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CHAPTER 1  

SUCICIARY 

T h i s  i s  t h e  f i n a l  r e p o r t  o f  a  one-year  program o f  m a r i n e  s t u d i e s  under -  

t a k e n  as p a r t  o f  t h e  A l e x a n d r i a  Wastewater  F a c i l i t i e s  Development Program. 

The purpose o f  t h e  m a r i n e  s t u d i e s  was t o  d e t e r m i n e  t h e  fundamenta l  f e a s i -  

b i l i t y  o f  l a r g e - s c a l e  d i s p o s a l  o f  sewage f r o m  A l e x a n d r i a  i n t o  t h e  M e d i t e r -  

ranean Sea, and t o  o b t a i n  s u f f i c i e n t  e n g i n e e r i n g  d a t a  t o  p e r m i t  t h e  p l a n n i n g  

and concep tua l  d e s i g n  o f  ocean o u t f a l l s  f o r  A l e x a n d r i a .  I n v e s t i g a t i o n s  

a t  sea began i n  J u l y  1977 and conc luded  i n  J u l y  1978. 

Fo r  e n g i n e e r i n g  p l a n n i n g  purposes,  measurements were made o f  w a t e r  c u r r e n t  

v e l o c i t y ,  t empera tu re ,  s a l  i n i  t y ,  d i s s o l  ved oxygen,  and w ind v e l o c i t y .  

Geophys ica l  su rveys  were made o f  bo t tom c o n d i t i o n s .  Dayt ime and n i g h t -  

t i m e  b a c t e r i a l  d i sappearance  r a t e s  were measured. H o u r l y  w a t e r  l e v e l  r e a d i n g s  

were o  b  t a  i ned . 

Fo r  a  b a s e l i n e  measure o f  p r e s e n t  e c o l o g i c a l  c o n d i t i o n s ,  seawater  samples 

were t e s t e d  f o r  BOD, SS, P, N, and p e s t i c i d e s ;  bo t tom sed iment  samples 

were t e s t e d  f o r  heavy m e t a l s  c o n t e n t .  P h y t o p l a n k t o n  and z o o p l a n k t o n  were 

sampled f r e q u e n t l y  t h r o u g h o u t  t h e  y e a r .  M o n t h l y  su rveys  o f  t h e  q u a n t i t y  

and abundance o f  f i s h  l anded  a t  s e v e r a l  p r i n c i p a l  l o c a l  f i s h  m a r k e t s  were 

conducted t h r o u g h o u t  t h e  y e a r .  B e n t h i c  b i o t a  were sampled a t  2 5  s t a t i o n s .  

Geophys ica l  s t u d i e s  i n c l u d e d  b a t h y m e t r i c  su rveys ,  s e i s m i c  subbot tom p r o f i l i n g ,  

s i de -scan  sonar  su rveys ,  g r a v i t y  c o r i n g ,  and sample g a t h e r i n g  and v i s u a l  

o b s e r v a t i o n s  by d i v e r s  on t h e  sea bot tom.  

The p h y s i c a l  oceanograph ic  d a t a  and t h e  b a c t e r i a l  d i sappearance  d a t a  o b t a i n e d  

a r e  v e r y  adequate f o r  e n g i n e e r i n g  p l a n n i n g  purposes,  and even f o r  o u t f a l l  

d e s i g n  purposes.  The geophys i ca l  s t u d i e s  have g r e a t l y  i ncreased t h e  amount 

o f  knowledge a v a i l a b l e  c o n c e r n i n g  seabot tom c o n d i t i o n s  i n  t h e  a rea ,  and 

? e n n i t  one t o  choose o u t f a l l  a l i g n m e n t s  wh ich  o f f e r  t h e  most  f a v o r a b l e  

c o n s t r u c t i o n  c o n d i t i o n s  a v a i l a b l e .  However, a   much more i n t e n s i v e  and 

d e t a i l e d  program of  geophys i ca l  samp l i np  and s u r v e y i n g  w i l l  be r e q u i r e d  

i n  t h e  o u t f a l l  des ign  phase. The b i o l o a i c a i  d a t a  o b t a i n e d  p r o v i d e  a  

d e t a i  1  ed p i c t u r e  o f  p r e s e n t  m a r i n e  b i o l  o q i c a l  c o n d i t i o n s .  



C u r r e n t s ,  measured by drogues and by  moored r e c o r d i n g  me te rs ,  f l o w  m o s t l y  

p a r a l l e l  t o  t h e  c o a s t l i n e ,  a l t h o u g h  s u r f a c e  wa te rs  can  be d r i v e n  towards 

sho re  by onshore  w inds.  C u r r e n t  speeds t e n d  t o  i n c r e a s e  w i t h  d i s t a n c e  

f r o m  shore  and t o  decrease w i t h  dep th .  The median speed found  10  km f r o m  

shore,  abou t  10 m beneath  t h e  s u r f a c e ,  i s  abou t  0.10 m lsec .  C u r r e n t s  do 

n o t  f l o w  i n  one d i r e c t i o n  o n l y ,  b u t  change d i r e c t i o n  w i t h  a  p e r i o d i c i t y  

r a n g i n g  f r o m  a  few hours  t o  s e v e r a l  days.  The p e r i o d i c i t y  i s  g r e a t  enough 

t h a t  t h e  d i s t a n c e  an e lement  o f  f l u i d  i s  l i k e l y  t o  be convec ted  i n  any one 

p r i n c i p a l  d i r e c t i o n  has a  median v a l u e  o f  abou t  20 km. As t ronomica l  t i d e s  

appear t o  be o f  n e g l i g i b l e  impor tance  i n  d e t e r m i n i n g  c u r r e n t  p a t t e r n s  here .  

D e n s i t y  p r o f i l e s  were o b t a i n e d  f r o m  measure~i ients o f  t empera tu re  and s a l i n i t y .  

Between l a t e  September and March, t h e  d e n s i t y  i n  t h e  t o p  50 m o f  t h e  sea i s  

n e a r l y  u n i f o r m .  However, f r o m  l a t e  March t h r o u g h  August ,  t h e r e  i s  a  t h e r m a l l y -  

induced s t r a t i f i c a t i o n  s u f f i c i e n t l y  i n t e n s e  t h a t  sewage e f f l u e n t  plumes 

i s s u i n g  f r o m  p r o p e r l y  des igned o u t f a l l s  would n o t  r e a c h  t h e  s u r f a c e  o f  t h e  

sea b u t  rema in  t r a p p e d  beneath  i t ,  a t  l e a s t  d u r i n g  June and J u l y ,  and perhaps 

d u r i n g  p a r t s  o f  A p r i l ,  May and August  as  w e l l .  I t  i s  e x t r e m e l y  u n l  i k e l y  

t h a t  sewage e f f l u e n t  t h a t  canno t  r e a c h  t h e  sea s u r f a c e  w i l l  e v e r  r e c o g n i z a b l y  

reach  t h e  s h o r e l i n e .  

Ambient d i s s o l v e d  oxygen l e v e l s  a r e  g e n e r a l l y  h i g h ,  a v e r a g i n g  a b o u t  6.4 mg / l .  

Fecal  c o l  i f o r m  b a c t e r i a l  d isappearance s t u d i e s  w i t h  sewage f r o m  Kai  t Bey 

pump s t a t i o n  mixed w i t h  Med i te r ranean  seawater  i m p l y  a  day t ime  Tgo v a l u e  

o f  1  . 0  t o  1  . 5  hours ,  and a  n i g h t t i m e  TgO v a l  ue o f  40 hours .  (The Tgo v a l  ue 

i s  t h e  t i m e  r e q u i r e d  f o r  b a c t e r i a l  c o n c e n t r a t i o n s  t o  decrease by 90 p e r c e n t  

due t o  d i e o f f ,  s e d i m e n t a t i o n  and o t h e r  processes,  e x c l u d i n g  p h y s i c a l  d i l u t i o n .  ) 

The geophys ica l  s t u d i e s  i n d i c a t e  t h a t  t h e  seabot tom i s  c h a r a c t e r i z e d  by r o c k y  

r i d g e s  r u n n i n g  p a r a l l e l  t o  t h e  shore,  separa ted  b y  bands o f  s r a n u l a r  m a t e r i a l .  

The r o c k  and sand a r e  l a r g e l y  c a l c a r e o u s .  B l a s t i n g  w i l l  most  1  i k e l y  be 

r e q u i r e d  t o  p repare  a  t r e n c h  o r  a  bed a c r o s s  t h e  r o c k y  r e g i o n s .  F a r t h e r  t h a n  

s i x  km f r o m  shore ,  t h e  bo t tom i s  l a r g e l y  composed o f  f i n e  sand and somewhat 

cohes ive  s i l t s  and c l a y s .  P r e l i m i n a r y  t e s t s  on these  s o i l s  i n d i c a t e  t h a t  

t h e y  wi  11 have adequate b e a r i n g  c a p a c i t y  t o  s u p p o r t  a  p r o p e r l y  des igned  

p i p e l i n e ,  p r o v i d e d  t h a t  t h e  p i p e l i n e  can t o l e r a t e  d i f f e r e n t i a l  s e t t l e m e n t  

o f  up t o  20 t o  30 cm f r o m  s e c t i o n  t o  s e c t i o n .  



A f t e r  b r i e f  r e v i e w s  o f  t h e  b a s i c  f e a s i b i l i t y  o f  d i s c h a r g e  t o  t h e  ocean a t  

A l e x a n d r i a  and o f  e x i s t i n g  and a n t i c i p a t e d  w a t e r  q u a l i t y  s t a n d a r d s  f o r  

Egypt  and t h e  E a s t e r n  Med i te r ranean  Sea, o u t f a l l  per formance s tandards  a r e  

developed.  These s tandards ,  based l a r g e l y  on t h e  r e s u l t s  o f  c u r r e n t  r e s e a r c h  

and on p r a c t i c e  e lsewhere i n  t h e  w o r l d ,  l e a d  t o  t h e  s p e c i f i c a t i o n  t h a t  t h e  

sewage s h o u l d  r e c e i v e  i n i t i a l  d i l u t i o n  t o  a t t a i n  a  seawater:sewage r a t i o  o f  

150 : l  and secondary o r  f a r - f i e l d  d i l u t i o n  t o  a t t a i n  a  seawater:sewage r a t i o  

o f  1 0 0 0 : l .  Fur thermore,  o u t f a l l s  shou ld  be l o c a t e d  s u f f i c i e n t l y  f a r  f r o m  

beaches t o  ensu re  t h a t  mean c o n c e n t r a t i o n s  o f  f e c a l  c o l i f o r m  b a c t e r i a  a r e  

n o t  i n c r e a s e d  beyond background l e v e l s  by more t h a n  o n l y  a  sma l l  amount. 

I n  Volume 11, t h e  Techn ica l  ~ e ~ 0 r t . l  o f  t h i s  s e r i e s ,  ocean o u t f a l l  s  were 

proposed t o  be b u i l t  a t  S i d i  B i s h r  and near  K a i t  Bey F o r t ,  t o  d i s c h a r g e  

p r o j e c t e d  y e a r  2000 average f l o w s  o f  560 mega1 i t r e s l d a y  (MLlday)  and 

392 MLlday, r e s p e c t i v e l y .  I t  i s  h e r e i n  proposed t h a t  t h e  S i d i  B i s h r  o u t f a l l  

ex tend  abou t  11 km t o  sea, t e r m i n a t i n g  i n  a  w a t e r  d e p t h  o f  55 m w i t h  a  

mu1 t i p o r t  d i f f u s e r  400 m l o n g .  I t  i s  proposed t h a t  t h e  K a i t  Bey o u t f a l l  

ex tend  8 km t o  sea, t e r m i n a t i n g  i n  a  w a t e r  d e p t h  o f  40 m w i t h  a mu1 t i p o r t  

d i f f u s e r  450 m l o n g .  Acco rd ing  t o  a n a l y s i s  and i n t e r p r e t a t i o n  o f  t h e  

oceanograph ic  and b a c t e r i a l  d a t a  o b t a i n e d  d u r i n g  t h e  mar ine  s t u d i e s ,  t h e s e  

proposed o u t f a l l s  w i l l  meet t h e  adopted w a t e r  q u a l i t y  s tandards .  

'camp Dresse r  & McKee I n c . ,  Char les  T. Main I n t e r n a t i o n a l  I n c . ,  Arab 
Techn ica l  and Economical C o n s u l t i n g  O f f i c e ,  A l e x a n d r i a  Wastewater 
[ - l as te r  P l a n  Study,  Volume 11, Techn ica l  Re?or t ,  1978. 



CHAPTER 2  

INTRODUCTION 

2.1 R a t i o n a l e  f o r  Oceanographic S t u d i e s  

It was e v i d e n t  f rom t h e  b e g i n n i n g  o f  t h e  A l e x a n d r i a  wastewater  s t u d y  

t h a t  one o f  t h e  most a t t r a c t i v e  a l t e r n a t i v e s  f o r  t h e  h a n d l i n g  o f  A l e x -  

a n d r i a ' s  wastewater would be d i s p o s a l  t o  t h e  sea v i a  l o n g  o u t f a l l s .  

S ince  o u t f a l l  p l a n n i n g  and des ign  shou ld  be under taken o n l y  w i t h  a  thorough 

unders tand inq  of l o c a l  oceanographic c o n d i t i o n s ,  t h e  c o n t r a c t  between CDM 
1  and MOHR s p e c i f i e d  t h a t  CDM shou ld ,  e a r l y  i n  t h e  Master  P lan  s tudy ,  

r e v i e w  t h e  a v a i l a b l e  i n f o r m a t i o n  about l o c a l  mar ine  c o n d i t i o n s  and deve lop  

a  p l a n  f o r  whatever f u r t h e r  s t u d i e s  were deemed necessary.  

Accord ing ly ,  Spec ia l  Repor t  No.1, Program f o r  Oceanographic S t u d i e s ,  

was s u b m i t t e d  t o  MOHR on 28 February  1977. Tha t  r e p o r t  recommended 

an oceanographic program t h a t  shou ld  r u n  a t  l e a s t  s i x  months, i n c l u d i n g  

t h e  summer months when b a t h i n g  beaches would be f requen ted ;  b u t  shou ld  

p r e f e r a b l y  c o n t i n u e  f o r  a  f u l l  y e a r .  The f u l l  12-month program was approved 

by  MOHR and f i e l d  work began m i d - J u l y  1977. 

I n  t h e  I n t e r i m  Oceanoqraphic Study r e p o r t  o f  A p r i l ,  1978, t h e  oceanographic 

d a t a  c o l l e c t e d  f r o m  J u l y ,  1977, th rough  February ,  1978, were desc r ibed ,  and 

some o f  t h e  d a t a  a n a l y s i s  and i n t e r p r e t a t i o n  t h a t  e s t a b l i s h e d  t h e  f e a s i b i l i t y  

o f  d i s p o s a l  th rough  o u t f a l l s  and which l e d  t o  p r e l i m i n a r y  o u t f a l l  des ign  
were i n c l u d e d .  

T h i s  f i n a l  r e p o r t ,  Mar ine S tud ies ,  i s  i n tended  t o  g i v e  a  complete summary 

o f  a l l  t h e  oceanographic d a t a  c o l l e c t e d  from J u l y  1977 th rough  J u l y  1978 

and t o  p r e s e n t  p r e l i m i n a r y  des igns and l o c a t i o n s  f o r  t h e  o u t f a l l s  a t  

K a i t  Bey and S i d i  B i s h r .  

' "Agreement f o r  C o n s u l t i n g  Eng ineer ing  Serv i ces  f o r  A1 e x a n d r i a  Wastewater 
F a c i l i t i e s  Development Program," 4 November 1976. 



Chapter 2 of t h e  f i n a l  r e p o r t  beg ins  w i t h  a  d i s c u s s i o n  o f  p resen t  and 

p r o j e c t e d  f l o w s  and l o a d i n g s  and i n c l u d e s  a  b r i e f  d e s c r i p t i o n  o f  t h e  

areas a f fec ted  by p r e s e n t  and proposed d i scharges .  I n  Chapter  3,  t h e  

b a s i c  d a t a  a r e  p resen ted  and i n t e r p r e t e d .  I n  Chapter  4, t h e  w a t e r  

q u a l i t y  c r i t e r i a  adopted h e r e i n  a r e  desc r ibed ;  a l s o  i n c l u d e d  i s  a  b r i e f  

d i s c u s s i o n  o f  o v e r a l l  d i s c h a r g e  s t r a t e g y ,  and a  r e c o g n i t i o n  of t h e  

c o o r d i n a t e d  Med i te r ranean  P o l l u t i o n  M o n i t o r i n g  and Research Program. 

I n  Chapter 5, t h e  d a t a  gathered and ana lyzed i n  e a r l i e r  s e c t i o n s  a r e  

a p p l i e d  t o  t h e  p r e l i m i n a r y  des ign  o f  t h e  K a i t  Bey and S i d i  B i s h r  o u t f a l l s .  

Appendix A  c o n t a i n s  b i o l o g i c a l  d a t a .  Appendix B c o n t a i n s  a  d e s c r i p t i o n  

o f  t h e  f i e l d  equipment used. Appendix C c o n t a i n s  c u r r e n t  meter  d a t a  a t  an 

i n t e r m e d i a t e  s tage  of a n a l y s i s .  

I n  a d d i t i o n  t o  these  p r i n t e d  appendices i n c l u d e d  h e r e i n ,  an u n p r i n t e d  volume 

o f  t e c h  n  i c a  1  memoranda has been prepared.  The i n t e r e s t e d  r e a d e r  may a p p l y  

t o  t h e  M i n i s t r y  of Housing and R e c o n s t r u c t i o n  f o r  a  photocopy of t h i s  

volume, t o  be p r o v i d e d  a t  c o s t .  

2.2 P resen t  C o n d i t i o n s  

P r e s e n t l y  t h e  A l e x a n d r i a  sewerage system serves an area of a p p r o x i m a t e l y  

4300 hec ta res  and has a  p o p u l a t i o n  which v a r i e s  from abou t  2  m i l l i o n  i n  t h e  

w i n t e r  months t o  about 2.4 m i l l 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  
3 a  c o n s i d e r a b l e  i n d u s t r i a l  wastewater f low, e s t i m a t e d  t o  be 870 000 m /day.  

Approx ima te ly  25 p e r c e n t  o f  t h i s  f l o w  i s  cons ide red  contaminated w i t h  t h e  

o t h e r  75 p e r c e n t  c o n s i s t i n g  o f  s ing le -pass  c o o l i n g  wa te r .  As an aggregate ,  

A l e x a n d r i a  i n d u s t r y  d i scharges  an e s t i m a t e d  d a i l y  BOD l o a d  of 160 tonnes .  

Based on a  average BOD5 load  o f  .09 kg p e r  c a p i t a  p e r  day, t h e  p o p u l a t i o n  

e q u i v a l e n t  o f  t h e  i n d u s t r i a l  wastewater i s  1  760 000 persons,  n e a r l y  equa l  

t o  A l e x a n d r i a ' s  p r e s e n t  p o p u l a t i o n .  

F i e l d  i n v e s t i g a t i o n s  d e s c r i b e d  i n  S e c t i o n  3 .4  o f  t h e  Master  P lan  Study 1  

i n d i c a t e  t h a t  t h e  wastewaters o f  A l e x a n d r i a  a r e  o f  u n u s u a l l y  h i g h  s t r e n g t h  

-- 
1 

Camp Dresser  & McKee I n c . ,  Char les  T.  Main I n t e r n a t i o n a l  I n c . ,  Arab 
Techn ica l  and Economical C o n s u l t i n g  O f f  i c e ,  A l e x a n d r i a  Wastewater 
Master P l a n  Study,  Volume 11, Techn ica l  Repor t ,  1978. 



when compared t o  those  o f  most m u n i c i p a l i t i e s .  To some e x t e n t ,  t h i s  can be 

a t t r i b u t e d  t o  t h e  low p e r  c a p i t a  w a t e r  use; i f  ad jus tmen t  f o r  p e r  c a p i t a  

f l o w  d i f f e r e n c e s  i s  made, A l e x a n d r i a ' s  domest ic  wastes c o u l d  be c l a s s i f i e d  

as medium t o  h i g h  s t r e n g t h  wastes when compared t o  a  r e p r e s e n t a t i v e  number 
1  o f  c i t i e s  i n  t h e  U.S . T h i s  i n d i c a t e s  t h a t  wastewater s t r e n g t h  w i l l  p r o -  

b a b l y  d e c l i n e  as w a t e r  use i n c r e a s e s  i n  A l e x a n d r i a .  Analyses a l s o  show 

t h a t  h i g h  c o n c e n t r a t i o n s  of b a c t e r i a l  i n d i c a t o r  organisms a r e  found i n  

A l e x a n d r i a ' s  wastewaters.  R e s u l t s  of sampl ing on June 17, 1978 a r e  shown 

i n  Tab le  2-1. 

Es t ima tes  o f  p r e s e n t  wastewater f l o w  a r e  based on i n d u s t r i a l  and domest ic  

wa te r  use a c c o r d i n g  t o  t h e  procedures o u t l i n e d  i n  Chapter 4 o f  t h e  Master  

P lan Techn ica l  Report .  A n a l y s i s  i n d i c a t e s  t h a t  t h e  p r e s e n t  domest ic  waste-  
3  wa te r  f l o w  d ischarged  t o  sewers averages 238 000 m /day.  Adding i n d u s t r i a l  

waste f l o w s  t h a t  d i s c h a r g e  t o  p u b l i c  sewers and e s t i m a t i n g  p r e s e n t  i n f i l t r a -  

t i o n  a t  a  r a t e  o f  0.15 l i t r e s / s e c / h e c t a r e  th roughou t  t h e  sewered a rea  r e s u l t s  
3  i n  a  c u r r e n t  average d r y  weather  wastewater f l o w  o f  383 000 m /day.  A  r e s u l -  

t a n t  o v e r a l l  (sewered and unsewered a r e a )  wastewater average d r y  weather f l o w  
3  o f  562 000 m /day has been e s t i m a t e d  t o  r e p r e s e n t  1977 c o n d i t i o n s  i n  A lex -  

a n d r i a .  T h 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  pe r  c a p i t a  g e n e r a t i o n  r a t e  

o f  236 1  i t r e s  o f  wastewater p e r  day. 

The l o c a t i o n s  o f  p r i n c i p a l  d i scharges  of  t h e  A l e x a n d r i a  wastewater  system a r e  

shown i n  F i g u r e  2-1. A  comple te  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 s  o f  p r e s e n t  t r e a t m e n t  works 

i s  con ta ined  i n  Spec ia l  Repor t  Number 2, submi t ted  26 A p r i l  1977. 

The many s h o r e l i n e  d i scharges  and o v e r f l o w s  a long  t h e  beach p r e s e n t  a  h e a l t h  

hazard and a  nu isance.  These o v e r f l o w s ,  shown i n  F i g u r e  2-1, a r e  i n t e n d e d  

t o  pass s t o r m w a t e r d i s c h a r g e s t o  t h e  beach i n  t h e  w i n t e r  o n l y ;  b u t  i n  f a c t  

t h e y  have been observed t o  d i s c h a r g e  f r e q u e n t l y  i n  t h e  summer and n e a r l y  

c o n t i n u o u s l y  i n  t h e  w i n t e r .  Fecal c o l i f o r m  l e v e l s  measured d u r i n g  t h e  summer 

' ~ e t c a l  f and Eddy, I n c . ,  Wastewater Eng ineer ins ,  McGraw H i  11 Book 
C0mpan.y , 1972 



TABLE 2-1 

RESULTS OF BACTERIOLOGICAL ANALYSES OF SAMPLES TAKEN ON 17 JUNE 1 9 7 8 ' ~ )  

T o t a l  Feca 1 T o t a l  Fecal  
Col i f o rms  Col i forms En te rococc i  Enterococc i  

Sampling S t a t i o n s  (Presumptive) (Confi rmed) (Presumpt ive)  ( Confirmed ) 

S i d i  B i s h r  3 3.5 X l o 8  1.1 X 10 2.8 X l o 9  2.2 x l o 9  8 

Pumping S t a t i o n  5.4 X l o 8  1.1 X l o 8  1.8 X l o 9  1.4 X l o9  

K a i t  Bey 9.4 X l o8  1.1 X l o 8  2.2 X 1011 2.2 X 1011 

Pumping S t a t i o n  1.40X l o 9  3.3 X l o8  3.5 X 1011 2.4 X 10'' 

Eas t  Treatment 

P l a n t  I n f l u e n t  3 
O u t f a l l  f r om  1.7 x lo9 1.3 x l o9  7.0 X l o l o  1.7 X l o l o  
Pumping S t a t i o n  5.4 x l o 9  5.4 X 10 1.40X 10'' 7.0 X l o l o  9  

( a ) ~ n a l y s i s  was by t h e  M u l t i p l e  Tube Fermentat ion Procedure ( u s i n g  5 tubes)  and r e s u l t s  a r e  
expressed as Most Probably Number per  100 mL. D e t a i l s  o f  t h e  procedure a r e  con ta ined  i n  
Appendix F. 



o f  1976 a t  severa l  A l e x a n d r i a  beaches a r e  l i s t e d  i n  Table  2-2. 

I n  Abu K i r  Bay t h e  i n d u s t r i a l  d ischarges t o  Abu K i r  d r a i n ,  thence t o  t h e  

Bay v i a  t h e  Tab ia  pump s t a t i o n ,  have had a  s i g n i f i c a n t  impact  on t h e  

f i s h e r y  i n  Abu K i r  Bay and p robab ly  i n  Lake Idku .  1  

2.3 Fu tu re  Cond i t i ons  

Wastewater Flows 

T o t a l  p r o j e c t e d  wastewater f l o w s  f o r  t h e  A l e x a n d r i a  a rea  were generated 

accord ing  t o  t h e  procedures d iscussed i n  Chapter 4 o f  t h e  Techn ica l  Repor t .  2  

For  t h e  recommended Master P lan (Chapter 8  of  t h e  Techn ica l  Repor t )  p r o j e c t e d  

wastewater f lows f o r  each sewerage zone a r e  shown i n  Table  2-3. F i g u r e  2-2 

shows a  p l a n  o f  t h e  A l e x a n d r i a  area l o c a t i n g  t h e  major  d i scharge  p o i n t s  and 

t h e  p r i n c i p a l  components o f  t h e  Recommended Master P lan.  

Wastewater Loadings 

Est imated l o a d i n g  r a t e s  f o r  t h e  y e a r  2000 f lows a r e  based on t h e  r e s u l t s  o f  

a  wastewater gauging and sampl ing program t h a t  was conducted from May t o  

J u l y  1977.' From t h e  r e s u l t s  of t h e  sampl ing program, t h e  f o l l o w i n g  

es t ima tes  o f  f u t u r e  c o n c e n t r a t i o n s  of BOD, COD, SS, n i t r o g e n  and phosphorus 

were made: 

Domestic I n d u s t r i a l  

BOD (mg/L) 500 700 

COD (mg/L) 950 1500 

ss (mg/L) 525 1100 

NH3-N (mg/L) 3  3  9  

A1 buminoid-N (mg/L) 6  3  

(mg/L) 11 2  

' ~ z z a t ,  A., and E l -Ghrabawy,  M., " E f f e c t  o f  Water P o l l u t i o n  on t h e  P o p u l a t i o n  
o f  Solea V u l g a r i s  i n  Abu ~ i r  Bay, A lexandr ia  (Egypt) ,"  B u l l e t i n  o f  t h e  
I n s t i t u t e  o f  Oceanography and F i s h e r i e s ,  A lexandr ia ,  Egypt, 1975. 

2 ~ a m p  Dresser & McKee I n c . ,  Char les T. Main I n t e r n a t i o n a l  Inc . .  Arab 
Techn ica l  and Economical C o n s u l t i n g  Of f ice ,  A l e x a n d r i a  wastewater Master 
P lan  Study, Volume I I, Technica l  Report ,  1978. 



TABLE 2-2 

Beach 

Anfush i  

Chatby 

Camp Caesar & I b r a h i m i a  

S p o r t i n g  

S i d i  Gaber & C leopa t ra  

S t a l  ey 

G 1  ym 

San Stefano 

S i d i  B i s h r  

M i  ami 

Mandara 

Montazah 

Maamoura 

Feca 1  
Col i forms/ 100 mL ( b )  

4.7 x l o 3  
4.4 x l o 3  
3.0 X l o 3  
9.6 X l o 4  
3.0 X l o 3  
1.1 x l o 3  
1.6 X l o 4  
2.9 X l o 3  

Sewage 
O u t f a l l  

p r e s e n t  

p r e s e n t  
- 

p resen t  
- 
- 

p r e s e n t  
- 

( a ) ~ n a l y s i s  was by t h e  Mu1 t i  p l  e-Tube Fermentat ion Procedure. Resu l t s  a r e  
expressed as t h e  l o g  mean of  MPN p e r  100 mL f o r  t h e  summer of  1976. 

( b ) ~ a s s a n  and Sharkawi, F.M., The R e l a t i o n  Between t h e  S t a t e  o f  P o l l u t i o n  
i n  A l e x a n d r i a  Swimming Beaches and t h e  Occurrence o f  Typhoid  among 
Bathers,  H igh I n s t i t u t e  o f  P u b l i c  Hea l th ,  1976. 



TABLE 2-3 

PROJECTED DRY WEATHER WASTEWATER FLOWS 

Marine Discharges, ~ ~ i d a y  

Sewerage Zones 
Average Day Peak Day 

1980 1990 2000 1980 1990 2000 

  as tern, (a) to Sidi Bishr outfal l 261 412 5 60 390 61 9 838 

West/Central, to Kait Bey outfall 2 63 328 392 401 492 5 77 

Mex-Dekheila, to Noubaria drain 66 113 161 5 1 131 249 

Ameria, to Noubaria drain 32 85 137 5 1 131 209 

0 ther Discharges, M L/day 

Nouzha, to Kalaa drain 17 3 1 45 30 5 2 74 

Abu Kir, to Evaporation Pond 103 - 127 - 150 - 152 - 189 - 225 - 
Subtotal, Sewered Areas 742 1096 1445 1127 1659 2172 

Unsewered areas 

TOTAL ALEXANDRIA 755 1114 1470 1149 6187 2215 

Note: (a) Includes Ras e l  Soda, Siouf Kebl ia, and Sadat Ci ty  area. - 



App ly ing  these  concen t ra t i ons  t o  t h e  es t ima ted  f u t u r e  d ischarges f o r  each 

sewerage zone r e s u l t e d  i n  t h e  d a i l y  l o a d  f o r  each zone. These loads  were 

then  reduced accord ing  t o  t h e  removal e f f i c i e n c y  expected a t  each t r ea tmen t  

f a c i l i t y .  As discussed i n  Chapter 6  of t h e  Technica l  Repor t ,  t h e  t r ea tmen t  

processes are:  p r e l i m i n a r y  t r ea tmen t  which c o n s i s t s  o f  screening,  t h e  removal 

o f  g r i t ,  sand and o t h e r  i n o r g a n i c  s o l i d s  l a r g e r  than  0.15 mm i n  d iameter  and 

t h e  removal o f  f l o a t i n g  m a t e r i a l s ;  secondary t rea tment  which would be accom- 

p l i s h e d  th rough  t h e  use of a  conven t iona l  a c t i v a t e d  s ludge process; and 

aerob ic lanaerob ic  lagoons which would be des i  gned f o r  a  30-day d e t e n t i o n  t i m e  

For  t h e  p r e l  i m i  na ry  t rea tment  and secondary t r ea tmen t  f a c i  1  i t i e s ,  removal 

e f f i c i e n c i e s  were se lec ted  from values r e p o r t e d  by Metca l f  and ~ d d ~ , '  EPA, 2  

and F a i r ,  Geyer, and 0kun . j  For  t h e  aerob ic /anaerob ic  lagoons, values of 

e f f l u e n t  BOD and SS were determined by t h e  use o f  techniques presented i n  
1 Metca l f  and Eddy which were based on i n f l u e n t  l oad ings  o f  BOD and SS.  The 

removal e f f i c i e n c y  f o r  COD was assumed t o  be t h e  same as t h a t  f o r  BOD. 

N u t r i e n t  removal e f f i c i e n c i e s  were es t imated  accord ing  t o  t h e  f o l l o w i n g  

reasoning:  

I n  an aerob ic /anaerob ic  lagoon some n i t r o g e n  i s  removed by  t h e  

a s s i m i l a t i o n  of n i t r o g e n  i n t o  a l g a l  c e l l  s. However, when a1 ga l  

h a r v e s t i n g  i s  n o t  p r a c t i c e d ,  t h e  decay of b i o l o g i c a l  c e l l s  w i l l  

r e t u r n  t h e  n i t r o g e n  t o  t h e  wate r  environment as a  n u t r i e n t .  Some 

removal o f  n i t r o g e n  i s  accomplished by d e n i t r i f i c a t i o n  t o  N2 gas. 

Some n i t r o g e n  i s  a l s o  removed by ammonia emiss ion t o  t h e  atmosphere, 

b u t  t h i s  i s  an i n e f f i c i e n t  process due t o  t h e  low surface-volume 

r a t i o  and t h e  low pH. 2  

Because of  these cons ide ra t i ons ,  a  low va lue  of n i t r o g e n  removal e f f i c i e n c y ,  

20 percen t ,  was chosen from t h e  l i t e r a t u r e . '  Th i s  was used t o  compute t h e  

amount of n i t r o g e n  removed from an aerob ic /anaerob ic  lagoon system. 

1 
n 
Metca l  f and Eddy, Inc . ,  Wastewater Engineer ing,  McGraw H i l l  Book Company, 1972. 

'u. S. Environmental  P r o t e c t i o n  Agency, Process Design Manual f o r  N i t r ogen  
Con t ro l  , 1975. - 

' ~ a i r ,  Geyer, and Okun, Water and Wastewater Engineer ing,  John Wi ley  and 
Sons, I nc . ,  1968. 



Good information i s  not available for phosphorus removal in an aerobic/ 
anaerobic pond. Where nitrogen i s  removed through deni t r i  f icat ion,  no 
phosphorus wi 11  be simultaneously removed. Some phosphorus wi 11 be removed 
by a l g a l  assimilation, b u t  most will be returned by biological decay. 
A value of 5 percent for phosphorus removal has been assumed, which, in 

comparison, i s  less t h a n  the lowest ranae of uhos~horus removal reported 
for an activated sludge process. 1 

In  summary, the flows and loads to be discharged from each sewerage zone 
af ter  treatment are presented in Table 2-4. I t  should be noted t h a t  the 
values for discharges from a l l  zones represent loads before mixing and 

dilution with receiving waters. 

I U .S .  Environmental Protection Agency, Process Design Manual for Phosphorus 
Control , 1976. 



TABLE 2-4 

Marine Disc harae 
Ortho- 

Ammonia Albuminoipk) Phosphate 

Sewerage Zones ~ l o w b )  BOD(C) COD(C) SS(C) Nitrogen (c) Nitrogen ~hosphorus(~) 

to Sidi Bishr outfall after 5 60 2 70 540 335 12.1 2.5 3.9 
preliminary treatment 

West Central, to Kait Bey outfall after 392 200 400 210 8.8 1.8 2.8 
preliminary treatment 

Mex-Dekheila, to Noubaria drain after 159 47.1 100 1 09 1.4 1.1 0.58 
h) 
I treatment i n  aerobidanaerobic lagoons 
d 

0 

Ameria, to Noubaria after treatment i n  137 33.6 68.6 77.7 2.2 0.48 0.83 
aerobic/anaerobic lagoons 

Other Discharges 

Nouzha, to Kalaa drain after secondary 45 4.3 15.2 6.5 0.47 0.13 0.13 
treatment 

Abu Kir, to evaporation pond with no 150 1 05 225 1 65 1.4 0.45 0.30 
subsequent discharge 

Notes: (a) These values are taken from the Recommended Wastewater Master Plan and represent 
projected average dry weather flows and loads after receiving treatment as indicated. 

(b) Flow i s  expressed in  ~ ~ / d a ~ .  

(c) Loadings are in  1,000 kg per day. 

(d) Includes Ras el Soda, Siouf Keblia, and Sadat City areas. 











CHAPTER 3 

FIELD STUDIES 

3.1 Phys ica l  Oceanography 

I n t r o d u c t i o n  

The scope and method of measurements f o r  wind, water  l e v e l ,  s a l i n i t y ,  

terriperature, dens i t y ,  d i sso l ved  oxygen, and ocean cu r ren t s  a r e  descr ibed 

be1 ow. Appl i c a t i o n  and i n t e r p r e t a t i o n  of t h e  data f o l  low, occas ional  l y  

w i t h  comparison of t h e  f i nd ings  w i t h  those o f  o the rs .  Inst ruments used 

t o  ga ther  a11 data f o r  t h e  oceanographic s tudy  a r e  descr ibed i n  Appendix 

B. A d e s c r i p t i o n  of t h e  A lexandr ia  c l i m a t e  i s  g i ven  i n  t h e  Technica l  

~ e ~ o r t l .  F u l l  l i s t i n g s  of t h e  wind, s a l i n i t y ,  temperature,  dens i t y ,  d i s -  

so lved  oxygen, c u r r e n t  meter, and drogue data a r e  presented i n  unpubl ished 

Memoranda Nos. 5, 6, 7, 8, and 9. 

Data de r i ved  and presented i n  t h i s  chapter  a r e  app l ied ,  i n  Chapters 4 and 

5, t o  t h e  d e r i v a t i o n  of wa te r  q u a l i t y  c r i t e r i a  and t o  o u t f a l l  p l ann ing  

and p r e l i m i n a r y  design. 

blind 

From J u l y  1977 u n t i l  June 1978, a weather s t a t i o n  recorded wind speed and 

d i r e c t i o n  and a i r  temperature a t  t h e  p r o j e c t  o f f i c e  s t a f f  house a t  477 

E l  Guish S t r e e t ,  S i d i  B i s h r .  The s t a t i o n ,  manufactured by Meteorology 

Research Inc. ,  was mounted on a 5 m h i gh  mast on t h e  roo f ,  a t  about 21 m 

above sea l e v e l .  Average h o u r l y  wind speeds and d i r e c t i o n s  were ob ta ined  

from the  cont inuous records,  and have been preserved i n  Memorandum 5. 

While records f o r  t h i s  s t a t i o n  a re  l a r g e l y  complete, t h e r e  a re  occas ional  

gaps due t o  ins t rument  ma l func t ion .  

 am^ Dresser & McKee I n c . .  Charles T. Main I n t e r n a t i o n a l  I nc . ,  
Arab ~ e c h n i c a l  and ~conomica l  Consul t i n q  O f f i c e ,  A lexandr ia  
Wastewater Master Plan Study, Volume I I- -Techn ica l  Report ,  1978. 



Weather da ta  f o r  t he  s t udy  p e r i o d  f rom t h e  government weather s t a t i o n s  a t  

Ras e l  T i n  and Dekhe i la  were made a v a i l a b l e  t o  t h e  p r o j e c t .  Wind d i r e c -  

t i o n  and speed, ba rome t r i c  pressure,  r e1  a t i  ve humid i t y ,  a i r  temperature,  

and c loud iness  were repo r t ed  every  t h r e e  hours;  s i n c e  November, t h e  

repor tage  was every  hour  f rom Ras e l  T i n .  From December 1977 t o  June 

1978, da ta  f rom t h e  government s t a t i o n  a t  Abu K i r ,  r e p o r t e d  every  t h r e e  

hours, was p rov ided  as we1 1. The l o c a t i o n  o f  a l l  weather s t a t i o n s  i s  

shown on F igu re  3-3. 

On drogue s tudy  days wind speed was recorded aboard t h e  survey vessel ,  

us i ng  an anemometer mounted about 5 m above t h e  sea sur face .  Concurrent 

wind d i r e c t i o n s  were measured us ing  a  hand-held compass. 

Wind da ta  c o l  1  ec ted  f rom sh ipboard observa t ions  i n  t h e  A1 exandr i  a  area 

over  an e leven-year  p e r i o d  (1956 t o  1967) were a l s o  ob ta ined  f o r  t h i s  

p r o j e c t  f rom t h e  r e p o r t  by Western Egypt Petroleum Co. (WEPCO) t o  Arab 

Petroleum P i  pe l  i n e s  Co. (SLIMED), completed i n  1975. These re1  a t i v e l y  

1  ong-term wind da ta  a r e  presented as seasonal l y  averaged speed-di r e c t i o n  

f requency d i s t r i b u t i o n s  i n  Tables 3-1 t o  3-4. They i n d i c a t e  t h a t  t h e  

predominant wind speeds a r e  5  t o  15 kno ts  (2 .5  t o  7.5 m/sec) y e a r  round, 

and a re  p r i n c i p a l l y  f rom t h e  n o r t h  t o  nor thwest .  I n  w i n t e r  and sp r i ng ,  

w ind d i r e c t i o n  i s  v a r i a b l e ,  a l though  predominant ly  f rom 270" t o  330'. I n  

t h e  summer and autumn, t h e  wind d i r e c t i o n  i s  l e s s  v a r i a b l e ;  winds f rom 

300" a r e  s t r o n g l y  predominant. 

!4ind data gathered d u r i n g  t h e  p r o j e c t  p e r i o d  ( J u l y  1977 t o  June 1978) 

f rom Ras e l  T in ,  Dekhei la  and CDM a t  S i d i  B i s h r  a r e  s i m i l a r l y  presented, 

i n  Tables 3-5 t o  3-16, t o  p rov i de  a  comparison o f  winds d u r i n g  t h e  pro-  

j e c t  p e r i o d  w i t h  long- te rm c o n d i t i o n s .  The p r o j e c t  p e r i o d  may be s a i d  t o  

have been a  t y p i c a l  wind year ,  i n  t h a t  t h e  d i r e c t i o n  and speed d i s t r i b u -  

t i o n s  d u r i n g  t h e  p r o j e c t  pe r iod ,  as determined f ro11  records  a t  a l l  t h r e e  

s t a t i o n s ,  showed t he  same seasonal v a r i a t i o n s  descr ibed  f o r  t h e  1  ong-term 

data.  



TABLE 3-1 

Loca t i on :  Of fshore Date: Feb/Apr 56-67 

Deqrees f rom No r th  - 
Beaufor t  A1 1 

0 Knots m/sec 150 180 210 240 3 300 9 - Scale 030 060 090 120 D i r e c t i o n s  - - - - 

11 56-63 29-32 

12 62 33 

. Each D i r e c t i o n  6.4 4,9 4.9 6.3 13.2 19.9 15.4 7.7 3.7 2.7 4.6 6.5 

(a  b a t a  were based on 2037 s h i p  w ind  observa t ions  taken o f f sho re  A lexand r i a  i n  Marsden Square 142 
(subsquare 17/19, 27/29) a t  L a t  31" t o  33O and Long. 27" t o  30" E as r epo r t ed  i n  t h e  WEPCO 
Report  t o  SUMED on Wind and Wave data,  1956-1967. 



TABLE 3-2 

Beau fo r t  
Scale - Knots - m/sec 

Each D i r e c t i o n  

Loca t ion :  Of fshore  Date: May/Jul 56-67 

Degrees f rom Nor th  
A1 1 

270 300 330 - 0 - 030 - 060 - 090 - 120 D i r e c t i o n s  

( a ) ~ a t a  were based on 2037 s h i p  wind observa t ions  taken o f f s h o r e  A lexandr ia  i n  Marsden Square 142 
(subsquare 17/19, 27/29) a t  L a t  31" t o  33" and Long. 27" t o  30" E as repo r ted  i n  t he  WEPCO 
Report  t o  SUMED on Wind and Wave data, 1956-1967. 



TABLE 3-3 

Locat ion: Offshore Date: Aug/Oct 56-67 

Degrees from North 
Beau f o r t  A1 1 
Scale - - 0 Knots m/sec 150 180 210 240 270 300 330 - 030 060 090 120 D i r e c t i o n s  - - 

1 1 

1-3 1 

4- 6 2-3 

7-10 4-5 

11-16 6-8 

17-21 9-11 

22-27 12-14 

28-33 15-17 

34-40 18-21 

41-47 22-24 

48-55 25-28 

56-63 29-32 

6 3 3 3 

Each D i r e c t i o n  

0 .1  0.2 0.3 0.1 0.4 1.1 1.0 1. 0.8 0.5 0.5 0.1 

0.3 0.2 0.3 0 . 5 [  1 . 5 [ [ [ , , + . 6 ~ l 5 . 2  1 4 . 0  2.21 1 0 . 8  0.6 0.3 1 - ~ 

0.6 0.3 0.5 0.5 [2 .8  / r P . 5 1  j11.6$1. 5.0,' 2.51 1 . 0 1  0.6 0.3 

0.2 0.2 0.3 0 . 1 1  L 1.2 ~- 1&.8,6 . 8 . 6 d 1 3 . 1 1  1.3 1 0 . 5  0.2 0.2 

0.1 0.1 0.31 1.5 3.2 - fl .O / 0.3 ' 0.1 
.- ~ - 

0.3 0.9 0.2 0.1 0.1 

i o .  1 0.1 0.2 

0.1 

( a ) ~ a t a  were based on 2037 sh ip  wind observat ions taken offshore Alexandria I n  Marsden Square 142 
(subsquare 17/19, 27/29) a t  L a t  31" t o  33" and Long. 27" t o  30" E as repor ted i n  the WEPCO 
Report t o  SUMED on wind and Wave Data, 1956-'967. 



TABLE 3-4 

Loca t i on  : O f f  shore Date:  Nov/Jan 56-67 

Degrees f r om N o r t h  
Beau fo r t  A1 1 
- - 0 1 8 0 2 1 0 2 4 0 2 7 0 3 O J 3 3 J -  Scale  Knots m/sec 150 _- 030 060 090 120 D i r e c t i o n s  - 

Each D i r e c t i o n  4.3 4.3 6.9 10.6 12.8 12.6 12.4 8.9 7.2 5.1 3.9 4.4 

- 

( a J ~ a t a  were based on 2037 s h i p  wind observa t ions  taken  o f f s h o r e  A lexand r i a  i n  Marsden Square 142 
(subsauare 17/19, 27/29) a t  L a t  31" t o  33" and Lonq. 27" t o  30" E as r epo r t ed  i n  t h e  !*IEPCO 
Repor t  t o  SUMED on wind and Wave Data, 1956-1967. 



TABLE 3-5 

AVERAGE FREQUENCY (%)  OF WINDS IN  ALEXANDRIA(^) 

L o c a t i o n :  S i d i  B i s h r  Date:  Feb/Apr 78 

Degrees f r o m  N o r t h  
Beauf o r t  A1 1 

- 0 S c a l e  Knots m/sec 150 180 210 240 270 300 330 - 030 060 990 120 D i r e c t i o n s  - - - - 

0 1 1 

7 28-33 15-'17 0.99 0.28 1.27 

8 34-40 13-21 0.42 0.42 

9 41-47 22-24 

10 48-55 25-28 

11 56-63' 29-32 

12 ' 6 3 3 2 

Each D i r e c t i o n  7.76 4.52 1.54 3.23 18.62 16.23 8.19 7.19 5.79 3.52 8.46 14.95 

( a ' ~ a t a  based on o b s e r v a t i o n s  a t  Camp Dresse r  & McKee wea the r  s t a t i o n  a t  S i d i  B i  s h r .  



TABLE 3-6 

Locat ion :  S i d i  B i s h r  Date: MaylJun 78 and J u l  77 

Degrees f rom N o r t h  
Beauf o r t  A1 1 

Sca le  - - 0 Knots m/sec 150 210 240 270 3 330 - - 030 - 060 - 090 - 120 D i r e c t i o n s  

Each D i r e c t i o n  1.83 2.01 0.34 0.34 3.18 26.24 28.25 10.70 10.37 9.71 4.52 2.51 

( a )  Data based on obse rva t i ons  a t  Camp Dresser & NcKee weather s t a t i o n  a t  S i d i  B i i h r  



TABLE 3-7 

Loca t ion :  S i d i  B i s h r  Date: Aug/Oct 77 

Degrees f r om N o r t h  
Beau fo r t  A1 1 

Knots m/sec 150 180 210 240 270 300 330 Sca le  0 - 030 9 090 - 120 D i r e c t i o n s  

1-3 1 

4-6 2-3 

7-10 4-5 

11-16 6-8 

17-21 9-11 

22-27 12-14 

28-33 15-17 

34-40 18-21 

41-47 22-24 

48-55 25-28 

56-63 29-32 

6 3 3 2 

Each D i r e c t i o n  

( a ) ~ a t a  based on observa t ions  a t  Camp Dresser  & McKee weather s t a t i o n  a t  S i d i  B i s h r .  



TABLE 3-8 

Loca t ion :  S i d i  B i s h r  Date: Nov/Dec 77 and Jan 78 

Degrees f rom Nor th  
Beaufo r t  A1 1 
- - - - - 0 Scale Knots m/sec 150 j8J 210 240 270 300 330 - 030 060 090 120 D i r e c t i o n s  - 

1 
~- - . - -. 

1-3 ~~. - ~ -. 1 , -~ - ~ ~. .--7 - ~. . -. . . . - - - - . - . . .. 
- - 

~ ~- - - - -4L.49 .- ~ -- -. 
-. . 

~ -- - 

2 4-6 2-3 8.3ij:j ~ -- -- . . ;:84i , 0.98 - 11.48 1.23 1.23 1.96 1 2.45 2.95 :1"1.90 5.66 bl0.56- L .  ~ - ~ -  - - -- 

3 7-10 4-5 4.43' 
-_.-,  

~~~ . . . . - 

3-20] 1 I .96 //3;94 1.96 j2.70 Ji0.991' 1.96 0.79-0.741 2.46 
.. .- - - --- -. - - . ~ I . ~ . .  - .  C ~ ~- 

4 11-16 6-8 0.25 0;i5112.21 2.21 2.94' 1.96 1.23 1 
. . . .- 1 

5 17-21 9-11 - 0.74 ') 2.70 
- ~ - .  

0.25 
w 
I C A 6 22-27 12-14 0.25 (2.94, -- . . 1.231 
0 

7 28-33 15-17 r- - - ~ 

1.23 0.74 0.49 - . J 

8 34-40 18-21 0.25 

9 41-47 22-24 0.25 0.25 

10 48-55 25-28 

1 1  56-63 29-32 

12 6 3 3 2 

Each D i r e c t i o n  12.2710.57 6.39 6.89 15.23 7.12 6.88 3.44 4.91 6.39 6.89 13.02 

I a ) ~ a t a  based on observa t ions  a t  Camp Dresser & McKee weather s t a t i o n  a t  S i d i  B i sh r .  



TABLE 3-9 

Loca t ion :  Ras e l  T i n  Date: Feb/Apr 78 

Degrees f rom Nor th  
Beaufort  A1 1 

Scale - - - 0 Knots m/sec 150 180 3 240 270 300 330 - 030 060 120 D i r e c t i o n s  

Each D i r e c t i o n  8.45 4.91 5.04 5.88 11.30 13.98 11.88 5.63 10.02 4.92 7.44 8.58 

( a ) ~ a t a  based on observa t ions  a t  government weather s t a t i o h  a t .  Rac e l  T in .  



TABLE 3-10 

Location: Ras el Tin Date: May/Jun 78 and Jul 77 

Degrees from North 
Beaufort A1 1 
Sca le  - Knots - mlsec 150 - 180 210 3 270 300 330 - 0 - - 030 060 090 120 Direct ions  

0 1 1 1.09 

1 1-3 1 0.41 0.41 0.68 0.41 0.41 0.27 18.89 

2 4-6 2-3 0.28 0.14 27.84 

3 7-10 4-5 0.68 38.14 

4 11-16 6-8 0.28 0.27 13.76 

5 17-21 9-11 0.14 0.28 

6 22-27 12-14 

7 28-33 15-17 

8 34-40 18-21 

9 41 -47' 22-24 

10 48-55 25-28 

1 1  56-63 29-32 

12 6 3 33 

Each Direct ion 1.37 0.69 0.28 0.56 4.22 26.46 41.79 7.21 9.38 4.23 1.63 1.09 

l a ) ~ a t a  based on observat ions  a t  government weather s t a t i o n  a t  Ras el Tin. 



TABLE 3-11 

Location: Ras el T i n  Date: Aug/Oct 77 

Degrees from Nor th  
Beaufort  A1 1 

Scale  - - - 0 Knots m/sec 150 180 3 ?40 270 9 330 - 030 060 090 120 D i r e c t i o n s  - 

0 1 1 . - 1.90 

1 1-3 1 1.76 1 .101  0.96 0.67 0.82 0.68 32.73 
A 

2 4-6 2-3 0.14 0.14 0.55 0.55 0.41 31.36 

3 7-10 4-5 0.41 0.14 0.14 0.28 0.14 26.91 

4 11-16 6-8 0.14 0.14 0.14 0.14 7.10 

W 
5 17-21 9-11 

L 6  
W 

22-27 12-14 

7 28-33 15-17 

8 34-40 18-21 

9 41 -47 22-24 

10 48-55 25-28 

11 56-63 29-32 

li2 6 3 32 

Each D i r e c t i o n  2.31 1 . 1  1.38 0.70 2.73 18.61 45.56 13.44 8.03 1.64 1.37 1 .23  

( a ) ~ a t a  based on observations a t  government weather s t a t i o n  a t  Ras e l  T i n .  



TABLE 3-12 

Locat ion: Ras e l  T i n  Date: Nov/ Dec 77 and Jan 78 

Degrees from North 
Beaufor t  A1 1 

Scal e - - - 0 Knots m/sec 150 180 210 240 270 300 330 - - 030 - 060 090 120 D i r e c t i o n s  - 

10 48-55 25-28 

11 56-63 29-32 

12 63 3 2 

Each D i r e c t i o n  10.98 9.91 12.73 8.68 7.35 9.89 13.54 7.21 5.16 3.54 3.67 3.95 

( a ) ~ a t a  based on observat ions a t  government weather s t a t i o n  a t  Ras e l  T in.  



TABLE 3-13 

Beaufo r t  
Knots m/sec 150 Scal e - 

AVERAGE FREQUENCY (% j  OF WINDS IN  ALEXANDRIA(^) 

Loca t ion :  Dekhei la  Date: Feb/Apr 78 

Degrees f rom Nor th  
A1 1 

0 180 210 240 270 300 330 - 030 060 090 120 D i r e c t i o n s  - - 

Each D i r e c t i o n  11.12 3.23 2.52 4.90 7.43 8.70 16.42 12.66 10.42 '6 .18 3.92 10.24 

( a ) ~ a t a  based on obse rva t i onsa t  government weather s t a t i o n  a t  Dekhei la .  



TABLE 3-1 4 

Locat ion :  Dekhei l a  Date: May/Jun 78 and J u l  77 

Degrees f rom Nor th  
Beaufor t  A1 1 
Sca le  - Knots - m/sec 150 180 210 240 270 300 330 - - - 030 060 090 120 D i r e c t i o n s  0 - 

10 48-55 25-28 

11 56-63 29-32 

12 6 3 3 3 

Each D i r e c t i o n  0.69 0.14 0.55 0.70 1.66 9.30 43.31 23.76 12.60 2.34 2.61 1.66 

( a ) ~ c t a  based on observat ions  d t  government weatehr s t a t i o n  a t  Dekhei la.  



TABLE 3-1 5 

Beauf o r t  
Scale Knots mlsec - - 

Each D i r e c t i o n  

Locat ion:  Dekhei la  Date: Aug, Sep, Oct 77 

Degrees from N o r t h  
A1 1 

D i r e c t i o n s  

3.99 

6.11 

16.14 

37.01 

33.04 

3.71 

l a ) ~ a t a  based on observat ions a t  government weather s t a t i o n  a t  Dekhei la .  



TABLE 3-16 

Locat ion:  Dekhei 1 a Date: Nov, Dec 77 & Jan 78 

Degrees from Nor th  
Beaufor t  A1 1 

Scale - Knots - m/sec 180 3 240 270 300 330 0 060 090 120 Di rec t i ons  

Each D i r e c t i o n  4.63 4.77 13.56 14.12 11.40 4.66 10.02 13.05 6.91 2.59 4.50 4.08 

( a ) ~ a t a  based on observat ions a t  government weather s t a t i o n  a t  Dekhei la.  



One d i f f e r e n c e  noted between t he  p r o j e c t  wind data and t h e  l o n g  term da ta  

was t h e  ex i s tence  o f  l i g h t  o f f s h o r e  winds ( 2  t o  3 m/sec f rom 100° t o  150') 

du r i ng  t h e  p r o j e c t  per iod .  Th i s  t r e n d  was c l e a r l y  seen i n  t h e  S i d i  B i s h r  

and t he  Ras e l  T i n  data du r i ng  t h e  e n t i r e  yea r  and i n  t h e  Dekhei la  da ta  

d u r i n g  t h e  sp r i ng .  

The v a r i a t i o n  i n  wind d i r e c t i o n ,  averaged month ly  r a t h e r  than seasonal ly ,  

i s  presented i n  Tables 3-17 and 3-18 f o r  Ras e l  T i n  and Dekhei la.  Again, 

predominance o f  winds f rom 270" t o  330' i s  shown f o r  t h e  e n t i r e  yea r  on 

these tab1 es . 

Speed frequency d i s t r i b u t i o n s  were prepared f o r  month ly  wind da ta  f rom 

t h e  government weather s t a t i o n s  and t h e  CDM-operated s t a t i o n .  Wind speeds 

n o t  exceeded 20 percent ,  50 percen t  and 80 percen t  o f  t h e  t ime, r e f e r r e d  

t o  as V20, V50, and VgO, a r e  shown i n  Table 3-19. There i s  n o t  a h i g h  

degree o f  agreement among t h e  t h r e e  s t a t i o n s ,  except  i n  t h a t  December, 

January, and February were w i n d i e r  than October and November, and t h a t  

f o r  most months t h e  median (50 p e r c e n t i l e )  speed ranged between 4 and 6 

m/sec ( y e t  Ras e l  T i n  shows l e s s e r  speeds f o r  J u l y  through November). 

The d i f f e r e n c e s  among t h e  stat . ions may be a t t r i b u t e d  t o  d i f f e r e n c e s  i n  

geographical  l o c a t i o n ,  and d i f f e r i n g  circumstances i n  i n t e r f e r e n c e  by 

nearby s t r u c t u r e s .  

It i s  of i n t e r e s t  t o  know whether n i g h t t i m e  wind speeds a r e  s i g n i f i c a n t l y  

d i f f e r e n t  f rom dayt ime wind speeds. For se lec ted  months, t h e  wind speed 

data were analyzed sepa ra te l y  f o r  t h e  day p e r i o d  (hours 6 a.m. t o  6 p.m.) 

and t he  n i g h t  p e r i o d  (hours 6 p.m. t o  6 a.m.). The r e s u l t s  o f  t h e  day/ 

n i g h t  wind speed analyses a r e  shown i n  Table 3-20 i n  terms o f  V20, V50, 

and VgO values. I n  n e a r l y  every  case, t h e  n i g h t t i m e  va lue  i s  l e s s  than 

t h e  corresponding dayt ime va lue.  Averaging a1 1 va lues o f  day and n i g h t  

wind speeds f o r  t h e  months o f  September, December, March, and June i n d i -  

cates t h a t  t h e  n i g h t  values a r e  about 15 percen t  l e s s  than day va lues.  

The n i g h t  values were as much as 20 percen t  l e s s  than t h e  day values i n  

September and about 12 percen t  l e s s  than day values i n  March. Table 3-20 



TABLE 3-17 

J u l y  

August 

September 

October 

November 

December 

January 

February 

March 

; ? p r i l  

May 

June 

DIRECTIONAL FREQUENCY DISTRIBUTION OF SURFACE WINDS 

Loca t ion :  Ras e l  T i n  Date: J u l  77 - Jun 78 

Degrees From Nor th  
135 180 270 31 5 0 4 5 - - 225 - - - - - 90 - 



TABLE 3-18 

J u l y  

August 

Septmber 

October 

November 

December 

January 

February 

March 

Apr i 1 

May 

June 

DIRECTIONAL FREQUENCY DISTRIBUTION OF SURFACE WINDS 

Locat ion: Dekhei l a  Date: J u l  77 - Jun 78 

Degrees From North 
135 - 180 - 225 - 270 31 5 - 0 - 45 - 9 0 - 



TABLE 3-19 

MONTHLY DISTRIBUTIONS OF WIND SPEEDS 

Month 

J u l y  1977 

August 1977 

September 1977 

October 1977 

Novmlber 1977 

December 1977 

January 1978 

February 1978 

March 1978 

A p r i l  1978 

May 1978 

June 1978 

Averane 

CDM a t  S i d i  B ishr  Ras e l  T i n  ' 20 - 50 - - '80 - V20 - ' 50 '80 - 

Dekhei 1 a ' 20 - - '50 & 



TABLE 3-20 

COMPARISON OF DAY AND NIGHT WIND SPEEDS 

Month Condi t ion 

September 1977 F u l l  Day 
Day 
N igh t  
Night/Day 
Night/Ful l  Day 

December 1977 F u l l  Day 
Day 
N igh t  
Night lDay 
Night/Ful l  Day 

W 
I 
N 

March 1978 F u l l  Day 
W Day 

N igh t  
Night lDay 
Nightflu1 1 Day 

June 1978 F u l l  Day 
Day 
N igh t  
N ight/Day 
N i g h t F u l l  Day 

Ras e l  T i n  Dekhei l a  CDM a t  S i d i  B ishr  

"20 - - " 50 - "80 

3.1 5.0 6.8 
3.3 5.4 7.0 
2.5 4.5 6.3 
0.76 0.83 0.90 
0.81 0.90 0.93 

2.7 4.3 8.1 
3.0 4.9 8.4 
2.5 3.7 7.2 
0.83 0.76 0.86 
0.93 0.86 0.89 

3.1 4.5 8.8 
3.3 5.0 8.9 
2.8 4.3 8.2 
0.85 0.86 0.92 
0.90 0.96 0.93 

4.3 6.0 7.8 
4.5 6.0 7.8 
4.0 5.9 7.8 
0.89 0.98 1 -00  
0.93 0.98 1.00 



a l s o  shows t h a t  average n i g h t  speeds a re  l e s s  than  t h e  d i u r n a l  mean 

speeds by l e s s  than  10 percent .  

C o r r e l a t i o n s  o f  w ind  v e l o c i t y  w i t h  r e l a t i v e  su r f ace  c u r r e n t  v e l o c i t y  a r e  

d iscussed i n  t h e  subsec t ion  below on drogue s tud ies .  

Water Level  

Hour l y  read ings  of  t h e  A lexandr ia  Harbor t i d e  gauge, beg inn ing  i n  J u l y  

1977, were made a v a i l a b l e  t o  t h e  p r o j e c t .  

V a r i a t i o n s  i n  wa te r  l e v e l  were n o t  g rea t .  For  example, t h e  h i g h e s t  l e v e l  

recorded i n  August 1977 was o n l y  34 cm above t h e  lowes t  recorded i n  t h a t  

month. On t h e  c e n t r a l  p a r t  of F i gu re  3-1, t h e  month ly  means o f  d a i l y  

h ighs  and t h e  month ly  means of d a i l y  lows a r e  p l o t t e d  f o r  each month o f  

t h e  s tudy  p e r i o d  ( f o r  J u l y ,  t h e  r eco rd  i s  o n l y  20 t o  31 J u l y ,  i n c l u s i v e ) .  

I n  any g i ven  month, t h e  range between mean h i g h  and mean low i s  about 

20 cm. Over t h e  course o f  t h e  year ,  t h e  mean h i g h  l e v e l  ranged f rom near  

70 cm i n  J u l y  t o  53 cm i n  March, i n  approx imate ly  t h e  p a t t e r n  descr ibed  

by Sharaf  E l  D i n  and  ifa at.^ 

The d i f f e r e n c e  i n  e l e v a t i o n  between t h e  A lexand r i a  t i d e  gauge datum and 

t h e  datum used on t h e  Adm i ra l t y  c h a r t s  i s  33.8 cm, accord ing  t o  a  n o t e  on 

t h e  cha r t s .  Therefore,  33.8 cm has been added t o  t h e  e l e v a t i o n s  g i ven  on 

t h e  c h a r t s  f o r  mean s p r i n g  h i g h  and low l e v e l s  and mean neap h i g h  and low 

l e v e l s ,  t o  express them i n  terms o f  t h e  t i d e  gauge datum. These va lues,  

p l o t t e d  on t h e  l e f t  hand s i d e  of  F i gu re  3-1, appear t o  be comparable, i f  

s l i g h t l y  lower,  than va lues f o r  month ly  mean h i g h  and low recorded d u r i n g  

t h e  1977-78 s tudy  per iod .  

On t h e  r i g h t  hand s i d e  o f  F i g u r e  3-1 a r e  p l o t t e d  t h e  twenty  annual maxi-  

mum wate r  l e v e l s  measured between 1957 and 1976, i n c l u s i v e .  The g r e a t e s t  

' ~ h a r a f  E l  Din, S.H., and R i f a t ,  E.M. ,  " V a r i a t i o n  i n  t h e  Sea Level  a t  
Alexandr ia,"  I n t e r n a t i o n a l  Hydrographic Review, Vol .  45, No. 2, J u l y  
1968. 



v a l u e  r e c o r d e d  i n  those  20 years ,  102 cm, i s  o n l y  about  60 cm above t h e  

mean low w a t e r  l e v e l s  reco rded  i n  1977-78. 

An extreme v a l u e  a n a l y s i s  was c a r r i e d  o u t  on these  t w e n t y  annual  maxima 

as f o l l o w s :  each maximum was ass igned  a  rank ,  m, a c c o r d i n g  t o  s i z e  

(m = 1  f o r  t h e  l e a s t ,  m  = 20 f o r  t h e  g r e a t e s t ) .  The q u a n t i t y  P  = m/(20+1) 

i s  t h e  p r o b a b i l i t y  t h a t  t h e  a s s o c i a t e d  v a l u e  o f  w a t e r  l e v e l ,  H, w i l l  n o t  

be exceeded i n  any g i v e n  y e a r .  The q u a n t i t y  R = l / ( l - P )  i s  t h e  r e t u r n  

p e r i o d  i n  y e a r s  f o r  t h e  a s s o c i a t e d  v a l u e  o f  H. An extreme v a l u e  a n a l y s i s  

c o n s i s t s  o f  p l o t t i n g  R a g a i n s t  H  f o r  a l l  r e c o r d e d  va lues  ( t w e n t y  i n  t h i s  

case) ,  t h e n  f i t t i n q  a  c u r v e  t o  t h e  p l o t t e d  p o i n t s  t o  de te rm ine  R f o r  any H. 

Extreme v a l u e  d i s t r i b u t i o n s  a r e  o f t e n  used t o  s t r e t c h  t h e  R and /o r  t h e  H  

s c a l e s  so t h a t  t h e  p l o t t e d  p o i n t s  a r e  w e l l  f i t t e d  by a  s t r a i q h t  l i n e .  

De Younq and P f a f f l i n l  n o t e  t h a t  reco rded  w a t e r  l e v e l s  above t h e  a s t r o n o -  

m i c a l  t i d e s  a r e  w e l l  d e s c r i b e d  by a  d i s t r i b u t i o n  o f  t h e  t y p e  

P = exp [- exp ( -  a  I n  [H/Hf])]  

where a  i s  a  c o n s t a n t  and Hf i s  t h e  modal (most f r e q u e n t )  v a l u e  o f  H. 

T h i s  may be a p p l i e d  by d e f i n i n g  t h e  p r o b a b i l i t y  f u n c t i o n  Y such t h a t  

P  = exp [- exp ( -Y) ] ;  

t h e n  d e t e r m i n i n g  Y f o r  each o f  t h e  twen ty  va lues  o f  m; t h e n  p l o t t i n g  Y 

(on an a r i t h m e t i c  o r d i n a t e  s c a l e )  a g a i n s t  H (on  a  l o g a r i t h m i c  absc issa  

s c a l e ) ;  t h e n  c o n s t r u c t i n g  s c a l e s  f o r  P  and R = l / ( l - P )  p a r a l l e l  t o  t h e  

Y -  c o o r d i n a t e .  

T h i s  was done f o r  t h e  d a t a  a t  hand. However, i t  was found t h a t  a  s t r a i g h t  

l i n e  f i t  t h e  da ta  b e t t e r  when an a r i t h m e t i c  s c a l e ,  r a t h e r  t h a n  a  l o g a r i t h -  

m i c  sca le ,  was used f o r  H. The co r respond ing  d i s t r i b u t i o n  i s  

P  = exp [- exp(-exp (-aH-b)] 

I De Young, R.K. ,  and P f a f f l i n ,  J.R., "Recurrence I n t e r v a l s  o f  Abnormal ly  
H igh T i d e s  by S u p e r p o s i t i o n  o f  Storm Surges o v e r  As t ronomica l  T i d e s  ," 
Proceedings,  C i v i l  Enq ineer ing  i n  t h e  Oceans 111, 9-12 June 1975, ASCE, 
New York. 



where a and b are constants. This i s  the basis of the scale stretching 

in Figure 3-2. 

Sal ini ty , Temperature, Density, Dissol ved Oxygen 

Sal ini ty ,  temperature, and dissolved oxygen profiles a t  a given s tat ion 

are composed of individual readings taken a t  a ser ies  of depths between 

the surface and the bottom. The depth interval between measuring points, 

which generally varied between 1 m and 10 m y  was usually 1 m near the sur- 

face and every 5 In below 5 m depth. Density profiles are composed of 

individual values determined from the temperature and sal ini  ty values for  
1 each depth and location, using standard seawater density tables . 

On days devoted solely to obtaining sa l in i ty ,  temperature and dissolved 

oxygen measurements, profiles were obtained a t  s ta t ions arrayed a t  1 km 

intervals on four principal alignments, as shown on Figure 3-3. Usually, 

a l l  stations on one alignment were visited on one day. (These alignments, 

off Agamy, Kai t Bey, Ramleh, and Abu Kir, were the geographical framework 

for current measurements as well, as will be discussed in the next sec- 

t ion.)  

I n  addition, spot profiles ( i . e . ,  vertical  profiles in one location only, 

not in an alignment) were obtained a t  plankton sampling s tat ions (Figure 

3-3) and occasionally a t  drogue deployment locations (Figure 3-9). A com- 

plete l i s t ing  of a l l  s a l in i ty ,  temperature, and dissolved oxygen measure- 

ments, with locations indicated, i s  provided in unpublished memorandum 9. 

In-situ sa l in i ty  and temperature measurements were made with a Hydrolab 

Model TC-2 conductivity-temperature meter in 1977, and with a Beckman 

RS5-3 portable salinometer in 1978. Occasionally, water samples were 

obtained for conventional thermometric readings taken immediately and 

for l a t e r  salinometric readings ashore, as a check on performance of the 

f ie ld  instruments, and on a few occasions when the f ie ld  probes were not 

I U.S. Navy Hydrographic Office, Tables for Sea Water Density, U.S. Navy, 
1952. 

3-26 



a v a i l a b l e .  I n - s i t u  d i sso l ved  oxygen and temperature measurements were 

made w i t h  a  Hydrolab Model TDO-2 D isso lved  Oxygen-Temperature Meter w i t h  

remote probe. Usua l l y ,  two temperature measurements f o r  each s t a t i o n  and 

depth were thereby obta ined,  one from t h e  sa l inometer  and one f rom t h e  DO 

meter. ( I n  l a t e  September, t he  d i sso l ved  oxygen probe snagged on a bot tom 

rock  and t h e  cab le  broke so t he re  a r e  no DO data f o r  October and November. 

The probe was subsequent ly recovered, b u t  t he  cab le  was n o t  r e s t o r e d  t o  

work ing o rde r  u n t i  1  December. ) 

S a l i n i t y  and temperature da ta  were ob ta ined  p r i m a r i l y  t o  determine annual 

p a t t e r n s  i n  h o r i z o n t a l  and v e r t i c a l  d e n s i t y  g rad ien ts ,  impo r tan t  cons id -  

e r a t i o n s  f o r  o u t f a l l  des ign.  However, some i n t e r e s t i n g  p o i n t s  may be 

observed by rev iew ing  t h e  s a l i n i t y  and temperature p r o f i l e s .  

Often, s t a t i o n s  w i t h i n  5  km o f  shore have cons iderab ly  reduced s a l i n i t y  

va lues i n  t h e  t op  5 t o  10 m o f  depth; t h i s  i s  a t t r i b u t e d  t o  f reshwater  

discharges, such as t he  Mex Canal and wastewater over f low po in t s ,  spread- 

i n g  o u t  over  t he  ocean sur face.  An example o f  t he  reduced s a l i n i t y  i s  

shown on F igure  3-4. The p a t t e r n  o f  t h e  i soha l  i nes  ( p o i n t s  of equal s a l  i- 

n i t y )  c l e a r l y  show lenses o f  reduced s a l i n i t y  near t he  surface. T h i s  
t ype  o f  con tour  p l o t  can be used t o  determine t h e  e x t e n t  o f  these 

l e s s  s a l i n e  water  lenses.  A d d i t i o n a l  d i scuss ion  of s a l i n i t y  i s  con ta ined  

i n  a  subsequent subsect ion, S a l i n i t y  D e f i c i t .  Occas iona l l y ,  s a l i n i t i e s  

may be g r e a t e r  a t  t he  sur face  than below it; t h i s  may be a t t r i b u t e d  t o  

h i gh  r a t e s  o f  evapora t ion  a t  t h e  surface, e s p e c i a l l y  d u r i n g  summer. 

Seasonal warming and c o o l i n g  p a t t e r n s  may be observed by s tudy ing  tempera- 

t u r e  v a r i a t i o n s  w i t h  l o c a t i o n ,  depth, and t ime.  I n  genera l ,  i t  appears 

t h a t  areas w i t h i n  5 km of shore precede t h e  areas f a r t h e r  than 5 km from 

shore both i n  auturnn c o o l i n g  and s p r i n g  warming. Warming occurs by t h e  

downward p rogress ion  o f  t he  thermoc l ine  between February and August, and 

c o o l i n g  occurs homogeneously throughout  an ove r tu rn i ng ,  wel l -mixed water  

column ( a t  l e a s t  i n  t he  upper 50 m) measured between September and 

January. 



Figure  3-5 i s  an example o f  temperature p r o f i l e s  a long a  sampl ing s t a t i o n  

a l ignment .  The thermoc l ine  can be c l e a r l y  observed on F igu re  3-7 a t  s t a -  

t i o n s  6000 m t o  9000 m a t  a  depth o f  about  38 m. The s a l i n i t y  and d i s -  

so lved  oxygen p r o f i l e s ,  which w i l l  be discussed i n  o t h e r  sec t ions ,  a r e  

a l s o  shown on F igure  3-5. 

Examples o f  d e n s i t y  p r o f i l e s  ob ta ined  a long var ious  a1 ignments d u r i n g  t h e  

p r o j e c t  a re  shown on F igure  3-6 through 3-8. Q u i t e  o f t e n ,  e s p e c i a l l y  i n  

t h e  summer, t h e  s t a t i o n s  1  t o  5  km o f f s h o r e  and o c c a s i o n a l l y  t h e  s t a t i o n s  

6  t o  10 km o f f s h o r e  show a  pycnoc l ine  ( s t r o n g  d e n s i t y  g r a d i e n t )  i n  t h e  

upper l aye rs .  Th is  pycnoc l ine  can be a t t r i b u t e d  t o  t h e  occurrence o f  t h e  

thermocl i n e  ( s t r o n g  te~mperature g r a d i e n t )  and t he  presence o f  1  ess s a l  i n e  

sur face  waters .  The l e v e l  o f  t he  d e n s i t y  g r a d i e n t  changes w i t h  t h e  sea- 

sons, moving upwards d u r i n g  autumnal coo l i ng ,  and downwards as t h e  e f f e c t  

of su r face  hea t ing  penet ra tes  the  water  column d u r i n g  s p r i n g  and sum+---.. 

mer. I n  l a t e  summer, t h e  pycnoc l ine  has been observed as deep as 40 m. 

A t  o t h e r  t imes o f  t h e  year ,  t h e r e  i s  a  weak, n e a r l y  l i n e a r  d e n s i t y  g r a d i e n t  

o f  zero t o  0.3 s igma-t  u n i t s  pe r  30 m, below 10 m depth. 

To a i d  i n  t h e  o u t f a l l  design, dens i t y  d i f f e r e n c e s  between t h e  10 m and 

40 rn depths, and between t h e  sur face  and 40 m depth f o r  s t a t i o n s  more 

than 5  km f rom shore were p l o t t e d  a g a i n s t  ca lendar  dates on F igu re  5-5. 

Between October and March, t h e  d e n s i t y  d i f f e r e n c e  between t h e  sur face  and 

t he  bottom i s  0.4 s ignla-t  u n i t s  o r  l e s s ;  a t  o t h e r  t imes, i t  i s  s i g n i f i -  

c a n t l y  g rea te r .  Th i s  f i g u r e  w i l l  be used i n  t h e  chap te r  on o u t f a l l  p lan-  

n i n g  and des ign i n  cons ide ra t i on  o f  wastewater plume submergence. Dens i ty  

throughout  t h e  water  column i s  a l s o  cons idered i n  c a l c u l a t i n g  excess 

h y d r a u l i c  head i n  t h e  o u t f a l l  p i pe .  

D isso lved  Oxygen. The Mediterranean Sea i s  cons idered t o  be g e n e r a l l y  

one o f  t he  we l l - ae ra ted  oceans o f  t h e  wor ld .  The " ~ c h t h ~ o l o ~ " ~  s tud ies  

showed t h e  waters of t h e  southeastern Mediterranean t o  be we l l - ae ra ted  

' ~ l  Kholy, A.A.,  and Wakeel, S.K., F i s h e r i e s  o f  t h e  Southeastern Med i te r -  
ranean Sea Along the  Egypt ian Coast, Sov ie t -Egyp t ian  Exped i t i on  1970-1971, 
General Organ iza t ion  f o r  Government P r i n t i n g ,  1975. 



throughout  t h e  t o p  1200 rn a t  a l l  seasons. There i s ,  t h e r e f o r e ,  l i t t l e  

doubt t h a t  t h e  Medi ter ranean has g r e a t  a s s i m i l a t i v e  c a p a c i t y  as f a r  as 

oxygen-demanding wastes a re  concerned. Never the less,  because d i s s o l v e d  

oxygen (DO) i s  a  ve r y  impo r tan t  parameter, CDM dec ided t o  measure d i s -  

so lved  oxygen i n  t h e  proposed o u t f a l l  area. 

The DO va lues ob ta ined  a re  summarized i n  Table  3-21. W i t h i n  a  g i ven  

month, data f r om  a l l  a l ignments  a r e  c lassed  as " i nsho re "  o r  " o f f s h o r e " ,  

depending on whether they  a r e  f rom s t a t i o n s  l e s s  o r  more than 5 km f rom 

shore. W i t h i n  each category ,  a l l  data  f o r  t h e  month, i r r e s p e c t i v e  o f  

data,  p r e c i s e  l o c a t i o n ,  o r  depth, a r e  averaged and t h e  f i v e  h i g h e s t  and 

f i v e  lowes t  va lues a r e  noted. 

A d d i t i o n a l  d i s s o l v e d  oxygen da ta  a r e  l i s t e d  i n  t h e  p l ank ton  t a b l e s  i n  

Appendix A-1 . 

The CDM s t u d i e s  have conf i rmed t h a t  t h e r e  i s  g e n e r a l l y  s u f f i c i e n t  oxygen 

i n  t h e  ocean o f f  A lexandr ia  t o  a s s i m i l a t e  t h e  a n t i c i p a t e d  wastewater d i s -  

charges i n  yea r  2000. The lowes t  va lue  o f  DO was 3.5 mg/L found i n  a  

r e g i o n  near  a  s h o r e l i n e  sewer ove r f l ow  i n  a  subsur face zone o f  poor  mix-  

ing .  A more complete d i scuss ion  o f  how t h e  d i s s o l v e d  oxygen a f f e c t s  

mar ine l i f e  and t h e  des ign o f  t h e  o u t f a l l  i s  i n c l uded  i n  Chapter 4. 

Cur ren ts  

A thorough unders tanding o f  l o c a l  c u r r e n t  p a t t e r n s  i s  e s s e n t i a l  f o r  s a t i s -  

f a c t o r y  p l ann ing  and des ign o f  o u t f a l l  s. P r e v i o u s l y  a v a i l a b l e  data1 i n d i -  

ca ted  t h a t  o f f s h o r e  c u r r e n t s  i n  t h e  eas te rn  Medi ter ranean c o n s i s t  o f  a  

g e n e r a l l y  coun te r -c lockw ise  geos t roph ic  c i r c u l a t i o n  (hence e a s t e r l y  o f f  

t h e  Egypt ian coas t )  w i t h  mean speeds of t he  o r d e r  o f  0.20 t o  0.25 m/sec. 

Occas ional ly ,  t h e r e  i s  a  w e s t e r l y  c u r r e n t  near  A lexandr ia .  However, t h e  

movement o f  nearshore waters  i s  dependent i n  a  complex f a s h i o n  on bathmetry,  

' u n i t e d  S ta tes  Naval Oceanographic O f f i c e ,  P i l o t  Char t  o f  t h e  No r th  
A t l a n t i c  Ocean (Medi ter ranean i n s e t ) ,  Defence !,lapping Agency Hydrographic  
Center, 1975, 1976. 



TABLE 3-21 

Average 
Val ue, mp/L Month 

J u l y  1977 

Range F i v e  H ighes t  Values, ng/ l .  F i v e  Lowest Values, mg/L 

Inshore  (b )  

August 1977 Inshore  

September 1977 Inshore  
Of fshore  

December 1977 Inshore  
O f f  shore 

W 
January 1978 

I 
w 
0 

February 1978 

Inshore  
O f f sho re  

Inshore  
Of fshore  

March 1978 

A p r i l  1978 

May 1978 

June 1978 

Inshore  
O f f  shore 

Inshore  
O f f sho re  

Inshore  
O f f  shore 

O f f  shore 

(a)Measured o f f  Agamy, K a i t  Bey, Ramleh, and Abu K i r ,  us i ng  Hydrolab Model TOO-2 D isso lved  Oxygen 
Temperature meter w i t h  remote probe. 

( b ) ~ n s h o r e  s t a t i o n s  a r e  those 5 km o r  l e s s  from t h e  coas t .  

( C ) ~ f f s h o r e  s t a t i o n s  a r e  those f a r t h e r  than 5 km from the  coas t .  



wind, and h o r i z o n t a l  and v e r t i c a l  d e n s i t y  g r a d i e n t s .  To b e t t e r  under-  

s tand  t h e  c u r r e n t  regime o f f  A lexandr ia ,  t h e  oceanographic program i n -  

c luded  c u r r e n t  meter deployments and drogue s t u d i e s .  

Cur ren t  Meters.  Endeco Model 105 t e the red ,  duc ted - impe l l e r  c u r r e n t  

nieters nieasured and recorded c u r r e n t  speed and d i r e c t i o n  a t  ha l f - hou r  

i n t e r v a l s .  The recorded speed values, be ing  p r o p o r t i o n a l  t o  t h e  number 

o f  i m p e l l e r  r e v o l u t i o n s  w i t h i n  each h a l f - h o u r ,  can be s a i d  t o  be h a l f -  

h o u r l y  averages r a t h e r  than h a l f - h o u r l y  spo t  read ings .  These da ta  a r e  

t a b u l a t e d  i n  unpubl ished Memorandum No. 6. 

The c u r r e n t  meter deployment l o c a t i o n s  a r e  shown on F igu re  3-9. Deploy- 

ments were l i m i t e d  t o  fou r  p r i n c i p a l  s i t e s  on t h e  two c o n t r o l  data-  

ga the r i ng  a1 ignments. Two s i t e s  were on t h e  Ramleh a l ignment  [1A ( I ) ,  

1A ( 2 ) ,  1B] and two were on t h e  K a i t  Bey a l i g r ~ ~ i i e n t  [ZA, 2B ( 1  ) ,  2B (Z ) ] .  

On t h e  Ramleh a l ignment ,  l o c a t i o n  1A ( 1 )  was used i n  1977, and l o c a t i o n  

1A ( 2 )  was used i n  1978. On K a i t  Bey a1 ignment, l o c a t i o n  2B ( 1 )  was 

supplanted by 2B ( 2 )  i n  May 1978. 

Two c u r r e n t  meters were i n s t a l l e d  a t  each deployment l o c a t i o n ,  one about  

10 m beneath t h e  surface and t h e  o t h e r  about  one q u a r t e r  t o  one t h i r d  t h e  

depth above t h e  sea bed. The l e t t e r s  U and L denote these upper and 

lower  meters, r e s p e c t i v e l y ;  f o r  example, 2BL denotes t h e  lower  meter  a t  

l o c a t i o n  2B. The d e t a i l s  o f  meter deployment, meter s p e c i f i c a t i o n s  and 

da ta  fo rmat  a r e  d iscussed i n  Appendix B. 

A l o g  o f  c u r r e n t  meter  deployments i s  shown on F igu re  3-10. S o l i d  h o r i -  

zon ta l  ba rs  i n d i c a t e  cont inuous per iods  f o r  which c u r r e n t  meter  da ta  were 

s u c c e s s f u l l y  ob ta ined .  Accompanying numbers i n d i c a t e  t h e  s t a r t  dates,  

f i n i s h  dates, and dates on which f i l m  packs were changed w i t h  minimum 

i n t e r r u p t i o n  of t h e  record .  F i n i s h  dates i n d i c a t e  when t h e  meter  was 

recovered o r  ma1 func t ioned .  

It was o r i g i n a l l y  in tended  t o  deploy c u r r e n t  meters on t h e  Abu K i r  and 

Agamy a l ignments ,  as w e l l  as t h e  K a i t  Bey and Ramleh a l ignments .  However, 



t h i s  was n o t  done because (1 )  concurrent  Master Plan a c t i v i t i e s  e l im ina ted  

cons idera t ion  o f  o u t f a l l s  a t  Agamy and Abu K i r  e a r l y  i n  t h e  oceanographic 

s tud ies  program, and (2)  ser ious  problems i n  c u r r e n t  meter ope ra t i on  were 

encountered, f o r c i n g  a cutback i n  t he  deployment sched l~ le  t o  t he  minimum 

l e v e l  requ i red  t o  p rov ide  necessary and s u f f i c i e n t  data. 

A b r i e f  descr i  p t i o n  o f  deployment problems, and o f  successive deployment 

designs, i s  presented i n  Appendix 6. 

The records were d i v i d e d  i n t o  data ana l ys i s  per iods,  as shown on F igure  

3-10. These per iods a re  a r b i t r a r i l y  chosen segments o f  t ime f o r  which 

t h e  var ious analyses o f  cu r ren t  data were conducted. The per iods  a r e  

approximately two weeks long, and represent  t he  f i r s t  and second halves 

o f  each month. Assigning data t o  such segments permi ts  synopt ic  compari- 

son o f  data from several  meters, o r  comparison o f  data f rom one meter f o r  

several  t ime per iods,  on a b imonth ly  bas is .  

Current meter data were analyzed i n  severa l  ways: 

1. Speed and d i r e c t i o n  frequency d i s t r i b u t i o n s  o f  cu r ren t  were 

prepared f o r  each meter f o r  t h e  data ana l ys i s  per iods o f  

record. The ha1 f -hour ly  speeds were categor ized i n t o  i n t e r -  

va ls  o f  0.05 m/sec (e.g., 0  t o  0.05 and 0.05 t o  0.10 m/sec) 

w h i l e  the  corresponding d i r e c t i o n s  were ca tegor ized  i n  10-degree 

d i r e c t i o n  segments. The percent  frequency f o r  cu r ren ts  i n  

each speed and d i r e c t i o n  category were ca l cu la ted  and presented 

i n  t a b u l a r  form. A graph ica l  p resenta t ion  o f  c u r r e n t  speed 

and d i r e c t i o n s  was prepared by p l a c i n g  contour 1 i nes , enc los ing  

p o i n t s  o f  equal speeds, on t h e  tab les .  Table 3-22 i s  one 

example of t h e  frequency d i s t r i b u t i o n  o f  cur ren ts  f o r  t he  data 

per iod.  The complete s e t  of frequency d i s t r i b u t i o n  tab les  i s  

inc luded i n  Appendix C .  

Study o f  the  speed and d i r e c t i o n  frequency tab les  i nd i ca tes  

t h e  f o l  lowing:  

a. The p r i n c i p a l  c u r r e n t  d i r e c t i o n s  were between 40' and 70°, 

and between 230' and 260°, i . e . ,  no r theas te r l y  p a r a l l e l  t o  



TABLE 3-:!2 

TYPICAL SPEED-DIRECTION FREQUENCY D I S T R I B U T I O N  
Meter: 1 A L  D a t e :  21 Ju l  77 - 31 J i ~ 1  77 - 

Speed, m l n e c  x 
D i r e c t i o n  0-5 6-10 - - 21 -25 16-20 11-15 26-30 31-35 

10 - - 0.20 - - - - 
('- 

20 - 1.63 ) - 0.61 - - - 

80 

9 0 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

2 30 

240 

250 

260 

270 

280 

290 

300 

31 0 

320 

330 

340 

350 

36fl 

TOTAL 



t h e  coas t  o r  sou thwes te r l y  p a r a l l e l  t o  t h e  coas t .  The 

data from t h e  o u t e r  c u r r e n t  meters (1B and 2B) show more 

d i r e c t i o n a l  s c a t t e r  than data from t h e  meters c l o s e r  t o  

shore (1A and 2A). 

b. Except i n  l a t e  September and e a r l y  October, speeds i n  t h e  

40" t o  70" d i r e c t i o n  were u s u a l l y  g r e a t e r  than  speeds i n  

t h e  230" t o  260" d i r e c t i o n .  

c. The i n n e r  c u r r e n t  meters, except  f o r  ve ry  i n f r e q u e n t  on- 

shore c u r r e n t s  a t  t h e  lower  meters, e x h i b i t e d  e s s e n t i a l l y  

no onshore o r  o f f s h o r e  c u r r e n t .  

d. Speeds were g e n e r a l l y  g r e a t e r  on t h e  upper meters than  on 

corresponding lower  meters.  

Current  Speed Histograms were prepared f rom t h e  speed p o r t i o n  

o f  t h e  speed and d i r e c t i o n  frequency t ab les .  The histograms, 

a  p l o t  o f  t h e  percent  occurrence o f  va r ious  speed values, were 

used t o  c a l c u l a t e  20, 50 and 80 p e r c e n t i l e  values o f  c u r r e n t  

speed ( t h e  20 p e r c e n t i l e  speed, f o r  exarnpl e, i s  t h e  va lue  o f  

speed no t  exceeded 20 percent  o f  t h e  t ime ) .  The p e r c e n t i l e  

va lues o f  c u r r e n t  speed f o r  each meter a r e  presented i n  Table 

3-23 f o r  t he  p r o j e c t  per iod .  The average o f  t h e  p e r c e n t i l e  

va lues f o r  a l l  o f  t h e  meters du r i ng  t h e  p r o j e c t  p e r i o d  a long  

w i t h  t h e  va lues se lec ted  f o r  o u t f a l l  des ign i n  Chapter 5  a r e  

as f o l l o w s :  

Average Percen t i  1  e  Speeds (m/sec) 

Upper Meters Values 
(IAU, 1BUy Outer Meters Se1 ec ted  

Percen t i  1  e  A1 1 Meters 2AU, 2BU) (IBU, 2BU, 2BL) f o r  Design 

Note t h a t  these values a re  somewhat l e s s  than t h e  va lues o f  

0.20 t o  0.25 m/sec r e p o r t e d  f o r  o f f s h o r e  c u r r e n t  speeds, c i t e d  

a t  t h e  beginn ing o f  t h i s  sec t i on .  



TABLE 3-23 

SUMMARY OF CURRENT SPEEDS 
(c rn/sec) 

Speed 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Meter Percentile 21-31 Jul 1-15 Aug 15-31 Aug 1-15 Sep 16Sep-7 Oct  12-31 Jan 1-15 Feb 16-28 Feb 1-15 Mar 16-31 Mar 1-15 Apr 16-30Apr 1-15 May 16May-7  June Average 

I A U  U20 4.8 4.6 4.0 1.8 2.4 
U,jO 12.3 10.1 8.5 4.7 6.1 ' 

Uso 23.7 18.2 14.0 9.2 9.8 



Pers is tence  o f l l n i d i r e c t i o n a l  Cur ren t  Mot ion. Whi le t he  speed- 

d i r e c t i o n  frequency d i s t r i b u t i o n s  e f f e c t i v e l y  summarize t h e  

i n d i v i d u a l  values o f  speed and d i r e c t i o n ,  they p rov ide  no 

i n fo rma t i on  about t he  l e o g t h  o f  time, o r  t h e  l e n g t h  o f  d i s -  

placement, a  c u r r e n t  p e r s i s t s  i n  a  p a r t i c u l a r  d i r e c t i o n .  Yet 

i t  i s  impor tan t  t o  know, f o r  example, whether a  n o r t h e a s t e r l y  

c u r r e n t  may be expected t o  p e r s i s t  f o r  s i x  hours, o r  f o r  s i x  

days, be fo re  s i g n i f i c a n t l y  changing d i r e c t i o n .  I t  i s  a l s o  

impor tan t  t o  know whether elements o f  a  sewage plume d ischarged 

t o  a  n o r t h e a s t e r l y  c u r r e n t  may be expected t o  t r a v e l  no r t heas t  

f o r  1  km, 10 km, o r  50 km. 

Accord ing ly ,  a  pers is tence  a n a l y s i s  was undertaken as f o l l o w s .  

The compass was d i v i d e d  i n t o  f o u r  quadrants, and each quadrant 

was assigned a  c o l o r :  

a. Red f o r  nor theas t ,  p a r a l l e l  t o  the  coas t  : 016" t o  105" 

b. Yellow, f o r  southeast,  towards t he  coas t  : 106" t o  195" 

c. Green, f o r  southwest, p a r a l l e l  t o  t he  coast :  196" t o  285" 

d. Blue, f o r  nor thwest ,  away f rom the  coas t  : 286" t o  01 5" 

Next, on t he  computer t a b u l a t i o n s  on h a l f - h o u r l y  t ime, speed, 

and d i r e c t i o n ,  each v e l o c i t y  va lue  was color-marked accord ing 

t o  the  quadrant i n  which i t s  d i r e c t i o n  l a y ,  so t h a t  one cou ld  

t e l l  a t  a  glance the  du ra t i ons  f o r  which t he  c u r r e n t  was moving 

b a s i c a l l y  nor theas t ,  o r  southeast,  and so on. 

Times a t  which the  bas ic  d i r e c t i o n  changed quadrant ( f o r  i n -  

stance t he  t imes when a  l ong  s e r i e s  o f  blue-marked numbers 

gave way t o  red-marked numbers) were dec lared t o  be t u r n i n g  

p o i n t s .  

Ha l f -hour ly  v e l o c i t y  values were then mu1 t i p 1  i e d  by 1800 sec 

t o  g i ve  values o f  h a l f - h o u r l y  displacement.  These, i n  tu rn ,  

were added v e c t o r i a l l y  i n  sequence, beginn ing a t  the  f i r s t  

t u r n i n g  p o i n t  and ending a t  t h e  second, beg inn ing  a t  t h e  

second t u r n i n g  p o i n t  and ending a t  t he  t h i r d ,  and so on. The 

r e s u l t  i s  t h a t  between each p a i r  of ad jacen t  t u r n i n g  po in t s ,  



t he  average c u r r e n t  d isp lacement  v e c t o r  was der i ved .  Such a  

v e c t o r  i s  h e r e i n  termed an excurs ion,  For  each meter  and f o r  

each da ta  per iod ,  a  t a b l e  was prepared, l i s t i n g  t he  date;  t he  

az imuth l a y ;  t h e  d is tance ,  o r  excu rs i on  leng th ;  and t he  excur-  

s i o n  du ra t i on .  These t a b l e s  a r e  a v a i l a b l e  i n  unpubl ished Memo- 

randum No. 7. 

(For  readers  f a m i l  i a r y  w i t h  t he  dev i ce  c a l l e d  a  p rog ress i ve  

v e c t o r  p l o t ,  t he  pe rs i s t ence  a n a l y s i s  may be viewed as t h e  

p l o t t i n g  o f  a  cont inuous p rog ress i ve  v e c t o r  p l o t ,  which i s  then 

d i v i d e d  up f o r  convenience i n t o  segments a t  t u r n i n g  p o i n t s  where 

ma jo r  changes o f  d i r e c t i o n  occur,  and t h e  segments approximated 

by s t r a i g h t  l i n e s  drawn f rom t u r n i n g  p o i n t  t o  t u r n i n g  p o i n t ;  

and these s t r a i g h t  l i n e s  summarized i n  a  t a b l e  g i v i n g  d i r e c t i o n ,  

l eng th ,  and azimuth.) 

Some a r b i t r a r y  c r i t e r i a  were s e t  t o  m in im ize  t h e  amount o f  

s u b j e c t i v e  judgment i n  c a l c u l a t i n g  a  cont inuous excurs ion  

w i t h i n  a  d i r e c t i o n a l  quadrant. For  example, d i r e c t i o n a l  dev ia -  

t i o n s  i n t o  o t h e r  quadrants l a s t i n g  n o t  more than two hours were 

neglected,  so t h a t  a  sou thwes te r l y  excu rs i on  o f  48 hours dura- 

t i o n  w i t h  s h o r t  no r t hwes te r l y  l i n k  somewhere i n  t h e  midd le ,  

need n o t  be broken i n t o  two s h o r t e r  sou thwes te r l y  excurs ions  

and one no r t hwes te r l y  excurs ion  i f  the  l i n k  was o f  one o r  two 

hours du ra t i on .  However, i f  t h e  n o r t h w e s t e r l y  1  i n k  was t h r e e  

o r  more hours long,  then t he re  would be t h r e e  d i s t i n c t  excurs ions.  

For each meter, f o r  each b imonth ly  da ta  per iod ,  t he  c u r r e n t  

excurs ion  l engh t s  were p l o t t e d  i n  a  r ose  diagram, showing d i s -  

placement l eng ths  and d i r e c t i o n s  as measured f rom t h e  c u r r e n t  

meter  l o c a t i o n .  A  t y p i c a l  r ose  diagram i s  shown on F igu re  3-1 1  ; 

t h e  remainder a r e  i n  Appendix C. Such rose  diagrams i n d i c a t e  



approximately the directions and distances t o  which a waste- 

water plume issuing from an outfal l  a t  the current meter loca- 

t i o n  i s  l ikely to  be carr ied,  i f  i t  i s  assumed tha t  a l l  water 

par t ic les  in the area,  a t  the par t icular  depth under consider- 

a t ion,  move in unison. Clearly, t h i s  assumption i s  invalid 

near the coast l ine ,  a f ac t  t h a t  i s  evident in those cases where 

the excursion l ines  a re  shown crossing the shoreline and pro- 
ceeding inland. Nevertheless, when perceived as  general indi- 

cators of tirne-dependent current patterns near the outfal l  

s i t e ,  the rose diagrams are  valuable aids i n  judging the su i t -  

a b i l i t y  of a s i t e  for  dispersal of waste discharges. 

The current excursions were general ly  para1 l e l  to  the shore1 i ne 

for  the en t i re  year. The outer meters indicate some excursions 

perpendicular t o  the shore, while the inner meters show very 

few excursions perpendicular to the shore. 

Current excursions were generally longer and showed l e s s  direc- 

tional s ca t t e r  in the summer and f a l l  t h a n  in the winter. The 

excursion lengths in the winter did not usually exceed 30 krn. 

However, in the summer and f a l l ,  excursions were commonly 

greater than 30 km and some were over 100 km. 

For each data period, for  each meter, the excursions were 

ranked according to  length; and  20-, 50-, and 80-percentile 

values of length were determined on the basis of duration. 

For example, 20 percent of the time in a data period i s  devoted 

to  the generation of excursions whose lengths are  less  than or 

equal t o  the L20 value. Excursion directions were not consid- 

ered i n  t h i s  analysis.  The values of L20, LS0,  and L80 for  

each meter and each data period are  presented in Table 3-24, 

which may be summarized as shown below: 



TABLE 3-24 

SUMMARY O F  CURRENT EXCURSION LENGTH 
(Km) 

Length 1 2 
Meter Percentile 21-31 Jut 1-15 Aug ---- 

3 4 
16-31 Aug 1-15 Sep 

5 6 7 8 9 10 1 1  12 13 14 
16 Sep-7 O c t  12-31 Jan 1-15 Feb 16-28 Feb 1-15 Mor 16-31 Mar 1-15 Apr 16-30 Apr 1-15 May 16 May-7 Jun Average 



Average Pe rcen t i  1  e  Excurs ion Lengths, km 

Upper Meters Values 
(IAU, IBU, Outer Meters Sel ec ted  

Percen t i  1  e  A1 1  Meters ZAU, 2BU) (IBU, 2BU, 2BL) f o r  Design 

The va lues se lec ted  f o r  des ign a re  a p p l i e d  i n  Chapter 5. 

Drogues - prov ide  an inexpensive means o f  measuring cu r ren t s ,  and a r e  espe- 

c i a l l y  use fu l  when s tudy ing  t h e  e f f e c t  o f  wind s t r e s s  on c u r r e n t s  and 

c u r r e n t  g rad ien t s  a t  and near t h e  water  sur face.  The drogues cons i s ted  

o f  two underwater s a i l s  i n  v e r t i c a l  p lanes i n t e r s e c t i n g  a t  r i g h t  angles,  

each s a i l  measuring 600 x  2400 mm (see F igu re  0-6, Appendix 0 ) .  S u f f i -  

c i e n t  we igh t  was added t o  make t h e  drogues somewhat n e g a t i v e l y  buoyant. 

Th in  s t a i n l e s s  s t e e l  cables t e the red  t h e  drogues t o  su r f ace  f l o a t s .  

Tether  l eng ths  o f  0.5, 2, 4, 8, 16, 24, 32, and 48 m  were used f o r  t h e  

drogues. Usua l l y ,  f o u r  t o  s i x  drogues w i t h  va ry i ng  t e t h e r  l eng ths  were 

depolyed s imulataneously ,  a t  approx imate ly  t h e  same l o c a t i o n ,  and f o l l o w e d  

f o r  f o u r  t o  s i x  hours. The l o c a t i o n s  were noted f o r  each drogue every 

30 t o  45 minutes by means o f  t h e  Cubic Autotape n a v i g a t i o n  system. A  

complete l i s t i n g  o f  t he  drogue data i s  a v a i l a b l e  i n  unpubl ished Memorandum 

No. 8. 

The paths o f  a l l  drogues deployed a re  shown on F igu re  3-9. I n  genera l ,  

t h e  deeper drogues, which a r e  l e s s  a f f e c t e d  by wind a c t i o n ,  t r a v e l  r ough l y  

p a r a l l e l  t o  t he  c o a s t l i n e ,  corresponding t o  t he  predominant c u r r e n t  d i r e c -  

t i o n s  shown from t h e  c u r r e n t  meter ana l ys i s .  Drogues near t h e  sur face  

t r a v e l  i n  paths t h a t  a r e  n o t  always p a r a l l e l  t o  t he  shore b u t  a re  i n  o t h e r  

d i r e c t i o n s  as w e l l .  

Ana lys is  o f  drogue data was made us ing  t h e  v e c t o r  average o f  a  s i n g l e  

drogue pa th  f o r  an e n t i r e  deployment per iod .  Measurements were made 



f r equen t l y  d u r i n g  t he  deployment so t h a t  i n d i v i d u a l  segments o f  t h e  t o t a l  

path cou ld  be ca l cu la ted ;  b u t  o n l y  t h e  t o t a l  v e c t o r  pa th  was used f o r  

ana l ys i s .  

1. Speeds and D i r e c t i o n s  ob ta ined  over  t he  course o f  t h e  p r o j e c t  

pe r i od  a re  summarized on F igure  3-12, f o r  seven d i f f e r e n t  

genera l  deployment areas. Frequency d i s t r i b u t i o n s  f o r  average 

drogue speed a re  shown. 

S i m i l a r l y ,  F igure  3-13 shows d i r e c t i o n  and speed d i s t r i b u t i o n s  

f o r  drogues deployed l e s s  than  5  km f rom shore ( " i n s h o r e " )  and 

f o r  drogues deployed f a r t h e r  than 5  km f rom shore ( " o f f s h o r e " ) .  

F igure 3-14 shows speed and d i r e c t i o n  d i s t r i b u t i o n s  f o r  a l l  

drogue deployments f o r  t h e  y e a r  ( o u t s i d e  o f  Abu K i r  Bay), con- 

s i  dered toge ther .  

F i gu re  3-14 shows t h a t  t h e  20-, 50-, and 80 -pe rcen t i l e  speeds 

a re  5, 11, and 21 cm/sec, r e s p e c t i v e l y ,  i n  f a i r l y  c l o s e  agree- 

ment w i t h  va lues ob ta ined  w i t h  c u r r e n t  meters.  The d i r e c t i o n  

d i s t r i b u t i o n  has t h ree  very  d i s t i n c t  modes, a t  65" (nor theas-  

t e r l y ,  pa ra l  l e l  t o  t he  coas t ) ,  235" (sou thwes te r l y ,  pa ra l  l e l  

t o  t h e  coas t ) ,  and 195" (approx imate ly  sou the r l y ,  towards t he  

coas t ) .  The modes i n  d i r e c t i o n s  pa ra l  l e l  t o  t he  coas t  a re  i n  

agreement w i t h  t he  c u r r e n t  meter data,  which a l s o  showed these 

modes; t he  s o u t h e r l y  mode shown by t h e  drogue da ta  b u t  n o t  by 

t he  c u r r e n t  meter da ta  may be a t t r i b u t e d  t o  onshore c u r r e n t s  

i n  t h e  su r f ace  l a y e r s  o f  t he  sea, w e l l  moni tored by drogues 

b u t  t o o  sha l low f o r  c u r r e n t  meters t o  de tec t .  

F i gu re  3-13 shows t h a t  t h i s  three-mode d i r e c t i o n a l  d i s t r i b u t i o n  

i s  ve ry  pronounced o f f sho re ,  b u t  much l e s s  d i s t i n c t  inshore.  

"Of fshore"  c u r r e n t  speeds measured 5  t o  11 km from shore tend  

t o  be 30 t o  40 percent  g r e a t e r  than speeds measured l e s s  than 

5  km f rom shore. 



I n  a d d i t i o n  t o  F igures  3-12, 3-13, and 3-14, t h e  d i r e c t i o n  

d i s t r i b u t i o n  ob ta ined  f rom "of fshore"  drogues on t h e  K a i t  Bey 

and Ramleh a1 ignments may be seen on F igu re  5-3. 

Ana l ys i s  o f  Near-Surface Currents .  Whi le  i t  was n o t  p r a c t i c a l  

t o  deploy c u r r e n t  meters a t  depths sha l lower  than 10 m, much 

u s e f u l  and d e t a i l e d  i n f o r m a t i o n  about t h e  r e l a t i v e  mot ion  o f  

near -su r face  waters  cou ld  be and was ob ta ined  w i t h  t h e  drogues. 

Examples o f  v e r t i c a l  d i s t r i b u t i o n  of v e l o c i t y  as measured by 

drogues a r e  shown on F igu re  3-15. The a n a l y t i c a l  approach was 

t o  adopt a  va lue  o f  mean c u r r e n t  v e l o c i t y  f o r  each d a i l y  group 

o f  drogue and wind da ta  i n  terms o f  mot ion  r e l a t i v e  t o  a  frame 

o f  r e fe rence  o r i e n t e d  t o  and t r a v e l l i n g  w i t h  t h e  mean c u r r e n t  

v e l o c i t y  . 

The ques t ions  i n v e s t i g a t e d  were: 

a. What i s  t h e  r e l a t i o n s h i p  between wind v e l o c i t y  and su r f ace  

c u r r e n t  v e l o c i t y ,  r e l a t i v e  t o  t h e  mean v e l o c i t y ?  Th i s  i s  

impo r tan t  f o r  de te rmin ing  how f a s t  t h e  onshore winds w i l l  

d r i v e  t h e  su r f ace  waters towards shore.  

b. What i s  t h e  range o f  va lues o f  v e r t i c a l  g r a d i e n t  i n  h o r i -  

zon ta l  v e l o c i t y  i n  t h e  near -su r face  waters? Th i s  i s  impor- 

t a n t  f o r  c a l c u l a t i n g  t h e  r a t e  a t  which sewage plumes w i l l  

be d ispersed  by t h e  a c t i o n  o f  c u r r e n t s .  

The va lue  adopted f o r  t h e  mean c u r r e n t  v e l o c i t y  f o r  each d a i l y  

group o f  drogue da ta  was u s u a l l y  t h e  vector -average v e l o c i t y  

o f  t h e  drogue deployed a t  16 m depth,  o c c a s i o n a l l y  ad jus ted  

s l i g h t l y  f o r  a n a l y t i c a l  convenience. The v e l o c i t y  a t  16 m 

was chosen because i n  most cases, i t  appeared t o  represen t  w e l l  

t h e  c u r r e n t  move~iient i n  waters  beneath t h e  su r face ,  and be 

below t h e  near-sur face r e g i o n  of l a r g e  v e r t i c a l  g r a d i e n t s  i n  

h o r i z o n t a l  v e l o c i t y ,  as i s  apparent  i n  t h e  examples on F igu re  

3-15. Furthermore, t h e r e  i s  reason t o  b e l i e v e  t h a t ,  i n  an 

u n s t r a t i f i e d  ocean a t  l e a s t ,  t h e  mean c u r r e n t  v e l o c i t y  may be 

expected t o  be fo'rmed a t  40 percen t  o f  t h e  depth below t h e  



sur face ,  which i s  approx imate ly  16 m f o r  t h e  t o t a l  wa te r  

depths o f  30 t o  50 m found a t  t h e  drogue deployment s i t e s .  

( I n  h y d r o l o g i c  stream-gauging p r a c t i c e ,  i t  i s  common t o  use 

as an es t ima te  o f  mean v e l o c i t y  t h e  c u r r e n t  speed measured 

40 percen t  o f  t h e  depth above t h e  stream bed where t h e  p r i n c i -  

pa l  shear s t r esses  a r e  a p p l i e d  t o  t h e  f l u i d  body. By analogy, 

t h e  depth o f  mean c u r r e n t  v e l o c i t y  among w ind-d r i ven  ocean 

c u r r e n t s  may be reasoned t o  be found a t  40 percen t  of t h e  

depth below t h e  sur face where winds e x e r t  t h e  p r i n c i p a l  shear 

s t r esses  on t h e  f l u i d  body.) Adopted va lues o f  mean v e l o c i t y  

a r e  shown i n  Table  3-25. 

a. Sur face Cur ren t  and Wind. For each drogue day, t h e  mean 

v e l o c i t y  was v e c t o r i a l  l y  sub t rac ted  from t h e  sur face c u r -  

r e n t  v e l o c i t y  t o  o b t a i n  t he  r e l a t i v e  su r f ace  v e l o c i t y .  

Components o f  t h e  r e l a t i v e  sur face v e l o c i t y  normal and 

p a r a l l e l  t o  t h e  mean v e l o c i t y  d i r e c t i o n  were ob ta ined ,  as 

were components o f  t h e  wind v e l o c i t y  normal and p a r a l l e l  

t o  t h e  mean v e l o c i t y  d i r e c t i o n .  Wind v e l o c i t y  i s  p l o t t e d  

a g a i n s t  r e l a t i v e  su r f ace  c u r r e n t  v e l o c i t y ,  f o r  t h e  normal 

components on F igu re  3-16a and f o r  t h e  p a r a l l e l  components 

on F igu re  3-16b. The da ta  e x h i b i t  cons ide rab le  s c a t t e r .  

The c o r r e l a t i o n  c o e f f i c i e n t s  o f  l i n e s  f i t t e d  by t h e  method 

o f  l e a s t  squares th rough  these p o i n t s  a r e  0.39 f o r  t h e  

normal components and 0.07 f o r  t h e  p a r a l l e l  components. 

For t h e  normal components (F i gu re  3-1 6a),  t h e  f i t t e d  1  i n e  

i s  n o t  ve ry  d i f f e r e n t  f rom t h e  curve  d e r i v e d  from pub l i shed  

va lues o f  w ind-sur face c u r r e n t  c o r r e l a t i o n . '  F i gu re  3-16a 

may be cons idered t o  p rov i de  a  weak c o r r o b o r a t i o n  o f  t h e  

pub l i shed  va lues.  For F i gu re  3-16b, t h e  s c a t t e r  i s  so 

g r e a t  t h a t  no use fu l  conc lus ions  may be drawn. ( I n  Chapter 

5, i t  w i l l  be assumed t h a t  r e l a t i v e  su r f ace  c u r r e n t  speeds 

I Wiegel , R.L., Oceanographical Engineer ing,  P ren t i ce -Ha l l  , 1964. 



TABLE 3-25 

CURRENT VELOCITIES AND GRADIENTS AS MEASURED BY DROGUES 

Sur face  C u r r e n t  Mean C u r r e n t  
Da te  D i r e c t i o n  Speed D i r e c t i o n  Speed G, Sec -1 ( a >  

28 J u l y  1977 

31 J u l y  1977 

24 August 1977 

25 August  1977 

28 August 1977 

30 August  1977 

25 September 1977 

26 September 1977 

29 September 1977 

16 January  1978 

19 January  1978 

24 January  1978 

30 January  1978 

15 February  1978 

7 March 1978 

8 March 1978 

15 March 1978 

3 A p r i l  1978 

6 A p r i l  1978 

12 A p r i l  1978 

17 A p r i l  1978 

29 A p r i l  1978 

12  May 1978 

14 May 1978 

17 May 1978 

24 May 1978 

27 May 1978 

( a ) ~  i s  t h e  g r a d i e n t  i n  t h e  v e l o c i t y  component normal t o  t h e  mean v e l o c i t y .  



a r e  2.9 p e r c e n t  as g r e a t  as t h e  w ind  speed, a  v a l u e  based 

on t h e  pub1 i s h e d  c o r r e l a t i o n .  ) 

S e l e c t i o n  o f  mean c u r r e n t  v e l o c i t y  was somewhat s u b j e c t i v e  

and, i t  was feared, c o u l d  a f f e c t  t h e  r e s u l t s  o f  c o r r e l a t i n g  

w ind  speed and s u r f a c e  c u r r e n t .  The s e n s i t i v i t y  o f  t h e  

s u r f a c e  c u r r e n t  a n a l y s i s  t o  c h o i c e  o f  mean c u r r e n t  v e l o c i t y  

was t e s t e d  by v a r y i n g  t h e  mean c u r r e n t  v e l o c i t i e s  abou t  

t h e  s e l e c t e d  mean v e l o c i t y  va lues.  I n  no case d i d  t h e  

s u r f a c e  c u r r e n t  and wind v e l o c i t y  d a t a  c o r r e l a t e  more 

c l o s e l y  by v a r y i n g  t h e  s e l e c t i o n  o f  t h e  mean c u r r e n t  v e l o -  

c i t y .  I t  was concluded t h a t  t h e  s e l e c t i o n  o f  t h e  mean c u r r -  

e n t  v e l o c i t y  as equal  o r  n e a r l y  equa l  t o  t h e  16 m  drogue 

v e l o c i t y  would y i e l d  as s a t i s f a c t o r y  a  r e s u l t  f o r  t h e  s u r f a c e  

a n a l y s i s  as c o u l d  be expected. 

The v e r t i c a l  g r a d i e n t  i n  h o r i z o n t a l  v e l o c i t y  components normal 

t o  mean v e l o c i t y  may be de f ined  as t h e  r a t e  of  change w i t h  

r e s p e c t  t o  dep th  o f  t h e  nornial h o r i  z o n t a l  v e l o c i t y  component. 

As a  p r a c t i c a l  m a t t e r  h e r e i n ,  i t  i s  s i m p l y  de f ined  as t h e  

r e l a t i v e  s u r f a c e  v e l o c i t y  component p e r p e n d i c u l a r  t o  t h e  mean 

v e l o c i t y  d i r e c t i o n ,  l e s s  t h e  r e l a t i v e  16 ni dep th  v e l o c i t y  

component p e r p e n d i c u l a r  t o  t h e  mean v e l o c i t y  d i r e c t i o n ,  d i -  

v i d e d  by 16 m. (The normal component a t  16 m  dep th  i s  zero,  

by d e f i n i t i o n  of  t h e  c h o i c e  o f  mean v e l o c i t y . )  G r a d i e n t  va lues 

t h u s  o b t a i n e d  a r e  l i s t e d  i n  Tab le  3-25. 

3. C o r i o l i s  E f f e c t s .  ~ k m a n l  s t u d i e d  t h e o r e t i c a l l y  t h e  prob lem o f  

w ind d r i f t  i n  homogeneous deep wa te r ,  c o n s i d e r i n q  o n l y  

f r i c t i o n a l  and C o r i o l i s  f o r c e s  and assuming t h e  eddy v i s c o s i t y  

o f  t h e  w a t e r  t o  be c o n s t a n t .  I n  a d d i t i o n ,  he cons ide red  mot ions  

i n  a  p lane  o f  i n f i n i t e  e x t e n t ,  w i t h  w inds o f  c o n s t a n t  v e l o c i t y .  

Accord ing  t o  h i s  s o l u t i o n ,  a  s u r f a c e  c u r r e n t  i n  t h e  N o r t h e r n  

Hemisphere would be d i r e c t e d  a t  an a n q l e  o f  450 t o  t h e  r i g h t  

of  t h e  d i r e c t i o n  o f  t h e  wind s t r e s s .  

' w e i g e l  , R. L. , Oceanographical  Eng ineer ing ,  P r e n t i c e - H a l l  , I n c .  , 1964. 

3-45 



I n  t h e  p resen t  p r o j e c t ,  evidence o f  c o r i o l i s  e f f e c t s  on sur -  
face c u r r e n t s  was sought by comparing t h e  d i r e c t i o n  o f  su r f ace  

cu r ren t s ,  r e l a t i v e  t o  t h e  mean c u r r e n t ,  w i t h  t h e  wind d i r e c -  

t i o n .  The d i r e c t i o n  o f  t h e  r e l a t i v e  su r f ace  c u r r e n t  d i f f e r e d  

f rom t h e  d i r e c t i o n  towards which t h e  wind was b lowing by a  

va lue  which v a r i e d  g r e a t l y ,  b u t  which had a  mean va lue  o f  

about 25" t o  t h e  r i g h t  o f  t he  wind d e s t i n a t i o n  d i r e c t i o n .  

Due t o  t he  very  ex tens i ve  s c a t t e r ,  one cannot conclude whether 

t h i s  25" r i g h t  d e v i a t i o n  i s  due t o  c o r i o l i s  e f f e c t s  o r  n o t .  

I n  o t h e r  s tud ies ,  i t  has been concluded t h a t  many o t h e r  f a c t o r s  

such as l a rge -sca le  eddies, t h e  d u r a t i o n  o f  wind a t  a  cons tan t  

v e l o c i t y ,  and t h e  presence o f  t he  shore1 i n e  and t h e  sea bed 

s i g n i f i c a n t l y  a f f e c t  c u r r e n t  d r i f t  so t h a t  c o r i o l i s  f o r ces  

cannot be i s01  ated . 

Dye Studies.  Dye s tud ies  can be used t o  measure sur face  c u r r e n t s  and 

a l s o  t o  measure t h e  degree of d i spe rs i on  i n  t h e  su r f ace  l a y e r .  

One dye s tudy was conducted f o r  t h i s  p r o j e c t  nor thwest  o f  F o r t  K a i t  Bey. 

Two l i t r e s  o f  Rhoda~iiine WT dye were dumped i n  t h e  ocean a t  10:27 hours 

on 31 August 1977 and f o l l owed  f o r  approx imate ly  4 hours.  The dye patch 

t r a v e l l e d  w i t h  t h e  wes te r l y  wind a t  a  mean speed of about  0.28 m/sec as 

shown on F igure  3-17. 

The d i spe rs i on  i n  t he  d i r e c t i o n  of t h e  wind i s  much g rea te r  than t he  d i s -  

pe rs i on  i n  t h e  t ransverse  d i r e c t i o n  (perpend icu la r  t o  t he  wind) .  The 

t ransverse  d i s p e r s i o n  o f  t h e  dye patch i s  t y p i c a l  o f  t ransverse  d i s p e r s i o n  

i n  ocean c u r r e n t s  w i t h  no wind. Long i t ud ina l  d i s p e r s i o n  ( w i t h  t h e  wind) 

was much g rea te r  than t h e  t ransverse  d i spe rs i on ,  demonstrat ing t h e  e x t e n t  

t o  which w ind-d r i ven  shear forces i n  t h e  sur face  l a y e r  may enhance d i s -  

pers i on. 

No o t h e r  such dye s tud ies  were conducted d u r i n g  t h e  p r o j e c t ,  as i t  became 

ev iden t  t h a t  t h e  drogue s tud ies  were p r o v i d i n g  more u s e f u l  i n s i g h t s  i n t o  

t h e  d i s p e r s i v e  c a p a c i t y  of t h e  t o p  10 t o  16 m o f  t h e  sea. 



Waves 

Waves were n o t  s y s t e ~ i i a t i c a l l y  measured i n  t h i s  s tudy.  Yet, f rom wave 

data ob ta ined  by o thers ,  and from wind data,  one may determine a  des ign 

wave o f  s i g n i f i c a n t  h e i g h t  and p e r i o d  t o  pe rm i t  p r e l i m i n a r y  est imates o f  

t h e  e x t e n t  o f  sediment t r a n s p o r t  and wave f o r ces  on an exposed p i p e l i n e  

t h a t  one m igh t  expect.  Ana lys is  us i ng  t h e  concept o f  " s i g n i f i c a n t "  wave 

h e i g h t  and p e r i o d  w i l l  be s u f f i c i e n t  f o r  a  p r e l i m i n a r y  l e v e l  o f  ana l ys i s .  

However, i n  t h e  des ign phase, i t  would be w e l l  t o  have a  waves a n a l y s i s  

based on t h e  concept o f  wave spectrum, which i s  a  more power fu l  method. 1  

I t  may be s a i d  t h a t  t he  b i gges t  waves s t r i k i n g  t h e  A lexandr ia  coas t  occur  

d u r i n g  t h e  w i n t e r  storms, which commonly have a  d u r a t i o n  o f  two t o  f i v e  

days. To o b t a i n  t h e  es t imate  o f  s i g n i f i c a n t  wave he igh t ,  t h e  frequency 

d i s t r i b u t i o n s  o f  onshore wind speeds (270" through 30°, i n c l  u s i v e )  f o r  

February-Apri  1  (Table 3-1 ) and November-January (Tab1 e  3-4) were combined, 

as shown i n  t h e  f i r s t  two columns o f  Table 3-26. I n  t h e  nex t  column, 

t he  frequency i s  m u l t i p l i e d  by 4368, t h e  number o f  hours i n  s i x  months, 

t o  i n d i c a t e  t h e  aggregate d u r a t i o n  f o r  each wind speed i n  any one s torm 

The values a r e  more judgmental than  r i go rous ,  b u t  a re  l o o s e l y  

r e l a t e d  t o  those i n  t h e  p rev ious  column by t he  cons ide ra t i on  t h a t  t h e  

g rea tes t  wind speeds may be a t t a i n e d  i n  o n l y  one storni  o f  t h e  season, 

w h i l e  t h e  l e s s e r  speeds may be a t t a i n e d  i n  as many as t e n  storms i n  a  

w i n t e r  season. Speeds l e s s  than 13 knots  a r e  n o t  cons idered s to rm speeds. 

The g r e a t e s t  d u r a t i o n  i n d i c a t e d  f o r  a  storm wind i s  60 hours ( 5  days) .  

Next, est imates o f  s i g n i f i c a n t  wave h e i g h t  and p e r i o d  were made f o r  each 

wind speed and dura t ion ,  f o r  deepwater cond i t i ons ,  us i ng  t h e  Bre tschne ider  

curves pub1 i shed  i n  t h e  Shore P r o t e c t i o n  Manual. As speeds increase,  

t h e  s i g n i f i c a n t  wave he igh t s  appear t o  converge towards an upper 1  i m i t  o f  

4.5 m y  w i t h  per iods  approaching 8.5 sec. 

' ga rne t t ,  T.P., "Wave P red i c t i on , "  Chapter i n  P i p e l i n e s  i n  t h e  Ocean, ASCE. 
.-, 
'shore P r o t e c t i o n  Manual , Vol . 1  , U.S. Army Coastal Engineer ing Research 

Center, 1973. 



NAVE HEIGHTS DURING WINTER STORMS 

Wind ~ r e q u e n c y ( ~ ) o f  To ta l  Hours L i k e l y  Du ra t i on  Wave Height ,  Per iod ,  
Speed, k t  Onshore Winds,% i n  6 Months i n  One Storm, h r  m sec 

Calm o r  n o t  
onshore 42.8 1870 - 

2 2.1 9 2 - 
5 8.1 354 - 

( a ) ~ r o m  Tables 3-1 and 3-4 combined, f o r  winds f rom 270' through 30' 
i n c l u s i v e .  



These values a r e  c o n s i s t e n t  w i t h  observa t ions  o f  8  t o  9  sec per iods  d u r i n g  

w i n t e r  storms made a t  t h e  CDM o f f i c e  i n  S i d i  B i s h r ;  and w i t h  t h e  wave rose  

diagram i n  t h e  Sumed S i d i  K r e i r  P o r t  Manual i n d i c a t i n g  t h a t  o n l y  about  

1  pe rcen t  o f  t h e  waves exceed 4  m i n  h e i g h t .  I t  i s  s l i g h t l y  l e s s  than  t h e  
1  A. H. Glenn and Assoc ia tes p r e d i c t i o n  t h a t  s i g n i f i c a n t  wave h e i g h t s  wi  11 

exceed 15 f t  (4.6  11) 3.8 percen t  o f  t h e  t ime  i n  February i n  60 f t  (18 m) 

o f  water .  Consequently, t h e  s i g n i f i c a n t  wave h e i g h t  adopted h e r e i n  w i l l  

be - 5 m and t h e  s i g n i f i c a n t  wave p e r i o d  w i l l  be 8.5 sec. 

On F igu re  3-18, t h e  maximum h o r i z o n t a l  o r b i t a l  v e l o c i t y  a t  t h e  sea bed, 

ub, and t h e  wave he igh t ,  2a a r e  p l o t t e d  a g a i n s t  water  depth,  h, accord ing  

t o  t h e  1  i n e a r  wave t heo ry :  

- a w  
'b - s i n h  kh 

Ab = ub/w = h o r i z o n t a l  excu rs i on  amp l i tude  

w = 2n/wave p e r i o d  

k  = 2n/wave l e n g t h  

w2 = kg tanh  kh 

a / f i  = cons tan t  = 10.587 f o r  t he  s i g n i f i c a n t  wave 
c o n d i t i o n s  a d o ~ t e d  

A l so  i n d i c a t e d  on F igu re  3-18, on t h e  cu rve  f o r  speed, a r e  t h r e s h o l d  c a l -  

careous sand g r a i n  s i zes .  The i n t e r p r e t a t i o n  i s  as f o l l o w s :  a t  t h e  p o i n t  

i n d i c a t e d  f o r  a  g i ven  g r a i n  s i z e ,  say 2  nun, t h e  maximum bot tom speed and 

t h e  wave p e r i o d  a r e  such t h a t  a  ca lcareous sand g r a i n  (s .g .  = 2.72) 2 mm 

i n  d iameter  w i l l  j u s t  be on t h e  t h resho ld  o f  sediment mot ion,  accord ing  

t o  t h e  Sh ie lds - type  a n a l y s i s  developed by Madsen and Grant .  2  

'A. H. Glcnn and Assoc ia tes,  " ~ e t e o r o l o g i c a l  -Oceanographic Condi t i o n s  
A f fec t ing  Design and Operat ion o f  F a c i l i t i e s  i n  t h e  Abu Qir Gas F ie l d , "  
undated . 

21'ladsen, O.S., and Grant,  W.  D., "Sediment T ranspo r t  i n  t h e  Coastal  Env i -  
ronment," Repor t  No. 209, Ralph M. Parsons Labora to ry  f o r  Water Resources 
and Hydrodynamics, MIT, January 1976. 



Calcareous sand was cons idered because i t  appears t o  be predominant o f f -  

shore (see Sec t ion  3.5). Whi le t he  t h resho ld -g ra in - s i ze  a n a l y s i s  cannot 

be cons idered p rec ise ,  i t  may be i n f e r r e d  t h a t  i n  waters deeper than 45 m, 

t h e r e  w i l l  be l i t t l e  movement o f  sand g ra ins  l a r g e r  than 1  mm even i n  

severe w i n t e r  storms; w h i l e  i n  waters l e s s  than 20 m  deep, s torm waves 

w i l l  be capable o f  moving even g r a v e l - s i z e  pebbles. Sand r i p p l e s ,  pre-  

sumably due t o  wave ac t i on ,  have been observed by d i v e r s  5  km o f f  S i d i  

B ishr ,  i n  31 m depth; median sand g r a i n  d iameter  was o f  t h e  o rde r  of 1  mm. 

I n  Chapter 5, t h i s  wave a n a l y s i s  w i l l  be extended t o  determine t h e  magni- 

tude of wave f o r ces  on an exposed p i p e l i n e .  

S a l i n i t y  D e f i c i t  Stud ies 

During t h e  course o f  ga the r i ng  s a l i n i t y ,  temperature, and d i sso l ved  oxy- 

gen (STDO) data f o r  t he  a l ignments shown on F igure  3-3, i t  was f r e q u e n t l y  

observed t h a t  a  l a y e r  o f  water  l e s s  s a l i n e  than t he  ambient near-coasta l  

waters was present .  The p r o f i l e  presented on F igu re  3-4 shows i s o h a l  ines  

d e l i n e a t i n g  lenses o f  l e s s  s a l i n e  water  a long t he  shore and near t he  9  km 

p o i n t  on 11 September 1977. These lenses ocur red  most1.y a long  t h e  shore. 

A f t e r  i n v e s t i g a t i n g  t h e  phenomenon fu r t he r ,  i t  was decided t h a t  t h i s  

s a l i n i t y  d e f i c i t  cou ld  be used: ( 1 )  as a  means of e s t i m a t i n g  t h e  d i l u t i o n  

t h a t  m igh t  be a v a i l a b l e  f o r  wastewaters d ischarged i n t o  t h e  coas ta l  e n v i -  

ronment; and ( 2 )  as a  means o f  c a l c u l a t i n g  an average v e l o c i t y  o f  c u r r e n t s  

p a r a l l e l  t o  t he  coast .  Th i s  v e l o c i t y  m igh t  a l s o  be used t o  supplement 

c u r r e n t  meter i n f o r m a t i o n  (speed) on days f o r  which c u r r e n t  meters were 

n o t  ope ra t i ng  b u t  s a l i n i t y  measurements had been taken. 

The average c u r r e n t  v e l o c i t y  was est imated by c a l c u l a t i n g  t h e  r e q u i r e d  

v e l o c i t y  through a  g i ven  c ross -sec t i ona l  area a long  an a l ignment  t o  pro-  

duce t he  measured s a l i n i t y  va lues.  Two impor tan t  assumptions i n  t h i s  

ana l ys i s  a re :  ( 1 )  t he  s a l i n i t y  d e f i c i t  was caused by t h e  l e s s  s a l i n e  

Mex Canal discharge; and ( 2 )  t h a t  t he  coast -wise c u r r e n t  i s  ma in ta ined  

i n  a  steady s t a t e  condi ti on. 



Having c a l c u l a t e d  t h e  average v e l o c i t y  th rough  an a1 ignment , as shown 

i n  Table 3-27, i t  was compared t o  t h e  average v e l o c i t y  recorded  a t  t he  

c l o s e s t  c u r r e n t  meters f o r  t h e  same pe r i od .  For  t h i s  purpose, t h e  

K a i t  Bey a1 ignment s a l  i n i t y  measurements and t h e  c u r r e n t .  meter  da ta  

a long  t h a t  a l ignment  were used. C o r r e l a t i o n  between t h e  c u r r e n t  meter  

da ta  and c a l c u l a t e d  average v e l o c i t i e s  was ve ry  poor f o r  t h e  s i x  days 

t h a t  were s tud ied .  No o t h e r  a l ignments  were analyzed f o r  t h i s  t ype  o f  

c o r r e l a t i o n  because o f  t h e  poor r e s u l t s .  

Several  reasons f o r  these  poor r e s u l t s  a r e  p o s s i b l e .  F i r s t ,  t h e  ca l cu -  

l a t e d  d ischarge  o f  t h e  Mex Canal may n o t  be c o r r e c t ;  b u t  any reasonable  

ad justment  o f  t h i s  va lue  would n o t  b r i n g  t h e  computed average v e l o c i t i e s  

i n t o  agreement w i t h  t h e  c u r r e n t  meter va lues.  Second, assumptions o f  t h e  

s a l i n i t y  d e f i c i t  a n a l y s i s  a r e  t h a t  t h e  f l o w  i s  r ough l y  pe rpend i cu l a r  t o  

t h e  a1 ignment and a l s o  t h a t  t h e  f reshwater  f l o w  corr~ponent comes s o l e l y  

f rom t h e  Mex Canal. Both o f  these assumptions were p robab ly  v i o l a t e d  a t  

t imes.  Cur ren t  d i r e c t i o n s  o f t e n  c u t  through t h e  a l ignment  a t  ang les o t h e r  

than  90" and sometimes t h e  Mex Canal d ischarge  a c t u a l l y  f l ows  away f r om 

t h e  a1 ignment s e c t i o n  and t h e o r e t i c a l l y  would n o t  produce a sa l  i n i  t y  d e f i -  

c i t  a t  t h e  a l ignment  s e c t i o n  ( a l t hough  one was observed).  

It i s  a l s o  p o s s i b l e  t o  determine t h e  f l o w  t h a t  would be needed t o  produce 

t h e  measured s a l i n i t y  d e f i c i t  by  u t i l i z i n g  t h e  recorded c u r r e n t  meter 

v e l o c i t y  and c a l c u l a t i n g  t h e  f l o w .  These values, l i s t e d  i n  Table  3-28, 

show t h a t  t h e  Clex d ischarge  i n  i t s e l f  i s  n o t  l a r g e  enough t o  produce t h e  

s a l i n i t y  d e f i c i t .  I n  two cases, t h i s  f l o w  would have t o  be n e a r l y  an 

o rde r  of magnitude h i ghe r  than  t h e  es t imated  Mex Canal f l o w s  when t h e  

c u r r e n t  d i r e c t i o n  i n d i c a t e s  t h a t  t h e  f l o w  should  have come f rom t h e  Mex 

area. 

I t  i s  more l i k e l y  t h a t  t h e  s a l i n i t y  d e f i c i t  i s  produced by a  pool  o f  l e s s  

s a l i n e  wa te r  t h a t  moves back and f o r t h  a long  t h e  coas t  w i t h  t h e  changing 

c u r r e n t  d i r e c t i o n .  Whi 1  e  t h e  Mex Canal d ischarge  c o n t r i b u t e s  s u b s t a n t i a l  l y  

t o  t h i s  d e f i c i t ,  t h e  Tabia d ischarge,  over land  runo f f ,  wastewater o u t f a l l s ,  

and t o  some degree t h e  N i l e  R i ve r  d ischarge  a t  Rosetta,  a l l  c o n t r i b u t e .  



TABLE 3-27 

Locat ion1 
A1 ignment - 

Ka i t Bey 

K a i t  Bey 

Kai t Bey 

K a i t  Bey 

K a i t  Bey 

K a i t  Bey 

Raml eh 

Raml eh 

Raml eh 

Raml eh 

Abu K i r  

Abu K i r  

AVERAGE VELOCITIES AND DILUTIONS BASED ON SALINITY DEFICIT - 

Date - 
27 J u l  77 

16 Aug 77 

17 Sep 77 

24 Sep 77 

9 Oct 77 

15 Nov 77 

6 Sep 77 

8 Oct 77 

14 Nov 77 

1 Aug 77 

7 Sep 77 

10 Oct 77 

16 Nov 77 

15 Aug 77 

11 Oct 77 

Average 
Concentrat ion 

c u p  
38.8 

38.6 

38.8 

39.0 

38.9 

38.7 

Average 
Vel o c i  ty  
cmlsec 

Current  Meter 
V e l o c i t y  
- cmlsec - 

Average 
D i  1 u t i o n  

105 

58 

105 

1 49 

170 

9 3 

2.0 - 74 

7.6 - - 31 6 

Mean 148 

M i  nimum 
D i l u t i o n  



TABLE 3-28 

FLOWS NEEDED TO PRODUCE OBSERVED KAIT BEY SALINITY DEFICIT 

Date 

27 Ju l  77 

16 Aug 77 

17 Sep 77 

24 Sep 77 

9 Oct 77 

Flow, m3/day 

60,000,000 

59,000,000 

14,000,000 

13,C)OO,OOO 

7,300,000 

TABLE 3-29 

FRESHWATER DISCHARGES TO MEDITERRANEAN SEA NEAR ALEXANDRI.4 

Source Flow, m3/day 

K a i t  Bey O u t f a l l  187,000- 250,000 

O u t f a l l s  f rom Eastern Harbor 39,000- 57,000 
t o  Montazah 

Mex Canal 7,500,000 

Tabia Pump S t a t i o n  

N i l e  R iver  

(a)Apprroximate average d a i l y  f low f o r  peak months o f  1971, 1972, 1973. 
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The oceanographic work conducted by t h e  j o i n t  Russian-Egypt ian e x p e d i t i o n  

on t h e  " I c t h y o l o g "  showed t h a t  under c e r t a i n  c o n d i t i o n s ,  e.g., d u r i n g  t h e  

February 1971 d ischarge,  t h e  f r eshwa te r  i n f l u e n c e  o f  t h e  N i l e  R i v e r  c o u l d  

be measured a t  l e a s t  as f a r  away as A lexandr ia .  Table  3-29 l i s t s  app rox i -  

mate d ischarge  f rom t h e  p o i n t  sources o f  f reshwater  d ischarge  t o  t h e  sea 

i n  and around A lexandr ia .  

The i m p l i c a t i o n  o f  t h e  above f i n d i n g s  i s  t h a t  a  wastewater o u t f a l l  shou ld  

reach beyond t h e  area o f  f reshwate r  b u i l d u p  t o  p reven t  submergence o f  t h e  

plume i n  a  sha l low p o o r l y  mixed reg ion .  I n  genera l ,  t h e  s a l  i n i  t y  p r o f i l e s  

show t h a t  t h i s  d i s t ance  i s  about  5 km, and t h a t  t h e  p resen t  p lans  f o r  

10 km l o n g  o u t f a l l s  would p l ace  them w e l l  beyond t h e  problem area.  

Another conc lus i on  drawn f rom t h e  above a n a l y s i s  i s  t h a t  c u r t a i l i n g  f r e s h  

water  i n p u t  a long  t h e  beaches by e l i m i n a t i n g  t h e  e x i s t i n g  sewage ove r f l ows  

and o u t f a l l s  i s  n o t  l i k e l y  t o  g r e a t l y  a f f e c t  t h e  s a l i n i t y  d e f i c i t  a long  

t he  coast ,  s i n c e  o t h e r  l a r g e r  f reshwater  d ischarges w i l l  con t inue .  

From t h e  s a l i n i t y  d e f i c i t  data,  minimum d i l u t i o n s  were c a l c u l a t e d  based 

on t h e  assumption t h a t  t h e  s o l e  source of l e s s  s a l i n e  wa te r  was from t h e  

Mex Canal. These minimum d i l u t i o n  va lues a r e  t a b u l a t e d  i n  Table  3-27 

and can be used t o  es t ima te  t h e  degree of  f a r - f i e l d  d i l u t i o n  t h a t  would 

be a v a i l a b l e  f o r  wastewater d ischarged from an o u t f a l l .  As i t  t u r n s  ou t ,  

t he  Mex Canal, as d iscussed above, i s  n o t  t h e  o n l y  source of f r e s h  wate r  

a v a i l a b l e  and t h i s  a f f e c t s  t he  d i l u t i o n  c a l c u l a t i o n s .  By i n c l u d i n g  o t h e r  

sources, t h e  d i l ~ ~ t i o n f a c t o r  would be increased,  thus  p r o v i d i n g  b e t t e r  

d i l u t i o n  than  t h a t  shown by t h e  f i g u r e s  i n  Tab le  3-27. Thus, t h i s  t y p e  

o f  a n a l y s i s  g i ves  some phys i ca l  suppor t  t o  t he  t h e o r e t i c a l  a n a l y s i s  o f  

f a r - f i e l d  d i s p e r s i o n  developed i n  Chapter 5. 



Abu K i r  Bay 

Because Abu K i r  Bay l i e s  a t  t he  edge o f  t h e  s tudy  area, and because t h e r e  
1  have been o t h e r  r e c e n t  s t ud ies  o f  t h e  hydrography and p o l l u t i o n a l  s t a t u s z y 3  

o f  t h e  bay, t h e  t ime  devoted t o  t h e  bay i n  t h e  p resen t  p r o j e c t  has been 

l i m i t e d .  Never the less,  even our  l i m i t e d  observa t ions  p e r m i t  us t o  draw 

some u s e f u l  conc lus ions  about  t h e  wind and c u r r e n t  regimes t he re .  Abu K i r  

Bay i s  e c o l o g i c a l l y  impo r tan t .  Sharkawy and Sharaf  e l    in' n o t e  t h a t  f o r  

many years  before i t  was p o l l u t e d ,  t h e  bay was one of t h e  main sources of 

f i s h  f r y  f o r  t h e  i n l a n d  l akes .  One of these, Lake Idku ,  l i e s  j u s t  sou th  

o f  t h e  bay and i s  connected t o  i t  by an i n l e t  a t  Maadiya. Many spec ies 

o f  Eastern Medi ter ranean f i s h ,  i n c l u d i n g  ee ls ,  l ab rax ,  sargus, mu1 l e t s ,  

and prawns a r e  known t o  m i g r a t e  between b rack i sh  coas ta l  l a kes  and t h e  

sea. T h e i r  m i g r a t i o n a l  c y c l e  t o  r e l a t i v e l y  u n p o l l u t e d  Lake I d k u  may w e l l  

be i n t e r r u p t e d  by p o l l u t e d  c o n d i t i o n s  i n  Abu K i r  Bay, p a r t i c u l a r l y  near  

Maadiya. 

The p o l l u t i o n  i s  p r i n c i p a l l y  f rom two paper m i l l s  a t  Tabia a t  t h e  south-  

western end of t h e  bay. An u rea  p l a n t  a t  E l  Tarh, a  few k i l ome te r s  e a s t  

o f  Tabia, promises t o  i nc rease  t h e  p o l l u t i o n a l  s t r e s s  on t he  bay, as w i l l  

a  genera t ing  s t a t i o n  and o t h e r  i n d u s t r i e s  planned f o r  t h e  area. 

The plume o f  t he  f r eshwa te r  d ischarge  from Tabia,  es t imated  by M i t w a l l y  e t  
3  a1 .3 a t  1.5 t o  2  m i l l i o n  m /day, can be e a s i l y  seen on most days w i t h  t h e  

naked eye. As M i t w a l l y  e t  a l .  p o i n t  ou t ,  t h e  plume u s u a l l y  f l o w s  eastward 

a long t h e  shore, as i s  con f i rmed by t h e  presence o f  o rgan ic  sediments 

a long  t h e  shore as f a r  as Maadiya and even Idku,  20 km e a s t  o f  Tabia .  

I Sharkawy, S.H. and Sharaf  e l  Din, S.H.9 Hydrographic S t r u c t u r e  and C i r cu -  
l a t i o n  P a t t e r n  o f  Abu K i r  Bay near A lexandr ia ,  Egypt, B u l l .  I n s t .  Ocean 
and F ish,  Vol. 4, 1974. 

' ~ z z a t ,  E. and E l  Ghrabawy, M., E f f e c t  o f  Water P o l l u t i o n  on t h e  Popu la t i on  
of Solea V u l g a r i s  i n  Abu K i r  Bay, A lexandr ia  (Egypt ) ,  I I e s  Journees Etud. 
Pol  1  u t i ons ,  1974. 

3 ~ i t w a l l y ,  H. e t  a l . ,  P o l l u t i o n a l  S ta tus  o f  Abu K i r  Bay, Department o f  
Environmental  Hea l th ,  A lexandr ia  U n i v e r s i t y ,  May 1977. 
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Dur ing  CDM's f i e l d  s t u d i e s  i n  Abu K i r  Bay, t h e  plume f rom Tabia ,  i d e n t i -  

f i e d  by a  s u r f a c e  o i l  s l i c k ,  g r e y  o r  y e l l o w  w a t e r  c o l o r ,  and f l o a t i n g  

clumps of s ludge,  was o f t e n  observed t o  f l o w  eastward a l o n g  t h e  c o a s t  i n  

a  band a few hundred metres wide.  On severa l  days, however, t h e  plume 

fanned o u t  and f l owed  g e n e r a l l y  nor thward,  r e a c h i n g  Abu K i r  v i l l a g e .  

S ince t h e  l a t t e r  c o n d i t i o n  was u s u a l l y  observed on days w i t h  a  sou th  

wind, i t  was dec ided t o  seek a  c o r r e l a t i o n  between plume d i r e c t i o n  and 

wind d i r e c t i o n .  

A t a b l e  was prepared, w i t h  an e n t r y  f o r  every  day on which CDM f i e l d  

s t u d i e s  were conducted i n  Abu K i r  Bay. For each day, o b s e r v a t i o n s  about  

t h e  Tabia  plume were recorded  and a judgment made as t o  whether t h e  plume 

was f l o w i n g  eastward i n  a  narrow band a long  t h e  c o a s t  o r  was f a n n i n g  o u t  

nor thward.  A lso  f o r  each day, recorded  wind speeds and d i r e c t i o n s  were 

noted.  

A s c a t t e r  p l o t  o f  t h e  w ind  da ta  was then  prepared ( F i g u r e  3-19),  i n d i c a t -  

i n g  t h e  approx imate d i s t r i b u t i o n  o f  speed and d i r e c t i o n  f o r  t h e  d a t a  i n  

t h e  sample. Data p o i n t s  were g i v e n  one symbol f o r  days o f  an e a s t e r l y  

plume f rom Tabia,  and ano ther  symbol f o r  days o f  n o r t h e r l y  plume. 

Wi th  few excep t ions ,  t h e  wind d i r e c t i o n  on days of a  n o r t h e r l y  plume was 

f rom t h e  s e c t o r  150"-270°, w h i l e  on days of an e a s t e r l y  plume t h e  wind 

was f rom t h e  r e s t  o f  t h e  compass d i r e c t i o n s  (270" th rough  n o r t h  a n d . e a s t  

t o  150") .  From t h e  WEPCO seasonal w ind data ,  Tables 3-1 t o  3-4, an a n a l y -  

s i s  o f  f requency d i s t r i b u t i o n s  was prepared. I t  shows t h a t  i n  t h e  summer 

(May th rough  October)  winds may be expected from t h e  270"-150" s e c t o r  

more than  90 percen t  of t h e  t ime,  w h i l e  i n  w i n t e r  (November th rough  A p r i l ) ,  

winds niay be expected f rom t h i s  s e c t o r  about 70 p e r c e n t  of t h e  t ime .  

From t h e  c o r r e l a t i o n  o f  wind d i r e c t i o n  w i t h  plume d i r e c t i o n ,  one may a l s o  

i n f e r  t h a t  between 70 and 90 p e r c e n t  o f  t h e  t ime,  t h e  Tabia  d i s c h a r g e  

tends eastward a long t h e  c o a s t  towards Maadiya, r a t h e r  than  f a n n i n g  o u t  

no r thward  across t h e  bay. T h i s  suppor ts  t h e  o b s e r v a t i o n  by M i t w a l l y  e t  

a l .  t h a t  t h e  plume u s u a l l y  f l o w s  eastward a long  t h e  shore.  



Whi le  t h i s  a n a l y s i s  has been based on o n l y  a  ve ry  l i m i t e d  number o f  obser- 

va t ions ,  t h e  procedure cou ld  be e a s i l y  cont inued,  a t  l i t t l e  expense, u n t i l  

a  more s u b s t a n t i a l  c o r r e l a t i o n  between wind d i r e c t i o n  and c u r r e n t  d i r e c t i o n  

i s  obta ined.  The conc lus ions imp ly  cons iderab le  urgency about  c u r t a i l i n g  

t he  Tabia p o l l u t i o n  l o a d  f o r  t h e  sake o f  f i s h  m ig ra t i ons  t o  and f rom Lake 

Idku,  and c r e a t e  concern about t h e  a d v i s a b i l i t y  o f  p lann ing  o t h e r  d i s -  

charges, o r  c o o l i n g  water  i n t a k e  and d ischarge,  f o r  t h e  Tabia-Maadiya 

coas ta l  s t r i p .  

3.2 B a c t e r i o l o g i c a l  S tud ies  

I n t r o d u c t i o n  

One o f  t h e  most impor tan t  concerns i n  ocean o u t f a l l  des ign i s  t h e  concen- 

t r a t i o n s  o f  b a c t e r i a  and v i r uses  i n  t h e  sewage e f f l u e n t ,  and t h e  r a t e  a t  

which they  may be expected t o  d isappear  f rom t h e  d ischarge  plume w i t h  t h e  

passage o f  t ime.  

As ide from phys ica l  d i l u t i o n ,  which i s  cons idered separa te ly ,  t h e  p ro -  

g ress i ve  r e d u c t i o n  i n  concen t ra t i on  o f  b a c t e r i a  i n  a  d i s p e r s i n g  waste- 
1  water  plume, he re in  termed "disappearance ," i s  be1 i eved  t o  be due t o  a  

combinat ion o f  d i e - o f f  and sedimentat ion processes. I t  i s  a l s o  b e l i e v e d  

t h a t  disappearance r a t e s  depend on l o c a l  seawater cond i t i ons ,  l o c a l  c l i -  

mate, and t h e  c h a r a c t e r i s t i c s  o f  t he  p a r t i c u l a r  sewage t o  be d ischarged.  

Therefore,  i t  was deemed adv i sab le  t o  measure t h e  t ime  r a t e  o f  b a c t e r i a l  

disappearance i n  A lexandr ian sewage d ischarged t o  Mediterranean seawater. 

Tests were made f o r  concen t ra t ions  o f  t o t a l  co l i f o rms , f eca l  c o l i f o r m s ,  

t o t a l  en te rococc i ,  and f e c a l  en te rococc i .  The r a t e  o f  disappearance of 

f e c a l  c o l i f o r m s  i s  p a r t i c u l a r l y  impor tan t ,  as these have been adopted i n  

t h i s  s tudy (Appendix E and Chapter 4) as t he  i n d i c a t o r  organism f o r  which 

design c r i t e r i a  a r e  se t .  

'~a r remoes ,  P.,  " I n  S i t u  Methods f o r  Determinat ion o f  M i c r o b i a l  Disappear- 
ance i n  Sea W a t e r , " X c e e d i n g s  o f  Symposium on Discharge o f  Sewage from 
Sea O u t f a l l s ,  Pergamon Press, 1975. 



B a c t e r i a l  disappearance i s  o f t e n  measured i n  terms o f  an exponent ia l  decay 

r a t e ,  TgO, which i s  t h e  number o f  hours needed f o r  t h e  concen t ra t i on  t o  

decrease by 90 percent ,  o r  one o rde r  o f  magnitude. World wide, Tgo va lues 

i n  day1 i g h t  g e n e r a l l y  range from one hour t o  e i g h t ;  va lues measured e l s e -  

where i n  t h e  Eastern Mediterranean have been found t o  be about  one hour 

o r  less . '  Recent r e ~ e a r c h " ~  has i n d i c a t e d  t h a t  TgO a t  n i g h t  may be much 

g r e a t e r  than d u r i n g  daytime, w i t h  values rang ing  from 30 t o  60 hours.  

The b a c t e r i o l o g i c a l  s t ud ies  undertaken i n  t h i s  p r o j e c t  a r e  discussed below 

i n  t h ree  separate p a r t s  : 

1. Shor t - te rm dayt ime s tud ies  i n  t h e  plume from t h e  e x i s t i n g  K a i t  

Bey o u t f a l l  , t o  determine dayt ime disappearance r a t e s .  

2. Longer-durat ion s tud ies  wi t h  immersed bags, t o  determine n i g h t -  

t ime as w e l l  as dayt ime diasppearance r a t e s .  

3. Measurements o f  b a c t e r i a 1  concent ra t ions  i n  u n d i l u t e d  e f f l  uen t  

and i n  e f f l u e n t  immediately a f t e r  d ischarge.  

Short-Term Daytime Studies i n  t h e  K a i t  Bey Plume 

These t e s t s ,  c a r r i e d  o u t  on 5 September, 28 September, and 26 November 

1977, i n v o l v e d  t he  examinat ion of seawater samples taken d i r e c t l y  f rom 

the  sewage plume o f  t h e  e x i s t i n g  K a i t  Bey o u t f a l l .  They had t he  advan- 

tage o f  most d i r e c t l y  s t udy ing  t he  n a t u r a l  c o n d i t i o n s  of plume d i s p e r s a l ,  

b u t  were o f  r a t h e r  s h o r t  d u r a t i o n  ( a t  most 2.5 hours ) .  

The procedures f o r  t h e  5 September t e s t  were as f o l l ows :  one 1 i t r e  o f  

Rhodamine WT dye was dumped a t  the  p r i n c i p a l  p o i n t  o f  d ischarge o f  t h e  

e x i s t i u g  K a i t  Bey o u t f a l l ,  as marked by the  l a r g e s t  v i s i b l e  sewage b o i l  

I Shuval , Thompson, F a t t a l  , Cymbal i s t a ,  and Wiener, "Natura l  V i r us  I n a c t i -  
v a t i o n  Processes i n  Sea Water ," Journal  San i t a r y  Engineer ing D i v i s i o n ,  
American Soc ie ty  of C i v i l  Engineers, 1971. 

'~ameson, A.L.H., and Gouldy D.J., "Ef fects  of So la r  Rad ia t i on  on t h e  
Mor ta l  i t y  o f  Some T e r r e s t r i a l  Bacter ia , "  Proceedings DSSO , Pergamon 
Press, 1975. 

3 ~ e l l a i r ,  J.T., e t  a l . ,  " S i g n i f i c a n c e  o f  D iu rna l  V a r i a t i o n s  i n  Fecal C o l i -  
form Die-Off Rates i n  t he  Design o f  Ocean Out fa l l s , "  JWPCF - 49 ( 9 ) ,  Sept. 
1977. 



on t h e  sea su r f ace  t h a t  c o u l d  be s a f e l y  reached by t h e  survey boa t .  Due 

t o  numerous breaks i n  t h e  p ipe ,  t h e r e  a re ,  i n  e f f e c t ,  seve ra l  p o i n t s  o f  

d ischarge.  The f a r t h e s t  f rom shore i s  a t  490 m. The dye served t o  mark 

a  p a r t i c u l a r  sample o f  sewage. Next, samples o f  sewage-seawater m i x t u r e  

were taken  f rom t h e  dye patch a t  f requen t  i n t e r v a l s  f o r  as l ong  as t h e  

dye cou ld  be de tec ted .  The o p e r a t i n g  assumption was t h a t  any sample 

taken f rom t h e  dye patch a t  any t ime  would c o n t a i n  sewage t h a t  has been 

d ischarged a t  t h e  moment o f  dye dump. The "age" o f  t h e  sewage-seawater 

m i x t u r e  was thus  determined. The p o s i t i o n  o f  t h e  boa t  was f i x e d  by sex- 

t a n t  s i g h t i n g s  t o  known landmarks a t  t h e  t ime  each sample was taken.  

Each o f  t h e  samples was l a t e r  analyzed f o r  s a l i n i t y ,  dye concen t ra t i on ,  

t o t a l  c o l i f o r m s ,  f e c a l  c o l i f o r m s ,  and f e c a l  s t r e p t o c o c c i .  S a l i n i t y  

a n a l y s i s  was done a t  t h e  I n t i t u t e  o f  Oceanography and F i s h e r i e s  us i ng  a  

Beckman R 7-D sa l inomete r .  Dye c o n c e n t r a t i o n  was measured ashore us i ng  

a  Turner  MI0 F luorometer .  B a c t e r i a l  counts  were done a t  t h e  High I n s t i -  

t u t e  o f  P u b l i c  H e a l t h  and a r e  r epo r t ed  as Most Probable Number (MPN) p e r  

100 mL; presumpt ive and c o n f i  rmed mu1 ti p l  e  f e rmen ta t i on  tube  t e s t s  were 

used t o  es tab l  i s h  t h e  concen t ra t i ons  o f  t o t a l  c o l  i f o rms ,  f e c a l  c o l  i f o rms ,  

and f e c a l  s t r e p t o c o c c i .  The procedures a r e  descr ibed  i n  Appendix F. 

Between t h e  t ime  o f  c o l l e c t i o n  and a r r i v a l  a t  t h e  l a b o r a t o r y  ( 4  hours o r  

l e s s )  samples f o r  b a c t e r i a l  a n a l y s i s  were shaded and kep t  on i c e .  I n  

Table  3-30, t h e  concen t ra t i ons  o f  b a c t e r i a  measured a t  t imes  a f t e r  t h e  

i n i t i a l  dye dump a r e  shown. These va lues a r e  n o t  c o r r e c t e d  f o r  t h e  

e f f e c t  o f  d i l u t i o n  a f t e r  d i scharge  f rom t h e  o u t f a l l .  I n  t h e  b o i l  where 

t h e  f i r s t  samples were taken ( t i m e  = 0  m in ) ,  t h e  sewage has rece i ved  a t  

most a  1 0 : l  d i l u t i o n  w i t h  seawater. 

With i n c r e a s i n g  t ime, t h e  concen t ra t i ons  decrease, p a r t l y  due t o  i nc reas -  

i n g  d i l u t i o n  w i t h  seawater, and p a r t l y  due t o  d i e - o f f  and sed imenta t ion  

processes. For  each sample a f t e r  t h e  f i r s t ,  an es t ima te  o f  t h e  phys i ca l  

d i l u t i o n  f a c t o r  i s  shown i n  t h e  f i n a l  column o f  Table  3-30. 

For t o t a l  and f e c a l  c o l i f o r m s  and f o r  f e c a l  s t r e p t o c o c i i ,  each concent ra-  

t i o n  l i s t e d  i n  Table  3-30 was m u l t i p l i e d  by i t s  cor responding es t imated  



TABLE 3-30 

BACTERIAL DATA-5 SEPT 77 

Bac te r i o l og i ca l  Sampl i ng (a )  
Estimated 

Time A f t e r  Dye Distance Samplc Tota l  Col i forms Fecal Col i forms Enterococci  Fecal St reptococc i  Physical  
Appears i n  Boi 1 From Boi 1 Depth Sa1 i n i t y  (Presumptive) ( ~ o r ~ f  irnled) (Presumptive) (Confirmed) D i l u t i o n  
( ~ i n u t e s ) ( b )  - (Meters) (Meters) %%, !-!PN/100 mL HPN/100 mL KPN/100 m t  MPN/100 mL Factor 

F i r s t  Dve Dump 

Second Dye Dump 

Sur f .  
3 m 
Sur f .  

I I 

I1 

I I 

I1 

II 

I I 

Sur f .  
II 

II 

I I 

I I 

I I 

la )concentra t i o n  as seasured, w i thou t  adjustment f o r  phys ica l  d i l u t i o n .  

( b ) ~ y e  appeared i n  B o i l  a t  9:10 a.m. 
( c )  

Sackaround Concentration. 



phys ica l  d i l u t i o n  f ac to r ,  and p l o t t e d  on F igures 3-20 through 3-22 t o  

show the  r a t e  of disappearance due s o l e l y  t o  d i e -o f f  and sedimentat ion.  

I n  each f i g u r e ,  t he  data can be bounded by a  l i n e  o f  s lope  equal t o  one 

l o g a r i t h m i c  c y c l e  per  60 minutes, which thereby i n d i c a t e s  a  90 percen t  

decrease i n  value, (Tgo) i n  one hour.  

For t he  t e s t s  conducted on 28 September and 26 November, t h e  procedure 

was s l i g h t l y  d i f f e r e n t .  F i r s t ,  samples f o r  b a c t e r i a l  a n a l y s i s  

were taken d i r e c t l y  f rom the  pump s t a t i o n  a t  t he  t ime  o f  t he  dye dump 

t o  e s t a b l i s h  t he  i n i t i a l  concen t ra t ions .  To begin,  2  l i t r e s  of Rhodamine 

WT dye were dumped i n t o  t h e  pumping s t a t i o n  wet w e l l .  When t he  main b o i l  

o f  t he  o u t f a l l  tu rned  red, a  su r f ace  drogue was p laced i n  the  b o i l  and 

sampling was s t a r t e d .  For t he  n e x t  2-112 hours, samples f o r  b a c t e r i a l ,  

dye, and s a l i n i t y  a n a l y s i s  were taken a t  depths o f  1  m and 3  m below t h e  

sur face  i n  t h e  v i c i n i t y  o f  t h e  d r i f t i n g  drogue. With each sample, t h e  

boat  p o s i t i o n  was f i x e d  by sex tan t  angles t o  known landmarks. 

The concent ra t ions  of t h e  i n d i c a t o r  organisms, t o t a l  co l i f o rms ,  f e c a l  

c o l  i fo rms,  and feca l  s t r ep tococc i ,  a r e  shown i n  Tab1 es 3-31 and 3-32 as 

a  f u n c t i o n  of t ime. Again, these concent ra t ions  rep resen t  t h e  combined 

e f f e c t s  o f  d i l u t i o n ,  d i e - o f f ,  and sedimentat ion and must be m u l t i p l i e d  by 

d i l u t i o n  f ac to r s  t o  i s o l a t e  t h e  e f fec ts  of d ie -o f f  and sedimentat ion.  

To es t imate  t he  d i l u t i o n  f a c t o r s ,  t h e  change i n  dye concen t ra t i on  of  t he  

dye patch was used, a f t e r  ad justment  t o  r e f l e c t  the  e f f e c t  o f  i t s  l o n g i -  

t u d i n a l  d i spe rs i on ,  which would have e f f e c t i v e l y  n o t  been present  w i t h  

a  cont inuous dye re lease .  Dur ing t h e  t e s t s ,  t h e  f l o w  f rom the  K a i t  Bey 
3  o u t f a l l  was est imated t o  be 1.4 m /sec w i t h  approx imate ly  20 percent  o f  

t he  f l o w  be ing  d ischarged a t  t h e  l a s t  b o i l .  

The r e s u l t s  o f  a l l  t h r e e  of these t e s t s ,  desp i t e  some d i f f e r e n c e s  i n  

technique, i n d i c a t e d  daytime Tgo values o f  one hour o r  l ess .  Th is  i s  



TABLE 3-31 

BACTERIAL DATA-28 SEPT 77 

Time A f t e r  Dye D is tance  Sample 
Appears i n  Bo i l  From B o i l  Depth 
U4i n u t e s l ( ~ )  (FletersJ- (Meters) 

Pump 
S t a t i o n  

0  
4  5  

110 
150 
220 
2  30 
435 
660 
685 
82 5  

1  000 
1030 
1210 

- 
- 

- 
S u r f .  
3  m  
S u r f .  
3  rn 
S u r f .  
3  rn 
S u r f .  

I 1  

DY e  
Conc. 
(PPB) 

Conduc- 
t i v i t y  

T=25.4OC 

T o t a l  Col i forms 
(Presumpt ive)  

MPN/1('0 m i  

B a c t e r i o l o g i c a l  Sampling ( a )  
Fecal  Co l i f o rms  E n t r o c o c c i  Fecal  S t r e p t o c o c c i  
(Conf i rmed) ( ~ r e s u m ~ t i v e )  ( ~ . o n f i  rmed'), 
MPN/100 mL MPN/100 mL MPN/100 m i  

( a ) ~ o n c e n t r a t i o n s  as measured w i t h o u t  adjustment  f o r  p h y s i c a l  d i l u t i o n .  

( b ) ~ y e  appeared i n  B o i l  a t  9:11 a.m. 

( C ) ~ a c k g r o u n d  Concentra t i o n .  

Es t imated 
Pkys i ca l  
D i l u t i o n  
Fac to r  

0.1 
0.1 
0.1 

1 
0.6 
1  .o  
1.3 
0.7 
1.7 
2.4 
3.0 
3.0 
3.2 
3.5 
3.5 
3.8 
3.8 
- 



TABLE 3-32 

BACTERIAL DATA - 26 NOV 77 

Time A f t e r  Dye Dis tance Sample D Y ~  
Appears i n  B o i l  Fro111 Boi  1 Depth Cone. 

e t e r d  ( ~ e t e r s )  (Minutes)  (b )  _(!!--- _ 
Pump 

- 18 S t a t i o n  - 4762 
0 0 Sur f .  10.4 
5 270 3 rn 0.34 
7 440 Sur f .  1.24 

10 400 3 rn 0.11 
15 600 Sur f .  0.54 
19 680 1 rn 1.60 
4 3 7 50 1 rn 0.38 

w 47 950 3 rn 0.17 
b 53 850 1 rn 0.39 

60 900 1 rn 0.31 
65 900 3 rn 0.13 
7 1 1000 1 rn 0.24 
75 1100 3 rn 0.11 
82 1200 1 rn 0.32 
8 5 1350 3 rn 0.12 
95 1550 1 rn 0.26 
99 1600 3 rn 0.12 

110 1800 1 rn 0.24 
114 190C1 3 rn 0.10 
122 2000 1 rn 0.24 
129 2200 1 rn 0.24 

Conduc- 
t i v i t y  

T= 2 5 . 4 " ~  

T o t a l  Col i forrns 
(Presurnpti ve) 
MPN/100 rnL 

Bac .- t e r i o j  . og ica  1 SamplLnq ( a )  

Fecal Col i forms En t r o c o c c i  Fecal S t rep tococc i  
(Conf i rrned) ( ~ r e s u r n p t  i ve)  (Confirmed) 
MPN/100 rnL MPN/100 rnL MPN/100 rnL 

Est  irnated 
Phy r i ca l  
D i l u t i o n  
Factor  -- 

( a ) ~ o n c e n t r a t i o n  as measured, w i t h o u t  adjustment f o r  phys i ca l  d i l u t i o n .  

( b ) ~ y e  appeared i n  B o i l  a t  12:20 



comparable t o  da ta  gathered by Shuval e t  a l . '  showing TgO values o f  one 

hour i n  t h e  Mediterranean and Red Seas. A conse rva t i ve  va lue of 1.5 

hours i s  h e r e i n  adopted as a  dayt ime Tgo f o r  des ign purposes. 

Twenty-Four-Hour Bag S tud ies  i n  t h e  Harbor 

On 26 and 27 June 1978, t h r e e  a d d i t i o n a l  t e s t s  were c a r r i e d  o u t  t o  d e t e r -  

mine t h e  v a r i a t i o n  of TgO va lues over  a  24-hour pe r i od .  The r e s u l t s  of 

these exper iments a r e  summarized i n  Tables 3-33 through 3-35. The t e s t s  

were s t a r t e d  a t  d i f f e r e n t  t imes of t h e  day t o  s tudy  t h e  e f f e c t s  on sewage 

t h a t  had been exposed t o  seawater under va ry i ng  d a y l i g h t  and n i g h t - t i m e  

c o n d i t i o n s  . The s t u d i e s  were performed i n  A1 exandr ia  ' s  Eastern Harbor, 

i n  c l e a n  po lye thy lene  p l a s t i c  bags, 0.13 mm t h i c k .  The bags were h e l d  

open a t  t h e  mouth and suspended from a  f l o a t i n g  frame which kep t  t h e  

mouth 300 mm above t h e  s t i l l w a t e r  l e v e l  t o  p reven t  water  f rom sp lash ing  

i n  o r  ou t ,  and which kep t  t h e  mouth open i n  a  330 mm b y  230 mm rec tang le .  

The bags extended approx imate ly  800 mm beneath t he  water su r f ace .  For 

each r i g ,  two bags were used, one i n s i d e  t he  o t h e r ,  t o  ensure adequate 

s t r eng th .  The bags were moored i n  t h e  harbor  t o  a v o i d  wave d i s tu rbance  

and f o r  s w i f t  d e l i v e r y  o f  t h e  samples t o  t h e  l a b o r a t o r y .  

For each se r i es ,  50 L o f  seawater was c o l l e c t e d  a t  a  p o i n t  2  km f rom 

shore, bought t o  t h e  harbor  and p laced i n  one o f  t h e  bags. Then 0.17 L 

o f  wastewater was added t o  t h e  seawater t o  a t t a i n  a  sewage:seawater d i l u -  

t i o n  r a t i o  o f  1  :300. Th i s  represen ts  an i n i t i a l  p l u s  p a r t i a l  secondary 

d i l u t i o n  t h a t  t h e  sewage would r e c e i v e  when d ischarged f rom t h e  proposed 

o u t f a l l s .  The wastewater used i n  t h e  s t u d i e s  \vas c o l l e c t e d  f rom t h e  

K a i t  Bey pumping s t a t i o n  and f i l t e r e d  through g lass  wool be fo re  be ing 

placed i n  t h e  p l a s t i c  bags. 

A f t e r  adding t h e  wastewater t o  t he  seawater i n  t h e  bags, t h e  con ten ts  

were w e l l  mixed and an i n i t i a l  sample was withdrawn. The rea f t e r ,  sampl ing 

' ~ h u v a l  , Thompson, F a t t a l  , Cymbal i s t a ,  and Wiener, "Na tu ra l  V i r us  I n a c t i  - 
v a t i o n  Processes i n  Sea Water," Journal  San i t a r y  Engineer ing D i v i s i o n ,  
American Soc ie t y  o f  C i v i  1  Engineers , 1971 . 



TABLE 3-33 

BACTERIAL - DATA, SERIES I ,  26-27 JUNE 1978 

Feca 1 
Total  Col i forms Fecal Col i forms Enterococci  S t r ep tococc i  

Sampl e Clock ( a )  Temp (Presumptive)  (Conf i rmed) (Presumptive)  (Confirmed) 
Descr ip t ion  Time O C MPNI100 ml MPN/100 ml !4PN/lCIO ml MPN/100 ml 

Sewage 13:30 - 3.5 x 1012 7 .0  x 10'' 2.4 x l 0 l 3  3 .5  x 1012 

Seawater 14 : 00 27.4 7 .9  x l o2  8 . 0  x lo1 4.9 x l o 2  1.1 x l o2  

Sewage and 14 : 00 27.4 1.1 lo5  1.1 lo5 1.7 x lo6 1.1 x lo6 
Seawater Mixture  

Note: ( a )  Sewage placed i n  seawate r  a t  14:OO. - 



TC.,,tiLE 3-34 

BACTERIAL DATA. SERIES 11. 26-27 JUNE 1978 

Feca 1 
T o t a l  C o l i f o r m s  Fecal  Col i forms E n t e r o c o c c i  S t r e p t o c o c c i  

Sampl e C lock  ( a )  Temp (P resumpt i ve )  (Conf  i rmed) (P resumpt i ve )  (Con f i rmed)  
D e s c r i p t i o n  T i  me O c rlPN/100 m l  !.IPN/100 ml MPN/100 m l  MPN/100 m l  

Sewage 22 : 30 - 2.4 x 1012 2.8 x 10" 2.4 x 1012 1.6 x 10" 

Seawater 23: 00 - 2.4 x l o 5  1.6 x l o 5  2.4 x 1g5 2.25 x l o 4  

Sewage and Sea- 23:OO - 5.4 x l a 5  
w a t e r  M i x t u r e  

Note :  ( a )  Sewage p l a c e d  i n  seawater  a t  23:OO. 



TABLE 3-35 

BACTERIAL DATA. SERIES 111. 27 JUNE 1978 

Fecal 
To ta l  Col i forms Fecal Col i forms Enterococc i  S t rep tococc i  

Samp 1 e Clock Temp (Presumptive) (Conf i rmed) (Presumptive (Conf i rmed) 
D e s c r i p t i o n  T i tile T MPN/100 ml MPN/100 ml MPN/100 ml MPN/100 ml 

Sewage 3:30 - 7.9 x l o 8  7.9 l o 3  1.8 x l o l o  1.7 x l o 9  

Sewage and Sea- 4:00 26.0 7.9 l o 4  
water  M i x t u r e  

Note: ( a )  Sewage p laced i n  seawater a t  4:OO. - 



f o l l o w e d  t h e  schedule shown i n  Tables 3-33 through 3-35. A t  t h e  t ime  o f  

sampling, t h e  con ten ts  o f  t h e  bags were mixed w e l l .  A  100-ml sample was 

taken i n  a  s t e r i l i z e d  b o t t l e  which was then f e r r i e d  t o  t h e  l a b o r a t o r y  

s t a t i o n .  There, i n i t i a l  d i  1  u t i o n s  were prepared f o r  t h e  mu1 ti p l e  fermen- 

t a t i o n  tube  t e s t s .  The t e s t s  were c a r r i e d  o u t  by personnel  from t h e  High 

I n s t i t u t e  o f  P u b l i c  Hea l th ,  U n i v e r s i t y  o f  A lexandr ia .  The procedure i s  

as descr ibed  i n  Appendix F, b u t  w i t h  f i v e  tubes used, r a t h e r  than  t h ree ,  

t o  determine each MPN concen t ra t i on .  

Compared t o  t he  procedures used i n  t h e  f i r s t  s e t  of t e s t s ,  use of t h e  

p l a s t i c  bags i n  t h i s  s e t  removed t h e  u n c e r t a i n t y  of where t o  f i n d  t h e  

sewage sample and what t h e  sewage:seawater d i l u t i o n  r a t i o  i s .  I n  t h e  

f i r s t  s e t  o f  t e s t s  i n  t h e  d ischarge  plume, t h e r e  was always some uncer-  

t a i n t y  about where t o  f i n d  t h e  sewage sample be ing  f o l l owed ,  d e s p i t e  t h e  

use o f  a  drogue o r  o f  dye. Furthermore, t h e r e  was t h e  g r e a t e r  u n c e r t a i n t y  

o f  what t h e  phys i ca l  d i l u t i o n  r a t i o  was a t  any g i ven  t ime.  Use o f  t h e  

bags i n  t h e  26-27 June t e s t s  removed these u n c e r t a i n t i e s ,  a t  t h e  expense 

o f  a l t e r i n g  c o n d i t i o n s  of t u rbu lence  and d i f f u s i o n  found i n  t h e  open-sea 

plume. By keeping t h e  bags of seawater i n  t h e  harbor  r a t h e r  than, say, 

i n  t h e  l a b o r a t o r y ,  one d i d  m a i n t a i n  c o n d i t i o n s  o f  s o l a r  r a d i a t i o n ,  temp- 

e ra tu re ,  and some t u r b u l e n t  a g i t a t i o n  t y p i c a l  o f  open-sea c o n d i t i o n s .  

To b e t t e r  s imu la te  r e c e i v i n g  wate r  a t  t h e  proposed d ischarge  p o i n t s  o f f -  

shore, d i l u t i o n  wa te r  was c o l l e c t e d  n o t  from t h e  harbor  w i t h  i t s  h i g h  

b a c t e r i a l  concen t ra t i ons  and o the rw i se  poor water  q u a l i t y ,  b u t  f rom a  

p o i n t  2 km o f fshore .  However, wa te r  temperatures i n  t h e  upper 1  m were 

n e a r l y  t h e  same i n  t h e  harbor  and 2 km o f f s h o r e .  Furthermore, i t  was 

judged t h a t  t h e  t u r b i d i t y  of t h e  harbor  water ,  w h i l e  g r e a t e r  than  o f f -  

shore, was such i n  t h e  upper 1  m  t h a t  t h e  s o l a r  r a d i a t i o n  o b l i q u e l y  i n c i -  

dent  on t h e  bags would n o t  be much l e s s  i n  t h e  harbor  than o f f s h o r e .  

I n t e r p r e t a t i o n .  F i r s t ,  one may make t h e  s imple observa t ions  t h a t  f e c a l  

c o l i f o r m  counts  i n  a  1:300 sewage:seawater m i x t u r e  f e l l  below 100/100 mL 

a f t e r  16 hours i n  Ser ies  I; a f t e r  9 hours i n  Ser ies  11; and a f t e r  8 hours 

i n  Ser ies  111. For  d i l u t i o n s  o f  t h e  o r d e r  o f  300, then  t h e  r e q u i r e d  



decay p e r i o d  w i l l  be o f  t h e  o r d e r  o f  10 t o  20 hours t o  b r i n g  f e c a l  c o l  i- 

form concen t ra t i ons  down t o  t h e  c r i t e r i o n  l e v e l  o f  100/100 mL n o t  exceeded 

50 percen t  o f  t h e  t ime,  as presented i n  Chapter 4. 

A more s o p h i s t i c a t e d  s tudy  o f  t h e  da ta  proceeds as f o l l o w s :  

1. As w i t h  t h e  s e t  o f  dayt ime t e s t s ,  one may p l o t  t h e  b a c t e r i a l  

concen t ra t i ons  a g a i n s t  t ime  on semi - logar i  thmic  paper, and 

determine a  Tgo va lue  f rom t h e  s l ope  o f  t h e  r e s u l t i n g  curve.  

2. However, i t  i s  n o t  expected t h a t  one Tgo va lue  w i l l  app l y  t o  

a l l  hours o f  t h e  t e s t ;  one expects,  r a t h e r ,  a  dayt ime TgO o f  

about 1.5 hours, a  n i g h t t i m e  Tgo o f  about  40 hours,  and i n t e r -  

mediate  va lues a t  t w i l i g h t .  Such a  d i u r n a l  d i s t r i b u t i o n  o f  

TgO va lues  i s  g i v e n  i n  Column A, Table  5-2, Chapter 5. 

3. Each TgO va lue  may be represen ted  by a  l i n e  o f  p a r t i c u l a r  s l o p e  

on a  p l o t  o f  l o g a r i t h m  o f  b a c t e r i a  c o n c e n t r a t i o n  versus t ime .  

On F i g u r e  3-23, l i n e s  o f  a p p r o p r i a t e  s l ope  d i c t a t e d  by TgO 

va lues presented i n  Tab le  5-2, Column A, have been p l o t t e d  f o r  

each hour  o f  t h e  day, and j o i n e d  end-to-end t o  i n d i c a t e  a  

cumu la t i ve  decay f u n c t i o n .  

4. On t h e  decay- func t ion  curve,  t h e  o r d i n a t e  va lue  i s  a r b i t r a r i l y  

s e t  a t  u n i t y  a t  t ime  12:00 hours (noon).  (For  t h e  moment, 

abso lu te  va lues o f  concen t ra t i ons  a r e  n o t  impo r tan t ,  o n l y  

r a t i o s  o f  concen t ra t i ons  a t  d i f f e r e n t  t imes. )  The curve  may 

now be used t o  answer such ques t ions  as :  i f  c o n c e n t r a t i o n  i s  
6  10 / I 0 0  mL a t  14:OO one day, what w i l l  be t h e  c o n c e n t r a t i o n  a t  

06:OO t h e  nex t  morning accord ing  t o  t h e  curve? A t  14:00, t h e  

c u r v e ' s  o r d i n a t e  va l ue  i s  4.6 x  a t  06:OO t h e  n e x t  morning, 

t h e  va lue  i s  7.8 x  t h e  r a t i o  o f  concen t ra t i ons  i s  1.7 x  
6 t h i s  t imes t h e  i n i t i a l  concen t ra t i on  o f  10 1100 mL g i ves  

1700/100 mL. 

5. How w e l l  i s  t h e  p o s t u l a t e d  decay f u n c t i o n  shown on F igu re  3-23 

suppor ted by t h e  t e s t  data? For  comparison, t h e  f e c a l  c o l i f o r m  

data g i v e n  i n  Tables 3-33, 3-34, and 3-35 a r e  p l o t t e d  on 

F i g u r e  3-23, w i t h  a l l  va lues f o r  a t e s t  m u l t i p l i e d  by a  common 

f a c t o r  so as t o  p u t  t h e  f i r s t  p o i n t  f o r  each t e s t  on to  t h e  



p o s t u l a t e d  cu rve .  The d a t a  suppor t  t h e  decay f u n c t i o n  t o  t h e  

e x t e n t  t h a t  da ta  p o i n t s  a f t e r  t h e  f i r s t  p o i n t  i n  a  t e s t  remain 

near  t h e  p o s t u l a t e d  decay f u n c t i o n  cu rve .  

6. Over t h e  course o f  t h e  t e s t s ,  S e r i e s  I and S e r i e s  I 1 1  show 

f a i r l y  good u l t i m a t e  agreement w i t h  t h e  decay f u n c t i o n ,  which 

i s  t o  say t h a t  t h e  l a s t  p o i n t s  l i e  n o t  f a r  a t  a l l  f r o m  t h e  

f u n c t i o n  curve.  S e r i e s  I1  shows a  more r a p i d  decay than  i s  

p r e d i c t e d  by t h e  cu rve .  

These t e s t s  were t o o  few i n  number t o  s u b s t a n t i a l l y  c o n f i r m  o r  deny t h e  

v a l i d i t y  o f  t h e  p o s t u l a t e d  decay f u n c t i o n ,  b u t  t h e y  do suggest  t h a t  t h e  

decay f u n c t i o n  has a t  l e a s t  approx imate v a l i d i t y .  C e r t a i n l y ,  t h e y  con- 

f i r m  t h a t  10 t o  20 hours a r e  needed f o r  decay th rough  3  t o  4  l o g  c y c l e s  

o f  c o n c e n t r a t i o n ,  as p o s t u l a t e d  i n  Columns E  and F  o f  Tab le  5-2. 

Discharge Concen t ra t ions  i n  t h e  E f f l  u e n t  

Tab le  3-36 c o n t a i n s  b a c t e r i a l  c o n c e n t r a t i o n s  i n  samples taken  d i r e c t l y  

f rom t h e  sewers, most o f t e n  a t  K a i t  Bey Pump S t a t i o n ,  b u t  a l s o  a t  Saray 

Pump S t a t i o n  ( S i d i  B i s h r ) ,  Eas t  Treatment P l a n t ,  and I n d u s t r i e s  Pump S ta -  

t i o n .  For  each o f  t h e  f o u r  t ypes  o f  t e s t ,  t h e  c o n c e n t r a t i o n s  range o v e r  

severa l  o r d e r s  o f  magni tude. Log mean va lues  a r e  shown; t h e  v a l u e  f o r  
9 f e c a l  c o l i f o r m s  i s  3.4 x  10 / I 0 0  mL. 

Table  3-37 c o n t a i n s  b a c t e r i a l  c o n c e n t r a t i o n s  i n  sewage-seawater m i x t u r e s  

immediate ly  a f t e r  m ix ing ,  m u l t i p l i e d  by t h e  known o r  es t ima ted  d i l u t i o n  

r a t i o .  Any sys temat i c  d i f f e r e n c e s  between these  va lues  and those i n  

Table  3-36 may be a t t r i b u t e d  n o t  t o  p h y s i c a l  d i l u t i o n  and n o t  t o  decay 

w i t h  t h e  passage o f  t ime,  b u t  t o  whatever p h y s i c a l ,  chemica l ,  o r  b i o l o -  

g i c a l  e f f e c t s  t h e  immediate m i x i n g  w i t h  seawater may have on t h e  sewage. 
8 Log mean va lues  a r e  shown; t h e  va lue  f o r  f e c a l  c o l i f o r m s  i s  2.2 x  10 / 

100 mL. 

9 For  des ign purposes, a  v a l u e  o f  1  x  10 / I 0 0  mL i s  chosen as t h e  nominal 

c o n c e n t r a t i o n  o f  f e c a l  c o l i f o r m  b a c t e r i a  i n  sewage b e i n g  d ischarged.  

T h i s  v a l u e  i s  c l o s e  t o  t h e  geometr ic  average o f  t h e  average va lues  shown 

i n  Tables 3-36 and 3-37. 



TABLE 3-36 

T o t a l  Feca l  T o t a l  Feca l  
Sampl i ng Col i f o r m s ,  Col i forms, En te rococc i ,  En te rococc i ,  
L o c a t i o n  Da te  Presumpt ive  Conf i rmed Presumpt ive  Conf i rmed 

K a i t  Bey Pump 28 Sep 77 2.4 X 101° 1.1 X 101° 1.1 X 10'' 4 .6 X 101° 
S t a t i o n  2.4 X 10'' 4.6 X l o l o  2.4 X 10'' 2.4 X 10" 

2.4 X 10" 1.1 X 10'' 2.4 X 10" 2.4 X 10'' 

26 Nov 77 2.4 X 10'' 2.4 X 10" 2.4 X 101° 2.4 X 10'' 

17 Jun 78 9.4 X l o 8  1.1 X l o 8  2.2 X 10'' 2.2 X l o1 '  
1 .4  x l o 9  3.3 x l o 8  3.5 x 1011 2.4 X 10'' 

26 Jun 78(b) 3.5 X 1012 7.0 X 10'' 2.4 X 1013 3.5 X 1012 

2 . 4 X 1 0 1 2  2 . 8 X 1 0 ~ ~  2 . 4 X 1 0 1 3  1 . 6 X 1 0 ~ ~  

I n f l u e n t ,  Eas t  17 Jun 78 1.7 X l o 8  1.3 X l o 8  3.3 X 10' 2.6 x l o 9  
Treatment  P l a n t  5.4 x l o 8  2.2 x l o 8  3 .5  x l o 9  2.6 x l o 9  

O u t f a l l ,  I ndus -  17 Jun 78  1.7 X l o 9  1.3 X l o 9  7 .0  X 101° 1.7 X 10'' 
t r i e s  Pump S ta -  
t i o n  

5.4 x l o 9  5.4 x l o 9  1.4 x l o l l  7 .0  X l o l o  

S a r a y P u m p S t a -  1 7 J u n 7 8  3 . 5 X 1 0 8  l . l X 1 0 8  2 . 8 X 1 0 9  2.2 x l o 9  
t i o n ,  S i d i  B i s h r  5.4 x l o 8  1.1 x l o 8  1.8 x l o 9  1.4 x l o 9  

Log Mean Values ( C  > 9 .6 X l o 9  3.4 X l o 9  7.9 X 1 0 l 0  4.2 X 10'' 

( a ) ~ n a l y s i s  was by t h e  M u l t i p l e  Tube Fermen ta t i on  Procedure. Three t u b e s  
were used i n  1977 t e s t s ;  f i v e  tubes  were used i n  t h e  1978 t e s t s .  R e s u l t s  
a r e  r e p o r t e d  as MPN p e r  100  mL. 

( b ) ~ a m p l e s  f o r  26 June 1978 were f i l t e r e d  th rough  g l a s s  wool .  

( C ) " ~ r e a t e r  t han"  ( "  > " )  symbols were n e g l e c t e d  i n  comput ing l o g  mean v a l u e s .  



TABLE 3-37 

BACTERIAL CONCENTRATIONS I N  SEWAGE FRESHLY 

MIXED WITH SEA WATER(^) 

Es t ima ted  T o t a l  Feca 1 T o t a l  Feca l  
Date, D i l u t i o n  C o l i f o r m s ,  Co l i fo rms,  En te rococc i ,  En te rococc i ,  

S e r i e s  F a c t o r  Presumpt ive  Conf i rmed Presumpt ive  Conf i rmed 

5 September 1977 

S e r i e s  I 10 4.6 x l o 9  4.6 x l o 9  4.6 x l o 7  4.6 x l o 9  
S e r i e s  I 1  1 0  4.6 x l o 7  1.1 x l o 7  1.1 x l o 8  1.1 X l o 8  

28 September 1977 10 2.4 X 108 2.4 X l o 8  1.5 X l o 8  7.5 x l o 7  
26 November 1977 10 2.4 X 1 0 l o  2.4 X 1o1o 1.5 X 10" 1 .5  X 10" 

26/27 June 1 9 7 8 ( ~ )  

S e r i e s  I 300 3.3 x l o 7  3.3 x l o 7  5.1 X l o 8  3.3 X l o 8  
S e r i e s  I 1  300 1 .6  X l o 8  1 .5  X l o 8  1 .6  X l o 8  5.1 x 107 

S e r i e s  I 1 1  300 2.4 x l o 7  1 .5  x l o 7  4.2 x l o 7  1 .5  x 107 

Log Mean Values 2.9 X l o 8  2.2 X l o 8  3.3 X l o 8  3.9 X l o 8  

( a ) ~ a l u e s  a r e  t a k e n  frm Tables  3-30 t h r o u g h  3-35 and have been m u l t i p l i e d  
by t h e  e s t i m a t e d  d i l u t i o n  f a c t o r .  

(b)On 26 June 1978, sewage was f i l  t e r e d  t h r o u g h  g l a s s  wool b e f o r e  b e i n g  
mixed w i t h  t h e  seawater .  



3.3 S a m ~ l i n q  f o r  Water and Sediment O u a l i t v  

Several  s e r i e s  o f  wa te r  samples were taken  f o r  wa te r  q u a l i t y  a n a l y s i s .  

Sediment samples were taken f o r  heavy meta ls  a n a l y s i s .  Sampling l o c a t i o n s  

a r e  shown on F i g u r e  3-3. 

F o r  w a t e r  samples, t h e  sampl ing procedure was t o  t a k e  wa te r  f rom one o r  

more depths a t  each l o c a t i o n  w i t h  a  Kemmerer sampler, and s t o r e  t h e  samples 

i n  shaded, i c e d  p l a s t i c  j a r s  o r  j e r r y c a n s  1.1nt i l  t h e y  c o u l d  be d e l i v e r e d  

l a t e r  i n  t h e  same day t o  t h e  High I n s t i t u t e  o f  P u b l i c  H e a l t h  Labora to ry ,  

which performed t h e  ana lyses r e p o r t e d  i n  Tables 3-38, 3-40, 3-41, 3-42 and 

3-43. Sediment samples o b t a i n e d  on 13 October 1977 were taken  w i t h  a  s t e e l  

g rab  sampler coa ted  w i t h  epoxy p a i n t  t o  p r e v e n t  c o n t a m i n a t i o n  o f  t h e  sample 

by t h e  s t e e l .  On 13 January 1978, t h i s  salvpler was i n o p e r a t i v e ,  and samples 

were taken  w i t h  a  z inc -coa ted  i r o n  g rab  sampler.  The heavy meta ls  ana lyses  

o f  these  sediment samples i s  r e p o r t e d  i n  Tables 3-39 and 3-44. The heavy 

m e t a l s  ana lyses were performed i n  CDM's Boston l a b o r a t o r y .  

P a r t i c l e  s i z e  ana lyses o f  these  samples a r e  presented i n  t h e  n e x t  s e c t i o n ,  

on Geophysical S tud ies .  

The r e s u l t s  presented i n  t h i s  s e c t i o n  a r e  d iscussed b r i e f l y  by broad 

geographica l  area.  

Near An fush i ;  Western Harbor; Mex B i g h t  

Analyses o f  wa te r  samples o b t a i n e d  on 13 October 1977 a r e  p resen ted  i n  Tab le  

3-38. I n  a d d i t i o n ,  w a t e r  samples f rom these  areas taken  on 13 January 1978, 

were t e s t e d  a t  t h e  F a c u l t y  o f  A q r i c u l t u r e ,  U n i v e r s i t y  o f  A lexandr ia ,  f o r  t h e  

p e s t i c i d e s  a l d r i n ,  l i n d a n e ,  d i e l d r i n ,  e n d r i n ,  DDE and DDT; no c o n c e n t r a t i o n s  

o f  these  compounds were found i n  any sample. The l a b o r a t o r y  r e p o r t s  on 

p e s t i c i d e s  a n a l y s i s  i s  a v a i l a b l e  i n  Unpubl ished Memorandum No. 2. 



TABLE 3-38 

ANALYSES OF SEAWATER SAMPLES FROM WATERS NEAR ANFUSHI, WESTERN HARBOR, AI iD MEX BIGHT 

Depth C 1 
GOD5 N02 NH3 A1 bumi no i  d-N PO -P 

( b )  (911) 
4 

~ o c a t  i o n / ~ a t e ( ~ )  (m) pH T u r b i d i t y  (mg/l> (mg/l> (mg/ l )  (mg/l> (mg/ 1 ) 

Sta. 1, 13 Oct.77 Surface 8.2 5 21.7 0.7 0.02 0.09 0.08 
L 10.0 8.2 N i l  22.1 0.9 N i  1 0.09 0.20 
0 

0.04 
-3 20.0 8.3 5 22.0 1.2 0.08 0.15 0.04 
a 
E 

Sta. 2 
0 - 
El- 
x ru 

Ic 
R t' 

I =Sta. 3 - 0 
t 
.r 

c 
C, 
.I- 

Sta. 4 
W 
I 
V 

P E L  
w 0 
Z e S t a .  5 
w ru 
3I 

t' 
c 

X t. 
.gegSta. 6 

I1 Surface 
8.5 

17.0 

I  I  Surface 
8.0 

15.5 

I  I  Surface 
5.0 

10.5 

I  I  Surface 
6.0 

12.0 

It Surface 
6.0 

12.0 

5 
N i l  

5 

N i l  
N i l  
N i l  

N i l  
N i 1 
N i l  

2 5 
5 

N i l  

10 
N i 1 

5 

0.02 
0.02 
0.08 

0.08 
0.02 
0.03 

0.11 
0.02 
N i l  

0.11 
0.05 
0.02 

I4i 1 
i d  i 1 
ri i 1 

N i l  
0.30 0.04 

N i  1 

0.08 
0.35 N i l  

0.04 

0.08 
0.20 N i l  

N i  1 

Notes: ( a )  See F ig .  3-3. 

(b) Standard t u r b i d i t y  un i t s .  



Heavy meta ls  analyses o f  sediments f rom t h i s  area a r e  shown i n  Table 3-39. 

Sample 5 on 13 October, a  muddy sand from the  bot tom o f  t h e  Western Harbor, 

proved t o  have h igh  concent ra t ions  o f  chromium, copper, i r o n ,  mercury, 

manganese, n i c k e l ,  l ead  and z i n c .  Sample 1  on 13 October was h i g h  i n  

l ead  and Sample 2  on 13 October was h igh  i n  mercury; bo th  samples were 

sands ob ta ined  a t  s t a t i o n s  nor thwest  o f  t h e  en t rance  t o  t he  Eastern Harbor 

w i t h i n  2  km of  t h e  K a i t  Bey o u t f a l l  and ma jo r  sewer over f lows  a t  Eastern 

Harbor and S- i l  s i l a .  Sample 4  on 13 January 1978 was taken very  c l o s e  t o  

t h e  M i s r  Chemical Co. d ischarge a t  Mex, which i s  r epo r ted  t o  have a  h i g h  

mercury con ten t .  Th i s  sample proved t o  have a  mercury con ten t  o f  2.1 

mg/kg, g r e a t e r  than o t h e r  samples i n  t h e  Mex B igh t ,  b u t  l e s s  than i n d i -  

cated f o r  Sample 2  ( o f f  An fush i )  and Sample 5  (Western Harbor) on 

13 October. The sediment samples were g e n e r a l l y  sandy, except f o r  Sam- 

p l e  4  on 13 October, which was a  lump o f  rock. 

K a i t  Bey and Ramleh Alignments, 4  t o  13 km f rom Shore 

Analyses a r e  presented i n  Table 3-40 f o r  water  samples taken 27 A p r i l  and 

i n  Table 3-41 f o r  water  samples taken on 2 and 3 May 1978. S i x  s t a t i o n s  

were v i s i t e d  on 27 A p r i l ;  t h e  same s i x  s t a t i o n s  were r e v i s i t e d  on 2  and 3  

May (see F igu re  3-3). A lso  inc luded  i n  Table 3-41 a r e  the  analyses o f  a  

sample taken from sur face  waters 2 km o f f  Anfushi  on 28 June 1978. 

On 6 January, water samples were taken a t  p lank ton  sampl ing s t a t i o n  No. 3  

o f f  K a i t  Bey f o r  p e s t i c i d e s  ana l ys i s .  As before, no p e s t i c i d e s  were 

detected. 

Abu K i r  Bay 

Water samples were taken on 16 May 1978 from near t he  su r f ace  and near  

t h e  bottom a t  t h e  t h r e e  p lank ton  sampling s t a t i o n s  i n  Abu K i r  Bay. 

Resu l ts  o f  analyses a re  repo r ted  on F igure  3-42. S t a t i o n  1  was i n  t he  

e f f l u e n t  plume from t h e  Tabia pump s t a t i o n ;  t he  sur face  sample shows 

e leva ted  t u r b i d i t y ,  BOD and KMn04 l e v e l s .  The c h l o r i d e  concen t ra t i on  

t h e r e  i s  about 15 percen t  l e s s  than elsewhere i n  t h e  Bay, i r r ~p l y i ng  t h a t  

the  Tabia d ischarge has been d i l u t e d  t o  a  r a t i o  of 5 o r  6  t o  1  w i t h  sea- 

water  a t  t he  p o i n t  o f  sampling. 



TABLE 3-39 

TOTAL METALS  CONTENT(^) OF SEA S E ~ I M E Y T  SAMPLES, 
A IU~JSHT.~EX%~C~T.  WESTERY HARB09 

S t a t i o n  No. ( b )  Cadmium Chromi urn Copper I r o n  t lercury  Manganese N i cke l  Lead Z inc  
and Date as Cd as C r  as Cu as Fe as 11g as Mn as N i  as Pb as Zn 

E 
A- - 1 13 October 1977 
cu m 4.0 7 .5  6.0 1250 0.10 8 1 1 .0  13 8 . 0  

1 %  2 I I 

7 .w 3.5 7 .0  13.0 880 4.1  8 9 2.0 6 11.0  
3 3 I I 

c o  2.5 8 .0  40.0 1450 1 .2  110 6.0  7 48.0 
;% 4 ( c )  

I I 6.0 5 .5  16.0 890 0.35 140 29.0 3 53.0 
G O 5  I I 

-7 
3.5 83 .0  61.0 7050 3.2 200 16 .0  240 170.0 

6 ( d )  I I 3.5 8 .0  7 .0  1050 0.40 110 4.0  3 18.0  

1 13 January 1978 3.5 8 .0  24.0 1850 0.45 120 3.5  < I  81.0  
.w 1 A  I I 

L 3.0 7.4 10.0 1700 0.10 6 7 2.5 <1 21.0 
c-, 2 I I 

w -7 
3.5 5.0 7.0 620 < 0.05 5 1 1.5 7 4 .0  

I I 3.0 8.5 8.0 1550 0.65 160 6.0 11 16.0 , 4 ( e l  I 1  2.5 7.0 11.0 700 2 .1  7 6 1.5 3 12.0 
5 I I 3.5 7.0 5.0 580 1 . 4  6 2 4 .5  4 15.0  
6 I I 3.5 7.5 5.5 650 0.20 6 1 4.0 < 1 16.0 

Note: (a )  rnglkg d r y  bas i s  
( b )  See Fiq.  3-3. 
( c  ) western Harbor 
( d )  Mex B i g h t  
( e )  M i s r  Chemical Co. 



TABLE 3-40 

ANALYSES OF SEAWATER SAMPLES FROM KAlT BEY AND RAMLEH ALIGNMENTS 
27 APRIL 1978 

Depth N ~ ~ )  N ti3') Albuminoid-N (b) PO4 P 
Location (a ) (m) (mg/l) (mg/l) (mg/l) (md l )  

2 
0 
2z 
VI 

Sta. 2 5 .0036 
Bottom - 55 .0062 

5 
L rc 

E 

Notes: (a) See Fig. 3-3. 

Sta. 3 

Sta. 4 

W - 
4 u" 2 

0 

(b) A l l  nitrogen forms expressed as N. 

Sta. 5 5 .0033 
Bottom - 55 .0030 



TABLE 3-41 

ANALYSES OF SEAWATER SAMPLES FROM KAlT BEY AND RAMLEH ALIGNMENTS 
2 A N D  3 M A Y  1978, A N D  28 JUNE 1978 

C I BOD5 KMn04 ~ 4 " )  N H ~ " )  Albuminoid-N (c) P O ~ P  Depth 
Loco tion (a ) (m ) pH ~ u r b i d i  tyb) (mg/l) (mg/l) (mg/l as 0) (mg/l) (mg/l) (mg/l) (mg/l) 

Sta. 2 5 7.9 2 21,750 <1 < 1 .0024 0.06 0.06 0.12 
Bottom - 55 7.9 1 21,800 <1 < 1 ,0030 0.06 0.06 0.14 

Sta. 3 5 7.9 2 21,750 <1 < 1 .0024 0.06 0.06 0.20 

Sta. 4 5 7.9 3 21,700 <1 < 1 .0015 0.06 0.06 0.20 

Sta. 5 5 7.9 3 21,750 <1 <1 .0033 0.27 0.05 0.20 
Bottom - 55 8 .O 4 21,750 <1 < 1 .0030 0.04 0.04 0.20 

28 June 1978 (d ) 7.9 10 19,500 1 .O 1.6 .0286 0.12 0.12 0.35 

Notes: (a) See Fig. 3-3. A l l  samples but last on 2 and 3 May. 

(b) Standard turbidity units. 

(c) A l l  nitrogen forms expressed as N. 

(d) Surface sample taken 2 km N W  of  Eastern Harbor entrance. 



TABLE 3-42 

ANALYSES OF SEAWATER SAMPLES FROM ABU KIR BAY - 16 MAY 1978 

Depth C I B 0  D5 KMn O4 ~ 9 " )  ' ~3 " )  Albuminoid-N (c) P O ~ P  
Loco tion (a ) (m) o H ~ u r b i d i  ty@) (mg /I) (mg /I) (mg4 as 0) (mg/1) (713/0 ( T I  /I) ( ~ g  /I) 

Sto. 1 Surface 7.7 2 8 1 7,900 4 2 7 .0154 0.40 0.50 0.07 

Bottom - 5 7.9 11 20,700 <1 < 1 ,005 2 0.03 0.08 0.10 

Sta. 2 Surface 8 .O 6 21,200 <1 < 1 .0046 0.04 0.07 0.07 

Bottom - 10 8.0 6 21,400 <1 < 1 .0052 0.04 0.07 0.15 

0 
. I 

U 
Sta. 3 Surface 8.1 6 20,500 <1 < 1 .0055 0.04 0 .Ot, 0.10 

Bottom - 7 8.1 5 20,500 <1 < 1 .005 8 0.05 0.06 0.12 

Notes: (a) See Fig. 3-3. 

(b) Standard turbidity units. 

(c) A l l  nitrogen forms expressed as N. 



Lake Maryut  

On 22 October 1977, samples o f  wa te r  and bot tom sediments f rom Lake Maryut  

were o b t a i n e d  a t  t h e  s t a t i o n s  shown on F i g u r e  3-3. Water samples were taken  

f r o m  one dep th  o n l y .  R e s u l t s  o f  wa te r  q u a l i t y  ana lyses a r e  p resen ted  i n  

Table  3-43, accompanied by observa t ions  made a t  t h e  t i m e  o f  sampl ing.  

Analyses o f  meta ls  c o n t e n t  o f  t h e  sediments a r e  presented i n  Table  3-43, 

accompanied by o b s e r v a t i o n s  made a t  t h e  t i m e  o f  sampl ing.  Analyses o f  

m e t a l s  c o n t e n t  o f  t h e  sediments a r e  p resen ted  i n  Table  3-44. Sediment 

p a r t i c l e  s i z e  ana lyses a r e  presented i n  S e c t i o n  3.5, Geophysical  S tud ies .  

I n  p r e p a r a t i o n  o f  t h e  Environmental  Impact s ta tement1 f o r  t h e  A l e x a n d r i a  

Wastewater Master  P lan Study, a  c o l l e c t i o n  o f  f i s h  was o b t a i n e d  f r o m  t h e  

Lake Maryut  commercial f i s h e r y  on 5  December 1977. T h i s  i n c l u d e d  samples 

o f  T i l a p i a  n i l o t i c a  and - T. g a l i l a e a  and one specimen o f  t h e  c a t f i s h  

C l a r i a s  sp. f rom t h e  eas te rn ,  h e a v i l y  p o l l u t e d  p a r t  o f  t h e  l a k e  (near  

t h e  Gabbary D r a i n )  and t h e  same two spec ies  o f  T i l a p i a  and a  s i n g l e  m u l l e t  

(Mugi l  sp . )  f rom t h e  western ,  r e l a t i v e l y  u n p o l l u t e d  p a r t  o f  t h e  l a k e .  The 

specimens were preserved i n  90 p e r c e n t  e t h y l  a l c o h o l  and subsequent ly  

ana lyzed f o r  heavy meta ls  and o r g a n i c  t r a c e  contaminants .  Analyses 

o f  heavy meta ls  were made f o r  b o t h  niuscle and 1  i v e r  t i s s u e ,  b u t  t h e r e  

was s u f f i c i e n t  m a t e r i a l  f o r  o n l y  muscle t i s s u e  ana lyses f o r  t h e  o r g a n i c  

compounds. 

Samples f o r  heavy meta ls  ana lyses were d r i e d  t o  c o n s t a n t  we igh t  a t  1500C, 

ashed a t  550°C, and d i g e s t e d  w i t h  n i t r i c  a c i d .  Analyses were done by f l ame 

atomic  a b s o r p t i o n  w i t h  dua l  channel background c o r r e c t i o n .  Very low 

( t r a c e )  q u a n t i t i e s  were determined u s i n g  a  g r a p h i t e  tube  a t o m i z e r  w i t h  

deuteru im a r c  background c o r r e c t i o n  and method o f  a d d i t i o n s .  Mercury 

was determined u s i n g  c o l d  vapor a tomic  a b s o r p t i o n .  

' D r a f t  I n i t i a l  Environmental  Impact Statement, A l e x a n d r i a  Wastewater Master  

P lan Study, Camp Dresser & McKee I n c . ,  Environmental  P lann ing  D i v i s i o n ,  

A p r i l  1978. 



TABLE 3-43 

ANALYSES OF LAKE MARYUT WATER SAMPLES - 22 OCTOBER 1977 

Electric 

Conduc- 

Sta. t i v i t y  x CI 'ODs COD oil N4 P04P 

No .  ~ o c a t i o n ( ~ )  p H  100 Turbidity (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) Remarks 

1 Near Industries Pump Station 7.0 30 980 1040 120 450 8.0 Nil 1 .6 Water brown and opaque wi th  black 
Discharge, 150 m from Shore floating sludge. Bottom i s  deep ooze. 

2 Near Ghe i t  o f  Enab Discharge, 7.1 25 630 ,740 92 250 4.2 0.08 11.0 Flock o f  whi te egrets. Bubbles 
100 m from Shore rising from bottom. Many swallows 

darting among reeds. 

3 Near Center o f  k b i n  Basin 8.3 29 400 950 35 185 34.0 0.15 1.8 Water very green, but not bubbling. 
2 m deepth; grey mud, less oozy. 
Worm tubes. 

4 Near Gabbary Discharge 7.4 36 80 1190 34 135 8.2 0.15 0.7 Pole easily driven 60 cm into mud. 

5 Near Southern Corner o f  Main  Basin 7.9 29.5 330 940 47 200 7.0 0.15 2.3 Heavy growth o f  grasses a t  sampling 

W 
site. Water flows into main basin 

I from Umum drain here. 
03 

6 E l  Umum Drain a t  Cairo Highway 7.8 46 90 1510 16 135 7.0 0.08 Nil - 
7 Noubaria Canal a t  Cairo Highway 8.0 45 45 1550 36 125 5.8 Nil Nil Fishermen taking 10 cm long 

Tilapia from canal a t  Umum drain 
siphon under canal. 

8 Fish Farm Basin 8.0 59 70 2020 29 125 Nil Nil Nil Large floating rafts of water 
hyacinths. 

9 Main  Basin a t  Kalaa Drain Discharge 7.2 25 115 800 63 200 9.4 0.15 3.0 Large f loat ing rafts of water 
hyacinths. 

Note:  (a) See Fig. 3-3. - 



TABLE 3-44 

TOTAL METALS CONTENT OF LAKE MRYUT SEDIMENTda-) 22 OCTOBER 1977 

Sta .  
( b )  

Cadmium Chromium Copper I r o n  Mercury  Manganese N i c k e l  Lead Z i n c  
No. L o c a t i o n  as Cd as  C r  as Cu a s F e  a s H g  as Mn as N i  as  Pb as  Zn 

1 Near I n d u s t r i e s  Pump S t a t i o n  4.5 54 220 26 000 1.3 56 0 7 4 110 1 850 
Discharge,  150 m f rom Shore 

2 Near G h e i t  e l  Enab Discharge,  3.5 7 9 160 24 000 0.75 7 60 6 3 66 1 500 
100 m f r o m  Shore 

3 Near Center  o f  Main Bas in  4.0 110 270 19 000 1.1 460 9 0 160 2 450 

4 Near Gabbary D ischarge 2.5 3 2 110 46 500 0.9Q 6 30 50 150 200 

5 Near Southern  Corner o f  Plain 2.5 38 58 15 000 0.35 690 46 26 450 
U) Bas in  
I 

5 J  
N 6  blain B a s i n  a t  Kalaa D r a i n  2.5 14 78 3 650 0.30 140 33 4 200 

Discharge 

Notes:  ( a )  A l l  u n i t s  a r e  rng/ka d r y  b a s i s .  

( b )  See F i g .  3-3. 



Samples f o r  o rgan i c  t r a c e  contaminants were e x t r a c t e d  and analyzed by 

g a s - l i q u i d  chromatography u s i n g  American Assoc ia t i on  o f  A n a l y t i c a l  

Chemists (AOAC) method01 ogy. 

The r e s u l t s ,  which r ep resen t  s i n g l e  analyses o f  o n l y  one specimen i n  

each ca tegory ,  a r e  shown i n  Table 3-45. No d e t e c t a b l e  concen t ra t i ons  o f  

p e s t i c i d e s  ( e i g h t  compounds) were found. Very 1  ow concen t ra t i ons  (ca.  

1  ppm) of  d i b u t y l  ph tha la te ,  a  p l a s t i c i z e r  used i n  t h e  s o l v e n t  i n d u s t r y ,  

were found; b u t  these were no t  n o t a b l y  h i g h e r  i n  t h e  f i s h  f r om  t h e  h e a v i l y  

p o l l u t e d  area than  i n  those  from t h e  u n p o l l u t e d  end o f  t h e  l ake .  

3.4 B i o l o a i c a l  S tud ies  

Scope 

B i o l o q i c a l  s t u d i e s  conducted between August 1977 and J u l y  1978 i nc l uded  

p lank ton  tows, sampl ing f o r  ben th i c  abundance and biomass, f i s h  market 

surveys, and a  s h o r t  s t udy  o f  f o u l i n g  organisms. The p l ank ton  sampl ing,  

complementing e a r l i e r  s t u d i e s  by El-Maghraby and ~ a l i m l  and Dowidar and 

E l - ~ a ~ h a r b ~ ~ ,  w i l l  enable  p resen t  p l ank ton  abundance t o  be compared w i t h  

pas t  and f u t u r e  abundance f o r  an h i s t o r i c a l  t rend .  The s tudy  o f  f o u l i n g  

organisms complemented t h e  p l ank ton  s tudy .  The sampl ing of benthos i n d i -  

ca ted  t h e  r e l a t i v e  r i chness  of each area,  as i n d i c a t e d  by organisms more 

s t a t i o n a r y  and l o n g e r - l i v e d  than  p lank ton ,  and thus  presented something 

o f  a  " t ime-average"  o f  c o n d i t i o n s  i n  each area. The f i s h  market survey 

i n d i c a t e d  t h e  s i z e  and c h a r a c t e r i s t i c s  o f  t h e  commercial mar ine  f i s h e r y  

i n  t h e  A lexandr ia  area. 

1 El-Maghraby, A.M., and Halim, Y . ,  "A Q u a n t i t a t i v e  and Q u a l i t a t i v e  Study o f  
t h e  P lankton of A lexandr ia  Waters ," Hyd rob io l og ia  25 (1 -2 ) ,  pp 221-238, 1965. 

2 ~ o w i d a r ,  N.M., and El-Maghraby, A.M. , "The N e r i t i  c  Zooplankton o f  t h e  South- 
eas te rn  Medi ter ranean a t  A lexandr ia , "  Par ts  I and 11, B u l l .  I n s t .  Oceangr. F i sh .  
A.R.E. , - 1, pp 225-3039 1970. 



TABLE 3-45 

CONCENTRATIONS OF TRACE CONTAMlllANTS IN  FISll  FROM LAKE FlARYUT ( a )  

L. Maryut  (Eas t  ~ n d )  

T i 1  a p i a  n i  l o t i c a  

I4uscl e 0.07 0.02 1.75 9.55 38.80 0.01 1.40 0.29 48.60 <0.01 1.10 
L i v e r  0.36 0.02 12.40 23.80 314.00 <0.01 1.20 2.10 107.00 - - 

T i l a p i a  ga l  i l a e a  

Muscl e 0.25 0.07 1.24 9.50 29.80 0.01 0.45 0.12 52.10 <0.01 
L  i v e r  0.64 0.50 9.02 26.60 356.00 0.02 1.00 1.15 180.00 - 

w C l a r i a s  sp. 
I 

03 
P 

Muscl e  0.04 0.07 1.83 4.44 21.70 0.02 0.21 0.05 25.00 <0.01 1.42 
L i v e r  4.57 2.10 25.90 47.40 7328.00 0.02 5.20 87.9 216.00 - - 

- 
L. Maryut  (West End) 

T i l a p i a  n i l  o t i c a  

Muscle 
L i v e r  

T i l a p i a  g a l  i l a e a  

Muscle 
L i v e r  

Mug i l  sp. 

Muscle 0.08 0.05 3.49 6.45 58.60 0.04 <0.01 0.21 34.10 <0.01 - 
L i v e r  0.07 0.10 3.69 4.93 419.00 0.14 0.37 0.42 169.00 - - 

Notes:  ( a )  Me ta ls  Concen t ra t i ons  a r e  expressed i n  mg/L d r y  weight ;organ ics  c o n c e n t r a t i o n s  a r e  expressed i n  mg/L wet w t .  
( b )  P e s t i c i d e s  i n c l u d e  DDT, d i e l d r e n ,  toxophone, ma la th ion ,  p a r a t h i o n ,  gu th ion ,  d i a z i n o n ,  and methyl  p a r a t h i o n .  & ( c )  D i b u t y l  p h t h a l a t e .  



Phytop lankton and Zooplankton 

Sampl i ng Procedure.  Three sampl i ng s t a t i o n s  o f f  Anfush i  and t h r e e  

s t a t i o n s  i n  Abu K i r  Bay were v i s i t e d  monthly,  and whenever p o s s i b l e ,  

b imonth ly .  These sampl ing s t a t i o n  l o c a t i o n s  a r e  shown i n  F i g u r e  3-3.  

The Anfush i  s t a t i o n s  were 1-2 km from shore,  5 km and 10 km f rom shore. 

The near-shore s t a t i o n  was g e n e r a l l y  i n  t he  wastewater plume f rom t h e  K a i t  

Bey o u t f a l l  and t h e  Mex Canal ; t h e  su r f ace  wate r  t h e r e  be ing  o f t e n  green 

and somewhat t u r b i d .  Cur ren t  meter imp lan t s  t h e r e  have been observed t o  

suppor t  heavy growths o f  a l gae  and s e s s i l e  fauna, a t  l e a s t  i n  t h e  uDper 

t e n  metres.  A t  t h e  s t a t i o n  10  km f rom shore,  t h e  wa te r  was o f t e n  ve r y  

c l e a r  and b lue ;  c u r r e n t  meter imp lan t s  t h e r e  were g e n e r a l l y  f r e e  o f  f o u l i n g  

growth.  A t  t h e  5 km s t a t i o n ,  t h e  water  was u s u a l l y  c l e a r ,  b u t  occas ion-  

a l l y  somewhat t u r b i d .  

The s t a t i o n s  i n  Abu K i r  Bay were: a  few hundred metres f rom shore near  

E l  Tarh, i n  an area o f t e n  occupied by t h e  d ischarge  plume f rom t h e  Tabia 

pump s t a t i o n ;  a t  a  p o i n t  about 5 km southeast  o f  Nelson I s l a n d ;  and a t  

a  p o i n t  between Nelson I s l a n d  and Abu K i r  v i l l a g e .  

Dur ing t h e  p e r i o d  of August th rough  September, phy top lank ton  samples were 

taken us i ng  a p l ank ton  n e t  hav ing  a d iameter  o f  0.25 m, 1  met re  l o n g  and 

w i t h  a  mesh s i z e  o f  20 per l i n e a r  cm. P, r ev i ew  o f  t h e  procedure and t h e  

da ta  c o l l e c t e d  du r i ng  t h a t  t i m e  showed t h a t  r e p r e s e n t a t i v e  r e s u l t s  were 

n o t  be ing ob ta ined  w i t h  a  phy top lank ton  n e t .  Accord ing ly ,  s i nce  October, 

t h e  f o l l o w i n g  procedure was used. A t  each s t a t i o n ,  800 t o  1000 m l  samples 

were ob ta ined  w i t h  a Kemmerer water  satr~pler f rom j u s t  above t h e  bottom 

and j u s t  below t h e  sur face ,  and f i x e d  w i t h  f o r m a l i n .  I n  t h e  l a b o r a t o r y ,  

each sample was p o u r e d i n t o  a  graduated c y l i n d e r ,  and t h e  s o l i d s  a l lowed 

t o  s e t t l e .  When t h e  organisms had s e t t l e d  i n t o  t h e  lowes t  5r3 o r  100 ml 

o f  t h e  c y l i n d e r ,  t h e  water  above was d iscarded;  t h e  remain ing volume then  

mixed w e l l ,  and samples taken f o r  enumeration i n  a  1  m l  microscope 

coun t i ng  c e l l .  When organism concen t ra t i on  was poor,  an a d d i t i o n a l  

1  m l  sample was drawn and t h e  two r e s u l t s  were averaged t o  g i v e  t h e  c e l l  

coun t  f o r  each species of p lank ton .  



Having ob ta ined  t he  c e l l  count  o r  concen t ra t i on  o f  c e l l s  per  1  m1 of  sample 

the  concen t ra t i on  o f  phytop lankton c e l l  s  ( c e l l  s / l  i t e r )  was determined by 

t h e  f o l l o w i n g  formula:  

c e l  l s / l  m l  x  volume i n  ml o f  s e t t l e d  sample d t o t a l  sample volume ( 1  i t e r s )  

Zooplankton samples were taken w i t h  a  n e t  0.52 m i n  d iameter  a t  t he  mouth, 

2  m long,  and w i t h  a  mesh s i z e  o f  20 per  l i n e a r  cm. Ten-minute h o r i z o n t a l  

t r a w l s ,  w i t h  t h e  ne t  j u s t  beneath t h e  sur face ,  were taken a t  each s t a t i o n ,  

w i t h  a  boat  speed o f  about one m/sec. Where t h e  water  depth was 10 m o r  

more, v e r t i c a l  t r a w l s  were a l s o  taken. Two methods were used. One method 

was t o  weight  the  b r i d l e  o f  t h e  n e t  and lower  t h e  n e t  t o  w i t h i n  a  few 

metres o f  t h e  bottom. The n e t  was then r a i s e d  by hand and brought  on 

deck. The r e s u l t s  were noted as c o u n t s / l i t e r  f o r  a  v e r t i c a l  hau l .  The 

second method, which was used on most samples taken a f t e r  October, was t h e  

ob l i que  zooplankton hau l .  The weighted ne t  was lowered t o  w i t h i n  10 m 

o f  t h e  bottom and then  towed s l o w l y  f o r  two minutes.  The t o w l i n e  was 

shortened by 10 metres and t h e  n e t  was towed aga in  f o r  two minutes. The 

process of  shor ten ing  and t ow ing  was con t inued  f o r  t e n  minutes w i t h  t h e  

f i n a l  tow occu r i ns  a t  t he  surface. For n e a r l y  a l l  zooplankton tows, a  

f low meter was i n s t a l l e d  i n  t h e  mouth o f  t h e  f l o w  n e t  t o  determine t h e  

volume of water  t h a t  en te red  t h e  n e t  d u r i n g  a tow. I n  some e a r l y  t r a w l s ,  

when a f l o w  meter was n o t  y e t  a v a i l a b l e ,  t h e  boat  speed was care full,^ 

measured d u r i n g  towing,  and l a t e r  c o r r e l a t e d  w i t h  f low meter  readings. 

A f t e r  c o l l e c t i o n  i n  the  p lank ton  n e t ,  organisms were washed f rom t h e  i n s i d e  

o f  the  n e t  down i n t o  t h e  c o l l e c t i o n  j a r  a t  t h e  apex o f  t h e  n e t .  The 

con ten ts  were then  t r a n s f e r r e d  t o  a  s torage j a r  and f i x e d  w i t h  f o r m a l i n  

s o l u t i o n .  Samples were taken from the  s torage . j a r  f o r  zooplankton 

c o u n t i n g / c e l l  i d e n t i f i c a t i o n ,  w i t h o u t  f u r t h e r  concen t ra t i on .  An a d d i t i o n a l  

1  m l  sample was drawn fo r  organism enumeration when t h e  organism concentra- 

t i o n  was low. Having ob ta ined  t h e  concen t ra t i on  o f  c e l l s  pe r  1  m l  of sample, 

t he  concen t ra t i on  of zooplankton c e l l s  ( c e l l  s / l  i t e r )  was determined by t h e  

f o l l o w i n g  formula:  

c e l  l s / l  ml x  volume o f  sample + t o t a l  volume o f  seawater (1  i t e r s )  
i n  m l  pass ing through n e t  

where t h e  f low meter readings were used t o  c a l c u l a t e  t h e  volume o f  seawater 

which passed through t he  sampl ing n e t .  



A l l  p l a n k t o n  i d e n t i f i c a t i o n  and c e l l  c o u n t i n g  was done a t  t h e  U n i v e r s i t y  

o f  A l e x a n d r i a ,  F a c u l t y  o f  Sc ience.  C e l l  c o u n t i n q  was accompl ished by  t h e  

s t r i p  c o u n t  method. 

The r e s u l t s  o f  t h e  y e a r - l o n g  p l a n k t o n  sampl ina  program a r e  shown i n  t h e  

t a b l e s  i n  Appendix A.1. These r e s u l t s  a r e  summarized i n  t h e  g r a p h i c a l  

f o r m  i n  F i g u r e s  3-24 t o  3-35 and t a b u l a t e d  i n  Tab les  3-46 and 3-47. 

Phy top lank ton .  A  1  i s t i n g  o f  p h y t o p l a n k t o n  abundance i n  A1 e x a n d r i a  w a t e r s  i s  

summarized i n  Tab le  3-46. P h y t o p l a n k t o n  w e r e s u b j e c t i v e l y  c l a s s i f i e d  as 

abundant o r  most abundant by t h e  U n i v e r s i t y  o f  A l e x a n d r i a .  4s seen i n  t h e  

t a b l e ,  t h e  r e l a t i v e  abundance o f  t h e s e  genera i s  n o t  u n i f o r m  t h r o u g h o u t  t h e  

a rea .  

F i g u r e s  3-24 t h r o u g h  3-29 show t h e  b i m o n t h l y  v a r i a t i o n  i n  t o t a l  c e l l  c o u n t  

f o r  t h e  K a i t  Bey s t a t i o n s  a t  t h e  bo t tom and s u r f a c e .  A t  S t a t i o n  1 ,  f o u r  

p h y t o p l a n k t o n  blooms a r e  e v i d e n t ,  one each i n  November, January ,  March and 

June. The bloom o f  November was t h e  l a r g e s t  o f  a l l  and may be due t o  t h e  

i n c r e a s e  o f  sewage d i s c h a r g e s  d u r i n g  t h i s  p e r i o d .  A  sudden decrease i n  

s u r f a c e  s a l i n i t y  ( t o  35.8 0/00) d u r i n g  November was a1 so e v i d e n t .  The 

s u r f a c e  p h y t o p l a n k t o n  were more numerous t h a n  b o t t o m  p h y t o p l a n k t o n .  

A t  S t a t i o n  2, one bloom o c c u r r e d  a t  t h e  s u r f a c e ,  a  m i n o r  b loom o c c u r r e d  i n  

Februa ry  and a n o t h e r  bloom was i n  June. A t  t h i s  s t a t i o n ,  t h e  g r o w t h  o f  

p h y t o p l a n k t o n  on t h e  bo t tom d i d  n o t  f o l l o w  t h e  same p a t t e r n  as on t h e  

s u r f a c e .  A l s o  t h e  o v e r a l l  numbers o f  p h y t o p l a n k t o n  were l e s s  on t h e  

bo t tom t h a n  a t  t h e  s u r f a c e .  

A t  S t a t i o n  3, two  blooms o c c u r r e d :  t h e  f i r s t  i n  Februa ry ,  and t h e  o t h e r  

i n  A p r i l .  The p h y t o p l a n k t o n  p r o d u c t i o n  a t  t h i s  s t a t i o n  was l e s s  on t h e  

bo t tom t h a n  on t h e  s u r f a c e .  However, t h e  d i f f e r e n c e  was n o t  so  g r e a t  as 

i t  was a t  S t a t i o n s  1  and 2. I t  i s  a l s o  i n t e r e s t i n g  t o  n o t e  t h a t  t h e r e  

w a s a n l y a  v e r y  s m a l l  decrease i n  t h e  s u r f a c e  s a l i n i t y  o v e r  t h e  bo t tom 

w a t e r  s a l i n i t y .  Su r face  w a t e r  tempera tu re  was h i g h e r  t h a n  a t  depth .  

From a  compar ison o f  t h e  p h y t o p l a n k t o n  p r o d u c t i o n  a t  t h e  t h r e e  s t a t i o n s ,  

i t  can be seen t h a t  S t a t i o n  1  was t h e  most  p r o d u c t i v e ,  w h i l e  S t a t i o n  3  

was t h e  l e a s t  p r o d u c t i v e .  D u r i n g  t h e  w i n t e r ,  s u r f a c e  and bo t tom w a t e r  



ABUNDANT GENERA - AT EACH PHYTOPLANKTON STATION 

I. Diatoms 

A s t e r i  one1 1  a  

Aul acodi  scus 

Bac te r i as t r um 

B e l l  a roch ia  

B iddu l  p h i a  

Chaetoceros 

C l  imacospheni a  

Corethron 

Cosc inodiscus 

Dac thy1  i oso l  en 

D i  nophys i s 

D i  t y l  urn 

Grarnmatophora 

Gu inard ia  

Gyros i grna 

Hemi au l  us 

L e p t o c y l i n d r u s  

Licmophora 

Lithodesmiurn 

Me1 o s i  r a  

Nav i cu l  a  

N i t z s c h i a  

Pleurosigma 

O f f  I n  Abu 
Kai t Bey K i r  Bay 
1 2 3  1 2 3  I. Diatoms ( con t i nued )  

X  Rh i zoso len ia  

Skeletonerna 

S t r i  a t e1  1  a  

X X X  S u r i  r e 1  1  a 

0 X  X  Thal  a s s i  onema 

000 X  X  X  Thal  a s s i o s i r a  

T h a l a s s i o t h r i  x 

X  11. T i n t i n n i d s  

000 X  X  X  Codonel 1  a  
X  Codonel 1  ops i s 

X  E u t i n t i n n u s  

X  Favel  1  a  

X  X  

X  

X X X  

T i n t i n n o p s i s  

Undel 1  a  

111. D i n o f l a a e l l a t e s  

C e r a t i  urn 

P e t a l o t r i c a  

Prop1 e c t e l  1  a 

Prorocentrurn 

X X X  T r i c e r a t i u m  

I V .  R a d i o l a r i a  

D i  c t y o c y s t a  

P e r i  d i  n i  um 

O f f  I n  Abu 
K a i t  dey K i  r Bay 
1 2  3  1 2 3  

Ox  0 X X  X  
X 

X  

X  X X X  

X  

X  

X  

X  X  

Rhabdonema 



samples were n e a r l y  t h e  sanie, shovring t h a t  m i x i n g  may have been h i g h  

i n  t h i s  area i n  December and January. A t  S t a t i o n  2, t h e  bot tom seems 

t o  be more p r o d u c t i v e  than  t h e  su r f ace  l a y e r  i n  e a r l y  summer. 

From Table 3-46 i t  can be seen t h a t  t h e r e  i s  homogeneity o f  gene r i c  

d i s t r i b u t i o n  o f  phy top lank ton  i n  t h e  s t a t i o n s  i n  Abu K i r  Bay. S t a t i o n s  1 

and 3 have e x a c t l y  t h e  same types  o f  organisms p resen t .  

F igures  3-30 through 3-35 show t h e  t o t a l  c e l l  counts  f o r  t h e  Abu K i r  Bay 

s t a t i o n s .  A t  S t a t i o n  1 ,  two blooms of phy top lank ton  occurred,  t h e  f i r s t  

one was smal l  and occur red  i n  January,  w h i l e  t h e  second bloom, which was 

l a r g e r ,  occur red  i n  May. A t  S t a t i o n  2, peaks occur red  i n  November, 

January and A p r i  1, w h i l e  a t  S t a t i o n  3, blooms occured i n  December and 

May. It should  a l s o  be no ted  t h a t  an i nc rease  i n  phy top lank ton  u s u a l l y  

accompanied a decrease i n  s a l i n i t y  va lues.  

I n  Abu K i r  Bay, t h e  phy top lank ton  p roduc t i on  was n e a r l y  t h e  same f o r  bo th  

su r f ace  and bottom samples a t  t h e  t h r e e  s t a t i o n s  s tud ied .  Th is  suggests 

good m i x i n g  i n  t h e  Bay a l though  s l i g h t  d i f f e r e n c e s  between su r f ace  and 

bottom s a l  i n i  t y  and temperature were observed. 

Zooplankton. A summary o f  zooplankton abundance i n  A1 exandr ia  waters  i s  

presented i n  Table 3-47. These were s u b j e c t i v e l y  c l a s s i f i e d  as abundant 

o r  most abundant by t h e  U n i v e r s i t y  o f  A lexandr ia .  

F igures  3-24 th rough  3-29 show t h e  b imonth ly  t o t a l  c e l l  count  f o r  t h e  
K a i t  Bey s t a t i o n s .  From t h e  f i gu res ,  i t  can be seen t h a t  t h e r e  i s  a  general  

r i s e  i n  p roduc t i on  by t h e  end o f  November and o t h e r  r i s e s  can be seen i n  

February and A p r i l .  Cons is ten t  w i t h  t h e  growth of t h e  phy top lank ton  and 

t h e  l o c a t i o n  o f  coas ta l  sewage d ischarges,  t h e  h i ghes t  c e l l  counts  can be 

seen a t  S t a t i o n  1  w h i l e  S t a t i o n  3  has t h e  l e a s t .  

I n  general  i t  was found t h a t  q u a n t i t a t i v e  es t imates  o f  zooplankton i n  

v e r t i c a l  hau ls  was u s u a l l y  l e s s  than  i n  h o r i z o n t a l  tows. E v i d e n t l y ,  t h e  

zooplankton were l o c a t e d  more densely i n  t h e  upper l a y e r s  d u r i n g  t h e  

dayt ime. 



TABLE 3-47 

C o e l e n t e r a t e s  

Rot i f e r s  

Echinoderms-Larvae 

Anne1 i d s  
Po lychae te  Larvae 
Phoron id  Larvae 

M o l l  uscs 
Gastropods-Larvae 

Pteropods 
Heteropods 

Crustaceans 
Cope~ods -Spec ies :  

A c a r t i a  
Candacia 
Cal anus 
Centropages 
C l  ausoca l  anus 
Euaet ideus 
Euchaeta 
H a l o p t i l  us 
I s i a s  c l a v i p e s  
Paraca l  anus 
Temora 
P l  euromalma 
A e t  i deus 
C o p i l  i a  
Corycaeus 
Coryce 1 1 a 
E u t e r p i n a  
S a p p h i r i n a  
Lubbok ia  
O i thona  nana 

REPRESENTATIVE ZOOPLANKTON AT EACH SAMPLING STATION 

IN KAIT  BEY(^) 

O f f  I n  Abu 
K i r  Bay 

1 2 3  

X X X  
X X X 

X 
X 

X X X  
X 

X X X 

( a ) ~ h e  system o f  c l a s s i f i c a t i o n  p resen ted  h e r e  i s  i n f o r m a l  and i s  used t o  g i v e  a genera l  
c a t e g o r i z a t i o n  o f  t h e  a v a i l a b l e  d a t a .  



C r u s t a c e a n s  ( c o n t i n u e d )  
C l a d o c e r a n s  
O s t r a c o d s - C o n c h o e G  s p .  
Cirri peds-Naupl  i i 
Arnphi pods 
Decapods-Larvae  

Chae togna ths  
S a a i t t a  sp .  -- 

C h o r d a t e s  
A s c i d i a n s - L a r v a e  
O t h e r  T u n i c a t e s  
F i s h  Eggs 

TABLE 3-47 .  ( c o n t i n u e d )  

O f f  
Ka i t Bey 

1 2 3  

I n  Abu 
K i  r Bay 

1 2 3  

X X X  



From t h e  a v a i l a b l e  data f o r  Abu K i r  Bay , shown i n  Table 3-47, i t  can be seer! 

t h a t  S t a t i o n  3 con ta ins  a g r e a t e r  v a r i e t y  o f  zooplankton than  S t a t i o n s  1 

and 2. F igures  3-30 through 3-35 show t h e  t o t a l  c e l l  counts f o r  t h e  Abu 

K i r  Bay s t a t i o n s .  

The graphs o f  month ly  abundance o f  zooplankton show t h a t  S t a t i o n  2 i s  t h e  

r i c h e s t o f t h r e e  s t a t i o n s .  A sudden inc rease  i n  zooplankton takes p l ace  a t  

S t a t i o n  2 by t h e  m idd le  o f  January. A cor responding s l i g h t  inc rease  was 

a l s o  recorded i n  t h e  o t h e r  two s t a t i o n s .  I f  we compare t h i s  w i t h  sur face  

phytop lankton counts,  we can see t h a t  a corresponding phytop lankton 

inc rease  (a1 though s l  i g h t )  , was recorded by t h e  midd le  o f  January a t  

S t a t i o n s  1 and 2.  

Another r i s e  i n  zooplankton abundance was noted i n  March and A p r i l  a t  

S ta t i ons  2 and 3. A t  S t a t i o n  2, a c l e a r  drop i n  zooplankton abundance 

occurs o f t e n  by t h e  f i r s t  o f  A p r i l .  Another f l o u r i s h i n g  o f  zooplankton 

occurs by t h e  midd le  o f  Ap r i  1 .  

I n  Abu K i r  Bay, zooplankton organisms a r e  d ispersed  i n  t h e  wate r  column, 

so t h a t  t h e  amount o f  zooplankton organisms i n  a v e r t i c a l  hau l ,  i s  h i g h e r  

than those ob ta ined  f rom a h o r i z o n t a l  tow. Th is  i s  t r u e  f o r  t he  t h r e e  

s t a t i o n s .  Th i s  would a l s o  suggest m i x i ng  o f  water  o r  homogeneity of water  

i n  t h e  bay. 

Benth ic  B i o t a  

Th i s  s tudy was conducted du r i ng  t h e  months of  January and February 1978 i n  

a few v i s i t s  t o  t h e  f i e l d .  I t s  aim was t o  i d e n t i f y  t h e  types o f  ben th i c  

fauna and f l o r a  near sewage o r  i n d u s t r i a l  o u t f a l  l s ,  as we1 1 as f a r  f rom a1 1 

o u t f a l l  s. Th is  i n v e s t i g a t i o n  covered t h ree  areas : Abu K i r  Bay, Eastern 

Harbor and Mex B igh t .  

Except where noted, ben th i c  sampling was by a dredge lowered t o  t he  bottom 

and s l o w l y  dragged a long t h e  bottom f o r  a?prox imate ly  e i g h t  minutes. The 

dredge cons is ted  o f  a deep rope n e t  of coarse mesh (about 2 cm), whose 

mouth was formed by a s t e e l  frame weigh ing about 40 kg. The frame was 

hexagonal, 63 cm long  by 35 cm wide a t  t h e  ends and 55 cm wide i n  t h e  



m i d d l e .  A f t e r  b e i n g  towed a l o n g  t h e  bot tom, t h e  dredge was b r o u g h t  aboard 

t h e  s h i p ,  where b i o l o g i c a l  specimens and r o c k s  were washed f r e e  o f  c l a y  

and s i l t  and p laced  i n  s t o r a g e  bags f o r  l a t e r  i d e n t i f i c a t i o n  i n  t h e  

l a b o r a t o r y .  Where noted,  samples were t a k e n  w i t h  a s e l  f - c l o s i n g  g rab  

sampler.  The r e s u l t s  o f  a l l  sampl ing a r e  p resen ted  i n  Appendix A.2. 

Sampl ing s t a t i o n  l o c a t i o n s  a r e  shown i n  F i g u r e  3-3. 

Fou l  i ng Organisms 

Two b r i e f  s t u d i e s  o f  t h e  q u a l i t y  and dep th  d i s t r i b u t i o n  o f  f o u l i n g  organisms 

were conducted a t  t h e  c u r r e n t  meter  buoy moored 2 km o f f  Anfush i .  On 20 

March 1978, f i v e  samples o f  f o u l i n g  organisms were sc raped  a t  d i f f e r e n t  

depths f r o m  t h e  s u r f a c e  buoy and i t s  cha in ,  w h i c h  had been i n  p l a c e  s i n c e  

19 December 1977. 

I n  a d d i t i o n  t o  t h e  samples t h a t  were taken on 20 March 1978, 11 square  pane ls ,  

made o f  p o l y v i n y l c h l o r i d e ,  each 12.5 x 12.5 cm, were suspended v e r t i c a l l y  

from t h e  c h a i n  of t h e  anchor o f  t h e  buoy l o c a t e d  2 km from Anfush i .  These 

pane ls  were suspended on 20 March 1978 a t  dep th  i n t e r v a l s  o f  one m, between 

0 .5  rn and 10.5 m. Four of  t h e s e  pane ls  were detached and l o s t  due t o  s torms 

d u r i  ng t h i s  p e r i o d .  

The r e s u l t s  of these  two s t u d i e s  a r e  p resen ted  i n  Appendix A . 4 ,  under 

Analyses o f  F o u l i n g  Organisms. 

F i s h  

I n t r o d u c t i o n .  A s t u d y  o f  comnerc ia l  f i s h  c a t c h  landed  from t h e  Med i te r ranean  

waters  around A l e x a n d r i a  was done w i t h  t h e  a im of  assess ing  t h e  amount and 

t y p e s  o f  f i s h  landed.  Fo r  t h i s  purpose, t h r e e  areas were chosen t o  cover  

t h e  r e g i o n  o f  A lexandr ia .  They were t h e  E a s t e r n  Harbor,  Abu K i r  Bay and 

Maadiya ( t h e  lake-sea connec t ion  o f  Lake Edku) . Weekly v i s i t s  were made t o  

t h e  f i s h  market  a t  t h e  t i m e  o f  l a n d i n g  t h e  commercial c a t c h .  However, t h i s  

da ta  was supplemented by  d a i l y  s t a t i s t i c s  f o r  t h e  Abu K i r  and Eas te rn  Harbor  

markets  comp i led  by t h e  government. Each f i s h  f a m i l y  o r  spec ies  ( f o r  dom- 

i n a n t  f i s h  s p e c i e s )  p r e s e n t  was no ted .  The most dominant spec ies  were g i v e n  

a number o f  abundance as f o l  lows:  



more t h a n  200 boxes 

more t h a n  150 boxes 

between 150-100 boxes 

100-80 boxes 

80-70 boxes 

70-60 boxes 

60- 50 boxes 

50-45 boxes 

45-40 boxes 

40-35 boxes 

35-30 boxes 

30-25 boxes 

25-20 boxes 

20-15 boxes 

15- 10 boxes 

10-5 boxes 

4 boxes 

3 boxes 

2 boxes 

1 box 

Each box had a c a p a c i t y  o f  f rom 20 t o  25 kg. 

F i s h  appear ing i n  t h e  c a t c h  i n  l e s s e r  q u a n t i t i e s  were g i v e n  numbers more 

t h a n  20 a c c o r d i n g  t o  t h e i r  abundance i n  t h e  ca tch .  I n  t h i s  a n a l y s i s ,  

Crustacea were i n c l u d e d  w i t h  f i s h  i n  t h e  e s t i m a t i o n  o f  abundance. Abundance 

o f  c a r t i  lagenous f i s h ,  however, was done s e p a r a t e l y .  The c a r t i l a g e n o u s  f i s h  

c a t c h  was ve ry  sma l l  compared t o  t h e  bony f i s h .  The number 1 was g i v e n  

t o  t h e  f i s h  species f o r  wh ich  more t h a n  10 boxes were present ;  2 f o r  10-8 

boxes, 3 f o r  8-5 boxes; 4 f o r  5-3 boxes; and 5 f o r  l e s s  t h a n  3 boxes. 

A summary f o r  f i s h  spec ies  abundance i n  t h e  commercial c a t c h  f o r  each month 

was then  c a l c u l a t e d  by add ing  t h e  numbers of abundance and d i v i d i n g  by t h e  

number of days i n  which t h e y  were present .  A new mean number was t h u s  

ob ta ined .  F i s h  spec ies  found i n  each month were t h e n  ar ranged i n  o r d e r  o f  

mean abundance va lues.  The mass of each spec ies  o f  f i s h  landed was a l s o  

no ted  d u r i n g  t h e  v i s i t s .  Th is  d a t a  i s  presented i n  t h e  t a b l e s  o f  Appendix 

A .3 .  

F i s h  Fauna o f f  A lexandr ia .  F i s h  fauna i n  t h e  A l e x a n d r i a  f i s h  market were 

found t o  be long  t o  about 37 f i s h  f a m i l i e s .  The commercial c a t c h  depends on 

f i s h  be long ing  t o  n e a r l y  h a l f  of these  f a m i l i e s .  Compared t o  bony f i s h ,  

c a r t i l a g e n o u s  f i s h  r e p r e s e n t  a sma l l  amount of  t h e  ca tch ,  e s p e c i a l l y  i n  t h e  

Eas te rn  Harbor f i s h  market .  Crustacea was mos t l y  rep resen ted  b y  crabs,  

Pennidae and Pal i n u r u s  spp. From Cephalopods, Sepia i s  t h e  o n l y  genera 

p r e s e n t  i n  t h e  sampled commercial ca tch.  F i s h e r i e s  i n  A lexandr ia  a r e  n o t  

r i c h  i n  s h e l l f i s h .  The dominant spec ies  a r e  Pholas, Dac ty lus ,  Donax sp., 



Murex, L i thphaga l i t hophaga  and Venus spp. 

As a summary o f  t h e  f i s h  market surveys, t h e  spec ies d i s t r i b u t i o n  o f  f i s h  

land ings  f o r  Eastern Harbor, Abu K i r  and Maadiya i s  shown i n  F i g u r e  3-48, 

w h i l e  t h e  f i s h  species o f  minor  importance a r e  1  i s t e d  i n  F i gu re  3-49. 

Coments on t h e  abundance o f  p a r t i c u l a r  f i s h  spec ies p resen t  i n  t h e  

comnercial  ca tch  a r e  con ta ined  i n  Appendix A.3. 



TABLE 3-48 

Spec ies  

Sard ines  
Mu1 1 us 
Pagrus 
Ep inephe l  us 
Sc iaen idae  
Sol ea 
Synodont idae 
Marone 
Ternnodon 
Sparus a u t a t u s  
Mugi 1 
D ip lodus  
Trachurus  
L i c h i a  
Scornber 
Mer l  u c c i  us 
Sphyraena 
T r i g l a  
T r i c h i u r u s  
Page1 1 us  
Scomber sox 
Boops boops 
Scorpaena 
Gobius 
T e u t h i  s  
T rach inus  
Obl ada me1 anura 
T u r t l e  
Crabs 
Pennidae 
Sepia 
C a r t i l a g i n o u s  f i s h  
Other  f i s h  

T o t a l  

Areas I n v e s t i g a t e d  

E a s t e r n  Harbor  Abu K i r  - Maad iya 

34.29 44.5 7.95 
10.5 3.85 4.88 
7.7 1.12 - 
3.1 4 .1  - 
2.4 0.75 2.68 
4.3 1.11 5.38 
0.88 1.75 0.32 
0.14 0.09 1.89 
2.18 0.63 0.04 
0.88 2.36 4.80 
0.07 0.07 0.23 
1.83 2.2 0.03 
0.57 - - 
0.01 - - 
0.03 - - 
- - 1.54 
- - 2.33 
- - 1.06 
- - 0.45 
- - 0.29 
- - 0.95 
- - 0.25 
- - 0.06 
- - 0.29 
- - 0.63 
- - 0.19 
- - 0.04 

0.15 - - 
0.06 0.87 5.9 
3.5 5.74 30.8 
4.57 3.09 7.19 
0.55 - 3.08 

22.29 27.74 16.70 

100.00 100.00 100.00 

Note:  ( a )  Percentages by  we igh t .  - 



TABLE 3-49 

FISH SPECIES APPEARING I N  THE COMMERCIAL CATCH 
I N  M I R O R  OUANTITIES 

F a m i l y  Species Present  

Cephal acanth idae Dac ty l  o p t e r u s  p i  rapeda 

T r i g 1  i d a e  

Ec heneidae Echenei s  nauc ra tes  

Exocoet idae Exocoetus vo l  i tans  

Gobi i d a e  Gobius spp. 

Hol o c e n t r i d a e  Hol ocen t rus  r u b e r  

La b r i d a e  X r i c h t y s  novacula 

J u l  i s  v u l  a a r i  s  

Labrus v i r i d i s  

Bramidae Lep ido tus  c a t a l o n i c u s  

Gadidae Mer l  u c c i u s  mer l  u c c i u s  

Muraeni dae tluraena he1 ena 

P la tycepha l  i dae  P la tycepha l  us i n d i c u s  

S igan idae T e u t h i s  s igana 

T rach in idae  Trac h i  nus draco 

T r i c h i u r i d a e  T r i c h i u r u s  1  ep tu rus  

Lepidopus candatus 

Season o f  
Abundance Markets  Where Present  

Oct -Flov Eas te rn  Harbor,  Abu K i r ,  
Maadiya, i n  A p r i l  o n l y  

Nov-Dec More dominant  i n  Abu K i r  
Feb-Apr i  1  

Nov Absent f rom Abu K i r .  P resen t  
i n  Eas te rn  Harbor .  A  few 
i n d i v i d u a l s  i n  i~ laad iya  i n  
Oc t-Nov. 

Feb-Apri 1  Eas te rn  Harbor.  Yot  observed 
i n  Abu IKir o r  Flaadiya. 

Plarch-Apr i l  P resen t  w i t h  equal amounts i n  
t h e  t h r e e  markets .  

Nov-Feb Present  as few i n d i v i d u a l  s  
i n  t h e  t h r e e  markets .  I n  
Nov, seen i n  Abu K i r  o n l y .  

Throughout Present  i n  v e r y  smal l  q u a n t i t i e s .  
t h e w h o l e  N o t s e e n i n A b u  K i r .  
y e a r  Very smal l  q u a n t i t i e s .  

Very smal l  q u a n t i t i e s .  Not  
seen i n  Abu K i r  o r  Maadiya. 

Jan-March Eas te rn  Harbor o n l y .  

Win ter  and Presen t  i n  a l l  markets.  
s p r i n g  

The whole Absent f rom Maadiya. On ly  a  
yea r  few i n d i v i d u a l s  i n  o t h e r  

mar l  e t s /  

Sept-March A  few i n d i v i d u a l s .  

Win ter  and Eas te rn  Harbor;  a  few i n  
e a r l y  s p r i n g  Abu K i r  and Maadiya. 

March, A p r i l ,  A l l  markets.  
May 

Nov,Dec ,June A1 1  markets .  

Seen i n  Eas te rn  Harbor  o n l y .  



TABLE 3-49 
(Cont inued)  

Season o f  
Species Present  Abundance Markets  Where P resen t  Fami 1  y 

Sphyraenidae Sphyraena sphyraena Apr i 1 -May Small q u a n t i t i e s  seen i n  
t h e  t h r e e  markets .  

Uranoscopus scaber A p r i  1  -May Small q u a n t i t i e s  seen i n  
a l l  t h r e e  markets .  

Uranoscopidae 

Lophi  i d a e  

Zeidae 

Lophius p i  s c a t o r i u s  June Absent f r o m  Maadiya. 

Zeus f a b e r  The whole 
y e a r  

A few i n d i v i d u a l s  i n  a l l  
markets.  

B l  enn i  i dae  B lenn ius  spp. Oct-Nov Seen i n  Eas te rn  Harbor 
market .  Absent  f rom 
Maadiya, Abu K i r .  

Scorpaenidae 

Scomberosocidae 

Scorpaena spp. Nov-Dec Small q u a n t i t i e s  i n  a l l  
markets.  

Scomberesox The whole 
yea r  

Absent f rom Abu K i r .  A 
few i n d i v i d u a l s  i n  o t h e r  
markets .  

Gelonidae 

Stroma t e i d a e  

Gel one be1 one I n  a l l  markets  i n  m ino r  
q u a n t i t i e s .  

Stromateus f l a t o l a  The who1 e  
y e a r  

A few i n d i v i d u a l s  i n  Eas te rn  
Harbor market .  Absent from 
Abu K i r  and Maadiya. 

L u t i a n u s  spp. Dec, Jan Seen i n  Eas te rn  Harbor 
market .  T h i s  i s  a  Red Sea 
immigrant .  

Scar idae Scarus c r e t e n s i s  The whol e  
yea r  

I n  a l l  months, a  few i n d i -  
v i d u a l  s  seen i n  Eas te rn  
Harbor and Abu K i r  markets .  
Not  seen i n  Maadiya. 



3.5  Geophys ica l  S t u d i e s  

Purpose and Procedure 

I n  t h e  wastewater  Master  Plan,  i t  has been de te rm ined  t h a t  wastewaters  

d e s t i n e d  f o r  d i s p o s a l  t h r o u g h  ocean o u t f a l l s  shou ld  be c o l l e c t e d  and 

p r e t r e a t e d  a t  K a i t  Bey and Ras e l  Soda. Elsewhere i n  t h e s e  mar ine  s t u d i e s  

i t  i s  de te rm ined  t h a t  t h e  o u t f a l l s  shou ld  t e r m i n a t e  a p p r o x i m a t e l y  10 km 

f r o m  t h e  shore .  

Given t h e s e  c o n d i t i o n s ,  t h e  purpose o f  t h e  geophys ica l  s t u d i e s  has been 

t o  de te rm ine  f o r  each o u t f a l l  t h e  r o u t e  t o  sea t h a t  a f f o r d s  t h e  most 

f a v o r a b l e  seabed c o n d i t i o n s  f o r  c o n s t r u c t i o n ;  and t o  i n d i c a t e  what t h o s e  

c o n d i t i o n s  a r e .  The a i m  i s  t o  choose a l i g n m e n t s  w i t h  t h e  assurance t h a t  

no a l t e r n a t i v e  a l i g n m e n t  wou ld  be v a s t l y  l e s s  expens ive ;  and t o  be a b l e  

t o  make a  reasonab le  e s t i m a t e  o f  c o n s t r u c t i o n  c o s t  f o r  t h e  a l i gnmen ts  

chosen. 

F i e l d  s t u d i e s  were under taken  i n  October,  November, and December, 1977. 

S t u d i e s  were c o n f i n e d  t o  a reas  o f f  A n f u s h i  and S i d i  B i s h r  where, a c c o r d i n g  

t o  those  who were c o n c u r r e n t l y  p r e p a r i q g  t h e  Wastewater Master  P lan,  o u t f a l l s  

would be proposed.  ( A t  t h a t  t ime ,  i t  was a n t i c i p a t e d  t h a t  t h e  K a i t  Bey 

o u t f a l l  m i g h t  be proposed t o  r u n  o f f s h o r e  f r o m  a  p o i n t  c l o s e  t o  t h e  p r e s e n t  

K a i t  Bey pumping s t a t i o n  and o u t f a l l .  T h i s  concept  has n o t  changed. For  

S i d i  B i s h r ,  however, i t  was a n t i c i p a t e d  t h a t  t h e  o u t f a l l  m i g h t  c r o s s  

t h e  s h o r e l i n e  s e v e r a l  hundred me t res  n o r t h e a s t  o f  Ramleh F o r t ;  s i n c e  then,  

t h e  proposed c o l l e c t i o n  p o i n t  and pump s t a t i o n  s i t e  was moved a b o u t  two km 

eas t ,  so t h a t  one would w i s h  t o  c o n s i d e r  an o u t f a l l  a l i g n m e n t  t h a t  c rossed  

t h e  s h o r e l i n e  a t  a  p o i n t  j u s t  e a s t  o f  t h e  Miami Beach promontory .  Such 

an a1 ignment was n o t  surveyed i n  t o t a l  i n  o u r  surve-y.)  

The geophys ica l  s t u d i e s  c o n s i s t e d  o f  b a t h y m e t r i c ,  subbottom, and s ide -scan  

sonar remote surveys;  seve ra l  g r a v i t y  co res  and hand samples o f  o f f s h o r e  

bo t tom sediments;  and no tes  and photographs taken  by d i v e r s  on t h e  bo t tom 

a t  s e l e c t e d  p o i n t s .  



The remote -su rvey ing  equipment used was: 

1. For bathymet ry ,  a  Raytheon Model DE-719 Fathometer Depth Sounder, 

wh ich  c o n t i n u o u s l y  r e c o r d e d  t h e  water  dep th  beneath t h e  s h i p .  

2. For  subbot tom p r o f i l i n g  e i t h e r  a  "boomer" system o r  a  " s p a r k e r "  

system. Records f r o m  b o t h  systems were o b t a i n e d ;  t h e  boomer 

r e c o r d s  p r o v i d e d  b e t t e r  r e s o l u t i o n  o f  bo t tom s t r a t a ,  w h i l e  t h e  

s p a r k e r  p r o v i d e d  b e t t e r  s o n i c  p e n e t r a t i o n  of t h e  bot tom sed iments .  

3.  For  s ide -scan  sonar,  a  K l e i n  S ide  Scan Sonar Model 402A t o w f i s h ,  

p r o v i d i n g  a  c o n t i n u o u s l y  reco rded  s o n i c  p l a n v i e w  image o f  t h e  

bot tom beneath  t h e  s h i p  and f o r  100 o r  so met res  t o  e i t h e r  s i d e .  

4. For  h o r i z o n t a l  c o n t r o l ,  a  Cubic DM-40 "Au to tape"  system p r o v i d i n g  

e l e c t r o n i c a l l y  de te rm ined  d i s t a n c e  measurement f r o m  t h e  s h i p  t o  

two shore s t a t i o n s ,  updated e v e r y  second. 

On any g i v e n  r u n ,  t h e  fa thomete r  and t h e  Au to tape  were opera ted  s i m u l t a -  

neous ly  w i t h  e i t h e r  t h e  boomer, s p a r k e r ,  o r  s ide -scan .  Every  100 t o  200 m 

o f  s h i p  t r a v e l ,  an even t  mark was made s i m u l t a n e o u s l y  on t h e  f a t h o m e t e r  and 

o t h e r  con t inuous  r e c o r d s ,  and t h e  Au to tape  r e a d i n g s  reco rded .  The marked 

even ts  were numbered s e r i a l l y  f r o m  No. 1,  a t  t h e  b e g i n n i n g  o f  t h e  su rvey  on 

October 22, t o  140. 1317 on December 1. 

For d i r e c t  sampl ing ,  a  Benthos Model 2171 g r a v i t y  c o r e r  was used t o  o b t a i n  

san-~ples o f  f i n e  g r a i n e d  o r  cohes ive  m a t e r i a l s .  The c o r e r ,  equ ipped w i t h  

100 kg o f  l e a d  w e i g h t ,  and u t i l i z i n g  73 rnm d iamete r  p l a s t i c  l i n e r s ,  was 

a l l o w e d  t o  f r e e - f a l l  f rom t h e  s u r f a c e .  I t  was t h e n  recove red  by h a u l i n g  

i n  w i t h  a  n y l o n  rope  u s i n g  t h e  ca thead on t h e  vesse l  w inch.  The c o r e  i n  

i t s  l i n e r  was e x t r a c t e d ,  capped, sea led,  marked and d e l i v e r e d  t o  t h e  

s o i l s  l a b o r a t o r y .  The e f f e c t i v e  i n s i d e  d iamete r  o f  t h e  c o r e r  was 66 mm, 

and t h e  e f f e c t i v e  o u t s i d e  d i a m e t e r  was 89 m. The t o t a l  mass was abou t  143 kg. 

Hand samples were o b t a i n e d  by d i v e r s .  A  w e i g h t  a t t s c h e d  t o  a  down l i n e  was 

dropped a t  t h e  p rede te rm ined  p o s i t i o n ,  u s i n g  t h e  "Au to tape"  f o r  p r e c i s e  

p o s i t i o n i n g .  The d i v e r s  then  descended t h i s  l i n e  t o  t h e  bot tom,  b roke  o f f  

r o c k  samples w i t h  hammers, p laced  them i n  sample bags, and r e t u r n e d  t o  

t h e  s u r f a c e .  

The underwater  photography and d i v e r  i n s p e c t i o n  was under taken  i n  o r d e r  

t o  v e r i f y  t h a t  t opograph ic  fo rms and r o c k  t ypes  c o u l d  be i d e n t i f i e d  on t h e  



remote-survey bo t tom and subbot tom p r o f i l e s .  A number o f  r e p r e s e n t a t i v e  

f e a t u r e s  were s e l e c t e d  f r o m  t h e  p r o f i l e s  and t h e i r  "Au to tape"  c o o r d i n a t e s  

determined.  

The f e a t u r e s  were t h e n  p h y s i c a l l y  i n s p e c t e d  by  d i v e r s  and t h e i r  d e s c r i p t i o n s  

o f  t h e  f o r m  and m a t e r i a l  no ted .  I n  a l l  cases,  t h e y  agreed q u i t e  w e l l  w i t h  

t h e  d e s c r i p t i o n s  i n t e r p r e t e d  f rom t h e  g r a p h i c  r e c o r d e r  r e c o r d s .  

Based on these  t e s t s ,  i t  was de te rm ined  t h a t  e x c e l l e n t  d e f i n i t i o n  o f  t h e  

m a t e r i a l ,  shape and c o n f o r m a t i o n  o f  t h e  bo t tom c o u l d  be o b t a i n e d  u s i n g  

remote-survey methods, i . e . ,  bo t tom and subbot tom p r o f i l i n g  and s idescann ing .  

Underwater  photos  were made o f  a  number o f  t y p i c a l  t e r r a i n  f e a t u r e s  w i t h  

a  Nikonos I 1  underwater  camera u s i n g  Kodaco lor  11, ASA 400 f i l m .  No f l a s h  

was necessary  even a t  50 meter  dep ths .  V i s i b i l i t y  v a r i e d  f r o m  o v e r  50 me te rs  

on t h e  o f f s h o r e  l o c a t i o n s  t o  10 me te rs  abou t  1  o r  2 km f r o m  shore .  T u r b i d i t y  

v a r i e d  w i t h  w ind  c o n d i t i o n s  u s u a l l y  be ing  b e s t  f o l l o w i n g  s e v e r a l  days o f  

onshore w inds.  A l l  d i v i n g  was done w i t h  s tandard  SCUBA equipment.  

F i e l d  Data 

The remote-survey pa ths  and t h e  sampl ing  and o b s e r v a t i o n  l o c a t i o n s  a r e  

shown o n  F i g u r e  3-36. S i x  su rvey  pa ths  were r u n  near  t h e  A n f u s h i  Pen insu la ,  

and f i v e  were r u n  o f f  S i d i  B i s h r .  

Phys iography.  The b a t h y m e t r i c  and subbot tom c r o s s - s e c t i o n  p r o f i l e s  

o b t a i n e d  a r e  ske tched  i n  F i g u r e  3-37 f o r  t h e  S i d i  B i s h r  r e g i o n ,  and i n  

F i g u r e  3-38 f o r  t h e  K a i t  Bey r e g i o n .  I n  these  f i g u r e s ,  t h e  p r o f i l e  o f  t h e  

sea f l o o r  i s  i n d i c a t e d  by  a  s o l i d  l i n e .  The p r o f i l e  o f  t h e  s u r f a c e  o f  hard,  

r e l a t i v e l y  l i t h i f i e d  m a t e r i a l  wh ich  i s  a  s t r o n g  s e i s m i c  r e f l e c t o r ,  and wh ich  

would r e s i s t  mechanical  e x c a v a t i o n ,  i s  i n d i c a t e d  by a  broken l i n e .  (The 

h o r i z o n t a l  d i s t a n c e  a x i s  on F i g u r e s  3-37 and 3-38 i s  measured n o t  f r o m  

t h e  s h o r e l i n e  i n  each case, b u t  f r o m  t h e  i n s h o r e  end o f  t h e  a c t u a l  l i n e  

r u n ,  wh ich  i s  a lways s e v e r a l  hundred me te rs  o u t  f rom t h e  shore .  ) The 

l o c a t i o n  o f  c o r i n g ,  sampl ing,  and o b s e r v a t i o n  s t a t i o n s  a r e  shown on 

F i g u r e s  3-36, 3-37, and 3-38. Notes t a k e n  a t  t hese  s t a t i o n s  a r e  p r e s e n t e d  

i n  Tab le  3-50. 



TABLE 3-50 

C O R I N G .  SAMPLING. OBSERVATION NOTES 

CORES 

G-2A Core l o c a t i o n  on P r o f i l e  3. Recovered few p i e c e s  o f  c o r a l  
g r a v e l  and s c a t t e r i n g  o f  c o r a l  sand 2  mm s i z e .  

Core l o c a t i o n  10 me te rs  e a s t  o f  P r o f i l e  3. Recovcred few 
p i e c e s  of c o r a l  g r a v e l  and s c a t t e r i n g  o f  c o r a l  sand 2  mm s i z e .  

Core l o c a t i o n  30 me te rs  west  o f  P r o f i l e  3. No p e n e t r a t i o n .  
Handfu l  o f  coa rse  sand, g r a v e l ,  and l i m e s t o n e .  

Core l o c a t i o n  20 me te rs  e a s t  o f  P r o f i l e  3. Apparent  p e n e t r a t i o n  
= 176 cm. Recovered 49 cm v e r y  f i n e ,  g r e y - w h i t e ,  s i l t y  sand/ 
sandy s i l t .  

Core l o c a t i o n  30 me te rs  e a s t  o f  P r o f i l e  3.  Apparent  p e n e t r a t i o n  
= 30 cm. Recovered 36 cm v e r y  f i n e ,  g r e y - w h i t e ,  s i l t y  sand/ 
sandy s i l t .  

Core l o c a t i o n  20 me te rs  west  o f  P r o f i l e  3. Apparent  p e n e t r a t i o n  
= 10-20 cm. Coarse, brown sand. Recovered o n l y  t r a c e .  

Core l o c a t i o n  on P r o f i l e  3. Apparent  p e n e t r a t i o n  = 10-20 cm. 
Recovered t r a c e  l i g h t  brown, coa rse  sand, s h e l l  f ragments .  

Core l o c a t i o n  1160 mete rs  west  o f  P r o f i l e  7. Apparent  pene- 
t r a t i o n  15 cm. Recovered 6  cm rough,  coarse,  brown sand, 
some g r a v e l .  

Core l o c q t i o n  1020 mete rs  west  o f  P r o f i l e  7. Apparent  pene- 
t r a t i o n  = 10 cm. Recovered handful  medium-f ine g r a i n  s a l t  
and pepper sand. 

Core l o c a t i o n  480 me te rs  west  o f  P r o f i l e  7. M in ima l  pene- 
t r a t i o n .  Recovered f ragmen ts  o f  f o g g y  l i m e s t o n e  cong lomerate .  
i n c l u d i n g  one p i e c e  a p p r o x i m a t e l y  5  cm. T race  o f  brown sand. 

Core l o c a t i o n  500 meters  west  o f  P r o f i l e - 7 .  M in ima l  pene- 
t r a t i o n  . Recovered t r a c e  c o a r s e  sand t o  f i n e  g r a v e l ,  brown, 
c a l c a r e o u s  w i t h  s h e l l  f ragments .  

Core l o c a t i o n  130 me te rs  west  o f  P r o f i l e  7. P e n e t r a t i o n  = 
7.5 cm. Recovered s o l  i d  p i e c e  o f  weathered 1  imestone;  p i e c e  
i s  a p p r o x i m a t e l y  6.5 cm d i a m e t e r  x  5  cm long .  Few broken 
p ieces  abou t  2  cm square.  

Core l o c a t i o n  90 me te rs  west  o f  P r o f i l e  6. M in ima l  pene- 
t r a t i o n .  Trace o f  coarse,  brown sandstone as f i n e  g r a v e l  
w i t h  she1 1  f ragments .  



TABLE 3-50 
(Cont inued)  

Cores 

Core l o c a t i o n  2150 meters west o f  P r o f i l e  7. P e n e t r a t i o n  
150 t o  180 cm. Recovered 50 cm grey,  s i l t y  c l a y ,  s t i c k y .  
cohesive.  

12 km f rom shore (shown on F i g .  3-36 b u t  n o t  F i g .  3-38).  
Apparent p e n e t r a t i o n  174 cm. Recovered 94 cm o f  v e r y  f i n e ,  
grey-whi  t e  c l a y .  

6-18 8 km f r o m  shore (shown on F i g .  3-36 b u t  n o t  F i g .  3-38).  
Apparent p e n e t r a t i o n  139 cm. Recovered 75 cm o f  v e r y  f i n e ,  
grey-whi  t e  c l  a y - s i  1 t. 

HAND SAMPLING AND DIVER OBSERVATIONS 
(Shown on F i g .  3-36 b u t  n o t  on F igs .  3-37 o r  3-38) 

41  m depth.  Medium-grain g r e y  sand between f i e l d s  o f  2 rn 
h i g h  ova l  bou lders .  Sand r i p p l e s  about  20 cm h i g h  by 1 m 
wave1 ength.  

31 m depth.  Bumpy, r o c k y  s lope.  

25 m. Medium g r e y l t a n  sand i n  f r o n t  o f  f l a t ,  r o c k y  s lope  o f  
p o s s i b l y  15 t o  20 . 
14 m. Rocky r i d g e  w i t h  sand f i s s u r e s  about  1 m deep. Slopes 
downward f rom here  i n  b o t h  d i r e c t i o n s .  Old te lephone o r  
e l e c t r i c  c a b l e  on bottom. 

49 m depth ,  a t  l o c a t i o n  o f  c u r r e n t  meter  s t a t i o n  2B. F ine ,  
l i g h t  g r e y  sand, l i k e  f l o u r .  Reef 100 t o  125 cm h i g h ,  
l i n e a r  r i d g e  excep t  f o r  ou tc rops  10 t o  20 m i n  d iamete r  a t  
o b s e r v a t i o n  l o c a t i o n .  

46 m depth.  Medium-f ine g r e y l t a n  sand. 

40 m. Reef, f l a t ,  v e r y  low r e l i e f .  

40 m. L i g h t  brown sand. Large f i e l d  o f  364 m h i g h  " i s l a n d "  
r e e f  ou tc ropp ings  about  10 m n o r t h  of o b s e r v a t i o n  l o c a t i o n .  
Reef has 1 arge (10 t o  30 m) s e c t i o n s  c u t  by  sand-bottom 
channel s. 

38 m. L i g h  g r e y  sand. Reef w i t h  sheer w a l l  about  2.5 t o  3 m 
h igh ,  unbroken by f i s s u r e s  o r  channels.  



A l l  t he  ba thymet r i c  da ta  ob ta ined  were used t o  c r e a t e  a  ba thyme t r i c  c h a r t  

f o r  each o f  t he  two reg ions .  I n f o r m a t i o n  about t he  d i s t r i b u t i o n  o f  r ocky  

r i d g e s  and crevasses, f l a t  r ocky  areas, and sandy areas, as gathered f rom 

subbottom p r o f i l e  records ,  s ide-scan sonar records ,  and d i v e r  observa t ions ,  

was p l o t t e d  on to  ove r l ays  o f  t he  ba thymet r i c  c h a r t s .  These c h a r t s  o f  

bathymetry and bottom c o n d i t i o n s  a re  a v a i l a b l e  i n  Unpubl ished Memorandum No. 10. 

Represen ta t i ve  photographs, o r i g i n a l l y  i n  c o l o r ,  a r e  reproduced i n  b l ack -  

and-white on F igu re  3-39. Taken f i v e  km o f f  S i d i  B i s h r  i n  31 m o f  water,  

t he  photographs form a  panorama showing a  t y p i c a l  r o c k  f o rma t i on  and a  

r i p p l e  f o rma t i on  i n  t h e  sand. The r i p p l e  c r e s t s  r u n  approx imate ly  n o r t h  and 

south; t h e  t r ough  t o  c r e s t  h e i g h t  i s  about 200 mm, and t h e  c r e s t - t o - c r e s t  

d i s tances  a r e  about one metre .  

The p r i n c i p a l  observa t ions  t o  be made a re :  

1 .  The dominant phys iograph ic  p a t t e r n  i s  a  s e r i e s  o f  narrow, r ocky  

r i d g e s  runn ing  p a r a l l e l  t o  t h e  shore, w i t h  p l a i n s  o r  s lopes o f  

g ranu la r  m a t e r i a l  between them. The r i d g e s  r i s e  as much as t e n  

metres above t h e  ne ighbor ing  grade e l e v a t i o n s ,  and sometimes have 

f i s s u r e s  o r  crevasses a long  t h e  scarps.  Because they  t r e n d  p a r a l l e l  

t o  t h e  p resen t  sho re l i ne ,  t he  r i d g e s  may be r e l a t e d  t o  a n c i e n t  

e ros i ona l  sho re l i nes .  

2. I n  t he  areas o f  g ranu la r  m a t e r i a l  between these r i d g e s ,  over  d i s t ances  

o f  up t o  severa l  k i l ome te r s ,  t h e  bottom o f t e n  r i s e s  i n  a  seaward 

d i r e c t i o n  ( i  .e., water  dep th  decreases w i t h  i n c r e a s i n g  d i s t a n c e  

f rom shore)  by as much as severa l  nieters i n  e l e v a t i o n .  Th is  i s  

p a r t i c u l a r l y  t r u e  o f f  t h e  Anfush i  Peninsu la .  

3. The rock  r i d g e s  become broader and more complex c l o s e r  t o  shore. 

4. Many o f  t h e  f ea tu res  can be t r aced  f rom one end o f  t h e  survey area 

t o  t he  o t h e r .  

5. With i nc reas ing  d i s t a n c e  f rom shore, and i n c r e a s i ~ g  water  depth, 

t h e  g ranu la r  m a t e r i a l  tends t o  become f i n e r  i n  g r a i n  s i z e .  ( T h i s  was 

a1 so noted by E l  Sayed . ) 

I E l  Sayed, M.K . ,L i t to ra l  and Shal low Water Depos i t s  Along t he  Medi ter ranean 
Coast o f  Egypt o f f  A lexandr ia ,  M. Sc. Thesis, F a c u l t y  o f  Science, A lexandr ia  
U n i v e r s i t y ,  Egypt, 1974. 



6. There a r e  hard, n e a r l y  f l a t  areas a p p a r e n t l y  composed o f  coquina 

and denser l i m e s t o n e .  They a r e  c u t  by smal l  s a n d - f i l l e d  f i s s u r e s  

o f t e n  about  20 t o  40 cm deep and 30 t o  69 cm wide. Some o f  these 

areas a r e  "lumpy," w i t h  p r o t r u s i o n s  above grade o f  one h a l f  t o  one 

metre .  

7. A p a r t  f rom t h e  r o c k  r i d g e s ,  t h e r e  a r e  severa l  areas w i t h  " b o u l d e r " -  

l i k e  r o c k  f e a t u r e s ,  g e n e r a l l y  f i v e  t o  t e n  m ac ross  and two t o  t h r e e  

m h i g h .  As i n  t h e  example shown i n  F i g u r e  3-39, these  "bou lders "  

n i g h t  appear a t  f i r s t  t o  be d i s c r e t e  r o c k s  r e s t i n g  on t h e  su r round in?  

g r a n u l a r  m a t e r i a l  ; however, i t  i s  1  i k e l y  t h a t  t h e y  a r e  p a r t  o f  

t h e  u n d e r l y i n g  bedrock, w i t h  t h e  "neck" a t  t h e  su r round ing  grade 

e l e v a t i o n  caused by e r o s i o n  by t h e  sand. 

8. The r o c k  n e a r l y  everywhere c o n t a i n s  i n t e r c o n n e c t e d  pores o f  t h e  o r d e r  

o f  one t o  t e n  mm i n  s i z e .  

9. A t  5  k~ i i  f rom shore,  i n  31 m o f  wa te r  o f f  S i d i  B i s h r ,  l a r g e  sand r i p p l e s ,  

1  i k e l y  c r e a t e d  by wave mot ion,  were observed. 

S o i l  P r o p e r t i e s .  L a b o r a t o r y  t e s t s  on t h e  s o i l  samples were conducted by 

t h e  Consul t a t i v e  Bureau f o r  C i v i  1  C o n s t r u c t i o n s  (CBCC) , 73 El  - S u l t a n  Hussein 

S t r e e t ,  A l e x a n d r i a .  T h e i r  r e p o r t  t o  CDM i s  a v a i l a b l e  as Unpubl ished 

Memorandum No. 4. The r e s u l t s  r e p o r t e d  t h e r e i n  a r e  summarized i n  Tables 3-51 

th rough  3-55. 

O f  t h e  samples 1  i s t e d  i n  Table  3-51, a l l  proved t o  be h i g h l y  ca lca reous ;  on 

t r e a t m e n t  w i t h  d i l u t e  (1 :1 )  h y d r o c h l o r i c  a c i d ,  t h e r e  was always a  b r i s k  

e v o l u t i o n  o f  Cop. I n  Table  3-52, t h e  r o c k  specimens t e s t e d  c o n t a i n e d  h o l e s  

c o v e r i n g  20 t o  25 p recen t  o f  t h e i r  s u r f a c e  area.  P a r t i c l e  s i z e  ana lyses on 

t h e  cohes ion less  s o i l s  were c a r r i e d  o u t  u s i n g  B r i t i s h  Standard se ives .  

S t r e n g t h  c h a r a c t e r i s t i c s  were determined by u s i n g  a  m o t o r i z e d  shear box 

apparatus.  

The cohes ive s o i l  samples r e p o r t e d  i n  Tables 3-53, 3-54, and 3-55 were 

d e l i v e r e d  t o  t h e  s o i l s  l a b o r a t o r y  i n  t h e  p l a s t i c  tubes used i n  t h e  g r a v i t y  

c o r i n g  o p e r a t i o n .  They were sub jec ted  t o  t e s t s  as "und is tu rbed"  samples, 

a l though,  as  t h e  CBCC r e p o r t  p o i n t s  o u t ,  t h e  samples can h a r d l y  be desc r ibed  

as be ing p e r f e c t 1  y  und is tu rbed .  There were many o p p o r t u n i t i e s  f o r  j a r r i n g  



TABLE 3-51 

PHYSICAL AND CHEMICAL PROPERTIES OF SOIL SAMPLES 

Percentage Percentage 
Percentage Percentage Percentage T r i v a l e n t  Diva1 e n t  Percentage Percentage 

Sample 190 i s  t u r e  V o l a t i l e  Free Percentage Me t a  1 Meta ls  as  Sulphate C h l o r i d e  
No. Con t e n t  Ma t t e r  Smell PH S i  1 i c a  Oxides CaC03 I o n  Content  I o n  Content  

ROCK - 
K5-A 23.4 19.0 N i l  7.6 2.4 9.0 84.7 0.6 0.8 

SAND 

COHESIVE - 

G 4 39.0 13.3 5 7.3 4.6 4.8 87.6 0.8 1.5 



TAGLE 3-52 

DESCRIPTION A N D  SOIL PROPERTIES OF R O C K  A N D  SAND SAMPLES 

Area of Fa i lu re  Fa i lu re  Working 
Sampl e Dimensions Sec t  ion Load S t r e s s  S t r e s s  

140 . Descript ion (m) (cm2 ) (kg) ( kg/ cm2) ( kg/cm2) 

ROCK - 
K5-A Calcareous sandstone enriched in cora l  s 95x7 5x35 71.25 400 5.6 1.87 

K3 Calcareous sandstone enriched in c o r a l s  50x55~35 27.50 250 9.1 3.03 

SAND 
Anql e of In terna l  F r i c t i o n ,  P 

Loose Dense 
S ize  Analysis 

dl09 Inn d 6 0 ~  

R 1 Grey f i n e  t o  medium ca lcareous  sand 33' 25' 43 O 40' 0.11 0.25 
0 
I 
w K 1 Grey calcareous graded sand 34O 10 '  42 O 40 '  
0 
4 

K2 Grey f i n e  t o  medium ca lcareous  sand with 32 O 50' 4 0 °  30' 
crushed shel 1 s 

K4 Mottled yellowish and grey sands, small 40°  00' 47O 50' 
pebbles,  calcareous f l a k e s ,  and minute 
crushed shel 1 s 

K 5 Grey f i n e  t o  medium calcareous sand 34O 10'  42 O 40' 0.10 0.20 

K2-A Yellowish medium t o  coarse  calcareous sand 40' 30' 47 O 10'  0.50 1.10 
conta in ing  crushed s h e l l s  and calcareous 
fragments - 

G8 Grey medium to  coarse  calcareous sand con- 41" 35' 48' 15 '  
t a i n i n g  pebbles 



TABLE 3-53 

DESCRIPTION AND PARTICLE SIZES OF COHESIVE SOIL SAMPLES 

S ize  Ana l ys i s  

No. D e s c r i p t i o n  dl~, d60, 

G4 Grey, s o f t  sandy c l ayey  s i l t  c o n t a i n i n g  smal l  0.09 0.48 
b lack  stones 

G5 Grey, ca lcareous sandy c l ayey  s i l t  c o n t a i n i n g  
smal l  b l  ack stones 

Grey, c l ayey  s i l t  

Grey, s o f t  s i l t y  c l a y  c o n t a i n i n g  ca lcareous 
ma te r i  a1 

Grey, s i l t y  f i n e  sand c o n t a i n i n g  ca lcareous 
m a t e r i a l  



TABLE 3-54 

PROPERTIES OF COHESIVE SOIL SAMPLES 

Na tu ra l  Bu lk  Unconfined Shear S t reng th  Parameters 
Water S p e c i f i c  Dens i ty  Voids Compression Cohes i o n  

Sampl e Content G r a v i t y  R a t i o  Strenghh I 1  I 1  

c y  2 
Angle 

NO . " w "  % llGs " ( t/m3 1 "efl (kg/cm 1 (kg lcm 1 O 0  



TABLE 3-55 

CONSOLIDATION CHARACTERISTICS OF CLAYEY SOILS 

Coefficient of Coefficient of Coefficient of 
Consolidation Test Voids Ration at: Pressure Consol idation, Compressibility, Permeabili y, 

Sampl e Zero 4 kglcmL Range cV x lo-3 mV x lo-z 
NO. Pressure Pressure ( kg/cm2) (cd/sec ) % 9 lo- 

(cm /sec) 
T 



and compaction of t h e  samples, a l t hough  n o t  thorough s t i r r i n g ,  be fo re  

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

samples were determined by us i ng  t he  Autographic  Unconf ined Tes t  Apparatus 

(Tab le  3-54, Column 6 )  and t h e  Moto r i zed  Shear Box Apparatus.  

Another s e r i e s  o f  bot tom sediment samples was taken  on October 13, 1977, 

a t  l o c a t i o n s  shown on F igu re  3-3; p a r t i c l e  s i z e  analyses o f  these samples, 

by D r .  M.L. Sabaroty o f  t h e  F a c u l t y  o f  Science, U n i v e r s i t y  o f  A lexandr ia ,  

a r e  surr~marized i n  Table 3-56. D r .  Sabaro ty ' s  r e p o r t  i s  a v a i l a b l e  i n  

Unpubl ished Memorandum No. 3. 

Cons t ruc t i on  Cons idera t ions  

From t h e  f i e l d  data,  one may i n f e r  t h e  f o l l o w i n g  about c o n s t r u c t i o n  

c o n d i t i o n s :  

1 .  B l a s t i n g  w i l l  p robab ly  be r e q u i r e d  i n  t h e  r o c k y  areas, bo th  i n  

t h e  r i d g e  areas and i n  t h e  areas o f  hard, f l a t  r o c k  su r face .  

2. The reg ions  o f  r ock  r i d g e s  w i l l  r e q u i r e  a  cons ide rab le  amount o f  

excava t ion  o f  rock ,  and t h e  p i p e  w i l l  have t o  undergo many 

l a r g e  changes i n  grade (as much as 20' o r  25') a t  t h e  p i pe  j o i n t s .  

3. Where t he  p i p e  i s  t o  be l a i d  on a  hard, f l a t  r o c k  su r face ,  a  

c e r t a i n  amount o f  smoothing and bedding w i l l  be r equ i r ed ,  even i f  

deep t r ench ing  i s  n o t .  

4. I n  r eg ions  o f  sandy o r  g r a v e l l y  bottom, a  smooth bed f o r  t h e  p i p e  

can be e a s i l y  prepared. Where the  sands a r e  s u f f i c i e n t l y  coarse, 

t h e r e  w i l l  be s u f f i c i e n t  bear ing  c a p a c i t y  t o  suppor t  t h e  p i pe  w i t h  

1  i t t l e  se t t l emen t  o f  t h e  s o i l .  

5. The p o t e n t i a l  f o r  e ros i on  o f  sand suppo r t i ng  o r  cove r i ng  t h e  

p i p e l i n e  should  be v e r y  c a r e f u l l y  analyzed d u r i n g  t h e  o u t f a l l  des ign  

phase. The l a r g e  sand r i p p l e s  observed a t  a  dep th  o f  31 m y  t h e  

"necks" on rock  fo rmat ions  a t  the  e l e v a t i o n  o f  t h e  su r round ing  

grade, and t he  f a c t  t h a t  t h e  grade i n  sandy areas o f t e n  s lopes 

towards shore r a t h e r  than away f rom shore, a l l  i n d i c a t e  s i g n i f i -  

c a n t  sediment t r a n s p o r t  dynamics which should  be w e l l  understood 

i f  t he  p i p e l i n e  i s  t o  be p r o p e r l y  p ro tec ted .  



TABLE 3-56 

PARTICLE SIZE ANALYSES OF OTHER SEDIMENT SAMPLES 

Mean S i ze  Standard D e v i a t i o n  

13 Oct 77 (a )  
1 1.12 

0 U n i t s  Geometric 0 U n i t s  Skewness K u r t o s i s  

4 Rock on ly ;  no sediment 

5 0.328 5.43 4.053 2.019 + 0.3935 0.8100 

6 0.87 0.7 1.866 0.9 - 0.076 1.2295 

22 Oct 77 (a )  
1 0.029 5.63 3.036 1.602 + 0.1196 0.69 

2 0.020 6.13 4.773 2.255 + 0.104 0.75 

3 0.019 6.24 3.779 1.918 + 0.0454 0.65 

4 0.033 5.43 4.025 2.009 + 0.50 0.75 

5 0.019 6.20 3.808 1.929 + 0.009 0.81 

6 ,  7, 8 No sediment samples taken 

9 0.029 5.63 3.640 1.864 0.0833 0.77 

Notes: ( a )  Sampling s t a t i o n  l o c a t i o n s  a r e  shown on F i g .  3-3. - 
( b )  0 u n i t s  d e f i n e  s i z e  ranges, thus :  2-0 ~d 421-9.  

Mean s i z e  i n  mm i s  d = 20-5-0.  

( c )  Geometric s tandard d e v i a t i o n  i s  2-@ ( u n i t s  s tandard d e v i a t i o n ) .  



6. F ine -g ra ined  s i l t s  and c l a y s  a r e  found s i x  km and more o f f s h o r e ,  

and p o s s i b l y  i n  some areas c l o s e r  t o  shore.  The t e s t s  conducted 

on these s o i l s  i n  t h i s  s tudy  were born  o f  a  concern abou t  whether 

t h e r e  w i l l  be s u f f i c i e n t  b e a r i n g  c a p a c i t y  f o r  t h e  p i p e l i n e .  

T e n t a t i v e  conc lus ions ,  based on t h e  r e l a t i v e l y  few d a t a  ob ta ined ,  

i n d i c a t e  t h a t  b e a r i n g  c a p a c i t y  w i l l  be adequate p r o v i d e d  t h a t  a  

c e r t a i n  amount o f  s e t t l e m e n t  o f  t h e  p i p e l i n e  i s  accep tab le .  The 

amount o f  s e t t l e m e n t  i nc reases  w i t h  l o a d i n g  r a t e ;  f o r  t h e  l o a d i n g  

r a t e s  a n t i c i p a t e d ,  s e t t l e ~ i i e n t  o f  20 t o  30 cm should  be expected. 

The g r e a t e s t  d i f f e r e n t i a l  s e t t l e m e n t  w i l l  be imposed on p i p e l i n e  

s e c t i o n s  t h a t  pass f rom a  r o c k  r i d g e  t o  a  r e g i o n  o f  s i l t  and c l a y .  

Choice o f  O u t f a l l  A l ignments  

F i g u r e s  3-37 and 3-38, and t h e  p l a n  o f  bot tom c o n d i t i o n s  i n c l u d e d  i n  

Unpubl ished Memorandum No. 10, were s t u d i e d  i n  a  search f o r  s u i t a b l e  o u t f a l l  

a l i gnments  o f f  Anfush i ,  f o r  t h e  K a i t  Bey o u t f a l l ,  and o f f  S i d i  B i s h r ,  f o r  

t h e  S i d i  B i s h r  o u t f a l l  d i s c h a r g i n g  sewage f rom t h e  proposed Ras e l  Soda 

Pre l  i m i n a r y  Treatment P l a n t  and Pump S t a t i o n .  

I n  each o f  t h e  two reg ions ,  any o u t f a l l  a l i gnment  chosen w i l l  unavo idab ly  

pass over  c o n s i d e r a b l e  d i s t a n c e s  o f  r o c k y  and sometimes p r e c i p i t o u s  t e r r a i n ,  

as w e l l  as d i s t a n c e s  o f  g r a n u l a r  t e r r a i n .  I n  each r e g i o n ,  t h e  p r e f e r r e d  

surveyed a l i gnment  was chosen on t h e  b a s i s  o f  hav ing  t h e  g r e a t e s t  p ropor -  

t i o n  o f  d i s t a n c e  over  g r a n u l a r  t e r r a i n  t o  d i s t a n c e  over  r o c k y  t e r r a i n .  I n  

t h e  S i d i  B i s h r  r e g i o n ,  t h i s  was P r o f i l e  8 (see F i g u r e  3-36).  I n  t h e  

K a i t  Bey r e g i o n ,  t h i s  was P r o f i l e  1. However, t h e  second c h o i c e  t h e r e ,  

P r o f i l e  2, was u l t i m a t e l y  chosen f o r  a  t e n t a t i v e  o u t f a l l  a l i g n m e n t  because 

P r o f i l e  1  i s  v e r y  c l o s e  t o  t h e  o f f s h o r e  anchorage f requen ted  by s h i p s  w a i t -  

i n g  t o  e n t e r  t h e  Western Harbor.  

Whi le  t h i s  procedure f o r  s e l e c t i n g  a l i gnments  i s  n o t  t h c  most e x h a u s t i v e  o r  

d e t a i l e d  p o s s i b l e ,  i t  i s  b e l i e v e d  t h a t  a l t e r n a t i v e  a l i gnments  p r o v i d i n g  

v a s t l y  more f a v o r a b l e  c o n s t r u c t i o n  c o n d i t i o n s  p r a b a b l y  do n o t  e x i s t .  As 

noted above, i t  may w e l l  be d e s i r a b l e  t o  i n v e s t i g a t e  an a l i gnment  a t  

S i d i  B i s h r  t h a t  i s  l o c a t e d  e a s t  o f  t h e  Miami promontory;  c o n d i t i o n s  on 

t h e  o u t e r  p o r t i o n s  of  such an a l i gnment  w i l l  be s i m i l a r  t o  those shown 

on P r o f i l e s  9 and 10. 



While c e r t a i n  knowledge o f  c o n d i t i o n s  on t h e  f i v e  km nea res t  shore must 

awa i t  f u r t h e r  surveys, i t  i s  ve r y  p robab le  t h a t  t h e  t e r r a i n  i s  r ough l y  

s i m i l a r  t o  t h e  nearshore f i v e  km of P r o f i l e s  6 th rough  10. 

A l ignment  l eng ths  f o r  t h e  proposed o u t f a l l s  a re  determined i n  Chapter 5 

o f  t h i s  r e p o r t .  

Recomnendations f o r  F u r t h e r  Surveys 

A t  t h e  des ign stage, d e t a i l e d  r o u t e  surveys o f  t h e  chosen a l ignments  w i l l  

be necessary. These surveys should  p rov ide :  

1. D e t a i l s  r ega rd i ng  grade, s l ope  changes and foundat ion p r o p e r t i e s  

which w i l l  a f f e c t  p i pe  des ign.  

2. The d e t a i l e d  knowledge of t h e  amount, t y p e  and r i p p a b i l  i t y ,  o r  

" e x c a v a t a b i l i t y "  of t h e  r ock  t o  be removed; o r  t h e  amount of fill 

and t ype  of m a t e r i a l  r e q u i r e d  f o r  bedding t h e  p ipe .  

These d e t a i l e d  surveys should  be performed w i t h  an e l e c t r o n i c  n a v i g a t i o n  

system hav ing b e t t e r  than  two-metre accuracy (and, acco rd i ng l y ,  on days 

w i t h  ve r y  calm seas, t o  avo id  v a r i a b i l i t y  i n  h o r i z o n t a l  l o c a t i o n  and 

v e r t i c a l  p o s i t i o n  due t o  vessel  r o l l  and heave). The echo-sounder and t h e  

boomer o r  m in i spa rke r  used shou ld  be run  a t  ve r y  l ow  speed. Each a l ignment  

should  be run  a t  l e a s t  t w i c e  t o  p rov i de  s u f f i c i e n t  redundancy. S a l i n i t y ,  

temperature and d e n s i t y  p r o f i l e s  should  be ob ta i ned  t o  p rov i de  echo-sounder 

c a l i b r a t i o n s  ( f o r  a c o u s t i c  wave v e l o c i t y )  a t  t h e  s t a r t ,  m idd le  and end of 

each run. The echo-sounder c h a r t  s h o ~ ~ l d  be r u n  a t  h i g h  speed t o  p r o v i d e  

t h e  g r e a t e s t  d e t a i l  poss i b l e .  The subbottom p r o f i l e s  shou ld  be ob ta ined  

w i t h  a  boomer o r  m in i spa rke r  " tuned" t o  p rov i de  t h e  bes t  r e s o l u t i o n  of 

d e t a i l  i n  t h e  upper t h r e e  metres o f  t h e  sea bed. Th i s  subbottom r e c o r d  

i s  necessary t o  d i scove r  any rock  p innac les  beneath t h e  sand bot tom which 

migh t  e x e r t  " p o i n t "  suppor t  o f  t h e  p ipe.  

To o b t a i n  a d d i t i o n a l  i n f o r m a t i o n  o f  t h e  eng ineer ing  p r o p e r t i e s  o f  t h e  sub- 

bottom, a  smal l  hydrau l  i c  d r i l l  capable o f  t a k i n g  a t  l e a s t  3-m l o n g  cores 

shou ld  be used. A combinat ion u n i t  capable o f  i n t e r chang ing  f rom r o t a r y  

t o  v i b r a t o r y  d r i l l  i n g  would be bes t .  The r o t a r y  cores should  be taken i n  

t h e  " rock"  areas t o  determine t h e  t y p e  and hardness o f  t h e  m a t e r i a l  t o  be 

excavated. The v i b r a t i n g  d r i l l  can sample t h e  g rave l s  and sand areas f o r  



e x c a v a t i n g  and f o u n d a t i o n  p r o p e r t i e s .  A d d i t i o n a l  i n f o r n a t i o n  on excavata-  

b i l i t y  o f  t h e  h a r d e r  m a t e r i a l s  can be o b t a i n e d  u s i n g  r e f r a c t i o n  s e i s m i c  

equipment. Many s t u d i e s  have y i e l d e d  e m p i r i c a l  data  which c l o s e l y  c o r r e l a t e s  

t h e  speed o f  sound i n  t h e  r o c k  w i t h  an a t t e n d a n t  d i f f i c u l t y  i n  excava t ion .  

The unusual c l a r i t y  o f  t h e  w a t e r  p r o v i d e s  e x c e l l e n t  c o n d i t i o n s  f o r  bo t tom 

photography. Photos a r e  p a r t i c u l a r l y  v a l u a b l e  f o r  h e l p i n g  t h e  c o n t r a c t o r  

determine t h e  b e s t  methods o f  excava t ion  and emplacement th rough  t h e  r o c k  

areas e x i s t i n g  from shore o u t  t o  about s i x  k i l o m e t e r s .  These photos can 

be taken u s i n g  a  magazine loaded mar ine camera w i t h  a  c a p a c i t y  o f  s e v e r a l  

hundred p i c t u r e s .  A  d i v e r  can be towed a t  s low speed whi  l e  he gu ides t h e  

camera. The camera can be advanced and f i r e d  from a  c o n t r o l  box on t h e  

s u r f a c e  o r  on command o f  t h e  d i v e r ,  photographing a l l  changes o r  s i g n i f i -  

c a n t  anomal i e s  i n  bot tom topography. As t h e  p i c t u r e s  c o n t a i n  an i d e n t i f i -  

c a t i o n  frame, t h e y  can be c o r r e l a t e d  w i t h  t h e  "Autotape"  p o s i t i o n  a t  t h e  

su r face  t o  l a t e r  i d e n t i f y  each photo l o c a t i o n .  

3.6 E x i s t i n g  K a i t  Bey O u t f a l l  

Accord ing t o  t h e  1946 des ign p lans ,  t h e  e x i s t i n g  o u t f a l l  a t  K a i t  Bey i s  

725 m  l o n g ,  t e r m i n a t i n g  i n  16 m  o f  water .  The p i p e  i s  of  s t e e l ,  1.25 m  

i n  d iameter .  From t h e  pump s t a t i o n ,  across t h e  beach, i n t o  t h e  s u r f ,  and 

o u t  t o  t h e  p r i n c i p a l  r e e f  about 155 m  from shore,  t h e  p i p e  i s  encased i n  

concrete ,  i n  a  r e c t a n g u l a r  "box" s e c t i o n .  For t h e  n e x t  345 m  th rough  and 

beyond t h e  r e e f  zone, t h e  p i p e  i s  covered w i t h  b a l l a s t  bags. F o r  t h e  

l a s t  250 m, t h e  p i p e  l i e s  unba l las ted .  

The o u t f a l l  was proposed b y  Lloyd-Davies i n  1908, designed i n  1946, and 

b u i l t  i n  t h e  l a t e  1950's.  

A t  t h e  p resen t  t ime ,  i t  i s  e v i d e n t  t h a t  t h e r e  a r e  l e a k s  i n  t h e  system 

t h a t  permi t sewage t o  escape f rom t h e  p i p e  much neare r  t o  shore than  



725 metres.  I n s p e c t i o n  of t h e  o u t f a l l  b o i l  areas f rom a  launch i n  

February, 1977, revea led  t h a t  t h e r e  were n o t  one o r  two leaks  b u t  many, 

i m p l y i n g  a  well-advanced s t a t e  of d e t e r i o r a t i o n  of t h e  whole p i p e l i n e ,  

r ende r i ng  r e p a i r s  i m p r a c t i c a l .  The number and l o c a t i o n  of t h e  breaks 

were determined i n  a  dye s tudy  conducted by CDM i n  October, 1977. 

I n  J u l y ,  1977, t he  Egypt ian company, EGYCO, i n  c o o r d i n a t i o n  w i t h  t h e  

French company, GO I n t e r n a t i o n a l ,  undertook a  d i v i n g  i n s p e c t i o n  of 

t h e  o u t f a l l .  A f t e r  submarine i nspec t i on ,  w i t h  r epo r t age  of t h e  p i p e ' s  

c o n d i t i o n  every  5 m, EGYCO/GO concluded t h a t  t h e  whole p i p e l i n e  i s  i n  

ve r y  bad c o n d i t i o n  and t h a t  r e p a i r  was i m p r a c t i c a l .  I n  p a r t i c u l a r ,  they  

observed t h a t  ove r  t h e  f i n a l  163 m, where t h e  s t e e l  p i p e  s imp l y  l i e s  on 

t h e  sea bed, t h e  p i p e  i s  n e a r l y  comp le te ly  dest royed.  

I n  t h e  CDM dye s tudy,  two l i t r e s  of Rhodamine WT dye were dumped i n t o  

t h e  o u t f a l l  d i scharge  chamber a t  Kai  t Bey pump s t a t i o n .  The d ischarge  
3 

r a t e  was gauged a t  1.37 m  /sec, u s i n g  a  r a t i n g  cu rve  developed e a r l i e r  

i n  a  CDM survey o f  A lexandr ian sewer d ischarges.  

The b o i l  area was observed f rom t h e  t o p  o f  t h e  K a i t  Bey F o r t  and t h e  

t i m e  and l o c a t i o n  o f  each new appearance of t h e  dye was noted. Loca t ions  

were f i x e d  by sex tan t  read ings  f rom t h e  f o r t  of t h e  ang le  between each 

dye patch and Ras e l  T i n  l i gh thouse ,  t oge the r  w i t h  knowledge o f  t h e  p ipe-  

l i n e  a l ignment .  

The f i r s t  major  dye patch appeared 235 m from shore, and t h e  l a s t  appeared 

490 m f rom shore. Seven d i s t i n c t  dye patches appeared. F i v e  o f  t h e  

patches can be c o r r e l a t e d  w i t h  breaks r e p o r t e d  by EGYCO/GO; two dye 

patches were noted i n  areas where EGYCO/GO d i d  n o t  r e p o r t  l eaks .  The 



dye s t u d y  o b s e r v a t i o n s  a r e  summarized i n  Tab le  3-57. 

The CDM dye s t u d y  c o r r o b o r a t e s  t h e  f i n d i n g s  by EGYCO/GO; t h e  p r e s e n t  

o u t f a l l  i s  i n  advanced s t a t e  of d e t e r i o r a t i o n  and v i r t u a l l y  n o n e x i s t e n t  

more t h a n  500 m  from shore. 

The r a p i d  d e t e r i o r a t i o n  of  t h e  p i p e  over  20 y e a r s  can be a t t r i b u t e d  t o  

i n s u f f i c i e n t  p r o t e c t i o n  f r o m  wave a c t i o n ,  and i n s u f f i c i e n t  c o r r o s i o n  

p r o t e c t i o n .  Note t h a t  t h e  s e c t i o n  of  t h e  p i p e l i n e  encased i n  poured 

concre te ,  and n e a r e s t  t o  shore,  i s  n e a r l y  i n t a c t .  The s e c t i o n  i n  t h e  

s u r f  zone, p r o t e c t e d  mere ly  by  cement bags y e t  s u b j e c t  t o  wave forces,  

has many breaks.  

TABLE 3-57 

W I T  BEY OUTFALL DYE STUDY ( a )  

Dye Patch Time a f t e r  Dye D is tance  f rom 
Number Dump, sec. ( b )  S t a t i o n ,  m  

( a ) ~ h e s e  observa t ions  were recorded  d u r i n g  a  dye s t u d y  a t  t h e  
e x i s t i n g  K a i t  Bey O u t f a l l  25 Oct 77, pumps No. 1 and 5  
o p e r a t i n g .  Rated d ischarge  o f  each pump i s  50 m3/min. 
Depth of f l ow  i n  d i s c h a r g e  chamber averaged 0.70 my i m p l y i n g  
d ischarge  o f  82 m3/min f r o m  r a t i n g  cu rve  developed i n  May 77 
by CDM. 

( b ) ~ w o  1  i t r e s  of rhodamine WT dye used i n  dump i n t o  d i s c h a r g e  
chamber. 



The s e c t i o n  more than 500 m from shore i s  by no means deep enough t o  

avo id  wave forces, y e t  l i e s  on t h e  sea bottom unprotected.  Furthermore, 

i t  was made of s t e e l  w i t h  i n s u f f i c i e n t  ca thod ic  p r o t e c t i o n  provided, 

j udg ing  f rom t h e  degree o f  c o r r o s i o n  repor ted .  

Fu tu re  o u t f a l l  des ign should, of course, ensure aga ins t  these  f a i l u r e s  

by s e l e c t i n g  s t ronger ,  more co r ros ion  r e s i s t a n t  ma te r i a l s ,  by employing 

p r o t e c t i v e  coa t i ngs  and ca thod ic  p r o t e c t i o n ,  by bu ry i ng  t h e  p i p e l i n e  

through t h e  sur f  zone and o f fshore  t o  a  s u i t a b l e  depth, and by proper  

bedding and revetment beyond t h a t  depth. 
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CHAPTER 4 

DISCHARGE STRATEGY AND QUANTITATIVE CRITERIA 

4.1 Strategy 

Development Program 

These oceanoara~h ic  s tudies are  a p a r t  o f  t he  A1 exandria Wastewater Fac i 1 i t i e s  
Development Program. The Master Plan conta ins the  recommendations t h a t :  

1. Wastewater from the  cen t ra l  and eastern p a r t s  o f  t he  Alexandria 

Governorate be discharged t o  the  Mediterranean sea through 1 ong 

o u t f a l l s  a t  S i d i  B i sh r  and K a i t  Bey Fo r t .  

2. That wastes from i n d u s t r i e s  border ing Abu K i r  Bay be detained i n  

an evaporat ion pond near Lake Idku. 

3. That wastes from Mex and Dekheila and from Ameria be t rea ted  i n  

s t a b i l i z a t i o n  ponds before  discharge t o  t h e  West Noubaria Dra in  

and thence t o  the sea. 

These recommendations a r e  discussed below i n  q u a l i t a t i v e  terms. 

S i d i  B ishr  and K a i t  Bey Ou t fa l l s  

I n t e r p r e t a t i o n  o f  t he  oceanographic f i e l d  data obtained i n  t h i s  program 

leads t o  the  conclus ion t h a t  discharge o f  l a r g e  q u a n t i t i e s  o f  sewage from 

proper ly  designed outfa1 1 s w i  11 no t  impair  the  aes the t ics  nor endanger 

pub1 i c  hea l th  a t  Alexandria beaches, and w i l l  no t  have a ne t  adverse impact 

on marine 1 i f e .  I n  fact ,  the  n u t r i e n t - d e f i c i e n t  sea may b e n e f i t  from the 

increasing wastewater f lows expected through the  year  2000 which w i l l  be 

dispersed and not  trapped along the shorel ine.  The oxygen content  through- 

o u t  the water column i n  the  study area i s  high, so t h a t  wastewater d i s -  

charges can be adequately ox id ized w i thou t  severe oxygen dep le t ion .  

Proper design o f  the  o u t f a l l  system would inc lude:  

1. Discharge s u f f i c i e n t l y  f a r  from sliore t o  be beyond the  low. .sa l in i ty  

1 ens occasional l y  observed alontf t he  coast.  

2. Discharge s u f f i c i e n t l y  f a r  from shore t o  be i n  a reg ion  o f  r e l a t i v e l y  

s t rong and pe rs i s te f i t  cur ren ts .  

3. Discharge i n  w a t e r s s u f f i c i e n t l y  deep, through a d i f f u s e r  s u f f i c i e n t l y  

long, t o  ensure a h igh  degree of i n i t i a l  d i l u t i o n .  



4. Discharge s u f f i c i e n t l y  f a r  f rom shore t o  ensure adequate over-  

a l l  d i l u t i o n  and m i c r o b i a l  decay by t he  t ime  any p a r t  o f  t h e  

e f f l u e n t  plume reaches shore, so as t o  meet p u b l i c  h e a l t h  c r i -  

t e r i a  f o r  ba th i ng  beaches. 

5. P r e l i m i n a r y  t rea tment  of t h e  wastewater t o  remove rags,  s t r i n g ,  

g r i t ,  and o t h e r  l a r g e  s o l i d s ;  and t o  remove much of t h e  o i l  found 

i n  A lexandr ia  sewage. 

6. Adequate s t r u c t u r a l  p r o t e c t i o n  f o r  each o u t f a l l  t o  p reven t  damage 

by d i r e c t  wave a c t i o n  o r  by beach e ros ion .  

7. Adequate p o r t  s i z e  t o  avo id  c l ogg ing  of t h e  p o r t s  by s o l i d s  n o t  

removed i n  t h e  p re t rea tment  process. 

The o u t f a l l s  w i l l  be p a r t  o f  a  sewerage system t h a t  i s  in tended  t o  f ree  

t h e  beaches of s h o r e l i n e  and nearshore sewage d ischarges.  Wi th  such a  system, 

one may expect  safer  ba th ing  c o n d i t i o n s  and g e n e r a l l y  c leaner  water  a long  t h e  

beaches. There may be some r e d u c t i o n  i n  t h e  amount o f  o i l  depos i ted  on t h e  

beaches if t h e  mazout and crankcase o i l  p r e s e n t l y  dumped i n t o  t h e  sewers a r e  

e i t h e r  e f f e c t i v e l y  excluded from t h e  sewers and/or removed i n  t h e  'p re t rea tment  

process. 

One should r e a l  i ze ,  however, t h a t  t h e  system cannot be expected t o  e n t i r e l y  

r e l i e v e  t h e  beaches o f  t he  u n a t t r a c t i v e  y e l l o w  o r  even brown c o l o r  t h e  near-  

shore waters sometimes a t t a i n  when t he  l o w - s a l i n i t y  l e n s  i s  t rapped near  t h e  shore 

f o r  severa l  days. Th is  i s  because, even w i t h  t h e  o u t f a l l s ,  l a r g e - s c a l e  d i s -  

charges from t h e  Mex Canal w i l l  con t i nue  c a r r y i n g  waters f rom t h e  Umoum D r a i n  

and Lake Maryut.  Furthermore, t h e  system w i l l  n o t  be a b l e  t o  r e l i e v e  t h e  

beaches of most of t he  o i l  t h a t  washes ashore f rom sh ips .  

I n  t h e  A lexandr ia  Wastewater F a c i l i t i e s  Master Plan, t h e  o u t f a l l s  were 

chosen i n  p re fe rence  t o  severa l  o t h e r  d i sposa l  a l t e r n a t i v e s ,  i n c l u d i n g  

d isposa l  t o  Lake Maryut f o l l o w i n g  secondary t reatment .  I t  has been po in ted  

o u t  i n  t he  Master P lan Repor t , that  a t  t he  r a t e  o f  e u t r o p h i c a t i o n  now o c c u r r i n g  

i n  Lake Maryut, t h e r e  w i l l ,  i n  a  few decades, no l onge r  be a  l a k e  b u t  o n l y  a  

marsh, w i t h  a  channel through t h e  marsh from t h e  t rea tment  p l a n t  t o  t h e  Mex 

Canal. Discharge t o  Lake Maryut w i l l  become, i n  e f f e c t ,  d i scharge  t o  t h e  



Mex B igh t ,  m i t i g a t e d  somewhat by t he  n u t r i e n t  removal prov ided by f l o w  

through t h e  marsh. Discharge of 1  arge q u a n t i t i e s  of secondary e f f l u e n t  

a t  t h e  Hex sho re l i ne  w i l l  be a  form o f  ocean d isposa l  cons iderab ly  i n f e r -  

i o r  t o  d ischarge f a r  o f f s h o r e  through o u t f a l l s ,  p a r t i c u a r l y  i f  i n  t h e  

f u t u r e  t h e  Mex B i g h t  i s  p a r t i a l l y  enclosed by new breakwaters which may 

be cons t ruc ted  as p a r t  o f  a  harbor  expansion program. 

Abu K i r  Bay 

As noted i n  Sec t ion  3.1, Abu K i r  Bay i s  p r e s e n t l y  sub jec ted  t o  heavy p o l l u t i o n  
from paper m i l l  and o t h e r  wastes d ischarged a t  t h e  Tabia Pump S t a t i o n .  

It i s  shown i n  Sec t ion  3.1 t h a t  most o f  t h e  t ime t h e  d ischarge  plume 

f l ows  eas t  a long  t h e  coas t  pas t  Maadiya and ~ d k u  towards Roset ta .  

There a r e  numerous i n d i c a t i o n s  t h a t  t h i s  d ischarge  i s  s i g n i f i c a n t l y  harming 

l o c a l  mar ine 1  i f e ,  as we1 1  as tend ing  t o  o b s t r u c t  t h e  Maadi.ya i n l e t .  Wi th  mea- 

sured c u r r e n t  speeds o f  t h e  o rde r  o f  0.1 m/sec,and a  t o t a l  volume (sou theas t  

o f  a  1  i n e  from Nelson I s l a n d  t o  Ras Umm El Nabay i l )  o f  o n l y  3  m i l  1  i o n  m3, 

t h i s  shal low, q u i e t  bay has o n l y  a  l i m i t e d  c a p a c i t y  f o r  a s s i m i l a t i n g  wastes. 

Wastes d ischarged a t  t h e  s h o r e l i n e  s t a y  near t h e  s h o r e l i n e  much of t h e  t ime.  

O u t f a l l s  could,  o f  course, be b u i l t  t o  c a r r y  t h e  wastes o f f sho re ,  b u t  w i t h  

wate rdep ths  o f  o n l y  5 t o  10 m, i t  w i l l  be d i f f i c u l t  t o  o b t a i n  good i n i t i a l  

d i l u t i o n  of t h e  wastes, even w i t h  long  m u l t i p o r t  d i f f use rs .  

Any discharges from f u t u r e  i n d u s t r i e s  w i l l  aggravate t h e  s i t u a t i o n .  There i s  

a l s o  t h e  prospect  t h a t  an e l e c t r i c  power p l a n t  which draws c o o l i n g  water  

from t h e  bay niay encounter maintenance problems due t o  t h e  po l  1  u t i o n  . 

These comments about Abu K i r  Bay a r e  based on l i m i t e d  observa t ions  on l y ,  

b u t  c o r r o b o r a t i v e  observa t ions  may be e a s i l y  made by l o c a l  

oceanographers: For  t h e  present ,  i t  i s  proposed i n  t h e  A lexandr ia  

Wastewater F a c i l i t i e s  Program Master P lan t h a t  i n d u s t r i a l  wastes now being 

discharged t o  t h e  Bay be sen t  ins tead  t o  an evapora t ion  pond near El  Tarh. 

I t  i s  impor tan t  t h a t  over f low o r  dra inage from such a  pond n o t  be admi t ted - 
t o  Lake Idku.  I t  may be proposed f u r t h e r  t h a t  a  management p l an  f o r  

Abu K i r  Bay be c rea ted  i n  t h e  near f u t u r e .  



The management p l a n  would n e c e s s a r i l y  i n v o l v e  bo th  A lexand r i a  and Behei ra  

governates,  and severa l  m i n i s t r i e s  such as Housing and Reconst ruct ion,  

F i she r i es ,  A g r i c u l t u r e ,  I n d u s t r v .  and E l e c t r i c i t y ,  t o  name a fev.  The p l a n  would 
serve t o  r e g u l a t e  t h e  i n d u s t r i a l  development a long  t h e  Abu K i r  Bay 

s h o r e l i n e  so t h a t  t h e  bay may en joy  balanced opt imim use as a  f i s h e r y ,  a  

source of c o o l i n g  water ,  and a  r e c e i v i n g  water f o r  waste d ischarges,  y e t  

w i t h  no one use r u i n i n g  t h e  bay f o r  o t h e r  uses. 

Mex, Dekhei la ,  Ameria 

These areas a r e  somewhat d i s t a n t  f rom t h e  areas served by t h e  K a i t  Bey 

and S i d i  B i s h r  o u t f a l l s ;  and t h e i r  p ro j ec ted  loads  f o r  t h e  nex t  few 

decades a r e  s u f f i c i e n t l y  smal l  t h a t  separate  o u t f a l l  systems a r e  n o t  

j u s t i f i e d .  Therefore, s t a b i l i z a t i o n  ponds a r e  recommended. 

The f l ows  a r e  smal l  and well-managed s t a b i l i z a t i o n  ponds can p rov i de  an 

adequate degree of  t rea tment .  The pond e f f l u e n t s  w i l l  be d i l u t e d  w i t h  

t h e  o the r  water  i n  t h e  West Noubaria Dra in .  S t i l l ,  because t h e  d ischarge  

w i l l  be u l t i m a t e l y  t o  t h e  shore1 i n e  near a  ba th i ng  area, t h e  water  qua1 i t y  

should be moni tored r e g u l a r l y .  

Northwest Coastal  Zone 
1  A  r e c e n t  p lann ing  r e p o r t  submi t ted t o  t h e  M i n i s t r y  o f  Housing and Recon- 

s t r u c t i o n , o u t l i n e d  a  proposal  f o r  development o f  t h e  coas ta l  s t r i p  west 

o f  A lexandr ia ,  f rom S i d i  K r e i r  t o  E l  Alamein. The popu la t i on  p r o j e c t e d  

f o r  t h e  20 th  year  o f  t he  program i s  500 000, w i t h  a  p r o j e c t e d  sewage 

d ischarge  of 160 MLlday, o r  about 2 m3/sec. The p l a n  c a l l  s  f o r  secondary 

t rea tment  w i t h  d isposa l  i n l a n d  as i r r i g a t i o n  water;  o r ,  as an a l t e r n a t i v e ,  

d i sposa l  t o  t h e  sea. 

' p ro f .  D r .  A. A.  A t t i a  and Assoc ia tes,  NN Coastal  Zone Phys ica l  P l a n n i n ~  
and Development P r o a r a ~ ,  Report  1, P lann ing  and Urban Development, 
Cai ro ,  1  l i a rch  1978. 



Th i s  nor thwest  coas ta l  zone i s  o f  course n o t  w i t h i n  t h e  s tudy area o f  

our  p r o j e c t ,  b u t  when assessing t he  f a r - f i e l d  capac i t y  o f  t he  Med i te r -  
3 annean Sea t o  a s s i m i l a t e  t he  p ro jec ted  11 m /sec o f  wastewater f rom 

A lexand r i a ' s  o u t f a l l s , i t  i s  w e l l  t o  know the  approximate l oad  t o  be expec- 

t ed  f rom neighbor ing areas. It i s  l i k e l y  t h a t  t h e  t o t a l  p ro j ec ted  
3 2 m /sec o f  e f f l u e n t  f rom t h e  coas ta l  zone, i f  d ischarged t o  t h e  sea 

f rom a number o f  we1 1 -designed o u t f a l l  s a long t h e  s t r i p ,  would be a 

t o l e r a b l e  a d d i t i o n  t o  t h e  11 3m /sec d ischarged f rom A1 exandr ia  

o u t f a l l  s. 

Tox ic  M a t e r i a l s  

A g r i c u l t u r a l  Pes t i c ides .  A g r i c u l t u r a l  p e s t i c i d e s  may be found i n  waters 

d r a i n i n g  from a g r i c u l t u r a l  lands, e v e n t u a l l y  f i n d i n g  t h e i r  way t o  t h e  sea. 
A t  present,  p e s t i c i d e s  i n  seawater a r e  n o t  y e t  ev iden t .  Gas chromatograph 

t e s t s  on water  c o l l e c t e d  f rom t h e  Mex B i g h t  and o f f  Anfushi  snowed no 

evidence o f  any o f  tne p e s t i c i d e s  sought (endr in ,  a l d r i n ,  d i e l d r i n ,  UUt, 

and DDT). 

On t h e  one hand, if p e s t i c i d e  concent ra t ions  inc rease  t o  n o t i c e a b l e  

l eve l s ,  i t  w i l l  happen f i r s t  i n  t h e  a g r i c u l t u r a l  d ra ins ,  l ong  before i t  w i l l  

be n o t i c e d  i n  t h e  ten-  t o  f i f t y - f o l d  d i l u t e d  plumes f rom dra inage d ischarge 

p o i n t s  a t  Hanov i l l e ,  Flex and Tabia. On t he  o t h e r  hand, p e s t i c i d e s  can be 

accumulated i n  f i s h  and o t h e r  marine 1 i f e  t o  concen t ra t ions  f a r  i n  excess 

o f  those i n  t he  surrounding seawater. P e r i o d i c  mon i t o r i ng  o f  f i s h  f l e s h  f o r  

p e s t i c i d e s  i s  t h e r e f o r e  adv isable.  

I n d u s t r i a l  Tox ic  Wastes. The unregulated d isposa l  of  i n d u s t r i a l  t o x i c  ma te r i a l s ,  

i n c l u d i n g  heavy metals,  cou ld  have a severe impact on t he  Mediterranean Sea. 

I n  o rder  t o  min imize t h e  impact o f  t o x i c  wastes d ischarged i n t o  t h e  sea, 

p re t rea tment  o f  these wastes a t  t h e i r  source w i l l  be necessary. The Master 
1 P lan Technical  Report  con ta ins  a recommended sewer ord inance which woul d 

g i v e  t he  General O r g a n i z a t i o n f o r  Sewerage and San i t a r y  Drainage (GOSSD) 

Camp Dresser and McKee Inq.,  C. a r l e  T M I n t e  a t i o  a1 I c t t  
Arab Technical  and Economical 2onsuT ti r ig  8!?ice, )??exanar ia  Rasrewater 
Master Plan.Study, Volume 11,Technical R e ~ o r t ,  1978. 



t he  a u t h o r i t y  t o  s e t  1 i n i i t s  on t he  types and q u a n t i t i e s  o f  m a t e r i a l s  

t h a t  cou ld  be discharged t o  t he  sewer system. Implementat ion and s t r i c t  

enforcement o f  t he  sewer ord inance w i l l  be t he  key t o  t h e  achievement 

of adequate d isposal  of i n d u s t r i a l  t o x i c  wastes. 

Presen t l y ,  Camp Dresser and McKee Inc .  and Charles T. Main I n t e r n a t i o n a l ,  I nc .  a r e  

i nvo l ved  i n  two s tud ies  concerning i n d u s t r i a l  waste d isposa l .  One 

study, du r i ng  t he  sumner o f  1978, i s  be ing conducted t o  prepare c o s t  

est imates f o r  t h e  pret reatment  o f  i n d u s t r i a l  wastes a t  about 50 i n d u s t r i a l  

p l a n t s  i n  A lexandr ia .  The c o s t  est imates a r e  t o  be based on standard 

i n d u s t r i a l  t reatment  p rac t i ces .  S p e c i f i c  t reatment  process designs 

a r e  n o t  inc luded  i n  t h i s  s tudy  b u t  should be es tab l i shed  a t  t h e  t ime t h a t  

p re t rea tment  i s  t o  be implemented a t  a p l a n t .  The des ign c r i t e r i a  

f o r  t h e  pret reatment  f a c i l i t i e s  w i l l  be based on t he  requirements s e t  

f o r t h  i n  t h e  sewer ord inance i n  e f f e c t  a t  t h a t  t ime. 

A second s tudy  by CDM i s  f ocus inq  on t he  i n s t i t u t i o n a l ,  manaaement,. and 

t r a i n i n g  needs t h a t  w i l l  enable GOSSD t o  operate e f f e c t i v e l y  as a waste- 

water a u t h o r i t y .  (As  a p a r t  o f  t h i s  study,recommendations a r e  t o  be 

made t h a t  w i l l  p rov ide  t h e  framework w i t h i n  GOSSD f o r  implement ing and 

en fo r c i ng  a sewer ordinance. ) 

P resen t l y  no e n f o r c e a b l e , c r i t e r i a  e x i s t  f o r  t h e  d iposa l  o f  wastewater 

i n t o  t h e  ~ e d i t e r r a n e a n  Sea a t  A lexandr ia .  However, c u r r e n t  research by 

t he  MED POL program (descr ibed i n  t he  nex t  sect ion) i s  in tended t o  p rov ide  

t h e  background concentrat ion,  co, and t he  maximum pe rm iss ib l e  concen t ra t i on  

r3 i n  seawater f o r  each ma te r i a l  of concern. Values of co and cr, se lec ted  

as r e c e i v i n g  water qual  i ty  standards by GOSSD, should be coord ina ted  w i t h  

those es tab l i shed  by t he  MED POL Program. 

Once water qual  i ty  standards a r e  es tab l  ished, t h e  pe rm iss ib l e  e f f l u e n t  

concen t ra t i on  , ce, of  each m a t e r i a l  t o  be d ischarge4  can be determined 



by t h e  formula:  

ea. (4-1 ) 

where ce, cr, and co a r e  as s t a t e d  above,and S  i s  t h e  d i l u t i o n  r a t i o  

prov ided by t h e  o u t f a l l .  Means o f  c o n t r o l  1  i n g  i n d u s t r i a l  d ischarges 

so t h a t  ce i s  n o t  exceeded i n  t h e  c o l l e c t i o n  system can then  be estab-  

1  ished. 

CDM-MAIN engineers b e l i e v e  t h a t  t h e  enforcement o f  t h e  recommended sewer 

ord inance and t h e  p re t rea tment  o f  i n d u s t r i a l  wastes by s tandard i n d u s t r y  

p r a c t i c e s  w i l l  enable t he  sewerage a u t h o r i t y  t o  d ischarge  wastes through 

ocean o u t f a l l s  and meet whatever q u a l i t y  s tandards a r e  proposed, assuming 

t h e  standards t o  be about  as s t r i r l g e n t  as those proposed i n  1977 f o r  

Cal i f o r n i a ,  USA. 

F i s h e r i e s  

Wi th  o u t f a l l s  designed t o  p rov i de  s u f f i c i e n t  d i l u t i o n  t o  p reven t  se r i ous  

oxygen dep le t i on ,  and t o  d i spe rse  s e t t l e a b l e  so l  i d s  e f f e c t i v e l y ,  and 

w i t h  t o x i c  m a t e r i a l s  e f f e c t i v e l y  c o n t r o l l e d  a t  t h e i r  sources, t h e r e  should 

be l i t t l e  adverse e f f ec t  i n  t h e  f i s h e r i e s ;  i n  f a c t ,  t h e r e  may w e l l  be a  n e t  
b e n e f i t  f rom the  n u t r i e n t s  (no te  t h e  l a r g e  numbers o f  p o l e  f ishermen found 

d a i l y  near t h e  p resen t  K a i t  Bey o u t f a l l  and t h e  o t h e r  sewer d ischarge  p o i n t s ) .  

C u r t a i l i n g  t h e  p o l l u t i o n  i n  Abu K i r  Bay may g r e a t l y  improve t h e  f i s h e r y  t h e r e  

and i n  Lake Idku.  

There i s  n o t  a  g r e a t  s h e l l f i s h  i n d u s t r y  near A lexandr ia ,  b u t  some s h e l l f i s h  

and sea u r c h i n s  a r e  taken by i n d i v i d u a l s  f rom nearshore waters .  The main 

danger of pathogenic organisms i n  seawater, a p a r t  f rom t h e  danger t o  bathers ,  

i s  t h a t  many types of s h e l l f i s h  concen t ra te  them t o  l e v e l s  many t imes g r e a t e r  

than found i n  t he  ambient seawater.' The danger t o  human consumers i s  

p a r t i c u l a r l y  g r e a t  i f  t h e  s h e l l f i s h  a r e  eaten raw, as i s  o f t e n  popular .  Cook- 

i n g  t he  s h e l l f i s h  g r e a t l y  decreases t he  danger, b u t  i s  n o t  always s u f f i c i e n t  

' p e t r i 1  1  i . De F l o r a  and Lemori. " P o l l u t i o n  o f  Coastal  Waters i n  I t a l v - -  
~ a c t e r i o l o ~ i c a l  and ~ i r o l  o g i c a l  Research, Mar ine Pol 1  u t i o n  and ~ a r i n e  
Waste Disposal ,  Pergamon Press, 1975. 



t o  i n a c t i v a t e  t h e  pathogens e n t i r e l y .  It i s  bes t ,  t he re fo re ,  t o  e l i m i n a t e  

d ischarges f r om r e g u l a r l y  harvested shel  l f i s h  areas, Rou t ing  wastewater 

through l o n g  o u t f a l l s  and p r o v i d i n g  a h i g h  d i l u t i o n  r a t i o n ,  r a t h e r  than  

d i scha rg i ng  a t  t he  s h o r e l i n e  w i t h  l i t t l e  d i i u t i o n ,  w i l l  g r e a t l y  reduce 

t h e  con tamina t ion  o f  s h e l l f i s h  near  t h e  shore, 

M o n i t o r i n g  

The p r e l i m i n a r y  o u t f a l l s  desians t o  be presented i n  
Chapter 5 r ep resen t  a  sound and sa fe  s o l u t i o n  t o  A lexandr ia  wastewater 

d i sposa l  problems. However, i t  i s  always p ruden t  t o  mon i t o r  t he  performance 

o f  a  d i sposa l  system t o  ensure t h a t  p u b l i c  h e a l t h  and o t h e r  c r i t e r i a  a r e  

adequate ly  me:. 

B a z t e r i a l  l e v e l s  a t  beaches should  con t i nue  t o  be measured as they  have 

been f o r  severa l  seasons past .  The accumulat ion o f  heavy meta ls  and t o x i c  

m a t e r i a l  i n  bot tom sediments and organisms, i n c l u d i n g  f i s h  and s h e l l f i s h  

should  be monitored. A l though t h e  accumulat ion o f  t o x i c  l e v e l s  o f  these 

wastes i s  n o t  a n t i c i p a t e d ,  p e r i o d i c  sampl ing should  be conducted i n  and 

ove r  t he  sediments su r round ing  t h e  o u t f a l l s ,  as w e l l  as i n  areas where 

she l  1  f i s h  a r e  r egu l  a r l y  harvested, t o  make sure  t h a t  t o x i c  concen t ra t i ons  

a r e  n o t  reached. Ben th ic  organisms should  be mon i to red  f o r  s i z e  and chemi- 

c a l  composi t i o n .  Should m o n i t o r i n g  show t h a t  accumulat ion o f  heavy meta ls  

o r  o t h e r  t o x i c  wastes a r e  reach ing  dangerous 1 eve l s  , requi rements  f o r  

source c o n t r o l  o f  these wastes would then  be strengthened, F u r t h e r  sug- 
ges t i ons  f o r  a  s u i t a b l e  m o n i t o r i n g  program niay be found i n  t h e  MED-POL 

Guide l  i nes .  1 

' coord ina ted  Medi ter ranean Pol  1  u t i o n  M o n i t o r i n g  and Research Programe,  
Guidel  i nes  f o r  Hea l t h  M o n i t o r i n g  o f  Coastal  Water Qua1 i ty, World Hea l t h  
Organ iza t ion ,  1977. 



4.2 Programs t o  Develop Water Q u a l i t y  C r i t e r i a  

E x i s t i n g  Water Law 

Regulat ions concern ing t h e  d ischarge o f  l i q u i d  wastes a re  con ta ined  i n  

Egypt ian Law No 93 of  1962, issued by t h e  M i n i s t r y  o f  Housing and Recon- 

s t r u c t i o n .  The law covers t h e  implementat ion and management o f  sewerage 

works i n  general .  Chapter 6  o f  t h e  law s p e c i f i e s  s tandards f o r  .the d i s -  

charge o f  i n d u s t r i a l  and domestic wastes i n t o :  (1  ) t h e  general  sewage 

system, ( 2 )  t he  N i l e  R i v e r  and i t s  branches, and ( 3 )  open d r a i n s  and 

channels. I n  a d d i t i o n ,  t he  law con ta ins  standards f o r  t he  reuse o f  

wastewater f o r  i r r i g a t i o n .  

Whi le ass ign ing  some s p e c i f i c  c r i t e r i a  f o r  d ischarge t o  sewers, r i v e r s ,  

and canals,  t he  law l i s t s  no s p e c i f i c  standards f o r  d ischarges t o  l akes  

o r  t h e  sea; i t  s t a t e s  o n l y  t h a t  d ischarges a re  pe rm i t t ed  i f  they  do n o t  

con ta in  any ma t te r  which may adverse ly  a f f e c t  swimming beaches. Because 

i t  i s  n o t  s p e c i f i c  about d ischarges t o  lakes  and t h e  sea, t he  law i s  

i m p r a c t i c a b l e  t o  enforce, as i s  ev i den t  f rom the  gross p o l l u t i o n  observed 

a t  severa l  beaches and i n  much o f  Lake Maryut. 

Furthermore, i n  t he  s i x t e e n  years  s i nce  Law No 93 o f  1962 was d r a f t e d ,  

cons iderab le  research has been c a r r i e d  o u t  around t he  w o r l d  i n t o  t h e  

e f f e c t s  o f  p o l l u t a n t s  d ischarged v i a  wastewater o u t f a l l s  i n t o  n a t u r a l  

waters.  Th i s  research i s  enabl i n g  more r a t i o n a l ,  extens ive,  and s p e c i f i c  

water  q u a l i t y  c r i t e r i a  t o  be developed. Many c o u n t r i e s  have adopted such 

c r i t e r i a ,  t a i l o r e d  t o ,  l o c a l  cond i t i ons ;  i t  would be w e l l  i f  Egypt were 

l i k e w i s e  t o  update and improve i t s  e x i s t i n g  water  law. 

The MED POL Program 

A t  Monaco i n  ~ep tember  1974, t he  Un i t ed  Nat ions Environmental Program (UNEP), 

t oge the r  w i t h  agencies o f  UNESCO, FAU, and t h e  I n t e r n a t i o n a l  Commission f o r  

t he  S c i e n t i f i c  Exp lo ra t i on  o f  t he  Mediterranean (ICSEM), sponsored an 

I n t e r n a t i o n a l  Workshop on Marine P o l l u t i o n  i n  t h e  Mediterranean. The work- 

shop de f i ned  t h e  p o l l u t i o n  o f  coas ta l  waters as t he  main environmental  

problem o f  t h e  Mediterranean Sea. Th i s  p o l l u t i o n  was a t t r i b u t e d  t o  t h e  



genera l  l a c k  o f  adequate systems f o r  t h e  t r e a t m e n t  and d i s p o s a l  o f  domes- 

t i c  and i n d u s t r i a l  waste, t o  t h e  i n p u t  o f  p e s t i c i d e s  and p e t r o l e u m  hydro-  

carbons and t o  t h e  presence o f  pa thogen ic  organisms. 

Based on t h e  recommendations o f  t h e  Monaco Workshop, t h e  In te rgovernmenta l  

Mee t ing  on t h e  P r o t e c t i o n  o f  t h e  Med i te r ranean  i n  Barce lona approved i n  

February  1975, a  c o o r d i n a t e d  Med i te r ranean  P o l l u t i o n  M o n i t o r i n g  and 

Research Program (MED POL) as p a r t  o f  a  w i d e r  Med i te r ranean  A c t i o n  P lan.  

The MED POL Program c o n s i s t s  o f  seven p i l o t  p r o j e c t s  des igned t o  m o n i t o r  

s e l e c t e d  meta ls ,  p e s t i c i d e s ,  and o t h e r  t o x i c  m a t e r i a l s  i n  f i s h ,  s t u d y  

t h e  e f f e c t s  o f  p o l l u t a n t s  on f i s h  and on ecosystems, m o n i t o r  t h e  l e v e l s  

and p a t t e r n s  o f  o i l  p o l l u t i o n ,  examine how p o l l u t a n t s  e n t e r  and a r e  

t r a n s p o r t e d  o f f  t h e  shores o f  t h e  Med i te r ranean .  

I n  t h e  t h r e e  y e a r s  s i n c e  t h e  i n c e p t i o n  o f  MED POL, t h e r e  have been numer- 

ous ~ i i ee t ings ;  s t a f f  members o f  t h e  H igh  I n s t i t u t e  o f  P u b l i c  Hea l th ,  t h e  

Oceanography Department, Facul  ty  o f  Science,  and I n s t i t u t e  o f  Oceanography 

and F i s h e r i e s ,  a1 1  f r o m  A lexandr ia ,  have taken  a c t i v e  r o l e s  i n  t h e  p r o -  

ceed ings.  I n  1976, a  MED POL conference i n  Barce lona approved a  p r o t o c o l  

a g a i n s t  p o l l u t i o n  by dumping f rom s h i p s  and a i r c r a f t ,  s p e c i f y i n g  a ,  

" b l a c k  l i s t "  o f  p r o h i b i t e d  substances and a  " g r e y  l i s t "  o f  substances 

t o  be dumped o n l y  by  s p e c i a l  p e r m i t ,  and r e q u i r i n g  a  genera l  p e r m i t  f o r  

t h e  dumping o f  a l l  o t h e r  m a t t e r .  I n  February  1977, i n  Athens, conference 

p a r t i c i p a n t s  began p r e p a r a t i o n  o f  a  d r a f t  P r o t o c o l  f o r  t h e  P r o t e c t i o n  o f  

t h e  Med i te r ranean  Sea a g a i n s t  P o l l u t i o n  f r o m  Land-Based Sources. I t  i s  

expected t h a t  t h i s  p r o t o c o l  w i l l ,  l i k e  t h e  f i r s t ,  i n c l u d e  a  " b l a c k  l i s t "  

o f  substances whose d i s c h a r g e  shou ld  be prevented,  and a  " g r e y  l i s t "  o f  

m a t e r i a l  s  whose d i scharge  would  r e q u i r e  s p e c i a l  c a r e  and s t r i c t  1  i m i  t a -  

t i  on. 

Egypt may be expected t o  s i g n  f o r t h c o m i n g  p r o t o c o l s  and coqven t ions  by  

MED POL. T h e i r  c r i t e r i a  and recommendations shou ld  be observed i n  f u t u r e  

p l a n n i n g  and d e s i g n  of  c o l l e c t i o n  and d i scharge  systems f o r  wastewater  

a t  A1 exandr ia .  



HIPH/EPA Ep idemio log ica l  Study 

The High I n s t i t u t e  o f  P u b l i c  Hea l th  a t  A lexandr ia  U n i v e r s i t y  (HIPH), i n  

con junc t i on  w i t h  t h e  Un i t ed  S ta tes  Environmental P r o t e c t i o n  Agency (EPA), 

has conducted ex tens ive  ep idemio log ica l  s t ud ies  i n  A lexandr ia  d u r i n g  t h e  

1976, 1977, and 1978 summer ba th i ng  seasons i n  an a t tempt  t o  e s t a b l i s h  a  

r e l a t i o n s h i p  between t h e  presence o f  m i c r o b i a l  i n d i c a t o r  ogranisms i n  

t he  sea and adverse h e a l t h  e f f e c t s  on bathers .  '2 '3 The EPA invo lvement  

i s  a  c o n t i n u a t i o n  of an ep idem io log i ca l -m ic rob io l og i ca l  s tudy  which has 

been conducted a t  New York City beaches i n  r e c e n t  years,  and c u r r e n t l y  

on a  beach on Lake Pontchar t ra in ,  Louis iana,  U S A . ~  S ta ted  very  b r i e f l y ,  

t h e  procedure a t  A lexandr ia  has been t o  s e l e c t  a  r e l a t i v e l y  unpo l l u ted  

beach, a  moderately p o l l u t e d  beach, and a  h e a v i l y  p o l l u t e d  beach f o r  

study; t o  sample the  water  a t  each beach r e g u l a r l y  and f r e q u e n t l y  f o r  

concen t ra t ions  o f  thermoto le ran t  E. C o l i  and Enterococc i ;  and t o  i n t e r -  

view l a r g e  samples o f  swimmers and non-swinmers a t  each beach, r eco rd ing  

t h e i r  medical  h i s t o r i e s  through weekly f o l  low-up i n t e r v i e w s  f o r  a  number 

o f  weeks. The r a t e  a t  which swimmers subsequent ly complain o f  c e r t a i n  

i l l n e s s e s  ( i n  excess o f  t h e  r a t e  a t  which non-swimmers complain o f  these 

i l l n e s s e s )  i s  then compared w i t h  t h e  concen t ra t i on  o f  i n d i c a t o r  organisms 

i n  t h e  assoc ia ted ba th i ng  water. Some o f  t h e  r e s u l t s  a re  discussed f u r -  

t h e r  i n  t h e  nex t  sec t ion .  

Such ep idemio log ica l  s t ud ies  produc ing r e l a t i v e l y  coherent,  r a t i o n a l ,  and 

use fu l  r e s u l t s  a re  o n l y  very  recent .  They have y e t  t o  s tand t he  t e s t s  o f  

' ~ a k i m ,  K.E., "Study o f  Re la t i onsh ip  of M i c r o b i a l  I n d i c a t o r s  t o  Hea l th  
E f f e c t s  a t  A lexandr ia  Bath ing Beaches," Progress Report  cover ing  t h e  
p e r i o d  1  J u l y  1976 t o  30 September 1976, H IP t i ,  A lexandr ia .  

' ~ak im ,  K.E., "Study o f  Re la t i onsh ip  ,-* M i c r o b i a l  I n d i c a t o r s  t o  Hea l th  
Effects a t  A lexandr ia  Bath ing Beaches," Progress Report  cove r i ng  t h e  
pe r i od  October 1976 t o  31 December 1977, HIPH, A lexandr ia .  

3 ~ a b e l  1  i, V.J., "Eva1 u a t i o n  o f  Recrea t iona l  Water Qual  i t y ,  t h e  EPA Approach," 
paper presented a t  I n t e r n a t i o n a l  Symposium on B i o l o g i c a l  I n d i c a t o r s  o f  
Water Qual i ty, U n i v e r s i t y  of  Newcastle upon Tyne, England, 12-1 5 September 
1978, 1978 ( D r a f t ) .  

'cabel 1  i , V.J., e t  a1 , "Re la t i onsh ip  o f  M i c r o b i a l  I n d i c a t o r s  t o  Hea l th  
Effects a t  Mar ine Bath ing Beaches," Hea l th  Ef fects  Research Lab., 
C i n c i n n a t i ,  USEPA, 1976 ( D r a f t ) .  



accumulated r e p r o d u c i b i l i t y  and u t i l i t y ,  and c r i t i c a l  examinat ions o f  

procedure and r a t i o n a l  s i g n i f i c a n c e .  S t i l l ,  t h e y  a r e  a  most welcome 

and p r o m i s i n g  a d d i t i o n  t o  t h e  a d m i t t e d l y  o t h e r w i s e  meager s t o r e  o f  t o o l s  

a v a i l a b l e  t o  t h e  d e s i g n e r  o f  wastewater f a c i l i t i e s  t o  meet p u b l i c  h e a l t h  

requ i rements  f o r  b a t h i n g  areas.  These e p i d e m i o l o g i c a l  s t u d i e s  a r e  p a r t i c u -  

l a r l y  r e l e v a n t  t o  t h i s  s tudy,  becuase so much o f  t h e  research  work was 

done on t h e  v e r y  beaches t h a t  must be p r o t e c t e d  by adequate measures 

i n  t h e  des ign  and c o n s t r u c t i o n  o f  t h e  A l e x a n d r i a  o u t f a l l s .  

4.3 C r i t e r i a  and G u i d e l i n e s  Adopted H e r e i n  

A t  p r e s e n t  (1978), t h e r e  a r e  no s p e c i f i c  q u a n t i t a t i v e  c r i t e r i a  f o r  d i s -  

charges f rom land-based sources t o  t h e  sea, e i t h e r  i n  Egyp t ian  l a w  o r  

i n  MED POL proceedings.  For  p r e s e n t  des ign  purposes, t h e r e f o r e ,  

wa te r  qua1 i t v  c r i t e r i a  a r e  adopted h e r e i n  which r e f 1  e c t  

sound and w i d e l y - h e l d  o p i n i o n  elsewhere i n  t h e  wor ld .  They must, o f  

course,  be rev iewed and approved by r e l e v a n t  Egyp t ian  a u t h o r i t i e s .  

B a c t e r i a  and V i ruses  

A  r e v i e w  of r e c e n t  research concern ing  t h e  i n f e c t i v i t y  and v i a b i l i t y  o f  

v i r u s e s  and b a c t e r i a  i n  seawater was conducted t o  determine t h e  most 

s u i t a b l e  and p r a c t i c a l  c r i t e r i o n  p r e s e n t l y  a v a i l a b l e  f o r  e s t a b l i s h i n g  

s a f e  m i c r o b i a l  l e v e l s  f o r  seawater ba th ing .  T h i s  1  i t e r a t u r e  r e v i e w  i s  

presented i n  Appendix E. From t h i s  rev iew,  i t  was concluded t h a t  f e c a l  

c o l i f o r m s ,  and s p e c i f i c a l l y  E. C o l i ,  are,  a t  present ,  t h e  most s u i t a b l e  

i n d i c a t o r  organism f o r  t h e  purpose. Furthermore,  i t  appears t h a t  an 

E. Col i c o n c e n t r a t i o n  o f  1000/100 m l  i s  an approximate t h r e s h o l d  concen- 

t r a t i o n  below which v i r u s e s  and pathogenic  b a c t e r i a  a r e  f a r  l e s s  l i k e l y  

t o  be p r e s e n t  than  o therw ise .  

Tab le  4-1 i s  a  c o m p i l a t i o n  o f  s tandards developed f o r  b a t h i n g  wa te rs  by 

v a r i o u s  c o u n t r i e s  and o r g a n i z a t i o n s ,  as r e p o r t e d  i n  t h e  proceedings o f  

two r e c e n t  conferences.  A t  b o t h  t h e  1973 San Remo Conference and t h e  

1974 B i l t h o v e n  Conference, t h e  s tandards f o r  a l l  c o u n t r i e s  l i s t e d  d i d  



TABLE 4-1 

* Locat ion 

Greece 

I t a l y  

Be1 gium 

Nether lands 

Denmark 

Sweden 

Pol and 

USSR 

BACTERIAL STANDARDS FOR BATHING !JATERS ADOPTED ELSEWHERE 

C r i t e r i a  
I 

A. Safe f o r  bath ing 0- 50 
B. Acceptable, w i t h  reserva t ions  51- 500 
C. Doubtful  501-1000 
D. Unsafe > 1000 

(Un i t s :  E. Col i1100 mL) 

Swimning a l lowed i n  seawater w i t h  fewer 
than 100 E. Col i1100 mL 

S a t i s f a c t o r y  i f  E. Col i counts a re :  

Grade I < 100 E. Col i l l 0 0  mL 
Grade I 1  100-1000 E. Col i1100 mL 
Grade 111 >I000 E. Coli1100 mL 

Swimning al lowed when fewer than 5% 
of sampl es show E. Col i 10001 100 mL 

Sui cable < 100 E. Col i l l 0 0  mL 
Unsui tab le  > I000  E. Col i1100 mL 

E. C o l i  < 10001100mL 

Col i forms < 1000/100 mL 

A u t h o r i t y  Source o f  I n fo rma t i on  

Hea l th  Regulat ion No. 221 "Guides and C r i t e r i a  f o r  Recreat ional  
o f  1965 Qua1 i t y  o f  Beaches and Coastal Waters," 

r e p o r t  o f  working group convened by 
the  Regional Of f ice f o r  Europe of t he  
World Hea l th  Organizat ion,  B i l  thoven, 
Netherlands, 28 October 1974 - 
1 November 1974. 

Not s p e c i f i e d  I I 

No na t i ona l  l e g i s l a t i o n ;  
these standards o n l y  
recommended t o  reg iona l  
pub1 i c  hea l t h  a u t h o r i t i e s  

Nat ional  Hea l t h  Council 

Not s p e c i f i e d  

Nat ional  b a r d  of Hea l th  
and We1 f a r e  

Not s p e c i f i e d  

Regulat ions f o r  t he  San i t a r y  
P ro tec t i on  o f  Coastal Regions, 
USSR M i n i s t r y  of  Health.  1964 



TABLE 4-1 
(Continued) 

Location 

- 

C r i t e r i a  

Highly s a t i s f a c t o r y  i f  E .  Coli counts  
a r e  c o n s i s t e n t l y  4 100/100 mL 

Acceptable i f  E .  Col i counts  a r e  no t  
c o n s i s t e n t l y  > 1000/100 m L  

Yugoslavia Acceptable i f  col  iform MPN i s  l e s s  
than 2000/100 m L  

P 
I s r e a l  Col iforms should be fewer than 1000/ 

P 100 mL i n  80% o r  more of t h e  samples 

Cal i f o r n i a  Col iforms MPN should not exceed 
1000/100 mL i n  80% of samples; maximum 
should n o t  exceed 10,000/100 mL 

USA Fecal col i forms MPN should not exceed: 

Monthly geometric average 200/100 mL 
Weekly geometric average 400/100 mL 

Phil i p p i n e s  Maximum a1 lowable col iforms 1000/100 mL 

Author i ty  Source of Information 

Bi l thoven Conference "Guides and C r i t e r i a  f o r  Recreat ional  
Consensus Qua l i ty  of Beaches and Coastal  Waters,"  

r e p o r t  of working group convened by t h e  
Regional O f f i c e  f o r  Europe of t h e  
World Health Organ iza t ion ,  Bi l thoven,  
Nether lands ,  28 October - 1 November 
1974. 

Federal Law on I n t e r -  J .  S t i r n  i n  Proceedings of t h e  2nd 
Republ ican and I n t e r  - I n t e r n a t i o n a l  Congress,  San Remo, 
na t iona l  Waters I t a l y ,  17-21 December 1973. 

G .  She1 ef  e t  a1 , 1972, G .  S h e l e f ,  San Remo Congress. 
"Seawater Qua l i ty  C r i t e r i a "  

S t a t e  of C a l i f o r n i a  Water E . A .  Pearson,  San Remo Congress. 
Resources Control Board 
6 J u l y  1972 

US Environmental P r o t e c t i o n  E . A .  Pearson,  San Remo Congress. 
Agency, e f f e c t i v e  1 J u l y  
1977 

National Water and Air H . F .  Ludwing, San Remo Congress. 
P o l l u t i o n  Control  Commission 



1 no t  vary  g r e a t l y  f rom t h e  B i  1  thoven Conference consensus guide1 ines  : 

t h a t  h i g h l y  s a t i s f a c t o r y  ba th i ng  areas should show E. C o l i  concentra- 

t i o n s  o f  c o n s i s t e n t l y  l e s s  than 100 pe r  100 mL, and t o  be considered 

acceptable,  ba th ing  waters should have E. Col i concen t ra t ions  n o t  con- 

s i s t e n t l y  g rea te r  than 1000 per  100 mL. 

2 Some o f  t h e  r e s u l t s  o f  the  HIPH/EPA epidemio log ica l  s tudy a re  presented 

on F igure  4-1, i n  a  p l o t  o f  h i g h l y  c r e d i b l e  g a s t r o - i n t e s t i n a l  (G I )  symp- 

tom r a t e  versus E. C o l i  concent ra t ion.  "H igh ly  c r e d i b l e  G I  symptoms" 

inc ludes  a l l  cases o f  vomi t ing;  cases o f  d ia r rhea  e i t h e r  accompanied by 

a  f eve r  o r  r e q u i r i n g  t h e  i n d i v i d u a l  t o  s t ay  home, s t ay  i n  bed, o r  seek 

medical advice; and cases of stomach ache o r  nausea accompanied by a  fever .  

For low E, C o l i  d e n s i t i e s  o f  10 t o  40 per  100 mL, t he  symptom r a t e  f o r  

a l l  beaches and popula t ions was 0.4 t o  0.8 percent .  For  g rea te r  E. C o l i  

dens i t i e s ,  t h e  symptom r a t e  appeared t o  increase most r a p i d l y  w i t h  den- 

s i t y  a t  New York and Lake Pon t cha r t r a i n  beaches, and f o r  Ca i ro  t o u r i s t s  

a t  A lexandr ia .  The symptom r a t e  increased somewhat more s l ow l y  f o r  

A lexandr ia  r es i den t s  a t  t h e i r  l o c a l  beaches. Three regress ion  1 i nes 

appear i n  t h e  f i g u r e .  The long-dash l i n e  i s  f o r  t h e  New York C i t y ,  

Lake Pon tchar t ra in  and Ca i ro  t o u r i s t s  a t  A lexandr ia ,  w i t h  a  c o r r e l a t i o n  

c o e f f i c i e n t  o f  r = 0.94. The short-dash l i n e  i s  f o r  A lexandr ia  r e s i -  

dents, w i t h  r = 0.91. The s o l i d  l i n e  i s  f o r  a l l  data, w i t h  r = 0.79. 

A r e l a t i o n s h i p  such as t h a t  shown on F igure  4-1 would enable a  governmen- 

t a l  r e g u l a t i n g  agency t o  s e t  an E. C o l i  standard f o r  r e c r e a t i o n a l  marine 

water qua1 i t y  w i t h  some i n s i g h t  as t o  t h e  assoc ia ted syniptom r a t e  t o  be 

expected by adherence t o  t h a t  standard. The agency must make t he  (perhaps 

I 
"Guides and C r i t e r i a  f o r  Recreat iona l  Q u a l i t y  o f  Beaches and Coastal 
Waters," r e p o r t  of working group convened by t he  Regional O f f i c e  f o r  
Europe o f  the  World Heal th  Organizat ion,  B i  1  thoven, t he  Nether lands, 
28 October 1974 - 1 November 1974. 

'cabel 1  i, V.J., "Evaluat ion o f  Recreat iona l  Water Qual i t y ,  t he  EPA 
Approach," paper presented a t  I n t e r n a t i o n a l  Symposium on B i o l o g i c a l  
I n d i c a t o r s  of Water Qual i t y ,  U n i v e r s i t y  o f  Newcastl e  upon Tyne, 
England, 12-1 5 September 1978. 



p o l i t i c a l l y  d i f f i c u l t )  d e c i s i o n  as t o  what symptom r a t e  i s  acceptab le .  

The c o s t s  o f  wastewater  d i sposa l  may tend t o  make t h e  agency seek a  

h i g h  p e r m i s s i b l e  E. Col i c o n c e n t r a t i o n ;  a g i t a t i o n  by peop le  concerned 

about  p u b l i c  h e a l t h  may tend t o  fo rce  t h e  agency t o  s e t  a  ve ry  t i g h t  

E. C o l i  s tandard  assoc ia ted  w i t h  a  symptov r a t e  o f ,  o r  c l o s e  t o ,  zero.  

A t  t h i s  p o i n t ,  i t  i s  a p p r o p r i a t e  t o  observe t h a t  t h e r e  i s  g e n e r a l l y  a  

non-zero background c o n c e n t r a t i o n  o f  E ,  Col i near  most beaches, even 

w i t h  no sewage o u t f a l l s  i n  t h e  v i c i n i t y ,  I n  Los Angeles, t h e  c o l  i f o r m  

c o n c e n t r a t i o n s  i n  t h e  s u r f  zone a t  numerous s t a t i o n s  a l o n g  Santa Monica 

Bay i s  u s u a l l y  n o t  l e s s  t h a n  6  t o  40 p e r  100 LIL, no m a t t e r  how c l o s e  o r  

f a r  f r o m  a  p o i n t  o f  sewage d ischarge. '  Fo r  t h e  r e l a t i v e l y  u n p o l l u t e d  

beach a t  Maamura, A lexandr ia ,  t h e  mean E. C o l i  c o n c e n t r a t i o n  i n  May 

through August o f  1977 ranged from 14 t o  600 p e r  100 m ~ . *  On F i g u r e  4-1, 

t h e  p l o t t e d  p o i n t s  show mean E, Col i d e n s i t i e s  r a r e l y  l e s s  than 10 t o  

40 p e r  100 mL. The r e g u l a t i n g  agency may, the re fo re ,  r e s t  i n  t h e  knowl- 

edge t h a t  i t  i s  p o i n t l e s s  t o  s p e c i f y  a  c o l i f o r m  s tandard  o f  l e s s  than,  

say 30 t o  40 p e r  100 mL, a  t y p i c a l  background l e v e l  t h a t ,  acco rd ing  t o  

F i g u r e  4-1, i m p l i e s  a  symptom r a t e  o f  s l i g h t l y  l e s s  than one pe rcen t .  

The B i l t h o v e n  Conference consensus g u i d e l i n e  " h i g h l y  s a t i s f a c t o r y "  con- 

c e n t r a t i o n  of 100 E, Col i p e r  100 mL imp1 i e s  an o n l y  s l i g h t l y  g r e a t e r  

symptom r a t e  of 1.2 percent ;  t h e  B i l  thoven "accep tab le "  va lue  o f  1000 - 

E. C o l i  p e r  100 mL i m p l i e s  a  symptom r a t e  o f  about  two percent ,  wh ich  

perhaps c o u l d  be c a l l e d  s i g n i f i c a n t l y  g r e a t e r  t han  background. 

3  I t  shou ld  be noted t h a t  Katzenelson and Shuval suggest  t h a t  due t o  

remain ing u n c e r t a i n t i e s  about  t h e  v i a b i l i t y  and i n f e c t i v i t y  o f  pathogens, 

i t  i s  prudent  t o  l essen  one ' s  r e l i a n c e  upon t h e  c o l i f o r m  c r i t e r i a  by 

' ~ e t z ,  J., f rom i n f o r m a t i o n  presented a t  t h e  Meet ing  t o  Discuss Proposed 
Ocean O u t f a l l s  i n  A1 exandr ia ,  Egypt, A lexandr ia  Governorate Palace, 
29 August 1978. 

' ~ r o m  Hakim, K.E., "Progress Report :  Study o f  R e l a t i o n s h i p  o f  M ic ro -  
b i a l  I n d i c a t o r s  t o  H e a l t h  E f f e c t s  a t  A lexandr ia  Ba th ing  Beaches ," 
1978. 

3 ~ a t z e n e l  son, E., and Shuval , H. I., " V i r a l  Pol 1  u t i o n  Cons ide ra t i ons  i n  
Mar ine Waste D isposa l  ," Proceedings o f  t h e  2nd I n t e r n a t i o n a l  Congress, 
San Remo, Pergamon Press, 17-21st  December 1973, 



p r o v i d i n g  t h e  wastewater w i t h  a  h i g h  p h y s i c a l  d i l u t i o n  r a t i o ,  such as 

1:1000. T h i s  phys ica l  d i l u t i o n  r a t i o  o f  1:1000 w i l l  be adopted as a  

requ i rement  t o  be met by a  plume b e f o r e  i t  reaches a  b a t h i n g  beach. As 

f o r  c o l i f o r m  b a c t e r i a ,  hard and f a s t  standards w i l l  n o t  be adopted a t  

t h i s  p o i n t .  Rather, these cons ide ra t ions  o f  symptom r a t e  c r i t e r i a ,  

comnonly accepted standards,  and background l e v e l s  w i l l  be c a r r i e d  ove r  

i n t o  Chapter 5, where they  a r e  cons idered j o i n t l y  w i t h  f requency d i s t r i -  

b u t i o n s  o f  c o l i f o r m  concen t ra t i ons  assoc ia ted  w i t h  v a r i o u s  l e n g t h s  o f  

o u t f a l l .  

R a t i o n a l e  f o r  Gu ide l i nes  f o r  Other Parameters 

The approach w i l l  be t o  e s t a b l i s h ,  f o r  each contaminant considered,  an 

ambient concen t ra t i on ,  cr, which shou ld  n o t  be exceeded. Background 

concen t ra t i ons ,  co, and e f f l u e n t  concen t ra t i ons ,  ce, b e l i e v e d  t y p i c a l  f o r  

each contaminant, w i l l  a l s o  be es tab l i shed .  The r e q u i r e d  d i l u t i o n ,  S, 

w i l l  then be c a l c u l a t e d  accord ing t o  t h e  formula :  

eq. (4-2) 

Th is  formula  may be i n t e r p r e t e d  i n  t h i s  manner: "The d ischarge c a r r y i n g  

a  contaminant a t  c o n c e n t r a t i o n  ce, may, a f t e r  d i l u t i o n  S, be a l l owed  t o  

r a i s e  t h e  ambient c o n c e n t r a t i o n  f rom i t s  background l e v e l ,  co, t o  no 

more than t h e  c r i t e r i o n  l e v e l ,  cr." T h i s  approach has been proposed 

f o r  heavy meta ls  d ischarge c r i t e r i a  i n  C a l i f o r n i a .  

The contaminants so cons idered h e r e i n  a r e  BOD, SS, P, and N. For each, 

i t  i s  judged whether t h e  d i l u t i o n ,  S, must be a t t a i n e d  i n  t h e  i n i t i a l  

d i l u t i o n  process, o r  may i n c l u d e  t h e  secondary d i l u t i o n  process, o r  may 

i n c l u d e  a  sys temat ic  decay f a c t o r .  The summary o f  wa te r  q u a l i t y  c r i t e r i a  

adopted i s  shown i n  Tab le  4-3, a t  t h e  end o f  t h i s  sec t ion ,  

Oxygen Demand 

The c o n c e n t r a t i o n  o f  d i s s o l v e d  oxygen (DO)  i s  an i m p o r t a n t  wa te r  qua1 i t y  

parameter. For  a  good f i s h e r y  t o  e x i s t ,  t h e  DO c o n c e n t r a t i o n  must be a t  



l e a s t  5  mg/L. Most f i s h ,  and many o t h e r  forms o f  mar ine  l i f e ,  w i l l  d i e  

i f  t h e  DO i s  l e s s  than 1.2 t o  2.0 mg/L. DO i s  a l s o  i m p o r t a n t  i n  t h e  

n a t u r a l  process of ass im i  1  a t i n g  sewage, when a e r o b i c  b a c t e r i a  decorr~pose 

sewage i n t o  n u t r i e n t s  which feed mar ine l i f e .  

As shown i n  Tab le  3-21, average month ly  DO va lues recorded i n  t h e  program 

were 6.4 mg/L o r  g r e a t e r .  The lowes t  va lue  reco rded  was 3.5 mg/L, found 

near a  s h o r e l i n e  sewer over f low,  i n  a  subsur face zone w i t h  poor  m i x i n g .  

The two l o w e s t  values,  recorded more than 5  km f rom shore, were 4.8 and 

5.7 mg/L. For  des ign purposes, t h e  mean va lue  o f  6.4 mg/L observed i n  

August and September w i l l  be adopted. 

Tab le  2-3 shows p r o j e c t e d  f l o w s  and loads f o r  t h e  y e a r  2000. For  t h e  

S i d i  B i s h r  o u t f a l l ,  t h e  p r o j e c t e d  f l o w  i s  560 MLlday, b e a r i n g  270 tonnes 

p e r  day o f  BOD, and 540 tonnes p e r  day of COD, f o r  c o n c e n t r a t i o n s  o f  480 

mg/L and 960 mg/L o f  BOD and COD, r e s p e c t i v e l y .  For  t h e  K a i t  Bey o u t f a l l ,  

t h e  c o n c e n t r a t i o n s  o f  BOD and COD w i l l  be 510 and 1020 mg/L, respect ive1.y.  

Most COD i n  excess o f  BOD i s  o x i d i z e d  s l o w l y ,  o v e r  a  p e r i o d  o f  days, o r  

weeks, i f  ever.  Acco rd ing l y ,  f o r  i n i t i a l  d i l u t i o n  c o n s i d e r a t i o n s ,  o n l y  

BOD need by considered,  n o t  COD, s i n c e  i n i t i a l  d i l u t i o n  occurs  on a  t i m e  

s c a l e  o f  minutes,  and i s  fo l l owed  by secondary d i l u t i o n  processes w i t h i n  

hours, 

As shown i n  Tab le  3-40, t h e  background value,  c o y  o f  BOD5 i n  nearby sea- 

w a t e r  i s  l e s s  than l .0 mg/L ( h i g h e r  values were found i n  t h e  Western 

Harbor and a t  t h e  s u r f a c e  i n  t h e  neighborhood o f  t h e  p resen t  K a i t  Bey 

sewer d i scha rge ) ,  For  i n i t i a l  d i l u t i o n  c o n s i d e r a t i o n s ,  a  c o n s e r v a t i v e  

background va lue  o f  1.0 mg/L w i l l  be adopted. For  f a r - f i e l d  d i l u t i o n  

cons ide ra t i ons ,  t h e  background va lue  w i l l  be neg lec ted,  s i n c e  i t  w i l l  

be e f f e c t i v e l y  countered by oxygen d i f f u s i n g  downward from t h e  sea 

sur face (see Appendix D).  



The c r i t e r i a  adopted here and shown i n  Table 4-3 are:  

1. I n i t i a l  d i l u t i o n  s h a l l  be s u f f i c i e n t  t h a t  BOD, i f  f u l l y  exerted, 

w i l l  n o t  depress DO l e v e l s  from 6.4 mg/L t o  l e s s  than 2.0 mg/L. 

The a l lowab le  BOD concen t ra t ion  cr, i s  t h e r e f o r e  4.4 mg/L. 

With a  background concent ra t ion,  co, o f  1.0 mg/L, t h e  r equ i r ed  

d i l u t i o n  r a t i o s  a re  141 f o r  S i d i  B i s h r  and 150 f o r  K a i t  Bey. 

2. F a r - f i e l d  d i l u t i o n  s h a l l  be s u f f i c i e n t  t h a t  n e i t h e r  BOG nor  

COD, i f  f u l l y  exerted, w i l l  depress DO l e v e l s  f rom 6.4 mg/L 

t o  l ess  than 5.0 mg/L. The a l lowab le  BOD o r  COD concent ra t ion,  

'r-9 
i s  t he re fo re  1.4 mg/L. With background concen t ra t ion  

neglected, t h e  r equ i r ed  d i l u t i o n  r a t i o  f o r  COD a t  the K a i t  Bey out-  

f a l l ,  f o r  example, i s  730. 

Suspended So l i ds  

From Table  1-3, 335 000 kg/day of suspended s o l  i d s  (SS) f rom the  S i d i  

B i sh r  o u t f a l l  and 210 000 kglday from the  K a i t  Bey o u t f a l l  a r e  t h e  pro- 

j e c t e d  average values f o r  t he  year  2000, w i t h  screening and g r i t  removal 

provided, Accordi n ~ l y  , the  p ro j ec ted  concent ra t ions,  c,, a r e  600 mg/L and 

536 wg/L f o r  S i d i  B i sh r  and K a i t  Bey, r espec t i ve l y .  

Suspended s o l i d s  a re  t h e  source o f  t u r b i d i t y  t h a t  may impa i r  b i o l o g i c a l  

photosynthesis,  as w e l l  as t he  aes the t i c  a t t r a c t i v e n e s s  o f  t he  sea. The 

background t u r b i d i t y  o f  t h e  sea near A lexandr ia  can be very low w i t h  

observed Secchi d i s c  depths occas iona l l y  on the  o rde r  o f  40 t o  50 m a t  

10 km offshore. On o ther  occasions, t h e  water i s  f a r  l e s s  c l e a r  due t o  

discharge plumes o r  p lankton blooms. 

To develop a  c r i t e r i o n  f o r  suspended s o l i d s  t h a t  w i l l  serve t o  ma in ta in  

t he  c l a r i t y  of the  r e c e i v i n g  waters, t he  f o l l o w i n g  r a t i o n a l e  has been 

adopted. 

1. T r a d i t i o n a l l y ,  t he  t u r b i d i t y  o f  a  suspension a f  1.0 mg/L o f  

Sio2, meeting c e r t a i n  s p e c i f i c a t i o n s  of p a r t i c l e  s i ze ,  has 

been adopted as t h e  standard f o r  one u n i t  of t u r b i d i t y .  1  

I Sawyer and McCarty, Chemistry f o r  San i ta ry  Engineers, McGraw-Hill , 1967. 



2. The t u r b i d i t y  o f  1.0 mg/L of suspended sewage s o l i d s  may be' 

expected t o  a t  l e a s t  r o u g h l y  comparable t o  t h e  t u r b i d i t y  o f  

1,O mg/L o f  s tandard  SiU2 suspension. 

3 .  The d i s t a n c e  th rough  which  1  i g h t  can p e n e t r a t e  wa te r  w i t h  a  

g i ven  suspended s o l i d s  c o n c e n t r a t i o n  may be r e l a t e d  t o  t u r -  

b i d i t y  u n i t s  by an equa t ion  such as: 

- . -  . 

T u r b i d i t y  U n i t s  = cm) 1.07 

T h i s  equa t ion  was d e r i v e d  f rom a  t a b l e  f o r  g r a d u a t i o n  o f  cand le  t u r b i d -  

imeter ,  1  

An a n a l y t i c a l  chemist  m i g h t  o b j e c t  t h a t  t h e  SiU2 s tandard  i s  an outmoded 

means of t u r b i d i t y  measurement; t h a t  t u r b i d i t y  o f  S i 0 2  cannot  p r a c t i c a b l y  

be r e l a t e d  t o  sewage (SS) c o n c e n t r a t i o n ;  and t h e  cand le  t u r b i d i m e t e r  

l i g h t  p a t h  i s  n o t  t h e  same as Secchi d i s c  depth. S t i l l ,  t h e  r a t i o n a l e  

does p r o v i d e  some guidance i n  r e l a t i n g  wa te r  c l a r i t y  t o  sewage SS con- 

c e n t r a t i o n  and w i l l  be r e t a i n e d  u n t i l  r ep laced  by  a  s u p e r i o r  one. 

An SS c o n c e n t r a t i o n  of 0.1 mg/L thus  would i m p l y  a  Secchi  d i s c  d e ~ t h  o f  

many tens  o f  metres,  w h i l e  a  va lue  o f  1.0 mg/L v o u l d  i m p l y  a  dep th  o f  

t h e  o r d e r  o f  10  m. A  background value,  c o y  o f  0.1 mg/L ,and a  c r i t e r i o n  

value, cry o f  1.0 mg/L a r e  adopted h e r e i n .  The d i l u t i o n s  r e q u i r e d  t o  

meet t h e  c r i t e r i a  a r e  667 and 595 f o r  S i d i  B i s h r  and K a i t  Bey, r e s p e c t i v e l y .  

Suspended s o l  i d s  a r e  a l s o  t h e  source o f  s e t t l e a b l e  s o l  i d s  t h a t  may be 

depos i ted  near a  d i f f u s e r .  As f o r  t h e  s e t t l  -ins s o l  i d s ,  i t  i s  d i f f i c u l t  

t o  assess t h e  r a t e  a t  which sediment w i l l  accumulate i n  t h e  neighborhood 

o f  an o u t f a l l ,  o r  t o  p r e d i c t  w i t h  any p r e c i s i o n , t h e  impact  o f  s e d i -  

men ta t i on  on t h e  b e n t h i c  l i f e  near a  p a r t i c u l a r  proposed o u t f a l l .  For  

t h e  most p a r t ,  t h e  s w i f t  c u r r e n t s  o f f  t h e  coas t  o f  A lexandr ia  w i l l  remove 

suspended s o l  i d s  f rom t h e  o u t f a l l  area, b u t  t h e  a r e a l  e x t e n t  o f  s e d i -  

men ta t i on  around an o u t f a l l  may be es t imated approx ima te l y  as f o l l o w s :  

'Standards Methods ' f o r  t h e  Examinat ion o f  Water and Wastewater, 1 4 t h  
E d i t i o n ,  1975, 



2 A pr imary  c l a r i f i e r  w i t h  an o v e r f l o w  r a t e  o f  37 m/day (about  900 US g p d / f t  ) 

w i l l  normal ly  remove up t o  60 percent  o f  t h e  s e t t l e a b l e  s o l i d s  f rom t y p i c a l  

domestic sewage. That i s  t o  say, a  ve ry  l a r g e  f r a c t i o n  o f  t h e  p a r t i c l e s  

i n  sewage have s e t t l  i n g  v e l o c i t i e s  o f  37 m/day o r  g r e a t e r .  I n  t h e  buoyant 

d ischarge plumes i s s u i n g  from t h e  d i f f u s e r , t h e  s e t t l e a b l e  p a r t i c l e s ,  a long 

w i t h  t h e  r e s t  o f  t h e  wastewater, a r e  c a r r i e d  t o  an i n i t i a l  he igh t ,  h, above 

t h e  sea bottom. They then beg in  t o  s e t t l e  a t  v e l o c i t y ,  w, which v a r i e s  

w i t h  p a r t i c l e  s i z e  b u t  f o r  t h e  most p a r t  i s  n o t  l e s s  than 37 m/day. 

Car r ied  by an ocean c u r r e n t  o f  h o r i z o n t a l  v e l o c i t y ,  u, t h e  p a r t i c l e s  t r a v e l  

d is tances o f  up t o  x  = uh/w b e f o r e  reach ing t h e  sea bottom. 

For discharges a t  40 t o  44 m depth, t h e  h e i g h t  o f  r i s e  o f  t h e  heav ie r  

p a r t i c l e s  would be 20 t o  30 m. With t h e  median h o r i z o n t a l  c u r r e n t  speed 

of 0.10 m/sec, t h e  p a r t i c l e s  would t r a v e l  x  = uh/w = 4700 t o  7000 m, i n  

bo th  d i r e c t i o n s  from t h e  d ischaroe s i t e ,  p a r a l l e l  t o  t h e  coas t ,  and s e t t l e  

i n  a  band perhaps 1  km wide. 

It has been assumed t h a t  s e t t l i n g  v e l o c i t i e s  i n  t h e  ocean w i l l  be t h e  

same as i n  a  t reatment  p l a n t  c l a r i f i e r .  Al though t h e  s a l t  i n  t h e  sea- 

water w i l l  tend t o  reduce t h e  s e t t l i n g  v e l o c i t y  o f  a  p a r t i c l e  o f  g i ven  

s i z e  by inc reas ing  t h e  ambient dens i t y ,  t h e  s a l i n i t y  i s  a l s o  known 

t o  encourage coagu la t ion  and f l o c c u l a t i o n ,  and hence inc rease  s e t t l  i n g  

r a t e s .  The two e f f e c t s  a r e  assumed t o  be m u t u a l l y  compensating. 

Th is  a n a l y s i s  def ines an area o f  p o s s i b l e  impact, b u t  does n o t  i n d i c a t e  

t h e  s e v e r i t y  o f  impact. There may, i n  f a c t ,  be 1  i t t l e  problem w i t h  s o l i d s  

accumulation, t o  judge from t h e  present  K a i t  Bey discharge. Desp i te  
3  

a  f l o w  o f  about 125 000 m /day o f  raw sewage, grab samples o f  bot tom 

m a t e r i a l s  w i t h i n  1000 m o f  t h e  o u t f a l l  have shown c l e a n  sand, and no 

evidence o f  anaerobic depos i ts .  

N i t rogen  and Phosphorus 

The a d d i t i o n  o f  t h e  n u t r i e n t s  n i t r o g e n  and phosphorus f rom sewage may be 

expected t o  increase t h e  l e v e l  o f  mar ine p r o d u c t i v i t y .  A smal l ,  widespread 



increase may be considered bene f i c i a l  t o  a  f i s h e r y ;  an excessive increase 

may lead  t o  nu isance leve ls  of growth of seaweed, and t he  t h r e a t  o f  anoxic 

cond i t i ons  where r a p i d  r eae ra t i on  i s  n o t  poss ib le .  

Background concent ra t ions o f  n i t r ogen  and phosphorus i n  the  eas te rn  Medi- 

terranean a r e  low, and may l i m i t  t he  t o t a l  biomass and,therefore, t he  o v e r a l l  

p r o d u c t i v i t y  o f  t h i s  sea. The " I c t hyo log "  c r u i s e  i n  t h e  autumn of 1970 

detected no phosphate i n  the  5  m i l e  c i r c u m l i t t o r a l  zone;' t he  maximum 

l e v e l  recorded was 0.45 rricrogram-atoms/l i t r e  i n  the  sp r i ng  of 1971 ,fo1 low- 

i n g  several  months of h i gh  r a t e s  of d ischarge from the  N i l e  a t  Rosetta. 

Typ ica l  phosphate l e v e l s  range from 0.09 t o  0.014 microgram-a toms/l i t r e .  2  

Reported n i t r a t e  values i n  t he  top  700 m o f  t he  southeastern Mediterranean 

general l y  vary  from n i  1  t o  about 0.05 microgram-atoms/l i t r e  (mcg-at/L) , 
w i t h  values up t o  0.4 observed i n  the  sp r ing  a f t e r  h igh  discharges from 

the  N i l e .  N i t r i t e  concent ra t ions a l s o  va ry  f rom n i l  t o  about 0.05 mcg-at/L, 

w i t h  a  h igh  o f  0.16 i n  Abu K i r  Bay i n  the  sp r ing .  
1  

Typ ica l  background values f o r  ammonia were n o t  found i n  the  l i t e r a t u r e ;  

bu t  i f  values a r e  o f  the same order  o f  magnitude as f o r  NOg, one may 

est imate t h a t  t he  concen t ra t ion  o f  t o t a l  i no rgan ic  n i t r o g e n  ( n i t r a t e  

p l us  n i t r i t e  p lus  ammonia) w i l l  range between n i l  and 0.1 5  mcg-at/L. 

These values a re  l i s t e d  i n  t he  second column of Table 4-2. From them, 

sing1 e va l  ues o f  background concent ra t ion,  co ,have been se l  ected fo r  

purposes o f  ana lys is .  These a re  1  i s t e d  i n  t he  t h i r d  column. 

Near t he  shore, on t he  o the r  hand, the  present  discharges o f  sewage may 

be considered t o  prov ide n u t r i e n t s  a t  a  r a t e  t h a t  causes a m i l d  nuisance 

' g u l l e t i n  o f  t h e  I n s t i t u t e  o f  Oceanography and F isher ies .  Volume 5, 
Alexandr ia,  Egypt, 1975. 

Haedrich, R.L., "Fishes and t he  F ishery  a t  Alexandr ia,  Egypt," Appendix 
t o  Special  Report No. 1, Oceanogr?phic Studies,  CDM, 28 Febrlrary 1977. 



TABLE 4-2  

PHOSPHORUS AND NITROGEN CONCENTRATIONS 

Reported Val ues Adopted va lues  1 km ( d l  Values i n  Wastewater, Ce  
f o r  Mediterranean Background O f f  An fush i  rleasured P ro jec ted  

Cons t i  t u e n t  Of fshore  Value, C, 13 Oct 1977 1977( e 2000( f 

Albuminoid N . - 11 - 25 570 320 

Estimated. 
To ta l  I no rgan i c  N 0 - 0.15 

I no rgan i c  N : P 0.7 0.8 12 6.8 7.8 

Notes: ( a )  U n i t s  a re  microgram - atoms pe r  1 i t r e  as P o r  as N. 
(b) Fa i rb r i dge ,  R. K. , Enclopedia o f  Ocranoqraphy. 
( c )  B u l l e t i n  o f  t h e  I n s t i t u t e  o f  Oceanography and F i s h e r i e s ,  A.R.E., A lexandr ia ,  Egypt,  Vol .  5, 1975. 
( d l  From Sec t ion  2.5, t h i s  r e p o r t .  
(e)  From Table 3-2, Master p l a n  Technica l  Report ,  Volume 11. 
( f )  From Table 2-4, t h i s  r e p o r t .  



i n  t h e  reg ion  between t h e  coas t  and 2 km o f f sho re .  The seawater t h e r e  

supports heavy growths of seaweed on rocks  and moored buoys, w h i l e  ben th i c  

f l o r a  beneath t h e  p h o t i c  zone o f  heavy growth a r e  much l e s s  abundant a t  

2  km than 10 km from shore. 

Seawater sarr~ples taken 1 km o f f  Anfushi  on 13 October 1977 ( f o u r t h  column, 

Table 4-21, showed values o f  phosphate and n i t r a t e  f a r  i n  excess o f  t h e  

va lues repo r ted  f o r  o f f s h o r e  sampl i n g  (second c o l  urnn, Table 4-2).  

The est imated FI:P r a t i o  i s  about 12. The maximum phosphate l e v e l  was 

2.6 mcg-at/L, and the estimated maximum ino rgan i c  N l e v e l  was 28 mcg-at/L. 

Such va lues may be expected i n  t h a t  area, where t he re  i s  an admixture o f  

one p a r t  sewage t o  r ough l y  50 p a r t s  o f  seawater. 

Whether o r  n o t  t h e  s t imu la ted  growth i s  cons idered a nuisance per  se, i t  

places a demand on t h e  d i sso l ved  oxygen supply  which i s  i n  a d d i t i o n  t o  

t h e  t r a d i t i o n a l  BOD and COD considered e a r l i e r  i n  t h e  chapter .  For example, 

f rom an a d d i t i o n  o f  phosphorus and a v a i l a b l e  n i t r o g e n  t o  f i n a l  concen t ra t ions  

o f  0.050 and 9.363 mg/L respec t i ve ly ,  i n  t h e  r e c e i v i n g  water, enough 

o rgan ic  m a t e r i a l  cou ld  be produced t o  remove 6.9 mg/L o f  oxygen f rom t h e  

water.  1  

The r a t e  a t  which a g i ven  inc rease  i n  N o r  P w i l l  i nc rease  t h e  aquat i c  

biomass i s  d i f f i c u l t  t o  p r e d i c t ,  s i n c e  t h e  a b i l i t y  t o  a s s i m i l a t e  nu- 

t r i e n t s  and conve r t  them i n t o  c e l l  m a t e r i a l  depends on a number o f  f ac -  

t o r s .  Ni t rogen,  phosphorus, carbon, and severa l  t r a c e  elements must be 

present.  A bioassay o f  t h e  r e c e i v i n g  waters i s  r e q u i r e d  t o  e s t a b l i s h  

d e f i n i t i v e l y  which i s  t h e  l i m i t i n g  f a c t o r .  However, i n  many instances,  

and apparen t l y  i n  A lexandr ia ,  n i t r o g e n  i s  t h e  g r o w t h - l i m i t i n g  n u t r i e n t  

because: 

1. Carbon and t r a c e  elements a r e r e a d i l y a v a i l a b l e  i n  t h e  seawater. 

2. Among t h e  background l e v e l s  i n d i c a t e d  i n  Table 4-2, t h e  atomic 

i no rgan i c  N:P r a t i o  i s  o f  t h e  o rder  o f  u n i t y .  

I Nat iona l  Academy o f  Sciences and Nat iona l  Academy o f  Engineer ing, Ka te r  
Qua1 i t y  C r i t e r i a ,  1975, Washington, Environmental P r o t e c t i o n  Agency, 1375. 



According t o  Ryther and ~uns tan , '  an N:P r a t i o  o f  l e s s  than 10 t o  15 i s  

an i n d i c a t i o n  t h a t  n i t r ogen  i s  t he  g row th - l im i t i ng  n u t r i e n t ,  a s i t u a t i o n  

o f t e n  found i n  coasta l  marine waters. 

Phosphorus 1 eve1 s thereby become a l e s s  impor tant  water  qua1 i ty parameter, 

and w i l l  n o t  be considered f u r t h e r  here in .  For n i t r ogen ,  t h e  o rgan ic  f o m s  
and proteinaceous ma te r i a l  and urea as we l l  as n i t r a t e  and n i t r i t e  can be 

u t i l i z e d  by microorganisms t o  form n i t r o g e n  species which can be u t i l i z e d  

by algae, plankton, and o the r  marine growths. Thus, a l l  of t h e  n i t r o g e n  

discharged should be a v a i l a b l e  f o r  b i o l o g i c a l  uptake. L i t t l e  o r  no n i t r o -  

gen gas w i l l  be formedand l o s t  t o  t he  atmosphere if aerob ic  cond i t i ons  a r e  

maintained. 

Atrnnonia can be t o x i c  t o  f i s h  l i f e  i n  t h e  r e c e i v i n g  water .  Factors  which 

may increase ammonia t o x i c i t y  a t  a g iven  pH are: h i gh  DO and C02 concen- 

t r a t i o n s ,  e levated temperature; b icarbonate a l k a l i n i t y ,  and the  degree o f  

d i l u t i o n  a f forded the  i n i t i a l  wastewater discharge. Reported l e v e l s  a t  

which acute t o x i c i t y  i s  de tec tab le  have ranged from .O1 mg/L t o  2.0 mg/L 

f o r  molecu lar  ammonia-ni trogen. 

Another f a c t o r  t o  be considered i s  t he  oxygen demand placed on t h e  re -  

c e i v i n g  water by the  o x i d a t i o n  o f  ammonia t o  n i t r i t e  and n i t r a t e .  

S to ich iomet r i c  r e l a t i o n s h i p s  i n d i c a t e  a requirement o f  4.6 mg/L o f  

oxygen t o  o x i d i z e  1.0 mg/L o f  ammonia-nitrogen. 

A c r i t e r i o n  va lue o f  cr = 2.0 mcg-at/L = ,028 mg/L i s  adopted f o r  t o t a l  

n i t rogen .  No cr va lue i s  s e t  f o r  phosphorus. The r a t i o n a l e  i s  as 

f o l l ows :  

1. Levels o f  N now p reva len t  i n  near-shore waters appear t o  be 

s t i m u l a t i n g  growth t o  an undes i rab le  degree. The proposed cr 

i s  one-tenth o f  these l eve l s .  

' l y t h e r ,  J.H. and Dunstan, I I . H . ,  "Ni t rogen, Phosphorus and Eut rophicat io l r  
i n  the  Coastal Marine Environment," Science, Volume 171 , pp 1008-1 01 3, 
12 March 1971 . 



2. The proposed cr w i l l  min imize the  t h r e a t  o f  oxygen d e p l e t i o n  

by o rgan ic  m a t e r i a l  whose growth has been s t i m u l a t e d  by t h e  

n u t r i e n t s  

3. Even i f  a l l  d ischarged N were t o  be i n  t h e  form o f  amon ia ,  

t h e  t o x i c  un- ion ized f r a c t i o n  would be a t  most .0056 mg/L 

( a t  pH = 8.5, T  = 30°C) . I Leve ls  1  ess than 0.01 mg/L p resen t  

minimal r i s k  of d e l e t e r i o u s  e f f e c t s .  2  

4, Since n i t r o g e n  appears t o  be t h e  g r o w t h - l i m i t i n g  n u t r i e n t ,  t h e  

l e v e l  o f  phosphorus i s  o f  r e l a t i v e l y  m inor  concern, 

The l a s t  two columns o f  Tab le  4-2 c o n t a i n  e f f l u e n t  values, ce, measured 

i n  1977 ( f r o m  Table 3-2, Master P lan Report, Vol. 11 and p r o j e c t e d  f o r  

t h e  y e a r  2000 ( f r o m  Table  2-4, t h i s  volume). The va lues have been con- 

v e r t e d  f rom mg/L t o  mcg-at/L. 

Design D i  1  u t i o n  Values 

I n  Table 4-3, t h e  values o f  r e q u i r e d  i n i t i a l  d i l u t i o n  f o r  t h e  S i d i  B i s h r  

and K a i t  Bey o u t f a l l s  range f rom 56 t o  300. The o d f a l l s  s h a l l  be 

designed t o  p rov ide  an i n i t i a l  d i l u t i o n  r a t i o  o f  150, p r i n c i p a l l y  t o  

match t h e  requirement f o r  BOD5. A d i l u t i o n  r a t i o  o f  t h i s  magnitude i s  

a l s o  adv isab le  t o  lessen t h e  impact of hydrogen s u l f i d e ,  as i s  d iscussed 

i n  Chapter 5. 

The o u t f a l l s  s h a l l  be p laced f a r  enough a t  sea t h a t  the  e f f l u e n t  plume 

can, on t h e  average, a t t a i n  a  f a r - f i e l d  d i l u t i o n  o f  1000, s u f f i c i e n t  t o  

meet a1 1  requirements 1  i s t e d .  The meanings o f  t h e  terms " i n i t i a l  d i l u t i o n "  

and " f a r - f i e l d  d i l u t i o n "  a r e  discussed f u r t h e r  i n  Chapter 5, 

Tox ic  m a t e r i a l s  should be c o n t r o l l e d  a t  t h e i r  source t o  t h e  e x t e n t  r e q u i r e d  

by t h e  procedure descr ibed i n  Sec t ion  4.1, w i t h  these des ign d i l u t i o n  

va l  ues appl ied.  

' ~ a t i o n a l  Academy o f  Sciences and l l a t i o n a l  Academy o f  Engineer ing,  
Qual i t y  C r i t e r i a  f o r  Water, Washington, Envtronmental P r o t e c t i o n  Agency, 1976. 

2 ~ a t i o n a l  Academy o f  Sciences and l l a t i o n a l  Pcadery o f  Engineer ing , 
Water Qual i ty  C r i t e r i a ,  Washington, Envi ro-mnntal P r o t e c t i o n  Agency, 
1975. 



TABLE 4-3 

SUMMARY OF WATER QUALITY CRITERIA ADOPTED 

S i d i  B ishr  Orr t fa l l  Kai t Bey O u t f a l l  
Adopted Adopted Typical  Typica l  

Background Ambient E f f l u e n t  Required E f f l u e n t  Requi red  
Const i tuent  Value, Co C r i t e r i a ,  Cr Condi t i  ons Value, Ce D i l u t i o n ,  s ( ~ )  Value, Cr D i l u t i o n ,  s ( ~  

Fecal 30 t o  40 - (See Sections 4.3 and 5.2) l o 9  l o 3  d i l u t i o n  l o 9  l o 3  d i l u t i o n  
Col i forms 
per  100 mL l o 3  d i l u t i o n  l o 3  d i l u t i o n  

30D5 1 mg/L 4.4 mg/L I n i t i a l  d i l u t i o n  480 mg/L 141 510 mg/L 150 

N i l  1.4 mg/L F a r - f i e l d  d i l u t i o n  480 mg/L 34 3  510 mg/L 364 
over background 

7 COD N i  1  i . 4  F a r - f i e l d  d i l u t i o n  960 mg/L 686 1020 mg/L 730 
rV 
~ over background 

S S 0.1 mg/L 1 mg/L F a r - f i e l d  d i l u t i o n  600 mg/L 667 536 mg/L 595 

N 0.0014 mg/L 0.028 mg/L F a r - f i e l d  d i l u t i o n  31 mg/L 1165 24 mg/L 902 

Adopted design d i l u t i o n  I n i t i a l  150 150 

Far - f  i e l d  1000 1000 

L 

Note: (a )  S = 
e  - Lo 

C r  - Co 
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CHAPTER 5  

OUTFALL PLANNING AND DESIGN 

5.1 I n t r o d u c t i o n  

The f lows  and loads t h a t  must be disposed of have been presented i n  

Chapter 2. The marine environment has been descr ibed i n  Chapter 3. 

The bas i c  approaches t o  marine d isposa l ,  and t h e  s p e c i f i c  c r i t e r i a  t o  

be met, have been discussed i n  Chapter 4. 

I n  t h i s  Chapter, t h e  o u t f a l l s  a re  planned and a  p r e l i m i n a r y  design, 

t o  meet t he  adopted c r i t e r i a ,  i s  presented based on t h e  f o l l o w i n g  

premi ses : 

1. There a r e  two l o n g  ocean o u t f a l l s  proposed, one o f f  S i d i  B i s h r  
3  w i t h  a  des ign f l o w  o f  6.5 m /sec, and t h e  o t h e r  o f f  K a i t  Bey 
3  w i t h  a  des ign f l o w  o f  4.5 m /sec. 

2. The most s u i t a b l e  al ignments f o r  these  two o u t f a l l s ,  as 

determined i n  t h e  geophysical  s t ud ies  p o r t i o n  o f  t h e  program, 

appear t o  be P r o f i l e  2  and P r o f i l e  8 shown on F igu re  3-36. 

3. To meet water  qua1 i t y  c r i t e r i a  e s t a b l i s h e d  i n  Chapter 4, each 

o u t f a l l  should be designed t o  p rov ide  an i n i t i a l  d i l u t i o n  r a t i o  

o f  150 a t  des ign flow; and t h e  o v e r a l l  f a r - f i e l d  d i l u t i o n  

r a t i o  o f  discharges f rom t h e  two o u t f a l l s  should be o f  t h e  

o rde r  of 1000. 

4. Mu1 t i p o r t  d i f fusers  w i l l  be r e q u i r e d  t o  a t t a i n  t h e  des i r ed  

i n i t i a l  d i l u t i o n .  

The o u t f a l l  p lann ing  process presented h e r e i n  w i l l  beg in  w i t h  la rge-sca le ,  

f a r - f i e l d  cons idera t ions  i n  o rde r  t o  determine d ischarge l o c a t i o n ,  and 

then proceed t o  t h e  n e a r - f i e l d  cons idera t ions  o f  spreading e f f l u e n t  plumes 

i n  o rde r  t o  s p e c i f y  d i f f u s e r  l eng th .  Th is  i s  f o l l owed  by cons ide ra t i ons  

o f  i n t e r n a l  hyd rau l i c s ,  s t r u c t u r e ,  and ope ra t i on  and maintenance. 

I n  Sec t ion  5.2 on f a r - f i e l d  cons idera t ions ,  s teps a r e  taken t o  ensure 

t h a t :  



1. Discharges wil l  take place beyond the low s a l i n i t y  lens some- 

times observed within a few kilometres of the shore. 

2. Discharges wi l l  be su f f i c i en t l y  f a r  from shore t h a t  onshore 
winds cannot drive surface-layer components of the sewage plume 

ashore before bacter ia  have been allowed t o  decay o r  otherwise 

disappear, t o  an adequate extent .  

3. Discharges wil l  be located su f f i c i en t l y  f a r  t o  sea t ha t  

e f f luen t s  will be dispersed rapidly enough t o  maintain fa r -  

f i e l d  e f f luen t  concentrations below t a rge t  levels .  

4. Discharges wil l  be located so t ha t  the e f f luen t  plume from 

one ou t fa l l  i s  not l ike ly  t o  in te r fe re  with the  e f f luen t  plume 

from another ou t f a l l .  

Section 5.3 on near-f ield considerations, includes analyses of i n i t i a l  

and secondary d i lu t ion ,  and of plume submergence beneath the pycnocline. 

Diffuser lengths a r e  determined. 

In Section 5.4, the  internal  hydraulics of d i f fuse rs  are  considered in 

derivation of port s iz ing and spacing. Structural  and operational con- 

s idera t ions  a r e  discussed in Section 5.5, and the  resul t ing preliminary 

designs fo r  the  two ou t f a l l s  a r e  summarized in Section 5.6. 

5.2 Far-Field Considerations: Appropriate Distance 

of Discharge from Shore 

Low-Sal in i  t y  Layer 
The lower-sal in i  t y  lens occasional ly observed lying along the shore, 

and a t t r ibu ted  t o  the  Mex Canal discharge, i s  usually 3 t o  4 km wide. 

Outfall discharges should be a t  l e a s t  4 km from shore t o  avoid being 

trapped w i t h i n  or  under t h i s  lens.  

Onshore Winds and Currents; Bacterial Decay 
Onshore winds, which along the Alexandria coas t l ine  means winds from 

sectors  270" - 300" - 330" - 360" - 30°, a r e  a very important environ- 
mental fea ture  i n  out fa l l  design, s ince they can drive surface 
waters and pol 1 utants therein towards shore. In t h i s  subsection, shore- 
ward surface current travel  times a re  considered jo in t ly  with bacterial  



decay r a t e s  t o  determine how f a r  f rom shore t he  p o i n t s  o f  d ischarge  should 

be t o  meet t he  c r i t e r i a  adopted i n  Chapter 4. 

The long- te rm seasonal wind data presented i n  Tables 3-1 t o  3-4 show t h a t  f rom 

May t o  October t h e  p r e v a i l i n g  winds a r e  onshore. I n  t he  w i n t e r ,  f rom November 

t o  A p r i l ,  winds a re  more evenly  d i s t r i b u t e d  around t h e  compass, b u t  s t i l l  a r e  

most o f t e n  f rom a  g e n e r a l l y  no r t hwes te r l y  d i r e c t i o n .  

For winds i n  t h e  summer ba th ing  season, Table 5-1, Column A, was prepared us ing  

t he  seasonal data i n  Tables 3-2 and 3-3 (May-July; August-October), w i t h  t he  

f requenc ies  f o r  winds p a r a l l e l  t o  shore and o f f s h o r e  (60" t o  240') counted as 

calm. The d i f f e r e n c e  between n i g h t t i m e  and dayt ime wind speeds was cons idered 

smal l  enough t o  be n e g l i g i b l e .  

Onshore w ind-d r i ven  c u r r e n t s  w i l l  have a  speed two t o  t h r e e  percen t  as g r e a t  as 
1  t he  wind speed. A  r a t i o n  o f  0.029 i s  used, f rom a  va lue  i n  a  t a b l e  by Wiegel , 

f o r  30" l a t i t u d e  and a  wind speed o f  5  m/sec. The f requency d i s t r i b u t i o n  f o r  

su r face  c u r r e n t  speeds appears i n  Column B  o f  Table 5-1. I n  Columns C through G 

o f  Table 5-1, t h e  t r a v e l  t imes t o  shore a t  each speed a r e  c a l c u l a t e d  f o r  6, 8, 

10, 12, and 14 km o f  t r a v e l ,  r e s p e c t i v e l y .  The t r a v e l  t imes a r e  c o n s e r v a t i v e l y  

s h o r t  f o r  any winds n o t  d r i v i n g  a t  r i g h t  angles t o  t h e  shore. 

Rate of B a c t e r i a l  Disappearance. I n  Sec t ion  4.4, f e c a l  c o l i f o r m s  were se lec ted  

as t he  b a c t e r i a l  i n d i c a t o r  organism. The b a c t e r i a l  s tandard concent ra t ion ,  cr, 

t o  be a t t a i n e d  f o r  ba th ing  waters were o f  t he  o r d e r  o f  100 t o  1000 per  100 mL, 
7 6  which r e q u i r e s  a  r e d u c t i o n  by a  f a c t o r  o f  10 t o  10 f rom the  adopted e f f l u e n t  

9  concen t ra t i on  ce  = 10 / I 0 0  mL. Some o f  t he  r e q u i r e d  r e d u c t i o n  i s  p o s s i b l e  by 
3  phys i ca l  d i l u t i o n ;  i n  f a c t ,  a  phys ica l  d i l u t i o n  f a c t o r  o f  10 i s  an adopted 

4  3  requi rement .  The remain ing 10 t o  10 - f o l d  r e d u c t i o n  must be by b a c t e r i a l  

disappearance. 

Time i s  needed t o  achieve a  g iven  f a c t o r  o f  r e d u c t i o n  by exponent ia l  decay. 

The r a t e  of decay depends on many f a c t o r s ,  bu t  r ecen t  evidence suggest a  

s t rong  dependence on s o l a r  r a d i a t i o n ;  hence, decay i s  more r a p i d  i n  daytime 

than a t  n i g h t .  

I Wiegel , R. L., Oceanographical Engineer ing, Pren t i ce -Ha l l  , 1964. 
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TABLE 5-1 

FREQUENCY DISTRIBUTION OF ONSHORE WINDS IN  SUMMER (a 

Wind Speed 

o m/sec ( c )  

1.81 

2.89 

3.83 

4.50 

5.18 

5.93 

6.88 

7.82 

19.0 

Surface 
Speed 

C D E 
T rave l  Time t o  Shore, hours 

From From From 
6 km - 8 km 10 km 

(a )  ~ r o m  Tab1 es 3-2 and 3-3. 

( b ) ~ e r c e n t  o f  t ime  t h a t  wind speed i s  l e s s  than va lue  i n  Column A. 

(')winds o f  a l l  speeds f rom t h e  60' - 240' sec to r  a re  counted as calms. 

From 
12 km 

From 
14 km 



Th is  d i u r n a l  v a r i a t i o n  i s  accounted f o r  i n  a  procedure which l a r g e l y  

f o l l o w s  t h a t  o f  B e l l a i r  e t  a 1 . l  I n  Column A o f  Tab le  5-2, a  d i u r n a l  

schedule g ives a  Tgo va lue  f o r  each c l o c k  hour o f  t h e  day. I t  i s  based 

on a  fundamental n i g h t t i m e  Tgo va lue  o f  40 hours,  a  fundamental dayt ime 

Tgo va lue o f  1.5 hours,  and smoothly v a r y i n g  i n te rmed ia te  values f o r  

morning and evening, accord ing  t o  a  curve developed by B e l l a i r  e t  a l . ,  

ad jus ted  t o  Tgo values f o r  A lexandr ian  sewage and seawater as determined 

i n  t h e  p resen t  s tudy  (see Sec t ion  3.4) .  

(The b a c t e r i a l  decay exper iments,  r epo r ted  i n  Sec t i on  3.4, i n d i c a t e  t h a t  

a  n i g h t t i m e  Tgo va lue  o f  40 hours may be c o n s e r v a t i v e l y  h i g h  f o r  A lexandr ia .  

C e r t a i n l y ,  t h e  t e s t s  d i d  n o t  i n d i c a t e  t h a t  40 hours i s  t o o  low a  va lue.  

However, s i n c e  t h e  n i g h t t i m e  t e s t s  were n o t  ex tens i ve  enough t o  d e f i n e  a  

d i f f e r e n t  value, t he  va lue  of 40 hours wi 11 be re ta i ned .  The dayt ime Tgo 

va lue o f  1.5 hours was de r i ved  from t h e  t e s t s  r epo r ted  i n  Sec t ion  3.4, 

and i s  in tended t o  be a  conserva t i ve  rep resen ta t i on  o f  A lexandr ian 

cond i t i ons  . ) 

I n  Column B o f  Table 5-2, each Tgo va lue i s  i n v e r t e d  t o  g i v e  t h e  f r a c t i o n  

o f  a  l o g a r i t h m i c  c y c l e  o f  decay t h a t  i s  a t t a i n e d  each hour.  For any t ime  

pe r i od  o f  severa l  hours,  t h e  sum o f  t h e  Column B values g ives t h e  number 

o f  1  og cyc les  of decay i n  t h a t  t ime pe r i od .  

I n  Column C, t h e  va lue  g iven  f o r  each hour i s  t h e  l e n g t h  o f  t h e  t i m e  per-  

i o d ,  t e r m i n a t i n g  a t  t h e  g iven  hour,  r e q u i r e d  t o  ach ieve decay through 

one l o g a r i t h n i i c  cyc le .  For example, t h e  va lue o f  2.0 hours g i ven  f o r  

9  AM means t h a t  one must c o l l e c t  Column B values f o r  two hours,  s t a r t i n g  

w i t h  0.667 f o r  9  AM, then adding 0.333 f o r  8 AM, t o  g e t  a  t o t a l  o f  1.0, 

f o r  one l o g  c y c l e  o f  decay. A l t e r n a t i v e l y ,  Column C values may be 

thought  of  as t h e  q u a n t i t y  T2 - T1 i n  t h e  summation: 

T2 

1 (Column B va lues)  = 1.0 ( l o g  c y c l e s )  

n = T  1 

where T2 i s  t h e  c l ock  hour a t  which a  g iven  Column C va lue  i s  entered.  

 el 1 a i r ,  Parr-Smi t h ,  and Wall i s ,  "S ign i f i cance  o f  D iu rna l  V a r i a t i o n  i n  
Fecal Col i form Die-Of f  Rates i n  t h e  Design o f  an Ocean O u t f a l l  ," 
Journal  Water P o l l u t i o n  Cont ro l  Federat ion,  September 1977. -- 



TABLE 5-2 

A B C D E F G 
1 Log 2 Log 3 Log 4 Log 5 Log 

T90 Cyc 1 e Cycles Cycles Cycles Cycles 

Hour - h r 1 / ~ 9 0 ( ~ )  h r  h r  h r  h r  h r 

( a ) ~ e c a y  r a t e s  based on n i g h t t i m e  TgO of 40 hours and daytime Tgo o f  1 .5  hours 

H 
6 Log 
Cycles 

( b ) l / ~ g O  equals the  f r a c t i o n  o f  a l o g  c y c l e  decayed i n  one hour. 



S i m i l a r l y ,  values i n  Columns D th rough H a r e  f o r  t i m e  i n t e r v a l s  T2 - T1 

r e q u i r e d  t o  achieve, by hour T2, decay th rough 2, 3, 4, 5  and 6 l o g  

cyc les ,  r e s p e c t i v e l y .  

A t t a i n a b l e  Degree o f  Disappearance, Compared t o  C r i t e r i a  and Standards. 

Table 5-1, showing t h e  frequency d i s t r i b u t i o n  o f  onshore w ind  speed and 

a v a i l a b l e  su r f ace  d r i f t  t r a v e l  t imes,  and Table 5-2, showing r e q u i r e d  

decay t imes, a r e  now a p p l i e d  j o i n t l y  i n  a  s e r i e s  o f  t ab les ,  one example 

o f  which i s  Table 5-3. The t a b l e  i s  a  m a t r i x  w i t h  t e n  rows (one f o r  each 

t e n t h - p e r c e n t i l e  of wind speed) and 24 colu~nns (one f o r  each h o l ~ r  o f  t h e  

day).  A l l  p o i n t s  i n  t h e  m a t r i x ,  over  a  24-hour day, have an equal 

o p p o r t u n i t y  t o  represen t  bo th  t h e  t r a v e l  t ime and t h e  hour o f  t h e  day. 

To each hour o f  t h e  day i s  assigned t h e  t i m e  r e q u i r e d  f o r  t h e  g iven  

number o f  l o g  cyc les  o f  decay, f rom t h e  a p p r o p r i a t e  column i n  Table 5-2. 

For each m a t r i x  p o i n t ,  t h e  t r a v e l  t ime ( f o r  t h e  row) and t h e  r e q u i r e d  

t i m e  ( f o r  t h e  column) a r e  compared: i f  t r a v e l  t i m e  exceeds t h e  r e q u i r e d  

t ime, no mark i s  made; i f  t r a v e l  t ime  i s  l ess  than  t h e  r e q u i r e d  t ime,  t h e  

m a t r i x  p o i n t  i s  marked w i t h  "*", o r  w i t h  " xu  f o r  b o r d e r l i n e  p o i n t .  

Border1 i n e  p o i n t s  a re  cons idered t o  be events d u r i n g  which t r a v e l  t i m e  i s  

s u f f i c i e n t  about h a l f  t h e  t ime.  

The number o f  unmarked p o i n t s  p lus  h a l f  t h e  number o f  "x"-marked po in t s ,  

d i v i d e d  by  t h e  m a t r i x  area o f  240, i s  t h e  f r a c t i o n  o f  t h e  t ime  i n  a  24-hour 

day i n  which t h e r e  i s  adequate t i m e  t o  p rov ide  t h e  r e q u i s i t e  number o f  l o g  

cyc les  o f  disappearance. 

- 
Th i s  f r a c t i o n ,  so computed f o r  1, 2, 3, 4, 5 and 6  l o g  cyc les ,  i s  p l o t t e d  

on t h e  t o p  p a r t  o f  F i g u r e  5-1 f o r  t r a v e l  d is tances (hence, o u t f a l l  l eng ths )  

o f  6, 8, 10, 12 and 14 km. The p l o t t e d  curve  f o r  each t r a v e l  d i s t ance  

represen ts  a  cumula t i ve  frequency d i s t r i b u t i o n  of  degrees o f  b a c t e r i a l  

disappearance a t t a i n a b l e  f o r  t h a t  d is tance .  

The imp1 i ca t i ons  of these  d e s c r i p t i o n s  of o u t f a l l  performance i n  reduc ing  

b a c t e r i a l  concen t ra t ions  a r e  shown i n  t h e  midd le  and lower  p a r t s  o f  F i g u r e  5-1. 

The absc issa of  t h e  midd le  p a r t ,  " f e c a l  c o l  i fo rms per  100 mL ," i s  r e l a t e d  t o  

- 
t h e  absc issa of  t h e  t o p  p a r t ,  " l o g  cyc les  o f  disappearance," by  t h e  assump- 



TABLE 5-3 

Percent  ( a  

10 

20 

Trave l  Time 

hour ( b )  

COMPUTATION OF FREQUENCY OF SUFFICIENT TRAVEL 

TIME . --. - FROM - -- 10 KM OUTFALL TO BEACH ,3 LOG CYCLES 

1 2  3  4  5  6  7  8  9  10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 O 'c lock  
Hours 

12 13 14 15 16 17 18 18 18 18 16 5  5  5  5  5  5  6  7  7 8  9  10 11 ~ e ~ u i r e d ' ~ )  

X X X X X  

X X X * * * * * X  

X * * * * * * * *  

X X X X X X  

( a ) ~ e r c e n t  o f  t i m e  t r a v e l  t ime exceeds values i n d i c a t e d  i n  Column 2. 

( b ) ~ r o m  Table 5-1, Column E. 

( C ) ~ r o m  Table 5-2, Column E. 

( d ) ~ a t r i x  p o i n t s  "x"  a r e  b o r d e r l i n e  and assigned h a l f  value; m a t r i x  p o i n t s  "*" a r e  counted as f u l l  va lue.  

\ 

Dur ing 24 h r  

I n s u f f i c i e n t  

t r a v e l  t ime  
33 t imes o u t  
o f  240, o r  
14 % o f  t ime .  

Between 6  am 
and 9  pm, 
I n s u f f i c i e n t  
t r a v e l  t ime  
22.2 t imes 
o u t  o f  160, o r  
o r  14 Td9f 
t ime.  



9 t i o n s  ( a )  t h a t  t h e  u n d i l u t e d  e f f l u e n t  concen t ra t i on  i s  10 pe r . 100  mL, 

and ( b )  t h a t  a  1000- fo ld  phys i ca l  d i l u t i o n  has been ob ta i ned  ( a t  l e a s t  

approx imate ly )  by t h e  t ime  t h e  plume has t r a v e l e d  f rom t h e  p o i n t  o f  

d i scharge  t o  t h e  beach, i n  a1 1  cases cons idered.  For  example, e f f l u e n t  
9  w i t h  an o r i g i n a l  concen t ra t i on  of 10 p e r  100 mL, hav ing  undergone 

phys i ca l  d i l u t i o n  o f  l o3 ,  would have a  b a c t e r i a l  concen t ra t i on  of lo6;  
f o u r  l o g  cyc l es  o f  d isappearance would b r i n g  t h e  c o n c e n t r a t i o n  down t o  

2  10 per  100 mL. 

For each o f  t he  curves i n  t h e  upper p a r t  o f  F i gu re  5-1, t h e  geometr ic  mean 

c o l  i f o r n i  concen t ra t i on  i s  computed, and p l o t t e d  i n  the  m idd le  p a r t  as "geo- 

m e t r i c  mean due t o  d ischarge  a lone . "  The va lues  range f rom l e s s  than  1  

pe r  100 mL f o r  14 km t o  100 pe r  100 mL f o r  6 km o f  t r a v e l  d i s t ance .  

However, i t  i s  app rop r i a t e  t o  recogn ize  t h a t  l e v e l s  r a r e l y  f a l l  as low as 

one o r  even 10 per  100 mL; t y p i c a l  ranges o f  background va lues  a r e  shown 

i n  t h e  lower  p a r t  o f  F i gu re  5-1 f o r  Los Angeles beaches 'and f o r  t h e  r e l a -  

t i  v e l y  unpol 1  u ted  Maamura Beach a t  A1 exandr ia .  For  computat ion purposes, 

a  va lue  o f  32 pe r  100 mL i s  chosen, and a  cu rve  i s  p l o t t e d  showing t he  pre-  

d i c t e d  geometr ic  mean b a c t e r i a l  concen t ra t i on  due t o  the  o u t f a l l  d i scharge  

p l u s  t h i s  background l e v e l .  The va lues  range f rom about 400 p e r  100 mL 

f o r  6 km t o  about  50 pe r  100 mL f o r  14 km. 

A lso  on t h e  lower  p a r t  o f  F i gu re  5-1 a r e  t h e  consensus o f  t h e  B i l t h a v e n  

Conference on Recreat iona l  Water Qua1 i t y  (see Tab1 e  4-1 and i t s  d i scuss ion )  , 
and t he  symptom r a t e  vs  E.Coli r e l a t i o n s h i p  developed by C a b e l l i  f rom r e c e n t  

research work done i n  A lexandr ia  as w e l l  as elsewhere (see F i g u r e  4-1 and 

i t s  d i scuss ion )  . 

' ~ e t z ,  J., from i n fo rma t i on  presented a t  t h e  Meet ing t o  Discuss Proposed 
Ocean O u t f a l l s  i n  A lexandr ia ,  Egypt, A lexandr ia  Governorate Palace, 
29 August 1978. 

' ~ r o m  Hakim, K.E., "Progress Repor t :  S t u d j  of R e l a t i o n s h i p  of M i c r o b i a l  
I n d i c a t o r s  t o  Hea l th  Effects a t  A1 exandr i  a  Ba th ing  Beaches, " 1978. 



One may now observe t h a t :  

1. Background l e v e l s  a r e  g e n e r a l l y  n o t  much l e s s  than, and o c c a s i o n a l l y  

g r e a t e r  than,  t h e  B i l t h o v e n  " h i g h l y  s a t i s f a c t o r y "  s tandard  o f  100 p e r  

100 mL. 

2. A background l e v e l  of 32 p e r  100 mL i m p l i e s  a  symptom r a t e  of 0.8 

pe rcen t .  

3. A 6-km o u t f a l l  would p r o v i d e  b a c t e r i a l  c o n c e n t r a t i o n s  w i t h  a  geometr ic  

mean g r e a t e r  t h a n  t h e  " h i g h l y  s a t i s f a c t o r y "  100 p e r  100 mL, a t  a  symptom 

r a t e  o f  1.7 pe rcen t .  T h i r t y - f i v e  pe rcen t  o f  t h e  t i m e ,  l e v e l s  would 

exceed t h e  B i l t h o v e n  "accep tab le "  s tandard  of 1000 p e r  100 mL. 

4. A 10-km o u t f a l l  would p r o v i d e  a  geometr ic  mean c o n c e n t r a t i o n  equal  

t o  t h e  " h i g h l y  s a t i s f a c t o r y "  100 p e r  100 mL, w i t h  an a s s o c i a t e d  symptom 

r a t e  o f  about 1.2 pe rcen t .  Four teen percen t  of  t h e  t ime ,  l e v e l s  would 

exceed 1000 p e r  100 mL. 

5. A 14-km o u t f a l l  would  p r o v i d e  a  geometr ic  mean c o n c e n t r a t i o n  s l i g h t l y  

l e s s  than  100 p e r  100 niL and s l i g h t l y  g r e a t e r  t h a n  background, w i t h  an 

a s s o c i a t e d  symptom r a t e  of about  1.0 pe rcen t .  F i v e  percen t  of t h e  t ime,  

l e v e l s  would exceed 1000 p e r  100 mL. 

It i s  reasonable  t o  conclude t h a t  t h e  10-km and 14-km o u t f a l l s  can be s a i d  

t o  meet t h e  B i l t h o v e n  standards and i n c r e a s e  t h e  symptom r a t e  by o n l y  a  

smal l  amount over  t h e  background l e v e l .  The 6-km o u t f a l l ,  w h i l e  meet ing 

t h e  " h i g h l y  s a t i s f a c t o r y "  100 per  100 mL about 55 p e r c e n t  of t h e  t ime ,  

exceeds t h e  "acceptab le"  1000 per  100 mL somewhat t o o  o f ten .  

Due t o  t h e  v a r i a b l e  and ve ry  i n c o m p l e t e l y  unders tood n a t u r e  of t h e  processes 

i n v o l v e d ,  t h i s  a n a l y t i c a l  procedure shou ld  n o t  a t  t h i s  t i m e  be taken  t o o  

s e r i o u s l y  o r  r e l i e d  upon t o o  f i n e l y .  Never the less ,  i t  i s  o f f e r e d  as a  u s e f u l  

and i n f o r m a t i v e  t o o l  t o  enable  one t o  judge t h a t  an o u t f a l l  l e n g t h  o f  about  

10 km i s  necessary and s u f f i c i e n t  t o  meet b a c t e r i a l  requ i rements  a t  t h e  

beaches. 

D i l u t i o n  Water A v a i l a b l e  

The o u t f a l l s  a r e  t o  be designed t o  p r o v i d e  an i n i t i a l  d i l u t i o n  o f  150 

and a subsequent t o t a l  d i l u t i o n  o f  1000. D e t a i l e d  analyses f o r  i n i t i a l  



and secondary d i l u t i o n  w i l l  be presented i n  Sec t i on  5.3. F i r s t ,  however, 

i t  i s  impo r tan t  s imp l y  t o  see how l a r g e  a  s e c t i o n  o f  t h e  ocean must be 

i nvo l ved  i n  t h e  d i l u t i o n  process. 

D i l u t i o n  Volume Ana lys is .  The approach w i l l  be t o  adopt a  crude b u t  i n f o r -  

mat i ve  f i l l - a n d - d r a w  ana l ys i s ,  i n  which ( a )  t h e  e f f l u e n t  i s  assumed t o  be 

d ispersed  th roughou t  a  l a r g e  b u t  l i m i t e d  v o l ~ ~ m e  o f  t h e  sea around t h e  

p o i n t s  o f  d ischarge,  w i t h  ( b )  p e r i o d i c  complete f l u s h i n g  o f  t h i s  volume. 

The f a r - f i e l d  d i l u t i o n  r a t i o  i s  the reby :  

Seawater 
I Sum o f  fI ow r a t e s  f o r  b o t h  o u t f a l  IS. F l u s h i n g  p e r i o d  ' 

Note t h a t  t h e  two o u t f a l l s  a r e  cons idered t o g e t h e r  i n  t h i s  reckoning,  

as t he  h o r i z o n t a l  e x t e n t  o f  t h e  se2water volume cons idered may be seve ra l  

t imes t h e  10 km d i s t ance  sepa ra t i ng  t h e  two o u t f a l l  a l i gnments .  

2  The seawater volume i s  t h e  p roduc t  o f  t h e  area, A  m  , o f  a  v e r t i c a l  c ross-  

s e c t i o n  normal t o  t h e  coas t  ex tend ing  Z r~ i  f r om  t h e  coas t  t o  t h e  p o i n t  o f  

d ischarge,  m u l t i p l i e d  by a  d is tance ,  2E, p a r a l l e l  t o  t h e  c o a s t l i n e .  The 

c ross - sec t i ona l  area, A, i s  de r i ved  as a  f u n c t i o n  o f  Z on F i g u r e  5-2. The 

bot tom depth p r o f i l e s  a t  t h e  S i d i  B i s h r  and K a i t  Bey a l ignments ,  approx- 

i m a t e l y  pe rpend i cu l a r  t o  t h e  c o a s t l i n e ,  a r e  shown on F i g u r e  5-2A. The 

area i n  t h e  v e r t i c a l  p l ane  above t h e  bed, below t h e  sea sur face ,  and 

between t h e  s h o r e l i n e  and each d i s t a n c e  Z f rom t h e  coast ,  i s  p l o t t e d  on 

F i g u r e  5-2b. I n  Table 5-4, values o f  A, i n t e r m e d i a t e  between those  f o r  

K a i t  Bey and S i d i  B ish r ,  a r e  l i s t e d  f o r  Z  = 4, 6, 8, and 10 km. 

Now, a  plume o r i g i n a t i n g  a t  t h e  sea bed a t  Z km f rom shore w i l l ,  i n  

genera l ,  not mix u n i f o r m l y  and complete ly  w i t h  t h e  wate r  shoreward o f  

Z .  For  a  t y p i c a l  plume t h a t  has undergone i n i t i a l  p l us  secondary d i l u -  

t i o n ,  some wate r  shoreward o f  Z w i l l  remain un invo lved,  w h i l e  some wate r  

seaward o f  Z w i l l  be mixed i n .  Furthermore, t h e  shoreward area, A, and 

t h e  plume a rea  w i l l  n o t  be  p r e c i s e l y  equal i n  s i z e .  Yet i s  i s  main- 

t a i n e d  t h a t  t h e  d i l u t i o n  a f f o r d e d  by t he  plume a rea  cannot be much g r e a t e r  

than t h e  d i l u t i o n  a f f o r d e d  by t h e  shoreward area, A. To o b t a i n  A  ( Z ) ,  

t h e  d ischarge  p o i n t  must be a t  l e a s t  Z f rom shore.  



The coastwise e x t e n t  o f  t h e  seawater volume, 2E, and t h e  f l u s h i n g ' p e r i o d ,  

T, a r e  computed as f o l l o w s .  The analyses f o r  c u r r e n t  pers is tence ,  p re -  

sented and d iscussed i n  Sec t ion  3.1, show t h a t  t h e  f o r t n i g h t l y  medium 

c u r r e n t  excurs ions a r e  o f  t h e  o r d e r  o f  20 km (Tab le  3-24), and a r e  most 

1  i k e l y  t o  be n o r t h e a s t e r l y  o r  sou thwes te r l y  (F i gu re  3-11). Th is  medium 

c u r r e n t  excurs ion  l e n g t h  of 20 km w i l l  be adopted f o r  E, s ince ,  on t h e  

average, c u r r e n t s  w i l l  c a r r y  t h e  e f f l u e n t  t o  p o i n t s  as f a r  as E  km no r t h -  

e a s t a n d  E  km southwest o f  t h e  p o i n t  o f  d ischarge.  The t o t a l  coas tw ise  

e x t e n t  o f  t h e  a f f e c t e d  seawater volume i s  t h e r e f o r e :  2E = 40 km. 

TABLE 5-4 

D is tance  f rom Area F l  ushdng D i l u t i o n  
Shore, Z, km A m2 Rate, m /sec F O ~  11 m3/sec 

4  0.8 x l o 5  2  646 241 

( a ) ~ e d i a n  Excurs ion Length E  = 20 Ian, F lush ing  Per iod  T  = 14 Days. 

Tab1 e  3-24 f u r t he rmore  shows f o r t n i g h t l y  80 p e r c e n t i l e  excurs ions  of t h e  

o r d e r  of 40 km. Th is  i s  t o  say, a t  l e a s t  once a  f o r t n i g h t  t h e r e  i s  an 

excurs ion  o f  a t  l e a s t  40 km, which w i l l  se rve  t o  f l u s h  t h e  volume c l e a r  o f  

accumulat ing sewage e f f l u e n t .  

The t h i r d  column i n  Table  5-4 l i s t s  t h e  f l u s h i n g  r a t e :  2  EA/T f o r  each 

va lue  o f  A, where E  = 20 km, and T  - 14 days. I n  t h e  f i n a l  column i s  t h e  

- d i l u t i o n ,  equal t o  t h e  f l u s h i n g  r a t e  d i v i d e d  by t h e  y e a r  2000 average d i s -  
3  charges o f  S i d i  B i s h r  p l us  K a i t  Bey o u t f a l l s  ( 1 1  m / sec ) .  The t a b l e  

shows t h a t  o n l y  when t h e  o u t f a l l  i s  about 10 km l o n g  can an u l t i m a t e  d i l u -  

t i o n  o f  t h e  o rde r  of 1000 be ob ta ined .  



I n t e r f e rence  Between Two O u t f a l l s .  To bes t  promote un i form d i s p e r s i o n  o f  

t h e  e f f l uen t ,  i t  would be w e l l  t o  p l ace  t h e  p o i n t s  of d ischarge from t h e  

two o u t f a l l s  such t h a t  t h e  plume f rom one wi 11 no t ,  f o r  t h e  most p a r t ,  

pass over  t h e  d ischarge s i t e  of t h e  o the r .  

Current  meter s t a t i o n s  1 BU and 1 AU, 10 m below the  su r f ace  on t h e  Ramleh 

a l ignment ,  and s t a t i o n  2  BU, 10 m below the  su r f ace  on t h e  K a i t  Bey a l i g n -  

ment, were considered t o  be c l o s e s t  t o  t h e  probable p o i n t s  of d ischarge.  

The azimuth d i r e c t i o n s  of  t h e  c u r r e n t  excurs ions f rom these s t a t i o n s  were 

p l o t t e d  i n  a  frequency d i s t r i b u t i o n  on F igu re  5-3. A lso p l o t t e d  were 

t h e  average d i r e c t i o n s  taken by drogues s e t  du r i ng  t h e  course of t h e  

program near  10 km from shore on t h e  Kai t Bey and Ramleh a l ignments.  

The r e s u l t i n g  d i r e c t i o n  d i s t r i b u t i o n  shows p r i n c i p a l  modes a t  60" and 

240°, f o r  bo th  drogues and c u r r e n t  meters. There i s  l i t t l e  d i f f e r e n c e  

between t h e  d i s t r i b u t i o n s  ob ta ined  by c u r r e n t  meters on t h e  two a l i g n -  

ments. The drogue data show a  mcde a t  180°, i n  a d d i t i o n  t o  60" and 240°, 

i n  p a r t  due t o  onshore su r f ace  c u r r e n t s  t h a t  i n f l u e n c e  near -sur face  

drogues b u t  n o t  t he  sub-sur face c u r r e n t  meters.  

The task  a t  hand i s  t o  f i n d  two gaps i n  t he  d i s t r i b u t i o n ,  180 degrees 

apa r t ,  each d i r e c t i o n  t o  be t h e  bear ing  f rom one d ischarge p o i n t  t o  t h e  

o t h e r .  The range o f  cho ice  i s  l i m i t e d  by  t h e  f a c t  t h a t  b o t h  p o i n t s  o f  

d ischarge should be i n  t h e  neighborhood o f  8 t o  10 km f rom shore. 

The values t h a t  a r e  hereby adopted a r e  47' and 227", which can be 

a t t a i n e d  w i t h  d ischarge  a t  11 km f rom shore on t h e  S i d i  B i s h r  a l ignment ,  

and 8  km from shore on t he  K a i t  Bey a l ignment .  



5.3 Plume Mechanics: App rop r i a t e  D i f f u s e r  Length and O r i e n t a t i o n  

I n i t i . a l  D i l u t i o n  

For each o u t f a l l ,  d i scharge  shou ld  be th rough  a  m u l t i p o r t  d i f f u s e r .  Th i s  

may s i r r~p l y  c o n s i s t  of t he  f i n a l  o f f shore  p o r t i o n  o f  t h e  o u t f a l l  p i p e  w i t h  

p o r t s  made i n  t h e  p i p e  w a l l  a t  r e g u l a r  i n t e r v a l s ,  and a  cap on t h e  end o f  

t h e  p i p e  i n  o rde r  t o  f o r c e  t h e  e f f l u e n t  t o  emerge th rough  t h e  p o r t s .  A  

d i f f u s e r  begins t h e  process of d i s p e r s i n g  t h e  e f f l u e n t  by p roduc ing  many 

smal l  e f f l u e n t  streams t o  mix w i t h  t h e  ambient sea water ,  r a t h e r  t han  

j u s t  one. 

The d ischarge  per  u n i t  l e n g t h  o f  d i f f u s e r  p i p e  shou ld  be approx imate ly  

cons tan t  over  t he  l e n g t h  of t h e  d i f f u s e r ,  as w i l l  be d iscussed i n  Sec t i on  

5.4. 'The d i f f use r  s e c t i o n  should  be normal t o  t h e  predominant c u r r e n t  

d i r e c t i o n  if poss ib le ;  s i n c e  c u r r e n t s  a r e  p r i n c i p a l l y  para1 1  e l  t o  t h e  

coast ,  t he  d i f f u s e r  may be an ex tens ion  o f  t h e  o u t f a l l  p i p e  on i t s  a l i g n -  

ment, w i t h  no bends. The d i f f u s e r  should ,  i f  poss ib l e ,  be on a  h o r i z o n t a l  

a l ignment .  It should  n o t  be bur ied ,  b u t  l i e  bedded on t h e  ocean f l o o r ,  

w i t h  t he  p o r t s  a  major  f r a c t i o n  o f  a  metre above t he  bottom. 

Computations o f  t h e  i n i t i a l ,  buoyancy-dr iven d i l u t i o n  a f f o r d e d  t h e  

e f f l u e n t  f rom a  mu1 t i p o r t  1  i n e  d i f f u s e r  a r e  based on t h e  work of Roberts.  1 

The i n i t i a l  d i l u t i o n  i s  taken t o  be Robe r t ' s  "minimum sur face d i l u t i o n , "  Sm: 

(eq. 5-2) 

1 Roberts, "D ispers ion  o f  Buoyant Wastewater Discharged f rom O u t f a l l  
D i f f u s e r s  of F i n i t e  Length," W.H. Keck Labora to ry  of Hydrau l i cs  and 
Water Resources, C a l i f o r n i a  I n s t i t u t e  o f  Technology, 1977. 



f o r  F l ess  than 0.1, and: 

0.6, approx imate ly  (eq. 5-3) 

f o r  F g r e a t e r  than 0.1, and w i t h  t h e  d i f f u s e r  a x i s  o r i e n t e d  perpendi -  

c u l a r  t o  t he  d i r e c t i o n  o f  t he  ambient cu r ren t ,  where: 

(eq. 5-4) 

and : 

U = ambient c u r r e n t  speed 

q = d ischarge o f  e f f l u e n t  p e r  u n i t  l e n g t h  o f  
d i f f u s e r  

H = water  depth a t  t h e  p o i n t  o f  d ischarge 

g1 = g r a v i t a t i o n a l  accelerat ion, ,  g, mu1 t i p 1  i e d  
by t h e  d i f f e rence  i n  d e n s i t y  between t he  
e f f l u e n t  and t he  seawater, d i v i d e d  by t h e  
e f f l u e n t  dens i t y .  

On F igure 5-4, minimum surface d i l u t i o n ,  Sm, i s  p l o t t e d  a g a i n s t  d i f f u s e r  

l eng th  f o r  t he  S i d i  B i s h r  and K a i t  Bey o u t f a l l s .  The ambient c u r r e n t  

speeds used are:  U = 0.05 m/sec and U = 0.18 m/sec, t y p i c a l  20 and 

80 pe rcen t i  l e  speeds, r e s p e c t i v e l y .  Actua l  ly ,  Sm, as computed by equat ions 

5-2 and 5-4, i s  independent of c u r r e n t  speed, so t h e  lower  p a i r  o f  curves 

on F igure 5-4 may be s a i d  t o  apply  f o r  any U l e s s  than 0.06 m/sec, t h e  

range o f  U f o r  which F i s  l ess  than 0.1. 

The f i g u r e  shows t h a t  t o  ma in ta in  an Sm o f  a t  l e a s t  150, t he  S i d i  B i s h r  

d i f f u s e r  should be 400 m long, and t h e  K a i t  Bey d i f f u s e r  should be 450 

m long.  

Submergence 

Submergence o f  t h e  o u t f a l l  d ischarge plume i s  poss ib l e  when a s u f f i c i e n t l y  

l a r g e  dens i t y  g rad ien t  e x i s t s  i n  t he  ocean. The freshwater d ischarge i s  

i n i t i a l l y  l i g h t e r  than t h e  sur round ing  seawater and so r i s e s  towards t h e  

surface; b u t  i n  do ing so mixes w i t h  heav ie r  seawater. If t h e  m i x t u r e  o f  
sewage and 1 ower-1 eve1 seawater becomes heav ie r  than seawater i n  1  ayers 

near t h e  surface, t h e  plume w i l l  cease t o  r i s e ,  and w i l l  s ~ r e a d  o u t  i n  a  

l a y e r  beneath t h e  surface. 



Brooks" a n a l y s i s  f o r  t h e  maximum h e i g h t  o f  r i s e  o f  a  submerged plume 

i n  terms o f  t h e  d e n s i t y  p r o f i l e  and d ischarge c h a r a c t e r i s t i c s ,  based on 

a  l i n e a r  approx imat ion o f  t h e  measured p r o f i l e ,  was a p p l i e d  t o  determine 

whether submergence i s  p o s s i b l e  o f f  A lexandr ia .  

On t he  r i gh t - hand  s i d e  o f  F igure  5-5 t h e r e  a re  f o u r  curves:  (A) and (6 )  

a re  f o r  a  po in t -source  plume, such as emanates f rom a  s i n g l e  d i f f u s e r  

p o r t ,  w h i l e  ( c )  and (D)  a re  f o r  a  l i ne - sou rce  plume, such as emanates 

f rom a  l ong  m u l t i p o r t  d i f f u s e r ,  w i t h  many p o r t s  c l o s e  t oge the r .  The 

graph o r d i n a t e  i s  t he  d e n s i t y  d i f f e r e n c e ,  At, between t he  d ischarge  

p o i n t  and t h e  maximum h e i g h t  o f  r i s e ,  ymax, above t h e  d i f f u s e r  t h a t  i s  

r e q u i r e d  f o r  t he  plume t o  r i s e  no h i g h e r  than  ymax. The curves r e l a t e  
3  t h i s  r e q u i r e d  d e n s i t y  d i f f e r e n c e  t o  t h e  d ischarge  s t r eng ths :  Q m /sec 

2  f o r  p o i n t  sources, and q  m /sec f o r  l i n e  sources ( f o r  t a r g e t  va lues of  
2  30 m and 40 m f o r  y,,). The graph i s  cons t ruc ted  f o r  g  = 9.8 m/sec , 

g1 = ~A$ /J  = .2842 n/sec2, and ~ ! a s t e a a t e r  d e n s i t y  a t  t h e  p o i n t  o f  d i r -  
3 charge o f  J = 998 kg/m . 

On t h e  absc issa f o r  s i n g l e  p o r t  d ischarge,  schedules o f  p o r t  d iameters f o r  

t he  K a i t  Bey and S i d i  B i s h r  o u t f a l l s  a r e  shown. For each o u t f a l l ,  t h e  

schedule was de r i ved  f rom the  p r o j e c t e d  y e a r  2000 average d ischarge,  t h e  

proposed o u t f a l l  d iameter,  and t h e  i n t e r n a l  d i s t r i b u t i o n  c r i t e r i o n  t h a t  

t h e  area o f  each p o r t ,  m u l t i p l i e d  by t h e  t o t a l  nurr~ber o f  po r t s ,  shou ld  

n o t  exceed 0.75 t imes t h e  p i p e  c ross - sec t i ona l  area. For sewage t h a t  

i s  n o t o r i o u s  f o r  c a r r y i n g  l a r g e  q u a n t i t i e s  o f  s t r i n g y  s o l i d s ,  and sub- 

j e c t e d  o n l y  t o  sc reen ing  t h a t  may n o t  always be e f f e c t i v e ,  i t  i s  n o t  ad- 
v i s e d  t o  have p o r t s  sma l l e r  than  25 cm, o r  a t  l e a s t  20 cm i n  d iameter ,  

l e s t  they  c l o g  w i t h  s o l i d s .  On t h e  absc issa  f o r  l i ne - sou rce  d ischarges,  t he  

va lues f o r  d ischarge  per  u n i t  l e n g t h  f o r  t h e  two o u t f a l l s  a r e  i n d i c a t e d .  

'Brooks, N.H., "D ispers ion  i n  Hyd ro l og i c  and Coastal Environments ," F i n a l  
Report t o  Na t iona l  Coastal  P o l l u t i o n  Research Program, USEPA, Grant No. 
16070DGY, December 1972. 



Note t h a t  f o r  25 cm p o r t s  on t h e  S i d i  B i s h r  o u t f a l l ,  f o r  example, t h e  

d e n s i t y  d i f f e r e n c e  r e q u i r e d  i s  about 0.9 and 1.5 s igma-t  u n i t s  f o r  

Ymax o f  40 m and 30 m, r e s p e c t i v e l y ;  w h i l e  f o r  a  400 m l i n e  plume 
3  c a r r y i n g  t h e  S i d i  B i s h r  d ischarge  o f  6.5 m /sec, t h e  r e q u i r e d  d i f f e r e n c e s  

a r e  0.44 and 0.60 sigma-t  u n i t s .  Which o f  t h e  two p a i r s  o f  s igma-t  values 

i s  a p p l i c a b l e ?  

1  Brooks adv ises t h a t  t h e  h i g h e r  o f  t h e  two d e n s i t y  d i f f e r e n c e  va lues f o r  

a  g iven  ymax be chosen; t he  f a c t  t h a t  t h e  po in t -source  a n a l y s i s  demands 

a  g r e a t e r  d e n s i t y  d i f f e r e n c e  f o r  a  g iven  ymax probab ly  means t h a t  t h e  

d i f f u s e r  d ischarge  w i l l  behave more l i k e  many i n d i v i d u a l  po in t -sources  

than l i k e  a  cont inuous l i ne - sou rce  f o r  t h i s  range o f  f l o w  values. 

On t h e  l e f t - h a n d  s i d e  o f  F igure  5-5 measured d e n s i t y  d i f f e r e n c e s  between 

t h e  su r f ace  and 40 m depth, and f o r  t h e  30 m i n t e r v a l  between 10 m and 

40 m depths, a re  p l o t t e d  aga ins t  ca lendar  t ime,  January th rough  December 

(a l though  t h e  da ta  f o r  t h e  second h a l f  y e a r  were c o l l e c t e d  f i r s t ,  s i n c e  

t h e  sampl ing program began i n  J u l y  1977). 

For t he  autumn and w i n t e r  per iod ,  September through March, t h e  d e n s i t y  

d i f f e r e n c e s  f o r  bo th  t h e  30 m and t h e  40 m depth i n t e r v a l s  a re  sma l l ,  

rang ing  between zero  and 0.4 sigma-t u n i t s .  For t h e  most p a r t ,  these 

values a re  l e s s  than  t h e  r e q u i r e d  d e n s i t y  d i f f e r e n c e ,  as shown by  t h e  

curves A,B,C, and D f o r  t h e  range of Q and q  r a t e s  shown. The plume 

cannot, t h e r e f o r e ,  be expected t o  remain submerged beneath t h e  su r face ,  

between September and March. 

Beginn ing i n  e a r l y  A p r i l ,  however, t h e  d e n s i t y  d i f f e r e n c e s  increase,  due 

t o  t h e  seasonal warming of  t h e  upper wa te r  l aye rs .  D i f f e rences  as g rea t  

as 1.7 s igma-t  u n i t s ,  between zero  and 40 m, and 1.2 s igma-t  u n i t s ,  between 

10 and 40,m, were measured i n  May. I n n e r  envelope curves have been 

sketched f o r  t he  two depth i n t e r v a l s ;  these a r e  curves which, f o r  a  g iven  

ca lendar  t ime, represen t  t he  lower  end ( o r  n e a r l y  so) o f  t h e  range o f  

'~rooks, N.H., " ~ i s ~ e r s i o n  i n  Hydro log ic  and Coastal  Environments," 
F i n a l  Report  t o  Na t i ona l  Coastal  Pol 1  u t i  on Research Program, USEPA, Grant 
No. 16070DGY, December 1972. 



d e n s i t y  d i f f e r e n c e s  p l o t t e d  f o r  t h a t  t ime.  The curves, rough ly  para- 

~ o l i c  i n  shape, span t h e  months Apr i  1 th rough  August; f o r  t h e  zero- to-40 m 

i n t e r v a l ,  t h e  curve as sketched a t t a i n s  a peak o f  1.0 s igma-t  u n i t s  i n  

June, w h i l e  t h e  10-to-40 m i n t e r v a l  curve, as sketched, a t t a i n s  a peak o f  

0.4 s igma-t  u n i t s ,  a l s o  i n  June. 

From comparison of curve B w i t h  t h e  i n n e r  envelope curve f o r  su r f ace - t o -  

40 m, i t  appears t h a t  t he  o u t f a l l  plumes, d ischarged a t  o r  below 40 m 

depth through 25 cm d iameter  p o r t s ,  w i l l  be submerged f o r  a month o r  two 

i n  l a t e  sp r i ng .  The submergence depth may be l e s s  than 10 m beneath 

t h e  sur face.  The use o f  more numerous, sma l l e r  p o r t s  would extend t h e  

p e r i o d  d u r i n g  which submergence cou ld  be counted upon. ( T h i s  assessment 

o f  t h e  p o t e n t i a l  f o r  plume submergence i s  more p o s i t i v e  than  was made 

i n  e a r l i e r  progress r e p o r t s  o f  t h i s  s tudy . )  

I n  e a r l y  years  o f  t h e  l i f e  of t h e  o u t f a l l s ,  when d ischarge  r a t e s  a r e  l e s s  

than t h e  des ign ra tes ,  submergence w i l l  ex tend over  a l onge r  season. 

The season w i l l  become s h o r t e r  as d ischarges increase.  

Submergence d u r i n g  June and p a r t  o f  J u l y ,  and perhaps p a r t s  o f  May and 

August as w e l l ,  w i l l  be a welcome added s a f e t y  f e a t u r e  f o r  keeping 

e f f l u e n t s  away f rom b a t h i n g  areas. However, s i n c e  submergence cannot 

be counted upon between September and March, some o f  which t ime i s  

s t i l l  popu la r  swimming season, ca re  has been taken t o  des ign t h e  o u t f a l l s  

t o  meet wa te r  q u a l i t y  c r i t e r i a  a t  t h e  beaches even i n  t h e  absence o f  

submergence. 

(A p o t e n t i a l  d isadvantage o f  submergence i s  t h a t  downward d i f f u s i o n  o f  

oxygen f rom t h e  atmosphere i s  impeded by t h e  d e n s i t y  g rad ien t .  An 

es t ima te  o f  t h e  r a t e  o f  downward d i f f u s i o n  o f  oxygen through t h e  pycnoc l ine  

t o  an oxygen-consuming sewage plume, presented i n  Appendix D, i n d i c a t e s  

t h a t  oxygen may d i f f u s e  downward through a t y p i c a l l y  s t r o n g  d e n s i t y  

g r a d i e n t  a t  a r a t e  i n s u f f i c i e n t  t o  s a t i s f y  t h e  oxygen demand. However, 

t h e  i n i t i a l  d i l u t i o n  s p e c i f i e d  i n  Chapter 4 i s  designed t o  meet t h e  

oxygen demand w i t h  adequate oxygen-r i  ch d i  1 u t i  on water .  ) 



Secondary Di  1 u t  i o n  
1 The Brooks a n a l y s i s  f o r  secondary d i l u t i o n  i s  used he re i n .  The secondary 

d i l u t i o n  f a c t o r ,  S2, i s :  

2  = 1 e r f  [1 .5 / ( [1  + 8  ~ ~ t / b ~ ] ~  - 1 ) 1 ~ ' ~ ,  (eq. 5-5) 

where " e r f "  i s  t h e  e r r o r  f u n c t i o n ,  KO i s  t h e  i n i t i a l  va l ue  o f  t h e  c o e f f i c i e n t  

o f  h o r i z o n t a l  eddy d i f f u s i v i t y ,  t i s  t h e  t ime, and b  i s  t h e  d i f f u s e r  l e n g t h .  

Accord ing t o  t h i s  ana l ys i s ,  t h e  d i f f u s i v i  t y  c o e f f i c i e n t  i nc reases  i n  p ropor -  

t i o n  t o  t h e  4/3 power o f  t h e  nominal w i d t h  o f  t h e  plume. The i n i t i a l  va lue,  

KO,  i s  thus r e l a t e d  t o  t h e  i n i t i a l  plume w id th ,  which i s  t h e  d i f f u s e r  l eng th ,  

b: 

K O  = ~b~~~ (eq.  5-6) 

2  
For KO i n  cm /sec and b  i n  cm, t h e  va lue  o f  t h e  c o e f f i c i e n t  A may range 

f rom 0.0015 t o  0.05. 

It has l o n g  been recognized t h a t  c u r r e n t  shear must have a  s i g n i f i c a n t  

e f f e c t  on apparent  h o r i z o n t a l  d i f f u s i v i  t y  i n  t h e  ocean.' I n  a  r e c e n t  

study,3 t he  c o e f f i c i e n t ,  A, i n  equa t ion  5-6, was exp ress l y  r e l a t e d  t o  G 

sec-' , t h e  v e r t i c a l  g r a d i e n t  i n  h o r i z o n t a l  v e l o c i t y :  

(eq.  5-7)  

2 where k, cm /sec, i s  a  cons tan t  va lue  o f  t h e  -- v e r t i c a l  d i f f u s i v i t y  i n  t he  

ocean. Koh and Brooks no te  t h a t  r e p o r t e d  va lues f o r  t h e  v e r t i c a l  
2  2  t u r b u l e n t  d i f f u s i o n  c o e f f i c i e n t  range f rom 0.04 cm /sec t o  200 cm /sec.  

4  Csanady r e p o r t s  t h a t  w h i l e  i n  t h e  t o p  30 cm o f  t h e  ocean one may f i n d  a  
2  va l ue  o f  30 cm /sec, t h e  v e r t i c a l  d i f f u s i o n  c o e f f i c i e n t  a  few meters 

2  
below t h e  su r f ace  decreases t o  about  5  cm /sec. The va lue  adopted f o r  

2  use h e r e i n  i s  5  cm /sec.  

' ~ r o o k s ,  "D i f f us i on  o f  Sewage E f f l uen t  i n  an Ocean Current,"  Proceedings, 
1 s t  I n t e r n a t i o n a l  Conference Waste Disposal  i n  t h e  Marine Environment, 
Pergamon Press, 1960. 

 oh and Brooks, " F l u i d  Machanics of Wastewater Disposal  i n  t h e  Ocean," 
Annual Review o f  F l u i d  Mechanics, 1975. 

3 ~ r e n c h ,  J.A., manuscr ip t  i n  p repara t ion ,  1978. 

4~sanady ,  G.T., Tu rbu len t  D i f f us i on  i n  t h e  Environment, Re ide l  , 1973. 



I n  t h i s  p r o j e c t ,  drogue s t u d i e s  were conducted t o  enable  t h e  v e r t i c a l  

g r a d i e n t  i n  h o r i z o n t a l  v e l o c i t y ,  G, t o  be measured. Twenty-seven va lues 

o f  G i n  v e l o c i t y  components pe rpend i cu l a r  t o  the  mean c u r r e n t  v e l o c i t y  were 

l i s t e d  i n  Table 3-25. The 20, 50, and 80 p e r c e n t i l e  values o f  G f rom 

t h i s  sample a re  .0012, .0030, and .0084 sec-' , r e s p e c t i v e l y .  Correspon- 

d i n g  values o f  A a re  .005, .009, and .018. These va lues a r e  w i t h i n  t h e  

range of values c i t e d  i n  t he  d i scuss ion  o f  equa t ion  5-6. 

It i s  o f  i n t e r e s t  t o  know how r a p i d l y ,  and w i t h i n  how s h o r t  a  d is tance ,  

t he  secondary d i s p e r s i o n  process can inc rease  t he  d i l u t i o n '  r a t i o  f rom 

i t s  i n i t i a l  value, Sm, o f  150 o r  more, t o  t he  f a r - f i e l d  t a r g e t  va lue o f  

1000. I n  Table 5-5, t he  r equ i r ed  t ime  and d i s t ance  t o  a t t a i n  a  d i l u t i o n  

r a t i o  o f  1000 i s  l i s t e d  f o r  n i n e  corr~binat ions o f  c u r r e n t  speed, U, and 

d i f f u s i o n  f a c t o r ,  A, thus cove r i ng  a  very  l a r g e  percentage o f  p o t e n t i a l  

advec t i ve  and d i s p e r s i v e  cond i t i ons .  The t h r e e  c u r r e n t  speeds cons idered 

a re  5, 10, and 18 cmlsec, adopted h e r e i n  as t y p i c a l  values o f  20, 50, 

and 80 p e r c e n t i l e  c u r r e n t  speeds, based on the  a n a l y s i s  o f  c u r r e n t  meter  

records f o r  t he  s tudy  year .  

A l l  t imes a re  30 hours o r  l e s s .  By a t t a i n i n g  t h e  t a r g e t  i n i t i a l - p l u s -  

secondary d i l u t i o n  o f  1000 w i t h i n  a  day and a  h a l f ,  one supp l i es  t he  

wastewater w i t h  ambient d i sso l ved  oxygen s u f f i c i e n t l y  r a p i d l y  t h a t  

t h e  BOD o r  COD values of  500 t o  1000 mg/L w i l l  n o t  be ab le  t o  cause 

more than a  ve ry  sma l l  d e p l e t i o n  o f  the  arr~bient DO. 

A l l  d i s tances  a re  l e s s  than 8  km, i n d i c a t i n g  t h a t  a  phys i ca l  d i l u t i o n  o f  

1000 w i l l  be a t t a i n e d  by a  plume be fo re  i t  reaches t he  beach, should  

i t  be t end ing  onshore. ( I n  Sec t ion  5.2, t he  p o i n t  o f  d ischarge f o r  t he  

K a i t  Bey o u t f a l l  was s e t  a t  8  km f rom shore, and t h e  p o i n t  o f  d ischarge 

f o r  t h e  S i d i  B i s h r  o u t f a l l  was s e t  a t  11 km f rom shore. ) 

D i r e c t i o n s  o f  cu r ren t s  have n o t  y e t  s p e c i f i c a l l y  been cons idered i n  t h i s  

secondary d i l u t i o n  ana l ys i s .  It i s  cons idered s u f f i c i e n t . t o  no te  t h a t ,  



TABLE 5-5 

TIMES AND DISTANCES REQUIRED TO ATTAIN OVERALL DILUTION SmS2 = 1000 

a )  S id i  B ish r  o u t f a l l ,  d i f f u s e r  l eng th  b = 400 m 

Current Speed : UZ0 = 0.05 m/sec U50 = 0.10 m/sec U80 = 0.18 m/sec 

I n i t i a l  D i l u t i o n :  Sm = 152 = 203 Sm = 366 Sm 

Req ' d Secondary 
D i l u t i o n :  S2 = 6.6 S2 = 4.9 S2 = 2.7 

b )  K a i t  Bey o u t f a l l ,  d i f f u s e r  leng th  b - 450 m 

Current Speed : U20 = 0.05 mlsec U50 = 0.10 m/sec UsO = 0.18 m/sec 

I n i t i a l  D i l u t i o n :  Sm = 152 'm = 239 Sm = 430 

Req ' d Secondary 
D i l u t i o n :  S2 = 6.6 S2 - 4.2 S2 = 2.3 



as shown on F igu re  5-3, c u r r e n t s  10 m o r  more beneath t h e  su r f ace  (as 

i n d i c a t e d  by metered c u r r e n t  excurs ions)  w i l l  proceed e i t h e r  n o r t h e a s t e r l y  

p a r a l l e l  t o  t h e  coas t  (60°) ,  o r  sou thwes te r l . ~  (240°), i n  bo th  cases 

normal t o  t h e  d i f f u s e r  al ignment;  hence equat ions 5-2 and 5-3 f o r  i n i t i a l  

d i l u t i o n ,  Sm, apply  t o  plumes r i s i n g  f rom the ocean bot tom t o  t he  v i c i n i t y  

o f  t he  sur face.  The drogue excurs ions shown on F igure  5-3, which represen t  

c u r r e n t  d i r e c t i o n s  near t he  sur face  as w e l l  as a t  depth, show t h a t  a  plume 

a t  o r  near t h e  su r f ace  cou ld  be t r anspo r ted  southward towards t h e  shore 

(180°), as w e l l  as p a r a l l e l  t o  t he  coast ,  a t  speeds u s u a l l y  w i t h i n  t he  

range o f  5-10-18 cm/sec (F igures  3-12 t o  3-15). 

5 .4  M u l t i p o r t  D i f f u s e r  Design 

Por ts  

I f  p r a c t i c a l ,  t he  p o r t s  should be bel lmouthed, i . e . ,  t h e  i n s i d e  edges o f  

t he  p o r t s  should be smoothly rounded t o  promote un i f o rm  unseparated f low.  

To a t t a i n  reasonable un i fo rm d ischarge per  u n i t  l eng th ,  t he  p o r t  d iameter  

and spacing should be chosen accord ing t o  Brooks'  analysis; '  Bn many 
2  p r a c t i c a l  cases, French's g raph ica l  summary o f  Brooks'  a n a l y s i s  i s  

appl  i cab1 e. 

To avo id  se r i ous  i n t e r f e r e n c e  between the  plumes r i s i n g  from ad jacen t  po r t s ,  

the  p o r t  spac ing should be about one - th i r d  o f  t he  h e i g h t  o f  r i s e  p r e d i c t e d  

f o r  t h e  plumes when a l l  p o r t s  a re  on one s i d e  o f  t he  p ipe;  i f  p o r t s  a re  on 

a l t e r n a t i n g  s ides  o f  t he  p ipe,  t he  spacing may be l ess ,  b u t  no l e s s  than 

one-s ix th  the  h e i g h t  o f  r i s e .  

Where e s s e n t i a l l y  raw sewage i s  t o  be discharged, the  d i f f u s e r  p o r t s  should 

be q u i t e  la rge ,  so t h a t  they w i l l  n o t  be b locked by s o l i d s .  Th is  i s  par-  

1 Koh, R.C.Y. ,  and Brooks, N.H., " F l u i d  Mechanics of  Wastewater Disposal  i n  
t h e  Ocean," Annual Review o f  F l u i d  Mechanics, 1975. 

n 
L French, J.A., " I n t e r n a l  Hydrau l i cs  o f  M u l t i - p o r t  D i f f use rs , "  Journal  Water 

P o l l u t i o n  Contro l  Federat ion, 1972. 



t i c u l a r l y  impor tan t  w i t h  wastewater as f u l l  o f  s t r i n g y  s o l  i d s  as Alexan- 

d r i a ' s  i s  observed t o  be. Despi te  t h e  f a c t  t h a t  we recommend p r e l i m i n a r y  

t rea tment  t o  remove the l a r g e  s o l i d s ,  t he  d i f f u s e r  pof i ts should n o t  be 

s m a l l e r  than about 250 mm i n  diameter.  

\ 

D i f f u s e r  Design, S i d i  B i s h r  

As noted i n  t he  Technica l  Report, a  d iameter  o f  2200 mm.was se lec ted  f o r  

t h i s  o u t f a l l .  Th is  d iameter  i s  mainta ined throughout  t he  l e n g t h  o f  t he  

d i f f u s e r .  

To ma in ta i n  an approx imate ly  un i f o rm  va lue o f  d ischarge pe r  u n i t  l e n g t h  

a long  the  400 m l e n g t h  o f  the  d i f f u s e r ,  p rov ide  be l lmouth  p o r t s  250 mm 

i n  d iameter  every  7.5 m, p laced on a l t e r n a t i n g  s ides  o f  t h e  pipe. 

There a re  t o  be 54 p o r t s  i n  a l l ,  i n c l u d i n g  the  end p o r t ,  as shown on 

F igure 5-6. The d i f f u s e r  should be p laced so t h a t  t h e  o f fshore  end has 

an e l e v a t i o n  n o t  more than 1 t o  2  metres d i f f e r e n t  f rom t h e  inshore  end, 

l e s t  the  f l o w  d i s t r i b u t i o n  be a f f e c t e d  by h y d r o s t a t i c  ambient pressure 

d i f f e rences  between t he  two ends. 

D i f f u s e r  Design, K a i t  Bey 

As no ted  i n  t he  Technica l  Report, a  d iameter  of 1700 mm was se lec ted  f o r  

t h e  K a i t  Bey o u t f a l l .  Th is  diameter i s  mainta ined throughout  t h e  l eng th  

o f  t he  d i f f u s e r .  

Again, t o  keep h y d r o s t a t i c  pressure d i f f e rence  e f f e c t s  t o  a  minimum, t he  

d i f f e r e n c e  i n  e l e v a t i o n  between t he  inshore  and o f f s h o r e  ends of t h e  
d i f f u s e r  should be no more than 1, t o  2  metres. 

For approx imate ly  un i fo rm discharge pe r  u n i t  length,  i t  i s  recomnended t h a t  

t he re  be be l lmouth po r t s ,  250 mm i n  diameter, spaced every 10 m f o r  t he  

330 m f a r t h e s t  o f f shore ;  then every 12 m, f o r  t h e  f i n a l  120 m; f o r  a  t o t a l  

o f  43 por ts ,  i n c l u d i n g  the p o r t  a t  the  end of  t he  d i f f u s e r ,  as shown on 

F igure  5-6. The g rea te r  spacing a t  the  inshore  end i s  i n  o rde r  t o  o f f s e t  

t h e  g r e a t e r  d ischarge r a t e  pe r  p o r t  expected t h e r e  r e l a t i v e  t o  f a r t h e r  

o f f sho re  ( f r o m  cons idera t ions  o f  t he  i n t e r n a l  hydraul  i c s  o f  mu1 t i - p o r t  

d i f f u s e r s ) .  
% 



5.5 S t r u c t u r a l  and O ~ e r a t i o n a l  Cons ide ra t ions  

S t r u c t u r a l  Cons ide ra t ions  

Forces on t h e  O u t f a l l  Pipe.  A v a r i e t y  o f  f o r c e s  a c t  on t h e  p ipe ,  b o t h  

d u r i n g  c o n s t r u c t i o n  and a f t e r  i n s t a l l a t i o n  i s  completed. D u r i n g  c o n s t r u c -  

t i o n ,  t h e  p i p e  may be s u b j e c t e d  t o  c o n s i d e r a b l e  t e n s i o n  if i n s t a l l e d  by 

t h e  b o t t o m - p u l l  method. Be fo re  i t  i s  convered,  i t  i s  s u s c e p t i b l e  t o  wave 

f o r c e s .  I f  i t  i s  i n s t a l l e d  f u l l  o f  a i r  t o  p r o v i d e  some buoyancy, ca re  

must be taken  d u r i n g  t h e  w a t e r  f i l l i n g  process t h a t  a i r  i s  n o t  r e l e a s e d  

t o o  q u i c k l y ,  l o w e r i n g  t h e  i n t e r n a l  p r e s s u r e  and i n v i t i n g  c o l l a p s e  of  

t h e  p i p e .  

When i n  s e r v i c e ,  t h e  p i p e  must w i t h s t a n d  t h e  s teady  i n t e r n a l  p ressure  

due t o  t h e  purnp-ing head, and i t  must be a b l e  t o  w i t h s t a n d  t h e  t r a n s i e n t  

p o s i t i v e  and n e g a t i v e  surge o r  w a t e r  hamner pressures a s s o c i a t e d  w i t h  

r a p i d  s h u t o f f  o f  t h e  pumps upon power f a i l u r e .  A t  s u f f i c i e n t l y  sharp  

bends i n  t h e  p i p e  t h e r e  shou ld  be t h r u s t  b l o c k s .  

For  t h e  des ign  s i g n i f i c a n t  wave d e r i v e d  i n  Chapter 3, w i t h  a  h e i g h t  o f  

5  m  and a  p e r i o d  o f  8.5 sec, t h e  l a t e r a l  f o r c e s  on a  c i r c u l a r  c y l i n d e r  

l y i n g  on t h e  sea bo t tom were com~puted f o r  e x t e r n a l  d iamete rs  o f  2.5 m  

( S i d i  B i s h r  o u t f a l l )  and 2.0 m  ( K a i t  Bey o u t f a l l ) ,  f o r  a  range o f  w a t e r  
1  depths. The Mor ison e q u a t i o n  was used: 

( i n e r t i a l  f o r c e s )  + ( d r a g  f o r c e s )  

where: 

f = t h e  f o r c e  pe r  u n i t  l e n g t h  of p i p e  

'm 
= t h e  i n e r t i a l  f o r c e  c o e f f i c i e n t  

g = t h e  f l u i d  d e n s i t y  
D  = t h e  e x t e r n a l  p i p e  d iamete r  

Ub = t h e  b o t t o m  v e l o c i t y  

CD = 
t h e  d r a g  f o r c e  c o e f f i c i e n t  

(eq.  5-8)  

'shore P r o t e c t i o n  I lanual  , Vol . 2, U. S. Army Coasta l  Eng ineer ing  Research 
Center,  1973. 



The bot tom v e l o c i t y ,  Ub, was assumed t o  be s i nuso ida l ,  w i t h  p e r i o d  T, 

and r e l a t e d  t o  t h e  water  depth v i a  F i g u r e  3-18. The va lue  used. f o r  

Cm was 1.5; t h e  va lue used f o r  C,, v a r i e d  between 0.7 and 1.2. The force 

per  u n i t  l eng th ,  f, was evaluated a t  t h e  phase of  t h e  s i n u s o i d a l  c y c l e  

t h a t  r e s u l t s  i n  t h e  maximum va lue  of t h e  r i gh t -hand  s i d e  of  equa t ion  5-8, 

f o r  each depth. On F i g u r e  5-7, f i s  p l o t t e d  aga ins t  wa te r  depth f o r  t h e  

S i d i  B i s h r  and K a i t  Bey o u t f a l l s .  

The c a l c u l a t i o n s  bear t h e  assumption t h a t  t h e  waves propagate i n  a  

d i r e c t i o n  perpend icu la r  t o  t h e  a x i s  o f  t he  p ipe,  a l though many of  t h e  

waves w i l l  be propagat ing i n  d i r e c t i o n s  w i t h  cor~lponents para1 l e l  t o  

t h e  p i p e  a x i s .  

Ex ten t  o f  B u r i a l .  I t  w i l l  be necessary t o  bury  t h e  p ipes throughout  

t he  s u r f  zone, and o f f s h o r e  t o  a  depth where wave fo rces  and wave- 

induced sediment t r a n s p o r t  w i l l  n o t  t h rea ten  t h e  p ipe.  I t  i s  suggested 

t h a t  b u r i a l  extend o f f sho re  t o  t he  20 m depth contour ;  l a t e r a l  wave 

fo rces  on t he  pipes would thereby be kep t  below 700 kg w t  per  l i n e a r  

metre (F igure  5-7), and sediment t r a n s p o r t  would be con f i ned  t o  g r a i n  

s i zes  conven ien t l y  l ess  than s izes  usable f o r  bedding o r  revetment 

( ~ i g u r e  3-18). 

A t  t he  t ime o f  f i n a l  design, a  r i s k  ana l ys i s  should be made t o  determine 

t he  optimum b u r i a l  depth f o r  t h e  o u t f a l l s .  Wave fo rces  can a c t  on a  

b u r i e d  p i pe  as w e l l  as on one t h a t  i s  n o t  bur ied ;  t he  magnitude o f  t h e  

f o r ces  shoul d  be ca l cu la ted .  

B u r i a l  i n  t he  s u r f  zone and across t he  beach w i l l  a l s o  prevent  t h e  

pipe- f rom be ing  an a e s t h e t i c  nuisance o r  a  phys ica l  obs t ruc t i on .  

Ma te r i a l s .  Of ten i t  i s  s u i t a b l e  t o  b u i l d  o u t f a l l s  o f  welded s t e e l  

pipe, cement l i n e d ,  w i t h  a  coal  t a r  and g lass mat b u i l t - u p  coa t ing ,  

and an ou te r  coa t  o f  r e i n f o r c e d  concrete.  Other ma te r i a l s ,  such as 

h i g h  dens i t y  po lyethy lene,  o r  f i b e r g l a s s  r e i n f o r c e d  p l a s t i c ,  a re  some- 

t imes considered, b u t  the  concrete-coated s t e e l  p i pe  u s u a l l y  bes t  meets 

t he  two requirements of s t r eng th  and weight .  The we igh t  o f  t h e  p i pe  must 



be s u f f i c i e n t  such t h a t ,  when t h e  p i p e  i s  f i l l e d  w i t h  f r e s h  wate r  of 
3  1000 kg/m d e n s i t y  o r  l ess ,  t h e r e  w i l l  be no danger o f  f l o t a t i o n ,  e i t h e r  

w i t h  r espec t  t o  t h e  ambient seawater o r  t o  t h e  s o i l  i n  which t h e  p i p e  

may be bur ied .  ( I n s u f f i c i e n t l y  heavy p ipes have been known t o  " f l o a t "  

o u t  of t h e  s o i l  i n  which t hey  a r e  b u r i e d  when t h e  s o i l  has been f l u i d -  

i z e d  by an earthquake o r  o t h e r  j a r r i n g  impulse. ) 

Cons t ruc t ion  and I n s t a l l a t i o n .  The p i p e  may be l a i d  on t h e  bot tom and 

covered, o r  i t  may be l a i d  i n  a  t r e n c h  and covered. I n  e i t h e r  case, i t  

may be necessary t o  prepare a  bedding o f  rock  o r  o f  p i l e s .  I n  waters  

l e s s  than  10 m deep, s h e e t p i l  i n g  may be used w i t h  t h e  excavat ion.  

For diameters o f  one metre o r  less ,  i t  i s  common t o  manufacture and 

assemble cons iderab le  leng ths  o f  p i p e  e i t h e r  on l a n d  o r  on a  barge, and 

then i n s t a l l  them by e i t h e r  bo t tom-pu l l  o r  s u r f a c e - p u l l  methods. I n  t h e  . 
p r o j e c t  area, su r f ace -pu l l  o r  f l o t a t i o n  methods a re  n o t  recommended due 

t o  t h e  r e l a t i v e l y  s w i f t  c u r r e n t s  p r e v a i l i n g ,  b u t  t h e  bo t tom-pu l l  method 

appears t o  be q u i t e  f eas i b l e  i n  most cases. For l a r g e r  diameters,  t h e  

r e l a t i v e l y  s h o r t  sec t i ons  o f  r e i n f o r c e d  concre te  must be p laced i n d i v i -  

d u a l l y ,  w i t h  t he  a i d  o f  d i v e r s .  

Cor ros ion  P ro tec t i on .  Corros ion P r o t e c t i o n  i s  a  most impo r tan t  cons idera-  

t i o n  i f  t he  p i p e l i n e  i s  t o  be o f  s t e e l .  As no ted  i n  Sec t ion  3.6, t h e  o l d  

K a i t  Bey o u t f a l l  s u f f e r e d  e x t e n s i v e l y  f rom co r ros i on .  

The f o l l o w i n g  paragraphs on co r ros i on  c o n t r o l  a r e  taken l a r g e l y  f rom 

t h e  F i n a l  Report  o f  t h e  ASCE Task Committee on P i p e l i n e s  i n  t h e  Ocean. 1  

There a re  two bas i c  methods t o  achieve co r ros i on  c o n t r o l  o f  submarine 

p i p e l i n e s :  coa t i ng  t h e  p i pe  and app l y i ng  ca thod i c  p r o t e c t i o n .  Commonly, 

a  combinat ion of c o a t i n g  and ca thod ic  p r o t e c t i o n  i s  used, w i t h  t h e  c o a t i n g  

system p r o v i d i n g  the  bas i c  p r o t e c t i o n  and t he  ca thod i c  p r o t e c t i o n  system 

f u r n i s h i n g  p r o t e c t i o n  t o  those areas where de fec t s  e x i s t  i n  t h e  coa t i ng .  

' ~ i n a l  Report  of t h e  ASCE Task Comnit tee on P i p e l i n e s  i n  t h e  Ocean, ASCEy 
New York, undated. 



Several  e f f e c t i v e  and r e l i a b l e  p i p e  c o a t i n g  systems have been developed 

over  t h e  pas t  severa l  years .  These systems range from t h i n  f i l m  epoxy 

c o a t i n g  t o  t h i c k  mas t i c  systems composed o f  f i n e  aggregate (sand, l ime-  

stone, and f i b e r )  bound t o g e t h e r  b y  an a s p h a l t i c  m a t e r i a l .  Weight 

coa t i ngs  a r e  comnonly r e q u i r e d  t o  p rov i de  added s t a b i l i t y  t o  t h e  p ipe,  

e s p e c i a l l y  f o r  l a r g e r  d iameter  l i n e s .  The a d d i t i o n  o f  a  we igh t  c o a t i n g  

a f f o r d s  e x t r a  p r o t e c t i o n  t o  t h e  u n d e r l y i n g  c o r r o s i o n  coa t i ng .  

Cathodic p r o t e c t i o n  can be p rov ided  i n  two ways: by  e l e c t r i c a l l y  con- 

n e c t i n g  t h e  p i p e  t o  a  more anodic m a t e r i a l ,  o r  by connec t ing  t h e  p i p e  t o  

an anode and impress ing a  d i r e c t  c u r r e n t  on t h e  system f rom an e x t e r n a l  

power source. I n  b o t h  cases, c u r r e n t  f l ows  froni  t h e  anode t o  the  p i p e  t o  

be p ro tec ted .  

S a c r i f i c i a l  anodes a re  no rma l l y  z i n c  o r  magnesium b r a c e l e t s  p laced  around 

t h e  p i p e  a t  r e g u l a r  i n t e r v a l s .  Z i nc - t o - s tee l  has a  s m a l l e r  c u r r e n t  ou tpu t  

than magnesium-to-steel. Because of  t h e i r  l owe r  c u r r e n t  ou tpu t ,  z i n c  anodes 

have a  l onge r  s e r v i c e  l i f e  than  magnesium anodes. Z inc  i s  w e l l  s u i t e d  f o r  

use on a  coated p i p e l i n e  where smal l  ca thod i c  p r o t e c t i o n  c u r r e n t s  a r e  

r equ i r ed .  Brace le ts  o f  s u i t a b l e  s i z e  a r e  commonly spaced on t h e  p i p e l i n e  

a t  about 400 m  i n t e r v a l s .  It i s  impo r tan t  t o  des ign t h e  ca thod i c  p ro tec -  

t i o n  system so t h a t  anode replacement i s  min imized d u r i n g  t h e  l i f e  o f  t h e  

1  i n e .  

An impressed c u r r e n t  system u s u a l l y  c o n s i s t s  o f  an ac power source, a  

r e c t i f i e r  t o  conver t  ac c u r r e n t  t o  low vo l t age  dc c u r r e n t ,  and an anode. 

The p i p e l i n e  t o  be p ro tec ted  i s  connected t o  t h e  nega t i ve  s i d e  o f  t h e  

r e c t i f i e r  w i t h  t h e  anodes connected t o  t h e  p o s i t i v e  s i de .  An advantage 

o f  an impressed c u r r e n t  ca thod i c  p r o t e c t i o n  system compared t o  s a c r i f i -  

c i a l  anodes i s  t h a t  t h e  ou tpu t  vo l t age  o f  t h e  r e c t i f i e r  can be ad jus ted  

t o  any s e l e c t e d  value. The disadvantage i s  t h e  need t o  m a i n t a i n  t h e  e lec -  

t r i c a l  system. Wi th  t h e  s a c r i f i c i a l  anode system, t h e  ou tpu t  vo l t age  i s  

n o t  v a r i a b l e  and i s  determined by t he  t y p e  of anode used. 

For t h e  A lexandr ia  o u t f a l l s ,  fundamental p r o t e c t i o n  would be p rov ided  
1 

by  b i t u m a s t i c  coa t ings  r e i n f o r c e d  by i n t e r i o r  and e x t e r i o r  we igh t  coa t ings  



o f  concrete .  S ince occas ional  breaks i n  t he  c o a t i n g  may be unavoidable,  

z i n c  anode b r a c e l e t s  shou ld  be p laced around t h e  p i pe  every  400 m o r  so, 

i n  e l e c t r i c  c o n t a c t  w i t h  t he  s t e e l .  Such b r a c e l e t s  shou ld  ensure many 

years  o f  p r o t e c t i o n  i f  breaks i n  t h e  c o a t i n g  a r e  few; y e t  i t  would be  

wise, a t  l e a s t  i n  areas where t h e  p i p e l i n e  i s  exposed, t o  p r o v i d e  

p e r i o d i c  (say,  every y e a r  o r  two yea rs )  d i v e r  i n s p e c t i o n  o f  t h e  anode 

b r a c e l e t s ,  w i t h  replacement i n  whole o r  i n  p a r t  i f  necessary. Such 

i n s p e c t i o n  and maintenance cou ld  be e a s i l y  done w i t h  personnel and r e -  

sources ava i  lab1 e  i n  A1 exandr ia .  

Q u a l i t y  Con t ro l  

Whatever c o n s t r u c t i o n  methods and m a t e r i a l s  a r e  u l t i m a t e l y  used, c a r e f u l  

qua1 i ty  c o n t r o l  o f  f a b r i c a t i o n  and i n s t a l  l a t i o n  i s  e s s e n t i a l  t o  ensure 

s a t i s f a c t o r y  performance ove r  a  l o n g  l i f e t i m e .  A  l o t  o f  money may be 

spen t  t o  ach ieve a  des ign s t r e n g t h  o f  p ipe,  which,  i f  ma in ta ined  over  

t h e  l e n g t h  o f  t h e  p i p e l i n e ,  w i l l  be most s a t i s f a c t o r y ;  y e t  if even a  few 

s h o r t  sec t i ons  o f  t h e  l i n e  a re  substandard,  and f a i  1, t h e  whole f a c i l  i t y  

may be cons idered a  f a i l u r e .  Therefore,  t h e  c o s t  o f  ensu r i ng  c l ose  con- 

t r o l  over  q u a l i t y  o f  p roduc t i on  i s  M n e y  very  w e l l  spent .  

Loca l  Exper ience 

A t  l e a s t  two undersea p e t r o l  eum p i  pe l  i nes o f  re in fo rced-concre te -coa ted  

s t e e l  have r e c e n t l y  been cons t ruc ted  near  A lexandr ia  by t h e  bo t tom-pu l l  

method. Exper ience gained f rom c o n s t r u c t i o n ,  ope ra t i on  and maintenance 

o f  t hese  p ipe1 i nes  w i  11 be va luab le  i n  t h e  des ign  o f  t h e  wastewater 

o u t f a l l  s .  

Hydrogen Su 1  f i de 

Hydrogen s u l f i d e  (H2S) i s  a  gas t h a t  occurs i n  sewers and f o r c e  mains 

where wastewater has i n s u f f i c i e n t  oxygen, and i s  c o m o n l y  de tec ted  by  

i t s  " r o t t e n  egg" odor. C o n t r o l l i n g  H2S p roduc t i on  and r e l e a s e  i s  impor- 

t a n t  n o t  o n l y  t o  c o n t r o l  odors,  b u t  a l s o  because t h e  gas i s  l e t h a l  t o  
'I 

people  a t  l e v e l s  exceeding about 300 ITI~/L', and t o x i c  i n  t h e  mar ine env i -  
2  

ronment a t  l e v e l s  i n  excess of 0.01 mg/L. I n  sewerage systems, H2S can 

a l s o  form s u l f u r i c  a c i d  (H2S04) which i s  h i g h l y  c o r r o s i v e  and can damage 

'USEPA Process Design Manual f o r  S u l f i d e  Con t ro l  i n  S a n i t a r y  Sewerage Systems. 

' ~ a t i  onal  Academy o f  Sciences and Na t i ona l  Academy o f  Engineer ing,  Water - 
Qua1 i t y  C r i t e r i a ,  1972, Washington, Environmental P r o t e c t i o n  Agency, 1972. 



p i p e l i n e s  and o the r  f a c i l i t i e s .  

H2S i s  t y p i c a l l y  produced i n  sewerage systems where t h e r e  i s  no d i sso l ved  

oxygen (DO) i n  t h e  wastewater, and where anerobic  b a c t e r i a ,  con ta ined  i n  

a  s l ime l a y e r  a t tached  t o  t h e  w a l l s ,  become a c t i v e .  The anerobic  b a c t e r i a  

w i l l  n o t  produce H2S when t he re  i s  d i sso l ved  oxygen present  o r  when t he re  

i s  i n s u f f i c i e n t  o rgan ic  ma t te r  (measured as BOD5). 

C o n t r o l l i n g  H2S produc t ion  i s  u s u a l l y  achieved by ma in ta i n i ng  t h e  DO 

s u f f i c i e n t l y  h i gh  t h a t  t he  anerobic  b a c t e r i a  a re  i n a c t i v e .  I n  sewers 

f low ing  p a r t i a l l y  f u l l ,  t he  DO i s  ma in ta ined  i n  t h e  wastewater through 

d i r e c t  t r a n s f e r  from the  atmosphere, a t  t he  water surface. The degree 

o f  oxygen t r a n s f e r  i s  dependent on the  r a t e  o f  t u r b u l e n t  d i f f u s i o n  i n  

the  f low.  

I n  force mains, such as marine o u t f a l l ,  t h e r e  i s  no atmospheric water  

su r face  so t h a t  oxygen regenera t ion  i s  n e a r l y  zero. Therefore,  s teps 

must be taken t o  e l i m i n a t e  H2S produc t ion  f o r  t he  e n t i r e  l eng th  o f  t he  

f o r ce  main o r  H2S w i l l  be re leased a t  t he  end. Methods o f t e n  used i nc l ude  

t h e  a d d i t i o n  o f  H202 o r  compressed a i r  t o  ma in ta in  adequate DO, and addi -  

t i o n  o f  c h l o r i n e  o r  o t h e r  chemicals t o  e l i m i n a t e  t h e  anerobic  b a c t e r i a .  

However, these methods can be expensive, and may be i m p r a c t i c a l  f o r  l a rge ,  

l ong  submarine o u t f a l l s .  

Hydrogen s u l f i d e  re leased  i n  t he  ocean a t  concen t ra t ions  l e s s  than 0.005 mg/L 

may be cons idered t o  have minimal d e l e t e r i o u s  a f f e c t s  on t h e  marine env i -  

ronment. H  S  a t  concen t ra t ions  exceeding 0.01 mg/L may be cons idered a  
2  

hazard t o  t h e  marine environment. 1  

The concen t ra t i on  o f  H2S re leased a t  t h e  end o f  a  f o r c e  main o r  o u t f a l l  

i s  dependent on t he  l eng th  o f  t ime the  wastewater i n  t he  p i p e l i n e  i s  

anerobic.  Wastewater discharged through e i t h e r  t h e  K a i t  Bey o r  S i d i  B i s h r  

o u t f a l l s  w i l l  r ece i ve  p r e l i m i n a r y  t rea tment  c o n s i s t i n g  o f  screening, and 

g r i t  and f l o a t a b l e  s o l i d s  removal. Aera t ion  p rov ided  i n  t he  g r i t  chamber 

I Nat iona l  Academy o f  Sciences and Nat iona l  Academy o f  Engineer ing, Water 
Qua1 i t y  C r i t e r i a ,  1972. !dashington, En\~ i ronmenta l  P r o t e c t i o n  Agency, 1972. 



ensures t h a t  t h e  wastewater e n t e r i n g  t he  o u t f a l l  w i l l  be ae rob i c  and n o t  

produce H2S u n t i l  t h e  oxygen has been u t i l i z e d  by t h e  organisms i n  t h e  

wastewater . 

The es t imated  t o t a l  t r a v e l  t ime  f o r  wastewater e n t e r i n g  t he  proposed ou t -  

f a l l s  t o  d ischarge a t  t h e  d i f f u s e r  i s  shown i n  Table  5-6. The es t imated  

t ime t h a t  t h e  wastewater remains ae rob i c  was c a l c u l a t e d  based on a  DO o f  

3 mg/L f o r  wastewater l e a v i n g  t h e  t rea tment  p l a n t ,  and a  BOD removal o f  

about 8 percen t  i n  t h e  t rea tment  process. By s u b t r a c t i n g  t h e  t ime  t h e  

wastewater i s  aerob ic  f rom the  t o t a l  t r a v e l  t ime,  t he  t ime  d u r i n g  which 

H2S w i l l  be produced can be determined. The H2S p roduc t i on  t ime  and t h e  
es t imated  concen t ra t i on  produced a t  t he  d i f f u s e r  i s  a l s o  shown i n  Tab le  5-6. 

The amount o f  H2S produced w i  11 vary  w i t h  t h e  temperature o f  t h e  wastewater, 

so t h a t  summer and w i n t e r  values were c a l c u l a t e d  corresponding t o  waste- 

wa te r  temperatures of 28OC and 15OC, r e s p e c t i v e l y .  

The concen t ra t i on  o f  H2S re leased  from the  o u t f a l l  (shown i n  Table  5-6) 

w i l l  be d i l u t e d  w i t h  sea wate r  by t h e  d i f f u s e r .  The d i l u t i o n  t h a t  w i l l  ' 

keep t h e  c o n c e n t r a t i o n  o f  H2S l e s s  than 0.005 mg/L i s  shown i n  

Table 5-7. 

The a v a i l a b l e  i n i t i a l  d i l u t i o n  a t  t he  d i f f u s e r  i s  a l s o  shown i n  Table  5-7. 

Dur ing  t he  summer months, and p a r t i c u l a r l y  i n  t he  e a r l y  years ,  t h e  i n i t i a l  

d i l u t i o n  alone w i l l  o f t e n  n o t  be s u f f i c i e n t  t o  reduce t h e  concen t ra t i on  o f  

H2S t o  t he  acceptab le  l e v e l  o f  0.005 mg/L, i .e., t he  a v a i l a b l e  d i l u t i o n  

i s  l ess  than t h e  i n d i c a t e d  r e q u i r e d  d i l u t i o n  i n  Table 5-7. 

For t he  K a i t  Bey o u t f a l l ,  the i n d i c a t e d  a v a i l a b l e  i n i t i a l  d i l u t i o n s  a re  

never  l e s s  than h a l f  t he  d i l u t i o n  r e q u i r e d  f o r  0.005 mg/L, which i s  t o  

say t h a t  t h e r e  w i  11 be l i t t l e  chance t h a t  concen t ra t i ons  wi  11 exceed the  

hazard t h r e s h o l d  l e v e l  o f  0.01 mg/L. For t h e  S i d i  B i s h r  o u t f a l l ,  however, 

some o f  t he  i n d i c a t e d  values f o r  i n i t i a l  d i l u t i o n  a re  indeed l e s s  than h a l f  

t he  i n d i c a t e d  r e q u i r e d  d i l u t i o n ,  so t h a t  hazardous l e v e l s  w i l l  sometimes be 



TABLE 5-6 

O u t f a l l  
L o c a t i o n  

S i d i  ~ i s h r ( ~ )  

1980 Average 

1980 Peak 

1990 Average 

1990 Peak 

2000 Average 

2000 Peak 

Ka i  t Bey ( b )  

1980 Average 

1980 Peak 

1990 Average 

1990 Peak 

2000 Average 

2000 Peak 

Flow 
mL/d 

HYDROGEN SULFI DE PRODUCTION I N  OUTFALL LINES 

T o t a l  t r a v e l  
Time, h r  

Time Wastewater 
i n  Aerobic, h r  

( a ) ~ i d i  B i s h r  O u t f a l l  i s  11 h a t  sea p l u s  1 km on land .  

H2S Time' o f  
Product ion,  h r  

H2S Concent ra t ion  
@ 3 i f f use r ,Sumer  

mg/L 

H2S Concent ra t ion  
O D i f f use r ,  Winter  

mg/L 

( b ) ~ a i t  Bey O u t f a l l  i s  8 km a t  sea. 



TAGLE 5-7 

Loca t i on  

S i d i  B i s h r  O u t f a l l  

1980 Average 

1980 Peak 

1990 Average 

1990 Peak 

2000 Average 

2000 Peak 

Kai  t Bey O u t f a l l  

1980 Average 

1980 Peak 

1990 Average 

1990 Peak 

2000 Average 

2000 Peak 

REQUIRED DILUTION OF WASTWATER FOR ALLOWABLE H7S CONCENTRATIONS 
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found t he re .  The p o t e n t i a l  f o r  hazard w i l l  i nc rease  i f  pre t rea tment  

f a c i l i t i e s  f a i l  t o  p rov ide  t h e  degree o f  a e r a t i o n  assumed i n  these c a l -  

c u l a t i o n s .  

Measures t o  lessen  t h e  hazard would i n c l u d e  reduc iog  t h e  o u t f a l l  p i p e  

diameter o r  shor ten ing  t he  o u t f a l l  l e n g t h  t o  reduce t r a v e l  t imes,  as w e l l  

as app l y i ng  t he  DO-maintenance measures mentioned above. However, t h e  

judgment i s  made here t h a t  t he  H2S t o x i c i t y  t h r e a t  i s  o f  l e s s  importance 

than t h e  cons ide ra t i ons  o therw ise  governing o u t f a l l  d iameter  and l eng th .  

The r e g i o n  a f f e c t e d  w i l l  be l i m i t e d  i n  e x t e n t  t o  w i t h i n  a  few hundred 

metres o f  t h e  d i f f u s e r ,  s i nce  secondary d i s p e r s i o n  processes w i  11 reduce 

concent ra t ions  f u r t h e r ,  and s i nce  H2S i s  r a t h e r  q u i c k l y  o x i d i z e d  by  a 

group o f  b a c t e r i a  t h a t  conve r t  i t  t o  t h i o s u l f a t e s  and water .  The t o x i c  

e f f e c t s  a re  n o t  cumulat ive.  

As t o  odor  due t o  H2S i n  t h e  sewage plume escaping t o  t h e  atmosphere, i t  

i s  es t imated  t h a t  even i n  t h e  wo rs t  s u m e r  cond i t i ons ,  t h e  l i g h t e s t  o f  

breezes w i l l  be s u f f i c i e n t  t o  keep concent ra t ions  a t  l e v e l s  below minimum 

t h r e s h o l d  va lue  by a f a c t o r  o f  10. 

Operat ional  Design Considerat ions 

I n  choosing the  p i p e l i n e  diameter,  a  compromise must be made between 

p o s s i b l y  c o n f l i c t i n g  requirements : t h e  diameter should be g r e a t  enough 

t h a t  des ign peak f l ows  may be passed w i t h o u t  develop ing excess ive head, 

y e t  smal l  enough t h a t  s o l i d s  do n o t  accumulate i n  t h e  p i pe  a t  t imes o f  

low f l ow .  To prevent  t he  long- term accumulat ion o f  s o l  i ds ,  d a i l y  peak 

v e l o c i t i e s  i n  t h e  e a r l y  years of  ope ra t i on  should be a t  l e a s t  1 m/sec, 

i f  poss ib le .  

A Manning "n" va lue of 0.016 i s  recommended f o r  computing t h e  ~ u m ~ i n a  head 
8 .  w 

assoc ia ted  w i t h  a  g iven  d ischarge and p ipe  diameter.  This value, w h i l e  
somewhat g rea te r  than  values observed f o r  o u t f a l l s  c a r r y i n g  p r imary  and/or 



secondary e f f l u e n t ,  i s  about equal t o  those o f t e n  observed f o r  o u t f a l l s  

c a r r y i n g  raw sewage. When ana lyz ing  p o t e n t i a l  water hammer pressures i n  

t he  l i n e ,  a  conse rva t i ve l y  low value, such as 0.012, should be used. 

It i s  most d e s i r a b l e  t o  keep a i r  o u t  o f  t h e  o u t f a l l  p i p e l i n e .  It i s ,  

t he re fo re ,  recommended t h a t  t he  p o r t i o n  o f  t h e  o u t f a l l  on land, runn ing  

f rom the  pump s t a t i o n  t o  t he  shore, have a  crown e l e v a t i o n  low enough 

t h a t  t he  l i n e  w i l l  remain e n t i r e l y  f u l l  o f  water  a t  zero f l ow .  Wi th  

f reshwater  sewage f l o w i n g  i n t o  a  s a l t w a t e r  sea such as a t  A lexandr ia ,  

t he re  i s  a  h y d r o s t a t i c  pressure d i f f e r e n t i a l  between t h e  i n s i d e  and t he  

ou t s i de  o f  t h e  p i pe  a t  t he  sea surface. For an o u t f a l l  d i scha rg ing  a t  

48 m depth, t h e  d i f f e r e n t i a l  head i s  about  1.5 m. The crown e l e v a t i o n  

o f  t he  l a n d  p o r t i o n  must, t he re fo re ,  be kep t  below an e l e v a t i o n  o f  1.5 m  

above average sea l e v e l  t o  remain f i l l e d  w i t h  water .  

For general  access, and p a r t i c u l a r l y  f o r  c lean ing ,  manholes should be 

prov ided a t  r e g u l a r  i n t e r v a l s  a long t he  p i pe  where p r a c t i c a b l e .  I n  par -  

t i c u l a r ,  t he re  should be a  manhole i n  t he  o u t f a l l  near t h e  sho re l i ne ,  

p a r t i c u l a r l y  i n  those cases where t h e r e  i s  a  s u b s t a n t i a l  p o r t i o n  o f  t he  

l i n e  on land, between t h e  pump s t a t i o n  and t h e  sho re l i ne .  So t h a t  t h e  

manhole may be opened w i t h o u t  prolonged, upwel l  i n g  s p i l l a g e  due t o  t h e  

h y d r o s t a t i c  pressure d i f f e r e n t i a l  , t h e  r i m  must be a t  l e a s t  1.5 m  above 

sea l e v e l .  An a i r  r e l ease  va l ve  should be i n s t a l l e d  i n  o r  nex t  t o  t h e  

manhole cover.  The manhole must be a b l e  t o  remain c losed  and w a t e r - t i g h t  

under i n t e r n a l  pressures a t  which t he  o u t f a l l  w i  11 operate (up t o  30 m  

o f  head). S im- i la r l y ,  t h e  j u n c t i o n  box j u s t  downstream o f  t he  pumps a t  

t he  pump s t a t i o n  should be access ib le ,  b u t  w i t h  t h e  pressure hatch h i g h e r  

than 1.5 m  above sea l e v e l .  The p o t e n t i a l  water  hammer pressures t h a t  

would occur  i n  t he  1  i n e  upon power f a i l u r e  a t  t h e  pump s t a t i o n  should be 

computed, and measures taken t o  ensure t h a t  n e i t h e r  t he  p o s i t i v e  no r  t h e  

negat i ve  pressure l i m i t s  o f  t he  p i pe  can be exceeded. 

The cap a t  t h e  o f f s h o r e  end o f  t he  d i f f use r  should be removable t o  f a c i l -  

i t a t e  c lean ing .  Trawlers  p r e s e n t l y  f r equen t  t he  areas 10 km o f f  Anfushi  - 

and S i s i  B i sh r .  It w i l l ,  t he re fo re ,  be necessary t o  p lace buoys a t  both 



ends of t h e  d i f f u s e r  t o  warn t r a w l e r s  a g a i n s t  snagging t h e i r  ne t s  on t h e  

exposed d i f f u s e r  and t o  p r o t e c t  t h e  d i f f use r  f rom danger should i t  be 

snagged. 

5.6 Sumnary o f  P r e l i m i n a r y  Design 

Appropr ia te  Discharge Loca t ions  

The proposed o u t f a l l  a l ignments and d i f f u s e r  s i t e s  a r e  shown on F igures 

5-8, 5-9 and 5-10. I t  i s  proposed t h a t  t h e  S i d i  B i s h r  o u t f a l l  d i f f u s e r  

be l o c a t e d  11 km of f  S i d i  B i sh r ,  approx imate ly  13 700 m  n o r t h  and 2900 m 

eas t  of K a i t  Bey For t ;  o r  a t  958 800 m no r th ,  511 500 m eas t  on t h e  coor -  

d i n a t e  system used by t h e  Egypt ian Government Mapping Serv ice.  The d i s -  

charge depth i s  55 m. 

I n  F igu re  5-8, two a l t e r n a t i v e  rou tes  a r e  shown f o r  t h e  S i d i  B i s h r  ou t -  

f a l l ,  t o  t h e  same proposed d ischarge l o c a t i o n .  A l t e r n a t i v e  1, based on 

e a r l y  Master Plan proposals ,  was surveyed i n  t h e  Geophysical Stud ies 

p o r t i o n  of t h e  program i n  1977. A l t e r n a t i v e  2, more app rop r i a te  t o  t h e  

Ras El  Soda P re l im ina ry  Treatment P l a n t  s i t e  as proposed i n  1978, has 

n o t  y e t  been surveyed. 

It i s  proposed t h a t  t h e  K a i t  Bey o u t f a l l  d i f f use r  be l o c a t e d  8 km o f f  

Anfushi ,  approx imate ly  7400 m n o r t h  and 3100 m west o f  K a i t  Bey F o r t ;  o r  

a t  952 500 m nor th ,  505 500 m east,  on t h e  Egypt ian Government Mapping 

Serv ice  coo rd ina te  system. The d ischarge depth i s  40 m. The d ischarge 

p o i n t  8  km o f f  Anfushi i s  10 km o r  more f rom any s h o r e l i n e  p o i n t  n o t  on 

t h e  Anfushi Peninsula.  

'There a r e  severa l  reasons f o r  p l a c i n g  t h e  d ischarge p o i n t s  10 km o r  so 

from shore. The ana l ys i s  f o r  b a c t e r i a l  decay and r e q u i r e d  t r a v e l  t i m e  
4  i n d i c a t e d  t h a t  a  6  km l o n g  o u t f a l l  cou ld  p rov ide  a  10 reduc t i on  i n  

fecal  co l i fo rms a t  l e a s t  50 percen t  of  t h e  t ime, b u t  t h a t  a  10 km l ong  
3  o u t f a l l  was requ i red  t o  a t t a i n  a  10 r e d u c t i o n  i n  co l i fo rms a t  l e a s t  



80 percen t  o f  t h e  t ime.  The d i l u t i o n  volume a n a l y s i s  i n d i c a t e d  t h a t  

o u t f a l l s  about 10 km l o n g  a r e  necessary t o  a t t a i n  a  f a r - f i e l d  d i l u t i o n  

r a t i o  o f  1000. Secondary d i s p e r s i o n  a n a l y s i s  i n d i c a t e s  t h a t  d r i f t  

d i s tances  o f  up t o  8 km a re  r e q u i r e d  t o  ach ieve  a d i l u t i o n  r a t i o  o f  

1:1000 by i n i t i a l  and secondary d i l u t i o n  processes. A t  10 km f rom 

t h e  shore,  t h e  wa te r  depth i s  s u f f i c i e n t  t h a t  t h e  wastewater p l  umes 

can be kep t  submerged beneath t h e  sea sur face f o r  a t  l e a s t  a  p o r t i c n  

o f  t h e  summer b a t h i n g  season. Discharge 10 km f r om shore p laces t h e  

wastewater plumes beyond t h e  l e n s  o f  l ower  s a l i n i t y  wa te r  t h a t  sometimes 

l i e s  a long  t h e  coast .  

P l a c i n g  t h e  K a i t  Bey d ischarge  s l i g h t l y  c l o s e r  t o  shore than  10 km, 

w i t h  t h e  S i d i  B i s h r  d ischarge  s l i g h t l y  f a r t h e r  than  10 km, i s  in tended  

t o  reduce t h e  p r o b a b i l i t y  o f  mutual i n t e r f e r e n c e  between t h e  two plumes. 

Dimensions 

To a t t a i n  an i n i t i a l  d i l u t i o n  r a t i o  o f  1:150, t h e  S i d i  B i s h r  o u t f a l l  

m u l t i p o r t  d i f f u s e r  shou ld  be 400 m long ,  w i t h  54 p o r t s  each 250 mn i n  

d iameter  p laced every 7.5 m. The K a i t  Bey o u t f a l l  d i f f u s e r  shou ld  be 

450 m l o n g  w i t h  43 p o r t s  each 250 mn i n  diameter.  

The S i d i  B i s h r  o u t f a l l  p i pe  and d i f f u s e r  shou ld  have an i n t e r n a l  d iameter  

o f  2200 mn. The K a i t  Bey p i p e  shou ld  have an i n t e r n a l  d iameter  o f  1700 mm 

B u r i a l  

The o u t f a l l  p i p e l i n e s  should  be b u r i e d  f rom t h e  shore1 ine ,  th rough  t h e  

s u r f  zone, and o u t  t o  about t h e  20 m contour .  For bo th  t h e  S i d i  B i s h r  

and K a i t  Bey a l ignments ,  t h e  bot tom t e r r a i n  i n  t h i s  nearshore zone i s  

g e n e r a l l y  rocky,  r e q u i r i n g  a  number o f  v e r t i c a l  bends i n  t he  p i p e  o f  up 

t o  about 20 degrees. Trenching i n  rocky  areas may r e q u i r e  b l a s t i n g .  

Beyond t h e  20 m contour ,  t h e  p i pe  need n o t  be trenched, b u t  may be l a i d  

on a prepared bed on t h e  sea f l o o r .  Some o f  t h e  t e r r a i n  wi 11 be rocky,  

and some w i l l  be con~posed o f  sand, s i l t ,  s h e l l  o r  c l a y .  It i s  b e l i e v e d  

t h a t  t h e  unconso l ida ted  s o i l s  encountered w i l l  everywhere have s u f f i c i e n t  

bea r i ng  capac i t y  t o  suppor t  t h e  p ipe1 i ne .  



M a t e r i a l s  

The p i p e  m a t e r i a l  recommended i s  c o a l - t a r  coa ted  s t e e l  w i t h  an i n t e r n a l  

m o r t a r  c o a t i n g  and an e x t e r n a l  c o a t i n g  o f  r e i n f o r c e d  concre te .  Cathodic  

p r o t e c t i o n  o f  t h e  s t e e l  i s  t o  be a f f o r d e d  by s a c r i f i c i a l  z i n e  anode 

b r a c e l e t s  i n s t a l l e d  a t  f r e q u e n t  i n t e r v a l s .  

Design Flows 

For des ign  purposes, t h e  p r o j e c t e d  y e a r  2000 f l o w s  have been used i n  t h e  

c a l c u l a t i o n s .  A t  l e s s e r  f l o w s ,  t h e  degrees o f  d i l u t i o n  a f f o r d e d  w i l l  be  

g e n e r a l l y  g r e a t e r ,  and t h e  season d u r i n g  which t h e  plume w i l l  be  submerged 

w i l l  be longer .  Hydrogen s u l f i d e  c o n c e n t r a t i o n s  w i l l  be g r e a t e r  due t o  

inc reased  t r a v e l  t ime,  as shown i n  Tab le  5-6, b u t  i n  a l l  o t h e r  respec ts  

o u t f a l l  performance w i l l  be equal  o r  b e t t e r  than  t h a t  a n t i c i p a t e d  under  

des ign  f l o w  c o n d i t i o n s .  

A  F i n a l  Note 

The o u t f a l l s  proposed i n  t h i s  r e p o r t  w i l l  have va lue  o n l y  as p a r t  o f  t h e  

o v e r a l l  Wastewater Master  P lan f o r  A lexandr ia .  The o u t f a l l s  w i  11 n o t  

h e l p  improve c o n d i t i o n s  a t  t h e  beaches un less  t h e  p r e s e n t  shore1 i n e  sewer 

d ischarges a r e  c u r t a i l e d  as p a r t  o f  t h e  Master P lan.  

The purpose o f  t h e  Master P lan i s  t o  i n d i c a t e  how b e s t  t o  r e p a i r ,  ex tend  

and opera te  a  system t o  c o l l e c t  wastewater f rom t h e  r e s i d e n t i a l ,  indus-  

t r i a l  and beach areas o f  t h e  c i t y .  The purpose o f  t h e  o u t f a l l s  as 

designed i s  t o  p r o v i d e  a  s u i t a b l e  and dependable means o f  d i s p o s a l  o f  

t h e  wastewaters once t h e y  a r e  c o l l e c t e d ,  c o n s i s t e n t  w i t h  m a i n t a i n i n g  a  

hea l  t h y  f i s h e r y  o f f  t h e  coas t ,  and w i t h  m a i n t a i n i n g  s a f e  and a t t r a c t i v e  

c o n d i t i o n s  f o r  b a t h i n g  a long  t h e  shore.  
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FROM SHORE 

U 20  = 0.06 m/sec 
U 5 0  = 0.14 m/sec 
Ugo 0.22 m/sec 

SPEED AND DIRECTION SUMMARY FOR 
INSHORE AND OFFSHORE DROGUES 



U Z 0  = 0 . 0 5  m/sec 

U S 0  '0 .11 rn/sec 

U8() = 0.21 m/sec 

DIRECTION , DEGREES 

S P E E D  AND DIRECTION SUMMARY FOR ALL DROGUES 



I A Z I M U T H  , DEGREES 

170 290 2po 
n 

(0.240 m/sec ) 

RAMLEH, OFFSHORE 
28 JULY 1977 
MEAN VELOCITY : 
0 . 3 0 0  r n h e c ,  62O 

0 (0.288) 

ABU KIR OFFSHORE 
15 FEB. 1978 
M E A N  VELOCITY: 
0 . 1 6 8  m/sec , 210° 

b (0.249) 

K A l T  BEY OFFSHORE 
12 APRIL  1978 
MEAN VELOCITY: 
0 . 0 4 5  m/sec, 1 6 8 O  

N O T E  : EACH POINT S H O W S  
AVERAGE VELOCITY  
O F  ONE DROGUE.  

EXAMPLES OF DROGUE VELOCITY DISTRIBUTIONS 



SURFACE CURRENT VELOCITY PERPENDICULAR TO MEAN CURRENT VELOCl T Y  (m/sec X lo2 )  

SURFACE CURRENT VELOCITY PARALLEL TO MEAN CURRENT VELOCITY (m/sec x lo2) 

* From Oceanoprophical Engineering, Robert L .  Weigsl , Prentice - Hall , 1964. 

COMPARISON OF WIND AND SURFACE CURRENT SPEEDS 

FIGURE 3-16 
%*? 
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BACTERIAL DISAPPEARANCE : TOTAL COLIFORMS 

FIGURE 3-20 



FIGURE 3-21 
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BACTERIAL Dl SAPPEARANCE : FECAL STREPTOCOCCI 
FIGURE 3 - 22 



FIGURE 3-23 

pQ 



FIGURE 3-24 



FIGURE 3-25 
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FIGURE 3-26 



FIGURE 3-27 



FIGURE 3-28 



FIGURE 3-29 



FIGURE 3-30 
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FIGURE 3-31 
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FIGURE 3-33 



FIGURE 3-34 



FIGURE 3-35 
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NOTE: COORUNATES GIVEN 
ARE IN EGYPTIAN GOVERN- 
MENT MAPPING SERVICE 
SYSTEM. 

KILOMETERS 

LOCATION CHART FOR BOTTOM SURVEY CROSS-SECTIONS ( FIGURES 3-37.3-38 ) AND 
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APPENDIX A 

MARINE BIOLOGICAL DATA 

The f o u r  sec t ions  o f  t h i s  Appendix con ta in  t ab les  o f  p lank ton  data, benthos 
data, f i s h  data and f o u l i n g  organism data, r e s p e c t i v e l y ,  i n  support  o f  
Sect ion 3.4 o f  t h e  r e p o r t .  Locat ions o f  t h e  p lank ton  and benthos sampling 
s t a t i o n s  a re  shown on F igure  3-3 o f  t h e  repo r t .  

Sect ion A . l  con ta ins  t ab les  of  p lank ton  data. For each o f  t h e  t h ree  
p lank ton  s t a t i o n s  i n  t h e  K a i t  Bey r e g i o n  and each o f  t he  t h ree  p lank ton  
s t a t i o n s  i n  Abu K i r  Bay, t he re  i s  one phytoplankton t a b l e  and one zoo- 
p lank ton  t ab le .  The t a b l e s  r e p o r t  c e l l  concent ra t ion  by genera and sampling 
date. The procedure f o r  determin ing c e l l  concent ra t ion  values i s  g iven  i n  
Sect ion 3.4 o f  t h e  r e p o r t .  For  each sampling da te  a t  each s t a t i o n ,  
s a l i n i t y ,  temperature and d i sso l ved  oxygen data a re  p rov ided  a t  t h e  bottom 
o f  t h e  phytoplankton t ab le .  

Sect ion A.2 con ta ins  a summary o f  t h e  ben th ic  sampling f o l l owed  by t a b l e s  
o f  ben th ic  b i o t a  found a t  25 s t a t i o n s .  The sampling procedure i s  descr ibed 
i n  Sec t ion  3.4. 

Sect ion A.3 con ta ins  t h e  r e s u l t s  of t h e  f i s h  market surveys a t  Eastern 
Harbor, Abu K i r  and Maadiya. F i r s t  t h e r e  a re  comments on t h e  f i s h  species 
present  i n  t h e  corrmercial ca tch  f o l l owed  by a g lossary  i n  which t h e  L a t i n  
names, comnon Egypt ian names and common Eng l i sh  names a re  g iven  f o r  a l l  
f i shes  landed i n  t h e  Alexandr ia  area. Then the re  a re  t h ree  t a b l e s  i n d i c a t -  
i n g  t h e  r e l a t i v e  abundance o f  species f o r  each survey day, and on a monthly 
average bas is .  Low f i g u r e s  imp ly  r e l a t i v e l y  h i g h  abundance; h i g h  f i g u r e s  
o r  "0" imp ly  r e l a t i v e  s c a r c i t y .  (Note t h a t  "0" means "o the r "  and i s  u s u a l l y  
app l i ed  t o  species represented by a few i n d i v i d u a l s  on ly ;  i t  does n o t  mean 
"zero . " )  F i n a l l y ,  t he re  a r e  t a b l e s  of f i s h  l and ing  mass est imates,  by 
species, da te  and s t a t i o n .  The samples and r e p o r t i n g  procedure i s  descr ibed 
i n  Sec t ion  3.4. 

Sec t ion  A.4 presents t h e  r e s u l t s  o f  t h e  s tud ies  o f  f o u l i n g  organisms which 
were c a r r i e d  ou t  near Kai t Bey. 



SECTION A . l  



TABLE A . l - 1  

PHYTOPLANKTON K l I T  BEY S t l T I O N  1 
( C L L L S / L I T E R )  

S A Y P L I N G  DATF 1 6 A U  1 6 A U  1 7 S E  2 OC 15NO 15NO 30NO 3 0 1 0  2 9 D E  2 9 D E  1 7 J A  1 7 5 1  1 F E  1 FE 
HOR VER HOR HOR SUR 907 SUQ BOT snit e o t  SUR BOT SUR 9 0 1  

A - D l  ATOYS 
L L I T V R I X  
A S T E R I O N E L L 1  
AULACODISCUS 
B A C T r R I A S T R U h  
BELLAPOCHI  A  . 3 1 4  3 5 0 0  1 0 0  40 0  
B I D D U L P H I A  
CHAETOCEROS .0G8 2 0 6 K  2 5 K  5 0 0  1 0 0 0  2 2 3 0  1 6 2 0 0  
CLIWACOSPYEYIA 
CORET9RON 
COSCIYODISCUS 1.347 .314  1 2 5  2 5 0  1 0 0  2 0 0  
DACTYLIOSOLFK 
D I N O P H Y S I S  
DITYLUW 
GRAYUATOPHORA 
G U I N A R D I A  
GYQOSIG'4A 
H E u I A U L U S  
LEPTOCYLIEDRUS 
LICYOPHOWA .086 
L I T Y O D E S Y I U ~  
MELOSIRA 
H E T A C Y L I S  
NAVICULA 
N I T Z S C H I A  
PL'UROSIGYA 
RHARDONEWA . 3 9 7  
RHIZOSOLENIA .036  . I 2 7  
SKELETONEU4 
S T Z I A T E L L A  
SURIRELLA 1 .121 
THALASSIOYEYX .O 1 8  
T H A L A S S I O S I F  I 
T H A L A S S I O T Y R I X  

0 . T I N r I N H I D S  
CODONELLA 
CODONELLOPSIS 
E U T I N T I N Y V S  
FAVELLA . I 2 9  .OB6 . D l 8  
T I N T I N N O P S I S  .043 
UNDELLA 

C.DINOFLACEL- 
L A T E S  

CERATIUY . 4 3 0  . I 7 2  
PETALOT R I C A  
PROPLECTELLA . E l 6  
PROROCENTRUH 
T R I C E R A T I U Y  

D . R A D I 0 L h R I A  1 0 0  
P E R I D I N I U Y  
DICTYOCYSTA 
T T L  C E L L  COUNT 2.08 1.47 . 0 7 2  . 0 5 5  2 0 6 K  2 5 K  46DK 2 3 7 5  5 3 0 0  2 0 3  7 9 0 0  6 0 0  1 7 K  1 0 0 0  
N O . O F S P E C I E S  7  4  3 3  3  1 3  2  4  2  4  1 4  2  
SURFACE SAL 35.1 35.3 37.2 35.8 

TE"P 28.5 26.8 21.3 20.6 17.3 16.0 17.9 
DO 6.1 

B ~ r t o n  SAL 38.4 38.6 30.1 36.4 
TEUP 27.5 26.6 21.5 21.1 17.4 16.3 16.3 
D 0  6.1 7.3 

BOTTOM DEPTH 17'4 I ~ Y  2 2 n  IIW 2  5r! 3 o n  3 3 ~ .  
DEPTH VAX DO 511 
UAX DO VALUE 7.6 

BEST AVAILABLE COPY 



1FE 11FZ 27FE 27F3 lQWH 19YH 3lWH 31YH 15AP 15AP 15AP 3QLP30AP 3GAP 154Y 15WY 15MY 2Q"Y  2QMY 2qJN 28JN 2QJY l 3 J L  13JL  13JL 
SUP R3r SUP 80T SUi? 80T SUR B O T  SORI BOY SUR2 SIJR 10'4 ROT SUR 10Y ROT SUR BDT SUR 10" 907 S U R  l'l* BOT 

3 703 2600 153 500 150 12400 550 753 4DO 1050 353 1000 700 1033 1103 
3 3 3 b 3 5 4 4 2 2 2 3 2 2 2  

37.9 38.7 35.6 38.3 36.2 38.5 
5 16.7 16.4 17.3 17.9 21.6 20.5 

7.8 R. 6 7.2 7.3 7.6 7.1 
38.6 39.4 38.2 38.4 38.2 

15.9 15.7 16.2 16.4 16.3 17.6 
7.7 3.4 7.2 7.6 7.7 

33 n 27n 3 5 4  1 5 ~  2 7 ~  33n 
S U ~ F  ION SURF 2 5 1  1511 

7.8 9.3 7.2 7 . 8  8.5 

BEST AVAILABLE COPY 



TABLE A .1 -2  

PHYTLIPLANKTON K A I T  REY S fAT I f lY  2  
(C iLLS /LTTEo)  

SAMPLING QATF 16A'J 17s: 2  OC l5NO 15110 33YO 30Y3 29@E 29DF 1 7 5 1  17JA 1 FS 1 F E  11FE l l P E  27FE 27PE 19uH 19WY 31WH 3 1 y y  1 5 ~ ~  15hP 154p  15A2 3PAP 
Hod HOR HOR SUR 9 0 1  SUR BOT SUR YnT SUR a O T  S'JR aJT SUR 8OT SUP 031 SUR ROT SiJR BOT SURl 30* B3T SUQ2 SclU 

h.OIATOvS 
A L I T i R I X  
A S T E ~ I ' ~ # ~ L L A  . t 3 2  
AULICnDISCUS .P73 
BACTFRIASTRUU 
BELLAttOCHIA 1136 
BIDD'ILPHIX 335 11 1 
CHAETOCE7lS 43: 2537 3667 333 360)  1409 3CC 300 111 5303 
CLIMACOS?4EhI A  
CORETYROX 
COSCINODISCUS 1.15 5 153 103 
DACTYLIOSJLEY 
DINDPIIYSIS 
DITYL!fM 
3RAt44ATOPHORA 
CUIhAPDIA 
GYROSICqA 
HEYIAIILUS 
LEPTOCYLINDRcIS 
LICWOPHO2A 
LITHJDESNTUV 
VELOSlXA 
4ETACYLIS 
NAVIC'JLA 
NITZSCHIA 
PLEU90SIZ'iA 
RHARDONEYh 
RHIZOS3LENII  a024 - 0 3 2  a047 62.5 
SKELETONEYA 
STRIATELL i  
SURI9ELI.A 
THALASSICYEUA 
THALASSIOSIRh 
THALISSIOTHRIX 

B.TIYTINYIDS 
CODOUELLA 
CODOhZLLOoSIS 
EUTIYTINYUS 
FAVELLA a032 
TINTINNOPSIS -040  
UNDELL A  

C.DIJ0PLAGFL- 
LATZS 

CERATI'I'J - 6 9 3  - 6 1 6  
PETALOTQlCA 
PROPLECTELLA 
PRDRDCEHTPU4 
TRICE4AT I'JM 

D.RADIOLARIA 
PERIDI!IIU* 
DICTYOCY ST A  
TTL CELL COUNT 2.42 .080 
MO.OP SPECIES 6  3  
SURFACE SAL 38.6 38.7 

TEMP 27.4 26.7 
D3 6.1 

BOTTOM SAL 38.7 38.8 
TEMP 26.4 26.5 
DO 6.1 

BOTTON DEPTH 3 7 1  4 o r  
DEPTH MAX DO 
MAX DO VALUE 

54K 3625 1 2 5  250 1600 1730 2853 857 3889 333  3030 650 450 150  4200 306 2000 
3 2 1 2 2 2 3 2 3 1 5 2 2 2 5 5 5  

38.9 37.3 38.6 38.6 38.3 
21.4 17.8 lb.5 16.9 16.4 17.2 16.4 16.7 18.2 

8.3 7.9 9.9 7.1 7.3 
39.2 38.8 39.1 38.7 
21.4 17.2 16.5 15.9 15.9 15.7 15.9 16.0 

7.4 7.6 7.7 7.2 
40 4 43 4  4314 45'4 40 14 45M 60 11 60 !4 

10 W SURF S'JRP 35M 
8.1 7.9 8 . 9  8.8 

BESTAVAILABLE COPY 



BEST AVAILABLE COPY 



TABLE A. l -3  

PHYTOPLANKTON K A I T  BEY STATION 3 1977 -1978  
(CELLS /L ITER)  

SANPLING DATE 16AU 16AU 17SE 2 OC 3 0 1 0  33ND 29DE 29DE 1 7 5 1  1 7 5 1  1 FE 1 FE l l F E  11QE 27FE 2 7 F t  19HH 19HH 31WH 31WH 15AP 15AP 15AP 15AP 1 5 I P  3 0 I P  
HOR VER HOR 90R SUR 80T  SUR BOT SUR BOT SUR BOT SUR BUT SUR B 0 T  SUR 80T  SUR BUT SUR l  30M BUT SUR2 SUR3 SUR 

A.DIATOUS 
ALITHRIX 
ASTERIORELLA 
AULACODISCUS - 0 6 5  
BACTERIASTRUM . I 1 3  
BELLAROCBIA . I 6 2  
BIDDULPHIA 
CHAETOCEROS 
CLIHACOSPHENI A 
CORETHROW 
COSCINODISCUS - 8 3 1  - 9 7 4  
DACTVLXOSOLEN 
DINOPHYSIS .081 .065 
DITYLUM 
GRANHATOPHORA 
GUINARDIA 
GYROSIGMA 
HEM IAULUS 
LEPTOCY LXNDRUS 
LICUOPHORA 
LITHODESHIUH 
nELOSIRA 3 7 5  3 7 5  
WSTACVLIS 
NAVICULA 
NITZSCHIA 
PLEUROSIGVA 
RHA8DONEUA - 0 0 8  .332 
RRIZOSOLEYIA .a46 
SKELETONEYA 
S T R I A T E L L I  
SURXRELLA 
THALASSIONEMA 
THALASSIOS I R I  
THALASSIflTHRIX 

B .T IN l INN IDS  
CODONELLA 
CODONELLOPSIS 
EUTINTINNUS 
QAVELLA .395 . I 2 9  
TINTIUNOPSIS . l 5 3  .097 
UYDELLA - 0 3 2  

C-DINOFLAGEL- 
LATES 

CERATIOY - 9 3 5  .227 - 0 1 7  - 0 1 1  1 2 5 0  1 2 5  
PETALOTRICA 
PROPLECTELLA 
PROROCENTRU4 
TRICERATIU4 

D-RADIOLARIA 
PERID IN IUH 
DICTYOCYSTA 
TTL CELL COUNT 2.55 1.75 .DL7 .057 375  1 6 2 5  3 7 5  3 7 5  2900  1000  4000 300 
N 0 . 0 F S P E C I E S  8 8 1 2 2 2 2 3 2 3 5 2 
SURFACE SAL 38.4 38.6 39.2 

TEYP 26.5 26.5 21.4 18.6 16.5 16.6 
DO 6.4 6.5 

BOTTOM SAL 38.7 38.7 39.1 
TE'4P 26.2 26.4 21.2 17.6 16.3 16.1 
DO 6.3 6.5 7.2 

BOTTOM DEPTH 5 5  5 o 5 s  5 2  5 5  5 5  
DEPTH WAX 0 0  SURF 
n ~ x  DO VALUE 8.1 

3 3 3  444 5CO 353 1 5 0  1 5 0  303 850  400 
2 2 3 5 2 2 2 2 6  

38.7 38.5 38.2 38.5 
16.4 16.7 16.3 16.7 17.9 

7.8 7.8 7.4 7.1 
38.8 38.7 38.6 

15.9 15.4 15.8 15.9 
7.5 7.2 7.3 

5 5 6 3 6 0 
SURF 20 W 25H 45M 

7.8 R.4 8.8 R. 1 



SAP 3DIP 30AP 30AP 15WY 15WY 15WY 29I4Y 29MY 29WY 28JN 13JL 13JL 13JL 
UR3 SUR 3DW BOT S O R  30W 0 0 1  SUR 3014 BOT BOT SUR 33I4 BOT 

BESTAVAXABLE COPY 



TABLE A.1-4 
PHYTOPLAdKTOd ABU K I R  EAY STAT IOE 1 

( C E L L S / L I T E R )  
SAMPLING DATE. 1CAU 3 l A U  31C 24NO 2 4 V 0  31DE 31nE  1831, l 8 J A  1 2 F E  1 2 F E  28FC 28FE  1 AP 1 A? 2 l R P  : 

HOR HOR HOR SOR 3 0 T  SUR BOT SUR BOT SUR BOT SUR 8 0 T  SUR 8 0 7  SUk 
A.31 AT3 '4S  

A L I T H P I X  
ASTERIONELLA 
AULACODISCUS .209  . 010  
SACTERIASTRUV 
BELLAROZHIA .C38 
B IDDULPHIA  1 0 3  1 0 0 0  3 3 0 0  2 0 0  4 3 0  2 3 5  1 0 9  
CHAETOCEROS . I 5 1  2 5 0 5  1 9 3 3  6 0 0  2 9 4  
CLIHACOSPHENLA 
CORETHRON 
COSCINODISCUS - 0 8 4  1 3 0  2 0 3  2 0 3  200  1 0 0  
DACTYLIOSOLEt i  2 3 5  SO 
DINOPHYSIS 
DITYLUM 6 8  1 3 3  
GRAUMATOPBORA - 0 0 7  1 0  D 5 9  2 0 3  1 3  3 
GUIYARDLA 
SYROSIGUA 1 0 3  
HEHIAULUS 1 3 1  
LEPTOCYLINDRUS 
LICUOPHORA 
L ITH3DESMIUM 
MELOSLRA 2 5 0 1  3 0 0 0  2 0 0 0  4 0 0 0  3 3 3  3 5 3  5 8 8  
METACYLIS 
NAVICULA 2 0 3  
N I T Z S C H I  A 1 0 1  6 8  1 3 3  
PLEUROSICUA 
RHABDONEUA - 1 1 9  
RHIZOSOLENIA .090 . I 3 3  
SKELETONE'fA 
STRIATELLA  
SURLRELLA - 0 1 4  
T HALASSIONEMA .080 - 1 2 5  
THALASSIOSIRR 
T H A L A S S I O T H k I  X 

B .T INTLNNIDS 
CODOYELLA 
CODONELLOPSIS - 0 0 7  
EUT INT INNUS 
FAVELLA - 5 3 9  
T I N T I N N O P S I S  - 2 6 5  5 3  5 0  
UNDELLA .5 3 5  1 5  3 

C.DLNOFLAGEL- 
LATES 

CERATIUH .028 1 5 0 0  1 3 3  1 7 6  1 5  9 
PETALOTRICA 
PROPLECTELLA 5 9 
PROROCENTRUU 1 0 3  1 1 9  1 7  5 0  
TRLCEPATIUM - 0 2 1  

D. RADIOLARI  A 
P E R I D I N I I 1 4  5 3  
DICTYOCY ST A 
T T L  CELL COUNT 1.32 - 3 3 1  .263 4 3 0 3  2 7 6 3  2 9 0 0  3 8 0 0  4 7 0 0  7 3 0 0  6 6 9  6 6 6  9 4 1  1 2 8 5  5 0 0  1 5 0  2 7 3 3  
NO.OFSPECIES  11 4 3 5  7  4  3  5  2  4  3  4  7  5  2  8 
SURc4CE SAL 37.9 37.1  37.9 38s 37.5 36.3  

T t u P  2 9 . 0  26.7 15.5 15.3 16.5 17.7 17.4 23.2 1 
DO 5.2 7.9 7.1 h.3 8.2 7.3 

8OTTUY SAL 38.2 38.1  38.1  38.8 37.9 36.4 
TEMP 27.5 25.4 15.6 15.1  16.7 15.8 16.7 20.3 
00 6.7 7.6 6.2 7.6 0.0 7.3 

BOTTOY DEPTH 5Y 6 4 5 4 5Y 3U 4.5!4 6 W 6M 4 4  
DEPTH W A X  DO SORF SURF BOT SURF SURF 
MAX DO VALUE 7.9 7.1 7.6 '3.2 7.3 

BESTAVAILABLE COPY 



1 AP 1 AP 21LP 1 W Y  1 MY 16CY 16uY 19JN 2 Y J N  14JL 
SUR HOT SUR SUR B O Y  SUR BOY SUR BOT SiJ9 

8.2 7.3 6.6 7.6 
. g  37.9 36.4 36.4 36.8 

16.7 20.3 20.5 22.5 
.6 8.0 7.3 7.c 8.0 
6'4 6M 1 4  6 Y 4 V  .. s SURF SURF BOT B OT 

. 

BEST AVAILABLE COPY 



TABLE A.1 -5  
PHYTOPLANKTON ARU K I R  BAY STATION 2 

(CELLS/LITER) 
SAMPLING DATE 1 0 1 0  31AU 3 OC 24NO 2 4 1 0  31DE 31DE 19JA 18JA 12PE 12FE 28FE 28PE 1 AP 1 AP 21AP 21AP 1 HY 

NOR HOR ROR SUR BOT SUR BOT SUR BOT SUR BOT sns BOT SUR s o 7  SUR a o r  SUR 
AoDIATOMS 

ALITHRIX 
ASTERIONSLLA 1.15 
AULACODISCUS 
BACTERIASTRUY .015 
BELLAROCBIA - 0 3 3  
BIDDULPHIA - 0 3 7  
CHAETOCEROS - 6 9 9  .029 2250  4603  
CLIHACOSPHENI A 1 0  3 
CORETHROY 
COSCINOD ISCUS .037 3 7 5  
DACTYLIOSOLEN 
DINOPHYSIS 
DITYLUM 
GRAWUATOPHORA .315 
GUIUARDIA 
GYROS ICWA 
HEU IAULUS 
LEPTOCYLIUDRUS 
LICMOPHORA 
LITRODESWIUW 
MELOSIRA 
WETACYLIS 
NAVICULA 
NITZSCRIA 403  
PLEUROSIGWA 
RRABDOREWA - 0 J 7  
RHIZOSOLENIA - 2 2 3  - 2 6 8  - 5 2 9  
SKELETONEMA 
STRIATELLA 
SURIRELL A 
THALASSIONEWA - 0 4 5  - 1 9 1  
TRALASSIOSIRA 
THALASSIOrHRIX 

B.TINTINNIDS 
CODONELLA 
CODONELLOPSIS 5 0  53 
EUTINTIYNUS 5 3 
FAVELLA 1.385 
TINTINNOPSIS .227  1 0 3  
UNDELLA .015 50 

C.DINOFLACEL- 
LATES 

CERATIUM 438  6 3  330  1 0 3  1 5 0  
PETALOTRICA 
PROPLECrELLA 
PROROCENTRUM 5 0  1 0 0  1 4 3 3  403 
TRICERATIUM 7 1 

D.RADIOLARIA 
PERIDINIUW 7 1 5 3 1 0  3 
DICTYOCYST A 5 3 
TTL CELL COUNT 2.10 2.16 5 - 7 7  2 6 2 5  5 1 0 3  460  2300 1 7 0 0  600 4 9 9  570  3 5 0  1 5 0 1  4C0 300 2159  600 9 5 0  
IO .OFSPECIES R 4 6 2 3 2 2 2 1 4  5 2 3 4 4 9 4 6 
SURFACE SAL 37.9 37.2 37.5 36.8 37.3 36.5 

TE9P 27.7 25.9 15.9 15.5 16.3 17.6 18.0 19.4 23.9 
DC 6.9 8.4 6.7 7.5 8. 2 7.3 6.8 

90TTOY SAL 37.9 38.3 38.6 38.1) 37.2 
TEYP 27.4 25.6 15.9 15.5 15.5 16.0 16.7 19.2 
DO 7.0 8.5 7.7 7.6 8.6 7.2 

BOTTOM DEPTH 10M 6 '4 5  M 6 H 9 M 6 W 5 M 6'4 5 lr 
DEPTH MAX D O  5 M BOT 3 M BOT SURF 
4 A X  D O  V A L U E  8.6 7 .7  7 . 6  8.6 7.3 



1AP 1 MY 1 MY 16WY 16NY 29JS 29JN 14JL 14JL 
307 SUR ROT SUR BOT SUR BOT SUR BOT 

150 R O D  

100  

BEST AVAILABLE COPY 



TABLE A .  1-6 
oHYTOPLA:iYT?Y ARU K I R  BAY STAT ION 3 

( C S L L S / L I T E R )  
SA i 'PL ING 9ATF  1CAU 31AU 3  3C 2 4 4 0  3 l D E  31DE l R J A  1 9 5 1  1 2 F E  1 2 F E  28FE 28FE  1 AP 1 AP 2 l A F  214  

HOR HOR HOR SUR S V R  BOT SUR BOT SUR BOT SWR BOT SUH Rny SUR ~3 
A.II IATOqS 

A L I T d R I X  
ASTE910YELLA 
AULACODISCUS .1SU 
BACTERIASTRUP 
BELLAROCHIA . 0 2 1  . 3 1 2  3  0  0 
BIDDULPHIA  . 011  1 0 0  2 0 0  2 3 1  1 8 8  
CHAETOCEROS .C13 3 6 3 3  4 2 9 3  6 0 0  1 5 0 0  
CLIYACOSPVENI A  
CORETHRON 
COSC INODISCUS 1.85 .013 493  1 5 4  
DACTYLIOSOLEN 
D INOPHYSIS  
D I T Y L u r  
GRAWq ATOPHORA - 0 2 1  1 2 5  
COINARDI  A  1 7  
GYROSICYI  
dE l l IAULUS 
LEPTOCYLINDRUS 
LICVOPHORA .032 
LITHODESWIUV 
NELOSIRA - 7 2 1  
METACYL IS  
N A V I C U L I  
N I T Z S C H I A  
PLEUROSICVA 
RHABDONEWA . I 6 1  .288 .093 
RHIZUSOLENIA  
SKELETONEYA 
S T R I A ?  ELLA  
SURIRELLA 
THALASSIONEMh .096  
THALASSIOSIRA  
TRALASSIOTHPIX  

BITINTIWNIDS 
CODONELLA 1 CJ 
CODONELLOPSIS 
EUT INT IHNUS 
FAVELLA  ,064  - 6 1 2  
T I N T I N N O P S I S  ,332 
UNDLLLA .032 1 5 0  

C.DIWOFLAGEL- 
LATES 

CERATIlJY - 1 1 8  - 0 7 5  1 2 5  1 0 0  2 3 '  
PETALOTRICA 
PROPLtCTELLA 
PROROCENTRUU 6 0 0  2 5 0  253;  
T R I C E R A T I U Y  1 5 4  5: 

Do RADIOLARIA  
P E R I D I N I U Y  5  0 
DICTYOCYSTA 
T T L  CELL COUNT .513 3.29 - 2 1 2  8 0 3  5 4 3 0  6 4 0 3  1 9 0 9  4 8 0 0  8 4 7  5 0 1  1 0 3 1  4 1 2  8 0 0  4 0 6  1 1 0 0  3 6 5 3  
NO.OFSPECIES 1 0  6 4  3 3  3  3  4  6 3  4 2  3  3 8 9 
SURFACE SAL 38.0 36.5 36.7 37.4 36.9 

? c u p  27.6 25.9 16.6 15.8 15.7 18.1 17.7 19.1 
QO 6.1 8.4 7.2 6.6 8.2 7.7 

BOTT9J SAL 38.1 3R.2 39.7 39.5 37.2 
T E r F  27.5 25.6 16.1  16.4 15.4 16.1 16.1 19.1 
DO 6.2 8.5 7. 1 1.6 8.4 1.b 

BJTTOM DZPTH 5'4 6'4 15'4 I r 6'4 5'4 I W 6  r( 1 1 us 
DEPTH YAX DCI BOT SURF 3~  B  O t  SUPF 
4AX DO VALUE 8.5 7.2 7.8 8.4 7.7 

BEST AVAILABLE COPY 



:if 21AP 1 YY 1 VY 16Hv 1 6 W  29JN 29JN 14JL ! 4  J! 
;UR ~ 3 t  S U R  e o t  SUR a m  SUP 901 SUP 971 

13'4 7 U 9,4 6 Y 5 u 
SUPF 902 

7.7 7.4 

. * 

BEST AVAILABLE COPY 



TABLE A . l - 7  

ZOOPLANqT9N K A I T  BEY STAT ION 1 
( C E L L S / L I t R E  X 1 0 0 3 )  

SAWPLIHG DATE 16AV 1 7 S b  2 OC 2 OC l 5 N O  30NO 29DE 1 7 5 1  1 P E  1 FE l l C E  27FE 27FE  19UH 1 9 H H  31MH 31MR 1 5 A P  1 5 A P  3 0 A P  3 0 6  
HUR HOR H3R VER HOR HOR HOR ilOR HOR OBL ii3R H3R VER HOR VER HOR VER HOR VER HOR VE 

A-COELENTERATES 
MEDUSA STAGE 1 5 2 4 8  1 6  1 0 6  1 6 3  
SIPHONOPHORES 8 

0. ROTIP  ERS 
C.ECHINODERW 

-LARVAE 
D-ANNEL IDS  

POLYCHAETE LAR 6 3 
E.WOLLUSCS 

GASTROPODS 1 0  6 
PTEROPODS 6 1 8  
HETEROP'IDA 6 3 

€.CRUSTACEANS 
-COPEPODS 

ACARTIA SP. 4 2  9 1 3  6 3  2 0  3 1 9  3 1  2 4 5  1 9 6  2 6 5  1 6 2 8  7 4  
CANDACIA 1 2 0  3 6 
CALANUS SP 40 3 6  4 1 0  2 7  1 2 6  9 2 1 3  6 1  1 3  0 8  
CENtROPACES 4 1 3 5 9  2 8 4 9 1 7  R8 5 9 
CLAUSOCALANUS 6 1 2 6  2 4 5  
EUAETIDEUS 
EUCHAETA 
HALOPt  I L U S  
I S I A S  CLAVIPES 1 8  27 1 8 9  1 0 6  1 7 5 4  89 
PARACALANUS 2 3 1 6  3 9 
TEMORA SP. 9 
PLEUROMAMYA 
AET IDEUS 
C O P I L I A  
CORYC AEUS 6 4 1 0  3 1 8  1 8  1 2 6  
CORYCELLI  
EUTEGPINA 2 ' 1  
SAPPHIR INA  1 8  
LUBBOKIA  
OITHONA NANA 1 
LAPIDOCERA 
NAUPLIOS L A R V I E  4 

OF COPEPODS 
C.CRUSTACEANS 

CRUSTACZAN OVA 1 
CLADOCERA 
O S t  RACOD A 
CONCHOECIA 
NAUPLTUS OF 4 

C I R R I P E D I A  
AHPHIPODA 
DECAPOD LARVAE 2 2  1 2 0  2 2  1 1 2  11 
WYSIS LARVA 

OF DECAPODA 
H. CHAETDGNATHS 

SACITTA  4 2 5 9 8  3 6  5 1  2 1 1 2  3 
1.CHOHDATSS 
A S C I D I A N S  2 8 

TADPOLE OF 6 
A S C I D I A N  
F I S H  FCGS 1 5  1 2 6  6 4 1 6  

J .PADIOLARIA 3 2 6  
T T L  CELL  C 3 U N T  10  2 7  9 1 4 3 7  92  3 4 6  1 9  8 0  8 1  1 0  1 9 3  1 4 7  6 3 0  60 956 2 5 5  9 7 9  2 3 3  4 4 1  3 6 3 4  37 
N O e O F S P E C I F S S  4 7 5 4 7 5 4 4 3 1 1 6  6 6 6 1 3  4 4 3 5 



~ h ?  15AP 30AP 30AP 1 5 M Y  15WY 29YY 29uY 28JH 2RJq 13JL 13JL 
[OR U E R  HOR VER HOR PER HOR VER dOR V E R  HOR V S 2  

65 317 8D 253 

. %c 

BEST AVAILABLE COPY 



TARLF 8.1-8 

ZOOPLANKT9N U A I T  aEY S T A T I O N  2 
( C E L L S / L I T E ?  X 1 9 0 0 )  

SAMPLING DATE 1 6 A U  1 7 S E  1 7 S F  2 OC 1 5 N O  1 5 N O  3 0 N O  3 0 N 0  2 9 D E  1 7 J A  1 7 J A  1 F E  1 f S  l l F E  l l F E  2 7 f P  2 7 F E  1 9 S H  19WH 31WH 3 1 Y H  1 5 A P  1 U A P  3 '  
HOR HOR VER HOR tlOR OBL HOR OBL HOR HOR OBL HOR O B L  HDR VER HOR VER HOR VER HOR VER HOR VER * 

A-COELENTERATES 
MEDUSA STAGE 4 8 2 1  7 1 9  1 3  2 3  64 
SIPHOYOPHORES 2 1 3  7 7 4 1 

B - R O T I F E R S  9 2 3 
C.ECHINODER4 3 8 4 

-LARVAE 
DmANNELIDS 

POLYCHAETE LAR 
E.YOLLUSCS 

GASTROPOD LAR 5 7 
PTEROPODS 4 2  
HETEROPODA 

FmCRUST ACEANS 
-COPEPODS 

A C A R T I A  2 1 8  2 4 8  1 5  8 3  5 3 8  9 6  
CANDACIA 2 8 
CALANUS SP. 2 2 4 2 1 7  1 3  4 1  1 7  4 1  3 2 1  4 4 1  5 1 8  6 1  
CENTROPAGES 4 9 5  1 1 4  7 5 7 2 0  3 1  
CLAUSOCALINUS 2 1 4  4 1  
E U A T I D E U S  
EUCHAETA 
H A L O P T I L U S  
I S I A S  C L A V I P E S  2 2 3 4 7 2 7 1 0  1 2 5  1 7 7  1 2 9  ' 

PARACALANUS 4 8 1 3  R 7 1 8  2 0  
TEMORA SP. 
PLEUROMAMVA 
AET I D E D S  
C O P I L I A  
CORYCAEUS 2 8 2 6  1 7  1 5 7  8 3  
CORYCELLA 8 
E U T E R P I N A  
S A P P H I R I N A  
L U B B O U I A  
O I T H O N A  NANA 
L A P I D O C E R A  
N A U P L I U S  LARVA 4 

OF COPEPODS 
G.CRUSTACElNS 

CRUSTACEAN OVA 
CLADOCERA 
OSTRACODA 
CONCHOECIA 
Y A U P L I U S  O F  

C I R R I P E D  
AWPHIPODA 
DECAPODS LARVA 
nvs Is  L A R V A  

OF DECAPODA 
H.CHAETOGNAT'lS 

S A G I T T A  
I .CHORDATES 

A S C I D I A N  
TADPOLE OF 

A S C I D I A X S  
F I S H  EGGS 6 6 7 1  2 11 8 7 8 0 

BESTAVAILABLE COPY 



KAP 30hP 30AP l 5 W Y  15MY 29nY 29qY 2BJN 29JA 13JL 13JL 
VER HOW VER HOR VER HOR V99 i lOR V E R  H 3 R  VF? 

BESTAVAILABLE COPY 



TABLE A.l-9 
ZCOPLANKT3M K i l t  9EV STATION 3 

( C E L L S I L I T E P  X 1 3 3 3 1  
S M P L I N G  DATE 16AU 17SE 17SE 2 JC 2 OC 3 l N O  3CNCI 29DC 1 7 5 1  17JA 1 Ft, 1 I75 l 1 P i  1 l F E  2 7 F E  27PE 19WH 1 9 H H  3 1 q H  31MH 1 5 A P  1 5 A P  1 5 A g  3 q A P  39AP 3 n A 3  

HOR HOR VIR HOR VER HOR OBL H O R  f i o ~  OBL HOR naL HOI OBL HOR UER HOR VLR i o a  VER HOR ORL VER UOR OSL V Z L  
A.COELENTERATES ' 91 0 

MEDUSA STAGE 7 2 3 1 3 5  3 2 2 3 
SIPHONOPRORES 4 5  1 8  

B.ROTIPERS 2 
C.ECBIYODER4 

-LARVAE 
D.AYNELIDS 

POLYCHAETK LAR 
EmIULLUSCS 

GASTROPOD LAR 
PTEROPODS 
UBTEROPODA 

F.CRUSTACEAMS 
-COPEPODS 

ACARTIA 
C A l D A C I  A 
CALAYUS SP. 1 5  2 4  1 6  
CBMTROPICES 3 
CLAOSOCALAMOS 1 8  
BUATIDEUS 
EOCHAETA 6 
l lALOPTILUS 6 4 
I S I A S  CLAVIPES 
PARAC A L A l U S  9 1 3  9 
TBMORA SP. 
PLEUROMARIA 
ABTIDEUS 
C O P I L I A  1 6  7 
CORTC AEUS 8 
CORYCELL A 7 
E O T E R P I I A  8 
SAPPHIRIBA 
LUBBOKIA 
OITROWA u r n &  
LAPIDOCERA 
DAUPLIOS LARVA 

OF COPEPODS 
G.CRUSTACEANS 2 3  

CRUSTACZAY OVA 4 4 1 5  6 
CLADOCERA 
OSTRACODA 1 2  
COllCHOECI A 3 2 
DAUPLIUS OF 4 

C I R R I P E D  
AMPHIPODA 1 6  45 
DECAPODS LARVL 5 
WYSIS LARVA OF 7 

DECAPODA 
H.CHAETOGNATHS 1 6  4 4 5  7 7 

SAGITTA 3 2 1 5 3 5 8  7 4 
1.CHORDATES 

ASC I D 1  4Y 
TADPOLE OF 

A S C I D I I H S  3 6 
F I S H  EGGS . 2  3 0 2 7  Q 

J . R A D I O L A Q I I  30 1R 2 5  1 6  3 1 0 8  4 7  
T T L C F L L  COUYT 6 2 7 3  3 1 1 2  2 1  1 4  1 9  1 4 2  1 4 4  3 2  5 1  65 1 6 1  3 3  4 5 1  26 2 6 6  1 2 3  3 2 7  4 3 6  1 2 2  3 1 7  
l O . O F S P E C I L S 2  2 4 1 3  5 5 4 7 I C 4  5 S 1 1 5  5 5 6 5 7 6 a 4 

BEST AVAILABLE COPY 



3 n ~ ~  3 3 ~ ~  3 ~ k p  1 5 n ~  1 5 n ~  2 9 n ~  29MY 29MY 29JN 28JU 13JL 13JL 
i l 0k  C9L VER HOW ORL H O R  O B L  V 6 R  ! i O R  O B L  HO2 3RL 

BEST AVAILABLE COPY 



TABLE A.l-10 

ZOOPLANK 1 ON ABU K I R  HAY S T A T I O L  1 
( C E L L S / L K r E R  X 1 0 3 3 )  

SAPPLING Q A T F  3 1 A U  l 8 S f  3 3C 24NO 3 l D E  l R J A  1 2 F E  2 8 F E  2 8 F E  1 AP 1 AP 21AP 2 l A P  1 MY 1 MY 1 6 Y Y  1 6 Y Y  2 9 J V  29JY  1 4 J L  1 4 J L  
HOR HOR HDR HOR HOR HOR HOR HOR VER HOR VER HOR VER HOR VER HDR VER HOR VER HOR VER 

A.Cd&LENTEPATES 
MEDUSA STAGE 2 6 2 6  1 3  7 2 3 6  
SIPHONIIPHORLS 

R.QOTIFERS 
C,iCI!LNODEHM 

-LARVAE 
D. ANNELIDS 

POLYCHAETE LAR 
E.MOLLUSCS 

GASTROPOD L A l i  
PTEROPODS 
HETEROPODA 

F-CRUSTACEANS 
- c o P s P o D s  

ACARTIA 
CANDAC I L  
CALANUS SP, 
CENTROPAGES 
CLAUSOCALANUS 
EUATIDEUS 
EUCAAETA 
H A L O P T I L U S  
I S I A S  C L A V I P E S  
PARACALAldUS 
TEYORA SP. 
PLEUROUAHMA 
AET I D E U S  
C O P I L I A  
COHYCAEUS 
CORYCELLA 
EUTERPINA 
SAPPHLRINA 
LUBBOKIA  
OITHONA HAMA 
LAPIDOCERA 
NAUPLIUS LARVA 

OF COPEPODS 
C.CRUSTACEANS 

CRUSTACEAN OVA 
CLADOCERA 3 
OSTRACODA 
CONCHOEC I A  
NAUPLIUS OF 

C I R R I P E D  
AHPHIPODA 
DECAPODS LARVA 6 8 4 
n Y s I s  L A R V A  OF 

DECAPODA 
H-CHAETOGNATHS 

S A G I T T A  3 5 7 2 3  
I. CHORD ATES 

A S C I D I A N  
TADPOLE OF 

A S C I D I A N S  
F I S H  EGGS 9 2 1 0  2 

J. k A D I O L A P L A  
TTL CELL c w r  2 1  16 2 2  46 59 1 0 4  1 5 7  3 0 4  3 0 7 7  4 3 9  3 9 0 6  
N O - O F S P E C I E S  4 3 4 2 4 3 4 5 2 2 3 



T A B L E  A . l - 1 1  
Z O O P L A N K T O N  ABU K I R  B A Y  S T A T I O N  2 

( C E L L S / L I r E R  X 1 0 0 0 )  
S A + i l ~ . l ! l S  DATE,  3 1 A U  1 R S E  3 '3C 2 4 N O  3 1 D 6  1 9 5 1  1 2 F Z  2 8 F E  2 8 F E  1 AP 1 A P  2 1 ~ P  2 l A P  1 HA 1 V L  1 6 W A  1 6 M A  2 9 J N  2 9 J N  1 4 J L  1 4 J L  

HOR HOR HOR HOR HOR HOR HOR HOR VER NOR UER HOR VER :iOR UER H'3R VER HOR VER HOR VEH 
A . i O E L E I T E R & T E S  

MEDUSA S T A G E  
SIPHONOPHORES 

B . R O T I F E R S  
C.ECRIWODERA 2 

- L A R V A E  
D - A N N E L I D S  

P O L Y C H A E T E  L A R  
E.MOLLUSCS 

GASTROPOD L A R  
PTEROPODS 
HETEROPODA 

F.CRUSTACEANS 
-COPEPODS 

A C A R T I A  
C A N D A C I A  
C A L A N U S  SP. 
CENTROPAGES 
CLAUSOCALANUS 
E U A T I D E U S  
EUCHAETA 
H A L O P T I L U S  
I S I A S  C L A V I P E S  
P A R A C A L A N U S  
TEMORA SP. 
PLEUROMAM!4A 
A E T I D E U S  
C O P I L I A  
CORYCAEUS 
C O R Y C E L L A  
E U T E R P I N A  
S A P P H I R I N A  
L U B B O K I A  
O I T H O N A  NANA 
L A P I D O C E R A  
N A U P L I U S  L A R V A  

O F  COPEPODS 
G.CRUSTACELYS 

CRUSTACEAN DV A 
CLADOCERA 11 
OSTRACODA 
C O N C H O E C I A  
N A U P L I U S  O F  9 50 4 1 1 0  

C I R R I P E D  
A N P H I P O D A  
DECAPODS L A R V A  4 2  
M Y S I S  L A R V A  O F  

DECAPODA 
H.CHAETOGNATHS 

S A G I T I A  4  2  28 3 
I .CHORDATES 

A S C I D I A N  
T L D P O L E  O F  

A S C I D I A W S  
F I S H  EGGS 7 

J .  R A D I O L A R I A  
TTL CELL c o u N r  26  3 9 6 4  61  4 1 2 8  
NO. OF S P E C I E S  4 2 3 5 6 3 

BEST AVAILABLE COPY 



TABLE A . l - 1 2  
ZDOPLANKTDN ABU K I P  B A Y  S T A T I O N  3 

( C E L L S I L I I E R  X 1 0 0 6  1 
S A Y P I . I N C  DATE 3 1 A O  l e S E  3 OC 3 OC 2 4 N O  3 1 D E  l 8 J A  1 2 F E  2 0 F E  2 8 F E  1 A P  1 AP 2 l A P  2 1 A P  1 W r  1 M r  1 6 H Y  1 6 M Y  2 9 5 1  2 9 J N  1 4 J L  1 4 J L  

HOR HOR HOR VER HDR HOR HOR HOR HOR VER HOR VER HOR V S R  HOR VER HOR VER HOR VER HOR V E R  
A - C O E L E N T E R A T E S  

YEDUSA S T A G E  1 3  8 20 66 2 1 7 9 1 5 2  6 1 1 7 2  3 4 4 8  
S I P H O N O P H O R E S  

Ro H f l T I F E R S  
C . t C H I N O D E R u  

- L A R V A E  
D o A N N E L I D S  

P O L Y C H A E t E  L A R  
E.YOLLUSCS 

GASTROPOD L A R  
PTEROPODS 
HETEROPODA 

F - C R U S T A C E A N S  
-COPEPODS 

A C A R T I A  
C A N D A C I A  2 
C A L A N U S  S P -  
CENTROPAGES 2 2 2 1 0 3  
C L A U S O C A L A N U S  
E U A T I D E U S  2 
EUCHAETA 
H A L O P T I L U S  
I S I A S  C L A V I P E S  
P A R A C A L A N U S  
TEWORA S P -  
PLEURDWAYVA 
AET I DEUS 
C O P I L I A  
CDRYCAEUS 
C O R Y C E L L A  
E U T E R P  I N A  
S A P P t t I R I h A  
L U B B O K I A  
O I T H O N A  N A N I  
L A P I D O C E R A  
N A U P L I U S  L A R V A  

OF COPEPODS 
C.CRUSTACEAIS 

CRUSTACEAY 0 V h  
CLADOCERA 6 
OSTRACOD A 
CONCHOECIA 
N A U P L I U S  O F  1 6  25 1 3 2  9 5  9 1 0  1 4 8  

C I R R I P E D  
A H P H I P O D A  
DECAPODS L A R V A  2 4 6 1 6  4 7 1 9  7 1 4 8  1 4  
H Y S I S  L A R V A  OF 

DECAPDDA 
H.CHAETOCNATHS 

SAr;ITTA 7 4 0 53 8 33 9 7 
I - C H O R D A T E S  

A S C I D I A l V  
T A D P C L E  OF 

A S C T D I  ANS 
F I S H  i W S  2 1@3 7 1 4  

J . R A D I f l L A R L h  
T T L  CEI.L COUNT 1 0  15 2 2  300 1 9 3  4 5  2 5 8  4 5 4  1 1 8 7  4 8 0 0  1073 1777 70 1 1 8 4  70 
N O . I . l F S P E C l E S  3 4 6 3 5 5 9 5 2 2 6 3 6 4 6 
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SECTIOFI A. 2 

SUMMARY OF BENTHIC SAMPLING 

Eastern Harbor 

The bot tom o f  t h e  eas te rn  harbor  i s  mos t l y  o f  l oose  p u t r i f i e d  mud covered 

w i t h  p l an t s .  I n  t h e  m idd le  o f  t he  harbor  t he  bot tom i s  sandy and covered 

w i t h  p l a n t s .  F a r t h e r  t o  t h e  west,  the  bot tom changes t o  sand mixed w i t h  

rocks,  covered w i t h  p l an t s ,  w h i l e  a t  t h e  harbor  mouth, t h e  bot tom i s  aga in  

observed t o  be p u t r i f i e d  mud covered w i t h  p l a n t s .  

The f l o r a  i n  t h e  harbor  i s  ma in l y  Caulerpa p r o l i f e r a .  Among t h e  f l o r a  

gathered, a  few specimens o f  Codium clongatum, t o g e t h e r  w i t h  U lva  

l a c h i c a  were found. 

Sample 1. Th i s  sample was taken i n s i d e  t h e  eas te rn  harbor  on i t s  west 

s ide.  It con ta ined  Hydroides and 5 A ren i co l a  worms growing on Caulerpa 

leaves. The Crustacea p resen t  were a l l  dead as were t h e  Mo l luscs .  Some 

Asc id iano ( A s c i d i a  mentu la)  and few Bryozoa (Buzula  mer i  t i n e )  were a l s o  

present .  

Sample 2. Th i s  sample was taken i n  t he  m idd le  of t h e  harbor  a t  a  depth 

o f  6 m. A few Anthozoans were found as w e l l  as some Crustacea. Hydroides 

elegans were common and a few Asc id ians and Bryozoans were noted. The 

Mo l luscs  found a l i v e  i nc l uded  Murex t r u n c u l u s  and Tapes; t h e  o the rs  were 

o n l y  empty s h e l l s .  

Sa~r~ple  3. The t h i r d  sampl ing was gathered f u r t h e r  on t h e  west ou t  i n t o  t h e  

harbor.  The fauna ob ta ined  be1 ong t o  t h e  Anthozoa , Polychaeta , Crus tacea , 
Molluscs, Bryozoa and Asc id ians.  Among t he  Polychaeta,  Hydroides elegans 

were dominant. Most o f  the  Mo l luscs  found were dead. 

Sample 4. Th i s  sample was taken a t  t h e  ent rance of Eastern Harbor.  A t  

t h i s  p o i n t ,  Po lychaets  a re  most f requent  and a re  represented by Hydroides 

elegans, S p i r o r b i s  sp., A ren i co l a  sp., Lepidonotus c lava ,  He te ronere is  sp. , 
and Hya l i noec ia  sp. The Crustaceans found inc luded ,  Balanus amphet r i te ,  

numerous dead she1 l s ,  Balanus Pe r f a ra tus  i n  a  smal l  q u a n t i t y ,  and one shr imp 

Palaemon se r ra tus .  



Outside t he  Eastern Harbor 

Near t he  sewage o u t f a l l ,  3 samples were taken. 

Sample 1 was taken near  t he  sewage o u t f a l l ,  2 k n  f rom t h e  Anfushi  d i s t r i c t .  

The depth t h e r e  was 28 m and t he  bot tom was ma in l y  f u l l  o f  pebbles. There 

were no f l o r a  present  and very  few b e n t h i c  animals were noted. 

Sample 2 was taken 40 km o f  Anfushi a t  a depth o f  55 m. I n  t h i s  area t h e  

bottom was muddy and f u l l  o f  rocks. There was f l o r a ,  ma in l y  c o n s i s t i n g  

o f  Caulerpa sp., a l though a few specimens of Udotea P e t i o l a t a  and 

Halimeda Tuna were a l s o  present .  A few brown and red  a lgae were a l s o  

found. Ben th ic  fauna found belonged t o  t he  f o l l o w i n g  c lasses :  P o r i f e r a ,  

Coe len t ra ta ,  Polychaeta, Crustacea, M o l l  usca, Bryozoa, Ech inodemata  and 

Asc id ia .  Among the  Mol luscs,  t h e  f o l l o w i n g  genera and species were found 

a l i v e :  G u l l a r i a  s t r i a t a ,  Mactra sp., Modiolus barbatus,  and T e l l i n a  sp. 

Sample 3 was taken ou t s i de  t he  western ent rance t o  t he  Eastern Harbor. 

There the bot tom was rocky. F l o r a  was r a r e l y  present ,  c o n s i s t i n g  mos t l y  

of green and red  algae. The fauna p resen t  belonged t o  t he  f o l l o w i n g  

c lasses:  P o r i f e r a ,  Coelent ra tes , Polychaeta, Crustacea and M o l l  usca. O f  

the  mol luscs,  on l y  one Gastrochaena dubia and 2 Lithophaga l i t hophaga  were 

found a1 i v e .  

Fex B i g h t  

I n  Mex B i g h t  samples were taken from 6 s t a t i o n s ,  

Sample 1 was taken i n  the  midd le  o f  t he  bay a t  a depth o f  27 m. The bottom 

was coarse sane mixed w i t h  ca l ca r i ous  fragments. The f l o r a  p resen t  cons is ted  

ma in ly  o f  r e d  algae, e s p e c i a l l y  Pseudo l i t h o p h y l l u m  expansum, b u t  some green 

algae were a l s o  present.  

Fauna from these c lasses was found: Po r i f e ra ,  Polychaeta, Crus tacea, Mo l l  usca, 

Bryozoa and Echinodermata. O f  t he  Po r i f e ra ,  d i f f e r e n t  species o f  spon9es 

were found growing on ca l  ca r ious  fragments. The Polychaeta present ,  though 

few i n  number, belonged t o  foud d i f f e r e n t  genera. Of t he  Crustacea, t he  



most f r e q u e n t l y  found were h e r m i t  crabs and t he  c i r r i p e d e s  Balanus a ~ p h e t r i t e .  

L i v i n g  Mol lusca i nc l uded  Cardium echinatum, Li thophaga l i thophaaa,  Pseudochama 

f e r r i g u i n e a  and l l od io l us  sp., Rryozoa were ra re ,  b u t  Echimodermata, e s p e c i a l l y  

Hol o t h u r i  an sp were f requent .  

Sanple 2 .  The second sample was taken towards the  shore i n  t he  b i g h t ,  on 

the eas te rn  s i d e  a t  a  depth o f  10 m. The bottom was sandy and rocky.  There 

was no f l o r a  except the  dead r o o t s  of Pos idonia sp. Fauna i nc l uded :  P o r i f e r a ,  

Polychaeta, Crustacea , Mo l l  usca a.nd Bryozoa. M o l l  oscss found 1 i v i  no i n c l  uded 

Hydrobia sp. , Na t i ca  m i l l epunc ta ta ,  Glycymeri s  g lycymer i  s, Venus verrucosa 

and Donax sp. Th is  s t a t i o n  was, i n  genera l ,  poorer  i n  ben th i c  fauna and 

f l o r a  than t h e  f o r m r .  

Sample 3. The s t a t i o n  f o r  t h i s  sample was nearer  shore a t  a  depth of  10 m. 

The bot tom was sandy and muddy and f u l l  o f  co ra l s .  The f l o r a  were r a r e ,  

c o n s i s t i n g  ma in l y  o f  dead leaves and r o o t s  o f  pos idonia.  The fauna belong 

t o  t h e  f o l l o w i n 9  c lasses:  Coe len t ra te ,  Polychaeta, Crustacea and Mol lusca.  

A1 1 18 of the c i r r i p e d e s  (Ralanus amphet r i te )  p resen t .  were dead. Most 

Mol luscas a l s o  were dead. 

Sample 4 .  Th i s  sample was taken 100 m d i r e c t l y  o f f shore  from a chemical 

company o u t f a l l  a t  a  depth o f  5 m. The bottom was pebbles mixed w i t h  

c o r a l .  There was no f l o r a .  O f  t he  fauna, P o r i  f e r a  were very  ra re ,  c o r a l s  

were f requent .  The c i  rri pedia (Crustacea) p resen t  were a1 1 dead. Almost 

a l l  Mo l luscs  were dead. 

Sample 5. The n e x t  sample was taken west o f  the  s t a t i o n  near  t h e  shore. 

The bottom was sandy and mixed w i t h  pebbles and s 9 e l l  fragments. O f  t h e  

f l o r a ,  t he re  were r a r e  specimens o f  Godium dichotomum and dead r o o t s  o f  

Posidonia ocaenica. O f  the  Polychaeta, Lepidonotus c lava,  Eunice sn., 

and Tube worms were found. Hermi t  crabs were abundant. The generae o f  

~ ~ o l l u s c a  found a l i v e  inc luded :  Dental ium sp., A r c u l a r i a  g ibbosula,  Venus 

g a l l i n a  and Mactra sp. 



Sample 6. The l a s t  sampl inq was taken f a r t h e r  of fshore a t  a depth of 13 m., 

west of S t a t i o n  4. There was no f l o r a  found. The fauna cons is ted  o f  

some c o r a l ,  dead c i r r i p e d e s  (Ealanus sp. ) and he rm i t  c rabs .  Some Po l  l uscs  

were found a l i v e :  Eydrobia u lvae,  Columbella r u s t i c a ,  Pseudomurex c r a t i -  

cu l  a tus,  Glycyrneri c g lycymer i  s , Venus s t r i  a t u l  a, Donax va r i ega tus  v a r c a l -  

v e r t i .  Bryozoa was r a r e  a t  t h i s  s t a t i o n .  

Abu K i r  Bay 

Sample 1 was taken j u s t  o f f  t h e  o u t f a l l  of Tabla Pump S ta t l on .  Here t h e  

bottom i s  sandy mud mixed w i t h  p l an t s .  The sample was taken a t  a depth 

of 6 metres. F l o r a  p resen t  was dominated by Caulerpa p r o l i f e r a .  The 

ben th ic  fauna belonged t o  Polychaeta, Crustacea and Mol lusca.  O f  t h e  

Polychaeta t h e r e  were a few hydro ids present  and one i n d i v i d u a l  be1 onging 

t o  t h e  genus Eunice. O f  t h e  Crustacea, t h r e e  i n d i v i d u a l s  of Charybdis 

h e l l e r i i  and one i n d i v i d u a l  o f  Eucrate c rena ta  were found. The o n l y  

l i v i n g  mol luscs i n  t h e  sample were 24 Lo r i pes  sp. and e i q h t  Nucula sp. 

Sarnple 2 was taken f u r t h e r  t o  t h e  eas t  i n  f r o n t  o f  Maadiya I n l e t  a t  a degth 

o f  6 m. The bottom was sandy, covered w i t h  p l an t s ,  as a t  S t a t i o n  1. The 

f l o r a  p resen t  was ma in l y  Caulerpa p r o l i f e r a .  The ben th i c  fauna were 

P o r i f e r a ,  Coe len t ra ta  , Polychaeta , Crustacea and M o l l  usca. Coel e n t r a t a  

dominated t h e  bottom community i n  t h i s  area, ma in l y  Obel ia  gen i cu la ta  

a t tached  t o  caulerpa leaves. O f  t h e  polychaetes, a few hydro ids  were 

present.  O f  t h e  crustacea, o n l y  one i n d i v i d u a l  o f  Balanus eburneus was 

found. Except f o r  empty s h e l l s ,  t h e  o n l y  m l l u s c  p resen t  was one Nassar ius 

mutabi  1 i s .  On Caul erpa 1 eaves, co lon ies  of bryozoa ( ~ u g u l  a n e r i  t i n a  and 

Mernbrani pora membranacea) were found, as we1 1 as some asc id ians  

(Distomus sp. ) . 

San~ple 3 i s  s t i l l  f u r t h e r  eas t  o f  t h e  Tabia discharge, b u t  more i n s i d e  

t h e  bay a t  a depth of 10 m. Here t h e  bottom was ma in ly  sandy. A l so  here 

Caulerpa p r o l i f e r a  c o n s t i t u t e d  t h e  main f l o r a  on t h e  bottom. The fauna 



belonged t o  t h e  f o l  l o w i  r ~ g  c lasses  : Coel e n t r a t a ,  Polychaeta,  Crustacea , 
Mol lusca,  and Echinodermata. The Coe len t ra ta  were ma in l y  Obe l i a  

g e n i c u l a t a  a t t ached  t o  cau le rpa  leaves.  O f  t h e  crustacea,  one h e r m i t  

c r a b  of u n i d e n t i f i e d  spec ies was found. O f  t h e  mo l luscs  t h e  f o l l o w i n g  

genera were found a l i v e :  -- Nassa, Venus and Donax. The mol luscan fauna 

was dominated by G l yc ime r i s  , g l y c ime r i s .  O f  t h e  Echinoderms, two i n d i v i d u a l s  

of Ast rospecten sp. were found. 

Sample 4 was i n  f r o n t  o f  Tabia o u t f a l l s  b u t  i n s i d e  t h e  bay. The dep th  

was 6 m. The bottoni  he re  i s  m a i n l y  sandy. I t  i s  a l s o  covered w i t h  

Caulerpa pro1 i f e r a .  The fauna be long t o  t h e  c lasses  Coe len t ra ta ,  

Polychaeta,  Crustacea and Mol lusca.  Except f o r  f i v e  Donax, a l l  mo l luscs  

were dead. There were o n l y  a  few c o e l e n t r a t e s  and po lychaetes.  Of t h e  

crustaceans, t h e r e  was one Balanus amphet r i te  and one Crangon sp. 

Sample 5 was c l o s e  t o  S t a t i o n  1 b u t  s l i g h t l y  t o  t h e  west .  Here, t h e  

bot tom was sand mixed w i t h  pebbles.  Sniall amounts o f  f l o r a ,  c o n s i s t i n g  

ma in l y  o f  r e d  algae, L i tho thamnion  sp., were found. From t h e  c o e l e n t r a t a ,  

o n l y  a  few Ca ryophy l l i a  sp. were found. One Polychaeta and 2 h e r m i t  c rabs  

were a l s o  present .  A l l  mol luscs,  w i t h  t h e  excep t ion  of 2 Venus g a l l i n a ,  

were found dead. 

Sample 6 was s i t u a t e d  f u r t h e r  t o  t h e  west, i n s i d e  t h e  bay. The sample 

was taken a t  a  depth o f  6 m. The sea f l o o r  was mud mixed w i t h  rocks  

and p l a n t s .  The f l o r a  ga thered  c o n s i s t e d  p redominan t l y  o f  Caulerpa 

p r o f i l e r a .  A few sponges were found t oge the r  w i t h  one crustacean, 

Macropipus depurator .  The mo l luscs  found were a l l  empty she1 1 s  w i t h  t h e  

excep t ion  o f  25 1 i v i n g  Lor ipes  sp. and 8 T e l l i n a  sp. 



TABLE A.2-1 

ANALYSES OF BENTHIC 'TRAWLS 

Sample 1, Eas te rn  Harbor Date: 3 December 1977 

Dura t ion  o f  dredging: 5 minutes Depth: 5 metres 

Type of bottom: Loose p u t r i f i e d  mud covered w i t h  p l a n t s  

F lo ra :  - 
Green Algae: Dominant 

Caul erpa pro1 i fe ra  Dominant 
Codi um e!ongatum Rare 

Fauna: 

Polychaeta: 

Hydroides eleqans Frequent 
(These a re  tube worms s e t t l i n g  on Caulerpa) 

Areni  col a 5 i n d i v i d u l l  s 

Crus tacea: 

Balanus amphetr i - te 10 dead i n d i v i d u a l s  
1 carapace 
1 arm 

M o l l  usca: 
Nassar ius r e t i c u l a t a  1 shel  1 
Murex truncu.1 us 1 s h e l l  

7 
~%%:~!bp. 
L o r i  es spp. & valves 

3 va lves 
36 va lves 
8 va lves 
2 va lves 

(A1 1 a re  empty shel  1s and va lves) .  

Bryozoa: 

Bug.u.1 a n e t i  t i  na Very r a r e  

Asc id ians:  

Asci  d i  a mentu.1 a- 25 ' i n d i v i d u a l  s 



TABLE A.2-2 

AIjALYSES .OF BENTHIC TRAWLS 

Sample 2 ,  Eastern H,arbor Date: 3 December 1977 

Du ra t i on  o f  dredging: 5 minutes Depth: 6 metres 

Type o f  bottom: Sandy covered w i t h  p l a n t s  

F l o ra :  

Green Algae: 

Caulerpa pr0.1.i f e ra  Domi nan t  

Fauna: 

Coel en te ra ta  : 

Cer ianthus sp. ----- 

Polychaeta:  

Hydro i  des elegans Common 
Flarnhvsa sanaui nea 6 i nd i  v i  dua l  s 

Crustacea: 

Macropipus sp. 2 i n d i v i d u a l s  
Charybdis sp. 1 i n d i v i d u a l  

M o l l  usca: 

Murex t r u n c u l  us 
Pseudomurex~p .  
A r c u l a r i a  SD. 

Tapes sp. 
Venus verrucosa 
Venus .casi na 
Venus g a l l i n a  
Cardium alaucum 
Lo r i pes  SD. 
T e l l i n a  sp. 

2 a1 i v e  and 
3 s h e l l s  
1 s h e l l  
1 s h e l l  
1 a l i v e  and 
2 va lves 
1 va l ve  
2 va lves 
2 va lves 
11 va lves 
3 va lves  

1 s h e l l  

164 va lves  

Bryozoa: 

Bugula t u r b i n a t a  Rare 

Asci  d ians:  

Asc id i a  mentula 4 i n d i v i d u a l s  
Phal l u s i a  rnamel l a t a  2 i n d i v i d u a l s  
Asc id i a  sp. 1 i n d i v i d u a l  



TABLE A.2-3 

ANALYSES OF B.ENTHIC TRAWLS 

Saypl e 3, .Ea-s t e r n  Harbor  Date: 3 December 1977 

D u r a t i o n  o f  dredging: 8 minutes Depth: 6 metres 

Type o f  bottom: Sandy and rocky,  covered w i t h  p l a n t s  

F lo ra :  
Green A1 gae: 

Caul-erpa p r o 1  i f e r a  Domi nan t  

Fauna: 
Coel en te ra ta  : 

Sea anemone 2 i n d i v i d u a l s  

Polychaeta:  
. Hydroides elegans Dominant 

S p i r o r b i s  SD. Frequent 
Eunice sp. 2 i n d i v i d u a l s  

Le~iio;;tus su. 
2 i n d i v i d u a l s  

Y sang-ui-nea 8 i n d i v i d u a l s  
Other  E r r a n t i a  sp. 1 i n d i v i d u a l  

Crustacea: 
P i r i m e l a  sp,  
Corophi um sp. 

M o l l  usca: 
Hurcx t r u n c u l u s  

scadomurex SP. 
Nat  i c a  josephine- 
F.lassari us v a r i a b i  1 i s 
L izyph lnus  g r > i s  
Venus verrucosa 

m " m  
I r u s  i rus  
Tapes sp. 
O s t r i a .  edu l  is .  
Modio lus SD.  

(Most a r e  dead; o n l y  2 found a l i v e ) .  

Bryozoa : 
Bugula n e r i  t i n a  
Bowerbankia imbr i -cata  
Hal k e r i a  uva 

4 i n d i v i d u a l s  
1 i n d i v i d u a l  

6 s h e l l s  
4 s h e l l s  
3 s h e l l s  
1 s h e l l  
1 s h e l l  
125 va lves  
6 va lves 
36 va lves 
2 va lves 
450 va lves and 2 a1 i v e  
3 va lves  
6 va lves 

Rare 
Rare 
Rare 

Asc i  d i  ans: 
A s c i d i a  mentula 4 i n d i v i d u a l s  

A-21 BEST AVAILABLE COPY 



TABLE A.2-4 

ANALYSES OF BENTHIC .TRAWLS 

Sample -4, Eastern Harbor Date: 3 December 1977 

Du ra t i on  of dredging: 5 minutes Depth: Not A v a i l a b l e  

Type o f  bottom: Loose p u t r i f i e d  mud covered w i t h  p l a n t s  

F lo ra :  - 

Fauna: 

Caulerpa pro1.i f e r a  

P o r i  f e r a :  
Sube-ri t e s  domun~u l  a  

Coe len te ra ta :  
~ - 

As t r o i des  sp. 
Polvchaeta:  - 

Ech iu ra  : 

Hydro i  des elegans 
S ~ i r o r b i s  SD. 
Aren i  c o l  a  sp . 
Lepidonotus c l  avd 
He te rone re i s  sp. 
Hva l i noec ia  SP. 

Ech iu ra  sp. 
Crus tacea: 

Bal  anus amphi tri t e  

Balanus p e r f a r a t u s  
Pal.a.emon se r ra tus  

Mol lusca:  
Nassar i  us sp. 

Bryozoa : 

Ascid ians:  

Tapes SP. 

Car lum g aucum 
Cardium SD. 
Modio lus SD. 
T e l i i n a  sp. 
Ostrea sp. -- 
e n c r u s t i n g  Bryozoa 

Asc id i a  sp. 

Domi nan t  
Rare 
Rare 

Rare 

Rare 

Frequent 
Rare 
21  i n d i v i d u a l s  
1  i n d i v i d u a l  
1  i n d i v i d u a l  
5 i n d i v i d u a l s  

1  i n d i v i d u a l  

30 dead i n d i v i d u a l s  and 
5 a l i v e  

Rare 
1  i n d i v i d u a l  

1  s h e l l  
40 va lves  and 3 a l i v e  
1  va l ve  
2 va lves 
1  va l ve  
2 va lves  and 1  a l i v e  
11 va lves and 1  a l i v e  
2 va lves 

Few co lon ies  

1  i n d i v i d u a l  



TABLE A.2-5 

ANALYSES OF BENTHIC TRAWLS 

Sample 1, 2km o f f  Anfushi 
La t i tude:  31' 13' 43" Date: 6 January 1978 

Longitude: 29" 52' 11" 

Durat ion o f  dredging: 10 minutes Depth: 28 metres 

Type o f  bottom: pebble 

Flora:  

Benthic f l o r a  are absent from t h i s  sample. 

Fauna: (Very r a r e  i n  t h i s  sample) 

Por i  f e r a  (sponge) Rare 
Nemerti nea 1 i nd i v idua l  

Polychaeta: 

Audouinia 
ten tacu l  a ta  1 i n d i v i d u a l  

Tube worms Rare 

Other polychaeta 
species 1 i n d i v i d u a l  



TABLE A.2-6 

ANALYSES OF BENTHIC TRAWLS 

Sample 2, t e n  km o f f  Anfushi 

L a t i t u d e :  31" 18 '  15" Date: 6 January 1978 

Longi tude:2g0 50' 53" 

Du ra t i on  o f  dredging: 15 minutes Depth: 55 metres 

Type o f  bottom : Rocky muddy, 

N.B. Only 2/3 o f  t h e  sample was examined. 

F l  o ra  : 

Green Algae: 

Caul erpa pro1 i fera  Rare 

Caul erpa sp. Frequent 

Udotea p e t i o l a t a  Rare 

Ha 1 imeda t u n a  Rare 

Brown Algae 

Sargassum spp. Rare 

Fucus sp. -- Rare 

Red Algae 

L i thophy l lum sp. Dominant 

Expansum sp. 

C r i s t a t u ~ n  sp. 

V ida l  i a  Volub i  1 i s  Rare 

Nemalion sp. Rare 

Helminthoides 

Fauna : 

P o r i f e r a  (Sponge) 

H i  ppospong i a  Rare 

Communis 

Other sponge spp. C m o n  

Coel en te ra ta  : 

Gerard ia  sp. Rare 



TABLE A.2-6 ( c o n t ' d )  

Polychaeta: 

Glycera SP.. One i n d i v i d u a l  

Hermione sp. One i n d i v i d u a l  

Polychaeta Spp. 2  i n d i v i d u a l  s  

Crustacea : 

Dromia persenata One i n d i v i d u a l  

Actaea ru fopunc ta ta  One carapace 

Mol lusca:  

Ch i t on  o l i vaceus  One i n d i v i d u a l  

Stambiformis subu la ta  One shel  1  

T u r i  t e l l  a  sp . One s h e l l  

S i l  i q u a r i a  anguina One she1 1 

B i t t i u m  sp. One she1 1 

Rissoa cos ta ta  One s h e l l  

Ap tyx is  sp .  One she1 1 

S te l  1  a r i a  Sp . One s he1 1 

Bul l a r i a  s t r i a t a  5 s h e l l s t 2  a l i v e  

Pe rs i cu la  sp . One she1 1 

Aporrha i s pes-pe1.i can i  One shel  1  

Vermetus g igas  2 s h e l l s  

Na t i ca  sp . One she1 1 

Other  Gastropod spp. 3 shel  1  s  

Dental  ium sp. 5 s h e l l s  

Chlamys spp. 21 va lves  

Arca barhata One va l ve  

Dos in i a  sp. 11 va lves  

Venus verrucosa 3 va lves  

Cardi  um sp. 5 va lves 

Gl ycymeri  s sp. One v a l v e  

Sp isu la  sp. 2  va lves + One a1 i v e  

Modiol us barbatus One va l ve  + One a1 i v e  

Lima sulc- One v a l v e  

T e l l i n a  sp. 20 va lves  + One a l i v e  

Nucula sp. One va l ve  

Other 1  amel 1  i branch i  a  20 va lves.  

s  PP . 



TABLE A.2-6 ( con t  ' d) 

Bryozoa : 

R e t l  pora c e l l  u l  osa Frequent 

Other Encrus t ing  Bryozoa Common 

Echnaster sp. One 

Echino id  sp. One 

Amphiura c h i a j e i  2 

Ophiuro id  sp. 2 

Asc id ia :  

B o t r y l l  us sch l  o s s e r i  Rare 



TABLE A.2-7 

ANALYSES .OF BENTH-IC TRAWLS 

Sample 3, Outside Western Entrance t o  Eastern Harbor Date: 6 January 1978 

La t i t ude :  31" 12 '  58" 

Longi tude : 29" 53 ' 31 " 
Durat ion o f  dredging: The dredge was taken o f f  a f t e r  entangl ing.  

Type o f  bottom: Rocky bottom Depth: 10 metres 

F1 ora : 

Green algae 

Red algae 

Fauna: 

Po r i  f e r a  (sponge) 

Suberi tes  sp. 

Coelentrata ( co ra l  s )  

Rare 

Rare 

Rare 

Astro ides sp Frequent 

Polychaeta : 

Para,oni s sp. 8 i n d i v i d u a l s  

Lagisca sp. 3 i n d i v i d u a l s  

Tube worms 8 Tubes 

Other polychaeta 2 i n d i v i d u a l s  

Crustacea: 

Ba1.anu.s amphi t r i t e  15 i n d i v i d u a l s  

Amphipoda One i n d i v i d u a l  

Mo l l  usca: 

L i  tho.phaga 1 i thophaga 2 i n d i v i d u a l s  (a1 i v e )  

Gastrochaena sp. One i n d i v i d u a l  (a1 i v e )  



TABLE 4.2-8 

ANALYSES OF BEN'THIC TRAWLS - 

Sample 1, Mex B i g h t  

L a t i t u d e :  31" 10 '  46" 

Longi tude:  29" 48'  45" 

Date: 13 January 1978 

Time: 10 h r .  45m. 

Du ra t i on  o f  dredging:  14 minutes Depth: 27 metres 

Type of bottom: Coarse sand mixed w i t h  c a l c a r i o u s  fragments. 

F l  o ra  : 

Green Algae: 

Udotea despon ta in i  Frequent 

Pos idonia  oceanica Few 1 eaves 

Red Algae: 
Psuedol i t h o p h y l l  um expansum Dominant 

Other  r e d  a l gae (no t  Ca1car ious)Rare 

Fauna: 

P o r i f e r a  (sponges) : 

D i f f e r e n t  spec ies o f  sponge 

growing on c a l c a r i  ads fragments Comnon. 

Pol  ychaeta : 

Serpula  t o rgua ta  

Eunice sp. 

Lumbr inere is  sp. 

1  I n d i v i d u a l  

2  I n d i v i d u a l s  

2  I n d i v i d u a l s  

Aphrod i te  sp. 2 I n d i v i d u a l s  

Other po lychaeta spp. 6 I n d i v i d u a l s  

Crustacea: 

Actaea spa 

Hermi t  c rab  

1 I n d i v i d u a l  

5 I n d i v i d u a l s  

Bal anus amphi tri t e  3  I n d i v i d u a l s  

M o l l  usca : 

Hurex t r a n c u l  us 1  she ' l l  

Murex c r j s t a t a  2  s h e l l s  



TABLE A.2-8 ( c o n t ' d )  

Cer i th ium sp 

Anachis sp. 

B i t t i u m  sp. 

Vermetus sp. 

Arca barba ta  

Chl amys v a r i a  

Lima l i m a  

Cardium ech i  natum 

Li thophaga l i t hophaga  

Pseudoc hama f e r r u g i  n e !  

Modiolus s p .  

Bryozoa : 

Re t i po ra  c e l  l u l  bsa 

Other  e n c r u s t i n g  Bryozoa 

Echinodermata : 

Ho lo thu r i a  sp . 

1  s h e l l  

7 s h e l l s  

1  s h e l l  

1  s h e l l  

1  va l ve  

1  va l ve  

1  v a l v e  

4 l i v e  i n d i v i d u a l s  

6 l i v e  i n d i v i d u a l s  

2 l i v e  i n d i v i d u a l s  

(Burrowing i n  r ocks )  

1  l i v e  i n d i v i d u a l  

(Burrowing i n  r ocks )  

Rare 

Frequent  

10 j u v e n i l e  i n d i v i d u a l s  + 
30 pos t  l a r v a l  i n d i v i d u a l s  

(Burrowing under rocks  ) 



TABLE A:2-9 

ANALYSES OF BENTHIC TRAWLS 

Sample 2, Rex B i g h t  Date: 13 January 1978 

La t i t ude :  31" 10 '  14" 

Longitude: 29" 49' 56" 

Time: 11 h r .  45m. 

Dura t ion  o f  dredging: 4 minutes Depth: 10 metres 

Type o f  bottom: Sandy rocky bottom 

F1 o ra  : 

Dead r o o t s  o f  Posidonia sp. Very r a r e  

Fauna: 

Po r i f e ra  (sponges) Very rarC 

Polychaeta : 

Tubes o f  tube worn1s;old tubes on stones and s h e l l s :  

E r r a n t i a  polychaeta sp. 

Crustacea: 

Pagurus s p . 
Bal anus amph#tr i  t e  

Mol lusca:  

Hydrobia sp. 

Na t i ca  m i l  l epunc ta ta  

Epidrornus r e t i c u l  a ta  

Cer i  th ium sp . 
Anachis r u s t i c a  

Conus mediterraneus 

Tr iphora  sp. 

Glycymeris g lycymer is  

Arca noa 

Venus verrucosa 

Frequent 

3 I n d i  v i  dual s 
2 I n d i v i d u a l s  

Dead i n d i v i d u a l s  encrusted 

on stones comnon 

2 l i v e  i n d i v i d u a l s  

1 l i v e  gastropod 

1 s h e l l  

3 s h e l l s  

5 s h e l l s  ( o l d )  

2 s h e l l s  ( o l d )  

1 she1 1 

1 l i v e  

+ 16 va lves  

1 o l d  va lve  

1 l i v e  + 8 valves 



TABLE A.2-9 ( c o n t ' d )  

A s t a r t e  f u s c a  - 

Cardium t u b e r c u l  atum 

A v i c u l a  h i  rundo 

Ost rea edu l  i s  

L u c i n a  sp. 

Donax v a r i e g a t u s  

Donax sp. 

Tapes cas t r e n s  i s 

Othe r  1  amel 1  i branchs 

Bryozoa : 

3 v a l v e s  

3 v a l v e s  

2 v a l v e s  

1  v a l v e  

10 v a l v e s  

3 v a l v e s  

1  l i v e  

1  v a l v e  

F requen t  

E n c r u s t i n g  Bryozoans on s h e l l s  and s tones.  



TABLE A.2-10 

ANALYSES OF BENTHIC TRAWLS 

Sample 3, Mex B i g h t  Date: 13 January 1978 

L a t i t u d e :  31" 09 '  10" 

Longi tude:  29" 49' 19" 

Dura t ion  o f  dredging:  15 minutes Depth: 10 metres 

Type o f  bottom: Cora ls  on sandy muddy bot tom 

F l o r a :  

Dead leaves and r o o t s  of pos idon ia  Rare 

Fauna : 
Coelenterata:  

Caryophyl 1 i a  caespi  t osa  

Polyc haeta : 

Lepidonotus sp. 

C i r r a t u l u s  sp. 

P l a t y n e r e i s  sp. 

Tube worms 

Crustacea: 

Charybdis 1 ong ico l  1 i s  

Hermit  c rab  

Balanus amphi t r i t e  

Mo l l  usca : 

Vermetus spp . 
Ce r i t h i um vulgatum 

Murex t r u n c u l  us - 

G i  bbul a adansoni 

Rossoa . s ~ p .  

B u l l a r i a  s t r i a t a  

Fusus sp. 

C a l l  iostoma- 'sp.. 

Dominant 

3 I n d i v i d u a l  s 

1 I n d i v i d u a l  

2 I n d i v i d u a l s  

Frequent e n c r u s t i n g  on 

t he  c o r a l s  

1 I n d i v i d u a l  - 

1 I n d i v i d u a l  

18 dead i n d i v i d u a l s  

3 s h e l l s  

1 s h e l l  

1 s h e l l  

16 s h e l l s  

24 she1 1s 

1 s h e l l  

1 s h e l l  

10 s h e l l s  



TABLE A . 2 - 1 0 ( c o n t l d )  

Anachi s r u s t i c a  

Conus med i te r raneus  

Os t rea  spp . 

Venus g a l  1  i n a  

Venus v e r r u c o s a  

Arca noa 

Arca barba t a  

Card i  um e d u l e  

Cardium t u b e r c u l a t u m  

L o r i  pes 1  ac teus  

D o s i n i a  sp. -- 
G l  ycymer i  s  sp . 
Tapes s p .  

P e t r i c o l a  1  i t hophaqa  

Chl amys v a r  i a  

2  s h e l l s  

1 s h e l l  

Common v a l v e s  a t t a c h e d  

t o  t h e  c o r a l s  

1  v a l v e  

1  v a l v e  

2  v a l v e s  

1  v a l v e  

1  l i v e  + 3 v a l v e s  

2  v a l v e s  

2 v a l v e s  

5 v a l v e s  

1  v a l v e  

4 l i v e  + 12  v a l v e s  

2  v a l v e s  

1  v a l v e  



TABLE A.2-11 

ANALYSES OF BENTHIC TRAWLS 

Sample 4, llPx B i g h t  Date: 13 January 1978 

P o s i t i o n :  100 metres d i r e c t l y  o f f sho re  o f  chemical  company o u t f a l l ,  

Dura t ion  of dredg ing : Not  c a l c u l a t e d  due t o  t h e  rough bot tom 

T y ~ e  o f  bottom: Pebbles mixed w i t h  c o r a l s  Depth: 5 m e t r e s  

F1 o ra  : No f l o r a  a t  a l l  

Fauna : 

P o r i f e r a  (sponge) : 

Encrus t ing  on stones 
Coe len te ra ta  ( c o r a l s  ) 

Cladocryne cesp i  t o s a  

Polychaeta : 

Crustacea: 

Hermit  c rab  

Bal anus amphi tri t e  

M o l l  usca: 

Wassarius mutabi  1 i s  

Anachis r u s t i c a  

Conus medi te r ranaeus 

Rissoa parva 

Verrnetus SDD. 

Gibbula nobulosa 

Crep idu la  f o r n i c a t a  

Murex t r u n c u l  us  

Cer i  t h ium vulgatum 

Arca noa 

Tapes sp .  

Gl.ycymeris sp. 

L o r i  pes f r a g i  1 i s  

Venus o r a t a  

Cardium edu le  

Rare 

Common 

1 I n d i v i d u a l  

1 I n d i v i d u a l  

12 dead i n d i v i d u a l s  

1 s h e l l  

6 s h e l l  

1 s h e l l  

1 l i v e  + 6 s h e l l s  

2 s h e l l s  

2 s h e l l s  

2 s h e l l s  

1 l i v e  + 1 s h e l l  

2 s h e l l s  

1 v a l v e  

1 v a l v e  

1 v a l v e  

1 v a l v e  

2 va lves  

3 va lves 



TABLE A.2-1 l ( c o n t l d )  

Ost rea cochlea 2 va lves 

Ostrea sp. 1  va lve  

I r u s  i r u s  1  l i v e  

Bryozoa : 

Encrus t ing  : 

Sch i zopo re l l  a sp. Rare 



TABLE A.2-12 

ANALYSES OF BERTIIIC TRAWLS 

Date: 13 January 1978 Sample 5, Mex B i q h t  

L a t i t u d e :  31" 08 '  19" 

Long i tude:  29" 47 '  53" 

D u r a t i o n  o f  d redg ing :  3 minutes  

Type o f  bot tom: Sandy mixed w l t h  pebbles and s h e l l  f ragments.  

F l  o r a  : 

Dead r o o t s  o f  Pos idon ia  oceanica Frequent 

Codium dichotomum Rare 

Fauna : 

Polychaeta  : 

Lep idonotus  sp. 1 I n d i v i d u a l  

Eunice SD. 1 I n d i v i d u a l  

Tube worms Rare 

Other Po lychaeta  sp. 1 I n d i v i d u a l  

Crustacea:  

Hermi t  c r a b  35 I n d i v i d u a l s  

M o l l  usca : 

Conus medi t e r raneus  5 s h e l l s  

Nassar ius  s?. 2 s h e l l s  

E u t h r i a  SD. 1 s h e l l  

C e r i  t h ium r u p e s t r e  2 s h e l l s  

Anachis r u s t i c a  3 s h e l l s  

Rissoa sp . 2 s h e l l s  

Gibbu la  sp .  5 she1 1s 

Pseudomurex c r a t i c u l a t u s  2 shel  1 s 

Denta l  ium sp. 2 l i v e  + 3 s h e l l s  

A r c u l a r i a  g ibbosu la  24 l i v e  + 42 s h e l l s  

Venus ver rucosa 27 v a l v e s  

Venus ga l  1 i na 2 l i v e  ? 1 v a l v e  

Card i  um edul  e 4 v a l v e s  



TABLE A .2 -12 (con t1d )  

Cardium sp. 

G lycymer i s  sp . 
N9cu:a s p  . 
L o r i p e s  l a c t e u s  

Arca bai-bata 

M y t i l u s  sp. 

Tape_l sp  . - 
S p i s u l a  sp. 

O s t r e a  s p p .  

Bryoz oa : 

E n c r u s t i n g  Bryozoa spec ies  

Ech i  nodermata: 

Fragments o f  ech ino idae .  

5 v a l v e s  

4 v a l v e s  

1  v a l v e  

77 v a l v e s  

4 va l ves  

4 v a l v e s  

38 v a l v e s  

2 l i v e  

7 v a l v e s  

Rare 



TABLE A.2-13 

ANALYSES OF BEIVTHIC TRAWLS 

Sample 6, Mex B i g h t  Date: 13 January 1978 

L a t i t u d e :  31" 89 '  13" Depth: 10 metres 

Longitude: 29' 48' 28" 

Dura t ion  o f  dredging : 5 minutes 

Type o f  bottom: Sandy w i t h  c o r a l s .  

F l  ora : No f l o r a  

Fauna : 
Coel en te ra ta  ( c o r a l s  ) Frequent 

Crustacea: 

Balanus amph i t r i  t e  30 dead i n d i v i d u a l s  

Hermi t  c rab  2 I n d i v i d u a l s  

Mo l l  usca: 

Hydrobi a u l  vae 1 1 i ve gast ropod 

A r i c u l a r i a  sp. 1 s h e l l  

Na t i ca  josephine 3 s h e l l s  
Anachis r u s t i c a  10 s h e l l s  + 1 l i v e  

Conus medi ter raneus 4 s h e l l s  

Capulus sp.  1 s h e l l  
C a l l  iostoma s t r i a t u m  7 s h e l l s  

Yonodonta sp. 18 s h e l l s  

Rissoa sp. 1 s h e l l  

Canthar idus sp. 3 s h e l l s  

T i r i v i a  europaea 1 s h e l l  

Bul l a r i a  s t r i a t a  1 s h e l l  

Roxania b l a i n v i l l e i  1 s h e l l  

Pseudomurex c r a t i c u l a t u s  1 l i v e  

A ~ o r r h a i s  ~es- el i c a n i  1 she1 1 

Nassar ius a lexandr ina  2 s h e l l s  

Vermetus g igas  1 s h e l l  

Dental ium sp. 1 s h e l l  

Glycymeris g lycymer is  2 l i v e  + 4 va lves  

Venus s t r i a t u l a  1 l i v e  



TABLE A . 2 - 1  3 ( c o n t 1 d )  

C a l v e r t i  donax 
v a r i e q a t u s  v a r .  -- 7 1  i v e  + 2 v a l  ves 

L o r i p e s  1 ac teus  71 v a l v e s  

G a r i  depressa 2 v a l v e s  

D o s i n i a  e x o l e t a  1 v a l v e  

N U C I J ~ ~  h a n l e y i  

Venus o v a t a  

Arca b a r b a t a  

Arca noa 

M y t i l  us edu l  is 
Mod io lus  b a r b a t u s  

Chlamys v a r i a  

Lima l i rna  

Cardiurn e d u l e  

Cardiurn sp. 

Broyozoa : 

5 v a l v e s  

1 v a l v e  

6 v a l v e s  

3 v a l v e s  

2 v a l v e s  

1  v a l e  

3 v a l v e s  

2 v a l v e s  

1  v a l v e  

1  v a l v e  

Retepora  c e l l  u l  osa Ra r e  

Membranipora sp. -- Rare 

O the r  e n c r u s t i n g  Bryzoa Frequent  



TABLE A .  2-14 

ANALYSES OF BENTHIC TRAWLS 

Sampl e 1 , Abu K i r  Bay 

L a t i t u d e :  31" 16 '  52" 

Longitude: 30' 7 '  13" 

Du ra t i on  o f  dredging: 8 minutes 

Type o f  bottom: Sandy mud mixed w i t h  p l a n t s .  

N. B. Only 1 / 2  o f  t h e  sample was examined. 

F l  o ra  : 

Fauna : 

Green algae: 

Caulerpa p r o l i f e r a  

Pol ychaeta: 

Hydroides sp. 

Eunice sp. 

Crustacea: 

Charybdis he1 l e r i  i 

Eucrate c rena ta  

Mo l l  usca : 

Rossoa sp. 
-. 

Nassar ius sp. 

Cer i th iun i  sp. 

Dental  ium sp. 

T e l l i n a  sp. 

Glyc_ymeris g lycymer is  

Venus ga l  1 i n a  

Modiolus barbata 

Tapes spp. 

Lor ipes  sp. 

Card i um edu 1 e 

Nucula sp. 

Corbula sp. 

Date: 31 January 1978 

Depth: 6 metres 

Dominant 

Rare 

One I n d i v i d u a l  

3 I n d i v i d u a l s  

One I n d i v i d u a l  

40 She1 1s 

40 S h e l l s  

8 S h e l l s  

8 S h e l l s  

1800 Valves 

16 Valves 

16 Valves 

44 Valves 

74 Valves 

1150 Valves t 24 a l i v e  

48 Valves 

40 Valves t 8 a1 i v e  

24 Valves 

24 Valves Donax sp. 

A-40 



TABLE A.2-15 

ANALYSES OF BENTHIC TRAWLS 

Sample 2, Abu K i r  Bay 

La t i t ude :  31" 17 '  43" 

Longitude: 30' 9 '  45" 
Dura t ion  o f  dredging: 25 minutes 

Type o f  bottom: Sandy covered w i t h  p lan ts .  

F lo ra  : Green a1 gae : 

Caul erpa pro1 i f e r a  

Fauna : 

Por i  f e r a  (Sponge) : 

Coel en tera ta  ; 
.%el i a  qen icu l  a ta  

Polychaeta : 

Hydroides sp. 

Crustacea: 

Balanus eburneus 

Mol lusca: 

Nassarius r e t i c u l a t a  - 
Nassarius m u t a b i l i s  

Gl ycymeri s  g l  ycymeri s  

Modiolus sp. 

Ensis sp. 

Spisu la gla-uca 

Venus g a l l i n a  

Area ant iqua 

Cardium edul e  

A r i c u l a  h i  rundo 

T e l l  i na  tenu i s  

Anomia sp. 

Date: 18 February 1978 

Depth: 6 metres 

Dominant 

Rare 

Dominant 

(Attached t o  Caulerpa leaves)  

Rare 

One . Ind iv idual  

One s h e l l  

One s h e l l  + 1 a l i v e  

12 Valves 

34 Valves 

2 Valves 

14 Valves 

One Valve 

One va l ve  

8 Valves 

One Valve 

450 Valves 

2 Valves 



TABLE A.  2-1 5 ( c o n t ' d )  

Bryozoa : 

Buaula n e r i t i n a  

Mernbranipora rnembranacea 

Asc id ians:  

Distomus sp. 

2 Colon ies 

Few Colon ies 

(Encrus t ing  on Caulerpa) 

Rare 

(On Caul erpa 1 eaves) 



TABLE A.2-16 

ANALYSES OF BENTHIC TRAWLS 

Sample 3, Abu K i r  Bay 

L a t i t u d e :  31' 19 '  00" 

Longitude: 30' 10 '  29" 

Dura t ion  o f  dredging:  10 minutes 

Type o f  bottom: Sandy. 

F l  o ra  : 

Fauna : 

Green algae: 

Caul erpa pro1 i f e r a  

Coel en te ra ta  : 

Obel i a  gen i cu la ta  

Polychaeta: 

Crustacea : 

Hermi t  c rab  

f Mo l l  usca: 
Nassar ius sp. 

G l  ycymeris q lycyn ier i  s 

T e l l i n a  sp. 

Arca an t iqua  -- 

Modiolus sp. 

Spi sul a corpa l  1 i na 
Lo r i pes  sp. 

Tapes sp. 

Venus s t r i a t u l a  

Ensis sp. 

Donax spp. 

Ostrea sp. 

Echinodermata: 

Ast ropecten sp. 

Date: 18 February 1978 

Depth: 10 metres 

Few 

Frequent 

(At tached t o  Caul erpa 1 eaves) 

One I n d i v i d u a l  

One I n d i v i d u a l  

One s h e l l  + 4 a l i v e  

80 I n d i v i d u a l s  

225 Valves 

19 Valves 

8 Valves 

5 Valves 

One Valve 

9 Valves 

12 Valves + one a l i v e  

3 Valves 

26 Valves + 3 a1 i ve 

2 Valves 

2 I n d i v i d u a l s  



TABLE A.2-17 

ANALYSES OF BENTHIC TRAWLS 

Sample 4 ,  Abu K i r  Bay 

~ a t i t u d e :  31' 19 '  19" 

Longitude: 30' 7 '  46" 

Dura t i on  o f  dredging: 2 minutes 

Date: 18 February 1978 

Depth: 6 metres 

Type o f  bottom: Sandy 

F l  o ra  : 

Green algae: 

Caul erpa pro1 i f e r a  Rare 

Fauna: 

Coel e n t r a t a  : 

Obe l ia  gen i cu la ta  Few 

Ca ryophy l l i a  caespitos:a Rare 

Pol ychaeta: 

Hyroides sp. Rare 

Other Polychaeta One I n d i v i d u a l  

Crustacea: 

Balanus amph t r i t e  One I n d i v i d u a l  

Crangon sp. One I n d i v i d u a l  

M o l l  usca : 

A r c u l a r i a  g ibbosula 

Anachis r u s t i c a  - - 
Conus medi ter raneus 

Tr iphora  sp. 

Dental iurn sp. 

T e l l i n a  sp. 

Chla~iiys v a r i a  

Tapes sp. 

Glycymeris g lycymer is  

Dos in ia  sp. 

Venus ga l  1 i na 

3 She l l s  

2 S h e l l s  

4 She l l s  

2 She l l s  

One She1 1 

2 Valves 

2 Valves 

One Valve 

227 Valves 

11 Valves 

20 Valves 



TABLE A. 2-1 71cont Id )  

Lucinoma sp. 

Corpula sp. 

Donax spp. 

Ens is  sp. 

Modiolus sp. 

Arca sp. - 
Cardium edu le  

T e l l i n a  n i t i d a  

Av i cu la  sp. 

Ostrea sp. 

Spi su l  a s t u l  tor-urn 

Eggs o f  Sepia sp. -- 

10 Valves 

4 Valves 

145 Valves + 5 a l i v e  

One Valve 

5 Valves 

One Valve 

10 Valves 

4 Valves 

One Valve 

4 Valves 

One Valve 

5 Eggs 



TABLE A.2-18 

ANALYSES OF BENTHIC TRAWLS 

Sample 5, Abu K i r  Bay Date: 18 February 1978 

L a t i t u d e :  31' 16 '  48" 

Longitude: 30' 6 '  32" 

Dura t ion  of dredging: 3 minutes Depth: 5 metres 

Type o f  bottom: Sandy mixed w i t h  pebble 

F l  ora : 

Red Algae: 

L i thothamnion sp. Rare 

Coe len t ra ta :  

Ca ryophy l l i a  sp. Rare 

Polychaeta: One I n d i v i d u a l  

Crustacea: 

Hermi t  c rab  

Mo l l  usca : 

Conus medi te r raneus  

Nassar ius sp. 
Aqachis r u s t i c a  

Rissoa sp. 

Cer i th ium sp. 

Hydrobia sp. 

B u l l  a s t r i a t a  

G l ycyne r i  s g lycymer i  s 

Venus ga l  1 i n a  

Cardium edu le  

Card i um nodosum 

2 I n d i v i d u a l s  

50 She l l s  

2 S h e l l s  

3 She l l s  

200 She1 1s 

3 She l l s  

2 She l l s  

One She l l  

147 Valves 

33 Valves + 2 a l i v e  

29 Valves 

One a l i v e  

Venus verrucosa 4 Valves 

Venus cass ina One Valve 

Lclr ipes SP. 3 Valves 

Dos in ia  SP.  3 Valves 

riucul a su l  ca ta  29 Valves 



TABLE A .  2-1 8(cont 'd )  

Corbula sp. 

Arca barba t a  

Donax spp. 

Ostrea sp. 

S ~ i s u l a  sp. 

Chl amys v a r i a  

T e l l i n a  n i t i d a  

Modiolus sp. 

4 Valves 

9 Valves 

54 Valves 

16 Valves 

2 Valves 

One Valve 

7 Valves 

5 Valves 



TABLE A.2-19 

ANALYSES OF BENTHIC TRAWLS 

Sample 6, Abu K i r  Bay. Date: 18 February 1978 

L a t i t u d e :  31' 18 '  17" 
Longitude: "so 6 '  48'' 

Dura t i on  o f  deredging: 2 minutes Depth: 5 m e t ~ r w  

Type o f  bottom: Muddy mixed w i t h  rocks  and p l a n t s  

F l  ora : 

Green algae: 

Caul erpa pro1 i f e r a  

Fauna: - 
P o r i f  era (Sponge) : 

Dominant 

Rare 

Crustacea : 

Macropipus depurator  One I n d i v i d u a l  

M o l l  usca: 

Rossoa sp. 4 S h e l l s  

Nassar i  us n i t  i d a  One She l l  

Hydrobia sp. One She1 1 

B u l l a r i a  sp. 8 S h e l l s  

Glycymeris g lycymer is  One Valve 

Lo r i pes  sp. 700 Valves + 25 a l i v e  

Cardium edule 16 Valves 

Modiolus sp. 52 Valves 

T e l l i n a  sp. 190 Valves + 8 a l i v e  

Venus ovata 4 a l i v e  

Venus sp. 16 Valves 



TABLE A.2-20 

ANALYSES OF BENTHIC GRAB SAMPLES 

Mex B i g h t  
Sample 1 Date: 13 January 1978 

L a t i t u d e :  31" 10 '  46" 

Longitude: 29" 48 '  45" 

Area o f  Grab: 200 cm 2 
Depth: 27 Metres 

Type of bottom: Coarse Sand 

F lo ra  : N i l  

Fauna : 

Polychaeta: 

Mo l l  usca : 

Nucula sp. 

Cardium edu le  

Lima Lima 

Modiolus sp. 

Other b i v a l v i a  

Cer i th ium spp. 

Echinodermata : 

Echinoidae 

1 I n d i v i d u a l  

1 va l ve  

1 va l ve  

1 va l ve  

1 va l ve  

10 va lves  

9 S h e l l s  

A p iece  of an individua.1 



Hex B i g n t  
Sample 2 

L a t i t u d e :  31" 10 '  14" 

TABLE A.2-21 

ANALYSES OF BENTHIC GRAB SAMPLES 

Longi tude:  29" 49 '  46" 

Area o f  Grab: 924 cm 2 

Type o f  bottom: Sandy, rocky.  

F l o ra :  N i l  

Fauna : 

Polychaeta: 

Tube worms 

Crustacea: 

Balanus a m p h i t r i t e  

Hermit  Crab 

Mol lusca :  
Cer i th ium sp. 

T r i pho ra  sp. 

Gibbula sp. 

Crepidu l  a sp. 

Conus sp 

T r i c o l i a  sp. 

Other s h e l l s  

Glycymeris sp. 

Corculum sp. 

Donax spp. 

Modiolus sp. 

Ostrea sp. 

Venus ga l  1 i na 

Lor ipes  sp. 

Luc ina sp. 

A s t a r t e  sp. 

Nucula sp. 

Bryozoa : 

Retepora - sp. 

~ r y p t o s u ' l  a sp. 

Echinodermata : 

Date: 13 January 1978 

Depth: 10 Metres 

32 I n d i v i d u a l s  

Fragment 

3 Crabs 

3 s h e l l s  

11 s h e l l s  

2 s h e l l s  

1 s h e l l  

2 s h e l l s  

6 s t l e l l s  

4 s h e l l s  

9 va lves 

4 va lves  

5 va lves+ l  a l i v e  

1 va l ve  

2 va lves  

6 va lves  

2 va lves  

2 va lves  

1 va l ve  

2 va lves  

Rare 

Rare 

Ech ino id  sp. 

A-50 
Fragment 



TABLE A .  2-22 

Mex B i g h t  
Sample, 3 

L a t i t u d e :  31" 09 '  10" 

Longitude: 29" 49 '  19" 
m 

Area of Grab: 924 cmL 

ANALYSES OF BENTHIC GRAB SAMFLES 

Type of bottom: Sandy muddy 

F lo ra :  N i l  

Fauna : 

Crustacea: 
Amphipoda sp. 

Brachyura sp. 

Mol l  usca : 

T r i c o l i a  sp.  

Crepidula sp. 

StrombiformSs sp. 

Me lane l la  sp. 

Turboni 11 a sp. 

Conus sp. 

Phi  1 i p p i a  Medi ter ranea 

Other she1 1 s 

Corculum sp. 

Cardium sp. 

Venerupis sp. 

Nucula sp. 

Corbula sp. 

Other 1 amel 1 i branchs 

Date: 13 January 1978 

Depth: 10 Metres 

1 I n d i v i d u a l  

1 chaela 

9 s h e l l s  

5 s h e l l s  

3 s h e l l s  

1 s h e l l  

7 s h e l l s  

2 s h e l l s  

2 s h e l l s  

50 s h e l l s  

4 va lves 

1 va l ve  

2 va lves 

1 va l ve  

2 va lves 

10 va lves 



TABLE A-2 -23  

ANALYSES OF BENTHIC GRAB SAMPLES 

Mex B i g h t  
Sampl e 4 Date:  13 January 1978 

Pos i t ion :  100 metres d i r e c t l y  offshore o f  chemical company o u t f a l l ,  Mex B ight  

Area of Grab: 200 cm 2 Depth: 5 metres 

Type of bottom: Pebbles mixed w i t h  c o r a l s .  

F l o r a :  N i l  - 
Fauna: Coel e n t e r a t a  (cora l  s )  



TABLE A.2-24 

ANALYSES OF BENTHIC GRAB SAMPLES 

Aex s i g h t  
Sample 5 Date: 13 January 1978 

La t i t ude :  31" 08 '  19" 

Longitude: 29" 47' 53" 

Area of Grab: 200 cm 2 Depth:, 5 metres 

Type o f  bottom: Sandy mixed w i t h  pebbles and she1 1 fragments 

F lo ra :  N i l  

Fauna : 

Polychaeta : 

Tube worms 

Mo l l  usca : 
Rossoa spy, . 
Raphitoma sp. 

B i  t t i u m  sp. 
Lor ipes sp. 

Laevicardium sp. 

Nucula sp. 

Leda sp. - 
Corculum sp. 

Chlamys v a r i a  

L u t r a r i a  sp. -- 

4 Tubes 

7 s h e l l s  

1 s h e l l  

26 s h e l l s  

14 valves 

2 va lves 

1 va lve  

1 va lve  

1 va lve  

1 va lve  

1 ' va lve  



TABLE A.  2-25 

I4ex B i g h t  
Sample 6 

L a t i t u d e :  31' 89 '  13" 

Longi tude:  29" 48'  28" 
CI 

Area o f  Grab: 200 cmL 

ANALYSES OF BENTHIC GRAB SAMPLES 

Type o f  bottom: Sandy 

F lo ra :  N i l  

Fauna : 

Mol lusca 

Cer i th ium sp. 

Raphi toma sp. 

Rossoa sp. 

Date: 13 January 1978 

Depth: 10 metres 

2 s h e l l s  

1 s h e l l  

1 s h e l l  



SECTION A.3 

COMMENTS ON FISH SPECIES PRESEFIT 

I N  THE COMMERCIAL CATCH 

A. Bony F ish  

Sparidae. I n  Alexandria waters, there  are 17 species of Sparidae. Pagrus, 

Pagellus, Diplodus and Sparus were the  most dominant genera i n  the  catch. 

Other spa r id  f i s h  appeared i n  smaller q u a n t i t i e s  and were so ld  together  

w i t h  other  f i s h  species o f  minor abundance appearing i n  the  catch. Sparid 

f i s h  landed i n  Eastern Harbor represented 21.0 percent o f  the  t o t a l  f i s h  

landed, wh i l e  i n  Abu K i r ,  they represented 5.70 percent o f  t he  t o t a l  f i s h  

landed. I n  t h e  Maadiya area, they represented 10.26 percent o f  t he  landed 

f i s h .  Although spar id  f i s h  represent a small percentage o f  the  catch, 

they represent the  greatest  v a r i e t y  o f  f i s h  species, and they are h i g h l y  

esteemed as f i s h  food. The Sparid f i s h  species net ted  were the  fo l l ow ing :  

Boops boops was h i g h l y  abundant i n  the  Eastern Harbor f i s h  market 

as we l l  as i n  Abu K i r ,  wh i l e  i n  Maadiya f i s h  market, they were 

rare .  They are most frequent i n  A p r i l  and May. 

Boops salpa are more frequent i n  the  Eastern Harbor and i n  Abu K i r  

Bay than i n  the  Maadiya area. They are most abundant i n  January, 

February and March. 

Charax puntazzo were observed i n  Eastern Harbor only. They were 

poor ly  represented i n  the  catch. 

Dentex dentex were observed i n  Eastern Harbor and Maadiya areas, 

most f requen t l y  i n  March. I n  Abu K i r ,  they were noted on ly  i n  

March. 



Dentex macrophthalmes were represented by few i n d i v i d u a l s  i n  Abu 

K i r  f i s h  market and Maadiya f i s h  market.  They were most apparent 

i n  February, March and September. 

Dip lodus annu la r i s  were more abundant i n  Eastern Harbor than i n  

t h e  o the r  areas. They were most f r equen t  i n  February, March and 

Ap r i  1. 

Diplodus sargus were more abundant i n  t h e  ca tch  o f  Eastern Harbor. 

I n  Abu K i r ,  t hey  were most f r equen t  i n  March and A p r i l .  The genus 

Diplodus c o n s t i t u t e d  1.83 percen t  o f  the  f i s h  landed i n  the  Eastern 

Harbor w h i l e  i n  Abu K i r  they  were 2.23 percen t  o f  t he  landed f i s h .  

28782 kg o f  Diplodus spp. were landed i n  a  yea r  i n  Abu K i r  Bay, 

w h i l e  i n  Eastern Harbor, t he  we igh t  o f  Diplodus landed was 41738 kg 

i n  a  year.  

Oblada melanura were n o t  observed i n  Eastern Harbor, w h i l e  i n  Abu 

K i r ,  on l y  a  few i n d i v i d u a l s  were noted i n  t h e  catch i n  d i f f e r e n t  

months. They were most f r equen t  i n  February. I n  Maadiya t h i s  

species was a l s o  f requent .  

Page1 l u s  acarne were n o t  recorded i n  A lexandr ia  waters i n  t he  pres-  

e n t  survey, a l though they  have been observed i n  t he  p a s t  (S. Clofnam, 

UNESCO 1973). 

Pagel lus e r y t h r i n u s  were p resen t  i n  smal l  nunbers i n  t he  catch,  i n  

Abu K i r  Bay and Eastern Harbor. None were seen i n  Maadiyu. 

Panel 1  us mormyrus were f r e q u e n t l y  seen among t h e  f i s h  landed i n  

Eastern Harbor, most f r e q u e n t l y  i n  January. I n  Abu K i r  Bay they  

were most abundant i n  June, w h i l e  i n  Maadiya area they appeared 

i n  l a t e  autumn and w in te r .  

Pagrus ehrenberg i  were observed i n  smal l  q u a n t i t i e s  i n  Eastern 

Harbor e s p e c i a l l y  i n  the months o f  January and February. I n  Abu 

K i r  Bay they were observed on l y  i n  January i n  apprec iab le  quan t i -  

t i e s .  I n  the  rlaadiya area, t h i s  species was n o t  observed. 



Pagrus s p i n i f e r  were noted i n  Eastern Harbor i n  October and 

November. I n  Abu K i r ,  few i n d i v i d u a l s  were observed i n  Sep- 

tember and November. I n  Maadiya, few i n d i v i d u a l s  were noted 

i n  t h e  month of March. 

Pagrus v u l g a r i s  i s  t he  most abundant species o f  Sparidae i n  

A lexandr ia  waters. I n  Eastern Harbor, t he  genus Pagrus repre -  

sented 7.73 percent  of the  f i s h  landed (176405 kg per  y e a r ) ,  

w h i l e  i n  Abu K i r  Bay t hey  represented, 1.12 percen t  o f  t he  f i s h  

landed (14 412 kg) .  Th is  species was abundant i n  Eastern Har- 

bo r  f i s h  market throughout  t he  year .  I n  Abu K i r  Bay they  were 

a l s o  h i g h l y  abundant. I n  Maadiya area, t hey  were l e s s  f requent .  

Sparus auratus i s  one o f  t he  dominant spec ies of s p a r i d  f i s h  i n  

t he  A lexandr ia  waters.  They c o n s t i t u t e d  2.355 percen t  (30 350 kg) 

of t he  ca tch  i n  Abu K i r  Bay, w h i l e  i n  Eastern Harbor t hey  c o n s t i -  

t u t e  about 0.886 percen t  of t he  ca tch  (20 21 7  kg per  y e a r ) .  

Mugi l  idae. From t h e  Mug i l i dae ,  two species were observed. They were 

Mugi l  cephalus and Mugi l  cap i t o .  The f i r s t  species was more dominant 

than t he  second. Mugi l  cephalus was most abundant i n  t h e  ca tch  d u r i n g  

w i n t e r  t ime. 

A ther in idae .  O f  t h i s  f a m i l y ,  the  species present  was A the r i na  boye r i .  

It was most abundant i n  Eastern Harbor i n  t he  w i n t e r  w h i l e  i n  Abu K i r  

Bay and Maadiya, they  were most abundant d u r i n g  e a r l y  summer. They 

represented about 2  percent  o f  t h e  commercial ca tch  i n  Maadiya. 

Angul l  i dae. The fami l y  Angui 11 i dae was represented by Angui 11 a  vu l  a a r i  s  . 
It was present  i n  t he  t h r e e  f i s h  markets and was most abundant i n  A p r i l .  

Scombridae. There were f o u r  species of t h i s  f a m i l y  t h a t  appeared i n  t he  

f i s h  landed. They were: Auxis b isus  , Sarda sarda, Scomber scornbrus, 

and Euthynnus pelamis. Sarda sarda was noted i n  Eastern Harbor i n  t he  

month o f  January, w h i l e  Scomber scombrus was most f requent  i n  May and 



June. The o t h e r  two spec ies were most abundant i n  w i n t e r .  Auxis b i sus  

was n o t  no ted  i n  Abu K i r  Bay. Sarda sarda was no ted  i n  Maadiya, except  i n  

August. Scomber scombrus was n o t  found i n  Waadiya, n o r  was Auxis b i sus .  

Clupeidae. From t h i s  f a m i l y  two spec ies were abundant, Clupea a u r i  t a  

(Sard ine l  1  a  a u r i  t a )  and Sa rd i ne l  1  a  p i  1  chardus. C l  upe i  dae were t h e  most 

abundant f i s h  i n  t h e  t h r e e  markets.  I n  Eastern Harbor t h e y  represen ted  

34 percen t  o f  t h e  f i s h  landed and i n  Abu K i r  Kay, t hey  represen ted  44.49 

pe rcen t  o f  t he  ca tch .  They were most abundant i n  w i n t e r  and sp r i ng .  

I n  Maadiya t hey  represented 9 pe rcen t  of t h e  commercial catch.  

Mu l l i dae .  From t h i s  f a m i l y  two species were p resen t :  Mu l lus  barbatus 

and Mu l l  us surmuletus.  They were n e a r l y  e q u a l l y  abundant. Mu1 l u s  spp. 

represen ted  10.5 percen t  o f  t he  t o t a l  f i s h  landed i n  Eas te rn  Harbor 

(238 599 kg ) ,  w h i l e  i n  Abu K i r  t hey  represen ted  3.86 pe rcen t  (49 711 kg) .  

They were more abundant i n  Eas te rn  Harbor than  i n  t h e  o t h e r  two markets.  

They were most abundant i n  l a t e  sunmer and e a r l y  w i n t e r .  I n  Maadiya they  

represen ted  5.54 pe rcen t  o f  t h e  landed f i s h .  

Serranidae. Seven spec ies be long ing  t o  t h i s  f a m i l y  were p resen t  i n  t h e  

comnercial  ca tch  f o r  A lexandr ia  waters.  They were Ephinephel  us alexan- 

d r i nus ,  Epinephel  us guaza, Epinephel  us aenus, Serranus c a b r i  1  l a ,  Serranus 

s c r i b a ,  Morone l ab rax ,  and Morone punc ta ta .  Serran idae represen ted  about 

3.14 percen t  (72 587 kg) o f  t h e  t o t a l  f i s h  ca tch  i n  Eas te rn  Harbor,  w h i l e  

i n  Abu K i  r Bay they  represen t  4.16 percen t  (53 750 kg) .  They were most 

abundant i n  Eastern Harbor. Epinephelus were most abundant i n  sumner, 

whereas, Morone were most abundant i n  w i n t e r .  I n  Maadiya Morone represen ted  

2.15 percen t  o f  t h e  catch. 

Synodontidae. There were two spec ies n e t t e d  f rom t h i s  f a m i l y .  These were 

Saurus a t 1  a n t i  cus and Saur i  da undosquami s. They represen ted  0.886 percen t  

(20,217 kg) o f  t h e  f i s h  landed i n  Eastern Harbor. 

I n  Abu K i r  Kay, they  represented 1.78 percen t  o f  t h e  ca t ch  (22 944 kg ) ,  and 

thus more a re  abundant i n  Abu K i r  Bay. Saur ida was n o t  observed i n  t h e  Abu 

K i r  Bay ca tch  no r  i n  t h e  Maadiya catch.  Saurus was p o o r l y  represen ted  i n  

Maadiya, w h i l e  i t  c o n s t i t u t e d  t h e  whole ca tch  of Svnodontidae i n  Abu K i r  Bay. 



I n  Eastern Harbor, Saurida was more abundant than Saurus. 

Sciaenidae. Three species belonaing t o  t h i s  f a m i l y  were found i n  t h e  

f i s h  landings : Corvina n ig ra ,  Umbrina c i  r r o s a  and Sciaena acqui 1 l a .  

The l a s t  species formed the  major p a r t  of the  catch o f  Sciaenidae. 

Sciaena represetned 2.42 percent  (55 221 kg) percent  of the  t o t a l  catch 

i n  Eastern Harbor wh i l e  i n  Abur K i  r Ba.y the.y represented 0.75 -percent  

(9686 kg) ,  and i n  Maadiya 3.04 percent o f  the catch. Corvina n i g r a  was 

more abundant i n  Eastern Harbor i n  March b u t  i n  Abu K i r  Bay i t  was 

present i n  fewer numbers. I n  Maadiya, Corvina was n o t  observed. Umbrina 

c i r r o s a  was no t  observed i n  Maadiya nor  i n  Abu K i r  Bay, w h i l e  i n  Eastern 

Harbor Umbrina was observed t o  most f requent  i n  January, February and 

March. 

Solidae. The f a m i l y  Sol idae  was represented i n  t he  catch by Solea vu l -  

g a r i s  aegyptiaca. Solea represented 4.25 percent  (96,976 kg)  o f  t h e  

f i s h  catch i n  EAstern Harbor and i n  Abu K i r  Bay 1.11 percent  (29 147 kg) 

o f  the  t o t a l  catch. I n  Maadiya they were most abundant i n  w i n t e r :  Novem- 

ber ,  December and January. They represented 6.11 percent  o f  t he  catch. 

Pomatidae. The on l y  species found belonging t o  t h i s  fa rc i l y  was Temnodon 

s a l t a t o r .  I t  represnted 2.18 percent  (49,846 kg)  o f  t he  f i s h  landed, w h i l e  

i n  Abu K i r  Bay, i t  represented 9.63 percent  (8127 kg) .  Th is  species was 

found t o  be most f requent  i n  November, December, A p r i l  and May. I n  Maadiya, 

t h i s  species represented 5.4 percent of the catch. 

Carangidae. O f  t h i s  f a m i l y  4 species were present  i n  Alexandr ia  waters, 

i n c l u d i n g  : Caranx crysos , L i c h i a  glauca, Trachurus t rachurus and 

Trachurus p i c t u r a t u s .  Trachurus and L i c h i a  represented 0.61 percent  o f  

the t ~ t a l  catch i n  Eastern Harbor. Caranx was most ly  caught i n  December, 

L i c h i a  appeared most f r equen t l y  i n  June, w h i l e  Trachurus was most abundant 

i n  February. This was t r u e  f o r  a l l  th ree  areas studied.  L i c h i a ,  however, 

was observed on l y  i n  November, i n  the Maadiya f i s h  market. 

Thetbove f a m i l i e s  were the  most abundant bony f i s h  i n  t he  corrmercial catch 

i n  Alexandria.  Other f i s h  species were noted b u t  they were l e s s  abundant 



than t h e  above species.  These are represented i n  Table 1. 

B. C a r t i  1 aqenous F i sh  

These represented 0.55 percen t  (12,586 kg)  o f  t h e  f i s h  landed i n  Eastern 

Harbor, w h i l e  i n  Abu K i r  Bay and Maadiya Car t i lagenous f i s h  were l e s s  

abundant. Car t i lagenous f i s h  p resen t  i n  t he  catches belonged t o  t h e  

f o l l o w i n g  genera: Acanthias,  Mustelus,  My1 ioba tus ,  Raja, Rhinobatus, 

Scy l l ium,  Squatina, Torpedo and Trygon. 

Acanthias was abundant i n  good q u a n t i t i e s  i n  Eastern Harbor, 

p resen t  i n  November and December i n  Abu K i r  Bay b u t  was n o t  

p resen t  i n  Maadiya. 

Mustelus was p resen t  i n  a l l  months o f  i n v e s t i g a t i o n  i n  good 

amounts. It was absent f rom Abu K i r  Bay and Maadiya. 

Myl iobatus can reach very  l a r g e  s i zes  e s p e c i a l l y  i n  Abu K i r  

Bay. Th i s  species was most abundant du r i ng  November, December, 

Apr i  1 and May. 

Raja was the  most abundant c a r t i  lagenous f i s h  throughout  t he  

yea r  i n  a1 1 t h r e e  areas. 

Rhinobarus was a l s o  one o f  t he  most abundant ca r t i l agenous  f i s h  

throughout  the  whole p e r i o d  o f  i n v e s t i g a t i o n .  I n  Maadiya t h i s  

species was observed f o r  a few months o n l y  and i n  very  smal l  

numbers. 

S c y l l  ium was o f  very  low abundance and was observed i n  February, 

March and A p r i l  i n  Eastern Harbor, w h i l e  i n  Abu K i r ,  i t  was 

noted i n  May and J u l y  on ly .  I n  Maadiya t h i s  genus was n o t  ob- 

served i n  the  commercial catch. 

Squat ina was observed i n  Eastern Harbor, and was most abundant i n  

January and February. Ne i t he r  i n  Abu K i r  n o r  i n  Maadiya was i t  

observed. 



Torpedo was most abundant i n  w i n t e r  i n  Eastern Harbor and Abu K i r  

Bay. I n  Maadiya i t  was abundant du r i ng  most months i n v e s t i g a t e d ,  

r ep resen t i ng  3.31 percen t  o f  t h e  catch. 

Trygon was most abundant i n  w i n t e r  i n  Eastern Harbor and Abu K i r  

Bay. I n  Maadiya i t  was observed i n  l a t e  autumn and e a r l y  w i n t e r .  

C. Cephalopoda. 

To t h i s  f a m i l y  belonged one species Sepia o f f i c i n a l i s  found i n  t h e  f i s h  

landed. This represented 3.09 percent  (39 861 kg)  o f  t h e  ca tch  i n  Abu 

K i r ,  w h i l e  i n  Eastern Harbor i t  represented 4.6 percen t  (104,346 ka) of 

the catch. Th is  species was most abundant i n  January and February. Sepia 

was abundant i n  l a t e  autumn, w i n t e r  and e a r l y  sp r i ng .  

D. Crustacea. 

Crustacea: Crabs. Crabs p resent  i n  t h e  f i s h  market belonged t o  about 

3 species. They were present  throughout t h e  p e r i o d  of i n v e s t i g a t i o n .  

They were most f requent ly  observed from September t o  November. They 

were more abundant i n  Maadiya f i s h  market and c o n s t i t u t e d  about 6 percen t  

o f  t h e  landed f i s h  catch. I n  Abu K i r  Bay, crabs represent  0.87 percen t  

and i n  Eastern Harbor they represent  0.06 percent  of t h e  f i s h  landed. The 

most abundant crab species i n  Alexandr ia  waters was Portunus pe lag icus  and 

t o  a l e s s e r  ex ten t  Carcinas mediterraneus and C a l l i n e c t e s  sapidus. It 

should be noted t h a t  Portunus pelag icus i s  an i n d o - p a c i f i c  immigrant,  and 

C a l l  inec tes  sapidus i s  o f  A t l a n t i c  o r i g i n .  

Penaeidae. Several species o f  shrimp were present  i n  Egypt ian Mediterranean 

waters. They were: Penaeus japonicus,  Penaeus semisulcatus, Penaeus t r i s u l -  

catus, Penaeus kerathurus,  Metapenaeus monoceros, Metapenaeus s tebb ing i ,  

Para-penaeus 1 ongi r o s t r i  s, Trachypenaeus c u r v i  r o s t r i s  , Solenocera i n d i  c a y  

Solenocera membranacia and S icyon ia  co r i na ta .  O f  these species, P. k e r a t h u ~ ,  

P. semisulcata, and P. japonicus were most abundant i n  t h e  commercial catch. 

Shrimp were p resent  i n  good q u a n t i t i e s  throughout t h e  whole p e r i o d  o f  inves-  



t i g a t i o n .  Pennaeidae were more abundant i n  Maadiya than i n  the  o the r  two 

f i s h  markets. I n  Maadiya, shrimp c o n s t i t u t e d  30.8 percent  o f  the  landed 

f i s h ,  i n  Eastern Harbor 3.5 percent,  and i n  Abu K i r  Bay 5.74 percent  o f  

the catch. 

Pal inurus.  A few i n d i v i d u a l s  o f  t h i s  f a m i l y  were o f t e n  present  i n  Abu 

K i r  f i s h  market. They were most abundant i n  t he  month o f  May. 

It should be noted t h a t  i n  the years s ince the cons t ruc t ion  o f  the  Aswan 

High Dam i n  1966, the  catch o f  shrimp and crabs has decreased d r a s t i c a l l y .  

This i s  a t t r i b u t e d  t o  the  decreased discharge o f  N i l e  water d i r e c t l y  i n t o  

the Mediterranean Sea, a cond i t i on  which has g r e a t l y  a f fec ted  organic pro- 

duct ion i n  the southeastern Mediterranean. It should a l so  be mentioned 

t h a t  crabs and shrimp have been i n  h igh  demand, and have been i n t e n s i v e l y  

f ished. 

E. Chelonia. 

Chelonia represented 0.149 percent (3408 kg) of the  commercial catch i n  

Eastern Harbor. This  f am i l y  was n o t  observed i n  Abu K i r  Bay. I n  Maadiya 

i t  was o f  minor importance and was observed on ly  i n  February. 



TABLE A.3-1 

GLOSSARY OF FISH LANDED I N  THE ALEXANDRIA FISH MARKETS 

L a t i n  Name 

Sparidae 

Boops boops 

Boops sa l  pa 

Charax puntazzo 

Dentex dentex 

Dentex g i  bbosus 

Dentex macrophthalmes 

Dip1 odus annu la r i s  
(Sargus a n n u l a r i s )  

D i  p l  odus sargus 
(sargus sargus) 

Obl ada me1 anura 

Page1 1 us acarne 

Page1 1 us e r y t h r i n u s  

Page1 1 us mormyrus 

Pagrus ehrenberg i  

Pagrus s p i n e f e r  

Pagrus pagrus 

Sparus auratus 
(Chrysophrys auratus ) 

Mugi 1 idae  

Mugi l  c a p i t o  

Mugi 1 cephal us 

Commom 
Egypt ian Name 

Moza 

Sarb 

Tei  s 

Addad 

Addad Abu Koura 

Addad Abu E i n  

Sabaris 

Sharghous h 

Bo te t  

Ghozai 11 a b ronz ia  

Ghoza i l l  a 

Mo rma r 

Gorgar 

Ma1 eka 

Morgan h o r r  

Den i s 

To ba r 

Bour i  

Common 
Engl i s  h Name 

Bogue 

Sal erna 

Puntazzo 

Common dentex 

Pink dentex 

Large eye dentex 

Sea bream 

White sea bream 

Saddl ed bream 

Ax i  11 a r y  bream 

Pandora 

Pandora 

Common sea bream 

Sea bream 

Conimon sea bream 

G i  1 t -head sea bream 

Mu1 1 e t  

Common mu1 1 e t  



TABLE A.3-1 
(con t inued)  

GLOSSARY OF FISH LANDED I N  THE ALEXANDRIA FISH MARKETS 

L a t i n  Name 

A t h e r i  n i  dae 

A ther ina  boyer i  

Comnon 
Egypt ian Name 

Bessar ia  

Comnon 
Eng l i sh  Name 

Boyer ' s  sand sme l t  
( s i  l v e r s i d e o )  

Angui 11 i dae 

Angui 11 a  v i  1  g a r i  s  Teeban e l  Bahr Eel 

Scombri dae 

Auxi thazard  Bal ami t a  souda F r i g a t e  mackerel 

Euthynnus pe l  amis Bal ami t a  be i  da Sk ip j ack  tuna 

Sarda sarda Balami t a  A t l a n t i c  b o n i t o  

Scomber scombrus Kas komri At1 a n t i c  mackerel 

C1 upeidae 

S a r d i n e l l a  a u r i t a  Sardine mabroum Spanish sard ine  

Sardina p i  lchardus Sardine 

Bal i s t i d a e  

P i  1  chard 

Bal i s t e s  spp. Khanzi r T r i g g e r  f i s h  

Monacanthidae 

Monacanthus spp. Khanzi r  beshouka F i l e  f i s h  

Sciaenidae 

Corv i  na n i g r a  Khenena 

Sci  aena aqui  1  a  

Umbri na c  i r rosa  

Dacty l  op te r i dae  

Loot  

S h i f s h  

Dac ty lop te rus  p i  rapeda Tayyara 

Brown maegre 

Maegre 

Corb 

F l y i n g  gurnard 



TABLE A. 3-1 
(con t inued)  

GLOSSARY OF FISH LANDED I N  THE ALEXANDRIA FISH MARKETS 

L a t i n  Name 
Common 

Egypt i an Name 
Common 

Engl i sh Flame 

T r i g l  i dae  

T r i g 1  a 1 ucerna Farkha Ye1 1 ow gurnard 

T r i g l a  l y r a  Farkha P ipe r  

Aspi t r i g 1  a cucul  us Farkha Red gurnard 

Echeneidi dae 

Echeneis naucrates Amlet e l  d a r f e e l  Shark sucker 

Serranidae 

Epi nephel us aenus Wa ka r  White grouper 

Epinephelus a lexandr inus Wa k a r  Go1 den grouper 

Epinephelus guaza Wakar Dusky grouper 

Di cent rarchus 1 abrax Karous Sea bass 

Dicent rarchus punctata Nokt Sea bass 

Serranus c a b r i  11 a Korfossa Comber 

Serranus s c r i b a  Sheikh PaSnted comber 

Exocoet i dae 

Exocoetus v o l  i tans Tayya r a  

Gobi idae  

F l y i n g  f i s h  

Gobius spp. Abu-Kirsh Goby 

Hol o c e n t r i  dae 

P l  ec t rypops r e t r o s p i n i s  Sandook Card ina l  s o l d i e r f i s h  

Lab r i  dae 

Cor is  j u l i s  Aroussa Rainbow wrasse 

Labrus v i r i d i s  Khodda i r 
(Labrus t u rdus )  

Brown wrasse 

X r i c h t y s  novacul a Aroussa Cleaver wrasse 



TABLE A.3-1 
(con t inued)  

GLOSSARY OF FISH LANDED I N  THE ALEXANDRIA FISH MARKETS 

Lat - in  Name 

Bramidae 

Legidotus ca ta l on i cus  

Merl  ucc i  dae 

Merl  ucc ius merl  ucc ius 

Carangi dae 

Caranx crysos 

Trachynotus ovatus 

Trachurus p i c t u r a t u s  

Trachurus t rachurus 

Mu1 1 i dae 

Mu1 1 us barbatus 

Mu l lus  surmuletus 

Muraenidae 

Muraena he1 ena 

P l  atycephal i dae  

Pl  atycephal us i n d i c u s  

Synodont i dae 

Saurida undosquanli s 

Common 
Egypt ian Name 

Nazel l  i 

Bag ha 

Gha lan f i sh  

Sha khoura 

Sha khoura 

Barbouni e l  hagar 

Barbouni 

Taeban e l  bahr e l  Sam 

Rakkad 

Hareth 

Saurus a t l a n t i c u s  Mokarouna 

Sol e idae 

Solea impar Samak moussa 

Sol ea ocel  1 a t a  Samak moussa 

Solea so lea aegypt iaca Samak moussa 

Common 
Eng l i sh  Name 

Ray's sea bream 

Hake 

Yel low j a c k  

Derb io  

B lue scad 

At1 a n t i c  horse mackerel 

S t r i p e d  m u l l e t  

Red m u l l e t  

Moray 

L i z a r d  f i s h  

L i z a r d  f i s h  

Sole 

Eyed s o l e  

Sole 



TABLE A.3-1 
(con t inued)  

GLOSSARY OF FISH LANDED I b l  THE ALEXANDRIA FISH MARKETS 

L a t i n  Name 
Common Common 

Egyp t ian  Name E n g l i s h  blame 

Siganidae 

Teu th is  s igana Sigan ba ta ta  Morb id  sp ine f o o t  

Pomatomi dae 

Pomatomus sa l  t a t r i x  M i  ass B lue  f i s h  

Trach in idae  

Trachinus draco 

T r i c h i u r i d a e  

B a l l  ama Greater  weever 

Lepidopus caudatus S e i f  

T r i c h i u r u s  l e p t u r u s  S e i f  

Scabbard f i s h  

H a i r t a i l  

Sphyraeni dae 

Sphyraena sphyraena Abu -Meg hza 1 Barracuda 

Uranoscopi dae 

Uranoscopus scaber K o t t  Stargazer  

Lophi i dae  

Lophius p i s c a t o r i u s  

Zeidae 

Seus f abe r  

B l e n i i d a e  

Blennius spp. 

Lu t j an idae  

Lu t janus  spp. 

Scorpaeni dae 

Scorpaena s pp. 

A f r e e t  

Blenny 

- 

Akrab 

John dory  

B l  enny 

Snapper 

Large-scaled scorp ion  
f i s h  



TABLE A.  3-1 
(con t inued)  

GLOSSARY OF FISH LANDED IN  THE ALEXANDRIA FISH MARKETS 

L a t i n  Name 

Scomberesocidae 

Scomberesox sppl  

Be1 o n i  dae 

Be1 one be1 1 one 

St romate i  dae 

Stromateus f 1 at01 a 

C a r t i  l a g e n o ~ ~ s  F ishes 

Squaulus acan th ias  

Muste lus spp. 

My1 i oba tus  spp. 

Raja spp. 

Rhinobatus spp. 

S c y l l i u m  c a n i c u l a  

Squat ina spp. 

Torpedo spp. 

Trygon S,PP. 

Chelonia spp. 

Crustacea 

Common 
Egypt ian Name 

Scombri 
(Zengar i  ) 

Khi r m  

Ersh be-shoka 

Mastoul a 

Wetwat 

Raja 

Mehrat 

Kal b e l  -samak 

Meshkate l l  i 

Raad 

Ba k a r  

Tersa 

Carcinus medi ter raneus Kabouri a 

Portunus pe lag icus  Kabourl a hamra 

C a l l  i nectes sapidus Kabouria zarka 

Panul i r u s  v u l  g a r i  s Es t a  koza 

Peneaus spp. Gambari 

Portunus pe l  ag icus  Ka b o u r i  a hamra 

A- 68 

Comnon 
E n g l i s h  Name 

Skipper  

G a r f i s h  

Spiny dog f i s h  

Smooth dog f i s h  

Ray 

Ray 

Ray 

Dog f i s h  

Angel r a y  

E l e c t r i c  r a y  

S t i ng rays  

Marine t u r t l e  

Medi ter ranean mud c rab  

Mud crabs 

B lue  c rab  

Comnon sp iny  l o b s t e r  

Prawns 

Crabs 



TABLE A. 3-1 
(cont inued)  

GLOSSARY OF FISH LANDED I N  THE ALEXANDRIA FISH MARKETS 

L a t i n  Name 

Cephal opoda 

Sepia o f f i c i n a l i s  

Conmion Comnon 
Egypt ian Name Engl i s h  Name 

Sobai t  C u t t l e  f i s h  



























Date - 

August 

,.lotor( b, 

TOTAL 

October 

~ o t o r ' ~ '  

~ a i  I(') 

TOTAL 

November 

Motor ( b )  

s a i l  ( c )  

TOTAL 

Locat ion:  Eastern Harbor Date: Aug/Oct/Nov 77 

Dicent -  Poma- - - 
Sardine1 l a  Penaeus Sepia Chelonia Sciaena Solea Pagrus rarchus tomus Sparus Flugi 1 Mu1 l u s  Diplodus Epinephelus Other  

spp. - spp. o f f i c i n a l i s  sDp. 3 Synodontidae 7 s ~ p .  s a l t a t r i x  auratus .spp. q p .  spp. f i s h e s  

( a ) ~ l l  f i s h  land ings are repo r ted  i n  ki lograms. 

( b ) ~ a k e n  by motor  boat. 

( ' ) ~ a k e n  by S a i l  Boat. 

Tota l  -- 



TABLE A.3-6 

L o c a t i o n :  E a s t e r n  Harbor Date :  Sep 77 

D i c e n t -  
Mu1 l u s  Pagrus Epinephelus Solea 

-- - -- -- -- 
Date p .  spp. sPP a W S y m d m t i d a e  

1 l b 5 0  1355 

2 1250 925 

3 2675 2325 

4 1525 1386 

5 1300 1035 

6 375 660 

7 725 650 

8 950 425 

9 2050 3053 

10 1975 1215 

11 800 625 

12 2600 2000 

13 - 
14 - 
15 - 
16 - 
17 125 50 

18 225 260 

19 - 15 

20 1025 885 

2 1 525 960 

22 2250 1850 

23 2575 2150 

24 650 767 

25 825 890 

26 450 500 

27 2125 1935 

28 1525 1600 

29 1875 2023 

30 1750 1425 

TOTAL 33475 31398 

S e p i a  Penaeus Sard ine1  l a ,  Pomatomus 
o f i i c i n a l  i s  SPP. . SPP. s a l t a t r i x  

Sciaena 
a q u i l a  

150 

425 

25 

735 

204 

472 

130  

833 

125 

945 

1090 

13 

20 

17 

41 7 

100 

88 6 

1 8  

277 

2 30 

275 

555 

8683 

sparus F.= 
a u r a t u s  spp. 

Mugi 1 
x!E 

12 

26 

14 

7 

5 9 

C a r t i l a g i n o u s  
f i s h e s  O t h e r  fiski. -- 

3 5 2430 

1550 

280 4035 

2363 

271 1 

80  1633 

1335 

157 1634 

2 50 3585 

685 2056 

2565 

2938 

5 5 

3 00 

20 

425 

125 

180 

60 

38 5 

3272 

( a ) ~ l l  f i s h  l a n d i n g s  a r e  r e p o r t e d  i n  k i l o g r a m s .  



TABLE A.3-7 

FiSH IAI4DINGS ( a )  

L o c a t i o n :  E a s t e r n  Harbor  Date:  Dec 77 

D i c e n t -  
r a r c h u s  
spp. 

C a r t i  l a -  
g inous  Che lon ia  
F i s h e s  spp. Crabs 

Penaeus S a r d i  n e l  l a  Pornatomus Sciaena D i ~ l o d u s  
spp. spp. s a l t a t r i x  aqufia 7 

Spa r u  s 
aura tus  

Mugi 1 
3 4 L  P- (.:her 

o f  l c l n a l i s  . f i s h e s  
M u l l u s  Pagrus 

Date spp .  spp. 
Ep inephe lus  

spp. 
Solea 
2 e f L  Synodon t i d a e  

125 

1525 

625 

2 3 

24 

2 5 

26 

2 7 

28 

29 

30 

3 1 

TOTAL 

?iD - 

( a ) ~ l l  f i s h  l a n d i n g s  a r e  r e p o r t e d  i n  k i l o g r a m s  

BESTAVAILABLE COPY 



Loca t i on  : Eastern Harbor Date: Jan 78 
Dicen t -  
ra rchus 

s9p. spp. 

C a r t i l a -  
g inous Chelonia 
F ishes spp. L rabs 

D ip lodus Sparus 
spp. au ra tus  

Sepia Penaeus Sciaena 
o f f i c i n a l i s  spp. a q u i l a  

Mu1 l u s  Pagrus Epinephelus Solea -. - -. - - - - 
Date _ip. spp. _ Spp. -- - spp. Synodontidae 

Other Fishes 

6 - 
7 4067 2650 

8 - 
9 - 

10 - 
11 

12 315 250 

1, - 3 5 

14 575 625 

15 525 51 5 

16 600 785 

17 500 520 

18 275 325 

19 - 
20 - 
21 - 
22 7 

23 650 580 

24 478 200 

25 - 
26 - 
27 - 
28 - 
29 i o o a  409 

30 5c3 475 

31 650 375 

TOTAL 13463 10219 

r a F f < h  -1~~d - i " gs  a r e  r epo r t ed  i n  k i lograms. 



TABLE A.3-9 

L o c a t i o n :  E a s t e r n  Harbor  Date :  Feb 78 

O i c e n t -  
r a r c h u s '  Y u ~ i l  -- 

SPP. SPP. - -  
200 25 

C a r t i l a -  
g inous  C h e l o n j e  
F ishes  spp. 

Othi - l  
Crab: , i ~ , , ,  -- . 

2642 

M_ul- lg  PJyrus Ep inephe lus  Sol ea Sepia Penaeus S a r d i ! ~ e l l  a Poniatomus Sciaena 
Da~te  spp. spp. spp. -7 &- o f f i c i n a l i s  spp. spp. s a l t a t r i x  a q u i l a  

D i  p l  odus 
SDP. 

Sparus 
a u r a t u s  

18 - 
19 14 316 155 

20 297 508 235 

2 1 707 735 435 

22 112 130 130 

2 3 

24 2 6 

2 5 133 470 335 

26 498 645 565 

27 1731 1045 225 

28 . I 2 4 7  550 850 

TOTAL 10003 10092 5385 

( a ) ~ l l  f i s h  l a n d i n g s  a r e  r e p o r t e d  i n  k i l o g r a r n r .  

BEST AVAILABLE COPY 



TABLE A.3-10 

Locat ion :  Eastern Harbor Date: Mar 78 

C a r t i l a -  
Trach iurus  -- - -- - - 

. - S L  

9ther 
Fishes -- -- -- 

M U ] ~ =  Pagrus Epinephel us Solea e l  Penaeus S a r d i n e l l a  Pomatomus Sciaena 
Date hy,. . s ~ p .  - spp. 2. Synodontidae o f t i c l n a  -- 1s spp. sop. -- s a l t a t r i x  - a q u i l a  

Di o l  odus 
spp. 

S ~ a r u s  Horone -- 
a u r a ; ~ >  s?p. - 

Mugi 1 
%eL 

ginous Chelonia 
Fishes spn. ',rats -- 

2 3 

24 

25 

26 486 125 

2 7 

28 

29 

30 547 100 

3 1 

TOTAL 10269 6620 

("A] 1 ' f i s h  land ings  a r e  r epo r t ed  i n  k i  logra; s. 



TABLE A.3-11 

Location: Eastern Harbor Date: Apr 78 

Oicent- 
rarchus liiuqi 1 
labrax spp. 

C a r t i l a -  
ginous 
Fishes 

33 

Mu1 lus  
.- 

s p + .  

1 198 

2 7 39 

3 

4 52 5 

5 300 

6 1 00 

7 375 

8 175 

9 300 

10 

11 75 

12 550 

13 525 

14 400 

15 500 

16 22 5 

17 900 

18 225 

19 

20 425 

2 1 345 

22 400 

2 3 675 

24 

2 5 

26 225 

2 7 725 

28 154 

2 9 560 

30 625 

TOTAL 10246 

Pagrus 
A!& 

Epi nephel l~s Snl en Seoia Penaeus Sard ine l la  Sciaena I)iplodus Sparus 
> p p .  , P ~ .  Synodontidac of f ic ina l  i l  spp. - spp. a ~ u i l a  s ~ o .  aul-ubus 

Chelonia 
spp. 

Trachiurus 
Crabs S?P. Other Fishes 

2052 

2215 

7 0 

8 99 

933 

675 

1907 

1594 

2503 

4 38 

1861 

1283 

5729 

421 2 

997 

1088 

1253 

1001 

1971 

1210 

709 

2722 

( a ) ~ l l  f i s h  landings are repor ted i n  kilagrarns. 



TABEL A.3-12 

L o c a t i o n :  E a s t e r n  Harbor  Date: May 78 

Sard ine1  l a  
spp. 

Pomatomus Sciaena --- - 
s a l t a t r i x  a q u i l a  

D i p l o d u s  
SPP. 

Sparus 
a u r a t u s  -- 

144 

337 

150 

193 

180 

200 

347 

350 

500 

1 00 

320 

133 

150 

28 

92 

106 

50 

42 

50 

11 7 

8 9 

86 

121 

134 

88  

136 

3 1 

D i c d n t -  C a r t i l a -  
r a r c h u s  g inous  C h c l o n i a  -- .- 

spp. F ishes  spp. Crabs 

1 50 

Ep inephe lus  - - - - -. - - 
spp. 

Z*?_ 
o f f i c i n a l i s  

Penaeus --- 
spp. O t h e r  F ishes  

640 

3040 

1572 

331 7 

2495 

4975 

1755 

2900 

3745 

89 1 

2240 

1593 

1875 

3070 

7105 

2 0 

224 

176 

6 8 

129 

265 

148 

85 

207 

187 

182 

505 

51 5 

251 

447 

44622 . 

2 9 

3 0 

TOTAL 

m~Gsh l a n d i n g s  a r e  r e p o r t e d  i n  k i l o g r a m s .  



TABLE A.3-13 

FISH LANDINGS(~) 

Location: Eastern Harbor Date: Jun 78 

C a r t i  l a -  Tracky- 
Muai l  pinous notus 
spp. ishes ovatus Crabs 

Pagrus 
. ----- 
spp. 

Epinephelus S$&. Sepia Penaeus S l rd ine l  l a  Pornatomus Sciaena 
spp. spp. Synodonti dat! 0 f t m l  i s  

-- 
SPP. _ - 5PP. s a l t a t r i x  aqui la  -- 

Diplodus 
s p p .  -- - 

Trachiurus 
spp. 

Scoabcr Other -- 
scornDrus f ishes - -- b a t e  

( a ) ~ l  1 f i s h  landings a re  reported i n  kilograms. 



Mullus Sparus Epinephelus Sciaena 
Date S P ~ .  -- spp . SPP 

1 

2 

3 

4 

5 

6 

7 

8 650 

9 

10 

11 

12 

13 

14 

15  480 

16 620 

17 205 

18 525 

19 305 

20 275 

2 1 125 

22 2 00 

2 3 900 

2 4 700 

25 2600 

2 6 675 

2 7 625 

28 1850 

29 200 

30 2025 

3 1 775 

TOTAL 13735 

TABLE A.3-14 

FISH LA NO IN^(^ 
Locat ion: Eastern Harbor Date: Ju l y  78 

Sardinella 

SPP 

6825 

17210 

12425 

37805 

33080 

14080 

11875 

2225 

31 50 

900 

2235 

775 

500 

185 

3030 

1745 

61 10 

2835 

4230 

24675 

1872 

1115 

173 

142 

1391 

892 

120 

23951 7 

Pagr us 

SPP - 

300 

2 5 

960 

585 

225 

625 

250 

150 

525 

100 

695 

650 

1850 

525 

4 00 

1225 

322 

1435 

500 

11347 

Soiea 
Solea 

360 

120 

375 

125 

50 

150 

325 

125 

350 

250 

925 

325 

275 

1 1 50 

50 

575 

325 

5855 

Saurida Sepia Penaeus 

SPP . SPP 

Sargus Dicenharchus Mugi l Poma tomus 
Sargus spp. spp. Saltatrix Other Fishes -- 

m G i s h  landfngs a re  repor ted i n  
k i lograms.  



TABLE A.3-15 

@a 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1 

22 

2 3 

2 4 

25 

2 6 

2 7 

28 

2 9 

3 0 

3 1 

TOTAL 

E@sphe lus  Diplodus Mu1 l u s  Musi l  
spp. s p p .  spp. spp. 

60 140 

6 0 60 

360 3 5 

Dicent- - --- 
Sparus P p a  tomnus rarchus Pagrus -- Sardine1 - - --A l a  

a u r a h i  s g t a t r i x  ovatus spp. Synodontidae srb. 

75 

3 5 

15 490 

35 220 

Crabs 

130 

250 

31 5 

2 50 

2 5 

220 

185 

7 5 

9 5 

21 0 

320 

230 

125 

7 5 

9 0 

170 

165 

8 0 

250 

182 

295 

1 50 

7 5 

180 

9 7 

21 0 

4449 

Sciaena 
aquila 

2 0 

570 

7 90 

155 

1535 

Pznaeus -. 

spp. 

825 

550 

805 

390 

790 

595 

65 

28 0 

1075 

650 

300 

190 

1110 

420 

830 

282 

220 

11 5 

61 0 

730 

51 2 

485 

855 

922 

24 5 

51 2 

563 

380 

385 

15691 

Other Fisnes 

600 

390 

62 5 

580 

435 

455 

6 0 

270 

785 

335 

390 

420 

745 

435 

695 

360 

21C) 

100 

395 

765 

335 

900 

745 

870 

225 

370 

410 

465 

575 

13935 

f i s h  land ings are  repor ted i n  ki lograms. 



TABLE A.3-16 

L o c a t i o n :  Abu K i r  Date:  Sep 7 7  

Date -- -. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1 ii 

17 

18 

13 

20 

2 1 

2 2 

23 

24 

25 

26 

2 7 

28 

2 9 

3 0 

Total- 

T 3 ~  1 1 

Penaeus Solea Sepia 
_ spp. Crabs spp.  o f f i c i n a l i s  

6 9 15 10  15 

3 8 21 9 5 9 G 9 

242 110 9 5 83 

250 284 100 9 2 

765 215 259 275 

44 5 210 3 2 3 1 

5 5 105 10 35 

6 5 165 15 

7 0 142 15 4 0 

255 8 5  49 105 

323 157 59 97 

9 0  

363 4 0 9 0 117 

4 5 35 40 

831 5 2998 2004 2405 

f i s h  l a n d i n g s  a r e  r e p o r t e d  i n  k i  lograms 

S a r d i n e l l a  -- 
spp. 

D i c e n t -  
Pagrus r a r c h u s  Pomatornus Zparus 

Synodon t idae  OvatuS s a l  t a t r i x  c d r a t u s  
S c i  aena 
a q u i l a  

4 0 

20 

6 0  

80 

130 

182 

140 

140 

37 

30 

3 0 

25 

91 4 

Mugi 1 
-..wL 

3 0 

25 

55 

Mu1 l u s  -- 

spp. 
407 

360 

486 

380 

305 

590 

680  

26 0 

180 

9 5 

131 

620 

2 5 

132 

200 

255 

860  

320 

200  

6 0  

8 0 

290 

24 0 

270 

60 

7486 

D i p l o d u s  Ep inephe l  u s  
spp. 1 .  - Gther  Fishes  

695 

525 

880  

475 

81 9 

8 50 

1022 

350 

21 5 

705 

31 5 

11 60 

410 

59 5 

705 

1412 

335 

300 

175 

1 GO 

31 0 

135 

570 

100 . 

131 56 



TABLE A.3-17 

Locat  i on  : 

FISH LANDINGS(~) 

A b u K i r  Date: Oct 77 

Ep jwphe lus  Diplodus Mul lus  S ~ i a e n a  
Date spp. spp. spp. a q u i l a  

1 50 580 130 

2 6 0 360 150 

3 80 110 165 100 

4 360 60 580 150 

5 590 40 

6 182 140 370 90 

7 280 105 565 190 

8 335 120 140 32 5 

9 20 4 0 6 0 

10 200 640 

11 60 820 30 

12 80 7 0 365 60 

13 1190 530 330 100 

14 260 2 0 375 

15 550 665 

16 6 0 598 

17 7 5 220 

18 60 620 

19 

2 0 10 253 

21 280 115 392 7 5 

22 285 272 680 460 

23 54 9 1 4 0 

24 420 

25 

26 1015 105 235 480 

2 7 340 4 0 440 470 

28 

2 9 75 300 4 0 

3 0 3 5 38 0 

3 1 130 220 60 

TOTAI. 57n7 2146 11454 2990 

( " ~ 1  1 andings a re  repor ted i n  X i  lograms. 

Mug i 1 
spp.. 

4 0 

60 

30 

15 

4 0 

24 

65 

40 

314 

5parus Pomaton~us - - - -. - - - 
duratus s a l t a t r i x  ---- -- 

Dicent -  . . - . .  - -  
rarchus Pagrus Sard ine l  l a  
ovatus s p p .  Synodontidae -r- Sepia 

o f f i c i n a l  i s  

21 5 

160 

65 

355 

255 

11 5 

2 60 

80 

20 

190 

160 

140 

82 

142 

205 

31 6 

100 

160 

69 

207 

382 

65 

289 

134 

249 

200 

255 

135 

5005 

Crabs 

285 

155 

365 

482 

1 30 

160 

265 

4 00 

90 

6 5 

225 

399 

9 5 

150 

40 

239 

156 

55 

25 

170 

105 

102 

4158 

Other Fishes 

775 

505 

470 

855 

820 

540 

1183 

365 

150 

840 

81 5 

465 

1552 

1205 

1225 

21 30 

41 5 

E65 

694 

769 

1758 

250 

730 

61 5 

21 5 

512 ' 

84 4 

510 

22072 



TABLE A.3-18 

L o c a t i o n :  Abu K i r  Date: Nov 77 

D i f l o d . ~  -- 
spp. 

30 

60 

70 

2 0 

4 0 

115 

100 

15 

M u l l u s  
A!!?.- 

480 

500 

240 

210 

210 

109 

375 

257 

287 

108 

Sc i aena 
- 39ila. 

100 

170 

70 

20 

14 

90 

15 

100 

w. _Sparus 
spp. aura tus  

- 393 

265 

240 

222 

- 200 

112 

40 210 

180 

248 

10  125 

D i c e n t -  -- 

Poriatomus r a r c h u s  P a q x  -- S a r d i n e l l a  Sepia 
s a l t a t r i x  .- ovatus  s p p .  S y n o d o n t i a e  spp. o f f i c i n a l i s  

- 295 

305 

240 

2 5 285 

40 420 180 

98 

300 

240 

31 9 
. - 

87 

Sol  ea -- 
a 

15 

9 5 

40 

59 

153 

93 

157 

54 

2 3 

24 227 

25 335 

26 

27 3 0 

2 8 

29 260 

3 0 

TOTAL 3374 

Penaeus 
spp. 

651 

608 

625 

497 

235 

296 

557 

640 

71 2 

229 

3 0 

645 

209 

546 

318 

385 

21 9 

456 

566 

201 

124 

140 

3 08 

91 97 

Other  F ishes  

950 

935 

1147 

880 

7 00 

955 

898 

745 

1044 

41 5 

595 

1050 

605 

825 

545 

1014 

710 

770 

835 

370 

235 

260 

485 

16968 

( . ) ~ l l  f i s h  l a n d i n g s  a r e  r e p o r t e d  i n  k i lograms.  



TABLE A.3-19 

Loca t i on :  Abu K i r  Date: Oec 77 

Date 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1 

22 

2 3 

24 

2 5 

26 

2 7 

28 

29 

3 0 

3 1 

TOTAL 

Epinephelus 
spp. 

490 
- 

360 

360 

560 

140 

440 

2 0 

30 

101 0 

341 0 

Dj@ o p u s  
spp. 

380 

7 0 

4 0 

167 

167 

105 

65 

6 0 

70 

125 

21 7 

202 

1668 

Sc i aena 
aqui 1 a 

3 2 

30 

40 

80 

100 

7 5 

45 

102 

5 0 

21 0 

100 

864 

Oicent -  
Mugi l  Pon l_q fon~~~  s r c h u s  &qrus - S a r d i n e l l a  - - - - -- - 

spp. aura tus  s a l t a t r i x  spp. spp. S- sPP. 
Seoia 

o f f i c i n a l i s  

255 

169 

140 

155 

39 

175 

299 

100 

6 5 

240 

451 

79 

52 

180 

250 

100 

6 4 

195 

240 

11 0 

5 3 

305 

385 

4101 

Sol ea -- 
x!E 

65 

147 

260 

57 

3 9 

80 

119 

67 

52 

109 

154 

65 

204 

110 

1528 

Crabs 

10 

85 

4 5 

4 5 

185 

Penaeus - - - -  - 
spp .  

451 

291 

295 

344 

123 

351 

61 3 

210 

117 

472 

852 

244 

185 

505 

594 

282 

188 

572 

64 1 

255 

144 

705 

440 

887 4 

Other F ishes 

942 

502 

595 

440 

195 

509 

895 

376 

351 

490 

1220 

387 

425 

840 

730 

270 

705 

68 0 

535 

300 

252 

680 

1230 

13549 

( a ) ~ l l  f i s h  land ings  a r e  r e p o r t e d  i n  k i lograms.  



TABLE A.3-20 

Locat ion :  Aby K i r  Date: Jan 78 

Dicent: 
Pornatomus ra r c l i us  Pdgrus - Sdrd inc l  - - - - - - l a  
s i l t > t - i i J  -spp. b p p .  Synodont idae SPP. - - - - - - - - 

Sepia Solea 
o f f i c i n a l i s  - 3 ~  - 

t p i  r~cphelu_s I)ip_l_o_dus Sgidenq i u q i _ l  
Date sspp. spp. a l a  spp. Crabs 

9 

10 

11 

12  

13 970 

14 420 

15 1370 

16 690 

1 7  30 

18 

19 

20 

2 1 

2 2 

2 3 290 

2 4 

25 

2 6 

2 7 

23 

29 190 

3 0 10 

3 1 2 0 

TOTAL 4080 

r i % l i r h l a n d i n g s  a r e  r epo r t ed  i n  k i  1 ogramr . 



Penaeus Lo1 ea 
D I  spp. Crabs -spe, 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1 

2 2 

2 3 

24 

2 5 

2 6  

2 7 

28 

29 

TOTAL 

S a r d i n e l l a  
s pp. 

200 

41 0 

610 

TABLE A.3-21 

FISH LANDINGS(~) 

L o c a t i o n :  Abu K i r  Da te :  Feb 78 

ki_c_en- Poma- 
Paorus -- t r a t c h u s  - - tontus Sgarus 

Synodont idae srp. Ovatus s a l  t a t r i ~  aura tus  
Sc i aena  

a q u i  l a  

20 

6 5  

80 

35 

200 

M u l l u s  -- 
3p. 

6(10 

2!,5 

2E 0 

1 5  

413 

100 

3; 0 

360 

51 0 

220 

6 0 

11 0 

145 

480 

233 

467 

3 5 

135 

6 10 

315 

5,752 

Ep inephe l  us 
S P P .  - 

210 

Other  F ishes  

1300 

595 

57 5 

495 

1045 

225 

( " ~ 1 1  f i s h  l a n d i n g s  a r e  r e p o r t e d  i n  k i l o g r a m s .  



TABLE A.3-22 

Locat ion :  Abu K i r  Date: Mar 78 

E_pi_nephelus D ip lodus M t ~ l  l ! ~  >*end 
 ate - spp. spp. spo. a q u i E  

TOTAL 912 735 3095 8 5 

Mug fl_ -- 
X ?  

15 

15 

SPPLUI 
aura t us  -- 

205 

80 

65 

115 

340 

210 

407 

165 

320 

200 

9 5 

95 

216 

85 
85 

140 

281 7 

PB- pic_e_n- 
tomus t r a r c h u s  Pagrus . - - - - - - - S a r d i i i e l l a  
sa l  t a t r i x  spp. spp. Synodont idae spp. 

S w i a  
o f f i c i n a l  i s  

245 

55 

160 

170 

250 

170 

425 

145 

150 

125 

135 

100 

35 

100 

6 5 
4 0 

40 

10 

2 0 

2440 

So 1 ea 

3% Crabs 

1.55 - 
35 - 
50 - 

- 

30 - 
39 15 

235 20 

15 - 

35 - 
10 

5 5 30 

30 - 

1;o - 
30 - 
18 - 

3 0 

1CS7 105 

Pe~iaeus 
spp. 

290 

164 

180 

150 

360 

290 

585 

165 

249 

170 

160 

110 

120 

21 0 

100 

9 3 

1020 

165 

30 

35 

4636 

Other F ishes -. . . - 

950 

280 

210 

300 

900 

67 5 

1510 

490 

869 

335 

5 05 

3 30 

745 

4 90 

170 

245 

30 

1685 

225 

7 5 

155 

11170 

( d l ~ l  1 f i s h  land ings  a r e  repor ted  i n  k i lograms.  



TABLE A.3-23 

Locat ion:  Abu K i r  Date: Apr 78 
Poma- I)icen- -- -- 
t o rus  t r a r chus  Pagrus Sardine1 l a  - Sepia :O_~A 

s m r i x  SPP. SPP. Synodontidae SPP. o f f i c i n a l i s  spp. 
Epinephelus Diplodus Mu1 l u s  Mupi 1 Sparus --- 

Date ---'JPV-.- SPP. sp?. SPP. aura tus  
Sc i aena 
aoui 1 a 

Penaeus 
spp. Crabs 

85 

15 

5 

Other Fishes 

45 

490 

275 

990 

560 

22 5 

1290 

685 

1265 

368 

, 1330 

1750 

1145 

792 

740 

6 35 

91 5 

775 

5 35 

415 

2170 

485 

1690 

325 

4 5 

457 

91 5 

880 

7 5 

620 

23087 

1 

2 

3 

4 

5 

6 

7 

8 6 0 

9 80 

10 

11 195 

12 80 

13 320 

14 

15 2 0 

16 9 5 

17 

18 320 

19 

2 0 8 5 

2 1 190 

2 2 115 

2 3 4 20 

24 

2 5 

26 2 50 

2 7 340 

28 940 

29 

30 61 0 

3 1 

TOTAL 41 20 
. . . - - - - -- - -- 

(')a1 1 f i s n  lanoings a re  repo r ted  i n  ! . i l o y r a ~ ~ ~ s  



TABLE A.3-24 

Q.j"e;heI us Diplodus Mu1 1 us Mug_il- Sparus 
0% S .  - spp. SPP. ~ p p .  a i r a t u s  

1 20 

2 

3 

4 550 

5 

6 31 5 

7 66 

8 990 

9 605 

10 

11 440 

12 G30 

I 3  

14 40 

15 3 20 

16 280 

17 3 35 

18 135 

19 117 

2 0 

2 1 

2 2 4 5 

23 20 

24 125 

25 

26 50  

2 7 75 

2 8 

2 9 - 
30 300 

3 1 375 

TOTAL 5813 

Poma - 
tonus 

s_a.fid_t r 

Locat ion: A b u K i r  Date: H a y 7 8  

!:$;4hus Paqrus S a r d i n e l l a  -- 
!! -- a Svnodontidpe sPP. 

25 5 60 

135 

7 5 2 5 

70 41 5 

75 220 

20 440 835 

1 40 20 
- 120 

230 230 
- 31 5 1180 

90 135 40 

91 1M 
- 465 

245 

40 

7 5 335 

75 35 285 370 230 

36 1 75 
- 181 572 75 

275 90 

15 165 365 

15 125 740 

175 4 5 

I 0 5  90  410 

120 540 460 

365 2 30 

25 345 81 5 

455 330 

150 90 265 

435 320 550 

220 195 

90 35 2754 7627 7105 

Sepia Solea -- 
o f f i c i n a l  i s  SPP. 

109 149 

54 15 

80 11 

82 8 3 

5 5 

50 2 5 

20 23 

40 35 

50 95 

7 2 182 

25 60 

1 30 65 

134 I 1 0  

49 125 

60 29 

277 158 

125 75 

€90 70 

138 31 4 

30 60  

62 90 

49 157 

10 2 0 

89 80 

10 40 

77 210 

73 170 

115 260 

45 7 0 

9 0 200 

42 120 

2247 3147 

Crab: - 

25 

8 5 

90 

15 

27 

105 

3 5 

18 

39 

112 

100 

45 

10 

223 

115 

40 

7 2 
- 
45 

137 

1338 

Sciaena 
i?quila 

40 

4 5 

200 

loo 

35 

180 

70 

45 

46 

75 

60 

890 

Penaeus -- 
-_SIP?- - 

482 

240 

7 5 

892 

372 

895 

188 

375 

525 

72 9 

335 

3 50 

1065 

652 

52 

610 

610 

395 

1716 

39 5 

475 

532 

115 

44 5 

215 

1295 

960 

1320 

480 

930 

555 

18275 

Other f i  she? 

685 

185 

205 

1195 

475 

1170 

89 5 

804 

7 30 

582 

720 

1055 

1000 
550 

550 

1214 

1125 

583 

1409 

830 

545 

665 

685 

682 

420 

1040 

629 

965 

590 

1330 

7 56 

24269 

( a )  A l l  f i s h  land ings a re  repor ted i n  ki lograms. 



TABLE A. 3-25 

FISH LANOINGS'~) 

Locat ion:  A b u K i r  Date: J u n 7 8  

Poma- Fen- 
t0111us t r a r c *us  Paqrus Sard inc l  l a  
sa l  t a t r i x  spp. spp. Synodontidae SpP. 

S e ~ i a  - 
o f f i c i n a l i s  

t:pi nephelus Dfi!_o_duy M u ! k  Sckmm 
Date spp. sargus spp. a q u i l a  - 

Sparvs 
auratus 

Penaeus 
spp . 

Sol ea - 
spp. , Other Fishes 

100 185 1  

2  

3  

4  

5  

6  

7  

8  

9 

7 10 
CD 
m 11 

12 

13 

14 

15 

16 

17 

18 

19 

2  0  

2  1  

22 

23 

24 

25 

2  6  

2  7  

28 

29 

30 

TOTAL 

L a ) ~ l l  f i s h  land ings are  repor ted i n  k i lograms.  



TABLE A.3-26 

L o c a t i o n :  Abu K i r  Date: J u l y  78 

PO%- 
Efinghhelus D.l_dy~ Luy_ul gag& tornus Spa r u s  

Oate s p p . - _  spp. - spp. spo. spp. SPO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  

11 

12 

13 

14 

15 

16 

17 

18 

19  

20 

2 1 

2 2 

23 

2 4 

2 5 

2 6 

2 7 

28 

29 

30 

3 1 

TOTAL 

Paqrus -- 
SCD. 

145 

60 

115 

41 5 

160 

190 

14 

97 

1 00 

140 

10 

10 

15 

75 

3 00 

35 

75 

35 

14 

65 

Sardine1 l a  -- 
spp. 

Sepia Solea 
spa. SPP. 

92 127 

17 7 0 

6 0 

41 120 

71 150 

420 

159 287 

Crabs 

116 

119 

Penaeus 
spp. Other  F ishes  

795 755 

445 305 

155 360 

740 1650 

1070 1885 

1990 1765 

161 6 1869 

1200 630 

400 1555 

530 700 

1385 1470 

550 6090 

1020 1104 

1170 1275 

240 6 50 

1085 1275 

205 280 

740 770 

987 875 

935 9773 

1100 64 5 

955 957 

--- 
'T~ll f i s h  l a n d i n g s  a r e  r e p o r t e d  i~ k i lograms.  



TABLE A.3-27 

FISH  LANDING^(^) 

Location: Maadiya Date: Sep 77 

Di cen- Di cen- 
Atherina Sparus Merl uccius ti%Thus E h u s  Mu1 1 us Penaeus Sardi ne l  1 a Saurus S e p i a  a Sphyraena T o r p e d ~ ~ r ~ _ ~ _ h ~ ~ ~ r ~ _ ~ _  T r i g l a  0ttlc.,- 

Date hoyeri  auratus Crabs merluccius ovatus ,punctafa spp. spp. spp . a l t a n t i c u s  o f f i c i n a l i s  spp. sphyraeerla spp. lepturus spp. fisrlt 

6 3 0 50 150 160 2000 6 0 150 130 60 7 0 19C 

16 60 15 65 4 0 35 90 100 100 6 5 50 3 0 40 2 6 3 0 5 0 

2 0 30 10 5 0 50 200 80 2 50 50 2 0 10 2 0 120 

TOTAL 90 55 115 50 90 235 320 51 0 21 00 6 0 265 200 100 40 4 6 100 400 

Penaeus Sparus Sc i aena Sol ea - - !,ardinel l a  Atherina Sphyraena Sepia Mullus Boops Mer lucc iur  Torpedo Date spp. auratus spp. Crabs : spp. 
-- 

boyer i  Ghyraena offlcinalis Scornberesox - boops mer~ucc ius  sop. Other Fish? 

9 750 300 600 30 150 120 4 0 50 200 4 50 300 

16 150 70 50 300 3 0 120 270 3 0 170 

23 300 40 120 80 10 6 0 15 160 100 3 0 20 2 00 

TOTAL 1200 41 0 600 200 530 130 100 95 480 4 50 370 30 3 0 2 0 670 

'a'~ll f i s h  landings are reported i n  kilograms. 

BEST AVAILABL E COPY 



TABLE A.3-28 

Locat ion :  Maadiya Date: Nov 77 

Qi cent rarchus 
Penaeus -- Mul lus  Solea Sa rd ine l l a  Sparus Sepia Torpedo ovatus S~hy raena  Scorpaena Gobius Muqi 1 Diplndus Teu th i s  
spp. Crabs spp. spp. spp. aura tus  L5I.X- spp. sphyraena Spp. SOD.. sop. spp sigana Other F i s h 5  

3 300 150 160 140 380 4 0 20 15 3 0 3 0 2 0 4 0 15 10 7 0 

7 350 180 170 160 350 15 15 2 0 15 10 10 10 100 

10 50 70 40 100 2 0 3 0 80 10 15 30 40 15 80 

17 125 130 110 9 0 180 170 160 6 0 3 0 30 100 

2 9 500 150 - 9 0 100 7 0 4 0 20 15 4 0 70 

TOTAL 1325 680 480 580 1030 325 31 5 65 7 5 130 30 70 110 15 j 5 420 

Penaeus Mu1 1 us Sepia Solea 
spp. Crabs spp s o f T E i ~ l i s  

4 360 200 140 40 130 110 

12 170 90 160 4 0 130 70 

20 350 100 120 50 150 80 

28 

TOTAL 880 390 420 130 41 0 2 60 

Locat ion :  Flaadiya Date: Dec 77 

D icent rarchus -- 
Teuth i s  Porrlatolnus S a r d i i e l l a  - 
sigana s a l t a t r i x  spp. 

(al~i :h l and ings  a re  repor ted  i n  k i lograms. 

BEST AVAILABLE COPY 



TABLE A. 3-29 

FISH LANDI.IGS(~) 

Locat ion: Maadiya Date: Jan 78 

Penaeus Mul lus Solea Sepia -- Soarus Torpedo - Gobius - Sciaena Merluccius T r i ch iu rus  %Lh~rE ! !&  T r i o l a  Sardinej la_ Trvc?on 
s . spp. spp o f f l c l na l i s  Crabs auratus spp. spp. -m I G T E S ~ X  leptur irs sphyraena spp. zpp. Cppp. !&XL!?sh?i Date 7 - 

29 250 80 80 50 120 1 00 150 90 

TOTAL 250 280 410 310 140 320 410 335 280 

Locat ion: Maadiya Date: Feb 78 

9 60 15 15 4 5 3 0 

12 600 300 150 150 1 00 150 83 15 50 60 30 

27 7 00 100 150 90 80 40 60 3 3 60 20 20 

TOTAL 1363 41 5 31 5 240 225 190 90 11 3 7 5 7 0 60 ; 20 

Locat ion: Maadiya Date: Mar 78 

ni  centrarchus 
Penaeus Sepia Sparus Solea frachinus Oblada Sphyraena ovatus Gobius 4 ther ina Tor!!?? c i ~ n ! ?  ' ' 3 n f i k  &!?!?_barus Bnr;ps Other 

Date spp. Crabs o f f i c i n a l i s  a u r a t u i  spp. . draco melanura sphyraena spp. Spp. boyel-i spp. aqu i l a  l~ormyrus spp. ooops f ishes 
- 

6 320 120 90 80 3 0 20 15 60 

8 350 110 160 70 50 60 80 40 135 

16 700 100 6 0 80 70 - 100 20 20 30 20 10 253 

2 6 60 100 150 10 - 10 10 20 :O 

30 450 90 2 0 40 - 4 0 130 

TOTAL 1880 520 480 230 120 80 20 15 7 0 180 a0 30 2 0 50 2 0 1 lj 530 

I a ) ~ i s h  landings are repor ted i n  ki lograms. 



TABLE A.3-30 

FISH LANDINGS(~) . 

Locat ion :  Maadiya Date: Apr 78 

10 600 320 300 150 160 100 4 0 20 20 20 160 200 ; 00 6 0 2 30 

19 800 80 180 200 50 120 60 3 0 30 4 00 100 20 10 300 

23 300 5 0 80 100 20 30 40 6 0 10 15 10 - 6 0 120 

2 5 

TOTAL 1700 450 560 450 230 250 140 110 60 3 5 10 560 160 ;20 10 6 0 650 

Locat ion :  rtaadiya Date: May 78 

Penaeus Sciaena Ather ina  Snlea Seoia Gobius Sparus T r i g l a  Teu tb i s  Saurus 
&& spp. Crabs boye r i  spp. o f f F 5 C a l i s  spp. auratus  spp. s igana a t l a n t i c u s  - -- 

10 500 40 2 0 30 10 2 0 2 0 30 7 0 10 

17 400 40 - 2 0 30 30 100 50 

25 1350 30 100 25 3 0 3 0 10 90 

3 1 400 30 10 2 0 

TOTAL 2650 110 2 0 180 65 60 80 40 280 10 50 

n i  c ~ n -  
Tornedo t r a 6 c h u ~  Paqel 111s 3hyraen-a_ 1: j n o n  

spp. spp. nlormyrus s p h y r a e ~ ~ d  g p -  ~ h g ~ f ~ ~ h ~ >  

( a ' ~ l l  f i s h  l and ings  a re  r epo r t ed  i n  k i lograms 

BEST AVAILABLE COPY 



Date 

8 

2 1 

2 9 

TOTAL 

Date 

6 

TOTAL 

TABLE A. 3-31 

FISH LANDINGS(~) 

Locat ion :  Maadiya Date: Jun 78 

Penaeus Ather ina  Sohyraena !.lullus Boops Paqel -- l u s  Dicent rarchus Sciaena Solea T r i c h i u r u s  Sepia Sardine1 l a  Saur'us O i f l ~ r  
spp. boye r l  sphyraena ipp .  boops Cp& mormyrus spp. ac)ui la spp. l e p t u r u ~  o ' f l c l n d l l s  spp. a t l a n t i c d s  F is res  

GOO 500 320 100 80 4 0 30 2 0 20 10 10 10 10 10 LL;I  

30 2 0 61, 

300 40 70 30 15 10 50 32 L 10 

930 560 390 100 80 7 0 30 3 5 20 2 0 10 10 6 0 4 0 500 

Locat ion :  Maadiya Date: J u l y  78 
Sepia Sciana Dicent rarc : ius  Sphryaema Sparus T r i g 1  a Torpedo Dicent rarchus Paoel l u s  Other Penaeus Ather ina  -- 

boye r i  Solea SPP. Crabs spp. son. SPP. snp. ovatus - spp. spo. ;byqon sDn ounr ta ta  s fin. 
spp. -- - Fishes ----- - 

( a ) ~ l l  f i s h  land ings  a re  r epo r t ed  i n  k i lograns.  
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SECTION A.4 

ANALYSES OF FOULING ORGANISMS 

Organisms Col l e c t e d  From Buoy and Chain 

Date: 20 March 1978 

Loca t i on :  I n n e r  c u r r e n t  meter buoy, 2 km o f f  

Anfushi a t  L a t i t u d e  31" 13 '  34", 

Longi tude 29' 52 ' 11". 

Sample 1, Scraped from t h e  buoy i t s e l f .  

F l o ra :  

Green P.1 ~ a e :  

U lva  Lactuca 

Faun a : 
-. 

Crus tacea : 

Leoas sp. - 
Satrple 2, Scraped from t h e  cha in  of t he  buoy, 4 m below t h e  su r f ace  

o f  the  water .  

F l o r a :  N i l  --- 

Fauna : 

Crustacea: C i  r r i o e d i a  

Lepas sp. 

Sam?le 3, Scraped  fro^ t he  cha in  a t  8 t o  13 n devth.  

F l o r a :  Pili 1 -- 

Fauna : - 
t!yc!roidae : 

T u b u l a r i a  so. 



Sanole 4., Scraped from the cClain a t  20 n d e ~ t h  -- 

F l o r a :  N i l  

Fauna : 

t:ydroi dae: 

T u b u l a r i n  so. 

Sample 5 ,  Scraped f r o a  t he  end of  the  cha in  a t  t h e  bottom, a t  22 KI de?th.  

There was n e i t h e r  f l o r a  n o r  fauna. 

Organisms C o l l e c t e d  From Submerged Panels 

Date: Panels submerged on 20 March 1978 

Loca t ion :  I n n e r  c u r r e n t  meter buoy, 2  km o f f  

Anfushi a t  L a t i t u d e  31" 13'  34", 

Longi tude 29" 52 '  11". 

Panel 1, a t  0.5 m de?th. The we iah t  o f  t he  f o u l i n a  a t tached  \#/as 2 Vm. On 

t he  f i r s t  su r f ace  of t h e  panel ,  40 percen t  o f  t h e  srea was covered w i t h  a  

t h i n  f i l m  o f  green algae, and 20 nercen t  was c o v e r ~ d  w i t h  hroe:n a lqac;  i n  

a d d i t i o n ,  t h e r e  were dense co lon ies  of Hydroidae on the  algae. 

F l o r a :  

Green a1 gae: 

Chaetomorpha sp. 

Brown a lgae:  

40% o f  t h e  area 

30% o f  the  area 

Fauna : 

Hydro i  dae : 

H y d r a c t i n i a  echinatum dense ( co l on ies  
'1 mm l ong )  

Tubul a r i  a  1  arynx 2  co l on ies  (up 
t o  10 mm l o n g )  

On the second surface o f  Panel 1, twen ty  percen t  o f  t he  area was covered 

w i t h  d ispersed  green algae, l e s s  dense than on t h e  f i r s t  su r face .  



F lo ra :  

Green a lgae 20% o f  t h e  area 

Fauna : 

Crustacea 

Cap re l l a  sp. 4  i n d i v i d u a l s  

Panel 2, a t  1.5 m depth. The we igh t  o f  t he  f o u l i n g  a t tached  t o  t h e  panel  was 

1  gm. On bo th  su r faces  o n l y  brown a lgae were found as a  t h i n  f i l m  cove r i ng  

20 percent  of each sur face .  

Panel. The we igh t  o f  t h e  f o u l i n g  a t t ached  t o  t h e  panel was 

l e s s  than 1  gm. The f o l l o w i n g  was found on t h e  f i r s t  su r f ace :  

F l o r a :  

Green a lgae 15% of  t h e  area ( t h i n  f i l m )  

Fauna: 

Hydro i  dae : 

Tubul a r i  a  1  arynx 2  co l on ies  

On the  second su r f ace  was found: 

F l o r a :  

Brown a lgae 50% o f  t h e  area 

(d ispersed  t h i n  1  aye r )  

Fauna: N i l  

Panel 4, a t  5.5 m depth. The we igh t  o f  t h e  f o u l i n g  a t tached  t o  t h e  panel 

was 9 gm. On t h e  f i r s t  su r face ,  75 percen t  of t h e  area was covered w i t h  

Hydroidae, and t h e r e  were a  few Amphi pod tubes. 

F l o ra :  r l i l  

Fauna: 

Hydroidae: 

Laomedea f l exuosa  Common 

Campanul a r i  a  v e r t i  c i  1  l a t a  Few growing on 
Amphi pod tubes 

T u b u l a r i a  mesembryantheum 1  co lony  (35 mm l o n g )  
5% o f  t h e  area 

T u b u l a r i  a  1  arynx 

Crustacea: 

Amphipod tubes 

1  co lony  (21.5 mm l ong )  

15 tubes 



E i g h t y  p e r c e n t  o f  t h e  area o f  t h e  second s u r f a c e  o f  Panel 4  was covered w i t h  

Hydroidae.  Twenty p e r c e n t  o f  t h e  s ~ ~ r f a c e  has d i s p e r s e d  p a t t e r n s  o f  Amphipod 

tubes.  

F l o r a :  N i l  

Fauna: 

Hydro i  dae : 

Tubul a r i  a  l a r y n x  1  c o l o n y  

Campanul a r i a  v e r t i c i  11 a t a  Common 

Laomedea f l exuosa  Common 

Obel i a gen i  c u l  a t a  Common 

Crustacea: 

Amphipod tubes  54 tubes  

Panel 5, a t  6.5 m depth.  The w e i g h t  o f  t h e  f o u l i n g  a t t a c h e d  t o  t h e  panel  

was 3.5 gm. On t h e  f i r s t  sur face:  

F l o r a :  N i l  

Fauna : 

Hydro i  dae 

Crustacea: 
Amphi pod tubes 

On t h e  second s u r f a c e :  

F l o r a :  N i l  

Fauna : 

Hydro i  dae 

90% o f  t h e  a rea  

2 tubes  

65% of  t h e  a rea  

Panel 6, a t  7.5 m depth .  The w e i g h t  o f  t h e  f o u l i n g  a t t a c h e d  t o  t h e  pane l  

was l e s s  than 1  gm. 

On t h e  f i r s t  s u r f a c e :  

F l  o r a  : 

Brown a lgae:  75% o f  t h e  area 
(Very  t h i n  f i l m )  

Fauna: N i l  



On t h e  second su r face :  

F l o r a :  

Brown a lqae  

Fauna: 

Crus tacea  : 

Amphipod t u b e  

75% o f  t h e  a rea  

1  t u b e  

Panel 7, a t  10.5 m  depth.  The w e i g h t  of t h e  f o u l i n a  a t t a c h e d  t o  t h e  pane l  

was 1  gm. On t h e  f i r s t  sur face,  95 p e r c e n t  of  t h e  area was covered w i t h  a  

t h i n  f i l m  o f  d e t r i t u s ;  i n  a d d i t i o n ,  t h e r e  was one C a p r e l l a  sp. 

On t h e  second s u r f a c e  100 e p r c e n t  of t h e  a rea  was covered w i t h  d e t r i t u s ;  

i n  a d d i t i o n ,  t h e r e  was on T u b u l a r i a  Larynx.  

T h i s  exper iment  i n d i c a t e s  t h a t  t h e  dep th  of maximum r a t e  of q rowth  o f  f o u l i n g  

organisms i s  5.5 m, i n  t h e  a rea  i n v e s t i g a t e d .  
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SUBCON'TRACTOR AND F I E L D  EQUIPMENT 



APPENDIX B  

SUBCONTRACTOR AND FIELD EQUIPMENT 

Subcon t rac to r  

Ocean Surveys, Inc . ,  o f  O l d  Saybrook, CT, USA, were r e t a i n e d  as sub- 
c o n t r a c t o r s  t o  CDM t o  under take  f i e l d  o p e r a t i o n s .  OSI s u p p l i e d  n e a r l y  
a l l  t h e  f i e l d  equipment, e i t h e r  i m p o r t i n g  i t  f r o m  t h e  USA o r  buy ing  o r  
b u i l d i n g  i t  i n  A lexandr ia .  OSI a l s o  s u p p l i e d  e x p a t r i a t e  personnel  t o  
conduct  day-to-day o p e r a t i o n s  a t  sea. OSI were r e s p o n s i b l e  f o r  a n a l y s i s  
and i n t e r p r e t a t i o n  o f  t h e  geophys ica l  data .  CDM r e t a i n e d  r e s p o n s i b i l i t y  
f o r  o v e r a l l  and d e t a i l e d  p l a n n i n g  o f  f i e l d  o p e r a t i o n s ,  and f o r  r e d u c t i o n ,  
a n a l y s i s ,  i n t e r p r e t a t i o n ,  and e n g i n e e r i n g  a p p l i c a t i o n  o f  a l l  da ta  excep t  
f o r  t h e  geophys ica l  s t u d i e s .  

Boats 

For  a l l  oceanographic work, d iese l -powered h a r b o r  tugboats ,  14 t o  16 m 
long ,  were c h a r t e r e d  f rom Mohamed Abdel A z i z  Mohamed General S e r v i c e s  Co., 
5 E l  Nasr S t r e e t ,  A l e x a n d r i a .  The boa t  most f r e q u e n t l y  used, "Gamil y a  
Naby," was equipped w i t h  a  winch and l i f t i n g  boom t h a t  was used f o r  
d e p l o y i n g  buoys and anchors.  From t i m e  t o  t ime,  ano ther  t u g  p r o v i d i n g  a  
good work ing  c a b i n  b u t  no l i f t i n g  gear  was used i n s t e a d  o f ,  o r  i n  a d d i t i o n  
t o ,  t h e  "Gamil y a  Naby". 

An Avon Sportsman i n f l a t a b l e  r u b b e r  r a f t  w i t h  a  30-hp outboard moto r  was 
s u p p l i e d  by t h e  s u b c o n t r a c t o r .  It was used p r - i m a r i l y  as a  d i v i n g  p l a t -  
fo rm t o  f a c i l i t a t e  d i v e r s '  e n t r y  t o  and r e t u r n  f r o m  t h e  wa te r .  

Bottom Core Sampler 

Ocean bot tom cores  were o b t a i n e d  w i t h  a  Benthos g r a v i t y - c o r e  sampler, 
shown i n  a  ske tch  on F i g u r e  B-1. The o v e r a l l  l e n g t h  was 3  111. The 89 mm 
O.D. c o r e  tube, w i t h  a  66 mm I .D. p l a s t i c  tube i n s e r t ,  was 1.80 m long .  
Wi th  i t s  l e a d  we igh ts ,  t h e  mass o f  t h e  c o r e  was approx ' i~ i i a te l y  143 kg. 
The c u t t e r  a t  t h e  head o f  t h e  co re  tube was r i n g e d  on t h e  i n s i d e  w i t h  
spr)pg s t e e l  f l a p s  t o  h e l p  r e t a i n  t h e  s o i l  sample d r i v e n  i n s i d e .  

When deployed, t h e  c o r e r  was a l l o w e d  t o  f a l l  f r e e l y  f r o m  t h e  water  s u r -  
face t o  t h e  bot tom. A f t e r  recovery ,  t h e  p l a s t i c  t u b e  i n s e r t  was c u t  t o  
t h e  l e n g t h  o f  t h e  sample r e t a i n e d ,  sea led a t  t h e  ends, and k e p t  f o r  l a b -  
r a t o r y  a n a l y s i s .  



Current Meter Imp1 ants 

Current Meters 

E N D E C O  Type 105 tethered, axial flow, ducted impeller current meters 
were used. Current speed and direction were recorded on 16 mm pho to -  
graphic film using a light-emitting diode. The meter casings were 
of polyvinyl chloride, and suitable for  operation a t  depths of u p  t o  
150 m .  

The meters are designed t o  be neutrally buoyant, and f loa t  with the 
impeller axis horizontal. On-site adjustments of weight and trim t o  
meet local conditions of seawater density are required before in i t i a l  
deployment. The meters ride a t  the end of a rope tether about on m 
1 ong .  

The speed accuracy of the meters i s  + 0.05 m/sec. The direction i s  
accurate t o  + 2 percent when the current speed i s  a t  least  0.025 m/  
sec. Values of di recti  on and ha1 f -hourly average speed were recorded 
every 30 minutes. Film packs were sent t o  E N D E C O  in the US for  pro- 
cessi n g .  ENDECO then sent computer 1 i s t i  ngs of ha1 f -hour1 y time, 
speed, and direction for  each instrument to  CDM in Alexandria. A l l  
subsequent manipulation of the data was done in Alexandria. 

I n  a l l  deployments, two meters were tethered t o  a single vertical 
cable stretched between an anchor on the sea bed and a subsurface 
buoy 8 to  9 m below the surface. The upper meter was tethered a t  
a water depth of about 10m, while the lower meter was tethered a t  
a distance above the bottom equal to one quarter t o  one third the 
water depth. Several modifications to th is  arrangement were used: 

A. Weight anchor, subsurface buoy only (Figure B-Z), with or 
without an addi tonal Danforth anchor. Sonar pinger beacon 
attached. 

B .  Weight anchor, subsurface buoy, and surface buoy with l ight  
and radar reflector connected to  the subsurface buoy by 
a long heavy chain (Figure B-3). 

Weight anchor and subsurface buoy alone on one s t r ing;  and 
a surface buoy with l ight  and radar relector connected by 
a separate cable-and-chain system to a separate weight an- 
chor (Figure 8-4) .  
The two weight anchors were connected by a 35 m long cable. 
A Danforth anchor chained t o  one of the weight anchors was 
set  o u t  to one side to  provide further security against 
movement . 



Mode "A" was t r i e d  f i r s t .  It was thought  t h a t  hav ing  no su r f ace  
buoy would p r o t e c t  t h e  s t r i n g  f rom vandalism, a problem o f t e n  
endured i n  c u r r e n t  meter deployment. However, an a l a r m i n g l y  h i g h  
l o s s  r a t e  f r om  the  imp lan t  s i t e  10  km o f f  S i d i  B i s h r  ( S t a t i o n  1B) 
f o r ced  a r e a p p r a i s a l  o f  t h e  system. 

Apparent ly ,  t r a w l e r s  o p e r a t i n g  i n  t he  area near  S t a t i o n  1B were 
i n n o c e n t l y  engaging t h e  imp lan t s  and d ragg ing  them o f f  s t a t i o n .  
(A meter s t r i n g  p laced  a t  S t a t i o n  10 which s h o r t l y  t h e r e a f t e r  
vanished, and which was recovered and r e t u r n e d  t o  CDM e i g h t  months 
l a t e r  by t h e  Egyp t ian  Navy, had shreds o f  f i s h  n e t t i n g  t ang led  i n  
i t s  cab le .  ) I t  was decided t o  add a l a r g e  l i g h t e d  sur face  buoy 
w i t h  a r a d a r  r e f l e c t o r  t o  warn t r a w l e r s  and merchant s h i p p i n g  o f  
t h e  presence o f  t h e  s t r i n g .  Acco rd i ng l y  Mode "0" was developed and 
used i n  deployments i n  November and December. Mode " C "  was l a t e r  
developed i n  and e f f o r t  t o  produce y e t  g r e a t e r  r e l i a b i l i t y ,  and t o  
e l i m i n a t e  t h e  p o s s i b i l i t y  t h a t  wave a c t i o n  on t h e  su r f ace  buoy would 
be t r ansn i i t t ed  t o  t h e  meter  and a f f e c t  t he  r e c o r d i n g  o f  c u r r e n t  ve l o -  
c i t y .  No t r o u b l e  whatever was exper ienced w i t h  Mode "C"  deployments. 

It should  a l s o  be noted t h a t  w i t h  t h e  Mode "B"  and Mode " C "  deployments, 
n o t i f i c a t i o n  o f  l o c a t i o n  was g i ven  t o  t he  Po r t s  and L ighthouses Author-  
i t y ,  which doub t less  helped sh ipp ing  avo id  t h e  imp lan ts .  'This had 
n o t  been done w i t h  t h e  Mode "A" imp lan ts .  

I n i t i a l l y ,  t h e  meters were se r v i ced  every  month. L a t e r ,  t o  reduce 
t h e  chance of da ta  l o s s  by l o s s  o r  m a l f u n c t i o n  o f  t h e  ins t rument ,  t h e  
s e r v i c i n g  i n t e r v a l  was reduced t o  two weeks. 

Sur face Buoys 

The sur face  buoys were f a b r i c a t e d  l o c a l l y  o f  s t e e l .  They were c y l i n -  
de r s  about 800 mn i n  d iameter  and 1200 mm h igh .  An e a r l y  ve r s i on ,  used 
i n  Mode "0" and shown on F i g u r e  B3-3,had a f l a s h i n g  l i g h t  mounted 300 
t o  400 mn above t h e  mean sea sur face ,  w i t h  a metal  -coated cardboard 
r ada r  r e f l e c t o r  t i e d  t o  a s h o r t  s t e e l  mast. The cardboard r a d a r  r e f -  
l e c t o r s  were q u i c k l y  l o s t ,  p robab ly  due t o  waves b u t  p o s s i b l y  due t o  
vandals.  A l a t e r  ve rs ion ,  used i n  Mode "C"  and shown on F igures  0-4 
and 0-5, c a r r i e d  t h e  l i g h t  much h i ghe r  above t h e  waves, keeping i t  
d r i e r  and i n c r e a s i n g  i t s  v i s i b i l i t y .  The rada r  r e f l e c t o r  was f a b r i -  
ca ted  o f  s t e e l  and welded t o  t h e  l i g h t  s tanch ion .  

Subsurface Buoys 

Subsurface buoy des ign and m a t e r i a l s  were r e g u l a r l y  improved over  t h e  
course o f  t h e  p r o j e c t .  Styrofoam s p h e r i c a l  bouys 600 mm i n  d iamete r  
were used i n i t i a l l y  w i t h  t h e  Mode "A" deployments. They were g e n e r a l l y  
s a t i s f a c t o r y ,  b u t  t h e r e  was some evidence t h a t  t h e  s tyro foam c e l l s  were 
sub jec t  t o  c rush ing  and f l o o d i n g  a t  t he  10 m deployment depth. For  
Mode "B" g r e a t e r  buoyancy was requ i r ed ,  and conven t iona l  s t e e l  o i l  drums 
were used. However, these were s u b j e c t  t o  leakage, and were rep laced  
w i t h  rugged i n f l a t a b l e  p l a s t i c  "Norwegian" subsur face buoys. 



The "Norwegian" buoys were n o t  o n l y  fastened t o  t he  i m p l a n t  system by 
t h e i r  i n t e g r a l  b e l a y i n g  th imb le ,  b u t  a l s o  by a  coarse rope n e t  cover-  
i n g  t he  buoy and bound t o  t he  imp lan t  cab le .  

A t  t he  10 m deployment depth,  where t he  abso lu te  pressure i s  about  
2  atm, t he  buoys were c a r e f u l l y  i n f l a t e d  o n l y  h a l f  f u l l  of a i r ,  so t h a t  
shou ld  they  be r a i s e d  t o  t he  sur face by a c c i d e n t  o r  by vandals t hey  
would n o t  b u r s t  i n  a  p o s s i b l y  f a t a l  exp los i on  due t o  t h e  reduced e x t e r -  
n a l  pressure.  

D isso lved  Oxyaen Meter 

D isso lved  oxygen l e v e l  i n  t he  sea wate r  was measured w i t h  a  Hydro lab 
Model TDO-2 Disso lved Oxygen-Temperature Meter, u s i u g  a  pass ive po l  a ro -  
g raph ic  c e l l  ~ ~ ~ o u n t e d  i n  a  s e l f  c i r c u l a t i n g  underwater sonde. 

The i ns t r umen t  measures d i sso l ved  oxygen from zero  t o  100 percen t  sa tu -  
r a t i o n  i n  two ranges; 0-10 ppm and 0-20 ppm. The ins t rument  measures 
t he  d isso lved-oxygen by p a r t i a l  pressures bu t  t h e  metered ou tpu t  i s  i n  
ppm. The s o l u b i l i t y  o f  oxygen a t  a  g i v e n  temperature i s  a u t o m a t i c a l l y  
taken i n t o  account by t he  i ns t r umen t  so t h a t  ppm can be d i r e c t l y  metered. 
The ins t rument  can be c a l i b r a t e d  us i ng  atmospher ic oxygen o r  Wink ler -  
s tandard ized  oxygen s o l u t i o n .  The accuracy o f  t h e  measurements a r e  + 
2  percen t  o f  t h e  r ead ing  p l u s  0.5 percen t  o f  t h e  range. The response  
t ime i s  10 sec f o r  a  s t ep  change i n  d i s s o l v e d  oxygen concen t ra t i on .  

Drogues 

Each drogue cons i s t ed  of two underwater s a i l s  i n  v e r t i c a l  p lanes i n t e r -  
s e c t i n g  a t  r i g h t  ang les,  each s a i l  measuring 600 mn x  2400 mn (see F i -  
gure 0 -6 ) .  On t h e i r  l ower  edges, t h e  s a i l s  were s e t  on two 2400 mn 
aluminum rods.  On t h e i r  upper edges, t he  s a i l s  were s t i f f e n e d  by fou r  
1100 mn wooden ba t tens .  

S u f f i c i e n t  we igh t  was added t o  make t h e  drogues somewhat n e g a t i v e l y  
buoyant. A t h i n  s t a i n l e s s  s t e e l  cab le  t e t h e r e d  t h e  drogue t o  a  s t y -  
rofoam su r f ace  f l o a t ,  300 mm square and 50 mm t h i c k .  A co lor -coded 
i n d e n t i f i c a t i o n  f l a g  f lew from a  s l ende r  mast on t he  f l o a t .  

Te ther  leng ths  o f  0.5, 2, 4, 8, 16, 24, 32, and 48 m were used. Usua l l y  
fou r  t o  s i x  drogues w i t h v a r y i n g  t e t h e r  leng ths  were deployed s imu l -  
taneous ly ,  a t  approx imate ly  t he  same l o c a t i o n ,  and fo l lowed f o r  f o u r  t o  
s i x  hours.. The l o c a t i o n s  were noted f o r  each drogue every  30 t o  45 
minutes by means o f  t h e  Cubic Autotape n a v i g a t i o n  system. A complete 
l i s t i n g  o f  t h e  drogue da ta  i s  a v a i l a b l e  i n  unpubl ished Memorandum No. 8.  

I t  was sometimes d i f f i c u l t  t o  keep t r a c k  o f  a l l  the  drogues on days when 
seas were rough, and p a r t i c u l a r l y  when drogues tended t q  s c a t t e r  i n  a  
v a r i e t y  of d i r e c t i o n s .  A  program was developed f o r  a  p o r t a b l e  c a l c u l a t o r  
t h a t  was capable o f  p r e d i c t i n g  t h e  l o c a t i o n  i n  terms o f  "Autotape" 



measurements a t  a  g iven t ime based on t he  p r e v i o u s l y  r epo r ted  speed 
and d i r e c t i o n  o f  the  drogue. Th i s  program was s u c c e s s f u l l y  used t o  
l o c a t e  d i f f i c u l t - t o - f o l l o w  drogues based on p rev ious  p o s i t i o n s ,  and 
decreased t he  o v e r a l l  l o s s  of drogues d u r i n g  the p r o j e c t .  

Fathometer 

Bathymetry (bottom p r o f i l e )  da ta  were gathered u s i n g  a  Raytheon Model 
DE-719 Fathometer, a  p o r t a b l e  s o l i d  s t a t e  ins t rument .  A t ransducer  
was mounted on 6 - f o o t  s e c t i o n a l  tube, t h a t  \alas ~nounted over  t h e  s i d e  
o f  t h e  boat.  The t ransducer  p ro j ec ted  an 8" beam a t  534 soundings per  
minute.  Depth sounding range up t o  410 f t  (125 m) was p o s s i b l e  us ing  
the  range doub l i ng  sw i tch .  

The bottom p r o f i l e  was recorded on a  cont inous paper s t r i p .  Ho r i zon ta l  
c o n t r o l  o f  t he  bottom p r o f i l i n g  was ma in ta ined  by reco rd ing  events  on 
t h e  p r o f i l e  paper and reco rd ing  even t  p o s i t i o n  w i t h  t h e  Autotape n a v i -  
g a t i o n  system. 

F l  uorometer 

A Turner  Model 10 Ser ies  Fluorometer was used t o  d e t e c t  dye concentra-  
t i o n s  d u r i n g  s tud ies  o f  t he  e x i s t i n g  o u t f a l l  and d i l u t i o n  s tud ies .  The 
f luorometer  i s  a  s o l i d  s t a t e  f i e l d  ins t rument  measuring concen t ra t i ons  
about 13 t imes pe r  second. Inst rument  s e n s i t i v i t y  i s  t o  w i t h i n  10 p a r t s  
pe r  10 12 us ing  Rhodamine B  dye w h i l e  t he  l i n e a r  p r e c i s i o n  i s  f_ 1 read-  
ab le  t o  0.5 percen t  o f  f u l l  sca le .  A range sca le  m u l t i p i l e r  can inc rease  
sca le  s e n s i t i v i t y  t o  a  maximum o f  100 t imes.  

Ho r i zon ta l  Cont ro l  

For  convenience, a  r ec tangu la r  coord ian te  system w i t h  i t s  o r i g i n  a t  the  
nor thwest  t u r r e t  o f  K a i t  Bey F o r t  was, w i t h  ve ry  few except ions,  used 
throughout  the  p r o j e c t .  The o r i g i n  o f  t h i s  system i s  a t  31" 12 '  48" N 
La t i t ude ,  29" 53'  05" E Longitude, and i s  945 115 m N, 508 625 m E of 
the  o r i g i n  of t h e  coo rd ina te  system used by t h e  Egyp t ian  Government 
Mapping Serv ice.  

A cub ic  I n d u s t i a l  Corpora t ion  Model DM 40 A "Autotape" system was used 
f o r  most o f  t he  n a v i g a t i o n  requ i red  f o r  t h e  p r o j e c t .  Th i s  system u t i l i z e s  
microwave phase comparison between a  sh ipboard i n t e r r o g a t o r  and two on- 
shore responders t o  p rov ide  d is tances  between t he  vessel  and shore u n i t s .  
The "Autotape" system has a  range o f  over  50 k i l ome te rs  and i s  accura te  
t o  w i t h i n  1  meter. Distances a re  d i g i t a l l y  d i sp layed  on an e l e c t r o n i c  
panel on board t he  boat  and updated a t  1  second i n t e r v a l s .  The system 
proved t o  be p r a c t i c a l  and accurate,  w i t h  ve ry  few problems o t h e r  than  
minor  b a t t e r y  and antenna deployment t r oub les .  



For  work on t h e  K a i t  Bey, Ramleh, and Abu K i r  a1 ignments,  t h e  onshore 
responders  were a t  t h e  n o r t h w e s t  t u r r e t  o f  F o r t  K a i t  Bey and on t h e  
ba lcony  of  a  seas ide r e s i d e n c e  i n  Lauren t ,  n i n e  km t o  t h e  n o r t h e a s t  
( " F r e n c h ' s  Apar tment" ) .  Fo r  work on t h e  Agamy a1 ignment,  t h e  respon- 
de rs  were a t  t h e  Agamy Palace H o t e l  and ( i n  t h e  e a r l y  months) on t h e  
beach seven km t o  t h e  southwest,  o r  ( i n  t h e  l a t t e r  months) a t  t h e  
n o r t h w e s t  t u r r e t  o f  K a i t  Bey F o r t .  Fo r  drogue s t u d i e s  i n  Abu K i r  Bay, 
t h e  responders  were s e t  up a t  t h e  Coasta l  E r o s i o n  S t a t i o n  i n  Abu K i r  
V i l l a g e  and a t  t h e  Arab M a r i t i m e  T r a n s p o r t  Academy i n  E l  Tarh.  The 
l o c a t i o n s  of  t h e s e  s t a t i o n s  a r e  shown i n  T a b l e  B-1. 

Fo r  sampl ing t h a t  d i d  n o t  r e q u i r e  t h e  degree o f  p r e c i s i o n  p r o v i d e d  by  
t h e  "Auto tape"  system, a  h o r i z o n t a l  s e x t a n t  was used t o  measure ang les  
subtended by p a i r s  of landmarks.  The l o c a t i o n s  o f  some of t h e s e  l a n d -  
marks i s  g i v e n  i n  Tab le  6-1. 

A l s o  shown i n  T a b l e  6-1 a r e  t h e  nominal  l o c a t i o n s  of t h e  sampl ing s t a -  
t i o n s  and c u r r e n t  me te r  s i t e s  r e g u l a r l y  used, i n  te rms o f  Range 1  and 
Range 2  ( d i s t a n c e s ,  u s u a l l y ,  from "F rench 's  Apar tment"  and K a i t  Bey 
F o r t ,  r e s p e c t i v e l y ) ,  t h e  E g y p t i a n  N a t i o n a l  G r i d  System, t h e  CDM sys-  
tem c e n t e r e d  on K a i t  Bey F o r t ,  and L a t i t u d e / L o n g i t u d e .  

A  program developed f o r  a  Hewlet t -Packard HP-97 programmable c a l c u -  
l a t o r  was used t o  c o n v e r t  t h e  Range 1  and Range 2  d i s t a n c e s  t o  r e c -  
t a n g u l a r  c o o r d i n a t e s .  Given t h e  l o c a t i o n  c o o r d i n a t e s  o f  t h e  a p p r o p r i -  
a t e  p a i r  of Auto tape onshore responder  s i t e s ,  and g i v e n  t h e  " R l "  and 
"R2" d i s t a n c e s  f r o m  t h e  s h i p  t o  t h e  two responders,  t h i s  program 
would  compute t h e  survey s h i p ' s  l o c a t i o n  i n  t h e  r e c t a n g u l a r  c o o r d i n a t e  
system. 

For  drogue s t u d i e s ,  t h e  c l o c k  t i m e  as w e l l  as t h e  " R l "  and "R2" d i s -  
tances was e n t e r e d  f o r  each drogue p o s i t i o n .  Not o n l y  t h e  n o r t h  and 
e a s t  c o o r d i n a t e s  o f  t h e  drogue p o s i t i o n ,  b u t  a l s o  t h e  average speed 
and d i r e c t i o n  o f  t h e  drogue f rom i t s  i m n e d i a t e l y  p reced ing  p o s i t i o n ,  
would be c a l c u l a t e d .  

Sa l i nomete rs  

Two i n s t r u m e n t s  were used. A  Hydro lab  TC-2 c o n d u c t i v i t y - t e m p e r a t u r e  
meter  was used f rom J u l y  th rough  December 1977, and a  Beckman RS5-3 
i n d u c t i o n  s a l i n o m e t e r  was used t h e r e a f t e r .  

The Hydro lab i n s t r u m e n t  c o n s i s t e d  o f  a  remote c o n d u c t i v i t y  probe, 
about  80 m o f  c a b l e  and a  box f o r  t h e  e l e c t r o n i c s  and d i s p l a y  d i a l .  
The i n s t r u m e n t  was u l t i m a t e l y  r e j e c t e d  because o f  i n s u f f i c i e n t  c o n t r o l  
o v e r  c a l i b r a t i o n  d r i f t  and because o f  r e s o l u t i o n  o f  r e a d i n g s  i n s u f -  
f i c i e n t  f o r  p r o j e c t  needs. 



TABLE 6-1 

LOCATION OF HORIZONTAL CONTROL AND SAMPLING LOCATIONS 

Egypt ian Na t iona l  CDM Coord inate  
G r i d  System Sys tem 

S t a t i o n  Ranqe 1 Range 2 N o r t h i n g  Eas t ing  N o r t h i n g  E a s t i n g  L a t i t u d e  Longi tude 

French 's  Apar t .  Autotape Antenna ( R l )  - 9209 949 216 516 978 4101 8253 31" 15 '  02"N 29" 57'  18"E 

F o r t  Kai t Bey Autotape Antenna (R2) 9209 - 945 115 508 525 0 0 31' 12 '  48"N 29" 55 '  05"E 

Cur ren t  Meters lAU, 1AL 3631 10 144 952 576 515 497 7461 6872 31' 13'  36"N 29" 52 '  18"E 

Cur ren t  Meters lBU, 1BL 10 585 14 333 958 891 512 580 13 776 3955 31' 20' 23"N 29" 55' 38"E 

Cur ren t  Meters  2AU, 2AL 9758 1847 946 564 507 480 1449 -1145 31" 13 '  36"N 29" 52 '  18"E 
m 
& Cur ren t  Meters  2BU, 2BL 12 904 10 623 955 259 505 470 10 144 -3155 31' 18 '  38"N 29" 51' 38"E 

Cur ren t  Meters 2CU, 2CL 13 028 8629 952 572 504 283 7457 -4342 31° 16 '  54"N 29" 50'  18"E 

C u r r e n t  Meters  lCU, 1CL 5050 10 785 953 873 514 919 8758 6264 31" 17 '  32"N 29" 56'  55"E 

Plankton S t a t i o n - K a i t  Bey Sta 1 9 750 1850 946 573 507 486 1458 -1139 

Sta 2 10 079 5000 949 804 506 888 4689 -1737 

Sta 3 13 1.00 10 800 955 397 505 322 10 282 -3303 



TABLE 0-1  ( con t i nued )  

LOCATION OF HORIZONTAL CONTROL AND SAMPLING LOCATIONS 

Egyp t ian  Nat iona l  CDM Coordi  na t e  
G r i d  System Sys tern 

S t a t i o n  Range 1 Range 2 N o r t h i n g  Eas t i ng  No r th i ng  E a s t i n q  

Ka i t Bey A1 i gnment Sta. 1 9300 1000 945 993 508 147 878 -478 

Sta. 2 97 00 2000 946 760 507 487 1645 -1138 

Sta. 3 10 100 3000 947 573 506 905 2458 -1720 

Sta. 4 10 400 4000 948 501 506 496 3386 -2129 

Sta. 5 11 000 5000 949 288 505 871 4173 -2754 

Sta. 6 11 400 6000 950 248 505 518 5133 -3107 

Sta. 7 12 100 7000 951 048 504 911 5933 -3714 

Sta. 8 12 700 8000 951 951 504 469 6836 -4156 

Sta. 9 13 600 9000 952 657 503 714 7542 -4911 

Sta. 10 14 100 10 000 953 705 503 505 8590 -5120 



TABLE B-1 (con t inued)  

LOCATION OF HORIZONTAL CONTROL AND SAMPLING LOCATIONS 

Egyp t ian  Na t i ona l  CDM Coord inate 
G r i d  System Sys tem 

S t a t i o n  Range 1 Range 2 No r th i ng  Eas t i ng  No r th i ng  Eas t i ng  

Ram1 e h A1 i gnment Sta. 1 1000 9723 950 214 516 903 5099 8278 

Sta. 2 2000 9825 951 153 516 376 6038 7751 

Sta. 3 3000 10 065 952 058 515 912 6943 7287 

Sta. 4 4000 10 435 952 970 515 494 7855 6869 

Sta. 5 5000 10 445 953 675 514 611 8560 5986 

Sta. 6 6000 10 550 954 338 513 748 9223 5123 

Sta. 7 

Sta. 8 8000 11 370 955 843 512 391 10 728 3766 

Sta. 9 9000 12 000 956 677 511 839 11 562 ,3214 

Sta. 10 10 000 12 255 957 173 510 815 12 058 2190 



TABLE B-1 (con t inued)  

LOCATION OF HORIZONTAL CONTROL AND SAMPLING LOCATIONS 

Egyp t i an  Na t i ona l  CDM Coord ina te  - -  . 
G r i d  System Sys tern 

S t a t i o n  Range 1 Range 2 N o r t h i n g  E a s t i n g  N o r t h i n g  E a s t i n g  

Abu K i r  A l ignment  Sta. 1 10 000 18 820 956 826 523 358 11 711 14 733 

Sta. 2 10 260 18 800 957 782 522 517 12 667 13 892 

Sta. 3 10 580 18 860 958 537 521 874 13 422 13 249 

Sta. 4 10 950 18 950 959 255 521 241 14 140 12 616 

Sta. 5 11 420 19 100 960 020 520 569 14 905 11 944 

Sta. 6 11 950 19 300 960 772 519 910 15 657 11 285 

Sta. 7 12 550 19 500 961 567 519 094 16 452 10 469 

Sta. 8 13 200 19 830 962 315 518 494 17 200 9869 

Sta. 9 13 880 20 180 963 060 517 856 17 945 9231 

Sta. 10 14 600 20 570 963 811  517 203 18 696 8578 



TABLE 0-1 (con t inued)  

LOCATION OF HORIZONTAL CONTROL AND SAMPLING LOCATIONS 

Egyp t ian  Na t i ona l  CDM Coordi  na t e  -- . 
G r i d  System Sys tem 

S t a t i o n  Range 1 Range 2 No r th i ng  Eas t i ng  No r th i ng  Eas t  i nq 

Arab Mar i t ime  Trans Academy 951 480 529 830 6365 21  205 

Coastal  Eros ion  S t a t i o n  956 095 526 030 10 980 17 405 

P i1  1 box on F o r t  T i p  Abu K i r  Peninsula 957 685 526 500 12 570 17 875 

Beacon, Nel son I s 1  and 960 908 529 768 15 793 2 1  143 

Minare t ,  S.W. Corner F o r t  Abu K i r  V i l l a a e  



TABLE B-1 (cont inued)  

LOCATION OF HORIZONTAL CONTROL AND SAMPLEING LOCATIONS 

Egypt ian Nat iona l  CDM Coordinate -- . 
G r i d  System Sys tern 

S t a t i o n  Range 1 Range 2 Northing East ing  Nor th1  ng Eas t ing  

Agamy Palace Hote l  Autotape Antenna (R l )  935 958 498 218 -9157 -10 407 

Beach Autotape Antenna (R2) 931 374 492 560 -13 741 -16 065 



As f o r  t h e  Beckman RS5-3, t h e  sensor c o n s i s t s  o f  an e l e c t r o d e l e s s  t o r o i d a l  
c o n d u c t i v i t y  c e l l  and a  t h e r m i s t o r  t y p e  temperature sensor sea led t o  t h e  
end o f  a  PVC j acke ted  cab le  w i t h  a  s t e e l  member t o  p reven t  breakage. 

The sa l inomete r  i s  sea led i n  a  wa te r  t i g h t  case and powered by two i n t e r -  
n a l  l y  mounted 8.4 v o l t  b a t t e r i e s .  

The ins t rument  measures c o n d u c t i v i t y  i n  t h e  range of  0-60 mi l l imhos /cm 
w i t h  an accuracy o f  f 0.50 mi l l imhos /cm by d i r e c t  r ead ing  and f 0.050 m i l -  
l imhos/cm us ing  c a l i b r a t i o n  curves. 

Temperature i s  measured w i t h i n  a  range o f  0-40" C. and i s  accura te  t o  
f 0.50" C. by  d i r e c t  r ead ing  and f 0.050" C us i ng  c a l i b r a t i o n  curves. 

The s a l i n i t y  can be measured i n  t h e  range o f  0-40 pe rcen t  by d i r e c t  
read ing  w i t h i n  a  temperature range o f  0-27" C and * 0.050 percen t  u s i n g  
c a l i b r a t i o n  curves. S a l i n i t y  i s  c a l c u l a t e d  by t h e  ins t rument  u t i l i z i n g  
a  se l f - con ta i ned  c i r c u i t  t h a t  computes s a l i n i t y  based on t h e  c o n d u c t i v i t y  
and temperature va l  ues . 
The c a l i b r a t i o n  o f  t h e  RS5-3 can be q u i c k l y  checked and ad jus ted  i n  t h e  
f i e l d  by  t a k i n g  app rop r i a t e  c a l i b r a t i o n  read ings  when a  w i r e  l o o p  of 
s p e c i f i e d  r e s i s t a n c e  i s  connected through t h e  t o r o i d a l  probe. I n  a d d i t i o n ,  
c a l i b r a t i o n s  were r e g u l a r l y  ob ta ined  by imners ing  t h e  probe i n  a  s u f f i -  
c i e n t l y  l a r g e  volume o f  seawater, whose s a l i n i t y  was determined w i t h  a  
l a b o r a t o r y  sa l inomete r ,  which was i n  t u r n  c a l i b r a t e d  w i t h  a  "Copenhagen" 
s tandard seawater sample. 

Seismic P r o f i l e r s  

Both a  "sparker "  and a  "boomer p l a t e "  were used ( b u t  n o t  s imu l t aneous l y ) .  
The sparker  p rov ided  subbottom p r o f i l e  i n f o r m a t i o n  t o  a  g r e a t e r  depth 
than  t h e  boomer, w h i l e  t h e  boomer p rov ided  b e t t e r  r e s o l u t i o n ,  a  more 
r e f i n e d  p i c t u r e ,  than t h e  sparker .  

The spark a r r a y  was an EG&G Model 267A, three-e lement  cage. The power 
supp ly  was an EG&G Model 232A, 3.8 KV, w i t h  5  sec /K j  charge r a t e .  The 
hydrophone was an EG&G Model 263C, 16-element a r ray .  

The Ocean Surveys I nc .  " H i - D e f i n i t i o n  Boomer" used c o n s i s t s  o f  an EG&G 
Model 261 boomer p l a t e  s p e c i a l l y  mod i f i ed  t o  p rov i de  s i ng le -pu l se  ou tpu t .  
The power supply  was a  300- jou le  OS1 Model 3006. 

Side Scan Sonar 

The ocean bot tom o f f  A lexandr ia  i n  t h e  area o f  t h e  o u t f a l l  a l ignments  
was surveyed us ing  a  K l e i n  Side Scan Sonar Model 400 system. The sonar 
system cons is ted  o f  a  Model 402A Towf ish c o n t a i n i n g  bo th  sound sending 
and r e c e i v i n g  e l e c t r o n i c s ,  and a  Model 401 Dual Channel Recorder. 



Water Sampler 

A Wi ldco Model 1930 automat ic  water  sampler was used t o  c o l l e c t  wa te r  
samples f o r  water  q u a l i t y  a n a l y s i s  d u r i n g  t h e  p r o j e c t .  The sampler had 
a  capac i t y  o f  3 l i t r e s  and was c losed  by a  weighted "messenger." 

Weather S t a t i o n  

A Meteor01 ogy Research Inc .  Model 1071 se l f - con ta ined  mechanical weather 
s t a t i o n  was used t o  measure wind speed, wind d i r e c t i o n  and temperature 
f o r  the  d u r a t i o n  o f  t h e  p r o j e c t .  

The s t a t i o n  was mounted on a  5 m h i g h  po le  on t o p  o f  t h e  p r o j e c t  s t a f f  
house a t  477 E l  Guish S t ree t ,  S i d i  B i s h r  i n  A lexandr ia  (La t .  31°15'14"N 
Long. 30°58'32"E). The s t a t i o n  was approx imate ly  21 m above sea l e v e l .  

Wind speed, d i r e c t i o n  and temperature were con t i nuous l y  recorded on a  
p l as t i c - coa ted ,  p ressu re -sens i t i ve  s t r i p  cha r t .  

Wind d i r e c t i o n  was measured by a  b a l l  -bearing-mounted s i n g l e  b lade  a lu -  
minum vane w i t h  nose dampening. D i r e c t i o n  i s  d i r e c t l y  read f rom t h e  
s t r i p  cha r t .  

Wind speed was measured by a  cup anemometer employing t h ree  11.4 mm 
diameter con i ca l  aluminum cups. Wind run  was recorded on t h e  s t r i p  
c h a r t  and speed was c a l c u l a t e d  us ing  t h e  wind run  and t ime  sca le .  

Ten~perature was measured by a  s p i r a l  c o i l  b i m e t a l l i c  element l oca ted  
under a  s h i e l d  on the  ou t s i de  o f  t h e  weather s t a t i o n  f a c i n g  n o r t h .  The 
h igh  range o f  t h e  dual range temperature senor u t i l i z e d  was capable o f  
temperatures between -30' F (-34' C) and +120° F (49" C ) .  

The s t r i p  c h a r t  was advanced by a  hand-wound clockwork mechanism. The 
cha r t  speed was 1  cm pe r  hour.  

The accuracy o f  t h e  s t a t i o n  i s  s p e c i f i e d  so t h a t  wind d i r e c t i o n  i s  w i t h i n  
f 1 percent  o f  f u l l  sca le ,  wind run  (speed) i s  w i t h i n  * 2  percent  and t h e  
temperature i s  w i t h i n  f 3' F (+ 1.7' C). 

Only w ind  d i r e c t i o n  and speed were r e q u i r e d  f o r  p r o j e c t  analyses, and o n l y  
these data were ob ta ined  from t h e  s t r i p  cha r t s .  Hour ly  values o f  wind 
speed and d i r e c t i o n  have been t abu la ted  i n  unpubl ished Memorandum No. 5. 
Temperature data were n o t  tabu la ted .  

There were some ope ra t i ona l  problems w i t h  t h e  weather s t a t i o n  i n  t h e  
e a r l y  p a r t  o f  t he  p r o j e c t .  The s t a t i o n  was i n i t i a l l y  mounted on a  l i g h t -  
weight  po le  h e l d  i n  p lace w i t h  guide w i res .  The o n l y  way t o  s e r v i c e  t h e  
s t a t i o n  was t o  un fas ten  t h e  guides and lower  t he  complete apparatus t o  
t he  s t a f f  house r o o f .  Since t h i s  opera t ion  was cumbersome i t  was o n l y  
performed every few weeks o r  a t  l e a s t  once a  month, and l ong  per iods  cou ld  
pass be fo re  any ma l f unc t i on  cou ld  be d iscovered and cor rec ted .  



A  heavyweight p o l e  w i t h  l a d d e r  s teps  was subsequent ly  f a b r i c a t e d  f o r  t h e  
weather s t a t i o n  s o  t h a t  a  man c o u l d  c l i m b  t h e  p o l e  and s e r v i c e  t h e  
s t a t i o n  r e g u l a r l y .  Since t h a t  t ime ,  t h e  s t a t i o n  was checked a lmost  
d a i l y  and v e r y  l i t t l e  d a t a  i n f o r m a t i o n  was l o s t .  

I n t e r p r e t i n g  t h e  w ind  d a t a  presented a  m inor  d i f f i c u l t y  i n  t h a t  t h e  
h i g h e r  speeds were i n t r i n s i c a l l y  d i f f i c u l t  t o  c a l c u l a t e  a c c u r a t e l y  f rom 
t h e  s t r i p  c h a r t .  The r e s o l u t i o n  a t  t h e  h i g h e s t  speeds was a t  b e s t  
f 5  m/sec. A t  l ower  wind speeds t h e  c h a r t  i s  e a s i e r  t o  i n t e r p r e t ,  and 
t h e  w ind  speed c o u l d  be r e p o r t e d  t o  t h e  n e a r e s t  0.1 m/sec w i t h  reasonable  
accuracy.  

The wind d i r e c t i o n  i s  d i f f i c u l t  t o  i n t e r p r e t  d i r e c t l y  f rom t h e  s t r i p  
c h a r t  because t h e  markings o b l i t e r a t e  t h e  s c a l e  below. An o v e r l a y  r e p r o -  
d u c t i o n  o f  t h e  s c a l e  enabled t h e  w ind  d i r e c t i o n  t o  be r e p o r t e d  t o  t h e  
n e a r e s t  15" w i t h  good accuracy. 
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A P P E N D I X  C 

V E L O C I T Y  AND EXCURSION D I S T R I B U T I O N  OF CURRENTS 



APPENDIX C 

VELOCITY AND EXCURSION DISTRIBUTION OF CURRENTS 

The 58 t a b l e s  i n  t h i s  Appendix a r e  speed and d i r e c t i o n  f requency 
d i s t r i b u t i o n s  o f  c u r r e n t  meter readings.  Such t a b l e s  were d iscussed 
i n  Sec t ion  3.1 and an example was p rov ided  i n  Table 3-22. 

The 21 f i g u r e s  i n  t h i s  Appendix a r e  Rose diagrams t h a t  show t h e  
d i r e c t i o n a l  d i s t r i b u t i o n s  and l e n g t h  o f  c u r r e n t  v e l o c i t y  excurs ions  
as determined f rom t h e  data c o l l e c t e d  i n  each c u r r e n t  meter s t a t i o n  
f o r  t h e  t ime  pe r i od  o r  per iods  i n d i c a t e d  on each f i g u r e .  The concept 
of c u r r e n t  v e l o c i t y  excurs ion  was d iscussed i n  Sec t ion  3.1, and an 
example of an excurs ion  Rose diagram was p rov ided  i n  F igu re  3-1 1. 



TABLE C-1 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter:  1 AU Date: 21 Jul 77  - 31 Jul  77 

Speed (m/set x 
D i rec t ion  0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 

240 

250 

260 

270 

280 

290 

300 

31 0 

320 

3 30 

340 

350 

360 

TOTAL 

Total  - 
3.01 



TABLE C-2 

D i r e c t i o n  

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

31 0 

320 

330 

340 

350 

360 

TOTAL 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 1 AL Date: 21 J u l  77 - 31 Ju l  77 

Speed (m/sec x 
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - - - - - - -  Total  

-20 

2.24 

4.67 

7.33 

18.70 

14.43 

9.96 

2.84 

2.84 . 

1.02 

.41 

.61 

.40 

.41 

.20 

.41 

-61 

-20 



TABLE C-3 

FREQUENCY DIS'IRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 1 BU Date: 21 Jul 78 - 31 Jul 78 

Speed (m/sec x 
Direction 0-5 5-10 11-15 16-20 21-25 26-30 31-35 36-40 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

TOTAL 

Total - 

- 
1 .oo 

2.79 

20.31 

26.06 

14.72 

1.60 

.60 



TABLE C-4 

FREQUENCY DIS'TRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 1 AU Date: 1 Aug 77 - 15 Aug 77 

Speed (rn/sec x lo- ' )  
Direct ion 0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 Total 

.98 

.14 

.70 

1.81 

8.32 

15.26 

14.16 

4.44 

1.25 

.56 

- 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

3 50 

360 

TOTAL 



TABLE C - 5  

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

' Meter: 1 AL ' Date: 1 Aug 77 - 15 Aug 77 

D i r e c t i o n  

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

21 0 

220 

230 

240 

2 50 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

TOTAL 

Speed (m/sec x 
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - - - - - - -  41-45 46-50 To ta l  - -- 

.14 

- - 1.81 

- 4.31 

- 5.28 

- - 14.01 

- 9.03 

- - 3.33 

- - 1.80 

- 1.81 

- .28 

- - .97 

- - 1.11 

- .56 

- - 1.67 

- 2.09 

- -83 

- .56 

- - .56 

- - .70 

- 1.39 

- 5.42 

- 12.20 

- 11.92 

- - 4.44 

- - 3.47 

- 1.39 

- - 1.67 

- 1.81 

- 1.25 

- .56 

- .42 

- .42 

- - .28 

- .56 

- .14 



m TABLE C-6 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 1 BU Date: 1 Aug 77 - 7 Aug 77 

Speed (rn/sec x lo-') 
6-10 11-15 16-20 21-25 26-30 31-35 - - - - - -  D i r e c t  i o n  

10 

20 

30 

40 

50 

60 

7 0 

80 

90 

100 

110 

120 

130 

.I40 

150 

160 

170 

180 

190 

200 

46-50 Total  -- 
- .  

250 

260 

270 

280 

290 

300 

31 0 

320 

330 

340 

350 

360 

TOTAL 



TABLE C-7 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 2 AU Date: 3 Aug 77 - 15 Aug 77  

Speed (m/sec x 
Direction 0-5 6-10 11-15 16-29 21-25 26-30 31-35 36-40 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

TOTAL 

Total 



TABLE C-8 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 2 AL Date: 3 Aug 77 - 15 Aug 77 

Speed (m/sec x lo-') 
D i r e c t i o n  0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 - 

10 1 .oo - - - - - 
i 

20 - - - - - - - - 

46-50 Tota l  -- 
- 1.00 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

31 0 

320 

330 

340 

350 

360 

TOTAL 



TABLE C-9 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AN0 DIRECTION 

Meter: 2 BU Date: 3 Aug 77 t o  15 Aug 77 

D i r e c t i o n  

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

TOTAL 

2 Speed (m/sec x 10- ) 
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - - - - - - -  41-45 46-50 Tota l  - -- 

- - - 
- .84 

- - 1.68 

- - 2.19 

- - 4.03 

- 10.39 

- 12.58 

- 8.22 

- - 5.37 

- - 5.20 

- 2.68 

- 1.51 

- - 1.51 

- - .84 

- - 1.18 

- .34 

- - .50 

- .67 

- - 1.35 

- - 1.51 

- 1.68 

- - 2.35 

- - 2.17 

- - 1.17 

- 2.52 

- 7.22 

- - 9.40 

- 3.35 

- - 2.69 

- 1.51 

- - 1.34 

.50 

- - .67 



TABLE C-10 

FREqUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 2 BL Date: 3 Aug 77 - 15 Aug 77 

Speed (mlsec x 
Direct ion 0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 Total - -- 

TOTAL 18.38 15.86 22.07 23.44 11.38 6.03 2.00 .34 



TABLE C-11 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECT1 ON 

Meter: 1 AU Date: 16 Aug 77 - 31 Aug 77 

2 Speed (m/sec x 10- ) 
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - - - - - - -  D i r e c t i o n  

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

11 0 

120 

130 

140 

150 

160 

170 

180 

190 

200 

21 0 

220 

230 

240 

250 

26 0 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

TOTAL 

Tota l  

1.38 

.42 

.69 

1.79 

5.10 

14.44 

11.42 

3.99 



TABLE C-12 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 1 AL Date: 16 Aug 77 - 31 Aug 77 

Speed (mlsec x lo- ') 
D i r e c t i o n  0-5 6-10 11-15 16-20 21-25 26-30 31-35 

200 

21 0 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

3 50 

360 

TOTAL 

46-50 T o t a l  -- 
.13 

- .39 

- 2.22 

- ,5.35 

- 12.43 

- 12.82 

- 6.27 

- 1.96 

- 1.82 

- .91 

.52 

- .39 

- .13 

- .91 

- .65 



TABLE C-13 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter:  2 AU Date: 16 Aug 77 - 31 Aug 78 

Speed (m/sec x 10") 
D i rec t ion  0-5 6-10 11-15 16-2q 21-25 26-30 31-35 36-40 

TOTAL 19.27 29.36 23.99 17.73 7.04 1 .17  

46-50 Tota l  -- 
.91 

- .52 

- .52 

- .65  

- 2.47  

- 10.31 

- 16.56 

- 5.35  

- 2.08  

- .39 

.26 

- - 
.13 

- .13 

- .13 



TABLE C-14 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 2 AL Date: 16 Aug 77 - 31 Aug 77 

2 Speed (m/sec x 10- ) 
D i r e c t i o n  0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 

280 

290 

300 

31 0 

320 

330 

340 

350 

360 

TOTAL 

46-50 To ta l  -- 
- 1.04 

- .39 

- .13 

- 3.38 

- 13.17 

- 20.33 

- 6.12 

- 1.56 

- .78 . 

- 1.43 

.52 

- .39 

- .52 

- .13 

.26 

.39 

- .26 

.39 

- .78 

- .52 

- 1.43 

- 4.82 

- 12.24 

- 8.73 

- 4.42 

- 2.73 

- 1.04 

- .39 

- .26 

- .52 

- - 
- .13 

- .13 

- .78 

- 1.17 

- 5.07 



TABLE C-15 

FREQUENCY DISTRIBUTION OF SPEED CURRENT AND DIRECTION 

M e t e r :  2 BU Date :  16 Aug 77  - 31 Aug 77  

Speed (rn/sec x 1 0 ' ~ )  
D i r e c t i o n  0-5 6-10 11-15 16-20 21-25 ?6-30 31-35 36-40 

31 0 . 5 2  .. - - - - 
320  .13  - - - - - 
330  - - - - - 
340  - - - - - - 
350  . 1 3  - - - - - - 
360  . 1 3  - - - 

TOTAL 1 6 . 5 3  46 .48  24 .48  10 .17  1 .69  .26  - - 

C-16 

41-45 46-50 T o t a l  - -- 
- 



TABLE c-16 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 2 BL Date: 16 Aug 77 - 31 Aug 77 

Speed (rn/sec x lo-') 
D i r e c t i o n  0-5 6-10 11-15 16-20 21-25 26-39 31-35 36-40 

10 .13 - - - 
To ta l  - 

.13 

.91 

1.82 

2.21 

4.17 

4.94 

4.16 

3.77 

1 .17 '  

-78 

1.17 

1.C4 

1.56 

3.64 

3.51 

1.43 

1.56 

.39 

.65 

1.82 

4.16 

5.60 

5.99 

8.84 

7.54 

7.80 

4.42 

2.73 

1.82 

.39 

1.30 

1.04 

.65 

1.56 

2.08 

1.04 

TOTAL 



TABLE C-17 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 1 AU Date: 1 Sep 77 - 15 Sep 77 

D i r e c t i o n  

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

2 60 

2 70 

280 

290 

300 

31 0 

320 

330 

340 

350 

360 

TOTAL 

Speed (mlsec x lo-') 
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - - -  - - - -  Total  

.28 

1 .ll 

2.78 

5.00 

14.16 

10.81 

8.05 

1.67 

2.77 

.97 

1.25 

.69 

.56 

. I 4  

.28 

.28 

.42 

.84 

.42 

1.67 

.97 

1.80 

2.92 

5.41 

2.92 

4.30 

5.00 

3.33 

1.95 

2.78 

.69 

1.95 

1.81 

4.03 

2.65 

1.53 



TABLE C-18 

FREQUENCY OISTRIBUTION OF CURRENT SPEED AN0 DIRECTION 

Meter:  1 AL Date: 1 Sep 77 - 14 Sep 77 

Speed (rnlsec x 
D i r e c t i o n  0-5 6-10 ! 1 - 1  

10 .62 .46 - - - - 
2 0 .31 .31 .31 - - - 
30 - - 
40 .15 - - - 

50 1 .54 ,  2.47 - - - - 
60 - 
70 - - - 
80 - - 
90 1.39 - - - 

360 - 
TOTAL 56.23 29.44 10.94 2.31 .15 - 

41-45 46-50 To ta l  - -- 
- 1.08 

- .93 

- 3.86 

- 4.63 

- - 9.08 

- 9.68 

- - 8.32 

- - 4.78 

- - 2.01 , 

- .46 

- - .77 

- 1.08 

- .62 

- 1.08 

- .31 

.31 

- 2.16 

- 1.08 

- 2.00 

- 2.93 

- 3.39 

- 6.62 

- 3.85 

- - 6.62 

- - 6.00 

- - 3.54 

- - .62 

- - 2.16 

- - .46 

- - 1.24 

- - 1.23 

- 2.16 

- - 2.01 

- - .77 

- - 1.23 

- - - 



TABLE C-19 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter :  2 AU Date: 1 Sep 77 - 12 Sep 77 

D i r e c t i o n  

10 

20 

30 

40 

5 0 

60 

70 

8 0 

90 

100 

110 

120 

130 

140 

150 

160 

173 

180 

190 

200 

210 

220 

230 

240 

250 

260 

2 70 

280 

290 

300 

310 

320 

330 

340 

350 

360 

TOTAL 

2 Speed (m/sec x 10- ) 
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - - - - - - T o t a l  

.36 

1.62 

3.80 

3.97 

18.78 

20.95 

10.47 

5.05 

1.98 

.90 



TABLE C-20 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 2 AL Date:  1 Sep 7 7  - 12 Sep 7 7  

2 
Speed (m/sec x 10- ) 

D i r e c t i o n  0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 

250 

260 

2 70 

280 

290 

3 00 

31 0 

320 

330 

340 

350 

360 

TOTAL 



TABLE C-21 

FREqUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter:  2 BU Date: 1 Sep 77 - 12 Sep 77 

D i r e c t i o n  

10 

20 

30 

40 

50 

60 

70 

80 

90 

2 Speed (m/sec x 10- ) 
0-5 6-10 . 11-15 16-20 21-25 26-30 31-35 36-40 - - 

31 0 .91 .18 - - - 
320 .37 .18 - 

330 .73 - - - 
340 .73 - 
350 .73 - - 
360 .18 - - 

TOTAL 44.53 28.47 18.06 5.29 - - - 

T o t a l  

.55 



TABLE C-22 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter :  2 BL Date: 1 Sep 77 - 12 Sep 77 

Speed (rnlsec x lo-') 
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - - - - - - - D i r e c t i o n  

10 

20 

30 

40 

50 

60 

70 

80 

41-45 46-50 T o t a l  - -- 
a - .73 

- 2.38 

- 4.20 

- 5.11 

- - 6.02 

- - 6.02 

- - 4.38 

- - 2.19 

- - .37 . 
- - 1.10 

- - 1.46 

- - 1.09 

- - 1.27 

- - 1.65 

- - .36 

- - .92 

- - .91 

- - .55 

- - 2.01 

- - 4.56 

- 2.56 

- - 3.46 

- - 4.37 

- - 6.02 

- - 7.49 

- - 6.57 

- - 3.82 

- - 3.11 

- - 2.19 

- - 1.09 

- - 3.10 

- 1.82 

- - 1.28 

- .37 

- .73 

130 

140 

150 

160 

170 

180 

190 

200 

21 0 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

TOTAL 



TABLE C-23 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

D i r e c t i o n  

10 

20 

30 

40 

50 

60 

70 

230 

240 

250 

260 

270 

280 

290 

300 

31 0 

320 

330 

340 

350 

360 

TOTAL 

Meter: 1 AU Date: 16 Sep 77 - 24 Sep 77 

Speed (rn/sec x 10") 
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - - - - - - -  46-50 Tota l  -- 



TABLE C-24 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 1 AL Date: 16 Sep 77 - 24 Sep 77 

D i r e c t i o n  

10 

2 0 

30 

40 

50 

6 0 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

Speed (m/sec x 
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - - - - - - -  

260 

270 

280 

290 

3 00 

31 0 

320 

330 

340 

350 

360 

TOTAL 

Tota l  - 

.40 

.40 

1.79 

5.76 

9.72 

3.99 

.40 

.60 

.80 . 

.20 

.80 

.20 

.20 

.80 



TABLE C-25 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECT ION 

Meter: 2 AU Date: 20 Sep 77 - 7 Oct 77 

D i r e c t i o n  

10 

2 0 

3 0 

40 

50 

60 

70 

80 

9 0 

100 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

31 0 

320 

330 

340 

3 50 

360 

TOTAL 

Speed (m/sec x 
6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - - - - - -  41-45 46-50 Tota l  - -- 

- - 
- .25 

- - .37 

- - .37 

- .37 

- - .98 

- 1.11 

- - .61 

- - .24 

- .49 

- - .37 

- - .12 

- - .25 

- - .25 

- - .12 

- - .25 

- - .37 

- - .25 

- - .62 

- - .98 

- - 2.96 

- 16.07 

- - 30.03 

.12 - 27.16 

- - 6.18 

- - 1.23 

- .37 

- - 1.48 

- .12 

- 1.10 

- - .49 

.62 

- - .49 



TABLE C-26 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 2 AL Date: 20 Sep 77 - 7 Oct 77 

D i r e c t i o n  

10 

2 0 

30 

40 

50 

60 

7 0 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

21 0 

220 

230 

240 

250 

260 

2 70 

280 

290 

300 

310 

320 

330 

340 

350 

360 

TOTAL 

Speed (mlsec x 
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - - - - - - -  



TABLE C-27 

FREQUENCY DISTRIBUTIDN OF CLIHRENT SPEED AND DIRECTION 

Meter: 2 BU Date: 20 Sep 77 - 7 Oct 77 

Speed (m/sec x 
6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - - -  46-50 Total  -- 

- 1.47 

- .49 

- 1.10 

- 1.23 

- 1.35 

- 1.11 

- .61 

- .85 

- .61 

.60 

.85 

- .48 

.49 

.98 

- 1.59 

- 1.84 

- 2.45 

- 1.46 

- 1.84 

- 1.71 

- 1.46 

- 4.04 

- 12.64 

.24 10.06 

.49 12.28 

.49 9.72 

- 5.38 

- 2.56 

- 2.07 

- .36 

- 1.47 

- 1.23 

- 3.32 

- 6.51 

- 1.59 

- 1.59 

1.22 

D i r e c t i o n  

10 

20 

3 0 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

21 0 

220 

230 

240 

250 

260 

270 

280 

290 

300 

31 0 

320 

330 

340 

350 

360 

TOTAL 



TABLE C-28 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 2 BL Date: 20 Sep 77 - 7 Oct 77 

Speed (m/sec x lo- ' )  
6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - - -  -46-50 Tota l  

- - 

- 1.22 

- 1.83 

- .73 

- .98 

- .85 

- .61 

- 1.58 

- 1.34 

- 1.22 

- 1.22 

- .98 

- 1.58 

- 1.82 

- 1.46 

- 2.44 

- 3.04 

- 2.43 

- 1.46 

- 1.71 

- 1.33 

- 2.68 

.12 5.10 

- 13.62 

- 16.53 

- 12.28 

- 5.72 

- 3.54 

- 3.29 

- 1.34 

- 1.70 

- .85 

- .48 

- .24 

- .61 

- .49 

.12 

D i r e c t i o n  

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

1 70 

1 80 

190 

200 

TOTAL 



TABLE C-29 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 2 AU Date: 12 Jan 78 - 18 Jan 78 

2 Speed (m/sec x 10- ) 
D i r e c t i o n  0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 

40 

50 

60 

7 0 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 ' 

220 

230 

240 

250 

260 

270 

280 

290 

300 

31 0 

320 

330 

340 

350 

360 

TOTAL 

Tota l  

.99 

4.63 

25.19 

12.60 

5.96 

3.64 



TABLE C-30 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 2 AL Date: 12 Jan 78 - 4 Feb 78 

D i r e c t i o n  

10. 

20 

30 

40 

50 

60 

7 0 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

21 0 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

3 30 

340 

350 

360 

TOTAL 

Speed (m/sec x 1 ~ - / )  
0 -5  6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - - - - - - -  46-50 To ta l  -- 

- 1.09 

.27 

- 1.37 

- 3.27 

- 10.34 

- 14.63 

- 8.48 

- 2.00 



TABLE C-31 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 2 BU Date: 12 Jan 78 - 31 Jan 78 

Speed (rn/sec x lo-') 
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - - - - - - -  D i r e c t i o n  

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

1 50 

160 

170 

180 

190 

200 

21 0 

22'2 

23C 

240 

250 

260 

270 

280 

290 

300 

31 0 

320 

330 

340 

350 

360 

TOTAL 

41-45 46-50 Tota l  - -- 



TABLE C-32 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 2 BL Date: 12 Jan 78 - 4 Feb 78 

Speed (rn/sec x 
D i r e c t i o n  0 - 5 ' 9  11-15 16-20 21-25 26-30 31-35 36-40 

I 

46-50 Tota l  -- 
- 1.54 

- 4.07 

- 13.49 

- 8.24 

- 16.39 

- 8.07 

- 7.14 

- 3.89 

- 2.90 ' 

- 1.53 

- 1.80 

.90 

.54 

.36 

.09 

- - 

- .09 

.09 

.09 

- .27 

.36 

- - 

- - 

- 

- - 
.18 

- .09 

- .54 

- 1.44 

- 1.26 

- 2.61 

- 7.34 

- 5.25 

- 8.07 



TABLE C-33 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter :  2 AU Date:  4 Feb 78 - 15  Feb 78 

Speed (m/sec x 
0 5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 T o t a l  D i r e c t i o n  2 - - - - - - - - - - 

290 

300  

31 0 

320 

330 

340 

350 

360 

TOTAL 



TABLE C-34 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AN0 DIRECTION 

Meter:  2 AL Date: 4 Feb 78 - 11 Feb 78 

Speed (m/sec x 
6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 - - - - - - - -  D i r e c t i o n  0-5 

10 - 
20 - 

30 - 
40 - 

50 - 
60 

7 0 

80 .28 

90 - 
100 - 

110 - 

120 - 

130 

140 

150 - 
160 

170 

180 .28 

190 

200. 

21 0 - 

220 - 
230 

240 - 
250 - 
260 

270 

280 

290 - 

300 - 
310 

320 - 

330 - 
340 

3 50 

360 - 
TOTAL .56 

To ta l  - 



TABLE C-35 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter:  2 AU Date: 1 6 F e b 7 8 t o 2 5 F e b 7 8  
2 Speed (m/sec x 10- ) 

D i r e c t i o n  0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

31 0 

320 

330 

340 

350 

360 

TOTAL 

41-45 46-50 Tota l  - -- 
- 



TABLE C-36 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 2 AU Date: 1 Mar 78 - 15 Mar 78 

D i r e c t i o n  

10 

20 

30 

40 

50 

60 

70 

220 

230 

240 

2 50 

260 

270 

280 

290 

300 

310 

320 

330 

340 

3 50 

360 

TOTAL 

2 Speed (m/sec x 10- ) 
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - - - - - - - Tota l  



TABLE C-37 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter:  2 A U  Date: 16 Mar 78 - 31 Mar 78  

Speed (m/sec x 1 0 ' ~ )  
D i r e c t i o n  0-5 6-10 11-15 16-20 21-25 26-30 31-25 36-40 

260 

270 

280 

290 

300 

31 0 

320 

330 

340 

350 

360 

TOTAL 

41-45 46-50 Tota l  - -- 



TABLE C-38 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 2 AL Date: 16 Mar 78 - 31 Mar 78 

Speed (m/sec x 
D i r e c t i o n  0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 

210 

220 

230 

240 

250 

260 

270 

2 0 

290 

300 

310 

320 

330 

340 

350 

360 

TOTAL 

Tota l  - 

.14 

1.07 

1.09 

9.85 

16.86 

9.57 

7.54 

3.78 

.67 

.68 

.54 

.41 

.28 

.40 

.14 

.80 

.40 

.41 

.14 

.80 

1.49 

.95 

2.57 

6.75 

6.75 

2.56 

6.08 

.95 

1.08 

.94 

1.21 

1.08 

.28 

.27 

5.80 

3.24 



TABLE C-39 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AN0 DIRECTION 

Meter: 1 AU Date: 8 Apr 78 - 15 Apr 78 

O i rec t ion  

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

TOTAL 

2 Speed (m/sec x 10- ) 
0-53-51=-21-25_J31-35?6-40 



TABLE C-40 

FREqUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

D i r e c t i o n  

10 

20 

30 

40 

50 

60  

70 

8 0  

90  

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

2 30 

240 

2 50 

260 

270 

280 

290 

300 

31 0 

320 

330 

340 

350 

360 

TOTAL 

Meter:  1 AL Date:  8 Apr 78 - 15 Ap r  78 

Speed (rn/sec x 
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - - - - - - -  46-50 T o t a l  -- 

- 
- 1.12 

- 6.16 

- 4.48 

- 5.88 

- 7.85 

- 1.68 

- 1.96 

- 1.96 . 

- 1.68 

.56 

- .84 

- .56 

- 1.12 

- .84 

- 1.12 

- 1.12 

- 1.40 

- 2.52 

- 8.41 

- 13.73 

- 11.77 

- 6.44 

- 5.04 

- 3.92 

- 2.24 

.28 



TABLE C-41 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 2 A U  Date: 1 Apr 78 - 15 Apr 78 

Speed (rnlsec x 
D i r e c t i o n  0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 

220 

230 

240 

250 

260 

270 

280 

290 

300 

31 0 

320 

330 

340 

350 

360 

TOTAL 

46-50 Tota l  -- 
- 

- - 

- .28 

- 2.92 

- 11.51 

- 19.70 

- 9.42  

- 5.43 

- i.95 

- .83 

- 1.67 

- 1.67 

- .83 

.28 

- .83 

.56 

.56 

- .28 

- .84 

- .70 

- .97 

- 2.09 

- 8.60 

- 6.95 

- 4.86 

- 7.50 

- 1.53 

- .70 

- 1.39 

- .28 

- .56 

.42 

.14 

.14 

- 



TABLE C-42 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 2 AL Date: 1 Apr 78 - 15 Apr 78 

2 Speed (mlsec x 10- ) 
0-5 6-10 ~'00~~36-40 - 
- 0.14 

D i r e c t i o n  

10 

20 

30 

40 

50 

60 

70 

80  

90 

100 

110 

120 

130 

140 

150 

1 6 0  

170 

46-50 Tota l  - -- 

0.14 

0.28 

1.25 

2.08 

6.78 

9.11 

8.83 

4.29 

4.15 

2.77 

1.53 

1.66 

0.69 

0.69 

1.38 

0.55 

1.11 

0.42 

4.56 

8.55 

2.49 

3.05 

4.56 

4.70 

3.18 

0.56 

0.56 

1.24 

1.53 

0.42 

0.14 

360 

TOTAL 



TABLE C-43 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 1 AU Date: 16 Apr 78 - 30 Apr 78 

D i r e c t i o n  

10 

20 

30 

40 

50 

60 

70 

80 

9 0 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

TOTAL 

Speed (rn/sec x lo- ' )  
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 T o t a l  - 

0.56 

0.84 

4.58 

6.52 

11.92 

9.86 

8.88 

6.24 

3.48 

1.94 

1.25 

1.80 

0.56 

0.56 

0.42 

0.28 

0.70 

0.69 

0.84 

2.78 

1.53 

1.95 

3.32 

3.89 

1.67 

3.19 

2.64 

2.09 

1.95 

2.50 

0.56 

1.95 

0.84 

2.92 

2.22 

1.11 

100.00 



D i r e c t i o n  

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

TOTAL 

TABLE C-44 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AN0 DIRECTION 

Meter: 1 AL Date: 16 Apr 78 - 23 Apr 78 

2 Speed (m/sec x 10- ) 
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - - -  41-45 46-50 Tota l  - - -- 

0.82 

3.55 

3.84 

9.29 

6.84 

4.91 

3.01 

4.37 

5.46 

2.73 

1.37 

0.55 

0.27 

1.09 

1.91 

1.64 

2.74 

0.82 

1.10 

1.64 

2.18 

3.28 

5.74 

4.37 

- 15.84 

0.82 

0.27 

0.54 

0.82 



TABLE C-45 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 2AU Date: 16 Apr 78 - 30 Apr 78 

91 r e c t i  on 

10 

20 

30 

40 

50 

60 

70 

80 

9 0 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

21 0 

220 

230 

240 

2 50 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

TOTAL 

2 Speed (m/sec x 10- ) 
0 - 5 ~ ~ ~ 2 1 - 2 5 2 6 - 3 0 3 1 - 3 5 3 6 - 4 0  



TABLE C-46 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AN0 DIRECTION 

Heter :  2 AL Date: 16 Apr 78 - 30 Apr 78 

D i r e c t i o n  

10 

20 

30 

40 

50 

60 

70 

80  

9 0 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

31 0 

320 

330 

340 

350 

360 

TOTAL 

Speed (mlsec x lo- ' )  
g - 5 ~ ~ ~ 2 1 - 2 5 2 6 - 3 0 3 1 - 3 5 3 6 - 4 0  

0.14 - 
0.41 0.28 0.14 

Tota 1 -- 

0.14 

0.83 

2.63 

4.42 

17.53 

10.76 

12.28 

6.36 

3.04 

1.66 

0.97 

1.25 

2.63 

0.83 

0.28 

0.55 

0.69 

0.55 

1.93 

3.46 

2.76 

4.15 

1 .51 

0.69 

0.69 

1.80 

1.38 

0.97 

0.69 



TABLE C-47 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTlON 

Meter: 1 AU Date : 1 May 78 - 15 May 78 

Speed (m/sec x 1 0 ' ~ )  
D i r e c t i o n  0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - - - - - - - -  

10 

TOTAL 47.90 28.09 13.15 6 .96  2 . 7 9  0.14 



D i r e c t i o n  

10 

20 

30 

40 

50 

60 

7 0 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

270 

220 

230 

240 

250 

260 

270 

200 

290 

300 

31 0 

320 

330 

340 

350 

360 

TOTAL 

TABLE C-48 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 1 AL Date: 7 May 78 - 9 May 78 

Speed (rn/sec x 1 o ' ~ )  
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - - - - - - - Tota 1 



TABLE C-49 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter :  2 AU Date:  1 May 78 - 15 May 7 8  
2 Speed (m/sec x 10' ) 

D i r e c t i o n  0-5  6 -10  11-15 16-20 21-25 26-30 31-35 36-40  

TOTAL 31 .39  33 .34  17 .36  10.28 6 . 2 5  

Tota l  -- 



TABLE C-50 

FREQUENCY OISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 2 AL Date: 1 May 78 - 15 May 78 

2 Speed (m/sec x 10- ) 
D i r e c t i o n  0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 - -  

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

21 0 

220 

230 

240 

2 50 

260 

270 

280 

290 

300 

31 0 

320 

330 

340 

350 

360 

TOTAL 



TABLE C-51 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

M e t e r :  2 BU D a t e :  9 May 7 8  - 15 May 7 8  

Speed (m/sec x 
11-15 16-20 21-25 26-30 31-35 36 -40  - - - - - -  D i r e c t i o n  

1 0  

20 

3 0  

40  

TOTAL 



TABLE C-52 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 2 BL Date: 9 F b y  78 - 15May 78 

Speed (rn/sec x lo- ' )  
D i rec t ion  0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - - - - - - - 

330 0 .32 - 
340 0.32 - 
350 - 0.32 

360 ?. 32 

TOTAL 37.13 49.11 12.48 0.32 



D i r e c t i o n  

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

21 0 

220 

230 

240 

250 

260 

270 

280 

290 

300 

31 0 

320 

330 

340 

350 

360 

TOTAL 

TABLE C-53 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 1 AU Date: 16 May 78 - 7 Jun 78 

Speed (rn/sec x 10-2) 
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 - - -  



TABLE C-54 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 1 AL Date: 23 May 78 - 5 Jun 78 

D i r e c t i o n  

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

21 0 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

TOTAL 

Speed (m/sec x 
0-5 6 - 1 0  11-15 16-20 21-25 26-30 31-35 Tota l  



TABLE C-55 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 2 AU Date: 16 May 78 - 6 Jun 78 

D i r e c t i o n  

10 

20 

30 

40 

50 

60 

70 

80 

90 

1 00 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

21 0 

220 

230 

240 

250 

260 

270 

280 

290 

300 

31 0 

320 

330 

340 

350 

360 

TOTAL 

Speed (m/sec x lo-') 
0-5 6-10 11-15 16-20 21-25 26-30 31-35 - - -  41-45 46-50 Tota l  - - -  

0.10 

0.48 

4.40 



TABLE C-56 

FREQUENCY OISTRIBUTION OF CURRENT SPEED AN0 DIRECTION 

Meter: 2 AL Date: 16 May 78 - 6 Jun 78 

D i r e c t i o n  

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

21 0 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

TOTAL 

Speed (rnlsec x lo-') 
0-5 6-10 11-15 16-20 21-25 26-30 31-35 - - - -  
0.19 0.19 

Tota l  - 
0.38 

1.95 

6.07 

8.86 

21.50 

9.16 

2.82 

15.18 

5.48 

0.10 



TABLE C-57 

FREQUENCY OISTRIBUTION OF CURRENT SPEED AN0 OIRECTION 

Meter: 2 BU Date: 16 Hay 78 - 6 Jun 78 

O:rut ior ,  

10 

20 

30 

40 

50 

60 

70 

80 

90 

1 00 

110 

120 

130 

140 

150 

160 

170 

180 

1 90 

200 

21 0 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

TOTAL 

Speed (mtsec x lo-') 
0-5 6-10  11-15 16-20 2C-30 31-35 36-0 41-45 46-53 51-55 Jotal - 



TABLE C-58 

FREQUENCY DISTRIBUTION OF CURRENT SPEED AND DIRECTION 

Meter: 2 EL Date: 16 May 78 - 31 May 78 

Speed (n /sec x l om2)  
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-4n - D i r e c t i o n  

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

21 0 

220 

230 

240 

250 

260 

270 

280 

293 

300 

31 0 

320 

330 

340 . 

350 

360 

TOTAL 

To ta l  

0.26 

0.66 

3.47 

3.07 

9.70 

15.84 

19.43 

20.76 

2:79 

0.26 

0.40 

0.67 

2.52 

0.27 

0.13 



M E D I T E R R A N E A N  S E A  

4 

CURRENT EXCURSION LENGTH AND DIRECTION 

METER I A U  
I AUG 1977 TO 25 SEP 1977 

S C A L E  1 :  600,000 



M E D I T E R R A N E A N  S E A  



M E D I T E R R A N E A N  S E A  

CURRENT EXCURSION LENGTH AND DIRECTION 

METER I B U  
31 JULY 1977 - 7 AUG 1977 

SCALE 1 : 600.000 



M E D I T E R R A N E A N  S E A  

METER 2 AU 
3 AUG 1977 TO 12 SEP 1977 

AND 
20 SEP 1977 TO 7 OCT 1977 

SCALE 1 :  600,000 



M E D I T E R R A N E A N  S E A  

METER 2 AL 
3 AUG 1977 TO 12 SEP 1977 

20 SEP 1977 TO 7 OCT 1977 
SCALE 1 :  600,000 

CURRENT EXCURSION LENGTH AND DIRECTION 



N 

M E D I T E R R A N E A N  S E A  

n - 

METER 2 BU 
3 AUG 1977 TO 12 SEP 1977 

AND 
20 SEP 1977 TO 7 OCT 1977 

SCALE 1 '  600,000 

CURRENT EXCURSION LENGTH AND DIRECTION 



M E D I T E R R A N E A N  S E A  

METER 2 BL 
3 AUG 1977 TO 12 SEP 1977 

AND 
2 0  SEP 1977 TO 7 OCT 1977 

SCALE 1 : 600,000 

CURRENT EXCURSION LENGTH AND DIRECTION 



M E D I T E R R A N E A N  S E A  

N 

CURRENT EXCURSION LENGTH AND DIRECTION 

METER 2 A U  

12 JAN 1978 TO 18 JAN 1978 

SCALE 1 :  600,000 



N 

M E D I T E R R A N E A N  

* 

CURRENT EXCURSION LENGTH AND DIRECTION 

METER 2 AL 
12 JAN 1978 TO 31 JAN 1978 

SCALE 1 : 600,000 



N 

M E D I T E R R A N E A N  

CURRENT EXCURSION LENGTH AND DIRECTION 

METER 2 B U  
12 JAN 1978 TO 31 JAN 1978 

SCALE 1 :600,000 



M E D I T E R R A N E A N  

CURRENT EXCURSION LENGTH AND DIRECTION 

METER 2 BL 
12 JAN 1978 TO 4 FEB 1978 

SCALE 1 : 600,000 



M E D I T E R R A N E A N  

CURRENT EXCURSION LENGTH AND DIRECTION 

M E T E R  I A U  

8APR.1978  - 3 0 A P R .  1978 

SCALE 1 : 600,000 



N 

M E D I T E R R A N E A N  S E A  

f - 

M E T E R  I A L  

8APR. 197 8 -23 APR. 1976 

S C A L E  I : 600,000 

CURRENT EXCURSION LENGTH AND DIRECTION 



M E D I T E R R A N E A N  S E A  

METER 2 AU 

4FEB. 1978 -30APR.  1978 

SCALE I : 600,000 



M E  D l  T E R R A N E A N  S E A  

METER 2 AL 

I FEE. 1978 - I1 FEE. 1978 

16 MAR.1978 - 31 MAR .I978 

I APR. 1978 -30APR. 197 8 

SCALE 1 :  600,000 

CURRENT EXCURSION LENGTH AND DIRECTION 



M E D I T E R R A N E A N  S E A  

CURRENT EXCURSION L E N G T H  AND DIRECTION 

METER I A U  

I MAY 1 9 7 8  - 7 JUNE 1978 

AND 

21 JULY 1977  - 31 JULY 1977 
SCALE 1 1 600,000 





M E D I T E R R A N E A N  S E A  

METER 2 AU 
I MAY 1978 - 6 JUNE 1978 

S C A L E  I :600,000 



M E D I T E R R A N E A N  S E A  

CURRENT EXCURSION LENGTH AND DIRECTION 

METER 2 A L  
1 MAY 1978 - 6 JUNE 1978 

SCALE 1 : 600,000 



M E D I T E R R A N E A N  S E A  

CURRENT EXCURSION LENGTH AND DIRECTION 

METER 2 BU 
9 MAY 1978 - 6 JUNE 1978 

SCALE 1 : 600,000 



M E D I T E R R A N E A N  S E A  

N 

METER 2 BL 
9 MAY 1978 - 31 MAY 1978 

SCALE I : 600,000 

CURRENT EXCURSION LENGTH AND DIRECTION 



APPENDIX D 

A NOTE ON THE RATE OF 

REOXYGENATION BY DOWNWARD D IFFUSION 



APPENDIX D  

A  NOTE ON THE RATE OF REOXYGENATION BY DOWNWARD DIFFUSION 

A  p r i m a r y  measure o f  t h e , a s s i m i l a t i v e  c a p a c i t y  o f  t h e  ocean i s  t h e  r a t e  a t  
wh ich oxygen can be t r a n s f e r r e d  downward f r o m  t h e  atmosphere t o  t h e  
oxygen-demanding c o n s t i t u e n t s  i n  t h e  wastewater.  To be c o n s e r v a t i v e ,  
t h e  r a t e  o f  downward d i f f u s i o n  th rough  t h e  p y c n o c l i n e  shou ld  be cons ide red ;  
f o r  a l t h o u g h  t h e  p y c n o c l i n e  i s  n o t  s t r o n g  enough n o r  p e r s i s t e n t  enough t o  
be counted upon t o  keep t h e  e f f l u e n t  plume submerged, i t  w i l l  d o u b t l e s s  
submerge t h e  plume p a r t  o f  t h e  t ime .  

The downward d i f f u s i o n  o f  oxygen th rough  t h e  p y c n o c l i n e  may be e s t i m a t e d  
as f o l l o w s :  The d i f f u s i v e  f l u x ,  F, may be assumed t o  be g i v e n  by 
F  = -Kdc/dy, where K i s  t h e  v e r t i c a l  d i f f u s i o n  c o e f f i c i e n t  and d c l d y  i s  
t h e  v e r t i c a l  g r a d i e n t  o f  d i s s o l v e d  oxygen c o n c e n t r a t i o n .  Whi 1  e  i n  genera l  
K  i s  a  f u n c t i o n  o f  v e r t i c a l  g r a d i e n t s  i n  ambient  v e l o c i t y  as w e l l  as d e n s i t y  
g r a d i e n t s ,  Koh and ~ a n l  have shown t h a t ,  as a  rough a p p r o x i m a t i o n  i n  t h e  
ocean, K can be r e l a t e d  t o  t h e  v e r t i c a l  d e n s i t y  g r a d i e n t  a l o n e :  

where e  = ( l / p ) ( d p / d y )  i s  t h e  v e r t i c a l  r e l a t i v e  d e n s i t y  g r a d i e n t  expressed 
i n  m- l ;  and K  i s  expressed i n  cm2/sec; and where 4  x  10-7m-1 L - e - L 10-2m-1. 

The v e r t i c a l  f l u x  i s  then :  

From Chapter 4  ,' t h e  a  11 owable f a r - f  i e l  d  oxygen d e f i c i t  , 1.4 mg/L, may be 
adopted f o r  dc.  From F i g u r e  5-5, t h e  d e n s i t y  d i f f e r e n c e  between t h e  
sur face and 40 m dep th  may be seen t o  be as much as 1.3 s igma- t  u n i t s .  
The d e n s i t y  of seawater may be assumed t o  be 1029 s igma- t  u n i t s .  
A p p l y i n g  these va lues and c o n v e r t i n g  some u n i t s  g i v e s  

By comparison, t h e  p r o j e c t e d  COD l o a d  of  1109 thousand kg lday  from mar ine  
d i scharges  i n  t h e  y e a r  2000 (Tab le  2-4) ,  d i s t r i b u t e d  o v e r  a  p a t c h  o f  ocean 
measur ing r o u g h l y  10  km, by 40 km, w i l l  impose an oxygen demand of 27 kg/ 
ha lday,  o r  t h r e e  t imes t h e  r a t e  a v a i l a b l e  by downward d i f f u s i o n  under t h e  
s t r a t i f i e d  c o n d i t i o n s  cons idered.  S u f f i c i e n t  d i l u t i o n  of  t h e  e f f l u e n t  
w i t h  ambient  o x y e n - r i c h  seawater must t h e r e f o r e  be p rov ided .  

I Koh, R .C .Y . ,  and Loh-Nien Fan, "Mathemat ical  Models f o r  t h e  P r e d i c t i o n  o f  
Temperature D i s t r i b u t i o n s  R e s u l t i n g  f r o m  t h e  Discharge o f  Heated Water 
i n t o  Large Bodies of  Water," USEPA Water Q u a l i t y  O f f i c e  C o n t r a c t  No. 14-12-570, 
U.S. Government P r i n t i n g  Of f i ce ,  October,  1970. -. 
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APPENDIX E 

DISCUSSION OF VIRAL AND BACTERIAL CRITERIA 

Recent Research : V i  ruses 
Est imates va ry  as t o  t h e . c o n c e n t r a t i o n s  o f  a thogenic  organisms i n  waste- 'I wate r  b u t  one s tudy  by Ge ld re ich  and C la rke  has es t imated  a  va lue  f o r  
e n t e r i c  v i r uses  o f  500 un i t s / 100  mL o f  sewage. Based on these  es t imates  
o f  c o l i f o r m  d e n s i t y  i n  sewage they  found a  v i r u s - t o - c o l i f o r m  r a t i o  o f  
1  :92,000. P e t r i 1  li e t  a1.2 found r a t i o s  o f  en te rov i r uses  t o  E.  C o l i  o f  
1:2000 minimum t o  1:400,000 maximum i n  moderate ly  and h i g h l y  p o l l u t e d  
waters,  r e s p e c t i v e l y ,  w i t h  t h e  r a t i o s  decreas ing i n  t ime  due t o  t he  more 
r a p i d  d i e - o f f  o f  E. C o l i  organisms away f rom t h e  i n i t i a l  d i scharge  
p o i n t .  The v a r i a b i l i t y  o f  t h e  r a t i o s  over  such a  l a r g e  range can be due 
t o  t h e  f a c t  t h a t  t h e  e x c r e t i o n  o f  en te rov i r uses  l i k e  t h a t  o f  pathogenic  
e n t e r o b a c t e r i a  i s  occas ional  and q u a n t i t a t i v e l y  i n c o n s i s t e n t ,  be i ng  
i n f l u e n c e d  n o t  o n l y  by i n f e c t i o n  r a t e s  i n  t he  community a t  any g i ven  
t ime,  b u t  a l s o  by t he  hour  o f  t h e  day, t h e  season o f  t h e  year ,  t h e  r a t i o  
o f  i n d u s t r i a l  t o  domest ic waste and ' t he  e x t e n t  o f  sewage d i l u t i o n  f rom 
seepage o r  surface run -o f f  i n t o  the  sewer system. Never the less,  l a r g e  
numbers o f  v i r uses  may be p resen t  i n  wastewater,  e.g., p o l i o v i r u s ,  
h e p a t i t i s  and adenovirus,  which p resen t  a  wide range o f  symptoms and 
diseases. 

Despi te  much s tudy,  t h e  exac t  h e a l t h  r i s k 3 0 f  v i r a l  pathogens cannot be 
q u a n t i f i e d .  Research by P l o t k i n  and Katz has shown t h a t  i n f e c t i v e  doses 
may be as smal l  as one o r  two plaque fo rmin  u n i t s  (PFU) f o r  such v i r uses  4 as p o l i o v i r u s  types 1  and 3. But,  P e t r i l l i  p o i n t s  o u t  t h a t  i napparen t  
i n f e c t i o n  r a t h e r  than o v e r t  i l l n e s s  may develop from low concen t ra t ions  o f  
pathogens. 

Attempts t o  d e f i n e  t h e  s p e c i f i c  f ac to r s  which l ead  t o  t h e  d e s t r u c t i o n  o f  
v i r uses  i n  t he  marine environment have n o t  been very  success fu l  and a re  
o f t e n  c o n t r a d i c t o r y .  I n  genera l ,  observa t ions  have p o i n t e d  o u t  t h a t  most 
e n t e r i c  v i r uses  a re  more r e s i s t e n t  than  i n d i c a t o r  b a c t e r i a  t o  i n a c t i v a t i o n  
by wa te r  d i s i n f e c t a n t s  .4  

I Geld re ich  and Clarke, "The C o l i f o r m  Test:  A  C r i t e r i o n  f o r  t h e  V i r a l  
Sa fe ty  o f  Water," Proceedings o f  t he  13 th  Water Q u a l i t y  Conference, 
U n i v e r s i t y  o f  I 1  l i n o i s ,  1971. 

2 ~ e t r i l l i ,  DeFlora and Lemori, " P o l l u t i o n  o f  Coastal  Waters i n  I t a l y  -- 
B a c t e r i o l o g i c a l  and V i r o l o g i c a l  Research," Marine Pol l u t i o n  and Marine 
Waste Disposal ,  Pergamon Press, 1975. 

' p l o t k i n  and Katz, "Minimal I n f e c t i v e  Doses o f  Viruses f o r  Man by  t h e  
Oral Route," Transmission o f  V i ruses by t he  Water Route (ed. G. Berg) ,  
Wi ley - In te rsc ience ,  1967. 

'~ i  t c h e l l  and Chamber1 a i n ,  "Fac to rs  l n f  1  uencing t h e  S u r v i v a l  o f  E n t e r i  c  
Microorganisms i n  t he  Sea: An Overview," Discharge o f  Sewage f rom Sea 
O u t f a l l s ,  Pergamon Press, 1975. 



L i t e r a t u r e  r e p o r t s  summarized by P e t r i l l i l  show t h a t  e n t e r o v i r u s e s  s u r v i v e  
i n  seawater f o r  l o n g e r  p e r i o d s  t h a n  c o l i f o r m  i n d i c a t o r  organisms. For  t h e  
m a j o r i t y  o f  v i r u s e s  t e s t e d  i t  took  from 3  t o  21 days t o  ach ieve a  t h r e e  
o r d e r  o f  magni tude decrease i n  c o n c e n t r a t i o n  a t  25" C. A t  4"-6" C t h e  
v i r u s e s  p e r s i s t e d  f o r  even l o n g e r  t imes .  For  c o l  i f o r m  organisms, b y  com- 
par i son ,  w i t h  a  Tgo o f  3  hours,  a  t h r e e  o r d e r  o f  magni tude decrease i n  
c o n c e n t r a t i o n  can be a c h i e v e d . i n  9  hours.  

Shuval e t  a1 .2  r e p o r t e d  f i n d i n g s  o f  s u r v i v a l  t imes  f o r  p o l  i o v i r u s e s  sus- 
pended i n  wa te r  o f  t h e  e a s t e r n  Medi ter ranean and t h e  Red Sea. Three l o g  
c y c l e s  o f  c o n c e n t r a t i o n  were l o s t  i n  9  days i n  normal seawater a t  15" C. 
They a l s o  r e p o r t e d  t h a t  t h e  MAVA (mar ine a n t i - v i r a l  a c t i v i t y )  r e q u i r e d  
e i t h e r  t h e  presence o f  b a c t e r i a  i n  h i g h  numbers o r  was a s s o c i a t e d  w i t h  a  
ve ry  s h o r t - l i v e d  agent produced by t h e  b a c t e r i a .  ~ i t c h e l l 3  has a l s o  ob- 
served t h a t  t h e  presence o f  ind igenous mar ine micro-organisms enhances 
t h e  i n a c t i v a t i o n  o f  t h e  bac te r iophage  ( v i r u s )  -174 i n  seawater c o l l e c t e d  
o f f  t h e  New England (USA) coast .  He r e p o r t e d  t h a t  t h e  chemical  component, 
presumably t h e  heavy meta ls ,  o f  seawater a l s o  e x e r t e d  a  d e t r i m e n t a l  e f f e c t  
on t h e  phage. Matossian and ~ a r a b e d i a n 4  a t tempted  t o  i d e n t i f y  t h e  f a c t o r s  
i n  n a t u r a l  Medi ter ranean w a t e r  ( n e a r  B e i r u t )  wh ich i n a c t i v a t e  p o l i o v i r u s  
1.  They found t h a t  t h r e e  l o g  c y c l e s  o f  v i r u s  i n f e c t i v i t y  were l o s t  i n  
6-7 days i n  b o t h  u n t r e a t e d  and f i l t e r e d  seawater a t  25" C. From o t h e r  
t e s t s  t h e y  concluded t h a t  t h e  v i r u c i d a l  p r o p e r t y  o f  seawater was due t o  
t h e  combined e f f e c t  o f  i t s  chemical  composi t ion and t o  an unknown heat -  
l a b i l e  i n h i b i t o r y  substance. Tes ts  by  o t h e r s  concern ing  t h e  e f f e c t  o f  
s a l i n i t y  as a  v i r u c i d a l  agent have been i n c o n c l u s i v e . 5  

To comp l i ca te  t h e  m a t t e r  o f  d e t e r m i n i n g  d i e - o f f  r a t e s  o f  e n t e r o v i r u s e s ,  
i t  has been found by ~ e r ~ 6  t h a t  t h e  c e l l - c u l t u r e  systems used f o r  detec- 
t i n g  e n t e r i c  v i r u s e s  a r e  s e n s i t i v e  t o  l e s s  than 50 p e r c e n t  o f  t h e  v i r u s e s  
e x c r e t e d  by man, and t h e r e  a r e  p robab ly  v i r u s e s  i n  sewage t h a t  have n o t  
y e t  been d e t e c t e d  and i d e n t i f i e d .  Thus, t h e  number o f  v i r u s e s  d e t e c t e d  
can be w e l l  below t h e  q u a n t i t i e s  a c t u a l l y  p resen t .  

' p e t r i 1 1  i, DeFlora and Lemori, " P o l l u t i o n  o f  Coastal  Waters i n  I t a l y  -- 
B a c t e r i o l o g i c a l  and V i r o l o g i c a l  Research," Mar ine P o l l u t i o n  and Marine 
Waste Disposa l  , Pergamon Press, 1975. 

L Shuval e t  a1 . , Developments i n  Water Qua1 i t y  Research, Ann Arbor-Humphrey 
Science Pub l i shers ,  1970. 

3 ~ i t c h e l  1, " D e s t r u c t i o n  o f  B a c t e r i a  and V i ruses i n  Sea Water," Journa l  
S a n i t a r y  Eng ineer ing  D i v i s i o n ,  American S o c i e t y  o f  C i v i l  Engineers,  1971. 

4 ~ a t o s s i a n  and Garabedian, " V i r u c i d a l  A c t i o n  o f  Sea Water," American 
Journa l  o f  Ep i  demi 01 ogy, 1967. 

 kin, H i l l  and Clarke,  " M o r t a l i t y  o f  E n t e r i c  V i ruses i n  Marine and Other  
Waters," Discharge o f  Sewage f rom Sea O u t f a l l  s, Pergamon Press, 1975. 

6 ~ e r g ,  "Methods f o r  D e t e c t i n g  V i ruses i n  Environmental  Waters -- a  S t a t u s  
Report," Proceedings 1 s t  M i c r o b i o l .  Seminar o f  Methods, U.S. EPA, 1973. 



Recent Research: B a c t e r i a  
Besides v i ruses ,  1 arge numbers o f  b a c t e r i  a1 pathogens such as Sal monel l a, 
S h i g e l l a  and V i b r i o  Cholera may be p resen t  i n  wastewater. From con tac t  
w i t h  these b a c t e r i a ,  symptoms can range f rom se r i ous  diseases t o  e a r  
i n f e c t i o n s  and sore t h r o a t s .  

For b a c t e r i a l  pathogens,' l i k e  v i ruses ,  wide ranges o f  i n f e c t i v e  doses 
have been repor ted.  The c l a s s i c a l  s t ud ies  by Kehr and ~ u t t e r f i e l d l  con- 
c lude  t h a t  1  percen t  o f  t h e  i n d i v i d u a l s  i n g e s t i n g  a  s i n g l e  t ypho id  bac- 
t e r i u m  became i n f e c t e d .  McCul 1  ough and ~i sele2  showed t h a t  f o r  Salmonel 1  a  
Typhi and V i b r i o  Cholera q u i t e  smal l  doses a re  i n f e c t i o u s  (3-5  o'rganisms)' 
whereas o t h e r  Salmonel la types and enterapathogenic  E. C o l i  r e q u i r e  
cons iderab ly  l arge r  doses. 

Stud ies o f  b a c t e r i a l  d i e - o f f  i n  t he  marine environment have shown t h a t  
many b a c t e r i a l  pathogens have t h e  a b i l i t y  t o  s u r v i v e  l onge r  than c o l i f o r m  
i n d i c a t o r  organisms. Some may even m u l t i p l y  i n  t h e  sea environment.  Dis-  
appearance s tud ies  have shown t h a t  t h e r e  a r e  a  number o f  f a c t o r s  which 
c o n t r i b u t e  t o  b a c t e r i a l  removal from the  sea; these are:  

- Sedimentat ion - N u t r i e n t  D e f i c i e n c i e s  
- So la r  Rad ia t ion  - A lga l  Toxins 
- Preda t ion  - B a c t e r i a l  Toxins 
- Bacteriophages - Phys ica l  -Chemi c a l  Factors  

Physical-chemical  f a c t o r s  may i nc l ude  osmotic e f f e c t s ,  pH e f f e c t s  and 
s p e c i f i c  i o n  t o x i c i t y .  So la r  r a d i a t i o n  has been shown t o  s l ~ b s t a n t i a l l y  
a f f e c t  b a c t e r i a l  d i e - o f f  r a tes .  Research by Be1 l a i r  e t  a1 . 3  has shown 
l a r g e  d i u r n a l  v a r i a t i o n s  i n  TgO values f o r  f eca l  c o l i f o r m s  i n  t he  sea. 
However, t h e  magnitude o f  d i u r n a l  v a r i a t i o n  v a r i e s  f rom l o c a t i o n  t o  l o -  
ca t i on ,  w i t h  d i e - o f f  f rom s o l a r  r a d i a t i o n  be ing  a f f e c t e d  by such f a c t o r s  
as sur face  roughness, amount o f  i n c i d e n t  l i g h t  r ece i ved  and concent ra t ion  
o f  suspended p a r t i c u l a t e  ma t te r  i n  t h e  sea. 

Research Surr~mary 
I n  summary, t he  f a c t o r s  which c o n t r i b u t e  t o  t h e  disappearance o f  v i r a l  
and b a c t e r i a l  pathogens a re  numerous and a t  t h i s  t ime t oo  complex t o  
pe rm i t  a  p r e d i c t i o n  o f  pathogen d i e - o f f  by measuring t h e  c o n t r i b u t i n g  
f a c t o r s  i n  the  marine environment. 

l ~ e h r  and B u t t e r f i e l d ,  "Notes on t he  Re la t i onsh ip  between C o l i f o r m  and 
E n t e r i c  Pathogens," - P u b l i c  Hea l th  Report, Washington, 1943. 

' M C C U ~  1  ough and E ise le ,  "Experimental Human Salmonel l os i s ,  " Journal  o f  
I n f e c t i o u s  Diseases, 1951. 

'gel l a i r ,  Parr-Smith and Wa l l i s ,  "S ign i f i cance  o f  D iu rna l  Va r i a t i ons  i n  
Fecal Co l i f o rm  D ie -Of f  Rates i n  t h e  Design of Ocean O u t f a l l s , "  Journal  
Water Pol l u t i o n  Cont ro l  Federat ion, September, 1977. 



I n d i c a t o r  Organisms 
I d e a l l y ,  an i n d i c a t o r  organism should be p resen t  when pathogenic orga- 
nisms a re  p resen t  and i n  l a r g e  enough q u a n t i t i e s  t h a t  t h e r e  i s  a  h i g h  
p r o b a b i l i t y  o f  d e t e c t i o n  even a f t e r  h i g h  d i l u t i o n .  Th i s  i s  one reason 
t h a t  c o l i f o r m  organisms a re  w i d e l y  used as i n d i c a t o r s  o f  p o l l u t i o n ,  
d e s p i t e  t h e  sometimes ambiguous conc lus ions  t h a t  m igh t  be drawn f rom 
t h e i r  measurement. As mentioned p rev i ous l y ,  c o l  i f o r m s  s u f f e r  a  r a t h e r  
r a p i d  d ie -o f f  i n  t h e  sea w h i l e  c e r t a i n  pathogens do n o t .  

A  r ev i ew  o f  t h e  l i t e r a t u r e  on t h e  use o f  i n d i c a t o r  organisms i n  t h e  
mar ine environment has po in ted  ou t  t h e  d e f i c i e n c i e s  o f  t h e  commonly used 
i n d i c a t o r s .  T o t a l  c o l i f o r m  counts  i n c l u d e  t h e  more u s e f u l  feca l  c o l i f o r m s  
b u t  may be m is l ead ing  s i nce  t h e y  a r e  n o t  s p e c i f i c a l l y  l i n k e d  t o  t h e  i n t e s -  
t i n e s  of warm-blooded animals ( i n c l u d i n g  man) ; and ma jo r  sources of c o l  i - 
forms i n  t h e  coas ta l  r e g i o n  may come f rom r i v e r s ,  s o i l  r u n - o f f  and c e r t a i n  
types o f  i n d u s t r i a l  d i scharges .  Since c o l i f o r m s  s u f f e r  a  r a p i d  d i e - o f f  i n  
t h e  mar ine environment,  t h i s  f a c t o r  may lead  t o  an over -es t imate  o f  t h e  
p r o t e c t i o n  achieved aga ins t  t h e  more l o n g - l i v e d  pathogens. 

Fecal c o l i f o r m s  a r e  more s p e c i f i c  i n d i c a t o r s  of r e c e n t  feca l  p o l l u t i o n  
and a r e  d ischarged f rom t h e  i n t e s t i n e s  of warm-blooded an imals  ( i n c l u d i n g  
man). Esche r i ch i a  c o l  i , i n  p a r t i c u l a r ,  meet many of t h e  requi rements  o f  
a  good i n d i c a t o r  b u t  a l s o  have a  r e l a t i v e l y  s h o r t  s u r v i v a l  t ime  i n  seawater. 

Fecal s t r ep tococc i  a r e  sometimes found i n  human and animal wastes b u t  may 
a l s o  come f rom c e r t a i n  i ndus t r i a l l p rocesses .  The r a t i o  of f e c a l  c o l i f o r m  
t o  feca l  s t r e p  i s  f r e q u e n t l y  used t o  he lp  i d e n t i f y  t h e  source o f  po l  l u -  
t i o n  i n  a  r e c e i v i n g  water  b u t  t h i s  r a t i o  must be a p p l i e d  w i t h  cau t i on .  

Fecal Col i f o r m  Organisms 
Desp i te  t h e  problems mentioned, t h e r e  i s  some m e r i t  i n  us i ng  t h e  bac- 
t e r i a l  i n d i c a t o r  organisms such as f e c a l  c o l  i f o rm  and s p e c i f  i c a l  ly E. 
C o l i  f o r  m o n i t o r i n g  p o l l u t i o n :  

1.  These organisms a r e  always assoc ia ted  w i t h  f e c a l  p o l l u t i o n  and, 
if they  a r e  de tec ted  i n  l a r g e  concen t ra t ions ,  i t  i s  a  se r i ous  
m a t t e r  regard less  of t he  source o r  t ime  o f  t r a v e l  f rom t h e  source. 

2. These organisms can be de tec ted  more e a s i l y  and a t  l e s s  c o s t  than 
t h e  pathogens themselves. 

3 .  There i s  a  g r e a t e r  chance o f  f i n d i n g  feca l  co l i f o rms  i f  p resen t  
even a f t e r  h i g h  d i l u t i o n  because of t h e  abundance o f  these 
organisms. 

4. There a r e  some pathogenic b a c t e r i a  which f o l l o w  a  d i e - o f f  r a t e  
s i m i l a r  t o  f e c a l  co l i f o rms  and i t  i s  u s e f u l  f o r  des ign  purposes 

' coord ina ted  Medi ter ranean P o l l u t i o n  Moni t o r i n a  and Research Proaramme. 
- u 

Guide l ines  f o r  Hea l th  Re la ted  Mon i t o r i ng  of ~ i a s t a l  Water Q u a l i t y ,  . - 
World Hea l t h  Organ iza t ion ,  1977. 



to at least be assured of adequate protection from these types 
of bacteria. 

5. Most of the available research on marine pollution has utilized 
fecal coliforms or total coliforms as indicator organisms and 
standards have been set based on such concentrations that have 
been felt to give adequate protection for the intended use 
of the waters. 

In field studies, near outfalls, conducted by petrillil in coastal Italy, 
it was found that virological tests were positive only when the MPN of 
E. Coli were greater than 1000/100 mL. Thepcorresponding total coliform 
counts ranged from 5-10,000/100 mL. Shuval also found in sampling near 
outfalls in the Mediterranean near Israel that no viruses were recovered3 
when fecal colifor~ii counts were less than 1000/100 mL. A study by Bonde 
utilizing data from Lund, Shuval et al., and Taylor found that the proba- 
bility of recovering viruses was 53 percent for samples in which the E. 
Coli count exceeded 1000 per 100 mL and 18 percent from those of lower E. 
Col i counts. Similarly Bonde found from data by Grunnet et a1 . taken in - 
estuarine waters that a count of 1000 fecal coliforms/100 mL corresponds 
to a 50 percent probability of den1 nstrating the pathogenic bacterium 
Salmonel la. Additionally, Cabel l i t  in his epidemiological studies of 
gastroenteric illness found the highest correlations between incidence 
of disease and bathing water quality occurred when E. Coli were used 
as the bacteriological indicator. Fecal coliforms were the next best 
indicator. 

~ e t r i l l  i ,  DeFlora and Lemori , "Pollution of Coastal Waters in Italy -- 
Bacteriological and Virological Research," Marine Pollution and Marine 
Waste Disposal, Pergamon Press, 1975. 

'~huval, Developments in Water Quality Research, Ann Arbor-Humphrey 
Science Publishers, 1970. 

3~onde, "Bacterial Indicators of Sewage Pol lution ," Discharge of Sewage 
from Sea Outfalls, Pergamon Press, 1975. 

'cabel 1 i , Dufour, Levin and McCabe, Relationship of Microbial Indicators 
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PROCEDURES ADOPTED ON EVALUATING THE MPN OF THE 

COLIFORM & ENTEROCOCCAL GROUPS I N  SEAWATER SAMPLES 

Tes ts  f o r  t h e  Col i f o r m  Group 

Both t h e  presumptive as w e l l  as t h e  con f i rmed t e s t s  o f  t h i s  group 
were c a r r i e d  ou t .  Decimal d i l u t i o n s  o f  each sample were prepared. 
From t h e  app rop r i a t e  d i l u t i o n s  a  s e r i e s  o f  f e rmen ta t i on  tubes was 
i nocu la ted .  

Presumptive Test .  From each d i  1  u t i o n  t h r e e  f e rmen ta t i on  tubes were 
i n o c u l a t e d  w i t h  1  mL each. The medium used f o r  t h i s  t e s t  was Mac- 
Conkey b r o t h .  The i n o c u l a t e d  tubes were incubated a t  35.5OC f o r  24 
hours.  The presence o r  absence o f  gas .was noted f o r  each tube. The 
tubes showing d o u b t f u l  r e s u l t s  were r e i ncuba ted  f o r  ano ther  24 hours.  
The most p robab le  numbers (MPN) o f  b a c t e r i a  were computed accord ing  
t o  t h e  t a b l e s  o f  MPN f o r  va r i ous  combinat ions o f  t h e  p o s i t i v e  r e s u l t s  
us i ng  t h r e e  tubes. 

Confirmed Test .  A l l  p o s i t i v e  tubes, i .e . ,  those showing gas i n  t h e  
presumptive t e s t ,  were sub jec ted  t o  t h e  conf i rmed t e s t .  Two l o o p f u l s  
f rom each p o s i t i v e  tube were i n o c u l a t e d  i n  a  tube  c o n t a i n i n g  E i j kman 's  
medium. The i n o c u l a t e d  tubes were t r a n s f e r r e d  t o  a  wa te r  ba th  and i n -  
cubated a t  44.5OC f o r  24 hours.  A1 1  tubes showing gas were recorded 
as p o s i t i v e  con f i rma to r y  t e s t s  f o r  t h e  presence o f  f e c a l  c o l  i f o rms .  
However, i n  most cases, s t r eaks  from t h e  p o s i t i v e  presumptive o r  con- 
f i rmed t e s t s  mentioned above were c a r r i e d  o u t  on EMB Agar p l a t e s  and 
a t  35.5OC f o r  24 hours. P l a tes  showing b u t t o n - l i k e  co l on ies  w i t h  
m e t a l l i c  sheen ( o r  sometimes dark  p i n k )  were recorded as con f i rmed t e s t s  
f o r  t h e  presence o f  f e c a l  c o l i f o r m s .  

Tests f o r  t h e  Enterococc i  

Presumptive Test.  From t h e  same d i l u t i o n s  prepared f o r  t e s t i n g  t h e  
presence o f  co l i fo ' rms,  1  mL volumes were i n o c u l a t e d  i n  a  s e r i e s  o f  t e s t  
tubes each c o n t a i n i n g  5  mL o f  en te rococc i  az ide  dex t rose  b ro th .  The 
i n o c u l a t e d  tubes were incubated'  f o r  24 hours a t  35.5OC. Tubes showing 
t y p i c a l  growth o f  t h e  en te rococc i  were recorded p o s i t i v e .  The MPN o f  
t h e  enterococcal  group was corr~puted from t h e  t a b l e s  o f  t h e  MPN. 

Confirmed Test.  Three i o o p f u l s  of each p o s i t i v e  growth were t r ans -  
f e r r e d  t o  a  t e s t  tube  p rov ided  w i t h  5  mL o f  en te rococc i  conf i rmed 
b ro th .  The i n o c u l a t e d  tubes were incuba ted  a t  45.5OC f o r  24 hours.  
Tubes showing growth accompanied by a  d i s t i n c t  y e l l o w  c o l o u r  were 
recorded as p o s i t i v e  conf i rmed t e s t s  f o r  t h e  presence o f  f e c a l  en te ro -  
cocc i  and t h e i r  MPN were computed f rom t h e  MPN tab les .  
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