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eBsRnc[

Ttris retrnrt details ttre design specification of IOSQITO, tlre
set^,er flcnu quality nrrdel being developed at l{;draulics
Researctr Limit€d.

fhe requirenent, specification for I'OSQIT0 r^ias prcduced by ttre
!{ater Researd Centre as part of ttre t K Riven Basjn
l,tanagqent F:ograrre, arxl develogrent is futded by the
Departrnenl of the Ervircnnent.

l,bdel ttreory is deseibed in baro sections, dealiJlg wittr
abo"e-grcund and belonr-ground proaesses. Sr:brputines uhictr
sinurlate these ptooesses are detailed in apendix a.

Calibnation of ttre above grcund, separate systern, foul flcnr,
transport and ocrrbirred system rodels is then desaibed,
follorcd by a section on nodel use wtrictr inch-aCes ttre rmjor
qerational stry arxt details of assr:n6rLions rnade in
derreloprent vrtrich affed, nodel use. An ovenvisy of ttre
fuplenentation of IOSQIIO r{iftin ttre Wallingford Stoun Sennrcn
Package is also provided.
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mrRorxnrrcr

The overflovr of storm seh,age fmn cqrdcined seri,era€p system
has been identified as one of the nnjor causes of 1nlIut-ion
of streams and rivens in ttre tlK. {tre rsnwal of all of
these overflorc rpuld hcnrre\rer require largp scale
reonstruction of selerage systenrs at onsiderable enlpense.

Itrere is also gmrjng @ncern about ttre disctra:rge of storm
lnter fron separate seurc:alF systerns directly into streans
and rirrens, because of its probable po[utjng effecd.
Similarly ttre elirnination of all of ttrese disctrarges r,ould be
trrrohibitively elpensive.

Tlre need for eorunical r4ryading of seu,eralte _systens has
afreaOy been faed for reducing floodinq p:slemsp'4. It was
fomd tlat eonqnic solutions ould be de\rised by tlre use of
aeurate hydraulic sinnrlation nodels luhiqh ould be used to
irvestigate tlre prrcblens arul assess tJrb effect, of prctrnsed
solutions.

It was realised tfrat, rodelling stor:n waten qunrity as !€lL as
quantity tvould help to resolve trnllution pa:elans.

A nodelling pfocdure is ttrcrefore *qui*d rrrhich onsists of
four elernents5 (Fig. 1.1):

1 atr4trcpriate rainfall inlnrts

2 a ssr,,er flor quality nodel

3 a river ilrpact rrodel

4 a river classification sctrcrne

Ittis docurents descri-bes ttre first version of t]re serren flor
quality rcdel.

1.1 regfreots

A staternenE, of need and a requirenent specificaLion rrere
provided bV llRc for ttre ssrer flotr quality rndel. Tfiese are
given in Apperdjx C.
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Ehe rein requirernents of ttre rndel are that it is tp:-

Be capable of simulat^ing short term disdtarges of
trnllutants. A rrodel whidl rrould p:ovide only the total
event loading rould not be satisfactory due to ttte
significane of the first foul flush.

Be an extension of ttre widely used !{ASSP prrcgfdr.

Use a preabilistic tine series rainfall analysis rather
than design events, and to provide scrtE IIEms of
analpirrg the parcbabilities of a particttlar pollut:rlt
event.

l,Iodel the following determinanCs:

Oqpen dernand (BOD or @D)
Alrmcnia
Suspended solids
tttfOrogen sulphide
Dissolved o:<ygen
SedfuenLs

l'tcdel the b,ultd up and generation of ;nllutants on
catctunant surfaes ard in sekers during tlre iaten-storm
drlr vreattrer flour periods.

!,bdel ttre washoff of surfae sedjrer$s durjry a rainfall
svent.

lbdel ttre effect, of gully pots on surfaae washoff
quality.

IncluCe ttre foul jnflorm with ttreir cyclical rrariation
drring Ltre day.

l,bdel ttre transSnrf, of trnllutants tbrough ttrc se!'ier
syst-en including ttre degnsition arut ercsion of
sedinents, ttre bldtd up of sliJle and ttre generation of
trnllutants wi&in ttre se!rer.

These requirenents are not, nret in full by ttre first vension
of ilte rodel. In par:tictrlar ttre rndelling of ttre detrnsition
of sediments in seviens, and ttreir blrild r.p dr.rring drlz r,reattrer
flotrr periods is lirnited. Ttrcre are at present no statj-stical
routines brilt into ttre rcdel to carry out an analysis of tlre
results.



L.2 lbdel cqlmts

llhe first, rrersion of ttre rcdel is based on ttre l{AttRItS
hydraulic node16, rr,trich is ttre latest inplernentatSon of ttre
wa[ingford tuooedure. flais nodel i-s nade rp of eeveral
oqnnent rndels each of rrrtrich descri-bes a separate part of
ttrc runoff prooess. Ttre I40SQI1O ditions to ttris rcdel also
onsist of a senies of mrgnnent nodels.

ltte oqnnent rodels for ttre hydraulics a:re:

(Synthetic rainfall)
Percentage nnoff
O\rcrlant rurpff
Dty wmth.er inflcntr
Pipe ant drannel flcm

The carponert, nrdels for ttre $ality nodel a:re:

S\rrtae rrashoff of trnllutants
Froul inflortr quality
Sedfuent hrild-rry
Se!€r sedinent transpr-b,
Follutant transport

rhe oarponent nodels for quality are descibed in detail jJI
Chapters 2 and 3t but scrla of ttre fuportant feabrnes are
girrcn hene.

Ttre rrdel for sur:face rmshoff of pllutants is based on a
theoretical rodel, brt has been cali-brated against data frqn
only a fsr catcfunents. It is r:nceftain tpw different, frqn
thee ottren catchnente nay be.

In the first rrersion of tbe rrcdel, ttre foul inflor II*1 is
pmovided outside of ttre rnain prognanr, afll o:eates a file of
inflcr quality data.

lllne nrdel for sedjnent brild-up wiftjJl sehietrs onsi&rs the
forrnation of a layer of nnbile olrganic sedinrents dtrrjrrg dry
weattren flow onditions. Consolidated sedjflents I or those
v,hictl are generally innnbile during low flcnls cannot be
predict€d bV the rcdel. lltre depEh of these sedfuerfts i€
reguired input &ta, and ttre sane depth is assuned to be
present at the start of each storm.

4



1.3 lthf-hoAobgy

there are verlr fenr data on the trnllutants assocjated wittr
se\iier sediments, and on hcff nnrctr of ttris trnllution is
relesed into ttre flqtr. Values derived fron a fen catchnents
are included in ttre rodel, but if good data are avaiLable
fncrn tlre catctsnent being studied these rtsy give better
rezults.

Within ttre sedirEnt transtrnrt rcdel, sedlrents are classified
eittrer as bed load or suspended 1oad. ltris distinction is
tnade as ttrey are likely to behave veryr differently at
overflqis.

Ttte pllutant transport, rrodel inchrdes onsideration of
aAtection arul dispension of ttre trnllutants in euspension ard
in solution ir the floy.

Ttrc nethodology for using ttre waten $ality r*1 is best
dessi-bd by ofiear.ison rrittr waten quantity nndels (I{A.SSP or
SALLRIIS) wtridr are already familiar to nost IrK drainage
engineers. llhter quality nr*ets will always require ttrat, a
tmter quantity nrdel is onstructed first, and usually the
hYdraulic ina@uacies of ttre catclunent will be determined
first.

Hydraulic studies of an exisUing seseral1e system using I{ASSP
generally follop four stages:

Constnrction Collect data for tlre npdel and onstnrct. a
rodel using ttre best arailable data.

Proving Analyse ttre rodel for largp stonre to
dsnnstriate that, it is stable and grving
realistic results.

Verification Analyse ttre rrodel for all storlns for wtrictr
ttpre are reonds of flooding, discharges,
levels etc to identify ertrors.

!{trcre erriors are found check ttre data
ollected r.rtren onstnrctirrg ttre todel to
identify ttrc ercrs.



Use Analyse ttre rpdel for ttre required standard
onlitions to define tlre pxfornnnce of ttre
systern.

Introdre protrnsed capital or operational.
tprks iJto ttre rrpdel and oboenre their
results.

Itre sart= four stages are requircd for a wiater qrmtity nodel.

Before trying to verify a vnter quality nrdel it is essentj"al
that ttte hldraulic r*l tras already been verified ant shown
to be rnt, significantly inorzect. Iblleven for eoncnry it
rey b necssary to ollect, ttre verification data for bottr
nrdels at ttre sanre tiJre.

Ttrcre is stltl onsiderable rll€ftainty over what data are
required to obrtain reUable results fisn ttre qtnlity tr&l,
arul oven hcnv verification shorrld be ca:ried out. fhis will
only be clarified bV use of ttre rcdel and ttre br.litd qp of
eqlerience.



IOEL lIW I -

EIE gT'E MND

lUEfr

2.L Surfae #rnflatl,G
and solld-trnllutet
rcfaUosUfps

the above-grcurxt rrodel represents ttre generation ard renptnl
of sedjnrents and poltutants fian bottr catclsnent surfaces anrl
guffy-pots. Paft,icular sub-rrndels rcithin IOSQIIO are related
to

1. Surtace acsrsrulaLion and solids-pollutant
relationshitrr

2. Rerulal b1r surfae n:noff

3. Betravjor:r of guIly-pots

4. Retrxesentation of ss,rened sulc-areas

Studies of sedinent and pllutant, betraviour ln ttre U.K.
suggest that accurulation of rnaterjal on catcfunent surfaaes
drring dry+,rcattren periods has little effec*, on tlre arrlr:nt
washed off during rrret-{i,eather onditions. As a result,
!ryIt0 does not, directly onsider the b,rild-rp of sedinents
or trnllutants r4nn catctunent sudaces. Put anothen way, it,
is assr:rned that ttre anxnt mshed off ie unaffected by its
arailability. Holrever, ttrere is a faci-lity to limit ttre
dlmtnt uashed off dring a par:tictrlar event, b1z defining the
Enntity of natenial on ttre catchrcnt, surfa@ if ttpre is
local lmorrledge to defirle suctr values.

Pollutants can be defind to be associated with suspended
solids arxlr/or to be in ttte disscrlved state. lltre nelationship
betleen pllutants and solids is desei.bed by ttre use of the
solid-phase oncentration (potency factor). In this apprcadt
the onerrtration, or nass, of trnllutant i is related to t}tat
of solid k bV a fir€d rat.io, r.;1r that is



n
q= : r i rCr

lF1

wtrene

(2.L ' , )

q = concentrat,ion of pollutant i on catchment surface

Q = concentration of sediment k on catchment, surface

tir = solid phase onentration (potency factor) betvrcen
pollutant i ard solid k

n = ntrniber of solid fractions on catchrent surface.

lltrese factors are intrnrt by tlre r*l useiri lnlrerrer, a riange
of default values is to be defined for use in ttre U.f.

ltrc anor:nt of soluble trnllutants derived frun ttre surfa€
sedfuents is also defined in terms of a onoentralion bryr
nnssr although ttre subsequent betraviour of ttrese dissolved
pollutants within ttre drainage systenr i6 t-reat€d separately
f,rqn tlat of ttreir solid-associated

A.s stated above, in ttre fjrst vension oi t'OSQfrc, no atte*grt
is nade to represent any dr.y-r,'ieattren pro@sses drictr rnay
operate to dange eittrer ttre rnass of accr.urnrlated sedirrEnts
arut trnllutants or the relationships behreen Snlltrtants and
sedirents. Instead, a ,starxCard surfae sedjr€nt,, is defined
l.ihidt is invariant through tine. lltrie stardard sedjfient is
dtaractenised ry neans of 4 nnjor sets of values:

1. sedfuent oongnsition (grading ctrrye or nedian
particle size, rdro)

2. Specific gnavier for eactr fract"ion or for ttre lfiole
nass

3. Settling velocity for eactr fraction or for ttre
whole rnass

4. Pollutant assocj"ations, that is, solid-gfiase
onoentrations and dissolved-phase oncentrabions,
for eactr fraction or for ttre wtrole rrErss.

Default ;raraneter sets are to be prorrided with tlre nndel, and
ttrese will norrnally be used. (see Ctrapter 5).



2.2 nwal hy
sur:frc nashoff

Renunl of mtenial fron ttre catcturnnt surface is represented
wittdn lrDmI[O bV separate rodels for ttre rertoval of
suspended solids and so}:ble pollutants. ftpse tlvo rtldels
operate on eactr surfae type defined within a subcatcfurent.
WALTRIJS-SIM allons a total of 2L sr:rfae tpes to be defined
fron wtridr 3 can be selected by ttre user to define tlrc
hydrclogical response of eadr er$catcturent. 1ltrc paranetens
particular to ttre sedfuEnt arxt rmshoff aryects of the lrodel
are pr*fined by ttre nodel for each surfaoe qpe, al$tougtt'
as in IBLLRUS-SIM it, is lnssi-ble for ttre user to overjde
tttee values. ltre trm nndels inortrnrated within ltDSQIlo are
deseibed belorv; furttr.en detaj-Ls can be fotrrt wiftin }bys arxl
Palznd.

(a) Reroval of suspended solids

ltre renoval of suspendd sollds fmn catchrent surfaoes is
rqrresented by a rrodified form of the nodel firsL developed
bry kice and !4ancd. This model was derived by consideration
of rass onservation of suspended solids on a hlpothetical
'catclsnent eLesent' or 'onoeptual strip' (Fig. z.tr. If 14
is ttre instantaneous rnass of suspended solids per rutit area,
then tlre rate of dange of }q wittr respect to tjre can be
girrcn by

tLt = erosion by raindrop impact (Ei)
dr

+ ercsion bryz ovenland florr (Q)

+ i4nrt fmn rainfalt (q)

- detrnsition firqn orrenland flor (D1)

- renpval frun onoqrtual strip (\) (2 .2 ' , )

Each of the terms on ttre right-hant-side (R.H.S. ) of W. 2.2
is represented tryr a separate rate equation (Fig. 2.2r.
Ibuever, within tlDSQIto inErt of suspended solids fron
rairvlater is assuned to be negligible and ttrus only foi:r
terms are npdelled on ttre R.H.S. of Eq. 2.2. lltre original
Irodel uas developed to represent ttre rerneval of total
suspended solids; the nen.r fipdel has the capability to
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@nsider particular size fractions v/ittdJr a strrfaae load
grading cunre. Ibrever, in ttre first vension it, wiLl be
generally rore appnopriate to represent suspented solids
renoval il terms of one fraction only wittr a 4s
represerftat*ve of ttre surfae mterial.

$pecific terms on ttrc R.H.S. of Eq. 2.2 are dessi-bed below.

1. Erosion by raindrop irrpact

E i=d i i a  { 2 .3 )

t*rene

q = constant for each eurface type

a=1 .5

2. hsion b1r ovenland flovr

4  =  d "  ( u  -  E . " )  ( 2 .4 ,

wher.e

ae = constant for each surface type

Ec" = aitical shear stress for renoval of sedinent fraction
ob'tained by iateryolation of Shield'6 cul:ve.

3. Detrnsition frun ovenland florrv

Dr  =  aa  ( r "a  -  z )  (2 .5 )

vlhere ad = constant for each surface type
Ecd = oritical shear stress for degnsition defiJted

Ecd = df 8".

q = ratio between deposition and erosion E

4. Rernural fnon oncreptr:al strip

\  =  M"q  (2 .6 )
kq+h

L2



wtrcre q = disdrarge per urit area over strip
k = linear resenoir storage oefficient
h = depression storage

ttus ttre differential equation used for regtresentirrg
suqlended solids rsnrval fisn catctunent surta€s is

# 
= arid + a"(c-r..) - ao(E"d-Et 

*;ft |
Itris equation is solved ntunerically at eactr time step using
fidte differene ammdrrations foi each of the diffenential
tenns, tiat is

l 4+A t  =  l , q  +  A t ,  (R .H .S .  o f  Eq .  4 .7 ' ) (2 .8 )

Renoval fron eactr strip at eactr time-step is t}ren oalctrlated
b1r reans of Eq. 2.6. Ttrree points \dth respect to ttre
solution of $ris rndel require tr:rtfrer clarification.

First, it is ;nssible to define an r41per limit or ttrresbold
to the anrunt, of sedinent rerqrcd during a single riain event.
lilre cunrlative arount of rnatenial r€rru/ed at eadr time step
is ocrpared against ttris value, iJ it exceeds ttris value ttren
no rore erosion is allo!',ed to take plaoe.

Seond, the boundary shear stress, u, acting on ttre sedinent
surtaoe is calculated by

6=EL  f  U2
8

where tr1 = density of wat,er
f = Darcy-lGisbadr friction factor dtre Fo grain

resistane
U = flour velocity.

Values of f are ohained by assr.uning fanrinar overlarxl flow
onditions over rcugh surfa&s1oi tfre.6e are defined for eactr
surfae qpe.

Thi:rd, critical shear stresses for ercsion ant depsition are
ohained by interyolation of Shieldrs qs1's11 uhich has been
exLended at ttre finer end of its range bV ltantztz.

(2 .7 )

(2.g ' , )

13



(b) R€np\ral of soluble trnllutants

The renuaal of soluble lnllutants is sinarlated $nithin I|OSQIIO
by a similar nodel to tttat, used for susSnrded solids" If &
is ttre instantaneous nasa of a soIJrlL 1nllutant pen unit
area, ttrcn ttre rmss rate of renoval can be given by

9vto = input from bed (Eb)
dr

+ input, frun rainfall (I")

- rstotnl frun onoq>bual strip (&) (2.10)

Qpecific t€uns on ttre R.H.S. of ttre above equations are:

l-. Ir{xrt frqn bed

n
S =  Co X Mi  (2 .11)

i=1

I'here Co = oncentration of soluble trnllutant on
surfaae related to total rnass of raterial on

surfae (kglkg);
{ = mass of rnaterial of eactr fract^ion renoved frrcm

sr-lrfaoe

2. Irgnrt, frun rainfall

I. = ki C. i (2.t2)

lvhene \ = onstant transforming rainfall jrr mT/hr to
L/m2 /br;

C. = concentration of pollutant in rainfall (ng/l)

3. Rerorral fron onceptr:al strip

& = -!q-s.- (2.13)
Kq+h

as before.

Henoe, the rtifferentj"al equation used to represent dissolved
pollutant renpval fron catlhrnerrL sur:faes is:

n

4 *=cb .EM;  * k i c i i -  MaQ Q .L4 )
dt i=l- kq + h

L4



2.3 Behrtour of
$ffy pots

Again, ttris nndel is solved orrer finite

l4 *A t  =  I i q  +  A t ,  (R .H .S .  o f  Eq .2 ,L4 )

tirne s@>s usjng

(2 .1s)

Qflfy-pots are sites rdrere lnllutants txrild tp &ring &y-
weathen onditions, Itlis is particttlarly true of dissohted
trnllutants sudr as Ill{6-N within the gully-pot liquor. A form
of wtstantly-stin:ed tank reactor (C$IR) rcdel is used to
regtresent, ttre influene of gdfy-pots on ttre disdrarge of
dissolved lnllutants fron tlre above-gnourrl nodel, tlrat is

</nt + 
= mass f low into pot (Mi )

dt,
- rnss f1q.r out of pot (If,)

- dange in nolune of waten jn pot (%) (2.t6,

Irrtividr:al tenns on Ltre R.H.S. of Fq. 2.L.6 are given belcm

L. l"Iass flow rate into pot

3
14= EMi

j=1

where

(2 .L7 ' , )

14 = mass flow from surf,ace j of subcat,chment contributing
Erlly-pot.

2. lrhss flovr out of pot

l fo  =  .Ct  Qo> (2 .18)

C, = concent,ration of pollutant within gul1y liquor

% = discharge from gully-pot

15



3. Change in volune of water

V. = <Ct> dvo
dt-

Vn = volume of wat,er in gu11y-pot

(2 .Le)

2.4 Semreal
g$-alsa.s

lltte inclusion of gdfy-pots in I@ITO presents sore nnjor
problerns. First, r:nfilce IG,SS-SIM, gnrlly-density is not,
inclrded in ttre data entry for eactr pipe/subcatcfnrent reonl
in ttre nehr forrnat SSp-tite for 

-mf,fnffS-SlM. 
Seond\r,

irutividual subcatctnnents ontrilnting to individual gulli&
are rarety rodelled. As a @n6eqlrene, a starulard Erlly
density is associated with eactr sr-rbcatctfient, srrrfa€. 

-thi;

is rultipfied tryz subcatchrent area arrl gully-liquor rrclune
pen pot, to give the total rrolure of etorage used in W. 2.L6.
Dring an evenL it is assurEd ttris voltlne does not- ctrange
(that, is, dv,/dt = O). Tb initialise tbe npdel the
onerrtration dt tfre gnllutant in ttre gu[y-pot at ttre staft,
of storm event mrst be sr4plied as input data.

Dperiene in ttre use of V{ASSP-SIM has sfrorn that it is
generally not neoessary to include all ttre sr:bcatcturents and
pipes witttin ttre real system in ttre rrndel representation of
ttat, systen in orden to rrDdel successfully its hydraulic
behaviour. Hcnrieven, in renorring pipes and nanholes fron ttre
rIDdeI of ttre systern, trnssible storage sites for accurnrlated
sedinents rrill also be renrcrred. fUrttrerror:e, ttre rcdel will
ng! represent ttre transpoft, ptocesses within ttrese pipes,
dticfl w-ill tend to both delay anl attenuate tfre pneaicrca
pollu@raph. !b take acount of ttrese effects a CSfn rodel,
similar to ttre gu[y-pot nodel desejbed prerriously, can be
used. In ttris case sedirrents in ttre tank should be included,
@ether rrittr ttre nateriaL in ttre fiquid phase. A separate
rrodel for the inorgnration of ttrese effects j-s not, incfuded
within IOQITO. Instead, extra terms arxl storage are affed
to ttte giu1ly-pot rrDdel to represent ttre pollutant betravior:r
of a seriered sub-area.
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Ttrc canplete CSIR nodel, ttrcrefore, is given by

{nt g!9 = mass f low into storage (Mi)-dr
- nass flovr out, of storage (ld)

+ transfen to bed (T)

- dange in vohane of waten stored (v.)

with ttre ne\it tenn, !, representing transfer to arut fncnr ttre
bed of suspended solids and rlissolved mterial. llttis tenn is
derived frcm cali-bn:at"ion against ttre fu1l rrcdel.
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mllD ltrEr

WitttiJl ttre belorr-grcund nodel, ontamir:ants originating frrcn
surfae rupff and foul-rmten flcm are nir<ed ard transported
thrcugh ttre drainage systenr. .Llso, ontanr-inants will be
derived fron se!'ier sedirents utrich have accurulatsd a6 a
result. of detrnsition fisn bottr dry-a$C rrret-veattren flons. In
ttre first vension of ttre nodet 

-ttre 
lxesene arxi naLure of

tlrese deposits are defined by ttre us& as parf, of the irgrt'
data; irr- ttre seond version t qrtinuous silnu.rlation qp:pactr
will be aOogUeA in orrden to rrodel ttre draracteristics of
these delnsits, although it will *iU be neessarlr to define
ttte initial onditions of ttre systen.

3.1 Fqrl*ter
sturl"*,Lo

ltlre mrdel does not, sinnrlate ttre generation of foul*later floHr
wi$tin udcan drainage systerrs. Instead, ttre user rust
pnrcvide iryut files urtainiag ttris inforrnation for ttre
catctunent unCer studtz. TvD types of file can be used to
deseibe foulqrnten florrls:

1. A dry-lreatlren floru lnllutant file;
2. An iryrrt po[u@raph fi].e.

Ttre first of these files i-s analogous to ttre dry-rrcathen flcm
file used by ttre hBLLRIJS pactcage. Within this file the user
defines ttre oncentration of eactr lntlutant arlt its tiJre-
varying behavior:r (see Chapter 7 for firrttrer infornation of
the forrnat ant data reqtdre$rents). Dry--ueattrer flor can be
defircd globally or locally. In ttre case of loca1
definition, ttre usrer can define rp to 9 dry-lrcattrer flolr
tlpes ltttid have uniform dry-r,reatlren flow ctraracteristic€.
Ttte user defines $,hich pjpe belongs to h,tlich dry-rleattren flo.r
QrSn wittrin ttre SSD file. Ttrcre will also be ttre facillty
to define ttris inforrnation bry rreana of a 'foul-flovr
generator', similar to ttre rainfall generator arrently
within ttre ITALLRUS packatp.
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3.2 gehavf.or
tn Dodes

lhe foul-flor generator is based on statistical alralysis of
foul-flow data ollected fnn a nrnrber of sites th:oughout
ttre u.K.13. rndependent, variables used are lant 

-use,

density, tinre-of-day and day-of{eek. First,, the
rcdel defines a stanCar:rC foul-flon for eactr pllutant for
three land-use cLasses:-

f. industrial;
2. omercial;
3. residential.

For flottr ttris is defined in tel:r€ of litres/head/day asl for
eadt trnllutant, pararreter in terms of ngllitce. lltre uss nnrst
then define ttre trqrrlation density of ttre subcatctilEnt ard
ttrc penertage area ocerpied tltr- eactr larrl-use class to
ptcdrce a vreighted flo,r for eactr 

-foul-flolc 
t]rpe in terms of

eitfien Ltla/ey or ng/L. 1*re tine-of.day and ttre day<f-rr,eek
parareters are ttren used to derive a series of rultipliers
$thich are applied oven tlte drrration of tlre simrlaLion n:n.

The input ptlutograph file will allow ttre user to define
pollutant, irprt, aL Elecific nodes within ttre drainage systenr
(analqo{s to the input hlfdrosaph file used by ttre
sinuletion progrdn within mumlSl.- This can represent
specific disdrarges of foul*raten fron fudrstr1r of @dd
regrresent irprts fron a parf, of ttre d:rainage systenr !ftich has
been rcdelled separately fmn ttre resC of ttre drainage
systen.

Both of ttrese files mrst be acoarpanied by ttrejr flow
@unt€r;)arts for operaLing ttre i{ALLRLIS-SIM progn:an.

ll*s within an tutan drainage systen a::e onsidered to be of
tso qpes

1. lrtanhole or ordinarlr nodes;

2. Ancillary nodes.
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At each node, in:espect^ive of its tlpe, a onstantly stirrred
tank reactor (CSrnl nodel is atrplied (Fig. 3.1)r that is

@ = 4{ass In> - 4fass Ort> + <Source>
dr,

whene < > denotes tirrE-averaEed variables.

lhe term on ttrc L.H.S.can be eparrled as

dl,t = <\DtE +<C>fl

(3 .1 )

(3 .2 )
dtdt,dt,

Finite rriffenenes are used to replae ttre rtifferential tenns
of these tro equations and ttre systen is sohred to firrt ttre
ne*rr oncentration of eactr pllutant at eadr node and at eactr
tfue step. A nrurben of pints are r,orttry of rpte in relation
to ttese calctrlations.

1. Durfug free-surfaae flow onditions, volunes within
ordfuury rpde6 do not affect, ttre oalculationsi the
above fonrnrLation is ttren equivalerrt to a sinple
rnixing nndel.

2. &[y r,rtren flow beqnes surctrarged at a nranhole or
flooding occurs at, an open-drannel rnde are the
onertrations affected tryr a drange in the volure
of rrrater stored.

3. Ihe souroe terms (depsition arrl erosion) are rpt,
fuplarcnted within ttre first vension of ttre nodel.

Atl outflqls fron a rpde have the same
onsrtration.

Initi-al pllutant onentrations within rpdes are
set, to those of ttre drlz*eather flon into eadr
node.

Only dissolved and suspended load passes out over
overflows at tank rrcdes; bed-load is passed doron
the ontinuation pipe. Bed-load ard suspended
load are defirrd using Aclcers-Ifirite rcbility ntrnben
(see section 3.3.c.1)

5 .

4 .

6 .
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3.3 Behavlour
!.n tld€

llre behaviour of sedinents arrt pllutants in lixks (pipes and
open cttannels) wittrh an udlan drainage syst€ln can be
represented b1z a onedimensional ontiauity equation for ttre
florr otpled wittr a sedilent, bed ontinuity equation (Fig.
3.1) (assr-uning no rction of ttre bed itself), that is

6(AC) + 6(AIE) -  6 (  AFx 0g )  t  s = 0(3.3)
6t 6:< 6x 

-- 
6x

@=ts  (3 .4 )
dr

tte ontinuiQr equation for sedinent/pollutant flow can be
sinplifid by assuning that florv ontinuity j-s satisfied at,
all trnints, that is

6a+@=0 (3.s)
6t 6x

so that Fq. 3.3 reduaes to

@+auog-6_( l r ,0c  )  t  s  =  0  (3 .6 )
6t 6x -6x 6x

lttis latter equation is solved mrnerically by lDQIqg -_to
rqresent transpoft, ttr:ough fjnks. A fractional-€it€pl+,r>
uethod is used to solve ttris equation over tfto steps, tbat is

p
6C = p E I, '  tcl
6t i=l

whene

p = nurben of fractional steps = 2

L l tC l  =  -U6C
6x

ard

Iz tc l=16(AFr€)+Kc+s
A6x  6x

2L
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llhe advection equation is solved frqn tine step n tn n+LE/z
and ttre ocmbined dispersion/soure-sink equation is solved
frun n+Lt /2 to n+1 using ttre advection solution as the
irit,ial onditions (Fiq. 3.21. Solution of ttre above systen
of equations can then can be onsiderd un&r five headinge

(a) calculation of hydraulic paranetens;

(b) solution of advection terrn;

(c) solution of dispension anl sor:relsink tenre;

(d) &finition of sour@/sink terms;

(e) definition of diErersion term.

(a) Calculation of hldraulic parameters

Flor at eactr orqnrtational poi.nt within eadr Unk is oanguted
by VWr,nUS-Sru usjng one odttrree lnethods:

1. ltuskingn-urronge Storage Routingil6;

2. Fbee-Sr:rfaoe Backq,at-er Ror:ting - PAB SctrerndT;

3. strdrarge noutingils.

It is trnssible usjag norrnal depth onsiderations to calculat-e
ttte depth of flor at eactr point, and ttrenoe, ttre flcrr mss-
sectional area, flor velocity and hlniraulic radius (a11
reqtrired by various sr:b-nndels withjr IloSI1O). IIoIr€l/eF'
direct, use of suctr nrettpds ruittr ttre lArskingrlrrGnge routing
t-ecnniErc leads to ontinuity inbalances of Eq.3.5. [tris is
because ttre Mrskingrur-Cunge nret}od does not, o<actly p:e6ein/e
flcnr ont"inuity. In onden to orrect ttris inbalanoe,
different, tedrriques are used to calculate ttre neoessary
hldraulic pararreters, dependent on Lhe ondition of ttre flow
wittrin a orputational bo:( (fig. 3.3).

At the start of a sinnrlation lvtren base-flow orulitions are
openative, ttre hydraulic paraneters are initialised using
nonnldeSrttr calculations. ItrereafEen, if ttre flo'r is
classified as steady, ttren parameters calculated at a
previous tine-step are transfelred directly to ttre cturent
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tine-step.
If the flcm is classified as r:nstsadlr, then the nrethod used
is dependent on vihettrer ttre link is surcharged or not. If
ttte link is surctrarged ttren ttre hlnlraulic 6rarareters are
sinply calculated by uae of ttre flor ard ttre pipe-'full
Eecrrtetry. If the fink is not sr.rrctrarged ttren ttre FLoSpam
calculates ttre florrr mss-sectional areas at ttrc neril tirre-
step by ttre solution of 8q.3.5 arrt knodedge of prerrious
hydraulic paranetens ard cu:rent, flcnr onditions. Itd"s
equation is sotved by use of a four gnint finite-differene
rethod wiilr ttre rpstream bourxiary ordition defined [r reans
of a fonrard differene amrociJnation. Ttre calctrl-ation
proeeds as follows.

Fr5st, ttre r4lstream bourdary ondition, that fu \, **, is
calculated tryr

\ , t* t  
= Aj ,*  + At (Q5,r  -  Qi*1,y1/& (3.7)

Ttrcn, using an inplicit sctrcne, \+r,r+1 is calculated by

*  
=  u  (Q j * r , t * r  -  Q j , r * r )  +  (1 -o)  (Q j * r , r  -  Q j , r )  (3 .8 )

and

\* t , t * t  
=  A j * r , *  *  A j ,1 .  -  A5 ,k*1  -  2LE @(3.9)

 :( 6x

wittt

@ = . 5

Flor degttr is then calculatd by ttre use of a look-r4> table
betveen deeEh and area. lban flor velocity and vJetted
perfueter can ttrcn be calculatcd; sr:lrrcutines wittrjn VBI,LRUS-
SIM are used to do ttris.

(b) Solution of ilre adr,rection term

A qnrnn feture of nrmerical tedrniques used to solve the
advective trnrtion of ttre translnrt equation is ttre prcduction
of nuneri&l diffusion by ttre-finitd difference 

""['t*t*tr,zo.A variety of tectrriques have been prcposed to eittren redue
tttis 'lnrasitic diffusionr?1,22 6s use ttris term to acount
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for the actr:al dispersion wittrin ttre syster?s. A comparative
study of a nunrben of solution techniqueda indicated that the
sctrenre suggested bV }b1ty and HraissmnFl and develc6:ed
rrithin ttre @NIOR pnoqra#s was suitable for aaogcion wittrin
IIDSQIIO for tro rnajor reasons:

1. lltre nethod rras ttre rmst accurate at representing
advection anC dispersion prooesses vfien ocrgarea
with analytical solutions urder steady-state
onCitions.

2. Ttre nethod r,aas stable at all spatial arxt terporal
tine-s@s and ttrerefore ould be int.erfad esily
wittr any of ttre flor solution technigrc used rrtit}rin
VALLRUS-SIM.

Ttrc Holly-Pr:eis$nan rettrod is based on a 'nethod of
characteristics' ito which ttre adnective translnrf eqr:ation

6C + U,.sC = 0
6t 6x

(3 .10 )

dC=0
dr

is replaced by trdc ordixary differential equations (ODE's)

(  3 .  11 )

ard

&< = u(xrt)
dr

( 3 .12 )

Ttte first equation states that ttre drange jn onertration of
any rmterial withjn a Snrfictrlar parcel of water vdth respect'
to Lfue is zerc, rdrile ttre se@nd equation defines the pattt
along wtlidr eadr parel of water travels.

Solution of ttrese tro Offi's is carried otrt on a grid(xrt)
(fi9.3.4) defined bV ttre ftor rodel, hALLRIJS-SIM. Tfre tfue-
step over hrtrich calculations tike plae rtsy be hi$ly
variable rangring tlpically frqn 15 to 60 seonds when a piln
is jn free-sr:rface flor to less than 5 seonds wtren ttre pipe
is sr:rctrarged; ttre spatlal step of ttre grid renrains onstant
irr:espective of tlre nature of ttre flo,'1.
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Drring eactr tiJns step three operations are perdorned at eactr
erSnrtational trnint:

1. Calculate ttre trnsition of ttre 'foot' of the
characteristic (Foint A), bry integration of Eq.
3 .L2

2. Interpolate onentration at, neigtrbouriag points to
derive onert-ration at Point A

3. Integrate Eq. 3.L1 along ttre ctraracteristic

Tlrese sEepe are detailed below and are based on the outljrre
provided by saurrcga@ and Moysaa.

Ilaving established ttre velocities at eactr pojnt as desaibed
abotre, the lnsition of tlre foot of ttre characterjstic can be
ob'tained bV use of ttre following iterative proceCure

Uoco) = U5*1,k*1

\ = xi*1 -( uA(k-1) * Uj*r,**, I llt/z

uA(k) = [ (xotr t  -  x i )u5+r,r  + (xr  -  x/k l )u5,s l l tx (3.15)

lhis procedre is repeated k tines until ttre differene irr
ttte Courant lMrber calarlated beb,een trp iteration step is
negligible (defined as 1.0 x 10{). Ttre lnsition of pint A
is ttren defined jrl terms of a trnranreten a, whene

a = ( :cj*r - xA , /Lx (3 .  L6 )

If d. s 1 ttren ttre foot of ttre ctraracteristic cunte is
lnsitioned along segnent AR on Fig.3.3. If a
anothen psitional pararreter B is defjned wtrere

B=(Q* r - tA l  / LL  (3 .1? )

ard ttre foot, of ttre ctraracteristic is trnsitioned along
segrlErlt PQ.

The seond step inrzolves ttrc caladation of ttre oncentration
at, Inint A. Oonventional intertrnlation pr.ooed.rres often use
3 or nnre l<rtorffi values adjaert to point A. Ilcnrever, suctl
techniques can int-rcdue nunerical oscillations into ttre
solution. lltre intergnlation rrettrod prcposed by Ho11y and
P:eissnan uses only values at trni-nts Q and R i-f a < 1, or Q

(3 .13)

(3 .14)
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a rx iP i f a>1
Ttre rethod *"" fotn the onoentration arui ttre derivative of
the onettration wittr respect to Ene at each of ttrc tlrp
points to form a thiJd onden polyncnial of ttre form

Y(a )  =Ad  +  B  a2  +  D  d  +  E  (3 .18 )

Ttre forrr oefficients ArBrD arxC E are evaluated such that tfie
follondng onditions are satisfied:

Y(1)  = Ci , r

Y(0)  = C5+1,k

dY(l_l =.&5,r = CX5,k
cD( ox

{f Ot = 691+1,1 = CX5+1,k
d< 6x

Ilaving ermhated A, B, D and E ttrese may b sulcstituted back
into F,q. 3.18 to obtain

T1")-: cA = q cj,* + E C5+1,r + E %,r + a4 $+r,k(  3 . l e  )

wtrene

a l  =d2  (3 -2a )

E=1 -a r

B=a" (1  -a )A )<

q .  =  -a  ( f  -  a )2  A :<

Itre above sctrcrne is used w?rcn a < 1. If a > L ttren ftoint A
will be sitr:ated along seEnerit PQ of ttre oarqnrtational grid
(rig. 3.3). In ttris case

Y!"1^:  cA = q 'Cj , r  +  q. 'C i ,k* , t  +  q 'CXi , t  +  q 'CX5,r+1
(3 .20 )

lhene

q '=  B2  (g  2B )

d2'= 1 - b,,
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a3'= (-1lui ,1)  r )2 (  r -  B) at

E '=  ( -J - lU5 ,p+r )  -13  ( r  B ) "  a t ,

1frre onentration derivative mrst also be advected along rrittr
tlte onertration. tlris is actrieved using a sjmilar ic*re$re
as for ttre onsrtration, tbat is, calculation of CX( at, the
foot of ttre ctraracteristic b1r intertrnlation and in@ration
along ttre draracteristic. Ibvrcv&, ttre ctrange of the
onqrtration derivative along ttre characteristic is rpt zero
as in ttre case of $re onentration, brt is girrcn by

d(A( l  = -CX(@
dt &<

Bre interpolating fi:nction for Cx( r'ltren
follolrriag form

Y(a) = Aq =
(3.22)

wtrcne

q=a(a-

b2=-b1

4=o(a

b 4 = ( a - 1 )

bt Cj,t. + b2 C5+1,k + b3 %,t + ba Ci*1,k

L'  /b<

(3 .21 )

q

1 )  ( 3a  -  2 ,

( 3a  -  1 )

I fa>1 then

Y(13) = ol  = 
_1 1b1'C5,t  *  ba'c5,k*1

.urwnere

\ '=  B  (B  L ) /L t

Q '=  -  b1

b3 =  ( -1 lu5 ,p)  B  (B  -1 )  (313 -

b4=( -1 lu i ,1 *1 )  (B  1 )  (38  1 )

+ br'"*,1!.lrfo'cx:,**, l

2)



Finally, Eq. 3.21 is in@rated using ttre traSnzir.rn npttrod,
such that

$+ r , k+1  
=  cxn  t l  -  a t  du , l  J  /  t 1  +  r t  gu  I  t  G .24 ,

2d<  lA  2d<  lN

If a > 1 then it is neessaJiy to estimate rrystream boundary
onditions of ttre onsrtration and its spatial derivative.
Ttre onsrtration tenn is evaluated at each node as eqplained
previously irr Section 3.2. lltre derivative of tbe
qrentration is estimated by assuniag ttrat,

6C=-16C
6x U.6t

and

6C=dC
6r dr

at, ttre node. If U equals zero ttren 6Cl6x is set to zelp.

Ttte above sdrerne is used for both fonnrd and reversed flolr
onrXitions enor:ntened within a ltnk. In tlre case of
rerrersed flotr, lrrhich only occurs wittrin vnI,LRIts-sIM wtren a
link j-s sr:rctrarged, ttre ordening of ttre orgnrtations is
reversed.

(c) Solution of ttre diElension and sor,rroe,/sink tenre.

5he se@nd step in ttre fractional sctrecne used for solving
8q.3.6 is ttre diryension/souroe-sjrk equation, that is

A6C=d(er *0C1 +S (3 .25)
6t 6x 6x

But frqn before

6C = Cx( (3.261
6x

rr&ich leads to

A 6C = 6(AFICX) t s
6t 6x

(3 .27 \
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Usiag a 4-pirrt Preissnan Sctrene it is ;nssi-ble to sulcstitute
for ttre tenns in Eq. 3.26 anl Eq.3.2t W

A=9 ( \+ r ,k+1 +  A5,k*1)  +  Lq  (A5* r , t  +  A5, t )
22

wittt similar representations of Cx( and S, and

dC = [C5*t,t*t - Cj*r,, + C5,k*1 - C5,tJ / 2 Lt

#="  
(C5+r , r+1  -  c1 ,k *1 r /e  +  (1 -g )  (C j+ r ,k  'C5 ,u l /E<

with a similar regxesentation of 6(AF*CX)
6x

The resulting systen of equations i6 tlren solved to firrf
!i+r,r+r d Qt.r.r*r using a doricle-sli,eeg> algorithn. I\rc
nouidaqy orffitions are required. First, for ttre
onerrtration tenn, an qntream nornaary ondition is used.
Seond, for ttre onent-ration derivatives a dcffnstredn
bourdary ondition is qsed. Although, .an r4>strean Uo:nlary
ondition ould be used i.rl this latten instan@, ttre
resulting solution suffers frqn nrmrerical oscjl-Iations. Ttre
dffnstrean boundary ondition is obtaiaed bry adrrcction of the
derivative term over ttre last ocreutational step; it j-s
as$rned that ttre dispension arul souroe/sir:k effects have a
negligible effect, on ttris boundary ondition.

(d) Definition of ttre soure/sjrk tenrg.

lltrc tuay in $tlich ttre rodel defines ttre sour€ and sink tefits
varie acording to wtrettrer ttre parrareter ie a sedirent or a
pllutant,. 6Uutants can be eitlrer associated wiLtr
sedirrents or dissolved.
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1. Sedfuent terms

ltrc sourcre term for sedj:nents @nsists of erosion, E, ftun a
sdjlrent bed, wtrile ttre sink term onsists of detrnsition, Dt
frqn ttrc flcnrr into a sedirent bed, that is

S=E-D

where

E=f .A( fe -C)

ard

D=Io  A  (C  -  To)

wtrene

IE= l i fe ros ion
fE = 0 if no erosion

fo= l i fdepos i t , i on
Io = 0 if no deposition.
Ti = sediment t,ransport rate (ngll)

the term q is defined by rreans of a sedinerrt transport
fornmlae. Hcnr,ierzer, jnterfacing a onventional sedfu€nt
transtrnr:t fornnrlae (".g. ectcens-frtritd6) wittrin ttris sctrcrra
Ieads to a nurben of rlifficulties:

a. Oonventional fornnrlae usr:aIIy relate to na:rptrfy
Saded sedfunsnts wtrereas sedinents jn sstu€rs are
widely gaded.

b. Sedi:rent transtrnrt fornnrlae have been developed
fryn steady-state openirnents trithin laboratory
flrsnes wtrereas orxlitions drjng storr*-events in
setr,ers are r-rnst-ead1r. tloteven, tlre tine over rrtftictl
ttre sediment neaches its steady-state onditions is
genenally snall ocngareA to tbe tinre over drictr
flons are dranging, ttrus ttre systerr can be vierued
as 'quasi-stdy'.

c. lbst sedjnent transtrnrt fornulae have been
developed for alhnrial rivens wittr an unlimited
sr4ply of rnatenial available for erosion utrereas jn
sefiiers ttrcne is generally a limited sqply fron the
ssrer bed.
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d. Ttre fi-ne susper:dd load (sedinrents wittrin ttre
silt/clay ranges) is generally ignored bV non-
ohesive sedinrent transporL fornmlae.

lbdels developed for Eplication wittrjrr rivers use ttre
sedfuent bed grading curye to adjust the rates of translnrt
defined b1r fonrnrlae for nonogranular deSnsits. For exarqrle,
Ackens and WtriteFT advise tlat if ttre sedjnent, is narrowfy
gnaded (defirrcd as Qsald1o < 5) ttren ttre total tranq)ort of
bed retenial ould 

-be 
ielated to 4s. If ttre mterial

oAdbits a wider grding, ttren ttre ammoach reorrerded bry
Einsteif8,p oUa be u;d, in uhictt eactr fraction is
qtsidered separrately to calqrlate a potenLial trans;nfr,
rate. Ttris is then adjusted tryl ttre arorlnt of ttrat rnaterial
within ttp sedinent bed. Ibvrever, within serrErs ttrere nay
not, be a sedfurEnt bed present rrith vrhich to define a sedinrent
gradiag curye. Berefore IDQIIO uses ttre grading cu:rre of
the raterj.al in ttre flor to derive ttre total translDrt
capaciQr of ttre flortr. A partiorlar problen rrrittt ttris
aprcactt is tror to ope wittr rmterial $hictr is in the bd and
capabte of being elrcded, hrt, i6 not present jl ttre flov. llhe
prodre outlined belq,r allops ttrese fractjons to be ercded
bryr a 'residual tJang[bft, calncity,.

Ttre transtrnrt rate at, ttre pint (j+1rk;1) is caLculated for
each fracaion using the Ackers-V[hite sdjnrent transport
forrulae for bed naterial load; fine-suspended lnaterial j-s
calculated separately. For ttre naterial in ttre Adsens-!{trite
ranlp the total- load that can be transported is calotlated tryr
$nmation of ttre transporE, capacities for eactr fraction
adjustd by the grading cr:rye wittria tlre flow, ttrat is

n
T = .E-p i  T i

.l-=I

ltrene

(3 .28)

R = fracLion of mat,erial in flow grading curve

Fbr each fraction iJr transport $re individnl transport
calncities are oqparea witlr ttre ancunt in transport, to
define a depositing or an elrding state. If q t Ti ttren
detrnsition occurs (Io = li Ie = 0)i iJ Ci . Ti ttren ercsion
ocsurs if that, naterial is aiaitable on dhe sedinent bed (rD
= 0; IE = 1); if rnaterial is not available ttren neittrer
ercsion nor detrnsition occurs (fo = 0; fE = 0 ) .
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nring ttre above calculations a reord is kee't, of the
differenoe betneen ttre transport capacity and ttrc arrnrnt jn
transpott,. ltre difference is defined as ttre residual
transport calncity. If a rnaterial i-r: ttre bed is able to be
elrcded (defined bryr Ackens-Vthite), but is not ;xesenL in the
flcnr, ttren thi-s mtenial is euoded to fill ttre resid:al
transport capaciQr.

lttre transtrnrt rate, Ti, for bed naterial load is defiled btlr
IIteaIrEi of ttre Ackers-l^ttrite sedi:nent transporE, fo::rnrla trtricfr
has been adapted for use jrr seuers hry ack6rspo,st. ectsersso
has prt forrmard ttre case for using ttri-s equation rattrer tban
equations deri\red specifically for selers as follo\,ts:

'Ittis equation has a sor:rul theoretical basi-s ard has
been onfitled for a rrride range of onditions. It nny
ttrenefore be rrcre reliable rrhen scaled to field
onditions than other equations based on snal1 scale
laboratory researctr that rtsy be subject, to scale
effects.'

In ttris amroacn sedinerrt tranq)oft, i-s related to trm
parareters, a nnbility nurber and a dimensionl-ess grain-size
(or par-Eicle-size Relarcld's nrrrber). . Ti is gitrcn as a
@ncntration lpprn) W

T i=Go .sdUn-  y l l n

whene

%.=c(Fn. / \ . -1 ) '

fhe robility nr-urben is defined to be

Fo" = __UJ g(l-n)
t'(gd(s-l) ) (/(32 ln(12Rld) ; 1tt-n)

(s .2e)

(3 .30)

(3 .31)

and ttre pardneters n, 4,.r m anC C are firnctions of
dimensionless grain size, Di., defined by

Dn.  =  d  (g  (s  1 )  /  v " ln

n=L /3

v = kinernatic visoosity

(3.2t ' , )

35



For oarse sedlnents, wtren Dn,.

n=0 .0

\ ' .  
=  0 ' 170

m=1 .5

C = 0.025

ard for transitional sizes, vilren 60 2 Dn. 2 L, then

n = 1.0 - 0.56 1og1s Dr"

4"  =  0 .23- 
VDs.

m=9 .66+1 .34
Dn.

ln  C  =  2 .86  l n  Dn .  -11n  Dn . )  "  3 .53

wtrere \. is an initial motion condition.

In adaprting ttris equation for use in ser,rers, flor,'r depttr, y,
is interp:eted as an equiraalent d€pth defined bryr ttre flor
area divided hryr an effective v/idth for sedirnent trans5nrt,
%. Ackers{l, in aSplying ttris aparoadr to laboratory data,
i:,tdicated that w" varied with ttre anpr-nt of sedjnrent on the
Pipe irnrerU trut that at ttre ljrnit, of detrnsition vitren no
sedilent, bed was present rire was apru*atefy 10 tinres the
par:ticle diarrEter. In ttre 

-present, 
nndel it is aesrned ttlat

the effective widttr is at least 1,0 tjJres ttre m:ci:run par*,icle
dianeter, ottrenrrise it is equal to ttre wifth of ttre sedinrent
bed, Bs; that, is

w" = l " lAX (  10 MAX (d1)r  B")  (3 .33)

vfiere

IvIAX = rrn:cfunn value of

Sedirnents with Do. < l- are considered to be a wash-load and
are not affected-directly bV ttre Aclsers-!{trite nndel.
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Instead, these sedjnents are detrnsited at a rate @ntrclled
by their settling velocity, v.r and tqllifted at a rate
ontxo]led t[r a'airfusion-lilce'-relationship. Hene,

E= IeAkdCb

and

D= IoAv "

Sedirnents in this class do not enten irrto tlre 'total load
al4lrcactr' &fined aborre. Hor€ver, in orden to be ooqntible
with ttre above atrprcactr, elenrents of ttre Ackers-!{trite t}reory
are utilised to ontrol ttre values of To and fr. fn order to
ensure that the verlr fine sedjrents are not, deposited vtren
tlrere is transtrnrt of €arseir detrnsits ttre siteria for
depsition (I:o = 1 and Ilr = 0 ) are set only when the mobility
nmlcer, F'o., of ttre fraction wittr ttre sarre specific gravi!1r
as ttte finb fiiaction anl a dfurensiqrless gnain size equal to
uniQr is less than the initial rption ondition. this is
equirralent to

F 'n .  .  . 37

Settling velociQr v" for ttrese sedinents is defined in tenns
of Stoke's Lar.r with a factor aircunting for hinlered
settlirrgsz.

ff  F'qr > .37 then ID = 0 and I. = 1. The coeff icient lco can
varY loetrreen 0 ard 1 with 1 ldirig to instantan@us rencval
ficrn tlre sedirnent bed. In ttre first version of ttre nodel a
value of 1 is assLuned in order to rep::esent ttre initial flush
of ttrese sedi:rent epes.

Contiauity vrittrin tlre sedinent bed is ttren rnaintairred tryr a
sfup1e balance utrene

@=D-E
dr

tltrene

M = ntass of sedirrent
layen.

(3 .34)

per unit area wittri:r ttre available
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Ttrc nndel onsiders ttrat, sedinent detrnsits withi-rr a link are
sulcdividd into three discrete tlpes:

1. An active layen on ttre pipe jrrvert in vthicfi
sedinent is stored in an unonsolidated state

2. A storage layer on tlre pipe invert, in !,thictl
sediment is stored in a onsolidated forn
€!&ibiting a ohesive shear strengittr

3. en irnrnbile layer on ttre pipe inveft, l,hich cannot
be rpved bV the flow.

fhe6e three sedfurent types form separate layers of a sedjnent
bed on the pipe jnrrcnt (Fig 3.4). Sedfuent, is transfen:ed to
and frqn the flon b1z nreans of de;nsition anl eepsion of ttre
active layer. If ttre active layen is totaily euftausted of
sedfutent ttrcn a trnrtion of ttre storage layer can trnss into
ttrc active layer i^f ttre shear-strength of this layer is
e*eeded b1r tlre flcm shear stress. In ttris fashiqt the
ohesive betraviour of ssller sedinents rttsy be audely
represented. Ttre shear strengttr, r", of the storage layer is
defined by ttre user as parf, of ttre-irrp.rt data draracterising
ttte nahrre of sdinent detrnsits in ttre ssrrer. Shear stress,
Eor is given by

E o = 9 ' S R

whene

(3 .3s)

9' = unit $Jeight of waten = g density of roaten

S = slope of link

A nrrber of rerraining trnints need to be clarified

1. The arount of nnterial pssing fmn the storage layer
to ttre active layer is unoeLfain brt can be taken
appnocinately as ttre rcugtrness of tlre sedfurent bed.

2. Passage of rmtenial frun tlre active layen to the
storage layer, that is, onsolidation of ttre active
layen, is not yet represented by ttre ncdel. All
deposited rnateri"al rernains within tlre active layen and
is eqn1ly available for entrairurent by the flcru.

39



3. Sedinent anrouring is not directly nDdelled alttrough
it.is atrdely represented tryr onstraining ttre uplift of
ttrc storage layer to tike plaae only dren ttre oarsest
natenial frqn ttre acLive layer has kn rerrrrred.

4. llhe initial onditions of eactr of ttrese stores is
defined by ttre user i:r terrrrs of 'stanCard sedfuent
tlpes' (see 3 belonr).

2. Pollutant t€rms.

Follutants in ttre belcru-grourrl rodel are treated as being
eittren attached to sedi:rents or are in ttre dissolved form.
In the first versiqr of IOSQIEO all lnllutants a:re treated as
@nsenrative; that is, trnllutants do not degrade, develql or
interact wittr ottren deterrninands during the time-scale of a
si:rgle event.

Pollutant finkage to sedjnrerrts is desoribed b1r use of potencry
factors as in tlre aborre ground rodel; ttrerefore, ttreir
behaviour is gurerned by tlre sedirents ttrey are attactred to.
Follutants i-n the dissolved state in ttre bed a:re reqtresented
in tet:l6 of a onentration per rnit volure of interstitial
waten. ftrese are rsroved fron ttre active layer b1z a diffirsion
prccess,

S=-q(Cb-c r )

whse

( 3 .36 )

C6 = concentration of dissolved pollutant, in active layer

Q = concentrat,ion of dj-ssolved pollutant in flow

h = ditfusion coefficient.

Dissolved pllutants are not allcrsred to diffi$e back to tlte
active layer, so

S = I ' !N((O.0rS)
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3. Stardard seher sedi:rent.

Sediments in ttre storage arxi innr$ile layers are defined in
terms of a 'standarid selrler sedinrent' ctraracterised in ter:ns
of physical and chemical trnranretens:

i) bulk density;

ii) sedinrent orgnsition (grading cuuve or Q5) i

iii) settliag velocity for eactr fraction or for rohole
nBss;

iv) 4ecific gavity for eadr fi:act^ion or r.l}role rnssi

v) 5nllutant associations (solid-phase and dissolved-
phase onertrations);

\,:t) ratio of depttr of storage layer to total sedjrent,
depth (defined as ttre Eilrrn of ttre storage ard
furnrbile layens).

fhe rIDdeI calcrrlates ttre total naE s of sedfurent in ttre
storage layer based on ttre depth of ttris layer withia the
pipe and its bulk density.

(e) Definition of dispersion term

lhe dispension prccess has not been onsidered in urtcan water
quality npdels previously. tlo acctrately pnedict a
polu@raph it. is essential to have ssre lmmdedge of tttis
term. T\rc atrprcactres @u1d be used:

i) derive mss-sectional velociQr variations and use
atrprcadr of Taylot'3 Lo derive average longitudinal
dispension mefficients; these ould ttren be
related to averalle hydraulic parametens suctt as
reall flo,v velocity, hydraulic radius, flon depth
and shear velocity

ii) erpirically derive dispersion oefficients fnqn
field obewations
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Hcryever, in ttre first, vension of I,@ITO an erpirical
relationship derived frqn river data is useda where

F t =- x (3 .37)

13 = 0.18 (r'gns4y1t.s

B 0 2
TL R3
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}UEL
CALIBRNCIOT

Ttre previous tlD chaptens have desejbed jn detail the
E>ecifications of ttre individr:al sr:lc-nndels founing }O$ITO.
Alttough nrany of ttrese nodels a:re $rysically-based, it is
errident tttat, ttrcne are a larEe nnrber of paranetens hthicft
requine caUlrration. Ttris ould be left to ttre rodet user to
perform ildividually on eactr catctunent urder imrestigation.
Btis atrproactr, honeven, has a nr.urber of disadvantages:

1. ftre @st of ollecting sufficient data to
adequately calibrate eactr sd)-rodel on irltividual
catclrnents is trrrchibitive.

2. CaliJrration of intividual srib*rodels using obeented
data reflecting total systenr reslplrse is wil} rrt
give reliable paranreten estimates

An fuportant featu:re of ttre rodels onstittting ttle
I{allingEord koedre is the deqee to whidr irrtividnl st$-
rodels have kn pre-calibrated for use in ttte U.K. For
exanple, ttre hyrhqgfogical rrodel, qmonfy refeffed to as the
wallingEord t'bdel55, was calibrated using data collected frorn
a rrariety of eperirn*rtaf catchrcnts specfficafly set lp fur
ttris prrtrnse. Itris feah:re has been of undouhed benefit in
the succssfirl atrplication of ttre procdure to tackle ureart
drainage pnoblenrs jrr ttre U.K.

It rrculd ttprefore seenr log:ica1 to attsqtL to pre-calilrrate
ttre sub-nodels inorlnrated within I,DBQIIO using data
ollected fron euperirnental catclments in ttre U.K. A najor
p:oblen rrith rmdr of ttre available data that is to be used,
is that ttre plrtrnse of ttre data ollection eucencise was othen

,- than one of lrodel develoEnent. Flrrttren, these 'field
elqlerinents' r€re rpt sufficiently oordilated to ensure
ontinuity of erperinental procedures and analytical rethods.

Table 4.1 indicates data available for calibrating l@I1O tp
to Ar-rgust, 1988 indicating determinards reasured pertiaent to
IIDSQIIO I, nrarber of storm events and location of sarpling
point. A qualitative oq>ression of data quality is also
prrovided based on a revien of ttre data ollection net}pddo.
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lIhe follorring sections provide details of ttre mtdel
calilrration anC venification exercises that, are to be
wrpleted prior tb rrodel release irr SFrjng, 1989. this
o<encise can be divided jnto five rnajor sub-headinge:

1. Calibration of above ground rrodel

2. Validation of se6nrate systenr rmdel

3. Calibration of foul-florv rndel

4. Cafibration of in-seuren tranq)ort nodel

5. Validation of ccnbined syst€ln rrodel

e .1 CaUbratfo
of above-
groud mdel

The above-ground rrDdel, as detailed in Chapter 2, onsists of
tlree sr:bnodels: a catclnent vnshoff nodel; a Edly-pot
nndel; and a sehrered sub-area rrpdel. Ttre latten is
calibrated agninst ttre betraviorr of ttre fdtl nDdel - it, is in
fact 'a rndel of a rodel'.

In order to calibrate ttre uashoff rrodet data are required not
only of ttre roashoff of rnaterial fmn a variety of catdrnent
surfaces (Ioad, rcof and penrious) hrt also of ttre rrarjous
inputs of sedjnents ard trnllutants onto the catcjlurent
surfaes and of ttre hyCrcIog'icaf reslDnse of eadt of the
surfaes. Data available for ttrese trnrr1Dses @rres frcrn three
catcitrnents:

i) ClifEon Qove, lbttinghdn: data of surfae tmshoff
frqn three road surfaces ontributing to inlittddnl
gtully-pots.

ii) tlniversity sites, Goteborg: data of surfae washoff
frun a rcad site, a parking lot and a :pof surface.

iji) AArey strbcatcturent, London: data of surface rtaashoff
fnqn one road surfae.
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INEE 4.1 stl|ARI C' IIAIA AVAILRSIE F€R CNLIBRIITIIOII

Site NanE tytrE1 DeGnninands Salrpling 1ie.2
Foint events

Shephall

Chelnsley
I6od

Clifton
Glnove

O*rcy (vftole) S

TSS, NII4-N

TSS, MI4-N'
mD, BOD

TSS, NI!4-N,
BOD

TSS

TSS

TSS

TSS

TSS

TSS, brIL-N,
@D, BOD

TSS, blII4-N'
mD, BOD

TSS, llil4-N'
mD, E0D

TSS, NI{4-N'
mD, BOD

TSS, NII4-N'
@D

OutfaIl

Out fa l l

Outfal l

Out fa l l

Pipe d/s
of gully

downpipe

gul1y inf low

gul1y inflow

gully inf low
and outflow

gully inf low
and outflow

guily inflow
and outflow

overflow
chanber

overflow
chamber

S

s

79

4t

20

?

?O&ey (part)

Sreden: roof

car park

stueet

Tare Close

S

s

s

s

s

4

1,0

16

L4

Churnet, Close S

ry.f"ord Gdns

Hi$arn
Ferr:ers

6:eat
Ilarrncod

11

11

L2

c

c

1 C = combined, S = separate
2 Total events'monitorld. Data incomplete for some

events, especially Shepha[ and Chelrsley lrod.
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The parareters of ttre sedinrent ald washoff subrndels are to
be caljbrated b,y sOeOaiag ttrese nndels within an
Wtinization sdrcm3. Ihis also a1lcms pardrEter sensitiviQz
to be assessed. Objective fr:nctions used in tlre optimization
sctlsns deseibe ttre 'goodress-of-fit, of $re rrodel over ttre
duration of ttre stornrevent(s), ratlrer than an ability to
r€present event parareters, sucfi as total load, over a nurber
of events.

Ib calibrate the gully-pot. rrodel jnfornration is required of
both inffcs ard outflcnr of naterial trogettrer with the
onditions in ttre grlly-pot prior to the stosrFevent. Data
for ttris Frpose are only arnilable frun ttre Clj-fton Qove
subcatctrnents. A rnajor trrrrpose of ttris e scise will be to
test' the sensitivity of rodel reslDnse to the renrval of tlre
guUy-pot rrodel.

4.2 ValldatLc
of saparate
syst€n EdeI

Tlre cafibration of ttre suFnodels onst^itut^ing ttre above-
ground lnrtion of IDSQIIO can be assessed bry use of data frun
a nurben of storrn-lrater systens in ttre U.K., that is

i) CliJton Grcve, Ncttirrgbarn

ii) Shephall, Stevenage

iii) Ctrelnsley l&od, Bindnghan

iv) o*rey, rondon

Ste primry validation reasure will be tlre acsurac.y of
si-lrnrlated total load, having rsonred baseflcnr quality frqn
ttte observed data. tlests on ttre distr.ilnrtion of lod dr:rinq
an event will be used to assess ttre sensibivity of the r*1
to the nature of ttre dispersion term within tJre transtrnrt
npdel. It will be asstlred that there are no sit€s of
dtrpreciable sedirTent detrnsition witbi-rr ttrese 6ystsr6 r*ridl
my alter ttre total load disdrarged fnn tlrese catdnents
during a storm event. ltinor pardreter adjustrrent wilf be
allo$ted, but rmjor pararreter optimisations will rpt. be
onducfed usj:rg these data.

46



4.3 Carlbratl"o
of fqrl-flo
mdel

4.4 Callbrd,io
of trastrtort
!ic&l

Ttre foul-flcw rrodel dessibed previously is a statistical
rcdel based on obsen ations of foul--flow behaviour ftqn a
nurber of sites wittrin ttre U.K. lbdel parileters have been
deri\ted using regression analysis. Sites frun wtridt data tnve
been ollected can be suH.ivided into trryo classes:

i) Strage lt:eatnrent, Plant (STP) jrrfluent qtnlity
during fir-rreather flcry onditions

j-t) Catcl:unent stldies wittr associ^ated nreasure$Ents of
base-flor orulitions.

A najor pcblenr r^rith the infor:rntion fisn bottr these sour€s
is that ttre foul-florv might be significantly altered in its
passage ttrrcugh ttre Arainae systen to ttre point of
neasurement as a result of dqnsition or re-entraj:ment of
sedirent ard associated pllutants. lltris nodel is being
calibrated separately fmn ttre rest of ttre nrrdel; details of
ttris rork can be found jn a separate report (Henderson,
1 988) .

A nmicer of lnraneters withjn the sedirTent and pllutant
tJanryoft, sub-rodel require calibration; ttrese are listed
belcn toEether r,rittr details of ttre data to be used tllitere
ttrese are available.

i) Effective widttr, w.r in Ac*ens-!{trite equation:
calibrated using Oita fron laboratory pipes at
HF{T17,31 ,38

ii) Dispersion oefficient irr advectiondi-spersion
eqr:ation: no data yet available, alttough dilution
gaugi::g data has been sought.
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iii) voh:me occtrpied b1r active layer of sedjment bed: no
data for cali-bration.

iv) Oohesive shear strengttr of storage layer: no data.

At present fen data are avaj-Iable to attergrt to test arr/or
calilrrate ttre various sul>rndels @nstituti;g this par-ticuiar
aspect of the nndel. Ilcnretrer, ttris deficiency- is being
addressed tryz a nurber of studies organised unCer ttre aegris of
ttrc River Basin laarngsrent prrogranre.

{.5 Valldatl,o
of odlaed
ry€ta rcdel

Data sets frqn trp catctunents have been srppried by ttre vra&r
Research centre to attengrt to \ralidate ttre betravjour of ttre
@rbined systenrs nodel, ttrese are:

i) Ifi$am Fel-l:ers

ii) freat Harrtood.

-rhe_ data sr$pried deseibes se\ner qrrality ant flcm during
Ftr drY-weattrer ard reret-kreather 

- 
perioAs ard rainfalf

inforrnation. tb details wittr regind to sedinrerts ant
pllutants on eittrer catclrrent sr:rfaes or within tlre
drainage systenr are arrailable. as a result, ttrese ratter
details nnrst be infer::ed frqn ttre separate systern studies.

IittqFr, further studies are being orulucted on tlp ottrer
qrbjxed sefirer catctnrents (clalton-1e-l'lcors. arrt H:eston) in
wtri& sedinents fron catclunent 

-sur:faces 
anl within ttre s€fiEr

systern are being ollected togettrer rrittr r.rater arut trnllutant
fl-ow neasr:rsrents. These aata souroes should enaote tlre
behaviqrr of tlre ocnplete ocffbined s€fier nodel to be
\ralidated arll its sensitivity to diffenent jryut, data to be
assessed.
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5 I,SEL TISE

5.1 OfiLLe
prceaure

Ttrc proedure for using ttre nodel is rpt yet ocrptetely
defined, aftc rnany aspects will only be deaelTrjrred after
several studies have been carried out. ltris ctrapter outLines
the najor steps involved jn ttre use of ttre m&el, anl ttre
assurgrtions nade in the developnent, of ttre rrDdel r*ricrr affect
its use.

Ttrc uater quality rrcde1 ie intended to be attactred to a
hldraulic sinulation rcdeL. rn tbe first version of ttre
tlpdel ttri"6 is lntlRus, ttre lateet inplenrentati,cr of ttre
I{al}ingford hoedue. The rfiater guality rrpder i-6 rDre
difficult to use than the quantity ndet, ina reErires rrrrre
data. tre rresulte of ttre 

-quau* 
rodei r'ill bd rnrctr rnrre

urcertain than tto6e of ttre quantiQ nodel.

Ttre prcedr:re for using the rrcdels is ttrerefore to identiq/
arxl resol've as rrnny parcblens as gnssi.bre lrtren using only the
hldraulic rcdel befor.e ursiaering water quality. 

- 
lltre

hl'tlraulic rodel nnrst theL€fol€ be qrstnrcrca arrt-verjfied
before lookiag at, $ater qualitlr. It is partictrlarly
rltDrtant that the disdtarps at overflorps arrc ortfalls to
the river eystem a:re beiag or::ectly predicted, as these will
harre an fuportant effect on ttre tnter-qrFrity iodel.

tte rethodoloqr for usiJlg a hydraulic rcdel for r.rater
quantity is desaibed below.

Constnrction

1 constnrct a rnrdel using ttre best arcilable data on ttre
pttysical drarc,cteristi& of the sefiErage Eyst-eln ant
catctrnent anl ttre aver.qe d4r weattrer fldtr.

Proving

2 Analyse ttre rrodel for long refirrn period slmttreLic
storms to drcclc its stabiller ant its rcsponse to
€!tr€{t3 orulitions.
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Veri-fication

3 \afyge ttre nodel for any significant historical
flooding e\rents, ant for slmttretlc stonns of return
periods of tlpically s to 10 years for ocrparison wittr
flmding reports.

4 Try b identify ttre causes of any gnor prredictions of
ttrese flooding e\rents.

5 lbasr.rre rairrfall arrt flcnr in ttre systerr for a few rreeks,
eld ocrrpare tlre rrpdel predictions wittr ttre nrgasu:red
data.

6 TlV to identify ttre ca!6es of disagarcerent anC re-
ollect ttre data of the $rysicar chanacteristics ntrere
ne€ssarlr.

U6e

7 Analyse the nodel for qrnttretic storms of a range of
drrations *4 return p."i"o" to identify uadequate
perfounane of ttre system.

8 rnt-Fodrcg trnssi-bre 
-irrerc\rsrEnts 

to ttre aystenr arxl ne-
analyse for a rarrlF of orr{itions to see tfre results.

rhe- prooedure for ttre r.,ater qrrality rrodel is generally
similar.

Construction

1 constrtrct a nodel u,6ing ttre best available data on tlre
extent anc characteristics of sedir€nt, dmsits in the
aetilers.

2 use the stardanc fouL inflcru rtcdel, anc ri,'ittr stardard
surfae rrrashoff and se'qrer sedirtent daracteristics.

Proving

2 llrere is no dtitional stability reqdr€lrent for ttre
rodel, ant analysing any event rriL-l dgronstrate that ttre
npdel is stable
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Verification

3 Analyse the rodel for any significant h-istorical events
wlaidl harre caused seriow lnllution jncidents. trris
will req&ire ttre rairtfall data, anC also &ails of ttre
anteoedent drlz period.

4 Analyse the rcdel for slmttretic stouns of 1 year return
periods for ocngnrison with typical plhrtarrt incjdents.
the anteedent onditions for $rese should be ttre
starulard sulrnsr catcjtuent rretness irrd€x, ard a stinlard
sumrar nnrber of dry days.

5 TYy to i&ntify ttre causes of any poor pnredictions of
ttrese fir6't events. lttre rost fikely c.mse is errcrs in
ttte depth of sedinent in ttre syeten.

6 l€asure rainfall, ftcnr arrt trnllutants irr the systenr for
a fetr weeks, and cargnre ttre nndel pnedictions wittr ttre
neasured data.

7 T:ry to identify ttre catrses of dieagreenent, ard re-
ollect the data of ttre physical draracterist"ics rdrere
necessary.

Use

8 Use ttte lGc interjm prceare to j^dentify ttre rost
significant storms frun ttre available rainfalf tirrre-
series. tlpically W to L2 storre cnuld be rs€d.
Analyse ttre rrcdel for these storns to id€ntify
jnadequate perfornrane of ttre aysterr.

Itrcre are trD tlnpes of result required frsn ttre
arnlysis. ltre first i6 tlre total polhrtant load pen
year. Ib determine thi-s ptot the pllutant loads
against, ttre rank of ttre stonn on Gtnbel paper.
Ectrapolate ttre line back to ttre point of rp pllutant
disdrarge. [tre area urrCer the clrnrc is ttte erye*ea
annual disdrarge.

Ihe seord tlpe of result j-6 ttre peak disctrarye
onentration over a ranlp of d:natiqrs of disdrarge.
ghis requi:res ttre otrtfalf pollutogrcFhs to be e ntined
for a1I of ttre analysed sto::ns. Itre peak value of
onoentriation for eadr du:ration can be asslnred to be
ap4xucinately a one in one year Snlhrtion event,.
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10 rntrcdue lnssible iJrpssv€rrrents to ttre systen arrx re-
analyse for ttre tinre eerie errents to 6ee ttre resu1t6.
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5.2 Data
regufu.wts

An inportant onsideration jn ttre use of a rodel is the data
tJtridl are required for it,. trese can be onsidered iJt
sever:al different, classea.

Static data $tlidr dessjbe ttre grysical characteri-stics
of the system. Ttrese are rnt cfranged fron event to
event, b.lt will be danged hy capital lncrlcs.

E\tent data wtridt are rlifferrnt for eactr event. Itli"s
includes initial orrlitions aflt t^irre llarrying data.

Verification data whictl are rst us€d to srstnrct, tlre
Irodel, hrt, are used to girre onfidene that its
predictions are @ll::ect,.

Fo-r hldr:aulic nodels, ttrc static data incluce h1drau1ica1ly
significant s€dinerrt d€posits.

Dry v,Eattrcr flcm data are nonmlly taken as static. Gl
catcturents with significant jnfiltration it rmy be onsidered
to- yary frqn errent to event. For long.dr:ration stonns the
9"ify varjation of dry weattrer flow nay 

-Ue 
incfudeA. lttris is

hovtever a form of static data, as ttre sanra telatiorship is
used for eactr event

For uatcr quality nodels nore data wtlich are required, ard it
is not alrmys clear $rhich data class eactr it€rr fafis into.
the deseiStion belq refers to ttre use of ttre first, version
of loSQIlO.

Ttre etatic data will inc}rde not only sedirrcnts wtrictr are
hy$iaulicafly significant, hrt, also sedfurerfts riririch rcqui-re a
significant disdrarge to norre ttren, arxl whidl are signiticant
for trn1lutants. Sre d€eth of ttrese sedirnertts will be asstned
to he pre€ent, at ttre stant, of eacjtr event, unless ttrc user
pLo\ride€ nenr data.

rhe event data will inchde ttre 6nllutants on tlre etclnrgnt
stttace, ald ttre nnbile organic layer of sedjrrerrt in ttre
seser6. ttri6 r.riLl be calctrlated autcnatically by ttre prcgranr
based on tte nurber of antecedent dry days.
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ttrc_ pollutant strengttrs of ttre seuer sed.inents will be
assigned stardard values, although if tlrene are found to be
serious errors in ttre ircaer p6aicuion, ttris is ttre nost
fikely 6our€.

the ercsion resistane of se'sler sedinrents wil also be
assigned stnndard values.

ttte verification data will onsi-st of serrcrar rriffesent,
tlpe6.

surfae sediJrEnt. data. rtrese rrould rprt, norrrally be used
99- Uput data to ttre nodel, hrt will girre a gujde to ttre
IiJ<ely erzors introdtred bV using ttre-stanlanC valuee.

Dry reattrcr flcr 1nUutant data. :Ihe6e rcu1d rpt
rorrally be used as inprt data to ttre nodel, hrt will
give a guide to tlrc fi:<efy enor6 jntrodr€d by ushg
ttp etardard rralues.

s€fler sedinrent strengittr data. rtrese will only be used
as inpuE, data if 

-ttrere 
has be€n sufficiint data

ollected to reliably ehcnr that ttre stancaad varues are
not suitable

Sewer sedjnent, depths afEer stormb. Ihe elpsion of
sedirEnt dr:ring storrns can be used as verification data
to give onfidene in ttre stardanl val-res of erosion
rqsistance of ttre sedinrents.

Suspended solids, and pllutants in ttre flcm vrill be
used as an overall- neasure of onfidene in ttre node1.
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ffll'q8E

Ire[n'Gltuf,Ict

Cttapters 2 and 3 have deseibed ttre rnajor ttroretical aspects
of the se+ler flow qr:ality rcdel. Ilxis drapter prcvifu an
oventiebt of the inplanrentation of $re various sub-rtodels
within the qrlated Vlailingforld Stom Sek€r Paclkage, krovtn as
I{AI.;LRUS.

6.1 $rbmrtLc
otgalsatl.o

the s'ubLoutines onsti.tuting TOQIIO are organised into 5
nnjor blocks of ode perfo::rdng specific furrctions:

i) losQ1.FG.: Data errtqr ard initiafisation

ii) !osQ2.FoR: rnflcnr of sedirentg ard pllutants
(aUove-gounO rodel arul foul-flcs rodel)

iii) losQ3.FOR: ttans5nrf, ttr:ough drainage systen

iv) !'tcsQ4.F@; Iltilitlr rout'ines called fisn rcutinee irr
rtifferent bloc*s

v) IIDSQ5.F0R: Reporting.

Calls are nrde to ttre HR Library nortinespe to interface with
the 6qreen, open arrl close files, ard paovide help arxt errpr
tness€4ps. Elrll details of ttre sublurt^ines within eadt blods
are inchded in apperxfjx A.

6.2 l.lnlagB to
flqo rcdol

Ihe euMels onstitulirrg IIDSQIIO ane inorSnr:ated Airectf!
within ttre Sinnrlation letH ir1 InI;LRUS. e disadrnntage wittr
ading ttre !,ffiIIO @de qrto the IBLLRIIS-SI}f @de is ttre
increase in ore-stor:age arrt srfrtatlmaf drrre ryerrt in
operating ttre nodel. Itris restricts ttre avail-abilit1r of the
pac*age as deseibed belcru.
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6.3 tlardsrm
requllwts

6.4 Dsta €otry

the progran is specifically aiJned at ttre nicro-org:ter anr
trorkstatisr emrirorunents, atttrough the rcdel d_ff: aLso be
avaiLable for use on nninfrare 6rFuter6. lblleven, tbepLlEtram wirl not, qerate on rnicro-orfuters using us-xb are
to restrictions iryosed try ttris $ratinq syiten on the
arount of available roerorlr 

-arrl 
on tfre nu&er of tites ttrat

can be acoessed at any 
-one 

tifie. rnst€ad tlre rrodel is
designed to nrn within ul-oc (or uNrx-lil<e) qerating systen,s.
Eaples of reqnnended onfigurations are: 

-

i) XEND( O.S. on Int€l 902g6,/g03g6 nactrines r,rith a
naths @-prc€ssor (80287 /BO3B7) ;

ii) tND( Syst€nr v O.S. on Apllo,/Sun rrcrkstations.

Data incrrded irr irgrt files for operating trDserro wilL be
el|I!"t q-Ilsing ttre Data Exltrlz paogan proviaed wittr WAU^SUS.
rhis rrrill req&ire additions- to be rEA? to tje vnr,LFoRM.srs
ard lnI.&HEfP.si€ files. Qn entry, data will be ctrecked to
ensure that val-uee fall rrittlin preaecnea ranges. lit) pae-
prcessing of ttrese data i6 reqriircd before us-ing loseifo,
although ttre rcutjrres in [Dse1.rcn wilr drcclc ttre data before
carryiag out a si:mrLation nn.

togan oontrol data will be entered frun ttre screen durilg
qnration of mserlo. ThD types of inforrmtion will be
entered:

i) file-narres

i-i) reprLiag ontlol
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Results wilL be reported in tr^D forrmts:

i) surlnrlr results including sedinrent ant trnllutant
balanes or,rer the duration of tlre eventi

ii) gnllutographs at selected gpulp points anC alt
outfalls and ancillaries within tlre drainage
syst€{n.

6.5 fzu rnd
befp mssagbs

Tbe IOLLERR.SYS arxt lnI,IIfEf,P.SfS files are to be appendea
vrith relevant information to trap any enors t}tat ney o@trr
irt the operation of the rcdel anl to aid in its use.
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7 T'SER GI'IIE

fhis cnager deseibes tprr tlDerto i-s to be used in
onjunction with ttre I'BttRIts package. Referene to tlrc
$BLLRUS Usetr,s Marual6 is made wnere appropriate.

Tttis giuide is divided into 5 sections:

1. Data Cagtr:re a&t Edit,

2. Foul Flcnr Cenerator

3. Sinnrlation

4. fraphical hesentations

5. Data Files ard Flonrats

. 7.L Ha Crytle
'4d Eltt

th" D.t" Caprtgre aftt Edit, prcgran (see ITIALLRIX| Usetr,s G.lide
Chapter 7) is used to cr:eate-ana eait thrce files for usewith loserro:

1. Sedinrent arrt pllutant calibration fj-le (girren a
.CFL extension)

2. A d4r-rrreattren flcm qrnlity file (given a .mp
extension)

3. Snlity inflcruE at specific rpdes g:iven a .gIIt.J(nf
exEension, rfrrere )OO( is ttre ec<tension nanre for ttre
pllutant/sedfun:rt inprt at a rpde. Gte file is
required per determjrand.

Re@rds used irr eadr file are dessibed in Section ?.5

$pecific e:cLensions are used to identify fires for eactr
sedfuEnt/pollutant (Table ?. 1) .
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1.2 Foul-ffan
Ckrats

IhEIE ?.1 Sedlffi, 'r'rd hthrt&t FIte Ecteosl.og

OeterminanC Dctension

S:spenaed Solid 1 TS1

SspenOeA Solid 2 TS2

Srpended Solid n TSn

Biocfrcnical Oqgen Demarrt BOD

Ch€nical O<l/gen Dsnarrt @D

ennmiacal Nitrogen NH4

Hyarogen Sdphide H2S

(a) F\nction

tt9 foul-flcnr generator i6 u6ed to prcdl€ an inprt foul flcnr
file of bottr vaater and sedirrcrts/poffubnte for-use with the
slmrlation prccedure. Itli6 can le used as an alternatirrc to
cbeen/ed foul-flcm infornation.

(b) Qrcration

ltten selected frun ttre rnin rrenu ttre prcgranr FOUL Srnonqrts tlre
user for ttre folloring jnfonation:

1. Filenanrg to be created: the user qpes a filenane
followed by t@tll. If ttre file e*i-sts tlre prrgran
will ask it ttre o1d file is to be overwritter.
Oornrentionally, ttre filenare stlould have ttre sanre
fore-nare as ttre rainfall file beinq used irr the
si:nmlation arul an euctension of .IlF
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2. Nmlcer of foul sub-areas il catctrnent: this allows
ttte user to define spatiaUy rlaryirrg foul flows
within ttre nodel. It takes a value ilgn L to 9.

3. Tfure-of-day: ttre user irynrts ttre start tinre of ttrc
sinulation jn cMI e.g. LZ.4S

4. Day-of-rreek: start day of ttre sjnulation ir t€rct,
e.g. rorulay

5. Tfue-s@: tine-s@l of dry-rrreattrer f1cru variation
iJr rrdnutes. 1!/pical-values 

-are 
15 to 60. If a value

of 0 i"s inptt ttre nodel assunes ttrat rp t€rr1Dral
variation of trnllutant onoentration is reqr:jred.

6. Drration of siinu.rlation: if a tirne step ottrer than 0
+ irrgrt ttre Frogpan requires an afpructete
dration of ttre errent to be einulated. Ihis slror:ld
be set, to lurger ttran ttre sjmrlatiqr tjnrg of ttre
sinnrlation nn.

Ttrcn for eactr foul sukrea

7. Population densier: ttre user inf,uts lntrxrlation
density in units of head/ha

8. Iand use: land use is defirred in tet:ils of three
classes, residentiaL, qnnercial aftt irutustrial.
Itte user enters jrr ttre peraerfage of eactr in ttre
sub-area.

The user ttren has ttre option to use default flolp
(I/head/day) ard oncentratioris (nglu pnovided in ttre rcdel
or enter values partictrlar to ttre catck€nt. Ilaving entered,
or acoeptedr averE{le daily values, the usen i6 !}ren prranp,tea
to acoept', or change, ttre values of ttre pararcters Aetin:ng
ttle tine-series (regression) n*ls of fogl-mter flows.

7.3 Srnrlatfun

ltDsQrlo is operated as part, of IqLLRUS (see secLion 11 of ttre
!tsttRljs usetr'€ alide for inforrmtion on operaLirq ttrie
pnogram)._ 1!o inpler|gnt I1DSQIIO r.rithin ITIALIIIIS ttre user qpes
I in repfy to ttre prcnpt ,gollution to be onsidered ?7-on
the Pnogram Oontrol Data screen.
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l6del ap'ttms

Ttre next sqreen asks the user wtrictr of the tlo gnlhrtant
parediction afproa*res irtor;nrate within !,AttRItS is to be
used. Ttte firsL aSproactr is the IIDQIIO rodel; ttre seorrl is
based on ttre lmc Interjm proedu#. The uaer hae the option
to eelect eittrer apptpadr, or bottr durjrq a nodel nn. !{tren
the poltutant, sirulatidl qrtions have been selected press
t@ltfl to ontirrue.

}GQIlt) ftla-mg

If IIDSQIIO is selected ttre progran aeks for ttre nanre of ttre
irtrt files. Tfiese are:

Follutartt definition file
Results fiLes
Dry+reather trnllutant file (optionaf )
Ftoul inflcry fi-le (oFtional)

lhe results file nane is defaulted to tiat used for ttre flor
simrlation er(cept that rtifferent orEensions are u6ed for ttre
trnllutant, flmnarJr file (.gn) ard ttre pollutograph files
(e.9. .ED). Ilcnever, ttris narc i:bir be otlesidden. If ttre
optiornl files are rpt selected ttren ttre rrodet aasunes a zelo
oncentriation for ttre equiraalent, water flcllrs i-f ttrese are
jrprt in VBLLRIJS. I*ren all ttre files harrc been selected press
t@tr) to ontinue

Interln Prpe&ue

Sre pnogran ttren reverts baclc to ttre rndel cprtion 6creen. If
the Interirn Proedlre is selected ttren the pLqpril papoeeOs
tttrq4trr a nnrber of scrieens to define the rttodel pararetere
(see VBLLRITS l,Ianual Oapter 11 for details of 

- 
ttre data

erttry). ltren all ttre data ha6 been entered ttre plogranr again
re\rerts back to ttre nrcdel qrLior:s screen.

!ften a1t rodels have been selected piess {Otl} to ontinue.
lte progran then p:urgts for ttre gaulFo to Ue eet, r4r (again
see I'ALLRI]S nanual).
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7.tL CmeUfcaf
Prpsatatl,os

7.5 llata
Flles aod
Foomats

esults

At ttte end of the nur ttre results can be printed frun ttre
n?+l nEqu by pressing {pRntt} ard giiving a 

-results 
filenanre

vrath a SD' exEension. ltre pollutograph results can be listed
or p-lottcd by pressing tlrsrt or 

-tCnnrrl 
arut giving ttre

reeultg filenalne.

A ttility pr€Etran for plotti-ng ttre results of an analysis for
orparison rvith arpttrer arnrysis or rrith observed orr*itions
in ttre catcturent, is inchlded-in mr,r.nUs (eee section t2.3 of
the IGLI.RUS rantral). FolluEographs are plortted tryz entering I
for tnre at ttre efC, pllntats proryt, on ttre ontrof Oata
sqreen.

rrFrt data for llDserlo are entered as records organieed
i4rithin ttrree data files as desejbed be1cru (Fig. 2.1)

FIle 1 Sedlffi 'qd Folhrtaot Fareter Ftt€

Tttis file ontains trnranreters definirrg the operation of ttre
trnllutant wastpff arut 1nllutant transpol-t sub-nodels as rel1
as general progran onbpl data for ttre rpdel. ttris fire
should harre ttre sane forenare as ttte ssD file u6ed r+rittr tbe
BLLRIJS Snckage, hrt wittr a .CtL extension.

Tbe file will alrmys start rritfi:

Re@rd 34 Title for paraneter file
Reotd 35 pnognan ontrol data
Re@ni 36 Washof f model parameters *
Re@rd 3? Tfansport, r*I frranretens 

*

ard will always end wittl

Re@rd 33 tterrninator reord

62



I
o-

I F
C' f

;OP
: F F

l f
J O
J

o
o.

dp
<J
)=
=cn
=uJ
6t r

. I
5a

<F
G ]
(9o-
oF
E f
oO

;>
; :E

4q
2:
=fr
6tr

I

A
_5J
' 

.,jlii I
_!
:
2
I
t 

t{\
/liltl
l t l I t E

4 t I I  a  t a
- . a t t I t l l

/  r  l l l } | | t l |

t  a  i l l tD i l l

ll Y r,/tTE
)r
=fr
( f i e

Ftg 7.1 am41lra Stnrcturs

g
)

O

o
F

a
CN
o

-1 =
dg
O - 4

J
tU

LU
J

3:qd
iz

;
cfs

z
I
F

J
f

q

z
o
t
J

l

U)

aI
TU LU
> F
l . a
->v ) a

J
J

,f
z
a
cf

63



Betueen these reords ttrere will be a esies of reords
representing ttre behaviour of irxiividual sedinrent or
pllutant tlnpes that ttre rrndet s!ru1ate6.

sedjnst reords are inprt before pollutant reords. 3
reords a:re required for eactr sedinent brpe, as sho$rn belcnr:

Re@rd 38 Sedirent r:alre
Re@rd 39 Sedinent mshoff parareters
(Re@rf 40 Sedirrent translnrt, pararreters)

Follutant reords are jr1nrt after s€dirErrt reorrLs. 5
reords are required for eactr pllutant tlpe as stprn below:

Re@rd 38 Follutant, nanrg
Re@rd 39 Follutant mshoff paraoeterc
Re@1d 41 hllut€rrt, potelrry pardreteL€ for surfae
Re@rd 41 Follutant pot€ncry pararEters for active bed
Re@rd 41 bllutant, pot€lrcry paranetelrs for storage bed

fro[cnriag ttrcse are a set of reonds desai-bing ttre
daracteristics of ttre sedirslt mi:<eures found on ttre
cat'ctroent surfa@s anl within pipes arrl ancillaries. lltre
ontent of eactr reond t14n rraries OeeenAent on location. 3
reords are used to define sedirrcnt qpes:

Re@rC 42 l-ocation nare
Re@rd 43 General sedinerrt, pardreters
Re@rd 44 Oontent of eactr determinand per sedinrent, ttpe

Orc pint is notelorttry:

Re@Lds narked r,rittr a * wilt rpt, be generally ir{rrt by
ttre use;ri ttrese reonds are only arrailable for
calibration [nrr[bses.
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Foqd 3{ Iltle

It€m ltb. OescrrtptLo of lt€m

1 Title

61tm Fwt

1-80 $elrt
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eord 35 &pEra ffirpl llata

Ite I{o OescLptl'o of, data

1 lfurber of determinarrCs sinnrlated

2 Nurber of sedinrents sfunrlated

3 lfurben of trnllutants simrlated

4 lnnber of sediJrents wittr
associated pl}:tants

5 N.urber of strbareas witfdn
catctnent (for foul-f1sr rrodel)

6 l{urber of surfae types defined
in hldraulic nodel

6hn Fomt

1-5 Intiqer

6-10 Integer

11-1.5 Infirger

L6-2O Int€ger

2L-25 Int€ger

26-30 Integpr
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eord 36 llasboff !b&1 parrrntars

It€o tb rce&'tto of laqut 6&n Fomat

1 Coefficient, for rainfall ercsion 1-8 Decirral
term (3)

2 Coefficient for overlarrl flow 9-16 Decinal
erosion term (3)

3 Ooefficient for orrcrlard flcnr L7-24 Ibcimal
deposition term (3)

4 Porcr for rabfall ercsion term 25-32 Decfunal
(ser  to .1.s)  (3)

5 PowEr for overlard. flcnr elpsion 33-40 Oecinal
(set  to  1.0)  (3)

6 Fc'c,er for overlard florrr deposition 4L48 Decilnal
(set, to 1.0) (3)

7 Ratio of sitical deSnsition to 49-54 Decimal
eitical ercsion shear stress (3)
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bord 37 E anspo&i t6del parreters

It€o Ib Oesefglo of dda

1 cl-&al dispersion oefficienL

2 Coefficient of rplift rrctocier
term (rpn Adrers-{hite erosion)

3 Effective wi&fr

4 Deeth of storage layen that nures
into ttre actirre layer

6ltn Forut

1-8 Decinal
(3 )

9-16 oecirml
(3 )

17-24 Decirnal
(3 )

25-32 Decfunf
(3 )
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bomd 38 Sedlrreot/bllut&t Hm

Item ltb OeseLpUo of d*a 6&.m Focn*,

1 llarre of sedinent/pollutant, 1-3 Ilelrt
(dosen frqn table of naree)
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eord 39 Sedt'nqrt/Fotlutet l{asboff Farreters

Item tlo Descrlpt'lro of data

1 Sedinrent size (nm) - not requirea 1-g Decirral
for trnllutante (3)

61tn Foamat

9-L6 Deciml
(3 )

t7-24 Decirnl
(3 )

25-32 Decfuel
(3 )

4

Relative density (specific
ga\tity) - rpt, required for trnlls.

Oonsftration of sedinrent or
IDLlutant, in rain-vnter (Eg/Ll

Oonertrati.qr of eedinrent or
gnllutant in gully-pot liqr:or
(ry/l)
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eord t[() SedLmt Iraspo&.t Farreters

Ttris re@rd is not inplanented
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Eont 41 bllutant meoc,y parrqpters

Ita lfo Descf.ltta of data 6hm Folost

1-10 Potency of trnllutant nelated to 1-8 Oeclml
sedinent rrnss. 1 it€m required (3)
for eactr sedfuent sinullated.
Epressed in 100 x kglkg of eactr
sedinent.
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bonn t l2@StaeNrc

It€m lb Oes€lIltto of data

1 l-ocation nanre (for refeen€ only)

2 tikr. of sedinent qpes

61rn F@t

L-10 ller<t

11-15 Inteqer
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bosd t13 Geoeral Sedfmt Far,Gers

It€m llo Oescrfp'tto of, dda

1 !4ags of available sedirEnt.
Flor sur:fa@ ard t€nk sedinErltg
erter in units of kqff.

61rn Fomt

1-8 Decinnl
(3 )

9-16 Deciml
(3 )

L?-24 Decimal
(3 )

25-32 Oecimal
(3 )

33-40 Decinnl
(3 )

For pipe sedfuents enter jn units of
kg/tn.

Butk density of sedjrnsrft, (kgd)

Lengittr paraneter
Fbr surta€ sedfurents ttris is ttre
pnqnrtion of ttre catclnrent fmn
u'tridr sedfurents are available for
rsroual. For pitrn sedinents ttris
is tlre protrnrLion of ttre sedfuent,
depth entened irr the SSD

Forosity of sedinent (fraction)

Shear strength of sedfuent (N/ne.)
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eord {tl Sedlmnt/Follutet ffid,

Ita No OescfpUo of, data 6hn Fmt

1-10 Oontent of eactr lnllutant/sedjrent 1-B Decirml
withir hilk sedi:rerrt elqrressed as (3)
percntage bry r€ight, (100 x tcg/kg)
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PtLe 2 Uy roatber Snllutad, data flle

ntg @ rrcattrer or base infrottr of plluEants at any rpde is
ryOe q of trc -oT _rponents; a globai ard a local ari ,*"*r""flow. . The global ey- ueaiher flow i" defidd a6 ;(ry/l) arxf i.s app]-ied uniformly acro66 ttre

. Iocal &ry weattrer iior.r ie 
"Fpii.d 

over unifo nstb-areas (rp nore ttlan g per oatcfuEnt). 
--l[re 

",rbar"a 
irllerci"s entered within the s3o- the *, 

-".o-pii" 
reord andq$rols ttre dry-rreattrer flow ascibed t" &,ir-pi,p"

Bottr ttre global ant tooal @ir reathen oncentratjons can beerE'ner a @nstant rrialue or a afure varying value. rtre t^ine
!i1l, _b Srva bY rnrttiplyrng tfr-i" &"*rrt =ti*, W acruenal-oruess pouutograph. serrcral rriffsrsrt 'ririt

pouutogradrs, can be defined in this file.

tre dry
reords:

neather flcnr data file wilt ontain t.tre follorring

Re@rd 46 Afrl rreattrer flcm title
Re@nC 4Z Global &ry rreattrer flon paraneters
Re ld 49 Global dry r.eattrer oncentrations

(one reord per pllutant)
Re@rd 49 G16a1 ArV rrea*rir potencry factors

(one reord per polluEant,)
Re@rd 50 Local OrV r"eattrei flow paianreters

(one reord for eactr urit poffutograFh arrl for
eadr pllutant)

Re@ld 51 Local dry veattrer flcm potency factors
(one reord for eactr r:nit poffutograpfr arrl for
eadt pollutant)

Re@rd 52 DiJrEnsionless t'ldrcgaerr values (one reo.d
for eadr
are g.iven)

_T:.lT"f Faxam+er reonds mrst be given in the order inWulcn trteY tlan/e been nr:rbered.

tte dinrensionlees porhr@raprr values mrst be given at aonstant tiJr,=st€pr and a-reoro r&rst, be given-for e\rcq/tinEstep even if tfrat reond is-blank.

rf the file is to ontain data for rore than one event, eactrevent is terrninated rdttr a reord 33 (rbuninator for'data)arul ttte next event stafts with a reord 13.
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naord 46 ery teatber plhrtmt flcr tltle

ft€m l{o Oesstptfm of data 6&n Foooat

1 Dry rrcathen pllutant flow title 1-80 I'ext
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borrt tl7 Gldal dry<eatber flcr parreters

Itm No OescLfrtto of data

1 l{unben of event (refenene on\r)

2 Start-tinr= of foul flcnr

3 Dry{Gather flow tfue step (s)

4 !turicen of dry-lreather flcr unit
po[u@raphs

6hm Fornat

1-5 lbrct,

7-2O $erft,

2L-25 hteger

26-30 Integer
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eorrl (f8 Gldaf dry-leatber c€rrc€'rLratl€rrc

Itm Ib Desctp'tfo of data

1 Pollutant nan= (see Table ?.1)

2 Follutant oncentration (ry/1)

3 InC€x of dry-r+eathen flcnr urit
poUutograph

6hqn Fmt

1-3 lrer<t

41-50 Decirrtsl
( 3 )

51-55 Integer
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eorn {9 Gl6al dry-*nather pot€ocy frtcs

Ita No Oeec&t .o of data

1-10 Fobency factor of lnllutants
related to solids

61tn Foomt

1-8 Decfuef
(3 )
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Fotd 50 I.eI dry+atber coocpotratlnnc

It€m No Oesclptttr of data

1 Follutant nare (see Table ?.1)

2 Follutant onertration (ngll)

3 rnl€r< of dr.y-rrreather flcnr urit
pollutograph

61tm Forut

1-3 lrelct

41-50 Decfusl
( 3 )

51-55 Integer
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bord 51 Ical dry-rcatber potacry

Ita ltb Oescr.Ipti.o of data

1-10 Fotency factors of pllutants
nelated to solids

6lrn Fomt

1-8 Decirral
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Eord 52 l.e.t dry-rcatler flan pllutorylh

It€6 Ib Oescrd,ptl,a of data 6ho Formt

1-9 Dry-rcattrer flow nnrltipliers 1-8 DeciJnal
(one per unit, poflu@raptr) (3)
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FIle 3 Bollutognal$ data l-ngrrt flle

Gre file is required per pollutant jryrt at a rpde. Re@Lds
us€d in ttris file are:

Re@rd 53 Follu@ra5*r title
Re@rd 54 Pollutogratr*r glcbal paranretens
Re@rd 55 Follutograpfr local parareters
Re@rd 56 Fotlutograpfr data
Re@rt 33 1rerminator for data

rf ttte file is to ontain data fon rpr€ tf,ran one event ttre
n€!<t event starts wittr a Re@rd 29 after ttre teunilator of
thi6 event.
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bord 53 9ollutognaph tltle

It€m ltb Descf.1ltfo of data

1 FiIe onterrts flag
3 sedfuent graph
4 lnllutant gaFtr

2 DeseiSrtive title

6lrn Fomat

1 In@er

$er<t
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borrt 54 bltutoguags gldal parreters

Its lb Oescrf.ftfo of dda

1

2

3

4

s-10

EVent reference nr-urbeCa)
(for referene only)

$ane tinre of poilu@raptr

FollutograS*r tinre-st€p (s)

lnrben of h1drcgral*rs

Potsrcy g6gtors (b)

llctes

6lrrn Fomt

L-5 Integer

7-2O trerrt

2l-25 hteger

26-30 Integer

41-48 Decinel
( 3 )

a) Ttre event referene ntlrrber should be ttre sarae
as for ttre rainfall data for the sare e\rent.
If data for rore than one e\rent is given irt
ttre file eactr event nust have a different
referene nurber.

b) gotencry factors are only required for
pllutant trnranretersi they are rnt, required
for sedirents.
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eord 55 Foltntognnalb lcal parruteris

It€o Ib Oescfp'tto of data 6&-'r Foloat

1 Pitrn nrmber at utrictr ttre 1-10 Decjrml
. pollrrtograFh is to be a5plied.

2 l{ode rurber at rdrictr ttre 11-18 Integer
pollu@raph i6 to be applied
(opcioral)

3 Reserved for firture use 2t-27

4 l.ocal potenc.lr factors(al S1-SA Decfual
(3 )

bbtes

a) Fotency factors applied to eactr IDUU@raph
at, eadr rpde (if left blank for a pllutant
then ttre gtobal lntsrcies ane assrnned). lbt
required for sedjnrent gaphs
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eord 56 Follutognmqh data

It€m ltb Oescrfpdo of data

1-10 Mass flqr (g/s, for al1 poJ.luto-
gpaphs. Gre reord ie us€d for
eadr tfurg-step.

6&n Fmt

1-80 Oecfual
eadr
rrialue
ocupies
8 o1ums.

BB
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t t('xHfrcn

ftrdsl€t6 parareters of kie-Idane rcdel

A flow cross-gectional arrea

C onentration

d trnrticle diarreter

q* panticle dianeter of :o<-perertile

Dn. dirensionlese gniain size (Acker-s-t4hite)

f Darcy-t{eisbach friction factor

Fx longituCinal diapersion @efficient

Fn. parLicle r$ility nnrber (Ackerr+&ite)

Gs. sedinent tranqnrt rate

h depression storage

i rdirrfall jntensity

h rliffusion oefficient

m ma6s per r:nit area

q disdrarye per r:nit area

A dis&arge

r solid phase oncentration (potenc.y)

s specific gravier

S slope

t tine

U velocier

q shear velocitlr
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V rroh-rne

stc _ effective widttt (Adcers-['hit€)
a, l3 poeition points of ctraracteri-s.tric (mffy-

H:eissnan)

Io, fE pararete-s of s€dilrent transport, rrodel
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, stmtfltE

ffirclmats

rte s'brcut'ines forrning ttre rDerro arrendnant to the I,BttRUs-s''t rr'der are organi"d GL-;h:"r ui"&, Jt-*o",
1. !OSQ1.FQR' - data erftry and initialisation;

2' ltcsQ2-F& - generation of gnu*tants in catc*rnant;
3. W3:TO _ . transSnrt, of pollutants thrcughdrainage systenr;

4. lOSe{.9X61 _ utility rcurines;

5. IOSeE.FOR _ re4nrLing

Subrcutines within eactr block are descibed below:
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A.1 t,ql.r'm

This block of ode perfonrs three rajor functions:

1. Read in file-nanes

2. Set-rp rcdel parareters

3. Initialise arr-lys

Trrelve suq)rcgrans are inclrded within this bloclc.
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\.1.1 l@: IGQSX

hrctLo: In;rrt data files for use with I,OSQIIO

t'ttH: Uses HR Ubra4r routines ard te-level sr&routine
of data iryrb for !O$eft0.

lrgrmats:
rpipes nurber of pipes in rrndel

calls: oFENI^s, PUIDCT, rilpBRS, FlpEN, GglSCR, ISU'P,
IOttr(D, nur|P
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4.1.2 t@: I/Otf,r|P

Frnst^l'o: Load dr1t qrcattpn pllutant file arxt pararr:ters

lrflrna,nts:
iud strean nurber of file
idcrft tinre of start of dry rreatlrer flcm
npipes nurber of pipes jn rrodel

Callg: ECIT
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A.1.3 lb: IilUI{p

Frrctln: Initialise dry rreattrer pollutant flows iJ no file
provided

lr9rrrnlrts:
rpipee nrsrdcer of pipes jn nndel
idltrft tinra,pf star:t of dry reattrer flcnr

Calls: none
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A.1.4 t nra: IXolO

firnctlc: bad irprt polfu@raph files

Argtmts:
itp stream nurber of file

Callg: ECIT
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A.1.5 ttm: IilptRS

FtrctLo: Read in paran=ters frrqn .CAt file

t4nds:
j pollutant nurber
id pollrrtant ird€!(
iq pllutant grcr.p
i stredn nurben of .CIL file
iqua stre€m nrarber of sr.unnary results

Calle: nClT, cglERR, DHIRR
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Ar_1.6 l5*ra: tGgVl

Frmc*,Lo: Blodc data for TIDSIIO

lr$r4s:
none

Calle: none
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tr.1.7 lbs I'RnAt

hrtLo: l.irite out headers for ;nllutant gau€F files

nE9rds:
istrm stream nr.urber of fite
ig pollutant gLolp

Callg: rpne
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4.1.8 ltqn: tGerf

I\nctLo: fnitialise arrays in lOSeffO

tr^llmte:
rpipes nrrrber of pipes in h]rCraulic nodel

calls: alw[iK, ND@rN, rrELRf., stltm, nfrED, t{RrERR,
FoErrtro, F(f,PFO
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A.1.9 tlc: ITIIBED

t\rctLo: Initialise gedirent bed in lixk6

A4lrents:
i link ntrrber

Calls: none
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4.1.10 Ib3 F0UK)

hnctlo: Initialise tank6 in I4OSQIIO

Arllt.n#s:
nsa nwber of ancillarlr
nax rurber of tarrk
i lfuk/rpde nnrber
itrnse nudcer of eub*area.

Calls: none
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4.1.11 tbs F0&pF0

Frrctlo: Initialise SnnCs in lryIrc

A{lrmts:
n6a ntnber of ancillary
i- link/rnde nurber
ipase nurben of sr:b-area

Calls: none
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4.1.12 r{rres sm:rrrrrr

Frrctl.m: Set-rp look-r4l tables for IDSQITO

nlllmts:
i link/rpde nrlrber

Calls: rpne
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.2 lqz.l(n'

ttris blodc of ode perforrns three functions:

1. Calculate dry-rteattrer flor input, at eadr rpde

2. Calculate irtrrt po[utog!:aph valuee at eadr rpde

3. Calculate r.aashoff of fn[utante frun catctnrent
sur:fae6 and infh.rcne of gully-pots/senrcred sub-
area.
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4.2.1 h: DtffII{p

hrctLo: Oontrols inpt frun drlr reattrcr flcnr files

Ar9rmts:
idel

CaIIg: nEeIIF
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1.2.2 llre: 8EAII'F

hctlo: Rffiis irr unit poflu@a:aph raalues frun file

Arl1rmts:

Calls: none

iu
n
rrCets
idqrft
idel
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A.2:3 tb: DnFCeL

Funstio: Calculates dry_lrcattrer flcru at ner tinre_s@l

Ar!['reats:
igr

CaIIs: IrFFur
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4.2.{ lb: IrnFpttl

Frmctlo: Calculates dry-rreattrer flcnr at nenr tinr=-s@t

lbtbod: Uses unit, dry-leattrer flcr.r poffrrtogapfrs an
rultipliers of average daity dry-rreattrer florr.

Argrmts:

Calls: none

i
d
n
1
J

totar
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4.2.5 th: eMXFOrr

Flnetlo: MiJ€s pollutants derived fron foul r,raten flows,
input poffutogapfrs and catchnent sur:facs.

l.Btbod: Uses rnixing nodel aFprca.ctl

Arllmts:
ipp
runrpd
qturt

Calls: qlrgOf
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4.2.6 t@: qltF(tr

hct'la: Calculates influene of guly-pots arrt seilered ilb-
areas on trnllutants sttfJing drairnge qrst€n.

lttbod: Uses CSIR approadr.

lrgrmts:
ip
runnod
qint

Calle: none
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A.2.7 r|m: SlllB$t

rlct'Lm: Initialises surfae washoff arrays at nefir t"inre s@

Argrrcots:
n

CaIIs: none
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A.2:8 . h3 I{nSlIt

hrctLo: Controls operatior of washoff rcdel, guUy-poy
rcde1 and ni:<es r*ashoff frqn different catctuent,
surfaes.

Irbthod: Uses mixing rcdel afpaoactr.

Ar!fiqncts:
qstar
rnt
j
sk
i
gslop
is
rstep

Calls: lnsHl, cttlg0f
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r .2 .9 llm: I{RSTII

hnstLm: caLculates rnstpff of sedfuents arrt gnllutants frun
irrtividual catctunent surfa€6.

l&tbod: use6 derirrative of n'der darroped ry kie ard
!4ane. Ilre Om is solrred bry the use of finite-
rliffsrenes to obtain ttre nrass of eactr pararcter
held in su4lension per m2 of ttre catdnenLsurfae.
Itr-is is- then m:lLiplied by disctrarge to &ain ttre
naas flcn per m2. Varjoue 

- 
fr:ncLiqrs arrC

subloutines calctrlate the influene of individlal
[trce66e6 arrl a reord j.6 laept of ttre total nnss
rqoved if rmss arraiLability is a lirniting factor.

Argn-mts:
qstar
rnt
j
sk
i
gslop
is
rstetrr

Callg: CREAI', SEDCHK, REK), Effi, ItEF(t, RtrIltIIt
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A.2.1O llm: SEDCITK

Ftrctln: Chect<s availability of sedfuEnt/pollutant, for
renoval by surtae rsastpff.

trgwts:
eL€de
adts
aI6

Callg: none
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A'2.11 ltre: RErc

I\rct'l'o: CalctrLates erceion of susperuled sollds f,norn
rairrfal1.

'Etbod: uses lmnr-law on raiafarl intensity.

Arlnreots:
rIIt
nf

Calle: none
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1.2.U2 l{re: Effi

FrmctLc: 
ffiate 

erosion of suspended solids by overlard

l€tbod: Uses excess etrcar streee ruftiplied by a
calibration factor.

ar![mts:
nf
tau
tauc

Calls: none
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A.2.It lrtre: DEF()

FlrctLo: Calculate @neition of suspended eolid6 frun
overland flcry.

lbtbod: uses deficit ehear stress m'I.ipried by a
cali-bration factor.

Ar$leofrs:
nf
tau
tauc

Calls: none
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r,.2.14 lh: RAIilff

hrctl.o: Calqrlates ilprt of rlissolved gnllutants frun
rainfall

lbtbod: Uses onstant, oncentration rultiptied by rainfa[
d€eth dlrjng tine s@.

&g[Ets3
rnt
nf

Calls: none
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4.2.15 Ib: CRmt

Ittost'lm: Calctil.ates eitical shear str€s6 for elosion of
sedirsrtg tryr overlarrt flors.

Itbtbod: uses hlnt:aulic pararceters calctrlated fron overlanl
flcry. fnterpolates Shields, Ornre to obtain
sitical shear-str€gs for ercsion.

Irllrltnds:

Calls: none

hrad
s
spg
visc
<rd
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.2.L6 ' ttlre3 FO[trlff

hnstto: Reads in jr5rrt polfutograpfrs for select€d rndes

Arll'wtts:
n

Calls: none
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a.3 !q8.Fm,

lttris bloch of @de inplerents ttre belcru4rourrt rcder-.
subroutines in this block pertorm a nunber of firnctions to

1. sinnrlat-e pllutant betraviour at nranholes ant
anciLlaries;

2. sinnrlate pollutant betraviour within pipee arrt open-
drannels.
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[.3:l Xre: gIRF(tr

FtctLo: Contrct calculation of belcnrgrcurd rrcdel drring
surcharrge orxlitions.

libtbodn lntLRItS defjJres a surctrarged gLol4> of nodes ant
fiJtle. ltreee are scanned to order ttre pllutant
flotr calctrlations. FIcn ooqtations ane carried
out only when the Wstr€an rnde (defined in terms
of currcnt flcr direction ratber than flcns
direction unCer free-eurfae srdieisrs)
oncentrations tn\re been calcrdated.

lrlnrcts:
nl[)s
ir
itmil<
dr

Calls: FGPIP
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A.3 .2 llm: P([,PIP

rtnct.Lo: Tbp-lerrel subroutine ontrolling sinnrlation of

l&tbod:

pollutant betraviour withjn a rpde-link systsn.

Follutant balane at Wstrean rnde is calctrlated
using a CSIR fourullation. tpetredn i6 defined in
teuns of flcru direction rattren tlran elop of 1ilk.
Follutante are then routed ttr:ough link using a
fractional s@ nrethod. Seprate calcrrlations are
perfonred to take into acrcunt advection,
dispersion ard soure/sink influen€€ on translnrt
through a link.

ij
i
dts
schg

stFo&, BArtrU), Itptn|Dl, A1^tEr,r, sttntrp, stu)Is,
sEmoL, Alrtmr, RstF["

lr9.rcnts:

Calls:
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4.3.3 l@: RSltG,

hstLo: Resets data alralns for trnllutant tran6?ort, withjJt
links at end of qlrent tfue-s@.

lagrmts:
i
revers
nb
njxi

Calls: none
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A.3.{ tlrp: AWEUI

Ftnt'lq: Avetages hldraulic paraneters for pllutant,
oonputations.

trgrr|Eats:
rA
n
ua1
ua2
uirv
ca1
@2
cav
dil
du2
fda
hra

Calls: none
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\.3.5 lk: StIFq,

l\rct'Lo: Rrts trnllutant rrariables into tenporary lrork-a:rays
atrt oorgtes hldraulic parilrnters neessarlr for
6nllutant flcnr orgnrtations at, nerw tine-step

lr$'mtts:
i
nb
njxi
ns
ne
nsq)
revera
6ctrg

Calls: tmCR&, I|ELFO[,
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e.3.6 h3 BAf,ID

Frroctlm: Calculates onentration of gnllutants wittriJl a
nanhole or an ancillary rpde.

lbtbod: Uses a CSTR npdel.

Argrmts:
i
revers
6drg

Calls: A}rcHK, SEEUCI, qE|rPpl, OCU,
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'.3.7 I@: SEIKI

FrrctLo: Sets trp pararrEterg of CS'IR nodel for t:nks.

trlnreats:
i
vnode
qsunl
nsa
nax
revers

Calls: none
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4.3.8 l|@: SEIppl

hrctlo: sets rp Frarreters of csIR. n'del for trnrds.

Ar![rents:
i
vnode
qsunJ_
nsa
revera

Corls: rpne
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\.3.9 h: @srD

FtrctLo: Calctrlate onoentration irt node

I'ttbod: Uses CSIR rcdel

Argrrcots:
i
ia
ns€l
IrAK
vr&
qsunl
off
anc
6ctlg

Callg: none
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A.3.1O IrIm: UpBflItt

hrctl-o: Defiaes q)stream bouniary orditions for a Link

Arfr||Fots:
i
k
n
revers
P1
@1

Calls: none
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f,.3.11 l@3 SE'nrnp

hrctLo: Define paranreters for lblly-Eeissrnn nrethod of
draracteristics.

libtbod: In@rates velocity variation over ortrrrtational
bo( to define points c arrl 13 of adrrccLion rrEttlod.
Then defined oefficiente aegenaent on tttese
pararetes.

ArllrrcoLs:

Calls: none

n
nj
arp
ua
a1
a2
a3
a4
b4
b3
b2
b1
:<a1
taz
n2
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A.3.12 tb: IRIIIRC

Itnctl,o: solves tridiagonal syst€n of rinear equations

ItGtbod: Fbrvard ard baclr-substitution.

lr$'ian6s:

CaI[e : none

1
b
c
d
e
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f , .3. Ul Ilre: sErnIS

Itrtlo: Sets lp oefficients for dispersion soltrtion

Argnlnats:

Calls:

n
nj
arp
ua
uaL
uaa
cs1
e2
c€l
fi<
c1
c2
c3
c4
)(a
ta
turplt
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4.3.1{ tb: SEDF6,

FtrctLo: Set W paraneters for sor:relsi-nk tenfts anl
caLculate oncentrations affected bry dispergion arrt
soure/sink terrt€

l€tbod: calls variety of eubroutjnee to set, .P pararcters.
Uses 4 poirt preissmn ectrcre for- iluciqr of
equations.

Atlnlteats:

cgav
ua
hra
b6
deeos
re\rers

calls: w{' @RRn, percRL, DrscRL, pRmD, Drs@,
InIDNG

t-
I

n
fda
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4.3.15 Ib: pnRCnL

hrt'Lo: Calqrlate influence of sedinents on trnlhrtants in
florr

Calls: none
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A.3.16 Ib: DISCltr,, ptnBED, DISE!

loT IUPLEMSTIED IN I1DSQIIO I
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r.3.17 llre: ttIRAil

F'ctlo: calctrlates transport rat€ for sorids >63 tn

lfrbod: Adrers-I{rite sedfurent transpor*, fornmlae

Calls: none
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A.3.18 l{re: €lRelt

FrrctLo: carctrlates tJransport rate for eolid.s <63|an

Cal1s: none
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.3.19 l@: AIr\tEX

hrctLo: Calculates achrecfion trnrtion of transgnr-t equation

lGtbod: Uses lblly-Prreissrnn nreffiod of ctraractersieics.

CaLLg: none
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essnRr

Alr eatraLreat
The ptocess bry which trrbbles or poclrets of air are
caught within ttre fluid anC transported with the flqr.

nrcfffary structurc
A structure within a s€fiErage slrsten vrtridl i6 roe a
6eqer. Ancillary gtnrcfirnee inchde orrcrflcms, storage
tanlc ard ;urds, prying statiors, outf,alle, slui€
gates ard flap \ralves.

lltaedd, odftlos
Ihe wetrress of a catctnrent, before a rainfall ev€nt.
ltrelle are llo qrditions, one r€erresertjJg the
sailniation of ttre g:ound a6 a r.lhole, ant one
reeresentirrg ttre $etness of the gound surfae.

Aleat re&rtlo f,astc
A factor app[ed to slnttretic pojnt rainfall @ttrs or
intensities to girre valuee appticaUte to an €lr€€[.

nffieontlo
Ihe redrction in peak discharEe of a flood $a\re as it
passes doilrn a seirrcrage syst€rn dlrc to friction ant
gravity effects.

Ba.dr ilry mbofe
A nanhole at wtridr a rrertical- drry in ttre longitrdinal
profile of ttre serler occlrrs.

Ba*fall
A se!'Er with a gradierrt jn ttre olposite direction to
the direction of flcnr.

Aadsater effects
fhe effect, of mter flcnrs or depths on hldraulic
@nditj.crs rpctreilU baclffater effecte can mly oocur in
subsitical f1olr.

n"ncrrf4g

Itrc shaped floor of a nranhole ino4prating drannele to
direct ttre flow.

Brac$
A nwber of 6e!uer6 in series vrtrich form a par*, of a
gefi,erage gystffi.
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Catfu,
An area senred b1r a siagle drainage system.

Catc$noat, sEtoess rnd€ca (€IrE)
An..ilds< of ttre r,retness of a nrral catcitunent at the
stant of a rainstorm. It is used in ttre IrK Flood
Strdies Repofts runoff equations.

6Lned sqnragb qeta
A s€nerage systen in uhicih both foul serage arrC sto:m
trEtter are carzied in ttre salre pipee. (Acrpare eelnrate
eryretern anl partially separate sf/Bt€n. )

Ooocnf:trr-r
A deeaigiou of a prc@Bs i-n equi\ral€nt or rptimal
tentls, vrtridt do not repaleeent the Ftrlfsical foree
irniolved. (Cmpane Oeteurfiaistic. )

Get-baaftt analysts
A retH of eorsnic analysis in whictr all identifiable
ost6 arxt benefits are evaluated (if possilrle) to ehorrt
whether eryenOiUre is north ldrile.

G:tttcal flq
F.k'ht !'ritr a Fborrde nrrber aFpcocfurat€fy eEnl to unity
wtrcre ttrere i.6 a transiLion beffireen subqitical arrC
sqnreitical flcm.

Grlv€rt,
A overed ctrarnel or pipeLine.

Ibfanlt rralrn
A preset, or starriard value wtridr is u€ed for a data
field if no ottren value is given.

Dodrl.ttc sleteo
A. eenerage systenr whidl can be reealesented tryr a tree-
fil<e diagrilr, i.e. one rerhere kanctres onvery as the
6y6t€m is tJraversed tonrds qre outfall.

Oepr€ssl.o gtcage
ftte initial loss of rainfafl in forrrdng pdles on ttre
grcurrt surfae before rrnoff starts.
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Deg,th &rail.o frrqpmy rcfattosUfp
A table or grapfr shoring ttre hray in whid! r:ainfall
depth at a partiorlar location is reLated to the storm
durat'ion ard the frequencry of oocrrrene (or rcfirrn
period).

lEEatl.o tald€
TanlG onstnrcted fu a s€firc!:age 6,yst€n to store
tgnraritf a volrlre of vmten drring peak flooe. (See
off-line tanks ard on-line tanks.) 

- -

tleEetnfnf*f.c
The representation of a prc€ss by the phyeical larils of
cau6e arxt effect,, suctl that, ttre rEana tv stricb t}re
effect is car"rsed is represented as rrcll as the effect
itself . (Ccnpare qroee'Cuaf .l

Ulsctarse efflclat
A nurerical rn}re determined eogerinrentally, in an
equaticr relating disdlarp to ttle Wstr€iln head and
tttg ptrysical dtaracteristice of a r.eir, orifie etc.
Values are plrlished for trnny stanCarl eitntidl€.

F.etd
orte it€m of data within a reord or on a cuprter
screen. Fields c-ln be n rrEa (Oaracter fielOs),
nurbers or logical (tnre or false).

FlLe
A ollection of data in ocngrter forrn lrtrictr ie haniled
arrt used as one bloclc of data.

Fl-lter
A sroottring prccedur€ to 6rrr/ert -point rainfa].l
grrofiles to ar€al riainfaLf prcfiles tt reducing the
er<treltte high anf Icry rralues.

F ntta dLfferrc e1jrdl.os
Equatiors deseibing ontinuous fixrcliqrs in te6ns of
values at dis<r:ete pojnts.

Eree s|lrf,G fls
Flcnr l&ere ttrere is a free vmter sur{ae at atnoel*reric
trrresaure. (Oorglare wittr surdarged flcnr. )

fnee surf,c badcster effects
Fbee eurfae baclil*ater effecte occtrrirrg rmder frlee
surfae flow.

150



Frcu& nder
Itre ratio of flcm velocity to ttrc speed of a r*arrc in
shallcnr waten V y(g / g 4), ttre flcn is desajbed as
subcrritical iJ ttris ratib i6 less than unity arrl
sryeraitical if it, 5s greater than unity.

nrct'|.o lqre
Itte blodc of keys on a ocngrter feyaoarO wtlich have rp
fircd function. Ttrey are generally l^abeUed Fl to F10.
Ihe function of ttrese keys is defined bry a prrogran wtrile
it is nnning.

enaanffy Yaryr|ng fl61a
Flqu onditions in utlich tlre disdrarje and depth rnry
gpaAnlly vittl distane along the s€sretr.

Gkotnd cnndrttJoo
An ifflex used in ttre nesour€
the sd)-surfa@ @nditiong
€rcca\rations.

crflly
A stnrcture to peunit the entry of eurfa€ nrnoff irfto
the seler eysteur. It is usually fitt€d with a grating
ard a grit trap

tfad dlscsargo curg€
A graFh or table of .ualues lrtrictr relates the disdrargB
tttrou$ a stnrctrlre (e.g. an orifj.e or a pnp) to ttre
hldraulic Anadient accaos it.

fyanuUc $ndf,at
In frce surfac flor, ttre gl?dient, of tle rnter
surface. In surdrarged flcnr the gradient, jojning
points to wtlic*l the water rcutd rise jn pressua€
tatrpings.

ffUraltc radlus
ttte ratio of crcs6 sectional area of flow to rr€tted
perirrcter of a seurcr.

Hlfdrcgrapb
A series of values in nunerical of graptrical forrn of
ttte flow rate, @rth or Ierrcl \ra4zing with tire.

UyateaeU
A eeries of values of r:airrfall iff€nsity rmrying witfr
tiJre. Sqretinres called a rainfall ptofiJe.

oet, rrrdel to dessibe
eno:ntered dtring
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f4areaUfe, lqlerrlous
A surfae type vrttidr resists ttre jafiltratiqr of r*ater
altbough scnrg does oocur.

InflltrEtLo (b) to ser€ra
Ilre entry of grcrndwater into s€rers by e€€page thrql$l
ttte grctnd.

rnfrrlratlao (a) to tba gound
Ttte loss of rainfall into ttre Eotrnf so that it &es
rprt, form n:roff.

Inflq
flre toEal flor into a s€'herage €Vsten including eurfae
nrpff foul flcnrp ard ottrer intfoq6.

Inlet,
An_entry point for flow into a se$leraep systsn, eittrer a
gulfy or a drain onnection.

Inl€tt bqrrdrcOnet
a hldrograFh defined at a point in a sqElrage eqrsten to
represent flcfls other than local ruipff or fqrl flcrrs.
trris @ild be flows frun a natrral mtero:ree, anotber
catdment or an irrnjstri"aL plant.

IDt4EIrfe @sts/beoeflts
Deeaipticr of osts or benefits to be srsidered jn an
eorunic ern}:ation tnrt to q,tlictr nonetarT vahres cannot
be trrrt,. (Ocnpare wittr tangible. )

Inteaslty / &uratlo / AeqEcy rcbtl.oshlp-
A table or qpa;*l slnrrriry ttre lray in rnrictr rainfall
intensitlz at a particrr:ar- locatisr is related to t5e
stotm drration ant the frequency of o€urr€ne (or
return period).

fntelseftl,o
ttte ttro€ss by ftidt rainfall rtsy be prreventea fisn
readring ttre gnorlld for ecanple W hrrting on
veEetation

Iwer{, lev€l
The level of ttre lckrest point of ttre internal bore of a
pign or of an open ctrannel. (Oarpare wittr soffit. )



Irrertad syph6
A ;rressurised pipeline carrying s€nf,age or stotrrslater
beneattr an obstacle sudr as a river or a road.

Itr€l poof storage
fte estimation of ttre storage in a pipe or drannel dre
to a high water level at ttre Aounrstr€an end try assuning
that, ttre vlater surtae is horizontal at ttris le\rel.

LLrear
A deeei6tion of ttre relatiorship b€tleen trD or rDre
variables wtridr varlr in prcportion to one arffls.
(Aqrpare wittr rsr-Unear. )

Iooped syBta
A Eelqterage syst€m eJfridl is rpt dendritic arxt in ertridr
flotr can dtange direction jn 6cne of ttre a€il€rs
OeeenAhg on flovr orulitions.

Fthod
One of the rraiJr design or analysis pLlqtrans of tbe
I{alliagford Procedurre sucitr a6 the Sjnrlation rcthod.

l6del
1) a retrrresentation of a seh€rage syst€m as data to be
arnllzed tryr a rc$rod.

2, A representation of a $rysical pr!@ss (suctr aEi
nnoff ) hf ocrrgrrter calefations. A !ffihod is
therefore tna& lp of a series of rrcdels.

nddDgrn CDgb rq*t.ug dbod
A rethod of routing flqns in dtannels anl pipee rrithout
onsidering bacl$nter effed,s.

h-ll.ear
A deseiption of tlre relationship beturreen trp or rp:re
variables vrttic*r has the for:n of Jporcr law ratter ttran
a etrict, proportior. (Ccqnre wittt Unear. )

l@1 depth
the rrater depth for a given discharge in rprrral flql
onditiqrs, i.e. with tlre hldraulic gradient eqrnf to
tte gradient of ttre pipe or chanrel.
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Off-lf'p tel€
Detention tanks utlictr are off ttre rprrml trnttr of ttre
flow hrt utrictr qre into operation at, large ilcn^m.

G-Irne tel€
Oetention tanks rrrhich form part of the rprrnal flow pattr
of ttre s€fi,erage 6yst€rn.

Otffl€
A onstriction in a pipeline '6 

ontrol ttre rate of
flcnr.

Oeerffan .{rllr&Er
A dranber inorgnnaeing ecne forn of storm overflqr.

Onarfd florr
F1cnr over ttte gptmd surfa€ frun wtrere rainfall l,arrls
to it6 entry jff! the 6€ile!:aqe eryretenr.

m€gg
A suite of ocrqxrten ptrcgpdr's which qnrrate togettrer to
carry otrt a range of functions.

naruaffy separato sxrsta
A senerage systenr in which parE, of ttre storn nrnoff i"e
carzied wittr ttre foul semage jrr a ocnbined syst€rn, artt
part is calried in a sepa:rate system.

Faalcdness
A neasrue of tlre shargress of a rainfall profile, tltat
is ttre ratio of the rn:cinun to ttre n an rainfalljntensity. Ferentile pakedness is the profile wtrictr
has ttte specj.fied of .stouns of a gi\r€n rdurn
period with peake&ess less than'or equal to it.

@4pnrcff
ttle pe!:€ttage of the r:ainfall volrure falJ.ing cr an
area utridr enters ttre storrmater drairtage syst€n.

htwtl.fe
Th" pe!:entage of oclrrrences within a stated range.
(See peakedness for its a5plicat.ior to rajxfall
tryrofiles. )

Farfrc 6sg rnrlfsfc
A nethod of e@tsnic analysis in rdhich the @6ts of
actrieving a gt\ren result are calculated jn orrder to
firut ttre dreapt nrethod of actrieving tbat rcsult,.



Benmable, Snrrrl-ors
A tlpe of grourri surfae thl€ugh hrtridr rmten can
infiltrate although scrre surfae nupff ray etill
occur.

Plro{Xru
A ocnputer nethod of carying out 6dre fi.nrctiqr.

n4fng st*,l.o
A sttructure in a sq,Elrage system to trltrp rater rdren
drafuiage canrpt be actrieri* hfgavity. 

-

RaLnf,alf futasity
The rate of rainfall elparessed generally jn rnnrhr.

Rafnf,aff goftte
A series of va}:ee of rainfall irrtensity \raryjry wittl
tfue. AIso cFtled a hyetogrcFh.

Ht.oal mtbod
A eirple netH il rtell established use ttlrqrgtrut the
rorld, for calctrlating ttre peak disc*iarge in,a drainagp
systern.

Raessto
tre par^E, of a flood errcnt, or hldrcgra$r rrrttele ttre flosr
is neducing after the peak.

bord
orte line of data in a file or on a ocrqrrter 6creen.
Tttis will gpnerally all refer to one ptrysical stlnrc'trrre
or event.

ru$sssfo *.nlygLa
A Btati"stical tectrrique blr lrtrich a d€pendent variable is
eqrressed in terrrs of me or rtcre inOeeenAern variables.

Ftuo p€d.od
fte a\telraqe period be&Een o€urren€s of an e\rert
gE€ater than or eqrnf to a given \ralue.

Rlst-lt mLo
Ttte disdrarge pipe fisn a plrping etatisr rJutlidl
qlerates trnder trtriecaure.
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Salf cleansf-ug v€lclty
a velocity of flow in a s€nier wtridr is sufficient to
prevent the deposition of sedinrent.

S€trarate sleten
A serrnrage systern in wtlictr foul sermge ard storm rmter
are carried in separate pipes. (Ocnpare with qrbined
anf partially separate 6ystsns. )

Ss€r
A pi4n, orh/ert or open ctrannel (generaLly rnn rnade)
for onveying foul semge, Etoul water, or a mi:<Epre of
both. It, generally refere to a lengttr of ttr-is wtridl trag
a onstant gradient,, cnlss sectior arrt ottrcr trnfsioal
characteistics along its lengttr.

Seeage
The ollection of asiera ard oEtrer stnrcttu€s utrictl
rnke t4t a oplete @rnrelrane systenr.

Ssnraga aysta
A netrrork of seters to @il/ey foul sererage or
stonm,ater or bottr.

Slde Etr
A leir onstnrcted irl ttre side of 

'a pjpe or overflo,v
drardcer to pennit ttre epill off high flqns out of ttre
systsr.

SlrrrlrtLCn

Ttrc regresenta'tion of specific onditions in a eetrerage
systen using a €ngrter rrodel.

Slte odttt,o
An index used in ttre ost rcdel to descibe the gaound
surtae wtlic*r has to be excavated to qrstnrct a 6elltr1r.

Soaltasy
A pit, usr.nlly filled wittr large stone into wttic*t
surtae uaten i6 drained to altcn it to infiltrate into
ttte grourd.

Sofftt leg€l
Itp level of ttre highest, poirrt qr ttre internal bore of a
pipe or culvelt.
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SoIl rctstrue defl,clt (S.tl)
A lreasure of soil *etness, calculated by ttre
l'bteorolog'ical offioe irr tlp IJK to irdicate ttre
capacltlr of tlre soil to ab€orlc rainfatl.

StadLng trave
A wave fornted on a vrater sur:fae wfiidt &s rpt
prc{tress wittr the flow. It is usually associat€d wit}r
ttte occurrence of aitical flcff orrlitions.

$,ffffng pod
A type of orcrflcnr drarber inorgnrating a sdUinq
pondr intenH to ensure that poUr:Ling raterial j€
retained within ttre pipe 6yst€rn.

StoralF taks
Sanlc onstnrcted in a sefi,Errage srysteltr to store
tengnrarily a \rolure of uater drring peak flcnra. Also
called Oetention tanks. (See off-firc tanke arrt qr-1ine
tanks. )

Stotm g:oftle
A series of rualues of r:ainfall intensity rmrying wittr
tirts. Also called a hyertograph.

Stm ss€gb
Stoutt n:noff rrir<ed wittl forl ser€lp in a oarbiJnd
systen. (Ccrpare wittr sur:fae urater. )

St@ sat€r orerflon
A stnrcture hdlt in a ocnbined senrcrage sl1st€rtr to
spi.ll to a water@Llrse or a relief eysten t}te exess
flcnm wtridr canrpt be carzied along ttre s€fier.

&b-cat<tt-.ot
The area draining to qte s€fier.

$bcrltlcal flcr
Flow onditions irt hrhictr ttre Ftoude nurber. is less than
unity.

$4nrettlcal flcr
Flcn orrlitions in hrhich ttte Fblrde Nrber exeeds
unity. Surfae lril/es canrpt propagate r4letrean i-n
apereitical flcnr.
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Sm:targe
Ihe occtnrene in a pipe or cu}/eft, of flcnr qtditions
irr wtridl ttre hlnJraulic gradient is hidrcr tnan the
soffit level so ttlat ttrere is no free uats euatae.
(Cqpare wittr free surtae flcnr. )

$ur$argB fle
Flor pipe or cloeed ondrit drainage systsns ttre
oocurrene of floms uhidr catrae a sefirr to beqre full
so tlat it is flouring under pressure.

$sf,m nrcff
Flcne o\rer ttre qparrd surtae fmn wtrere rainfall lards
to it6 entrT into the s€s,elrage 6y6f€rn.

$rr:fc rater
Storm nnoff not, ontanrinatecl vrittr foul s€srlge.
(Acnpare with storrn senaage. )

SspeoAea solld.s
Parf,iculate natter caried irr suspension bry flow.

Syrttettc ral.nf,alL
Rainfail degths or intensities deri\red fmn rainfall
statistics ant rnt reeares€rtjng an irrtividnL rcal
rai$torm. A160 lmcnm as oesigrr rairifall.

Iaogrtble
Dese5ption of osts or benefits to be onsidered in an
eonanic evalr:ation to \rrhidl nonetary values can be trrrt.
(aqpare with intangible. )

Alre anea dragncrn
A diagral sbcnring ttre jncr:ease in area-fun r*tridr flow
reacbes ttre 6e\dsr systen with tfue for a given
catctrrent.

tlm of eelrtrdl.o
Ste tine taken for flcnr to reactr ttre point rrr&r
onsiderration fisn all parts of tlre catdlrent. It is
equal to ttre tfure of entry plus ttre tinrg of flon.

A{.e of €otqf
Ihe tjne taken for suda€ r'r:rpff to reactr ttre entry to
ttrc se,h,erage system firqn any part of ttre suts
catctnent.

1s8



*lre of fla
Ttre tirre taken for flcnr to reactr ttre point urder
onsidsration frqn ttre head of ttrc selrerage syst€ln.

fur^h].ect flqr
Flcrr ordit.ions in u,'hich frictional L€gistan€ to flor,r
@lenOs minly qr tlre rougtrnees of ttle selier ard orly
sligfirtly on ttre visosity of ttp tater.

Ilrtm catcnnnt, rptn€ss Ld€ca (tE{I)
An irrl€l< of ttre $etne6s of tlre catchrcnt at the start of
a rainstorm. It is used in ttre ItK nrpff equaticrs.

Uti|;[ty
A short, pL€4pan to caniy out 6arE mirpr ta6k to aesiat
with ttre use of a lhthod.

\lbr{ex overflotr
A t]tpe of storm overflcllr vrhich nakes uae of the
spira[ing flcnr in a rlortex to r€tajJt poUuting
nateial uithirr ttre sererage systsn.

lbsteec mtrcl
A form of orifie ontrol whictr u6ea a vort€* to
ontrol ttre flon *:ou$r ttre ont:ol..

nafUngfoni Proc&rro
A set, of nethods for ttre design ard analyei-e of udtan
drainage 6ysber6, artt ttre €r;lrter packages $tric*l
irplenrent ttrenr. ItLi6 nnnual iorns C part of ttre
wa[ingford hoedlre.

Itrar tabls
lltre flrrtace wittrin soil or rock strata.at wtridr glounf
water saturatiqr oocurs.

Itt, r€11
rhe entrlr dtafter in a pn:npiag station fiutt lrtrictl wtter
is plrped to a higher level.
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REQUIREI{ENT SPECIFICATION FOR SEWER FLOW QUALITY SIMULATION UODEL

Discha rges  f rom se { . t e r  sys tems  have  been  i denE i f i ed  as  a  ma jo r  sou rce  o f
r i ve r  po l l u t i on  (Re f  l ) .  I n  seve re  cases  the  e f f ec t  o f  t hese  d i scha rges  may
be  i denc l f i ed  by  rou t i ne  chemlca l  mon ico r i ng  and  resu l c  i n  t he  r i ve r  be ing
g i ven  an  app rop r i ace l y  1ow qua l l t y  des ignac ion ;  e .g .  c l ass  3  o r  4  o f  t he
N t ' lC  R i ve r  C lass i f t ca t t on  Sys teu  (Re f  2 ) .  More  f requen t l y  t he  i n re rm i r cen r

na tu re  o f  t hese  d i scha rges  i s  such  tha t  rou t l ne  chemica l  mon i to r i ng  does  no t
detect  the fuLl  impact-  In  these c l rcunst ,ances the chenical  data uray

ind i ca te  an  accepcab le  r i ve r  qua l i r y  (e .g .  NWC c lass  2 )  bu t  t he  eco rogy ,
rh l ' ch  i s  res t r l cced  as  a  resu l t  o f  t he  l n te rn i t t en t  d l scha rges ,  w i r r  p reven t

the  des i red  use  (e -g -  a  coa rse  f l she ry )  be lng  fu l r y  es tab l i shed .

Bio logical  danage caused by shor t  term oxygen deplet lon or  the t ransient

Presence of  acute ly  toxLc substances ls  therefore a key Lssue ln contro l l ing
in te rm i t t en t  po l l u t l on -  Hence  b lo log i ca l  assess ruen t  shou ld  be  the  c r l t e r i on
ry which the ef fects of  seqrerage d ischarges are evaluaEed.  The r ink between
l i o l og l ca l  e f f ec t s  and  t rans ien t  chemica l  concen t ra t l ons  i s  be ing  nade
:h rough  sho r t  t e rm  tox i c l t y  t es t i ng  w i t h  f t sh  and  o the r  aqua t i . c  o rgan i sms .
\ n  i n i t i a l  a t t e m P t  a t  e s t a b l i s h t n g  s h o r t  t e r m  r i v e r  q u a l i t y  s t a n d a r d s  ( R e f
r )  has  shown  tha t  ve ry  sho r t  t e rm  changes  i n  concen r ra t l on  can  have
l e l e t e r i o u s  e f € e c E s  o n  b i o l o g i c a l  p o p u l a t i o n s .  I c  f o l l o w s  f r o m  r h i s  t h a t
> o t h  t h e  t o c a l  l o a d  o f  p o l l u t a n t s  p a s s e d  t o  t h e  r i v e r  d u r i n g  a  d i s c l r a r g e
l v e n t  a n d  t h e  s h o r t ' d u r a t i o n  p e a k  c o n c e n t r a t i o r r s  w i t h i n  t h c  e v e n t  n e e d  t o  b e
rnde rs tood  and  con t ro l  l ed  t o  l im i t  t he  da r : ra rg ing  e f  f ec t s .

l h e  p r e s e n E  a n d  f r r t u r e  r e q u i r e m e n t  f o r  r i v e r  q u a l i t y  m a n a g e m e n t  w i l l  b e  t o
l a : ' n t a i n  a n  a c c e p t a b l e  b a l a n c e  b e t w e e n  s e w e r a g e  c o s t s ; r n d  r i v e r  p o l l u t i o n
R e f  5 )  '  T h i s  w i l t  c a L l  [ o r  o b j e c t i v e  p l . a n n i n g  f o r  d i s c h a r i ; , e s  f  r o m  b o t l r

: o r n b i n r : d : r n d  s u r f a c e  w a c e r  s e w e r  s y s c e n s .  p a s t  p r a c t i c e  h a s  t e n d e d  t o
rssume t l r a t  su r . f ace  wace r  runo f f  i s  " c l ean "  and  hence  can  b€  r J i sc i ra rged

r n y w l t e r ' - ' r ' r i t h o r r t  h a r m .  R e . s e a r c t r  i n t o  t h e  n a t r l r e : t n d  e f f e c t  r > f  s t r c ! r
L i s c h a r . r l c s  h : r s  r l c n n o n s t r a t e r l  t h a t  t l r i . s  ! s  n ( ) t  t h e  c : r s e  ( R e f  r r ) .  o r r  r ; . ; r n f  i 1 1 s d
iewc r  s i sLen ! ; ,  pas : -  p r . 1 ( : t i . ( ,  t ' r  t i t r :  sc , t t . i n1 -1  , r f  . ve r : f l r ) r . r s  l r ; i s  b r . t t ; r  l ; r r . q< t l y ,
( ) i l ( ' ( r r r l r r d  w i t l r  t i r e  < ' - r ' r r l t r o [  . r '  r - l 'ws  w i t h i r r  t he  ] i ( . . uL , r :  sysL . . l r n  t . l  ! ev ; - , i s  r . r r t i t  l r
v o i d  l ' l o o t l i a l 3 .  t - i t t : l r :  r : r > r r s i d c r ; r t . i o r r  l r a s  1 1 . - ' . ' , . l  1 , , i v e 1  t 9  t l r 3 . : ( ) t r s e q r ( r r r r : r : s  t ) { .
p i  I  I  i  r l ! :  St r r r rn s(- .w. ' r1 le t ( )  ; l  r i  ver .  l . ' : r f  1111.  l ) t - ( )ce( turr r : :  c tusI  SC(, ; (  t , )  I  i rn i  t_  l r t : t : l r



t y p e s  o f  d i s c h a r g e  t o  q u a n t i t i e s  a n d  l o c a t l o n s  s u c h  t h a t  t h e
c a p a c i . c y  o f  t h e  r e c e i v i n g  w a t . e r ,  c o m p a t i b r e  w i t h  t h e  d e s i r e d
be  exceeded -

a s s l m i  l a c  i v e

u s e ,  w i l l  n o t

rn  che  fo reseeab le  f u tu re ,  che  ma jo r i t y  o f  sese rage  cap i t a l  schemes  l n  t he
uK  w l11  be  d l rec ted  towards  the  rehab l l l cac lon  o f  ex i s t l ng  combtned  sewerage
sys teus '  r n  acco rdance  w i . t h  t he  bas i c  cene ts  o f  t he  sewerage  Rehab l l t t a t t on
Manua l  (Re f  7 ) ,  t he  f avou red  so lu t t ons  w i l l  o f t en  l nco rpo ra te  de tenc ton
tanks '  whe re  such  tanks  a re  p rov ided  to  conc ro l  po l l u t l on ,  i t  l s  impo r tan t
that  the requls i te  pol lu t lng load is  reta lned conconi tanc wl th the ru in imum
s to rage  vo lume  to  oPc in l se  cons t ruc t t on  cos ts .  Th ts  i s  ano the r .ma jo r  reason
why l t  is  necessary co have an understandlng of  the teoporal  var tat ions of
sp l l l  qua l i t y  w l t h l n  a  s to r t r  even r .

From the foregoing,  ic  can be concluded chat  a serrer  f low and qual l ty
s imulac ion nodel  ls  requi red to a id in  the design and rehabl l l ta t lon of
seserage systems'  The nodel  wi l l  be used ln conjuncclon wlch rLver  inpact
nodels to prov ide an obJecclve neEhodology for  the cont . ro l  o f  serrerage
d i scha rges  to  a l l ow  des i red  rece i v i ng  l r aEe r  uses  to  be  a t t a i ned .  The
wASsP-srM hydraur ic  analys is  rnodel  is  a l ready in  cornmon use to def lne the
quan t i t a t i ve  response  o f  sewer  sys tems .  A  conp le raenca ry  qua l i t y  rnode l l i ng
capab i l i t y  i s  requ i red  to  p roduce  d i scha rge  (po l l u tog raphs )  t o  compre te  t 6e
methodo logy .

P r e v i o u s  a t t e n p t s  a C

SW!I}{ and SAMBA) have

d i scha rged  pe r  even t .

whe re :

p roduc ing  sewer  f l ow  and  qua l i t y  mode ls  ( f o r  examp le

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

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

(  i )

(  i  i 1

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

de l : r yed  oxvgen  dep le t  i on  i n

the  even t  i  s  nno rc  i .mr ro r t i r n t

e v c n i ;

t i r e  v i . c i n i . t y  o f  t h e  o v e r f l o w  a f t e r

t i r : r n  t he  i r n rned  i . a te  impac t  r J t r r  i ng  t l r e

, t c u t e  p o l  l r r t  i r t r . r  [ ' r < r i n  t l t e  . l  i  s t : i r a r . , , r .

c o n s i C e r . ' d  t r >  b e  i : n P o r t ; r r t t ;

( i i  i ; o l '  t o x i c  s u i t s t t t r t t : e s  i s  r t r t 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 r  s i g n i f i c a n t .

r t  i s  r e c o g n i s e d  c h a t  t h e r e  a r e  d i f f i c u l t i e s  i n  a d o p t l n g  a  r e q u i r e m e n t  t o
:p roduce  d i scha rge  po l l u tog raphs  by  a  s imu la t i on  mode l .  Hoq reve r ,  on l y  t 6 i s
app roach  w i l l  sa r i s f y  che  two  ob jec t i ves  f o r  po l l u t i oo  con t ro l  wh i ch  have
been  desc r i bed '  r n  t he  uK  the  occu r rence  o f  t he  f i r s r  f ou l  f l ush  e f f ec t  has
been  w ide l y  repo r ted  (Re f  B ) .  ?h i s  e f f ec t  mus t  be  node lLed  ro :

1 '  ach ieve  sho r t  t e ru  r i ve r  qua l r t y  c r i t e r i a  i n  re la t i on  t o  oxygen
deplet lon and acute ly  tox lc  substances,  such as ammonia and
hydrogen sulphide,  and hence a l low desi red uses to be
es tab l i shed ;

2 '  op t i n l se  des ign  o f  eng inee r i ng  s t rucEures  fo r  po l l u t t on

c o n t r o l .
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DESIGN SPECIFICATI0N FoR ESQS (EMIssIvE SEHER eUALITy stuuLATIoN) t{oDEL

THE SEr.tAcE FLOW AND QUALITY STUULATION VERSION OF sASSp

ABSTRACT

The  p roposed  mode l  (ESQS)  w i l l .  be  requ i red  to  mode l  che  p rocesses  l ead ing  to

the  p roduc t i on  o f  f i r s t  f ou l  f l ush  e f€ec ts  w i t h i n  se r . re 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  SSO d i scha r l e  poL tu t i on  conceo 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 t€ rs  t o  be

mode l l ed ,  boLh  on  the  u rban  su r face  and  w i th in  t he  sene rage  sys tem.

l .  P u r p o s e

The  p roposed  mode l  (ESQS ve rs ion  o f  WASSp)  i s  t o  be  capab le  o f

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

u rban i sed  ca tchmen t .  o r  sub -ca tchmen t .  These  po l l u tan ts  w i l i  t t e . ,

be  rou ted  th rough  a  comb ined  o r  s to rm wa . te r  sese r  syscem.  The

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

th rough  che  seL fe r  sys tem and  the  sho r t  t e rm  va r i ac ions  i n

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

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

p o l l u t o g r a p h s .  T h e s e  a r e  r e q u i r e d  t o  e v a l u a t e  t . h e  s h o r t  E e r m

impac t  o f  se l rage  d i sc l ra rges  on  rece i v i ng  wa te r  cou rses .

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

r i v e r  q u a l i t y  m o d e l .  T h i s  I a r g e r  s c a l e  m o d e l  w i t l  p , t r m i t  t h e

eva  l uac  i on  o f  t he  ove r f  l o r . r  pe r f  o r rnance  and  i t s  i r npacc  on

d o w n s E r e a m  r i v e r  q u a t i t y  i n  t e r m s  o f  t r a a s i e n t ,  ; t c u t e  e f f e c t s  a n d

l o n g  t e r r n  c h r o n i c  e f  f e c t s  o o  r i v e r  , 1 u a l  i t y  ; l n c 1  r : c t l l , ) B y .

t l h i l , ' r  t l t , ' r n r ) d e l  i . s  p r i r n a r i l y  c ( ) r t c r : r n t : d  w i . t ! t  s r : r . r . : r  l r r r l r l v i { ) r r r  ( t r r r l r r : {

s to r : rn  p r : r i ods ,  t l r < :  i . n t r : r : - s t r> ru  d ry  r , r t : ; t l : h r . r  l - l ow  ; r r_ : r i . r r l s  . . 1  r . .

r ( : c ( ) g n i s < : r l : r s  b e i r ' r q  o f  g r r : a t  s i g n i f i c ; r r r c ' i r l  t t , . r r n s , l t -  t l , r r r t i o r r ; t r r < l

t .  reqrrerrcv.  ' l 'he rn, l r le  I  mrrst  a I  sr> bc cap. , rb l r :  r )1.  s  i rn t r  l . r t -  i .n1 i  I l rc

accumt l t ac  i on  . e r rd  T , cne ra t i on  o f  pc I  l r r t ; r n t s  i r r  . r  s r : v , - : r  t l r r r i r r . . , ,



2 .

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

t h e  f  o u l  s e w a g e  f  l o w  d u r i n g  d r y  q r e a t l r e r  i s  e s s e n t i a  l .

A  E i m e  s e r i e s  r a i n f a l t / d r y  w e a t h e r  p e r i o d  s i m u l a t i o n  m e t h o d o l o g y

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

remova l  i s  more  app rop r i ace  chan  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 oo  t he  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  che  l ong  and  sho r t  ce rm assess rnen t  o f

ove r f  l ow  .pe r f  o rmance .

Determinaads

The  sho r t  t e rm  impac ts ,  on  t he  env i ronmen t ,  f r om sewer  d i scha rges

a re  due  to  oxygen  dep le t i on  i n  che  rece i v i ng  wa te r  and  the

d i scha rge  o f  t ox i c  subs tances .  I n  t he  l onge r  t e rm ,  many  o t . he r

de te rm inands  may  be  s ign i f i canc ,  bu t  i t  i s  poss ib le  t o  re la te

chese  co  the  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  imporcao t .

E S Q S  s h o u l d  t h e r e f o r e  b e  a b l e  t o  m o d e l :

Ammonia ( N H , {  -  N )

S u s p e n d e d  S o I i d s  -

H y d r o g e n  S u l p h i d e

D isso l ved  Oxygen  -

O t l r e r  d e t . : r r n i . n a r r d s  o f  l e s s

a p p r o p r i a t e  f o r  t o n g  t e r : r n

o r g a n i c  a n d  i a o r g a n i c  f r a c t i o n s

t r a o s p o r t  a n d  r e - a . : r a t i o n  w i t h i n  t h e  s e v e r

S e d i m e n t s I a r g e  s i z e :  b e d l o ; r d  f  r a c t i o n  i . e .  a f  f e c t i r r i ;  f r y J r : r r r l  i . c

p e r f o r m a n c r t  o f  t h e  s r _ ' w c r  . J V s t e m .

i  mmr :d  ia te  i  n te  r : r :s t ,  t rh  i c ! r  rn .Ly  b . :

( ) ! :  , ) v . i r s c . : t s  r r p p I  i c a t  i , r n s  i n c  [ , t < | . : :



3 .

.  l { eavy  Me ta  I  s

o  B a c t e r i a

o  Phospha tes

.  N i t r a c 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

Mode l  p rocesses  and  mechan i sms

The  mode l  mus t  s imu la t . e  t he  f o l l oo ing  bas i c  p rocesses :

( b )

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 c  s u r f a c e s :

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

a l l  con t r i bu t i ng  su r faces  w ich in  t he  ca t . chmen t .  D ry  wea the r

l oad ing  races  may  be  assumed  to  be  un i f o rm  ove r  a  ca t chmen t

and  oay  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  Che  CoCa l  po l l u tan t  l oad  o f  many  de te rm inands ,  no tab l y

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

and  heavy  me ta l s .  Roo f  a reas  con t r i bu te  s i gn i f i canc

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  . e a t e r  s y s t e m s .  R o a d s  a n d

o t h e r  p a v e d  a r e a s  p r o v i d e  t h e  m a j o r i t y  o f  p o l l u E a n t s  i n  u r b a n

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

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

po l  l u tan t . s  on  r : oad  su r f  aces  i s  a  f  unc t i on  boch  o f  E  ime  and

t  r : a f  f  i c  - t oad iog .

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

r a i n f a l I  e v e r r t s :

W . ' r s h  o u t  o f  a e r i a l  p o l  l u t a n c s  ( w e t  d e p o s  i r i o n )  i s  r a p i d  a o d

c r > m p l e t e  a n d  t h e r e [ o r e  r e l a t i v e l y  i n d r : p e n d e n t  o f  t h e  n a t r r r e

o l '  t h ( .  r . ? i n f  a t  I  r : v e n t .  T i t e  r a t e  o f  s u r f  a c e  w a s h - o f  f  i s  : r

f  r r nc t  i o r r  t r f  t he  qu .an t  i t y  o f  accu rnu  t . r t ed  p r ) l  I 11  f  . . 1n81^ ;  t l r r :

i n t c r r s i t y  o f  r . e i . n f . a t l  a r r r l  t h e  l ) h y s i c . . r t  h y . l r : r r r l i c

c h a r t c t . : r i s t  i c s  , > f  t l r < :  c a t c h r n , , r l E  _

( a )



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

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

( c )  Gu l l ey  Po t  Pe r fo r ruance

Gul ley  pocs  are  be l ieved to  in f luence the  qua l icy  o f  sewer

f I ows i n c$ro rrays :

^
( i) t!:y_ggJ_g_44*to ch_e pot t"rins load in rerms_.-of i)

ammonia. BOD 
",td 

orsanic solids 
!1_g:g_."gg!!91__.:._ 0

Ehe  s to red  wa te r ,  and

( i i )  t hey  may  mod i f y  t he  cha rac re r i s t i cs  o f  che  nash

o f f  o f  a  pa r t i cu la r  s to rm,  s i nce  the  gu l l ey  poc

l i quo r  w i l l  cend  to  be  washed  i n to  che  se r re r

sysEem in  advance  o f  t he  new s to rmts  run  o f f  E ro rn

r o a d  a r e a s .

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

t y p i c a l l y  e q u a t i n g  c o  =  m m  o f  r a i n f a l I  o v e r  c h e  c o n c r i b u c i n g

c a t c h m e n t .

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

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

r . r i t h i n  g u l l e y - p o t s .

(d  )  Fou l  s€ r . rag r?  i n  comb ined  sewers

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

f o u l  s e w a g e  a r e  v r : l 1  u n d e r s t o o d .  C y c l e s  o f  d a i l y  a n d

sc .?sona  I  l o .eds  can  bc  es tab l  i shed  Io r  a  ca t ch rnenc

i n c . r r p o r , r t  i n g  p e r i o d  i c  i o d r r s t r  i a  I  d i  s c h a  r . , , r t s  -

F r - r r  t onge r  c i : r ( n  . " - ' v t : n t s  i t r r d  ass< :ss i r r : l  ; l nn r r . t l  po I  l r r t an t  l o ;1ds ,

: t  v a r i a b i l  i t y  f  a c t o r  w i L  I  b e  r . : q t r i r e d  t o  c . ) r n p , ) n s . . l t r :  f  o r  t l r < . r

r a n d o m  t i r n e . ; 1 ,  t l a y  a t  w h i c h  r a i n f a t l  { _ : v ( : n t s . ) c c r r r .



The  se t t  I  i ng  ouc  o f  a  p ropo rc  i on  o f  che  f  ou  I  se ' , r age  f  l ow  a t

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

f  l os  r . r i l  I  need  Eo  be  s imu la red .

(e )  Sed imen taE ion  i n  sewers

Two  e f f ecca  a re  suspec t .ed  to  be  s ign i f i can t  n i t h  rega rd  t o

po l l u tan t .  gene ra t i on  w i th in  t h i s  aspec t :

( i ) High  dens i t y  i no rgn i c  pa r t i cu la tes  rend  to

deposic in  s los f  lowing aer . rer  tengths dur ing

recess ion  l imbs  o f  ma jo r  s to rm 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 iC ion  o f  o rgan i c  so l i ds

du r i ng  base  f l ow  pe r i ods .  O rgan i c  so l i ds  s i t l

a lso tend to accumulate at  other  types of

phys i ca l  obs t , ruc t i on  o r  imper fec t i on .  Low

dens i t y  o rgan i c  so l i ds  w i l l  be  rap id l y

resuspended  and  f l ushed  ou t  by  s to rm f l ons  add ing

to  t he  suspended  so l i ds  aod  oxygen  demand  l oads .

Hyd rogen  su lph ides  i s  geoe raced  w ich in  aoae rob i c

sed imen ts .  Th i s  may  be  re leased  shea  che

sed imencs  a re  d i s tu rbed  by  sCor rn  f l ows .

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

ove r  che  raoge  o f  d i u r r ra l  f  l ow  va r i a t  l ons .  These

s l i r nes  w i l  I  t , end  to  s l o r rgh -o f  f  du r i ng  t u rbu len r

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

so l i d  aod  oxygeo  demand  l oad  to  t he  s to r rn  f l ow .

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

s l i m e s .

( i i )

T h e  a c c u m u l a t i o n  o f  i r r o r g a n i c  s e d i m e n t s  ' , r i t h i n  s e w e r s ,

wh i  l e  no t  exe r t  i ng ,  a  rna  j o r  po l  l u t : , r r t t  l o : rd  ' 1 .1y  s r : r i . o r r s  l y

i n f  t r r t : r r ce  t he  hy< I ra r r l i - c  pe r fo r rnance  o f  t l r r :  sys t t .m .  ' l ' i r r _ .

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

s e d i m e n c a c l o n  m a y  t a k e  p l a c e  w i . t h i . n  a  s y s t e m .

oDB 5 /87



( f )  ' f r a n s p o r t  o f  p o l l u t a n t s  t h r o u g h  t h e  s e w e r  s y s t e m :

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

i n t o :

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

oovement of  a f lood save through the system,

depos i t i on  and  re -en t ra inmen t  o f  sed imen ts

t .he re lease of  oxygen deoanding and tox ic

l u t a n t s ,

t he  gene ra t i on  o f  po l l u tan t  l oads  assoc iaced  w i th

the accumulacion of  organic sediments and t .he

g row th  o f  s l imes .

Fo t  s imp l i c i t y ,  sed imen ta t i on  mus t  be  reduced  to

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

a  sewer  l eng th  i s  p ropo r t i ona l  t o  t he  suspended

sed imen t  t oad  ca r r i ed  i n  t he  f  l o r . r  and  i nve rse l y

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

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

cons ide red  to  be  un i f o r rn  w i t h  t ime .  The

gene ra t l on  o f  oxygen  demand ing  and  tox i c

p o l l u t a n t s  c a n  C h e o  b e  r e l a c e d  E o  v o l u m e  a n d  o r

m a s s  o f  s e d i r n e n t  o r  i n t e r s t i t i a l  w a t e r  a n d  t i m e

s i n c e  d e p o s i t  i o n .

C a l i b r a t i o n  a n d  v e r i I i c a t i o n

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

5 a : ; i s  o f  [  l o w  s u r v e y  a n d  s e w c r  i o s p e c t i o n  p r o c e d r l r r : s  c r n p t o y e C  i n
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