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1 . E XEC UT I VE SUMMA RY
R . M . Wa r w i c k

1 . 1 . BAC KGROUND

S i n c e 19 1 1 t h e T e d d i n g t o n S t a t u t o r i 1 y P r o t e c te d F l o w
o f t h e T h a me s h a s b e e n s e t a t 7 7 2 t h o u s a n d c u b ic me t r e s
p e r d a y ( t c md ) o r 8 . 9 3 c u b i c me t r e s p e r s e c o n d ( c u me c s )
e x c e p t t h a t a f t e r Ma y 1 e a c h y e a r , , i f t h e q ua n t i t y o f
w a t e r i n t h e L o n d o n s t o r a ge r e s e r v o i r s i s b e l ow s o me
t a r ge t l e v e l • i t ma y b e f u r t h e r r e d u c e d i n s t e p s o f
4 5 . 4 t c md . t o a n a b s o l u t e m i n i mu m o f 22 7 t c md ( 2 . 62
c u me c s ) . T h e r u l e s w h i c h go v e r n t h e s e r e d u c t i on s r e l a t e
t o t a r g e t l e v e l s o f r e s e r v o i r s t o r a ge b e t w e e n Ma y 1
a n d J a n u a r y 3 1 . Un fo r t un a t e l y t h e r u l e s p r o v e d p a r t i c u l a r l y
r e s t r i c t i v e d u r i n g t h e d r o u g h t of 19 7 6 a n d , a s a r e s u l t .
a c t i o n s w e r e ne c e s s a r y w h i c h r e d u c e d . s u mme r f l o w s
we l l b e l o w 2 27 t c m d fo r mo s t o f J u l y , Au g u s t a n d Se p t e m b e r .,
b a c k p u m p i ng o v e r T e d d i n g t o n a n d Mo l e s e y We i r s w a s
r e q u i r e d t o ma i n t a in w a t e r l e v e l s . T h e T h a me s Wa t e r
Au t h o r i t y (T WA ) n o w w i s h t o c h a n ge t h e r u le s w h i c h
d e t e r m i ne m i n i mu m f l o w s a t T e d d i ng t o n t o a l l o w mo r e
w a t e r t o b e a b s t r a c t e d e a r l i e r i n t h e y e a r , , a s t h i s
w o u l d b e a v e r y c o s t - e f f e c t i v e w a y o f i m p r ov i n g t h e
r e l i a b i l i t y o f Lo n d o n ' s w a t e r s u p p l y , a n d t he y h a v e
c o m m i s s i o n e d t h e Na t u r a l En v i r o n me n t Re s e a r c h C o un c i l
( N E RC ) t o a s s e s s t h e e c o l o g ic a l i mp a c t o f t h e s e c h a nge s .

1 . 2 . O BJ ECT I VES AND MET HODS

I n o r d e r t o p r e d i c t t h e e f f e c t s o f c h a n g e s . i n t he p a t t e r n
o f w a t e r a b s t r a c t i o n o n t h e b i o t a , t h e fo l l ow i n g o b j e c t i v e s
w e r e p u r s ue d :

1 . 2 . 1 . T o p r e s e n t ma t h e ma t i c a l mo d e l s w h i c h s i mu l a t e
t h e w a t e r q u a l i t y o f b o t h t h e Lo w e r T h a me s Ri v e r a n d
t h e T h a me s Es t ua r y a n d t o d e mo n s t r a t e t h e i r a b i I i t y
t o r e p r o d uc e me a s u r e d w a t e r q u a l i t y f o r a nu mb e r o f
h i s t o r i c f 1 o w s e q ue nc e s . T h e NE RC In s t i t u t e o f Hy d r o l o g y
( I N ) h a s d e v e l o p e d a f l o w , , d i s s o l v e d o x y g e n ( DO ) a n d
b i o c h e m i c a l o x y g e n d e ma n d ( BO D ) mo d e l f o r t h e no n -
t i d a l r i v e r , , w h i l s t t h e NE RC I n s t i t u t e fo r Ma r i n e
En v i r o n me n t a l Re s e a r c h ( I MER ) h a s a d a p t e d a T h a me s
Wa t e r q ua l i t y mo d e l t o p r e d i c t d a i l y d i s t r i b ut io n s o f
s a l i n i t y , , a m mo n i a , t o t a l BOD , n i t r a t e a n d DO a l o n g t h e
l e n g t h o f t h e e s t u a r y .

1 . 2 . 2 . T o u s e t h e s e mo d e l s t o g i v e p r e d i c t i ons o f t h e
c h a n ge s i n w a t e r q u a l i t y r e s u l t i n g f r o m c u r r e n t w a t e r
d e ma n d u n d e r t h e p r e s e n t s t a t u t o r i I y e n f o r c e d a b s t r a c t i o n
r u l e s a n d c o n t e m p o r a r y p o l l u t i o n l o a d s , a n d t o d e mo n s t r a t e
t h e e f f e c t o f c h a n g i n g t h e r u l e s t o a s c h e me d e s i g n e d
t o p r o v i d e a mo r e r e l i a b l e w a t e r s u p p l y .

1 . 2 . 3 . T o d i s c u s s t h e i m p l i c a t i o n s o f t h e s e p f e d i c t e d
c h a n ge s i n w a t e r q ua l i t y fo r t h e e c o l o g y o f t h e r i v e r
a n d e s t ua r y . . T h i s a s s e s s me n t h a s b e e n ma d e b y a n um b e r
o f e c o l o g i s t s s p e c ia l i s i n g i n v a r i o u s a s p e c t s o f r i v e r
a n d e s t ua r i n e b i o l o g y a t t h e F r e s h w a t e r B i o l o g i c a l As s o c i a t i o n
( F BA ) a n d a t I ME R .
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1 . 3. ENVI RONMENT AL Q UAL IT Y

F l o w , , v e l o c i t y a n d w a t e r q u a l i t y con d i t i o n s u n d e r c u r r e n t
o p e r a t i n g s t r a t e g i e s h a v e b e e n co m p a r e d w i t h a n e w

Ma x i mu m Re s o u r c e Be n e f i t ( MRB ) p o l i c y a s s u m i n g 19 89

d e ma n d s .

1 . 3 . 1 . T h e n o n - t i d a l r i v e r a b o v e T e d d i n t o n We i r . .

1 . 3 . 1 . 1 . T h e f l o w s a n d v e l o c i t i e s d u r i n g d r o u g h t c o n d i t io n s

a r e 1 i k e l y t o b e v e r y s i m i l a r u n d e r t h e MRB a n d c u r r e n t

s t r a t e g i e s , b u t t h e MRB s t r a t e g y w i l l s l i g h t l y i m p r o v e

t h e s i t ua t i o n s i n c e i t s h o u l d b e p o s s i b l e t o a v o i d e x t r e me

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

T e d d i n g t o n a n d Mo l e s e y We i r s . I n ge ne r a l t h e f l o w s

o v e r Mo l e s e y We i r a r e l o w e r t h a n t h o s e a t T e d d i n g t o n

b e c a u s e o f t h e ma j o r a b s t r a c t i o n s u p s t r e a m o f Mo l e s e y
a n d t h e i n f l o w o f t h e Ho g s mi l l a n d Mo l e r i v e r s b e l o w
i t .

1 . 3 . 1 . 2 . F l o w a nd v e l o c i t y i n non - d r o u g h t y e a r s w o u l d

b e c o n s i d e r a b l y r e d u c e d b y t h e MRB s t r a t e g y , , i n c r e a s i ng
t h e r e a c h r e s i d e nce t i me . How e v e r , , no n - d r o ug h t s p r i n g
c o n d i t i o n v e l o c i t i e s w i l l n o t b e a f f e c t e d s i g n i f i c a n t l y ,

s u g ge s t i n g t h a t a b s t r a c t i n g a d d i t i ona l w a t e r e a r l i e r i n

t h e y e a r w o u l d c e r t a i n ] y b e p r e fe r a b l e t o ma k i n g u p

l o s s e s t h r o u g h l o w e r f l o w i n t h e s u mme r . .

1 . 3 . 1 . 3 . DO l e v e l s a r e ge n e r a l l y c l o s e t o s a t u r a t i o n
fo r mo s t o f t h e y e a r . . I n d r o u g h t ye a r s t h e BOD c o n c e n t r a -

t i o n s a r e s i m i l a r fo r b o t h o p e r a t i n g s t r a t e g ie s a n d i t
i s o n l y i n n o n - d r o u g h t s u m me r s t h a t a n y i n c r e a s e i n

BO D l e v e l s c a n b e d e t e c t e d , a n d e v e n t h e s e a r e i n s i gn i f i c a n t .
T h e MRB r u l e s wo u l d u s u a l 1 y i mp r o v e DO c o n c e n t r a t i o n s

s l i g h t l y i n d r o u g h t s u m me r s s i n ce e x t r e me l o w f l o w s
w o u l d b e a v o i d e d .

1 . 3 . 1 . 9 . Am mo n i a l e v e l s a r e g e ne r a l ] y l e s s t h a n 0 . 5mg
p e r l i t r e . O c c a s i o na l h i g h me a n v a l ue s o f a m mo n i a

w e r e r e c o r d e d i n t h e Mo l e s e y t o T e d d i n g t o n r e a c h i n
t h e d r o ug h t o f 197 6 d u e t o b a c k p u mp i n g , b u t r e c e n t

i m p r o v e me n t s t o t r e a t me n t f a c i 1 i t i e s a n d t h e a v o i d a n c e
o f b a c k p u m p i n g w i t h t h e MRB s t r a t e g y w o u l d i mp r o v e

t h e s i t ua t i o n . Un d e r d r o u g h t c ond i t i o n s , t h e h i g h e s t

me a n l e v e l s o f a mmo n i a w o u l d b e a p p r o x i ma t e l y a t h i r d

o f t h e p e a k 19 7 6 c o nc e n t r a t i o n s .

1 . 3 . 2 . T h e t i d a l r i v e r b e l ow T e d d i n t on We i r . .

1 . 3 . 2 . 1 . Co m p a r i s o n o f t h e c u r r en t a n d MRB p o l i c i e s

o n s a l i n i t y , a m mo n ia , DOD , t o t a l n i t r o ge n a n d d i s s o l v e d
o x y g e n d u r i n g t h e d r o u g h t s e q ue nc e 19 7 5 / 7 6 s h o w s a
v e r y s ma l l c h a n ge w h i c h i s o n l y d e t e c t a b l e u p s t r e a m

o f Lo n d o n B r i d g e . T h i s i s a l s o t r u e o f t h e s e a s on a l
v a r i a b i l i t y o f t h e s e c o n c e n t r a t i o n s . I n n o n - d r o ug h t y e a r s
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t h e r e w o u l d b e a s l i g h t i n c r e a s e i n a m mo n i a • BOD a n d
n i t r a t e w i t h a n a s s o c i a t e d s ma l l d r o p i n DO u p s t r e a m
o f Lo n d o n Br i d ge , b u t a b s o l u t e le v e l s w o u l d n o t a p p r o a c h
t h os e c u r r e n t l y e x p e r i e nc e d u n d e r d r o u g h t co n d i t i o n s .

1 . 3 . 2 . 2 . At T e d d i n g t o n a n d S y o n Pa r k s a l i n i t ie s w o u l d
n o t i n c r e a s e b y mo r e t h a n 0 . 4 p a r t s p e r t h ou s a n d i n
t h e  1976  d r o u g h t , a n d o n o c c a s i o n t h e MRB p o l i c y r e d uc e s
s a l i n i t y • b y a s muc h a s  1.5  p a r t s p e r t h o u s an d . At
Lo n d o n Br i d ge t h e r e i s no c o n s i s t e n t e f f e c t o f t h e MRB
p o l i c y b u t t h e d a y t o d a y v a r i a t i o n i s r e d u c e d s l i g h t l y .

I n no n - d r o ug h t y e a r s t h e w a t e r a b o v e Ri c h mon d Ha l f -
t i d e Lo c k r a r e l y b e c o me s s a l i ne u n d e r e i t h e r ma na ge me n t
s y s t e m . Ho w e v e r , , a t S y o n P a r k t h e MRB p o l i c y r e s u l t s
i n h i g h e r s a l i n i t i e s , b u t t h e ma x i mu m 'v a l ue s o f 1 p a r t
p e r t h o u s a n d a r e s t i l l mu c h l e s s t h a n e q u i v a l e n t d r o ug h t
v a l ue s ( 3 p a r t s p e r t h o u s a n d ) un d e r e i t h e r s y s t e m .
T h e s a me i s t r ue a t Lo n d o n Br d g e , w h e r e t he r e l a t i v e
i n c r e a s e i n s a l i n i t y h a s a ma x i mu m o f l e s s t h a n  5  p a r t s
p e r t h o u s a n d a t a t i me w h e n t h e a b s o l u t e s a l i n i t y i s
a b o u t 10 p a r t s p e r t h o u s a n d .

1 . 3 . 2 . 3 . In t h e d r o ug h t s e q ue nc e  1975/76  o x y ge n l e v e l s
a r e no t s i g n i f i c a n t y r e d uc e d • a n d i n s o me c a s e s a r e
i m p r o v e d s l i g h t l y . I n no n - d r o ug h t y e a r s t h e r e i s no
me a s u r a b l e e f f e c t o n t h e o x y ge n r e g i me a b o v e R i c h mo n d
Ha l f - t i d e Lo c k o r a t Lo n d o n Br i d ge , t h e o n l y s i g n i f i c a n t
r e d uc t i o n o c c u r r i n g a t S y o n P a r k Re a c h w h e r e t h e o x y g e n
c o nc e n t r a t i o n s a r e h i g h e s t , b u t e v e n h e r e DO i s ne v e r
l o w e r t h a n c u r r e n t ] y e x p e r i e n c e d i n d r o u g h t c o n d i t i o n s .

1 . 3 . 2 . 4 . S i m i l a r t r i v i a l e f f e c t s we r e o b s e r v e d i n s i m u l a t i o n s
o f o t h e r c l a s s i c a l d r o u g h t s e q ue n c e s . Da i l y t i me s e r i e s
r e s u l t s fo r Lo n d o n B r i d ge d o i n ge ne r a l s h o w h o w t h e
s a l i n i t y t h e r e i nc r e a s e s s l i g h t l y e a r l i e r i n t h e d r o u g h t
u n d e r MRB o p e r a t i o n , s o me t i me s r e a c h i n g a h i g he r ma x i mu m
v a l ue , b u t t h e s e d i f f e r e n c e s a r e s ma l l ( l e s s t h a n  5
p a r t s p e r t h o u s a n d ) a n d o f s h o r t d u r a t i on .

1 . 4 . ECO LOGIC AL CONS EQ UENC ES WHIC H HAVE BE EN
CONS I DE RED

T h e r e i s a s c a r c i t y o f goo d i n fo r ma t i o n a b o u t t h e f l o r a
a n d f a u na o f t h e l o we r r i v e r a n d e s t ua r y , , w h i c h ma k e s
a c c u r a t e p r e d i c t i on s a b o u t t h e I i k e l y e f f e c t s o f t h e
s ma l l c h a ng e s i n e n v i r o n me n t a l c o n d i t i o n s i n d i c a t e d a b o v e
d i f f i c u l t . Un f o r t una t e ] y , ma n y a s p e c t s o f t h e e c o l o g i c a l
e f f e c t o f t h e s e v e r e  1975/76  d r o ug h t a r e r a t h e r p o o r l y
d o c u me n t e d , b u t s o me i n fo r ma t i o n e x i s t s w h ic h c a n b e
u s e d a s a n e m p i r i c a l y a r d s t i c k a ga i n s t w h ic h p o s s i b l e
c h a n ge s d ue t o t h e MRB p o l i c y c a n b e a s s e s s e d . T h e
b i o l o g i c a l p r e d i c t i o n s b a s e d o n c u r r e n t l e v e l s o f
d e ma n d f o r w a t e r s h o u l d no t b e c o n s i d e r e d a p p l i c a b l e
un d e r i n c r e a s e d l e v e l s o f d e ma n d . How e v e r , , i t i s p o s s i b le
i n t h i s s e c t i o n t o g i v e s o me ge ne r a l i n d i c a t i o n o f t h e
c o n s e q u e n c e s o f v e r y r e d u c e d f l o w s , b u t a s w i l l b e

5 .
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i n d i c a t ed i n t he ne x t sec t i on ( 1. 5 . ) , t he ma j o r i t y o f
t he se i s un l i k e l y t o be r ea l i sed under MRB po l i c y .

1. 4 . 1 . Di ur na l v a r i a t i ons i n DO i n t he r i v e r d u r i ng
t h e summer c an be s i gn i f i c an t and a r e r e l a t ed t o so l a r
r ad i a t i on l e v e l s and t he g r ow t h of a l gae w i t h i n t h e
w a te r c o l umn . Dur i ng t h e summe r mon t h s ex t r eme l y h i gh
concen t r a t i ons up t o 180 p er c en t sa t u r a t i on hav e b een
measu r e d , b ut l ow c onc ent r a t i on s of 40- 50 p er c ent hav e
oc cas i ona l l y b een r ec o r ded , and l ow er v a l ue s a r e 1 i k e l y
a t n i gh t . F l ow a l so has an i mp o r t ant e f f ec t on DO l e v e l s
because o f r eae r a t i on p r oces ses an d t he r es i denc e t i me
o f w a t e r i n a r eac h . Reae r a t i on i nc r ea ses w i t h i nc r ea s i ng
f l ow r a t e and e f f l uent s a r e a l so mo r e d i l ut ed . Und e r
l ow f l ow cond i t i ons r es i d ence t i mes ar e h i gh , w h i c h
a l l ow s mor e t i me f o r deca y o f o r gan i c mat e r i a l and
con t r i b u te s t o f av ou r ab l e c ond i t i ons f o r t he g r ow t h of
a l gae . I n no n- d r ought summer s t he r e cou l d be a po s si b i l i t y
o f i nc r ea sed a l ga l gr ow t h and t h i s mi gh t hav e a d e t r i ment a l
e f f ec t on DO l ev e l s w hen t he b l oom co l l a p sed . An y
p r o b l e m o f t h i s k i nd w h i c h ma y a r i se i s 1 i k e l y t o
b e par t i c u l a r l y ac ut e i n t h e r e ac h a b ov e Mo l ese y We i r
b ecause o f t he ge ne r a l ] y l ow f l ow s t he r e .

1 . 4 . 2 . Re d uc ed f l ow s i n s p r i ng and ea r l y summe r cou l d
l ead t o i nc r ease d sed i men t a t i on of s uspend ed par t i c l es
w h i c h w oul d a l l ow i nc r ease d 1 i g h t p ene t r a t i on and t h i s
cou l d g i v e r i se t o l a r ge g r ow t h s of f i l ament ous a l gae .
En t e r omo r p ha f o r ms f l oa t i ng g r ow t h s i n some b ac kw at e r s
an d t he se c ou l d i nv ade t he ma i n r i v e r , , w he r e t he gr ow t h s
w ou l d b e uns i gh t 1 y and cou l d e x acer b a t e t he d i s so l v ed
ox y ge n l ev e l s .

1 . 4 . 3 . La r ge g r ow t h s of p l an k t on i c a l gae d ur i ng t he
s p r i ng and ear l y summer a r e c ont r o l l e d b y 1 i g h t and
t u r b i d i t y , , and w h i l s t r ed uced f l ow s ma y a f f ec t t he
t i mi ng and d ur a t i on of t he pea k pe r i od s t he y s hou l d
no t a f f ec t t h e q uan t i t y o r s pec i e s comp os i t i on . C hanges
i n summe r , , p e r ha p s f av our i ng gr ea t e r q uan t i t i e s of b l oom-
f o r mi ng c y ano b ac t e r i a ( b l ue - gr een a l gae ) c anno t b e d i s coun t e d .

1 . 4 . 4 . C hange s i n h i gher p l an t s
w e r e l ong p e r i od s w i t h l i t t l e o r
co v er o f d uc k w ee d i s p r ob ab l y
c hange t ha t c an b e env i sage d . T h i s
and r e s t r i c t gaseo us ex c hanges an d
a t t he su r f ace , l ea d i ng t o l ow
d i ox i d e c oncen t r a t i ons i n t he w a t e r . .

1. 4 . 5 . T he f ac t o r s mo st I i k e l y t o
i n v e r t eb r a t e f auna o f t he r i v e r , , on
f i s h f eed , a r e s ud den c hanges i n
l ong p er i o d s o f v e r y l ow f l ow s i n
o f b i o t i c i nd i c es f or t he av a i l a b l e
t he r eac h mos t sens i t i v e t o s ust a i ned
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t h e Ho g s mi l I a n d T e d d i ng t o n We i r . . I n t h e t i d e w a y s a l i n i t y
i s t h e ' ma s t e r f a c t o r ' go v e r n i ng e s t u r i ne d i s t r i b u t i o n s
p r o v i d e d o t h e r c o n d i t i o n s s u c h a s o x y g e n c o nc e n t r a t i o n
r e ma i n f a v o u r a b l e , w h i c h t h e mo d e l s s h ow t o b e t h e
c a s e . Sa l i n i t ie s b e t w e e n  5  a n d  7  p a r t s p e r t h o u s a n d

b o un d a r y : s a l i n i t i e s
l o w e r t h e n t h i s a n d

Ho w e v e r , ,

c o n s t i t u t e a s i gn i f i c a n t e c o l o g i c a l
a b o v e Lo n d o n Br i d ge a r e ge ne r a l ] y
t h e f a u na i s p r e d o m i n a n t l y a f r e s h w a t e r o n e .
ma r k e d f l u c t u a t i o n s i n t h e i n v e r t e b r a t e
t h i s b o un d a r y u n d e r c u r r e n t o p e r a t i n g
s e a s o n a l 1 y a n d b e t w e e n y e a r s , a n d v e r y
e n h a n c e t h e ma g n i t u d e o f s uc h f l u c t u a t i o n s .

1.4.6.  Es t ua r i ne f i s h w i l l
fo l l o w i n g t h e i r p r e fe r r e d
i n t h e s p r i n g c o u l d h o w e v e r
f i s h i n s e v e r a l w a y s . T h e r e

d u r i n g t h e i r d Ow n s t r e a m
a r e a s o f d a c e a n d s me l t
c o u l d b e r e s t r i c t e d i f
t h e e s t ua r y i n s p r i n g .

1.5.  CONC L USIONS

fa u na o c c u r a t
co n d i t i o n s , b o t h
l o w f l ow s w o u l d

mo v e u p a n d d ow n t h e e s t ua r y
s a l i n i t y . Re d uc t i o n i n f l o w

a f fe c t a n a d r o mo u s a n d f r e s h w a t e r
w o u l d b e l e s s f l o w t o s t i mu l a t e

t h e u p s t r e a m m i g r a t i o n o f s a l mo n . S i l t d e p o s i t io n w o u l d
b e i n c r e a s e d a n d t h i s c o u l d a f f e c t t h e e gg s o f f i s h s u c h
a s s a l mo n a n d d a c e w h i c h s p a w n o n t h e b e d o f t h e r i v e r . .
I f s a l mo n b e c o me r e - e s t a b l i s h e d i n t h e r i v e r t h e r e i s
a d a ng e r o f s mo l t s b e i n g . d i v e r t e d i n t o t h e r e s e r v o i r s

In e ne r a l ' t h e e n v i r o n me n t a l
w i t h t h e c u r r e n t o l i c a r e
a r e mo r e . n o t i c e a b l e • i n n o n - d r o u h t
d r o u h t e a r s c o n d i t i o n s a e a r t o s h o w
me n t . S i n c e a c u t e e n v i r o n me n t a l r o b l e m s
t o o c c u r d u r i n

wou l d t h e r e fo r e
i n n o n - d r o u h t
a s s e v e r e a s
s uc h a s  1975/76.  

m i g r a t io n . S i m i l a r l y t h e s p a w n i ng
i n t h e u p p e r p a r t o f t h e e s t ua r y

• s a l t w a t e r p e ne t r a t e d f a r i n t o

d r o u h t s , t h e o v e r a l l e f f e c t o f t h e o l i c
s e e m t o b e b e n e f i c i a l . S I i h t d e t e r i o r a t i o n
e a r s w o u l d c e r t a i n l n o t c r e a t e c o n d i t i o n s
t h o s e c u r r e n t l e x e r ie n c e d i n d r o u h t s

1.5.1.  No s e r i o u s e c o l o g i c a l p r o b l e m s a r o s e r e s u l t i n g
f r o m a l ga l g r o w t h i n t h e r i v e r a n d s u b s e q ue nt r e d uc t i o n
i n DO i n  1975/76,  a n d s e e m un l i ke l y t o d o s o u n d e r
t h e p r o p o s e d c h a n ge s i n a b s t r a c t i o n r u l e s . T h e s l i g h t
d e t e r i o r a t i o n i n d i s s o l v e d o x y ge n i n t h e r e a c h a b o v e
Mo l e s e y We i r und e r MRB p o l i c y ma y b e mo r e t h a n o f f s e t
b y i m p r o v e me n t s i n t h e q ua l i t y o f e f f l ue n t s d i s c h a r ge d
t o t h e r i v e r i n t h i s a r e a , b u t n o c t u r n a l l e v e l s o f o x y ge n
w i l l b e l o w e r t h a n t h e d a i l y a v e r a ge s p r e d i c t e d b y
t h e mo d e l s .

1.5.2 .  T h e r e a r e no r e c o r d s o f l a r g e g r o w t h s o f f i l a me n t o u s
a l g a e s u c h a s En t e r o mo r p h a i n v a d i n g t h e ma i n r i v e r
d u r i n g  1975/76,  a n d i t i s un i t ke l y t h a t t h e s ma l l c h a n ge s
r e s u l t i n g f r o m MRB p o l i c y w i l l p r o d uc e s uc h a n e f f e c t .
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1 . 5 . 3 . T h e o v e r a l l e f fe c t on t h e b a c t e r io l og y of t h e
r i v e r I s l i ke l y t o b e n e g l i g i b l e . Al t h oug h t h e r e w a s
s o me g r ow t h of t he b l oom- f or mi n g c y a no b a c t e r l um Mi c r oc y s t i s  
i n 19 7 6 i t d i d no t b e c o me a s e r io u s e co l og i ca l p r o b l e m
a n d s e e ma un l i ke l y t o d o s o un d e r MRB p o l i c y .

1 . 5 . 4 . T h e r e w a s a p p a r e n t l y s o me d e v e l o p me nt o f d uc kw e e d
i n b a c k wa t e r s d ur i ng 19 7 6 , b u t t he p l a n t d i d no t i n v a d e
t h e ma i n r i v e r a nd s e e ms un l i k e l y t o d o s o un d e r MRB
p o l i c y . Wi n d a c t ion a n d d i s t u r b a nc e b y b oa t s b o t h in h i b i t
t h e s p r e a d of t h i s p l a n t .

1 . 5 . 5 . P r o v i d e d s u d d e n c h a n ge s i n f l ow c on d i t i on s
a r e a v o i d e d i t s ee ms un l i ke l y t h a t t h e p r o p o s e d c h a n ge s
w i l l h a v e a n y s i gn i f i c a n t e f f e c t o n f r e s h wa t e r i nv e r t e b r a t e s .
Dur i n g d r oug h t y e a r s c on d i t i on s a r e mo r e l i ke l y t o i mp r o v e
t h a n t o d e t e r i o r a te un d e r MR13 r e gul a t i on s . Dur i n g non -
d r o u g h t y e a r s t h e p r e d ic t i on s of BOD a n d DO s u gge s t
t h a t c o n d i t i on s w i l l d e t e r io r a t e s l i gh t l y , b ut a p r u d e nt
e x t r a c t i o n p o l i c y in s p r i ng s h o u l d a v o i d a n y d e t e c t a b le
a d v e r s e e f fe c t s on ma c r o i n v e r t e b r a t e co mmun i t i e s . I n
t h e t i d e w a y , d i f fe r e nc e s In s a l i n i t y b e t we e n t h e c u r r e n t
a n d MRB s y s t e ms of ma na ge me n t a r e t r i v i a l w h e n me a s u r e d
a ga i n s t t h e p r e s e nt v a r i a b i l i t y i n t h e s y s t e m . Re s i l i e n ce
o f t h e f a una i s a fe a t u r e o f s uc h d y na mi c r e g ion s .

1 . 5 . 6 . Ef fe c t s o n f i s h s p a w n i ng a n d mi gr a t i on a r e u n l i ke l y
t o b e s i gn i f i c a n t g iv e n t h e s ma l l c h a nge s i n f l ow p r o p o s e d .

1 . 5 . 7 . As t h e f u t ur e a bs t r a c t i on de ma nd i nc r e a s e s , t he
r e l i a b i l i t y o f me e t i ng t ha t de ma nd wi l l r e duc e un t i l , a t 117% of
t he 198 4 d ema nd ( i . e . by a bout t he ye a r 20 0 6 ) t he f a i l u r e r a t e
wou l d be i n t o l e r a b l e . Und e r t he wor s t po s s i b l e a s s ump t i ons t he
a bs o l u t e qua l i t y o f t he e s t ua r y wo ul d de t e r i or a t e i n d i r e c t
pr o por t i on t o de ma nd , b u t wi t h t he i ncr e a s ed vo l ume o f f r e s h
wa t e r i n t he e f f l ue n t r e t ur n , c u r r e n t s a l i n i t y l e ve l s wou l d be
ma i n t a i ne d . The r e l a t i ve e f f e c t o f t he  MRB  po l i cy a s oppo s e d t o
t he c ur r e n t s c he me i s s i mi l a r t o t ha t pr e d i c t e d f or c ur r e n t
de ma n ds , wi t h no s e ver e de t r i me n t a l e f f e c t s .
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2 . BA CKGROUND AND SCOPE OF ST UDY

P . G. Wh i t e head and P . J . Rad f o r d

2 . 1 BACKGROUND

2 . 1. 1 . Si nce 1911 t he T ed d i ng t on St a t uto r i l y Pr o t ec t ed
F l ow o f t h e T h ames has been se t a t 772 t c md ( t housand
c ub i c me t r es per d a y ) o r 8 . 93 c ume c s ( c ub i c met r es
pe r sec ond ) e x cep t t ha t a f t e r Ma y 1 eac h y e a r , , i f
t he r ec e i v i ng r ese r v o i r i s be l ow so me t a r get l e v e l ,
i t ma y be f u r t he r r ed uced i n s t e p s o f 45 . 4 t c md t o
an a b so l u t e mi n i mum o f 227 t c md ( 2 . 62 c umec s ) . T he
r u l es w h i c h go v er n t hese r ed uc t i ons r e l a t e t o t a r ge t
l e v e l s o f r eser v o i r s t or age b e t w een Ma y 1 and J anua r y
31 . Un f o r t una t e l y t he r u l es p r ov ed pa r t i c ul a r l y r est r i c t i v e
d ur i ng t he d r ough t o f 1976 and r e s ul t ed i n s ummer f l ow s
muc h l ow e r t h an 227 t c md f o r mos t of J ul y , , August
and Se p t emb e r : b ac k p ump i ng o v e r T ed d i ngton and Mo l esey
We i r s w as r eq u i r ed t o ma i nt a i n w a t e r l ev e l s . Suc h l ow
f l ow s , t oge t h er w i t h h i gh amb i en t t e mp e r a t u r e , p r ov i d ed
i d ea l c ond i t i ons f o r a l ga l g r ow t h , c r ea t i ng w a ter s up p l y
p r ob l ems and a l so t he pos s i b i l i t y o f env i r onment a l p r o b l e ms .
Wat e r q ua l i t y cond i t i ons wer e a f f ec t ed i n t he no n- t i d a l
pa r t o f t h e r i v e r w i t h pos si b l e ad v e r se a f f ec t s on f i s h
s t oc k s , w h i l s t i nc r eased sa l i n i t y b e l ow T e d d i ngt on We i r
r e su l t ed i n an up st r eam mov ement of e s t uar i ne i nv e r t eb r a te
and f i s h f auna s .

2 . 1. 2 . T he T hames Wat e r Aut ho r i t y ( T WA ) conseq ue n t ] y
w i s h t o c hange t he r u l e s w h i c h d e t e r m i ne mi n i mum f l ow s
a t T e d d i ngt on t o a l l ow mo r e w a t e r t o b e ab s t r ac t ed
ear l i e r i n t h e y ear , , ho pe f u l l y p r ev en t i ng a r ec ur r ence
o f 1976 c ond i t i ons and i mp r o v i ng • w a t er q ua l i t y , , and
h av e c ommi s s i one d T he Na t u r a l En v i r on me nt Resea r c h
Counc i l ( N ERC ) t o a ssess t he eco l og i c a l i mp ac t o f t he se
c hange s .

2 . 2 SCOPE OF T HE ST UDY

2 . 2 . 1 . T he ov e r a l l ob j ec t i v e o f t h e NERC s t ud y has
b een t o as se s s t he eco l og i c a l i mp ac t of c hange s t h a t
cou l d f o l l ow f r om a new o pe r a t i ng s t r at eg y . . I n o r d er
t o i nv e st i ga t e pos s i b l e b i o l og i c a l c h anges i t i s f i r s t
nece s sar y t o s t ud y t he p h y s i c a l and c hemi c a l be hav i our
o f t he r i v e r and est ua r i ne s y s t e ms and t o p r o v i d e a
means o f p r e d i c t i ng c hange s i nd uc ed b y a new o p e r a t i ng
s t r a t eg y . .

2 . 2 . 2 . T he N ERC I nst i t u t e o f Hy d r o l ogy ( I H ) and I ns t i t ut e
f o r Ma r i ne En v i r onment a l Resear c h ( I M ER ) h av e emp l o y ed
mat he mat i ca l mo de l l i ng t ec hn i q ue s t o s i mu l a te p h y s i c a l
and c hemi c a l v a r i ab l es suc h a s r i v e r f l ow , , d i s so l v ed
o x y gen ( DO ) and b i oc hemi c a l o x y ge n d e mand ( BOD ) .
T he r esu l t an t ma t h emat i c a l mod e l ma y b e con s i d e r e d
a s a c omp ut e r p r ogr amme cons i st i ng of a se t of e q ua t i ons
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w h i c h r e l a t e v a r i a b l e s o f i n t e r e s t a n d p r e d i c t , t o w i t h i n

s a t i s f a c t o r y 1 i m i t s , t h e b e h a v i o u r o f t h e n a t u r a l o r
mo d i f i e d s y s t e m .

2.2.3.  T h e I . H . h a s d e v e l o p e d a d a i 1 y f l o w , , DO a n d
BO D mo d e l fo r t h e n o n - t i d a l r i v e r u p s t r e a m o f T e d d i n g t o n
We i r b a s e d o n a n e a r l i e r d y n a m i c n i t r o ge n b a l a n c e mo d e l
fo r r i v e r s y s t e m s , a p r o d u c t o f an e a r l i e r c o l l a b o r a t i v e
s t u d y w i t h T h a me s Wa t e r ( Wh i t e h e a d a n d Wi l l i a m s  1982).

I t t a k e s a s i t s ma i n d r i v i n g v a r i a b l e t h e f l o w o f t h e
T h a me s a t Da t c h e t ; a t i me s e r i e s ge ne r a t e d b y t h e T h a me s
Wa t e r Re s o u r c e s Mo d e l ( Se x t o n e t . a l  1979 ).  T h e ma i n
o u t p u t o f t h e mo d e l i s a n u me r i c a l a s s e s s me n t o f w a t e r
q u a l i t y i n t h e f i v e l o w e r r e a c h e s o f t h e r i v e r T h a me s
a n d t h e q u a l i t y a n d q u a n t i t y o f t h e r e s u l t a n t f l o w o v e r
T e d d i n g t o n We i r . . ( Se e s e c t i o n  3  f o r fu r t h e r d e t a i l s ) .

2.2 .4.  T h e I ME R h a v e a d a p t e d t h e T h a me s Wa t e r Qua l i t y
Mo d e l ( Ba r r e t t e t . a l  1978 )  t o s i mu l a t e t h e d a i l y r e s i d u a l
f l o w , , s a l i n i t y , , a m mon i a , BO D n i t r a t e a n d DO d i s t r i b u t i o n s
i n t h e t i d a l e s t ua r y b e l o w T e d d i ng t o n . T h e mo d e l i s
d r i v e n b y t h e o u t p u t o f t h e I H mod e l o f w a t e r q ua n t i t y
a n d q ua l i t y p r e d i c t e d fo r T e d d i n g t on We i r . I n t h e T h a me s
Es t u a r y w a t e r q ua l i t y i s l a r g l y d e t e r m i n e d b y t h e l a t e r a l
d i s c h a r ge s i n t o t h e e s t ua r y a n d t h e s e a r e r e p r e s e n t e d
i n t h e mo d e l a s c o n s t a n t d a i l y in p u t s b a s e d o n a n n ua l
a v e r a ge i n p u t s , me a s u r e d o r p r o p os e d . T h e ma i n o u t p u t
o f t h e I ME R mo d e l i s a n u me r i c a l a s s e s s m e n t o f w a t e r
q u a l i t y i n  36  t wo - m i l e r e a c h e s o f t h e e s t ua r y f r o m
T e d d i n g t o n t o S li b e b u r y Ne s s . ( Se e Se c t io n  4  f o r f u l l e r
d e t a i l s ) .

2.2.5.  Bo t h o f t he s e mo d e l s h a v e b e e n t e s t e d a ga i n s t
o b s e r v e d d a t a t o d e mo n s t r a t e t h e i r a b i l i t y t o r e p r o d uc e
me a s u r e d f l o w a n d w a t e r q ua l i t y fo r a n u mb e r o f h i s t o r i c
f l o w s e q ue n c e s . T h e mo d e l s h a v e t h e n b e e n u s e d t o
p r e d i c t c h a n ge s i n f l o w a n d w a t e r q ua l i t y fo r t w o s t r a t e g i e s
o f w a t e r a b s t r a c t i o n a b o v e T e d d i n g t o n .

2.2 .6.  T h e e x i s t i ng s t r a t e g y i s b a s e d o n t h e c u r r e n t
r u l e s a s d e t e r m i ne d b y t h e C h a r t a n d t h e n e w s t r a t e g y
i s t e r me d ma x i mu m r e s o u r c e b e n e f i t ( MRB ) . I n t h e l a t t e r
c a s e i t i s a s s u me d t h a t a s mu c h w a t e r a s p o s s i b l e i s
a b s t r a c t e d f r o m t h e T h a me s s o t h a t t h e r e s e r v o i r s a r e
ma i n t a i n e d a t t h e i r h i g h e s t l e v e l p o s s i b l e a t a l l t i me s .
T h e l i m i t o f a b s t r a c t i on w o u l d b e w h e n t h e f l o w o v e r
Mo l e s l e y We i r i s r e d uc e d t o ze r o l e a v i ng o n l y t h e d i s c h a r g e s
f r o m t h e Mo l e a n d t h e Ho g s m i l l t o ma i n t a i n a f l o w o v e r
T e d d i n g t o n We i r . . T h i s p o l i c y w oul d e n s u r e t h e mo s t
r e l i a b l e w a t e r s u p p l y p o s s i b l e , g i v e n t h e p r e s e n t r e s e r v o i r
s y s t e m a n d h o p e f u l l y a v o i d t h e ne e d t o e x t r a c t l a r ge
q ua n t i t i e s o f w a t e r f r o m t h e T h a me s d u r i n g v e r y l ow
f l o w c o n d i t i o n s . T h i s i n t u r n s h o u l d a l l e v i a t e e c o l o g i c a l
p r o b l e ms e x p e r i e n c e d d u r i n g n o t a b l e h i s t o r i c d r o ug h t
s e q ue nc e s .
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2 . 2 . 7 . An as ses sment o f pos s i b l e ec o l og i c a l c h ange s
ha s been under t a k en b y a numb e r o f ec o l ogi s t s f r om
t he Nat u r a l Env i r onment Resear c h Co un c i l ( NERC ) ; i n
pa r t i c u l a r f r om t he Fr e s h w ate r B i o l og i ca l Assoc i a t i on
( F BA ) and t he I nst i t u t e f o r Ma r i ne En v i r onment a l Re sear c h
( I MER ) . T he y ha v e r ev i ew ed a l l t he p ub l i s he d l i t e r a t ur e
f o r t he T hames and p r o d uce d a comp r e hens i v e b i b l i og r a p h y
w h i c h i s av a i l ab l e f o r i n sp ec t i on a t t he T h ames Wa t e r
Au t hor i t y . T he i n f o r ma t i on gene r a t ed b y t he mod e l s
on f l ow and w a t e r q ua l i t y ha s been used b y t he eco l og i st s
t o a s sess a l l t he p os s i b l e e f f ec t s on t he nat u r a l eco s y st e m
of po ss i b l e c hange s i n o pe r a t i ng st r a t eg i es .

2 . 2 . 7 . I n ad d i t i on t he e f f ec t s of i nc r ea se d d e mand s
f o r w a t e r b y t he y ear 2006 ha v e b een cons i d e r ed .
Si mu l at i ons un d e r t he Cha r t and t he MRB s t r a t eg i es
h av e been ob t a i ned and aga i n conc l us i on s hav e been
p r esen ted t o t he eco l og i st s f r om w h i c h t he y h av e d ed uc ed
t h e poss i b l e i mp ac t on t he L owe r T h ame s B i o l og i c a l
Sy st em .
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3.  E F F ECT S O N WAT E R Q UAL IT Y OF T HE LO WER T HA MES

3.1.  BAC KGROUND AND P RO GRESS

3.1.1.  As p a r t o f t h e N E RC
Hy d r o l o g y ( 1H ) h a s d e v e l o p e d a
o x y g e n a n d b i oc h e m i c a l o x y g e n
no n - t i d a l s e c t i o n o f t h e r i v e r , ,
We i r . . T h i s r e s e a r c h h a s f o l l o w e d
s t u d i e s o n t h e no n - t i d a l r i v e r
w i t h T h a me s Wa t e r Au t h o r i t y ,

s t u d y t h e I n s t i t u t e o f
mo d e l o f f l ow , , d i s s o l v e d

d e ma n d ( BOD ) fo r t h e
u p s t r e a m o f T e d d i n g t o n

o t h e r e x t e n s i v e mo d e l l i n g
b y I H i n c o l l a b o r a t i o n

3.1.2.  Of p a r t i c u l a r r e l e v a n c e a r e t w o s t u d i e s i n i t i a t e d
i n  1980  t o d e v e lo p a n i t r a t e ma na g e me n t mo d e l fo r t h e
T h a me s a n d a mo d e l o f a l ga l g r o w t h , d e a t h a n d t r a n s p o r t
p r o c e s s e s . I n t h e c a s e o f t h e n i t r a t e mo d e l a mu l t i -
r e a c h mu l t i - t r i b u t a r y f l o w a n d w a t e r q u a l i t y mo d e l
w a s d e v e l o p e d . T h e mo d e l c o u l d a c c o u n t fo r a l l i n p u t s
o f f l o w a n d n i t r a t e f r o m t r i b u t a r i e s , s u r f a c e r u no f f , ,
g r o u n d w a t e r a n d e f f l ue n t s a n d a l lo w f o r a b s t r a c t i o n s
a n d l o s s e s o f n i t r a t e v i a d e n i t r i f i c a t i o n p r o c e s s e s . T h e
mo d e l h a s b e e n u s e d e x t e n s i v e l y b y T h a me s Wa t e r Au t h o r i t y
t o s i mu l a t e n i t r a t e b e h a v i o u r g i v e n d i f fe r e n t a g r i c u l t u r a l
t r e n d s a n d p o p u l a t i o n l e v e l s . T h e ma i n p u r p o s e o f t h e s e
p r e d i c t i o n s h a v e b e e n t o a s s e s s t h e i m p l i c a t i o n s o f
WHO a n d E EC n i t r a t e s t a n d a r d s o n w a t e r s u p p l y . S i n c e
n i t r a t e l e v e l s a r e r i s i n g c o n s i d e r a b l e i n v e s t me n t i n
t r e a t me n t p l a n t o r n e w r e s e r v o i r s ma y b e n e c e s s a r y
t o a v o i d e x c e e d i n g WHO a n d E EC s t a n d a r d s .

3.1. 3.  T h e a l ga l mo d e l h a s b e e n d e v e l o p e d t o i n v e s t i ga t e
t h e k e y p r o c e s s e s c o n t r o l l i n g a l ga l g r o w t h , d e a t h a n d
t r a n s p o r t a l o ng t h e r i v e r . . Ma j o r a l ga l b l o o m s o c c u r
d u r i n g s p r i n g , s u mme r a n d a u t u mn a n d t h e s e c a n p r e s e n t
o p e r a t i o n a l p r o b l e ms fo r t h e w a t e r a u t h o r i t y o r w a t e r
c o mp a n ie s . Ab s t r a c t e d w a t e r i s p u mp e d i n t o r e s e r v o i r s
o r d i r e c t l y i n t o w a t e r t r e a t me n t p l a n t s . Al g ae a f f e c t
w a t e r t a s t e a n d s me l l a n d ma y b l o c k f i l t r a t i o n e q u i p me n t .
Re l a t i v e l y l i t t l e i s k n o w n a b o u t t h e p r o c e s s e s d e t e r m i n i n g
a l ga l b e h a v i o u r a n d t h e I H mo d e l l i ng s t u d y w a s d e s i gne d
t o p r o v i d e a p r e d i c t i v e mo d e l t h a t m i g h t b e u s e d e v e n t ua l l y
fo r o p e r a t i o n a l ma na ge me n t . A d e s c r i p t i o n o f t h e s t u d y
i s g i v e n e l s e w h e r e ( Wh i t e h e a d a n d Ho r n b e r g e r ,  1984)

3. 1. 4.  T h e p r o g r e s s o n t h e DO - BOD mo d e l l i n g s t u d y
h a s b e e n a i d e d co n s i d e r a b l y b y t h e p r e v i o u s s t u d i e s
me n t i o n e d s i n c e i n fo r ma t io n o n s o u r c e s o f w a t e r h a s
b e e n a v a i l a b l e t og t h e r w i t h i n fo r ma t i o n o n p h y s i c a l
c h a r a c t e r i s t i c s a n d t h e d y n a m i c ( d a y t o d a y ) b e h a v i o u r
o f t h e r i v e r . .

Ba s ic f l o w d a t a f o r i n p u t s s uc h a s t r i b u t a r ie s , e f f l u e n t s ,
s u r f a c e r un - o f f a n d g r o un d w a t e r h a v e b e e n o b t a i ne d
f r o m t h e T h a me s Wa t e r Re s o u r c e s Mo d e l t o g e t h e r
a b s t r a c t i o n d a t a . A t o t a l p e r i o d o f 6 1 ye a r s d a t a
b e e n o b t a i n e d a n d f l o w s f r o m  1920  t o  1981  h a v e
s i mu l a t e d
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T hus sev en ma j o r d r ough t ep i so de s ha v e b een i nv e s t i ga t ed
t oge t her w i t h ov e r f i f t y y ea r s of non- d r ough t f l ow s .

3 . 1. 5 . T h e DO- BOD mod e l ha s b een d ev e l o ped f o r t he
l owe r r eac hes of t he T hame s f r om Romne y We i r t o T e d d i ng t on
We i r . . T he mod e l ac coun t s f o r t he e f f ec t s on r eac h q ua l i t y
o f up st r eam i n p ut s and e f f l uent d i s c har ge s and o t her
p r oces ses suc h a s BOD d ecay , , mud r es p i r a t i on , r eae r a t i on ,
p ho t os y n t he t i c o x y ge n p r od uc t i on and r e s p i r at i on b y
p h y t o p l an k t on . T he mode l ha s b een ca l i b r ated us i ng
1974/ 5/ 6 f l ow and q ua l i t y d a t a and h as b een u se d t o
s i mu l a t e se v er e d r ough t pe r i od s and non - d r oug h t per i od s .

3 . 1 . 6 . T he f l ow and q ua l i t y mod e l s h a v e b een
un d er bot h t he c h ar t s t r a t egy and t he M RB
f or c u r r en t d emand s and demand s ex pec ted i n
2006 so t hat c hange s cou l d be i nv es t i gat ed .
a r e d r aw n on f l ow and q ua l i t y c h ange s an d
and d a t a mad e av a i l ab l e t o I MER and FBA

3 . 2 DESCRI PT I ON OF T HE RI V ER T HAMES SYST EM

3 . 2 . 1. F i gu r e
t r i b u t a r i e s and
T he l eng t h of
a f a l l of 108

r un
s t r a t egy

t h e y ear
Conc l us i ons
i nf o r mat i on
sc i en t i s t s .

3 . 1. s how s t he T hame s w i t h i t s ma j o r
t he l oc a t i on o f f l ow gaug i ng s t a t i on s .

t he ma i n r i v e r i s 236 k i l omet r e s w i t h
me t r e s . T h er e a r e many l oc k s and w e i r s

on t he r i v e r and t h ese a r e s how n i n F i gur e 3 . 2 . t o ge t he r
w i t h t he geo l og i c a l s t r a t a un d er l y i ng t he a l l uv i a l b ed .

3 . 2 . 2 . T he w e i r s h av e a l a r ge ef f ec t on w a ter q ua l i t y
s i nc e i n ad d i t i on t o r egu l a t i ng d e p t h , t he y l a r ge l y con t r o l
mi x i ng and ae r a t i on i n t he r eac he s . Ex c e p t i n t i me s
o f h i g h f l ow t he d ep t h r egul a t i on r e sul t s i n l ow v e l oc i t y
o f f l ow , , l ong r e t en t i on t i me s , a l ow er r at e o f ae r at i on
t he se a r e t he i d ea l cond i t i ons f o r t he gr ow t h of a l gae .
T h e r i v e r • i s nav ig ab l e and i s used b y nume r ous s ma l
b oat s i n t he s p r i ng , summer and ea r l y a ut umn . T h i s
t end s t o i nc r ea se t he t ur b i d i t y o f t he r i v e r w a t e r as
a r esu l t o f s cour i ng of b o t t om s i l t s . T h e i nc r eased
r e s i d ence t i me.s as soc i a t ed w i t h t he r egu l a t i ng w e i r s
i s an i mpo r t an t f ac t o r w hen cons i d er i ng w a t e r q ua l i t y .

3 . 2 . 3 . T h e q ua nt i t i e s. o f sew age and t r a d e e f f l uent
d i sc har ge d t o t he T hames ca t c h ment a bov e Ted d i ngt on
f o r ms a h i gh p r op or t i on o f t he t o t a l f l ow of t he T hames
i n t i me s o f l ow f l ow . . T h i s i s an i mp or t an t consi d e r a t i on
i n d e f i n i ng r i v e r r eac hes and F i gur e 3 . 3 s how s t he
l oc a t i on o f p r i nc i pa l sew age out f a l 1 s .

3 . 2 . 4 . Wh i l s t some w at e r i s a b st r ac t ed f o r p ub l i c
w a t e r sup p l i e s f r om t he Ri v e r T hame s ab o v e Ox f o r d
f r om t he Ri v e r Kenne t a t Read i ng , and f r om a number
o f c ha l k and 1 i mes t one s p r i ngs t he l a r ge st ab st r ac t i ons
a r e ma de f r om t he r eac hes of t he T hames be t w een Wi nd sor
and Hamp t on . T he ma i n ab s t r ac to r s a r e t he T h ames Wat e r
Aut ho r i t y t he No r t h Su r r e y Wat e r Comp any ( NSWC ) and
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Figure 3.1. Location of gauging stations within the Thames catchment
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Figure 3.3. Location of sewage outfalls within the Thames catchment
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T h r e e Va l l e y s Wa t e r C o m p a n y a l l of w h o m h a v e i n t a k e s
a l o n g t h e s e l o w e r r e a c h e s .

3 . 2 . 5 . T a b l e 3 . 1 . p r o v i d e s a s um ma r y o f t h e r i v e r
r e a c h e s b e t w e e n t h e u p s t r e a m s i t e o f C r i c k l a d e a n d
t h e t i d a l l i m i t a t T e d d i n g t o n . Info r ma t io n i s p r o v i d e d
o n ma j o r t r i b u t a r ie s a n d e f f l u e n t s e n t e r i n g t h e r i v e r , ,
p r i n c i p a l a b s t r a c t i o n s , f l ow ga ug i n g s t a t i o n s , w a t e r
q u a l i t y mo n i t o r i n g s i t e s a n d p h y s i c a l c h a r a c t e r i s t i c s
o f t h e r e a c h e s . T h e p r i nc i p a l r e a c h e s o f c o n c e r n i n
t h i s s t u d y a r e s h ow n i n F i gu r e 3 . 4 t o ge t h e r w i t h a b s t r a c t i o n
s i t e s a n d t r i b u t a r i e s .

3 . 3 A REV I E W O F E XI ST ING WAT E R QUAL I T Y DAT A

3 . 3 . 1 . Rou t i ne l y Mon i t o r e d Da t a ( 19 7 4- 19 82 )

3 . 3 . 1 . 1 . Wa t e r s a m p l e s h a v e b e e n t a ke n b y T h a me s
Wa t e r Au t h o r i t y o n a r e g u l a r b a s i s s i n c e 19 7 4 a t a l a r ge
nu mb e r o f s i t e s o n t h e T h a me s ( s e e T a b l e 3 . 1 . ) Sa mp l e
f r e q u e n c y v a r ie s f r o m w e e k l y t o mo n t h l y w i t h s a mp l e s
b e i n g t a ke n o n a v e r a ge o n a fo r t n i g h t l y b a s i s . T h e
s i t e s o f p a r t i c u l a r i n t e r e s t i n t h i s s t u d y a r e l o c a t e d
i n t h e l o w e r r e a c h e s o f t h e T h a me s w h i c h a r e s i gn i f i c a n t ] y
a f f e c t e d b y a b s t r a c t i o n s . Di s s o l v e d o x y ge n , b i o c h e m i c a l
o x y g e n d e ma n d • a mmo n i a a n d n i t r a t e d a t a f o r t h e p e r i o d
19 7 4 - 19 82 a t T e d d i n g t on We i r a r e p r e s e n t e d g r a p h i c a l l y
i n A p p e n d i x 3 . 1 a n d t h e d a t a fo r BO D a n d DO a r e s u m ma r i s e d
i n T a b l e 3 . 2 . fo r t h e s i t e s o f i n t e r e s t i n t h e l o w e r
T h a me s .

3 . 3 . 1 . 2 . T h e Ta b l e s h ow s t h e e x t r e me f l u c t ua t i o n s
i n DO l e v e l s w i t h c o n c e n t r a t i o n s r e a c h i n g 18 o r 19 mg -
1- 1 a t t i me s a n d f a l l i n g t o 3 . 3 5 mg 1- 1 on o ne o c c a s i o n .
T h e s e f l uc t ua t i o n s a r e t y p i c a l fo r UK l o w l a n d r i v e r
s y s t e m s a n d a r e o f t e n a s s o c i a t e d w i t h t h e g r o w t h a n d
s u b s e q ue n t d e a t h o f a l g a e . T h e d i u r n a l v a r i a t i o n s i n
DO l e v e l s w i l l b e d i s c u s s e d i n t h e n e x t s e c t i o n o f t h e
r e p o r t . I n ge n e r a l , me a n DO l e v e l s a r e h i g h , l y i n g
b e t w e e n 9 a n d 1 1 mg 1- 1o r c l o s e t o t h e s a t u r a t i o n l e v e l .
F i g u r e 3 . 5 s h o w s t h e p r o f i l e o f t h e me a n DO l e v e l s
a l o n g t h e r i v e r s y s t e m t o ge t h e r w i t h a me a s u r e o f t h e
v a r i a b i l i t y g i v e n a s p l u s a n d m i n u s 1 s t a n d a r d d e v i a t i o n .
T h e DO c o n c e n t r a t i o n s s h o w v e r y l i t t l e v a r i a t i o n a l o n g
t h e r i v e r a l t h o u g h t h e v a r i a b i l i t y i n c r e a s e s s i g n i f i c a n t l y
i n t h e r e a c h a b o v e Mo l e s e y We i r . T h e d a t a a v a i l a b l e
fo r t h e Mo l e s e y s i t e w e r e c o l l e c t e d o n l y d u r i n g 19 7 6
a s e v e r e d r o ug h t y e a r , , a n d i t i s n o t s u r p r i s i n g t h a t
mo r e v a r i a b i l i t y i s o b s e r v e d .

3 . 3 . 1 . 3 . BO D c o n ce n t r a t i o n o n t h e o t h e r h a n d a s s h o w n
i n F i g u r e 3 . 6 a t t a i n h i g h e r l e v e l s i n t h e r e a c h b e l o w
Ro mn e y , , t h i s b e h a v i o u r i s a s s o c i a t e d w i t h t h e e f f l ue n t s
e n t e r i n g t h i s r e a c h o f t h e r i v e r . . BOD t h e r e a f t e r d e c l i n e s
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u n t i l Mo l e s e y We i r w h e r e a d d i t i on a l e f f l u e nt s i n c r e a s e
BO D c o n c e n t r a t i o n s . T h e BO D d e c l i n e i s p r o b a b l y d u e
t o s e d i me n t a t i o n a n d d e c a y o f o r g a n i c ma t e r i a l .

3 . 3 . 1 . 4 . Am mo n i a c o nc e n t r a t i o n s a r e ge n e r a l l y l o w i n
t h e T h a me s b e i n g l e s s t h a n 0 . 5 mg r 1a b o v e Mo l e s e y
We i r . . How e v e r d i s c h a r ge s f r o m e f f l u e n t t r e a t me n t w o r k s
i n t o t h e Mo l e a n d t h e Ho g s m i l 1 Ri v e r s c a n h a v e a s i g n i f i c a n t
e f f e c t a n d b a c k p u m p i n g o v e r T e d d i n g t o n We i r i n 19 7 6
( s e e A p p e n d i x 3 . 1 . ) p r o d uc e d a m mo n i a c on c e n t r a t i o n s
o f 6 mg 1 - 1 o n o c c a s io n s . Re c e n t i m p r o v e me nt s t o t h e
t r e a t me n t p l a n t s h a v e i mp r o v e d t h i s s i t u a t i o n a n d p r e d i c t e d
p e a k c o n c e n t r a t i o n s u n d e r l o w f 1 o w c o n d i t i o n s a r e g i v e n
l a t e r i n t h e r e p o r t .

3 . 3 . 2 . C o n t i n uo u s l y Mo n i t o r e d Da t a

3 . 3 . 2 . 1 . Di s s o l v e d Ox y ge n c o n ce n t r a t i o n s h a v e b e e n
mo n i t o r e d b y T h a me s Wa t e r Au t h o r i t y o n a co n t i n uo u s
b a s i s u s i n g a p r o b e l o c a t e d a t Ro mn e y L o c k . A p l o t
o f t h e DO c o n c e n t r a t i on s o v e r t h e m o n t h o f J u l y 19 8 1
i s s h o w n i n F i g u r e 3 . 7 a n d r e p r e s e n t s a t y p i c a l s u m me r
p a t t e r n i n t h e r i v e r . . A c l e a r v a r i a t i o n t h r o u g h t h e
d a y i s o b s e r v e d w i t h o x y g e n l e v e l s i n c r e a s i n g d u r i n g
t h e mo r n i n g a n d e a r l y a f t e r no on a n d d e c r e a s i n g a t n i g h t ,
f a l l i n g t o a m i n i mu m a t a b o u t d a w n . T h e s e f l u c t ua t i o n s
a r e c a u s e d b y o x y g e n b e i n g p r o d uc e d b y p h ot o s y n t h e t i c
a c t i v i t y o f a l g a e a n d p l a n t s a n d o x y g e n b e i n g c o n s u me d
b y r e s p i r a t i o n o f p l a n t s , a l ga e a n d t h e b e n t h o s . S i n c e
p h o t o s y n t h e s i s o n l y t a ke s p l a c e d u r i n g d a y l i g h t h o u r s
a d i u r n a l p a t t e r n i s o b t a i ne d a n d t h i s p a t t e r n w i l l
a l s o b e mo d i f i e d i f t h e i n t e n s i t y o f s o l a r r a d i a t i o n
v a r i e s . F o r e x a m p l e , o n d a y 2 2 o n w a r d s s o l a r r a d i a t i o n
l e v e l s a r e r e l a t i v e l y l o w b e c a u s e o f c l o u d c o v e r a n d
t h i s d a m p e n s t h e d a i l y o s c i l l a t i o n . Mo r e o v e r , , ma n y
f a c t o r s c a n a f f e c t t h e e x t e nt o f t h e d a i I y os c i 1 l a t i o n
s uc h a s t h e g r ow t h r a t e o f a l g a e . , t h e s p e c i e s o f a l ga e
a n d t h e r e l a t i v e i m p o r t a n c e o f m u d o r b e n t h i c r e s p i r a t i o n .

3 . 3 . 2 . 2 . A ma j o r p r o b l e m i n o b t a i n i n g r e p r e s e n t a t i v e
s a mp l e s f o r a r i v e r i s t o k no w w h e n t o a c t ua l 1 y t a k e
a s a mp l e . F o r e x a m p l e , o n d a y 19 a s a m p l e t a k e n a t
6 . 0 0 w o u l d h a v e a D O o f a p p r o x i ma t e l y 9 m g 1 - 1w h e r e a s
a s a m p l e t a k e n a t 2 . 0 0 w o u l d h a v e a DO of 13 mg -
1.- 1 T hu s i n t e r p r e t i ng s p o t d a i l y s a m p l e s c a n b e v e r y
m i s l e a d i n g .

3 . 3 . 2 . 3 . In t h e s t u d y t h e c o n t i nu o u s DO d a t a h a v e
b e e n u s e d t o i n v e s t i ga t e t h e r e l a t i o n s h i p b e t w e e n o x y ge n
p r o d uc t i o n , a l ga l l e v e l s a n d s o l a r r a d i a t i o n a n d t h i s
w i l l b e d e s c r i b e d l a t e r i n t h e r e p o r t . I t i s i mp o r t a n t
h o w e v e r t o b e a r i n m i n d t h e d a i l y o s c i l l a t i on o f DO
s i n c e i t i s t h e m i n i mu m DO l e v e l s w h i c h c r e a t e p a r t i c u l a r
p r o b l e m s f o r f i s h a n d t h e g e ne r a l e c o l o g y o f t h e r i v e r . .
A n um b e r o f o t h e r mo n t h s o f c o n t i n uo u s DO d a t a a n d
s o l a r r a d i a t i o n i n f o r ma t i o n i s g i v e n i n A p p e n d i x 3 . 2 .
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3 . 4 T HE RI VE R T HAMES F LOW MODEL

3 . 9 . 1 . In o r d e r t o mo d e l a n y w a t e r q ua l i t y v a r i a b l e
i t i s n e c e s s a r y t o f i r s t s i mu l a t e s t r e a rn f l o w i n a l l k e y
r e a c h e s o f t h e r i v e r . A s t r e a m f l o w mo d e l f o r a l l t h e
r e a c h e s s h ow n i n T a b l e ' 3 . 1 •h a s b e e n d e v e lo p e d ( Wh i t e h e a d
a n d Wi l l i a ms , 19 82 ) I n t h i s mo d e l e a c h r e a c h i s c h a ri c t e r i s e d
b y a -n u mb e r o f c e l l s a n d t h e mo d e l fo r f l o w v å r i a t i o n s

. •e a c h c e l l i s b a s e d o n a n a n a l o g y w i t h t h e l u m p e d
p a r a me t e r e q u a t i o n s f o r t h e v a r i a t i o n s i n c o nc e n t r a t i o n
o f a c o n s e r v a t i v e p o l l u t a n t u n d e r t h e a s s u mp t i o n o f
u n i fo r m m i x i n g o v e r t h e c e l l ( Wh i t e h e a d . e t a l 19 7 9 )

•T h e mo d e l ma y b e v i e w e d i n h y d r o l o g i c a l f l ow— r o u t i ng
t e r m s a s o ne i n w h i c h t h e r e l a t i o n s h i p b e t w e e n i n f l o w
I a n d o u t f l o w Q a n d s t o r a g e S i n e a c h c e l l i s r e p r e s e nt e d
b y t h e d i f f e r e n t i a l e q ua t i o n :

d S
dt = ( I - 0 ) ( 3 . 1 . )

w h e r e S = T O a n d w h e r e T i s a t r a v e l t i me o r r e s i d e n c e
t i me p a r a me t e r . I t i s n e c e s s a r y t o a l l o w t h e r e s i d e n c e
t i me t o v a r y w i t h f l o w a n d i n o r d e r t o a c h i e v e t h i s

T i S e x p r e s s e d a s

L
un

Wh e r e Qm i s t h e me a n . r e a c h f l o w a n d w h e r e a a n d
b a r e c o e f f i c i e n t s t o b e e s t i ma t e d . T h e v a l u e o f n c o n t r o l s
t h e a mo un t o f d i s p e r s i o n i n a r e a c h , a n d c a n b e d e t e r m i ne d
t h r o u g h t r a c e r e x p e r i me n t s w h i c h a r e a l s o u s e d a s a
b a s i s fo r e s t i ma t i n g t h e c o e f f i c i e n t s a a n d b . I n t h e •
a b s e n c e o f i n fo r ma t i o n f r o m t r a c e r e x p e r i me n t s , v a l u e s
o f • n , a a n d b c a n b e o b t a i ne d t h r o u g h c a l i b r a t i o n o n
a n o b s e r v e d r e c o r d o f d o w n - s t r e a m f l o w .

( 3 . 2 . )

w h e r e .n i s t h e n u m b e r o f c o m p a r t me n t s i n t h e r e a c h ,
L i s t h e r e a c h l e n g t h , a n d u i s t h e me a n f l o w v e l o c i t y
i n t h e r e a c h , w h i c h i s r e l a t e d _ t o d i s c h a r ge t h r o ug h

u = a ( 3 . 3 . )

3 . 9 . 2 . Gi v e n i n fo r ma t i o n o n u p s t r e a m a n d t r i b u t a r y
i n p u t s , t h e f l o w r o u t i n g mo d e l c a n b e u s e d t o d e r i v e
s i mu l a t i o n s o f d o w n s t r e a m f l o w , b y s o l v i n g t h e d i f f e r e n t i a l
e q u a t i o n ( 3 . 1 . ) w i t h T d e fi ne d t h r o u g h e q ua t i o n s ( 3 . 2 . )
a n d ( 3 . 3 . ) T h e • e q u a t io n i s s o l v e d u s i n g a n u me r i c a l
i n t e g r a t i on t e c h n i q ue w h i c h c o n t a i n s a n a u t o ma t ic a d j u s t me n t
t o t h e i n t e g r a t i o n s t e p l e n g t h . T h i s i s p a r t i c u l a r l y
u s e f u l s i n ce d u r i n g p e r i o d s  o f l ow f l ow  a n d h i g h r e s i d e n c e
t i nie s , t h e i n t e g r a t io n s t e p l e ng t h c a n b e i n c r e å s e d

2 7 .
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t h e r e b y s a v i n g c o m p u t e r t i me . Un d e r h i g h f l ow c on d i t i o n s ,
h o w e v e r , , r e s i d e nc e t i me s a r e r e d uc e d a n d i n o r d e r
t o s o l v e t h e e q ua t i o n t o t h e s a me a c c u r a c y , i t i s ne c e s s a r y
t o r e d uc e t h e i n t e g r a t i o n s t e p l e n g t h . S i n c e t h i s i s
a c h i e v e d a u t o ma t i c a l l y , , t h e r e a r e r e l a t i v e l y f e w nu me r i c a l
i n t e g r a t i o n p r o b l e ms . F i g u r e 3 . 8 s h o w s s i mu l a t e d f l o w s
c o m p a r e d t o o b s e r v a t io n s fo r t h e y e a r s 19 7 4 ,  19 7 5 a n d
19 7 6 a l l o w i n g f o r a l l t h e i n p u t s s h o w n i n T a b l e 3 . 1 . ;
9 4 % o f t h e v a r i a n ce t s e x p l a i ne d a n d t h e mo d e l p r o v i d e s
a s o u n d b a s i s fo r s u b s e q ue n t w a t e r q ua l i t y s t u d i e s .

3 . 5 A REVI EW O F DO- BOD MOD EL S F O R RIV ER SYST EMS

3 . 5 . 1 . In o r d e r t o s u p p o r t w a t e r - b o r n e 1 i f e , w a t e r
mu s t c o n t a i n d i s s o l v e d o x y ge n i n s u f f i c i e n t q u a n t i t i e s
a n d a l s o b e l a r g e l y f r e e f r o m t o x i c a n d h a r mf u l c o m p o un d s .
T h e p r i n c i p a l a i m o f mo s t o x y ge n b a l a nce s t u d i e s i s
t o a s s e s s t h e i mp a c t o f e f f l ue n t d i s c h a r ge s on w a t e r
q ua l i t y a n d t o q ua n t i f y t h e e x t e n t o f b i o l o g i c a l s e l f -
p u r i f i c a t i o n .

3 . 5 . 2 . Bi o l o g i c a l s e l f - p u r i f i c a t i o n i s t h e p r oc e s s b y
w h i c h o r g a n i c w a s t e s a r e b r o k e n d o w n b y t h e r e s p i r a t i o n
o f mIc r o - o r ga n i s m s i n t o s t a b l e e n d p r o d uc t s . I t i s a b i oc h e mi c a l
o x i d a t i on p r o c e s s t h r ou gh w h i c h o r g a n i c w a s t e s a r e
c o n s u me d l e a v i ng b e h i n d e n d p r o d u c t s s uc h a s c a r b o n
d i o x i d e , w a t e r p h o s p h a t e s a n d n i t r a t e s . T h e w a t e r i s
• p u r i f ie d ' i n t h e s e n s e t h a t t h e c o n c e n t r a t i o n o f w a s t e
ma t e r i a l h a s b e e n r e d uc e d . O r g a n i c ma t e r i a l s w h i c h
c a n b e b r o k e n • d o w n ( . e . a r e b i o d e g r a d a b l e ) i n c l u d e
n a t u r a l ma t e r i a l s s uc h a s s i m p l e s u ga r s , s t a r c h , f a t s ,
p r o t e i n s a s w e l l a s mo r e c o m p l e x na t u r a l o r s y n t h e t i c
c o m p o un d s w h i c h a r e fo un d i n s e w a ge o r o t he r w a s t e s .

3 . 5 . 3 . T h e i n t e r a c t i on b e t we e n BOD a n d DO d o w n s t r e a m
o f a d i s c h a r g e ma y b e i l l u s t r a t e d i n a s i mp l e ma n ne r
a s s h o w n i n F i g u r e 3 . 9 A h i g h i n i t i a l BO D e x e r t s a
l a r g e d e ma n d f o r o x y g e n a n d a s t h e in s t r e a m o r g a n i c
ma t t e r d e c a y s t h e o x y g e n l e v e l b e co me s d e p r e s s e d . T h e
r i v e r , , h o w e v e r , , h a s t h e c a p a c i t y t o r e c o v e r n a t u r a l l y
f r o m t h i s s i t u a t i on b y t h e t r a n s f e r o f o x y g e n f r o m t h e
a t mo s p h e r e t o t h e w a t e r . . T h i s p r o c e s s o f r e - a e r a t i o n
i s e n h a n c e d b y l o w t e mp e r a t u r e s a n d a l a r g e d e g r e e
o f t u r b u l e n c e i n  t h e  r i v e r b u t i s p r i ma r i l y co n t r o l l e d
b y d i f f e r e n c e b e t w e e n t h e s a t u r a t e d o x y ge n l e v e l a n d
t h e a c t ua l r i v e r o x y ge n l e v e l . At t h e m i n i mu m o f t h e
o x y ge n s a g c u r v e a h i g h l e v e l o f r e - a e r a t i o n o c c u r s
a n d a s t h e BOD l e v e l d e c l i ne s t h e DO l e v e l in c r e a s e s .
T h e m i n i mu m i s i n f l ue nc e d b y v a r i o u s f a c t o r s i n c l u d i n g
t h e t y p e o f e f f l ue n t a n d t h e r a t e o f d i s c h a r ge , a h i g h e r
o r g a n i c l o a d p r o d uc i n g a l o w e r m i n i mu m . In a d d i t i o n ,
a t h i g h r i v e r f l o w s t h e l o c a t i o n o f t h e m i n i mu m s h i f t s
d ow n s t r e a m a n d a n i m p o r t a n t a s p e c t o f a n y w a t e r q u a l i t y
s t u d y i s t h e r e fo r e a s a t i s f a c t o r y s t r e a mf l ow mo d e l .

2 9 .



S
at

u
ra

ti
o

n
 

C
o

nc
en

tr
at

io
n

D
is

so
lv

ed
 

O
xy

ge
n

 (
S

ag
 

C
u

rv
e 

)

0
.0

 
m

in

D
ow

n
st

re
am

 
D

is
ta

n
ce

Fi
gu

re
 3

.9
 

Th
e 

d
is

so
lv

ed
 o

xy
ge

n
 s

ag
 c

ur
ve

B
.O

.D



3 . 5 . 4 . Re s e a r c h o n t h e mo d e l l i n g o f DO- BOD i n t e r a c t i on s
i n a r i v e r s y s t e m h a s b e e n d o m i n a t e d b y t h e c l a s s i c a l
mo d e l o f St r e e t e r a n d P h e l p s ( 192 5 ) w h e r e t h e e q ua t i on s
t a k e t h e fo r m : -

DO : d D
dt

BOD : d L
d t

k 1L + k 2D ( 3 . 4 . )

k 1L ( 3 . 5 . )

w h e r e L r e p r e s e n t s t h e BO D c o nc e n t r a t i o n mg l "1 ; D r e p r e s e n t s
t h e DO d e f i c i t , w h e r e • t h e d e f i c i t i s d e t e r mi ne d a s
t h e d i f f e r e n c e b e t w e e n t h e DO s a t u r a t i o n c o nc e n t r a t i o n
a n d t h e DO c o n c e n t r a t i o n i n t h e s t r e a m , mg l " 1,

k a n d k 2 a r e r a t e c o n s t a n t s d e s c r i b i ng r e s p e c t i v e l y
t h e BOD d e c a y p r o c e s s a n d t h e r e - a e r a t i on p r o c e s s

3 . 5 . 5 . I t s h o u l d b e n o t e d
c o u p l e d d i f f e r e n t i a l e q ua t i on s
t r a n s i e n t b e h a v i o u r , o f t h e DO
s t r e a m b u t r e p r e s e n t s a n e l e me n t
a t t h e s t r e a m f l o w v e l o c i t y ; i n

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

a t a f i x e d p o i nt i n t h e
o f f l u i d mo v i n g d o wn s t r e a m
o t h e r w o r d s i t d e s c r i b e s

a p r o f I l e o r s t e a d y s t a t e s o l u t i o n a l o n g t h e s t r e a m l e n g t h .
I n a d d i t i o n , t h e e q ua t i o n s d o no t r e f l e c t t h e e f f e c t s
o f t h e a q ua t i c e n v i r o n me n t o n t h e DO d i s t r i b u t i on . T h e
ma gn i t u d e o f t h e s e e f f e c t s v a r y f r o m s t r e a m t o s t r e a m
a c c o r d i n g t o t h e p h y s i c a l , c h e m i c a l a n d b i o l o g i c a l c on d i t i o n s
a n d a n u mb e r o f i n v e s t i ga t i o n s , s u c h a s t h o s e o f Do b b i n s
( 19 6 9 ) , Ow e n s ( 19 69 ) C a mp ( 19 6 5 ) , O ' C o n no r ( 19 67 )
a n d T h o ma nn ( 19 72 ) h a v e e x t e n d e d t h e b a s i c mo d e l
t o i nc l u d e s u c h p h e no me na a s ,

) t h e r e mo v a l o f BO D b y s e d i me n t a t i o n a n d a d s o r p t i on ;

o f BO D a l o n g t h e r e a c h b y t h e
d e p o s i t s o r b y d i f f u s i o n o f

d e c o m p o s e d o r ga n i c ma t t e r f r o m t h e b e n t h a l
l a y e r i n t o t h e w a t e r a b o v e ;

) t h e a d d i t i o n
o f b o t t o m

s c o u r
p a r t l y
( mu d )

i i i ) T h e r e mo v a l o f o x y ge n f r o m t h e w a t e r b y d i f f u s i o n
i n t o t h e b e n t h a l l a y e r t o s a t i s f y o x y ge n d e ma n d
i n t h e a e r o b i c zo ne ;

i v ) t h e a d d i t i o n o f o x y ge n b y p h o t o s y n t h e t i c a c t i o n
o f a l ga e a n d f i x e d p l a n t s ;

v ) t h e r e mo v a l o f o x y g e n b y r e s p i r a t i o n o f a l g a e
a n d f i x e d p l a n t s .
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3.5.6.  Al l o f t h e s e p r o c e s s e s a f f e c t t h e d i s t r i b ut i o n

o f DO a n d ma y t h e r e fo r e ne e d t o b e c o n s i d e r e d i n a

w a t e r q u a l i t y s t u d y . A c o m p r e h e n s i v e r e v i e w o f t h e

me c h a n i s t i c t e r ms a n d mo d e l v a r i a t i o n s i s g i v e n b y

Be c k  (1978)  a n d , a s e m p h a s i s e d b y Be c k , t h e s e mo d i f i c a t i o n s

h a v e i n t h e ma i n b e e n a p p l i e d t o t h e S t r e e t e r - P h e l p s

e q u a t i on s ; e q u a t ion s t h a t p r o v i d e a s t e a d y s t a t e p r o f i l e

a l o n g t h e s t r e a m l e n g t h .

3.5.7.  T h e s t e a d y s t a t e mo d e l i s no t , h o w e v e r , p a r t i c u l a r l y

w e l l s u i t e d t o t h e T h a me s DO- BOD s t u d y . T h i s i s b e c a u s e

t h e r i v e r i s r a r e l y , i f e v e r , i n s t e a d y s t a t e . F l o w s

a n d , t h e r e b y , r i v e r v e l o c i t i e s c h a n g e s i gn i f i c a n t l y f r o m

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

a s t e m p e r a t u r e a n d s o l a r r a d i a t i on l e v e l s . A d y n a m i c

mo d e l i s r e q u i r e d t h a t i s c a p a b l e o f a c c e p t i n g t i me

v a r y i n g i n p u t s a n d o p e r a t i n g u p o n t h e m t o g i v e t i me

v a r y i n g o u t p u t r e s p o n s e s . On l y b y c o m p a r i n g t h e s y n a m i c

r e s p o n s e s o f t h e DO a n d BO D b e h a v i o u r c a n a r e a l i s t i c

a s s e s s me n t o f t h e p r o p o s e d o p e r a t i ng s t r a t e g i e s b e ma d e .

3.5.8.  One p o s s i b l e d y n a m i c c h a r a c t e r i s a t i on o f w a t e r

q u a l i t y t h a t a p p e a r s , o n a p r i o r i c o n s i d e r a t i o n s , w e l l

s u i t e d t o t h i s k i n d o f p r o b l e m , c o n s i s t s o f a l u m p e d

p a r a me t e r d i f f e r en t i a l e q ua t i o n mo d e l o b t a i n e d f r o m

a ma s s b a l a n c e o v e r e a c h r e a c h o f t h e r i v e r . T h e r e a c h

i s a s s u me d t o b e u n i fo r m t h r o ug h o u t a n d a n a l o go u s i n

c h e m i c a l e n g i ne e r i ng t e r m s t o a co n t i nuo u s s t i r r e d t a n k

r e a c t o r (C ST R ) in w h i c h t h e o u t p u t c o n c e n t r a t i o n s a r e

e q u a l t o t h o s e i n r e a c h . T h i s a p p r o a c h h a s b e e n a p p l i e d

b y Be c k  (1978)  o v e r a s i n g l e r e a c h o f t h e Ri v e r C a m

i n So u t h Ea s t En g l a n d a n d b y Wh i t e h e a d e t a l  (1981)

o v e r s e v e r a l r e a c he s i n t h e Be d fo r d Ou s e . T h e d y n a m ic

mo d e l r e s u l t i n g f r o m t h e ma s s b a l a nc e i s o f t h e fo l l o w i n g

fo r m : -

DO :
d x 1 ( t ) = - ( k j + Q ) x 1 ( t ) - k 2 x 2 ( t ) + Q C ( t ) +k 1C5+D5

UT — Vm Vm

BO D: d x 2 ( t ) = - ( k 2 + Q ) x 2 ( t ) + Q L ( t ) + LA

d t Ti m Vm

w h e r e : -

x 1 i s t h e o u t p u t ( i . e . d o w n s t r e a m ) DO i n mg l - 1

x 2 i s t h e o u t p u t BOD i n mg 1- 1

L i s t h e i n p u t ( i . e . u p s t r e a m ) BO D i n mg 1 - 1
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C i s t h e i n p ut DO i n mg 1 1

C s i s t h e s a t u r a t i o n c o n c e n t r a t i o n o f DO i n mg 1

0 i s t h e v o l u me t r i c f l o w r a t e i n m 3 d a y s - 1

Vm i s t h e me a n v o l u me o f w a t e r h e l d i n t h e r e a c h
i n m 3

k 1 i s t h e r e a e r a t i o n r a t e c on s t a n t d a y s - 1

k 2 i s t h e BOD d e c a y r a t e c on s t a n t •d a y s - 1

LA i s t h e me a n r a t e o f a d d i t i o n o f BO D t o t h e r e a c h b y
l o c a l r un - o f f i n mg r i d a y

DB i s t h e ne t r a t e o f a d d i t i o n o f DO t o t h e r e a c h b y t h e
c o m b i n e d e f f e c t s o f p h o t o s y n t h e s e s , r e s p i r a t i o n a n d
mu d d e p o s i t s i n mg r i d a y - 1

t i s t i me i n d a y s

T h e s a t u r a t i on c o n c e n t r a t i o n fo r DO i s d e t e r m i ne d a s ,

C s = 14 . 6 52 - 0 . 4 102 2T + 0 . 0 0 79 9 10 T 2 - 0 . 00 0 07 77 74 T 3

w h e r e T i s t h e s t r e a m t e m p e r a t u r e ° C .

3 . 5 . 9 . A c o m mo n p r o b l e m w i t h w a t e r q u a l i t y mo d e l s
i s t o d e t e r m i ne p a r a me t e r v a l u e s s uc h a s t h e BO D d e c a y
c o e f f i c i e n t a n d r e a e r a t i o n r a t e ' c o e f f i c i e n t s . T h e s t a n d a r d
a p p r o a c h i s t o s e l e c t p a r a me t e r v a l ue s f r o m t h e l i t e r a t u r e
o r f r o m e x p e r i me n t a l me a s u r e me n t s . Kno w l e s a n d Wa ke fo r d
( 197 8 ) d e s c r i b e a n u m b e r o f r e l a t i o n s h i p s a n d p a r a me t e r
v a l u e s w h i c h c a n b e u s e d i n s i t ua t i o n s w h e r e l i t t l e
i n fo r ma t i o n i s a v a i l a b l e a n d t h i s a p p r o a c h h a s b e e n
a p p l i e d b y Ca s a p i e r i e t a l ( 19 7 8 ) i n a s t u d y o f t h e
B l a c k w a t e r C a t c h me n t o f t h e T h a me s .

3 . 5 . 10 . A mo r e s o p h i s t i c a t e d a p p r o a c h w a s d e v e l o p e d
b y Be c k a n d Yo u n g ( 19 7 6 ) i n w h i c h t h e p a r a me t e r s
o f a d y na m i c w a t e r q u a l i t y mo d e l w e r e e s t i ma t e d d i r e c t l y
f r o m f i e l d d a t a u s i n g t h e e x t e n d e d Ka l ma n f i l t e r . T h e
EKF i s e s s e n t i a l l y a s t a t i s t i c a l *t e c h n i q ue w h i c h a c c o un t s
fo r me a s u r e me n t s e r r o r s a n d s y s t e m n o i s e b o t h o f w h i c h
a r e h i g h l y s i g n i f i c a n t i n w a t e r q ua l i t y s t u d i e s . Wh i t e h e a d
(.19 7 8 , 80 , 8 1 ) a p p l i e d t h e EKF t e c h n i q ue a n d t h e i n s t r u -
me n t a l v a r i a b l e ( I V ) t e c h n i q u e t o e s t i ma t e w a t e r q u a l i t y
p a r a me t e r s i n t h e d y n a m i c mo d e l s d e v e l o p e d fo r t h e
Be d fo r d Ou s e . How e v e r , a r e q u i r e me n t o f t h e s e t e c h n i q ue s
i s t h a t a n e x t e n s i v e r e c o r d o f d a i l y o r c o n t i n u o u s d a t a
i s a v a i l a b l e . I n t h e c a s e o f t h e C a m s t u d y , 8 0 d a y s
o f d a t a w e r e a v a i l a b l e a n d i n t h e c a s e o f t h e Be d fo r d
Ou s e o v e r t w o y e a r s o f d a i l y d a t a we r e a na l y s e d . I n
b o t h s t u d i e s t h e e s t i ma t i o n t e c h n i q ue s p r o v e d t o b e
e x t r e me l y u s e fu l i n i d e n t i f y i n g mo d e l s t r u c t u r e s a n d
d e t e r m i n i ng mo d e l p a r a me t e r s .

33 .



3 . 5 . 1 1 .
no t b e e n
t h e r e fo r e
d a t a a n d
How e v e r ,
t h e
t h a t

I n t h e Ri v e r
a v a i l a b l e f o r

i t h a s b e e n ne c e s s a r y t o

i n fo r ma t i o n o n p r o c e s s e s

r a t h e r

3 . 6 . T HE T HAMES DO - BO D MOD EL

T h a me s s t u d y d a i l y d a t a h a v e

s u c h s o p h i s t i c a t e d a n a l y s i s a n d
ma ke u s e o f e x i s t i ng

a n d p a r a me t e r

t h a n d e v e l o p a s t e a d y s t a t e mo d e l ,

n a t u r e o f t h e s t u d y d e ma n d s a d y na m i c mo d e l s o

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

r a d i a t i o n a n d a l ga l l e v e l s c a n b e i n c o r p o r a t e d . S i m i l a r

d y n a m i c mo d e l s fo r n i t r a t e a n d a l ga l g r o w t h a n d t r a n s p o r t

i n t h e T h a me s h a v e a l r e a d y b e e n d e v e l o p e d u s i n g r o u t i ne l y

c o l l e c t e d w a t e r a u t h o r i t y d a t a ( s e e Wh i t e h e a d e t a l

19 82 , 8 4 ) a n d t h e a p p r o a c h i s u s e d i n t h e c u r r e n t s t u d y

o f DO - BO D v a r i a t i on s .

3 . 6 . 1 . T h e d y na m i c DO - BO D mo d e l f o r t h e Ri v e r T h a me s

i s b a s e d o n e q ua t i o n s ( 3 . 6 . ) a n d ( 3 . 7 . ) d e s c r i b e d i n

t h e p r e v i o u s s e c t i o n b u t w i t h mo d i f i c a t i o n s t o a c c o u n t

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

ma s s b a l a n c e mo d e l i n c l u d e s t h e e f f e c t s o f t r i b u t a r i e s

a n d e f f l u e n t s e n t e r i ng t h e s y s t e m a n d l o s s e s o f w a t e r

v i a a b s t r a c t i o n s . P r o c e s s e s d e s c r i b i n g t h e a d d i t i o n

o f DO a n d BO D v i a p h o t o s y n t h e t i c o x y g e n p r o d u c t i o n

a n d p h y t o p l a n k t o n d e a t h a n d d e c a y a r e i n c l u d e d t o ge t h e r

w i t h l o s s e s o f DO a n d BO D v i a r e s p i r a t i o n o f mu d o r

b e n t h i c d e p o s i t s , r e s p i r a t io n o f p h y t o p l a n k t o n a n d s e d i me n t -

a t i o n p r o c e s s e s . As i n e q ua t i o n s ( 3 . 6 ) a n d ( 3 . 7 ) r e a e r a t i o n

a n d BO D d e c a y p r o c e s s e s a r e i n c o r p o r a t e d i n t h e mo d e l .

T h e f o l l o w i n g e q u a t i o n s a p p l y fo r e a c h r e a c h .

DO : d x 1 ( t ) = Qt ( t ) C ( t ) + Qe ( t ) Ce ( t ) + Qt ( t ) C t ( t )

d t

BO D : d x 2 ( t )

d t

V; V;

- Qa ( t ) )( l ( t ) - Q0 ( t ) x j ( t ) - k 1x 2 ( t )

Vm Vm
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v a l u e s .

+ k 2 (C s ( t ) - x j ( t ) ) + P - R- M ( 3 . 8 . )

= Q t ( t ) L ( t ) + Qe ( t ) Le ( t ) + Qt ( t ) L t ( t )

 Tr—s V m 17--m

- Qa ( t ) x 2 ( t ) - Q0 ( t ) x 2 ( t ) - ( k 1 + k 3 )x 2 ( t )

Vt71 7 171

+ A ( 3 . 9 . )

3 . 6 . 2 . He r e s u b s c r i p t s i . e , t , a , o r e f e r t o i n p u t

( u p s t r e a m ) , e f f l ue n t , t r i b u t a r y a b s t r a c t i o n a n d o u t p u t

( d o w n s t r e a m ) r e s p e c t i v e l y f o r t h e r e a c h .



Pa r a me t e r s 14 , k2 a n d k 3 a r e r e s p e c t i li e l y BO D d e c a y
r a t e • r e a e r a t i o n r a t e a n d s e d i me n t a t i o n r a t e p a r a me t e r s
( d a y- 1 ) d e f i ne d a s : -

= 0 . 2 4' 1 . 0 47 (T - 2 0 ) d a y s - 1 ( Wa ke fo r d a n d Kno w l e s ( 19 7 8 ) )

w h e r e T i s t e mp e r a t u r e ° C a n d 1 . 0 47 (T - 2 0 ) i s a t e mp e r a t u r e
c o r r e c t i o n t e r m .

k2 = 5 . 3 16 u 13 . 67 1 . 02 4 (T - 20 )d a y - (Ow e n s e t a l ( 19 6 9 ) )
,711 . 8 5

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

k 3 = 0 . 1 d a y s - 1

C s i n e q ua t i o n ( 3 . 8 ) i s t h e s a t u r a t i o n concent rat ion fo r DO
d e f i ne d a s : -

C s = 14 . 6 52 - 0 . 4 102 2T + 0 . 0 07 9 9 10 T 2 - 0 . 00 00 7 7 7 7 4 T 3

3 . 6 . 3 . P i n e q u a t i o n ( 3 . 8 ) r e f e r s t o t h e a d d i t i o n o f o x y g e n b y
p h o t o s y n t h e s i s o f p l a n t s a n d a l g a e . In t h e T h a me s t h e
r i v e r d o e s n o t s u p p o r t a l a r ge b io ma s s o f r o o t e d p l a n t s .
b e c a u s e o f b o t h d e p t h a n d h i g h w a t e r t u r b i d i t y . Ho w e v e r , ,
a l ga l b l o o m s i n s p r i n g , s u m me r a n d a u t u mn a r e ' a c o m mo n
o c c u r r a n c e a n d t h e s e h a v e a c o n s i d e r a b l e e f f e c t o n DO
l e v e l s , a s d i s c u s s e d i n s e c t i o n 3 . 2 . Mo d e l l i n g t h e p h o t o s y n -
t h e t i c p r o d uc t i o n o f o x y ge n b y a l ga e h a s b e e n un d e r t a k e n
b y ma n y r e s e a r c h e r s . S t e e l ( 197 8 ) d e s c r i b e s i n d e t a i l
t h e p r o c e s s e s c o n t r o l l i n g o x y g e n p r o d uc t i o n i n r e s e r v o i r s
a n d s i m i l a r p r o c e s s e s a r e k n o w n t o o c c u r i n r i v e r s .
Ow e n s e t a l ( 19 69 ) c o n s i d e r e d a s i m p l i f i e d mo d e l i n
w h i c h o x y ge n p r o d uc t i on i s r e l a t e d t o l i g h t i n t e n s i t y
a n d p l a n t b i o ma s s o r a l g a l l e v e l s . Wh i t e h e a d e t a l
( 19 8 1 ) u s e d a mo d i f i e d v e r s i o n o f t h e Ow e n s mo d e l
a n d e s t i ma t e d t h e r e l e v a n t p a r a me t e r s f o r .t h e Be d fo r d
Ou s e . A • s i m i l a r a p p r o a c h h a s been a d o p t e d fo r t h e
T h a me s a n d t h e fo l l o w i n g r e l a t i o n s h i p d e v e l o p e d

-
8 . 6

C l a I0 . 79
1 . 0 8

( T - 2 0 )P Tr i5  

He r e C l a i s t h e c h l o r o p h y l l - a c o n c e n t r a t i o n mg m
I i s t h e s o l a r r a d i a t i o n l e v e l w a t t h o u r s m " 2 p e r d a y .
T h e c o e f f i c i e n t 8 . 6 w a s d e t e r m i ne d f r o m •a l i n e a r r e g r e s s i o n
a n a l y s i s u s i n g a s v a r i a t e s t h e o b s e r v e d o x y g e n p r o d u c t i o n ,
o b t a i ne d f r o m t h e c o n t i n uo u s d a t a s h o w n i n Ap p e n d i x .
2 a n d 1 C l a I O• 79 1 . 0 8 (T.- 2 0 1•o b t a i ne d fo r t h e s a me p e r i o d . •

1 .0 5

3 . 6 . 4 .
v i a a l ga l
d e v e l o p e d
me a s u r e d

i n e q ua t i o n ( 3 . 8 . ) r e fe r s t o t h e l o s s o f o x y g e n
r e s p i r a t i o n . Kow a l c ze w s k i a n d • L a c k ( 19 7 1 )

a r e l a t i o n s h i p b e t w e e n a l g a l c o nc e n t r a t i o n
a s c h l o r o p h y l l a a n d r e s p i r a t i o n r a t e fo r

3 5 .



t h e R i v e r T h a me s , w h e r e

R = ( 0 . 14 + 0 . 0 13 C l a ) 1 . 0 8 (T - 2 0 )

a n d t h i s r e l a t i o n s h i p h a s b e e n i nc o r p o r a t e d i n t o t h e
mo d e l .

3 . 6 . 5 . M i n e q ua t i o n ( 3 . 8 . ) r e f e r s t o t h e r e s p i r a t i o n
o f t h e r i v e r b e d o r mu d . T h e r e h a s b e e n c o n s i d e r a b l e
r e s e a r c h i n t o t h i s p r o c e s s ( Ed w a r d s a n d Ro l l e y , 19 6 5 )
a n d t h e fo l l o w i n g e q ua t i o n h a s b e e n u s e d ,

0 . 4 5 (T - 2 0 )
M = 1< 4 x l 1 . 0 8

w h e r e x i s t h e DO c o nc e n t r a t i o n mg l - 1 , d i s d e p t h ,
m , a n d k 4 i s a p a r a me t e r t o b e d e t e r m i n e d . T h e o r i g i n a l

w o r k o f E d w a r d a n d Ro l l e y w a s c on d u c t e d o n t h e h i g h l y
p o l l u t e d mu d s o f t h e R i v e r I v e l a n d l a t e r s t u d i e s b y
Ro l l e y a n d Ed w a r d s ( 19 67 ) s h o w e d t h a t t h t : p a r a me t e r
k 4 v a r i e d c o n s i d e r a b l y f r o m r i v e r t o r i v e r . I n t h e
T h a me s s t u d y a v a l ue fo r k 4 o f 0 . 15 d a y s - 1 w a s f o un d

t o p r o v i d e t h e b e s t f i t t o t h e o b s e r v e d DO d a t a .

3 . 6 . 6 . F i n a l l y A i n e q ua t i o n ( 3 . 9 ) r e f e r s t o t h e c o n v e r s i o n
o f a l g a e t o d e c a y i n g o r g a n i c ma t t e r . I n p r e v i o u s a l ga l
mo d e l l i n g s t u d i e s on t h e T h a me s ( s e e Wh i t e h e a d 19 84 )
t h e c o n c e n t r a t i o n o f d e a d a l g a e i s a s s u me d p r o p o r t i o na l
t o t h e c o n c e n t r a t i o n o f l i v e a l ga e . T h u s A c a n b e e x p r e s s e d
ma t h e ma t i c a l l y a s

A =
1( 5 C l a . 1 . 0 47 (T - 2 0 )

Wh e r e C l a i s t h e c h l o r o p h y l l a c o nc e n t r a t i o n mg . m - 3
a n d k 5 i s a p a r a me t e r . F r o m s i mu l a t i o n s t u d i e s o n
t h e T h a me s k 5 w a s fo un d t o b e 0 . 0 1

3 . 6 . 7 . T h e c o m p l e x i n t e r a c t i o n s b e t w e e n DO , BO D , s o l a r
r a d i a t i o n , c h l o r o p h y l l a , f l o w a n d t e mp e r a t u r e a r e t h u s
i n c o r p o r a t e d i n t o t h e mo d e l . T h e mo d e l h a s b e e n s e t
u p t o s i m u l a t e t h e l o w e s t f i v e r e a c h e s o n t h e T h a me s ,
s h o w n i n T a b l e 3 . 1 . T h e s e r e a c h e s a r e mo s t s i gn i f i c a n t
i n t e r ms o f DO a n d BO D a n d a r e a f f e c t e d b y t h e d i f f e r e n t
f l o w s t r a t e g i e s p r o p o s e d b y T h a me s Wa t e r Au t h o r i t y
T e m p e r a t u r e h a s a l s o b e e n s i m u l a t e d s i n c e t h i s i s a
k e y v a r i a b l e c o n t r o l l i n g r a t e p r o c e s s e s .

T h e mo d e l h a s b e e n r u n o n a d a i l y t i me s c a l e u s i n g
f l o w a n d q u a l i t y d a t a fo r 19 7 4 , 7 5 a n d 7 6 . F i g u r e s
3 . 10 , 3 . 1 1 a n d 3 . 12 s h o w mo d e l s i mu l a t i o n s c o m p a r e d
w i t h t h e o b s e r v e d d a t a a t T e d d i ng t o n . I n ge ne r a l , t h e r e
i s a r e a s o n a b l e f i t t o t h e d a t a , a l t h o u g h t h e s c a t t e r
o f t h e DO a n d BO D d a t a i n t h e s u mme r mo n t h s , p a r t i c u l a r l y
i n 19 7 6 , l i m i t s t h e d e g r e e t o w h i c h fu r t h e r mo d e l c a l i b r a t i o n
i s p o s s i b l e . T h e s c a t t e r r e f l e c t s t h e d i f f i c u l t i e s o f
s a m p l i n g a n d a n a l y s i s a n d , i n p a r t i c u l a r , t h e p r o b l e m s
c r e a t e d b y v a r i a t i on s i n t h e t i me o f s a m p l i n g .

3 6 .
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3 . 6 . 8 . T h e w e e k l y
u s e d i n t h e s i mu l a t i o n
w i t h a l g a l d a t a f o r
fo r 19 7 4 , 7 5 a n d 7 6 .

3 . 7 EF F EC T S OF F LO W C HANGES ON RI VE R WAT ER
QUAL IT Y

3 . 7 . 1 . F l o w C h a nge s

3 . 7 . 1 . 1 . T h e h y d r o l o g i c a l e f fe c t s o f t h e p r o p o s e d

o p e r a t in g s t r a t e g y h a v e b e e n in v e s t i ga t e d u s i n g t h e

f l o w mo d e l f o r t h e f i v e r e a c h e s o f t h e r i v e r b e t we e n
Ro mn e y a n d T e d d i ng t o n . Da i l y f l o w i n p u t s a n d a b s t r a c t i o n s

fo r d r o u g h t a n d no n - d r o u g h t y e a r s h a v e b e e n g e ne r a t e d
b y t h e T h a me s Wa t e r Au t h o r i t y w a t e r r e s o u r c e mo d e l

a s s u m i n g 19 8 4 d e ma n d c on d i t i o n s . T h e w a t e r r e s o u r c e s
r u n t w ic e , f i r s t ] y t o r e p r o d u c e t h e
s t r a t e g y g i v e n "T h e C h a r t " fo r a l l
a n d s e c o n d l y , a s s u mi n g t h e p r o p o s e d

g i v e n a MRB p o l i c y . T h e MRB p o l i c y

a s s u me s t h a t t h e p u m p s w i l l b e o p e r a t e d a t t h e i r ma x i mu m

c a p a c i t y w h e n e v e r p o s s i b l e . F i g u r e s 3 . 13 t o 3 . 2 0 s h ow
t h e t w o c o n t r a s t i n g f l o w s t r a t e g i e s f o r t h e T e d d i ng t on

Mo l e s e y r e a c h e s fo r t h e d r o u g h t p e r i o d s o f 197 5- 197 6
a n d 19 4 4 - 19 4 5 , an d t h e n o n - d r o ug h t p e r i o d s o f 19 52-

5 3 a n d 19 57 - 58 .

mo d e l h a s b e e n
c u r r e n t o p e r a t i n g
y e a r s s i n c e 192 0
o p e r a t i ng s t r a t e g y

c h l o r o p h y l l a d a t a a t T e d d i ng t on
i s p l o t t e d in Ap p e n d i x 3 . 3 t o ge t h e r
o t h e r s i t e s o n t h e Ri v e r T h a me s

3 . 7 . 1 . 2 . I n F i gur e 3 . 13 t h e c o nt i n u o u s l i ne s h o w s t h e
( l o w s a t T e d d i n gt o n g i v e n t h e c u r r e n t ' C h a r t ' r u l e s

a n d t h e d o t t e d I i ne r e p r e s e n t s t h e f l ow s g i v e n t h e p r o p o s e d
MRB s t r a t e g y . . On l y t h e f l o w s b e l ow 2 3 c u me c s a r e p l o t t e d .

I n t h e s u m me r o f 19 7 5 ( d a y s 2 10- 27 0 ) t h e MRB s t r a t e g y
w o u l d r e d u c e t h e f l o w s a t T e d d ing t o n c o n s i d e r a b l y f r o m

a n a v e r a ge o f 9 c u me c s t o b e l ow 3 c u me c s . How e v e r

i n t h e s u m me r o f 7 6 t h e f l o w s u n d e r p r o p o s e d a n d c u r r e n t
r u l e s a r e s i m i l a r b u t a t v e r y l ow l e v e l s . I f a n y t h i n g

t h e f l o w s un d e r c u r r e n t r u l e s a r e w o r s e t h a n t h o s e

un d e r t h e MRB r u l e s , p a r t i c u l a r l y i n t h e c r i t i c a l p e r i o d
b e t w e e n d a y s 6 0 0- 62 0 a n d t h i s i s d u e t o t h e f a c t t h a t

b a c k p u m p i n g w a s n e c e s s a r y a t Mo l e s e y a n d T e d d i ng t on
We i r s t o ma i n t a i n s u f f i c i e n t w a t e r f o r a b s t r a c t i o n . T h e

ma j o r a b s t r a c t i o n s i n t h e Lo w e r T h a me s a r e , i n f a c t ,

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

r e a c h i s t h e r e fo r e p a r t i c u l a r l y i m p o r t a n t . As s h o w n
i n F i gu r e 3 . 14 t h e f l o w s o v e r Mo l e s e y We i r a r e l o w e r

t h a n t h o s e a t T e d d i n g t o n . T h i s i s b e c a u s e un d e r no r ma l
c o n d i t i o n s t h e l o w f l o w o v e r Mo l e s e y We i r i s s u p p l e me n t e d
b y t h e R i v e r Mo l e a n d t h e R i v e r Ho g s m i l l w h i c h e n t e r

t h e r i v e r d o w n s t r e a m o f t h e w e i r . .

3 . 7 . 1 . 3 . T h i s p a t t e r n o f b e h a v i o u r
a l 1 o f t h e d r o u g h t a n d no n - d r o u g h t ye a r s
3 . 15 - 3 . 2 0 In t h e d r o ug h t o f 194 4 ,  
a n d 3 . 16 ) t h e l ow e s t f l o w s w o u l d b e

4 0 .

i s r e p e a t e d i n
s h o w n i n F i g u r e s

4 5 ( F i gu r e s 3 . 15
a v o i d e d b y t h e
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p r o p o s e d s t r a t e g y a n d t h e me d i u m f l ow s s u c h a s d u r i n g
t h e p e r i o d b e t w e e n d a y s 5 30 - 6 10 a r e c o n s i d e r a b l y
r e d u c e d . Ag a i n t h e s i mu l a t e d f l o w s a t Mo l e s e y a r e ge ne r a l l y
l o w e r t h a n t h o s e a t T e d d i n g t o n . T h e n o n - d r o u g h t y e a r s
s h o w t h e s i g n i f i c a n t p r e d i c t e d e f f e c t o f t h e MRB p o l i c y
c o m p a r e d w i t h t h e c u r r e n t r u l e s , s u m me r f l ow l e v e l s
b e i n g r e d u c e d c o n s i d e r a b l y .

3 . 7 . 1 . 4 . F i n a l l y t h e e f f e c t o f i n c r e a s e d d e ma n d s h a v e
b e e n i n v e s t i ga t e d . F i gu r e s 3 . 2 1 a n d 3 . 22 s h o w t h e
f l o w s g i v e n t h e c h a r t a n d MRB s t r a t e g i e s a s s um i n g t h e
d e ma n d l e v e l s . e x p e c t e d fo r t h e y e a r 2 0 06 . In ge n e r a l
t h e r e i s l i t t l e c h a n ge i n t h e f l o w p a t t e r n s . T h i s i s
b e c a u s e a l t h o u g h d e ma n d s i n c r e a s e b y 17 % a c on s i d e r a b l e
p r o p o r t i o n o f t h i s w a t e r i s r e t u r n e d a s e f f l ue n t . T h u s
f o r n o n - d r o ug h t y e a r s s u c h a s 19 52 - 5 3 a t Mo l e s e y ( F i gu r e
3 . 2 1) t h e l o w f l ow s a r e . s i m i l a r t o t h e 19 84 d e ma n d
r u n s a l t h o u g h t h e l o w f l o w p e r i o d i s e x t e n d e d s l i g h t l y .
T h e e f f e c t i n a d r o ug h t y e a r s u c h a t 19 7 5- 7 6 i s s h o w n
i n F i g u r e 3 . 22 T h e c h a r t s t r a t e g y w o u l d p r o v e t o
b e p a r t i c u l a r ] y s e r i o u s p r o d u c i n g v e r y l o w f l o w s i n
Ma y t h r o u g h t o Aug u s t ( d a y s 5 30 - 6 30 ) a n d r e q u i r i n g
c o n s i d e r a b l e b a c k p u m p i n g t o ma i n t a i n w a t e r l e v e l s .
T h e MRB s t r a t e g y w o u l d a v o i d t h e s e l o w f l o w c o n d i t i o n s
s i n c e a c o n s i d e r a b l e q ua n t i t y o f w a t e r w o u l d b e a b s t r a c t e d
e a r l i e r i n t h e y e a r .

3 . 7 . 2 . Ve l o c i t y C h a n g e s

3 . 7 . 2 . 1 . Ve l o c i t y c h a nge s i n t h e r i v e r r e f l e c t t h e
p a t t e r n o f f l o w b e h a v i o u r . Un d e r s um me r f l o w c o n d i t i o n s
w a t e r v e l o c i t y f a l l s u n t i l v e r y l ow v e l o c i t y s i t ua t i o n s
a r e o b t a i ne d , a s s h ow n i n F i g u r e 3 . 2 3 a t T e d d i n g t o n
o v e r t h e n o n - d r o u g h t y e a r o f. 19 52 - 5 3 . T h e s e l o w v e l o c i t y
c o n d i t i o n s a r e , o f c o u r s e , i d e a l f o r t h e g r o w t h o f a l g a e
s i nc e t u r b i d i t y i s r e d uce d a l l o w i n g g r e a t e r l i g h t p e ne t r a t i o n
a n d t h e a v e r a ge w a t e r r e s i d e n c e t i me i n e a c h r e a c h
i s l o n g . Un d e r t h e p r o p o s e d MRB o p e r a t i ng s t r a t e g y , .
s h o w n i n F i g u r e 3 . 2 4 , t h e v e l o c i t i e s w o u l d b e r e d u c e d
s t i l l f u r t ii e r i n t h e n on - d r o u g h t s u m me r s t h e r e b y i n c r e a s i n g
t h e p o t e n t i a l fo r a l ga l g r o w t h . Ho w e v e r , , i n t h e s p r i n g
t h e p r o p o s e d MRB p o l i c y w o u l d h a v e 1 i t t l e e f f e c t o n
t h e r i v e r v e l o c i t y , , s ug ge s t i n g t h a t a b s t r a c t i n g a d d i t i o n a l
w a t e r e a r l i e r i n k h e y e a r i s p r e fe r a b l e t o ma k i n g u p
l o s s e s t h r o u g h t h e l o w f l o w s u m me r mo n t h s . T h e e f f e c t
o f t h e i n c r e a s e d d e ma n d s , a s s h o w n i n F i gu r e 3 . 2 5
w o u l d b e s l i g h t l y d e c r e a s e d v e l o c i t i e s d u r i n g h i g h f l o w
c o n d i t i on s b u t t o ma i n t a i n o r e v e n s l i g h t ] y i n c r e a s e
v e l o c i t y i n l o w f 1 o w p e r i o d s b e c a u s e o f a d d i t i ona l e f f l u e n t
i n f l o w s .

3 . 7 . 3 . DO - BOD Co nc e n t r a t i o n s

3 . 7 . 3 . 1 . As p r e v i o u s l y d i s c u s s e d , t h e o x y ge n c o n c e n t r a t io n

4 9 .
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i n t h e r i v e r i s a c o m p l e x b a l a nc e o f s o u r ce s a n d s i n k s .
Re a e r a t i o n i s a s i g n i f i c a n t f a c t o r r e l a t e d c l o s e ] y t o
f l o w r a t e s o t h a t u n d e r h i g h f lo w o r t u r b ul e n t co n d i t i o n s
o x y ge n e x c h a nge w i t h a i r i s h i g h . Ev e n a t me d i um f l o w s
t h e r e a e r a t i on i s i m p o r t a n t b e c a u s e o f t h e e f f e c t s o f
w e i r s w h i c h p r o v i d e a d d i t i o na l t u r b u l e n c e a n d i nc r e a s e
t h e e x c h a n ge s u r f a c e a r e a . Al ga e a r e a l s o i mp o r t a n t
p r o d uc i ng o x y ge n b y p h o t o s y n t h e s i s a n d r e mo v i ng o x y ge n
b y r e s p i r a t i o n a n d d e c a y fo l l ow i n g d e a t h . T h e e f f e c t
o f l o n g r e s i d e n c e t i me s i n t h e r i v e r c a n b e s i gn i f i c a n t
.p r o y i d i n g a m p l e t i me f o r a l ga l g r o w t h a n d d e c a y o f
o r g a n i c ma t e r i a l .

3 . 7 . 3 . 2 . T h e d y na m i c DO - BOD mo d e l e nc o m p a s s e s a l l
t h e s e p r o c e s s e s a n d i s , t h e r e fo r e , a u s e f u l t oo l . t o
e v a l ua t e t h e e f f e c t s o f d i f f e r e n t f l o w s t r a t e g i e s . As
i n t h e c a s e o f t h e f l o w d a t a • t h e mo d e l h a s b e e n r u n
i n i t i a l l y a s s u m i n g 19 84 d e ma n d l e v e l s a n d u s i ng t h e
l a t e s t w a t e r q u a l i t y d a t a f o r i n p u t s s u c h a s e f f l ue n t s
a n d t r i b u t a r i e s . I n o r d e r t o r e f l e c t t h e w o r s t s i t ua t i o n
w i t h r e ga r d t o a l ga l g r o w t h , t h e w e e k l y 197 5 , 19 7 6
c h l o r o p h y l l - a d a t a h a s b e e n u s e d . DO a n d BOD c o n ce n t r a t i o n s
h a v e b e e n s i mu l a t e d i n t h e l o w e r f i v e r e a c h e s o f t h e
T h a me s u n d e r d r o u g h t a n d no n - d r o u g h t c o n d i t i o n s a n d
fo r t h e c h a r t a n d MRB s t r a t e g i e s . Re s u l t s a r e p r e s e n t e d
fo r t h e Mo l e s e y r e a c h s i nc e t h i s i s mo s t c r i t ic a l i n
t e r m s o f f l o w .

3 . 7 . 3 . 3 . I n t h e c a s e o f BOD f e w d i f f e r e n c e s b e t w e e n
c h a r t a n d MRB s t r a t e g i e s h a v e b e e n d e t e c t e d . F i g u r e s
3 . 2 6 t o 3 . 29 s h o w t h e BOD c o n c e n t r a t i on s a t Mo l e s e y
We i r f o r t h e d r o u g h t y e a r s o f 19 7 5- 7 6 a n d 19 44- 4 5 a n d
n o n - d r o u g h t y e a r s o f 19 52 - 5 3 a n d 19 80 - 8 1. Be ca u s e t h e
MRB f l o w s un d e r d r o u g h t c o n d i t i on s a r e v e r y s i m i l a r
t o c u r r e n t f l o w s t h e d i l u t i o n o f e f f l ue n t s i s t h e s a me ,
a n d , a s s h o w n i n F i gu r e s 3 . 2 6 a n d 3 . 27 , BOD ' s a r e
s i m i l a r . . I t i s o n l y i n no n - d r o u g h t y e a r s , s h o w n i n F i g u r e s
3 . 2 8 a n d 3 . 29 , t h a t a s i g n i f i c a n t c h a n ge i n t h e BO D
i s p r e d i c t e d p r i ma r i l y b e c a u s e o f t h e ma j o r d i f f e r e n c e s
i n f l o w a n d t h e r e fo r e d i l u t i o n b e t w e e n s u mme r MRB
f l o w s a n d c u r r e n t f l o w s .

3 . 7 . 3 . 4 . I n t h e c a s e o f DO , t h e c o n c e nt r a t i on s d u r i ng
d r o u g h t y e a r s fo r t h e MRB a n d t h e c u r r e n t f l o w s a r e
s i m i l a r , , a s s h o w n i n F i g u r e s 3 . 30 a n d 3 . 3 1 Aga i n t h i s
i s b e c a u s e t h e f l o w p a t t e r n s i n d r o u g h t y e a r s a r e s o
s i m i l a r . . How e v e r . , DO d o e s f a l l s i gn i f i c a n t l y w h e n v e r y
l o w f l o w c o n d i t i on s p r e v a i l • c o u p l e d w i t h a ma j o r a l ga l
b l o o m . F o r e x a mp l e , i n 19 4 4 , s h o wn i n F i gu r e 3 . 3 1
o n d a y 30 0 t h e DO fa l l s t o 4 mg l - 1 u n d e r t h e c u r r e n t
r u l e s . T h e p r o p o s e d f l o w s t r a t e g y w h i c h a v o i d s t h e
e x t r e me l y l o w f l ow c o n d i t i o n s h a s t h e e f f e c t o f e l e v a t i n g
t h e DO l e v e l s s l i g h t l y . .

55 .
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3 . 7 . 3 . 5 . In n o n - d r o u g h t y e a r s t h e r e i s l i t t l e d i f f e r e nc e
b e t w e e n t h e MRB p o l i c y a n d t h e c u r r e nt p o l i c y . . De s p i t e
t h e d e c r e a s e d f l o ws ge ne r a t e d b y t h e MRB p o l i c y d i s c u s s e d
i n t h e p r e v i o u s s e c t i o n , t h e r e i s s uf f i c i e n t r e a e r a t i on
t o ma i n t a i n DO l e v e l s . Ho w e v e r • t h e mo d e l d o e s no t
a c c o un t f o r t h e i n c r e a s e d a l g a l p r o d uc t i v i t y t h a t ma y
b e p r e s e n t d u r i n g t h e s e l o w f l o w p e r i o d s in n o n - d r o u g h t
y e a r s a n d t h u s t h e DO s i t ua t i o n ma y b e s l i g h t l y w o r s e
t h a n p r e d i c t e d . Gi v e n t h i s p o s s i b i l i t y i t ma y b e u s e fu l
fo r T h a me s Wa t e r Au t h o r i t y t o co n s i d e r a n a l t e r n a t i v e
p o l i c y t o t h e MRB a p p r o a c h i n n o n - d r o u g h t s u mme r s .

3 . 7 . 3 . 6 . T h e ma i n e f f e c t s o f i n c r e a s i n g t h e d e ma n d
a r e i l l u s t r a t e d i n F i g u r e s 3 . 32 a n d 3 . 3 3 fo r BOD a n d
DO l e v e l s a t T e d d i n g t o n . Be c a u s e o f t h e i n c r e a s e d l o a d
o f e f f l u e n t e n t e r i ng t h e r i v e r v i a t h e Ho g s mi l 1 r i v e r
BO D l e v e l s i n t h e Mo l e s e y - T e d d i n gt o n r e a c h a r e s l i g h t l y
h i g h e r . . T h i s h a s a n e f f e c t o n t h e DO l e v e l s w h i c h
a p p e a r s l i g h t ] y lo w e r a n d c o u l d r e d uc e t h e mi n i mu m
o x y g e n l e v e l s s i gn i f i c a n t l y o n o c c a s io n s . Howe v e r t h e r i s k s
o f t h i s h a p p e n i n g u n d e r t h e c h a r t s t r a t e g y i s j u s t a s
h i g h i f no t h i g h e r , t ha n un d e r t h e MRB s t r a t e g y b e c a u s e
o f t h e l o w e r f l o w s .

3 . 7 . 4 . Am mo n i a C o nce n t r a t i o n s

3 . 7 . 4 . 1 . T h e f l ow a n d w a t e r q ua l i t y mo d e l l i n g s t u d i e s
i n d i c a t e t h a t t h e l ow e r r e a c h e s o f t h e r i v e r w o u l d
b e mo s t a f f e c t e d b y . c h a n ge s i n o p e r a t i ng s t r a t e g y . . T h e
r e a c h a b o v e Mo l e s e y We i r i s i m p o r t a n t b e c a u s e o f ma j o r
a b s t r a c t i o n s a n d t h e v e r y l o w f l o w c o n d i t i o n s t h a t s o me t i me s
p r e v a i l . T h e r e a c h b e t we e n Mo l e s e y a n d T e d d i n g t o n
i s a l s o i m p o r t a n t b e c a u s e o f t h e l o w f l o w s a n d t h e
i mp a c t o f e f f l ue n t e n t e r i n g t h e r e a c h v i a t h e Mo l e a n d
Hog s m i l 1 Ri v e r s . I n o r d e r t o e x p l o r e t h e e f f e c t o f p u l s e s
o f a m mo n i a w h i c h c a n o c c a s i o n a l 1 y e n t e r t h e r e a c h t h e
r a t i o o f t h e f l o w s o f t h e Mo l e a n d t h e Ho g s m i l 1 t o t h e
f l o w i n t h e r e a c h u n d e r t h e c u r r e n t a n d MRB s t r a t e g i e s
h a v e b e e n c a l c u l a t e d . T a b l e 3 . 3 s h o w s t h e s e r a t i o s
o r a v e r a ge d i l u t i o n f a c t o r s fo r t h e d r o u g h t mo n t h s o f
J u ne , J u l y a n d Au gu s t 19 7 6 , a n d t h e s e mo n t h s t h e r e fo r e
r e p r e s e n t t h e w o r s t p o s s i b l e s i t u a t i o n .

T AB L E 3 . 3 . DI L UT ION F ACT O RS FO R J UNE , J ULY AND
AUGUST 19 7 6

N R B CURRENT
-

H OG S M I L L MO L E H OG SMI LL MOLE

JUNE 0 . 28 0 . 45 0 . 27 0 . 45

JULY 0 . 26 0 . 39 0 . 21 0 . 31

AUGUST 0 . 25 0 . 35 0 . 25 0 . 33

6 2 .
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3 . 7 . 4 . 2 . Re c e n t i mp r o v e me n t s i n e f f l u e n t t r e a t me n t
f a c i l i t i e s h a v e r e d u c e d t h e c o n c e n t r a t i o n s o f a m mo n i a
i n t h e Mo l e a n d t h e Ho g s m i l l . Me a n c o nc e n t r a t io n s w e r e
1 . 2 7 mg l - 1 fo r t h e Ho g s m i l l a n d 0 . 58 mg l - 1 f o r t h e
Mo l e w i t h t h e p e a k v a l u e s b e i n g 6 . 6 mg 1- 1 a n d 1 . 2
mg 1 - 1 r e s p e c t i v e l y . Mu l t i p l y i n g t h e p e a k Ho g s m i l l v a l ue
b y t h e d i l u t i o n f a c t o r s un d e r t h e p r o p o s e d s t r a t e g y
g i v e s c o n c e n t r a t i o n s o f 1 . 8 , 1 . 7 a n d 1 . 6 5 rng r 1 i n t h e
T e d d i n g t o n Re a c h f o r J u ne , J u l y a n d Au g u s t 19 7 6 . I n
t h e c a s e o f a p u l s e o f a m mo n i a f r o m t h e Mo l e a n d co n c e n t r a -
t i o n i n t h e r e a c h w o u l d b e 0 . 5 4 , 0 . 47 a n d 0 . 4 2mg I- 1
fo r J un e , J u l y a n d Au g u s t . T h e s e l e v e l s a r e co n s i d e r a b l y
h i g h e r t h a n e l s e w h e r e o n t h e T h a me s b u t g i v e n t h e
h i g h l e v e l s o f DO t h e y a r e u n l ke l y t o c a u s e a n y p a r t i c u l a r
p r o b l e ms .

3 . 8 CO NC LUSIONS

3 . 8 . 1 . T h e c o n c l u s i o n s f r o m t h e Mo d e l l i n g s t u d y a r e
a s fo l l o w s : -

3 . 8 . 1 . 1 . T h e f lo w s d u r i n g d r o u g h t c o n d i t i o n s a r e 1i ke 1 y
t o b e v e r y s i m i l a r u n d e r t h e p r o p o s e d o p e r a t i ng s t r a t e g y
t o t h o s e r e s u l t i n g f r o m t h e c u r r e n t a p p r o a c h . T h e p r o p o s e d
r u l e s w i l l s l i g h t l y i m p r o v e t h e s i t ua t i on s i n c e i t s h o u l d
b e p o s s i b l e t o a v o i d t h e e x t r e me l o w f l o w c on d i t i o n s
a n d b a c k p u mp i n g s h o u l d n o t b e n e c e s s a r y .

3 . 8 . 1 . 2 . In ge ne r a l , t h e f l o w s o v e r Mo l e s e y We i r w o u l d
b e l o w e r t h a n t h e f l o w s a t T e d d i n g t o n ; t h i s i s b e c a u s e
o f t h e ma j o r a b s t r a c t i on s u p s t r e a m o f t h e w e i r a n d
t h e i n f l o w o f t h e Ho g s mi l l a n d Mo l e r i v e r s w h i c h e n t e r
b e l o w t h e w e i r . .

3 . 8 . 1 . 3 . F l o w i n n o n - d r o u g h t y e a r s w o u l d b e c o n s i d e r a b l y
a f f e c t e d b y t h e MRB p o l i c y . By r e mo v i n g a s mu c h w a t e r
a s p o s s i b l e i n n o n - d r o ug h t s u m me r s , f l o w s w o u l d b e
s i gn i f i c a n t ] y r e d u c e d .

3 . 8 . 1 . 4 . T h e e f f e c t o f i n c r e a s i n g d e ma n d t o t h e e x p e c t e d
l e v e l s fo r t h e y e a r 2 0 06 w i l l n o t s i g n i f i c a n t l y c h a ng e
f l o w p a t t e r n s . I n c r e a s e d e f f l ue n t f l ow s w o u l d i n c r e a s e
l o w f l o w s i n d r o ug h t y e a r s b u t a d d i t i on a l w a t e r w o u l d
b e r e mo v e d i n no n - d r o u g h t y e a r s .

3 . 8 . 1 . 5 . Ve l o c i t y c h a ng e s i n t h e r i v e r r e f l e c t f l o w
q h a n g e s . In d r o u g h t y e a r s v e l o c i t i e s u n d e r b o t h p o l i c i e s
w o u l d b e v e r y s i m i l a r . Ho w e v e r , , i n t h e s u mme r s o f
no n - d r o ug h t y e a r s t h e v e l o c i t i e s w o u l d b e r e d uce d u n d e r
t h e MRB p o l i c y . T h e e f f e c t o f d e c r e a s i n g v e l o c i t y i s
t o i n c r e a s e r e a c h r e s i d e nc e t i me a n d t h i s ma y t e n d
t o w o r s e n t h e s i t ua t i o n w i t h r e g a r d t o a l g a l g r o w t h .
Ho w e v e r , , no n - d r o u g h t s p r i ng c o n d i t i o n s v e l o c i t i e s w o u l d
n o t b e s i g n i f i c a n t l y a f f e c t e d b y t h e p r o p o s e d p o l i c y ,
s u g ge s t i n g t h a t a b s t r a c t i n g a d d i t i o n a l w a t e r e a r l i e r i n
t h e y e a r w o u l d c e r t a i n 1 y  b e  p r e f e r a b l e t o ma k i n g u p
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l o s s e s t h r o u g h l o w f lo w s u mme r mo n t h s . T h i s i s p a r t i c u l a r l y
t r u e w h e n t h e i nc r e a s e d d e ma n d l e v e l s a r e c o n s i d e r e d .

3 . 8 . 1 . 6 . Di s s o l v e d o x y ge n l e v e l s i n t h e Ri v e r T h a me s
a r e g e n e r a l 1 y h i g h b e i n g c l o s e t o s a t ur a t i o n fo r mo s t

o f t h e y e a r . . Di u r n a l v a r i a t i o n s i n s u m me r c a n b e s i gn i f i c a n t
a n d a r e r e l a t e d t o s o l a r r a d i a t i o n le v e l s a n d t h e g r o w t h
o f a l g a e w i t h i n t h e w a t e r c o l u mn . Du r i n g s u mme r mo n t h s

e x t r e me ] y h i g h DO c o n c e n t r a t i o n s u p t o 18 0 % o f s a t u r a t i o n

h a v e b e e n r e c o r d e d b u t l ow c o n ce n t r a t i o n s o f 40 - 50 %
o f s a t u r a t i o n h a v e o c c a s i o na l I y b e e n mon i t o r e d . F l o w

h a s a n i m p o r t a n t e f f e c t o n DO l e v e l s b e c a u s e o f r e a e r a t i o n

p r o c e s s e s a n d t h e r e s i d e nc e t i me o f w a t e r i n a r e a c h .
Re a e r a t i o n i nc r e a s e s w i t h i n c r e a s i n g f l o w r a t e a n d e f f l ue n t s

a r e a l s o mo r e d i l u t e d . Un d e r l o w f l o w c o n d i t i on s r e s i d e n c e

t i me s a r e h i g h a n d a l l o w mo r e t i me fo r d e c a y o f o r g a n i c
ma t e r i a l a n d c r e a t e i d e a l c o n d i t i on s fo r t h e g r o w t h

o f a l g a e . Lo w DO l e v e l s o f t e n fo l l o w t h e c o l l a p s e o f
a n a l ga l b lo o m w h i c h ma y b e b r o ug h t o n b y a c h a n ge
i n w e a t h e r c o n d i t i o n s .

3 . 8 . 1 . 7 . In d r o ug h t y e a r s t h e BOD c o n c e n t r a t i o n s fo r

b o t h MRB a n d c h a r t o p e r a t i n g s t r a t e g i e s a r e v e r y s i m i l a r
a n d i t i s o n l y i n no n - d r o u g h t y e a r s u mme r s t h a t a n y

s i g n i f i c a n t i nc r e a s e i n BO D l e v e l s i s p r e d i c t e d . BO D
le v e l s a r e 1 i k e l y t o r i s e g i v e n i nc r e a s e d d e ma n d l e v e l s
a n d h e nc e i n c r e a s e d e f f l ue n t l o a d s .

3 . 8 . 1 . 8 . In t h e c a s e o f DO l e v e l s t h e p r o p o s e d r u l e s

w o u l d i m p r o v e t he DO s i t ua t i on s l i g h t l y i n d r o u g h t
s u m me r s s i n c e t h e e x t r e me l o w f l o w s a n d b a c k p u m p i n g

w o u l d b e a v o i d e d . Ho we v e r , , i n no n - d r o ug h t s u m me r s
t h e r e w o u l d b e a p o s s i b i l i t y o f i nc r e a s e d a l g a l g r o w t h

a n d t h i s m i g h t h a v e a d e t r i me n t a l e f f e c t o n DO l e v e l s .
T h i s m i g h t b e p a r t i c u l a r ] y i m p o r t a n t i n t h e r e a c h a b o v e
Mo l e s e y We i r b e ca u s e o f t h e ge ne r a l l y l o w e r f l o w s i n

t h i s r e a c h . An a l t e r n a t i v e t o t h e MRB p o l i c y fo r no n -

d r o u g h t s u mme r mo n t h s s h o u l d b e c o n s i d e r e d i f t h e
F BA c o n s i d e r t h a t a l ga l g r o w t h w i l l i n c r e a s e d u r i n g

t h e s e p e r i o d s . T h i s ma y b e p a r t ic u l a r l y r e l e v a n t g i v e n
i n c r e a s e d d e ma n d .

3 . 8 . 1 . 9 . Ammo n i a l e v e l s i n t h e Ri v e r T h a me s a r e ge n e r a l ] y
l o w ( l e s s t h a n 0 . 5 mg l ) Oc c a s i o n a l p e a k s o f 6
mg l - 1 o f a m mo n i a we r e r e c o r d e d i n t h e Mo l e s e y t o T e d d i n g t o n

r e a c h i n 19 7 6 b u t r e c e n t i mp r o v e me n t s t o t r e a t me n t
f a c i I i t ie s h a v e i mp r o v e d t h e s i t ua t i o n i n t h i s r e a c h .

As s u m i n g d r o u g h t c o n d i t i o n s , p e a k l e v e l s o f a m mo n i a
w o u l d b e a p p r o x i ma t e l y a t h i r d o f t h e p e a k 19 7 6 c o n c e n t r a -

t i o n s .
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DO D ata - Romn ey Lock Automatic

Qua lity Mon ito rin g Station
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APPENDIX 3,3  

Thames Rive r Chlorophyll a Data (1974-1976)
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4 . EF F ECT S ON T HE WAT ER QUAL I T Y OF T HE T HA MES
EST UA RY  

P . J . Rad f o r d

4 . 1 BACK GROUND AND PROGRESS

4 . 1 . 1 . T he w at e r q ual i t y o f t he T hames Est u ar y ha s
been t he su b j ec t of i n t ens i v e s t ud y f o r a t l east a cen t u r y
and a l a r ge bod y o f i n f or ma t i on ex i s t s w h i c h ena b l e s
one t o v i ew c ur r en t t r end s i n t he i r h i s t o r i c a l p e r s pec t i v e .
I n 1964 t h e De par t ment of Sc i en t i f i c and I nd ust r i a l Resea r c h
p ub l i s h ed a c omp r e hensi v e summar y of t he most r e l av en t
and r e l i ab l e d at a t hen av a i l ab l e , and t h i s p r ov i de s
a mo s t au t hor at a t i v e b as i s f or con t empor a r y st ud y . .
T h a t v o l ume i nc l udes an ex p l ana t i on of a mat hemat i c a l
mod e l o f t he w at e r q ua l i t y of t he T h ame s Est ua r y w h i c h
h as s ub seq uen t l y been de v e l o p ed and v al i da t ed b y Ba r r e t t
e t a l . ( 1978 ) . T h i s mo de l w h i c h has t h e me r i t o f c omp ar a t i v e
s i mp l i c i t y , , ha s l e d t o r ea l i s t i c p r ed i c t i ons of w a t e r
q ua l i t y d ur i ng a per i od w her e t he r e h as been a p r ogr es s i v e
r ed uc t i on i n p o l l ut i ng l oad ( 1969- 197 5 ). T he T hames Mo de l
h as b ecome t he f at he r o f w a t e r q ua l i t y mod e l s t h r oug hou t
t he w or l d and man y v a r i at i ons o f i t h av e b een a p p l i e d
t o t he ma j o r Br i t i s h Es t uar i e s i nc l ud i ng t he Sev er n
( Rad f o r d , 1980 ) and t he Humb e r (Ma l low ney 1982a ) and

ab r oad , (Ma sk e l l and Odd , 1977) .

4 . 1 . 2 . I n t h i s s t ud y t he s t ead y st a t e , mov i ng segment
v e r s i on o f t h e T h ames Wat e r Aut hor i t y Mod e l ( Ba r r e t t
e t a l . 1978 ) h as been used as t h e bas i s f o r t he cons t r uc t i on
o f a s i mu l a t i on mod e l t o p r e d i c t t h e e f f ec t s o f c hange s
i n r i v e r f l ow on w a te r q ua l i t y . . T h e new mod e l r e t a i n s
t he 36 , t w o - mi l e d i v i s i on s o f t he e st ua r y ( s l i ces ) f r om
T e d d i ngt on t o Sh oe b ur y Nes s s how n i n f i gu r e 4 . 1 . and
uses t he same av er age v o l ume d at a . Sl i ce 1 and s l i ce
36 r e p r esen t t he b oun d ar y c ond i t i ons w h i c h con t r i b ut e
t o w a t e r q ua l i t y f r om t he T h ames at T ed d i ngt on , and
t he op en sea r es pec t i v e l y . . I t ha s been ada p ted t o comp ut e
d a i l y r a t he r t han q ua r t e r l y d i s t r i bu t i ons of f as t c ar b on ,
s l ow c a r b on , f ast n i t r ogen , s l ow n i t r ogen , ammon i a ,
n i t r a t e , d i s so l v ed ox y gen and sa l i n i t y . . T o ac h i ev e t h i s
i t h as b een neces sar y t o c omp ute d i spe r s i on coe f f i c i ent s
f o r eac h s l i c e f or a w i d e r ange of r i v e r f l ow cond i t i ons
and co mp ut e t he r e l a t i ons h i p b e t w een t hese t w o v a r i ab l es .
I n t egr a t i on t h r ough t i me h as b een ac h i e v ed usi ng Eu l e r s
p o i n t s l o pe t ec hni q ue w i t h a p p r ox i ma t e l y 25 i t e r at i ons
p er d a y . T he par t i t i on i ng o f l at t e r al i np ut s b e t w een
ad j ac en t s l i c e s has been done ac cor d i ng t o t he mo v i ng
segment t ec h n i q ue used i n t he or i g i na l T h ames Mod e l .

b y da i l y r i v e r f l ow d a t a ,
T h ames Wat e r Qua l i t y Mod e l

b o t h p r e sen t and h y po t he t i c a l
h i s t o r i c o r f u t u r e d e mand s
r e l at i ons h i p s b et w ee n mod e l s

o f t he Ri v e r T hames Wa t e r

T h e s i mu l a t i a is a r e d r i v en
ge ne r at ed b y t he I H Ri v e r
w h i c h y i e l d s p r ed i c t i ons f o r
ab st r ac t i on p a t t e r ns under
( see sec t i on 2 f or gene r a l
and sec t i on 3 f or d e t a i l s
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Qu a l i t y Mo d e l ) . I n p ut s o f c o n t a m i n a n t s a r e b a s e d o n me a s u r e d
d i s c h a r g e s f r o m a l l o f t h e ma j o r s e w a ge w o r k s a n d
l a t e r a l r i v e r s a n d a r e e x p r e s s e d o n a q u a r t e r l y b a s i s
fo r t h e v a l i d a t i o n o f h i s t o r i c f l o w s e q ue n c e s o r a n n u a l l y
f o r h y p o t h e t i c a l c o n d i t i o n s .

4 . 1 . 2 . 1 . T h e p r o g r e s s i o n
f o l l o w s . T h e d a i l y s i m u l a t i o n
u s i n g 19 7 7 / 7 8s a l i n i t y d a t a
o b s e r v e d w e e k l y s a l i n i t y
T h e v a l i d a t e d mo d e l w a s
p r e d i c t e d e f f e c t o n w a t e r q u a l i t y of t h e c u r r e n t
w a t e r d e ma n d a nd i m p r o v e d w a t e r t r e a t me n t .
c h a n ge s p r o v i d i, a y a r d s t i c k a ga i n s t w h i c h t h e i m p o r t a nc e
o f p o s s i b l e p r o p o s e d c h a n ge s m i g h t b e j u d ge d . A c o m p a r i s o n
w a s t h e n ma d e b e t w e e n t h e c u r r e n t s y s t e m o f a b s t r a c t i o n
c o n t r o l b a s e d u p o n ' t h e C h a r t ' me t h o d a n d a n a l t e r n a t i v e
s t r a t e g y k n o w n a s t h e ma x i mu m r e s o u r c e b e ne f i t ( MRB )
me t h o d . T h i s c o mp a r i s o n w a s ma d e fo r a n u mb e r o f
h i s t o r i c r i v e r f l o w s e q u e n c e s , c h o s e t o b e r e p r e s e n t a t i v e
o f t h e r a n ge o f f l o w c o n d i t i o n s e x p e r i e n c e d o v e r t h e
y e a r s . T h e p e r i o d 19 7 5 / 7 6 w a s c h o s e n a s a c l a s s i c a l
d r o u g h t s e q u e n c e a n d 19 4 4 / 4 5 a s t h e mo s t s e v e r e d r o ug h t
i n r e c e n t h i s t o r y ; 19 52 / 5 3
t y p i c a l n o n - d r o u g h t s e q u e n c e
r e c e n t h i g h f l o w c on d i t i o n s .

4 . 1 . 2 . 2 . Ano t h e r i mp o r t a n t
e f fe c t o f p o s s i b l e i n c r e a s e d
C h a r t a n d t h e MRB r e g i m e s .
d e ma n d s t o a s s u me , T h a me s
i f no a d d i t . nn a l r e s o u r c e s s u c h a s n e w r e s e r v o i r s w e r e
i n t r o d uc e d , t h e r e l i a b i l i t y o f t h e wa t e r s u p p l y t o Lo n d o n
w o u l d h a v e r e a c h e d a n i n t o l e r a b l y l o w l e v e l b y t h e
y e a r 2 0 0 6 ; f u r t h e r r e s o u r c e s w o u l d t h e r e fo r e n e e d t o
b e i n t r o d u c e d b y t h a t d a t e . T h e fo r e c a s t d e ma n d f o r
2 0 0 6 w e r e t h u s c h o s e n fo r a s s e s s me n t ( w i t h o u t a d d i t i o na l
r e s e r v o i r s e t c ) a s t h i s r e p r e s e n t s t h e ma x i mu m p o s s i b l e
d e ma n d o n t h e r i v e r a n d t h e r e fo r e t h e "w o r s t c a s e "
s i t u a t i o n . T h e T h a me s Wa t e r d e ma n d fo r e c a s t fo r t h e
Lo n d o n a r e a f o r 2 00 6 i s e q u i v a l e n t t o 1 17 % o f t h e c u r r e n t
( 19 84 ) d e ma n d .

4 . 1 . 2 . 3 . C h a n g e s i n f l o w c o n d i t i o n s a r e k n o w n t o i n f l u e n c e
t h e l o c a t i o n o f t h e a r e a s o f mu d d e p o s i t i o n a n d r e s u s p e n -
s i o n . A s ma l l s t a t i s t i c a l s t u d y h a s t h e r e fo r e b e e n ma d e
t o g a u ge t h e i m p o r t a n c e o f t h i s f a c t o r fo r t h e e c o s y s t e m .

4 . 2 DESC RI P T I ON O F T HE T HAMES EST UA RY

4 . 2 . 1 . T h e T h a me s Es t ua r y ( F i gu r e 4 . 1 . ) b e g i n s a t
t h e l i m i t o f t i d a l i n f l u e n c e a t T e d d i n g t o n L o c k . At t h e
We i r t h e ma j o r i t y o f t h e r e s i d ua l f l o w o f t h e R i v e r
T h a me s c a s c a d e s i n t o t h e e s t u r i n e wa t e r a t a r a t e w h ic h
n o r ma l l y e n s u r e s a r e a c h o f co mp l e t e l y I r e s h ( no n -
s a l i n e ) w a t e r d o wn t o Ri c h mo n d Ha l f T i d e Lo c k .

100 .

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

a n d v a l i d a t e d a ga i n s t t h e
d i s t r i b u t i o n s fo r 197 5 / 7 6 .

t h e n u s e d t o me a s u r e t h e

( 19 84 )
T h e s e

c o u l d b e c o n s i d e r e d a s a
a n d 19 80 / 8 1 a s r e p r e s e n t i n g

c o n s i d e r a t io n h a s b e e n t h e
w a t e r d e ma n d o n b o t h t h e

I n co n s i d e r i n g w h a t f u t u r e
Wa t e r h a v e e s t i ma t e d t h a t



T h e w a t e r l e v e l i n t h i s 6 k m r e a c h i s ma i n t a i ne d a t
a n a r t i f i c a l 1 y h i g h a v e r a ge l e v e l b y c l o s i n g t h e Loc k
fo r t w o h o u r s e a c h s i d e o f h i g h ' w a t e r . J u s t b e l ow
Ri c h mo n d t h e e s t u a r y r e c e i v e s a c o n s i d e r a b l e i n p ut
o f w a t e r w h i c h i s d i s c h a r g e d f r o m t h e Mo g d e n Se w a ge
Wo r k s . T h i s w a t e r i s c l e a r e r a n d l e s s s a l t y t h a n t h e
ma i n b o d y o f e s t u r i ne w a t e r a n d t h e c o m b i ne d T e d d i n g t o n ,
Mog d o n a n d a n u mb e r o f o t h e r ma j o r s e w a ge w o r k s e n s u r e s
t h a t t h e s a l i n i t y o f t h e e s t ua r y , . d o w n t o Lo n d on Br i d ge
i s b e l o w o ne p a r t p e r t h o u s a n d e x c e p t i n d r o u g h t y e a r s .
T h e l a r g e s t s i n g l e s e w a ge i n p u t i s f r o m t h e Be c t o n
d i s c h a r g e w h i c h e n t e r s t h e e s t u a r y ne a r Ba r k i ng C r e e k ,
s o me 50 k m f r o m T e d d i n g t o n We i r . . At t h i s p o i n t t h e
s a l i n i t y o f t h e e s t u a r y i s a b o u t 1 5 p a r t s p e r .t h o u s a n d .
T h e e s t ua r y o p e n s o u t I r o m t h i s p o i n t a l l o w i n g i nc r e a s i n g
m i x i n g w i t h t h e s e a w a t e r u n t i l , a t S h o e b u r y Ne s s i t s
s a l i n i t y r e a c h e s 3 5 p a r t s p e r - t h o u s a n d w h i c h i s c l o s e
t o no r ma l No r t h Se a s a l i n i t ie s .

4 . 3 A REVI E W O F E XI ST I NG WAT E R QUALI T Y DAT A

4 . 3 . 1 . In t r o d u c t i on

A l a r g e b o d y o f d a t a e x i s t s w h i c h r e l a t e s t o t h e w a t e r
q ua l i t y o f t h e T h a me s Es t ua r y . . T h e v a s t ma jo r i t y o f
t h i s d a t a i s i n ma n u s c r i p t fo r m a n d r e f e r t o me a s u r e me n t s
ma d e b e t we e n 19 2 2 a n d 19 7 6 . T h e mo r e r e c e n t d a t a ( 19 77
t o 19 8 4 ) a r e s t o r e d i n t h e T h a me s Wa t e r Da t a Ar c h i v e
i n a c o m p u t e r r e t r ie v a b l e f o r m . T h e fo l l o w i ng d e t e r m i n a n d s
h a v e b e e n me a s u r e d a t v a r i o u s f r e q ue n c e s o v e r t h i s
t i me p e r i o d a n d d a t a s u m ma r ie s c a n b e o b t a i ne d u s i n g
t h e Da t a Ar c h i v e c o m p u t e r p r o g r a ms .

1 ) P h v a l ue
) C o n d uc t i v i t y

i i i ) T o t a l So l i d s
i v ) Su s p e n d e d So l i d s ( 10 5*c )
v ) Su s p e n d e d S o l i d s ( 50 0 *c )
v i ) BO D
v i i ) C h e m i c a l O x y g e n De ma n d
v i i i ) T o t a l Or g a n i c C a r b o n
i x ) T e mp e r a t u r e °C
x ) DO m g 1 - 1
x i ) DO ( Sa t u r a t i o n )
x i i ) C h l o r i d e a s C l -
x i i ) Ammo n i a c a l Ni t r o g e n
x i v ) Un - i o n i s e d a m mo n i a a s N
x v ) Ni t r a t e a s N
x v i ) Ni t r i t e a t N
x v i i ) T o t a l Ox i d i s e d Ni t r o ge n a s N
x v i i i ) O r g a n i c Ni t r o ge n

Mo s t o f t h e s e d e t e r m i n a n d s a r e r e co r d e d o n a w e e k l y
b a s i s b e i ng me a s u r e d a t s o me 27 l o c a t i o n s a l o n g t h e
a x i s o f t h e e s t ua r y f r o m Te d d i n g t o n t o S h o e b ur y Ne s s
(T a b le 4 . 1 ) . Ot h e r l e s s c o m mo n d e t e r m i n a n d s a r e me a s u r e d
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TABLE 4.1, THE RELATIONSHIP BETWEEN SLICE NUMBER. DISTANCE FROM LONDON

BRIDGE (MILES) DISTANCE FROM TEDDINGTON (Km) AND THE SAMPLING ZONES USED

IN THE WEEKLY ESTURINE SURVEYS BY THAMES WATER ARE SHOWN IN THIS TABLE.

Slice M iles from Kn. from Thames Mater Km. from Identification

No. London Br. Teddington Samp ling Tedd ington

of mid po int of mid gone No of mid

po int po int  

102.

2 -19 0.5 1 0 Teddington

3 -17 3.7 2 4

4 -15 6.9 3 9 Syon Park

5 -13 10.1 4 12 Key

6 -11 13.4 5 15

7 -9 16.6 6 18 R. Beverly

8 -7 19.8 7 22

9 -5 23.0 8 26

10 -3 26.2 9 28

11 -I 29.5 10 31 London Bridge

12 +1 32.7 11 34

13 3 35.9 12 36

14 5 39.1 13 40 R. Lee

15 7 42.3 14 44

16 9 45.5 15 47

17 11 48.8 16 50 Barking

18 13 52.0 17 53

19 15 55.2 18 58

20 17 58.4 19 62

21 19 61.6

22 21 64.9
20 67 Thurrock

23 23 68.1

24 25 71.3 21 72

25 27 74.5 22 77

26 29 77.7

27 31 81.0 23 82 Basildon

28 33 84.2

29 35 87.4 24 87

30 37 90.6 25 92 Bentleet

31 39 93.8

32 41 97.0

33 43 100.3 26 100

34 45 103.5

35 47 106.7 27
Shoebury Ness



( r o m t i me t o t i me . In a d d i t i o n a nu m b e r o f c o n i n uo u s
mo n i t o r i n g s t a t i o n s h a v e b e e n . s e t • u p w h i c h me a s u r e
d i s s o l v e d o x y g e n , t e mp e r a t u r e a n d s a l i n i t y a t C h e l s e a ,
T o w e r P i e r • C r o s s n e s s a n d P e r f l e e t . T h e c o mp u t e r i s e d
Da t a Ar c h i v e p r o v i d e s mo r e t h a n e no u g h d a t a fo r t h e
c a l i b r a t i o n a n d v a l i d a t i o n o f mo d e l s o f w a t e r q ua l i t y
s u c h a s d e v e l o p e d b y WRC a n d 1ME R .

4 . 3 . 2 . Da t a fo r mo d e l l i n g

Ma t h e ma t i c a l mo d e l s r e q u i r e t h r e e t y p e s o f d a t a fo r
t h e i r s uc e s s fu l i m p l e me n t a t i o n .

a ) T i me s e r i e s d a t a f o r
Hi s t o r i c r i v e r f l o w s

b ) T i me s e r i e s d a t a (o r
Sa l i n i t y a n d DO .

P a r a me t e r v a l u e sc ) f o r
e . g . Di s p e r s i o n c oe f f i c i e n t s .

d r i v i n g t h e mo d e l e . 8 .

v a l i d a t i n g

s p e c i f y i n g p r o c e s s e q u a t i o n s

a mo d e l e . g .

Da i l y r i v e r f l o w d a t a a t T e d d i n g t o n We i r w e r e a v a i l a b l e
o n t h e Da t a Ar c h i v e t o d r i v e a mo d e l fo r a l l y e a r s
b e t w e e n 19 2 0 a n d 19 8 1 . T h e T h a me s Wa t e r Qua l i t y mo d e l
a l s o r e q u i r e s d a t a o f s a l i n i t y , a m mo n i a , BOD , TON a n d
DO , a n d t h e 27 a x i a l s a m p l e s t a k e n we e k l y p r o v i d e
s u f f i c i e n t d i s c r i mi na t i o n i n s p a c e a n d t i me . Sa l i n i t y
d a t a a r e a l s o e s s e n t i a l f o r t h e e s t i ma t i on o f e s t u a r i ne
d i s p e r s i o n c o e f f i c i e n t s , a n d b e c a u s e t h e s e a r e k n o w n
t o b e c o r r e l l a t e d w i t h r i v e r r u n - o f , f . a n um b e r o f s a l i n i t y
d i s t r i b u t i o n s a r e r e q u i r e d t o r e p r e s e n t t h e w h o l e r a n ge
o f r u n - o f f c o n d i t i o n s . Su b s e q ue n t l y , a mo d e l , c a l i b r a t e d
w i t h o ne s e t o f s a l i n i t y d a t a , ne e d s t o b e v e r i f i e d
a g a i n s t t h e s a me d a t a s e t a n d t h e n v a l i d a t e d a ga i n s t
a n i n de p e n d e n t d a t a s e t . I n e a c h c a s e t h e Da t a Ar c h i v e
p r o v i d e d s u f f i c i e n t d a t a fo r mo d e l l i n g r e q u i r e me n t s .

4 . 4 A REVI E W OF DO - BO D MOD EL S FO R EST UARI ES

4 . 4 . 1 . T h e T h a me s Mo d e l ( Ba r r e t t e t a l . 197 8 ) w a s
d e v e l o p e d i n t h e 19 50 ' s a n d u s e d f o r p r e d i c t i n g t h e
e f f e c t s o f p o l l u t i o n i n t h e T h a me s Es t ua r y o v e r a p e r i o d
w h e n t h e e s t u a r y w a s u n d e r go i n g a c o n s i d e r a b l e c h a n ge
t h r o u g h i n c r e a s i ng t r e a t me n t o f s e w a ge e f f l ue n t . A q ua r t e r l y
s t e a d y - s t a t e mo d e l w a s t h e r e f o r e a p p r o p r i a t e a s a c o a r s e
ma n a ge me n t t o o l fo r i n d i c a t i n g t h e e f f e c t i v e n e s s o f a n t i -
p o l l u t i o n me a s u r e s . Ba r r e t t e t a l . c l e a r l y s t a t e t h e
p u r p o s e o f t h i s mo d e l a n d d e s c r i b e t h e e q ua t i o n s w h i c h
s p e c i f y t h e b i o l o g i c a l a n d p h y s i c a l p r o ce s s e s s i n v o l v e d
i n d e t a i l . T h e y c o n c l u d e b y p r e s e n t i ng a v a l i d a t i on
o f t h e mo d e l b a s e d u p o n q u a r t e r l y d a t a fo r t h e y e a r s
19 6 9 ,  19 7 1 ,  19 7 3 a n d 19 7 5 r e s p e c t i v e l y . T h e a g r e e me n t
b e t w e e n p r e d i c t e d a n d o b s e r v e d d i s t r i b u t i o n o f DO ,
a m mo n i a c a l n i t r o ge n a n d o x i d i z e d n i t r o ge n i s e x c e l l e n t

103



a n d b o t h c l e a r l y d e mo n s t r a t e t h e i mp r o v e me n t i n t h e
w a t e r q u a l i t y o f t h e e s t ua r y o v e r t h a t t i me p e r i o d .

4 . 4 . 2 . T h e s a me b a s i c e q u a t i o n s h a v e b e e n a d a p t e d
b y Ma s k i l l a n d Od d ( 19 7 7 ) o f Hy d r a u l ic s Re s e a r c h ,
t o a l l o w fo r s i mu l a t i o n s o v e r i n d i v i d u a l t i d a l c y c l e s
a s w e l l a s f o r t h e c o m p u t a t i o n s o f d y n a m i c e q u i l i b r i u m
c o n d i t i o n s a t t a i ne d o v e r c o n s i s t a n t s p r i n g / ne a p c y c l e s .
Mo r e r e c e n t l y t h e Wa t e r Re s e a r c h C e n t r e h a v e d e l v e l o p e d
a mo d e l o f t h e Hum b e r b a s e d u p o n a Hy d r a u l i c s Re s e a r c h
Mo d e l fo r t h e p r e d i c t i o n o f e s t u r i ne h y d r o d y n a m i c s
( Ma l l o w n e y 19 82a ) . T h e p r o g r a m p r e d i c t s w a t e r l e v e l s
t h r o u g h o u t t h e s y s t e m u n d e r v a r y i n g c o n d i t i on s o f t i d e
a n d f r e s h w a t e r f l ow . T h e s e h e i g h t s a r e u s e d t o d e t e r m i ne
t h e v a r i a t i on w i t h t i me o f s u r f a c e w i d t h a n d c r o s s -
s e c t i o n a l a r e a a n d t h i s i n fo r ma t io n i s u s e d a s t h e i n p u t
t o a c o m p u t e r mo d e l o f w a t e r q ua l i t y ( Ma l l ow ne y 19 82 b ) .
T h e s e i d e a s w e r e f u r t h e r e x t e n d e d b y a c o mb i n e d p r o j e c t
i n v o l v i n g I ME R a n d Hy d r a u l i c s Re s e a r c h ( Hy d r a u l i c s
Re s e a r c h 19 8 3 ) un d e r t h e t e r m s o f a c o n t r a c t t o mo d e l
T o l o Ha r b o u r Ho ng Ko n g . T h e r e s u l t a n t mo d e l w a s a
t h r e e - d i me n s i o n a l t i d a l l y a v e r a ge d w a t e r q u a l i t y a n d
e c o s y s t e m mo d e l . I t i nc l u d e d a l l t h e w a t e r q ua l i t y e q u a t i o n s
o f t h e T h a me s Mo d e l , a n e x t r a t e r m t o a l l o w fo r t h e
o x y ge n d e ma n d o f d e p o s i t e d mu d a n d a n e c o s y s t e m s u b -
s y s t e m mo d e l b a s e d o n a ge n e r a l e c o s y s t e m mo d e l o f
t g h e Br i s t o l C h a nne l a n d Se ve r n E s t ua r y ( Ra d fo r d a n d
J o i n t 19 80 ) .

4 . 5 T HE T HAMES WAT E R QUAL IT Y MODE L

4 . 5 , 1 . T h e S t e a d y S t a t e Mo d e l .

T h e p a p e r b y Ba r r e t t e t a l . w h i c h d e s c r i b e s t h e p r o c e s s e s
i n c l u d e d i n t h e T h a me s Mo d e l i n d e t a i l h a s b e e n r e p r o d u c e d
a s a n a p p e n d i x t o t h i s r e p o r t b y k i n d p e r m i s s i o n o f
t h e a u t h o r s , P e r g a mo n P r e s s a n d t h e In t e r na t i o na l As s o c i a t io n
o n Wa t e r P o l l u t io n Re s e a r c h . A f l o w d i a g r a m w h i c h
g i v e s t h e c h ie f s t a t e v a r i a b l e s a n d t h e i r i n t e r r e l a t i o n s h i p s
i s g i v e n a s F i g u r e 4 . 2 . T h e e q ua t i o n s w h i c h r e p r e s e n t
t h i s s y s t e m fo r me d t h e b a s i s o f a s t e a d y - s t a t e mo d e l ,
w r i t t e n i n Fo r t r a n b y Ma l l o w n e y , w h i c h w a s g i v e n t o
T h a me s Wa t e r a s a t o o l t o a i d e s t ua r i n e ma n a ge me n t .
T h i s c o m p u t e r p r o g r a m a l l o w s fo r co n s i d e r a b l e f l e x a b i l i t y
a s t o t h e l e n g t h , n u m b e r a n d v o l u me o f t h e n o t i o n a l
s l i c e s i n t o w h i c h t h e e s t u a r y ma y b e d i v i d e d a n d a s
t o t h e ma g n i t u d e an d s i t i n g s o f t h e i n p u t s o f d i s c h a r g i n g
l o a d s o f BO D , n i t r a t e a n d a m mo n i a . In p r a c t i c e i t i s
a ma j o r u n d e r t a k i n g t o o b t a i n a c c u r a t e e s t i ma t e s o f e s t u r in e
v o l u me s s o t h e mo d e l h a s a l wa y s u s e d t h e o r i g i na l
d a t a w h i c h a p p l i e s t o a s e r i e s o f t w o m i l e l o n g s l i c e s
me a s u r e d i n b o t h d i r e c t i on s f r o m Lo n d o n Br i d g e ( s e e
f i g u r e 4 . 1 . ) T h e con f u s i o n c a u s e d b y t h e r e s u l t a n t m i x t u r e
o f i m p e r i a l a n d me t r i c u n i t s i s p a r t i a l l y r e me d i e d b y
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r e f e r e n c e t o T a b l e 4 . 1 . T h i s i mp l i e s t h a t t h e r e a r e
a ma x i m u m o f 3 4 s l i c e s f r o m T e d d i n g t o n t o S h o e b u r y
Ne s s , o r 36 i f w e i n c l u d e t h e b o un d a r y s l i c e s o f t h e
r i v e r j u s t a b o v e T e d d i n g t o n a n d t h e s e a j u s t b e l o w
S h oe b u r y Ne s s . Mo s t o f t h e s e v o l u me s w e r e a v a i l a b l e
f r o m t h e o r i g i na l T h a me s Wa t e r Qua l i t y Mo d e l b u t i t
w a s n e c e s s a r y t o c a l c u l a t e t h e v o l u me s o f s l i c e s No s .
2 a n d 3 f r o m c h a r t s p r o v i d e d b y t h e P o r t o f Lo n d o n
Au t h o r i t y ( 19 7 2 ) . T h e s t e a d y s t a t e mo d e l h a d a l r e a d y
b e e n v a l i d a t e d b y Ba r r e t t e t a l . ( 197 8 ) a n d t h e me a s u r e
o f a g r e e me n t b e t we e n o b s e r v e d a n d e s t i ma t e d d i s t r i b u t i o n
o f DO , O x i d i s e d n i t r o ge n a n d a mmo n i a c a l n i t r o g e n ma y
b e j u d g e d b y r e f e r e n c e t o F i gu r e 2 o f Ap p e n d i x 4 . 1 .
I t w a s j u d ge d t h a t t h e s e q u a r t e r l y s t e a d y s t a t e s o l u t i o n s
h a d i n s u f f i c i e n t d i s c r i m i n a t i o n i n t i me t o d e t e c t t h e
s ma l l e f f e c t s w h i c h m i g h t r e s u l t f r o m c h a n g i n g f r o m
T h e C h a r t t o t h e MRB me t h o d o f w a t e r o b s t r a c t i o n .
I t w a s d e c i d e d t o c o n v e r t t h e mo d e l t o a t i d a l ] y a v e r a ge d ,
d a i l y s i mu l a t i o n mo d e l , f o r t h e p u r p o s e s o f t h i s s t u d y .

4 . 5 . 2 . T h e Dy n a mi c S i mu l a t i o n Mo d e l

4 . 5 . 2 . 1 . T h e i n i t ia l i s a t i o n s u b - r o u t i ne o f t h e T h a me s
s i mu l a t i o n mo d e l i s , i n e f f e c t , t h e o r i g i n a l T h a me s
s t u d y s t a t e mo d e l . T h i s p r o g r a m r e a d s t h e b a s i c d a t a
w h i c h d e f i n e s t h e T h a me s s y s t e m a n d c a l c u l a t e s t h e
s t e a d y s t a t e s o l u t ion a s s u m i ng t h e z y s t e m i s i n e q u i l i b r i u m .
T h i s d a t a i n c l u d e s t h e v o l u me a n d s u r f a c e a r e a o f t h e
3 4 s l i c e s , i n i t i a l c o n d i t i o n s o r a r b i t r a r y e s t i ma t e s o f
s a l i n i t y a n d t e mp e r a t u r e d i s t r i b u t i o n s a n d p a r a me t e r
v a l u e s w h i c h r e l a t e t o e a c h s l i c e , s uc h a s d i s p e r s i o n
c o e f f i c i e n t s , a n d r e a e r a t io n c oe f f i c ie n t s . Al s o g i v e n
a r e t h e d a i l y i n p u t s a n d l o c a t i o n s o f d i s c h a r g e s o f
f a s t c a r b o n , s l o w c a r b o n , f a s t n i t r o ge n , s l o w n i t r o ge n ,
a m mo n i a , n i t r a t e , d i s s o l v e d o x y g e n a n d w a t e r f l o w a d d i t i o n s .
T h e mo s t i mp o r t a n t d i f f e r e n c e s b e t we e n t h e mo d e l s a t
i n i t i a l i s a t i o n a r e ( 1 ) I t i s a s s u me d t h a t t h e r i v e r f l o w
o n t h e f i r s t d a y o f s i mu l a t i o n h a s p e r s i s t e d fo r s u f f i c i e n t
t i me t o a c h i e v e d y n a m i c e q u i l i b r i a m . ( i ) T h e d i s p e r s i o n
c o e f f i c i e n t s a r e a s s u me d t o b e c o r r e l a t e d w i t h r i v e r
f l o w a n d s o a r e c a l c u l a t e d a c c o r d i n g l y w i t h i n
r o u t i ne ( ) T h e w a t e r t e mp e r a t u r e o f e a c h
n o t g i v e n e x p l i c i t l y b u t i s c o mp u t e d u s i n g
c o e f f i c i e n t s a c c o r d i ng t o t h e t i me o f y e a r o f
d a y . T h e f i r s t o f t h e s e a s s u mp t i o n s i s n o t
i f s i mu l a t i o n s s t a r t o f J a n u a r y 1s t w h ic h w a s o u r p r a c t i c e .
T h e d i s p e r s i o n c oe f f i c i e n t s w e r e c a l c u l a t e d u s i n g t h e
19 7 7 / 7 8 w e e k l y s u r v e y s o f s a l i n i t y a c c o r d i n g t o w e l l
e s t a b l i s h e d t e c h n i q ue s (Un c l e s a n d Ra d fo r d 19 8 0 ) T h e
g r e a t e r r a n ge o f r i v e r r u n - o f f s fo r 19 7 5 / 7 6 w o u l d h a v e
p r o v i d e d a b e t t e r c a l i b r a t i o n d a t a s e t b u t a s t h e s e
w e r e n o t i n c l u d e d i n t h e T h a me s Da t a Ar c h i v e t h e y
c o u l d n o t b e ma d e a v a i l a b l e i n t i me fo r t h i s c a l i b r a t i o n
e x e r c i s e . Ho w e v e r , , t h e h i g h e s t s a l i n i t i e s o b s e r v e d d u r i n g
t h e d r o u g h t i n Se p t e mb e r 19 7 6 , we r e u s e d t o c o n f i r m
t h e l o w e s t e x p e c t e d d i s p e r s i o n c oe f f i c ie n t s . I t w a s
a s s u me d t h a t d i s p e r s i o n v a r i e d l i n e a r l y w i t h r i v e r
r u n - o f f a n d w i t h p o s i t i o n a l o n g t h e e s t ua r y a c c o r d i n g
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t o c o m p u t e d e m p i r i c a l r e l a t i o n s h i p s .
Eq u a t i o n s o f t h e fo r m : -

w e r e
s l i c e
f r o m

Po i n t s f r o m
t e m p e r a t u r e
s i mu l a t i o n .
t h e f i t t e d
i . e . s l i c e
i s e x e c u t e d
t h e e s t ua r y
r u n .

4 . 5 . 3 . Mo d e l Va l i d a t i on

T = P ( 1 ) +
P ( 2 ) . C o s ( t - P ( 3 ) ) / 18 0 1+
P ( 4 ) . C o s C u ( t - P ( 5 ) ) / 90 )

f i t t e d t o me a s u r e d w a t e r t e m p e r a t u r e f o r e a c h
w h e r e T = w a t e r t e mp e r a t ur e t = t i me i n d a y s

J a n u a r y 1 s t ; P (I ) = e m p i r i c a l p a r a me t e r s .

t h e s e c u r v e s w e r e u s e d t o s i mu l a t e w a t e r
fo r t h e i n i t i a l c o n d i t i on s a n d f o r s u b s e q ue n t
Ex a m p l e s o f t h e r aw d a t a ( 19 8 1/ 82 ) a n d

c u r v e s a r e g i v e n i n F i gu r e 4 . 3 fo r z o ne 2 1 ,
2 4 . Wh e n t h i s w h o l e i n i t i a l i s a t i o n s u b r o u t i ne

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

4 . 5 . 2 . 2 . T h e Dy n a m i c Wa t e r Qua l i t y Mo d e l t a ke s t h e
s t e a d y s t a t e s o l u t io n f o r t h e f i r s t d a y a s i t s i n i t i a l
c o n d i t i o n fo r s u b s e q ue n t s i mu l a t i on . I t u s e s a l l t h e
p r o c e s s e q ua t i o n s i n e x a c t l y t h e s a me ma n ne r a s t h e
o r i g i n a l s t e a d y s t a t e mo d e l b u t i t r e p l a c e s t h e i n t e r a c t i v e
e q u i l i b r i a t i n g e q u a t i o n s w i t h a f i n i t e d i f f e r e nc e e q u i v i l e n t
s o p r o g r e s s i n g t h e s t a t e v a r i a b l e s t h r o u gh t i me i n
s ma l l i n c r e me n t a l s t e p s DT u n t i l t h e p r e d e t e r m i ne d f i n i s h i n g
t i me i s r e a c h e d ( Ra d fo r d e t a l 19 8 1 ). T h e mo d e l i s
d r i v e n b y r e c o r lils o f d a i l y r i v e r f l o w d a t a a t T e d d i ng t o n
t a ke n f r o m h i s t or i c s e q ue nc e s o r a l t e r n a t i v e ] y f r o m
s i mu l a t e d s c e n a r i o s o f i n t e r e s t t o t h e i n v e s t i ga t i o n ( g e ne r a t e d
b y t h e R i v e r T h a me s Wa t e r Qu a l i t y Mo d e l , s e e s e c t i o n
3 ) . I t i s a s s u me d t h a t w a t e r t e mp e r a t u r e i s d e t e r ma n i s t i c
a n d f o l l o w s t h e f i t t e d c u r v e s g i v e n i n 4 . 5 . 2 . 1 . P o l l u t i n g
l o a d s ma y b e e nt e r e d a s a v e r a ge d a i l y r a t e s r e l a t i n g
t o q u a r t e r l y o r a n n ua l d i s c h a r ge f r o m h i s t o r i c r e c o r d s

(o r h y p o t h e t i c a l ) . T h e mo d e l ge ne r a t e s t i me s e r i e s d a t a
o f t h e s t a t e v a r i a b l e s DO , BO D ( f a s t a n d s l o w o r g a n i c
c a r b o n ), n i t r a t e , a mmo n i a
S i mu l a t e d d i s t r i b u t i o n s o f
w i t h me a s u r e d v a l ue s o n
w e r e a v a i l a b l e .

a n d s a l i n i t y o n a d a i l y b a s i s .
t h e s e v a r i a b l e s ma y b e c o m p a r e d
a n y d a y o f t h e y e a r t h a t t h e s e

4 . 5 . 3 . 1 . T h e T h a me s S t e a d y S t a t e mo d e l h a s b e e n s t u d i e d
e x t e n s i v e l y o v e r t h e 2 0 y e a r s o f i t s e x i s t a n c e a n d i t s
mo s t r e c e n t a s s e s s me n t i s p r e s e n t e d b y Ba r r e t t e t a l .
( Ap p e n d i x 4 . 1 . ) I n t h i s p a p e r t h e i m p r o v e me n t i n e s t u r i n e
w a t e r q u a l i t y o v e r t h e p e r i o d 19 69 - 19 7 5 i s c l e a r l y
d e mo n s t r a t e d i n t h e d a t a p r e s e n t e d , a n d d u p l i c a t e d
b y t h e p r e d i c t i v e mo d e l . I t i s n e c e s s a r y h o w e v e r t o
d e mo n s t r a t e fo r t h i s s t u d y t h a t t h e d y n a m i c mo d e l w o u l d
a d e q u a t e l y r e p r o d u c e o b s e r v a t i o n s o n a d a y t o d a y
b a s i s . Ha v i n g c a l i b r a t e d t h e mo d e l u s i n g mo s t l y 19 7 7 / 7 8



d a t a i t seemed usef u l t o v a l i d a te i t aga i ns t 197 5/ 76
d a t a , a pe r i od o f ex t r eme l y h i g h and l ow r i v e r f l ow s .
One w ou l d no t a l w ay s ex p ec t suc h a c l ose d egr ee o f
agr eement b e t w een d a i l y d i s t r i b ut i ons as one w ou l d
f o r q ua r t er ] y da t a b ec au se o f o d d d a y t o d a y ev ent s
no t p r ogr amme d i nt o t he mo d e l w h i c h a r e av e r aged ou t
i n pe r i o d d a t a . Suc h p heno mi na w ou l d i nc l ude t he e f f ec t
o f s p r i ng / neap c y c l es on t he ac c ur ac y of t he t i d a l c or r ec t i on ,
f l a s h f l ood s , an d anomo l ous po l l u t i ng l oad s . How e v er
t he v a l i d a t i on r un o f t he s i mu l a t i on mod e l f o r sa l i n i t y
p r od uced suf f i c i en t ag r eement on a l a r ge eno ug h p r o por t i on
o f t he samp l e d ay s t o con v i nc e one of i t ' s v a l i d i t y .
Ap pend i x 4 . 2 . g i v e s p l o t s o f t he sa l i n i t y d i s t r i b ut i on s
measur ed on 90 sep ar at e oc ca s i ons i n 1975/ 76 t oge t he r -
w i t h s i mu l a t i on s f o r t he same d a y s . T he measur e o f
agr eement i s i n gene r a l e x c ep t i ona l l y c l ose , es pec i a l ] y
f o r t he pe r i od s o f l ow f l ow w hen management s t r a t egy
w ou l d ha v e i t s gr ea te st ef f ec t , b u t t he mod e l a l so f a i t h f u l ] y
r e p r o d uce s t he w ho l e r ange o f cond i t i ons a s i s d emons t r a t e d
i n F i gu r e  4 . 4 .  Her e t he h i g hest and l ow e st sa l i n i t y
d i s t r i b u t i ons f o r t he per i od 197 5/ 76 a r e g i v en and i t
c an b e seen t hat t he s i mu l a t i ons f i t b o t h ex t r eme s v e r y
c l ose l y . Aga i n t he c l o senes s o f t h e fl  f i t  i s b est j ud ge d
i n r e l a t i on t o t he p os s i b l e r an ge o f so l u t i ons as d emonst r a t e d
i n F i gu r e 4 . 5 . I n t h i s f i gur e eac h da i l y s i mu l a t i on
f o r sa l i n i t y has b een p l o t t ed f o r t he 365 d a y s  of  1977
g i v i ng an env e l ope f o r t he p r e d i c t e d sa l i n i t i e s f or t hat
y ear . .

4 . 5 . 3 . 2 . T he most i mpor t an t v a r i ab l e f r om t he po i nt
o f v i ew of ma i nt a i n i ng a v i ab l e eco s y s t e m i s t he conc en t r a t i on
o f o x y gen i n t he w a te r c o l umn . Re su l t s ge ne r at e d b y
t he Wat e r Qua l i t y Si mu l at i on Mod e l f o r 90 samp l i ng oc c a s i ons
i n 1975 / 76 a r e g i v en i n Ap pend i x 4 . 3 . T h e mode l suc ce s sf u l l y
ge ne r a t e s t he f ul l r ange o f o x y gen d i s t r i b u t i ons f r om
w i n t e r and summer a l t hough , a s mus t  b e  e x pec t ed o d d
e v en t s p r ev en t a good v a l i d a t i on on some oc ca s i ons .
How ev e r t he v e r y d i f f e r en t o x y gen sag c u r v es f or 2 / 3/ 7 5 ,
27 / 7 / 75 , 12 / 11/ 75 , 25/ 1/ 76 an d 12 / 9 / 76 a r e a l l r ep r o d uc ed
w i t h some r ea l i s m . T he mos t consi st ant d i v e r genc i es
b e t ween o b ser v ed an d s i mu l a t ed d i s t r i b u t i ons oc c ur
i n t he summer s w hen p h y t o p l an k t on b l ooms gr ea t l y i nc r ea se
t he ox y gen sat ur a t i on (e . g . 3/ 8 / 75 , 10 / 8/ 7 5 , 28/ 6/ 76 ,
18 / 7 / 76 and 29 / 8/ 76 ) d u r i ng t he d a y t i me . I t i s q u i t e
p r o b ab l e t ha t , t h i s ox y gen i s r a p i d l y l os t f r o m t he
w a te r co l umn b y d i s per s i on t o t h e a t mosp h er e and b y
n i g h t t i me r es p i r a t i on o f t he p h y t o p l an k t ore. T h e s i mu l a t i on
t her e f o r e t end s t o g i v e a s l i gh t l y pes s i mi st i c Pr ed i c t i on
o f t he ox y gen s t a t us o f t he w a t e r co l umn . I n t he d r oug h t
o f 1976 i t w as neces sar y t o b ac k p ump ov er T ed d i ng t on
We i r b e t w een 6- 12 mi l l i ons o f ga l l ons pe r da y t o ma i n t a i n
an ad eq ua t e f l ow t h r ough t he l oc k s . T h i s po l i c y had
a se r i ous e f f ec t on w a t e r q ua l i t y i n t he r eac h o f t he

*T hame s ab ov e London Br i d ge . T he mod e l was no t p r ogr ammed
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t o s i mu l a t e t h i s ma na g e me n t s t r a t e g y a n d s o i t t e n d s

t o o v e r - e s t i ma t e t h e o x y ge n c o n c e nt r a t i o n s f o r t h e p e r i o d

f r o m 12 / 9 / 7 6 t i l l t h e e n d o f t h e y e a r . . As a r e s u l t o f

t h e e x p e r i e n c e ga i ne d b y t h i s s t r a t e g y i t h a s b e e n

d e c i d e d b y T h a me s Wa t e r t h a t b a c k - p u m p i n g i s no t
a u s e f u l t e c h n i q ue a n d w o u l d no t b e b u i l t i n t o a n y f u t u r e

p l a n o f t h e e s t u a r i ne ma n a ge me n t .

4 . 5 . 4 . Se l e c t i o n o f t e s t s i mu l a t i o n r un s

Ha v i n g v a l i d a t e d t h e mo d e l i t wa s n e ce s s a r y t o s e l e c t

a s e r i e s o f r i v e r f l o w s e q ue n c e s w h ic h c o u l d b e u s e d

a s t h e b a s i s fo r a c r i t i c a l e v a l u a t i o n o f t h e e f f e c t

o f a l t e r n a t i v e ma n a ge me n t s t r a t eg ie s o n t h e s y s t e m .

T h e p e r i o d o f t h e 19 7 5 / 7 6 d r o u g h t wa s a n o b v i o u s c a n d i d a t e

s i n c e i t p r o v i d e d t h e mo s t s e v e r e l ow f l o w c o n d i t i o n s

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

m i n d s o f mo s t p e o p l e , i n a ge ne r a l s e n s e . A s l i g h t l y

mo r e s e v e r e d r o ug h t w a s r e c o r d e d i n 19 4 4 / 4 5 ; s e v e r e

i n t h e s e n s e t h a t t h e p e r i o d of l o w f l o w s e x t e n d e d

o v e r e i g h t e e n mo n t h s r a t h e r t h a n t h e 12 mo n t h s d u r a t i o n

o f t h e 19 7 5 / 7 6 e v e n t . I t w a s d e c i d e d t o s e l e c t , a l s o .

a n o n - d r o u g h t s e q ue n c e w h e r e a s i x mo n t h d r o u g h t l o o ke d

a s i f i t m i g h t d e v e l o p e i n t o a f u l l e i g h t e e n mo n t h d r o u g h t

b u t i n t h e e v e n t t h e r e w a s s u ff i c i e n t r a i n fa l l i n t h e

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

d r y s um me r s . F i na l l y t h e no n - d r o ug h t s e q ue n c e 19 8 0 / 8 1

w a s c h o s e n a s a f a i r l y a v e r a g e p e r i o d o f r i v e r r u n -

o f f . . T h e 19 7 5 / 7 6 s e q ue nc e w a s r u n fo r t h e r e l a v e n t

h i s t o r i c f l o w s a n d d i s c h a r ge l o a d i n g s i n t h e v a l i d a t i o n

s i mu l a t i o n . A l l fo u r s e q ue n c e s we r e t h e n e x e c u t e d f o r

c u r r e n t a b s t r a c t i o n s a n d c u r r e n t d e ma n d s a n d i n a l l

fo u r c a s e s e q u i v i l e n t s i mu l a t i o ns w e r e p e r fo r me d fo r

t h e C h a r t a n d t h e MRB ma n a ge me nt s t r a t e g i e s . T h e w h o l e

e x e r c i s e w a s r e p e a t e d f o r a p o s s i b l e fu t u r e d e ma n d .

I n c o n s i d e r i n g w h a t fu t u r e d e m a n d s t o a s s u me f o r t h e

p u r p o s e s o f t h i s s t u d y , , T h a me s Wa t e r h a v e e s t i ma t e d

t h a t i f no a d d i t ion a l r e s o u r c e s s uc h a s n e w r e s e r v o i r s

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

t o Lo n d o n w o u l d h a v e r e a ch e d a n i n t o l e r a b l y l o w l e v e l

b y t h e y e a r 2 006 ; f u r t h e r r e s our c e s w o u l d t h e r e fo r e

c e r t a i n l y b e i n t r o d u c e d b y t h a t d a t e . T h e fo r e c a s t

d e ma n d fo r 2 0 0 6 wa s t h u s c h o s e n fo r a s s e s s me n t ( w i t h o u t  

a d d i t i o n a l r e s e r v o i r s ) , a s t h i s r e p r e s e n t s t h e ma x i mu m

p o s s i b l e d e ma n d o n t h e r i v e r a t low f l o w a n d t h e r e fo r e

t h e "w o r s t c a s e " s i t ua t i o n . T h e T h a me s Wa t e r d e ma n d

fo r e c a s t fo r t h e Lo n d o n a r e a for 2 0 06 i s e q u i v a l e n t

t o 1 17 1 o f t h e ' c u r r e n t " ( 19 8 4 ) d e ma n d .

4 . 6 E F F EC T S O F ABST RACT ION P O LICY O N WAT E R QUAL IT Y

4 . 6 . 1 . I n t r o d uc t i o n

T h e mo d e l h a s b e e n r u n fo r a n u mb e r o f c l a s s i c a l d r o u g h t

1 12 .



s e q ue n c e s , a n d n o n d r o ug h t s e q ue n c e s , in e a c h c a s e
f o r t h e p e r i o d f r o m J a n ua r y 1s t o f t h e f i r s t y e a r , t o
De c e mb e r 7 t h o f t h e s e c o n d y e a r . T h e me a n a x i a l d i s t r i b u t i o n
fo r t h e 7 0 6 d a y s h a s b e e n c o m p u t e d , t o g e t h e r w i t h
a me a s u r e o f t h e s e a s o n a l v a r i a b i l i t y o f t h e da t a . T h e
me a s u r e o f v a r i a n c e c h o s e n i s t h e s t a n d a r d d e v i a t i o n ,
e x p r e s s e d a s a p e r c e n t a ge o f t h e me a n v a l u e ; t h i s i s
k n o w n a s t h e • Co e f f i c ie n t o f Va r i a n c e " (C o f V ) . F o r
e a c h c l a s s i c a l d r o u g h t s e q ue n c e t h e r e s u l t s h a v e b e e n
p r e s e n t e d i n t h e fo l l o w i n g w a y s : -

a ) Gr a p h i c a l d a t a g i v i n g t h e me a n a n d c o e f f i c ie n t o f
v a r ia n c e (C o f V ) fo r e a c h o f t h e f i v e St a t e v a r i a b l e s ,
s a l i n i t y ( S 11. ) , Am mo n i a ( NH3 ) BO D n i t r a t e ( NO 3 )
a n d DO %. In e a c h c a s e a d i r e c t c o m p a r i s o n i s ma d e
b e t we e n "T h e C h a r t " v s • MRB " p o l i c i e s .

b ) T i me s s e r i e s d a t a g i v i n g d a i l y v a l ue s o f s a l i n i t y
a n d o x y ge n fo r a n u m b e r o f s p e c i f i c l oc a t i o n s , g i v i n g
d i r e c t c o m p a r i s o n s o f ' T h e C h a r t " v s ' MRB " p o l i c i e s .

T h e f i g u r e s ( F i gu r e 4 . 6 . - F i g u r e 4 . 36 ) a l l a p p e a r
a t t h e e n d o f t h i s s e c t i o n ( Se c t i o n 4 . 6 . ) i n w h i c h t h e y
a r e r e f e r e n c e d .

4 . 6 . 2 . Hi s t o r i c De m a n d s ( 19 7 5/ 7 6 ) v s
C u r r e n t De ma n d s ( 19 8 4 )

I t  w a s c o n s i d e r e d t o b e v a l ua b l e t o u n d e r t s t a n d b y
h o w muc h t h e e s t u a r i ne w a t e r q ua l i t y h a s c h a nge d s i n c e
19 7 5 / 7 6 d ue t o t h e i nc r e a s e d a b s t r a c t i o n d e ma n d s o n
t h e s y s t e m , t h e i m p r o v e d s t a n d a r d o f  e f  f l u e n t t r e a t me n t
a n d a n y s ma l l c h a n g e i n t h e d e s i g n o f T h e C h a r t u p
u n t i l 19 8 4 .

4 . 6 . 2 . 1 . C l a s s i c a l Dr o ug h t Se q ue n c e 19 7 5 / 7 6
Hi s t o r i c v s . C u r r e n t Ma n a ge me n t

T h e a x i a l d i s t r i b u t i o n s o f t h e f i v e v a r i a b l e s a r e g i v e n
i n F i g u r e 4 . 6 . w h e r e t h e y ma y b e ' c o mp a r e d w i t h t h e
e q u i v a l e n t d i s t r i b u t i o n s f o r t h e s a me d r o u g h t s e q ue nc e
b u t w i t h 19 8 4 d e ma n d s , p o l l u t i n g l oa d s , a n d t h e c u r r e n t
v e r s i o n o f "T h e C h a r t ' . T h i s co mp a r i s o n p r o v i d e s a
y a r d s t i c k a ga i n s t w h i c h t h e e f f e c t s o f p r o p o s e d c h a n ge s
ma y b e me a s u r e d . T h e mo s t n o t a b l e f e a t u r e s o f t h i s
f i g u r e a r e : -

1 ) T h e me a n s a l i n i t y d i s t r i b u t i o n h a s mo v e d s l i g h t l y
u p - e s t u a r y a n d i t s v a r i a n c e h a s d e c r e a s e d a
l i t t l e . T h i s e f f e c t i s p r o b a b l y d ue t o a co m b in a t i o n
o f a s l i g h t l y i n c r e a s e d w a t e r d e ma n d c o u p l e d
w i t h g r e a t e r c o n t r o l o f v a r i a t i o n s i n d i s c h a r ge
f r o m s e w a ge wo r k s .
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i i ) Am mo n i a l e v e l s h a v e i n c r e a s e d
o f Lo n d o n Br i d ge t h e v a r i a nc e
c o n s i d e r a b l y . I t i s o n r e co r d t h a t
a t T e d d i ng t o n i n 19 7 5 / 7 6 w e r e
d ue t o l a c k o f a d e q u a t e c o n t r o l
w o r k s .

i i i ) T o t a l BO D h a s i nc r e a s e d u p - e s t ua r y
Br i d g e b u t d e c r e a s e d d o w n - e s t ua r y .
t h e v a r i a nce h a s no t c h a ng e d b y a
a mo u n t f o r mo s t o f t h e e s t u a r y .

i v )
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b u t u p - e s t u a r y
h a s d e c r e a s e d

a mmo n i a l e v e l s
v e r y v a r i a b l e

a t s o me s e w a g e

o f Lo n d o n
In ge ne r a l

s i gn i f i c a n t

N i t r a t e l e v e l s h a v e s l i g h t l y i n c r e a s e d s i n c e 19 7 5 / 7 6
b u t i n g e ne r a l t h e y a r e l e s s v a r i a b l e un d e r c u r r e n t
c o n d i t i o n s a b o v e Lo n d o n B r i d ge .

v ) T h e l a r ge m i d - e s t u a r y d i s s o l v e d o x y ge n s a g t h a t
w a s o b s e r v e d i n 19 7 5/ 7 6 h a s b e e n c o n s i d e r a b l y
r e d uc e d . T h i s i s d ue t o t h e i n c r e a s e d l e v e l s
o f t r e a t me n t p r o v i d e d b y r e c e n t l y i n t r o d uc e d
s e w a g e w o r k s . T h e v a r i a n c e o f t h e o x y g e n c o n c e n t -
r a t i o n s h a v e a l s o b e e n c o n s i d e r a b l y r e d u c e d .

F i g u r e s 4 . 7 . , 4 . 8 . , 4 . 9 . a n d 4 . 10 g i v e t i me s e r i e s p l o t s
o f d a i l y s a l i n i t y a n d o x y g e n con c e n t r a t i o n s fo r fo u r
s p e c i f i c l o c a t i o n s i n t h e e s t u a r y ( S y o n P a r k , Lo n d o n
B r i d ge , Ba r k i n g C r e e k a n d Ho l e Ha v e n C r e e k r e s p e c t i v e l y ) .
T h e s e l o c a t i o n s h a v e b e e n c h o s e n a s e a s i l y i d e n t i f i a b l e
p l a c e s w h e r e t h e l a r ge s t c h a n g e s h a v e o c c u r r e d b e t w e e n
19 7 5 / 7 6 a n d t h e p r e s e n t .

1 ) At S y o n P a r k t h e s a l i n i t y wo u l d o n l y b e c h a n ge d
b y a v e r y s ma l l a mo un t un d e r p r e s e n t c o n d i t i o n s
a n d t h e w a t e r w o ul d i n ge ne r a l b e v e r y s l i g h t l y
l e s s s a l t y . T h e a v e r a g e d o x y ge n c o nc e n t r a t i o n s
w o u l d n o t b e s i g n i f i c a n t l y c h a nge d b u t v a l ue s
w o u l d b e ma r g i n a l l y l e s s v a r i a b l e .

i i ) At Lo n d o n Br i d g e s a l i n i t y w o u l d b e s l i g h t l y g r e a t e r
a t t h e s t a r t , b u t n o t s i gn i f i c a n t l y d i f f e r e n t a t
t h e h e i g h t o f t h e d r o ug h t . T h e o x y ge n co nc e n t r a t i o n s
w o u l d b e l e s s v a r i a b l e a n d w ou l d s h o w no t e n d e n c y
t o s a g w h e r e a s h i s t o r i c a l l y l e v e l s f e l l t o a b o u t
50 % o f s a t u r a t io n i n 197 5 .

i l l ) At Ba r k i n g C r e e k s a l i n i t y wo u l d b e v e r y s l ig h t l y
i n c r e a s e d b u t t h e e f f e c t o f n e w t r e a t me n t w o r k s
i s t o s u b s t a n t i a l l y r e d uc e t h e o b s e r v e d o x y g e n
s a g w h i c h h a d r e a c h e d a s l ow a s 10 p a r t s p e r
t h o u s a n d i n 197 5 / 7 6 .

i v ) At Ho l e Ha v e n C r e e k t h e r e wo u l d b e n o s i gn i f ic a n t
d i f f e r e n c e i n t h e s a l i n i t y r e g i me . T h e o x y g e n
l e v e l s w o u l d b e a b o u t 10 % h i g h e r u n d e r t h e p r e s e n t
w a t e r t r e a t me n t r e g i me .



4 . 6 . 3 . Cu r r e n t De ma n d s ( 19 8 4 )

F o r t h e fo l l o w i ng c o m p a r i s o n s o f ma na ge me n t c o n t r o l
( T h e C h a r t v MRB ) t h e mo d e l w a s r un u s i n g t h e 19 84
d e ma n d s a n d p o l l u t i ng l o a d s i n e a c h c a s e .

4 . 6 . 3 . 1 . C l a s s i c a l Dr o ug h t Se q ue n c e - 19 7 5 / 7 6
T h e C h a r t v s . MRB ( 19 8 4 )

T h e e f f e c t o f a n "MRB " p o l i c y o n t h d me a n a x i a l d i s t r i b u t i o n s
o f t h e f i v e v a r i a b l e s i s v e r y s ma l l a n d o n l y d e t e c t a b l e
f o r t h e t i d a l r e a c h u p - e s t u a r y o f Lo n d o n Br i d ge . ( F i g u r e
4 . 1 1 . ) T h i s i s a l s o t r ue o f t h e s e a s o n a l v a r i a b i l i t y
o f t h e c o nc e n t r a t i o n s ( C o f V ) .

T h e t i me s e r i e s d a t a ( F i g u r e s 4 . 12 . , 4 . 13 . a n d 4 . 14 )
d e mo n s t r a t e t h e m i n u t e e f f e c t o f t h e . " MR13 ' v s . t h e c u r r e n t
"C h a r t " s y s t e m o f ma na g e me n t . At T e d d i n g t o n a n d S y o n
P a r k s a l i n i t ie s a r e no t i n c r e a s e d b y mo r e t h a n 0 . 4
p a r t s p e r t h o u s a n d a n d o n o c c a s i o n s t h e MRB p o l i c y
r e d uc e s s a l in i t y b y a s mu c h a s 1 . 5 p a r t s p e r t h o u s a n d .
At Lo n d o n Br i d ge t h e r e i s no c o n s i s t e n t e f f e c t o f t h e
"MRB " p o l i c y b u t t h e d a y b y d a y v a r i a t i o n i s p r e d i c t e d
t o b e a l i t t l e s ma l l e r u n d e r t h i s r e g i me . O x y ge n l e v e l s
a r e n o t s i g n i f i c a n t l y a f f e c t e d b y t h e p r o p o s e d c h a n ge
i n ma n a ge me n t s y s t e m .

4 . 6 . 3 . 2 . C l a s s i c a l Dr o u g h t Se q ue nc e - 19 4 4 / 4 5 -
T h e C h a r t v s . MRB ( 19 8 4 )

In t h e 19 4 4 / 4 5 c l a s s i c a l d r o u g h t s e q u e nc e s no i m p o r t a n t
d i f f e r e n c e h a s b e e n o b s e r v e d b e t w e e n t h e r e s u l t s o f
t h e c u r r e n t ' C h a r t ° s y s t e m a n d t h e p r o p o s e d " MR13 '
s y s t e m o f ma na ge me n t ( F i g u r e 4 . 15 ) I n ge ne r a l t h e s y s t e m
r e s p o n d s i n a ma n ne r a n a l o go u s t o t h a t d e mo n s t r a t e d
fo r t h e 19 7 5 / 7 6 d r o u g h t s e q u e n c e . T h e s l i g h t i n c r e a s e
i n a m mo n i a , BOD a n d n i t r a t e a n d t h e r e s ul t a n t s ma l l
d e c r e a s e i n d i s s o l v e d o x y ge n c o h c e n t r a t i o n s a r e d u e
t o t h e s ma l l i nc r e a s e In w a t e r a b s t r a c t e d e a r l y i n t h e
y e a r w h i c h c o n t r i b u t e s t o t h e g r e a t e r r e s o u r c e r e l i a b i l i t y
o f t h e MRB p o l i c y .

T h e d a i l y t i me s e r i e s r e s u l t s fo r Te d d i n g t on ( F i g u r e
4 . 16 ) , S y o n P a r k ( F i g u r e 4 . 17 ) a n d Lo n d o n Br i d ge ( F i g u r e
4 . 18 ) d o , i n ge ne r a l s h o w h o w t h a t i n e a c h c a s e t h e
s a l i n i t y i n c r e a s e s s l i g h t l y e a r l i e r i n t h e y e a r un d e r
t h e MRB p o l i c y w h i c h a v o i d s t h e f o r ma t i o n o f e x t r e me
p e a k s t h a t c h a r a c t e r i s e t h e c u r r e n t p o l i c y . On o n l y
o ne o c c a s s i o n d o e s t h e p r o p o s e d p o l i c y r e s u l t i n a
h i g h e r p e a k s a l i n i t y a n d t h a t i s a t Lo n d o n B r i d g e i n
19 4 5 a n d t h e d i f f e r e n c e i s l e s s t h a n o n e p a r t p e r t h o u s a n d .
T h e o x y ge n co n c e n t r a t io n s a r e v e r y s i m i l a r u n d e r t h e
t w o d i f f e r e n t ma na ge me n t r u l e s , t h e g r e a t e s t d i f f e r e n c e
o c c u r i n g a t t h o s e l o c a t i o n s w h e r e t h e o x y ge n co nc e n t r a t i o n s
a r e h i g hh s t (T e d d i n g t o n a n d S y o n P a r k ) . At Lo n d o n
Br i d g e o x y ge n c o nc e n t r a t i o n s w o u l d b e i d e n t i c a l .
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4 . 6 . 3 . 3 . No n - Dr o u g h t Se q u e n c e 19 52 / 5 3
T h e C h a r t v s . MRB ( 19 8 4 )

s a l i n i t y , , NH BOD , a n d
n o n d r o u g h t y e a r s ( 19 52 / 5 3 )

c l a s s i c a l d r o u g h t s e q u e n c e
e x a mp l e t h e p e a k n i t r a t e
17 t o 12 p p m , BO D f r o m

0 . 7 t o 0 . 6p p m a n d s a l i n e
5 k m s e a w a r d . I t i s un d e r

MRB p o l i c y a l l o w s f o r t h e
r e d uc i ng t h e mo d e r a t e f l o w s

o v e r T e d d i n g t o n We i r . . T h e r e l a t i v e e f f e c t o f t h i s p o l i c y
o n a v e r a ge d i s t r i b u t io n s i s v e r y s i m i l a r t o i t s e f f e c t
i n t h e d r o u g h t y e a r 19 44 / 4 5 . T h e r e w o u l d b e a s l i g h t
i n c r e a s e i n a m mo n ia , BO D , a n d n i t r a t e a n d a n a s s o c i a t e d
s ma l I d r o p i n DO u p s t r e a m o f Lo n d on Br i d ge b u t a b s o l u t e
l e v e l s w o u l d n o t a p p r o a c h t h o s e e x p e r i e n c e d u n d e r d r o u g h t
c o n d i t i o n s i . e . t he e f f e c t o f t h e d i f f e r e n t p o l i c i e s i s
s ma l l c o m p a r e d w i t h t h e e f f e c t s c a u s e d b y n a t u r a l c l i ma t e
c o n d i t i o n s .

T h e a v e r a ge c o nce n t r a t i o n s o f
NO 3 a r e a l l mu c h l o w e r i n
( F i g u r e 4 . 19 ) c o mp a r e d t o a
( 19 4 4 / 4 5 ) ( F i g u r e 4 . 15 ) F o r
c o n c e n t r a t i o n i s r e d u c e d f r o m
10 t o 7 p p m a mmo n i a f r o m
i n t r u s i o n i s d i s p l a c e d a b o u t
t h e s e c o n d i t i o n s t h a t t h e
a b s t r a t i o n o f mo r e w a t e r s o

Un d e r e i t h e r r e g i me t h e w a t e r a b o v e Ri c h mo n d h a l f -
t i d e l o c k r a r e l y b e c o me s s a l i n e a n d t h e r e i s n o me a s u r a b l e
e f f e c t o n t h e o x yge n r e g i me . F o r t h i s r e a s o n no t i me -
s e r i e s h a v e b e e n p r e s e n t e d f o r t h e s t r e t c h o f e s t ua r y
i m me d i a t e l y b e l o w T e d d i n g t o n . At S y o n P a r k ( F i g u r e
4 . 2 0 ) t h e MRB p o l i c y c a u s e s s a l i n i t ie s g r e a t e r t h a n
t h e c h a r t s y s t k m w o u l d a l l o w b u t t h e ma x i mu m v a l ue s
o f 1 % a r e s t i l l mu c h l e s s t h a n e q u i v a l e n t d r o u g h t v a l u e s
( 3% ) u n d e r e i t h e r s y s t e m .

T h e s a me i s t r u e a t Lo n d o n B r i d ge ( F i g u r e 4 . 2 1 ) w h e r e
t h e e q u i v a l e n t s a l in i t y f i g u r e s a r e 10 % fo r n o n - d r o u g h t
y e a r s c o m p a r e d w i t h 15 % fo r d r o ug h t y e a r s . A l s o t h e
r e l a t i v e e f f e c t i s o n l y a n i n c r e a s e o f a ma x i mu m o f
5 % f o r MRB c o m p a r e d w i t h t h e c u r r e n t c h a r t s y s t e m .
T h e o x y g e n c o n ce n t r a t i o n s a r e v e r y s i mi l a r u n d e r t h e
t w o d i f f e r e n t r e g i me s , t h e g r e a t e s t d i f f e r e n c e s o c c u r i n g
a t S y o n P a r k ( F i gu r e 4 . 2 0 ) w h e r e t h e o x y g e n c o nc e n t r a t i o n s
a r e h i g h e s t , b u t t h e o x y g e n d e p l e t i o n i s ne v e r a n y
w o r s e t h a n c u r r e n t l y e x p e r i e n c e d d u r i ng d r o ug h t c o n d i t i o n s .
At Lo n d o n Br i d ge t h e p r e d i c t e d o x y ge n c o n c e n t r a t i o n s
a r e i d e n t i c a l .

4 . 6 . 3 . 4 . No n - Dr o u g h t S e q u e nc e 19 8 0 / 8 1 -
T h e C h a r t v s . MRB ( 19 8 4 )

T h e a v e r a ge a x i a l c o n c e n t r a t i o n s o f a l l f i v e v a r i a b l e s
a r e i d e n t i c a l u n d e r t h e t w o s t r a t e g i e s ( F i g u r e 4 . 2 2 )
T h e v e r y s l i g h t i nc r e a s e s i n t h e c oe f f i c i e n t o f v a r i a t i o n
(C o f V ) f o r s a l i n i t y a n d n i t r a t e c a n n o t b e c o n s i d e r e d
a s b e i n g a t a l l s i gn i f i c a n t . T h e a b s o l u t e le v e l s o f t h e
v a r i a b l e s a r e v e r y l o w , , h a v i n g b ee n d i l u t e d b y t h e
l a r g e r i v e r r un o f f . T h e 1 i m i t o f s a l i n e i n t r u s i o n h a s
r e t r e a t e d s o me 15 k m s e a w a r d c o m p a r e d w i t h i t s p o s i t i o n
d u r i n g d r o ug h t y e a r s ( 19 44 / 4 5 ) ( F i g u r e 4 . 15 )
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As t he r e i s no ev i d enc e i n t he d a i l y t i me se r i e s r esu l t s
of s i gn i f i c an t d i f f e r ences be t ween t he t w o manage ment
st r a t eg i e s a t T ed d i ngt on or Sy on Pa r k t he se f i gu r es
hav e no t been i nc l uded . A t L ondon Br i d ge ( F i gur e 4 . 23 )
t he p o l i c i e s p r od uc e a l most i d en t i c a l r e sul t s and t he
ab so l ut e l ev e l o f sa l i n i t y pea k s a t 5% comp ar ed w i t h
15% unde r e i t he r p o l i c y i n a d r ough t y ea r .

4 . 6 . 4 . Fu t u r e Demand s ( 2006 )

I t i s es t i ma t ed t ha t 117 % o f t he 1984 w a t e r d e mand
w i l l b e r eq u i r ed b y t he y ea r 2006 . A c omp l e te se t
o f s i mu l a t i ons h as t he r e fo r e been per f o r med t o comp ar e
T h e C h ar t v s . t he MRB met hod s o f managemen t f o r t ha t
d e mand I mp l i c i t i n t hese s i mu l a t i ons a r e t h e f o l l ow i ng
as sump t i ons : -

i ) Unde r d r oug h t cond i t i ons t he e f f l uen t ( r om t he
r i v e r s Mo l e and Hog smi l 1 w i l l b e l a r ge r i n 200 6
t han a t p r esent , and s i nce so me of t h i s w a t e r
w i l l ha v e . been i mp or t ed f r o m t he Sou t her n Wat e r
Aut hor i t y A r ea t h i s w i l l e f f ec t i v e l y c a use a ne t
i nc r ea se i n t he T hames f l ow ov e r Ted d i ng ton
We i r .

) A l l o f t he maj o r l a t e r a l i n f l ow s f r om sew age
w or k s d ow n e st ua r y of T ed d i ng ton w i l l b e i nc r eased
b y 17%.

i i i ) A l l o f t he po l l u t i ng l oa d s o f ammon i a , n i t r at e ,
and b i oc hemi ca l o x y ge n d emand w i l l b e i nc r eased
b y 17% ( i . e . t he e f f l uent q ua l i t y w oul d r e ma i n
t he same ) T hese a ssump t i ons g i v e t he *w or st
pos s i b l e ' sc ena r i o .

4 . 6 . 4 , 1. Cl a s s i c a l Dr oug h t Seq uenc e 1975 / 76 - T he
Cha r t v s. MRB ( 2006 )

T he comb i ned e f f ec t o f t he 17% i nc r ease i n deman d and
t he concom i t ant i nc r ea se i n sew age d i sc ha r ge s on t he
a v er age ax i a l sa l i n i t y d i s t r i b u t i on i s s ma l l ( F i gur e
4 . 11 v s. F i gur e 4 . 24) As mi g h t hav e been an t i c i p a t ed
t he p ea k mean l ev e l s o f ammon i a • n i t r a t e , an d BOD
hav e a l l b een i nc r eased b y a bou t 15- 20% and t he r e i s
an as soc i a t ed s ma l l d ep r e ss i on i n t he o x y gen l ev e l s
b y 10% T h i s c hange i s sma l l c omp a r ed t o t he l a r ge
i nc r ea se i n o x y gen concen t r a t i on ac h i e v ed be tween 1975
and 1984 b y i mp r o v ed e f f l uen t q ua l i t y d i s c har ge d f r om .
ma j o r sewe r age w or k s ( F i gur e 4 . 6 . )

A compar i son o f t he ax i a l conc en t r a t i ons f o r t he c h ar t
v s. t he •M RB ( F i gu r e 4 . 24 ) s y st em of manage ment i n d i c a t es
t ha t t he t w o r eg i me s p r od uce v e r y s i mi l a r . r esu l t s on
a v er age . T he MR8 gi v es s l i g h t l y h i gher concen t r a t i ons
o f ammon i a , n i t r a t e , an d HOD b u t t he e f f ect i s v e r y
s ma l l i nd eed . T he v a r i anc es ( C o f V ) of a l l v a r i ab l es
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fo l l o w a l mo s t i d e n t i c a l p a t t e r n s a l t h o u g h t h e y a r e s ma l l e r

fo r t h e MRB p o l i c y .

T h e t i me s e r i e s r e s u l t s a t Te d d i n g t o n ( F i g u r e 4 . 2 5 )

s h o w a s l i g h t r e d u c t io n i n s a l i n i t y u n d e r t h e MRB p o l i c y

r e l a t i v e t o t h e p r e s e n t c h a r t s y s t e m b u t i n b o t h c a s e s

p e a k s a l i n i t i e s a r e r e d uc e d co m p a r e d w i t h t h o s e p r e d i c t e d
u n d e r c u r r e n t ( 19 8 4 ) d e ma n d s ; o x y g e n r e s u l t s a r e n o t

s i gn i f i c a n t l y d i f f e r e n t . T h e s a me c o m me n t s a r e b r o a d l y
t r u e a t S y o n Pa r k ( F i gu r e 4 . 26 ) a n d Lo n d o n Br i d g e

( F i g u r e 4 . 2 7 ) a l s o .

4 . 6 . 4 . 2 . C l a s s ic a l Dr ou g h t Se q ue n c e 19 44 / 4 5

T h e C h a r t v s . MRB ( 2 006 )

A l l t h e c o m me n t s ma d e r e ga r d in g t h e 19 7 5 / 7 6 d r o u g h t

s e q ue n c e a p p l y e q ua l l y w e l l t o t h e 19 4 4 / 4 5 d a t a ( F i gu r e s
4 . 1 1 v s . F i g u r e 4 . 2 8 ) Ab s o l u t e co nce n t r a t i o n s o f s a l i n i t y ,

a m mo n i a , n i t r a t e a n d BO D a n d h i g h e r t h a n 19 7 5 / 7 6 b e c a u s e

t h e e a r l i e r d r o ug h t w a s mo r e s e v e r e t h a n t h e l a t e r
o n e .

T h e t i me
s h o w n o
t h e t w o r e g ime s
t h e MRB p o l i c y
i n t h e y e a r b u t
O x y g e n c o n c e n t r a t io n s
u n d e r t h e t w o r e g i me s

s e r i e s p l o t s ( F i g u r e s 4 . 29 . , 4 . 3 0 . a n d 4 . 3 1 )
s i gn i f i c an t d i f f e r e nc e s b e t w e e n s a l i n i t y un d e r

e x c e p t fo r a ge n e r a l t e n d e n c y f o r
t o p r o d u c e h i g he r s a l i n i t ie s e a r l ie r
l o w e r s a l i n i t i e s l a t e r i n t h e y e a r .

a r e no t s i g n i f ic a n t l y d i f f e r e n t

4 . 6 . 4 . 3 . No n Dr o u g h t Se q u e n c e 19 5 2 / 5 3
T h e C h a r t v s . MRB ( 2 0 06 )

I n ge n e r a l ( F i g u r e 4 . 32 v s F i gu r e 4 . 2 8 ) t h e me a n d i s t r i b u t io n s

o f s a l i n i t y a mmo n i a , n i t r a t e a n d BOD a n d l o w e r t h a n

i n d r o u g h t y e a r s b u t t h e i n c r e a s e d d e ma n d a n d e f f l ue n t
r e t u r n h a s r e s u l t e d i n s l i g h t l y h i g he r l e v e l s t h a n t h o s e

p r e d i c t e d fo r t h e 19 84 d e ma n d s ( F i gu r e 4 . 32 v s . F i gu r e
4 . 12 ) T h e MRB p o l i c y a d d s t o t h e s e inc r e a s e d c o n c e n t r a t i o n s

b u t t h e e f f e c t i s s ma l l a n d l i m i t e d t o t h e r e a c h a b o v e
Lo n d o n B r i d ge .

A c o m p a r i s o n o f t h e t w o r e g i me s u nd e r t h e
4 . 3 3 , 4 . 34 ) y i e l d s s i m i l a r c o nc l u s i ons t o t h
fo r t h e 19 8 4 d e ma nd s ( F i g u r e s 4 . 20 4 . 2 1 . )
t h e a b s o l u t e v a l ue s o f s a l i n i t y a r e l o w e r
h i g h e r d e ma n d s i n s p i t e o f i n c r e a s e d a b s t r a c t i o n . T h e

o x y ge n t i me s e r i e s a r e a l mo s t i d e n t i c a l , i n d i c a t i ng n o

s e r i o u s d e t e r i a t i o n d ue t o t h e c o mb i ne d e f f e c t s o f i n c r e a s e d
d e ma n d s a n d t h e MRB r e g i me .

4 . 6 . 4 . 3 . No n Dr ou g h t Se q ue nc e 19 80 / 8 1
T h e C h a r t v s . MRB ( 2 0 0 6 )

1 18 .

2 00 6 ( F i gu r e
o s e de d u c e d
e x c e p t t h a t

un d e r t h e

T h e r e l a t i v e ] y h i g h f l o w s e x p e r i e n ce d i n 19 8 0 / 8 1 r e s u l t



i n ge ne r a l l y r e d u c e d l e v e l o f a l l p o l l u t a n t s i n t h e e s t u a r y
a n d a n e n h a n c e d o x y ge n r e g i me ( F i g u r e s 4 . 3 5 . 4 . 36 )
T h e i n c r e a s e d d e ma n d s a n d p o l l u t i n g l oa d s fo r 2 0 06
d o r e s u l t i n h i g h e r c o n c e n t r a t i o n s i n t h e e s t ua r y b u t
t h e e f f e c t i s s ma l l . T h e r e a r e n o s i gn i f i c a n t d i f f e r e n c e s
h e t w e e n t h e MRB a n d t h e t r a d i t i o na l c h a r t s c h e me s

w a t e r a b s t r a c t i o n a n d t h e a b s o l u t e v a l ue o f s a l i n i t y
a t S y o n P a r k i s z e r o .

4 . 6 . 5 . Ge ne r a l e f f e c t o n s e d i me n t d e p o s i t i o n a n d s u s p e n s i o n

T h e r e h a s b e e n s o me c o n c e r n e x p r e s s e d t h a t c h a n ge s
i n t h e r e s i d ua l f l ow o v e r T e d d i n g t o n We i r m i g h t a f f e c t
t h e l o c a t i o n o f a r e a s o f s e d i me n t d e p o s i t i o n . I n p a r t i c u l a r
i t h a s b e e n s u gge s t e d t h a t t h e i n d uc e d c h a n ge i n c u r r e n t
v e l o c i t i e s m i g h t c a u s e a p r o no unc e d i n c r e a s e i n t h e
h e i g h t o f mu d b a n k s a t v a r i o u s p l a c e s a b o v e Lo n d o n
Br i d ge . T h i s q ue s t i o n c o u l d n o t b e a n s w e r e d b y t h e
u s e o f t h e T h a me s Wa t e r Qua l i t y s o a s ma l l s t a t i s t i c a l
s t u d y w a s ma d e t o g i v e s o me i n d i c a t i o n o f t h e l i k e ] y
e f f e c t .

4 . 6 . 5 . 1 . T h e r e s u l t s o f a mu l t i p l e r e g r e s s i o n a n a l y s i s
w h i c h r e l a t e s s u s p e n d e d p a r t u l a t e s t o t i d a l r a n ge a n d
d a l l y me a n r i v e r d i s c h a r ge i s g i v e n i n T a b l e 4 . 2 .

T ABL E 4 . 2 .

T h e c o e f f i c i e n t s i n t h i s t a b l e r e f e r t o a n e q u a t i o n o f
t h e f o r m l o g e S = A + B l o g e ( Ft ) + C l o g e (Q ) w h e r e
S = s u s p e n d e d s o l i d s , R = t i d a l r a n ge a n d Q = r i v e r
f lo w .
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T h e t i d a l r a n ge w o u l d r e ma i n t h e s a me a s a t p r e s e n t

u n d e r t h e MRB p o l i c y b u t r i v e r d i s c h a r ge w o u l d b e
r e d u c e d f o r mo d e r a t e f l o w s a n d i n c r e a s e d fo r l o w f l o w
c o n d i t i o n s . T h e s e f l ow c h a n ge s a r e v e r y s ma l l i n c o m p a r i s o n
t o t h e t o t a l a nnu a l v a r i a t i o n s i n f l o w u p o n w h i c h t h e

c o r r e l a t i o n s a r e b a s e d s o , t a k i n g t h e r e l a t i o n s h i p s o n

fa c e v a l ue t h e y w o u l d h a v e l i t t l e i m p a c t o n t o t a l s u s p e n d e d
p a r t i c u l a t e s i n t h e w a t e r c o l umn .

4 . 6 . 5 . 2 . T h e ne ga t i v e c o r r e l a t i o n b e t w e e n r i v e r d i s c h a r ge

(Q ) a n d s u s p e n d e d p a r t i c u l a t e s ( S ) r e q u i r e s s o me e x p l a n a t i o n
b e c a u s e , i n g e ne r a l o ne w o u l d e x p e c t h i g h e r f l o w s t o
i n d u c e h i g h e r s u s p e n d e d s o l i d s . C l o s e i n s p e c t i o n o f
t h e d a t a s u g ge s t s a p o s s i b l e e x p l a n a t i o n . T h e r e i s
a g e ne r a l t e n d e nc y fo r s u s p e n d e d p a r t i c u l a t e s t o i n c r e a s e
f r o m T e d d i n g t o n We i r t o Lo n d o n Br i d ge . As f l o w s d e c r e a s e
t h e zo n e o f ma x i mu m t u r b i d i t y t e n d s t o m i g r a t e u p t h e
e s t u a r y t o w a r d s t h e we i r ( Ba l e e t a l I n p r e s s ) Fo r
a n o b s e r v e r a t one l o c a t i o n t h i s w i l 1 g i v e t h e i m p r e s s i o n
o f t u r b i d i t y i n c r e a s i n g e v e n i f a t t h e s a me t i me t h e r e
i s a s ma l l r e d uc t i o n i n s u s p e n d e d p a r t u l a t e s i n t h e
e s t u a r y a s a w h o l e .

4 . 6 . 5 . 3 . Ar e a s o f ne t d e p o s i t i o n o r r e s u s p e n s i o n w i l l
b e a s s o c i a t e d w i t h t h e s e a s o n a l d r i f t o f t h e zo n e o f
t h e t u r b i d i t y ma x i mu m . I n v i e w o f t h e v e r y s ma l l f l o w
c h a n ge s a s s o c i a t e d w i t h t w o p o l i c i e s i t i s v e r y un l i ke l y
t h a t t h e a r e a s o f d e p o s i t i o n w o u l d b e mo v e d b y a n y
s i gn i f i c a n t d i s t a n c e u p o r d ow n t h e e s t ua r y un d e r t h e
MRB p o l i c y .

4 . 6 . 5 . 3 . Du r i n g l o w r u n o f f c o n d i t i o n s t h e t i d a l y i n d u c e d
c u r r e n t s a r e mu c h l a r g e r t h a n t h o s e i n d uc e d b y r e s i d ua l
r i v e r f l o w . . Re s u s p e n s i o n o f s e d i me n t i s t h e r e fo r e l a r ge ] y
i n f l u e n c e d b y t h e t i d a l r a nge d u r i n g d r o ug h t s . T h e
s ma l 1 c h a n ge s i n r i v e r f l ow i n d uc e d b y w a t e r a b s t r a c t i o n
w o u l d t h e r e fo r e no t s i gn i f i c a n t l y a f fe c t t h e s e d i me n t
b u d ge t fo r t h e e s t u a r y . .

4 . 7 CONC L USIONS

4 . 7 . 1 .
d e v e l o p e d
o b s e r v e d
o f c o m p a r i n g

T h e
fo r

w a t e r

s i mu l a t io n mo d e l o f t h e T h a me s Es t ua r y
t h i s s t u d y a d e q u a t e l y r e p r e s e n t s t h e

q u a l i t y o f t h e e s t ua r y f o r t h e p u r p o s e
a l t e r n a t i v e s t r a t e g i e s o f w a t e r a b s t r a c t i o n .

4 . 7 . 2 . T h e e f f e c t s o f i m p r o v e d wa t e r t r e a t me n t s i n c e
197 5 / 7 6 a r e c l e a r l y d e mo n s t r a t e d b y t h e s i mu l a t e d r e d uc t i o n
i n t h e a v e r a g e o x y g e n s a g w h i c h i s mo s t p r o no unc e d
i n t h e Be c k t o n / C r o s s ne s s r e a c h o f t h e e s t u a r y . . Co m me n s u r a t e
d e c r e a s e s i n b i o c h e m i c a l o x y ge n d e ma n d a n d a mmo n i a
a r e o b s e r v a b l e , a l t h o u g h n i t r a t e l e v e l s c o n t i n ue t o r i s e
b y a b o u t 111 p e r a n n u m u p - e s t ua r y o f Lo n d o n B r i d ge .
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Figure 4 .7 DA Y S FRO M J A N 1

C o m p a r i s o n o f p r e d i c t e d c o n c e n t r a t i o n s t o r t he T h a m e 3 u n d e r

c u r r e n t d e m a n d s a n d p o l l u t i n g l o a d s , u s in g p r e s e n t T e d d in g t o n

r e s i d u a l f l o w r a t e s a c c o r d in g t o t h e c h a r t v s . 19 7 5 / 7 6 d e m a n d s .

l o a d s a n d c h a r t

C u r r e n t C h a r t

OXYGEN % SATURATION
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CL ASSICAL DROUGHT SEQUENCE 1975/ 76
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Figur e 4.8

Oo mp a r i s o n• o t p r e d i c t e d c o n c e n t r a t i o ns t o r t he T h a m e s u n d er

c u r r en t d e m a n d s an d p o l l u t i n g l o a d s , u s i n g p r e s e n t T e d d i n g t o n

r e s i d u a l f l o w r a t e s a c c o r d ing t o t h e c h a r t v s . 19 7 5 / 7 6 d e m a n d s .

l o a d s a n d c h a r t

C u r r e n t C h a r t
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C o m p a r i s o n o f p r e d i c t e d c o n c e n t r a t i o n s f o r t he 1 h a m e 3 un d e r

c u r r e n t d e m a n d s a n d p o l l u t i n g l o a d s , u s i n g p r e s en t T e d d i n g t o n

r e s i d u a l f l o w r a t e s a c c o r d in g t o t h e c h a r t v s . 19 7 5 / 7 6 d e m a nd s ,

l o a d s a n d c h a r t

19 7 5 / 7 6
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C o m p a r i s o n o f p r e d i c t e d c o n c e n t r a t i o ns t o r t he T h a m e s u n d er

c u r r e n t d e m a n d s a n d p o l l u t in g l o a d s , u s i n g p r e s e n t T e d d i n g l On

r e s i d u a l f l o w r a t e s a c c o r d i n g t o t h e c h a r t v s 19 7 5 / 7 6 d e m a nd s ,

l o a d s a n d c h a r t

C u r r e n t C h a r t  19 7 5 / 7 6
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p r e s e n t ' C h a r t ' me t h o d o f w a t e r a b s t r a c t i o n t o a ma x i mu m
r e s o u r c e b e ne f i t ( MRB ) p o l i c y a r e v e r y s ma l l c o mp a r e d
t o t h e i m p r o v e me n t s c a u s e d b y t h e r e c e n t i n t r o d uc t i o n
o f mo d e r n w a t e r t r e a t me n t p l a n t a t a nu mb e r o f d i s c h a r g e
s i t e s . .

4 . 7 . 4 . In ge ne r a l t h e
p o l i c y i s t o p r o d u c e a
i n t h e e a r l y s t a ge s o f a
19 44 / 4 5 ) b a l a n c e d b y a
t h e h e i g h t o f t h e d r o u g h t . No ne
l a r ge a n d t h e y a r e o n l y e v i d e nt
Br i d g e .

4 . 7 . 7 . Fo r b o t h r e g i me s
q ua l i t y i s p r e d i c t e d un d e r
a n t i c i p a t e d fo r t h e
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d r o u g h t s e q ue n c e ( e . g . 19 7 5 / 7 6 ,

s l i g h t l y i m p r o v e d q u a l i t y a t
o f t h e s e i m p a c t s a r e

u p e s t u a r y o f L on d o n

4 . 7 . 5 . Un d e r l e s s s e v e r e d r o u g h t c on d i t io n s ( e . g . 19 52 / 53 )
t h e i n fe r i o r w a t e r q u a l i t y p r o d uc e d e a r l ie r i n t h e y e a r
i s n o t c o m p e n s a t e d f o r w h e n t h e f u l l d r o ug h t d o e s n o t
ma t e r i a l i s e . I n t h i s w a y a r e l a t i v e d e t e r i a r a t i o n w o u l d
o c c u r i n t h e e s t u a r y d u r i n g s uc h s e q ue n c e s b u t a t a
t i me w h e n w a t e r q ua l i t y i s r e l a t i v e l y h i g h .

4 . 7 . 6 . Wh e n t h e s y s t e m e x p e r i e nc e s v e r y h i g h r i v e r
r u n - o f f c o n d i t i on s ( e . g . 19 8 0 / 8 1 ) t h e r e a r e n o s i g n i f i c a n t
d i f fe r e n c e s i n w a t e r q u a l i t y c a u s e d b y t h e t w o me t h o d s
o f a b s t r a c t i o n . T h i s i s t r u e t h r o u g h ou t t h e T h a me s E s t u a r y
f r o m T e d d i n g t o n t o S h o e b u r y Ne s s .

a s l i g h t r e d uc t i o n i n w a t e r
t h e i nc r e a s e d w a t e r d e ma n d

y e a r 2 0 0 6 . T h i s d e t e r i o r a t i o n i s
t o t h e i n c r e a s e d s e w a g e d i s c h a r g e s

t h a t , i t i s a s s u me d , w o u l d a c c om p a n y t h
w a t e r u s e . T h e s a l i n i t y d i s t r i b u t i o n d oe s
s i gn i f i c a n t l y b e c a u s e t h e e x t r a w a t e r a b s t r a c t e d
b y i n c r e a s e d s e w a ge e f f l u e n t , p a r t i c u l a r l y
t h e r i v e r s Mo l e a n d Ho g s m i l 1 .

e i n c r e a s e d
no t c h a n ge
i s r e p l a c e d
t h a t f r o m

4 . 7 . 8 . T h e r e la t i v e e f f e c t s o f t h e t w o r e g i me s a r e
v e r y s i m i l a r u n d e r t h e i n c r e a s e d ( 2 006 ) d e ma n d s a s
u n d e r p r e s e n t ( 198 4 ) d e ma n d s . No s e r i o u s d e t e r i o r a t i o n
i n e s t ua r i ne w a t e r q ua l i t y i s e v i d e n t t h a t m i g h t b e
i m p o r t a n t t o t h e we l l b e i n g o f t h e e c o s y s t e m a s a w h o l e .
T h e g r a d ua l b u t c o n t i n ua l i n c r e a s e i n t h e h i g h e s t me a n
n i t r a t e c o n c e n t r a t i on o v e r t h e y e a r s m i g h t b e o f c o n c e r n
i f i t w e r e t o b e u s e d a s d r i n k i n g w a t e r b ut b r a c k i s h
w a t e r i s a v e r y u n i t k e l y s o u r c e fo r t h i s . T h e r e i s
n o k n o w n d e l e t e r iou s e f f e c t o f t h e s e l e v e l s o f n i t r a t e
o n e s t u a r i n e e c o s y s t e m s .

4 . 7 . 9 . C h a n ge s i n t h e i n s t a n o n e o u s f l o w r e g i me i n t h e
e s t u a r y w o u l d b e o n 1 y ma r g in a l l y a f f e c t e d b y t h e a d o p t i o n
o f t h e MRB p o l i c y s i n c e t h e v e l o c i t i e s i n d u c e d b y t i d a l
mo v e me n t s a r e mu c h g r e a t e r t h a n t h o s e c a u s e d b y r e s i d ua l
r i v e r f l o w s . S i m i l a r l y t h e r e s u l t a n t s u s p e n d e d p a r t i c u l a n t s



i n t h e w a t e r c o l u mn w o u l d b e v e r y s i m i l a r un d e r t h e
t w o r e g i me s .

4 . 7 . 10 . T h e l o c a t i o n o f t h e t u r b i d i t y ma x i m u m., w h i c h
r e l a t e s t o t h e p o s i t i o n s o f t h e g r e a t e s t r e s us p e n s i o n
a n d d e p o s i t i o n ( Ba l e e t a l , I n p r e s s ) w o u l d c h a nge on l y
v e r y s l i g h t l y i f t h r MRB p o l i c y vi e r e a d o p t e d , a n d
t h i s c h a n ge w o u l d b e v e r y s ma l l c o m p a r e d t o t h e na t u r a l
mo v e me n t s e x p e r i e n c e d w i t h i n a n y a n n ua l c y c l e .

•
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T HE THAMES MODEL: AN ASSESSMENT

M . J. Barrett. ,  B. M . Ni ollowneys and P. Casapieri"

•Water Research Centre, Stevenage Laboratory, U.K.
" Thames Water Authority, UK.

Abstract
e.a.nematical methods, developed in the late  19 50s ,  for predicting the effects of
pollution on the Themes Estuary are reviewed, and the adequacy of the methods
asserted ty comparing observed and pred icted distributions of dissolved oxygen ,
and aflmoriacal and oxidired nitrogen over i period  in  whicn there has becr a
mar::ed reduction in poll..;:ing load .

1::TR.:DtC T:ON

A principal ai7  of  the Thames investigations carried out by the Water Pollution Rosearch
Labora tory (no : the Water Research Centre, Stevenage Laboratory ) sore years ago was the
development of a mathematical model tc allow the effects cf pollutin: discharges to te
predicted for an,y comh ination of conditions that might arise in the future ('). The model -
hich was valida:ed by comparing pled:lotions with the ctserved distributions of dissolved

oxygen , and ammoniacal and oxidized nitrogen for each three-mcnthly period from  195 0  to
1361 - was subseruently adopted as a basis for control  of  pollution by the Fort or London

Authority , and a variant sf it is In w used routinely as: a management tool by the Thames
Water Authorit;,..

:n this paper t:Ie mathematical me thods are reviewed and their adequacy in predictin;; water
quality is assessed by comparing observed and calculated distributions of dissolved oxygen
and of ammoniacal and oxidized nitrogen over a period during which the polluting load has
been progressively reduced.

REFRE SE 1TATI0N OF MIXING AND MOVIM MIT OF  THE  WATER

The original model was based on a concept (2) which envisaged longitudinal mixing as a
statistical redistribution process whereby during each tidal cycle some of the water
contained between  any  two cross-sec:ions ,  an  infinitesimal distance apart, was spread
uniformly upstream and some uniformly downstream  ol.,er  a distance equal to about half the

excursion, while some remained  in  (or returned to) the original position. Sub-
sequently , it was found  ( 3 )  that very similar numerical results are obtained using the
simulation adopted by other workers in which longi tudinal mixing is regarded as analogous
to a diffusion process. As the diffusion model is somewhat simpler mathematically , it was
adopted for the Thames .

For the purposes of the model , a detailed description of which has been given  by
Mollowney (d ), the estuary is imagined to be divided by vertical partitions (extending
from one bank to the other) into a series of segments which oscillate upstream and
downstream with the tidal velocity , such that the volume of water landwards of a giver.
secment boundary is constant. The fresh-water flow , whish is assumed to be steady. and
in equilibrium with the salinity distribution , is represented by a volume flow throtzgh
each segment into the one immediately downstream , an c.ance being made in individual
segments for the entry of water from tributaries and sewage and industrial effluents.
Longitudinal m ixing is simulated by assuming a continuous exchange of water between
adjacent segments by equal and opposite flows as indicated in Fig. 1  1-,y  F .
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S i s  i t 1

x i  _.  I i
I IXi I

1I I
L J

Ji ( X 1+ 1 — X1_ 1)

F.  a  2EiAi/(xi41 -

S 5i / ( S1+ 1 - SI ) .

where  Qi.  is the total land-water flow at xi.

Qi-1C1-1  QiCi Fi-1(C1-1  ci ) c i )

- M .  a  0.
1 1 1 1

157 .

Fi

oi Q i+ 1

Fig.  1. Representation of longitudinal mixing and fresh-water flow in model.

The exchange f/ow , Fi, is essentially a finite-difference approxination for the dispersirn

term in the convective-diffusion equation with

(1)

where E. is an effective dispersion coefficient and A. is the cross-sec tional area at x ..

Values of the exchange flow  are  deterrined by fitting the model tc a kno..-r. longitudinal
salinity distribution. Thus if Si is the average salinity in the segment xi..1 to xi during

a tidal cycle, Fi is given by

The distribution of a pollutant is found by considering the charges in mass occurring in
each segment during a tidal period. Thus if C . is the concentration  in  the segnent

to xi, the mass beilance in the i-th segnent (volume i Vl is given by

(2)

(.3)

where k . is a first-crder decay constant for the substance, and M . the mass rate of

addition of the substance to  the  i-th segment. Although the ebb and flow of the tide is
not explicitly represented, the estuary ia conceived as a series of segments oscillating
upstream and downstrear, with the tidal velocity , and account can be taken of the fact that
an effluent discharged continuously is spread over a distance equal to the tide/ excursion
during a tidal oscillation. This is achieved by distributing the inputs in suitable
proportions among those segments which cou/d  be  affected by particu/ar outfalls during a
tidal cycle. The segmenta affected can be identified by considering the maximum and
mininum velure landwards of  an  outfall during a tidal cycle.



CXYCEN l,ALANCE

lhe Thames model sil

fhe istribution of dissolved oxygen is calculated by considering :he changes in mass
enourrinii in each segment during a tidal cycle taking Into account the /vidrolysis of
or anir nitrotren, oxidation or amronia and carbonaceous material, reaeratian at the water
surface, and the reduction of nitrate when oxygen concentration is linitin:.Assumpt ions are:

1.  Tre rates uf cxidaticn of carbon compounds are proportional to ;heir concentration.

2.  Tne organic nitrogen is converted to ammonia at the same rate as the carbon is ‘xidiced.

3. Th,i rate of oxidation of ammonia is proportional to its concentration.

4. Ca idised nitrogen is destroyed at a very slow rate proportional to its concentration.

However, when dissolved oxygen falls below 5 per cent of saturation, assumptions 3 and 4 are
replaced by 5 and 6 below.

5. Tne rate of oxidation of ammonia is ini tially decreased, and if, despite this, the
concentration of oxygen remains below 5 per cent of saturation, the oxidation of ammonia
-eaoes , and oxidized ni•rogen is reduced to molecular nitrogen at a rate sufficient to
ma intain the oxygen content at 5 eer cent.

G. The concentration cf oxygen is allowed to fall to zero when the resefl e s of nitrate are
exhausted.

ine basis fur these assumptions, ahich cannot be justified in detail, is discussed in
?ef. 'a.

burin: the course of the Thames investigations (lb) it was found empirically that the course
of oxidation of a wide range of wastes including sewage and seuage effluent , industrial
tacte :.aters, and river water , could be represented by a composite exponential derived on
the as:ramp:ion that the organic matter undergoing oxidation consists of two components
referrel to as 'fast' and 'slow' carbon respectively to distinguish the relative rates of
oxid.:2 1::n. The equation osed

Ec - (i - p) exp(-,A ) - p exp (-kt/5J , (4)

where  y i 3 :he oxygen uptake in time t, k the standard rate-constant of 0.23 d-1 at 20°C ,
p the proportion of the organic material oxidized at the slower rate , and Ec the Iota:

oxygen uptake . The value of Ec when multiplied by the rate of discharge of effluent was

called the effective carbonaceous load ard represents the mass of oxygen that would be
taken up if the material remained in the estuary for a sufficient period. If some of the
material escapes to the sea before being oxidized , it does not affect the polluting load,
as this loss is taken into account in the calculation of the distribution of carbon-
aceous ma terial. The relationship between E

c
and the 5-day BOD at 203C, B, found by setting

t day s in Equation  4,  is

c B/ (0.69 - 0 .48 p). (5)

The value of p depends upon tne type  and  nature of the discharge and was determined
experime ntally for each cf the major sources of p ollution during 91e survey cf the Thames.
The values found for settled sewage (BOD 150 mg/I),  sewage  effluent (BOD 25 mg/l) and the
water entering the esti.ary from the River Thames at Teddington were 0, i, and 6/7 .
respectively .

Since it has been assumed that the hydrolysis of organic nitrogen to ammonia proceeds at the
same rate as the oxidation cf carbonaceous material , the effective oxygen demand due : 3

orjanic nitrogen (lc) has been obtained by multiplying the ultimate oxYgen demand by
Ec/Oc, where Uc is the theoretical carbonaceous ultimate oxygen demand erual to 2.67 C ,

C being content of organic carbon. The effective oxygen demand due to oxidizable nitrcgen
is thus taken as

EN  a  4.57 (gamm  rja  N ),
org
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where 1; and  N  are tne contents s f ammoniacal and organic nitr::en iespectively.amm

Average values of :he pollu1ing luad entering the estuary from the  fzur  main newage works
are shown for selected periods in Table 1.

TABLE Effective oxygen demand load (tonnes/day)
for four major sewage discharges to Thames Estuary

Effective load

The oxygen balance in each segment is represented by 7 equations: those for 'fast' and 'slod
organic carbon , 'fast' and 'slow' organic nitrogen, ammonia, nitrate, and dissolved oxygen.
Setting

(FI-1 f
) or j • i-1

. C otherwise,

Equation  3 becomes

-
j
G .C . - k 6%, C • 1/ = O. Aj j (7)

The distributions of 'fast' carbon (FC ), 'slow' carbon (SC), 'fast' nitrogen (FN ), and
'slow' nitrogen (S.:() are independent of oxygen concentration and of each other, and are
calculated by solving equations of the form of Equation 7 using appropriate rate-cors tants
and polluting loads. The distributions of ammoniacal nitrogen (AM), and oxidized nitrogen
(NO) are calculated simultaneously with that of dissolved oxygen (DO ).

The equation governing the mass bala nce of ammoniacal nitrogen in the i-th segment is

- Ej Gi j Jusi -KM .. 111.11 MAsi • ii i / 4. 57

• 11. •  K...„ AV, = 0 ,
?Fl a a

where the underlining in terms such as AN. indicates a single parameter (in this case the

concentration of ammoniaca/ nitrogen in the i-th segment) not the product of two parameters
(A anc1 14.); similarly  KAmi and Y.Axi aro the oxidation rate-constan t and rate of input
respectively of ammoniacal nitrogen far the i-th segment. The tent E allows for restricted
oxidation of ammonia when the concentration cf oxygen is limiting, the numerical constant
being the oxygen consumed in the oxidation of unit mass of ammonia. The /ast two terms in
the  equation represent the fonnation of amronia from the hyd:c lysis of 'fast' and 'slot.'
organic nitrogen .

The equation for oxidized nitrogen is

EJGi i 112j  - KNO1 Avi -S it • MWOI - U14 . 57 - w1/ 2. 86 • KAmi AVi a 0
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Th e Th a me s mode l 4 13

whe r e t he f i va l t e rm r e p r e s e n t s t he f o r ma t i on o f ox i d i zed n i t r o ge n by t he ox i da t i on o f

an son i a . Ttie t e rfl a l l ows f or t he r e duc t i on o f n i t r a t e t o s a t i s f y c ar 'co ra c e ous oxy ge n

i e man d whe n oxy ge n i s l i mi t i ng . Th e 2 . 86 i s a c on ve r s i on f a c t o r a nd r e p r e s e n t s t he oxy te r.

-a de a vai l a b l e by t he r e duc t i on o f un i t ma s s o f n i t r a t e t o n i t r oge n .

The e qua t i on f o r . d i s s o l ve d oxy ge n i s

-

74" ,) f i a t; ( 1 - 22 i )

. Mr c, - Kn i S Vm -  hsci avi SC - 4 . 57 Ami Al al

• L . •  N = 0

At e r e r i s t he e xc ha n ge coe f f i c i e n t f or oxy ge n a t t he ai r / wa t e r i n t e r f a c e , a i is t he

a ve r ag e s ur f a c e ar e a o f t he i - t h s e gme n t dur i n g a t i da l cyc l e , an d fl
i s t h e s a t ur a t i on

va l ue f o r d i s s o l ve d oxy ge n .

re : hod c f c a l c ul a t i on i s t c a s s ume i n i t i a l l y t ha t t he r e wi l l be n o r e s t r i c t i on on t he

x i da t i on c f a mmon i a , a nd no re l uc t i on o f ni t r a t e , t ha t i s U = W = O. I f t he mi n i mum

c a L a i l a t e d c once n t r a t i on f d i s s o l ve d oxy ge n i s no t l e s s t han 5 pe r c e n t o f s a t u r a t i on , t /m

:a l cu l a t e d d i s t r i bu t i on i s t he s o l u t i on r e qu i r e d .  I f  va l ue s l e s s t h a n 5 pe r ce n t oc cur i n

any s e .t e n t , : he f o l l owi n g i t e r a t i ve p r oc e du r e i s u s e d t o ob t a i n t he r e z d r e d s ol u t i on .

1. Fo r e a ch va l ue o f DO l e s s t han 5 pe r c e n t , DO i s s e t t o 5 pe r c e n t a r d Equa t i on 10 i s

ao l ve d f o r U ( as s umi n g W 0 ) . Th i s c o r r e s ponds t o t he va l ue o f U r e qu i r e d t o r a i s e DO t o

; pe r ce n t .

I . A va l ue o f U i s a l s o f oun d by s e t t i ng  KAm  0 i n Equa t i on 8 . I f U < U , t h i s
MS S max

—
s t ab-e  i s r e pe a t e d f o r t he ne x t s e gmen t .

3 . I f U > U , U i s oa t e qua l t o U ( c o r r e s pond i ng t o KAm = 0 ) a n d : he r e s t  o f  t he
MSS max

l e f i c i t i s a s s ume d t o be r a de up by W ; t he r e duc t i on of n i t r a t e t o n i t r o ge n ) .

• A va l u e o f Wrna x i s t he n f ound ( t he amou n t o f oxy ge n mad e a va i l a b l e by r e du c i n g a l l t he

,A : r a t e ) f r om EqUa t i on 9 . I f W < Wr am t he s e s t e p s ar e r e pe a t e d f o r t he ne x t s e gme n t .

5 . I f W >  4 ,  W  i s s e t e or .a l i n Wr a m ( c o r r e s pond i ng t o a l . . 0 ) a n d DO i s no l on ge r

f z r c e d t o 5 ip'e r c e n t bu t i s a l l owed t o f i nd i t s own l e ve l .

add i t i ona l t e r m, wh i c h was i nc l ude d i n t he o r i g i nal mode l ( I d ) t o a l l ow f o r r e duc t i on

.)f s u l pha t e unde r a nae r ob i c c ‘n d i t i on s , i s n o l onge r r e qu i r e d be c a u s e o f t he gr e a t l y

i -p r ove i c c nd i t i on of t he e s t ua r y ( 5 , 6 ) .

Si nc e e a c h c har ge  i n  one o f t he var i a b l e s i n Equa t i ons 3 t o 10 pr od uc e s c ha nge s i n al l t he

: ne r s , s t e ps 1 t o 5 ha ve t o be r e pe a t e d a numbe r o f t i me s i n a n i t e r a t i ve pr oc e dur e t o

f n l a i n c onve r ge nc e o f t he s o l u t i on . Ea c h c ompl e . e i t e r a t i c n i nvo l ve s c ar r y i ng ou t s t e ps

l o 5 f o r e a c h s e gme n t , a nd t he n s o l v i ng Eq ua t i on s 5 t o 10 a gai n u s i n g t he va l ue s o f U an d

W : s a nd .

The r a t e - c on s t a n t s f or t he var i ou s pr oce s s e s c onc e r ne d i n t he oxy ge n c a l cul a t i ons a r e

f unc t i on s o f t e mpe r a t ur e s a t i s f y i ng  an  e qua t i on o f t he f or m

a 6-15
K  =  K ( 1
8 15  i oo ( )

uhe r e K i s ' he va l ue o f t he c on s t an t a t t e mpe r a t u r e 8 , X15 i s t he v al u e a t 15° C, a nd a i S

a t e mpe r a t u r e c oe f f i c i e n t . Va l ue s o f K15 a nd a ar e l i s t e d i n Tab l e 2 .
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Process

1,

a

The agreement
similar to the
the same part
ditions of fre
the shapes of
accuracy . For

/169  m3
is and i

extending from

21.8°C.

TABLE 2. Values of K. and a

FC SC

0 . 183 0 . 036

5 . 0 f . 0

OBSERVED AND FREDICUED CONDITION

16 1 .

FN SN

0. 153 0. 036

AM  NC

0.26 0.21

5. 0 5. 0 8.5 0

It was concluded on the basis of comparisone between observed and predicted distributions
of distio/ved oxygen , and of ax ieriacal and oxidized nitrogen , for each three-mcnthly period

fran  19 50  to  196 1,  that the value of  1. 7  per cent per °C for the temperature coefficient of

the rate-constant of nitrification formerly used was toc low, and for subsequent calcula-

tions a value of 8. 8 per cent per
o
C, more consistent with that found for the growth rate'

of Nitrosanonan and Nitrobacter, has been used(7). The constant, which allows for a loss of
nitrate from the water under aerobic conditions - due to its reduction at the sedime nt/
water interface or within suspended particulate matter - has also been changed : a rate of
loss of 2 per cent  per  day was  formerly  assumed. The rate-constants associated wit:, fast
and s/ow organic carbon and fast and slow organic nitrogen are those formerly used .

In Fig. 2 a comparison is made between the observed  and  predicted distributions of
dissolved oxygen and ammoniacal and oxidized nitrogen for each three-monthly period of  196 9 ,
19 7 1 , 19 73 ,  and 1975 (but excluding nitrogen forms for 1975) . The factors considered tc
change from quarter to quarter are the polluting loads from the larger sewage works , fror .
storm sewage , and from tributaries, the distribution of temperature , and the fresh-water
flow. A uniform value of 5. 5 cm//1 for the exchange- coefficient for oxygen at the airb Jater
interface has been assumed throughout the estua ry in each quarter. Observed date are the
averages of weekly surveys throughout the estuary . The sampling positions cf the '
individual data (which relate Lc various tidal states) were reduced to a common tidal state
before averaging .  nie  method adopted (le) was to replace the actual sampling position ty
the one occupied by the water at Ealf-tide - defined as the instant when the upstream
volume is the  mean  value for the average tidal cycle. Thus low-water samples are , in effect,
moved upstream,  and  high-water samples downstream by about half the tidal excursion.

is seen to be reasonably good, the general shapes of the calculated curves are
distributions of observed data, the various maxima and minima occurring in
of the estuary for both observed and calculated results . Moreover , con-
sh-water flow and temperature in first and third quartere differ widely , but
the predicted curves follow the observed distributions with a fair degree cf
example, the average fresh-water flow in the first quarter of  1969  was

n the third quarter 26 m3/s , and the corresponding temperatures in the rea:h
30  to  70  km seawards of the tidali imit at Teddington Weir were 8.2 and

•

There  are  some systematic discrepancies, the most apparent  being  the tendency to over-
estimate oxygen concentrations in the upper reaches. Each calculated curve assumes a steat.
fresh-water f/ow at Teddington; ie allowance is made for flow variations within a quarter,
the predicted oxygen content is lowered in the u pper reaches (le ) - the effect is generally
most pronounced  in  the first and fcurth quarters. Discrepancies are also like/y to arise
from the use of a single value of the exchange coefficient for oxygen , due to the fact that
no account has been taken of the effects of photosynthesis by phytoplanktcn, and to the
assumptions concerning rates of oxidation when the oxygen content is low. The approximate
nature of these assumptions may also account in part for the severe disagreement - notably
in the third qu arter of  19 7 1  - found between the observed and predicted distributions of
ammoniaca/ nitrogen . The agreement between the observed and predicted nitrogen forms in
1975 (not shown) is similar to that in  19 73 .  The predicted distributions of oxidized
nitrogen are of the correct general shape, but there is acme tendency to under-estimate the
concentrations in the firet, second , and fourth quarters of the year . Vo doubt some
improvement could be effected by relating less of nitrate to the type  and  nature of the
sediments and by allowing for seascnal variations in temperature.

Despite these limitations, it may be seen that the model, which has the merit of compare-
tive simplicity , ham led to realistic predictions of water quality during a period where
there hao been a progreouive reduct.on in polluting load, (Table 1).
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5 . E F F ECT S ON T HE B IOT A O F T HE LO WE R T HAMES
AND T HE T HAMES EST UARY

5 . 1• INT RODUCT ION

T h e r e i s a s c a r c i t y o f goo d i n fo r ma t i o n a b o u t t h e f l o r a
a n d f a u na o f t h e l o w e r Ri v e r T h a me s . Al t h o ug h o v e r
8 0 0 p u b l i c a t i o n s h a v e b e e n i d e nt i f i e d w h i c h a p p e a r
t o h a v e r e l e v a n c e t o t h e h y d r o l og y , , c h e m i s t r y a n d
b i o l o g y o f t h e r i v e r , , f e w o f t h e s e h a v e p r o v i d e d u s e f u l
i n fo r ma t i o n fo r t h i s s t u d y . . We w o u l d 1 i k e t o h a v e k no w n

w h a t s p e c i e s a r e p r e s e n t i n t h e r i v e r , , t h e n u m b e r s
a n d r a t e s o f g r o w t h o f a l l t h e ma i n s p e c i e s , h o w t h e s e
v a r y s e a s o na l l y a n d f r o m y e a r t o y e a r a n d h o w t h i s
v a r i a t i o n r e l a t e s t o p h y s i c a l a n d c h e m i c a l c o n d i t i o n s
i n t h e r i v e r . I n t he a b s e n c e o f t h i s i n fo r ma t i o n i t i s
d i f f i c u l t t o ma k e a c c u r a t e p r e d i c t ion s a b o u t t h e I i k e l y
e f f e c t s o f s ma l l c h a n ge s i n e n v i r o n me n t a l c o n d i t i o n s .

L i v i n g o r g a n i s m s c a n s u r v i v e w i t h i n a r a n g e o f e n v i r o n me n t a l
c o n d i t i o n s . Un d e r o p t i mu m c o n d i t i on s a s p e c i e s w i l l
f l o u r i s h a n d un d e r l e s s f a v o u r a b l e c o n d i t i o n s i t ma y
d e c l i n e b e c a u s e t h e c o n d i t i o n s a r e mo r e f a v o u r a b l e fo r
s o me o t h e r s p e c i e s . T h e r a t e a n d e x t e n t o f c h a n ge i n
t h e f l o r a a n d f a un a d e p e n d o n t h e l e v e l o f c h a n ge i n
e n v i r o n me n t a l c o n d i t io n s a n d o n t h e p e r i o d fo r w h i c h
t h e c h a n g e p e r s i s t s . I n s o me c a s e s t h e c o n d i t i o n s ma y
c h a n ge f a r e n o u g h t o e l i m i na t e a p a r t ic u l a r s p e c i e s .
T h i s i s mo s t 1 i k e l y t o o c c u r w h e n c o n d i t i o n s a r e a t
a n e x t r e me o f t h e r a n ge fo un d i n t h e r i v e r a n d i t i s
c o n s e q ue n t l y i m p o r t an t t o k no w w h a t e x t r e me s ma y o c c u r
n o w o r u n d e r t h e Ma x i mu m Re s o u r c e Be n e f i t ( MRB ) p o l i c y . .
T h i s i s d i f f i c u l t g i v e n t h e n a t u r e o f t h e p h y s i c a l a n d
c h e m i c a l d a t a b o t h a b o u t p r e s e n t c on d i t i o n s i n t h e r i v e r
a n d a b o u t t h e p r e d i c t e d c o n d i t i o n s . Muc h o f t h e i n fo r ma t i o n
i s b a s e d , u n d e r s t a n d a b l y , o n s a m p l e s t a ke n d u r i n g no r ma l
w o r k i n g h o u r s . Wh e n r a p id c h a n ge s a r e u n l i k e l y a n d
w h e r e t h e s e a r e no t r e l a t e d t o t h e t i me o f d a y , , t h i s
ma y b e a d e q ua t e . Ho w e v e r , , l e v e l s o f d i s s o l v e d o x y g e n
a r e k n o w n t o v a r y o n a d a i l y c y c l e w i t h t h e l o w e s t
v a l ue s o c c u r r i n g a r o un d d a w n . T h e n o c t u r na l l e v e l s
a r e t h e o ne s t h a t ma y b e c r i t i c a l fo r a n i ma l s a n d 1 i t t l e
i s k n o w n a b o u t t h e m i n t h e Ri v e r T h a me s . Mo d e l l i n g
t h e h y d r o l o g y a n d c h e m i s t r y o f t h e r i v e r i n v o l v e s r e d u c i ng
t h e a v a i l a b l e d a t a t o s o me ma na ge a b l e fo r m . T h i s u s ua l l y
me a n s t h a t a v e r a ge v a l ue s a r e u s e d . T h e s e ma y b e c a l c u l a t e d
o n a d a i l y , , t i d a l , w e e k l y o r o t h e r b a s i s b u t t h e y a l l
1-a v e t h e e f f e c t o f c o nc e a l i n g t h e e x t r e me v a l ue s t h a t
ma y o c c u r f o r s h o r t p a r t s o f t h e p e r i o d t h a t i s a v e r a g e d .
I t i s t h e s e e x t r e me v a l u e s t h a t ma y b e c r i t i c a l fo r

b i o l o g i c a l p r e d i c t ion s a n d , i n t h i s c a s e , t h e y a r e no t
k n ow n o r p r e d i c t a b l e .

T h e mo d e l s t h a t h a v e b e e n c o n s t r uc t e d a n d t h e b i o l o g i c a l
p r e d i c t i o n s b a s e d o n t h e m a s s u me e i t h e r p r e s e n t l e v e l s
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o f d emand f o r w a t e r sup p l y pu r pose s f r o m t he Ri v e r
T h ame s o r a 17% i nc r ease i n d eman d w h i c h ha s b ee n
p r ed i c t ed b y T WA f o r t he y ear 2006 . I f t he d e man d
i nc r eases be y ond t h i s l ev e l t he p r ed i c t i ons cou l d b e
a f f ec t e d and t he v i ew s e x p r e ssed i n • t h i s r e por t s houl d
no t be cons i d e r ed ap p l i c ab l e .

T h i s c h ap t e r ha s b een p r e p ar ed f r om con t r i b ut i on s ma d e
b y se v er a l sc i en t i s t s w i t h ex per t i se i n d i f f e r en t a s pec t s
o f r i v e r eco l ogy . . T he i r na mes a r e s how n bes i d e t h e
r e l e v ant head i ngs .

5 . 2. ECOLOGI CAL ASP ECT S OF PREDI CT ED PHYSI CA L
AND CHEMI CAL C HANGES ( H . Ca sey and 1. 5 . Far r )

5 . 2 . 1 . Di sc ha r ge and Ve l oc i t y

T h e d i sc har ge a t T ed d i ngt on coul d b e r ed uc e d i n c e r t a i n
c ases und er MRB . Ex amp l es s how n f r o m t h e I H mod e l
a r e J une / J u l y 1945 , A ugus t / Sep te mb er 19 53 , August / Se p t emb er
1975 an d J u l y 1957 . I n man y o f t he se c a se s t he f l ow
i s r ed uc ed sub s t an t i a l l y und er l ow f l ow cond i t i ons .

C hange s i n w a t e r v e l oc i t i es ma y i nf l uenc e a r i v er ec o s y st e m
i n a numb e r o f w a y s . A r ed uc t i on i n v e l oc i t y an d t u r b ul ence
ma y a l l ow se pa r at i on o f an ano x i c l a y er i n t he w a t e r
co l umn . I t ma y a l so 'a l l ow sed i ment a t i on o f t he su s pende d
l oad and s i l t a t i on o f bent h i c hab i t at s . I nc r ea sed v e l oc i t y
ma y cause scour i ng o f sed i ment , i nc r ease i n s us p end e d
l oad , r ed uc t i on i n l i g h t pene t r a t i on and i nc r ease i n
b i oc he mi c a l ox y gen d emand ( BOD ) .

Re d uc t i on i n v e l oc i t y i nc r eases r e t en t i on o f po l l u t i on
i n a sec t i on and ma y l ead t o r ed uced l e v e l s of d i s so l v e d
o x y ge n ( DO ) . T he I H mod e l sugge st s l i t t l e s i gn i f i can t
c h ange i n w a t er v e l oc i t i es a t h i g her d i sc ha r ges f o l l ow i ng
d e r egu l at i on . Howe v e r , , f o r a r ec ur r enc e o f t h e 1952 -
53 d r oug h t seq ue nc e , v e l oc i t i es be t w een d a y 550 and
640 a r e ha l f t hose und er t he p r esen t r eg i me f or r eac he s
4 and 5 . Ev en und er t he ex i s t i ng r egu l a t i ons v e l oc i t i e s
w ou l d be ex t r eme l y l ow and t he e f f ec t s o f t he c hange
i n t e r ms o f a d d i t i ona l se d i ment a t i on an d r ed uce d t u r b u l ence
i s un l i ke l y t o b e g r ea t . Any e f f ec t s d ue t o ex t ended r e ten t i on
o f e f f l uen t a r e t a k en i n t o ac coun t i n t he DO/ BOD •mo d e l s .

5 . 2 . 2 . Wat e r q ua l i t y

T he ma j o r w a te r q ua l i t y p r ob l ems a p p ear t o be i n t h e
sec t i on ab ov e T ed d i ng t on We i r . . Va l ues f r om t he pe r i od
2 . 1 . 74 - 29 , 12 . 82 s how d a y 900 w i t h a DO conc en t r a t i on
d ow n t o c . 3 mg 1 - 1 and a v e r y h i gh ammon i a conc en t r a t i on
o f 4 . 6 mg 1 - 1. Da y 1000 i n t h i s pe r i od s how s an a mmon i um
concen t r a t i on o f 5 mg 1- 1. L a t e r pea k s o f ammon i a ar e up t o
1 . 6 mg 1- 1 .
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T he I H mod e l s how s r eac h 5 abo v e T e d d i ngt on We i r
t o ha v e c ons i st en t l y t he h i ghes t mea n BOD . T he mod e l
a l so s how s mean DO l ev e l s abo v e o r c l ose t o sa t ur a t i on
f o r a l l r eac he s f o r a l l s i mu l a t i ons of r ec ur r enc e o f
d r ough t seq uence s und er bo t h t he Char t and MRB r egi me s .
On l y mi ner c hange s a r e i nd i c at ed w i t h d i f f e r ent management .
Suc h mean v a l ues ar e , howe v er • o f l i t t l e use i n a sses s i ng
t he i mp ac t o f w a ter q ua l i t y on t he ec o l ogy . . Of gr ea t e r
s i gn i f i c anc e a r e t he mi n i mum q ual i t y v a l ue s and , i n
par t i c u l a r , , t he l ow est DO .

Gi v en a r ec ur r ence o f t he 1944- 45 d r ough t seq uenc e
t he mod e l p r ed i c t s a sub s t an t i a l r e d uc t i on i n DO i n
r eac he s 3 , 4 and 5 un d er d e r egu l a t i on . Si mi l a r l y , , a
r ed uc t i on i n DO i n r eac hes 4 and 5 i s p r e d c te d g i v en a
r ec ur r enc e o f t he 1975- 76 d r oug h t . Howi v e r t he ma j o r
r e d uc t i on i n q ua l i t y ( po t ent i a l 1 y f a t a l f o r most f i s h
and man y i nv e r t eb r at e s ) p r e d i c t e d f or t he 1944- 45 seq uence
mi g h t be d i sc oun ted f o l l ow i ng i mp r o v emen t s i n ef f l uen t
t r eat me nt . T he r educ t i on i n mi n i mum DO f r om 7 . 75 t o
6 . 60 m$ 0 2 1- 1 i n sec t i on 4 an d f r o m 6 . 50 t o 5 . 80 mg
0 2 1 - 1 i n r eac h 5 , f or t he r ec ur r enc e of t he 1975-
76 d r ough t d oe s not a p pear t o be o f ma j o r s i gn i f i c ance
t o t he eco l ogy . . I n ad d i t i on t h e h i g h mean DO v a l ues
p r e d i c t e d f o r a l l r eac hes i nd i c a t e t h e p ar t l y e mp i r i c a l
na t ur e o f some f ac t o r s i n t he ox y gen de mand eq ua t i ons
use d i n t he mo d e l s . T her e w oul d a p p ear t o be a b i as
t ow ar d s d a y t i me sur f ac e w a t e r v a l ues o f DO w h i c h ma y
hav e been use d t o d e r i v e t he f ac tor s i n t he eq ua t i ons .
T hose w ou l d b e i nf l uenced b y p h y t o p l an k t on p r od uc t i on
of DO . Su b st ant i a l ox y gen sag i s 1 k e 1 y d ur i ng d ar k nes s
and a t d e p t h d ur i ng l ow t ur b u l ence c ond i t i ons and t h ese
w i l l b ecome mo r e ex t r eme a s f l ow s f a l l t o t he p r ed i c t ed
2006 l ev e l s .

Und er t h e p r ed i c t ed c ond i t i ons f or t h e y ear 2006 , a
l a r ge p r o p or t i on of t he t o t al f l ow o f t he r i v e r at T ed d i ngt on
d ur i ng p er i od s o f l ow f l ow w i l l be ma d e u p o f sew age
e f f l uen t . Wat e r q ua l i t y i n t he r i v e r w i l l b e s t r ong ] y
i nf l uenced b y t h e q ua nt i t y and q ua l i t y o f t hese e f f l ue nt s
and t he r e cou l d b e i nc r eases i n t he a l r ead y h i g h l ev e l
o f n i t r a t e s .

DO v a l ue s g i v en b y t he I MER mod e l f o r t he sec t i ons
b e l ow T e d d i ng t on We i r ap p ea r t o s h ow no eco l og i c a l l y
s i gn i f i c an t c hange s i n w a t e r q ua l i t y f o l l ow i ng d er egu l a t i on
o f f l ow s ov e r t he w e i r . How e v er t he same uncer t a i n t i e s
ov e r t h e e f f ec t s o f i nc r eased d e man d and ef f l uen t p r od uc t i on
and t he d i e l c y c l e , c ompoun ded b y unc e r t a i nt i es as soc i a t ed
w i t h t i d a l f l ow s , a p p l y .

5 . 3 . BACT ERI AL ECOLOGY ( J . H . Ba k er )

T he p o p u l a t i on s i ze o f t he sus pe nded b ac t e r i a i n r i v e r s
i s l a r ge l y i n f l uenc ed b y p r o l onged r a i ny per i od s and
d ur i ng p e r i od s o f s t ead y o r d ec l i ni ng d i sc har ge b ac t e r i a l
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n u m b e r s a r e mo r e o r l e s s c o n s t a n t ( Ba k e r Fa r r 19 7 7 ) .
T h e r e fo r e n o l a r ge e f f e c t o n t h e s i z e o f t h e s u s p e n d e d
b a c t e r i a l p o p u l a t io n i s a n t i c i p a t e d u n d e r MR13 .

Un d e r t h e e x i s t i n g s y s t e m a s u b s t a n t i a l d i s c h a r g e i s
ma i n t a i ne d o v e r T e d d i n g t o n We i r d u r i n g t h e s p r i n g a n d
e a r l y s u mme r o f a d r o u g h t y e a r . , b u t t h i s d i s c h a r g e
i s g r e a t l y r e d uc e d l a t e r i n t h e s u m me r . T h u s t h e r e s i d e n c e
t i me o f t h e w a t e r a b o v e T e d d i n g t o n i s s ub s t a n t i a l l y
g r e a t e r d u r i n g l a t e s u mme r c o m p a r e d w i t h e a r l i e r i n
t h e y e a r . T h e r e a r e b o t h a d v a n t a g e s a n d d i s a d v a n t a g e s
t o i n c r e a s e d r e s i d e n ce t i me o f r i v e r w a t e r . . ' T h e d i s a d v a n t a ge s
a r e ma i n ] y a s s o c i a t e d w i t h t h e r e d u c e d a h i l i t y t o f l u s h
o u t n o x i o u s • ma t e r ia l s w h i c h a r e b o t h h a r mf u l t o t h e
n a t u r a l r i v e r b i o l o g y a n d e x p e n s i v e t o r e mo v e f r o m
d r i n k i n g w a t e r s u p p l i e s . T h e q u a l i t y o f t h e w a t e r b o t h
a b o v e a n d b e l o w t h e we i r h a s b e e n gr e a t ] y i m p r o v e d
s i n c e t h e S t a t u t o r i l y P r o t e c t e d F lo w w a s i n t r o d u c e d
( Do x a t 19 7 7 ) . Ne v e r t h e l e s s i t i s s t i l l t r u e t o s a y i n
ge n e r a l t e r ms t h a t t h e mo r e w a t e r t h a t p a s s e s d o w n
t h e T h a me s t h e c l e a n e r i t w i l l b e .

T h e a d v a n t a g e s o f i n c r e a s e d r e t e n t i o n a r e a s s o c i a t e d
w i t h s e l f - p u r i f i c a t i o n . Ga n no n e t a l . ( 19 8 3 ) s h ow e d t h a t
f a e c a l c o l i fo r m b a c t e r i a d i s a p p e a r e d f r o m a r i v e r i mp o u n d me n t
i n Mi c h i g a n , USA . Se d i me n t a t i o n w a s i d e n t i f i e d a s t h e
mo s t 1 I k e l y c a u s e . A s i m i l a r p h e no me n o n p r o b a b l y o c c u r s
w h e n d i s c h a r g e i s r e d uc e d o v e r T e d d i n g t on We i r . . A l t h b u g h
t h i s r e p o r t i s n ot p a r t i c u l a r ] y - c o n c e r ne d w i t h f a e c a l
c o l i f o r m o r ga n i s ms t h e y ma y b e a s s u me d t o i n d i c a t e
t h e b e h a v i o u r o f . o t h e r no n - i n d i ge n o u s ba c t e r i a . An o t h e r
a s p e c t o f s e l f - p u r i f i c a t i o n i s t h e d e g r a d a t i d n o f p o l l u t a n t s
b y b a c t e r i a . So l o n g a s t h e p o l l u t a n t r e ma i n s i n t h e
w a t e r c o l u mn a n d o x y ge n i s n o t 1 i m i t i n g , d e g r a d a t i o n
b y b a c t e r i a o f a n y c a r b o n a c e o u s ma t e r i a l w i l l c o n t i n ue
a n d t h e d e g r e e o f d e g r a d a t i o n w i l l b e . p r o p o r t i o n a l t o
t h e r e s i d e n c e t i me .

Wi t h r e g a r d t o b e n t h i c b a c t e r i a l p r o c e s s e s , i nc r e a s i n g
d i s c h a r g e w i l l i nc r e a s e t h e r a t e a t w h i c h mi c r o b i a l
p r o d u c t s a r e r e mo v e d f r o m t h e s e d i me n t s u r f a ce . Ho w e v e r , ,
i n c r e a s e d d i s c h a r g e a l s o me a n s a d e c r e a s e i n s e d i me n t a t io n
r a t e a n d t h u s t h e s u p p l y o f s u b s t r a t e s t o t h e s e d i me n t
i s d e c r e a s e d . Of p a r t i c u l a r i m p o r t a n c e i s t h e d e n i t r i f i c a t i o n
p r o c e s s d u r i n g w h i c h b a c t e r i a r e d u c e n i t r a t e . Be c a u s e
t h e n i t r a t e i s , i n d i s s o l v e d r a t h e r t h a n p a r t i c u l a t e fo r m
i t s s u p p l y t o t h e b e n t h i c d e p o s i t s i s d e p e n d e n t o n
d i f f u s i o n a n d . t u r b u l e n c e r a t h e r t h a n s e d i me n t a r y p r o c e s s e s .
Ne v e r t h e l e s s d e n i t r i f i c a t i o n i s a n a na e r o b i c p r o c e s s
a n d i s mo r e l i ke l y t o b e c o n t r o l l e d b y t h e d e g r e e o f
a e r a t i o n 'o f t h e s e d i me n t t h a n b y t h e r a t e o f s u b s t r a t e
s u p p l y . S i n c e a e r a t i o n i s i n v e r s e l y p r o p o r t i o n a l " t o p a r t i c l e
s i z e , w h i c h i n t u r n i s d i r e c t l y r e l a t e d t o c u r r e n t v e l o c i t y ,
d e n i t r i f i c a t i o n i s I ke l y t o b e c o r r e l a t e d w i t h d e c r e a s i n g
d i s c h a r ge .
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T h e MRB r e g i me w o u l d p r o b a b l y r e s u l t i n t h e d i s c h a r g e
b e i n g mo r e c o n s t a n t o v e r T e d d i n g t o n We i r d u r i n g a d r o u g h t
w i t h n o s u d d e n e x t e n d e d r e d uc t i on . Al t h o u g h a n y o f
t h e p r o c e s s e s d i s c u s s e d a b o v e ma y b e p u s h e d s l i g h t ] y
o ne w a y o r t h e o t he r , , t h e o v e r a l l e f f e c t on t h e b a c t e r i o l o g y
o f t h e Ri v e r T h a me s i s 1 i ke l y t o b e ne g l i g i b l e .

5 . 4 . AT T AC HED ALGAE ( A . F . H . Ma r ke r )

T h e r e i s a t o t a l a b s e nc e o f q ua n t i t a t i v e d a t a o n t h e
a t t a c h e d a l ga e o f t h e Ri v e r T h a me s a n d v e r y f e w s t u d i e s
o f a n y d e s c r i p t i on e x i s t . T h e mo s t c o m p r e h e n s i v e s t u d y
w a s c a r r i e d o u t be t w e e n 19 8 0 a n d 19 8 3 b y Dr . . D . J o h n
o f t h e Br i t i s h Mus e u m (Na t u r a l Hi s t o r y ) w h o h a s k i n d l y
ma d e a v a i l a b l e i n d r a f t f o r m t h e r e s u l t s o f h i s q ua l i t a t i v e
s u r v e y .

T h e T h a me s i s nu t r i e n t r i c h a n d c a p a b l e o f s u p p o r t i n g
l u x u r i a n t g r o w t h s o f b e n t h i c a l ga e t o t h e e x t e n t t h a t
t h e y c o u l d b e c o me a n u i s a nc e , b e un s i g h t l y a n d d e t r a c t
f r o m t h e a me n i t ie s a v a i l a b l e t o t h e p u b l i c . T h e r e a s o n s
w h y t h i s h a s n ot o c c u r r e d i n t h e l ow e r T h a me s , s o
fa r , , i s f un d a me n t a l i n p r e d i c t i ng c h a n ge s t h a t c o u l d
t a ke p l a c e i n t h e f u t u r e .

T h e c h e m i c a l d a t a p r o v i d e d b y T WA , t h e i r d a t a o n t h e
p h y t o p l a n k t o n o f r e s e r v o i r s a n d t h e a n a l y s i s o f T h a me s
p h y t o p l a n k t o n i n t h i s r e p o r t c o n f i r m t h e e u t r o p h i c n a t u r e
o f t h e l o w e r T h a me s . T h e u p p e r r e a c h e s o f t h e T h a me s
a l s o a p p e a r t o b e h i g h l y e u t r o p h i c ; i n t h e no n - n a v i ga b l e ,
b u t p e r ma n e n t ] y f l ow i n g r e a c h e s a b o v e L e c h l a d e , Ra n un c u l u s  
b e c o me s e n t a n g l e d w i t h En t e r o mo r p h a a n d C l a d o p h o r a  
i n t h e s u mme r b e fo r e b e i n g r e mo v e d b y f l o o d s i n t h e
a u t u mn ( J o h n , p e r s . c o m m . ) . T h e a p p a r e n t a s s o c i a t i o n
o f C l a d o p h o r a w i t h n u t r i e n t - r i c h c o n d i t i on s h a s b e e n
n o t e d a l a r g e n u m b e r o f t i me s ( P i t c a i r n e & Ha w ke s 19 7 3 ;
Bo l a s & L u n d 19 7 4 ; Wo n g & C l a r k 197 6 ) . Be t w e e n L e c h l a d e
a n d T e d d i n g t o n t he T h a me s i s na v i g a b l e a n d d r e d ge d
t o a d e p t h o f a t l e a s t 2 me t r e s . Dr . . J o h n q u o t e s t h e
b e d o f t h e s e r e a c h e s a s c o m p o s e d o f un c o n s o l i d a t e d
mu d a n d s a n d w i t h " a l g a e r a r e l y fo un d g r o w i n g a t d e p t h s
g r e a t e r t h a n 0 . 5m • Be r r i e ( 19 7 2 a ) f o u n d a t t a c h e d a l g a e
p r e s e n t o v e r t h e w h o l e b e d o f t h e r i v e r a t Re a d i n g
b u t s u b s t a n t i a l g r ow t h s w e r e o n l y fo un d i n s h a l l o w a r e a s
( Rh i z o c l o n i u m ) . I n t h i s s h a l l o w w a t e r g r o s s p r i ma r y
p r o d u c t i o n e x c e e d e d 6 g 02 m - 2 d a y - 1 w i t h a ma x i mu m
i n J u l y o f o v e r 12g 0 2 m - 2 d a y - 1 . Mo s t o f t h e b e d
o f t h e s t r e a m i s d e e p e r , , c o v e r e d i n f l i n t s a n d c h a l k
l u m p s w i t h o n l y s ma l l p o p u l a t io n s o f a t t a c h e d a l g a e .

F u r t h e r d o w n s t r e a m , w h e r e t h e T h a me s i s d e e p e r a n d
mo r e c a n a l i z e d , ma r g i na l g r o w t h s c a nno t o c c u r b u t h o r i zo n t a l
b a n d s o f ma c r o a l g ae o c c u r t o a d e p t h o f 0 . 5m o n t h e
p i l e s a n d o t h e r p e r ma ne n t f i x t u r e s .

T h e r e a r e s e v e r a l f a c t o r s w h i c h p r o b a b l y i n t e r a c t i n
c o n t r o l l i n g t h e g r ow t h o f a t t a c h e d a l g a e i n t h e l o w e r
T h a me s .

a ) T h e r i v e r i s v e r y t u r b i d . C a l c ul a t i o n s p r o v i d e d
f o r t h e p h y t o p l a n k t o n i n t h i s r e p o r t c o n f i r m t h a t l i g h t
i s r a b i d l y a t t e n u a t e d a n d t h a t b e l ow 1m i r r a d i a n c e w i l l
b e t h e c r i t i c a l f a c t o r l i m i t i n g a l g a l g r o w t h .
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C l a d o p h o r a g r o w t h i s b e l i e v e d t o b e f a v o u r e d b y h i g h
l i g h t i n t e n s i t i e s ( r e v i e w e d b y Wh i t t o n 19 7 0 ) . T h e l o w e r
T h a me s c a r r i e s a s i z e a b l e p h y t o p l a n k t o n a n d f a l l s i n t o
t h a t c a t e go r y o f r i v e r w h e r e p h y t o p l a n k t on p r e d o m i n a t e s
o v e r p e r i p h y t o n -( Va n no t e e t a l . . 19 80 ) . T h e . r i v e r c o n t i n u um
c o nc e p t p r e d i c t s a s w i t c h • f r o m p e r i p h y t o n t o p h y t o p h y t o n
i n a p p r o x i ma t e l y 7 t h . o r d e r s t r e a m s . Ho w e v e r , , t h e l o w e r
T h a me s i s p r o b a b l y a 5t h o r d e r . s t r e a m , a l t h o ug h c o n s e r -
,v a t i v e l y e s t i ma t e d a s 4 t h o r d e r b y S m i t h & L y l e ( 197 9 ) .
• T h e r e i s n o .in h e r e n t c o n t r a d i c t i o n h e r e • b e c a u s e r i v e r

s y s t e m s i n s o u t h e r n En g l a n d . h a v e r e l a t i v e l y f e w t r i b u t a r i e s .

b ) Bo a t t r a f f i c p r o v i d e s a c o n t i n uo u s d i s t ur b a n c e t o
t h e r i v e r b e d , h i n d e r i n g t h e a nd h o r i n g o f a l g a e . Co n t i n uo u s
r e s u s p e n s i o n o f s i l t a n d s a n d w i l l d e c r e a s e l i g h t p e ne t r a t i o n .

An y i n c r e a s e i n s u mme r f l o w s s h o u l d b e b e n e f i c i a l .
Re d u c t i o n s i n s u m me r f l o w s . ( e v e n i f t h i s , i s no t t h e
c u r r e n t i n t e n t i o n ) c o u l d . . l e a d t o a n u m b e r • o f p r o b l e ms .
Wa t e r v e l o c i t i e s a r e a l r e a d y l o w d u r i n g d r y p e r i o d s
( < 10 c m ) . F u r t h e r r e d uc t i o n s c o u l d l e a d t o i nc r e a s e d
l i g h t p e n e t r a t i o n d ue t o s e d i me n t a t i o n o f s u s p e n d e d
s o l i d s a n d h e n c e t o a n . i nc r e a s e i n f i l a me n tou s , a l g a e
i n t h e r i v e r , , u n l e s s t h e r e i s a n e q u i v a l e n t i n c r e a s e
i n p h y t o p l a n k t o n . Wh i t e h e a d & Ho r n b e r ge r ( 19 82 ) r e f e r
t o Mi c r o c y St i s i n t h e T h a me s d u r i n g t h e : d r o u g h t o f
19 7 6 , - e n c o u r a ge d p e r h a p s b y t h e p r o l o n ge d lq w f l o w s .
J o h n ( p e r s . c o mm . ) r e f e r s - t o f l o a t i n g g r o w t h s- o f En t e r o mo r ii h a
i n t h e b a c k w a t e r s . Re d u c t i on S i n f l o w d u r i n g lo n g , d r y
s u mme r s w i l l e n c o u r a ge t h e • g r o w t h o f ' En t e r o mo r p h a
p o s s i b l y l e a d i n g t o t h e i n v a s i o n o f t h e ma i n : r i v e r . .

I n t h e t i d a l p a r t o f t h e T h a me s t h e c h a ng e i n s t a t u t o r y
c on t r o l . , w i l l h a v e l i t t l e . e f f e c t o n - t h e s a l i n i t y . T h e r e
a r e u n l i k e l y ' t o b e mo r e t h a n m i n o r c h a n g e s t o t h e d i s t r i b u -
t i o n o f f r e s h w a t e r a n d s a l i n e s p e c i e s r e p o r t e d b y T i t t l e y
& P r i c e ( 19 77 ) .

5 . 5. P HYT OP LANKTON (C . S . Re y n o l d s )

5 . 5 . 1 . In t r o d uc t:i o n

T h i s s e c t i o n s e e k s ( a ) t o e s t a b l i s h l a r ge l y b y
t o t h e a v a i l a b l e l i t e r a t u r e , t h e na t u r e a n d

. d i s t r i b u t i o n o f p h y t o p l a n k t o n p o p u l a t i o n s i n t h e
T h a me s , ( b ) t o o f f e r s o me a c c o un t
e n v i r o n me n t a l , f a c t o r s i n g e ne r a t i n g
a nd ( c ) t o nia k e s o me p r ognos e s
o f t h e p h y t o p l a n k o n t o -r e d u c e d
f l o w s , b*a s e d u p o n t h e p r e c e d i n g
ne c e s s a r y t o e mp. h a s i z e a t t h e o u t s e t
a s s u me t h a t t h e r e i s no u p s t r e a m
d i s c h a r g e s i n t o t h e l o we r T h a me s ,
c o u l d we l l a f f e c t t h e a p p l i c a t i o n o f t h e
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5.5.2. The present position

5.5.2 .1. General features of river phytoplankton populations

The phytoplankton of rivers has apparently attracted
relatively less interest of researchers than has that

of lakes and reservoirs or of the seas. Nevertheless,
the many qualitative descriptions available (e .g . Allen
1913; Williams 8. Scott 1962 ; Greenberg 1964 ; Swale
1969 ; Hynes 1970; Lack 1971; Houghton 1972; Whitton
1975) enable some general conclusions to be drawn

(i) That river-borne algae comprise three elements

a)  Benthic algae, derived from epilithic or epiphytic:
populations;
b) lake phytoplankton, derived from inflows draining
standing waters or from impoundments along the water
course itself;
c) a true river phytoplankton (or potamoplankton),

not always conspicuously different in composition from

(b), that develops within the flowing water itself.

For some time, the existence of (c) was disputed but
quantitative studies  (see  later) attest to prolific in
situ growth . The relative proportions of these elements
depends upon the length and flow rate . Mean velocities

of less than 0 .5 m s-1 appear to be critical to the
successful development of (c), whether or not the inocula
are supplied principally as (b) (Gessner 1955).

(ii) That true plankton (c) typically increases absolutely
and relative to (a) downstream .

(iii) That this true plankton is characteristically
dominated by diatoms, especially by centric species
of Stephanodiscus, Cyclotella , Melosira, less commonly
by pennate species of Asterionella , Nitzschia, Chlorococcales
are also well represented (Chlorella , Ankistrodesmus,
Scenedesmum, a.o .), as are Volvocales Chlamydomonas.
Gonium, Pandorina); Cryptophyceae and Chrysophyceae
are less common ; cyanobacteria, such as Anabaena,
Aphanizomenon and M icrocystis, rarely grow well in
temperate rivers, except in very sluggish situations,
though they form an important component in long, tropical
or sub-tropical rivers. According to the treatments of
Reynolds (1984 a,b), the plankton flora of rivers is
characterised by invasive ("reselected") species, suggesting
an unstable immature biotype , in a permanent state
of colonization .

(iv) That true phytoplankton populations in temperate
latitudes fluctuate in time : generally, biomasses are
low in winter, increasing through summer, often in two
main pulses (v iz. April-May, August-September,  in  the
northern hemisphere). The earlier of these is typically
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ov er w he l mi ng l y domi na te d b y . d i a t oms . T he y a r e a l so
of t en p r omi nen t i n t he l a t e r pu l se , t hough o t her g r oup s
(e s pec i a l l y C h l o r o p h y ceae ) a r e r e l a t i v e l y mo r e ab undan t
and e v en d omi nant a t t h a t t i me .

5 . 5 . 2 . 2 . Ph y t op l an k t on i n t he T hames

Document at i on o f t he p h y t op l an k t on of t he T h ames , w h i c h
i s p r ob ab l y as ex t en si v e as f o r any o t he r U . K . r i v e r
b ot h h i s t o r i c a l l y ( Has sa l l 1850 ; Fr i t sc h 1902 , 1903 ;
Ri ce 1938 ) and i n t he numb e r o f mor e r ecen t c on t r i b u t i ons
( w h i c h i nc l ud e : Mc Gi l l 1969 ; L ac k 1969 ,  197 1 ; Lac k
& Be r r i e 1975 ; Lac k , Youn gman & Co l I i ngw ood 1978 ;
Ev ans & Mc Gi l l 1970 ; Ev ans 197 1; Bow l e s Quenne l l
1971 ; Kow a l c zew s k i & L ac k 1971; Be r r i e 1972 a , b ) ma y
b e r ev i ew ed aga i ns t t h i s gene r a l b ac k gr ound . T he f o l l ow i ng
p o i n t s ma y be emp has i zed .

( i ) T h at , t o j ud ge  f  r om t he st ud i e s of Mc Gi l l ( 1969 ) ,
Bow l es & Quenne l l ( 197 1) , Lac k ( 197 1 ) and Lac k e t
al . ( 1978 ) . t he T hames p l an k ton i s d omi na t ed t h r oug h
muc h o f t he y ear and a l ong muc h of i t s l eng t h ( Ox f o r d
t o Wa l t on- on- T hame s ) b y t he c ent r i c d i a t om , St ep hano d i sc us  
h ant z sc h i i Gr unow . - T oget h er • w i t h ot h e r c ent r i c d i at om
s p ec i es (C y c l o t e l l a  , Me l o s i r a  ) , pea k po p ul at i ons i n
s p r i ng and l a t e summer ma y accoun t f o r 90% o f t he a l ga l
c e l l s p r esen t a t Read i ng ( L ac k • 197 1) and Wa l t on ( Mc Gi l l
1969 ) . Penna t e d i a t oms ( Ni t z sc h i a  , Sy ne d r a sp p . ) a r e ,
a t t he p r esent t i me , on l y r a r e l y d omi nan t , p r i o r t o
o r i mmed i at e ] y f ol l ow i ng t h e . St ep h ano d i sc us ep i sod es ,
t hough t he y s har e a s i mi l a r seasona l i t y o f abund ance .
T her e h as b een an a p par en t c hange o v er t he l a st 80
y ear s o r so , i n t ha t Fr i t sc h ( 1902 , 1903 ) r ec or d ed
gr ea t e r r e l a t i v e f r eq ue nc i e s o f Ast e r i one l l a  , Fr ag i l a r i a  
and Sy ned r a  , t houg h Me l os i r a v a r i an s d omi na t e d i n Ma y ;
d i f f e r ences i n met h od ol ogy coul d ac coun t f o r t h e d i f f e r ence s
i n t he p os i t i on o f t he c o l l ec t i ons , t houg h Ri ce ( 1938 )
r eco r d s a l t e r na t i on be t w een S . han t z sc h i i and M . v a r i ans  
d omi nance . T he c hange ma y we l l b e r ea l • t he r ef o r e ,
and cou l d be ex p l a i ne d I n t e r ms o f i nc r eas i ng nu t r i en t
l oad i ngs on t he r i v e r .

Be t w een t he s p r i ng and summer b i omas s pea k s , C h l o r o p h y c eae
i nc r ease t o c onst i t u t e a l a r ge p r o po r t i on of t he mi d s umme r
b i oma s s mi n i mum : An k i st r ode smus and Scened esmus a r e
t he mos t commo n gene r a r ep r esente d , w i t h l e s ser conc en t r a -
t i on of C h l amy domona s , Gon i um , Pand or i na  , Pe d i ast r um
and Di c t y os p h aer i um s p p .

Ot her a l ga l g r oup s a r e f r eq uent l y r e p r esen te d i n b ac k
gr ound numb e r s t ha t , a par t ' f r om t he C r y p t op h y ceae ,
s how l i t t l e sust a i ne d i nc r ease ( L ac k 197 1 ) . How ev er , ,
Wh i t ehea d & Hor nb er ge r ( i n p r e ss ) ma ke r efe r ence t o
a M i c r oc y s t i s ' b l oom ' , c on f i ned t o t h e • l ower T h ames
( St a i ne s- T ed d i ng t on ) , t ha t d ev e l o ped d ur i ng t he l ow -
f l ow , , h i gh - t emp er a t u r e s umme r pe r i od of 1976 .
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( i i ) Lo n g i t u d i n a l d i f f e r e n c e s i n t h e me a n s a n d ma x i ma
o f t h e p h y t o p l a n k t o n s t a n d i n g c r o p , p r e s e n t e d v a r i o u s l y

b y Bo w l e s & Que n n e l l ( 19 7 1 ) a nd L a c k e t a l . ( 197 8 )
a s t o t a l p a r t i c u l a t e v o l u me (T P V ) c h l o r o p h y l l c o n c e n t r a t i o n

a n d c e l l c o un t s , s h o w t h e e x p e c t e d i n c r e a s e s i n ma g n i t u d e
d o w n s t r e am i n t he c l a s s i c ma n ne r ( c f . Gr e e n b e r g ( 19 6 4 ).
P e a k s a t Me d me n h a m c f . S t a i ne s o r Wa l t o n i n S p r i n g ,

19 69 , fo r i n s t a n c e , i n T PV ( 8 c f 14 p 1- 1 ) , c h l o r o p h y l l -
a ( 7 4 c f 8 0 p g 1 - 1 ) a n d S . h a n t z s c h i i c e l l s ( 19 . 9 x
10 c f 2 9 . 7 x 10 6 c e l l s 1 - 1 ) w e r e r e c o r d e d b y Bo w l e s

& Qu e n ne l l ( 197 1 ) . La c k e t a l . ( 19 7 8 ) s h o w e d s i mu l t a n e o u s

c h l o r o p h y l l - a ma x i ma fo r 6 s t a t i o n s b e t w e e n Re a d i n g

a n d Me d me n h a m f r o m 7 0 t o n e a r l y 100 p g 1 - 1. In c i d e n t a l l y
t h e s e d a t a s u p e r f i c i a l l y s ug g e s t t h a t t h e c h l o r o p h y l l

c o n t e n t o f S . h a n t z s c h i i i s e q u i v a l e n t t o s o me 3- 4
p g ( 10 6 c e l l s )7T , t h o u g h n o t a l l t h e c h l o r o p h y l l i s n e c e s s a r i l y

i n t h e d i a t o m s , no r i n a l g a e a t a l l ; a f r a c t i o n ma y

b e p r e s e n t i n t h e s u s p e n d e d o r ga n i c ma t t e r w h i c h , i f
no t s e p a r a t e ] y a na l y ze d , e l e v a t e s t h e a p p a r e n t c o n t e n t
o f h e a l t h y c e l l s . La c k e t a l . ( 19 7 8 ) c o m me n t t h a t i n

s o me o f t h e i r e s t i ma t e s , t h e c h l o r o p h y l l c o n t e n t w a s
e q u i v a l e n t t o o n l y 1 . 1 pg ( 10 6 c e l l s ) - 1, t h a t i s , w i t h i n

t h e r a n ge q uo t e d b y Re y no l d s ( 19 8 4a ) f o r l a ke p o p u l a t i o n s .
Yo un g ma n ( i n B o w l e s & Qu e nne l l 19 7 1 ) r e f e r r e d t o WRA-

d a t a t h a t a t h i g h d i s c h a r g e s , r e c o r d e d c h l o r o p h y l l

c o nc e n t r a t i o n s c o u l d b e a s h i g h a s 6 0 p g 1- 1 w i t h o u t
a n y s i g n i f i c a n t p h y t o p l a n k t on b e i ng p r e s e n t . Re g r e s s i ng
t h e c h l o r o p h y l l co n t e n t a g a i n s t t h e c o r r e s p o n d i n g d i a t o m

p o p u l a t i o n s f o r t h e p e r i o d Ap r i l - Ma y 19 69 , p r e s e n t e d
i n Bo w l e s & Que n ne l l , g i v e s i n t e r c e p t v a l u e s  ( E ' b a c k gr o un d '

c h l o r o p h y l l ) o f 1 7 p g 1 - 1 a t Me d me n h a m a n d 2 9 a t Wa l t o n ,

w i t h s l o p e s o f 2 . 9 a n d 4 . 6 p g ( 10 6 c e l l s ) 1- 1 r e s p e c t i v e l y .
T h e s e d a t a a r e r e l e v a n t t o t h e c o n s i d e r a t i o n o f t h e

fa c t o r s d e t e r mi n i ng ma x i ma l d i a t o m p o p u l a t i o n s , i n t h e
r i v e r ( s e e 5 . 5 . 2 . 3 . ) .

( i ) I n s p i t e o f t h e e x p e c t e d d o w n s t r e a m i n c r e a s e s

i n b i o ma s s , n o n e o f t h e d a t a p r e s e n t e d b y La c k e t

a l . ( 197 4 ) s ug ge s t t h a t ma x i ma p a s s d o w n s t r e a m . Se v e r a l
p e a k s i n t h e Ap r i l - Ma y p e r i o d o c c u r r e d s i mu l t a ne o u s l y

a t a l l s i x s t a t i on s ( s p a n n i n g 2 1 k m o f r i v e r ) ; t h e i r

c o l l a p s e s d i d s o t o o . T h e a u t h o r s a n t ic i p a t e d t h a t t h e
2 - 3 d a y s r e q u i r e d fo r r i v e r w a t e r t o t r a v e r s e t h i s

d i s t a n c e w a s s uf f i c i e n t fo r f u r t h e r d i v i s i o n ( d i r e c t

i n c r e a s e ) t o p e r c e p t i b l y l a g t h e p e a k s . T h e s e d a t a p a r a l l e l
t h o s e o f Gr e e n b e r g ( 19 6 4 ) i n s u gge s t i ng t h a t o ne o f
t h e p r i n c i p a l t e ne t s a b o u t t h e e f f e c t o f f l o w on t h e

e c o l o g y o f p l a n k to n i n r i v e r s - t h a t p o p u l a t i o n s a r e

mo v e d d o w n s t r e a m - i s a mi s c o n c e p t i on .

5 . 5 . 2 . 3 . T h e e f f e c t o f F l o w

Ne t i n c r e a s e i n p h y t o p l a n k t on i s d e p e n d e n t u p o n t h e

s i mu l t a ne o u s s a t i s fa c t io n o f t h e i r e ne r g y a n d n u t r ie n t
r e q u i r e me n t s t o s u s t a i n g r o w t h t o t h e e x t e n t t h a t i t

e x c e e d s a l l s o u r ce s o f l o s s ( r e s p i r a t io n , e x p l o i t a t i o n ,
d e a t h a n d o u t w a s h ) . I n r i v e r s , t h e d y n a mi c b a l a n c e

i s c l o s e l y l i n ke d t o t h e o f t e n o v e r r i d i ng e f fe c t s o f t h e
f l o w .
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Whe r e r easonab l e d at a, . se t s ex i s t , i t i s ap par en t t h a t
t he r e •• i s a c r i t i ca l l ev e l of d i sc har ge ab ov e w h i c h p h y t o -
p l an k t on concent r at i on f a i l s• t o i nc r ea se o r i s ac t i v e ] y
r e d uced ' ( Bu t c her 192 4 ; Bu t c he r , , Longw e l l & Pen t e l ow
1937 ; Swa l e 1964 , 1969 ). • I n t he • T h ames , . ap pr ox i ma t e
c r i t i c a l d i sc har ge s ar e 40 m 3 s - 1 at Rea d i ng ( Lac k 197 1) ,
.1, 50 m 3 s - 1 at Med menharn ( L ac k e t a l . 1978 ) and nea r e r

70 m 3 s - 1 at Wa l t on - on- T hame s ( f r om da t a p r esen t ed
b y Bow l e s & Quenne l l 197 1 ) . T he gene r a l i i ed i mp l i c a t i on
i s t ha t w hen c r i t i ca l d i sc har ge i s ex ceed ed , . t hen p l an k t on
max i ma a r e sw ep t dow ns t r eam . . Ye t " t he s i mu l t ane i t y
of b l oom and co l l ap se ev en t s a l ong v ast l eng t h s of r i v e r , ,
r e f e r r ed t o i n 5 . 5 . 2 . 2 . ( ) sugge st t ha t . t he r e l a t i ons h i p
i s mor e comp l ex . • T h at t he r e l a t i ons h i p i s cen t r a l t o
t he p r ognoses about e f f ec t s o f a l t e r ed d i sc har ge s i n
t he l ow e r T hames , demand s f u r t he r anal y s i s of t he
comp l ex i t i e s .

T h r ee i n t e r ac t i ng compone nt s c an b e r ead i l y i dent i f i e d :
t he h y d r au l i c ef f ec t s o f f l uc t ua t i ng d i sc har ge p er se ;
t he i mpac t on v e l oc i t i es ; and t he i mp ac t upon t u r b i d i t y . .

( a ) Di sc ha r e e f f ec t s . . I nc r eased d i sc har ge i s b r ough t
ab ou t b y t he ( usua l l y ) - a b r u p t augment a t i on o f f l ow b y
ad d i t i ona l , l a r ge l y p l an k t on- f r ee sour ces of w a t er , , w h i c h
d i l u t e t he e x i s t i ng . p l an k t on sus pens i on . I n r ea l i t y , ,
t h e t o t a l numb e r of o r gan i sms p r e sent need no t be a l t e r ed .
L ac k ( 197 1) h as p r ov i d ed a gr a p h i c i l l ust r a t i on of t h i s
e f f ec t . I n Ma y , 1967 h e o b se r v ed a pea k of 26 . 5 x
109 c e l l s m- 3 of S . han t z sc h i i a t a s t a t i on near Rea d i ng ,
w hen , t he d i sc har ge w as 12 . 7 m 3 s - 1; One w ee k ' l a t e r , ,
d i sc ha r ge 'had •i nc r eased t o 85 m3 ' s - 1 and t h e po pu l a t i on
had f a l l en t o 3 . 6 x 10 9 c e l l s m 3 • I n b o t h i nst ance s ,
t he d i sc har ge o f d i a t oms -( 337 x 109 , 306 x 109 s - 1)
i s s i mi l a r . Pu t ano t her w a y , t he f ac to r s f o r d i l u t i on
and i nc r eased d i sc har ge a r e a l mos t . i d ent i c a l . . Mor edv er , ,
t he e f f ec t w oul d be con t emp or aneous l y s i mi l a r • a l ong
muc h o f t he ' dow ns t r eam r eac hes .

( b ) Ve l oc i t y i s a f unc t i on o f d i sc har ge on mean c r os s -
sec t i ona l a r ea . I t i s w e l l k now n t h a t v e l oc i t y v a r i e s ,
i nd e pend ent l y of d i sCh ar ge , w i t h c h annel sec t i on t o
g i v e t he f ami l i a r poo l - r i f f l e a l t e r na t i on . A par t f r om
d e t a i l ed c r os s - sec t i ons i l l ust r at e d i n Be r r i e ( 1972a )
and t o measur emen t s r e f e r r e d t o -b y ' L ac k ( 197 1 ) an d
b y Ko w a l c zew k i & L ac k ( 197 1) , I h av e f ound l i t t l e i nf or mat i on
on w h i c h t o f o r mu l a t e any i nd epend en t v e l oc i t y / d i s c har ge
r e l a t i on f o r sp ec i f i c r eac hes o f t he T h ames , t houg h
sev er a l aut ho r s ha v e • g i v en mean • v e l oc i t y f i gu r es .
T hese l a t t e r t a ke' - t he f o r m o f r i v e r d i s t ance t r a v e l l e d
pe r d a y o r mor e , w h i c h i s a he l p f ul measur e i n ass es s i ng
p o p u l a t i on ' r ecov er y ' d ow nst r eam , i n t he sen se of d i s t ance
t r av e r sed per  .c e l l  doub l i ng . Ve l oc i t y does not i nc r ea se
i n d i r ec t p r o por t i on t o d i sc har ge i n r i v er s - i nc r eased
d i sc h ar ge i s pa r t c ompensa t ed b y •an I nc r ea se i n l e v e l
and , i n ex t r eme s , i n w i d t h ( f l ood i ng ) .- t o • g i v e an i nc r eased

19 1 .



c r o s s - s e c t i o na l a r ea . Da t a o f t h e fo r me r T h a me s C o n s e r v a n c y

p r e s e n t e d b y Bo w l e s & Que n ne l l ( 197 1 ) s h o w h o w t r a v e r s e

t i me s f r o m a s e l e c t i o n o f u p s t r e a m p o i n t s a r e a l t e r e d

t o s u s t a i n g i v e n d i s c h a r ge s a t Te d d i n g t o n . T h u s , 36 h

i s t h e o r e t i c a l l y r e q u i r e d t o t r a v e l 12 8 k m f r o m Ox f o r d

t o Wa l t o n, t o ma i n t a i n a d i s c h a r ge o f 2 6 3 m 3 s - 1 ( me a n
v e l o c i t y 0 . 99 m s - 1 ) ; a t 52 . 5 m3 s - 1, 9 6 h i s r e q u i r e d

( 0 . 37 m s - 1 ) ; a t 13 m 3 s - 1 , t h e r e q u i r e me n t i s 16 8 h

( 0 . 2 1 m s - 1 ) . T h e e q u i v a l e n t t r a v e l - t i me s i n t h e l o w e r

T h a me s ( Win d s o r - Wa l t o n , 32 k m ) a r e 9 , 2 4 a n d 4 2 h r e s p e c -

t i v e l y . T h u s , a 20- f o l d v a r i a t i o n i n d i s c h a r g e i s s u s t a i ne d

b y a 5- fo l d v a r i a t io n i n me a n v e l o c i t y . . Eq u a l l y , , f o r

2 - fo l d v a r i a t i o n s i n d i s c h a r ge b e t w e e n Re a d i n g a n d Me d me n h a m

( 2 1 k m ) L a c k e t a l . ( 19 7 8 ) e s t i ma t e d o n l y a 1 . 5 - f o l d

v a r i a t i o n i n t r a v e r s e t i me ( e q u i v a l e n t t o 2 - 3 d a y s ,

o r 0 . 0 8 - 0 . 12 m s - 1 ) . I n c i d e n t a l l y , , t h e i r d a t a i mp l y

a c o r r e s p o n d i n g v a r i a t i o n i n me a n c r o s s - s e c t i o na l a r e a ,

% 37 5 t o % 50 0 m
2 , w h i c h a g r ee s t o l e r a b l y w i t h t h e

a r e a r e p r e s e n t e d i n t h e s e c t i o n o f Be r r ie ( 19 72a ) .

T h e s e t r a v e r s e t i me s mu s t b e s e t a ga i n s t t h e n e t d o u b l i n g -

t i me s o f r i v e r a l g a e ( s e e l a t e r ) . We r e t h e d o u b l i n g

t i me 2 4 h , fo r i ns t a n c e , t h e a l g a l p o p u l a t i o n c o u l d b e •

e x p e c t e d t o i n c r e a s e b e t w e e n Ox fo r d a n d Wa l t o n b y

a f a c t o r o f 1 . 6 a t t h e h i g h e s t d i s c h a r ge q u o t e d , b u t

b y 12 7 t i me s a t t h e l o w e s t . Be t w e en Wi n d s o r a n d Wa l t o n ,

t h e f a c t o r s w o u l d b e 1 . 3 a n d 5 . 8, r e s p e c t i v e l y . So l o n g

a s g r o w t h i s not l i m i t e d b y a n y o t h e r f a c t o r t h e r e

i s no t h e o r e t i c a l b a r t o p o p u l a t i on i nc r e a s e a l o n g t h e

r i v e r l e n g t h . How e v e r , , t h e d i s t a n c e t r a v e r s e d p e r p o p u l a t i o n

d o u b l i n g w i l l d e t e r m i ne h o w mu c h gr o w t h c a n t a k e p l a c e

i n a r i v e r fo r a g i v e n d i s c h a r ge ; g i v e n u n i f o r m f l o w

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

d e t e r m i n e t h e v e lo c i t y w h e r e i n d ow n s t r e a m g r o w t h m i g h t

b e c o me s i gn i f i c a n t . T h e d a t a o f Bo w l e s & Que nn e l l ( 19 7 1 )

s u g ge s t t h a t t h e s p r i n g ma x i mu m wa s n o t i n i t ia t e d b e f o r e

me a n v e l o c i t y f e l l b e l o w 0 . 3 m s - 1 , w h e r e a s h i g h a l g a l

a b u n d a n c e c o i n c i d e s w i t h v e l o c i t i e s o f < 0 . 1 m s - 1 ( Yo u n g ma n ,

i n t h e s a me p a p e r ) .

Di r e c t e s t i m a t e s o f t r a n s i t t i me s , h ow e v e r , , o f t e n u n d e r e s -

t i ma t e t h e t r u e p a s s a ge t i me s . T h e r e i s t h e r e fo r e a n

a d d i t i o n a l e f f e c t o f me a n v e l o c i t y o n p h y t o p l a n k t o n

t h a t c a n b e d e r i v e d o n t h e o r e t ic a l g r o u n d s , b u t fo r

w h i c h f e w c o n c r e t e d a t a e x i s t . T h i s e f fe c t i s d u e t o

t h e n a t u r e o f r i v e r c h a n ne l s a n d t o f r i c t io n a l r e s i s t a nc e

t o a c c e l e r a t i o n . Ac r o s s a n y g i v e n s e c t i on o f r i v e r t h e r e

e x i s t s a w i d e s p e c t r u m o f i n s t a n t ane o u s v e l o c i t i e s . Aw a y

f r o m t h e b a n k s an d b o t t o m , t h e wa t e r f l o w s r e l a t i v e l y
r a p i d l y b u t i s s l owe d d o w n i n c o n t ac t w i t h s o l i d s u r f a c e s ,

i n c l u d i n g w e e d g r ow t h . In a n un p ub l i s h e d r e p o r t , D . F .

We s t l a k e s h o w e d h ow a c o m b i n a t i o n o f f l ow d i s t r i b u t i o n s

m i g h t a f f e c t t h e e x p o ne n t i a l g r o w t h o f a l g a e i n a s e c t i o n

o f a r i v e r . . He c o n s i d e r e d a t h e o r e t i c a l c r o s s s e c t i o n

i n w h i c h h a l f t h e w a t e r t r a v e r s e d a t 20 k m d ( 0 . 2 3

m 5 - 1 ) a n d h a l f a t 10 k m d ( 0 . 12 m 5- 1 ) . Ov e r a

d i s t a n c e o f 300 km w i t h a d o u b l i n g t i me o f 0 . 5 d
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a l g a e i n t h e f a s t w a t e r w o u l d u n d e r g o 7 . 5 d i v i s i o n s
( 18 1- fo l d i n c r e a s e ) b u t 1 5 ( 32 , 8 0 0- fo l d i n c r ea s e ) i n
t h e s l ow e r w a t e r . . I f t h e w a t e r s w e r e f u l l y i n t e g r a t e d
a f t e r 30 0 k m , t h e p o p u l a t i o n i n c r e a s e i n t he w h o l e
w o u l d b e e q u i v a l e n t t o 16 47 0 t i m e s . Ye t i f t h e s a me
d i s c h a r ge w e r e t r e a t e d a s a s i n g l e m e a n ( 15 k m d - 1)
o n l y 10 d i v i s i o n s ( 102 0- fo l d i n c r e a s e ) c o u l d b e a c c o mmo d a t e d .
In t h e T h a me s , t h e p r e s e n c e o f l o c k s a n d w e i r s m i g h t
f u r t h e r e n h a n c e t h i s e f fe c t . I t i s p o s s i b l e t h e n , t o
c o n c e p t ua l i z e a r i v e r a s h a v i n g a d o m i n a n t f l o w p a t t e r n
b u t , s u p e r i m p o s e d u p o n i t , a " r e s e r v o i r ' o f p o o l s ,
e d d i e s , b a y s , b a c k w a t e r s f r o m w h i c h t h e ma i n f l o w
i s ' r e s e e d e d ' c o n t i nu o u s l y ( c f . Wa r w i c k 19 6 4 ) . *T h e ' r e s e r v o i r '
w o u l d a l t e r i n s i z e a n d c a p a c i t y w i t h d i s c h a r ge : h i g h
d i s c h a r g e s w o u l d me a n p r o p o r t i o na t e l y mo r e o f t h e r i v e r
o p e r a t e s a s a r a p i d - f l ow "p i s t o n • ; l o w d i s c h a r ge s w o u l d
p e r m i t r e g r o w t h i n t h e r e v i t a l i z e d r e s e r v o i r s . A p p l i e d
t o t h e T h a me s , t h i s mo d e l c a n no t b e e v a l ua t e d b u t mu s t
s e r v e t o e n h a n c e t h e e f f e c t s o f d i s c h a r ge u p o n i n s t a n t a n e o u s
v e l o c i t y d i s t r i b u t i o n a n d , t h u s , u p o n p h y t o p l a n k t o n
g r o w t h a n d d e p l e t i o n .

( c ) T u r b i d i t y . . Va r i a t i o n s i n d i s c h a r g e a r e ge n e r a l l y
a c c o m p a n i e d b y i n c r e a s e s i n t h e s u s p e n d e d l o a d , w h i c h
i n c l u d e s c a t c h me n t - d e r i v e d s i l t s , c l a y p a r t i c l e s a n d
o r g a n i c ma t t e r , , a u t o c h t h o no u s l y d e r i v e d v e ge t a l m a t t e r ,
n o n - p l a n k t o n i c a l ga e w a s h e d o f f s t o ne s a n d p la n t s a n d
b e n t h i c g r o w t h s , s u s p e n d e d b y . t h e c u r r e n t , b e s i d e s
t h e p o t a mo p l a n k t o n l o a d . T h e s e e f f e c t s ma y b e a t t r i b u t e d
t o t h e i n c r e a s e s i n e r o s i o na l s c o u r a n d i n c a r r y i n g
c a p a c i t y ( ' c o m p e t e n c e ' ) a s s o c i a t e d w i t h a cc e l e r a t i ng
v e l o c i t y a n d t o t h e a d d i t i o na l ma t e r i a l - l o a d s w a s h e d
i n t o t h e r i v e r b y t h e s u r f a c e- a n d t h r o u g h - f l ow s t h a t
f e e d t h e h i g h e r d i s c h a r ge s . T h e p r e s e n c e o f t h e s e ma t e r i a l s
p ot e n t i a l 1 y i nc r e a s e s t h e v e r t i c a l a t t e n ua t i o n of 1 i g h t
t h r o u g h r i v e r w a t e r s , r e n d e r i n g p r o p o r t i o n a t e l y l e s s
o f t h e v o l u me c a p a b l e o f s u p p o r t i n g ne t p l a n k t o n i c p h o t o s y n -
t h e s i s a n d n e t g r o w t h . T h a t s o me r i v e r wa t e r s a r e
d i s t i n c t l y c o l o u r e d ma y c on t r i b u t e m e a s u r a b l y t o t h e
s a me e f f e c t . S i n c e i t i s , s u p e r f i c i a l ] y , a v e l o c i t y -
r e l a t e d f u n c t i o n , i t i s d i f f i c u l t t o s e p a r a t e t h e e f f e c t
o f i n c r e a s e d t u r b i d i t y p e r s e f r o m o t h e r d e p r e s s i v e
e f f e c t s o f i n c r e a s e d d i s c h a r ge . Ye t t h e y m a y w e l l b e
s i g n i f i c a n t , a s Wi l l i a ms ( 19 6 4 ) h a s s h o w n : h e a t t r i b u t e d
w i n t e r g r o w t h o f p l a n k t o n i c d i a t o m s i n No r t h Ame r i c a n
r i v e r s , d e s p i t e n e a r - f r e e z i n g t e mp e r a t u r e s a n d s u s t a i ne d
f l o w s , t o t h e f a c t t h a t l i t t l e s i l t w a s wa s h e d i n w h e n
t h e g r o u n d w a s f r o ze n .

I a m u n a w a r e o f a n y p u b l i s h e d me a s u r e me n t s of l i g h t
p e n e t r a t i o n i n t h e Ri v e r T h a me s t h a t w o u l d p e r m i t e v a l ua t i o n
o f t h e s u p p o s e d d i s c h a r g e - t u r b i d i t y r e l a t i o n s h i p ,
b u t t h e p r i ma r y p r o d u c t io n d a t a p r e s e n t e d i n Kowa l c ze w s k i
& L a c k ( 19 7 1 ; s e e a l s o La c k & Be r r i e 19 7 6 ) d e r i v e d
f r o m p h o t o s y n t h e t i c me a s u r e me n t s i n b o t t l e s s u s p e n d e d
a t d i f f e r e n t d e p t h s i n t h e T h a me s n e a r Re a d i n g a r e
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i n s t r u c t i v e i n t h i s r e s p e c t . T h e o r i g i na l s t u d y i nc l u d e d

p h o t o s y n t h e t i c me a s u r e me n t s , c h l o r o p h y l l c o n t e n t a n d

c e l l c o u n t s ( t h e l a t t e r a r e t o b e fo un d i n L a c k 19 7 1 )
a n d t h e r e a r e me a s u r e me n t s o f d i s c h a r g e a v a i l a b l e t h r o u g h o u t

t h e s t u d y p e r i o d ( a l s o i n La c k 197 1 ). I t s h o u l d b e p o s s i b l e
t o d e r i v e t h e e up h o t i c d e p t h ( z e u , a b o v e w h i c h n e t

p h o t o s y n t h e s i s i s s u s t a i na b l e ) , a n d a p p r o x i ma t i o n o f

t h e v e r t i c a l e x t i nc t i o n c o e f f i c ie nt f o r e a c h o c c a s i o n ,
a n d t h e p r o p o r t i on o f t h a t a t t r i b u t a b l e t o a l ga e . T h e

r e ma i n d e r ( d u e t o i n e r t p a r t i c l e s ) c o u l d t h e n b e t e s t e d

fo r c o r r e l a t io n ag a i n s t d i s c h a r g e . Wi t h o u t r e f e r e n c e t o

t h e o r i g i n a l d a t a , r e a l i s t i c c a l cu l a t i o n h a s n o t b e e n

a t t e m p t e d h e r e . A v e r y r o u g h a p p r o x i ma t i o n w a s d e r i v e d

b y r e g r e s s i n g a d e r i v a t i o n o f t h e a p p a r e n t e u p h o t i c
d e p t h ( v i z . . 3 . 7 / z e u e q u i v a l e n t t o t h e m i n i mu m v e r t i c a l•
e x t i n c t i o n c o e f f i c i e n t , E mi n ) a ga in s t c h l o r o p h y l l c o n t e n t

fo r o c c a s i o n s w h e r e t h e l a t t e r w a s h i g h , a n d d o m i na t e d

b y S . h a n t z s c h i i , a n d d i s c h a r ge s w e r e g e ne r a l l y l o w .
T h i s g a v e :

Emi n = 1 . 0 4 + 0 . 0 13 ( c h l ] ;

t h a t i s , 1 mg c h l o r o p h y l l m 3 E 0 . 0 13m - 1. S u b t r a c t i n g

( 0 . 0 1 3 x c h l o r o p h y l l c o n c e n t r a t io n ) f r o m t h e c a l c u l a t e d
Em i n v a l ue s f o r o t h e r d a t e s s p a nn i n g t h e S t e p h a no d i s c u s  

Gr o o m p e r i o d l e f t a s e r i e s o f r e s i d u a l v a l u e s , ( E R )

w h i c h , w h e n r e g r e s s e d a ga i n s t co r r e s p o n d i n g d i s c h a r ge s

( q , i n m 3 s - 1 ) d e r i v e d f r o m La c k ' s ( 197 1 ) h i s t o g r a ms ,
y i e l d e d t h e e q ua t i on

E R = 0 . 1 1 q_ - 1 . 10 .

T h i s e q u a t i o n , t h e n , g i v e s a ' r u l e o f t h u m b ' r e l a t i o n

b e t w e e n t u r b i d i t y a n d d i s c h a r g e fo r t h i s s e c t i o n o f

t h e T h a me s , d u r i ng t h e St e p h a n o d i s c u s b l o o m . Ro un d ] y2
a s o l v e s a t 0 . 0 1 m 4 a t 10 m 3 5 4 , 1 . 1 m - 1 a t 2 0 m3

s - 1 a n d 3 . 4 rn - 1 a t 4 0 m3 s - 1 . T h e c a p a c i t y t o s u p p o r t
p r o d u c t i v e b i o ma s s d e c l i ne s w i t h i n c r e a s i n g d i s c h a r ge .

I t mu s t b e b o r n e i n m i n d t h a t e v e n t h e s e a p p r o x i ma t i o n s
ma k e n o a l l o w a n c e f o r v a r i a t i o n s i n i n c i d e n t l i g h t e ne r g y , ,

r e s p i r a t i o n r a t e , o r t h e ' q u a l i t y ' o f t h e c h l o r o p h y l l
me a s u r e d ( s e e 5 . 5 . 2 . 2 . ( H i ) a b o v e ) .

5 . 5 . 2 . 4 . T h e e f f e c t o f l i g h t

T h i s c o n s i d e r a t i o n o f t u r b i d i t y i n T h a m e s w a t e r b e c o me s

r e l e v a n t i n e v a l u a t i n g t h e r o l e o f l i g h t i n t h e e c o l o g y
o f p h y t o p l a n k t o n . Gr o w t h s h o u l d t a ke p l a c e w h e n p h o t o s y n -
t h e t i c p r o d uc t i o n i n t h e d a y l i g h t p e r i od e x c e e d s r e s p i r a t i o na l
l o s s e s o v e r 2 9 h ; t h e fo r me r i s i n f l ue n c e d b y t h e q ua l i t y

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

e n e r g y t o s u p p o r t p h o t o s y n t h e s i s . T h e l a t t e r , , a s s h o w n

a b o v e , i s d e p e n d e n t i n t u r n o n t he a t t e n ua t i o n o f l i g h t
b r o u g h t a b o u t b y s u s p e n d e d ma t t e r , t o w h i c h t h e p l a n k t o n
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i t s e l f c o n t r i b u t e s . T h e c e n t r a l q ue s t i o n t o b e a n s w e r e d
i s no t h o w m uc h g r o w t h c a n b e s u s t a i ne d b u t a t w h a t
l e v e l o f t u r b i d i t y w i l l f u r t h e r ne t g r o w t h b e p r e v e n t e d .
Va r i o u s r e l a t e d fo r mu l a t i o n s o f t h i s q ua n t i t y a r e a v a i l a b l e ,
o w i n g t o T a i l i n g , t o Vo l l e n w e i d e r a n d t o S t e e l , w h i c h
h a v e b e e n c o m p a r e d i n Re y n o l d s ( 19 8 4a ) . A s i mp l i f i e d
a p p l i c a t i on • o f T a i l i n g ' s ( 19 57 ) e q ua t i o n , f o l l o w i n g Re y n o l d s
( 19 8 4a ) , c a n b e u s e d t o g e ne r a t e a p p r o x i ma t i o n s o f
ma x i mu m c h l o r o p h y l l c o n t e n t s o f r i v e r w a t e r a t d i f f e r e n t
t i me s o f t h e y e a r , v a r y i ng r i v e r d e p t h s a n d fo r d i f f e r e n t
t u r b i d i t i e s ow i n g t o d i s c h a r ge s . T h e c a l c u l a t i o n s i n
T a b l e 1 a p p l y t o a r i v e r d e p t h o f % 4 m ( c f Be r r i e 19 72 a )
a s s u m i n g ma x i mu m p h o t o s y n t h e t i c r a t e t o e x c ee d d a r k
r e s p i r a t io n b y a f a c t o r o f 15 , t h a t E R i s a s p r e d i c t e d
b y t h e r e g r e s s i on e q ua t i o n i n 5 . 5 . 2 . 3 4 i )(c ) a b o v e a n d
t h a t c h l o r p h y l l c o n c e n t r a t i o n i s g i v e n b y ' ( Cm

i n - E R / 0 . 0 13 ) .
T h e t a b u l a t e d v a l u e s t h e n s t a t e t h e ma x i mu m a c t i v e
c h l o r o p h y l l c o n c e n t r a t i o n s t h a t c o u l d b e s u p p o r t e d .
Co m p a r e d t o t h e o b s e r v a t i o n s o f Kow a l c ze w s k i & La c k
( 19 7 1 ) , t h e p o o r n e t p h o t o s y n t h e t i c p r o d u c t i o n a t w i n t e r
d i s c h a r ge s i s a p p a r e n t l y w e l l p r e d i c t e d a n d t h e e q u i n o x i a l
b i o ma s s e s a r e o f t h e c o r r e c t o r d e r , , b u t t h e s u m me r
c r o p s c a n n o t b e s a i d t o h a v e b e e n l i g h t l i m i t e d i n
t h e c l a s s i c a l s e n s e . T h e s e d a t a a r e no t d i r e c t l y a p p l i c a b l e
t o t h e l ow e r T h a me s , w h e r e d i f f e r e n t w a t e r d e p t h ,
t u r b i d i t y a n d c r i t i c a l d i s c h a r ge f a c t o r s m a y a p p l y .
Ne v e r t h e l e s s t h e o b s e r v e d c h l o r o p h y l l ma x i ma n e a r
t h e 197 5 s u m me r s o l s t i c e a n d m i n i mu m d i s c h a r ge  ( t  2 7 0
mg m c o u l d b e a s s u me d t o h a v e b e e n l i g h t - l i m i t e d
i f e i t h e r d e p t h , E R o r t h e e x t i n c t i o n o f i n c r e me n t d ue
t o c h l o r o p h y l l , w a s i n c r e a s e d b y 50 14.

T AB L E 5 . 1

E • p f 1

WINT E R SO LST IC E 2 . 2 7 17 4 90 0

EQ UI NOX 3 . 8 8 2 9 8 2 13 37

SUMME R SO LST IC E 5 . 50 92 2 338 16 1
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5 . 5 . 2 . 5 . T h e e f f e c t o f n u t r i e n t s

Of t h e t h r e e k e y n u t r i e n t s t h a t a r e t h o ug h t t o o c c u p y

c r i t i c a l r o l e s i n t h e e c o l o g y o f p h y t o p l a n k t o n i n f r e s h w a t e r s ,

t w o ( p h o s p h o r u s a n d n i t r o g e n ) a r e u s u a l l y p r e s e n t i n

T h a me s w a t e r i n t h e o r d e r o f m i l l i g r a ms p e r 1i t e r .

Ne i t h e r Ko w a l c ze w s k i 8 La c k ( 19 7 1 ) no r La c k ( 19 7 1 )

fo u n d s t r o n g e v i d e n c e t h a t e i t h e r w a s s e v e r e l y l i m i t i n g

t o p h y t o p l a n k t o n p r o d u c t i o n a n d t h i s v i e w i s s u p p o r t e d

b y t h e y e a r - r o un d b i o a s s a y s o f T h a me s w a t e r , , u s i n g

Mon o r a p h i d i u m a s t e s t o r g a n i s m , p r e s e n t e d b y Co l l i e

8 L u n d ( 19 80 ). T h e r e i s s o me p o s s i b i l i t y o f o c c a s i o na l

r a t e l i m i t a t i o n o f a l g a l g r ow t h a n d , o w i ng t o t h e i n t e r p l a y

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

l i m i t o n a l g a l co nc e n t r a t i on . T h e r e i s n o c l e a r e v i d e nc e

t o r e f u t e o r c o n f i r m t h i s s t a t e me n t .

T h e p o s i t i o n w i t h r e g a r d t o t h e t h i r d e l e me n t , s i l i c o n ,

i s a l i t t l e mo r e c o m p l e x . L a c k ( 197 1 ) r e p o r t e d t h a t

s i g n i f i c a n t d e c r e a s e s i n s i l i c o n c o n c e n t r a t i o n ( a s Si O 2)

a c c o m p a n i e d s u s t a i ne d d i a t o m g r o w t h i n t h e r i v e r . . At

Re a d i n g , w i n t e r l e v e l s v a r i e d i n t h e r a n ge e q u i v a l e n t

t o 13- 17 mg S i0 2 1 1 , w h i c h , a c c o r d i n g t o Sw a l e ' s ( 19 6 3 )

d a t a , i s t h e o r e t i c a l 1 y s u f f i c i e n t t o s u s t a i n t h e p r o cy c t i o n

o f s o me 34 0 t o 44 0 x 106 St e p h a no d i s c u s c e l l s 1- • o r

r a t h e r mo r e t h a n 10 0 0 pg 1 - 1 o f c h l o r o p h y l l . O f c o u r s e ,

p l a n k t o n i c d i a t o ms w i l l c o m p e t e w i t h b e n t h i c f o r m s

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

b e e x p e c t e d t o b e c o me l i m i t i n g l on g b e fo r e s i l i c o n w a s

d e p l e t e d t o a l i mi t i ng c o nc e n t r a t i o n . Ne v e r t h e l e s s , La c k ' s

( 19 7 1 ) d a t a s h ow e d t h a t s p r i n g S t e p h a n o d i s c u s b l o o m s

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

t o a b o u t 5 mg 1- 1 . I n Ap r i l 19 6 8, t h e c o n c e n t r a t i o n f e l l

f r o m 5 . 2 t o 2 . 4 mg S iO 2
1- 1, a f t e r t h e St e p h a n o d i s c u s  

p o p u l a t i o n h a d r ea c h e d i t s ma x i mu m o f 7 0 x 10 6 1 - 1.

La c k ( 19 7 1 ) p o i n t e d o u t t h a t a f u r t h e r d i v i s i o n o f t h e

d i a t o m s w o u l d r e q u i r e n e a r l y 2 . 7 mg S i 0 2 1- 1 , a l mo s t

e x a c t ] y a c c o un t i n g f o r t h e o b s e r v e d S IC) 2 d e p l e t i o n ,

b u t t h e d i a t o m p o p u l a t i o n d r o p p e d c a t a s t r o p h ic a l 1 y ,

t o 1, 10 x 10 6 1- 1 . Mo r e o v e r , , e v e n t h e c o n c e n t r a t i o n
r e ma i n i n g s h o u l d no t b e e x p e c t e d , b y i t s e l f , , t o 1 i m i t

f u r t h e r d i a t o m g r ow t h fo r t h e s a me a l ga c a n ma i n t a i n

r a p i d g r o w t h i n l a ke s a t b e l o w 2 mg S i O 2 1 - 1 . Do w n s t r e a m

r e mo v a l o f c e l l s co n s t i t u t i n g t h e ma x i mu m d oe s no t s e e m

t o a p p l y e i t h e r , , j u d g i n g f r o m t h e d a t a o f L a c k e t a l .
( 197 8 ) , T h e e n d o f t h e s p r i n g d i a t o m b l o o m i n t h e T h a me s

h a s n o t b e e n s a t i s f a c t o r i l y e x p l a i n e d .

5 . 5 . 2 . 6 . T h e e f f e c t o f w a t e r t e m p e r a t u r e

T e m p e r a t u r e o f T h a me s w a t e r g e ne r a l 1 y f l u c t ua t e s w i t h i n

t h e r a n ge 4 - 2 0 ° C a n d ma y b e co n s i d e r e d un l i ke l y e v e r

t o p r e v e n t a l g a e f r o m g r o w i n g . T h e p h y s i o l o g i c a l a c t i v i t y

o f a l l a l g a e i s t e m p e r a t u r e - s e n s i t i v e a n d t h i s w i l l b e

r e f l e c t e d i n t h e g r o w t h r a t e . I n s u f f i c i e n t d a t a a r e y e t
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a v a i l a b l e i n o r d e r t o ma ke p r e c i s e p r e d i c t i o n s o f t h e
t e mp e r a t u r e - d e p e n d e n t g r o w t h i n t h e Ri v e r T h a me s b u t
a n a p p r o x i ma t io n c a n b e ma d e fo r S t e p h a no d i s c u s h a n t z s c h i i .
As s u m i n g a l i g h t - a n d n u t r i e n t - s a t u r a t e d g r o w t h r a t e
o f 1 . 2 d - I a t 2 0 ° ( Hoo ge n h o u t & Ame s z 19 6 5 ) , a (pi
o f g r o w t h r a t e i n t h e o r d e r o f 2 . 2 ( c f Re y n o l d s 19 8 4b )
a n d d i r e c t d e p e n d e nc e u p o n t h e l i g h t p e r i o d , ma x i ma l
g r o w t h r a t e s i n c l e a r , , s t a n d i n g r i v e r w a t e r w o u l d n o t
b e e x p e c t e d t o e x c e e d 0 . 8 0 d - 1 i n s u m me r ( 2 0 ° , 16 t h
d a y ) o r 0 . 12 & I i n i n t e r ( 5 °, • 8 h d a y ) . Di l u t i o n , t u r b i d i t y
a n d l o s s p r o c e s s e s w o u l d f u r t h e r r e s t r i c t t h e ' ,p o s s i b l e
r a t e s o f a p p a r e n t i n c r e a s e , p e r h a p s d i c t a t i n g t h e l o w
o r d e c l i n i n g b i o ma s s e s o b s e r v e d i n w i n t e r .

5 . 5 . 2 . 7 . T h e e f f e c t o f o t h e r l o s s p r o c e s s e s •
T h e i m p a c t o f t h e s e o n t h e s e p h y t o p l a n k t o n h a s b e e n s c a r c e l y
q ua n t i f i e d i n r i v e r s . Di r e c t g r a z i n g b y zo o p l a n k t on
c a n ne v e r b e d i s c o un t e d , a l t h o u g h l i mn e t i c s t u d i e s ( r e v i e w e d
i n Re y n o l d s 19 8 4a ) s u g ge s t t h a t c e r t a i n t h r e s h o l d s o f
t e mp e r a t u r e a n d fo o d • c o n c e n t r a t i o n a r e e s s e n t i a l t o t h e
d e v e l o p me n t o f a s i gn i f i c a n t zo o p l a n k t on c o m mu n i t y .
Qu a l i t a t i v e l y , zo o p l a n k t o n i n t h e T h a me s i s s i m i l a r
i n c o m p o s i t i o n t o t h a t o f ma n y e u t r o p h i c l a ke s , t h o u g h
p o p u l a t i o n d e n s i t i e s r a r e l y a c h i e v e t h e d e n s i t ie s t h a t
w o u l d s u g ge s t g r a z i n g w a s a s i g n i f i c a n t b r a k e o n p h y t o -
p l a n k t o n d e v e l o p me n t ( Bo t t r e l l 19 7 5a . b ) , y e t g r a z i n g
ma y c o n t r i b ut e t o o t h e r e f f e c t s . T h e s i g n i f i c a n c e o f
f i l t e r f e e d i n g b y b e n t h i c Un i on i d mu s s e l s o n p h y t o p l a n k t o n
h a s no t b e e n e v a l ua t e d . Se d i me n t a t i o n , e s p e c i a l ] y o f
p o s t - m a x i mu m d i a t o m s , ma y b e mo r e i m p o r t a n t t h a n
r e a l i z e d h i t h e r t o , b e a r i n g i n m i n d t h e t r u n c a t e d v e r t i c a l
w a t e r c o l u mn s o f r i v e r s a n d a c c e l e r a t e d s i n k i n g r a t e s
a c h ie v e d b y d i a t o ms a t t h e e n d o f p o p u l a t i o n g r o w t h .
O b s e r v a t i o n s o n e p i l i t h ic a l ga e i n c i r c ul a t i n g c h a n n e l s
p r e s e n t e d b y Ma r ke r & C a s e y ( 19 82 ) c e r t a i n l y a t t e s t
t h a t s u c h s e d i me n t a t i o n c a n o c c u r . . Di a t o m s s e t t l i n g o n t o
f l u v i a l d e p o s i t s ma y b e r e s u s p e n d e d w h e n b o un d a r y
l a y e r s a r e c o m p r e s s e d o r d i s r u p t e d b y s t r o n g t u r b u l e nc e
a s s o c i a t e d w i t h l o c a l i z e d c u r r e n t s b u t i t w i l l n o t o c c u r
e v e r y w h e r e no r ne c e s s a r i l y c o n t i n uo u s l y . Gi v e n s i n k i n g
r a t e s i n t h e o r d e r 0 . 1 - 1 . 0 m d - 1 l o s s e s e q u i v a l e n t
t o - 0 . 0 3 t o - 0 . 2 9 d m i g h t b e s u s t a i ne d f r o m a 4 m
c o l u m n . T h o ug h t h e s e ma y b e o c c a s i o na l l y e f f e c t i v e
i n c l e a r i n g no n - g r o w i n g d i a t o m s f r o m s u s p e n s i on - t h e
d e c l i ne o b s e r v e d b y La c k ( 19 7 1 ) r e f e r r e d t o a b o v e

) i s e q u i v a l e n t t o - 0 . 13 d - 1 - i t i s p r o b a b l e
t h a t s e d i me n t a t i o n , t o o , me r e l y c o n t r i b u t e s t o s e v e r a l
s i mu l t a n e o u s d y na mi c a t t r i t i o n p r o c e s s e s . Ne v e r t h e l e s s
t h e h y p o t h e s i ze d s e q ue n c e o f d e c l i n i n g ' f l o w , i n c r e a s i n g
i n s o l a t i o n , c l a r i t y a n d a c c e l e r a t e d s i n k i n g r a t e , p e r h a p s
a b e t t e d b y b e n t h i c c r o p p i n g , a s a p o s s i b l e e x p l a n a t i o n
f o r t h e e n d o f s p r i n g d i a t o m ma x i ma m i g h t b e w o r t h y
o f f u t u r e i n v e s t i ga t i o n .
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5 . 5 . 2 . 8 . A t e n t a t i v e i n t e r p r e t a t i o n o f p h y t o p l a n k t o n

b e h a v i o u r i n t h e T h a me s .

As s e m b l i n g t h e v a r i o u s p ie c e s o f e v i d e nc e c o n c e r n i n g

t h e p o s s i b l e e c o lo g i c a l r o l e s o f t h e e n v i r o nme n t a l f a c t o r s

o p e r a t i ng i n t h e T h a me s a b o v e T e d d i n g t o n We i r t h e fo l l o w i n g

t e n t a t i v e a c c o un t i s o f f e r e d .

I n t h e e a r l y p a r t o f t h e c a l e n d a r y e a r , , d a y - l e n g t h a n d

w a t e r t e m p e r a t u r e d e t e r m i n e t h a t a l g a l g r o w t h w i l l b e

s l ow a n d w i l l b a r e l y o f f s e t t h e r e s p i r a t i o na l l o s s e s ,

c o m p o un d e d b y h i g h t u r b i d i t y a n d me a n v e l o c i t y a s s o c i a t e d

w i t h w i n t e r d i s c ha r g e s . I n i t i a t i o n o f g r o w t h o c c u r s p a r t l y

i n r e s p o n s e t o i nc r e a s i n g d a y l e n gt h a n d e n h a n c e d 1 i g h t

i n c o me , c o u p l e d w i t h d e c l i n i n g d i s c h a r ge s t h a t p e r m i t

g r e a t e r l i g h t p e ne t r a t i o n i n t o t h e r i v e r w a t e r a n d a

p r o l i f e r a t i o n o f t h e ' r e s e r v o i r ' e f f e c t ( 5 . 5 . 2 . 3 . ( b ) a b o v e ) .

T h e a c k n o w l e d ge d p r o d uc t i v e f r e q ue n c y f l uc t ua t i on s i n

p e r c e i v e d i r r a d i a nce p r e s u ma b l y a f fo r d s t h e m a c o m p e t i t i v e

e d ge o v e r o t h e r a l ga l g r o u p s . Nu t r i e n t l e v e l s r e ma i n

h i g h a n d p e r m i t ne t g r o w t h t o b e ma i n t a i ne d u n t i l s e l f -

i m p o s e d l i g h t 1 i mi t a t i o n s b e c o me o p e r a t i v e . Po t e n t i a l I y ,

p o p u l a t i o n s a p p r o a c h o r , , i n t h e l ow e r T h a me s , a c t ua l l y

r e a c h , a b s o l u t e l i g h t - 1 i m i t e d p r o p o r t i o n s a t w h i c h t h e

s t a n d i n g c r o p mo r e o r l e s s s t a b i l i z e s . T h e s e e v e n t s ,

mo r e o v e r , , o c c u r a l mo s t s i mu l t a ne o u s ] y i n w h o l e r e a c h e s

o f t h e r i v e r . .

Wh e t h e r o r no t s i l i c o n - l i m i t a t i o n p r e v e n t s t h e i n d e f i n i t e

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

T h e r e s e e m s 1 i t t l e d o u b t t h a t s i l i c o n - e x h a u s t i o n r e ma i n s

a p o s s i b i l i t y i n p r o d u c t i v e y e a r s a n d a ga i n s t r e d uc e d

b a c k g r o un d c o nc e n t r a t i o n s . I t ma y o c c u r mo r e f r e q ue n t ] y

t h a n s u gg e s t e d ( 5 . 5 . 2 . 5 . a b o v e ) a l t h o u g h r a p i d s u b s e q ue n t

r e c o v e r y i n d i s s o l v e d s i l i c o n l e v e l s ma y i n t e r f e r e w i t h

t h e d e t e c t i o n o f l ow c o n c e n t r a t i o n s a t c o n v e n t io n a l s a mp l i n g

i n t e r v a l s . Wh a t d oe s s e e m c l e a r , , h o w e v e r , , i s t h a t l a t e -

s p r i n g p o p u l a t i o n c o l l a p s e s a r e no t a l w a y s me d i a t e d

b y i n c r e a s e d d i s c h a r ge s ( i n f a c t , t h e y o f t e n d e c l i ne

fu r t h e r ) a n d t h a t t h e r e i s 1 i t t l e e v i d e n c e o f d o w n s t r e a m

p a s s a ge o f t h e ma x i mu m ; o t h e r r e s p o n s e s t o i n c r e a s i n g

t e m p e r a t u r e a n d d e c l i n i n g d i s c h a r ge s ma y a p p l y ( 5 . 5 . 2 . 1 .

a b o v e ) .

T h e d i a t o m s e v e nt u a l l y r e c o v e r t h e i r n u mb e r s d u r i n g

s u m me r , , t h o ug h w i t h t h e a c c o m p a n i me n t o f ma n y o t h e r

s p e c i e s o f C h l o r oco c c a l e s , C r y p t o mo na d s a n d , p e r h a p s ,

C y a no b a c t e r i a . Mo s t o f t h e s e ma y b e c o n s i d e r e d t o h a v e

c o l o n i s t , ' r • - s e l e c t e d g r o w t h s t r a t e g i e s b u t t h e e f f e c t s

o f ' s e e d i n g ' i n f r o m t r i b u t a r i e s a n d s t a n d i n g w a t e r s o u r c e s

i n t h e c a t c h me n t c a n n o t b e d i s c o un t e d . T h i s

198 .



i s e s p e c i a l l y t r ue o f t h e r e l a t i v e ] y s l o w - g r o w i ng
C y a n o b a c t e r i a 1i k e Mi c r o c y s t i s , w h i c h t h o ug h o f t e n no t e d
i n t h e r i v e r , , r a r e l y e x p e r i e n c e s t h e w a r m - wa t e r , h i g h -
l i g h t s l u g g i s h c o n d i t i o n s n e c e s s a r y fo r i t s g r o w t h . S u m me r
s p e c i e s a r e a l s o mo r e s e n s i t i v e t o d e t e r i o r a t in g l i g h t
l e v e l s t o w a r d s t h e a u t u mn , t h a t a r e e n h a nc e d b y s e a s o na l
i n c r e a s e s i n d i s c h a r ge a n d t u r b i d i t y . . P r e s u ma b l y , , t h e s e
f a c t o r s r e s t o r e a ma r g i na l s e l e c t i v e a d v a n t a ge i n f a v o u r
o f d i a t o m s , w h i c h e v e n t ua l ] y s t a ge a n a u t u mna l b l o o m .
C e l l p o p u l a t i o n s s e e m g e ne r a l l y l o w e r t h a n t h o s e o f
t h e s p r i n g ma x i mu m b u t c h l o r o p h y l l c o n c e n t r a t i o n s ma y
b e a s h i g h o r h i g h e r ; t h i s ma y b e a t t r i b u t a b l e p a r t l y
t o a r e l a t i v e l y e n h a n c e d a d a p t i v e r e s p o n s e t o l o w l i g h t
( mo r e c h l o r o p h y l l p e r c e l l ) a n d p a r t l y t o no n - p l a n k t o n i c
s o u r c e s o f c h l o r o p h y l l b r o u g h t i n t o s u s p e ns i o n . Re s t o r a t i o n
o f w i n t e r d i s c h a r ge s , t u r b i d i t y c o u p l e d w i t h d e c l i n i n g
i r r a d i a n c e i n c o me a n d f a l l i n g t e mp e r a t u r e s r e d uc e t h e
p h y t o p l a n k t o n s t a n d i n g c r o p s t o w i n t e r l e v e l s .

5 . 5 . 2 . 9 . Fr e s h wa t e r p h y t o p l a n k t on b e l ow T e d d i n g t on
We i r

I t i s r e l e v a n t t o c o n s i d e r b r i e f l y t h e b e h a v i o u r o f
f r e s h w a t e r a l ga l p o p u l a t i o n s c a r r i e d i n t o t h e t i d a l T h a me s .
De p e n d i n g u p o n t h e f l u v i a l d i s c h a r ge r a t e a n d t h e t i d a l
c y c l e , T h a me s w a t e r r e ma i n s r e c o gn i z a b l y ' f r e s h ' f o r
t h e f i r s t 10 - 50 k m b e l o w T e d d i n g t o n We i r b ut h a l i n i t y
i n c r e a s e s d o w n s t r e a m a s t h e r i v e r f l o w b e c o me s p r og r e s s i v e l y
' d i l u t e d ' b y s e a w a t e r . . So f a r a s i s k no w n , t h e c e l l s
o f f r e s h w a t e r a l ga e a r e u l t i ma t e l y i n c a p a b l e o f a d a p t i n g
t h e i r o s mo r e g u l a t o r y a n d s u r f a c e c h a r ge c a p a c i t i e s t o
t h e p h y s i o l o g i c a l s t r e s s e s i m p o s e d . F l o c c u l a t ion , l o s s
o f p h y s i o lo g i c a l v i go u r a n d , e v e n t ua l l y , , d e a t h c o m b i ne
w i t h v o l u mn - d i l u t i on t o b r i n g a b o u t a c a t a s t r o p h ic d e c l i n e
i n t h e s u s p e n d e d p o p u l a t i o n s o f f r e s h w a t e r a l ga e , s o me
30 - 6 0 k m d o w n s t r e a m o f T e d d i n g t o n .

Ev e n i n t h e f r e s h wa t e r r e a c h e s i mme d i a t e l y d o wn s t r e a m
o f T e d d i n g t o n , t i d e s mo d i f y t h e e n v i r o n me n t a l c o n d i t i o n s
f o r p h y t o p l a n k t d n d e v e l o p me n t w i t h r e s p e c t t o t h o s e
o b t a i n i n g u p s t r e a m , p r i nc i p a l l y b y r e d uc i n g me a n v e l o c i t y
( i n c r e a s i n g t r a v e l t i me , r e d u c i n g n o n - a l ga l t u r b i d i t y )
w h i c h e f f e c t i s 1 i k e l y e n h a n c e d b y t h e h a l f - t i d e w e i r
a t Ri c h mo n d , t h a t r e t a i n s r i v e r w a t e r a t l o w t i d e .
T h u s , t h e r e r e ma i n s s c o p e fo r f u r t h e r c e l l d i v i s i o n
o f p o p u l a t i o n s i n t r o d uce d i n t o t h e t i d a l s e c t io n a t T e d d i n g t o n .
T h e e x t e n t t o w h i c h t h i s m i g h t o c c u r w i l l b e 'a f un c t i o n
o f f r e s h w a t e r f l o w a n d t h e c o n c e n t r a t i o n o f t h e p h y t o p l a n k t o n
i n t h e w a t e r e n t e r i ng t h e t i d a l r i v e r . . T h e s e f a c t o r s
m i g h t b e e x p e c t e d t o w o r k a ga i n s t e a c h o t h e r t o m i t i g a t e
p o t e n t i a l l y s e v e r e w a t e r - q ua l i t y p r o b l e m s , fo r a t h i g h
f l u v i a l d i s c h a r ge s , p h y t o p l a n k t o n w i l l b e i n t r o d u ce d
a t l o w c o nc e n t r a t i o n s , w h i l e a t l o w d i s c h a r ge s , s e a
w a t e r p e n e t r a t e s f u r t h e r u p s t r e a m . T h e c o mb i n a t i o n
o f i n t e r me d i a t e f lo w s a n d s u b s t a n t i a l s u b - ma x i ma l a l ga l
p o p u l a t i o n s a p p e a r s t o b e t h e l e a s t d e s i r a b l e i n t h i s
r e s p e c t . S uc h c o n d i t i o n s m i g h t o b t a i n s h o r t l y b e f o r e

199 .



a n d s h o r t l y a f t e r p o p u l a t i o n ma x i ma i n t h e n o n - t i d a l

r e a c h e s .

T h e r e a r e a p p a r e n t l y f e w b i o l o g i c a l d a t a a v a i l a b l e t h a t

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

t h e e x c e p t i o n o f we e k l y c h l o r o p h y l l c o n ce n t r a t i o n s ma d e

a v a i l a b l e b y T h a me s Wa t e r Au t h o r i t y f o r a n u m b e r o f

s t a t i o n s d o w n s t r e a m o f T e d d i n g t o n We i r , , d u r i n g 197 5

a n d 19 7 6 . T h e s e h a v e b e e n c o m p a r e d w i t h c o r r e s p o n d i n g

d a t a ( p r e s e n t e d b y Wh i t e h e a d & Hor n b e r ge r - i n p r e s s )

fo r t h e n o n - t i d a l r e a c h a b o v e T e d d i ng t o n o v e r t h e s a me

t i me s p a n . Du r i n g t h e l ow f l o w s of 19 76 ( % 10m3 s 1)

t h e f l uc t ua t i o n s o f c h l o r o p h y l l co n c e n t r a t i o n s b e l o w

t h e w e i r c l o s e l y t r a c k e d t h o s e u p s t r e a m , b u t t h e l e v e l s

c o n s i s t e n t ] y r e d uc e d i n ma g n i t u d e b e t we e n T e d d i n g t o n

( ma x i ma , 10 0- 2 6 0 mg m - 3 , s i m i l a r t o t h o s e o b t a i n i n g

s i mu l t a n e o u s l y a b o v e T e d d i n g t o n ) an d Lo n d o n Br i d ge

( c o r r e s p o n d i n g ma x i ma , 2 0 - 60 mg m - 3 ) , 3 1 k m d o w n s t r e a m ;

a t i n t e r me d i a t e s t a t i o n s ( 15- 2 2 k m d ow n s t r e a m ) . t h e

c o r r e s p o n d i n g ma x i ma w e r e 50 - 2 10 mg m- 3 ) Du r i n g 19 7 5 ,

w h e n t h e d r o u g h t w a s l e s s s e v e r e ( d i s c h a r ge s 2 0 - 30

m 3s - 1 ) c h l o r o p h y l l c o nc e n t r a t i o n s i n t h e n o n - t i d a l T h a me s

e x c e e d e d 2 50 mg m - 3 i n Ma y - J un e , s i mu l t a ne ou s p e a k s ,

o f s i m i l a r o r d e r 15- 22 k m d o w n s t r e a m a n d o f 50 - 10 0

mg m - 3 a t Lo n d on Br i d ge , w e r e e x p e r i e nc e d . Mo r e o v e r . ,

t h e r e w e r e n u me r o us o c c a s i o n s t h r o ug h t h e s u m me r p e r i o d

o n w h i c h t h e c onc e n t r a t i o n s a t t h e i n t e r me d i a t e t i d a l

s t a t i o n s s i gn i f i c a n t l y e x c e e d e d t h e s ub ma x i ma l c o n c e n t r a t i o n s

( 50- 150 mg m - 3 ) e n te r i n g t h e t i d a l b a s i n a t T e d d i n g t o n .

5 . 5 . 3 . P r e d i c t e d i m p a c t o f r e gu l a t e d r e d uc t i o n s i n

v e r n a l d i s c h a r ge s

I n e s s e nc e , t h e T WA p r o p o s a l s w o u l d e na b l e g r e a t e r

a b s t r a c t i o n ( t h e r e b y r e d uc i n g d i s c h a r ge ) f r o m t h e T h a me s

t h r o u g h s p r i n g , i n o r d e r t o a v o i d mo r e s e v e r e f l o w

r e d u c t i o n s i n t h e s u m me r s o f v e r y d r y y e a r s . I t i s

r e c o gn i z e d t h a t d u r i n g w e t s p r i ngs a n d s u mme r s , t h e

i m p a c t o n t h e e n v i r o n me n t o f t h e p h y t o p l a n k t o n w o u l d

b e b a r e l y p e r c e p t i b l e . C o n c e r n t h e r e fo r e c e n t r e s u p o n

1 i k e l y e v e n t s i n a d r y s p r i n g a n d t h r o u g h a c o n t i n u i n g

s u m me r d r o u g h t a n d i n t h e l o n g e r t e r m , t h e c o n s e q u e n c e s

o f f u t u r e i n c r e a s e s i n a b s t r a c t i on a n d s e w a ge d i s p o s a l

r e q u i r e me n t s .

I f t h e a b o v e i n t e r p r e t a t i o n i s s u b s t a n t i a l ] y c o r r e c t ,

t h e g e ne r a l i m p l i c a t i o n i s a r a i s i ng o f t h e u p p e r l i m i t
o n t h e ma x i mu m s t a n d i n g c r o p w i t h a g r e a t e r p r o p o r t i o n

o f t h e c h l o r o p h y l l b e i n g a t t r i b u t a b l e t o p h y t o p l a n k t o n .

Ho w e v e r , , t h e c a l c u l a t i o n s u p o n w h i c h T a b l e 1 i s b a s e d

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

c o n t e n t a t d i s c h a r g e s o f < 10 m 3 s - 1 , o r 8 6 4 0 0 0 m 1 c1-

T h i s f i gu r e a p p r ox i ma t e s c l o s e l y t o t h e p r e s e n t s t a t u t o r y

m i n i mu m f l o w o v e r T e d d i n g t o n We i r ; i n o t h e r wo r d s ,

r e d u c t i o n o f t h i s mi n i mu m , b y i t s e l f s h o u l d NOT s i g n i f i c a n t l y
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i n c r e a s e t h e c h l o r o p h y l l c a p a c i t y o f t h e  1  o w e r T h a me s .
S i g n i f i c a n t i n c r e a s e s i n t h e i n s t a n t a n e o u s c a r r y i ng c a p a c i t y
w o u l d b e e v i d e n t o n l y i n r e s p o n s e t o f l o w r e d u c t i o n s
w h e n n a t u r a l d i s c h a r ge s w e r e a l r e a d y w e l l i n e x c e s s
o f 10 m 3 s - 1 . As s u mi n g t h a t i n c r e a s e d a b s t r a c t i o n w e r e
t o o c c u r b e fo r e t h e d i s c h a r g e a t T e d d i n g t o n f e l l . t o
t h i s l e v e l , t h e n i t ma y a l s o b e p r e d i c t e d t h a t t h e
o p p o r t u n i t y t o r e a c h t h e c a r r y i n g c a p a c i t y wou l d b e
p r o v i d e d e a r l i e r i n . t h e y e a r . . T h u s , t h e p r i n c i p a l e f f e c t
o f t h e p r Op o s e d r e v i s i o n s w o u l d b e t o b r i n g fo r w a r d
t h e p o i n t a t w h i c h a b s o l u t e l i g h t - l i m i t a t i o n c ou l d o c c u r
a n d , h e n c e , t o e x t e n d t h e p e r i o d t h r o ug h w h i c h t h e
c o n d i t i o n m i g h t o b t a i n . Eq u a l ] y , s o me f o r e s h o r t e n i n g
o f t h e p e r i o d o f d i a t o m d o m i n a n c e c o u l d b e a nt i c i p a t e d ,
a l l o w i n g a n e a r l i e r i nc e p t i o n a n d p o s s i b l e l e n g t h e n i n g
o f t h e p e r i o d i n w h i c h o t h e r s p e c i e s c o u l d b e a b un d a n t :
t h e r e • mi g h t t h e n b e r e l a t i v e l y l a r ge r c r o p s o f C h l o r o p h y c e a e
a n d a n o p p o r t u n i t y fo r C y a no b a c t e r i a t o d o m i n a t e . Al t h o u g h
t h e t h e o r e t i c a l u p p e r l i m i t p l a c e d o n p o p u l a t i o n s i z e
w o u l d r e ma i n u n a f f e c t e d • t e m p o r a r y f l o r a l c h a n ge s , e s p e c i a l l y
t h o s e i n v o l v i ng b l o o m r fo r m i n g c y a n o b a c t e r i a , ma y p r e s e n t
a d i f fe r e n t c a t e g o r y o f e n v i r o n me n t a l s i d e - e f f e c t s . Be c a u s e
t h e r e l a t i o n s h i p i s l a r ge l y i n d e p e n d e n t o f ma j o r a d j u s t me n t s
i n n u t r i e n t l o a d i n g , p r o j e c t e d i n c r e a s e s i n t h e r e l a t i v e
c o n t r i b u t i o n o f r e c y c l e d w a t e r t o r i v e r f l o w ( 17 % b y
t h e y e a r 2 0 0 6 ) w i l l n o t a l t e r t h i s ge ne r a l c on d i t i o n .
Lo c a l l y , , h o w e v e r , , d i r e c t a b s t r a t i o n f r o m t he l o w e r
n o n - t i d a l T h a me s e n h a n c e s t h e i n s t a n t a n e o u s p h y t o p l a n k t o n
c a r r y i n g c a p a c i t y ( mo s t s t r i k i n g l y s o w h e n t h e d i s c h a r ge
i s i n t h e r a n ge 2 0 - 5 0 m 3s - 1) .

T h e s e s t a t e me n t s a p p l y e q u a l ] y t o t h e t i d a l s e c t i o n s
o f t h e • l o w e r . T h a me s w h e r e i n t h e w a t e r r e ma i n s t ' f r e s h ' .
Lo we r e d f l o w s i n s p r i n g ma y p r o v i d e a d d i t i o n a l c a p a c i t y
fo r fu r t h e r p h y t o p l a n k t o n g r o w t h , w• i t h i n . t h e l i m i t s
p o s e d . b y s e l f s h a d i n g a n d b y u p s t r e a m p e ne t r a t i o n. .
o f s a l i n e w a t e r . ..

Ev e n t s i n t h e l o w e r T h a me s d u r i n g t h e d r o ug h t y e a r s
o f 19 7 5 a n d 19 7 6 ( r e c o r d e d b y Wh i t e h e a d & Flo r n b e r ge r , ,
i n p r e s s ) a t t e s t t o t h e v a l i d i t y o f t h e s e d e d uc t i on s .
I n 19 7 5 , d i s c h a r g e s a t Te d d i n g t o n We i r f e l l f r o m a w i n t e r
h i g h o f a r o un d 30 0 m 3 s - 1 t o a b o u t 4 0 m 3 s - 1 b y t h e
e n d o f Ma y , , a n d t o 2 0- 30 m3 s 4 t h r o u g h t h e s u m me r . .
T h e r e w a s a mo d e s t . i n c r e a s e t ow a r d s . t h e e n d o f t h e
y e a r , , b u t d i s c h a r ge s r e ma i n e d ge n e r a l l y l o w ( 30 - 4 0
m 3 s - 1 ) t h r o u g h w i n t e r a n d d e c l i n e d f u r t h e r d ur i ng t h e
s p r i n g ( < 30 m 3 s - 1) a n d s u mme r o f 19 7 6 , r e ac h i n g .a
l a t e J u l y l ow o f < 10 m 3 s f r o m Se p t e m b e r 19 7 6 ,
d i s c h a r ge s w e r e p r o g r e s s i v e l y r e s t o r e d u n t i l b y De c e m b e r , ,
t h e y  o nc e  a ga i n e x c e e d e d 160 m 3 s - 1. Ac t ua l c h lo r o p h y l l
c o n c e n t r a t i o n s a t T e d d i n gt o n t h r o ug h t h i s p e r i o d s h o w e d
t h e u s ua l m i d w i n t e r m i n i mu m (< 14 mg c h l a m- 3) a n d
a s h a r p r i s e b e t w e e n t h e s p r i n g e q u i no x a n d t h e s u m me r
s o l s t i c e , f r o m %2 0 t o . A. 2 7 0 mg m - 3, b r o a d ] y i n l i n e
w i t h t h e ma x i ma l c r o p s s u g ge s t e d i n T a b l e 1 . T h e ' u s u a l
s u m me r m i n i m u m w a s e v i d e n t (% 30 m g rn - 3 ) b ut l e v e l s
' r e c o v e r e d ' t o a r o un d 18 0 mg m - 3 s h o r t ] y a f t e r t h e
19 7 5 a u t u mn a l e q u i no x , t h e r e a f t e r d e c l i n i n g t o 1, 5mg m - 3
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a t t h e w i n t e r s o l s t i c e , a ga i n i n l i ne w i t h t h e t a b u l a t e d
p r e d i c t i o n s . In c r e a s e i n c h l o r o p h y l l conc e n t r a t i o n r e c o m me nc e d
d u r i n g F e b r ua r y 197 6 , t o r e a c h a ma x i mu m o f < 2 00 mg
m- 3 a mo n t h o r s o b e fo r e t h e s p r i n g s o l s t i c e . T h e m i d s e a s o n
d e c l i n e ( t o 1, 30 mg m - 3 ) h a d b ee n p a s s e d b e fo r e t h e
s u m me r s o l s t i c e , p e a k i n g i n Au g u s t a t a r o u n d 2 40 mg
m

I f t h e e v e n t s o f 19 7 4 a r e c o n s i d e r e d t o p r o v i d e a mo r e
t y p i c a l c o m p a r i s o n , t h e n i t i s o f i n t e r e s t t h a t t h e v e r n a l
i n c r e a s e w a s n o t a p p a r e n t u n t i l j u s t b e fo r e t h e s p r i n g
e q u i n o x a n d a f t e r a s e a s o n a l f a l l i n d i s c h a r g e f r o m

> 1 50 m 3 - 1 t o b e t w e e n 4 0 a n d 50 rn3 s - 1, w i t h w h i c h
t h e ma x i mu m ( 1, 18 0 mg m - 3 ) c o i n c i d e d Su m me r d i s c h a r g e s
s c a r c e l y f e l l b e l o w 2 0 m 3 s - 1 a n d , b y t h e a u t u mn e q u i n o x ,
h a d r e c o v e r e d t o > 10 0 m 3 s - 1. T h a t c h l o r o p h y l l c o nc e n t r a -
t i o n s s h o u l d h a v e r e ma i ne d < •15 mg m- -/ t h r o u g h t h e
l a t e s u m me r i s , t he r e fo r e , a l s o i n l i n e w i t h t h e T a b l e
1 p r e d i c t i o n s .

T h e s e c o n s i d e r a t i o n s i m p l y t h a t t h e ma x i ma l p o p u l a t i o n s
i n t h e l o w e r T h a me s d o , i n d e e d , b e c o me l i g h t l i m i t e d
b u t t h a t t h e l i m i t o n c h l o r o p h y l l c o n t e n t mo v e s h i g h e r
a t t h e l o w e s t f l o w s ( m i n i ma l t u r b i d i t y ). T h u s , t h e d o w n w a r d
r e p l e t i o n o f d i s c h a r g e s , s u c h t h a t t h e y f a ll b e l o w 30
m S . ma y a l l ow t h e l i g h t - l i mi t e d c a r r y i n g c a p a c i t y
t o i n c r e a s e b u t no t t o t h e p o i n t w h e r e i t w i l l e x c e e d
t h e h i g h e s t l e v e l s a l r e a d y e x p e r i e nc e d . I n d e e d , a g oo d
c a s e c o u l d b e ma d e f o r a l l o w i n g t h e a r t i f i c i a l r e d u c t i o n
i n d i s c h a r ge a t t h e e a r l i e s t p o s s i b l e p o i n t i n t h e y e a r
a n d fo r s u b s e q ue nt ma i n t e n a n c e of f l o w s o f 30 - 4 0 m 3
s - I t h r o u g h t h e s u mme r : a l t h o ug h t h i s w o u l d a l l o w ma r g i na l l y
h i g h e r v e r n a l s t a n d i n g c r o p s t o b e a c h ie v e d , s u b s e q u e n t
ma x i ma muc h e x c e e d i n g 18 0 mg m - 3 mi g h t b e a v o i d e d .
Ag a i n s t t h i s , s i mi l a r o r s l i g h t l y i n c r e a s e d s t a n d i ng
p o p u l a t i o n s t h a n h e r e t o f o r e m i g h t b e ma i n t a i ne d fu r t h e r
d o w n s t r e a m i n t o t h e t i d a l r e a c h e s , b ut a ga i n , n o t e x c e e d i ng
t h e h i g h e s t l e v e l s a l r e a d y e x p e r i e n c e d .

F i n a l 1 y , i t m i g h t b e a d d e d t h a t t h e fo r e c a s t i n g mo d e l
d e v e l o p e d b y Wh i t e h e a d & Ho r n b e r ge r ( 19 84 ) , t o d e s c r i b e
t h e s a me s e r i e s o f e n v i r o n me n t a l a n d c h l o r o p h y l l d a t a
fo r t h e p e r i o d 19 7 4 - 19 7 6 ge n e r a t e d a r e ma r k a b l y go o d
a p p r o x i ma t i o n o f t h e o b s e r v e d f l uc t ua t i on s i n c h l o r o p h y l l
c o n c e n t r a t i o n t h r o ug h 19 7 4 a n d 19 7 5 w h i l e o n l y ma r g i n a l l y
u n d e r e s t i ma t i n g t h o s e o f s u mme r , , 19 7 6 . T h e v i e w t h a t
l o w f l o w s a d v a n c e t h e o n s e t a n d , p e r h a p s , e x t e n d t h e
d u r a t i o n o f ma x i ma l p o p u l a t i on s , b u t w i t h o u t s i g n i f i c a n t
i n c r e a s e o f t h e p r o p o r t i o n s o f t h e l i g h t - l i m i t e d ma x i mu m ,
i s c o r r o b o r a t e d b y t h e a c c u r a c y o f t h e Wh i t e h e a d - Ho r n b e r ge r
p r e d i c t i o n s .

5 . 5 . 4 . C o n c l u s i o n s

F r o m a c o n s i d e r a t i o n o f t h e l i m i t e d l i t e r a t u r e d e s c r i b i n g
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t h e p r o d uc t i o n e c o l o g y a n d p o p u l a t i o n d y n a m i c s o f t h e
p h y t o p l a n k t o n o f t h e T h a me s , i t h a s b e e n d e d u ce d t h a t
t h e s i z e s o f ma x i ma l p o p u l a t i o n s i n t h e l o we r T h a me s
a r e d e t e r m i n e d p r i n c i p a l l y b y .t h e l i g h t r e q u i r e me n t s
o f t h e a l g a e i n r e l a t i o n t o t h e l i g h t i n c o me a n d v a r i a b l e
t u r b i d i t y l e v e l s a s s o c i a t e d w i t h v a r i a b l e d i s c h a r ge .
Al t h o ug h r e d uc e d f l o w s ma y r a i s e t h e t h r e s h o l d s o f
l i g h t - l i mi t a t i o n , a n d t h e p r o p o r t i o n o f ' t h e e x t i n c t i o n
t h a t c a n b e a t t r i b u t e d t o t h e a l ga l c h l o r o p h y l l c o nc e n t r a t i o n ,
t h e p r i n c i p a l e f f e c t c o n c e r n s t h e p h a s i n g a n d d u r a t i o n
o f b i o ma s s ma x i ma , s u b j e c t t o un c o n f i r ni e d d i s c h a r ge -
i n d e p e n d e n t p r o c e s s e s t h a t b r i n g a b o ut , mi d - s e a s o na l
d e c l i n e s . F l o r a l c h a n ge s i n s u m me r , p e r h a p s f a v o u r i n g
g r e a t e r s t a n d i n g c r o p s o f b l o o m fo r m i n g C y a n o b a c t e r i a
c a nn o t b e d i s c o u n t e d , h o w e v e r .

5 . 6 . HI GHE R P LANT S ( D . P . We s t l a k e )

T h e r e i s n o t mu c h i n f o r ma t i o n a v a i l a b l e o n t h e h i g h e r
p l a n t s of t h e ' r e a c h e s of t h e r i v e r T h a me s a f f e c t e d
b y t h e p r o p o s a l s . Be t w e e n T e d d i n g t o n We i r a n d Lo n d o n
Br i d g e ( t i d a l ' f r e s h wa t e r r e a c h e s ) t h e c o m b in a t i o n o f
f r e q ue n t c h a ng e s o f l e v e l , b o a t t r a f f i c • a n d u r b a n d e v e l o p -
me n t ma k e i t h i g h l y p r o b a b l e t h a t t h e r e i s n o s i g n i f i c a n t
d e v e l o p me n t o f h i g h e r p l a n t s w i t h i n t h e • r i v e r o r o n
i t s b a n k s . T h e r e a r e s o me a d j a c e n t a r ea s , e . g . S y o n _
Pa r k , S t . Ma r ga r e t ' s Gr o u n d s La k e , w h i c h h a v e p l a n t s
t h a t c o ul d b e a f f e c t e d b y c h a n g e s i n le v e l s o r s a l i n i t y . .

5 . 6 . 1 . T h e r e g i o n a l s t a f f s of th e Na t ur e Co n s e r v a n c y
h a v e ma, d e s u r v e y s o f t h e f l o r a s • o f mo s t o f t h e ma j o r
t r i b u t a r i e s o f t h e T h a me s w i t h i n t h e a f f e c t e d r e a c h e s ,
b u t t h e ma i n r i v e r h a s no t b e e n i nc l u d e d . Ba ke r ( 19 39 )
d e s c r i b e d t h e f l o r a o f v a r i o u s r e a c h e s n e a r O x fo r d ,
Be r r i e ( 19 7 2a ) h a s d e s c r i b e d a r e a c h a t Re a d i n g i n c l u d i n g
t h e d e p t h d i s t r i b u t i o n o f h i g h e r p l a n t s a n'd . • F u r s e •( 19 7 8 )
h a s r e p o r t e d o n t h e e c o l o g y o f t h e r i v e r b e t w e e n L e c h l a d e
a n d Be n s o n Lo c k n e a r Wa l l i n g fo r d . Mo s t o f • t h e s e . r e s u l t s
d e a l w i t h n a v i ga b l e w a t e r s w h i c h a r e u n l i k e l y t o d i f f e r
g r e a t l y f r o m t h e r e a c h e s b e t w e e n Ro mn e y . We i r a n d T e d d i n gt o n
We i r . J o h n ( p e r s . c o mm . ) h a s ma d e s o me o b s e r v a t i o n s
o n ma c r o p h y t e s t h r o ug h o u t t h e n a v i g a b l e T h a me s , d u r i ng
r e s e a r c h o n b e n t h i c a l ga e . Ha s l a m & Wo l s e l e y ( 19 8 1 )
h a v e d e s c r i b e d t h e v e ge t a t i o n o f En g l i s h r i v e r s i n g e n e r a l
a n d p r e d i c t i o n s u s i n g t h e i r d a t a a g r e e w i t h t h e d i r e c t
o b s e r v a t i o n s a v a i l a b l e a n d c o n f i r m • t h a t i m p o r t a n t d i f f e r e nc e s
d o w n s t r e a m o f Win d s o r a r e un l i k e l y . T h e p r o b a b l e . v e g e t a t i o n
b e t w e e n Ro mn e y a n d T e d d i n g t o n i s s u m ma r i Se d i n T a b l e
5 , 2. No e v i d e n c e h a s b e e n f o un d o f a n y s i t e s w i t h r a r e
o r s e n s i t i v e s p e c i e s .
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T a b l e 5 . 2 .

Ex p e c t e d a q u a t i c h i g h e r p l a n t s b e t w e e n Wi n d s o r a n d
T e d d i n g t o n ( b a s e d o n Be r r i e 19 7 2a ; F u r s e 19 7 8 ; Ha s l a m
8 Wo l s e l e y 19 8 1 a n d Dr D . J o h n p e r s . c o m m . )

S u b me r ge d a n d F l o a t i n g - Le a v e d Ve ge t a t i o n

( Ab s e n t f r o m ma i n c h a nn e l , f o u n d i n ma r g i n s a n d b a c k wa t e r s .
Un l i k e l y t o b e s i g n i f i c a n t i n w a t e r g r e a t e r t h e n l m d e e p . )

F r e q u e n t Nu p h a r l u t e a 1 , 3

P l u s 4 o r 5 o t he r s p e c i e s

Ma r g i n a l e me r g e n t v e ge t a t io n

( Re p l a c e d b y g r a s s e s w h e r e g r a ze d o r t r a m p l e d )

F a i r l y S p a r ga n i u m e me r s u m C o mmo n P h r a g m i t e s a u s t r a l i s 2 . 3
f r e q ue n t Sc h o e n o p l e c t u s l a c u s t r i s 2 Ac o r u s c a l a mu s 1 , 5

Oc c a s i o n a l I r i s p s e u d a c o r u s l

C a r e x s p p .

Sa g i t t a r i a s a g i t t i f o l i a  

1 . P a r t i c u l a r a me n i t y v a l ue
2 . P a r t i c u l a r b a n k p r o t e c t i o n v a l u e
3 . Mo s t l i k e l y t o d e c r e a s e i f p o l l u t ion i nc r e a s e s

o r f l o w d e c r e a s e s .
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C o mmo n S p a r ga n i u m e me r s u m  
P o l y go n u m a mp h i b i u m 3
P o t a mo ge t o n p e c t i n a t u s  
F o n t i n a l i s s p .
C i nc l i d o t u s fo n t i na l o i d e s )
Rh y n c h o s t e g i um )

r i p a r i o d e s )Mo s s e s
Oc t o d i c e r a s fon t a n u m )

P l u s 8- 10 o t h e r
s p e c i e s



5.6.2.  T w o p o s Si b l e c o n s e q ue n c e s o f ' t h e p r o p o s e d
c h a n ge s i n t h e r u l e s go v e r n i n g a b s t r a c t i o n a r e ( a ) t h a t
t h e c u r r e n t d e ma n d i s s a t i s f i e d b y a b s t r a c t i o n a c c o r d i n g
t o t h e p r o p o s e d r u l e s , ( b ) t h a t i nc r e a s e d d e ma n d l e a d s
t o l o n g p e r i o d s o f l o w o r n o f l o w o v e r T e d d i ng t on We i r
u n r e s t r i c t e d b y s t a t u t o r y m i n i mu m f l o w s . T h e s e s i t u a t i on s
a r e c o m p a r e d w i t h t h e r e s u l t s o f o p e r a t i ng t h e c u r r e n t
r u l e s . .

T h e v a r i a b l e f a c t o r s a f f e c t i n g t h e d i s t r i b u t i on a n d g r o w t h
o f h i g h e r . p l a t-1%s i n t h e n a v i ga b l e no n - t i d a l T h a me s w i l l
b e d e p t h , t u r b i d i t y ' ( a l ga l a n d n o n - 1“ , i n g ) , h uma n d i s t u r b a nc e
b y b o a t s a n d t r a mp l i n g , a n d g r a z i n g o r mo w i n g ( We s t l a k e
1975  Ha s l a m  1978).  Wa t e r v e l o c i t y a n d s e w a ge p o l l u t i o n
ma y h a v e s o me l o c a l e f f e c t s . De p t h a n d h u ma n d i s t u r b a n c e s
a r e n o t e x p e c t e d t o .a l t e r a s a r e s u l t o f t h e p r o p o s a l s ,
a n d t h e s e w i l l c o n t i nue t o b e i m p o r t a n t i n f l ue nc e s .

Fo r t h e e x a m p l e y e a r s o f  1939  t o  1935  p r e d i c t e d ma i n s t r e a m
v e l o c i t i e s • Un d e r MRB r a n ge f r o m 1 t o  90  c m s - 1 , w h e n
t h e y d i f f e r f r o m t h e p r e d i c t i o n un d e r c u r r e nt r u l e s ,
Wh i c h a r e b e t w e e n 1 t o 10 c m s - 1 o v e r t h e s e p e r i o d s .
Ma j o r d i r e s t e f fe c t s o f v e l o c i t y o n t h e h i g h e r p l a n t s ,
w h i c h a r e ne a r t h e . . Jila n k o r t h e b o t t o m , a r e n o t e x p e c t e d
fo r c h a n ge s o f : t h i s ma g n i t u d e .

T u r b i d i t y i s i n c r e a s e d b y u p s t r e a m a n d t r i bu t a r y : i n p u t s
(n o t a f f e c t e d b y t h e p r o p o s e d c h a n ge s ) , i n c r e a s e d v e l o c i t i e s
( i n c r e a s e d s u s p e n s io n ), d e c r e a s e d d i s c h a r ge s ( l e s s d i l u t i o n
o f t u r b i d i n p u t s ) a n d g r o w t h o f p h y t o p l a n k t o n . S h o u l d
t u r b i d i t y i n c r e a s e i t . . w o u l d :d e c r e a s e l i g h t p e ne t r a t i on ,
d e c r e a s i n g s u b me r ge d p l a n t g r o w t h a n d u l t i ma t e l y , r e s t r i c t i n g
s u b me r g e d p l a n t s : t o s h a l l ow e r w a t e r ( w h e r e t h e un d e r w a t e r
i r r a d i a n c e i s g r e a t e r ., t h a n a b o u t  5%  o f t h e i nc i d e n t ) .
S i n c e v e l o c i t y i n c r e a s e s w i t h d i s c h a r g e , v e l oc i t y a n d
d i s c h a r g e d i l u t i o n e f f e c t s w i l l t e n d t o o p p o s e . e a c h
o t h e r . F u r t h e r mo r e t h e p h y t o p l a n k t.o n s e c t i on p o i n t s
o u t t h a t p h y t o p l a n k t o n o f t e n g r o w u n t i l s t o p p e d b y
t h e c o mb i n a t i o n o f a l ga l a n d n o n - l i v i n g t u r b i d i t y , s o
t h a t l o w n o n - l i v i n g t u r b i d i t y l e a d s t o h i g h a i g a l t u r b i d i t y
a n d , l i t t l e c h a n g e  in  t h e t o t a l . O v e r a l l , t u r b i d i t y e f f e c t s
cOn Se q ue n t o n d e c r e a s i ng d i s c h a r g e s e a r l y . i n t h e y e a r
w o u l d t e n d t o .f a v o u r p l a n t g r ow t h i n t h e s p r i n g ' a n d
i n c r e a s i n g d i s c h a r g e s i n t h e s u mme r .w o u l d t e n d t o r e s t r i c t
p l a n t g r o w t h i n t h e s u mme r . Ho w e v e r g i v e n t h e ma g n i t ud e
a n d f r e q ue n c y . o f t h e . p r e d i c t e d c h a n ge s , s uc h d e t e c t a b l e
e f f e c' t s 'o n t'h e h i g h e r p l a n t s a r e u n l i k e l y .

5.6.3.  I n s o me r e a c h e s t h e p r o p o s e d .c h a n ge s i n a b s t r a c t i on
a r e . e x p e c t e d t o l e a d t o o c c a s i o n a l d e t e r i o r a t io n Of c h e ni i c a l
c o n d i t i o n s d o Wn s t r e a m , o f e f f l ue n t . . d i s c h a r ge s ( e . g . l o w e r
d i s s o l v e d o x y ge n ; h i g h e r n i t r a t e , p h o s p h a t e a n d a mmo n i a ) .
T h e s e ma y s l i g h t l y c h a nge t h e o c c u r r e n ce , d i s t r i b u t i o n
a n d r e l a t i v e a b un d a n c e o f s o me s p e c i e s ( s e e . Ta b l e  5.2
f o o t no t e  3)  a n d t h i s c o u l d b e co me s i g n i f ic a n t i f t h e r e
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w e r e l o n g
We i r .

5 . 7 . 1 . I n t r o d uc t i on

In c o m mo n
r i v e r s , t h e
Ro mn e y a n d
i n f o r ma t i o n
d a t a

p e r i o d s o f l i t t l e o r no f l o w a b o v e T e d d i n g t o n

I f s uc h p e r i o d s o f s t a g na t i o n oc cu r r e d i n t h i s r e a c h ,

t h e d e v e l o p me n t of d e n s e c o v e r w i t h d u c k w e e d s , ( L e mna  
s p p , Azo l l a f i l i c u l o i d e s  ) m i g h t b e e x p e c t e d , b e c a u s e

t h e s e t h r i v e i n fe r t i l e s t a t i c w a t e r . . Su c h g r o w t h s a r e
u n s i g h t l y a n d r e s t r i c t ga s e o u s e x c h a nge s a n d l i g h t t r a n s m i s s -

i o n a t t h e s u r f ac e , l e a d i n g t o l o w o x y ge n a n d h i g h

c a r b o n d i o x i d e con c e n t r a t i o n s i n t h e w a t e r . . Ho w e v e r , ,
t h i s w a s no t o b se r v e d i n 19 7 6 , a n d t h e e x p o s u r e t o

w i n d a n d t h e f r e q ue n t d i s t u r b a n ce s b y b o a t s ma k e t h i s

u n l i k e I y .

c h an g e s a r e u n l i k e l y t o
t h e a q ua t i c h i g h e r p l a n t s ,

un t i me l y a b s t r a c t i o n a l l o w

ne a r - s t a t i c c o n d i t i on s t o p r e v a i l f o r t w o o r t h r e e mo n t h s

5 . 6 . 4 . Ov e r a l l t h e p r o p o s e d
h a v e a d e t e c t a b l e e f f e c t o n
b u t i f i n c r e a s e d d e ma n d o r

i n s p r i n g o r s u mme r t h e r e ma y b e c h a ng e s
o f s o me s p e c i e s i n f a v o u r o f t h e s p e c i e s
o f h u ma n i n t e r f e r e n c e a n d e u t r o p h i c a t i o n
& Wo l s e l e y 19 8 1 a n d T a b l e 5 . 2 . fo o t no t e
h e l p .t o p r e v e n t s uc h c h a n ge s i f a b s t r a c t io n
a s e a r l y a s p o s s i b le i n t h e y e a r
w h i c h o c c u r d u r i ng t h e s p r i n g
MRB .

b i o l o g i c a l mo n i t o r i n g .
b y p o n d - ne t a n d t a k e
t h e m i d - s t r e a m z o ne .

r e s p o n s e t o t h e MRB s t r a t e g y
t o g e n e r a l i z e d o b s e r v a t i o n s
o f t h o s e s p e c i e s kn o w n
o b s e r v a t i o n s a r e s e t
a s s u me d t o a p p l y in d r o u g h t a n d n o n - d r o u g h t y e a r s .
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i n a b un d a n c e
mo s t t o l e r a n t

( s e e Ha s l a m
3 ) . I t w o u l d

w a s ma x i m i ze d
t o a v o i d t h e l o w d i s c h a r ge s
i n s o me p r e d i c t i o n s u n d e r

5 . 7 . MAC ROI NVE RT EB RAT ES O F T HE RIVE R ( M. T . F u r s e )

w i t h mo s t d e e p , l o w l a nd r e a c h e s o f Br i t i s h
ma c r o in v e r t e b r a t e f a u na of t h e T h a me s b e t w e e n

T e d d i ngt o n We i r s i s p oo r l y k now n . No p u b l i s h e d
h a s b ee n fo un d fo r t h i s r e a c h a n d t h e f e w

a v a i l a b l e h a v e b e e n o b t a i n e d b y T WA d u r i n g r o ut i ne
T h e s e s a mp l e s w e r e c o l l e c t e d
n o c o g n i za nc e o f c o m mu n i t i e s i n

T h e p o t e n t i a l p e r m u t a t i o n s o f i mp l e me n t a t i o n o f t h e
MRB s y s t e m a p p ea r t o b e a s nume r o u s a s t h e r a n ge

o f c l i ma t i c a n d n a t u r a l d i s c h a r ge p a t t e r n s l i k e ] y t o
o c c u r . . Va r i a t i o n in d e ma n d ma y a l s o a l t e r t h e w a y i n

w h i c h t h e s y s t e m i s o p e r a t e d .

Aga i n s t t h i s b a c k gr o un d i n t e r p r e t a t ion o f ma c r o i n v e r t e b r a t e
mu s t i n e v i t a b l y b e r e s t r i c t e d

c on ce r n i n g t h e t o l e r a n c e s
o r b e l i e v e d t o b e p r e s e n t . T h e s e
a g a i n s t t h e o p e r a t i n g c o n d i t i o n s



5 . 7 . 2 . T h e ma a r o i n v e r t e b r a t e c o m mu n i t y

A c o mp o s i t e p i c t u r e o f t h o s e ma c r o i n v e r t e b r a t e s k n ow n
t o b e , o r t h o ug h t l i k e l y t o b e , p r e s e n t h a s • b e e n d e r i v e d
f r o m t h r e e eo u r c e s . T h e r e a r e t h o s e c o l l e c t e d i n r o u t i ne
mo n i t o r i n g , t h o s e fo u n d i n o t h e r s e c t i o n s o f t he r i v e r
w i t h c o mp a r a b l e e n v i r o n me n t a l c o n d i t i o n s a n d t h o s e
p r e d i c t e d b y a mo d e l l i n g s y s t e m d e v e l o p e d *b y t h e F BA
Ri v e r C o m mu n i t i e s P r o j e c t ( Wr i g h t e t a l, 19 8 4 )

5 . 7 . 2 . 1 . Kn ow n i n fo r ma t i o n .- Da t a ma d e a v a i l a b l e b y
T WA c o n s i s t o f fo u r p o n d - n e t s a m p l e s c o l l e c t .e d b e t w e e n
Eg h a m a n d T e d d i ng t o n We i r i n a u t u mn 19 80 a s p a r t •o f
t h e • Do E Ri v e r Wa t e r . Qua l i t y Su r v e y . . T h e y r e f l e c t a
co m mu n i t y d o m i n a t e d n u me r i c a l l y a n d • i n s p e c i e s d i v e r s'i t y
b y Ol i g o c h a e t a ( w o r ms ) , Ga s t r o p o d a ( s n a i l s ) • Bi v a l v i a
( m u s s e l s ) a n d T r i c h o p t e r a ( c a d d i s ) . A l s o a b und a n t a t
mo s t s i t e s w e r e T r i c l a d i d a ( f l a t w o r m s ) , As e l l u s a q u a t i c u s
( w a t e r h o g - l o u s e ) , Am p h i p o d a ( f r e s h w a te r s h r i m p s ) ,
Hy d r a c a r i n a ( w a t e r - m i t e s ) a n d C a e n i s 'm oe s t a ( s ma l l
ma y f l y' ) . A d i v e r s e .Hi r u d i ne a ( l e e c h ) f a u na w a s r e c o r d e d
b u t , i n ke e p i n g w i t h • t h e i r p r e d a t o r y h a b i t s , no s p e c i e s
w e r e c o n s i s t e n t l y a b un d a n t . C h i r o n o m i d ae ( no n - b i t i n g
m i d ge s ) w e r e n o t i d e n t i f i e d • t o s p e c i e s a n d s o n o i nfo r ma t i o n
i s a v a i l a b l e a s t o t h e i r d i v e r s i r y .

5 . 7 . 2 . 2 . Ex t r a p o l a t e d i n fo r ma t i on - T h e o n l y e x t e n s i v e
l o n g i t u d i n a l s u r v e y o f ma c r o i n v e r t e b r a t e co mmu n i t i e s
i n t h e n a v i ga b le T h a me , u p s t r e a m o f T e d d i n gt on , w a s
c a r r i e d o u t b y t h e F BA un d e r c o n i r a c t t o T WA ( F u r s e ,
19 7 8 ) . T h i s s t u d y , ' w h i c h w a s u n d e r t a k e n f r o m a b o a t ,
r e p o r t e d o n 18 i n t e r - l o c k r e a c h e s b e t w e e n St . J o h n ' s '
a n d Da y ' s Lo c k s . s Bi o l o g i c a l s a m p l e s . w e r e c o l l e c t e d
f r o m m i d - s t r e a m u s i ng a i r - l i f t s ( Ma c k e y 1972 ) a n d
f r o m v e ge t a t i on a nd ma r g i nn l a r e a s s e p a r a t e l y u s i n g
p o n d - n e t s .

C o ni p a r i s o il of s e l e c t e d P h y s i c a l a n d c h e mi c a l v a r i a b l e s
fo r t h e r e a c h e s s t u d i e s b y F ur s e ( 19 7 8 ) a n d t h o s e i n
t h e l o w e r T h a me s i n d i c a t e s c l o s e s i m i l a r i t y b e t w e e n
e n v i r on me n t a l c o n d i t i o n s . T h e p r i n c i p a l d i f f e r ence s 1 i e
i n t h e t o t a k BO D l e v e l s w h i c h a r e b o t h h ig h e r a n d
mo r e v a r i a b l e ' i n t h e l ow e r T h a me s . O v e r a l l , t h e s i m i l a r i t y
i n c o n d i t i o n s i s t a k e n a s v a l i d a t i ng t h e e x t r a p o l a t i o n .
T h i s v i e w i s s u b s t a n t i a t e d , i n p a r t , b y t h e cion s i s t e n c y
i n c o m mu n i t y c o mp o s i t i on a l o n g t h e 8 1 k m s e c t i on s t u d i e d
b y F u r s e 197 8

T h e r e s u l t s o f t h e m i d d l e T h a me s s u r v e y co n f i r me d
t h e n u me r i c a l i mp o r t a nc e of t h o s e t a x a f o u n d c o m mo n l y
b e t w e e n Eg h a m a n d T e d d i n g t o n , b u t a l s o p r o v i d e d i nfo r ma t i on
o n t h o s e t a x a p a r t i c u l a r l y a s s o c i a t e d w i t h h a b i t a t s n o t
s a mp l e d b y T WA i n t h e l ow e r T h a me s .
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Co m mo n o n v e ge t a t io n , b u t n o t t a ke n i n t h e l o w e r r i v e r , ,

w e r e ma n y s p e c i e s i n t h e f a m i l i e s Na i d i d a e ( s ma l l w o r m s ) ,

Ba e t i d a e ( ma y f l i e s ) a n d Co r i x i d ae (w a t e r b o a t me n ) .

T h e i r a p p a r e n t a b s e n c e b e t w e e n Eg h a m a n d T e d d i n g t o n

ma y f o l l o w f r o m t h e s p a r s i t y of ma r g i n a l v e ge t a t i o n

r a t h e r t h a n c h a nge s i n w a t e r q ua l i t y . . On t h e o t h e r

h a n d d i s t i n c t i o n s b e t w e e n ma r g i n a l a nd m i d - s t r e a m c o m mun i t i e s

w e r e l e s s p r o n o un c e d ( F u r s e 19 7 8 ) p r i nc i p a l l y r e f l e c t i n g

d i f f e r e nc e s i n s p e c i e s c o m p o s i t i o n o f t h e C h i r o n o m i d a e .

C h i r o n o m i d a e , w i t h 4 1 r e c o r d e d t a x a , a n d H y d r a c a r i na ,

w i t h 19 , w e r e p a r t i c u l a r l y d i v e r s e i n t h e m i d d l e r e a c h e s

( F u r s e 19 7 8 ) a n d w o u l d u n d o u b t e d ] y h a v e c o n s i d e r a b l y

e x t e n d e d t h e n u mb e r o f t a x a c o l le c t e d f r o m Eg h a m d o w n -

s t r e a m h a d t h e y b e e n f u r t h e r i d e nt i f i e d . T h e a s s o c i a t i o n

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

s h ow n b y F u r s e ( 19 7 8 ) w e r e c o n s i d e r e d i n mu c h g r e a t e r

d e t a i l b y Ma c k e y ( 19 7 6a , b ; 19 77a , b ) w h o w o r k e d o n

a 3 . 3 k m r e a c h o f t h e T h a me s a t Re a d i n g . T h i s w o r k

fo r me d p a r t o f a mo r e e x t e n s i v e p r o j e c t s u mma r i s e d

b y Ma n n ( 19 6 4 , 19 72 ) , Ma nn e t a l . ( 19 7 2 ) a n d Be r r i e

( 197 2a ) . Ma n n ( 19 6 4 ) c o m me n t s t h a t w h i l s t t h e r e w e r e

ma r k e d d i f f e r e n ce s i n ma c r o i nv e r t e b r a t e c o m mu n i t i e s

i n a c r o s s - s t r e a m t r a n s e c t t h e r e wa s l i t t l e l o n g i t ud i na l

v a r i a t i o n .

5 . 7 . 2 . 3 . P r e d i c t e d i n f o r ma t i o n - T h e t e c h n i q ue b e i n g

d e v e l o p e d b y t h e F BA R i v e r C o mmun i t ie s P r o j e c t a l l o w s

t h e ma c r o i n v e r t e b r a t e t a x a 1 i k e l y t o b e r e c o r d e d a t

a s i t e t o b e p r e d i c t e d f r o m i t s k n ow n e n v i r o n me n t a l

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

i f t h e s i t e i s s a mp l e d t h r e e t i me s , a r e a l s o g i v e n ( Wr i g h t ,

Ar m i t a ge F u r s e u n p u b l i s h e d ) . T h e p r o c e d u r e u t i l i s e s

mu l t i p l e d i s c r i m i na n t a n a l y s i s on e n v i r o n me n t a l d a t a

t o a s c r i b e s i t e s t o a s e r ie s o f p r e - d e f i n e d b i o l o g i c a l

g r o u p i n g s .

T h e r e q u i s i t e e n v i r o n me n t a l d a t a o n s i t e s a t Eg h a m

a n d u p s t r e a m o f T e d d i n g t on We i r w e r e a c q u i r e d f r o m

a v a r i e t y o f s o u r c e s (T a b l e 5 . 3 . ) . Mos t d a t a a r e c o n s i d e r e d

r e l i a b l e a l t h o ug h i n fo r ma t i o n o n s ub s t r a t um c h a r a c t e r i s t i c s

fo l l o w c o n v e r s a t i o ns w i t h T WA p e r s o n ne l r a t h e r t h a n

d i r e c t me a s u r e me n t . A p r i ma r i l y g r a v e l - d o m i n a t e d s u b s t r a t u m

w a s a l s o a c o m mo n f e a t u r e o f mo s t r e a c h e s o f t h e mi d d l e

T h a me s ( F u r s e 19 7 8 ) .
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T a b l e 5 . 3 .

Va l ue s o f e n v i r o n me n t a l v a r i a b l e s 'u s e d t o p r e d i c t t h e
ma c r o i n v e r t e b r a t e s p e c i e s 1 i ke l y t o b e p r e s e n t a t s e l e c t e d
s i t e s o n t h e l o w e r T h a me s . P r e d i c t i o n s a r e b a s e d o n
t h e Ha r mo n i s e d Mo n i t o r i n g s i t e s a t : -

( 1 ) NSWC i n t a k e , Eg h a m T Q 02 3 7 18
( 2 ) T e d d i n g t o n We i r TQ 17 1 7 14

Va r i a b l e

•T o t a l o x i d i s e d n i t r o ge n ( mg 1- 1 N )

- C h l o r i d e ( mg 1- 1 C I )

T o t a l a l k a l i n i t y ( mg 1- 1 C a CO 3 )

Me a n s u b s t r a t u m p a r t i c l e s i z e
(ph i v d ue s )

Di s t a n c e f r o m s o u r c e ( k m )

S i t e

E g h a m T e d d i n g t o n

7 . 7

35 . 5 1

2 10 . 0 5

• - 0 . 6 4 5

7 . 0 4

38 . 07

18 8 . 87

- 0 . 2 2 5

2 0 6 2 34

Al t i t u d e ( m ) 14 6 .

S l o p e ( m k m - 1 ) 0 . 4 0 . 3

Me a n d e p t h ( m ) 1 . 9 2 2 . 4 4

Me a n w i d t h ( m ) .10 4 . 5 185 . 9

Me a n a i r t e m p e r a t u r e ( ° C ) . 10 . 6 5 10 . 87 5

Ai r t e m p e r a t u r e r a n ge ( J a n - J u l y ) ( °C ) 13 . 6 13 . 5 5

T o t a l o x i d i s e d n i t r o ge n , c h l o r i d e a n d t o t a l a l k a l i n i t y
a r e me a n v a l u e s fo r 197 9 - 8 3 s u p p l i e d b y T WA , P o l l u t io n
C o n t r o l We s t Di v i s i o n .

Su b s t r a t u m a s s u me d t o b e p r i n c i p a l l y g r a v e l , w i t h s o me
s ma l l e r p a r t i c l e s , o n a d v i c e o f T WA , P o l l u t i on C o n t r o l
We s t Di v i s i o n .

T e mp e r a t u r e v a rue s d e r i v e d . f r o m Me t e o r o l o g y Of f i c e
r e p o r t s .

A l t i t u d e a n d s l o p e d e r i v e d f r o m O . S . ma p s .

De p t h a n d w i d t h a n d d i s t a n c e f r o m s o u r c e v a l ue s d e r i v e d
f r o m Se c t i o n 2 .

A f e a t u r e o f t h e p r e d i c t i v e t e c h n i q u e i s t h a t , f o r a
g i v e n r a n ge o f p r o b a b i l i t y o f o c c u r r e n c e , t h e p r o p o r t i o n •
o f t a x a a c t ua l ] y fo un d s h o u l d b e e q u i v a l e n t t o t h e m i d -
p o i n t o f t h e p r o b a b i l i t y r a n ge . T h u s f o r p r e d i c t i o n s
i n t h e r a n ge 6 6 . 5- 10 0 % ( T a b l e 5 . 4 ) a b o u t 83% s h o u l d
b e o b s e r v e d i f t h e f o r e c a s t i s a c c u r a t e . Howe v e r t h e
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TABLE 5.4. Species predicted to occur at either Egham or Teddington with

a probability in excess of 66.5%, with an indication of their presence at selected

sites between Lechlade and Teddington.

SPECIES

Probability of

occurrence

210 .

Recorded occurrence

m
2

..."
u 0
c 2- , ,

.7 © .. 1 00 9 ,. 0 /
0 - C

V C a C ./
t. o +a i

17
 20 ,0 /2  . I-

.. -C
0 5 0 S Ic 2 o,.. GO  cn  C VI

3/ 8 0 - --.
t o  w 7 D y 0

Orthoc ladius Cricoto s 97.8 99.3 + + • r + ? 7 ? ? ?

Micro sectra Tan tarsus 95.8 98.7 + + + 4. 7 ? ? ? 7

Ase llus aguaticus 95.6 98.0 + + + + + • + + + +

Sphaerium corneum 97.5 97.6 + r + r + + + + +

Erpobdella octocu lata 93.4 96.6 + + E.sp + r • + r +

Limnodrilus hoffmeisteri 83.4 95.0 + + + + + 7 7 + + +

Hydracarina 94.4 86.6 + + + + + + + + +

G lossiphonia complanata 92.5 85.2 4- • + + + + i

Rheotan tarsus Paratan tarsus 92.3 85.7 + + + + 7 7 ? 7 7

Ceratopogonidae 90.8 86.4 7 ? ? ? 7 . 4 + 4.

Lymnaea pereg ra 76.1 90.5 + . + + + + r

Piscicola geometra 65.8 87.2 + +

Potamothrix hammoniensis 61.6 85.8 + + ? + ? . 4

Pisidium subtruncatum 85.4 72.5 ? ? ?

Sigara dorsalis 53.0 82.8 + + 7 7

Caenis moesta/macrura 81.4 71.7 + + + + + + r + + +

Bithynia tentaculata 73.8 80.2 4 • +  h + • + + + +

Stylaria lacustris 73.7 80.1 + + 4 +

Ou limnius tuberculatus 79.7 72.2 4- + + + + + 1

Psammoryctides barbatus 79.3 71.0 + + • + + + + + +

Lumbriculus yariegatus 67.9 78.8 ? 7 ? 7 + r +

Pisidium nitidum 77.5 57.7 + 7 7 +

Proc lad ius sp. 59.8 77.1 + + 4- + + 7 7 7 ? 7



Da t a fo r Bn s c o t t o Da y ' s t a k e n f r o m F u r s e ( 19 7 8 )

•Bu s c o t - S t J o h n ' s Lo c k t o . Gr a f t o n Lo c k

No r t h rnoo r S h i f fo r d Lo c k • t o P i n k h i l l 'Lo c k

Sw i n fo r d : .• P i n k h i l l Lo c k t o E y n s h a m L o c k

Ab i n g d o n S'a n d f o r d Lo c k t o Cu l h a m Lo c k

Da y ' s C l i f t o n Lo c k t o Be n s o n . Lo c k

Sa m p l e s c o l l e 'c t e d b e t we e n 2 6 . 7 . 7 7 a n d 5•. 9 . 7 7

Eg h a m t o Ki n g s t o n d a t a s u p p l i e d b y T WA, P o l l u t i on C on t r o l We s t
Di v i s i on

Eg h a rn .( U / S • NS WC i n t a ke ) s a m p l e d 2 8 . 10 . 80
U/ S .‘ MWD L i t t l e t on i n t a ke s a m Ol e d 16 . 10 . 80
U/ S . Ra v e n ' s Al t ( Su r bi t o n ) s a m p l e d 2 6 . 11 . 8 0
Ki n g s t o n , Lo we r Ha m Roa d s a m p l e d 19 . 11 . 80

D / S T e d d in g t o n We i r d a t a s u p p l i e d b y T WA , P o l l u t i o n Co n i r o l
So u t h . Di v i s i on .

D / S T e d d i n g t o n We i r d a t a c o v e r - t h e p e r i o d 19 77 - 19 8 4

• P ci l y p e d i l u m s p . i n c l u d e s P e n t a p e d i l u m s p . ih F u r s e ( 19 7 8 )
• •

4 . •=. p r e s e n t • .
? = p o s s i b l y p r e s e n t b u t i nc l u d e d i n a b r o a d e r t a x o no mi c c a t e go r y
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p r e d i c t i v e s y s t e m i s b a s e d u p on t h r e e s a m p l i n g v i s i t s

a n d F u r s e e t a l . ( 19 8 1 ) h a v e s h ow n t h a t a s i n g l e s a m p l e

c o l l e c t s o n l y 60- 7 0 % o f t h r e e s a m p l e s , d e p e n d i n g u p o n

t h e l e v e l o f i d e n t i f i c a t i o n .

5 . 7 . 2 . 4 . C o mb i n i n g t h i s i nfo r ma t i o n s u g ge s t s t h a t ,

i f p r e d i c t i o n s a r e r e l i a b l e , t h e n 50 - 5 8% o f t h e e x p e c t e d

t a x a s h o u l d b e o b s e r v e d i n a s i n g l e s a m p l e . C o n s i d e r i n g

o n l y t h o s e t a x a w h o s e l e v e l o f i d e n t i f i c a t i o n i s e q u i v a l e n t

t o t h e p r e d i c t i on s , t h e n 56 % o f t h e t a x a f o r e c a s t t o

o c c u r a t Eg h a m (T a b l e 5 . 4 ) w e r e p r e s e n t i n t h e s i n g l e

T WA s a m p l e . I t i s i n f e r r e d t h a t t h e p r e d i c t i o n s g i v e

a r e a s o n a b l e e s t i ma t e o f t h e t a x a t h a t c o u l d b e r e c o r d e d

a t Eg h a m i f i t w e r e s a m p l e d t h r e e t i me s .

T h e s i t u a t i o n a t Te d d i n g t o n i s mo r e c o m p l e x . T h e p r e d i c t i o n s

a r e b a s e d o n t he no n - t i d a l r e a c h u p s t r e a m o f t h e we i r

w h e r e a s t h e on l y a v a i l a b l e ma c r o i n v e r t e b r a t e d a t a ,

p r o v i d e d b y T WA P o l l u t i o n C o n t r o l So u t h , a r e f o r t h e

t i d a l s e c t i o n d ow n s t r e a m . F u r t h e r mo r e t h e s p e c i e s l i s t

c o v e r s t h e p e r i od 19 7 7- 19 8 4 b ut i t i s no t k no w n h o w

ma n y s a m p l e s t h i s r e p r e s e n t s . F i f t y - s e v e n p e r c e n t o f

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

p r e s e n t d o w n s t r e a m o f i t .

E i g h t t a x a f o r e c a s t t o o c c u r a t e i t h e r Eg h a m o r T e d d i n g t o n

w e r e n o t r e c o r d e d a t a n y s i t e i n t h a t r e a c h i n 19 8 0

(T a b l e 5 . 4 ) . T h e se w e r e S t y l a r ia l a c u s t r i s ( a w o r m i n

t h e f a m i l y Na i d i d a e ) , P i s c i c o l a ge o me t r a ( f i s h l e e c h ) ,

C e n t r o p t i l u m l u t e o l u m , Ba e t i s s c a m b u s / f u s c a t u s B a e t i s

v e r n u s a n d Ba e t i s r h o d a n i ( a l I ma y f l ie s i n t h e f a mi l y

Ba e t i d a e ) , S i ga r a d o r s a l t s ( a w a t e r b o a t ma n i n t h e f a m i l y

C o r i x i d a e ) a n d Hy d r o p t i l a s p . ( a s ma l l c a d d i s ) . Mo s t

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

a s s o c i a t e d w i t h a q ua t i c v e g e t a t i o n . Of t h e 27 t a x a p r e d i c t e d

o n l y P i s i d i u m s u b t r u n c a t u m (a p e a - mu s s e l ) w a s n o t r e c o r d e d

a t a n y o f t h e s i t e s c o m p a r e d (T a b l e 5 . 4 ) a l t h o u g h i t

i s k n o w n t o o c c u r ne a r Sa n d f o r d L o c k ( F u r s e 19 7 8 ) .

5 . 7 . 3 . Wa t e r q ua l i t y a s s e s s me n t

Ma n y b i o t i c i n d i ce s h a v e b e e n d e r i v e d t o r e l a t e t h e

p r e s e n c e o f ma c r o i n v e r t e b r a t e s t o t h e q u a l i t y o f t h e

w a t e r i n w h i c h t h e y a r e fo un d . T h e b e s t k n ow n o f t h e s e

i n B r i t a i n h a v e b e e n t h e T r e n t B i o t i c In d e x ( Wo o d i w i s s

19 6 4 ) a n d t h e C h a n d l e r I n d e x (C h a n d l e r 19 7 0 ) . Mo r e
r e c e n t l y t h e B MWP s y s t e m h a s b e e n r e c o m me n d e d fo r

u s e i n t h e Na t i ona l R i v e r Wa t e r Qu a l i t y s u r v e y s . T h e

p e r fo r ma n c e o f t h i s i n d e x h a s b e e n f a v o u r a b l y a s s e s s e d

b y C h e s t e r s ( 19 80 ) a n d b y A r mi t a ge e t ' a l . ( 19 8 3 ). I t

h a s b e e n s h o w n ( Ar rn i t a ge e t a l . 19 8 3 ) t h a t a d e r i v a t i o n

o f t h e B MWP s c o r e , n a me l y— t h e Av e r a g e Sc o r e P e r T a x on

( AS P T ) i s mo r e r e l i a b l e s i n c e i t i s l e s s d e p e n d e n t u p o n

s a m p l i n g e f f o r t o r t h e h a b i t a t s s a m p l e d a t t h e s i t e

b e i n g e x a m i n e d .
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At i t s e x t r e me s t h e AS P T c a n v a r y f r o m 0 t o 10 b u t
mo s t s i t e s f a l l i n ti le r a n ge 3 t o 7 . In t h e o r y t h e l o w e r
t h e AS P T t h e p o o r e r i s t h e w a t e r q ua l i t y o f t h e s i t e .
Ho w e v e r • Ar mi t a ge e t a l . ( 19 8 3 ) h a v e s h o w n t h a t t h e
s t a n d a r d s e x p e c t e d o f • s i t e s o f d i f f e r e n t e n v i r o n me n t a l
c o n d i t i o n s w i l l a l s o v a r y . T h e i r d a t a s ug ge s t t h a t s i t e s
h a v i n g t h e c h a r a c t e r i s t i c s o f t h e n a v i ga b l e T h a me s w o u l d
h a v e - AS P T s i n t h e me a n r a n ge 4 . 42 - 5 . 29 , w i t h 10t h
a n d 9 0 t h p e r c e n t i l e s o f 4 . 0 a n d 5 . 7 , i f t h e w a t e r w a s
o f r e .a s o na b l e q ua l i t y . .

A s s e s s me n t o f a l l a v a i l a b l e d a t a b e t w e e n S t . J o h n ' s
Lo c k a n d Lo n d o n Br i d ge s h o w s t h a t mo s t s i t e s f a l l w i t h i n
t h e e x p e c t e d me a n r a n ge w i t h o n l y t h r e e l y i n g b e l o w
t h e 10t h p e r c e n t i l e v a l ue (T a b l e 5 . 5 . ) . T w o o f t h e s e . •
Ba t t e r s e a a n d Lo n d o n Br i d g e a r e w i t h i n t h e r e a c h o f
o c c a s i o n a l s a l i ne i n t r u s i o n a n d ne e d n o t b e co n s i d e r e d .
T h e r e ma i n i ng s i t e , a t Lo w e r Ha m Ro a d , Ki n gs t o n , h a s
a n AS P T o f 3 . 9 4 . I t i s lo c a t e d d o w n s t r e a m o f t h e Ho g s m i l I
S t r e a m , a n d t r i b u t a r y k no w n i n t h e p a s t fo r i t s p u l s e s
o f h i g h a mmo n i a c a l n i t r o g e n i n p u t i n t o t h e T h a me s .

T h e w a t e r •
d o w n s t r e a m
n e a r t h e
( 19 8 3 ) . I t
t h a t t h e s e

q ua l i t y a p p e a r s t o h a v e s l i g h t l y i m p r o v e d
o f T e d d i n g t o n (AS P T 4 . 18 ) b u t s t i l l l i e s

l o w e r e x t r e me s ug ge s t e å b y Ar m i t a ge e t a l
nnis t b e s t r o n g l y e m p h a s i s e d a t t h i s p o i n t

v a l ue s a r e e a c h b a s e d o n s i n g l e a u t u mn s a m p l e s
o n l y a n d ma y no t r e p r e s e n t t h e p r e v a i l i n g c o n d i t i o n s
f o r mo s t • o f t h e y e a r . . No n e t h e l e s s t h e y d o d r a w a t t e nt i o n
t o t h e p a r t i c u l a r p r o b l e m s t h a t ma y e x i s t i n t h i s r e a c h .

5 . 7 . 4 . En v i r o n me n t a l r a n ge s o f p r e d i c t e d t a x a

Ap p r o x i ma t e ] y 40 0 r un n i n g - w a t e r s i t e s t h r o u g h ou t Br i t a i n
h a v e b e e n s a mp l e d fo r ma c r o i n v e r t e b r a t e s a s p a r t o f
t h e F BA Ri v e r Co m mun i t i e s P r o j e c t . Wa t e r q ua l i t y i n fo r ma t i o n
r e l a t i n g t o e a c h s i t e h a s a l s o b e e n co l l e c t e d p r o d uc i ng
a p o w e r f u l d a t a - b a s e fo r c o m p a r i n g t h e d i s t r i b u t i o n
o f t a x a w i t h i n d i v i d u a l .c h e m i c a l v a r i a b l e s .

C h e m i c a l f a c t o r s w h i c h h a v e b e e n g i v e n t h e g r e a t e s t
e m p h a s i s i n t h i s a p p r a i s a l o f t h e MRB s c h e me h a v e
b e e n DO , t o t a l BOD , t o t a l o x i d i s e d n i t r o ge n a n d a mmo n i i ca l
n i t r o ge n . T h e 2 7 t a x a w i t h t h e h i g h e s t p r o b a b i l i t y
o f o c c u r r e n c e a t Eg h a m o r T e d d i n g t o n , h a v e b e e n r a n k e d
i n a p p a r e n t o r d e r o f s e n s i t i v i t y t o d e t e r i o r a t i n g l e v e l s
o f t h e s e v a r i a b l e s .
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Table 5.5. BIOLOGICAL:MONITOR ING WORKING PARTY  (J0 10P)  SCORES FOR SITES

ON IHE RIVER THAMES, EXPRESSED AS AVERN3E SCORE PER TAXCN (ASPT)

SITE REACH ASPT DAR Sawa
St. Johns 5.40 3.8.77 Furse 1978

Buscot 5.43 Aug.1977 Furse 1978

Grafton 5.13 3.8.77 Furse 1978

Radcot 4.95 2.8.77 Furse 1978

Rushey 4.75 2.8.77 Furse 1978

Northmoo r 5.25 1.8.77 Furse 1978

Shifford 5.51 Aug.1977 Furse 1978

Pinkhill 5.22 1.8.77 Furse 1978

Eynsham 4.80 Aug.1977 Furse 1978

King 's 4 .91 29.7.77 Furse 1978

Godstow 4.82 28.7.77 Furse 1978

Osney 4.97 28.7.77 Furse 1978

U tley 5.36 July/Aug.1977 Furse 1978

Sandford 4.43  27.7.77  Furse 1978

Abingdon 5.22 27.7.77 Furse 1978

Cu lham 4.67 26.7.77 Furse 1978

C lifton 5.13 July/Sept.1977 Furse 1978

Day 's 4.56 26.7.77 Furse 1978

Caversham 4.76 31.12.80 TWA - FCW

Reading 4.90 1962? Mann 1964

Sonning 5.13 28.10.80 TWA - FCW

Boveney 4.71 10.11.80 TWA - RN

Egham 4 .96 28.10.80 TWA - POW

U/S Littleton Intake 5.29 16.10.80 TWA - PCW

U/S Raven 's Ait, Surbiton 4 .87 26.11.80 TWA - PCW

Kingston (Lower Ham Road) 3.94 19.11.80 N A - POW

D/S TeddIngfon Weir 4.18 1977-1984 TWA - Pcs

Petersham 5.00 1977-1984 N A - PCS

Kew 4 .64 1977-1984 TWA - PCS

Battersea 3.80 1977-1984 TWA - Pcs

London Bridge 3.25 1977-1984 TWA - PCS

PCW = POLLUTION CONTRCt. WEST DIVISION

PCS = FOLLUTICN CONTROL SCU M DIVISION
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A pos s i b l e o r d e r of v u l ne r ab i l i t y
t o de t e r i o r a t i ng w at e r q ua l i t y i s
5 . 6 Some t ax a , i nc l ud i ng L umb r i c ul us
Ou l i rnn i us t ube r c u l a t us ( a b ee t l e )

o f t he 27 t ax a
summa r i se d i n T ab l e
v ar i egat us (a w o r m ) .
a nd Gammar us p ul ex

( a . f r es h w at e r s h r i mp • r an k cons i s t ent l y h i g h - f o r eac h
v ar i a b l e . Ot he r s hav e p ar t i c ul a r sens i t i v i t y t o s i ng l e
f ac t or s . Cen t r op t i l um l ut eo l urn ( a ma y f l y) • a PPear s espec i a l r y
v u l ner ab l e t o ammon i aca l n i t r ogen w h i l s t P i sc i c o l a geo rPet r a  
( f i s h l eec h ) r eq ui r es r el a t i v e l y h i gh DO c o ncen t r a t i ons .

T a b l e 5 . 6 . Po ss i b l e o r d e r o f v ul ne r ab i l i t y t o d e te r i o r a t i ng
w at e r q ua l i t y o f t ax a w i t h a p r ed i c t ed p r ob a b i l i t y
o f oc c ur r ence a t Eg ham or T ed d i ngt on of a t l east 7 5%
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T h e p o s i t i o n o f s p e c i e s g r o u p s , s u c h a s Hy d r a c a r i n a

( w a t e r - m i t e s ), C e r a t o p og o n i d a e (b i t i ng m i d ge s ) a n d

t h e C h i r o no m i d a e g r o u p i n g s , T h ie n e ma n n i m y ia g r o u p ,

Or t h o c l a d i u s / C r i c o t o u s , Mi c r o s e c t r a /Ta n t a r s u s a n d

Rh e o t a n t a r s u s / P a r a t a n t a r s u s ( a l l n o n - b i t i n g m i d ge s ) .

i s mo r e - d i f f i c u l t t o a s s e s s b e c a us e o f t h e n u m b e r o f

s p e c ie s i n v o l v e d . T h e ge ne r a l i n d i c a t ion s a r e t h a t r e p r e s e n t -

a t i v e s o f t h e s e g r o u p s a r e a mo n gs t t h e mo r e v u l ne r a b l e

o f t h e l i s t e d t a x a .

S i x t a x a h a v e co n s i s t e n t l y l o w a p p a r e n t v u l ne r a b i l i t y

(T a b le  5.6.  ) . T h e s e a r e P o t a mo t h r i x h a m mo n i e n s t s ( a

w o r m ) , B i t h y n i a t e nt a c u l a t a a n d P h y s a_ f on t i n a l i s ( s na i l s ) .

As e l l u s a q ua t i c u s ( w a t e r h o g - l o us e ) . S i g a r a d o r s a l i s  

( a w a t e r b o a t ma n n o t y e t r e c o r d e d i n t h e r e a c h ) a n d

P r o c l a d i u s s p . ( a no n - b i t i n g m i d g e ) . T h e y c a n b e e x p e c t e d

t o b e mo s t r e s i l ie n t t o a n y f a l l - o f f i n w a t e r q ua l i t y

t h a t m i g h t o c c u r fo r w h a t e v e r r e a s o n s .

5.7.5.  P o s s i b l e e f f e c t s o f t h e Ma x i mu m Re s o u r c e Be ne f i t

Sc h e me

P r e d i c t i o n o f e c o l o g i c a l c h a n ge i s d i f f i c u l t b e c a u s e t h e

n a t u r e a n d e x t e n t o f t h e r e s p on s e t o e n v i r o n me n t a l mo d i f i c a -

t i o n i s d e p e n d e n t u p o n no t o n l y t h e ma g n i t u d e o f t h e

mo d i f i c a t i o n b u t a l s o i t s r a t e a n d p a t t e r n ( Sm i t h , Br i s b i n

& We i ne r  1979 )  Inc l u d e d i n t h e p a t t e r n o f c h a n ge w i l l

b e t h e d u r a t i o n , a mp l i t u d e a n d f r e q ue n c y o f t h e e x t r e me s

o f t h e ne w c on d i t io n s . T h e c i r c u m s t a nc e s p r e v a i l i n g

p r i o r t o t h e c h a n g e a r e a l s o i mp o r t a n t b e c a u s e t h e

t o l e r a n c e o f a q u a t i c ma c r o i n v e r t e b r a t e s c a n b e i nc r e a s e d

b y a c c l i ma t i o n .

Ac c l i ma t i o n i s i mp o r t a n t i f t h e r a t e o f c h a n ge i s s l o w . .

Un d e r t h e s e c o nd i t i o n s ma c r o i n v e r t e b r a t e c o m mu n i t i e s

c a n b e e x p e c t e d t o s h ow c o n s i d e r a b l e r e s i l i e n c e t o

c h a n ge i n t e r m s o f s p e c i e s c o mp o si t i on . Suc h c h a ng e s

a s d o o c c u r a r e mo r e l i k e l y t o b e i n r e l a t i v e a b u n d a n c e ,

r a t e s o f g r o w t h o r e v e n c o n c e nt r a t i o n o f p o l l u t a n t s i n

t h e b o d ie s o f o r ga n i s ms . Ho w e v e r i f c h a n ge s o f t h e

s a me ma gn i t u d e a r e i m p l e me n t e d r a p i d l y t h e e f f e c t s

a r e 1 i k e l y t o b e mo r e p r o f o u n d a n d t h i s s h o u l d b e

b o r ne i n m i n d w he n ma n i p u l a t i n g t he f l ow r e g i me . Sm i t h

e t a l . (  1979 )  w r i t e , ' Of t h e t h r e e ma i n c h a r a c t e r i s t i c s

o f e n v i r o n me n t a l c h a n ge . . . . i t i s un d o u b t e d l y t h o s e

c h a r a c t e r i s t i c s o f r a t e w h i c h a r e t h e mo s t i m p o r t a n t

i n d e t e r m i n i n g t h e e x a c t n a t u r e a n d e x t e n t o f c o n s e q ue nt i a l

b i o l o g i c a l r e s p o n s e . • T h i s i s no t t o s a y t h a t t h e ma gn i t u d e

o r p a t t e r n o f c h a ng e ma y no t u l t i ma t e l y p r o v e d e c i s i v e .

De s p i t e a c c l i ma t i o n e f f e c t s t h e t o l e r a n c e o f s p e c i e s

i s n o t i n f i n i t e a n d u l t i ma t e l y t h e c o n d i t i o n s ma y b e c o me

s o e x t r e me t h a t s p e c i e s w i l l no t s u r v i v e . Lo n g - t e r m

g r a d ua l d e t e r i o r a t io n o r s h o r t - t e r m o r p e r i o d i c e x t r e me s

o f h i g h a m p l i t u d e ma y p r o v e e q u a l l y d e c i s i v e . T h e

fo r me r c a t e go r y mi g h t i n c l u d e t h e i n c r e a s i n g e f f e c t o f

a mmo n i a c a l i n p u t i n t o t h e T h a me s f r o m i t s t r i b u t a r i e s
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a s d i s c h a r g e i n t h e ma i n r i v e r s l o w s o r s t o p s . I n t h e
l a t t e r c a t e go r y a n e x a m p l e m i g h t b e t h e a l t e r n a t e l y
h i g h  a n d l o w d i u r n a l o x y g e n c o n c e n t r a t i o n s fo l l o w i n g
a l g a : b l o o ms .

Se c t i o n 3 o f t h i s r e p o r t p o s t u l a t e s a s e r i e s o f r e s p o n s e s
t o a s e t o f r e s o u r c e u t i l i s a t i o n p r o g r a m me s . In d r o u g h t
y e a r s l i t t l e d i f f e r e nc e i s e n v i s a ge d b e t we e n t h e C h a r t
a n d t h e MRB r e g i me s . Wh e r e d i f f e r e n c e s d o oc c u r t h e y
a r e l i k e l y t o b e b e ne f i c i a l . T h i s i s b e c a u s e t h e MRB
p o l i c y w i l l p r o b a b l y p r o d u c e s l i g h t l y l o w e r s p r i n g
f l ow s b u t a t t h e g a i n o f ma i n t a i n i n g h i g h e r s u m me r
f l ow s , t h u s r e d uc i n g t h e l i k e l i h o o d o f i n v o k i ng d r o ug h t
o r d e r s . In t u r n t h i s w i l l r e d u ce t h e a m p l i t u d e o f t h e
c h a n g e s e x p e r i e n c e d b y t h e ma c r o i n v e r t e b r a t e co m mu n i t ie s .

Se t a g a i n s t t h i s , a n y p o l i c y w h i c h r e d u c e s t h e d i s c h a r ge
a n d v e l oc i t y o f t h e r i v e r i s l i ke l y t o r e s u l t i n mo r e
s e v e r e e n v i r o n me n t a l c o n d i t i o n s . DO c o nc e n t r a t i on s w i l l
b e co me mo r e v a r i a b l e a s r e t e n t i o n t i me a n d w a t e r t e m p e r a -
t u r e s i nc r e a s e a n d a l g a l g r o w t h a c c e l e r a t e s . S i m i l a r l y
t h e c o nc e n t r a t i o n s  o f  c h e m i c a l v a r i a b l e s w i l l i n c r e a s e
a s t h e d i l u t i o n e f f e c t d i m i n i s h e s .

T h i s o b s e r v a t i o n h a s s p e c i a l r e l e v a n c e i n non - d r o u g h t
y e a r s w h e n t h e p r o p o s e d p o l i c y o f r e mo v i n g a s mu c h
w a t e r a s p o s s i b l e i n s p r i ng , c o m b i ne d w i t h t h e e s t i ma t e d
17 11- i n c r e a s e i n d e ma n d b y t h e y e a r 2 00 6 , ma y s i gn i f i c a n t ] y
r e d u c e s um me r f l o w s . T h e I H mo d e l s i n d ic a t e t h a t u nd e r
t h i s - p r a c t i c e s um me r BO D l e v e l s w i l I b e h i g h e r a n d
DO c o n c e n t r a t i o n s l o w e r t h a n un d e r t h e p r e s e n t r u l e s .
T h i s e f f e c t w i l l b e f e l t mo s t s t r d n g l y i n t h e r e a c h a b o v e .
Mo l e s e y We i r w h e r e s u m me r  f l a w s  a r e ge n e r a l 1 y l o we r.
a n y w a y . . F u r t h e r mo r e • t h e l i mi t e d e v i d e n c e a v a i l a b l e
s ug ge s t s t h a t p o l l u t io n - s e n s i t i v e f a mi l i e s ma y a l r e a d y
b e • a b s e n t d o w n s t r e a m o f t h e Hog s m i l l a t Ki ng s t o n a n d
t h i s r e a c h ma y a l s o b e v u l ne r a b l e t o l o w s u m me r f l o w s .
Un d e r t h e MRB t a c t i c s , s um me r c o n d i t i o n s i n t h e s e a r e a s
s h o u l d b e a me l i o r a t e d i n d r o u g h t y e a r s b u t ma y b e
e x a c e r b a t e d i n n o n - d r o u g h t y e a r s .

Hi s t o r i c a l l y t h e Mo l e a n d Ho g s mi l l we r e a l s o r e s p o n s i b l e
fo r h i g h a mmo n i a c a l n i t r o ge n i n p u t b u t i mp r o v e me n t s
i n e f f l ue n t t r e a t me n t f a c i l i t i e s a r e .t h o ug h t t o h a v e l a r ge l y
o v e r c o me t h e s e p r o b l e m s . T h e c o n d i t i o n s u n d e r w h i c h
t h e y ma y b e co me c r i t i c a l a r e t h o s e i n w h i c h l ow d i l u t i o n
i n t h e T h a me s i s c o m b i ne d w i t h h i g h a l g a l g r o w t h .
T h e t a x a mo s t 1 i k e l y t o b e v u l n e r a b l e t o d e t e r i o r a t i n g
c o n d i t i o n s h a v e b e e n o u t l i n e d i n t h e p r e c e d i n g s e c t i on s .

5 . 7 . 6 . Co n c l u s i o n s

T h e p r o p o s a l s fo r i mp l e me n t a t i o n o f MRB t a c t ic s f a t h e r
t h a n t h e C h a r t a r e mo r e l i k e l y t o b e b e n e f i c ia l t h a n
d e t r i me n t a l t o ma c r o i n v e r t e b r a t e c o m mu n i t ie s i n d i-Oug h t
y e a r s . Ne v e r t h e l e s s c o n s i d e r a t i o n s h o u l d . b e g i v e n t o
a v o i d i n g s h a r p c h a ng e s i n f l o w c o n d i t i o ns w h e r e g r a d ua l
c h a n g e wo u l d me e t t h e s a me o b j e c t i v e s . Ma c r o i n v e r t e b r a t e s
a r e n o t a b l y r e s i l ie n t t o s l o w r a t e s of c h a n ge .
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I n no n - d r o u g h t y ea r s MRB o p e r a t i o n ma y p l a c e mo r e •
s t r e s s o n t h e ma c r o i n v e r t e b r a t e c o m mu n i t ie s t h a n w o u l d
o c c u r un d e r t h e C h a r t , p a r t i c u l a r ] y i f t h e p r e d i c t e d
17 14 e x t r a d e ma n d b y 2 0 0 6 i s r e a l i s e d . T h e r e fo r e c a r e
s h o u l d b e t a ke n i n d e v i s i n g s c h e d u l e s fo r s p r i n g a b s t r a c t i o n
i n n o n - d r o u g h t y e a r s w h i c h m i t i g a t e a g a i ns t un d u e s u m me r
r e d u c t i o n s i n d i s c h a r ge .

T h e mo s t s e n s i t i v e a r e a s a r e l i k e l y t o b e a b o v e Mo l e s e y
We i r a n d d o w n s t r e a m o f t h e Ho g s m i l l , An y p r o b l e ms
i n t h i s a r e a c o u l d b e e x a c e r b a t e d b y d e n s e a l ga l g r o w t h s .

T h e ma c r o i n v e r t e b r a t e t a x a mo s t 1 i ke l y t o b e v u l n e r a b l e
t o d e t e r i o r a t i n g c on d i t i o n s h a v e b e e n i n d i c a t e d i n 5 . 7 . 4 .
How e v e r • i f a s s u gg e s t e d , s h a r p c h a n ge s i n f l o w a r e
a v o i d e d a n d n o n - d r o u g h t y e a r a b s t r a c t io n p o l i c y i s
c a r e f u l ] y p l a n n e d , l i t t l e d e t r i me n t a l e f f e c t u p on t h e
ma c r o i n v e r t e b r a t e c om mun i t i e s o f u s in g MRB r a t h e r t h a n
t h e C h a r t s y s t e m i s e n v i s a ge d .

5 . 8 I NVE RT E B RAT E FAUNA O F T HE T I DAL T HAMES
( R . M. Wa r w i c k a n d R . Wi l l i a ms )

T h e d i s t a n c e o f p e ne t r a t i o n o f ma r i ne s p e c ie s i n t o e s t u a r ie s ,
a n d o f f r e s h w a t e r s p e c ie s i n t o b r a c k i s h w a t e r , , h a s
f r e q ue n t l y b e e n c o r r e l a t e d w i t h s a l i n i t y t o l e r a n c e s ( r e v i e w
b y Ca r d k e r 19 67 ) . I t i s c o n s i d e r e d a x i o ma t i c t h a t s a l i n i t y
i s t h e ' ma s t e r f a c t o r ' go v e r n i n g e s t ua r i ne d i s t r i b u t i o n s
p r o v i d e d o t h e r c o n d i t i o n s , s u c h a s o x y ge n c o nc e n t r a t i o n ,
r e ma i n f a v o u r a b l e . P r e v io u s s e c t i on s of t h i s r e p o r t
h a v e s h o w n t h a t me a s u r a b l e c h a nge s i n e n v i r o n me n t a l
v a r i a b l e s , r e s u l t i n g f r o m p r o p o s e d c h a n ge s i n t h e ma na ge me n t
s y s t e m , a r e o n l y fo und a b o v e Lo n d o n Br i d g e a n d , fu r t h e r mo r e ,
t h a t t h e o x y g e n l e v e l s a r e i n no c a s e a d v e r s e l y a f f e c t e d .
T h i s s e c t i o n o f t he r e p o r t c o n s e q ue n t l y o n l y c o n s i d e r s
p o s s i b l e s a l i n i t y e f f e c t s b e t w e e n Lo n d on Br i d ge a n d
T e d d i n g t o n L o c k .

Sa l i n i t ie s b e t we e n 5 a n d 7 p a r t s p e r t h o u s a n d c o n s t i t u t e
a s i g n i f i c a n t e c o p h y s i o l o g i c a l b o un d a r y , , r e f e r r e d t o
a s t h e ' h o r o h a l i n i c um ' , a t w h ic h t h e n umb e r s o f b o t h
ma r i ne a n d f r e s h w a t e r s p e c i e s r e a c h a mi n i mu m ( Re ma ne

Sc h l i e p e r 19 58 ) . Sa l i n i t ie s a b o v e Lo n d o n Br i d ge a r e
ge ne r a l 1 y l o w e r t h a n t h i s a n d t h e f a un a i s p r e d o m i n a n t l y
a f r e s h w a t e r o n e ( As t o n An d r e w s 19 7 8 ) . Ho w e v e r , ,
ma r k e d f l u c t ua t i o n s i n t h e f a u na o c c u r a t t h e r e g i o n
o f t h e ho r o h a l i n i c u m u n d e r p r e s e n t o p e r a t i n g c o n d i t i o n s ,
b o t h s e a s o n a l ] y a n d b e t w e e n y e a r s . E p i b e n t h i c s p e c i e s
a n d zo o p l a n k t o n , p a r t i c u l a r l y c r u s t a c e a n s s u c h a s c o p e p o d s ,
a m p h i p o d s , m y s i d s , i s o p o d s , s h r i m p s a n d p r a w n s , mi g r a t e
u p a n d d o w n t h e e s t ua r y w i t h c h a n g i ng s a l i n i t y a n d
a r e l a r ge l y un a f f e c t e d b y i t : An d r e w s ( 19 7 7 ) h a s d o c ume n t e d
t h e u p s t r e a m m i g r a t io n o f t h e s e o r g a n i s ms d u r i n g t h e
d r o u g h t o f 19 7 6 . Be n t h i c i n f a u na , fo r e x a m p l e mo l l u s c s
a n d a n ne l i d w o r m s a r e f r e q ue n t l y e l i mi n a t e d l oc a l ] y
un d e r c o n d i t i o n s o f i n c r e a s e d s a l i n i t y : An d r e w s ( 197 7 )
r e p o r t e d t h e d i s a p p e a r a nc e o f s e v e r a l mo l l u s c s , l ee c h e s
a n d t u b i f i c i d w o r ms f r o m a s t a t i on j u s t a b o v e Lo n d o n
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Br i d ge . be t ween 1975 and 1976 , w h i l e Hun t e r ( 1981) r ec or de d
seasona l f l uc t ua t i on s i n t ub i f i c i d s a t Gr ee nw i c h w h i c h
he a t t r i b ut ed t o sa l i n i t y c hange s b e t w een 1970 and 1972 .
Hunt e r a l so t ab u l a t ed l i mi t i ng sa l i n i t i es f o r t h r ee f r es h w ate r
t ub i f i c i d s p ec i e s . i n t h e T h ame s , b ased on b ot h f i el d
and e x p er i ment a l ev i d ence , w h i c h a r e gener al l y c l ose
t o t ho se q uo t ed a bov e f o r t he hor oh al i n i c um , a l t houg h
f o r L i mnod r i l us ho f f me i st e r i t he 1 i mi t i ng sa l i ni t y i s
s l i gh t l y h i gher ( 10- 12 pa r t s pe r t housand ) .

I n ad d i t i on t o t he se p ub l i s hed d a t a , T WA b i o l og i st s
hav e mon i t o r ed t he d i s t r i b u t i on of .so me : 9 1 i nv er t e b r at e
t a x a a t f i v e s i t es i n t h i s r eg i on of t he t i dew a y ( Ted d i ngt on ,
Pe t e r s ham ,  Kew ,  Ba t t er sea and L ond on Br i d ge ) r egu l a r ] y
s i nc e . 1974 . T h i s _ d e t a i l e d i nf o r mat i on . h i g h l i g h t s t he
na t ur a l ' v a r i ab i l i t y i n t he f auna f r om y ea r t o, y ear , ,
p a r t i c u l a r l y t owa r d t he seaw ar d end o f t h i s r eg i on .

Di f f e r ences b e t w een t he C ha r t and M RB s y st ems o f management
a r e t r i v i a l when •measur ed aga i nst t he p r e sen t v ar i a b i l i t y
i n t he s y st em , w her e mi g r a t i on o f ep i f auna , and e l i mi na t i on
and r ep l ac emen t of t he i n f auna a r e na t ur a l . f ea t ur e s - o f
suc h d y nami c r eg i ons . T o r e i t e r a te ea r l i e r sec t i ons
of t h i s r e por t , d u r i ng t h e 1976 d r oug h t sal i n it i e s a t
T e d d i ng t on and Sy on Pa r k w ou l d no t hav e b een mo d i f i ed
b y mo r e t han 0 . 3 par t s .pe r t housan d and w oul d r ema i n
b e l ow 2 . 0 p ar t s p e r t housand a t a l l t i me s , i . e . cons i d er ab l y
b e l ow t he c r i t i c a l l e v e l . Va r i a b i l i t y i n sal i n i t y he s ,
i f ai t y t h i ri g i r ed uce d . Si mi l a r eq ue l l y t r i v i a l d i f f e r ences
e r e e v i d ent i n ••t he s i Mu l a t f ons o f o t h e r d r oug h t seq ue nces ,
and i n V i ew o f t h i s i t i s no t con si d e r ed t ha t . t he p r o pose d
c han ge s i n 't he ope r a t i ng s y s te m w i l l hav e an y d e t ec t ab l e
e f f ec t on t he bent h i c f auna o f t h e . t i d a l T hame s . I t
f o l l ow s t he r e fo r e t ha t any _c hange s i n p r oc esses .w h i c h
r e l a t e fo t h e act i v i t i e s of t he se b ent h i c o r gani s ms ( e . g .
t he i r consump t i on o f a l gae and d et r i t us , and p r ed a t i on
o n t he zoo ben t hos n y f i s h ) w i l l s i mi l a r l y be ne gl i gi b l e .

5 . 9 . FI SH ( 12, 1-1. K . Mann )

5 . 9 . 1 . I n t r od uc t i on

T h i s as ses sment ha s b een , d r aw n up i n t he ab sence o f
q uan t i t af R e de t a on f i s h p op u l a t i ons i n t he l ow e r T hame s
( . e . p op u l at i on d ens i t i es , - age- s t r uc t ur es , g r ow t h r a t e s
e t c . ) and compar a t i v e l y l i t t l e q ual i t a t i v e . i nf o r ma t i on :
T h e d a t a per t a i n i ng t o f i s h . po p u l a t i ons up st r eam of
T ed d i ngt on We i r w e r e o b t a i ne d f r om T WA b i o l og i s t s ;
t he Y o r i g i na te par t l y f r om t he Au t hor i t y ' s e l ec t r o f i s h i ng
sur v e y s f o r y oung sa l mon ( Sa l mo sa l a r ) and coar s e f i s h
( Ban k s 1979 ) , and par t l y f r om t he i r k now le dge o f t he
f i s h commun i t i es t h r ough , f o r ex amp l e , ang l e r s ' c a t c he s .
Mor e d at a a r e ., a v a i l ab l e . i n .t he t i d a l r eac hes , be l ow
T ed d i ng t on We i r . . So me e r e f r om t h e A ut hor i t y ' s su r v ey s ,
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s o me f r o m c o l l e c t i o n s ma d e a t p o w e r s t a t i o n i n t a ke s
( Wh e e l e r 19 7 9 ) , a nd t h e r e s t f r o m c a t c h e s b y c o m me r c i a l
e e l f i s h e r me n a n d f r o m i n fo r ma t i o n f r o m a ng l e r s ( o b t a i ne d
f r o m T WA ) .

T h e i n fo r ma t io n f r o m a l l t h e s e s ou r c e s h a s b e e n u s e d
i n c o n j u n c t i o n w i t h p r e d i c t i o n s f r o m t h e h y d r o l o g i c a l
mo d e l s t o a s s e s s t h e l i k e l y c h a n ge s i n t h e f i s h p o p u l a t i o n s
i n t h e l o w e r T h a me s i f t h e MRB p a t t e r n o f w a t e r a b s t r a c t i o n
i s a d o p t e d . Of ne c e s s i t y t h e a s s e s s me n t s a r e s u b j e c t i v e .
F u r t h e r , , t h e y a r e b a s e d o n t h e mo d e l p r e d i c t i o n s t h a t :

a ) Wa t e r f l o w s i n t h e s p r i n g ( b e fo r e 1 Ma y ) w i l l
b e o n a v e r a ge , l ow e r t h a n b e fo r e .

b ) Su m me r f l o ws w i l l b e , on a v e r a ge , h i g h e r t h a n
b e fo r e .

c ) No s u b s t a n t ia l c h a n ge s w i l l o c c ur i n w a t e r t e m p e r a t u r e s
a n d o x y g e n c o n t e n t a s a r e s u l t o f t h e c h a n ge
i n t h e p a t t e r n o f w a t e r a b s t r a c t i on .

5 . 9 . 2 . As s e s s me n t

5 . 9 . 2 . 1 . Sa l mo n ( Sa l m o s a l a r  )

Re d u c e d f l o w s d u r in g t h e s p r i n g w i l l i n h i b i t t h e u p s t r e a m
m i g r a t i o n o f a d u l t s a l mo n r e t u r n i n g f r o m t h e s e a , e s p e c i a l l y
i n y e a r s w h e n t h e r e h a s b e e n l i t t l e r a i n f a l l d u r i n g
t h e w i n t e r a n d e a r l y s p r i n g . T h i s s i t u a t i on c o u l d b e
a me l i o r a t e d b y t h e p r o v i s i o n o f f i s h p a s s e s ( a s e x i s t s
a t Mo l e s e y We i r ) t h r o u g h w h i c h t h e f l o w c o u l d b e c o n c e n -
t r a t e d . No d a t a e x i s t o n t h e s e a s o na l p a t t e r n o f a d u l t
s a l mo n m i g r a t i o n a nd i t i s t h u s i mp o s s i b l e t o d e t e r mi ne
t h e f r a c t i o n o f t h e r u n p r o v i d e d b y t h e e a r l y s p r i n g
s a l mo n .

I m ma t u r e s a l mo n m ig r a t e t o s e a a s s mo l t s d u r i n g Ma r c h
a n d Ap r i l . Di v e r s i o n o f p a r t o f t h e r i v e r f l o w i n t o
s t o r a ge r e s e r v o i r s , d u r i n g t h i s p a r t o f t h e y e a r , , w i l l
i n e v i t a b l y l e a d t o mo v e me n t o f s mo l t s i n t o a r e a s f r o m
w h i c h r e t u r n t o t h e r i v e r i s d i f f i c u l t o r i m p o s s i b l e .
T h e l o s s o f s mo l t s , a n d h e nc e t h e n u mb e r s o f r e t u r n i n g
a d u l t s i n l a t e r y e a r s , i s d i f f i c u l t t o ga u ge a c c u r a t e l y .
How e v e r , , t h e l o s s i s c e r t a i n t o b e mo r e a c u t e w h e n
r i v e r l e v e l s a r e ge ne r a l l y l o w a n d t h e p e r c e n t a ge o f
t h e f l o w t h a t i s a b s t r a c t e d i s c o r r e s p o n d i n g l y h i g h
( g i v e n a n a p p r o x i ma t e l y u n i f o r m l e v e l o f a b s t r a c t i o n
y e a r - b y - y e a r ) .

So me s p a w n i n g o f s a l mo n o c c u r s i n t h e l ow e r T h a me s
a s , f o r e x a m p l e , a t Sun b u r y w h e r e t h e R . As h e n t e r s
t h e ma i n r i v e r . . Lo w f l o w s d u r i n g e a r l y s p r i n g ma y
c a u s e s o me s i l t d e p o s i t i o n i n a r e a s s u c h a s t h i s , a n d
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t h i s w o u l d i n c r e a s e t h e mo r t a l i t y r a t e o f e g g s a n d f r y
t h r o u g h o x y g e n d e p l e t i on . In s u f f i c i e n t d a t a a r e a v a i l a b l e
t o a s s e s s t h e i m p o r t a n c e o f t h e s e l o w e r s p a w n ing a r e a s
i n r e l a t i o n t o t h e o v e r a l l s p a w n i n g r e g i me o f t h e r i v e r

5 . 9 . 2 . 2 . No n - s a l mo n i d s p e c i e s i n no n - t i d a l w a t e r s

In mo s t y e a r s , t h e c h a n ge i n p a t t e r n o f w a t e r a b s t r a c t i o n
s h o u l d h a v e n o s e r i o u s i mp l i c a t i o n s fo r t h e n o n - s a l mo n i d
s p e c ie s . An e x c e p t i o n t o . t h i s w o u l d o c c u r i n d r y w i n t e r /
s p r i n g p e r i o d s w h e n t h e e g g s o f - I i t h o p h i l o u s s p a w ne r s
( e . g . d a c e Le u c i s c u s l e u c i s c u s ) c o u l d b e k i l l e d t h r o u g h
s i l t a t i o n • o r e v e n e x p o s u r e • o f t h e g r a v e l s p a w n i n g
a r e a s . I t i s no t e n v i s a ge d t h a t t h e o v e r a l l i nc r e a s e
i n s u m me r f l o w s w o u l d h a v e a n y s u b s t a n t i a l e f f e c t o n
t h e n o n - s a l mo n i d f i s h c o mmu n i t y . .

Ho w e v e r , , p r e d i c t i o n s o f d i s c h a r ge a n d . DO l e v e l s f r o m
t h e I H mo d e l , i n c l u d i n g t h o s e r e s u l t i n g f r o m a 17 8 i n c r e a s e
i n w a t e r d e ma n d b y t h e y e a r 2 0 0 6 , d o n o t i n d i c a t e
a n e x a c e r b a t i o n o f t h e s e p r o b l e m s fo r e i t h e r s a l mo n i d
o r n o n - s a l mo n i d f i s h e s , e x c e p t fo r a s ma l l i nc r e a s e
i n BO D l e v e l s . I t s h o u l d b e r e me mb e r e d t h a t t h e l e v e l s
o f DO a n d . BO D a r e , t o a l a r ge e x t e n t , d e p e n d e n t u p o n
t h e q u a l i t y • o f e f f l ue n t s f r o m t h e v a r i o u s s ew a g e t r e a t me n t
w o r k s . T h e I H mo d e l a s s u me s t h a t t h e q u a l i t y o f e f f l ue n t s
w i l l b e . ma in t a i ne d e v e n t h o ug h w a t e r u s a g e w i l l b e
i n c r e a s e d b y 17 8 .

5 . 9 . 2 . 3 . No n - s a l mo n i d s p e c i e s i n t i d a l w a t e r s

Wa t e r a b s t r a c t i o n a b o v e T e d d i ng t o n We i r d ur i n g d r y
s p r i n g • p e r i o d s w i l l i n c r e a s e t h e u p s t r e a m i nc u r s i o n
o f 's a l t w a t e r , , e s p e c i a l l y . i f t h e a b s t r a c t i o n s c o i nc i d e
w i t h h i g h s p r i n g t i d e s . T h e f r e s h w a t e r f i s h e s a r e co n f i n e d
t o t h e *a r e a a b o v e Lo n d o n B r i d ge a n d - a n y p r o l o n ge d
r e s t r i c t i o n o f t h e i r p o p u l a t i o n s t o t h e u p p e r p a r t o f
t h i s a r e a c o u l d a f f e c t t h e i r g o n a d d e v e l o p m e n t i n t h e
c r i t i c a l p e i i o d b e f o r e t h e y s p a w n . Ea r l y s p a w ne r s ,
s u c h a s t h e d a c e , ma y e v e n h a v e t h e i r s p a w n i ng a c t i v i t y
a f f e c t e d . Ho w e v e r , , t h i s d i d no t o c c u r d u r i n g t h e 19 7 5-
7 6 d r o ug h t a n d t h e I MER h y d r o l o g i c a l mo d e l d oe s no t
p r e d i c t a n y w o r s e n i ng of t h e p r o b l e m und e r t h e MRB
p r o c e d u r e .

T h i s l a t t e r e f f e c t i s l i k e l y t o b e mo s t s e r i o u s fo r t h e
s me l t (Os me r u s e p e r l a nu s  ) w h i c h s p a w n s i n t h e Ma r c h
t o Ma y p e r i o d i n f r e s h wa t e r z o n e s i m me d i a t e l y u p s t r e a m
o f s a l t w a t e r e s t ua r i e s . T h e . s me l t o n c e s u p p o r t e d a ma j o r
f i s h e r y i n t h e Ri v e r , T h a me s a n d i s n o w i n c r e a s i n g i n
n u mb e r fo l l o w i n g a l o ni p e r i o d o f d e c l i n e . In 19 8 3 .
o v e r 8 0 0 0 We r e c a u g h t b y T WA i n t h e s u r ve y b e l ow
T o we r Br i d ge , a n umb e r e x c e e d e d o n l y b y •t h e e e l ( 3 4 , 0 0 0 )
a n d f l o un d e r ( 13 , 00 0 ) .
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T he I MER h y d r ol og i c a l mod e l suggest s l i t t l e o r no c hange
i n t he e f f ec t s of v e r y l ow f l ows as a r e su l t of t he
MRB po l i c y , , and i t s how s t hat w a t e r u p s t r eam of t he
ha l f - t i d e l oc k a t Ri c h mond r a r e l y become s sa l i ne .

5 . 10 SUMMA RY

5 . 10 . 1 . T h e sca r c i t y o f good i n f or ma t i on ab out t he
f l o r a and f auna o f t he l ow er Ri v e r T ha me s mean s t ha t
i t i s d i f I i c u l t t o ma k e ac c ur a te p r ed i c t i ons a bou t t he
l i k e ] y e f f ec t s o f sma l l c hange s i n env i r o nment a l cond i t i ons .

5 . 10 . 2 . Muc h o f t he p h y s i c a l an d c he mi c a l d at a i s
i n t he f o r m o f mean v a l ue s b ased on ob se r v a t i ons made
d ur i ng no r ma l w or k i ng hour s . L i v i ng o r ga n i s ms a r e mor e
l i k e l y t o b e se r i ous l y a f f ec t ed b y e x t r eme v a l ue s w h i c h
ar e c oncea l ed w i t h i n mean v a l ues and w h i c h ma y be
mor e 1 i ke l y t o oc cur ou t s i d e no r ma l w or k i ng hour s ,
no t ab l y i n t he c ase o f d i s so l v e d ox y gen .

5 . 10 . 3 . A l l t he b i o l og i c a l p r ed i c t i on s a r e b ased on
c ur r en t l ev e l s of deman d f o r w at e r o r a 17% i nc r ease
i n d e mand w h i c h has b een p r ed i c t e d b y T WA f o r t he
y ear 2006 . T he y s houl d no t be c ons i d e r ed a p p l i c ab l e
i f t he d eman d i nc r eases be y ond t h i s l ev e l .

5 . 10 . 4 . T he b i oc hemi c a l ox y gen de mand and t he l ev e l s
of ammon i a ha v e some t i mes b een su f f i c i en t l y h i g h and
t he l e v e l s o f d i s so l v ed ox y gen h a v e some t i me s b een
suf f i c i en t l y l ow t o c ause conc e r n ab ou t t h e en v i r onmen t a l
c ond i t i ons i n t he r i v e r a r oun d Mol e se y and T ed d i ng t on .
T he mod e l s i nd i cat e t ha t some d eter i o r at i on w ou l d oc c ur , ,
pa r t i c u l a r l y i n d i s so l v e d ox y gen , unde r t he p r o pose d
c hange s i n ab st r ac t i on b ut t h a t t he se a r e un l i k e l y t o
be l a r ge . How ev er • no c t u r na l l ev el s o f d i s so l v e d ox y gen
w i l l be l ow er t han t hose used i n t he mo de l s . T he p r ed i c t ed
d e t e r i o r a t i on ma y b e mor e t h an of f se t b y i mp r ov emen t s
i n t h e q ua l i t y o f e f f l uen t s d i sc ha r ge d i n t o t he r i v e r
i n t h i s a r ea .

5 . 10 . 5 . T h e ov er a l l e f f ec t on t he b ac t e r i o l og y o f t he
r i v e r i s 1 i k e l y t o be neg l i g i b l e .

5 . 10 . 6 . Red uced f l ow s i n s p r i ng an d ear l y summe r
c ou l d l ead t o i nc r ea sed sed i ment a t i on o f sus p end ed p ar t i c l es
w h i c h w oul d a l l ow i nc r eased l i gh t pe ne t r a t i on and t h i s
coul d g i v e r i se t o l a r ge r g r ow t h s o f f i l a ment ous a l gae .
En t e r omor p h a f o r ms f l oa t i ng gr ow t h s i n some b ac k w at e r s
and t h i s c oul d i nv ad e t he ma i n r i v e r . How ev e r , t he r e
ar e no r ecor d s o f su b st an t i a l c hanges d ur i ng t he ex t r eme l y
l ow f l ow s ex pe r i enc e i n 1976 and i t s ee ms un l i k e l y
t h at any s houl d oc cur un d er t he p r o posed c hanges .

5 . 10 . 7 . T he Ri v e r T hames d e v el op s l a r ge g r ow t h s of

222 .



p l a n k t o n i c a l g a e e s p e c i a l ] y i n s p r i n g a n d e a r l y s u m me r .
T h e e x t e n t o f t h e g r o w t h i s d e t e r m i ne d m a i n l y b y 1 i g h t
a n d t u r b i d i t y . . Re d u c e d f l o w s ma y a f f e c t t h e t i m i n g
a n d d u r a t i o n o f t h e p e a k p e r io d s b u t s h o u l d n o t a f f e c t
t h e q ua n t i t y o f s p e c i e s c o m p o s i t i on . C h a n g e s i n s u m me r ,
p e r h a p s f a v o u r i n g g r e a t e r q ua n t i t i e s . o f b l o o m - fo r mi n g
c y a n o b a c t e r i a c a n no t b e d i s co un t e d . So me g r o wt h o f
Mi c r o c y s t i s w a s r e c o r d e d i n 19 76 b u t t h i s d i d no t b e c o me
a s e r i o u s e c o l o g i c a l p r o b l e m t h e n a n d i t s e e m s un l i k e l y
t o d o s o un d e r t h e p r o p o s e d c h a nge s .

5 . 10 . 8 . C h a n ge s i n h i g h e r p l a n t s c o u l d o c c u r i f t h e r e
a r e l o ng p e r i o d s w i t h l i t t l e o r no f l o w . A f l o a t i ng c o v e r
o f d u c k we e d i s p r o b a b l y t h e mo s t u n d e s i r a b l e c h a n ge
t h a t c a n b e e n v i s a ge d . Al t h ou g h t h e r e w a s a p p a r e n t ] y
s o me d e v e l o p me n t o f d u c k w e e d i n b a c k w a t e r s d u r i n g
19 7 6 ,  t h e p l a n t d i d n o t i n v a d e t h e ma i n r i v e r a n d i t
s e e m s u n l i ke l y t o d o s o u n d e r t h e p r o p o s e d c h a nge s .
Win d a c t i o n a n d d i s t u r b a n c e b y b o a t s b o t h i n h i b i t t h e
s p r e a d o f d u c k w e e d .

5 . 10 . 9 . T h e f a c t o r s mo s t l i k e ] y t o a f f e c t t h e i n v e r t e b r a t e
f a u na o f t h e n o n - t i d a l r i v e r a r e s u d d e n c h a n g e s i n f l ow
c o n d i t i o n s a n d l o n g p e r i o d s o f v e r y l o w f l o w s i n s u mme r .
P r o v i d e d t h e s e a r e a v o i d e d • i t s e e m s I i k e l y t h a t t h e
p r o p o s e d c h a n g e s w i l l h a v e l i t t l e e f f e c t o n i n v e r t e b r a t e s .
Du r i ng d r o u g h t y e a r s , e n v i r o n me n t a l c on d i t i o n s f o r i n v e r -
t e b r a t e s a r e mo r e 1 i ke l y t o i mp r o v e t h a n t o d e t e r i o r a t e
u n d e r • t h e p r o p o s e d .• c h a n ge s . . T h e r e a c h mo s t s e n s i t i v e
t o s u s t a i ne d l o w f l o w i s b e t w e e n t h e Ho g s m i l 1 a n d T e d d i n gt o n
We i r .

5 . 10 . 10 . Sa l i n i t y i s t h e ' ma s t e r f a c t o r ' go v e r n i n g t h e
d i s t r i b u t io n o f i n v e r t e b r a t e s i n t h e e s t u a r y a n d s a l i n i t i e s
b e t we e n 5 a n d 7 p a r t s p e r t h o u s a n d c o n s t i t u t e a s i gn i f i c a n t
e co l o g i c a l b o u n d a r y . . Ma r k e d f l u c t ua t i o n s i n t h e i n v e r t e b r a t e
f a un a o c c u r i n t h i s r e g i o n Iun d e r c u r r e n t o p e r a t i n g c on d i t i o n s , -
b o t h s e a s o na l l y a n d b e t w e e n y e a r s , a n d v e r y l ow f l o w s
w o u l d e n h a n c e t h e ma gn i t u d e o f s uc h f l u c t ua t i o n s .

5 . 10 . 1 1 . Re d u c t i o n . i n . f l o w d ue t o - i n c r e a s e d a b s t r a c t i o n
i n s p r i n g c o u l d a f f e c t f i s h i n s e v e r a l w a y s . T h e r e w o. u l d
b e l e s s f l o w t o s t i mu l a t e t h e u p s t r e a m m i g r a t i o n o f
s a l mo n . S i l t d e p o s i t i o n w o u l d ' b e i n c r e a s e d a n d t h i s
c o u l d . a f f e c t t h e e g g s o f f i s h s uc h . a s s a l mo n a nd d a c e
w h i c h s p a w n o n t h e b e d o f t h e r i v e r . I f s a l mo n b e c o me
r e - e s t a b l i s h e d i n t h e r i v e r t h e r e i s a d a nge r o f s mo l t s
b e i ng d i v e r t e d i n t o t h e r e s e r v o i r s d u r i n g t h e i r d ow n s t r e a m
m i g r a t i o n . T h e mo d e l s i n d i c a t e t h a t . t h e c h a n g e s •i n f l o w
w i l l b e s ma l l a n d . a n y e f f e c t s a r e c o n s e q ue n t ] y un l i k e 1 y
t o b e s i g n i f i c a n t .

5 . 10 . 12 . T h e s p a w n i ng a r e a s o f d a c e a n d s me l t i n t h e
u p p e r p a r t o f t h e e s t ua r y c o u l d b e r e s t r i c t e d i f d e c r e a s e d
f l o w s i n s p r i n g r e s u l t i n s a l t w a t e r c o m i n g f u r t h e r
u p t h e e s t u a r Y. T h e mo d e l s i n d i c a t e t h a t s u c h c h a n ge s
a r e n o t l i ke l y t o b e g r e a t .
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