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ABSTRACT

Thla report  detal ls the design epeclf lcat lon of the sewer quaLlty nodel
under development at Hydraullce Research Llnlted and funded by the
Department of the Envl.ronnent. Followlng a summary of the requirement
speclflcation, two partlcular elemente of the nodel deelgn are dlacussed.
Flrst, an approprlate nethodology for slnulating pollutant dlscharges from
urban sewered systens ls lntroduc€d. Thls together wlth detalls of varLous
aspects of aoftnare dealgn ls dlscuseed as part of the 'non-procedural"

aspects of the deelgn. Second, partlcular gub-models and algorlthns for
elnulatlng the behavlour of pollutants and sedlments wlthtn an urban
dralnage system are detalled. Deflnitlon of the eLements to be lncluded
wlthln the flnal nodel forn a maJor part of the "procedural' aspects of the
deelgn. Flnally, a provtelonal tlmetable of the varLous mLlegtones ln the
developnent of the nodel ts also outll.ned.
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Abbreviations

USWQI.{  Urban Storm Water  Qual i ty  Model
COD Chemical  Oxygen Demand
BOD B io log i ca l  Oxygen  Demand
S S  S u s p e n d e d  S o l i d s
CSO Conbined Sewer Overf low
SSO S to rmwate r  Sewer  Ove r f l ow

l' lode 1s

SWWM3 StormWater  l * lanagement Model  I I I  (US EPA)

QQS Qua l i t y  Quan t i t y  S imu la t i on  (Do rsch  Consu l t )
DR3M-QUAL Un i ted  S ta tes  Geo log i ca l  Su rvey
SAI. {BA Danish qual i ty  model
STORM S to rage ,  T rea tmen t  Ove r f l ow  Runo f f  Mode l

(US  A rmy  Corps )
WASSP-S I I ' t  The  I {a I I i ng f  o rd  P rocedu re  -  S imu la t i on  P rog ramme





INTRODUCTION

Storm over f lows have been idenci f ied as one of  the

major  causes of  poor  receiv ing r i rater  qual i ty  wi th in

t h e  U n i t e d  K i n g d o m  ( C l i f f o r d e  e t  a l . ,  1 9 8 6 ,  C r a b E r e e ,

f986 ) .  Economic  cons t ra in t s ,  howeve r ,  d i c ta te  t ha t  a

large number of  these over f lows wi l l  have to remain in

operat ion for  the foreseeable future ( l l in is t ry  of

Hous ing  and  Loca l  Cove rnmen t ,  1970 ;  Sco t t i sh

D e v e l o p m e n t  D e p a r t m e n t ,  L 9 7 7 ;  C l i f f o r d e  e t  a 1 . ,  1 9 8 6 ) .

The re fo re ,  t o  l i n i t  po l l u tan t  d i scha rges  f rom

overf lows,  s t ructura l  amendments wi l l  need to be made

to urban dra inage systems usual ly  in  the forrn of

i nc reased  s to rage .  The  e f f i c i en t  des ign  o f  such

rehab i l i t a t i on  measu res ,  i n  o rde r  t o  bo th  l i n i t  t he

receiv ing water  impact  as wel l  as the f looding hazard,

requ i res  a  co l l ec t i on  o f  ana l y t i ca l  t oo l s .  P resen t l y

ava i l ab le  t oo l s  f o r  cons ide r i ng  s to rm ove r f l ow

set t ings and sewer rehabi l i ta t ion are unable to

fu l f i l  t h i s  t ask ;  see  fo r  examp le  t he  fM in i s t r y  o f

Hea l t h  Requ i re rnen ts r ,  rFo rmu la  A r ,  and  WASSP-S I l "1

I lence a rat ional  procedure is  requi red for  the design

o f  sewerage  rehab i l i t a t i on  s t ruc tu res  (C l i f f o rde  e t

41 . ,  1986 ) .  Th l s  p rocedu re  has  been  de f i ned  to

cons i s t  o f  f ou r  ma jo r  e lemen ts :

( i )  app rop r i a te  ra in fa l l  i npu ts  t o  sewer  f l ow

s imu la t i on  node l s ,

( i i )

(  i i i )

a  sewer f low qual i ty  nodel ;

a  r i ve r  impac t  node l ;

( iv)  a comprehensive

scheme.

This document  deta i ls  the

se\{er- f low qual i ty  model

toge the r  w i t h  an  ex i s t i ng

r i ve r  c l ass i f i ca t i on

developnent of the

and  i t s  i nco rpo ra t i on ,

sewer f low quant i ly  model



(WASSP-Sru ,  Na t i ona l  Wa te r  Conc i l ,  1981 ) ,  i n to  a

sof tware package for  the analys is  of  the pol lu tant

behaviour  of  urban storuwater  dra inage systems.

The design of  sof tware can be v iewed in general  as a
' t op -down '  p rocess  (Sp r i e t  and  Vans teenk i s te ,  l 9B2 ' ) ,

in  which the design requi rements,  design

speci f icat ions and the f ina l  implenentable prograin are

al l  der ived f rom an in i t ia l  def in i t ion of  the problem

to  be  tack led  (F igu re  1 ) .  I t  i s  t he  cus romer ,  i n  t h i s

instance the l lK Water  Industry  represented by the

Water  Research Centre (WRc),  who by examinat ion of  Uhe

problen provides a deta i led design requi rement .  This

shou ld  cons i s t  o f  two  ma jo r  pa r t s :  t he  ' f unc t i ona l

requi rementsr  descr ib ing what  the sof tware must  be

ab le  t o  do ;  t he  ra t t r i bu tes '  o f  t he  so f twa re

constra in ing how i t  should operate.  Chapter  2

provides a shor t  summary of  the requi rement

speci f icat ion (Appendix B conta ins the requi rements

spec i f i ed  by  WRc) .

Chapter  3,  then,  develops the non-procedural  design

deta i l ing the rnethodological  pr inc ip les upon which the

nodel  i tse l f  is  founded aad the najor  components of

the model .  These e lements together  wl th the

propert ies of  the sof tware ident i f ied f rorn the

a t t r i bu tes ,  coup r i se  Ehe  f sEa t i c t  des ign  spec i f i ca t i on

of the software which remains invariant during

so f twa re  deve lopmen t .

The 'dynamicr  design speci f icat ion eompr ises the

actual  procedures,  and a lgor i thms,  which are

incorporated in to the sof tware.  By test ing each

componen t  i nd i v i dua l l y ,  i f  poss ib le ,  o r  by  Les t i ng  t he

overal l  behaviour  of  the model ,  the non-procedural

design can be t ransformed into the rprocedural r  design

and,  then,  eventual ly  in to a pre l iminary vers ion of

t he  requ i red  so f twa re .  Th i s ,  i t se l f ,  mus t  unde rgo



2 REQUIREMENT

SPECIFICATION FOR

TEE SEWER QUALITY

MODEL

cons ide rab le  ve r i f i ca t i on  t es t s  t o  e rad i ca te

nal funct ions and errors.  Chapter  4 deta i ls  the

procedural  design phase of  th is  s t rategy '  Appendix A

provides an overv iew of  the major  funct ional

subrout ines wi th ln the nodel  and thei r  procedural

re la t i onsh ip .

The f ina l  chapter ,  ChapEer 5,  prov ides an out l ine of

the development  schedule of  the program as wel l  as the

data requi rements necessary for  nodel  development .

These lat ter  requi rements are speci f ied to Eake into

account  not  only  ex is t ing data-col lect ion Prograrutres

but ,  a lso,  to  recommend ei ther  ruodi f icat ions to these

p rog rammes  o r  t he  i n i t i a t i on  o f  new  e f fo r t s .

The requi rement  speci f icat ion of  the sewer qual i ty

rnodel  has been def ined by WRc. These are descr ibed

wi th in Ewo documents (see Appendix B) :  one descr ib ing

the reasons for  developing a sewer qual l ty  nodel  and

the other  prov id ing a shor t  funct ional  speci f icat ion

of  the model .  Dist i l la t ion of  the e lements wi th in

Ehese documents prov ide the fo l lowing requi rement

spec i f l ca t i on .

1.  DeEerminands

Determinands to be s imulated are:

( a )  S u s p e n d e d  s o l i d s  ( S S ) ;

(b )  D i sso l ved  oxygen  (DO) ;

(c)  Bio logical  oxygen denand (BOD) or

chemical  oxygen denand (COD);



2 .

(d )  Ammon iaca l  n i t r ogen  (N t t  u - l l ) ;

( e )  H y d r o g e n  s u l p h i d e  ( u  
r s ) ;

( f )  S e d i m e n t s  -  l a r g e  s e d i m e n t  f r a c t i o n s .

C o m p l e x i t y  o f  s i m u l a t i o n .

T ime-va ry ing  po l l u tan t  l eve l s  a re  requ i red l  t ha t

i s ,  t he  mode l  mus t  be  capab le  o f  s imu la t i ng

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

the  rnode l  mus t  be  ab le  t o  rep resen t  t he

t ime-va ry ing  behav iou r  o f  con tam inan t  i n te rac t i on

and  t ranspo r t  boLh  upon  ca tchmen t  su r faces  and

w i t h i n  t h e  s e w e r  s y s t e m ,  i t s e l f .

V e r i f  i c a t i o n

The model  when used must  be capable of  producing

accu ra te  s imu la t i ons  o f  bo th  t oEa l  even t  l oad ings

and  w i th in -even t  l oad ings  o f  t he  va r i ous

con tam inan ts  w i t hou t  t he  need  fo r  pa rame te r

c a l i b r a t i o n .  I ' l o d e l  v e r i f i c a t i o n  w i l l  c o n s i s t  o f

the measurement  of  dry-weather  f lows and,

poss ib l y ,  sanp l i ng  o f  a  l im i t ed  number  o f

po l l u tan t  l eve l s  as  pa r t  o f  an  ex tended

f l ow-su rvey  s tudy .  I t  i s  conce i vab le ,  howeve r ,

that  th is  exerc ise may involve the compar ison of

p o l l u t a n t s / d e t e r m i n a n d s  a g a i n s t  r e l a t e d

va r i ab les l  f o r  examp le ,  suspended  so l i ds  can  be

ca l i b ra ted  by  t he  measu r i ng  tu rb id i t y  l eve l s

w i th in  t he  runo f f .  I t  mus t  be  s ta ted  a t  t h i s

j unc tu re  t ha t  t h i s  l eve l  o f  ca l i b ra t i on  i s

appos i t e  t o  t ha t  cu r ren t l y  recommended  i n  t he  use

o f  comparab le  mode l l i ng  p rocedu res  and  may  p lace

a  l im i t  on  ove ra l l  mode l  accu racy .

3 .



THE I{ON-PROCEDUML

DESIGN

SPECIFICATION

The development  of  a new model  for  predict ing urban

sewer water  qual i ty  ls  only  just i f ied when current

models are unable to fu1f i l  the def ined model l ing

purposes adequate ly .  Even i f  i t  can be shown that

present  models are,  indeed,  inadequate i t  is  important

to note that  any new model  consisEs of  no more than

addendums to prev iously  construeted rnodels '  or  the

col lect ion together  of  prev iously  val idaEed component

models.  The select ion of  which models and a lgor i thns

to lncorporate wi th in the overal l  model  can be d iv ided

inEo two steps wi th in the general  model l ing process

( F i g u r e  3 . f ) .  F i r s t ,  a  g e n e r a l  c l a s s  o f  m o d e l s  i s

selected based on the inEeract ion of  theory and

p rac t i ce  ( l a rge l y  ' a  p r i o r i '  know ledge ) '  Then  hav ing

decided on Ehe general  methodology to be employed,  and

ernploy ing d i rect  knowledge of  the system in quest ion,

those subclasses,  components and a lgor i thms of fer ing

pars imonious solut ions to the par t icu lar  problen (Box

and  Jenk ins ,  1970 )  a re  i den t i f i ed .  W i th in  t h i s

document  the former step has been designated as the

non-procedural  design incorporat ing the stat ic  design

specl f icat ions which wi l l  r :ernain largely invar iant

dur ing the course of  model  development  '  The lat ter

step,  enbodied wi th in the procedural  design (Chapter

4 ) ,  i nco rpo ra tes  much -o f  t he  iEe ra t i ve  aspec ts  o f  t he

design specl f icat ion in  which compet ing models and

algor i thms are selected upon the basis  of  both 'a

p r i o r i '  va l i da t i on  and  ' a  pos te r i o r i r  ve r i f i ca t i on '

This chapter  considers the select ion of  a model  type

given the prescr ibed requi rements speei f ied in  the

previous chapter  (and Appendix B)  and the l in i t  o f

current  knowledge of  the in teract ive processes between

\dater ,  sediment  and pol lu tants wi th in urban catchments

and sewerage systems.



3.  r Se lec t i on  o f

model  type

In order  to select  a general  c lass of  model  for  urban

runof f  pol lu tant  s imulat ion i t  is  necessary to possess

a rudiuentary c lass i f icat ion of  model  types.

Urban runof f  models nay be d is t inguished upon a

nul t ip le of  grounds;  foremost  amongst  these for  th is

d iscussion are the degree of  s tochast ic i ty  t reated by

the model ,  the level  of  appl icat ion to which the model

is  su l ted (somet imes synonymous wi th model

conplex i ty) ,  and the degree of  s inpl i f icat ion of  the

simulat ion per iod ( that  is  cont inuous or  event-based

nodel l ing) .  These e lements,  a l though h ighly

interre lated,  are never theless considered separate ly

below.

(a )  S tochas t i c /De te rm in i s t i c

A general nodel of catchment behaviour may be

port rayed thus:

y  ( o u t p u t ( s ) )

c h a r a c s ,  . . . )

f ( i npu t ( s ) ,  ca t chmen t

e r ro rs

The  func t i ona l  r e l a t i on ,  f ( x l r x2 ,  . . . )  i s  couunon l y

regarded as the r funct ion of  the deteru in is t '  whi le

the  e r ro r  t e rn  i s  t he  f f unc t i on  o f  t he  s ta t i s t i c i an f

(Clarke,  L973).  Typical  urban runof f  models (S!{ I , IM3,

WASSP-SIM, ILLUDAS, QQS) are a l l  determin is t l -e  models,

in  that  no a l lowance is  made for  probabi l is t ic  or

stochast ic  in f luences upon nodel  parameters.  However,

as a model  can not  be a per fect  representat ion of

real i ty ,  then some error  wi l l  a lways have to be

enter ta ined in the output  f rom a runof f  s imulat ion.

In the s i tuat ion where the quant i ty  of  urban runof f  is

being s i " rnulated,  say for  t t re design of  a new pipe

system or  the analys is  of  o ld systems to assess thei r

f looding at t r ibutes,  magni tudes of  errors between



observed and s inulated resul ts  wi l l  not  be too large

(e .g .  no  more  than  10%) .  I l oweve r ,  i n  t he  s imu la t i on

of  water  qual i ty ,  by the use of  determin is t ic  models,

errors are l ike ly  to be much greater .  Wi thout

extensive cal ibrat ion typ ical  USWQMs have been

descr ibed as of  l i t t le  use in  the predict ion of

absolute contaminant  rnagni tudes (Huber,  1986).  This

is  a feature of  the in f luence of  imperfect  knowledge

of  the behaviour  of  pol lu tants wi th in the urban

hydrological  system, and the in f luence of  seemingly

random p rocess  ope ra t i ons '  Fu r the rmore ,  t he

cal ibrat ion of  models such as SWWM3 to a var iety  of

catchments has i l lust rated the need for  speci f ic  daEa

with which to def ine the Parameters of  the model  as

wel l  as to select  the funct ional  re lat ionships used

wi th in the model  (Jewel l  and Adr ian,  1981;  Huber,

1936 ) .  Ca l i b ra t i on  p rocedu res  w i th in  t h i s  mode l l l ng

exerc ise have been restr ic ted to dry weather  f low

sanpl ing wi th possib ly  a smal l  number of  samples

obta ined dur ing wet  weather l  th is  ls  a much more

restr ic ted cal ibrat ion per iod than that  requi red by

the use of SWWM3 and other sinilar USWQM.

(b )  Leve l  o f  app l i ca t i on

I t  is  general ly  recognised that  urban runof f  models

ope ra te  a t  t h ree  l eve l s  (McPherson ,  1975 ) :

( i )  p l ann ing  l eve l ;

( i i )  des ign /ana l ys i s  l eve l ;

( 1 i i )  ope ra t i ona l  l eve1 .

The urban runof f  qual i ty  model  wi l l  by def in i t ion have

to operate at  the second of  these levels thus

requir ing conmensurably more deta i led computat ion than

a model  that  operated at  the p lanning level '  I lence,  a



model  s imj- lar  to  SWWM3 (or  i ts  i lk )  is  needed for

analys is  purposesi  models such as STORM and SAMBA

(sinple p lanning type nodels)  would not  sat is fy  the

design requi rements of  th is  exerc ise.  However,  the

lat ter  group of  models are usefu l  in  conjunct ion wi th

more deta i led analys is  models,  especia l ly  in

h ighl ight ing par t icu lar  evenls f rora a long ra infa l l

t ime-ser ies,  which i t  would be too t ime-consuming to

run through an analys is- type model .

(c)  Event /Cont inuous Sinulat ion

A cont inuous record of  prec ip i tac ion over  a per iod

such as one year  or  ten years consists  of  per iods of

wet  and dry-weather ;  in  event-based model l ing the

model  s imulates only the processes operat ive dur ing

Ehe course of an event, whereas in continuous

slmulat ion the model  wi l l  operate dur ing both dry and

wet-weather  per iods.  In  the s inulat ion of  f looding in

urban catchments,  the d i f ference between these lwo

modell ing procedures has become enhanced by the nature

of  the ra infa l l  input .  Hence,  wi th event-based

simulat l ,on of  fu ture f looding potent ia l  in  urban

calchments i t  is  cornmon to use a stat is t ica l

representat l -on of  the ra infa l l  record ( the wel l -known

intensl ty  durat ion f requency curve and associated

design storms);  in  cont inuous s imulat ion the ra infa l l

record is  d i rect ly  input  in to the model .  The

assumpt ion in  the former approach is  that :

urban runof f  f requency = ra infa l l  f requency

This equivalence is  somet lmes ' forcedf  to  take in to

account  the probabi l is t ic  nature of  antecedent

condi t ions and thei r  resul tant  in f luence upon ra infa l l

excess determinat i -on;  buE is  never theless the

overr id ing doctr ine in  convent ional  urban runof f

s imulat ion.  Wi th in cont inuous s imulat ion no such



assunp t i on  i s  made l  howeve r ,  cons ide rab l y  more  e f f o r t

i s  expended  i n  ob ta in ing  an  es t ima te  o f  f l ood ing

behav iou r  su i t ab le  f o r  des ign  pu rposes .  Fu r the rmore ,

i t  has never  been proved that  the above assumpt ion is

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

l e v e l s .

Howeve r ,  f o r  t he  p red i c t i on  o f  t he  po l l u t i ng  e f f ec t  o f

SSO d i scha rges  upon  rece i v i ng  s t reams  i t  i s  c l ea r

thet  the use of  t radi t ional  event-based model l ing

incorporat ing design-storms is  inappropr iate.

P r i na ry  amongs t  t he  reasons  fo r  t h i s  asse r t i on  a re :

1 .  A l t hough  da ta  sou rces  a re  l im i t ed  and  as  o f

ye t  t he re  i s  no  l ong  t ime  se r i es  o f

ra in fa l l ,  r uno f f  and  u rban  wa te r -qua l i t y t

ev idence  does  sugges t  t ha t  t he

rnagn i t ude - f requency  re la t i onsh ips  o f  u rban

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

re la t i onsh ip  t o  t he  magn i tude  f requency

r e l a t i o n s h i p s  o f  r a i n f a l l  o r  r u n o f f  ( H u b e r t

1936 ) .  Added  to  t h i s  i s  t he  recogn i t i on

tha t  t he  magn i tude - f requency  re la t i ons  o f

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

( G e i g e r ,  1 9 8 6 ) 1  t h a t  i s ,  d i f f e r e n t  s t o r m s

w i l l  p roduce  the  c r i t i ca l  even t  f o r

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

va ry ing  i n f l uence  o f  an teceden t  pe r i ods  upon

the  behav iou r  o f  each  po l l u tan t .

2 .  The  magn i tude - f requency  re la t i onsh ips  o f

rece i v i ng  wa te r  behav iou r  w i l l  no t  i n

gene ra l  be  re la ted  to  t hose  o f  t he  i nc iden t

ra in fa l l  enp loyed  w i th in  u rban  runo f f

s imu la t i on .  I t  i s  t r ue  t ha t  t he  po l l u t i ona l

response  o f  sma l l  r i ve rs  w i l l  be  domina ted

by  the  behav iou r  o f  t he  d i scha rg ing  ou t fa l l ;

f o r  l a rge r  r i ve rs  behav iou r  w i l l  be  a
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combined ef fect  of  r iver  and catchment

response .

Pol lu t ion events occurr ing wi th in some

receiv ing waters may be occurr ing a number

of  t imes per  year ;  th is  is  not  commensurate

wl th the return per iod of  design storms used

fo r  f l ood ing  p red i c t i on .

Al though the pr inary focus of  th is  procedure

is  to a id the anel iorat ion of  shor t  term

e f fec t s  upon  rece i v i ng  wa te rs ,  l onge r - t e rm

ef fects ar is ing f rorn SS0 discharges may

become an iupor tant  considerat i -on in  future

scenar i -os,  i t  would appear appropr iate that

the capabi l i ty  must  ex is t  to  s imulate the

inf luence of  pol lu tants that  are

accumulat ive wi th in the receiv ing water .

These considerat ions indicate that  the sewer qual i ty

model  must  expl ic i t ly  consider  the in f luence of  the

antecedent  per iod.  This ef fect  can be considered

ei ther  by the use of  a cont inuous s imulat ion model  or

the use of  an event  nodel  wi th s inple antecedent

i nd i ces .  Un fo r tuna te l y ,  Ehe  de f i n i t i on  o f  app roPr ia te

antecedent  ind ices wi th s igni f icant  explanatory power

to descr ibe the bui ld-up of  pol lu tants wi th in an urban

drainage systeu would appear d i f f icu l t  to  achieve;  the

use of  a cont inuous s imulat ion model  in  th is  case

would seem warranted.  However,  to  s imulate a

long- term ser ies of  ra infa l l  events wi l l  undoubtedly

be prohib i t ive in  terms of  computat ional  costs.  A

procedure for  reducing these costs has been advocated

elsewhere (Harremoes et  a l . ,  1984);  the technique

consists  essent ia l ly  of  running a long ra infa l l

t ime-ser ies through e l ther  a s inpler  nodel  (a p lanning

nodel)  or  through a s inpl i f ied representat ion of  the

sewer  sys tem i t se l f ,  i den t i f y i ng  t hose  even ts /pe r i ods

4 .
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of rainfal l  that lead to potent ial  deslgn probl-ems,

and, then, run these events/periods of rainfal l

through a more complex model with appropriately

def ined antecedent condit ions to produce results

amenable for the re-design of a system. Figure 3.2

compares this approach wlth the more tradi t ional

design storm nethodology.

3 .2  The  non -

procedural  design

The fo l lowing paragraphs provide a deta i led

speci f icat ion of  the non-procedural  aspects of  the

sewer qual i ty  mocie l  d iv ided into the funct ional

spec i f i ca t i ons  and  the  a t t r i bu tes  o f  t he  so f rwa re '

(a )  Func t i ona l  Spec i f i ca t i ons

I t  is  apparent  f rorn the foregoing d iscussion that  the

sewer quality model wil l have a number of

p r o p e r t l e s :

The abi l l ty  to  s imulate both the stochast ic

and determin is t ic  behaviour  of  a l l  the

pol lu tants considered in the design

spec i f  i ca t i on .

The abi l i ty  to  operate in  a cont inuous

fashion in  order  to s imulaEe pol lu tant

d ischarges der ived f rom urban sewer systems

over a wide var iety  of  t ime per iods.

The abi l i ty  to  s imulate pol lu tant  behaviour

within an urban catchment from a planning

aspect  in  order  to ident i fy  cr i t ica l

pol lu t ion events generated by the ra infa l l

t ime-ser ies,  and f rom a more preeise design

aspect  to  a id in  the assessment  of  var ious

serder  rehabi l i ta t ion st ructures.

2 .

3 .
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Appendix B provides greater  deta i l  o f  sone of  the

funct . ional  speci f icat ions of  the serder  qual i ty  model .

In  concept  the nodel  wi l l  operat .e on two levels:  a

screening-1evel ,  where the conplex geometry of  the

selder  system is  c i ramat ica l ly  s inpl i f ied,  analogous to

the rsewered sub-arear  model  current ly  incorporated

wi th in WASSP-SIM, a design- level ,  which operates over

a  pe r i od  encompass ing  a  rpo l l u t i on  even t r ,  as  de f i ned

in  t he  desc r l p t i on  be low .  I n  bo th  i ns tances  i t  i s

envisaged that  a form of  error  analys is  wi l l  be

enployed to character ise uncer ta int ies in  pol lu tanE

s lnu la t i on ;  a  f i r s t -o rde r  e r ro r  e r ro r  ana l ys i s  w i l l  be

enployed for  these purposes.  Use of  these procedures

wi th in 'design mode'  wi l l  enable the engineer to

ass ign  p robab i l i s t i c  r i s ks  Eo  h i s /he r  rehab i l i t a t i on

scheme.

As int iuated above,  the def in i t ion of  a cr i t ica l

pol lu t ion event  wi l l  not  be achieved by t i re  use of  the

sewer qual i ty  nodel  a lone.  Sewer rehabi l t i ta t ion for

contro l l lng pol lu tant  d ischarges wi l l  be assessed in

terms of  cr l t ica l  pol lu tant  events wi th in the

receiv ing water .  Not  only  wi l l  these events not  be

re lated to ra infa l l  event  f requency,  but  ind iv ldual

ra infa l l  evenls may not  be necessar i ly  associated wi th

indiv idual  pol lu t ion events.  Temporal  response wi th in

the receiving water may be such that a number of

indiv idual  ra infa l l  events may cause,  by accumulat ive

ef fects over  a shor t  per iod,  pol lu tant  events wi th in

the receLvlng water .  This  d ic tates that  the p lanning

model of the sewer quality model wil l have to be run

to prov ide input  to  the r iver  impact  model .

I den t i f i ed .po l l u t i on  even ts  w i l l  be  assessed  i n  t e rms

of  a shor t - term receiv ing l ta ter  cr i ter ia .  Cr i t ica l

events are then used to assess the re lat ive

performance of  d i f ferent  rehabi l i ta t ion measures again

in terms of  receiv ing water  impacts.
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(b )  A t t r i bu tes  o f  t he  so f twa re

The  need  to  ensu re  ready  access  by  d ra inage  eng inee rs

to  t he  so f twa re  d i c ta tes  t ha t  t he  p r imary  ha rdware

envi ronment  in  which the sof tnare should be employed

i s  t he  m ic ro -compu te r  o r  wo rks ta t i on  as  opposed  to  t he

mainframe envi ronment .  Al though,  the comput ing power

o f  t he  f o rmer  has  i nc reased  d rama t i ca l l y  ove r  t he

yea rs ,  and  w i l l  no  doub t  con t i nue  to  do  so ,  i t  i s

s t i l l  env i saged  tha t  compu te r  run - t ime ,  and  hence

c o m p u t i n g  c o s t s ,  w i l l  b e  a  n a j o r  c o n s t r a i n t .  T h i s  i s

aga in  a  reason  fo r  d i v i d i ng  the  mode l l i ng  p rocedu re

in to  a  f i r s t - l eve l  sc reen ing  app roach  and  a

second - l eve l  des ign  app roach .  Howeve r ,  t . he  use  o f

m ic ro -compu te r  sys tems  does  enab le  a  g rea te r  dea l  o f

f l ex ib i l i t y  i n  t he  use  o f  g raph i cs  and  i n te rac t i ve

inpu t -ou tpu t  p rocedu res .  These  aspec ts  a re

pa r t i cu la r l y  i r npo r tan t  i n  o rde r  t o  ease  the  use  o f  t he

model  as a number of  concepts conta ined wi th in the

m o d e l  w i l l ,  i n  g e n e r a l ,  b e  n e w  t o  t h e  e n g i n e e r .

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

d e t a i l e d  b e l o w :

( i )  Ha rdware  requ i remen ts

The  p rog ram w i l l  be  spec i f i ca t l y  a i rned  a t  t he

m ic ro -compu te r  and  works ta t i on  env i ronmen t .  Spec i f i c

machines upon which i ts  use wi l l  be recommended are

the  In te l  80286  range  o f  m ic ro -compu te rs  w i t h  a  ma ths

co -p rocesso r  ( IBM-PC/AT  and  compa t i b l es ;  Ap r i co t

XEN 's )  ope ra t i ng  w i th in  DOS;  wo rks ta t i ons  i nc lud ing

the  Apo l l o  Do rna in  se r i es ,  M ic ro -VAX I I ,  and  Sun

works ta t i ons  ope ra t i ng  e i t he r  as  DoS-worka l i kes  o r

w i th in  a  UNIX-based  sys tem.  I n  each  case  a  ha rd -d i sk

s to rage  o f  a t  l eas t  lOMby tes  w i l l  be  requ i red  Eoge the r

w i t h  a  p r i n t e r  a n d  a  m o u s e  ( o p t i o n a l ) .  T h e r e  i s  a

s t rong  poss ib i l i t y  t ha t  as  mach ines  based  on  the  In te l

80386  p rocesso r  become more  w ide l y  used ,  t hese
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machines wi l l  be preferable to machines wi th the 80286

p r o c e s s o r .

( i i )  Display layouts and report  layouts

Displays wi l l  in  general  fo l low the format  assoclated

wi th current  sof tware (e.g.  WASSP) and future re leased

so f twa re  (e .g .  WALLRUS and  SP IDA) .  Spec i f i c  d i sp lays

re levant  to the wat .er  qual i ty  sofLware wi l l  involve

the lnput  of  var ious factors associated wi th each

pol lu tant  s imulated by the model .  This  wi l l  be

achieved by the use of  a spread-sheet  type apProach;

associated wi th each e lement  of  the spread-sheet  wi l l

be a help-screen conEain ing the defaul t  va lues and a

range of  l ike ly  values for  the parameters to be

en te red .

Resul ts  wi l l  be p laced into a f i le  ln  a s imi lar  format

to dept t r  and d ischarge data as produced current ly  by

WASSP;  i t  w i l l  a l so  be  poss ib le  t o  p lo t  ou t  da ta  f o r

compar ison wi th observed pol lu tant  data and to analyse

computed resul ts  in  terms of  cr i t ica l  events l ike ly  to

cause darnage to the receivi-ng rdater ecosysLem.

( i i1)  Error  handl ing

In general ,  errors in  data- inPut  should be t rapped

before passage to the major  par t  of  the sof tware

ut i l is ing a check program s lmi lar  to  that  current ly

used by WASSP. Other  errors,  sueh as us ing too large

a t ime-step for  s imulat ion and unreasonable input

parameter  values,  wi l l  be accounted for  by the use of

speci f ic  ranges for  these parameters above or  below

which data wi l l  not  be a l lowed to be input .

Help-screens associated wi th each parameter  value wi l l

g ive guidance as to the l ike ly  range of  va lues.
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4 . L

TEE PROCEDURAL

DESIGN

SPECIFICATION

Introduct ion

I t  has been ident i f ted that  a n ixed determin is t ic-

s tochast lc  approach to model l ing storml f ,ater  qual i ty

runof f  f ron urban catchments is  appropr iate.

Fur thermore,  for  pract ica l  purposes i t  wi l l  be

desi rable to operate the nodel  in  both a long- term and

a shor t - term mode.  This chapter  deta i ls  the

indiv idual  components to be inc luded wi th ln the f ina l

nodel  to  fu l f i l  both the design requi rements of  the UK

Water  Industry  (Chapter  2 and Appendix B)  and to

fo l low the general  methodology in t rodueed in Chapter

3 .

In  order  to character ise t ,he response of  a var iety  of

sewer systems adequate ly ,  an urban Idater  qual i ty

model  nust  be formed f rom a set  of  componen!  models.

Within urban catehments two najor component rnodels can

be recognlsed,  one represent ing the accumulat ion,

generat ion and t ransport  of  pol lu tants uPon catchment

sur faces,  the other  represent ing the behaviour  of

pol lu tants wi th in the sewer sysEeu.  l l i th in the sewer

system pol lu tants are obta ined f ron both the

foul -water  f low ( tn the case of  combined sewer

systems) and f rom the sedinents deposi ted wirh in the

pl -pe-network,  which takes p lace dur ing both

dry-weather  per iods and dur ing fa l l ing stages of  a

stormwater  hydrograph.  The basic  pr inc ip le in

s imulat ing out f low dlscharges f ron a combined sewer

system consists  of  the amalgamat ion of  these f lows by

Lhe use of a simple nixing model applied at various

nodes wi th in the sewer network (F igure 4.1) '  The

background and speci f icat ion of  the two systems

def ined above are descr ibed here and in Appendix A '
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The nodel  as indicated in  Chapter  3 wi l l  operate on a

cont inuous basis  over  a per iod incorporat ing a

col lect ion of  ind iv idual  events.  I lowever,  i t  is

important  to  def ine appropr iate in i t ia l  condi t ions to

operate the rnodel .  
'Fur thermore,  in  runnlng an

extended per iod of  ra infa l l  events,  i t  is  necessary to

s lnpl i fy  e i ther  the model l ing procedure or  the system

character ls t ics to ensure economic model  appl icat ion.

These aspects of  the water  qual i ty  model  are

discussed in la ter  sect ions of  th is  chapter  together

rd l th a def in i t ion of  the t reatment  of  uncer ta inty  in

nodel  output  predict ions associated vr i th  both model

uncer ta int ies and input-data uncer ta int ies.

4 . 2  T h e  S u r f a c e

Sub-System

(a)  Background

ConEaml,nant  generat ion upon catchment  sur faces wi th in

typical USWQM, for example, SI'IWM3 and STORl"l, is

s i nu la ted  by  Ehe  use  o f  ' bu i l dup t  and  'washo f f t

funct ions.  The former account  for  the accumulat ion of

pol lu tants by a var iety  of  processes in  terms of  a

s ingle empir ica l  formulat ion re lat ing bui ldup,  M (ng) ,

to the antecedent  dry-weather  per iod,  adwp (days) '

s u c h  a s :

M  =  r . a d w p

where r = the buildup rate in ng per day.

Washof f  funct ions are used to represent  the removal  of

pol lu tants f rom catchment  sur faces (s t r ic t ly  only

ar t i f lc ia l  sur faces)  in  terms of  the amount  of

mater ia l  remai .n ing on the sur face:

d l , I / d t = - (  f ( r ) M A V ( r )
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where M

t

l\

r

AV( r )

mass of  contaminants on sur face,

t i ne ,

coe f f  i c i en t  ,

runof f  rate,

ava i l ab i l i t y  f ac to r ,  usua l lY  a

funct i .on of  r .

Models enploying the above approach have been

cr i t ic i -sed on a number of  grounds.  .F i rs t ,  pol lu tant

accumulat ion rates cannot  be assuued to be l inear ,

Sar tor  and t loyd (L972) indicated that  for  imperv ious

sur faces sediment  accumulat ion is  h ighly  non- l lnear .

This observat ion has been incorporated wi th in USWQMs

by the use of  l inear  bui ld-up wi th a threshold;  a

non- l inear  bui ld-up funct ionsi  or  the use of  a

cont inuous mass balance of  pol lu tant  accumulat ion.

SWWM3 allows the user to enploy one of four build-up

funct ion,  Lhe select ion of  whlch one to use in  a

par t icu lar  c i rcumstance is  seen as par t  of  the

cal ibrat ion process.  Other  rnodels use an exponent ia l

bui ld-up rnodel  (e.g.  DR3M, QUAL-ILLUDAS) or  other

comp lex  non - l i - nea r  f unc t i ons  (e .g .  QQS) .  A  poss ib le

al ternat ive to the use of  bui ld-up formulat ions i -s  the

use of a contLnuous balance of contaminant and

sediment accuuulation upon catchment surfaces (James

and Boregowda,  1936).  In  th ls  la t ter  approach,

e lements const i tu t ing the overal l  accumulat ion process

are quant i f ied by indiv idual ,  ca l ibrated

re lat ionships,  thus a l lowing the potent ia l  for

f lex ib i l i ty  in  s inulat ion wi thout  the necessi ty  for

extensive data col lect ion to re-cal ibrate the sediment

bui ld-up formulae.

Secondly,  the use of  washof f  formulat ions has a lso

recelved heavy cr i t ic ism (Sonnen,  1981) '  A l though

such a representat ion of  the sediment  t ransport

processes upon urban catchment  sur faces is  based upon

actual  exper imenta l  research (Sartor  and Boyd,  L972),
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the selecLi .on of  the parameters of  the model  have

tended to becorne 1 i t t1e more than a curve- f i t t ing

exerc ise.  Compar ison of  Sl IWM3 and STORM, which

ef fect ive ly  use ident ica l  bui ldup and washof f

formulat ions,  ind icate that  each model  wi l l  produce

di f ferent  resul ts  f rom the other  based upon the

standard or  defaul t  parameters speci f ied for  model

appl icat ion.  Al ternat lve approaches to the use of

washof f  formulat ions are the use of  l inear  regression

re lat ionships (between e i ther  tota l  runof f  and tota l

load or  instantaneous d ischarges and instantaneous

loads) ,  and the use of  sediment  t ransport  based

approaches.  However,  i t  is  ev ident  Lhat  in  the use of

the former,  unless Ehe parameters of  the model  have

been regional ised,  extensive cal ibrat ion wi l l  again be

requ i red  i n  mode l  app l i ca t i on .

Final ly ,  the manner by which contaminants are

assoc ia ted  w i th  t he  ' d i r t  and  dus t '  ( sed imen t )  wh i ch

is  s imulated by the bui ldup equat ions requi res

examinat ion.  In  general ,  s inple rat ios are used,

known  as  rpo tency  fac to rs r ,  t o  re la te  t he  to ta l  amoun t

of  sediment  to the pol lu tant  load t ransported

(s t r i c t l y  i n  t he  suspended  phase ) .  Howeve r ,  f o r

indiv idual  pol lu tants th is  s lnple approach is

compl icated by the use of  var ious factors for

accommodat ing loads in  phases other  than the suspended

phase ,  such  as  t he  d i sso l ved  s ta te .  Sonnen  (1981 )

regards the use of  potency factors as an undue

s inp l i f i ca t i on ,  w i t h  equ i l i b r i u rn  i so the rms  (e .g .  t he

Freundl ich Isotherm) suggested as an a l ternat ive.

However,  the use of  these lat ter  approaches requi res

knowledge of  pH,  ion ic  coneentrat ions and temperature

which would be d i f f icu l t  to  prov ide e i ther  by

s imulat ion or  data col lect , ion wi th in th is  context .

The problem wi th the use of  these rnodel l lng techniques

has been summarised by Jewel l  and Adr ian (1981).  In
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appl icat ion of  numerous bui ldup and washof f  equat ions,

i t  was found that  no one set  of  re lat ionships were

bet ter  than any other ,  put  another  way,  a l l  were

equal ly  bad!  A methodology was recommended conslst . ing

o f :

( i )  acqu l re  wa te r  qua l l t y  da ta ,

( i i )  analyse the data wi th scat terp lots  and

co r re la t i on  ana lYs i s l

( i i f )  pe r fo rm a  rnu l t i p l e  reg ress ion  ana l ys i s l

( iv)  se lect  the most  representat ive model  on

the  bas i s  o f  co r re la t i on  i nd i ces ;

(v)  apply the nodel .

Huber (1986) emphasises the need for  data to cal ibrate

current USWQMs (i . e. DR3M-QUAL, ! 'IIWA, HSPF ' QQS '

STORM, SWWM3):

"Without  except ion,  these models are capable of

accurate s imulat ion of  hydrographs and pol lu tographs,

g iven accurate data for  ca l lbrat ion.  By the same

token,  none of  the uodels can be assumed to aecurate ly

predict  absolute magnl tudes of  concentrat ions and

loads without such data, although they may be very

usefu l  for  comparat ive studies and est imat ion of

re la t i ve  e f f ec t s .  Cavea t  enp to r  !  " .

Other  aspects of  the sur face runof f  system to be

considered are the contr ibut ion of  contaminants f rom

the ra inwater  i tse l f ,  and the var iety  of  s ink/source

ef fects that  nay operate wi th respect  to  contaminants

wi th in gul ly-pots.  Studies of  the removal  mechani-sms

of  atmospher ic  contaminants v ia ra inwater

( r scaveng ing ' )  appea r  t o  sugges t  a  supp l y - l i n i t ed

e f fec t  (Goe t t l e ,  1978 ) ;  howeve r '  w i t h i n  t he  UK

insuf f ic ient  data ex is ts  to adequate ly  quant i fy  a

model  of  th is  process.  I lence,  th is  ef fect  wi l l  not  be

expl ic l t ly  tack led wi th in the f lna l  model  but  wi l l  be
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subsumed wi th in the sedinent  source per t inent  to

catchment  sur faces.  The behaviour  of  gul ly-pots in

t rapping sediments (one of  rhei r  najor  purposes)  a lso

appears to be an unnecessary compl icat ion;

fur thermore,  s tudies indicate that  th is  behaviour  can

not  be re lated to any factors descr ipt ive of  e i ther

the prevai l ing f low condi t ions or  the ant .ecedent

c o n d i t L o n s  ( L a g e r  e t  a l . ,  L 9 7 7 ;  P r a t t  e t  a l . ,  1 9 8 6 ) ,

a l though laboratory s tudies indicate that  the

exponent ia l  nodel  used wi th in SWWM! might  be correct

under ideal  condi t ions where the gul ly-pot  is  c leaned

regular ly  (Prat t  and Adarns,  1981).

Nevertheless,  the problems ar l -s i -ng in  the use of

convent ional  USWQMs would suggest  that  a d i f ferent

approach may be sui table for  the UK. Exper i rnenta l

s tudies of  pol lu ted runof f  d ischarged f rorn urban

catchments within the UK, recently sumrnarised by Mance

(1981 ) ,  sugges t  t ha t ,  such  d i scha rges  a re  l a rge l y

independent  of  antecedent  dry weather  per iod;  such a

conclus l -on has been emphasised by E1l is  and Harrop

(1986 ) .  A r i s i ng  f r om th i s  conc lus ion  i s  t he

indicat ion that  runof f  load wi th in sur face runof f  is

t ransport - l in i ted,  as opposed to supply- l ln i ted,

suggest ing that  for  model l ing purposes the store of

sediments/pol lu tants avai lable for  entra inment  by

sur face runof f  is  ef fect ive ly  unl in i ted.  Sueh an

approach has been recent ly  suggested for  BOD/COD

removal  f rom catchment  sur faces (Servat ,  1986).

A fur ther  aspect  involved in the s lmulat ion of  th ls

system, re lated to the problems of  ca l ibrat ion

discussed by Jewel l  and Adr ian (198f)  and Huber

(1986 ) ,  i s  t ha t  o f  e r ro r  i n  s imu la t i on .  The  w ide

var iabi l i ty  of  runof f  loadings repor ted by Mance

(1981 ) ,  t oge the r  w i t h  uhe  l ack  o f  assocLa t i on  w i th

catchment  and event  charact .er is t ics,  suggests that  an

est imate produced by determin is t ic  nodel l ing is  l ike ly
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to be rnarkedly di f ferent fron that.  actual ly observed.

This can be accommodated by the use of an error Lerm,

der ived  f rom a  probab l l i s t i c  descr ip t ion  o f  res idua l

errors between observed and simulated values. A

log-normal distr ibut ion has been typical ly used in

sueh contexts,  such as the approach used by Pratt  et

a l .  (1986) .  Th is  Eerm is  then added to  tha t  es t imated

by the use of the deterninist ic washoff  nodel.

The washoff  model,  i tsel f ,  wi l l  be based pr inar i ly on

sediment transport  concepts, thus al lowing hopeful ly

the use of a rat i .onal procedure for parameter

est lmation. I lowever,  i t  must also be remembered that

as the f i rst  goal of  the nodel out l ined herein is to

siuulate the behaviour of conbined sewer systems, then

the overall contamlnant behaviour will probably not be

narkedly sensit ive to the sinulat ion of surface

pol lut ion generat ion and Eransport .

(b)  Specl f lcat ion of  the Surface Sub-System

(Appendix A,  Module:  CATSED)

Contamlnants avai lable for  entra lnmenL and t ransport

by sur face runof f  wi l l  be s imulated wi th in a

cont inuous mass balance f ramework (Ftgure 4.2) .

However,  the use of  a deta i led mass-balance in which

terms such as dry weather  deposi t ion,  t raf f ic  inputs,

aeol ian redis t r ibut ion,  etc .  '  are quant i f ted (James

and Borregowda,  1986),  would appear both unwarranted

and,  g iven the pauci ty  of  in format ion wi th ln the UK'

d t f f i cu l t  t o  es tab l i sh  on  a  reg iona l  bas l s .

Therefore,  e lements wl th in the sur face sub-system wi l l

consist of surface aceumulation and contaminant

re lat ionshLps,  removal  by sur face runof f ,  and

int ,eract ion of  the contaminated runof f  wi th gul ly-Pots

( F i g u r e  4 . 2 ) .

2L



( i ) Sur face  accumu la t i on  and  con tam inan t

re  I  a t  i  onsh ips  .

The  supp l y  o f  sed imen t  ava i l ab le  f o r  en t ra inmen t  by

su r face  runo f f  i s  assumed  to  be  un l im i ted .  Sed imen ts

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

d i s t r i bu t i on .  Con tam inan ts  a re  t hen  assoc ia ted r  by

t h e  u s e  o f  r p o t e n c y  f a c t o r s ' ,  w i t h  s e d i m e n t  m a s s e s

w i th in  each  f rac t i on ;  t h i s  t akes  accoun t  o f  t he

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

a n d  c o n t a m i n a n t  l o a d  ( S a r t o r  a n d  B o y d ,  L 9 7 2 ;  E l 1 i s ,

L 9 7 9 t  Y a m a d a ,  1 9 8 1 ) .  D i s s o l v e d  o x y g e n  v a l u e s  a r e

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

t e m p e r a t u r e  a n d  d i s s o l v e d  s o l i d s  l e v e l s .

( i i )  S u r f a c e  w a s h o f  f

Remova l  by  su r face  runo f f  w i l l  use  a  s imp l i f i ed

cons ide raE ion  o f  sed imen t  E ranspo r t  upon  ca tchmen t

s u r f a c e s  ( p r i c e  a n d  M a n c e ,  1 9 7 8 ) .  F i g u r e  4 . 3

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

t ranspo r t  w i t h i n  sha l l ow  su r face  runo f f  i s  e f f ec ted  by

t w o  m a j o r  p r o c e s s e s :  f i r s t l y ,  b y  e r o s i o n  v i a  t h e

in f l uence  o f  r a i nd rop  i r npac t ;  and  second l y ,  by

en t ra inmen t  and  depos i t i on  con t ro l l ed  by  t he  shea r

s t . res s of  the over  land runof  f  .

O r i g i na l l y ,  t he  P r i ce -Mance  mode l  was  app l i ed  t o  a

concep tua l  s t r i p  rep resen t i ng  t he  subca tchmen t  a rea .

Howeve r ,  d i s t r i bu t i on  o f  sed imen t  upon  road  su r faces

wou ld  i nd i ca te  t ha t  t he  nea r -gu t te r  reg ion  rep resen ts

a  s i t e  o f  p re fe r red  sed imen t  accumu la t i on  (Sa r to r  and

B o y d ,  1 9 7 2 ;  E l l i s ,  1 9 7 7 ) .  T h i s  w o u l d  i n d i c a t e '  f o r

road  su r faces  a t  l eas t ,  t ha t  con tam inan ts  a re  l a rge l y

s u p p l i e d  f r o m  t h i s  z o n e l  h e n c e  a  c o n c e p t u a l  s t r i p
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occupying only a fract ion of the area of the

subcatchment road surface, length represented by

gutter lengt.h, and a slope represented by the

longitudinal gut, ter s lope (approxinated by

subcat,chmenE slope) would be the area upon which these

equat ions  are  app l ied  -  a  rca tchment  segment ' (F ig

4.4> .

Sedinent .  and pol lu tants resul t ing f rom perv ious

sur faces wi th in the catchment  can e i ther  be t reated

separate ly  or  t reated as a supply to the conceptual

st r ip .  In  the former approach a var ianE of  the

sedinent ,  t ransport  approach or  the Universal  Soi l  Loss

Equat ion may be used.  However,  the quant i ty  of  runof f

f rom these sources wi l l  be much snal ler  than that  f rom

the inperv ious sur facesl  fur thermore,  runof f  f rom

perv ious areas wi l l  normal ly  occur  la ter  dur ing the

hyd rog raph .  I t  wou ld ,  t he re fo re '  appea r  app rop r i a te

that .  sedlment  f rom these sources aet  as a supply to

the conceptual  s t r ip ,  these may be t reated as a

latera l  in f low over  the length of  th is  conceptual

s t r i p ,  assoc ia ted  w i th  a  un i f o rm  l a te ra l  i n f l ow  o f

runof f  f rom perv ious sur faces.  Henee,  excess supply

at  the end of  the hydrograph wi l l  tend to be deposi ted

wi th in the coneeptual  s t r ip  avai lable for  eros ion

dur ing the next  s torm per iod.  However,  g iven that

sediment  accumulat ion is  nodel led us ing a l imi t less

s to re ,  t h i s  e f f ec t  w i l l  no t  need  to  be  i nco rpo ra ted

wi th in the nodel l ing procedure.

( i i i )  Gu l l y -po ts

Gul ly-pots wi l l  have three major  in f luences per t inent

to water  qual i ty  nodel l ing:

Degradat ion of  t rapped organlc nat ter  in to

BOD/COD, consumpt ion of  BOD/COD dur ing

dry-weather  per lods leadlng to anoxic condi t lons
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w i t h i n  t h e  s t o r e d  g u l l y - p o t  l i q u o r ;

den i t r i f i ca t i on  o f  n i t r a tes  i n to  ammon iaca l

n i t r ogen  I

2 .  Re ten t i on  o f  l a rge  pa r t i cu la te  ma t te r  t r anspo r ted

by  su r face  runo f f ;

3 .  Resuspens ion  o f  basa l  sed imen ts  he ld  w i t h i n  t he

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

The  fo rmer  e f f ec t  can  be  conven ien t l y  s imu la ted  by  t he

u s e  o f  a  s y s t e m  o f  f i r s t  o r d e r  r a t e  e q u a t i o n s  a s

ind i ca ted  i n  Append i x  A .  S imu la t i on  o f  t he  t r app ing

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

pa r t i cu la te  ma t te r  a re  l ess  s t ra igh t fo rwa rd .  When  the

g u l l y - p o t s  a r e  o p e r a t i n g  e f f i c i e n t l y  ( w h i c h  r e q u i r e s

tha t  t hey  shou ld  be  c leaned  regu la r l y )  t hey  w i l l  t r ap

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

po ts  i s  gene ra l l y  i n f requen t ,  hence  fo r  mode l l i ng

pu rposes  the  po t  can  be  assumed  co  be  fu l l  o f

s e d i m e n t .  T h u s  g u l l y - p o t  o u t p u t  o f  p a r t i c u l a t e s  w i l l

be assumed to be the same as the input  f rom sur face

r u n o f f .

4 . 3  S u b - s u r f a c e

s u b -  s y s  t e m

(a )  Backg round

Wi th in  t h i s  subsys tem con tam inan ts  o r i g i na t i ng  f r om

surface runof f  or  f rom che dry-steather  f low become

rn i xed .  A l so ,  con tam inan ts  w i l l  be  de r i ved  f rom

mate r i a l  wh i ch  i s  depos i t ed  f rom bo th  d ry -  and

v re t -wea the r  f l ows .  Aga in ,  i t  wou ld  appea r  t ha t  t he

use  o f  a  con t i nuous  mass  ba lance  i s  t he  bes t  app roach

to  s imu la te  t he  va r i ous  sou rces  o f  sub -su r face

con tam inan t  ma te r i a l .  Th i s  sec t i on  w i l l  de ta i l  t he

me thod  o f  dea l i ng  w i t h  f ou l -wa te r  f l ows  and  the

sed imen t ,  and  assoc ia ted  con tam inan t  ma te r i a l

depos i t ed  w i th in  se \ re rs .
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Fou l -wa te r  f l ows  (d ry -wea the r  f l ow)  con t r i bu te

contaminants in  two r . rays to the ser{er  f  low dur ing

s to rm pe r i ods :  f i r s t l y ,  by  t he  rn i x i ng  o f  f ou l -wa te r

occu r r i ng  du r i ng  the  cou rse  o f  t he  ra in fa l l  even t l

and  second l y ,  by  t he  depos i t i on  o f  sed imen t  du r i ng

d ry -wea the r  pe r i ods ,  wh i ch  a re  subsequen t l y  e roded

du r i ng  the  s to rm even t .  I n  o rde r  t o  accoun t  f o r  bo th

o f  t hese  e f f ec t s  Ehe  t ime-va ry ing  behav iou r  o f  t he

f o u l - w a t e r  m u s t  b e  d e s c r i b e d  w i t h i n  t h e  m o d e l .  T h i s

may  be  ach ieved  by  t he  d i rec t  i npu t  o f  f ou l -wa te r  as

an  i npu t  hyd rog raph  and  po l l u tog raph ,  o r  by

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

f  Iow.  UShrQl ts  such as SWWM3, STORM and QQS al low the

use r  t o  i npu t  cons tan t  concen t ra t i on  va lues  fo r  t he

fou l -wa te r  f l ow ,  wh i ch  a re  t hen  sub jec t  t o  hou r l y  and

d a i l y  c o r r e c t i o n  f a c t o r s ;  H S P F  a l l o w s  t h e  u s e r  t o

i n p u t  d i r e c t l y  a  t i n e - s e r i e s  o f  f o u l - w a E e r  f l o w s l

SWWM3 and  STORM a l so  can  es t ima te  f ou l - f l ows  on  the

b a s i s  o f  r e g r e s s i o n  o n  p o p u l a t i o n  p a r a m e t e r s .

F o u l - w a t e r  f l o w s  a l s o  c o n t r i b u t e  p o l l u t a n t s  b y

depos i t i on  du r i ng  d ry -wea the r  pe r i ods .  These

po l l u tan ts  a re  subsequen t l y  en t ra ined  by  we t -wea the r

f l o w s .  F i e l d  i n v e s t i g a t i o n s  c a r r i e d  o u t  a t

No r thampton ,  B r i ghouse  and  B rad fo rd  (M in i s t r y  o f

Hous ing  and  Loca l  Gove rnmen t ,  1970 )  i l l us t ra te  t ha t

apa r t  f r om ammon iaca l  n i t r ogen ,  much  o f  t he

con tam inan t  l oad  con ta ined  w i th in  s to rm sewage  a r i ses

f rom the  scou r i ng  o f  depos i t s  depos i t ed  du r i ng

d r y - w e a t h e r  f l o w  p e r i o d s .  H o w e v e r ,  i t  i s  a l s o

appa ren t  f r om these  s tud ies  t ha t  such  e f f ec t s  a re

highly  dependent  upon the nature of  the dra inage

sys tem unde r  cons ide ra t i on .  Recen t  s tud ies  o f  s to rm

sewage  d i scha rge  f rom comb ined  sewer  sys tems  i nd i ca te

tha t  t he re  i s  some  co r re la t i on  be tween  con tam inan t

d i scha rges  assoc ia ted  \n t i t h  pa r t i cu la te  ma t te r  and  the

an teceden t  d ry  wea the r  pe r i od  (Sau l  and  Tho rn ton t

19S6) ,  wh i ch  i n  pa r t  supPor t s  t he  above  obse rva t i on '
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Ac tua l  sed imen ts  depos i t ed  w i th in  sewers  appea r  have

b e e n  c l a s s i f i e d  i n t o  f i v e  m a j o r  t y p e s  ( W a t e r  R e s e a r c h

C e n t r e ,  1 9 8 6 ) :

Type A - Largely inorganic coarse

p a r t i c u l a t e  m a t t e r l

s i n i l a r  t o  above  bu t  conc re ted l

o r g a n i c ,  h i g h l y  m o b i l e  f i n e

p a r t i c u l a t e  l o a d ;

cohes i ve  sed imenEs  and  s l imes

a d s o r b e d  t o  s e w e r  w a l l s .

t ank  sed imen ts

Type

TyPe

B -

c-

Type D -

Type E -

The  d i s t r i bu t i on  o f  t he  f i r s t  f ou r  sed imen t  t ypes

w i th in  a  p ipe  can  be  hypo thes i sed  to  occu r  as  shown  i n

F igu re  4 .5 .  These  sed imen t  t ypes  o r i g i na te  e i t he r

f rom the  su r face  f l ow  ( l a rge l y  Types  A  and  B )  o r  f r om

the  fou l  f l ow  (Types  C  and  D) .  I n  t he  case  o f  t he

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

hyd rog raph ;  t he  g row th  o f  t he  l a t t e r  sed imen t  t ypes

takes  p lace  du r i ng  d ry -wea the r  pe r i ods ,  a l t hough  a

l i n i t  t o  t h i s  g row th  w i l l  be  imposed  by  t he

s h e a r - s t r e s s  o f  t h e  d r y - w e a E h e r  f l o w .  T h i s

cha rac te r i sa t i on  o f  sed imen t  t ypes ,  t oge the r  w i t h  t he

cha rac te r i sa t i on  o f  sed imen t  upon  ca tchmen t  su r faces

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

sugges ts  t ha t  a  concep tua l  sed imen t - t r anspo r t  mode l

fo r  i n - sewer  t r anspo r t  cou ld  be  use fu l  i n  t he

s imu la t i on  o f  con tam inan t  d i scha rges l  such  a  mode l  has

been  p rev ious l y  deve loped  by  Sonnen  (1977 )  and

p rov ides  a  bas i s  f o r  l he  deve lopmen t  o f  a  comparab le

mode l  f o r  use  w i th in  t h i s  p rocedu re .
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( b )  S p e c i f i c a t i o n  o f  t h e  S u b - s u r f a c e  S u b - s y s t e m

(Append ix  A ,  Modu le :  SEWCON)

( i )  F o u l - w a t e r  s i m u l a t i o n

Fou l -wa te r  f l ows  w i th in  t he  d ra inage  sys tem w i l l  be

deal t  wi th in  t \do \ , rays:

1 .  As  a  p resc r i bed  i npu t  hyd rog raph  and

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

va r i ous  node -po in t s  w i t h i n  t he  sys tem;

2 .  As  syn the t i c  hyd rog raphs  gene ra ted  f rom

known  t rends  and  pe r i od i c i t i es  o f  t he

fou l -wa te r  componen t .

I n  t he  l a t t e r  app roach  seasona l  and  d iu rna l

pe r i od i c i t i es  a re  rep resen ted  by  s i ne  waves  w i th

amp l i t udes  de r i ved  f rom the  d i f f e rence  be tween  the

minimum and maximum values of  the foul -water  f lows:

r e s i d u a l s  w i l l  b e  r e p r e s e n t e d  b y  a  s i n p l e

p r o b a b i l i s t i c  d i s t r i b u t i o n  ( e . g .  n o r m a l  d i s t r i b u t i o n ) .

T rade  e f f l uen t  f l ows ,  whe re  impor tan t  can  be

rep resen ted  as  spec i f i c  i npu ts  a t  knoh tn  po in t s  w i t h i n

the  d ra inage  sys tem o r  as  pe r tu rba t i ons  imposed  upon

the  gene ra l  t r end  o f  t he  f ou l  wa te r .

( i i )  S e d i m e n t s  i n  s e w e r s .

The  accumu la t i on  o f  sed imen t  l oads  w i th in  a  spec i f i c

p ipe  mus t  be  re la ted  to  t he  hyd rodynamic  p rope r t i es  o f

t he  p ipe .  Howeve r ,  i t  i s  a l so  appa ren t  t ha t  r andom

inf luences wi l l  have a great  impact  due to both random

processes ,  pe r  se ,  and  due  to  a  l ack  o f  know ledge  o f

t h e  s y s t e m  a n d  s e d i m e n t  c h a r a c t e r i s t i c s .

Neve r the less ,  s imu la t i on  o f  t he  accumu la t i on  o f  t hese

sed imen t  t ypes  w i t l  f o l l ow  the  b road  ou t l i ne  desc r i bed

b e l o w  a n d  i l l u s t r a t e d  i n  F i g u t e  4 . 6 .
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Type  A  and  B  sed imen ts  compr i se  l a rge l y  i no rgan i c

sed imen t  o r i g i na t i ng  f r om su r face  runo f f ,  wh i ch  a re

depos i t ed  w i th in  t he  se \ {e r  sys tem du r i ng  the

fa l l i ng - t imb  o f  t he  hyd rog raph .  E ros ion  and

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

d i f f e rence  be tween  the  shea r - s t ress  exe r ted  by  t he

f l o w  a n d  t h e  c r i t i c a l  s h e a r  s E r e s s e s  p e r t a i n i n g  t o

these  cond i t i ons .  They  che re fo re  f o rm  a  ma jo r

sou rce /s ink  t e rm  w i th in  t he  con tam inan t  rou t i ng

equa t i ons  des r i bed  i n  t he  nex t  sec t i on .  Type  A

sed imen ts  a re  t hen  s low ly  t r ans fo rmed  i n to  Type  B

sed imen ts  du r i ng  d ry -wea the r  pe r i ods  by

c a l c i f i c a t i o n / c o n c r e t i o n  p r o c e s s e s ;  t h e  p r o c e s s  m a y  b e

rep resen ted  as  a  l i nea r  f unc t i on  o f  t he  d ry  wea the r

p e r i o d ,  s u c h  a s

d ( M b )  l d t  =  k c . M a

where  Ma  =  mass  o f  Type  A  sed imen ts  w i t h i n  P ipe ,

Mb  =  mass  o f  Type  B  sed inen ts  w i t h i n  p iPe t

kc  =  ra te  coe f f i c i en t  desc r i b i ng  conc re t i on

p r o c e s s .

Type  B  sed imen ts  w i l l  be  cons ide red  as  pe rmanen t l y

f i xed  to  t he  p ipe  i nve r t .  Type  A  sed imen ts ,  howeve r ,

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

du r i ng  re la t i ve l y  ra re  even ts  when  h igh  shea r  s t resses

a re  gene ra ted  capab le  o f  e rod ing  these  sed imen ts .  The

to ta l  dep ths  o f  Type  A  and  B  sed imen ts  w i l l  be  used  to

rese t  t he  hyd rau l i c  rad ius  o f  p i pe -sec t i ons  p r i o r  t o

the  s imu la t i on  o f  any  even t ;  t he  hyd rau l i c  rad ius ,

howeve r ,  w i l l  r ema in  i nva r i an t  du r i ng  t he  cou rse  o f

t he  even t .

Type  C  sed imen ts  o r i g i na te  f r om the  fou l -wa te r  f l ow ,

bu t  aga in  t he i r  e ros ion  and  depos i t i on  can  be

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

sed imen ts  accumu la te  as  a  resu l t  o f  bac te r i a l  g row th

du r i ng  d ry -weaEher  pe r i ods  wh i ch  consume o rgan i c

ma te r i a l  w i t h i n  t he  f ou l - s ra te r  f l ow  and  E rans fo rm th i s
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in to tox ic  compounds such as hydrogen sulphide under

anox i c  cond i t i ons .

( i i i )  T r a n s p o r t  s u b - s Y s t e m

Transpo r t  o f  suspended  sed imen ts  and  assoc ia ted

con tam inan ts  w i l l  be  s imu la ted  by  t he  use  o f  a

one -d imens iona l  equa t i on  cons ide r i ng  advec t i on  and

inco rpo ra t i ng  a  nomina l  d i f f us ion  te rm,  used  to  reduce

numer i ca l  d i spe rs ion  i n t roduced  by  so lu t i on  o f  t he

advec t i on -wave  equa t i on  a Ione ,  t ha t  i s

e.  02c  .
,  

t  =  !  s i
k 2

A c .  u .  0 c .
1 1

- l

Ar AK

w h e r e  c ,

x

=  concen t ra t i on  o f  con tam inan t  i ,

=  l ong i t ud ina l  d imens ion ,

t  =  t a m e ,

u  =  d i s c h a r g e  v e l o c i t y  a l o n g  d i m e n s i o n  x t

+ -s .  =  summat ion  o f  sou rce  and  s ink  t e rms  fo r
].

contaminant  i  '

e  =  l o n g i t u d i n a l  d i s p e r s i o n  c o e f f i c i e n t '

Th i s  equa t i on  may  be  so l ved  fo r  each  p iPe r  o r

c o l l e c t i o n  o f  p i p e s ,  c o n s t i t u t i n g  a  ' p i P "  s e g m e n t l

( F i g u r e  4 . 6 )  u s i n g  a n  a p p r o p r i a t e  f i n i t e  d i f f e r e n c e

g r i d .  The  ma jo r  d i f f e rence  i n  t he  s imu la t i on  o f  t he

t ranspo r t  o f  each  con tam inan t  w i l l  be  t he  de f i n i t i on

o f  t he  sou rce  and  s ink  t e rms  o f  t h i s  equa t i on .

F i g u r e s  4 . 7  t o  4 . L O  i l l u s t r a t e  t h e  i n t e r a c t i o n s

cons ide red  fo r  each  de te rm inand .  Be fo re  so l v i ng  th i s

equa t i on  i t  i s  necessa ry  t o  de te rm ine  the

concen t ra t i on  o f  t he  i npu t  runo f f .  Th i s  i s  ach ieved

us ing  a  s imp le  m ix ing  mode l .

Un l i ke  conven t i ona l  USWQMs,  t h i s  p rocedu re  does  no t

assume tha t  a l l  con tam inan ts  a re  conse rved  i n  t he i r

passage  th rough  the  d ra inage  sys tem.  The  fo l l ow ing

sec t i ons  de ta i l  t he  i n te rac t i ons  pe r t i nen t  t o  each
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deEerm inand  quo ted  w i th in  t he  des ign  requ i remen t ,  and

how the  t rans fo rma t i ons  f i t  i n  w i t h  t he  sed imen t

t ranspo r t  based  app roach  adop ted  w i th in  t h i s  mode l .

The  de f i n i t i on  o f  t h i s  sys tem mus t  be  compa t i b l e  w i t h

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

Hence ,  sed imen t  and  assoc ia ted  con tam inan t  l oads  w i l l

be  E ranspo r ted  as  a  wash - l oad ,  a  suspended  l oad  and  a

bed - l oad  fo l l ow ing  the  b road  ou t l i nes  o f  a  sewer  scou r

and  depos i t i on  mode l  desc r i bed  by  Sonnen  (L977 ) .  Type

A  sed imen ts ,  dependen t  upon  f l ow  cond i t i ons ,  p r imar i l y

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

suspended  l oad  o r  as  a  bed  l oad ;  Type  B  sed imen ts  w i l  I

no t  be  ava i l ab le  f o r  t r anspo r t ;  Type  C  sed imen ts

appea r  t o  be  h igh l y  mob i l e  and  thus  t ranspo r ted  as  a

fo rm o f  wash - l oad  e roded  and  depos i t ed  on l y  a t  ve ry

l o w  c r i t i c a l  s h e a r - s t r e s s e s ;  s i m i l a r l y  w i t h  T y p e  D

sed imen ts ,  a l t hough  the  shea r  s t ress  aE  wh ich

en t ra inmen t  occu rs  w i l l  be  d i f f e ren t  f r om tha t  o f  Type

C  s e d i m e n t s .

Once  en t ra ined  w i th in  t he  f l ow  these  sed imen t  t ypes

w i l l  unde rgo  a  d i f f e ren t  f a te .  The  behav iou r  o f  Types

C and  D  sed imen ts  w i l l  be  cons t ra ined  so  tha t  rd i t h i n

the  t ime-sca le  o f  a  runo f f  even t  t hese  sed imen ts  w i l l

no t  be  capab le  o f  se t t l i ng  ou t  o f  t he  f l ow ;  Type  A

sed imen t  w i l l  be  sub jec t  t o  depos i t i on  dependen t  upon

f l ow  cond i t i ons .  Pa r t i cu la te  l oads  a l ready  w i th in  t he

s to rm-wa te r  de r i ved  f rom su r face  runo f f  w i l l  be

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

w i th in  t he  sma l l  f r ac t i ons  cons t i t u t i ng  much  o f  t he

po l l u tan t  l oad  a re  cons ide red  to  be  ana lagous  w i th

Type  C  sed imen ts  and ,  t he re fo re ,  w i l l  be  s imu la ted  i n

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

ma jo r  sou rce  o f  i no rgan i c  sed imen ts ,  w i t h i n  t he  sewer

sys tem,  w i l l  be  sub jec t  t o  t he  same fa te  as  Type  A

s e d i m e n t s .
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A fu r the r  aspec t  t o  be  mode l l ed  w i th in  t h i s  sys tem l s

the  pe r fo rmance  o f  anc i l l a r i es  i n  re la t i on  t o  se lde r

qua l i t y .  I n  t he  case  o f  t ypes  C  and  D  sed imen ts ,

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

to  a l t e r  t he  cons t i t uen t  ma te r i a l  t r ansPor ted  w i th in

the  s to rm runo f f ;  howeve r ,  f o r  t ype  A  sed imen ts  i t  i s

c l e a r  t h a t  d e t e n t i o n  t a n k s  w i l l  a l l o w  t h e  s e t t l i n g

ou t  o f  suspended  maEer ia l l  t he  h igh l y  rnob i l e  cohes i ve

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

T h e s e  d e p o s i t s  w i l l  c o n s t i t u t e  t h e  T y p e  E  d e p o s i t s

quo ted  as  occu r r i ng  i n  t anks  (WRcr  1986 )

( a )  D i s s o l v e d  O x y g e n

F i g u r e  4 . 7  i . l l u s t r a t e s  t h e  s i m u l a t i o n  o f  d i s s o l v e d

oxygen  w i th in  a  p ipe  segmen t .  Su r face  waEer  w i t h  a  O0

level  formed by the cornbinat ion of  saturated oxygen

w i t h i n  r a i n - w a t e r  a n d  l o w  D O  l e v e l s  w i t h i n  g u l l y - p o t s '

i s  m ixed  w i th  bo th  f ou l -wa te r  f l ow  f rom the

subca tchmen t  and  ups t ream f l ow ;  t he  resu l t an t  DO leve l

input  in to a p ipe segrnent  is  g iven by:

C p = C s . Q s + C i . Q i + C f . Q !

Qp

where  Cp  =  DO leve l  w i t h i n  upsEream p ipe  f l ow t

C s  =  D O  l e v e l  w i t h i n  s u r f a c e  w a E e r  f l o w ,

C i  =  DO leve l  w i t h i n  ups t ream f l ow

Cf  =  DO leve l  w i t h i n  f ou l  wa te r  f l ow ,

Qp  =  d i scha rge  i n to  ups t ream end  o f  p i pe

- Q s + Q i + Q f

Qs = sur f  ace r { tater  d ischarge t

Q i  =  ups t ream d i scha rge ,

Q f  =  f ou l  wa te r  d i scha rge .

Wi th in  t he  p ipe  segmen t ,  DO leve l s  a re  a f f ec ted  by  t he

consumpt ion  o f  BOD/COD and  reae ra t i on  p rocesses .  The
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f o rmer  can  be  rep resen ted  by  a  f i r s t -o rde r  ra te

equa t i on :

d ( C p )  l d t  =  - k . B O D

The  p rob lem,  howeve r ,  w i t h  t he  use  o f  such  an  equa t i on

i s  E h e  s p e c i f i c a t i o n  o f  t h e  r a t e  c o e f f i c i e n t .  I t  i s

h i g h l y  l i k e l y  t h a t  t h i s  v a l u e  w i l l  b e  q u i r e  s m a l l

compared  to  t yp i ca l  va lues  quoEed  w i th in  na tu ra l

r i ve rs .  Howeve r ,  BOD va lues  a re  compara t i ve l y  l a rge

enab l i ng  s i gn i f i can t  dec reases  i n  t he  DO leve l  o f

se rde r  f l ow  to  occu r .  Coun te rac t i ng  t h i s  p rocess

w i th in  t he  sewer  i s  t he  e f f ec t  o f  r eae ra t i on  as  a

na tu ra l  pa r t  o f  t he  f l ow  p rocess  and  reae ra t i on

occu r r i ng  as  a  resu l t  o f  passage  ove r  we i r s  and

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

i s  t he  oxygen  l eve l  w i t h i n  t he  sewer  a tmosphe re .

Pa rkhu rs t  and  Pomeroy  (L972 )  p rov ide  da ta  sugges t i ng

that  oxygen levels wi th in th is  envi ronment  are noE

s ign i f i can t l y  d i f f e ren t  f r om those  i n  Ehe  ou te r

a tmosphe re .  They  a l so  p rov ide  an  equa t i on

rep resen t i ng  t he  reae ra t i on  p rocess  w i fh in  sewer  f l ow

( s e e  A p p e n d i x  A ) .

Reae ra t i on  ove r  we i r s  can  be  s imu la ted  us ing  equa t i ons

deve loped  by  Gameson  e t  a l  ( 1958 ) .  I l oweve r ,  i t  i s

deba teab le  whe the r  t hese  fo rmu lae  a re  app l i cab le  t o

the sewer envi ronment  g iven the markedly d i f ferent

hyd rodynamic  cond i t i ons  w i th in  a  sewer .

(b )  BoD/coD s imu la r i on

BOD/COD i s  hypo thes i sed  as  occu r r i ng  w i th in  t he

suspended  phase  assoc ia ted  r ^ r i t h  sma l  l  f  r ac t i on

ma te r i a l  f r om ca tchmen t  su r faces  and  Type  C  sed imen ts ,

a l t hough  a  sma l l  f r ac t i on  w i l l  occu r  w i t h i n  t he

d i sso l ved  phase  and  w i l l  t hus  be  s imu la ted  as  a

w a s h l o a d  s i n i l a r  t o  D O  ( F i g  4 . 8 ) .  B O D  c o n c e n t r a t i o n
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4 .4 l' lode I

I n i t  i a  I  i s a t i o n

wi th in  the  in f low d ischarge to  a  p ipe  segment  i s

ob ta ined us ing  a  mix ing  mode l .  BOD leve ls  decrease as

a result  of  BOD consumption of both suspended and

d isso lved BOD,  and by  sed imenta t ion  o f  par t i cu la te

mat te r l  inc reases  occur  by  the  en t ra inment  o f  the

la t t .e r  dur ing  passage th rough the  p ipe  segment .

(  c )  t t t t  4-N simulat ion .

NH4-N is  t . rea ted  as  a  non-conserva t ive  po l lu tan t

( F i g u r e  4 . 9 )  a s s o c i a t e d  w i t h  d i s s o l v e d  s o l i d s .  A s  a

consequence i t  w i l l  be  s inu la ted  fo r  each p ipe  segment

by the use of a siople mixing model approach plus

s inp le  f i rs t -o rder  degradat ion  dur ing  passage th rough

a  p i p e .

( d )  H r !  s i m u l a t i o n

H S aga in  i s  s inu la ted  as  a  non-conserva t ive  po l lu tan t

(F ig  4 .10)1  and invo lves  the  use  o f  a  s imp le  mix ing

oode l  and f i rs t -o rder  degradat ion .  The en t ra inment  o f

these contaminants  w i l l  be  assoc ia ted  w i th  the

entrainment of sediment type D. I lowever,  the

simulat ion of the amount of H2S contained within these

sed iments  i s  a t  p resent  d i f f i cu l t  to  de f ine .  Cur ren t

equat ions  fo r  the  genera t ion  o f  H23 w i th in  sewers  are

la rge ly  empi r i ca l  and re fe r r  anyway,  to  a tmospher ic  H

S (hence,  these equat ions  cou ld  be  used w i th in  th is

mode l  to  p red ic t  the  occur rence o f  cond i t ions  su i tab le

t o  s e w e r  c o r r o s i o n ) .

The prescr ip t ion  o f  in i t ia l  cond i t ions  fo r  a  mode l  run

when using the WASSP model is achieved using sirnple

input var iables such as the Urban Catchment Wetness

Index (UcwI) and a dry weaEher f low value'  In the use

of  the  mode l  ou t l ined  above,  i t  w i l l  be  par t i cu la r ly
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d i f f i c u l t ,  i f  n o t  i m p o s s i b l e ,  t o  d e f i n e  a n  a n a l o g o u s

index  to  desc r i be  t he  p r i o r  ca t chmen t  cond i t i ons  f o r

po l l u t i on  gene ra t i on .  Hence ,  as  s taEed  w i th in  Chap te r

3 ,  t he  mode l  w i l l  r un  con t i nuous l y  ove r  a  p rede f i ned

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

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

I l oweve r ,  t he  p rob lem rema ins  o f  de f i n i ng  the  i n i t i a l

cond i t i ons  p r i o r  t o  t he  con t i nuous  s imu la t i on  run .

On  Ehe  ca tchmen t  su r face ,  i t  i s  assumed  ( sec t i on  4 .2 )

tha t  sed imen t  supp l y  i s  un impor tan t  i n  de f i n i ng  runo f f

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

p roved  fo r  ca t chmen ts  w i t h i n  t he  U .K . .  Howeve r ,

w i t h i n  gu l l y -po ts  t he  s to red  l i quo r  w i l l  deg rade  ove r

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

t o  t ha t  w i t h i n  su r face  runo f f .  The re  i s  an  obv ious

p rob lem in  de f i n i ng  the  l eve l  o f  accumu la ted

po l l u tan ts  p r i o r  t o  a  mode l  run .  Fo r  t h i s  reason  a

s ing le  mode l  run  shou ld  i nco rpo ra te  a t  l eas t  one

even t ,  i nconsequen t i a l  i n  t e rms  o f  i t s  e f f ec t  upon  the

rece i v i ng  h ra te r ,  p r i o r  t o  t he  even t  o r  se t  o f  even ts

o f  u ra jo r  i n te res t .  Th i s  w i l l  enab le  t he  su r face

s u b - s y s t e m  t o  b e  i n i t i a l i s e d .

Two  aspec ts  o f  t he  be low-su r face  sub -sys tem requ i re

i n i t i a l i s a t i o n .  F i r s t l y ,  t h e  f o u l - w a t e r  f l o w ;  t h i s  i s

accomp l i shed  u t i l i s i ng  t he  mode l  desc r i bed  i n  ou l i ne

i n  s e c t i o n  4 . 3 .  S e c o n d l y ,  d e f i n i n g  t h e  d e p t h s  o f

sed imen t  and  assoc ia ted  po l l u t i on  accumu la t i ons  w i th in

p i p e  s e c t i o n s ,  a n c i l l a r i e s  a n d  v a r i o u s  r d e a d - z o n e s r

( s i t es  o f  p re fe ren t i a l  depos i t i on  w i t h in  t he  sewer

sys tem) .  L iu r i t ed  resea rch  sugges ts  t ha t  o f  t he

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

w i t h i n  s e c t i o n  4 . 3 )  t  t y p e s  C  a n d  D  a r e  r e l a t i v e l y

impermanent  and accumulate between events f rom an

i n i t i a l l y  l o w  1 e v e l .  T h i s  w o u l d  s u g g e s t  t h a t

i n i t i a l i sa t i on  o f  t hese  sed imen t  t ypes  can  be  ach ieved

by  the  use  o f  t he  ' p r i o r  m ino r -even ! r  me thodo logy
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i n t roduced  above .  Howeve r ,  i n  t he  case  o f  sed imen t

t ypes  A ,  B  and  E  accumu la t i on  w i l l  r e f l ec t  t he  p r i o r

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

Type  B  depos i t s  w i l l  be  assumed  to  be  pe rmanen t  du r i ng

any  pa r t i cu la r  mode l  run .  Dep ths  o f  t hese  sed imenEs

can  be  based  upon  a  measu remen t  exe rc i se .  Th i s  cou ld

i n v o l v e ,  f o r  e x a m p l e ,  t h e  c l a s s i f i c a t i o n  o f

p i p e - l e n g t h s  u p o n  t h e  b a s i s  o f  s h e a r - s t r e s s / s h e a r

ve loc i t y  us ing  a  hTASSP mode l  I  se lec t i on  o f  a  number  o f

a c c e s s i b l e  p i p e - l e n g t h s  w i t h i n  e a c h  c l a s s i f i c a t i o n

ca tego ry l  and  the  v i sua l  i den t i f i ca t i on  o f  sed imen ts

w i th in  manho les  and  nea r  manho le  p ipe - l eng ths .

The  i n i t i a l i sa t i on  o f  Type  A  depos i t s  i s  howeve r  more

p rob lema t i c .  These  sed imen ts  a re  capab le  o f  mo t i on

bu t  w i l l  accumu la te  ove r  a  t ime -pe r i od  encompass ing  a

number of  runof f  events.  I lence,  the depth of  Type A

depos i t s  du r i ng  a  pa r t i cu la r  mon i to r i ng  exe rc i se  w i l l

r e f l e c t  t h e  h i s t o r y  o f  e v e n t s  p r i o r  t o  t h i s  p e r i o d ,

wh i ch  w i l l  no t  be  gene ra l l y  i nd i ca t i ve  o f  dep ths  p r i o r

t o  Ehe  even ts  o f  i n te res t  i n  s imu la t i on  un less  i t  i s

assumed  tha t  t he  dep th  o f  t hese  sed imenEs  osc i l l a tes

a round  some mean  va lue .  Neve r the less ,  occas iona l

mon i to r i ng  o f  t hese  sed imen ts  du r i ng  t he  f l ow  su rvey

s tage  o f  a  rehab i l i t a i on  scheme w i l l  a i d  i n  t he

ve r i f i ca t i on  o f  t he  mode l  f o r  a  pa r t i cu la r

app l i ca t i on .  Two  a l t e rna t i ve  hypo theses  may  be  pu t

fo rward  fo r  i n i t i a l i s i ng  t hese  sed imen t  t ypes  w i th in  a

mode l  run .

F i r s t ,  i t  i s  assumed  tha t  sewer  sed imen ts  bu i l dup  to

an  equ i l i b r i u rn  l eve l ;  t h i s  l eve l  i s  obv ious l y

dependen t  upon  the  hyd rau l i c  cha rac te r i s t i cs  o f  t he

p ipe .  S imp le  su rveys  as  desc r i bed  above  w i l l  a l so  a id

i n  t h e  d e f i n i t i o n  o f  t h i s  l e v e 1 .  I n i t i a l i s a t i o n  t h e n

s imp ly  cons i s t s  o f  s ta r t i ng  t he  s imu la t i on  run  w i th

t h e s e  v a l u e s  a s s o c i a t e d  w i t h  p a r t i c u l a r  p i p e - c l a s s e s '
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4 .5 ModeI

s i m p l i f i c a t i o n

Second ,  w i t h i n  a  t ime -se r i es  o f  r a i n fa l l  even ts  i npu t

i n to  t he  mode l  t he re  w i l l  be  a  sma l l  number  o f  l a rge r

even ts  wh i ch  remove  v i r t ua l l y  a l l  mob i l e  sed imen ts .

Th i s  may  be  desc r i bed  as  t he  n -yea r  even t .  I f  i t  i s

assumed  tha t  such  an  even t  occu rs  be fo re  a  s imu la t i on

run ,  t hen  the  sys tem can  be  assumed  to  be  be re f t  o f

sed imen t  t ypes  A ,  C  and  D .  The  con t i nuous  s imu la t i on

run  wou ld  t hen  ope ra te  ove r  a  pe r i od  o f  n - yea rs  ex ten t

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

behav iou r .

Accumu la t i on  w i th in  t anks  (Type  E  sed imen ts )  and

d e a d - z o n e s  w i l l  a g a i n  r e f l e c t  t h e  p r i o r  s e q u e n c e  o f

e v e n t s .  I n  t h e s e  c i r c u m s t a n c e s  i t  i s  l e s s  e a s y  t o

v i s u a l i s e  t h e  o c c u r r e n c e  o f  a  c r i t i c a l  f l u s h i n g  e v e n t .

I t  may  be  more  app rop r i a te ,  t he re fo re ,  t o  cons ide r

tha t  t hese  sed imen ts  bu i l d -up  ove r  a  pe r i od  t o  an

equ i l i b r i um leve1 .  Th i s  1eve l  cou ld  be  de te rm ined  by

using the maximum level  observed over  the per iod of  a

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

reg ions  w ich in  t he  sewer  sys tem.

Howeve r ,  t hese  a re  on l y  hypo theses  a t  p resen t  and

requ i re  t es t i ng  du r i ng  the  cou rse  o f  mode l  deve lopmen t

and  as  pa r t  o f  t he  resea rch  p ro jec t s  unde r  t he  aeg i s

of  the River  Basin Management programme (Cl i f forde et

a 1 .  ,  1 9 S 6 )

In  o rde r  t o  gene ra te  a  l ong  t ime-se r i es  o f  po l l u tan t

d i scha rges  f rom an  u rban  d ra inage  sys temr  t he  mode l

w i l l  be  capab le  o f  s imu la t i on  us ing  a  s i np l i f i ed

geomet r i c  rep resen ta t i on  o f  t he  sys tem.  Fo r  t h i s

pu rpose  a  comp lemen ta ry  hyd ro log i ca l  mode l  i s  be ing

deve loped  (an  upda ted  ve rs ion  o f  r he  'Sewered

Sub-Area '  mode l  cu r ren t l y  w i t h i n  WASSP)  to  s imu la te

f l ow  d i scha rge  f rom such  a reas ;  po l l u tan t  d i scha rge  i s
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4 . 6  R e p r e s e n t a t i o n  o f

mode l  p red ic t ion

uncer ta in ty

s imu la ted  s iu r i l a r l y  i n  each  case  whe the r  t he  sysLem i s

s i m p l i f i e d  o r  n o t .

Howeve r ,  i n  t he  use  o f  a  s imp l i f i ed  sys tem assoc ia ted

w i th  a  l ong  con t i nuous  t ime-se r i es  run ,  spa t i a l  s teps

and  t ime-s teps  w i l t  be  gene ra l l y  l a rge r  t han  those

r e q u i r e d  t o  e n s u r e  s t a b i l i t y  o f  E h e  e x p l i c i t  f i n i t e

d i f f e rence  techn iques  used  fo r  so lu t i on  o f  t he

po l l u tan t  t r anspo r t  equa t i ons .  Two  a l t e rna t i ve

so lu t i on  t echn iques  a re  ava i l ab le  f o r  ove rcoming  th i s

p r o b l e m .  F i r s t l y ,  i n s t e a d  o f  u s i n g  a n  E u l e r i o n

app roach  i n  so lu t i on ,  a  Lag rang ian  app roach  can  be

emp loyed  ( known  as  a  ' p l ug - f l ow t  app roach  w i th in

chemica l  eng inee r i ng )  as  i s  used  i n  such  mode ls  as

QQS;  o r ,  second l y ,  t he  advec t i on -d i f f us ion  wave

equa t i on  can  be  i n teg ra ted  i f  i t  i s  assumed  ove r  t he

du ra t i on  o f  che  so lu t i ona l  t ime -s tep  tha t  ce r ta in

c o e f f i c i e n t s  r e m a i n  c o n s t a n t  ( M e d i n a  e t  a 1 . ,  1 9 8 1 ) .

0 f  t he  two  app roaches ,  t he  l a t t e r  wou ld  appea r  t he

mos t  use fu l  as  i t  i s  s im i l a r  i n  concep t  t o  t he

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

accu racy  o f  t h i s  scheme w i l l  need  to  be  assessed .

Ye t  i t  mus t  be  no ted  tha t  ne i t he r  o f  t hese  app roaches

a re  as  accu ra te  as  t he  f i n i t e -d i f f e rence  so lu t i on .

wh i ch  i t se l f  i s  no t  a  pe r fec t  so lu t i on  o f  t he

p o l l u t a n t  t r a n s p o r t  p r o c e s s e s .  C o n s e q u e n t l y ,  i t  i s

use fu l  t o  cons ide r  t he  po ten t i a l  mode l  e r ro rs  t ha t  may

a r i se  i n  o rde r  t o  p rov ide  a  con f i dence  l eve l  t o  ou tpu t

p r e d i c t i o n s .

Unce r ta in t y  assoc ia ted  w i th  an  ou tpu t  p red i c t i on  i s  a

gene ra l  p rob lem assoc ia ted  w i th  t he  use  o f  a l l  f o rms

o f  s imu la t i on  mode l .  These  unce r ta in t i es  may  a r i se

f rom a  number  o f  causes  gene ra l l y  c l ass i f i ed  i n to
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4 . 7 Input  data

a s s o c i a t e d  w i t h

mode l  use

mode l  unce r ta in t i es  and  i npu t -da ta  unce rEa in t i es

(Bu rges  and  Le t tanma ie r ,  L975 ) .  Me thods  o f

rep resen t i ng  unce r t i an t y  w i t h i n  s imu la t i on  mode ls  have

been  deve loped  based  on  the  recas t i ng  o f  de te rm in i s t i c

d i f f e ren t i a l  equa t i ons  i n to  t he i r  s tochas t i c

coun te rpa r t s .  The  so lu t i on  o f  t hese  equa t i ons  i nvo l ve

the  use  o f  Mon te -Car lo  Ana l ys i s  o r  d i rec t  so lu t i on  by

numer i ca l  p rocedu res .  Bo th  o f  t hese  techn iques  have

d i sadvan tages  fo r  use  w i th  t h i s  pa r t i cu la r  mode l l i ng

exe rc i se :  whe reas  the  fo rmer  app roach  i s  t oo

uneconomic in  terms of  computat ional  expense for

rou t i ne  ope ra t i on ,  t he  l a t t e r ,  so lu t i on  o f  s tochas t i c

d i f f e ren t i a l  equa t i ons  by  numer i ca l  t echn iques ,

appea rs  i n t rac tab le  f o r  t he  comp lex  sys tem

rep resen t i ng  t he  behav iou r  o f  u rban  d ra inage  sys tems .

An  a l t e rna t i ve  t echn ique ,  t he re fo re ,  i s  t he  use  o f

F i r s t  O rde r  E r ro r  Ana l ys i s .  A l t hough  th i s  app roach  i s

re la t i ve l y  s t s ra igh t fo rwa rd  to  imp lemen t  and  use  i t

does suf fere f rom a number of  qui te ser ious drawbacks

( G a r d n e r  a n d  O r N e i l l ,  1 9 8 3 ) .  N e v e r t h e l e s s ,  t h e

p rocedu re  w i l l  be  used  w i th in  t he  mode l  t o  a l l ow  the

use r  t o  a l l oca te  con f i dence  l im i t s  t o  p red i c t i ons  made

by  the  mode l .

I npu t  da ta  assoc ia ted  w i th  mode l  use  can  be  d i v i ded

in to  two  ma jo r  t ypes :  f i r s t ,  t ime -va ry ing  i npu t  da ta ,

such  as  d ry -wea the r  f l ow  quan t i t y  and  qua l i t y ;

second l y ,  i npu t  pa rame te rs  assoc ia ted  w i th  spec i f i c

subca tchmen ts ,  su r faces ,  p ipe  e lemen ts  o r  sev te r

anc i l l a r i es ,  wh i ch  con t ro l  t he  behav iou r  o f  pa r t i cu la r

sub -mode ls  w i t h i n  t he  ove ra l l  mode l .  Th i s  l a t t e r  t ype

o f  d a t a  w i l 1 ,  i n  g e n e r a l ,  b e  t i m e - i n v a r i a n t .
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(a )  T ine -va ry ing  i npu t  da ta

As  i nd i ca ted  above  the  na jo r  f o rm  o f  t ime -va ry ing

inpu t  da ta ,  o the r  t han  those  a l ready  used  by  WASSP,

w i th in  t he  mode l  w i l l  be  t he  va r i a t i on  o f  d r y -wea the r

f l ow  qua l i t y .  The  s t ruc tu re  o f  t he  i npu t  da ta  reco rds

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

m o d e l s  a s  W A S S P  a n d  S P I D A .  I t  w i l l  a l s o  b e  p o s s i b l e ,

s im i l a r  t o  WASSP,  t o  u t i l i se  i npu t  hyd rog raphs  and

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

excep t i ona l l y  l a rge  and  comp lex  d ra inage  sys tems ,

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

rda te r  qua l  i t y  s imu la t i on .

This input  data may be used in tvro r i rays wi th in the

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

i npu t  o f  d r y -wea the r  f l ow  o r  a l t e rna t i ve l y  i t  can  be

used  to  ca l i b ra te  a  mode l  o f  d r y  wea the r  f l ow

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

u t i l i s e  r e n d - o f ' p i p " '  f o u l - w a t e r  f l o w  v a l u e s  t o g e t h e r

w i th  t he  d i s r r i bu t i on  o f  l and -uses  w i th in  t he

ca tchmen t  i n  o rde r  t o  de r i ve  i npu ts  o f  d r y -wea the r

f l ow  a t  spec i f i c  node -po in t s  w i t h i n  t he  d ra inage

s y s t e m . .

F ina l l y  w i t h  rega rd  t o  ra in fa l l  da ta ,  i t  mus t  be

re -emphas i sed  tha t  des ign  s to rms  w i l l  no t  be  used  w i th

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

ou t l i ne  o f  t he  se r i es  de f i ned  by  t {Rc  w i l l  be  t he

p r i na ry  sou rce  o f  i npu t  ra in fa l l  da ta  f o r  p red i c t i on

pu rposes ;  f o r  ve r f i cac ion  o f  mode l  behav iou r  on

ind i v i dua l  ca t chmen ts  obse rved  hye tog raphs  w i l l  be

requ i red ,  as  i s  t he  case  w i th  t he  use  o f  WASSP.

(b )  T ime- inva r i an t  i npu t  da ta .

Spec i f i c  i npu t  pa rame te rs  w i l l  be  assoc ia ted  w i th  each

o f  t he  p rog ram modu les  desc r i bed  i n  sec t i ons  4 .2  and
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4 . 3 .  A l t h o u g h  a  f u l 1  d e s c r i p t i o n  o f  t h e  p a r a m e t e r s

necessa ry  as  i npu t  f o r  u t i l i s i ng  t he  mode l  i s  no t  ye t

p o s s i b l e ,  i t  i s  p o s s i b l e  t o  l i s t  c e r t a i n  v a l u e s

fo l l ow ing  the  fo rma t  o f  t he  modu les  de f i ned  above .

( i )  S u r f a c e  m o d u l e

The  ma jo r  se t  o f  i npu t  pa rame te rs  f o r  use  w i th in  t he

su r face  modu le  cons i s t  o f  t he  po tency  fac to rs  f o r

d i f f e r e n t  s e d i m e n t  f r a c t i o n s .  D e f a u l t  v a l u e s  w i l l  b e

supp l i ed  w i th in  n the  p rog ram,  bu t  h te  use r  w i l l  have

the  op t i on  t o  ove r r i de  t hese  va lues  i n  o rde r  t o  a id

v e r i f i c a t i o n  o f  a  p a r t i c u l a r  a p p l i c a t i o n  m o d e l .  O t h e r

input  parameters,  def in ing the behaviour  of  the

su r face  modu le  may  become necessa ry  t o  de f i ne  t he

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

ava i l ab le  f o r  r emova l  by  su r face  runo f f .

( i i )  S e l o w - s u r f a c e  m o d u l e

Paramete r  i npu ts  f o r  t h i s  modu le  may  be  d i v i ded  i n to

those  used  w i th in  t he  f ou l - f l ow  s imu la t i on  mode l  and

those  used  w i th in  t he  i n - sewer  f l ow  mode l .

I n  t he  use  o f  t he  f ou l - f l ow  mode l  i npu t  pa rame te rs

w i l l  be  requ i red  to  desc r i be  ca tchmen t  popu la t i on  and

land -use ,  and  po tency  fac to rs  assoc ia ted  w i th

fou l - f l ow  sed imen ts .  These  l a t t e r  va lues  and  the

va r i a t i ons  i n  d ry -wea the r  f l ow  va lues  w i l l  gene ra l l y t

however,  be obta ined by the use of  input  dry-weather

f l o w  d a t a .

I n  t he  use  o f  t he  i n - sewer  f l ow  mode l  pa rame te rs  w i l l

be requi red to descr ibe the amount  of  sediments

p resen t  w i t h i n  t he  sewer  be fo re  a  s imu la t i on  run ,  as

d e s c r i b e d  i n  s e c t i o o  4 . 4 .  O t h e r  i n p u t  p a r a m e t e r s  w i l l

be  t he  po tency  fac to rs  f o r  t hese  sed imen ts ,

40



t he  deg rada t i on  ra tes  o f  ce r ta in  po l l u tan ts  w i t h j - n  a

sewe . r ,  and  ce r ta in  pa rame te rs  assoc ia ted  w i th  t he  use

o f  sed imen t  t r anspo r t  equa t i ons .

4 . 8  C o n c l u s i o n

Much of  what  has been stated above is  no more than

con jec tu ra l .  Many  o f  t he  p rocess  e lemen ts  desc r i bed

above  and  s ta ted  w i th in  Append i x  A  w i l l  i nev i t ab l y  be

sub jec t  t o  cons ide rab le  change  and  redeve lopmen t

du r i ng  the  cou rse  o f  mode l  deve lopmen t :  t h i s ,  howeve r ,

i s  a s  i t  s h o u l d  b e !

The next  chapter  deta i ls  some of  the data requi rements

necessa ry  i n  t he  f o rmu la t i on  o f  t h i s  mode l  and  the

schedu le  o f  mode l  p roduc t i on .

5 PROGRAU

DEVELOP}iENT

SCUEDIILE

In i t i a l  p rog ram deve lopmen t  w i l l  cons i s t  o f  t he

cons t ruc t i on  o f  a  suspended  so l i ds  mode l  f o r

s e p a r a t e l y - s e w e r e d  s u r f a c e  w a t e r  s y s t e m s  ( F i g u r e  5 . 1 ) .

Th i s  i s  l og i ca l ,  as  da ta  a re  ava i l ab le  f r om a  va r i e t y

o f  ca t chmen t  s i t es  w i t h i n  Ehe  l JK  to  va l i da te  t h i s

mode l  sepa ra te l y  f r on  va l i da t i on  o f  t he  comb ined  sewer

m o d e l .  H e n c e ,  i t  i s  n e c e s s a r y  a s  a  f i r s t  s t e P  t o

ob ta in  as  much  o f  t he  da ta  ava i l ab le  w i t h i n  t he  UK  fo r

the separate ly  sewered catchments in  order  to develop

a  sa t i s fac to ry  mode l .  Pa r t i cu la r  e lemen ts  o f  t he

su r face  sys tem mode l  t ha t  w i l l  need  cons ide ra t i on

a r e :

( i )  C a l i b r a t i o n  o f  r p o t e n c y  f a c t o r s l

assoc ia ted  \d i t h  each  sed imenE f rac t i on ;

( i i )  R e s o l u t i o n  o f  t h e  a v a i l a b i l i t y

l i n i t ed / runo f f  l i o i t ed  ques t i on  w i th

respec t  t o  su r face  runo f f  l oad ings ;
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( i i i )  Examina t i on  o f  f ac to rs  such  as  l and -use  i n

a f f e c t i n g  r u n o f f  l o a d i n g s ;

( i v )  C a l i b r a t i o n  o f  d r y - w e a t h e r  g u l l y - p o t

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

den i t r i f i ca t i on  and  o rgan i c  ma t te r

d e g r a d a t i o n  r a t e s .

I t  i s  r ecommended ,  t he re fo re ,  t ha t  as  pa r t  o f  t he

gene ra l  da ta  co l l ec t i on  p rog ramme,  WRc  coo rd ina te  t he

co l l ec t i on  o f  an  enhanced  su r face  wa te r  qua l i t y

da ta -base .  Th i s  shou ld  i nco rpo ra te  no t  on l y  a  va r i e t y

o f  u rban  subca tchmen ts  bu t  a l so  a  va r i e t y  o f  d i f f e ren t

su r face  t ypes ,  i n  o rde r  t o  cha rac te r i se  a  range  o f

va lues  fo r  t he  pa rameEers  i n  t he  P r i ce  and  Mance

(  1 9 7 8 )  m o d e l .

The development  of  the complete model  -  the combined

se \ i r e r  mode l  -  o f f e r s  many  more  p rob lems ,  espec ia l l y

w i th  rega rd  t o  t he  ava i l ab i l i t y  o f  da ta .  The  cu r ren t

WRc  da ta -base ,  p lus  s im i l a r  da ta  de r i ved  f rom o the r

s i t es ,  a l l ows  the  deve loped  mode l  t o  be  ve r i f i ed  on l y

i n  t e rms  o f  an  r i npu t -ou tpu t r  ve r i f i ca t i on .  Many

unce r ta in t i es  ex i s t  as  t o  t he  na tu re  o f  t he  p rocesses ,

the type and behaviour  of  the sediments wi th in the

se\ . rer ,  the contaminant  in teract ions that  may or  may

no t  t ake  p lace  w i th in  a  se \ . r e r ,  eE  ce te ra .  Cu r ren t

resea rch  i n  t hese  a reas  w i l l  no t  be  p roduc ing

mean ing fu l  r esu l t s  un t i l  nea r  t he  end  o f  mode l

deve lopmen t ,  t hus  sugges t i ng  t ha t  i t  i s  l og i ca l  t o

delay development  of  the combined sewer model  at  least

un t i l  t he  su r face  sys tem mode l  has  been  ve r i f i ed .

Pa r t i cu la r  da ta -needs  wou ld  appea r  t o  be : -

( i )  Ex tens ion  o f  t he  t r IRc  da ta -base  to  i nc lude

f l a t t e r  o r  poss ib l y  l a rge r  ca t chmen ts  t han

a re  cu r ren t l y  be ing  mon i to red l

4 2



( i i )  Bas i c  resea rch  on  the  gene ra t i on  o f

hyd rogen  su lph ide  w i th in  sewage  s l imes

( a l s o ,  o n  t h e  g r o w t h  o f  t h e s e  s l i m e s ) ;

( i i i )  Cha rac te r i sa t i on  o f  sed imen ts  i n  se l ^ re rs  '

not  only  in  terms of  thei r  behaviour  in

l abo raEor !  cond i t i ons ,  bu t  a l so  i n  t e rms

o f  E h e i r  f i e l d - b a s e d  b e h a v i o u r .  A n  r i d e a l

i nves t i ga t i on '  wou ld  cons i sE  o f  t he

mon i to r i ng  o f  sed imen t  w i t h i n  sewers  a t

rep resen ta t i ve  s iEes  w i th in  a  ca t chmen t

a l so  mon i to red  fo r  sewer  qua l i t y  ou t . f l ow .

( i v )  Measu remen t  o f  t he  d i sso l ved  oxygen  w i th in

s e w e r  o u E f l o w .

A l t hough ,  i t  i s  app rec ia ted  tha t  some  o f  t hese  da ta

a re  eas ie r  Eo  ob ta in  t han  o the rs ,  w i t h  some  be ing  no

m o r e  t h a n  ' p i p e - d r e a m s r ,  i t  m u s t  a l s o  b e  r e c o g n i s e d

tha t  expend i t u re  a t  t h i s  s tage  mus t  reap  d i v i dends  i n

Ehe  app l i ca t i on  o f  t he  p lanned  mode l l i ng  p rocedu re .
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Fig 5.1 Overview of devetopment strategy



APPENDIX A





Modu le :  CATCON

Purpo se

To s imulate the t ime-vary ing behaviour  of  contaminant

d i scha rges  f rom u rban  ca tchmenE su r faces  and

gu l l y -po ts ,  and  to  s imu la te  t he  con t i nuous  d ry -wea the r

p rocesses  pe r t i nen t  t o  con tam inan t  gene ra t i on  w i th in

s u c h  a  s y s t e m .

Method

Con tam inanEs  a re  spec i f i ed  e i t he r  as  i npu t ,  o r

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

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

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

hand led  by  i npu t -ou tpu t  rou t i nes  and  SEDCON.  The

d i sso l ved  oxygen  concen t ra t i on  w i t h in  su r face  wa te r  i s

ob ta ined  by  use  o f  OXYSAT;  d i sso l ved  oxygen  w i th in

gu l l y -po ts  a re  ob ta ined  by  use  o f  GULCONl  m ix tu re  o f

gu l l y -po t  l i quo r  and  runo f f  concen t ra t i ons  Eo  ob ta in

su r face  sys tem ou t f l ow  i s  obca ined  by  use  o f  M IXCON.

Flows generated by the use of  INFLOW wi th in the

WASSP-SIM module are used rogether  wi th WSHSED and

TAUCAL to der ive the amount  of  sediment ,  and,  thence,

the amount  of  contaminants washed of f  a  cat .chment

su r face .  ERRCON i s  t hen  app l i ed  t o  each  con tam inan t

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

s imu la t i on .  ADVECT can  then  be  used  to  s imu la te  t he

rou t i ng  o f  con tam inan ts .  The  above  co l l ec t i on  o f

subrout ines when added to WASSP-SIM form a

su r face -wa te r  sys tem con tam inan t  mode l .



Subrout ine: WSHSED

Purpose

Removal  of  so l id  mater ia l  f rom catchment  sur faces.

l"lethod

Sedinent  removal  f ron d l f ferent  sur faee types wi th in a

subcatchment  is  s imulated by use of  the Pr ice and

Mance (1978) sediment  t ransport  nodel .  The rate of

change of  suspended sediment  wi th in over land runof f ,

du/dt ,  is  g lven by

M q t

kq r+h

dn

dr

where

1
e

1a
dn/dt

q t

h

K

a i r  a " r  a "  r B

1

T

"d
ae'

#= r r . t t *  
" .1 " (T  

- t  )  -  au lu ( t -cu ) -

= ra in fa l l  in tens l ty  (mn/hr ) ,

=  f low shear  s t ress ,

=  c r i t iea l  shear  s t ress  fo r  e ros lon  and

depos i t ion ,
f

= 0  when r  < ,1  =  I  when,  T  )  t' c r  c r
=  0  w h e n  t  2  t - _ -  =  1  w h e n , ' u  (  t

c r - c r
= input of part lculate sol ids by raln,

sur face  runof f ,

depress lon  s to rage depth ,

storage constant of l inear reservolr ,

cons tan ts .

This equat ion is  f i rs t  so lved in ln tegra l  form to

obta in the mass M; th is  is  then used to evaluate the

discharge of  sediment  mass.  This equat ion ls  appl led

to e i ther  a conceptual  s t r ip  represent ing the lunped

behaviour  of  a l l  sur faces wl th in the subcaLchment '  or

indiv idual ly  to  d i f ferent  sur face types wi th in the

subcatchnent .  In  the la t ter  case'  sur faces are

represented as conceptual  s t r ips;  in  the case of  road

surfaces,  th is  s t r ip  has the d lmensLons of  gut ter

length and a f ract , ion of  the road width Eo ref lect  Ehe

unequal  d is t r ibut ion of  sedimenL accumulat ion upon

road  su r faces .



Subrout ine :  MIXSED

Purpose

To  ca l cu la te  resu l t an t  sed imenc  concen t ra t i on  upon

mix ing  o f  two  o r  more  i npu t  f l ows .

Method

Uses s imp le  mix ing  mode l  approach,  tha t  i s ,

where

n
t  cs .  o .
r ' = 1  J r K  

- K

t *
r-=1

sed imen t  concen t ra t i on  w i t h in  ou t f l ow

f r o m  m i x i n g  e l e m e n t ,

sed imen t  concen t ra t i on  w i t h in  i n f l uen t

f l o w  k ,

d i s c h a r g e  o f  f l o w  k ,

f r a c E i o n  s i z e  c l a s s .

Th i s  mode l  i s  app l i ed  wheneve r  f l ows  o f  d i f f e ren t

concen t ra t i ons  become m ixed .  The  m ix ing  i s  assumed  to

occu r  i ns tan taneous l y  and  occu rs  w i t h i n  a  hypo the t i ca l

' m i x i n g  s e g m e n t r .

cs.  =
J

C S .  =
J

cs.
l r k

Qk

t-



Subrou t i ne :  SEDCON

Purpose

Assoc ia tes  con tam inan ts  w i t h  a  pa r t i cu la r  sed imen t

s i z e  c l a s s .

Method

The  pa r t i c l e  s i ze  d i s t r i bu t i on  upon  ca tchmen t  su r faces

i s  d i v i d e d  i n  t o  n  f r a c t i o n s .  W i t h i n  e a c h  f r a c t i o n ,

con tam inan ts  a re  assoc ia ted  by  t he  use  o f  r po tency

f a c t o r s r .  F o r  e x a m p l e ,  f o r  c o n t a m i n a n t  j  w i t h i n

sed imen t  s i ze  c l ass  i ,  t he  re la t i onsh ip  be tween

con tam inan t  mass ,  MC ,  and  sed imen t  mass ,  M ,  i s  g i ven

by

M C .  =  f t .  M S .
r r J  l r J  l

whe re  k -  .  =  po tency  fac to r  f o r  con tam inan t  j  and
I ; J

f r a c t i o n  i .

The  to ta l  sed imen t  mass  upon  each  ca tchmen t  su r face  i s

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

d i s E r i b u t i o n  i s  d i v i d e d  i n t o  f o u r  m a j o r  c l a s s e s

synonymous  w i th  so l i ds  t r anspo r ted  i n  t he  f o l l ow ing

p h a s e s :

1 .  D i s s o l v e d / s o l u b l e  p h a s e  ( l e s s  t h a n  4 3  m i c r o n s )  I

2 .  Cohes i ve  suspended  phase l

3 .  Non -cohes i ve  suspended  phase l

4 .  N o n - c o h e s i v e  b e d - l o a d .

To ta l  con tam inan t  l oad  i s  t hen  g i ven  by

M C . =  X  M C .  =  |  k .  M S .
J  i = l  

l r J  
i = l  

r r J  1



Subrout ine: OXYSAT

Purpose

To  s imu la te  t he  DO sa tu raE ion  l eve l  con ta ined  w i th in

su r face  runo f f  wa te r  ac  a  ce r ta in  t empera tu re .

Method

l n

D0 sa tura t ion  leve ls  vary

pressure ,  tempera ture  and

pressure ,  however ,  i s  very

leve ls  a re  g iven by

w h e r e  C ,
c l o r s

T

chl

Cdo , ,  =  -139  .3441 I  +  (  t .  57  570L
-  (6 .642308 x lo  7 11 21 +

- (8 .62L949  x  10  i  i 71  a ;

- ch l [  ( 3 .1929  x  r0 -  2 )

+ (3 .8673  x  10  3 /T  2 )  l

as a  func t ion  o f  a t rnospher ic

c h l o r i n i t y .  S e n s i t i v i t y  r o

smal l  thus  DO sa tura t ion

x  l 0  s /T )

( t . 2438  x  l 0 l o / r  s )

( r . 9428  x  l 0 / r )

sa tu ra t i on  l eve l  o f  DO,

tempera tu re ,  ke l v i n ,

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

Ch lo r i n i t y  i s  de f i ned  i n  re rms  o f  sa l i n i t y  wh i ch  can

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

I t  i s  we l l  known  tha t  a  re la t i onsh ip  ex i s t s  be tween

t h i s  l a t t e r  v a r i a b l e  a n d  d i s s o l v e d  s o l i d s .  H e n c e ,  i t

i s  poss ib le  t o  de f i ne  t he  saEura t i on  con ten t  i n  t e rms

o f  abso lu te  concen t ra t i ons  g i ven  a  know ledge  o f

t empera tu re  and  a  s imu la ted  d i sso l ved  so l i ds  con ten t .



Subrout ine:  GULCON

Purpose

To  s imu la te  t he  deg rada t i on  o f  t he  wa te r  ( l i quo r )

s to red  w i th in  gu l l y -po ts  du r i ng  d ry -wea the r  f l ow

p e r i o d s .

Method

Gu l l y -po t  s to rage  i s  assumed  to  be  fu l l y  occup ied

fo l l ow ing  the  cessa t i on  o f  a  we t -wea the r  pe r i od .  Th i s

wa te r  w i l l  con ta in  BOD/COD

wh ich  u t i l i ses  t he  DO w i th in  t he  s to red  waEer

f o l l o w i n g  a  f i r s t - o r d e r  r e a c t i o n

d ( c c d o )  l d t  =  - k  c c B o D

where  CCU '  =  DO leve l  w i t h i n  gu l l y  po t  l i quo r ,

CCbod  =  BOD w i th in  gu l l y -poE  l i quo r ,

k  =  ra te  coe f f i c i en t  o f  t he  DO-BOD

d e g r a d a t i o n  p r o c e s s .

S im i l a r  r a te -equa t i ons  a re  used  to  desc r i be  t he

deg rada t i on  o f  o rgan i c  ma t te r  t o  BOD/COD and  the

den i t r i f i ca t i on  o f  n i t r a tes  i n to  ammon iaca l  n i t r ogen .

I n  a l l  c a s e s  r a t e - c o e f f i c i e n t s  c a n  b e  a d j u s t e d  f o r

temperature dependency.



Subrou t i ne :  SUMCON

Purpose

Summate  con tam inan ts  occu r r i ng  w i th in  each  s i ze  c l ass

to  de r i ve  t o ta l  con tam inan t  concen t ra t i on .

I ' lethod

Add i t i on  o f  con tam inan ts  occu r r i ng  w i th in  each

f r a c t i o n  c l a s s ,  t h a t  i s ,

n
Q .  =  X  C C .

I  i = l  
r r J

where  C .  =  con tam inan t ,  j ,  concen t ra t i on  w i t h in
J

f  l o w ,

C C , .  =  c o n t a m i n a n t ,  i ,  c o n c e n t r a t i o n  a s s o c i a t e d
r J

w i th  sed imen t  concen t ra t i on ,  j .



Modu Ie :  SEWCON

Purpose

To  s imu la te  t he  accumu la t i on  and  t ranspo r t  o f

con tam inan ts  w i t h i n  t he  sub -su r face  d ra inage  sys temt

assuming contaminants behave in a non-conservat ive

manner .  Th i s  modu le  ope ra tes  con t i nuous l y  so  as  t o

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

en t . ra inmen t  du r i ng  we t -wea the r / i nc reased  f l ow

p e r i o d s .

Me thod

The  bas i c  e lemen t  w i t h i n  t h i s  modu le  i s  t he  concep t  o f

a  ' p i pe  segmen t f .  Con tam inan t  i npu ts  t o  a  p ipe

segment consist  of  inputs der ived f rom CATCON, FOULIN

and  f rom ups t ream app l i ca t i on  o f  SEWCON.  These

in f l ows  a re  comb ined  by  use  o f  M IXSED to  p rov ide

inpu t  concen t ra t i ons  t o  a  p ipe  segmen t .  W i th in  t he

p ipe -segmen t  suspended  sed imen ts  a re  t r anspo r ted  by

use of  ADVECT; sources and s inks of  sediment  and

contaminanEs are descr ibed by DOXBOD' SEDBAL'  DOXAIRT

and  TAUCAL,  and  i n  assoc ia t i on  w i t h  rou t i nes

wi th in I^ IASSP-SI I " I .

I l oweve r ,  e l emen ts  mus t  a l so  be  i nc luded  to  desc r i be

t h e  b e h a v i o u r  o f  s e $ t e r  a n c i l l a r i e s ,  e s p e c i a l l y  s t o r a g e

tanks  and  ove r f l ows ,  i n  re la t i on  t o  con tam inan t

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

d ra f t  p roposa l .  Howeve r ,  t o  de r i ve  con tam inan ts

assoc ia ted  w i th  ove r f l ow  d i scha rge  SUMCON i s  used  to

summate  the  con tam inan t  l oad  assoc ia ted  w i th  each

phase  o f  t r anspo r t / sed i r rnen t  f r ac t i on .



Subrou t i ne :  ADVECT

Purpose

S imu la te  t he  t ranspo r t  o f  sed imen t  w i t h i n  t he

d i sso l ved  and  suspended  phase .

Method

Uses  a  one -d imens iona l  advec t i on -d i f f us ion  equa t i on

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

con tam inan t  exchange  w i th  dead -zones ) ,

a(cs . ) /  OE +  u .  b (cs . ) /  a<  -  e .  b2 (cs  ) l  x2  =  * -  x  r ' { s
r  J ,  ,=,_

where  CS .  =  sed i rnen t  concen t ra t i on  o f  f r ac t i on  j  r
J

t  =  t i m e ,

x  =  l ong i t ud ina l  d imens ion ,

u  =  s t r e a m  v e l o c i t y  i n  d i r e c t i o n  x ,

MS.  =  concen t ra t i on  o f  sed imen t  i n  f r ac t i on  j
J

( s i n k / s o u r c e ) .

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



Subrou t i ne :  H2SGEN

Purpose

To s imulate the growth of  sewage s l imes (Type D

sed imen ts )  and  gene ra t i on  o f  hyd rogen  su lph ide  w i th in

sed imen ts  and  re leased  to  sewer  a tmosphe re .

Method

Sewage  s l imes  fo l l ow ing  an  even t  a re  assumed  to  g row

dur ing  pe r i ods  when  f l ow  shea r - sE ress  i s  l ess  t han  a

c r i t i c a l  s h e a r  s t r e s s l  a  l i m i t  t o  g r o w t h  i s  a l s o

app l i ed  by  a  c r i t i ca l  shea r  s t ress  (Pe rk ins  and

G a r d i n e r , 1 9 8 2 ) .

The def in i t ion of  the mass of  hydrogen sulphide

gene ra ted  and  s to red  w i th in  s l imes  i s  a t  p resen t

d i f f i cu l t  t o  ach ieve  by  s imu la t i on ,  l a rge l y  because  no

equa t i on  has  ye t  been  deve loped .  Equa t i ons  ava i l ab le

fo r  t he  s imu la t i on  o f  hyd rogen  su lph ide  w i th in  sewers

a re  on l y  pe r t i nen t  t o  Ehe  s imu la t i on  o f  gaseous

hyd rogen  su lph ide .  Such  equa t i ons  can  be  i nco rpo ra ted

w i th in  t he  mode l  t o  p rov ide  an  assessmen t  o f  t hose

se rde r  l eng ths  1 i ke l y  t o  su f f e r  f r om co r ros ion

p r o b l e m s .



Subrou t i ne :  FOULIN

Purpose

To s imulate the input  of  foul - r ta ter  in to a selder

segmen t  f r om a  spec i f i c  con t r i bu t i ng  ca t chmen t  a rea .

Method

The  i npu t  o f  f ou l -wa te r  t o  a  spec i f i c  ' p i pe  segmen t l

may  be  t rea ted  as  an  i npu t  hyd rog raph  and  assoc ia ted

po l l u tog raphs ,  o r  s imu la ted  i n  t e rms  o f  f ac to rs

desc r i b i ng  the  d iu rna l  and  seasona l  t r ends  i n

f o u l - w a t e r  f l o w  a n d  c o n s t i t u e n t s .  I n  t h e  l a t t e r  c a s e

the  mean  l eve l  o f  f ou l -wa te r  f l ow  may  be  e i t he r  i npu t

i t se l f  o r  s imu la ted  on  the  bas i s  o f  demograph i c

f a c t o r s .

( i )  S imu la t i on  o f  mean  concen t ra t i on

and  mean  f l ow

Mean  concen t ra t i on  o f  f ou l -wa te r  f l ow  can  be  s imu la ted

in  t e rms  o f  bo th  l and -use  and  demograph i c  f ac to rs ,

s u c h  a s :

<  C C  >  =  b 0  +  b l  ( l a n d - u s e  f a c t o r s )  +  b 2  ( p o p u l a t i o n )

where b0,  b l  and b2 ate parameters obta ined by

r e g r e s s i o n  a n a l y s i s .

S i rn i l a r l y ,  mean  fou l -wa te r  f l ow  may  be  re la ted  to

these  pa rame te r i sa t i ons  o f  t hese  va r i ab les ,  t ha t  i s ,

<  Q f  >  =  a 0  +  a l  ( l a n d - u s e  f a c t o r s )  +  a 2  ( p o p u l a t i o n )

w h e r e  < Q f  > =  f o u l - w a t e r  f l o w ,

a0 ra l  r 42  =  cons tan ts  de r i ved  by  reg ress ion

a n a l y s i s .



( i i )  S imu la t i on  o f  dev iaE ions  abou t  t he  mean

concen t ra t i on

The  concen t ra t i on  o f  con tam inan ts  w i t h i n  t he

fou l -waEer  can  be  assumed  to  be  e i t he r  cons tan t ,  w i t h

va r i a t i ons  i n  con tam inan t  l oad ings  accoun ted  fo r  by

the  va r i a t i on  o f  t he  f ou l -waEer  f l ow ,  o r  va r i ab le

dependent  upon the t ime-of-day and the day-number of

t he  yea r .  Fo r  examp le ,  t he  va r i a t i on  i n  f ou l  r da te r

d i scha rge  cou ld  be  desc r i bed  by

- g  -  =  c 0  *  c l ( t i n e - o f - d a y )  +  c 2 ( d a y - o f - y e a r )< Q f

where  Q f  =  f ou l -wa te r  d i scha rge  a t  a  spec i f i c  hou r  on

a  s p e c i f i c  d a y .



Subrou t i ne :  SEDBAL

Purpose

To  s imu la te  t he " t rans fe r  t o  and  f rom sewer  d i scha rge

o f  sed imen ts  du r i ng  i t s  passage  th rough  a  p ipe

segmen t .

Method

The method wi l l  vary dependent  upon the t ransport

phase  by  wh i ch  the  sed imen ts  a re  ca r r i ed  w i t h in  t he

f l ow ,  and  the  cohes i ve /non -cohes i ve  na tu re  o f  t he

s e d i m e n t s .

Fo r  t he  non -cohes i ve  l oad ,  a  va r i an t  o f  t he

Ackers- t r ' lh i te  model  can be used (Ackers,  1984)

F o r  t h e  c o h e s i v e  l o a d ,  p r o c e s s e s  a r e  l e s s  w e l l

r esea rched .  Poss ib le  me thods  i nc lude  equa t i ons  fo r

depos i t i on  deve loped  by  K rone  (1962 )  and  scou r

deve loped  by  Pa r then iades  (L962 ) .

The  resu l t s  o f  sed imen t  t r anspo r t  s tud ies  w i t h in  p ipes

conduc ted  by  HRL  and  Newcas t l e  Un i ve rs i t y  shou ld

p rov ide  the  necessa ry  i n fo rma t i on  to  se lec t  a

pa r t i cu la r  su i t e  o f  sed imen t  t r anspo r t  r ou t i nes  w i th in

th i s  p rocedu re .



Subrout ine: DOXBOD

Purpose

To s imu la te  the  consumpt ion  o f  d isso lved oxygen by

BOD/COD dur ing  t ranspor t  th rough a  p ipe-segment .

Method

Assumes  va l i d i t y  o f  f i r s t -o rde r  k i ne t i cs  f o r  t he

c o n s u m p t i o n  o f  d i s s o l v e d  o x y g e n  b y  B O D / C O D r  i . e .

d  (ccdo ) /d r  =  - l  . ccso l

where  CCU '  =  concen t ra t i on  o f  d i sso l ved  oxygen  i n

sewage  f l ow t

CC'OO = concentrat ion of  BOD/COD in sewage

f  l o w ,

k  =  r a t e  c o e f f i c i e n t .

There is  an obvious lack of  knowledge concerning the

magn i tude  o f  t he  ra te  coe f f i c i en t  i n  p ipe - f l ow .  USWQM

in  gene ra l  do  no t  s imu la te  d i sso l ved  oxygen r  hence ,

th i s  p rocess  i s  i gno red r  as  t he  consumpt ion  o f  BOD i s

marginal  compared to the absolute magni tude of  BOD

with in the sewagel  however,  i t  ruay not  be marginal

compared  to  t he  d i sso l ved  oxygen  l eve l  and  the  ra te  o f

reae ra t i on  w i th in  t he  sewer  I eng th .



Subrout ine :  DOXAIR

Purpose

To s imu la te  the  reaera t ion  o f  sewage dur ing  i t s

passage th rough a  p ipe-segment .

Method

For  reae ra t i on  du r i ng  f ree -su r face  f l ow  th rough  a

p ipe -segmen t  a  f o rmu la  deve loped  by  Pa rkhu rsE  and

Pomeroy  (1972 )  can  be  used .

Fo r  reae ra t i on  due  to  passage  ove r  we i r s  equa t i ons

d e v e l o p e d  b y  G a m e s o n  e t  a l .  ( 1 9 5 8 )  m a y  b e  u s e d ,

a l t hough  the i r  app l i cab i l i t y  t o  h igh l y  con tam ina ted

se \ {e r  f  l ow  mus t  be  ques t i oned .



Subrout ine: ERRCON

Purpose

Ass ign  an  er ro r  te rm to  a  spec i f i c  de termin is t i c

s imu la t ion  o f  a  contaminant  concent ra t ion  or

accumula t ion .

Method

Error  te rms are  drawn f rom a  probab i l i s t i c

d is t r ibu t ion  on  the  bas is  o f  random-number  genera t ion .

A F i rs t -Order  Er ro r  Ana lys is  i s  then per fo rmed to

provide a sample est imate of the mean and variance of

the  s imu la ted  ou tpu t .



SubrouEine :  ERRORS

Purpose

Def ine  d is t r ibu t ion  o f  e r ro r  te rms assoc ia ted  w i th  the

three  e lements  o f  the  rn ix ing-mode l .

Method

Er ro rs  assoc ia ted  ' d i t h  t he  spec i f i ca t i on  o f  i n f l ows

in to  t he  m ix ing -mode l  app l i ed  a t  each  node  a re

desc r i bed  by  a  p robab i l i s t i c  mode l .  Th i s  sub rou t i ne

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

pa r t i cu la r  ca t chmen t .



Subrout ine: TAUCAL

Purpose

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

catchment and pipe segments.

Method

I n  su r face  f l ow  ( t f l eC= l )  shea r  s t ress  can  be

c a l c u l a t e d  b y

( P r i c e  a n d  M a n c e ,  1 9 7 8 )

k  c '
Eau = 

(KqT=-E

where var iables are as in  I^ ISHSED.

In  p ipe  f l ow  ( IFLAG=0)  by

t a u  =  S . g a u m a . R

where  S  =  s l ope  o f  ene rgy  g rad ien t t

ganma = uni t  weight  of  water t

R  =  hyd rau l i c  rad ius  o f  f l ow .



APPENDIX B





REQUIREMENT SPECIFICATION FOR SEWER FLOW QUALITY SIMULATION UODEL

Discharges f rom sel i rer  systems have been ident i f ied as a najor  source of

r i ve r  po l l u t i on  (Re f  1 ) .  I n  seve re  cases  the  e f f ec t  o f  t hese  d i scha rges  may

be ident i f ied by rout lne chernical  moni tor ing and resul t  in  the r iver  being

g i ven  an  app rop r i a te l y  l ow  qua l i t y  des lgna t i on ;  e .g .  c l ass  3  o r  4  o f  t he

NWC R ive r  C lass i f i ca t l on  Sys teu  (Re f  2 ) .  More  f requen t l y  t he  i n te rm i t t en t

nature of  these d ischarges is  such that  rout ine chemical  monLtor ing does not

de tec t  t he  f u l l  impac t .  I n  t hese  c i r cums tanees  the  chemica l  da ta  may

ind i ca te  an  accep tab le  r i ve r  qua l i t y  (e .g .  NWC c lass  2 )  bu t  t he  eco logy ,

wh ich  i s  res t r i c ted  as  a  resu l t  o f  t he  i n te rn i t t en t  d i scha rges ,  w i l l  p reven t

the  des i red  use  (e .g .  a  coa rse  f i she ry )  be ing  fu l l y  es tab l i shed .

Bio logical  danage caused by shor t  term oxygen deplet ion or  the t ransient

p resence  o f  acu te l y  t ox l c  subs tances  i s  t he re fo re  a  key  i ssue  Ln  con t ro l l i ng

in te rm i t t en t  po l l u t i on .  Hence  b io log l ca l  assessmen t  shou ld  be  the  c r i t e r i on

by which the ef fects of  sewerage d ischarges are evaluated.  The l ink between

b io log i ca l  e f f ec t s  and  t rans ien t  chenLca l  concen t ra t i ons  i s  be ing  nade

th rough  sho r t  t e rm  tox i c i t y  t esE ing  w i rh  f i sh  and  o the r  aqua t i c  o rgan i sms .

An  i n i t i a l  a t t enp t  a t  es tab l i sh ing  sho r t  t e rm  r i ve r  qua l i t y  s tanda rds  (Re f

4)  has shown that  very shor t  term changes in concentrat ion can have

de le te r i ous  e f f ec t s  on  b lo log l ca l  popu la t i ons .  I t  f o l l ows  f rom th i s  t ha t

both the tota l  load of  pol lu tants passed to the r iver  dur ing a d ischarge

evenr and the shor t  durat ion peak concentrat lons wi th in the event  need to be

unde rs tood  and  con t ro l l ed  t o  l i r n i t  t he  danag ing  e f f ec t s .

The presenE and future requi rement  for  r lver  qual i ty  management wi l l  be to

mainta in an acceptable balance between sewerage costs and r iver  pol lu t ton

(Re f  5 ) .  Th i s  w i l l  ca l l  f o r  ob jec t i ve  p lann ing  fo r  d i scha rges  f rom bo th

combined and sur face water  serrer  systems.  Past  pract ice has tended to

assume that  sur face water  runof f  is  "c lean" and hence can be d ischarged

anywhere wi thout  harm. Research in to the nature and ef fect  of  such

d i scha rges  has  demons t ra ted  tha t  t h l s  i s  no t  t he  case  (Re f  6 ) .  On  conb ined

sewer  sys tems '  Pas t  p rac t i ce  f o r  t he  se t t i ng  o f  ove r f l ows  has  been  l a rge l y

concerned wiEh the contro l  o f  f lows wi th in the sewer system to levels  which

avo id  f l ood ing .  L i t t l e  cons ide ra t i on  has  been  g i ven  to  t he  consequences  o f

sp i l l i ng  s to rm sewage  to  a  r l ve r .  Fu tu re  p rocedu res  mus t  seek  to  l im i t  bo th



types of  d ischarge to quant i t ies and locat ions such that  the assin i la t ive

capac i t y  o f  t he  rece i vLng  wa te r ,  compa t i b l e  w i t h  t he  des i red  use ,  w i l l  no t

be exceeded.

In  t he  f o reseeab le  f u tu re ,  t he  na jo r l t y  o f  sewerage  cap i t a l  schemes  l n  t he

l lK wi l l  be d i rected t ,owards the rehabi l i ta t ion of  ex ls t ing combined sewerage

sys tems .  I n  acco rdance  w l th  t he  bas i c  t ene ts  o f  t he  Sewerage  Rehab l l i t a t i on

Manua l  (Re f  7 ) ,  t he  f avou red  so lu t i ons  w i l l  o f t en  i nco rpo ra te  de ten t i on

tanks .  Where  such  tanks  a re  p rov ided  to  con t ro l  po l l u t i on ,  iE  i s  impor tan t

that  the requis i te  pol lu t ing load is  reta ined concomitant  wl th the min lmum

s to rage  vo lume  to  op t i o i se  cons t ruc t i on  cos t s .  Th l s  i s  ano the r  ma jo r  reason

why i t  is  necessary to have an understanding of  the tenporal  var iat ions of

sp i l 1  qua l i t y  w i t h i n  a  s to rm even t .

From the foregoing,  i t  can be coneluded that  a sewer f low and qual l ty

s imulat ion model  is  requi red to a ld in  the design and rehabi l i ta t ion of

serderage systems.  The model  wi l l  be used in conjunct ion wi th r iver  inpact

models to prov ide an object ive rnethodology for  the contro l  o f  ser , rerage

d i scha rges  to  a l l ow  des i red  rece i v i ng  wa te r  uses  to  be  a t t a i ned .  The

I , IASSP-SIM hydraul ic  analys is  nodel  is  a l ready in  common use to def ine the

quant i ta t ive response of  se l rer  systems.  A conplementary qual i ty  nodel l ing

capab i l i t y  i s  requ i red  to  p roduce  d i seha rge  (po l l u tog raphs )  t o  comp leEe  the

methodo logy .

Previous at tempts at  producing sewer f low and qual l ty  models ( for  exanple

SWMM and SAMBA) have a imed to produce an assessment  of  to ta l  pol lu t ion load

discharged per  event .  This  approach is  appropr iate under c i rcunstances

where :

( i ) the total  pol lut ion loadlng is inportant over long t ine perlods,

i .e .  chron ic  po l lu t lon  and eu t roph lca t ion l

( i f ;  de layed  oxygen  dep le t i oa  l n  t he  v i c i n i t y  o f  t he  ove r f l ow  a f t e r

the evenE is  more important  than the imnediate impact  dur ing the

even t ;

( i i i )  acu te  po l l u t i on  f r om the  d i scha rge  o f  t ox i c  subs tances  i s  no t

cons ide red  to  be  impor tan t ;



( i v )  f i r s t  f o u l  f l u s h  e f f e c t s  a r e  n o t  s i g n i f i c a n t .

I t  i s  r ecogn i sed  tha t  t he re  a re  d i f f i eu l t i es  i n  adop t i ng  a  requ i remen t  t o

p roduce  d i scha rge  po l l u tog raphs  by  a  s l .mu la t i on  node l .  Howeve r ,  on l y  t h i s

app roach  w i l l  sa t i s f y  t he  two  ob jec t i ves  f o r  po l l u t i on  con t ro l  wh i ch  have

been  desc r i bed .  I n  t he  UK  the  occu r rence  o f  t he  f l r s t  f ou l  f l ush  e f f ec t  has

been  w ide l y  repo r ted  (Re f  8 ) .  Th i s  e f f ec t  mus t  be  node l l ed  t o :

ach ieve  sho r t  t e rm  r i ve r  qua l i t y  c r l t e r i a  i n  re la t i on  t o  oxygen

dep le t i on  and  acu te l y  t ox i c  subs tances ,  such  as  ammon ia  and

hyd rogen  su lph ide ,  and  hence  a l l ow  des i red  uses  to  be

es tab l i  shed ;

op t i n i se  des ign  o f  eng inee r i ng  s t ruc tu res  f o r  po l l u t i on

c o n t r o l .

t .

t
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DESTGN SPECTFTCATION FOR ESQS (EMTSSM SEWER QUAtrTy STIiULATTON) MODEL

THE SEWAGE FLOI{ AnD QUALTTY SIMULATTON VERSTON OF WASSP

ABSTRACT

The  p roposed  mode l  (ESQS)  w i l l  be  requ i red  to  mode l  t he  p rocesses  l ead ing  to

Ehe  p roduc t i on  o f  f i r s t  f ou l  f l ush  e f f ec t s  w i t h i n  se r i r e rage  sys tems  and  to

p roduce  resu l t s  wh i ch  show these  e f f ec t s  i n  t e rms  o f  sho r t  t e rm  va r i a t i ons

in  SS0  d i scha rge  po l l u t i on  concen t ra t i on  and  l oad .

The  des ign  spec i f i ca t i on  ou t l i nes  t he  ma jo r  p rocesses  and  pa rame te rs  t o  be

mode l l ed ,  boEh  on  the  u rban  su r face  and  w i th in  t he  sewerage  sys tem.

Purpose

The  p roposed  mode l  (nSqS ve rs ion  o f  WASSP)  i s  t o  be  capab le  o f

s imu la t i ng  t he  bu i l d -up  and  wash  o f f  o f  spec i f i ed  po l l u tan ts  i n  an

u rban i sed  ca tchmen t  o r  sub -ca tchmen t .  These  po l l u tan ts  w i l l  t hen

be routed through a combined or  s torm water  sewer system. The

mode l  shou ld  s imu la te  boCh  the  to ta l  po l l u tan t  l oad  pass ing

through the sewer system and the shor t  term var iat ions in

po l l u tan t  concen t ra t i ons  du r i ng  a  s to rm even t .

The  ro le  o f  t he  mode l  i s  t o  p roduce  s to rm pe r i od  d i scha rge

po l l u tog raphs .  These  a re  requ i red  to  eva lua te  t he  sho r t  t e rm

impac t  o f  sewage  d i scha rges  on  rece i v i ng  wa te r  cou rses .

U l t ima te l y  t hese  po l l u tog raphs  w i l l  p rov ide  i npu t  t o  a  rece i v i ng

r i ve r  qua l i t y  mode l .  Th i s  l a rge r  sca le  mode l  w i l l  pe rn i t  t he

eva lua t i on  o f  t he  ove r f l ow  pe r fo rmance  and  i t s  impac t  on

downs t ream r i ve r  qua l i t y  i n  t e rms  o f  t r ans ien t ,  acu te  e f f ec t s  and

long  te rm ch ron i c  e f f ec t s  on  r i ve r  qua l i t y  and  eco logy .

lJh i le  the model  is  pr imar i ly  concerned wi th sewer behaviour  dur ing

s to rm pe r i ods ,  t he  i n te r - s to rm d ry  wea the r  f l ow  pe r i ods  a re

recogn i sed  as  be ing  o f  g rea t  s i gn i f i cance  i n  t e rms  o f  du ra t i on  and

f requency .  The  mode l  mus t  a l so  be  capab le  o f  s imu la t i ng  t he

accumu la t i on  and  gene ra t i on  o f  po l l u tan ts  i n  a  sewer  du r i ng



2 .

base f l ow  cond i t i ons .  The re fo re  t he  s imu la t i on  o f  t he  behav iou r  o f

t he  f ou l  sewage  f l ow  du r i ng  d ry  wea the r  i s  essen t i a l .

A  t ime  se r i es  ra in fa l l l d r y  wea the r  pe r i od  s imu la t i on  me thodo logy

l i nked  to  p robab i l i s t i c  c r i t e r i a  f o r  po l l u tan t  gene ra t i on  and

remova l  i s  more  app rop r i a te  t han  a  f u l l y  de te rm in i s t i c  des ign

even t  c r i t e r i a  app roach .  The  ou tpu t  f r om the  s tochas t i c /

d e t e r m i n i s t i c  p r o c e s s  m o d e l l i n g  w o u l d  a l s o  b e  e x p r e s s e d  i n

p robab i l i s t i c  t e rms  fo r  t he  l ong  and  sho r t  t e rm  assessmenE o f

ove r f l ow  pe r fo rmance .

De te rm inands

The  sho r t  t e rm  impac ts ,  on  Ehe  env i ronmen t ,  f r om sewer  d i scha rges

a re  due  to  oxygen  dep le t i on  i n  t he  rece i v i ng  wa te r  and  the

d i scha rge  o f  Eox i c  subs t .ances .  I n  t he  l onge r  Ee rm,  many  o the r

deEerm inands  may  be  s ign i f i can t ,  bu t  i t  i s  poss ib le  t o  re la te

these  to  t he  behav iou r  o f  suspended  so l i ds .  The  gene ra t i on  o f

Hyd rogen  Su lph ide  i n  sewers  i s  a l so  cons ide red  to  be  impor tan t .

ESQS shou ld  rhe re fo re  be  ab le  t o  mode l :

Oxygen demanding load -  (SOn and or  COD)

Ammonia ( N H h  -  N )

Suspended So l ids

Hydrogen Su lph ide

Disso lved Oxygen

-  o rgan i c  and  i no rgan i c  f r ac t i ons

-  t ranspor t  and re -aera t ion within the sewer

a f fec t ing  hydrau l i cS e d i m e n t s  -  l a r g e  s i z e  b e d l o a d  f r a c t i o n  i . e .

pe r fo rmance  o f  t he  sewer  sys tem.

Othe r  de te rm inands  o f  l ess

appropr iate for  long t .erm

immed ia te  i n te res t ,

o r  o v e r s e a s  a p p l i c a t

which may be

ions  i nc lude :



o  Heavy  Me ta l s

o  B a c t e r i a

o  Phospha tes

o  N i t r a t e s

o  S p e c i f i c  p o l l u t a n t s  o f  i n d u s t r i a l  o r i g i n

3 .  I ' l ode l  p rocesses  and  mechan i sms

The  mode l  mus t  s imu la te  t he  fo l l ow ing  bas i c  p rocesses :

( a )  T h e  b u i l d - u p  o f  p o l l u t a n t s  o n  c a t c h m e n t  s u r f a c e s :

Po l l u tan ts  w i l l  bu i l d  up  f rom a tmosphe r i c  d ry  depos i t i on  on

a l l  con t r i bu t i ng  su r faces  w i th in  t he  caEchmen t .  D ry  wea the r

loading raEes may be assumed to be uni form over  a catchment

and  may  rep resen t  a  l i nea r  bu i l d  up  o f  a  subs tan t i a l  po r t i on

o f  t he  Eo ta l  po l l u tan t  l oad  o f  many  de te rm inands ,  no tab l y

ammon ia  and  n i t r a tes  bu t  a l so  f i ne  pa r t i cu la tes ,  ch lo r i des

and  heavy  me ta l s .  Roo f  a reas  con t r i bu te  s i gn i f i can t

p o l l u t i o n ,  p a r t i c u l a r l y  t o  s u r f a c e  w a t e r  s y s t e m s .  R o a d s  a n d

o the r  paved  a reas  p rov ide  the  ma jo r i t y  o f  po l l u tan ts  i n  u rban

s to rm runo f f  and  i n  pa r t i cu la r  t he  o rgan i c  so l i ds  compooen t

w i th  an  assoc ia ted  oxygen  demand .  The  ra te  o f  bu i l d  up  o f

po l l u tan ts  on  road  su r faces  i s  a  f unc t i on  bo th  o f  t ime  and

t r a f f i c  l o a d i n g .

(b )  The  wash -o f f  o f  accumu la ted  su r face  po l l u tan ts  du r i ng

ra in fa l  I  even ts  :

I ^ I ash  ou t  o f  ae r i a l  po l l u tan ts  (we t  depos i t i on )  i s  rap id  and

comp le te  and  the re fo re  re la t i ve l y  i ndependen t  o f  t he  na tu re

o f  t he  ra in fa l l  even t .  The  ra te  o f  su r face  wash -o f f  i s  a

func t i on  o f  t he  quan t i t y  o f  accumu la ted  po l l u tan ts l  t he

in tens i t y  o f  r a i n fa l l  and  the  phys i ca l  hyd rau l i c

cha racEer i s t i cs  o f  t he  ca t chmen t .



Runof f  f rom permeab le  sur faces  may a lso  prov ide  a  s ign i f i can t

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

leachate  may cont r ibu te  to  po l lu tan ts  in  in f i l t ra t ion .

( c )  G u l l e y  P o t  P e r f o r m a n c e

Gu l l ey  po ts  a re  be l i eved  to  i n f l uence  the  qua l i t y  o f  sewer

f l ows  i n  two  ways :

( i ) t hey  may  add  to  t he  po l l u t i ng  l oad  i n  t e rms  o f

ammon ia ,  BOD and  o rgan i c  so l i ds  by  deg rada t i on  o f

t he  s to red  wa te r .  and

( i i )  Ehey  may  mod i f y  t he  cha rac te r i s t i cs  o f  t he  wash

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

l i quo r  w i l l  t end  to  be  washed  i n to  t he  sewer

sys tem in  advance  o f  t he  ne rd  s to rmts  run  o f f  f r o rn

r o a d  a r e a s .

The  vo lume  o f  wa te r  re ta ined  i n  gu l l ey -po ts  i s  s i gn i f i can t ,

t yp i ca l l y  equa t i ng  t o  =  mm o f  ra in fa l l  ove r  Ehe  con t r i bu t i ng

ca tchmen t .

Tempera ture  and dry  weather  per iod  dura t ion  w i l l  be  impor tan t

fac to rs  in  assess ing  the  generaEion  and s to rage o f  po l lu tan ts

w i t h i n  g u l l e y - p o t s .

(d) Foul sewage in combined serders

The  da i l y  va r i a t i ons  i n  t he  quan t i t y  and  qua l i t y  o f  domes t i c

fou l  se \dage  a re  we l l  unde rs tood .  Cyc les  o f  da i l y  and

seasona l  l oads  can  be  es tab l i shed  fo r  a  ca t chmen t

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

Fo r  l onge r  t e rm  even ts  and  assess ing  annua l  po l l u tan t  l oads t

a  va r i ab i l i t y  f ac to r  w i l l  be  requ i red  to  compensa te  f o r  t he

random t ime of  day at  which ra infa l l  events occur .



( f )  T ranspor t  o f  po l lu tan ts  th rough the  sewer  sys tem:

The  i n - sewer  behav iou r  o f  po l l u tan ts  can  be  sub -d i v i ded

i n t o :

t he  hyd rau l i c  pe r fo rmance  c r i t e r i a  -  e .g .  t he

movement of  a f lood wave through the system,

1 .

2 .

3 .

t he  depos i t i on  and

and  the  re lease  o f

po  I  l u tan ts  ,

r e -en t ra inmen t  o f  sed imen ts

oxygen demanding and tox ic

4 .

Ehe  gene ra t i on  o f  po l l u tan t  l oads  assoc ia ted  w i th

the  accumu la t i on  o f  o rgan i c  sed imen ts  and  the

g ro rdEh  o f  s l imes .

Fo r  s imp l i c i t y ,  sed imen ta t i on  mus t  be  reduced  to

a  re la t i onsh ip  whe reby  the  ra te  o f  depos i t i on  i n

a  sewer  l eng th  i s  p ropo r t i ona l  t o  t he  suspended

sed imen t  l oad  ca r r i ed  i n  t he  f l ow  and  i nve rse l y

p ropo r t i ona l  t o  t he  ave rage  da i l y  ve loc i t y  o f

f l ow  du r i ng  d ry  pe r i ods .  The  bu i l d -up  mus t  be

cons ide red  to  be  un i f o rm  w i th  t ime .  The

generat ion of  oxygen demanding and tox ic

po l l u tan ts  can  then  be  re la ted  to  vo lume  and  o r

mass  o f  sed imen t  o r  i n te rs t i t i a l  wa te r  and  t ime

s i n c e  d e p o s i t i o n .

Ca l i b ra t i on  and  ve r i f i ca t i on

The  rnode l  shou ld  be  capab le  o f  ca l i b ra t i on  and  ve r i f i ca t i on  on  the

bas i s  o f  f l ow  su rvey  and  sewer  i nspec t i on  p rocedu res  emp loyed  i n

d ra inage  a rea  p lann ing  s tud ies .  Add i t i ona l  qua l i t y  da ta

requ i remen ts  shou ld  be  resEr i c ted  Eo  d ry  rdea the r  f l ow  sanp l i ng

where  app rop r i a te .



The  se t t l i ng  ou t

va r i ous  l oca t i ons

f l o w  w i l l  n e e d  t o

of  a  p ropor t ion  o f  the

within pipe networks

b e  s i n u l a t e d .

f ou l  sewage  f l ow

dur ing dry weather

(e )  Sed imen ta t i on  i n  se rde rs

Two  e f f ec t s  a re  suspec ted  to  be  s ign i f i can t  w i t h  rega rd

p o l l u t a n t  g e n e r a t i o n  w i t h i n  t h i s  a s p e c t :

( i ) High  dens i t y  i no rgn i c  pa r t i cu la tes  t end  to

depos i t  i n  s l ow  f l ow ing  se rde r  l eng ths  du r i ng

recess ion  l imbs  o f  ma jo r  s to r rn  even ts  and  m ino r

ra in fa l l  i npu ts .  The  p resence  o f  t hese  depos i t s

encou rages  the  depos i t i on  o f  o rgan i c  so l i ds

d u r i n g  b a s e  f l o w  p e r i o d s .  O r g a n i c  s o l i d s  w i l l

a l so  t end  to  accumu la te  a t  o the r  t ypes  o f

phys i ca l  obs t ruc t i on  o r  imper fec t i on .  Low

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

resuspended  and  f l ushed  ou t  by  s to rm f l ows  add ins

to  t he  suspended  so l i ds  and  oxygen  demand  l oads .

Hyd rogen  su lph ides  i s  gene ra ted  w i th in  anae rob i c

sed imen ts .  Th i s  may  be  re leased  when  the

sed imen ts  a re  d i s tu rbed  bv  s to rm f l ows .

Sewage  s l imes  tend  to  bu i l d  up  on  p ipe  su r faces

ove r  t he  range  o f  d i u rna l  f l ow  va r i a t i ons .  These

s l imes  w i l l  t end  to  s l ough -o f f  du r i ng  t u rbu len t

s to rm f l ow  cond i t i ons  add ing  a  f u r t he r  suspended

so l i d  and  oxygen  demand  l oad  to  t he  s to rm f l ow .

Hyd rogen  su lph ide  i s  gene ra ted  w i th in  t hese

s l i m e s .

(  i i )

The  accumu la t i on  o f  i no rgan i c  sed imen ts  w i t h i n  sewers ,

wh i l e  no t  exe r t i ng  a  ma jo r  po l l u tan t  l oad  may  se r i ous l y

i n f l uence  the  hyd rau l i c  pe r fo rmance  o f  t he  sys tem.  The

mode l  shou ld  t he re fo re  be  ab le  t o  p red i c t  whe re

sed imen ta t i on  may  take  p lace  w i th in  a  sys tem.

t o
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