing  

s ing le -pass  coo l  i n g  water .  A l exand r i a  i n d u s t r i e s  i n  t o t a l  produce waste- 

wa te r  e q u i v a l e n t  t o  a  p o p u l a t i o n  o f  1 760 000; n e a r l y  equal  t o  A l e x a n d r i a ' s  

p resen t  popu la t i on .  

The e x i s t i n g  sys tem inc l udesabou t  150 km of  main i n t e r c e p t o r  sewers, 1500 km 

o f  secondary c o l l e c t o r s  and s t r e e t  sewers, 30 km o f  f o r c e  mains and 34 pump 

s t a t i o n s  o f  v a r y i n g  c a p a c i t i e s .  There are,  i n  a d d i t i o n ,  some p r i v a t e l y  oper-  

a t ed  pump s t a t i o n s ,  f o r c e  mains, and sewers. There a r e  11 km o f  f o r c e  

mains which have never  been used. The system a l s o  i nc l udes  t he  Eas t  T rea t -  

ment P l a n t  (65 MLlday c a p a c i t y )  which was p laced  i n  o p e r a t i o n  i n  1974 and 

the  West Treatment P l a n t  (des ign  c a p a c i t y  85 ML/day) p r e s e n t l y  under 

c o n s t r u c t i o n .  Except f o r  wastewaters i n f l u e n t  t o  t h e  East  P lan t ,  a l l  c o l -  

l e c t e d  wastewaters o f  t h e  area d ischarge  un t rea ted  t o  l o c a l  wa te r  bodies.  

Major  d ischarges occur  i n t o  Abu K i r  Bay th rough  t h e  Tabia Pump S t a t i o n ,  

i n t o  the  Medi ter ranean Sea th rough  t he  e x i s t i n g  K a i t  Bey o u t f a l l ,  i n t o  t he  

Western Harbor through l o c a l  d r a i n s  and i n t o  Lake Maryut  through a  number o f  

sewer o u t f a l l s  and d ra i ns .  Wastewaters d ischarged  t o  Lake Plaryut a re  con- 

veyed a f t e r  a  s h o r t  1  ake res idence  t ime i n t o  t h e  Western Harbor through 

Mex Pump S t a t i o n .  There are,  i n  a d d i t i o n ,  many l o c a l  p o i n t s  o f  d i s -  

charge t o  t h e  Mediterreanean Sea through shore1 i n e  ove r f l ows  and l o c a l  

d ra i ns .  These d ischarges a r e  p r i m a r i l y  wastewater except  du r i ng  wet  weather 

when sewage i s  d i l u t e d  w i t h  s torm r u n o f f .  

The e x i s t i n g  sewerage system i s  d i v i d e d  i n t o  t h r e e  zones: t h e  Cen t ra l ,  

Western, and Eastern.  The t r i b u t a r y  l i m i t s  o f  each zone and t h e  p r i n c i p a l  

f e a t u r e s  o f  t l i e  system a r e  shown i n  F i gu re  3-3. Complete i n v e n t o r y  o f  

g r a v i t y  c o l l e c t o r s ,  pump s t a t i o n s ,  and f o r c e  mains, as w e l l  as d e s c r i p t i o n  

o f  p resen t  t rea tment  works a r e  con ta ined  i n  Spec ia l  Repor t  Number 2, sub- 

m i t t e d  26 A p r i  1 1977. 

Resu l t s  of t h e  sewer i n v e n t o r y  i n d i c a t e  t h a t  t he  main sewers and c o l l e c t o r s  

were designed t o  p rov i de  s lopes t h a t  wi 11 i n s u r e  s e l f - c l e a n i n g  v e l o c i t y  

when t h e  p ipes  a r e  f l ow ing  f u l l .  However, when sewers a re  operated i n  

a  surcharged c o n d i t i o n ,  so l  i d s  s e t t l e  ou t .  GOSSD des ign procedures i n d i -  

c a t e  t h a t  s e l f - c l e a n i n g  v e l o c i t i e s  a re  p rov ided  i n  t h e  l a t e r a l  system. The 

c o l l e c t i o n  systems i n  the  Cen t ra l ,  West, and t h e  o l d e r  p o r t i o n s  of t h e  



Eastern Zone consis t  of combined sewers designed to  handle stormwater as  

well as sewage. Sewer pipes of the combined systems were i n i t i a l l y  designed 

t o  handle three times DWF. Many of the major sewers, however, were found 

to  have capaci t ies  s l i g h t l y  l e s s  than three tinies DWF f o r  storms in excess 

of f i f t e en  minutes duration. Rainfall i ntensi ty-frequency-durati on 

curves used by GOSSD in design of sewers were found to  y ie ld  low runoff 

values f o r  storms of more than 15 minutes duration.  

The present sewer system has operated s a t i s f a c t o r i l y  f o r  many years accord- 

ing t o  most observers and i t  would appear t ha t  the col lec t ion system i s  

adequate (except a t  several 1 ocations iden t i f i ed  herein as  troubled by 

frequent f l  ooding) fo r  near-term fu tu re  flows expected. 

A p a r t i a l l y  separate col lec t ion system has been constructed s ince  1964 in 

areas of the East Zone. Dual pipelines were constructed, one f o r  sani tary  

wastewater and one fo r  stormwater. Manholes were designed to  enable e i t he r  

system to overflow into  the other a t  times of high flow. Sanitary wastes 

a r e  conveyed to  the East Treatment Plant .  Stormwater i s  1 i f t ed  to the sea 

f o r  shore1 ine discharge by several pump s t a t ions  and force mains. As the 
system i s  continuously operated in a surcharged condition, the  advantage 

of the dual overflow design feature  i s  en t i r e l y  l o s t .  

There i s  groundwater i n f i l t r a t i o n  in to  portions of the Alexandria sewer sys- 

tem through defective pipe j o in t s ,  cracked pipes and manhole walls ,  and, in 

some instances,  perforations designed t o  lower the local water t ab le .  Much 

of the  col lec t ion system has been constructed of cast- in-place concrete, 
brick masonry, and stoneware pipe. Although i t  has been standard practice 

t o  encase sewer pipes in concrete env?lopes, f l ex ib le  water-t ight  jo in t s  

have not been widely used. Extensive lengths of the more recently con- 

structed sewer system a r e  located be1 ow the groundwater tab1 e ,  a1 though 

the older more deteriorated sewerpipesof the inner-ci ty area a r e  in s o i l s  

where the water t ab le  i s  r e l a t i ve ly  deep. 

Central Zone 

: J i t h i n  the Central Zone wastewaters a re  collected primarily by gravity t o  

Kait Bey Point where they a r e  pumped without treatment through a shor t  out- 

f a l l  in to  the sea.  The Central Zone col lec t ion system operates largely  by 

gravi ty .  The Sporting, Mohsen Pasha, and Smouha Pump Sta t ions  l i f t  in to  



the  system bu t  do n o t  have adequate capac i t ies  f o r  t r i b u t a r y  f lows.  The 

several para1 1 e l  , interconnected Main Col 1 ec tors  pass a1 ong the Eastern 

Harbor Corniche and i n t e r c e p t  sewers a t  the  shore. The K a i t  Bey O u t f a l l  

Pump Sta t ion ,  which was b u i l t  i n  1953, contains s i x  a x i a l  f l o w  ho r i zon ta l  

c e n t r i f u g a l  pumps and has s u f f i c i e n t  capac i ty  t o  handle the  pro jec ted 
t r i b u t a r y  area (1160 ha) wastewater f lows. The s t a t i o n  does no t  have 

screening f a c i l i t i e s  and pumps must be opened t o  remove rags and t rash  a f t e r  

every two t o  th ree hours o f  operat ion.  The pumps operate under negat ive 

suc t i on  head, causing cav i ta t i on ,  which has cont r ibu ted t o  the  damage o f  

i n l e t  casing cast ings. The e x i s t i n g  o u t f a l l  i s  735 m long and was designed 

fo r  open-end discharge i n t o  16 m o f  water w i thout  use o f  d i f f u s e r s .  However, 

i t  i s  ruptured i n  several places so t h a t  much o f  the  sewage i s  discharged 

c lose t o  the  shore. 

The western p o r t i o n  (60 ha) o f  the  Central  Zone t h a t  n a t u r a l l y  d ra ins  t o  the  

sea i s  served by l o c a l  sewers which discharge d i r e c t l y  t o  the  Western Harbor 

along the  shorel ine.  This has created a cond i t i on  o f  gross l o c a l  p o l l u t i o n  

w i t h i n  the  conf ines o f  the  busy and commercially important  Western Harbor. 

Trouble spots i n  t h i s  c o l l e c t i o n  system have been i d e n t i f i e d  and c o r r e c t i v e  

measures inc luded i n  the  ongoing Top P r i o r i t y  P ro jec t  const ruc t ion  program. 

West Zone 

The e x i s t i n g  Western Zone system i s  i n  an i n t e r i m  s t a t e  o f  opera t ion  because 

const ruc t ion  o f  the  West Treatment P lant  i s  no t  y e t  completed. Raw waste- 

water i s  now being discharged t o  the  Western Harbor from three t r i b u t a r y  

areas comprising 175 ha and t o  Lake Maryut from fou r  t r i b u t a r y  areas (665 ha) 

which are shown on Figure 3-3. 

A t  present, Pump S t a t i o n  No. 2 West pumps t o  the sea through a temporary 

fo rce  main and shore l ine  o u t f a l l .  Sewage flows t o  Pump S t a t i o n  No. 3 West 

e i t h e r  overf low a t  the  s t a t i o n  o r  a re  pumped through a force main t h a t  i s  

intended t o  enter  the West Treatment P lant  b u t  which, a t  present, empties 

i n t o  a d i t c h  which discharges t o  Lake Maryut. U n t i l  such t ime as the  West 

Treatment P lant  i s  completed, sewage flows i n  the  Gabbary Co l l ec to r  bypass 

Pump S t a t i o n  No. 1 West and discharge d i r e c t l y  t o  the lake. This system 

a lso  receives sewage overf lows from the Old and New Forn e l  Garaya Pump 

Sta t ion .  



There i s  a  c o l l e c t o r  system which serves Karmouz and Mohsen Pasha, two 

d i s t r i c t s  l o c a t e d  a long  t he  n o r t h  s i d e  o f  t h e  Mahmoudia Canal, and which 

d ischarges t o  an open d i t c h  south o f  t he  r a i l r o a d  t o  t he  lake.  Wastewater 

f l ows  f rom the  Ghe i t  e l  Enab area a l s o  d ischarge  t o  t h e  Mohsen Pasha system 

e i t h e r  through t h e  O ld  Forn e l  Garaya Pump S t a t i o n ,  the  Ghe i t  e l  Enab 

A u x i l i a r y  Pump S t a t i o n  o r  t he  Ghe i t  e l  Enab Main Pump S t a t i o n .  The Mohsen 

Pasha Pump S t a t i o n  d ischarges f low n o r t h  t o  t h e  Cen t ra l  Zone th rough  t h e  

Salah e l  D in  c o l l e c t o r ;  however, because o f  t h e  l i m i t e d  c a p a c i t y  of t h e  

i n t a k e  sewers, most o f  t h e  f l ows  by-pass t h e  s t a t i o n  and d ischarge  t o  Lake 

Maryut, Opera t ion  o f  Mohsen Pasha Pump S t a t i o n  improves d ra inage  of  t he  

Moharrem Bey area by d i scha rg i ng  f lows  t o  t h e  Mahmoudia East  C o l l e c t o r .  

Drainage of t he  area i s  seve re l y  h indered  by t h e  l i m i t e d  c a p a c i t y  of t h e  

s iphon under the  Mahmoudia Canal. Cons t ruc t i on  o f  a  l a r g e r  s iphon would 

enable t h e  Mohsen Pasha Pump S t a t i o n  t o  be abandoned, The i n d u s t r i a l  area 

south o f  Mahmoudia Canal l y i n g  on bo th  s i des  o f  Suez S t r e e t  i s  served by 

t h e  I n d u s t r i a l  Pump S t a t i o n  which 1  i f t s  f l ows  t o  Lake Maryut, There i s  a l s o  

a  by-pass d i r e c t l y  f rom the  g r a v i t y  sewer system i n  t h i s  area i n t o  t h e  lake.  

Flows have been wi tnessed e n t e r i n g  t h e  by-pass f rom the  l a k e  d u r i n g  opera- 

t i o n  o f  tne  I n d u s t r i a l  and G h e i t  e l  Enab Main Pump S ta t i ons .  

The West Treatment P lan t ,  which has been u n d e r . c o n s t r u c t i o n  f o r  a  number of 

years ,  i s  s t i l l  severa l  years  f rom complet ion.  Cons t ruc t i on  i s  l i m i t e d  t o  

t he  funds made a v a i l a b l e  each year .  The p l a n t  has severa l  des ign  d e f i c i e n -  

c i e s  which, un less co r rec ted ,  w i l l  s e r i o u s l y  a f f e c t  i t s  f u t u r e  ope ra t i on .  

These i nc l ude :  g r a v i t y  conveyance of raw s ludge and scum i n  ve r y  m i l d l y  

s l o p i n g  open channels;  l i m i t e d  s lope  on sludge hoppers; and use of t r a v e l l i n g  

b r i d g e  sludge mechanisms t h a t  r e q u i r e  movement f rom one tank  t o  another.  

The h y d r a u l i c  capac i t y  o f  t h e  p l a n t  i s  based on a  des ign  f low of o n l y  

85 MLlday w h i l e  i t  i s  es t imated  t h a t  t he  average d r y  weather sewage f l o w  

from the  area wi  11 be 132 ML/day w i t h i n  t h e  n e x t  f o u r  years .  Peak f l ows  a r e  

es t imated  a t  210 ML/day by  1980. 

East Zone 

The Eastern Zone has two sewer systems, one t r i b u t a r y  t o  Smouha Dra in ,  t h e  

o t h e r  t o  Pump S t a t i o n  No. 11, The Smouha Dra in ,  as shown on F igu re  3-3, i s  

a  l a r g e  open channel l oca ted  south o f  t h e  Mahmoudia Canal. The d r a i n  r ece i ves  

g r a v i t y  f l ows  from two l a r g e  East  Zone c o l l e c t o r s  t h a t  d i scharge  under t h e  

Mahmoudia Canal through a  siphon. The Hagar e l  idawatia C o l l e c t o r  serves an 

area ( 1  10 ha) t o  t he  e a s t  o f  t h e  Smouha Club, w h i l e  t h e  Mohammed A l y  c o l  l e c -  



t o r s  serve an ex tens i ve  a rea  (870 ha) west o f  t he  Club.  Three purrlp s t a -  

t i o n s  a t  S i d i  B i sh r ,  Sarwat and G l yn  serve  a  l a r g e  coas ta l  area (360 ha) 

and l i f t  i n  s e r i e s  i n t o  t h e  Mohamed A l y  c o l l e c t o r s .  There a re  twu o t h e r  

pump s t a t i o n s  i n  t h e  area t r i b u t a r y  t o  Smouha Dra in ,  nar~lely S i d i  Gaber 

and Smouha. The S i d i  Gaber pump s t a t i o n  i s  p r e s e n t . 1 ~  under r econs t ruc t i cw  

and does n o t  operate .  The Smouha pu111p s t a t i o n  p r i m a r i l y  serves t o  l i f t  

stormwater i n t o  t he  Cent ra l  Zone system i n  o r d e r  t o  r e l i e v e  l o c a l  f l o o d i n g  

a t  t h e  r a i l r o a d  underpass. 

Areas o f  t h e  Eas te rn  Zone l o c a t e d  between Smouha Club and t he  A lexand r i a -  

Rosetta r a i l r o a d  ( t o  t h e  n o r t h ) ,  as w e l l  as lands southwest o f  t h e  Club, 

a r e  l o w - l y i n g  and f l a t ,  so f l o o d i n g  i s  a  f r equen t  problem. Main sewers 

o f  t h e  area were cons t ruc ted  w i t h  p e r f o r a t i o n s ,  i n  o r d e r  t o  lower  t he  ground- 

wa te r  t a b l e .  These sewers have f l a t  bottoms and arched crowns; many a r e  

more than 40 years  o l d ,  and t h e  p e r f o r a t i o n s  may be sealed up by now. Inves-  

t i g a t i o n s  d u r i n g  des ign phase w i l l  de termine whether these sewers m igh t  be 

i nco rpo ra ted  i n t o  t h e  improved dra inage system needed i n  t h i s  area. The 

Mun ic ipa l  i t y  now opera tes  po r t ab l  e  engine d r i v e n  pumps a t  t h e  Floustafa 

Pasha, I b rah im ia ,  and C leopa t ra  r a i l r o a d  underpasses. Each underpass has 

two pumps which draw f rom s u c t i o n  hoses l o c a t e d  i n  d r a i n  manholes f o r  d i s -  

charge through hoses o r  b u r i e d  s t e e l  p i pe  f o r c e  mains t o  nearby n i g h e r  

sewers. Present  f l o o d i n g  i n  t h e  low areas c o u l d  be e l i m i n a t e d  by cons t ruc -  

t i o n  o f  a n  improved dra inage system t o  t h e  Smouha D r a i n  south o f  t h e  Mah- 

noudia  Canal . An improved dra inage system would a1 so enable  t he  Smouha 

Purnp S t a t i o n  t o  be abandoned. 

The o t h e r  sewer system w i t h i n  t h e  Eastern Zone i s  t r i b u t a r y  t o  t he  East  

Treatment P l a n t .  Pump S t a t i o n  No. 11, shown on F igu re  3-3, r ece i ves  waste- 

water  f rom an a rea  o f  about  1000 ha. The c o l l e c t i o n  system i s  coniposed o f  

a  s e r i e s  o f  l o c a l  sub-systems, each w i t h  i t s  own pump s t a t i o n  and f o r c e  

main which d ischarges i n t o  t he  n e x t  sub-system. There are,  i n  a l l ,  e leven  

such s t a t i o n s .  A t  t he  f i n a l  Pump S t a t i o n  No. 11 wastewaters a r e  conveyed 

through a  48- inch f o r c e  main t o  t h e  East  Treatment P l a n t .  When a  s i n g l e  

pump o f  t h i s  s t a t i o n  i s  opera ted  a t  h i g h  speed w i t h o u t  bypassing a  p o r t i o n  

o f  t h e  f l ow,  t h e  downstream t rea tment  p l a n t  i n l e t  works a r e  comp le te ly  

f looded. When the purnp i s  n o t  opera t ing ,  wastewaters over f low a t  the s i t e ,  

c r e a t i n g  l o c a l  f l o o d i n g  p r i o r  t o  dra inage t o  t h e  su r f ace  system. Sur face 

dra inage i s  a  p a r t  o f  t h e  ex tens i ve  Abu K i r  D ra i n  system t h a t  u l  t i n l a t e l y  



discharges a t  Abu K i r  Bay through t h e  Tabia Pump S ta t i on .  Sewage over f lows  

thus  pass through e x t e n s i v e l y  developed areas i n  t h e  southeastern p o r t i o n  o f  

t he  c i t y  t h a t  i n c l u d e  t he  S i o u f  Water Treatment P lan t .  

I n  t h e  Eastern Zone, seven a d d i t i o n a l  pump s t a t i o n s  d ischarge  s tormdater  

through separate f o r c e  mains t o  t h e  sea, When the  pumps a re  i n  opera t ion ,  

d ischarge i s  usual  l y  mixed stormwater and wastewater because t he  system 

norma l l y  operates i n  a  surcharged cond i t i on .  I n  a d d i t i o n ,  t h e r e  a re  a l s o  
numerous over f lows  t h a t  d ischarge from t h e  sewer system e i t h e r  t o  t h e  sea o r  

t o  t h e  Abu K i r  D ra in  system. 

The East  Treatment P lan t ,  cons t ruc ted  between 1964 and 1974, has a  r a t e d  

c a p a c i t y  o f  65 MLlday. A  Czechoslovakian f i r m  designed t h e  p l a n t  and supp l i ed  

t he  equipment, Cons t ruc t i on  was c a r r i e d  o u t  by an Egyp t ian  con t rac to r .  The 

p l a n t  employs an a c t i v a t e d  s ludge process f o r  secondary t rea tment  o f  h a l f  of 

t he  f l o w  w h i l e  t h e  o t h e r  h a l f  rece ives  p r imary  s e t t l i n g  on ly .  Raw s ludge 

f rom t h e  p l a n t  i s  d r i e d  on ad jacen t  sand-drying beds f o r  u l t i m a t e  d isposa l  

t o  farm land. Secondary t rea tment  a f f o r d e d  by the  p l a n t  i s  o f  s i g n i f i c a n t l y  

lower  q u a l i t y  than no rma l l y  expected from an a c t i v a t e d  s ludge process, due 

t o  i n t e r m i t t e n t  f l ows ,  t o x i c  wastes, excess i ve l y  h i gh  BOD loadings,  and 

l i m i t e d  a i r  supply. The l a c k  o f  any ope ra t i ng  f l o w  meters f u r t h e r  prec ludes 

s a t i s f a c t o r y  ope ra t i on  of t he  f a c i l i t i e s .  The cons iderab le  t r a s h  and g r i t  

rece ived  a t  the  p l a n t  a re  an a d d i t i o n a l  source of ope ra t i ona l  problems. 

They a re  a l s o  a  p r imary  source o f  excess ive odor and f l y  nuisance problems. 

3.4 Wastewater Flows and C h a r a c t e r i s t i c s  

Col l e c t e d  Wastewaters 

P r i o r  Data, Very few f l o w  and s t r e n g t h  measurements were made i n  t h e  pas t  i n  

A lexandr ia .  The sewer system has no ope ra t i ng  f l o w  recorders.  Pump s t a t i o n  

f l o w  r a t e s  were c rude l y  es t imated  on t he  bas i s  o f  power usage. I n  an a t tempt  

t o  adequately q u a n t i f y  p resen t  f l ows  and t h e i r  p rope r t i es ,  f i e l d  i n v e s t i g a -  

t i o n s  were c a r r i e d  o u t  as p a r t  of t h i s  Master Plan s tudy  du r i ng  t h e  

summer months of 1977. 

F i e l d  Stud ies.  The f i e l d  measurement and sarnpl i ng program was undertaken 

i n  l a t e  May and was completed by mid -Ju ly  1977. S i x  p r i n c i p a l  wastewater 

d ischarge s i t e s  were se lec ted  and monitored, Flow measurements were taken 



a t  ha l f - hou r  i n t e r v a l s  throughout  a  24-hour pe r i od  and samples c o l l e c t e d  

( p r o p o r t i o n a l l y  t o  f l o w )  f o r  composi t ing on a  6-hour bas i s .  Each week two 

s i t e s  were moni tored on a  s i n g l e  day. The s i x  s i t e s  were: 

1. I n l e t  t o  t h e  East Treatment P l a n t  

2. Smouha D ra in  

3. I n d u s t r i e s  Pump S t a t i o n  (wet w e l l )  

4. Ghe i t  e l  Enab D r a i n  

5. Gabbary D r a i n  

6. K a i t  Bey Pump S t a t i o n  (d ischarge  chamber t o  o u t f a l l )  

The l o c a t i o n s  of these s i t e s  and t h e i r  approxinlate t r i b u t a r y  areas, assuming 

normal pump s t a t i o n  opera t ions  were i n  e f f e c t ,  a r e  shown i n  F igure  3-4. 

Flow measurement de te rmina t ions  were made w i t h  use o f  a  c u r r e n t  meter a t  

t h r e e  o f  t h e  s i x  s i t e s :  Smouha Dra in ,  K a i t  Bey and Gabbary Dra in ;  whereas 

c a l i b r a t e d  w e i r s  o r  pump performance curves were used a t  t h e  remain ing 

t h r e e  s i t e s .  Re f r i ge ra ted  6-hour composite samples ( 1  2 ha1 f - hou r  p r o p o r t i o n a l  

grab samples) were analyzed a t  t h e  Laboratory  o f  S a n i t a r y  Chemistry, Facu l t y  

o f  Engineer ing, A lexandr ia  U n i v e r s i t y .  

A  summary o f  t h e  r e s u l t s  i s  shown i n  Table 3-2. I n  most cases, measurements 

agreed we1 1  w i t h  e i t h e r  e m p i r i c a l l y  es t imated  f l o w  r a t e s  based on t r i b u t a r y  

populat ions,  measurements taken severa l  years  ago ( a t  one s i t e ) ,  o r  w i t h  

rough est imates nade by v e l  o c i  t y -a rea  approximat ions . The East  Treatment 

P lan t  i n f l u e n t  f i e l d  measurements a r e  be l i eved  t o  be t o o  low because o f  sand 

depos i ts  behind t h e  we i r .  A  combined average day instantaneous f l o w  o f  3.2 

m3/sec, account ing f o r  an es t imated  GO percen t  o f  t o t a l  A lexandr ia  wastewater 

flow, was gauged d u r i n g  t he  p e r i o d  o f  f i e l d  study. 

F l  ow-weighted average va lues of 585 mg/L BOD5 and 1245 mg/L COD were 

obta ined from the  sampling s tudy.  These a re  i n d i c a t i v e  o f  h i g h l y  concentrated 

wastewater. Large i n d u s t r i a l  waste loads, i n  combinat ion w i t h  low domest ic 

water  use, a r e  t he  p r i n c i p a l  c o n t r i b u t i n g  f a c t o r s  t o  t h i s  h i gh  s t r e n g t h  which 

i s  two t o  t h ree  t imes  t h a t  found i n  sewage f rom many o t h e r  comparably s i zed  

c i t i e s .  

Domestic and Commercial Sewage 

Water Consumption. C o l l e c t i o n  and e v a l u a t i o n  of wa te r  sa les  da ta  p e r t a i n i n g  

t o  t he  A lexandr ia  Water General A u t h o r i t y  supply  system l e d  t o  the  f o l l o w i n g  



TABLE 3-2 

SUMMARY OF WASTEWATER GAUGING AND SAMPLING PROGRAM 

kastia) Srnou h a 
P l a n t  D ra in  

Ind. 
P.S. 

Gnei t 
e l  Enab 

Gabbary 
Dra in  

Kai t 
3ey 

Flow deignted 
Average 

3 
Flow, rn /set 

Average ( b  0.33 0.57 
Range (h igh )  0.64 0.69 

( 1 ow) 0.16 0.44 

Q u a l i t y  ( c ) .  rng/L ( w i t h  except ion o f  pH) 

PI{ 7.0 7.5 
W 

I 
N BOD5 498 343 
N COD 1313 7 38 

O i  1 & Grease 167 163 
A1 k a l  i n i  t y  344 36 2 

(CaC03) 

To ta l  So l ids  1850 1309 
V o l a t i l e  59 6 332 
Suspended ' 658 282 
Vol -SUSP. 423 183 

Ammonia (as N) 36 2 7 
Alburnrnoid Ni t rogen 5 5 
Ch lor ide  407 31 7 
Phosphate 9 7 

( a ) ~ l o w  measurements are  known t o  be l ess  than a c t u a l l y  occur a t  i n t a k e  t o  p lan t .  

(b)Over a 24-hour period. 

( " ~ v e r a g e  qua1 i t y  based on four 6-hour cornposi ted  and flow weighted samples a t  each s i t e .  . . -  . ", 
% .  
-b 



es t imates  o f  u n i t  domestic water  consumption ( l i t r e s l c a ~ i t a / d a ~ )  f o r  1976: 

Range Average 

Lower Income Areas 69-93 80 

Midd le  Income Areas 128-1 65 154 

Higher  Income Areas 229-237 230 

Area-Wide Average (115-125) 121 

Eva lua t i on  o f  a l l  a v a i l a b l e  da ta  on t h e  AWGA system l e d  t o  t he  f o l l o w i n g  

est imates o f  wa te r  consumption f o r  1376: 

Use, 1  000 m3/day Percent 

Domestic 281.3 50 

I n d u s t r i a l  106.9 19 

Government 72.3 13 

Other Users 19.1 3 

Sys tem Losses 81.4 15 

Average Day Demand 561 .O 100 

The above f i g u r e s  do n o t  i n c l u d e  areas o u t s i d e  A lexandr ia  i n  t h e  Western 

Deser t  (Mersa Matruh Governorate) and p o r t i o n s  o f  Behei ra  Governorate which 

a r e  a l s o  served by t h e  AWGA supply  system. System losses  ( leakage, waste, 

t h e f t ,  and u n i d e n t i f i a b l e  use) a r e  taken as t h e  d i f f e r e n c e  between es t imated  

t o t a l  supply  and i d e n t i f i a b l e  water  use. 

Sewage Product ion.  Tak ing i n t o  cons ide ra t i on  a l l  water  supp ly  losses,  

i n c l u d i n g  evaporat ion,  d i r e c t  leakage t o  groundwater, t h e  sea and Lake 

I'4aryut, as w e l l  as consun~pt ive uses, a  wastewater r e t u r n  t o  wate r  use r a t i o  

o f  83 percen t  was c a l c u l a t e d .  Th is  r e s u l t s  i n  an average n o n - i n d u s t r i a l  

(domest ic p l u s  commercial ) per  c a p i t a  wastewater f low r a t e  of  approx imate ly  

100 L lday.  It i s  es t imated  t h a t  n e a r l y  2.38 m i  1  l i o n  persons (permanent and 

seasonal)  p r e s e n t l y  r e s i d e  w i t h i n  sewered areas; thus p resen t  domest ic 

wastewater f low i s  es t imated  t o  average 238 000 m31day. The corresponding 

BOD5 c o n t r i b u t i o n ,  a t  an est imated 50 gmlclday, i s  appro xi mat el,^ 120 000 kg ldav.  

I n d u s t r i a l  Wastes 

I n d u s t r i e s  i n  t h e  Study Area. The e x i s t i n g  i n d u s t r i e s  a re  w i d e l y  var ied ,  

rang ing  from i r o n  and s t e e l  f a b r i c a t i n g  and pet ro leum r e f i n i n g  t o  l i g h t  

manufactur ing. Major  water  users i n c l u d e  p u l p  and paper producers,  t e x t i l e  

manufacturers, dyeing, chemicals, and l e a t h e r  tann ing  opera t ions .  There are,  

i n  a d d i t i o n ,  a  s i g n i f i c a n t  number o f  food process ing f i r n i s  t h a t  consume 



l a r g e  al lounts o f  water .  I n d u s t r i a l  waters a r e  taken froni  severa l  sources; 

t h e  p u b l i c  (AWGA) supply ,  t h e  P!ahmoudia, Noubaria and ~ a k t a  Canals; and 

f rom l o c a l  groundwater w e l l s .  Wastewater f rom these i n d u s t r i e s  i s  pre-  

s e n t l y  d ischarged i n t o  t he  publ  i c  sewers, p r i n c i p a l  a g r i c u l t u r a l  d ra i ns ,  

t h e  lower  reaches o f  t h e  Mahmoudia Canal, t h e  waters  of Lake Maryut,  and 

t h e  Medi ter ranean Sea. 

I n d u s t r i a l  Waste Survey. A comprehensive i n d u s t r i a l  waste survey was 

performed i n  o rder  t o  ga the r  bas i c  data on water  use and wastewater genera- 

t i o n  f rom a l l  ma jo r  i n d u s t r i a l  p l a n t s  i n  A lexandr ia .  O f  approx imate ly  

200 wate r -us ing  i n d u s t r i a l  p l a n t s  l o c a t e d  w i t h i n  t h e  s tudy area, 145 were 

v i s i t e d  and data were ob ta i ned  f rom 129 d i f f e r e n t  ope ra t i ons .  These 

i nc l uded  a l l  p l a n t s  o f  a  heavy i n d u s t r i a l  n a t u r e  and those s m a l l e r  opcr3-  
3 t i o n s  ( l e s s  than  25 m /day) where process wastes n i g h t  c o n t a i n  t o x i c  

c o n s t i t u e n t s .  Those i n d u s t r i e s  n o t  surveyed were smal l  p l a n t s  us i ng  l e s s  
3 than  25 m /day o f  water  and genera t ing  non- tox ic  wastewaters.  

Data on p l a n t  processes, annual p roduc t ion ,  raw m a t e r i a l  needs, water  con- 

sumption, volume o f  waste d ischarge,  andgenera l  chemical  c h a r a c t e r i s t i c s  

o f  t h e  wastewater were c o l l e c t e d  by ques t i onna i r e ,  i n t e r v i e w ,  and by ef-  

f l  uent sampl i n g .  Addi t i o n a l  f l o w  measurements and chemical  ana lyses were 

c a r r i e d  o u t  f o r  a  number o f  major  i n d u s t r i e s  where e x i s t i n g  i n f o rma t i on  was 

sparse o r  open t o  doubt.  D e t a i l e d  f i n d i n g s  o f  t h e  survey were presented 

i n  a  separate  background document "Report  on I n d u s t r i a l  Wastewater" i n  

J u l y  1977, and a r e  reproduced i n  Appendix C o f  Volume 111. 

A sumnary o f  f i n d i n g s  i s  presented i n  Table  3-3.  O f  an es t imated  870 ML/day 

of  i n d u s t r i a l  wastewater d ischarge,  approx imate ly  226 MLlday i s  contaniinated, 

t h e  r e s t  i f  p r i m a r i l y  s ing le -pass  c o o l i n g  wa te r .  I n d u s t r i a l  process wastes 

c o n s t i t u t e  t h e  major  f l o w  (92 percen t )  o f  contam-inated wastewaters.  Near l y  

40 pe rcen t  o f  contaminated i n d u s t r i a l  f l ow en te r s  t h e  publ i c  sewers; ano ther  

40 percen t  f lows t o  l o c a l  d ra i ns ;  t he  remain ing 20 pe rcen t  i s  d ischarged 

d i r e c t l y  t o  canals  o r  t h e  sea. A more d e t a i l e d  breakdown o f  f l o w  by 

t ype  o f  i n d u s t r y  i s  presented i n  Appendix C.  

Based on quan t i  t a t i v e  i n f o r m a t i o n  p rov ided  by some i n d u s t r i e s  ( l u r i ng  ~ l ? e  

survey, a  number o f  samples analyzed i n  t h e  l a b o r a t o r y ,  and by ex t r apo la -  

t i o n s  o f  chemical wastewater c h a r a c t e r i s t i c s  from knowleqge of the  p l a n t  

procpsses invo lved ,  t o t a l  waste loads  o f  BOD5 and COD were es t i r i a t ed .  

3-24 
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The 870 000 m3/day o f  t o t a l  i n d u s t r i a l  wastewater f l o w  (contaminated and 

process-cool  i n g  wa te r s )  i s  es t imated  t o  c a r r y  160 000 kg/day o f  BOD5 and 

315 000 kg/day o f  COD. Approx imate ly  90 pe rcen t  of these  loads a r e  assoc ia ted  

w i t h  contaminated wastewater f l o w  and rep resen t  an average value, f o r  BOD5 

of 640 mg/L and f o r  COD of 1240 mg/L. Contaminated i n d u s t r i a l  wastewater 

f lows d ischarged t o  d ra i ns ,  canals ,  o r  o t h e r  open wate r  bodies,  i n s t e a d  

of t h e  p u b l i c  sewers, a r e  o f t e n  d i l u t e d  w i t h  p rocess-coo l ing  wastewater.  

Ove ra l l  F l  ows 

Combining domest ic ( i n c l u d i n g  commercial ) and i n d u s t r i a l  d ischarges w i t h  

es t imated  i n f i l t r a t i o n  r e s u l t s  i n  a  c u r r e n t  average d r y  weather wastewater 
3  f l o w  o f  383 000 m /day i n  sewered areas. D e t a i l s  a r e  presented i n  Table  3-4 

f o r  bo th  sewered and unsewered areas. A r e s u l t a n t  o v e r a l l  (sewered and 

unsewered a rea)  wastewater average d r y  weather f l o w  va lue  o f  562 000 m3/day 

i s  es t imated  t o  r ep resen t  t h e  1977 c o n d i t i o n  i n  A lexandr ia .  Th i s  va lue  i s  

e q u i v a l e n t  t o  an o v e r a l l  p e r  c a p i t a  wastewater gene ra t i on  r a t e  o f  236 L/day. 

3.5 Management and Finance 

System Opera t ion  

A l e x a n d r i a ' s  sewerage system i s  plagued by many problems, many of  which 

cou ld  be a l l e v i a t e d  by improvement and enforcement o f  t h e  e x i s t i n g  Sewer 

Use Law. The dumping of  s o l i d  wastes and t r ash ,  mazout ( f u e l  o i l  r es i dues )  

and used l u b r i c a t i n g  o i l ,  t o x i c  and low pH wastes from i n d u s t r y ,  septage 

from t h e  pumping of  s e p t i c  tanks, and manure f rom cow barns l oca ted  w i t h i n  t h e  
c i t y  i n t o  t h e  sewer system has r e s u l t e d  i n  p a r t i a l  b lockage and accumulat ions 

of s o l i d s  t h a t  would norma l l y  be c a r r i e d  through t h e  system by f l o w  i n  t h e  

sewers. Mazout and waste o i l s  f l o a t  on t h e  sewage, accumulat ing a t  h i g h  

p o i n t s  i n  t h e  c o l l e c t i o n  system. These m a t e r i a l s  make sewer c l e a n i n g  

d i f f i c u l t ,  rep resen t  a  p o t e n t i a l  f i r e  hazard, and upon d ischarge,  degrade 

wate r  q u a l i t y .  Low pH i n d u s t r i a l  wastes a t t a c k  sewer s t r u c t u r e s  and meta l  

manhole components. These and t o x i c  wastes make o p e r a t i o n  of b i o l o g i c a l  

t rea tment  processes n e a r l y  imposs ib le .  Several  t o x i c  m a t e r i a l s  found i n  

i n d u s t r i a l  wastewaters a r e  taken up by and accumulated i n  p l a n t s  and an imals  

which niay r e s u l t  i n  p o t e n t i a l l y  dangerous concen t ra t i ons  o f  t o x i c a n t s  be ing  

passed a long  t h e  food c h a i n  t o  a f f e c t  t h e  h e a l t h  of h i g h e r  animals and 

humans. 



TABLE 3-4 

ESTIMATED PRESENT WASTEWATER FLOWS 

1977 - 
Populat ion 

Tota l  i n  Alexandr ia (permanent p lus  seasonal peak) 2 800 0 0 0 ( ~ )  

Wi th in  p resent ly  sewered areas 2 380 000 

(percent  sewered = 85%) 

Domestic Sewage Generation, 1 i tres/person/day 

Wastewater F l  ows , ML/day 

Domes ti c : 

Sewered area 

Unsewered areas 

TOTAL 

, Contami nated I n d u s t r i a l  : 

To sewers 

To dra ins,  canals, and t h e  sea 

TOTAL 

I n f i l t r a t i o n  (4300 ha x 0,15 L/sec/ha) 

Average Dry Weather Flow: 

I n  sewered areas 

I n  unsewered areas 

TOTAL 

Ia )1976 permanent popu la t ion  (2.382 m i  11 i o n )  times annual growth r a t e  
(2,7%) p lus  a seasonal popu la t ion  peak o f  358 thousand temporary res idents .  



These materials must be excluded i f  the sewerage system i s  t o  operate 

properly. The present sewer Use Law prohibits dumping of such materials into 

the system, b u t  the law i s  not enforced. Before i t  can be enforced, alterna- 

t ive means of collection and disposal of these wastes must be established. 

The people who generate the problem wastes need t o  be instructed in proper 

use of the new collection procedures and f a c i l i t i e s .  For the benefit of the 

sewer system, as well as for public health and for logis t ic  reasons, a l l  

cow barns within the c i t y  should be moved t o  rural locations. 

Another barrier to  proper operation of the sewerage system i s  the policy of 

surcharging the gravity collection system. The principal reason for the 

policy i s  to allow for system deficiencies. A few pumps, for example, are 

mismatched to  the head conditions and will not discharge a t  the required 

rates unless the head i s  decreased by surcharging the pump suction. In 

other cases wet wells have not been provided with adequate capacity between 

the levels where pumps are  stopped and s tar ted.  Several older pump s ta t ions 

have no wet wells a t  a l l .  Operating in a surcharged condition, however, has 

allowed fewer pump s t a r t s  and stops, which i s  desirable for operability of 

pumps and electr ical  gear. 

Surcharging renders useless the nominal separation of stormwater from waste- 

water in new portions of the East Zone system. Operating the system in 

a surcharged condition increases the number of raw sewage overflows along the 

shore1 ine, when electr ical  fa i lures  interrupt pumping. If the system were 
not operated in a surcharged condition, power outages of an hour or two 

could be adequately handled without overflow, by using storage available in 
the existing system. Similarly, during periods of runoff, storage available 

in the system (unt i l  i t  f i l l s )  i s  useful i n  eliminating flooding due to short 

duration rainfal ls  and reducing the extent of flooding for longer rainfall  

periods. Surcharging also causes contamination of groundwater in the 

vicinity of sewers, due to  exf i l t ra t ion  from pipeline joints.  For proper 
operation, the system must be kept pumped down in order to resul t  in open- 
channel flow within the gravity l ines.  Modification of existing pump s ta t ions 
will be necessary to allow this  mode of operation. The program of construction 
set  forth in th is  report includes such work. 



Organ i za t i on  and A d m i n i s t r a t i o n  

W a s t e w a t e r w t e m  Management. Management i s  p rov ided  by a  n a t i o n a l  ---- - - -- 

o rgan i za t i on ,  t he  General O rgan i za t i on  f o r  Sewerage and S a n i t a r y  Drainage 

(GOSSD), a  branch of t h e  M i n i s t r y  o f  Housing and Recons t ruc t ion  (MOHR). 

O v e r a l l  po l  i cy-maki ng , budget ing , and f i nanci  a1 c o n t r o l  , as we1 1  as des ign , 
tender ing ,  and cont ract -award f o r  major  p r o j e c t s ,  a r e  t h e  r e s p o n s i b i l i t y  of 

GOSSD. GOSSD ma in ta ins  s t a f f ,  o f f i c e s ,  and o t h e r  f a c i l i t i e s  i n  A lexandr ia  

(GOSSD-A1 exandr ia )  t o  opera te  and m a i n t a i n  t h e  wastewater c o l  1  e c t i o n  and 

d i sposa l  systems w i t h i n  t h e  c i t y .  

A  c h a r t  o f  t h e  o r g a n i z a t i o n  o f  GOSSD-Alexandria i s  shown on F igu re  3-5. The 

General D i r e c t o r ' s  d u t i e s  a r e  p r e s e n t l y  be ing  performed on a  p a r t - t i m e  bas i s  

by an o f f i c i a l  o f  t h e  GOSSD o f f i c e s  i n  Ca i ro .  As shown i n  t he  c h a r t ,  t h e r e  

a r e  f o u r  s t a f f  departments, f i v e  l i n e  departments, and two t e c h n i c a l  depar t -  

ments, each headed by an A s s i s t a n t  General D i r e c t o r .  

A d m i n i s t r a t i v e  Funct ions.  Four departments p rov i de  personnel  , l e g a l  , 
f i n a n c i a l ,  and general  se r v i ces  f o r  GOSSD-Alexandria. 

The Personnel Department fo l l ows  t h e  s tandard government employment p o l i c y  

i n  h i r i n g  GOSSD-A1 exandr ia  personnel .  There a r e  weaknesses i n  t h e  compen- 

s a t i o n  system which l i m i t  t h e i r  a b i l i t y  t o  a t t r a c t  and r e t a i n  competent 

personnel .  Among these weaknesses a r e  low s a l a r y  sca les,  l a c k  o f  p r o v i s i o n  

f o r  m e r i t  pay increases,  and l i m i t e d  o p p o r t u n i t i e s  f o r  promot ion. There 

a r e  no i n c e n t i v e s  f o r  achievement o r  performance. P lann ing  f o r  s t a f f  needs 

(number and s k i l l s )  i s  n o t  performed adequate ly .  

The Budget and Finance Department i s  r espons ib l e  f o r  1  oca l  budget ing , 
account ing,  purchasing, s to rekeep i  ng, and d i s b u r s i n g  funds. Bas ic  

account ing techniques a re  p resc r i bed  i n  t he  Egyp t ian  Standard ized 

Account ing System. No asse t  accounts a r e  mainta ined.  Fur ther ,  s i n c e  t h e  

s tandard system does n o t  p r e s c r i b e  d e p r e c i a t i o n  accoun t ing  f o r  wastewater 

f a c i l i t i e s ,  no d e p r e c i a t i o n  i s  recorded. An i n t e r n a l  a u d i t  a c i t v i t y  does 

n o t  e x i s t .  Purchasing a c t i v i t i e s  conform t o  n a t i o n a l l y  es tab l i shed  

procedures which r e q u i r e  compe t i t i ve  b i d d i n g  f o r  purchases c o s t i n g  i n  

excess of LE 500. I nven to r y  i s  ma in ta ined  i n  a  number o f  l o c a t i o n s  t o  serve 

t h e  needs of  va r i ous  ope ra t i ng  and maintenance u n i t s .  A l though a  g r e a t  deal  



o f  s t a t i s t i c a l  i n f o r m a t i o n  i s  gathered th roughou t  t h e  o rgan i za t i on ,  such 

da ta  a r e  g e n e r a l l y  n o t  c o l l e c t e d ,  summarized, o r  eva lua ted  f o r  t h e  use o f  

t op  1  eve1 management. 

The Legal  Department p rov ides  a  range o f  l e g a l  se r v i ces .  The l a c k  o f  an 

e f f e c t i v e  i n d u s t r i a l  waste m o n i t o r i n g  program has h indered  any e f f o r t s  t o  

secure compliance w i t h  t he  Sewer Use Law. 

The P u b l i c  Serv ices  Department i s  r espons ib l e  f o r  community r e l a t i o n s  and 

rece i ves  and processes compla in ts .  I t  a l s o  superv ises  s e c u r i t y  se r v i ces .  

I t s  A s s i s t a n t  General D i r e c t o r  a1 so a s s i s t s  t h e  P r o j e c t  Execu t ion  Depart-  

ment i n  t h e  c a p i t a l  development p l ann ing  process. 

Operat ions and Maintenance - Funct ions.  --- Three departments a r e  r espons ib l e  f o r  

t h e  o p e r a t i o n  and maintenance of  t h e  A lexandr ia  sewerage system. 

The Sewer Maintenance Department, respons-i b l e  f o r  c l ean ing  and r e p a i r i n g  

sewer 1  ines  th roughou t  t h e  c i t y ,  has a  h i g h l y  d e c e n t r a l i z e d  approach t o  

i t s  tasks .  There a r e  seven d i s t r i c t s ,  each w i t h  ass igned crews and a  

bas i c  a l l o t m e n t  o f  t o o l s .  Some have permanent ly ass igned mob i le  equipment. 

A d d i t i o n a l  equipment i s  ob ta i ned  from a  c e n t r a l  poo l .  The d i s t r i c t s  va r y  

w i d e l y  i n  s i z e  and ope ra t i ona l  comp lex i t y .  Severe problems have been 

c rea ted  th rough  t h e  misuse o f  t h e  wastewater system. As a  consequence, most 

o f  t h e  Department 's work i s  c o r r e c t i v e ,  r a t h e r  than p reven ta t i ve ,  i n  na tu re .  

The Water P o l l u t i o n  Con t ro l  Department i s  r espons ib l e  f o r  o p e r a t i o n  and 

maintenance o f  t h e  East  Treatment P l a n t  and f o r  m o n i t o r i n g  water  qua1 i t y  

i n  Lake Maryut  and a long  the  beaches of  t he  Medi ter ranean Sea w i t h i n  t h e  

c i t y  l i m i t s .  The East  P l a n t  i s  n o t  f u n c t i o n i n g  p r o p e r l y  due t o  a  v a r i e t y  

o f  c i rcumstances i n c l u d i n g  f a u l t y  des ign,  heavy l o a d i n g  o f  i n d u s t r i a l  

wastes, and l a c k  o f  t r a i n i n g  and m o t i v a t i o n  o f  p l a n t  s t a f f ,  as has been 

d i  scussed p r e v i o u s l y .  

The Mechanical and E l e c t r i c a l  Department operates and ma in ta ins  pump 

s t a t i o n s ,  p rov ides  aux i  1  i a r y  pumping se rv i ces  as needed, and operates and 

ma in ta ins  t h e  v e h i c l e  f l e e t  o f  GOSSD-Alexandria. I n  a d d i t i o n ,  t he  s t a f f  o f  

t h i s  department p rov ides  mechanical and e l e c t r i c a l  des ign serv ices ,  when 

requ i red ,  f o r  t he  des ign o f  smal l  pu~:~ping f a c i l i t i e s .  Prrmp s t a t i o n s  a r e  

s t a f f e d  on a  24-hour b a s i s  and t h e  c i t y  i s  d i v i d e d  i n t o  two zones 



f o r  o p e r a t i o n a l  c o n t r o l  purposes. Emergency pumpins se r v i ces  a r e  p rov i ded  

by an a u x i l i a r y  u n i t  when needed t o  a l l e v i a t e  f l o o d i n g  o r  f o r  dewater ing 

pump s t a t i o n s  t h a t  a r e  under r e p a i r .  The equipment shop i s  capable  o f  

r e p a i r i n g  o r  r e b u i l d i n g  v i r t u a l l y  any pump o r  v e h i c l e  i nc l uded  i t ,  i t s  

i n v e n t o r y .  

P r o j e c t  Development. Two departments i n  GOSSD-Alexandria a r e  r espons ib l e  -- 
f o r  new p r o j e c t s .  

The Design Depar tment 's  d u t i e s  i n c l u d e  des ign  o f  smal l  ex tens ions  and pu~r~p 

s t a t i o n s ,  c o l l e c t i o n  o f  f i e l d  data f o r  des igns t o  be prepared i n  Cai ro ,  

p l  acecient o f  grade s takes f o r  c o n s t r u c t i o n ,  and e s t i m a t i n g  p r o j e c t  

comp le t ion  f o r  c o n t r a c t o r s '  payments. I t  i s  handicapped i n  per fo rming  these 

f unc t i ons  by i t s  smal l  s t a f f  and 1 i m i  t e d  equipment. 

The P r o j e c t  Execu t ion  Department represen ts  GOSSD-Alexandria on a l l  

c o n s t r u c t i o n  p r o j e c t s .  Department r e p r e s e n t a t i v e s  p a r t i c i p a t e  f i r s t  i n  

t h e  b i d  opening and e v a l u a t i o n  processes. A team o f  i n s p e c t o r s  and engineers  

i s  then  ass igned d u r i n g  c o n s t r u c t i o n  t o  assure compl iance on s i t e  w i t h  

p r o j e c t  p lans  and s p e c i f i c a t i o n s .  A p p l i c a t i o n s  f o r  connec t ions  and 

ex tens ions  a r e  r ece i ved  and processed by t h i s  department. A p p l i c a n t s  f o r  

new connec t ions  a r e  r e q u i r e d  t o  d e p o s i t  w i t h  t h e  Department t h e  amount o f  

t he  es t imated  c o s t  o f  t h e  connec t ion .  The Department a l s o  c o l l e c t s  developer  

paynents f o r  t h e  c o s t  of des i gn ing  and b u i l d i n g  c o l l e c t i o n  systems 

and connect ions t o  new developments. The Department i nc l udes  a 

d r a f t i n g  team t o  meet b o t h  i t s  needs and those of t h e  Design Department. 

F inanc ing  Arrangements. The fund ing  requi rements  o f  GOSSD-Alexandria a r e  

met through n a t i o n a l  budget a l l o c a t i o n s .  A l though charges a r e  made f o r  

new connect ions,  t he  t o t a l  amount o f  revenue generated i s  reduced by 

s u b s i d i z i n g t h e s e c o s t s  For lower-income f a m i l i e s .  Operat ions,  maintenance, 

and c a p i t a l  development expend i tu res  i n  excess o f  revenues rece i ved  f rom 

new connect ions and c o n t r a c t o r  developments a r e  met by q u a r t e r l y  a1 lo tments  

depos i ted  i n  t h e  bank account  o f  GOSSD-Alexandria by t h e  M i n i s t r y  o f  

Finance. A u t h o r i z a t i o n  t o  spend such funds e x p i r e s  a t  t h e  end o f  t h e  

f i s c a l  year ,  and any funds remain ing a r e  used t o  reduce t h e  a l l o t m e n t  f o r  

t h e  f i r s t  q u a r t e r  o f  t h e  succeeding yea r .  



A summary of expend i tu res  f rom 1973 t o  1976 i s  shown i n  Table  3-5 a long  w i t h  

1977 budget es t imates .  Annual wastewater expend i tu res  f a l l  i n t o  two ma jo r  

ca tego r i es - -ope ra t i ng  cos t s  and c a p i t a l  cos ts .  The annual budget f o r  these 

expend i tu res  i s  prepared by GOSSD-Alexandria and submi t ted  f o r  rev iew t o  

t h e  M i n i s t r y  o f  Housing and Recons t ruc t ion  and t h e  M i n i s t r y  o f  Finance. The 

s e c t i o n  o f  t h e  budget d e a l i n g  w i t h  p r o j e c t s  must a l s o  be approved by t he  

M i n i s t r y  o f  P lanning.  A f i v e - y e a r  c a p i t a l  improvement program i s  developed 

annua l l y  by GOSSD-Alexandria and GOSSD-Cairo as a p l ann ing  t o o l .  

The approved budget i s  a l l o c a t e d  by  GOSSD-Cairo. Moderate inc reases  i n  

ope ra t i on  and maintenance cos t s  occur  annua l l y ,  due t o  r e g u l a t e d  inc reases  

i n  government wages as w e l l  as increases i n  u n i t  c o s t  and r e q u i r e d  q u a n t i t y  

o f  m a t e r i a l s  and supp l i es .  Budget amounts f o r  c a p i t a l  improvement p r o j e c t s  

f l u c t u a t e  accord ing  t o  t h e  a v a i l a b i l i t y  o f  funds and p r o j e c t  p r i o r i t i e s .  

When expend i tu res  exceed budgeted funds, GOSSD-Alexandria must have a d d i t i o n a l  

cos t s  approved by t h e  M i n i s t r y  o f  Finance. 

The Budget and Finance Department has t h e  a u t h o r i t y  t o  d i sbu rse  a l l  funds. 

The M i n i s t r y  o f  Finance a u d i t s  some of  t he  f i n a n c i a l  documents o f  GOSSD- 

Ca i ro  a t  year-end and a second rev iew i s  made by t h e  Cen t ra l  Agency f o r  

A u d i t i n g  under t he  a u t h o r i t y  of t h e  Par l iament .  D e t a i l e d  i n t e r n a l  

and o n - s i t e  checks o f  t r a n s a c t i o n s  p e r t a i n i n g  s p e c i f i c a l l y  t o  GOSSD-Alexandria 

a r e  n o t  made. 

Conclusions. The o r g a n i z a t i o n  o f  GOSSD-Alexandria c o u l d  be made more 

e f f e c t i v e  and t h e  l e v e l  o f  p u b l i c  s e r v i c e  cou ld  be improved. Aniong t he  

p resen t  weaknesses are:  

- l a c k  o f  f u l l - t i m e  General D i r e c t o r ;  

- low l e v e l s  o f  compensation f o r  employees; 

- a h i gh  t u rnove r  r a t e  anong employees; 

- a shor tage o f  personnel i n  c e r t a i n  departments; 

- l a c k  o f  a p reven t i ve  maintenance program; 

- l a c k  o f  asset  records  and an absence o f  d e p r e c i a t i o n  schedules; 

- l a c k  o f  an i n t e r n a l  a u d i t  u n i t ,  and 

- i n a b i l i t y  t o  en fo r ce  t h e  sewer use law. 

Co r rec t i ng  these weaknesses w i l l  n o t  necess i t a t e  a r e s t r u c t u r i n g  of t h e  p resen t  

GOSSD-Alexandria o r g a n i z a t i o n  b u t  w i l l  r e s u l t  i n  a more e f f e c t i v e  o rgan i za t i on .  



TABLE 3-5 

GOSSD-ALEXANDRIA -- FIVE-YEAR -- -A FINANCIAL SUMMARY, 1973-1977 

Annua 1 Expendi t u r e s  , L E ( ~ )  - 1973 -- 1974 - 1975 1976 - 1 9 7 7 ( ~ )  

Opera t ing  Costs 

Sal  a r i  es and A1 1 owances 
Employee Benef i t s  
Fuel 
U t i l i t i e s  
Spare Pa r t s  and M a t e r i a l s  
Ma jo r  Repai rs  
Other  Expendi tures 

TOTAL 

Capi t a l  Costs 

Master P l  an Sewers 111 155 163 763 99 248 484 903 600 000 
Master  P l  an Pumping S t a t i o n s  48 041 40 105 34 036 - 300 000 
Master P lan  Treatment Faci  1 i t i e s  203 859 175 270 303 423 399 940 500 000 

' Other  P r o j e c t s  -- 181 795 120.862 100 951 -- 144 809 -- 200 900 

TOTAL 544 850 500 000 537 658 1 029 652 1 600 000 

Debt Payments - - 9 312 3 508 3 508 

T o t a l  Annual Expendi tures 1 175 693 1 175 515 1 288 450 1 931 067 2 599 152 

Revenues 

Se rv i ce  charges, fees (C 87 870 127 015 79 262 96 993 n o t  a v a i l a b l e  
Government c o n t r i b u t i o n  1 087 823 1 0 4 8  500 1 2 0 9  188 1 8 3 4  074 n o t  a v a i l a b l e  

(aJt lased on f i  nanci  a1 records  o f  t h e  Budget and Finance Department, GOSSU-A1 exand r i  a. 

(b )Opera t ing  cos t s  based on budget  approved by  GOSSD-Cairo. C a p i t a l  cos t s  based on annual needs es t imated  
by  t h e  P r o j e c t  Execu t ion  Department on 1 J u l y  1977, Debt Payments based on i n f o r m a t i o n  from 
Budget and Finance Department on e x i s t i n g  commi tments. 

( C ) ~ u s t o m e r  c o n t r i b u t i o n s  f o r  ex tens ions  and connect ions , 



3.6 Water Quality 

Mediterranean Sea 

General Condition. Outside of locally polluted zones, the Mediterranean -- 

waters in the vicinity of Alexandria are  beautifully clear with low turbidity 

and low counts of marine organisms. The sea i s  generally nutrient-poor, 

especially in the eastern portion, due to the lack of major discharges into 

i t .  The significant reduction in the Nile discharge, due to the Aswan High 
Dam, has taken away a considerable source of nutrients,  reduced turbidity,  

and affected f lora and fauna t o  a yet undetermined extent. Urban pollution 

along the shoreline of the sea has, on the other hand, stressed local,  

natural sel f-purification resources t o  a considerable degree, resul ting in 

unacceptable degradation along some portions where circulation and dispersion 

are weak or non-existent. The ent i re  shoreline of Alexandria, as far  as two 

ki 1 ometres offshore, i s  bei nq stressed and degraded. 

Western Harbor. Large quantities of untreated domestic and commercial - 
wastewaters, as well as urban runoff, are discharged a t  the shoreline in 

several locations near the Central Dock area of the Western Harbor. These 

flows, coupled with the usual wastewater discharges from berthed ships and 

other harbor ac t iv i t ies  have created too great a demand on oxygen 
resources along shore, resulting in summertime anerobic 
conditions a n d  attendant nuisances. Along the shoreline further 

west, discharge of untreated wastewaters from an abattoir and several 

tanneries, as well as domestic sewage from an extensive residential area, 
causes a similar problem situation. Even further to the west, there are 

additional discharges of industrial and domestic wastewaters, also untreated. 

A large chemical manufacturing p l a n t  discharges, through i t s  own sea out fa l l ,  

caustic wastes and wastes from the manufacture of chlorine; the discharge i s  

presumed t o  contain significant concentrations of mercury. Fortunately, 

natural circulation and dispersion in the extreme western portion of the 
harbor have held visible effects of this  pollution t o  a mininium. 

Another pollutional load discharging to Western Harbor i s  the drainage from 
an area of about 200 000 ha of irrigated farm land. A relatively small 

quantity of this  drainage discharge i s  from and through Lake Maryut, 



which rece i ves  a  cons iderab le  p o r t i o n  o f  A l e x a n d r i a ' s  u n t r e a t e d  wastewater.  

Th is  dra inage d ischarge  i n t o  t h e  Western Harbor i s  o f  r e l a t i v e l y  good 

q u a l i t y ,  excep t  t h a t  i t  con ta i ns  b o t h  n u t r i e n t s  and p e s t i c i d e  res idues  

assoc ia ted  w i t h  a g r i c u l t u r a l  r u n o f f .  P o l l u t a n t s  a re  u s u a l l y  w e l l  mixed and 

d ispersed  by t u rbu lence  of waves and w i  nd-generated 1  oca l  c i r c u l a t i o n .  

K a i t  Bey Po in t .  The o u t f a l l  a t  K a i t  Bey P o i n t  d ischarges un t rea ted  wastewater 

f rom t h e  c e n t r a l  p o r t i o n  o f  t h e  c i t y  i n t o  t h e  s u r f  zone a t  t h e  end o f  t h e  

Anfush i  Peninsu la .  A t  present ,  average d r y  weather f l o w  i n  excess of 

100 000 m3/day i s  d ischarged through t h i s  f a c i l i t y .  The o u t f a l l  p i p e l i n e  i s  

l a i d  on t h e  bo t tom through t h e  s u r f  zone w i t h  a  minimum o f  concre te  encase- 

ment, a f f o r d i n g  inadequate p r o t e c t i o n  a g a i n s t  wave a c t i o n .  Consequent ly,  

t h e  p i p e l i n e  has been broken i n  severa l  p laces and wastewaters a r e  

u n i n t e n t i o n a l l y  d ischarged a l ong  i t s  735 m l eng th .  O u t f a l l  des ign  p rov i ded  

f o r  a  s i n g l e  open-end d ischarge  thus a f f o r d i n g  minimum d i s p e r s i o n .  A  major  

p o r t i o n  o f  t h e  wastewater passes c l o s e  t o  l and  as t h e r e  i s  u s u a l l y  a  c u r r e n t  

p a r a l l e l  t o  t h e  s h o r e l i n e  predominant ly  i n  t h e  n o r t h e a s t e r l y  d i r e c t i o n ,  

a l though  sometimes t o  t h e  southwest.  The c u r r e n t  c a r r i e s  p o o r l y  d i l u t e d  

wastewater f o r  severa l  hundred metres b e f o r e  t h e  plume becomes v i s i b l y  

unde tec tab le  through s u f f i c i e n t  m i x i ng .  Odors a r e  n o t i c e a b l e  near t h e  

plume severa l  hundred metres f r om  t h e  o u t f a l l .  B a c t e r i a l  con tamina t ion  o f  

t h e  beaches seve ra l  k i l ome t res  i n  e i t h e r  d i r e c t i o n  i s  caused by t h i s  

d ischarge,  when t h e r e  a r e  onshore winds. 

Eas te rn  Shore l ine .  Between t h e  Eas te rn  Harbor and Montazah t h e r e  a r e  more 

than  twenty  sewer over f lows which, a t  va r i ous  t imes,  d ischarge  raw o r  r u n o f f -  

d i l u t e d  wastewater t o  t h e  sea a t  sho re l i ne .  Cons iderab le  volumes o f  waste- 

wa te r  a r e  d ischarged through those o u t f a l l s  f rom pump s t a t i o n s  d u r i n g  

t h e  non-bath ing season. I t  i s  a  common o p e r a t i n g  procedure t o  shu t  o f f  

pumps d u r i n g  t h e  w i n t e r  and a l l o w  wastewaters t o  d ischarge  t o  the  sea. When 

over f lows  and i n t e n t i o n a l  d ischarges occur  a t  these o u t f a l l  p o i n t s ,  waste- 

water  plumes a r e  v i s i b l e  w i t h  assoc ia ted  c h a r a c t e r i s t i c  s e p t i c  sewage odors 

and a t t endan t  l a r g e  f l o c k s  o f  sea b i r d s  i n  t h e  v i c i n i t y .  Dur ing  pe r i ods  

of  o f fshore winds an o i l y  s l i c k  can be seen f rom t h e  p o i n t  o f  d i scharge  

ex tend ing  severa l  hundred metres from t h e  shore. Dur ing  onshore winds, t h e  

p o l l u t e d ,  warmer and l e s s  s a l i n e  wastewaters d ischarged from these over f lows 

f l o a t  on t h e  denser sea wate r  and a r e  h e l d  c l o s e  t o  t h e  shore by t h e  winds, 



thereby n o t  reach ing  d i spe rs i ng  cu r ren t s  and caus ing a  concentrated 

p o l l u t i n g  e f f e c t  a long  t h e  beaches. 

1  Stud ies made a t  A lexandr ia  U n i v e r s i t y  have developed c i r c u m s t a n t i a l  b u t  

conv inc ing  evidence o f  a  d i r e c t  c o r r e l a t i o n  between t h e  inc idence  o f  t ypho id  

f e v e r  and persons who have been swimming a t  beaches near known sewage over-  

f l ows .  Occurrence o f  dense marine p l a n t  growths on s h o r e l i n e  rocks and 

s t r u c t u r e s  i s  ample evidence o f  t he  ex i s tence  o f  o rgan ic  p o l l u t i o n  i n  shore- 

l i n e  waters.  These p l a n t  growths a re  removed by t he  t r u c k l o a d  f rom ba th ing  

areas bo th  be fo re  and du r i ng  t h e  sumner season. 

Near shore p o l l u t i o n  i s  a l s o  ev iden t  due t o  urban r u n o f f  t h a t  f l ows  d i r e c t l y  

t o  t he  sea a t  t h e  s h o r e l i n e  f rom areas n o r t h  o f  t he  r i d g e .  The e x t e n t  o f  

t h i s  p o l l u t i o n  i s  r e l a t i v e l y  smal l ,  however, and t he  cons iderab le  c o s t  

i nvo l ved  i n  c o r r e c t i n g  t h i s  problem makes i t  imprac t i cab le ,  i n  view o f  t he  

many more p ress ing  problems. C e r t a i n  o f  t h e  l o c a l  s torm dra inage system 

manholes a re  used by hau le rs  o f  septage f o r  d ischarge o f  s e p t i c  tank 

sludges removed from nearby unsewered areas. T h i s  very  s t r ong ,  noxious, 

s e p t i c  s ludge f lows  a  s h o r t  d i s t ance  i n  t he  d r a i n  b e f o r e  e n t e r i n g  t he  sea 

a t  shore l ine .  One common l o c a t i o n  f o r  t h i s  c l andes t i ne  dumping o f  s ludge i s  

near Montazah Garden a t  t h e  eas te rn  end o f  t he  Corniche; t h i s  p o i n t  i s  

100-300 m f rom beaches i n  e i t h e r  d i r e c t i o n .  

Abu K i r  Bay. The cons iderab le  p o l l u t i o n  o f  Abu K i r  Bay i s  ma in ly  o f  

i n d u s t r i a l  o r i g i n .  The p o i n t  o f  d ischarge t o  t h e  bay i s  a t  t h e  Tabia Pump 

S t a t i o n .  The major  sources o f  p o l l u t i o n  a re  severa l  t e x t i l e  m i l l s  l oca ted  

nor thwest  of  Ka f r  e l  Dawar and t he  two paper m i  11s l o c a t e d  on e i t h e r  s i d e  o f  

t he  Tabia Pump S t a t i o n  ( r e f e r  t o  F igure  3-3). Whi le t he  Abu K i r  D r a i n  system 

c a r r i e s  cons iderab le  a g r i c u l t u r a l  drainage, t h e  magnitude o f  t he  i n d u s t r i a l  

wastes discharges and t h e i r  waste loads a re  such t h a t  t he  Tabia d ischarge t o  

t h e  bay i s  h i g h l y  p o l l u t e d .  These f lows  c o n t a i n  smal l  amounts o f  heavy 

meta ls  f rom the  paper m i l l s ,  dyes from bo th  t he  t e x t i l e  and paper m i l l s ,  

and o f t e n  ve ry  low pH wastes f rom t h e  t e x t i l e  m i l l s .  F i b r e  f rom the  paper 

m i l l s  i s  a l s o  ev iden t .  

Abu K i r  Bay i s  w e l l  she l t e red  from the  main body of t he  Mediterranean by 

Abu K i r  Peninsula and shal low underwater rocky shoals o r  r i dges  t h a t  l i e  

' ~ h a r k a w ~ ,  Fahmy, "Study o f  t he  E f f e c t s  o f  Swimming i n  t h e  Sea on Heal th" ,  
San i t a r y  Survey o f  A lexandr ia  Beaches, 1976. 



across t h e  open p o r t i o n  o f  t h e  bay. Th is  r e s u l t s  i n  ve ry  l i m i t e d  movement 

of water i n t o  o r  o u t  o f  t h e  bay and l i t t l e  c i r c u l a t i o n  o r  tu rbu lence  w i t h i n  

t h e  bay waters compared t o  t he  open sea. The p a r t i c u l a r  l o c a t i o n  o f  the  

Tabia discharge p o i n t  i s  a t  a  most she l t e red  p o i n t  i n  t he  bay. As a  r e s u l t ,  

d i s c h a y e d  wastewater a t  Tabia i s  p o o r l y  d ispersed and tends t o  remain i n  
1 the  v i c i n i t y .  A r e p o r t  o f  t he  p o l l u t i o n  c o n d i t i o n s  i n  t he  bay i n d i c a t e s  

t h a t  du r i ng  a  1976 s tudy per iod ,  t he  sea water BOD5 near the Tabia d i s -  

charge p o i n t  had a  mean va lue of 650 mg/L and a  range o f  f rom 500 t o  more 

than 1000 mg/L, w e l l  i n  excess o f  the s t r e n g t h  o f  normal donlestic raw 

sewage. Samples taken a t  a  p o i n t  3.4 km eas t  o f  Tabia and 0.3 km o f f s h o r e  

i n  Abu K i r  Bay had a  mean BOD5 value of  more than 300 mg/L. A t  Maadeya, 

8.7 km e a s t  o f  Tabia, s h o r e l i n e  obse rva t i on  showed evidence o f  o rgan ic  

p o l l u t i o n ,  b u t  a t  a  s i g n i f i c a n t l y  lower  l e v e l .  Th is  i n d i c a t e s  t h a t  t h e r e  

a r e  cons iderab le  p o l l u t i o n a l  loads be ing d ischarged a t  Tabia t h a t  a re  n o t  

be ing d ispersed o r  mixed. Cont inued discharges a r e  l i k e l y  t o  exacerbate 

problem c o n d i t i o n s  i n  t h e  bay, t he  1 i k e l y  consequence of which would be 

l o s s  o f  t h e  anadromous f i s h e r y  i n  Lake Idku.  

I n l a n d  Waters 

General Condi t ions.  A l l  su r face  waters i n  t h e  immediate v i c i n i t y  o f  A lex-  

andr ia ,  w i t h  t h e  excep t ion  o f  the  D r i n k i n g  Water Canal and the  Hydrodrome, 

r e c e i v e  p o l l u t i o n a l  loads o f  one s o r t  o r  ano ther .  The D r i n k i n g  Water Canal 

branches f rom t h e  Mahmoudia Canal upstream o f  any s i g n i f i c a n t  A lexandr ia  

development and, a l though i t  con ta ins  p o l l u t a n t s  c a r r i e d  by t h e  Mahmoudia 

f lows,  t he re  a r e  no downstream uses t o  add more p o l l u t a n t s .  The va r i ous  

canals,  d r a i n s ,  and channels of t h e  r e g i o n  a l l  r ece i ve  stormwater r u n o f f  

and a r e  o therw ise  used as recep to rs  f o r  wastewaters of va r ious  s o r t s .  

Mahmoudia Canal. A l though t he  Mahmoudia Canal i s  p r i m a r i l y  a  water  supply  

canal ,  i t  rece ives  cons iderab le  a g r i c u l t u r a l  dra inage by pumping. 'There 

a r e  a l s o  upstream uses which i n t r oduce  p o l l u t a n t s .  The q u a l i t y  o f  the water  

becomes c o n t i n u a l l y  poorer as i t  flows through t he  developed areas o f  A lex-  

and r i a .  A t  the  p o i n t  o f  d ischarge t o  Western Harbor, the  canal water i s  

s e p t i c  and has t he  appearance o f  o r d i n a r y  sewage. 

Montazah Canal. The Montazah Canal i s  suppl i e d  b y  the  Mahmoudia Canal a t  

1 M i t w a l l y ,  H., e t  a l . ,  " P o l l u t i o n a l  Status of Abu K i r  Bay", Department 
o f  Envi ronmental Hea l th  , A1 exandr i  a  Uni v e r s i  t y  , May 1977. 



a p o i n t  downstream fro111 t h e  Siouf Water Treatment P l a n t  i n t a k e .  The canal  

passes th rough  densely  popu la ted  areas where i t  rece i ves  p o l l u t a n t s  f rom 

many sources, i n c l u d i n g  sewer over f lows,  i n d u s t r i a l  waste d ischarges,  s tock  

wa te r ing ,  l aundry ,  urban runo f f ,  and a g r i c u l t u r a l  dra inage.  The canal  

supp l i es  water ,  near i t s  end, t o  t h e  Maamoura Water Treatment Works. Water 

q u a l i t y  i n  a l l  p o r t i o n s  o f  t h e  canal  i s  ve r y  poor and c e r t a i n l y  n o t  f i t 

f o r  i t s  many p resen t  uses, i n c l u d i n g  d r i n k i n g  wate r  supp ly ,  d ishwashing, 

ba th ing ,  and laundry .  

Noubaria Canal. The q u a l i t y  o f  water  i n  t h e  Noubar ia i s  q u i t e  good i n  

comparison t o  waters  o f  o t h e r  canals  i n  t h e  area. The canal  has l i m i t e d  

t r a f f i c  and passes th rough  areas which a r e  undeveloped. It does, however, 

r e c e i v e  some a g r i c u l t u r a l  d ra inage  and i t s  s a l i n i t y  approaches t h e  1  i m i t  o f  

s u i t a b i l i t y  f o r  h i g h  va lue  c rop  i r r i g a t i o n .  The s a l i n i t y  o f  t h e  canal  wa te r  

near t h e  Western Harbor i s  ve r y  h igh,  due t o  i n f l o w  of seawater when t h e  

l o c k s  a r e  operated. 

Umoum Dra in .  Umoum D r a i n  wa te r  q u a l i t y  i s  a l s o  reasonably  good. The d r a i n  

c a r r i e s  a g r i c u l t u r a l  d r a i  nage from a  s u b s t a n t i a l  area t h a t  con ta i ns  a lmos t  

no urban development. Consequently, t h e r e  a r e  no concen t ra t i ons  of o rgan i c  

p o l  l u t a n t s  t o  cause environmental  s t r e s s  of s i g n i f i c a n c e .  

Hydrodrome-Kalaa Dra in .  The Hydrodrome-Kalaa system d r a i n s  t h e  area 
-.--.-- 

p r i m a r i l y  south o f  t h e  Mahmoudia Canal and eas t  o f  Lake Maryut,  as 

shown on F igu re  3-1. I t  i s  a l s o  an a g r i c u l t u r a l  d r a i n .  A  p o r t i o n  o f  

t h e  d r a i n ,  formed by depressions r e s u l t i n g  f rom t h e  c o n s t r u c t i o n  o f  t h e  

Hydrodrome, extends around t h e  Hydrodrome and c o n s i s t s  of two separate  

channels, one no r t heas t  o f  t h e  Hydrodrome, and t h e  o t h e r  southwest.  The 

l a t t e r  c a r r i e s  smal l  amounts o f  c l e a r ,  c l ean  wate r ,  p r i m a r i l y  seepage f rom 

t h e  Hydrodrome r e s e r v o i r .  The o t h e r  channel, however, r ece i ves  wastewater 

f l ows  and r u n o f f  f rom t h e  East  Sewerage Zone o f  Al 'exandr ia,  i n c l u d i n g  t h e  

area o f  Nouzha which l i e s  south o f  t h e  Mahmoudia Canal. These wastewaters 

a r e  l a r g e l y  un t rea ted ,  a l though  a  smal l  p o r t i o n  of  t h e  f l o w  rece i ves  

process ing a t  t h e  East  Treatment P l a n t ,  t h e  e f f l u e n t  of which a l s o  d ischarges 

i n t o  t h i s  channel .  The channel i s  about 40 m wide, about 5 m deep, and 

about 5 km long .  I t  i s  covered a long  most of i t s  l e n g t h  w i t h  a  t h i c k  l a y e r  

o f  f l o a t i n g  sludge, which i n  some p laces suppor ts  l u s h  weed growth.  

Anaerobic c o n d i t i o n s  e x i s t  throughout .  D ischarge f rom t h i s  channel i s  

c o n t r o l l e d  i n  o rde r  t o  ma in ta i n  a  wa te r  l e v e l  h i g h e r  than  t h a t  o f  t h e  Kalaa 



D r a i n .  T h i s  decreases t h e  d i f f e r e n t i a l  head between t h e  Hydrodrome and 

t h e  channel, and min imizes seepage. A  l a r g e  n a t u r a l  open s ludge d i g e s t e r  

i s  c r e a t e d  i n  t h e  channel  which a f f o r d s  a  s i g n i f i c a n t  degree o f  t r e a t m e n t  

f o r  t h e  wastewater.  Over f low f rom t h e  channel leads t o  t h e  Kalaa D r a i n  up- 

stream o f  t h e  Kalaa Pump S t a t i o n .  'Throughout t h e  y e a r  water  o v e r f l o w i n g  

t h e  channel i s  b lack ,  s e p t i c ,  and h i g h l y  t u r b i d .  BODj r e d u c t i o n s  i n  t h e  

channel a r e  found t o  be on t h e  o r d e r  of  60 percen t ,  as determined by 

a n a l y s i s  o f  samples. The BOD5 va lues  o f  channel  o v e r f l o w  a r e  i n  t h e  range 

o f  110 t o  200 mg/L. D u r i n g  wet  weather, c o n s i d e r a b l e  p o l l u t i o n a l  l o a d s  

n o r m a l l y  r e t a i n e d  i n  t h e  channel a r e  f l u s h e d  o u t  t o  t h e  Kalaa D r a i n .  

Over f low f r o m  t h e  channel mixes w i t h  d ra inage  f rom a  smal l  a g r i c u l t u r a l  

a rea  and i s  l i f t e d  by t h e  Kalaa Pump S t a t i o n  t o  t h e  Kalaa D r a i n  where i t  

i s  f u r t h e r  d i l  u t e d  by a d d i t i o n a l  a g r i c u l  t u r a l  dra inage.  Water i n  t h e  

Kalaa D r a i n  downstream o f  t h e  pump s t a t i o n  d ischarge  i s  t u r b i d ,  has a  

c h a r a c t e r i s t i c  sewage odor, and suppor ts  t h e  growth o f  weeds, hyac i t l t hs  

and a lgae .  I t  has a  BOD5 o f  abou t  60 mg/L. S i x  k i l o m e t r e s  downstream, 

t h e  Kalaa D r a i n  d i scharges  i n t o  Lake Maryut.  A t  t h a t  p o i n t ,  t h e  BOD5 

has been reduced t o  abou t  50 mg/L. The e n t i r e  l e n g t h  o f  t h e  Kalaa D r a i n ,  

downstream o f  t h e  pump s t a t i o n  d ischarge,  was choked w i t h  h y a c i n t h s  d u r i n g  

t h e  summer o f  1977. 

The Hydrodrome i s  now used an an emergency r e s e r v o i r  f o r  wa'ter supp ly  and 

does n o t  a f f e c t  t h e  wastewater o r  wa te r  qua1 i t y  c o n s i d e r a t i o n s  o f  t h i s  

s tudy .  

Lake Maryut .  The e a s t e r n  f r e s h  wa te r  p o r t i o n  o f  Lake Maryu t  i s  o f  m a j o r  

i n t e r e s t  i n  t h i s  s tudy .  The wa te rs  o f  t h e  wes te rn  p o r t i o n  o f  t h e  l a k e  a r e  

h i g h l y  s a l i n e  and a r e  u t i l i z e d  f o r  i n d u s t r i a l  s a l t  p r o d u c t i o n .  The amount 

o f  p o l l u t i o n  e n t e r i n g  t h e  western  p o r t i o n  i s  s m a l l .  The n u t r i e n t  l e v e l  i s  

such as t o  produce i n t e r m i t t e n t  blooms o f  unusual p i n k - c o l o r e d  a1 g a l  spec ies .  

I t  i s  i m p o r t a n t  t h a t  t h e  west p a r t  o f  t h e  l a k e  be p r o t e c t e d  a g a i n s t  ma jo r  

f r e s h  wa te r  ( i n c l u d i n g  raw sewage o r  t r e a t e d  e f f l u e n t )  i n f l u x  i n  o r d e r  t o  

safeguard t h e  s a l t  p r o d u c t i o n .  

The e a s t e r n  p o r t i o n ,  however, i s  a  ma jo r  r e c e p t o r  o f  A l e x a n d r i a ' s  wastewater,  

most of which i s  u n t r e a t e d .  The l a k e  d ischarge  t o  t h e  sea i s  o f  r e l a t i v e l y  

good q u a l i t y  i n d i c a t i n g  t h a t  i t s  s e l f - p u r i f i c a t i o n  p r o p e r t i e s  a r e  c o n s i -  

de rab le .  The l a k e  has some s e r i o u s  env i ronmenta l  problems, however, and i s  

s u f f e r i n g  h e a v i l y  f rom e u t r o p h i c a t i o n .  



The severa l  lagoons compr is ing t h e  eas te rn  p o r t i o n  o f  Lake Maryut  have 

d i f f e r e n t  uses and d i f f e r e n t  water  q u a l i t y  cond i t i ons .  The main lagoon, 

which rece i ves  t h e  heav ies t  o rgan ic  p o l l u t i o n a l  load,  i s  i n  a  r e l a t i v e l y  

advanced s tage  o f  e u t r o p h i c a t i o n .  Waters i n  t h e  open p a r t  o f  t he  lagoon 

a r e  h i g h l y  t u r b i d  and suppor t  dense a l g a l  blooms. D i sso l ved  oxygen va lues 

a r e  va r i ab le ,  depending upon wind-generated tu rbu lence  and photosynthes is  

t o  ma in ta i n  s u i t a b l e  l e v e l s  aga ins t  t h e  demands o f  a  cons iderab le  o rgan ic  

load.  D isso lved  oxygen va l  ues a r e  s u f f i c i e n t l y  h i g h  and c o n s i s t e n t  t o  

suppor t  a  f i s h e r y .  Around t he  n o r t h e r n  and eas te rn  ends of the  main lagoon 

where t h e  wastewaters en te r ,  d i s s o l v e d  oxygen i s  absent.  These l o c a l  

waters a r e  v i r t u a l l y  raw sewage. Considerable areas of f 1 oa t i ng s l  udge 

e x i s t  a long t he  n o r t h  shore o f  t h e  lagoon. On t h e  oppos i te  shores, t he  

growth o f  marsh grass i s  ex tens ive .  I n  these areas d i sso l ved  oxygen i s  

a l s o  low due t o  poor c i r c u l a t i o n  and h i g h  o rgan ic  loads .  

I n  o t h e r  lagoons o f  Lake Maryut  which do n o t  r e c e i v e  such gross p o l l u t i o n a l  

loads,  water q u a l i t y  i s  reasonably good. These lagoons, are,  however, 

h i g h l y  eu t roph i  ed and suppor t  cons iderable growths o f  aqua t i c  and emergent 

p l a n t s  and a lgae.  F i s h  catches i n  these lagoons a r e  f a r  b e t t e r  than i n  the  

main lagoon. 

Because Lake Maryut  f i g u r e s  so p rominan t l y  i n  t he  p resen t  wastewater system 

and as one of t h e  p o s s i b l e  Master P lan  a l t e r n a t i v e s  inc ludes  t h e  l a k e  as an 

i n t e r i m  d isposa l  medium, cons iderab le  s tudy  has been g i ven  t o  t h e  wate r  

body. D e t a i l s  o f  t h i s  s tudy  a r e  covered more e x p l i c i t l y  i n  Sec t i on  6.2. 

Abu K i r  Dra in .  Water q u a l i t y  i n  Abu K i r  D r a i n  i s  ve ry  poor because o f  t h e  

presence o f  a g r i c u l t u r a l  dra inage and i n d u s t r i a l  wastes, as i n d i c a t e d  above 

i n  t h e  d iscuss ion  o f  c o n d i t i o n s  i n  Abu K i r  Bay. 

' 3 .7  Environmental Hea l t h  

S t a t i s t i c a l  Hea l t h  Data 

The s t a t e  o f  p u b l i c  h e a l t h  i n  A lexandr ia  and Egypt i s  ve ry  poor as a  r e s u l t  

o f  l a c k  o f  adequate environmental  s a n i t a t i o n  and h e a l t h  f a c i l i t i e s .  P rov i -  

s i o n  i n  t h e  near f u t u r e  o f  s u i t a b l e  s a n i t a t i o n  f a c i l i t i e s  f o r  A lexandr ia  

w i l l  r e q u i r e  n o t  o n l y  a  tremendous "catch-up" e f f o r t  t o  c o r r e c t  p a s t  and 

p resen t  d e f i c i e n c i e s  b u t  a l s o  a  con t i nu ing  program t o  p rov ide  f o r  a  

popu la t i on  inc rease  of 50 000 t o  100 000 persons per  year .  
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S t a t i s t i c a l  da ta  a v a i l a b l e  f o r  Egypt and A lexand r i a  a r e  presented i n  Tables 

3-6, 3-7, and 3-8. Values i n d i c a t e  a la rming  h e a l t h  c o n d i t i o n s ,  even though 

they  a re  suspected t o  be under- repor ted.  

A  good o v e r a l l  measure o f  t h e  s t a t u s  o f  s a n i t a t i o n  i s  t h e  i n f a n t  m o r t a l i t y  

r a t e .  Egypt was repo r t ed  i n  1973 t o  have 98 i n f a n t  deaths pe r  1000 l i v e  

b i r t h s ,  a  r e d u c t i o n  f rom 119 per  1000 i n  1963. Only  s i x  na t i ons  i n  t h e  

w o r l d  a r e  known t o  have h i g h e r  i n f a n t  m o r t a l i t y  r a t e s .  Comparative i n f a n t  

m o r t a l i t y  r a t e s  i n  se l ec ted  M idd le  Eas te rn  and As ian  c o u n t r i e s  r e p o r t e d  f rom 

1968 t o  1973 a re :  Egypt  98, L i b y a  80, I r a q  28, Kuwai t  44, Jordan 23, 

S y r i a  22, Pak is tan  124, and I n d i a  61. 

The i n f a n t  m o r t a l i t y  r a t e s  (Tab le  3-6) f o r  Ca i r o  and A lexandr ia  exceed those 

o f  t h e  c o u n t r y  as a  whole. Th is  undoubted ly  r e f l e c t s  b e t t e r  r e p o r t i n g  f rom 

urban cen te rs  b u t  a l s o  a  se r i ous  urban env i ronmenta l  h e a l t h  s i t u a t i o n .  

Typhoid, pa ra typho id ,  i n f e c t i o u s  h e p a t i  ti s  , dysentery ,  and o t h e r  ma jo r  

g a s t r o - e n t e r i t i c  d iseases a re  endemic t o  Egypt and e s p e c i a l l y  i n  t he  ma jo r  

urban cen te rs ,  Ca i r o  and A lexandr ia ,  as i s  i n d i c a t e d  by  t h e  da ta  i n  Table 3-7. 

These da ta  i n d i c a t e  t h a t  t ypho id ,  i n f e c t i  ous hepa t i  t i  s  , and dysen te ry  r a t e s  

have been s u b s t a n t i a l l y  h i g h e r  i n  A lexandr ia  than  i n  Ca i r o  o r  t h e  coun t r y  as 

a  whole. Th i s  i s  i n  s p i t e  o f  t h e  f a c t  t h a t  Ca i r o  i s  more crowded and has 

ex tens i ve  areas where p u b l i c  se r v i ces ,  such as wa te r  and sewerage, a r e  

i nadequa t e .  

A  good bas i s  f o r  assess ing t h e  p o t e n t i a l  f o r  t h e  spread of waterborne d isease  

i n  Egypt i s  t h e  d e t a i l e d  ep idem io log i ca l  s tudy  t h a t  was c a r r i e d  o u t  d u r i n g  

t h e  1970 cho le ra  outbreak.  Because of t h e  i n t e n s i t y  of i n v e s t i g a t i o n  and 

household fo l l ow-up ,  r e p o r t i n g  i s  b e l i e v e d  t o  have been good. The s e v e r i t y  

o f  t h e  outbreak i n  t h e  governorates hardes t  h i t ,  i n  t h e  o rde r  t h a t  t h e  

d isease was f i r s t  i d e n t i f i e d ,  i s  shown i n  Table  3-8. I t  i s  e v i d e n t  t h a t  t h e  

epidemic was most severe i n  A lexand r i a  where t h e  a t t a c k  r a t e  was f o u r  t imes 

t h a t  exper ienced i n  Cai ro .  

Re la t i onsh ip  t o  S a n i t a r y  Cond i t ions  

The env i ronmenta l  h e a l t h  c o n d i t i o n s  i n d i c a t e d  by t h e  above da ta  bear  a  c l e a r  

r e l a t i o n s h i p  t o  a  number o f  obvious s a n i t a t i o n  problems i n  A lexandr ia :  t h e  

absence o f  sewers i n  ex tens ive ,  densely i nhabi t e d  r e s i d e n t i a l  areas ; t h e  



TABLE 3-6 

VITAL STATISTICS I N  EGYPT, 1972-1973 

Popu la t ion ,  m i d d l e  1972 

B i r t h s ,  1972 

Deaths, 1972 

I n f a n t  deaths,  1972 

I n f a n t  m o r t a l i t y  ( a )  

Deaths, 1972 

Typhoid  

E n t e r i t i s  

Recent I n f a n t  m o r t a l  i ty  ( a >  

1963 

1964 

1965 

19G6 

1967 

1968 

1969 

1970 

1971 

1972 

Average 1963 - 1972 

1000 1 i v e  b i r t h s .  

C a i r o  

4 765 100 

143 617 

61 925 

21 790 

152 

A1 e x a n d r i a  

2 066 506 

Egypt  

34 501 503 



TABLE 3-7 

WATER-RELATED DISEASES I N  EGYPT 

Ca i ro  

Popula t ion,  1974 5 640 600 

Typhoid & Paratyphoid  cases 

Average, per  yea r  ( 1  970-74) 5585 

Average, per  100 000 pe r  yea r  99 

I n f e c t i o u s  H e p a t i t i s  

Average, per  yea r  (1  970-74) 2325 

Average, pe r  100 000 per  yea r  50 

Dysentery 

Average, per  year  (1970-74) 30 

Average, per  100 000 per  yea r  0.5 

A lexandr ia  
Governorate 

2 250 300 

Egypt 

36 254 100 

Source: M i n i s t r y  o f  Hea l t h  as r epo r t ed  i n  WHO/World Bank Water Supply and 
Sewerage Sec t ion  Study, June 1977. 



Governorate  ( b )  

Ka lyoub ia  

A1 exandr i  a  

C a i r o  

Giza 

Matrouh 

CHOLERA I N  EGYPT - 1 9 7 0 ' ~ )  

Date o f  Onset 

31 Flay 

3  June 

14 June 

27 June 

4 J u l y  

A t t a c k  Rate p e r  
100,000 persons 

Red Sea 5 September 56.1 

A l l  Egypt  16.5 

I a ) ~ i o m  "Repor t  on t h e  Epidemic S i t u a t i o n  i n  A l e x a n d r i a  (1970-1971)", 
by  Dr. M.H. Wahdan o f  t h e  H igh  I n s t i t u t e  of P u b l i c  H e a l t h  and M. E l  
Nomrousy , M i  n i  s t r y  o f  H e a l t h  , Department o f  S t a t i s t i c s .  

( b ) ~ l l  governorates n o t  ment ioned had a t t a c k  r a t e s  lower  than  20 p e r  
100 000 p o p u l a t i o n .  



f a i l u r e  o f  sewers i n  o t h e r  areas because o f  t h e i r  use as r ecep tac l es  f o r  

re fuse ;  t he  absence o f  a  p roper  r e f u s e  c o l l e c t i o n  system and consequent 

h i g h  preva lence o f  f l i e s ;  and t h e  combined e f f e c t  o f  t he  above w i t h  A lex-  

a n d r i a ' s  1  ow e l e v a t i o n  and h i g h  water  t a b l e  c r e a t e  niany sewage-f il l e d  

poo ls  and d i t c h e s  th roughou t  t h e  c i t y .  Many of  these accumulat ions o f  

sewage a r e  c l o s e  t o  food  vending es tab l i shments  and household k i t chens .  

Some market  p laces a r e  l o c a t e d  w i t h i n  bas ins  o f  combined sewage and r u n o f f .  

The pools  a r e  used as p l a y  areas by  c h i l d r e n .  I n  many places, s a n i t a r y  

d ra inage  f l ows  a long  and across c i t y  s t r e e t s ,  where pass ing v e h i c l e s  

sp lash  through and pedes t r ians  wade t o  c ross .  The p o l l u t i o n  o f  t h e  h e a v i l y  

used ba th i ng  waters  by wastewater over f lows  a t  t h e  s h o r e l i n e  i s  p robab l y  

a  lower  l e v e l  o f  d i r e c t  h e a l t h  s i g n i f i c a n c e .  

P o l l u t i o n  o f  t h e  water  o f  t h e  N i l e  and o f  t he  cana ls  supp l y i ng  water  t o  

A l e x a n d r i a ' s  water  t rea tment  p l a n t s ,  t oge the r  w i t h  i n t e r m i t t e n t  d i f f i -  

c u l t i e s  i n  t h e  water  d i s t r i b u t i o n  system, p robab ly  c o n t r i b u t e  t o  t h e  over-  

a l l  v e r y  se r i ous  environmental  h e a l t h  s i t u a t i o n  i n  A lexandr ia .  Accumu- 

l a t i o n  o f  s o l i d  waste and consequent d isease t r ansm iss i on  by f l i e s  i s  

a l s o  undoubtedly an  impo r tan t  f a c t o r .  Never the less,  obse rva t i on  o f  t he  

p o t e n t i a l  f o r  human con tac t ,  and con tamina t ion  o f  food  w i t h  sewage i n  

p a r t s  o f  t h e  c i t y  l a c k i n g  sewer s e r v i c e  s t r o n g l y  suggest t h a t  l a c k  of 

a  s u i t a b l e  means f o r  d i sposa l  o f  human wastes i s  a  ve ry  impor tan t ,  and 

p o s s i b l y  t h e  s i n g l e  most impor tan t ,  f a c t o r  r espons ib l e  f o r  t h e  p resen t  

c o n d i t i o n s .  

There i s  a  v e r y  g r e a t  p o t e n t i a l  f o r  an e x p l o s i v e  outbreak o f  waterborne 

diseases o f  g r e a t e r  ser iousness than t h a t  of 1970. I f  t h i s  s l .~ould occur,  

i t would have treciendous s o c i a l  and economic e f f ec t s .  Tile econor.iic g f f s c t s  

would i n c l u d e  n o t  o n l y  t he  c o s t  of d e a l i n g  w i t h  "Lie outbreak i t s e l f ,  b u t  

a l s o  t h e  r e s u l t i n g  l o s s  o f  t o u r i s t  income. 

Improvement o f  human waste d isposa l  cond i t i ons ,  n o t  o n l y  c l o s e  t o  dwe l l i ngs  

and markets b u t  a l s o  i n  t h e  waters  which rece i ve  c o l l e c t e d  wastewaters, 

should  be g iven  very  h i g h  p r i o r i t y  f o r  t h e  f u t u r e  o f  A lexandr ia .  
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FIGURE 3 -2. d' 

FIGURE 3 - 2 SUMMARY OF SEASONAL VARIATIONS 

IN ALEXANDRIA CLIMATE 

NUMBER OF DAYS OF OCCURANCE 

MONTH J F M A M J J A S O N D  

GAIL FORCE 0.2 0.2 0.3 0.1 0 0 0 0 0 0 0 0.2 -WINDS 
(234 Knots) 

HAIL  0.5 0.6 0.4 0.1 0.1 0 0 0 0 0.2 0.1 0.4 

FOG 2.7 1.8 1.0 2.1 1.6 0.7 0.3 0.7 0.6 2.6 2.6 3.4 VISIBILITY 
(5 1000 m )  

THUNDER 1 .I 0.5 0.7 0.1 0.4 0 0 0.1 0 0.4 1.3 1.2 STORMS 

2 4  - hr MEAN 

.-- 

PERCENT BRIGHT SUN =ACTUAL HRS/ POSSIBLE HRS 

TOTAL MEAN ANNUAL EVAPORATION = 1907 mm 

RAINFALL = 192 m m  

MONTHLY RAINFALL 

MONTH OF YEAR 

r - 
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CHAPTER 4 

PLANNING PROJECTIONS 

4.1 Popu la t ion  and Land Use 

Demographic S e t t i n g  

Alexandr ia ,  t he  second l a r g e s t  c i t y  i n  Egypt, has developed i n  r ecen t  years 

f rom a  commercial r e s o r t  c i t y  i n t o  a  major  M idd le  Eastern seapor t ,  Rapid 

popu la t i on  expansion, i n  con junc t i on  w i t h  s u b s t a n t i a l  i n d u s t r i a l i z a t i o n ,  has 

r e s u l t e d  i n  ser ious  s t r e s s  on r~iany o f  t he  e x i s t i n g  p u b l i c  se rv ices ,  Fu tu re  

r e s i d e n t i a l  and i n d u s t r i a l  growth may be seve re l y  a f f e c t e d  by l i m i t a t i o n s  on 

ava i  l a b l e  l a n d  and general  development po l  i c i e s  of  t he  Government. 

Popu la t ion  records,  presented i n  Table 3-1, i n d i c a t e  an h i s t o r i c  t r e n d  i n  

urban se t t l emen t  w i t h i n  t he  A lexandr ia  area. Popu la t ion  of t he  c i t y  has 

increased from 300 000 a t  t he  t u r n  o f  t h e  cen tu ry  t o  we1 1  over  two mi 11 i o n  

a t  present.  The c u r r e n t  popu la t i on  growth r a t e  o f  A lexandr ia  i s  es t imated  

t o  be i n  excess o f  2.8 percen t  pe r  year,  based on census i n f o r m a t i o n  

c o l l e c t e d  s i n c e  1966. A cons iderab le  p o r t i o n  o f  t h e  growth i s  due t o  t he  

r a p i d  inc rease  i n  number o f  people drawn t o  t h e  c i t y  f rom a g r i c u l t u r a l  

reg ions o f  Egypt. P r i o r  t o  World War I 1  l e s s  than 30 percen t  o f  t h e  t o t a l  

popu la t i on  o f  Egypt r es i ded  i n  urban areas. The f i g u r e  now l i e s  a t  n e a r l y  

45 percen t  and i s  expected t o  reach 65 percen t  w i t h i n  two decades, 

I n  t h e  pas t  severa l  decades t he  expanding popu la t i on  o f  A lexandr ia  has 

tended t o  spread eastward toward t he  Abu K i r  pen insu la  o u t  o f  t h 6  o ld ,  i n n e r  

r e s i d e n t i a l  areas o f  t he  c i t y .  P u b l i c  se rv i ces  such as water,  sewerage, 

t r anspo r ta t i on ,  and e l e c t r i f i c a t i o n  have n o t  kept  up w i t h  t h e  r a p i d  

pace o f  expansion. I nne r  areas o f  t h e  c i t y  have become so densely i n h a b i t e d  

t h a t  e x i s t i n g  p u b l i c  se rv i ces  a re  overloaded, Present  gross area urban 

d e n s i t i e s  range f rom l ess  than 200 persons/ha i n  some h i g h e r  income d i s t r i c t s  

t o  g rea te r  than 1800 personslha i n  p a r t s  o f  some low income neiqhborhoods. 

Popu la t ion  and land  use w i t h i n  A lexandr ia  have been expressed on a  d i s t r i c t  

l e v e l  f o r  bo th  wastewater and t h e  water  supply  system p lann ing  e f f o r t s ,  

D i s t r i c t  names, p resen t  popu la t ion ,  and general  income l e v e l  c l a s s i f i c a t i o n s  



are presented i n  Table 4-1, D i s t r i c t  boundaries a re  de f ined  i n  Appendix A, 

Popul a  ti on Forecast? - --- 
Alexandr ia 's  permanent popu la t ion  has been p ro jec ted  t o  t he  year  2000 

on the  bas is  of :  (1)  the  c i t y ' s  popu la t i on  growth r e l a t i v e  t o  Egypt as a 

whole, taken together  w i t h  o f f i c i a l  p ro jec t i ons  f o r  Egypt; and ( 2 )  t he  

trends o f  n a t u r a l  increase and r a t e  o f  n e t  m ig ra t i on  w i t h i n  the  s tudy area. 

An average o f  t he  two fo recas t  methods y i e l d s  the  popu la t i on  p r o j e c t i o n  

values used i n  developing the  Wastewater Master Plan, 

S t r a i g h t - l i n e  p r o j e c t i o n  o f  the  cont inuously  i nc reas ing  r a t i o  o f  the  

popu la t ion  o f  A lexandr ia  t o  t h a t  o f  Egypt y i e l d s  a value o f  7.2 percent  by 

t he  year  2000, However, severa l  f ac to rs  may a f f e c t  the  f u t u r e  r e l a t i v e  r a t e  

o f  increase i n  popu la t ion  o f  Alexandria.  These inc lude:  government p lann ing  

and development emphasis on o the r  p r o v i n c i a l  governorate c i t i e s ;  cont inued 

r u r a l  - to-urban m ig ra t i on  trends ; attempted demographic s t a b i  l i z a t i  on i n  

Ca i ro  w i t h  a t tendant  new i n d u s t r i a l  development i n  Alexandr ia  and P o r t  

Said; and cons t ruc t i on  o f  new planned urban centers t o  r e l i e v e  demographic 

pressure on e x i s t i n g  c i t i e s .  Considering a1 1 these f a c t o r s ,  A lexandr ia 's  

share o f  t he  t o t a l  popu la t ion  o f  Egypt was p ro jec ted  t o  r i s e  s t e a d i l y  

from approximately 6.2 percent  i n  1976 t o  7.0 percent  by t he  year  2000. 

Applying Alexandr ia lEgypt  popu la t i  on r a t i o s  t o  government (CAPMAS) country-  

wide fo recas ts  ( an expected increase from 38 m i l  1  i o n  t o  66 m i l l  i o n  people 

by 2000) r e s u l t s  i n  Alexandr ia 's  share o f  Egypt 's t o t a l  popu la t ion  being 

4,62 m i l l i o n  people as shown i n  column 4 o f  Table 4-2, 

Review o f  crude b i r t h ,  death, and r e s u l t a n t  n a t u r a l  increase r a t e s  f o r  

Alexandria,  as d e t a i l e d  i n  Appendix A, i nd i ca tes  a c u r r e n t  r a t e  of n a t u r a l  

increase between 1,8 and 2,2 percent  pe r  annum, The pas t  r a t e  o f  n e t  

m ig ra t i on  f o r  A lexandr ia  has been assumed as the  d i f f e r e n c e  between compound 

popu la t ion  growth r a t e  ( f o r  var ious i n te rcensa l  per iods)  and est imated 

r a t e  o f  na tu ra l  increase, Net  migra t ion ,  us ing  t h i s  approach, i s  found t o  

be about 0.6 percent  per  year  c u r r e n t l y ,  having decreased s l i g h t l y  over t he  

l a s t  severa l  years due t o  s lower economic growth w i t h i n  t he  c i t y  than 

p rev ious l y  experienced and rese t t lement  o f  refugees i n  t h e  Suez Canal Zone. 



TABLE 4-1 

PRESEriT DISTRICT POPUL.4TION - 1976 

D i s t r i c t  Name 

Gomrok 

Manshia 

Labban 

A t t a r i n e  

Karmouz 

I loharrem 6ey 

Bab Sharky 

Ram1 eh 

t lontaza h  

M i n e t  e l  Bassal  

Dekhei 1  a  

Ameri a  

TOTAL 

Permanent P o ~ u l  a t i o n  ( a )  

166 033 

48 000 

31 000 

80 OC0 

235 000 

371 000 

354 OQr) 

459 930 

249 000 

269 no0 

54 030 

20 0 0 9 ( ~ )  

2  382 000 

General  Economic 
C l a s s i f i c a t i o n  ( b )  

l o w  t o  m i d d l e  

m i d d l e  t o  l ow  

low t o  m i d d l e  

m i d d l e  t o  l ow  

1  ow 

low t o  m i d d l e  

m i d d l e  t o  l o w  

m i d d l e  

m i d d l e  t o  h i g h  

1  ow 

1  ow 

1  ow 

( a ) ~ a s e d  on CAP!!I\S mid-76 census i n f o r m a t i o n  rounded t o  n e a r e s t  thousand 
persons. 

( b ) ~ a s e d  on e s t i m a t i o n  o f  average f a m i l y  income l e v e l ,  t h e  i n i t i a l  c l a s s i -  
f i c a t i o n  b e i n g  predominant w h i l e  t h e  l a t t e r  i s  secondary (e.g., l ow  
t o  m i d d l e  = l o w e r  incomes i n  genera l  a l t h o u g h  r a n g i n g  t o  m i d d l e  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  r o u g h l y  approx imated 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  n a t u r e  o f  many i n h a b i t a n t s  ( i .e. ,  t h e r e  a r e  s i g n i f i c a n t  numbers 
o f  nomadic Bedouin and y e t  u n s e t t l e d  r e c e n t  a r r i v a l s ) .  
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The r a t e  o f  n a t u r a l  i nc rease  i s  expected t o  remain reasonably  cons tan t  

du r i ng  t h e  nex t  q u a r t e r  cen tu ry ,  due t o  compensating e f f e c t s  o f  a n t i c i p a t e d  

p r o j e c t i o n s  o f  p o p u l a t i o n  - age dynamics, pub1 i c  h e a l t h  improvements and minor  

changes i n  expected pe r  c a p i t a  r e a l  income. The m i g r a t i o n  r a t e ,  however, 

i s  expected t o  inc rease  as ma jo r  new i n d u s t r i a l  p r o j e c t s  env is ioned  f o r  

A lexandr ia  begin  t o  i n f l u e n c e  t h e  l a b o r  market  and as p o r t  f a c i l i t i e s  

con t i nue  t o  expand. Combining an es t imated  f u t u r e  s t eady -s ta te  annual 

r a t e  of n a t u r a l  i nc rease  o f  2.2 percen t  w i t h  an annual n e t  m i g r a t i o n  r a t e  

o f  0.5 percen t  between 1976 and 1985 and 0.7 percen t  t h e r e a f t e r ,  r e s u l t s  i n  

an A lexandr ia  p o p u l a t i o n  f o recas t  of 4.71 m i l l i o n  persons by t h e  yea r  2000, 

as shown i n  column 5  o f  Table  4-2. 

Tor master p l ann ing  purposes, an average of  the  two f o r e c a s t i n g  method< waq 

used f o r  p r o j e c t i o n  o f  A lexandr ia  permanent popu la t i ons  between 1976 and the 

yea r  2000, as shown i n  column 6  o f  Table  4-2. Both h i g h  and lord p r o j e c t i o n s  

were a l s o  made i n  o r d e r  t o  d e f i n e  a  range i n  r e s u l t s ,  Maximum p r o p o r t i o n -  

ment o f  t o t a l  Egyp t ian  p o p u l a t i o n  t o  A lexandr ia  (7.7 percen t  by y e a r  2000) 

c o n s t i t u t e s  t he  upper 1  i m i  t shown i n  column 7, whereas zero  n e t  m i g r a t i o n  t o  

the c i t y  (2,2 percent  n a t u r a l  growth i nc rease  o n l y )  rep resen ts  t he  lower  

l i m i t  shown i n  column 8, These popu la t i on  f o recas t s  a r e  i l l u s t r a t e d  on 

F igu re  4-1, 

Seasonal V i s i t o r s  

The l a r g e  i n f l u x  o f  surrmer-season r e s i a e n t s  and h o l i d a y  v i s i t o r s  t o  

A lexandr ia  must be taken i n t o  account i n  p r o j e c t i n g  f u t u r e  t o t a l  p o p u l a t i o n  

and geographica l  d i s t r i b u t i o n s  w i t h i n  t h e  s tudy  area, On t he  bas i s  o f  

rev iew o f  c u r r e n t  wa te r  consumption i n  t h e  c i t y ,  t h e  number o f  

v i s i t o r s  i s  es t imated  t o  be w i t h i n  t he  range o f  250 000 t o  500 000 a t  t h e  

peak o f  the  season. I t  i s  f u r t h e r  es t imated  t h a t  more than one m i l l i o n  

persons v i s i t  t he  c i t y  a t  some t ime d u r i n g  t h e  summer season. 

I t  i s  est imated t h a t  peal; seasonal popu la t i on  w i l l  reach n e a r l y  600 000 

persons by t he  yea r  2000, assuming doub l i ng  o f  t he  number o f  temporary 

r es i den t s  over  a  somewhat l onge r  t o u r i s t  p e r i o d  of t he  year .  T o t a l  peak 

popu la t i on  f o r  A lexandr ia  i s ,  t he re fo re ,  f o recas t  t o  be i n  t he  neighborhood 

o f  5.3 m i l l i o n  (permanent p l u s  seasonal)  by t he  yea r  2000. 



Res iden t i a l  and I n d u s t r i a l  Development 

The l o c a t i o n  o f  i n d u s t r y  i n  A lexandr ia  has had and w i l l  con t inue  t o  have a  

s i g n i f i c a n t  e f f e c t  on t he  o v e r a l l  developnient o f  t he  c i t y ,  i n c l u d i n g  t he  

geographical  d i s t r i b u t i o n  o f  i t s  i nhab i t an t s .  A t a b u l a t i o n  o f  p resen t  and 

a n t i c i p a t e d  p o t e n t i a l  increases i n  t he  e x t e n t  o f  land  use f o r  major  

i n d u s t r i a l  p u r s u i t s  w i t h i n  var ious  d i s t r i c t s  o f  A lexandr ia  i s  presented i n  

Table 4-3, The f i g u r e s  a re  based on c u r r e n t  A lexandr ia  Housing and 

Recons t ruc t ion  D i r e c t o r a t e  i n fo rma t i on ,  Expected f u t u r e  major  i n d u s t r i a l  

areas and r e s i d e n t i a l  development a r e  i 1 l u s t r a t e d  by t he  l and  use map shown 

i n  F igure  4-2. New popu la t i on  cen te rs  o u t s i d e  p resen t  r e s i d e n t i a l  sec t ions  

o f  t he  c i t y  a r e  expected t o  develop near new major  i n d u s t r i a l  operat ions,  

Th i s  i s  i n  p a r t  because A lexand r i a ' s  p u b l i c  t r a n s p o r t a t i o n  system i s  n o t  

adequate f o r  t r a n s p o r t i n g  l a r g e  numbers o f  a d d i t i o n a l  workers. 

The Abu K i r  pen insu la  i s  expected t o  develop p r i m a r i l y  as a  r e s i d e n t i a l  area 

w i t h  few new i n d u s t r i a l  s i t e s  be ing  designated. The Abu K i r  Bay area, 

however, i s  c u r r e n t l y  pr ime i n d u s t r i a l  development land, due t o  i t s  

access ib i  1  i t y  t o  n a t u r a l  gas depos i ts ,  t he  sea, f reshwater  and dra inage 

systems, and r a i l  t r anspo r t ,  as w e l l  as i t s  remoteness f rom congested h i g h  

d e n s i t y  urban developments. Future expansion o f  e x i s t i n g  paper and food 

i n d u s t r i e s ,  as w e l l  as f e r t i l i z e r  and o t h e r  p l an t s ,  i s  a n t i c i p a t e d .  There 

a re  p lans f o r  a  major  l a b o r  housing development and o t h e r  p u b l i c  hous ing i n  

t h e  v i c i n i t y  o f  these i n d u s t r i a l  developments a long  Abu K i r  Bay, 

I n  t h e  eas te rn  d i s t r i c t s  o f  Montazah and Ramleh, i n d u s t r i a l  devel opnents have 

access t o  water  and r a i l  t r a n s p o r t a t i o n  and are r e l a t i v e l y  c l o s e  t o  

c u r r e n t  l a r g e  concent ra t ions  o f  workers. Labor i n t e n s i v e  i n d u s t r i e s  a re  

expected t o  con t inue  w i t h  f u t u r e  devel opments, b u t  s u f f i c i e n t  open space 

e x i s t s ,  p r i n c i p a l l y  south o f  t he  Montazah Canal, t o  accommodate f u t u r e  

i n d u s t r i a l  employment and r e s i d e n t i a l  development . Very 1  i t t l e  a d d i t i o n a l  

land  i s  a v a i l a b l e  i n  t h e  i nne r - cen t ra l  d i s t r i c t s ,  and no a d d i t i o n a l  l and  

i s  a v a i l a b l e  t o  undergo i n d u s t r i a l  development i n  t he  inner-west  d i s t r i c t s  o f  

Karmouz and Mine t  e l  Bassal. 

S i g n i f i c a n t  i n d u s t r i a l  development i s  expected t o  t he  west and south i n  

Dekhei la  and Ameria d i s t r i c t s .  Th is  inc ludes  a  600 ha du t y - f r ee  zone, an 

I n s t i t u t e  f o r  Rura l  Development, severa l  major  assembly f a c t o r i s s ,  and a  

poss ib l e  petro-chemical  f a c i l i t y .  I n  a d d i t i o n ,  an i r o n  and s t e e l  complex, 



TABLE 4-3 

EXTENT OF INDUS'TRTAL DEVELOPMENT 

I n d u s t r i a l  Uevelopment,'ha 
D i s t r i c t  Present  Addi t i o n a l  ~ o t a l  

Eastern:  
Abu ~ i r ( ~ )  289 2 56 545 

Montazah 9 5 482 577 

. ( b )  Cen t ra l .  
Moharrem Bey 115 6 4 179 

Bab Sharky 115 233 348 

Western: 
Karmouz 7 1 - 7 1 

M ine t  e l  Bassal 17 - 17 

Dekhei l a  83 3890 3973 

Southern : 
Ameria - 19 2081 2100 

Range i n  New Jobs 
Generated,, thousand 

TOTAL 950 7 364 831 4 335 - 735 

( a ) ~ l t h o u c j h  Abu K i r  i s  p a r t  o f  Montazah D i s t r i c t  i t  i s  l i s t e d  s e p a r a t e l y  
because o f  i t s  s i g n i f i c a n t  i n d u s t r i a l  development. 

( b ) ~ h e r e  i s  negl  i g i  b l e  i n d u s t r i a l  development e i t h e r  a t  p resen t  o r  
expected i n  t h e  c e n t r a l  d i s t r i c t s  o f  Gomrok, Manshia, Labban and 
A t t a r i n e .  



an o i l  r e f i n e r y ,  and severa l  chemical  p l a n t s  a r e  planned, as w e l l  as 

ex tens i ve  a g r i c u l  t u r a l  p r o j e c t s .  I n d u s t r i a l  employment wi 11 n e c e s s i t a t e  

the  development o f  n ia jor  new urban sub-centers w i t h i n  reasonable  d is tances .  

An economic base f o r  an  a d d i t i o n a l  popu la t i on  o f  approx imate ly  750 000 

(a l t hough  f i g u r e s  as h i g h  as two m i l l i o n  have been d iscussed)  i s  expected 

i n  t h e  combined Ameria and Dekhei la  d i s t r i c t s .  

I n  a l l ,  an es t imated  a d d i t i o n a l  7360 ha o f  land,  more than 80 percen t  of 

which i s  l o c a t e d  i n  Dekhei la  and Ameria, may be a l l o c a t e d  t o  i n d u s t r i a l  

development. Such development, which i s  e x p e c t e d t o o c c u r  between now and 

yea r  2000, cou ld  generate  f r om  335 000 t o  735 000 new jobs  i n  A lexand r i a .  

One-hal f  m i l l i o n  new i n d u s t r i a l  j obs  m igh t ,  i n  t u rn ,  c r e a t e  secondary 

employment o f  500 000 t o  one m i l l i o n  persons i n  s e r v i c e  and suppo r t  opera- 

t i o n s  w i t h i n  t h e  s tudy  area. The f o recas ted  popu la t i on  es t imates  a re  i n  

accord w i t h  these i n d u s t r i a l  development p r o j e c t i o n s .  I t  i s  expected t h a t  

t h e  new i n h a b i t a n t s  of t h e  c i t y  w i l l  l o c a t e  i n  areas nearby these i n -  

d u s t r i a l  developments. 

D i s t r i b u t i o n  by Land Use 

The f a c t o r s  s t u d i e d  i n  d i s t r i b u t i n g  f u t u r e  popu la t i on  th roughou t  t he  

A lexandr ia  area inc luded :  i n d u s t r i a l  development, a v a i l a b l e  l a n d  f o r  

housing, p u b l i c  t r a n s p o r t a t i o n ,  subso i l  cond i t i ons ,  t h e  predominant 

socio-economic cha rac te r  of e x i s t i n g  urban areas, and government p o l i c i e s  

r ega rd i ng  f u t u r e  development and expansion. I n  a d d i t i o n ,  access t o  beaches, 

r e s o r t s ,  and p u b l i c  t r a n s p o r t a t i o n  werecons idered i n  d i s t r i b u t i n g  non- 

permanent seasonal i n h a b i t a n t s .  

Permanent popu la t i on  d i s t r i b u t i o n  was es tab l i shed  i n  c o n j u n c t i o n  w i t h  d e n s i t y  

o f  h a b i t a t i o n  f o r  va r i ous  l e v e l s  o f  f a m i l y  income, a f t e r  d e t a i l e d  assessment 

o f  probable  l a n d  use and s tudy o f  socio-economic development f o r  each 

s u b d i s t r i c t  o f  A lexandr ia .  Th i s  i n f o r m a t i o n  i s  presented i n  Appendix A .  

I n  general ,  l ow income gross area d e n s i t i e s  were found t o  range between 

1 200 and 1 800 persons/ha, whereas lower  m idd le  income areas were cha rac te r -  

i zed w i t h  a  ranqe between 900 and 1300 persons/ha. M idd le  income area 

d e n s i t i e s  were between 600 and 800 persons/ha, w h i l e  upper income areas 

ranged between 190-450 persons/ha. 

Seasonal popu la t i on  d i s t r i b u t i o n  was based p r i m a r i l y  on a  combinat ion o f  

a n t i c i p a t e d  new r e s o r t  developments and e x i s t i n g  areas o f  sumner h a b i t a t i o n .  

/ 



Two-th i rds of t h e  a d d i t i o n a l  seasonal r e s i d e n t s  p r o j e c t e d  f o r  A lexand r i a  a r e  

expected t o  l o c a t e  i n  t he  o u t e r  west  area o f  Agamy. D i s t r i b u t i o n  o f  t h e  

remainder i s  a n t i c i p a t e d  th roughou t  t he  eas te rn  coas ta l  d i s t r i c t s  t o  

Abu K i r  pen insu la .  

A summary o f  p r o j e c t e d  popu la t i on  (permanent and seasonal )  by  d i s t r i c t  i s  

presented i n  Table  4-4, Llore d e t a i l e d  p r o j e c t i o n s  i n  terms o f  dens i t y ,  l and  

use c l a s s i f i c a t i o n s ,  and economic ca tegory  f o r  each s u b - d i s t r i c t  w i t h i n  t h e  

c i t y  a re  t abu la ted  i n  Appendix A, A1 though ava i  l a b i  1  i ty  o f  l and  f o r  bo th  

r e s i d e n t i a l  and commercial developnent n o r t h  o f  Lake Maryut  i s  1 i m i t e d ,  i t  

i s  expected t h a t  some inc rease  i n  popu la t i on  w i l l  con t i nue  t o  occur  i n  

p r e s e n t l y  u rban ized  areas through inc reased  d e n s i t y  o f  h a b i t a t i o n .  I n  

addi  ti on, we1 1  over  one m i  1  1 i o n  people  a re  expected t o  1  oca te  i n  t h e  

p r e s e n t l y  r u r a l  areas o f  A l exand r i a  t o  t h e  east ,  west, and sou th  o f  

p resen t  urban 1 i m i  t s .  

4.2 Domestic and Commercial Water Use and Wastewater Produc t ion  
--- . .-- 

Water Use 

Backgroynd, D e t a i l s  o f  t h e  rev iew of h i s t o r i c  wa te r  use t rends  i n  A lexandr ia ,  

a n a l y s i s  o f  p resen t  cond i t i ons ,  and p r o j e c t i o n  of f u t u r e  wa te r  demand have 

been presented i n  bo th  Wastewater Spec ia l  Report  Number - 3 (May 1977) and 

t he  P a r t  I Immediate Phase Waterworks Master P lan P r e l i m i n a r y  Repor t  

(August, 1977). The f o l l o w i n g  i n f o r m a t i o n  i s  a  b r i e f  summary of s tudy  

f i n d i n g s  t h a t  a re  most p e r t i n e n t  t o  wastewater master  p lanning,  A d d i t i o n a l  

i n f o r m a t i o n  i s  presented i n  Appendix B (Volume 111) r ega rd i ng  p resen t  and 

p r o j e c t e d  wate r  use f o r  i n d u s t r i a l  and domest ic needs. 

Data on t o t a l  annual wa te r  p roduc t i on  f o r  A lexand r i a  have been kep t  by  t h e  

Water General A u t h o r i t y  (AWGA) s i nce  the  l a s t  cen tu ry ,  when supp ly  t o  t h e  

c i t y  was l ess  than 8  m i l  1  i o n  m3 per  yea r  (average f l o w  - 250 L /sec ) .  

Annual r a t e  o f  growth i n  supp ly  remained l e s s  than 4  percen t  per  annum u n t i l  

t he  e a r l y  1950's when n e a r l y  70 mi 11 i o n  m3/year were d i s t r i b u t e d  t o  

i n h a b i t a n t s  and i n d u s t r i a l  opera t ions  o f  A lexandr ia .  By 1976 an es t imated  

250 mi 11 i o n  m3/year ( 8  000 L/sec)  were be ing produced, r ep resen t i ng  

a  r a t e  o f  i nc rease  g r e a t e r  than 6 percen t  per  annum. 



D i s t r i c t  

Gomrok 

Manshia 

Labban 

A t t a r i  ne 

Karmouz 

Foharrem Bey 

Bab Sharky  

Ram1 eh 

Montazah 

M i n e t  e l  Bassal  

~ e k h e i  l a ( b )  

Anier i a 

Permanent 

Seasonal ( a )  

TOTAL 

TABLE 4-4 

PROJECTED POPULATION DIS'TRI BUTIOM 

P o p u l a t i o n ,  thousand 
1980 1990 

168 169 

5 1 5 5 

95 103 

82 88 

238 244 

375 380 

390 (135) 514 (165)  

530 ( 40) 656 ( 50) 

336 (200) 723 (205) 

272 327 

63 ( 25) 106 ( 80)  

5 0 175 

2650 3 540 

(400 (500) 

3050 4040 

( a ) ~ a l u e s  i n  parentheses a r e  peak seasonal p o p u l a t i o n  p r o j e c t i o n s .  

! b ) ~ n c l u d e s  t h e  summer r e s o r t  a rea o f  Agamy. 



Although water consumpXion has been d i f f i cu l t  to determine because of 

i r regular i t ies  in metering, bi 11 ing, and accounting operations, a reasonable 

estimate was derived from a study of AWGA revenue records. During recent 

years, increases in water production have been well in excess of Alexandria's 

population and industrial growth rate ,  due primarily t o  rising per capita 

water demands and greater syste~ii losses. Although annual rate of growth in 

water use during the past decade has averaged nearly 5 percent, accountable 

water use has increased a t  an annual rate  nearly double th is  percentage, 

primarily due to reductions in unmetered domestic and industrial subscriptions. 

Projected Water Use. Projection of future water needs in Alexandria was 

based on served population mu1 t i p 1  ied by expected unit water demands. I t  was 
assumed that  AWGA will continue to provide water to nearly a1 1 persons 
residing in the c i ty  (more than 93 percent of inhabitants are estimated to be 

served a t  present), i ncl uding both permanent and seasonal residents, Future 
unit water demand was estimated for  each major type of user (do~nestic, 

industrial ,  government, and others) ,  on the basis of anticipated combined 

effects  of identifiable socio-economic influences including changes in 

family income, increasing u t i l i t y  rates ,  suppressed current demand for  water, 

changes in domestic 1 ife-sty1 e, and new industrial processes. System losses 

were also projected in order to  arrive a t  the overall estimates of water use 
for the Alexandria area shown in Table 4-5. Detailed projections are found 
in Special Report Number 3, and the Preliminary Waterworks Yastor Plan Renort, 

and are also included in Appendix B of Volume 111. 

The expected amounts and locations of future water consumption in Alexandria 
are used as primary factors in projecting domestic wastewater volumes, A 
summary of water use for each d i s t r i c t  of the c i ty  i s  presented in Table 4-6. 

The quantity of water required to meet expected needs i s  projected to increase 

from a present level of approximately 560 000 m3/day to 1 470 000 m3/day by 

year 2000--a 250 percent increase or about 4 percent per annum.  

Waq tew3ter Production - - -- 
Wastewater flows have been projected on the basis of an assumed increase in 
domestic (residential plus commercial ) per capita flow from the present 

100 L/c/d (based on water use) to 125 L/c/d in the year 2300, Mu1 tiplying 
forecast population (presented in Table 4-2) b y  domestic unit  generation 



TABLE 4-5 

UNIT AND OVERALL 
WATER USE PROJECTIOfiS 

Year 1976 1980 1990 2000 

Popu la t ion ,  thousand 

Permanent r e s i d e n t s  2  380 2650 3 540 4.660 

Equi v a l  e n t  served ( a )  2450 2 780 3  700 4850 

Uni t Demand, L/c/day 

Domes t i c 115 130 146 158 

I n d u s t r i a l  4  4  65 6  8  6  9  

Governmental and Others ( b )  37 40 4  0  4  0  

Losses - 3 3 40 3  8  36 - 
TOTAL 223 275 292 303 

3 Water Requirements, m i l l i o n  m /year  

A1 exandr ia  

T o t a l  Sys tem ( c >  

3  Water Use, m /sec 

Average Day (AD) 6.5 8.9 12.5 17.0 

Maximum Day (1.3 AD) 8.5 11.5 16.3 22.0 

Peak Hour (1.7 AD) 11.0 15.0 21.2 29.0 

(?!Based on d e t e r m i n a t i o n  of e q u i v a l e n t  seasonal r e s i d e n t s  and percentage 
o f  t o t a l  i n h a b i t a n t s  served w i t h i n  A lexandr ia  Governorate.  

( b  I n c l u d e s  harbor  f a c i l i t i e s ,  p u b l i c  gardens, f i r e  f i g h t i n g ,  e t c .  

( c )  
I n c l u d e s  wa te r  s e r v i c e  t o  Western Deser t  (Yersa Matrouh) and t o  areas 
w i t h i n  Behei ra  Governorate which a r e  beyond t h e  l i m i t s  o f  t h e  Waste- 
wa te r  Study. 



TABLE 4-6 

WATER USE PROJECTIONS BY DISTRICT 

D i s t r i c t  

Gomrok 

Manshia 

Labban 

A t t a r i  ne 

Karmouz 

Moharrem Bey 

Bab Sharky 

Ram1 e h 

Montazah 

Minet  e l  Bassal 

Dekhei l a  

Ameri a 

Alexandria-TOTAL 

3 
Average Water Demand, lOUO m /day 

1976 - - 1980 1990 - 2000 

21.5 28.0 33.0 36.0 

( a >  
Inc ludes  water  s e r v i c e  t o  t he  Western Desert  and t o  AWGA areas w i t h i n  
t h e  Beheira Governorate which a re  beyond t h e  l i m i t s  o f  t he  Nastewater 
Studv. 



r a t e s  r e s u l t s  i n  domest ic wastewater f l o w  va lues f o r  each d i s t r i c t  o f  

A lexandr ia .  The r e s u l t s  a r e  presented i n  d e t a i l  i n  Appendix D. The t o t a l  
3  domest ic sewage f l ows  a r e  expected t o  be 322 000 m /day i n  1980, 488 000 

m3/day i n  199; and 658 000 m3/day by yea r  2000. 

Domestic waste concen t ra t i ons  i n  A lexandr ia  a r e  found t o  be h i g h e r  than  occur  

i n  many o t h e r  c i t i e s  o f  t h e  wor ld ,  because o f  t h e  low p e r  c a p i t a  wa te r  use. 

Th i s  c o n d i t i o n  i s  expected t o  cont inue.  

Based upon measurements made d u r i n g  t h e  s tudy  and summarized i n  Appendix D, 

t h e  p r o j e c t e d  domest ic waste l oad ings  f o r  p l ann ing  purposes a r e  es t imated  t o  

be as f o l l ows :  

1980 1990 2000 

BOD5, kg/day 183 000 269 000 367 000 

BOD5, gm/C/day 65.8 72.7 74.6 

COD, kg/day 350 000 513 000 690 000 

4.3 I n d u s t r i a l  Water Use and Wastewater Generat ion 

I n d u s t r i a l  Development 

Development o f  ma jo r  i n d u s t r y  i n  A lexand r i a  has been i n c r e a s i n g  a t  a  s teady 

pace. I n  genera l ,  t h e  i n d u s t r i a l i z e d  area forms a  long,  narrow c rescen t  

around t h e  southern s i d e  o f  t h e  c i t y  w i t h  t e r m i n i  a t  Abu K i r  Bay and Dekhe i la .  

Expansion i s  p r e s e n t l y  o c c u r r i n g  bo th  i n  eas te rn  and western p o r t i o n s  and 

i s  expected t o  con t inue .  I n  a d d i t i o n ,  f u t u r e  i n d u s t r i a l  expansions a re  a l s o  

a n t i c i p a t e d  beyond Lake Maryut i n  t h e  Ameria d i s t r i c t  and a l ong  t h e  

Mahmoudia Canal southeast  o f  A lexandr ia .  There a r e  an es t imated  210 000 

people d i r e c t l y  employed by ma jo r  i n d u s t r y  a t  p resen t  w h i l e  f u t u r e  p r o j e c t i o n s  

range f rom 335 000 t o  735 000 persons by t h e  t u r n  o f  t h e  cen tu ry .  

P ro j ec ted  I n d u s t r i a l  Flows and Loads 

Forecasts  o f  f u t u r e  i n d u s t r i a l  wastewater q u a n t i t y  and q u a l i t y  have been 

based on two p r i n c i p a l  cons ide ra t i ons :  ( 1 )  f i v e - y e a r  expansion i n t e n t i o n s  

expressed by i n d u s t r i e s  i n t e r v i ewed  i n  t h e  f i e l d  survey; and ( 2 )  p r o j e c t e d  

demographic growth t r ends  (e.g . an approximated doubl  i n g  o f  p o p u l a t i o n  by t h e  

yea r  2000), as i n d i c a t o r s  o f  p robab le  o v e r a l l  i n d u s t r i a l  development and 

wastewater p roduc t ion .  



Wastewater f l o w  p r o j e c t i o n s  a r e  t abu la ted  i n  Appendix C f o r  va r ious  types o f  

i n d u s t r i a l  opera t ions  and a r e  summarized by area i n  Table 4-7. Contaminated 

wastewater p roduc t i on  i n  t h e  p r i n c i p a l  i n d u s t r i a l  areas i s  expected t o  inc rease  
3  f rom 226 000 m3/day a t  present  t o  647 000 m /day by yea r  2000, an average 

annual inc rease  o f  18 ML/day. I t  has been assumed t h a t  near-term i n d u s t r i a l  

expansions w i l l  imp l y  average annual increases of 25-30 ML/day i n  wastewater 

f l ow,  whereas l a t e r  annual growth w i l l  be l i m i t e d  t o  12-15 ML/day as a  r e s u l t  

o f  water  conserva t ion  measures, 'improved i n d u s t r i a l  reuse opera t ions ,  and 

increased segrega t ion  o f  non-contaminated i n d u s t r i a l  process waters .  

Pro jec ted  i n d u s t r i a l  waste load ings  f o r  BOD5 and COD a r e  based on an assump- 

t i o n  t h a t  p resen t  average wastewater concen t ra t ions  w i l l  undergo gradual and 

s l i g h t  change i n  t he  fu ture,  Average concent ra t ions  o f  BOD5 a r e  p r o j e c t e d  

t o  inc rease  from 640 mg/L t o  700 mg/L w h i l e  COD would inc rease  f rom 

1  240 mg/L t o  1  50Cl mg/L a t  the  p l ann ing  hor izon,  Area-wide i n d u s t r i a l  waste 

l oad  p r o j e c t i o n s  a r e  shown i n  Table 4-7; more d e t a i l e d  t a b u l a t i o n s  a re  

presented i n  Appendix C. Fu tu re  loads of  453 000 kg/day BOD5 and 

970 000 kg/day COD, (about  t h ree  t imes c u r r e n t  i n d u s t r i a l  waste loads)  a re  

expected by t he  yea r  2000. 

4,4 Ove ra l l  Wastewater Q u a n t i t y  and Qua1 i ty  

I n f i  1  t r a t i o n  

There e x i s t s  no re1  i a b l e  q u a n t i f i e d  i n fo rma t i on  f rom which t o  de te r~ i i i ne  

the  magni tude o f  i n f i  1  t r a t i  on throughout  t he  sewer system, Some f i e l d  

measurements have been attempted i n  t he  past ,  b u t  due t o  t he  na tu re  and 

surcharged c o n d i t i o n  of t he  c o l  l e c t i o n  system, d e f i n i t i v e  da ta  cannot be 

devel  oped, 

Several numerical  methods have been used by GOSSD t o  es t imate  i n f i l t r a t i o n  

f o r  t he  des ign o f  new sewers. One i s  t o  a l l o w  f o r  0.006 g a l l o n s / h r / f t  o f  

sewer f o r  each i n c h  o f  p ipe  d iameter  ( equ i va len t  t o  approx imate ly  35 L j h r l k m  

o f  p i pe  pe r  cen t imet re  o f  d iameter) ,  The 'o ther  method, by formula,  a l l ows  

f o r  cons ide ra t i on  o f  p i pe  depth below water  t a b l e  and type  o f  p i pe  m a t e r i a l .  

For concrete p i pe  and a  25 cm depth of wa te r  above sewer c e n t e r l i n e ,  t he  

r e s u l t i n g  i n f i l t r a t i o n  r a t e  by formula i s  10 L/hr/kni pe r  cm o f  diameter.  



TABLE 4-7 

PROJECTED'INDUSTRIAL WASTE DISCHARGES 

Indus tri a1 Area 

Dekhei 1 a 

Mex 

Gabbary 

Karmouz & Ghei t  e l  Enab 

Moharrem Bey 

I n d u s t r i e s  Pump S t a t i o n  

Hadara 

Nouzha 

Smouha 

S iou f  

Abbis 

Ras e l  Soda 

Maamoura 

Abu K i r  

Ib rah imia  

A~ne r i a 

TOTAL 

 BOD^(^) 
COD ( b )  

3 
Contaminated Wastewater Flow, 10d0 m /day 
1977 - 1980 1990 - 200'7 

( a ) ~ a s e d  on 640 mg/L i n  1977, 650 mg/L i n  1980, 675 mg/L i n  1990 and 
700 mg/L by year 2000. 

~ ~ 

( b ) ~ a s e d  on 1240 mg/L i n  1977, 1380 mg/L i n  1980, 1450 mg/L i n  1990, and 
1 500 qg/L by year 2000. 



On t h e  b a s i s  o f  e x i s t i n g  average l e n g t h  o f  sewer p e r  h e c t a r e  o f  a rea  w i t h i n  

v a r i o u s  d i s t r i c t s  o f  t h e  c i t y ,  average i n f i  1  t r a t i o n  r a t e s  rang? f r o m  0.03 

t o  0,25 L/sec/ha; l ower  r a t e s  a r e  a s s o c i a t e d  w i t h  w e l l  c o n s t r u c t e d  

sewers above w a t e r  t a b l e  and h i g h e r  va lues a p p l y  t o  c o l l e c t i o n  systems 

below w a t e r  t a b l e o  T h i s  r a n g e  i n  i n f i l t r a t i o n  r a t e  was used f o r  e v a l u a t i o n  

of  e x i s t l n g  sewer system problems as s e t  o u t  i n  Spec ia l  Wastewater R e ~ o r t s  

liurr~bers 2  and 4. - 

For purposes o f  d e t e r m i n i n g  s i z e  o f  f u t u r e  sewer p ioes  needed f o r  t h e  

Wastewater Master  Plan, an i n f i l t r a t i o n  r a t e  o f  0.1 L/sec/ha was assumed, 

i n  e x p e c t a t i o n  o f  improved u t i  1  i z a t i  on o f  1  oca l  m a t e r i a l s  , b e t t e r  c o n s t r u c t i o n ,  

and r e f i n e d  design.  Where new sewers a r e  needed f o r  s p e c i a l i z e d  purposes 

o r  c o n s t r u c t e d  i n  abnormal ly  d i f f i c u l t  areas, h i g h e r  des ign  i n f i l t r a t i o n  

r a t e s  a re  a d v i s a b l e .  

P r o j e c t e d  T o t a l  Flow and S t r e n g t h  - 

T o t a l  wastewater f l o w s  have been e s t i m a t e d  by combining domest ic  and contan- 

i n a t e d  i n d u s t r i a l  was t e ~ a t e r  f lows and adding an a1 lowance f o r  i n f  i 1  t r a t i o n .  

P resen t  and f u t u r e  waste loads were s i m i l a r l y  determined, on t h e  b a s i s  of 

es t ima ted  average c o n c e n t r a t i o n s  o f  s p e c i f i c  c o n s t i t u e n t s .  

R e s u l t i n g  area-wide wastewater f l ow p r o j e c t i o n s  b y  ca tegory  a r e  shown i n  

F i g u r e  4-3, Tab le  4-8 p resen ts  a  summary o f  these p r o j e c t i o n s  f o r  f u t u r e  

sewerage zones i n  t h e  s t u d y  area, Conversion t a b l e s  f rom d i s t r i c t  l e v e l  t o  

sewerage zone a r e  presented i n  Volume I I1,Appendix D o f  t h i s  r e p o r t .  

A y e a r  2000 t o t a l  average d r y  weather d a i l y  volume of  1 - 4 7  m i l l i o n  m3 o f  

wastewater,  44 p e r c e n t  o f  wh ich  i s  expected t o  be c o n t r i b u t e d  by i n d u s t r i a l  

a c t i v i t i e s ,  i s  p r o j e c t e d  f o r  t h e  A l e x a n d r i a  area.  A t o t a l  BOD5 l o a d  o f  

820 000 kg/day, suspended s o l  i d s  l o a d  o f  735 000 kg lday  and a  COD l o a d  o f  

1  660 000 kg lday  a re  p r o j e c t e d  f o r  t h e  y e a r  2000. 



TABLE 4-8 

SUMMARY PROJECTED WASTEWATER FLOWS AND LnADS 

Dry  Weather Flows, 1000 m3/day 
Average Day Peak i lay 

Seweraqe Zones 1980 - 1990 - 2000 - 1980 - 1990 2000 

Abu K i r  

Outer ~ a s t ( ~ )  

I n n e r  East  

Cen t ra l  

I n n e r  West 

Outer West 

Ameri a 

Nouzha 

TOTAL 

Unsewered Areas (b )  13 - 2 5 14 - 4 3 26 - 22 - 
A1 exandr i  a TOTAL 755 1110 1470 1149 1685 2215 

Wastewater Loads, 1000 kg/da.y 
1980 - 1990 2000 

BOD 

COD 

S S 

( a ) ~ n c l u d e s  Ras e l  Soda, S i o u f  K e b l i a  and Sadat City areas. 

( b ) ~ h o s e  remote areas o f  A lexandr ia ;  p r i n c i p a l l y  Agamy and smal l  
v i l l a g e s  south o f  S iou f ,  where sewers a r e  n o t  expected t o  be r e q u i r e d  
u n t i  1 beyond t h e  p lann ing  hor izon,  year  2000. 
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CHAPTER 5 

ENGINEERING CONSIDERATIONS 

5.1 S o i l s  and Subsurface Geology 

Regional S i t e  Cond i t ions  

Alexandr ia ,  s i t u a t e d  on a  narrow s t r i p  o f  land  runn ing  i n  a  nor theas t -  

southwest d i r e c t i o n  between t he  Mediterranean Sea and Lake Maryut, l i e s  a t  

t he  nor thwestern edge o f  t he  N i l e  R i ve r  De l t a .  The s t r i p  of l a n d  forms a  

low r i dge ,  r i s i u g  l i t t l e  more than 10 m above sea l e v e l  and c o n s i s t i n g  o f  

s t r a t i f i e d  l imestone.  The r i d g e  d i v i d e s  t he  c i t y  i n  a  no r t h / sou th  d i r e c t i o n  

and a l s o  separates t h e  s u r f i c i a l  s o i l s .  To t h e  n o r t h  of t he  r i d g e  e x i s t  

beach depos i ts  t h a t  a re  sandy i n  na tu re ;  t o  t h e  sou th  a r e  lagoonal  depos i ts ,  

c o n s i s t i n g  p r i n c i p a l l y  o f  marine c lays .  

Based on e x i s t i n g  i n fo rma t i on ,  t he  area can be d i v i d e d  by subso i l  t ype  i n t o  

f i v e  general  zones, a l though d i f f e r i n g  and i n te rm ixed  s t r a t a  occur  w i t h i n  

each rough l y  def ined zone. The s o i l  zones a r e  descr ibed  i n  F igu re  5-1 and 

can be cha rac te r i zed  i n  genera l  as f o l l o w s :  

- Zone 1, which i nc l udes  most of  t he  o l d e r  p o r t i o n  of  t he  c i t y ,  has 

subso i l s  t h a t  c o n s i s t  of  d e b r i s  and f i l l  u n d e r l a i n  by sands which 

c o n t a i n  pockets o f  c l ays  and s h e l l s .  Na tu ra l  s o l u t i o n  c a v i t i e s  a re  

found i n  t h e  l imes tone  which u n d e r l i e s  t he  sand a t  va ry i ng  depths. 

I n  a d d i t i o n ,  manmade caves, holes,  and condu i ts  d a t i n g  from the  

Roman e ra  have a l s o  been discovered. 

- Zone 2, which covers t h e  h i gh  ground eas t  o f  t h e  o l d  c i t y  (Zone 1  ) 

and extends t o  Abu K i r  Po in t ,  has sandy s u b s o i l s  which a re  cemented 

o r  p a r t i a l l y  cemented i n  some areas. Lenses o f  s i l t  a l s o  occur  i n  

t he  sands, which a re  hard when d r y  b u t  l o s e  s t r e n g t h  when wet.  

Shal low l imestone rock  outcrops occur randomly. 

- Zone 3, which encompasses t h e  area west  o f  t he  o l d  c i t y  (Zone 1 )  and 

n o r t h  of Lake Maryut, i s  cha rac te r i zed  by sha l low depos i t s  o f  sand 

( 2  t o  3  rn i n  depth)  cover ing  weathered 1  imestone which, i n  t u rn ,  

i s  u n d e r l a i n  by  unweathered 1  imestone. Fu r the r  t o  t he  west, 

beyond Dekhei la,  t he  l imes tone  grades i n t o  ca lcareous sandstone. 

There a r e  f r equen t  rock  outcroppings.  



- Zone 4  i nc l udes  t he  e n t i r e  area south o f  t h e  r i d g e  behind Zones 

1  and 2. Subso i l s  c o n s i s t  o f  f i l l  over  very  s o f t  t o  s o f t  c l a y s  

which i n  p laces c o n t a i n  l a y e r s  o f  s h e l l s .  The c l a y  ( 4  t o  10 rn deep) 

i s  u n d e r l a i n  by ce~iiented sand, va ry i ng  i n  th ickness  f rom a  few 

cen t imet res  t o  4  o r  5  m, below which i s  a  s t i f f  c l a y  about 2 m  t h i c k .  

These c l ays  r e s t  on sand. To t h e  eas t  o f  t h e  Mahmoudia Canal, t h e  

ve ry  s o f t  and s o f t  c l a y s  extend i n  p laces t o  depths i n  excess o f  

30 m. 

- Zone 5  covers t h e  h i g h  Western Deser t  ground southwest o f  Lake 

Maryut i n  t h e  Ameria area. T h i s  i s  t he  edge o f  t he  d e s e r t  p l a i n ,  

where s o i l s  a re  predominant ly  sandy w i t h  a  sur face  cover  of  s i  1  t y  

m a t e r i a l  i n  l o w - l y i n g  f l a t  p o r t i o n s .  Fu r the r  t o  t h e  west, s o i l s  

a re  e n t i r e l y  c l ayey  sands. 

Due t o  t h e  na tu re  o f  subso i l s  i n  Zones 1, 2 ,  and 3, t h e  groundwater t a b l e  

occurs a t  o r  near sea l e v e l  e l eva t i on .  Groundwater problems i n  excavat ions 

a re  n o t  l i k e l y  t o  occur  i n  these zones except  a long t he  s h o r e l i n e  o r  i n  deep 

trenches extending below sea l e v e l .  I n  t he  low l y i n g  Zone 4, however, where 

groundwater occurs a t  o r  near t he  sur face ,  a d d i t i o n a l  c o n s t r u c t i o n  problems 

a re  a n t i c i p a t e d  f o r  subsurface work. Many below ground s t r u c t u r e s  i n  Zone 4  

w i l l  r e q u i r e  c o n t r o l l e d  dewater ing d u r i n g  excava t ion  and cons t ruc t i on .  W i t h i n  

Zone 5, t he  deep groundwater t a b l e  w i l l  be w e l l  below any normal c o n s t r u c t i o n  

except  i n  t he  imnediate v i c i n i t y  o f  i r r i g a t e d  f i e l d s .  There have been l o c a l  

ins tances  o f  wa te r logg ing  i n  some i r r i g a t e d  areas o f  Zone 5  where dra inage 

has been i nadequa te .  

A l l  wastewater s t r u c t u r e s  t o  be l oca ted  below groundwater t a b l e  i n  any s o i l  

zone o f  A lexandr ia  must be designed i n  t he  f u t u r e  t o  w i t hs tand  the  e f f e c t  

o f  h y d r a u l i c  u p l i f t .  Swe l l i ng  s o i l s ,  common i n  Ca i ro  and i n  severa l  o t h e r  

areas o f  Egypt, have n o t  been i d e n t i f i e d  i n  any o f  t h e  s o i l  zones o f  

A lexandr ia .  

Foundations and Se_wer Excavat ion 

Foundations f o r  wastewater s t r u c t u r e s  cons idered f o r  c o n s t r u c t i o n  i n  every  

area b u t  Zone 4  w i l l  be, i n  a l l  p r o b a b i l i t y ,  concre te  f o o t i n g  and mat type, 

w i t h o u t  p i  1 i ng ,  bear ing  on n a t u r a l  i no rgan i c  s o i l s .  P i l e  foundat ions, how- 

ever, a r e  l i k e l y  t o  be necessary w i t h i n  Zone 4. Any f i  l l i n g  t o  r a i s e  grade 



s i t e  i n  t h i s  zone must be thorough ly  and c a r e f u l l y  eva luated,  as we igh t  

o f  f i l l  can cause c o n s o l i d a t i o n  of c l a y  subso i l  w i t h  a t t endan t  s o i l  

column se t t lement .  D i f f e r e n t i a l  se t t lement  can r e s u l t  i n  breakage by 

shear between s o i l  -supported pipe1 i nes  and p i l e  supported purnp s t a t i o n s  

o r  t rea tment  p l a n t s .  

Sewers can be cons t ruc ted  w i t h  d i r e c t  e a r t h  suppor t  below normal p i p e  bed- 

d i ng  i n  a lmost  a l l  areas w i t h  excep t ion  o f  Zone 4, where p i l e  suppor t  f o r  

some p r i n c i p a l  c o l l e c t o r s  may be necessary. P ipe bedding i n  Zone 4  should 

i nc l ude  a  15 cm t h i c k  l a y e r  o f  coarse sand p laced d i r e c t l y  on t h e  c l a y  sub- 

s o i l  t o  serve as a  work ing mat and, i n  a d d i t i o n ,  prevent  bedding m a t e r i a l  

from being forced i n t o  t he  c l a y .  

Excavat ion can be e f f e c t i v e l y  accomplished w i t h  s tandard machinery, as w e l l  

as manual labor ,  i n  a l l  b u t  Zone 3. Due t o  t he  presence of sha l low rock ,  

excavat ions i n  excess o f  2  m deep may encounter d i f f i c u l t y  i n  t h e  western 

area. Where sewer p i p e  i n v e r t s  would be cons ide rab l y  lower  than  5  m i n  

o r d e r  t o  ach ieve g r a v i t y  f l ow,  pumping a l t e r n a t i v e s  need t o  be considered. 

Except where t h e r e  a r e  surface obs t ruc t i ons ,  sewer t renches can be b u i l t  by 

open excavat ion, b u t  l a t e r a l  suppor t  should be used where t renches i n  ex- 

cess o f  4  t o  5 m i n  depth and below groundwater t a b l e  a r e  requ i red .  Cur ren t  

c o n s t r u c t i o n  p r a c t i c e  i s  norn ia l ly  l i m i t e d  t o  excavat ions l e s s  than  7 m i n  

depth, b u t  severa l  proposed c o l l e c t o r s  wi 11 r e q u i r e  10 m deep t renches.  

I n  some cases t h e  use of s t e e l  shee t ing  w i l l  be e s s e n t i a l .  I n  s o f t  c l a y s  

care must be taken t o  d r i v e  sheet ing we1 1  below i n v e r t  e l e v a t i o n s  t o  avo id  

unders l ippage and subsequent base f a i l u r e s .  The ca isson  c o n s t r u c t i o n  method 

i s  worthy o f  cons ide ra t i on  f o r  most pump s t a t i o n  subs t ruc tu res  due t o  

e x i s t i n g  subso i l  and groundwater cond i t i ons ,  p a r t i c u l a r l y  i n  Zone 4. 

L i t t l e  exper ience i n  c o n s t r u c t i n g  ma jo r  p i p e l i n e s  by  use of j a c k i n g  methods 

i s  y e t  ev i den t  i n  A lexandr ia ,  a l though one p r o j e c t  now underway e n t a i l s  

j ack ing  two 3200 mm diameter  concrete condu i t s  under t he  Mahmoudia Canal 

i n  Smouha. Fu tu re  i n s t a l l a t i o n  o f  sewers under e x i s t i n g  r a i l r o a d s ,  main 

thoroughfares, and canals  by j a c k i n g  methods w i l l  become more f requent  

as t he  economic advantages of such procedures a r e  recognized. 

The sandy and s o f t  c l a y  subso i l s  i n  many areas of A lexandr ia ,  i n  combinat ion 

w i t h  h i gh  groundwater tab le ,  w i l l  render  s o f t  ground t unne l i ng  a  d i f f i c u l t  



and expensive method of cons t ruc t i on .  Where unweathered, good q u a l i t y  bed- 

r ock  occurs a t  reasonably shal low depth,  r o c k  tunne ls  m igh t  o f fe r  some 

p o s s i b i l i t y  o f  economical c o n s t ~ u c t i o n ,  i n  l i e u  o f  pumping th rough fo rce  

mains. 

Al though very  m i l d  earthquakes a re  known t o  have occurred i n  Egypt, t h e  

l o c a l  engineer ing p r a c t i c e  i s  n o t  t o  cons ider  seismic fo rces  i n  des ign.  

Seismic e f f e c t s  a r e  n o t  expected t o  r ep resen t  an impor tan t  c o n s t r u c t i o n  

cons ide ra t i on  i n  p r e l i m i n a r y  s t r u c t u r a l  o r  foundat ion des ign  f o r  t h e  r e -  

commended f a c i l i t i e s .  

5.2 Cons t ruc t i on  Methods and M a t e r i a l s  

Cond i t ions  A f fec t ing  Cons t ruc t i on  

I n s t a l l a t i o n  of new wastewater c o l l e c t i o n ,  t reatment ,  and d i sposa l  f a c i l i t i e s  

f o r  A1 exandr ia  w i l l  i n  general  r e q u i r e  use of c o n s t r u c t i o n  methods, m a t e r i a l s ,  

and l a b o r  bes t  s u i t e d  t o  l o c a l  c o n d i t i o n s  b u t  w i l l  necess i t a te  i n t r o d u c t i o n  

o f  c e r t a i n  s p e c i a l i z e d  c o n s t r u c t i o n  procedures f o r  s p e c i f i c  p r o j e c t s .  Such 

procedures must n o t  o n l y  be p r a c t i c a l ,  b u t  a1 so t he  most economical f o r  

s i t u a t i o n s  encountered i n  t h i s  r e g i o n  o f  t h e  Mediterranean. 

P r i n c i p a l  f a c t o r s  which w i l l  a f f e c t  c o n s t r u c t i o n  p r a c t i c e s  i n  A lexandr ia  can 

be ca tegor ized  as e i t h e r  environmental  o r  economic. The environmental  f a c t o r s  

i nc l ude  s o i l s ,  groundwater, weather, and l and  use. Economic f a c t o r s  i n v o l v e  

a v a i l a b i l  i t y  o f  con t rac to r s ,  l abo r ,  mater ia l ,  and equipment. 

Local environmental  f a c t o r s  a re  n o t  expected t o  pose severe r e s t r i c t i o n s  on 

any  o f  t h e  a n t i c i p a t e d  c o n s t r u c t i o n  opera t ions .  S o i l s  have been discussed 

i n  Sect ion 5.1; i n  general ,  t h e  subsurface c o n d i t i o n s  do n o t  present  unusual 

problems f o r  excava t ion  o r  s t r u c t u r a l  foundat ions. L ikewise,  groundwater 

1  eve1 s  w i l l  n o t  impose severe c o n s t r a i n t s  on c o n s t r u c t i o n  of sewer t renches, 

pump s t a t i o n s ,  o r  t reatment  p l a n t  foundat ions, as l ong  as standard dewater ing 

and excavat ion suppor t  procedures a re  mainta ined.  Furthermore, t h e  moderate 

c l i m a t e  o f  the  area, i n  con junc t i on  w i t h  an ex tens i ve  annual dry-weather 

period, does n o t  p lace  s i g n i f i c a n t  1 i m i t a t i o n  on s tandard land-based cons t ruc t ion  

opera t ions .  Dur ing t he  w i n t e r  months, storms can be expected t o  cause i n t e r -  

r u p t i o n s  i n  mar ine cons t ruc t i on .  Shor t - term c o n s t r u c t i o n  p r o j e c t s  t h a t  r e q u i r e  

t a k i n g  e x i s t i n g  f a c i l i t i e s  o u t  of s e r v i c e  and thereby l ead ing  t o  increased o r  



cont inuous ove r f l ow  o f  sewage near ba th i ng  beaches, should p r e f e r r a b l y  be 

undertaken i n  t h e  w i n t e r .  

Narrow s t r e e t s  and t r a f f i c  congest ion i n  severa l  of t h e  more densely  developed 

areas o f  A lexandr ia  w i l l  r e q u i r e  a t t e n t i o n  t o  precaut ions o r  spec ia l  proce- 

dures such as m o d i f i c a t i o n  i n  r o u t e  s e l e c t i o n ,  t r a f f i c  c o n t r o l ,  pub1 i c  

s a f e t y  p r o t e c t i o n ,  and shor ing  t o  p r o t e c t  t he  i n t e g r i t y  o f  main roadways o r  

ad jacen t  b u i l d i n g s .  Considerable b rac ing  and shee t ing  o f  t renches even f o r  

sha l low sewers w i l l  be necessary t o  avo id  damage t o  nearby dwe l l i ngs .  

Fu r the r  r e s t r i c t i o n  may be caused by t h e  Governorate's p r o h i b i t i o n  on t r e n c h i n g  

and o t h e r  c o n s t r u c t i o n  a long  severa l  p r i n c i p a l  urban thoroughfares d u r i n g  t he  

sumner season. I t may become necessary t o  r e l a x  t h i s  p r o h i b i t i o n  i n  c e r t a i n  

ins tances where t i m e l y  complet ion o f  t h e  work i s  e s s e n t i a l .  

Many s t r e e t s  and access roads i n  low t o  m idd le  income neighborhoods of t he  

eas te rn  and western d i s t r i c t s  a r e  n o t  y e t  paved, a1 though some a r e  sewered. 

Veh icu la r  access, w i t h  t he  excep t ion  o f  donkey c a r t s ,  i s  l i m i t e d  due t o  

stormwater f l o o d i n g  and wastewater over f lows  on to  1  ow areas under1 a i  n  by 

s i l t y  c l a y  s o i l s .  Raised ear then  pathways and doorway s t e p  stones a r e  

mainta ined by l o c a l  r es i den t s  t o  a l l ow  b u i l d i n g  access i n  these areas. 

Where sewers have n o t  been i n s t a l l e d ,  i t  i s  common p r a c t i c e  f o r  r e s i d e n t s  t o  

c o n s t r u c t  h o l d i n g  tanks and l each ing  p i t s  i n  t he  midd le  o f  t h e  unpaved 

s t r e e t s .  The r o o f  s labs o f  such underground s t r u c t u r e s  a r e  i n  most cases 

weak as they  a r e  fash ioned l o c a l l y  o u t  o f  odd leng ths  o f  p ipe,  w i re ,  and 

p o o r l y  mixed concrete.  Many s t r e e t s  a r e  lower  than  surrounding lands  due t o  

t h e  ex tens ive  removal o f  sandy t o p s o i l s  p r i o r  t o  c o n s t r u c t i n g  d w e l l i n g  u n i t s .  

The d w e l l i n g  u n i t s  have been e rec ted  i n  i r r e g u l a r  pa t t e rns  which r e s u l t  i n  

l a r g e  numbers of narrow, dead-end s t r e e t s ,  and the  o b s t r u c t i o n  o f  many r i g h t s -  

of-way. 

Extens ive dewater ing opera t ions  w i l l  be necessary i n  some low l y i n g  areas. 

M a t e r i a l s  and equipment de l  i v e r y  w i  11 r e q u i r e  s p e c i a l i z e d  t r a n s p o r t  arrange- 

ments i n  some s i t u a t i o n s .  Standard c o n s t r u c t i o n  p r a c t i c e s  w i l l  s u f f i c e  i n  

most ins tances b u t  i t  i s  expected t h a t  somewhat g r e a t e r  c o s t  f o r  excavat ion and 

i n s t a l l a t i o n  w i l l  be requ i red  i n  congested areas than i s  usual i n  urban areas 

where s t r e e t s  have been p r o p e r l y  cons t ruc ted  t o  grade as w e l l  as paved. 



Economic f a c t o r s  a r e  expected t o  impose g r e a t e r  c o n s t r a i n t  on f u t u r e  cons t ruc -  

t i o n  opera t ions .  Lack o f  r e a d i l y  a v a i l a b l e  s k i l l e d  and s e m i - s k i l l e d  l abo r ,  

as w e l l  as some b a s i c  c o n s t r u c t i o n  m a t e r i a l s  and spec ia l  equipment i n  

A lexandr ia  can l i m i t  s e l e c t i o n  o f  c o n s t r u c t i o n  methods and d i c t a t e ,  i n  key 

s i t u a t i o n s ,  r e l i a n c e  on impor ted sources. 

The p resen t  shor tage o f  s k i l l e d  and s e m i - s k i l l e d  l a b o r  has been caused i n  

p a r t  by a  l a b o r  d r a i n  t o  t he  Suez and c o n s t r u c t i o n  p r o j e c t s  i n  o t h e r  Arab 

coun t r i es .  The l a c k  o f  adequate t r a i n i n g  programs, l i m i t e d  s k i l l  t r a n s f e r  

by i n h e r i t a n c e  and i n s u f f i c i e n t  laws govern ing t he  q u a l i t y  o f  l a b o r  have 

a l s o  c o n t r i b u t e d  t o  the  shortage. As a  r e s u l t  o f  these f a c t o r s  i t  i s  

an t i c - i pa ted  t h a t  c o n s t r u c t i o n  cos t s  may be above those exper ienced i n  t he  

r e c e n t  past .  H igher  wages w i l l  need t o  be p a i d  t o  a t t r a c t  s k i l l e d  l a b o r  and 

t he  a d d i t i o n a l  superv iso ry  personnel who w i l l  be necessary t o  m a i n t a i n  q u a l i t y  

cons t ruc t i on ,  e s p e c i a l l y  f o r  impor tan t  major  f a c i l i t i e s  proposed. 

The cont inuous and ready supply  o f  u n s k i l l e d  l a b o r  a v a i l a b l e  i n  A lexandr ia  

presents  l i t t l e  problem f o r  f u t u r e  wastewater c o n s t r u c t i o n  programs. L i ke -  

wise, t h e  a v a i l a b i  1  i ty o f  competent, experienced, and qua1 i f i e d  major  

Egypt ian c o n t r a c t o r s  i n  e l e c t r i c a l  , mechanical, and c i  v i  1  engi  nee r i  ng who have 

access t o  most equipment necessary f o r  c o n s t r u c t i o n  o f  sewers, p l a n t  s t r u c t u r e s  

( c i v i l  works),  and o t h e r  wastewater c o n t r o l  f a c i l i t i e s  does n o t  p resen t  a  

major  l i m i t a t i o n  t o  t h e  cons ide ra t i on  o f  c o n s t r u c t i o n  methods. I n t e r n a t i o n a l  

tender ing,  now a l lowed by t h e  Egypt ian Government, i s  expected t o  be necessary 

f o r  some of t h e  more s p e c i a l i z e d  c o n s t r u c t i o n  p r o j e c t s .  Technology t r a n s f e r  

should remain a requirement for  a l l  fo re ign  o r  j o i n t  Egypt ian and f o r e i g n  

c o n s t r u c t i o n  con t rac t s .  

Cons t ruc t i on  M a t e r i a l s  

Bas ic  m a t e r i a l s ,  such as sand and aggregate, a r e  q u a r r i e d  from t h e  Western 

Deser t  near A lexandr ia  and t ranspor ted  by t r u c k  and barge t o  c o n s t r u c t i o n  

s i t e s  w i t h i n  t h e  c i t y .  Timber and plywood must be impor ted i n t o  t he  country .  

Good q u a l i t y  fac ing  b r i c k  i s  a v a i l a b l e  l o c a l l y  and can be used f o r  l i n i n g  

and c o n s t r u c t i o n  of supers t ruc tu res .  

Manufacture o f  cement, an anc ien t  Egypt ian i n d u s t r y ,  occurs l o c a l l y  b u t  does 

n o t  meet c u r r e n t  demands o f  t h e  b u i l d i n g  i ndus t r y .  Dur ing  t he  l a s t  severa l  

years,  over  one m i l l i o n  tons  o f  cement have been impor ted annua l l y  i n  o rde r  



t o  meet requi rements .  P r o j e c t s  have now been i n i t i a t e d  t o  r e p a i r  and expand 

e x i s t i n g  cement p roduc t i on  f a c i l i t i e s .  I n  a d d i t i o n ,  s t u d i e s  a r e  underway f o r  

new cement p l a n t s .  I t  i s  expected t h a t  t h e  l a r g e r  n a t i o n a l  c o n t r a c t o r s  most 

capable o f  pe r fo rming  t h e  c i v i l  works env i s i oned  i n  t h e  Wastewater Master  

P lan w i l l  have p r i o r i t y  i n  o b t a i n i n g  cement. 

Re in fo rced  concre te  components which a r e  t o  be i n  c o n t a c t  w i t h  sewage, a r e  

s u b j e c t  t o  a t t a c k  by su lph ides .  Su lph ide  a t t a c k  can r e s u l t  i n  r a p i d  

d e t e r i o r a t i o n  o f  concre te  and l ead  t o  s t r u c t u r a l  f a i l u r e .  I n  o r d e r  t o  

p r o t e c t  a g a i n s t  such d e t e r i o r a t i o n  a l l  concre te  must u t i l i z e  a  Type I 1  cenient 

which e x h i b i t s  h i g h e r  r e s i s t a n c e  t o  su l ph ide  a t t a c k .  Th i s  w i l l  be p a r t i c u l a r l y  

t r u e  f o r  r e i n fo r ced  concre te  p ipes , manhole s t r u c t u r e s  and bas ins  h o l d i n g  

sewage. I t  i s  good p r a c t i c e ,  fu r the rmore ,  t o  a v o i d  use o f  d i f f e r e n t  grades 

o f  cement i n  c o n s t r u c t i o n  o f  wastewater f a c i  1  i t i e s .  Therefore,  a1 1  cement 

used should  be of Type 11. Some components o f  t h e  system may r e q u i r e  g r e a t e r  

p r o t e c t i o n  a g a i n s t  d e t e r i o r a t i o n .  Type V cement which i s  g e n e r a l l y  d i f f i c u l t  

t o  o b t a i n  i s  n o t  expected t o  be a v a i l a b l e  i n  Egypt.  Use o f  s p e c i a l  c o a t i n g s  

over  t h e  concre te  w i l l  o f f e r  t he  o n l y  s o l u t i o n  i n  these severe s i t u a t i o n s .  

Spec ia l  c o n s i d e r a t i o n  must a l s o  be g i ven  t o  s e l e c t i o n  o f  m a t e r i a l s  which a r e  

exposed t o  s a l t  spray.  Use o f  p l a s t i c s  and spec ia l  coa t i ngs  w i  11 be necessary 

t o  avo id  t h e  r a p i d  d e t e r i o r a t i o n  o f  more commonly used m a t e r i a l s  which i s  

p reva len t  a1 ong t h e  coas ta l  env i rons  o f  A lexandr ia .  

Var ious t ypes  o f  sewer p i p e  a r e  manufactured i n  Egypt, i n c l u d i n g :  c l a y  p i p e  
up t o  1200 mn g; r e i n f o r c e d  concre te  p i p e  up t o  2000 mm 0; asbestos cement 

p i p e  up t o  1000 mm 8;  s p i r a l  welded s t e e l  p i p e  up t o  600 mm 8; and l o n g i  t u -  

d i n a l l y  welded s t e e l  p i pe  up t o  1400 mm g. I n  a d d i t i o n ,  c a s t  i r o n  p i p e  up 

t o  400 mm g i s  l o c a l l y  manufactured and t h e r e  a r e  p lans  t o  produce d u c t i l e  

i r o n  p i p e  up t o  1500 mm 8 w i t h i n  f i v e  years .  A l l  d u c t i l e  i r o n  p i p e  i s  a t  

p resen t  imported. Small ( l e s s  than  150 m 8 )  p l a s t i c  p i p e  i s  l o c a l l y  

manufactured ( w i t h  p lans  t o  inc rease  t o  200 mm @)  . F ibe rg l ass  r e i n f o r c e d  

p l a s t i c  p i p e  up t o  2000 mm 0 may soon be manufactured i n  Egypt b u t  i s  now 

imported. Lead and cenient j o i n t s  f o r  va r i ous  t ypes  o f  p i p e  a r e  manufactured 

l o c a l l y .  Rubber r i n g  sea ls  a r e  imported. Bitumen c o a t i n g  and cement l i n i n g  

o f  va r i ous  p i p e  types has n o t  been p a r t  of p l a n t  ope ra t i ons  i n  t h e  pas t ,  b u t  

w i l l  be necessary f o r  qua1 i t y  c o n s t r u c t i o n  i n  t h e  near f u t u r e .  



The q u a l i t y  and q u a n t i t y  o f  l o c a l l y  manufactured va lves  i s  n o t  expected t o  

be adequate f o r  t h e  needs o f  t h e  proposed c o n s t r u c t i o n  p r o j e c t s .  A s i m i l a r  

inadequacy a p p l i e s  t o  l o c a l l y  manufactured sewage pumps. These i tems,  

toge ther  w i t h  a l l  o t he r  p l a n t  equipment, meter ing,  and c o n t r o l s ,  a re  expected 

t o  be imported. 

Most s tandard s t r u c t u r a l  and a r c h i t e c t u r a l  components f o r  b u i l d i n g  cons t ruc -  

ti on, such as p res t ressed  concre te  beams, s t r u c t u r a l  s  tee1 shapes, and 

m a t e r i a l s  and equipment f o r  f u ' r n i sh ing  , forming, and p l a c i n g  r e i n f o r c e d  

concre te  a r e  a v a i l a b l e  i n  A lexandr ia .  A r c h i t e c t u r a l  i tems a r e  a l s o  a v a i l a b l e ,  

such as r o o f i n g ,  doors,  windows, g lass,  w a l l  and c e i  1  i n g  t i l e s ,  and f l o o r  

t i l e s .  Factory-made c a s t  i r o n  manhole covers,  and frames, as we1 1 as o t h e r  

appurtenant s t r u c t u r e s  r e l a t e d  t o  sewers, a re  manufactured i n  Egypt and i n  

q u a n t i t i e s  adequate f o r  f u t u r e  c o n s t r u c t i o n  requi rements . 

Cons t ruc t i on  Methods 

The recommended Wastewater Master P lan  app l i es  bas i c ,  w e l l  recognized methods 

o f  c o n s t r u c t i o n  f o r  excava t ion  ( g r a v i t y  sewers, f o r c e  mains, and s t r u c t u r e s  

such as pump s t a t i o n s  and t rea tment  f a c i  1  i t i e s ) ,  bedding, dewater ing and 

b a c k f i l l  i n g  on pipe1 ines ,  and foundat ions  o f  major  s t r u c t u r e s .  

Excavat ion f o r  most wastewater f a c i l i t i e s  i n  Egypt has been c a r r i e d  o u t  i n  

t h e  pas t  by hand l a b o r  us ing  s imple and bas i c  t o o l s .  The p r a c t i c e  o f  

removal o f  m a t e r i a l s  ( w i t h  excep t ion  o f  hard rock  r e q u i r i n g  b l a s t i n g )  us ing  

p icks ,  spikes, and sledge hammers i s  expected t o  con t i nue  throughout  t he  

p lann ing  p e r i o d  f o r  t h i s  s tudy.  Where groundwater l e v e l s  permi t ,  excavat ions 

a re  made us ing  an open method where shee t ing  and sho r i ng  a r e  seldom used, and 

s i d e  s lopes stand n e a r l y  v e r t i c a l .  Such p r a c t i c e  i s  n o t  expected t o  change 

bu t ,  where subsurface c o n d i t i o n s  (poor  s o i  1  s  and/or h i g h  groundwater l e v e l s )  

r e q u i r e  o r  deep trenches a re  necessary, spec ia l  excava t ion  methods w i l l  need 

t o  be employed. These w i l l  i n c l u d e  p r o v i s i o n  f o r  s tandard l a t e r a l  b r a c i n g  

w i t h  wood o r  s t e e l  sheet ing,  as i l l u s t r a t e d  i n  Appendix H. Wherever wood 

shee t ing  i s  u t i l i z e d  f o r  p i p e l i n e  trenches, t he  shee t ing  must remain i n  p l ace  

up t o  t he  crown o f  t h e  i n s t a l l e d  pipe. Th is  w i l l  necess i t a te  c u t t i n g  t he  

shee t ing  a t  t h a t  l e v e l .  Removal o f  shee t ing  below w i l l  impose a d d i t i o n a l  

s t r u c t u r a l  loads on t h e  p i pe  due t o  l o s s  of l a t e r a l  suppor t  a long t he  p i pe  

b a r r e l .  Design o f  p i pe  w a l l  th i ckness  can compensate f o r  t h i s  l o s s  i n  

support ,  however, e x t r a  heavy p i pe  w a l l  th i ckness  r e s u l t s  . 



Excavat ions have g e n e r a l l y  been dewatered, where necessary, by open pumping 

methods, as groundwater cond i t i ons  and t he  smal l  q u a n t i t y  o f  su r f ace  r u n o f f  

seldom m e r i t s  we1 1  p o i n t s  o r  deeper surrounding we1 1s f o r  t he  sha l low trenches 

used t o  date.  I n  many areas o f  t h e  c i t y ,  sewer t renches and s t r u c t u r a l  

excavat ions w i l l  r e q u i r e  ope ra t i ona l  sumps a t  t h e  lowes t  p o i n t  i n  which p ipes 

o r  appur tenant  s t r u c t u r e s  a re  be ing  placed, u n t i l  s u f f i c i e n t  b a c k f i l l  o r  

l o a d i n g  i s  i n  p lace  t o  prevent  f l o a t a t i o n .  Well p o i n t i n g  w i l l  be necessary 

f o r  some deep excavat ions.  

Bedding of  p i pe  i s  of major  importance i n  cons ide ra t i on  of f u tu re  sewer 

c o n s t r u c t i o n  p r o j e c t s .  It i s  recomnended t h a t  a  g r a n u l a r  bed of crushed 

s tone o r  screened g rave l  be employed, i n  l i e u  o f  concre te  encasement; t h i s  

w i l l  pe rm i t  use of  more f l e x i b l e ,  w a t e r t i g h t  j o i n t s  and a  b e t t e r  qua1 i ty 

pipe1 i n e  which can r e s u l t  i n  o v e r a l l  c o n s t r u c t i o n  and ope ra t i ona l  economies. 

Specia l  cases where b a c k f i l l  o r  surcharge l o a d  exceed p i p e  suppor t  s t r e n g t h  

w i  11 necess i t a te  concre te  c rad les ,  arches, and encasement. Selected we1 1  

compacted m a t e r i a l s  should be used above t h e  g rave l  bedding t o  a  recommended 

h e i g h t  o f  30 cm over  t h e  crown o f  t he  p ipe.  

Methods o f  b a c k f i l l i n g  w i l l  va ry  accord ing t o  bea r i ng  s t r e n g t h  o f  p ipes,  

w i d t h  o f  t renches,  cha rac te r  o f  m a t e r i a l  excavated, method of excavat ion,  and 

necessary degree o f  compaction. B a c k f i l l  i ng should occur  as e x p e d i t i o u s l y  as 

poss ib l e  i n  o rde r  t o  prevent  t renches from be ing  used as r e f u s e  recep tac les .  

I n  genera l ,  g ranu la r  m a t e r i a l s  should be used because s i l t s  o r  c l a y s  and 

o t h e r  f i n e  m a t e r i a l s  a r e  n o t  amenable t o  adequate compaction. For c o s t i n g  
purposes i t  i s  assumed t h a t ,  f o l l o w i n g  b a c k f i l l  and adequate compaction, 

cover  su r f ace  w i l l  be r e s t o r e d  t o  a  c o n d i t i o n  equal t o ,  o r  b e t t e r  than, t h a t  

found p r i o r  t o  excavat ion.  

Foundations f o r  a1 1  major  wastewater s t r u c t u r e s  ( t r ea tmen t  p l an t s ,  pump 

s t a t i o n s ,  o u t f a l l s ,  e t c . )  must, i n  t he  f u t u r e ,  meet t he  f o l l o w i n g  two 

requ i  rements : 

1. t he  foundat ion,  i n c l u d i n g  unde r l y i ng  s o i l ,  must be sa fe  f rom 

s t r u c t u r a l  f a i  1  u re .  

2. se t t l emen t  must be h e l d  w i t h i n  l i m i t s  which w i l l  n o t  damage the  

s t r u c t u r e  o r  impa i r  i t s  u s e f u l  f unc t i on .  



I n  most areas o f  A lexandr ia ,  t h e  recommended f a c i l i t i e s  can be supported on 

concre te  f o o t i n g  and mat founda t ions  bear ing  on n a t u r a l  i n o r g a n i c  s o i l s ,  

which a r e  p laced j u s t  above t he  groundwater t a b l e .  I n  areas o f  s o f t  c l a y  

(Zone 4)  p i l e  foundat ions may be necessary as d iscussed i n  Sec t i on  5.1. 

Cons t ruc t i on  o f  t h e  ma jo r  recommended f a c i l  i t i e s  w i l l  r e q u i r e  a  number o f  

s k i l l e d  t rades ,  such as mechanical work (pumps, motors,  chemical  f eed  and 

o t h e r  process equipment) , e l e c t r i c a l  work ( w i r i n g ,  power supply,  i n s t a l  - 
l a t i o n a l  c o n t r o l s  and i ns t r umen ta t i on ) ,  plumbing work ( i n s t a l  1  i n g  p i p i n g  

and d ra inage) ,  and genera l  c i v i l  work such as ca rpen t r y ,  formwork, stone 

f ac i ng ,  masonry, equipment o p e r a t i o n  and r e p a i r ,  s t e e l  placement, p l a s t e r -  

i ng ,  concre te  f i n i s h i n g  and o t h e r  t r ades  r e q u i r e d  f o r  c o n s t r u c t i o n  o f  t he  

s t r u c t u r e s .  Wi th  e f f e c t i v e  superv is ion ,  a  cons iderab le  p o r t i o n  o f  t h e  

c o n s t r u c t i o n  can be done by ma jo r  l o c a l  con t rac to r s ,  a l though  s p e c i a l i z e d  

i n s t a l l a t i o n s ,  such as p l a n t  machinery, a e r a t i o n  u n i t s ,  ma jo r  pumps and 

motors,  submarine o u t f a l l  s, s ludge hand1 i ng equipment, and e l e c t r i c a l  

c o n t r o l s  w i l l  r e q u i r e  a d d i t i o n a l  f o r e i g n  supe rv i s i on  and adv i so r y  

ass i s t ance  f rom equipment supp l i e r s ,  f o r e i g n  c o n t r a c t o r s  and o the rs .  

The q u a l i t y  o f  c o n s t r u c t i o n  o f  t h e  recommended f a c i l i t i e s  w i l l  depend 

on t h e  q u a l i t y  of design, workmanship, m a t e r i a l s  and equipment, and on 

t he  i n s p e c t i o n  prov ided.  Best r e s u l t s  cannot be achieved un less  work- 

manship i s  performed w e l l ,  i r r e s p e c t i v e  o f  optimum use of m a t e r i a l s  and 

good des ign  p r a c t i c e s .  Correspondingly,  use of i n f e r i o r  equipment o r  

m a t e r i a l s  cannot r e s u l t  i n  q u a l i t y  cons t ruc t i on .  Development of t h e  Waste- 
water  Master P lan has been p red i ca ted  on q u a l i t y  workmanship, equipment 

and m a t e r i a l s .  I t  has been repea ted l y  demonstrated t h a t  p r o j e c t s  cons t ruc -  

t e d  under these c r i t e r i a  a r e  the l e a s t  expensive when subsequent opera t ion ,  

maintenance and replacement a r e  considered. 

I n  o rde r  t o  assure a  h i g h  standard of work, i n  accordance w i t h  good con- 

s t r u c t i o n  p r a c t i c e s  used elsewhere i n  t h e  wor ld ,  va lues  used i n  d e t e r -  

m in ing  f u t u r e  p r o j e c t  c o s t s  i n c l u d e  al lowances f o r  competent i nspec t i on ,  

tender  eva lua t i ons ,  and o t h e r  q u a l i t y  c o n t r o l  measures. Such i n c l u s i o n s  

which imp ly  inc reases  i n  u n i t  c o s t s  above p resen t  l e v e l s  a r e  e s s e n t i a l ,  

i n  o rde r  t o  improve t h e  low s tandards of c o n s t r u c t i o n  now presen t .  



5.3 F u n c t i o n a l  C r i t e r i a  

I n t r o d u c t i o n  

I n  o r d e r  t o  e s t a b l i s h  recommended p l a n  f a c i l i t i e s ,  an i n i t i a l  s e t  o f  s i m p l i f i e d  

d e s i g n  c r i t e r i a  was developed. These c r i t e r i a  were a p p l i e d  t o  a l l  e lements 

u t i l i z e d  i n  t h e  a l t e r n a t i v e  " p l a n n i n g  l e v e l "  s t u d i e s .  As such c r i t e r i a  are ,  

i n - p a r t ,  inadequate f o r  use i n  f i n a l  des ign,  a  second, more d e t a i l e d  and 

s p e c i f i c ,  s e t  was developed f o r  " f e a s i b i l i t y  l e v e l "  s t u d i e s .  R e c o g n i t i o n  

was made o f  e x i s t i n g  GOSSD d e s i g n  s tandards and, wherever compat ib le ,  they  

were i n c l u d e d  i n  t h e  des ign  c r i t e r i a  presented h e r e i n .  

Sewers and - Appurtenances 

Sewer p i p e  s i z e  s e l e c t i o n  has been based on peak ins tan taneous  f l ow f o r  t h e  

des ign  y e a r  u s i n g  Manning's fo rmu la  w i t h  p i p e s  f l o w i n g  f u l l .  Minimum sewer 

s lopes were determined, as shown i n  Appendix F, f o r  p i p e - f u l l  v e l o c i t i e s  of 

n o t  l e s s  than  0.6 mlsec,  the reby  p r o v i d i n g  f o r  s e l f - c l e a n s i n g .  

Peak sewer des ign  f l o w  has been determined b y  t h e  average d a i l y  domest ic 

wastewater f l ow r a t e ,  m u l t i p l i e d  b y  a  peaking f a c t o r ,  t o  wh ich  i s  added an 

a p p r o p r i a t e  i n d u s t r i a l  f l ow  r a t e  and a  nominal a1 1  owance o f  0.1 1  i t r e s l s e c l h a  

f o r  i n f i l t r a t i o n .  The l a t t e r  v a l u e  i s  based on an assu~ i ip t ion  t h a t  new sewer 

systems w i l l  be s t r u c t u r a l l y  sound and w i l l  have w a t e r - t i g h t  f l e x i b l e  j o i n t s .  

Unless reasonably  s t r i c t  a d m i n i s t r a t i v e  c o n t r o l s  o r  t h e  admi t tance  of e x t r a -  

neous f lows t o  new sewers i s  enforced,  g r e a t e r  a l lowance w i l l  be necessary.  

A minimum d e p t h  of one m e t r e  t o  crown of t h e  s t r e e t  sewer ( l a t e r a l s )  w i l l  

i n  most i n s t a n c e s  p e r m i t  g r a v i t y  c o l l e c t i o n .  Where t h i s  i s  n o t  t h e  case, 

and sewers cannot be l a i d  deeper, pumping f a c i l i t i e s  w i l l  be r e q u i r e d  i n  

basements o r  below grade v a u l t s .  T h i s  should be avoided, if a t  a l l  p o s s i b l e .  

Minimum d iamete rs  o f  200 mm f o r  s t r e e t  sewers and 150 mn f o r  house connec t ions  

have been adopted i n  o r d e r  t o  m in im ize  r i s k  o f  b lockage.  

Force mains a r e  s i zed  f o r  p r o v i s i o n  o f  v e l o c i t i e s  between 1 . 0  and 3.5 mlsec,  

over  t h e  f u l l  range of pump s t a t i o n  c a p a c i t i e s .  Force main  a l i gnment  i s  

s e l e c t e d  on t h e  b a s i s  of m i n i m i z i n g  t o t a l  dynamic pumping head ( s t a t i c  p l u s  

f r i c t i o n ) .  Cont inued use o f  f l o w  dampening chambers a t  t h e  d i s c h a r g e  end 

of f o r c e  mains, t h e  c u r r e n t  GOSSD p r a c t i c e ,  w i l l  n o t  be necessary as a l l  



f u t u r e  sewers a re  s i zed  t o  convey peak d ischarge  r a t e s .  A i r  r e l i e f  va lves 

w i l l  be p rov ided  a t  h i g h  p o i n t s ,  b lowoffs a t  low p o i n t s  and j o i n t s  w i l l  be 

r e s t r a i n e d  a t  a l l  bends as r e q u i r e d  t o  e l i m i n a t e  t h r u s t  b locks .  Force mains 

would be b u i l t  o f  d u c t i l e  i r o n  o r  asbestos cement p i pe  of adequate pressure 

r a t i n g  f o r  t h e  des ign c o n d i t i o n s .  

Use o f  i n v e r t e d  siphons (sewers depressed t o  pass under o b s t r u c t i o n s )  has 

been avoided wherever poss ib l e  as they  a re  d i f f i c u l t  t o  ma in ta in .  Where 

unavoidable,  i n v e r t e d  siphons a r e  designed t o  p rov ide  minimum v e l o c i t i e s  

o f  1 .0  m/sec i n  t h e  pr imary b a r r e l  a t  l e a s t  once pe r  day. A d d i t i o n a l  b a r r e l s  

a re  p rov ided  as r e q u i r e d  f o r  peak f l ows .  

Manholes a re  t o  be prov ided a t  a l l  sewer j u n c t i o n s  and a t  a l l  changes i n  

p i pe  s i ze ,  s lope, and d i r e c t i o n .  The recommended maximum spacing o f  man- 

ho les f o r  f u t u r e  A1 exandr ia  wastewater co l  l e c t i o n  systems i s :  

Pipe Size, rnm Maximum Spacing, m 

l e s s  than 200 30 

200- 250 4  0  

250-450 5  0  

450-600 6  0  

600- 1  200 100 

1200 and 1  a rger  150 ( s p e c i a l  s t r u c t u r e )  

The manholes a re  t o  be o f  adequate s i z e  t o  f a c i l i t a t e  sewer maintenance 

(commonly 120 cm i n s i d e  d iameter  w i t h  60 cm c l e a r  access openings).  

Each i s  t o  be w a t e r - t i g h t  and c o n s t r u c t e d  o f  d u r a b l e  q u a l i t y  m a t e r i a l s .  

The c u r r e n t  p r a c t i c e  of us ing  bu t t ed  j o i n t s  i n  v e r t i c a l  sec t ions  o f  man- 

ho les must be d iscon t inued .  E i t h e r  a  water-stopped j o i n t  o r  tongue and 

groove w i t h  a  rubber  gasket w i l l  be u t i l i z e d .  

Appurtenant s t r uc tu res ,  such as drop connect ions, b u i l d i n g  connect ion c lean-  

outs ,  d r a i n  i n l e t s ,  storm water  d i v e r s i o n  s t r u c t u r e s ,  and o t h e r  dev ices o f  

spec ia l  des ign a re  a l s o  considered, based on s tandard design c r i t e r i a .  

T l l u s t r a t i o n s  o f  common l a y o u t  des ign f o r  such s t r u c t u r e s ,  as w e l l  as t y p i c a l  

manhole and sewer cons t ruc t i on ,  a re  presented i n  Appendix H. 



Four major  f a c t o r s  s p e c i f i c  t o  t h e  s i t u a t i o n  of A lexandr ia  as 

regards stormwater f l ows  have l e d  t o  t he  recommendation n o t  t o  p rov ide  f o r  

stormwater dra inage i n  t h e  sewerage systerli. These are:  

- t h e  1  i m i  t e d  r a i n f a l l ,  l e ss  than 200 mm annual ly,  t h a t  fa1  1s 

December through March (norma l l y  about s i x  storms caus ing r u n o f f )  

which i s  t he  t ime  of  l e a s t  t o u r i s t  and economic a c t i v i t y  i n  A lexandr ia  

and of lowes t  s a n i t a r y  sewage f lows;  

- t he  des ign  o f  e x i s t i n g  sewers p rov ides  f o r  c a p a c i t y  up t o  about 3 

t imes average d r y  weather f low,  l e a v i n g  cons iderab le  capac i t y ,  i n  

view of  t h e  seasona l l y  low s a n i t a r y  f lows ,  f o r  stormwater; 

- t he  shape o f  A lexandr ia ,  i .e . ,  l ong  and narrow, makes separate 

dra inage o f  stormwater f l ows  e i t h e r  t o  t he  sea o r  t o  i n l a n d  d ra inage  

systems easy and economical as p i p e l i n e s  o r  open d ra ins  can be sho r t ;  

- t h e  cons iderab le  a d d i t i o n a l  expense t h a t  w i l l  be i n c u r r e d  i n  p r o v i d i n g  

much l a r g e r  Master P lan conveyance, t reatment ,  and d isposa l  f a c i l i t i e s  

s i z e d  t o  handle stormwater f lows f o r  o n l y  a  few hours use each year .  

Therefore,  t he  Master P lan  recommends f a c i l i t i e s  designed t o  handle peak 

s a n i t a r y  wastewater f lows,  and l i m i t e d  f a c i l i t i e s  f o r  stormwater dra inage 

o f  known problem areas. The new system, if operated p rope r l y ,  w i l l  

handle much o f  t h e  stormwater r u n o f f ,  b u t  i t  may be necessary t o  add 1- imited 

stormwater d ra inage  f a c i l i t i e s  l a t e r ,  when t h e  proposed sewerage system i s  

i n  operat ion,  as determined by  observed needs. I t i s  i n a p p r o p r i a t e  t o  

inc rease  t h e  funding requirements s i g n i f i c a n t l y  f o r  a  s o r e l y  needed s a n i t a r y  

wastewater system and run  t h e  r i s k  o f  j eopa rd i z i ng  implementat ion o f  such 

works. 

Pump S t a t i o n s  - 
Pre l im ina ry  des ign  o f  wastewater pump s t a t i o n s  has been based on p r o v i s i o n  

of s u f f i c i e n t  capac i t y  t o  pump peak instantaneous f lows. A t  l e a s t  two pumps 

would be i n i t i a l l y  provided, t h e  t o t a l  number be ing  s u f f i c i e n t  t o  meet peak 

demand w i t h  t h e  l a r g e s t  pump on standby. Cen t r i f uga l ,  r a d i a l  f l o w  pumps, 

w i t h  two speed d r i v e s  capable of pumping screened raw sewage, a r e  deemed 

app rop r i a te  f o r  most s t a t i o n s .  Pump s u c t i o n  and d ischarge  openings would be 

a t  l e a s t  100 mm i n  diameter.  Cons idera t ion  should be g i ven  t o  use o f  v a r i a b l e  

speed d r i v e s  f o r  t he  l a r g e r  pump s t a t i o n s  

P rov i s i on  f o r  emergency a u x i l i a r y  power by  connect ion t o  two independent power 

sources, where ava i  lab1  e, o r  by on-s i  t e  genera t ion  a re  i nc l uded  i n  design. 



Two compartment, i n te rconnec ted  wet  w e l l s ,  w i t h  s u f f i c i e n t  c a p a c i t y  t o  

e l i m i n a t e  su rcharg ing ,  a re  used as a  des ign  bas is ,  P r o v i s i o n  f o r  c o n t r o l s ,  

v e n t i l a t i o n ,  f l o w  measurement, and sc reen ing  i s  a l s o  i nc l uded  i n  p r e l i m i n a r y  

f u n c t i o n a l  des ign.  

Submarine O u t f a l l s  

E f f l u e n t  may be s a f e l y  d ispersed i n t o  t he  waters  o f  t h e  Medi ter ranean if an 

adequate degree o f  t rea tment  i s  matched w i t h  a  p roper  d i s t ance  o f f s h o r e  and 

adequate d i l u t i o n  by d ischarge  th rough  m u l t i p l e  p o r t  o u t l e t s .  For purposes 

o f  deve lop ing  t he  Wastewater Master Plan, p r e l i m i n a r y  f unc t i ona l  o u t f a l l  

des ign  was based on s u f f i c i e n t  wa te r  depth t o  a f f o r d  adequate i n i t i a l  d i l u t i o n  

and s u f f i c i e n t  d i s t ance  f rom shore t o  a l l o w  f o r  secondary d i s p e r s a l  and 

b a c t e r i a l  d i e - o f f .  I n i t i a l  d i l u t i o n s  i n  t h e  range o f  100-200 t o  1  and 

secondary d i s p e r s a l  p r o v i d i n g  a  t e n - f o l  d  inc rease  (1000-2000 t o  1 ) a r e  

r e q u i r e d  f o r  d i sposa l  t o  t h e  sea w i t h  minimum p r e l i m i n a r y  t rea tment .  

Onshore f a c i  1  i t i e s  would c o n s i s t  of i n f l u e n t  pumping (where necessary),  

sc reen ing  of sewage, g r i t  e x t r a c t i o n ,  and skimming by  a i r  f l o t a t i o n  t o  remove 

scums, grease, and o t h e r  l ' l o tab les .  These processes would be f o l l owed  by  

e f f l u e n t  pumping t o  a  submarine o u t f a l l  p i p e l i n e .  The p r e l  im ina ry  p l a n t s  

w i l l  be designed t o  accommodate f u t u r e  a d d i t i o n  o f  p r ima ry  sed imenta t ion  i f  

such should  be deemed necessary. 

Func t iona l  des ign c r i t e r i a  on d i l u t i o n  r a t i o s ,  o u t f a l l  c a p a c i t i e s  and 

capabi 1  i t i e s ,  pumping requirements,  and t rea tment  a r e  f u r t h e r  d iscussed i n  

Volume I V ,  Mar ine Stud ies.  

Treatment Fac i  1  i t i e s  

The degree o f  t rea tment  necessary f o r  A1 exandr ia  wastewater d i sposa l  i s  

i n f l u e n c e d  by severa l  f a c t o r s  o t h e r  than b a s i c  economics. These i n c l u d e  

c o n s i d e r a t i o n  o f  d e s i r a b l e  r e c e i v i n g  wate r  qua1 i ty, pub1 i c  t o l e rance  t o  

l o c a l  p o l l u t i o n ,  and bo th  n a t i o n a l  and i n t e r n a t i o n a l  concern f o r  p o l l u t i o n  

c o n t r o l  measures. I n  most ins tances  conven t iona l  eng ineer ing  c r i t e r i a ,  as 

used elsewhere i n  t h e  wor ld ,  f o r  maximum load ings ,  d e t e n t i o n  t imes, h y d r a u l i c  

c a p a c i t i e s ,  e t c . ,  have been used. I n  genera l ,  t rea tment  c a p a c i t y  i s  based 

on average d a i l y  f low r a t e s  e n t e r i n g  t h e  p l a n t ;  u n i t s  w i t h i n  t h e  f a c i l i t y  

be ing  designed t o  avo id  process shutdown when any one u n i t  i s  o u t  o f  

opera t ion .  Hydraul i c  designs a re  t o  p rov i de  f o r  peak ins tantaneous f l ows .  



Emergency bypass channels a r e  a1 so provided. P re l im ina ry  ( f o r  submarine 

d ischarge) ,  pr imary,  and secondary (waste s t a b i  1  i z a t i o n  ponds and convent iona l  

a c t i v a t e d  s l  udge) t rea tment  systems a r e  each considered. 

Design C r i t e r i a  

F i n a l  des ign o f  t h e  f a c i l i t i e s  reconmended i n  t h i s  r e p o r t  must be based on 

t he  most modern p rac t i ces ,  m o d i f i e d  t o  s u i t  t h e  p e c u l i a r i t i e s  of t h e  

A lexandr ia  s i t u a t i o n .  The standards must be r i g i d l y  and c o n s i s t e n t l y  app l i ed ,  

i n  o rde r  t o  c o n s t r u c t  t h e  new works and upgrade e x i s t i n g  f a c i l i t i e s  proposed 

i n  t h i s  r epo r t .  

The c u r r e n t  des ign standards u t i l  i r e d  by GOSSD were found t o  be g e n e r a l l y  i n  

accord w i t h  c u r r e n t  wor ldwide eng ineer ing  p r a c t i c e .  However, major  

d e f i c i e n c i e s  f o r  c e r t a i n  d e t a i l s ,  such as pump s t a t i o n  wet  w e l l  des ign have 

been noted. 

Appendix F  presents  t h e  des ign c r i t e r i a  t h a t  were used i n  develop ing t h e  

" f e a s i b i  1  i ty 1  eve1 " eng ineer ing  l ayou ts  and t h a t  a r e  recommended f o r  use 

i n  p repar ing  f i n a l  designs o f  t h e  proposed f a c i l i t i e s .  

5.4 Bas is  o f  P r o j e c t  Costs 

I n t r o d u c t i o n  

I n  o rde r  t o  develop p r o j e c t  c o s t  est imates,  i n f o r m a t i o n  from many sources, 

i n c l u d i n g  l o c a l  c o n s t r u c t i o n  con t rac to r s ,  governmental agencies, representa-  

ti ves o f  Egypt i  an engi  nee r i  ng f i rns , m a t e r i a l  and equi  pment manufacturers,  

and s u p p l i e r s  was c o l l e c t e d .  I n  cases i n v o l v i n g  impor ted goods, c o s t  est imates 

from t h e  Un i ted  States, Europe, and from major  wastewater f a c i l i t y  c o n s t r u c t i o n  

p r o j e c t s  i n  severa l  o t h e r  areas o f  t he  wo r l d  were assessed, w i t h  values 

ad jus ted  t o  r e f l e c t  t r a n s p o r t a t i o n  t o  and c o n d i t i o n s  a f f e c t i n g  i n s t a l  l a t i o n  

i n  A lexandr ia .  A l l  values have been based on mid-1977 p r i c e s  i n  Egypt a t  t he  

para1 l e l  convers ion r a t e  o f  US $1 = LE 0.70. 

U n i t  P r i ces  

Wages f o r  u n s k i l l e d  and s k i l l e d  c o n s t r u c t i o n  workers tend t o  be lower  i n  

Egypt than  i n  most M idd le  Eastern coun t r i es .  Common l abo re rs  i n  A lexandr ia  

p r e s e n t l y  earn from LE 1.25 t o  2.00 pe r  day (8  hours work) i n c l u d i ~ g  some 

s o c i a l  bene f i t s .  ! lost u n s k i l l e d  c o n s t r u c t i o n  l abo re rs  work a  43-hour, 6-day 



week and a re  p a i d  accord ing  t o  t h e  q u a n t i t y  o f  p roduc t ion .  Sem i - sk i l l ed  workers 

earn f rom LE 2.50 t o  3.50 d a i l y ,  w h i l e  s k i l l e d  workers i n  t he  c o n s t r u c t i o n  

i n d u s t r y  (e.g., e l e c t r i c i a n s ,  plumbers, and ca rpen te r s )  ea rn  f rom LE 4.00 

t o  4.50 p e r  day i n c l u d i n g  s o c i a l  b e n e f i t s .  A d e t a i l e d  l i s t  o f  average d a i l y  

wages (mid-1977) f o r  c o n s t r u c t i o n  workers by c l a s s i f i c a t i o n  i s  presented i n  

Appendix G. 

U n i t  p r i c e s  o f  bo th  l o c a l  b u i l d i n g  m a t e r i a l s  and impor ted  c o n s t r u c t i o n  

m a t e r i a l s  have been gathered. These a r e  a l s o  t a b u l a t e d  i n  Appendix G. To 

determine i m p o r t  cos t s  i t  was assumed t h a t  GOSSD w i  11 con t i nue  t o  i m p o r t  

major  i tems requ i r ed ,  t u r n i n g  them over  t o  c o n t r a c t o r s  f o r  i n s t a l  l a t i o n .  

Local  customs, d u t i e s ,  and taxes ( t o  be p a i d  i n  l o c a l  c u r r e n c i e s )  have n o t  

been es t imated  i n  deve lop ing  program cos t s  as they a r e  cons idered an i n t e r n a l  

and redundant cos t .  

U n i t  p r i c e s  f o r  va r ious  bas i c  c o n s t r u c t i o n  i tems, such as excavat ion,  back- 

f i l l i n g ,  shee t ing  o r  shor ing,  and pavement removal / replacement were gathered 

based on rev iew o f  r e c e n t  con t rac t s ,  d i scuss ions  w i t h  c o n s t r u c t i o n  c o n t r a c t o r s  

and a p p l i c a t i o n  of l a b o r  p r o d u c t i v i t y  and m a t e r i a l  needs t o  s p e c i f i c  work 

i tems. De ta i  1  ed values , i n c l u d i n g  t he  c o n t r a c t o r  I s  overhead and p r o f i t  , a r e  

t abu la ted  i n  Appendix G. 

Cons t ruc t i on  Costs o f  P r o j e c t  Components 

Major  components o f  f u t u r e  c o n s t r u c t i o n  p r o j e c t s  env is ioned  i n  t he  Wastewater 

Master P lan i n c l u d e  sewers, pump s t a t i o n s ,  fo rce  mains, t rea tment  f a c i  1  i t i e s  

and submarine o u t f a l l s .  Cons t ruc t i on  c o s t  curves f o r  t h e  va r i ous  components 

have been prepared i n  o rde r  t o  enable  "p l ann ing  l e v e l "  c o s t  e s t i m a t i o n  f o r  

economic comparison o f  a l t e r n a t i v e  p lans .  " F e a s i b i l i t y  l e v e l "  de te rm ina t i on  

o f  cos t s  f o r  t h e  recomnended wastewater system i n v o l v e d  more d e t a i l e d  

es t imates  f o r  ma jo r  s t r u c t u r a l  elements on t h e  bas i s  o f  ac tua l  f a c i l i t y  

c a p a c i t i e s  and des ign 1  ayouts . 

G r a v i t y  c o l l  e c t o r  sewer c o n s t r u c t i o n  cos t s  were based on earthwork,  m a t e r i a l  

cos ts ,  hand1 i n g ,  l a y i ng ,  and j o i n t i n g  o f  p ipes ,  r e s t o r a t i o n  o f  pavement, 

manholes, and c o n t r a c t o r ' s  overhead and p r o f i t .  The c o s t  curves shown i n  

F igure  5-2 a r e  r e p r e s e n t a t i v e  o f  cos ts  t o  i n s t a l l  p i p e l i n e s  i n  paved s t r e e t s  

where t h e  degree o f  d i f f i c u l t y  f o r  t r a f f i c  maintenance, a c c e s s i b i l i t y ,  s o i  1  

excavat ion,  dewater ing,  and i n t e r f e r e n c e  w i t h  e x i s t i n g  u t i l i t i e s  i s  a t  a  



1 eve1 normal ly encountered in A1 exandri a.  Costs of pi pel i nes constructed 

in open country and/or dry areas will be l e s s ,  whereas within densely 

urbanized portions of the c i ty  or in d i f f i c u l t  t e r ra in ,  they can be expected 

to  be greater. The curves do not include provision for engineering or 

contingencies. These curves were bu i l t  u p  from suff icient ly  detailed infor- 

mation that  they are valid for  f eas ib i l i t y  level as well as planniqg level 

estimates. 

Construction costs for  force mains, tunnels, and submarine outfal ls  were also 

developed, based on pl anni ng experience with comparable sys tems found 

elsewhere in the Mediterranean area, as well as major construction experience 

in the United States ,  taking into account local conditions in Alexandria. 

The resulting curves are shown in Figure 5-3. The curves are valid for  

planning level comparisons only. They do not include provision for  engineer- 

ing or contingencies. For feasibi 1 i ty level costs new estimates were 

prepared from basic unit costs taking into account actual proposed dimensions, 

obstructions, etc.  

Construction cost curves for sewage pump s ta t ions,  as shown in Figure 5-4, 

include provision for  costs of pumps, f i t t i n g s ,  e lectr ical  and other equip- 

ment, and structures.  I t  was assumed that  dual power sources would be 

provided so that  the cost of standby power generation capacity was not 

included. Installation costs of a l l  equipment, e lectr ical  controls and 

wiring, as well as contractor overhead and prof i t ,  were included. No 

allowance was made for  engineering or contingencies. These curves are  
s u f f i c i e n t l y  a c c u r a t e  and t h e  impac t  of  t h e  pump s t a t i o n  c o n s t r u c t i o n  c o s t s  

on the total  project cost i s  suff ic ient ly  small that  these curves are suitable 

for feas ib i l i ty  level as well as planning level cost estimation. 

Sewage treatment plant construction costs are shown in Figure 5-5 for four 

types of treatment including: preliminary, primary, secondary activated 

sludge and anaerobic/aerobic lagoons. The cost curves include provision for 
a1 1 c ivi l  works, equipment supply and instal la t ion,  and controls. The 

curves are based on costs of similar f a c i l i t i e s  that  have been planned or 

designed i n  many other countries, with unit costs adjusted to  re f lec t  mid-1977 

conditions in Egypt. Due to  the particular irr~portance of waste stabi 1 ization 
pond treatment, in the form of anaerobic/aerobic lagoons, for  future waste- 

water management in the Alexandria area, the curve was based on local costs 



f o r  excavat ion,  e a r t h  movement i n c l u d i n g  g rad ing  and d i k i n g ,  as w e l l  as 

i n s t a l  l a t i o n  o f  c o n t r o l  s t r u c t u r e s  and p i p i n g .  U n i t  c o n s t r u c t i o n  c o s t  i s  

found t o  decrease o n l y  m i n i m a l l y  w i t h  increased pond capac i t y  as t he re  i s  

l i t t l e  "economy o f  sca le "  assoc ia ted  w i t h  expanding lagoon s i z e .  The curves 

do n o t  i n c l u d e  p r o v i s i o n  f o r  eng ineer ing  o r  cont ingencies;  they a r e  v a l i d  f o r  

p lann ing  l e v e l  c o s t  comparisons o n l y .  For  f e a s i b i  1  i ty  l e v e l  purposes, 

q u a n t i t i e s  and cos ts  were developed from more d e t a i  l e d  out1 i ne  designs. 

Opera t iona l  Costs 

Est imated cos t s  o f  ope ra t i ng  and ma in ta i n i ng  env is ioned  wastewater f a c i  1 i t i e s  

were based on u n i t  p r i c e s  i n  A lexandr ia  f o r  l a b o r ,  ma te r i a l s ,  equipment 

renewal, and energy. Cu r ren t  exper ience o f  GOSSD and cond i t i ons  found i n  

we1 1  -operated sys tems e l  sewhere i n  t h e  wo r l d  were reviewed p r i o r  t o  e s t a b l  i s h -  

i n g  t h e  curves. Opera t iona l  cos ts  have been developed on a  capac i t y  bas i s  

f o r  pump s t a t i o n s  ( r e f e r  t o  F igu re  5-6) and f o r  va r ious  types o f  sewage 

t rea tment  opera t ions  as shown i n  F igu re  5-7. 

O v e r a l l  ope ra t i ng  cos t ,  expressed on an annual bas i s ,  f o r  f u t u r e  conveyance 

systems ( i n c l u d i n g  l a t e r a l s ,  c o l l e c t o r s ,  f o r c e  mains, and submarine o u t f a l l s )  

was taken as one-ha l f  o f  one percen t  o f  p i p e l i n e  c o n s t r u c t i o n  c o s t  f o r  

comparison o f  a1 t e r n a t i v e s  a t  t h e  "p lann ing  l e v e l " .  For " f e a s i b i  1  i ty l e v e l "  

s t ud ies  more d e t a i l e d  ope ra t i ona l  cos ts  were determined based on e x t e n t  o f  

system, equipment, and s t a f f i n g  cons idera t ions .  

Land Costs 

Land i s  r e l a t i v e l y  c o s t l y  i n  A lexandr ia  and, due t o  h i g h  p r i o r i t y  uses, i s  

o f t e n  n o t  r e a d i l y  a v a i l a b l e  f o r  new p r o j e c t s .  I n  a d d i t i o n ,  t he re  a r e  

s i g n i f i c a n t  c o n s t r a i n t s  on l o c a t i n g  major  new c o l l e c t o r s ,  pump s t a t i o n s  o r  

t rea tment  f a c i l i t i e s ,  based on s u i t a b l e  o u t f a l l  c o n d i t i o n s  and e x i s t i n g  

t r u n k  sewer 1  ines.  Several  s i t e s  may we1 1  be i n  crowded areas o r  on s i t e s  

p r e v i o u s l y  ded ica ted  t o  o t h e r  uses. Land cos t s  f o r  proposed s i t e s  were thus 

s p e c i f i c a l l y  est imated, u s i n g  t h e  bes t  i n f o r m a t i o n  c u r r e n t l y  ava i  1  ab le  f o r  

t he  areas under cons idera t ion .  Th is  i n f o r m a t i o n  was gathered from consu l ta -  

t i o n  w i t h  var ious  governmental agencies and rep resen ta t i ves  o f  p r i v a t e  

o rgan i za t i ons  . 

Present  l and  costs ,  under r u l i n g  market  r a t e s  as o f  J u l y  1977, i n d i c a t e  a  

range f rom LE 100-200/m2 i n  pr ime comnercial  areas of c e n t r a l  A lexand r i a  t o  



less than L E  1.0/m2 in outlying regions. Average residential land costs run 

from L E  20/m2 in the western d i s t r i c t s  to  L E  60/m2 in eastern d i s t r i c t s .  

Where GOSSD has n o t  been able to agree to a purchase price with an existing 

land owner in the past, a value for compulsory purchase has been established 
by government committee, normally a t  the prevailing market rate.  

Total Cost and Foreiqn Exchanqe 

Planning Level Comparisons. Costs used for comparison of a1 ternative schemes 

and hardware plans were developed from construction curve costs for various 

faci 1 i t i e s ,  with addition of 30 percent for engineering and.  contingencies. 

Annual operation and maintenance costs of treatment plants and pump s tatiocs 

were also estimated directly from the cost curves. The annual addition of 

0.5 percent of the cost of pipeline (sewers, force mains, and out fa l l s )  

construction was used t o  estimate operational costs for conveyance. Land 

cost es timates were a1 so i ncl uded in determi ni ng total program costs . 

Feasibility Level Estimates. Feasibility level capital cost estimates were 

based on values from the cost curves (for  collectors and puap stat ions)  o r ,  

for treatment and disposal f a c i l t i e s ,  from outline designs, quantity estimates 

of major material items, basic unit  costs and generally more detailed 

estimates of equipment (including instal lat ion)  costs. In a l l  cases the 

addition of 30 percent for engineering costs and contingencies, plus estimated 

land costs were included. 

Feasibi 1 i ty level operation and maintenance costs were estimated on the 
basis of proposed cleaning and maintenance programs, estimated operations 

personnel and equipment requirements plus estimates of the cost of e lec t r ic i ty  
and supplies, including provision for annual increases through the duration 

of the Master Plan program. 

Foreiqn Exchange. The foreign exchange component ( F E C )  of construction costs 
for principal project f ac i l i ty  components ( i  . e n ,  treatment plants, pump 

s tat ions,  force mains, sewers, and  out fa l l s )  was determined by estimating the 

percentages of foreign currency costs for the elements (excavation, reinforce- 

ment, cement, aggregate, formwork, pipes, trenching, etc.  ) comprising the 

principal components, weighted by the estimated proportions of the respective 

elements comprising the total cost of each fac i l i ty  component. 



D i r e c t  and i n d i r e c t  FEC's were es t imated  sepa ra te l y .  D i r e c t  FEC was taken 

as t he  f o r e i g n  component of t h e  c o s t  o f  l a b o r  ( i n c l u d i n g  eng inee r i ng ) ,  

m a t e r i a l s ,  and equipment t o  be impor ted s p e c i f i c a l l y  f o r  and t o  be i nco rpo ra te>  

i n ,  o r  consumed du r i ng  c o n s t r u c t i o n  o f ,  t h e  recomnended p r o j e c t s ,  e.g., major  

pumping u n i t s ,  sewage t rea tment  equipment, and f o r e i g n  eng ineer ing  cos t s .  

I n d i r e c t  FEC was taken  t o  be t h e  f o r e i g n  cur rency  c o s t  assoc ia ted  w i t h  the  

p r o j e c t  t h a t  rep resen ts :  

1. M a t e r i a l s  and equipment t o  be i nco rpo ra ted  i n ,  o r  consumed d u r i n g  

c o n s t r u c t i o n  of ,  the  p r o j e c t  which: 

a. a r e  made i n  Egypt by i n d u s t r i e s  hav ing,  o r  expected t o  have, 

f o r e i g n  cur rency  investment ,  e.g., f l e x i b l e - j o i n t e d  c l a y  sewer 

p ipes ; 

b. i n c l u d e  some ( b u t  l e s s  than  100 pe rcen t )  impor ted m a t e r i a l s ,  

components, o r  1  abor (such as r e i n f o r c e d  concre te  p i  pe) ; 

c. a r e  bo th  made i n  and a l s o  impor ted i n t o  t h e  coun t r y  and a r e  t o  

be purchased f o r  t h e  p r o j e c t  w i t h i n  Egypt (e.g., cement) ; 

d. a r e  w h o l l y  imported, no t  s p e c i f i c a l l y  f o r  t h i s  p r o j e c t ,  b u t  

would be purchased f o r  t h e  p r o j e c t  w i t h i n  Egypt (e.g. ,  t r ench  

shee t ing ,  and lumber) ; and 

2. Dep rec i a t i on  on impor ted equipment t o  be used f o r  c o n s t r u c t i o n  i n  

t h e  wastewater f a c i l i t y  p r o j e c t s .  

The r e s u l t s  o f  these FEC es t imates  expressed as percentages of c a p i t a l  cos t ,  

i n c l u d i n g  eng ineer ing  and con t ingenc ies  b u t  exc l ud ing  l a n d  cos ts ,  a re :  

Cost Component, pe rcen t  
D i  r e c t  I n d i r e c t  Loca 1  

FEC FEC Currency 

Sewage Treatment P lan t s  42.0 13.0 45.0 

S t a b i l i z a t i o n  Ponds 

Evapora t ion  Ponds 

Pump S t a t i o n s  43.0 10.0 47.0 

Force Mains 

Submarine O u t f a l l s  

L a t e r a l  ( S t r e e t )  Sewers - 23.0 77.0 

I n t e r c e p t o r  Sewers (Col l e c t o r s )  2.0 23.0 75.0 
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CHAPTER 6 

CONCEPTS FOR TREATMENT AND DISPOSAL ---- - ------ --- 

6.1 Scope o f  the Master Plan -~- 

Object ives 

The Wastewater Faci 1  i t i e s  Master Plan f o r  A1 exandri  a  w i  11 prov ide guidance 

f o r  the o r d e r l y  and economic development o f  a  sewerage system t o  meet the 

needs o f  the c i t y  through the year  2000. The planned program w i l l  s a t i s f ~ !  

s p e c i f i c  ob jec t ives .  These are: 

1, E l im ina t i on  o f  sur face drainage o f  untreated s a n i t a r y  and 

i n d u s t r i a l  wastewater by p rov id ing  necessary sewers, c o l l e c t o r s ,  

pump s ta t i ons ,  and appurtenances f o r  underground c o l l e c t i o n  and 

conveyance o f  the  wastewaters t o  treatment f a c i l i t i e s  and po in t s  o f  

disposal.  

2, E l im ina t i on  o f  overf low, o r  o the r  discharge o f  untreated s a n i t a r y  

wastewater o r  combined r u n o f f  up t o  a t  l e a s t  three times average 

d r y  weather f l ow  t o  the  beaches o r  near-shore waters o f  the  

Medi terranean Sea, Abu K i  r Bay, and the harbors o f  A1 exandri  a. 

3. Treatment o f  c o l l e c t e d  s a n i t a r y  and i n d u s t r i a l  wastewaters t o  a  

degree which w i  11 assure proper operat ion o f  d isposal  f a c i  1  i t i e s  

and/or w i l l  a l low discharge t o  rece i v ing  waters o r  land mass o f  

the area w i thou t  s t ress ing  na tu ra l  p u r i f i c a t i o n  processes, 

r e s u l t i n g  thereby i n  maintenance o f  an acceptable steady s t a t e  

condi ti on i n the  envi ronment, 

4. E l im ina t i on  o f  troublesome f l o o d i n g  dur ing  wet weather o f  c e r t a i n  

key areas o f  the c i t y  t h a t  are important  t o  commerce and 

t ranspor ta t ion ,  

5. Accomplishment o f  the  above ob jec t i ves  w i t h  maximuni use o f  e x i s t i n g  

f a c i l i t i e s  and processes o f  nature and w i t h  minimum adverse impact 

on the  soc ia l ,  na tu ra l ,  and f i n a n c i a l  resources o f  Egypt. 

Level o f  Q u a l i t y  and Compromise 

Attainment o f  the above ob jec t i ves  w i l l  prov ide f o r  a  wastewater management 

system w i t h  a  l e v e l  o f  q u a l i t y  comparable t o  t h a t  found i n  more advanced 

count r ies  o f  t he  world. Accomplishment o f  a  p lan  t o  meet t he  ob jec t i ves  



w i  11 r e q u i r e  cons iderab le  f i n a n c i a l  resources and s i g n i f i c a n t  commitment o f  

bo th  1  ocal  and f o r e i g n  c o n s t r u c t i o n  capabi 1  i ty. 

Se lec t i on  o f  lower l e v e l s  of q u a l i t y  o r  ex tens ion  o f  t ime f o r  p r o j e c t  

complet ion w i l l  mean compromise o f  one o r  more of t he  ob jec t i ves .  Such 

compromi se i s  found t o  have adverse economic impact, Cost r educ t i on  e i  t i l e r  

by t he  c o n s t r u c t i o n  o f  i n f e r i o r  t rea tment  and d isposa l  systems o r  by the  

de lay  o f  complet ion w i  11 c u r t a i  1  program b e n e f i t s  s i g n i f i c a n t l y .  A rev iew of 

t h e  c u r r e n t  s t a t e  of p u b l i c  h e a l t h  and s a n i t a r y  c o n d i t i o n s  i n  A lexandr ia ,  

toge ther  w i t h  an assessment o f  t he  funds needed t o  ma in ta i n  t he  e x i s t i n g  

wastewater systelli, i n d i c a t e s  t h a t  t he re  i s  l i t t l e  room f o r  compromise i n  

a t ta inment  of  o b j e c t i v e s  w i t h o u t  severe ly  j eopa rd i z i ng  t he  heal  t h  and 

we1 f a re  of A lexand r i a ' s  popu la t ion .  Furthermore, t he  economic base o f  t he  

c i t y ,  bo th  i n  terms o f  t ou r i sm  and i n d u s t r i a l  developr~lent, i s  c l o s e l y  t i e d  

t o  t h e  a t ta inment  o f  a t  l e a s t  nl- inimial standards o f  pub1 i c  s a n i t a t i o n  and 

urban wastewater c o n t r o l  , as they a r e  understood throughout  t he  wor ld .  

6.2 Wastewater Disposal  

General 0p.t ions 

A fundamental cons ide ra t i on  i n  t he  Master Plan s tudy  i s  t he  e f f e c t i v e  

d isposa l  o f  n e a r l y  1.5 m i l l i o n  cub i c  metres o f  wastewater a  day (by t he  year  

2000), which w i  11 con ta in  s u b s t a n t i a l  amounts of  o rgan ic  and chemical 

p o l l u t a n t s  t h a t  must be p r o p e r l y  t r e a t e d  and/or d ispersed i n  o rde r  n o t  t o  

cause unacceptable environmental  degradat ion w i t h i n  t he  area. Three b a s i c .  

op t i ons  a re  a v a i l a b l e :  d isposa l  by a p p l i c a t i o n  t o  land,  d isposa l  by 

d ischarge t o  a  r e c e i v i n g  water,  and d isposal  by evaporat ion.  I n  r e a l i t y ,  

a p p l i c a t i o n  o f  wastewater t o  l a n d  r e s u l t s  i n  d isposa l  o f  p a r t  o f  t he  f l o w  t o  

t he  a i r  through evapot ransp i ra t ion ,  and p a r t  t o  r e c e i v i n g  water,  through 

i n f i l t r a t i o n  and r u n o f f .  

Reuse (Land Disposal ) .  Two concepts e x i s t  f o r  l and  d isposa l .  One concept 
i s  t o  op t im i ze  d isposa l  of wastewater by app ly iqg  t o  t h e  land  as much waste- 

water  as i t  can a s s i m i l a t e  w i t hou t  c r e a t i n g  s i g n i f i c a n t  drainage, r u n o f f ,  

and environmental  problems. According t o  t h i s  concept, crops t h a t  can be 

grown and harvested a re  considered o f  secondary importance and a re  u s u a l l t  o f  

l i m i t e d  economic value. The o the r  concept i s  t o  op t im i ze  c rop  p roduc t ion  and 



i t s  va l ue  by a p p l i c a t i o n  o f  wastewater (and i t s  n u t r i e n t s )  when p l a n t s  

r e q u i r e  i r r i g a t i o n .  Both concepts have been cons idered a t  a  p r e l i m i n a r y  

stage i n  t h e  development o f  t he  Master Plan. A d e t a i l e d  r e p o r t  i s  i n c l uded  

i n  Volume 111, Appendix E on Reuse o f  Wastewater f o r  I r r i g a t i o n .  

A secondary l e v e l  o f  t rea tment  has been adopted as a  necessary requi rement  

f o r  t h e  d i sposa l  o f  wastewater through c rop  i r r i g a t i o n .  P r o t e c t i o n  o f  

p u b l i c  h e a l t h  i s  t he  p r i n c i p a l  reason f o r  t h i s  requi rement .  S i g n i f i c a n t  

advantages such as t he  need f o r  l e s s  l and  area, l e s s  ex tens i ve  d i s t r i b u t i o n  

systems, and cons iderab ly  l e s s  maintenance o f  t he  s o i  1  su r face  f rom c l ogg ing  

a l s o  accrue i f  secondary t rea tment  e f f l u e n t  i s  i nvo l ved .  Unless a  reasonably  

s t a b l e  e f f l u e n t  i s  a p p l i e d  t o  t h e  land, a  s i g n i f i c a n t  odor  nu isance can 

r e s u l t .  Several  thousand hec ta res  o f  l a n d  would be necessary f o r  l and  

a p p l i c a t i o n  f o r  a1 1  o f  A l exand r i a ' s  wastewater. 

Op t im i za t i on  f o r  D isposa l .  Land a p p l i c a t i o n  o f  wastewater a t  r a t e s  i n  excess 

o f  c rop  needs i s  n o t  cons idered a  v i a b l e  approach f o r  the  f o l l o w i n g  reason. 

The degree o f  t rea tment  f o r  such a  method o f  d i sposa l  i s  e q u i v a l e n t  t o  t h e  

degree needed f o r  c rop  max im iza t ion  o r  f o r  i n t e r i m  d ischarge  i n t o  Lake 

Maryut.  I f  t h e r e  i s  found t o  be economic va lue  t o  t r e a t e d  wastewater 

s u f f i c i e n t  t o  a l l o w  expend i tu re  o f  funds f o r  d i s t r i b u t i o n  f a c i l i t i e s ,  then  

i t  w i l l  be prudent  t o  maximize t he  r e t u r n  by o p t i m i z i n g  c rop  growth.  There 

i s  no advantage t o  be gained, t he re fo re ,  i n  cons ide r i ng  o p t i m i z a t i o n  f o r  

sewage d i  sposa 1  . 

Op t im i za t i on  f o r  Crop Product ion.  Fac to rs  t h a t  must be eva lua ted  when 

cons ide r i ng  reuse o f  t r e a t e d  wastewater f o r  i r r i g a t i n g  crops a r e  

p r i m a r i l y  economic. I f  t h e  n e t  c o s t  t o  convey, t r e a t ,  and d i s t r i b u t e  

wastewater, assuming t h a t  the  va lue  of  wastewater equals  t h a t  o f  canal  

water, i s  more than t h e  r e t u r n  produced f rom t h e  use o f  t h e  rep laced  

canal  water,  then reuse o f  wastewater i s  n o t  economic. The n e t  c o s t  t o  

convey, t r e a t ,  and d i s t r i b u t e  wastewater f o r  reuse by c rop  i r r i g a t i o n  i s  

t h e  sum o f  c a p i t a l  and ope ra t i ng  cos t s  f o r :  ( 1 )  conveyance t o  a  t rea tment  

p l a n t  s i t e ;  ( 2 )  p r o v i s i o n  o f  secondary t reatment ;  and ( 3 )  an ex tens i ve  

system of  d i s t r i b u t i o n ;  l e s s  t h e  c a p i t a l  and ope ra t i ng  cos t s  o f  a  l e a s t - c o s t  

a l t e r n a t i v e .  I f  con t inued  d i sposa l  o f  wastewaters t o  Lake Maryut i s  cons i -  

dered l e a s t  c o s t l y ,  then  t h e  n e t  c o s t  f o r  l and  a p p l i c a t i o n  i s  o n l y  t h e  c o s t  

o f  t r a n s p o r t  and d i s t r i b u t i o n  f rom a  secondary t r ea tmen t  f a c i l i t y  t o  t he  

i r r i g a t e d  crop lands.  The r e t u r n  f rom uses t o  which rep laced  canal  water  i s  



p u t  i s  t h e  va lue  o f  a d d i t i o n a l  rec la imed l and  made p o s s i b l e  by t h e  rep laced  

canal  water,  t h e  crops produced on such land, t h e  va lue  o f  i n d u s t r y  and/or 

housing t h e  rep laced  water  m igh t  suppor t ,  and revenues de r i ved  there f rom.  

There a r e  severa l  mod i f y i ng  f a c t o r s ,  however, which must a l s o  be cons idered.  

The p resen t  and p o t e n t i a l  supply  o f  water  f r om  o t h e r  sources, i t s  cos t ,  and 

t h e  r e l a t i v e  e f f i c i e n c y  of  p resen t  wa te r  i r r i g a t i o n  use a f f e c t  t h e  economic 

assessment. The ma jo r  use of water  i n  t h e  N i l e  D e l t a  i s  f o r  i r r i g a t e d  

a g r i c u l t u r e .  It i s  understood t h a t  p resen t  i r r i g a t i o n  p r a c t i c e  i s  about 50 

percen t  e f f i c i e n t  i n  terms o f  water  use. 

Water f o r  i r r i g a t i o n  i s  p rov ided  by t h e  Egyp t ian  Government w i t h o u t  c o s t  t o  

t he  user .  Cost t o  t h e  government f o r  i r r i g a t i o n  wa te r  i n  t h e  lower  D e l t a  
3 r e g i o n  i s  repor ted1  t o  be about LE 0.002/m , based upon Egyp t ' s  share o f  t h e  

development c o s t  f o r  t h e  H igh  Aswan Dam waters  a l l o c a t e d  t o  i r r i g a t i o n ,  p l u s  

added a l lowance f o r  c o s t  o f  c o n t r o l  and d i s t r i b u t i o n .  There a r e  two 

o p p o r t u n i t i e s  f o r  app rec i ab le  economic ex tens ion  o f  t h e  N i l e  D e l t a  water  

supply  system. The obv ious one i s  t o  improve e f f i c i e n c y  o f  use, i . e . ,  t o  

" t i g h t e n  up" p resen t  i r r i g a t i o n  p r a c t i c e s  i n  o rde r  t o  b e t t e r  u t i l i z e  water  

supply  resources a l r eady  developed. The second approach i s  t o  incfqease 

water  supply  by c o n s t r u c t i o n  o f  new dams, canals ,  and r e g u l a t i n g  f a c i l i t i e s  

i n  t h e  Upper N i l e  R i ve r  Va l l ey .  Such development m igh t  p rov i de  an es t imated  
2 n i n e  b i l l i o n  cub i c  metres o f  water  annua l l y  f o r  Egypt . Development o f  

groundwater resources has a l s o  been mentioned b u t  no n e t  inc rease  i n  water  

supply  would be r e a l i z e d  un less  a q u i f e r  recharge was by water  t h a t  

o therw ise  would be wasted. A l though c o s t s  have n o t  been expressed f o r  these 

developments, t h e  u n i t  c o s t  o f  supply  c a p a c i t y  f o r  resources o f  t h i s  t ype  

i s  t y p i c a l l y  much l e s s  than t h e  u n i t  c o s t  o f  secondary t rea tment .  It i s  

c a l c u l a t e d  t h a t  reuse o f  A l exand r i a ' s  e n t i r e  wastewater f l o w  i n  t h e  y e a r  

2000 would r e l ease  f o r  o t h e r  uses about one -ha l f  o f  one percen t  (0.5%) o f  

Egyp t ' s  p resen t  average annual water  supply .  

Another f a c t o r  which must be cons idered i s  t h e  q u a l i t y  of t r e a t e d  wastewater. 

A key parameter o f  water  qua1 i t y  f o r  i r r i g a t i o n  i s  t h e  concen t ra t i on  o f  

t o t a l  d i s so l ved  s o l i d s  (TDS). I n  genera l ,  decreased c rop  y i e l d s  can be 

'Personal  comun ica t ion ,  M r .  Saleh Shi  hab, Undersecretary,  M i n i s t r y  o f  
I r r i g a t i o n ,  Damanhour on A p r i l  ,1977.. 

2 " ~ a t e r  Resources Development i n  t h e  ARE", Lec tu re  by M r .  F a r i d  N i co l a ,  
then Undersecretary  of Sta te ,  M i n i s t r y  of I r r i g a t i o n ,  Ka r l  sruhe, West 
Germany, 6 J u l y  1971. 



expected when TDS concent ra t ions  exceed 500 t o  800 mg/L. Whi le some crops 

a r e  more s a l t - t o l e r a n t  than t h i - s ,  h i ghe r  va lue  crops a r e  l i k e l y  t o  be most 

a f f e c t e d .  The l e v e l  o f  s a l i n i t y  a f f e c t i n g  l e s s  t o l e r a n t  crops depends upon 

severa l  f a c t o r s  which i n c l u d e  t he  concen t ra t i on  o f  d i s s o l v e d  sa l  t s ,  t h e  s o i  1  

type, dra inage c h a r a c t e r i s t i c s ,  depth t o  water  t ab le ,  and t h e  r e l a t i v e  

concen t ra t i on  o f  sodium s a l t s  i n  r e l a t i o n  t o  t o t a l  s a l i n i t y .  Crops grown on 

c l a y  s o i l s  o f  t he  type  found i n  t h e  D e l t a  a re  u s u a l l y  more s e n s i t i v e  t o  

s a l i n i t y  than t h e  same p l a n t  species grown on sandy s o i l s .  Another problem 

may be t he  concen t ra t i on  o f  n u t r i e n t s  i n  wastewater. Many p l a n t s  which a r e  

in lpor tan t  comnerc ia l l y ,  grow l u x u r i a n t l y  w i t h  en larged s t a l k s  and leaves i n  

t h e  presence o f  more n i t r o g e n  than t hey  r e a l l y  need, b u t  bear smal l  and 

immature f r u i t .  

The TDS o f  waters i n  t h e  Mahmoudia Canal (used f o r  i r r i g a t i o n  and water  

supply)  i s  nornlal l y  about 250 t o  400 mg/L. Measured TDS of A lexandr ia  

wastewater v a r i e s  f rom about 1030 t o  1600 mg/L. The increment o f  TDS 

added through o v e r a l l  use i s ,  t he re fo re ,  on t h e  o rde r  o f  1000 mg/L w i t h  

poss ib l e  v a r i a t i o n s  o f  p l u s  o r  minus 350 mg/L. I n  o rde r  t o  ma in ta i n  a  

TDS o f  800 mg/L i n  a  mixed cana l - - t r ea ted  wastewater i r r i g a t i o n  supply, 

t h e  average p ropo r t i ons  needed a r e  55 percent  canal  water  and 45 percent  

wastewater. I t  i s  h i g h l y  uneconomical t o  t r e a t  wastewater f o r  r e d u c t i o n  i n  

t o t a l  d i sso l ved  s o l i d s .  

TDS o f  Noubaria Canal water  ( a t  t he  Maryut Water Treatment P l a n t )  has been 

between 900 and 985 mg/L d u r i n g  t he  sumner o f  1977, a l though upstream values 

a t  K a f r  Bo l i ne  ranged between 260-300 mg/L d u r i n g  t he  same pe r i od .  It i s  

assumed t h a t ,  i n  t ime, t h e  problems causing TDS inc rease  between these two 

l o c a t i o n s  w i l l  be cor rec ted .  The requirement f o r  m i x i ng  wastewater i n  dese r t  

canals  i s  expected t o  be e q u a l l y  as impor tan t  as i n  t h e  De l t a .  I t  i s  

c e r t a i n  t h a t  reuse w i t h o u t  m ix ing  w i l l  decrease t he  va lue  o f  farm products,  

when compared t o  reuse a f t e r  m ix ing  w i t h  canal  water .  

A lexandr ia  wastewater a l s o  con ta ins  gi-eater than normal concen t ra t ions  o f  

n i t r o g e n  and phosphate n u t r i e n t s .  An ana l ys i s  o f  24-hour composited waste- 

water  samples i n d i c a t e s  a mean n i t r o g e n  concen t ra t i on  o f  33.0 mg/L and 

a mean r~hosphate concent ra t ion  o f  10.3 mg/L (as P).  With a  normal i r r i g a t i o n  
3 a p p l i c a t i o n  o f  7000 m o f  water pe r  feddan per  yea r  and a r a t i o  o f  canal 

water t o  wastewater o f  55:45, t h e  annual a p p l i c a t i o n  o f  n i t r o g e n  through 

wastewater reuse would be 102 kglfeddan. S i m i l a r l y ,  t h e  annual a p p l i c a t i o n  
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o f  P205 would be 24 kg/feddan. A lexand r i a ' s  wastewater would p rov ide  two 

t o  t h r e e  t imes t h e  n u t r i e n t s  t y p i c a l l y  requ i red ,  if a p p l i e d  w i t h o u t  even 

g r e a t e r  d i l u t i o n  r a t i o s .  

From cons ide ra t i on  o f  bo th  TDS and n u t r i e n t  loads, i t  would be bes t  t o  mix  

canal water and wastewater on about a  70:30 ov even a  75:25 r a t i o .  A  ma jo r  

conveyance p i p e l i n e  system would be r e q u i r e d  t o  d i s t r i b u t e  wastewaters t o  

t h e  e x t e n t  necessary f o r  a t t a i n i n g  such a  mix .  

Based upon t he  above cons idera t ions ,  a  system t o  reuse 80 percent  o f  

A lexand r i a ' s  year  2000 wastewater f l o w  f o r  a g r i c u l t u r a l  i r r i g a t i o n  on D e l t a  
2  lands would r e q u i r e  an area o f  173 800 feddans o r  about 700 km . Th is  would 

comprise t he  e n t i r e  present  e x t e n t  o f  a g r i c u l t u r a l  l a n d  eas t  o f  t he  Umoun 

Dra in  and nor thwest  o f  t he  v i l l a g e  o f  Abu Hummus (35 km southeast  o f  

A lexandr ia )  on t he  Alexandr ia-Cai ro  D e l t a  road. A  r e a l i z a t i o n  o f  t'he scope 

and e x t e n t  o f  any f u t u r e  d i s t r i b u t i o n  system can be obta ined from t h i s  

c a l c u l a t i o n .  Costs o f  such a  system w i l l  p lace  a  h i g h  p r i c e  on wastewater 

reuse, one t h a t  i s  n o t  expected t o  be economical i n  t h e  fo reseeab le  f u t u r e .  

Nevertheless, reuse by c rop  i r r i g a t i o n  has been mainta ined as a  candidate 

a l t e r n a t i v e  throughout  e v a l u a t i o n  o f  p lans  i n  t h e  f o l l o w i n g  chapter .  

Reuse of wastewater f o r  c rop  o p t i m i z a t i o n  r e s u l t s  i n  per iods  when a  p o ~ t i o n  

of t h e  wastewater f l o w  i s  n o t  needed, i .e . ,  d u r i n g  bo th  t h e  harves t  season 

and those t imes when crop requirements a r e  s a t i s f i e d  w h o l l y  o r  p a r t i a l l y  by 

r a i n f a l l .  Dur ing  these per iods  of t h e  year,  wastewater must be s to red  o r  

d ischarged elsewhere. Storage i s  expensive and r e q u i r e s  add i t iona l  commitment 

and s i g n i f i c a n t  l a n d  area. The o n l y  reasonable a l t e r n a t i v e  i s  d ischarge e l se -  

where, i n  t h i s  case, t o  Lake Maryut. I n  e v a l u a t i n g  a l t e r n a t i v e s ,  t h e  reuse 

concept cannot be r a t e d  f u l l y  e f f e c t i v e  as a  s o l u t i o n  t o  A lexand r i a ' s  waste- 

water  problems because of t he  necess i t y  o f  d i scha rg ing  excess wastewater t o  

Lake Maryut. An a d d i t i o n a l  r e d u c t i o n  i n  e f fec t i veness  i s  found as t h e  

d ischarge of excess wastewater n u t r i e n t s ,  ma in l y  n i t r ogen ,  n o t  taken up by 

p l a n t s  o r  absorbed i n  t h e  s o i l ,  can r e a d i l y  f i n d  t h e i r  way i n t o  Lake r la ryu t  

and t h e  Western Harbor v i a  a g r i c u l t u r a l  d r a i n s  

Feas ib le  l o c a t i o n s  i n  cons ide r i ng  a g r i c u l t u r a l  reuse of secondary t r e a t e d  

wastewaters f rom A1 exandr ia  i nc l ude :  

- Abu Ki r and/or Abbis Area ( s )  . Urban wastewaters cou ld  r e c e i v e  

secondary t rea tment  i n  a  p l a n t  l oca ted  southeast of t he  c i t y .  Use 



would be by mix ing  canal water  and wastewater a t  p o i n t s  where 

i r r i g a t i o n  water  i s  p r e s e n t l y  d i v e r t e d  from i r r i g a t i o n  supply  canals,  

w i t h  t he  mix n o t  l ess  than  55 percen t  and p r e f e r a b l y  70 o r  75 percen t  

canal  water. Conveyance f a c i l i t i e s  would be p rov ided  t o  serve an 

app rop r i a te  area f o r  maximizing reuse. Surp lus wastewater would be 

discharged t o  l o c a l  d ra i ns  and t o  Lake Maryut. 

- Maryut Sector  Area. A f t e r  secondary t reatment ,  wastewater f rom 

Ameria, Mex-Dekheila, and t h e  Central /West Zones m igh t  be pumped 

south o f  Ameria and d ischarged i n t o  t h e  branches o f  t h e  Noubaria 

Canal f o r  m i x i ng  and conveyance t o  i r r i g a t i o n  s i t e s .  The p o i n t  o f  

d ischarge would be downstream o f  any f u t u r e  domestic water i n t a k e .  

Surplus waters would be wasted t o  l o c a l  d i t c h e s  and t o  Lake Maryut 

f rom one o r  niore t rea tment  p l a n t s  l oca ted  t o  t h e  west o f  t h e  c i t y .  

- Ameria Northwest Area. Treated wastewater f rom Ameria, Mex-Dekheila, 

and t he  Central /West Zones m igh t  a l s o  be conveyed t o  and used, 

w i t h o u t  m i x i ng  w i t h  canal water,  on crop lands n o t  y e t  developed 

nor thwest  o f  Ameria. Such land  would f i r s t  need t o  be l e v e l l e d ,  

p rov ided  w i t h  i r r i g a t i o n  canals  o r  o t h e r  d i s t r i b u t i o n  systems, and 

adequately d ra ined  t o  assure no s a l t  bu i ld -up .  

Evaporat ion 

I n  a  r e g i o n  where annual evapora t ion  g r e a t l y  exceeds annual r a i n f a l l ,  and 

where t h e r e  e x i s t  ex tens i ve  areas o f  land  o f  marg ina l  value, t h e  p o s s i b i l i t y  

of d isposa l  o f  wastewaters by evapora t ion  becomes f e a s i b l e .  The concept 

r equ i res  commitment o f  an adequate amount o f  remote land  as a  " s a l t  s i nk " ,  

where waste res idues  l e f t  when sewage evaporates w i l l  remain and accumulate. 

I n  t h e  Alexandr ia  area t h e  c o n d i t i o n s  o f  evapora t ion  exceeding r a i n f a l l  

a r e  c e r t a i n l y  a p p l i c a b l e  and t h e r e  i s  cons iderab le  remote area i n  t h e  dese r t  

soi l thwest o f  t he  c i t y .  Wastewater d i  sposal by evapora t ion  must be considered 

as a  v i a b l e  a l t e r n a t i v e .  

The amount o f  land  requ i red  i s  dependent on t h e  amount o f  excess evapora t ion  

over r a i n f a l l .  The annual average excess f o r  t h e  coas ta l  area o f  Dekhei la  i s  

2.1 m, w h i l e  f a r  i n l a n d  a t  Wadi e l  Nat run excess evapora t ion  i s  3  m. Data 

a r e  n o t  a v a i l a b l e  f o r  t h e  area southwest o f  Ameria, b u t  i f  an assumption i s  

made o f  2.5 m n e t  evaporat ion,  t h e  requ i red  area f o r  A lexand r i a ' s  e n t i r e  
2  average d r y  weather sewage f l o w  i n  year  2000 would be 18 367 ha (184 km ) 

of land. I f  d isposa l  o f  Centra l  Zone wastewaters were t o  t h e  sea and Ameria 



wastewaters were reused by c rop  i r r i g a t i o n ,  t h e  r e q u i r e d  area f o r  t h e  balance 

o f  A1 exand r i a ' s  p r o j e c t e d  sewage f l o w  would be 15 300 ha. 

The conceptual  approach would be t o  s e l e c t  an a p p r o p r i a t e  s i t e ,  one which 

o f f e r s ,  i f  poss ib le ,  a  n a t u r a l  sha l low depression, o r  one which can be 

l e v e l l e d  economical ly,  and convey wastewater by pumping and p i p e l i n e  t o  t h e  

s i t e .  The d isposa l  p i p i n g  arrangement would r e q u i r e  many p o i n t s  o f  d i scharge  

i n  o r d e r  t o  d i s t r i b u t e  wastewater over  t h e  area. No t rea tment  would be 

invo lved ,  except  as needed t o  p r o t e c t  conveyance f a c i l i t i e s .  The average 

BOD load ing ,  based on 600 mg/L i n  raw wastewater, would be on t h e  o r d e r  of 

48 kg/ha per  day, which i s  a  r e l a t i v e l y  low l oad ing  r a t e  and a s s i m i l a t i o n  

cou ld  be expected w i t h  o n l y  l o c a l i z e d  nuisance. Waste res idues  would q u i c k l y  

p l ug  s o i  1  pores so t h e r e  would be 1 i t t l e  o r  no r e s u l t i n g  groundwater t o  cause 

dra inage problems. Opera t iona l  cos t s  would i n v o l v e  pumping, p i  pe l  i n e  main- 

tenance, and p a t r o l  o f  t he  s i t e .  The cons ide rab le  area i n v o l v e d  m igh t  have 

a "smal l  weather" e f f ec t  on l o c a l  env i rons,  e s p e c i a l l y  downwind, where r e l a -  

t i v e  hum id i t y  may be increased.  An app rec i ab le  c l i m a t i c  change t o  t h e  area 

would be expected, b u t  t h e  area should remain i s o l a t e d  f o r  obv ious reasons 

of pub1 i c  h e a l t h  by c o n t r o l l i n g  access. 

F i e l d  reconnaissance o f  areas w i t h i n  f e a s i b l e  conveyance d i s t a n c e  from 

A lexandr ia  has been made i n  search of s u i t a b l e  ~ s i t e s .  I t  has been found 

t h a t  w i t h  l o c a l i z e d  except ions,  t h e  d r y  p l a teau  area immediate ly  southwest 

o f  A lexandr ia  represen ts  p o t e n t i a l  a g r i c u l t u r a l  l and .  S o i l s  i n  t h i s  area 

c o n t a i n  a  s i g n i f i c a n t  amount o f  c l a y  and, i f  i r r i g a t e d  and dra ined,  w i l l  be 

o f  cons iderab le  va lue  f o r  many a g r i c u l t u r a l  purposes. Work i s  p r e s e n t l y  

underway t o  r e c l a i m  some o f  t h i s  land, and p lans  f o r  a  much more ex tens i ve  

program have now been developed. I t  i s  l i k e l y  t h a t  t he  neares t  a v a i l a b l e  

s i t e  f o r  a  l a r g e  evapora t ion  pond would be southwest o f  t h e  proposed E l  Nasr 

Canal, t h e  l o c a t i o n  o f  which i s  more than 75 km f rom c e n t r a l  A lexandr ia .  

The a v a i l a b i l i t y  of sma l l e r  areas as poss ib l e  evapora t ion  d i sposa l  s i t e s  

suggests cons ide ra t i on  o f  such " s a l t  s i nks "  f o r  separate  d i sposa l  o f  t o x i c  

and more i n t r a c t a b l e  i n d u s t r i a l  wastes. Two s i t e s  have been cons idered f o r  

t h i s  use, one i n  t h e  western p o r t i o n  o f  t h e  Lake Maryut depression, and t h e  

o t h e r  a long  t h e  western edge o f  Lake Idku  near  Abu K i r .  F u r t h e r  d i s c u s s i o n  

of these s i t e s  i s  conta ined i n  Sec t i on  6.4. 



Eece iv ing  Waters 

Sewage may be d ischarged t o  t he  open waters  o f  t he  Mediterranean Sea, t h e  

Nestern Harbor, Abu K i r  Bay, and Lake Maryut, A l though a l l  represen t  

s u f f i c i e n t  volume t o  be ab le  t o  r ece i ve  t h e  q u a n t i t y  o f  wastewater p r o j e c t e d  

f o r  discharge, none i s  capable o f  a s s i m i l a t i n g  s a t i s f a c t o r i l y  t he  p o l l u t a n t s  

c a r r i e d  i n  t he  wastewater w i t h o u t  some degree o f  t echno log i ca l  ass is tance.  

I n  o rder  t o  ma in ta i n  an acceptable q u a l i t y  i n  any o f  these r e c e i v i n g  waters,  

t rea tment  and d i s p e r s i n g  f a c i l i t i e s  must be p rov ided  and adequate n a t u r a l  

d i s p e r s i n g  cu r ren t s  must occur, 

Discharge t o  t h e  Sea. The p r i n c i p a l  o b j e c t i v e  o f  mar ine d isposa l  o f  waste- 

water i s  t o  d isperse  waste e f f l u e n t  i n t o  seawater so t h a t  t he  r e s u l t i n g  

low concen t ra t i on  o f  p o l l u t a n t s  can be handled by t he  n a t u r a l  processes of 

organic  decomposit ion and o x i d a t i o n  w i t h o u t  exceeding acceptable 1 i m i  t s  o f  

environmental  degradat ion. It i s  poss ib le ,  when f avo rab le  n a t u r a l  cond i t i ons  

o f  cu r ren t ,  depth, s a l i n i t y  p r o f i l e  and winds a re  present ,  t o  d i l u t e  

d ischarged sewage t o  as much as 2C00 p a r t s  of seawater t o  one p a r t  o f  waste- 

water  w i t h  proper  a t t e n t i o n  t o  des ign of d i f fusers .  D i l u t i o n  a t  t h i s  magnitude 

w i l l  d i sperse  wastewaters t o  such an e x t e n t  t h a t ,  w i t h  t h e  excep t ion  o f  

b a c t e r i o l o g i c a l  mon i to r ing ,  i t  becomes d i f f i c u l t  t o  d e t e c t  any e f f e c t  on 

r e c e i v i n g  waters.  For example, i f  t h e  d i scha rg ing  wastewater has a b i o -  

chemical oxygen demand (BODS) of 600 mg/L, d i l u t i o n  t o  1  : 2000 w i  11 r e s u l t  

i n  a  concen t ra t i on  of about 0,3 mg/L, which even w i t h  modern l a b o r a t o r y  

techniques i s  b a r e l y  de tec tab le ,  The decomposit ion o r  o x i d a t i o n  o f  waste 

ma t te r  w i  11 occur  q u i c k l y  and r e a d i l y  by  n a t u r a l  b i o l o g i c a l  and b iochemica l  

fo rces  a l r eady  present  i n  seawater and w i t h o u t  undue s t r e s s  on t he  env i ron-  

ment. I n  fac t ,  t he  r e s u l t i n g  minor  inc rease  i n  n u t r i e n t s  cou ld  be o f  b e n e f i t  

t o  f i s h  and o t h e r  aqua t i c  l i f e  i n  t he  o f fshore  marine environment, which i s  

known t o  be nu t r ien t -poor .  

Thus, i f  c o n s t i t u e n t s  such as g r i t  and f l o a t a b l e  m a t e r i a l s ,  which occur  i n  

re1  a t i  v e l y  smal l  amounts i n  mun ic ipa l  sewage, a re  removed by  p r e l  i m i  na ry  

t reatment,  wastewater cou ld  be discharged t o  t he  sea w i t h o u t  v i s i b l e  

degradat ion o f  t he  marine environment. G r i t  must be removed because o f  i t s  

tendency t o  wear pumps and reduce p i  pe l  i n e  capac i ty .  F loa tab les  must be 

removed because, regard less  o f  how we1 1 dispersed, t hey  w i  11 r i s e  t o  t he  

sur face  and can be conveyed by sur face  wind cu r ren t s  back t o  shore where 

they w i l l  be seen and be recognized as hav ing  a wastewater o r i g i n .  They a l s o  

tend t o  c l o g  d i f f u s e r  por ts .  Treatment f a c i l i t i e s  t o  remove g r i t  and 



floatablesare relatively simple t o  construct and operate, as well as being 

low i n  overall cost. Travelling screens are usually installed a t  the plant 

t o  protect equipment from damage due t o  gross solids.  The reasonably small 

amounts of screenings, g r i t ,  and f loating debris removed can be trucked t o  
solid wastes disposal areas or used for  land f i l l .  

Discharge of wastewater containing heavy metal toxicants t o  the sea poses 

a problem in that  such pollutants are accumulative i . e . ,  they do n o t  degrade 

biochemically t o  form innocuous substances. Heavy metals are  taken u p  by 

plants and animals in the receiving water and accumulate in the i r  bodies. 

If they are ingested by principal links in the food chain, the effects  of toxi- 

cants are  transferred along the chain. Heavy metals toxicants also inhibi t  

growth of organisms which carry o u t  the carbonaceous oxidation process in 

secondary wastewater treatment plants, by accumulating in biological slimes 

and sludges until  concentrations become great enough t o  a f fec t  the health of 

the organisms. Heavy metals occur in relat ively low concentrations in most 

municipal and industrial wastewaters, b u t  a few industries are known t o  dis- 

charge them in significant amounts. Fortunately, i t  i s  re lat ively easy and 

inexpensive t o  reniove most heavy metals before discharge t o  the sewer, i f  

industrial wastewater streams are separated and treated in-plant where the 

volume i s  small. Even i f  th i s  does n o t  occur, the i r  dilution in wastewater 

resul ts  in low concentrations and, with further substantial di l  lution u p o n  

discharge t o  the sea, resultant concentrations of toxicants are no t  l ikely 

t o  pose environmental problems. However, i f  heavy metals removal i s  n o t  
required, potential accumulation could take place which might resu l t  in 

unacceptable concentrations over the long term. Therefore, i t  will be 

necessary t o  l imit  or eliminate heavy metals discharges as soon as prac- 

t icable for  wastewater disposal t o  e i ther  the sea or inland waters. 

Sufficient marine information, no t  available a t  the s t a r t  of the Plaster Plan 

study, was necessary t o  determine whether or n o t  sea disposal i s  a feasible 

approach for  future wastewater management. As a resul t ,  a comprehensive 

marine studies program was undertaken t o  obtain the necessary information. 

This study, presented as VolumeIV of th is  report, was started in July, 1977 

and ran for  one year duration. I t  includes physical, chemical, and 

biological investigations needed t o  assess the possibil i ty of sea disposal, 

t o  provide preliminary design information, t o  determine the existing or 
baseline conditions for  future assessment of environmental impacts, and t o  
afford a confident estimate of construction d i f f i cu l t i e s  and costs i f  an 



o u t f a l l  system i s  found t o  be p r e f e r a b l e .  S u f f i c i e n t  i n f o r m a t i o n  i s  now 

a v a i l a b l e  f rom t h e  mar ine s tudy t o  conclude t h a t  submarine d ischarge  o f f  

A lexandr ia  i s  n o t  o n l y  a  p r a c t i c a l  means o f  d i sposa l ,  b u t  a l s o  most 

a t t r a c t i v e  f rom the  s tandpo in t  o f  cos t s  and f u n c t i o n a l  cons ide ra t i ons .  

For  an i n i t i a l  cons ide ra t i on  of sea d i sposa l ,  va r y i ng  o u t f a l l  l eng ths  were 

i d e n t i f i e d  and analyzed. Ten km o u t f a l l s  d i scha rg i ng  t o  50 m o r  more dep th  

e n t a i l e d  p r e l i m i n a r y  l e v e l  of p re t rea tment  ( g r i t  and f l o a t a b l e s  removal)  

on l y .  O u t f a l l s  o f  l e s s e r  leng th ,  4 t o  6 km, i n v o l v i n g  p r ima ry  sedimenta- 

t i o n  and c h l o r i n a t i o n  p re t rea tment ,  would be adopted if adequate d i s p e r s i n g  

c u r r e n t s  cou ld  n o t  be found. E a r l y  cor r~parat ive e v a l u a t i o n  between o u t f a l l  

l eng ths  showed s i g n i f i c a n t  c o s t  and env i ronmenta l  advantages f o r  t he  longer  

o u t f a l l  s. Therefore, i n  e s t a b l i s h i n g  a1 t e r n a t i v e  p lans,  t h e  s h o r t e r  o u t f a l l  - 
p r imary  t rea tment  approach was e l i m i n a t e d  as be ing l e s s  c o s t  e f f e c t i v e .  

However, f u t u re  i n t e r n ~ t i o n a l  agreements may someday e s t a b l i s h  t h e  need f o r  

a d d i t i o n a l  t rea tment .  When s e l e c t i n g  s i t e s ,  adequate space f o r  f u r t h e r  

t rea tment  processes was p rov ided  i n  t h e  o u t l i n e  designs and es t imates  o f  l and  

cos t s  f o r  a  sea d isposa l  program. 

F a c i l i t i e s  assoc ia ted  w i t h  submarine o u t f a l l s  i nc l ude ,  a f t e r  p r e l i m i n a r y  

t rea tment  works., an e f f l u e n t  pump s t a t i o n  and a  p i p e l i n e  f i t t e d  w i t h  a  

d i f f u s e r  s e c t i o n  a long  t he  l a s t  few hundred metres of l eng th .  An e f f l u e n t  

pump s t a t i o n  i s  r e q u i r e d  t o  p rov i de  the l i f t  needed t o  overcome f r i c t i o n  

head i n  t h e  p i p e l i n e ,  d ischarge head a g a i n s t  heav ie r  sea water,  wave set -up 

which occurs  du r i ng  per iods  o f  onshore winds, and energy f o r  t he  passage 

o f  wastewater through the  p o r t s .  The p i p e l i n e  would be cons t ruc ted  t o  c ross  

t he  shore1 i n e  and s u r f  zone below t h e  sur face  of t h e  ground/sea bottom f o r  

p r o t e c t i o n  a g a i n s t  wave a c t i o n  o r  o t h e r  damage and t o  conceal  i t s  presence. 

Beyond t h e  s u r f  zone, a t  a  depth o f  g r e a t e r  than 10 m, the  p i p e l i n e  would 

be l a i d  on t h e  bot tom o r  i n  a  sha l low t rench,  as p e r m i t t e d  by bottom p r o f i l e  

cond i t i ons ,  and adequate ly  p ro tec ted  from anchors and ne ts .  The d i f f u s e r  

s e c t i o n  would a l s o  be l a i d  on t h e  bottom and adequate ly  p ro tec ted .  I t  i s  

l i k e l y  t h a t  anchor ing and t r a w l i n g  i n  the  b ! i c in i  ty must be p r o h i b i t e d .  The 

p i p e l i n e ,  i n c l u d i n g  d i f f u s e r  sec t ion ,  i s  expected t o  be f rom 8 t o  10 km 

i n  leng th ,  measured from the  shore. 

For  c o n d i t i o n s  10 km f rom shore, where the  water  depth i s  50 t o  55 m and 

c u r r e n t  speeds i n  excess o f  0.10 rn/sec a r e  common, a  m u l t i p l e  p o r t  d i f f u s e r  

can be designed t o  g i v e  t h e  e f f l uen t  an i n i t i a l  d i l u t i o n  o f  approx imate ly  



100 t o  1. T h i s  i n i t i a l  d i l u t i o n  occurs when t he  d ischarged e f f l u e n t  r i s e s  

f rom the  numerous p o r t s  and mixes w i t h  t h e  surrounding seawater. A f t e r  t he  

buoyant plumes complete t h e i r  r i s e  f rom the  sea bed, t he  i n i t i a l  d i l u t i o n  

r e l i e s  on t he  processes o f  d i f f u s i o n  and d i spe rs i on ,  as t h e  plume i s  c a r r i e d  

away f rom the  d ischarge s i t e  by cu r ren t s .  The r a t e  of secondary d i l u t i o n  

depends on t he  i n t e n s i t y  o f  tu rbu lence  and on v e l o c i t y  g rad ien ts ,  b u t  

i t  i s  sa fe  t o  es t ima te  t h a t  an a d d i t i o n a l  twen ty - f o l d  sec0ndar.y d i l u t i o n  

w i l l  be a t t a i n e d  w i t h i n  10 km o f  t h e  d ischarge p o i n t .  I t  i s ,  there fo re ,  

c o n s e r v a t i v e l y  es t imated  t h a t  sewage discharged f r0m.a wel l -des igned 

m u l t i p o r t  d i f f u s e r  10 km f rom shore w i l l  r ece i ve  2000-to-1 d i l u t i o n  be fo re  

reaching any p o i n t  a long t he  sho re l i ne .  

A p r i n c i p a l  concern f o r  sea d ischarge i s  t he  r a p i d i t y  o f  b a c t e r i a l  d i e - o f f .  

B a c t e r i a l  d ie-of f  r a tes ,  expressed as Tg0 values, o r  t h e  t ime i n  hours f o r  a  

90 percent  r educ t i on  i n  a  b a c t e r i a l  popu la t ion ,  va ry  g r e a t l y  depending on 

s u n l i g h t  o r  darkness. Tgo va lues a t  n i g h t  may be as h i g h  as 40 t o  60 hours 

compared t o  1 t o  8 hours du r i ng  t he  day. Measured va lues o f  Tgo o f f  t h e  

coast  of A lexandr ia  a re  about one hour.  S i m i l a r  va lues have been observed 

elsewhere i n  t h e  Eastern Mediterranean. The es t imated  t ime  f o r  r e t u r n  

t r a v e l  t o  t he  beach o f  waters d ischarged 10 km o f f s h o r e  du r i ng  pe r i ods  o f  

onshore winds i s  14 hours. A 10 km o u t f a l l  l e n g t h  w i l l  assure t h a t  a l l  waste- 

water  d ischarged i s  exposed t o  sun1 i g h t  be fo re  i t  reaches t h e  beach. An 

a l t e r n a t i v e  would be t o  p rov ide  c h l o r i n a t i o n  f a c i l i t i e s  t o  decrease b a c t e r i a l  

popu la t ions  by d i s i n f e c t i o n  and thereby a l l o w  a  s h o r t e r  o u t f a l l .  D i s i n fec -  

t i o n  r e q u i r e s  c o s t l y  f a c - i l i t i e s ,  con t i nu ing  ope ra t i ona l  costs ,  a  need f o r ,  

mon i t o r i ng  r e s u l t s ,  and may, i n  t h e  f u t u r e ,  as more becomes known about t he  

s u b t l e  e f f e c t s  c h l o r i n e  has on t he  newer o rgan ic  chemicals, r e q u i r e  a  change 

i n  methods t o  e l i m i n a t e  p o s s i b l e  c h l o r i n e  t o x i c i t y  i n  t h e  marine environment. 

Furthemiore, c h l o r i n a t i o n  i s  o f  doub t f u l  va lue  f o r  e f f e c t i v e  d i s i n f e c t i o n  

of raw sewage. 

An a d d i t i o n a l  advantage o f  long  o u t f a l l s  and depths thus a f fo rded  i s  t h e  

poss i  b i  1  i ty  d u r i n g  e a r l y  summer months of con t i nua l  submergence of t h e  

wastewater plume. Under cond i t i ons  of  cons iderab le  d i f f e r e n c e  i n  sur face  

and bottom temperature i n  t h e  sea, i t  i s  poss ib l e  w i t h  good mix ing  and 

d i spe rs i on  t o  produce a  seawater-wastewater mix t he  d e n s i t y  of which i s  

somewhat g r e a t e r  than t he  surface seawater. When t h i s  happens t h e  seawater- 

wastewater mix  does n o t  r i s e  t o  t he  sur face  b u t  reaches a  t e rm ina l  h e i g h t  

about 10 t o  15 m below. I f  t h i s  occurs, e x c e l l e n t  p r o t e c t i o n  i s  a f f o r d e d  



t o  beaches because no wastewater then reaches t h e  shore. Observed condi  t i ons 

o f f  A l exand r i a  do n o t  ensure t h a t  a  wastewater plume can be submerged, 

p a r t i c u l a r l y  i n  l a t e  summer and f a l l .  Hea t ing  o f  su r f ace  waters  i n  s p r i n g  

and summer c rea tes  t h e  p roper  c o n d i t i o n  f o r  a  s t r o n g  d e n s i t y  g rad ien t ,  b u t  

a  n i x i n g  e f f e c t  f rom a lmost  cont inuous nor thwes t  winds increases t h i ckness  

o f  t h e  heated su r f ace  l a y e r  u n t i l ,  b y  autumn, d e n s i t y  g rad ien t s  o f  s t r e n g t h  

and depth t o  m a i n t a i n  submergence may no l onge r  e x i s t .  Therefore,  i t  w i l l  

be necessary t o  des ign t h e  o u t f a l l  and d i f f u s e r  t o  a f f o r d  adequate d i l u t i o n  

and b a c t e r i a l  d isappearance w i t h o u t  a1 low ing  f o r  t h e  b e n e f i t  o f  con t inuous  

plume subnergence. 

Marine s tudy  has revea led  t h e  ex i s t ence  o f  a  l owe r -dens i t y  s u r f a c e  band o r  

l a y e r  o f  wa te r  which o f t e n  occurs  near  t h e  coast .  Th i s  may be t h e  r e s u l t  

o f  a  l a r g e  f reshwate r  d ischarge  f rom t h e  Mex Canal and o t h e r  f r e s h  wate r  

d ischarges a long  t h e  sho re l i ne ,  When t h i s  band i s  p resen t ,  a  sewage plume 

d ischarged more than f o u r  km o f f s h o r e  w i l l  be k e p t  away f rom t h e  beaches. 

However, t h e  occas ional  occurrence o f  t h i s  band i s  n o t  r e l i a b l e  f o r  

con t inued  p r o t e c t i o n ,  

A  f u r t h e r  advantage t o  an o u t f a l l  o f  about  10 km l e n g t h  a t  A l exand r i a  i s  t h e  

smoothness o f  t h e  bo t tom a t  such d i s t a n c e  f r om shore, A t  8 km o r  l e s s  t h e  

bot tom con ta i ns  severa l  r i dges  which tend  t o  p e r m i t  s h o a l i n g  and accumulat ion 

o f  s o l i d s .  The smooth bo t tom and s t r o n g e r  c u r r e n t s  a t  10 km d i s t a n c e  tend  

t o  m in im ize  t h i s  e f f e c t .  

Cons idera t ion  o f  o u t f a l l  l o c a t i o n  has been based on assessment o f  f o u r  

p o s s i b l e  s i t e s .  They were as fo l l ows :  

- K a i t  Bex. Replacement o f  t he  e x i s t i n g  o u t f a l l  i n  o r d e r  t o  handle  

f l ows  f rom t h e  Cent ra l  and West Zones. The e x i s t i n g  o u t f a l l  has 

inadequate c a p a c i t y  and i s  much t o o  s h o r t  t o  p r o v i d e  adequate 

d i s p e r s i o n  f o r  beach p r o t e c t i o n .  

- S i d i  B i sh r ,  For  d ischarge  o f  f l ows  f rom t h e  Eas te rn  Zones o f  

A l exand r i a  as f a r  eas t  as Montazah. 

- Abu K i r .  For d ischarge  o f  f l ows  f rom Maamoura, Abu K i r  ~ e n i n s u l a ,  

and Abu K i r  Bay i n d u s t r i a l  areas. 

- Agamy, For  d ischarge  o f  f l ows  f rom Agamy, Mex-Dekheila, t h e  f u t u r e  

i n d u s t r i a l  and t o u r i s t  areas f u r t h e r  west and, u l t i m a t e l y ,  t h e  

Anieria area. 



Considerab le  s t u d y  was g i v e n  t o  t h e  l o c a t i o n  and number o f  o u t f a l l s .  

A n a l y s i s  o f  p r e s e n t  f l o w s  and expected development o f  t h e  o u t l y i n g  areas 

i n d i c a t e  t h a t  t h e  r e 1  a t i  v e l y  sma l l  wastewater  f l o w s  now p r e s e n t  may i n c r e a s e  

s i g n i f i c a n t l y  b y  t h e  y e a r  2000. I n  a  growth-dependent s i t u a t i o n  o f  t h i s  

k i n d ,  c o n s t r u c t i o n  o f  a  m a j o r  o u t f a l l  w i t h i n  t h e  n e x t  s e v e r a l  years  i s  n o t  

economica l l y  p r a c t i c a l ,  It i s  f a r  l e s s  c o s t l y  t o  d e f e r  t h e  expense o f  an 

o u t f a l l  u n t i l  f l o w s  a r e  o f  g r e a t  enough magni tude t o  w a r r a n t  a  ma jo r  c o n s t r u c  

t i o n  p r o j e c t .  Furthermore,  it i s  d i f f i c u l t  t o  opera te  s a t i s f a c t o r i l y  an 

o u t f a l l  a t  low i n i t i a l  f l o w s  and i m p r a c t i c a l  t o  b u i l d  a  sma l l  p i p e l i n e  now 

and d u p l i c a t e  i t  l a t e r .  I n t e r i m  measures, i n  t h e  f o r m  o f  t r e a t m e n t  and 

i n l a n d  d i s p o s a l  a r e  p r e f e r a b l e .  An o u t f a l l  a t  Agamy i s  thus n o t  cons ide red  

a  v i a b l e  approach u n t i l  a f t e r  y e a r  2000. 

It was found t o  be more economical t o  convey Abu K i r  Pen insu la  wastewaters t o  

an o u t f a l l  system s e r v i n g  t h e  Eas te rn  area, T h i s  i s  p r i m a r i l y  because of  t h e  

r e l a t i v e l y  low f l o w s  p r o j e c t e d  f o r  t h e  Abu K i r  area and t h e  sharp  economy o f  

s c a l e  r e l a t i o n s h i p  f o r  o u t f a l l s  i n  which a  c o n s i d e r a b l e  p o r t i o n  o f  

i nc rementa l  c o s t  i s  n o t  dependent on p i p e  s i z e .  

I t  was decided, a f t e r  thorough assessment o f  c o n d i t i o n s ,  t h a t  two o u t f a l l s  

would be necessary, one l o c a t e d  a t  K a i t  Bey t o  maximize use o f  t h e  e x i s t i n g  

C e n t r a l  Zone system and t h e  o t h e r  t o  be l o c a t e d  t o  t h e  e a s t  i n  t h e  Ras e l  

Soda area. The l a t t e r  l o c a t i o n  i s  near  t h e  c e n t e r  o f  t h e  e a s t e r n  sewer 

s e r v i c e  zones where l a n d  i s  a v a i l a b l e  f o r  p r e l i m i n a r y  t rea tment  f a c i l i t i e s .  

I t  was found l e s s  economical and v e r y  d i s r u p t i v e  i n  f u l l y  developed 

areas o f  t h e  c i t y  d u r i n g  c o n s t r u c t i o n  t o  convey wastewater from e i t h e r  K a i t  

Bey o r  Eas te rn  areas t o  a  c e n t r a l  l o c a t i o n  f o r  a  s i n g l e  submarine o u t f a l l .  

Thus a  sea d i s p o s a l  a l t e r n a t i v e  was e s t a b l i s h e d  on t h e  basis o f  two o u t f a l l s .  

If, -in a  m a t t e r  of  t h r e e  o r  f o u r  decades, economics o f  wastewater reuse 

undergo s i g n i f i c a n t  change and i n t e r n a t i o n a l  p o l i t i c a l  p ressures  r e q u i r e  

c e s s a t i o n  o f  wastewater d i scharge  t o  t h e  Medi ter ranean Sea, conveyance and 

t rea tment  f a c i l i t i e s  needed now f o r  sea d i s p o s a l  can be u t i l i z e d  t o  good 

advantage i n  a  f u t u r e  i n l a n d  d i s c h a r g e  system. P i p e l i n e s ,  t rea tment  p l a n t s ,  

and pump s t a t i o n  f a c i l i t i e s  would a l l  be i n c o r p o r a t e d  i n t o  a  system f o r  

conveyance i n l a n d .  The submarine o u t f a l l  f a c i l i t i e s  would t h e n  se rve  as 

a  backup o r  standby d i s p o s a l  system. Excess f l o w s  n o t  u t i l i z e d  i n l a n d  

would a l s o  be d ischarged  e f f e c t i v e l y  by t h e  o u t f a l l  system. 



Discharqe t o  t h e  Western Harbor. The d isposa l  of  A lexand r i a ' s  wastewater t o  

t he  Western Harbor, west o f  t h e  P o r t  of  A lexandr ia  breakwater  s t r u c t u r e ,  was 

considered d u r i n g  t he  i n i t i a l  f o r m u l a t i o n  o f  a1 t e r n a t i v e s ,  S u i t a b l e  c r i t e r i a  

i nvo l ved  a t  l e a s t  secondary t rea tment  and a  s h o r t  o u t f a l l  f o r  d i spe rs i on ,  

The c o s t  o f  wastewater conveyance t o  a  p l a n t  s i t e  near t he  open p a r t  o f  t he  

Harbor a t  t h e  west end o f  t he  Mex-Dekheila area was found p r o h i b i t i v e .  Land 

i n  t h e  area i s ,  o r  soon w i l l  be, h i g h  i n  value. The general  l and  use p l a n  

of t ne  Governorate shows t h a t  t he  e n t i r e  a rea  w i l l  be developed as p a r t  of 

t he  Western Harbor extens ion,  a  use of t he  l a n d  more va luab le  bo th  t o  

A lexandr ia  and t o  Egypt than a l l o c a t i o n  o f  a  s i g n i f i c a n t  p o r t i o n  o f  i t  f o r  

wastewater t reatment .  Fu r the r  cons ide ra t i on  o f  t h i s  approach as a  v i a b l e  

a l t e r n a t i v e  was r u l e d  out ,  

Discharge t o  Abu K i r  Bay, S i m i l a r l y ,  t he  d isposa l  o f  wastewater t o  Abu K i r  

Bay was g iven  p r e l i m i n a r y  cons idera t ion ,  The bay i s  now g r o s s l y  po l  l u t e d  by  

i n d u s t r i a l  d ischarges f rom t h e  Abu K i r  Dra in  through t he  Tabia Pump S ta t i on .  

Bay waters have poor c i r c u l a t i o n  due t o  sha l low depth and a  submerged rocky  

r i d g e  which crosses t he  open p a r t  o f  t he  bay, A  h i g h  degree o f  t reatment ,  

secondary o r  even t e r t i a r y ,  would be needed and f a c i l i t i e s  f o r  d i s p e r s i o n  

would be requ i red  f o r  adequate d isposa l .  Long conveyance f a c i l i t i e s  t o  

t h e  extreme end o f  t h e  s e r v i c e  area make system cos ts  excess ive ly  high. 

Abu K i r  Bay d ischarge was thus a l s o  r u l e d  a  non-v iab le  approach. 

Discharge t o  Lake Maryut. An i n i t i a l l y  a t t r a c t i v e  approach t o  t he  d isposa l  o f  

A lexandr ia  wastewater i s  t h e  d ischarge o f  t r e a t e d  e f f l u e n t  i n t o  Lake Maryut. 

The l a k e  now a f f o r d s  a  measure o f  e f f l u e n t  d i l u t i o n  and severa l  days d e t e n t i o n  

t ime  f o r  f u r t h e r  p o l i s h i n g  t rea tment  p r i o r  t o  f i n a l  d ischarge  t o  t he  sea near 

t h e  Western Harbor through t he  Mex Pump S ta t i on .  A  p o s s i b l e  b e n e f i t ,  a1 though 

s u b j e c t  t o  cons iderab le  ques t ion  and argument, i s  t h e  supply o f  n u t r i e n t s  

i n  wastewater f o r  suppor t  o f  t he  l o c a l  Lake Maryut f r e s h  water f i s h e r y .  

The present  f r e s h  waters  of Lake Maryut a r e  o n l y  a  p o r t i o n  of  a  sha l low 

marine lagoon which extends l a t e r a l l y  a long t he  coas t  f o r  a  cons iderab le  

d i s tance  behind t he  r i d g e  upon which A lexandr ia  has been es tab l i shed .  Over 

t h e  years ma jo r  p o r t i o n s  o f  t h i s  lagoon have been rec la imed f o r  a g r i c u l t u r a l  

l and  and i n d u s t r i a l  use. The s a l t y  p o r t i o n  west o f  t he  Mersa Matruh Ra i l r oad  

causeway i s  now used as an evapora t ion  pond f o r  t he  p roduc t i on  of s a l t  f o r  

i n d u s t r i a l  uses. The l a k e  remaining, shown on F igu re  3-1, c o n s i s t s  of a  main 

lagoon o f  about  2000 ha, a  c o o l i n g  water lagoon f o r  E l  Nasr Ref inery ,  

and a  sma l le r  f i s h e r i e s  lagoon o f  about 500 ha south o f  t he  A lexandr ia -  



Cai ro  deser t  access road. The mean depth of the lake  i s  about 0.8 m. 

The e l e v a t i o n  of the  water surface i s  maintained a t  about -2.5 m t o  

-3 ni (below sea l e v e l )  by t he  Mex Pump S ta t i on .  

The Noubaria Canal and Umoum Dra in  cross the  wes te r l y  end of the  main 

lagoon. General land use p lans  f o r  A lexandr ia  i n d i c a t e  t ha t ,  a t  some 

unspec i f ied  fu tu re  date, areas between the  Umoum Dra in  ana t i le  i'ioubaria 

Canal, as w e l l  as areas along t h e  eastern s ide  o f  the Noubaria Canal i n  the  

main lagoon, w i l l  be reclaimed f o r  i n d u s t r i a l  and commercial uses. Future 

land  use plans a l s o  suggest s i g n i f i c a n t  rec lamat ion p r o j e c t s  f o r  the  

nor thern  and eastern shores o f  t he  present  lake. Considerable encroachment 

has been observed i n  the s n o r t  pe r i od  o f  t h i s  study, The coo l i ng  water  

lagoon, a necessary f a c i  1 i t y  f o r  t he  r e f i n e r y ,  arid the  small lagoon south o f  

the highway are  expected t o  be preserved f o r  f i s h  cu l t u re .  

Flow through Lake Maryut i s  d i f f i c u l t  t o  measure and i s  probably q u i t e  

var iab le ,  The Kalaa Drain,enter ing the  main lagoon through the  smal l e r  

lagoon a t  the  southwest corner,  has a f l ow  o f  about 600 000 n3/day o f  which 

about 240 000 i s  raw and p a r t i a l l y  t r ea ted  sewage, w i t h  some i n d u s t r i a l  

wastes d r a i n i n g  from t h e  eastern areas o f  Alexandria.  The e n t i r e  Kalaa 

drainage area i s  about 15 000 ha. Umoum Drain, se rv ing  about 180 000 ha 

o f  a g r i c u l t u r a l  land, c a r r i e s  about 5.8 m i  11 i o n  m3/day o f  water, most o f  

which passes d i r e c t l y  t o  t he  Mex Pump S t a t i o n  f o r  discharge t o  t he  sea. 

Small channels e x i s t  which a l l ow  interchange o f  f l ow  between the d r a i n  and the 

lake. The interchange o f  f l ow  i s  o f  a r e l a t i v e l y  low order, probably  l ess  

than 5 percent. 'The i n f l uence  of such f l ow  on t h e  lake  i s  conf inea t o  a. smal l  

zone a long the dra in ,  The Noubaria Canal discharges t o  t he  lake  t h a t  water  

needed t o  operate the nav iga t i on  locks  a t  Ameria and a t  the Western Harbor. 

This in f low,  dependent upon the amount o f  barge t r a f f i c  i n  the  c a ~ a l  , i s  
3 est imated t o  be about 100 000 m /day a t  present.  A smal l  p o r t i o n  of t he  

i n f l ow  i s  sea water  from the Western Harbor. Untreated wastewater f l ow  from 

the  Inne r  Western Zone o f  Alexandria,  con ta in ing  a s i g n i f i c a n t  amount o f  

i n d u s t r i a l  wastes, en ters  the main lagoon a t  th ree  p r i n c i p a l  l oca t i ons  along 

the  n o r t h  s ide  of the lake. These h igh  s t reng th  wastewater i n f l o w s  t o t a l  
about 100 000 m3/day. 

The i n f l o w  t o  Lake Maryut due t o  p r e c i p i t a t i o n  and runoff  i s  of r e l a t i v e l y  

1 i t t l e  consequence. There are, on an average, s i x  r a i n f a l l s  annua l ly  which 



exceed 10 mm; two norma l l y  occur  i n  bo th  December and January, and one each 

i n  November and February.  The e n t i r e  watershed d r a i n i n g  t o  t he  l a k e  i s  

rough ly  200 000 ha i n  area. Assuming,conservatively,a r u n o f f  c o e f f i c i e n t  

o f  0.1, a 10 mm r a i n f a l l  over  t he  e n t i r e  area would r e s u l t  i n  r u n o f f  o f  two 

m i l l i o n  cub i c  metres. The e x t e n t  o f  catchment area would spread t he  e f f e c t s  

of  such a r a i n f a l l  over  severa l  days. Except f o r  occas ional  nominal 

increases i n  f l o w  through t he  lake ,  r u n o f f  has l i t t l e  r e a l  e f f e c t .  

I n  summary, the  main lagoon o f  Lake Maryut rece ives  as i n f l o w ,  n o t  coun t ing  

f l o w  f rom Umoun Dra in  which has l i m i t e d  i n f l u e n c e  except  near  t he  d r a i n ,  

about 800 000 m3/day, of  which about 120 000 m3/day a r e  l o s t  t o  evaporat ion.  

I n f l o w  c o n s i s t s  o f  about 100 000 m3/day o f  unt reated,  s t r o n g  i n d u s t r i a l  and 

domest ic wastewater, 240 000 m3/day of wastewater which has rece ived  1 i m i  t e d  

t rea tment  (ma in ly  by n a t u r a l  s e l f - p u r i  f i c a t i o n  i n  d r a i n s ) ,  and 360 000 m3/day 

o f  r e l a t i v e l y  good q u a l i t y  a g r i c u l t u r a l  r e t u r n  dra inage and 100 000 m3/day 

from the  Noubaria Canal, T h e o r e t i c a l l y ,  t h e  main lagoon af fords a d e t e n t i o n  

per iod  on the  o r d e r  o f  24 days, The ac tua l  f low- through t ime i s  probably  i n  

t he  range o f  15 t o  20 days; l ong  enough f o r  s e l f - p u r i f i c a t i o n  processes t o  

produce a reasonably good qua1 i ty  d ischarge under p resen t  c o n d i t i o n s  , w i t h  

the  p e r i o d i c  excep t ion  o f  con ta in i ng  many algae. High a lgae  counts have 

been conf i rmed by l a b o r a t o r y  ana l ys i s  o f  samples c o l l e c t e d  over  t he  p a s t  

severa l  years.  

Three f a c t o r s  combine t o  ma in ta i n  t he  reasonably good q u a l i t y  wa te r  i n  t he  

main lagoon o f  Lake Maryut. They are:  sha l low depth, w ind-d r i ven  c i r c u l a -  

t i o n  w i t h  consequent mix ing,  and ex tens ive  a lgae growth. Shal low depths 

prec lude s t r a t i f i c a t i o n  which would o therw ise  l ead  t o  ob jec t i onab le  

anaerobic cond i t i ons  a t  o r  near the  bottom and t o  r a p i d  degradat ion o f  water  

q u a l i t y  due t o  g a s - l i f t e d  s o l i d s ,  Extens ive areas o f  f l o a t i n g  s o l i d s  would 

i n  t u r n  decrease t he  c i r c u l a t i n g  e f f e c t  o f  t he  winds and tend t o  decrease 

a1 ga l  growth. C i r c u l a t i o n  due t o  wind maximizes uptake o f  oxygen f rom the  

a i r  and, by convect ion, d i s t r i b u t e s  oxygen i n  the  wate r  mass. Algae a l s o  

p rov ide  a d d i t i o n a l  oxygen d u r i n g  the day by photosynthes is .  The b e n e f i c i a l  

e f f e c t s  o f  a lgae a re  o n l y  s u p e r f i c i a l ,  however, because a lgae a re  a means 

whereby n u t r i e n t s  a r e  h e l d  i n  the lake. A lga l  growth conver ts  s o l u b l e  

n u t r i e n t s  e n t e r i n g  the  l ake  i n t o  a l g a l  bodies which, upon death, s e t t l e  t o  

t h e  bottom and accumulate. N u t r i e n t s  n o t  ass im i l a ted  by p l a n t  and animal 

growth would o therw ise  tend t o  be f l ushed  throuqh t h e  l ake  f o r  d ischarge t o  

t h e  Western Harbor. I n  t he  l ong  run, use o f  n u t r i e n t s  by a lgae and aqua t i c  



p l a n t s  increases the  s t o r e  of n u t r i e n t s  i n  t h e  l a k e  i n  a manner approaching 

a geometr ic r a te .  The l ake  i s  a l r eady  abundant ly p roduc t i ve  w i t h  a s to red  

n u t r i e n t  supply  t h a t  w i l l  probably  ensure i t s  complete convers ion t o  an 

o rgan ic  l and  mass sooner o r  l a t e r ,  even i f  no f u r t h e r  n u t r i e n t  load  i s  added, 

The "aging1' main lagoon of Lake l l a r y u t  w i l l ,  a t  some p o i n t  i n  t ime, 

cease t o  be a recogn izab le  body o f  water.  The n a t u r a l  processes of 

e u t r o p h i c a t i o n  p rov ide  t h e  mechanism by which t h e  present  l a k e  w i l l  

u l t i m a t e l y  become success ive ly :  a marsh, a swamp, and f i n a l l y  a l and  mass 

o f  wet, l a r g e l y  o rgan ic  s o i l s .  How r a p i d l y  t h i s  w i l l  occur  depends p r i m a r i l y  

on how t h e  l ake  i s  managed d u r i n g  t he  nex t  decade. Cond i t ions  which tend t o  

hasten the  e u t r o p h i c a t i o n  process are:  cont inued and i nc reas ing  growth o f  

weeds and aquat i c  p l an t s ,  d ischarge o f  t o x i c  wastes and o rgan ic  s o l i d s  

conta ined i n  wastewaters, and gradual decrease i n  su r f ace  area due t o  f i l l i n g  

and o t h e r  encroachments on t h e  lake.  Discharge o f  n u t r i e n t s  conta ined i n  

a g r i c u l t u r a l  r e t u r n  dra inage a l s o  hasten t h e  e u t r o p h i c a t i o n  process. 

Weeds, marsh grass, and wate r  hyac in ths grow cop ious l y  i n  f r e s h  water  

con ta in i ng  n u t r i e n t s ,  The warm water,  sun1 i g h t ,  and n u t r i e n t  concen t ra t ions  

p resen t  i n  Lake Maryut a r e  i d e a l  f o r  such growth. Once s t a r t e d ,  i t  i s  

d i f f i c u l t  t o  c o n t r o l  t he  spread o f  such growths. Whi le these p l a n t s  

a s s i m i l a t e  n u t r i e n t s  du r i ng  t h e i r  growth, un less they a re  harvested and 

removed f rom the l a k e  and watershed, t h e  s t o r e  o f  l a k e  n u t r i e n t s  i s  n o t  

diminished. S o l ~ ~ b l e  n u t r i e n t s  taken up by t h e  p l a n t s  a r e  n o t  f l ushed  

through t h e  l a k e  system. The p l a n t  growth a l s o  l i m i t s  t h e  e f f e c t s  o f  wind 

i n  ma in ta i n i ng  mix ing,  reaera t ion ,  and t r a n s f e r  of oxygen. Anaerobic 

cond i t i ons  u s u a l l y  r e s u l t ,  p a r t i c u l a r l y  when t h e  o rgan ic  l oad  i s  heavy, 

l ead ing  t o  l e s s  complete n a t u r a l  o x i d a t i o n  and an i nc reas ing  r a t e  o f  s o l i d s  

accumulation. Increased masses o f  hyac in ths  observed over  t he  pas t  yea r  

a r e  a l s o  o f  concern because exper ience w i t h  these weed pes ts  i n  Southeastern 

Un i ted  States and elsewhere i n d i c a t e s  t h a t  canals  and lakes  become q u i c k l y  

clogged by t h e i r  r a p i d  r a t e  o f  growth. 

Tox ic  wastes tend t o  s low n a t u r a l  p u r i f i c a t i o n  r a t e s  and thereby inc rease  

t he  r a t e  o f  s o l i d s  accumulation. Organic m a t e r i a l  s i m i l a r l y  increases t he  

mass o f  s o l i d s  t o  accumulate and taxes oxygen resources. The r e a l  danger, 

however, occurs when o rgan ic  s o l i d s  a r e  n o t  dispersed. Without d ispers ion ,  

oxygen i s  r e a d i l y  depleted. F l o a t i n g  "s ludge" masses, t h i c k  enough t o  



suppor t  t h e  we igh t  of a  person wa l k i ng  on them, now e x i s t  near  t h e  wastewater 

d ischarge  p o i n t s  on t h e  n o r t h  s i d e  o f  t he  lake.  

Encroachment, whether planned o r  uncon t ro l l ed ,  i s  a l s o  a problem. F i l l i n g - i n  

a long t he  lakeshore i s  t a k i n g  p lace  a t  severa l  l o c a t i o n s .  O f  p a r t i c u l a r  

concern i s  t he  ma t te r  o f  s o l i d  wastes d isposa l .  A major  d isposa l  s i t e  f o r  

t he  l a s t  severa l  years has been an area between t h e  I n d u s t r i a l  Highway and t h e  

r a i l r o a d  a long  the  n o r t h  s i d e  o f  t he  lake.  F i l l i n g - i n  o f  t h i s  area i s  now 

n e a r l y  complete, I t  i s  o f  concern t h a t  Lake Maryut proper,  a long  t h e  

I n d u s t r i a l  Highway, may be t h e  n e x t  area t o  be used f o r  s o l i d  wastes 

d isposa l ,  Encroachment i n  t h i s  area w i l l  be r e l a t i v e l y  r a p i d  un less dumping 

i s  r i g i d l y  c o n t r o l  l ed ,  

The Lake Maryut f i s h e r y  must be cons idered because i t  c o n t r i b u t e s  s i g n i f i -  

c a n t l y  t o  t h e  food  supply  o f  A lexandr ia  and i s ,  t he re fo re ,  o f  cons iderab le  

economic importance, Local  f ishermen nave expressed op in i on  t h a t  they  

welcome n u t r i e n t s  be ing  d ischarged t o  t h e  l ake  f rom domestic sewage, b u t  they  

do n o t  wish i n d u s t r i a l  d ischarges, On the  o t h e r  hand, t e c h n i c a l  o p i n i o n  

has been expressed1 t h a t  t he re  a r e  s u f f i c i e n t  n u t r i e n t s  i n  t he  lake,  a t  

p resen t  and f o r  t h e  f u t u r e ,  f rom a g r i c u l t u r a l  dra inage alone, t o  suppor t  a  

major  f i s h e r y  f o r  many years t o  come. F i sh  catches f rom the  sma l l e r  lagoon 

south o f  t h e  d e s e r t  access road, which rece ives  no d i r e c t  wastewater d i s -  

charge, a r e  repo r ted  t o  be b e t t e r  than i n  t h e  main lagoon. Th is  f a c t  tends 

t o  r e i n f o r c e  the  t echn i ca l  op in ion2  t h a t  Lake Maryu t ' s  main lagoon i s  

a l ready  much t oo  h i g h l y  loaded f o r  optimum f i s h  p roduc t ion ,  i r r e s p e c t i v e  o f  

t he  f e e l i n g s  o f  l o c a l  f ishermen. 

Dec is ion  now about recommendations f o r  Lake Maryut i s  d i f f i c u l t  t o  make 

because o f  t he  many u n c e r t a i n t i e s  regard ing  d e s t i n y  o f  t he  l ake .  The 
cont inued d ischarge o f  un t rea ted  wastewaters, t he  p r o l i f i c  growth o f  weeds, 

and t h e  encroachments a re  most 1  i k e l y  t o  d r a s t i c a l  l y  shor ten i t s  u s e f u l  

l i f e .  It must be r e a l i z e d  t h a t  i t  w i l l  be a t  l e a s t  f i v e  years,  b u t  p ro -  

bab ly  longer,  be fo re  wastewaters can he d ischarged elsewhere. There have 
been expressed observa t ions  t h a t  the c o n d i t i o n  o f  t h e  l a k e  has s t a h i l i z e d  

'personal communication, Dr.  Richard Nei 11, F i she ry  Expert ,  Un i t ed  S ta tes  

C) 

Agency f o r  I n t e r n a t i o n a l  Development, Cai ro  , on 28 November 1977. 
L Personal communication, Dr. A.Ezzat, F i s h  B io l ogy  Expert ,  A lexandr ia  

U n i v e r s i t y ,  14 December 1977. 



and t h a t  t h e  wate r  q u a l i t y  w i l l  n o t  f u r t h e r  degrade. Such op in ions  a r e  n o t  

supported by data. On t h e  o t h e r  hand, t he re  i s  s t r ong  evidence, b u t  

unsupported by l ong  term, r e l i a b l e  data,  t h a t  even though e f f e c t i v e  c o n t r o l s  

a re  i n s t i t u t e d  immediately,  t h e  l a k e  w i l l  cease t o  e x i s t  as a  usable body o f  

wa te r  w i t h i n  a  r e l a t i v e l y  s h o r t  p e r i o d  o f  two t o  t h r e e  decades. A  p r o l i f i c  

growth o f  hyac in ths  cou ld  reduce d r a s t i c a l  l y  t he  remain ing t ime  o f  ex is tence .  

The above i n f o r m a t i o n  prov ides background f o r  cons ide ra t i on  o f  t h e  p r o p r i e t y  

o f  d ischarge o f  A lexand r i a ' s  wastewater i n t o  t he  Lake Maryut system and t he  

app rop r i a te  l e v e l  o f  t rea tment  necessary p r i o r  t o  d isposa l ,  I n  o rde r  t o  

p r e d i c t  the  f u l l  e f f e c t  o f  us ing  Lake Maryut as a  d isposa l  medium f o r  

A1 exandr ia ' s  wastewater, t h e  complete water  system downstream f rom t h e  p o i n t  

o f  wastewater d ischarge  must be understood. The l e v e l  o f  t ne  l a k e  i s  

mainta ined below sea l e v e l  t o  p rov ide  f o r  dra inage o f  a g r i c u l t u r a l  

r e t u r n  water. About 680 000 m3/day must pass through t h e  l a k e  i n  o r d e r  t o  

ma in ta i n  t h i s  l e v e l .  Th i s  f l o w  i s  added t o  t h e  Umoum Dra in  f l o w  a t  t h e  Mex 

Pump S t a t i o n  i n t a k e  and i s  l i f t e d  t o  t h e  Mex Canal which d ischarges t o  a  

U-shaped i n d e n t a t i o n  i n  t h e  coas t  j u s t  west o f  t he  enclosed p o r t i o n  o f  

Western Harbor,as shown i n  F igure  3-1. The canal,  about 1200 m l ong  w i t h  a  

h i g h  v e l o c i t y  o f  f low,  discharges a t  t h e  sho re l i ne ,  where d i s p e r s i o n  and 

mix ing  a re  o f  a  r e l a t i v e l y  low order ,  as i n d i c a t e d  by t he  band o f  lower-  

d e n s i t y  wa te r  observed t o  hug t h e  coast.  The proposeQ expansion o f  t he  P o r t  

o f  A lexandr ia  i s  l i k e l y  t o  r e s u l t  i n  t h e  c o n s t r u c t i o n  o f  breakwaters t o  

semi-enclose the e n t i r e  U-shaped inden t ion .  Th is  w i l l  e f f e c t i v e l y  reduce t h e  

a l ready  1  i m i  t e d  d i spe rs i on  and mix ing  and c rea te  an estuary-1 i ke body o f  

wa te r  p robab ly  w e l l  s t r a t i f i e d  by the  sea wate r  occupying t he  lower  l e v e l s  and 

f r e s h  water  f l o a t i n g  near  t h e  sur face,  The in te rchange o f  sea wate r  i s  

1  i k e l y  t o  be minimal,  un less expensive f l u s h i n g  f a c i l i t i e s  a r e  provided, and 

oxygen resources w i l l  be rep len ished  o n l y  a t  a  very  s low ra te .  Organic 

p o l l u t a n t s  de r i ved  from a g r i c u l t u r a l  drainage and wastewater t rea tment  p l a n t  

e f f l u e n t  f i n d i n g  t h e i r  way t o  t h i s  expanded harbor  w i l l  tend t o  accumulate 

and cause an i nc reas ing  water  q u a l i t y  problem. 

As Lake Maryut passes through t he  advanced stages of eu t roph i ca t i on ,  t h e  l a k e  

de ten t i on  t ime f o r  incoming f l o w  and t h e  b e n e f i c i a l  e f f e c t s  o f  s e l f - p u r i f i -  

c a t i o n  w i l l  decrease. Th is  w i l l  r e s u l t  -in an i nc reas ing  l oad  i n  t he  Uestern 

Harbor "estuary"  and hasten degradat ion there. The d ischarge  o f  a g r i c u l t u r a l  

dra inage o n l y  t o  the Western Harbor "es tuary "  w i l l ,  i n  t h e  d i s t a n t  f u t u r e ,  



a l s o  cause f u r t h e r  degradat ion.  However, t he  process w i l l  be hastened 

w i t h  d ischarge o f  munic ipa l  wastewaters hav ing  l e s s  than complete t reatment .  

The problem o f  degradat ion o f  t he  "es tuary "  i n  t h e  near f u t u r e  cou ld  be 

e l i m i n a t e d  by t h e  c o n s t r u c t i o n  o f  an o u t f a l l  s t r u c t u r e  t o  d ischarge 6 o r  7 

m i l  l i o n  m3/day o f  wastewater and drainage ou t s i de  t h e  proposed new harbor .  

Such a  p r o j e c t  would e n t a i l  cons iderab le  expense. 

I n  the  l o n g  run, there fo re ,  i t  i s  o f  economic advantage t o  p ro long  f u r t h e r  

degradat ion o f  t h e  Western Harbor "es tuary "  by e i t h e r  complete ly  e l i m i n a t i , i g  

wastewater d ischarge  i n t o  Lake Maryut or ,  i f  d ischarge i s  made t o  t he  lake,  

by p r o v i d i n g  t h e  b e s t  l e v e l  o f  t rea tment  t o  t h e  wastewater w i t h i n  economic 

reach. 

I f  no o t h e r  management o f  t h e  l a k e  were t o  be p rac t i ced ,  l a k e  l i f e  cou ld  be 

maximized by p r o v i d i n g  n u t r i e n t  removal from a l l  wastewaters us ing  t e r t i a r y  

t reatment,  Such a  l e v e l  o f  t rea tment  i s  ve ry  compl icated and c o s t l y .  I t s  

b e n e f i c i a l  e f f e c t  would be marg ina l  i n  view o f  t h e  s i g n i f i c a n t  n u t r i e n t  l o a d  

c a r r i e d  by a g r i c u l t u r a l  dra inage and t h e  v a s t  s t o r e  o f  n u t r i e n t s  a l r eady  

p resen t  i n  the  lake,  Secondary t rea tment  would remove t h e  l a r g e  m a j o r i t y  

o f  o rgan ic  s o l i d s  f rom wastewater which would tend, p h y s i c a l l y ,  t o  f i l l  t he  

lake.  Th is  l e v e l  o f  t rea tment  would a l s o  remove from t h e  system n u t r i e n t s  

bound up i n  those s o l i d s .  Pr imary t rea tment  cou ld  be expected t o  remove 

o n l y  40 t o  50 percen t  o f  t he  wastewater s o l i d s ,  thereby r e s u l t i n g  i n  s i g n i -  

f i c a n t l y  g r e a t e r  so l  i d s  and n u t r i e n t  load ings  than e f f l u e n t  w i t h  secondary 

treatment,  I t i s  c a l c u l a t e d  t h a t  by  t he  yea r  2000, o rgan ic  l o a d i n g  t o  t h e  

l ake  w i t h  o n l y  pr imary t rea tment  would be i n  excess o f  p resen t  loadings.  

Therefore,  w i t h i n  economic reach, t he  impact o f  wastewater on t h e  l a k e  can 

be minimized ,if secondary t rea tment  i s  employed. 

Based on t h e  above, i t  i s  app rop r i a te  t o  conclude t h a t  wastewater d i sposa l  

t o  Lake Maryut w i t h  l ess  than t e r t i a r y  t reatment  i s  n o t  e q u i v a l e n t  i n  terms 

o f  b e n e f i t  t o  o t h e r  a l t e r n a t i v e s  under cons idera t ion .  Disposal  t o  Lake 

Maryut must be c l a s s i f i e d  as an i n t e r i m  s o l u t i o n ,  one which w i l l  postpone 

need f o r  a d d i t i o n a l  Western Harbor f a c i  1  i t i e s  f o r  an unp red i c tab le  ( w i t h  t he  

i n fo rma t i on  now a t  hand) period,depending upon how soon a l l  secondary 

t rea tment  systems can be i n  opera t ion .  Therefore, i n  e v a l u a t i n g  a1 t e r n a t i v e s ,  

a  Lake Maryut d isposal  a l t e r n a t i v e  must be r a t e d  a  f a r  l e s s  e f f e c t i v e  

1  ong term s o l u t i o n  t o  A lexand r i a ' s  wastewater problems. 



6.3 Wastewater Treatment - 

Pre l  im ina ry  Treatment 

P re l  in i ina ry  t rea tment  has been considered o n l y  f o r  sea d isposa l  w i t h  1  ong 

submarine o u t f a l l s .  P re l im ina ry  t reatment ,  i n  t h e  c o n t e x t  o f  t h i s  s tudy,  

means screening; the  removal o f  g r i t ,  sand, and o t h e r  i no rgan i c  s o l i d s  

( l a r g e r  than 0.15 mm i n  d iameter)  which s e t t l e  o u t  a t  low f l o w  v e l o c i t i e s  ; 

and t h e  removal o f  f l o a t i n g  m a t e r i a l s  which, i f  discharged, would r i s e  t o  t h e  

sur face  and thence f l o a t  t o  t he  beaches. Th is  l e v e l  of  t rea tment  r e q u i r e s  

a l e s s  complex p l a n t  and r e l a t i v e l y  l i t t l e  land  area. The p l a n t ,  i f  l o c a t e d  i n  

developed areas, i s  normal l y  enclosed f o r  odor c o n t r o l  , The m a t e r i a l s  

removed a re  washed g r i t ,  which makes s u i t a b l e  f i l l  m a t e r i a l ,  screenings, and 

scum con ta in i ng  f l o a t a b l e s  such as p l a s t i c ,  paper, c l o t h ,  f r u i t  sk ins ,  e t c .  

Amounts a re  g e n e r a l l y  smal l  and can be t rucked  away f o r  d isposa l ,  o r . f o r  

g r i t ,  l a n d - f i l l e d  on s i t e .  

Pr in iary Treatment 

Pr imary t rea tment  has been i n i t i a l l y  cons idered i n  f o r m u l a t i n g  severa l  

a l t e r n a t i v e s .  I t would c o n s i s t  o f  p r e l i m i n a r y  t rea tment  as descr ibed above, 

p l us  p l a i n  sedimentat ion and some form o f  s ludge processing. Pr imary 

t reatment  w i l l  remove 50 t o  60 percen t  of t h e  suspended s o l i d  m a t e r i a l  i n  raw 

wastewater and 30 t o  35 percen t  o f  t he  o rgan ic  po l  l u t i o n a l  load. Sludge 

processing, considered f o r  A lexandr ia  f o r  purposes of c o s t  comparisons, 

i n v o l  ves c e n t r i f u g e  dewater i  ng f o r  d isposa l  on land.  

Secondary Treatment 

Several  methods o f  secondary t rea tment  were se lec ted  f o r  cons ide ra t i on :  

convent ional  a c t i v a t e d  s ludge and mod i f i ed  a c t i v a t e d  s ludge processes; 

t r i c k l i n g  f i l t e r s ;  o x i d a t i o n  ponds; and t h e  somewhat s i m i l a r  anaerobic- 

aerobi  c  1  agoons. A1 though aerated 1 agoons were a l s o  considered, power cos ts  

f o r  l a r g e  i n s t a l l a t i o n s  were found t o  be p r o h i b i t i v e .  

T r i c k l i n g  f i l t e r s  o f t e n  p resen t  advantages i n  s i m p l i c i t y  o f  equipment 

and r e s i t a n c e  t o  process upset.  However, ve ry  s t r ong  wastewaters i n  

A lexandr ia  r e q u i r e  cons iderab ly  more than normal f i l t e r  area and volumes. 

The h ighe r  s t r e n g t h  wastewater would make h igh  r a t e  f i l t e r s  necessary, w i t h  

g r e a t e r  depth and h i g h  r e c i r c u l a t i o n  ra tes ,  which negate any r e a l  sav ings i n  

power, t he  advantage t r i c k l i n g  f i l t e r s  u s u a l l y  have over  va r i ous  a c t i v a t e d  

sludge processes. Land areas requ i red  f o r  t r i c k l i n g  f i l t e r s  a r e  somewhat 



l a r g e r  than f o r  a c t i v a t e d  sludge. Large q u a n t i t i e s  of f i l t e r  rock ,  n o t  

l o c a l l y  a v a i l a b l e ,  would be needed a lso .  A d d i t i o n a l  land  f o r  w ider  b u f f e r  

areas would a l s o  be r e q u i r e d  as a  r e s u l t  o f  g r e a t e r  l i k e l i h o o d  o f  odors. A 
- contemporary worldwide t r e n d  i s  away f rom c o n s t r u c t i o n  of t r i c k 1  i n g  f i  l t e r  

p l a n t s  f o r  wastewaters such as found i n  A lexandr ia ,  Large p l a n t s  ( g r e a t e r  

than 100 MLlday) of t h i s  t ype  have n o t  been b u i l t  i n  t h e  l a s t  severa l  

decades. For  these reasons, t he  t r i c k l i n g  f i l t e r  process i s  n o t  cons idered 

v i a b l e  f o r  A lexcndr ia .  

I n  r ecen t  years  t h e r e  has been a  p r e v a i l i n g  t r e n d  toward t he  use o f  a c t i v a t e d  

s l  udge processes f o r  1  arge p l a n t s .  Convent ional  a c t i  vated s l  udge o f f e r s  t h e  

l e a s t  comp l i ca t i on  among t h e  var ious  m o d i f i c a t i o n s  t o  t h e  process and i s  

norma l l y  se lec ted  f o r  l a r g e  p l an t s ,  where ope ra t i ona l  d i f f i c u l t i e s  niay be 

expected. A t  t h i s  p lann ing  l e v e l  o f  s tudy,  t he  convent iona l  process has 

been chosen, as i t  o f f e r s  more f l e x i b i l i t y  i n  ope ra t i on  than m o d i f i e d  

processes and an o p p o r t u n i t y  t o  vary  q u a l i t y  o f  e f f l u e n t  t o  meet t ime-vary ing  

cond i t i ons  w i t h  consequent savings i n  power costs .  The a c t i v a t e d  s ludge 

process o f f e r s  an oppo r tun i t y ,  w i t h  p roper  a t t e n t i o n  t o  ope ra t i ng  c o n d i t i o n s  , 
t o  produce a  c o n s i s t e n t l y  b e t t e r  q u a l i t y  e f f l u e n t  than o t h e r  secondary t r e a t -  

ment processes, On t he  o t h e r  hand, a  s i g n i f i c a n t l y  g r e a t e r  degree o f  s k i  11 

and ope ra to r  know-how i s  needed t o  m a i n t a i n  proper  opera t ion ,  i n  o rde r  t o  

r e a l i z e  t he  b e n e f i t s  o f  t h i s  process. Proper t r a i n i n g  o f  opera to rs  would be 

necessary, and an implementat ion program and f und ing  would have t o  be 

es tab l  i shed  t o  p rov ide  t he  necessary t r a i n e d  manpower. For 1  arge p l a n t s  

under cons ide ra t i on  i n  t h i s  study, convent ional  a c t i v a t e d  s ludge methods a re  

judged supe r i o r  t o  o t h e r  secondary systems. Sludge processing, f o r  purposes 

of c o s t  comparisons, was g r a v i t y  t h i cken ing  and c e n t r i f u g e  dewater ing f o r  

d isposa l  on land. 

E a r l y  cons ide ra t i on  was g iven t o  use o f  waste s t a b i l i z a t i o n / o x i d a t i o n  ponds 

f o r  secondary l e v e l  t rea tment  o f  major  p o r t i o n s  o f  A lexand r i a ' s  wastewaters. 

Computation of land areas requ i red ,  even a l l o w i n g  f o r  h i g h  des ign l oad ing  

r a t e s  which can be used i n  t he  warm, sun l i t  c l i m a t e  of  Egypt, r e s u l t s  i n  

r a p i d  e l i m i n a t i o n  of  such ponds as a  v i a b l e  t rea tment  a l t e r n a t i v e .  To 

handle t h e  expected wastewater f l o w  f o r  t h e  A lexandr ia  area i n  t he  yea r  2000 

i n  s t a b i l i z a t i o n  ponds would r e q u i r e  an area on t he  o rde r  o f  t h r e e  t imes t he  

s i z e  of t he  p resen t  e x t e n t  o f  t he  main lagoon o f  Lake Maryut. Land areas o f  

t h i s  magnitude a re  n o t  a v a i l a b l e  w i t h i n  economica l ly  f e a s i b l e  reach o f  



Alexandr ia .  

Fo r  sma l l e r  i n s t a l l a t i o n s ,  and f o r  i n t e r i m  o r  temporary t rea tment  f a c i  1  i t i e s  

where development i s  o n l y  beginn ing,  a  waste s t a b i l i z a t i o n  pond concept has 

cons iderab le  m e r i t .  A p r i n c i p a l  d isadvantage i s  t h e  r e l a t i v e l y  l a r g e  amouflt 

o f  l and  area requ i r ed .  However, staged enlargements f o r  optimum use of  

c o n s t r u c t i o n  funds a r e  r e a d i l y  a t t a i n a b l e  and c o n s t r u c t i o n  cos t s  r e q u i r e  l e s s  

f o r e i g n  cur rency,  g r e a t e r  use of l o c a l  technology, and bas i c  c o n s t r u c t i o n  

m a t e r i a l s .  An i n i t i a l  c o n s i d e r a t i o n  i s  p l ann ing  f o r  t h e  amount o f  l a n d  

r e q u i r e d  f o r  t h e  l a r g e s t  pond i n s t a l l a t i o n  t o  be used be fo re  a  pond system 

i s  conver ted t o  a  conven t iona l  p l a n t  o r  o t h e r  d i sposa l  method (as i s  p o s s i b l e  

f o r  t h e  o u t l y i n g  areas o f  A lexandr ia  a f t e r  t h e  y e a r  2000). The o p e r a t i o n  o f  

ponds i s  r e l a t i v e l y  s imp le  and inexpens ive.  Land commi t t e d  t o  o x i d a t i o n  ponds 

can u s u a l l y  be conver ted t o  o t h e r  uses; f o r  example, a g r i c u l t u r a l ,  i n d u s t r i a l ,  

and/or r e s i d e n t i a l  when t h e  ponds a re  no l onge r  needed, w i t h o u t  l o s s  of l and  

va lue.  An i n h e r e n t  disadvantage of t h e  ponds i s  t h e  p e r i o d i c  d ischarge  of 

suspended s o l i d s ,  l a r g e l y  a lgae, to  t h e  r e c e i v i n g  medium. Evapora t ion  i n  

t h e  ponds tends a l s o  t o  i nc rease  concen t ra t i on  o f  TDS i n  t h e  e f f l -uen t ,  a  

f a c t o r  which would d iscourage p lans  t o  reuse t h e  e f f l u e n t  f o r  a g r i c u l t u r a l  

i r r i g a t i o n  on s a l t  s e n s i t i v e  crops. 

A  m o d i f i c a t i o n  of t h e  waste s t a b i l i z a t i o n / o x i d a t i o n  pond concept, which has 

advantage and mer i  t where wasteloads a re  s t rong,  i s  t h e  anaerob ic-aerob ic  

lagoon. The anaerob ic-aerob ic  lagoon system d i f f e r s  nom ina l l y  f rom t h e  

o x i d a t i o n  pond i n  t h a t  i t  c o n s i s t s  o f  a  sma l le r ,  deeper lagoon o r  pond i n t o  

which incoming wastewaters a r e  d i r e c t e d .  Here t h e  ma jo r  p o r t i o n  o f  t h e  

s o l i d s  s e t t l e  o u t  and a r e  decomposed anae rob i ca l l y .  The l i q u i d  p o r t i o n  

which passes t o  t h e  sha l lower  ae rob i c  lagoons con ta i ns  l e s s  o rgan i c  l o a d  

and, t he re fo re ,  r e q u i r e s  l e s s  l and  area. The o v e r a l l  b e n e f i t  of t h i s  modi- 

f i c a t i o n  i s  a  15 t o  25 percent  sav ings i n  l and  area requ i r ed ,  w i t h  no s a c r i -  

f i c e  i n  e f f l u e n t  q u a l i t y .  The disadvantage i s  t h e  p o s s i b l e  odor  nu isance 

from t h e  anaerob ic  pond, a l though  l a y o u t  can be planned t o  m in im ize  such 

nuisance. A l t e r n a t i v e  p lans  employing t h e  waste s t a b i l i z a t i o n  pond concppt 

were based on t h e  anaerob ic-aerob ic  lagoon mod i f i ca t i on .  These a re  p r i n c i  - 
pa l  l y  assoc ia ted  w i t h  t h e  r e l a t i v e l y  i s01  a ted  and develop ing areas o u t s i d e  

t h e  ma jo r  urban zone o f  A lexandr ia .  



6 .4  I n d u s t r i a l  Waste Cont ro l  

I n t r o d u c t i o n  

The c o l l e c t i o n  and t rea tment  o f  i n d u s t r i a l  f l o w  i n  A lexand r i a ' s  wastewaters 

p resen t  problems. A1 though most wastewater o f  i n d u s t r i a l  o r i g i n  can be 

hand1 ed by t he  mun ic ipa l  system w i t h o u t  damage t o  sewers, t rea tment  f a c i  1  i ti es, 

o r  r e c e i v i n g  water environment, c e r t a i n  i n d u s t r i e s  use t o x i c  m a t e r i a l s ,  such 

as o i l s ,  heavy metals,  and ac ids  which when d ischarged t o  t he  system, even 

i n  ve ry  d i l u t e d  condition,, cause phys ica l  damage t o  f a c i  1  i t i e s ,  upset  t r e a t -  

ment processes, and c r e a t e  widespread adverse environmental  impact.  

Genera l ly ,  these de t r imen ta l  substances can be t r aced  back through t he  

system t o  an i n d u s t r i a l  p l a n t  w i t h  r e l a t i v e l y  smal l  f lows.  I f  kep t  separated, 

they  can o f ten  be g i ven  economical i n - p l a n t  t rea tment  f o r  removal o r  

n e u t r a l i z a t i o n  i n  p l an t .  The balance o f  i n d u s t r i a l  wastewaters, if 

c a r e f u l l y  separated, t oge the r  w i t h  those p r o p e r l y  t r e a t e d  o r  n e u t r a l i z e d ,  

can be discharged s a f e l y  t o  t he  sewerage system. 

A1 t e r n a t i  ves 

I n  t h i s  study, t h r e e  approaches t o  bas ic  i n d u s t r i a l  waste c o n t r o l  were 

considered. These were: ( 1 )  accept a l l  f l ows  i n  t h e  sewer system w i t h o u t  

pret reatment ;  ( 2 )  c o l l e c t  t o x i c  i n d u s t r i a l  wastes i n  a  separate c o l l e c t i . o n  

system f o r  conveyance t o  a  remote s i t e  and d isposa l  i n  an evapora t ion  pond; 

and ( 3 )  handle each t o x i c  i n d u s t r i a l  waste problem i n d i v i d u a l l y ,  w i t h  i n - p l a n t  

t reatment  a t  the  source, and accept t he  non- tox ic  and adequate ly  t r e a t e d  

i n d u s t r i a l  wastewaters i n  t he  mun ic ipa l  system. The a l t e r n a t i v e  o f  a  

phys ica l -chemica l  t reatment  p l a n t  f o r  a l l  i n d u s t r i a l  wastewaters was 

e l i m i n a t e d  e a r l y  i n  t he  cons ide ra t i on  because of p r o h i b i t i v e  costs ,  complex i ty ,  

and requirements f o r  h i g h l y  t r a i n e d  operators .  The f i r s t  "no a c t i o n "  

approach was r e j e c t e d  as unacceptable.  Cont inual  and i nc reas ing  damage t o  

c o l l e c t i o n  and t reatment  f a c i l i t i e s  would r e q u i r e  expensive maintenance,and 

damage t o  t h e  r e c e i v i n g  environment would be i r r e p a r a b l e .  

An o u t l i n e  design was prepared f o r  a  separate i n d u s t r i a l  wastes c o l l e c t i o n  

system and a p r e l i m i n a r y  es t imate  o f  c o s t  made. A l though es t imated  cos t s  f o r  
* 

a  separate system were found t o  be q u i t e  h igh,  t he  approach was r e t a i n e d  as a 

v i a b l e  a l t e r n a t i v e  p l an  u n t i l  thorough eva lua t i on  was made. 

Costs o f  i n - p l a n t  separa t ion  and t reatn ient  o f  i n d u s t r i a l  wastes cannot, w i t h  

the  data and in fo rmat ion  a t  hand, be accu ra te l y  est imated.  Al though an 



i n d u s t r i a l  waste survey was made as a p a r t  of t h i s  study, the o b j e c t i v e  

was o n l y  t o  i d e n t i f y  and q u a n t i f y  t h e  i n d u s t r i a l  wastes problem. D e t a i l s  

needed f o r  o u t l i n e  designs of separa t ion  and t rea tment  systems a t  each 

~ l a n t  f o r  es t ima t i ng  cos t s  were n o t  obta ined,  n o r  d i d  t h e  scope of  work 

i n t e n d  t h a t  l e v e l  o f  e f f o r t .  

Recomnenda t i on 

I n - p l a n t  separa t ion  and t rea tment  t o  meet i n d i v i d u a l  l y  e s t a b l i s h e d  e f f l u e n t  

standards i s  the  method used i n  many i n d u s t r i a l  c i t i e s  of t h e  more 

developed coun t r i es .  The p r a c t i c e  i s  widespread i n  t h e  Un i t ed  States,  West 

Germany, England, Canada, and A u s t r a l i a .  I t  i s  app rop r i a te  t o  recomnend, 

on the  bas is  o f  experience, i n - p l a n t  separa t ion  and treatment,and acceptance 

i n  the  mun ic ipa l  sewers o f  those i n d u s t r i a l  wastes which can be handled sa fe l y .  

Th is  d isposa l  o f  i n d u s t r i a l  wastewaters a f t e r  p re t rea tment  i n t o  A lexand r i a ' s  

sewerage system w i l l  r e q u i r e  an a c t i v e  mon i t o r i ng  program and enforcement 

of sewer use laws t o  min imize any adverse e f f e c t  t h i s  method m igh t  have on 

t he  proposed system. 

Dur ing s tudy of t he  i n d u s t r i a l  waste problem i n  A lexandr ia ,  i t  was observed 

t h a t  many i n d u s t r i e s  use excess ive amounts o f  water  bo th  i n  t h e i r  process 

streams and f o r  s ing le-pass coo l i ng .  A s i g n i f i c a n t  r educ t i on  i n  t he  volume 

o f  i n d u s t r i a l  wastewater cou ld  r e s u l t  f rom i n - p l a n t  conserva t ion  e f f o r t s  

w i t h  poss ib l e  cascading reuses and r e c o n s t r u c t i o n  t o  improve p l a n t  water  

systems. Such a c t i v i t y  would n o t  o n l y  conserve water  f o r  o t h e r  uses and 

reduce water  supply  costs ,  b u t  a l s o  would decrease wastewater volumes 

which r e q u i r e  conveyance, t reatment ,  and d isposa l  . 

A d d i t i o n a l  i n v e s t i g a t i o n  of t he  s u i t a b i l i t y  of a  separate c o l l e c t i o n  and 

evapora t ion  pond d isposa l  concept f o r  c e r t a i n  i n d u s t r i a l  areas was made, 

p a r t i c u l a r l y  those a t  the  extreme ends of t h e  s tudy area where conveyance 

cos ts  t o  a  c e n t r a l  system would be expensive,and where land  area f o r  

evaporat ion ponds i s  nearby. Wastes from the  i n d u s t r i e s  i n  t h e  eas te rn  

Abu K i r  Bay area f i t  these cond i t i ons .  Wastewaters f rom paper m i l l s  and 

o t h e r  i n d u s t r i e s  i n  t he  area would be c o l l e c t e d  and conveyed t o  land,  now 

inundated, i n  t he  western p o r t i o n  o f  Lake Idku.  A pond would be dyked o f f  

and complete ly  separated from Lake Idku. Operat ion would be such t h a t  t he  

water  l e v e l  i n  t he  pond would be lower  than t h e  l a k e  t o  p reven t  seepage 

i n t o  the  lake.  Adequate and s u i t a b l e  space would remain i n  the  l a k e  f o r  

cont inued f i s h e r y  a c t i v i t y .  



CHAPTER 7 

7.1 Plan Formulat ion 

A1 t e r n a t i v e  wastewater management plans se lec ted  f o r  d e t a i  l e d  a n a l y s i s  and 

comparison each need t o  s a t i s f y  a  s e t  o f  fundamental cond i t i ons .  These i n c l u d e  

p ro jec ted  waste f lows  and loads, c o n s t r a i n t s  f rom e x i s t i n g  and ongoing waste- 

wa te r  programs, p resen t  water  qual  i ty  cond i t i ons ,  and wa te r  qual  i t y  c r i t e r i a  

f o r  t he  a n t i c i p a t e d  f u t u r e  s i t u a t i o n s .  These cond i t i ons  have been es tab l i shed  

and discussed i n  Chapters 3 through 6 o f  t h i s  volume. 

General concepts d iscussed i n  the prev ious chap te r  l ead  t o  a  s i g n i f i c a n t  

number o f  a l t e r n a t i v e  plans which must be evaluated f o r  t h e  A lexandr ia  area. 

These can b e s t  be ca tegor ized  i n  terms o f  c o n s o l i d a t i o n  o f  sewer s e r v i c e  zones, 

means f o r  c o l l e c t i o n  o f  wastewater, and node o f  d i sposa l .  Categor ies are:  

Consol i d a t i o n :  - Separate - a1 1 zones remain separate ( i  .e., i n d i v i d u a l  

1  oca l  sys tems and f a c i  1  i ti es) . 
- P a r t i a l . -  Eastern zones combined, as w e l l  as t he  West and 

Cent ra l  zones, w h i l e  Abu K i r ,  Nouzha, Mex-Dekheila, and 

Ameria zones remain separate.  

- F u l l  Conso l i da t i on  - complete r e g i o n a l  wastewater c o l l e c -  

t i o n  and t r e a t ~ n e n t  system t o  serve a1 l sewer s e r v i c e  

zones i n  A lexandr ia  ( i . e . ,  a  s i n g l e ,  c e n t r a l i z e d  system). 

C o l l e c t i o n :  - I n t e g r a t e d  c o l  l e c t i o n  o f  a1 l area wastewaters ( i  .e., bo th  

domestic and i n d u s t r i a l  ) . 
- Separate c o l l e c t i o n  of t o x i c  i n d u s t r i a l  wastewaters f o r  

independent conveyance and d i sposa l .  

Disposal  : - Sea - submarine d ischarge f o l l o w i n g  p r e l i m i n a r y  t reatment .  

- Reuse - d ischarge t o  i r r i g a t i o n  canals  f o r  a g r i c u l t u r a l  

c rop  use a f t e r  secondary treatment.  

- Evaporat ion - d ischarge  t o  open d e s e r t  lands f o r  

evaporat ion,  w i t h o u t  t reatment.  



As each means o f  c o l l e c t i o n  can be combined w i t h  an independent mode o f  

d i sposa l  and w i t h  an a1 t e r n a t e  l e v e l  o f  consol  i d a t i o n  t o  r ep resen t  an 

o v e r a l l  wastewater management p l a n  f o r  t he  e n t i r e  area, t he  number o f  

a l t e r n a t i v e s  i s ,  h y p o t h e t i c a l l y ,  q u i t e  l a rge .  A  process o f  e l i m i n a t i o n  

on a  r e g i o n a l  o r  " g l oba l "  l e v e l  was used, t he re fo re ,  t o  reduce t h e  number 

o f  p o s s i b l e  a1 t e r n a t i v e s  t o  a  reasonable number o f  v i a b l e  "hardware" p lans .  

The process e n t a i l e d  de te rmina t ion  o f  o v e r a l l  cos t s  and b e n e f i t s  assoc ia ted  

w i t h  broad, r e g i o n a l  wastewater management p lans  f o r  t h e  e n t i r e  A1 exandr ia  

area. 

From t h e  ana l ys i s ,  s p e c i f i c  v i a b l e  a l t e r n a t i v e s  were developed f o r  each 

sewer zone o f  t he  r e g i o n  i n  o rde r  t o  determine t h e  most f e a s i b l e  p l a n  f rom 

bo th  an economic and f u n c t i o n a l  s tandpo in t .  I n i t i a l  a n a l y s i s  o f  va r i ous  

r eg iona l  approaches t o  wastewater management d i d  n o t  r e s u l t  i n  e x c l u s i o n  

o f  op t i ons  w i t h i n  s p e c i f i c  sewer zones o f  the  c i t y  which m igh t  i n v o l v e  

a  mode o f  d i sposa l  o r  c o l l e c t i o n  which was found t o  r ep resen t  h i gh  cos t s  

on an area-wide bas is .  Eva lua t i on  on t h e  r e g i o n a l  l e v e l  was used t o  

i n d i c a t e  genera l  approach and t o  e s t a b l i s h  a  s e t  o f  more d e t a i l e d ,  f e a s i b l e  

a l t e r n a t i v e s  f o r  va r ious  p o r t i o n s  o f  A lexandr ia .  

7.2 Eva lua t i on  Methodology 

I n t r o d u c t i o n  

I t  i s  impo r tan t  t h a t  dec i s i ons  about the A lexandr ia  wastewater system 

i n c o r p o r a t e  a1 1  r e l e v a n t  f unc t i ona l  and economic f a c t o r s .  A1 t e r n a t i  ve r e g i o n a l  
schemes and zone p lans  have been developed t o  a  degree s u f f i c i e n t  f o r  

corr~parison o f  p lann ing  l e v e l  c o s t  es t imates and e v a l u a t i o n  o f  r e l e v a n t  

f u n c t i o n a l  f a c t o r s .  The a l t e r n a t i v e s  cons idered have been based on concepts 

developed i n  Chapter 6. The economic and f u n c t i o n a l  c r i t e r i a  a p p l i e d  a r e  

as f o l l o w s :  

Economic Func t iona l  

C a p i t a l  c o s t  E f fec t i veness  and environmental  impact  

Opera t iona l  c o s t  R e l i a b i l i t y  

Present wor th  w i t h  
d i f f e r e n t i a l  b e n e f i t s  

F l e x i b i l i t y  

Ease o f  imp1 ementa t i on 



Economic Eva lua t i on  

Cost comparisons between a l t e r n a t i v e s  have been made us i ng  d i s c o u n t  tech-  

niques. Th is  takes i n t o  account bo th  c a p i t a l  and o p e r a t i n g  cos t s  w i t h  t i m e  

and p rov ides  a  means t o  a p p r o p r i a t e l y  eva lua te  t h e  d i f f i c u l t y  o f  s t a g i n g  

ma jo r  elements o f  c e r t a i n  p lans  which a r e  n o t  e a s i l y  d i v i s i b l e  i n t o  s m a l l e r  

components. C a p i t a l  elements common t o  a l l  a l t e r n a t i v e s  be ing  compared 

(such as l a t e r a l  sewer systems and p r o p e r t y  connec t ions )  have been om i t t ed  

f rom t h e  eva lua t i on .  

Costs were es t imated  us i ng  t h e  curves on F igures  5-1 through 5-7, w i t h  

a  30 percen t  a l lowance f o r  eng ineer ing  and con t ingenc ies .  Cost o f  l and  

a c q u i s i t i o n  was a l s o  inc luded .  Taxes, d u t i e s ,  and es t imated  f i n a n c i n g  

cos ts  were excluded from ana l ys i s .  Costs app ly  t o  mid-1977 and a r e  n o t  

esca la ted  s i n c e  t h e  e v a l u a t i o n  e n t a i l s  comparison o f  t r u e  economic cos ts  

f o r  which changes i n  t h e  va lue  o f  money a r e  i r r e l e v e n t .  

Shadow p r i c e s  were used i n  t heeconom iceva lua t i on .  For convers ion  o f  

f o r e i g n  c u r r e n t  c o s t s  t h e  " p a r a l l e l "  r a t e  ( c u r r e n t l y  LE 0.70 = US $1.00) 

was used. A shor tage o f  s k i l l e d  and s e m i - s k i l l e d  l a b o r  does e x i s t  i n  t h e  

county,  w h i l e  t h e r e  i s  unemployment i n  A lexand r i a  and Egypt as a  whole. 

The take-home pay o f  c o n s t r u c t i o n  l a b o r  i n  A lexand r i a  (about  p t  80 o u t  o f  

a  gross c o s t  of LE 1.25 p e r  day) i s  approx imate ly  equal t o  take-home pay 

of farm l a b o r  i n  areas sur round ing  A lexandr ia .  T h i s  suggests t h a t  un- 

s k i l l e d  l a b o r  r a t e s  a r e  f a i r l y  r e f l e c t i v e  o f  a  c o m p e t i t i v e  n o n d i s t o r t e d  

1  abor market  and t h e r e f o r e  no shadow p r i c e  was appl  i e d  t o  l a b o r  costs .  

The c o n t r o l l e d  p r i c e  o f  e l e c t r i c i t y  does n o t  r e f l e c t  t r u e  p roduc t i on  c o s t  

which i s  es t imated  t o  be LE 0.025/kWh. Th i s  va l ue  has been used i n  

making economic comparisons. 

Annual o p e r a t i o n a l  cos t s  have been es t imated  f o r  p r o j e c t e d  1990 f l o w  

cond i t i ons  ( a t  mid-1977 p r i c e s )  and cons idered r e p r e s e n t a t i v e  o f  t h e  e n t i  r e  

p lann ing  p e r i o d  from the  t i m e  t h a t  proposed new f a c i l i t i e s  come on - l i ne .  

I n  o rde r  t o  g i v e  we igh t  t o  many elements which can be s taged f o r  va r i ous  

a l t e r n a t i v e s ,  w h i l e  a t  t h e  same t ime  making comparisons on an equal b a s i s  

i n  r e l a t i o n  t o  t h e  t i m i n g  o f  b e n e f i t s ,  i t  has been assumed t h a t  a l l  new 

f a c i l i t i e s  would be completed i n  1983. Th i s  i s  done p u r e l y  f o r  economic 

comparison on an e q u i v a l e n t  bas i s .  I t  r e f e r s  t o  amenab i l i t y  o f  s t a g i n g  and 

7-3 



n o t  t o  t h e  a c t u a l  recommended s tag ing ,  which w i l l  r e q u i r e  ad justments  o f  

bo th  cos ts  and b e n e f i t s  f o r  whichever  a l t e r n a t i v e  i s  se lec ted .  R e l a t i v e  

c a p i t a l  c o s t  " lumpiness" has been expressed i n  terms o f  t i m e  r e q u i r e d  

f o r  c o n s t r u c t i o n  o f  ma jo r  elements such as t r ea tmen t  p l a n t s  o r  o u t f a l l s .  

A  ma jo r  r e g i o n a l  t r ea tmen t  p l a n t ,  f o r  example, would r e q u i r e  c o n s t r u c t i o n  

t o  beg in  i n  1979 t o  be o n - l i n e  i n  1983, w h i l e  c o n s t r u c t i o n  o f  an e q u i v a l e n t  

group o f  sma l l e r  l o c a l  p l a n t s  would beg in  a  yea r  o r  two l a t e r ,  thus  g a i n i n g  t h e  

economic b e n e f i t  (on a  p resen t  wor th  b a s i s )  o f  some d e f e r r a l  i n  expend i tu re .  

The economic l i v e s  o f  f a c i l i t i e s  have been assumed as f o l l o w s :  

- Land: i n f i n i t e .  

- P i  p e l  i nes , 1  agoons , ponds : 60 years .  

- Treatment p l a n t s ,  pump s t a t i o n s :  30 years .  

Opera t iona l  c o s t  has been assumed t o  con t i nue  a t  t oday ' s  l e v e l  through t h e  

c o n s t r u c t i o n  p e r i o d  and t o  i nc rease  t o  t h e  p r o j e c t e d  1990 l e v e l  i n  1984. 

The economic h o r i z o n  was taken t o  be t h e  yea r  2015. A d i s c o u n t i n g  r a t e  o f  

10 pe rcen t  has been used t oge the r  w i t h  s e n s i t i v i t y  checks a t  r a t e s  o f  

8  and 12 percen t .  

A  comprehensive cos t -bene f i t  a n a l y s i s  i s  d i f f i c u l t  where many b e n e f i t s  

assoc ia ted  w i t h  proposed p r o j e c t s  and a l t e r n a t i v e  p lans  a re  o f  non- 

q u a n t i f i a b l e  nature.  I n  comparing a l t e r n a t i v e s  a l l  o f  t h e  va r i ous  p lans  

had e q u i v a l e n t  sewerage b e n e f i t s .  Cost and b e n e f i t s  were compared i n  

terms o f  p resen t  wo r t h  cos ts .  I n  t h e  case o f  t h e  reuse a l t e r n a t i v e  t h e  

economic b e n e f i t  f rom a g r i c u l t u r a l  reuse o f  wastewater was considered. 

Func t iona l  Eva lua t i on  

A l t e r n a t i v e s  were a l s o  cons idered on a  non-economic b a s i s  by r ev i ew ing  and 

assessing issues r e l a t e d  t o  a  number o f  p r i n c i p a l  f u n c t i o n a l  f a c t o r s  as 

l i s t e d  below: 

E f f ec t i veness  and Environmental  Impact 

- P r o t e c t i o n  o f  sur face waters  such as Lake Maryut, Lake I dku  and 

t h e  near-shore waters o f  t he  Medi ter ranean Sea f o r  such b e n e f i c i a l  

uses as ba th ing ,  boa t ing ,  f i s h i n g  o r  i n d u s t r i a l  needs. 



- Non-impairment o f  su r face  waters, l o c a l  ground waters and l and  

areas: a1 so cons ide ra t i on  o f  a e s t h e t i c  i ~ ~ p r o v e m e n t s .  

- Re1 a t i o n s h i p  between expected performance and t o t a l  investment.  

- P o t e n t i a l  impact on the Mediterranean Sea and crop lands due 

t o  d ischarge o f  t o x i c  substances and o t h e r  p o t e n t i a l  1  y harmful  

m a t e r i a l  s. 

Re1 i a b i l  i t y  

- L i k e l i h o o d  t h a t  performance w i l l  be equal t o  expec ta t ions .  

- Poss ib le  system f a i l u r e s  due t o  n a t u r a l  d i s a s t e r s  o r  

ca tas t roph ies  and t h e  consequences o f  any such f a i l u r e .  

- Poss ib le  frequence and consequences o f  mechanical break- 

down and process upsets due t o  power f a i l u r e s  o r  inadequate 

opera ti ons. 

F l e x i b i l i t y  

- S e n s i t i v i t y  o f  system performance t o  changing pa t t e rns  o f  

urban development i n  A lexandr ia .  

- A d a p t a b i l i t y  t o  f u t u r e  techno log ica l  advances and 

new developments i n  the  wastewater f i e l d .  

- A b i l i t y  t o  meet poss ib l e  changes i n  f u t u r e  water  qua1 i t y  

requ i  rements. 

- A b i l i t y  t o  s a t i s f y  any p o t e n t i a l  rec la imed water  use markets. 

Imp1 emen t a  t i on 

- Presence o r  absence o f  f a c t o r s  which would h i nde r  pub1 i c  

and government support .  

- F e a s i b i l i t y  from i n s t i t u t i o n a l  and c o n s t r u c t i o n  s tandpoints .  

- Expec ta t ion  of  l e g a l ,  f i n a n c i a l  o r  l o g i s t i c a l  obstac les.  

- C o m p a t i b i l i t y  w i t h  o t h e r  ongoing programs and w i t h  c u r r e n t  

r eg iona l  p lann ing  p r o j e c t s .  

7.3 Regional Assessment 

A1 te rna  t i v e  Leve ls  o f  Consol i d a t i o n  

Three l e v e l s  o f  c o n s o l i d a t i o n  f o r  t h e  f u tu re  wastewater system i n  A lexandr ia  

were considered on a reg iona l  bas is .  These inc luded:  

Level  1  - Separate - a l l  sewerage zones remain separate and 

independent w i t h  no reg iona l  t rea tment  o r  d isposa l  

f a c i l i t i e s  invo lved .  



Leve l  2 - P a r t i a l  consol  i d a t i o n  whereby t h e  Eas te rn  zones combine 

as would t h e  Western/Central  zones, whi l e  t h e  p e r i p h e r a l  

zones o f  Abu K i r ,  Mex-Dekheila, Nouzha and Ameria would 

each remain independent and separate.  

Leve l  3 - F u l l  c o n s o l i d a t i o n  whereby a l l  zones would be i n t e r -  

connected by a  r e g i o n a l  conveyance system f o r  c e n t r a l  

t r ea tmen t  and d isposa l .  

Each l e v e l  o f  c o n s o l i d a t i o n  as shown on F igu re  7-1, was cons idered us i ng  

two d i sposa l  schemes: (A) sea d i sposa l  o r  (B) a g r i c u l t u r a l  reuse b y  c rop  

i r r i g a t i o n .  An i n t e g r a t e d  mode of  c o l l e c t i o n  ( a l l  domest ic and i n d u s t r i a l  

f l o w s )  was cons idered f o r  each l e v e l  o f  consol  i d a t i o n ,  The evapo ra t i on  

d isposa l  a1 t e r n a t i v e  (C) can o n l y  be cons idered w i t h  f u l l  consol  i d a t i o n .  

Economic comparison of t h e  t h r e e  consol  i d a t i o n  l e v e l s  i s  presented i n  

Table 7-1. The economy o f  s c a l e  assoc ia ted  w i t h  l a r g e  r e g i o n a l  p l a n t s  i s  

e v i d e n t  i n  comparing b o t h  c a p i t a l  and o p e r a t i o n a l  cos ts  between an e n t i r e l y  

separate  system and f u l l  conso l i da t i on .  P a r t i a l  c o n s o l i d a t i o n  due t o  

l ess  c a p i t a l  assoc ia ted  w i t h  conveyance and d isposa l  under p a r t i a l  c o n s o l i -  

da t ion .  I t  w i l l  c o s t  more t o  convey wastewaters f rom o u t e r  areas t o  a  

c e n t r a l  r e g i o n a l  f a c i l i t y  f o r  t reatment .  I n  comparing Schemes A  and B  

(sea d i sposa l  and a g r i c u l t u r a l  reuse, r e s p e c t i v e l y )  i t  can be seen t h a t  a t  

a1 1  t h r e e  1  eve1 s  of consol  i d a t i o n  cons idered,  Scheme A i s  econoniical l y  more 

a t t r a c t i v e  than secondary t rea tment  f o r  a g r i c u l t u r a l  reuse. The p resen t  

wor th  va lues expressed i n  Table  7-1 inc lude ,  f o r  Scheme B, c o n s i d e r a t i o n  

o f  t h e  b e n e f i t  o f  wastewaters t o  crop lands by  i n c l u d i n g  t h e  es t imated  

economic va lue  o f  increased crops through reuse. 

From a  f u n c t i o n a l  s tandpo in t ,  bo th  t h e  l o c a t i o n  of p o t e n t i a l  a g r i c u l t u r a l  

reuse areas a t  t h e  extremes o f  t h e  s tudy  a rea  and t h e  deve lop ing  n a t u r e  

o f  much o f  t h e  pe r i phe ra l  r e g i o n  r e i n f o r c e  a  p a r t i a l  c o n s o l i d a t i o n  approach. 

The s tag ing  o f  proposed wastewater f a c i l i t i e s  i n  t h e  o u t e r  zones must be 

f l e x i b l e  i n  o rde r  t o  adapt t o  changing r a t e s  of development i n  these areas. 

Wastewaters be ing  predominant ly  o f  an i n d u s t r i a l  o r i g i n  i n  t h e  Abu K i r  Bay 

and Mex-Dekheila areas suppor ts  t h e  concept of separate  and independent 

systems f o r  ou te r  zones o f  A lexandr ia .  



TABLE 7-1 

LEVEL OF CONSOL.IDAT1ON - REGIONAL COST COMPARISON 

Cost, LE m i l l  i o n  
N o P a r t i a l  F u l l  

Consol i d a t i o n  Conso l ida t ion  Conso l i da t i on  
A B A B A B 

(Sea) (Reuse) (Sea) (Reuse) (Sea) (Reuse) 

Conveyance (a )  100 120 105 125 165 175 

Treatment ( b )  100 210 80 190 75 185 

Disposal  - 150 75 - 125 - 6 5 - 135 - 7 0 - 

Capi ta l  TOTAL 350 405 310 380 375 430 

Annual 0 & F1 ( d 5 10 4 7 4 7 

Re1,ative Pres n t  
Worth cos t f e )  1.13 1.42 1.00 1.24 1.13 1.33 

( a ) ~ n t e r c e p t o r  sewers l fo rce  mai nslpump s t a t i o n s .  

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

(')F.ffl uent  pump s t a t i o n s / f o r c e  mains/submarine o u t f a l l  s. 

(d )Opera t ion  and maintenance cos ts  based on 1990 f lows. 

( e ) ~ r e s e n t  wor th  values based on 10 percen t  i n t e r e s t  r a te .  
For Scheme B i n v o l v i n g  reuse, t h e  economic b e n e f i t  t o  
a g r i c u l t u r a l  c rop  p roduc t i on  i s  included. 



A1 t e r n a t i v e  Mode o f  Col l e c t i o n  

Two reg iona l  approaches t o  t h e  c o l l e c t i o n  of area wastewaters have been 

considered, one i n v o l v i n g  i n t e g r a t e d  c o l l e c t i o n  o f  a l l  wastewater f l ows  

and t h e  o t h e r  i n v o l v i n g  separate  c o l l e c t i o n  of t o x i c  i n d u s t r i a l  wastes 

which m igh t  ( i r r e s p e c t i v e  o f  t rea tment  l e v e l s  cons idered)  have long- term 

d e l e t e r i o l l s  e f f e c t  on l o c a l  wa te r  bodies and nearby env i rons .  

As a  b a s i s  f o r  economic assessment, t h e  two d i sposa l  schemes i n v o l v i n g  

(A) sea d ischarge  and ( 0 )  reuse b y  i r r i g a t i o n ,  were used as i s  shown on 

F i g u r e  7-2. The cos t s  f o r  an a l t e r n a t i v e  c o l l e c t i o n  mode i n v o l v i n g  

separate  conveyance o f  t o x i c  i n d u s t r i a l  wastes t o  a  d i sposa l  s i t e  i n  

t h e  Western Deser t  a r e  compared t o  those f o r  an i n t e g r a t e d  system i n  

Table  7-2. C a p i t a l  c o s t s  f o r  a  p l an  i n v o l v i n g  a  separa te  i n d u s t r i a l  p ipe -  

l ine/pump s t a t i o n  conveyance system a r e  found t o  be i n  t he  range of 

LE 40-60 m i l l i o n  g r e a t e r  than f o r  an i n t e g r a t e d  system under e i t h e r  

d i sposa l  Scheme A o r  B. Opera t iona l  c o s t s  would e n t a i l  about  LE 1.0 

m i l l i o n  p e r  annum more than 0  & M cos t s  assoc ia ted  w i t h  an i n t e g r a t e d  

c o l l e c t i o n  system. On a  p resen t  wor th  bas i s  these c o s t s  16 t o  22 pe rcen t  

g r e a t e r  than e i t h e r  i n t e g r a t e d  c o l  1  e c t i  on d ispoda l  scheme. 

The e f f e c t i v e n e s s  o f  combined c o l l e c t i o n  o f  s a n i t a r y  sewage and i n d u s t r i a l  

wastes depends on p reven t i on  o f  d i scharge  of  t o x i c  and o t h e r  unacceptab le  

substances by i n d u s t r y .  Wi th  a  separate  i n d u s t r i a l  c o l l e c t i o n  system a t  

l e a s t  p a r t  o f  t he  t o x i c  substances ( c e r t a i n  meta ls ,  f o r  example) cou ld  

be accepted. Many i n d u s t r i a l  processes and s t r ong  waste d ischarges  a r e  

i n t e r m i t t e n t .  There would t h e r e f o r e  be g r e a t  d i f f i c u l t y  i n  des ign ing  

and e f f e c t i v e l y  ope ra t i ng  a  waste t rea tment  f a c i l i t y  f o r  these i n d u s t r i a l  

wastes. Economic b e n e f i t  would depend on t h e  c o s t  sav ings t o  i n d u s t r y  

compared w i t h  f u l l  p l an  cos ts ,  and on any improved r e l i a b i l i t y .  Since 

any such system cou ld  n o t  be designed t o  dea l  w i t h  a l l  p o s s i b l e  d e l e t e r i o u s  

i n d u s t r i a l  m a t e r i a l s  d ischarged i n  wastewater, i t  a l s o  would be 

dependent on i n - f a c t o r y  c o n t r o l s  and p re - t rea tment .  

A  separate i n d u s t r i a l  waste c o l l e c t i o n  system i s  n o t  p r a c t i c a l l y  o r  

economica l ly  v i a b l e  i f  i t  must i n c l u d e  a  phys ica l -chemica l  o r  p h y s i c a l -  

chem ica l - b i o l og i ca l  t rea tment  f a c i l i t y .  If such a  f a c i l i t y  i s  n o t  inc luded ,  



TABLE 7-2 

MODE OF COLLECTION - REGIONAL COST COMPARISON 

( f  
Cost, LE m i l l i o n  

I n t e g r a t e d  Tox ic  I n d u s t r i e s  Separate ( 9 )  
A  B Scheme A Scheme B 

(Sea) (Reuse) (sea (Reuse) 
T  T  R + T I = T  R + T I = T  

Conveyance (a )  105 125 90 70 160 105 65 170 

Treatment ( b )  80 190 70 - (h )  70 160 - ( h )  160 

Disposal  ( c )  - 125 65 - 110 - 30 140 60 30 90 

C a p i t a l  TOTAL 310 380 270 100 370 325 35 420 

Annual 0  & M ( d l  4  7  - - - - 5  8  

R e l a t i v e  Pres n  
Worth Cost fef 1 -00  1.24 

( a ) ~ n t e r c e p t o r  sewers/ force mains/pump s t a t i o n s .  

( b ) ~ r e a t m e n t  f a c i l  i t i e s / l a n d  a c q u i s i t i o n .  

( " ~ f f l  uent  pump s t a t i o n s / e f f l u e n t  fo rce  mains/submarine o u t f a l l s .  

(d )Opera t ion  and maintenance cos ts  based on p r o j e c t e d  1990 f l ows .  

( e ) ~ r e s e n t  worth va lues based on 10 pe rcen t  i n t e r e s t  r a t e .  For  
Scheme B i n v o l v i n g  reuse, b e n e f i t  t o  a g r i c u l t u r a l  c rop  p roduc t i on  
i s  i nc l uded  as a  nega t i ve  cost .  

( f ) ~ e f e r  t o  Table  7-1, under P a r t i a l  Conso l i da t i on  (Level  2) .  

( g ) ~  - r e g u l a r  wastewater system (domest ic  and non- tox ic  i n d u s t r i a l  f l o w s )  . 
T I  - separatesystem f o r  t o x i c  i n d u s t r i a l  f l o w s  i n c l u d i n g  t rea tment .  

T  - t o t a l  cos t s  o f  b o t h  R and T I  

( h ) ~ h y s i c a l  -chemical t rea tment  assumed unnecessary f o r  i n i t i a l  assessments, 
i f  r e q u i r e d  would inc rease  cos t s  cons iderab ly .  



t he  v i a b i l i t y  o f  separa te  c o l l e c t i o n  depends on t h e  env i ronmenta l  

accep tab i l  i t y  o f  evapora t ion  d i sposa l ,  w i t h o u t  t rea tment ,  i n  a  remote 

l o c a t i o n  i n  t h e  Western Deser t  and on t h e  p o s s i b l e  b e n e f i t  t o  i n d u s t r y  

i n  avoidance of p re - t rea tment  t o  remove t o x i c  m a t e r i a l s .  Pre- t reatment  

necessary t o  p r o t e c t  sewer p i p e l i n e s  and pump s t a t i o n s  would s t i l l  be 

requ i red. 

I n  v iew o f  t h e  h i g h  c o n s t r u c t i o n  and ope ra t i ng  cos t ,  t h e  p robab le  

con t rove rsy  i nvo l ved  i n  imp le~ i ien t ing  a  separa te  c o l l e c t i o n  system f o r  

t o x i c  i n d u s t r i a l  wastes, and the  doub t fu l  o v e r a l l  economic b e n e f i t s ,  

i t  i s  recommended t h a t  an i n t e g r a t e d  s a n i t a r y  and i n d u s t r i a l  system be 

cons t ruc ted ,  and t h a t  i n d u s t r i e s  be r e q u i r e d  t o  c o n t r o l  and, where 

found necessary, p r e - t r e a t  wastes. 

A1 t e r n a t i  ve Disposal  Schemes 

Three r e g i o n a l  schemes, as shown on F igu re  7-3, f o r  d i sposa l  of A l e x a n d r i a ' s  

wastewater f low, have been cons idered and eva luated.  These comprised 

t h e  f o l l o w i n g :  

Scheme A  - d ischarge  t o  t h e  sea v i a  deep submarine o u t f a l l s ,  

f o l  l ow ing  p r e l i m i n a r y  t reatment .  

Scheme B - d ischarge  t o  a g r i c u l t u r a l  l ands  (bo th  i n  t h e  Abu K i r  

and Ameria areas)  t h a t  r e q u i r e  wa te r  f o r  i r r i g a t i o n  

o f  crops, f o l  l o w i  ng secondary t rea tment .  

Scheme C - d ischarge  i n  t h e  Western Deser t  (beyond t h e  E l  Nasr 

Canal) f o r  d i sposa l  by  evapora t ion .  

The es t imated  c a p i t a l ,  ope ra t i ng ,  and d iscoun ted  cos t s  o f  t h e  above 

r e g i o n a l  schemes a r e  presented i n  Table  7-3. Scheme C i n vo l ves  cons id-  

e r a b l e  c a p i t a l  c o s t  t o  convey a l l  area wastewaters t o  an o u t l y i n g  area 

f o r  evaporat ion.  Sea d isposa l  rep resen ts  lowes t  c a p i t a l  and o p e r a t i n g  

c o s t  of any a l t e r n a t i v e  scheme. On a  p resen t  wor th  bas is ,  Scheme A  i s  

26 percen t  l e s s  than  Scheme B and 36 percen t  l e s s  than  Scheme C. 

On t h e  b a s i s  o f  e f f ec t i veness  and env i ronmenta l  impact, Schemes A  and B 

a r e  a l s o  cons idered s u p e r i o r  t o  d e s e r t  evaporat ion,  a l though  s u p e r i o r i t y  



TABLE 7-3 

DISPOSAL SCHEMES - REGIONAL COST COMPARISON 

Conveyance ( a )  

Cost, LE m i l l i o n  
Scheme A Scheme B Scheme C 

Sea Reuse Deser t  
D i  sposal I r r i g a t i o n  Eva;;;a;; on 

105 125 

Treatment ( b )  80 190 - 
( c )  Di  sposal -- 125 - 65 - 50' 

C a p i t a l  TOTAL 31 0  380 41 0  

Annual 0  & M ( d )  . . 4  7  6  

R e l a t i v e  Pres n  
Worth Cost r e f  

( a )  ~ n t e r c e p t o r  sewers l fo rce  mai nslpump s t a t i o n s .  

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

( ' ) ~ f f l  uent  pump s t a t i o n s l e f f l  uen t  f o r c e  mains/submarine o u t f a l l  s. 

(d )Opera t ion  and maintenance cos ts  based on p r o j e c t e d  1990 f lows .  

( e l p resen t  wor th  va lues based on s i n g l e  payment of c a p i t a l  i n  y e a r  
1982 p lus  un i f o rm  s e r i e s  o f  0  & M over  23-year p e r i o d  o f  
10 percen t  i n t e r e s t  r a te .  

( f ) ~ n v o l  ves conveyance o f  area wastewaters through dual  (s taged)  
f o r c e  mains n e a r l y  100 km t o  t h e  Western Desert. 

(.g ) I 2 
Evaporat ion pond r e q u i r i n g  175 km . 



o f  these two a l t e r n a t i v e s  depends on adequate c o n t r o l  o f  t h e  t o x i c  

c o n s t i t u e n t s  i n  i n d u s t r i a l  wastes. 

I n  s p i t e  o f  i t s  h i ghe r  cos t ,  Scheme B has an apparent  advantage o f  

p r o v i d i n g  f o r  reuse o f  a  presumed scarce resource,  water .  However, 

as i s  d iscussed i n  Appendix E, i t  has been determined t h a t  a g r i c u l t u r a l  

p r a c t i c e s  c u r r e n t l y  f o l l o w e d  a r e  so wastefu l  o f  water  t h a t  conse rva t i on  

can make a d d i t i o n a l  water  a v a i l a b l e  a t  f a r  l e s s  c o s t  than  t rea tment  

and conveyance of  wastewaters t o  i r r i g a b l e  areas. The c o s t  o f  a  reuse 

scheme, i n c l u d i n g  c o n s i d e r a t i o n  o f  p o t e n t i a l  b e n e f i t  i s  approx imate ly  

25 percen t  g r e a t e r  than t h e  a l t e r n a t i v e  l e a s t  c o s t  sea d isposa l  scheme. 

Reuse may be econoni ica l ly  j u s t i f i a b l e  i n  t he  f u t u r e ,  b u t  i s  most l i k e l y  t o  

be j u s t i f i e d  f o r  o n l y  a  p o r t i o n  o f  t o t a l  f l o w  f o r  p a r t  o f  t h e  yea r .  An 
inexpens ive means o f  s u i t a b l e  d isposa l  w i l l  s t i l l  be needed, even i f  a t  

some t i n e  beyond t h e  p l ann ing  hor izon,  a d d i t i o n a l  wastewater i s  r e q u i r e d  

f o r  i r r i g a t i o n .  71arine d isposa l  now does n o t  n e c e s s a r i l y  c o n f l i c t  w i t h  
f u t u r e  a g r i c u l  t u r a l  reuse p o t e n t i a l  . 

7.4 Development o f  Zone Plans 

Eastern A1 t e r n a t i v e s  

Two a l t e r n a t i v e  "hardware" p lans,  as dep ic ted  on F i g u r e  7-4, were developed 

f o r  t h e  e x i s t i n g  I nne r  East  Zone and t h e  f u t u r e  Outer  Eas t  Zone, t h e  

l a t t e r  be ing  composed o f  Ras e l  Soda, S i o u f  Kebl ia ,  and t h e  Sadat C i t y  s i t e  

areas. These p lans  are:  

P lan 1.  A l l  wastewaters conveyed t o  a  r e g i o n a l  p r e l i m i n a r y  t r e a t -  

ment f a c i l i t y  which would d ischarge  th rough  a deep sub- 

marine o u t f a l l  t o  t h e  Medi ter ranean Sea. 

P lan 2. A l l  wastewaters conveyed t o  a  r e g i o n a l  secondary t r ea tmen t  

f a c i l i t y ,  t h e  e f f l u e n t  t o  be reused f o r  c rop  i r r i g a t i o n  

( i n t e r i m  d ischarge t o  Lake Maryut  a1 so eva lua ted) .  

General p lans, l ayou t s ,  and element c o s t s  o f  bo th  a l t e r n a t i v e s  a r e  

presented i n  Appendix J. 

A l t e r n a t i v e  Plan 1 was fo rmu la ted  t o  convey eas te rn  a rea  wastewaters t o  

a  ma jo r  p r e l i m i n a r y  t rea tment  f a c i l i t y  l o c a t e d  south o f  S i d i  B i s h r  i n  



Ras e l  Soda (between t h e  r a i l w a y  and Montazah Canal) .  I n d i v i d u a l  f o r c e  

mains se rv i ng  Smouha, Siouf Keb l ia ,  Ramleh, Montazah, Maamoura, and 

Sadat City areas were s i zed  as l i s t e d  i n  Appendix J. New pump s t a t i o n s  

would be r e q u i r e d  a t  a  number o f  s i t e s ,  a l though many e x i s t i n g  pump 

s t a t i o n s  i n  t he  I n n e r  East Zone would be mainta ined.  T rea ted  e f f l u e n t  

would be pumped through a submarine o u t f a l l  (2200 mn d iameter)  t o  a  depth 

of 50 t o  55 m i n  t he  Mediterranean Sea approx imate ly  10 km d i s tance  o f f  

t he  coas t  a t  S i d i  B i sh r .  

The second a1 t e r n a t i v e  p l an  was developed by 1 ay ing  o u t  and s i z i n g  necessary 

g r a v i t y  sewers, pump s t a t i o n s ,  and f o r c e  mains t o  c o l l e c t  and convey eas te rn  

area ( I n n e r  and Outer  East  Zone) wastewaters t o  a  t rea tment  p l a n t  s i t e  l o -  

cated south o f  t h e  A lexandr ia  Hydrodrome and ad jacen t  t o  t h e  Kalaa Dra in .  

D e t a i l s  o f  p ipe  s izes  and lengths,  pump and t rea tment  p l a n t  c a p a c i t i e s ,  and 

general  a l ignments are a l s o  con ta ined  i n  Appendix J o f  Volume 111. 

Secondary l e v e l  t r e a t e d  e f f  1  uen t  would be t r anspo r ted  t o  p r i n c i p a l  i r r i g a t i o n  

cana ls  o f  t h e  Abu K i r  D ra in  and Abbis areas i n  t he  southwestern N i l e  Del ta ,  

I n t e r i m  d ischarge of su rp lus  f lows would be t o  t he  Kalaa D r a i n  which conveys 

f l o w  t o  Lake t la ryu t  near  t he  nor theas te rn  end o f  t he  main lagoon. 

To ta l  c a p i t a l  and average ope ra t i ng  cos ts  assoc ia ted  w i t h  t h e  two a l t e r -  

n a t i v e s  f o r  t h e  eas te rn  areas a r e  expressed i n  Table 7-4. Also l i s t e d  

a re  d iscounted costs i n  terms o f  annual value and p resen t  worth.  S e n s i t i v i t y  

o f  present  wor th  t o  chaqges i n  d i scoun t i ng  r a t e  a r e  shown as w e l l .  The 

p resen t  wor th  va lue f o r  P lan 2 r e f l e c t s  t he  b e n e f i c i a l  va lue t o  c rop  

p roduc t ion  f o r  reuse o f  t r e a t e d  wastewaters. The va lue  o f  reuse, as found 

i n  Appendix E, i s  est imated between LE 58 and LE 67 per  feddan which r e -  

s u l t s  i n  a  present  wor th  va lue o f  approx imate ly  LE 10 m i l l i o n  i f  systems 

a r e  on l i n e  by t he  mid-1980's. Th is  va lue i s  t r e a t e d  as a nega t i ve  c o s t  

i n  comparing t he  n e t  present  wor th  o f  Plan 2 t o  t h a t  o f  P lan 1 which 

c a r r i e s  no such b e n e f i t .  

Comparison shows t h a t  P lan 1 (sea d i sposa l )  would have a p resen t  wor th  cos t  

o f  LE 23 - 28 m i l l i o n  l e s s  than Plan 2 i n v o l v i n g  a r e g i o n a l  secondary 

t rea tment  p l a n t  system i n c l u s i v e  o f  reuse b e n e f i t s .  P lan 1 c a p i t a l  cos t s  



TABLE 7-4 

ECONOMIC COMPARISON OF VIABLE ALTERNATIVES FOR EASTERN ZONES 

Sewers & Force Mains 

Pumping S t a t i o n s  

Treatment F a c i l i t i e s  

Disposal  F a c i l i t i e s  

Land A c q u i s i t i o n  

C a p i t a l  TOTAL 

Average 0 & M 

R e l a t i v e  Present  \ fo r th  
( a t  10 pe rcen t  d i scoun t  r a t e )  

Cost, LE thousand 
P lan  1 P lan 2 
J Sea ) (Reuse) 

38 500 51 730 

11 450 10 560 

23 0 0 0 ' ~ )  94 1 2 0 ( ~ )  

55 600") 22 6 2 0 ' ~ )  

( a ) ~ r e l  im inary  t rea tment  p l a n t  i n  Ras e l  Soda. 

( b ) ~ e c o n d a r y  t rea tment  p l a n t  near  Hydrodrome. 

(')submarine o u t f a l l  (10 km - 2100 mn O). 

( d ) ~ f f l  uent  conveyance and d i s t r i b u t i o n  t o  i r r i g a t i o n  canals .  

( e ' ~ t  8 pe rcen t  P lan  2 i s  25 percen t  g rea te r  than  P lan  1, and 
a t  12 percen t  P lan 2 i s  37 percen t  q r e a t e r  than Plan 1. 

( f  ) ~ n c l u d e s  d iscoun t  f o r  b e n e f i t  de r i ved  f r om reused wastewater 
on crop1 ands. 



a r e  es t imated  t o  be 73 percen t  of Plan 2 c a p i t a l  cos ts .  Average annual 

ope ra t i ng  expenses assoc ia ted  w i t h  P lan 1  are 48 percen t  o f  P lan 2 annual 
ope ra t i on  and maintenance costs'. 

I f  reuse i s  n o t  cons idered ( i  .e., c o s t  o f  conveyance f a c i l i t i e s  and t h e  

b e n e f i t  de r i ved  f rom wastewater a p p l i c a t i o n  i s  excluded from economic 

comparison) so t h a t  P lan 2 i n v o l v e s  the  d ischarge o f  secondary t rea tment  

p l a n t  e f f l u e n t  i n t o  Lake Maryut (cons idered as an i n t e r i m  s o l u t i o n  on ly ,  
as discussed i n  Chapter 6 ) ,  then Plan 1  c a p i t a l  cos ts  a r e  es t imated  t o  

be 83 percen t  o f  P lan 2 c a p i t a l  cos ts ,  and o p e r a t i o n  and maintenance 

cos ts  a r e  es t imated  t o  be 53 percen t  of P lan 2. 

From a  f u n c t i o n a l  s tandpo in t ,  e f f l u e n t  reuse may have some long- term 

non -quan t i f i ab le  b e n e f i t s  over  wastewater d ischarge t o  t he  sea, b u t  f o r  

t h e  p resen t  and near f u t u r e  i t  has much lower  p r a c t i c a l  and f i n a n c i a l  

f e a s i  b i  1  i ty. Both modes o f  d isposa l  a r e  cons idered env i  ronnlental l y  

s a t i s f a c t o r y .  Operat ional  r e l i a b i l i t y  o f  a  p r e l i m i n a r y  t rea tment  p l a n t ,  

removing o n l y  g r i t  and f l o a t a b l e s ,  i s  much g r e a t e r  than t h a t  o f  a  

secondary p l a n t ,  i n v o l v i n g  more comp'l icated and s e n s i t i v e  b i o l o g i c a l  

processes and chemical c o n t r o l s .  A p r e l i m i n a r y  p l a n t  can a l s o  be bypassed 

f o r  s h o r t  pe r i ods  of t ime w i t h o u t  s i g n i f i c a n t  impact on t h e  r e c e i v i n g  

environment and take  up l e s s  space than a  secondary t rea tment  f a c i l i t y .  

Shutdown o f  a  secondary p l a n t  would c rea te  much g r e a t e r  adverse env i ron-  

mental impact. 

It i s  concluded t h a t ,  cons ider ing  bo th  economic and f u n c t i o n a l  f a c t o r s ,  

sea d isposa l ,  f o l l o w i n g  p r e l i m i n a r y  t reatment ,  i s  t h e  most c o s t - e f f e c t i v e ,  

p r e d i c t a b l e  and r e l i a b l e  o f  t he  a v a i l a b l e  env i ronmenta l l y  acceptable 

methods o f  managing wastewaters i n  t he  eas te rn  zones o f  A lexandr ia .  

Abu K i r  A1 t e r n a t i  ves 

Three a l t e r n a t i v e  "hardware" p lans,  as shown on F igu re  7-4 have been 

developed f o r  t h e  Abu Ki  r Zone. These i nc l ude :  

Plan 1. A l l  wastewaters conveyed t o  t he  eas te rn  area p r e l i m i n a r y  

t reatment  f a c i  1  i ty a t  Ras e l  Soda f o r  sea d ischarge.  



Plan 2. A l l  wastewaters conveyed t o  an evaporat ion pond a t  Lake Idku. 

Plan 3. Separat ion o f  Abu K i r  Peninsula ( p r i m a r i l y  domestic) and 

Abu K i  r Bay (predominant ly i n d u s t r i a l  ) wastewater; domestic 

f lows conveyed t o  t h e  Ras e l  Soda f a c i l i t y  f o r  sea discharge, 

w i t h  i n d u s t r i a l  f lows conveyed eas t  t o  an evaporat ion pond 

a t  Lake Idku. 

A l t e r n a t i v e  Plan I was s ized f o r  an area ADWF o f  173 ML/day t o  be conveyed 

some 5500 m southwest v i a  a 1400 mm fo rce  main t o  the i n t a k e  of t h e  East 

Zone (Ras e l  Soda) p r e l  i m i  nary treatment f a c i  1 i t y  . Hydraul i c  capac i ty  

o f  t h e  p l a n t  and o u t f a l l  would be increased t o  accommodate the a d d i t i o n a l  

f low.  The p re l  i m i  nary p l a n t  would have a capaci t y  o f  71 0 (1 73 + 537) ML/day 

and t h e  o u t f a l l  would be increased t o  2500 mm diameter. Abu K i r ' s  share o f  

treahi ient and discharge costs (based on year  2000 ADWF) would be 24 percent 

(1 73/710). 

The second a1 t e r n a t i v e  was formulated i n  terms o f  sewer s izes,  lengths, pump 

s t a t i o n  capaci t ies,  and f o r c e  mains necessary t o  c o l l e c t  and convey eastward 

a1 1 o f  Abu K i r ' s  p ro jec ted  sewage f lows (ADWF of 173 ML/day by year  2000) t o  

a 4500 ha evaporat ion pond a t  the  western end o f  Lake Idku. A main pump 

s ta t i on ,  w i t h  a peak f l ow  capac i ty  o f  270 ML/day, would be necessary a t  

Tabia together  w i t h  8000 m of 1400 mm diameter f o rce  main. 

The t h i r d  a l t e r n a t i v e  would comprise two separate conveyance systems, one 

t o  t ranspor t  p r i m a r i l y  domestic wastewaters (ADWF 23 ML/day) along Abu K i r  

Peninsula t o  t h e  Ras e l  Soda p re l im ina ry  treatment p l a n t  in take,  and the  o the r  

t o  convey predominantly i n d u s t r i a l  f lows (ADWF 150 ML/day) t o  an evaporat ion 

pond located a t  Lake Idku. A main pump s t a t i o n  f o r  peninsula f lows would 

have a peak capaci ty  o f  52 ML/day and a 650 m diameter f o r c e  main would 

extend 5500 m t o  the  Ras e l  Soda p l a n t  in take.  The p l a n t  would be increased 

i n  capac i ty  t o  560 (23 + 537) ML/day o f  which Abu K i r ' s  share would be 

4 percent (23/560). The S i d i  B i sh r  submarine o u t f a l l  would not  requ i re  

r e - s i z i n g  f o r  t h i s  small a d d i t i o n a l  flow. An i n d u s t r i a l  pump s t a t i o n  a t  

Tabia (peak capac i ty  o f  225 ML/day) would convey Abu K i r  Bay f lows 8000 m t o  

Lake Idku  through a 1300 mm diameter force main. The evaporat ion pond, s ized 

f o r  a year  2000 ADWF o f  150 ML/day, would encompass 4000 ha. 



C a p i t a l ,  average ope ra t i ng  and d iscoun ted  annual cos t s  assoc ia ted  w i t h  

t h e  t h r e e  Abu K i r  Zone a l t e r n a t i v e  p lans  a r e  presented i n  Table  7-5, as 

a r e  p resen t  wor th  c o s t s  a t  va r i ous  d i scoun t  r a t e s .  Comparison shows 

l i t t l e  d i f f e r e n c e  i n  c o s t  between t h e  second and t h i r d  a l t e r n a t i v e s ;  

P lan 1  has h i ghe r  cos t s  f o r  bo th  c a p i t a l  and ope ra t i ons .  I t  appears 

t o  be s l i g h t l y  more c o s t l y  t o  convey a l l  Abu K i r  wastewaters t o  an 

evapora t ion  pond than t o  sepa ra te l y  c o l l e c t  domest ic ( pen insu la )  f l o w  

f o r  conveyance t o  t he  East  Zone system, b u t  t h e  d i f f e r e n c e  i s  minor .  

From a  f u n c t i o n a l  s tandpo in t  t h e r e  a re  severa l  s i g n i f i c a n t  d i f f e rences  

between Plans 2 and 3. A  separate  c o l l e c t i o n  system would be more 

f l e x i b l e  i n  terms o f  p o s s i b l e  changes i n  land  use and i n d u s t r i a l  

development than a  s i n g l e  conveyance system and c o u l d  be more e a s i l y  

implemented. I t  would a l s o  reduce, t o  some ex ten t ,  t h e  amount o f  

wastewater r e q u i  r i n g  evapora t ion  and thereby  decrease 1  and r e q u i  rements . 

It has been concluded t h a t ,  as cos t s  a r e  approx imate ly  e q u i v a l e n t  and 

f u n c t i o n a l  assessment f a v o r s  P lan 3, t he  Abu K i r  c o l l e c t i o n  system be 

cons t ruc ted  as two independent systems--one se rv i ng  t h e  pen insu la  and 

another  t h e  i n d u s t r i a l  area a long t he  bay, w i t h  t h e  op t i on ,  i f  found 

more expedient  o f  conveying domest ic wastes westward t o  t h e  Tabia pump 

s t a t i o n ,  i n  l i e u  o f  c o n s t r u c t i o n  o f  an Abu K i r  East  Zone f o r c e  main. A  

f i n a l  d e c i s i o n  can be made a t  t ime  of des ign  f o r  t h i s  p o r t i o n  o f  t he  

system as t he  two p lans  a r e  n e a r l y  comparable i n  p resen t  wor th  cos t .  

None of t he  Abu K i r  a l t e r n a t i v e s  w i  11 a f f ec t  t h e  s i t u a t i o n  s i g n i f i c a n t l y  

i n  t h e  Outer East Zone as independent and separate  conveyance f a c i l i t i e s  

a re  i nvo l ved .  I n i t i a l  p r e l i m i n a r y  p l a n t  c a p a c i t y  and o u t f a l l  s i z e  would 

be adequate t o  p rov i de  f o r  t h e  r e l a t i v e l y  smal l  Abu K i r  domest ic f l o w s  

if Plan 3  i s  implemented. 

I nne r  West and Cen t ra l  A1 t e r n a t i v e s  

Three hardware a l t e r n a t i v e s  have been developed f o r  t he  Innler West and 

Cent ra l  Zones as shown on F igu re  7-4. They i nc l ude :  

P lan 1. Conveyance of a l l  wastewater f l o w s  t o  a  c e n t r a l  p re -  

l i m i n a r y  t rea tment  p l a n t  ( s e r v i n g  bo th  zones) f o r  sub- 

sequent d isposa l  t o  t h e  sea through a  submarine o u t f a l l .  



TABLE 7-5 

ECONOMIC COMPARISON' OF VIABLE ALTERNATIVES FOR ABU KIR ZONE 

Plan 1 
(Sea) 

Sewers & Force Mains 8 250 

Purr~pi ng S t a t i o n s  5 540 

Treatment F a c i l i t i e s  6 500 

Disposal  F a c i l  i t i e s  26 380 

Land A c q u i s i t i o n  980 

C a p i t a l  TOTAL 48 150 

Cost, LE thousand 
Plan 2 Plan 3 (a )  
(Evap) (Sea/Evap) 
7 370 7 880 

Average 0 & M 64 0 240 21 0 

Re1 a t i v e  Present  Uor th  Cost ( b )  

( a t  10 percen t )  1.82 1.05 1 .OO 

( a ) ~ e n i n s u l a  (domest ic)  f lows conveyed t o  Eas t  Zone p r e l  im ina ry  t rea tment  
f a c i  1 i ty; i n d u s t r i a l  f l ows  conveyed t o  Lake I dku  evapora t ion  pond. 

( b ) ~ t  8 percen t  d iscoun t  r a t e  Plan 1 i s  32 percen t  g rea te r  than Plan 3 
and Plan 2 i s  5 percen t  g r e a t e r  than Plav 3. 
A t  12 percen t  Plan 1 i s  70 percen t  g r e a t e r  than  Plan 3 and 
Plan 2 i s  5 percen t  g r e a t e r  than Plan 3. 



Plan 2. Conveyance o f  a l l  wastewater f l ows  t o  a  r e g i o n a l  secondary 

t rea tment  f a c i  1  i ty  f o r  a g r i c u l t u r a l  reuse. 

P lan 3, Coneyance o f  wastewaters t o  two p r e l i m i n a r y  t r ea tmen t  

f a c i l i t i e s  (one se rv i ng  t h e  Cent ra l  Zone and one t h e  I n n e r  

West) f o r  subsequent d i sposa l  t o  t h e  sea th rough  a  s i q g l e  

submarine o u t f a l l  a t  K a i t  Bey. 

A1 t e r n a t i v e  P lan  1  i nvo l ves  conveyance, by a  1500 mn d iameter  f o r c e  main, 

o f  wastewater from the  I n n e r  West Zone (ADWF 220 MLlday) t o  Kai t Bey f o r  

p r e l i m i n a r y  t rea tment  a long w i t h  Cen t ra l  Zone f lows ( t o t a l  ADWF 392 MLlday) 

and subsequent d ischarge  through 2100 mm submarine o u t f a l l  ex tend ing  10 km 

offshore, An e f f l u e n t  pump s t a t i o n  designed f o r  peak f l ows  o f  575 MLlday 

would be necessary i n  o r d e r  t o  d ischarge  t h e  t o t a l  combined f l o w  f r om 

bo th  zones, 

The second a1 t e r n a t i v e  was l a i d  o u t  t o  c o l l e c t  y e a r  2000 f l ows  f rom t h e  

Cent ra l  Zone (ADWF 173 MLlday) v i a  a  253 MLlday peak capac i t y  pump s t a t i o n  

a t  Kai t Bey through 6600 m o f  1400 mm d iameter  f o r c e  main t o  a  r e g i o n a l  

West Treatment P l a n t  i n t ake .  A  West Zone ADWF o f  219 MLlday would a l s o  be 

conveyed by a  major  2300 rnrn d iameter  g r a v i t y  i n t e r c e p t o r  sewer westward 

a long  t he  Alex-Cai ro  r a i l w a y  t o  a  324 MLlday peak capac i t y  i n f l u e n t  pump 

s t a t i o n  a t  t he  West P l a n t  s i t e .  The r e g i o n a l  secondary t rea tment  f a c i l i t y  

would have an ADWF capac i t y  o f  392 MLlday and would be l o c a t e d  a t  t h e  s i t e  

of t h e  p resen t  West Sewage Treatment P l a n t  be ing  cons t ruc ted  near  t h e  

Noubaria Canal on the  n o r t h  shore o f  Lake Maryut. P l a n t  e f f l u e n t  would be 

pumped t o  t he  Maryut and Ameria Northwest a g r i c u l t u r a l  sec to r s  f o r  reuse 

through crop i r r i g a t i o n .  I n t e r i m  d ischarge o f  excess f l ows  would be t o  

Lake Maryut. 

A l t e r n a t i v e  Plan 3  i nvo l ves  c o n s t r u c t i o n  o f  two p r e l i m i n a r y  t rea tment  

f a c i l i t i e s ;  one a t  K a i t  Bey f o r  Cen t ra l  Zone f lows (ADWF 173 MLlday), and 

t he  o the r  a t  t h e  p resen t  West Treatment p l a n t  s i t e  f o r  a l l  I nne r  West 

Zone f lows (219 MLlday), West P l a n t  e f f l u e n t  would be pumped 6600 m t o  

Kai t Bey through a  1300 mm diameter f o r c e  main f o r  j o i n t  d i scharge  w i t h  

Cen t ra l  Zone e f f l u e n t  through a  1900 nun d iameter  submarine o u t f a l l  extend- 

i n g  10 km o f fshore .  An e f f l u e n t  pump s t a t i o r  designed f o r  peak f l o w s  o f  

495 MLlday would be necessary a t  Y a i t  Bey i n  o r d e r  t o  d ischarge  f l ows  f rom 

bo th  t h e  Cent ra l  and I nne r  West Zones. 



Costs assoc ia ted  w i t h  t he  t h r e e  a l t e r n a t i v e s  a r e  presented i n  Tab le  7-6 

and i n c l u d e  p resen t  wor th  s e n s i t i v i t y  checks f o r  v a r i a t i o n s  i n  d i scoun t i ng  

r a t e .  As i n  t he  cos t s  f o r  t h e  eas te rn  area, b o t h  t o t a l  c a p i t a l  c o s t  and 

annual cos t s  f o r  sea d i sposa l  a re  l e s s  than  t h e  cos t s  f o r  r e g i o n a l  secondary 

t rea tment  and d ischarge  t o  i r r i g a t i o n  canals  f o r  a g r i c u l t u r a l  reuse, 

i n c l u s i v e  o f  t h e  b e n e f i t  f o r  c rop  p roduc t ion .  The p resen t  wor th  c o s t  o f  

P lan  3  i s  36 percen t  l e s s  than  t h a t  assoc ia ted  w i t h  P lan  2, and 9 pe rcen t  

l e s s  than  P lan  1, Opera t iona l  cos t s  f o r  sea d i sposa l  f rom two p r e l i m i n a r y  

p l a n t s  r ep resen t  LE 1.27 m i l l i o n  pe r  y e a r  l e s s  than  annual 0  & M cos t s  

f o r  secondary t rea tment  and reuse. The cos ts  assoc ia ted  w i t h  c o n s t r u c t -  

i n g  a  s i n g l e  p r e l i m i n a r y  t rea tment  p l a n t  system a t  K a i t  Bey (P lan  1 )  a r e  

h i g h e r  than  an a l t e r n a t i v e  i n v o l v i n g  two p l a n t s ;  one an expansion o f  t h e  

West Treatment P lan t ,  t h e  o t h e r  t o  be b u i l t  a t  K a i t  Bey f o r  Cen t ra l  Zone 

f l ows  on ly .  

If reuse i s  n o t  cons idered  ( i  .e, , t h e  c o s t  o f  conveyance f a c i  1  i t i e s  and 

t h e  b e n e f i t  d e r i v e d  f rom wastewater a p p l i c a t i o n  i s  excluded f rom economic 

comparison) i n  o r d e r  t h a t  P lan  2  represen ts  d ischarge  o f  e f f l u e n t  f rom 

a  secondary p l a n t  t o  Lake Maryut (an i n t e r i m  s o l u t i o n  on ly ,  as e s t a b l  i shed  

i n  Chapter 6), then  P lan  2  i s  s t i  11 found t o  i n v o l v e  20 percen t  more 

c a p i t a l  c o s t  and 40 percen t  g r e a t e r  annual o p e r a t i o n  and maintenance 

cos ts  than P lan  3. 

A l though e f f l u e n t  reuse  may have sane l o n g  te rm advantages, i t  has, as 

found f o r  t h e  eas te rn  area, lower  p r a c t i c a l  and f i n a n c i a l  f e a s i b i l i t y  

than sea d i sposa l .  Both o f  these modes o f  d i sposa l  a r e  env i r onmen ta l l y  

s a t i s f a c t o r y  ( i f  i n d u s t r i a l  waste c o n t r o l s  and p re - t rea tment  a r e  enforced) .  

Sea d isposa l  a f t e r  p r e l i m i n a r y  t rea tment  has t h e  g r e a t e r  ope ra t i ona l  

r e l i a b i l i t y  and w i l l  c r e a t e  t h e  l e a s t  adverse consequences i n  t h e  even t  

of i n t e r r u p t i o n  o f  t reatment .  

Marine d isposa l ,  f o l l o w i n g  p r e l i m i n a r y  t reatment ,  i s  concluded t o  be t h e  

most c o s t - e f f e c t i v e ,  p r a c t i c a b l e  and r e l i a b l e  of t h e  a v a i l a b l e  env i ron-  

m e n t a l l y  accep tab le  methods o f  managing wastewater f rom the  I n n e r  West 

and Cen t ra l  Zones. 



TABLE 7-6 

ECONOMIC COMPARISON OF VIABLE ALTERNATIVES FOR WEST/CENTRAL ZONES 

Sewer & Force Mains 

Pumping S t a t i o n s  

Treatment F a c i l i t i e s  

Disposal  Faci  1  i t i e s  

Land A c q u i s i t i o n  

Cap i t a l  TOTAL 

Cost, LE thousand 
Plan T P lan 2 Plan 3 

(Sea-1 P l a n t )  (Reuse) (Sea-2 P lan t s )  

18 020 16 650 13 500 

Average 0 & M 1  750 2 880 1 610 

R e l a t i v e  Present Worth Cost ( 4  
( a t  10 percen t  d i scoun t  r a t e )  1.09 1.36 ( f )  1  .OO 

( a ) ~ r e l i m i n a r y  t rea tment  a t  K a i t  Bey and ( f o r  P lan 3) a t  West P lan t .  

( b ) ~ e c o n d a r y  t reatment  a t  West P lan t .  

( ~ ' ~ u b m a r i n e  o u t f a l l  (10 km - 1900 mm (4). 

( d ) ~ f f l  uent  conveyance and d i s t r i b u t i o n  t o  i r r i g a t i o n  canals.  

( e ) ~ t  8  percen t  d iscoun t  r a t e ,  Plan 1 i s  8  percen t  g r e a t e r  than 
Plan 3 and Plan 2 i s  33 percen t  g r e a t e r  than Plan 3. A t  
12 percent  d iscoun t  r a t e ,  Plan 1 i s  8  percen t  g r e a t e r  than 
Plan 3 and Plan 2 i s  33 percen t  g rea te r  than Plan 3. 

( f ) ~ n c l u d e s  economic b e n e f i t  de r i ved  from reused wastewater on 
crop1 ands. 



Outer  West A1 t e r n a t i v e s  

The Outer  West Zone, l i k e  t h e  Outer  East  and Abu K i r  areas, i s  y e t  unsew- 

ered. There a re  t h r e e  p o t e n t i a l l y  v i a b l e  a l t e r n a t i v e  p lans  f o r  t h e  zone 

as i l l u s t r a t e d  on F igu re  7-4. They a re :  

P lan 1 .  C o l l e c t i o n  and conveyance o f  a l l  wastewaters westward 

t o  a waste s t a b i l i z a t i o n  pond f a c i l i t y  a long  t h e  n o r t h  

shore o f  West Lake Maryut.  

P l an  2. C o l l e c t i o n  and conveyance o f  a l l  wastewaters f u r t h e r  

westward t o  a l a r g e r ,  c e n t r a l  waste s t a b i l i z a t i o n  pond 

l o c a t e d  i n  t h e  e x t r e m i t i e s  o f  West Lake Maryut  t h a t  

would a l s o  t r e a t  f l o w s  f rom Ameria. 

P lan 3. C o l l e c t i o n  and conveyance o f  a l l  wastewaters eastward 

t o  an en1 arged reg iona l  p r e l  im ina ry  t r ea tmen t  f a c i  1 i ty; 

( f o rmu la ted  i n  P lan 1 f o r  t h e  I n n e r  West and Cen t ra l  Zones); 

Outer  West Zone f l ows  thereby  be ing  d ischarged t o  t he  sea 

a t  K a i t  Bey. 

The f i r s t  a l t e r n a t i v e  i nvo l ves  a co l lec t ion /conveyance  system designed 

f o r  an ADWF o f  161 ML/day by year  2000. A system o f  f o r c e  mains, g r a v i t y  

sewers, and pump s t a t i o n s  would convey these f l ows  t o  a main i n t e r -  

c e p t e r  sewer whereby f l ows  would e n t e r  a 370 ha anaerob ic-aerob ic  lagoon 

system l o c a t e d  a long  t h e  n o r t h e r n  shores o f  West Lake Maryut.  E f f l u e n t  

from t h e  lagoon system would be conveyed through an open l i n e d  channel 

5800 m t o  the  Nest Noubaria Main D r a i n  t h a t  w i l l  e n t e r  t h e  sea a t  t h e  

shore1 i ne beyond Agamy. 

The second a1 t e r n a t i v e  p l a n  i nvo l ves  t h e  same c o l l e c t i o n  and i n i t i a l  

conveyance system as P lan  1 b u t  sewage f l o w s  would be t r anspo r t ed  a 

g r e a t e r  d i s t ance  (10.8 km) westward t o  a c e n t r a l  waste s t a b i l  i z a t i o n  

pond system t o  be shared w i t h  Ameria. A 780 ha anaerob ic-aerob ic  lagoon 

system would be necessary t o  t r e a t  t h e  combined f l o w s  o f  t he  Outer Western 

and Ameria Zones (combined ADWF o f  300 ML/day). The Outer  West share of 

cos t  f o r  t h i s  c e n t r a l  lagoon system would be 54 percen t  (161/300). E f f l u e n t  

would be d ischarged t o  t he  nearby West Noubaria Main D r a i n  canal ,  now under 

cons t ruc t i on ,  f o r  d i scharge  t o  t h e  sea a t  t he  s h o r e l i n e  west o f  Agamy. 



A l t e r n a t i v e  P lan 3  i n v o l v e s  conveyance o f  Outer West Zone sewage f l ows  

eastward t o  t h e  p r e l i m i n a r y  t r ea tmen t  f a c i l i t y  f o rmu la ted  i n  P lan  1  f o r  t h e  

I n n e r  West and Cen t ra l  Zones. Outer  West f l o w s  would be conveyed under t h e  

Umoum Dra in ,  main r a i l w a y ,  and Noubaria Canal through a  1200 nun d iamete r  

f o r c e  main t o  an expanded West Treatment P l a n t  f a c i l i t y .  The p r e l i m i n a r y  t r e a t -  

ment p l a n t  would be s i zed  f o r  a  t o t a l  ADWF o f  380 (161 + 219) ML/day, of 

which t h e  Outer  West Zone's share g f  c o s t  would be 42 pe rcen t  (1611380) based 

on y e a r  2000 average f lows .  A  f o r c e  main o f  1700 n diameter  would 

then convey a1 1  Western area ( I n n e r  and Outer  Zone) e f f l  uen t  t o  t h e  

K a i t  Bey s t a t i o n  some 6600 m t o  the  no r t h .  A t  t h i s  s i t e  a  main K a i t  Bey 

e f f l u e n t  pump s t a t i o n ,  s i z e d  f o r  a  peak f l o w  o f  670 MLIday, would convey 

Cen t ra l  and Western area f l ows  through a  2100 n diameter  submarine o u t f a l l  

t e r m i n a t i n g  about  13 km f rom shore. The Outer Western Zone would share 

26 percen t  (161/553) o f  t h e  c o s t s  assoc ia ted  w i t h  t h i s  d ischarge  f a c i l i t y  

( e f f l u e n t  pump s t a t i o n  and o u t f a l l )  w h i l e  t he  rema in ing  c o s t s  would be 

a p p l i e d  t o  t h e  I n n e r  West and Cent ra l  Zones. 

The t o t a l  c a p i t a l  and average o p e r a t i o n a l  cos ts ,  as we1 1  as p resen t  wo r t h  

o f  t h e  t h r e e  a l t e r n a t i v e s  a r e  presented i n  Table  7-7. It i s  seen f rom t h e  

t a b l e  t h a t  c a p i t a l ,  o p e r a t i o n a l ,  and d iscounted c o s t s  assoc ia ted  w i t h  

Plan 1  (nor th -shore  lagoon) a r e  lower  than  e i t h e r  a l t e r n a t i v e  P lan  2 o r  3. 

The p resen t  wor th  c o s t  o f  P lan 3  i s  136 pe rcen t  g r e a t e r  than Plan 1  and 

Plan 2  i s  55 percen t  g rea te r  than Plan 1. 

F u n c t i o n a l l y ,  P lan 1  a l s o  has m e r i t s  over  t h e  o t h e r  a l t e r n a t i v e s .  The 

separate  lagoon system can be funded and staged independent l y  o f  t h e  

West P l a n t  and K a i t  Bey O u t f a l l .  As a  cons iderab le  p o r t i o n  o f  t h e  wastewater 

f l o w  f rom t h e  Outer West Zone i s  o f  an i n d u s t r i a l  nature,  conveyance back tr 

t h e  urban c e n t e r  f o r  t rea tment  and d i sposa l  , as i n  P lan 3, p rov ides  l e s s  

f l e x i b i l i t y  and a  l e s s  r e l i a b l e  management approach than  conveyance 

f u r t h e r  westward t o  more remote env i rons .  The anaerob ic -aerob ic  lagoons 

w i l l  be l e s s  d i f f i c u l t  t o  opera te  and can be more r e a d i l y  s taged based 

on t h e  a c t u a l  r a t e  o f  i n d u s t r i a l  growth ove r  t h e  p l ann ing  pe r i od .  

I n  conc lus ion,  P lan  1, i n v o l v i n g  conveyance o f  sewage t o  lagoons 

l o c a t e d  a long  t h e  n o r t h  shore o f  West Lake Maryut  w i t h  e f f l u e n t  d ischarge  



TABLE 7-7 

ECONOMIC COMPARISON OF VIABLE ALTERNATIVES FOR OUTER WEST ZONE 

Sewers & Force Mains 

Pumping S t a t i o n s  

Treatment F a c i l  i t i e s  

D i  sposal F a c i l  i t i e s  

Land A c q u i s i t i o n  

Cap i t a  1 TOTP,L 

Plan 1 
(Loca l  ) 

5 070 

3 190 

8 830 

2 880 

1 390 

21 360 

Cost, LE thousand 
P lan  2 P lan 3 

(w/Ameria ) (West P l a n t )  

8 890 7 270 

3 190 260 

8 870 8 250 

2 330 15 820 

1 330 1 200 

24 610 32 800 

Average 0 & M 230 240 470 . . 

Re1 a t i v e  Present  Worth Cost ( a )  
( a t  10 Percent )  1 .OO 

( a j ~ t  8 percen t  P lan 2 i s  46 percen t  g r e a t e r  than Plan 1 and Plan 3 i s  
115 percen t  g rea te r  than P lan  1 
,It 12 percen t  P lan 2 i s  60 percen t  g r e a t e r  than Plan 1 and Plan 3 i s  
140 percen t  treater than  Plan 1, 



t o  t h e  West Noubar ia Main Dra in ,  i s  found  t o  be t h e  most c o s t - e f f e c t i v e  

and f l e x i b l e  method o f  managing wastewaters i n  t h e  Outer  West Zone. 

Ameria A1 t e r n a t i v e s  

There a re  two v i a b l e  hardware a1 t e r n a t i v e s  f o r  Ameria as shown i n  

F i g u r e  7-4, These a re :  

P lan  1. C o l l e c t i o n  and conveyance o f  sewage f lows t o  a  waste 

s t a b i l i z a t i o n  pond system l oca ted  t o  t h e  immediate e a s t  

o f  Ameria near  t h e  Noubar ia Canal. 

P lan 2. C o l l e c t i o n  and conveyance o f  sewage f lows nor thward t o  a  

c e n t r a l  waste s t a b i  1  i z a t  i o n  pond sys tem t o  be shared 

w i t h  t h e  Outer  West Zone. 

General l a you t s ,  s i z i n g  d e t a i l s ,  and element cos t s  a re  presented i n  

Appendix J o f  Volume 111. 

P lan  1 i nvo l ves  g r a v i t y  c o l l e c t i o n  o f  Ameria 's p r o j e c t e d  sewage f l ows  

o f  137 ML/day t o  a  315 ha anaerob ic-aerob ic  lagoon f a c i l i t y  l o c a t e d  

e a s t  o f  Ameria City near  t h e  Noubar ia Canal. I n d u s t r i a l  wastewaters 

f rom t h e  Free Zone and t he  I n d u s t r i a l  Zone would be l i f t e d  by  pump 

s t a t i o n  (ADWF 85 MLIday) through a 750 mm d iamete r  f o r c e  main about 

2000 m t o  t h e  g r a v i t y  sewer system. 

The second a l t e r n a t i v e  i nvo l ves  c o l l e c t i o n  o f  Ameria Zone f l o w s  f o r  

conveyance nor thward through a 1000 mm diameter  f o r c e  main 2500 m t o  

a  685 ha c e n t r a l  anaerob ic-aerob ic  lagoon f a c i l i t y  l o c a t e d  i n  Western 

Lake Maryut west o f  t h e  AgamylAmeria highway. Ameria 's share o f  t r e a t -  

ment and d i sposa l  cos ts ,  based on y e a r  2000 ADWF, would be 46 pe rcen t  

(137/298), w h i l e  t he  remainder would be a t t r i b u t e d  t o  t h e  Outer  West 

Zone. Discharge f rom a c e n t r a l  lagoon would be through a 1500 mm 

diameter f o r c e  main t o  t h e  new West Noubar ia Main D r a i n  d i scha rg i ng  t o  

t h e  sea west of Agamy. 

Comparison of a l t e r n a t i v e  p l a n  cos ts  i s  presented i n  Table  7-8. Con- 

s t r u c t i o n  of  a  separate  l o c a l  Ameria t rea tment  system would be l e s s  

c o s t l y  i n  terms o f  c a p i t a l  and o p e r a t i o n  expenses than  a c e n t r a l  

(shared) t rea tment  system. Th i s  i s  t r u e  p r i m a r i l y  because o f  t h e  f a c t  

t h a t  t h e r e  i s  l i t t l e  economy o f  s c a l e  i n  c o n s t r u c t i n g  l a r g e  t rea tment  

lagoons ( u n l i k e  t h e  p resen t  wo r t h  c o s t  o f  p r ima ry  o f  secondary t rea tment  

p l a n t s ) .  P lan 2 i s  18 pe rcen t  g r e a t e r  i n  r e l a t i v e  c o s t  than P lan  1. 



TABLE 7-8 

ECONOMIC COMPARISON OF VIABLE ALTERNATIVES -- FOR AMERIA ZONE 

Sewers & Force Mains 

Pumping S t a t i  ons 

Treatment F a c i l  i t i e s  

Disposal  F a c i l  i t i e s  

Land A c q u i s i t i o n  

Cap i t a l  TOTAL 

Cost, LE thousand 
Plan 1 P lan  2 
(Local  ) (w/West) 

11 830 13 370 

Average 0 & M 170 

Re1 a t i v e  Present Worth 
( a t  10 pe rcen t )  1 .OO 

( a )  A t  8 percen t  P lan 2 i s  18 percen t  g r e a t e r  than Plan 1 and 
a t  10 percen t  P lan 2 i s  21 percen t  s r e a t e r  than Plan 1. 



Plan  1  a l s o  has severa l  f u n c t i o n a l  advantages i n  t h a t  i t  i s  much more 

e a s i l y  staged and more f l e x i b l e  t o  changes i n  urban development. 

Because i t  i s  a  separate  l o c a l  system, t h e  d i f f i c u l t y  i n  implement ing 

a  program i s a1 so reduced. Therefore,  i t  i s  concluded t h a t  P lan  1  , 
i n v o l v i n g  separate  t rea tment  of area wastewaters, i s  t h e  most v i a b l e  

and c o s t  e f f e c t i v e  p l a n  f o r  Ameria Zone. 

7.5 Formu la t ion  of  t h e  Area-Wide Plan 

I t  has been shown i n  Sec t i on  7.3 and 7.4 t h a t  t h e  most cos t - e f f ec t i ve ,  

env i r onmen ta l l y  accep tab le  p l a n  i s  mar ine d i sposa l  a f t e r  p r e l i m i n a r y  

t rea tment  of domest ic and i n d u s t r i a l  sewage both,  as an o v e r a l l  concept 

and s p e c i f i c a l l y  f o r  t h e  Inner /Outer  East Zones (and Abu Kir Peninsu la  Area), 

and t h e  West/Central Zones. For  these sewered areas, two o u t f a l l s  a r e  

recommended. 

I n  a d d i t i o n ,  t h e  most economica l ly  s u i t a b l e  p l a n  would i n c o r p o r a t e  t r e a t -  

ment by independent anaerob ic-aerob ic  waste s t a b i  1  i z a t i o n  1  agoon systems 

f o r  sewage f rom t h e  o u t l y i n g  areas o f  Ameria and Mex-Dekheila (Outer  West 

Zone). E f f l u e n t  f rom t h e  lagoon u n i t s  would be d ischarged t o  t h e  sea v i a  

t h e  West Noubaria Main Dra in .  I t  has been e s t a b l i s h e d  t h a t  separate  d i sposa l  

i s  t h e  l e a s t  cos t  s o l u t i o n  f o r  t h e  predominant ly  i n d u s t r i a l  wastewater f lows 

f r om the  Abu K i r  Bay area. These f l ows  would be conveyed t o  an evapora t ion  

pond w i t h  no d ischarge  i n t o  l o c a l  bodies o f  water ,  w h i l e  p r i m a r i l y  domest ic 

wastewater from t h e  Abu K i r  Peninsu la  would be conveyed t o  t h e  East Zone 

system f o r  mar ine d i sposa l .  

I n  o r d e r  t o  make optimum use o f  e x i s t i n g  t rea tment  f a c i l i t i e s ,  t h e  East 

Sewage Treatment P l a n t  should be conver ted f o r  t rea tment  of  p r e s e n t l y  un- 

sewered Nouzha Zone wastewaters and r e t a i n e d  as a  w e l l  operated secondary 

l e v e l  f a c i l i t y  w i t h  d ischarge  t o  t h e  Kalaa Dra in .  The West Sewage Treatment 

P l a n t  f a c i l i t y ,  now under cons t ruc t i on ,  should  be r e t a i n e d  t o  p rov i de  i n t e r i m  

p r imary  l e v e l  o f  t rea tment  u n t i l  an expanded p r e l i m i n a r y  p l a n t ,  i n co rpo ra -  

t i n g  t h e  e x i s t i n g  f a c i l i t y ,  can be cons t ruc ted .  

A  sea d i sposa l  system f o r  t h e  major  p o r t i o n  o f  A l e x a n d r i a ' s  wastewater 

has been found cons ide rab l y  l e s s  c o s t l y  t o  c o n s t r u c t  and t o  opera te  than  



a l t e r n a t i v e s  i n v o l v i n g  secondary t reatment  w i t h  i n t e r i m  d i sposa l  t~ Lake Maryut 

and a g r i c u l t u r a l  reuse of  a  l a r g e r  p a r t  o f  t he  f l o w  f o r  c rop  i r r i g a t i o n .  

The f o l l o w i n g  cos ts ,  i n  LE thousands, i n d i c a t e  a  r e l a t i v e  cornparison 

between t h e  bas ic  a1 t e rna  t i ves . 
Sea Lake Maryut A g r i c u l t u r a l  

D i  sposal ( I n t e r i m )  Reuse 

Cap i t a l  Cost 210 120 240 450 294 450 

Annual 0  & M 3  130 4  840 6 030 

R e l a t i v e  Present 
Worth Cost 1  .OO 1.22 1.30 

The p resen t  wor th  c o s t  takes i n t o  cons ide ra t i on  b e n e f i t  t o  crop lands 

assoc ia ted w i t h  wastewater reuse by i n c l u d i n g  economic c rop  b e n e f i t  i r ~  

t h i s  a l t e r n a t i v e  plan. A t  a  10 percen t  d i scoun t i ng  r a t e  t h e  i n t e r i m  

d isposa l  i s  22 percen t  g r e a t e r  than sea d isposa l  and reuse i s  30 percen t  

g rea te r  than sea d isposa l .  

On economic grounds and f o r  f e a s i b i l i t y  o f  implementat ion, sea 

d isposa l  i s  p r e f e r a b l e  t o  t rea tment  f o r  near term a g r i c u l t u r a l  reuse. 

Th is  s i t u a t i o n  cou ld  change i n  t h e  d i s t a n t  f u t u r e  f o r  a  g r e a t e r  p o r t i o n  

o f  A lexand r i a ' s  wastewater, which would s t i l l ,  however, r e q u i r e  i n -  

t e r m i t t e n t  and emergency marine d isposa l  p rov i s i ons .  

Simple conveyance o f  sewage t o  dese r t  areas f o r  d isposa l  by evapora t ion  

would have p r o h i b i t i v e l y  h i g h  conveyance cos ts  and, a l though i t  would 

n o t  a f f e c t  today 's  human environment, may be s u f f i c i e n t l y  c o n t r o v e r s i a l  

t o  prevent  e a r l y  implementat ion. From a  p u r e l y  techno1 o g i c a l  p o i n t  o f  

view, and assuming i t  would n o t  become a  h e a l t h  hazard by a t t r a c t i n g  

humans, i t  does have p o t e n t i a l  m e r i t .  Ove ra l l ,  t h e  c o s t  and p o t e n t i a l  

s o c i a l  d i f f i c u l t i e s  a t t end ing  dese r t  d isposa l  outweigh t h e  a d d i t i o n a l  

p r o t e c t i o n  which would be prov ided t o  area surface waters.  

Both p r e l i m i n a r y  t reatment  p l a n t s  and waste s t a b i l i z a t i o n  ponds ( f o r  

Mex-Dekhei l a  and Ameria) w i l l  be f a r  more o p e r a t i o n a l l y  re1  i a b l  e  than 

secondary t rea tment  p l an t s .  V iab le  t rea tment  and d isposa l  systems, w i t h  

t he  excep t ion  o f  evaporat ion,  w i l l  depend h e a v i l y  on c o n t r o l  and p re -  

t rea tment  o f  t o x i c  and problem wastes by i n d u s t r y .  B i o l o g i c a l  pro-  

cesses would be more s e n s i t i v e  t o  sudden t o x i c  loads and i n d u s t r i a l  f l o w  



f l u c t u a t i o n s  t han  any o t h e r  t rea tment  system. A mar ine d i sposa l  system 

and anaerob ic-aerob ic  laq3ons w i l l  be much l e s s  s e n s i t i v e  t o  occas iona l  

t o x i c  d ischarges  and f l o w  v a r i a t i o n s .  An i n d u s t r i a l  waste e v a p o r a t i o r ~  

pond, found l e s s  c o s t l y  f o r  t h e  Abu K i r  Bay area, has been eva lua ted  

as a  more r e l i a b l e  system than  t rea tment  w i t h  d ischarge  t o  e i t h e r  i n l a n d  

waters  o r  t h e  sea. Almost complete e l i m i n a t i o n  o f  t rea tment  processes 

which use s o p h i s t i c a t e d  technology i s  deemed most e f f e c t i v e  and r e l i a b l e  

f rom a  f u n c t i o n a l  s t andpo in t ,  where l o c a t i o n ,  l and  and env i ronmenta l  

c o n d i t i o n s  permi t .  

The proposed master p l a n  combines elements which p r o v i d e  env i ronmenta l  p ro -  

t e c t i o n  ; re1  i a b i  1  i t y  o f  system performance; min imal  s e n s i t i v i t y  t o  f u t u r e  

changes i n  i n d u s t r i a l  development, l and  use, p o t e n t i a l  t echno log i ca l  

advancement o r  water  qua1 i t y  c r i t e r i a  r e v i s i o n ;  and l e a s t  c o s t .  G r e a t e r  

p u b l i c  concern r ega rd i ng  t h e  q u a l i t y  o f  the  environment may w e l l  occur  

w i t h  i r r~proved standards o f  l i v i n g .  Such va r i ab l es ,  t o g e t h e r  w i t h  o t h e r  

unknowns, make r e 1  iance  on t e c h n o l o g i c a l l y  s o p h i s t i c a t e d  p lans  l e s s  

f l e x i b l e  than s imp le r ,  more adaptab le  s o l u t i o n s .  

The fo rmu la ted  area-wide p l an  i s ,  i n  a d d i t i o n ,  no more d i f f i c u l t  t o  

implement than o t h e r  a l t e r n a t i v e s  which have been cons idered.  I t  does 

n o t  r e q u i r e  ove r - conso l i da t i on  o f  f u t u r e  sewerage zones. The p l a n  

p rov ides  f o r  much l e s s  c a p i t a l  - i n t e n s i v e  c o n s t r u c t i o n  than would be 

needed f o r  secondary t rea tment  p l a n t s  o r  f o r  major  conveyance f a c i l i t i e s  

which need t o  extend long  d i s t ances  o u t  o f  t h e  c i t y .  The r e t e n t i o n  o f  

e x i s t i n g  sewage t rea tment  f a c i l i t i e s  a l s o  eases implementat ion o f  t h e  

p lan .  Cons t ruc t i on  s t ag ing  f o r  lagoons, evapora t ion  ponds, t rea tment  

p l a n t  and pump s t a t i o n  equipment a l l  a l l o w  r a p i d  and c o s t - e f f e c t i v e  

programs t o  be imp1 emented. 

I n  sumnary, f o r m u l a t i o n  of an area-wide master p lan,  w i t h  emphasis on sea 

d i sposa l ,  has been se lec ted  because i t  represen ts :  

- t h e  l e a s t  c o s t  a l t e r n a t i v e .  
- t h e  most e f f e c t i v e  approach t o  improv ing and p r o t e c t i n g  t h e  

environment o f  Alexandr ia. .  . 
- t h e  l e a s t  environmental  impact  on i n l a n d  wate rs  and t h e  human 

environment and an accep tab ly  low impact  on t h e  Medi ter ranean Sea. 

- t h e  most r e l i a b l e  system. 
- no g r e a t e r  degree o f  d i f f i c u l t y  f o r  implementat ion than any 

o t h e r  a1 t e r n a t i v e .  



FIGURE 7 - 1  
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FIGURE 7 - 3  

SCHEMATIC DIAGRAM OF ALTERNATIVE DISCHARGE SCHEMES 
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SCHEMATIC DIAGRAM OF RECOMMENDED PLAN 
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INNER E A S T  

NOUZHA 

C E N T R A L  

INNER WEST 

OUTER WEST 

AMERIA 

w &- 
u Z 

U & - 0  

EVP 

IRR - IMPROVE EXISTING E A S T  P L A N T  
I - WASTE S T A B I L I Z A T I O N  LAGOONS (ANAEROBIC/ AEROBIC) 

F A C I L I T Y  
CONVEYANCE 

- KAIT BEY P R E L I M I N A R Y  P L A N T  FOR i @ - TOXIC I N D U S T R I A L  FLOWS COLLECTED SEPERATELY 

CENTRAL F L O W S  - INTEGRATED SYSTEM (DOIIESTIC 8 INDUSTRY) 

- CONVERT AND E X P A N D  W E S T  P L A N T  

TO PRELIMINARY, A L L  FLOW CONVEYED~ 
TO K A l T  BEY O U T F A L L  I 

- WASTE STABILIZATION POND I 
EFFLUENT CONVEYED 
FOR DISCHARGE TO 1 
WEST NOUBARIA M A l N  DRAIN 

COMMENTS : 

- EVAPORATION POND A T  L A K E  IDKU 

- FOR INDUSTRIAL FLOWS 
DDMESTIC T O  E A S T  S Y S T E M  

SEA 1 - S l D l  BlSHR O U T F A L L  

1 - RAS E L  SODA 1 PRELIMINARY T R E A T M E N T  P L A N T  



CHAPTER 8  

RECOMMENDED MASTER PLAN PROGRAM 

8.1 O v e r a l l  Master P lan  

A  Wastewater Master P lan program was fo rmu la ted  i n  d e t a i l  a f t e r  c a r e f u l  s tudy  

o f  t h e  f e a s i  b i  1  i t y  o f  a1 t e r n a t i  ves d iscussed i n t i l e  p r e v i  ous chap te r .  

Func t iona l  f l e x i b i l i t y ,  l e a s t  c a p i t a  cos t ,  o p e r a t i o n  and maintenance 

t e c h n i c a l  and a d m i n i s t r a t i v e  simp1 i c i t y ,  ease o f  implementat ion,  and 

environmental  soundness determined cho ice  o f  t h e  p lan .  The p l a n  i s  compre- 

hens ive i n  na tu re ,  i n c l u d i n g  recommended c o n s t r u c t i o n  p r o j e c t s ,  t h e i r  

schedul i n g  , proposed system opera t ions ,  i t e m i z a t i o n  o f  cos t s  by a rea le lement  , 
and an economic assessment o f  program f e a s i  b i  1  i t y  based on b e n e f i t s .  

The major  features o f  t h e  recommended wastewater p l a n  t o  serve A lexandr ia  

through t h e  n e x t  severa l  decades a re  shown on F igu re  8-1. There a r e  s i x  

p r i n c i p a l  aspects o f  t h e  recommended p lan,  each r e l a t e d  t o  a  de f i ned  area. 

These a re :  

1.  Eas te rn  Zones. Wastewaters f rom the  I n n e r  East  Zone and t h e  Outer  

East Zone (Ras e l  Soda, S i o u f  Keb l ia ,  and t h e  f u t u r e  Sadat C i t y )  

w i  11 be conveyed t o  a  560 MLlday p r e l  im ina ry  t rea tment  p l a n t  i n  

Ras e l  Soda w i t h  e f f l u e n t  t o  be d ischarged through a  2200 mm 

d iameter  submarine o u t f a l l  a t  S i d i  B i s h r .  

2. Abu K i r .  Wastewaters f rom t h e  Peninsu la  area ( p r i m a r i l y  domest ic)  

w i l l  be conveyed t o  t h e  Eas t  Zone t rea tment  f a c i l i t y  f o r  sea 

d ischarge,  w h i l e  Abu K i  r Bay (predominant ly  i n d u s t r i a l  ) f lows 

w i l l  be conveyed t o  a  4000 ha evapora t ion  pond a t  Lake Idku .  

3. Nouzha. Wastewaters w i l l  be conveyed t o  t h e  e x i s t i n g  East  Sewage 

Treatment P l a n t  which w i l l  be improved and renovated w i t h  a  des ign 

capac i t y  o f  45 MLlday f o r  secondary t rea tment  p r i o r  t o  d ischarge t o  

the  Kalaa D ra in .  ( E f f l u e n t  w i l l  be reused f o r  c rop  i r r i g a t i o n  i f  

a g r i c u l t u r a l  c o n d i t i o n s  make i t  economica l ly  f e a s i b l e . )  

4. West/Central Zones. Wastewaters f rom the  I n n e r  West Zone w i  11 be 

conveyed t o  a  220 MLlday p r e l i m i n a r y  t rea tment  p l a n t  ( a t  the  e x i s t -  

i n g  West Sewage Treatment P l a n t  s i t e ) ,  w h i l e  Cen t ra l  Zone f lows  w i l l  

be t r e a t e d  a t  a  175 MLlday p r e l i m i n a r y  p l a n t  a t  K a i t  Bey. E f f l u e n t  



discharged f rom bo th  f a c i l i t i e s  w i l l  be pumped th rough  a  1700 rm 

diameter  submarine o u t f a l l  a t  K a i t  Bey. 

5. Outer  West. Wastewaters f rom t h e  Mex-Dekheila area w i l l  be 

conveyed t o  a  370 ha waste s t a b i  1  i z a t i o n  pond (anaerob ic -aerob ic  

lagoons) i n  West Lake Maryut w i t h  d ischarge  o f  e f f l u e n t  t o  t h e  

new West Noubaria Flain D ra i n .  

6. Ameria. Wastewaters w i l l  be  conveyed t o  one o r  more waste s t a b i l i -  

z a t i o n  ponds (anaerob ic-aerob ic  1  agoons) where 31 5 ha a r e  r equ i r ed ,  

i n  t o t a l ,  t o  serve t h e  needs o f  a  p r o j e c t e d  one-ha l f  m i l l i o n  

persons by yea r  2000. Discharged e f f l u e n t  w i  11 be pumped t o  t h e  

new West Noubaria Main Dra in .  

There a re  two p r i n c i p a l  areas w i t h i n  t h e  A lexandr ia  Governorate which a r e  n o t  

expected t o  r e q u i r e  sewering by t h e  end o f  t h e  p l ann ing  pe r i od .  These a r e  

t h e  extreme west area a t  Agamy, where t h e  seasonal i n f l u x  i n  t ou r i sn i  i s  n o t  

expected t o  ove r l oad  p resen t  i n d i v i d u a l  s e p t i c  t a n k / l  each f i e l d  systems 

be fo re  yea r  2000, and t h e  remote v i l l a g e  areas t o  t h e  eas t ,  where con t inuance  

o f  p resen t  a g r i c u l  t u r a l  p r a c t i c e s  and n e g l i g i b l e  urban development i s  

p ro jec ted .  

The proposed system i s  an i n t e g r a t e d  one. Bo th  domest ic sewage and i n d u s t r i a l  

wastewaters have been i nco rpo ra ted  i n  t h e  recommended conveyance, t rea tment ,  

and d isposa l  systems. A  separate  i n d u s t r i a l  waste c o l  l e c t i o n - d i s p o s a l  p l a n  

i s  n o t  recommended because o f  h i g h  cos ts ,  d i f f i c u l t y  o f  implementat ion,  

and p o t e n t i a l  f o r  major  ope ra t i ona l  problems. A  r e g i o n a l  c o n t r o l  program 

f o r  t o x i c  wastes, i n v o l v i n g  t rea tment  and/or sepa ra t i on  and hand l i ng  w i t h i n  

i n d u s t r i a l  p l a n t s  p r i o r  t o  d ischarge i n t o  t h e  p u b l i c  sewerage system i s  

an aspect  o f  o v e r a l l  system a d m i n i s t r a t i o n  t o  be i nco rpo ra ted  i n t o  t h e  

p l an .  Th is  i s  d iscussed i n  t h e  f o l l o w i n g  chap te r  on implementat ion.  

The p r i n c i p a l  f a c i l i t i e s  recommended f o r  c o n s t r u c t i o n  i n c l u d e  ex tens ion  o f  

t h e  p resen t  sewage c o l l  e c t i  on and conveyance system ( i n c l  ud i  ng p r o p e r t y  

connect ions,  l a t e r a l  s, c o l  l e c t o r s  o r  i n t e r c e p t o r s ,  pump s t a t i o n s ,  and f o r c e  

mains),  t h r e e  p r e l i m i n a r y  t rea tment  p l a n t s ,  two waste s t a b i l  i z a t i o n  ponds, 

an i n d u s t r i a l  evapora t ion  pond, and two niajor submarine o u t f a l l s .  Programs 

f o r  t h e  c o n s t r u c t i o n  o f  such p r o j e c t s  a r e  proposed t o  extend over  t h e  n e x t  

t e n  t o  f i f t e e n  yea r  per iod .  



8.2 P r i n c i p a l  Wastewater Fac i  1 i t i e s  

Proper ty  Connections 

Sewer connect ions f rom dwe l l i ngs  and o t h e r  premises t o  t he  manholes o f  s t r e e t  

1 a t e r a l  s a r e  normal l y  i n s t a l  1 ed as p a r t  o f  general  sewer c o n s t r u c t i o n  

con t rac ts ,  The connect ions norma l l y  c o n s i s t  o f  150 mm v i t r i f i e d  c l a y  p i p e  

w i t h i n  g rave l  concre te  encasements, l a i d  i n  sha l low t renches a t  a minimum 

grade o f  about 20 cm pe r  10 m o f  leng th .  Up t o  f o u r  d w e l l i n g s  a re  u s u a l l y  

served by a s i n g l e  connect ion which l i e s  be1 ow the  s idewalk  and en te r s  a 

s t r e e t  sewer manhole w i t h o u t  a drop connect ion. The use o f  " Y "  branch and 

saddle connect ions d i r e c t l y  i n t o  t he  l a t e r a l  sewers i s  minimized i n  

A lexandr ia  because o f  p o t e n t i a l  damage by rodd ing  and g r e a t e r  chance o f  

c logging,  

It i s  recommended t h a t  new d w e l l i n g  connect ions t o  e x i s t i n g  l a t e r a l s  be made 

d i r e c t l y  t o  sewers by use o f  branch connect ions, where connect ion access 

t o  manholes would o therw ise  i n v o l v e  a d d i t i o n a l  expense. Lay ing  smal l  ( 1  50 mm) 

s i z e  p rope r t y  connect ions a t  sha l low depth adequately r e s t r i c t s  t h e  amount 

o f  d e b r i s  which m igh t  o therw ise  e n t e r  and c l o g  t he  l a t e r a l  system. I t  i s  

expected t h a t  c l ean ing  and r e p a i r  o f  connect ions w i l l  remain t he  responsi -  

b i  1 i ty  o f  t he  p rope r t y  owner. 

For areas t o  be sewered i n  t h e  f u t u r e ,  i t  i s  proposed t h a t  connect ions be 

cons t ruc ted  as i n  t h e  past,  i n  o rde r  t o  a l l ow  p r o v i s i o n  o f  s e r v i c e  t o  t h e  

maximum number o f  people i n  t h e  s h o r t e s t  pe r i od  o f  t ime. Drainage i n l e t s  t o  

1 a t e r a l s  a re  n o t  reconmended i n  view o f  t h e  magnitude o f  cos ts  and se r i ous  

na tu re  o f  t h e  present  s a n i t a r y  s i t u a t i o n  i n  unsewered areas. The proposed 

c o l  l e c t i o n  system i s  designed fundamental l y  t o  handle sewage, Ass is tance i s  

needed t o  beg in  t o  ca tch  up on a tremendous back log o f  sewage c o l l e c t i o n  work 

and t o  e s t a b l i s h  an ongoing program o f  connect ions which w i l l  keep pace w i t h  

sus ta ined  urban development, 

The number o f  p rope r t y  connect ions expected t o  be r e q u i r e d  i n  o rde r  t o  meet 

t h e  needs o f  t h e  recommended program has been es t imated  i n  Table 8-1. I n  

o rder  t o  ca tcn  up w i t h  development, i t  i s  expected t h a t  more than 370 

connect ions per  month w i l l  be necessary d u r i n g  t he  nex t  10-15 years.  



TABLE 8-1 

PROPERTY CONNECTIONS REQUIRED 

Number o f  Connections 
(1 978-1 988) (1 989-2000) To ta l  

Abu ~ i r ( ~ )  5 280 3 200 8 480 

Outer East 

Inner  ~ a s t ( ~ )  

Nouzha 

Centra l  ( c )  

Inner  west((=) 

Outer West 

TOTAL 

Monthly Average ( d l  373 302 

(a ) lnc ludes  both Abu K i r  Peninsula (90% o f  connect ions) and K a i t  Bay 
I n d u s t r i a l  (10% o f  connect ions) areas. 

(b ) lnc ludes  5,440 connections associated w i t h  Top P r i o r i t y  P ro jec t s  
(1 978-1 981 ) i n  the  Ras e l  Soda area. 

( ' ) ~ew connections i n  areas now sewered. 

( d ) ~ v e r a g e  number o f  connections requ i red  per  month. 



Fo l low ing  t h i s  per iod ,  a  lower  r a t e  o f  approx imate ly  300 connect ions per  

month i s  a n t i c i p a t e d .  A l though commonly borne by i n d i v i d u a l  p r o p e r t y  owners, 

t he  expense o f  a  sewer connect ion i s  an i n t e g r a l  p a r t  o f  t h e  o v e r a l l  c o s t  

o f  t h e  wastewater program. 

L a t e r a l  Sewers 

The c o s t  o f  t h e  s t r e e t  sewer system has been est imated on a sewered area 

bas is .  Ground cond i t i ons  and l e v e l s  o f  development i n  var ious  areas were 

taken i n t o  account i n  develop ing u n i t  c o n s t r u c t i o n  cos ts  f o r  t h e  l a t e r a l  

system. Al though p r e l i m i n a r y  eng ineer ing  designs f o r  i n d i v i d u a l  l a t e r a l  

sewers i n  var ious  areas o f  A lexandr ia  a re  n o t  requ i red ,  t y p i c a l  designs a r e  

presented i n  Appendix H. Secondary sewer systems were costed on t h e  bas i s  

of v i t r i f i e d  c l a y  p i p e  ( w i t h  O-r ing j o i n t s )  i n  s i z e s  from 200 mn t o  500 mn 

i n  diameter*. Placenient of manholes was assumed a t  each expected change o f  

grade, d i r e c t i o n ,  and p ipe  d iameter  a t  i n t e r v a l s  no f u r t h e r  a p a r t  than  

pe rm i t t ed  by des ign c r i t e r i a  i n  Sec t ion  5.3. 

The ac tua l  des ign and c o n s t r u c t i o n  schedu l ing  of l a t e r a l  sewers must be 

coord ina ted  w i  t h  c o n s t r u c t i o n  of p r i  n c i  pa l  c o l  1  e c t i  on and conveyance 

f a c i l i t i e s ,  f u t u r e  roadway cons t ruc t i on ,  and o t h e r  urban development and 

redevelopment p r o j e c t s .  I n  some cases, i t  w i l l  be app rop r i a te  t o  p a r t i a l l y  

o r  complete ly  sewer on t h e  bas i s  o f  e x i s t i n g  development and l a t e r  t o  r e - .  

sewer a f t e r  development. Table 8-2 i s  a  sumnary o f  approximate gross area 

e x t e n t  and l a t e r a l  sewer l eng ths  necessary t o  c o l l e c t  wastewaters f rom the  

sewerage zones of A lexandr ia  through yea r  2000. 

Conveyance Sys -. tem 

Conveyance o f  c o l l e c t e d  wastewaters ( f r om t h e  s t r e e t  sewer system t o  p o i n t s  

o f  t rea tment  and d i sposa l )  i s  proposed by an ex tens i ve  system o f  c o l l e c t o r s  

( a l s o  termed i n t e r c e p t o r s  and g r a v i t y  t r unk  sewers), pump s t a t i o n s ,  and . 

f o r c e  mains. The recommended conveyance system i s  presented by sewerage 

zone as f o l l ows .  

East. I t  i s  recommended t h a t  new sewage pump s t a t i o n s  be b u i l t  t o  r ep lace  

t h e  o ld ,  surcharged Pump S t a t i o n s  Nos. 1, 2, and 5. The new f a c i l i t i e s ,  as shown 

on F igure  8-2, would be designed t o  pump peak d r y  weather f lows (year  2000), 

w h i l e  e x i s t i n g  s t a t i o n s  would be r e t a i n e d  f o r  hand l i ng  excess stormwater f l ow .  

I n  s i m i l a r  manner, Pump S t a t i o n  No. 3  would be r e t a i n e d  f o r  stormwater f low,  



TABLE 8-2 

Abu ~ i r ( ~ )  

Outer East 

Top P r i o r i t y  P ro jec ts  (b )  

Inner  East 

Nouz ha 

S" 
0, 

Centra l  

Inner  West 

Outer West 

h e r i  a 

TOTAL 

EXTENT OF PROPOSED LATERAL (STREET) SEWER SYSTEM 

Sewered Area, ha New Latera  1 s, kn 
1977 1985 2000 1985 2000 

To ta l  L a t e r a l  Sewers, km 
1977 1 985 2000 - 

( a ) ~ n c l u d e s  both  the  Abu K i r  Peninsula (80% o f  l a t e r a l s )  and Abu K i r  Bay I n d u s t r i a l  (20% of l a t e r a l s )  areas. 

( b ) ~ e w  l a t e r a l s  associated w i t h  Top P r i o r i t y  P ro jec ts  (1978-1981) a re  loca ted i n  the Ras e l  Soda area o f  
t h e  Outer East Zone. 



b u t  i n s t e a d  o f  l i f t i n g  d r y  weather f l ow from t h i s  area, a  new 750 rim 

d iameter  g r a v i t y  sewer would be cons t ruc ted  a long  t h e  Corn iche t o  convey 

sewage 1000 m t o  a  new Pump S t a t i o n  No. 5. Four e x i s t i n g  pump s t a t i o n s ,  

Nos. 4  and 6, Montazah, and Maamoura appear adequate f o r  yea r  2000 des ign 

d r y  weather f l ows ,  o n l y  r e q u i r i n g  some r e h a b i l i t a t i o n  (as p a r t  o f  t h e  

Top P r i o r i t y  P r o j e c t s )  f o r  i n c l u s i o n  w i t h i n  t h e  Master  P lan  program 

Larger  f o r c e  mains w i  11 be necessary f o r  new Pump S t a t i o n s  Nos. 2  and 5, as 

w e l l  as e x i s t i n g  Pump S t a t i o n s  Nos. 4  and 6  and t h e  Maamoura Pump S t a t i o n .  

A  450 mn d iameter  f o r c e  main 4400 m i n  l e n g t h  from Maamoura would d ischarge  

i n t o  t h e  wet w e l l  o f  proposed Pump S t a t i o n  No. 2  which would then  pump 

through a  new 550 mm d iameter  f o r c e  main 1250 m t o  a  p o i n t  ad j acen t  t o  

Purr~p S t a t i o n  No. 4, where a  new 650 mm d iameter  fo rce  would convey f l ows  

from a l l  t h r e e  pump s t a t i o n s ,  1300 m t o  t h e  headworks of t h e  recomnended 

Ras e l  Soda t r ea tmen t  p l a n t .  A  550 mm and 450 mm d iameter  f o r c e  main, 

each 500 m long, would a l s o  c a r r y  sewage d i r e c t l y  t o  t h e  new p l a n t  from 

Pump S t a t i o n s  Nos. 5  and 6, r e s p e c t i v e l y .  The p resen t  fo rce  mains s e r v i n g  

Pump S t a t i o n s  No. 1  and Montazah a re  deemed adequate f o r  y e a r  2000 des ign 

f l o w  cond i t i ons .  

For  t h e  S i d i  B i s h r  area, t h e  e x i s t i n g  G l y m  and Sarwat Pump S t a t i o n s  would be 

abandoned and rep1 aced by a  new 1000 mm c o l  l e c t o r  a l ong  t h e  Corniche t h a t  

would convey wastewaters 2300 m t o  a  new S i d i  B i s h r  Pump S t a t i o n .  The new 

pump s t a t i o n ,  a t  67 MLlday capac i t y ,  would l i f t  f l ows  t o  t h e  t r ea tmen t  p l a n t  

headworks through 1700 m o f  750 mm fo rce  main. 

Sewage f lows  f rom t h e  n o r t h  and west  o f  t h e  Smouha Club grounds would be 

conveyed by a  new 1500-1800 mm c o l l e c t o r  a long  Mohammed A l y  S t r e e t  2900 m 

t o  a  new Smouha Pump S t a t i o n  l o c a t e d  near  t h e  e x i s t i n g  s iphon  under t h e  

Mahmoudia Canal. The e x i s t i n g  Hadara (Smouha) Pump S t a t i o n  would be 

abandoned. The new 208 ML/day des ign capac i t y  pump s t a t i o n  would 1  i f t  

sewage f rom the  new Mohammed A l y  and t h e  e x i s t i n g  Hagar e l  Nawatia c o l l e c t o r s  

t o  t h e  Ras e l  Soda t rea tment  f a c i l i t y  v i a  a  6500 m f o r c e  main. Th i s  f o r c e  

main would make use o f  an e x i s t i n g  1200 mrn diameter  niain (2500 m) t h a t  now 

connects Pump S t a t i o n  No. 11 t o  t h e  Eas t  Treatment P l a n t .  

Pump S t a t i o n  Ilo. 11 would be abandoned w i t h  c o n s t r u c t i o n  o f  a  new 750-1 300 mm 

g r a v i t y  sewer i n t e r c e p t i n g  sewage f l ows  f rom t h e  upper Hagar e l  Nawatia 

c o l l e c t o r  f o r  conveyance 2400 m t o  a  new 258 ML/day Abu Soliman Pump S t a t i o n .  



Th i s  sewer would a l s o  c o l l e c t  f l ows  f rom t h e  Egyp t ian  Copper Works and 

e l i m i n a t e  t h e  need f o r  e x i s t i n g  Pump S t a t i o n s  No. 9 and 10. The Abu Sol iman 

Pump S t a t i o n  would l i f t  f l ows  f rom t h e  new Hagar e l  Nawatia d i v e r s i o n  sewer, 

t h e  e x i s t i n g  Abu Soliman c o l l e c t o r ,  and a  new 5660 m c o l l e c t o r  f r om  S i o u f  

K e b l i a  t o  t h e  headworks o f  t h e  Ras e l  Soda p l a n t  through a 3100 m f o r c e  main 

1350 m i n  diameter.  

The new branch c o l l e c t o r s  would convey sewage from t h e  S i o u f  K e b l i a  area v i a  

a  1600-1700 mm d iameter  main c o l l e c t o r  which i n  t u r n  would c a r r y  t h e  f l o w  

1050 m t o  t h e  new Abu Soliman Pump S t a t i o n .  Cons t ruc t i on  o f  t h e  q r a v i t y  

system would e l i m i n a t e  Pump S t a t i o n s  Nos. 7 and 8. 

The Ras e l  Soda area would be served by a  new 500 mm t o  1600 mn d iameter  

c o l l e c t o r  c a r r y i n g  sewage i n  a  w e s t e r l y  d i r e c t i o n  some 3400 m f o r  d i scharge  

t o  a  new 224 ML/day pump s t a t i o n .  A r e b u i l t  (TPP) H o s p i t a l  Pump S t a t i o n  

would connect t o  t h e  Ras e l  Soda c o l l e c t o r  by 11 50 m of new 350 mm f o r c e  

main. Area sewage would be pumped t o  t h e  new t rea tment  p l a n t  headworks 

through 800 n o f  1300 mm diameter  f o r c e  main. 

Cons t ruc t i on  o f  2600 m of 900 mm d iameter  f o r c e  main and 11 3  ML/day pump 

s t a t i o n  f o r  t h e  f u t u r e  Sadat City i s  recommended, when t h e  area begins 

t o  develop w i t h i n  t h e  n e x t  t e n  years .  If flows remain sma l l ,  t h i s  system 

may d ischarge  t o  t h e  Ras e l  Soda c o l l e c t o r ,  b u t  c o n s t r u c t i o n  o f  a  separa te  

1800 rnm d iameter  re1 i e f  sewer, 3400 m i n  leng th ,  w i l l  be necessary f o r  t i e - i n  

t o  t h e  new Ras e l  Soda Pump S t a t i o n  if t h e  area does develop t o  t h e  e x t e n t  

env i s i oned  (one-ha1 f m i  11 i o n  i nhah i  t a n t s  ) by  .year 2000. Downstream conveyance 

f a c i l i t i e s  have been s i z e d  t o  accommodate t h e  p ro . jec ted  f lows  f rom t h i s  area. 

Abu K i r  Zone. Abu K i r  Peninsu la  wastewaters would be conveyed, as shown on 

F i g u r e  8-3, by  a  system o f  g r a v i t y  sewers, pump s t a t i o n s ,  and fo rce  mains t o  

a  52 ML/day main pump s t a t i o n .  Flows f rom t h e  l o w - l y i n g  beach areas on e i t h e r  

s i d e  o f  t h e  t r ansve rse  l imes tone  r i d g e  would be pumped t o  a  c o l l e c t o r  ad jacen t  

t o  t h e  Abu K i r  r a i l w a y .  The main pump s t a t i o n  would convey sewage some 

8000 m t o  t h e  Ras e l  Soda p r e l i m i n a r y  t rea tment  p l a n t  headworks, through a  

650 mmdiameter fo rce  main. 

Wastewaters f rom ex is t ' i ng  and f u t u r e  i n d u s t r i a l  developments a long  Abu K i  r Bay 

would be pumped 8000 m south t o  an evapora t ion  pond b u i l t  a t  Lake Idku,  

through a  1300 mm diameter fo rce  main. A  pump s t a t i o n  of 225 ML/day peak 



capac i t y  i s  r e q u i r e d  f o r  p r o j e c t e d  yea r  2000 des ign f lows .  Several 

k i l ome t res  o f  1400 mn diame'ter c o l l e c t o r  sewers a r e  env is ioned  f o r  

c o l l e c t i o n  o f  i n d u s t r i a l  f lows.  Conveyance system c a p a c i t y  i s  based on 

p r o j e c t e d  i n d u s t r i a l  f l ows  w i t h i n  t h e  s tudy  area; i t  i s  p o s s i b l e  t h a t  

a d d i t i o n a l  i n d u s t r i a l  f l ows  o r i g i n a t i n g  o u t s i d e  o f  t he  A lexandr ia  

Governorate w i l l  con t i nue  t o  d r a i n  t o  t h e  Tabia Pump S t a t i o n  a t  Abu 

K i r .  Such waste f lows should be handled i n  a  separate manner upstream. 

Nouzha. It i s  recommended t h a t  wastewaters f rom t h e  Nouzha area be 

c o l l e c t e d  by c o n s t r u c t i o n  o f  a  3300 m d iameter  g r a v i t y  sewer a long  t h e  

e x i s t i n g  r a i l w a y  l i n e  t o  a  new Nouzha Main Pump S t a t i o n  o f  74 MLlday 

capac i ty .  The c o l l e c t o r  would serve e x i s t i n g  l a t e r a l  sewers and f lows 

f rom a  new 350 m d iameter  f o r c e  main b u i l t  from Fisherman's V i l l a g e  

Pump S ta t i on .  The Nouzha Main Pump S t a t i o n  would convey f l ows  t o  t h e  

e x i s t i n g  East Treatment P l a n t  through 930 m o f  750 mm d iameter  f o r c e  

main, as shown on F igure  8-2. 

West/Central . A  1200 t o  1400 mm d iameter  g r a v i t y  i n t e r c e p t o r  i s  

proposed t o  c o l l e c t  domestic and i n d u s t r i a l  wastewaters t h a t  p r e s e n t l y  

f l o w  i n t o  Lake Maryut f rom the  I nne r  West Zone v i a  Mohsen Pasha Dra in ,  

Gabbary Drain,  I n d u s t r i e s  Pump S ta t i on ,  and Pump S t a t i o n  No. 3. A  

new 5750 m c o l l e c t o r  w i l l  e l i m i n a t e  need f o r  seven e x i s t i n g  pump s t a t i o n s :  

Nos. 1  and 3; New and Old Forn e l  Garaya; Ghe i t  e l  Enab Main and 

A u x i l i a r y ;  and I n d u s t r i e s  Pump S ta t i on .  Pump S t a t i o n  No. 3, however, 

would be r e t a i n e d  w i t h  a d d i t i o n  o f  new pumps, r e l a t e d  equipment and a  

l a r g e r  f o r c e  main t o  accommodate f u t u r e  f lows.  Mohsen Pasha Pump S t a t i o n  

would be abandoned w i t h  d i v e r s i o n  o f  t r i b u t a r y  wastewaters south through 

e x i s t i n g  g r a v i t y  sewers t o  t h e  Mohsen Pahsa Drain.  A l l  wastewaters from 

t h e  I nne r  West Zone would be conveyed t o  t h e  i n t a k e  works o f  an expanded 

West Treatment P lan t ,  as shown i n  F igure  8-4. S tomwaters  would con t inue  

t o  over f low t o  Lake Maryut. 

An e f f l u e n t  conveyance system would a l s o  be necessary t o  t r a n s p o r t  t r e a t e d  

f lows  t o  t h e  K a i t  Bey submarine o u t f a l l  f a c i l i t y .  An e f f l u e n t  pump 

s t a t i o n  l o c a t e d  a t  t he  expanded West P l a n t  p r e l  im ina ry  t rea tment  fac ' i  1  i ty  

would l i f t  West Zone e f f l u e n t  6600 m through a  1300 mn d iameter  f o r c e  

main t o  a  K a i t  Bey o u t f a l l  pump s t a t i o n  f o r  sea discharge. Cons t ruc t i on  

o f  t h i s  conveyance system would be staged f o r  c o m p a t i b i l i t y  w i t h  K a i t  Bey 

o u t f a l l  c o n s t r u c t i o n  complet ion. 



A f t e r  comp le t ion  o f  t h e  Top P r i o r i t y  P ro j ec t s ,  p resen t  Cen t ra l  Zone 

conveyance f a c i  1  i t i e s  w i l l  be  s u f f i c i e n t  f o r  p r o j e c t e d  wastewater flows. 

No a d d i t i o n a l  new c o n s t r u c t i o n  o f  ma jo r  c o l l e c t o r s ,  pump s t a t i o n s ,  o r  fo rce  

mains f o r  hand l i ng  sewage i n  t h i s  a rea  i s  a n t i c i p a t e d .  The p resen t  K a i t  Bey 

purrlp s t a t i o n  works w i l l  be abandoned w i t h  c o n s t r u c t i o n  o f  a  new p r e l i m i n a r y  

t rea tment  f a c i l i t y  on s i t e ,  which w i l l  se rve  t h e  c e n t r a l  system by  g r a v i t y .  

Outer West, I t  i s  recommended t h a t a  ma jo r  sewage c o l l e c t i o n  system be 

cons t ruc ted  i n  t h i s  p r e s e n t l y  unsewered area f o r  conveyance o f  wastewaters 

t o  a  waste s t a b i l i z a t i o n  pond l o c a t e d  a long  t h e  western shores o f  Lake 

Maryut. A conveyance system of c o l l e c t o r s ,  pump s t a t i o n s ,  and f o r ce  mains 

would be invo lved ,  as shown on F i g u r e  8-5. 

Wastewaters f rom t h e  area between t h e  Noubaria Canal and t h e  Umoum D r a i n  

would be c o l l e c t e d  a t  t h e  Tanner ies Pump S t a t i o n  f o r  conveyance 2500 m 

through a 300 mn d iamete r  f o r c e  main, t o  a  1000 mm d iamete r  g r a v i t y  i n t e r -  

cep to r  500 m i n  leng th .  Flows f rom t h e  area j u s t  west o f  t h e  Umoum D r a i n  

would a l s o  e n t e r  t h i s  i n t e r c e p t o r  a f t e r  c o l l e c t i o n  a t  V a l l e y  o f  t h e  Moon 

Pump s t a t i o n ,  A 250 mm diameter  fo rce  main, 600 m i n  leng th ,  i s  proposed. 

A f i n a l  1500 mm diameter  g r a v i t y  c o l l e c t o r  1000 m l o n g  would convey a l l  

upstream Mex f lows and d ischarges f rom t h e  i n l a n d  Dekhe i la  area t o  a  

main j u n c t i o n  near  t h e  proposed t rea tment  pond s i t e .  

A separate  system, composed o f  g r a v i t y  i n t e r c e p t o r s  a long  t h e  coas t  (800 m 

o f  600 mm and 600 m o f  750 mn d iamete r  t r u n k  sewer) f o l l o w e d  by a  Main 

Dekhe i la  Pump S t a t i o n  o f  16 ML/day c a p a c i t y  and 1100 m o f  350 mn d iamete r  

fo rce  main, i s  proposed f o r  conveyance o f  coas ta l  f lows i n l a n d  t o  t h e  main 

j u n c t i o n .  A 1400 mm d iamete r  g r a v i t y  sewer 1600 m l ong  would convey indus-  

t r i a l  f l o w  from t h e  f a r  western areas t o  t h e  main j u n c t i o n .  A f i n a l  800 m 

l ong  i n f l u e n t  sewer o f  2300 mn d iamete r  would convey a l l  f l ows  from t h e  

main j u n c t i o n  t o  t h e  proposed Mex-Dekheila ponds f o r  t reatment .  

Ameria, The proposed conveyance system t o  se rve  t h e  nor thern ,  i n d u s t r i a l  

zones and t h e  southern,  predominant ly  r e s i d e n t i a l  p o r t i o n s  o f  new Ameria 

i s  shown on F i g u r e  8-5. The no r t he rn  c o l l e c t i o n  system would convey 

f lows through 10 km o f  750 mn d iameter  and 3 km o f  900 t o  1200 mm 

d iamete r  g r a v i t y  c o l l e c t o r s  t o  a  85 ML/day I n d u s t r i a l  Pump S t a t i o n  

d i scha rg i ng  t o  a  750 mm d iamete r  connect ing f o r c e  main 2000 m long, 

The sou thern  system, composed o f  ou r  p r i n c i p a l  branches would convey 

p r i m a r i l y  domestic wastewater, as we1 1 as t he  n o r t h e r n  i n d u s t r i  a1 



f l ows ,  by g r a v i t y  t o  t h e  proposed s t a b i  1  i z a t i o n  pond s i t e ,  n o r t h e a s t  o f  t h e  

env is ioned  New Anieria C i t y  near t h e  Noubar ia Canal. The f o u r  branches would 

range f rom 600 mm t o  1500 mm i n  d iameter  and comprise 20 km o f  i n t e r c e p t o r  

sewers which would handle  sewage f l ows  p r o j e c t e d  t o  be e q u i v a l e n t  t o  a  

popu la t i on  o f  n e a r l y  one m i l  1  i o n  persons by t he  y e a r  2000. 

P r e l  i r n i  na ry  Treatment P lan t s  

Cons t ruc t i on  o f  t h r e e  p r e l i m i n a r y  t r ea tmen t  f a c i l i t i e s  a t  K a i t  Bey, Ras e l  

Soda, and t h e  West Treatment P l a n t  s i t e  i s  proposed. Each f a c i l i t y  would  

i nc l ude :  

- an i n l e t  pump s t a t i o n  (where necessary f o r  i n f l u e n t  f l o w s ) .  

- screening.  

- g r i t  removal and washing. 

- removal o f  f l o a t a b l e s .  

- an e f f l u e n t  pump s t a t i o n  f o r  submarine o u t f a l l  d ischarge.  

The Kai  t Bey f a c i l i t y  a t  175 MLlday c a p a c i t y  would be l o c a t e d  near  t h e  

e x i s t i n g  K a i t  Bey o u t f a l l  pump s t a t i o n  and occupy an area o f  about  4  ha, which 

would i n c l  ude space f o r  i n s t a l  l a t i o n  o f  a d d i t i o n a l  ( o r ima ry )  t r ea tmen t  u n i t s  

a t  some f u t u r e  stage, i f  needed. The Ras e l  Soda p l a n t ,  designed a t  560 MLIday 

capac i t y ,  would occupy about  5  ha o f  open space i n  t he  E l  E z b i t  Darba la  

neighborhood (sou th  o f  t h e  A lex-Roset ta  r a i l w a y ,  b u t  n o r t h  o f  t h e  Montazah 

Canal) d i r e c t l y  i n l a n d  f rom S i d i  B i s h r .  The West P l a n t  f a c i l i t y  would be 

l o c a t e d  on t h e  s i t e  o f  t he  p resen t  West Sewage Treatment P l a n t  a long  t h e  

western shore o f  Lake Maryut j u s t  e a s t  o f  t h e  Noubar ia Canal (see F i g u r e  8-4) .  

When p resen t  c o n s t r u c t i o n  i s  completed, t he  West P l a n t  i s  in tended  t o  have a  

p r imary  t rea tment  c a p a c i t y  o f  85 ML/day. The recommended p l a n  i nco rpo ra tes  

t h i s  p l a n t  i n t o  t h e  expanded p r e l  im ina ry  t rea tment  f a c i l  i t y ,  designed f o r  

220 MLIday capac i t y .  I t i s  expected t h a t  75 MLIday of p r imary  c a p a c i t y  can 

be converted, r e q u i r i n g  c o n s t r u c t i o n  o f  an a d d i t i o n a l  145 MLlday p r e l  i m i  nary  

p l a n t  works. 

Pumping o f  i n f l u e n t  g r a v i t y  f l ows  i s  necessary a t  t he  West P l a n t  f a c i l i t y .  

As a  low l i f t ,  h i g h  volume, v a r i a b l e  i n f l o w  pump system i s  requ i red ,  a  screw 

t ype  pump i n s t a l  l a t i o n  i s  proposed. Th i s  t ype  o f  pump which operates we1 1  

a t  l i f t s  o f  l e s s  than  8  m  i s  capable o f  hand l i ng  most s o l i d s  and d e b r i s  w i t h  

minimal d i f f i c u l t y  and w i l l  pump a t  v a r i a b l e  r a t e s  w i t h o u t  any need f o r  

s o p h i s t i c a t e d  c o n t r o l  equipment. 



Each o f  t he  t h r e e  p r e l i m i n a r y  p l a n t s  would i n c l u d e  mechanical screening,  

r a t h e r  than manual screening, i n  o rde r  t o  p r o t e c t  e f f l u e n t  pumps a g a i n s t  

damage by s o l i d  ob jec t s ,  a v o i d  i n t e r f e r e n c e  w i t h  subsequent t rea tment  

processes, and p reven t  rags and o t h e r  l a r g e  f l o a t i n g  o b j e c t s  f rom c l o g g i n g  

d i f f u s e r  p o r t s  o r  appear ing on t h e  sea sur face .  The proposed screens would 

be o f  the  ca tenary  t ype  t o  min imize underwater moving p a r t s  and t he  need f o r  

g r e a t e r  maintenance. The screenings would be d ischarged t o  a  d ra inage  p l a t -  

fo rm o r  conveyor f o r  dra inage and conveyance by t r u c k  t o  a  1  a n d f i  11. 

Comminutors a r e  n o t  recommended because they a r e  d i f f i c u l t  t o  m a i n t a i n  and 

a r e  n o t  w e l l  s u i t e d  f o r  t he  l a r g e  f l ows  i nvo l ved .  

G r i t  removal i s  necessary t o  p reven t  l o s s  o f  c a p a c i t y  i n  t h e  o u t f a l l s  by 

g r i t  accumulat ion,  wear on pumps, and b lockage o f  d i f f u s e r  p o r t s .  G r i t  

would be removed i n  aera ted  g r i t  chambers. Each aera ted  u n i t  would be 

equipped w i t h  a i r  d i f f use rs  t o  a l l o w  g r i t  t o  s e t t l e  w h i l e  keeping t h e  o rgan i c  

s o l i d s  i n  suspension. G r i t  would be removed by a  ca tenary  cha in  dev ice,  

d i s cha rg i ng  t o  an i n c l i n e d  conveyor, where i t  would be washed and d ra ined  f o r  

subsequent t r a n s p o r t a t i o n  by t r u c k  t o  a  l a n d f i l l .  

A i r  d i f f u s i o n  and su r f ace  skimming would be used f o r  removal o f  f l o a t a b l e s .  

Tank u n i t s  a t  Kai t Bey and Ras e l  Soda would be enclosed f o r  odor  c o n t r o l  . 
A  system o f  va l  v i ng  and p i  p i ng  would be i nc l uded  a t  a l l  t h r e e  p l a n t s  t o  * 
f a c i  1  i t a t e  dewater i  ng f o r  p e r i o d i c  maintenance. 

I t  i s  proposed t h a t  mixed- f low , non-cl  og, v a r i a b l e  speed wastewater pumps 

be used f o r  t he  o u t f a l l  p u ~ p  s t a t i o n s .  Continuous o p e r a t i o n  i s  d e s i r a b l e  

because o f  t h e  l a r g e  s i z e  o f  motors and s t a r t e r s ,  as w e l l  as f o r  optimum 

o p e r a t i o n  o f  l o n g  o u t f a l l s .  A l l  equipment would be enclosed i n  b u i l d i n g s .  

P r e l i m i n a r y  eng ineer ing  des ign l a y o u t s  o f  t h e  t rea tment  f a c i l i t i e s  a t  K a i t  

Bey, West P lan t ,  and Ras e l  Soda a re  presented i n  Appendix I. The ou t1  i n e  

drawings show general  f ea tu res  f o r  each o f  t h e  proposed f a c i l i t i e s  i n c l u d i n g  

l o c a t i o n ,  arrangement, 1  eadi  ng dimensions, and e l e v a t i o n s  f o r  p r i n c i p a l  

components. The drawings have been prepared i n  s u f f i c i e n t  d e t a i  1  t o  develop 

more r e f i n e d  c o s t  es t imates  f o r  t h e  recommended p l an .  Tabu la t ions  o f  

p r i n c i p a l  des ign c r i t e r i a  load ings  , equipment r equ i  rements, power requi rements  , 
standby capac i t y ,  and o t h e r  des ign cons ide ra t i ons  a r e  a l s o  presented i n  

Vol ume I I I, Appendix I. 



Submarine O u t f a l l  s  

Two submarine o u t f a l l  d i scharge  systems a r e  proposed f o r  conveyance of  

p r e l i m i n a r y  t rea tment  p l  an t  e f f l u e n t  f l ows  t o  t h e  Medi ter ranean Sea. The 

K a i t  Bey o u t f a l l ,  designed f o r  peak d r y  weather f l o w  of 500 MLIday, would 

i n v o l v e  a  1700 mm d iameter  pipe1 i n e  ex tend ing  approx imate ly  10 km i n t o  t h e  

sea o f f  K a i t  Bey P o i n t  i n  t he  v i c i n i t y  o f  t h e  e x i s t i n g  s h o r t  o u t f a l l .  

D ischarge depths w i l l  be i n  t h e  range o f  50-55 m below sea l e v e l .  The S i d i  

B i s h r  o u t f a l l ,  designed f o r  a  peak f l o w  o f  850 ML/day, would e n t a i l  a  2200 mm 

d iameter  p i p e l i n e  extending t h e  same d i s t ance  and dep th  as t l i e  K a i t  Bey 

o u t f a l l  i n t o  t h e  sea. 

M a t e r i a l s  i n i t i a l l y  cons idered f o r  o u t f a l l  c o n s t r u c t i o n  i n c l u d e  p res t r essed  

conc re te  and coated d u c t i l e  i r o n  p i p e  a l though,  d u r i n g  des ign  rev iew,  o t h e r  

m a t e r i a l s  such as f i b e r g l a s s  o r  coated and l i n e d  s t e e l  p i p e  shou ld  be con- 

s ide red .  Concrete p i p e  would have b e l l  and s p i g o t  j o i n t s  w i t h  double  rubber  

O-r ings.  Tunne l ing  t h e  e n t i r e  d i s t ance  beneath t h e  sea bed was found 

i n f e a s i b l e  due t o  p r o h i b i t i v e  cos ts .  

Expected c o n s t r u c t i o n  procedures would i n c l u d e  t h e  f o l  l ow ing :  

1 .  Complete b u r i a l  through t h e  s u r f  zone f o r  p i pe  p r o t e c t i o n  and 

concealment from view. 

2. P r o v i s i o n  o f  shee t i ng  i n  t h e  su r f  zone. 

3. Trench excava t ion  by  drag 1  i ne ,  c lamshe l l  , s u c t i o n  dredge o r  

a i r l i f t ,  ope ra t i ng  f r om  an anchored work barge. (Exp los ives  may 

be necessary i n  some a r e a s - i f  rock  outcrops cannot be avo ided) .  

4 .  Gra t i ng  of t r ench  bottom. 

5. I n s t a l  l a t i o n  of p i  pe l  i n e  w i t h  mechanical p i p e - l a y i n g  equipment 

from a  barge crane, f o l l owed  by t e s t i n g  o f  j o i n t s .  

6 .  Placement o f  g rave l  bedding under and a1 ong p ipe1 i n e  t o  mid- 

h e i g h t  o f  o u t f a l l  w h i l e  i t  i s  y e t  supported. 

7. B a c k f i l l i n g  o f  t r ench  w i t h  g rave l  and rock  a f t e r  p i p e - l a y i n g  

equipment has been moved forward.  

D e t a i l e d  des ign and subsequent c o n s t r u c t i o n  o f  two such submarine o u t f a l l s  

r e q u i r e s  ex tens i ve  eng ineer ing  i n f o rma t i on ,  t h e  i n i t i a l  p o r t i o n  o f  which i s  

presented as Volume I V  o f  t h i s  r e p o r t .  'The i n f o r m a t i o n  has been c o l l e c t e d  

through a  mar ine s tud ies  program t h a t  w i l l  be completed by mid-1978. 



East  Treatment P l a n t  Improvements 

The e x i s t i n g  65 ML/day East  Sewage Treatment P l a n t  would be o p e r a t i o n a l l y  

upgraded t o  p rov ide  f u l l  secondary l e v e l  o f  t rea tment  f o r  wastewaters from 

t h e  Nouzha area a t  a  des ign capac i t y  o f  o n l y  45 ML/day. The f a c i l i t y  i s  

n o t  expected t o  r e q u i r e  s i g n i f i c a n t  equipment m o d i f i c a t i o n s  i n  o r d e r  t o  

a t t a i n  t h i s  l e v e l  o f  t rea tment  because o f  reduced h y d r a u l i c  load.  The p l a n t  

w i l l  r e q u i r e  ex tens i ve  ope ra t i ona l  changes, most o f  which a r e  discussed i n  

some d e t a i l  i n  Specia l  Report No. 2. 

Waste S t a b i l i z a t i o n  Ponds 

Waste s t a b i l i z a t i o n  ponds i n  t h e  form o f  anaerobic-aerobic  lagoons a r e  

proposed t o  serve t he  Outer  West Zone (Mex-Dekheila) and Ameria Zone. The 

Mex-Dekheila lagoon, s i zed  f o r  a  y e a r  2000 ADWF o f  161 ML/day, would be 

l o c a t e d  a long t h e  western shore o f  West Lake Maryut and would occupy about 

370 ha as shown on F igu re  8-5. The Ameria lagoons would comprise about 

315 ha and would be l oca ted  no r theas t  o f  Ameria City j u s t  west of  t h e  

Noubaria Canal. The Ameria t rea tment  f a c i l i t y  would be s i z e d  f o r  an ADWF 

o f  137 ML/day based on a y e a r  2000 f o r e c a s t  popu la t i on  o f  one-ha l f  m i l l i o n  

res iden t s  and p r o j e c t e d  i n d u s t r i a l  developments . 

The anaerobic-aerobic  t rea tment  system would c o n s i s t  o f  i n i t i a l  smal l ,  deep, 

anaerobic ponds r e c e i v i n g  raw wastewaters, f o l l owed  by sha l low ae rob i c  lagoons 

( i d e n t i c a l  t o  normal o x i d a t i o n  ponds), as shown i n  p r e l  i m i  nary  1  ayouts 

presented i n  Appendix I. The t o t a l  amount o f  l a n d  necessary f o r  t h e  ponds 

and an adequate surrounding zone would be purchased d u r i n g  t he  i n i t i a l  

stage o f  p l a n  implementat ion.  Approximately 750 ha a r e  requ i red .  

A f t e r  remaining i n  t he  s t a b i l i z a t i o n  ponds f o r  a  niinimum o f  30 days, e f f l u e n t  

i n  both systems would be d ischarged t o  t he  West Noubaria Main Dra in .  I n  

t he  case o f  Ameria, t h i s  would i n v o l v e  a 150 ML/day capac i t y  low l i f t  pump 

s t a t i o n  l oca ted  a long t h e  new West Noubaria Main Dra in .  I n  t h e  case o f  t h e  

Mex-Dekheila system, e f f l u e n t  would be conveyed 4800 m v i a  a  1.6 m deep 

by 7 m wide l i n e d  channel t o  t he  West Noubaria Main Dra in .  A low head pump 

s t a t i o n  a t  175 FIL/day capac i t y  would then a l s o  pump e f f l u e n t  i n t o  t h e  d r a i n .  

Discharge i n t o  t h e  West Noubaria Main Dra in ,  now under c o n s t r u c t i o n  (F igu re  

8 - I ) ,  w i l l  a f f o r d  s i g n i f i c a n t  d i l u t i o n  of t he  e f f l u e n t  stream. Furthermore, 

t he  Main D ra in  w i l l  d ischarge t o  t h e  Mediterranean Sea a t  a  l o c a t i o n  where 

marine cu r ren t s  a f f o r d  much g r e a t e r  d i s p e r s i o n  than i n  t h e  harbors of  A lexandr ia  

o r  Abu K i  r Bay. 



Evaporat ion Pond 

A  4000 ha h o l d i n g  pond t h a t  w i l l  a1 low f o r  evapo ra t i ve  d i sposa l  o f  a  

p r o j e c t e d  ADWF o f  150 ML/day (by  y e a r  2000) i s  recommended f o r  t he  Abu K i r  

Bay I n d u s t r i e s  Area. The evapora t ion  pond would be cons t ruc ted  a t  t h e  

western end o f  Lake I d k u  which i s  about 8000 m f rom t h e  Tabia Pump 

S t a t i o n  ( l o c a t e d  a t  t h e  end o f  Abu K i r  D r a i n ) .  A  p r e l  i m i n a r y  l a y o u t  and 

s e c t i o n  drawing i s  presented i n  Appendix I, Volume 111. 

The s i z e  o f  t h e  pond may need t o  be recons idered,  i n  o r d e r  t o  accomodate 

a d d i t i o n a l  i n d u s t r i a l  waste f l ows  t h a t  o r i g i n a t e  o u t s i d e  t h e  Governorate, 

i n  t h e  upstream p o r t i o n s  o f  t h e  Abu K i r  D ra i n  system. As severa l  major 

i n d u s t r i e s  l o c a t e d  o u t s i d e  t he  s tudy  area migh t , in  t he  f u t u r e ,  be r e q u i r e d  

t o  handle  t h e i r  waste products  i n  ano ther  manner than p resen t  d i sposa l  t o  

t h e  a g r i c u l t u r a l  d r a i n  system, they have n o t  been cons idered i n  i n i t i a l  

de te rm ina t i on  o f  t rea tment  f a c i l i t y  s i z e  o r  cos t s ,  a1 though t h e  yea r  2000 

des ign  f l ows  f o r  t h e  Abu K i r  Bay area do a1 low a  c a p a c i t y  margin.  As an 

evapora t ion  pond can be cons t ruc ted  i n  stages, expansion f o r  a d d i t i o n a l  

i n d u s t r i a l  waste f lows i n  t h e  f u t u r e  can be r e a d i l y  a t t a i n e d  i f  found necessary.  

The pond would be cons t ruc ted  so as t o  be e n t i r e l y  separa te  from Lake I d k u  

w i t h o u t  p e r m i t t i n g  seepage o r  dra inage f rom the  pond t o  e n t e r  t h e  l a k e  o r  

v ice-versa.  Odor f rom t h e  evapo ra t i on  pond i s  expected t o  be d e t e c t a b l e  

a long  t h e  Alex-Roset ta  road and r a i l w a y  1  i n e  du r i ng  c e r t a i n  c o n d i t i o n s  o f  

h i g h  hum id i t y  and of fshore winds. Con t ro l  o f  access t o  t h e  pond system w i l l  

be e s s e n t i a l .  A e s t h e t i c  problems a r e  expected t o  a r i s e  w i t h  such a  d i sposa l  

system, b u t  because o f  t he  remote l o c a t i o n ,  t hey  w i l l  have f a r  l e s s  impact  

on t h e  env i  ronment than con t inued  d ischarge  of  i ndus tri a1 wastes i n t o  t he  bay. 

8.3 P r o j e c t  S t a g i n g  

General Consi d e r a t i  ons 

The magnitude o f  ma jo r  c o n s t r u c t i o n  p r o j e c t s  env i s i oned  f o r  t h e  recommended 

p l an  and t h e  expected l i m i t e d  a v a i l a b i l i t y  o f  funds w i l l  impose s i g n i f i c a n t  

c o n s t r a i n t s  on formul  a t i o n  o f  a  r e a l  i s t i c  c o n s t r u c t i o n  s t a g i n g  program. 

Two p r i n c i p a l  f ac to r s  have been taken i n t o  c o n s i d e r a t i o n  i n  p ropos ing  s taged 

cons t ruc t i on .  The f i r s t  i s  t h e  r e l a t i v e  p r i o r i t i e s  of t h e  elements o f  t h e  

program ( t a k i n g  i n t o  account t h e  f a c t  t h a t  some elements cannot p rov i de  any 

benef i t u n t i  1  c e r t a i n  a c t i o n s  a re  taken o r  devel  opments proceed).  The second 

i s  t h e  p r o b a b i l i t y  t h a t  l i m i t e d  funds would be made a v a i l a b l e  f o r  f i nanc ing  

t h e  p r o j e c t s .  



A t  every  stage, t he  i n t e n t  i s  t o  maximize e a r l y  b e n e f i t s ,  w h i l e  d e f e r r i n g  

expend i tu re  where poss ib le .  The g r e a t e s t  r e t u r n  i n  terms o f  b e n e f i t  f o r  a  

g i ven  expend i tu re  i s  achieved by p u t t i n g  t h e  e x i s t i n g  system i n t o  p roper  

opera t ion ,  e s p e c i a l l y  i n s o f a r  as p resen t  inadequate o p e r a t i o n  has p o t e n t i a l l y  

se r i ous  p u b l i c  h e a l t h  s i g n i f i c a n c e ,  Th is  was t he  b a s i s  used f o r  i n c l u s i o n  

o f  Top P r i o r i t y  P r o j e c t s  proposed i n  Spec ia l  Repor t  140. 4  f o r  r e h a b i l i t a t i o n  

and upgrad ing o f  pump s t a t i o n s ,  c l ean ing  and rehab i  1  i t a t i o n  o f  sewers, and 

p r o v i s i o n  of a l t e r n a t i v e  means o f  d i sposa l  f o r  unacceptab le  m a t e r i a l s  

c u r r e n t l y  dumped i n t o  t he  sewers, 

Cost as ide,  t h e  g r e a t e s t  need f o r  wastewater system improvement i n  A lexand r i a  

i s  s a t i s f a c t o r y  removal of human wastes from t h e  v i c i n i t y  o f  dwe l l  i ngs ,  

ya rds  and s t r e e t s ,  because o f  environmental  h e a l t h  imp1 i c a t i o n s .  A t  a  

somewhat lower  l e v e l  o f  p r i o r i t y ,  b u t  s t i l l  i m p o r t a n t  f rom s o c i a l ,  hea l t 3 ,  and 
and economic p o i n t s  of view, i s  p r o t e c t i o n  o f  a l l  b a t h i o g  beaches. 

On these grounds, s t r o n g  i n i t i a l  emphasis on system r e h a b i l i t a t i o n  and l a t e r a l  

sewer c o n s t r u c t i o n  i s  proposed, E a r l y  t r ea tmen t  and d i sposa l  irr~provements 

would be p r i m a r i l y  d i r e c t e d  toward p l a c i n g  e x i s t i n g  p l a n t s  i n  s e r v i c e  and 

c o n s t r u c t i n g  t he  eas te rn  t rea tment  and o u t f a l l  f a c i l i t i e s .  The Ras e l  Soda/ 

S i d i  B i s h r  f a c i l i t i e s  w i l l  have a  g r e a t e r  i n f l uence  on s u r f  zone c o n d i t i o n s  

than w i l l  c o n s t r u c t i o n  o f  new K a i t  Bey f a c i l i t i e s .  If funds pe rm i t ,  and 

r a t e  o f  e a r l y  development j u s t i f i e s ,  t he  Outer  West s t a b i  1  i z a t i o n  pond 

f a c i l  i t i e s  and p o s s i b l y  t h e  Abu K i  r i n d u s t r i a l  waste evapora t ion  pond 

system c o u l d  be g i ven  a  r e l a t i v e l y  h i g h e r  p r i o r i t y .  

Four stages of c o n s t r u c t i o n  f o r  the  recommended p l a n  have been de f i ned :  

F i r s t  Stage, 1979-1983 T h i r d  Stage, 1989-1994 

Second Stage, 1984-1 988 Fou r t h  Stage, 1995-2000 

The f i r s t  s tage o f  c o n s t r u c t i o n  over laps  w i t h  t h e  immediate phase works of 

Top P r i o r i t y  P r o j e c t s  (1978-1981 ). Stages I and 11, each f i  ve-year programs, 

a re  in tended  t o  r e s u l t  i n  maximum r e t u r n  on investment  by  p r o v i d i n g  d i r e c t  

s o l u t i o n s  t o  many o f  t h e  e x i s t i n g  problems. The two remain ing stages, each 

o f  s i x - yea r  l eng th ,  a r e  in tended  t o  meet demand o f  p r o j e c t e d  f u t u r e  develop- 

ment and a r e  p r i m a r i l y  c o l l e c t i o n  sewer system expansion p r o j e c t s .  

Ma jo r  c o n s t r u c t i o n  a c t i v i t y  i s  proposed d u r i n g  t h e  f i r s t  and second stages i n  

o rde r  t h a t  p r i n c i p a l  f a c i l i t i e s  may be on l i n e  by  t h e  l a t e  1980's. Wastewater 



f a c i l i t y  p r o j e c t s  which can be e f f e c t i v e l y  s taged and cons t ruc ted  t o  meet 

immediate needs, such as pump s t a t i o n s ,  waste s t a b i l i z a t i o n  lagoons, 

evapora t ion  ponds, t rea tment  p l a n t  f a c i l i t i e s ,  and some p i p e l i n e s  have been 

considered, The recommended s t a g i n g  program f o r  proposed p r i n c i p a l  

f a c i l i t i e s ,  i n c l u d i n g  es t imated  element c a p i t a l  cos ts ,  i s  summarized on 

F igu re  8-6. 

Top P r i o r i t y  P r o j e c t s  (1978-1981 ) 

The immediate works necessary f o r  the  A lexand r i a  sewerage system t o  ach ieve 

an ongoing l e v e l  o f  a c c e p t a b i l i t y  have been termed Top P r i o r i t y  P r o j e c t s .  

These works, which extend over  the  n e x t  four -year  per iod ,  a r e  now underway. 

These p r o j e c t s  p rov i de  f o r  a  liliii t e d  amount of new sewer c o n s t r u c t i o n  and 

t h e  improvements necessary i n  o r d e r  t h a t  t h e  p resen t  system can opera te  a t  

an accep tab le  l e v e l ,  The a c t i v i t i e s  a re  p laced  i n  t h r e e  ca tego r i es :  

I - I n s t i t u t i o n a l  and Opera t iona l  Changes. Changes i n  p lan,  p o l i c y ,  

and d a i l y  ope ra t i ons  which r e q u i r e  adop t i on  and implementat ion 

as soon as poss ib le .  

I 1  - Repai r  and Replacement. I tems of  c o n s t r u c t i o n  needed t o  r e p a i r  o r  

r e p l a c e  f a c i l i t i e s  i n  t h e  e x i s t i n g  system which a r e  no l onge r  

operab le  o r  have become obso le te  o r  over loaded, i n  o r d e r  t o  r e s t o r e  

system capaci  ty and p rov i de  g r e a t e r  r e1  i a b i  1  i ty. 

I 1 1  - New Service.  I tems of c o n s t r u c t i o n  which w i l l  p r ov i de  s e r v i c e  as 

soon as p r a c t i c a b l e ,  t o  a  p o r t i o n  of t h e  c i t y  t h a t  has a l r eady  

reached a  h i g h  l e v e l  o f  development, b u t  i s  y e t  unsewered. 

Because of  l i m i t e d  funding, many new s e r v i c e  p r o j e c t s  t h a t  were f i r s t  

cons idered under Top P r i o r i t y  P r o j e c t s  had t o  be delayed. Therefore,  sewer 

c o n s t r u c t i o n  f o r  many areas i n i t i a l l y  des ignated " t o p  p r i o r i t y " ,  such as 

S i o u f  Kebl i a ,  Abu K i r ,  Nouzha, and Mex-Dekheila has been i nc l uded  i n  t he  

i n i t i a l  stages of t he  recommended p lan.  P resen ta t i on  o f  immediate phase Top 

P r i o r i t y  P ro j ec t s ,  t h e i r  s t a g i n g  and c o s t  i r r~p l  i c a t i o n s ,  i s  found i n  Spec ia l  

Report  No. 4 submi t ted  August, 1977. 

I n  t o t a l ,  Top P r i o r i t y  P r o j e c t s  c o n s t i t u t e  an es t imated  unescala ted c o s t  o f  

LE 36.5 m i l  l i o n  over  t h e  n e x t  fou r -year  per iod ;  Category I ( i n s t i t u t i o n a l )  

and I I ( r e p a i r )  i tenis represen t  5 percen t  and 57 percen t  of t o t a l  cos t ,  

r e s p e c t i v e l y ,  and a r e  assoc ia ted  w i t h  ongoing annual improvements. Category 

I 1 1  (new c o n s t r u c t i o n )  i tems which coti iprise t h e  remain ing 28 pe rcen t  o f  c o s t  



a re  i nc l uded  as p a r t  o f  recommended p l a n  c a p i t a l  cos ts  i n  t h e  f o l l o w i n g  s e c t i o n .  

Dur ing  t h i s  phase o f  a c t i v i t y ,  f u r t h e r  d e t a i l e d  s t u d i e s  (e.g., i n d u s t r i a l  t o x i c  

waste assessments), and des ign o f  f i r s t  s tage Wastewater Master  P lan  p r o j e c t s  

would a l s o  occur .  These woul d  i n v o l v e  cons ide rab le  e f f o r t s  i n  f i n a n c i a l  p l  anning, 

o r g a n i z a t i o n a l  m o d i f i c a t i o n  f o r  more e f f e c t i v e  implementat ion,  new system c o n t r o l  

programs (sewer use ord inance,  i n d u s t r i a l  r e g u l a t i o n s ,  mon i t o r i ng ,  e t c . )  , a long  

w i t h  des ign  and s p e c i f i c a t i o n s  f o r  p r i n c i p a l  c o n s t r u c t i o n  p r o j e c t s .  

F i r s t  Stage (1  979-1 983) 

Ma jo r  works cons t ruc ted  d u r i n g  t h e  f i r s t  s tage  ( f i v e - y e a r  program) woul d  be 

predominant ly  i n  t h e  eas te rn  areas.  The Ras e l  Soda ( p r e l i m i n a r y )  P l a n t  

and S i d i  B i s h r  O u t f a l l  would be cons t ruc ted  so as t o  be o n - l i n e  by 1983. 

Sewer p i p e l i n e s  i n  Ras e l  Soda ( n o t  under Top P r i o r i t y  P r o j e c t s )  would be 

cons t ruc ted ,  as w e l l  as a  ma jo r  pump s t a t i o n .  Conveyance f a c i l i t i e s  f r om  t h e  

coas ta l  area o f  t h e  I n n e r  Eas t  Zone t o  t he  Ras e l  Soda P l a n t  would a l s o  be 

cons t ruc ted .  

Lesser  works proposed f o r  c o n s t r u c t i o n  d u r i n g  t h e  f i r s t  s t age  program i n c l  ude 

1  i m i  t e d  conveyance f a c i  l i t i e s  i n  t h e  I n n e r  West area (expans ion and improvement 

o f  Pump S t a t i o n  No. 2 system f o r  t i e - i n  t o  t h e  new West Treatment P l a n t )  and 

implementat ion o f  l a t e r a l  sewer p r o j e c t s  i n  Nouzha and p o r t i o n s  o f  t h e  Mex- 

Dekhei l a  area.  Con t i nua t i on  o f  s t r e e t  sewer c o n s t r u c t i o n  p r o j e c t s  and 

p rope r t y  connect ions i s  proposed i n  t h e  West/Central  and Eas te rn  zones. 

Land a c q u i s i t i o n s  f o r  a1 1  p r i n c i p a l  f a c i  1  i t i e s  of t h e  recommended p l a n  woul d  

be made d u r i n g  t h i s  f i r s t  s tage.  These would i n c l u d e  lands  f o r  f a c i l i t i e s  a t  

Ras e l  Soda, Mex-Dekheila, Lake Idku ,  Ameria, and p o s s i b l e  expansion a t  

K a i t  Bey. Programs f o r  r e t e n t i o n  o f  l a n d  needed f o r  a l l  subsequent s tage  

pump s t a t i o n s  and ma jo r  conveyance s t r u c t u r e s  would a l s o  be e s t a b l i s h e d  and 

imp1 emented. 

Second Stage ( 1984-1 988) 

Development emphasis d u r i n g  t h e  second f i ve - yea r  s tage  would b e . i n  t h e  I n n e r  

West and Cent ra l  Zones, w i t h  c o n s t r u c t i o n  o f  t h e  K a i t  Bey t rea tment  p l a n t  

and submarine o u t f a l l ,  as we1 1  as expansion and subsequent t i e - i n  o f  t h e  

West Treatment f a c i l i t y .  A d d i t i o n a l  p r i n c i p a l  c o l l e c t o r s  would be con- 

s t r u c t e d  i n  t h e  I n n e r  West Zone. 



A d d i t i o n a l  conveyance systems would a l s o  be cons t ruc ted  i n  t h e  eas te rn  areas 

d u r i n g  Stage 11, which would t i e - i n  t h e  S i o u f  Keb l ia ,  Abu Soliman, and Smouha 

areas t o  t h e  new Ras e l  Soda Treatment P l a n t .  The Abu K i r  Peninsu la  area 

would a l s o  be connected by  c o n s t r u c t i o n  o f  a  p r i n c i p a l  f o r c e  main and pump 

s t a t i o n .  I f  t h e  proposed Sadat City becomes a  r e a l i t y  a t  t h e  l e v e l  o f  

development env is ioned,  a d d i t i o n a l  conveyance s t r u c t u r e s  f r om  t h e  area would 

a l s o  be cons t ruc ted  t o  connect t o  t h e  eas te rn  zone sewerage system. 

Treatment f a c i l i t i e s  o f  l e s s e r  magnitude would be cons t ruc ted  i n  o u t e r  areas 

o f  t h e  c i t y  i n c l u d i n g  an evapora t ion  pond a t  Abu K i r  Bay and waste s t a b i l i -  

z a t i o n  ponds a t  West Lake Maryut  ( f o r  Mex-Dekheila) and Ameria. Conveyance 

f a c i l i t i e s  would i n c l u d e  cor r~p le t ion  o f  a  c o l l e c t i o n  system t o  t h e  Eas t  

Treatment P l a n t  f rom t h e  Nouzha area, an Abu K i r  I n d u s t r i e s  main c o l l e c t o r ,  

pump s t a t i o n  and f o r c e  main, and p r i n c i p a l  sewers i n  t h e  Rex-Dekhei la area. 

The i n i t i a l  s tage o f  an ex tens i ve  sewer system f o r  t h e  proposed new City o f  

Ameria would a l s o  be cons t ruc ted  d u r i n g  t h i s  t ime. 

T h i r d  and Four th  Stages (1989-2000) 

F u r t h e r  expansion o f  c o l l e c t i o n  f a c i l i t i e s  t h a t  would  p e r m i t  s e r v i c e  t o  new 

development and inc reased  p o p u l a t i o n  i n  a l l  sewerage zones would occur  d u r i n g  

t h e  two l a t t e r  s i x - y e a r  stages f rom 1983 through yea r  2000. 

A1 though p o s s i b l y  l e s s  c o s t - e f f e c t i v e ,  delayed c o n s t r u c t i o n  o f  conveyance and 

t rea tment  f a c i l i t i e s  may a l s o  occur  d u r i n g  t h e  t h i r d  and f o u r t h  per iod.  Th i s  

w i l l  e s p e c i a l l y  be t h e  case f o r  those areas such as Sadat City and Ameria 

which may be de layed i n  terms o f  growth i f  government funds remain l i m i t e d  

o r  p r i o r i t i e s  f o r  urban development con t i nue  t o  undergo change. 

S i g n i f i c a n t  de lays i n  c o n s t r u c t i o n  o f  i n n e r  area p r o j e c t s  ( t hose  of t h e  Eas t  

and West/Central Zones) can mean ma jo r  p o r t i o n s  o f  A l exand r i a  w i  ll n o t  

r e c e i v e  b e n e f i t  f rom an adequate wastewater system f o r  many years  t o  come. 

from t h e  s t a n d p o i n t  o f  environment, con t inued  and i n c r e a s i n g  p o l  1  u t i o n  o f  

bo th  Lake Maryut  and t he  c i t y ' s  beaches would be assured f o r  ano ther  seve ra l  

decades, Ma jo r  and c o s t l y  i n t e r i m  measures would be i n v o l v e d  i n  o r d e r  t o  

p rov i de  even a  rud imentary  l e v e l  o f  sewer s e r v i c e  t o  t h e  expected a d d i t i o n a l  

new p o p u l a t i o n  of t h e  area, u n t i l  such f a c i l i t i e s  as proposed cou ld  be 

const ructed.  The consequences o f  a  de layed c o n s t r u c t i o n  program a r e  no rma l l y  

g r e a t e r  c o s t  over  a  l onge r  p e r i o d  o f  t ime  w i t h  postponed and o f t e n  reduced 

b e n e f i t  f o r  an e n t i r e  area. 
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8.4 Operat ion and Maintenance 

I n t r o d u c t i ~  - - 
GOSSD-Alexandria has an ongoing opera t ions  and maintenance program 

admin is tered by t h r e e  departments: Sewer Maintenance, Mechanical and 

E l e c t r i c a l ,  and Water P o l l u t i o n  Cont ro l ,  Repa i r  and ex tens ion  o f  t h e  

e x i s t i n g  sewerage system p lus  major  a d d i t i o n  o f  new c o l l e c t i o n  and t rea tment  

f a c i  1  i t i e s  wi ll place  demands on these departments which w i  11 necess i t a te  

r e d e f i n i n g  and expanding t h e i r  f unc t i ons .  Fu tu re  needs a r e  b e s t  expressed i n  

terms of t h e  p r i n c i p a l  f unc t i ons .  Organ iza t iona l  s t r u c t u r e  and proposals  f o r  

improved management a re  d e a l t  w i t h  i n  t h e  f o l l o w i n g  chapter.  

@era t i o n s  

Th is  f u n c t i o n  i nvo l ves  ope ra t i on  o f  pump s t a t i o n s  and t rea tment  f a c i l i t i e s  

i n  a  cont inuous and e f f e c t i v e  .manner. Operators o f  such f a c i  1  i t i e s  

w i l l  i n  t h e  f u t u r e  r e q u i r e  a  background i n  p roper  ope ra t i ng  procedures and 

an understanding of t he  interdependence o f  a1 1  wastewater f a c i  1  i t i e s  i n  

nieeti ng t he  goals  o f  t h e  sewerage o rgan i za t i on .  

'The recommended p lan  w i l l  n o t  inc rease  s i g n i f i c a n t l y  t h e  number of pump 

s t a t i o n s  i n  t he  system, b u t  i t  wi 11 p lace  increased responsi  b i  1  i ty on pump 

s t a t i o n  operators  t o  develop more e f f e c t i v e  ope ra t i ng  procedures, Pump 

s t a t i o n  operators  w i l l  be r e q u i r e d  t o  ensure t h a t  pump s t a t i o n s  and power 

generators  a re  operated as requ i red  f o r  e f f e c t i v e  wastewater conveyance. 

Pump s t a t i o n s  must be operated .in a  manner which w i l l  p reven t  surcharged 

sewer cond i t i ons  w h i l e  p r o v i d i n g  a  steady f l o w  t o  t rea tment  f a c i  1  i t i e s  over  

a  range o f  wastewater f l o w  cond i t i ons .  Procedures need t o  be developed f o r  

opera t ions  when one o r  more components i s  ma1 f u n c t i o n i  ng. Operators should 
be r e q u i r e d  t o  keep cont inuous pumping records. 

The recommended p lan  w i  11 r e s u l t  i n  an expansion of t h e  number and type  o f  

wastewater t rea tment  f a c i l i t i e s  i n  serv ice .  I n  a d d i t i o n  t o  upgraded secondary 

t rea tment  opera t ions  a t  the  Eas t  P lan t ,  ope ra t i ng  procedures mus t be developed 

f o r  i n t e r i m  p r imary  t reatment  a t  t h e  West P lan t ,  f u t u r e  p r e l i m i n a r y  t rea tment  

a t  t h ree  new f a c i l i t i e s ,  anaerobic-aerobic  t rea tment  a t  two s t a b i  1  i z a t i o n  

ponds, and evapora t ion  pond c o n t r o l .  Methods f o r  d isposa l  of g r i t ,  sludge, 

scum, and screenings must be ou t l i ned .  Labora to ry  procedures must be 

developed t o  mon i to r  performance o f  each f a c i l i t y  and t o  r e f i n e  ope ra t i ng  



techniques. The v a r i e t y  o f  t rea tment  processes and o p e r a t i n g  procedures w i l l  

necess i t a te  an ex tens ive  t r a i n i n g  program f o r  opera to rs  and l a b o r a t o r y  s t a f f .  

Investment i n  a h i g h l y  q u a l i f i e d  opera t ions  s t a f f  w i l l  ensure a good p e r f o r -  

mance l e v e l  a t  t he  proposed f a c i  1 i t i e s .  Personnel p o l i c i e s  which min im ize  

s ta f f  t u rnove r  should a l s o  be designed t o  p r o t e c t  t h e  investment.  

Maintenance 

The recomended p l a n  w i l l  r e q u i r e  an expanded maintenance program f o r  an 

extended wastewater c o l  1 ec t tonlconveyance system arid a1 1 mechanical and 

e l e c t r i c a l  equipment, i n  o rde r  t h a t  f a c i  1 i t i e s  f u n c t i o n  p r o p e r l y  throughout  

t h e i r  use fu l  l i v e s .  Rout ine i n s p e c t i o n  o f  new and e x i s t i n g  f a c i l i t i e s  w i l l  

a l s o  be necessary t o  i d e n t i f y  p o t e n t i a l  problems. 

Sewer maintenance crews w i  11 be r e q u i r e d  t o  execute a r o u t i n e  maintenance 

p lan  designed t o  p reven t  i n t e r r u p t i o n  of sewer serv ice .  Emergency response 

procedures w i  11 be necessary f o r  p e r i o d i c  sewer breaks and f l o o d i n g  problems. 

A d d i t i o n a l  capabi 1 i t i e s  f o r  r e p a i r  and rep1 acement o f  sewers a re  requ i red .  

Improved maintenance procedures, an expanded sewer maintenance s t a f f  and 

a d d i t i o n a l  veh i c l es  w i  11 be needed t o  s e r v i c e  t h e  en larged sewer c o l  l e c t i o n  

system. The Top P r i o r i t y  P r o j e c t s  sewer c l ean ing  program i s  in tended t o  

a l l e v i a t e  t he  back log o f  sewer c l ogg ing  problems and t o  a s s i s t  i n  t h e  

development o f  an e f f e c t i v e  p reven t i ve  maintenance program. Waste c o l  1 e c t i o n  

programs a re  t o  be es tab l i shed  f o r  mazout, manure, t o x i c  wastes, and septage, 

a l l  o f  which a re  p r e s e n t l y  discharged t o  t h e  sewer system. 

Mechani c a l  and e l e c t r i c a l  mai n tenance procedures a re  necessary f o r  the  

improved pump s t a t i o n s ,  an expanded f l e e t  o f  veh i c l es ,  and t he  var ious  

t reatment  f a c i  1 i t i e s ,  Rout ine i n s p e c t i o n  and maintenance programs need t o  

be c a r r i e d  o u t  and procedures f o r  e f f e c t i v e  se rv i ce  and r e p a i r  should be 

devel  oped. 

Personnel Requi rements 

Opera t i  on and mai ntenance o f  t h e  proposed f a c i  1 i t i e s  w i  1 1 r e q u i  r e  an expanded 

s t a f f  a t  GOSSD-Alexandria. Execut ive,  a d m i n i s t r a t i v e ,  and p r o j e c t  development 

r e s p o n s i b i l i t i e s  w i l l  i nc rease  as descr ibed i n  Sec t ion  9.2 of t he  f o l l o w i n g  

chapter.  Est imated s t a f f i n g  requirements which correspond t o  t h e  recommended 

p lan  a re  shown i n  Table 8-3. Al though t h e  e x i s t i n g  l a b o r  i n t e n s i v e  ope ra t i on  

and maintenance e f f o r t  i s  expected t o  cont inue,  t r a i n i n g  programs and more 



TABLE 8-3 

STAFFING REOUIREMENTS FOR THE RECOMMENDED PLAN 

Execut ive 

General D i r e c t o r  

Admini s t r a t i o n  

Personnel and T r a i n i n g  

Budget and Finance 

Legal 

Pub1 i c  Serv ices 

Operat ion and Maintenance 

Water Pol 1 u t i o n  Contro l  

Sewer Maintenance 

Mechanical and E l e c t r i c a l  

Pump S t a t i o n s  

T ranspo r ta t i on  

Sub- to ta l  (O+M) 

P r o j e c t  Development 

Design 

P r o j e c t  Execut ion 

TOTAL 

E x i s t i n g  

S t a f f i n g  Level  ( a )  
Stage Stage Stage Stage 
I I I 111 I v 

( a )  
Number of  personnel r equ i red  by the  l a s t  yea r  of  each stage. 



modern equipment a r e  proposed i n  o rde r  t o  improve p r o d u c t i v i t y .  Considered 

i n  t h e  s t a f f i n g  p l an  a r e  a d d i t i o n a l  se rv ices  p rov ided  by GOSSD-Alexandria, 

i n c l u d i n g  waste c o l  l e c t i o n  programs, ' i ndus t r i a l  wastes mon i to r ing ,  and 

a d m i n i s t r a t i v e  serv ices ,  which a r e  descr ibed i n  the  f o l  l ow ing  chap te r .  

Q u a l i f i c a t i o n s  requ i red  o f  an opera t ions  and maintenance s t a f f  w i l l  va ry  

w i t h  l e v e l  o f  r e s p o n s i b i l i t y ,  Operators w i l l  n o t  face  s u b s t a n t i a l  changes 

i n  wastewater c o l  l e c t i o n  and t reatment  technology. However, more c a r e f u l  

a t t e n t i o n  t o  p roper  ope ra t i ng  procedures w i  11 be e s s e n t i a l .  S i m i l a r l y ,  

improved maintenance w i l l  r e l y  h e a v i l y  on adherence t o  r o u t i n e  maintenance 

and i n s p e c t i o n  procedures. The e s s e n t i a l  q u a l i f i c a t i o n s  o f  GOSSD-Alexandria 

personnel should be personal m o t i v a t i o n  and w i  11 ingness t o  lea rn .  Whi le 

i n d i v i d u a l s  w i t h  exper ience i n  wastewater opera t ions  and maintenance w i l l  be 

few, a good t r a i n i n g  program w i t n  i n t e r e s t e d  personnel should be adequate 

f o r  f u tu re  s t a f f i n g  needs. A  summary o f  personnel needs by j o b  t i t l e  and 

q u a l i f i c a t i o n s  i s  shown f o r  yea r  2000 cond i t i ons  i n  Table 8-4. 

Equipment Requirements 

An es t imate  o f  necessary r e p a i r  and maintenance equi  pnient, cor responding t o  

t he  recomnended plan, i s  shown i n  Table 8-5. A l so  shown i s  an es t imate  o f  

t he  v e h i c l e  f l e e t  requirements, i n c l u d i n g  those veh i c l es  t o  be used f o r  

separate waste c o l  1  e c t i o n  programs, Through t h e  Top P r i o r i t y  p ro j ec t s '  sewer 

c l ean ing  and t r a i n i n g  programs, ope ra t i on  and maintenance a c t i v i t i e s  can be 

n o t i  ceably  improved by use o f  modern equi  p~nent. 

Recurr ing expendi tures f o r  l a b o r a t o r y  equipment, spare pa r t s ,  and replacements 

w i  11 increase throughout  implementat ion of t he  recommended plan. These costs ,  

as w e l l  as cos ts  f o r  f u e l ,  e l e c t r i c i t y ,  and o t h e r  supp l ies  are es t imated  as 

a  percentage o f  annual p a y r o l l  costs, i n  o rde r  t o  develop opera t ion  and 

maintenance c o s t  p r o j e c t i o n s  i n  t h e  f o l l  owing s e c t i o n  of t he  chapter.  

8.5 Cost o f  t h e  Master P lan 

Capi t a l  Costs 

Cap i t a l  cos ts  f o r  the  recommended Wastewater Master P lan program a r e  based on 

c o n s t r u c t i o n  cost ,  p l us  30 percent  a1 lowance f o r  cont ingencies and engineer- 

i n g  (determined f o r  i n d i v i d u a l  proposed f a c i  1  i t i e s ) ,  and 1  and a c q u i s i t i o n s  needed 

f o r  t h e i r  cons t ruc t i on .  Costs, a l l  o f  which a r e  expressed i n  terms o f  



TABLE 8-4 

ANTICIPATED STAFFItlG QUALIFICATIONS 

P o s i t i o n  
Approx.Numb r 

Reaui r ed  f a )  Qua1 i f i c a t i o n s  

Admin i s t r a to r s  2 5 Graduate o f  High I n s t i t u t e  of 
Technology o r  ho lde r  of p ro fes -  
sional degree; sen io r  l e v e l  exper- 
ience.  

Engineers and Pro fess iona l  200 U n i v e r s i t y  degree 

C l e r i c a l  S t a f f  

Supervi sors  

Technicians 

Ski 11 ed Laborers 

200 Technical  degree f rom t rade  school 
o r  c l e r i c a l  a p t i t u d e  

75 Technica l  degree f rom t r a d e  
school;  sen io r  l e v e l  exper ience. 

300 Technica l  degree f rom t r a d e  
school o r  mechanical exper ience 

900 Experience i n  equipment opera- 
t i o n  and maintenance 

Unski l l e d  Laborers 1600 - No pre-qua1 i f i c a t i o n s  

TOTAL 3300 

( a ) ~ a s e d  on p resen t  s t a f f i n g  p o s i t i o n s  and q u a l i f i c a t i o n s  w i t h  increases 
necessary f o r  ope ra t i on  and maintenance o f  proposed f a c i l i t i e s  f o r  
yea r  2090. 



TABLE 8-5 

EQUIPMENT AND VEHICLE REQUIREMENTS FOR 

Mechanical Shop 

Gear Head Center La the  
P r e c i s i o n  Lathe 
Meta l  Arc Welder 
Gas C u t t i n g  Equipment 
V e r t i c a l  D r i  11 i n g  Press 
Bench D r i  11 i n g  Press 
Heat Treatment Furnace 
Anvi  1 
Pedes t a  1 G r i  nder  
Bench Tool Gr inder  
Beam Crane/Winch 
A i r  Compressor 
Tables (making o u t )  
Benches 
Machine T o o l s ( 1 o t )  
Hand Tool s ( f i  t t e r s  box) 
Cabinets  
F i r e  Ex t i ngu i she r  
F i r s t  A i d  K i t  

Sewer Maintenance 

A i r  Compressor( t ra i  1 er- mounted) 40 
Dump T r a i l e r  25 
Cleaning Machine 2 0 

( t r a i  1 e r  mounted) 
P o r t a b l e  Pumps 4 0 
Po r t ab le  Generators 40 
Po r t ab l  e Blowers 8 0 
Po r t ab le  L i g h t s  ( l o t )  100 
Gas Tes t i ng  Apparatus 5 0 
Oxygen Masks 100 
Ladders 80 
Hand Tool K i t  ( l o t )  200 

E l e c t r i c a l  Shop 

Transformers ( s t e p  down) 
B a t t e r y  Chargers 
Temp. Tes t  Equipment 
Vo l tage  Test  Equipment 
Vol tage  Meas. Equi pment 
Res is tance Meas.Equipment 
V i b r a t i o n  Meas. Equipment 
Speed I n d i c a t o r s  ( s t r o b e )  
Power Ana l ys i s  Eql~ ipment  
F i r e  E x t i n g u i s h e r  
Benches 
Hand Tool K i t  ( e l e c t r i c a l  ) 
Cabinets 
F i r s t  A i d  K i t  

A i r  Compressor 
Hyd rau l i c  L i f t  
L u b r i c a t i o n  Equipment 
B a t t e r y  Charger 
L.P.Steam Uni t ( p o r t a b 1 e )  
Po r t ab le  H y d r a u l i c  Jack 
T i r e  Changer 
Wheel Balance 
Hand Tool K i t  (mechanical ) 
Work Benches 
Cabinets  
F i r e  E x t i n g u i s h e r  
F i r s t  A i d  K i t  

Veh i c l e  F l e e t  

U t i  1 i ty Trucks 
Waste C o l l e c t i o n  Trucks ( b )  
Heavy Repai r  Trucks 
Vacuum Tank Trucks 
Pickup Trucks 
Passenger Cars 

( a ) ~ a s e d  on yea r  2000 cond i t i ons .  

( b ) ~ o r  mazout, manure, and t o x i c  wastes c o l  1 e c t i o n  programs. 



mid-1977 p r i c e  l e v e l s  do n o t  i n c l u d e  esca la t i on .  

Costs f o r  c o n s t r u c t i o n  o f  a l l  proposed f a c i l i t i e s  assoc ia ted  w i t h  t h e  

reco~~~mended p l an  a r e  expressed i n  Tables 8-6 th rough  8-9 and summarized i n  

Table  8-10, I nc l uded  a re  t h e  es t imated  cos t s  o f  new works connected w i t h  

t h e  Top P r i o r i t y  P ro j ec t s ,  most o f  which a re  l o c a t e d  i n  t h e  Outer  Eas t  Zone 

a t  Ras e l  Soda. Costs a re  presented by sewer s e r v i c e  area f o r  t h e  v a r i o u s  

stages o f  t h e  recommended c o n s t r u c t i o n  program, 

Table  8-6 covers p r o p e r t y  connec t ion  cos t s  which a re  expected t o  amount t o  

LE 11,6 m i  11 i o n  over  t h e  e n t i  r e  p l ann ing  per iod ,  cor responding t o  an 

es t imated  92 800 new connect ions (Tab le  8-1 ) th roughou t  A1 exandr ia .  Table  8-7 

1  i s t s  l a t e r a l  sewer cos ts  which a r e  expected t o  amount t o  LE 147.24 m i  11 i o n  

by y e a r  2000. O f  an es t imated  LE 17.73 m i  11 i o n  r e q u i r e d  d u r i n g  t h e  f i r s t  

stage, LE 5.28 m i l l i o n  i s  assoc ia ted  w i t h  s t r e e t  sewers f o r  Top P r i o r i t y  

P r o j e c t s  i n  t h e  Ras e l  Soda area. 

Conveyance cos t s  a re  presented i n  Table 8-8. Approx in ia te ly  LE 102 m i l l i o n  i s  

es t imated  t o  be r e q u i r e d  f o r  c o n s t r u c t i o n  o f  t h e  proposed c o l l e c t o r s ,  pump 

s t a t i o n s  and f o r c e  mains; over  80 pe rcen t  of which i s  assoc ia ted  w i t h  

Stage I 1  (1984-1 988) p r o j e c t s .  Treatment and d i sposa l  f a c i  1  i t y  cos t s  a r e  

presented i n  Table  8-9 f o r  each p r i n c i p a l  element; t o t a l  c o s t  o f  s i t e  

a c q u i s i t i o n  f o r  t h e  f a c i  1  i t i e s  i s  a1 so expressed, Stage I f a c i  1  i ty  cons t ruc -  

t i o n  i s  est imated t o  r e q u i r e  LE 73 m i l l i o n  w h i l e  LE 86 m i l l i o n  would be 

needed d u r i n g  Stage I 1  f o r  a  t o t a l  o f  LE 159 m i l l i o n  over  t h e  e n t i r e  per iod ,  

Cap i t a l  cos ts  f o r  t h e  e n t i r e  Wastewater Master P lan  c o n s t r u c t i o n  program a r e  

summarized i n  Table 8-10. A t o t a l ,  c a p i t a l  c o s t  o f  LE 447 m i l  1  i o n  w i l l  be 

r e q u i r e d  over  t h e  p l ann ing  pe r i od  o f  23 years .  O f  t h i s  amount, LE 36.5 m i l l i o n  
i s  assoc ia ted  w i t h  Top P r i o r i  ty P r o j e c t s  i n v o l v i n g  r e p a i r s  and improvements 

t o  t h e  e x i s t i n g  system and p r o v i s i o n  o f  some new s e r v i c e  between 1978 and 

1981 . The f i r s t  s tage c o n s t r u c t i o n  program i n v o l v e s  a  c o s t  o f  LE 102 mi 1  1  i o n  

over  a  f i v e - y e a r  p e r i o d  f rom 1979 t o  1983. Dur ing t h e  second s tage  o f  
c o n s t r u c t i o n  f rom 1984 t o  1988, an a d d i t i o n a l  LE 228 m i l l i o n  i s  r e q u i r e d  

f o r  t h e  proposed wastewater f a c i l i t i e s .  The subsequent two s i x - y e a r  stages 

e n t a i l  a  t o t a l  c o s t  o f  LE 80.6 m i l  l i o n .  



TABLE 8-6 

COST OF PROPERTY CONNECTIONS 

Cap i ta l  Cost, LE thousand 
Stage I Stage11  S t a g e I I I & I V  Tota l  

(1 379-1 983) (1 984-1 988) (1 989-2000) (1 978-2000) 

Abu K i r  Peninsula - - 600 3 60 960 

Outer East 1 1 0 5 ' ~ )  1 6 2 5  2 230 4 960 

Inner  East 270 250 520 1 040 -- 
Sub-tota l  1 375 2 475 3 110 6 960 

Central  

Inner  West 

Sub-tota l  

Nouzha 40 400 60 500 

Outer West 15 525 60 600 

Abu K i r  Bay Tnd. - - 6 0 40 1 00 

Arner i a - - 1 110 2 030 - -- 3.140 
(b )  

-- 
Sub-total  5 5 2 095 2 190 4 340 

TOTAL 

( a ) ~ n c l u d e s  LE 190 000 f o r  connections under Top P r i o r i t y  Pro jec ts  (1978-1981 ) . 
(b)Outer areas o f  Alexandria which are  y e t  undergoing major i n d u s t r i a l  

and r e s i d e n t i a l  development. 



TABLE 8-7 

COST OF LATERAL (STREET)SEWER. SYSTEM 

Cap i ta l  Cost, LE thousand 
Stage I Stage I 1  Stage I I I h I V  Tota l  

(1 979-1 983) (1 984-1 988) (1 989-2000) (1 979-2000) 

Abu K i r  Peninsula - - 6 250 1 820 8 070 

Outer East 10 4 0 0 ( ~ )  17 400 30 600 58 400 

Inner  East 84 5 4 325 8 630 13 800 -.- 
Sub-tota l  11 245 27 975 41 050 80 270 

Central  1 000 1 200 2.600 4 800 

Inner  West 1 905 4 275 4 890 11 070 -- -- 
Sub-tota l  2 905 5 475 7 490 15 970 

Nouz ha 

Outer West 

Abu K i r  Bay Ind. - - 900 1 000 1 900 

Ameria b - - 23 ,000 34 800 - 11 800 -- 
Sub-tota l  3 575 20 825 26 700 51.100 

TOTAL 

( a ) ~ n c l u d e s  LE 5280 thousand f o r  Ras s l  Soda area under Top P r i o r i t y  Pro jec ts  
(1 978-1 981 ) . 



TABLE 8-8 

COST OF CONVEYANCE FACILITIES(~) 

C a p i t a l  Cost, LE thousand 
Stage I Stage I 1  T o t a l  

(1  979-1 983) (1 984-1 988) (1 978-2000) 

Eastern ( b )  11 870 

Top P r i o r i t y  3 930 

West/Central  1 865 

Nouz ha 115 

Outer West 295 

Abu K i  r Bay I n d u s t r i e s  21 5 

Ameri a 595 

TOTAL 1 8  885 

( a ) ~ n c l u d e s  a l l  proposed c o l l  ec to rs ,  pump s t a t i o n s  and f o r c e  mains. 

( b ) ~ l l  conveyance f a c i l i t i e s  i n  I n n e r  and Outer Eas t  Zones and Abu K i r  
Peninsu la  area. 

( C ) ~ r o p o s e d  Top P r i o r i t y  P r o j e c t  conveyance f a c i l i t i e s  l o c a t e d  i n  t h e  
Ras e l  Soda area of t he  Outer East  Zone. 



TABLE 8-9 

COST OF TREATMENT AND DISPOSAL FACILITIES 

E l  ement 

C a p i t a l  Cost, LE thousand 
Stage I Stage I 1  To t a  1  

(1 979-1 983) (1  984-1 988) (1  978-2000) 

Ras e l  Soda P l a n t  13 875 - - 13.875 

S i d i  B i s h r  O u t f a l l  

Sub- to ta l  

Kai t Bey P l a n t  4 7 0 ( ~ )  11 970 12 440 

Kai  t Bey O u t f a l l  7 6 0 ( ~ )  39 240 40 000 

West Treatment P l a n t  ( b )  420 (d  ) 10 580 -- 11 000 

Sub- to ta l  1  650 61 790 63 440 

Outer West Ponds 

East  Treatment P l a n t  i d )  

Abu K i r  E v a ~ o r a t i o n  Pond 

Ameri a 
Sub - t o ta l  

Land A c q u i s i t i o n  

TOTAL 

(a )  Improvements f o r  secondary t rea tment  o f  Nouzha area f 1  ows . 
( b ) ~ x p a n s i o n  o f  p r ima ry  p l a n t  f o r  p r e l i m i n a r y  t rea tment  o n l y  of I n n e r  

L e s t  f l ows .  

( ' l ~ s t i m a t e d  c o s t  o f  l and  a c q u i s i t i o n  f o r  a l l  ma jo r  elements of t he  p l a n  u ~ l d e r  
proposed p e r i o d  o f  a c q u i s i t i o n  f rom 1979 t o  1981. 

( d ) ~ e s i g n  and s p e c i f i c a t i o n  f o r  Stage I 1  elements. 



TABLE 8-10 

SUMMARY OF CAPITAL COSTS 

C a p i t a l  Cost, LE m i l l  i o n  
Stage I Stage I 1  Stage I I I & V  T o t a l  

(1 979-1 983) ( 1  984-1 988) ( 1  989-2000) ( 1  978-2000) 

~ a s t ( ~ )  81.9 64.9 44.2 191 . O  

West/Central  7.8 83.7 7.6 99.1 

Nouzha 1.9 8.0 0.7 10.6 

Mex-Dekhei l a  ( b )  3.0 24.3 2.1 29.4 

Abu K i r  Bay Ind .  5.1 14.6 1 . O  20.7 

Ameri a 2.3 - 32.5 25.0 59.8 

Master P lan  TOTAL 102.0 228.0 80.6 4.10.6 

TOP I ' r i o r i t y  ~ r o j e c t s ' ~ '  36.5 - - 36.5 
T4-77  

Component o f  Cost (Percen t )  

D i r e c t  Fore ign  Exchange ( 4 8 )  (26 )  ( 8) (26 )  

I n d i r e c t  Fore ign  Exchange ( 9 )  (25 )  (30)  (22 )  

Loca l  Currency (43 )  (49)  ( 7 0 )  (52 )  

(100) (100) (100) (100)  

( a ) ~ n n e r  and Outer  Eas t  Zones p l u s  Abu K i r  Pen insu la  area.  

( b ) ~ u t e r  West Zone. 

( C ) ~ ~ ~  c o s t s  occur  between 1978 and 1981 ; LE 9.4  m i  11 i o n  i s  f o r  new con- 
s t r u c t i o n  p r o j e c t s  (Category I 1 1  i tems)  i n  t h e  Ras e l  Soda area o f  t h e  
Outer  Eas t  Zone, t h e  remain ing c a p i t a l  c o s t  i s  a s s o c i a t e d  w i t h  r e p a i r  
and genera l  improvements (Category I and I 1  i t ems)  w i t h i n  t h e  e x i s t i n g  
sys tem. 



D e t a i l e d  and complete t a b u l a t i o n s  o f  recommended p l a n  c a p i t a l  c o s t  by 

element, year ,  s e r v i c e  area, and component ( d i r e c t  f o r e i g n ,  i n d i r e c t  f o r e i g n  

and l o c a l  cu r rency)  a re  presented i n  Appendix M. A l so  i t em ized  i n  Vol urne I I I 

a r e  s p e c i f i c  c o n s t r u c t i o n  cos ts  f o r  i n d i v i d u a l  conveyance f a c i  1  i t i e s ,  i .e., 

a1 1  c o l  l e c t o r s ,  f o r c e  mains , and pump s t a t i o n s ,  p r i n c i p a l  components o f  

t rea tment  f a c i  1  i t i e s ,  and f u r t h e r  c o s t  d e f i n i t i o n  on l and  a c q u i s i t i o n s .  

Opera t iona l  Costs 

Opera t iona l  cos t s  f o r  t h e  recommended p l a n  a re  based on annual c o s t  necessary 

t o  opera te  and m a i n t a i n  t h e  va r ious  components o f  t h e  proposed wastewater 

system, i n c l u s i v e  o f  e x i s t i n g  opera t ions  which a r e  t o  be r e t a i n e d  as p a r t  o f  

t he  new program. Opera t iona l  c o s t s  have been c a l  c u l  a t ed  us i ng  i n f o r m a t i o n  

presented i n  Sec t i on  8.3 on personnel ,  equipment and m a t e r i a l s  needed t o  

e f f e c t i v e l y  operate  and m a i n t a i n  t h e  f u t u r e  system. 

Annual ope ra t i on  and maintenance cos ts ,  as shown i n  Table 8-11, a r e  presented 

f o r  t h e  l a s t  y e a r  i n  each c o n s t r u c t i o n  stage. Annual expend i tu re  f o r  

ope ra t i on  and maintenance i s  expected t o  i nc rease  f rom a  p resen t  va lue  o f  

LE 1,1 m i l l i o n  t o  LE 1.8 m i l l i o n  by  1983,when t he  f i r s t  s tage  c o n s t r u c t i o n  

p r o j e c t s  a r e  completed and opera t ing ,  Upon comple t ion  o f  second s tage 

p r o j e c t s ,  ope ra t i ona l  expend i tu res  a r e  expected t o  i nc rease  t o  n e a r l y  LE 2.3 

m i l  1  i o n  pe r  year,  By t h e  p l ann ing  ho r i zon  (year  2000), annual ope ra t i ons  

and maintenance i s  expected t o  reach LE 2.7 m i l  1  i on .  E s c a l a t i o n  has n o t  been 

cons i  dered i n  devel  op i  ng these costs .  

8.6 Economic Aspects of t h e  P lan  

Ove ra l l  Economic Feasi b i  1  i ty 

The recorimended program i s  determined t o  be economica l ly  f e a s i b l e  if i t s  

b e n e f i t s  a re  equal t o  o r  exceed i t s  costs .  The r e l a t i o n s h i p  o f  b e n e f i t s  t o  

cos ts  i s  general  l y  determined by ana l yz i ng  t h e  p r o j e c t  q u a n t i t a t i v e l y ;  t h e  

cos t s  o f  c o n s t r u c t i o n  and cont inued opera t ions  and maintenance a r e  compared 

w i t h  t he  ga ins t h a t  s o c i e t y  may expec t  f rom t h e  p r o j e c t .  

P r i m a r i l y ,  a  sewerage p r o j e c t  b e n e f i t s  h e a l t h  standards,  by reduc ing  t h e  

inc idence  o f  water  and food-borne disease. I n  ma jo r  urban areas, such as 

A lexandr ia ,  r e d u c t i o n  o f  d isease a f f e c t s  t h e  lower  income groups who a r e  most 

l i k e l y  t o  l i v e  i n  unsewered areas. D i r e c t ,  f i n a n c i a l  b e n e f i t s  o f  t h e  recom- 



TABLE 8-11 

OPERATIONAL COSTS OF THE RECOMMENDED PLAN 

Annual Operat ional  Cost, LE thousand 
S t a g e 1  S t a g e 1 1  S t a g e 1 1 1  S t a g e I V  

By: 1983 1988 1994 2000 

S a l a r i e s  and ~ e n e f i t s ( ~ )  1390 1750 1980 21 10 

Energy ( b )  195 240 280 285 

M a t e r i a l  s  and ~ e ~ a i  rs ( ' )  130 160 185 195 

Other Expendi tures ( d l  80 100 115 120 

TOTAL 1795 2250 2560 271 0  

( a ) ~ a l a r i e s  and b e n e f i t s  based on proposed s t a f f i n g  (Tab le  8-3)  and a  
50% i n c r e a s e  i n  p r e s e n t  average wage l e v e l s  improved f o r  s t a f f  q u a l i f i -  
c a t i o n s .  

( b ) ~ n c l u d e s  f u e l  f o r  v e h i c l e  f l e e t ,  standby power g e n e r a t i o n  and e l  e c t r i  - 
c i t y  f o r  pump s t a t i o n s  and t r e a t m e n t  p l a n t s .  

( ')1ncl udes a1 1  r e p a i r s  , spare p a r t s  and o t h e r  maintenance m a t e r i a l  s. 

( d ) ~ n c l u d e s  o f f i c e  suppl  i e s ,  i n t ra -governmenta l  s e r v i c e s ,  and a d m i n i s t r a t i v e  
expenses. 



mended program are, t he re fo re ,  n o t  r e a d i l y  q u a n t i f i a b l e .  . 

The o v e r a l l  economic impact  o f  any proposed p r o j e c t  may be ca tegor ized  as 

f o l l o w s :  b e n e f i t s  which cou ld  be ob ta ined  f rom a l t e r n a t i v e  use of t h e  same 

resources ( t h e  o p p o r t u n i t y  c o s t ) ;  the  p o t e n t i a l  d i s l o c a t i o n  due t o  compe t i t i on  

f o r  scarce resources, e.g., s k i l l e d  c o n s t r u c t i o n  l abo r ,  and t h e  p o s s i b l e  

s t r a i n  on the  economy as a  r e s u l t  o f  des igna t i ng  a  l a r g e  percentage of scarce 

c a p i t a l  resources t o  a s p e c i f i c  r e g i o n  o r  program. 

A  p r o j e c t ' s  economic v i a b i l i t y  and f e a s i b i l i t y ,  t he re fo re ,  must be cons idered 

i n  terms o f  bo th  i n t e r n a l  and e x t e r n a l  f a c t o r s .  I s  i t  wor thwhi le ,  by i t s e l f ,  

and does i t  represen t  a  n e t  c o n t r i b u t i o n  t o  t h e  n a t i o n a l  and l o c a l  economy ? 

From a  macroeconomic p o i n t  o f  view, p r o j e c t s  which improve t h e  b a s i c  

economic i n f r a s t r u c t u r e  have a  m u l t i p l i e r  e f f e c t ,  Every d o l l a r  spent  f o r  

b a s i c  s e r v i c e s / f a c i l i t i e s  i s  m u l t i p l i e d  i n  terms o f  i t s  o v e r a l l  impact  on 

t h e  economy as i t  e i t h e r :  ( 1  ) passes on a  s h o r t  term bas i s  through t he  

economic s t r u c t u r e ;  o r  ' ( 2 )  becomes a  bas i s  f o r ,  o r  i n c e n t i v e  to ,  f u r t h e r  

i nves tment . 

There has been 1  i t t l e  a v a i l a b l e  research regard ing  t he  s h o r t  term mu1 t i p 1  i e r  

e f f e c t  o f  investment  i n  sewerage f a c i l i t i e s .  Where a  cons iderab le  p o r t i o n  o f  

investment  i s  exogenous, however, as i s  t he  case f o r  t he  recommended 

wastewater p l an  p ro jec t s ,  t h e r e  i s  some evidence t h a t  i n f u s i o n  o f  c a p i t a l  

produces m u l t i p l i e r s  i n  excess o f  two, That  i s ,  each u n i t  of investment  can 

be expected, over  t ime, t o  inc rease  gross l o c a l  p roduc t  by two a d d i t i o n a l  

u n i t s .  While such an inc rease  i s  a  temporary phenomenon i n  t he  case of each 

investment u n i t ,  the  magnitude and l ong  term na tu re  o f  t h e  proposed p lan  

schedule make t h i s  p o t e n t i a l  m u l t i p l i e r  an impo r tan t  element of the economy 

f o r  t h e  A lexandr ia  reg ion.  The r e s u l t  i s  bo th  b e n e f i c i a l  and de t r imen ta l .  

I t  i s  b e n e f i c i a l  i n  t h a t  t he re  would be l ong  term a d d i t i o n s  t o  personal 

income as employment o p p o r t u n i t i e s  increased, demand f o r  goods and se rv i ces  

grew, and increased a v a i l a b i l i t y  o f  funds f o r  investment occurred. However, 

p o s s i b l y  excess ive demand f o r  scarce goods and se rv i ces  migh t  a l s o  r e s u l t  

i n  s h o r t  term i n f l a t i o n a r y  pressures. These would tend t o  moderate i n  t ime 

as the  economy ad jus ted  t o  the  expanded demand. 



Long t e rm  inves tment - induc i  ng impacts o f  t h e  recommended p l a n  a re  a l s o  

d i f f i c u l t  t o  q u a n t i f y .  The ex i s t ence  o f  adequate wa te r  and sewerage 

f a c i l i t i e s  i s  o f t e n  a  ma jo r  c r i t e r i o n  i n  s e l e c t i n g  an i n d u s t r i a l  p l a n t  

1  o c a t i o n  because of t h e  obvious connec t ion  between these f a c i  1  i t i e s ,  

i n d u s t r i a l  process requirements,  and worker  h e a l t h  and p r o d u c t i v i t y .  

A l exand r i a  possesses most, i f  n o t  a l l ,  o f  t he  o t h e r  necessary i n f r a s t r u c t u r e ,  

e. g o ,  power, l a b o r  supply ,  t r a n s p o r t a t i o n ,  ready access t o  markets,  t o  a t t r a c t  

i n d u s t r y .  Present  inadequacy o f  t h e  wastewater system may, t h e r e f o r e ,  be 

one o f  t h e  p r i n c i p a l  d e t e r r e n t s  t o  new l a rge -sca le  investment .  

Large c o n s t r u c t i o n  p r o j e c t s ,  such as those env is ioned  i n  t h e  Wastewater Master 

Plan, a r e  d i r e c t l y  and i n d i r e c t l y  l i n k e d  t o  o t h e r  sec to r s  o f  t h e  economy. 

For  example, such p r o j e c t s  r e q u i r e  ind igenous raw m a t e r i a l s  and manufactured 

products,  I n  t h e  l a t t e r  case, t h e  demand produced f o r  concre te  p i p e  m i g h t  

induce inves tment  i n  a d d i t i o n a l  p roduc t i on  f a c i l i t i e s  over  t ime. A l though 

l ess  1  i k e l y ,  investment  i n  e l e c t r i c a l  swi tchgear ,  motors,  and o t h e r  more 

complex equipment m igh t  a l s o  be induced, The s h o r t  term need f o r  s k i l l e d  

c o n s t r u c t i o n  and opera t ions  workers w i l l ,  i n  a l l  p r o b a b i l i t y ,  a f f e c t  t h e  

a v a i l a b l e  supp ly  o f  such workers. Th i s  w i l l  cause temporary shortages, b u t  

i n  t h e  l ong  run  c r e a t e  a  l a r g e r  pool  o f  l a b o r e r s  w i t h  these bas i c  s k i l l s .  

Cost B e n e f i t  Ana l ys i s  ---- 
Because o f  t h e  d i f f i c u l t y  o f  i d e n t i f y i n g  s p e c i f i c  b e n e f i t s  a t t r i b u t a b l e  t o  

each o f  t h e  va r i ous  elements o f  t he  o v e r a l l  p lan,  and because o f  t h e  t ime  

r e q u i r e d  t o  a t t a i n  general  bene f i t s ,  economic f e a s i  b i  1  i ty has been eva l  uated 

f o r  t h e  e n t i r e  program i n c l u d i n g  Top P r i o r i t y  P r o j e c t s ,  through y e a r  2000 

and ope ra t i on  ( a t  y e a r  2000 l e v e l s )  t o  t h e  y e a r  2010. 

Benef i ts- ,  B e n e f i t s  i n c l u d e  bo th  those which accrue d i r e c t l y  t o  users  o f  t h e  

system and those which produce an i n d i r e c t  improvement i n  qua1 i ty  o f  1  i f e  

w i t h i n  t h e  community. B e n e f i t s  may a l s o  be ca tego r i zed  as q u a n t i f i a b l e  o r  

non -quan t i f i ab l e ,  depending on t h e  a v a i l a b i l i t y  o f  da ta  and/or whether t h e  

improvement i s  viewed s u b j e c t i v e l y  o r  o b j e c t i v e l y .  Whi le  q u a n t i f i c a t i o n  o f  

b e n e f i t s  can o f t en  be a  conv inc ing  way of j u s t i f y i n g  a  p r o j e c t ,  these 

b e n e f i t s  a re  n o t  n e c e s s a r i l y  t h e  most impo r tan t  t o  be obta ined.  I n  t h e  case 

o f  wastewater systems, some of t h e  most impo r tan t  b e n e f i t s  cannot be measured 

d i r e c t l y ,  



P r i n c i p a l  q u a n t i f i a b l e  b e n e f i t s  t h a t  a r e  t o  be d e r i v e d  f rom t h e  recomnended 

p l a n  i nc l ude :  (1  ) b e n e f i t  t o  new users  t o  whom s e r v i c e  i s  t o  be made 

a v a i l a b l e  and who thereby  avo id  t h e  cos t s  o f  a  p r i v a t e  d i sposa l  system; 

( 2 )  b e n e f i t  t o  p resen t  r e s i d e n t i a l  users  as a  r e s u l t  o f  t h e  reduced i nc i dence  

o f  sewage backups on to  o r  ad jacen t  t o  t h e i r  p rope r t y ;  ( 3 )  b e n e f i t  t o  community 

a t  l a r g e  i n  terms o f  increased va lue  o f  l and  served by t h e  expanded sewerage 

system; ( 4 )  b e n e f i t  t o  i n d u s t r y  o f  t h e  a v a i l a b i l i t y  o f  a  f u n c t i o n i n g  c o l l e c -  

t i o n ,  t reatment ,  and d i sposa l  system, t he  avoindance o f  t he  d i r e c t  c o s t s  o f  

c o n s t r u c t i n g  a  p r i v a t e  system, and avoidance o f  t he  i n d i r e c t  nuisance c o s t s  

o f  stoppages; ( 5 )  r e c r e a t i o n a l  b e n e f i t  t o  p resen t  and f u t u r e  beach users  

brought  about by e l i m i n a t i n g  nearby sewage over f lows ;  and ( 6 )  economic va l ue  

of reduced l a b o r '  f o r c e  absenteeism caused by was tewate r - re la ted  i l l n e s s e s .  

These bene f i t s  have been es t imated  as f o l  lows: 

1. New use r  b e n e f i t .  I t  i s  assumed t h a t  va lue  t o  new users  i s  equal  

t o  approximate connec-t ion c o s t  (LE 150), based on p r o j e c t i o n s  i n  

Table  8-1 and 8-6 

2. Res ident ia l /commerc ia l  use r  b e n e f i t .  Res iden t ia l / commerc ia l  use r  

b e n e f i t  i s  based on p r o j e c t e d  Sewer Maintenance Department 

expend i tu res  o f  GOSSD-A1 exandr i  a. 

3. Land va lue  bene f i t .  Est imated b e n e f i t s  were based on a  10 pe rcen t  

inc rease  i n  l and  va lue  t o  newly sewered areas w i t h i n  t h e  c i t y ,  

and a  20 percen t  inc rease  i n  l a n d  va lue  t o  newly sewered areas 

o u t s i d e  t h e  c i t y .  

4. I n d u s t r i a l  u s e r  b e n e f i t .  Before 1961, GOSSD-Alexandria imposed a  
3 sewer use r  charge o f  LE 0.003/m of wa te r  consunled by i n d u s t r i a l  

users .  B e n e f i t  i s  c a l c u l a t e d  on t h i s  charge i n f a l t e d  by inc rease  

i n  Consumer P r i c e  Index and on c u r r e n t  and p r o j e c t e d  i n d u s t r i a l  

wa te r  usage as shown i n  Table  4-8. 

5. Recrea t iona l  use r  b e n e f i t .  There a re  an es t imated  one m i l l i o n  

v i s i t o r s  t o  A lexandr ia  d u r i n g  t he  summer season; a  number o f  which 

i s  a n t i c i p a t e d  t o  double by yea r  2000. Assuming an average s t a y  

p e r  i n d i v i d u a l  o f  10 days, t h i s  i s  equal  t o  10 m i l l i o n  v i s i t o r  days 

a t  present ,  i n c reas ing  t o  20 m i l l  i o n  v i s i t o r  days by y e a r  2000. 

Based on p resen t  known d a i l y  expendi tures,  t h e  amount spent by 

v i s i t o r s  who a re  a t t r a c t e d  by more s a n i t a r y  beaches i s  c a l c u l a t e d  

us i ng  average l o c a l  expend i tu res  f o r  o t h e r  M idd le  Eastern ( p r i m a r i l y  

Arab),  European, and Egypt ian v i s i t o r s .  A  va lue  i s  a l s o  determined 



f o r  on-beach ou t l ays ,  e.g., tab les ,  umberel las,  and food. 

6. Lessened absenteeism and h e a l t h  cos t s  b e n e f i t .  I t  has been assumed 

t h a t  l a b o r  f o r c e  nierr~bers l o s e  f i v e  work ing days a  yea r  due t o  

wastewater- re la ted i l l n e s s e s .  Assuming an urban mean household 

income o f  LE 500 i n  1976 i nc reas ing  a t  2 percent  pe r  annum i n  r e a l  

terms, t he  est imated days o f  i l l n e s s  a re  g r a d u a l l y  reduced 75 

percent  as t h e  proposed sewerage system comes on l i n e .  Labor force 

increases assumed f o r  t h e  a n a l y s i s  a re  c o n s i s t e n t  w i t h  e x i s t i n g  

s t a t i s t i c s  and A lexandr ia  popu la t i on  p r o j e c t i o n s .  

The p r imary  u n q u a n t i f i a b l e  b e n e f i t  i s  assoc ia ted  w i t h  general  publ  i c  hea l t h .  

A1 exandr i  a ' s  poor environmental  heal  t h  cond i t i ons  have been d iscussed i n  

Chapter 3. An undefined, b u t  obv ious l y  s u b s t a n t i a l  p a r t  of these c o n d i t i o n s  

i s  a t t r i b u t a b l e  t o  t he  l a c k  of a  sewerage system f o r  a  s i g n i f i c a n t  p o r t i o n  

o f  t he  pupu la t i on  and u n s a t i s f a c t o r y  conveyance, t reatment ,  and d i sposa l  

f a c i l i t i e s  w i t h i n  t he  e x i s t i n g  system. A l l e v i a t i o n  of these c o n d i t i o n s  can 

be expected t o  r e s u l t  i n  a  g e n e r a l l y  h i ghe r  l e v e l  o f  publ  i c  h e a l t h  w i t h  

consequent improvement i n  t h e  q u a l i t y  o f  l i f e  i n  A lexandr ia .  

Other u n q u a n t i f i a b l e  b e n e f i t s  i nc l ude :  

1. g r e a t e r  a b i l i t y  t o  a t t r a c t  i n d u s t r i a l  and commercial investment as 

a  r e s u l t  of improved h e a l t h  c o n d i t i o n s  and t he  a v a i l a b i l i t y  o f  

p u b l i c  sewerage f o r  t h e i r  wastewaters, 

2 .  m u l t i p l i e r  e f f e c t s  of investment and increased ope ra t i on  and 

maintenance cos t s  f o r  proposed wastewater f a c i l i t i e s ,  

3 .  l i nkages  t o  o t h e r  sec to rs  o f  the  n a t i o n a l  economy which may enhance 

l o c a l  and n a t i o n a l  i n d u s t r i a l  c a p a b i l i t y  and capac i ty ,  and 

4. increased a t t r a c t i v e n e s s  o f  t he  A lexandr ia  r eg ion  f o r  development 

o f  tour ism.  

Costs. Costs used a re  those determined f o r  f i n a n c i a l  p lann ing  w i t h  c e r t a i n  

adjustments,  The var ious  cos t  i tems ( cons t ruc t i on ,  l a n d , o p e r a t i o n  and 

maintenance, adm in i s t r a t i on ,  and eng ineer ing)  are bes t  est imated a t  cons tan t  

1977 p r i ces .  A1 though t hey  i nc l ude  cont ingency a1 lowances necessary f o r  

budget ing purposes, t h e  values do n o t  i nc l ude  payments such as f i n a n c i n g  

d u t i e s  o r  taxes because such cos t s  do n o t  represen t  ac tua l  u t i l i z a t i o n  o f  

resources. 



I n  a d d i t i o n ,  ad justments  a r e  made t o  c e r t a i n  cos ts ,  making them more 

r e p r e s e n t a t i v e  o r  r e a l  cos t s  under f r e e  market  c o n d i t i o n s .  T h i s  i s  done by 

ass i gn ing  shadow cos t s .  For  c o s t / b e n e f i t  ana l ys i s ,  c o n s i d e r a t i o n  has been 

g i ven  t o  ass ign ing  c e r t a i n  shadow cos t s  t o  c a p i t a l ,  f o r e i g n  cur rency,  l a b o r  

and c o n s t r u c t i o n  m a t e r i a l s ,  and e l e c t r i c i t y .  A1 though f i r m  q u a n t i f i c a t i o n  

i s  never poss ib l e ,  i t  appears t h a t  economic c o n d i t i o n s  a r e  such t h a t  t h e  

f o l l o w i n g  p r i c e s  can be used f o r  p r e l i m i n a r y  economic d e c i s i o n  making: 

1. C a p i t a l .  Given Egyp t ' s  c u r r e n t  c a p i t a l  shortage, p r o j e c t s  w i t h  

lower  i n i t i a l  cos t s  a r e  r e l a t i v e l y  more des i r ab le .  Therefore,  use 

o f  a  reasonably  h i g h  d i scoun t  r a t e  appears t o  be adv isab le .  The 

evaTuat ion i s  based upon d i scoun t  r a t e s  o f  8, 10, and 15 percen t .  

2 .  Fore ign  Currency. For  purposes o f  economic eva lua t i on ,  t h e  

" p a r a l l e l "  exchange r a t e ,  which i s  c u r r e n t l y  70 p i a s t e r s  t o  t h e  

US d o l l a r ,  has been used. A  s e n s i t i v i t y  a n a l y s i s  assuming a  

10 percent  lower  va lue  (77 p t  = US $1) has a l s o  been performed. 

3. Cons t ruc t i on  Labor. Cu r ren t  wages p a i d  i n  A lexandr ia  f o r  u n s k i l l e d  

l a b o r  r e f l e c t  a  compe t i t i ve  l a b o r  market.  T h i s  and a shor tage o f  

s k i  1  l e d  cons t ruc t?  on workers, which a1 so c rea tes  c o m p e t i t i v e  

market  s i t u a t i o n s ,  suggest t h a t  no ad justment  t o  l a b o r  c o s t s  i s  

r e q u i r e d  i n  economic eva lua t i on .  

4. M a t e r i a l s  and Suppl ies .  As w i t h  o t h e r  p r o j e c t  i n p u t  cos ts ,  non- 

compe t i t i ve  market  p r i c e  d i s t o r t i o n s  should  be e l  im ina ted  when 

ass i gn ing  va lues t o  c o n s t r u c t i o n  m a t e r i a l s  and supp l i es  ( e l e c t r i c i t y ,  

fue ls ,  e t c .  ) .  Cu r ren t l y ,  p r i c e s  o f  many bas i c  c o n s t r u c t i o n  m a t e r i a l s  

such as s t e e l ,  cement, and lumber a r e  government r egu la ted .  The 

c o n t r o l l e d  p r i c e s  a re  below ac tua l  c o s t  o f  p roduc t i on .  I n  o r d e r  t o  

a r r i v e  a t  a  va lue  more r e f l e c t i v e  o f  t h e  a c t u a l  c o s t  t o  Egypt, 

wo r l d  market  p r i c e s  (CIF) o f  impor ted c o n s t r u c t i o n  m a t e r i a l s  have 

been used. I n - coun t r y  t r a n s p o r t  cos t s  have then  been added t o  t h e  

CIF p r i c e  t o  a r r i v e  a t  a  t o t a l  cos t  o f  m a t e r i a l s .  T h i s  procedure 

was f o l l o w e d  f o r  a l l  i tems.  Domestic p r i c e s  o f  m a t e r i a l s  have 

been used f o r  non-p r i ce  c o n t r o l l e d  i tems, e.g., sand and g rave l ,  

and f o r  those which represen t  a  smal l  share o f  t o t a l  c o n s t r u c t i o n  

costs .  As power i s  a l s o  regu la ted ,  e l e c t r i c i t y  cos t s  a re  n o t  

r e f l e c t i v e  o f  t r u e  cos t s  f o r  p roduc t ion .  An es t imated  c o s t  o f  

2.5 pt/kWh has been used i n  economic eva lua t i ons .  



Comparison o f  Costs and Bene f i t s .  A  b e n e f i t / c o s t  a n a l y s i s  has been 

performed a t  t h r e e  d i f f e r e n t  d i scoun t  r a t e s  w i t h  t h e  r e s u l t s  sub jec ted  

t o  s e n s i t i v i t y  ana lys is .  An es t ima te  o f  t h e  i n t e r n a l  r a t e s  o f  r e t u r n  

based on t h e  r e s u l t i n g  b e n e f i t / c o s t  r a t i o s  has a l s o  been made. 

1. D iscoun t ing  Rate. The c u r r e n t  r a t e  o f  i n t e r e s t  i n  Egypt f o r  

government-backed 1  oans i s  8.5 percent.  I n d i c a t i o n s  a re  t h a t  

f o r e i g n  loans f o r  p r o j e c t s  such as those proposed i n  t h e  

recomnended p l a n  a r e  cons idered reasonably  acceptab le  a t  

d i s coun t  r a t e s  of 10 pe rcen t  and a r e  f u l l y  accep tab le  a t  

d i s coun t  r a t e s  o f  15 percen t  o r  more. For these reasons, 

d i scoun t  r a t e s  o f  8, 10 and 15 pe rcen t  were se lected.  

2. Economic L i f e  o f  New F a c i l i t i e s .  The economic l i v e s  of proposed 

new f a c i l i t i e s  a r e  es t imated  t o  be: 

Sewers 50 years  (no recovery )  

S t ruc tu res  40 years  

Equipment 20 yea rs  

Land No d e p r e c i a t i o n  

Based on t h e  b e s t  es t ima te  of bene f i t s  and cos ts  as shown i n  Table  8-12, 

t h e  benef i t-cos t r a t i o  f o r  t h e  recommended master  p l a n  exceeds u n i t y  f o r  

d i s coun t  r a t e s  of 8  and 10 percen t  and f a l l s  s l i g h t l y  below u n i t  a t  

15 percent.  The i n t e r n a l  r a t e  o f  r e t u r n  ( t h e  d i s c o u n t  r a t e  a t  which 

b e n e f i t s  a r e  equal t o  cos t s )  i s  approx imate ly  13 percent .  S e n s i t i v i t y  

checks on those v a r i a b l e s  o f  l a r g e  magnitude g e n e r a l l y  suppor t  t h e  b e s t  

es t ima te  o f  t h e  b e n e f i t - c o s t  r a t i o s .  Whi le  these r a t i o s  may f a l l  below 

u n i t y  w i t h i n  t h e  expected range o f  v a r i a b i l i t y  o f  t h e  es t imated  b e n e f i t s  

and cos ts ,  t h e  ex i s t ence  o f  s i g n i f i c a n t  b u t  u n q u a n t i f i a b l e  a d d i t i o n a l  

b e n e f i t s  must be c r e d i t e d  t o  t h e  p r o j e c t .  

The i n t e r n a l  r a t e s  o f  r e t u r n  assoc ia ted  w i t h  t h e  s e n s i t i v i t y  analyses 

presented i n  Table  8-12 ranged f rom 9 t o  16 percent.  Assuming t h e  

extreme care  o f  25 pe rcen t  decreases i n  r e c r e a t i o n  and l a n d  va lue  

b e n e f i t s  and a  10 percen t  i nc rease  i n  p r o j e c t  costs ,  t h e  i n t e r n a l  r a t e  

o f  r e t u r n  i s  approx imate ly  6  percent .  Conversely,assuming a  25 pe rcen t  

inc rease  i n  l a n d  va lue  and r e c r e a t i o n  bene f i t s  and a  10 pe rcen t  reduc- 

t i o n  i n  p r o j e c t  costs ,  t h e  i n t e r n a l  r a t e  o f  r e t u r n  i s  g r e a t e r  than  

20 percent.  



TABLE 8-12 

SUMMARY OF COST/BENEFIT ANALYSIS 

Present  Worth. LE M i  11 i o n  
a t  D iscount  Rate = 8  pe rcen t  10 percen t  15 p e r c e n t  

B e n e f i t s :  

New users  

Cur ren t  users  

Land va lue 

I n d u s t r y  

Recrea t ion  

Absenteeism 

TOTAL 

TOTAL PROJECT  COST'^) 
a t  D iscount  Rate = 

B e n e f i t  t o  Cost Ra t ios  

Best Est imate 

S e n s i t i v i t y  

10% r e d u c t i o n  i n  Land va lue  

254 r e d u c t i o n  i n  Land va lue  

10% i nc rease  i n  Land va lue 

25% inc rease  i n  Land va lue  

10% r e d u c t i o n  i n  Recreat ion 

25X r e d u c t i o n  i n  Recreat ion 

10% inc rease  i n  Recreat ion 

25% inc rease  i n  Recreat ion 

10% r e d u c t i o n  i n  P r o j e c t  Cost 

10% inc rease  i n  P r o j e c t  Cost 

8 percen t  13 percen t  15 percen t  

-- 
I -  ' 
%"'Ca i t a l  p l u s  ope ra t i ons  and maintenance cos t s  of t h e  con,:lete 

r ec  mmended p l an  i n c l u d i n g  Top P r i o r i t y  P r o j e c t s .  



The c a l c u l a t e d  b e n e f i t / c o s t  r a t i o s  i n d i c a t e  t h a t  t h e  recommended master  

p l an  i s  economica l l y  f e a s i b l e  and should  be implemented r a p i d l y  i n  

o r d e r  t h a t  b e n e f i t s  can be d e r i v e d  from the  p r o j e c t s  a t  t h e  e a r l i e s t  

p o s s i b l e  t ime, 

-8.7 Environmental  Eva1 u a t i o n  

From an env i ronmenta l  pe rspec t i ve ,  t h e  recommended Master  P l  an o f f e r s  

many b e n e f i t s  t o  t he  A lexand r i a  reg ion .  Apa r t  from t h e  env i ronmenta l  

h e a l t h  irr~provements noted e l  sewhere, t h e  most s  i g n i f i  can t  env i ronmenta l  

b e n e f i t s  w i l l  be improvement o f  t h e  urban and suburban environments 

by  removal o f  human wastes and t h e  e l i m i n a t i o n  o f  raw domest ic  and 

i n d u s t r i a l  wastewater d ischarges t o  Lake Maryut. The r e d u c t i o n  i n  

waste loads t o  t he  l a k e  shou ld  improve b o t h  t h e  va lue  o f  t h e  l a k e  as 

a  f i s h e r y ,  and t h e  q u a l i t y  o f  t h e  Mex pump s t a t i o n ' s  d ischarge  t o  t h e  

Medi ter ranean Sea. 

The p resen t  p o l l u t i o n  o f  Abu K i r  Bay w i l l  a l s o  be g r e a t l y  reduced by 

t h e  c o n s t r u c t i o n  o f  an evapo ra t i on  pond f o r  Abu K i r ' s  i n d u s t r i a l  waste- 

water ,  a l though  t h e  exac t  l o c a t i o n  o f  t h e  pond must be c a r e f u l l y  

se l ec ted  t o  m in im ize  damage t o  Lake I d k u ' s  f i shery .  The modest 

phys i ca l  p r o p e r t y  requi rements  o f  t rea tment  f a c i l i t i e s  i n  c e n t r a l  

A lexandr ia  should  m in im ize  t he  impact  upon l a n d  use o f  t h e  recommended 

p l  an. 

P rope r l y  designed ocean o u t f a l l s  f o r  wastewater d isposal ,  as proposed i n  

t h i s  p lan ,  can have minimal '  env i ronmenta l  consequences. The l a r g e  

d i l u t i o n  o f  wastes immediate ly  a f t e r  d i scharge  i s  a  n a t u r a l  and r e l i a b l e  

" t rea tment  process" t o  reduce p o l  1  u t a n t  concen t ra t i ons  n o t  o f f e r e d  by 

a l t e r n a t i v e  means o f  d i sposa l .  Pre- t reatment  w i l l  m in im ize  v i s i b l e  

e f f e c t s  due t o  f l o t a b l e  substances. I n i t i a l  and subsequent d i l u t i o n ,  

combined w i t h  r a p i d  b a c t e r i a l  d i e - o f f ,  can reduce o r  e l i m i n a t e  t he  need 

f o r  e f f l u e n t  c h l  o r i n a t i o n  t o  p r o t e c t  A1 exand r i a ' s  beaches. The ocean 

d ischarge o f  A l exand r i a ' s  wastewater cou ld ,  i n  f a c t ,  have a  s i g n i f i c a n t  

b e n e f i c i a l  impact  by supp l y i ng  n i t r o g e n  and phosphorus t o  t h e  n u t r i e n t -  

poor waters  o f  t h e  Mediterranean, p o s s i b l y  improv ing t he  a r e a ' s  mar ine 

f i s h e r i e s .  



The most i m p o r t a n t  env i ronmenta l  i s s u e  a s s o c i a t e d  w i t h  t h e  recomnended 

p l a n  i s  t h e  e f f e c t i v e  c o n t r o l  o f  t o x i c  i n d u s t r i a l  wastes b e f o r e  t h e i r  

d i scharge  t o  t h e  sewers. I f  an e f f e c t i v e  sewer-use law i s  implemented 

and enforced as c a l l e d  f o r  i n  t h e  p lan ,  then  t h e  Med i te r ranean  i s  

an e n v i r o n m e n t a l l y  a c c e p t a b l e  r e c e i v i n g  w a t e r  f o r  A l e x a n d r i a ' s  n o n - t o x i c  

wastes. If, however, t o x i c s  a r e  n o t  c o n t r o l l e d  a t  t h e i r  source,  t h e  

env i ronmenta l  consequences o f  t h e i r  r e l e a s e  t o  t h e  Medi ter ranean c o u l d  

be i r r e p a r a b l e ,  no m a t t e r  by what means t h e  i n d u s t r i a l  d ischarges f i n d  

t h e i r  way t o  t h e  sea. 
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CHAPTER 9 

PROJECT IMPLEMENTATION 

9,l Management Improvement 

General 

Impl ementation o f  the  recommended Wastewater Master Pl  an w i  11 r e q u i r e  

s t rens then i  ng t h e  organi  z a t i  on and management systems o f  GOSSD-Alexandria. 

S p e c i f i c  management improvements are proposed f o r  each department, and 

recommendations f o r  t h e  o v e r a l l  o rgan iza t ion  o f  GOSSD-A1 exandr i  a a re  

presented. Most o f  the recommended improvements a re  proposed t o  take p lace 

i n  the near term, w h i l e  t he  o thers  may app rop r i a te l y  be postponed u n t i  1 

commencement of l a t e r  stages of t h e  Wastewater Master Plan program. 

Overa l l  Organi z a t i  on 

The Wastewater Master Plan w i  1 1 increase o rgan i za t i ona l  responsi b i  1 i t i e s  i n  

th ree  major areas : p r o j e c t  management, funds management, and i n t e r n a l  

admin is t ra t ion .  The recommended organ iza t ion ,  depic ted on Figure 9-1, 

addresses these needs through the  es tab l  ishment o f  a P r o j e c t  Mon i to r i ng  Un i t ,  

an I n t e r n a l  A u d i t  Un i t ,  and the p o s i t i o n  o f  Deputy General D i rec to r .  No nec- 

essary a d d i t i o n a l  s t r u c t u r a l  changes are  proposed; ra the r ,  a d d i t i o n a l  

funct ions are assigned t o  the e x i s t i n g  departments as summarized below: 

Funct ion Proposed Organizat ional  Locat ion  

T ra in ing  and S t a f f  Development Personnel and T ra in ing  

Sewer' Use Regulat ion Enforcement Legal 

Centra l  Records and Management 
I n fo rma t i  on System 

Pub1 i c Serv ice 

Col 1 e c t i o n  Services f o r  Mazou t, Sewer Maintenance 
Manure, Septage, and I n d u s t r i a l  Wastes 

Operat ion and Maintenance of 
A1 1 Treatment Faci 1 i t i e s  

Water Pol 1 u t i o n  Contro l  

Indus tri a1 Wastewater Mon i to r ing  Water Pol 1 u t i o n  Contro l  

Execut ive D i r e c t i o n  

Impl ementati on o f  t he  reconmended Master Pl an through GOSSD-A1 exandr i  a 

requ i res  cont inu ing  execut ive d i r e c t i o n  t h a t  must i nc lude  a f u l l - t i m e  

General D i rec to r .  A1 so, GOSSD-A1 exandr ia  should have: 



1, C l e a r l y  de f i ned  ob jec t i ves .  The o rgan i za t i on  p resen t l y  appears t o  

have no development o r  opera t ing  ta rge ts ,  For example, t he re  i s  no 

p lan  t o  improve p u b l i c  awareness o f  t he  proper use o f  a  wastewater 

sys tern. 

2. A Deputy D i rec to r ,  Even w i t h  a  f u l l - t i m e  General D i rec to r ,  t he  

span o f  c o n t r o l  i s  too  g rea t  t o  permi t  e f f e c t i v e  management. A 

Deputy D i r e c t o r  i s  needed t o  assume the  more r o u t i n e  managerial 

mat te rs  and t o  a s s i s t  t he  General D i r e c t o r  as he may d i r e c t  i n  

o t h e r  matters,  Decisions on how b e s t  t o  u t i l i z e  t he  serv ices  of a  

deputy would depend i n  p a r t  on the  managerial s t rengths  of bo th  the  

d i r e c t o r  and h i s  deputy, and the  preferences o f  t he  General 

D i rec to r .  A t  t h i s  t ime, however, i t  would seem appropr ia te  t o  

ass ign superv is ion  o f  the  f o u r  suppor t ing  s t a f f  a d m i n i s t r a t i v e  

departments t o  a  Deputy D i rec to r ,  thereby a1 lowing t h e  General 

D i r e c t o r  t o  concentrate on the  departments concerned w i t h  p r o j e c t  

development, operat ions,  and maintenance. 

3, Assignment o f  r e s p o n s i b i l i t y  t o  each department head f o r  t he  

management and ope ra t i ng  func t i ons  under h i s  superv is ion.  This  

should be a  p r i o r i t y  task o f  t he  General D i rec to r ,  w i t h  the  aim of 

ensur ing d i r e c t  a c c o u n t a b i l i t y  t o  him f o r  t he  e f f e c t i v e  performance 

o f  a l l  r equ i red  operat ions and development tasks. 

Admin i s t ra t i on  

Personnel and T ra in ing  Department. The d u t i e s  o f  t he  present  Personnel 

Department should be expanded t o  i nc lude  a l l  s t a f f i n g  and t r a i n i n g  develop- 

ment respons ib i  1  i t i e s  f o r  GOSSD-Alexandria. R e f l e c t i n g  these changes, i t  

should become the  Personnel and T ra in ing  Department, 

An e f f e c t i v e  s t a f f  development program requ i res  a  s t a f f i n g  p lan  which 

inc ludes  fo recas ts  o f  t he  type  and nurr~bers o f  err~ployees needed i n  each u n i t  

o f  the organizat ion.  A p re l im ina ry  s t a f f i n g  p lan  f o r  GOSSD-Alexandria was 

shown previo.usly i n  Table 8-3. This p lan  inc ludes  est imates o f  s t a f f i n g  

increases requ i red  t o  b r i n g  e x i s t i n g  s t a f f i n g  i n  a l l  departments up t o  a  

l e v e l  needed t o  handle a d d i t i o n a l  f unc t i ons  and t o  operate and ma in ta in  

an expanding u t i  1 i t y  system. 

T ra in ing  requirements should be determined by sys tema t i ca l l y  rev iewing the  

c a p a b i l i t i e s  o f  e x i s t i n g  s t a f f  i n  comparison w i t h  j o b  requirements. 



T r a i n i n g  w i l l  be necessary f o r  employees as new systems and procedures a re  

implemented, A general p o l i c y  of upgrading employee s k i l l s  i s  needed 

because GOSSD-Alexandria i s  1  i m i t e d  i n  i t s  a b i l i t y  t o  a t t r a c t  and r e t a i n  

i n d i v i d u a l s  t h a t  a l ready possess appropr ia te  t r a i n i n g  and experience. 

Err~ployees possessing ap t i t udes  f o r  t he  work t o  be done must be r e c r u i t e d ,  

and then the  necessary s k i l l s  must be developed among them through formal 

and informal t r a i n i n g  programs. Examples o f  t h e  types of t r a i n i n g  needed 

w i t h i n  GOSSD are  presented i n  Table 9-1. 

Both Tables 8-3 and 9-1 a re  examples o f  q u a n t i t a t i v e  and qua1 i t a t i v e  aspects 

o f  s t a f f  development p lann ing  t h a t  must be undertaken i f  GOSSD-A1 exandr ia  

i s  t o  improve i t s  o v e r a l l  l e v e l  o f  performance. Ma in ta in ing  and 

updat ing o f  s t a f f i n g  schedules should be assigned as a  f u l l - t i m e  du ty  t o  t he  

Personnel and T r a i n i n g  Department. 

Low l e v e l s  o f  compensation and l a c k  o f  i ncen t i ves  i n  t he  personnel system 

w i l l  be p e r s i s t e n t  b a r r i e r s  t o  t he  implementat ion of an e f f e c t i v e  s t a f f  

development program, No s i g n i f i c a n t  changes a re  expected i n  t he  near term. 

GOSSD should, there fo re ,  f i n d  i nnova t i ve  approaches t o  -improving t h e  

a t t rac t i veness  o f  employment. Some poss ib le  approaches inc lude:  

- Developing and implementing occupat ional  h e a l t h  and s a f e t y  programs; 

acqu i r i ng  sa fe ty  d e v i c e s - f o r  laborers  work ing under hazardous 

cond i t ions ;  conduct ing h e a l t h  and s a f e t y  t r a i n i n g  sessions; p rov id ing  

ba th ing  f a c i l i t i e s  f o r  the  opera t ion  and maintenance s t a f f s  o f  t he  

organizat ion.  

- Aggress ive ly  seeking funding f o r  meaningful bonus p rov i s i ons  f o r  

employees w i t h  t he  bonus system based s o l e l y  on performance and 

c o n t r i b u t i o n  t o  o rgan iza t iona l  ob jec t i ves .  

- C a r e f u l l y  rev iewing  t h e  s ta tus  o f  each employee t o  assure t h a t  every 

a1 1  owabl e  b e n e f i t  and a1 1  owance i s  received. 

- Carefu l  l y  rev iewing a1 lowable employee we1 f a r e  programs t o  determine 

whether new programs o f  i n t e r e s t  and economic b e n e f i t  t o  employees 

can be establ ished.  A  p o s s i b i l i t y  would be the  p r o v i s i o n  o f  

t r a n s p o r t a t i  on serv ices  t o  empl oyees. 

- Reviewing t h e  d i s c r e t i o n a r y  b e n e f i t s  such as food and c l o t h i n g  

a1 1  owances, and aggressi  ve l y  seeking t o  increase them wherever 

possib le.  

- Prov id ing  t u i t i o n  ass is tance w i t h  t ime o f f  f rom work f o r  f u r t h e r  
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educat ion ( t h i s  type of b e n e f i t  should be t i e d  t o  an employment 

c o n t r a c t  guaranteeing a minimum pe r iod  o f  se rv i ce  w i t h  GOSSD- 

Alexandr ia  a f t e r  complet ion o f  t r a i n i n g ) .  

Budget and Finance Department. F inanc ia l  systems should be reviewed t o  

assure t h a t  proper c a p i t a l  p r o j e c t  account ing systems a re  i n  p lace p r i o r  t o  

t h e  i n i t i a t i o n  o f  major development p ro jec t s .  The p r o j e c t  account ing system 

should inc lude appropr ia te  measures f o r  capi t a l  i z i  ng i tems. Appropr ia te  

asset records must be generated and incorpora ted  i n t o  t he  account ing system 

a1 ong w i t h  t he  associated dep rec ia t i on  account ing systems. Cost account ing 

procedures should a l s o  be developed and implemented a f t e r  rev iew and 

r e s t r u c t u r i n g  o f  GOSSD-Alexandria have been completed. 

I f  the  sewerage operat ions a re  t o  be supported by revenues from sewer use 

charges, ledger  e n t r i e s  must be es tab l i shed f o r  cash r e c e i p t s  and accounts 

receivable.  Also, a  system o f  b i l l i n g  and c o l l e c t i o n  must be designed and 

implemented a f t e r  t he  r a t e  s t r ~ ~ c t u r e  i s  determined. 

An a u d i t i n g  procedure should be es tab l i shed f o r  t he  GOSSD-Alexandria 

o rgan i za t i on  t o  prov ide con t i nu ing  checks on the  p r o p r i e t y  o f  t ransac t ions ,  

t o  assess the  v a l i d i t y  o f  repor ted  data, t o  p rov ide  an overview of t he  

f i n a n c i a l  s i t u a t i o n ,  and t o  i n i t i a t e  improvements and ref inements i n  the  

f i n a n c i a l  systems. The i n t e r n a l  a u d i t  u n i t  should be es tab l  ished under 

the  superv is ion  o f  GOSSD-Cairo, b u t  a1 so prov ide  r e l e v a n t  f i n a n c i a l  informa- 

t i o n  t o  t h e  General Di  r e c t o r  o f  GOSSD-A1 exandria. External  a u d i t i n g  by  

the  M i n i s t r y  of Finance and the  Centra l  Agency f o r  Aud i t i ng  w i l l  cont inue t o  

p rov ide  an independent appra isa l  o f  t he  f i n a n c i a l  a c t i v i t i e s  o f  t he  e n t i r e  

organizat ion.  

Legal Department. The Legal Department should work w i t h  t he  Water P o l l u t i o n  

Contro l  and Sewer Maintenance Departments i n  t he  comprehensive waste 

discharge mon i to r ing  e f f o r t  t h a t  w i l l  be necessary t o  e l i m i n a t e  v i o l  a t i o n s  o f  

t he  sewer use ordinance. The l e g a l  s t a f f  should be respons ib le  f o r  n o t i f y i n g  

i n d u s t r i a l  customers o f  waste discharge v i o l a t i o n s ,  developing an acceptable 

t ime schedule f o r  i n d u s t r i e s  t o  comply w i t h  t h e  sewer use regu la t ions ,  and, 

where necessary, i n i t i a t i n g  l ega l  proceedings t o  c o l l e c t  f i n e s  and t o  l i m i t  

f u r t h e r  waste d i  scnarge v i  01 a t i  ons. Meetings of representa t i ves  from major 

i n d u s t r i e s  and the  Alexandr ia  Governorate w i t h  the  Legal Department would 



a i d  i n  the  enforcement o f  sewer use regu la t ions  by in fo rming the  appropr ia te  

o f f i c i a l s  o f  waste discharge v i o l a t i o n s  and the  i n t e n t i o n  o f  GOSSD-Alexandria 

t o  e l  im ina te  these v i o l a t i o n s .  

Publ i c  Services Department. I n  a d d i t i o n  t o  i t s  present responsi b i  1 i t i e s ,  the  

Publ i c  Services Department i s  bes t  s u i t e d  t o  es tab l  i s h  and mainta in management 

in fo rmat ion  and c e n t r a l  records systems. The management i n fo rma t ion  system 

may be implemented i n  the  f o l l o w i n g  sequence: 

- L is t ing  a1 1  data and repo r t s  being generated i n  t h e  organizat ion.  

- Having the  1  i s t i n g  analyzed by the  General D i r e c t o r  and department 

heads t o  determine which data and repo r t s  should cont inue t o  be 

generated. 

- I d e n t i f y i n g  needs f o r  add i t i ona l  data o r  repor ts .  

- Developing the  data base and the  formats f o r  the  needed a d d i t i o n a l  

repor ts .  

Responsi b i  1  i ty f o r  t i m e l y  corrlpl e t i o n  and sublnission pf requested data and 

repo r t s  should be assigned t o  s p e c i f i c  i nd i v idua ls .  A c e n t r a l  f i l e  should be 

es tab l ished i n  the  Pub l i c  Services Department w i t h  an employee assigned t o  

main ta in  the  records system and t o  f o l l o w  up on de l inquent  r e p o r t  submissions. 

Th is  c e n t r a l  data f i l e ,  a v a i l a b l e  t o  a l l  departments, w i l l  prov ide t h e  bas i c  

inputs  f o r  in fo rmat ion  speci fica.1 l y  des i red  by management. 

Operations and Maintenance 

Sewer 1.Iaintenance Department. Proper maintenance of the  wastewater c o l l e c t i o n  

system i s  o f  v i t a l  importance i n  improving i t s  e f fec t i veness  and c o n t r i b u t i n g  

t o  pub1 i c  heal th.  The p r i n c i p a l  areas o f  proposed improvements i n  the  

department are out1 ined below: 

- Maintenance o f  e x i s t i n g  sewers must be reduced by e l  im ina t i ng  

surcharged sewer condi t ions.  Improved coord ina t ion  w i t h  the  

Mechanical and E l e c t r i c a l  Department S t a f f  which tend t o  operate 

pump s t a t i o n s  on l y  a f t e r  g r a v i t y  sewers become surcharged, should 

reduce deposi ts  o f  so l  i d s  and c logg ing  o f  sewers. 

- Sewer c lean ing  procedures must be modernized and upgraded, The 

system-wide c lean ing  c o n t r a c t  recomended i n  the  Top P r i o r i t y  

P ro jec ts  inc ludes an eva lua t ion  o f  the  most appropr ia te  techniques 

f o r  maintenance o f  t he  sewerage system on a  cont inu ing  basis,  the  

design of a  s t a f f i n g  plan, and the prepara t ion  o f  1  i s t s  o f  requ i red  



equipment, I t  a l s o  prov ides f o r  superv isor  t r a i n i n g  i n  new 

maintenance techniques, use o f  equipment, s a f e t y  procedures, and 

schedul ing o f  d a i l y  work. 

- Maintenance records o f  t h e  sewerage system must be upgraded and 

reproduced i n  a form convenient f o r  the  use o f  sewer maintenance 

crews. These improved records may be developed from the  base maps 

prepared i n  t he  Master Plan. They may be updated and amended by 

f i e l d  survey and maintenance crews us ing  data c o l l e c t e d  i n  t h e i r  

r o u t i n e  f i e 1  d operat ions, 

I n  add i t ion ,  t h e  Sewer Maintenance Department should be g iven the  a u t h o r i t y ,  

funding, and s t a f f  necessary t o  c o l l e c t  and dispose o f  problem i n d u s t r i a l  

wastes, mazout, and animal manure. The Department i s  p resen t l y  respons ib le  

on l y  f o r  the c o l l e c t i o n  and d isposal  o f  s e p t i c  tank sludge, GOSSD-Alexandria 

appears t o  be the on l y  o rgan iza t ion  w i t h  the  i n c e n t i v e  t o  i n s t i t u t e  and 

manage these a d d i t i o n a l  waste c o l l e c t i o n  serv ices.  Dur ing the sewer c lean ing  

program associated w i t h  Top P r i o r i t y  Pro jec ts ,  the sewer maintenance s t a f f  

should rece ive  t r a i n i n g  i n  the  c o l l e c t i o n  o f  these waste m a t e r i a l s  and begin 

t o  devel op new ongoing waste co l  l e c t i o n  serv ices  , 

Water P o l l u t i o n  Contro l  Department, As the Wastewater Master Plan i s  imple- 

mented, opera t ion  and mai ntenance responsib i  1  i t i e s  of t h e  Water Pol l u t i o n  

Contro l  Department w i l l  be expanded t o  i nc lude  th ree  p re l im ina ry  t reatment  

p lan ts ,  two waste s t a b i  1  i z a t i o n  ponds, an evaporat ion pond, and a secondary 

t reatment  f a c i l i t y .  To ensure t h a t  proper  opera t ing  procedures are fo l lowed 

under a v a r i e t y  o f  opera t ing  cond i t ions ,  s tud ies  conducted through t i le  

design phases should produce: 

- A d e t a i l e d  opera t ing  manual f o r  each f a c i l i t y ,  

- A summary o f  opera t ing  procedures t o  be posted i n  an appropr ia te  

l o c a t i o n  f o r  each f a c i l i t y ,  

- T ra in ing  guide1 i nes f o r  i n s t r u c t o r s  and supervisors, 

As cons t ruc t i on  work progresses, the Department should implement t r a i n i n g  

programs and i n s t i t u t e  standard opera t ing  procedures f o r  the f a c i  1  i t i e s .  

These p rac t i ces  should be cont inued f o r  a l l  f u t u r e  t reatment  f a c i l i t y  

add i t ions .  

A waste mon i to r ing  team should a l s o  be es tab l i shed w i t h i n  t he  Water 

P o l l u t i o n  Contro l  Department, The a n t i c i p a t e d  i n d u s t r i a l  growth i n  



Alexandr ia  w i  11 necess i t a te  p a r t i c u l a r  emphasis on sewer use r e g u l a t i o n  

because o f  t he  p o t e n t i a l  f o r  t o x i c  o r  hazardous i n d u s t r i a l  waste discharges. 

The waste mon i t o r i ng  team would rev iew a p p l i c a t i o n s  f o r  i n d u s t r i a l  sewer 

connect ions, c o l  l e c t  and analyze wastewater samples, and keep records  o f  

i n d u s t r i a l  waste d ischarge c h a r a c t e r i s t i c s .  When sewer use v i o l a t i o n s  occur, 

t h e  waste mon i t o r i ng  team would work w i t h  the  Legal Department t o  i s sue  

no t i ces  t o  v i o l a t o r s  and, when necessary, t o  i n i t i a t e  l e g a l  ac t i on .  The 

Water P o l l u t i o n  Cont ro l  Department has es tab l i shed  programs i n  wate r  q u a l i t y  

mon i t o r i ng  and l a b o r a t o r y  analyses and, there fo re ,  i s  t he  app rop r i a te  

l o c a t i o n  f o r  a waste mon i t o r i ng  team, 

Mechanical and E l e c t r i c a l  Department. The Mechanical and E l e c t r i c a l  Depart-  

ment should r e s t r u c t u r e  i t s  ope ra t i ng  procedures, i n  a manner s i m i l a r  t o  

t h a t  o f  t he  Water P o l l u t i o n  Cont ro l  Department, through: 

- A d e t a i l e d  ope ra t i ng  manual f o r  each f a c i l i t y .  

- A sumniary o f  ope ra t i ng  procedures posted i n  an app rop r i a te  l o c a t i o n  

f o r  each f a c i l i t y .  

- T r a i n i n g  guide1 i nes f o r  i n s t r u c t o r s  and superv isors .  

Pump s t a t i o n s  should be run  more f r e q u e n t l y  t o  e l i m i n a t e  t he  p r a c t i c e  o f  

su rcharg ing  g r a v i t y  sewers, As discussed p rev ious l y ,  t h i s  p r a c t i c e  r e s u l t s  

i n  clogged sewers, reduced sewer capac i ty ,  and i n  an increased workload f o r  

t h e  Sewer Maintenance Department. 

The t r a n s p o r t a t i o n  garage and workshop should be expanded t o  accomnodate t h e  

l a r g e r  f l e e t  o f  veh i c l es  necessary t o  improve c u r r e n t  operat ions,  and t he  

a d d i t i o n a l  f l e e t  t h a t  w i l l  be necessary t o  p rov ide  s e r v i c e  t o  newly sewered 

areas. Pro jec ted  equipment and v e h i c l e  requirements were shown i n  Table 8-5. 

An ongoing v e h i c l e  replacement program i s  needed t o  e l  i m i  nate outdated and 

i ' n e f f i  c i e n t  veh i c l es  w i t h o u t  causing l a r g e  f l u c t u a t i o n s  i n  t h e  annual 

equipment budget. Through t h e  c o n t r a c t  sewer c l ean ing  program i n  t he  Top 

P r i o r i t y  P ro jec t s ,  t he  Mechanical and E l e c t r i c a l  Department may a c q u i r e  

a d d i t i o n a l  modern sewer maintenance veh ic les  and c l ean ing  equipment, 

P r o j e c t  Development 

The management improvement recommendations f o r  eng ineer ing  f unc t i ons  a re  

in tended t o  "gear-up" t o  t he  Master Plan development program. A1 though a 

p o r t i o n  o f  t he  eng ineer ing  workload w i l l  be assigned t o  consu l tan ts ,  GOSSD- 

Alexandr ia  should take  advantage o f  t he  o p p o r t u n i t i e s  f o r  i t s  employees t o  



ga in  on- the- job t r a i n i n g  d u r i n g  t he  des ign and c o n s t r u c t i o n  supe rv i s i on  

stages o f  t h e  major  p r o j e c t s ,  

Present i n d i c a t i o n s  f rom the  GOSSD-Alexandria s t a f f  a r e  t h a t  t he  Design and 

P r o j e c t  Execut ion Departments, r espons ib l e  f o r  p r o j e c t  development, w i l l  

operate under d i r e c t  supe rv i s i on  from the  GOSSD p r o j e c t  development f u n c t i o n s  

i n  Cairo.  The r e s p o n s i b i l i t i e s  o f  t he  General D i r e c t o r  i n  GOSSD-Alexandria 

w i l l  then be focused on adm in i s t r a t i on ,  and ope ra t i on  and maintenance of 

t he  A lexandr ia  wastewater system, a u r i n g  t h e  upcoming development program, 

t h e  A lexandr ia  and Ca i ro  s ta f f s  should be h i g h l y  coordinated. The p r o j e c t  

development e x p e r t i s e  c e n t r a l i z e d  i n  Ca i ro  w i  11 b e n e f i t  f rom t h e  l o c a l  

knowledge o f  t he  A lexandr ia  s t a f f ;  t he  General D i r e c t o r  should be in formed o f  

a l l  p r o j e c t  a c t i v i t i e s  i n  A lexandr ia ,  For these reasons, t h e  es tab l i shment  

o f  a  " P r o j e c t  Mon i t o r i ng  U n i t "  i s  recomnended. 

The P r o j e c t  Mon i t o r i ng  U n i t  should g i v e  t he  sen io r  o f f i c i a l s  o f  GOSSD- 

A1 exandr i  a  a  means o f  keeping abreas t  of p r o j e c t  progress aga ins t  schedule, 

and c o s t  aga ins t  budget, 'The P r o j e c t  Honi t o r i n g  l l n i  t should be d i r e c t l y  

respons ib le  t o  the  General D i r e c t o r ,  As soon as a p r o j e c t  i s  i n i t i a t e d ,  

i t  would become the  respons - i b i l i  t y  o f  a  P r o j e c t  M o n i t o r i n g  S p e c i a l i s t  i n  t h i s  

u n i t  t o  rev iew plans, schedules, and cos t s  f o r  new p r o j e c t s  u n t i l  a  f a c i l i t y  

i s  completed and p laced i n  opera t ion .  The P r o j e c t  Mon i t o r i ng  S p e c i a l i s t ' s  

p r i n c i p a l  r e s p o n s i b i l i t i e s  would be: ( 1  ) t o  coord ina te  a1 1 p r o j e c t - r e l a t e d  

a c t i v i t i e s  ; ( 2 )  t o  i d e n t i f y  p o t e n t i a l  problems o r  obs tac les  t o  complet ion 

e a r l y  enough t o  pe rm i t  c o r r e c t i v e  ac t i on ;  and ( 3 )  t o  keep t h e  General 

D i r e c t o r  GOSSD-Alexandria informed o f  p lans and progress f o r  a l l  p r o j e c t s  

be ing undertaken. The Specia l  i s t  would mon i t o r  progress through personal 

con tac ts  and p e r i o d i c  conferences w i t h  a1 1 p r o j e c t  p a r t i c i p a n t s ,  e.g., 

designers,  c o n t r a c t i n g  o f f i c i a l s  , purchasing agents, and f i nance  o f f i c e r s .  

The system need n o t  be complex, b u t  should be f o rma l i zed  i n  a  procedures 

manual. 

9.2 Proposed Schedule f o r  Implementing Management Recomnendations 

Recomrnenda t i ons 

The concepts f o r  improved wastewater systems management o u t l i n e d  above 

p rov ide  a foundat ion  f o r  s t reng then ing  t h e  management o f  t he  sewerage 

f unc t i ons  i n  A lexandr ia .  Recommendations a re  grouped i n t o  t h r e e  ca tego r i es  

accord ing t o  t h e i r  p r i o r i t y ,  



Recommendations f o r  Immediate A t t e n t i o n  

1. Appoint a f u l l - t i m e  General D i rec to r ,  

2. Appoint a Deputy General D i rec to r ,  

3, Def ine the opera t ing  and c a p i t a l  development ob jec t i ves  o f  the 

wastewater program. 

4, Assign responsi b i  1 i ty t o  department heads f o r  management and 

operat ing func t ions  under t h e i r  supervision. 

5 .  Prepare a d e s c r i p t i o n  o f  the  opera t iona l  r e l a t i o n s h i p s  among the  

var ious departments. 

Recommendations f o r  Top P r i o r i t y  Pro jec ts  Considerat i  on --- 
Adminis t rat ion,  

Personnel and T ra in ing  Department. 

1. Expand Personnel De'partnent r e s p o n s i b i l i t i e s  t o  cover a l l  s t a f f i n g  

and t r a i n i n g  needs and requirements. R e t i t l e  as Personnel and 

T ra in ing  Department, 

2, Prepare a p lan  fo recas t i ng  s t a f f i n g  requirements. 

3. Develop j ob  descr ip t ions .  

4, Seek t o  improve employee compensation and bene f i t  l eve l s .  

5. Make t u i t i o n  assistance a v a i l a b l e  f o r  f u r t h e r  education. 

Budget and Finance Department. 

1, Es tab l i sh  asset records f o r  a l l  new c a p i t a l  i tems, 

2, Provide f o r  the  deprec ia t ion  o f  a1 1 c a p i t a l  i tems, 

3. Es tab l i sh  a u d i t  procedures t o  ensure accurate accounting f o r  a1 1 

development funds received, 

Legal Department, 

1. Implement, w i t h  the  a i d  o f  the Water P o l l u t i o n  Control  Department, 

e x i s t i n g  sewer use regu la t ions  f o r  i n d u s t r i a l  wastes, 

2. Meet w i t h  major i n d u s t r i e s  and the  Alexandr ia Governorate t o  i n fo rm 

them o f  t h e  sewer use regu la t ions  and plans f o r  enforcement. 

3. Develop a t ime schedule w i t h i n  which i n d u s t r i e s  must comply w i t h  

sewer use regu la t ions .  

Operations and Mai ntenence. 

1. E l  i m i  nate surcharged sewer condi t ions .  

2, Modernize and upgrade sewer c lean ing  procedures and equipment. 



Expand a u t h o r i t y  o f  GOSSD-A1 exandria t o  co l  l e c t  and dispose o f  

problem i n d u s t r i a l  wastes, o i l ,  and mazout. 

Acquire a d d i t i o n a l  sewer maintenance vehic les.  

En1 arge the t ranspor ta t i on  garage and workshop. 

Es tab l i sh  a  veh ic le  and equipment replacement program. 

Improve and reproduce maintenance records f o r  the  use o f  work crews. 

Prepare d e t a i l e d  operat ing manuals f o r  each pump-ing s t a t i o n  and 

treatment f a c i  1  i ty .  

Post opera t ing  procedures i n  an appropr ia te  l o c a t i o n  i n  each 

pumping s t a t i o n  and treatment f a c i l i t y .  

Develop, w i t h  the  Personnel and T ra in ing  Department, occupat ional 

hea l th  and sa fe ty  programs. 

Acquire sa fe ty  devices f o r  laborers  working under hazardous 

condi t ions.  

Provide ba th ing  f a c i  1  i t i e s  f o r  the operat ions and maintenance 

staf fs .  

Es tab l i sh  a  waste mon i to r ing  team w i t h i n  the  Water Pol l u t i o n  

Contro l  Department. 

P r o i e c t  Development. -- - 
1, Es tab l i sh  a  P ro jec t  Mon i to r ing  U n i t  i n  Alexandria. 

Aud i t  Un i t .  

1. Es tab l i sh  and s e t  du t i es  and r e s p o n s i b i l i t i e s .  

Recommendations fo r  Future Considerat ion 

Adminis t rat ion.  

Personnel and T ra in ing  Department. 

1. Provide supplementary t r a i n i n g ,  i n -se rv i ce  o r  e l  sewhere, f o r  

employees as new systems and procedures are introduced. 

2. Review personnel regu la t ions  t o  determine t h a t  a l l  b e n e f i t s  are 

be i  ng prov i ded empl oyees . 
3. Work w i t h  the P ro jec t  Development Department t o  assure t h a t  

"on-the- job" t r a i n i n g  poss ib i  1  i t i e s  dur ing  the  design and 

cons t ruc t ion  stages are  made a v a i l a b l e  t o  t h e i r  personnel. 

Budget and Finance Department. 

1. Develop and implement cos t  accounting procedures. 



Legal Department. 

1. N o t i f y  customers o f  waste d ischarge v i o l a t i o n s .  

2. I n i t i a t e  l e g a l  proceedings t o  l i m i t  f u r t h e r  waste d ischarge 

v i o l a t i o n s  o r  t o  c o l l e c t  f i n e s .  

Pub1 i c  Serv ices Department. 

1. Determine what r e p o r t s  and da ta  must be generated by 

GOSSD-A1 exandr ia  ( w i t h  t h e  ass is tance  o f  t h e  General D i r e c t o r  

and department heads). 

2. E s t a b l i s h  a c e n t r a l  records system. 

9.3 F inanc ia l  P r o j e c t i o n s  

I n t r o d u c t i o n  

The f i n a n c i a l  i m p l i c a t i o n s  o f  t h e  recomnended Wastewater Master P lan  a re  b e s t  

presented through p r o j e c t i o n s  o f  t h e  f i n a n c i a l  p o s i t i o n  o f  GOSSD-Alexandria 

d u r i n g  t h e  proposed stages o f  t h e  program. Th is  s e c t i o n  cons iders  va r i ous  

elements o f  f i nanc ing ,  i n c l u d i n g  ope ra t i ng  and c a p i t a l  cos ts ,  i n f l a t i o n a r y  

t rends,  cash f l o w  needs, and revenues. Appendix M y  Recommended Plan Costs 

and Finance, summarizes t h e  h i s t o r i c a l  f i n a n c i a l  performance of GOSSD-A1 ex- 

and r i a  and prov ides suppor t ing  da ta  f o r  f i  nanc ia l  analyses presented i n  t h i s  

sec t i on .  F i nanc ia l  f e a s i b i l i t y  and p o s s i b l e  f i n a n c i n g  p lans a r e  cons idered 

i n  Sec t i on  9.4. 

Forecas ti ng Frame o f  Reference 

The f o r e c a s t i n g  mode i s  a conso l ida ted  s e t  of f i n a n c i a l  statements most 

commonly used t o  eva lua te  t h e  performance of a commercial e n t e r p r i s e .  These 

statements i n c l u d e  an income statement ( p r o f i t  and l o s s ) ,  a cash f l o w  

s tatement  (sources and uses o f  funds),  and a ba lance sheet  (s ta tement  o f  

f i n a n c i a l  p o s i t i o n ) .  The p r i n c i p a l  Master P lan f o recas t s  span a p e r i o d  from 

1978 t o  1988, i l l u s t r a t i n g  f i n a n c i a l  i r r~pact  o f  t he  main t h r u s t  o f  t h e  

c o n s t r u c t i o n  program (Stages I and 11) , as we1 1 as complet ion o f  t he  Top 

P r i o r i t y  P ro jec t s .  Long range f o recas t s  a re  a l s o  prepared t o  1994 and t h e  

yea r  2000 i n  o rde r  t o  c a r r y  f i n a n c i a l  analyses through c o n s t r u c t i o n  Stages 

I11 and I V  t o  t he  p lanning hor izon.  

F i nanc ia l  statements presented h e r e i n  a r e  cons iderab ly  more d e t a i  1 ed than 

those c u r r e n t l y  used by  GOSSD-Alexandria. Greater  emphasis i s  p laced on cash 

requirements,  assets  and dep rec ia t i on ,  and revenues. The magni tude o f  



t r ansac t i ons  and complex i t ies  o f  f i n a n c i a l  management env is ioned  i n  imple-  

mentat ion o f  t h e  Wastewater Master Plan w i l l  n e c e s s i t a t e  g r e a t e r  a t t e n t i o n  t o  

budget ing and f i n a n c i n g  cons idera t ions  i n  t h e  f u t u r e .  The f i n a n c i a l  s t a t e -  

ments which f o l l o w  a re  in tended t o  p rov ide  a  b a s i s  f o r  e v a l u a t i n g  t h e  

f i n a n c i a l  f e a s i b i l i t y  o f  t h e  recommended p lan,  and t o  serve as a  gu ide f o r  

l o c a l  f i n a n c i a l  p lann ing  techniques, 

Cost Esca la t i on  

P r o j e c t  cos ts  presented i n  t h e  p rev ious  chap te r  a re  based on 1977 c o s t  l e v e l s ;  

a l l  cos t s  i n  t h i s  chapter,  however, a re  esca la ted  us ing  a n t i c i p a t e d  r a t e s  

o f  i n f l a t i o n .  The Urban Consumer P r i c e  Index rose  13.5 percen t  f rom mid-1975 

t o  mid-1976; base components o f  t h i s  index, prepared by t h e  P u b l i c  Agency 

f o r  M o b i l i z a t i o n  and S t a t i s t i c s ,  a re  p r imary  goods whose p r i c e s  a re  c o n t r o l l e d  

through government subsidy.  Cur ren t  est imates o f  i n f l a t i o n  i n  t h e  Egyp t ian  

econon~y i n d i c a t e  an annual r a t e  o f  18 percen t  d u r i n g  1977; t h i s  h i g h e r  r a t e ,  

r e f l e c t i n g  changes s i nce  t h e  l a s t  o f f i c i a l l y  pub l i shed  index, i s  based on 

bo th  p r i c e  c o n t r o l  l e d  and f r e e  t r ade  items. The p r e d i c t a b i l i t y  o f  near 

f u t u r e  i n f l a t i o n  r a t e s  i s  l i m i t e d ,  p a r t i c u l a r l y  d u r i n g  a  p e r i o d  o f  change i n  

t h e  economy; f o r  t h i s  ana lys is ,  a n t i c i p a t e d  economic t r ends  p rov ide  a  bas i s  

f o r  f o recas t i ng ,  and i n c l u d e  t h e  f o l l o w i n g :  

- Subs tan t i a l  f o r e i g n  investment  i s  expected t o  s t i m u l a t e  Egyp t ' s  

economy, producing i n  t h e  s h o r t  term even g r e a t e r  increases i n  t h e  

l o c a l  i n f l a t i o n  ra te .  

- A f t e r  an i n i t i a l  "gear ing  up" per iod ,  and adjustment t o  r a p i d  

economic growth, conserva t i ve  economic p o l i c i e s  w i l l  be employed t o  

s t a b i l i z e  t h e  c o u n t r y ' s  economy and reduce i n f l a t i o n  i n  t h e  l ong  term. 

- Care fu l  p lann ing  and a  s t a b i l i z e d  economy w i l l  r e s u l t  i n  a  r a t e  o f  

i n f l  a t i o n  para1 l e l  t o  t h a t  o f  we1 1  devel  oped f o r e i g n  economies. 

The r a t e  o f  i n f l a t i o n  f o r  f o r e i g n  equipment and supp l i es  i s  assu~iied t o  

ma in ta i n  a  moderate l e v e l  throughout  t h e  p lann ing  per iod.  A  summary o f  

fo recas ted  i n f l a t i o n  r a t e s  f o r  bo th  l o c a l  and f o r e i g n  goods i s  shown 

be1 ow. 

It should be noted t h a t  t h e  e f f e c t  o f  i n f l a t i o n  can be cons iderab le  i n  l ong  

range p lanning.  For example, an i n f l a t i o n  r a t e  o f  7  percen t  annual l y  k ~ i l l  

r e s u l t  i n  a  475 percen t  inc rease  over c u r r e n t  c o s t  o f  impor ted goods by 

the  yea r  2000. The c o s t  o f  l o c a l  goods w i l l  i nc rease  450 percen t  by 1988 

and 1000 percent  by yea r  2000. 



Annual Rate o f  Cost Esca la t i on ,  Percent  

Year - 

Domes t i c Goods 
and Serv ices  

(Local  ) 

Fore i  gn Equi pment 
and Supp l ies  

( Impor ts  ) 

C a p i t a l  Costs 

A  sumnary o f  c a p i t a l  cos t s  a t  1977 p r i c e  l e v e l s  f o r  t he  recommended p l a n  was 

presented i n  Table  8-10. Table  9-2 summarizes esca la ted  c o s t s  o f  t h e  program 

i t e m i z i n g  va r i ous  components o f  t h e  proposed wastewater system. P resen ta t i on  

o f  t h e  f u t u r e  f i n a n c i a l  s i t u a t i o n  o f  GOSSD-Alexandria must a l s o  recogn ize  

t h e  ongoing Top P r i o r i t y  P r o j e c t s  by cons ide r i ng  t h e i r  c a p i t a l  c o s t s  th rough  

1981. Whi le n o t  a  p a r t  o f  t h e  staged c o n s t r u c t i o n  program, v e h i c l e  

a c q u i s i t i o n  and replacement cos t s  must a l s o  be i nc l uded  as these  a r e  p r o p e r l y  

shown as c a p i t a l  expendi tures;  t h e  ongoing r e s p o n s i b i l i t i e s  o f  GOSSD t o  

r ep lace  veh i c l es ,  equipment and o t h e r  components of t h e  system as necessary 

should  be emphasized. The sun'lmary o f  p r o j e c t e d  c a p i t a l  expend i tu res  

i n d i c a t e s  t h e  ma jo r  requi rement  f o r  c a p i t a l  funds d u r i n g  t h e  i n i t i a l  p o r t i o n  

o f  t h e  p l ann ing  p e r i o d  and p a r t i c u l a r l y  d u r i n g  Stage I 1  f rom 1984 t o  1988, 

Opera t ing  Costs 

Est imated cos t s  o f  ope ra t i on  and maintenance of  t h e  wastewater system d u r i n g  

va r i ous  stages of  development were a l s o  presented i n  t h e  p rev ious  chap te r  

t oge the r  w i t h  recommended l e v e l s  o f  s t a f f i n g .  Opera t ion  and maintenance 

a c t i v i t i e s  a re  expected t o  remain l a b o r  i n t e n s i v e ;  improvements i n  produc- 

t i v i  ty  and . o v e r a l l  s k i  11s should  r e s u l t  f rom proposed t r a i n i n g  programs and 

more modern equ i  pment, Improved maintenance, r e p a i  r and rep1 acement 

programs w i l l  r e q u i r e  i n  t h e  f u t u r e  g r e a t e r  expend i tu res  f o r  spare p a r t s  and 

m a t e r i a l s .  

A  summary o f  annual esca la ted  ope ra t i ng  cos t s  i s  presented i n  Table  9-3. I n  

a d d i t i o n  t o  t h e  r e c u r r i n g  cos t s  such as personnel  and r i ~ a t e r i a l s ,  d e f e r r e d  



Staged Cons t ruc t i on  ~ r L j e c t s ( ~ )  

Dwe l l i ng  Connect ions 

S t r e e t  Sewers 

G r a v i t y  Col 1 e c t o r s  

Force Mai ,IS 

Pump S t a t i o n s  

Treatment F a c i l i t i e s  

O u t f a l l  s 

Land 
- 

TOTAL 

:4CLE 9-2 
PROJECTED Ci31 TAL EXPEIIDI TURES 

(LE thouszad, Esca la ted)  

a Other  C a p i t a l  Expendi t u r ~  
I 
A Top P r i o r i  t y  ~ r o j e c t s ' ~ )  3 927 17 388 14 758 16 135 - 
m 

i 0 75 4 5 48 55 5 6 5 9 670 646 
-- .- -- -- 

TOTAL 3 927 12 388 14 758 16 135 7 0 75 4 5 4 8 5 5 5 6 5 9 670 646 

To ta l  C a ~ i  t a  1 Expenditures 3 927 
- - - - -- - - - . . - 

16 236 28 879 61 785 54 448 62 209 114 353 136 016 137 366 131 223 118.997 195 141 291 893 

(')aased on Chapter  8 reconmendations ana i n f l a t i o n  r a t e s  presentea i n  Sec t i on  3-3 .  

( b ) ~ a s e d  on recommendations i n  Spec ia l  Report  Number 4, Values i n c l u d e  e x p e n ~ l i t u r e s  on sewers, pump 
s t a t i o n s ,  and veh i c l es  w h i l e  a l l  o t h e r  TPP cos t s  a r e  inc luded i n  ope ra t i on  and maintenance c o s t  
m d e r  'De fe r red  Maintmance ' . 

( C ) ~ n c l u d e s  c o s t  o f  veh i c l e  
o f  Top P r i o r i t y  P ro jec t s .  

a d d i t i o n  and replacements; from 1973 through 1931 such c o s t s  a r e  p a r t  



S a l a r i e s / B e n e f i t s  

Fue l 

U t i l i t i e s  

TABLE 9-3 
PROJECTED OPERATIOIi AriD PlRIiiTENANCE C O S T S ( ~ )  

(Lti t l ~ou ja i l d ,  Esca la ted)  

M a t e r i a l s  & Repai rs  104 135 173 222 3  38 404 480 54 1  601 7  14 774 1  334 2  099 

Other E x ~ e n d i  t u r e s  7  1 94 116 150 222 260 304 34 2 386 432 4  90 82 2  1  320 

Defer red ~ a i n t e n a n c e ( ~ )  1 447 1  313 2  147 - - - - - - - - -- - - -- - - - - - - 
-- 

TOTAL 3 0 0 8  3 3 6 6  4 0 6 7  3 0 5 9  3 9 0 4  5 6 7 9  6 7 1 1  7 6 4 0  8 4 8 3  9 6 0 5  1 1 8 3 6  18 471 29 344 

-I 

cn ( a )  Operat i  on and mai ntenarce cos t s  a re  based on h i s t o r i c a l  o p e r a t i n g  cos t s  
GOSSD-A1 exandr ia ,  recorrnended s t a f f i n g  l e v e l s  presented i n  Chapter 8, and expanded 
o p e r a t i  on and mai ntenarce a c t i v i t i e s  a n t i c i p a t e d  i n  accordance w i t h  t h e  rgcommended 
p lan;  a l l  cos t s  a re -esca la ted  a t  assumed l o c a l  i n f l a t i o n  r a t e s .  

( b )  De fe r red  maintenance iqc ludes those p o r t i o n s  of t he  Top P r i o r i t y  P r o j e c t s  e ~ p e n d i t u r e s  
which a r e  n o t  categoi- iz2d as cap i t a :  i n  Table 9  - 2  such as c o n t r a c t  sewer m i n t e n a n c e  
and sewer use law i m p l ~ ~ n e n t a t i o n .  



maintenance cos ts  a re  shown du r i ng  t he  years 1978, 1979, and 1980. C e r t a i n  

maintenance i tems are  n o t  performed on a  r e g u l a r  bas i s  because, e i t h e r  a  

f a c i l i t y  i s  designed t o  operate as l ong  as poss ib le  w i t h o u t  maintenance ( t hen  

taken o u t  o f  s e r v i c e  f o r  ex tens i  ve repa i  r) ,or unusual maintenance requirements 

r e s u l t  from inadequate r o u t i n e  maintenance. For t he  purpose o f  f i n a n c i a l  

ana lys is ,  de fe r red  maintenance inc ludes  cos ts  o f  Top P r i o r i t y  P ro jec t s  which 

a re  n o t  a t t r i b u t a b l e  t o  replacement o r  a c q u i s i t i o n  of f i x e d  assets  f o r  t he  

wastewater system as shown i n  t he  c a p i t a l  expendi tures sumary .  

F ixed Assets and Deprec ia t ion  
_ e  

Current  account ing procedures a t  GOSSD-Alexandria do n o t  i nco rpo ra te  records 

o f  f i x e d  assets and dep rec ia t i on  expenses. Since t h i s  i n f o r m a t i o n  i s  

essen t i a l  f o r  convent ional  f i n a n c i a l  analyses, a  survey o f  e x i s t i n g  assets  

was conducted w i t h  ass is tance of GOSSD-A1 exandria.  The method01 ogy and 

r e s u l t s  o f  t h i s  survey a re  presented i n  Appendix M o f  Volume 111. 

Pro jec ted  f i x e d  assets f o r  GOSSD-Alexandria from 1978 through year  2000 a re  

presented i n  Table 9-4. These i nc lude  e x i s t i n g  f i x e d  assets  i n  s e r v i c e  and 

i nco rpo ra te  c a p i t a l  improvement assets p ro jec ted  i n  accordance w i t h  t he  

staged program. Proposed f a c i l i t i e s  which w i l l  be under c o n s t r u c t i o n  f o r  

more than one yea r  a r e  recorded as "Work i n  Progress" d u r i n g  t h a t  pe r i od  and 

t r a n s f e r r e d  t o  "Deprec iab le Values" i n  t h e  year  d u r i n g  which they  a r e  p laced 

i n  serv ice .  

Deprec ia t ion  i s  a  major non-cash ope ra t i ng  c o s t  t h a t  g ives  r e c o g n i t i o n  t o  

obsolescence and d e t e r i o r a t i o n  o f  wastewater system assets  over t h e i r  use fu l  

l i v e s .  A Schedule o f  Deprec ia t ion  Expenses fo r  t he  recommended p lan  i s  

presented i n  Table 9-5. S t r a i g h t - 1  i n e  dep rec ia t i on  i s  assumed us ing  t he  

book va lue  o f  c a p i t a l  assets and the  f o l l o w i n g  use fu l  l i v e s :  

Asset - Useful  L i f e ,  Years Annual Depreci a t i  on Rate 
Sewers 

S t ruc tu res  

Equipment 

Vehic les 

Land 

2.0% 

2.5% 

5.0% 

10.0% 

Not Depreciated 



TAELE 9-4 
SCtlE3ULE C!' CPpITdIL rSSETS , 

(LE thousand, Esca la ted)  

Assets Added Dur ing  the yea r  

Sewers 3 308 11 042 14 420 18 459 10 455 100 925 32 323 46 121 133 735 60 892 32 412 48 541 

S t ruc tu res  189 1 6 6 7 0  - 3 636 20 916 

Equ i pmen t 4 5 7 8  1 1 6 1 1  - 1 5 5 0  - 
Vehic les  1 50 56 7 591 152 7 0 7 5 45 48 55 56 59 112 108 

Land 3 549 - 1 9 1 6  - 
TOTAL 150 3 875 11 633 14 572 23 296 38 811 104 519 32 371 53 278 154 707 60 951 32 524 48 649 

Assets R e t i  r e d  

Vehic les  

Lo 
I Deprec iab le  Values 
-I 

O3 Sewers 112 871 116 179 127 221 141 641 160 100 170 555 271 480 303 803 349 924 483 659 544 551 926 835 1 301 953 

S t ruc tu res  5 026 5 026 5 026 5 026 5 215 21 885 21 885 21 885 25 521 46 437 46 437 129 851 129 871 

Equi prnent 1 4 7 2 5  1 4 7 2 5  1 4 7 2 5  1 4 7 2 5  1 9 3 0 3  3 9 9 1 4  3 0 9 1 4  3 0 9 1 4  3 2 4 6 4  3 2 4 6 4  3 2 4 6 4  81 179 81 179 

Vehic les  1 3 5 1  1 7 2 5  2 1 1 6  2 2 1 6  2 2 2 3  2 2 3 0  2 2 3 5  2 240 2 251 2 262 2 273 2 437 2 613 
-- 

TOTAL 133 973 137 655 149 088 163 608 186 841 225 584 326 514 358 842 410 160 564 822 625 725 1 140 302 1 415 622 

Work i n  Progress 

Sewers 3 3 0 8  1 1 6 1 2  1 5 8 1 8  4 3 3 1 2  6 6 8 3 7  106886  9 2 9 5 3  1 6 5 6 9 8  231295  1 9 5 6 8 4  220224  32 412 48 541 
S t ruc tu res  239 1 241 6 405 12 817 2 581 22 879 45 742 57 650 60 229 83 414 
Equ i prnent 469 2 1 5 7  4 3 2 0  1 0 4 9 2  1 1 7 0 7  5 2 9 2  1 2 3 1 0  2 0 3 4 7  2 8 8 4 6  3 8 3 9 4  4 8 7 1 5  
Land 2 1 3 0  1 1 7 3 5  2 0 1 1 8  2 0 1 1 8  2 0 1 1 8  1 6 5 6 9  1 6 5 6 9  1 4 6 5 3  1 4 6 5 3  - 1 4 6 5 3  

TOTAL 3 777 16 138 33 114 80 327 111.479 134 877 144 711 248 356 332 444 308 960 367 006 32 412 48 541 

Land 5 898 5 898 5 898 5 898 5 898 5 898 9 447 9 447 11 363 11 363 11 363 26 016 26 016 - 
Book Value o f  Cap i ta l  Assets 143 648 159 691 188 100 249 833 304 218 36tt 359 480 672 616 645 753 967 873 782 1 0011 034 1 198 750 1 490 179 



T93LE 9-5 
SCHEDULE OF DEPRECIATION EXPENSES - -.-- 

(LE thousand, ~ s c a l  a ted )  

Annual Dep rec ia t i o r  Expense 

Percent  
Sewers 2.0 2 257 2 324 2 544 2 833 3 202 3 411 5 430 6 076 6 998 6 973 10 891 1 8  537 24 039 

S t ruc tu res  2.5 126 126 126 126 130 54 7 54 7 54 7 638 1 1 6 1  1 161 3 246 3 247 

Equipment 5 . 0  736 736 736 736 965 1 546 1 546 1 546 1 623 1 623 1 623 4 059 4 059 

Veh i c l es  10.0 135 173 212 21 2 222 223 224 224 225 226 227 2 44 262 

TOTAL 3 254 3 359 3 618 3 907 4 519 5 727 7 747 8 393 9 484 9 983 13 902 26 086 31 607 

Book Value o f  Assets  
R e t i  r e d  

Veh i c l es  

cD A c c u m u l a t e d D e ~ r e c i a t i o n  
i, (Ne t  o f  Ret i rements)  

Sewers 52 227 64 551 67 095 69 928 73 130 76 541 81 971 88 347 95 045 102 018 112 909 214 406 344 078 

S t r u c t u r e s  1 994 2 120 2 246 2 372 2 502 3 049 3 596 4 143 4 781 5 942 7 103 26 581 46 063 

Equipment 8 2 7 9  9 0 1 5  9 7 5 1  1 0 4 8 7  1 1 4 5 2  1 2 9 9 8  1 4 5 4 4  1 6 9 9 0  1 7 7 1 3  1 9 3 3 6  20 959 45 313 69 667 

Veh i c l es  833 81 3 82 5 985 1 144 1 299 1 483 1 664 1 845 2 026 2 205 3 219 4 251 

TOTAL 73 333 76 499 79 91 7 83 772 88 228 93 887 101 594 109 944 11 9 384 129 322 143 176 289 519 464 059 

Ne t  C a p i t a l  Asset  Values 73 315 83 192 108 183 166 061 215 990 272 472 379 078 506 701 634 583 744 460 860 918 909 231 1 026 120 



Sources o f  Funds 

Se rv i ce  Charge. Se rv i ce  charges f o r  wastewater c o l l e c t i o n  and d i sposa l  a re  

no rma l l y  based on: ( 1 )  wa te r  consumption; (2 )  number o f  wastewater f i x t u r e s  

pe r  u n i t  served; o r  ( 3 )  f l a t  r a t e  fee pe r  u n i t  served f o r  va r i ous  customer 

c l a s s i f i c a t i o n s .  Charges based on wate r  consumption a lone  a r e  most c o m o n l y  

appl  i e d  due t o  simp1 i c i  ty, a d i r e c t  c o r r e l  at . ion between wate r  consumption 

and wastewater p r o d u c t i  on, and ease of c o l  l e c  t i on and admini  s t r a t i  on, 

I n d u s t r i e s  i n  A lexand r i a  i n  t h e  l a t e  1950's were assessed a sewer s e r v i c e  

charge o f  0.3 pt/m3. The b i l l i n g  and c o l l e c t i o n  procedures, c a r r i e d  o u t  

independent ly  o f  AWGA opera t ions ,  r e s u l t i n g  i n  an i n e f f e c t i v e  sewer revenue 

program which was d i scon t i nued  i n  1962. 

Revenue t h a t  an o r g a n i z a t i o n  must accrue t o  be f i n a n c i a l l y  v i a b l e  u s u a l l y  

covers  o p e r a t i n g  expenses ( i n c l u d i n g  d e p r e c i a t i o n )  and a l s o  p rov ides  

s a t i s f a c t o r y  r e t u r n  on investments.  A reasonable  f i n a n c i a l  r a t e  o f  r e t u r n  

on va lue  o f  n e t  f i x e d  assets  f o r  wastewater u t i l i t i e s  i s  s i x  pe rcen t  o r  

s l i g h t l y  h igher .  Where revenue requi rements  a r e  too  h igh,  a l t e r n a t i v e  

revenue sources may be used; s e r v i c e  charges ma.ythen be designed t o  

recover  o n l y  a p o r t i o n  of t o t a l  cos t s  as ope ra t i ng  cos ts .  

F e a s i b i l i t y  o f  sewer s e r v i c e  charges i n  A lexand r i a  i s  d i f f i c u l t  t o  assess 

under p resen t  c i rcumstances due t o  changing economic c o n d i t i o n s  and p a u c i t y  

o f  r e a l i a b l e  i n f o rma t i on  on income and c o s t  of l i v i n g .  Comparison has been 

made between proposed sewer s e r v i c e  charges, c u r r e n t  wa te r  s e r v i c e  charges, 

and i n d u s t r i a l  use r  charges i n  e f f e c t  d u r i n g  t h e  l a t e  1950's as shown i n  

Table  9-6. The charges compared i nc l ude :  

1. Average charge f o r  wa te r  t o  AdGA customers i n  1976 (esca la ted  

f o r  comparison i n  l a t e r  years ) .  

2. An esca la ted  1961 i n d u s t r i a l  user  charge. 

3. A sewer s e r v i c e  charge designed t o  r ecove r  o p e r a t i n g  cos t s  and 

d e p r e c i a t i o n  and t o  providc!  a 5 percen t  r a t e  o f  r e t u r n  on 

investment.  

4. A' sewer s e r v i c e  charge designed t o  recover  o p e r a t i n g  cos ts  

and p rov i de  a smal l  a d d i t i o n a l  reserve  t o  f a c i l i t a t e  cash f low. 

The comparison i n d i c a t e s  t h a t  sewer s e r v i c e  charges f o r  a t t a i n i n g  f i n a n c i a l  

v i a b i  1 i ty cou ld  be cons idered as a heavy burden based on p rev ious  wate r  and 

sewer s e r v i c e  charges. A charge t o  recover  o n l y  o p e r a t i n g  costs ,  however, 

would be comparable t o  e a r l i e r  i n d u s t r i a l  user  charges, amounting t o  



TABLE 9-6 

COMPARISON OF WATER AND SEWER SERVICE CHARGES 

Se rv i ce  

Average Se rv i ce  Charge , pt/m3 

Water - 
- AWGA Charge i n  1 9 7 6 ( ~ )  1.6 3.8 7.7 17.3 

Sewer 

- GOSSD I n d u s t r i a l  User Charge 

i n  1 9 6 1 ( ~ )  0.6 1.4 2.9 6.5 

- Proposed Sewer Serv ice  Charge 

f o r  F i n a n c i a l  ~ i a b i  1  i t y ( c )  - 4.5 13.6 20.3 

- Proposed Sewer Serv ice  Charge 

f o r  Operat ing Cost Recovery (d )  - 1.2 2.9 6.0 

Water revenue a t  AWGA i n  1976 was LE 2.3 m i l l i o n  w i t h  b i l l e d  wa te r  produc- 
t ' o n  o f  148 x  l o 6  m3 (60% o f  t o t a l  p roduc t i on ) .  Average charge (1.6 p t /  3 m ) was esca la ted  t o  l a t e r  years  us i ng  p r o j e c t e d  l o c a l  i n f l a t i o n  r a t e s .  

3  (b )  GOSSD-Alexandria i n d u s t r i a l  use r  charge was 0.3 pt /m i n  1961 ; values 
shown a r e  based on e s c a l a t i o n  t o  1976 us i ng  t he  Urban Consumer P r i c e  
Index and e s c a l a t i o n  t o  l a t e r  years  u s i n g  p r o j e c t e d  l o c a l  i n f l a t i o n  
r a tes .  

(') Based on recovery  o f  o p e r a t i n g  costs ,  dep rec i a t i on ,  and 6  pe rcen t  
r a t e  o f  r e t u r n  on n e t  f i x e d  assets  i n  se r v i ce .  B i l l a b l e  wastewater 
f l o w  assumed o f  p r o j e c t e d  wastewater f l o w  f rom sewered customers 
(Table  4-10) t h a t  i s  based on revenue c o l l e c t i o n  exper ience o f  AWGA. 

(d )  Based on annual recovery  of ope ra t i on  costs ,  p l u s  one month o f  
o p e r a t i u g  cos t s  f o r  t h e  f o l l o w i n g  yea r  t o  f a c i l i t a t e  cash f l ow .  
b i l l a b l e  wastewater f l o w  es t imated  as i n  (c ) .  



s l i g h t l y  more than o n e - t h i r d  o f  p resen t  wa te r  s e r v i c e  charges. Th i s  reduced 

s e r v i c e  charge i s  assumed t o  be a more r e a l i s t i c  goal  f o r  any newly 

i n s t i t u t e d  revenue program. 

It should  be emphasized t h a t  t he  above a n a l y s i s  i s  based on average s e r v i c e  

charges and does n o t  cons ider  r a t e  s t r u c t u r e  and c o s t  a l l o c a t i o n  among 

c lasses  of  customers which i s  necessary f o r  harmony w i t h  t he  p resen t  s o c i a l  

s t r u c t u r e  of Egypt. Water r a t e s  i n  A lexandr ia ,  f o r  example, va r y  f rom 

0.1 pt/m3 f o r  domest ic use, t o  0.4 pt/m3 f o r  i n d u s t r i e s ,  t o  a h i g h  o f  

5.5 p t / m 3  f o r  p o r t  customers. Sewer s e r v i c e  charges m i g h t  a l s o  t ake  i n t o  

account v a r i a t i o n  i n  waste s t r e n g t h  as u n i t  c o s t  o f  t rea tment  f o r  some 

i n d u s t r i a l  wastes can exceed t h a t  o f  normal domest ic f l ows .  

Sewer Connect ion Charge. GOSSD-Alexandria p r e s e n t l y  charges new customers -- 

f o r  the c o s t  o f  sewer connect ion;  subs id i es  a r e  a v a i l a b l e  t o  those  new sewer 

customers who, based on amount o f  month ly  r e n t ,  may be unable t o  pay the  

charge. Revenue from connec t ion  charges is  expected t o  inc rease  from presen t  

l e v e l s i n  d i r e c t  p r o p o r t i o n  t o  t he  ex tens i ve  new sewer connect ions env is ioned  

i n  t h e  recomnended program. Due t o  low income l e v e l  i n  many p r e s e n t l y  

unsewered areas, i t  i s  assumed t h a t  one- four th  of a l l  new connect ions w i l l  

n o t  be assessed a sewer connec t ion  charge. 

Charge t o  Bene f i c i a r i es .  Another source o f  c a p i t a l  revenue commonly used by  

wastewater u t i l i t i e s  a r e  charges t o  developers who d i r e c t l y  b e n e f i t  f rom 

a v a i l a b i l i t y  o f  sewers i n  t h e i r  developments. Cons ider ing  t h e  e x t e n t  o f  

development t h a t  w i l l  occur  d u r i n g  t he  n e x t  severa l  decades, such a charge t o  

b e n e f i c i a r i e s  o f  the  wastewater c a p i t a l  program should  be considered. For 

f i n a n c i a l  p r o j e c t i o n s  presented here in ,  i t  i s  assumed t h a t  o n e - t h i r d  o f  t he  

c o s t  f o r  c o n s t r u c t i n g  s t r e e t  sewers i n  developer-owned areas can be 

charged t o  developers.  

Long Term Loan. Long term loans  m igh t  be u t i  1 i z e d  if t h e  sewerage a u t h o r i t y  

cou ld  develop an excess o f  cash, a f t e r  deduct ion o f  o p e r a t i n g  cos ts ,  f o r  

d i r e c t  c o n t r i b u t i o n  t o  c a p i t a l  c o s t  and deb t  s e r v i c e  payment. As discussed, 

cos t s  f o r  opera t ions ,  sewer connect ions,  and a p o r t i o n  of s t r e e t  sewers i n  

developer-  owned areas m igh t  reasonably  be recovered through revenues t o  

GOSSD-Alexandria, I t  i s  un l  i k e l y ,  however, t h a t  s u f f i c i e n t  a d d i t i o n a l  funds 

can be l o c a l l y  generated i n  o r d e r  t o  pay deb t  se r v i ce ,  p a r t i c u l a r l y  i n  view 

of  t h e  magni tude o f  i nvestment r e q u i  r ed  f o r  t h e  recormended p l  an. P resen t l y ,  



GOSSD-Alexandria i s  n o t  au tho r i zed  t o  i n c u r  debt; c a p i t a l  investment  funded 

by t h e  government i s  j o i n t l y  au thor i zed  by t h e  M i n i s t r y  o f  Housing and 

Reconst ruct ion,  t h e  M i n i s t r y  o f  Planning, and t h e  C l i n i s t r y  of F i  nance, 

Government Con t r i bu t i on .  As shown i n  Table 9-7, a  summary of p r o j e c t e d  

customer c o n t r i b u t i o n s  t o  GOSSD-Alexandria i n d i c a t e s  t h a t  s u b s t a n t i a l  e q u i t y  

p a r t i c i p a t i o n  f rom t h e  n a t i o n a l  government w i  11 be r e q u i r e d  t o  fund t he  

c a p i t a l  development program o f  t he  recommended wastewater master p lan.  A 

combinat ion o f  Egypt ian and f o r e i g n  c a p i t a l  may we1 1 be u t i l i z e d  t o  p rov ide  

necessary funds f o r  t he  A lexandr ia  wastewater system. The ava i  1  ab i  1  i ty  and 

p o t e n t i a l  sources o f  such funds a re  discussed i n  Sec t ion  9.4. 

P ro jec ted  F i  nanci  a1 Statenien t s  

Income Statement, Income statements a re  used t o  determine f i nanci  a1 p r o f  i t 

o r  l oss  o f  any o rgan iza t ion .  Revenue l e s s  ope ra t i ng  c o s t  and d e p r e c i a t i o n  

expenses determine n e t  ope ra t i ng  income which, i n  t h e  absence of i n t e r e s t  

expense o r  r ese rve  funds a t  GOSSD-Alexandria, i s  equ i va len t  t o  n e t  income. 

Net income has been used t o  determine f i n a n c i a l  r a t e  o f  r e t u r n  on n e t  f i x e d  

assets i n  s e r v i c e  f o r  t h e  recomended plan. 

The p ro jec ted  income statement f o r  GOSSD-Alexandria i s  presented i n  Tab1 e 9-8. 

The sewer s e r v i c e  revenue program designed t o  recover  ope ra t i ng  cos t s  i s  

shown beg inn ing  i n  1981, I t  i s  u n l i k e l y  t h a t  g r e a t e r  revenues can be 

generated from t h i s  source t o  recover  d e p r e c i a t i o n  costs.  Therefore,  a  

d e f i c i t  i n  n e t  income i s  p ro j ec ted  each yea r  over  t he  p lann ing  p e r i o d  w h i l e  

no r e t u r n  on n e t  f i x e d  assets  i n  s e r v i c e  i s  generated. As a l r eady  mentioned, 

GOSSD-Alexandria cannot be considered a f i n a n c i a l  l y  v i a b l e  e n t i t y  i n  regard  t o  

p ro j ec ted  income 1 eve1 s. 

Cash Flow Statement. A cash f l ow  s tatement  summarizes sources and uses o f  

funds and i n d i c a t e s  adequacy of cash f low.  I n  general ,  i t  i s  n o t  s u f f i c i e n t  

t o  mere ly  cover  cash o u t l a y s  w i t h  ope ra t i ng  revenues and cap i  t a l  c o n t r i b u t i o n s ,  

due t o  a  tendency f o r  casn r e c e i p t s  t o  l a g  behind cash ou t lays .  The 

recommended wastewater master p l a n  program of c a p i t a l  developments and 

expanding opera t ions  w i l l  r e q u i r e  a  l a r g e  amount of work ing c a p i t a l .  

Table 9-9 presents  a  p r o j e c t e d  cash f l o w  statement f o r  GOSSU-A1 exandr i  a  based 

on implementat ion o f  t h e  wastewater master plan. The statement shows r e q u i r e -  

ments f o r  and sources o f  cask n o t  o therw ise  v i s u a l i z e d  such as those due 



TABLE 9-7 

PROJECTED CUSTOMER CONTRIBUTIONS 
(LE tl-ousand, Escalated) 

Customer Data 

Number of New Sewer 
~onnec t ions (a )  1 640 1 720 1 880 2 080 2 280 2 320 5 600 7 360 8 080 8 160 8 160 
Tota l  Sewer Connections 77 640 79 360 81 240 83 320 85 600 87 920 93 520 100 880 108 960 11 7 120 125 280 

Operating Revenues 

Average Sewer S 
Charge. pt/n86rice . - 1.2 1.5 1.8 2.1 2.3 2.5 2.7 2.9 

Annual Service Charge 
Bi  11 ings, LE thousand 3 6 2 5  5 4 4 7  6 5 5 0  7 7 1 4  8 7 6 5  9 7 6 6  1 1 0 3 3  1 2 4 2 3  

Connection Charge Revenues 

Connection Charge 
Lo  

148 178 2 13 2 53 300 346 395 44 1 4 86 525 56 1 
I LE/connecti on 

C o n n e c t i o n C h a r e B i l l i n g ,  182 230 300 395 51 3 602 1 659 2 435 2 945 3 213 3 434 
LE thousand(d7 

Charqe to  ~ e n e f i c i a r i e s ( ~ )  
LE thousand 356 1 495 2 101 4' 648 5 152 5 649 6 090 6 507 

( a )  Based on cons t ruc t ion  scheduling f o r  the r e c o m n d e d  Wasteuater Master Plan. 

( b )  Service charges designed to recover annual operat ing costs and, i n  addi t ion,  one month operat ing 
costs i n  fo l l ow ing  year ( t o  f a c i l i t a t e  cash f low requirements) p lus 5% o f  t o t a l  cost  f o r  coverage 
on uncol l e c t a b l e  b i  11 ings; b i  1 l a b l e  wastewater f low assumed a t  60% of pro jected wastewater f low from 
sewered customers (Table 4-10) based on revenue c o l l e c t i o n  experience o f  AWGI". 

(') Based on estimated connection cost  o f  LE 125 a t  mid-1977 costs. 

(d)  Assumes t h a t  25 percent o f  a1 1 new connections w i l l  no t  be b i l l e d  due t o  i n a b i l i t y  t o  pay f o r  f u t u r e  
low income areas. 

(e )  Includes charges t o  developers f o r  one- th i rd  cost  o f  sewers i n  newly developed areas beginning 
i n  1980; 40% of sewer costs i n  the East, West, and Central Zones and 60% o f  ,mer  costs i n  
Nouzha, Outer West, Abu K i r  Bay, and Ameria assumed t o  be i n  areas owned by cevelopers. 



TABLE 9-8 

PROJECTED INCOME STATEMENT 
(LE thous~nd ,  Escal aed) 

Revenue 

Serv i ce  3 625 5 4 4 7  6 5 5 0  7 714 

Less P rov i s ion  f o r  Un- 
c o l  1 ectab l e Revenue 173 259 312 367 

TOTAL 3 452 5 1 8 8  6 2 3 8  7 347 

Operat ing 3 008 3 966 4 067 3 059 3 904 5 679 6 711 

IncomeBe fo reDeprec ia t i on  ( 1 5 6 1 )  ( 1 9 5 3 )  ( 4 5 0 7 )  393 473 559 6 36 

~ e ~ r e c i a t i o n ( ~ )  3 254 3 3 5 9  3.618 3 9 0 7  4 519 5 727 7 717 

Net Operat ing Income 

I 
N ( a ) ~ a s e d  on s e r v i c e  charges designed t o  recover  annual operat ing costs  p l u s  a r - se rve  t o  
cn prov ide working c a p i t a l  (equal t o  one month o f  ope ra t i ng  c o s t s )  f o r  the f o l l ~ w i n g  year, 

p l u s  5': p r o v i s i o n  f o r  uncol l e c t a b l e  revenues. Serv ice charge i s  assumed i n s t i t u t e d  i n  
1981. 

( b ) ~ r o m  Table 9-3, P ro jec ted  Operat ion and Maintenance Costs. 

( C ) ~ r o t n  Table 9-5, Schedule o f  Deprec ia t i on  Expenses. 
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t o  changes i n  t h e  l e v e l  o f  i n v e n t o r i e s  o r  accounts rece ivab le .  Such a  

s ta tement  i s  e s s e n t i a l  f o r  develop ing management op t i ons  t o  avo id cast1 

si lor tages and should be r e v i s e d  a t  l e a s t  semi-annual l y  t l l roughout  t he  

implementat ion o f  t h e  recommended p lan.  

S i g n i f i c a n t  increases i n  investment  i n  u t i l i t y  p l a n t  w i  11 occur  i n  accordance 

w i t h  a  staged c o n s t r u c t i o n  program. The pr imary source o f  funds necessary 

t o  avo id  cash d e f i c i t s  i s  cons idered as c a p i t a l  c o n t r i b u t i o n s  from the  

n a t i o n a l  government. C a p i t a l  c o n t r i b u t i o n s  f rom government and f rom customers 

exceeds cap i  t a l  investment  cos ts  d u r i n g  t he  f i r s t  s tage  of  t he  recommended 

program (1979-1983) i n  o rde r  t o  p rov ide  necessary work ing  c a p i t a l  f o r  

Stage I 1  (1984-1988). Due t o  t he  magni tude o f  c o n t r i b u t i o n  r e q u i r e d  from 

government compared w i t h  o t h e r  sources o f  funds, adequacy of cash f low w i l l  

depend p r i m a r i l y  on ava i  l a b i  1  i ty  and t i m i n g  o f  government funds. 

Balance Sheet. A  balance sheet q u a n t i f i e s ,  i n  monetary terms, t he  f i n a n c i a l  

p o s i t i o n  o f  any o rgan iza t ion .  The s ta tement  shows f i x e d  and c u r r e n t  

components o f  assets,  d i s t r i b u t i o n  o f  c a p i t a l  between deb t  and e q u i t y  , and 

growth o r  d e t e r i o r a t i o n  o f  r e t a i n e d  earnings. The r a t i o  o f  c u r r e n t  assets  

t o  c u r r e n t  1  i a b i  1  i t i e s  can a l s o  r e f 1  e c t  p o t e n t i a l  cash management problems. 

The p r o j e c t e d  balance sheet,  presented i n  Table 9-10, shows growth of 

u t i l i t y  p l a n t  i n  s e r v i c e  from LE 190 m i l l i o n  i n  1978 t o  LE 1228 m i l l i n n  by 

yea r  2000. As c u r r e n t  l i a b i l i t i e s  w i l l  exceed c u r r e n t  assets  f rom 

1983 t o  1988, t he re  w i l l  be an a d d i t i o n a l  need f o r  c a r e f u l  cash management 

du r i ng  Stage I. The balance sheet  f u r t h e r  demonstrates a  d e t e r i o r a t i n g  e f f e c t  

o f  a  program which does n o t  p rov ide  s u f f i c i e n t  revenues t o  f u l l y  cover  

ope ra t i ng  and dep rec ia t i on  expenses on t o t a l  e q u i t y  as annual d e f i c i t s  i n  

n e t  income cause i nc reas ing  d e f i c i t s  i n  r e t a i n e d  losses. Ma in ta i n i ng  t he  

assets o f  GOSSD-Alexandria w i l l  r e q u i r e  a  con t i nua l  i n f u s i o n  o f  government 

funds u n t i l  a  t ime when customer c o n t r i b u t i o n s  can cover  bo th  ope ra t i ng  

and c a p i t a l  costs .  

9.4 F inanc ia l  F e a s i b i l i t y  

Fore i  qn Investment 

Tne preceding d iscuss ion  and f i n a n c i a l  p r o j e c t i o n s  i n d i c a t e  t h a t  f i n a n c i a l  

f e a s i b i  1  i ty  w i  11 be p r i m a r i  l y  dependent on ava i  l a b i  1  i ty  o f  government funds. 
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NOTES TO ACCOMPANY TABLE 9-10 

( a )  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  Value p l u s  Land 
appearing on Table 9-4. 

( b )  Accumulated Deprec ia t ion  taken f rom Table 9-5. 

(') Work I n  Progress taken f rom Table 9-4. 

( d )  Cash balance on 31 December taken f rom Table 8-17. End o f  yea r  balance 
s u f f i c i e n t  t o  f inance one month o f  o p e r a t i n g  cos ts  (Table 9-8) p l u s  one 
month o f  c a p i t a l  expend i tu re  shown on Table 9-2. 

Accounts rece i vab le  a re  es t imated  t o  equal one month of s e r v i c e  charge 
b i l l i n g  f o r  each yea r  shown i n  Table 9-8. 

( f )  Taken f rom Table 9-8. 

( g )  Accounts rece i vab le  a re  est imated t o  equal o n e - t h i r d  of t he  sewer 
connect ion charges i n  each year  as shown i n  Table 9-7. 

( h )  Est imated t o  be 5 percen t  o f  connect ion charge b i l l i n g s .  

(i ) I nven to ry  f o r  1978 based on end o f  y e a r  balance f rom 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 expend i tu res  f o r  m a t e r i a l s  and supp l ies  ope ra t i ng  cos ts .  

( j )  C a p i t a l  Con t r i bu t i ons  a r e  the  cumulat ive sum o f  t he  annual C a p i t a l  
Con t r i bu t i ons  of Customers and Government as shown on Table 9-9. 
The i n i t i a l  balance f o r  31 December, 1978 was e s t a b l i s h e d  as t h e  
d i f fe rence  between T o t a l  E q u i t y  and Retained Losses i n  1978. 
This  approach was necessary because a balance sheet d i s p l a y i n g  r e t a i n e d  
earn ings and C a p i t a l  Con t r i bu t i ons  was a v a i l  ab le .  

( k )  Retained Earn ings (Losses) a re  t he  cumula t i ve  earn ings o r  losses  
appearing i n  Table 9-8, as Net  Operat ing Income. Under t he  proposed 
revenue program Operat ing Income a f t e r  d e p r e c i a t i o n  w i l l  r e s u l t  i n  
ope ra t i ng  losses  du r i ng  t he  e n t i  r e  pe r i od  1978-2000 which w i  11 r e q u i r e  
and ope ra t i ng  subsidy f rom government. 

Accountspayab le  a re  equal t o  one month o f  c a p i t a l  cos ts .  

(m) Deposi ts  i n c l u d e  c o n t r a c t o r  depos i ts  o f  5  percen t  and c o n t r a c t o r  insurance 
o f  1  percen t  based on t he  amount of work i n  progress f o r  each year .  



L o c a l l y  generated funds cannot suppor t  t he  magnitude o f  cos ts  assoc ia ted  w i t h  

t he  recommended plan. Two sources of government funds have been i d e n t i f i e d  

and analyzed, The f i r s t  source i nc l udes  f o r e i g n  loans t o  t he  Egyp t ian  

government, A number o f  c a p i t a l  development p r o j e c t s  throughout  Egypt, 

i n c l  ud i  ng water  and wastewater programs, a r e  c u r r e n t l y  b e i  ng f i nanced by 

f o r e i g n  i nves to r s ,  The second source i s  Egyp t ian  Government c a p i t a l  

development funds which a r e  a l l o c a t e d  t o  t he  p u b l i c  u t i l i t i e s  sec to r .  

F i nanc ia l  f e a s i b i  1  i ty o f  t he  Wastewater Fac i  1  i t i e s  Master Plan w i l l  r e q u i r e  

use of bo th  of these sources of c a p i t a l  funds. A v a i l i b i l  i ty  o f  l o c a l  

currency i s  expected t o  represen t  t h e  most r e s t r i c t i v e  f i  nanci  a1 management 

c o n s t r a i n t .  

F inanc ing o f  f o r e i g n  exchange cos ts  assoc ia ted  w i t h  t h e  proposed c o n s t r u c t i o n  

program may be accomplished by f o r e i g n  i nves to r s .  The Un i t ed  S ta tes  Agency 

f o r  I n t e r n a t i o n a l  Development represents  c u r r e n t  i n t e r e s t  i n  t h e  A lexandr ia  

wastewater program through f i nanc ing  US $15 m i l l i o n  of  t h e  Top P r i o r i t y  

P ro jec t s  program designed t o  ach ieve i n s  ti t u t i o n a l  improvements. r ehab i  1  i- 
t a t i o n  o f  t l i e  e x i s t i n g  sewerage system, and some p r i o r i t y  extens ions.  The 

loan  was made t o  t h e  Arab Republ ic  o f  Egypt under t he  f o l l o w i n g  terms: 

- Repayment over  40 years w i t h  a  grace pe r i od  o f  10 years.  

- I n t e r e s t  a t  a  r a t e  o f  2 percen t  per  annun d u r i n g  t he  f i r s t  10 years 

and 3 percen t  per  annum the rea f t e r .  

- Egyp t ian  government funds a r e  made a v a i l a b l e  f o r  l o c a l  cu r rency  

p o r t i o n  o f  p r o j e c t  costs.  

- S p e c i f i c  recommendations f o r  improved management of t he  wastewater 

system, ou t1  i ned i n  t h e  l oan  agreement, a r e  implemented. 

D i r e c t  f o r e i g n  exchange c o s t  (DFEC) of t h e  staged const ructPon program w i  11 

be cons iderab ly  h i g h e r  than those o f  t h e  Top P r i o r i t y  P ro jec t s  as shown 

be1 ow: 

Years DFEC, LE 

(Escalated)  

DFEC i s  p ro j ec ted  t o  occur  o n l y  d u r i n g  t h e  f i r s t  two c o n s t r u c t i o n  stages 

f o r  equipment, machinery, and o t h e r  coniponents of  t h e  proposed wastewater 



system t h a t  a r e  n o t  manufactured i n  Egypt. Should USAID f i nance  these 

p o r t i o n s  of t he  program, approx imate ly  $97 m i  11 i o n  would be r e q u i r e d  f o r  

Stage I and $151 m i l l i o n  would be r e q u i r e d  f o r  Stage 11. Tne con t ingency  

t h a t  such a l e v e l  o f  f o r e i g n  investment  may n o t  be a v a i l a b l e  f rom USAID o r  

any o t h e r  s i n g l e  f o r e i g n  i n v e s t o r  suggests a p r o j e c t  segmenting concept 

f o r  f i n a n c i n g  t h e  o v e r a l l  program. 

The recommended p l a n  o u t l i n e s  a program f o r  c o n s t r u c t i o n  o f  wastewater 

c o l l e c t i o n ,  conveyance, t rea tment ,  and di 'sposal  f a c i  1 i t i e s  i n  s i x  separate  

geographica l  areas o f  A lexandr ia .  Some c o n s t r u c t i o n  w i l l  occur  i n  a l r e a d y  

developed areas o f  t h e  c i t y  w h i l e  o t h e r  works a re  proposed f o r  areas such 

as Ameria and Sadat City where urban development i s ,  expected t o  occur  

r a p i d l y  i n  t he  near fu tu re .  Should f o r e i g n  exchange cos t s  o t  t h e  p l a n  exceed 

t he  f i n a n c i n g  capabi 1 i ty o f  a s ing1  e f o r e i g n  i n v e s t o r ,  t he  c o n s t r u c t i o n  

program can be r e a d i l y  broken i n t o  marketab le  segments.. Segmenting may be 

accomplished by g roup ing  c a p i t a l  investment  cos t s  accord ing  t o :  

- P r i n c i p a l  p h y s i c a l  components o f  t h e  new wastewater system such as 

o u t f a l l s  o r  t rea tment  f a c i l i t i e s ;  and/or 

- Geographical (sewer s e r v i c e )  areas of  t h e  c i t y .  

A f i n a n c i n g  p l a n  t h a t  segments t he  c o n s t r u c t i o n  program must be c a r e f u l l y  

designed so t h a t  the  u t i l i t y  o f  t h e  f i nanced  component o r  area i s  n o t  

dependent on t he  p o s s i b l e  f i n a n c i n g  o f  an a d d i t i o n a l  segment. P u b l i c  h e a l t h  

problems i n  c u r r e n t l y  developed areas of  t he  c i t y  shou ld  have a h i g h  f und ing  

p r i o r i t y .  Cons idera t ion  must a l s o  be g i v e n  t o  t he  r a t i o  of f o r e i g n  t o  l o c a l  

cu r rency  requi rements  as we1 1 as t he  ava-i 1ab.i 1 i ty o f  bo th  f o r e i g n  and l o c a l  

currencies. 

A breakdown o f  t h e  staged c o n s t r u c t i o n  program i s  presented i n  Table  9-11. 

The developed East  and West/Central Zones o f  A lexandr ia  which rep resen t  t h e  

most imnediate  f i n a n c i n g  needs i n  t h e  program r e q u i r e  a h i g h e r  percentage of  

f o r e i g n  cur rency  than do c o n s t r u c t i o n  programs i n  p a r t i a l l y  developed o u t e r  

areas. Wastewater f a c i  1 i ty  needs i n  t h e  Mex-Dekhei 1 a, Nouzha, Abu K i  r, and 

Ameria zones a re  somewhat l e s s  c e r t a i n  as t hey  a r e  more dependent on 

magnitude and t i m i n g  o f  f u t u r e  developments. Appendix M of Volume I11 presen ts  

f i n a n c i a l  statements s i m i l a r  t o  those shown i n  t h e  f i n a n c i a l  p r o j e c t i o n s  i n  

t h i s  chapter ,  b u t  assuming t h a t  o n l y  Wastewater Master P lan  p r o j e c t s  i n  t h e  

East  and West/Central zones would be  undertaken. S i m i l a r  f i n a n c i a l  

analyses can be c a r r i e d  o u t  i n  o rde r  t o  assess f i n a n c i n g  f o r  o t h e r  segments 



TABLE 9-1 1 

GEOGRAPH I CAL BREAK9OMN OF CONSTRUCTION PROGRAM 
(LE thousand, Cscalated) 

East - 
Di r e c t  FEC 

I n d i r e c t  FEC 

Local 

TOTAL 

' West/Central 

Di rec t FEC 

I n d i  r e c t  FEC 

Local 

TOTAL 

Outer West 

Di rec t FEC 

I n d i r e c t  FEC 

Local 

- TOTAL 

Nouzha 

D i r e c t  FEC 

I n d i r e c t F E C  

Local 

TOTAL 

Abu K i r  

D i r e c t  FEC 

I n d i  r e c t  FEC 

Local 

TOTAL 

Ameri a 

Di  r e c t  FEC 

I n d i r e c t  FEC 

Local 

TOTAL 

Master P lan To ta l  

Di r e c t  FEC 

I n d i r e c t  FEC 

Local 

TOTAL 



o f  t h e  o v e r a l l  p lan. 

Local  Investment 

The b u l k  o f  c a p i t a l  fund ing  f o r  t h e  Wastewater Master P lan w i l l  be requ i red  

f rom t h e  n a t i o n a l  governnient. The 1 ocal  and -i nd i  r e c t  f o re i gn  exchange costs ,  

compr is ing Egypt 's  l o c a l  share, a r e  shown below: 

Stage Pe r i  od Local  Currency, LE 

(Escalated)  

I 1979- 1983 111 671 000 

I I 1984-1 988 531 951 000 

I 1 1  1989- 1994 194 471 000 

I V 1995-2000 291 247 000 

Cap i t a l  cos ts  of  t h e  program represen t  a  s u b s t a n t i a l  d r a i n  on n a t i o n a l  funds 

a v a i l a b l e  f o r  f i xed  c a p i t a l  investment.  As shown i n  Table 9-12, t h e  M i n i s t r y  

o f  P lanning has p ro jec ted  an inc rease  f o r  such investment  f rom LE 1175 m i l l i o n  

i n  1377 t o  LE 2350 m i l l i o n  i n  1982, however, u t i l i t i e s  investment  i s  expected 

t o  remain a smal l  percentage of t he  t o t a l .  Est imates i n  t h e  Five-Year P lan 

show LE 17 m i l l i o n  -in l o c a l  c a p i t a l  and LE 8 m i l l i o n  i n  f o r e i g n  investrnent 

earmarked f o r  A lexandr ia  over  t he  1978-1982 per iod .  

Wastewater investment ( a t  1977 cos t s )  i n  A lexandr ia  i s  p r o j e c t e d  t o  r e q u i r e  

f rom LE 1.6 m i l l i o n  i n  1977 t o  LE 30.9 m i l l i o n  i n  1982, w i t h  LE 40-50 m i l l i o n  

necessary d u r i n g  severa l  years  o f  Stage I I cons t ruc t i on .  

Avai  l a b i  1  i t y  o f  l o c a l  c a p i t a l  r e q u i r e d  f o r  t h e  p l a n  wi 11 depend on: 

( 1 )  improvements i n  t h e  economy, as a n t i c i p a t e d  through increases i n  

p r o d u c t i v i t y  and c a p i t a l  growth i n  Egypt; and (2 )  a  s h i f t  i n  fund ing  

p r i o r i t i e s  toward pub1 i c  u t i  1  i t i e s  and wastewater systems i n  p a r t i c u l a r .  

H i s t o r i c a l  c a p i t a l  i nvestment da ta  a re  somewhat d i s t o r t e d  as i t  r e f 1  ec t s  

poor economic cond i t i ons  i n  r ecen t  years,  a1 though p lann ing  p r o j e c t i o n s  a r e  

o p t i m i s t i c .  Generat ion and management o f  l o c a l  funds w i l l  be o f  c r i t i c a l  

importance t o  implementat ion o f  t h e  Wastewater Master P lan  and p r o j e c t  

segmenti ng may present  t he  o n l y  v i a b l e  s o l u t i o n  t o  temporar,y funds shortages. 

As discussed under fo re ign  investment  cons idera t ions  , p r i o r i t y  p r o j e c t s  

should be es tab l i shed  i n  o rde r  t o  implement t h e  Wastewater Master Plan i n  

segments . 



ARAB REPUBLIC OF EGYPT 
PAST AN0 PROJECTED INVESTMENT EXPENDITURES 

( LE m i l l i o n .  Unesca la ted)  

Gross N a t i o n a l  Product  3 778 4 154 4 847 5 548 6 245 6 a61 7 651 

C a p i t a l  Format ion 

Gross F i x e d  C a p i t a l  (a)  

Formation (Government 424 61 3 1 088 1 004 1 175 1 584 1 865 
Financed) 

Less Fo re ign  Loans,Arab and(b)  ,.a. n.a. n.a. n.a. n.a. 539 628 

Fo re ign  C a p i t a l  Pa r tne rsh ip  

Ne t  f i x e d  C a p i t a l  - 1 045 1 237 

Formation 

CO u t i l i t i e s  and Wastewater 
I Investment  
W 
.b U t i l i t i e s  ~ n v e s t m e n t ( ~ )  2 3 29 39 32 35 39 43 

i n  Egypt  

Wastewater ~ n v e s t m e n t ( ~ )  6 10 12 n.a. n.a. n.a. n .a .  

i n  Egypt  

wastewater ~ n v e s t m e n t ( ~ )  0.6 0.7 0.5 1 .O 1.6 3.9 15.2 

i n  A lexand r i a  

( a ) ~ a t a  f o r  1973-1975 taken from MOHR/USAID Housing Studies. August 1977, da ta  f o r  1973 through 1982 taken frm t h e  
F i v e  Year Plan. 1978-1982 M i n i s t r y  of P lann ing,  Arab Republ ic  o f  Eoypt.  

( b ) ~ a t a  f o r  1973 t o  1977 p e r i o d  n o t  a v a i l a b l e .  

( ' ) ~ a t a  f o r  1973-1975 taken f m m  MOHR/USAID Housing Studies, August 1977. p r o j e c t i o n s  by  M i n i s t r y  o f  P lann ing  n o t  a v a i l a b l e  

( d ) ~ a s e d  on  GOSSD-Alexandria records f o r  1973 through 1977; 1978 through 1982 based on Top P r i o r i t y  P r o j e c t s  and Yastewr ter  
Master  P lan  p r o j e c t  c o s t s .  



Financing Plan Summary 

1, Operat ion and maintenance cos ts  should be recovered through sewer 

se rv i ce  charges t o  customers based on metered water usage; b i l l  i n g  

and c o l l e c t i o n  should be accomplished i n  cooperat ion w i t h  t he  

Alexandr ia  Water General Au tho r i t y ,  Wastewater r a t e  schedules 

should consider  s o c i a l  s t r u c t u r e  and incorpora te  surcharges f o r  

h i  y h s t reng th  wastes . 
2, The c o s t  of cons t ruc t i ng  sewer connections should be recovered 

through a connect ion charge t o  sewered customers; a b i l i t y - t o - p a y  

should be considered i n  c o l l e c t i n g  these charges. 

3. One-th i rd o f  t he  cos t  o f  p rov id ing  c o l l e c t i o n  sewers i n  developer- 

owned areas should be charged t o  t he  b e n e f i t i n g  developer. 

4. D i r e c t  f o r e i g n  exchange costs of t he  proposed cons t ruc t i on  program 

should be f inanced through loans from f o r e i g n  inves tors ;  i f  f o r e i g n  

investment l e v e l s  are lower than necessary, segnents o f  the program 

should be financed' from o the r  sources t o  preserve c o n t i n u i t y  i n  

i t s  implementation. 

5. The remaining l o c a l  share should be f inanced through c o n t r i b u t i o n s  

from the  na t i ona l  government; t he  necessary s h i f t  i n  c a p i t a l  

development p r i o r i t i e s  should be emphasized i n  order  t h a t  the  

pub1 i c  u t i  1 i t i  es sec to r  receives increased support  f rom qovernment 

investments. 



F I G U R E  9-1 PROPOSED ORGANIZATION GOSSD - ALEXANDRIA 

CAIRO 

-- -- -- - - - - PROJECT MONITORING 
FOR ALEXANDRIA 

PERSONNEL AND 
TRAINING DEPARTMENT 

Salary + benef i t  
administration 

Recruitment, selection 
8. i n  processing 

Mai l  t messenger service 

Personnel records 
8 reports. 

0 T r a i n i n g -  a n d  s t a f f  
develop men t 

DEPUTY GENERAL 

BUDGETING AND 
FINANCE DEPARTMENT DEPARTMENT 

Accounting 8. budgeting . Investigations 

Purchasing 8. contracting - L i t iga t ion  

Storekeeping Counsel to the 
Paying 8 receiving General Director 

O Sewer use regu la t ion  
enforcement 

(3 New organization ac t i v i t ies  

PUBLIC SERVICES 

Complaints 8. fol low-up 

Public relations 

Security 

Planning 8 repor ts  

0 Cent ra l  records  l3 
management informat ion 
system. 

PROJECT EXECUTION 
DEPARTMENT DEPARTMENT 

Design o f  structures Project inspections 

Preliminary f ie ld surveys . Contract administration 
Construction grade stakes . connection applications, 
Estimates of project estimates and processing 

completion Capital budget planning 

Draft ing 

SEWER MAINTENANCE MECHANICAL AND WATER POLLUTION 

DEPARTMENT DEPARTMENT 
Sewer cleaning for a l l  Pump station operation - Operation and maintenance 
distr icts 8 maintenance o f  t r ea tmen t  

Sludge removal Mechanical 8 electrical 
Emergency services design for  pumping Water qual i ty  

stations moni tor ing 
Sewer repairs and 
replacement 

Emergency and 0 l ndus t r io l  wastewater 
auxil iary pumping monitoring 

. Manufacturing o f  
st ructural  components Transportation and 

e o u i ~  men t - -  . - 
Construction of connections - dispatching 

OCo l l ec t i on  service for  - maintenance 
mazout, manure, septage 
and  indus t r ia l  waste.  




