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ABSTRACT

This report provldes detalls of planned amendments to the hydrologlcal
models lncorporated wlthLn the l{alllagford Procedure for the Deslgn and
Analysls of Urban Dralnage Systens. Part  I  provldes a detal led deslgn
speclflcatlon for a new sewered sub-area nodel to represent the hydrological
behavlour of large urban subcatchment.s. Thls anendnent l-s necessary for the-Practlcal lnplenentatlon of the water quallty model MOSQITO currently belng
developed at HRL under contract from the Department of the Envlronment.
The requlrenents for thls nodel and lts developnent have been fully
dlscussed slthln the renlt of River Basta Management Progranme coordlnated
by the Water Research Centre. Part 2 summarLses a oew surface hydrology
model Locorporatlng lnproved calculation of ralnfall losses and flow storage
and dlverslon on urban catchnent surfaces. Dlscussloos concernlng the forn
of thls nodel have already been held nlth the Fater Research Centre, and
thls propoaal, Ln part, is a reply to the requlrements voLced by sRc.
Future discusslons concernlog the forn and developnent of the model should
be fornall.sed wlthln the Rlver Basln Management programme.





Part I

Deslgn Specif icat lon for New Sewered Sub-Area Model





SEWERED SUB-AREA MODEL: Deslgn specl f lcat lon

Urban  d ra inage  sys tems  cons l s t  t yp l ca l l y  o f  a

co l l ec t l on  o f  con t r l buL lng  a reas ,  open -channe l

condui ts ,  p lpe condui ts  and var lous ancl l lary devlces

such as over f lows,  s torage tanks and pumping stat ions,

of ten arranged in a complex raanner.  Conplete

rep resen ta t l on  o f  such  a  sys tem fo r  t he  pu rposes  o f

conputat ional  model l ing is  e i ther  lnappropr iate or

l nposs tb le  g i ven  the  cons t ra in t s  o f  conpu ta tLona l

and nanpower resourees avai lable for  the rout ine

app l l ca t i on  o f  a  pa r t i cu la r  mode l .  I n  t he  app l i ca t i on

of  the Wal-L ingford Procedure for  the s inul_at ion of  the

behaviour  of  urban dra inage syst .ems a number of

problens there are wi th conplete ly  represent lng a

complex system.

Firs t ,  data descr ib ing t ,he layout  and nature of  the

d ra inage  sys tem i s  o f t en  no t  read i l y  ava i l ab le .  Th i s

p rob len  may  be  d l s t l ngu l shed  a t  two  l eve1s : -

INTRODUCTION

( i )  da ta  may  ex l s t

t ime-consumlng

maps and char ts  but  th is  ls

ex t rac t ;

on

E O

( i i )  da ta  has  to  be  co l l - ec ted  d i rec t  f r om the  f i e l d .

In bot .h cases t ,echnologlcal  advancements,  such as the

use  o f  d i g l t a l  mapp lng /geog raph i c  t n fo rma t i oo  sys tems ,

do of fer  so lut . ions to some of  the conmon problems.

Howeve r ,  i n  many  l ns tances  l t  w i l l  s t l l l  be  necessa ry

to spend considerable amounts of  t i rne and noney in

co l l ec t i ng  and  co l l a t i ng  such  da ta  se t s ;  any  me thod

v rh l ch  a l l ows  ce r ta ln  po r t i ons  o f  t he  da ta  se t  t o  be

s imp l i f i ed  wou ld  obv lous l y  reduce  th i s  exDense .



Second,  on the hardware aval lable to many current

use rs  and  t . o  f u r t he r  po ten t i a l  use rs ,  eg  IBM-AT  (o r

compa t i b l es )  ope ra t l ng  w i th in  t he  MS-DOS env i ronmen t ,

iE  l s  lmposs ib le  t o  comp le te l y  rep resen t  a  l a rge  and

cornplex urban dra lnage system ln terms of  a l l  i ts

p ipes and lndiv idual  contr ibut ing areas.  I t .  is  a lso

computat ional ly  uneconomlc to input  a long ra lnfa l l

t lme-ser ies -  needed for  accurate ly  determln ing the

frequency of  darnage resul tant  f rom urban runof f .

Thl rd,  1t  ls  unncessary to complete ly  descr ibe the

features of  an urban dra inage system in order  to

adequate ly  s imulate i ts  behaviour  -  nor  ls  t t

necessary to ah,rays represent  the operat lve processes

such as ln f i l t ra t lon,  sur face runof f  and sewer f low ln

a complete manner.  In  th is  context  1t  must  be

recognlsed that  the models const i tu t lng the

l la l l ingford Procedure are not  exact ,  e l ther  in  thei r

abi l i ty  t .o  conslder  a l l  the st ructura l  e lements of  a

selrer system (eg I^IASSP-SI|I ignores the storage

lnf luence of  gul ly-pots)  or  ln  thel r  abl l i ty  to

represent  the fu l1 range of  f low processes operat ing

wl th in an urban eatchment .  The key to apply ing the

Wa l l i ng fo rd  P rocedu re ,  espec la l l y  t he  s lmu la t i on

model ,  ls  to  ident i fy  the appropr iate level  of  systen

reDresentat ton requi red when nodel l ing a l l  but  the

srnal lest  of  systems.  A najor  problem wl th current

lmplementat lons of  the ldal l ingford Procedure (eg

WASSP-SIM) is  that  the current  s iupl l fy ing procedure

( 'The  Sewered  Sub -A rea  Mode l ' )  l s  bo th  d i f f i cu l t  t o

use and lncurrs h igh overheads in calculat ion and

s to rage .  As  a  resu l t  i t  has  been  l i t t l e  used  by

p rac t l t i one rs ;  mode l  s imp l l f l ca t l on  has  the re fo re

deve loped  as  an  a r t  p rac t i ced  success fu l l y  on l y  by  a

few of  the rnost  knowledgeable and exper lenced I 'JASSP

use rs .  I n  f ac t  t he  rne thods  o f  s imp l i f y i ng  sys tem

representat ion when using the l , la l l lngford Procedure

have  beco rne  so  i nvo l ved  tha t  a r t i . f l c l a l  l n t . e l l i gence



met.hodologies (eg expert  syst .ern)  are belng developed

to a id inexper ienced users.  The a im of  a new sewered

sub-area model  must  be to ' redress t ,he balance between

sc lence  and  a r t r  by  f o rna l l s i ng  mode l  s imp l i f i ca t l oo

ra the r  Lhan  a l l ow ing  use rs  t o  deve lop  t . he i r  owa

ind i v i dua l  me thods .

Flnal ly ,  another  problen of ten encountered,

par t lcu lar ly  when apply ing a range of  urban and

non-urban models for  consider lng t ,he behaviour  of

n ixed or  urbanis ing catchments,  is  the d iscrepancy and

nonsensical  resul t ,s  that  may ar ise when der iv ing

pe rcen tage  runo f f  f o r  t he  ru ra l  po r t l ons  o f  t he

catchment  us lng the methods embodled w. i th in the FLood

Studies Report  as compared against  thei r  urban

equivalents der lved us ing t .he Wal l ingford Procedure.

A desl rable feature of  the ne! , r  se{ . tered sub-area nodel

would be an abi l l ty  to  represent .  the behaviour  of  both

large urban and rura l  sub-catchnents.

Dlst i l la t lon of  the above comments lndicate that  the

nerr  sewered sub-area nodel  1s requi red to fu l f11 three

najor  a lms (a l though t ,he last  of  these a ims may not ,  be

en t l r e l y  poss ib le  t o  ach ieve ) :

( 1 ) Represent  in  a s iurp l l f ied Banner systems for

wh ich  comp le te  sys tem desc r i p t i on  l s  read i l y

avai l -able or  a l ready possesses a verLf ied I IASSP

S S D  f 1 l e ;

(11 )  Rep resen t  po r t i ons  o f

o r  no  da ta  ex i s t s  o r

(1 i i )  A t , t enp t  t o  rep resen t

sub-eatchments in  a

sys tems  fo r  wh i ch  l i t t l e

i s  read i l y  ava i l ab le ;

large urban and rura l

s im l l a r  manner .

The fo l lowing

spec l  f  l ca t  1on

developed and

requ i remen ts .

pa rag raphs  de ta i l

o f  a  se t  o f  mode ls

examlned ln order

3

the  des ign

wh lch  a re  t o  be

to  f u1 f i l  t hese



MODEL, DEFINITION

The new hydrology model  for  the Wal l ingford Procedure

has been def lned so that  both ra lnfa l l  excess and

surface runof f  rouElng are model led separate ly  for

each sur face type wi th in an urban subcatchment .

Surfaee runof f  1s model led us lng paral le l

' quas l - l i nea r t  r ese rvo l r s ,  a l t hough  o the r  a l t e rna t i ves

such as non-1lnear  reservoi rs  and Musklngum rout lng

rnay be invest igated.  The sewered sub-area oodel  must

preserve the baslc  s t ructure of  the new hydrological

model  and extend th is  s t ructure to be apol lcable both

to larger  areas and s i tuat ions where surcharglng and

f l ood lng  a re  t ak ing  p lace .

As ident i f led 1n the or ig lnal  work conducted on the

sewered sub-area nodel  by Pr ice eL a l  (1980) there are

a number of alternatlve approaches that may be adopt,ed

ln developlng a model  whlch represents the d ischarge

from a sewered sub-area. One method could be to

develop a nel r  nodel  for  the above ground phase whlch

could a lso lnc lude the ln f luence of  at tenuat lon

assoclated wl th the below-ground phase.  Such a nodel

cons l s t l ng  o f  two  l t nea r  rese rvo l r s  i n  se r i es  has  been

p rev lous l y  de f l ned  by  Sa rg inson  and  Nussey  (1982 ) .  An

obvlous problen wi th th ls  approach ls  in  the

ca l i b ra t i on  o f  t , he  s to rage  coe f f i c i en t s  f o r  each

res  e rvo t  r .

The'approach adopt ,ed wi th in the or ig inal  vers lon of

the sewered sub-area model  vras to reta ln the st ructufe

of  the above and below ground phases of  the model  but

to  s lmp l i f y  t he  rep resen ta t , i on  o f  t he  u rban  d raLnage

syst .em. The p lpe network wi th in the sewered sub-area

was  rep laced  by  an  ' equ i va len t  p ipe  sys tem '  de f l ned  l n

te ros  o f  f ou r  pa rame te rs : -

( i )  s l ope  -  Tay lo r -Sehwar t z  s l ope ;



( i i ;  d i a m e t e r  -  p i p e  f u l l  d l s c h a r g e  o f  l a s r  p i p e  i n

equ i va len t  sys tem s im l l a r  Co  tha t  o f  p ro to t ype

s y s t e m ;

( i i i )  t ape r i ng  cons tan t  -  desc r l p t i ve  o f  t he  deg ree

of  taper ing ln  p ipe d lameter  dorrnstream f rom

head of  system;

( fv)  length -  length of  nai -n branch of  the prototype

sys t  em.

Surface runof f  eras assumed to be equal ly  d is t r lbuted

along the length of  the equivalent  p lpe systen and was

sinulated by means of  the same non- l inear  reservoi r

systern used in the or ig inal  above-ground phase of  the

mode l .

The above approach suf fers f rom two najor

def lc iencles.  F l rs t ,  inadequate account  r^ras taken of

the storage avai lable dur lng surcharged condi t ions.

Second,  the nodel  does not  real ly  s lmpl i fy  enough the

representat lon of  a sewered sub-area.  The f l rs t

problen would be re lat . ive ly  easy to remedy by

increaslng the amount  of  s torage associated wl th

nanholes a l lo t ted to the equivalent  p lpe systen.

However,  the second problem indicates that  l t  n lght

be bet ter  model  t .he below-ground phase d i f ferent ly

wh i l e  s t i l l  r e ta in ing  the  bas i c  s t ruc tu re  o f  t he

above-ground mode1.

The fo l lowing model  def in i t ion out l lnes such a

procedure,  which a l though a l lowing some scope for

a l ternat ive model  t .est ing in  terms of  the forrn of  the

rep resen ta t i on  o f  t he  above  g round  phase ,  i s  a

di f ferent .  approach f ron that  adopt .ed in  the or ig inal

sewered  sub -a rea  mode t .



(b)  Def in i t ion of  a new ser^rered sub-area rnodel

The new sewered sub-area model  wi l l  be designed so as

to  mode l  i n  f l r s t  i ns tance  sys tems  w l th  p re -ex i s t . l ng

WASSP mode ls ;  on l y  i n  l a te r  s tages  o f  deve lopmen t  w111

the procedure be extended to consider  systems for

which no SSD data has been created or  is

d l f f l cu l t  o r  i nposs lb le  t o  co l l ec t .  I n  t he  f o rmer

context the sewered sub-area rnodel can be seen to be

ra model  of  a modelr .  Given the current  uncer ta inty

in the forru of the surface hydrology of t.he I{ALLRUS

model  l t  1s Eherefore essent la l  that  the var ious

sub-nodels used for  represent lng the behavlour  of  a

sewered sub-area w111 ftt around and iomplement both

the current surface runoff rnodel and any future nodel

to be developed.

( f )  Sur face hydrology

Representat ion of  the sur face hydrology wl th in the

sewered sub-area model  w111 be s in i lar  to  that ,  wl th in

the new WaLl lngf  ord Urban Runof f  l '4odel  (0 'Loughl ln ,

1987 ) .  Tha t  i s ,  bo t , h  ra ln fa l l  l osses  and  su r face

runof f  rout log wl l l  be rnodel led on indiv ldual  sur face

types wl th in a subcatchnent ,  wi th three sur face types

belng a l " lo t ted to each subcatchment .

Ralnfa l l  excess on each sur face type is  to  be

calculated by means of  an in i t la l  loss model

toget ,her  wl th a cont lnulng losses rnodel .  Both of

these models wl11 have vary ing ln l t ia l  condi t ions

dependent  on t ,he antecedent  h ls tory of  ra infa l l

even ts .  I n  t he  case  o f  t he  i n l t i a l  l osses  mode l

standard naxi -mum values of  in l t ia l  loss are to be

a l l oca ted  to  each  su r face  t ype ;  t he  amoun t  o f  t h i s

s to re  t ha t  i s  f i - l l ed  p r l o r  t o  Lhe  onse t  o f  an  even t

w i l l  be  con t ro l l ed  by  a  ba lance  o f  r a l n fa l l  and  the

po ten t l a l  evapo ra t i on .



I n  t he  con t i nu ing  l osses  spde l  e i t he r  a  con t i nuous

'PR- t ype '  r node l  o r  a  phys i ca l l y  based  i - n f i l t r a t i on

equa t l on  i s  t o  be  used  (eg  Green -Ampt  mode l ) .  The

pa ramete rs  o f  each  o f  t hese  mode ls  w i l l  be  con t ro l l ed

by  the  na tu re  o f  t he  su r face  t ype  ( l a rge l y

perrneabi l i t ,y)  and the re lat ive degree of  saturat ion of

t he  so l l  mo ls tu re  s to rage  zooe .  So i l  mo is tu re  s to rage

is to be represented by a three layer  nodel ;  the lower

two  l aye rs  w i l l  u t i l l se  t he  so i l - no i - s tu re  ex t rac t i on

nodel  incorporated wl th in the MORECS procedure;  the

upper layer  w111 represent  the extra soi l  uo is ture

storage aval lable between the saturat ion capaci ty  and

the  f l e l d  capac l t y  o f  t he  so i1 .  l l he reas  pa rame te rs  o f

the MORECS rnodel  wi l l  be re lated pr lmar l ly  to  crude

no t i ons  o f  vege ta t l on  cove r ,  Da rame te rs  o f  bo th  t he

inf i l t ra t ion nodel  and the saturat lon zone layer  wi l l

have to be re lated to such var iables as sur face type

and soi l  index.

Runof f  rout ing on each sur face type ls  l ike ly  to

be  s i rnu la ted  by  means  o f  a  ' quas i - l i nea r r  r ese rvo i r

system represented by two equat ions:

s = k . q

k = c . i * * ( _ . 4 )

( 1 )

( 2 )

where S

q

1

f

Thls rnodel  is

w i t h  t h e  c o e f

s to rage ;

d i scha rge  pe r  un l t  a rea ;

ra ln fa l l  i n tens l t y ;

coef f ic ient  dependent  on

type .

s lope and sur face

current ly  implennented

f i c i en t  C  g l ven  by ; -

c  = . 3 9 3  5 * * - . 2 6 4  A * * . 3 3 3

withln I{ALLRUS

( 3 )



However  o the r  mode ls  t ha t  may  be  i nves t i ga ted  a re

ce r ta in  non - l i nea r  mode ls  such  as  t he  non - l i nea r

rese rvo l r  (w i t . h  and  w l t , hou t  a  t ime -1ag )  and  the

Muskingun model .

( l i )  ex tens ion  to  l a rge r  a reas

In ext ,endlng the quasi - l inear  reservoi r  ruodel  to

larger  areas both p ipes and manholes wi l l  be removed

fron the model .  In  order  to account  for  th is

par t lcu lar  in f luence two possib le approaches can be

envlsaged:  -

1. Extend normal runoff  rnodel.  This 
'nay 

be done in

two r^ rays .  F l rs t ,  in t roduee a  t ime 1ag,  T ,  tn to  the

l lnear reservoi-r  model,  t .hat.  ts

S ( t - t ; =  L  .  q ( t )

where T ls  a funct lon of  catchment  area.

has the major  d lsadvantage of  lnereaslng

storage dramat lca l ly  and is  therefore not

invest , igat ,ed.

( 4 )

This nethod

coBputer

to  be

Seeond,  in t roduce an increased dependency of  the

coe f f i c i en t  C  i r t  Equa t i on  2  on  a rea  o r  a l t . e r  t he  t o ta l

s to rage  coe f f i c l en t  by  a  sepa ra te  f ac to r  ( k * )  l t se l f

dependent  on area;  both of  these nethods would have

the  e f f ec t  o f  i nc reas lng  s to rage  as  a rea  l nc reases

above a threshold value a l though the la t ter  approach

would probably be easier  to  inplement  and would have

the  lmpor tan t  a t t r i bu te  o f  be lng  i ndependen t  o f  t he

no rma l  s to rage  coe f f i c i en t .  Hence ,  t he  p re fe r red

nodel  us lng th is  approach would be to represent  t .he

to ta l  s to rage  coe f f i c i en t  o f  each  l i nea r  rese rvo l r  as

S r = ( k + k * ) q (s)



where  k *  =  f (A -A t )

At  = threshold value of  area at  which a normal

area ls  considered.  t .o  be a sewered

sub -a rea .

2 .  I n t roduce  ano the r  l l nea r  rese rvo i r  t o  accounE  fo r

p lpe st .orage.  This could be appl led to each sur face

separate ly  to forn a dual  l lnear  reservoi r  systen

simi lar  to  that  put  forward by Sarginson and Nussey

(1982) or  rnore logical ly  appl ied to the conbined

out f low f rorn the three normal-  l inear  reservoi rs ;

however,  as the system is  1 lnear  Lhese two

a l t e rna t , l ves  a re  equ tva l -en t .  The  s to rage  coe f f i c l en t

of  th is  reservol r  would again vary wl th subcatchment .

area above a threshold value,  that  is

k2 = f(A-At) ( 6 )

Of these two a l ternat ives the la t , ter  is  thought  to

represent  the most  log lcal  and easlest ,  approach to

fo l low as the p ipe storage can be represented by an

indiv idual  sub-nodel .  I t  may a lso be necessary to

inc lude an ext . ra ef fect  of  area on the over land runof f

model .  The d i f ference between the t .wo approaches may

be appreciat .ed by conpar ing the storage coef f lc ient

assoc la ted  w l t , h  each .  I n  t he  f i r s t  app roach  the

s to rage  coe f f i c i en t .  f o r  r ep resen t i ng  d l scha rge  f rom a

pa r t i cu la r  su r face  t ype  can  be  rep resen ted  as : -

S t  =  K r . q

w h e r e  K ' = f ( r a l n f a l l  l n t . ,  s l o p e ,  a r e a ) .

In the second approach i t  can be shown that  the tota l

s to rage  coe f f i c i enL  may  be  rep resen t .ed  by :

S t  =  ( K l  +  K 2 ) . q  -  k 2 . d ( d l . q ) / a t ( 7 )



As suming

K t = k l + k *

then for  the two approaches to be equivalent  e i ther

k *  =  k 2  -  ( z / q ) . d ( k 1 . q ) / a t

o r  t he  d l f f e ren t i a l  t e rm  1n  Equa t l on  7  i s  neg l l g i b l e .

I f  in  apply lng the seeond approach l t  ls  found Ehat .

e l ther  of  these condl t lons is  approximately  t rue then

the former method can be used;  th ls  has the d is t inct

advant,age of both qulckenlng the slmulatlon tirne and

reduclng the anount  of  computat lonal  s torage when

apply ing the approach.

( f f i )  Extenslon to lnc lude surcharglng and f loodlng

e f  f ec t  s

A majog def lc iency wl th the or ig lnal  sewered sub-area

model  was i ts  lnabi l l ty  to  take account  of  the ef fects

of  surcharglng and f loodlng on Lhe d lscharge

hydrograph f rom a sewered sub-area.  F igure 1

i l lust rates a typ ical  d ischarge f requeney curve f rom a

sewered sub-catchment  as model led by TIASSP-SIM. Two

raa jo r  e f f ec t s  may  be  obse rved .  F l r s t ,  on  passage  f ron

f ree -su r face  f l ow  to  su rcha rge  f l ow ,  t he re  l s  a  r i se

ln d ischarge as the speed of  the f lood wave lnereases

dramat ica l ly ;  however,  th ls  ef fect  nay wel l  be

obscured by the non-unl form nature of  the onset  of

surcharge wi th in subcatchments.

Second ,  a t  h i ghe r  l eve l s  ex te rna l  s to rage  w l th ln  t he

sys tem w i l l  be  mob i l i sed  eouo te rac t i ng  t he  fo rmer

e f fec t  caus ing  a  f l aL ten lng  o f f  o f  t he  f l ood - f requency

cu rve .
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1 .

I n  o rde r  t o  accoun t  f o r  bo th  o f  t hese  e f f ec t s  i t  i s

c l ea r  t ha t  ad jus tmen ts  w i l l  be  requ i red  t . o  t he  p ipe

s to rage  e le rnen t  desc r i bed  above .  The  va r i a tLons  i n

the f lood- f requency curve can be descr ibed in s torage

Le rms  by  t he  remova l  and  add i t l on  o f  d i sc re te  s to rage

e lemen ts .

The amount  of  external  s torage mobi l lsed dur lng

surcharge can be calculated us lng an adapLat lon of  the

Chapman/0sborne nethod (as deta i led in  Chapman, 1987).

Steps lnvolved in th is  method are descr ibed below:-

Assume the subcatchraent is rectangular and

s i t ua ted  equa l l y  e l t he r  s l de  o f  t he  p lpe ;

2. Assune that contr ibut lng areas are spread

unlfornly throughout the area;

An average connect lon

e l t he r

X = t /4L

length can then be obt .a lned

X  =  ( A * *  . 5 )  l Z

where connect ion length

catchment  area

Pipe length

The two opt ions are for  ca lculac lng connect ion length

are deslgned to represent  connect ion length for  an

a rea  assoc ia ted  w i th  a  spec i f i c  p ipe  ( l e  unmode l l ed

s to rage )  and  connec t i on  l eng ths  assoc ia t . ed  w i t . h  a

s i rnp l i f i ed  sub -a rea .

3 .

by

X -

A -

l , =
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Fur the rmore ,  X  i s  cons t ra lned  so  as  no t  t o  be  l ess

than  5m and  noL  to  be  g rea te r  t han  .S (dep th  t o

so f f i t / p i pe  s l ope )  wh l ch  takes  l n to  accoun t  t he

in f l uence  o f  g round  topog raphy  on  connec t i on  l eng th .

4.  Calculat .e number of  connect lons for  connected

paved,  connected roof  and for  fouJ-  only  connect ions.

Assume one paved eonnect lon per  300 n2 of  paved and

one  pe r  80  m2  o f  r oo f ;  assume one  connec t l on  pe r .01

l /s  and and 35 propert ies per  hectare and d lv ide t ,he

basef low or  foul - f low to obta ln number of  foul

connec t i ons .

5.  Put ,  in  the equivalent  vo lume as extra storage -

th ls  wi l l  inc lude both nanhole and p ipe storages

removed f rom the systen as t re l l  as that  added using

the  above  me thod .

Thls nethod was pr imar i ly  designed to account  for  the

unnodel led storage associated wl th srnal - l  d laneter

p lpes not  inc luded wi th in a WASSP SSD f i le .  In

adap t . i ng  t he  me thod  to  accoun t  f o r ,  f i r s t ,  p l pes

removed f roor  a system and,  thereaf ter ,  for  unmodel led

plpes,  the method deser ibed beLow can be seen as an

al ternat ive to the fu l l  MADD nethod def ined above.

Fi rs t ,  account  for  the smal l  unmodel led p i -pes as

descr ibed above.  Second,  for  the large p ipes removed

f rom the  sys teo  as  pa r t  o f  t he  s i np l i f l ca t i on  p rocess

de r i ve  a  connec t i on  dens l t y  f o r  each  p lpe  d iaoe te r .

Assumlng that  unmodel led p ipes are represented by

100u rm p ipes  p roduce  a  connec t i on  dens l t y  vs .  p l pe

dj -ameter  graph for  each sewered subcatchment .  From

th i s  t he  t o ta l  amoun t  o f  ex t ra  sLo rage  requ i red  to

rep resen t  t he  s to rage  assoc ia ted  w i th  t he  p lpes

rnob i l i sed  du r i ng  su rcha rge  and  f l ood ing  can  be  de r l ved

and  exp ressed  l n  un i t s  o f  a rea ;  t he  amoun t  o f  t he

s to rage  assoc ia ted  w i t . h  removed  rnanho les  i s  a l so
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l nco rpo ra ted  w i th in  t h i s  f l gu re .  The  add i t l ona l

storage volume can then be added to the downst . ream

rece l v i ng  p ipe  by  d i v i d i ng  the  a rea  de r i ved  above  the

a rea  o f  t he  downs t ream manho le .

V ia  e i t he r  o f  t he  above  ne thods  l t  w i l l  be  poss ib le  Eo

de r i ve  cu rves  o f  add i t i ona l  s to rage  vs .  sewered

sub-area area.  In  adapt ing the procedure so as to be

appl icable to instances in  which no current  SSD exis t ,s

i t  w111 be necessary to produce a standard set  of

t hese  cu rves  d i f f e ren t i a ted  on  the  bas i s  o f  t he  na tu re

and densi ty  of  the developnent .

(c)  Der ivat ion of  model  paraneters

Fron the above def in i t lon i t  is  c lear  that .  t$ro aspects

of  the new serrered sub-area nodel  wi l l  requi re

ca l i b ra t i on .  F i r s t ,  t he  pa rame te rs  o f  t he  su r face

runof f  nodel  w111 need to re late to an iadex of  the

tota l  f low path (both above-ground and below-ground

phases )  t . oge the r  w i t h  t he  pa rame te rs  o f  t he  p lpe

storage nodel  (a l though th is  e lement  nay be made

redundan t  as  desc r l bed  i n  sec t l on  2 .b  i i ) .  Second ,

the coef f ic ients re lated t .o  the extra-storage nodel

w i l l  r equ i re  l nves t l ga t i on .  Fu r the r  aspec ts  t ha t  w111

requlre examinat lon wi l l  be the passage of  p lpes

wl th ln the sewered sub-area loto surcharge and

f loodi -ng,  par t icu lar ly  the in f luence of  local ised

ef fects on se\ iTered sub-area nodel  pararueters.  A

formal lsed procedure for  conduct ing paraneter

ca l l b ra t i on  1s  l i s t ed  be low .

( i )  Der ive WATLRUS models for  a

and  es tab l i sh  d i scha rge  and

curves for  each cat .ehaent ;

( i i )  S imp l l f y  t he  f u l1  node l s  a t

nunober of systems

level f requency

t 3
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(1 i i )  Re la te  mode l  pa rame t .e rs  Lo  ca tchmen t

cha rac te r i  s t  1c  s ;

( i v )  V e r i f y  r e s u l t s .

Deta i ls  Lnvolved in each step are explauined in fu l l

be low .

(i) Derivati-on of IIALLRUS nodels

Two collections of WALLRUS SSD models are to be used

ln the der ivat lon of  the sewered sub area nodel .

F i rs t ,  a  set  of  hypothet ica l  catchments.  These

hypo the t i ca l  caEchmen ts  a re - to  be  des lgned  us lng

WALLRUS-HYD. Each catchment  wi l l  re f lect  a par t lcu lar

se t  o f  cha rac te r l s t l cs :

(a) Distr ibut ion of surcharge return perlod within

catchment.  Four distr lbut lon types are to be

des lgned:

Constant  return per iod of  surcharge wi th ln each

pipe ln  catchment ;

Return per iod of  surcharge increasing wi th

decreasing d is t .ance to catchment  out le t  -  th is

represents a s i tuat , ion ln  whieh per lpheral  areas

wl th in a catchment  nay be deslgned in order  to

reta ln ! , rater  to  prevent  f looding fur ther

downstreaml

Return per iod of  surcharge decreaslng wi th

dec reas ing  d i s tance  to  ca t chnen t  ou t l e t  -  t h i s

may be synonymous wl th a system ln whlch new

per iphe ra l  a reas  des igned  to  a  ce r ta ln  re tu rn

per lod are added to a pre-exls t ing system and

lnc reas lng  the  f requency  o f  p i pe  fu11  d i scha rge

even ts .

l .

2 .

3 .
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4 . Dis t r i bu t . i on  o f  r e tu rn  pe r i od  w i th in  ca t chmen t .  l s

de f i ned  on  a  pu re l y  random bas i s .

WASSP-HYD wt l l  be used to deslgn the p ipe system. The

ave rage  re t , u rn  pe r tod  fo r  des lgn  w i l l  be  5  yea rs  w i t h

the  range  o f  r e tu rn  pe r i ods  f ro rn  2  t o  l 0  yea rs .  I n

o rde r  t o  ensu re  a  s lmu l taneous  t rans fe r  o f  p i pes  l n to

surcharge wi th ln the catchment  the range of

commerc ia l l y  ava i l ab le  p lpe  d iane te rs  (PDIA(25 ) )  1n

WASSP-HYD wl l l  requl re a l ternat lon.  The s implest

method w111 be to change the d inension of  PDIA to 2000

and def lne contents of  the array to run f rom I  to

2000nn.  The deslgned p ipe wi l l  then be the s lze of

p ipe requi red to convey the desi red return per iod to

the next  h ighest  mm as opposed to the next  h ighest

comnerc ia l ly  avai lable p ipe d iamet,ers.  Systens

deslgned using commercla l - ly  aval lable p ipe d iameters

wi l l  a lso be inc luded wi th in the data set  and wi l l  be

used to invest igate the in f luence of  noo-unl forn

passage 1nt ,o surcharge.  The cr i t lca l  s torn duratLon

fo r  each  p ipe  w111  be  se lec ted  f ron  a  se r i es  o f  50

events ranging f ron approxinate ly  10 to 60 minutes

w l t , h  a  I  m lnu t ,e  d i f f e rence  i n  s to rm du ra t l on .

(b )  D i s t r i bu t l on  o f  ca t chmen t  cha rac te r i s t i cs .

De r i ve  a  se t  o f  ca t chmen ts  w iEh  a  range  o f

average s lopes;  for  each average s lope c lass

der lve a col lect ion of  catchments wi th a vary lng

d l s t r l bu t i on  o f  ca t chmenE s lopes  1n  d l f f e ren t

l eve l s  o f  ca t chnen t  d i sc re t l sa t l on .  A  s ln i l a r

procedure may be used for  catch{Dent  shape.

Design p ipe network for  equal  surcharge wi th

va r l ab le  ca t chmen t  cha rac te r l s t i cs  us lng  bo th  t he

' smoo th '  r ange  o f  p i pe  d iame te rs  and  the

' s t e p p e d t  r a n g e .

Second l y ,  co l l ec t  a  se t  o f  ' r ea l -wo r l d '  SSD rnode l s

some o f  wh i ch  a re  t o  possess  obse rved  d i scha rges  and
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l eve l s .  I t  i s  sugges ted  tha t  t hese  ca tchmen t . s  shou ld

cons i s t  o f  t he  ca t chmen ts  used  i n  t he  o r i g l na l

development  of  t .he Wal l lngford Procedure and t .he

catchrnents belng current ly  used ln the development  of

t he  wa te r  qua l i t y  mode l  MOSQITO,  t ha t  i s

1.  Shephal l  -  separate ly  sewered;

2 .  C l l f t on  Grove  -  sepa ra te l y  sewered ;

3 .  Co lne  -  poss lb l y  pa r t l a l l y  sepa ra te ;

4.  Higham Ferrers -  comblned sewers;

5.  Great  Harwood -  conbined sewers;

These wl l l  be used to val idate the cal ibrated sewered

sub-area model

( i i )  S lnp l i f y  mode ls

Reduce each SSD f i le  to a var iety  of  levels  of

s tup l t f i ca t i on  by  p run lng  ups t rean  p lpes .  A  fo r t ran

prograrn has been created which w111 add the removed

plpe 's  cont , r ibut lng area to the downstream plpe and

calculate the amount  of  s torage associated wi th each

removed  p ipe  and  manho le  t hus  fac t l t t a t l ng ' t he

developnent  of  s inpl i f ied SSD nodels.  The upper l imi t .

on subcatchment  area for  use wi- th the sewered sub-area

rnodel  wi l l  need to be der ived as par t  of  the analys is ;

howeve r ,  i t  i s  p robab le  t ha t  a reas  o f  t he  o rde r  o f  50

hec ta res  rep resen t .  an  uppe r  l lm i t .  De r l va t i on  o f  t he

upper l i rn l t  can be achieved by conduct lng stat ls t lca l

t es t s  t o  es tab l l sh  a  c r i t i ca l  t h resho ld  a t  wh l ch  the

degree of  explanat ion af forded by the sewered sub-area

ruodel  becorues unacceptable (a 1evel  of  acceptance of

+-1O7" for  95% of  a l l  events would appear to represent

a  r e a s o n a b l e  c r i t e r l a ) .
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(1 i i )  op t i -m ise  mode l  pa rame te rs

l {odel  parameters to be opt in ised wi l l  consis t .  o f

(a )  k *  i n  t he  su r face  runo f f  mode l ;  t h l s  nay .be

op t im lsed  assumlng  f l r sL  a  s i ng le  con t r i bu t l ng

area type and then adapt ing for  mul t ip le

contr ibut ing area types.  A dependence of  k  on

intensi ty  ra ised to t ,he porrer  of  - .4  is  assurued;

(b )  k  l n  t he  p ipe -s to rage  l l nea r  rese rvo i r .

These two paraneters are to be opt i rn ised separate ly

w i th  resu l t s  o f  goodness -o f - f i t  be ing 'used  to  dec ide

on the appropr late form of  the sub-model  to  account

for  hydrograph 1ag assoclated kr l th  the ln f luence of

p ipe storage.  The opt lmis lng a lgor l thm used wi l l  be a

modi f ted vers lon of  the Rosenbrock opt in lsat ion

funct lon.  Goodness-of- f l t  ind ices r^r111 ref lect  the

abi l i ty  t .o  represent  peak d ischarge,  t ime-to-peak and

runof f  vo lume of  the ouLlet  hydrograph f rom a sewered

sub-area.  Accurate predict ions of  surcharge and

f looding wi th in a sewered sub-area are not  requl red.

Four goodness-of- f i t  ind ices would appear

app rop r i a te .

( a )  ( )  abs ( r s  -  To ) / r o ) / n

(b)  ( l  abs(Qs -  Qo)  /Qo)  /n

(c )  ( l  abs (vs  -  vo ) / vo ) /n

(d)  ( I  tn(vs-vo)  r t *2;  )  /n  -

s i ze

-  t lne- to-peak

-  peak d ischarge

- volume

volume normal lsed for  s torm

Glven that  the systems upon whlch nodel  ca l ibrat lon

takes  p lace  w i l l  be  hypo the t i ca l  sys tems  des igned  to

su rcha rge  a t  a  re tu rn  pe r i od  o f  5  yea rs  ra ln fa l l

l npu ts  w i l l  cons l s t  o f  des ign  s to rms  rang ing  f rou r  1  t o

30 years;  a constant  va lue of  UCI. I I  wi l l  be used which

i s  se lec ted  to  be  tha t  app roDr ia te  t o  t he  l oca t l on  o f
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t he  hypo the t i ca l  ca t chmen t ,  i € ,  t he  des lgn  ITCWI  t i es

in wi th the M60-MZ dav rat io  and other  ra infa l l

Da rame te rs .

The  p rocedu re  adop ted  i n  op t im isa t l on  w i l l  be '  f o r  a

pa r t i cu la r  sys tem run  a  se r i es  o f  des lgn  s to rms

th rough  the  sys tem and  op t im lse  the  ca l l b ra t i on

pararneters and the removed storage volume to f i t  the

observed f lood- f requency curve us ing the four

goodness -o f - f i t  i nd i ces  l nd i ca ted  above .  Th l s  w i l l  be

done for  a wide range of  hypothet lca l  sewered

sub -a reas .  An  app rop r i a te  se t  o f  pa rame te r  es t ima tes

for  each sewered sub-area w111 be selected on the

bas i s  o f  t he  ove ra l l  va lues  o f  t he  goodness -o f - f i t

ind lces expressed Ln terms of  error  maps.

( fv)  Regional ise model  parameters

The cal lbrated nodel  paraneters are to be reglonal ised

using mul t ip le l -1near regresslon inc luded wi th in the

GLIM stat isEieal  sof tware package.  Independent

var iables w111 be subcatchment  s lope and area.  A

cr l ter la  for  accepLance of  the regressi -on equat ions

w111 be a tota l -  explanatory power of  75% as expressed

by  the  squa re  o f  Pea rson ' s  co r re la t i - on  coe f f i c i enE .

S tanda rd  c r i t e r i a  i o  es tab l l sh ing  Bes t  L inea r

Unb iassed  Es t ima to rs  (BLUE)  f o r  t he  reg ress ion

equa t l ons  w111  be  fo l l owed .

( v )  Va l l da te  mode l

The sewered sub-area model  1s to be val idated us lag

data f rom the real  catchments def ined above.  A two

s tage  p rocedu re  i s  t o  be  adop ted .  F i r s t ,  an

a p p r o p r i a t e  r a n g e  o f  d e s l g n  s L o r m s  w i l l  b e  u s e d  w i t h

the  a lm  to  rep reseo t  t he  f u l l  node l  behav lou r  by  a

mode l  cons i s t l og  o f  sewered  sub -a reas ;  second ,

obse rved  ra in fa l l - r uno f f  even ts  w i l l  be  used  to  assess
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PROGRA},I STRUCTURE

AND INTEGRATION

WITH WALLRUS

the overal l  accuracy of  the sewered sub-area model .

Each  ca tchmen t  w i l l  be  d i v i ded  up  i nLo  d i f f e ren t

a r rangemen ts  o f  sewered  sub -a reas  i n  o rde r  t o  assess

app rop r l a te  l eve l s  o f  subd l v l s i on .

The sewered sub-area nodel  ls  to  be in tegrated wi th ln

IdALLRUS as a ser ies of  subrout ines which are cal led

into operat lon when the area of  a par t . lcu lar

subcatchment  becomes greater  than a threshold level

and the ancil lary parameter equals 6 oh the WALLRUS

plpe data record.  Subrout ines wi l l  be requi red to set

up the paramet.ers of  the sewered sub-area model  in

SIMPART1 and t.o carry out the operatlon of the rnodel

ln  SIMPART2. Subrout lnes requl red are l is ted below.

(a) SUBROUTINE ssAMsT

Purpose: Set up paramet.ers for sewered sub-area rnodel

Cal l :  From SEWER2 ln SIMPART1.

Operat lon:  Given an anci l lary lndex of  6 on the p lpe

reco rd  t h i s  sub rou t i ne  w i l l

Cheek tota l  area of  subcatchment  fa l1s wi th in

SSAM range  (bo th  l ower  and  uppe r  l lm t t s ) .

I f  greater  than upper l1ni t  an error  wt l l  be

returned and the user  wi l l  be advised to change

the  SSD f i l e  acco rd ing l y .

I f  less than SSAI{  raoge the user  wi l l  be g iven a

warn ing  bu t  SSAM w i l l  s t i l l  be  imp lemen ted .  Th i s

wi l l  a l low the user  to implement  the extra

s to rage  rnode l .

1 .

2 .

?
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4 .  Read  i n  pa rame te rs  assoc ia ted  w i th  SSAM f rom

anc i l l a r y  reco rd .

5.  Calculate ex l ra nunber of  manholes requi red on

the downstream plpe to accommodate the extra

storage nobi l lsed as a resul t  o f  surcharge and

add to t ,he parameter  STORE passed to SIMPART2.

(b) SUBROUTINE SSAMIT

Purpose:  In l t la l lse parameters of  sewered sub-area

mode l  f o r  a  spec i f i c  p lpe /nanho le .

Call: Fron RUNPAR tn SIMPART2

Operat lon:  Set  up e i ther  parameter  k*  of  sur face

l i nea r  rese rvo i r s  o r  k  o f  p i pe  l i nea r  rese rvo i r s ,

dependent  on f ina l  cholce of  SSAM opt lons.

Conmons:  Requlres data par t icu l -ar  to  SSAI ' I  (see below)

and block Bt8

Data t ransferred:  p ipe/nanhole number

( c) SUBROUTINE SSAI.{OP

Purpose:  Operat ion of  sewered sub-area model .

Call: From RUNPUT iq SIMPART2

Operat ion:  Inplements extra l inear  reservoi r  for  p ipe

s to rage  ( i f  r equ i red )

Commons:  Data par t icu lar  to  SSAM (see below)

Da ta  t r ans fe r red :  I n f l ow  i n to  p lpe  l i nea r  rese rvo i r ;

r e tu rns  ou t f l ow  f rom D lpe  l i nea r  rese rvo l r

20



4 DATA SPECIFIC TO

SSAM

Data  pa r t i cu la r  t o  SSAM w i l l  cons i s t  o f

(a)  Input  data on anci l lary record

Input  data requi red to set  up SSAM w111 eonslst  of

l .  Deve lopmen t  i n tens i t y  (Ln tege r ,  I f )  -  t o  se lec t  a

par t icu lar  form of  s t .orage-area curve hard-coded

wi t .h in SIMPART1

2 .  Type  o f  sys ten  connec t l ons  ( i n tege r ,  I 1 )  t o  p lpe ,

e .  E .

0 = combined

1  =  sepa ra te

!  =  pa r t i a l l y  sepa ra te
, l -
J  -  . . . .

3 .  Dens i t y  o f  sys ten  connec t i ons  ( rea l ,  F5 .0 )  f o r

roo fs ,  paved  su r faces  and  fou l  sewers  ( i f  de fau l t

va lues/g lobal  va lues not  used)

(b )  G loba l  i npu t  da ta

G loba l  i npu t  da ta  w i l l  be  s lm i l a r  t o  1 . ,  2 . ,  and  3 .

but  wi l l  be ent .ered on header records of  SSD.

(c)  Data t ransferred f ron SIMPARTI to SIMPART2

C o n s i s t s  o f  t w o  t y p e s : -

l .  F lag  s ign i f y i ng  a  pa r t i cu la r  subca tchmen t .  i s  t o

be model led as a sewered sub-area

2.  Ext , ra s torage term added to s torage term al ready

passed  be tween  two  p rog rams

2 l



5 ERROR EANDTING

AND RELP SYSTE}I

6 HARDWARE

REQUIREtrENTS

(d)  Data held in  common in SIMPART2

l .  Pa ra roe te rs  o f  su r face  runo f f  mode l l p i pe  l i nea r

rese rvo i - r  ( e .  g .  KSTAR (300 )  )

2 .  S to rage  te rm fo r  p ipe  l i nea r  rese rvo i r  ( e .g .

PSTORE (300 ) )

(e) Data held in common in SIMPARTI

C o n s l s t s  o f

1. Look-up tables of storage area graphs

Errors and help messages associated wl th the use of

SSAM are to be in tegrated wi th in the t l to  f i les

WALLERR.SYS and I IALLHELP.SYS. Part icu lar  error

tnessages wi l l  be associated wi th the area to which

SSAM can be appl led (as indlcated above).

SAI'1 ls to be written in ANSI-STANDARD FoRTRAN-77 and

should be compi led and l lnked wi th WALLRUS on three

types  o f  nach ine : -

(a)  IBM-PC conpat lb le

(b )  Appo l l o  l { o r ks t . a t l on  (Un i x  OS)

(c) Micro-Vax (VMS oS)

22



7 IMPTEMENTATION

SSAM is to be developed in order  to work together  wi th

$IALLRIJS and MOSQITO. A complet ion date of  March,  1988

o f  t he  deve lopmen t  o f  t he  mode l  i s  env i s l oned .  S ta f f

a s s o c l a t e d  w i t h  t h e  p r o j e c t  w i l l  b e :

I  Research Engineer

2  P ro jec t  Eng lnee r

3  Techn i ca l  Ass l s tan t

I t  wi l l  be the task of  Ehe f  orner  to superrr t " .  i . t  
"

development  of  the model  and a id io  technical  mat ters

where appropr iate.  The lat ter  t rno staf f  wi l l  be

requlred to devel -op the model  and produce

documentat ion.

An approximate t ine- table of  development  is

Dec.  87 -  Jan.  88 Set  up nodels and data sets;

conduct  major  runs of

nodel

Feb .  88  Wr l t e  repo r t  on  SSAM

Mar.  88 Produce documentat lon for

operat ing nodel

The model  is  to  be developed on an Appol lo  Domain

W o r k s t a t i o n .

2 3
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PROPOSM SURFACE I|YDROLGT }ODEL FCIR 1ffE }IILI.JIGFORD PROCU'NE

bry C,eoffrey O'Ioughli-n

Januarlr 19BB

SUMI\ARY

A nerrr surface hydrology npdel for the Wallingford kocedure is outlj-ned. Ttris
permits conti-nuous simulation for water quality nndellirrg and fle<ible
descrilrtion of catctnnent surfaces, flc".r storage and d.iveision denrices.
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1. II'].IRODUCTIOI.I

The FIIxxF progran is beilg developed as a replacernent for I{ASSP-SIM, the
sjmuration program within the wallingford storm semrer package.

IIASSP-SIM is used widely in the U.K. for analysis of stornurater and conbined
serrrer systerns. Honever, its h1'drological nndel r,rns developed as an event
npdel for design purposes, and is unsuitable for conti-nuoul nndelli-ng. Since
VATLRUS is to be used with the continuous water quality nurdel lDSQfrO, a
revised hldrological nrcdel is reguired.

Ttris should have the folloudng features :

continuous nurdellSlg capabilities for real-time simulation and water
quality nrcdelling,

a flocilcle description of catctnnent surfaces, to rnodel soil erosion,
natural and artificial infiltration, storage and diversion effects,

the ability to reproduce recorded nrnoff data at least as well as the
I&SSP-SIM nndel,

lnrameters wtr-ich can be related to readily-measurable quantities,
nakirlg 9ALLRUS useable throughout the U.f. and overseas-,

- corputational efficiency.

Considerable develolrnent work has been unde*aken, and a vorking version of
I'BLIaUS has been used with I\lcsQIIo. Ttre hldrological npdel arployed in this
interim progran allorps for three surface types on each sub-area of a drai:rage
netrtork. Ttte "percentage runoff" factor jn ttre I/&SSP-SIM nrodel has been
adapted to otrrerate contjnuously, and its non-linear reseryoir routing
procedure has been replaced b1r a variable-paranreter, liaear reseryoj_r
procedure.

ni: i" being altered and refined, with a different hldrological npdel and
additional capability to nnder .uarious surface processes.

Ttre neor npdel descrjbed here has been irrplenrented as corgrrter code, but has
n9! fet been calibrated and tested against recorded data-. A testing programfte
will be conducted i:r L9BS. There are li:sety to be sone changes to thL nndel
outlined, to enable better fits to data and-to j-norove ease-of-use.

2. }ODEL STRUCTTIRE

fhe nemr surface hydroloqr nodel consists of tbree sub-nndels, as shcrrn i-n
Figure 1. Ttris forms a ncdure which can be used repetitivery.



POSSIBI,E
FT.cff

DNERIED
6IT0 TT{IS

SURFACE

POSSIBLE
FT.O8{

DrVERIED
TO THIS
POINT

2

RAINFAIT INPIII

I
I

I
I

V
* * * * * * * * * * * * * * * * *
* *
* rlss IoDEL *
* *
* - depression storage *

* - ICIRECS soil noi-sture *

rodelling *
*

* * * * * * * * * * * * * * * * *
I
I
I
I

V
* * * * * * * * * * * * * * * * *
*  ' *
* RO[trIliG fiODEL *
* *
* - Iilear storages *
* - lnrameter related to *
* 10 mirrute mean railfall *
* *
* * * * * * * * * * * * * * * * *

I
I

I
t

V
* * * * * * * * * * * * * * * * *
* *
* SIIORRGE - DI\/ffi.SION ltDDg, *
* *
* - entry catrncities related *

> * to inflcn^r or lnnding *
* - diverted florms passed to *
* other surfaces or sub- *
* areas, or out of systern *
* *
* * * * * * * * * * * * * * * * *

V

RU}OFF TO
PIPE SYSTEM

:

V

DTVMTM
FICff

rk

*

Figure 1 Surface gldrological l,trodule
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The loss rcdel converLs rainfall to railfall excess, allcnri-ng for depressj-on
sjorage and fufiltration. It incorporates a soil npsiture accounting n'ndel
for long-term continuous sfumlation. :fhe tqrtlng rcdel dessriJres the changes
rnade to runoff as it passes over catchment surfaies. Ttre storagediver:sia
nndel calsulates the effects of concentrated storages at the outlet to the
qgrfacer- and splits runoff into florrrs enteri-ng the-pipe systan and fl-ovus
diverted elser,,rhere.

ldodules can be li*ed to describe the surfaces and flono regulation facilities
withil a sub-area to a high degree of conplecrty. At present, three nadules
qre provided, with the linkages shcmn in Figiure 2. Or rrrst sub-areas, only a
few of these options will be used.

It is not necessarlr to divide each sub-area i-nto three surfaces - one or tvlc
Ir|dy be used, with the rema-inder cronsidered as null surfaces. As a later
develotrnrent, it rray be trnssible to specify a varj-able nunber of surfaces, say
frqn one to ten.

3. IloDEI, DSHTI,S

3.1_ ross t4cDEL

In its current state, this nrcdel itself consists of several parts, and has
been formulated to provide fle:r:.bility and relative sinplicily. rt is
illustrated i-rr Figure 3.

Calculations on dq>ression storage anrC infiltration are ca:ried out separately
for each surface (three are shown jn the figure, but the nr.:nber can be
varied). Infiltrated rrater passes to a ccnrnon soil nrri-sture store represented
btY a tvo-layer soil noisture nrcdel (based on the soil noisture e:<traction
algorithn j-n ttre ICIRECS npdel (Institute of Hydrology, 198L)). lltre depth of
wate stored jnfluences ttre paraneters il the fufiltration calculations, by
updating the soi-l npisture tension term i.:: the Green-arpt Equation.

Rainfalls and lnssible diversions fron upstream surfaces or sub-areas a-re
di-rected to a tlp noisture store, representing the top layer of a soir.
rnrllttati@ to this storage is calculated bry the creen-alrpru equation, wtrich
is used in rrcdels such as the U.S. EPA SVil,${ lfodel (Huber eL a1.-, L981) and the
U-S. Geological Suwey DistrjJcuted Area Runoff lbdel (Alley and Snith , !982),
though not in the sare form as j-n -the proposed nr:del. ftre prameters required
are :

(i) saturated hldraulic conducbivity,

(ii) ratio of soil npisture tension at the wetting front for a soil at,
wilting poixt to ttrat at field calncity, ard

(iii) tension at the wetting front when soil is at field caSncitlr.
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These values nny be related to knotn values of the U.K. SOIL index or to soil
types withir a catchnent.

Any water wilich does not infiltrate j-s directed to a deplessim storage
descrijred for each surface as a nn)drun and a current depth. ftre rnaximurn
depth D (m) is set by the relation :

D  =  k7sO.S

vrhere s is the surface slope j.:n m/m and k is a factor dependent on sur:face
tlpe. Orrrently, k values of 0.0000?1 to 0.000088 are used for inpenrious
surfaces, 0.000050 for roofs and 0.000280 to 0.000620 for pervious surfaces.
Ttrese are derived frcrn research by Pr:att and co-workers (e.9. Harrison, l-983).

Depression storage is depleted tryr evatrnration, and can "dr1r out" after stonns.
Sur:fae nmoff is nrdelled by overtlows fron ttre depression storage.

Infiltrated uater is assr:rned to drain frcrn the surface store to tvlo deeper
stores. Soil rclstnre arornttng is carzied out by IDRECS rcdel procedtrres.
Although this has been denrelcped specifically for the U.K., it is a relativell
sfuple soil nnisture nndel afil can be applied elsevrhere. ltre rnajor Snrareter
required for inplernentation of ttre soil npisture ectraction ncdel is the
available water capacity of ttre soil, NC, (nm/n). Values of the tvo stores
can be derived frsn this and the surface cover.

Ttre depth of rrater held in these deeper stores is linked to ttre Green-Afipt
rpdel trnraneters, and so influences ttre jlfiltration rate irlto the uSper soil
Iayer.

(Later provision rny be rnade for sone trEssage of water frqn the depression
storage to the deeper soil rnoisture stores.)

These procedr,rres have been chosen to provide an easily-understood and
physically-realistic npdel stncture. Iterative calculations have been
avoided, so the npdel is ccnputationally efficient.

Thre soil npisture nndel thus enables contjluous nndellirrg of hlnlrological
errents, with wetting and drying of soils. It rnay also a11cru the nndelling of
infiltration of water irrto pipes frcrn the surroundilg soj-l.
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3.2 RCIJ'IING I4CDEL

After rainfall e>ccess is produced b,y the loss nnde1, it is routed through alinear storage to sinarlatl ttre attenuation and delay effects occurrilg 5n
catchnent surfaces.

Storage S (rn3) is related to outflovr q (m3/s) b1r a routing factor k,

s  =  k -q

and k is related to the rainfall intensity over the previous 10 minutes, r10,
by the relation :

k  =  c .110 -0 .39

witlt c -Ei"g a factor dependent on the Qpe of surface. Norrnally ttris isderived frcrn a regression equation on 
"u*..e 

slope s (m/m) and iontriJn:ting
area e lnPy :

c  =  f  . s -0 .278 .A0 .374

derived frcrn analysis of 27 v.K. catchnents (as descrijced jn the tasspos
overseas lbdel l4anual). For paved surfaces ind roofs, f is curzently set at0'37-and for pervious areas, it is 1.48. other walues can be suppli-ed by thenpdel-user.

Rout+g is performed by_a grrple, non-iterative procedure wtrich replaces ttrenon-linear resenroir calculat-ions ix i,.tAssp-srM. ftris has been tested in ttreIeSSPos nrdel and the first version of IGI,LRUS, givjng reasonable fits toreconded data.

3.3 St0RAGE-DIVRSIST l43DEr,

fttj-s has been added to a1lolu close nrodelling of surface features or facilitiesfor storing or diverting water, such as :

grlly pots (on-grade or in sags) and other enLrances to a pipe systera,

throttlSlg devices, aftl

on-site detention storages.

Yl*_-_:ljunction ruith various definitions of surface types and ttreir
l-nEerconnestions, it is possijcle to nrrdeL jlfil-tration aeirices such as
l€kryq*, and to describe cnrerflows between surfaces wittrin a sub-area.
orerflcrqts or diverted flovis rnay also be directed to dovrnstrean sub-areas, orbe lost frcrn the systern. Thus .rnajor syst€{n. florps resulting frcrn rarerainfarl enrents (say 10 to 100 y""i" r"i"tn p"ri"al can be d5scribed.
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Ttt-is type of facility is provided -il only a ferrr of the availabl-e stornurater
runoff nodels, e.g. in the IPSID{ ncdel (Wisner, 1983) and il,SAX (O'Ioughlin,
1986). the procedure used irr IALLRUS is based on that jrr IISAX, and is
eplai-ned il scnre detail below.

For each surface to be nndelled, the user must specify a value for the
folJ-odng i-ndicator, ISTDfV :

a value of 0 i-ndicates that there is no storage-diversion effest; floq/s
are trnssed direcbly into the pipe systern,

a value of 1 indicates that ttrere is no storage, tlrt that ertrlr to the
pipe system is crcntrolled by a relation between entrlr rate and arrival
rate of surface flors, with orcess flcnrn bejnq diverted. The relation j-s
of the form :

qin = capl + cne2 . qar" + cap3 . q@cAP4 (1)

with CAPI- to CAP4 being fastors defjned bV the user.

a value of 2 indicates ttrat a storage effecL is to be def.i-aed by a
relation betrr/een erfry rate to the pipe systern and ponded rnlure, with an
upper limit of storage specified. Any pondiag in e>ccess of this is
converted to divetred flors. The relation is :

qil} = CAP1 + CAP2 . SCAP3 Q)

where CAP1 to CAP3 are user-supplied factors, and S is the porded volume.

In the tulo latter cases, a blocking factor between 0.0 and 1.0 can be applied
to entrlr caSncities, to allcrr for effects of debri-s or ttrrottling devices.
Settilg ttr-is to 0.0 cotpletely blocks the "entrance" and diverts all nrnoff
onto the noct surface.

Diverted flovrs can be directed to the folloring destinations, conttrolled by
the indi-cator IDESI :

for fDEST = 0, they are directed out of the systern and lost,

for IDEST = 1, ttrey are directed to the nert surface of tlre sare sub-area
ard a&ed to the rajnfalls being fed futo the loss nrcdel,

for IDEST - -t, diverted flcrus are directed to the ne:<! surface, but
avoid the loss and routing models and go directly to its storage-
diversion rncdel,

for IDEST = 2, the diverted flcns pass to another sub-area. ltre user
must specify the branch and pipe nrurdcers of this receiving sr:b-area and a

fastor IDSURF (+ or - !, 2 or 3), indicati-ng the nunrber of the surface of
the receiving sub-area onto which the diverted flotr is directd. If this
is positive, the flcrw is added to the rainfall entering the loss rnodeJ,,

while if it is negative, it goes directly to the storage-diversion nrcdel.
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(Wittlin the ITIALLRUS program, whenever a floru i-s diverted to another sub-area,
the number of the destjlation sub-area, the value of the diverted flcn^r, and
the IDSURF factor are recorded il a directory. As calculations proceed,
checks are rnade through this directoryr and i-t ttre current sub-area number and
surface nunrber coincide with a stored. set, the diverted flon'r is added. Ttre
directory entry is then ranrved, so that it only contains diverted flonrs "irr
transit". )

Ttris systern is rather ccnplicated, but j-t does allour geat fleciJeility in
rncderling. special data entry npnus can nnke it easier to use.

Sore oraples of possilcle uses of ttris system are :

tto rcdel entr{es to plpe sflste$s, Equation (1) abore can be a5plied to
9n-grade Er1ly trnts or pits, i-rr sloping guttens, wtrile Equation (2) can
be applied to sag pits. Figure   sho{rrs ielationships for Australian
pits on-grade (frorn ttre IISA)( l4anual) with entry capacities wtrich can be
described b1r a porer function relation. Depe&iirg on ttre paraneters
specified, Equation (1) can speci_fY a crcnstant value, a h:rear relation,
a pcffier function or a trnl1mcmial. (Studies on entqr capacitlr
relationships for U.K. gully pots are discussed in li1'draulics Research
Swtrnary 128, "Road Drainage,,. )

$naII o-site detenti.o storages can be described b1r Equation (2) with
the entry capacitlr beilg constant, or related to ponded volune b1'a
linear or po\^rer function relationship. Any overflous can be treated as
diverted floq/s. Underground storagei could also be descriJced i:r this
way.

Other devices ntay be rrcdelled hryr crcnbi_nati_ons of surface epes and storage-
diversion devices :

Soal<a.lays can be nndelled as a surtace with a high infiltration calncity
and a storagediversion device.

Roofs can be rpderled as an s surface, with gutter or "rail
barrel" storage being described bv the storagediversion nndel.

Rod'Efs receiving \rgnss flors frcrn gully pots or other diverted florrs
can be described as a surface, with the rouling rsrdel being used to
npdel ttre trnssage of these flovm along the roadrrray and gutters.
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4. FURTTIER DEVEf,CIPMFNT

The nrcdel descri-bed has been inplenrented as a test version of IGLLRUS, and
testing and cahbration wiII be carried out in 1988. Ttre specific procedures
outliled above will be refined and perhaps altered. i-n order to ;

give better fits to recorded data,

uork harnpniously wi-th other ccnponents of VrALLRUS (e.g. the sewered
sub-area nndel), and related prograns such as MOSefTO,

be reasonably easy-to-use, and efficient as a coq>uter progran.

With the delnrture of Geoffrey O,Loughli_n/ Garlr l,Iolrs will take over
resSnnsiJcilitlr for the further denreloSment of the aspects of IIIALL,PJJS descrijred
in this retrnrt.

He will be coordinating the assenbly of suitable test data, w"ith tlre
assistance of Water Research Centre, Institute of Hydroloqr and other
organisations and individuals.
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