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AB S TRACT 

In order to model cooling water plumes from power stations into a tidal 
current a three dimensional unsteady model is required. This is because the 
complicated interaction of current oscillation with plume buoyancy produces 
plume shapes which are continually changing with time. 

This report details the comparison of such a 3D unsteady numerical model, 
the HEATFLOW-3D model from the HR TIDEWAY suite, with site data for a 
particular power station. The plume studied is that from the Hinkley Point 
power station on the Severn estuary where a great deal of thermal data has 
been collected. 

This data has been stored within a computer database which permits thermal 
data for a particular tide or set of tides to be extracted and processed so 
as to compare with the mathematical model. 

The models results have been compared both with this data from in situ 
strings of thermistors and also with infra red aerial photogrpahs of the 
plume. The model has been found to predict many important features of the 
observed plume, its shallowness, the spreading plume at slack water, the 
fronts between the plume and ambient water, the division of the plume at 
times into two etc. 

Despite this impressive agreement, which shows that all the necessary 
physical processes are being modelled, there are some consistent differences 
between model and data viz the offshore spread at slack water is less than 
observed, the surface temperatures tend to be too large and the plume tends 
to be too thin. Further work should show whether these differences spring 
from the neglect of the mixing effects of wind and waves, the difficulties 
in adequately modelling flow over the rocky foreshore or some other feature. 
Sensitivity tests to several of the important model parameters have been 
carried out to identify which are the most significant. 

The model has established itself as being the preferred method for 
predicting the spread and dilution of cooling water plumes. The inclusion 
of all relevant physical processes makes other numerical modelling 
techniques out of date except for very simple cases (e.g. constant ambient 
current, very small discharges etc). 
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1 INTRODUCTION 

For t h e  mode l l ing  of t h e  m i d f i e l d  of power s t a t i o n  

c o o l i n g  w a t e r  plumes ( t h a t  p a r t  c o n t a i n e d  w i t h i n  abou t  

a  t i d a l  e x c u r s i o n  up and downstream) many methods have 

been used .  P h y s i c a l  models ( e g  Ref 1) a r e  v e r y  

v a l u a b l e  b u t  a l s o  e x t r e m e l y  e x p e n s i v e  a s  u n d i s t o r t e d  

s c a l e s  a r e  n e c e s s a r y  t o  r eproduce  s t r a t i f i e d  f l o w s .  

I n t e g r a l  j e t  models ( e g  Ref 2 )  a r e  v e r y  v a l u a b l e  f o r  

s t e a d y  s i t u a t i o n s  ( e g  i n  t h e  absence  of t i d e s ) .  

E x t e n s i o n s  t o  t i d a l  c u r r e n t s  ( e g  Ref 3 )  a r e  o n l y  

p a r t i a l l y  s u c c e s s f u l  a s  e x t r e m e l y  complex plume s h a p e s  

a r e  found.  Source  i n  s t r e a m  models ( e g  Ref 4 )  a r e  

v e r y  good a t  g i v i n g  uns teady  s o l u t i o n s  b u t  w i t h o u t  

buoyancy e f f e c t s  t h e  plume i s  u s u a l l y  much t o o  

r e s t r i c t e d  i n  a r e a .  Depth  i n t e g r a t e d  f low models have 

been used f o r  t h e  m i d f i e l d  bu t  t h e y  a r e  u s u a l l y  q u i t e  

i n a d e q u a t e  a s  t h e  plume shou ld  be c o n f i n e d  c l o s e  t o  

t h e  s u r f a c e .  Depth i n t e g r a t e d  models ,  however, a r e  

ex t remely  v a l u a b l e  f o r  f a r f i e l d  p r e d i c t i o n s  ( e g  Ref 

5 ) .  

I n  o r d e r  t o  p r e d i c t  t h e  compl ica ted  f l o w s  and buoyancy 

e f f e c t s  i n  t h e  m i d f i e l d  a  t h r e e  d imens iona l  u n s t e a d y  

numer ica l  model i s  r e q u i r e d .  A l l  of t h e  r e l e v a n t  

p h y s i c a l  p r o c e s s e s  c a n  be i n c l u d e d  s o  t h a t  s u p e r i o r  

r e s u l t s  c a n  be  produced.  Such a  t h r e e  d imens iona l  

model, HEATFLOW-3D, h a s  been under  development a t  

H y d r a u l i c s  Research (HR) f o r  t h e  l a s t  f o u r  y e a r s .  The 

model u s e s  t h e  ICL DAP p a r a l l e l  p r o c e s s i n g  computer.  

The model, a l t h o u g h  i t  h a s  been used  p r e d i c t i v e l y  t o  

g i v e  a d v i c e  on c o l d  s i t e s ,  h a s  n o t  h i t h e r t o  been 

v a l i d a t e d  a g a i n s t  s u r v e y  d a t a  from a n  o p e r a t i n g  power 

s t a t i o n .  

The purpose  of t h i s  work i s  t o  r e c t i f : y  t h i s  omiss ion .  

The model r e s u l t s  a r e  compared t o  s u r v e y  d a t a  bo th  

from on s i t e  t h e r m i s t o r  d a t a  and from i n f r a  r e d  a e r i a l  

photographs .  The d a t a  used  is  f o r  t h e  Hinkley P o i n t  



power s t a t i o n  on t h e  Severn e s t u a r y .  Here t h e  s t r o n g  

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

c u t  rock p l a t f o r m  and t h e  d i s c h a r g e  of 70m3/s of warm 

c o o l i n g  w a t e r  combine t o  g i v e  a  plume of a  ve ry  

complicated and c o n s t a n t l y  changing form. 

DESCRIPTION OF 

THE MODELS 

HR chose Hinkley P o i n t  f o r  v a l i d a t i n g  t h e  m i d f i e l d  

plume model because  of  t h e  l a r g e  thermal  d a t a  base  

a v a i l a b l e  f o r  t h a t  s i t e .  However, i t  was no t  t h e  

e a s i e s t  s i t e  t o  u s e  f o r  t h i s  purpose  because:  

(i) t i d a l  e x c u r s i o n s  a r e  c o n s i d e r a b l e  (up  t o  20km 

f o r  s p r i n g  t i d e s )  so  t h a t  i t  i s  no t  p o s s i b l e  a t  

t h i s  s t a g e  t o  encompass t h e  whole m i d f i e l d  

plume i n  a  model; 

( i i )  t h e  t i d a l  r ange  i s  v e r y  l a r g e  s o  t h a t  t h e  

d i s c h a r g e  behaves a s  a  s u r f a c e  j e t  a t  low wate r  

be ing  d i r e c t e d  a long  a  30m wide channe l ,  bu t  a t  

h i g h  wate r  i t  behaves a s  a  submerged 

d i s c h a r g e ;  

( i i i )  t h e  rock  p l a t f o r m  a t  Hinkley P o i n t  h a s  a  

complicated shape  c a u s i n g  e d d i e s  a t  v a r i o u s  

s t a g e s  of t h e  t i d e .  

I t  was no t  p o s s i b l e  t o  s t u d y  t h e  f u l l  e v o l u t i o n  of t h e  

m i d f i e l d  plume wi th  a  s i n g l e  model s o  two models w i t h  

g r i d  s i z e s  of l O O m  and 40m were used d u r i n g  t h e  

v a l i d a t i o n  e x e r c i s e .  

2  .l l O O m  model 

The model was a l i g n e d  w i t h  t h e  N a t i o n a l  Grid  of Grea t  

B r i t a i n ,  cover ing  a n  a r e a  about 12km a long  t h e  c o a s t  

an'd 3km o f f s h o r e  ( F i g  1). T h i s  was conven ien t  because  

thle Bondi Severn Bar rage  model (Ref 7 ) ,  from which t h e  

boundary c o n d i t i o n s  were t a k e n ,  was a l s o  a l i g n e d  t o  



t h e  N a t i o n a l  Gr id .  The l O O m  model hydrography was 

o b t a i n e d  from Admira l ty  C o l l e c t o r  C h a r t  K3641 "Watchet 

t o  Weston Bay" surveyed i n  1961162. ,Between 319500E 

and 322500E t h e  d e p t h s  g r e a t e r  t h a n  6 m  below Ordnance 

Datum (Newlyn) (ODN) were o b t a i n e d  from t h e  

Os i r i s -Cesco  s u r v e y .  H e i g h t s  on t h e  r o c k  p l a t f o r m  i n  

f r o n t  of t h e  power s t a t i o n  came from a l a n d  s u r v e y  of 

unknown o r i g i n  s u p p l i e d  by CEGB. The o u t f a l l  c h a n n e l  

d e t a i l s  came from CEGB drawing H I N  07 01 A447. 

The s o u t h  and e a s t  b o u n d a r i e s  were l a n d  b o u n d a r i e s ,  

t h e  west  boundary had p r e s c r i b e d  e l e v a t i o n s  and t h e  

n o r t h  boundary had p r e s c r i b e d  v e l o c i t i e s .  Boundary 

d a t a  v a l u e s  were i n t e r p o l a t e d  from r e s u l t s  o b t a i n e d  

from t h e  Severn  Bar rage  model which had a  500m g r i d  i n  

t h i s  a r e a .  

2.2 40m model 

The 40m model geometry was c r e a t e d  fr~om t h e  l O O m  model 

d a t a  b a s e  w i t h  a d d i t i o n a l  d e t a i l  inc1,uded t o  improve 

t h e  r e p r e s e n t a t i o n  of t h e  Hink ley  P o i n t  rock  p l a t f o r m .  

Due t o  t h e  f i n e r  g r i d ,  t h e  model a r e a  had t o  be  

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

dimensions  of t h e  40m model were approx imate ly  3200m 

a l o n g  t h e  c o a s t  and 1800m o f f s h o r e  ( F i g  1 ) .  The 

l i m i t e d  a r e a  of t h e  40m model d i d  n o t  i n h i b i t  t h e  

s i m u l a t i o n  of  t h e  c r i t i c a l  s t a g e s  of t h e  m i d f i e l d  

plume. However, i t  i n i t i a l l y  l e f t  o u t  a  second rocky 

o u t c r o p  j u s t  t o  t h e  e a s t  of t h e  model a r e a  and d u r i n g  

v a l i d a t i o n  i t  was found n e c e s s a r y  t o  d i s t o r t  t h e  model 

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

The n o r t h  boundary of t h e  model was t r e a t e d  a s  a n  

impermeable boundary. For  t h i s  purpose  t h e  model was 

o r i e n t e d  a t  abou t  4" r e l a t i v e  t o  t h e  N a t i o n a l  G r i d  t o  

cor respond  a p p r o x i m a t e l y  w i t h  t h e  f l o w  s t r e a m l i n e s .  

The wes t  boundary had p r e s c r f b e d  e l e v a t i o n s  and t h e  

e a s t  boundary had p r e s c r i b e d  v e l o c i t i e s .  Boundary 



d a t a  va lue s  were i n t e r p o l a t e d  from r e s u l t s  ob ta ined  

from t h e  Osiris-Cesco survey  

2.3 Model d e t a i l s  

The s t udy  was based on t h e  TIDEFLOW-2D and HEATFLOW-3D 

o p t i o n s  of t h e  HR TIDEWAY model l ing system. 

TIDEFLOW-2D, which i s  a  dep th- in tegra ted  model, was 

run i n  o rde r  t o  check t h e  t i d a l  c u r r e n t s  and t o  

p rov ide  i n i t i a l  c o n d i t i o n s  f o r  t h e  3D model. It is 

folrmulated on t h e  we l l  e s t a b l i s h e d  t i d a l  f low 

eq,uat ions  r e p r e s e n t i n g  conse rva t i on  of mass and 

momentum. The TIDEFLOW-2D model i s  de sc r i bed  i n  

Appendix 1. 

Th.e main m i d f i e l d  plume s t u d i e s  were made w i th  t h e  

HEATFLOW-3D model. Th i s  model i s  based on t h e  w e l l  

e s t a b l i s h e d  equa t i ons  of conse rva t i on  of mass, 

momentum and h e a t ,  i n c lud ing  t he  important  p rocesses  

of v e r t i c a l  t u r b u l e n t  mixing,  buoyant sp r ead ing ,  

advec t i on  by t i d e s  and wind induced c u r r e n t s .  D e t a i l s  

of t h e  model a r e  g iven  i n  Appendix 2 .  

The HEATFLOW-3D model was run i n  t h i s  c a se  w i t h  f o u r  

l a y e r s .  The top  t h r e e  l a y e r s  each had a  dep th  of l m  

and t h e  remaining l a y e r  r ep r e sen t ed  t h e  r e s t  of t h e  

wate r  column. The major p a r t  of t h e  plume was 

expected t o  occupy on ly  t h e  top  t h r e e  l a y e r s  ( i e ,  from 

t h e  s u r f a c e  down t o  a  dep th  of 3m), a s  shown by 

obse rva t i ons .  On t h e  e a s t e r n  and wes te rn  boundar ies  

of t h e  model t h e  exce s s  t empera ture  above ambient was 

t aken  t o  be ze ro  s o  t h a t  any h e a t  reach ing  t h e s e  

boundar ies  was l o s t  t o  t h e  system. The model 

boundar ies  were chosen a s  f a r  a s  p o s s i b l e  away from 

o u t f a l l  so  t h a t  no s e r i o u s  h e a t  l o s s  would occur  i n  

t h i s  way. 



The appropriate discharge and heat (71m3/s of cooling 

water at 11.1K above ambient, to represent the 

combined A and B station discharges) were put into the 

bed layer of one cell at the head of the discharge 

channel. While this was satisfactory near to low 

water when the discharge was confined to the channel, 

at other times a better representation of the 

submerged outfall would have been preferable. 

The cooling water was extracted from the model's 

lowest layer at the intake position. No account was 

taken of possible higher discharge temperatures 

resulting from thermal recirculation. This would need 

consideration to be given to the transit time of water 

through the cooling water system and to selective 

withdrawal. 

3 HINKLEY POINT 

THERMAL PLUME 

DATABASE 

In 1983 CEGB commissioned Osiris-Cesclo to carry out an 

extensive thermal and hydraulic field investigation to 

gain a better understanding of the natural processes 

affecting the dispersion of waste heat from the 

Hinkley Point site (Ref 5). Measurements were made 

over the three month period July to September 1983, 

and the data recovered from the survey comprised: 

(i) thermistor string data; 

(ii) current meter data; 

(iii) tide gauge data; 

(iv) meteorological data. 

Thermistor strings were deployed at the stations (L, 

M, N, 0, P, Q, R, S) shown in Figure 2 and two other 

stations T and U further to the west. Each string 

contained 14 temperature sensors and 4 depth sensors. 

Data was supposed to have been recorded at 10 minute 



i n t e r v a l s  b u t  sometimes t h e r e  were problems w i t h  t h e  

i n s t r u m e n t s  o r  t h e  l o g g e r s  s o  t h e r e  were gaps  i n  t h e  

r e c o r d s .  Three  t i d e  gauges and two c u r r e n t  m e t e r s  

were deployed b u t  one c u r r e n t  me te r  f a i l e d  t o  work. 

Data was a g a i n  recorded  every  10 minu tes .  A 

m e t e o r o l o g i c a l  s t a t i o n  was deployed which recorded  t h e  

a tmospher ic  t e m p e r a t u r e ,  wind speed and d i r e c t i o n ,  

a tmospher ic  p r e s s u r e ,  humidi ty  and s o l a r  r a d i a t i o n .  

The CEGB C e n t r a l  E l e c t r i c i t y  Research Labora to ry  a l s o  

moni tored i n t a k e  t empera tu res  d u r i n g  t h e  same p e r i o d  

and s t a t i o n  o u t p u t  f i g u r e s  were a l s o  recorded  t o  

p rov ide  i n f o r m a t i o n  abou t  t h e  q u a n t i t y  of waste  h e a t  

d i s c h a r g e d .  

3 .l HR the rmal  plume 

d a t a b a s e  

The d a t a  was k i n d l y  s u p p l i e d  by CEGB on magnet ic  t a p e  

and i n c l u d e d  abou t  2 m i l l i o n  t e m p e r a t u r e  v a l u e s  and 

d e p t h s  and s e v e r a l  hundred thousand v e l o c i t i e s  and 

wa te r  l e v e l s .  I t  was p robab ly  t h e  l a r g e s t  s e t  of t h i s  

t y p e  of thermal  d a t a  which had been c o l l e c t e d  up t o  

t h a t  t ime.  

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

e n a b l e  comparisons t o  be  made between t h e  Hink ley  

model and t h e  o b s e r v a t i o n s ,  HR s e t  up a  computer 

d a t a b a s e .  The d a t a b a s e  c o n s i s t s  of a n  index  and 

bloclcs of thermal  and t i d a l  d a t a .  

The purpose  of t h e  i n d e x  was t o  summarise t h e  main 

f e a t u r e s  of each  t i d e  t o  e n a b l e  p a r t i c u l a r  s u b s e t s  of 

d a t a  t o  be  r e t r i e v e d  from t h e  d a t a b a s e .  The i n d e x  was 

c r e a t e d  u s i n g  t i d e  d a t a  from P o s i t i o n  M which was t h e  

s t a t i o n  w i t h  t h e  l o n g e s t  c o n t i n u o u s  o p e r a t i o n .  A s  no 

u s a b l e  t i d e  gauge d a t a  was a v a i l a b l e  a t  t h e  t ime t h e  

d a t a b a s e  was s e t  up,  ( t h e  t i d e  and c u r r e n t  d a t a  

s u p p l i e d  had been p r e v i o u s l y  c o r r u p t e d  by a l t e r n a t e  



days being overwritten by the other days), the depth 

sensor output at this station was used to find the 

times of high water. The tides thus found were 

indexed with the following information: 

- dates and times of start and finish of each tide 

- depths at start (HW), middle (LW) and end (HW) of 

each tide 

- ebb and flood ranges of each tide 

- start and end record numbers of thermal data in the 

database 

- list of recording stations which were not working 

over each tide 

3.2 Accessing the 

database 

There were two principle modes of accessing the 

database - by individual tides and by the full length 
of a stored record for a specified survey station. 

Tides could be selected according to range, date and 

mean wind speed criteria specified by the user or 

simply by the tide index numbers input by the user. 

The main plotting output facilities were: 

(a) temperature-time plots of surface - bed 
temperatures differences for examining the 

primary plume. 

(b) temperature-time plots of normalised bed 

temperatures for examining the variations of the 

combined natural and power station farfields. 

(Normalisation was done by subtracting the lowest 

bed temperature found in each tide included). 



( c )  temperature-depth  p r o f i l e s .  

The temperature- t ime p l o t s  c o u l d  be i n  t h e  form of a  

long  t ime s e r i e s  f o r  a  thermal  r e c o r d ,  o r  s e v e r a l  

s e l e c t e d  t i d e s  of the rmal  d a t a  c o u l d  be  superimposed 

t o  e x h i b i t  v a r i a t i o n s  between d i f f e r e n t  c a s e s .  

Surface-bed t empera tu re  d i f f e r e n c e s  e x t r a c t e d  i n  t h i s  

way were s t o r e d  i n  t h e  computer f o r  subsequent  u s e  i n  

check ing  t h e  v a l i d i t y  of a  model. Other  f a c i l i t i e s  

were provided f o r  examining s e l e c t e d  t i d e  d a t a  on t h e  

computer t e r m i n a l  s c r e e n  i n c l u d i n g  t h e  l e n g t h  of t i d e s  

and t i d e s  l i s t e d  i n  o r d e r  of d e c r e a s i n g  ebb ranges .  

Also  a  f i l t e r  was a v a i l a b l e .  T h i s  a l lowed l o n g  term 

t r e n d s  i n  t h e  d a t a  t o  be examined o r  t h e  long  term 

t r e n d s  c o u l d  be s u b t r a c t e d  from t h e  o r i g i n a l  r e c o r d  t o  

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

F i l t e r i n g  worked on bed t empera tu res  o r  s u r f a c e  - bed 

t e m p e r a t u r e  d i f f e r e n c e s  depending on t h e  p a r t i c u l a r  

i n t e r e s t .  

4 V A L I D A T I O N O F T H E  

lOOm MODEL 

4.1  Model 

r e p r e s e n t a t i o n  of 

t h e  t i d e  

The r e p r e s e n t a t i o n  of t i d a l  f low was examined f i r s t  by 

runn ing  t h e  depth-averaged TIDEFLOW-2D model f o r  a  

r e p e a t i n g  s p r i n g  t i d e  cor respond ing  t o  t h e  t i d e  

observed between 0800 and 2000h on 14  May 1980 (Ref 

7 ) .  The f low and t i d e  l e v e l  boundary c o n d i t i o n s  were 

i n t e r p o l a t e d  from t h e  500m Severn Bar rage  model 

r e s u l t s  and a  combined A / B  s t a t i o n  d i s c h a r g e  of 71m3/s 

was i n c l u d e d .  No s p e c i a l  a t t e n t i o n  had been g i v e n  t o  

Hink ley  P o i n t  when t h e  b a r r a g e  model was b e i n g  

c a l i b r a t e d  and consequen t ly  t h e  r e s u l t s  were n o t  

i d e a l .  F i g u r e  3 ,  t a k e n  from Refe rence  7 ,  g i v e s  a n  

i n d i c a t i o n  of t h e  a c c u r a c y  which was o b t a i n e d .  I t  can  



be s e e n  t h a t  w h i l e  t h e  t i d e  was w e l l  r e p r e s e n t e d  w i t h  

r e g a r d  t o  r ange  and t o  t h e  t i m e  of  h i g h  w a t e r ,  t h e  

model low wa te r  was d e l a y e d  by abou t  h a l f  an  hour .  

The e r r o r s  i n  t h e  b a r r a g e  model t i d e  and c o r r e s p o n d i n g  

e r r o r s  i n  t h e  t i d e  c u r r e n t s  would have been c a r r i e d  

o v e r  i n t o  t h e  new l O O m  model. The f l o w  i n  t h e  l O O m  

model was, i n  f a c t ,  a lmos t  i d e n t i c a l  t o  t h e  f l o w  

p r e s c r i b e d  from t h e  b a r r a g e  s t u d y .  

The v e l o c i t i e s  i n  t h e  b a r r a g e  model had been compared 

w i t h  CEGB d a t a  from t h e  Hink ley  a r e a  d u r i n g  t h e  HR 

s t u d y  of background t e m p e r a t u r e s  a t  Hinkley  P o i n t  (Ref 

6 ) .  I t  was found t h a t  model p a r t i c l e s  moved i n  t h e  

c o r r e c t  d i r e c t i o n  on a  s p r i n g  t i d e  b u t  t h a t  ebb t r a c k s  

tended t o  be  t o o  l o n g  w h i l e  f l o o d  ones  tended t o  b e  

t o o  s h o r t .  These  a r e  t h e  n a t u r a l  consequences  of t h e  

t i d e  c u r v e  d i s t o r t i o n  d e s c r i b e d  e a r l i e r .  I n  s p i t e  of 

t h e s e  shor t comings ,  t h e  b a r r a g e  model had been 

c o n s i d e r e d  a d e q u a t e  f o r  mode l l ing  t h e  f a r f i e l d  i n  

Refe rence  5 .  It  was a l s o  c o n s i d e r e d  t h a t  t h e  

shor t comings  would n o t  s e r i o u s l y  i n t e r f e r e  w i t h  t h e  

v a l i d a t i o n  of t h e  plume model. F i g u r e  4  shows t h e  

compar ison between t h e  l O O m  model c u r r e n t  and t h e  

c u r r e n t  m e t e r  d a t a  from t h e  Os i r i s -Cesco  su rvey  o n  

11 August 1983,  a  day w i t h  a  s i m i l a r  t i d a l  r ange  t o  

14 May 1980.  Although t h e  model s p e e d s  were a  l i t t l e  

s low,  t h e  d i r e c t i o n s  were c o r r e c t  and t h e  o v e r a l l  f l o w  

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

s m a l l e r  t i d e  t h a n  had been i n t e n d e d .  

4.2 Comparison of 

model plume w i t h  

i n f r a  r e d  imagery 

F o r t u i t i o u s l y  CEGB had some a e r i a l  i n f r a  red ( IR)  

images of t h e  Hink ley  plume f o r  t h e  p e r i o d  from 1155 

t o  1540h on 14 May 1980 which was t h e  same s p r i n g  t i d e  

f o r  which t h e  model was c a l i b r a t e d .  Wind c o n d i t i o n s  



on t h a t  day were d e s c r i b e d  a s  l i g h t  (Ref 8 ) .  

According t o  Refe rence  8 ,  low wate r  on 14 May 1980 

occur red  a t  1355 BST s o  t h e  images cover  abou t  two 

hours  e i t h e r  s i d e  of low w a t e r .  Low w a t e r  s l a c k  was 

easy  t o  r e c o g n i s e  i n  t h e  images a s  a  l a r g e  plume of 

warm w a t e r  formed a t  t h e  end of t h e  o u t f a l l  channe l .  

On subsequent  images t h e  pool cou ld  be s e e n  t o  be 

advec ted  away from t h e  o u t f a l l  by t h e  f l o o d  t i d e ,  ( F i g  

5 c ) .  

F i g u r e s  5 a  - d  show a  d i r e c t  comparison wi th  d a t a  of 

model s u r f a c e  t empera tu re  c o n t o u r s  h i n d c a s t  by t h e  

model ( f o r  t h e  t o p  lm) a t  t h e  t imes  shown and t o  t h e  

same s c a l e .  The model was run  from h i g h  w a t e r  w i t h  

t h e  e s t a b l i s h e d  f low p a t t e r n  from t h e  dep th  i n t e g r a t e d  

model. The agreement i s  good i n  g e n e r a l ,  t h e  buoyant 

s p r e a d i n g  of t h e  warm wate r  pool  i n  p a r t i c u l a r  behaves  

s i m i l a r l y  b o t h  i n  t h e  model and i n  n a t u r e .  The poor 

r e s o l u t i o n  of t h e  1 O O m  g r i d  i s  made c l e a r  i n  t h i s  

comparison,  any b e t t e r  agreement wi th  d a t a  c o u l d  

h a r d l y  be expec ted  i n  view of t h i s  drawback of t h e  

model. 

4.3 Comparison w i t h  

t h e r m i s t o r  s t r i n g  

d a t a  

11 August 1983 was chosen from t h e  p e r i o d  of t h e  CEGB 

the rmal  s u r v e y  a s  having a  s i m i l a r  t i d a l  r ange  t o  

t h a t  i n  t h e  model and f a i r l y  low winds ( l e s s  than  

about  5m/s).  The thermal  survey s t a t i o n  p o s i t i o n s  a r e  

shown i n  F i g u r e  2 and t h e  model t empera tu res  i n  t h e  

t o p  t h r e e  model l a y e r s  a r e  shown i n  F i g u r e  6 i n  

comparison w i t h  t h e  d a t a  f o r  t h e  s u r f a c e  - bed 

t e m p e r a t u r e  d i f f e r e n c e s .  

The peaks i n  t h e  model t empera tu res  a r e  of s i m i l a r  

shape and s i z e  t o  t h o s e  i n  t h e  d a t a .  A s l i g h t  d e l a y  

a t  t imes  i s  t o  be  expec ted ,  b e a r i n g  i n  mind t h e  l a t e  



t ime  f o r  low wate r  d i s c u s s e d  p r e v i o u s l y .  I n  o r d e r  t o  

produce r e p r e s e n t a t i v e  t e m p e r a t u r e s  d u r i n g  t h e  f i r s t  

h a l f  of t h e  t i d e  t h e  model was run  f o r  h a l f  a  t i d e  

a f t e r  t h e  f i r s t  complete  t i d e .  The r e s u l t s  i n  F i g u r e  

6 a r e  t h e r e f o r e  t a k e n  from t h i s  second t i d e  from t h e  

f i r s t  6 3  h o u r s  and t h e  r e s t  a r e  t a k e n  from t h e  f i r s t  

t i d e .  

Most of t h e  t h e r m i s t o r  s t r i n g s  were  l o c a t e d  o u t s i d e  

t h e  main run of t h e  plume. T h i s  means t h a t  i t  i s  much 

h a r d e r  t o  u s e  them f o r  v a l i d a t i n g  t h e  plume s t r u c t u r e  

a s  a  s m a l l  change i n  plume p o s i t i o n  may make a  v e r y  

l a r g e  d i f f e r e n c e  t o  t h e  t e r m p e r a t u r e s  r ecorded .  

N e v e r t h e l e s s  t h e  model d i d  produce a  s i m i l a r  p a t t e r n  

of p u l s e s  t o  t h o s e  i n  t h e  d a t a .  

4.4 Conc lus ions  

The l o o m  model was found t o  r e p r e s e n t  q u a l i t a t i v e l y  

t h e  buoyant s p r e a d i n g  and o t h e r  i m p o r t a n t  p h y s i c a l  

f e a t u r e s  of t h e  plume, t h e r e b y  conf i rming  i t s  p h y s i c a l  

f o r m u l a t i o n .  Although t h e  model was i n  r e a s o n a b l e  

agreement w i t h  the  d a t a  t h i s  was n o t  c o n s i d e r e d  q u i t e  

good enough f o r  c l a i m i n g  f u l l  v a l i d a t i o n  and i t  was 

dec ided  t o  c a r r y  o u t  f u r t h e r  t e s t s  u s i n g  a  model w i t h  

a  f i n e r  g r i d .  

5 VALIDATION OF THE 

4 0 m  MODEL 

Model 

r e p r e s e n t a t i o n  of 

t h e  t i d e  

I n  view of t h e  poor q u a l i t y  of  t h e  l o c a l  t i d a l  f l o w  

d a t a  from t h e  500m b a r r a g e  model i t  was dec ided  t o  r u n  

t h e  40m model u s i n g  boundary v a l u e s  o b t a i n e d  from t h e  

Osir is -Cesco survey.  T h i s  g r e a t l y  improved t h e  

agreement between model and o b s e r v a t i o n s  ( F i g  4 ) .  

During t h e  c o u r s e  of t h e  v a l i d a t i o n  i t  was found t h a t  



t h e  d i s t r i b u t i o n  of c u r r e n t s  cou ld  be  improved by 

d i s t o r t i n g  t h e  model geometry j u s t  i n s i d e  i t s  e a s t e r n  

boundary t o  s i m u l a t e  t h e  e f f e c t  of t h e  rocky o u t c r o p  

which cou ld  n o t  q u i t e  b e  inc luded  w i t h i n  t h e  maximum 

p o s s i b l e  a r e a  t h e  computer cou ld  hand le .  I t  was a l s o  

found b e n e f i c i a l  t o  i n c r e a s e  t h e  model roughness  t o  

0.4m t o  r e f l e c t  more c o r r e c t l y  t h e  r e s i s t a n c e  of t h e  

rock  p l a t f o r m  a t  Hinkley P o i n t .  

5.2 Comparison of 

model plume w i t h  

i n f r a  r e d  

imagery 

The 40m g r i d  r e s o l v e d  much more d e t a i l  than  cou ld  be  

ach ieved  w i t h  t h e  l O O m  model, a s  c a n  be  s e e n  i n  

F i g u r e s  8a-c which a r e  p r e s e n t e d  a t  s c a l e s  

co r respond ing  a s  c l o s e l y  a s  p o s s i b l e  t o  t h e  I / R  

images. Exact  compar isons  between model and I / R  

p a t t e r n s  were n o t  p o s s i b l e  because  t h e  

photographs  were t aken  a t  a n  a n g l e  s o  t h e  h e a t  

p a t t e r n s  were d i s t o r t e d  and a l s o  t h e  s i g n a l s  were n o t  

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

N e v e r t h e l e s s ,  i t  i s  c l e a r  t h a t  t h e  model was 

reproduc ing  t h e  main f e a t u r e s  of t h e  I / R  imagery,  

i n c l u d i n g  t h e  e x t e n s i v e  buoyancy d r i v e n  sp read  a t  low 

w a t e r  w i t h  t h e  c h a r a c t e r i s t i c  s h a r p  l e a d i n g  edge,  and 

t h e  much narrower  plume which o c c u r s  a t  LW - 45 min 

w i t h  ev idence  of b i f u r c a t i o n .  

5.3 Comparison of 

model t e m p e r a t u r e s  

w i t h  t h e r m i s t o r  

s t r i n g  d a t a  

From examinat ion of t h e  the rmal  d a t a  i t  was found t h a t  

c o n s i d e r a b l e  d i f f e r e n c e s  cou ld  be  recorded  on 

d i f f e r e n t  days  wi th  s i m i l a r  t i d e  and wind c o n d i t i o n s .  

The p resence  of a  p u l s e  i n  a  p a r t i c u l a r  r ecord  depends 

on whether t h e  r e c o r d i n g  p o s i t i o n  was j u s t  i n s i d e  o r  

o u t s i d e  t h e  s h a r p l y  d e f i n e d  o u t e r  edge of t h e  plume, 






































































































