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1 INTRODUCTION 
For  mode l l ing  w a t e r  f lows  i n  e s t u a r i e s  t h e r e  is  a neeo 
f o r  f l e x i b i l i t y  i n  g r i d  s i z e s  w i t h i n  computer models 
t o  p r o v i d e  l o c a l  d e t a i l .  Hydrau l i c s  Research L imi ted  
(HR)  h a s  two methods a v a i l a b l e  f o r  a c h i e v i n g  t h i s  - 
p a t c h i n g  and l o c a l l y  d i s t o r t e d  g r i d s  nea r  boundar i e s  
and it would be u s e f u l  t o  ex tend  t h e  lat ter  t o  g i v e  
l o c a l  d i s t o r t i o n  n e a r  t h e  w a t e r l i n e  as t h e  t i d e  f a l l s  
and i n  p a r t i c u l a r  t o  r e s o l v e  low w a t e r  c h a n n e l s  i n  the 
midd le  of model a r e a s .  

Des ign  f a c t o r s  

The a p p r o p r i a t e  e q u a t i o n s  f o r  s t u d y i n g  w a t e r  movements 
i n  t i d a l  a r e a s  a r e  t h e  2-D, depth-averaged,  s h a l l o w  
water-wave e q u a t i o n s .  F i n i t e  d i f f e r e n c e  approx imat iou  
t o  them can  be made as a c c u r a t e  as r e q u i r e d  by 
s u i t a b l y  r e f i n i n g  t h e  f i n i t e  d i f f e r e n c e  g r i d .  On t h e  
o t h e r  hand i t  i s  u s u a l l y  advantageous  t o  have t h e  oper~ 
boundary c o n d i t i o n s  of a model as f a r  from t h e  a r e a  of 
i n t e r e s t  as p o s s i b l e  i.e. beyond t h e  range of 
i n f l u e n c e  of t h e  works b e i n g  s t u d i e d .  A un i fo rm g r i d  
over  t h e  whole area, f i n e  enough t o  g i v e  t h e  r e q u i r e d  
r e s o l u t i o n  i n  t h e  area of i n t e r e s t ,  would l e a d  t o  
u n a c c e p t a b l e  computing r e q u i r e m e n t s  and s o  models have 
been developed a t  Wal l ingfo rd  i n  which t h e  g r i d  s i z e  
c o u l d  be changed from one a r e a  t o  a n o t h e r  - t h e  g r i d  
s i z e  b e i n g  c o n s t a n t  w i t h i n  each  a r e a .  T h i s  a l l o w s  
l a r g e r  g r i d  s i z e s  t o  be used away from t h e  a r e a  of 
i n t e r e s t .  G r i d  s i z e s  ( l e n g t h  of s i d e s  of g r i d  
s q u a r e s )  a r e  i n c r e a s e d  by f a c t o r s  of t h r e e  from one 
a r e a  t o  t h e  n e x t  because t h i s  g i v e s  t h e  most n a t u r a l  
matching a t  t h e  pa tch  l i n e  (Ref 1 ) .  

R e s o l u t i o n  i n  2-D models 

It o f t e n  happens t h a t ,  because  of c o n s t r a i n t s  on  
computing t i m e s  o r  c o s t s ,  a  minimum g r i d  s i z e  h a s  been 
de te rmined  which does  n o t  r e s o l v e  narrow c h a n n e l s  o r  
r a p i d l y  v a r y i n g  c o a s t l i n e s  as w e l l  as one would wish.  
While t h e  p r e f e r r e d  method f o r  overcoming t h i s  
d i f f i c u l t y  i s  a lways  t o  use  a s m a l l e r  g r i d  i n  p r a c t i c e  
one i s  f o r c e d  t o  a c c e p t  a compromise. 

For  some t ime Hydrau l i c s  Research h a s  employed a 
l o c a l l y  d i s t o r t e d  g r i d  around t h e  no f low boundar i e s  
of t h e  model (Ref 1). I n  t h i s  approach t h e  wid th  of a 
c e l l  s i d e  i s  no l o n g e r  t a k e n  as hx b u t  as b t i m e s  a 
wid th  f a c t o r  ( g e n e r a l l y  less t h a n  1.0 b u t  can  be  
g r e a t e r ) .  For  narrow c h a n n e l s ,  r educ ing  t h e  wid th  
r a t h e r  than  a r t i f i c i a l l y  making t h e  depth  sha l low t o  
g e t  t h e  c o r r e c t  c r o s s - s e c t i o n  h a s  t h e  advan tage  of 
k e e p i n g  t h e  c o r r e c t  dep th  f o r  t h e  f r i c t i o n  
c a l c u l a t i o n ,  and may avoid  i n c o r r e c t  d r y i n g  i n  sha l low 
a r e a s .  T h i s  h a s  t h e  e f f e c t  of  r educ ing  t h e  f o r m a l  
a c c u r a c y  of t h e  f i n i t e  d i f f e r e n c e  scheme because  t h e  
d i f f e r e n c e s  become o f f  c e n t r e d .  However, t h i s  i s  not 
of  any p r a c t i c a l  s i g n i f i c a n c e  because  t h e  a c t u a l  . 



accuracy  of a  cen t red  scheme would a l s o  be reduced i n  
t h e  v i c i n i t y  of s tepped boundaries which a r e  
i n e v i t a b l e  on a  r i g i d  g r i d  system. Indeed the f low is 
expected t o  be represen ted  more a c c u r a t e l y  when a  
l o c a l l y  d i s t o r t e d  g r i d  i s  used. 

Reso lu t ion  i n  l -D  channels  and r i v e r s  

I f  l a t e r a l  v a r i a t i o n s  a r e  not important  t h e  shal low 
water wave equa t ions  a r e  i n t e g r a t e d  over t h e  c ro s s  
s e c t i o n  of the  region t o  be modelled t o  g ive  l - D  
equa t i ons  f o r  the  bulk flow. HR has a  complete s u i t e  
of computer programs named TIDEWAY-1D based on t h i s  
p r i n c i p l e  f o r  s tudying problems i n  water  movements and 
t r a n s p o r t  processes .  These employ look-up t a b l e s  f o r  
t h e  width,  a r e a  and hyd rau l i c  r ad iu s  f o r  each model 
s e c t i o n .  Unfor tuna te ly ,  t h i s  system cannot be 
combined r e a d i l y  wi th  the  analogous TIDEWAY-2D depth  
i n t e g r a t e d  system. There a r e  too  many p o s s i b l e  
c o n f i g u r a t i o n s  t o  have a  gene ra l ,  a l l  purpose system 
combining TIDEWAY-1D and TIDEWAY-PD. There a r e  
numerical  d i f f i c u l t i e s  i n  jo in ing  an i m p l i c i t  2-D 
model t o  an  i m p l i c i t  l - D  model i n  t h e  case  of a  wide 
r i v e r  because t h i s  gives  too much coupl ing.  Also i t  
i s  not f e a s i b l e  t o  a l low the f a c i l i t y  f o r  a r i v e r  j o i n  
a t  any po in t  i n  t h e  2-D model and s o  combining l - D  and 
2-D models has  i n  the  pas t  been a  time consuming and 
c o s t l y  e x e r c i s e  wi th  each a p p l i c a t i o n  being t r e a t e d  a s  
a s p e c i a l  c a se -  

Combined model of channels  and 2D areas 

In  t h e  p r e sen t  con tex t  we a r e  more i n t e r e s t e d  i n  t h e  
c a s e  where the  l - D  p a r t  of an  e s t u a r y  i s  only needed 
t o  provide t i d a l  s t o r a g e  t o  produce the c o r r e c t  f l ow  
i n  an ad j acen t  pa r t  of the  2-0 p a r t  of t h e  es tuary .  

The main  drawback of r ep re sen t i ng  the  l - D  s e c t i o n s  by 
a  f i x e d  2-D g r i d  is  t h e  f a i l u r e  t o  r e so lve  low water  
channels  when t h e r e  a r e  d ry ing  banks w i th in  i n d i v i d u a l  
g r i d  squares .  The consequences of t h i s  on model 
f r i c t i o n  a r e  descr ibed  i n  Ref 2. These d i f f i c u l t i e s  
could sometimes be overcome by using a  f i n e r  g r i d ,  
however, t h i s  would i n c r e a s e  computing requirements  
ou t  of p ropo r t i on  t o  the  b e n e f i t s  obtained.  A l o c a l l y  
d i s t o r t e d  g r i d  i s  only u s e f u l  f o r  s i t u a t i o n s  where t h e  
width of the  channel decreases  a long t h e  channel but 
does not change s i g n i f i c a n t l y  dur ing  t h e  t i d e  (Ref 
1 ) .  

The l o g i c a l  conc lus ion  i s  t o  extend t h e  l - D  p r i n c i p l e  
of us ing  look up t a b l e s  t o  the  2-D system. Th i s  would 
enable  bo th  low water  channels t o  be resolved i n  t h e  
middle  of 2-D model a r e a s  and r i v e r s  t o  be handled i n  
t h e  2-D model and a l s o  would have the  advantage t h a t  
t h e  f u l l  2-D system of p rocess ing  and computer 
p l o t t i n g  programs would become a v a i l a b l e  f o r  the  whole 
model i nc lud ing  the  l-D s ec t i ons .  



Such an approach could n o t  be contemplated i n  t h e  ?,a: t 

because of t h e  l a r g e  computer s t o r a g e  involved b u ~  i s  
now w e l l  w i t h i n  t h e  c a p a c i t y  of modern machines such 
a s  t h e  ICL DAP. 

2 SETTING UP 
UNIFORM GRIDDED 
MODELS 

The o r i g i n a l  procedure  f o r  s e t t i n g  up uniform g r i d d e d  
models a t  Wal l ingford i s  desc r ibed  i n  Ref 3. The 
f i r s t  s t a g e  was manual and invo lved  dropping a  uniform 
mesh on t o  t h e  base c h a r t  and t a k i n g  o f f  dep ths  a t  
s p a c i n g s  of t h e  model g r i d  o r  one t h i r d  of t h i s  
spac ing  i f  g r e a t e r  accuracy  was needed o r  i f  t h e r e  was 
a  p o s s i b i l i t y  of an  e x t r a  l e v e l  of pa tch ing  being 
r e q u i r e d  l a t e r .  The d a t a  was i n p u t  t o  t h e  computer 
and processed through a  s e r i e s  of s t e p s  (Fig  1). The 
system had o p t i o n a l  s t a g e s  where dep ths  and f l a g s  
cou ld  be e d i t e d  manually and where model con tours  
could  b e  o u t p u t  g r a p h i c a l l y  f o r  checking.  The s e t t i n g  
up of  l o c a l l y  d i s t o r t e d  g r i d  models followed t h e  same 
procedure ,  bu t  was more time consuming. The mechanics 
of s e t t i n g  up models i n  t h i s  way could be c a r r i e d  over  
t o  v a r i a b l e  g r idded  models, b u t  it would prove even 
more t i m e  consuming because g r i d  i n t e r s e c t i o n s  would 
a l s o  have t o  be recorded.  T h i s  emphasised t h e  need 
f o r  a n  a u t o m a t i c  method of s e t t i n g  up models. 

Meanwhile, ano ther  group of workers  a t  HR had been 
deve lop ing  a n  au tomat ic  system c a l l e d  t h e  D i g i t a l  
T e r r a i n  Model (DTM) f o r  u s e  i n  s e t t i n g  up models of  
r i v e r  f l o o d  p l a i n s  (Ref 4) .  The DTM works from d a t a  
f i l e s  c o n t a i n i n g  con tour  s t r i n g s  and random s p o t  
h e i g h t s  which may be i n p u t  by a  d i g i t i s e r  (Fig  2).  
The DTM sys tem a l r e a d y  con ta ined  much of t h e  
p r o c e s s i n g  r e q u i r e d  f o r  s e t t i n g  up 2-D t i d a l  models 
and consequen t ly  i t  was decided t o  adap t  t h e  DTM f o r  
t h i s  purpose. Some m o d i f i c a t i o n s  were r e q u i r e d  t o  
implement t h e  DM f o r  TIDEWAY models. The DTM system 
was o r i g i n a l l y  based on lkm by Zkm map u n i t s  a t  a  
f i x e d  s c a l e  of 1:2500 cor responding  t o  t h e  s t a n d a r d  
Ordnance Survey p lans .  A t y p i c a l  a p p l i c a r i o n  of t h e  
DTM t o  a f l o o d  problem r e q u i r e d  many map u n i t s  t o  
cover  t h e  model a r e a  and t h e  system was des igned t o  
cope w i t h  t h e s e  when t h e r e  were on ly  a few model 
e lements  per  map u n i t .  By c o n t r a s t  c h a r t s  f o r  TIDEWAY 
model geometr ies  come i n  a l l  shapes  and s i z e s  and a r e  
u s u a l l y  a t  much s m a l l e r  s c a l e s .  A TIDEWAY model would 
normal ly  be con ta ined  on one o r  two c h a r t s  but i t  i s  
n o t  uncommon f o r  s e v e r a l  thousand TIDEWAY model 
e lements  t o  be r e q u i r e d .  

S c a l e  d i f f e r e n c e s  were r e a d i l y  overcome us ing  s c a l e  
f a c t o r s .  It was not found f e a s i b l e  t o  s u b d i v i d e  t h e  
c h a r t s  i n t o  many map u n i t s  when t h e r e  were a  l a r g e  
number of model e lements  because  the  paging of map 
u n i t s  which t h i s  e n t a i l e d  produced unacceptably  long  
computer p r o c e s s i n g  t imes.  The s o l u t i o n  was t o  



i n c r e a s e  t h e  l i m i t  on t h e  q u a n t i t y  of d a t a  which could 
be handled i n  a  map u n i t  s o  each c h a r t  was t r e a t e d  a s  
j u s t  one o r  two map u n i t s .  A few f u r t h e r  amendments 
were a l s o  r e q u i r e d  s o  t h a t  t h e  DTM system produced 
f i l e s  compat ible  w i t h  t h e  TIDEWAY model l ing system 
(F ig  1 ) .  

The f i r s t  s t a g e  was t o  t e s t  and implement t h e  DTN on 
s e t t i n g  up a  uniform gr idded  model. T h i s  was achieved 
wi thou t  any s e r i o u s  d i f f i c u l t i e s  working from d a t a  
f i l e s  compris ing contour  s t r i n g s .  Some f u r t h e r  
a d j u s t m e n t s  were needed t o  g e t  t h e  system t o  work from 
d a t a  f i l e s  c o n t a i n i n g  a  s i g n i f i c a n t  p r o p o r t i o n  of spo t  
h e i g h t s .  Th i s  was necessa ry  because  DTM had been 
des igned  a s  a  contour  dominated system. Any c o n t o u r s  
c r o s s i n g  s e c t i o n  l i n e s  were used i n  c a l c u l a t i n g  t h e  
f low a r e a  bu t  s p o t  h e i g h t s  were only  t a k e n  i n t o  
account  i f  they  l a y  c l o s e  t o  t h e  nodes of t h e  s e c t i o n  
l i n e .  T h i s  d i f f i c u l t y  was overcome by t h e  s imple  
a r t i f i c e  of s p e c i f y i n g  s u p e r f l u o u s  nodes a t  
i n t e r m e d i a t e  p o s i t i o n s  a long t h e  s e c t i o n  l i n e s  s o  t h a t  
t h e s e  were a u t o m a t i c a l l y  inc luded  i n  t h e  DTM 
p rocess ing .  Some g u i d e l i n e s  t o  f o l l o w  when u s i n g  t h e  
DTM t o  set up models a r e  g iven  i n  Appendix 1. 

3 SETTING UP GRIDS 
WITH VARIABLE 
GEOMETRY 

The o b j e c t i v e  is t o  s e t  up geometry f i l e s  t o  g i v e  a  
b e t t e r  d e s c r i p t i o n  of sub g r i d  d e t a i l  when t h e  model 
g r i d  c e l l  i s  p a r t l y  d r i e d  out .  

The geometry i n  a uniform gr idded  model is  s p e c i f i e d  
u s i n g  wate r  s u r f a c e  Z(k) and bed l e v e l s  HU(k) and 
HV(k) on t h e  e a s t  and s o u t h  s i d e s  of c e l l  (Fig  3 )  and 
t h e s e  a r e  combined wi th  the c e l l  dimensions DX and DY 
t o  form t h e  b a s i c  q u a n t i t i e s :  

AU(k) = HU(k)xDY (Flow a r e a  of E s i d e  of c e l l  k )  
AV(k) = HV(k)xDX (Flow a r e a  of S  s i d e  of c e l l  k )  
AZ(k) = DXxDY (Wetted s u r f a c e  a r e a  of c e l l  k) 
VOL(k) = AZ(k)xDMAX(k)(Volume of water  i n  c e l l  k) 

where DMAX(k) i s  Z(k) + t h e  maximum bed l e v e l  of t h e  
f o u r s  s i d e s  of c e l l  k. 

I n  t h e  f i r s t  i n s t a n c e ,  t h e  raw d a t a  f o r  t i d e  v a r y i n g  
geometry w i l l  be p resen ted  t o  t h e  p r e p r o c e s s o r  i n  t h e  
form of 1 6  s p o t  dep ths  p e r  b a s i c  model c e l l  ( a s  used 
by TRILINE i n  Ref 1 ) .  Th i s  w i l l  be p rocessed  on t h e  
b a s i s  t h a t  each raw dep th  i s  t h e  average dep th  over  
t h e  r e c t a n g u l a r  sub a r e a  DX/3 by DY/3 around t h e  s p o t  
depth .  Volume and a r e a  c a l c u l a t i o n s  a r e  weighted by: 

u n i t y  f o r  i n t e r i o r  spo t  d e p t h s  
h a l f  f o r  middle  edge s p o t  d e p t h s  



q u a r t e r  f o r  c o r n e r  s p o t  d e p t h s  

and based on t h e  2-D h i s t o g r a m  i d e a l i s a t i o n  shown i n  
F i g  4. These geometry f u n c t i o n s  could  be improved 
l a t e r  once t h e  p r i n c i p l e s  have been e s t a b l i s h e d .  

I n  any e v e n t ,  t h e  p r e p r o c e s s i n g  y i e l d s  t h e  f o l l o w i n g  
t a b l e s  f o r  u s e  by t h e  TIDEWAY models. 

HUMAX(k), HVMAX(k) - 
a r e  t h e  maximum ( d e e p e s t )  of t h e  f o u r  s p o t  h e i g h t s  
a l o n g  t h e  U and v f a c e s  of t h e  c o n t i n u i t y  c e l l  k  
( F i g  1 )  

HUMIN(k), HVMIN(k) - 
are  t h e  minimum ( s h a l l o w e s t )  of t h e  4 s p o t  
h e i g h t s  a l o n g  t h e  U and v  f a c e s  ( F i g  1 )  

HMAX(k). HMIN(k) - 
a r e  t h e  maxilnum of t h e  f o u r  f a c e  maxima (ie. 
of  BUNAX(k), HUMAX(kw), HVMAX(k), HVMAX(kn)) 
and t h e  minimum o f  t h e  f o u r  f a c e  minima. 
These cou ld  be c a l c u l a t e d  when r e q u i r e d  r a t h e r  t h a n  
s t o r e d  as a r r a y  v a r i a b l e s  i f  problems w i t h  
s t o r a g e .  

The above ext remes  are used t o  d e f i n e  t h e  i n t e r m e d i a t e  
l e v e l s  f o r  which c e l l  volumes, mean d e p t h s  and f low 
a r e a s  a r e  t o  be t a b u l a t e d .  The number of t a b u l a t e d  
v a l u e s  is c a l l e d  LEVELS. 

VKL(k, j )  - 
a r e  t h e  c e l l  volumes below t h e  j t h  
i n t e r m e d i a t e  l e v e l .  ZL = -HMAX(k) + . . 
j*(HMAX(k) - HMIN(k))/LEVELS f o r  j S 1, 
LEVELS 

HU(k, j )  and HV(k, j )  - 
a r e  t h e  mean dep ths  of t h e  v e t  p a r t  of t h e  U 

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

AU(k, j )  and AV(k, j )  - 
a r e  t h e  U and v  f low a r e a s  below t h e  j t h  
l e v e l s  ZUL and ZVL f o r  j = 1, LEVELS. 
A l t e r n a t i v e l y  i t  may be more conven ien t  t o  
s t o r e  mean wid ths  WU(k, j) = AU/HU and 
W'J(k,j).  

AZ(k , j )  - 
i s  t h e  v e t t e d  s u r f a c e  a r e a  a t  t h e  j t h  l e v e l  ZL 
f o r  j = 1, LEVELS 



The i n t e r m e d i a t e  t a b l e  l e v e l s  ZL, ZUL and ZVL could 
a l s o  be s t o r e d  i n  t a b l e s  t o  avo id  r e c a l c u l a t i o n  i f  
t h e r e  was adequate  space.  

User i n s t r u c t i o n s  f o r  r o u t i n e  TABLES which s e t s  up t h e  
t a b l e s  is g iven  i n  Appendix 2. 

Use of  Tables  i n  t h e  f low program 

Volume w i l l  be summed up f o r  each c e l l  and used t o  
d e f i n e  t h e  wa te r  l e v e l  on t h e  v a r i a b l e  geometry. The 
new volume, VOL(k) w i l l  be ob ta ined  from t h e  
c o n t i n u i t y  c a l c u l a t i o n ,  then t h e  water l e v e l  
c a l c u l a t e d  as :  

Z(k) = -HMAX + VOL(k)/(DXxDX) f o r  
VOL(K) VKL(k,LEVELS) 

= -m + DELZx(j - l + 
(VOL(k) - VKL(j-1) )/ (vKL(j) - VKL(j-1) ) 

f o r  
VKL( j-1) < VOL(k) < VKL(J) 

= -W + DELZ + V o ~ ( k ) / v K L ( l )  f o r  
VOL(k) < VKL(k,l) 

where DX i s  model g r i d  and DELZ = (HMAX - 
HMIN ) /LEVELS 
NOTE 1 t h a t  l a s t  c a s e  cou ld  be combined wi th  second 
c a s e  i f  e x t r a  volume e n t r y  VOL = 0 put i n t o  t a b l e  

NOTE 2 S u r f a c e  a r e a s  a r e  not needed i n  t h e  flow 
model b u t  when they a r e  needed (eg t r a n s p o r t  models)  
they  would be c a l c u l a t e d  i n  a n  analogous manner. 

Mean d e p t h s  f o r  f low w i l l  be c a l c u l a t e d  i n  t h e  
f o l l o w i n g  manner. Note t h a t  t h e  p r e s e n t  program uses  
t h e  a c c e l e r a t i o n  form of t h e  momentum e q u a t i o n  s o  t h e  
f low a r e a  not r equ i red  d i r e c t l y  bu t  i t  i s  needed t o  
c a l c u l a t e  t o t a l  d i s c h a r g e s  f o r  subsequent t r a n s p o r t  
c a l c u l a t i o n s .  

The l e v e l  a t  a  U-face, ZU is the  average  of Z(k) and 
Z(ke) .  The dep th  f o r  f r i c t i o n  (and l a t e r  f o r  
c o n t i n u i t y )  is def ined  a s :  

DU(K) = ZU + HU(k,LEVELS) f o r  ZU > -HUMIN 

= HU(k, j-l) + (ZU- Z U L M ~ ) X ( H U ( ( ~ ,  j) - 
H U ( L , ~ - ~ ) ) / D E L Z  f o r  s u r f a c e  i n  s l i c e s  2 t o  LEVELS 

= (ZU + HUMAX)xHU(k, j)/DELZ f o r  s u r f a c e  i n  t h e  
bottom s l i c e  (No 1 )  

where ZULMl i s  e l e v a t i o n  of bottom of s l i c e  j 
and DELZ = (HUMAX - HLMIN)/LEVELS 



V-depths and U and V-flow a r e a s  would be i n t e r p o l a t e d  
i n  a  s i m i l a r  manner. 

4 CONCLUSIONS AND 
RECONMENDATIONS 

A new method h a s  been dev i sed  t o  p rov ide  a  b e t t e r  
d e s c r i p t i o n  of flow geometry w i t h i n  t h e  model a r e a ,  
and au tomat ic  methods have been produced t o  g e n e r a t e  
t h e  a p p r o p r i a t e  d a t a  bases .  The f i n a l  checking of t h e  
v a r i a b l e  g r idded  models w i l l  be q u i t e  c o s t l y  and i t  
has  been decided t h a t  t h i s  phase w i l l  need t o  be 
delayed u n t i l  we f i n d  a  s u i t a b l e  s i t e  wi th  su rvey  d a t a  
f o r  t e s t i n g  purposes .  
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APPENDIX 1 

GUIDELINES FOR APPLYING DTM TO TIDEWAY SYSTEMS 

D i g i t i s i n g  your c h a r t  

F i r s t l y ,  t h e  a r e a  of i n t e r e s t  must be d i v i d e d  i n t o  map 
u n i t s  o r  h a l f  map u n i t s  wi th  dimensions of 2 X 1, o r  1 
X 1 u n i t s .  It is wise t o  use  a s  few map u n i t s  a s  
p o s s i b l e  when cover ing  your a rea .  Always make s u r e  
t h a t  t h e  map u n i t s  cover an a r e a  s l i g h t l y  b igger  than  
t h e  in tended  model a r e a .  T h i s  e n s u r e s  t h a t  t h e  model 
does no t  was te  t ime sea rch ing  f o r  in fo rmat ion  o u t s i d e  
a map u n i t .  Having decided where your map u n i t s  a r e ,  
r e c o r d  t h e  e q u i v a l e n t  c o o r d i n a t e s  of t h e  map u n i t s ,  i n  
r e a l  terms and i n  map u n i t  terms. 

Choose t h e  s i z e  of t h e  map u n i t s  w i t h  s e n s i b l e  
d imensions ,  s o  t h a t  it is easy t o  r e l a t e  map u n i t  
d i s t a n c e s  t o  a c t u a l  d i s t a n c e s  on t h e  ground eg  a 2 X 1 
map u n i t  may be e q u i v a l e n t  t o  a 10 X 5km a r e a  on t h e  
ground. T h i s  i s  p a r t i c u l a r l y  u s e f u l  when checking 
your  d a t a b a s e ,  a s  t h e  DTM w i l l  produce a p l o t  which 
can be o v e r l a i d  on t h e  o r i g i n a l  t o  check f o r  e r r o r s .  
Remember t h a t  only  blocks  f o r  l X l map u n i t s  may be 
reproduced by t h i s  method, s o  make s u r e  t h a t  they  w i l l  
a c t u a l l y  f i t  o n t o  t h e  graph p l o t t e r .  

The DTM system was designed f o r  use  wi th  1/2500 s c a l e  
Ordnance Survey (OS) plans  w i t h  r e s p e c t  t o  t h e  g r i d  
o r i g i n  SVOOOO at  t h e  extreme South west  c o r n e r .  For  
TIDEWAY a p p l i c a t i o n s  i t  i s  necessa ry  t o  imagine t h e  
model a r e a  superimposed on the  OS g r i d  and i t  i s  
conven ien t  t o  p l a c e  t h e  bottom l e f t  hand corner  of t h e  
c h a r t  at  t h e  OS g r i d  o r i g i n  SV0000. The bottom l e f t  
hand map u n i t  is  then  re fe renced  as  SV0000, t h e  one 
b u t t i n g  on t o  t h e  e a s t  i s  
SV0200, t h e  one b u t t i n g  on t o  t h e  n o r t h  is SV0001, and 
t h e  one touching t h e  n o r t h  e a s t  corner  i s  SV0201, 
e t c .  

H i n t s  on what and how t o  d i g i t i s e  t h e  i n f o r m a t i o n  

1. A i m  f o r  a uniform d i s t r i b u t i o n  of c o n t o u r s  
wi thou t  "empty" spaces .  

2. F i l l  i n  t h e  land wi th  contour  v a l u e s  a l s o .  

3.  Whenever p o s s i b l e  l e a v e  a contour  ve ry  c l o s e  
t o  t h e  edge of map u n i t s .  

4.  P o s i t i o n  t h e  DTM on a round number of t h e  
n a t i o n a l  g r i d .  

5 .  Add an open con tour  a long  channe l s  t o  avo id  
a f l a t  bottomed channel  i n  t h e  d a t a b a s e .  



6 .  Omit unnecessary d e t a i l  when d i g i t i s i n g  a 
contour i f  the c e l l  spacing would be such a s  
t o  l o s e  the information anyway. 

7 .  Where there i s  a dense packing of contours 
(say a t  a s teep  s lope)  i t  is best to  
d i g i t i s e  every other contour s o  that 
"crossing" errors would be reduced. 



APPENDIX 2 

PROGRA!! TABLES - USER INSTRUCTIONS 

Func t ion  

The main u s e r  manual f o r  the  HR t i d a l  model l ing sys tem 
(Ref 1 )  d e s c r i b e s  t h e  p r e l i m i n a r y  programs used t o  s e t  
up an a r r a y  of  averaged d e p t h s  a p p l i e d  t o  t h e  c e l l  
f a c e s  used i n  computing t h e  water  f lows.  The g r e a t  
i n c r e a s e  i n  computer power a v a i l a b l e ,  e s p e c i a l l y  where 
p a r a l l e l  a r r a y  p rocess ing  f a c i l i t i e s  a r e  used,  makes 
i t  f e a s i b l e  t o  use  a  more d e t a i l e d  r e p r e s e n t a t i o n  of 
t h e  bed geometry. Th is  appendix d e s c r i b e s  a  method of 
s u p p l y i n g  such a  d e t a i l e d  r e p r e s e n t a t i o n  based on a  
s imple  e x t e n s i o n  of t h e  his togram method used i n  t h e  
e a r l i e r  r e p o r t s .  

Method 

S i n c e  t h i s  p r o c e s s  r e q u i r e s  t h e  u s e  of f o u r  d e p t h  
v a l u e s  f o r  each  c e l l  f a c e ,  t h e  new program TABLES 
r e p l a c e s  TRILINE i n  t h e  s e t t i n g  up p rocess .  For t h i s  
r eason ,  t h e  two-dimensional p lan  a r r a y  is s t i l l  
p r e s e n t  i n  t h e  ou tpu t  and t h e  a c t i v e  v a r i a b l e s  of f low 
a r e a s ,  mean dep th  and volume a r e  three-  d imensional .  

A s  a  f u r t h e r  means t o  a s s i s t  subsequent  checking and 
e d i t i n g  t h e  t a b u l a t i o n  s u b s c r i p t  i s  t h e  f i r s t  i n  t h e  
b r a c k e t .  T h i s  w i l l  r e q u i r e  t h a t  a  f u r t h e r  program be 
w r i t t e n  t o  i n v e r t  t h e  a r r a y  f o r  e f f i c i e n t  use  of t h e  
o u t p u t  w i t h  p a r a l l e l  p rocess ing .  

The d e p t h  d a t a  s u p p l i e d  t o  t h e  program must be i n  t h e  
form of t h e  o u t p u t  genera ted  by INLINE. The 
i n f o r m a t i o n  s u p p l i e d  t o  t h e  f low computat ion programs 
i s  p r e s e n t e d  a s  a  number (LEVELS) of t a b u l a t e d  v a l u e s ,  
and t h e  upper and lower l i m i t s  of t a b u l a t i o n  a r e  s e t  
by t h e  maxima and minima of t h e  d e p t h s  a long  t h e  s o u t h  
and e a s t  f a c e s  of t h e  c e l l ,  when v a l u e s  e q u a l  t o  t h e  
c o n t r o l  v a r i a b l e  DRY a r e  ignored.  

S i m i l a r l y  t h e  con ta ined  volume and wet ted  s u r f a c e  a r e a  
a r e  t a b u l a t e d  betwen t h e  maxima and minima of t h e  f o u r  
f a c e  l i m i t s .  Th i s  concept  is  i l l u s t r a t e d  i n  F i g u r e  
4. 

The t a b u l a t i o n  l e v e l s  (ZUL, ZVL and ZL) a r e  measured 
p o s i t i v e l y  upwards from t h e  r e f e r e n c e  p lane  and form 
a n  a r i t h m e t i c  p r o g r e s s i o n  between t h e  r e l e v a n t  maximum 
and minimum. The flow a r e a s  (AU and AV) a r e  t h e  a r e a s  
of t h e  h i s tograms  i n  s q u a r e  metres  and t h e  mean dep ths  
(HU and H V )  a r e  c a l c u l a t e d  a s  AU o r  AV d i v i d e d  by t h e  
r e l e v a n t  width .  A s  i n  t h e  e a r l i e r  program a  U i n  t h e  
v a r i a b l e  name i n d i c a t e s  t h a t  t h e  v a r i a b l e  a p p l i e s  on 
t h e  e a s t e r n  f a c e .  S i m i l a r l y ,  t h e  occur rence  of a  V 
d e n o t e s  t h e  s o u t h e r n  f a c e .  



The cell wetted surface (AZ) generates numbers too 
large for the field widths currently in use so this 
has been expressed as the fraction of the cell area 
wetted. In the same way the cell volume (VKL) is 
expressed as the true cell volume divided by total 
cell area. 

The cell is designated active or inactive by means of 
an integer flag, FLAGZ. This has the value 0 for 
inactive, and 1 for active cells. In TABLES, a cell 
is active if its wetted area is greater than one ninth 
of the cell area. 

Input 

Channel 1 : card reader 
Card 1 : ICONV equals 0 for no conversion of 

depths 
equals 1 for depths in fathoms 
and feet 

Card 2 : LEVELS The number of levels used in 
the tables 

Format (16) for both cards 
Channel 3 : card reader (Generally this is the file 

produced by INLINE) Card 1 : determines size of 
model 

(i) M Number of depths 
eas t-west 

(ii) N Number of depths 
north-south 

(iii) DX Depth spacing (m) 
east-west 

(iv) DY Depth spacing (m) 
north-south 

( v) DRYIN Code for land 
Format (216. 3F8.2) 
Cards 2, 3 : ignored (These contained text and 

column information if 
produced by INLINE) 

Following N cards : depths (positive downwards) 
The depths are to be supplied in 'strips'. 10 
wide, each covering the complete north-south 
extent of model, first card being the northern 
most. 
Format (A10,10F7.2) 

The first 10 columns of each card are ignored. This 
is because if the file was produced by INLINE, the 
columns would hold the row numbers. The last (N + 
2) cards are then repeated for the remaining 10 depth 
wide strips until the grid has been covered. Depths 
for the easternmost strip need only be given for 
positions within the grid. For example, if M were 15. 
the second (and last) strip need only contain 5 
columns of depths. 



o u t p u t  

Channel 2 : Line  p r i n t e r .  L i s t i n g  of FLAGZ. The 
v a l u e s  a r e  p r i n t e d  i n  s t r i p s  100 columns wide, w i t h  no 
s p a c i n g  between t h e  0 ' s  and l ' s .  T h i s  g i v e s  a s imple  
g r a p h i c  d e s c r i p t i o n  of t h e  e s t u a r y .  

Channel 4 : Formatted c a r d  punch f i l e .  I n  a d d i t i o n  
t o  u s i n g  a s i m i l a r  s t o r a g e  manner t o  t h a t  of INLINE, 
( g r i d  s i z e  i n f o r m a t i o n  and FLAGZ), t h i s  f i l e  c o n t a i n s  
t a b u l a t e d  v a l u e s  of a l l  the  d e p t h  va ry ing  v a r i a b l e s .  

Card 1 : M ,  N ,  DX, DY, DRY 
Format (216, 3'38.2) 
Card 2 : LEVELS 
Format (16) 

L i s t i n g  of FLAGZ a s  i n  channe l  2 
L i s t i n g  of c e l l  heading and t a b u l a t e d  v a l u e s  f o r  
each c e l l  
F i r s t  c a r d  c e l l  column and row number 
Second c a r d  column headings  
Next LEVELS c a r d s  t a b u l a t e d  v a l u e s  of a l l  t h e  
v a r i a b l e s  f o r  each l e v e l  
One t a b u l a t i o n  l e v e l  pe r  c a r d  c o n t a i n i n g  

ZUL j t h  t a b u l a t i o n  l e v e l  f o r  U-point  
HU mean dep th  below j t h  l e v e l  ZUL 
AU U-flow a r e a  below j t h  l e v e l  ZUL 
ZVL j t h  t a b u l a t i o n  l e v e l  f o r  v-point  
HV mean dep th  below j t h  l e v e l  ZVL 
AV v-flow a r e a  below j t h  l e v e l  ZVL 
ZL j t h  t a b u l a t i o n  l e v e l  f o r  z-point  
AZ s u r f a c e  a r e a  a t  j t h  l e v e l  ZL 
VKL c e l l  volume a t  j t h  l e v e l  ZL 

Format (lX, 15, 4X, 2B7.2, F7.1, 2B7.2, F7.1, 
317.2) 

These l a s t  LEVELS + 2 c a r d s  a r e  r e p e a t e d  f o r  e a c h  
model c e l l .  
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Fig 1 2- D Model setting up system 
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