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Urban st:onnwiiter drainage designers ani planners are havirg to deal
with the drama.tic effect that urbanization has on the hydrolcxfical

regime. To cepe econanically with the i.ncr:eases in runoff volumes ani
peaks due to urbanization, 1l¥Jresqiristicated approadles are required

for t.lle design am planning of s't:ornMater drainage systems. '!his has

led to the need for better tools to enable st:onmvater drainage system

designers to evaluate such drainage cptions as dual drainage, use of
flood plains, am detention/retention storage facilities. WITSKM

(WitwtttE'..r.srarrl Sto~ter Kinematic »Jdel) Wr:tS developed specifically

for t::hc= analysis of these sr..orm;.mter drainage q;:rtions. 'Ihe lIDdel is
therefore a sin;Jle event lOOdel am does not include an evaporatdon
conp:ment.

wrI'SKM has been develcped using the BASIC COI1.plter progralIIllin;J
language for TIM cClIpa:tible nri.cro-canp.rters. To reduce the tedious
pr<)Q9SS of data input ani editirg, an editor has been inclooed in the
program. In developing WITSKM the modular approach was adopted so that
the necessary flexibility .in IOOdelling urban drainage systems can be

adlieved. Modules are included that can nOOe1. flail over inpe.rma.able
and permeable surfaces, ~ers, pipes, t:t:apezoidal channels I arrl.

detention/retention storage facilities. A system of DDdule rannoers is
used to determine the connectivity ani the :mOO:u1.esto Whim OVP..rflCMS

should be routed in the s.iJnulation of dual drainage systems. With the

inclusion of aquifer :nxxlules, the processes of subsurface flow and
interflail can be IOOdelled. '!he Green-Alrpt infiltration IOOdel has been
'USed as the parameters for this modal,can be Plysically maasured.

In WITSKM the kinematic routirg approach has been adopted for the

routing of flows over permeable an:] .inpmneable ::,urfaces as well as
through pipes and channels. ~ mIl'Im"ical nethcx:is of solV'irg the
kinematic equations were tested. 'lhese were an explicit backward
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difference schene as used in an earlier version of wrI'Sl~, ani the
~ routing methcxi. '!he ~ method proved to
00 ItDre stable am give mre consistent answers when varyil~ tt.=
ccxrp.Itation tine step than the ~licit backward difference scheme and

was therefore used in WITSI<M. '!he enploynent of this tedmique
required a revision of the connectivity algorithm. '!he sJ:lort:canirgs .in
the :iginal version in IOOdelli.rg canbinations of spillway ani outlet.s
for the detentic>tljretention storage lOCCule'Were also ove.rcaue.

'lhe IOOdel was calibrat.eo1 on three catchments viz Newark street,
SUnni.rYJrill Pa't'J~, and Zttlulam. '!he results were CCJItXlred usirg
various goooness-of-fit criteria to those obtained by usin;J WI'lWAT.

'!he Zulu.larxl c:atchmel."It 'IITclS used to test the sul:surface am interfl<:M

cap:lbilit:ies. of the m::x:lEu by CXJllprd.D3· runs usirq the Hortonian
concept of oveJ~lard flal( with those having subsUrface flcm and

1ntet'flCM. ~l:he model waI; further used to ~e ~:;sible stonnwater
Q\ra:inage opt:ions fIX' a h:ypot.hetical taomship layout. on t.he waterval

Q\\tchment tc) the. IlOl~1. of Jcilannesl::m:g. 1h.is cail::.c.llm:mt has been
IOClru.to:red by the Wate:J:"ST-ru:ms Research Group of tl:le lUniveJ:Si.ty of the

Wiltwaters:rand CJlnd recoJ:.'d~:!d rainfall events ~Je:t~~ used as inp.lt to
W-r\:'SIQ.I. In this way fu~ effectiveness of the different drai.nage
apt:.ions in liIlri.t.rng run')ff volumes and peaks fram the proposed

t...oiN',nship could l:e canpared to the m=asured :runoi:f.

In this report, WITSKlMhas been sl:lc1Hn to carrpu.:e favourably with the
NI'II,OO model. However the versatility achleved in wr:rSKM bJr using the

IOOd1.11ar. ak-l1t"ooch of catdllll311t discretization, allows; for the

re::l:lrectil:m of fleMS and overflew.; to eas.i.Iy s.i.mul,ate the~different
stalnnwate1r drail'lage qpti.ons far an urban area. 'lh.is "together with the

inclusion 01: tlm MulSkingUlll-Culrxje routing tedmiqlll:!, and the l..nber:fla;.r
capl:iliilit.i.es maltes VilIT.31'Ha lIlOl:"evet'S3.tile IOOdel than the W1TV1AT100del
as :far as thH~analysis of :sto:rm;.Jaterdrainar.je q*ic:m,s are concerned,
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Hydrolcgists t stormwater drainage system designers, and water ·resource
planners in South Afrl.ca are havi.n;r to deal with higher levels of
urbanization as well as greater population densities thr.m previously.
'!he llnpa(..t of the urbanizin; process on the hydrological regime is
dramatic am in order to cope with these eJ:1an;}esm:>re sopristicated
cCllpl'ta:i::ional techniques have to be U5e1.i to determine viable
~ter manage:ua.11tpolicies am for the design of drainage systems.
'llle policy of construct.in:J a stormwater reticulation network to renv:we
the higher recurrence interval zunoff": events frc::m a catchment as
quickly as possible results in costly systems. To implenent this
approach very often the natural drainage dlannels have to be e.n1arge:i

and Lined to cq:e with the increased ::rtil1Offdue to urbanization. 'nus
type of functional engineer~ structure is fin:ti.ng less favour with a
more enviroJ:mentally conscdous plblic. 'nle drainage en:Jineer therefore
not only has to look for more aesthetically attractive am
environmentally acceptable solutions rut nore cost effective solutions
as well.

'llle requirement of more sophisticated si:ol:nWciter management and design
awroaches has led to the need for bet:t:er tools to enable the optinum

plarming am design of stonnwater s.ystems to be un:lertaken in new
developments or for the upgrade of existing sto:tnWciter drainage
systems. '!he techniques tx:>..ing adopted are those of computer simulation
m::xiels, Which are capable of aCCOl.IJ:ltin;Jfor nost of the physical

processes involve.d in the rainfall-nmoff process. '!his results in a
greater level of sophistication am refinement in describirg the urban
runoff process an::i has found acceptance aIOC)I')3St the majority of
designers and planners.



- 2 -

1.2 Available Sinulatien Mcrlels

'!here are a llumJ::er of carp.rt:er based hydrological sinulatien m::dels

available far use am sCIne of the nn1els awlicable to urban drainage

applications are briefly discussed here.

SWMM (stcrm wat.er Management Model (Huber et al, 1982) ) is
prol::ably one. of the best krloffl1 st:onrMa.ter hydrological sinulation

m:xlels. '!he mode!l's structure consists of a IlllIllber of blocks for

carryirg out different tasks. ~ has the capability of

IOOdellirg nmoff quctntity ani quality as well as sinulat~

treatment facilities am rECeiving water quality. '!he ki.nematic

fleM' routi.n:J procedure is used for m::st awlications. However

where backwater effects are inp:rtant the full dynamic equations

can be used. One of the short.canings of this IOOdel was tllat it
needed to run on a main:frame cc:mp..rt:er am requires extensive
inpIt data. A m.i.cro-c.a:rpIter version of ~ has hcMlever been

developed (James am Robinson, 1985).

ILIIJDAS (Illinois Urban Drainage Are~ Simllator (Terstriep and

stall, 1974)} has been tested am adapted far Scxrt:h African

conlitions by Watson (1981). Both ILUJD..t\S ani ILrlJDAS-SA,

developed by watson, use the time-area or isochranal ~ch for

the routin; of flows am have been fOlll"Xluseful in the design of

pipe networks.

KINE 2 (ccnstarrtdnides, 1982) anploys the 2 dinensianal Jdnematic

equations fo....: flow routin:;J and has been fomxl to yield extJ:'em:>-ly

reliable results far the catcbrrents stooir:d. nris lOCldelcan be

used for the prediction of runoff h~ as well as for

assessing the effects of man-made chan;Jes en nmoff. '!his model

has been deVeloped for use on a mainframe conp.rt:er am is data
jTItensive.
primarily
ca.t:clnrents •

It was not develOf"1ed far mode.ll.in;J urban are=s, ani is
for surface nmoff off 2-d:imensiana... slopi.r:g
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'WI'lWAT (Green and ste,,+r.anson, 1984) arploys tba ki.re:natic method
of flCM routin;r lI..d.th the c:¢i.on of usin:J time-shift rout:i.n;J in
con:fuits. A sinplified routine was i..rx::ludedin the ~l far the

evaluation of detention storage facilities. 'lbe advantage of this
m:del over ~ ani KINE 2 is that it was written specifically
for a micro-carput:er thus alleviat:i.r.q many of the problems
associated wi1.:h mainframe data processing. '!he fact that WI'IWAT

was developed on a micro-ca:tpl'tP.r has made the caIp.It:er

silrulation of urban drainage systems IOOre readily available to
hydrologists ani. stormwater drainage design erglneers. 'Ihe m:x:iel

was iIrproved by Kolovq:>oU1.c'!5(1986) to include a dual drainage
capability ar.d to account fat" CCiI'pCUI'Xi channels. However the dual

drainage system was inflexible in that surchaJ::ge frcm pipes had

to flow into a d1annel jJm'¥!rljately above the pipe. '!his does not

allow far surcharges onto over1;mi flew areas or into soakaways•
.Both of which are accepted st~vat~ manageneIt policies.

1.3 Description of WITSKM

WITSKM (Witwatersrani stonnwa.ter Ki1)'~tic ~Y..rlel (stephenson, 1989) )

was develope:]. to overccme the shortcomi:rxJs of the WI'J.'WM:' tlD.lel :in
analysin:] the effect:.'; of stornMater llEl'lagenart policies. '!his m:x:iel

uses the kinematic lOOthcxl of flow rcJi.J.ting incl'l.ld..in;r the rout.i.n;J of

flow through corouits. '!he methcx:lof using IOCx:lulesto represent the

components that go to make up "3. storJm.Jater drainage system was adopted
in WITSI<M because of the resultant flexibility and versatility of the
model. Mc.liules are included that can IOOdel ~le ani penneable
surfaces, aquifers, pipes, tzapezcddal, channels, ani

detention/retention storage dams.

1.4 Sa::!pe of Report

In ag;>ly:ing the m:xiel to the SUnninghill catdnnent in samton
(steJ;i1enson, ,J89) shortcan:in;Js ~e dL~ in the lllOCk=>..l. 'l:hIa

WITSKM IOOdel used an explicit bacl\.-ward difference finite difference
scheme far solving the kinematic rrut.irg equations whidl can becx:ma
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unstable especially when aJ:Plied to axrluit routlng 0 nris results in
an inpractically small CC!Ipltation time step ha~J to be used to
ensure stability whidl results in 10J"):jercc:rrpJ.ta:~.!on tinleS ard the use

of excessive aIOOUI1ts of catp.Iter memocy to sbore rainfall inp.rt data
am out:tnt data. 'Ibis limited the duration of tile stonns that could be
simulated as well as the number of IOOdu1esthat could be used to model

a catchment. Dl.n:'in;J its appliCCl.tion,shortcanings in "t:rn~ nodule used

to simulate detention/retention storage were highlighted as t:h.F- m.xlel
did not cater for canbinations of spillway arrl. outlets.

The aims of this study are twofold; first to llIprove the existirg
prcgram by including a more robust solution algorithm to the kinematic
routin.J equations viz the Muskingum-cunge method (Holden ani
stqhenson, 1988). .Due to this methodology a new connectivity and

calculation order rootine had to be intrexiu09d. '!he

detention/retention storage lOOdule was also .i.nproved to include flow
through culverts a feature which can be used for flood attenuation .e

'!he prllnary aim of this st:tny is the application of the model. For

this purpose the recorded data for Newark street, ZUlul.:U1d catchment
W1Ml7 as well as the Waterval am. SUnrlirghill Park catchments were

used, rr.he SUnrlirghill Park am Wat.erval. catchrrents are ronitored by

the Water Systems Research GroUp of the University of the

Witwatersrdl'ld. '1lle Newark street and SUnninghill Park cat:chm:mtswere
used to ~e the results of WITSKMwith those obtained using
WI'lWAT. 'ttle Z1.1IUlan:i catcb.1oont was used to test the interflow ani

subsurface flOi'l capabilities of the program. '!he Waterval catchment is
undeveloped at present. A town was set out on the catciment am usi.n:;J
recorded stam events, the effectiveness of the possjhle ston'Mater
managenent options for the tam could be e.xamined and CCITpared to the

recorded runoff.
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2.1 Introduction

'!he kinematic theory was Irrcroduced by Lighthill ani Whitham (1955)

and later used by Henderson and Wooding (1964) to study the runoff

hydrograph resulting frQ'll excess rain. rus theory has since been

incorporated in IOOdelssuch as S'VM>i arrl WI'IWAT to m:x:leloverland flow.
Kinematic theory has adVantages over tilne-area methods in that its
basis is fO'...mded in hydraulic theory and the non-linearity of the
surface flow' process can be taken into account. '!he solution of the
kinematic wave equatrion is much simpler than that of the gener.al flCM
equations. nus results in s.:inpler rmmerical schemes which enable fast
CCiIplter programs to be developed on mlcro-ccaputers , WITSI<M employs
the kinematic rout.i.n;f theory not only for overland flow routing rut

for the routing of flows through coOOuits and aquifers.

2.2 Equations of FICM

'nle st Venant equations desc.ribj.rg one dir.ansional flcm In open

channels are used as a basis far the develO};L'le11tof the kinematic
routing technique used in WITSKM. '!he equations are the cont:inuity
equation and the dynamic equatiol1 am their derivation is !based on the
following assumptj:.:ms.

(a) 'lbe fluid is ham:::geneous ani .incompressible.

(b) FlOWis one dimensional

(c) Flow must be gradually varied. 'lhis .:inplies that t.herr must
be no rapid charges in flow croos sectional area.

(d) Pressure distriJ:ution across any section is hydrostatic.

(e) '!he friction and turbllence can 00 accounted for usin;J

...teady st::.i.te l"'E!sistance laws.
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(f) Velocity is uniform over the cross section

(g) Bed slq;>e of d:la:nnel (B) is small so that &'sin B~ tan 8.

'lbe continuity equation is derived by balancing mass aromrl an element
of fluid. By equating the difference betWeen inflow rate ani cutflow
rate to the rate of change in storage for the element shown in Fig 2.1
results in the f'ollavin;J:

aQ aAQdt + qLdxdt - (Q + ax dx)dt = at dxdt (2.1)

where Q is the flcmrate

ql is the lateral inflow per unit 1~ along the x-eoda,

A is the cross-sectional area.

t is time

- r- ...j j q
--- ....( L JI .....- .......

0,-4_____ I -...,

---;' ,/~,----
_______ I I

- I /__ Q + aCdJ - x
I ~ ax
I
I A ~ ~t

IH

Figure 2.1 Continuity of flow (Green et al,1984)

Rearrall3'irg equation 2.1 yields

(2.2)
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'!he dynamic equation is darived using Newton's secan::l law of 1I¥Jtion
which states that the net force actin:] on an eleroont of fluid flCMin;J
t:hrough a control volume is equal to the rate of chan:Je of nanentum

with time. Consider the control volume shown in Fig 2.2.

v,A,O,Fr.

,,
<i..I,,
---'I,,
I
IFFs
I,
~

Figure 2.2 Momentumbalance (Constantinides, 1982)

'!he resultant force in the direction of flow is given by:

(2.3)

where Fn= w:jA is a hydroStatic force perperrliCUlar to r.he
element

Fs= WAS£'iX is the ;Eriction force clue to l:x::lurrlary

resistance

w is the unit weight of fluid

So is bed slope

Sf is friction gradient

and -y is the depth of the centroid of the ,cross-sectional
area.
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'!he rate of c:::han:]e of nanentum with time is given by :

(2.4)

M.d is the mass of the fluid element

v is the velocity of flON

g is acceleration due to gravity

By expan:lirJg am re-arranging equation 2.4 the followin3' results:

~ (M v) = ! dx (v(v aA + A av + aA) + A av + Av av) (2.5)dt a g ax ax at at ax

usirg the continuity equation 2.2 together with equations 2.3 am 2.5,

the dynamic equation 2.6 can be derived.

(2.6)

2 .3 Kinematic Equations

'ilie kinematic equations are obtained by assuming that the friction
slope Sf is equal, to the bed slope So i.e the pressure ani

inertial terms in the dynamic equation are small CCIlIJarErl to the bed

slope. ~e flCM is therefore conaidered to be steady l1J1.j form flow am
there exists a single valued relationship between tlva flow Q and the

d(~ of flCM Y such that Q=Q(y) and y=y(Q). '!he term ~A/~t in the
continuity equation can t.hus be rewritten in the following form:

aA dA::JQ
at = dQ at (2.7)

•
'!he continuity equation can then be written as follows:

(2.8)
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'!his equation is knc:Mn as the k:i.Ix:maticwave equation am to gain an
un:.ie'i:::stan:ii of its behavio.n:, the variation of Q(x, t) along a line
in the (x,t) plane can be expressed as:

aQ :lQ
dQ = - dt + - dxat ax

(2.9)

or (2.10)

~ing 2.8 and 2.10 shows that dQ/dt = gl(dQJdA) along lines in
the (x, t) plane described by

dx dQ
dt = dA

(2.11)

'lhese lines are k:rx:Mn as dlaracteristics and the derivative dQ/dA as
the spee1 of propagatior r celerity c of a kinematic wave in the

(x,t) plane. Unlike the ::;'C venant equations, the Jr..inematic wave
equatiion only has fon:ard charactE>.ristics i.e information can only be

carried downstream. '!his means that by USIDJ the kinematic equations
WITSKM cannot model backwater effects.

For the routing of fl~ through corrluits the lateral inflow term ql
in the continuity equation is dropped and the equation becomes

aQ dA aQ
-+---=0ax dQ at (2.12)

which neans that along a characteristic dQjdt=O. 'nlis implies that

there can be no hydraulic dispersion or diffusion i.e there is no
lateral spreading of a hydrograph or any subsidence or attenuation of
the peaks.

NlIIne.rical Solution of Kinematic .Equations

2.4.1 Introduction

'!he kinematic equation is a non-linear partial differential ec.J.lli.'tion
and although for siIIple cases( such as a constant rainfall on an
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o\llarlarxi flow plane of sinple gecm:rl:ry), analytical solutic.tlS can be

adrieved, for lOOdelling pnposes numerical scbanes have to be

enploye(LoMost numerical nethcds of solution can be classified into:

(a) explicit finite difference schemes
(b) Implicit finite difference sdlemes

(c) Finite element methcrls

'!he application of finite element methods results :in cetrplex cam'pute:r
programs which atoe expensive to run and the accuracy am stability
criteria can lY~ tedious to apply. 'lhis awroach ,vill not be

conside:red for use :in WITSKMani will not be considered :further.

For the explicit finite difference scheme the flow prq:>erties at a
particular time are expressed as a function of the flow prc:parties of
the previous t.i:Ioo step which results in an explicit solution of all
the flow properties. In an inplicit finite difference scheme hc:Mever

all the flCM prq:>ert.ies are solved for s:i1mltaneously by means of
solvin';J a matrix. 'l11e advantagP- of an lixplicit Sd:leme is that
irrespective o~: the grid spacirg :in the (x,t) plane the method is
considered to remain stable. Howeverthe sinultaneous solution of the
flow properties by means of the matrix is time ~ and requires
complex: prograrrmiI~. '!he inplicit scherre at large ~id spacings loses
accuracy. While an explicit schememaybe unstable if the grid spacirq
has not been chosen rorrectly, the method, if used cor.rectly, is
ecananic and accurate.

2.4.2 stability am Accuracy Criteria for NuneriC".al ~

In solving a set of non-linear partial differential equations such as
the kinematic equations, the stability am accuracy of the solution
have been fourrl to depenl on the choice of values for the length
increment (x) and the ti.nE increoont (t). F'urthe.r.anre a critical ratio
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~x IJ.X )
IJ.t:::; lit CR

(2.13)

has been fcmxi to e-xi.L.t far determining whether the solution will be

stable or not. Constantinides (1982) produced a diagram (fig 2.3)
showing the effect of the time am. length incre.nv=nts en the accuracy
ani stability of explicit solutions to the kinematic equations. Fig.
2.3 highlights the followin;J:

'lhe solution is stable as long assx /At >= (AX/At)cr

.AxlAt should be as close to (A xl A t) cr for accuracy
considerations.

1
solution is

6.x unstaet e~----~~-------
I

setut ion is
shble

Accuracy of solution decreases
f--~--;-~-:O- due to numerical diffusion

1
FGr f ,xed (.6.x l.6.t), ace uracy rncr eas es
for slft.He," .6.x and .6.t

.6.x/~t

Figure 2.3 Effect of grid spacln;J an stability ani accuracy far an
explicit finite difference scheme (Constantinides, 1982)
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'lbe ratio (4x/At) cr is the speed of prq;agaticn of a wave dist:ul:.'barIo

am can be represented by dx/cit and therefore. for stability the

follCMi.n; criterion, kncl'l./Has the Courant Criterion after courant et
al (1928), nust hold

l::JX > dx
nt - dt (2.14)

In adcpt.ing a nUIlla:r.ical solution, the solution ckmain has to be

discretized. Tbls representation of the partial derivatives by a

finite differe.Y'la' sd1.e1re int.raduces variable ano.mts of numerical
diffusion with '.:he solution resembling' a diffusion wave rather than a
Jcinematic wave. '!his is shawn in fig. 2.3. As the ratioAx/At
increases larger aIOOUIrt:s of J1llrerical diffusion are intrcduce:l into
the solution. As was shown in section 2.2, the kinematic equations do

not allow for any attenuation of a flood wave which is scmewhat

tmreal.istic an:i therefore ;~certain amotmt of numerical diffusion in
the kinematic wave solution 'WUlld l:e an advantage. '!he aim would
however be to control the aoomt of numerical diffusion in a way that
it matches the diffusion of the physical problem.

2~4.3 Nl.1l'!Y= "' ..-11 SOJ:lltians to the Kinematic Equations

Most :m.noorical finite difference solutions are expressed in ter.ms of
SCiIe or all of four discrete adjacent values of the flow Q am wave
celerity c in space am time. (Fig 2.4) •

f 'L:>x

Yi -+=---2 --+--:+

6t

..

t-6t+-_-+-1 3+

I----+_---~-_+-_x...Xi: x 6% -i
Figure 2.4.. CClTp.Itationalcell on finite diffe:re.rJce grid
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Prei.ssmann (1961) presanted a general ~ion for the finite
difference fornulation of the k:mematic equation (equation 2.15) for

the CCiIpltatianal cell shown in Fig 2.4. Ql' Q2' Q3' ani Q4
are the discharges at the nodes of the CCIIp.Itational cell and c is an
average wave celerity for the cell. '!he B, t are weight:ing paraneters
used to provide flexibility in the finite difference formulation. Fl

implies an explicit "tileme while ~ results in an int>licit scl1ene.
'!he value ~ results in a backward difference ani .8=1 in a forward
difference scherae.

!j> (Q 3-01) + (1 - <II) (Q 4 - Q2)

lIx

+ 1 S(Q2 - Q1) + (1 - S) (Q4 - Q3)
C lit = qL

(2.15)

In general t controls the stability of the ntlIIErical scheme while B

controls the accuracy or numer,ica.l diffusion of the scheme.

For use in WITSI<M three sc.henes are examined viz

1 Explicit Backward Differexx:e Scheme (E.B.D.S)

2 Inplicit Muskingum-CungeScheme (LM.C)

3 Explicit Muskingum-CungeSchene (E.M.C)

Explicit Backward Difference SchE!lOO

'Ibis scheme was used in the original version of WITSKM am stability
problems were experienced. in the routirg of flCM through short, steep,
smooth corrluits. 'n1e problems wer.; generally experienced in the pipe
routirxJ :module of the program. '1his scheIre is considered as a basis
for carrprrison with the I .M.C am E.M.C schemes to dcltermine if these
schemes are worthwhile for inclusion inWITSKM

Considerirg equation 2.15 ani p.lttin; ~1 and B=O, the fOllowinJ
equation results:

(Q3 - Q1) + 1
lIx Ct.t

(2.16)
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be expressed in the following fann.

(03 - 01) + (A4 - A3) : qL
6.x LIt

(2.17)

'!he difference (A4-A3> is estimated using b:3 (Y4-Y3) where

b:3 is the tcp width of the flow whether the flcr« is in a pipe,
channel, overlan:1 or in an aquifer lOCdule. SI.lb:rt:ituti.n3" the above into

equation 2.17 the follc.w.i.n;Jexpression results:

(2.18)

'lhus the flCM c.orrlitions at points 1 and 3 and the depth and top width
of the flaY at point 3 are used to solve for the depth at point 4.
Q4 can then be calculated t: IE the flCJIWdepth Y4 US1.rg the Manrrin;J
equation.

Q = .,ISo
n

(2.19)

In over lam flCM the width w is large c::atpared to the flcr« depth Y am

the hydraulic radius R can be est:iJna.te by the flCJIWdepth y. '1he

Manning equation then reduces to:

Q = W
.,ISa (2.20)--n

Cl.1n;;Je (1969) explained why the Ml.lskin3um flood wave ccmputation
method, although assIJITIin3' a linear stage/cli.scharge relationship still
attenuates a flood wave travel1i.n:J alorq a stream. a.mge was able to
derive the fOl."'IWlafor the Ml.lskin3um coefficients fran the general
finite difference fornulation 2.3.5 using a value of ~.5. '!he

attenuation achieved by the MUsk.i.n:.:Jum method is due to the numerical

diffusion introduced by a,;:prox:i.mat.in;r the partial differential
equation by a finite di.fference scheme. ClIr:ge estimated this error
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usin:J a Taylor expansion of the terns of the continuity equation ani

shCMed that the Ml..lsk.in:Jum farmlation is in fact a secorrl order

awroximation of the diffusion equation:

(2.21)

where c is the wave speed

B is a diffusion coefficient

when the weighting coefficient B is fCiUlAifran:

1 Qa = 2 (1 - bcdxS ) 0 2 a 2 0,5
o

b is tq;> width of the flow
(2.22)

whe.re

A number of researchers have used this "matcheddiffusivityli awroach
of artificially m:xlell~ attenuation by choosin;J B for each
catpltational step such that the nurrerical ani physical diffusion are
matched. Ponce ani Yevjevich (1978) ;aJ.1CMedB to vary in t.iIoo am

space as the flow varies in IOOdellirqflow off an overlan:i flow plane.
Ponce (1986) CXIllp3red the ~ awroach for rout.inj of
overlani flows to the IOOre traditional kinematic routing methcds. He

fou.trl that for the overlarrl flow system analysed, the methcxihad
better convergence properties than the traditional explicit methods
ani the simulations were essentially irrlependent of grid size. Holden
am stephenson (1988) applied the approach of Clln:Je with a variable B

for overland flow routing. 'Ihis approach was catpared to finite
difference schemes having fixed values of B ani as in the case of
Ponce, the peak was fourrl to be iniepen:ient of grid spacinJ. In bot.h

Ponce's am Holden and stephenson Is work the grid spacin:Js used in the

numerical experiments were fine. In the case of Ponce, the overlani
flow length was 36.6 m while in Holden am ~nsonls W01:k,the
tests were carried" out on a plane 100m lon:Jwith a grid spac:i.rg of
20m. Holden (1989) applied this method of routing to trapezoidal
channels and fOlllrl tbat p.rttin;J t=o :hrproved the :nunerical stability
of the sc:hema.
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Hydrograp.is were routed down a trapezoidal channel havin:] different
slq?eS, roughnesses am lengths. '!he resultant peaks of the output

hyC£rograJ;:tls were ccnpareQ with thr.se obtained usin;J the full solution
t..o the st venant equations. rttlE!. peaks ~red faVOL!I'ably, with the

e-rror rang:i.rq fran C,1% to 7 ,3%.

The MUs.1d.r.gum-om routirq scheme is formulated by p..rtt.J..n;J ~ in
equation 2.15 am solvirg for ~ while alldNin;J B to vary according

to equation 2.23 Which will allCM for the matchi.rg of numerical
diffusion to the t:hysical diffusion.

1 Odt Qa = '2 (1 + dx - bcdxS ) 0 2. a 2. 1
o

(2.23)

'!he folladng equation 2.24 results:

(2.24)

where the routin;J roeffioients are given .by:

°1 = ~t + K (1 - a)
Ka (2.24a)

°2 = ~t ~ K (1 - af
~t - Ka

(2.24b)

K(l - a)
C3 = 6t + K (1 - a)

c _ 6t
4 - ~t + K (1 - a)

(2.240)

(2.24d)

In the above equatrionsK = dxj<c> am QI is the total lateral inflCM
equal to qldx where dx is the overlani flow length ani <c> is the

average celerity :for a cx::mp.rt:.ationalcell. In order to calculate the
coefficients given in equations 2.24a to 2.24d values of K an::i B are
needed. To do this average values of c, b, am Q for the ccnp.rt:.ational
cells are required. '!Wo nethods of estimatin3' these paranet:ers are
used. one is usirg the average of the values of the ~ at the
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four points of the c:arp.rt:atianal cell given by the equations :telow:

< c > = (cl + c2 + c3 + C4)/4 (2.25)

< Q> = (Ql + Q2 + Q3 + Q4)/4 (2.26)

< b > -::: (bl + b2 + b3 + b4)/4 (2.27)

As the corw:tiOn5 at point 4 are not :knOwn, an iterative solution is
required to calculate the values of <Q> I <b> I and <c>. 'Ibis a,wroach
will be called the implicit Ml.lskirgum-a.me scheme. Andcher a:r;:proach

to est.i1nating <c> I <b>, ani <Q> is that used by HoldEm and stephenson

(1988) where a weighted average is used with the weig}:,ting in favour
of point 3 to ccmpensate for the missirg values at. point 4. '!his
approadl results in an explicit scheme requirin';} no ite.r.atian ani will
be called explicit Muski.n;Jum-Curt'je routin:.J. '!he equa.tions for the

average values of <c>, <b>, ani <Q> are given below

(2.28)

(2.29)

(2.30)

'!he work of the researchers above suggests that the ~e

routing ar-proach e.nploying the matched diffuS1Vity method should be

\. n::;idered for inclUE:'i.on in WITSI<M. However the method has only been
'basted at a relatively fine level of discretization with overland flow
lengths in the region of 20 m. 'Ibis leval of discretization is too
rille \:i.., me in a lllOdel such as WITSI<M as too many lOOdules would result

for the ccmprter ne:oory. 'Uris rJDUld mean having to read and write data

to ani fran disc to save CCl'il;lUter llSlDl.Y. TO nmel urban catchments,
le.rgt:hs of the order of 100-50om for both overlarrl and con:iuit lOOdules
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are required to ~ used. A series of tests brlvetherefore be311

undertaken am are described in Qlapter 3 cx::ll'parirrj the

~".:nn--amge :routin;J methcxl with the explicit backward difference
sc:::he1.'le •
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In this chapter results of the two fOIlIl.1lations of the

~ routin:J procedure (viz the inplicit ~
(I.M.C) am the explicit ~ (E.M.C) sc::henEs) are canpared

to the explicit backW'dX'd c.lifference sdleIIe (E.B.D.S) at levels of
discretization that one would expect in modellirg an urban cat.dment.
'!he comparisons are done for overlarrl flOit, trapezoidal ~ls, and

pipes. In addition the routing procedures adopted in WlTSKM for

reservoir and aquifer routirq are df>.scribed.

'Ihe criteria that were used in the carrpari.sc:.ns of the behaviour of the

schemes are the peak flow and the shape of t.he output hydrog:rap1. In
the case of trapezoidal channelS, the results were ~ to the

solution of the full dynanri.c equation. For pipes the eJq)eri1re.ntal data

of Sevuk as presented by sternberg (1989) were used to c:x:nq:>are the
2lccuracy of the schemes.

3.2 Formula for the calculation of the Celerity

'Ihe celerity dQ/dAcan ba expressed as follows:

(3.1)

IJ:heManning equation is given by:

Q ;:: ISo' A Rm-1
11

(3.2)

where m==5/3 am n is the Manning roughness coefficient. Usi.r.g equation
3.1 and differentiating 3.2 with respect to flOil depth Y gives:

/s m-l
C ;:: _£ [R dA + (m _ 1) ARm-2 em] dy (3.3)

n dy' dy dA
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3.3 OVerlard FICM

For overlarrl flCMthe area A = wy ani as the flow depths are small as
~ to the width '.II of the flaw, the wetted perineter can be

app..--oxbnate.d by w. '!he hydraulic radius R is therefore equal to the

flov.T depth y am the ~ width of the £10\11 b is equal to w.
SUbstituting into equation 3.3 the celerity' is given by:

iso rn-l
C = -- myn

(3.4)

In the case of the E.B.D.S the top wjdth b:3 i'1. equati(:lll 2.17 is
equal to w )l"rl for the M-C routin;- methods the eelf. ,is given by

3.4 and the top width b required fox' the calo ".latior i is ~'!qUal to
w

'Ihe SChemes were applied to an llrperlneable I:>1GlI"'...d250m IOn:] arrl 100m

wide with an excess rainfall of 50 llln/h. '!he plar~ liaS not ctiscratized
into sub-pkanes i.e ax was t.:aken as 250mand t.he Sdlrnnes were run for
two cases:

(a) a smooth plane with slope 0,085 and rOIJ~'Ihness 0,018

(b) a rough plane with slope 0,008 ard roughness 0,25.

'!he tilne step cit was varied for :eacil schSl"le froUl 1 to 10 mills. ~
peale was noted for each run and the results are presented helCM in
Table 3.1. '!he chan:Je of shape of the aut;~ hydrograph ,YClSalso
examined.

Fram Table 3.1 for case a the results are essentially the sane for the

~3Chemes. '!he E.B.D.S scheme went unstable for a tiloo interval of 10

mins While the M'usk:ingt.nn-C sc::hIemesremained stable. '!he reason why
the E!.B.D.S went unstable far t:h~ steeper smoother plane (case a) is
that the Courant c:onct:tion given by equation 3.4 for the celerity is
higher due to the ratio vSa/n being greater than for the flatter,
rougher pLane. '!he I.M.e s::hene produced a peak that esse>.ntially
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Table 3.1 Peak flc::MS(m3/s) for OVerlaOO FlCMPlane

Plane sl~,085 n=O,CIB

dt(mins) 1 2,5 5 7,5 10

E.B.D.S 0,347 0,347 0,348 0,350 unstable
E.M.C 0,346 0,345 0,343 0,342 0,340
I.i~.C 0,346 0,346 0,346 0,347 0,347

Plane slope=O,008 n=O,25

dt(m.i.ns) 1 2.5 5 7.5 10

E.B.D.S 0,291 0,292 0,295 0,298 0,307
E.N.C 0,291 0,288 0,282 0,277 0,271
I.Moe 0,290 0,292 0,291 0,291 0,291

remained constant with ch.anJe in tbne step, while the E.M.C sc:l'leloo's
peak drowed with increasi.rg time interval dt. 'Ihese 1::renjs are more
evident for the flat plane with a larger decrease in peak with dt for

the E.M.C scheme. In the case of the I.M.C scheme, the peak was once

again essentially constarsi. In addition for the I.M.C scheiIe, the

shape of the hydrograph remained the same regar.tlless of time step as

10...1'l9' as the time interval was small el10ugh to ensure sufficient tine
steps to describe the hydrograph am input rainfall. A f'urther point
Which v-JaS highlighted' by these rn.IJ:OOrical experiments, is the

sensiti'\,;1ty of the peak ani hyd1:og:raph shape to the grid spaCID] dx

used when the ratio vSo/n is small (i.e case b). 'Ihis is shown in
Fig 3.1 where the 1.M. C sche:ne is used for the flat plane for a fixed

value of dx/dt of 50 m/min for values of dx rang.ir:g fram 25m to 250m.

Referring to Fig 3.1 there is little difference between the

h~ produced using values of dx of 25 and 50mhCMever the

accuracy of the solution deteriorates for values of dx of 125 and

250m. '!he same trerrl was produced by the E.B.D.S when awlied to the

flat plane. '!hus far overland routing, the advantage that the I.M.e
sche.Ire has in terms of stability over the E.B.D.S and the fa,-+-;that
the peak re.mains constant "lith Changirq time step far a particular
grid spacing dx, makes it the best choice of the schemes considered.
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6x :: 50 m/mln
61

FLOWrUMEC

o~ ~~~
21.0

i IIIIt (m rnsl

Figure 3.1. ~re of hydrcgraJ;nshape with level of discretisation
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consider the trapezoidal channel cross section shown in Fig 3.2. 'Ihe

flCM width b, area A, arrl wette.i perimeter P of such a channel are
given by:

b = W + y (SSl + SS2) (3.5)

A = Wy + ~ (SSl + 882)
2

p = W + y «(881' + l}Jf + (8822 + 1) Jf) (3.7)

(3.6)

V~ T_OP__ W_'_D_T_H__ '_b__ +- ~~__

HSS2=(-yl

Figure 3.2. 'Irapezoidal channel cross section

For the E.B.D.S in calculating the flON depth Y4' the surface width
b:3 in equation 2.18 is estimated usirq Y3 in equation 3.5. '!he
resultinj ila.! depth Y4 can be used in equations 3.6 to 3.7 to giv~
the area and wetted perimet.er Whidl is used in the l~ equation to
calculate th~ flON Q4' '!he derivatives of equations 3.6 ani 3.7 can
be used in equation 3.4 to derive the equation far the celerity far a
trapezoidal channel given in equation 3.8 below.

c = ,180 Rm-1 [m - 2 (m -. 1) R «881
2

+ 1»)1; + (882
2 + 1)~ )j{3.8)

n b
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Equation 3.8 ani 3.5 are used to calculate the values of <b> arx:1 <c>

needed for the calculation of B for the M-C routing techniques.

'Ib carpare the schemes two channels are used viz:

1 A 250m lon:1 channel with 00t:tan width 1,2m and side slopes

(horiz/vert) of (1,5/1) with a roughness of 0,03 a::d a slope

of 0,001.

2 A 500m long channel with oottan width 1,2m am side slopes

(horiz/vert) of (1,5/1) with a rou<jA~ness of 0,15 ani a slcpe

of 0,001.

A hydrograph was input to the channels and routed through using the

schemes described above. '!he conp.Iter program OSYRIS

(Kolovopoulos,1989) , a complete solution of the st Venant eqLlations,

was used to route the hydrogra];h dC1Nl1 the two channels so the results

could be compared to the f!1ll dynamic solution. '!he results are given

belCMin Table 3.2.

Table 3.2 : Peak FlOlllS (m3/ s) for Trapezoidal Olannels

250mI.CNG CHANNEL

dt(mins} 1 2 4 5

E.B.D.S 21,5 21,6 tmstable
I.M.C 21,4 21,4 21,3 21,2
E.M.C 21,4 21,4 21,3 21,2
Dynamic 21,4 21,4 21,4 21,4

500mIJ:NG rnANNEL

dt(mins) 1 2 3 5

E.B.D.S 14,8 15,1 15,3 16,1
I.M.C 15,0 14,9 14,7 14,4
E.M.C 15,0 14,8 14,6 14,3
Dynamic 15,7 15,7 15,7 15,7
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Table 3.2 shcMs +-l1at the E.B.D.S far the shorter steeper channel goes

unstable relati'.'" Ill" easily and short time steps are required to ensure
that the COUrant criteria for stability is adhered to. On the other
hand the Muskingum-cunge foIllUlation remained stable although not as
accurate as the E.B.D.S for the channels considered. 'Ihe:..:eis little
to choose bet.-ween the results produced by the I.M.C and the E.M.C
schemes. A plot of the in};ut am output hy"'ClrograJ;ils and the hydr'ograpl

produced usin;J the E.M. C scheme for the flat plane are presented in

fig. 3.3. As the E.M.C schere is a faster algorithm than that of the

I.M.C schema and because of the stability of the M.C fonnulation, the
E.M.C scheme will be adopted in WITSKM.

In order to apply the kinematic =quatiions to the rout:ing of flow
through pipes, the area, wetted :perimeter, and top width are expressed

in t.er.rn.<:; of the angle a as shown in Fig 3.4.

Fi9ure 3.4 PilJe cross section
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'!he relationships are given belCM in equations 3.9 to 3.13.

x,(dy _ y2 ) 2
t (d/2 _ y) }

y = ~ [ 1- cos (~) ]

cr= 2 ARCTAN (3.9)

(3.10)

d
2

a . (cr) (£.) JA = 4 2 - s~n 2 cos 2 (3.11)

p = cr d
2 (3.12)

b :: 2(dy _ y2 )
(3.13)

To apply the E.B.D.S, the aIY3'le(J is calculated usirg equation 3.9 ani

the flow depth y4' '!he an.c:Jle 0- can then be used to calculate the

area A, wett:ed perineter P, ani the ~ulic radius R for use in the
Mann:in;J eqaution to calculate Q4. For M--C rrutin;J the oelerity c is
required. To do this the relationship ®./dA = (dQ/da) (dc'/dA) is used

together with the equations 3.9 to 3.13 in differentiating the Marmirq
equation with respect to (J to give:

~ (Rm-1
C =-n

( m-2 [ 2 + 1 1 ] 1
+ m - l)AR dcr2tan{_cr) -- (2 - ~(cr)dcr s~n 2

2

To compare the schemes a 1,83m diameter pipeline 1100m long having a

slope of 0,0007 an:i a Manning n of 0,01 was used together with the
input and output h~ as used by Sevuk in his expe.rill¥3nts. 'Ihe

results are presented in Table 3.3

(3.14)

'l'able 3.3 : Peak Flows(cumec) for Pipes

--
1100m IaiCG PIPE

dt(mins} 1 2 3 4

E.B.D.S 1,48 1,49 l,51 1,54
I.M.C 1,50 1,50 1,50 1,50
E.M.C .1,50 1,50 1,50 1,50
Sevuk 1,55 1,55 1,!J5 1,55
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Figure :3.5. Pipe Routin:J
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'!he pipe tested by &:vuk had a relatively small slq>e ani was long so

stability problems were not experienced when using the E.B.D.S.

HCMever When the pipe lerYJth was suJ:x:livided into sub lel'Yjt.hs problems

were experienced with stability at the larg-ar time intervals. '!he

peaks produced by the schemes are of similar magnittJde with the I.M.e

and the E.M.C givin:] the sane results. In fig 3.5 plots of the inp.rt

h~ and the output hydrographs far the different scheI'leS are

shown :rlotted. '!he E.M.C scheme will be used in WI'I'SKM.

3.6 Aquifer RoutiOO

Consider fig 3.6 showing flow through a block of soil of length L,

width w, an:i of depth d having a water ta!:.le of depth y. '!he soil is

considered to be haoogeneous and isotropic with a saturate:l hydraulic

corrl.uctivity ~t, saturated 1OOistur.e content (porosity) tsatl am
an initial lOOisture content ti.

Figure 3.6. Definition sketc.h aqui£er J.·outirq
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'!he ooisture cart:ents are expressed as a volume ratio. qlin and
qlwt are lateral inflows due 'to seepage into and out of the water
table respectively. '!his OOC'ldbe representative of a perched aquifer
situation. ~Ihe oont:inuity equation for the rooting of the flatlT in the
sa'blrated zone is given by:

~?Q + (tsat - \) aA qL:tN - qLOUT .
ax at =

(3.15)

'Ihls can bel expressed in the same finite difference farm as given in
equation 2.15. '!he B.B.D.S as used in the original wr:t'SRM was carried
over to the new version. '!he cross sectional area of the ilO'A7 is given
by w.y am the top ~,idth b of the flow is w. Substitu:t.i.ng ir.rt:o 2.18,

1:.he flaq depth Y4 is given by:

Y4 == Y3 - (Q3 - Ql)At (qLIN -. qLOUT)
(3.16)

'!he Darcy equation whiCh describes saturated flow ~ haoogeneous
porous me:lia is givan by:

v = -k dhsat -dx
(3.17)

where v is the velocity of flow, h is the hydraulic head, and db. is
the Change in head in the direction of flao'l dx, '!he slope dh/d.x is
taken as the slope of the soil surface So and t.ne flCM rate Q is
therefore given by:

(3.18)

'ire depth Y.4 calculated usiB] 3.16 is used in equation 3.18 to qive
the flO\·, rate (2.
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'llle awroach adopted far the routirq of flews ~ a reservoir is
similar to that ~ by Puls (Wilson, 1974). Equation 2.1 can be

re.-written by p.rt:tin:] (a AI ~ t)dx ::::~Sldt where S is the volume or
storage in the elenent which gives:

(3.19)

Ignoril"g' seepage from or rain onto the reservoir i.e ql='O' the

finite diff.erence fonn of equation 3.19 is

(3.20;,
+ S(S4 - 81) + (1 - a )(84 - 83) = 0

llx llt

PUtt.inq IJ.6:.5 and B=O the ootho:l of PuIs for level pool reservoir
routing can be arrived at. In WITSKMa sinpler w:t:hod is adopted where

4=0 and B=O is used in e:quation 3.20 and the following equation is
obtained

(3.21)

'!he values of the terms on the right hand side of equation 3.21 are
k:nc1.Yn and the l;OOthodologyof tL~ storage-indication ootho:l of Puis can
be applied. '!he relationship between the storage erd the cli...c;cbarge

from the dam can be used to solve for S4 and Q4 SUCh that equation
3.21 is satisfied.

We relationship between the storage S and the di.scharge Q in equation
3.21 j,g the water depth y at the reservoir. storage. can be expressed

as a function of the depth USll-q the following expression:

b8 ::::ay (3.22)

For the cti.echarge tr..e type of cutlet configuration used in the design
of the :reservoir will detann.i.ne the relationship be~ the clischarge
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Q am the depth y. consider the storage reservoir shawn in fig. 3.7
Which has a bot:tctn outlet and a spill\.;ay.

: Spill level

Figure 3.7 DefinitiOt.1. sketch of storage facility

'!he reservoir can be divided into 4 zones viz:

1 Y < outlet level

For this zone Q=O. 'llle inflow to the reservoir will go into
storage until the outlet level is reached.

2 outletlevel < y < 1.5d + outlet level

'!he 1:low through an ootlet can be considered to be open
channel if the outlet is flowll'lg partly full. '!be
chardcteristics of the flow are ccuplicated because the flow
is controlled by many variables such as inlet geQletry,
slope, size, ~s, a,wroachy and. tailwater carditions.
'!he outlet will only be subne.rga:l if the depth of the
headwater is above a critical value as long as the
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davnstream ern of the outlet is not sul:merged. '!he critical
value varies between 1.2d an:i 1.5d where d is the depth or
diameter of the outlet. Chow(1959) ~ the u,;:.p=r limit
of 1..5d as CXl!lp.ltations have shown that where su1::rtergerx:: is
uncertain greab>x accuracy is obtained by asstlIlliIq the

entrance not to~, Stil::marged. In WITSI<M therefore the rcm;Je

of depths for 1.IDSUbnerged flow through the outlet is taken
as the outlet level to 1.5d above the outlet level. For

un.:..~ed. flOWt the flow Q t.hralgh the outlet will be that
of a 'Weir am can be described by an equation of t.he fann;

eXPl
Q = C1(y - outlet level) (3.23)

3 outlet level + 1.5d < Y < spillway level

In this zone the outlet vlil.l be subme"cged ani the Tlow can
be considered to be orifice flow. '!his can also be ........J;Cl"ibed
by an equation of the fonn :3.24

d eXP2Q = C2(y - outlet level - 2 ) (3.24)

4 Y > spillway level

'11113 dischal:ge in this zone is over t.he spillway m:xithrough
the outlet. 'Ihe equation describing the discharge is a
CC11l1binationof the orifice equation given by 3.24 and an
equation describir:g the flow over a spillway which is given
by:

d exp"Q = C2(y - outlet level - 2) ~
exp-;, (3.25)

+ C3(y - spill level) V

In equation 3.22 the tenIn S4 am Q4 can be written in terms of
reservoir depth y us:in;J equations 3.23 to 3.25 depemling on the zone.
'llle Newton-RaJ;ru;ontechnique ll; then used to solve far the depth y
fran which the discharge arrl st<:~Je can be calculated.
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CliAPI'm 4 GENERAL DESCRIPI'ION OF '!HE PRCX;RAM

4.1 General Bagkgrourrl

'!he rroiular approach was adopted in WITSI<M because of the flexibility
that can be achieved in IOCXiellinga catchment and for the analysis of
storn~ter management strategies the different hydrological units can
easily be linked together to mxiel the required stonnwater policy. '!he

modules that are available are overlarrl flCMplanes (perlOOableor
:ilrpenneable), aquifers, pipes, trapezoidal channels, ani storage
basins. 'lhe routing methods used in WITSKMfor the different IOOdules
are described in Cbapt.er 3. with the inclusion of aquifer lOOdu1.esin
WITSKMthe process of interflow ard subsurface flew I which can be the

dominant runoff process, particularly in a rural type catdIrnent, can
be IOOdelled. This increases the area of application of the proqram not
only to urban ca"tchlre.nts rut to rural catchnY:nts as well. 'lhe routi.DJ
of subsurface flCM also allows for the DlOdelJLingof the recession
l.ir!lbs of hydrograr:bs. However, even tho\lgh grourrlwater can be

modal.Led, WITSKM remains essentially a sin;rle event model as there is
no evaporation CXltrIpOnentand the aquifer module in its present fom
caters only for the routing of subsUrface flow once the aquifers are
saturated i.e the chanqes in roisture content during infiltration ani

drainage are not modelled. An attempt has also l::een made to make the

model as tbysically based as possible. For this reason the Green and

Ampt infiltration model has been used in the program as this is based

on J;tlysically measurable parameters as c:pposed to the Horton q>pe
approach which is empirical. 'Il~eb"l.filtration ani interflow aspects of
the program are given in more detail in O:lapter 5.

~ MOdel Description

'!he program has been written in the BASIC prog:ram:niI:g language for use
on IBM CClII'I};:atiblemicro-ccnp.rte..-s. A structured approach has been

adopted in developin;J the program i.e the progl.:am being developed in a
nt'mlber cf SUb-prograrns Which are linked togethei.-. 'llle original version
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of WITSKMused a system of menus to drive the program to make the

arduous task of data inp..tt, editi.rq, am outp.rt as easy as possible
for the user. "Ih.is editor was adapted to interface with the revised
cauputational sub-program. 'Ihe editor is used for the:

- Entering of new data

- Etliting of existing data

- Creating' of duplicate data files
- starting of the running of the canputational sub-program

- OUt:p.lt of results to screen or printer
- Saving of data files

To apply the nodel., the catdnnent is sul:rlivided into overlam flow
modules by considering the lam-use type ani topcx:jl:'a);'hy.'Ii\1eover.lend
flON plan€S can either be linked by corxiuits or connected together to

fonn a cascade of planes. A flowchart detailin] the main processes of
the IOOdelis given in Fig. 4.1

4.3 Connectivity

Each module used to modal, a catdnnent is assigned a nodule number

chosen by the USE~. In addition for each mcdule, tile module number of
the d;::mnstrl~ m:xl'uleam in the case of corrluits, the lOOduleto which
overflows should ire routed 1II1.lSt alzo be pr.:wided. In the case of
overland. flow planes and aquifers, the IlYJChaenmnber to which
infiltration water must be routed is alsc required. In many cases
information on the depths and perme.abilities of the layers making up
the soil profile win not be kl'lCMn and in this case a dun1Ily aquifer of
infinite depth is created by the program 50 tt'lat the infannation
required for the infiltration ra..rtines can be entered. '!he module
numbers used for thl~dummy aquifers are fran 900 ~rards. To t=tke the

program easy to USE~f a connec\:ivity routine has l.?een written so that
the IOCldules can be entered in any order. 'lhe routine sets up a
connectivity matrix im:} determines the OJ:uer in which the modules
should be calculated so that the IOOdulesare COltlpUted fraIl the nost
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upstream nOOule down to the catchment cutlet.

'!be calculation procedure proceeds t:h:rcu:jh all the nOOules for each
tine step. Us:t~ t1ne connectivity :matrix, the total inflow to a roc;d:u~e
fran all upstream am surcharging modules is cala.1l.ated. If the lmod'ule

is a corrluit or an aquifer, the inflCM is dlecked aga:ll1st. the flow
capacity of the m:x:iule. If the capacity is exceeded, the excess flo;i
value is stored in a matrix for later acXtitian to the inflCM·to the

nxxl'ule on to which the :nx::dule overflCMS.
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In the 1930's Horton p.It forward. his classical m:xie1. on so called
hillslope hydrology. Horton hypothesised that the soil surface acts as
a sieve which bas the ability to separate rai....,_all into two J:::asic
CCIl'pOnents. '!he one carp:ment, for rainfall .intensities exceecti..n.;J the

infiltration capacity of the soil, goes via overlarrl flow +-...J the

sb~-eam d1annels, while the other goes through g:r:ourx:lwater flow to the

si.:ream chanrY:lls or is returned to the air by evaporation. Harton

zeooqrrlzed, that with prolomed rain, the infiltration capacity of a
soil would decrease asy (ltotically with time am the follc:MinJ
equatacn usirg a negative exponential decay function was proposed.

f = f + (f _ f ) e-kt
C 0 C (5.1)

f Rate of instantanec:us infiltration (nm/h)
fc '!he limitll'Y3', steady minill'Bllll infiltration rate (mm/h)
fO '!he initial maxim.nn infiltration rate at the start of

the stonn

k decay cor.stant or shape factor for a gi ven soil
t T.bre fran beginning of stann

silnply stated, HortonIs infiltration theory of :runoff predicts that a

basin raving a tmiform initial infiltration capacity will, if the

rainfall intensity is greater than the lower limiting infiltration
capacity, produce overland flow nore or less simult.aneaJsly over all
the basin after an initial abstraction for depression storage. rIlle

surface runoff or overland flow was considered to be the sole
contributor to the storm-runoff hydro:Jraphpeak.

Kirkby (1978) reports on ol::servations by Tischen:iorf (1969), Rawitz et
al (1970) that Hartonian o'!erlarxi flow was not observed on a catchment
havinJ a gOOdvegetative cover. sinri.lar observations have been made by



- 39 -

MUlder (1984) on the experimental catdlments in ZUluland in Natal. In
these catd1ments the processes of :interflow, and sub;urface flCMplay

an inp::>rt:ant role. '!hus to IOOdelthis cype of catchment correctly and

to be able to rocx:lel soakaways as a st:ormwater managenv:>.nt strategy,
aquifer nodules were included in WITSKM. 'Ihese lOOdules can be st;:ked

urrler an overland flow m:xlu1e to farm a cascade of aquifers to

reprgsent the different soil layers. '!he nethod used to !l¥Jdel
infiltration is that of Green ani Alrpt (1911). 'Ihis IOCldel of the

infiltration process is preferred to that of Horton as the parameters
are J;i1ysically base::l and can be measured in tl1e laboratory.

'!he Green-Anpt infiltration rncx:lel is a sinple, Jilysically l:ased,

infiltraticn equation which can be derived .by the direct awlicatian
of D:lrcy's law un:ler the following assunptions:

1. Ad:istinct piston wattin:;J front exists.
2. 'Ihe hyt......,..eresis effects in the soil properties are

negligible.
3. suction at tile wetting front en) remains essentially

constant regardless of of t.ine and depth.

4. Below the wetting front the soil lOOisture o::mtent remains
1.lIld:langed fran its original value IDi'

5. 'nJ.e soil is unifonnly wet above the wetting front and of
constant hydraulic conductivity RSat

Darcy's law can be expressecl as

v = -K ah
sat -

Cl'Z
(5.2)

where v is the velocity of flCM in the z direction
h is the piezanetric head
z is the vertical dimension
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Referrm;r to fig 5.1, the piezanetric head h is given by

h = -Q-Z (5.3)

Because of the assunption of the piston wett.i.ng fMnt equation 5.2

'USID;J 5.3 can be written as

V=k z+,..~
sat -- z

(5.4)

From continuity, assumi.ng the fluid to be incc:8:rpre.ssible, the

infiltration rate f ll1lSt equal the average velocity of the 'Wett:in;J
front. F.t:'OIll fig 5.1, the volume of wati>.r ent:erin::J the soil, F , is

given by:

F = (m t - m.)zsa ~ (5.5)

in which nlsat is the saturated moll.ture content; of the soil taken to
be equal to the porosity I ani mi is the initial m::>isture content of
the soi.l., Substituti:rg 5.5 into equation 5.4 ani realizing that
f=dF/dt, the follCMing equation results:

dF _ Ksat (1 + (m ~ - m.)n
dt - sa" ~

F
(5.6)

'!his is E!SSel1tially the Green-Anpt equation which can be integl:ated to
yield 't\'here 00 == n (Illsat-mi)

FF - 00 1n(1 + - ) = K ttco sa (5.7)

Li and Rogers (1976) foon::i an explicit fOl:ll1llation for the incremental
infiltration volume F, dur:in;J an .i.ncreIoontal time int~;tval t, given
by

llF = -(2Ft - Ksatllt) + [(2F - Ksatllt)2+ 8Ksatllt(a> + F»)~ (5.8)
2 2
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Definition sketch for Green-Anpt,n'tfiltration model
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'!be average infiltration rate f for the ti:ne interval t is then given
by:

f = llF
llt

(5.9)

Equations 5.7 and 5.8 are used to determine the the :rainfall excess to
be routed off the overland flCMplane.

'nle lOO6t usual soil profile that causes subsurface :HCM is that of tl

reduction in per1Deability am porosity with depth Which results in a
perched aquifer reing forned ju...:;t.. belCMthe groun:i surface. 'l11is can

overland flCM module. 'IhL.c ~C<~ ::~.:2. ~ could 1:e

cascades 'of lOCldules upstream I, ~!~ ~he cascade shc1Nn ill
fig 5.2 deperxlin'J on the catchruel....'W!.•':" .. 'elegy. '!he IOOdule
numbers are used to specify the nr.:xi~_.<" "~"f,;t. If each mod:ule in
the cascade and the lOOdulesto which the lll:l.ilt... J.an water fran the

IOOdules DUSt be routed. Because the nrdules can be entered in CJrfj'

order, a routine bas been included in the program to group the

over'Iand flCMmodules am their assooiatei aq_u..ifersinto cascades.

'!he methodology is based on the fo11OO~:

1. SUbsurface flow does not occur in an aquifer 'I.lrt"....il
saturation occurs i.e • the we'ttirg front reaches the bottan

of the aquifer, uruess a wautr table level is specified for
that aquifer.

2. '1be rainfall intensity exceeds the hydraulic cxn.iuctivity of
the soil so that tOO soil can be saturated am a wet:t:in;J
front formed as assumed in the Green-Anpt fODllllation.
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'!he approach adopted is to calculate the inflc:rwto each toodule in a
cascade start:in:J with the lowest module in the cascade. If the inflow
exceeds the capacity of ~ aquifer module, the excess is added to the
.infl.ow of the module above. '!he potential infiltration fran each of
the IOOdules is calculated usir.g the Green-Anrpt infiltration m:x.iel
base:i on the st..atus of the wettir.g front in the underlyir.g aquifer
Irodule. '!he potential infiltration is Checked against the available
'Water for infil'::.ration, to deter.m.i.nethe ;Jctual infiltration rate or
the lateral flow out of the :module. In the case of the overlarrl flow
IOCldule the lateral flow :.nto the module is the rainfall intensity am
for aquifers the infiltration rate fran the lrOdule above, once the

lateral flows and the upstream inflow into the JOOdules have been

de~.nnined, the rotrl:irg' procedures described in chapter 3 are applied.
In the case of an aquifer with no upstream inflow or initial water
table level the rO\..ttin9' procedures are oru.y awlied once the aquifer
is saturated.

'!he interflow can occur in two ways:

1. When the inflow to an aquifer module exceeds the capacity of
the aquif;er the surplus is added to toe lOOduleabove. In
this way flow can be returned to the surface as overland
flow.

2. If after routing the upstream inflow and lateral flows
t.l"lnJ\,lgh an aguifer module, the outflow fram the lTOdi.tle
e.xce;:ds the capacity of the module the excess is added to
the outflow of the module above.
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OVERLANO 'lOW MODULE <,_,~""-..--------- fi~~~~9
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iF Il:IlIl\ >Q(i)p
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iD Ocut
AQUIFER 1

Figure 5.2 Definition Sketch of Interfla;..r Process
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<liAPrER 0 CAI.dBRAT.ION.AND vmrFlC'ATICN OF Wl"ISRM

For the calibration and verification of WI".I'SKM,three catdmlent:s
havirg different Land-uses I rangir¥;r in size from 0,257 ha to 75 ha.

were used. '!he catc:hments ware Newark street, SUnninghill Park, and

ZUluland WlMI7. For each cat.chment, recorded storm events ha"lting

different durations and intensities were used together with the

recorded runoff for calibration and verification. 'Ihe events used are

given i..11. AJ;pe.rrlix A. In the case of Newark street and Sunninghill Parle
carparisons 'Were :madewith runs dane usl.n:3'wrIWAT. '!he same catchment
discn:etisation was used am for carparison pu..~ a number of
gQOdness-of-fit criteria described in ~ B were used. '!he

following rules -were adhered to in dete.t:nrl.ni.nJ the lOOdel pararreters
during calibration:

(a) WITSI<M is a deterministic lOCldelani the parameters used

have Iilysical significance. '1he parameter values chosen \'Jf'..re

therefore kept within a range representative of field
conditions

(b) tlbe value of a parameter should not be varied at will
without reference to its relationship to other noiel
parameters

(0) '!he orlly parameter' that was varied from one event to the

other on any watershed was the initial lTlOisturecontent to
allow :fot' initial soil moir:;turecorrlitions.

A direct OOlllf)(xcison of WI'IWAT and WI1"'SKMis J'li::rt possible for
catchments having permeable areas as WITSl<M'sinfiltration rrut.ina
(Green"'Alrpt) differs fran that of WrIWATwhich US9.\S Horton t s equatioo.
WITSKMbas the capability of siruulatlng sul:surface or :i.nt:P..xflcwam
where awlicable this capabilitJ is enpJ.oyed al'xl ~ to the
results withoot this carp:ment.



- 46 -

6.2 Newark street

Newark street is an urban area consistir:g of a section of st:rcet
(Newark street) shown in Fig 6.1. '!his area was gauged as part of the
storm Drainage Research Project at John Hopkins University. 'Ihe entire

area is 0.257 na and is considered to be 100% .:i.npervious. '!he
catchment was discretized into four sul::catchments being sections of
the street. '!he pipes yJere IOOdelled exactly as they exist am the
gutteJ:s or 1cerbs were mcx:1elled as channels. '!he discretization,
parameters and topographical data used for the si.nulation are given in
Table 6.1. '!he parameters were those used in Green ani stephenson
(1986).

c_~~102
C~.__10_1 -(I}=""="1.J,_' ....-..I ~ 10_3 ~ __ ~

Figure 6.1. Discretization of Newark st:reet
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Ne:W<rr]cstxeet is an urban area consL<;tin:J of a section of street
(Newark street) shown in Fig 6.1. '!his area was gauged as part of the
storm Drainage Research Project at Jdm Hopkins University. 'Jl'1..e entire
area is 0.257 ha am is considered to te 100% inp:rvicus. '!he
catdlrrent was discretized into foor subcatchtnents bein;r sections of
the street. 'lhe pipes were mcxielled exactly as they exist ani the
gutters or kerbs were modelled as channels. '!he discretization,
paramete:..':'S ani topograp:rical data used for the sim.llation are given in
Table 6. 1. '!he pa:t:"aIrete.rs were thooe used in Green and S1:e};i1e:nson
(1986).

103

[ 102

=-
] [.

3

101 [

Figure 6.1. Discretization of Newark street
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Table 6.1: Newark street IOCrluledata

,_

OVerlam Flow M:xiU1.es

M:xlule Dis mod ~ Width Slope Ralghl'leSS
number number (m) (m) (In/In) (11)

101 1 85;3 7,0 0,03 0,01,8
102 2 85,3 7,0 0,03 0,018
103 5 98,6 7,0 0,03 0,018
104 6 98,6 7,0 0,03 0,018

Pipe Modules

Module Dis n'()d OV/flCIW Slqpe length Diameter Rcughness
number numl:le1:' trod no (m/m) (m) em) (n)

3 4 103 0,030 15 0(45 0,013
4 8 104 0,032 94 0,45 0,013
7 8 0 0,030 15 0,,45 0,1013
8 0 ° 0,030 lOu 0,.45 0,013

Trapezoidal c:hannel lOOdulesl-
Module D/s md OV/flCM Slope length D.ime:nsions Ruughness
number number lOOd no (rn/m) (rn) widtl'lXheight (n)

(m)
1 3 101 0,017 40,0 0,30x0,15 0,015
2 4 102 0,017 40,0 0,30x0,15 0,015
5 7 103 0,017 46,0 0,30x0,15 0,015
6 8 104 0,017 46,0 0,30XO,15 0,015. -
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Table 6.2: G<Xxmess-of-fit statistics for Newark street

stann number 15

WITSKM WI'lWAT Observed

0,071 0,073 0,068
1,04 1,08 -
4,4 7,8 -

0,034 0,035 0,035
0,96 1,00 -

-2,86 0,00 -
22,00 24,00 23,70
0,96 1,01 -

-3,80 1,27 -
0,0004 0,001
0,055 0,08
0,93 0,72
0,26 0,40
2,60 3,00

Peak flow.rate (m3/s)
Ratio of peaks (sim/obs)
% error in simulated peak

Mean Flowrate (m3/s)
Ratio of means
% error in simulated mean

Volume.of Flow (m3)
Ratio of volumes
% error in s.:i:nW.atedvol~

SUm of squared residuals (m3~s)2
sum. of al:solute residuals (m / s)
Coefficient of effL.:iency
Proportional error of estimate
sum. of absolute areas of elivergence

storm number 23

Para1Ieter WITSKM Wl'IWAT Observed

0,071 0,080 0,069
1,03 1,16 -
2,9 15,9 -

0,036 0,036 0,034
1,06 1,06 -
5,88 5,88 -

76,18 76,00 72,40
1,05 1,05 -
5,22 4,97 -

0,0008 0,002
0,140 0,20
0,92 0,86
0,24 0,35
7,90 8,00

~----'-----------------------------------------------4
Peak flCMrate (m3/s)
Ratio of peaks (siro/Obs)
% error in simulated peak

Mean Flowrate (m3/ s)
Ratio of means
% error in simulated mean

Voll.lm9 of F'lCM (m3)
Ratio of volumes
% error in simulated volUtr~e

SUm of squared residuals (m3~s)2
SUla of absolute residuals (m Is)
coefficient of efficiency
Prcp:>rtional error of estimate
sum. of absolute areas of divergence
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In a previoos study on the effect of tile level of discretization on
the ability of w:rI'Wcr' to lOOde1 the nmoff fran the SUnn.inghill Park

catcl'noont, t-wo stann events recorded on 7 and 9 January 1987 were

used. 'nle. stann on the 7 January had a duratio!1 of 30 minutes, a
maxim..nn intensity of 113 11il1/h, am a total dej~ of rainfall of
26,2mm. '!he previous significant rainfall event was 14 days before on
the 23 Deceml::er 1986. 'U1estorm of the 9 Jr'muary 1987 had a duration
of 60 mins, a max:i.lnunl. intensity of 100 nm/h, and a total rainfall
depth of 34, 2mm. '!he Last, rainfall event was that of the 1 January.
'Ihe initial lOOisture con:litions for the catcfn'oont could therefore be
expected to be drier for the event of the 7 January.

'Ihese stern events together with the discretization and topc.g:ra};:hl cal
data used far WI'lWAT (Fig 6.4 am table 6.3) were input into WI'I'SKM.
'!he Green-Anpt parameters were used to calibrate the IOOd.elfor the
event of the 7 January 1987 and only the initial moisture cx:>ntentof
the soil was varied in the calibration far the event of 9 January
1987. In choosing the Green-Ampt parcureJ.:ers, the guidelines provided
by RaWls et al(1966) were used. 'Ihese C' .udelines provide estimates of
the GreE'n-AInpt parameters based on the soil texture classification
procedure of the Soil Conservation Service of the United states
Deparbrent. of AgriCUlture. '!.be paramet.ers provided by Rawls et a1
COU1d haNever only be used for 'he nn.1u1es without any :i.npervious
ar~~ due to urbani.aatdon, For the m:xiult.'>S effected by urbanlzat.ion
the saturated hydraut ic, conductivity was reduced acx:::o:t"din;Jto the
extent of the inpervious cover.

Coillparisons of the hydrographs prodcced using WlTSKM am w.rIWAT with

the c::Serw.rl hydrcgraph are presented in Figures 6.5 c.n1 6.6. '!.be
statistics of gocxiness-of-fit are given dn Table 6.4. Fran the plots
am thl!.!statistics of goodness-of-fit the two lOOdelsbehave similarly.
For the calibration for t.he stann of the 9 January, the initial
moisture content was the only parameter varied ani the same IlDisture
content of 0:2 gave the best calibration.
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Table 6.3: SUnninghill Park m:xlule data

OVerland FlCM IOOdules

Module Dis nOO Ien:jth Width Slcpe Roughness
lrurnber number- (m) (m) (m/m) (n)

301 1 81,0 592,0 0,028 0,156
302 :2 152,0 777,0 0,048 0,216
303 10 120,0 399,0 0,038 0,140
304 3 38,0 391,0 0,068 0,020
305 4 105,0 750,0 0,061 0,216
306 4 92,0 509,0 0,067 0,147
307 8 160,0 420,0 0,039 0,121
308 6 74,0 938,0 0,069 0,172
309 5 76,0 694,0 0,069 0,249
310 12 88,0 472,0 0,042 0,163
311 6 81,0 821,0 0,056 0,183

Pipe Modules

Module Dls nOO OII/flCM Slope I.en3th Diameter RoUghness
number number mod no (m/m) (m) (m) (n)

1 2 305 0,030 170,0 0,60 0,014
8 9 308 0,055 130,0 0,90 0,014
9 4 308 0,055 70,0 0,90 0,014

10 11 309 0,052 190,0 0,525 0,014
12 13 311 0,030 350,0 0,675 0,014
13 7 0 0,050 10,0 0,675 0,014
11 309 0 0,052 100,0 0,600 0,014

Trapezoidal channel m::xiules

Module Dis mod 0111flClitl Slope Le.ngth Di.J.rensions Roughness
number number mod 00. (m/m) (m) widthxheight (n)

(m)

2 3 305 0,067 120,0 4,80x2,00 0,014
3 4 309 0,055 235,0 6,00X2,50 0,040
4 5 309 0,056 320,0 6,00X3,00 0,040
5 6 311 0,030 70,0 6,00X3,50 0,040
6 7 a 0,054 70,0 3,OOX4,50 0,014
7 0 0 0,054 10,0 3,00x5,00 0,014
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Green-Anpt infiltration parameters

M:Xiule
number

301
302
303
304
305
306
307
308
309
310
311

Hydraulic
con:iucavity

(nnt/h)

3;5
7,0
3,0
0,0
4,0
3,0
3,0
4,0
7,0
3,0
4,0

suction
Hearl
(m)

0,10
0,10
0,10
0,00
0,10
0..10
0,10
0,10
0,10
0,10
0,10

Porosity

0,40
0,40
0,40
0,00
0,40
0,40
0,40
0,40
0,40
0,40
0,40

Initialncisture
content
(vol/vol)

0,20
0,20
0,20
0,00
0,20
0,20
C,20
0,20
O,~O
0,40
0,20



":rJ~.

1
0\.c.n

~ii~·4
U3

~a
'i'm
.§~
[

I

Sunninghill Park
Storm 7/1/1987

-*- WITWAT

2

1

I L___ I IO'i:' 'i:' 'j( if;: 7f'"

o

1

c.n
0\

I

60 7010 20 30 40

Time (mins)
50



-Ii~
I-'

iii&~a
'len.§[
[

I~
1--.

~
0\.
0'1

Sunninghill Park
Storm 9/1/87

Flow (cumec)
7 ----------,

6

5

4

3

2

1

o
o

-a- WITSKM

-+- Observed

~ WITWAT

.'{_~

*.*. ~ ---_.'
20 40 60

Time (rnins)
80

11l
-....)

I

100



-58-

Table 6.4: Goodness-of-fit statistics SUnninghill Park

Paraneter

storm 7 January 1987

Peak flowrate (m3Is)
Ratio of peaks (simI obs)
% error in siImllated peak

Mean Flow.rate (m3/ s)
Ratio of means
% error in simulated mean

Vol1..llte of Flow em3)
Ratio of voltnnes
% error in simulated volume

SUm of squared residuals (m3~s)2
sum of absolute residuals (mIs)
Coefficient of efficiency
Propoltional error of e:;timate
SUm of absolute areas of dive.rgE?.JlCe

f..--.

Pararreter

Peak flcwrate (m3Is)
Ratio of peaks (sim/obs)
% error in simulated peak

:f.1ean FlCMrate (m3/s)
Ratio of means
% error in sbnulated mean

Vol1..llteof Flow (m3)
Ratio of volumes
% error .in simulated volume

SUIIl of squared residuals em3~s)2
SUm of al:.solute residuals (mIs)
Coefficient of efficie.ncy
Proportional error of estimate
SUm of absolute areas of divergence

WITSKM WI'1WAT observed

4,820 5,100 4,920
0,98 1,04 -
-2,0 4,0 -

1,706 1,880 2,134
0,80 0,88 -

-20,0 -12,0 -
6381,5 7012,7 7927,0

0,81 0,88 -
-19,5 -12,0 -
8,420 8,160
10,77 8,56
0,86 0,86
0,53 0,50
1545 1196

WITSKM WI'lWAT observed

0,071
1,03
2,9

0,036
1,06
5,88

76,18
1,05
5,22

0,0008
0,140
0,92
0,24
7,90

0,080
1,16
15,9

0,069

stann 9 Jarilla:(¥" 1987
I ..__ ~----------I

0,036
1,06
5,88

0,034

76,00
1,05
4,97

72,40

0,002
0,20
0,86
0,35
8,00
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Zululand catdlIDent Wl.Ml7

'!his catc.hnent has an area of 66,9 ha am is situated scme 110 km

north of Durban. Information on the C'.atchlIlen:ts was obtained fran IfoFe
and Mulder (1979) and on the soil depths and types as well as
infiltration parameters fram Mulder (1984). Mulder (1984), after

S\.'-udy1n:;J the rainfall-runoff chtracte.ristics of a number of nested

catchIrents in the ZUluland area, concluded that the runoff process in
the area was essentially that of subsurface flow. With the details

provided on the soils of the area, this catchnent was used to evaluate
the interflow and subsurface fla;v procedures of WITSKM. '!his catdm¥:mt

has been modelled by Green and st:.e};tlenson(1986) using WI'IWAT and

difficulty was experienced in modelling the recession limb of the
hydrogl:-aphs. Different final jrJfiltration rates fc in the Horton
infiltration equation also had '1::0 be used. when1'lOd4lllingevents having
different initial rroisture contents.

In applying WITSKM to the catchment, the overlani approach of Horton
and a system employing aqu.ifers was used to m:Jdelthe subsurface flow.
'!be infi.Ltration parameters varied quite dramaticnlly from one soil
group to another and even r,.ithin a particular soil group. However
asuurrptions were made and Values that were considered to be

representative were selected. '!he area is largely open veld v.rith marsh

areas along the main river courses of the catchment. Two catdlJrent
discretizations shCMn in figs 6.7 and 6.8 were used to model the
catchment. rrhe layout shown in fig 6.7 was that used by Green and
stephenson (1986) when usin;J WI'IWAT to model the catchments. rrhe
discrei;ization shCMn in fig 6.8 is an adju.stme:ntof that shown in fig
6.7 'to make allowance far the marsh areas along the rivers. '!he
infiltration tests on the alluvium in these areas showthe final
infiltration rate to be of the order of 650 mm/h and in the rest of
the catchment a 'Value of 20 III1l/hwas considered to be representative.
For the subsurface flow case, a cascade of a single aquifer and an

overland flow IOOdulewas used to m:x:ielthe soil profile. 'Ihe depths of
the aquifc,,?r was taken as 2, Om in the marsh areas am 0,5111in the rest

of the catchment. jIbe IllClduledata is presented in Tables 6.5 and 6.6

for the two cases.
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Table 1l.5 Discretization ZUlulard catchment - WI'lWAT

r---
0Verla.""Xi Flow M:xiules

lob:iule Dis mod length width Slq;>e RoUghness
number number (m) (m) (m/m) (n)

101 1 227,0 387,0 0,132 0,240
102 1 280,0 314,0 0,128 0,240
103 2 550,0 203,0 0,064 Or24O
104 2 250,0 352,0 0,100 0,240
105 3 400,0 170,0 0,075 0,240
106 3 410,0 180,0 0,098 0,240
107 4 200,0 185,0 0,200 0,240
108 4 300,0 180,0 0,200 0,240
109 4 150,0 313,0 0,171 0,240
110 5 75,0 186,0 0,100 0,240

Trapezclidal channel, modules

lo'..odule Dis mod OV/flCM Slope Length Dinensions RoUghness
rnnnber number mod no (m/m) (m) width.xheight (n)

\,

1 6 0 0,025 350,0 2,00X2,00 0,055
2 6 0 0,040 300,0 1,50X2,5u 0,055
3 , 5 ° 0,050 250,0 2,00X3,00 0,055
4 5 0 0,040 100,0 2,00X3,50 0,055
5 6 0 0,041 75,0 2,OOX4,50 0,055
6 ° ° 0,035 100,0 2,Oaxs,00 0,055
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Table 6.6 Revised. Discretization o.-F ZUlu1.ard CatctJl'lleIlt

OVerlan::l Flow l'.Lodules

Module D/s mod I.eIl;Jtb Width Slope Roughness
number number (m) (m) (m/m) en)

101 111 167,0 387,0 0,132 0,240
102 114 210,0 314,0 0,128 0,240
103 115 420,0 203,0 0,064 0,240
104 112 200,0 352,0 0,100 0,240
105 116 300,0 170,0 0,075 0,240
106 113 310,0 180,0 0,098 0,240
107 4 200,0 185,0 0,200 0,240
108 4 300,0 180,0 0,200 0,240
1C19 4 150,0 313,0 0,171 0,240
110 6 75,0 18600 0,100 0,24CI
111 1 60,0 387,0 0,132 0,;2401
1.12 2 50,0 352,0 0,100 0,240
1.1.3 3 100,0 180,0 0,098 0,240
U4 1 70,0 314,0 0,128 0,240
115 2 130,0 203,0 0,064 0,240
116 3 100,0 170,0 0,075 0,240

'I'rapezoidalchannel IOOdules
r----'"" .,-- ---

Module D/S IOOd OIl/flew Slope Iength DinY:mBions RoUghness
number number IOOd no (m/m) ,m) wi<ithxheight (n)

(m)

1 6 0 0,025 350,0 2,00X2,00 0,055
2 6 0 0,040 300,0 1,50X2,50 0,055
3 5 0 0,050 250,0 2,00X3,OO 0,055
4 5 0 0,040 100,0 2,00X3,50 0,055
5 6 0 0,041 75,0 2,OOx',50 0,055
6 0 0 0,035 100,0 2,00x5,OO 0,055

Two stou;"1nS were used viz a storm on the 7 February 1977 and the 9
Novr:.mber 1977. '!he sto:r.mof tne 9 November cx:::curred on a dry catc.hnYant
while that of t..'I-].e7 February 1977 occurred on a saturated catctn:oont.
'Ihe dUration of the storm of the 7 February 1977 was 9 hours with a
peak intensity of 53,3 mm/h while the storm of the 9 November 1977 had
a duration of 1,5 hours and a peak intensity of 101,9 mm/h.
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When eII{)loyin;J the Horton approach of overlan::l flaY, wTI'SKM gave
similar results, far toth discretizations, to those achieved by Greer.

am stephenson (1986) usID:J WI'IWAT. 'lhe infiltrat.:i,oo paraneters for
the Green-AInpt lOOdel are given in Table 6.7 far the Horton am
sul:;surface awroaches. In the subsurface flaY case the only paraneters
varied during calibration were the initial lIPisture content ar:rl. the
water table depth of the aquifer in the marsh areas along the river
banks.

'Itle hydrographs for the two events are canpared graJ;irlcally in figures
6.9 and 6.10 for both approaches shavn in fig. 6.7 ani 6.8. For the

TablE'6.7 : Infiltration Para1reters used for Zululard catchment

I
Horton Approach

Event Penn SUction Porosity Initial l!X)isture
(mnfh) (m) content

7-02-77 2 0,01 0,4 0,395
9-11-"/7 13 0,13 0,4 0,080

SUl:::sUrfaceFloo

lOOdulenumbers 101 to 109

Event Pam SUction Porosity Initial Moisture Depth
(nmfh) (m) Content W.T(m)

7-02-77 20 0,08 0,40 0,395 °9-11-77 20 0,08 0,40 0,100 a
lOOdulenumbers 110 to 116

Event Perm SUction Pol'OSity Initial M:listure Depth
(mn!h) (m) conterrc W.T(m)

7-02-77 650 0,05 0,45 0.,44 1,90
9-11-77 650 0,05 0,45 °1,38 1,45

event of the 9 November1977, the hydrograph for the subsurface flati
case ITOdelled the recession limb of the hyd.rog:rap1better than for
the Horton awroac:h. '!he re-:u1.ts for thie event of the 7 Februa.r.{1977
were however similar far both the subsurface ani Horton ag;>roac:hes
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with the subsurface flaw canparjrg with the observed hydrc:lgrap1m:>re

cl~ly for the low flcms at the beginrt.in:J am end of the events.
Howevp.I what is brp:>rtant is that the };tlysical infiltration parameters
for the soil were kept the same for both events for the subsurface
flow case. Better r,alibrations could possibly be achieved if l!Dre.

detail on the distriJ::ution of the soil depths am. infiltratia.'1.
parameters over the catchment was available. '!he ca:tc::hnv:mtcould then
be more accurately di.scretrized, A :mre awroPriate IOOdelto m:del the

subsurface or variable source area approac'i rNOlld be one that uses a
fine grid or pixel system af discretization so that the large
variation in the soil parameters over: a. catc.::hment can be taken into
acc:x:xm.t.
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ClJAPI'ER 7 APPLICATICN OF WI'I'SlQ.i 'ID 'IRE WATERVAL CATCEMENl'

7.1 Introduction

To ascertain the effect..i~ of the ditferent st.anmNater management

options such as dual drainage, use of flood plains, am detention
storage ponds , a hypothetical town was laid out on the Waterval
catd1IIvant north of Jat..annesb.lJ:g. 'Ihis catchment am the neigh.bour:ing
SUnninghill catchroont in Sarrlton have been monitored by the water
systems Research IGroup of the University of the. Wiwatersrarrl. Both

catchments have a catc.hm:mtarea of 75 ha, '!he Waterval catchment is
at present urdevelopecl am three rainfall-runoff events have been

a1:stracted. fran the catc:hrrent data for use in analysm; the rnanage.Tellt

options for the proposed tcmn. By doing this the runoff generated by

WITSKM for the different options tried can be c::onpared to the neasured

runoff for the catchment in its natural state.

7.2 Description of Proposed Township

'Ihe proposed township was laid out along the lines of the SUnninghi:_l
de-velopnent. '!he ~n therefore consists of houses, flats, am
tovmhouse develq:m:mts with a tarred road TIe-UtlOrk.'!he infiltrat.i.on
am roughness parameters for the vari.ous lar:rl use types that were
obtained when calibrating WITSKM for the SUnninghill catch:l1~ntcan 1.?e
used on the Waterval w.m. 'Ihe layout of the town and the details of
the disct-etization, pipe arrl road networks are shoen j n Fig 7.1 and In
Table 7.1. '!he level of the discretization used to IOOdelthe catcl:mY:mt
is coarse with the exact positions of the erven ar:rl access roads :into

the various lam use areas not being detailed.

In order to acx::onmodatethe possible drainage options a park area. that
can be used as a flocxi p'lain has been included In t.he township lay0t4t.
'Ibis area runs down the cP..ntte of the town and discharges into the

l'lt:ttural outlet of tr..e catchment. A natm:al or lined ,"'Iannel can be

included :in the park area for the simulat:ion of t:.he dual drainage
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Table 7.1 : Mo:iuleNumbers for the L,ifferent Lam Uses

Ian::i-Use

TcMn Houses 108-109

Flats 112-113

Houses
101-107
110-111
114-120

121-130Open Areas

Roads 131-151

Pipes 1-20

Cllannels 21-25

opti?n. 'll1e pipe network can also drain into this area at various
points along its length. No developnent has been planned at the outlet
of the catcJ:ment to make provision for the inclusion of a detention
storage pond ani sport fields. 'nle sport fields will act as "terrp:!rary

storage and soak-a-way for excess wate::. '!he infiltration and

rOl~.lI1t$S parameters used in the m::xielfor the various land uses and

corduit m::x:lules are st.nnrnarised in Table 70:2

7 •3 storns used in AnalysiS!

For the analys ia of the differe.'1t stormwater managementoptions an:}.

for the comparison of the WITSKMoutput t..othe recorded output for the
catchment in its natural state, three storm events were abstracted
fram the catchlllent data. 'Ihe first event occurred on the 26 September

1987, the second on the 3 February 1987 am the tbird on the 21 March

1987. Rainfall events 1 am 2 have a triangular shape while event 3
could be considered unifonn. All three of the events were recorded at
all 5 of the raingauges that m:m.'i..torthe catc::hIne.nt.'lhiessen polygons
were used to produce an average rainfall record for the catcrnnent for
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Table 7.2: Infiltration and RoUghness ParaIlEters

Houses
T/Ho\Jses
Flats
open Areas
Roads
Pipes
Cl1anne1
Lined

Channel 0,050 J
unlined~--------------

0,14
0,11
0,10
0,20
0,016
0,014
0,020

3,5
3,0
2,0
7,0
0,0

0,1
0,1
0,1
0,1
0,0

0,40
0,40
0,40
0,40
0,00

0,25
0,25
0,25
0,25
0,00

land-use Roughness Perm
(n) (ntmfh)

suction
(m)

Porosity Initial M:>lst
Content

input to WITSKM. using the equations describing the I -D-F curves
(Green ani stephenson, 1984) for the inland region, the recurrence
intervals for the rainfall events were estimated and these together
with other pertinent data is presented in Table 7.3. '!he actual
rainfall and runoff data are presented in Apperdix A.

Table 7.3 : .Rainfall and Runoff Information for Recorded storm EVents

Rainfall
J

Event :Peak Intensity Dllration Vol~ Time to Peak Reo Int
(rom/h) (mins) (m ) (mins)

1 67 50 16962 25 2
2 142 60 36306 20 30
3 21,4 120 15962 1,4

Runoff

Event Peak Runoff Duration vol~~ 'J:.LIDa to Peak
(m3/s) (mins) (m ) (mins)

1 j.,80 110 3723 15
2 0,23 90 615 30
3 0,00 - 0,0 -
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Examining the figures shown in Table 7.3, there is an apparent ananaly
in that the 30 year recurrence interval event(eve>.nt 2) produced a

lower volume as well as runoff peak when cn"l1pa.re:l to the 2 year
event(event 1). Ihe records in the data base were examined to

determine the antecedent moisture ronditions which could explain the

apparent anomaly. For event 1, the total rainfall in the precediriq 4

months was 70rnm with no rainfall falling in May, June, or July. 'Ihe
situation was very different for event 2 with sane 260 rom falling in
the previous 3 morrths , 'Ihe catchment l::efore the event 2 can therefore
be considered to be in a wet condition while tne other event occurs
after a dry winter season, thus the antecedent IlPisturE::!conditions do
not e.'q)lain thls anomaly. 'Ihere are two further possible explanations
which are:-

1 Meas1.lring error due to faulty L"1Struments for one or both of
the events.

2 Gradings of the soil in the Waterval catchment showed that
in the lower and middle regions of the catchment the clay
content is of the order of 6-10%. 'Ibis can cause a crust to
form on the soil surface aft.er a dry period. 'Ibis would

reduce the infiltration characteristics of the soil and

could result in higher rtlrl..:>ff volumes an::1 peaks.

Regardless of which of the explanations is correct, the storm events
will be used as recorded for comparisonof the effectiveness of the
different dr.ainage options for the proposed tCMl..

Drainage System Options

7.4.1 Introduction

'Ibere are a numberof different possible layouts of t,mr'1 tha,t could be

considered. for the Waterval cat:chmentboth fran the town planning and

sto:r:mwau~ drainage point of view. For the purposes being considered
here, very little attention has .been given to the town plann.i:rg
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a..9;)€Cts except to raakeprovision for the stol."IlMater drainage options
being consddered, In order to compare the runoff produced by WITSKM

with the recacded hydrograph, the stormwater has all been channelled
to the natural outlet of the catcament , Better systems 1nayexist where
the stormwater can be channal.Ied out of the catchment at differe.'1t
points bUt these options will not be pursued here. '!he drainage
systems chosen stal.t with a completely linked system and then proceed

through flood plain and dual drainage systems to the storage options.

7.4 •2 Dra:inage Systems

System 1 Fully linked drainage system

'!his option represents the worst in storm drainage design from the
cost and nlnOff point of view. '!he pipe drainage network is designed
to 't.ake all the flCMSfran the roads ani developed areas. 'Ihe pipes
are then linked directly to a lined Channel running dCMn the c:entxe of
the flood plain which. diacharqes at the outlet of 'the catchment. '!he
channel has also been designed so as not to surcharge onto the
~ flood plains. '!he lil1king and roughness of the conduit
network will cause the catchment to respond quickly to rainfall ard

the catchtnent will be susceptible to the shorter duration higher
intensity stoms. '!his type of dra.inaqe system will resuJ.t in large
pipe networks and expensive lined channels. As most of the runoff is
confined to the pipe and channel network, the residents will not be

frequently inconvenienced by flooded roads and park areas. HCMeverthe
question arises as to what size stann the drainage system should be

designed for.

system 2 : Flood plain system

For this system the pipe and channel networks of system 1 were
maintained, hOYlever the pipes were disco:nnectecl fran the dlannel
network and allowed to dischal::\~reonto the flood plains. In this way
infiltration is encouraged and the runoff is spread over a larger and
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rou;gher surface which results in Sllll"Her flow depths and hence greate"C
retardation am temporary storage of runoff. To nroel the flood plain
cum channel sys...em, the park area (see fig 7.1) is subdrvided into
cver'Iand flow roodules and channels. 'lhe runoff into a channel is from
the upstream channel am from the overlarri flOitlroodu1es immediately
upstream. Referring to the tow:nsh..i..p layout shOltVl1 in Fig 7. 1, the flow
into, channel 23 for example is from channel 22 arrl overlarrl flow
modules 127 and 128.

system 3 : Dual drainage system

A dual clra.inage system consists of a minor drainage system and a major
drainage system. 'Ih~ minor system consists of the pipe and channel
network, which is designed to cope with the lower recurrence interval
events. '!he lllajor drainage system, in this case the roads ani flood
plain, is designed to cater for the- rater higher recurrence ir.lterval
events. In this way the size of the pipe ani channel sy.::.-tem can be

reduced thereby lowering the costs of the drainage system. '!he
question arises in designi.19' these systems as to which event the minor
system should be sized to cope with so as not to inconvenience the
users 1:0 frequently. Event 1 is estlinated to be a 2 year event am was

used to size the minor drainage system. '!he pipe network was, as in
the case of system 2, disconnected from the channel network. Unlined
rougher channels were used and were sized so as not to surcharge for
this event. For event 2 the pipes were made to surcharge onto the
roads and the channels onto the adjacent overland flow mcdules,

system 4 : Nopipe network system

A further system considered was to remove the pipe retiCUlation
network entirely arrl use only the roads to remove the storrrmater to
the catchment outlet. '!he water was kept 011 the roads until road
sections 148 an:i 149 from where the water was routed into channel 24.
'!his system will be a low cost; system 1:ut more inconvenient for the
user.
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System 5 : Terrq;>orary storage system

'Ihe drainage system of syst$'\ll 3 was altered so that the water
surcharging from channel 24 could be stored terporarily on an open

area such as a sports field. For this purpose overland flow lOOdules

123 and 124 were given a flat slope of 0,001 with a roughness of 0,2
to act as terrporary storage for the surcha:rged water. Being

constructed at the bottan of the catcJ:'nrent,this option holds little
advantage for the residents of the town. 'Ibis option will however
reduce the flood peaks that could be expected d~eam which WOUld
be beneficial for the doonstream communities.

System 6 : Detention storage system

.As in s: Wl 5 the dual drainage option of system 3 was adapta:l to
route th~ flows into a detention storage pond at th~abottan of the
catchJ:oont. 'lhe type of detention facility used had a 0,5mwide and

0/5m high culvert outlet:. and a spillway. '!he site at the bottom of the
catchment could support a 7 mhigh dam wall giV'irq a storage capacity
of 62000 m3• '!he storage depth relations.."rip was estima.ted from a 1
in 2000 orthophoto of the catdnnent. '!he coefficients for the c::ulvert

outlet wm 9 calculated for the unsul:mergedcondi.t.ionassuming inlet
control and critical flow at t.htaentrance. 'lhe equation governln;r such
flor..vconditions is:-

~'3 g h3
~ (7.1)

where Q is the flow rate in m3/s
w is the culvert width in m
h is the depth of water at culvert entrance in m
% is a discharge coefficient

For a coefficient % of 0,9 equation 7.1 bea::mes

(7.2)
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For suJ:::merged flow through the culvert, the equation 7.3 describ:irq
flow through an orifice is used.

Q=CAj2gh's :7.3)

where Cs coefficient of contraction
A is the area of the orifice openim in m2

h is the depth of the water ab::wethe centre line of the

opening in m

'!he coefficient -:.Ifdischarge Cs was taken as 0,6 which results Inr-

(7.4)

for sul::merged culverts.

A spillway of width 20mwas used at level 7mu') han::Ue the high flCMS.
A spillway coefficient of 2,0 was used ani th~~follCMinq equation
reslJ.ltc;:

(7.5)

'tvhereh is the height above the spillway in m

7.5 Re.s'Ults of sirnulatiol1S

A smmnary of the results of the simulations are presented in Table 7.4

an::l shoen plotted in figs 7.2, 7. 3 and 7~4•
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Table 7.4 Results of simulations

Eve.'1t 1
-

system
(m~

Tllne to peak Volume
(mins) (m3)

1 3/9 40 5294
2 & 3 3,3 45 4634

4 3,5 40 5133
6 0,9 65 4634

000 1,80 30 3723
Event 2

system
(m~

Time to peak Volume
(mins) (m3)

1 11,9 30 22037
2 11,2 35 21594
3 10,4 40 21538
4 11,0 35 21892
5 7,8 45 21083
6 1,3 70 2.1538

obs 0,23 45 615
.-

Event 3
System

(m~
T.:ilre to peak Volume
(mins) (m3)

1 0,85 85 1258
2 & 3 0,72 95 469

4 0,78 95 998
000 - - -
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'Ihe largest peak and runoff volumewas produced by cirainage system 1:
the aU, Linked S"ystem. 'Ihis is un::ierstandab1e due to the closed nature
of 'tbe system. With the 10il rouglJTIeSS values of the pipes arrl channels

the catc.hmant will respond to short duration high intensity storms as
is indicated by the comparatively lOl!l value of tine to peak of 30

mins. 'Ihe flood plain system did not reduce the flood. peak and the
volume substantially for the sttorm events. As the stonn event of the
26-9-87 was used. to size the pipe and channel system so as not to
surcaarqe for this event, the flood. plain ani dual drainage option
gave the sameresults. 'nle dual, drainage system caused a greater drop
in peak than the flood. plain option for event 2 when c:onpared. to

system 1.. 'Ihis is due to the surcharqe bein;; routed onto the adjacent
rougher flood plains. '!he greater width cauairiq shallower depths of
flcM which together with the greater roughness zesul.te in lower runoff
velocities. 'Iile voltnneS of runoff for drainage systems 3 and :>. are
essentially the same, 'Ihe no pipe system viz system 4 rtaS, a higher
peak than s\]Stem 3 and a shorter time to peak due to the ...mess of
the road surface. 'nle volt.nneof runoff is also higher due to nest of
the runoff being confined to the .i.nperrneableroads. 'Ibe rernaini.ngtwo
systerrs use a means of temporary storage to hold back the flood waters

for later release. system 5 using a flat t;.d rough ove.rlarrl flow plane
to retard the flOil and ternporarily store the watc~while t.he detention
darn used a culvert outlet to choke the flow. For the stonn event of
the 3-02-87 the depth in the detention dam was 4/2mfor the peak flow
of 1,3 m3/ s. 'nlese two options were the most effective in redu(.;ing
the flood.peak.

Two aspects of the simulation results can be discussed, '!he one is the
ability of the drainage system to limit the nmo£f peaks froo the
proposed town 'eo a level that is acceptable to thet dOimStream
comrmmities and drainage systems, be th~y the natural or installed
sto!1lYiNate.rdrainage network. 'The other aspect is the design of the
system for the convenienoe of the immediate COII.1n1J.mity which it serves.
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From the point of view of the downstream ccmmmities, the only

effective method of limiting the flood was the detention storage porrl

system viz system 6. system 5 being the next best in reducing the

flood peak. None of the other systems were able to rerluce the runoff

peaks significantly while none of the syb-tem.s reduced the voll..IIl'eof

runoff to the level of the recorded hydrcgraph fl.")reither of the

events.

In considerin:J the second aspect, both the costs of the system an::l the

ability t..: the system to renove the runoff with an acceptable level of

inconvenience to u~ residents of the ta¥J.l must be considered. '!he

main [actor of concern is the depths of flow that will occur on the

roads ani on the flood plain. '!he maxilnum depths are summarised LI1

._able 7.5

Table 7 •.5 MaY..iJnum FICMDepths (m) on Poads ani Flood Plains

Event 2

system 1 2 3 4 5 6

Roads 0,014 0,014 0,073 0,114 0,073 0,073
FlO""lC1Plain 0,026 0,095 .. 122 0,147 0,246 0,026

:Event 1

System 1 2 3 4 5 6

Roads 0,009 0,009 0,009 0,059 0,009 0,009
Flood Plain I 0,008 0,043 (",043 0,079 0,080 C,008

Event 3
,-

System 1 2 & 3 4

Roads 0,002 0,002 0,022
Flood Plain 0,002 0,024 0,036

Drainage system 1 fea:::' both events causes the lCMeSt depths on the

roads am flood p'lain, HOWeverthis scheme has the largest pipes with
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the dian-eters rarging fran 0,SSmto 1,Omarrl cb.annels (base width x
height) from 1, Omx L,Om at the top of the catchrrent to 2,Om x 1, Om at
the bottom of the catchment based on rhe event of the 3-2-87. '!hus
this schemealthough having the lowest depths will be the roc>st costly.
'The pipe and channel network of system 3 were sized so as not to
surcharge for the event of the 26-9-87. 'lhus the depths of flow for
systems 2 am 3 for the event of the 26-9...87 are the same. '!he pipes
for system 3 rcrged in size from a t 35mt.o a ,65mand the channe'la (base

widthxheight) :from 1,Omx a/3m to :2,Omx 0,6m. 'Ihe drainage system is
therefore cheaper for this option although the depth of flow on the
roads due to surcharging pipes is greater at 0,073m, '!he cheapest
system will be the no pipe system of system 4 howeverthis causes
depths of 0,114m on road section 14S at the bottom of the catchment.
'!he large depth on the flood plain of 0,222mfor system 3 am 0, 114m
for system 4 occur on module 123 onto which pipe 10 discharges am
channel 24 surcharges. 'Ihe storage of wat:.eJ: on a nearby field, as is
done in system 5, is probably the IOC.>St cost effective ~rstem in te:r:n1S
of the reduction of the runoff peak. '!he detention dam although
effective in rerlucing' the flood peak will prove to be tll~ lroSt

expensive option and plays no role in ilnpr:'C)ving the drainage system

for the residents of the tcMn.
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'!he followirq conclusions and rea::::ltl1mendationscan t:e rcade as a result
of tills study:-

1. 'Ihis version of WITSKM is an i.rrq:lrovementof the or1ginal
version with an improved routing algorithm which solves the

instability problems ~ienced in the original version.
'Ihe detention storage module has also been i~tproved with the
inclusion of the ability to lOCldel outlets. '!he prcqram,
during calibration, (.XlITlparedfavourably with WI'IWAT! which
has been used exl:er.si:vely in pr.actice. HCMever ~ is
more powerful for pl~ ard camparing stonnwater
nu:magement options for an urban catdnuent due to itc:; greater
flexibility in rerouting overflows frciU corrluits am the

inclusion of a storage module. WI'.I'Sl\tt![ hc:M2ver still has

shortcomings in that the design mode of WI'IWAT has not been
inclucled. so the corrluit network or minor system cannot be

sized automatically for a particular stor.n event. 'Ibis
feature would be very useful in designirq dual drainage
systems. '!he ability to generate a particular recurrence
interval rainfall event having a specified distritution has

also not been included. in this version of WITSI<M. '!hese
capabilities should be added to produce a more complete
planning and design tool for urban drainage systems.

2. '!be use of the aquifer module to lltOdel subsurface flow
should be tested on more catch.mel1tswhere sUfficient data on
the soil profilE'S and types is available.

3. '!be future of WlTSl<M should be in its applicat.ion to flood
events and flood control for large catchments of the order
of 100-1000 kro2• '!he program should thE'J1be improved to
cope with the spatial cli,stril:::ution of rainfall over a
catchment.
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4. 'Ihe Musk:ingurn-cune routing algorithm has been found both
during the test runs and the analysis of the drainage
systems for the proposed Wate.rv-al mm to be stable aOO

superior to the original routing algorithm in WITSKM.

However due to the short lengths of coOOUitand relatively
steep slopes, kinematic routing is unecessary ani a time
shift methcx:lwould have sufficed. '!his was fOUI'rl to be

particularly true in the case of pipes 'Which are normally
sm::x:>t:h. Howeverif WITSKM was to be applied to large rural
catchmenta where the channels are long am relatively rough,
a routing method such as Mllsk.irgum-CuneWhich rrodels the
attenuation of a flood wave in a channel would be necessary,

5 • With the WI'IWAT and WI'I'SKM m::rlels the simulation of the
rainfall-runoff process for urban catchments :in terms of
water quantity has been successfUlly lOOdelled. More
attel1tion shOUld now be given to the roodelling of the
quality of the runoff that can l:e ex:pecte.d from urban
catchments •
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APPENDIX A OBSERVED S'IOIM EVENI'S

A.l Newark street

A.l.l storm 15

Time interval between hyetograph ordinates (mm{h)= 1 minute

° 77 107 107 91 107 46
61 15

Time interval between hydrograph ordinates (m3;S) == 1 minute

°0,042
0,003

0,006
0,034

0,031
0,023

0,054
0,017

0,068
0,011

0,065
0,008

0,054
0,006

A.1.2 storm 23

T.iIoointerval between hyetograph ordinates (mm{h)= 1 minute

31 31 15 15 31 31 46
61 61 91 91 61 61 61
46 46 61 15 46 77 46
61 77 77 77 137 61 91

107 46 31 15 0 15

Time interval between hydrograph ordinates (m3;s) == 1 nlinute

° 0,001 0,004 0,00 0,011 0,012 0,014
0,02 0,028 0,033 0,045 0,051 0,048 0,044
0,04 0,034 0,028 0,028 0,023 0,021 0,035

0,037 0,04 0,042 0,045 0,05 0,069 0,068
0,059 0,068 0,057 0,04 0,028 0,023 0,017
0,014 0,013 0,012 0,01 0,008



A-2

A.2.1 storm 7 Jarru.ary 1987

Time interval between hyeto:JraJ;hordinates (rom/h)= 5 minutes

o 7,2 112..8 103,2 60,0 24,0 7,2

Time interval between hydrograJ;hordinates (m3/s) == 5 minutes

0,23
2,52

0,23
1,56

2,09
1,14

3,10
0,76

4,92
0,76

3,63
0,76

A.2.2 stonn 9 January 1987

Time interval between hyetcgraJ;h ordinates (mm/h) = 5 minutes

o
9,6
4,8

7,2
7,2
2,4

62,4
2,4
4,8

98,4
9,6

100,8
4,8

60,0
a

36,0
a

T:irneinterval between hydroqraph ordinates (m3/s) = 5 minutes

0,34 0,14 0,98 2,25 2,76
4,45 3,28 2,24 1,74 1,33
0,95 0,61 0,61

A.3 Zululand W1M17

A.3.1 storm 7 February 1977

5,72 4,45

1,33 0,95

Time interval between hyetograph ordinates (nnn/h)== 15 minutes

1,7 18,8 0,3 7,6 1,9 0,7 0,6
2,4 0,3 0,3 0,3 10,5 53,3 32,6

11,4 3,4 4,0 6,2 1,7 2,3 2,9
2,4 7,6 13,0 1,7 0,7 4,0 1,2
0,5 0,8 1,3 1,3 0,6 0,2
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observed hydrograftl

Tille (mins) Observed flC7N (m3js)

o 0

20 0,18
43 0,19
91 0,34
114 0,34
174 0,25
190 0,38
198 1,81
198 3,5
219 4,3
292 0,78
351 0,5
397 0,62
478 0,28
568 0,21
643 0,15

A.3.2 storm 9 November 1977

Time interval between hyetcgraph ordinates (mm/h) = 15minutes

o 18,8 101,9 54,7 14,3 0,4
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observed hydrograph

Time (mins)

0 0
15 0,005
39 0,014
43 0,09
46 0,25
52 1:37
62 1,96
83 1,31
88 0,88

124 0,38
167 0,19
234 0,10
264 0,08

A.4 Waterval catcl:nnent

A.4.1 storm 3 February 1987

Time interval between hyetogra]?h ordinates (rum/h)= 5 minutes

1,2
56,0

26,3
11,0

97,4
3,0

141,8
0,8

136,4
0,2

63,9 43,0

Time interval between hydrograJ;iJ.ordinates (m3/s) = 5 mirertes

0 0 0 0 0,0'" 0,11 0,17
0,22 0,22 0,23 0,21 0,19 0,17 0,14
0,11 0,09 0,05 0,04 0,03
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A.4.2 storm 21 March 1987

Tine interval between hyetograph ordinates (mm/h)= 5 minutes

1,6 2,7 7,2 17,4 17,3 10,9
7,2 10,8 17,3 21,4 16,5 15,8

13,5 19,5 11,2 9,7 6,5 7,0
4,2 3,3 4,0

8,0
17,6
6,9

'Ihe rainfall event of 21 March 1987 did not cause runoff

A.4.3 Stann 26 september 1987

Time interval between hyetograph ordinates (nm/h) = 5 minutes

0,3
16,2

10,6
o

23,3
1,6

49,2 67,3 61,3 41,6

Time interval between hydrCX3r'a~ordinates (m3/s) = 5 minutes

0 0 0 0 0,14 0,94 1,8
1,75 l,63 1,5 1,3 1.,1 0,8 0,5
0,4 0,.24 0,14 0,09 0,05 0,03 0,03

0,02 0,01 0,01
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APPENDIX B GOOONESS-O}?-FIT CRITERIA

B.1 Gerler"al

'Ihere are a variety of goodness-of-fit techniques that C.3il1 be employed
to examine how output fram a hydrological sinnllatian nolel conforms to
the correspol'rling oblcerved data. 'Ihe techniques can range fram
subjective visual metllcds to purely objective techniques Where the fit
is measured by a value output by a mathematical function of the

difference between mod.elled am observed values. 'Ite criteria used

depends very much on tlle purpose for which the IIXJdel was developed am
the aims of the user. Peak flows maybeall that is of interest to the
design er:q.ineer. However a cc:rrparison of observed and sinulated nmoff
volumes or even hydrog:t:apl shapes could be :inportant if storage is
contemplated.

A number of goodness-of-fit criteria are disalSsed in Green ani

8tefhenson (1986) and the rec::c.K!llOOTrleclcriteria used in their report
have been used in this study.

Criteria Used

B.2.1 Graphical Plots

Graphs o+.: I)rserved and simulated hydrographs for each of tb,e stonn

events fOl' each of the catchments will be presented. 'Ihese, although
subjec.zlva, make for an immediate qualitative assessment of the
goodness-of-fit of a run. Errors :in shape, volumes. and peak flCMrate
are immediately obvious. A graphical plot also gives an idea of t.~e
capabilities of the program.

B.2.2 Peak Flowrate, Volume, and!1ean F'lowrate

WITSKM is essentially a Single event mcx:lelam therefore the p:3k
nmoff rates are one of the most important outputs. A direct
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comparison of peaks will therefore be of value as will the time to
peak. '!he difference is highli<;Jhte:l by calCUlati.rq the ratio Of the
sintUlated to obServed peak flcM rates am the percentage error in the
sinlUlated peak. sintilarly the percentage error am the ratio of
sinw.ated to observed. are calctllated for the volume am mean flew
rates.

B.2.3 D.irnensional! ordirate Dapendent Shape Factors

one of the most COl1ntlOnly used :t:actors for assessirq the
good1'less-of,gfit as regards the shape of a hydrograr:h is the sum of
squares crit:...srion defined b.r:

n 2
G = ~ ( qo(t) - qs(t) ]

i=l i

Where G

~(t)

C;s(t)

is the oJ:ijecti ve function to be nUnimized
is the observed flowrate at time t
is the sitrulated flCMrate at t_ t

n is the number of ordinates used in the
comparison.

A further cr:lterion which reduces the effect of large magnitude
outHers a:rrl the effect of residuals whose values are less than unity
, was suggested by stephenson (1979). 'lhis criteric .. is defined by:

Althuugh the volumes of the obServed an;1 simulated hydro;Jrdphs may
agree closely, the shapes of the ~ydrographs maybe cosdderahly
different. Astatistic which highlights this difference is the sum of
the absohrte a'.:eas of divergence between the t'tNO hydrograpbs , given
by:

n (:t'esidual)i + (residual) i+1
A == I: I ---------------

i=l 2
dt!

i
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whereA is the sumof absolute area of divergence between tl'le two

h~

dt is the t:iloo step

':theabove criteria all depend on the dimensions used as vJell as the
numberof ordinates describing the hydrographs. 'lhis makes carptrison
between storm events of different durations for a particular cat:.chnv:mt
difficult as well as c:::canparisonsbetT:reen calibrations on different
cat.chme:nts. However for the purposes of this investigation the ability
of WlTSKM to calibrate for each e'Vt='-nt for each catcl"unentis being
investigated and canpa:tedto WI'IWATso these statistics will suffice.

B.2.4 Dimensionless MeasUres of Fit

Nash and SUtcliffe (1970) proposeda diroensionless coefficient of
trcdel efficiency in the form

where E is the efficiency of the model

n 2
p2 = I:. [ <lo (t) - ~ (t) J

~=1 i
n 2

F ~ :;::I: [ d_(t) - q ]o ,-;JQ •
~=1 ~

whereg is the meanof the observed flows

A further statistic proposed by Manley (197S) is the proportional
error of estimate (PEE) which is given by

1 n qo(t) - qs(t)
PEE :;:: [- I: [~----

n i=l CIo(t)

2 1/2
] l
i
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APPENDIX C USER MANUAL

C.l Introduction

WITSI<M has been written in the BASIC progranuninglarguage for IBM

conpatible PC Is using the DOS operating system. '!he system has been

written for a computer system having a hard drive (0: clrive) 1 640 Kb

RAM, and an EGA card and colour screen. The program can J:e adapted for
a dual floppy drive system and monochrome Hercules caret if required.
'lhe program consists of an editor, computation, calibration, and

connectivity graphics subprograms. The program operation is controlled
from the editor subprogram by calling the other sul:programs into
memory using the chain command. After the computation, CGllibration, or
connectivity graphics subprograms have run, the control is returned. to
the appropriate menu in the editor subprogram. The use!' controls the
operation of the program using a series of five menus. The.se are the
star.cup, primary, edit, output, and connectivity menus., Each of the
menus displays a number of options on the screen. 'lhe arrav keys are
used to movethe cursor opposite the required option and the ENTER key
is then used to select t.he option. Each of the menuswill be discussed
in section C.4 of t.his Appendix.

WITS'I<M simulates some of the more pertinent processes involved in
rainfall·'·runoff. To use the model successfully, the implications of
the assumptions :made and theory used in l11C.':ldellingthese processes is
required. In addition the conn level of catchment discretization
and values of the models parameters must be used. Guidelines on
parameter est:i.n\ation are given in this manual (section C"6). Havever
the best way of gaining a feel for the parameters to use fClr different
land-use and vegetation cover types is to calibrat.e the model, against
recorded data for different catchmenta, It was for this reason that
the calibration subprogramwas :Ll1cludedin WITSl<M. The catchment; data
included in this report and in Green an:i stephenson (lS38G) can be used

for this purpose.
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For a COIIIJUter system having a 'hard drive, a directory should be

created using DOS on the c: drivE~of the hard disk for storing the
program, data and results files. Once the directocy has been created
copy the contents of the disk. il'~tothe directory. E'or dual f,loppy
dr:l.ve systems insert the program \usk into c'I.rivear , Drive B: is used

for the storage 011 a flopp'j disk of data and computation resul'bi. A

floppy disk should al'iiays be installed in drive B:. To start the
prog.t:am, type WITSKM and enter. '!he message Chaining editor
sul::pt:ogramshould appear on the screen,

C.3 M<.xlUlesand connectivity

The module types available in WITSKM are:

1. OVerland flCMmodules

2. Circular pipes
3. Trapezoldal channelS

4. Detention/retention storage dams
5. Compound chanr...els
6. Aquif~.rs

The n~n:s 1 - 6 above are used in the program to identify the module
types. '.Ii19 appropriate number is entered during the data input
procedure described in C.5. Each module is identified by a user
supplied nlodule number Q Any number between 1 and 400 maybe used. The
module numbers are used to detenn.ine the connectivity for the routing
of flows fram one module to the next. '!his is done by specifying the
dot'1l1.stream mcdule number and in the case of channels and pipes the
module mmlbe.r of the module to which overflOWSmust be rcuted is also
entered. ;l'hil..~ feature 3.S used for the modelling of dual drainage. A 0

is used fo.r the dCMnStreammodule nl.ll11ber of the last module
dischu:rgin~ fram the catchment. The mcdules can be entered in any

order and the program.will determine t.he connectivity and the order in
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which the modules:must be calculated. If an error in the connectivity
has been made due to entering the downstream or overflow :module
numberS incorrectly, a message will be written to the screen to this
effect and control is returned to the prilnary menu.

For overland flow modules and aquifers, the module number of the
und.erlying aquifer nrust also J::e specified. If infonnation on the soils
is available as regards depths, water table levels and soil properties
then interflow and SUbsurface flow can be modelled if required. '!he
various soil horizons can be modelled by a stack of aquifer modules

un:lerlying the overland flow module with the infiltration parameters
being entered with the aquifer data. Each stack of aquifers is limited
to three aquifers and the overland. flow module. For the lowest aquifer

the stack. a 0 is entered for :the infiltration module ntnnber. If
subsurface flow is not to be modelled then a 0 is enteroo for the
infiltration module number When er.:tering the overland flOW'modLu.e
data. '!he program then automatically creates a dummy aquifer having a
modUle number from 900 upwardS. '!he infiltration parameters for this
aquifer are entered with the overland flow module data.

The neximium number of each of the types of modules that can be
entered is given below:

Overland flCMmodules - 70

pipe modules - 20

Trapezoidal channel modules - 20

stDrage modules - 3

compound channel modules - 5
AqUifer modules - 70

'!be total nUl1l}::x:>...rof modules hatvever must not exceed 140 and the
maximum number of time steps allowed is 100. '!he program cat'}handle 10
modules flowing onto a particular module i.e a maximum of 10 upstream
modules are allowed for any particular module. Similarly in modelling
dual drainage a maximlum of 6 modules can overflow onto any madule.
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C.4.1 startup Menu

'!he startup menu is the first menu displayed on the screen after

starting the prcgram }j\J entering WITSKMat the DOSprompt. ~l1emanu is
reproduced below (Figure 1) ani the options available are diE;~.

W!TSKM

Kinematic Modular Flow Model

You may ••••
-~ enter new data or

edit existing data
duplicate a data file
p=int a data file
run the program with an existing data file
quit

Move -~ up or down to select option then press spacebar or ~_j to enter

Figure 1 : startup menu

Enter new data : If a new data set is to be entered f::r:omthe beginning
then select this option t'ra\1 the menu'. To enter the r/'eWdata, the user
answers a series of ,questions and fills in annocated tables. '!he
details of the procedure :for the entering of new data and the data
required for the different modules is presented in section C.S. Once
the data for the final module has been entered, a zero is
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entered for the module numberam control is returned to the prilnary
l11el1U. It is recommendedthat after the data is entered the file data
option in the primary menub: used to save the data.

Edit existing data : If this option is selected the program will ask

for the name of the data file. All data files used with WITSI<r-! have
the extension .DAT. When entering the filename this extension is NOr

entered. For example the SUnninghill data file maybe called SUN71.DAT

ho;.rever SUN71 will b: entered. Once the filename has been entered, the
data is read fram the file and control of the program transferred to
the primary menu.

Duplicate a data file : 'Ibis option is useful if an existing data file
can be edited for use for another catchment or for analysing another
managementoption. rrhe program asks:

Enter source filename

The filename is entered rememberingto leave off the .DAT extension.
'nle data is then read fram the file and the program asks

Enter destination filename

Once the filena"tle has teen entered (excludl.n;r the .DATextension) the
data is written to the disk under: the newdata filename. The control
of the program is then returned to the primary menu.

Print a data file: 'Ibis option allCMS a data file to be printed out
on a printer. '!he printout routine has been written for the IBM
proprinter but has been found to work on the star printer as well. The
program prOIl"pts the user for the filenaIne of the data to be printed
out. Onceprinted out, control is transferred to the primary menu.
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Run the progra."n with an existjr:g__data file: 'Ihis allows the! user to
run the program :immediately if no editing of the data is required.
Once this option has been selected ani the nameof the data file is
entered, the computation subprogram is loaded. Once the computations
have been carnpletOO the control of the program is returned to tbJ3

output menu •

.Q!Jjj; '!his option teminates the program and ret'...rrns to 005.

C.4.2 Primary Menu

WI'rSKM

You may ••••
-II> edit data

file data
create a dup.icate data file
output data to printer
run the program
.Jutput connectivity
quit

Move -,..up or down to select option then press spacebar or .._j to enter

Figure 2 : Primary Ine."'"'11

Edit data 'Ihis option passes control to the editing :menuwhich is
described in section C.4.3.

File data : '!his option allows 'for the saving of data to the disk. In

the case of a dual fl(.)1:-r..ldrive system, the data is written to the B,:
drive. If the data has not been saved to disk before, the program will
ask for a filename for the data. Oncethis has been entered, the
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data is written to the disk. If the data has previ~ly J:::een saved,
the data is written to the disk urrler the original filename. If a nevi
filename for the edited data. is required, t.he data must first be saved
under the original filename and then the "create a duplicate data.

file" option in the primary menucan be used to dUplicate the data
under another filename. It is recarnmendedthat the new file is created
before any data editi.n:l is undertaken.

Create a duplicate data file : '!his option is the similar to the
duplicate file option in the startup menu. '!he difference bei.n:l that
only the destination filename is required as the source file is the
data file presently being workedwith. Once the destination fil~
has been entered, the. data is read from the disk and sul::sequently
written to the disk under t-~e nfM filename. '!he control is then
-.:eturned co the prima:cy nY)U and any future editing will .be carried
out on the newdata file.

Olrtput data to printer ; 'Ibis option is the sameas the "print a data

file option" in the startup menu.

Run the program : 'lhis option ':'iill load the computation su1:programfor
the calculation of the runoff for the catchment. Eefore this option is
excerci.sed, the data should be saved.and the connectivity should also
be checked usdnq t:he output connectivity option on this menu.

output connectivity : Selection o~lthis option transfers control to
the connectivity menushown below.

Youmay ••••

-,. output c:onnectivity table to printer

Output eonnecbLvLcy to screen

Quit

Figure 3 Connectivity menu



C-8

output connectivity table to printer : 'ftl..is option will output to
the printer all the modules and give, for each module, the module

numbers of the Il'£ldules immediately l..l}:.-.stream.. A similar table is
output giving, for each module, the lOOdulenumbers of the nOOules
which overflCM onto any partiCUlar :module.

~ connectivity to screen : Seler...tionof this option ~rill
load the graphics connectivity sul:progra:m. 'Ibis program draws on
the screen the module layout. '!he module nunibers are Shown for
each mo'fule and the following sym'OOls are used to represent the

different module types.

, , , ,
I I I I
I I I I
I I I I

Overland Flow Module

,,---L_' _' '7

Pipe Modu Ie Storage Modul e

Channe I Modules Aquifer

Figure 4 Symbols used for connectivity output to screen
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'Ihe graphics presentation does not allow for the checking of the
overflow modules. '!he output to pr.inter option can be used for
this purpose. •

.Mt : 'Ihis option is used to return to the pri1na:cy menu.

C.4.3 Flit Menu

WITSKM DATA EDIT

You may ••••
-,.. browse i',hroughthe data

update a specific module
insert a module
delete a module
quit

Move -,..up or down to select option then press spacebar or ~_j to enter

Figure 5 Fdit menu

Browse through the data 'Ibis option allows t:l:l3 user to browse

through the data. '!he spacebar is used to move fram one set of data to
the next. Any particular set of data can be editai using the UP ani
DOWNarrCM keys. Once the data item has been selected the newV<;\lueis
typed in and the EliITER or ARRCMkeys can be used to entar the data
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value. All the nOOuledata including the data set title and rainfall
data. can be edited using the ...JI'OWSe option. '!he ESc key can be used at
any time to exit browse mode and return to the edit menu.

•
'!he browse option is in fact the only way of editing the tima step and

rairt,Eall data. When editing the computation time step data, the I11.D.nber

of rainfall intensity values is automatically adjusted for p.ach time
step. 'Ihe system used however requires that the new value for the
tiIrestep is a multiple of the original value. For E"..xarnpleif the
t:i.mestep was originally 5 minutes and the storm duration 1 hr, mere
will be 12 rainfall intensity values. If the time step is halved to
2,5 minutes, the rainfall intensity values for each of t.~e 5 minute
time intervals is doubled to give values for the 2,:; "1tinute intervals
thereby givin:J the required 24 intensity values.

UpdatE a specific modUle : If only a specific .moduleis required to be

updated then this option is selected. '!he program prompts the user for
the module mnnber of the :mcdu.leto be updated. '!he data , : that
module is then displayed on the screen and the arrow keys can be used

as in browsing the data, to select the data items to be updated. once
the edit has been completed the SPACE BAR is pressed to return to the
edit menu.

Insert a module: '!his option Is used if a module is to be added. '!he
procedure followed. is the same:as that described in enterir.g newdata

in section C.5.

Delete a module : Uponselecting this option the prr.gram prompts the
user for the module numberto be deleted. once the module number has

been entered the module is deleted.

Qgjj;; : '!his option returns control of the program to the primary menu.
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C.4.4 output Menu

WITSKM - output mode

You may
-~ Print output to printer

Plot output to screen
call calibrai- .on program
output results to a file
quit

Move -~ up or down to select . )5 s;:act'lbaror <4_j to enter

Figure 6 : OUtputmenu

Print output to printer : selecting this option allcms the hydro:Jraph
for any module to be output to the printer. :Anynumberof modules
maybe output merely by entering the appropriate modulenumbers. In
addition at the head of the printout will be printed the nameof the
data file, the title of the data &'i:, the rainfall and. time step
information followed by the moduleand hydrograph data. For each of
the modules output, the module nUIllJ..v,_.r, the volume in m3of the
outflow hydrograph are printed out. For the overland flow modules the
rainfall volume over that particular catcbment is also printed out
while for the conduit<:; the capaci.ty (cumec) of the conduit when
flowing full is output. For all the modules the time, inflow
hydrograph to, and the outflow hydrograph from the modules are printed
out. For the pipe, channel, and aquifer modules in addition to the
above hydrograph data, the overflows from the module are output if it<:;
capacity is exceeded. In the case of storage modules, the depth (m) of
the water in the dam is also 01.·tput. Oncethe required moduledata has

been output a 0 is entered to return control to -t.qeoutput menu.
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Plot cutout to screell : '!his option allows the inflow and outflOW
hydrographs to be plo,tted to the screen. If the DOSgraphics is
installed a screen dum,!? of the plots maybe done. On the screen is
displayed the inflcm and outflow hydrographs together with the peak

inflow and outflow rates am the volume under the outflow hyc1rograph.
To . displa\y the hydrograph for a lOCdule, the program prompts the user
for the )','.Odule number" once entered the hydrographs are displayed on
the screen for t;hat module. Any key is thetA IJra.~SE:dto rett.trn to the
prompt for the next m:ldule to be displayed. Once completed a 0 is
entered to rs\turn to the oU\.-pllt menu.

call calibrat:i,on program ; Choosing this option will load in the
calibration Sllbprogram for conparison of observed and simulated
output. '!he pn?gra1nasks for the nam.~ of th~ data file containing the
,observed data. '~lhisdata file :must l:e in a particular format as shO'i<Jn

l:elc:m:-

n
time 1, oJ:.>se.rv~dflcM 1
time 2, obsetved flow 2

" "2
time n, observed flew n

wherl~n is the num'be:t'of observed data po;ints

'!he pr09l"am then asks2 for the module numl?t->x of the modulewith which
to cornpat.'~1 the oPserved.<It.\'b.l. plots are then displayt!d on the screen
of the o~'U?t'Ved. (.u'ld Simull\'b.:d hydrographs. r.Iheobserved hydrograph
l:eing the broken line. By p:t."e£ising any key 'the goodness-Of-fit
cxiwxia as desor;iJ::,ed in ApperidJ..x B are displayed. on the screen. 'By
pressing any key again the output m:~u is again displayed.
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output of re.stllts to a file: '!his option allONS computation results
to be output to a disk. '!he data is output in ASCII so the data file
can be used as input to graphics packages such as statgraphics to
produce output. for reports. Theprogramasks for a name for the data
file to sa-vethe data to. '!he .OAT extension is automatically added to
the filename. by the programso the filename entered must exclude the
extension. 'Ibis is followed by a prorrpt for the modUle:number Whose

output hydrograph iii'! to be saved to disk. '!he 17>'10 questions are then
repeated until all the hytlrographs to l:e saved to disk have been

output. A zero (0) is entered to return to the output menu.

C.5 Data Entcy

A series of prompts al'Xl annotated tables are used to facil itate t.he
inputting of ne'., data. '!he annotated tables are those used to display
the module data on t.i.e screen when using ttle browse option of the edit
menu. For a prompt the appropriate data is typed and then entered
using t119 oom key. ~pon striking the en'tel: key the next prompt or
table is displayed on the screen. For the annotated tables, ARROWkeys
are used tc) move the cursor through the table and the defaUlt zero
values can be changed as In editing using the browse or update of a
specific l'nodule options of the edit menu.The first section of the
data .input procedure is to anter the data set title, ,time data, and

the rainfall intensi'CYdata. 'Ibis is then followed by the moduledata.
To er.d the data j.nput procedure a zero is entered at the prompt for
thl9 module number~ control is then returned to the primary menuWhere

th!;~ data should be savad to file using the "file" data" option. The
following tables and prompts are used by the programto input the

da.ta:

1. Title Entry
WIT S l{ M

Enter a title describing the data set
Title line

Figure 7 : Prompt for entry of title
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A single line of up' to 72 characters can be encered as a title to
describe the data or si:muJ.ationrun (Fig. 7). once the title has

been typed the ENl'ER key is used to input the title and move to

the next table.

2. Entry of time data

'lile input of this data is by means of a table (Fig. 8):

WIT S K M

Time interval (hours) ••••••••••••••••••• 0.000
simulation duratioi (hours) ••••••••••••• 0.00
Rainfall dUration (hours) ••••••••••••••• 0.00

~nter new data else press space bar for next screen

Figure 8 : Entry table for time data

'!he' UP and lXlWN arrow keys are used to movethrough the table.
Once the correct data has been entered the SPACEBAR is used to
di.splay the nexI:. screen (for infonnation on the computation time
step, and sinlUlatio11duration see C.6)

3. Entry of Bainfall Intensities

'!he entry of this data is by means of a table (Fig. 9). Based on
the time step and rainfall duration the program will display the
correct number of rainfall intensities on the screen. The ARROW

keys are used to move through the table and entl~ the required
rai:rlfall data in mm/hr. once entered the ~ACEBAR is pressed to

get the next screen which is the entry of the module data.

II
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WITSKM - Rain entry mode

Rainfall Intensities in rom/or

0.0 0.0 0.0 0.0 0.0 0.0

~nter new data else press space bar for next screen
Figure 9 Entry table for rainfall intensities

4. Entry of COnnectivity and Module Type Data

'!he program uses a series of prompts for the entry of the module
number, downstream module number, and mc:dule type. '!he program
also prompts for the infiltration lOOdule number in the case of
the overland flcy,., and aqUifer modules or the overflow module

number in the case of pipes and channels. '!he mcdu1e numbe:t.'for a

particular module must be unique and be an integer between 1 and
400. '!he type of module Ls identified by one of the following
codes:

(".ode Module type

1

2

3

4

5

6

OVerland flow' plane
Pipe
T.rapezoidal channel
storage basdn
Compoun:i char'lnel
Aquifer

once all the information describing the connectivity of the
modules and module type has been entered, tables are used for the
entry of the remaining modUledata.
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5. Entry of ModuleData

OVerland flow data Two tables (Figs 10 and 11) are used to
enter the overland flow plane data deperm.ng on the infiltration
module number entered. If a zero is entered then a dUnuny aquifer
is created ani the infiltration parameters for the dUnuny aquifer
are entrered.with the lOClduledata as shown below.

Module number
WITSKM - Data Entry Mode

......................... '0 ••Downstream module ••••••••••.•.•••••...••
Module type " .
Width of catchment (m) ••••••••••••••••••
Length of catchment(m) ••••••••••••••••••
Manning n of catchment ••••••••••••••••••
Slope of catchment (m/m) ••••••••••••••••
Permeability (rom/h) •••••••••••••••••••••
Suction head (m) ".. II .

Moisture content (Fraction by volume) •••
Porosity ••••••••••••••••••••••••••••••••

1
2
1
a
a

0.0000
0.0000

0.0
0.000
0.000
0.000

Enter new ~iata else press space bar for next screen

Figt.1t'e10 : Entry table for ,overland data without aquifer

'!be, slopes, lengths 1 and widths of the catchrnents are estilnated
from to~aphical maps of the area being modelled. 'l'be
infiltration and roughne..c:osparameters are estimated according to

the guidelines given in section C.o. If the infiltration :module
number is greater than zero then the infiltration data is entered.
with the underlying aquifer and only the follolling data as s.l-town

l:.:~low(Fig 11) need be entered
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WITSKM - Data Entry Mode

Module number ~ .
Downstream module ••.....•••...••••...•..
Module type it • •••••••• ~ .

Width of catchment (m) ••••••••••••••••••
Length of catchment(m) •••••••••••••••.••
Manning n of catchment ••••••••••••••••••
Slope ~f catchment (m/m) ••••••••••••••••
Parallel module for infiltration ••••••••

2
3
1
o
o

0.0000
1).0000

6

Enter new data else press apace bar for next eore'en

Figure 11 Entry table for overland data with aquifer

Pipe data
(Fig 12) •

'Ihe data required fer t.b.e pipe modUle are show.n below

ModUle number ..............................
WITSKM - Data E~try Mode

Downstream module 4 ,t •

Module type III •• Ii .

Pipe length (m) II II '" •••• " ..

Slope (m/m) .
~oughness n " •••• " •••• " •••••••• ~• "
Pipe diameter (m) ., " .
.Parallel module ~or overflows •••••••••••

2
3
2
o

0.000
0.000
0.00

o

Ertter rtew data else press space ba~ for next screen

Figure 12 Entry table for pipe data
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Trapezoidal channel data

WITSKM - Data Entry Mode
Module number ............. " . 4-

5
3
a

0.000
0.000
0.00
0.00
0.00
0.00

o

Downstream module ~•.•....•.....•••.••...
Module type " .
Length of trapezoidal ~hannel (m) •••••••
Bed slope (m/m) .
RoughnesB n ••••• III ..

Base width of trapezoidal channel (m)••••
LH side slope (horiz/vert) ••••••••••••••
RH aide slope (horiz/vert) ••••••••••••••
Maximum flow dept'h (m) •••••••••••••••••
Parallel module fer. overflows •••••••••••

Enter new data else press space bar for next screen

Figure 13 : Entry table for trapezoidal ch.a'r''''~l.

To describe the shape of this type OJ.. '-'LIannelthe base width, the
left and right hand sid\~ slopes ard the maximum flow depth in the
channel are required. If a rectangular channel is to be modelled
then the side slopes would be eont.8redas zeroes. The program
determines the flow that the channel can convey at, the naxirnurn
fleM' depth. For any influws to the channel that exceed this fl(.')W'
rate (capacity of the channel) I tho oxcess flow is rerouted to
th~ overflow module as specified by the overflow module number.

storage basin data In modelling detention/retention storage
basins provision has been madefor storage facilities to have a
bottom outlet if required. The table displayed on the screen
initially is the table for a storage facility havL~ a bottom
outlet (Fig 14). The Yes for outlet In the table can be changed
to No and the table is changed to that for a facility without a
l:ottom outlet (Fig 15). '!'he levels and water. depths in the
storage basin are all e"'Pr,;;,!~.;':',I;d t.:""Jativeto the same origin which
is nontally taken as thel oot'l::ont of th~ storage basin at the



dam wall.
describing
Chapter 3.
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A definition sketch and description of the equc,tions
the flow through the outlet ani spillway are given in

Module number
NITSKM - Data Entry Mode

• " " ••••••.••••• " ••••••• # •• lit •

DOWnstream module .••..•.••...•.•..••••••
Module type ... lit " e 0 ••• " " •• CII U ••••• lit •• " • " ••

Coeff a in stor(mA3)=a*(dspth(m»-b •.•••
Coeff b in stor(roA3)=a*(depth(ro»Ab ••••••
Spillway level (m) ...•...... 0 .

Outlet lit " ,. ••••••

outlet invert level {m) •••••••••••••••••
Coaff c for unsubmerged outlet c*dep-d "
Coeff d for unsubmerged outlet c*dep~d ••
Coeff e for submerged outlet e*dep-f ••••
Coeff f for submerged outlet e*dep-f ••••
Coeff g for spillway g*dep"h ••••••.••••
Coeff h for spillway g*depAh •••••••••••
Depth or diam (m) of outlet ••••.••••••••
Initial water level. in dam (m) ••••••••••

5
6
4

0.0
0.000
0.00
Yes

0.00
0.00
0.00
0.00
0.00
0.0

0.000
0.000
0.00

Enter new dati! else press space bar for next Screen

Figure 14 Entry table for storage basin with outlet

WITSKM - Data Entry Mode
Modu 1e nUmL'er •••••. , ., ••• " •••••
Downstream raodu Le to .

Module type "lit " •• " ••• " " " III " " • "

Coeff a in stor(m-3)=a*(depth(m»~b •••••
Coeff b in stor(m-3)=a*(depth(m»-b ••••.•
~pillway level (m) ."."." It •••••••••••••••

outlet III • it ••••••••

Coeff g for spillway g*dep~h •••••••••••
Coeff h for spillway g*dep-h ••••••• ~•••
Initial water level in dam (m) ••••••••••

5
6
4

0.0
0.000
0.00

No
0.0

0.000
0.00

Enter new data elsa press space bar for next Screen

Figure 1.5 Entry table storage basin withoul.!.outlet
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Con.1poUni channels : Co.rrg;lOund channels are lOOdelled using the separate
channel lrethod. '!he type of channel that caI?- be m:xie1led is that
having a main channel flanked by flood plains (Fig. 16). '!he model
cannot; cope with 2 main channels as shown in figure 17. To apply this
method the channel is divided into channel segments based on
considerations of roughness am channel geometry. 'l1lemaximum n1.lI11ber
of channel segnv:mts that can be input is 5. To c..cscribe the shape of
the channel, the coordinates of the channel points are entered. 'l1le

first and last points entered :must have the sameelevation. '!he
coordinate system used requires the origin to be on the left of the
channel section as shown in figure 16. '!he X axis gives the horiZontal
position of the points while the y axis gives the elevation of the
points. .A max:ilnum of 10 points can be entered 'to describe the channel
cross section. In addition the programrequires the point n1.lI11bersat
the boundaries of tLe channel segments. l1:lreetables are used to enter
the required input and are presented in fig"l1:'es18, 19, and 20 for the
channel given in figure 16.

(1 i 2)

S EGMEN T No.2
I SEGMENT No.3
(6,5 j ',5)SEGMENT No.1

2

(9 i 2)

o~o----~------~----------------------------------~
Figure 16 Typical campcn.1nd channel section
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y

:x

Figure 17 compound channel sectdon l1C",ring 2 main channels

WITSKM - Data Entry Mode
Module number 1

2
5

500.00
0.010

8
3
a

• ,. ••••• II Ii " .

Downstream module ........••..•. , ....•..
Module type .
~ength of compound channel (m) ••••••••••
Bed slope <m/m) .." ..
No. of points describing channel ••••••••
No. of channel segments ••••••••••• r •••••

Parallel module for overflows •••••••••••

Enter np.\'1daca else press space bar fnr next screen

Figure 18 T~le for compound channel data entry
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WITSKM - Data Entry Mode
Enter points describing channel section :

X coordinate (m) y coordinate (m)

1.00 2.0G
1.50 1.00
5.00 0.75
5.50 0.50
6.00 0.25
6.50 1.50
8.00 1.50
9.00 2.00

Entet" new data else press space bat' for next screen

Figure 19 Table for enb:y of channel section points

WITSKM - Data Entry Mode
Enter point numbers 20r chan1":.:lse9111ents
segment no. Left point Right point I,e:. .1ghness (n)

1 1 3 0.055
2 3 6 0.040
3 6 8 0.055

Enter new data else press space bar for next screen

Figure 20
points

Table for the entry of segment .tc.t..lghnes_c::es and boundary
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Aquifers
figure 21.

'Ihe data required for aquifers is given belOW' in

WITSICM - Data Entry Mode

Module number c tI •••••••••••••••• ;io • ..

Downstream module .0 •• Ir • 4 0, ..

Module type e .. ' •....... ~ •••••••• " •

Width of aquifer (m) ••••••••••••••••••••
Length of aqu~fer(m) ••••••••••••••••••••
nepth of aquifer (m) ••••••••••••••••••••
Slope (m/m) .. 0 ,. II •••••••••

Height of water table (m) .
Hoisture content(fraction by volume) ••••
Porosit.y ." .
suction head (rn) •••••••••• " til

~1?ermeability (mm/h) .••. 'I .
parallel module for infiltration ••••••••

4
6
6
a
a

0.00
0.000
0.000
0.000
0.000
0.000
0.00

a

Enter new data else press space bar for next screen

C.6. Guidelines for Parameter Estimation

C.6.1 General

'Ille guidelines given in this section are based on the assmnption that
t.l1e user is familiar with the problem to be solved, the processes
involved and the solution met:hodo::'ogies.'Ih~ decision whether aqu; er
·modules are to be used for the modelling of interflow and subsurface
flow will depend on the objective for which i:l'lP- 7.nodelis to be used

and the amountof data on the. depths and properties of the soil layers
of the catchment. For most; urbanized catchments the modelling of
interflow and su1:surface will not be necessary and the Horton type
approach will suffice.
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C.6.2 Level of Discretization

'!he level of discretization L,e the number of subcatcamerrcs or modules
into which the catch1'eI1t is divided depends largely on the infonnation
available to the user and the objectiye of the s.i.muJ.ation. :Factors to
be considered :in discretizing are sub-watcrshed boundaries, the
location of the natural drainage channels I areas having similar
topographi.cal/land"'llSe characteristics and the lnajor pipe and channel
networks. In JisCI:'etizing the catchment into overland flow modules, it
must also be :re.merobel.""9d that the subcatchments are. modelled as a
sloping rectangular pla."1e. '!his implies that the shape of the modules
should be as close to rectangular as possible.

C.6.3 Guide:"ines for Choice of Tinva Data.

In using \'VITSRM the following guidelines are given in choosing the
computation tiJne step:

1. The tilne step should be chosen such t. .I.: there are at least
5 time steps to the hydrogra];)ll peak. This r=surts in
consistent results as an._(further redUction in the ime step
does not usually cause a change i'.1 peak or a S1..lbs,tantial
improvement in the hydrogtap.', shape.

2. The s.i.muJ.ationduration should be about twi.ce the rain storm
duration.

3. In choosing the tiJne step, the U&-..t' must bear in mind tt.l.~

smaller the tiJne step the J,onger the computation tiJne will
be.

4. The Mus1d.ngum-cungerouting method has been found to be
robust am produces results for most choices of campubi-i.on
time step. HCMever the scheme has been found to prodUce the
beSt results if the time and spatial increments are such
that the courant. n1.n1lbercr = 1. '!.he courant, number i~ given
by

ex = ait/dX C.1



C - 25

where c is the wave celerity, ani dt and dx are the
computation time and spatial increments respectively.

C.6.4 Hydraulic Resistance to OVerland Flow

'!he values for Manning IS roughness coefficient are not as well maNn

for overland flCM as for channel. flow. Howeversununarized below in
Table C.1 are typical Manning's "n" values as presented in r'.:een and

stephenson (1984). \'"len an overland flow !IlOduleis a mixture of cover
types an average v-alue for Mannings n must be estimated based on the
area of each CXNertype.

Table C.l Typical Manning Roughnesses for overland Flow

SUrface Manning Roughness

Concrete or smooth asphalt 0,012 - 0,013
Bare sand, rough asphalt or 0,014 - 0,016
concrete paving
Bare loam soil, packed clay 0,033
Sparse vegetation 0,053 - 0,013
Short veld gras:; 0,20
Dense turf 0,35
Dense shrubbery and. forest 0,40 - 0,48
litter

C.6.4 Infiltration parameters

The estimation of the infiltration parameters for the Green-Ampt
infiltration equacdon remains more of an art than a science. Only by

calibr;:>I Ion aqainst; recorded data can parameters be chosen with
contadence for different Iand-ude types for ungauged catdnnents. Rawls
et al (1983) analysed soil data that had been collected on some 5000
soil horizons in the U.S.A and was able to determine the Green-Ampt
parameters based on the soil texture classification as proposed by the
united states Department of Agricu1t.ur~~.In Table C.2, a Sl.llllI1\::try of
the pa:r.arneters presented by Rawls et al is given for different. classes
of soil. The values presented in brackets for the porosity and the
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suction head give 'me range of values obtained for these parameters.
'lhe hydraulic conductivity given in Table C.2 is half of the saturated
hydrauli0 conductivity. 'lllis is the value of K recormnended by Bouwers

(1966) and Constantinides (1982) for use in the Green-:Ampt

formulation.

'Ihe figures provided in Table C.2 serve only as guidelines and. are

applicable to uroeveloped areas. If a catchment Th.'1S been urbanized,
the hydraulic conductivity K estilnated from'lable C.2 according to
soil type, :must be adjusted to allow for the impervious areas. In

deciding the amount to reduce the hydraulic conductivity by the degree

that the i.np;rvious areas are connected together must :be taken" into

Table C.2 : Green-J1.mpt Parameters for different soil classifications

Soil Class Porosity suction Head Hydraulic Conductivity
(m) (nm/h)

sand 0,42 0,05 118
(0,35-0,48) (0,01-0,25)

loamy J,40 0,06 30
sand (0,33-0,47) (0,01-0,27)

sandy 0,41 0,11 11
loam (0,28-0,54) (0,03-0,45)

loam 0,43 O,Og 3,4
(0,33-0,53) (0,01-0,59)

silt 0,49 0,17 6,5
loam (0,39-0,58) (0,03-0,95)

clay 0,31 0,21 1
loam (0,23-0,5) (0,05-0,91)

sandy 0,32 0,24 0,6
clay (0,21-0,44) (0,04-1,40)

silty 0,42 0,29 0,5
clay (0,33-0,51) (0,06-1,39)

clay 0,39 0,32 0,3
(0,27-0,50) (0,06-1,60)

consideration. Given in Cbapter 6 of the report the adjusted

paramebers fer sandy loam for the SUnninghill catchment land-use type
are pesenced,
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TYPE modconnectivity
modno AS INTEGER
ota AS INTEGER
typ AS INTEGER
dsmod AS INTEGER
infmod AS INTEGER
pI AS INTEGER

END TYPE
TYPE overmod

man AS SINGLE
s10 AS SINGLE
Ing AS SINGL'
wid AS SINGLE

END TYPE
TYPE aquimod

slo AS SINGLE
wid AS SINGLE
:LngAS SINGLE
depth AS SINGLE
wtl AS SINGLE
sorp AS SINGLE
perm AS SINGLE
por AS SINGLE
imo AS SINGLE
cap AS SINGLE
volume AS SINGLE
yprev AS SINGLE

END TYPE
TYPE pipemod

s10 AS SINGLE
diam .ASSINGLE
Ing AS SINGLE
man AS SINGLE
cap AS SINGLE
min AS SINGLE

END TYPE
TYPE t:t::apmod

s10 AS SINGLE
Ing AS SINGLE
man AS SINGLE
wid AS SINGLE
ssl AS SINGLE
ss2 AS SIt-iGLE
mdep AS SINGLE
cap AS SINGLE

END TYPE
TYPE stormod

cl AS SINGLE
sl AS SINGLE
a AS SINGLE
b AS SINGLE
stlev AS SINGLE
typ AS INTEGER
ccu AS SINGLE
cu AS SINGLE
cos AS SINGLE
cs AS SINGLE
csp AS SINGLE
sp AS SINGLE
depth AS SINGLE
critl AS SINGLE
crit2 AS SINGLE
crit3 AS SINGLE
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TYPE rnodconnectivity
modno AS INTEGER
0:(;1AS INTEGER
typ AS INTEGER
dsrnodAS INTEGER
infmod AS INTEG:8R
p1 AS INTEGER

END TYPE
TYPE overmod

man AS SINGLE
s10 AS SINGLE
lng AS SINGLE
wid AS SINGLE

END TYPE
TYPE aquimod

slo AS SINGLE
wid AS SINGLE
lng AS SINGLE
depth AS SINGLE
wtl AS SINGLE
sorp AS SINGLE
perm AS SINGLE
p''')r 1I~(lINGLE
imc :..3 SINGLE.:
cap AS SINGLE
volume AS SINGLE
yprev AS SINGLE

END TYPE
TYPE pipemod

slo AS SINGLE
diam AS SINGLE
lng AS SINGLE
man AS SINGLE
cap AS SINGLE
min AS SINGLE

END TYPE
TYPE trapmod

slo AS SINGLE
lng AS SINGLE
man AS SINGLE
wid AS SINGLE
ssl AS SINGLE
..;192AS SINGLE
mdep AS SINGLE
cap AS SINGLE

END TYPE
TYPE stormod

c1 AS SINGLE
51 AS SINGLE
a AS SINGLE
b AS SINGLE
stlev AS SINGLE
typ AS INTEGER
ccu AS SINGLE
cu AS SINGLE
ccs AS SINGLE
cs AS SINGLE
csp AS SINGLE
5p AS SINGLE
depth AS SINGLE
critl AS SINGLE
crit2 AS SINGLE
crit3 AS SINGLE
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prevstor AS SINGLE
END TYPE

D ·_rYPEcompmod
slo AS SINGLE
lng AS SINGLE
nosegs AS INTEGER
nopta AS INTEGER

END 1'YPE

COMMON modu() AS modconnectivity, pipe () AS pipemod, storage (l AS stormod
COMMON overlnd() AS overmod, aqui() AS aquimod, trapchan() AS trapmod
COMMON qin(), qout(), unite), con(), ovflo(), order(), nomod%, noit%, tint
COMMON expo, over (), rain (), pi
COMMON promp~l$, f1ag.file%, tcode%
COMMON titleS, fi.le$, flag.esc%, pl%, p2%, p3%, p4%, p5%, p6%
COMMON aim.time, rain. time, hyeto.numbe~%, newmod%, flag.insert%
COMMON compchan() AS compmod, xC), y(), n(), segno()
REM $DYNAMIC
REDIM qin(140, 100), qout(140, 100), modu(140) AS modconnectivity
REDIM overlnd(70) AS overmod, aqui(70) AS aquimod, pipe(30) AS pipemod
REDIM unit(140, 4), cr"1(140, 12), ovflo(lM, 6), order(2, 140)
BEDIM over(140, 100), rain(lOO)
BEDIM trapchan(25) AS trapmod, storage (3) AS stormod
REDIM compchan(5) AS compmod, x(5, 10), y(5, 10), n(5, 5), segno(5, 5, 2)
'Program to start up W!TSKM
CLS
newmod% = 899
expo=5/3
pi = 3.14159
pl% ~ 0: p2% = 0: p3% = 0: p4% = 0: pS% = 0: p6% = 0
promptl$ == " Ent.er new data else press space bar for next screen "

teode% = 1
LOCATE 11( 28
COLOR 0, 2
PRINT "Chaining editor sUbprogram"
CHAIN "editorf"
END
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DECL~~ SUB conmenu (titlp-2$,choicel~)
DECLARE SUB fileoutput ()
DECLARE SUB modconnect (print.connee%)
DEC~~ SUB firstmenu (titlel$, title3$, choic~%)
DECLARE SUB seeondmenu (titlel$, title2$, choiee%)
DECLARE SUB editmenu (tltlel$, choicel%)
DECLARE SUB progend ()
DECLARE SUB outputmenu (titlel$, choicel%)
DECLARE SUB selectmenu (opt$(), NUMBEROP~IONSl, choice%)
DECLARE SUB duplicate ()
DECLARE SUB readfile ()
DECLARE SUB writefile ()
DECLARE SUB insertmodule ()
DECLARE SUB deletemodule ()
DECLARE SUB updatemodule ()
DECLARE SUB browse ()
DECLARE SUB raininput ()
DECLARE SUB Timesteplnfo ()
DECLARE SUB TitleEnter ()
DECLARE SUB inputeditor ()
DECLARE SUB graphpl ()
DECLARE SUB printout ()
DECLARE SUB data.echo ()
TYPE modconneetivity

modno AS INTEGER
of! AS INTEGER
typ AS INTEGER
dsmod AS INTEGER
infmod AS INTEGER
pI AS INTEGER

END TYPE
TYP;r.ovel:mod

man AS SINGL~
slo AS SINGLE
lng AS SINGLE
wid AS SINGLE

END TYPE
TYPE aquimod

slo AS SINGLE
wic:~AS SINGLE
lng AS SINGLE
depth AS SINGLE
wtl AS SINGLli:
sorp AS SINGLE
perm AS SINGLE
por AS SINGLE
imc AS SINGLE
cap AS SINGLE
volume AS SINGLE
yprev AS I'3INGLE

EN") TYPE
"1'';'51 pipemod

'10 AS SINGLE
diam AS SINGLE
lng AS SINGLE
man AS SINGLE
cap AS SINGLE
min AS SINGLE

END TYPE
T~PE trapmod

slo AS S!NGLE
Ing AS SINGLE
man AS SINGLE
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wid AS SINGLE
ssl AS SINGLE
6s2 AS SINGLE
mdep AS SINGLE
cap AS SINGLE

END TYPE
TYPE stormod

c1 AS SINGLE
sl AS SINGLF.
a AS SINGLE
b AS SINGLE
sti,'wAS SINGLE
typ AS INTEGER
ccu AS SINGr~E
cu AS SINGLE
ccs AS SINGLE
cs AS SINGLE
csp AS SINGLE
sp AS SINGLE
depth AS SINGLE
cJ:;'itlAS SINGLE
crit2 AS SINGLE
crit3 AS SINGLE
prevstor AS SINGLD

END TYPE
TYPE compmod

s10 AS SIN(!T.,F.
1ng AS SINGI,E
nosegs AS INTEGER
nopts AS INTEGER

END TYPE

COMMON SHARED modu() AS modconnectivity, pipe () AS pipernod, storage () ASstormod '.
COMMON SHARED overlnd() AS overmod, aqui() AS a~limod, trapchan() AS trapmod
COMMON SHARED qin(), qout(), unite), con(), ovflo(), order(), nomod%, noit%,
tint
COMMON
COMMON
COMMON
COMMON
COMMON

SHARED
SHARED
SHARED
SHARED
SHARED

expo, over(), rain(), pi
prompt1$, flag.file%, tcode%
titleS, fi1e$, flag.esc%, p1%, p2%, p3%, p4%, p5%, p6%
aim.time, rain. time, hyeto.number%, newmod%, f1ag.inaert%
compchan() ~S compmod, xC), y(), n(), segno()

screentitlel$ = II WIT S K M II

screentitle3$ ::..Move " + CHR$ (45) + CHR$ (16) + II up or down to select option
then press spacebar or II + CHR$(17) + CHR$(196) + CHR$(217) + II to entr;;.cIf

DO
SELECT CASE tcode%

CASE 1
CALL firstrnenu(screentitlel$, screentit1e3$, choiae%)
SELECT CASE choice%
CASE 1

CALL TitleEnter
CALL TimestepInfo
hy-eto.number% = r:INT(rain.time / tint)
CALL raininput
CLS
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COLOR 0, 2
LOCATE 1, 28
PRINT "WITSKM - Data Entry Mode"
CALL inputeditor
tcode% = 3

CASE 2
CALL readfile
tcode% = 3

CASE 3
CALL duplicate
tcode% = 3

CASE 4
CALL r »adfHe
CALL modconnect(O)
IF flag.esc% = 1 THEN

flag.esc% = 0
ELSE

CALL data.echo
END IF
tcode% :::3

CASE 5
CALL readfHe
CLS
LOCATE 11, 25
COLOR a, 2
PRJ;NT "Chaining computation subprogram"
COLOR 3, a
CHAIN "witcom4f i'

CASE 6
CALL progend

END SELECT
CASE 2

flag% :::a
DO

CALL outputmenu(screentitle3$, choice2%)
SELECT CASE choice2%

C1\SE 1
CALL printout

CASE 2
CALL graphpl

CASE 3
CLS
LOCATE 11, 25
COLOR 0, 2
PRINT "Chaining calibration subprogram"
COLOR 3, a
CHAIN "calibf"

CASE 4
CALL f Heoutput

CASE 5
flag'!= 1

END SELECT
LOOP UNTIL flag% = 1
tcode% = 3
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CASE 3

edit.finiah2% = 0

DO
CALL secondmenu,screentitlel$, screentitle3$, choice%)
SELECT CASE choice%

CASE 1

edit.finish% = 0
DO

CALL editmenu(screentitle3$, choice1%)
SELECT CASE choice1%

CASE 1
CALL browse
IF flag.esc!!;= 1 THEN

flag.esc% ::::0
END IF

CASE 2
CALL insertmodule
IF flag.esc% = 1 THEN

flag.esc% = 0END IF .
CASE 3

CALL updatemodule
IF flag.esc% = 1 THEN

flag.esc!!;= 0
END IF

CASE 4
CALL deletemodule

CASE 5
edit.finish% = 1

END SELECT
LOOP UNTIL edit.finish% 1

CASE 2
CALL writefile

CASE 3
CALL duplicate

CASE 4
CALL modconnect(O)
CALL data.echo

CASE 5
CLS
LOCATE 11, 25
COLOR 0, 2
PRINT "Chaining computation subprogram"
COLOR 3, 0
CHAIN "witcom4f"

CASE 6
edit.finish% = 0
DO

CALL conmenu(screentitle3$, choice1%)
SELECT CASE choicel%

CASS 1
CALL modconnect(l)

CASE 2
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CHAIN "pla.!!i.asf"
CASE 3

edit.finish% = 1
END SELECT

LOOP UNT!L edit.fini~h% = 1
CASE 7

CALL progend
edit.finish2% = 1

END SELECT
LOOP UNTIL edit.£ini$h2% = 1

END SELECT
LOOP UNTIL tcode% = 0
END
SUE conmenu (title2$, choice1%)

REDJ:M opt$(3)
COLOR 7, 0
CLS
COLOR 0, 2: LOCATE 1, 32
PRINT "Connectivity Menu"
COLOR 7, 0
NUMBEROPTIONS = 3
opt $ (1) = "output connectivity table to .l:';:im;er"
opt$(2) = "output connectivity to screen"
opt$(3) = "Quit"
COLOR 3, 0
LOCATE I , Or 6, 7
LOCATE 7 t 7: PRINT "You may "
FOR 1% = 1 TO NUMBEROPTIONS

LOCATE 7 + 2 * 1%, 15: PRINT opt$(l%)
N:!l:XT1%
LOCATE 23, 4: COLOR 0, 2
PRINT title2$
COLOR 6, 0
LOCATE 9, 10: COl,OR 7, 0
PRINT CHR$(45) + CHR$(16)
LOCATE 9, 15
PRINT opt$(!)
CALL selectmenu(opt$(), NUMBEROPT~ONS, choicel%)
ERASE optS

END SUB
SUB editmenu (titlel$, choicel%)

REM $DYNAMIC
REDIM opt${S}
COLOR 3, 0
CLS
COLOR 0, 2: LOCATE 1, 30
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PRINT " WITSKM DATA EDIT "
COLOR 0, 2
I..OCATE 23, 4
PRINT titlel$
NUMBEROPTIONS ~ 5
opt$(l) = "browse through the uata"
opt $(2) = "update a spec ific module"
opt$(3) = "insert a module"
opt$(4) == "delete a module"
opt$(S) = "quit"
COLOR 3, 0
LOCATE , , 0, 6, 7
LOCATE 7, 7: PRINT "You may "
FOR 1% = 1 TO NUMBEROPTIONS

LOCATE 7 + 2 * 1%, 15: PRINT opt$(l%)
NEXT 1%
LOCATE 23, 4: COLOR 0, 2
PRINT title3$
COLOR 6, 0
LOCATE 9, 10: COLOR 7, 0
PRINT CHR$(4S) + CER$(16)
LOCATE 9, 15
PRINT opt$(l)
CALL selectmenu(opt$(), NUMBEROPTIONS, choice1%)
ERASE optS

END SUB
REM $STATIC
SUB firstmenu (title1$, title3$, choic9%)

REM $DYNAMIC
REDIM opt$(6)
COLOR '7, (l: CLS
COLOR 0, 2: LOCATE 1, 32: PRINT titlel$
COLOR 3, 0: LOCATE 4i 25: PRINT" Kinematic Modular Flow Model"
NUMBEROPTIONS = 6
opt$(l) = "enter new data or"
opt$(2) = "edit existing data"
opt$(3) = "duplicate a data file"
opt$(4) = "r" t a data file"
optS (5) = '_ -n the program with an existing data file"
opt$(6) = ':l .... t"
COLOR 3, 0
LOCATE , , 0, 6, 7
LOCATE 7, 7: PRINT "YOU may "
FOR 1% = 1 TO NUMBEROPTIONS

LOCATE 7 + 2 * 1%, 15: PRINT opt$(l%)
NEXT 1%
LOCATE 23, 4: COLOR 0, 2
PRINT tit1e3$
COLOR 6, 0
LOCATE 9, 10: COLOR 7, 0
PRINT. CHR$(45) + CHR$(16)
LOCATE 9, 15
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PRINT opt'$(1)
CALL seleotrnenu(opt$(), NUMBEROPTIONS, choice%)
ERASE optS

END SUB
REM $STATIC
SUB outputmenu (title1$, choicel%)

REDIM o,pt$(S)
SCREEN 0; WIDTH 80
COLOR 3, 0: CLS
COLOR 0, 2
LOCATE 1, 28: PRINT " WITSKM - Output mode "
COLOR 0, .2
LOCATE 23, 4
PRINT titlel$
NUMBEROPTIONS = 5

opt$(l) = "Print output to printer"
opt$(2) = "Plot output to screen"
opt$(3) == "Call calibration program"
opt$(4) = "output results to a file"
opt$(5) = "quit"
COLOR 3, 0
LOCATE , , 0, 5, 7
LOCATE 7, 7: PRINT "You may "
FOR 1% = 1 TO NUMBEROPTIONS

LOCATE 7 + 2 * 1%, 15: PRINT opt$(l%~
NEX'I'1%
COLOR 5, 0
LOCATE 9, lOr. COLOR 7, 0
PRINT Cl:lR$(45)+ CHR$(15)
LOCATE 9, 15
PRINT opt$(l)
CALL selectrnenu(opt$(), NUMBEROPT!ONS, choicel%)
ERASE opts

END SUB
SUB pl:'ogend

COLOR 7, 0: CLS
COI;OR 0, 2
LOCATE la, 32
PRINT" Program ended ": COLOR 7, 0: LOCATE: 20, 1
END

END SUB

SUB, rondmenu (titlel$, title2 $, choice%)
RED IM or !$ ( 7)
COLOR 7, 0
CLS
COLOR 0 t 2: LOCA'l'.El1, 32
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PRI~lT titlel$
COLOR"), 0
NUMBEROPTIONS = 7
opt$(l) = "euit data"
opt$(2) '" "file data"
optS (3) = "create a duplicate data file"
opt$(4) :::"output data to printer"
opt$(5) = '''runthe program"
opt$(6) = "output connectivity"
opt$(7) = "quit"
COLOR 3, 0
LOCATE t , 0, 6, 7
LOCATE 7, 7: PRINT "You may "
FOR 1% = 1 TO NUMBEROPTIONS

LOCATE 7 + 2 * 1%, 15: PRINT opt$(l%)
NEXT 1% '

LOCATE 23, 4: COLOR 0; 2
PRINT titlle2$
COLCiR 6, 0
LOCATE 9, 10: COLOR 7, 0
PRINT CHR$(45) + CHR$(16)
LOCATE 9, 15
PRINT opt s 11 )
CALL selectmenu(opt$(), NUMBEROPTIONS, choice%)
,ERASE optS

END SUB
SUB selectme~u (Opt$(), NUMBEROPTIONS, choice%)

choice% = 1
8130 a$ :::INKEY$: Ili' a$ = "" THEN 8130

IF a$ = CHR$(27) THEN
flag.esc = 1
c~'O.ic:e%= 7
GOTO 8490' esca.pe

END IF
IF a$ = CHR$(13) OR a$ :::CHR$(32) THEN 8490
IF ASC(MID$(a$, 1, 1» <> 0 THEN 8130
• cursor uown
IF MC(MID$(a$, 2, 1» :::80 OR ASC(MID$(a$, 2, 1» - 89 'l'HEN8200 ELSE

8330
8200 cursor = CSRLIN + 1

choice% = (cursor - 7) / 2
LOCATE cursor - 2, 10: PRINT SPACE$(2)
LOCATE cursor - 2, 15: COLOR 3, 0: PRINT opt$(choice% - 1)
IF choice% <= NOMBEROPTIONS THEN 8250 ELSE 8280

8250 LOCATE cursor, 10: cotOR 7, 0: PRINT CHR$(45) + CHR$(16)
tOCATE cursor, 15: PRINT opt$(choice%)
GOTO 8130

8280 ' Wrap around - bottom to top
LOCATE 9, 10: COLOR 7,0: PRINT CHR$(45) + CHR$(16): LOCATE 9, 15: PRINT

opt$(l)
choice% = 1
GOTO 8130

8330 ' Cursor up
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IF ASC(MID$(a$, 2, 1» = 72 OR ASC(MIDS(a$, 2, 1» = 91 THEN 8360 ELSE
8130
8350 cursor = CSRLIN - 3

choice% = (cursor - 7) / 2
'IF I<l THEN I=l:GOTO 1110
LOCATE cursor + 2, 10: PRINT SPACES(2)
LOCATE cursor + 2: 15: COLOR 3, 0: PRINT opt$(choice% + 1)
IF choice% >= 1 THEN 8420 ELSE 8450

8420 LOCATE cursor, 10: COLOR 7, 0: PRINT CHR$(45) + CHR$(16)
LOCATE cursor, 15: PRINT opt$(choice%)
GOTO 8130

8450 ' Wrap around - top to bottom
LOCATE NUMBEROPTIONS * 2 + 7r 10: COLOR 7, 0: PRIN~ CHR$(45) + CHR$(16):

LOCATE NUMBEROPTIONS * 2 + 7, 15: PRINT opt$(NUMBEROPTIONS)
choice% = NUMBEROPTIONS
GOTO 8130

8490 LOCATE 23, 1: PRINT SPACES(79)
'Selected option entered ••• value for L returned to menu

END SUB
DECLARE FUNCTION getfilename$ (headingS)
DECLARE SUB clearscreenl ()
DECLARE SUB build. file. index (flag.index%)
DECLARE STJa ocreeneditor (N13LOCK%, NCOLS%, nfield%, nvalues%, counter%,
row 1 ( ), coIL (), a$, change%, M% , mm%, FLAGNEXT%, FLAGCURSOR% I FLAGCR% ,
flag.string%)
DECLARE SUB readfile ()
DECLARE SUB dqtain ()
DECLARE SUB dataout ()
DECLARE SUB TitleEdit ()
DECLARE SUB TitleEnter ()
DECLARE SUB 'rimestepInfo ()
DECLARE SUB raininput ()
DECLARE sua inputeditor ()
DECLARE SUB trapchanzero (p%)
DECLARE SUB aquizero (p%)
DECLARE SUB moduzero (p%)
DECLARE sua overlndzero (p%)
DECLARE SUB pipe zero (p%)
DECLARE SUB storage zero (p%)
DECLARE SUB compzero (p%)
DECLARE SUB Changel-{odType(n%)
DECLARE SUB clearscreen ()
DECLARE SUB overlandinput (i%, newtype%)
DECLPJm sua pipeinput (i%t newtype%)
DECLARE SUB trapinput (i%, newtype%)
DECLARE SUB storinput (i%, newtype%)
DECL~~ SUB compinput (i%, newtype%)
DECLARE SUB aquifinput (i%, newtype%)
TYPE modconnectivity

modno AS INTEGER
ofl AS INTEGER
typ AS IN'.rEGER
dsmod AS INTEGER
infmoclAS INTEGER
p1 AS INTEGER

END rYPE
TYPE ovezmod ,

man AS SINGLE
slo AS SINGLE
Lng AS SINGLE
wid AS SINGLE

END TYPE
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TYPE aquimod
slo AS SINGLE
wid AS SINGLE
Ing AS SINGLE
depth AS SINGLl:~
wtl AS SINGLE
sorp AS SINGLE
perm AS SINGLE
por AS SINGLE
imc AS SINGLE
cap AS SINGLE
volume AS SINGLE
yprev AS SINGLE

END TYPE
lYPI:,;pipemod

s10 AS SINGLE
diam AS SINGLE
Ing AS SINGLE
man AS SINGLE
cap AS SINGLE
min AS S'JNGLE

END TYPE
TYPE trapmod

s10 AS SINGLE
1ng AS SINGLE
man AS SINGLE
wid AS SINGLE
Bsl ~.SSINGLE
ss2 AS SINGLE
mdep AS SINGLE
cap AS SINGLE

END TYPE
TYPE stormed

c1 AS SINGLE
s1 AS SINGLE
Ii AS SINGLE
b AS SINGLE
stlev AS SINGLE
typ AS INTEGER
ccu AS SINGLE
cu AS SINGLE
CCIl: AS SINGLE
C's AS SINGLE
csp AS SINGLE
sp AS SINGLE
depth AS ,)INGLE
critl AS SINGLE
crit2 AS SINGLE
crit3 AS SINGLE
prevstor AS SINGLE

END TYPE
TYPE compmod

s10 AS SINGLE
Ing AS SINGLE
nosegs AS INTEGER
nopts AS INTEGER

END TYPE

COMMON SHARED modut ) AS modconnectivity, pipe () .AS pipemod, storage () AS
stormod _
COMMON SHARED over1nd() AS overmod, aqui() AS aquimod, trapchan() AS trapmod
COMMON SHARED qin(), qout(), unit (), con(), ovf1o(), order (), nomcds , noit%,
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tint.
COMMON SHARED expo, over(), rain(), pi
COMMON SHARED promptl$, flag.filet, tcode%
COMMON SHARED titleS, fileS, flag.esc%, pl%, p2%, p3%, p4%, pS%, p6%
COMMON SHARED aim.time, rain.time,- hyeto.number%, newmod%, flag.insert%
COMMON SHARED compchan() AS compmod, xC), y(), n(), segno()

handler:
SELECT CASE ERR

CASE 53, 76

BEEP: BEEP: PRINT: PRINT: PRINT "File "; fileS; " does not
exist ••• press any key"

WHILE INKEY$ = "": WEND
fileS ~ getfilename$(heading$)
RESUME

key"

CASE 64, S2
BEEP
BEEP
PRINT
PRINT
PRINT "Bad fl.lename (limited to a characters) ••• preas any
WHILE INKEY$ = "": WEND
fileS = getfilename$(heading$)
RESUME

CASE ELSE
ON ERROR GOTO 0

END SELECT
END
SUB browse

CLS
TitleEdit
IF flag.eac% = 1 THEN

flag.esc% = 0
EXIT SUB

END IF
Timesteplnfo
IF flag.esc% = 1 THEN

f1ag.esc% = 0
EXIT SUB

END IF
raininput
IF flag.esc~i = 1 THEN

flag.esc% = 0
EXIT SUB

END IF
CLS
COLOR 0, 2
LOCATE 1, 28
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PRINT "WITSKM - Browse Mode"
."

COI.OR 3, 0
FOR i% = 1 TO nomod%

CALL clearscreen
flag.change% = 0

DO
IF flag.change% = 1 THEN

SELECT CASE modu(i%).typ
CASE 1

pI% = pl% + 1
modu(i%).pl = pl%

CASE 2
p2% = p2% + 1
modu(i%) .pl = p2%

CASE 3
p3% = p3% + 1
modu(i%) .pl = p3%

CASE 4
p4% = p4% + 1
modu(i%).pl - p4%

CAS'!l:S
pS% = pSt + 1
modu(i%) .pl = pSt

CASE 6
p6% =: p6% + 1
modu(i%) .pl = p6%

END SELECT
1i:NDIF

fIag.change% = 0

IF modu(i%).modno < 900 THEN
SELECT CASE modu(i%).typ

CASE 1
newtype% = 1
overlandinput it, newtype%
IF newtype% <> 1 THEN

n% ""i%
ChangeModType n%
modu(i%).infmod = 0
modu(i%).ofl = 0
modu(i%).typ = newtype%
newtype% = I
flag.change% 1

END IF
CASE 2

ne\-rtype%= 2
pipeinput i%, newtype%
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IF newtypa% <> 2 THEN
n!i; = i%
ChangeModType n%
modu(i%).infmod = 0
modu(i%).ofl = 0
modu(i%).typ = newtype%
newtype% = 2
flag.change% = 1

END !F

CASE 3
newtype% ::::3
trapinput i%, newtype%
IF newtype% <> 3 THEN

n% = i%
ChangeModType n%
modu(i%).infmod = 0
modu(i%).ofl = 0
modu(i%).typ = newtype%
newtype% = 3
flag.change% = 1

END IF
CASE 4

newtype% = 4
storinput it, newtype%
IF newtype% <> 4 THEN

n% = i%
ChangeModType n%
modu(i%).infmod = 0
mcdu(i%).Ofl = 0
modu(i%).typ = newtype%
newtype% = 4
flag.change% = 1

END IF
CASE 5

newtype% = 5

compinput i%, ne.wtype%
IF bewtype% <> 5 THEN

n% = i%
Cha~lgeModType n%
modu(i%).infmod = 0
modu(i%).ofl = 0
modu(i%).typ = newtype%
newtype% = 5
flag.change% = 1

END IF
CASE 6

nav.type% = 6

aquifinput i%, newtype%
IF newtype% <> 6 THEN

n% = i%
ChangeModType n%
modu(i%).infmod = 0
modu(i%).ofl = 0
modll(i%).typ = newtype%
newtype% = 6
flag.change% = 1
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END IF

END SELECT
IF f1ag.esC% = 1 THEN

flag.esc% = a
EXIT SUB

END IF
END IF

LOOP WHILE flag.change% = 1

NEXT ills

END SUB
SOB ChangeModType {n%}

clearsc:reen
SELECT CASE modu(n%).typ

CASE 1
p% = modu(n%).pl
over1ndzero p%
FOR k% = p% + 1 TO pl%

SWAP over1nd(k% - 1), overlnd(k%)
FOR t% = 1 TO nomod%

IF modu (t%) •typ = '. THEN
IF Il\odu(t%).pl= k% THEN

modu{t%) .pl :.:k% - 1
END IF

EN'!)IF
NEXT t%

NEXT k%
pl% = pl% - 1
IF modu(n%).infmod >= 900 THEN

a% = modu(n\ + 1}.pl
aqui.zero a%
moduze:ro n% + 1
FOR z% = a% + 1 TO p6%

SWAP aqui(z% - 1), aqui(z%)
FOR t~ = 1 TO nomod%

IF modu(t%).typ = 6 THEN
IF modu(t%).pl = z% THEN

modu(t%).pl = z% - 1
END IF

END IF
NEXT t%

NEXT 1.%
FOR z% = n% + 2 TO nomod%

.modu(z% - 1) .modno = modu(z%)_.modno
modu(z% - 1).dsmod = modu(z%).dsmod
modu(z% - 1).of1 = modu(z%).ofl
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modu(z% - l).typ = modu{z%).typ
modu (z% - 1).infmod ;::modu (z%)•inf:mod
mod~(z% - 1).p1 ~ modu(z%).pl

NEXT z%
nomod% = nomod% - 1
p6% = p6% - 1

END IF
CASE 2

P% = modu(n%).p1
pipezero p%
FOR k% = p% + 1 TO p2%

SWAP pipe(k% - 1), pipe(k~)
FOR t% = 1 TO nomod%

IF modU(t%).typ = 2 THEN
IF modu(t%).p1 = k% THEN

modu(t%).pl = k% - 1
END IF

END IF
NEXT t%

NEXT k%
p2% = p2% - 1

CASE 3
p% = modu(n%).p1
trapchanzero p%
FOR k% = p% + 1 TO p3%

SWAP trapchan(k% - 1), trapchan(k%)
FOR t% = 1 TO nomod%

IF modu(t%).typ = 3 THEN
IF modu(t%~.p1 = k% THEN

modu(t%).pl = k% - 1
END IF

END IF
NEXT t%

NEXT k%
p3% = p3% - 1

CASE 4
p% = modu(n%).p1
storagezero p%
FOR k% = p% + 1 TO p4%

SWAP storage(k% - 1), storage(k%)
FOR t% = 1 TO nomod%

IF modu(t%).typ = 4 THEN
IF modu(t%).pl = k% THEN

modu(t%) .p1 = k% - 1
END IF

END IF
NEXT t%

NEXT k%
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p4% = p4% - 1
CASE 5

a% = modu(n%).p1
compzero a%
FOR z% = a% + 1 TO p5%

SWAP compchan (z% - J.), compchan (z%)
FOR t% = 1 TO nomod%

IF ntodu(t%).typ = 5 THEN
IF modu(t%).p1 = z% THEN

modu(t%).pl = z% - 1
END IF

END IF
NEXT t%

NEXT z%
p5% = p5% - 1

CASE 6
a% = modu(n%}.p1
aquizero a%

FOR z% = a% + 1 TO p6%
SWAP aqui(z% - 1), aqui{z%)
FOR t% = 1 TO nomod%

IF modu(t%).typ = 6 THEN
IF modu(t%).p1 = z% THEN

modu(t%).p1 = z% - 1
END IF

END IF
NEXT t%

NEXT z%
p6% = p6% - 1

END SELECT
END SUB
SUB clearscreenl

LOCATE 4, 28
PRINT SPACE$(20)
FOR jj% = 5 TO 15

LOCATE jj%, 1
PRINT SPACE$(79)

NEXT jj%
END SUB
SUB datain

ON ERROR GOTO handler
OPEN fileS FOR INPUT AS #1
LOCATE 61 1; PRINT "Reading data from file"
LOCATE 6; 24: PRINT fileS
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INPUT #1, titleS .
INPUT #1, tint, sim.time, r~in.time, hyeto.number%, noit%, nomod%
INPUT #1, p1%. p2%, p3%, p4%, p5%, p6%, newmod%
FOR i% = 1 TO hyeto.number%

INPUT #1, rain(i%)
NEXT i%
FOR i% = 1 TO nomod%

INPUT #1, modu(i%).modno
INPUT #1, mod~(i%).dsmod,

modu(i%).infmod, modu(i%).p1
SELECT CASE modu(i%).typ

CASE 1
p% = modu(i%).p1
INPUT #J" overlnd(p%) .man, overlnd(p%) .slo, overlnd(p%) .lng
INPUT #1, overlnd(p%) .wid

modu(i%).ofl, modu(i%).typ,

CASE 2
p% = modu(i%) .pl
INPUT #1, pipe(p%) .lng, pipe(p%) .diam, pipe(p%) •slo, pipe(p%) .man

CASE 3
p% = modu(i%).p1
INPU~~#1, trapchan(p%) .slo, ~rc.pchan(p%).man, trapchan(p%) .lng
INPUT #1, trapchan(p%) .wid, t~.'a.pchan(p%).ssl, trapchan(p%) .s92,

trapchan(p%).mdep
CASE 4

p% = modu(i%).p1
INPUT #1, storage(p%).typ, storage(p%).a, storage(p%).b,

storage(p%).cl
INPUT #1, storage(p%).ccu, storage(p%).cu, storage(p%).ccs,

stora(lre(p%)•cs
INPUT #1, storage(p%).depth
INPUT #1, storage(p%).sl, storage(p%).csp, storage(p%).sp,

storage(p%).stlev
CASE 5

p% = modu(i%).p1
INPUT #1, compchan(p%).slo,

compchan(p%).nosegs, compchan(p%).nopts
FOR j% = 1 TO compchan(p%).nopts

INPUT #1, x(p%, j%), y(p%, j%)
NEXT j%

FOR j% = 1 TO compchan(p%).nosegs
INPUT #1, segno(p%, j%, 1), segno{p%, j%, 2), n(p%, j%)

NEXT j%

compchan(p%)~lng,

CASE 6
p% = modu(i%).p1
INPUT #1, aqui(p%).slo,

aqui(p%).depth
INPUT #1, aqui(p%) .'!'Ntl
INPUT #1, aqui (p%)•sorp,

aqu: ,p%).Nid, aqui (p!!.).lng,

aq'.li(p%)•¥lor
END SELECT

aqui(p%).perm, aqui(p%).imc,

NEXT i%
CLOSE #1
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END SUB

SUB danaout;

ON ERROR GOTO handler
OPEN fileS FOR OUTPUT AS #1
WRITE #1, titleS
WRITE #1, tint, aim.time, rain.time, hyeto.number%, noit%, nornod%
WRITE #1, p1%, p2%, p3%, p4%, p5%, p6%, ne~~aod%
FOR i% = 1 TO hyeto.nlur~er%

WRITE #1, rain(i%)
NEXT i%
FOR i% = 1

WRITE
WRITE

modu(i%).infmod,

TO nomod%
#1, modu(i%).modno

#1, modu(i%).dsmcd,
modu (i%).pl

mOd.u(i%).0£1, mC'ldu(i%).typ,

SELEGT CASE modu(i%).typ
CASE 1

p% = modu(i%).pl
WRITE #1, over1.nd(p%).man, overlnd(p%).£llo, overlnd(p%).lng
WRITE #1, overlnd(p%).wid

CASE 2
p% = modu(i%).pl
WRITE #1, pipe(p%).lng, pipe(p%).diam, pipe(p%).~lo,

pipe(p%) .man
CASE 3

p% : modu(i%).pl
WRITE #1, trapc:han(p%).s10,trapchan(p%) .man, tr.apchan(>%}.1ng
WRITE #1, trapchan(p%).wid, trapchan(p%).ssl,

trapchan(p%).ss2, trapchan(p%).mdep
CASE 4

p% = modu(i%).p1
WRITE #1, storagE~(p%).typ, storage (p%).a, storage(p%) .b,

storage(pt).cl
WRITE #1, storage(p%).ccu, storage(p%).cu, storage(p%).ccs,

storag'=(p%)•cs
WRITE #1, storage(p%).depth
WRITE #1, storage(p%).sl, storage(p%'Lcs~/ storage(p%).sh

storage(p%).stlev
CASE 5

p% = modu(i%) r..
WRITE #1, compchan(p%).slo,

compchan(p%).nosegs, compchan(p%).nopts
compchan(p%).lng,

aqui (p%).depth

FOR j% = 1 TO compchan(p%).nopts
WRITE #1, x(p%, j%), y(p%, j%)

NEXT j%
FOR j% = 1 TO conpchanj p's.).nosegs

WRITE #1, segno(p%, j%, 1), segno(p%, j%, 2), n(p%, j%)
NEXT j%

CASE 6
p% = modu(i%).p1
WRITE #1, aqui(p%).s10, aqu:i-(p%).wid, aqui(p%).lng,
WRITE #1, aqui(p%).wt1



D - 21 .

WRITE #1, aqui(p%) .sorp, aqui(p%) •perm, aqui(p%') .imc,
aqui(p%) .por

END SELECT
NEXT 1%

CLOSE #1

END SUB
SUB deletemodule

flag.change% ;::::\)
DO

COLOR 3, 0
CLS
COLOR 0, 2
LOCATE 1,,28: PRINT" WITSKM - Delete mode"
COLOR 3, o
LOCA'I'E4, 1
PRIN'I'"Enter module nUmber to be deleted (0 to return)"
LOCA'I'E4, 49
COLOR 7, 0: INPU'I'"", nn%
COLOR 3, 0

IF nn% ;::::0 THEN EXIT SUB
FOR n% ;::::1 '1'0 nomod%

IF modu(nt).modno = nnt 'I'HEN
ChangeMod'I'ype nt
moduzero n%
FOR q% ;::::n% + 1 TO nc,(lod%

SWAP modu(q% - 1), modu(q%)
t-lEX'I'q%
nomod% = nomOd% - 1

EXIT SUB
END IF

NEXT h%
) EF: BEEP: PRINT : PR ...~t'l'
li'RINT"ModQle II; nn%; .f does not exist,... prel:!{3any key"
WnILE INKEY$ ;::::'"": WEND

LOOP UNTIL "ag.change% ~ 1

END SUB
SUB duplicate

clearscreen

IF flag. filet ;::::a THEN
headingS ;::::"Enter Sout''''lafilenan'e"
fileS ~ get~ilename$(head.i.ng$)
flag.f;i.le% ;::::1
COLOR 3, 0
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END IF
LOCATE 8, 1
PRINT "Reading file "; fileS
datain
headingS = "Enter destination filename"
fileS = getfilename$(heading$)
LOCATE 8, 1
PRINT "Writing to file"; fileS
dataout

END SUB
FUNCTION getfilename$ (heading$)

clearscreenl
LOcATE 4, 1
PRINT Mading$
COLOR 7, 0
LOCATE 4, 28
INPUT "", fi1e1$: COLOR 3, 0
getfilename$ :::UCASE$ (filel$)
getfilename$ ..."b:" + fi1e1$ + ".DAT"

END Ft1NCTION
SUB insertmodule

flag.ahange% ::;0
DO

COLOR 3, 0
CLS
COLOR 0, 2
LOCATE 1, 28: PRINT II WITSKM - Update mode ": COLOR 3, 0
LOCAl'E 4, 1
PRINT "Enter module number to be updated (0 to re't:.urn)II
COLOR 7, 0
LOCATE 4, 50
INPUT 'ill, nn%
COLOR 3, 0

IF n~% :::0 THEN EXIT SUB
FO~ i% :::1 TO nomod%

~~ modu(i%).modno == nn% THEN
flag.change% :::0
DO

IF flag.change% = 1 THEN
SELF-CT CASE modu(i%).typ

CASE 1
pl% == pI!!! + 1
modu(i%).pl = pl%,

CASE 2
p2~~ '" p2% + 1
moQu(i~).pl = p~%

CASE 3
p3% = p3% + 1
modu(i%).pl '"p3%
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CASl!:4
p4% = p4% + 1
modu(i%).pl ::p4%

CASE 5
pS% :::p5% + 1
modU(i%).pl = p5%

CASE 6
p6% ::p6% + 1
modu(i%).~l ::p6%

END SELECT
END IF
flag.change% ~ a

change% = a
SELECT CASE mcdu(i% )•tYl~

CASE 1
newtype% ::1
ove~landinput i%, newtype~
IF newtype% <> 1 THEN

ns:s :: it
ChangeModType n%
modu(i%).infmod:: 0
modu(i%).ofl = 0
modu(i%).typ = newtype%
ne"rtype% == 1
flag.change% ::1
uhange% '"1

END IF
CASE 2

newtype% '"2
pipeinput i%, newtype%
IF newtype% <> 2 ~HEN

n% :: i%
changeModType n%
modu(i%).infmod = 0
modu(i%).Ofl = 0
mOdu(i%).typ = newtype%
~1.ewtype%= 2
flag.change% = 1
change% ::1

END IF
CASE 3

newtype% ""3
t~apinput i%, ne\oItype%
IF ne\n:ype% <> 3 THEN

n% :: i%
ChangeModType n%
modu(i%).infmod:: 0
modu(i%) .0fJ. .. 0
modu(i%).typ:: newtype%
naNtype% = 3
fl'ig.change!!;:: 1
change% :: 1

END Ill'
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CASE 4

newtype% == 4
stor.i.npl.~ti% I newtyp9%
u' newtype% -o- 4 THEN

n% = i%
ChangeModType n%
modu(i%).infmod = 0
modu(i%).ofl ::;0
modu(i%).typ = newtype%
newtype% = 4
flag.change% == 1
change!!;= J.

END IF

CASE 5
nswtype'& = 5

c~mpinput i%, newtypa%
IF newtype% <> 5 THE:t-r

n% = it
ChangeModType n%
modu ( i%) • infmod =, 0
modu(i%) .0£1 = 0
modu ( i% ) •typ = nE~wtype%
newtype% :.::5
flag. cha,nge% == 1
change% :::1

nsn IF

CASE 6
newtype!is ::;6
aquifinput i%, newtype%
IF newtype~i <> 6 'l'UEN

n% = i%
ChangeM()dType nl~
modu (i%)1•infmod :: 0
modu(i%:I•ofl ::: ()
modu ( i% 'I •typ = lIlewtype%
newtype!h = 6
flag.ohiilnge% ::; 1
ohange% == 1

ENO IF

END SELECT
LOOP UNTIL ohange% = a
EXIT SUB

END IF

NEXT i%
BEEP: SEEP: PRINT : PRINT
PRINT "Module "; nn%; II does not E~xist ••• press CI.nykey"
WHILE INKEY$ = "": WEND

LOOP Ul!TIL flag. change!!;::;1
END SUB
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stlB readf ile

• clearscreen
headingS :: "Enter data filename"
fileS = getfilename$(heading$)
dai:ain
flag.file% = 1
LOCATE 4, 1
PRINT SPACE$(79)
LOCATE 6, 1
PRINT SPACE$(79)

END SUB
SUB TitleEdit

REDIM row(l), col(l)

clearscreen
COLOR 0, 2
LOCATE 23, 13
PRINT prompt1$

COLOR 3, 0
LOCATE 4, 1
PRINT "Title"
COLOR 3, 4
LOCATE 6, 1
PRINT titleS
COLOR 3, 0

nvalues% = 1
lQBLOCK% = 1
NCOLS% = 1
nfield% = 79
.':>unter%""1
Mils== 1
row(M%) .. Li
col(M%) = 1

flag.string% = 1

CALL screelleditor(NBLOCK%, NCOLS%, nfield%, nvalues%, counter%, rowe),
cvl(), as, change%, Mils,rom%, FLAGNEXT%, FLAGCURSOR%, FLAGCR%, flag.string%)

flag.string% = 0
IF flag.esc% = 1 THEN

EXIT SUB
END IF
FLAGNEXT% = 0
FLAGCR% = °FLAGCURSOR% = 0
IF change% <> 0 THEN titleS = a$

END SUB
SUB updatemodule

COLeR 3r 0
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CL,S
CO:LOR 0, 2
LOCATE 1, 28
PRINT "WITSKM- Insert mode :"
COLOR 3, 0
flag.insert% = 1
inputeditor
flag.insert% = 0

END SUB
SUB writefile

clearscreen
IF flag.filet = 0 THEN

COLOR 3, 0
headingS = "Enter data filename"
fileS ~ getfilename$(heading$)
flag.file% = 1

END I.F
LOCA'!'E6, 1: PRINT "Writing data to file"
LOCATE 6, ~4: PRINT fileS
dataout
LOCATE 4, 1: PRINT SPACE$(79)
LOCATE 6, 1: PRINT SPACE$(79)

END SUB
DECLARE SUB compzero (pS%)
DECLARE SUB aquifinput (i%, newbype%)
DECLARE SUB compinput (i%, newbype%)
DECLARE SUB aquizero (p6%)
DECLARE SUB moduzero (it)
DECLARE SUB overlndzer~ (pl%)
DECLARE SUB pipe zero (p2%)
DECLARE SUB trapchanzero (p3%)
DECLARE SUB storagezero (p4%)
DECLARE SUB trapinput (i%, newbype%)
DECLARE SUB storinput (i%, newbype%)
DECLARE SUB modulechange (ans$, i%)
DECLAP~ SUB pipeinput (i%, newtype%)
DECLARE SUB overlandinput (i%, newbype%)
DECLARE SUB modulenumberinfo (i%)
DECLARE SUB screeneditor (NBLOCK%, NCOLS%, nfield%, nvalues%, counter%, row(),
col(), as, CHANGE%, M~, mm%, FLAGNEXT%, FLAGCURSOR%, FLAGCR%, flag.string%)
DECLARE SUB leftarrow (M%, row!(), coll(), counter%)
DECLARE SUB uparrow (counter%, M%, row!(), colt(), NBLOCK%, NCOLS!!;)
DECLARE SUB right arrow (Mils,nvalues%, counter%, rowl(), coll(»
DECLARE SUB downarrow (counter% , NBLOCR% , M% , row! ()I coli (), nvalues!i;,
NCClLS%)
DECLARE SUB clearscreen ()
TYPE modconnectivity

modno AS INTEGER
ofl AS INTEGER
typ AS INTEGER
dsrnod AS INTEGER
infmod AS INTEGER
pl AS INTEGER

END TYPE
TYPE ovezmcd

man AS SINGLE
slo AS SINGLE
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lng AS SINGLE
wid AS SINGLE

END TYPE
TYPE aqulmod

s Lo AS: SINGLE
wid AS-SINGLE
Ing AS SINGLE
depth l\SSINGLE
wtl AS SINGLE
sorp AS SINGLE
perm AS SINGLE
por AS SINGLE
imc AS SINGLE
cap AS SINGLE
volume AS SINGLE
yprev AS SINGLE

END TYPE
TYPE pipl9mod

slo xs SINGLE
diam AS SINGLE
Ing 1\,SSINGLE
man 1\.8SINGT.F.
cap AS SINGLE
min AS SINGLE

END TYPE
TYPE traplillod

slo ,ASSINGLE
Ing I!\SSINGLE
man 1\SSINGLE
wid AS SINGLE
ssl AS SINGLE
ss2 AS SINGLE
mdep AS SI'NGLE
cap AS SIN'GLE

END TYPE
TYPE stormod

cl AS SINGLE
a1 AS SINGLE
a AS SINGLFJ
b AS SINGLE
stlev AS SINGLE
typ AS INTEGER
ccu AS SINGLE
cu AS SINGLE
ccS AS SINGLE
cs AS SINGLE
csp AS SINGLE
sp AS SINGLE
depth AS SINGLE
crit1 AS SUJGLE
crit2 AS SINGLE
crit3 AS SINGLE
prevstor AS SINGLE

END TYPE
TYPE compmod

slo 1\S SINGLE
Ing AS SINGLE
nosege AS INTEGER
nopts AS INTEGER

END TYPE
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COMMON SHARED modu() AS modconnect;vity, pipe {) AS pipemod, storage () AS
stormod
COMMON SHARED overlnd() AS overmod, aqui() AS aquimod, trapchan() AS trapmod
COMMON SHARED qin(), qout(), unite), con(), ovflo(), order(), nomod%, noit%,
tint
COMMON
COMMON
COMMON
COM1o!ON
COMMON

SHARED
SHARED
SHARED
SHARED
SHARED

expo, ovel':'(),rain(), pi
promptl$, flag.file%, tcode%
titleS, fileS, flag.esc%, pl%, p2%, p3%, p4%, p5%, p6%
sim.time, r.ain.time, hyeto.number%, newmod%, flag.insert%
compchan() AS compmod, xC), y(), n(), segno()

END

SUB aquifinput (i%, newtype%)
REDIM row(13), col(13)
CALL clearscreen
COLOR 0, 2
LOCATE 23, 13
PRIN~ promptl$
COLOR 3, 0
LOCATE 3, 1: PRINT "Mtt~dulenumber ••••••••••••••••••••••••••• :"
COLOR 3, 4
LOCATE 3, 45: PRINT US:tNG "'1.'1:#####"; modu (i% )•modno
COLOR 3, 0
LOCATE 4, 1: PRINT "Dow.nstream module ..• "••• 4\ ••••••• ., •••• ., •• : II

COLOR 3, 4
LOCATE 4, 45: PRINT USING "######"; modu (i%) •damod
COLOR 3, 0
T OCATE 5, 1: PRINT "Module type ~. . . . . . ... . . . . . . . . .. :"
!OLOR 3, 4
LOCATE 5, 45: PRINT USIN(;; "######"; modu(i,%).typ
pnt% = modu(i%).pl
COLOR 3, 0
LOCATE 6, J.: ",,:tNT "Width of aquifer (m) •••••••••••••••••••• :"
COLOR 3, 4
LOCATE 6, 45: PRINT USING "##~!###"; aqui (pnt%) •wid
COLOR 3, 0
LOCATE7, 1: PRINT "Length of aquifer(m) .. 0 ••••••••••••••••• e "
COLOR 3, 4
LOCATE 7, 45: PRINT USING "######"; aqui(pnt%).lng
COLOR 3, 0
LOCATE8, 1: PRINT "Depth of aquifer (m) "-. :"
COLOR 3, 4
LOCATE 8, 45: PRINT USING "###.##"; aqui(pnt%).depth
COLOR 3, 0
LOCATE 9,.1: PRINT "Slope (m/m) : It

COIIOR 3, 4
LOCATE 9, 45: PRINT U'SING "##.###"; aqui(pnU) .slo
COLOR 3, 0
LOCATE 10, J.: PRINT "Height of water table (m) ••••••••••••••• :"
COLOR 3, 4
LOCATE 10, 45: PRINT USING "##.###"; aqu:L(pnt%).wtl
COLOR 3t 0
LOCATE 11, 1: PRINT "Moisture content(fraction by volume) :"
COLOR. 3, 4
LOCATE H, 45: PRINT USING "##.###"; aqui(pnt%).imc
COLOR 3, 0
LOCA'I~E 12, 1: PRINT "Porosity iii ••• I••••• ~ 0 • • • • • • •• :"

COLOR 3, 4
LOCATE 12, 45: PRINT USING "##.###"; aqui,pnt%) .por
COLOR 3, 0
LOCATE 13, 1: PRINT j'Suction head (m) •••••••.••••••••••••••••• :"
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COLOR 3, 4
LOCATE 13, 45: PRINT USING "##.###"; aqui(pnt%).aorp
COLOR 3, 0
LOCATE 14, 1: PRINT IIpermeability (mm/h) ••••••••••••••••••••• :n
COLOR 3, 4
LOCATE 14, 45: PRINT USING "###.##"; aqui(pnt%).perm
COLOR 3, 0
LOCATE 15, 1: PRINT "Parallel module for infiltration •••••••• :"
COLOR 3, 4
LOCATE 15, 45: PRINT USING "######"; modu(i%).infmod
nvalues% = 13
NBLOCK% = 1
NCOLS% = 1
nfi~ld% = 6
counter% = 1
FOR M% = 1 TO nvalu9s%

row(M%) = 2 + M%
col(M%) = 45

NEXT M%
M% = 1

flag.end% = a
DO

CALL screeneditor(NBLOCK%, NCOLS%, nfield%, nvalues%, count:er%, rowe),
col(), as, CHANGE %, M%, mm%, FLAGNEXT%, FLAGCURSOR%, FLAGCR%, flag.string%)

IF flag.eec% = 1 THEN
EXIT SUB

END In'
IF CHANGE% = 1 THEN

!F mm% = 1 THEN modu(i%).modno = VAL(a$)
IF mm% = 2 THEN modU(i%).dsmod = VAL(a$)
IF mm% = 3 THEN

newtype% = VAL(a$)
EXIT SUB

END U'

IF mm% = 4 THEN aqui(pnt%) .wid ::VAL(a$)
IF mm% = 5 THEN aqui(pnt%).lng = VAL(a$)
IF ltll\\%= 6 THEN aqui(pnt%) •depth = VAL(a.$)
IF mm% = 7 THEN aqui(pnt%) 01310 = VAL(a$)IF mm% = 8 THEN aqui(pnt%) .wt1 = VAL(a$)IF rom% = 9 THEN aqui(pnt%).imc = VAL(a$)
IF rom% = 10 THEN aqui(pnt:%).por =: VAL(aS)
IF mm% = 11 THEN aqui(pnt%) .eorp = VAL(a$)
IF rom% = 12 THEN aqui(pnt%) .perm = VAL(a$)IF rom% = 13 THEN modu(i%).infmod = VAL(a$)
COLOR 7, 1
LOC]'~TErow(M%) + counter% - 1, cc)l(M%)
IF mm% <= 5 OR mm% ~ 13 THEN

PRINT USING "######"; VAL(a$)
ELSE IF rom% = 8 OR mm% = 6 OR ll!!ll%= 12 THEN

PRINT USING "###.1#"; VAL(a$)
ELSE

PRINT USING "##.###"; VAL(a$)
END IF·

END IF
IF F~~GNEXT% = 1 THEN

:!i'LAGNEXT%=' 0' reset
EXIT SUB

ELSEIF FLAGCURSOR% = 1 THEN
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CALL upar.:rr"~ounter%, M%, row (), col (), NBLOCK%, NCOLS%)
FLAGCORSOR ~ '"0

ELSEIF FLAGCORSOR% = 4 THEN
CALL downarrow(counter%, NBLOCK%, M%, row (), col(), nvalues%,

NCOLS%)
FLAGCORSOR% = 0

ELSEIF FLAGCR% = 0 THEIl
CALL downarrow(counter%, NBLOCK%, M%, rowe), col(), nvalues%,

NCOLS%)
END IF

LOOP UNTIL flag. erld% :::1
END SOB
SOB aqUizero (p%)

aqui(p%).depth = 0
aqui(p%).perm = 0
aqui(p%).sorp = 0
aqui(p%).imc = 0
aqui(p%).yprev = 0
aqui(p%).slo = 0
aqui(p%).wid = 0
aqui(p%).lng = 0
aqui(p%) .wtl = a
aqui(p%).por = 0
aqui(p%).cap = a
aqul(p%).volume = 0

END SUB
SUB clearscreen

COLOR 3, a
FOR JJ% = 2 TO 23

LOCATE JJ%, 1: PRINT SPACE$(79)
NEXT JJ%

END SUB
SUB compinput (i%, newtype%)

REDIM row(20), col(20)
CALL clearscreen
COLOR a, 2
LOCATE 23, 13
PRINT promptl$
COLOR 3, 0
LOCATE 3, 1: PRINT "Module number .•••.........•...........•. :"
COLOR 3, 4
LOCATE 3, 45: PRINT USING "######"; modu(i%).modno
COLOR 3, 0
LOCATE 4, 1: PRINT "Downstream module , ~•••••••• .,. ="
COLOR 3, 4
LOCATE 4, 45: PRINT USING "######"; Illodu(i%).dsmod
COLOR 3, 0
LOCATE 5, 1: PRIN'I' tt!{odule type , .,.......... :"
COLOR 3, 4
LOCATE 5, 45: PRf!~T USING "######"; modu(i%) .typ
pnt% = modu (i%) •:[.'1
COLOR 3, 0 t i.OCA:t'.l:~6, 1: PRINT "Length of compound channel (Ill)••••••••••
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:: " COLOR 3,
COLOR 3,

: If

COLOR 3,
COLOR 3,

:"
COLOR 3,
COLOR 3,

:"

4: LOCATE 6, 4l,): PRINT USING "######"; compchan (pnt%) .lng
0: LOCATE 7,1: PRINT "Bed slope (m/m) •••••••••••••••••••••••••
4: LOCATE 7, 45: PRINT USING "11.1##"; compchan(pnt%).slo
0: LOCATE 8, 1: PRJ;NT "NO. of points describing channel ••••••••
4: LOCATE 8, 45: PRINT USING "11.###"; compchan{pnt%).nopts
0: LOCATE 9,1: PRINT "No. of c~annel segments •••••••••••••••••

COLOR 3, 4: LOCATE 9, 45: PRINT USING "1##.#1"; compchan(pnt%).nosegs
COLOR 3, 0: LOCATE 10, 1: PRINT "Parallel module for overflows •••••••••••
COLOR 3, 4: LOCATE 10, 45: PRINT USING "#IIII#It; modu(i%).ofl

:"

nvalues% = 8
NBLOCK% = 1
'''iOLS%= 1
1. n"eld% = 6
ccuater% = 1
FOR M% = 1 TO nvalues%

row(M%) = 2 + M%
cOl(M%) = 45

NEXT M%
M% = 1

flag.end% = 0
DO

CALL ecreeneditor(NBLOCK%, NCOLS%, nfield%, nvalues%, counter%, rowe),
col(), as, CHANGE %, M%, rom%, FLAGNEXT%, FLAGCURSOR%, FLAGCR%, fla('t.strinq%)

IF flag.esc% = 1 THEN
EXIT SUB

END IF
IF CHANGE % = 1 THEN

IF rom% = 1 THEN modu (i%)•modno :: VAL(a$)
IF rom% = 2 THEN modu(i%).dsmod = VAL(a$)
IF mm% = 3 THEN

"lewtype% = VAL(a$)
EiXIT eUB

END IF
IlF mm% = 4 THEN compohan(pnt%).lng = VAL(a$)IF mm% = 5 THEN compchan(pnt%).slo = VAL(a$)
IF mm% = 6 THEN compchan(pnt%).nopts = VAL(a$)
IF mm% = 7 THEN compchan(pnt%).nosegs = VAL (as)
IF mm% = 8 THEN modu(i%).ofl = VAL(a$)
COLOR 7, 1
LOCATE row(M%) + counter% - 1, col(M%)
IF mm% = 5 THEN

PRINT USING "##.###"; VAL(a$)
ELSEIF mm% = 4 THEN

PRINT USING "###.##It; VAL{a$)
ELSE

PRINT USING "######"; VAL(a$)
END I~'

END IF
IF FLAGNEXT% = 1 THEN

FLAGNEXT% = O· reset
GOTO screen1

ELSE IF FLAGCURSOR% = 1 THEN
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CALL uparrow(counter%, M%, rowe), col(), NBLOCK%, NCOLS!!;)
FLAGCURSOR% = 0

ELSEIF FLAGCURSOR% = 4 THEN
CALL downarrow(counter%, NBLOCK%, M%, row(), col(), nvalues%,

NCOLS%)
FLAGCURSOR% = 0

ELSE IF FLAGCR% = 0 THEN
CALL downarrow(counter%, NBLOCK%, M%, row(), col(), nvalues%,

NCOLS¥;)
END 1F

LOOP UNTIL flag.end% = 1

screenl: CALL clearscreen
COLOR 3, 0
LOCATE 3, 1: PRINT "Enter points describing channel section :"
LOCATE 5, 10
PRINT "X coordinate (m)"
LOCATE 5, 30
PRINT fly coordinate (m)"
COLOR 0, 2
LOCATE 23, 13
PRINT promptl$
COLOR 3, 4
count% = 1
add% = 1
add2% = 1

FOR M% = 1 TO 2 * compchan(pnt%).nopts
IF count% = M% THEN

row(M%) = 6 + add%
col(M%) = 16
count% = count% + 2
LOCATE row(n%), col(M%)
PRINT USING "####.#r; x(pnt%, add%)
add% = add% + 1

ELSE
row(M%} = 6 + add2%
col(M%) = 34
LOCATE row{M%~, col(N%)
PRINT USING Y.####.#"; y(pnt%, add2%)
add2% = add2% + 1

END IF
NEXT M%

nvalues% = 2 * compchan(pnt%).nopts
NBLOCK% = 1
NCOLS% = 2
nfi.eld% = 6
counte=% = 1
M% = 1
flag.end% = 0
DO

CALL screeneditor(NBLOCK%, NCOLS%, nfield!l;,nvalues%, counter%, row(),
col(), as, CHANGE%, M%, rom%, FLAGNEXT%, FLAGCURSOR%, FLAGCR%, flag.string%)

IF flag.e$c% = 1 THEN
EXIT SUB
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END IF
IF CHANGE% = 1 THEN

count% = 1
add% = 1
add2% = 1

FOR k% = 1 TO 2 * compchan(pnt%).nopts

IF count% = k% THEN
IF M% = k% THEN

x(pnt%, add%) = VAL(a$)
ELSE

add% = add% + 1
count% = count% + 2

END 1:F
ELSE

IF l{% = k% THEN
y(pnt%, add2%) = VAL(a$)

ELSE
add~% = add2% + 1

END IF
END IF

NEXT k%
END IF
COLOR 7, 1
LOCATE row (M%) + count.er% - 1, col (M%)

NCOLS%)

.
PRINT USING "###.f:#"; VAL(a$)
IF FLAQ!lEXT% :::1 THEN

FLAGNEXT% = 0' reset
GOTO scr~en2

ELSE IF FLAGCURSOR% = 1 THEN
CALL uparrow(counter%, M%, rowe), col(), NBLOCK%, NCOLS!!;)
FLAGCURSOR% = a

ELSEIF FLAt,·:: .RSOR% :::2 THEN
CALL le ;t.::;rrow(IIi%, row (), col (), counter%)
FLAGCURS·'.IR%= 0

ELSE IF ~LAGCURSOR% = 3 THEN
CALL :ightarrow(M%, nvalues%, counter%, rowe), col(»
FLAGCURSOR% = 0

ELSEIF FLAGCURSOR% = 4 TKEN
CALL downarrow(counter%, NBLOCK%, M%, row(), col(), n~alues%,
FLAGCURSOR% = 0

END IF
LOOP UNTIL flag.end% = 1

acreen2: CALL clearscreen
LOCATE 3, 1: PRIN'r "Enter point numbers fCJrchannel segments r "

LOCATE 5, 1
PRINT "Segment no."
LOCATE 5, 14
PRINT "Left point"
LOCATE 5, 26
PRINT "Right point"
LOCATE 5, 38
PRINT "Rough.ness (n)"
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COLOR 0, 2
LOCATE 23, 13
PRINT prompt1$
COLOR 3, 0
FOR k% = 1 '1'0 compChan(pnt%).noseg9

LOCATE 7 + k% - 1, 5
PRINT USING "###"; k%

NEXT k%
count% = 1
count1% = 2
add% = 1
addU:::: 1
d.t1d2%::::1
COLOR 3, ..
FOR M% = 1 ~O 3 * compchan(pnt%).noaegg

IF count% ~ M% THEN
row(M%) ::::6 + add%
col (101%) = 16
count% = count% + 3
LOCATE row(M%), col(M%)
PRINT USING "######"; segno(pnt%, add%, 1)
add% ::::add% + 1

ELSEIF countl% ::I M% THEN
row(M%) = 6 + addl%
col(M%) = 2a
LOCATE row(M~), col(M%)
PRINT USING 11######"; segno(pnt%, addl%, 2)
add1% = addl% + 1
countl% = countl% + 3

ELSE
row(M%) ::::6 + add2%
col(M%) ::::40
LOCATE row(M%), col(M%)
PRINT USING "##.###"; n(pnt%, add2%)
add2% = add2% + 1

r'~DIF
NEXT M!i\
nvalues% ::::3 * compchan(pnt%).nosegs
NBLOCKi = 1
NCOLS% ::I 3
nfield% ::I 6
counter% = 1
M% ::I 1

flag.end% ::::a
DO

CALL screeneditor(NBLOCK%, NCOLS%, nfield%, nvalueS%, counter%, row(),
col(), as, CHANGE%, M%, mm%, FLAGNEX'l'%,FLAGCURSOR%, FLAGCR%, flag.string%)

IF flag.esc% = 1 THEN
EXIT SUB

END IF
IF CHANGE% = 1 THEN

count% ::::1
countl% ::::2
add% ::::1
a,r'Io1% ~ 1
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add2% :::1
COLOR 7, 1LOCATE row(M%) + counter% ..1, col(M%)
FOR k% :::1 TO 3 '* compchan(pnt%).nosegs

IF oount% :::k% THEN
IF Mlli ::: k% THENsegno(pnt%, add%, 1) :::VAL(a$)

PRINT USING "######"; VAL(a$)
ELSE

add' :::add% + 1count% :::count% + 3
END IF

ELSEIF count1% :::k% THEN
IF M% :::k% THEN

eagno(pnt%, addl%, 2) ::: VAL(a$)
PRINT USING "######"; VAL (~\$)

ELSE
addl% = addl% + 1countl% ..countl% + 3

END IF
ELSE

IF M% :::k% THEN
n(pntl!i,add2%) :::VAL(a$)
PR.INTUSING "##.###"; VAL(a$)

ELSEadd2% :::add2% + 1
END IF

END IF
NEXT k%

END IF

NCOLS%)

U' FLAGNIEXT% :::1 THEN
FLAGNEXT% ..0' reS·at
EXIT SUB

ELSEIF FLAGCURSOR% :::1 THEN
CALL uparrow(counter%, M%, row! , col(), NBLOCK%, NCOLS%)
FLAGCURSOR% ..0

ELSEIF FLAGCURSOR% ~ 2 THEN
CALL leftarrow(M%, rowe), col(), countar%)
FLAGCURSOR% ""0

ELSEIF FLAGCURSOR% :::3 THEN
CALL rightarrow(M%, nvalues%, counter%, rowe), col(»
FLAGCURSOR% :::0

ELSEIF FLAGCURSOR% :::4 THEN
CALL downarrow(counter%, NBLOCK%, M%, rowe), col(), nvaluas%,
FLAGCURSORlls= 0END IF

LOOP UNTIL flag.and% :::1

END SUB
SUg compzero (p%)

FOR j% ..1 TO compchan(p%).nopts
X(p% ( j%) ::: 0
y(p%, j%) = 0NEXT j% .
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FOR j% = 1 TO compchan(p%).nosegs
segno(p%, j%, 1) = 0
segno(p%, j%, 2) = 0
n(p%, j%) c 0

NEXT j%
cOmpchan{p%) .,s10= a
compchan(p%).lng = 0
compchan(p%).nosegs = a
compchan(p%~.nopts '"a

END SUB
SUB (~wnarrow (counter%, NBLOCK%, M%, rowe), col(), nvalues%r NCOLS%)

counter% = counter% + 1
IF counter% > NBLOCK% THEN

M.TEMP% '"M%: M% = M% + NCOLS%
counter'!;'"1 ' re-set counter
IF M% > nv~lues% THEN

M% '"M.TEMP%: counter% = NBLOCK%
LOCATE rOw(M%) + NBLOCK% - 1, col(M%): COLOR 7, a

ELSE
LOCATE row(M%), col(M%): COLOR 7, 0

END IF
ELSE

LOCATE row (M%) + counter% - 1, cell(M%)
COLOR ".r 0

END IF
END sua
SUB inputeditor

IF flag.insert% = 1 THEN
i% ::: nomod% + 1

ELSE
i% = 1

END IF
flag.out% '"0
DO

CALL mOdulenUmberinfo(i%)
IF modu(i%).modno = 0 THEN

nomod% '"i% ...1
EXIT DO

END !F

DO
typechange% '"0
SELECT CASE modu(i%).typ

CASE 1
pIlls c p:L% + 1
modu(i%).pl '"pl%
IF modu(i%).infmod = 0 THEN

p6% '"p6% + 1
i(\s ;:; i% + 1
newn~od% ;:;newxnod% + 1
modu(L%).modno = ne~~od%
modu(i% - l).infmod '"newmod%
modu(i%).typ '"6 "
modu(i%).pl = p6%
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modu(i%).demod = 0
aqui(p6%).depth = 9991
newtype% = 1
CALL overlandinput(i% - 1, newtype%)
IF newtype% <> 1. THEN

CALL aquizero(p6%)
p6% ;:::p6% - 1
CALL moduzerO(i%)
i% = i% ..1
CALL overlndzero(p1%)
pl!!;= pl% - 1
typechange% = 1
modu(i%).typ = newtype%
newtype% :::1

END IF

ELSE
newtype% = 1
CALL overlandinput(i%, newtype%)
Ill' newtypettl<> 1 THEN

CALL overlndzero(pl%)
pl% = pl% - 1
typechange% = 1
modu(i%).typ = newtype%
newtype% = 1

END IF
END IF

CASE 2
p.:l%= p2% + 1
modu(i%).pl :::p2%
newtype% = 2
CALL pipeinput(i%, newtype%)
IF newtype% <> 2 THEN

CALL pipezero(p2%)
p2% = p2% - 1
modu(i%).typ = newtype%
ne\'.rtype%= ~1
typechange% = 1

END IF
CASE 3

p3% = p3% + 1
modu(i%).pl = p3%
newtype% = 3
CALL trapinput(i%, newtype%)
IF newt~rpe% <> 3 THEN

C.A!.Ltrapchanzero(p3%)
p3% ;:::p]% - 1
modu(itj.typ = newtype%
ne'..rtype%= 3
typechange% = 1

END IF
CASE 4

P4% = p4% + 1
mOdu(i%).pl :::p4%
etorage(p4%).typ::: 1
newtype% = 4
CALL atorinput(i%, rtewtype%)
U' newtype% <> 4 THEN
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CALL storagezero(p4%)
p4% = p4% - 1
modu(i%).typ = newtype%
newtype% ::.:4
typechange% ::.:1

END IF
CASE S

pS% ::pSt + 1
modu(i%).pl ::.:pSt
newtype% = S
CALL eompinput(i%, newtype%)
IF newtype% <> S TJ:IEN

CALL compzero(pS%)
pS% = pS% - 1
modu(i%).typ = newtype%
newtype% = S
typechange% ::.:1

END IF

CASE! 6
p6% = p6t + 1
modu(i%).pl = p6%
newtype% = 6
CALL aquifinput(i%, newtype%)
IF newtype% <> 6 THEN

CALL aquizero(p6%)
p6% = p6% - 1
modu(i%).typ = newtype%
newtype% ::.:6
typechange% ::.:1

END IF
END SELECT

LOOP WHILE typechange% ::.:1
IF flag.esc% ::.:1 THEN

flllg.esc% = 0
nomod% = i% - 1
EXIT SUB

END II"
IF flag.insert% = 1 THEN

nomod% ::.:i%
fla.g.out% ::.:1

ELSE
i% = i% + 1

END ;!;F

LOOP UNTIL flag.out% = 1
END SUB
SUB leftarrow (M%, row(), col(}, counter%)

M% = M% - 1
IF M% < ~. 'TOHENH% ::.: 1
LOCATE 1.Ollf(M%)-'/counter% - 1, -:;I!Jl (M%H COLOR 7, 0

END SUB
SUB modulechange (ans$, i%)
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COLOR 3, 0
FOR kk% = 6 TO 20

LOCATE kk%, 1
PRINT SPACE$(79);

NEXT kk%
IF modu(i%).typ = 4 THEN

pnt% = modu(i%).pl
IF ans$ = "Yes" OR ans$ = "yes" THEN

storage(pnt%).typ = 1
ELSE

storage(pnt%).typ = 0
END IF

END IF
END SUB
SUB'modulenumberinfo (i%)
newnum: CALL clearscreen

IF i% > 1 THEN
IF modu (1% - 1) .mcdno >= 900 THEN

C()LOR 3, 4
LGICATE 2, 1
PR,tNT USING "&###"; "Previous module = "; modu (i% - 2) .modno
COLOR 3, 4
LOCM'E 2, 1
PRINT USING "&###"; "Previous module =- "; modu(i% - 1) .modno·

END IF
END IF

ELSE

:.,
COLOR :1, 0: LOCATE 4, 1: PRINT "Module number ••••••••••••••••••••••••••• .._

LOCArE 4, 45: PRINT SPACE$(lO)
C\JLCIR7, 0: LOCATE 4, 45
Utpt;'.l' "", temp
IF temp = 0 THEN

EXIT SUB
El.SE

FOR zv% =- 1 TO i%
IF modu(zv%).mOdno = temp THEN

BEEP: BEEP: PRINT: PRINT PRINT "Module number"; temp; rr

has already been used '0. press any key"
WHILE INKEY$ = "": WEND
GOTO newnum

END IF
NEXT zv%
modu(i%).modno = temp

END IF
LOCATE 2, 1: PRINT SPACE$(30)
COLOR 3, 0
LOCATE 5, 1: PRINT "Downs'\;'eam module 000 •••• 00 •• 0. 0 0 0 ••• 0 0 •• :"

COLOR 7, 0
LOCATE S, 45: INPUT "'t, modu(i%) .damod
COtOR 3, 0: LOCATE 7, 1: PRINT "Type of module ................... iI til til ••••••

:"
LOCATE S, 3: I?RINT "1 = overland flow plane"
LOCATE 9, 3; PRINT "2 = circular pipe"
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LOCATE 10, 3: PRINT "3 = trapezoidal channel"
LOCATE 11, 3: PRINT "4 = storage basin"
LOCATE 12, 3: PRINT "5 = compound channel"
LOCATE 13, .1: PRINT "6 = aquifex:"

COLOR 7, 0
LOCATE 7, 45
INPUT "", modu(i%) .typ
SELECT CASE modu(i%).typ

CASE 1
COLOR 3, 0LOCATE 14, 1: PRINT "Parallel module for infiltration ••••• e •• :"

COLOR 7, 0
LOCATE 14, 45
INPUT "", modu(i%).infmod

CASE 2, 3, 5
COLOR 3, 0
LOCATE 14, 1
PRINT "Parallel module for overflows ••••••••••• :"
COLOR "I, 0
LOCATE 14, 4S
INPUT "", modu(i%).ofl

END SELECT
END SUB
SUB moduzero (p%)

modu(p%).modno = 0
modu(p%) .0£1 0
mcdu (p%) •dsrnou ::' 0
modu(p%}.infmod = 0
modu(p%) .pl = 0

END SUB
SUB overlandinput (i%, newtype%)

REDIM row(ll), col(11)
CALL clearscreen
COLOR 0, 2
LOCATE 23, 13
PRINT promptl$
COLOR 3, 0
LOCATE 3, 1: PRINT "Module numbez' co .. ". e "
COLOR 3, 4
LOCATE 3, 45: PRINT USING "######"; modu(i%).modno
COLOR 3, a
LOCATE 4, 1: PRINT "Downstream module <it ••• ~ • • • • .. .. • •• : u
COLOR 3, 4
LOCATE 4, 45: PRINT USING "######"; modu(i%) .don,od
COLOR 3, 0
LOCATE5, 1: PRINT "Module type lit e .. .. .. • :"

COLOR 3, 4
LOCATE 5, 45: PRINT USING "######"; mcdu (it) •typ
pnt% = modu(i%) .p1
COLOR 3, 0: LOCATE 6, 1
PRINT "Widtl of catchment (m) •••••••••••••••••• :"
COLOR 3, 4: LOCATE 6, 45
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PRINT USING "######"; over1nd(pnt%) .wid
COLOR 3, 0: LOCATE 7, 1
PRINT "Length of catchment(m) •••••••••••••••••• :~
COLOR 3, 4: LOCATE 7, 45
PRINT USING "'######"; overlud(pnt%).lng
COLOR 3, 0: LOCATE 8, 1
PRINT "Manning n of catchment •••••••••••••••••• :"
COLOR 3, 4: LOCATE 8, 45
PRINT USING "#.####"; overlnd(pnt%).man
COLOR 3, 0: LOCATE 9, 1
PRINT "Slope of catchment (m/m) •••••••••••••••• :"
COLOR 3, 4: l;,OCATE9, 45
PRINT USING h#.####"; overlnd(pnt%).slo
IF modu(i%).infmod >= 900 THEN

pnt1% = modu(i% + l).pl
COLOR 3, 0: LOCATE 10, 1
PRINT "Permeability (rom/h) $ ••• D. • . . :"
COLOR 3, 4: LOCATE 10, 45
PRINT {'..lING"####.#"; aqui(pntl%).perm
COLOR 3, 0: tOCATE 11, 1PRINT "Suction head (m) •.•.•••••••• ~•••.•••.... :"
COLOR 3, 4: LOCATE 11, 45
PRINT USING "1#.#1#"; aqui(pnt1%).sorp
COLOR 3, 0: LOCATE 12, 1
PRINT "Moisture content (Fraction by volume) :"
COLOR 3, 4: LOCATE 12, 45
PRINT USING ~##.###"; aqui(pnt1%).imc
COLOR 3, 0: LOCATE 13, 1
PRINT "Porosity ." ..... ".... "' ......•...•... (i. " •• :"

COLOR 3, 4: LOCATE 13, 45
PRINT USING "1#.1##"; aqui(pntl%).por
nvalues% = 11

ELSE
COLOR 3, 0: LOCLTE 10, 1
PRINT "Parallel module for infiltration •••••••• :"
COLOR 3, 4: LOCATE 10, 45
PRINT USING "######"; modu(i%).infmod
nvalue03% = 8

END IF
NBLOCK% = 1
NCOLS!!;= 1
nfield% = 6
counter% = 1
FOR M% ~ 1 TO nvalues%

row(M%) = 2 + M%
col(M%) = 45

NEXT M%
M% = 1

flag.out% = a
DO

CALL screeneditor(NBLOCK%, NCOLS%, nfield%, nvalues%, courrceza , row(),
col(), a$, CHANGE%, M%, rom%, FLAGNEXT%, FLAGCURSOR%, FLAGCR%, flag.string%)

IF flag.esc% = 1 ToREN
EXIT SUB

END IF
IF CHANGE% = 1 THEN
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IF mm% = 1 THEN modu(i%).modno = VAL(a$)
IF mm% = 2 THEN modu(i%).dsmod = VAL(a$}

., IF mrn% = 3 THEN
newtype% = VAL(a$)
EXIT SUB

END IF
IF mm% = 4 THEN overlnd(pnt%).wid = VAL(a$)
IF mm% = 5 THEN overlnd(pnt%).lng = VAL(a$)
IF rom% = 6 THEN overlnd(pnt%).man = VAL(a$)
IF mm% = 7 THEN overlnd(pnt%).slo ~ VAL(a$)
IF modu(i%).infmod >= 900 THEN
IF mm% = 8 THEN aqui(pnt1%).perm = VAL(a$)
IF mm% = 9 THEN aqui(pnt1%).sorp = VAL(a$)
IF mm% = 10 THEN aqu.i(pnt1%).imc = VAL(a$)
IF rom% = 11 THEN aqui(pnt1%).por = VAL(a$)

ELSE
I;' rom!!; = 8 THEN llIodu(i%).infmod = "i7AL(a$)

EN:':., IF

COLOR 7, 1: LOCATll:rOw(M%) + counter% - 1, co1.(.Io1%)
IF mm% = 6 OR mm% = 7 OR rom% >= 9 THEN

PRINT USING "#.####"; VAL(a$)
ELSE IF rom% = 8 THEN

PRINT .USING "###.##"; VAL(a$)
ELSE

PRINT USING "######"; VAL(a$)
END IF

END IF
IF FLAGNEXT% = 1 THEN

FLAGNEXT% = 0' reset
COLOR 3, 0
EXIT SUB
ELSE IF FLAGCURSOR% = 1 TIimN

CALL uparrow (counter%, 1-1%, row (), col (), NBLOCK%, NCOLS!!;)
FLAGCURSOR% = 0
ELSE IF FLAGCURSOR% = 4 THEN

CALL downarrow(cQunter%, NBLOCK%, M%, rowe), col(), nvalues%,
NCOLS%)

nvalues%, NCOLS%)
END IF

FLAGCURSOR% = 0
ELSEIF FLAGCR% = 0 THEN

CALL downarrow(counter%, NBLOCK%, M%, rowe), col(),

LOOP UNTIL flag.out% = 1
END SUB
SUB overlndzero (p%)

over lnd (P%) .man = 0
overlnd(p%).slo = 0
overlnd (p%) •lng = 0
overlnd(p%).wid = a

END SUB
SUB pipe input (i%, newtype%)
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REDIM row(ll), col(ll)
CALL clearscreen

: II

COLOR 0, 2
LOCATE 23, 13
PRINT prompt1$
COLOR 3, 0
LOCA~E 3, 1: PIiINT "Module number •••••••••••••••••••• ,.•••.•• :"
COLOR 3, 4
LOCATE 3, 45: PRINT USING "######"; modu(i%).modno
COLOR 3, 0
LOCATE 4, 1: PRINT 'iDownstream modu.le ••••••• "............... :"
COLOR 3, 4
LOCATE 4, 45: PRINT USING "######"; modu(i%).dsmod
COLOR 3, 0LOCATE 5, 1: PRINT "Module type 0 •••••••••••••••••• 0 ••••••••• :"

COLOR 3, 4
LOCATE 5, 45: PRINT USING "######"; modu(i%).typ
pnt% = modu(i%).p1
COLOR 3, 0: LOCATE 6, 1: PRINT "Pipe length (m) ••••••••• 0 •••••••••••••••

COLOR 3, 4: LOCATE 6, 45: PRINT USING "######"; pipe(pnt%).lng
COLOR 3,0: LOCATE 7,1: PR1NT nSlope (m/m) •••••••••••••••••••••••••••••

:"
COLOR 3, 4: LOCATE 7, 45: PRINT USING "##.###"; plpe(pnt%).slo
COLOR 3,0: LOCATE 8,1: PRINT "Roughness n ••••••••••••••• ,••••••••••••••

:"

:"

COLOR 3, 4: LOCATE 8, 45: PRINT USING "##.11#"; 'pipe{pnt%).man
COLOR 3, 0: LOCATE 9, 1: PRINT "Pipe diameter (m) •••••••••••••••••••••••

COLOR 3, 4: LOCATE 9, 45: PRINT USING "###.##"1 pipe(pnt%) .diam
COLOR 3,0: LOCATE 10, 1: PRINT "Parallel module for overflows •••••••••••
COLOR 3, 4: LOCATE 10, 45: PRINT USING "######"; modu(i%).ofl:"

nvalues% = B
NBLOCK% = 1
NCOLS% = 1
nfield% = 6
counter% = 1
FOR M% = 1 TO nvalues%

row{M%) = 2 + M%
col(M%) = 45

NEXT M%
M% == 1
flag.end% = 0

DO
CALL screeneditor(NBLOCK%, NCOLS%, nfield%, nvalues%, cuunter%, rowe),

col ()I as, CHANGE%, M% I ttun%, FLAGNEXT%, FLAGCURSOR%, FLAGCR% t- flag. string%)
IF flag.aec% = 1 THEN

EXIT SUB,
END IF

IF CHANGE% ~ 1 THEN
IF mm% = 1 THEN modu(i%).modno = VAL(a$)
IF mm% = 2 THEN modu(i%).dsmod = VAL(a$)
IF rom% = 3 THEN

newtypa% = VAL(a$)
EXIT SUB

END IF
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IF mrn% = 4 THEN pipe(pnt%).lng = VAL(a$)
IF mm% = S-THEN pipe(pnt%).slo ~ VAL(a$)
IF mm% = 6 THEN pipe(pnt%).man = V~(a$)
IF mrn% = 7 THEN pipe(pnt%).diam = VAL(a$)
IF mm% = 8 THEN modu(i%).ofl = VAL(a$)
COLOR 7, 1
LOCATE row(M%) + counter% - .1, col(M%)
IF mrn% = 5 OR mrn% = 6 THEN

PRINT USING "##.###"; VAL(a$)
ELSEIF mm% = 7 THEN

PRINT USING "#1#.##"; VAL(a$)
ELSE

PRINT USING "######"; VAL(a$)
END IF

END IF
IF FLAGNEXT% = 1 THEN

FLAGNEXT% = 0' reset
EXIT SUB

ELSEIF FLAGCURSOR% = 1 THEN
CALL uparrow(counter%, M%, rowe), col(), NBLOCK~, NCOLS%)
FLAGCURSOR% = 0

ELSE IF FLAGCURSOR% = 4 THEN
CALL downarrow(counter%, NBLOCK%, M%, rowe), col(), nValues%,

NCOLS%.)
FLAGCURSOR% = 0

ELSElF FLAGCR% = 0 THEN
CALL downarrow{counter%, NBLOCK%, M%, rowe), col(), nvalues%,

NCOLS%)
END IF

LOOP UNTIL flag.out% = 1

END SUB

SUB pipe zero (p%)
pipe(p%).slo = 0
pipe(p%).diam = 0
pipe(p%).lng = 0
pipe(p%).man = 0
pipe(p%).cap = 0
pipe(p%).min = 0

END SUB
SUB raininput

REM $DYNAMIC
REDIM rain.temp(lOO), row(lOO), c01(100)
c1earscreen
COLOR 3, 0
CLS
COLOR 0, 2
LOCATE 1, 28: PRINT to WITSKM - Rain entry mode ": COLOR 31 0
COLOR 0, 2
LOCATE 23, 13
PRINT promptl$
COLOR 3, 0
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LOCATE 6, 1
i)RINT t1 Rainfall Intensities in mtn/hr :"
hyeto.numb~r.prev% = hyeto.number%
hyeto.O\.mll~er%= CINT(r.ain.time / tint)
ratio = (hyeto.number% / hyeto.number.prev%)
FOR it = 1 TO hyeto.number.prev%

rain.temp(i%) = rain(i%)
rain(i%) = 01

NEXT i%
IF ratio >= 1 THEN

k = 1
FOR i% = 1 TO hyeto.numb~r.prev%

1 = i% 11 ratio
FOR j% = k TO 1

rain(j%) = rain.temp(i%)
NEXT j%
k = 1 + 1

NEXT i%
ELSE

j% = 0
FOR i% = (1 / ratio) TO hyeto.nu~oe~.prev% STEP (1 / r.atio)

j% = j% + 1
rain(j%) = rain.temp(i%)

NEXT i%
END IF
COLOR 3, 4
FOR it = 1 TO hyeto.number%

IF i% > 10 THEN
ool(i%) = «i% * 8) - 7) - 80 * INT«i% - 1) / 10)

ELSE
ool(i%) = (i% * 8) - 7

END IF
row(i%) = 10 + INT«i% - 1) / 10) - 1
LOCATE row(i%), ool(i%)
PRINT USING "####.#"; rain(i%)

NEXT i%
ERASE rain. temp
COLOR 3, 0
nva1ues% = hyeto.number%
NBLeCK% = 1
NCOLS% = 10
nfield% = 6
counter% = 1
M% = 1
flag.end% = 0

DO
CALL acreeneditor(NBLOCK%, NCOLS%, nfield%, qvalues%, counter%, roWe),

col(), as, CHANGE%, Mi, mm%, FLAGNEXT%, FLAGCURSOR%, FLAGCR%, flag.string%)
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IF flag.esc% = 1 THEN
Jo~RASErow, col
l!JXITSUB

END Ili'
IF CHANGE% = 1 THEN

rain(mm%) = VAL(a$)
LOCATE row (M% ) -I- countar!t.\- 1, col (M%)
COLOR 7T 1
PRINT USING "#####.#"; VAL(a$)

END IF
IF FLAGNEXT% = 1 THEN

FLAGNEXT% = 0' reset
ERASE row, col
EXIT SUB

END IF
IF FLAGCURSOR% = 1 THEN

uparrow counter%, M%, rowe), col(), NBLOCK%, NCOLS%
FLAGCURSOR% ::::0

END IF
IF FLAGCURSOR% = 2 THEN

leftarrow M%, rowe), col(), counter%
FLAGCURSOR% =< 0

END IF
IF FLAGCURSOR% = 3 THEN

righta.rrow M%, nvalues%, counter%, row
FLAGCURSOR% = 0

END IF
IF FL.1\.GCORSOR%= 4 THEN

downa.rrow counter%, NBLOCK%, M%, row (), col (1, ml~,
FLAGCURSOR% = 0

END IF
LOOP UNTIL flag.end% = 1

END SUB·
REM $STATIC
SUB rightarro,,"'(M%, uvalues%, counter%, row(), col(»

M% = M% ...1
IF M% > nvalu'as% THEN M% = nvalues%
L.OCATE row(K'I» + counte::% - 1, col (M%): COLOR 7, 0

END SUB
SUB screeneditor (NBLOCK% t NCOLS%, ntiald%, nvalues%, coul1ter%, row(), col ( ) ,
as, CHANGE%, M%, mm%, FLAGNEXT%, FLAGCURsor.%, FLAGCR%, flag.string%)

FLAGCR% = 1'set flaga$ = un

b$ = " ..
LOCATE , , 1, 6, 7
LOCATE row(M%) + ~ounter% - 1, col(M%)
t-ffiILEFLAGCR%

1lUn% = M%
CHANGE% = 0

7120 a$ = J:NKEY$: IF a$ = '''' THEN 7120
SELECT CASE a$

CASE CHR$(27}
flag.esc% = 1
FLAGCR% = 0

j
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GOTO 7410' eacape

MSE CHR$ (32)
FIoAGNEXT% :;1
FLAGCR% == 0
GO~O 7410

CASE CHR$(13)
FLAGCR' ..0
130":'0 7410

END SELECT
IF LEN(a$) > 1 THEN

arrowkey = ASC(HID$(a$, 2, 1»
SELECT CASE arrowkey

CASE 72, 91
CALL uparrow(counter%, M%, row(), col(), NBLOCK%, NCOLS%)
GOTO 7410

CASE 75, 88
CALL leftarrow(M%, row(), col(), counter%)
GOTO 7410

nvalues%, NCOLS%)

CASE 90, 77
CALL rightarroW(M%, nva1ues%, counter%, row{), col(»
GOTO 7410

CASE 80, 89
CALL downarrow(counter%, NSLOCK%, M%, row() , colO,
GOTO 7410

END SELECT
ELSE

7210 COLOR 7, 0: LOCATE row(M%) + counter% - 1, col(M%)
PRIN'!'SPACE $(nfiold%), elSe clear rest of fiel.d
LOCATE rO\I1(M%) + coun'ter% ..1, c01(M%)
PRINT a$;
ichar% :::1
CHANGE% = 1
WHILE FLAGCR%

b$ :;INKEY$: IF b$ = "" THEN 72607260

IF b$ :::CHR$(27) THEN
flag.osc% r::: 1
FLAGCR% ::::0
GOTO 7410

END IF
IF flag.•atring% = 0 THEN

IF b$ = CHR$(32) THEN
FLAGNElXT% :;1
FLAGCR% = 0
130'1'0 7410

END U'
END IF
IF 0$ ::; CHFl$(13) THEN

FLAG',CR%:; 0
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GaTO 7400
END IF
IF LEN(b$) > 1 THEN

arrowkey = ASC(MID${b$, 2, 1»
SELECT CASE arrow key

CASE 72, 91
FLAGCU,RSOR% = 1
FLAGCR% ::0
GOTO 7400

CASE 75, 88
FLAGCURSOR% ::2
FLA13CR% ::0
GOTO 7400

CASE 90, 77
FLAGCURSOR% ::3
FLAGCR% = 0
~DTO 7401}

CASE 80, 89
FLAGCTJRSOR% '"4
FLAGCR% ::0
GOTO 7400

ELSE

ELSE

IF b$ = CHR$(8) THEN
e$ ::as: a$ :: ""
lehar% ::::iohar% ••1
a$ ::MID$(e$, 1, LEN(e$) - 1)
LOCATEroW(M%) -I- oounter% - 1, col(M%)
PRINT SPACE $(l'lfi(lld%)
LOCATE row(M%) + counter% ...1, col(M%)
PRINT as;
a$ = as + b$
ichar% :: ichar% + 1
IF iehar% > nfielC:!%THEN

a$ = MIU$(a$, 1, nfield%)
BEE.?: GOTO 72t;iO

END IF
LOCATE row(M%) + cOl.lnter%.. 1, eol(M%) + iohar% ...

1
COLOR 7, 0
PRINT b$
LOCATE row (M%) + count,ar% - 1 col (M%) + iohar%
b$ ::""END IF

END IF
7400 WEND

END. IF
7410 WEND

LOCATE , 1 0
END SUB
SUB storagezerc (p%)

storage(p%).cl p 0
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atorage(p%).sl = a
storage(p%).a = 0
etorage(p%).b = 0
storage(p%).atlev = 0
storage(p%).typ = 1
storage(p%).ccu = 0
atorage(p%).cu = 0
storage(p%).ccs = 0
storage(p%).cs = 0
storage(p%).csp = 0
storage(p%).sp = 0
atorage(p%).depth = 0
storage(p%\.critl = 0
storage(p%).crit2 = 0
storage(p%).crit3 = 0
storage(p%).prevator = 0

END SUB

SUB storinput (i%, newty'pe~)
REDIM rowel?), col(17)

start: CALL ciearscreen

:"

COLOR 0, 2
LOCATE 23, 13
PRINT promptl$
COLOR 3, 0LOCATE 3, 1: PRINT "Module number •• fI. •••••••••••••••••••••••• ;"

CO;t.OR3, 4
LOCATE 3, 45: PRINT USING "######"; modu (i% ) •modno
COLOR '3, 0
LOCATE 4, 1: PRINT "Downstream module ••••••••••••••••••••••• r "
COtOR 3, 4
LOCATE 4, 45: PRINT USING "######"; modu(i%).dsmod
COLOR 3, 0LOCATE 5, 1: PRINT "Module type ••.•.•••.••..•••...•••••••. 00. :"

COLOR 3, 4
LOCATE 5" 45: PRINT USING "######"; modu(i%).typ
pnt% = modu(i%).pl
COLOR 3, 0: LOCATE 6, 1: PRINT "Coe£f a in stclr(m"3)=a*(depth(m»"b •••••
COLOR 3, 4: LOCATE 6, 45: PRINT USING "####.#"; storage(pnt%).a
COLOR 3, 0: LOCATE 7, 1
PRINT "Coeff b in stor{m"3)=a*(depth(m»"b •••••• :"
COtOR 3, 4: LOCATE 7, 45: PRINT USING "##.###"; storage(pnt%).b
COLOR 3, 0: LOCATE a, 1
PRINT "spillway lE!vel (m) ...... 0."." •• e ••••••••• :"

COLOR 3, 4: LOCATE 8, 45: PRINT USING "###.##"; storage(pnt%).sl
COLOR 3, 0: LOCATE 9, 1
PRINT itoutlet ••••••••••••••••••••••••.••• "",,... : u

IF stora~~(pnt%).typ = 1 THEN
COLOR 3, 4: LOCATE 9, 45: PRINT" Yes"

ELSE
COLOR 3, 4: LOCATE 9, 45: PRINT" No"

END IF
IF storage(pnt%).typ = 1 THEN

COLOR 3, a
LOCATE 10, 1: PRINT "Outlet invert level. (m) ••••••••••••••••• :"
COLOR 3, 4
LOCATE: 10, 45: PRINT USING "###.##"; storage(pnt%).cl
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COLOR 3, 0
LOCATE 11, 1: PRINT "Coeff'c for unsubrnerged outlet c*qep"d :"
COLOR 3, 4
LOCATE 11, 45: PRINT USING "##.##"; storage(pnt%).ccu
COLOR 3, 0
LOCATE 12, 1: PRINT "Coeff. d for unsubmerged outlet o*dep"d = "
COLOR 3, 4
LOCATE 12, 45: PRINT USING "###.##"; storage(pnt%).cu
COLOR 3, 0
LOCATE 13, 1: PRINT "Coeff e for submerged outlet e*dep"f :"
COLOR 3, 4
tOCATE 13, 45: PRINT USING "##.##"; storage(pnt%).ccs
COLOR 3, 0
LOCATE 14, 1: PRINT "Coeff f for submerged outlet e*dep"f •••• :"
COLOR 3, 4
LOCATE 14, 45: PRINT USING "##i'.##"; storage (pnt%) .cs
COLOR 3, 0
LOCATE 15, l~ PRINT "Coeff 9 for spillway g*dep"h ••••••••••• :"
COLOR 3, 4
LOCATE 15, 45: PRINT USING "####.#"; storage(pnt%).csp
COLOR 3, 0LOCATE 16, 1: PRINT "CQeff h for spillway g*dep"'h ••••••••••.. n

COtOR 3, 4
LOcATE 10, 45: PRINT USING "#1.###"; storage(pnt%).sp
CotOR 3, 0
LOCATE17, 1: PRINT "Depth or diam (m) of outlet ......••.••.. :"
COLOR 3, 4
LOCATE 17, 45: PRINT USING "##.###"; storage(pnt%).depth
COLOR 3, 0
LOCATE 18, 1: PRINT "Illitial water level in dam (m) •••••••••• ;"
COLOR 3, 4
LOCATE 18, 45: PRINT USING j,###.##,,; storage(pnt%).stlev
nvalues% ::::16

ELSE
COLOR 3, 0
LOCATE 10,1: PRINT "Coeff 9 for spillway g*dep"h ••••••••••• :"
COtOR 3, 4
LOCATE 10, 45: PRINT USING "####.#"; storage(pnt%) .csI:~
COTIOR 3, 0
'LOCATE 11,1: PRINT "Coeff h for spillway g*dep"h ••••••••••• :"
CotOR 3, 4
LOCATE 11, 45: PRINT USING "##.###', storage(pnt%).sp
COLOR 3, 0
LOCATE 12, 1: PRINT "Initial water level in dam (rn) •••••••••• :"
COLOR 3, 4
tOCATE U, 45: PRINT USING "###.##'*; storagel,pnt%).stlev
nvalues% : lO

END IF
NBLOCK% :::1
NCOt.S% :::1
nfield% :::6
counter% :::1
FOR M% :::1 '1'0 nvalues%

rOw(M%) :::2 + M%
ool(M%) to: 45

NEXT M%
M% :::1

flag.end% :::0
DO

CALL scrpeneditor(NBLOCK%, NCOLS%, nfield%, nvalues%, counter!!;,row(),
col(), a$, C~1GE%, M%, mm%, FLAGNEXT%, FLAGCURSOR~, FLAGCR%, flag.string%)

IF flag.esct :::1 THEN

)
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EXIT SUB

END IF
IF CHANGE% = 1 THEN

IF rom% = 1 THEN modu(i%).modno = VAL(a$)
IF rom!!!= 2 THEN tnodu(i!t).dstnod= VAL~a$)
IF rom!?!= 3 THEN

newtype% = VAL(aS)
EXIT SUB

E~!D IF
l'Ii' rom% = 4 THEN storage(pnt%).a = VAL(a$)
l'1l' rom% = 5 THEN storage(pnt%).b = VAI.(a$)
IF rnm% :::I 6 THEN atorage(pnt%) .sl = VAL(a$)
IF 1tUI\% ". 7 THEN

ana$ = a$
CALL modu1echange(ans$~ it)
GO'!'\)start

END IF
IF storage(pnt%).typ = 1 THEN

IF rom% = 8 THEN storage(pnt%).c1 = VAL(a$)
IF rom% = 9 THEN storage(pnt%).cpu = VAL(a$)
IF rom% = 10 THEN storage(pnt%).cu ~ VAL(a$)
IF rom% = 11 THEN atorage(pnt%).ccs = VAL(a$)
IF rom% = 12 THEN storage(pnt%).cs = VAL(a$)
IF rom% = 13 THEN storage(pnt%).csp = V~L(a$)
IF rom% = 14 THEN storage(pnt%).sp = VAL(a$)
IF rom% = 15 THEN storage(pnt%).depth = VAL(a$)
IF rom% = 16 THEN storage(pnt%).stlev = VAL(a$)
COLOR 7, 1: LOCaTE row(M%) + counter% - 1, ool.(M%)
IF rom% <= 3 THEN

PRINT USING "######"; VAL(a$)
ELSEIF rom% = 4 OR mm% = 13 THEN

PRINT USING "####.#"; VAL(a$)
ELSEIF rom% = 5 OR rom% = 15 OR mm% = 14 THEN

PRINT USING "##.###"; VAL(a$)
ELSE

PRINT USING "###.##"; VAL(a$)
END IF

ELSE
IF rom% = 8 THEN atorage(pnt%).csp = VAL(a$)
IF mm% = 9 THEN storage(pnt%).sp = VAL(a$)
IF mm% = 10 THEN storage(pnt%).stlev = VAL(a$)
COLOR 7,,1: LOCATE row(M%) + counter% - 1, col(M%)
IF mm% <= 3 THEN

PRINT USING "######"; VAL(a$)
EtSEIF mm% = 4 OR rom% = 8 THEN

PRINT USING "####.#"; VAL(as)
ELSEIF rom% = 6 OR mm% = 10 THEN

PRINT USING "###.##"; VAL(a$)
ELSE

PRINT USING '''##.###'';VAL(a$)
END IF

END IF
END IF
IF FLAGNEXT% = 1 THEN

FLAGNEXT% = 0' reset
EXIT SUB

ELSEIF L"LAGCt]RSOR% :::I 1 THEN
CALL uparrow(counter%, M%, rowe), col(), NDLOCK%, NCO~S%)
FLAGCURSOR% :::0
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ELSE IF FLAGCURSOR% = 4 THEN
CALL downaxrow(counter%, NBLOCK%, M%, row(), col(), nvaluee%, NCOLS%)
FLAGCURSOR% = a

ELSE IF FLAGCR% :::a THEN
CALL downarrow(counter%, NBLOCK%, M%, row(), col(), nvalues%, NCOLS%)

END IF
LOOP UNTIL fla9.end% = 1

END SUB
SUB TuaestepInfo

REDIM row(3), col(3)
olearscreen
COLOR 0, 2
LOCATE 23, 13
PRINT prompl.:1$

COLOR 3, 0
LOCATE 4, 1
PRINT "Time interval (hours) ••••••••••••••••••• :"
COLOR 3, 4
LOCATE 4, 45
PRINT USING "#.###"; tint
COLOR 3, a
LOCATE 6, 1
PRINT "Simulation duration (hours) •••••••••••••
COLOR 3, 4
LOCATE 6, 45
PRIN'!'USING "##.##"; eim.time
COLOR 3, 0
LOCATE S, 1
PRINT"Rainfall duration (hours) : II
COLOR 3, 4
LOCATE S, 45
PR:tNT USING "##.##"; rain.time

"

nvalues% = 3
N9.r..OCK%= 1
NCOLS% = 1
nfield% :::5
oounter% :::1
FOR M% = 1 TO nvalues%

rOw(M%) = 2 + 2 * M%
col(M%) :::45

NEXT M%
M% = 1

flag.end% :::0
DO

CALL soreeneditor(NBLOCK%, NCOLS%, nHeld%, nvalues%, counte~%, row(),
col(), a$, CHANGE%, M%, mm%, FLAGNEXT%, FLAGCURSOR%, FLAGCR%, flag.string%)

IF fla9.esc% = 1 THEN
EXIT SUB

END IF
IF CHANGE% = 1 THEN
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IF mm% = 1 THEN tint = VAL(a$)
Ir mm% = 2 THEN aim. time = VAL(a$)
IF mm% = 3 THEN rain. time = VAL(a$)
noit% = CINT(sim.time / tint)

COLOR 7, 1
LOCATE row(M%) + counter% - 1, col(M%)
IF mm% = 1 THEN

PRINT USING "#.###"; VAL(a$)
ELSE

PRINT USING "1#.1#"; VAL(a$)
END IF

END IF
IF FLAGNEXT% = 1 THEN

FLAGNEXT% = O· reset
EXIT SUB

ELSEIF FLAGCURSCR% ~ 1 THEN
upar:t;'owcounter%, M%, row (), col(), NBLOCI<!Is,NCOLS%
FLi),GCURSOR% = 0 .

ELSEIF ~LA~CURSOR% = 4 THEN
down arrow counter%, NBLOCK%, M%, row(), col(), nvalues%, NCOLS%
FLAGCURSOR% ::0

ELSEIF FLAGCR% = 0 THEN
dowrtarrow counter%, NEILOCK%, M%, row(), col(), nvalueI3%, NCOLS%

END IF
LOOP UNTIL flag.end% = 1

END SUB
SOB TitleEnt(;1lr

clearscreen
COLOR 3,. 0
LOCATE 3, 1
PRINT "Enter a tiUe describing the data set
LOCATE 5, 1
pRINT "Title line"
COLOR 7, 0
LOCATE 5, 12
LINE INPUT "", titleS

END SUB
SUB trapchanzero (p%)

trapchan(p%).slo = 0
trapchan(p%).lng:: 0
trapchan(p%).man:: 0
trapchan(p%).wicl = 0
trapchan(p%).ssl = 0
trapchan(p%).ss2 = 0
trapohan(p%) .mdep = 0
trapchan(p%).cap:: 0

END SUB

"....

SUB trapint)ut (i%, newtype%)
REDl:M row(11), col(l1)
C.ALI.clearscreen
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COLOR 0, 2
LOCA'l'E23, 13
PRINT promptl$
COLOR 3, 0
LOCATE 3, 1: PRJ:!,'T"Madula number ••••••••••••••••••••••••••• :"
COLOR 3, 4
LOCATE 3, 45: PRINT USING "######"; madu(i%).modno
COLOR 3, 0LOCATE 4, 1: PRINT "Downstream module •..•• o ••••••••• o ••••• ~. :"

COI.OR 3, 4
LOCATE 4, 45: PRINT USING "#####"; modu(i%).dsmod
COLOR 3, 0 .
LOCATE 5, 1: PRINT "Module type ••••••••••••••••••••••••••••• :"
COLOR 3, 4
LOCATE 5, 45: PRINT USING n#####,,; madu(i%).typ
pnt% = modu(i%).pl
COLOR 3, 0: LOCATE 6, 1: PRIN'l'"Length of trape~!oidal channel (m)·....". :'.COLOR 3, 4: LOCA'l'E6, 45: PRINT USING "######"; trapcM.n(pnt%) .lng
COLOR 3, 0: LOCATE 7, 1: PRINT frBed slope {m/m)

• '*• •••• ., • ., •••• 41 • • • • • • • .. .. • ... •

COLOR 3, 4: LOCA'l'E7, 45: PRINT USIHG "#1.###"; tr.apchan(pnt%).slo
COLOR 3, 0: LOCATE 8, 1: PRINT "Roughness n."· ., ,. ., .., ... .
COLOR 3, 4: :C.OCATE8, 45: PRI1'lTUSING "#tI.###"; trapchan(pnt%} .man
COLOR 3, 0: LOCATE 9, 1: PRINT "Base width of trapezoidal channel

(m).~ •• e"
COLOR 3, 4: IIOCATE 9, 45: PRIN'l'USING "###.##"; trapcnan(pnt%) .wid
COLOR 3, 0: LOCATE 10, 1: PRIN'l' "LH side slope (horiz/vert)."• •• ., ... .& .... II • ., •• •

COLOR 3, 4: LOCATE 10, 45: PRINT USING "tI##.##"; trapchan(pnt%).ssl
COLOR 3, 0: LOCATE 11, 1: PRINT "RH side Slope (horiz/vert)."·.,. ........ ... .. .
COLOR 3, 4: L~JCATE 11, 45: PRINT USING "###.##"; trapchan(pnt%) .882
COLOR 3, 0: LOCATE 12, 1: PRINT uMaximurn flow depth (m)

.. fl
• ill. •

COLOR a, 4: LCiCATE 12, 45: PRINT USING "###.##"; trapchan(pnt%) .mdep
COLOR 3, 0: .LOCATE 13, 1: PRINT "Parallel module for overflows

.. u
• .... i) .. .. .. • •• •

. '

COLOR 3, 4: LOCATE 13, 45; PRINT USING "######"; modu(i%).ofl
nvaluesl6 ::11
NBLOCK% = 1
NC!OLS% :::1
nfield% '" 6
counte.tlls'"1
FOR M% = 1 ~o nvalues%

rOW(M%1 = 2 + Mils
col(M%) = 45

NEX'l'Mils
M% = 1

flag.end% = 0

DO
CALL soreaneditor(NBLOCK%, NCOLS%, nfield%, nvalues%, counter%, row(),

aol(), as; CHANGE%, M%, mm~, FLAGNEXT%, FLAGCURSOR%, FLAGCR%, flag.string%)
!F flag,eset = 1 THEN

EXn SUB
END IF
IF CIiANGF.:%:.:1 THEN
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IF mm% = 1 THEN modu(i%).modno = VAL(a$)
IF mm% = 2 THEN modu(i%).dsmod = VAL(a$)
IF mm% = 3 THEN

newtype% = VAL (a$ )
EXIT SUB

END IF
IF mm% = 4 THEN trapchan(pnt%).lng VAL(a$)
IF mm% = 5 THEN trapchan(pnt%).alo = VAL(a$)
IF mm% = 6 THEN trapchan(pnt%).man = VAL(a$)
IF mm% = 7 THEN trapchan(pnt%).wid = VAL(a$)
IF mm% = 8 THEN trapchan(pnt%).ssl = VAL(a$)
IF rom% = 9 THEN trapchan(pnt%).ss2 = VAL(a$)
IF mm% = 10 THEN trapchan(pnt%).mdep = VAL(a$)
IF mm% = 11 THEN modu(i%).ofl = VAL(a$)
COLOR 7, 1
LOCATE row(M%) + counter% - 1, col(M%)
IF rom% = 5 OR rom% = 6 OR rom% = 10 THEN

PRINT USING "##.###"; VAL(a$)
ELSEIF mm% = 7 OR rom% = 8 OR mm% = 9 THEN

PRINT USING "###.##"; VAL(a$)
ELSE

PRINT USING "######"; VAL(a$)
END IF

END IF
IF FLAGNEXT% = 1 THEN

FLAGNEXT% = 0' reset
EXIT SUB

ELSEIF FLAGCURSOR% = 1 THEN
CALL uparrow(counter%, M%,
FLAGCURSOR% = 0

ELSE IF FLAGCURSOR% = 4 THEN
CALL downarrow(counter%,

rowe), col(), NBLOCK%, NeOLS%)

NCOLS%)
NBLOCK%, M%, row (), col ()'. nvalues% ,

FLAGCURSOR% = 0
ELSEIF FLAGCR% = 0 THEN

CALL downarraw(counter%, NBLOCK%, 11%,row ()I col(), nva Luea's, NCOLS%)
END IF

LOOP UNTIL flag.end% = 1

ltND SUB
SUB uparrow (counter%, M%, row(.), col(), 'NBLOCK%, NCOLS%)

counter% = counter% - 1
IF counterl5 < 1 THEN

M.TEMP% = M%: M% = M% - NCOLS%
counter% = NBLOCK% 're-set counter
IF M% < 1 THEN M% = M.TEMP%: counter% = l' can't move higher than high
LOOATE row(M%) + counter% - 1, col(M%): COLOR 7, 0

ELSE
LOCATE row(M%) + counter% ~ 1, col(M%): COLOR 7, 0

END IF
END SUB
DECLARE SUB connecttable ()
DECLARE SUB setuppointermatrix (pointer(), index(»
DECLrJRE SUB orderofcalculation (pointer!(), indaxl(»
DECLARE SUB check (modnuml, order!(), count%, flag11, flag21)
DECLARE SUB overaquistack ()
DECLARE sua upstreammods ()
OECLARE FUNCTION areapipel (angle, pnt%)
DECLARE FUNCTION starvoll (pnt%, yl)
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TYPE modconnectivity
modno AS INTEGER
ofl AS INTEGER
typ AS INTEGER
damod AS INTEGER
infmod AS INTEGER
pl AS INTEGER

END TYPE
TYPE overmod

man AS SINGLE
slo AS SINGLE
lng AS SINGLE
wid AS SINGLE

END TYPE
TYPE aquimod

s10 AS SINGLE
,.;idAS SINGLE
lng AS SINGLE
depth AS SINGLE
wt 1 AS SINGLE
sorp AS SINGLE
perm AS SINGLE
por AS SINGLE
imc AS SINGLE
cap AS SINGLE
volume }IS SINGLE
yprev AS: SINGLE

END TYPE
TYPE pipernod

.slo AS SINGLE
diam AS SINGLE
lng AS I$INGLE
man AS :SINGLE
cap AS l3INGLE
min AS f>INGLE

END TYPE
TYPE trapmud'.

al0 AS SINGLE
lng AS SINGLE
man AS SINGLE
wid AS SINGLE
I3s1 AS SINGLE
sa2 AS SINGLE
mdep AS SINGLE
cap AS SINGLE

END TYPE
TYPE storll1od

cl AS SINGLE
a1 AS SINGLE
a AS SINGLE
b AS SINGLE
stlev AS SINGLE
typ AS INTEGER
ccu AS SINGLE
cu AS SINGLE
ccs AS SINGLE
os AS SINGLE
cap AS SINGLE
sp AS SINGLE
depth AS SINGLE
cJ:.'it1AS SINGLE
crit2 AS SINGLE
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crit3 AS SINGLE
prevstor AS SINGLE

END TYPE
TYPE compmod

slo AS SINGLE
lng AS SINGLE
nosegs AS INTEGER
nopts AS INTEGER

END TYPE
C.O~.MONSHARED modu() AS modconnectivity, pipe () AS pipemod, storage () AS
stormod
COMMON SHARED ovednd.() AS overmod, aqui() AS aquimod, trapchan() AS trapmod
COMMON SHARED qin(), qout(), unit(), con(), ovflo(), order(), nomod%, nOit%,
tint
COMMON
COMMON
COMMON
COMMON
COMMON

SHARED
SHARED
SHARED
SHARED
SHARED

m, ever(), rain(), pi
promptl$, flag.file%, tcode%
titleS, fileS, flag.esc%, pl%, p2%, p3%, p4%, p5%, p6%
sim.time, rain. time, hyeto.number%, newmod%, flag.iosert%
¢ompcnan() AS compmod, x(), y(), n(), segno()

errorprocl:
SELECT CASE ERR

CASE 25, 24, 68
BEEP: BEEP: PRINT : PRINT

switched on ••• pref'lBany key"
WlIILE INKEY$ = "": WEND
RESUME

CASE EI.SE
ON ERROR GOTO 0

END SELECT

PRINT "printer not connected or

END
SUB check (modnum, order(), count%, flaq~, flag2)

mark% = 0
FOR j% = 1 TO count% - 1

IF'mddnum = order(l, j%) THEN
flag2 = flag2 + 1
mark% = 1
EXIT FOR

END IF
NEXT j%
IF mark% = 0 THEN

flagl = 1
END IF

END SUB
SUB connecttable

ON ERROR GOTO errorprocl
WIDTH LPRINT 80
LPRINT CHR$(18);

1 i n e 1 $ = "
----------------------------------------------- .. ---- -'4 , ... "

titlel$ = " no : mod no : upstream module nUG
:"LPRIN'I'line1$

LPRINT titlel$
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FOR k% = 1 TO nomod%

LPRIN'r line1$
LPRINT" ; ";
LPRINT USING "1#1"; k%;
LPRINT " : ";
LPRINT USING ":fill"; modu (k%)•modno;
LPR!NT" :";
FOR j% = 1 TO 10

IF j% <= con(k%, 0) THEN
LPRINT USING ":JiI#"; modu(con(k%, j%».modno;
LPRINT " : ";

ELSE
LPRINT "---END IF

NEXT j%
NEXT k%
LPRINT line1$
LPRINT II modules 900 and up are dummy aquifers"
LPRIN'r

".i

LPRINT
line1$ =" ----------~----------------------------------"titlel$ ==" no: mod no : overflow module nos :"
LPRINT linel$
LPRINT titlel$
FOR k% = 1 TO nomod%

LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT

line1$
" "" .. ,
USING "##"; k%;
": " ;
USING "###"; modu(k%).modno;
" ,," ..• I

FOR j% = 1 '1:0 5
IF j% <= ovflo(k%, 0) THEN

LPRINT USING "r~##"; modu (ovflo (k%, j%))•modno,
LPRINT " : ";

ELSE
LPRINT "---END IF

NEXT j%
" .,

NEX'! k%
LPRINT line1$
LPRINT " modules 900 and up are du~y ac,.TUifers"
LPRINT

END SUB
SUB modconnect (print.connec%)

CLS
LOCATE 11, 28
COLOR 0, 2
PRINT "Calculating conne(;tivity"
COLOR 3, 0

REM $DYNAMIC
REDIM pointer(2, 141), index(165)

Call sub upstrearr~ods to determine the upstream mod\~les and the
modules which flow onto each modUle.
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The number of upstream modules and their numbers are stored in array
CON and the overflow modules in array OVFLO
CALL upstreammoda
Call overaquistaok to determine the overland and associated aquifers
The array UNIT i£~used to ,;;torethe information.
CALL overaquistack
Call subs setuppoint.ermatrix and orderofcalculation to determine the
upstream - downstre~ order of calculation of the modules.
CALL setuppointermatrix(pointer(), index(»
CALL orderofcalculation(pointer(), index(»

IF flag.esc% ~ 0 THEN
IF print.connec% = 1 THEN

CALL connecttable
print.connee% = 0

END IF
END IF

END SUB
REM $STATIC
SUB orderofealculation (pointer(), index(»
REM $DYNAMIC
REOIM test(140)

eCJunt% :::1
FOR k% = 1 TO nomod%

IF pointer(2, k%) = pointer(2, k% + 1) :HEN
order(l, eount%) = modu(k%).modno
order(2, count%) = k%
LPRINT order(l, eount%)f order(2, count%)
count% = count% + 1

END IJf
NEXT k%
adder% = 0
DO UNTIL count% = nomod% + 1

FOR i% = 1 TO nomod%
flagi ::I 0
flag2 = 0
IF test(i%) = 1 GOTO 10

upsmod = pointer(2, it + 1) - pointer(2, i%)
start = pointer(?, i%}
FOR k% = 0 Tv upsmod - 1

modups = index(start ~ k%)
CALL check(modups, order (), cO'..lnt%,flagl, flag2)
IF flag1 = 1 THEN

EXIT FOR
ELSEIF flag2 = upsmod THEN

order(l, count%) ::modu(i%).modno
order(2, countt) = it
LPRINT , order(l, count%:), order(2, COUtl'c%)

count% = count% + 1
test(i%) :::1

END IF
NEXT k%
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10 NEXT i%

adder% = adder% + 1

IF adder% > nomod% + 10 THEN
BEEP
BEEP
PRINT
PRINT "connectivity incorrect. 111 Please check It

PRINT "Preas any key"
WHILE INKEY$ :::"n: WEND
ERASE test, ~ointer, index
flag.esc% = 1
EXIT SUB

END IF
LOOP

ERASE test, pointer, index
END SUB
I(EM $S'!'ATIC
SUB overaquistack

FOR j % = 1 '1'0 nomod's
num% :.:t 0
IF modu(j%).typ = 1 THEN

num% = num% + 1
unit(j%~ 0) ~ num%
~mit (j%, nUr.\:'I) ::: j%
1% = j%
DO

llum% .,.nUnl% + 1
]10R k% = 1 TO nomod%

IF modu(l%).infmod = modu(k%).modno THEN
unit(j%, 0) = nUm%
unit(j%, num%) = k%
11) ::: k%
LPRINT unit()%, 0), unit(l%, num%)

EXIT FOR
E~m IF

NEXT k%
LOOP m~'l'ILmodu (1%) •infmod = 0

END IF
NEX'!'j%

.::lNO SUB

SUB eetup~ointermatrix (pointe~\), index(»
position% = 1
pOinter(2, 1) = p()sition%
FOR j% = 1 TO nOmoti%

pointer(l, j%) = modu(j%).modno
FOR i% = 1 TO nomed%

IF mcdu ( 1% ) ."dsnicd = modu (j%)•modno THEN
index (position%) = medu(i%).modno
position% = position% + 1

END IF
IF modu(i%) .~)fl = modu(j%) .modno THEN
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"

index (position%) = mod~(i%).modno
poaition% = position% + 1

END IF
IF mOdu(i%).modno = modu(j%).infmod THEN

index (position%) = modu(i%).modno
position% = posltion% + 1

END IF
NEXT i%
pointer(2, j% + 1) = positiont

NEXT j%
FOR k% = 1 TO position%

LPRINT pointer(l, k%), pointer (2, k%), index(k%)
NEXT k%

END SUB
SUB upstreammods

FOR j% = 1 ~O nomod%
count% = 0: add% = 0
FOR k% = 1 '1'0 nomod%

IF modu(j%).modno = modu(k%).dsmod THEN
count% = count% + 1
con(j%, 0) = count%
con(j%, count%) = k%

END IF
IF modu(j%).modno = modu(k%).ofl THEN

add% = add% + 1
Clvflo(j%, 0) = add%
ovflo(j%, add%) = k%

END IF
'NEXT k%

NEXT j%
END SUB
DECLARE sua qcrit (h%, qcl!, qc2;)
DECLARE sua outflow (h%, flat)
DECLARE ST,1B newtrapdep (modnums , 1%, p%, ynewl)
DECLARE SUB volcalc (num%, volumel)
DECLARE FUNCTION ~etfilename$ (heading$)
DECLAX{E SUB clearscreen ()
DECLARE SUB fileoutput ()
DECLARE SUB modconnect (print.connec~)
TYPE modconnectivity

modno AS INTEGER
on AS INTEGER
typ AS INTEGER
damod AS INTEGER
infmod AS INTEGER
pi AS INTEGER

END TYPE
TYPE overmod

man AS bINGLE
slo As SINGLE
lng AS SINGI,E
wid AS SINGLE

END TYPE
TYPE aquimod

slo AS SINGI,E
wid AS SINGLE
lng P.S SINGLE
depth AS SINGt..E
wtl AS S!NGLE
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eorp AS SINGLE
perm AS SINGLE
por AS SINGLE
intcAS SINGLE
cap AS SINGLE
volume AS SINGLE
yprev AfJ SINGLE

END TYPE
TYPE pipemod

alo AS SINGLE
diant AS SINGLE
lng AS SINGLE
man AS SINGLE
cap AS SINGLE
min AS SINGLE

END TYPE
TYPE trapmod

slo AS SINGLE
lng AS SINGLE
man AS SINGLE
wid AS SINGLE
ssl AS SINGLE
ss2 AS SINGLE
mdep AS SINGLE
cap AS SINGLE

END TYPE
TYPE stormod

cJ. AS SINGLE
Ell AS SINGLE
a AS SINGLE
b AS SINGLE
etlev AS SINGLE
typ AS INTEGER
(:lC::U AS SINGLE
cu AS SINGLE
ccs AS SINGLE
cs AS SINGLE
csp AS SINGLE
sp AS SINGLE
depth AS SINGLE
critl AS SINGLE
crit2 AS SINGLE
crit3 AS SINGLE
prevstor AS SINGLE

END TYPE
TYPE compmod

slo AS SINGLE
lng AS SINGLE
noeegs AS INTEGER
nopts AS INTEGER

END TYPE
COMMON SI1ARED modu() AS modconnectivity, pipe () AS pipemod, storage () AS
stormod
COMMON SHARED overlnd() AS overmod, aqui() AS ~quimod, trapGhan() AS trapmod
COMMON SHARED gin(), gout(), unit(), con(), ovflo(), order(), nomod%, noit%,
tint
COMMON SmL~D m, over(), rain(), pi
COMMON SHARED promptl$, flag.file%, tcode%
COMMON SHARED titleS, fileS, flag.esc%, pl~, p2%, p3%, p4%, pSt, p6%
COMMON S?~D aim.time, rain.time, hyeto.number%, newmod%, flag.insert%
COMMON SHARED compchan() AS compmod, X()f y(), n(), segno()



D - 63

e.t'rorproc:
SELECT CASE ERR

CASE 25, 24, 68
BEEP: BEEP: PRINT : PRINT

Bwitched on ••• press any key"
WHILE INI<EY$ - "": WEND
RESUME

CASE 64, 52
BEEP
BEEP
PRINT
PRINT
PRINT "Bad filename (limited to 8 characters) ••• press any

PRINT "printer not connected or

key"
WHILE INKEY$ = ~": WEND
Rll:SUMEbegin

CASE ELSE
ON ERROR GO'rO 0

END SELECT
begin: CALL fileoutput

END
SUB data. echo

ON ERROR GOTO errorproc
Subroutine tr print a data file
COLOR 3, 0: CLS : COLOR 0, 2
LOCATE 10, 22: PRINT " printj.ng datr\ file ,t
LOCATE 10, 42= PRINT fileS + " It: COLOR 3, 0
LPRINT CHR$(27); CHR$(69)
LPRINT Of WITSKM data file "; : LPRINT fileS
LPRINT CHR$(17); CHR$(70);
LPRINT : LPRINT titleS
LPRINT : LPRINT "Time interval (h) ••.•••••••••.••:"; tint
LPRINT "Simulation duration (h) •."..•..• :"; aim.timeLPRINT "Rainfall duration (h) .•......... :"i rain.time
LPRINT "Hyetograph ordinates (rom/h) :-"
FOR k% = 1 TO hyeto.number%

LPRINT " It;
LPRINT USING "####.##"; rain(k%);

NEXT k%
LPRINT ""
LPRIN'l'
LPRINT : LPnINT "Number of modulea
LPRINT
WIDTH LPRINT 255
LPRINT CHR$(lS);

" ., LPRINT USING "###"; nomod%

FOR j% = 1 TO 6
count% = 0
FOR k% = 1 TO nomod%

IF modu(k%).typ ~ 1 AND j% = 1 THEN
count% = count% + 1
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IF count% = 1 THEN
LPRINT " Overland Flow and Aquifer Modules"
LPRINT "------ ..~-------- ..------ ....----------,,I/PRINT

L P R N T "------------~-------------------~----------------------------~---------~------~-~---------~-----------------~------------------~------"LPRIM't ",: No : DIS Mod: Inf Mod: Lgt(rn) : Wid(rn) : Slope : Man n
: Alpha: Depth(rn): Perm(mm/hr): Sue Hd\rn): Por : Mois Con: W.T. Lev'el(m):"

L P R I N ~ "
__ ... ...__ .c ... •• ---------- .....---- ..·.·~0l0i0""i}--.-
_____ ..., . ... n

END IF
FOR Z% = 1 TO unit(k%, 0)

p% = unit(k%, z%)
pnt% = mOdu(p%).pl
LPRINT " :";
LPRINT USING H###"; lllodu(p%).lllodno;
LPRINT ": "i
LPRINT USING "###"; modu(p%).dsmod;
LPRINT " n;
LPRINT USING "###"; modu(p%).infmod;
LPRINT" :"i
IF z% = 1 THEN
alp = SQR(overlnd(pnt%).slo} /overlnd:pnt%).man

LPRINT USING "####.#"; overlnd(pnt%).lng;
LPRINT " : "i
LPRINT USING "####.#"; overlnd(pnt't) .wid;
LPRINT " : ";.
LPRINT USING "#.###"; overlnd(pnt%).slo;
LPRINT .. : H;
rJPRINT USING "#.###"; overlnd(pnt%) .man;
LPRINT " : H;

• LPRINT USING "##.###"; alp;
LPRIN'l'":
LPRINT "
ELSE

LPRINT USING "####.#"; aqui(pnt%) .lng;
LPRINT " : ";
LPRINT USING "####.#"1 aqui()?nU).wid;
Ll?RINT " : If;
LPRINT qSING "#.###"; aqui(pnt%).alo;
LPRINT " : ---- :";
LPRINT If ---- :";

LPRINT \'3ING "###.##"; aqui'(pnt%).depth;
LPRINT" t ";
LPRINT USING "###.##"; aqui(pnt%).perm;
LPRINT" : "1
LPRINT USING "#i/f.###"; aqui(pnt%). sorp;
LPRINT" ~ ";
LPRINT USING "#.##"; aqui(pnU) .por;
LPRINT ": ";
LPRINT USING "#.###"; aqui(pnt%).imc;
LPRINT": ";
LPRINT USING "###.##"; aqui(pnt%) .ml;
LPRINT " :"
END IF

." .. ,
:"

NEXT z%
L P R I N T,,-~--~-------------------~---------------------------------------------------------------------------------------------------~----------"

END IF
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IF r•..:>du{k%).typ = 2 AND j% :::2 THEN
count% = count% + 1

IF count% = 1 THEN
LPRINT
-LPRINT " pipe Modules"
LPRINT "-------- ..-------,,£.PRINT

L P R I N T ..
--------------------------_._------_ ........---------;--------_ ...._------------"

LPRINT " : No : DIS Hod; Ovf Mod: Lgt(m) ; Diam(m) : Slope: Man
n : Alpha :"

L P R I N 'l' "-------~-------------------------------------------------------------"END IF
pnt% = modu (k%) .pl
alp::: SQR(pipA(pnt%).slo) I pipe(pnt%).man
LPRIN'l'" :";
LPRINT USING "###"; modu(k%).modIlo;
LPRINT ": ";
LPRINT USII~G "1#1"; modu(k%) .dsrnod;
LPRINT " ";
LPRINT USING "###"; modu(k%).ofl;
LPRINT .. ";
LPRINT USING "####.IF"i pipe(pnt%)~lng;
LPRINT " : ";
LPRINT USING "##.###"; pipe(pnt%).diam;
LPRIN'l''' : ";
LPRINT USING "1.11#"; pipe(pnt%).slo;
LPRIN'l'" : If;
LPRIN'l'USING "1.111"; pipe(pnt%).rnan;
LPRIN'l'" : "; .
LPRIN'r USING "11.1##"; alp;
LPRIN'l'":"
END IF
IF mOdu(k%).typ = 3 AND j% = 3 'rHEN

count% = count% + 1

IF count% = 1 '~HEN
LPRIN'r " Trapezoidal Channel Modulel:!"
LPRINT "---------------------------."-,,LPRINT

L P R I N T "

-------------------------------------------"LPRINT " : No : DIS Mod: Ovf l-lod: Lgt(m) : Base wid(rn) : Slope
: LHS side slope : RHS side slope : Man n : All?ha : Depth(m) e "

L P R I N T "----------------------------------------------------------------------------------------------------------------------"END IF
pnt% = modu(k%).pl
alp = sgR(trapcllan(pnt%).slo) I trapchan(pnt%).man
LPRINT .. :";
LPRIN'_rUSING "###"; modu(k%) .modno;
LPRIN'l'": ";
LPRIN'r USING "##1"; modu(k%).dsmod;
LPRIN'l'" ";
LPRIN'l'USING "##1"; modu(k%).ofl;
LPRIN'l'" ";
LPRIN'l'USING "#II#.#If; trapchan(pnt%).J.ng;
LPRINT" ";
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LPRINT USING "##1##.##"; trapch",·.(:Pllt%).wid;
LPRINT " If;
LPRIN'l'USING "'.###"; trapchan(pnt%).slo;
LPRINT ": ";
LPRIN~ USING "####.##"i trapchan(pnt%).ssl;
LPRINT r. ; Hi
LPRINT USING ~####.##n; trapchan(pnt%).ss2;
LPRINT " : H;
LPRINT USING "f..#I#"; trapchan(pnt%).man;
LPRINl' n : tI;
LPRINT USING "##.I#-f/:t1; alp;
LPRINT ": ";
LPRINT USING "###.###"; trapehan(pnt%).mdepi
LPRINT " :"
END-IF
IF modu (k%)•typ = 4 A.."1Dj% = 4 THEN

count% = eount% + 1

IF count% = 1 THEN
LP~INT ~ storaoe Modules"LPRINT " ~ n

LPRINT
L P I N T "

________________________________________________ ~ ~ u

LPRINT " : No : OS Mod: FSL(m) : st cof : st ex : Srt Lev(m) : cof
uaub : ex usub ~ cof sUb: ex sub: cof sp : ex sp : out d(m) : lev out(m):"

L P R I NT"
_________ .- ... II

END IF
pnt% = modu(k%).pl
Ll?RINT " : If;
LPRINT USING "###"; modu(k%).modno;
LPRINT ": ";
LPRINT USING "###"; modn (k%1.darnod;
LPRINT" :";
LPRINT USING "###.##"; storare(pnt%).sl;
LPRINT " : If;
LPRINT USING "####.#"; storage(pnt%).a~
LPRINT " : ";
LPRINT USING "#.###"; storage(pnt%).b;
LPRINT ": ";
LPRINT USING "#####.##"; storage(pnt%).stlev;
LPRINT" : ";
LPRINT USING "####.###"; storage(pnt%).ccu;
LPRIN~l " : ";
LPRINT USING "##.####"; storage (pnt% )•CUi
LPRINT " : ";
LPRINT USING "####.#f;"; storage(pnU).ccs;
LPRIN~ " : It;

LJ?RINT USING "#.####"; storage(pnU).cs;
LPRINT It ~ ";

LPRINT USING "11##.'''; storage(pnt%) .csp;
LPRINT " : ";
LPRINT USING "1.###"; storage(pnt%).sp;
LPRINT " : ";
LPRINT USING "#,'1:##.##"; storage(pnt%) •depth;
LPRINT n: ";
LPRINT USING "#####.##"; storage(pnt%}.cl;
LPRINT " :"
END IF
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IF modu(k%).typ = 5 ~~ j% = 5 THEN
count% = count% + 1

IF count% = 1 THEN
LPRINT " Compound Channel Modules"
LPRINT "--------------------------,,LPRINT

L P R I N T "

----" LPRINT " : No : DIS Mod ; Ovf Mod : Lgt (rn) : Number of Segs : Slope
: Number of Points :"

L p R I N T "-------------------~~---------------------------~----------~-~----------------_."
END IF
pnt% = modu(k%).p1
LPRINT " :";
L PRINT USING "###"; modu (k%) •modno r
LPRINT ": ";
LPRIN'l mlING "###" i modu(k%) .damod;
LPRINT .. ";
LPRINT USING "###"; modu(k%).ofl;
LPRINT "; .
LPRINT USING "####.#"; compchan(pnt%).lng;
LPRINT " : ";
LFRINT USING "###"; compchan(pnt%) .nosegs;
LPRINT " : ";.
LPRINT USING "#.###"; compchan(pnt.%).slo;
LPRINT " : tt;
LPRINT USING "###"; compchan(pnt%).nopts;
LPRINT " :"

L P R I N T"-----------------------------------------------------~-------------------------".
LPRINT
LPRINT "
LPRINT "
LPRINT

X coordinate (m) Y coordinate (m)"_ .... I'

FOR jj% = 1 TO compchan(pnt%).nopta
LPRINT " ";
LPRINT USING "###.##"; x (pnt% , jj%);
LPRINT " ";
,LPRINT USING "###..##"; y(pnt%, jjt)

NEXT jj!fl
LPRINT
LPRINT " segment number left p-:Jint right point roughness

(n) "
LPRINT "--~-----'_"-----_____________ It

LPRINT
FOR jj% = 1 TO com~chan(pnt%).nosegs

LPRINT " H;
LPRlNT USING "##"; jj%;
LPRINT " ";
LPRIN ..USING "###"; segno(pnt%, jj%, 1);
LPRINT " ";
LPRINT USING "###',; segno(pnt%, jj%, 2);
LPRINT " ";
LPRINT USING "##.###"; n(pnt%, jj%)

NEXT jj%
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END IF

NEXT k%
IF j% = 2 AND count% > 0 THEN

L P R I N T II
______ ,.. ... .......... ......~ II

LPRINT
END IF
IF j% = 3 AND count% > 0 THEN

L P R I N T n
_ ... ....... _ •• ... c:. ... . _

-------------------------------------------"LPRINT
END IF
IF j% = 4 AND count% > 0 THEIi

L P R I N T "---------------------------------------------------------------------------________ .... __ ... .. .-0 tt

LPRI~T
.END IF

NEXT j%

END SUB
SUB fileoutput

ON ERROR GOTO errorproc

flag% = 0

DO
clearscreert
headingS == "Enter filename (0 to end)"
£ile1$ = getfilename$(heading$)
IF fi1e1$ = "c;O.DAT" THEN

'"XIT SUB
ELSE

OPEN f~le1$ FOR OUTPUT AS #1
END IF

getnum: c1earscreen
LOCATE 4, 1
PRINT "Enter module number for data output"
COLOR 7, 0
LOCATE 4, 37
INPUT "", nurn%
COLOR 3, 0

modnum% :;::0
FOR i% = 1 TO nomod%

IF modu{i%).modno = num% THEN
modnum% = i%
EXIT FOR

END IF
NEXT it
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IE' modnum% <> o THEN
FOR j% == 0 TO noit%

PRINT #1, USING "111#1.11" ; j% * tint; * 60;
PRINT #1, " n.,
PRINT #1, USING "####.##11" • qout(i%, j%)

NEXT j%
CLOSE #1

ELSF.
BEEP
BEEP
PRINT
PRINT
PRINT "Module "; nUIll%;" does not exist ••• press any key"
WHILE INKEY$ :::"": WEND
GOTO getnum

END IF
LOOP UNTIL fla~% ~ 1

END SUB
SUB graphpl

getno: SCREEN 0: WIDTH 80: CLS
LOCATE 4, 1: COLOR 3, 0: PRINT "Which module'S oU'tput hydrograph clo

you want plotted (0 to return)"
COLOR 7, 0: LOCATE 4, 68: INPUT "", num%
FOR i% = 1 TO ncmod%

IF llIodu(i%).modno == num% THEN
llIodnum%::i%
GOTO grapplCl

END IF
IF num% = 0 TliEN GOTO last

NEXT i%
BEEP: !:lEEI':PRINT: PRINT: PRINT "Module If; num%; " does not exist

press any key"
WHILE INKEY$ :::....: WEND
CLS a
GOTO getno

grapplo: CALL volcalc (mOdn1lm%, vOl)

SCREEN 2
peaJc.lee 0
peak2 = 0
peak3 == 0
FOR k% = 1 TO noit%
IF qout(modnum%, k%) > peakl THEN

peakl == qout(modnum%, k%)
END IF
IF qin{modnum%, k%) > peak2 THEN

peak2 :::qin(modnum%, k%)
END IF
IF rain{k%) > peak3 THEN

peak3 == rain(k%)
END IF

NEXT k%
rmax = peak3 + 5

xmax = noit% * tint
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VIEW (15, 15)-(600& 42), , 1
WINDOW (0, O)-(xmax, rmax)
FOR i% = 0 TO noit% - 1

xl = i% * tint
yl = rain(i%)
x2 = (i% t 1) * tint
y2 = rain(i% + 1)
LINE (xl, yl)-(x2, y2)

NEXT i%
IF modu(modnum%).typ <> 6 THEN

LOCATE 5, 55: PRINT" pEak inflow= ";
PRINT USING "####.###"; peak2
LOCATE 6, 55: PRINT "peak outflow= ";
PRINT USING "####.###"; peakl
LOCATE 7, 55: PRINT "Volume";
PR!NT USING "i'J#####.##"; vol

ELSE
LOCATE 5, 55: PRINT" peak inflow= ";
PRINT USING "####.###"; peak2 * 10001 '* 36001
LOGATE 6, 55: PRINT "peak outflow= H;
PRINT USING "#### .###"; pealel 'it 10001 * 3600!
LOCATE 7, 55: PRINT "Volume";
PRINT USING "######.##"; vol

END IF
VIEW (32, 3)-(620, 165), , 1
IF peakl > peak2 THEN
ymax = peakl + peakl j 10

ELSE
ymax = peak2 + peak2 j 10

END IF
IF ymax = 0 THEN

ymax = .001
END IF
IF modu(modnum%).typ <> 6 THEN

LOCATE 12, 2: PRIl~T =oumec"
LOCATE 1, l~ PRINT USING "####.###"; ymBJt

ELSE
ymax = ymax * 1000 '* 36001
LOCATE 12, 2: PRINT "ljhr"
LOCATE 1, 1: PRINT USING "####.###"; ymax

END IF
LOCATE 22, 2t PRINT "0"
LOCAT.E 23, 4: PRINT "0"
LOCATE 23, 39: PRINT "Time mine'"
LOCATE 23, 73: PRINT USING "###.##"; eim.time * 60

WINDOW (0, O)-(xmax, ymax)
FOR i% = 0 TO noit% - 1

xl = i% * tint
x2 = (i% + 1) 'it tint
y1 = qout(modnum%, i%)
y3 = qin(modnum%, i%)
y2 = qout(modnum%, i% + 1)
y4 = qin(modnum%, i% + 1)
IF modu(modnum%).typ <> 6 THEN

LI~re (xl, yl)-(x2, y2)
LINE (xl, y3)-(x2, y4)

ELSE
LINE (xl, yl * 1000 * 36001)-(x2, y2 * 1000! * 36001)
LINE (xl, y3 * 1000 ;.3600!)- (x2, y4 'k 1000 * 3600 I)
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END IF
NEXT i%

waiting:
last:

WHILE INKEY$ =
GOTO getno

"": WEND

END SUB
SUB newtrapdep (modnum%, i%, p%, ynew)

c1 = storage (p%)•c1: aJ.. = st.orage(p%)•sl
d = storage(p%).depth
csp = storage(p%).csp: sp = storage(p%).sp
ccs = storage(p%).ccs: cs = storage(p%).cs
yo1d = sl + .1
DO

abitl = ccs * os * (yold - cl - .5 * storage(pnt%).depth) " (cs - 1)
abit2 = csp * sp * (yo1d - 131) A (ap - 1)
dfdy = -abitl - abit2
f = ccs * (yo1d - c1 - .5 * d) A CS
f = t + csp * (yo1d - sl) " sp
f = qout(modnnm%, i%) - f
ynew = yold - f / dfdy
diff = ABS(l - ynew / yold)
yold = ynew

LOOP UNTIL diff <= .001
END SUB
SUB outflow (h%, fla%)

FOR k% = 1 TO noit%
IF qout(h%, k%) <> 0 THEN

fla% = 1
EXIT SUB

END IF
NEXT k%

END SUB
SUB printout

ON ERROR GOTO'errorproc
WIDTH LPRINT 80
LPRINT CHR$(18);
SCREEN 0: WIDTH 80: CLS
LPRINT CHR$(27); CHR$(69)
LPRINT " WITSKM data file It; LPRINT fileS
LPRINT CHR$(27); CHR$(70);
LPRINT : LPRINT titleS
LPRINT : LPRINT "Time interval (h) ••••••••••••••• ."; tin'tLPRINT "Simulation duration (h) ........• :"i aim.timeLPRINT "Rainfall duration (h) •.••.•••••• :"i rain.time
LPRINT "Hyetograph ordina'.;es(rom/h):-"
FOR k% = 1 TO hyeto. numbe'r%

LPRINT " ";
LPRINT USING "####.##"j rain(k%};

NEXT k%
LPRINT ""
T.PRINT

getnol: CLS
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LOCATE 4, 1
COLOR 3, 0
PRINT "Enter module nUIJl.U~rfor output (0 to return)"
COLOR 7, 0: LOCATE 4, 50: INPUT'"", num%
FOR i% = 1 TO nomod%

IF modu(i%).modno = num% THEN
modnum% = i!ls
GaTO skipl

END IF
IF num% = 0 THEN GOTO fini

NEXT i%
BEEP: BEEP: PRINT: PRINT: PRINT "Module "; n.um%; " does not exist

press any key'"
WHILE INKEY$ :: n n: WEND
GaTO getno1

skip1: CALL volcalc(modnum%, voL)

IF modu (modnum%) •typ = 2 OR modu {modmun%) •typ = 3 THEN
LPRINT " module number = "; mOd~i,{li\odnum%).modno;
IF modu(modnum%) .typ = 2 THEli

LPRINT "capacity (m"3/s):";
LPRINT USING "####=###"i pipe(modu(modnum%).pl).cap
LPRINT "Volume (rn"3):";
LPRINT USING "######.##"; vol

ELSE
LPRINT "capacity (m"'3/s):";
LPRINT USING "if###.##"; b')'ochan(modu (modnum% ).1'1)•cap
LPRINT "Volume (m"3):";
LPRINT USING "######.##"; vol

END IF
EL$EIF modu(.modnum%).typ = 1 THEN

LPRINT " module number = "; modu(modnum%).modno
LE'RINT "Volume Runoff (m"3):";
LPRINT USING "##i###.#I"; vol
po% =: modu(modnum%).pl
p~l% = unit(moctnurn%, 2)
LPRINT "Rainfall Volume=";
rai:nvol = 0
FOR h% = 1 TO noit%

rainvol = rainvol + rain(h%) * t.int * overlnd(po%) .lng *
overlnd(po%).Nid I 10001

NEXT h%
LPRINT :rainvol

ELSE
LPRINT " module number """; modu(modnurn%) .~odno
LPRINT "Volume (rn"3):";
LPRINT USING "######.##"; vol

END IF
LPRINT
LPRINT" ";
LPRINT" Time";
LPRINT " Inflow ";
LPRINT " ut£low" ;
IF modu(rnodnurn%).typ <> 4 THEN

LPRINT " overflow "
ELSE

LPRINT" depth "
END IF
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LPRINT" ";
LPRINT" hr" ;
IF modu(modnum%).typ <> 6 THEN

LPRINT " cumec" ;
LPRINT " cumec ";
IF modll(modnum%).typ <> 4 THEN

LPRINT " cumec"
ELSE

LPRINT "
END IF

ELSE
LPRINT "
LPRINT "
LPRINT "

END IF

m n

l/hr";
l/hr ";
l/rr"

LPRINT
FOR i% = 0 TO noit%
IF modu(modnum%).typ' < 4 OR modu(modnum%).typ = 5 T:iEN

LPRINT" It;
LPRINT USING "####.##"; i% * tint;
LPRINT " ";
LPRINT USING "###.###"1 qin(modnum%, i%);
LPRINT " ";
LPRIN'T USING "###.###"; qout(modnum15, i%);
LPRIl'iT" ";
LPRINT USING "###.###"; over (modnum%, i%)

ELSEIF modu(modnum%).typ = 6 THEN
LPIUNT" ";
LPRINT USING "####.##"; i% -It tint;
LPRINT" ";
LPRINT USING "####.####"; qin(modnum%, i%) * 36000001;
LPIUNT" ";
LPRINT USING "####.####"; qout(modnum%, i%) * 36000001;
LPRINT n ";

LPRINT USING "####.####"; over (modnum%, i%) * 36000001
ELSE

CALL outflow(modnum%, fla%)
p% = modu(modnum%).p1
IF fla% = 0 THEN

LPRINT "no outflow from dam"
LPRINT
LPRINT "final level in dam=";

storage(p%).a) A (1 / storage(p%).h);
LPRINT " m"
GOTO getno1

ELSE
IF stot'age(p%) •typ = 1 THEN

CAIJL qcrit(modnum%, qelt qC2)
IF qout(modnum%, i%) = 0 THEN

dep = storage(p~).cl
ELSEIF qout(modnum%, i%) > 0 AND qout(modnum%, it) <= qel THEN

dep = (qout(modnum%, i%.) / storage(p%).eeu) A (1 /
etorage(p%).cu) + storage(p%).el

ELSE IF qout(modnum%, i15)> qe1 AND qout(modnum%, i%) <= ge2 THEN
dep = (qout(modnum%, i%) / storage(p%).eea) A (1 /

(storage(p%).prevstor /

storac,;re(p%) •cs )
dep = dep + atorage(p%).cl + .5 * storage(p%).depth

ELSE
CALL newtrapdep(modnum%, it, p%,.dep)

END IF
ELSE
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dep :: (qout(modrlum%, is!;) / storage(p%) .csp)
storage(p%).sp)

aep = dep + storage(p%).sl
END IF

END IF
IF fla% <> 0 THEN

LPRINT" ";
LPRINT USING "####.##"; i% * t.int;
LPRINT" ";
LPRIUT USING "#####.###"; qin(modnum%, i%);
LPRINT" ";
LPRINT USING "t/:####.###"; qout(modnum%, i%);
LPRINT" ";
LPRINT USING "####.###"; dep

END IF
END IF

NEXT Hi
LPRINT
GOTO getno1

fioi:
END SUB

(1 /

SUB qerit (h%, qel, qe2)
p% = modu(h%).pl
qcl = etorage(p%).ecu * (1.5 * storage(p%).depth) A storage(~%).eu
qc2 ~ storage(p%).ces * (storage(p%).sl - storage(p%).el - .5 *

storage(p%).depth) A storage(p%).es
END SUB
SUB volealc (num%, volume)

volume = 0
FOR j% ::1 TO noit%

element = (qout(num%, j% - 1) + qout(num%, j%» * tint * 3600 / 2
volume ::volume + element

NEXT j%
END SUB



COMPUTATION SUBPROGRAM
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'control program for tbG computation subprogram
DECLARE SUB QvsA (1%, ql (), at (), bl (), nohtsl)
DECLARE SUB compoundcha (1%, i%, q(), a(), b(), nohts)
DECLARE SUB storagemod (1%, i%)
DECLARE SUB trapmodule (1%, i%)
DECLARE SUB pipemodule (1%, i%)
DECLARE SUB graphpl ()
DECLARE SUB printout ()
DECLARE SUB checkaquisat (pnt2%, pnt3%, i~, infiloutl)
DECLARE SUB aquiroutel (infilin, infilout, pnt%, pntlt, i%)
DECI~ SUB overroutel (infilout, pntt, pntl%, it)
DECLARE SUB potinfiltration (pnt2%, pnt3%, i%, infilt)
DECLARE SUB overlandl (1%, i%)
DECLARE SUB initialize ()
DECLARE SUB modconnect (print.connec%)
DECLARE SUB datainput ()
TYPE mOdconnectivity

modno AS INTEGER
of! AS INTEGER
typ AS INTEGER
dsmod AS INTEGER
infmod AS INTEGER
p1 AS INTEGER

END TYPE
TYPE overmod

man AS SINGLE
alo AS SINGLE
lng AS SINGLE
wid AS SINGLE

END TYPE
TYPE aquimod

slo AS SINGLE
wid AS SINGLE
lng AS SINGLE
depth AS SINGLE
wtl AS SINGLE
sorp AS SINGLE
perm AS SINGLE
por AS SINGLE
imc AS SINGLE
cap AS SINGLE
volume AS SINGLE
yprev AS SINGLE

END TYPE
TYPE pipemod

910 AS SINGLE
diam AS SINGLE
lng AS SINGLE
man AS SINGLE
cap AS SINGLE
min AS SItvGLE

END TYPE
TYPE trapmod

910 AS SlNGLE
lng AS SINGLE
man AS SINGLE
wid AS SIlIGLE
ssl AS SInGLE
ss2 AS SINGLE
mdep AS S:tNGLE
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cap AS SINGLE
END TYPE
TYPE storntod

e1 A'S SINGLE
sl AS SINGLE
a AS SINGLE
b AS SINGLE
stlev AS SINGLE
typ AS INTEGER
ccu AS SINGLE
eu AS SINGLE
ccs AS SINGLE
cs AS SINGLE
cap AS SINGLE
sp'AS SINGLE
depth AS SINGLE
eritl AS SINGLE
c.rit2 AS SINGLE
crit3 AS SINGLE
prevstor AS SINGLE.END TYPE

Tyr.m compmod
alo AS SINGLE
lng AS SINGLE
nosegs AS INTEGER
nopts AS INTEGER

END TYPE
COMMON SHA.~D modu() AS modeonnectivity, pipe () AS pipemod, storage () .AS
stormed
COMMON SHARED overlnd() AS overmod, aqui() AS aquimod, trapehan(} AS trapmod
COMMON SHARED gin(), gout(), unite), con(), ovflo(), order(), nomod%, noit%,
tint
COMMON
COMMON
COMMON
COMMON
COMMON

SHARED
SHARED
SHARED
SHARl';D
SHARED

m, over(), rain(), pi
prompt1$, flag.file%, tcode%
title$, file$, flag.esc%, pl%, p2%, p3%, p4%, p5%, p6%
aim. time, rain. time, hyeto.number%, newmod%, flag.insert%
compchan() AS compmod, xC), y(), n(), segno()

REDIM b(20), q(20), a(20)
CALL modconneet(O)
CALL initialize
CLS
FJR j% = 1 TO nomod%

1% = order(2, j%)
IF modu(l%).typ <> 6 THEN

IF modu(l\).typ = 5 THEN
CALL QVsA(l%, q(), a(), b(), nohts)

END IF

FOR i% = 1 TO noit%
COLOR 7, 0
CLS
COLOR 0, 2
LOCATE 12, 20: PRINT SPACE$(29)
LOCATE 12, 20
nommer% = modu(l%).modno
PRINT "time step no"; i%; " Module no It; nommer%
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COLOR 3, 0
SELECT CASE modu(l%).typ

CASE 1
CALL overlandl(l%, i%)

CASE 2
CAr,L pipemodule(l%, i%)

CASE 3
CALL trapmodule(l%, i%)

CASE 4
CALL storagemod(l%, it)

CASE 5

CALL compoundcha(l%, it, q(), a(), b(), nohts)
END SELECT

NEXT i%
END :F

NEXT j%

tcode% = 2
CLS
COLOR 0, 2
LOCATE 13, 28
PRINT "Chaining editor subprogram"
COLOR 3, 0
CHAIN "editor"

END
'Connectivity calculation module
DECLARE SUB connecttable ()
DECLARE SUB setuppointermatrix (pointer(), index(»
DECLARE SUB orderofcllculation (pointerl(), indexl(»
DECLARE SUB check (modnuml, orderl(), count%, flaglt, flag21)
DECLARE SUB overaquistack ()
DECLARE SUB upstreammods ()
DECLARE FUNCTION areapipel (angle, pnt%)
DECLARE FUNCTION storvoll (pnt%, yl)
TYPE modconnec'civity

modno AS INTEGER
ofl AS INTEGER
typ AS INTEGER
damod AS INTEGER
infmod AS INTEGER
pI AS INTEGER

END TYPE
TYPE overmod

man AS SINGLE
slo AS SINGLE
Ing AS SINGLE
wid AS SINGLE

END TYPE
TYPE aquimod

slo AS SINGLE
wid AS SINGLE
Ing AS SINGLE
depth AS SINGLE
wtl AS SINGLE
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eorp AS SINGLE
perm AS SINGLE
por AS SINGLE
imc AS SINGLE
cap AS SINGLE
volume AS SINGLE
yprev AS SINGLE

END TYPE
TYPE pipemod

do AS SINGLE
dLam AS SINGLE
Ing AS SINGLE
man AS SINGLE
cap AS SINGLE
min AS SIltl'GLE

END TYPE
TYPE trapmod

s10 AS SINGLE
Ing AS SINGLE
man AS SINGLE
wid AS SINGLE
ssl AS SINGLE
ss2 AS SINGLE
mdep AS SINGLE
cap AS SINGLE

END TYPE
TYPE stormod

01 AS SINGLE
e1 AS SINGLE
a AS SINGLE
b AS SINGLE
stlev AS SINGLE
typ AS INTEGER
cou AS SINGLE
cu AS SINGLE
ccs AS SINGLE
cs AS SINGLE
csp AS SINGLE
ap AS SINGLE
depth AS SINGLE
critl AS SINGLE
crit2 AS SINGLE
~rit3 AS SINGLE
pre~rstor AS SINGLE

END TYPE
'rYPE compmod

elo AS SINGLE
1ng AS SINGLE
nosegs AS INTEGER
nopts AS INTEGER

END TYPE
COMMON SHARED modu() AS modconnectivity, pipe () AS pipemod, stor.age() AS
stormod
COMMON SHARED over1nd() AS overmod, aqui() AS aquimod , trapchan() AS trapmod
COMMON SHARED gin(), gout(), unite), con(), ovflo(), order(), nomod%, noit%,
tint
COMMON
COMMON
COMMON
COMMON
COMMON

SHARED
SHARED
SHARED
SHARED
SHARED

m, over(), rain(), pi
promptl$, flag.file%, tcode%
titleS, fileS, flag.esc%, pl%, p2%, p3%, p4%t p5%, p6%
aim.time, rain.time, hyeto.number%, newmod%, flag.insert%
compchan() A~ compmod, xC), y(), n(), segno()
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errorproc1:
• SELECT CASE ERR

CASE 25, 24, 68
BEEP: BEEP: PRINT : PRINT

switched on ••• press any key"
WHILE INKEY$ = "": WEl-m
RESUME

CASE ELSE
GN ERROR GOTO 0

END SELECT

PRINT "printer not connected or

END
SUB check (modnum, order(), count%t flag1, flag2)

mark% = 0
FOR j% = 1 TO count% - 1

IF modnum = order(l, j%) THEN
flag2 = flag2 + 1
mark% = 1
EXIT FOR

END IF
NEXT j%
IF mark% = 0 THEN

flag1 = 1
END IF

END SUB
SUB connecttable

ON ERROR GOTO errorproc1
WIDTH LPRINT 80
LPRINT CHR$(18);

1 i n e 1 $ = "---------------------------------------~-----------------------~-----------"titlel$ ::" : no : mod no : upstream module nos
:"LPRINT linel$ .

LPRINT title1$
FOR k% ~ 1 TO nomod%

LPRINT 1inel$
Ll?RINT" : ";
LPRINT USING "##"; k%i
LPRINT ": ";
LPRINT USING "###"; modu(k%).modno;
LPRINT" :"i
FOR j% = 1 TO 10

IF j% <= con(k%, 0) THEN
!.PRIIVTUSING "###"; rnodu(con(k%, j%)}.rnodno;
LPRINT " : ";

ELSE
LPRINT "---

END IF
NEXT j%

NEXT k%
LPRINT line1$
LPRINT " modules 900 and up are dununy aquifers"
LPRINT

It ..,

LPRINT
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li.lelS ==" ------------------- ... -------------------------"titlel$ =" no; mod no : overflew' module nos :"
LPRINT line1$
LPRINT titlel$
FOR k% = 1 TO nomod%

LPRINT linel$
LPRINT" : "i
LPRINT USING "#1"; k%;
LPRINT ": HI
LPRINT USING "1#1"; modu(k%).modno;
LPRINT" :";
FOR j% = 1 TO 5

IF j% <= ovflo(k%, 0) THEN
LPRINT USING "###"; tnodu(ovflo(k%, j%».modno;
LPRINT n : ";

ELSE
LPRINT "--- : ";

END IF
NEXT j\

NEXT k%
LPRINT linel$
LPRINT n modules 900 and up are dummy aquifers"
LPRINT

END SUB
SUB initialize

INPUT "do you want to enter hydro graph for a moclule(y/n)"; ans$
ans$ == "n"
IF ans$ == lOy" THEN

INPUT "module no"; rncdnums
FOR j% = 1 TO nomod%

IF modu(j%).modno = modnum% THEN
num% == j%
EXIT FOR

END IF
NEXT j%
FOR j% = 0 TO noit.%

INPUT ":flow"; qin(num%, j%)
NEXT j%

END IF
FOR it == 1 TO nomod%

SELECT CAS~ modu(i%).typ
CASE 1

IF i% <> r.i.lm% THEN
FOR j% = 0 TO noit%

qin(i%, j%) = .0001
qout(i%, j%) = .0001

NEXT j%
END IF

CASE 2
pnt% = modu(i%).pl
alp = SQR(pipe(pnt%).slo) / pipe(pnt%).man
theta = .827 * 2 * pi
area = areapipe(theta, pnt%)
perim == pipe(pnt%).di~n * theta 1 2
r = area / perim
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pipe(pnt%).cap = alp * area * r A (m - 1)
theta = .02 * 2 * piarea = a~)apipe(theta, pnt%)
perim = pipe(pnt%).diam * theta I 2
pipe (pnt%) .min = alp * area * r A (m - 1)
IF i% <> num% THEN

FOR z% = 0 TO noit%
qin(i%, z%) = pipe(pnt%).min

NEXT z%
END IF
FOR z% = 0 TO noit%

qout(i%, z%) = pipe(pnt%).min
over(i%, z%) = 01

NEXT z%
CASE 3

IF i% <> num% THEN
FOR z% = 0 TO noit%
qin(i%, z%) = .00001

NEXT z%
END IF
~OR z% = 0 TO noit%

qout(i%, z%) = .00001
over(i~, z%) ; 01

NEXT z!\;
pnt% = modu(i%).pl
ss = trapchan(pnt%).ssl + trapchan(pnt%).ss2
fact = SQR(l + trapchan(pnt%).ssl A 2)
fact = fact + SQR(l + trapchan(pnt%).ss2 A 2)
area = trapchan(pnt%).mdep * trapchan(pnt%).wid
area = area + ss * trapchan(pnt*).mdep A 2 I 2
perim = trapchan(pnt%).wid + trapchan(pnt%).mdep * fact
r = area 1perim
trapchan(pnt%).cap = SQR(trapchan(pnt%).slo) * area
trapchan(pnt%).cap = cap * r A (m - 1) / trapchan(pnt%).man

CASE 4
pnt% = modu(i%).p1
FOR z% = 0 TO noit%

qin(i%, z%) = 0,1
NEXT z%
FOR z% = 0 TO noit%

qout(i%, z%) = 01
NEXT ::::%

IF storage (pnt%) •t.yp= 0 THEN
storage(pnt%).critl ~ storvol(pnt%, storage(pnt%).sl)

ELSE
storage(pnt%).critl = storvol(pnt%, atorage(pnt%).cl)
ht = 1.5 * storage(pnt%).depth
qdt = storage(pnt%).c¢u * «ht) A storage(pnt%).cu)
qdt = qdt * tint * 3600
storage(pnt%).crit2 = qdt + storvol(pnt%, ht)

. + storage(pnt%).cl
ht = storage(pnt%).sl - storage(pnt%).cl ~ .5 *

storage(pnt%).depth
qdt = storage(pnt%).ccs * «ht) A storage(pnt%)~cs) *

tint * 3600
storage(pnt%).crit3 = qdt ~ storvol(pnt%,

8tor~ge(pnt%).sl)
END IF
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atorage(pnt%).prevstor = storvol(pnt%,

storage(pnt%).stlev)
CASE 5

FOR z% = a TO noit%
qin(i%, z%) = 01

. qout(i%, z%) = 01
over(i%, z%) ~ 01

NEXT z%

CASE 6
pnt% = modu(i%).pl
aqui(pnt%).yprev = aqui(pnt%).wtl
gout (1%, 0) = aqui (pnt%)•wtl * aqui (pnt%) •perm *

aqui(pnt%).wld * aqui(pnt%).slo / (10001 *
36001 )

aqui(pnt%).cap = aqui(pnt%).slo * aqui(pnt%).perm *
aqui(pnt%).depth * aqui(pnt%).wid / (10001
* 36001)

IF i% <> num% THEN
FOR j% = a TO noit%

qin(i%, j%) = 01
aqui(pnt%).volume = a

NEXT j%
FOR j% = 1 TO noit%

qout(i%, j%) = a
.over(i%, j%) = 01

NEXT j%
END IF

END SELECT
NEXT i%

END SUB
SUB modconnect (print.connec%)

REM $DYNAMIC
CLS
COLOR 0, 2
LOCATE 11, 28
PRINT "Calculating connectivity"
COLOR 3, 0
REDIM pointer(2, 141), index(170)
INPUT "do you want to output the calculation order ans(y\n)"; ans$
Call sub upstreammods to determine the upstream modules and the
modules which flow onto each module.
The number of upstream modules and their numbers are stored in array
CON and the overflow modules in array OVFLO
CALL upstreammode
Call overaquistack to determine the overland and associated aquifers
The array UNIT is used to store the information.
Cl'J.Loveraquistack
Call subs aetuppointermatrix and orderofcalculation to determine the
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upstream ~ downstream order of calculation of the modules.
CALL setuppointermatrix(pointer(), index(»
CALL orderof.calculation(pointe:c(), index(»

IF flag.esc% = 0 THEN
IF print.connec% = 1 THEN

CALL connecttable
p~int.connec% = O·

END IF
END IF

END SUB

REM $STATIC
SUB orderofcalculation (pointer(), index(»
REM $DYNAMIC
DIM test(l40)

count% = 1
FOR k% = 1'TO nomod%

IF pointer(2, k%} = pointer(2, k% + 1) THEN
order(l, count%) = modu(k~).modno
order(2, count%) = k%
LPRINT order(l, count%;.,order(2, count%)
count% = count% + 1

END IF
NEXT k%
adder% = 0
DO UNTIL count% = nomod% + 1

FOR i% = 1 TO nomod%
flagl = 0
flag2 = 0 .
IF test(i%) = 1 GOTO 10

upsmod = pointer(2, i% + 1) - pointer(2, it)
start = pointer(2, it)
FOR k% = 0 TO upsmod - 1

modupe = index(start + k%)
CALL check(modups, order(), count%, flagl, flag2)
IF flagl = 1 THEN

EXIT FOR
ELSEIF flag2 ::upsmod THEN

order(1, count%) = modu(i%).modno
order(2, count%) = i%
LPRINT , order(1, count%), order(2, count%)

count% = count% + 1
test(i%) = 1

END IF
NEXT k%

10 NEXT i%
adder% = adder% + 1
IF adder% > nomod% -I- 10 THEN

BEEP
BEEP
PRINT
PRINT "Connectivity incorrect. 111 Please check"
PRINT "Press any key"
WHILE INKFY$ ::"": WEND
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ERA~E test, pOinter, index
flay.esc% = 1
EXIT SUB

END IF

LOOP

ERASE test, pointer, index
END SUB
REM $STATIC
SUB overaquistack

FOR j% = 1 TO nomod%
num% = 0
IF mod'U(j%).typ = 1. THEN

num% = m.l,m%+ 1
unir.(j%, 0) = num%
unit(j%, num%) = j%
1% = j%
DO

num% = num% + 1
FOR k~ = 1 TO nomod%

Ill' modu ( 1%) •infmod = modu (11:% ) • modno THEN
unit(j%, 0) = num%
unit(j%, num%) = k%
1% = k%
LPRINT unit(j%, 0), unit(l%, num%)

EXIT ~"0R
END IF

NEXT k%
LOOP UNTIL modu(l%).infrnod = 0

END IF

NEXT j%
END SUB
SUB setuppointermatrix (pointor(), index(»

position% = 1
pointer(2, .1) = position%
FOR j% = 1 TO nomod%

pohlter(l, j%) = modu(j%) .modno
FOR i% = 1 TO nomod%

IF mcdn (i%)•dsmod = modu (j %) •modno THEN
in~bx(position%) = modu(i%).modno
pos1tion% = position% + 1

END IF
IF modu(i%).ofl = modu(j%).modno THEN

index(position%) = moju(i%).modno
positivn% = position% + 1

END IF
IF modu(i%).modno = modu(j%).infmod THEN

index(position%) = modu(i%).modno
position% = position% + 1

END IF
NEXT it
pointer(2, j% + 1) = position%

Nl:XT j%
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•
FOR k% = 1 TO position%

LPRINT pointer(l, Jt%), pointer(2, k%), index (k%)
NEXT k~

END SUB
SUB upstreammods

FOR j% = 1 TO nomod%
count% = 0: add% = 0
FOR k% = 1 TO nomod%

IF mOdu(j%).modno = modu(k%).dsmod THEN
count% = count% + 1
con(j%, 0) = count%
con(j%, count%) = k%

END IF
!F modu(j%).modno = modu(k%).ofl THEN

add!!:= add!!;+ 1
ovflo(j%, 0) = add%
ovflo(j%, add%) = k%

END IF
NEXT k%

NEXT j%
END SUB
'Subroutine for routing flow overland and through aquifers
'The infiltration is calculated using the subroutine potinfiltration,

DEC)LARE SUB muscungcoeff (length, e i , kt , theta!, cofll, cof2.1, cof3!, c-:lf4!)
DEC:LARE SUB aquiroutel (infiliul, infoutl, pnU, pntl%, it)
DEC:LARE SUB overroutel (infout J, pnt%, pntHI, .t.%)
DECLARE SUB depthforinfil.aqui (infilinl, pnt%, pntl%, itt availdep!)
nEC:LARE SUB checkaquisat (pnt2%, pnt3%, 1%, infoutl)
DEC!LARlilSUB potinfiltration (p'1t2%, pnt3%, j.%, inf111:1)
nECLARTl:SUB depthforinfil.plane (pnU, pntl%, it, availdepl)
TYPE modconnectivity

modno AS INTEGER
ofl AS INTEGER
typ AS INTEGER
dsmod AS INTEGER
infmod AS INTEGER
pl AS INTEGER

END TYPE
TYPE overmod

m~n AS S!NGLrJ
slo AS SINGLE
Ing AS SINGLE
wid. AS SINGLE

ENL "'Y!?E
TYPEl aquimod

s10 AS SINGLE
'.-tidAS SINGLE
Ing AS SINGLE
depth AS SINGLE
lrtl AS S!NGLE
ISOrp AS o.2INGLE
perm AS S!NGLE
l?or AS SINGLE
Lmc AS SINGLE
cap AS SINGLE
vo Lume :.3 SINGLE
)(prev AS SINGLE
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END TYPE
TYPE pipemocl

alo AS SINGI.E
diam AS SINGLE
lng AS SINGLE
man AS SINGLE
cap AS SINGLE
min AS SINGLE

END TYPE
TYPE trapmod

slo AS SINGLE
lng AS SINGLE
man AS SINGLE
wid AS SINGLE
ssl AS SINGLE
ss2 AS SINGLE
moep AS SlNG,LE
C<ip AS SIN'GLE

IllNO TYPE
TYPE stormod

cl AS SINGLE
al AS SINGLE
a AS SINGLE
b AS SINGLE
sUey AS StNG~LE
typ AS INTEGE:R
ceu AS SINGLEl
cu AD SINGLE
cos AS SUlGLE:
cs AS SINGLE
csp AS Sr.NGLE~
a1) AS SIlIl'GLE
depth AS SINC;LE
critJ. AS SINOLE
cri'l:~lAS SIN(;LE
crit3 AS SIN(~LE
prevator AS I3INGLE

END TYP:tll
TYPE compmod

slo AS SINGLll:
lng AS SINGLE
noaegs AS IN'l'EGER
'lOpts AS INTilllGER

END TYPE
COMMON SHARED m()du() AS modconnectivity, pipe () AS pipemod, storage () AS
stormod
cOMMON SHARED ovt:3rlnd() AS overmod, aqui{) AS aquimod, trapchan() AS trapmod
COMMON SHARED q;iln(),q;out(), unit (), con(), ovflo(), order (), nomod%, noit%,
tint
COMMON
COl-iMON
COMMON
COMMON ~HARED
COMMON SHARED

SHARED
SHARED
SHARED

m, over(), rain(), pi
promptl$, flag.file%, teode%
title$, file$, flag.esc%, p1%, p2%, p3%, p4%, p5%, p6%
aim. time, rain. time, hyeto.number%, newmod%, flag.insert%
compchan() AS compmod, x(), y(), n(), segno()

END
l3 aqui,routel (infilin ..infclut, pnt%, ~ntl%, it) ,

LPRINT "aquifer"; modu(pnt%).modno
LPRINT "infilin"; infiJ.in; "infilout"; inf.ilout
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effecstor :::0: a~~i(pntl%).por - aqui(pntl%~.imc
denom = aqui(pnt1%).lng * effecstor * aqui(pntl%).wid
abit = (infi1in - infout) * tint I (effecstor * 10001)
abita:::o:(qout(pnt%, i% - 1) - qin(pnt%, i% * 1» * tint * 3600 I denom
y = aqui(pnt1%).yprev + abit - abita
qout(pnt%, it) = Y * aqui(pntl%) .slo * aqui(pntl%) .wid * aqui(pnt1%) •perm

I (10001 * 36001)
aqui(pnt1%).yprev = y
LFRIN'l'"y="; y(pnt%, i%), "q="; qout(pnt%, it)
LPRIN'r

END SUB
SUB checkaquisat (pnt2%, pnt3%, i%, infout)

effecstor = aqui(pnt3%).pcr - aqui(~nt3%).imc
aqui(pnt3%).volume = aqui(pnt3%).volume + inrout * tint I 10001

LPRINT " volume="; volume (pnt2%, i%)
IF aqui(pnt3%) •volume I effecstor >:::0: aqui(pnt3%) •depth

aqui(pr.t3%).yprev THEN
aqui(pnt3%).volume:::o: aqui(pnt3%).depth * effecstor
qout(pnt2%, i% - 1) = aqui(pnt3%).ca~

aqui(pnt3%) .yprev :::0: ac;pli(pnt3%)•depth.
END IF

END SUB
SUB depthforinfil.aqui (infilio, pnt%, pnt1%, i%, availdep)

availdep :::0
IF qout(pnti, i% - 1) > 0 THEN

den = aqui(pntl%).wid * aqui(pnt1~).perm * aqui(pnt1%).slo I (10001
* 36001)

ybeg :::0: qin(pnt%, i% - 1) / den
yend = qout(pnt%, i% - 1) I den
PRINT "ybeg=="; ybeg; "yend="; yend
WHILE INKEY$ :::0: "": WEND

availdep = (yend + ybeg) / 2
END IF
area = aqui(pnt1%).wid * aqui(pntl%).~ng.
availdep :::0: availdep + infilin * tint / 1000
availdep :::0: availde't')+ (qin(pnt%, i% - 1) + qin.(pnt%,
* area)
availdep = availdep * aqui(pntl%).por

it)~ * tint * 3600
I (2

END SUB
SUB depthforinfil.plane (Pntt, pntl%, i%, availdep)

availdep = 0
alp = SQR(overlnd(pntl%) .slo) / overlnd(pnt1%) .man
area :::0: overlnd(pntV.l) .wid * overlnd(pnt1%) .lng
IF qout(pnt%, i% - 1) > .0001 THEN

den = overlnd(pntl%).wid * alp
ybeg = (qin(pnt%, ii - ') / den) A (1 / m)
yend = (qout(pnt%, i% - 1) / den) ~ (1 / m)
availdep = (ybeg + yend) I 2

END IF
availdep = availdep + rain(i%) * tint / 10001
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IF (gin (pnt% , ills) + qin(pnt%, i% - 1» I 2 > .0001 THEN
availdep =: availdep + (qin(pnt:%, i%. - 1) + qin(pnt%, i%» * tint '*

3600 / (2 '* area)
END IF

, LPRIN'l' "a\~:tildep"; availdep

END SUB
SUB overland1 (1%, i%)

DIM availdepth(unit(l%, 0», infilout~(unit(l%, C»

~'OR k% ::: unit(l%, 0) TO 1 STEP -1
pnU :: unit (1%, k%)

FOR f!I; ::: 1 TO con( 1%, 0)
qir.(pnt%, i%) ::: qin(pnt%, i%) + qou.tpon(pnt%, f%), ills)

NEXT ft

FOR nils ::: 1 TO ~vflo(l%, 0)
ql.l.'l(prtt%, i%) ::: qin(pnt%, 1%) + over~ovflo'

NEXTn%

IF k% <> 1 THEN
p% = moUu(pnt%).p1
IF qin (p~'l.tt, i!is) > aqui (p!is)•cap THEN

pnt1% ::: unit(lt, k% - 1)
qin(pnt1%~ ills) =- qin(pntl%, i%) ... q.in(~mt%, ills) - aqui(p%) •cap
qin(pnt%, ills) n: a·.,[Ui(p%). 'ap

END IF

• n%), ills)

END IF

IF qin(pnt%, it) < 01 THEN
qin(pnt%, i%) ::: 01

EN':>IF

NEXT k%

FOR fils :: 1 TO unit(llls, 0) - 1

pnt% = unit(l%, ft)
pnt1% = modu(pnt%) .p1

IF fS!;<> un.it(lt, 0) THEN
pnt2% "" tlnit(l%, f% + 1): pnt3% 0: modu(pnt2%) .pl
IF aqui (pnt31ls) •perm <> 0 TF'·..N

IF aqui(pnt3%).volume I (aqui(pnt3%).por - aqui(pnt3%).imc) <
aqui(pnt3%).depth THEN

, CALLpotinfiltradon(pnt21ls, pnt3%, i%, potinfil)
ELSE

potinfil ::: aqui(pnt3%).perm
END IF

END IF

IF mcdu(pnt%) .typ ::: 1 THEN

Clt.LLdepthforinfil. plane (pntlls, pntl%, i%, availdepth ( fils) )

I1!' availdepth (f% ) * 1000 < potinf il 'I< tin·t THEN
infilout(f%) ::: availdepth(flls) 'If 1000 I tint

E:r.SE
infilout(f%) = potinfil

E:ND IF
LPRUiT " infilt.ration"; infilout
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ELSE
effecstor = aqui(pntl%).por - aqui(pntl%).imc

IF aqui(pntl%).volume I effecstor < aqui(pntl%).depth THEN
infilin = a

ELSE
" infi1in = infilout(£% - 1)

END IF
CALL

availdepth (f% ))
depthforinfil.aqui(infi1in, pnt%, pntl%, it,

IF availdepth(f%) * 1000 >= aqui(pntl%).perm * tint THGN
infilout(f%) = aqui(pnt1%).perm
IF infilout(f%) > potinfil THEN

infilout(f%) ~ potinfil
END IF

ELSEtF availdepth(f%) * 1000 < potinfil.* tint THEN
infilout(f%) = a.vaildepth(£%) * 1000 I tint

ELSEIF availdepth(£%) * 1000 > potinfil * tint THEN
infilout(f%) = potinfi!

END IF
END IF

END IF
NEXT f%

THEN

FOR f% = unit(l?;, 0) TO 2 STEP -1
pnt% = unit(l%, f%)
pnt1% = modu(pnt%).pl
effecstor = a~~i(pntl%).por - aqui(pnt1%).imc
IF aqui(pntl%).perm <> a THEN
IF ABS(aqui(pntl%).volume I effecstor - aqui(pntl%).depth) <= .001

denom = aqui(pnt1%).lng * aqui(pntl%).wid * aqui(pnt1%).por
infilt = aqui(pnt1%).depth - aqui(pntl~).yprev
infilt = infilt + (Qqui(p~t1%).cap - gin(pnt%, i% - 1» * tint *

denom
infllt = infilt * aqui(pnt1%) .por * 1000 I tint
infilt = infilt + infilout(f%)
IF infilt <= infilout(f% - 1) THEN

infilout(f% - 1) = infilt
END IF

END IF
END IF

3600 I

NEXT £!Ii

FOR f% = 1 TO unit(l%, 0)
pnt% = unit(l%, f%)
pntl% = modu(pnt%).pl

LPRINT "potinfil", potinfil
IF f% <> unit(l%, 0) THEN

pnt2% = unit(l%, f% + 1): pnt3% = modu(pnt2%).pl
IF modu(pnt%).typ = 1 THEN

IF ABS(availdepth(f%) * 10001 - infilout(£%) * tint) < .0001 THEN
qout(pnt%, it) = .0001

ELSE
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CALL overroutel (in£ ilou't(f%), pnt%, pntl%, ills)

END IF
LPRINT, i%, modu(pnt%).moano

LPRINT , "availdepth="; availdepth; "in£ilout="; in£ilout;
"rain="; rain(i%)
, LPRINT "ql="; qin (pnt%, i% - 1), "q3=", qout (pnt%, i% - 1)

LPRINT "q2=", qin(pnt%, i%), "qout=", qo~t(pnt%, it)
LPRINT

ELSE
IF availdept:h(£%) 'It 1000 = infilout/£%) * tint THEN

qout(pnt;%, i%) = 0
ELSE

IF aqui(pntl%).volume / effecstor < aqui(pntl%).depth THEN
infllin = 0

ELSE
infHin = infilout(f% - 1)

END IF
CALL aquiroutel(infilin, infilout(£%), pnt%, pntl%, i%)

END IF

"rain=" ;,

LPRINT , i%, modu(pnt%).modno
LPRINT , "ava.ildepth="; availd~pth; ..infilout=="; infilout;

rain(i%)
LPRINT "ql="; qin(pnt%, i% - 1)" "q3=", qout(pnt%, i% - 1)
LPR!NT "q2=", qin(pnt%, i%), "qout=", qout(pnt%, i%)
LPRINT

END IF
IF aqui(pntS%).perm <> 0 THEN

IF agui(pnt3%).volume I (aqui(pnt3%).por - aqui(pnt3%).imc) <
aqui(pnt3%).depth THEN

CALL checkaquisat(pnt2%. pnt3%, i%, infilout(f%»
END IF

LPRINT "vol\lme under aqui"; volume(pnt2%, i%)
END IF

ELSE
IF aqui(pntl%).perm <> 0 THEN

effacstor = aqui(pntl%).por - aqui(pntl%).imc
IF aqui (:pnt1!!i)•volume / effecator < aqui (pntl%) •depth THEN

infi1in = 0
ELSE

infilin ==infilout(f% - 1)
END IF
IF aqu.i(l?ntl%).1ng <> 0 THEN

C~~ aquiroutel(infilin, infilout(f%), pnt%, pntl%, it)
END IF

END IF
END IF
IF modu(pnt%).typ = 6 THEN •

!F qout(pnt%, it) > aqui(pntl%).cap THEN
pnt4% = unit(l%, f% - 1)
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over (pnt%, i%) = qout(pnt%, i%) - aqui(pntl%).cap
qout(pnt4%, i%) = qout(pnt4%, it) + lout (pnt%, it)

aqui(pntl%).cap
qout(pnt'ls,~.%)= aqui(pntl%) •cap
aqui(pnt1%).}~rev = aqui(pnt1%).depth

END IF
IFEND

NEXT f%
END SUB
SUB overroutel (infout, pnt%, pnt1%, i%)

alp = SQR(overlnd(pntl%) .1310)I overlnd(pnt1%) .man
ql = qin(pnt%, i% - 1) I overlnd(pntl%}.wid
q2 = qin(pnt%, it) loverlnd(pnt1%).wid
q3 ::::qout(pnU, i% - 1) I overlnd(pntl%) .wid
q = (ql + q2 + 2 * q3) I 4
cl = m * alp " ,(1 I m) * q1 " (1 - 1 I m)
c2 = m * alp " (1 I m) * q2 " (1 - 1 / m)
c3 ,:m .,. alp " (1 I m) * q3 " (1 - 1 I m)
c = (01 + c2 + 2 .t c3) / 4
theta = (1 + 0 .,.tint * 3600 / overlnd(pntl%).lng q /

(ioverlnd(pnt1%).lng * c * overlnd(pnt1%) .slo» I 2
k = overlnd(pn\~::t%).lng/ c
IF theta < a TH.EI::'

theta = a
ELSEIF theta> 11 ~HEN

theta = 11
END IF

CALL muscungcoeff(lengt:h, 0, k). theta, co£l, cof2, 00£3, cof4)
qran = (rain(i.%) - infout} * overlnd(pnt1%).lng / 1000 *

overlnc1(pnt1%).wid / 3600
IF cof1 * qin(p~t%, i% - 1) + cof2 * qin(pnt%, i%) + qout(pnt%, i% - 1)

* cof3 ,< 0 THEN
qout(pnt%, i%) = cof4 * qran
IF qout(pnt%, i%) <= 0 THEN

qout; (pnt%, i%) ::::.0001
END IF
EXIT SUB

ELSE
qout(pnt!&, it) ,= cof1 * qin(pnt%, i% - 1) + cof2 .,.qin(pnt%, it)

+ qout(pnt%, i% - 1) * 00£3 + cof4 * qran
END IF

IF qout(pnt%, i%) < a THEN
qout(pnt%, i%) = .0001
EXIT SUB

END IF
DO

q4 = qout(pnt%, 1%) /overlnd(pnt1%).wid
04 == m * alp" (1 I m) * q4 " (1 - 1 I m)
q ::::(q1 + q2 + q3 + q4) I 4
c = (c1 + 02 ..;.c3 + c4) I 4
theta (1 + c .,.tint * 3600 / overlnd(pnt1%).lng q I

(overlnd(pnt1%).lng'" c * overlnd(pnt1%).slo» / 2
k = overlnd(pnt1%).lng I c
IF theta < 0 THEN
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theta = a
ELSEIF theta > 1 THEN

theta = 1
END IF
CALL muscungcoef£(lengthl c, k, theta, co£l, co£2, co£3, cof4)
qran = (rain(i%)

overlnd(pntl%).wid / 3600
qtemp = cofl * qin(pnt%, i% -

i% - 1) * cof3 + cof4 * gran

infout) * overlnd(pntl%).lng / 1000 *
1) + cof2 * qin(pnt%, i%) + qout(pnt%,

diff = ABS(qtemp - qout(pnt%, i%»
qout(pnt%, i%) = (qtemp + qout(pnt%, i%» I 2
IF qout(pnt%, i%) <= a THEN

qout(pnt%, i%) = .0001
EXIT SUB

END IF
LOOP UNTIL diff < .001

.END SUB

THEN

SUB potinfiltra.tion (pnt2%, pnt3%, i%, infilt)
effecstorbot = aqui(pnt3%).por - aqui(pnt3%).imc
gam = aqui(pnt3%).sorp * effecstorbot
f = ~qui(pnt3%).vo1ume

IF effecstorbot <> a THEN
b = 2 * f - aqui(pnt3%).perm * tint / 10001
e = -2 * aqui(pnt3%).perm * tint * (gam + f) / 10001
df = (-b + SQR(b A 2 - 4 * e» I 2
infilt = d£ * 10001 / tint
IF (£ + df) / effecstorbot > aqui(pnt3%).depth - aqui(pnt3%).yprev

infilt = aqui(pnt3%).perm * (1 + aqui(pnt3%).sorp /
aqui(pnt3%).depth)

END "
END IF

END SUB
'Section of program to route flows through trapezoidal channels

DECLARE SUB muecunqcce rf (length, c I, k l, thetal, cofll, c'0£21,co£31, co£41)
DECnARE SUB'£lowintomodule (indl%, ind2%)
DECLARE SUB trapchanroute (1%, i%)
DECLARE SUB newtraptrap (flowl, yfinall, 1%, pnt%)
DECLARE SUB b:apchar (p'nt%,Y 1, b I, c1.
TYPE modconnectivity

modno AS INTEGER
ofl AS INTEGER
typ AS INTEGER
damod AS INTEGER
infmod AS INTEGER
p1 AS INTEGER

END TYPE
TYPE overmod

man AS SINGLE
slo AS SINGLE
Ing AS SINGLE



D - 93

wid AS SINGLE
END TYPE
TYPE aquimod

slo AS SINGLE
wid AS SINGLE
lng AS SINGLE
depth AS SINGLE
wtl AS SINGLE
sorp AS SINGLE
perm AS SINGLE
per. AS. SINGLE
imc AS SINGLE
cap AS SINGLE
volume AS SINGLE
yprev AS SINGLE

END TYPE
TYPE pipamod

al0 AS SINGLE
diam AS SINGLE
lng AS SINGLE
man AS SINGLE
cap AS SINGLE
min AS SINGLE

END TYPE
TYPE trapmod

alo AS SINGLE
lng AS SINGLE
man AS SINGLE
wid AS SINGLE
sel AS SINGLE
ss2 AS SINGLE
mdep AS SINGLE
cap AS SINGLE

END TYPE
TYPE stormod

cl AS SINGLE
sl AS SINGLE
a AS SINGLE
b AS SINGLE
stlev AS SINGLE
typ AS INTEGER
ccu AS SINGLE
cu AS SIN'GLE
ccs AS SINGLE
cs AS SINGLE
csp AS SINGLE
sp AS SINGLE
depth AS SINGLE
critl AS SINGLE
crit2 AS SINGLE
crit3 ,AS SINGLE
prevstor AS SINGLE

END TYPE
TYPE compmod

slo AS SINGLE
lng AS SINGLE
nosegs AS INTEGER
nopts AS INTEGER

END TYPE .COMMON SHARED mcdu t ) AS modconnectivity, pipe () AS pipemod, storage () AS
stormed
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COMMON SHARED overlnd() AS overmod, aqui() AS aquimod, trapchan() AS trapmod
COMMON SHARED gin(> gout(), unite), con(), ovflo(), order(), nomod%, noit%,
tint
COMMON SHARED m, ov'er(), rain (), pi
COMM0N SHARED promptl$, fl~g.file%, tcode%
COMMON SHARED titleS, fileS, flag.esc%, pl%, p2%, p3%, p4%, p5%, p6%
COMMON SHARED aim.time, rain. time, hyeto.number%, newmod%, flag.insert%
COMMON SHARED compchan() AS compmod, xC), y{), n(), segno()
END
SUB newtraptrap (flow, yfinal, 1%, pntt)

alp = SQR(trapchan(pnt%) .slo) / tJ:'apchan(pnt%).man
ybegin "" (flow / (alp * trapchan(p,nt%) .wid» ,. (3 / 5)
ss = trapchan(pllt%).ssl + trapchcm(pnt%) .13s2
b = trapchan(pnt%).wid
fact = SQR(l + trapchan(pnt%).ss1 A 2) + SQR(l + trapchan(pnt%).ss2 ,.2)
DO

area = ybegin * b + ss * ybegin ,.2 / 2
perim = b + ybegin * fact
r = area / perim
dady ~ b + ybegin * ss
drdy = deldy / per Lm - area * fact / per Lm ". 2
dfdy = diady * r ,. (m - 1) + em - 1) * area * r " (m - 2) * drdy
yfinal = ybegin - (area * r " (m - 1) - flow / alp) I dfdy
diff = ABS(yfinal - ybegin)
ybegin = yfinal

LOOP UNTIL diff < .001
END SUB
SUB trapchanroute (1%, i%)

pnt% = modu(1%).p1
FOR f% = 1 TO 3

SELECT CASE f%
CASE 1

flow = gin(l%, i% - 1)
CALL newtraptrap(flow, yin, 1%, pnt%)
CALJ" trapchar(pnt%, yin, b1, c1)

CASE 2
flow = gin(l%, it)
CALL newtraptrap(flow, yint, 1%, pnt%)
CALL trapchar(pnt%, yint, b2, c2)

CASE 3
flow = gout(l%, i~ - 1)
CALL newtraptrap(flow, yout, 1%, pnt%)
CALL trapchar(pnt%, yout, b3, c3)

END SELECT
NEXT f%
g = (gin(l%, i% - 1) + gin(l%, it) + 2 * gout(l%, i% - 1» / 4
b = (b1 + b2 + 2 * b3) / 4
c = (cl + c2 + 2 * c3) / 4

LPRINT "i%="1 i%
LPRINT "b,g,c:="; b; g; c

theta == (1 - g / (b * c * trapchan (pnt%) .lng *trapchan{pnt%).slo» I 2
theta = (1 + c * tint * 3600 / trapchan(pnt%).lng - g / (b * c *

trapchan(pnt%).).ng " trapchan(pnt%).slo~) / 2
• I.PRINT "thetatc", theta

IF theta < a ~HEN
th£:ta = 0
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ELSE IF theta > 1 THE~
theta. = 1

END IF
LPRINT "theta="; theta

k = trapchan(pnt%).lng / c
length = trapchan(pnt%).lng
CALL muscungcoeff(length, c, k, theta, cofl, cof2, cof3, oof4)
LPRINT "cofl="; cofl; "co£2="; caf2; "cof3="; cof3; "co£4="; cof4
qout(l%, it) = cofl * qin(l%, i% - 1) + cof2 * qin(l%, it) +

qout(l%, i% - 1) * cof3
LPRINT "qout="; qout(l%, it)
LPRINT

END SUB
"IB trapchar (pnt%, y, l:J, c)

alp = SQR(trapchan(pnt%).slo) / trapchan(pnt%).man
as = trapchan{pnt%).ssl + trapchan(pnt%).ss2
fact = SORel + trapchan(pnt%).ssl A 2) + SQR(l + trapchan(pnt%).s92 A 2)
area = trapchan(pnt%).wid * y + ss * Y A 2 / 2
wetperim = trapchan(pnt%).wid + y * fact
b = trapchan(pnt%).wid + y * 99
r = area / wetperim
c = alp * r A (m - 1) * (m - (m 1) * r * fact / b)

END SUB
SUB trapmodule (1%, it)

CALL flowintomodule(l%, it)
IF qin(l%, it) <= 0 THEN

qin(l%, it) = .0001
END IF
IF qin(l%, it) > trapchan(modu(1%).p1).cap THEN

over(l%, i%) = qin(l%, i%) - trapchan(modu(l%;-.pl).cap
qin(l%, i%) == trapchan(modu(l%).pl).cap

END .LF

CALL trapchanroute(l%, it)
IF qout(l%, it) < 0 THEN

qout(l%, i%) = .0001
END IF
IF qout(l%, i%) > trapchan(modu(l%).pl).cap THFN

qout(l%, it) = trapchan(modu(l%).pl).cap
END IF

END SUB
'section of program to route flows down compound channels
DECLARE SUB flowintomodule (indl%, ind2%)
DECLARE SUB interp (htl, xli, x21, y11, y21, xintl, yintl)
DECLARE SUB searchforsegment (P%, htl, yl(), Iptl, rpt!, flagl)
DECLARE FUNCTION areal (nptsl, xll(), yll(»
DECr~ FUNCTION periml (nptsl, x21(), y21(»
DECLARE SUB celcalc (ql, q!(), ale), cell, nohtsl)
DECLARE SUB topwidth (flowl, ql(), bl(), wid!, nohts!)
DECLARE SUB coeffs (kl, theta!, cof1!, co£21, cof31, co£4)
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TYPE mouconnectiv~~y
modno AS INTEGER
ofl AS INTEGER
typ AS INTEGER
damod AS INTEGER
infmod AS INTEGER
pl AS INTEGER

END TYPE .
TYPE overmod

man AS SINGLE
slo AS SINGLE
Ing AS SINGLE
wid AS SmGLE

END TYPE
TYPE aquimod

slo AS SINGLE
wid AS SINGLE
Ing AS SINGLE
depth AS SINGLE
wtl AS SINGLE
sO.l:"pAS SINGLE
perm AS SINGLE
por AS SINGLE
imc AS SINGLE
cap AS SINGLE
volume AS SINGLE
yprev AS SINGLE

END TYPE
TYPE pipemod

slo AS SINGLE
diam AS SINGLE
Ing AS SINGLE
man AS SINGLE
cap AS SINGLE
min AS SINGLE

END TYPE
TYPE traprnod

alo AS S:LNGLE
1ng AS SINGLE
man AS SINGLE
wid AS SIN'GLE
sal AS SUIGLE
sa2 AS SINGLE
mdep AS SINGLE
cap AS SINGLE

END TYPE
TYPE. stormod

c1 AS SINGLE
s1 AS SINGLE
a AS SINGLE
b AS SINGLE
stlev AS SINGLE
typ AS .:NTEGER
ccu AS 'HNGLE
cu AS SlNGLE
ccs AS /'jINGLE
cs AS SINGLE
csp AS SINGLE
sp AS SINGLE
depth AS SINGLE
critl AS SINGLE
crit2 AS SINGLE
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<:rit3 AS SINGLE
1?rev3tor AS SINGLE

END TYPE
T!{PE compmod

slo AS SINGLE
lng AS SINGLE
nosegs AS INTEGER

.nopts AS INTEGER
END TYPE

COMMON SHARED modu() AS modconnectivity, pipe () AS };~.pemod,atorage() AS
stormod
COMMON SHARED overlnd() AS overmod, aqui() AS aquirnod, trapchan() AS tre.pmod
COMMON SHARED qin(), qout(), unite), con(), ovflo(), order(), nomod%, noit%,
tint.
COMMON SHARED expo, over(), rain(), pi
COMMON SHARED promptl$, flag.filelli,tl::ode%
COMMON SHARED titleS, fileS, flag.esc%, p1%, r2%, p3%, p4%, p5%, p6%
COMMON SHARED sim.time, rain.time, hyeto.number%, n~wmod%, flag.insert%
COl-iMONSHARED compchan () AS compmod, x ()..y (), n ().,segne ()
END
FUNCTION area (npts, xl(), yl(»

a = 0
FOR k = 1 TO npts

IF k = npts THEN
a = a + (yl(1) + yl(npts» * (xl(l) - x1(npts» / 2

ELSE
a = a + (y1(k + 1) + y1(k» * (x1~k + 1) - x1(k» / 2

END IF
N:e:XT k
<i.t"ea= ABS (a)

END FUNCTI'ON
SUB celcalc (q, q(), a(), eel, nohts)

i = Cflag .. (j

DO
IF q = q(nohts) THEN

eel = (q(oohts) - q(nohts - 1» / (a(nehts) - a(nohts - 1»
flag = 1

EiLSEIF g >= q (L) AND q < q(i + 1) THr:N
flag = 1
cel = (q(i + 1) - g(i» / (a(i + 1) - a(i»

E:ND IF
i = i + 1

LOOP UNTIL flag = 1

END SUB
SUB coeffs (k, theta, cofl, cof2, cof3, oof4)

denem = tint * 3600 + k * (1 - theta)
cof2 - (tint * 3600 - k * theta) / denom
cof1 = k * theta / denom
cof3 = (k * (1 - theta» / denom
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co£4 ""tint * 36001 I dencm
END SUB
SUB compoundcha (1%, i'll, q(), a(), be), nohts)

p% = modu(1%).pl

CALL f10w~ntomodu1e(1t, i%)
IF qin(l%, i%) > q(nohta) ~~HEN

over(lt, i%) ""qin(l~l, i'li) - q(nohts)
qin(l%, it) ..q(nohtn)

END IF
ql = qin(l%, i% - 1)
q2 = qin(l%, i%)
q3 = qout(l%, i% ~ 1)
FOR k% ""1 TO 3

SELECT CASe k%
CASE 1

CALL celcalc(ql~ q(), a(), cl, nohts)
CALL topwidth(ql, q(), be), bl, nohta)

CASE 2
CALL celcalc(q2, q(), a(), c2, nohts)
CALL topwidth(q2, e(), be), b2, nohts)

CASE 3
CALL celcalc(q3, q(), a(), 03, nohts)
CALL topwidth(q3, q(), be), b3, nohts)

END SELECT
NEXT k%
c ~ (cl + c2 + 2 * 03) I 4
p = (bi + b2 + 2 * b3) / 4
qave = (ql + q2 + 2 * q3) I 4

theta = (1 + c * tint * 3600 I compchan(p%).lng - gave I (b * ~ *
cempchan (p%)•s10 * compchan (p%) •lng» I 2

IF theta < 0 THEN
theta = 0

ELSEIF theta > 1 THEN
thet.a ..1

END IF
k = compchan(p%).lng / c
CALL coeffa(k, theta, cof1, 00£2, co£3, cof4)
qran = rain(i%) * compchan(p%).lng / 10001 * b I 36001
gout(l%, ills) "" ql * cofl + q2 * oof2 + q3 * oof3 + 00£4 * qran
IF qout(l%, it) < 0 THEN

qout(lt, i%) ... 00001
END IF

END SUB
SUB interp (ht, xl, x2, y1, y2, xi~t, yint)

slope = (x2 - xl) / (y2 - yl)
xint = slope * (ht - y1) + xlyint :::ht

END SUB
FUNCTION perim (npts, x2(), y2(»
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P :1 0

FOR k :1 1 TO npts - 1xsqrd:1 (x2(k + 1) - x2(k» A 2
yaqrd:1 (y2(k + 1) - y2(k» A 2P ;::P + (x'3qrd+ ysqrd) " .5

NEXT k

perim = p
END FUNCTION
SUB QvsA (1%, q(), a(), b(), nohts)

REM $DYNAMIC
REDIM height (20), ~:1(20), y1(20), x2(20), 1'2(20)

p% :1ntodu(lt).p1
nohta :1 10
FOR k% := 2 TO contpc:han(p%).nop'::s

IF Y(1'%, kill)> y(p%, k% - 1) THEN
htlowpt ""yep!!!,k% - 1)
EXIT FOR

END IF
HEX'!'k%
depth :1 y(pt, ~) - htlowpt
yino :1 del?th / nohts

a(O) :1 0
q(O) :1 0
FOR k% = 1 TO nohta

hElight(k%) :1 htlowpt + 11'.% .,. yino
FOR kk% = 1 TO compohan(p%).nosegs

lpt = aegno(p%, kk%, 1)
r'pt= segno (p%, kk% , 2)

CALL l3earchforssgtnent(p%, height(k%), y() I lpt, l~pt, flag)
IF flag :1 1 THEN

IF Might(k%) > y(~%, lpt) AND height(k%) > y{p%, rpt) THEN
flag1 ""1ELSEIF height(k%) <= y(p%, lpt) AND height(k%) <= y(p%, rpt) 'l~HEN
flag1 :::2

ELSE IF height (k%) <"" y (p%, lpt) AND height (k%) > Y (p%I rpt) ~~HENflag1 ::3 .
ELSn

f;lagl = 4
END IF
SELECT CASE flag1

CASE 1
npts :1 rpt - lpt + 3
x1( 1) := :1C(p%,lpt>
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y1(1) == height(k%)
xl (n.pts) ;::x(plS, rpt)
yl(npts) == height(k%)
FOR kkk% == 1 TO rpt - lpt + 1

x1(1 + kkk%) == x(p%, lpt + kkk% - 1)
x2(kkk%) == x(p%, lpt + kkk% - 1)
yl(kkk% + 1) == y(p%, lpt + kkk% - 1)
y2(kkk%) == y(p%, lpt + kkk% - 1)

NEXT kkk%

y(p%, kkk% - 1),

segarea == area(npts, x1(), yl(»
npts == npts - 2
segperim = perim(npts, x2(), y2(»

CASE 2
FOR kkk% = Ipt + 1 TO rpt

IF hei9ht(k%) > y(p%, kkk%) THEN
CALL interp(height(k%), x(p%,

y(p%, kkk%), xl(1), y1(1»
Ipt == kkk%
EXIT FOR

END IF
NEXT kkk%

:kkk% - 1) I x(p%, kkk%),

yep%, kkk% + 1),

FOR kkk% == rpt - 1 TO lpt STEP -1
IF height(k%) > y(pi, kkk%) THEN

CALL interp(height(k%), x(p%,
y(p%, kkk%), xval, yval)

rpt == kkk%
EXIT FOR

END IF
NElXT kkk%

kkk% + 1), x(p%, kkk%),

npts == rpt - Ipt + 3
xl(npts) = xval
y1(npts) == yval
FOR kkk% :::1 TO rpt - lpt + 1

xl{kkk% + 1) == x(p%, lpt + kkk% - 1)
yl(kkk% + 1) == y(p%, lpt + kkk% - 1)

NEXT kkk%
aegarea == area(npt:s, x1(), y1(»
se9perim = perim(upta, xl(), y1(»

CASE 3
FOR kkk% == Ipt + J. TO rpt

IF height(k%) ~.y(p%, kkk%) THEN
CALL interp(height(k%), xCpt, kkk% - 1), .x(p%, kkltt),

y(p%, kltk% - 1), y(p%, kkk%), x1(J.), y1(1»
Ipt "" kkk%
EXIT FOR

END IF
NEXT kkk%
npta == rpt ..,lpt .,.3
xl(npts) = x(p%, rpt)
yl(npts) == height(k%)
x2(1) ~ xl(l)
y2(1) = yl(l)
FOR kkk% = 1 TO rpt ~ Ipt + 1

xl(kkk% + 1) ::x(p%, Ipt + kk~t%-- 1)
yl(kkk% + 1) == y(p%, Ipt ...kkk% - 1)
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x2(kkk% + 1) = x(P%, lpt + kkk% - 1)
y2(kkk% + 1) = y(p%, lpt + kkk% - 1)

NEXT kkk%
segarea = area(npts, xl(), y1(»
npts = npts - 1
segperim; perim(npts, X2()t y2(»

CASE 4
FOR kkk% = rpt - 1 TO lpt STEP -1

IF height(k%) > y(p%, kkk%) THEN
CALL interp(height(k%), x(p%, kkk% + 1), x(p%, k1ck%),

y(p%, kkk% + 1), y(p%, kkk%), Xl(l), y1(1»
rpt ." kklt%
EXIT FOR

END IF
NEXT kkk%
npts ."rpt - lpt + 3
xl(npts) = X(p%, lpt)
yl(nptS) = height(k%)
x2(1) = xl(l)
y2(1) = yl(l)

FOR lGkk% = 1 TO r19t - lpt + 1
xl (kkk% + 1) = x(p%, rpt - kkklll+ 1)
yl(kkk% + 1) = y(pt, rpt - klclt%+ 1)
x2(kkk% + 1) = x(pt, rpt - kkk% + 1)
y2(kkk% + 1) = y(p%, rpt - kk}r,%+ 1)

NEXT kkk%
eegarea = area(r.pta, xl(), yl(»
npts = npts - 1
segperim = perim(npta, x2(), y2(»

END SELECT
LPRINT "ht="; height (k%) ; "selgarea="1 segarea; "segpl::!.d.m=";segperim

r = segarea / segperim
qaeg = SQR(eompchan(p%).slo) * segarea * r ~ (2/ 3) / n(p~, kk~)
q(k%) = q(k%) + qseg
a(k%) ."a(k%) + segarea
b(k%) ~ xl(npts) - xl(l)

LPRINT "a="; a(k%); "q="; q:(k%)
LPRIUT "qseg="i qseg; "q(lt%)="; q(k%); "a(k%)::-:"ia(k%)

END IF

NEXT kk%
• LPRINTNEXT k%

ERASE height, ~l, x2, y1, y2
END sua
REM $STATIC
SUB searchforsegment (1'%, ht, y(), l};:lt,rpt, flag)

flat;!::I 0
FOR k% ::I lpt TO rpt

I.F ht > y(P%, k) THEN
flag := 1
EXIT SUB

END IF



· D - 102

NEXT k%

END SUB
SUB topwidth (flow, q(), b(), widr nohta)

i = 0
flag = 0
DO

IF flow >= q(i) AND flow <= q(i + 1) THEN
slo = (b(i + 1) - b(i» I (q(i + 1) - q(i»
wid = slo * (flow - q(i» + b(i)
flag = 1

END IF
i = i + 1

LOOP UNTIL flag = 1

END SUB
'Section of program to route flows down pipes
DECLARE FUNCTION areapipel (angle!, pnt%)
DECLARE SUB muscungcoeff (length, C!, k!, theta 1, cof11, cof21, otlf3!, oof41)
DECLARE SUB newtrappipes (flowl, thetfinl, 1%, pnt%)
DECLARE SUB flowintomodule (ind1%, ind2%)
DECLARE SUB piperoute (1%, i%)
D~CLARE SUB pipechar (indic%r angle!, bl, 01)
TYPE modconnectivity

modno AS INTEGER
ofl AS INTEGER
typ AS INTEGER
dSrnod AS INTEGER
infmod AS INTEGER
pI AS INTEGER

END TYPE
'l.':t'PEcvezmod

man AS SINGLE
s10 AS SINGLE
Ing AS SINGLE
wid AS SINGLE

ENJ;>TYPE
TYPE aquimod

rHo AS SINGLE
wid AS SINGLE
Ing AS SINGLE
depth AS SINGLE
wtl AS SINGLE
sorp AS SINGLE
pe:rm AS SINGLE
For AS SINGLE
imc AS SINGLE
cap AS SINGLE
volume AS SINGLE
yprev AS SINGLE

END TYPE
TYPE pipemod

s10 AS SINGLE
alam M SINGLE
:n9 AS SINGLE
man AS SINGLE
ca:p AS SINGLE
min AS SINGLE



D - 103

END TYPE
TYPE trapmod

slo AS SINGLE
lng AS SINGLE
man AS SINGLE
wid AS SINGLE
asl AS SINGLE
ss2 AS SINGLE
mdep AS SINGLE
cap AS SINGLE

END TYPE
TYPE stormod

cl AS SINGLE
sl AS SJ:NGLE
a AS SINGLE
b AS SINGLE
stlev AS SINGLE
typ AS INTEGER
ccu AS SINGLE
au AS SINGLE
ccs AS SINGLE
cs AS SINGLE
csp AS SINGLE
sp AS SINGLE
depth AS SINGLE
critl AS SINGLE
crit2 AS SINGLE
crit3 AS SINGLE
prevstor AS SINGLE

END T~PE
TYPE compmod

slo AS SINGLE
Ing AS SINGLE
noeegs AS INTEGER
nopts AS IN~EGER

END TYPE
COMMON SHARED modut ) AS modconnectivity, pipe() AS pipemod, storage () AS
stormod
COMMON SHARED overlnd() AS overmod, aqui() AS aquimpd, trapchan() AS trapmod
COMMON SHARED qin(), qout(), unite), con(), ovflo(), order(), nomod%, noit%,
tint
COMl-iON
COMMON
COMMON
COMMON
COMMON

SHARED
SHARED
SHARED
SHARED
SHARED

m, over(), rain(), pi
promptl$, flag.file%, tcode%
titleS, fileS, flag.esc%, pl%, p2%, p3lls,p4%, p5%, p6%
aim.time, rain.time, hyeto.number%, newmod!ls,flag.insert%
compchan() AS compmod, xC), y(), n(), aegno()

END
FUNCTION areapipe (angle, pnt%)

haIfa ~ angle I 2
areapipe = pipe(pnt%).di.am ~ 2 * (haIfa - SIN(halfa) * COS(halfa» I 4

END FUNCTION
SUB flowintomodule (indl%, ind2%)

FOR f% = 1 TO con(indl%, 0)
qin(indl%, ind2%) = gin(indl%, ind2%) + qout(con(indl%, f%), ind2%)

NEX'!' f%
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FOR n% = 1 TO ovflo(indl%, 0)

qin(indl%, ind2%) = qin(indl%, ind2%) + over(ovflo(ind1%, n%),
ind2!i's)

NEXT 11%

END sur
SUB muscungcoeff (length, c, k, the,,:a,cofl, oof2, 00£3, cof4)

denom = tint * 3600 + k * (1 - theta)
cof2 = (tint * 3600 - k * theta) / denom
IF cof2 < 0 THEN

theta = c * tint * 3600 / length
denom = tint 1< 3600 + k * (1 ~ theta)
cof2 == 0

END IF
cofl = k 1< theta / denom
cof3 = (k 1< (1 - theta» / denom
co£4 = tint * 3600 / denom

END SUB
SUB newtrappipes (flow, thetfin, 1%, pnt%)

alp = sQR(pipe(pnt%).alo) / pipe(pnt%).roan
IF ABS(pipe(pnt%) •cap - f'low)< .0001 THEN

thetfin = .827 1< 2 1< pi
EXIT SUB

END IF
thetbeg = 5.15 - 2.2 1< SQR(LOG(pipe(pnt%).cap) - LOG(flow»
IF thetbeg < .1 1< 2 * pi THEN

thetbeg == .1 * 2 1< pi
END IF~ = pipe(pnt%).diam
DQ

halthet = thetbeg / 2
area = areapipe(thetbeg, pnt%)
perim = d 1< halthet
r = area / perim
dadth = d A 2 1< SIN(halthet) A 2 / 4
ab.l.t = d * COS(halthet) 1< SIN(halthet) / (2 1< thetbeg " 2)
abitl = d * (1 - 2 * SIN(halthet) A 2) I (4 1< thetbeg)
drdth = abit - abitl
dfdth = dadth * r A (rn- 1) + area 1< (rn~ 1) * r A (m - 2) • drdth
thetfin = the~beg - (area 1< r A (rn- 1) - flow I alp) I dfdth
value = alp. 1< area 1< r A (m - 1)
PRINT "dfdth"; dfdth; "thetfin"; tiletfin; "flow calc"; value

diff = ABS(l - value / flow)
thetbeg = thetfin

LOOP UNTIL diff <= .01

END SUB
SUB pipe char (indic%, angie, b, c)

d = pipe(indic%).dlam
alp = SQR(pipe(indic%).slo) / pipe(indic%).man
hala = angle / 2
coshala = COS(hala)
sinhala = SIN(hala)
y = d 1< (1 - coshala) / 2
a = d A 2 1< (hala - coshala 1< sinhala) I 4
P = hala * d
r = a / p
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b = 2 * (d * Y - Y A 2)
abit = 2 / (d * angle A 2 * TAN(hala»
abit2 = (2 - 1 / SIN(hala) A 2) / (d * angle)
drda = abit + abit2
c = alp * (r A (m - 1) + (m - 1) * a * r A (m - 2) * drda)

END SUB
SUB pipemodule (1%, it)

CALL flowintomodule(l%, it)
IF gin(l%, it) < pipe(modu(l%).p1).min THEN

gin(l%, it) = pipe(modu(l%).p1).min
END IF
IF qin(l%, it) > pipe(modu(l%).p1).oap THEN

over(l%, it) = gin(l%, it) - pipe(modu(l%).pl).cap
qin(l%, it) = pipe(modu(l%).pl).oap

END IF
CALL piperoute(l%, it)
IF gout(l%, it) < pipe(modu(l%).pl).min THEN

qout(l%, it) = pipe(modu(l%).p1).min
END IF

END SUB
SUB piparoute (1%, i%)

pnt% = modu(l%).pl
FOR f% = 1 TO 3

SELECT CASE f%
CASE 1

flow = gin(l%, i% - 1)
CALL newtrappipeS(flow, thetin,
CALL pipechar(pnt%, thetin, bl,

CASE 2
flow = qin(l%, it)
CALL newtrappipes(flow, thetint,
CALL pipechar(pnt%, thetint, b2,

CASE 3
flow = qout(l%, i% - 1)
CALL newtrappipes(flow, thetout,
CALL pipechar(pnt%, thetout: b3,

END SEr~EC'l:

1%, pn1:%)
(1)

1%, pnt%)
c2)

1%, pnu)
c3)

NEXT f%
LPRINT "thetin="; thetin; "thetint="; thetint; "thetout="; thetout
LPRI~l' "01="; el; "c2="; 02; "c3="; c3

q = (qin(l%, i% - 1) + qin(l%, it) + 2 * gout(1%, i% - 1» / 4
b = (bl + b2 + 2 * b3) / 4
o = (cl + c2 + 2 * c3) / 4
theta == (1 + c * tint 3600 / pipe (pnt% ).lng - q / (b * c *

pipe (P:'lt%).lng * pipe(! .•sLo) / 2
, theta = (1 - q / (b * c * pipe(pnt%).lng * pipe(pnt%).slo» / 2

IF theta < 0 THEN
theta = 0

ELSEIF theta> ).1 THEN
theta = 11

END IF
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k = pipe(pnt%).lng / c
length = pipe (pnt%) .1ng
CALL musoungcoeff(length, 0t k, theta, cofl, cof2, co£3, cof4)
LPRINT "theta="; theta; "b="; h; "c="; c
LPRINT "cofl="; cof1; "co£2="; oof2; "cof3="; t:!of3;"00f4="; cof4
LPRINT "ql="; gin(l%, i% - 1); "q2="; qin(l%, i%); "q3="; qout(l%, i%

- 1)
qout(l%, it) = aofl * qin(l%, it - 1) + cof2 * qin(l%, it) + qout(l%, it

- 1) * oof3, LPRINT "q4="; qout(l%, i%)
LPRINT "1%="; 1%; "i%"; it;

END SUB
'Program section to route flows through a storage module

DECLARE FUNCTION storvo1! (pnt%, y!)
DECLARE SUB f10wintomodule (indl%, ind2%)
DECLARE SUB stornrap (pnt%, value!, ynew!, index!)
DECLARE SUB storageroute (1%, it)
TYPE modconnectivity

modno AS INTEGER
ofl AS INTEGER
typ AS INTEGER
damo, AS INTEGER
infmod AS INTEGER
pi AS INTEGER

END TYPE
TYPE overmod

man AS SINGLE
1310AS SINGLE
1ng AS SINGLE
wid AS SINGLE

ElIID TYPE
TYPE aquamcd

slo AS·S!NGLE
wid AS SINGLE
1ng AS SINGLE
depth AS SINGLE
wtl AS SINGLE
sorp AS SINGLE
perm AS SINGLE
por AS SINGLE
imc AS SINGLE
cap AS SINGLE
volume AS SINGLE
yprev AS SINGLE

END TYPE
TYPE pipemod

s10 AS SINGL:F!
diam AS SINGLE
1ng AS SINGLE
man AS SINGLE
cap AS SINGLE
min AS SINGLE

END '!'YPE
TYPE trapmod

s10 AS SINGLE
Ing AS SINGLE
man AS SINGLE
\~id AS SINGLE
9131AS SINGLE
9s2 AS SINGLE
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rodep AS SINGLE
cap AS SINGtE

END TYPE
TYPE stormod

c1 AS SINGLE
91 AS SINGLE
a AS SINGLE
b AS SINGLE
stlev AS SINGLE
typ AS INTEGER
ccu AS SINGLE
cu AS SINGLE
ccs AS SINGLE
cs AS SINGLE
csp AS SINGLE
sp AS SINGLE
depth AS SINGLE
critl AS SINGLE
crit2 AS SINGLE
crit3 AS SINGLE
prevstor AS SINGLE

END TYPE
TYPE compmod

slo AS SINGLE
lng AS SINGLE
n0gegs AS INTEGER
nopt9 AS INTEGER

END TYPE
COMMON SHARED modu() AS modconnectivity, pi:pe() AS pipemod, storage () AS
stormod

.COMMON SHARED over1nd() AS overmod, aqui() AS aquimod, trapchan(} AS trapmod
COMMON SHARED gin(), qout(), unite), con(), ovflo(), order(), nomod%, noit%,
tint
COMMON SHARED m, overt), rain(), pi
COMMON SHARED promptl$, flag.file%, tcode%
COMMON SHARED title$, fileS, flag.esc%, pl%, p2%, p3%, p4%, p5%, p6%
COMMON SHARED aim.time, rain.time, hyeto.number%, newmod%, flag.insert%
COMMON SHARED compchan() AS compmod, xC), y(), n(), segno()

END
SUB storagemod (1%, i%)

CALL flowintomodule(l%, i%)
CALL storageroute(1%, i%)

END SUB
SUB storageroute (1%, i%)

pnt% = modu(l%).pl
value = storage(pnt%).prevator + gin(l%, it) * tint * 3600

IF value <= storage(pnt%).critl THEN
qout(l%, i%) = 01

ELSE IF storage(pnt%).typ = 0 THEN
CALL stornrap(pnt%, value, y, 4)
qout(l%, i%) = storage (pnt%).csp * (y- - storage(pnt%) .al)

atorage(pnt%).sp
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ELSE IF storage(pnt%).typ = 1 THEN

IF value> storage(pnt%) .crit1 AND value <= storage(pnt%) .crit2 ~I:'HEN
CALL stornrap(pnt%, value, y, 1)
qout(l%, it) = storage (pnt%) .ccu * (y - storage (pnU) .el) ,.,

storage(pnt%).cu
ELSEIF value> storage(pnt%).crit2 AND value <= storage(pnt%).erit3

THEN
CALL stornrap(pnt%, value, y, 2)
qout(l%, i%) = storage(pnt%).ccs * (1 - storage(pnt%).cl - .S *

storage(pnt%).depth} A storage(pnt%).cs
ELSE IF value> storage(pnt%).crit3 XHEN

CALL stornrap(pnt%, value, y, 3)
qout(l%, i%) = storage(pnt%) .ccs * (y - storage (pnt%) .cl

storage(pnt%).depth * .5) A storage(pnt%).cs
qout(l%, i%) = qout(l%v i%) + storage(pnt%).csp * (y

storage(pnt%).sl) A storage(pnt%).sp
END IF

END IF
IF value <= storage(pnt%).crit1 THEN

storage(pnt%).prevstor = value
ELSE

atorage(pnt%).prevstor = atorvol(pnt%, y)
END IF

END SUB
SUB atornrap (pnt%v value, ynew, index)

a = storage(pnt%).a: b = storage(pnt%).b
cl = storage(pnt%),cl: sl = storage(pnt%).sl
SELECT CASE index

CASE 1
ccu = storage(pnt%).ccu: cu = storage(pnt%).cu
yold = .75 * storage(pnt%).depth + c1
DO

dfdy = a * b * yold ,.,(b - 1) + Ccu * cu * (yold - cl) ,.,(cu
- 1) * tint * 3600

l(lumer= (a * yold A b + ccu * (yold - cl) ,.,cu * 3600 * tint
dfdy

ynew = yold - flumer
diff = ABS(1 - ynew / yold)
yold = ynew

LOOP UNTIL diff <= .01
CASE 2

ccs = storage(pnt%).ccs: cs = storage(pnt%).cs
yold = (1.5 * s'coragn(pnt%)•depth + sl) / :2

DO
dfdy = a * b * yold " (b' - 1) + ccs * CS 1< ('(old - cl - .5 *

storage(pnt%).depth) A (cs - 1)
numer = (yold - cl - .5 * storage(pnt%) ,depth) A cs
ynew = yold - (a * yold A b + ccs 1< numer * 3600 )< tint -

value) / dfdy

- value) /

diff = ABS(l - ynew / yold)
yold = ynew

LOOP UNTIL diff <= .01
CASE 3

csp = storage(pnt%).csp: sp = storage(pnt%).sp
ccs = storage (pnt%) .cce~ cs = r.tC:)l:·age{pnt%).cs
yold = sl + .1
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DO
abit := a * b * yold ...(b ...1) .
abitl = ccs * as * (yold - cl ....5 * storage(pnt%).depth~ A

(cs - 1)
abit2 := csp * sp * (yold ...al) A (ap - 1)
dfdy = abit + (abitl + abit2) * tint * 3600
f ::;a * yold b + (ccs * (yold cl

atore,ge(pnt%)•depth) " cs) * 3600 * tint
f ::;f + (cap * (yold ...al) ...ap) * tint * 3600
ynew = yo1d - (f ...value) I dfdy
diff ~.ABS(1 ... ynew I yold)
yold ::;ynew

LOOP UNTIL diff <= .01
CASE 4-

cap = atorage(pnt%).csp: sp = atorage(pnt%).ap
yold = 61 + .1
DO

.5 *

dfdy = (csp * ap * (yold'" a1) " (ap - 1» * tint * 3600 + a* b * yold A (b ...1)
f = a * yold A b + cap * (yold ...al) A sp * tint * 3600
ynew = yold ...(f ...value) I dfdy
IF ynew > 0 THEN

diff ::;ABS (J.... ynew I yold)
value1 ::;a * ynew " b + csp * (ynew ...sl) A sp * tint *

3600
yold = ynewELSE .
diff = 01

END IF
LOOP UNTIL cliff<= .01

END SELECT
END EmS

FUNCTION storvol (pnt%, y)
storvol ::;storage(pnt%).a * y A storage(pnt%).b

END FUNCTION
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I Program for comparison o.f obsarved to simulated results

DEC~ SUB goodoffit ()
DECLARE SUB interp (tin\lO,! timel(), flowtO, it, j%, £lwl)
~YPE modconnectivity

modno AS IN~EGER
of! AS IN~EGER
typ AS :N~EGER
dsmod ~S IN~EGPR
infmod AS rNTw,C:;J;jR
p1 AS IN~EGER

END ~YPE
TYPE overmod

man AS SINGLE
slo AS SINGLE
Ing AS SINGLE
wid AS SINGLE

END ~YPE
~YPE aqUimod

slo AS SINGLE
wid AS SINGLE
lng AS SINGLE
depth AS SINGLE
wt;l AS SINGLE
sorp AS SINGLE
perm AS SINGLE
por AS SINGLE
imo AS SINGLE
cap AS SINGLE
volume AS SINGLE
yprev AS SINGLE

END ~YPE
TYPE pipemod

slo AS SINGLE
diam AS S:.nIGLE
Ing AI? SINGLE
man Ad SINGLE
cap AS SINGLE
min AS SINGLE

END TYPE
TYPJ!ltraprood

s10 AS SINGLE
Ing AS SINGIJE
man AS SINGLE
wid AS SINGLE
ssl. AS SINGLE
ss2 AS SINGLE
rodep AS SINGLE
cap AS SINGLE

END TYPE
TYPE stormod

cl AS SINGLE
131 AS SINGLE
a AS SINGr,E
b AS SINGLE
atlev AS SINGLE
typ AS INTEGER
CdU AS SINGLE
au AS S.tNGLE
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ccs AS SINGLE
cs AS SINGLE
cep AS SINGLE
sp AS SINGLE
depth AS SINGLE
critl AS SINGLE
crit2 AS SINGLE
crit3 AS SIl'TG:t.E
prevstor AS SINGLE

END TYPE
TYPE compmod

alo AS SINGLE
Ing AS SINGLE
noseg9 AS INTEGER
noptE; AS IN'l'EGER

ENO TYPE

COMMON SHARED modu() AS modconneotivity, pipe () AS pipemoa, st:orage() AS
stormod
COMMON SHARED overlnd() AS overmod, aqui() AS aquin~od, ttapchan() AS '~rapmod
COMMON SHARED qin(), qout(), unitt), cor(), ovflo(), order(), nomod%, noit%,
tint
COMMON SHARED expo, overt}, rain(), pi
CO~~ON SHARED promptl$, flag.file%, teede%
COMMON SHARED titieS, ,file$, flag. esc%, pJ%, p2%, p3% I p4%, p5% I p6%
COMMON SHARED sim.time, rain. time, hyeto.number%, newmod%, flag.insert%
COMMON SHARED compchan () AS eompmod , x (), y (), n (), segno ()
REM $DYNAMIC
CALL geodoffit
toode% ~ ;1

SCREEN 0

CLS
COLOR 0, 2
LOCATE 11, 28
;PRIN~ry"chaining editor subprogram"
COLOR 3, 0
CHAIN "editor"
ert'orproc:

SELECT CASE ERR
CASE 25, 24, 68

SEEP: BEEP: PRINT : PRINT
switched on ••• press any key"

WHIL-E INKE'!i;'$= "": WEND
RESUME begin

CASE 53, 76
BEEP: BEEP: PRINT : PRINT

press any key".
WHILE INKF.Y$ = "": WEND
RESUME begin

CASE 64, S2
BEEP

PRINT "printer not connected or

PRINT "File does n(')te"dst •••
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BEEP
PRINT
PRINT
PRINT "Bad filename (limited to 8 characters) ••• press any
WHILE INKEY$ == "": WEND
RESUME begin

CASE ELSE
ON ERROR GOTO 0

END SELECT
begin: CALL goodoffit

key"

tcode% = 2
SCREEN 0
CLB
COLOR 0, 2
LOCATE 11, 28
PRINT "Chaining editor subprogram"
COLOR 3, 0

CHAIN "editor"
END
REM $STATIC
'Subroutine to calculate goodness of fit criteria
SUB goodo!fit
REM $DYNAM!O
RED 1M tim(160), f10(160), time(160), floW(160)

ON ERROR GOTO errorproc
SORE,EN 0: WIDTH 80: CLS
):,OCATE4, 1: COLOR 3, 0: PRINT "Enter observed data filename"
COLOR 7, 0: LOCATE 4, 30: INPUT "", filename$
CLS

getno: LOCATE 4, 1: COLOR :3, 0: PRINT "Modul.e number of simulated output"
COLOR 7, 0: LOCATE 4, 35: INPUT "", num%
FOR i~ = 1 TO nomod~&

IF modu(i%).modno = num% THEN
modnum% ::i%
GOTO grapplo

END IF
IF num% ~ 0 THEN GOTO last

NEXT i%
l:m.~p: BEEP: PR:r.NT: PRINT PRINT "Module"; num!!!;" does not exist

press any key"
WHILE INKEY$ = "": WEND
CLS
GOTO getno

gra.pplo: OPEN filename$ FOR INPUT AS i~l
INPUT #1, nopts%
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peak.oba = 0
FOR j% = 0 TO nopts% - 1

INPUT #1, tim(j%), flo(j%)
IF flO(j%) > peak.oba T~mN

peak. cbs = flo(j%)
END IF

NEXT j%
peak.aim = 0
FOR j% = 0 TO noit%

IF qout(modnum%, j%) > peak.aim THEN
peak.aim = qout(mcdnum%, j%)

END IF
NEXT j%
1% = 0

FOR i% = 0 TO noit%
time(i%) = ills* tint * 60
FOR j% = 1% TO nopta% - 1

IF time(i%) < tim(j%) THEN
1.F j% <> 0 THEN
CALL interp(tim(), time(), floC), i%, j%, y)
flow(i%) = y
1% = j%
EXIT FOR

ELSE
flOw(i%) = flo(j%)

END IF
ELSE IF time(i%) = tim(j%) THEN

flow(i%) ~ flo(j%)
END IF

NEXT j%
NEXT i~

SCREEN 9
VIEW (10, 10)-(610, 320), , 1
xmax = tint * noit% * 60
!F peak.aim > peak.l::lbs T.HElN

ymax = peak. aim + .01
ELSE

ymax :::peak.oba + .01
END U

WINDOtl (0, O)-(xmax, ymax)
FOR j% :::1 TO nopts% - 1

xl :::tim(j% - 1)
yl = flo(j% - 1)
x2 = tim(j%)
y2 = flo(j%)
LINE (y.l,yl)-(x2, y2), , , &HFFOO

NEXT j%

FOR j% :::1 TO noit%
xl' (j% - 1) * tint * 60
yl = qout(modnum%, j% - 1)
x2 = j% * tint * 60
y2 :::qout(modnum%, j%)
LINE (xl, yl)-(x2, y2)

riEXT j%
walLE INKEY$ = '''': WENO
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rat.peak = peak.sim / peak.oba
CLS 0
LOCATE 4, 1: COLOR 3, 0: PRINT "start and finish point and time step

for stats cales"
COLOR 7, 0: LOCATE 4, 57: INPUT "", start, finish, timestep

eount :::0
total :::0
volsim :::0
FOR j% = 1 TO noit%

count :::count + 1
total = total + qout(modnum%, j%)
ave::: (qout(modnum%, j% - 1) + qout(modnum%, j%» * tint * 3600 /

2
volsim = vOlsim + ave

NEXT j%
ave.sim = total/count

count ::::0
total :::0
V'olobs = 0
FOR j% = 1 TO noit%

count = count + 1
total::: total + flow(j%)
volobs :::volobs + (floW(j% - 1) + flow(j%» 'I\' tint * 3600 / 2
diff1 = flow(j% - 1) - qout(modnum%, j% - 1)
diff2 = flow(j%) - qout(modnUll\%,j%) .
a :::a + ABS«(diff1 + diff2) * tint * 3600) / 2)

NEX'!'j%
ave.obs = total/count

count :::0
FOR j% = 1 TO noit%

count :::count + 1
dif£ = flow(j%) - qout(modnum%, j%)
diffe ::::flow(j%) - ave.obs
diffsqr :::diffsqr + diff ~ 2
absdiff ::::absdiff + ABS(diff)
diffesqr :::diffe~qr + diffe " 2
IF flow(j%) > 0 'l'SEN

.pee :::pee + (diff / flow(j%» " 2
END IF

NEXT j%
eff :::1 - diffsqr / diffesqr
pee = (pee / count) A .5

PRINT II Observed Simulated
PRINT" ";
PRXNT "Peak (cub m/1'3) ";
PRINT USING "####. ~~##";peak. oba;
PRINT" ";
PRINT USING "#####. ~~##"; peak. simi
PRINT" ";
PRINT USING "#/.####"'; rat.peak
PRINT" ";
PRINT "Volume (cUb m) ";
PRINT USING "#####.##"; voloba;
PRINT" ";
PRINT USING "######. ##"'; vol aim;
PRINT" ";
PRINT USING "##.####"; v'olsim I volobs
PRINT" ";

Ratio (sim/ob£l) "



D ... 115

PRINT "Ave f1w(cub m/s)";
PRINT USING "##.#####"; ave.obs;
PRINT It "t
PRINT USING "#:lh'f:.#####"; ev«, simi
PRINT" ";
PRINT USING "##.####". ave.sim / ave.obs
PRINT
PRINT
PRINT" "i
PRINT "SSR (cub m/s)"2 ";
PRINT USING "#11.111#"; diffaqr
PRINT" ";
PRINT "SAR (cub m/s) ";
PRINT USING "i-~!#.####"; absdiff
P~UNT" ";
PRINT "Coet Eff
PRINT USING "1.1#"; aff
PRINT" ";
PRINT "Pl;'Operr of est
PRINT USING "##.##"; pee
PRINT" ";
PRINT "Aha Areas of div
1JRINTUSING "#####.1"; a

n •,

" .,
ft_,

WHILE !TlTKEY$ = "": WEND

CLOSE #1
ERASE tim, flo, flow, time

END SUB
REM $S'rATIC
'Subroutine to interpolate ubserved hydrograph for changE! in time step
SUB intel;'p(tim(), time(), flo(), i%, j%, flw)

1910= (flo(j\\) - f10(j% - 1» I (tiro(j%)- tim(j% - 1»
flw = f10(j% - 1) + slo * (tim~(i%) - tim(j% - 1»

END SUB
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'Program to output connectivity to screen
DECLARE SUB dataout1 (fi1e1$)
DECLARE SUB datain1 (fi1e1$)
TYPE monconnectivity

ruodno AS INTEGER
ofl AS INTEGER
typ AS INTEGER
damod AS INTEGER
infmod AS INTEGER
p1 AS INTEGER

END TYPE
TYPE overmod

man AS SINGLE
s10 AS SIN~LE
1ng AS SINGLE
wid AS SINGLE

END TYPE
TYPE aquimod

a10 AS SINGLE
wid AS SINGLE
lng AS SINGLE
depth AS SINGLE
wt1 AS SINGLE
eorp AS SINGLE
perm AS SINGLE
por AS SINGLE
imc AS SINGLE
cap AS SINGLE
volume AS SINGLE
yprev AS SINGLE

END TYPE
TYPE pipemod

s10 AS SINGLE
diam AS SINGLE
lng AS SINGLE
man AS SINGLE
cap AS SINGLE
min AS SINGLE

END TYPE
TYPE tra!)mod

s10 AS SINGLE
1ng AS SINGLE
man AS SINGLE
wid AS SINGLE
ssl AS SINGLE
sS2 AS SI'.~LE
mdep AS SJ.NGLE
cap AS SINGLE

END TYPE
TYPE stormod

cJ. AS SINGLE
sl AS SINGLE
a AS SINGLE
b AS SJ.NGLE
stlev AS SINGLE
typ AS INTEGER
ccu AS SINGLE
cu AS SINGLE
ccs AS SINGLE
as AS SINGLE
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csp AS SINGLE
sp AS SINGLE
depth AS SINGLE
crit1 AS SINGLE
crit2 AS SINGLE
crit3 AS SINGLE
prevstor AS SINGLE

END TYPE
TYPlilcompmod

slo AS SINGLE
1ng AS SINGLE
nosegs AS INTEGER
nopts AS INTEGER

END TYPE

COMMON S5ARED modu() AS modconne:ctivity, pipe () AS pipemod, stor.age() AS
atormod
COMMON SEARED overlnd() AS overmod, aqui() AS aquimod, trapchan() AS trapmod
COMMON SHARED qin(), qout(), unite), con(), Qvflo(), order(), nomod%, noit%,
tint
COMMON SHARED expo, over(), rain(), pi
COMMON SHARED prompt1$, flag.file%, tcode%
COMMON SHARED titleS, fileS, flag.e~c%, p1%, p2%, p3%, p4%, p5%, p6%
COMMON SHARED sim.time, rain.tinle, h~i'eto.nurnber%,newmod%, flag.insert%
COMMON SHARED compchan (' AS compmod , J( ( ), y (), n (), segno ()
1 'File PLANLAST.BAS in QB
2 'This file forms a combination of PLAN.BAS (ex-PLAN6.BAS) and
3 'PLANTA.BAS (e'~-PLAN8.BAS).
4 'Routine to draw n sequences with unlimited side branches up to the 2nd
5 'order, forming a modular representation of one or more catchments.
6 'Dr W.A.J. Paling, 19-7-1990
7

file1$ = "b:temp. skin"
CALL dataout1(file1$)

ERASE don, over, order, ovflo, unit, raj.n, qin" gout, trapchan
Ev~Slilaqui, pipe, compchan, storage, overlnd
REM $DYNAMIC

10 REDIM i1(140), i2(140), typ(140), kl(140), k2(140, 15), k3(400), k4(400,
15)
11 REDIM L2(400), TEMP(140), SEQ(50, 30), SOBR(5, 50, 20), TAL(10), NOL(30)
12 REDIM RECX(50), RF.CY(50), RAIN1(900), RAIN2(900), RAIN3(900), p(30)
13 'The dimension of K3, K4 and L2 should at least correspond with the

CLS
LOCATE 11, 28
cozoa 0, 2; PRINT "screen connectivity routine"
nall = 0

30 FOR i = 1 TO nomod%
50 IF modu(i).modno < 900 THEN

nall = nall + 1
i1(nall) = modu(i).modno
i2(nall) = modu(i).dsmod
typ(nall) = modu(i).typ

END IF
80 NEXT i

100 ,---------------- Backward connectivity ----~-'.--------------110 FOR i = 1 TO nall 'K1() = quantity of incoming nodes
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120
130
140
150
160
170
180
200
210
220
230
240
250
260
270
300
310
320
330
340
350
360
370
380

k1(i) = 0 'K2(,) = data file sequence nr of incoming node
FOR j = 1 TO nall

IF i2(j) <> il(i) THEN 170
k1(i) = kl(i) + 1
k2(i, kl(i» = j
'PRINT "1="; I; "Kl(I)="i Kl(I); "K2{!,Kl(I»="; K2(I, Kl(I»

NEXT j
NEXT i
,----------------- Forward Connectivity ---------------------FOR i = 1 TO naIl 'L2() ::data file sequence nr of subsequent node

FOR j = 1 TO naIl
IF 12(i) = 0 GOTO 270
IF il(j) <> i2(i) THEN 260
L2(i) ::::j: GOTO 270

NEXT j
NEXT i
,-------------- Establish the Individual ROws ---------------FOR i = 1 TO nall 'change from sequence nrs to code nrs

k3(il(i» = kl(i)
'PRINT "I="; I; "n(I)::"; Il(I); "K3(Il(I)}=="; K3(Il(I»,
FOR j = 1 TO k3(i1(i»

k4(i1(i), j) = il(k2(i, j»
'PRINT "J="i J; "K4(Il(I),J)="; K4(Il(I), J),

NEXT j: 'PRINT
NEXT i: 'PRINT
L ::::0: LMAX ::0
FOR i = 1 TO nall

IF k1(i) <> 0 THEN 520 'find a starting point of a row
K = i: L ::::L + 1: NL ::::1: j = 1
TEMP(j) ::::il(i}
IF L2 (K) = 0 THEN 510 'ar:rived at the end of a row
j = j + l~ Nt ::::NL + 1
TEMP(j) ::il(L2(K»
K ::L2(K)
GOTO SOO
IF NL > LMAX THEN LMAX ::NL 'NL ::nr of blocks in a row
FOR j = 1 TO NL

SEQ(L, j) ::::TEMP(NL - j + 1) 'SEQ stores sequences of code nra
'PRINT "L-=";Li "J="; J; "SEQ(L,J)="i SEQ(L, J)

NEXT ,LMAX :: max !lr of columns
NEXT . 'L = max nr of rows~~ = 610 / LMAX: YL = 320 / L
XLl = .1 * XL: XL2 ::::.2 * XL: XL3 = .3 * XL: XL4 = .4 * XL
XLS ~ .5 * XL: XL6 = 6 * XL: XL7 = .7 * XL: XL8 = .8 * XL
XL9 :: .9 * XL
XL05 ::::.05 * XL: XL2S ::::.25 * XL: XL65 = .65 * XL: XL85 :: .85 * XL
YLl :: .1 * YL: YL2 :: .2 * YL: YL3 ::.3 * YL: YL4 ::::.4 * YL
YLS :: .5 * YL: YL6 :: .6 * YL: YL7 = .7 * YL: YL8 = .8 * YL
YL9 = .9 * YL: YLOS = .05 * YL
,----------------- Create Subsets -------------------------SALI. = 1: PP = 1: p (PP) = SEQ (1, 1)
FOR K = 1 TO L

TAL(K) = 0 'TAL() = nr of rowa in a subset
FOR i = 1 TO L

IF SEQ(i, 1) <> p(PP) THEN AA = SEQ(i, 1): GOTO 610
TAL(K) = TAL(K) + 1
FOR j = 1 TO ~~: SUBR(K, TAL(K), j) = SEQ(i, j): NEXT

NEXT
FOR i = 1 TO K

PRINT AA, p(i)
IF (AA = p(i» OR (AA = 0) THEN 620

NEXT
PRINT

SALL :::SALL + 1: PP = PP + 1: p(PP) = AA
NEXT
FOR S = 1 TO SALL

PRINT USING "Subset nx ""##"; s

500

510

520

600

610

620



D - 119

FOR i = 1 TO TAL(S)
PRINT USING "Row = #### "; i;

FOR j = 1 TO LMAX
PRINT USING "######"; SUBR(S, i, j);

NEXT
PRINT

NEXT
NEXT
FOR i = 1 TO 500: NEXT

1000 ,----~-~-------------- Start Drawing ---------------------------CLS : KEY OFF: SCREEN 9: COLOR 1, 0
XP = 610: YP = Y~
FOR SS == 1 TO SALL

,----- establish longest row in subset
NLON = a 'NLON = firof nodes in longest row
FOR i = 1 TO TAL(SS} 'RLON = subset sequence nr of longest row

M == 0FOR j = 1 TO LMAx + 1
IF SUBR(SS, i, j) <> 0 THEN M = M + 1: GOTO 1010
IF M > NLON THEN NLON = M: RLON = i: GOTO 1020

1010 NEXT
1020 NEXT

,----- draw longest row -----
FOR i = 1 TO NLON

NODE = SUBR(SS, RLON, i)
XP = X? - XL: GOSUB 3000

NEXT
yp1 = YP - YLs,-•.__.:.branches
FOR n = NLON - 1 TO 1 STEP -1

IF k3(SUBR(SS, RLON, n» <= 1 T5EN 1100
'--_._-first order branches
XPl == XP
NOL(l) = SUBR(SS, RLON, n + 1)
FOR K = 2 TO k3(SUBR(SS, RLON, n»

yp = YP + YL
SNLON :;,0
FOR i = 1 TO TAL(SS)

IF SUBR(SS, i, n) <> SUBR(SS, RLON, n) THEN 1040 .
FOR j =- 1 TO'k3(SUBR(SS, RLON, n»

IF SUBR(SS, i, n + 1) = NOL(j) THEN 1040
NEXT
M = 0
FOR j = n + 1 TO NLON + 1

IF SUBR(SS, i, j) <> 0 THEN M = M + 1: GOTO 1030
IF M > SNLON THEN SNLON = M: SRLON = i: GO'.'0 1040

1030 NEXT j
1040 NEXT i .

FOR i = 1 TO SNLON 'draw 1st order branch
NODE == SUBR(SS, SRLON, n + i)
GOSUB 3000: XP = XP - XL

NEXT
IF (k3(L2(NODE» = 1) AND (L2(NODE) <> n) THEN 1050
GOSUB 1200 'second order branches

lObO NOL(K) = SUBR(SS, SRLON, n + 1)
XP == XPl

NEXT K
LINE (XP + XL, YP - YLs)-(XP + XL, YP1)
XP ::XPl

1100 XP = XP + XL
FOR i = 1 TO k3(SUBR(SS, RLON, n»). NOL(i) = 0: NEXT

NEXT n
XP = 320: YP = YP + YL

NEXT SS
GOTO 2000

1200 ,----- second order branches
XP == XP + XL: YP2 == YP - YLs
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FOR NN ~ SNLON - 1 TO 1 STEP -1

XP2 ::::XP
NOLl = SUBR(SS, SRLON, n + NN + 1)
IF k3(SUBR(SS, SRLON, n + NN» = 1 THEN 1240
FOR JJ = 1 TO k3(SUBR(SS, SRLON, n + NN»

NODE = k4(SUBR(SS, SRLON, n + NN), JJ)
IF NODE = NOLl THEN 1230
YP = YP + YL

1210 GOSUB 3000
IF k3(NODE) = 0 THEN XP = XP2: GOTO 1230
NODE = k4(NODE, 1): XP = XP - XL: GOTO 1210
XP = XP2

1230 NEXT JJ
LINE (XP2 + XL, YP - YLS)-(XP2 + XL, YP2)

1240 XP = XP + XL
NEXT NN
RETURN

2000 ,-------------------- Rain -----------------.-------------PZ1 ::::RECX(O) + XLOS - 1: PZ2 ::::RECY(O)
PZ3 = RECX(O) + XL6S + 1: ~Z4 = RECY(O) + YL4 - 1
FOR i = 0 TO 6

PSET (RECX(O) + X40S + i * XLl, RECY(O», 3
DRAW "0=" + VARPTR$(YL1) + "BD=" + VARPTR$(YL1) + "BD=" +' VARP'l'R$(YL1)

NEXT i
'LINE (PZ1, PZ2)-(PZ3, PZ4)1 2, B
GET (PZ1, PZ2)-(PZ3, PZ4), RAIN1
PUT (PZ1, PZ2), RAIN1
FOR .1. = 0 TO 6

PSET (RECX(O) + XLOS ,I, i * XL1, ru:CY(O», 3
DRAW "BD=" + VARPTR$(YL1) + "0=" + VARPTR$(YL1) + "BD=" + VARPTR$(YL1)

NEXT i
'LINE (PZ1, PZ2)-(PZ3, PZ4), 2, B
GET (PZ1, PZ2)-(PZ3, PZ4), RAIN2
PUT (PZ1, PZ2), RAIN2
FOR i ::::0 TO 6

PSET (RECX(O) + XLOS + i * XLl, RECY(O», 3
DRAW "SD=" + VARPTR$ (YL1) + "BD:::"+ VARPTR$ (YL1) + "0=" + VARPTR$ (YLl )

NEXT i
'LINE (PZ1, PZ2)-(PZ3, PZ4), 2, B
GET (PZl, PZ2)-(PZ3, PZ4), RAIN3
PUT (PZ1, PZ2), RAIN3
FOR i = 0 TO KLM - 1: PUT (RECX(i), RECY(i», RAIN1: NEXT i

2500 a$ = INKEY$
IF a$ <> "" THEN 9999
FOR i = 0 '1'0 KLM - 1

PUT (RECX(i), RECY(i», RAIN1: PUT (RECX(i), RECY(i», PAIN2
NEXT i
FOR i = 0 TO KLM - 1

PUT (RECX(i), RECY(i.», RAIN2: PUT (RECX(i), RECY(i», RAIN3
NEXT i
FOR i ::::0 TO KLM - 1

PUT (RECX(i), RECY(i», RAIN3: PUT (RECX(i), RECY(i», RAIN1
NEXT i
GOTO 2500
FOR i = a TO KLM - 1

PUT (RECX(i), RECY(i», RAIN1: PUT (RECX(i), RECY(i», RAIN2
NEXT i

9999 ERASE L2, TEMP, SEQ, SUBR, TAI.,NOL
ERASE RECX, RECY, RAINl, RAIN2, RAIN3, P
ERASE i1, i2r kl, k2, k3, k4
REDIM qin(140, 100), qout(140, 100)
REDIM overlnd(70) AS overmod, aqui(70) AS aquimod, pipe(20) AS pipemod
REDIM unit(l40, 2), con(140, ~O), ovflo(140, 8), order(2, 140)
REDIM over(140, 100), rain(10Q)
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REDLl.1t:l.."apchan(20) AS trapmod, storage (3) AS stormod
REDIM compchan(5) AS compmod, x(5, 10), y(5, 10)! n(5, 5), 6egno(5, 5,

2)
•

filel$ = nb:temp.skm~
CALL datalnl{filel$)
KILL "b:temp.skm"

tcode% = 3
SCREEN 0
WIDTH SO
CLS
COLOR 0, 2
LOCATE 11, 2S
PRINT "Chaining editor subprogram"
COI.OR 3, 0
CHAIN "editorf"
END

3000 ,----------- Subroutine for Drawing Modules in Series ---------------FOR II = 1 TO nall
IF i1(II) :::NODE THEN num1 = typ(II): GOTO 3010

NEXT
3010 IF num1 :::1 THEN 3020

,----- green background squa~e
LINE (XP + XL2, Yl? - YLf,-(XP + XL8, YP - YL2), 1, SF: GOTO 3030

3020 ,----- green parallelepipidum -----
l?X1 == XP + XL05: PX2 = XP + XL65
PX3 = XP + XL85: PX4 = XP + XL25
PYl :::YP - YL2: PY3 = YP - YL6
LINE (l?X1.,PYl)-(l?X2, PYl), 1: LINE (PX2, PY1)-(l?X3, P1'3),
LINE (PX3, PY3)-(I?X4, l?Y3), 1: LI1,.. (l?X4,I?Y3)-(?Xl, I?Yl).,..
PAINT (XI?+ XL5, Yl? - YL5), 1, 1

3030 IF k3(NODE) = a THEN 3040
,----- yellow line on the left
LINE (XP, YI? - YL5) - (XI?+ XI.2 - 1, Yl> - YL5)
,----- yellow line on the right -----

3040 LINE (Xl?+ XL8 + 1, YI? - YL5)-(XI? + XL _.1, YP - Yr~!:)
,----- green arrows -----
I?SET (Xl?+ XL - 1, YI? - YL5), 1: DRAW "NH2;G2"
IF num1 <> 1 THEN 3050
,----- catchment -----
RECX(KLM) == Xl?+ XL2: RECY(KLM) == YP ...YL: KLM == KLM + 1: GOTO 4040

3050 IF num1 <> 2 THEN 3060
,----- pipeline -----
IF XL < (5 / 8) * YL THEN R = .25 * XL ELSE R :::.25 * YL
CIRCLE (Xl?+ XL5, YP - YL5), R, 2
l?SET (XP + XL5, YP - YL5), 2
DRAW "NL:::"+ VARPTR$(R) + ":~P=" + VARI?TR$(R) + "BD=" + VARI?TR$(YI,:",
DRAW "I?3,2;"

3060 IF num1 <> 4 THEN 3070
,----- rectangular channel -----
I?SET (XI?+ XL3, ~p - YL3) , .2
DRAW "1~U=" + VARI?TR$(YL4) + "R=="+ VARI?TR$(XL4) + "NU=" + VARPT~$(YL4)
DRAW "0=" + VARI?TR$(YL2) + "L=" + VARPTR$ (XL4) + "R=" + VARPTR, 'XL2)
DRAW "BO=" + VARPTR$(YL1) + "I?3,2": GOTO 4040

3070 IF numl <> 3 AND num1 <> 5 THEN 3080
,----- channel with sloping sides -----
LINE (XI?+ XL3, YP ...YL7)-(XI? + XL4, YP - YL3), 2
LINE (XI?+ XL4, 'fP ,.YL3)-{XP + XL6, YP ...YL3) r 2
LINE (Xl?+ XL6, Yl? - YL3)-(XP + XL7, YP - YL7-), 2
LINE (XP + .35 * XL, Yl? ...YL5)-(XP + .65 * XL, YJ? - YL5), J
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PAINT (XP + XL5, YP - YL4), 3, 2

3080 IF numl <> 6 THEN 4040
,~---- ?aquifer? -----
LINE (XP + XL3, YP - YL3)-(XP + Y~7, YP - YL6), 3, BF
FOR k3 ::1 TO 3

PSgT {XP + (.2 + k3 * .15) * XL, YP - YL6), 2
DRAW "NE=" + VARPTR$(YL1) + "NU=" + VARPTR$(YL1) + "NE=" +

VARPTR$ (YLl)
NEXT k3

4040 'continuE'!
4045 ,-------------------- Draw.Numbers ---------------------------------5000 NUM = NODE

a = .1
PSET (XP + a * XL, YP - .05 * YL), 2
IF NOM < 1000 THEN 5100
IF NUM < 9000 THEN 5010 ELSE

5010 IF NUM < 8000 THEN 5020 ELSE
5020 IF NUM < 7000 THEN 5030 ELSE
5030 IF NUM < 6000 THEN 5040 ELSE
5040 IF NUM < 5000 THEN 5050 ELSE
5050 IF NUM < 4000 THEN 5060 ELSE
5060 IF NUM < 3000 THEN ~070 ELSE
5070 IF NUM < 2000 THEN 50BO ELSE
5080 GOSUB 5510: NUM = NOM - 1000
5090 a = a + .125

IF rlUM< 100 THEN PSET (XP + a * XT., YP - .05 * YL) I

a + .125
IF NUM < 10 THEN PSET (XP + a * XL, YP - .05 * YL),

a + .125
5100 IF NUM < 100 THEN 5200

PSET (XP + a * XL, YP _, •as
IF NUM < 900 THEN 5110 ELSE

5110 IF NUM < 800 THEN 5120 ELSE
5120 IF NUM < 700 THEN 5130 ELSE
5130 IF NUM < 600 THEN 5140 ELSE
5140 IF NUM < 500 THEN 5150 ELSE
5150 IF NUM < 400 THEN 5160 ELSE
5160 IF ~ruM< 300 THEN 5170 ELSE
5170 IF NUM < 200 THEN 5180 ELSE
5180 GOSUB 5510: NUM = NUM - 100
5190 a = a + .125

IF Nm1 < 10 'rHENPSET (Xl?+ a * XL, YP - .05 * Y.L),2: GOSUB 5500: a::
a + .125
5200 IF NUM < 10 THEN 5300

PSET (Xl?+ a * XL, YP - .05 * YL), 2
IF NUM < 90 THEN 5210 ELSE GOSUB 5590:

5210 IF NUM < 80 THEN 5220 ELSE GOSUB 5580:
5220 IF NUM < 70 THEN 5230 ELSE GOSUB 5570:
5230 IF NUM 0:: 60 THiSl'l5240 ELSE GOSUB 5560:
5240 IF NOM < 50 THEN 5250 ELSE GOSUB 5550:
5250 IF NUM < 40 T:iEN 5260 ELSE GOSUB 5540:
5260 IF NUM < 30 THEN 5270 ELSE GOSUS 5530:
5270 IF NUM < 20 THEN 5280 ELSE GOSUB 5520:
5280 GOSUB 5510: NUM = NUM - 10
5290 a = a + .125
5300 PSET (XP + a * XL, YP - .05 * YL), 2

IF NUM < 9 THEN 5310 ELSE GOSUB 5590: GOTO 5390
5310 IF NUH < 8 THEN 5320 ELSE GOSUB 5580~ GOTO 5390
5320 IF NUM < 7 THEN 5330 ELSE GOSUB 5570: GOTO 5390
5330 IF NUM < 6 THEN 5340 ELSE GOSUB 5560: GOTO 5390
5340 IF NUM < 5 THEN 5350 ELSE GOSUB 5550: GOTO 5390
5350 IF NUM < 4 THEN 5360 ELSE GOSUB 5540: GOTO 5390
5360 IF NUM < 3 THEN 5370 ELSE GOSUS 5530: GOTO 5390
5370 IF NUM < 2 THEN 5380 ELSE GOSUB 5520: GOTO 5390
5380 IF NUM < 1 THEN 5385 ELSE GOSUB 5510: GOTO 5390
5385 GOSUS 5500
5390

GOSUB
GOSUB
GOSUB
GOSUS
GOSUS
GOSUS
GOSUS
GOSUB

5590:
5580:
5570:
5560:
5550:
5540:
5530:
5520:

NOM = NOM -
NUM = NOM ~
NUM = NOM -
NOM = NUM -
NUM ;::NUM -
NUM = NUM -
NUM = NUM -
NUM = NUM -

9000: GOTO 5090
8000: GOTO 5090
7000: GOTO 5090
6000: GOTO 5090
5000: GOTO 5090
4000: GOTO 5090
3000: GOTO 5090
2000: GOTO 5090

2: GOSUB 5500: a ==

2: GOSUB 5500: a ::::

* YL), 2
GOSUB 5590:
GOSUB 5580:
GOSUB 5570:
GOSUB 5560:
GOSUB 5550:
GOSUS 5540:
GOSUS 5530;
GOSUB 5520:

NUM ~ NOM - 900:
NUM = NOM - 800:
NUM = NOM - 7GO:
NUM = NUM - 600:
NUM ;::NUM - 500:
NUM :;.,NOM - 400:
NUM = NUM - 300:
NUM = NUM - 200:

GOTO
GOTO
GOTO
GOT~
GOTO
GOTO
GO'1'O

5190
5190
5190
5190
5190
5190
5190
5190GOTO

NUM =
NOH =
NUM =
NUM =
NUM ==

NUM -
NUM -
NUM -
NUM -
NUM -
NUM -
NUM -
NUM -

90:
80:
70:
60~
50:
40~
30:
20:

GOTO
GOTO
GOTO
GOTO
GOTO
GOTO
GOTO
GOTO

5290
5290
5290
5290
5290
5290
5290
5290

NUM =
NUM ==
NUM ==
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5400 :RETURN
5500 DRAW "L2;U4;R2;D4;": RETURN
5510 DRAW "U4;": RETURN
5520 DRAW "L21U2;R2;U2;L2;"~ RETURN
5530 DRAW "NL2;U2;NL1iU2;L2;": RETURN
5540 DRAW "U2iNU2;L?';U2i": RETURN
5550 DRAW "NL:4' ;U2;L2;U2;R2 i":: RETURN
5560 DRAW "NU2;L2;U2iNR2;U2;R2;": RETURN
5570 DRAW "U4;L2; ": RETURN
5580 DRAW nU2;NL2;U2;L2;D4;R2;n: RETURN
5590 DRA~~ "NI.2;U4;L2;D2jR2 f": RETURN

'draw 0
'dr.aw 1
'draw 2
'draw 3
'draw 4
'draw 5
'draw 6
'draw 7
'draw 8
'draw 9

REM $STATIC
SUB datainl (fi1el$)

OPEN £i1el$ FOR INPUT AS #1

INPUT #1, titleS
INPUT #1, tint, aim.time, rain. time, hyeto.numb~~%, noit~, nomod~
INPUT #1, pl%, p2%, p3t, p4%, p5%, p6%, newmod%
FOR it = 1 TO hyeto.number%

INPUT #1, rain(it)
NEX'X i%
FOR i% = 1 TO nomod%

INPUT #1, modu(i%).modno
INPUT #1, modu (it) •dsmod,

modu(i%).i.nfmod, modu(i%).pl
S:ELECT CASE modu (i%) •typ

CASE 1
p% = modu(i%).pl
INPUT #1, overlnd(p%).man, overlnd(p%).slo, overlnd(p%).lng .
INPUT #1, overlnd(p%}.wid

modu(i%) .0£1, modu(i%).typ,

CASE 2
p% ; modu(i%).pl
INPUT #1, pipe(p%) .lng, pipe(pt) .diam, pipe(p%). slo, pipe(p%) .man

CASE 3
p% ; modu(i%).p1
INPUT #1, tr.apchan(p%).slo, trapchan(p%).man, trapchan(p%).lng
INPUT #1, trapchan(p%).wid, trapchan(p%).ssl, trapchan(p%).ss2,

trapchan{p%).mdep
CASE 4

p% = modu(i%).pl
INPUT #1, atorage(p%) .typ. storage(p%) .a, storage(p%) .b,

storage(p%).cl
INPUT #1, storage(p%).ccu, storage(p%).cu, storage(p%).ccs,

atorage(p%) .-::;~
INPuT #1, storage(p%).depth
INPUT #1, storage(p%).sl, storage(p%).csp, storage(p%).sp,

storage(p%).stlev
CASE 5

p% = modu(i%).pl
INPUT #1, compchan(p%) .slo,

compchan(p%).nosegs, compohan(p%).nopts
compohan(p%).lng,

FOR j% = 1 TO compchan(p%).nopts
INPUT #1, x(p%, j%), y(p%, j%)

NEXT j%
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FOR j% = 1 TO compchan(p%).nosegs

INPUT #1, segno(p%, j%, 1), segno(p%, j%, 2), n(p%, j%)
nEXT j%

CASE 6
p% = medu(i%).pl
INPUT #1, aqui(p%).slo,

aqui Iip%) •depth
INPUT #1, aqui(p%).wtl
INPUT #1, aqui(p%) .sorp,

aqui(p%) .wid, aqui(p%).lng~

aqui(p%) .perm, aqui.(p%).imc,
aqui I[p% )•por

END SELECT
NEXT i%

CLOSE #1
END SUB
SUB dataoutl (filel$)

OPEN filel$ FOR OUTPUT AS #1
WRITE #11 titleS
WRITE #1, tint, sim.time, rain.time, hyeto.number%, noit%, nomod%
WRITE #1, pl%, p2%, p3%, p4%, p5~, p6%, newmod%
FOR i% = 1 TO hyeto.number%
. WRITE #1, rain(i%)
NEXT i%
FOR i% ::::1

WRITE
WRITE

modu(i%).infmed,

TO nomed%
#1, modu(i~).modno

#1, modu(i%).dsmod,
modu (i%).pI

modu(i%! .ofl, modu(i%).typ,

SELECT CASE modu(i%).typ
CASE 1

p% = modu(i%).pl
WRITE #1, overlnd(p%).man, overlnd(p%).slo, overlnd(p%).lng
WRITE #1, overlnd(p%).wid

CASE 2
p% = modu(i%).pl
WRITE #1, pipe(p%).lng, pipe (p%).diam, pipe(p%).slo,

pipe (p%) .man
CASE 3

p% = modu.(it) .pI
WRITE#l,trapchan:p%).slo,trapchan(p%).man,trapchan(p%).lng
WRITE #1, trapchan(p%).wid, trapchan(p%).ssl,

tr~pchan(p%).ss2, trapcnan(p%).mdep
CASE 4

p% = modu(i%).pl
WRITE #1, storage(p%).typ, storage(p%).a, storage(p%).b,

storage(p%).cl
storage(p%).cs

WRITE #1, storage(p%).ccu, storage(p%).cu, storage(p%).ccs,
WR1.TE #1, storage(p%).depth
WRITE #1, storage(p%).sl, storage(p%).csp, storage(p%).sp,

storage(p%).stlev
CASE 5
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p% = modu(i%).pl
WRITE #1, compchan(p%).slo,

compchan(p%).nosegs, compchan(p%).nopts
II

oompchan(p%).lng,

FOR j% = 1 TO compchan(p%).nopts
WRITE #1, x(pt, j%), y(p%, j%)

NEXT j%

aqui(p%) •depth

FOR j% = 1 TO compchan(p%).nosegs
WRITE #1, eegno(p%, j%, 1), segno(p%, j%, 2), n(p%, j%)

NEXT j%

CASE 6
p% = modu(i%).pl
WRITE #1, a~i(p%).e10, aqui(p%) .wid, aqui(p%).lng,

aqui(p%).ppr
END SELECT

WRITE #1, aqui(p%).wtl
tmITE #1, aqui(p%) .eorp, acr<1i(p%).perm, aqui(p%) .imo,

NEXT i%

CLOSE #1

END SUB
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