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ABSTRACT

Urhan stonmau.er: c'tr:a.mage des:l.gners arﬂplarme:LEarehavn.rgtodaal
 with the dramatic effect that urbenization has on the hydrological |
regime To ccpeeccmucallymththehx:reasesinmffvolumasarﬂ
peaks due tourbamZatlm,moresqiusticatedapprcadiesarereqmred
for the design alﬂplammgofstmterdramSystaus This has

led to themedforbettertoolstoenablestozmaterdraj:agesystm

designers to evaluate such drainage options as dual drainage, use of
flood plains, and detention/retention storage facilities. WITSKM
(Witwutersrand Stormwater Kinematic Model) was developed specifically
for the analysis of these stormwater drainage options. The model is
. therefare a single event model and does not include an evaporation

WITSRM has been developed using the BASIC computer programming

. language for IBM canpatible wicro-computers. To reduce the tedious
process of data input and editing, an editor has been included in the
' progran.. mdevelcpmgﬁmthemommra;prcachwasadcptedsothat
the necessary flexibility in modelling urban drainage systems can be
 achieved. Modnles are included that can model flow over impermeable
and permeable surfaces, afuifers, pipes, trapezoidal chammels, and
detention/retention storage facilities. A system of module mmbers is
used to determine the comnectivity and the modules to which overflows
should be rarted in the similation of dual drainage systems. With the
inclusion of aguifer modules, the processes of subsurface flow and
interflow can be modelled. The Green-Ampt infiltration model has been
used as the parameters for this model can be physically measured.

In WITSKM the kinematic routing approach has been adopted for the
routing of flows over permeable and impermesble surfaces as well as
through pipes and chammels. Two mmerical methods of solving the
kinematic equations were tested. These were an explicit backward
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difference scheme as used in an earlier version of WITSRY, and the
bs more stable and give mre consistent answers when varying the
camputation time step than the explicit backward difference scheme and
was therefore used in WITSKM. The employment of this tecmigue
_reqm!md__amvmmnoft‘necmnectiviq algoritim. The shortcomings in
the riginal version in modelling combinations of spillway and outlets

The model was calilwated on three catcments viz Newark Street,
Sunninghill Pack, and Zululand. The results were compared using
various goodness-of~fit criteria to those cbtained by using WITWAT,
The 2zualuiand catchmnt wlasusﬁtoteatthes&:hamfaceaxﬂntterflm
. copabilities of the model by cogparing runs using the Hortonian
concept of overland flow with those having subsurface flow and
interflow. The model wass further used to compare possible stormwater
drainage options for a  hypothetical township layout on the Waterval
catchment to the . north of - Johammeshurg., fThis cabciment has been
mritored by the Water Systems Resesrch Group of the University of the
Witwatersrand and recorded rainfall events wers used as input to
WEPSKM. In this way the effectiveness of the different drainage
options in limiting runoff volumes and pesks from the proposed
towhship could be campared to the measured runoff.

Tn this report WITSKM has been shown to compare favourably with the
WITHAD model. However the versatility achieved in WITSKM by using the
modiular approach of catchment discretization, allows for the
redirection of flows and overflows to easily simlate the different
stormwater draimage dptions for an urban area. This together with the
inclusion of the Muskingqum-Cunge routing technigue, and the interflow
capabilities malies WITSK{ a move versatile model than the WITWAT model
as-tarasﬂnaamﬂysisﬁstmterdraﬂmgacptim‘s'arecmcemai.'
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Hydrologlsts stonmtardramagesystmdwlglﬁrs,arﬂmterresumce
plarmers in Scn:l:h Africa are having mdealwithhigherlevelsof_
urbanization  as well as greater population densities than previously.
The impact of the urbanizing process on the hydrological regime is
'_dramatlc and in crder tocopewrmﬂxesedlangesmsmsticated
. computational ~techniques have to be used to determine viable
stomabarmanagemmtpohciesauifortheﬂesignofd:ﬁi:agesysﬁas
The policyofcmstruchngastormt&rmt:mlatimmktom
the higher recurrence inteyval runoff :events fram a catchment as
cquickly as possible results in costly systems. To implemert this .
approach very often the natural drainage charnels have to be enlarged
and lined to cope with the increased rimoff due to urbanization. This
type offmactlcmalengineermgstmchn'emamdmgleﬁsfmn:mtha
more envirommentally conscious public. The drainage engineer therefore -
ot oniy. has to 1look for more aesthetically attractive and
envirommentally acceptable solutions but more cost effective solutions
as well.

approaches has led to the nead for better tools to enable the optimm
' plamming and design of stormwater systems to be undertaken in new
develqmmtsorfnrtheupgradeofa:istumgstomcaterdramage
systems. The techniques being adopted are those of computer simalation
models, which are capable of accounting for most of the physical
processes imvolved in the rainfall-runoff process. This results in a
greater level of sophistication and refinement in describing the urban
nowff process and has fcn.trriacceptarma:mst themajc:rltyof
dmlgrm'saxﬂplamﬂ:s



1.2 Available Si

_'J.here are a mumber ca’fc:rqnterbasedhydrologlcalsmlatimmdels
available  for usearﬂmofﬂxemde]sappllcabletou:bandramage
applicationz are briefly discussed here.

SWM  (Storm Water Management Model (Huber et al,1982)) is
models. The mdel'sstrmun:emistsofammberofhlodcsfcr_
carrying = out different tasks. SWM has the capability of
mdelling nmmoff  quantity and quality as well as simlating
treatment facilities and receiving water quality. The kinematic
filow routing provedure is used formstamlicatml—bwever
can be used. One ofthe‘slmtcmmﬁgsofthismdelwasthatit
needed to run on a mmfrmnemlterarﬂmmextenswe
inprt data., A micro-computer version of S\ has however been
developed (James and Robinson, 1985).

ILIUDAS  (T1llinois Urban Drainage Ares Similator (Terstriep and
Stall, 1974)) has been tested and adapted for South African
conditions by Watson (1981). Both ILIIIDAS and IIIUDAS-SA,
geveloped by Watson, use the time-area or isochronal approach for
the routing of flows and have been found useful in the design of
pipe networks. '

KINE 2 (Constantinides, 1982) employs the 2 dimensional kinematic
equations for flow routing and has been fomd to yield extremely
reliable results for the catciments stidisd. This model can be
used for the prediction of nmoff hydrographs as well as for
assessing the effects of man-made changes on runoff. This model
has been dsveloped for use on a mainframe computer ard is data
intensive. Itwasmtdevelcpedformodelhngurhanareaq,a:ﬂls
primarily for surface ruoff off 2-dimensiona. sloping
catchments.
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WITWAT (Green ard Ste¥.sson, 1984) employs the Kkinematic method

of flow routing with the option of using time-shift routing in

conduits. A simplified routine was included in the model for the
evaluation of detention storage facilities. The advantage of this
model over SRM and KINE 2 is that it was written specifically

'_fcrcamlcro-cumtertmsallenaﬁ:gmnyofﬂ:epmbla:s
associated with mairdrame dataprocessmg The fact that WITWAT
was de_veloped on a mmro—cmpzten: has mde  the camuter
s:imlartim of urban drainage systensmreadllyavallableto
hydrolog:.sts aryl stormwater drainage design engineers. The model
- was imgroved by Rolovopoules - (1986) to include a dual drainage
‘capability and to account for compound channels. However the dual
drainage system was inflexible in that surcharge from pipes had
to flow into a charmel immediately above the pipe. This does not
allow for an‘dnrgesmmooveﬂ.arﬂ*‘lwareasormtosaa]mmys
Both of which are accepted storwsater management peolicies.

WITSKM (Witwatersrand Stormwater Kipamstic Model (Stephenson,1989))
was developed to overcame the shortcomings of the WITWAT model in
uses the kinematic method of flow routing including the routing of
. flow through conduits. The method of using medules to represent the
components  that go to make up 2 stormwater drainage system was adopted

in WITSKM because of the resultant flexibility and versatility of the

surfaces, aquifers,  pipes, trapezoidal  channels, and
detention/retention storage dams. '

1.4 Scope of Repart

In aopplying the model to the Sunninghill catctment in  Sandton

(Stephenson, .s89) shortcomings were discovered in - the model. The
WITSKM model used an emhcitbadmarddiffermfnﬁtediffere:m
sdmfwsolwmﬂﬂhmtmmdmequaﬁm%mnm



-4 -

. unstable éspecjfallyﬁlen-applied-tocmﬂuitmxtm.mismutsin"
an impractically smll computation time step having to be used to
ansure stabilltywhidimltsinlmgercmplta‘mtmmmﬁtheum
of excessive amimft:s of computer memary to store rainfall input data
and output data. This This limited the duration of the storms that could be
simlated as well as the muber of modules that could be used to model .
a catchment. During its applicstion, shortcomings in the module used
to simlate demtlm/mtmtlmstqragemmghllgmedasﬂwmdel
did not cater for canbinations of splllway and outiets.

The aims of this study are twofold; first to improve the exdsting
program byjncludjngamoremtsomtimalgnriﬂmtothekinematm
youting equations viz  the MuskingurQunge method (Holden and
Stephenson, 1988). Due to this methodology anewccnmct:.v:.tyarﬂ
 detention/retention storage module  was also improved to include flow
through culverts a feature which can be used for £lood attermaticn.

The primary aim of this study is the application of the model. For
this purpose the recorded data for Newark Street, Zululand catchment
WiIML7 as well as the Waterval and Suminghill Park catchments were
used. The Suminghill Park and Waterval catchments are monitcred by
the Water Systems Research Group of the University of the
Witwatersrand., The Newark Street and Surminghill Park catchments were
~used to compare the results of WITSRKM with those obtained using
WITWAT. The Zululand catchment was used to test the interflow and
subsurface flow capabilities of the program. The Waterval catchment is
undeveloped at present. A town was set out on the catclment and using
recorded storm events, the effectiveness of the possible stormwvater
management options for the town could be examined and compared to the
recorded runoff.



CHAPTER 2 KINEMATIC THBORY

The kinematic theory was introduced by Lighthill and Whitham (1955)
and later used by Henderson and Wooding (1964) to study the runoff
hydrograph resulting from excess rain., This theory has since been
1rmrpccr:act:ad mnndeEMasMarﬂwmtomdelwlaxﬂﬂow
Kirnematic theory has advantages over time-areamethodsmthatlts
basis is founded in hydranlic theory ardtherm—hnearltyofﬂle
surface flow process can be-takenintoacccamt.mesolutlmofthe_
kinematic ' wave equation is much simpler than that of the general flow
equations. This results in simpler mmerical schemes which enable fast
ccn;uter programs to bedevelcpedanmcm—omp.rters mm{enploys'
the kinematic routing theory not only for overland flow routing hut
for the routing of flows through conduits and agquifers.

The St Venant equations describing one diransjonal flow in open

channels are used as a bkasis for the development of the kinematic

rougting technique used in WITSKM. The equatitns are the continnity

equation and the dynamic equation and their derivation is based on the

following assumpticns. ' '
(a) The fluid is homogenecus and incompressible.

(b} Flow is cne duensicmal

{c) Flow nmust begradually varied, This implies that therr must
bemrapldchangesmflwcrwssactmlarea

{e) 'me friction and twrbulence can be accomted for using
teady stite resistance laws.
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_. (£) Velocityisum.fommerthecmassectim
(9) Bed slope of chamel (8) is mmll so that S°sin B%tan 8.
The mxthmityeqmﬁmisdenvedbybalamﬁrgmssamﬂanelmt
rate to the rate of change in storage for the element shown in Fig 2.1

results in the following:

Qdt + q dxdt - (@ + -g% ax)at = —5% axat (2.1)

- whers Q is the flowrate
qy is the lateral inflow per unit length along the x—axis.
A is the cross-sectional area.

t is time

Figure 2.1 Contimuity of £low (Green et al,1984)

Rearranging equation 2.1 yields

9, o (2.2)
x . at_ L
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The dynamic equation is dsrived using Newton's second law of motion
which states thatthemtforceactmgmanelmmtofﬂuidﬂmmg
throgh a control volume mequaltotl:mrateofdmrgeotmt:m
' with time. Consider the control wolume shown in Fig 2.2.

Figure 2,2 Momentum balance (Constantinides, 1982)
The rvesultant force in the direction of flow is given by:
WASodx - NASfdx - -ﬁ-_(WyA}dx = wyh {2.3)

where = F= w‘?hlsahydrcstaticforcepexperﬂlculartoﬂm

Fg= WASpdx is the friction force due to boundary

W is the unit weight of fluid
S is bed slope

8 isE_:'l'cxi i'_.l'

- is the depthofthecentmidofthe::mss—sectimai
..areaq : _ .
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'marataccfdmgeofmcmenbmmﬂ:t:misgwmby

@

d .2
It (Ma\?} = 33 (;-‘1 V) + (M V)

vhere M,  is the mass of the fluid elemant

v is the velocity of flow
g is acceleration due to gravity

By expandirng and re-arranging equatmn 2.4 the following results: .

4oy oW pory A, A dY L 38y LAV av
T (Mav) =g dx {(viv i A =+ at) + A 3t + Av ax)_ {2.5)

Using thecmtamityeqmtionzztogethermthmtlmszsmzs,
the dynamic equation 2.6 can be derived, :

. : q, v
g =s_§1_!.3_"._.].: -?..‘E,.._L_ (2.6)

2.3 Kipemtic Rouations

The Kkinematic equations are cbtained by assuming that the friction
slope Se is equal to the bed slope S, i.e the pressure and
slope. The flow is therefore considsred to be steady uniform flow and
there exists a single valued relationship between the flow Q and the
depth of flow y such that ¢=0(v) and y=y(Q). ':Ihatm:m)h/&tmthe
- continmuity equation can tims be rewritten in the following form:

3A _ dA 3Q : | (z-.'7)

7t dQ a8t
The continuity eguation can'th&.be written as follows:

3, 98 39 B X
e T % : . (2.8)
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This equat::.an is Jnown as the kinematic wave equatiecn and to gain an
miea:staxﬂmg of its behaviour, thevariatlmofg(x,t) along a line
'mthe(x,t} planecanbee:q:ressedas-

dQ = th azdx : (2.9)

or - &9 _ 39 2agdx o (2.10)

dt T 9t T 9x dt .
Comparing 2.8 and 2,10 shows that do/dt = g (3Q/dA) a.kmgl:.nesm
the (x,t) plane descrlbed by

g;g'_ - ' - (2.11)

+ dA

These lines are hmnasdlaracteristmsamthederwatlvem/daas )
the speed of propagatior t celerity c of a kinematic wave in the
(x,t) plane. Unlike the ot Venant equations, the kinematic wave
equation only has forward characteristics i.e infcewation can only be
carried Gownstream. This means that by using the kinematic equations

For the routing offlmsﬂmmmﬁtsthelateralmﬂowtezmql
mthecmtmuityequatimlsdrqpedandtheeqmtimhecanes

., 4 2Q - |
+% 3 = O (2.12)
which means that along a dmracte:‘15t1chfdt=0Ms1np11esthat
there can be no hydraulic dispersion or diffusion i.e there is o
lateral spreading ofahydrcgra;hnranysubmdemeorattematimof
thapeaks

2,4 Numerical Splution of Kinematic Faquaticons
2.4.1 Introduction

and although for simple cases( such as a constant rainfall on an
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owarland flow plane of simple geametry), analytical solutions can be
achieved, for wmodelling purposes mmerical schemes have to ke
employed. Most mumerical methods of solution can be classified into:

(a) Expllclt finite difference schemes
(b) Implicit finite difference schemes
(¢)  Finite element methods

_The application of finite element methods results in camplex camputer
programs which are expensive to min and the accuracy and stability
criteria can bzcome tedicus to apply. 'Ihls ‘approach will not be
mmaedforusemwrmmmllrﬂtbemderedﬁnﬂmr

For the explicit finite difference scheme the flow properties at a
particular time are expressed as a function of the flow properties of
the previous time stesp which results in an ewplicit solution of all
the flow properties. In an implicit finite difference scheme however
all the Flow properties are solved for siimitaneously by means of
solving a matrix. The advantage of an implicit scheme is that
irrespective of the grid spacing in the (x,t) plane the method is
considered. to remain stable. However the simrltaneous solution of the
flow properties by means of the matrix is time consuming and requires
'ccuplex programuing. The implicit scheme at large gvid spacings loses
accuracy. mleane:@ucltsmememybemstableifthegrldspacng
has not bsen chosen correctly, the method, if used correctly, is
ecancmic and accurate.

2.4.2 Stability and Accracy Criteria for Mumerical Schemes

In solving a set of non-linear partial differential equations such as
the kinematic egquations, the stability and accuracy of the solution
have been found to depend on the choice of values far the length
increment (x) and the time increment (t). Furthermore a critical ratio
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.ﬂ.x (ﬁx)

- (2.13)

CR
has been found tomd.stfordetmninnqmttmttmsolmmmuhe
. stable or not. Constantinides (1982) produced a diagram (fig 2.3)
. chowing the effect ofthetmarﬂlengthmanmtsmthemcy
and stability of ewplicit solutions to the kinematic equations. Fig. '
2.3 highlights the following: |

- The solution is stable as long asax /at >= Gx/at)cr

= Ax/At should be as close to (Ax/at)er for accuracy

cms:.deratm
4 solution is solution js
Ax | unstable stable
-y e o

Accuracy of solation decreases
™ due to numerical diffusian

Fer fixed {Ax/At), accuracy increases
for smaller Ax and At

(Ax/AH_ I | Ax/A -

Figure 2.3 Effect of grid spacing mstabilityarﬂaccm'acyfaran
explicit finite diffel:erm scheme (Constantinides, 1982)
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The ratio @xjAt)crisﬂuspeedofptqagatimofamdlsmm
'alﬂcanberepresmtedhydx/dt and therefore farstabilltytha
following criterien, imown - asthecmrantcm.tenmaftercmn'antet
a1(1928) n:usthold

- ax 3% | o (2.09)

In adopting a mumerical solution, the solution domain has to be
discretized. This representaticn of the partial derivatives bya
finite difference  scheme mtro&tm variable amounts of mmerical
diffusion with dzesolutlmresanbhmadﬁmeaveratherthana
kinematic wave. This is shown in f£ig. 2.3. As the ratioAx/at
the solution. As was shown in section 2.2, the kinematic equations do
- not allow for any attermation of a flood wave which is somewhat
urrealistic and therefare a certain amount of mmerical diffusion in
ﬂmhnanat;cwavesolutm&vmlﬂheanadvantage'meamwuﬂd
however be to control the amomt of mumerical diffusion in a way that
it matches the diffusion of the physu:al prablem, '

2.4.3 . Nume ' .al Solutions to the Kinematic Bguations

same or all of four discrete adjacent values of the fiow Q and wave
celerity ¢ in space ard time (Fig 2.4).
t

) ' sAx
-+ ! ] ‘-Jaat
+_ .
Ot
JE RV.VS N
B

Flgure24 cmputarticnal cell on finite difference grid
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Preissmann (1961) presented a. general expression for the finite
difference formilation of the kinematic equation (equation 2.15) for
the computatiomal cell shown in Fig 2.4. Q, @, Q3 and Q,
are the discharges at the nodes of the camputational cell ard ¢ is an
average wave celerity for the cell. The 8, & are weighting parameters
used to provide flexibility in the finite difference formilation. &=1
J.Iﬂpll&i% an explicit =cheme while &=0 results in an implicit scheme.
The value B0 results in a backward difference and B=1 in a forward
differencesdmle. '

b (Qe-0 ) + (L - 0)(Q, - Q)

- Ax : . _ . : _
v q BlQy = Q)+ (1 - 8) (@, - Q) (2.15)

¢ - At T %

In general # controls the stability of the mmerical scheme while B
controls the accuracy or mmerical diffusion of the scheme.

-1  BExplicit Baclmazﬂ Difference Scheme (E.B.D.S) -
"2 Tmplicit Muskingum-Ounge Scheme (I.M.C)
3 BExplicit I-ﬂJs}urgtm-amge Scheme (E.M.C)
Bxplicit Backward Difference Scheme

This scheme was used in the ariginal version of WITSKM and stability
problems were experienced in the routing of flow throuch short, stesp,
smooth conduits. ‘The problems wer- generally experienced in the pipe
routing module of the program. This scheme is considered as a basis
for camparison with the I.M.C and E.M.C schemes to datermine if these
schemes are worthwhile for inclusion in WITSKM |

Conzidering equation 2.15 and putting &1 and B=0, the following
equation results: - '

(9 - Q) + 1 (Q, -'Qa) = q

A CAt (2.16)
= .
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Remembering  that  (Q;~Qy)/(cdt)= (A4-A3)/dt squstion '2.16 can
be expressed in the following form.

= < (2.17)

The difference (B -Aq) is estimated usirn;'b3(y4-y3)- where

by is the top width of ‘the flow whether the flow is in a pipe, .

channel, werlaxﬂormanaqm.fernndule Suhstitut:.ngtbeabweinto-
equation 2.17 the follewing expression results: :

-8 - 9y) A, gt

axb.. . 'b

: 3 3

(2.18)
Thus the flow conditions at points 1 and 3 and the depth and top width
of the flow at point 3ar'eusedtosolveforthedq1thatpoint4._
' Q; can then be calculated fantheflwdepmnusngthemmug-
equation.

Sy ot  (2.18)

In overland flow the width w is large compared to the flow depth y and
the hydraulic radius R can be estimate by the flow depth y. The
Manning equation then reduces to: ' '

Sy g (2.20)

Q=W —

paski e Boati

Cunge (1969) explained why the Muskingum f£lood wave computaticn
method, although assuring a lirear stage/discharge relationship still
attermates a flood mvetravellifgalmgastream.&mgewasableto
derive the formila for the Muskingum coefficients from the general
finite difference formlation 2.15 using a value of &0.5. The
attermation achieved by  the Muskingum method is due to the mmerical
diffusion introduced by apprmdmtmg the partial differential
equation by a finite difference scheme. Cunge estimated this error
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us:lng a Taylor expanslmofthetemsofﬁ)ecmtmntyequatlmam
shnwdthatthem:skjnglmfmmlutnﬂnlsmfactasecmﬂorder

approximation of the diffusion equation:

: 1 3Q _ o 209 - _
3% * 8 T BE?— | o (2.21)
vhere ‘¢ is the wave speed

. B is a diffusion coefficient

when the weighting coefficient 8 is fourd from:

B=5(1

5 )0<B<05

bcde . {2.22)
where b is.tcpmdthofmeﬂm '

A mmber of researchers have used this "matched diffusivity" approach
of artificially modelling attermation by cwosing B for each
camputational step such that the mmerical and physical diffusion are
matched. Ponce and Yevjevich (1978) allowed B to vary in time and
space as the flow varies in modelling flow off an overland flow plane.
Porce (1986) compared the Muskingum-Cunge approach for routing of
overland flows to the more traditional kinematic routing methods. He
found that for the overland flow system analysed, the method had
better convergence properties than the traditional explicit methods
and thesimlatiorﬁwere&smtlallyuﬁepexmmofqmdsme. Folden
and Stephenson (1988) applied the approach of Qunge with a variable B
for overland flow routing. This approach was compared to finite
difference schemes having fixed values of B and as in the case of
Ponce, the peak was found to be independent of grid spacing. In both
- Ponce's and Holden and Stephenson's work the grid spacings used in the
mmerical experiments were fine. In the case of Ponce, the overland
flow length was 36.6 m while in Holden and TStephenson's wock, the
tests were carried out aon a plane 100m long with a grid spacing of
20m. Holden (1989) applied this method of routing to trapezoidal
charnels and fourd thatp:ttugkompmedthemmermalstabmty
ofﬂlesdla:e



Hydrographs were routed down a trapezoidal chammel having different
slopes, roughnesses and lengths. The resultant peaks of the output
hydrographs were compared with those dbtained using the full solution
to the St Vemant equations. The pesks compared favourably, with the
‘evrar rang:‘n; £rom 0,18 to 7,3%.

The I-II.Iskmgtm—Gmge roating scheme is fmlatedbyg:t‘hmﬁm
equation 2.15 and solving for%nﬂuleallmmg&tovaryaocozdng
toequatlmzmﬁmldiwillallawfarthemtdungofmmermal
'dlfoSlO]'l to the ;hysical diffusion.
8= g B+=g bcdxs’°<a'1 o @)

I A

The following equation 2.24 results:
Q= 030 + €0, + CyQy + CQp o (2.24)
where thercutmg coefficients are given by:

KB

G = TR (-8 (2.242)
C - At - K8 _ . :
Y2 T At - K (L -8) (2.24b)
K(1 -3} ' . '
C3 =3 +K(I-8 (2.240)
c - At N '
47 A + K (1 - 8) {2.244)

In the above equations K = dx/<c> and Q) is the total lateral inflow
equal to qpdx where dx  is the overland flow length and <¢> is the
average celerity for a camputational cell. In arder to calculate the
coefficients given in eqguations 2,24a to 2.24d values of K and 8 are
needed, 'To do this average values of ¢, b, and Q for the camputational
cells are required. Two methods ofestlmarungtheseparamebemare
used. One is using the average of the values of the parameters at the
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fuxpointsofthacmp.rtatimloeugivmbytheequatimshelw-

<c>=_(c1+c2+c3'+ c4)/4 | - (2.25)
<g> = (Q + Qy + Gy + Q,)/4 - (2.26)
< b -.:b(hl-+ by, + by + b,}/4 . (2.27)

s the oconditions at point 4 are not knewn, an iterative solution is’
requived to calculate the values of <Q>, <b>, and <. This approach
will be called the implicit Muskingum-Cunge scheme. Another approach
to estimating <c>, <b>, and <@> is that used by Holden and Stephenson
(19688) vwhere a weighted average is used with the weighting in favour
of point 3 to compensate for the nissing values at point 4. This
approach results in an explicit scheme requiring mo iteration and will
be called explicit Maskingum-Cunge routing. The equitions for the
average values of <c>, <b>, and <> are given below

o+ 2¢,)/4 - © (2.28)

<r.‘._" = _(cl + C
“Er = Q)+ @y ¢ 20,074 | © . (2.29)
<b> = (b + b, + 2,)/4 | (2.30)

youting approach employing the matched diffusivity method should be
¢ nsidered for inclusion in WITSKM. However the method has only been
tested at a relatively fine level of discretization with overland flow
‘lengths in the region of 20 m. This level of discretization is too
fine to we in a model such as WITSKM as too many modules would result
for the computer memory. This would mean having to read and write data
to and fram disc to save computer memory. To model wrban catchments,
lengths of the order of 100-500m for both overland and conduit modules
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are requived to on used. A series df. tests have therefore been
mﬁmtakenarﬂa;:edescribedmmapte:3mnpaxug'ﬂxe
}i:skw.m—cnge mxtzng methcd  with the exle.cJ.t backward difference
-EGhEﬂE.'



In this chapter results of the tw fonmlations of the
Muskingum-Cunge - routing proceduwre (viz the implicit Muskingum-Cunge
(I.M.C) and the explicit Miskinqun-Cinge (E.M.C) schemes) are compared
to the axpl:.cs.t ‘backward difference scheme (E.B.D.S) at levels of
discretization that one would expect in modslling an wrben catchment.
The comparisons are done for overland flow, trapezoidal channels, and.
pipes. - In addition the routing procedures adopted in WITSKM for
mexwirarﬂaquiferrmtquare described.

The crltarlathatwereusedmthecmparimofthebelmiamofthe
schemes are the peak flow and the shape of the cutput hydirograph. In
the case of trapezoidal chammels, the results were compared to the
solution of the full dynamic equation. For pipes the ewperimental data
of Sewuk as presented by Sternberg (1989) were used to compare the

The celerity dQ/dA can he expressed as follows:

@ Sy 1)
Ty ( ) (3 ) : _ (3.1)
The Manning qquation is given _by:

@ = i:_q 4 Rﬂ'l"'l : (3‘2)

where m_:'s;a ard n is themrmmgmlghnessmefficient. Us:l.ngequatmn
3.1 and differentiating 3.2 with respect to flow depth y gives:

/B el . o
0 R da : Coom-2 dR . dy 3.3)
. C= n [ """"": + {m - 1) AR qy 1 da ( )



3.3 Overland Flow

For overland flow the area A = wy and as the flow depths are small as
. compared to the width w Of the flow, the wetted perimeter can be
approximated by w. The hydraulic radius R is therefare equal to the
_flowdapthyarﬂthetcpwidthoftheﬂmvblseqmltaw.
Substlmtmmtoe@mta.m33thecelmtymg1venby

g

(3=—‘c3.11'.3(;r

m-l | (3.4)
n .

In the case of the E.B.D.S the top width by in equation 2:17 is

equal to w and for the M-C routing methods the cels. -7 is given by -

3.4 and the top width b required for the calotdatior . 4 is equal to
N _ |

The schemes were applied to an impermeable plans 259m long and 100m
wide with an excess rainfall of 50 mn/h. The plane was not discretized
into sub-planas i.e dx was taken as 250m and the schomes were run for
two cases:

(a) a smooth plane with slope 0,085 ard rovghness 0,018
(b) a rough plane with slope 0,008 and roughness 0,25.

The time step dt was varied for each scherme from 1 to 10 mins. The
peak was noted for each run and the results are presentéd below in
Table 3.1, The change of shape of the cutput hydrograph was also
examined. |

Fram Table 3.1 for case a the results are essentially the same for the
schemes. The BE.B.D.S scheme went unstable for a time interval of 10
mins while the Muskingum-Curige schemes remained stable. The reason why
the E.B.D.5 went unstable for the steeper smoother plane (case a) is
that the Cowant condition given by equation 3.4 for the celerity is
higher due to the ratio vSp/n being greater than for the flatter,
rougher plane, 'The I.M.C stheme produced a peak that essentially



Table 3.1 Peak flows (m°/s) for Overland Flow Plane

_ Planeslope=0085n=0e18_

at (mins) i1 2,5 5 | 7,5 10

E.B.D.S | 0,347 | 0,347 | 0,348 | 0,350 {unstable
EM.C 0,346 | 0,345 | 0,343 | 0,342 | 0,340

- L.A.C 0,346 | 0,346 0,346 0,347 | 0,347

" Plane sl cpe=0008n=025

@t (mins) 1 2.5 5 - 7.5 ‘10
E.B.D.S 0,291 | 0,292 | 0,295 | 0,208 | 0,307
EM.C . 0,291 | 0,288 | 0,282 | 0,277 | 0,271

1.M.C 0,290 | 0,292 | 0,291 | 0,291 | 0,293

remained constant with change in time step, while the E.M.C scheme's
Gropped with increasing time interval dt. These trends are more
evident for the flat plane with a larger decrease in peak with dt far
the E.M.C scheme. In the case of the I.M.C scheme, the peak was once
again essentially constard:. In addition for the I.M.C scheme, the
shape ‘of the hydrograph remained the same regardless of time step as
long as the time interval was small emcugh to enswre sufficient time
steps to describe the hydrograph and input rainfall. A further point
which was highlighted” by these mmerical experiments, is the
sensitivity of the peak and hydrograph shape to the grid spacing dax
used when the ratio vSp/n is =mall (i.e case b). This is shown in
Fig 3.1 where the I.M.C scheme is used for the flat plane for a fived
" value of dx/dt of 50 m/min for values of dx ranging from 25m to 250m.
Referring to Fig 3.1 there is little dQifference between the.
hydrographs produced using values of ax of 25 and 50m however the
accuracy of the solution detericrates far wvalues of dx of 125 and
250m. . The same trend was produced by the E.B.D.S when applied to the
flat plane. Thus for overland routing, the advantage that the I.M.C
scheme has in terms ofstabllityuverﬂaeEBD.Samthefa-'-that
the - peck remains constant with changing time step for a particular
-gridspacm;dx,malnesltthebestdmmeufﬂlesdlemesmmm
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Figure 3.1.  Change of hydrograph shape with level of discretisation



-23 -
Censider the trapezoidal channel cross section slmnm _Fiq 3.2. The

flow width b, area A, and wetted perimeter P of such a chamnel are
given by: - '

b =W+ y (SS1 + 852) 3.5).
A=Wy +y (S5l + 8552) _ (3.8
F=waq y'((SSJ.‘ + 1)}5 + (882" + 1)'14 Y (3.7)

TOP_WIDTH b

Figure 3.2. Trapezoidal chammel cross section

For the E.B,D.S in caleulating the flow depth y,, the surface width
by in emation 2.18 is estimated using y; in equation 3.5. The
resulting flow depth y, can be used in equations 3.6 to 3.7 to give
the area and wetted perimeter which is used in the Marning equation to
calculate the flow Q. The derivatives of equations 3.6 and 3.7 can
be used in equation 3.4 to derive the equation for the celerity for a
trapezoidal chamel given in equation 3.8 below.

_”E gl [m -2 {m - 1') R {(5512 + 1)}5 + (5.522 + 1)3'5 ) §3.8)
n .

C = T



nguatlm 3.8 and 35areusedtocalwlmmvaluesof<b>arﬁ<c>
neededforthecalmlauonofsforﬁmeu-cmﬂgtechmq\m

1 A 250m Jlong dlamnlmthbottmmd&ll,zna:ﬂsxleslq;es-
- thoriz/vert) of (1,5/1) with a roughness of 0,03 a;gi a slope
of 0,001. ' ' -

2 A 500m long chammel with bottom width 1,2m and side slopes
(hw:.z}vm:t) of (1,5/1) with a roughness of 0,15 ard a slope
of 0,001 '

Ahydrogm;hwasﬁwttcthednmelsarﬂrmtedﬂarmghusmgthe
schemes  described  above, The computer  program  OSYRIS
(Kolovopaulos,1989), a camplete solution of the St Venant equatians,
was used to route the hydrograph down the two channels so the results
could be. compared to the full dynamic solution. The results ave given .
below in Table 3.2.

Table 3.2 : Peak Flows (m°/s) for Trapezoidal Chamnels

250m LONG CHANNEL

gt(mins) | 1 2 4 5

E.B.D.S | 21,5 21,6 nstable
1.M.C 21,4 21,4 21,3 21,2
EM.C 21,4 21,4 21,3 21,2

Dypamic | 21,4 21,4 21,4 21,4
 5oOm IONG CSIANNEL

- dt{mins) 1 2 3 5
E.B.D.S | 14,8 15,1 15,3 15,1
I.M.C 15,0 14,9 14,7 14,4
E-M.c 15'0 14'8 14'6 14'3
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Trapezoidal Chammel Routing
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- Table 3.2 stms**attheEBD.Sforﬂseslmt&rsteeperdnamlgoes
. unstable relatis L.yeasnyandsmrttmstepsarerequuedtoerme
‘that the Courant criteria for stability is adhered to. On the other
hard the Muskingum-Cunge formilation remained stable although not as
accurate as the E.B.D.S for the chamnels considered. There is little
_to choose between the results produced by the I.M.C and the E.M.C
 schemes. A plot of the input and output hydrographs and the hydrograph
produced using the E.M.C sdmefortheflatplaneampreserteim
fig._33. As theEMCsdimlsafasteralgontlmthanthatofme.
I.M.C  scheme ar:dmﬁeofthestabﬂltyofthencfmlatm,ﬂm
EMCMwﬂlbeadoptedeI‘I‘SKM

;L§ Pipe Routing
In order to apply tha kinematic ~guations tothermtingofflcw

through pipes, the area, wetted perimeater, andtopmdtharaa:pressed
mtmoftheangleaasshmmlnnga4.

Ficure 3.4 Pipe cross section



The relationships are given below in equations 3.9 to 3.13.

: %

=2 ARC.TA.N {ngz % (3.9)_
-—gﬁl—cm(J] | | tlm)
A= gf_ [ % _ .s'i'n (%). c.o_s. (%) .]. | | | {3.11)
P = %d (3.12)
= 2(dy - ¥*) (3.13)

. To apply the E.B.D.S, the angle ¢ is calculated using eguation 3.9 and
the flow depth y,. The angle ¢ can then be used to calculate the
area A, wetted perimeter P, and the hydraulic radius R for use in the
Mamming egaution to calculate Q. For M~C routing the celerity c is
required. To do this the relationship d0/da = (dQ/do) (do/dR) is used
tiogether: withtheequatlmsastoammdiffermtmtheﬁammg
equiation with respect to ¢ to give:

- - | (3.14)

PR - 2 + 1 1
+ {m - 1)AR [m v (2 ~ Eﬁr(%)] 1
2

To conpare the sdmalsmmameterplpelmllomulcmytﬁvmg
slope of 0,0007 and a Manning n of 0,01 was used together with the
input and wtmthydrogmrhsaausedbysewkmmsemerimts The
'raultsarepresmtedm'l‘able33

Tabhle 3.3 : Peak Flows(amec) for Pipes

1100m TONG PIPE
dt(mins) { 1 2 3 4
E.B.D.S | 1,48 1,49 1,51 1,54
Sevuk 1,655 1,55 1,65 1,55
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Figﬁre 3.5.  Pipe Ra.ltug
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The pipe tested by Sevuk had a relatively small slope and was long SO
stability problems were not ewperienced when using the E.B.D.S.
However when the pipe length was subdivided into sub lergihs problems
were. ewperienced with stability at the larger time intervals. The
pesks produced by the schemes are of similar megnitude with the I.M.C
and the E.M.C giving the same results. In £ig 3.5 plots of the input
hydrogragh and the output hydrogra;hsfmﬂ:ed;fferaﬂ:schmare'_
slwwnf,.l.o-l:ted 'IheEH.CsmemewillbeusedmeTsm

v
A

. Consider fig 3.6 showing flow through a block of soil of length L,
width w, and of depth d baving a water takle of depth y. The soil is
considered to be homogeneous and isotropic with a saturated hydraulic
comductivity Ky, saturated moistre content (porosity) t,, and
ani:litialm:smreoontenttl

Figure 3.6. Definition sketch aguifer reuting
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The moisture cortents are expressed as a volume ratio, g4, and
Qout &xe lateral inflows due to seepage into and out of the water
table respectively. fThis could be representative of a perched aguifer
situation. ‘Tha cmt:umityeqwtimfortlxemm:\gofumﬂmintha
sahn‘atedzmexsgivenby

-t

i)

3A _ gLIN - gQLOUT -~ (3.15)
3t = )

g%-h(tsat
This can be expressed in the same finite difference farm as given in
“equation 2,15, The E.B.D.S as used in the original WITSKM was carried
over mthenavversim-'lhem'assectimlareaofﬂmflm-isgiven'
by w.y and ttxetopwidl:*ahoftlmflwisw. Subst:.tutingintoam,
thaflmdepmy4isg1vmby

Yg= ¥y = (85~ Qllﬁt _ (QLIN - qLOUT)

Ax w(t - ti) ' w(tsat - t.)

'Ihe Darcy mummmib&wsamtedﬂowﬂmmhhmngm
porous media is given hby:

(3.16)

vy = k ﬁ c | 3017 3
: sat ax ( }

where v is the wvelocity of flow, h is the hydraulic head, and dh is
the change in head in the divection of flow dx. The slope dh/dx is
taken as the slope of the so0il au::-facesoarﬂtneflawrategis
theu:efumgmenby-

@ = WK oSy | (3.18)

The depth y, calcwated using 3.16 is used in eguation 3.18 to give
the flow rate Q.



The approach adopted far the routing of £lows through a reservoir is
similar to that proposed by Puls (Wilson, 1974). Bquation 2.1 can be
re-written by putting (3A/at)dx = J¥S/)t where S is the volume or
storage in the element which gives: - - o

XL B_oq . (3.19)

Igmrugseepaqefmnrrammtotheraservoirieqro,the
finite difference fozmofeqmtimS 19 is :

24, - Q) + (1= ) (@, - @)
’ Ax
+ B(S - 8 ) + (l-B}(S
| Ax At

_ (3.20}
3) = 0

Putting #=.5 and B8=0 the method of Puls for lewvel pool reservoir
routing can be arrived at. In WITSKM a simpler method is adopted where
=0 and B=0 is used in egvaticn 3.20 ard the following equation is

.Qaﬁt * Sy = 5, + 0,at (3.21)
The values of the terms on the right hand side of equation 3.21 are
known and the methodology of Y.« storage-indication method of Puls can
be applied. The relationship between the storage and the discharge
from the dam can be usedtosolvefor%azﬁ%%ﬂuatequation
3.21 is gabisfied.

The relationship between the storage 8 amd the discharge Q in equation
3.21 i= the mter-dmthy'atthemsanmir.'sturagecaﬂbemessed
as a function of the depth using the follwwing expression:

§ = ay? (3.22)

For 'the discharge the type of cutlet configuration used in the design
of the reservoir will determine the relationship between the discharge
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Q and the depth y. Consider the storage reservoir shown in fig. 3.7
which has a bottan ocutlet and a spilivay. '

FSpitl Lavel

—_—
) :qu'llﬁ Levet

i

Figure 3.7 Definition sketch of storage facility
The reservoir can be divided into 4 zones viz:
1y < outlet level

For this zope Q=0. The inflow to the reservoir will go into
storage until the outlet level iz reached.

2 outlet level <y < 1.5d + outlet level

The flov through an outlet can be considered to be open
channel 1if the outlet is flowing partly full. The
characteristice of the flow are camplicated bacause the £law
is controlled by many variables such as inlet geometry,
slops, size, roughness, approach, and tailwater conditions.
The cutlet will only be submerged if the depth of the
headwater is above a critical value as long as the
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damstremn end oftheartletlsmts:hnerged The critical
valug varies between 1.2darﬂ15dvmeredisthadepthor_
‘diameter of the cutlet. Chow (1959) suggests the upper limit
of 1.3d as computations have shown that where submergence is

tain greater a is obtained by assuming the
entrance not to be submerged. In WITSKM therefare the range
of depths for unsubmerged flow through the outlet is taken
as the outlet level to 1.54 above the outlet level. For
wnsubmerged,  £low, the flow ¢ through the outlet will be that
ofamirarﬂcanbedmcnhedbyanemﬂtlmofthefom

Q= Cl(y - outlat level) ' (3.23)

3 outlet level + 1.5d < y < spillway level

In this zone the cutlet will be submerged and the flow cen
be considered to be orifice flow. This can also be wecribed
by an equation of the form 3.24

’ d expz_
G = czty - outlet level - 3 ) .. {3.24)

4y > spillvay level

The discharge in this zone is over the spililway and through
the outlet. The equation describing the discharge is a
combination of the drifice equation given by 3.24 and an
~ equetion describing the flow over a spillway which is given
by

. exp
Q= 02(3 - outlet level - % ) 2

| - exp,  (3.25)
+ 03(y - g8pill level} s ( )

In equation 3.22 the terms 8, and Q, can be written in terms of
reservoir depth y using equations 3.23 to 3.25 depending on the zone.
The Newton-Raphscn technigue is then used to solve for the depth y
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CHADTER 4 GENFRAL DESCRIPTION OF THE FROGRAM

The modular approach was adopted in WITSKM because of the flexibility
that can beaduevedmntﬂellmgamtdmntarﬂfartheanalysisof
storwater management strategies the different hydrological units can
easily be linked together to model the required stormwater policy. The
modules that are available are overland flow planes (permeable of
impermeable), aquifers, pipes, trapezp:.dal charmels, and storage
basins. The routing methods used in WITSKM for the different modules
 are described in Chapter 3. With the inclusion of aguifer modules in
WITSKM the process of interflow and subsurface flow, which can be the
dominant runoff process, particularly in a rural type catciment, can
be modelled. This increases the area of application of the program not
only to urban catchments bit to rural catciments as well. The routing
of subsurface flow also allows for the modelling of the recession
limbs of hydrographs. However, even though oroundwater can be
modelled, WITSKM remains essentially a single event model as there is
ro evaporation component and the aguifer wodule in its present form
caters only for the routing of subsurface flow once the aguifers are
saturated i.e the changes in moisture comtent during infiltration and
drainage are not modelled. An attempt has also been made to make the
model as physically based as possible. For this reason the Green and
agpt  infiltration model has been used in the program as this is based
“on physically measurable parameters as opposed totheHartmtype
approach which is empirical. The infiltration and interflow aspects of
the program are given in more detail in Chapter 5.

4.2 -~ Model Description

The program has been written in the BASIC programming languade for use
on TBM compatible micro-computers. A shuctured approach bas been
adopted in developing the program i.e the program beiny developed in a
nwber of sub-programs which are linked togethsr. The original version
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of WITSKM used a systém of merus to drive the program to make the
arducus task of data input, editing, and cutput as easy as possible
for the user. This editor was adapted to interface with the revised
computational sub-program. The editor is used far the: -

-~ Entering of new data
- Fditing of existing data
- Creating of duplicate data files
-~ Starting of the rumning of the computational sub-progran
- = Output of results to screen or printer
- Saving of data files

To apply the model, the catciment is subdivided into overland flow
fiow planes can either be linked by conduits or conmnected together to
form a cascade of planes. A flowchart detailing the main processes of
the model is given in Fig. 4.1 '

Fach module used to model a catchment is assigned a module rumber
chosen by the user. In addition for each module, the module mumber of
the dmnstream module and in the case of conduits, the mdule to which
overflows should be routed must alsc be provided. In the case of
overland flow planes and aguifers, the module mumber to which
infiltration water must be routed is alsc required. In many cases
information on the depths and permeabilities of the layers making up
the soil profile will not be known and in this case a dummy aquifer of
infinite depth is created by the program sc that the infarmation
required for the infiltration routines can be entered. The module
mumbers used for the dumny aquifers are from 300 upwards. To rake the
program easy to use, a comnectivity routine has been written so that
‘the modules can be entered in any arder. The routine sets up a
comnectivity matrix and determines the arder in which the modules
should be caleulated so that the modules are comprted fram the most
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The calculaticn procedure proceeds through all the modules far each
- time step. Using the connectivity matrix, the total inflow to a medule
from all upstream and surcharging modules is caloulated. If the module
is & conduit or an aguifer, the inflow is checked against the flow
capacity of the module. If the capacity is exceeded, the excess flow
' -value is sl:ored in amatnxforlateraddltlmtotheilflmtothe
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CHAPTER 5 INFILTRATION AND INTERFLOW

Tn the 1930's Horton put forward his classical model on so called
hilislope hydrology. Horton hypothesised that the soil surface acts as
a sieve which has the ability to separate rai.iall imto two basic
. components. The one component, for rainfall intensities esceeding the
infiltration capacity of the soil, goes via overiand flow *. the
stream channels, vwhile the other goes through groundwater flow to the
recognized, that with prolonged rain, the infiltration capacity of a
s0il would decrease as) ototically with time and the following
e;uatlonusingamgatlveexpmmtaaldemyfmntlmmsprcposai

_ . =kt ' _
f= fc + {fo - f'c) a . (5_1)

where £ Rateofmstantammsinfiltratim {mm/h)

The lmitmg, steady minimm infiltration rate (m/h)
fy 'The initial maximm infiltration rate at the start of
'k decay constant or shape factor for a given soil

t Time from begimning of storm

Simply stated, Horton's infiltyation theory of runoff predicts that a
basin baving a uniform initial infiltration capacity will, if the
rainfall intensity is greater than the lower limiting infiltration
capacity, produce overlard flow more or less similtaneously over all
the basin after an initial abstraction for depression storage. The
surface runoff or overland flow was considered to be the sole

Kirkby (1978) reparts on chservations by Tischendarf (1969), Rawitz et
al (1970) that Hoartonian overlard flow was hot cbeerved on a catciment
having a good vegetative cover. Similarobserva:tmhavebemmadeby
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Mulder (1984) on the experimental catchments in Zululand in Katal. In
these catchments the processes of interflow, and subsurface flow play
an important role. Thus to model this type of catciment carrectly and
to be able to model socakaways as a stormwater management strategy,
aguifer modules were included in WITSKM. These modules can be stroked
under an overland flow module to farm a cascade of aquifers to
. represent the different soil layers. The method used to model
infiltration is that of Green and Ampt (1911). This model of the
. infiltratjon process is preferred to that of Horton as the parameters
are physically based and can be measured in the labaratory.

The Green-Ampt infiltration model is a simple, physically kased,
infiltration equation which can be derived by the direct application
ofDarw‘slawmﬂerthefollmmasamptwrs

1. A Qistinct piston wetting front exists.

2, The hysteresis effects in the soil properties are
negligible.

3. Suction atthemttmfront(n)mmessmtmlly
oonstant regardiess of of time and depth. _ _

4.  Below the wetting fromt the soil moisture content remains

~ unchanged from its original value mj.

5. The soll is uniformly wet abkove the wetting front and of
constant. hydraulic conductivity K¢ '

Darcy's law can be expressed as

gat —

v=-K_ . 3h | (5.2)
' az _

where v is the welccity of flow in the z direction
h is the piezametric head
z  is the vertical dimension
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Referring to fig 5.1, the piezametric head h is given by

Because of the assumption of ﬂmeplstmuettngfrmtaquatimsz
using. 5.3 can,be written as :
V= kgay EZrn (5.4)
“From cmtmu.ty, assuming the fluid to be incompressible, the
infiltration rate f must egual the average velocity of the wetting
frant. Fram fig 5.1, the wolume of water entering the soil, F, is
given by: ' ' ' '
=Imsat -m)s ' (5.5)
in dhich mgy is the saturated moisture content of the soil taken to
be egqual to the pm:omty,mﬂmilsthenutlalmwhmecmtmtof

the soil. Substltut.mg55intoequat1m54arﬂreahzmgthart
£=dF/dt, the follovd.tg equation results-

dF (1 + (m_ o - mi}n )

a} = Sat . = (5. 6)

yield where o = Q(ing,.-m;)

F - = 1n{l + E ) =K ot (5.7)

Li and Rogers(1976) found an explicit formilation for the incremental

infiltration volume F, during an incremental time interval t, given

P = -(2F, — K_ At) + [(2F - xsatAt)*+_ax At{e 4 F)}é
2 R S 2

(5 a)

vﬂm'eFtisthemimneéttimt.
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At _ o

‘Pruations 5.7 zand 5.8 are used to determine the the rainfall excess to
be routed off the overland flow plane.

The most usual soil profile that causes subsurface flow is that of a
. reduction in permesbility and porosity with depth vhich results in a
‘be represented using a cas™” : ~nifer modules underlying an

. overland flow module. 'Mhis _ ¢ £.2. ‘inere could be
cascades of modules upstream . 22 *ha cascade shown in

fig 5.2 depending on the catclmien. L. < « . ‘ology. The module
mmbers are used to specify the mod ... e of each moiule in
the cascade and the modules to which the iinilt. .con water from the
modules must be routed. Because the modules can be entered in any
order, a routine has been included in the [rogram to group the
overland flow modules and their associated aguifers into cascades.

The methodology is based on the following:

1. Subsurface flow does mnot ocour in an agquifer until
saturation ooaurs i.e. the wetting front reaches the bottom
of the aqm.fer,mumsamtertablelevellsspemfiedfar
that aguifer.

2. The ralnfallmtensmymmeedsthehydram_mmtivityof

' thesmlsuthaftthesoilcanbesatmtedarﬂamttmg
front formed ag assumed in the Green-Ampt formulation.



- 43 -

The approach adopted is to calculate the inflow to each module in a
cascade starting with the lowest module in the cascade. If the inflow
exceeds the capacity of the aguifer module, the excess is added to the
inflow of the module above. The potential infiltration from each of
the modules iz calculated using the Green-Ampt infiltration model
based on the status of the wetting front in the underlying aquifer
module. The potential infiltration is checked against the available
water for infiltration, to determine the uctual infiltration rate or -
the lateral flow out of the module. In the case of the overland flow
module the lateral flow into the module is the rainfall intensity and
for aguifers the infiltration rate from the module above. Once the
lateral fiows and the upstream inflow into the modules have been
determined, the routing procedures described in chapter 3 ave applied,
In the case of an aguifer with no urstreun inflow or initial water
table level the rmxt:mgproced:mesaremﬂyapplmdmﬁ:eagdfer
isaab.n:ated

'Ih'eintetﬁlmmnmiﬁtmways:

1. Wien the inflow to an aguifer module exceeds the capacity of
the aquifer the surplus is added to the module above. In
this way flow can be returned to the swiace as overland
£low, _

2. If after routing the upstresm inflow and lateral flows
through an aguifer module, the outflow fram the modile
exceeds the capacity of the module the excess is added to
the cutflcw of the mxiule above.
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CEEAPTERS mmmvmmmwm

For the calilration and verification of WITSEM, three catciments
having different land-uses, ranging in size from 0,257 ha to 75 ha
were used. ‘The catchments were Newark Street, Sumninghill Park, and
different durations and  intensities were used together with the
recorded ruroff for calibration and verification. The events used are
given in Appendix A. In the case of Newark Street and Sunninghill Park
campariscns were made with runs done using WITWAT. The same catchment
dlscretisatimmsusedaxﬂforcmparismpnposmammberof _
goodness—-of-fit criteria described in Appendix B were used. The
following rules were adhered tomdetemmmthemdalparameters' '
during calibration:

(a) WITSKM is a deterministic model and the parameters used
have physical significance. The parameter values chosen were
therefore kept within a rarge representative of field
 conditions

(b) The value of a parameter should not be varied at will
 without veference to ite relationship to other model
_ .

(¢) The only parameter that was varied from one event to the
other on any watershed was the initial moisture content to
allow for initial soil moisture conditions.

A direct comparison of WITWAT and WITSEM iz not possible for
catchments having permeable areas as WITSKM's infiltration routine
(Green-2mpt) Qiffers from that of WITWAT which uses Horton's equation.
WITSKM has the capability of simudating subsurface ar interflow and
vhere applicable this capability is employed and canpareatome
resultswiﬁmrtthlscmpmm
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. Newark Street is an urban area consisting of a section of stroet
(Newark Strest) shown in Fig 6.1. this area was gauged as part of the
Storm Drainage Research Project at Jobn Hopkins University. The entire
area is 0.257 ha amd is considered to be 100% impervious. The
catclment was discretized into fowr subcatchments being sections of
the si::‘eet The pipes were modelled e}mctlyasﬂreye}hsta:ﬂﬂm '
guttezsarkerbsmmdelledasdmamels '.I!hediscretizartim,
parameters arﬂtopographimldatausedforthesmulatlmamgwmm
‘I‘ablesi meparamterswereﬁmeusedinemmarﬂsmmsm

(1886).
@
102 |
— ®
0
Figure 6.1. Dzscretlzation of Newark Street
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Newark Street is an urban area consisting of a section of strest
(Newark Street} shown in Fig 6.1. This area was geuged as part of the
Starm Drainage Research Project at John Hopkins University. The entire
area is 0.257 ha and is considered to ke 100% impervicus, The
‘catchment was discretized into four subcatchments being sections of
the street. The pipes were modelled exactly as they exist and the
qutters or kerbs were modelled as chamnels. The discretization,
parameters and topographical data used for the similation are given in
Table 6.1, The parameters were those used in Green and Stephenson
{1986). . |

101

Figwe 6.1. Discretization of Newark Stveet
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Table 6.1: Newark street module data

vodule 'Dfs mod Length Width Slope Roughness
number  yamnber mp - (m) (m/m) (n)

101 1 8,3 7,0 0,03 0,018

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 D/smod  Ov/flow  Slope lLength Diameter Roughness
- mamber - mamber - mod no {m/m) (m) () (n)

3 4 103 6,030 15 = 0,45 0,013
4 8 104 0,032 94 0,45 0,013
7 8 o 0,030 15 0,45 0,013
8 0

0 0,030 10U 0,45 0,013

| Module D/s mod ov/flm Slope Iength Dimensicns Roughhess
number  yumber  mod ho - (m/m) m mddt?x?eight - (n)

’ {m

101 0,017 40,0 - 0,30%0,15 0,015

102 0,017 40,0 0,3020,15 0,015
103 0,017 46,0 0,30%0,15 0,015

[« . E N
90~k Ww

104 0,017 46,0 0,30%0,15 0,015
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Table 6.2: Goodness-of-fit Statistics for Newark Street

Starm mmber 15

Peak flowrate (w3/s) 0,071 0,073 -0',068
| Ratio of peaks (sim/cbs) = 1,04 1 08 -
% errar in similated peak . 4,4 7.,-8 -
| Mean Flowrate (m3;s) 0,034 0,035 0,035 |
Ratio of means ' . 0,96 1,00 -
% exror in siu‘a_ulated mean -2,86 0,00 -
Volume of Flow (m3) . 22,80 24,00 23,70
| Ratio of wolumes 0,96 1,01 -
% error in similated volume -3,80 1,27 -
Bum of squared residuals (m3/s)? - 0,0004 0,001
 Sum of absolute residuals (m°/s) 0,055 0,08
Coefficient of effi.iency S 0,93 0,72

Proportional error of estimate 0,26 . 0,40
Sum of absolute areas of divergence 2,60 3,00

Storm number 23
Peak flowrate (m’/s) | 0,071 0,080 0,069
Ratio of peaks (sim/cbs) 1,03 1,16 -
% error in similated peak 2,9 15,9 -
Mean Flowrate (m/s) 0,036 0,036 0,034
Ratio of means 1,06 1,06 -~
% error in similated mean _ 5,88 5,88 -
Volume of Flow (m°) | 76,18 76,00 72,40
Ratio of volumes 1,05. 1,05 -
% eror in similated volune 5,22 4,97 -

Sum of squared residuals (m 55)2 0,0008 0,002

Sun of abeolute residuals (m’/s) 0,140 c,20
Cbeffmlem: of efficlency 0,92 g,86
exrror of estimate 0,24 0,35

Sum of absolute areas of divergence 7,90 8,00
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In a previous study on the effect of the level of discretization on
| the ability of WITWAT to model the runoff from the Suminghill Park
catchment; two sStorm events recorded on 7 and 9 Jarmary 1987 were
used, The storm on the 7 Jamuary had a duration of 30 mimrtes, a

‘maximm intensity of 113 mm/h, and a total depth of rainfall of
26,2mm, The previcus significant rainfall event was 14 days before on
the 23 December 1986. The Storm of the 9 Jammary 1987 had a duration
~of 60 mins a maximm intensity of 100 mm/h, and a total rainfall
' depth of 34,2m1. The lastramfalleventwasﬂ:atofﬂxa?:farmary
The initial moisture conditions for the catciment could therefare be
expectai'tobedrierfortheevexrtofth,e?Jama:y

These storm events together with the diseretization and topographical
data used for WITWAT (Fig 6.4 and table 6.3) were input into WEITSKM.
The Green-Awpt paveameters were used to calilwate the model for the
event of the 7 Jamary 1987 and only the initial moistire content of
the soil was varied in the calilration for the event of 9 Jamary
1987. In choosing the Green-Ampt parame:ers, the guidelines provided
by Rawls et al(1966) were used. These c¢iidelines provide estimates of
the Green~Ampt parameters based on the soil textwre classification
procedure of the Soil Conservation Service of the United States
Department of Aogriculture. The parameters provided by Rawls et al
could however only be used for ‘he modules without any impervious
arecs due to urbanization. For the modules effected by urbanization
the satwrated hydrauliz corductivity was reduced according to the
extentoftheurpervlwswvar

Colparisons of the hydrogramsmuducsdusmgmmmmth
the chserved hydrograph are presented in Figures 6.5 and 6.5. The
statistics of goodness-of-fit are given in Table 6.4. From the plots
and the statistics of goodness-of-fit the two models kehave similarly.
¥or the calilwation for the storm of the ¢ Jamary, the initial
moisture content was the only parameter varied and the same moisture
content of 0,2 gave the best calibwation.



Discretization of Sunninghill Park Catciment

Figure 6.4
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Table 6.3: Sunninghill Park module data

Ove.rlarﬂ Flow!‘bdules

Module n/smi Length Width Slope Rouglmess
mumber  mumber” (m) (m) (m/m) {n)

81,0 592,0 0,028 . 0,156

301 1

302 - 2 12,6 777,06 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 05,0 750,0 0,061 0,216
- 306 4 92,0 508,0 0,067 0,147
© 307 8 160,0  420,0 0,039 0,121

- 308 6 74,0  938,0 0,069 0,172

308 5 76.0  694,0 0,069 0,249

310 12 88,0  472,0 0,042 0,163
311 6 8L,0 821,0 0,056 0,183

- Module Dfs mod ov/flow  Slope Length Diameter Roughness
e mmber  mod no (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 76,0 0,90 0,014
10 11 309 0,052 190,0 0,525 0,012
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 0,082 100,06 0,600 0,014

Trapezoidal channel n:xﬁtuzs

odule D/s mod Ov/flow Slope Iength Dimensions Roughness
mmber number  mwed no.  (m/m) {m) widthxheight (n)
(m) .

,80%2,00 0,014
,00%2,50 0,040
,003,00 0,040
,00%3,50 0,040
r
r

305 0,067 120,0 4
309 0,055 235,0 6
308 0,056 320,0 6
311 0,030 70,0 6
o 0,054 70,0 3
0. 0,054 10,0 3

00%4,50 0,014
00x5,00 0,014

~ e N
O~Ioh & W
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Table 6.3 (Cantinued)

Module Hydraulic Suction Porosity JInitial moisture
mmber conductivity — Head content

(m/h) (m} {vol/wvol)
. 301 3,5 0,10 0,40 0,20
302 7,0 0,10 0,40 0,20
303 3,0 0,10 0,40 0,20
. 304 0,0 0,00 0,00 0,00
305 4,0 0,10 0,40 0,20
306 3,0 0,10 0,40 0,20
307 3,0 0,10 0,40 6,20
© 308 4,0 0,10 0,40 0,20
309 7,0 0,10 0,40 . 0,20
310 3,0 0,10 0,40 0,20
311 4,0 0,10 0,40 0,20
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Table 6,4: Goodness-of—fit Statistics Sumninghill Park

Storm 7 Jamary 1987

| Peak £lowrate (@ /s) | 4,.820_ 5 00 4,920
Ratio of peaks (sim/obs) 0,98 1,_04 . -
% error in similated peak : T=2,0 4,0 -
Mean Fiowrate (m3_/s)- - 1,706 1,880 2,134

| Ratio of means _ - 0,80 0,88 -

" % exror in slmlated mean =20,0 =-12,0 -

| Volme of Flow (@>) " 6381,5 7012,7 7927,0
Ratio of volumes o811 0,88 -
% error in similated vollme -19,6 -=-12,0 -
sum of squared residuals (m>/s)2 8,420 8,160
Sm of absolute residuals {m”/s) 10,77 8,56
cceffm:xent of efficiency 0,86 0,86

(5 error of estimate 0,53 0,50

Sum of absolute areas of divergence 1545 1196

Storm 9 Jarwary 1987

Peak flowrate (/s) | 0,071 0,080 0,069
Ratio of peaks {sim/cbs) 1,03 1,16 -
% error in simlated peak . 2,9 15,9 -

| Mean Flowrate (m fs) 0,036 0,036 0,034
Ratio of means - - 1,06 1,06 -
% error in similated mean 5,88 5,88 -

| volume of Flow (w3 76,18 76,00 72,40
Ratio of volumes : 1,05 1,05 -
% error in simated volume 5,22 4,97 = =

| Sum of squared residuals (m353)-2 0,0008 0,002
Sum of absclute residuals (m”/s) 0,140 0,20
Coefficient of efficiency 0,92 0,86
Proportional error of estimate 0,24 0,35

Sum of abeolute areas of divergence 7,90 8,00
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- 6.4 Zululand Catchment WiM17

This Catciment has an area of 66,9 ha and is situated some 170 km
north of Durban. Information on the catchments was abtained from Hope
~and Malder (1979) and on the soil depths and types as well as
_infiltration parameters from Mulder (1984). Mulder (1984), after
studying the rainfall-rmmoff characteristics of a rumber of nested
catchments in thezlﬂularxiarea, 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 catchment was used to evaluate
the interflow and subsurface flow procedures of WITSKM. This catciment

has been modelled by Green and Stephenson (1986) using WLTWAT and

difficulty was ewperienced in modelling the recession limb of the
hydrographs, Different final infiltvation rates f, in the Horton

 infiltration equaﬂmalsohadtobeumdwhenmodellugeventshavﬁﬁ'

different initial moistimre conterts.,

In a;_plyhxg WITSKM to the catclment, the overlamd approach of Horton
and a system employing aguifers was used to model the subsurface flow.
The infiitration parameters varied quite dramatically from one soil

group to ancther and even within a particular scil group. However

asumptions were made and values that were considered to be
representative were selected. The area is largely open veld with marsh
_areas along the main river cmn:sasofthecatdma'rt Two catchment
diseretizations shown in figs 6.7 and 6.8 mus&itomdelthe
catchment. The laycut shown in f£ig 6.7 was that used by Creen and
Stephenson(1986) when using WITWAT to model the catchments. 'The
discrettization shown in fig 6.815anadjustmem:oft‘nat shown in fig
6.7 to make allowance for the marsh areas alowzgtrxerivers. The
infiltration tests on the alluvium in these areas show the final
infiltration rate to be of the arder of 650 ms/h and in the rest of
the catchment a value of 20 mn/h was considered to be representative.
For the subsurface flow case, a cascade of a single aguifer and an
overland flow module was used to model the soil profile. The depths of
the aquifer was taken as 2,0m in the marsh areas and 0,5m in the rest
of the catciment. memnedataisprmmwablesssarﬂe.
for the two cases, '



~ Cantour laterval '-‘Hlu .

Figure 6.7. Discretization Zululand cavchmert-WITWAT

~ Figure 6.8, Dlst:rel:zzatlm Zululand catchment-subsurface flow |
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Table 4.5 ¢ Discretization zululand,czmchment - WITVAT

Overlaml Flmr Modules

Module D[smd I.ength Width
mmber mmber

10l
102
103
104
105

106
107"

108
109
110

R R LWL

Slope

@ m  (w/m
280,0 © 314,0 0,128
' 550,06  203,0 = 0,064
250,0 352,0 0,100
400,0  170,0 0,075
£10,0 . 180,0 0,098
'200,0 185,0 0,200
300,0  180,0 0,200
150,0. 313,0 0,171
75,0 186,0 0,100

(n}

0,240
0,240
0,240
0,240
0,240
0,240
0,240
0,240
0,240
0,240

Module D]smd Ov/flcm
mmber . mmber - mod no

LU WD

SN ;O

- {m/m) (m)
0 0,026 350,0
0 0,040 300,0
0 0,050 250,0
0 0,040 100,0
0 0,041 75,0
0 0,035 - 100,0

Slope  Iength Dlmm

(m)

0,055
0,055

0,055

0,055
0,055
0,055
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Table 6.6 : Revised Discretization of Zululand Catchment:

Module D/s mod Length  Width Slope Roughmess

rimbér mmber m m  (mm ()
101 111 167,06 387,0 0,132 0,240
102 114 210,0 314,06 0,128 0,240

103 115 420,0  203,0 0,064 0,240
104 112 1200,0 - 352,0 0,100 0,240
105 116 300,06 170,0 = 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
109 4 150,0  313,0 0,171 0,240
110 6 75,0  186,0 0,100 0,240
m 1 60,0  387,0 0,132 0,240
12 2 50,0 = 352,0 0,100 0,240
113 3 100,06  180,0 0,098 0,240
114 1 70,0  314,0 0,128 0,240
11% 2 - 130,0 203,060 0,064 0,240
118 3 00,0 170,06 0,075 0,240

‘.Erapezo:.daldaannelmdules

Hodule D/smod mjflaw Slope  Iength Dimensions ngtmess

rumber mmber mod no  (m/m) ) widthxheight {n)
- . (m)

,00%2,00 0,055

,50x2,50 0,055

0

0

0,025 350,0
0,040  300,0
0,050 250,0
0,040  100,0
0,041 75,0
0,035 100,0

,00x3,00 0,055
0x3,50 0,055
,00%?,50 0,055
00x5,00 . 0,055

O Gl & L3 3
=N NORU N

oo ooo

Two stoms were used viz a storm on the 7 Felwuary 1977 ard the 9
Novenber 1977. The storm of the 9 November oocurred on a dry catchment
. whiJe that of the 7 February 1977 occourred on a saturated catchment.
The duration of the storm of the 7 Fehruary 1977 was 9 hours with a
peak intensity of 53,3 m/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.

W
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When employing the Horton apprvach of overland flow, WITSKM gave
. similar results, for hoth discretizations, to those achieved by Green
and Stephenson (1986) using WITWAT. The infiltration parameters for
thchmAmtmodelaregweanaﬂeE? far the Horton and
subsurface am-oadles Inthesubsurfaceflmcasethemﬂypamters
water table depth of théaquiferinﬂlemarsh.aréasalchqwriver

The hydrographsforthetmevenfs are compared graphically in figures
6.9 and 6.10 for both approaches shown in fig. 6.7 and 6.8. For the

Table '6.7_ : Mﬂtratim Parameters used for Zululand Catchment

Event Perm Suction Porosity Initial moisture
(mm/h) | {im) | content
7-02-77 2 0,01 0,4 0,395
9=11=37 “13 0,13 0,4 0,080
_ Subsurface Flow
module mumbers 101 to 109 _
Event Perm  Suction Porosity = Initial Moisture Depth
(mm/h) (m) Contantc W. T (m}
T~02-77 20 g,08 0,40 _ 0,395 0
9-11-77 20 0,08 0,40 0,100 0
module mumbers 110 to 116
(mm/h) (m) Conent W.T{m)
7-02-77 650 0,05 0,45 0,44 1,90
2-11-77 650 0,05 0,45 0,38 1,45

event of the 9 November 1977, the hydrograph for the subsurface £low
case modelled the recession limb of the hydrograph better than for
the Horton approach. The reqults for the event of the 7 Felruary 1977
were however similar for both the subsurface and Horton approaches
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with the subsurface flow comparing with the cbeserved hydrograph more
. clesely. for the low flows at the beginning and end of the everts.
- However ﬁ)&tlsuz:nrtaﬂtmthatthephysxﬁlmﬂltratmparameters'
_:Eor the so:.l wers kept ﬂmsamefcu:hatheventsforthesubarfane
flow case. Better ralitrations could possibly be achieved if mowe -
_detallmthedlstrmenofthesoudepmsanamfum
parameters over the catchment was available. The catchment could then
be more acmn:a{:elydisc:etizd;kma;pmp:iatemdelto_mdelﬂxe
 subsurface or - variable sgnﬁea“eaa;proadim}aetmetlmtum'a
fmegndarpzxelsystemafdmetlzatlmsothatﬂlelarge
-.varzatlm in ‘the so:l.l paranete:soveracatdmttcanbetakmm
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CHRPTER 7 APPLICATICN OF WETSKM TO THE WATERVAL CATCHMENT
7.3 Introduction

'1'0 ascertain ﬂmeffectlvergssofﬂ'edﬁferammtermmt
Op‘l:J.CJI'ESIIChanualdIEJIBge use of flood plains, and detention
storage ponds, a hypothetical town was laid out on the Waterval
catchment notth of Jobarmesburg. This catchment and the neighbouring
Surninghill catchment in Sandton have been monitored by the Water
Systems Research Group of the tmn.versz.tyofthpmmtemrarﬂ Both
catctments have a catchment area of 75 ha. The Waterval catchment is
at present undeveloped and three rainfall-nmoff events have been
abstracted fram the catchment data for use in analysing the management
options for the proposed town. By doing this the runoff generated by
WITSKM for the diffevent options tried can be compared to the measured
runoff for the catchment in its natural state. : '

7.2 Descripticn of Proposed Township

development. ‘The town therefore consists of houses, flats, and
towmnhouse developments with a tarred road network. The infiltration
and roughness parameters for the wvarious land use types that were
obtained when calilrating WITSKM for the Surminghill catchment can be
used on the Waterval town. The layout of the town and the details of
the discretization, pipe and road networks are shown in Fig 7.1 and in
Table 7.1. The level of the discretization used to model the catchment
is coarse with the exact positions of the erven and access roads imo
the varicus land use areas not being detailed.

In order to accommodate the possible drainage options & park area that
¢an be used as a flood plain has been included in the township layout.
‘This area runs down the centre of the town and discharges into the
- nutural outlet of the catclment. A natural or lined -hamnel can be
included in the park area for the similation of the dual drainage



Discretization of Proposed Waterval Towm

Figure 7.1
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‘Table 7.1 : Module Numbers forthe wifferent Tand Uses

Land-Use -~ Range of Module Numbers
Town Houses 108109
Flats ' 112413;3
| 101~167
Houses 110-111
114-120
Open Areas 121-130
Roads 131~151
. pipes 1-20
Chanmels . + 21=25

optinn. mepipemtvmkcanalsodrainintomisareaatvériam
points along its length. No development has been plarmmed at the ocutlet
of the catchment to make provision for the inclusion of a detention
starage pond and sport fields. The sport fields will act as temporary
storage and soak-a~way for excess watex. The infiltration ard
rowjukss parameters used in the model for the various land uses and
corduit modules are summarised in Table 7.2 '

7.3 Storms used in Analysis

For the amlysis of the different stormwater wanagement options and
for the camparison of the WITSKM output to the recorded cutput for the
catchment in its natural state, three storm events were abstracted
from the catchment data. The first event ocowred on the 26 September
1987, the second on the 3 February 1987 and the third on the 21 March
1987, Rainfall events 1 and 2 have a triamgular shape while event 3
could be considered uniform. All three of the events were recorded at
all 5 of the raingauges that monitor the catchmert. Thiessen polygons
were used to produce an average rainfall record for the catchment for
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. pable 7.2:  Infiltration and Roughness Darameters.

Iarxi—Use Roughness ~ Perm Suct.:.on POI‘OEltY Initial Moist
(n) (mm/h) - {m) Content
Houses 0,14 3,5 0,1 0,40 0,25
T/Houses 6,11 3,0 0,1 0,40 . . 0,25
Flats 0,10 2,0 0,1 0,40 . 0,25
Open Areas 0,20 7,0 o1 5,40 0,25
Roads ' 0,016 0,0 0,0 0,00 0,00
Pipes 0,014 - - _ - -
Chanrel 0,020 = - . -
Lined | } _
Cham'er. Q,050 Lo - - . -

:anuttom Using the eguations desc:rz.bmg the I-D-F curves
(Green and Stephenson, 1984) for themlarﬂreglm,ﬂ:ermmsce
intervals for the rainfall events were estimated and these together
Wiﬂlctherpertmentdatalspresentedjn'mble?3’meactual
rainfall and runoff data are presented in Appendix A.

Table 7.3 : Rainfall and Runoff Information for Recorded Storm Events

Rainfall

Event Peak Intensity Duration Vogme Time to Peak Rec Int
(m/h) (mins) (m”) (mins)
1 67 _ 50 16962 25 2
2 142 &h 36306 ) 20 30 .
3 21,4 120 15962 _ 1,4
| Rmoff
Event  Peak Runoff Dln:atim Volyme  T.ume to Pesk
 (m’/s) (ins) @) (mins)
1 1,80 110 3723 15
2 0,23 90 615 . 30
'3

0'00 - 0'_0 ]




- 71 =

Examining the figures shown in Table 7.3, there is an apparent anamaly
in that the 30 year recurrence interval event(event 2) produced a
lower volume as well as runoff peak when compared to the 2 year
event(event 1). The records in the data base were examined to
determine the antecedent moistire conditions which could explain the
apparent ancmaly. For event 1, the total rainfall in the preceding 4
months was 70mm with no rainfall fallmgmnay, June, or July. The
situation was wvery different for event 2 with some 260mmfa11mg1.n _'
the prev:.cms 3 months. The catchment before the event 2 can therefore
‘be considered to be in a wet condition while the other event occurs
after a dry winter season, thus the antecedent moisture conditions do
not explain this ancomaly. 'nmrearemnfurtherpossmle eaqﬂarations-
wh.lcham :

1 Measuring error due to faulty instruments for cne or both of

2 Gradings of the so0il in the Waterval catchment showed that
in the lower and midile regions of the catchment the clay
content is of the order of €-10%., This can cause a crust to
form on the soil =mmface after a dry period. This would

veduce the infiltration characteristics of the soil and
could result in higher runoff volumes and peaks.

Regardless of which of the explanations is carrect, the storm events
will be used as recorded for comparison of the effectiveness of the
different drainage options for the proposed town.

LY
7.4.1 Inmtroduction

There are a mmber of different possible layouts of towh that could be
considered for the Waterval catchment both from the town planming and
stormvater drainage point of view. For the purposes beiny considered
here, very little attention has been given to the town planning
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a@ects except to make provision for the stormwater drainage options

being consideved. In arder to campare the runoff produced by WELSKM

with the recorded hydrograph, the stormwater has all been channelled
to the natural outlet of the catchment. Better systems way exist where
the stormwater can be chamnelled ocut of the catctment at different

systams chosen sta:r.‘t with a campletely linked system and tm—:*n proceed_

tlmlghfloodplama:ﬂdualdramagesystenstothesto:ageoptlm
7.4.2 Dra.mageSystems
Systml:ﬁullylinkeddrﬁinagesystm

cost and nunoff point of view. The pipe drainage network is designed
to take all the flows fram the roads and developed areas. The pipes
are then lirked directly to a lined channel running down the centre of
the flood plain which discharges at the outlet of the catchment. The
channel has also been designed so as not to surcharge onto the
swrounding flocd plains. The lirking and roughness of the conduit
network will cause the catchment to respond quickly to rainfall and
the catchment will be susceptible to the shorter duration higher
intensity storms. This type of drainage system will zesult in large
pipe networks and expenszvelmedd:ammls As most of the yunoff is
confined to the pipe and channel network, the residents will not be
. frequently inconvenienced by flooded roads and park oreas. However the
question arises as to whatsmestomthedrainagesystans’muldbe
designed for.

System 2 : Flood plain system

Forthlssystant}mplpeammmmelnetmﬁ{sofsystemlwere
maintained, hmeverthep:peswerediscmmectedfmthedaamel
network and allowed to discharge onto the flood plains. In this way
infiltration is encouraged and the rmoff is spread over a larger and

[



-73 =

~ rougher arfacemldlmltsmmllerflmdepthsarﬁhmgeater
retardation and tapamrystorageo:nmff.'lbmdelﬂmflocdplam
cum channel sys.em, the park area (see fig 7.1) is sundivided into
overland flow modules and channels. The runoff into a chamnel is from
the upstream channel and from the overland flow modules immediately
‘upstresm, Referring to the township layout shown in Fig 7.1, the flow
into chamel 23 for example - 15 from chmmlzzarﬂmrerlardflm
_modulesl27and128 :

A dual drainage system consists of a minor drainage system and a major
drainage system. The minor system consists of the pipe and chamnel -
network, which is designed to cope with the lower recurrence interval
events. The major drainage system, in this case the roads and flood
plain, is desizmed to cater for the raver higher recmrrence interval
events, In this way the size of the pipe and channel system can be
reduced therely lowering the costs of the drainage system. The
qunstmn arises in designing these systems as. to which event the minor
system should be sized to cope with so as not to inconvenience the
users to frequently. Event 1 is estimated to be a 2 year event and was
used to size the minor drainage system. The pipe network was, as in
the case of system 2, disconnected from the charnel network. Unlined
rouwgher chamnels 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 chamnels onto the adjacent overland flow modules.

System 4 : No pipe network system

A further system oonsidered was to remove the pipe retioulation
network entirely and use only the roads to remove the stormwater to
the catchment outlet. The water was kept on the roads umtil road
sections 148 and 149 from where the water was routad into chamnel 24.
This system will be a low cost system but more inconvenient for the
ussr.



The drainage system of system 3 was altered so that the water
 surcharging from channel 24 could be stored tempararily on an open
area such as a sportsfleld Forthlspn'poseoverla:ﬂflcwmdul&:
123 and 124 wereg:tvmaflatslopeofo001W1tharcuglmessof02
tw act as tarporarystc:ragefarﬁmswdlargedwater - Being -
constructed at the bottom of the catchment, this egption holds little
advantage for the residents of the town. This option will however
redice the flood peaks that could be expected downstream which would
be benef:.cml for the downstream cammnities. _ ' :

~ System 6 : Detention storage system

As in & wm 5 the dual drainage option of system 3 was adapted to
roate the flows into ‘a detention storage pond at the bottom of the
catchment. The type of detention facility used had a 0,5m wide and
0,5m M@mlvertaxtletarﬁasplllway.'mesiteatthehcttmofthe
catchment ocould support a 7 mtughdamwallglwngastoragecapacity
of 62000 m’. The storage depth relationship was estimated from a 1
in 2000 arthophoto of the catchment. The coefficients for the culvert
outlet wers calculated for themsﬁhme.rgedcmﬁitimasmmingizﬂet
contrel, arﬁcrltlc:alflwat’cln=em:cance The equation governing such
flow conditions is:-

_l

Q0 =

G lisa

C, w.
v ¥

Lo

g B° S (7.1)
where Qistheflwrateinma;s

v is the culvert width in m
hmthedep&ofmtm:atmlvertmtrmmm

¢, is a discharge coefficient
For a coefficient g, of 0,9 equaticn 7.1 becomes

0 = 0,77hF : (7.2)
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- For suhnezged £low thmugh ﬂxemlve:t,theequatmn73dﬁcribug-
flwthrcughanorlflce:l.sused

=CAJsen 7.3

where cccefflccl.entofcmrt:racbion |
| Alstheareaoftheonfmeopamngmmz
h is the depth of ﬂxemterahweﬂncerm'elineofﬂle

- Opening inm
'nmmefficletrt.:f dlscha:gecswas taken a5 0,6 which results in:-
Q= 0,6_61335 - (7_;4)
for suhnezged culverts.
A spillway of width 20m was .used at level .;Jm to handle the hlgh flows.
A spillway coe.fficlent of 2,0 was used and the following equat:l.on
res\lts:
Q = 40n? | .'(7._5') '
ﬁmhistheheightabovethespil_lwaymm
7.5 . Hesilts of Simnatios |

A sumaryoftheresultsofthesmlatlmsarem’esmtedml‘able74
and shown plotted in figs 7.2, 73and74.



- 75 -

Table 7.4 : Results of Simlaticns

Systen geak Time to peak Volume -
- (m/s) - (mins) - (@)
1 3,9 40 - 5204
2&3 3,3 45 4634
4 3,5 40 5133
6 0,9 65 4634
obs . 12,80 30 3723
System ?eak T:Lme to peak olume
' (m" /s) (mins} (@)
1 11,9 30 . 22037
-2 11,2 35 21594
3 10,4 - a0 21538
4 11,0 35 21892
5 7,8 ' 45 21083
6 1,3 70 21538
obs 0,23 4B : 515
Event 3
System geak Time.to peak  Volume
- (/s) (mins) ()
1 0,85 85 1268
2 &3 0,72 05 469
-4 0,78 85 . 998 -
@ - - -
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The largest pesk and rimoff volume was produced by drainage system 1,
the all, linked system. This is understandable due to the closed nature
Of the system. With the low rouglness values of the pipes and charmels
‘the catchment will respond to short duration high intensity storms as
iz indicated by the comparatively. low valueoftlmmpeakofzn
_mins. The flood plain system did not reduce the flood peak ard the
. volume substarrt;:.a].‘l_y for the storm events. As the storm event of the
26-9-87 was used to size the plpearﬂchamelsystansoasmtto-
surcharge for this e':vent, the flood plain and dual drainage option
gave the sameresults 'medualdramagesystemmusedagreaterdmp
" in. peak than the flood plain option fcreventzmmccnparedto
system 1. 'Itus:sdnmtothes&:rdmrgebeugrartedontotheadjacent
- rougher flood plains. The greatermdthcausmg‘shallamrdepﬂasof
flow whlchtogeﬂxermththegreaterroughnessresultsmlcwernmff
velocities. The volumes of runoff for drainage systems 3 and 2 are
essentially the same. The no pipe system viz system 4 has a higher
pesk than system 3 and a shorter time to peak due to the siness of
the road surface. The volume of runoff is also higher due to most of
the runoff being confined to the impermeable roads. The remaining two
- systems use a means of temparary storage to hold back the flood waters
for later releass. System 5 using & f£lat »:d rough overland flow plane
to retard the flow and temporarily store the water while the detention
dam used a culvert outlet to choke the flow. For the storm event of
the 3-02-87 the depth in the detemtion dam was 4,2m for the peak flow
of 1,3 m/s. These two options were the most effective in reducing
the £lood pesk. |

Two aspects of the simulation results can be discussed. The one is the
ability of the drainage system to limit the rumoff pesks from the
proposed town to a level that is acceptable to the downstream
commnities and drairage systems, be they the natiral or installed
' stormwater drainage network. The other aspect is the design of the
systen for the convenience of the immediate commmnity which it serves.
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From the point of view of the downstream commmities, the only
effective method of limiting the flood was the detention storage pond
system viz system 6. System 5 being the next best in reducing the
'flood peak. None of the other systems were able to reduce the runcff
peaks significantly while none of the systems reduced the volume of
runoff to the level of the recorded hydrograph for either of the
events.

ability ¢f the system to remove the runcef with an acceptable level of
incorvenience to 'the residents of the town must be considered. The
main factor of concern is the depths of flow that will occur on the
roads and on the flood piain. The maximm depths are summarised in
Jable 7.5 -

Table 7.5 : Maptimm Flow Depths(m) on Roads and Flood Plains

Event 2
System 1 2 '3 4 5 6
Roads 0,014 0,014 0,073 0,114 0,073 0,073
Flond Plain | 0,026 0,095 7222 0,147 0,246 0,026

| Event 1 |
Systen 1 2 3 4 5 6
Roads 0,008 0,009 0,009 0,059' 0,009 0,009
Flood Plain | 0,008 0,043 (,043 0,079 0,080 6,008
 Bvent 3

system | 2 283 4
Roads 0,002 0,002 0,022

Flood Plain | 6,002 0,024 6,036

Drainage system 1 far both events canses the lowest depths on the
roads and flood plain. However this schems has the largest pipes with
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the diameters. rang:m; from Osmmlmmﬁmm(basewidthx
* height) from 1,0m x 1,0m at the top of the catchment to 2,0n x 1,0m at
the bottom of the catchment based an the event of the 3-2-87. Thus
this scharealﬂimghhavirgthelmtdepmsmllbethemsbmstly
 The pipe ard channel network of system 3mresizadsoasnotto
swcharge for the event Of the 26-9-87. Thus the depths of flow far
_systeu‘s 2 and 3 for the svent of the 26-9-87 are the same. The pipes
for system 3 renged in size from 0,35m to 0,65m and the channels (base
w:.dtmmelght)fm 1,0m % 0,3m to 2,0m X 0,6m. The drainage system is
therefore chesper for this option although the depth of flow on the
roads due to surcharging pipes mgreateratoonm.ihedaeapest
system will be the no pipe system of system 4 however this causes
depths of 0,114m on voad section 148 at the bottom of the catchment.
The large depth on the flood plain of 0,222m for system 3 ard 0,1ldm
for system 4 ocour on module 123 onto which pipe 10 discharges and
channel 24 surcharges. The storage of water on a nearby Field, as is
done in system S, 1s probably the most cost effective srrstem in terms
of the reducticn of the runoff peak. The detention dam although
effective in reducing the flood peak will preve to be the most
emenswe option and plays no role in ::mprmmgthedramagesystm
farﬂlemdentsofthetmm
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CHAPTER 8 CONCLULSTONS AND RECOMMENDATIONS

The foliwing conclusions and reommmxiatlomcan be made as a result
of this study:- '

l.

This version of WITSKM is an improvement of the original
version with an improved routing algorithm which solves the
instability problems experienced in the criginal version.
The . defbentionstoragemdm.ehasalsobeenmprovedmthme
mclus:.on of the ability to model. eirtlets, The program,
d:_:rm; calibration, compared favourably with WITWAT, which
has been used extensively in practice., However WITSKM is
more  powerful for planning and comparing stormater
management options for an urban catchment due to its greater
flexibility in rerouting overflows from corduits and the
inclusion of a storage module. WITSKM howover still has
shortoomings in that the design mode of WITWAT has not been
included so the conduit network or minor system cannct be
sized autcmatically for a particular storm event. This
feature would be very useful in desioning dual drainage
systems, The ability to generate a particular recurrence
interval rainfall event having a specified distrilution has
also not been included in this version of WITSKM. These
tapabilities should be added to produce a more complete

planning and design tool for urban drainage systems.

The use of the aquifer ma o wodel subsurface flow
should be tested on more catchments where sufficient data on
the zoil profiles and types is available.

The fut:ura of WITSKM should be in its application to flood
events and . flood control for large catclments of the order
of 100-1000 km®, The program should then be improved to
cope with the spatial digtritution of rainfall over a

. catchment.,
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The Muskingum-Quge routing algorithm has been found both

‘during the test runs and the analysis of the drainage
systems  for the proposed Waterval town. to be stable and

superior to the original routing algorithm in WITSKM.
However due to theshcxrtlawgthsofcoxmtazﬁrelatwely

-steep slopes, kinematic routing is unecessary and a time

shift method would have sufficed. This was found to be
particularly true in the case of pipes which are normally
snooth, However if WITSKM was to be applied to large rural
catciments where the chammels are long and relatively rough,
a routing method such as Muskingum-Cunge which models the
attenuation of a flood wave in a chammel would be necessary.

With the WITWAT and WITSKM models the similation of the
rainfall-runoff process for urban catchments in terms of
vater quantity has besh successfully modelled. More
atbtention shotld now ke given to the modelling of the
guality of the runoff that can be expected from urban
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AFPENDIX A : OBSERVED STORM EVENTS
Al Newmrk strest
A.i.i - stAﬁm 15
Mine interva). between Iyetograph orinates (my/h) = 1 minte
o. o  197 L .. 51_  107 . 46

61 18
Time interval between hydrograph ordinates (3/s) = 1 mima
o 0,006 0,031 005 0068 0,065 0,054

0,042 - 0,034 0,023 0,017 0,011 . 0,008 0,006
0,003 :

A.1.2 Storm 23

Time interval between hyetograph ordinates (mm/h) = 1 minute
31 31 15 15 <y 31 46
61 61 91 91 6L 61 61
46 46 61 15 46 77 46
61 77 77 137 61 91
107 46 31 15 0 15 '

Time interval betwemhydrogrammtes (m3/s) = 1 minute

0 0,001 0,004 0,063 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 Starm 7 Jarmary 1987
~ Time interval between hyetograph ordinates (mn/h) = 5 mimtes
0 7,2 112,8.  103,2 60,0 24,0 7,2
Time interval between hydrograph ordinates (m3fs') = 5 mimites
0,23 0,23 2,090 3,10 4,92 4,89 3,63
2,52 1,56 1,14 0,76 0,76 0,76 0,76
A.2.2 Storm 9 Jamary 1987
Time interval between hyetograph ordinates (mm/h) = 5 mirutes
0 7,2 62,4 98,4 100,8 60,0 36,0
9,6 7,2 2,4 9,6 4,8 0 0
4,8 2,4 4,8 ' ' '
“Dime interval between hydrograph ordinates (m3/s) = 5 mimites
0,34 0,14 0,98 2,25 2,76 5,72 4,45
4,45 . 3,28 2,24 1,74 1,33 1,33 0,95
0,95 0,61 0,61 - '
A3 Zululand WiM17
A.3.1 ~ Storm 7 Felruary 1977
Time interval between hyetograph ordinates (mw/h) = 15 mimrtes
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

o5 08 1,3 L3 06 0,2



sbserved byctrogragh
Tine (mins)  Observed flow (n'/s)

o 0

20 0,18
43 0,19
81 . 0,34
114 0,34
74 0,25
180 - 0,38
198 1,81
198 _ ; 3,5
219 4,3
292 0,78
351 0,5
397 . 0,62
478 0,28
568 021
643 0,15 -

A.3.2 Storm 9 November 1877
Time intet:srcxl between hyetograph ardinates (mm/h) = 15 minutes

0 18,8 101,9 54,7 14,3 . 0,4



gt oy L T

A-g

Observed hydrograph
Time (mins) Observed flow (m°/s)
0 0
5 - 0,005
39 . 0,014
43 o 0,08
46 - 0,25
62 1,96
3 . . 13
8g 0,88
24 . - 0,38
167 0,18
- 234 0,10
264 0,08
A4 Waterval catchment
A.4.1 Storm 3 Fehruary 1987
Time interval between hyetograph ordinates (mm/h) = 5 minutes
1,2 26,3 97,4 141,8 136,4 63,9 43,0
56,0 11,0 3,0 - 0,8 0,2

Time interval between hydrograph ordinates (m3/s) = 5§ mimtes

0 0 0 0 0,04 0,11 0,17
0,22 0,22 0,23 0,21 0,19 0,17 0,14
0,1 - ©0,09 0,06 0,04 0,03



A.4.2  ~  Storm 21 March 1987

Time interval betwesn hyetograph ordinates (im/h) = 5 mirmtes
1,6 2,7 7,2 17,4 17,3 10,9 8,0
7,2 10,8 - 17,3 21,4 16,5 | 15,8 17,6

13,5 19,5 - 11,2 9,7 65 7,0 6,9

The rainfall event of 21 March 1987 did not cause runoff
A.4.3  Storm 26 September 1987

'I'ime intErvalbememhyetogra;hord:thes (mfh).=5minutes

0,3 10,6 23,3 49,5 67,3 61,3 41,6
16,2 0 1,6 : ' '
Time interval between hydrograph ordinates (m3/s) = 5 mimstes -
0 0 0 0 0,14 0,94 1,8
1,75 1,63 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 GOODRESS-OF-FTT CRTTERTA

- There are a variety of guodness'-bf-fit techniques that can he employed
toexamnmhcwwtp:rfrmahydrologlcalsimﬂatlmmdelmnformto
thecorrespcmlrgokr’ervwdata The techniques can range from
mbjectlveusualmﬂmdstopmelyob]ect;ve technigues vwhere the fit
is measured by a value cutput by a mathematical function of the
difference between modelled and observed values. The criteria used
d@aﬂsverymdamtnegnposefcmwhichmemdelmsdevelopedarﬂ
thea:umoftmauser Peakflowsmayheallthatlsofmterasttuthe
design engineer. However a comparison of cbserved and simulated nmoff
voltmesarevmhydrogramshapescwldbempartantlfstoragem
omtanplated

A mmber of goodness~of-fit criteria are discussed in Green and
Stephenson (1986) and the recomtended criterda used in their report
have been used in this study. '

B.2.1 Graphical Plots

Graphs of apcerved and simitated hydrographs for esach of the storm
events for each of the catchments will be presented. These, although
subjec.ive, make for an immediate qualitative assessment of the

' goodness-of~fit of a run. Errors in shape, volumes, and peak flow rate
are immediately obvious. A graphical plot also gives an idea of the
capabilities of the program.

B.2.2 Pesk Flowrate, Volume, and Mean Flowrate -

. WITSKM is essentially a single event model and therefare the pesk
mmff_ratesareomoftlmmstinpcrtantwmﬂs.hdjrect-
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comparison of peaks will therefore be of value as will the time to
peak. The difference is highlighted by calculating the ratio of the

* simlated to cbeerved peak flow rates and the percentage errer in the
similated peak. Similarly the percentage error and the ratio of
similated to observed are calculated for the volume and mean flow
rates. | - |

B.2.3 Dimensional, Ordinate Dependent Shape Factors

On> of ‘the most camonly used factors for assessing the |
goodness—ofi-£it as regards the shape of a hydrograph is the sunm of

. squares criterion defined by

G =2 [ gu(t) - gs(t) )
im1q° " i
whers @ is the okjective function to be minimized
Go(t)  is the cbserved flowrate at time t
Gg(t) is the simdlated flowrate at time t
n is the runber of ordinates used in the
compaz-Lson.

A further criterion which redxm_ the effect of large magnitude _
outliers and the effect of residuals whose values are less than unity
, Was suggested by Stephénson (1979). This criteric.. is defined by:

G“;'Lén/qo‘f'qsfi

Althoigh the volumes of the observed and similated hydvographs may
‘agree closely, the shapes of the hydrographs maybe cosiderably
diffevent. A statistic which highlights this difference is the sum of -
~ the absolute aveas of divergence between the two hydroqraphs, given
by ' -

n (rasid;gl)i + (midual) 141

A=3Z / a /
o i=1 : 2 i
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where A is the sum of absolute area of divergence between the two
dt is'._thé time step .

The above criteria all depend on the dimensions used as well as the
mmbarofordinatesmmmgthehydrographs 'm:.smakescmparmson
betmenstotmevexﬂofdlfferentdmatlms foa:aparticnﬂarcatdmrt
difficult as well as comparisons between calilrations on diffevent

. catclments. However for the purposes of this investigation the ability
of WITSKM to calibrate for each event for each catchment is being
investigated and compered to WITWAT so these statistics will suffice.

B.2.4 Dimensionless Meastres of Fit

Nash and Sutcliffe (1970) prcpcae:i a dimensionless coeffic:lent of
- model eff:.ciency in the form

'2.
Fo? = F2

Fo?

E=

where E iz the efficiency of the model

n 2

P =2 [ Goft) - Gt ;o
Fezlam ~q1
i=l 1

where ¢ is the mean of the cbserved flows

A firther statistic proposed by Manlay (1978) is the prepurtional
error of estimate (PEE) which is given by

1 _n[qé(t)—qs(t)' 2 v

“nimt g 4




APPENDIX C USER MANUAL

WITSKM has been written in the BASIC programming larguage for IEM
compatibkle PC 's using the DOS operating system. The system has been
written for a computer system having a hard drive (c: drive), 640 Kb
REM, and an FGA card and colour screen. 'meprogramcanl:eadaptedfor-
a &ual flopoy drwesystanandmmmdlrcmeﬂermﬂescam{lfreqmred
 The program consists of an editor, computation, calibration, and
commectivity oraphics subprograms. The program cperation is controlled
. MEmOrY usk:gthechaﬁ:ccmnarﬂhfterthacmputa:tmn, czlibration, or
cormectivity oraphics subprograms have run, the control jie returned to
the appropriate menz in the editor subprogrem. The user contyols the
operatim of the programusmgaswmofflvems These are the
starcup, primary, edit, output, and connectivity memus. Each of the
merus displays a mamber of options on the screen. 'The arrow keys are
uzed to move the curscr spposite the required option and the ENTER key
is then used to select the option. Eachofﬂmmusmllbedlscussed
mﬁact:::.onCA of this Appendiw. :

WITSKM simalates some of the more pertinent processes involved in
rainfall-munoff. To use the model successfully, the implications of
required. In addition the corraet level of catchment discretization
and values of the models parameters must be used. Glidelines on
parameter estimation are given in this marmal (section €.6). However
the best way of gaining a feel for the parameters to use for different
land-uge and vegetation cover types is to calibrate the meodel against
recorded data for different catcdments, It was for this veason that
 the calilwation subprogram was included in WITSKM. The catchment data
included in this report and in Green and Stephenson (1986) can ke used
for this purpose.
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For a computer system having a hard drive, a directory should be
'created using DOS on the o dra.veofthehazddlskforstormgﬂﬂ.a
‘program, data and results files. Ormtnedirectoryhasbeencreated
copythacmtentsofthedlskmto'thedjxectozy Ebrdualf‘l.oppy_
drive systems insa:tﬂlepmgrammskmtadrivaa..nrmaﬁ.isused
for the storage on afloppydiskofda:taarﬂcwputatmnresult.%.A
flogpy disk should a...ways ke installed in dr:z.veB..'I’ostartthe
yrogram, type WITSKM and  enter. mwsagednammgedltor
su}:programshmldappearonthaacreen

£.3
The module types available in WITSKM are:

- 3. Overland flow modules
2. Ciroular pipes
3. Trapezoidal channels
4. Detmtim/retmtlmstoragedam
6. Apifers

The mmbers 1 ~ 6 above are used in the program to jdentify the module
types. The appropriate number is entered during the data input
procedure described in C.5. Each module is identified hy a user
supplied nodule mumber. Any number between 1 and 400 maybe used. The
- mocuile mmbers are used to determine the cormectivity for the routing
of flows from one modidle to the next. This is done by specifying the
dovnstrean module mmber and in the case of channels and pipes the
mdule muber of the module to which overflows must be routed is also
entered, This feature is used for the modelling of dual draimage. A 0
is wsed for the downstream module mumber of the last module
discharging from the catchment. The modules can be entered in any
order and the program will determine the commectivity and the order in



cC-3

which the modules mist be calculated. If an ervor in the comnectivity

hasbemmadedmtoenterhgthedownstreamorwerﬂowmm
mmbers imcorrectly, a messagewillbewrittentothescreentothis

| effectandoml:rollsretumedtoﬂ:eprmarymm

For overland flow modules ard agquifers, the module muber of the

. underlying aquifer mist also be specified. If information on the soils

is available as regards depths, water table levels and soil properties

- then interflow and subsirface flow can be modelled if required. The

various soil herizons can be modelled by a stack of aquifer modules

| urklerlying the overland flow module with the infiltration parameters

being entered with the aguifer data. Each stack of aguifers is limited
to three aquifers and the overland flow module. For the lowest aguifer
! the stack a 0 is entered for the infiltration module mimber. If
stbsurface flow is not to be modellied then a 0 is entered for the

~infiliration module mumber - when ertering the overiand flow module

data. The programthmautcmatlcallyczeatesadmmyaquerhavmga
medule number from 900 m;axds.memfiltratic;nparametersforthis
aquifer are entered with the overland flow module data.

The wmaximivm mmber of each of the types of modules that can be
erttered is glven below: ' ' '

Overland flow medules - 70
Pipe modules _ _ - 20
Trapezoidal charmel modules - 20
Storage modules : -3

. Campound channel modules -5
Aquifer modules - 70

The +otal mmber of modules hawever must not exceed 140 and the
maximm rumber of time steps allowed is 100. The program can handle 10
modules flowing onto a particular module i.e a maximm of 10 upstream
modules are aliowed for any particular module. Similarly in modelling
maldramgeamdmmofsmdulescanmmﬂmmtoamme |



.-Ehe startup merm is the first menu displayed on the screen after
starting the program by entering WITSKM at the DOS prampt. The memu is.
reptcduced below (Figure 1) and the qpt;ons avallable are dlacussed

WITHEEKM -
Rinematic Hodular Plow Model

:!oﬂ MEY cov
-+  enter new data or
' edi_t.existing data
duplicate a data file
print 4 data file
rui the program with an existing data file

Cqguit

Move -» up or down to select optlon then press spacebar or <! to entar

Ficpore 1 ¢ Startup ménu.

Enter new data : If a new data set is to be entered from the beginning
then select this option from the memi. To enter the new data, the user
answers a series of qpestlcns and fills in amnotated tables. The
details of the procedure for the entering of new data and the data
required for the different modules is ;mx&xﬂﬂaai in section C.5. Once
the data for the final module has been entered, a zero is
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‘entered for the nn&ﬂ.emm&:era:ﬂcmtrolzsretummdtothepﬂ:imry
memui. Tt is recommended that after the data is entered the file data
optlmmtheprmarymmbeusedtosavethedata. ‘

Edit ma_ataﬁthisoptlmmselectedtheprmmllaﬂc
for the name of the data file. All data files used with WITSKM have
. the extension .DAT. anmtermgthefllemmethiaextmﬂonismr
- entered. For e:amplethemnnmghllldatafilemybecalledmlm
however SUN7L will be entered. Grice the filename has been entered, the
data is read fmnthefileamcmtrolofthepu:ogramtransfenedto

thepr:umrymm

Duplicate adat_a'file'nﬁsaptimisusefuiifanadstﬁigdata'ﬂle
can be edited fcmusefcrmmﬂlercatdmrtcrforanalysﬁganother
_manageuentoptim.'mepu:ogxmasks

Eh'rtersdurce_filemane'

The filename is entered remembering to leave off the .DAT extension.
The data is then read from the file and the program asks :

Enter destination £ilename

Once the filename has been entered (excluding the .DAT extension) the
data is written to the disk under the new data filename. The control

Print a data File 'm:.scptionallm:sadatafiletobeprintedmt
on a printer., The primtout routine has been written for the IEM
proprinter kut has been found to work on the Star printer as well. The
program  prompts the user for the filename of the data to be printed
out. Once printed out, control is transferred to the primary menu.



- the 1o ' SCinG da le : This allows the user to
run the program inuediate&y if no ed;ting of the data is required.
Once this option has been selected and the name of the data file is
entered, the camputatian subprogram is loaded. Once the computations

have besn completed the cortrol of ‘l:heprogmmisreﬁmtatha
output merm.

Quit : This cption terminates the program and returns to DOS.
c.4.2 Primary Merm

WITEKK

YOUu may ..

-+ edit data
file data
create a4 duf.icate data file
output data to printer
run the program
output connectivity
quit

Move —# up or down to select option then presgs spacebar or < to enter

Figure 2 : Primary merm

Elit dats : This option passes control to the edltlng’menu‘whldh is
described in section C.4.3.

File data : 'This option allows for the saving of data to the disk. In
the case of a dual flu,, drive 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. Once this has been entered, the
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data is written to the disk. If the data has previcusly been saved,
the data is written to the disk under the original filename. If a new
filename fortheediteddatalsreqmred thedartamstfjrsl:besaved
wder the original filename and then the “oreate a duplicate data
file" option in the primary memu can be used to duplicate the data
under ancther £ilename. Itisrecmmﬂedmatthenewfllelscreated
befare ary data editing is undertaken.

Create a duplicate data file : This wtimisthesimilarﬁothé
duplmte file option J.nmestarl:tmmm 'Ihedz.fferemebemgthart_

~only the destination filename J.sreqmredasthescmefllelathe_

data file presently being worked with., Once the destination filename
has been entered, the data is read from the disk and subsequently -
written to the disk under *he new filename. The control is then
vebrned co the primary nrmandanyfutureeditmgwillbecarned |

_out:onthewdatafﬁe

OQutput data to printer : This cption is the same as the "print a data
file option” in the startup memu.

Run _the progran : This option will load the computation subprogram for
the calculation of the runoff for the catchment. Before this option is

excercised, the data should be saved and the connectivity should also

- ba checked using the output comnectivity option an this meru,

Output _comectivity : Selection of this opt:.on transfers control to
the carnectivity menu shown below.

You may ...
-+ Output connectivity table te printer
Output: tonnectivity to scraen

Quit

Figure 3 : Connectivity mern
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: _connectivity table to printer : This option will cutput to
the printer all the modules and give, for each module, the module
mnbers of the modules immediately upstream. A similar table is
outpat giving, for each module, the module murbers of the modules

‘Qutput_commectivity to screen : Selection of this option will

 different module types.
* * t
R l i
1
} t 1 [
1 I ] 1

Over{and Fldw Hodute / .

Pipe Module RXRTRTR " Storage Module

VYV

Channel Modules Aguifer

ST
DO :,:.0 0,0,;

K5

®. LKA
i :0:&*‘

Figure 4 3 Symbolsusedfor conpectivity cutput to screen
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The graphics presmtationdoesnotallwfcrthedxedcmgofme
overfiow modules. The output toprml:a:opt:.mcanbeusedfor

this purpose.

C.4.3 Fiit Mem

WITSKM DATA EDIT

You may ....

-» - brcwse fhrough tﬁe data
upd&te a specific module
iﬁsert a module
delete a module

quit

Move =» up or down to select option then press spacebar or < to enter

FigureS:Editmm

Browse through the data : This option allcws the user to krowse
through the data. maspacebarlsusedtomvefromcrmsetofdatato

the next Any particular setofdatacznbeedltaiusmtheu?and
DOWN  arrow keys. Omethedataltemhasbemselectedthenewvaluels
typadmandthemrEEiorARRmkeyscanbeusedtoenterthedata
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‘value. All the module data including the data set title and rainfall
data mnbeeditedusingmemaoptlm.mmcmcmbeusedat
__anytmetoaatkrmsemdeazﬂretmtotheedltmm
The brcmseoptionlsmfacttheonlywayofeditlngthetimstepa:ﬂ
 rainfail data.%enedltnlgtheccmputatmntimestepdata,ﬂlemmber
. of rainfall intensity valueés is automatically adjusted for each time
Step. The system used however requires that the new value for the
_timestep is' a multiple of the original value. For example if the
t:l.mestep was originally 5 mirtes and the storm duration 1 hr, there

will be 12 rainfall intensity values. Ifthetmesteplshalvedto
2,5 mimites, the rainfall intensity values for each of the 5 mimute
time intervals mdmbledtogivevaluesforﬂle25mmztembervals

'the::'eby giving tT1e requimd 24 mtms:l.ty values.

jm.@;w If only a specific module is reguired to be
updated thmthiscptmnisselected The program prompts the user for
the module mmber of the module to be updated. The data ..r that
module is thmdlsplayedonthescraenandtheamheysmnbaused
as in browsing the data, to select the data items to be updated. Once
the edit hasbemcm:pletedﬂmSPACEBAme‘@ssedtoreturntothe
edit merm. -

‘Insert_a_wmodule : This option is used if a module is to be added. The
procedure followed mthesameasthatdescnbedinmterirgnewdata
in section C.5. '

Qg_@dnbdﬁl&a :MSelectmthlsoptiunﬂmprogrmnm‘mthe

Qgit:TEusoptlmretmnsccntrolofﬂleprogramtotheprmaxymenu.



Cod.d Qutput Meru

WITSKM - Output mode -

 You ma&y ss.as
-» Print output to prirter
' Plot cutput to mcreen
call calibrat .on program -
Output results to a file

quit

Move -» up or down to select - & spacebar or «— to enter

Figure 6 : Cutput menu

for any module to be output to the printer. Any number of modules
" maybe outpat merely by entering the appropriate module rumbers. In
addition at the head of the printout will be printed the name of the
. data file, the title of the data s¢t, the rainfall and time step
information followed by the module and hydrograph data. For each of
the modules autput, the module muwer, the volume in m° of the
outflow hydrograph are printed cut. For the overland flow modules the
rainfall volume over that particuwlar catchment is also printed ocut
while for the conduits the capacity (cumec) of the conduit when
flowing full is output. For all the modiles the time, inflow
hyﬁrographto,mﬁtheoutﬂwhydmgraphfmnthemdlﬂesareprinted
out. For the pipe, chammel, and aquifer modules in aduition to the
above hydrograph data, the cverflows fram the module are ocutput if its
capacity is exceeded. Tn the case of storage modules, the depth (m) of
the water in the dam is also crtput. Once the required module data has
been cutput a 0 is entered to return control to the output menua.



'_MM : mia opt:.mallmtheinflcwa:ﬂmtflm
'mdrog::aphstobaplamedmﬂnscreen If the DOS graphics is
installed a- screen dump of the plots maybe done. On the screen is
displayed the inflow and outflow hydrographs together with the peak
inflow and outflawramsarﬁtlmvolmeunderthemtﬂowwdrogram

To " display the hydrogra;hforamdule,themgrampzmpbsthaw
for the mpdule mmber. Once entered the hydrographs are displayed on

the scresn for chat module. Anykeylstherpresseatore:ttmtotm
proupt for the next mocle to bedisplayad o:mcmuplehedanis
enteredtoreturntothemi@\mmm ' .

call calitvation mrosmam : Choosing s cptlon will load in the

calibration subprogram for cmtzparmwohserveda:ﬂsmulated'_

‘output:, !Ihepmgramaﬁksformemofﬂmdatafilecmtainmgtha
cbserved data. This data file must be in a particular format as shown
e _ . _

n
time 1, observed flow 1
thoe 2, chserved flow 2
. Mg '
tive n, observed flow n

vhere n is the mmber of oheerved data points

The program then asks? for the module mmber of the module with which
to compars the chserved data. Plots are then displayed on the screen
of the ohserved uwnd simulated hydrographs. The cbserved hydrograph
beitg the lwcken line, By pressing any key the ooodness—of-fit
critevia as  described in Appendix B are displayed on the screen. By
pressing any key again the output manu is again displayed.

¢ ;.' .
Fp?
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output of results to a file : This option allows conmputation results
to be output to a disk. The data is output in ASCIT so the data file
can ba used as input to graphics packages such as Statgraphics to
produce output . for  reports. The program asks for a name for the data
file to save the data to. The .DAT extension is autamatically added to
the filename by the program so the filename entered must exclude the
extension. This is followed Ly a prompt for the module mumber whose
output  hydrograph is o be saved to disk. The two questions are then
repeated unkil all the hydrographs to be saved to disk have been
cutput. A zero (0) is entered to rehwn to the cutput memu. .

a5 Data Entry -

A series of prompts and armotated tables are used to facilitate the
inputting of new data. The annctated tables are those used to display
the module data ¢n the screen when using the krowse option of the edit
menu. For @ prampt the appropriate data is typed and then entered
using the ENIER key. Upon striking the enter key the next prompt or
table is displayed on the screen. For the annctated tables, ARROW keys
are used to move the curscr through the table and the default zero
values can be changed as in editing using the krowse or update of a
specific module options of the edit memw, The first section of the
data input procedure is to enter the data set title, time data, and
the rainfall intensity data. This iz then followed by the module data.
To erd the data input procedure a zero is entered at the prompt for
the module mumber, Control 1s then returmed to the primary memu wherea
the data should be saved to £ile using the "file data" option. The
follawing tables and prompts are used by the program to input the
data: :

' WITSKM

Enter a title demoribing the data set ..,.
Title line

.Figure'Z:Promptfcrmtryoftitle.
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A single line of up to 72 characters can be entered as a title to
_describe the data or simlation run (Fig. 7). Once the title has
besn typed the Eﬂ'I‘:ERkeyisusedtohnputthetitlea:ﬂmvato
the next table.

2. Ertry of time data
The input of this data is by mesns of a table (Fig. 8):
. WITSRKM

Tima inte:‘val {hoursj_....”--.--._..g._..- H 00000 .
simulation duxation (ROUZE) seevesrssrees & 0.00

‘Rainfall duration (HOUCS) eveseeesscisess 1 0.00

Brter new data else press space bar for next screen

Figure 8 : Entry table for time data

 The' UP and DOWN arrow Keys are used to move through the table.
Once the correct data has been entered the SPACEBAR is used to
display the nextscnreen(formfmatmnmthecmmtatmntim_
step, and simulation duration gee C.6)

3. Entry of Rainfall Intensities

The entry of this data is by means of a table (Fig. 9).Bésedon

the time step and rainfall duration the program will display the
correct mmber of rainfall intensities on the sareen. The ARROW
keys are used to move through the table and entar the required
- xairfall data in mm/hr. Once entered the SPACERAR is pressed to
get the next screen which is the entry of the module data.

]
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WITSKM = Rain entry mode

Rainfall Intensities in mm/hr :

0.0 0.0 0.0 0.0 0.0 0.0 .

knter new data else press space bar for next screen

Figure 9 ¢ Entry table for rainfall intensities
- 4. Entry of Commectivity and Module Type Data

The program uses a scries of prapts for the entry of the mxdule
mumber, downstream module mmber, and module type. The program
also prompts for the infiltration modulé muber in the case of
the overland flow and aquifer medules or the overflow module
mmber in the case of pipes and chamels. The module rumber for a
particular module must ke wnique and be an integer between 1 and
400, The type of module i3 identified by one of the following

. codes:
1 ovarland fiow plane
2 Pipe
3 Trapezoidal charmel
4 Storage basin
5 Campound  charinel,
6

Aquifer

Once all the information desaribing the commectivity of the
modules and module type has been entered, tables are used for the
~ entyy of the remaining module data, -
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5. Entry of Module Data

Overland flow data : Two tables (Figs 10 and 11) are used to
enter the overlarﬂflcwplanedatadiepemingmﬂmmiztration
module number entered. If a zero is entered then a dummy aguifer
is created arxithamfiltrationparanetersforﬂmedlmyaquifer
are entered with the module data as shown below.

WITSKM - Data Entry Mode

HOdL‘lle numbﬂr tino;olaq--to.loctotliclna‘ = 1
DOWﬂEtréam module --ccui;;la;no-oocoo)ao. H 2
Module type dd M sse A an AR AR AT by : 1 ’
Width of catchment (m) seaisrvarnirnannie ¥ 4]
Length of catchmﬂnt{m) seasE b ETae e w e ‘anven 1 0

Mann:l.ng n of catchment essssnuvesnanssaes 3 0.0000
Slope of catchment (M/M) +vevsesncrnrvees ¢ 0.0000
Permeability (WM/R) «vveeeoses sisesveeers £ 0.0
s“ction haad (m) LA L R B I I IO O N B B R O B Y L] H 0 000
Moisture content (Fraction by volume) .., ¢t 0.000
PO!DSitY BN ATt R A s AT e [ | 0.000

Enter new data else press space bar for next screen
Figure 10 : Entry table for overland data without aguifer

The slopes, lengths, and widths of the catchments are estimated
from ‘topographical maps of the area keiny modelled. The
infiltration and roughness parameters are estimated according to
the guidelines given in mection C.6. If the infiltration module
nmber is greater than zero then the infiltration data is entered
with the underlying aguifer and only the following data as shown
balow (Fig 11) need be entered -
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WITSKM - Data Entry Mode

Manle numbar ‘...Il'.l."'..ll'l..ll....l.l. 3 2
DmﬂtrEam module ‘i.ll.._...“.ll.‘d....l = 3
uoduletypa_l.l!.FI..II;CIDOOQOOCIIDOIIOI = 1
. Widkh bf vatchment (M} «cevicarsvosvavsre 0
Length of catchment(m} seccasenvscsnvanes 2 [v;
Manning n of catchment ,escscvervivrnonas i 0.000
Slope of catchment (M/M) «eceereeesseser, 1 0.0000
Parallel module for infiltration ........ @ .6

Bnter new daﬁa else preds SPQGQ bar for next soréen
Figure 11 : Bntry table for overland data with aguifer
Pipe data : The data required for the pipe module are shown below

(Fig 12).

WITSKM ~ Data Entry Mode

Hﬂdule nurﬂber lau.o¢o-;uacau.----..qnlqn-n; H 2
Downstl‘.’aam mOdl.lle -...-ll‘..‘tt.?.l..‘i.‘.; 3
Modula typa .i.!a.l.i_alQitaql;.l.ltilipi. H 2
Pipe langth {m) oo--oiw--loto.-a..q-o-o-or H g
_Slope (m/m) TR s vessssdsasninnRRaVatenanEn § N

Roughneﬂsn opotn:oiuoo‘.-.-.n.qcpa'oopu'q-vou H g.ggg
Pipa di&mﬁter (M} lil!l.‘...li'.‘l.‘.l.l..l 4 U.UO

H

JParallel module for overXflows ceesssveses

Enter new data else press mpace bar for next screen

Figure 12 : Enty table for pipe data



ﬁramzaidal channel data :
 WITSKM - Data Entry Mode

Module numher I.il.‘.l.i....lild."’i. ..... H 4

Downstream MOdule . ..ccovevurrarrissnssnee 3§ -]
Module EYDR sevevvccacsrananssasnas serses 3 3
Length of trapezoidal ¢hannel (M) enwiae 2 0
Bed slope (/M) «veveeicancas seatanstanss : 0.000
ROughnesB 1'1 LI B B BE SR BE B RERE B BN BN N NE R O BN ..ll.."l.ll.l H 0-000
Baga width of trapezoidal channel (M) eeua 0.00
IH pide slope (horlz/vert) ...cerceencess : . 0.00
RH side slope (horiz/vert) .....e... sunae ¢ 0.00
. Maxim flow dEPt‘h (IB} LIS NN BN I I I O N H 0-00

Parallel modula for overflows ..iisveesse ¢ . O

Enter new data elge press space bar for next screen

- Rigure 13 : Entry table for trapezoidal charmel

TO descr:.betheshapeofthistypemulannelthemmdm,the
left and right hand side slopes ard the maximm flow depth in the
chantiel are required. If a rectangular chamnel is to be mxielled
then the side slopes would be entured as zeroes. The program
determines the f£low that the chamnel can convey at,the menciman
flow depth, For any inflows to the charmel that exceed this flow
rate (capacity of the channel), the swesss flow is revouted to
the overflow module as specified by the overflow module muber.

Storage basin data : In modelling detention/retention storage
basine provision has been made for storage facilities to have a
bottom outlet if reguired., 'The table displayed on the screen
initially iz the table for a storage facility having a bottom
cutlet (Fig 14). The Yes for cutlet in the tabls can ba changed
to No and the table is changed to that for a facility without a
‘bottem cutlet (Fig 15). 'The levels and water depths in the
storage basin are all evprasmd relative to the same origin which
is normally taken as the bottom of the storage basin at the
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dam wall. A definjtion sketch and description of the equations
describing the flow through the outlet amd spillway are given in
Chapter 3. “ ; '

. " WITSKM -~ Data Entry Mode

Hodule nl:mber -_....li.ll'l‘.Q.‘JIII'.IC-.D. = 5
DOWﬂEtreammOdule LRI S RC R R B R R I N R N U N I ) : 6
MOdule type lcn.._q‘o..-i.plnl&._ﬂo--n..i-pn- H 4
coeff a in stor(m”3)=a*(depth{m}}’b +.ceus & 0.0
‘Cogtff b in stor{m*3)=a*(depth(m}} b...... ¥ 0.000
Spi].lway 1evel [M) eovilqblnoioo.lnoi--inl. H 0-00
Outlet -I..-.l;ii._‘_'l-...i.ij’i...l‘,l!.’.. H YQB
Oﬂtlet inVErt 1.3\781 {M} ﬁinnn-t.no.n.lc..! = 0-00
Coaff ¢ for unsubmerged outlet c*dep™d .. : 0.00
Coeff d for unsubmerged cutlet c*dep*d .. : - 0.00
Coaff & for submerged outlet e*dep™f ... ¢ Q.00
Coeff £ for suvbmerged ocutlet e*dep™f .... @ 0.00
Coeff g for eplllway g*dap™h «ucsvwwaews ¢ 0.0
Coeff h for splliway g#*dep™h ..eaviesses ¢ 0.000
Dapth or dim (m) Df Ou‘tlet Aadad R eE e R E B = 0.000
: 0.00

- Initial water level in dam (M) vecesssees

Enter new data alse press space bar for next soreen

Ficqure 14 : Entry table for Storage basin with ocutlet
WITSKM ~ Data Entry Mode

Mod“la n‘l.:lmbBr R4S R b e b s r by s ivaevans X
Downgtrean module S &
Hﬁdule type LI I T R L R
Coeff a in stor(m™3)=a*{depth(m))™d .vee. 3
Coeff b in stor{m”3)=a*(depth{m})} "b..cv.. 3
Fpillway leval (m) LR RN N NN NN RN -
Gutlet L R I T { No
Coaff g for BpillWay g*dep‘h sssnaawnrvan §
cueff h for Bpillway g’*dﬁpnh .l..!ll“.l-' 3
Initial water level in dan (M) eeereaseea &

Enter new data else press space bar for hext soreen

Figure 15 : Entxy table storage basin withouc outlet .
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Campound  channels mﬂdmmmlsmmdelledmugmeseparate

channel method. The type of chammel that can be modelled is that

having a wmain chanhel flanked by flood plains (Fig. 16). The model
camot cope with 2 main channels as shown in figure 17, To apply this
method the chammel 1is divided into channel seqments based on
of chammel segments that can be input is 5. To Cescribe the shape of

coordinate systen used requires the origin to be on the left of the

channel section as shown in figure 16. The X axis gives the horizontal
position of the points while the y awls gives the elevation of the

points., A maximm of 10 points can be entered to describe the chammel

cross section. In addition the program requires the point mmbers at
the boundaries of H.e chamnel segments. Three tables are used to enter
the reqtﬁredmputatﬂareprcesentedinﬁg'xresla, 19,a1ﬁzororthe
charnel given in figure 16.

y
{1;2) _{9:'21
R i [ ]
1 | - l - : SEGMENT No.3 8
SEGMENT No.! | SEGMENT No.z (6,511,5) (81,5
{1,5; 1) I
; @!5;0,75)
3
{6;0,25)
5
0 .
7

Figure is 3 'Iyplca;l. compound channel section
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Figure 17 : Compound charmel section heving 2 main channels

WITSKM = Data Entry Mode

Modulﬂ number tiq,‘tl'.!."l'ﬁ"'li'.’!..": 1
DOWﬂBtrammodule [EE N ENERE RN E NN EEFEN N NN NE] : 2
MOdulB tY’pE I E RN NN NN NI I EEE NN NN s 5
Langth of compound channel (M) seosseeses ¢ 500,00
Bad alope- (N/M) L Y A g Ead e pREESAARS T AN AAnN = 0-010
No. of points describing channel v.seceee @ 8
No. of channael segments ..icaaevicvrensas ¢ 3
Parallel module for overflows ...isvsesans § -0

Enter new data else press space bar frr next screen

Figure 18 : Table for compound chamel data entry

-

\ 4



¢ =22

WITSKM - Data Entry Mode
Enter points describking channel section :

X coordinate (m) ¥ coordinate {(m)

.1.00 2.0
1.50 1.00
5.00 Q.75
5.50 - 0.50
6,00 0.25 .
. 8,00 1.50
- 9,00 : 2.00

Enter new data else press space bar for next escreen

Figure 19 : Table for entry of chamnel section points

WITSKM - Data Entry Mode
Entér point numbers lor chanr:l segmenta ¢

ISagment no. Left point Right point lcighness (n)

L

1 1 3 0,058
2 ' 3 ' 6 0.040

3 . 6 B + 0.0585

Enter new data else press space bar for next screen

v

. Figure 20 3 Tabla fortheentryofsegmantrmgimesmalﬁbmnﬂary

-
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Aquifers : The data required for aguifers is given below in

WITSKM = Data Entry Mode
Mod\zla n‘l.‘lmber --------------- .l'l.l_iﬂtl!.'.Cil : -
Dovnstream module .eeescesssrae " exessans § 6
M.Odule type " EEEEEEE .a'-..unp-ilaclf ooooo 3 6
width of aguifer (m) tessseseressaenaness 5 0
Length Df a@lfer(m) segesasdaas Q..Ib'l.lli.l. H ) 0
Dep'l:h of aqu.ifer (m} sssisanssanadbennanye 3 0.00
Sldps {mfm} P Y L L I 0,000
Height of water table {m) sceeessusserase :+ 0,000
_Moisture content(fraction by volume} .... 't 0.000
PDrOBJ.ty co-.qacd'bqo ------- LIS LR H 0.000
Sucticn hEad (m) C‘ﬂl?.l...ﬂ..i.ll!.llptl: H 0.000
FPermeabllity {om/h) . exsrsresasssr & 0.00
Parallel module for 1nf;1tratimn ....... . 5 0

Enter new data else press space bar for next screen

c.6. Guidelines for Parameter Estimation

a.6.1 General

The guidelines given in this section are hased on the assumption that
the user is familiar with the problem to be solved, the processes
modnles are to ba used for the modelling of interflow and subsurface
flow wil;l_.-depexﬂ-on the objective for which the model is to be used
and the amount of data on the depths and properties of the soil layers
of the ocatclment, For most urbanized catchments the modelling of
interflow and subsurface will not benecasaxyarﬂﬂ:eﬁortontypa
apprnach'wlll suffice.
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C.6.2 " level of Discretization

The level of discretization i.e the mumber of subcatchments or modules
 into which the catchment is divided depends largely on the infoarmation
available to +the user and the cbjectiye of the simnlation. Factors to
be consideved jn discretizing are sub-watcrshed boundaries, the
locatmofﬂzenatmldraﬁﬁqechmm.s, areashav:mgsmlar
tcpograph:l.cal}land-uae characteristics andthemajor pipe and channel
networks. In Jdiscretizing the catchment into overland flow modules, it
mist also be remembered that the subcatchments are modelled as a
sloping rectangular plane. Jhismpliesthatmeshapeofﬂmmdules
shmldbemclosetcrectm)gularaspossz.ble.

'c.s.s Guidelines for Choice of Time Data.

In using WITSKM the following guldelines are given in chooaing the
cmputation time step:

1. The time stsp should be chosen such t.sc there are at least
5 time steps to the hydrograph peak. This rosults in
consistent results as any Surther yveduction in the dme step
‘does not usually cause a change in pesk or a substantial
improvemsnt in the hydrograp: shape.

2. The Biamlatm@ratmnshmldbeabm:ttwmtheramstom
diration.

3. In choosing the time step,theusarmstbearinmirﬂﬂh
smaller the tme atepthelongertheccmputat:.ontimewill
be.

4. n:emSkingmr-cungem:tingmﬂmdhasbeenfmtobe
robust and pro&msraﬁultsformstchoiaesofcmwwm
time step. Hoewever the stheme has been found to produce the
best results if the time and spatial increments are such
that the Courant nimber Cr = 1. The Courant mumber is given
by

€ = cdt/ax S ea
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where c© is.the'wave'cel.erity; and &t and dx are the
. computation time and spatial increments respectively.

C.6.4 Hydraulic Resistance to Overland Flow

The values for Mamning's roughness coefficient are not as well known
for overland flow asg for channel flow. However summarized below in
Table C.1 are  typical Mamnings "n" values as presented in reen and
Stephenson  (1984). x:enancverlarﬁflcwmdxﬂalsamxumeofm
types an average valneforﬁammsnmst.be&etimatedhasedmthe
ueaofeadlccvm'type

~ Table C.1 : Typical Manning Roughnesses for overland Flow

Surfaca _ _ Manmng Rotghness
Concrete or Smooth asphalt 0012-0013
Bare sand, rough asphalt or _ -0014-0016
Bare loam =oil, packed clay - 0,033
| Sparse vegetation 6,053 - 0,013
Short veld grass - : 0,20
Dense turf S 0,35
Dense shrubbery and forest - 0,40 - 0,48
litter ' :

C.6.4 Infiltration Parameters

The estimation of the infiltration parvameters for the Green-Ampt
infiltration equation remains more of an art than a science. Only by
. calikr#“ion agains: reccrded data can parameters be chosen with
contidence for different land-ude types for ungauged catchments. Rewls
et ai (1983) amalysed soil dsta that had been collected on some 5000
soll horizons in the U.S.A and was able to determine the Green-Ampt
parameters basedmthesoiltextureclassifimﬁmasmmosedbythe
United States Department of Agriciture. In Table C.2, a sumary of
the parameters presented by Rawls et al is given for different classes
of soil. 7The values presented in krackets for the porosity and the
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" suction head give therargeofvahiesobtahmdfarﬂmseparameters.
The hydraulic conductivity given in Table C.2 is half of the saturated
hydraulic conductivity. This is the value of K recommended by Bowwers
(1966) and Constantinides (1982) for use in the Green-Ampt
formulation. :

The figures provided "in Table czservemlyasguidelimsaIﬂare
applicable to undeveloped areas. If a catchment hos been urbanized,
the hydraulic conductivity K estimated from Table C.2 according to
soil type, must be adjusted to allwforﬂ:emperv:.ousareas In
dec:.dmg ﬂmmmttoredmeﬂmhydraullccmﬂuctivitybythedegree

Table C.2 : Green-Ampt Parameters for different soll classifications

Soil Class  Porosity  Suction Head Hydraulic Conductivity
Cm (nm/h)
sand 0,42 0,05 | 118
| (0,35-0, 48) (0,01-0,25)
loamy 3,40 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 0,09 3,4
(0,33-0,53)  (0,01-0,59)
. 8ilt 0,49 0,17 _ 6,5
loam  (0,39-0,58) (0,03-0,95)
<lay 0,31 0,21 - 1
loan (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) _ :

co'n.é.ideration. Given in Chapter 6 of the report the adjusted
parameters for sandyloamfortheSmmhxglullcatclm-entlarﬂ-usetype
.arepesented
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TYPE modconnectivity
modno AS INTEGER
aof,l AS INTEGER
typ AS INTEGER
dsmod AS INTEGER
infmod AS INTEGER
rl AS INTEGER :

ERD TYPE

TYPE overmod :
man AS SINGLE
s8lo AS SINGLE
lng AS SIKGL
wid AS SINGLE

END'TYPE- S

TYPE aquimod
#lo AS SINGLE
wid AS SINGLE
lng AS SINGLE
depth AS SINGLE
wtl AS SINGLE
sorp AS SINGLE

. parm AS SINGLE

por AS SINGLE
imc AS SINGLE
cap AS SINGLE
volume AS SINCLE
yprev AS SINGLE

END TYPE

TYPE pipemod
8lo AS SINGLE
diam AS SINGLE
lng AS SINGLE -
man AS SINGLE
‘cap AS SINGLE
min A8 SINGLE

END TYPE

TYPE trapmod
glo AS SINGLE
1ng AS SINGLE
man AS SINGLE
wid AS SINGLE
g8l AS SINGLE
ag2 AS SINGLE
mdep AS SINGLE
cap AS SINGLE
END TY¥PE
TYPE stormod
cl AS SINGLE
8l AS SINGLE
a AS SINGLE
b AS SINGLE
gtlev AS SINGLE
typ AS INTEGER
¢ow AS SINGLE
cii AS SINGLE
ces AS SINGLE
¢8e A8 SINGLE
csp AS SINGLE
8p AS SINGLE
depth A8 SINGLE
ciitl AS SINGLE
orit2 AS SINGLE
e¢ritd AS SINGLE
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T!PE modeonnectivity

modno A8 INTEGER

ofl AS INTEGER
typ AS INTEGER

dsmod AS INTEGER
infmod AS INTEGER

pl AS INTEGER
END TYPE

-. TYPE overmod

man AS SINGLE
~ Blo AS SINGLE
‘lng AS SINGLE
. wid AS SINGLE
END TYDE -

‘TYPE aguimod
slo AS SINGLE
wid RS SINGLE
"1ing AS SINGLE
depth AS SINGLE
wtl AS SINGLE
gorp AS SINGLE
perim AS SINGLE
por A% HINGLE
imec .4 SINGLE
cap AS SINGLE
volume AS SINGLE
yprev AS SINGLE

END TYPE

TYPE pipemod -
Blo AS SINGLE
diam AS SINGLE
lng AS SINGLE
man AS SINGLE
cap AS SINGLE
min AS SINGLE

END TYPE

TYPE trapmod
s8lo AS SINGLE
lng AS SINGLE
man AS SINGLE
wid AS SINGLE
sgl AS SINGLE
#82 AS SINGLE
mdep AS SINGLE
cap AS SINGLE

END TYPE .

TYPE stormod
cl AS SINGLE
B8l AS SINGLE
a AS SINGLE
b AS SINGLE
stlev AS SINGLE
typ AS INTEGER
cou AS SINGLE
cu AS SINGLE
¢os AS SINGLE
¢s AS SINGLE
osp AS SINGLE
sp AS SINGLE
depth A5 SINGLE
¢eritl AS SINGLE
crit2 AS SINGLE
crit3 AS SINGLE



prevator AS SINGLE
END TYPE

IYPE compmod
alo AS SINGLE
lng A8 SINGLE
nosegs AS INTEGER
_ nopts AS INTEGER
END TYPE

COMMON modu{) AS modconnectivity, pipe({} AS pipemod, storage() a5 stormod

- COMMON overlnd() AS overmod, aqui{} AS aquimod, trapchan{) AS trapmod
COMMON gin{), gout{}), unit{), con(), ovElo{), order{}, nomods, no;t% tint
COMMON expo, over{}, rain(}, pi- _
COMMON promptl$, flag.files, tcode% '
COMMON titles, files, flag.escs, pl%, p2%,; p3%, p4%, Dp5%, pt%

COMMON sim.time, rain.time, hyeto.numbers, newmod:, f£flag. insart%

. COMMON compchan{} AS compmod, =2}y Y}, nl)s segno(}

'REM SD!NEMIG

REDIM gin(l40, 100}, qout(140, 100}, modu{l40) AS modconnectivity
REDIM overlnd(70) AS overmod, aqui({70) AS aguimod, pipe{30} As pipemod
REDIM unit {140, 4), ¢~n{140, 12}, ovflo(l40, 6), order(2, 140)

REDIM over{l40, 100}, rain(lQ0) . :

REDIM trapchan{25) AS trapmod, storage(3) AS stormod

REDIM compchants) A8 cnmpmod, x(5, 16), y{5, 10), n{5, 5}, segno(S 5, 2)
'Prcgram to start up WITSRM

cws

newmod® = 8995

expo = 5 / 3

“pL = 3.14159

plt = O0s p2% = O: p3% = O: pd% = O; p5% = O: p6% = O

pfomptls = " Enter new data else press gpace bar for next screén "

 flag.filek = O

ttodes = 1

LOCATE 11, 28

COLOR 0, 2

PRINT “Chaining editor subprogram"
. CHAIN “editorf"

END
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DECLARE SUB conmenu (t;tlezsf choicel%)
DECLARE SUB fileoutput ()
DECLARE SUB modconnect (print.conneck)
DECLARE SUB firstmenu (titlel$, title3$, choicew)
DECLARE SUB secondmenu (titlel$, title2$, choice%)
DECLARE SUB editmenu ({titlel$§, choicel%)
DECLARE SUB progend ()}
DECLARE SUB outputmenu (titlel$, choicels)
DECLARE EUE selectmena {(opt$(), NUMBEROPIIONSS, choice%)
DECLARE SUE duplicate ()
DECLARE SUB readfile {)
DECLARE SUB writefile ()
DECLARE SUB insertmedule {)
DECLARE SUB deéletemodule (}
DECLARE SUB updatemodula ()
DECLARE SUB browse (}
'DECLERE SUB raininput ()
DECLARE SUB TimestepInfo ()
DECLARE SUB TitleEnter ()
DECLARE SUB inputeditor {)
DECLARE SUB graphpl ()
DECLARE SUB printout ()
DECLARE 5UB data.echo {)
TYPE modconnectivity
mwodno AS INTEGER
ofl AS INTEGER
typ AS INTEGER
dsmod AS INTEGER
infmod AS INTEGER
pl AS INTEGER
END TYER

TYRY ovexmod
man AS SINGLE
~ 8lo AS SINGLE
lng AS SINGLE
wld AS SINGLE
END TYPE

TYPE aguimod
glo AS SINGLE
wid AS SINGLE
lng AS SINGLE
depth A8 SINGLE
wtl A8 SINGLSE
gorp AS SINGLE
perm AS SINGLE
por AS SINGLE
ime AS SINGLE
cap AS SINGLE
valume AS SINGLE
yprev AS SINGLE

ENT TYPE

T "R pipemod .
‘lo AS SINGLE
diam AZ SINGLE
ing AS SINGLE
man AS SINGLE
cap AS SINGLE

) min AS SINGLE

END TYPE

TYPE trapmod :
sloe AS SINGLE
ing AS SINGLE

- man A5 SINGLE



wid A8 SINGLE

88l AS SINGLE

582 AS SINGLE

mdep AS SINGLE

cap AS SINGLE
END TYPE

TYPE atormod
el AS SINGLE
8l AS SINGL®
a AS SINGLE
b AS SINGLE
gtisv AS SINGLE
typ A% INTEGER
ccu A8 SINGLE
cu AS SINGLE
ccs AS SINGLE
cs AS SIMGLE
osp AS BINGLE
sp AS SINGLE
depth AS SINGLE
cpitl AS SINGLE
crit? AS SINGLE
crit3 AS SINGCLE
prevstor AS SINGLE

END TYPE

TYPE compmod
slo AS SINGLE
ing A8 SIKGLE
nosegs AS INTEGER
nopkts AS INTEGER
END TYPE

. COMMON SHARED modu() AS modconnectivity, pipel) AS pipemod, storage() AS"

storniod

- COMMON SHARED overlnd() AS overmod, aqul() AE aquimod, trapchan() AS trapmod
COMMON SHARED qgin(), gout{), unit{}, con(), ovilo(), order(), nomods, noits,

COMMON SHARED expo, over(), rain(), pi

COMMON SHARED promptl$s, flag.file%, tcodet

COMMON SERRED title$, file$, flag.escs, pl%, p2%, p3%, p4%, pS%, p6%
COMMON SHARED =im.time, rain.time, hyeto.numbers, newmod:, flag.insert%
COMMON SHARED _compcha.n{) AS compmod, x{}; ¥(), n{). segno()

gcreentitlel = " W I T S XM ™

streantitleds = " Move " + CHRS$(45) + CHRs{lG) + " up or down to select option
then preass gpacebar or " + CHRE{1l7) + CHR$(156) + CHR${217) + " to enter ™.

Do
SELECT CASE tcodes
CASE 1

SELECT CASE choice%

CASE 1
CALL TitleEnter
CALL TimestepInfo

hyeto.numkberk = CINT{rain.time / tint)

CALL raininput
CLS

CALL firstmenu{screentitlel§, screentitle3$, choice%)



COLOR O, 2
LOCATE 1, 28
PRINT "WITSKM - Data Entry Hoda”

CBLL inputeditor

 teoded = 3
CASE 2
CALL readfile
toodek = 3
CASE 3 _
CALL duplicate
‘toodat = 3
CASE &4 -
caLL ».adfilae

CALL mudeonnect (0)
IF flag.escs% = ) THEN
: flag.esct: = 0
ELSE
CALL: data.echo
END IF
tcoda% = 3

CASE 5
CALL raadfile
CLS .
LOCATE 11, 25
COLOR O, 2
PRINT "Chaining camputatinn subprogram"
COLOR a, o
CHAIN "Wlt00m4f"

CASE 6
CALL progend

END SELECT

CASE 2
flags = 0

Do . . . :
CALL outputmenu{acreentitle3$, choice2%)

SELECT CASE chuiceZ%

CASE 1
CALL prlntout
CASE 2
CALL graphpl
CASE 3
CLS
LOCATE 11, 25
QOLOR O, 2
PRINT “Cha;ning cal;brat;on subprogram“
COLOR 3, 0
CHATIN "calibf"
. CASE 4
CALL fileoutput
CASE 5
- flags = 1
END SELECT

LOOP UNTIL flags = 1 ' ) N
fdode% = 3 '



CRASE 3

edit.fiﬁishza = 0
Do
CALL secondmenu{screentitlel$, screentitle3ds, choicet)
SELECT CASE cholces
CASE 1
edit.finiehs = 0
caLL'aditmenu(scraentitleBS, choicels)

SELECT CASE choicel%
CAS®E 1
CALL browse
IF fiag.asch = 1 THEN
flag.esct = O
BEND IF '
CASE 2
CALL insertmodule
IFf flag.esc% = 1 THEN
flag.esc% = 0
END IF
"CASE 3
CALL updatemodule
IF flag.escs = 1 THEN
flag.escs = 0
‘END IF
CASE 4
CALL deletemodule
CASE 5 .
edit.finish% = 1
END SELECT

LOOP UNTIL edit.finish =

CASE 2

CALL writefile
CASE 3

GALL duplicate
CASE 4

CALL modconnect(0)

CALL data.acho
CASE 5

LS .

LOCATE 11, 25

COLOR 0, 2 '

PRINT "chalnlng camputation subprogram"

COLOR 3, O

CHAIN “witcam4f"
CRSE 6

edik. finisht = O
Lo o
CRLL conmenu(screentit193$, choicéi%)
SELECT CASE choicelt |
casp 1 . ' ' ~

CALL modconnect(l}
TASE 2



CHAIN "plaulasf"

CASE 3
edit.finigh% = 1

END SELECT

LOOP UNTIL edit.finishy = 1

. CASE 7
-CALL progend
edit.finish2% = 1
END SELECT

LOOP UNTIL edit.finish2s = 1
END SELECT
LOOP UNTIL tcodek = 0
= |
SUB conmenu (title2$, cholcels)
REDIM opt$(3)

COLOR 7, ©

CLS

COLOR O, 2: LOCATE 1, 32
PRINT "Conpectivity Menu”

COLOR 7, O
NUMBEROPITIONS =
opt§{l) = "Output connectivity table to = im.er" '
‘opt§{2) = "Output connectivity to screen”
.qma3)="guv=

COLOR 3, 0
LOCATE , , 0O, 6, 7
LOCATE 7, 7t PRINT "YOU MAY «...”

FOR 1% = 1 TO NUMBEROPTIONS o
) LOCATE 7 + 2 * 1%, 15: PRINT opt$(L%)
NEXT 1%

LOCATE 23, 4: COLOR O, 2

BRINT title2$

" COLOR 6, O

LOCATE 9, 10: COLOR 7, O

FRINT CBR${45) 1 CHRS(16)

LOCATE 3, 15

PRINT opt$(1)

CALL seleatmanu{opts(), NUMBERDPTEONS, choical%}

ERASE opt$

END SUB
.; SUB edltmenu (titlals, choicel%)
REM $DYNAMIC

REDIM OPESIE)

COLOR 3, 0

QL8
COLOR O, 2: LOCATE I, 30



'PRINT " WITSKM DATA EDIT ®

COLOR O, 2
LOCATE 23, 4
PRINT titlel$§

NUMBEROPTIONS = 5

opt3(l) = "browse through ths data”
: "ypdate a gpecific module"
"ingert a module"

"delete a module”

"qu:!.‘!:"

2]
&
0
C
hHAN

opt§(5)

COLOR 3, 0
LOCATE , , 0, 6, 7
LOCATE 7, 7: PRINT "You MAY sees™

POR 1% = 1 TO NUMBEROPTIONS
" LOGATE 7 + 2 * 1%, 15: PRINT opt$(l%)
NEXT 1%

LOCATE 23, 4: COLOR 0, 2

PRINT title3$

COLOR 6, O

LOCATE 8, 10: COLOR 7, O
PRINT CHR$(45) + cﬂns(le}
LOCATE 9, 15

PRINT opt${l)} -

' CALL seleotmenu(cpt$(), NUMBEROPTIONS, cholcelt)
ERASE opt§
END SUB

REM $STATIC
SUB firstmenu (titlels, titlass, choica%}

REM $DYNAMIC
REDIM opt§(6)

COLOR 7, (: CLS

COLOR 0, 2: LOCATE 1, 32: PRINT titlel$

COLOR 3, 0: LOCATE 4, 25: PRINT " Kinematic Modular Flow Modael "
MBEROPTIONS = § .

opts{l) = "enter new data or"

opt§(2) = "adit existing data"

opt§(3) = "duplicate a data file®

opt&(4}) = "p~ t a4 data £lle®

opt§{5) = = .o the program with an axisting data f£ile"
OpES(G6) = wu

COLOR 3, 0

LOCAYE , , O, 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 O, 2
PRINT title3$

COLOR &, 0

LOCATE 9, 10: GOLOR 7, O
PRINT CHRG{45) + canst15)
LOCATE 9; 15



PRINT opt${1)
CALL selectmenu(opt$(}), NUMBEROPTIONS, choice)
_ ERASE opt$

END SUB |

REM $STATIC
SUB autputmenn (titlels. choicels)

REDIN opt3(5)

SCREEN 01 WIDTH 80

COLOR 3, 0: CLS

COLOR 0, 2

LOCATE i, 28: PRINT " ﬂITSKM - Output mpde "

COLOR 0, 2
LOCATE 23, 4
PRINT titlel$

NUMBEROFTIONS = 5

optS(l) = "Print output to printer"
opts(d) = "Plot cutput to screen"
opts{3) = "Call calibration program"
opt§{4) = "Output results to a file"
opt§({5) = "quit"

COLOR 3, O

LOCATE , , 0, 6, 7
LOCATE 7, 7: BRINT "You may coaet

FOR 1% = 1 TO NUMBEROPTIONS
LOCATE 7 + 2 * 1%, 15: PRINT opt$(1a}
NEXT 1% :

COLOR 6, 0
LOCATE 9, 10: COLOR 7, 0
PRINT CHR$(45) + CHR$(16)
LOCATE 9, 15
PRINT opt$§(1)
CALL selectmenu({opt$(), NUMBEROPTIONS, choicel%)
ERASE opts$ |
END SUB
SUB progend
COLOR 7, O: CLS
COLOR 0, 2
LOCATE 10, 32
PRINT " Program ended ": COLOR 7, O: LOCATE 20, 1
END
END SUB
. BUR . ondmenu (tiktlel§, title2$, cholce%)
REDIM o :§$(7)
COLOR 7, O
CLS ' _
COLOR 0, 23 LOCATE 1, 32
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'PRINT titlel$
COLOR 7, O
NUMBEROPTIONS = 7

opt${l) = "adit data"
opt§({2) = "file data"

opt§(3} = "create a duplicate data file”
opt§(4) = "output data to printer” .
opts{5) = "yun the progranm”

" opt$(6) = "output connectivity™ '
opt$(7) = “quit"
COLOR 3, O

LOCATE , , 0, 6, 7 _
LOCATE 7, 7: PRINT "You W&y ...."

FOR 1% = 1 TO NUMBEROPTIONS
LOCATE 7 + 2 % 1%, 15: PRINT optS(l%)
NEXT 1% °©

LOCAT® 23, 4: COLOR 0, 2
 PRINT title2$

COLOR 6, O '

LOCATE %, 10: COLOR 7, O

PRINT CHRS(45) + CHRS (16)

LOCATE 9, 15

PRINT opt5/1)

CALL halectmenu(opts(),_Nuunmnopmrons, ohoicé%}:
ERASE opt$ |
END SUB
‘SUB selectmeau {opts{}, NUMBEROPTIONS, cholcet)
choices = 1

8130 a8 = INKEYS: IF a$ = "" THEN 8130
IP a§ = CHR$(27) THEN
flag.eac = 1
choicey = 7 :
GOTO 8490°' escape
END IF
IF a§ = CHRS({13) OR a$ = CHR$(32) THEN 8450
IF ASC(MID$({a$, 1, 1)) <> O THEN 8130

' Cursor down
1
a0 IF ASC(MID5{a$, 2, 1)) = 80 OR ASC(MIDS(a§, 2, 1)) = 89 THEN B200C ELSE
83 :
8200 cursoxr = CSRLIN + 1 _
cholces = {cutsor - 7) / 2
LOCATE cursor - 2, 10: PRINT SPACES(2)
LOCATE cursor - 2, 15: COLOR 3, O: PRINT opt${choices - 1)
IF choices <= NUMBEROPTIONS THEN 8250 ELSE 8280
8250 LOCATE cursor, 10: COLOR 7, O: PRINT CHRS5({45) + CHRS({16)
LOCATE cursor, 15. PRINT opt$(cholce®}
GOTO B130
8280 ' Wrap around -~ bhottom to top . . :
LOCATE 9, 10: COLOR 7, Q: PRINT CHR5(45) + CHR${l16)% LOCATE %, 15: BRINT
opt§ (1)
chojces = 1
GDTO 8130

8330 Cursor up
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8130 IF ASC(MID$(a$, 2; 1)) = 72 OR ASC(MIDS{a$, 2, 1)) = 91 THEN 8360 ELSE
1 . .
8350 cursor. = CSRLIN ~ 3
choicet = (curser - 7) J 2
'IF I<1l THEN I=1:GOTO 1110
"LOCATE cursor + 2, 10: PRINT SPACES {2}
. LOCATE cursdor #+ 2, 15: COLOR 3, 0: FRINT optS(choiee% + 1)
I cholices >= 1 THEN 8420 BLSE 8450
8420 LOCATE cursor, 10i COLOR 7, O: PRINT CHR$(45) + CHRS(16}
. LOCATE cursor, 15: PRINT opt$ (choice%)
i GOTO 8130
8450 ' Wrap arcund - tep to pottom
LOCATE NUMBEROFTIONS * 2 + 7, 10: COLOR 7, O: PRINT CHRS(45) + cansgls)s
LOCATE NUMBEROPTIONS * 2 + 7, 15. PRINT OptS(NUMBEROPTIOHS)
choicet = NUMBEROPTIDNS :
: GOTO 8130
8490 LOCATE 23, 1: PRINT spncns(79>
1Selected option entarad vv+ value for L returned to meny

END sUB .

DECLARE FUNOTION getfilename$ (heading$)
DECLARE SUB clearacreenl ()
DECLARE SUB build.file.index (flay.indexk) _ _
DECLARE SUB ascreeneditor (NELOCKR2, NCOLS%, nfields, nvalues%, counters,
rowl{), coll(), a$§, change%, M%, mm%, FLAGNEXT%, FLAGCURSORS%, FLRGCR%,
flag.atrings) . A
DECLARE SUB readfile ()
DECLARE SUB datain ()
DECLARE SUB dataout (}
DECLARE SUB TitleBdit (}
DECLARE SUB TitleBnter ()
DECLARE SUB TimesteplInfo ()
DECLARE SUB raininput {)
DECLARE SUB inputeditor ()
DECLRARE SUB trapchanzero (p%)
DECLARE SUB aquizero (p%)
DECLARE SUB moduzero (p%)
DECLARE SUB overlndzero (p4}.
DECLARE SUB plpezerc (p%)
DECLARE SUB storagezero (p%)
‘DECLARE SUB compzerc {p%)
DECLARE SUB ChangeModType (n%}
DECLARE SUB clearscreen ()
DECLARE SUR overlandinput {i%, newtypes)
DECLARE SUB pipeinput: (1%, newbtypesi
DECLARE SUB trapinput (L%, newtypes)
DECLARE SUB storinput (i%, newtypet)
DECLARE SUB compinput (1%, newtype%)
DECLARE BUB aquifinput (i%, newtypew)
TYPE modconnectivity
’ modno A8 INTEGER

ofl RS INTEGER

 Eyp AS INTEGER

_ demod AS INTEGER

infmod AS INTEGER

Pl AS INTEGER
END TYPB

TYPE overmod ,
man AS SINGLE
glo A8 SINGLE
lng AS SINGLE
wid AS SINGLE

BEND TYPH )
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TYPE aguimod
slo AS SINGLE
wid A8 SINGLE
lng AS SINGLE
depth AS SINGLY
‘wtl AS SINGLE
sorp AS SINGLE
parm AS SINGLE
por AS SINGLE
ime AS SINGLE
cap AS SINGLE.
. volume AS SINGLE
. yprev AS SINGLE
END TYPE

PYPE pipemod :
s8lo AS SINGLE
diam AS SINGLE
lng AS SINGLE
man AS SINGLE

‘cap AS SINGLE
min AS SINCLE

END TYPE

TYPE trapmod
slo AS SINGLE
lng AS SINGLE
man AS SINGLE
wid AS SINGLE
sl BAS SINGLE
882 AS SINGLE
mdep AS SINGLE
cap AS SIRGLE

HND "TYPE :

TYPE stormcd
cl AS SINGLE
gl AS SINGLE
a AS BINGLE
b AS SINGLE
gtlev AS SINGLE
typ AS INTEGER
ccu AS SINGLE
cu AS SINGLE
cag AS SINGLE
&8 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
glo AS SINGLE
" lng AS SINGLE
nosegs AS INTEGER
nopts AS INTEGER
END TYPE

COMMON SERRED modu() AS modconnectivity, pipe{} 28 pipemod, storage() AS
stormed : .

COMMON SHARED overlnd() AS overmod, agqui{) AS agquimod; trapchan({) AS trapmod
COMMON SHARED gin{), gout{), unit{), con{), ovilo(), order(), nomod%, noitk,
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COMMON SHARED expo, overl), rain{), pi

COMMON SHARED promptls, flag.files, tdodes

COMMON SHARED titles, fille$, flag.asch, pls, p2%, p3%, pdk, pS%, pP6%
COMMON SHARED sim.time, rain.time, hyeto.numbert, newmod%, flag.insarts

COHHON SHARED compchan{) AS compmod, x{), ¥(), n(), sagno(}

handler:

SELECT CASE ERR

‘exist ... press any key"

key*

END

casg 53, 76

BEEP:

BEEP: PRINT

PRINT

WHILE INKEYS$ = ""; WEND

file§ = getfilenamQS(haadingS)

RESUME
CASE 64, &

BEEP

BEEP

PRINT
PRINT

PRINT "Bad filename (limited to 8 characterﬂ)

2

WHILE INKEYS = "": WEND

file$ = getfilename${haading§)

RESUME
CASE ELSE

_ ON ERROR GOTO 0
'END SELECT

808 browse

cLS _
TitleEdit

IF flag.eac% = 1 THEN
=0

flag.ascs
EXIT SuUB
END IP

. TimestapInfo

IF flag.esch
flag.escs
BXIT SUB

END IF

raininput

IF flag.esod
flag.esck
EXIT SUB

END IF

CLE

QOLOR 0, 2
LOCATE 1, 28

i

1 THEN

1 THEN

PRINT "File "; file$;

" doag not

«++ Dress any
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-

FRINT "WITSKM ~ Browse Mode®

.COLOR 3, O

FOR i% = 1 TO nomods

CALL clearscreen
flag.changet = 0

Do :
- -IF £lag.change% = 1 THEN

SELECT CASE modu{i%).typ
CASE 1
pl%s = pl% + 1
modu{i%).pl = pl%

CASE 2 _
p2% = p2% + 1
modu{i%).pl = p2%
CASE 3
P3% = p3s + 1
modu{i%).pl = p3%
CRSE 4 o
A% = p4%s + 1
modu{i%).pl = pi%
CASE 5 .
P5% = p5% + 1
wodu{i%).pl = p5%
CASE 6 ' o
p6% = p6% + 1
modu{i%).pl = p6%
END SELECQT
END IF

flag.change% = 0
IF modu{i%).modno < 900 THEN
SELECT CASE modu(i%).typ

CASE 1
newtypet = 1 .
overlandinput 1%, newtypes

IF newtypet <> 1 THEN
n% = 1%
ChangeModType n%
modu({is).infmod = 0
modu{i%).0fl = 0
-modu(i%).typ = newkype
newtypat = 1
flag.change% = 1

END IF -

CASE 2
newtype% = 2

. pipelnput i%, newtyped
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IF newtype% <> 2 THEN
n% = 1%
Changaupdmype n% .
moduiis).infmod = 0
modu{i%).ofl = 0 -
modu{i%). typ =. newtypes.
ngwtype% =
flag. change% 1

END IF

CASE 3
.newtypet = 3
‘trapinput i%, néwtypet

IF newtype% <> 3 THEN
i%
ChangeModType n%
modu{i%).infmod = O
- modu{i%}.ofl = ¢ .
modu{i%}.typ = newtype%
newtype% = 3
- #lag.changet = 1
END IF .
CASE 4 -
newtypes = 4
_ sﬁarinput-i%, newtypes

IF newhypet <> 4 THEN
nE = i%
ChangeModType n%
-modu{i%). infmod
medu{ik) .ofl

modu{i%).typ newtype‘%
newtypet = 4 '
flag.changegs = 1
END IF
CASE 5

newtypet = §
compinput 1%, newtypes

IF hewtyped <> § THEN
ng = 1%
ChaugaModType n%
modu{i%}.infmed = 0
modu{i%).0fl = @
modu{ik).typ = newtypes
newktypes = §
flag.changet = 1
END IF

CASE & .
nawtypet = 6

aquifinput - i%, newtypes

I¥ newbtype$ <> 6 THEN

n% = i%- . N
ChangeModType n%
modu(i%}.infmed = O

. modu{i%).ofl = Q0 _
modu {1%) .typ = newtypest:
newtype% = 8
flag.change® = 1
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- END IF

END SELECT
I¥ flag.esct = 1 THEN
flag.esey = O
. EXIT SUB
" END IF
END IF

1.00P WHILE fiag.change% =1
NEXT 1% .
-END.SUB -
SUB ChangeModType (n%}
clearscreen
SELECT CASE modu(n$).typ

CaSE 1
P% = modu{n%}.pl
overlndzero phk

FOR k% = p% + 1 TO pl%
SWAP overlnd(ks - 1), overlnd(k%)

FOR £% = 1 TO nomed%
IF modu{t%).typ = \ THEN
IF modu(t%).pl = k% THEN
modu{t%).pl = k% - 1
END IPF '
END IF
REXT £%

NEXT k%- _
pl = ply - 1
IF modu(n%).infmod >= 900 THEN

a% = modu(n% + 1).pl
aguizerc a%
moduzere n% + 1

FOR 2% = a% + 1 TO pé%
" SWAP agqul(z% = 1), agui(z%)

FOR t% = 1 TO nomod%
IF modu{t%).typ = 6 THEN
IF modu(t%).pl = 2% THEN
modu{t$).pl = 2% ~ 1
. END IF .
END IF
NEXT t%

NEXT 2%

FOR 2% = n% + 2 TO nomods
modu{z% - l).modno = modu{z%).modno
modu{z% ~ 1l).dsmod = modu(z%).dsmod
modu{z% - 1}.0fl = modu{z%).0fl
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modu(z% - 1).typ = modu(zd).typ
-modu{z% ~ 1).infmod = modu(z%). infmnd
. mode(z% - 1).pl = modu(z%).pl
NEXT 2% _

nomod% = nomods - 1
- pb% = p6% = 1
END IF -
CASE 2

p3 = madu{nts).pl
pipezero pY

FOR k% = p% + 1 TO p2%
'SWAP pipe(k% - 1), pipe(k®)

FOR £% = 1 TO nomod% _
IF wmodu(t%).typ = 2 THEN
IF modu{t%).pl = k% THEN
moda(ts).pl = k% - 1
END IPF
END IF
NEXT &%

NEXT k%
p2% = p2% - 1

CASE 3
P% = modu{n%).pl
_trapchanzeroc p%

FOR k% = p% + 1 TO p3%
8WAP trapchan(k% - 1), trapchan{k%)

FOR t% = 1 TO nomod%
IF modu{t%).typ = 3 THEN
IF modu{t%).pl = k% THEN
modu{tk).pl = k% - 1
END IF
. END IF
NEXT £5%

NEXT k%
p3% = pds - 1

CASE 4 _
Pp¥ = modu{nk).pl
storagezero pk%

FOR k% = p% + 1 TO pds.
SWAFP storage(k® - 1), storage{k%)

FOR t% = 1 TO nomods
IF modu(t$).typ = 4 THEN
IF modu(t%).pl = k% THEN
modu (t%).pl = k% - 1
END IF
END IF
NEXT t%

NEXP? k%
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pés = pas - 1

CASE 5
" a% = modu(nk). pl
compzero as

FOR 2% = a% + 1 TO p5%
.SWAP compchan{z% =- 1), compchan{z%)

FOR t% = 1 TO nomod%
IF modu{t%).typ = 5 THEN
IF modu{t%}.pl = z% THEN
' modu(t%) pl = z% - 1
. END IF - .
. END IF o
HEXT t%

NEXT =%

p5% = pS% - 1

CASE 6
a% = meodu{nk}.pl
aquizero a%

FOR 2% = a% + 1 TO pé% .
SWAP aqui(z% - 1), aqui{z¥)
FOR t£% = 1 TO nomod%
IF modu{t%).typ = 6 THEN
IF modu{t%).pl = 2% THEN.
modu{ts).pl = 2% -~ 1
ERD IF
END IF
NEXT t%
N2XT =%

p6y = p6% - 1

END SELECT
END SUB *
.8UB clearacreenl

LOCATE 4, 28
PRINT SPACES{20)

FOR 4% = 5 TO 15
LOCATE §i%, 1
PRINT SPACES(79)
NEXT J3%
END SUB
SUB datain
ON ERROR GOTO handler
OPEN file§ FOR INPUT AS #1

LOCATE 6, 13 PRINT "Reading data from fxla "
.LOGATE 5, 24: PRINT f;les :
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INPUT #1, title§
. INPUT #1, tint, sim.time, xuin.time, hyeto.numbers, nuit%, riomods

INPUT #1, pls, p2%, p3%, pi%, pb5%, pé%, nawmpd%

FOR i% = 1 TO hyeto.numbers .
INPUT #1, rain(i%) :
NEXT i% _

' FOR i% = 1 TO nomod$
INPUT #1, modu(i%)}.modno :
INPUT #1, moda{iv). dsmnd, modu(i%).ofl, modu (1%} .typ,
modu{i%).infmod, modu{i%}.pl . : _

SELECT CASE modu(i%).typ

CASE 1
P% = modu(is).pl
INPUT #i, overlnd(p%].man, overlnd{p%}.slo, overlnd(p%) ing
INPUT #1, overlnd(p%).wid

CASE 2
Pt = modu{i%).pl
INPUT #£1, pipe({p%).1lng, pipe(p%) dimm,pipe(p%) alo,pipa{p%}.man

CASE 3
D% = modu{i%).pl '
INPUY #1, trapchan(p%).slo, %rspchan(p$).man, trapchan{p3). lng
INPUT #1, trapchan{p%).wid, t"apchan{p%) ael, trapchan{p$).ss2,
trapchan(p%) .mdep

CRSE 4

Pt = modu({i%).pl - o _

INPUT #1, storage(p$).typ, storaga(p%).a, storage(ps}.b,
storage(ps).cl '

INPUT #1, storage{p%}.ccu, storage{p%}).cu, storage(p%}.ccs,
storame(p%).cs : .

INPUT #1, storage(pk).deépth

INPUT - #1, stordge(pi}.sl, storagae(p%).csp, storxdge{ps).=sp,
storage{p%) stlev o

CASE 5
P% = modu(i%).pl :
INPUT = #1, compchan({pt).slo, compchan{p%).lng,

compchan{p%) .nosegs, compchan(p%).nopts

FOR j% = 1 TO compchan{p$).nopta
INPUT #1, x(p%, 3%), y(p%, i%)
- NEXT 3% .

FOR j% = 1 TO compchan{p%) nosgegs
INPUT #1, segno(p%, j%, 1), segno(p%, 3%, 2}, n{p%, 1%)
NEXT 4%

CASE 6
P% = modu(is).pl : .
- IRFUT #1, aqui(pt).slo, aqu!  p%).wid, agui{p).lng,
aqui (p%}.depth _ . . o
INPUT #1, aqui(p%®).wtl '
INPUT #1, aqui(p%).sorp, aqui(p%}.pernm, agqui{p%).imc,
aqui{p%) ‘por : '

END SELECT
NEXT i% '
CLOSE #1
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~ - END SUB

SUB da:aout
ON ERROR GOTO handler
OPEN file$ FQR OUTPUT AS #1

WRITE #1, title$ -
WRITE #1, tint, sim.time, rain.time, hyeto.numbars, noits, nomod%

WRITE #1, pl%, p2%, p3%, p4%, p5%, pb%, newnods

FOR i% = 1 TO hyeto.numberk
WRITE #1, rain{is%)
NEXT i% .

FOR i% = 1 TO nowods _
WRITE #1, modu{i%).modno _
WRITE #1, modu{is) .demod, modu{i%).0fL, medu (%) . typ,
modu{i%}.infmod, modu(i%) +Pl ' :

SELEST CASE modu(i%).typ

CASE 1
p% = modu(i%).pl’
WRITE #1, overlnd(p%).man, ovarlnd(p%j slo, overlnd(p%) ing
WRITE #1, overlnd{p%).wid

CASE 2
P% = modu{i%).pl

. WRITE #1, pipe(p%).lng, pipe(p%).diam, Pipe(p%}.vlo,
pipe(p%).man - ' '
CASE 3

P% = modu(is).pl

WRITE #1, trapchan(p%). slo,trapchan(p%}.man,t apchan(:%) ing-

WRITE #1, trapchan(p%).wid, traprshan(p%).ssl,

trapchan(p%) asZ, trapchan{p%). mdep

CASE 4
P% = modu{is}.pl
o _ WRITE #1, storage(p%).typ, storage(p%).a, storage(p$).b,

storage(ps).cl " .

WRITE #1, storage{pt}.OCu, storage(p%) .cu, storage(p%).ces,
storaga (p%).cs : ) o .
WRITE #1, storage(p%).depth ' ) _
WRITE #1, storage(p%).sl, storage(p%).cox, storage(pi).sp,
storage(pi).stlev

CASE 5
Pt = modu{is) n. _ :
WRITE #1, compehan{p%).9lo, compchan{p%).lng,
compchan(p%) nosegs, compchan(pk).nopts ! '

FOR j% = 1 TO comgchan(p).nopts
: WRITE #1, x(p%, %), y(p%, 3%)
NEXT 3%

FOR j% = 1 TO compchan{p$).nosegs
WRITE #1, segnu(p%, 9%, 1), segno{p%, j%, 2Y, n{p%. 3%}
NEXT j%

CASE 6
p% = modu{i%).pl o :
. WRITE #1, aqui(p%).8lo, ~ aqui{p%).wid, agqui({p%).lng,
aqui{p%}.depth ' _ '
: WRITE #1, agqui(p%).wtl
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: S WRITE #1, aqui(p®).sorp, aqui{pt).perm, aqui(p%j.ims,
aqui{pk}.por :

. END SELECT

NEXT i%

CLOSE #1

END SUB

SUB deletamdduls
~flag.changey = 0 .
Do

COLOR 3, O
cL8
COLOR 0, 2
- LOCATE 1,. 28: PRINT " WITSKM - Dalata mode "
COLOR 3, © . .
LOCATE 4, 1
PRINT *Enter module number to be delated {0 to return)®
LOCATE 4, 49
COLOR 7, O: INPUT ™", nn%
COLOR 3, O

IF nn% = O THEN BLIT SUB
FOR n% = 1 TO nomods '
IF modu{n%).modno = nnd THEN
ChangeModType n%
moduzers n%
FOR g% = n% + 1 TO ncuaodi
SWAP modi{g® ~ 1), modu(qk)
HEXT g%
nomod% = nomod: = 1

EXIT SUB
END IP

NEXT n% *

} BP: BEEP$ PRINT : PR.NT

PRINT “Module "; nn%; " does not axiat v+ presy any key”
WHILE INKEYS = "v: WEND

LOOP UNTIL ‘lag.change$ = 1

END SUQ
SUB duplicate

clearscraan

IF flag.files = O THEN

headings = "Entér sourae filename"

file§ = gat‘ilename$(heading$} .
flag.files = ]

COLOR 3, O
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END IF

LOCATE 8, 1
FRINY "Reading file "a file$
datain

headings = "Enter destination filename"
file§ = getfilename$(heading$)

LOCATE 8, 1

PRINT "Writing to file v; file§
datasut

BND SUB
FUNCTION getfilename§ (heading§)

cleargcraenl

LOCATE 4, 1 -

PRINT headings

COLOR 7, O

LOCATE 4, 28

INP '”", filel$: COLOR 3, O
getfilename$ = UGOASES(filels)
getfilename$ = "b:¢" 4 f£ilels + ".DAT"

END PUNCTION

SUB ingertmodule
flag.changes = O
oo

COLOR 3, D

CLs

COLOR 0 2

LOCATE 1, 23. PRINT " WITSKM ~ Update mode ": COLOR 3, O
LOCATE 4, 1

PRINT "Enter module number o be updated (0 to return)®
COLOR 7, O

LOCATE &4, 50

INPUT """, nn%

COLOR 3, 0

IF nn% = 0 THEN EXIT SUB

FoR i% = 1 TO nomod%
IF modu{i%).modno = nn% THEN

£lag,changets = 0

DO '
IF flag.charge = 1 THEN
SELFCT CASE modu{ik).typ
CASE 1
pl% = pls + 1
modu(i%) pl = pl%

CABE 2 _
P24 = p2% + 1
modu{it).pl = pEw
CASE 3 _ C _
pa% = p3% + 1 .
modu (i%),pl = p3%
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CASE 4
pds = pds + 1
modu{i%).pl = pés

CASE 5 _
: p5% = pS% + 1
modu (i%).pl = pb%

" CASE & :
p6% = p6% + 1
modu{i%}.pl = p6%
END SELECT '
END IF

_ £la§.¢hange%-§ 0
change% = 0
SELECT CASE modu({ik).typ

CASE 1
nowtypes = 1
overlandinput i%, newtyped

IF newtypet <> 1 THEN
ng = l%
ChangeModType n%
modu{it).infmad = O
modu{i%).ofl = 0
wmodu{l%).typ = newtype%
newtype¥ = 1 :
flag.changek = 1
thanges = 1

END I¥F

CASE 2
newkypes = 2 .

pipéinput i%, newtypes

IP newkype% <> 2 THEN

n; m 1% 4
ChangeModType n%
modu (1%),0£1 = O
modu (1%) .typ = newtypes
newtypat = 2
flag.changes = 1

.~ changet = 1

BND IF

CASE 3
. newtypey = 3
trapinput 1%, newtype%

IF nevtype% <> 3 THEN

' n% = i% _ :
ChangelodTyps n%
modu{is).infmed = 0
modu{iky.ofl - &
modu{i%),.typ = newtyps%
-nowtypets. = 3 .
-#lag.changes% = 1

. change$ = 1

ENG IF
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CASE 4 _
i nawtype% =_4

storinput i%, newtypeh

I newtypes <> 4 THEN -
ng = is
ChangeHodTypa n%
modu{i%).infmod = Q
modu{i%).ofl = 9§
modu (1%) . £yp = newtypek
newktype$ = 4
flag.changet = 1
changa% = 1

END IF :

CASE 5
nawtypes = §

compinput 1%, newtypes

IF newtype® <> § THEN
nt = ig _
ChangeModType n%
modu(i%) .infmod = O
modu{i%).cfl = 0
modu{i%).typ » newtypet
newtype® = 5
flag.change$ = 1
change$ = 1

END IF

CASE 6
newtypes = 6

aquifinput 1%, newtype

IF newtypei <> 6 THEN
ng = i%
changeModType nk
modu(i%). infmod = 0
modu {i%).0fl =
modu (i%).Eyp = nawtypa%
fiewtypat = 6
flag.changet = 1
changet = 1

END IF

END SELECT
'LOOP UNTIL change$ = 0
EXIT SUB
END IF
‘NEXT &%
BEEP; BEEP: PRINY : PRINT
PRINT "Modulé "; nn%; " does not exist ... preas any key"
WHILE INKEY$ = “": WEND
LOOP UNTIL flag.chahge%_w 1

END SUB
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SUB readfile

clearsareen _
heading$ = "Enter data filename"
file§ = getfilename${lieading§)

datain
flag.file% = 1
LOCATE 4, 1
PRINT SPACES(79)
LOCATE 6, 1
PRINT SPACES{79)

END SUB
SUR TitleBdit _
REDIM row{l}, eol{l)

clearscreen

COLOR 0, 2
LOCATE 23, 13
PRINT promptls

COLOR 3, 0 .
LOCATE 4, 1
PRINT *Title"
COLOR 3, 4
LOCATE 6, 1
PRINT title$
COLOR 3, O

nvaluesy = 1
NBLOCKS: = 1
NCOLS% = 1
nfieldt = 79
unters = 1
Mg = 1

row{M%) =
col (M%) = 1

flag.stringts = 1

CALL Acresneditor(NBLOCKS, NCOLS%, nfield%, nvaluess, counters, fow(},
acl(), af, changed, M%, mm%, PFLAGNEXTY%, FLAGCURSOR%, FLAGCR%, flag.stringk)

£lag.strings = 0
IF flag.asc% = 1 THEN
EXIT SUB
END IPF
FLAGNEXT% = ©
FLAGCRY = O
. FLAGCURSORS = Q .
IP changa% <> 0 THEN title§ = a$
END SURB
SUR updatemodule - .
COLGR 3, O
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CLS

COLOR 0, 2

LOCATE 1, 28

PRINT "WITSKM~ Insert mode :~
COLCR 3, 0

flag.inserts = 1

inputeditor

END SUB
sus writefile'
clearscresn

IF flag.files = O THEN
COLOR 3, 0 _
heading§ = "Enter data fllenama"
file§ = getfilename§(heading$)
flag.filek = 1

END IF

LOSATE 6, 1: PRINT "Writing data to file "
LOCATE 6, R24: PRINT file§

dataout :

LOCATE 4, 1i PRINT SPACES({79)

LOCATE 6, 1: PRINT SPACES(79)

. END SUB

DECLARE SUB compzere (D5%)
DECLARE SUB aquilfinput (i%, newtype%}
DECLARE SUBR complnput (1%, newtypa%)
DECLARE $UB aquizero (p6%)
DECLARE SUB moduzero {i%)
DECLARE SUB overlndzern {(pl%)
DECLARE SUB pipezero (p2%)
DECLARE SUB trapchanzero {p3%)
DECLARE SUB storagezero {(p4%)
DECLARE SUB trapinput (i%, newtypet)
DECLARE 8UB storinput {i%; newtype%)
DECLARE SUB modulechange (ana§, i%)
DECLARE SUB pipeinput (i%, newtype%)
DECLARE SUB overlandinput (i%, newtype%)
DECLARE SUP modulenumberinfo {i%)
DECLARE SUR screeneditcr (NBLOCKY, NCOLS%, nfield%, nvaluest, counter%, row{),
col({), a$, CHANGE%, M%, mm%, FLAGNEXT%, FLAGCURSOR%, PFLAGCR%, flag.string%)
DECLARE SUB leftarrow {(M%, row!{), eall(}, counter%)
DECLARE SUB uparrow (counters, M%, row!(}, c¢oll({), NBLOCK%, NCOLS%)
LECLARE SUB rightarrow {M%, nvalues%, counter%, row!(}, gol!l(}} :
DECLA&E 8UB downarrow (countex%, NBLOCK%, M%, row!(), coll{), nvalues%,
NCOLS
DEGLAR% 8U8 clearscreen ()
TYPE modconnectivity
modno AS INTEGER
ofl AS INTEGER
typ AS INTEGER
dsmod AS INTEGER
infmod AS INTEGER
Pl AS INTEGER
END TYPE

TYPE avermod .
man AS SINGLE
slo AS SINGLE



Ing A8 SINGLE
wid AS SINGLE
END TYPE

TYPE aquimod
slo AS SINCLE
wid AS -SINGLE
lng AS SINGLE
depth AS SINGLE
wtl AS SIKGLE
. gorp AS SINGLE
perm AS SINGLE
por A8 SINGLE
imc AS SINGLE
cap AS SINGLE
volume AS SINGLE
yprev AS SINGLE

END TYPE

"TYPE piprmod
glo AS SINGLE
diam AS SINGLE
ing AS SINGLE
man AS SINGLE
gap AS SINGLE
min AS SINGLE

END TYPE

TYPE trapmod
- slo RS SINGLE
lng BS SINGLE
man AS SINGLE
wid AS SINGLE
sgl AS SINGLE
#s2 AS SINGLE
mdep AS SINGLE
cap AS SINGLE
END TiPE

TYPE stormod

: cl AS SINGLE
al AS BINGLE
a AS SINGLE
b AS SINGLE
ptlev AS SINGLE
typ AS INTEGER
cou AS STNGLE
cu AS SINGLE
ces AS SINGLE
¢3 AS SINGLE
¢sp AS SINGLE
sp AS SINGLE
depth AS SINGLE
critl AS SINGLE
-crit?2 AS SINGLE
critd AS SINGLE

prevator AS SINGLE

'END TYPE

TYPE compmod

slo AS SINGLE

lng AS SINGLE

nogegs AS INTEGER
_ nopts AS INTEGER
END TYPE
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COMMON SHARED modu() AS modeonnectivity, pipe() As pipemod, etorage() AS
stormod :

COMMON SHARED overlnd(} AS overmod, aqui() AS aquimod, trapchan() AS trapmod
COMMON SHARED gin(), qout(); unit(), con(), ovflo{}, order{), nomodk, noit%,
tint _

COMMON SHARED expo, over(), rain{}, pi

COMMON SHARED promptls, flag.file%, tcodey

COMMON SHARED title$, file$, flag.escs, pld, p2%, p3%, pi%, ps%, p6$

COMMON SHARED sim.time, rain.time, hyetc.number$%, newmods, flag. inaart%
COMMON SHaRED compcha.nt) AS compmod, X({), y(), n{}, segno() _

SUB aquifinput (1%, newtypat)
REDIM row(13), col(13)
CALL clearscreen
COLOR 0, 2

LOCATE 23, 13
. PRINT prOmptls

COLOR 3, O

LOCATE 3, 1: PRINT "Module NUIDEX .s.eerssecssssaccersanesiay 2"

COLOR 3, 4

LOCATE 3, 45: PRINT USIRG "#Af##H"; modu(i%).modno

COLOR 3, 0

LOCATE 4, 1: PRINT "Downstream module ssemssentsssanassnonasns 3V

COLCR 3, 4

LOCATE 4, 45: PRINT USING "#¥#FFf"; modu(i%) .damod

COLOR 3, O

TQCATE 5' 1I PRINT l'Modula typa .'...'.."I.Il‘..*-‘.‘..-..'. ="
IOLOR 3, 4

LOCATE 5, 45: PRINT USING *######"; modu(i%).typ
pott = modu(i%).pl '

COLOR 3, O '

IIOCATE 6' 1- ‘Q‘INT “Width Of aquifer ‘m) LECIURE R LRI R I R B N Y 3"
. COLOR 3, 4

LOCATE &, 45: PRINT USING "##'###"; aqui(pnts).wid

COLCR 3, 0 . : : . '

LOCATE 7;" 1= PRINT “Ilength Of aquifar{m) --a--onvan-.n;-ovacc ="

COLOR 3, 4

LOCATE 7, 45: PRINT USING “######"; aqui(pnti).lng

COLOR 3, 0

LQCATEGp 1: PRINT "Dﬁpth Of aqllifar {IR) ll.’.‘...t‘llll...il.o. =“

COLCOR 3, 4 . . :

LOCATE 8, 45: PRINT USING "###.##"; agqui(pnt%).depth

COLOR 3, O

LOCATE 9, l: PRINT. "Slope {(M/M) srscivnsnrnsrsrsnasanannns . L

COLCR 3, 4 .

LOCATE 9, 45: PRINT USING "##.###"; aqui(pnts).slo

COLOR 3, O

LUC-RTE 10; l= PRINT "HEight Of water table {m} |i_-‘cu-aa---o-llt :"
- COLOR 3, 4 ' : :

LOCATE 10, 45: PRINT USING "##.###"; aqui({pnt%).wtl

COLOR 3, O _ : ' _ _

LOCATE 11, 1: PRINT "Moisture content(fraction by volume) .... 3"

COLOR 3, 4 _ :

LOCATE 11, 45: PRINT USING "##.###"; aqui(pnti).ime

COLOR, 3, O : .

LOCAYTE 12; 1: PRINT “Porcsity Teene bl asnaandanvennnerusbnniadn 3T

COLOR 3, 4 . ' :

LOCATE 12, 45: PRINT USING “##.###"; aqui(pnts).por

COLOR 3, O

LOCATE 13, 1: PRINT "Suction head (m) sicvrserensonreisnassias 3"
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COLOR 3, 4 '

LOCATE 13, 45: PRINT USING “##F.F#F#"; aqui(pnt%).sorp

QOLOR 3, O©

I-OCATE 14’ 1. PRINT "Pemability {mlh} [ E R NN NN RN RN ’“
COLOR 3, 4

LOCATE 14, 45: PRINT USING " aqui(pnt%}.perm .

COLOR 3, O

LOCATE 15, 1: PRINT "Parallel module for infiltration wsseusas M
COLCR 3, 4

LOCATE 15, 45: PRINT USING "######“' modu(i%). infmod

nvaluess = 13

NBLOCKS = 1

NCOLSS = 1

nfields = 6

counters = 1 '
FOR M% = 1 T0O nvaluee%

row(ME) = 2 + M%

' col(M%) = 45 :
NEXT M$
M% = 1

flag.ends = 0
DO :
CALL screeneditor (NBLOCKS, NCOLS%, nfield%, nvalues%, countexrt, row(),
col(}), aj, CHANGES, M%, mm%, FLAGNEXT%, FLAGCURSORS, FLBGCR%, £flag.string%)

IF flag.eso% = 1 THEN
EXIT sUB
. ERD IPF

IF CHANGE% = 1 THEN

IF mm% = ] THEN modu(i%).modno = VAL(a$)
IF mm% = 2 THEN modu(i%).dsmod = VAL(a$)
IF nm$ = 3 THEN

newtype% = VAL(a$)

_BXIT SUB
END IF
IF mm% = 4 THEN aqul(pnt%).wid = VAL(a$)
IF mn% = 5 THEN aqui(pnts).lng = VAL{a§)
IF mm% = 6 THEN aqui(pnt%).depth = VAL(a$)
IF mm% = 7 THEN agui{pnt%).slo = VAL{a$)
IF mm% = 8 THEN aqui(pnt%).wtl = VAL{a§)
IF mmé = 9 THEN aqui(pnt%).imec = VAL{a$§)
IF mm% = 10 THEN aqui({pnt%).por = VAL(a$)
IF mm% = 11 THEN acqui{pnt$).sorp = VAL(a$)
IF mm% = 12 THEN agul({pnt%).perm = VAL(a$)
IF mm% = 13 THEN modu{i%).infmod = VAL(aj)

LOCRTE row(M%) + counters - 1, col({M$)

-IF mm% <= 5 OR mm% = 13 THEN
PRINT USING "##Ef##"; VAL(a$)
ELSEIF nm% = 8 OR mm$% = 6 OR mm% = 12 THEN
" PRINT USING "###.##"; VAL(a$)
ELSE :
PRINT USING "##.#4#"; VAL(a$§)
END IF-
"END IF

IF FLAGNEXTS = 1 THEN
FLAGNEXT: = 0' reset .
EXIT SUB o _

ELSEIF FLAGCURSORS% = 1 THEN
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NCOLS%) .
- BND IF
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CALL uparge-+ rountark, Ms, rowt}, cnl(), NBLOCK%, NCOLS%)
. FLAGCURSOR: = (O
ELSEIF FLAGCURSOR% = 4 THEN

FLAGCURSORS = 0
ELSEIF FLAGCR% = 0 THEN

LOOP UNTIL flag.ends = 1

END

L-14) 2]

SUB aquizero {p%}

END
SUB

END
gUB

aqui{p%).depth = 0
agqul{p%).perm = O

agqui{pb}.sorp = 0

aqui(ph}.ime =
aqui{p%).yprev
aqui(p%).slo =
aqul(p%).wid
aqui{p%).1lng
aguai(p%).wtl
agul(p%).por
aqui(pt).cap
aqul{pd).volume = 0

AR
o

CQooQooQlo

sSUB
clearscreen

COLOR 3, 0O
FOR JJ% = 2 TO 23

.~ LOCATE JJ%, 1t PRINT SPACES(79)
NEXT JJ% .

SUB

compinput {i%, newtjpe%j
REDIM row(20), col{20)
CALL clearscreen

COLOR 0, 2
LOCATE 23, 13
PRINT promptl$

COLOR 3, O

LOCATE 3, 1¢ PRINT "MoOdule NUMDEX ..essercsavmassncnsnansssee 37
COLOR 3, 4

LOCATE 3, 45: PRINT USING "#E###d"; madu{;%).modno

COLOR 3, O _
IIOCATE 4; 1. PRINT “Dmstrem module LI T B T O B B O NN RN Y =“
COT.OR 3; 4

LOCATE 4, 45: PRINT UsS1ING "EEEEAE § modu(i%}. dsmad

COLOR 3, ©

LOCATE 5 1z PRIHE "Module LYPE wavsvvanrisnrorcrsvpnasasasens T

COLOR 3, 4

LOCATE 5, 45: PRINT USING “"###2F#"; modu(it).typ
pnt% = modu(i%).pl

COLOR- 3, O LOCATY §, l: PRINT "Length of éaﬁpound channel (m) ceeiineans

CALL downarrow(counterk, NBLOCK:, M%, xow(), col()p nvalues%,

CALL downarrow(counters, NBIOCK%, M%, row(}, col{}, nvalues%,
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COLOR 3, 4: LOCATE 6, 45: PRINT USING "###f##*; compchan(pnts).lng
COLOR 3, O: LOCATE 7, l: PRINT "Bed Ellope {m;m} T T TN R I R Y

COLOR 3, 4: LOCATE 7, 45: PRINT USING "##.#&f"; compchan {pnts) .slo
COLOR 3, 0: LOCATE 8, 1: FRINT "No. of points describing chamnal ........

COLOR 3, 4: LOCATE 8, 45: PRINT USING "##.###"; compchan(pnts)}. nopts
COLOR 3, 0z LOCATE 9, l: PRINT "No.. of channel gegments .veeecnseenrannns

COLOR 3, A: LOCATE 9, 45: PRINT USING "###. ##"- compchan{pnt%}.nosags
COLOR 3, O: LOCATE 10, l: PRINT "Parallel module for overflows i...cesecaes

COLOR 3, 4:; LOCATE 10, 45- PRINT USING ######"- modu(i%) ofl

nvaluea% -8

NELOCKS = 1

"0LS% = 1

Liields = &

couaters = 1

FOR M% = 1 TO nvaluea%
row{Mg) = 2 + M%
col (M%) = 45

NEXT M%

M$ = 1

flag.ends = 0
Do '

CALL gcreeneditor (NBLOCKS, NCOLS%, nfieldk, nvalues%, counterk, row(),
~eol(), a$, CHANGE%, M%, mm%, PLAGNEXTS, FLAGCURSOR%, FLAGCR%, fla.stringk)

IF flag.esc$ = 1 THEN

EXIT SUEB
END IF
IF CHANGES% = 1 THEN - _
IF mm$ = 1 THEN modu{is).modno = VAL(a$)
IF my% = 2 THEN modu{is).demod = VAL{a§)
IF mm% = 3 THEN
newtype$ = VAL{a§)
EXIT EUB
END IPF
IF mm% = 4 THEN compchan{pnt$).lng = VAL{a$§)
IF mm& = 5 THEN compchan{pnti}.slo = VAL(as)
IF mm% = 6 THEN compchan(pnt$).nopta = VAL(a$)
- IF mm% = 7 THEN compchan(pnt$}.nosegs = VAL{aS)
IF mm$ = 8 THEN modu{i%].ofl = YRL{a§}
COLOR 7, 1

LOCATE row(M%)} + counter$ = 1, col{Ms)

IF mm% = 5 THEN
PRINT USING "##.###"; VAL(a$)
ELSEIF wm% = 4 THEN
PRINT USING "“###.##"; VAL{a$)
ELSE
PRINT USING "######"; vnn(as)
END 13

END IF

IF FLAGNEXTS = 1 THEN :
PLAGNEXTS = Q' raset .
GOTO screenl - _ :

 ELSEIF FPLAGCURSORS = 1 THEN
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CALL uparrcw(counter%, M%, row(), cnl(}, NBLOCK%, NCOLS%)
FLAGCURSOKS = 0

ELSEIF FLAGCURSOR% = 4 THEN S _

CALL downarrow({counteérs, -NBLOCKS, M%, row{}, col{), nvaluess,

NCOLSS}) -
: FLAGCUREOR% =
ELSBIF FLAGCRE: = THEN . : )
CALL downarrow{counters, NBLOCK%, M%, row{), eol(), nvaluess,
NCOLS%) :
' END IF

LOOP UNTIL flag.ends = 1
screésnls CALL clearsoraen

COLOR 3,

LOCATE 3, 1 PRINT nEnter points dascribing channel section "
LOCATE 5, 10

PRINT *X coordinata (m)™

LOCATE 5, 30

PRINT "y coordinate {(m)*

COLOR G, 2
LOCATE 23, 13
PRINT promptls

- COLOR 3, 4
count: = 1
adds = 1
add2s = 1

FOR M% = 1 TO 2 * compchan{pnts).nopts

IF count% = M% THEN
row{Ma} = 6 + adds |
col (M%) =
count® = count% + 2
LOCATE row(i%), col (M%)
PRINT USING "####.#7; x{pnt%, adds)
adds = add% + 1
ELSE
row(My) = 6 + add2s
col(Ms) = 34 i
LOCATE row{M%), col (M%)
" PRINT UBING ~####F.#"; y(pnt%, add2s)
add2% = add2% + 1
END IF

NEXT M%

nvaluess = 2 * compchan({pnt%).nopts
NBLOCKS = 1

NCOLS%: = 2

nfields = 6

counters = 1

M = 1

flag.ends = O
D0

CALL screaeneditor (NSBLOCKSY, NCOLSS, nfield%} nvalheé%, countears, row(),
col()}, as, CHANGES, M%, mm%, ELBGNEXT%, FLAGCURSOR%, FLAGCR%, flag. string%)

IF flag.esc% = 1 THEN
EXIT SUB
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END IF
IF CHANGES = 1 THEN

counts% = 1
adas = 1
-add2% = 1

FOR k3 = 1 TO 2 * cempchan{pnt$).nopts

IF counts = k% THEN
IF M% = k% THEN
x(pnt%, adds) = VBL(as}
BLSE
- add% = adds + 1
count$ = countds + 2
BND IP
ELSE S
IF M$ = k% THEN
y{pnt%, add2%) = VAL{a$)
ELSE :
addls = add2% + 1
END IF
END IF

NEXT k%
END IF

COLGR 7, 1
LOCATE row(M%) + counters -~ 1, col(M%)

PRINT USING "###.#?“; th(a§3

IP FLAGIEXT: = 1 THEN
FLAGNEXTS = Q' rasat
GOTO scraen?
ELSEIF FL&GCUI-ISOZR% = 1 THEN
CRLL uparrow{counter%, M%, row(), col{)r NBLDQE&, NCOLS%}
FLAGCURSOR: = 0
ELSEIF FLAGY RSOR% = 2 THEN
CRLL lelturrow(ls, row(), col(}, counter%)
FLAGCURS. RS = O
ELSEIF FLAGCUHRSOR% = 3 THEN
CALL /dghtarrow({M%, nvalues%, counter$, row(), col())
FLAGOURSOR% = Q
ELSEIF FLAGCURSORS = 4 THEN :
_ CALL downarrow(counters, NBLOCRY, M%, row(), col(), nvalues%,
NCOLS%) - )
FLAGCURSCRS® = O
END IF

LOOP UNTIL flag.ends = 1
screen?: CALL clearscreen _
LOCATE 3, 1: PRINT "Enter point numbers for channel segments 3"

LOCATE 5, 1

PRINT "Segment no."

LOCATE 5, 14

PRINT "Left point”

LOCATE 5, 26

PRINT "Right point” : -
LOCATE 5, 38 :
PRINT "Roughneasa (n}“
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COLOR 0, 2
LOCATE 23, 13
PRINT promptls$

COLOR 3, O .
FOR k% = 1 TO compchan{pnt%).nosegs
LOCATE 7 + k% = 1, §
PRINT USING "###"; k%
NEXT k% -

count = 1
‘countly = 2
adds = 1
addlg = 1
cadd2s = 1

COLOR 3, 4
FOR M% = 1 %0 3 * compchan(pni%).nosega

IF count$ = M% THEN
row(Ms) = 6 + adds
- col{M%) = 16
count$ = counts + 3
LOCATE row(M%), col(M%) _
PRINT USING "#F#####"; segno(pnti, adds, 1)
adds = adds + 1
ELSEIF countls = M% THEN
row(Ms) = 6 + addls
col (M%) = 28
LOCATE rowtm%;, col (M%) _ _
PRINT USING “"######"; gdegno(pnts, addis, 2)
addl% = addl% + L o :
countly% = oountly + 3
ELSE _
row(My) = 6 + add2w
col (M%) = 40
LOCATE row(M%}, col{M%)
PRINT USING “##.###": n(pnt%s, add2y)
add2% = add2% + 1
™o IF

NEXT M%

nvaluest = 3 * compchan{pnts).nosegs
NBLOCKS = 1 i
MCoLS: = 3

nflelds = 6

counters = 1

M3 = 1

flag.ends = O

Do

CALL acgreeneditor (NBLOCKS, NUOLS%, nfiald%, nvaluess$, couvkerk, xow(),
col(}, a§, CHANGES, M%, mm%, FLAGNEXTS, FLAGCUHSOR%, FLAGCR%, flag.strings)

IF flag.eack = 1 THEN
EXIT 5UB
END IF

IF CHANGER® = 1 THEN
counts = 1 _
countls = 2 - .

Cadds = 3
addls = 1
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add2% = 1

COIOR 7, 1
LOCATE xow(M%) + countert = 1, ccl(M%}

FOR k% = 1 TO 3 * compchan(pnts).nosegs

IF ocounts = k% THEN
T eon ](ﬁ EgEumd% 1) = VAL({a$)
Begno pﬂ r ’ } = a.
PRINT USING "####éd") vm:.(as;
ELSE
adds = adds + 1 -
countd = count% + 3
END 1¥
BLSELF countly = k& THEN
IF M% = k% THEN
~ segno(pnt%, addls, 2) = VAL{a$)
PRINT USING "#fffddv; VAL{aS)
BLSE
addls = addls + 1
countl% = countlis + 3
ERD IR
ELSE
IF M% = ki THEN
n{pnts, add2y) = VBL{asj
PRINT USING "##.###"; VAL(a5)
ELSE
add2% = add2s + 1
END 1P
END IF

NEXT k%
END IF

IF FLAGNBXTE = 1 THEN
PLAGNEXT® = 0' resst
EXIT SUB
ELSBIF PLAGCURSOR% = 1 THEN
CALL uparrow(counters, My, row! , col(), NBLOCKS, NCOLS%)
FLAGQURSORS = 0
BLSEIF FLAGCURSORS® = 2 THEN
CALL leftarvow(M%, row(), col(), countersy)
FLAGCURSOR%: = O
BELSEIF FLAGCURSORS = 3 THEN
CALL rilghtarrow({M%, nvaluas$, counters, row(), col{))
FLAGCURSOR® = O
ELSEIF PLAGCURSORY = 4 THEN _ :
CALL downarrow(counters, NBLOCK%, M%, row(), cal(), nvalues$,

NCoLsy)
FLAGCURSORY = 0
END IF .

LOOP UNTIL £lag.ends = 1

END SUB
8UB compzexo {p%)

FOR §% = 1 1O compahan(p%).nopts
pr:: ggl = g : o
Y =

ez ga O
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- FOR j% = 1 TO ocmpchan(p%).nosegs
gegno(p%, J%, 1) =
segno(p%, j%, 2) = D
~ n{p%, j%) =0
NEXT 3%

compehan{p%).slo = O
compchan{p%).lng = O .
compchan(p%).nosega = 0
compchan(ps}.nopts = 0

END SUB
suB e:wnarrow (countert, NBLOCK%, M%, ruw(}- col(), nvaluess; NCOLSS)

counters = oounter$ + 1
IF counters > NBLOCKS% THEN .
M.IEMPY = M%: M% = M% + NCOLS%
countexr® = 1 ' ra-set gounter
I¥ M% > nvaelues$ THEN
"M% = M,TEMP%:1 counters = WBLOCK%
LOUATE row{M%) + NBLOCKY% = 1, col{M%): COLOR 7, O

ELSE . _
LOCATE row({My), col(n%): COLOR 7, O

END IF

ELSE
LOCATE row(M%) + countery - 1, cal(H%)
COLOR ™, O

END IF s

END sUB

SUB inputeditor

IF flag.inserts = 1 THEN
- 1% o nomods + 1

ELSE

s =1

END IF

flag.outs = 0
no
CALL modulenumberinfo(i%)

IF modu(i%).modny = O 'THEN
" nomods = 1% = 1

BEXIT DO
END IP

Bo
typachanges = 0

EELECT CASE modu{i%).typ
CASE 1

pl% o p.].% + 1

modu{is).pl = pl%

IF modu{ih}.infmod = O THEN
p6% = p6% + 1
i = i% + }
newmod$ = newmod$ + 1
modu{i%}).modno = newnods
modu(i% ~ 1}.infmod = newwody
modu(is).Ltyp =
modu(i%).pl = p6%
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" modu{is).dsmod = O
aqni(pﬁ%}.depth = 995}
newtypes = 1
anL ovexlandinput(i% - 1, newtype%)

IF newtypet <> 1 THEN
CALL aquizerc(p6%)
p6% = p6%s —~ 1
CALL moduzerc{i%)
is = i% ~ 1 '
CALL overlndze:a(pl%)
pl% thlt ; 1 L

ec = :
mggu(i%?g:yp = newtype%
newtypey = 1 :

END IF

ELSE
newtype% e ] '
CALL overlandinput(i%, new+ype%)

IP newtype$ <> 1 THEN
. CALL overlndzerce{ply)
Pl = pls -~ 1
typechangek = 1
modu (i%).typ = newhkyped
newtypes = 1

ERD IF

END IF

CASE 2 _
pa% = p2% + 1
modu(i%).pl = pi%
newtype%
CALYL pipeinput{i%, newtype%)

IF newtypa% <> 2 THEN
CALYL pipezero{pa%)
p2% = p2% = 1
modu{i%}. typ nawtypeh
nawtypay =
typschange& a

BND IP

CASE 3 S

p3% = pa% + 1
modu({is).pl = p3%

newtypet = 3

CALL tzapinput({i%, newtypet)

IF newkype% <> 3 THEN
CALL trapchanzera{p3%)
P3% = p3% - 1 _
mudu(i%j.typ = powbypek
newtypes =
typechange% =1

END IF

CASE 4 .

pé% = pd% + 1 - .

modu(is).pl = p4%

storage(pd%).typ = 1

newtypet = 4 -

. QALL storinput{i%, newbypek)

IF newtyped <> 4 THEN
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CALL storagezero{pdk)
pds = péd% = 1 '
modu{is).typ = newtypet
newtypet = 4
typechanges = 1

END IF

CASE 5 o

pEs = pS% + 1

modu{i%).pl = pS%

newtypes = 5

CALL compinput(i%, newtypet)

IF nawtype% <> 5 THEN

. CALL compzero(pS%)
p5% = pb% ~ 1
modu{i%).typ = newtypes
newtypet = B
typachanget = 1

END IF :

CASE 6
p6% = p6% + 1
modu{i%).pl = p&% _
newtypes = 6 . . .
CALL aguifinput{i%, newtype%)

IF newtype% <> & THEN
CALL aqulzero(pb%)
pé% = pb% ~ 1 '
wmodu{is).typ = newtyped
newtype% = 6
typechanges = 1

END IF .

END SELECT
LOOP WHILE typechanges = 1

IFP flag.esck = 1 THEN
flag.escs = 0
nomodys = 1% = 1
~ EXIT SUB
END IP
IF flag.inserts = 1 THEN
nomodd = 1%
flag.outs = 1
ELSE
: it = 1% + 1
END 3P
LOOP UNTIL flag.outs = 1
END SUB
SUB leftarrow (M%, row(), <ol{), counters) -
MY m MY - 1 .
TP M% < & THEN By = 1
LOCATE Louw({M%) * counteri - 1, ¢ol(M%): COLOR 7, O
END SUB o

suB médulechange {(ane§, i%)
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COLOR 3, 0

POR kk% = 6 TO 20
LOCBTE kk%, 1
PRINT svacz$(79);

NEXT kk%

IF modu(i%).typ = 4 THEN
pnt% = modu(ls).pl N
IF ane$ = "Y¥es"™ OR ans§ = "yes" THEN
- storagelpnt%).typ = 1
ELSE o :
storage(pnt%).typ = ¢
.EKD IF
END IF

END SUB

SﬁB'quulenumbarinfo {1%)

newnum: CALL clearacresn

IF i% > 1 THEN .
IP modu{i% - 1).modno >= 900 THEN
COLOR 3, 4
LOCATE 2, 1
_ PRINT USING "&###"; "Previous modula ™ "; piodu (1% - 2).modno
ELSE _
COLOR 3, 4
LOCATE 2, 1
PRINT USING "&i##"; “Previous module = ": modu(i% = l).modne
END IP _
END IF

GOLORFJ' o LOCPLTE4; 13 PRINT "Module number SvssanMsV AN NG sA AT AR NPT R
LOCAIE 4, 45: PRINT SPACES(10)

COLOR 7, 01 LOCATE 4, 45

IHERe ", temp

IF temp = 0 THEN
EXIT SuB
ELSE.
FOR 2vi = 1 TO i%
IF modu(zvi).modne = Lemp THEN :
BERP: BEEP: PRINT : PRINT : PRINT "Mndule number "; tempy "

has already been used ... press any key"

WHILE INKEYS = "¥:; WEND
- GOTO nawnum
END IF
NEXT zvs
médu{i%) .modno = temp
END IF
LOCATE 2, 13 PRINT SPACES(30}

GOLOR3 0
LOCATE 5, 1: PRINT “Downst "oam MOdULE® ..evsrassrssecnnraonnen N

"COLOR 7, O

LOCATE 5, 45: INDUT v, modu{i%) dsmod
QQLOR 3' 0= LQCBTE 7; 18 PRINT “Type cf I'I.'I.Odula l.l.lg.l.li‘.l‘..‘ill..Qlli-

LOCATE 8, 3: PRINT "1 = overland flew planer
LOCATE .9, 34 PRINT "2 = circular pipe" -
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LOCATE 10, 3: PRINT "3
LOCATE 11, 3: PRINT "4
LOCATE 12, 33 PRINT "5
'LOCATE 13, 3t PRINT "6

COoLor 7, ©

LOCATE 7, 45

INPUT "", modu(i%).typ

gtorage basin™

0w

aquifer™

SELECT CASE modu(i%).typ

END
sUB

cASE 1
COLOR 3, .0

LOCATE 14, 1: PRINT "Parallel module £or infiltration ........

COLOR 7, O
LOCATE 14, 48
INeur "™, modu(i%}.;nfmod

CASE 2, 3, 5
 COLOR 3, O _
LOCATE 14, 1

PRINT "Parallel module for overflows seraseraens

COLOR 7, O

LOCATE 14, 45

INPUT "", modu(i%). ofl
END SELECT
SUB
moduzero {p%)

modu(p%).modna =.O

" modu{p%).ofl -

END
sUB

modu{p%) . damcd =0
modu({pt}.lufmod = O
modu{p%).pl = O
SUB

overlandinput (1%, newtype%)

. REDIM row(1l), col{il)

CALL clearacresn
COLOR 0, 2
LOCATE 23, 13
PRINT promptl$

COLOR 3, ©

IIOCATE 3; 13 PRINT “Module number i..ll.ll.l‘.lp.!.lt..-..lnl.l

COLOR 3, 4

trapezoidai ¢harnnel®

compound channel”™

LOCATE 3, 45: PRINT USING "######"; modu(is).modno

COLOR 3, O

LOCATE 4; 1: PRINT ”Downstream modula UrraRBEEA A A RN TR a RN

COLOR 3, 4

LOCATE 4, 45: PRINT USING "###f##"; modu(is).demod

COLOR 3, ©

LOCATE 5; 1: PRINT "Module type ks emsrdshsradevananinErevEta

COLOR 3, 4

LOCATE 5, 45: PRINT USING "##d#ddn;. modia (i), typ _

pnt% = modu({i%).pl .

COLOR 3, O:; LOCATE 6, 1

PRINT “Widt} Of Oa.‘l:Chment (m) LEN KR EENNFNNEENWTENNN)
COLOR 3, 4: LOCAIE 6, 45

Ll
:
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PRINT USING "##£#AFE": overlnd{pnts).wid

COLOR 3, 0: LOCATE 7, 1

PRINT "Length of catchment(m) ecscsiscviosrrasas 17
COLOR 3, 4: LOCATE 7, 45

DRINT USING w######"' overlud(pnt%) lng

COLOR 3, 0: LOCATE 8, 1

PRINT "Manning n of catchment assavivemvenvrenns I
COLCR 3, 4: LOCATE 8, 45 _

PRINT USING *#.####"; 0verlnd(pnt%}.man

COLOR 3, 0: LOCATE 5, 1 '
PRINT ”Slopﬂ of catchment {m;m) P I I PR L
COLOR 3, 4: LOCATE 9, 45

PRINT USING *#.####"; overlnd(pnt%}.slo

o modu(i%) infmod >= 2900 TBEN

pntlx = modu(i% + 1).p1
COLOR 3, 0: LOCATE 10, 1
PRINT ”Pemeability (mfh) ..l.lll..‘ll.l_..l'-‘. :“
COLOR 3, 4r LOCATE 10, 45

PRINT UJING "“####.#v; aqui{pnti%) pern

COoLOR 3, O: LOCATE 11, 1

PRINT "Suctlon heﬁd (m) sesamanesnmunasroavasnens 57
COLOR 3, 4: LOCATE 11, 45

PRINT USING "##.F##"; aqﬂi(pntl%).sorp

COLOR 3, 0: LOCATE 12, 1

PRINT "Moisture content (Fraction by volume) ... "
COLOR 3; #4: LOCATE 12, 45

PRINT-USING Kl il aqui(pntl%) imo

COLOR 3, 0: LOCATE 13, 1

PRINT "PO:OS.‘H‘.Y LA E R TR ENENEE B restnadareTNABIRT YN H

COLOR 3, 4: LOCATE 13, 45 ' o o

PRINT USING "##.###7; aqui(pntl%) por
nvaluask = 11

ELSE

COLOR 3, O: LOC:TE 10, 1

PRINT "Parallel module for infiltration .v..se.. 3"
COLOR 3, 4: LOCATE 10, 45

PRINT USING “######v; modu(i%) infmod

nvalueas = 8§

END IF

NBLOCK: = 1
NCOLS% = 1
nfields = &

counterts = 1

FOR M% = 1 TO nvaluesk
row({Mi) = 2 + %
col (M%) = 48

NEXT M%

CM% =1

flag.outs = 0
ale]
caLI.sureeneditor(NBLocxx, NCOLS%, nfieldy, nvaluea%, counters, row(),

cal{}, a$, CHBNGE%, M%, mm%, FLAGNEXTS, FLhGCURSOR%, FLAGCR%, flag.stringt)

IF flag.esct = 1 THEN
BXIT SUB . _
END IF T

IF CHANGER = 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 oma = 3 THEN _

newtypes = VAL(a$§)

EXIT SUB
END IF .
IF wm% = 4 THEN overlnd(pnt%).wid = VAL{a$)
IF mm% = 5 THEN overlnd(pnt%).lng = VAL{a$)
IF mm% = § THEN overlnd({pnt%).man = VAL(a$)
IF mmk = 7 THEN overlnd{pntt).sale = VAL(a$)

" I¥ modu{i%).infmod >= 900 THEN

IF mm% = 8 THEN aqui({phtl%).perm = VAL{a$)

IF mmd = 9 THEN aqui(pntl%}.sorp = VAL{a$)

IF mm% = 10 THEN aqui{pntl%).ime = VAL(a$)
IF mm% = 11 THEN aqul({pntls).por = VAL(a$)
ELSE

I° mms = 8 THEN modu(i%).infmod = VAL(a$)
END IF

COLOR 7, 1t LOCATE row(M%) + counters ~ 1, col(i%)

IF mmd = 6 OR mm% = 7 OR nmm% >= 9 THEN
PRINT USING “#.####"; VAL(a$)

ELSEIF mm% = 8 THEN
PRINT USING "###£.#4#"; VAL{a$)

ELSE
PRINT USING "######"; VAL(a§)

END IF

END 1F

IF FLAGNEXT% = 1 THEN
FLAGNEXTS = 0' raset
COLOR 3, O
EXIT SUR _
ELSEIF FLAGCURSORS =~ 1 THEN
CALL uparrow({counters, M%, row(), col{), NBLOGK%, NCOLS%)
FLAGCURSORS = 0O
ELSRIF FLAGCURSORS = 4 THEN
. CALL downarrow({counter$, NBLOCKS, 4%, row{), col(), nvaluesh,
NCOLS%) '
FLAGCUREOR%: = 0
ELSEIF FLAGCRY = 0 THEN . _
CALL downarrow{countar%, NBLOCK%, M%, =row(}, <ol(},
nvaluest, NCOLSY) ' '
END IF

LOOP UNTIL flag.out% = 1

END SUB

SUB overlndzero {pt)
overlnd (p%).man
overlid(p%)elo

overlnd(p%).lng
overlnd{pk) .wid

=Y ~RaNaly

END SUB
SUB pipelnput (i%, newtypek)
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nzn:ﬁ row(ll)}, col(ll)
CALL clgaraereén
COLOR 0, 2

LOCATE 23, 13 .
PRINT promptl$

COLOR 3, O :

mﬂ 3' 1‘ PPJ“T "Hodula numbar SA U e ba dAdsndd RN EEhdu . :“
COLCR 3, 4

LOCATE 3, 45: PRINT USING “######"; modu{i%).modno

COLOR 3, O

LOCATE 4, 1 FRINT "Downstream module .......................'s"
COLOR 3, 4 ‘
LOCATE 4, 45: PRINT USING "######"; modu(it). dsmod

COLOR 3, O :
I-OCBTE 5; 1‘ ?RINT "Mod“le type A B e s s dAa s anrsduRnEURENAU Y =“_
COLOR 3, 4

LOCATE 5, 4S5t PRINT USING nEFREFHRY modu(i%) ~typ
pnt% e modu{i%).pl
mma, °= m@m 6' 1= PRINTI'PiPe length {m] I..I.Ii.....'.ll‘.ﬂ'..l._‘.

COLOR 3, 41 LOGATE 6, 45: PRINT USING "######"; pipe(pnt%).lng
comna' 0: mchE 7' 1= PRINT “slopa {m/m) ....I"........'.‘l.'..".....

COLOR 3, 4: LOCATE 7, 45: PRINT USING “##.###"; pipe(pnt%).slo
COLOR 3[ O‘ LOGATE 8' l‘ PRINT "Rﬂughness Il sonvnssntsswosnusnnvenssosvanans

COLOR 3, 4: LOCATE 8, 45: PRINT USING "#&.###"; pipe{pnt%).man
COLOR 3, O: LOCATE 9, 1: PRINT "Pipe diameter (M) «.sscseascsnvessannvsns

COLOR 3, 4: LOCATE 9, 45: PRINT USING "###.##"; pipe(pnts).diam
COLOR 3, 0: LOCATE 10, 1: PRINT "Paral}el podule for overflows .eescenases

COLOR 3, 4: LOCATE 10, 45: DRINT USING "######"; modu(i%).ofl

nvalussg = 8

NBLOCKS = 1

NCOLS% = 1

nfields = €

counters = 1 _ _

FOR M% = 1 TO nvaluesh _ )
row{M%) = 2 + M% '
Ccol{M%) = 45

NEXT M%

M = ]

£lag.ends =

Do
CALY screeneditor {NBLOCK:, NCOLSS, nfield%, nvalues%, counters, row(),
col(), a$, CHANGEY, M¥, mn%, FLAGNEXTS, FLAGCURSORY, FLAGCR%, flag.stringk)

IF flag.asc% - 1 THEN
. BXIT 5UB,
END IF

IF CHANGES = 1 THEN
IF mm% = 1 THEN modu{i%).modno = VAIL(a$§)
IF mot = 2 THEN modu{i%).dsmod = VAL(a$)
_IF amy = 3 THEN
newtypes = VAL{a§)
BXIT SUB-
END IP



NCOLS%)

END SUB
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4 THEN pipe(pnts).lng = VAL(a$)

IF mm$ =

IF mm$ = S THEN pipe(pnt%).slo = VAL(as)
IF mmt = 6 THEN pipe(pnt$).man = VAL(a$) -
IF mm% = 7 THEN pipe{pnt%).diam = VAL{af)
I¥ mm% = 8 THEN modu(i%).ofl = VAL(a$)
COLOR 7, 1

LOCATE row(Ms) + counter% - 1, col(ﬂ%)

IF pm% = 5 OR mm% = 6 THEN -
PRINT USING "##.#F#"; VAL(a$)
BLSEIF mm% = 7 THEN
PRINT USING "###.##"; VAL(a$)
ELSE
PRINT stnc "######"; an(as)
' END IF
END IF

IF FLAGNEXTS = 1 THEN
FLAGHEXT% = Q' reset
- . BXIT 8UB .
ELSEIF FLAGCURSORS = 1 THEN
CALL uparrow{counters, M%, row(), col(), NBLOCK%, NCOLS%)
FLAGCURSOR% = 0
ELSEiF FLAGCURSOR% = 4 THEN

" FLAGCURSOR% = 0
ELSE1F FLAGCRY = O THEN

SBLL_ downarrow{counters, NBLOCKS, M%, row()}, col(), nvaluess,
NCOLS% )

END IF¥ _
LOGP UNTIL £lag.out$ = 1

8UB pipezerc (p%)

pipe{p%).slo = 0
pipe{p%}.diam = 0

plpe{ps}.lng = 0
plpe(p%).man = 0
pipa{p%).cap = 0
ripe(p%).min = 0

END SUB
SUB raininput

REM $DYNRAMIC
"REDIM rain.temp(l00), row{l00), col{100)
clearscreen

COLOR 3, O

LS

COLOR O, 2 °

LOCATE 1, 28: PRINT * WITSEM - Rain entry mode “: COLOR 3, O

COLOR 0, 2
LOCATE 23, 13
PRINT promptl$ - : .

COLOR 3, O

CALIL, downarrow(counters, NBLOCKS, M$, row(), col(j, nvalues%,
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LOCATE 6; 1
VRINT * Bainfall Intenaities in mm/hr "

hyeto, numbgr.prev% hyeto.numbers .
hysto.nunbhers = CINT(vain.time / tint)
ratle = (hyeto.numbex% / hyeto numbier . prev%)

FOR i% = 1 TO hyeto.number.prev$
rain.temp{i%) = rain(i%)
: rain(is}) = 0!}
NEXT is%

IF ratio »= 1 THEN
k=1
FOR i% = 1 TO hyeto. numbor pravi
1 = i%s * ratio.
FOR % = k- TO 1.
rain(j%) & rain. temp{i%}
- MEXT J%
k=1+1
NEXT i%

ELSE
i% = 0
FOR i% = {1 / ratioc) TO hyeto.number.pravs STEP {1 / ratioc)
% = j% + 1 .
rain(j%) = rain.temp(i%)
NEXT is -
END IF
COLOR 3, 4
FOR it = 1 TO hyeto.numberk
'IF i$ » 10 THEN
col(l%) = ({i% * 8) - 7) - 80 * INT((i%t — 1) / 10}
ELSE
col{i%) = (i% * B) - 7
END IF
. row(i%) = 10 + INT((i% -~ 1) / 10) = 1

LOCATE xow(i%), col{i%)
PRINT USING “####.#"; rain{i%)

NEXT i%
ERASE rain.temp s
COLOR 3, 0 '

nvaluest = hyeta.number%
NBLCCK® = 1

HCOLS% .= 10

nfiald: = 6

counters = 1 .

H = 1

flag.ends = 0 . .
CALL sgcreeneditor (NBLOCKY, NCOLS%, nfleld:, nvaluess, counter%, row(),
¢ol(), a§, CHANGES, M%, wm%, Enasuzxms, FLAGCURSORY, FLRGCRY, flag.strings)
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IrF flag.esc% = 1 THEN
RASE row, col
BXIT SUB
END IF
IF CHANGE% = 1 THEN
rain{mmt) = VAL(a§)
LOCATE row{M%) + countert® = 1, col(M%)
COLOR 7, 1
PRINT USING "#34#£. #1; vaz(as)
END IPF

IP FLAGNEXT% = 1 THEN
FLAGNEXTS = 0' reset
ERASE row, col
EXIT SUB

BEND IF

IF FLAGCURSOR% = 1 THEN
uparrow counters,; Ms, raw(), col{), NBLocx%, NCOLS%
. FLAGCURSORY » O _ _

END‘IF '

* IF PLAGCURSCORY = Z THEN

leftarrow M%, row(), col(): counters
FLAGCURSOR% = O

END IF

- IF FLAGCURSOR: = 3 THEN
rightarvow M%, nvaluea%, cnunter%, row’
FLAGCURSOR = O

END IF

IF FLAGCURSORY = 4 THEN
downarrow counters, NBLOCK%, M%, row(}, col(}, i O )
ELBGCURSOR% =0

END IF

LOOP UNTIL flag.ends = )

END SUB’

REM SSTATIC
SUB rightarrow (M%, uvalues%, counterk, row(), col{))

=M% + 1
IF M% > nvaluas$ THEN M% = nvaluest.
LOCATE row{M%)} -+ counterd — 1, col(M%): COLOR 7, ©

END SUB

'SUB mcreenaditor (NBﬁDCK%,_NCDLS%,_nfLeld%, nvaluass, counters, row(), cal(),
a$, CHANGES, M%, rm%, FLAGNEXT%, FLAGCURSOI.%, FLAGCRS, flag.stringk)

PLAGCR% = 1'set flag

as m nmw

bs - W

LOCATE , . 1, g, 7

LOCATE row(M%) + counters - 1, col{M%)

WHILE FLAGCR%
mn% = M%
CHRNGE: = O
7320 ag = INKEY$: IF a§ = “" THEN 7120

SELECT CASE a$
CASE CHR$(27)
flag.esc% = 1
FLAGCRS = 0
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GOTO 7410' escape
CASE CHR$(32)
FLAGNEXTS = 1
FLAGCRS: = 0
~ GOTO 7410
CASE_CHRS (13)
FLAGCRS = 0
GOTO 7410
END SELECT
IF LEN(a$) > 1 THEN
arrowkey = ASC(MID$(a$, 2, 1))
SELECT CASE arrowkey
CASE 72, 91
CALL upa:row(countar%, M%, row(), ccl()- NBLOCK%, NCOLS%)
GO&O 7410
CASE 75, 88
CALL leftarrow{Ms, row(}, eol{), counterk)
GOTO 7410
CASE 90, 77
CALL rightarrow(M%, nvaluesn%, countexrh, row{), zal(}))
GOTO 7410

CASH 80, 89 '
CALYL downarrow({counter%, NBLOCK%, M%, row(), col(),

GOTO 7410
END SBLECT

nvaluess, NCOLSS)

ELSE

7210 COLOR 7, O: LOCATE row(M%) + dounters - 1, col{M%)
: PRINT SPACES(nfield%)' alpe pclear west of field
LOCATE row(M$) + countery = 1, col{Ms) :
PRINT a$;
ichars = 1
CHANGES = 1

WHILE FLAGCRA
7260 . b$ = INKEYS$: IF b§ = "" THEN 7260

IF b$ = CHR$ (27} THEN
flag.ascs = ]
FLAGCR%: = 0
doTo 7410

END IF

IF flag.string¥ = [ THEN
IP b§ = CHR$(32) THEN
FLAGNEXTS® = 1
FLAGCRS = O
GQTO 7410
- END IF
END IR

IF BY = cHn$(13} THEN
FLAGCRS =
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GUTO 7400

END IF
IF LEN(bS)

> 1 THEN

arzowkey = ASC(MID§{b§, 2, 1))
SELECT CASE arrowkey .

CASE 72, 891
FLAGCURSORY = 1
.FLAGCRY = Q
GOTO 7400
CHASE 75, 88
FLAGCURSORS = 2
FIAGCRE = O
GOTO 7400
ChSE 90, 77 :
FLAGCURSORS = 3
PLAGCRY = O
GHTO 7400
CASE B0, 89
PLAGCURSORY = 4
FLAGCRS = O
GOTO 7400
END SELECT
BLSE
IF b§ = CHR§{8) THEN
a$ = af: aj = """
ichag% = ichar% ~ 1
a$ = MIDS(e$, 1, LEN(e$) - 1)
LOCATE row(M%) -+ eountery - 1,
PRINT SPACES(nfiolds)
LOCATE row{M%) + counters - 1,
_ PRINT a$§;
- BLSE _
ag = a$ + bs _
jchars = ichars + 1
IF ichais > nfield$ THEN
a$ = MIDS(a$, 1, nfields)
BEEP: GOTO 7260
END IF
N LOCATE row(Ms) + cuunter% - 1,
COLOR 7, O
PRINT b§
ggCATE row{M%) + counters - "
ENb IF |
END IF
7400 WEND
_ END, IF
7410 WEND
. LOCATE , , O
END SUB

SUB storagezery {p%)

storage(pt}.cl = 0

GOl {M3)
col (M%)

gol{My) + ilchax® -

col (M%) + ichars
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storage(ps).sl = 0
gtorage(ps).a = 0
storage(pt).b = O
storage(ph).stlev = 0
atorage(pk).typ = 1 .
storage(pk).cou = 0 . _— .
storage(pt).ca = §
storage{ps}).ccs = 0
storage(pk}.cs = 0
storagae{pt).c¢sp = 0
storage(p%).ep = O
gtorage(pk).depth = 0
storage(p%l.critl = 0
etorage (pk).oritd = 0
gtorage(ps).oxitd = ¢
storage(ps).prevator = 0

END SUB
SUB storinput (1%, newbtypes)
REDIK row{l17), col{l7)
start: CALL clearscreen
COLOR 0, 2
LOCATE 23, 13
PRINT promptls

COLOR 3, O

I‘ochE 3' 1. PRINT “MOdula number ..l‘li'l‘!'ﬂ..!t‘i‘l‘ltl!l’l =“_
COTOR 3, 4

LOCATE 3, 45: PRINT DSING "######'- modu (i%}) .modno

COLOR 2, O

LmTqu 1: PRINT “Dmstr@aﬂ.’l m@dule ....II‘.Q!.III'.Q._I....'IO =“
COLOR 3, 4

LOCATE 4, 45: PRINT USING "######"; modu{i%) dsmod

COLOR 3, O

LOCATE 5'1: PRINT “Modula type .l.lIl..II...‘.II..I....I..‘. =“
COLOR 3, 4

LOCATE 5‘_lr 45: PRINT USING "######") modu(is).typ
pntd = modu{i%).pl
COLOR 3, O: LOGATE 6, 1: PRINT "Coeff a in stox(m~3)=at(depth(m)) b .....

"
COLOR 3, 41 LOCATE &, 45: PRINT USING "####.#"; storage(pnt).a
COLOR 3, 0: LOCATE 7, 1
PRIM "coeff b j..n 51?0:‘{!““3}“&*{&9[)‘&11{]11}}"b.c.... H ’
COLOR 3; 4: LOCATE 7, A5: PRINT USING "##.###"; 5tnrage(pnt%} b
COLOR 3, O: LOCATE 8, 1
PRINT "Spillwa.y level (m) Aus s sedonesnsssrnnanse 57
COLOR 3, 4: LOCATE 8, 45¢: PRINT UBING "###.##"; eborage{pntk).sl
COYLOR 3; Q: LOCATE 9, 1
PRINT "Outlet A B R AR RSN A SR RS YR AR RS BN R Rk 3“

I¥ atora “(pnt%) typ = 1 THENW
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, O
LOCAYTE 10, 1: PRINT "Outlet invert level, (M) voensvosansovsnas 37
COLOR 3, 4

LOCATE 10, 45: PRINT us:ns nEpE, ##") storage(pnty).cl
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COLOR 3, 0 :
LOCATE 11, 1: PRINT "Coeff-c for unsubmerged outlet c*dep“@ .

COLOR 3, 4 : . . : _
nocam3311, 45: PRINT USING "###.##"; storage(pnts).ccu
LOCATE 122 1: PRINT "Coeff d for unsubmerged coutlet g¢¥*dep~d ..
COLOR 3, 4 . o : '
- LOCATE 12, 45: PRINT USING v###.##"; storage(pnt%).cu
COLOR 3, O o : :
YLOCATE 13, i: FPRINT "Coeff e for aubmerged outlet etdeprf ....
COLOR 3, 4 - : . : .
LOCATE 13, 45: DPRINT USING "###.##"; storage(pntk).ces
LOCATE 14, 1: PRINT "Coeff £ for submerged outlet e*dep*f ....
COLOR 3, 4 _ _ _
LOCATE 14, 45: PRINT USING "##f.##"; storage{pnts).cs
COLOR 3, 0 _ .
LOCATE 15, 1: PRINT "Coeff g for spillway g*dep*h ..csvecassas
‘QOLOR 3, 4 _ S _
" LOCATE 15, 45: PRINT USING "####.#"; storage{pntt).csp
COLoR 3, 0 _ _
LOCATE 16, 1: PRINT "Coeff h for spillway g*dep h vevevenvans
COLOR 3, 4 T o :
LOCATE 16, 45: PRINT USING “#f.###": atorage(pnts).zp
COLOR 3, © _
LOCATE 17, 1: PRINT "Depth or diam {m) of outlet c.eeecavsasas
COLOR 3, 4 L
Locamzslva 453 PRINT USING "##.###"; gtorage({pntk).depth
COLOR ] .
LOCATE 18, 1: PRINT "Initial water level in dam (m) «eresveses

LOCATE 18, 45: PRINT USING “###.8": storage(pnt%} stlav
" nvaluesy = 16
BLSE

COLOR 3*.. 0 o o s

LOCATE 10, 1: PRINT "Coeff g for splliway g¥*deap**h svesssennis
COLOR 3, 4 _

LOCATE 10, 45: PRINT USING “####.#"; storage(pnt$).csp
LOCATE 11, 1: PRINT "Coeff h for opillway g*dep*h .ccveeienes
COLOR 3, 4 _ .

LOCATE 11, 45: PRINT USING "##.###'s storage(pats).sp
COLOR 3, O

LOCRTE 12, 1l: PRINT "Ipitial water level in dam (M) sseervvsus
COLOR 3, & '

. LOCATE 12, 48: PRINT USING “###.##"; atorage{pnt$).stlev
nvaluess 2 10 . o
END IF

NBLOCK: = 1
NoOoLSE = 1

nfieldt = 6
counters = 1

FOR M& = 1 TO nvaluoss
row(My} = 2 + M%
col{M%) = 45

NEXT M%

Mg = 1

flag.end% = 0
DO

:ll

CRLL scrneneditor(NBLOCK%, NCOLS%. nfield%, nvalues%, counters, row(),
col{), a§, CHR.GE%, M%, mm%, FLAGNEXTY, FLAGCURSORY, FLAGCR%, flag.stringdh)

IF flag.esc% = 1 THEN

ACT
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EXIT SUB
END 1Y
IF CHANGE% = ) THEN

IF mm% = 1 THEN todu{i%).modno = VAL{asj
IF mm% = 2 THEN modu(is).damod = VAL{aS$)
IF mm% = 3 THEN
newtype% = VAL(ag§)
sUB

BXIT
EFD IF _ : s
TF mm% = 4 THEN storage(pnt%).a = VAL{a§)
IF mm% = 5 THEN gtorage(pnt$}.b = VAL(a$)
IF mm% = 6 THEN storage(pnth).al = VAL(a$)
IF mm% = 7 THEN

ana$ = a§

CALL modulechanga(ans$, 1%)

GOTO start
END IF

IF storage{pnt%) typ = 1 THEN
IF mmd = 8 THEN storage(pnti}.cl = VAL{a$)
IP mm% = 9 THEN storage(pnt%)}.csu = VAL{a§)
IP mm% = 10 THEN storage(pntt).cu = VAL(a$)
IF mm% = 11 THEN storage({pntk).ccs = VAL(a$)
IF mm% = 12 THEN Btorage(pnt%).ca_n VAL (a%)

IF mm$ = 13 THEN storaga{pnt%).cep = VAL(a$)
IF mm% = 14 THEN steorage(pnts).sp = VAL(a$)
IF m% = 185 THEN storage(pntt).depth = VAL(a$)
I¥ ams = 16 THEN astorage(pnts).stlev = VAL(a$§)

COLOR 7, 1: LOCATE row(M%) + counters -~ 1, ool (Mk)
IF mm% <= 3 THEN
PRINT USING “§######"; VAL(a$)
ELSEIFP mm% = 4 OR mm% = 13 THEN
PRINT USING “####.#"; VAL(a$)
ELSEIF mm% = 5 OR mm$ = 15 OR mm% = 14 THEN
PRINT USING "#.###"; VAL(a$)
BLEE
PRINT USING "###.#8#"; VAL(a$).
END IF

PLARE
IF %
IF mn%
IF mm%

B THEN etorage{pnth).csp = VAL(a$)
9 THEN etorage({pnt%).sp = VAL{a$)
10 THEN atoraga(pnt%).stlav = VAL(a$)

CDLOR'7,‘1: LOCATE row(M%) + counters « 1, col{M%)

IF mm% <= 3 THEN :
_PRINT USING “######*; VAL{a$)
ELSEIF mm& = 4 OR mm% = § THEN
PRINT USING "####.#"; VAL(a$)
ELSELYF mmé = 6 OR mm$ = 10 'THEN
ur Epnrnm USING "###.43"; VAL(a§)
8

PRINT USING ‘"##.###7; VAL(a$)
END IF

HND IF
END IF

I¥ FLAGNEXT% = 1 THEN
FLAGNEXTS = (' raset
EXIT BUB
‘ELSEIF PLAGCURSOR% = 1 THEN
- CALL uparrow(counters, M3, row(), ccl(), NBLOCKS, NCOLES)
FLAGCURSOR% = 0



oD - 52
ELSEIF FLAGCURSOR% = 4 THEN .
CALL downazrow{countars, NBLOCK% M, row(), ccl(), nvaluess; NCOLSE)
FLAGCURSORE = O
Ef.SEIP FLAGCRY = O THEN
CALL downagrow (counters, NELOCKS, Mt, ruw(), colt), nvaluess, NCOLS%)
‘END IF

L.OOP UNTIL f£lag.endts = 1
END SUB
£UB TimestepInfo
REDIM row(3}, col(3)
- clearscreen

COLOR 0, 2
LOCATE 23, 13
FPRINT promphls

COLOR 3, O _

LOCATE 4, 1 '

PRINT "ije interval {hours} ..l...‘l.l‘..ll.lll =“
COLOR 3, 4

LOCATE 4; 48

PRINT USING "#.###"; tint

COLOR 3, O

IQCATE 6, 1

PRINT "Simulation duration (NHOUEE) cversnsinneee & "
COLOR 3, 4

LOCATRE 6, 45

PRINT USING "##. ##"a aim time

COLOR 3, 0 _

LOCATH 8, 1

PRINT “Rainfall duration (hours) veeessevsansress 3%
COLOR 3, 4

LOCATE 8, 45

PRINT USING "##.##"; rain.time

nvaluess = 3

NBLOCKS = 1
NCOLS% = 1
nflelds = 5

counters = 1

FOR Mg = 1 TO nvalués%
row(My) = 2 + 2 * M%
col(¥%) = 45 _

NEXT M%

M% = 1

flag.ends = O

DD

CALL screeneditor{NBLOUKY, NCOLSS, nflelds, nvaluest, counterk, xow(},
gol{}, a§, CHANGE%, M%, mm%, FLAGNEXT%, FLAGCURSORY, FLAGCR%, flag.stringd)

IF f£lag.escé = 1 THEN
EXIT SUB
END IF :

1I¥ CHANGES = 1 THEN
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IF mm& = ] THEN tint = VAL{a§)
IT mm% = 2 THEN sim.time = VAL(A4§)
IF nm$ = 3 THEN rain.time = VAL({a$)
noits = CINT(sim.time / tint)

COLOR 7, 1 '
LOCATE row (M%) + countars - 1, col(M%)

IF mm% = 1 THEN
© PRINT USING "#. ###"- VAL(a$)

ELSE . _
PRIRT USING "##.##"; VAL{a$§)
END IF
END IF
IF FLAGNEXTS = 1 THEN o .
- FLAGNEXTS = 0' reset
EXIT SUB

ELSELIF FLAGCURSOR®: u 1 THEN
- uparrow counters, M%, row(), col{), NBLOCK%, NCOLS%
FLBGCURSORE = 0
ELSEIF FLAGCURSORS% = 4 THEN '
. downarrow counter%, NBLOCKS, M%, row(), col(), nvaluea%, NCOLSS%
FLAGCURSORS =
ELSEIF FLAGCR% = ( THEN
£N ggwnarrow countert, NBLOCK%, M%, row(}, col{}, nvalues%, NCOLS%
D

LOOP UNTIL flag.endg =
END SUB o
508 TitleBnter
clearscreen

COLOR 3, ©

LOCATE 3, 1

PRINT “Enter a title deecribing the daka set ...."
LOCATE 5, 1 '
PRINT "Title line”

COLOR 7, Q

LOCATE 5, 12

LINE INPUT "*, £itled

END BUB
SUB trapchanzero {p%)

trapchan{pt}.elo
trapchan(p%}.lng
trapchan(p%) .man
trapchan{p%).wid
“trapchan(p%) .98l
. trapchan(p%).ags2
trapehan (pk).mdep = 0
trapchan{pkj.cap = 0

nnmnean

0

0 :
0 L]
o .

0

o

END SUB .
SUB trapinput (i%, newtype%)
REDIM row(il}, col{ll) ' .

CALYL ¢learscreen
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COLOR 0, 2 .
. LOCATE 23, 13
PRINT promptl$

COLOR 3, O .

LOCATE. 3; 1: ERIMT "Hadula nunbar 0..!-..-l.n..c..-.ot.....o. A
- COLOR 3, 4

LOCATE 3, 45 PRINT UBING ######"; modu(i%). mndno

coLorR 3, ©

LOCATE ‘&, 1: PRINT "Downstrean Mmodule scesesscevcnrconnnssens 3"
. COLOR 3, 4

 LOCATE 4, 451 PRINT UHING "######“; modu{i%).damod .

COLOK 3, O :

LOCRTE 5' 1. PRINT "Hodula ‘l:ypa R e TR TN RN X P

COLOR 3, 4 o '

LOCATE 5, 45: PRINT USING T YTTEFLR modu(i%) typ

pntg = mpdu(i%) Pl
co&na '3, 6: LOCATE 6, 12 PRINT "Length of trapezoidal channel {m)

LRI B N ] !“

COLOR 3, 4: LOCATE 6, 45: PRINT USING n###f###™; trapochan{pnts).ing

COLOR 3, - O: LOCATE 7, 1t PRINT ‘"Bed wmlope {m/m)
.-iqbc.ilcanlllQ.ll. s dn ""

COLOR 3, 4% ﬁocarm ‘7, 45: PRINT USING "##.###"; trapchan(pnt$).slo

COLOR 3,. 0% LOCATE B, 1: PRINT "Roughness n
sr b aabtAAeNBEFridb RN aNSERUEY RS ’"

COLOR 3, 4: LOCATE 8, 45: PRINT USING "##.###"; trapchan(pnth).man

COLOR 3, 0O: LOCATE 9, 1: PRIN? "Base width of trapezoldal channel
{M)eave 8"

COLOR 3, 4: LOCATE 9, 45: PRINT USING “###.##"; trapchan(pnt%).wid

COLOR 3, 0: LOCATE 14, 1: PRINT "LH aide alope {horiz/vert)
iio.-t.llnuhhl 3“

COLOR 3, 4: LOCATE 10, 45¢ PRINT USING "###.##"; trapchan(pnts). sl

COroOr 3, O: LOCATE 11, 1: PRINT "RH sjide slopa (horiz/verk)

LRI B O O O B I B ) ‘"
" COLOR 3, 43 LOCATE 11, 45: PRINT USING "###.##"; trapchan{pnt%).ss2

COLOR 3, 0f NLOCATE 12, 1l: PRINT ‘“Maximum £low depth (m)
l.l....ll...ll.'l :” )

COLOR 3, 4: LQCAIE 12, 45: PRINT USING "###.##"; trapchan(pnt%).mdep

COLOR 3, 0f LOCATE 13, 1: PRINT "Parallel module for overflows

]
LE N N NN N R RN =

COLOR 3, 4: LOCGATE 13, 453 PRINT USING "######"; modu(i%).ofl

nvaluess = 11

NBLOCKS = 1

NCOLSYX = ]

nflelds = &

counters = )

FOR M% = 1 ™0 nvalues%
row(M%; = 2 + M%

. qol{M%) = 45
NEXT M%
My = 1 -

flag.ends = 0
bo

CALL screeneditor{NELOCKY%, NCOLS%, nfield%, nvalues%, counters, row(),
ool(), as; OHANGE%, M%, mm%, FLAGNEXT%, FLAGCURSOR%, FLAGCR%, flag.str;ng%)

IP flag.es¢t = 1 THEN
EXIY SuB
END IF

TF CHANGES = 1 THEN
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IF mm% = 1 THEN modu{i%).modno = VAL({a§)

IF mm% = 2 THEN modu{;%) demod = VAL(a$)

IF mm% = 3 THEN :
newtype% = VAL(a$}

EXIT sUB

END IF - '

IF Mm% . = 4 THEN trapchan{pnt%).lng = VAL(a$)

IF sm% = 5 THEN trapchan(pnt%).slo = VAL(a$)
~ IF mm% = 6 THEN trapchan(pnt%).man = VAL(a$)

IF mm = 7 THEN trapchan(pnti}.wid = VAL(a$)

IF mm% = 8 THEN trapchan{pnt%}.sel = VAL({a$)

IF mm% = 9 THEN frapchan{pnt%),.as2 = VAL{a$)

IF mm% = 10 THEN trapchan({pntt).mdep = VAL(a$)

IF mm% = 11 THEN modu{i%). nfl = VAL{aS)

COLOR 7, 1

LOCATE rowi{M%) + counter% -1, col(M%}

IF mms = 5 OR mm% = 6 OR mm% = 10 THEN
PRINT USING “##.###"; VAL{a§) '
ELSEIP mm$ = 7 OR mm% = 8 OR mm% = 9 THEN

PRINT USING “###.##"; VAL{a$)

PRINT USING "######"; VAL(a$)
BND I¥
. END IF -

IF FLAGNEXTS = 1 THEN
FLAGNEXTS = Q' resst
EXIT SUH
BLSEIP FLAGCURSORY% = 1 THEN
CALL uparrow(counters, M%¥, row(), col{), NBLOCK% NLOLS%)
FLAGCURSORS = O
ELSEIF FLAGUURSORS = 4 THEN _
CALL downarrow{counteri, NBLOCK%, M%, row(), col{), nvaluess,

ELSE

NCOLS%) _
FLAGCURSORS = 0

ELSEIF FLAGCR% = 0 THEN
: cgmm.downarruw(cnunter%, NBLOCKE, M%, row(), col(), nvaluesy, NCOLS%)
END IF

LOOP UNTIL flag.ends = 1
' END SUB
SUB uparrow (counter®, M, row(), col(), NBLOCK%, NCOLS%)

countert = counters ~ 1
IF couhters% < 1 THEN .
M. TEMP% = M%: M% = M% - NCOLS%
countery = NBLOCK%R 're-set counter
"IF M% < 1 THEN M% = M.TEMP%: counter% = 1' can't move hlgher than high
_ LOCATE row(M%) + countex% ~ 1, Col{M%): COLOR 7, O
BLSE
LOCATE frow({M%) + counter% - 1, col{M&}: COLOR 7, O
END IF )

END 5UB

DECLARE SUB connecttable ()

DECLARE 5UB setuppointermatrix (pointer(), index{})

DECLARE SUB orderofcalculation {pointeri(), indnx!i{})
DECLARE SUB check (modnum!, order!(), counk%, flagl!, flag2!)
DECLARE SUB overaquistack ()

DECLARE 8U3 upstreammoda {)

DECLARE FUNCTION areapipel (angle, pnt%}

DECLARE FUNCTION storvol! {pnt%, y!)
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. TYPE modconnectivity
modno AS INTEGER
ofl AS INTEGER
typ AS INTEGER
demod AS INTEGER
infrcd AS INTEGER
Pl AS INTEGCER

"END TYEPE

TYPE overmcd
: . man AS SINGLE
aloc AS SIKGLE
1ng AS SINGLE
wid AS SINGLE
END TYPE :

TYPE aquinod
2lo AS SINGLE
wid AS SINGLE
. ing AS SINGLE
depth A8 SINGLE
wtl AS SINGLE
sorp AS SINGLE
perm AS SINGLE
por AS SINGLE
imo AS SINGLE
cap AS SINGLE
volume AS SINGLE
yprav A8 SINGLE
BND TYPE

TYPE pipemod :
*glo AS BINGLE
diam As SINGLE
ing AS BINGLE
wan AS SINGLE
cap AS SINGLE
min AS SINGLE

END TYPE

TYPE trapmud
slo AS SINGLE
Ing A8 SINGLE
man AS SINGLE
wid AS SINGLE
a3l AS SINGLE
@82 AS SINGLE
mdep AS SINGLE
cap AS SINGLE

END TYPE :

TYPE stormod

¢l AS SINGLE
2l AS SINGLRE
a AS SINGLE
b AS SINGLE
gtlev AS BINGLE
typ AS INTEGER

" ecuy AS SINGLE
cu AS SINGLE
ces A8 SINGLE
cg AS SINGLE
esp Al SINGLE
Bp AS SINGLE
depth A8 SINGLE
critl AS SINGLE
crit2 AS SINGLE
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crit3 AS SINGLE
pravator AS SINGLE
END TYPE'

EEPE compmod
slo AS SINGLE
lng AS SINJLE
' nosegs AS INTEGER
. nopts AS INTEGER
END TYPE

camuox SHARED mndu(} AS modconnectivity, pipe() AS pipemod, storage() AS
stormod

COMMON SHARED ovarlnd() AS overmod, aqui{) as aquimnd, trapchan{) AS trapmod
COMMON SHARED gin(), gout{), unit(), con(), ovflo(), oxdexs{(), anod%, noit,
tint

COMMON SHARED m, cver(), rain(), pi

COMMON SHARED promptl$, flag.files, teodes

COMMON SHARED title$, file$, flag.esck, pl%, D2%, p3%, p4%, p5%, p6%

COMMON SHARED sim.time, rain.time, hyeto.nunber%, newmodi, flag.inserty
cq}mpu SHARED campphantj AS compmad,; x(), y(); n{); segnc()

errorprocii

SELECT CASE ERR
CASE 25, 24, €8

REEP: BEEP: PRINT : PRINT : DBRINT "printer not comnnectad or
sw;tched on ... press any hkey"
WHILE INKBYS = "":; WEND
RESUME
CASE. ELSE
. OK ERROR GOTO 0
END SHLECT

END : _
SUB check (modnum, oxrder(); count®, £lagi, f£lag2)

marks = 0
FOR 4% = 1 TO count% - 1.
IF -modnum = ordex(l, j%) THEN
flag2 = flag2 + 1
marks = 1 s
EXIT FOR »
END IF
NEXT 3%
IF marks = O THEN
flagl = 1
END IF

END SUB

SUB connecttable
ON ERROR GOTO errorprocl
WIDTH LPRINT 80

LPRINT CHRS(18); . :
i n. e 1 $ o "

titlel§ =" : no s mod no : upstream module nes
¢ . . .

LPRINT linels

LPRINT titlel$



D - 58

FOR k% = 1 TO nomod¥
LERINT linel$s :
LPRINT * 1 ";
LPRINT USING "###" 1 k%;
LPRINT " : *;
LPRINT USING ngE" '3 tiodu {k%) .modno;
LPRINT ¢+ 1 "3
FOR j% = 1 10 10
"~ IF j% <= con{ks, O) THEN
LPRINT USING "##4"; mndu(con(k%, j%}}.modno,_
LPRINT * : ®; '
| ELSE_ |
" LPRINT "=== 3§ ™;
END IF :
NEXT j%
NEXT k%
_LPRINT 1i.ne1$
LPRINT " modules 900 and up are dummy aquifers“
LPRINT

LERINT
linely = » . : . ot .
titlel§ =" : no i mod no @ overflow module nos v
LPRINT linel$ '

LPRINT titlels

.FOR k% = 1 T0 nomod%

LPRINT linel$

LPRINT % & ™=«

LPRINT USING "##"; k%;

"LPRINT " ¢ ™

LPRINT UBING "##£#"; modu(k%}.modno;
LPRINT * 1 "3

FOR §% = 1 T0 §
IF j% <= ovflo(k%, 0) THEN
LPRINT USING “###“3 modu(ovflo{k%, j%)).modno,
. LPRINT * : ";
ELSE
LPRINT Hem= § M3
- END IF
NEXT 3%

NEXT k%

LPRINT linel$

LPRINT " modules 900 and up are dummy aquifers"
LERINT )

END SUB
SUB modsonnect (print.connecs)
CLS
LOCATE 11, 28
COLOR O, 2
PRINT “Calculating connactivity"
- COLOR 3, O
. REM SDYNAMIC -

' Call sub upstreammods to determine the upstream modules and the
' miodules 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 modulea in array OVFLO

CALL upstreammods

' call ovaraquistack to datermine the overland and associated aquifera
'  The array UNIT is used to store the information.

CALL overagquistack

’ Call suhs aetuppoinrermatrix and orderofcalculation to determine the
v _upatream - downstreim order of calculation of the modules.

CALL setuppointermatrix{pointer{}r dndex())
CBLL arderofcalcnlation(pointar()s index(}))

IF flag gsc% = O THEN
I¥ print.conneck = 1 THEN
CALL c¢onnacttable :
~ print.conneck = 0
BEND IF . :
END IF

BND BUB

REM $STATIC
- SuB orderofcalculation (pointer(), lndax{))

REM $D¥NAMIC
REDIM tast{140)
cuunts = 1

FOR k% = 1 TO nomods
IF pointer(2, ki) = pointertz, ks + 1) {HEN
crder(l, count%} = modu(k$).modno .
ordern(?, wount$) = k%
' LPRINT , order(l, counts), order(2, count%)
county = counts + 1
. BND IPF
NEXT k%

addert = 0
DO UNTIL count® = nomod$ + 1

FOR i% = 1 TO nomods
flagl = 0
flayz = Q
" IF test(i%) = 1 GoTO 10
upsmod = polntaer(2, i% + 1} - pointer(z, i%)
start = pointer{2, i%)
FOR k% = 0 TU upsmod - 1
modups = index{start + k%)
CALL check(modups, oxder(), caant%, flegl, flagz)
IF flagl = 1 THEN
BXIT FOR
ELSEIF flag2 = upemod THEN
order{l, count%} = modu(i%). modno
: order({2, count%} = i%
! LPRINT , ouder(l, countk), oxder(2, counti)
: countd = county + 1
test (i) = 1 :
END IF
' NEXT k%
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10 +  NBXT i%
adders = adder% + 1

I¥ zdder% > nomods + 10 THEN
BEEP
BEEP
PRINT .
PRINT "Connectivity incorrect. $!! Please check "
PRINT "Prewos any key" .
WHILE INKEYS$ = "": WHKRD
ERASE tent, painter, indax
flag.eset = 1
. EBXIT suUB
END JF

Loop

ERASE test, pointer, index
END SUB

REM SSTATIC
SUB overaguistack

FOR j% = 1 TO nomodd
numg = 0
IP modu{i%).typ = 1 THEN
num$ = numd + 1
Cunit{3i%, 0) = numi
anit{j%, nustd) = 3%
1% = 4%

bo
num$ = nuamg + 1
FOR k% = 1 TO nomods
IF modu(l%).infmod = modu(k%).modno THEN
vnit{j%, 0) = num%
unit (j%, numk) = k%
I = k% :
' LPRINT unit(j%, 0), unit(l%, nums )
EXIT FOR
BEND IF
NEXT k%
LOOF UNTIL modu{l%). infmod =0

EwD Iv
NEXT 4%
&ND SUB
5UB setuppointermatrix (pointe.{), index(}))

positionk = }
pointer(2, 1} = pomitiont

FOR % = 1 TO nomods
polnter(l, j%} = modu{i%}.modno
FOR i% = I TO nomods
IF modu{i%).dsmod = mcdu(j%}.mndno THEN
indexipoaition%} = madu{is) .modno
poaiticont = positions + 1
END IF
IF mpdu(is).ofl = modu(j%).modno THEN
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index(positiont) = modw({i%).modno
positiond = poaition% +1
.END IF
IF modu(is).modno = modu(j%).infmod THEN
index{position%s) = medu(i%).modno
positiong = positicn% + 1 _
END IP
NEXT i% _
polnter(2, j% + 1) = positions
NEXT 3%

1 POR k% .= 1 TO positionk ' '
1 . LPRINT pninter{l, k%), pointertz, k%), index[k%)
' NEXT k% o

END SUB
SUB upstreammods

FOR j% = 1 TO nowmod%s
counts = 0: addy = O
FOR k% = 1 TO nomod$
IF modu{j%).modno = mocu(ks).dsmed THEN
count¥% = count% + 1
con{is, 0) = counts
. con{j%, ccunt%} = K%
END IF
IR modu(j%).modno = modu{k%).ofl THEN
addy = adds +
avElo{js, 0) = add%
. ovilo(is, adds) = k%
END IF
: ‘NEXT k%
NEXT 3% .

END SURB

DECLARE SUB gorit (h%, geli, qo2i)
DECLARE SUB outflow (h%, flat)
DECLARE SUS newtrapdep (modnumé, L%, p%, ynew!)
DECLARE SUB volcalo {(num%, volumel)
DECLARE FUNCTION cetfilename$ (heading$)
DECLARE SUB clearscreen ()
DECLARE SUB fileoutput ()
DECLARE SUB modconnect (print.conneck)
TYPE modeonnectivity :

wodne AS INTEGER

ofl AS INTEGER

typ AS INTEGER

dsmod A8 INTEGER

infmod AS INTEGER ‘

pl AS INTEGER
END TYPE

TYPE overmod
man AS SINGLY
slo AS SINGLE.
1ng AS SINGLE
wid AS SINGLE
END TYPE

- TYPE agquimed

slo AS SINGLE
wid AS SINGLE
lng A8 SINGLE
depth AS SINGLE
wtl AS SINGLE
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gorp AS SINGLE
perm AS SINGLE

~ por AS SINGLE

- imo AS SINGLE
cap AS SINGLE
voluma AS SINGLE
. yprov AS SINGLE

END TYPE )

TYPE pipemcd :
slo AS SINGLE
diam AS SINGLE

' lng AS SINGLE

man AS SINGLE

- cap AS SINGLE

o min AS SINGLE
" END TYPE

TYPE trapmod
s8lo AB SINGLEB
lng AS SINGLE
man AS SINGLE
wid AS SINGLE
85l AS SINGLE
s82 A8 SINGLE
mdep AS SINOLE.
cap AS SINGLE

EHD TYPE

TYPE stormod
. cl AS SINGLE

8l AS SINGLE
a AS SINGLE
b AS SINGLE
atlev AS SINGLE
typ AS INTEGER
cou A8 SINGLE
cu A8 SINGLE
cca AS SINGLE
¢85 AS SINGLE
cap AS SINGLE
gp AS SINGLE
depth AS SINGLE
critl AS SINGLE
crit2 AS SINGLE
¢ritd AS SINGLE
prevetor AS SINGLE
END TYPE :

TYPE compmod

8lo AS SINGLE

ing AS SINGLE

nosegs A2 INTEGER
: nopts AS INTEGER
END TYPE

COMMON SHARHD modu{} AS modconnectivity, pipe() AS plpemod, storage{) AS

gtormod _ _ '

~ COMMON SHARED overlnd(} AS overmod, agui(} AS aquimed, trapshan{) A8 trapmod
COMMON SHARED qin(), gout{}, unit{), con{), ovflo()}, order(). nomod%, noits,

tint

COMMON SHARED m, over(), rain{), p

COMMON SHARED promptl$§, flag.file%, teodes

COMMON SHMRWD title$, file$, flag.escd, pl%, p2%, p3%, pds, pbi%, pbé%

COMMON SHARED sim.time, rain.time, hyeto.numbers, newmod$, flag.inserts

COMMON SHARED compehan(} AS compmod, x{), y{): n{), segno()
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errorprocs .
SELECT CASE ERR
. CASE 25, 24, &8 _
_  BEEP: BEEP: PRINT t PRINT : PRINT "printer not connected or
switchad Ol ... Pregs any key" _ :
WHILE INKEYS = "": WEND
RESUME :

. OASE 64, 52

BEEP

BEEP

PRINT
PRINT _ T
" PRINT "Bad fllename (limited to 8 characters) ... press any

WHILE INKEYS = “"g WEND
REJUME begin

CASE ELSE
ON ERROR GOTO O
END SRLECT

bagin: CALL fileoutpuﬁ

END
8UB data.echo
- ON ERROR GOTO errorprog -

' Subroutine tr print a data f{le
COLOR 3, O: ¢S 5 COLOR 0, 2
LOCATE 10, 22: PRINT ¥ printing data file %
LOCATE 10, 42: PRINT file$ + " ™: COLOR 3, ©
LPRINT CHRS§(27); CHR$(69) _
LORINT " WITSKY data file ™; : LPRINT file$
LPRINT CHR${?7); CHR$(70);
LPRINT : LPRINT titles Y
LPRINT : LPRINT "Time interval (h) .vvsvenvevnsans t"7 Link
LPRINT "Simulation duration (h) .....e... 77 gim,bime
LPRINT "Rainfall duration {h) «..viverve. 277 raln.time
LPRINT "Hyetcgraph ordinates {(mm/h) 3-" . _

FOR k% = 1 TO hyeto.number%
LPRINT ™ v;
LPRINT us:us nidd. ##"; rain(k%),
NEXT k%
LPRINT """
LPRINT _
%gg%g; ¢ LPRINT "Numberx of modules : “; ¢ LPRINT USING “"###"; nomod$

WIDTH LPRINT 255
LPRINT CHRS{15);

FOR j% = 1 70 6
count: = 0
FOR k% = 1 TO nomods
IF modu(ks).typ = 1 AND j% = ) THEN

count% = count% + 1
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. IF count$ = 1 THEN
LPRINT ¥ 0ver1and Flow and Aqnifar Modtiles"
LPRINT "mws "
LPRINT
’ L P R hs N_ T "
. LPRINT "1 No t D/8 Mod : Inf Mod s Lgt(m) Wid{m} s Slope : Man n
1 Alpha z Depth[m): Perm{mm/hr): Suc Hd‘m) : Mois Con : W.T. Leva“{m}'"
p R I N %
 END IF

FOR 2% = 1 TO unit(k%, Q)
P% = unit(k%, z2%)
pntd = modu(pk).pl

LPRINT " 3" o
LPRINT USING “###") modu{p%).modno;
LPRINT * ¢+ "; o
LPRIRT USING "###"; modu(ps).dsmed; -
LPRINT " bt o ’ ’
LPRINT USING "###"; modu({p%).infmod;

* : LPRINT * : ";

- IF 2%
- oalp =
LPRINT
LPRINT

LPRINT

LPRINT "
LPRINT
LPRINT "
"LPRINT
LPRINT
‘ LPRINT

LPRINT "

LPRINT
ELSE
LPRINT
LPRINT
LPRINT
LERINT
LERINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT

LPRINT

LPRINT
LPRINT
LPRINT
LPRINT
LPRINT

LPRINT "

= 1 THEN '
SQR(overlnd(pntt}.slo} / overlnd'pntd}.man
USING "s####.#"; overlnd(pnts}.lng;

" - L

USING "##fik.#"; overlnd(pnts).wid;

c"-

us:nc “#. ovarlnd{pnt%) glo;

USING "#. ###7; overlnd(pnt%).man;

usING i, ###"- alp; _
i m——— ——— t  emmem e gy

L i e = o aw

USING "####.#"; agui(pntd).lng; |

L H "

USING "####.#7; aqui(pnts).wid;

“Ql‘la
.

USING n#.F##"; agui (pnts). ala;

“ : —————— H 1] -

[ Frrr— ‘ L]

"3ING "### #F¥1; aquiipntt). dapth;
(1} #

USING "### Fr; aqui(pnt%).parm;

ESING "## FiEv; aqui(pnt%) sorp;
Hsi&sn“# #F4" aqui{pnt%} por:
E;;Tg i#;f##"; aqudi {pnt¥}. lme;
USING‘:#*#.##”; aqui(pnts) .wtl;

‘END I¥

NEXT 2%

END IF
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IF sodu{ks).typ = 2 AND j% = 2 THEN
" count® = countd + 1 '

' IF count® = 1 THEN

LPRINT
‘LPRINT " Pipe Modules "
LPRINT " ot = w
LPRINT ' . : _ _
L P R I N T "
LPRINT " : No ¢t B/S Hod : Ovf Mod : Lgt{m) : Diam(m) : S8lope : Man
n : Alpha " = _
' L P R I N T : "
: BND IF

pnt% = modul{ki).p

alp = sqn(pxpa(pnt%) slo) / pipa(pnt%).man
LFRINT *

LPRINT uszna "###“; modu (k%) .modno;
LPRINT "

LPRINT us:ne “###"; modu(k%} .demod}
TPRINT * 1

LPRINT USING "###"- modu {k%).0f1;
LPRINT l

LPRINT USING "#### #7; pipe{pnts).lng;
LPRINT " & *;

LPRINT USING n#f.###"; pipe{pnts).diam;
LPRINT " : ";
LPRINT USING n#. ###"; pipe(pnt%) alo;
LERINT * 3 ";
LPRINT UBING "#. 48" ; plpe(patt).man;
LPRINT *

LPRINT USING "## ###“, alp;

LPRINT ":"

END IF

IF modu(k%).typ = 3 AND j% = 3 THEN
wount® = count$ + 1
JIF count% = ! THEN
LPRINT " Trapezoidal Channel Modules”

LPRINT " "
LPRINT T :

L P R I N T "

LPRINT " : No s D/S Mod : OvE Mod ; Lgt(m) : Base wid(m) : Slope
: LHS gide slope : RHS side slope : Man n : Alpha : Depth(m) 1 _
L b2l R N T "

END IF

rnt% = modu(k%}).pl

alp = SQR({trapchan({pnt%). slo) / trapechan(pntd).man
LPRINT * "

LPRINT USING “###v; modu(k%].madno,

LPRINT " : "

LPRINT USING "##"- modu (k%) .dsmod;

LPRINT " :

LERINT USING "###"- modu{k%).0fl;

LPRINT " 3 'y .
LERINT USING “####.#"; trapchan(pnt%).lng;
LPRINT ™ ¢ ";
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LPRINT USING "##### ##"; trapche.(pnts$).wid;
LPRINT ™ 3

LPRINT USING “# ###7; trapchan(pnt$).slo;
LPRINT " »

LPRINT USING "#### ##“: trapchan{pnt%).ssl,
LPRINT *

LPR;NT_USING “i### ##“- trapchan(pnti}.ss?;
LPRINT »

"LPRINT USING “# ###"; trapchan{pnt$) .man;
LPRIKT " s ";

LPRINT USING "##.###"; alp;

LPRINT ": *;

LPRINT USING "###.###"; trapchan{pnf%}.mﬂEPI
LPRINT ™ 3"

END- IR _
IF modu(k%).typ = 4 AND 3% = 4 THEN
countt = count% + 1 '
IF tount¥ = 1 THEN
LPRINT * storage Hodules“

LPRINT *
LPRINT

L P AR I H T v

. . S
LPRINT * ¢ No ¢t D8 Mod : FSL{m) ¢ 8t cof : St t Srt Leav(m} : cof
“usub ex usub 2 cof sub t ox aub : cof 8p © ex 8D out d(m) t lev out{m)s"
L 2 R I N T

" END IPF

putd = modu{kd) pl

LPRINT ¥ 1 ";

LPRINT UBING “###"‘ modu {k¥) .modno;

LPRINT "1 “;

LPRINT USING nEdFT . mody (k%) .demod;

LPRINT " : "

LPRINT USING "###.##“; atorage(pnt%).sl;
LERINT " ¢ %;

LPRINT USING “#F##.#"; storage(pnt%).a;
LPRINT " 1 *;

LPRINT uaxus "#.###"; storage(pntt).b;
LPRINT " 1 "

LPRINT us:mc "EEEEE Y storage({pnts}.stlev;
LERIRT * ¢ ";

LPRINT USING "#### ###": atorage(pnt%).cou;
LPRINW " : ";

LPRINT-USING v## . F#f# ) storage{pnts).cu;
LPRINT ™ ¢ *;

LPRINT USING BF 225 I 5 A storage{pnt%) cos;
LPRINY " &t ";

LPRINT USING "#.d#dd"; stnrage(pnt%) 087
LPRINT ll r ﬂ; .

LPRINT USING "#### #"; storage{pnt%}.cap;
LPRINT ™ n;

LPRINT USING "#.###"; stordge(pnt$).sp;
L?RIM " B I‘I-

LERINT USING v iR EEY Btoraga{pnt%) depth;

LPRINT = L]
LPRINY USING nEEEEE #FV atorage(pnt%}.cl,
LPRINT ° 3"

END IF
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IF ﬁodu(k%}.typ = 5 AMD j% = 3 THEN
count® = count® + 1 |
IF count$ = 1 THEN
LPRINT *® cqmpound Channel Hodulea“

LPRINT "
LPRINT

L P R I N T L

it e e T ) . . )

. LPRINT " : No : D/S Mod : Ovf Mod : Lgt(m) : Number of Segs : Blope

: Number of Polnts :™ _ .
: L P R I W T "

——— :
END IF

pntd = modu{k%).pl _

LPRINT " 1™ . :

LPRINT USING “###“' modu { k%) .modnoj
LPRINT * :

LPRINT UGING ”##f"' modu {k%) . damod,
LPRINT *

LPRINT USING;”###“' du{k%).nfl,

LPRINT - : . .

LPRINT USING "#### #"; compchan{pnt%).lng;
LPRINT "

- LPRINT USING “###“3 compchan (pnts) . nosegs;
LPRINT " :

. LBRINT USING "#, ###“: compchan{pnf%) elo;
LPRINT " : "2
LPRINT USING "###"; compchan(pntd).nopta; ~
LPRINT " : P )

L P R I N T

LPRINT ' )

LPRINT " X coordinate (m) Y coordinate (m)"
LPRINT “. . ol
LPRINT

FOR Ji% = 1 TO compchan{pnt%) nopts
LPRINT
LPRINT USING "s###, #n; x(pnt%; Ji%)s
LPRINT "
JLPRINT USING "### F; y1pnt%. 33%)
NEXT §5%

LPRINT i
(ny * LPRINT * Segment number left paint right point roughness
n)

LERINT "= . e S — -
" .

LPRINT

FOR ji% = 1 TO compchan(pnt%] nogeqgs
. LPRINT *

LPRINT USING "##"; $3%:
LPRINT * "y
LPRIN. USING "###"; aegno(pnt%, 33%, 1):
LPRINT *©
LPRINT USING “###"; segno{pnt%, 43%, 2);
LPRINT *

~ LPRINT USING "“#f.###n; n(pnt%, 33y -

KEXT 33% '
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END IF.
NEXT k& -

IF 4% = 2 AND counts > 0 THEN
_ _ L B R

LPRINT
END IF |
IF §% = 3 AND count% > O THEN
o - Lt P? R

LPRINT

BND IF

IF j% = 4 AND count% > O THEW
S _ L P R

LPRINT
" END IF

REXT 3%
END SUB '
SUB filecutput
ON ERROR GOTOQ errorproc

flags = 0

DO
clearscreen

-heading$ = "Enter filenams (0 to end)"
filel$ = getfilename$§{heading$)

I¥ filel$ = "ci0.DAT" THEN
™XIT.SUB
BLSE
OPEN filel$ FOR QUTPUT AS #1
END IF

getaum: ¢learscreen

LOCATE 4, 1 . '

PRINT "Enter module number for data output”
COLOR 7, O

LOCATE 4, 37

INPUT "", numb

COLOR 3, @

modnum$ = D

FPOR L% = 1 TO nomod%: 3
IF modu{i%)}.modno = nunis THEN
' modnum$ = i% _
~ ERIT FOR
END IF
NEXT 1%
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IF modnum <> 0 THEN .
FOR j% = O TO noit:
PRINT #1, USING "###F.#F*; 3% * tint *» 60;
PRINT #1, " "; :
: PRINT #1. USING "###£.###", qout(is, j%)
_ NEXT jis .

cnoémlfl
ELSR

. BEEP
- HBBEP
FRINT
PRINT
‘PRINT "Module "; num%; ° does not exist ... Dregs any kay“
WHILE INKEYS = "": WEND
GOTO getnum '

END IF
LOOP UNTIL flagy = 1
END SUB
' 8UB graphpl

getno: SCREEN 0: WIDTH 80: CLS
LOCATE 4, 1: COLOR 3, O: PRINT "Which module’'s output hydrograph do
you want plotted (0 to return)”
COLOR 7, Q: LOCATE 4, 68: INPUT "", num%
FOR i% = 1 TO ncmods -
IF modu{i%).modro = num% THEN
modnum® = i%
GOTO grapplo
END IF
IF num% = { THEN GOTO last
NEXT 1%
_ BEEP: HEEP: PRINT ; PRINT : PRINT "Module "; num%; " does not exist
«.» preszs any key" '
WHILE INKEYS L | WEND
QLS O
GOTO getno

grapplo: CALL volcalc(modnumg, vol) -

SCREEN 2

peakl
peak2 =.0
peak3 o
FOR k% = 1 TO nolts
IF gout{modnumd, k%) > peakl THEN
peakl = gout{medinum®, k%)
END IF
IF gin{modnum%, k%) > peaak2 THEN
peak? = gin{modnum%, k%)
ERD IF
IF raintk$) > peak3 THEN
peak3 = rain(k%]
END IF
NEXT k%

0

K rmax = peak3 + 5
xmax = nolts * tint



D =70

VIEW (15, 15)~(600, 42), , 1
WINDOW (0, O)~fxmax, rmax)
FOR i% = O TO noit% = 1

x1 = 1% * tint

¥yl = rain{i%)

x2 = (i% + 1) * tint

y2 = rain{is + 1) '

LINE (x1, yl)={x2, ¥2)
KEXT 1%

IF modu{modnumt).typ <> 6 THEN
. LOCATE 5, 55: PRINT " peak inflow= ";
PRINT USING "#F#F.###"; peak2 :
LOCATE 6, 55: PRINT "peak outflow= ";
PRINT USING “##%#.F8£"; peakl
LOCARTE 7, 55: PRINT "Voluma™;
PRINT USING "JI##ds#. ##"- vol.
ELSE
LOCATE 5, 55: PRINT " peak inflow= ";
PRINT USING "####.###"; peak2 * 10001 * 36001
LOGATE 6, 55t PRINT "peak ocutflow= ";
PRINT USING “####.###"; peakl * 10001 * 3600!
LOCATE 7, 55: PRINT "Volume™;
PRINT USING wEidiid . ##"; vol
END IF

VIEW (32;'3}-(620, J65), , 1

IF peakl > peak2 THEN

ymax = peakl + peakl / 10
ELSE

ymax = peakz + peak2 [ 10
END IF _

IF ymax = O THEN
ymax = ,001
END 1IF
IF modu({modnum%).typ <> & THEN
LOCATE 12, Z2: PRINT “cumec™
LOCATE 1, 1: PRINT USING "####. ###“; ymax
ELSB
ymax = ymax * 1000 * 3600!
LOCATE 12, 2: PRINT "l/hr"
LOCATE 1, 1: PRIKT USING "#### ###"; ymax
END IF
LOCATE 22, 2t PRINT "O"
LOCATE 23, 4: FRINT ™0" _
LOCATE 23, 39: PRINT "Time mins"’
LOCATE 23, 73: PRINT USING "###.##"; sim.time * &0

WINDOW {0, O)~(xmazx, ymax}
FCR i% = 0 TO nolts - 1

x1 = i% * tint

#2 = (i% + 1) * tint

vl = gout{modnums, i%)

¥3 = gin{modnum%, 1i%)

y2 = gouk{modnum%, i% + 1)

gin(modnum%, i% + 1)

IF modu (modnum%).typ <> 6 THEN
CLIKE {x1, yl)-(x2, y2)
LINE (x1, y3)=-(x2, v4)
ELSE .
LINE (x1, yl * 1000 * 35001) .(x2, y2 * 10001 * 36001)
LINE (x1, y3 * 1000 * 36001)~(x2, y4 * 1000 * 36001!)
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END IF
NEXT i%
waiting: _ WHILE INKEYS = "": HEND
- . GOTO getno
last:
END SUE

SUB newtrapdep (modnumi, i%, p$, ynew)

cl = ptorage{pt).cl: sl = storage({pi).sl
d = storage({p$).depth

csp = storage(pk).cep: sp = storaga(ps).sp
ccs =.gtorage(pt).ccs: cs = storage{ph).cs
yold = sl + .1 :

Do
abitl = cce * es * {yeld - cl - .5 * gtorage({pnt%). depth) * {es - 1)
abit? = csp * sp * (yold - 81) * (sp - 1)
dfdy = -abitl — abit2
£ =coa * (yold -¢cl=.5%d} ~acs
£f=4¢+ cap * (yold - sl) A ap
£ = gouk(modnums, i%} -

= yold ~ £ / dfdy
diff = aBS(1 - ynew / yold)
yold = ynew

LOOP UNTIL diff <= .001

END SUB
-8UB outflow (h%, £la%}

FOR k% = 1 TO noity _
IF gout({h%, k%) <> O THEN
flag = 1
- EXIT SUB
‘END IF
NEXT k%

EN¥DL SUB
SUB printout
ON ERROR GOTO  arrorproc

WIDTH LPRINT 80
LPRINT CHRS({18)}
SCREEN O: WIDTH 80: CLS

LPRINT CHRS(27); CHRS(&9)
LPRINT " WITSKM data £ile “; : LPRINT file$
LPRINT CHRS$(27); CHR$({70);
LPRINT : LPRINT title$§ _ :
LPRINT : LPRINT "Time interval (H) cesvecicensaces ®™; tint
LERINT "Simulation duration (h) ...see-s. #"; sim.time
LPRINT "Rainfall duratioen (h) ........... +™; rain.time
LPRINT "Hyatograph ordinates (mm/h) =" .
FOR k% = 1 TO hyeto.numbers

LPRINT ™ ";

LERINT USING “####. ##"; rain(k%),
NEXT k%
LPRINT "n
TLPRINT

getnol; CL8
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LOCATE 4, 1

COLOR 3, 0

FRINT "Enter modunle numiuer for output (0 to return)®
COLOR 7, O: LOCATR 4, 503 INPUT "¥, num%

FOR i% = 1 TO nomod$ _

IF modu(i%).modno = num% THEN

modnum® = i%

GOTO skipi
END IF
IF num% = 0 THEN GOTO fini
NEXT i%

EBEEP: BEEP: PRINT ¢ PRINT : PRINE "Module ":; pum%; " does not exist
+0« Press any key" : ' .

WEILE INKEYS = "": WEND

GOTO getnol

skipl: CALL volcalc(modnumg, vol)

IF modu({modnum$).typ = 2 OR modu{modnumi).typ = 3 THEN
LPRINT " module number = *; modu(mmdnum%}.mndno,
IF modu{modnum®).typ = 2 THEN
LPRINT "capacity (m*3/s)i1";
LPRINT USING “df#ff.#f#"; pipe(modu{modnum%) .pl).cap
LPRINT “Volume (m~3):";

LERINT USING "######.##"; vol
‘HLSE :

LEPRINT "capacity (m~3/s):";

LPRINT USING "##:#.¥8#"; trauchan(modu{modnum%} ul) cap
LPRINT *Volume (m~3}:";
LPRINT USING "###### #r; vol

END IF
ELSEIF modu(modnum%] typ = 1 THEN
LPRINT " wodule number = "; modu(modnum$).modno

LPRINT "Volume Runoff (m*3):";
LPRINT USING "###i##.#"; vol
po% = modu(modnumi).pl

pelt: = unit{modnumi, 2)
LPRINT "Rainfall Volume=";

rainvol = 0 .
FOR h% = 1 TO noit% ’

rainvoel = rainvel + prain(h&) * %int * overlnd{po%).lng *

overlnd(po%).wxd J/ 1000}
- NEXT h%
LPRINT rainvol

ELSHE

LPRINT " module number = “; modu(modnum%).modno
LPRINT "Voluma (m~3):";
LPRINT USING "##F#F#E. ##"' vol

END IF

LPRINT

LPRINT " ";

LPRINT " - Time";

LPRINT " Inflow ";

LPRINT *  .atflow";

IF modu({modnum$).typ <> 4 THEN
_ LPRINT " overflow ¥
~ ELSE : .

LPRINT *  depth "

END IF
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- LERINT * ";
LPRINT " hr"*
. IF modu(modnumk).typ <> 6 THEN

LPRINT * cumec”;
LPRINT " oumec "; _
IF modu({modnum%).typ <> 4 THEN
' : "~ LPRINT " cumec" _
SR ELSE
- - LPRINT * m"
END IF .
ELSE '
LPRINT " 1/hxv;
LPRINT " l/hx »;
LPRINT " 1/bhgn
. END IP
LPRINT

FOR i% = D T0 noity
IF modu(modnums).typ < 4 OR modu(modnums).typ = 5 THEN

LPRINT ¥ ";
LPRINT USING "####.##“- is * tvinty
LPRINT "

LPRINT USING "### ##; qin(modnunt, i%);
LPRINT " "y

LPRINT USING “### ###“3 qnut{mcdnum%, i)
LPRIKT "

LERINT USING "### ###"; over(modnums, 1i%)

ELSEIP modu(modnum%).typ = & THEN
LPRINT *
LPRINT USING vEEFE AT 1% ¢ tint;
LPRINT * "; o
LPRINT USING “####.####"; qin(modnum%, 1%) * 36000001;
LPRINT " " )
LPRINT USINE nEEEE FEEEY » gout (modnuii%, 1%) * 35000001;
LPRINT ™ H . .
LPRINT USING "####.####"; over{modnumk, i%) * 3600000!

ELSE
CALL outflow(modnum%, £lat)

B % = modu(modnums).pl
. IF f£la% = 0 THEN
LPRINT "no outflow from dam"
LPRINT _
LPRINT "final level 4in dam="; (Btorage(pd).prevstor /
gtorage(pt).a) *» (1 / stordge(pk).h);
LPRINT " m"
GOTC getnol
ELSE ]
IF storaga{p%}.typ = 1 THEN
CALL gorit{modnum%, qol, go2)
IF. gout(modnum%, i%) = O THEN
dep = storage({ph).cl
ELSEIF qout{modnum%, i%) > 0 AND gout(modnum%, i%) <= gqol THEN
dep = (qgout(modpumi, i%) / storage(pd).ceu) < (1 /
storage(p¥).cu) + storage(pk).cl
ELSEIF gout{modnun%, 1%) > gcl AND qout(modnum%, i%) <= g2 THEN
. dep = (gout{modnum%, i%) / Bstorage(ps).ces) ~ (1 /
storaga(p%).cs) . . ' :
E dep = dep + storage(p%).¢l + .5 * storage(p%).dapth
LSE
CALL newtrapdep{modnums, i%, p%,.dep)
END IF
ELSE
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: ] = (gout{modnums, i%) /[ storage(p%).csp} ~ (1 /
_storage(p%).sp) : . . .
dep = dep + storage(ps).al
END IF '
. END IF
IE flas <> 0 THEN.
LPRINT = ®;
LPRINT Usms "###.#”- s.% * H.nt;
LERIRT " *;
LERINT UBING "#####.##“- qi.n(madnum%. j.%);
- LPRINT * "
. ~ LPRINT. USING “###f# ###“ qout(modnum%, i%}.
' T LPRINT " -
LERINT us:ms »##.##"; dep
_EBHB IF
END IF
NEXT i%
LPRINT . _ _
. GOTO getnol : : . o -
finly ; . ' ' o
END SUB
SUB qerit (h%, gocl, qo2)
p% = modu{h%).pl
qel = gtorage(p$).cou * (1.5 * atoraga(p%} dapth) + Btorage{p%} cu
. qe2 = storage{p).cca « (storage{p%) sl - gtorage(p$).cl =~ .5 *

storage{p%). dapth) 4 storage(p%).cs
END BUB .

SUB voicalé {num%, voluma)
yolume = ©
FOR j% = 1 TO noits
elemsnt = (gout{num%, js - 1) + qput{num%, js)) * tint * 3600 / 2
volums = volume + element
NEXT 3%

END SUB
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| ‘Control program for the computation subprogram

DECLARE SUB OveA (1%, gl(), al(), bl{), nohtal)
DECLARE SUB compoundcha (1%, 1%, q(), a(). b(). nohts)
DECLARE SUB gtoragemod (1%, i%)

DECLERE SUB trapmodule (1%, i%)

DECLARE SUB pipemodule (1%, i%)

. DECLARE SUB graphpl ()

DECLARE SUB printout ()

DECLARE SUB checkaquisat {pnt2%, prt3s, 1%, infilnut!)
DECLARE SUB aquiroutel (infilin, infilout, pnt%, pntls, 1%)
DECLARE SUB overroutel (infilout, pnt%, pntls, i%).
DECLARE SUB potinfiltration (pnt2%, pnt3%, i%, infilt)
DECLARE SUB overlandl (1%, i%)

DECLARE SUB initialize ()} '

DECLARE SUB modconnect (print.connecds)

DECLARE SUB datainput ()

TYPE modconnectivity
modno AS INTEGER
ofl AB INTEGER

' typ AS INTEGER
dsmod AS INTEGER
infmed A8 INTREGER
pl AS INTEGER

END TYPE

TYPE overmod i

' man AS SINGLE

8lo AS SINGLE

Ing AS SINGLE

wid AS SING‘.I'.-E
END TYPE

TYPE aquimod
slo AS SINGLE
wid AS SINGLE

. lng AS BINGLE

depth AS BINGLE
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 TYFE '

TYPE pipemod
slo AS SINGLE
diam AS SINGLE
lng AS SINGLE
man AS SINGLE
cap AS SINGLE
min AS SIMCLE

END TYPE

TYPE trapmod
glo AS BINGLE
lng A5 SINGLE
man AS SINGLE
wid AS SINGLE _ o _
581 AS SINGLE - .
882 AS SINGLE
mdep AS SINGLE
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_ eap AS SINGLE
END TYPE

TYPE stormod
cl AS SINGLE
8l AS SINGLE
a A5 SINGLE
b AS SINGLE
stlev AS SINGLE
typ AS INTEGER
" cou AS SINGLE
- ou AS SINGLE
ccg AS SINGLE
cs A8 SINGLE
¢ep AS SINGLE
gp AS SINGLE
depth AS SINGLE
critl AS SINGLE
erit2 AS SINGLE
crltld AS SINGLE
. prevator AS SINGLE
END TYPE

TYTE compmod
8lo AS SINGLE
ing AS SINGLE
nogegs AS INTEGER
nopts AS INTEGER
END TYPE

COMMON SHARED modu{) AS modconnectivity, pipe() AS pipemod, storage()'ASs
stormod

COMMON SHARED overlnd{) AS overmod, aqui{) AS aguimod, trapchan{} A8 trapmod
COMMON SHARED gin{), gout{), unit({), con(), ovflo(), oxder(), nomod%, noit%,
tint

COMMON SHARED m, over{), rain{}, pi

COMMON SHARED promptl$, flag.file%, tcodet

COMMON SHARED titles, file§, flag.esck, pl%, p2%, p3%, pds, pss, p6%

COMMON SHARED sim.time, rain.time, hyeto.numbers%, newmodi, flag.inserts
COMMON SHARED compchan{)} AS compmod, x({), ¥{), n{}, segno{)

REDIM b(20), 'q(20), &{20)
CALL modconnactk(0)
CALL initialize
cLE
FJR 3% = 1 TO nomods
1% = oxder(2, 3%)
IF modu{l%).typ <> & THEN
IF modu{l%).typ = 5 THEN
CALL stA(l%, gy, al), b{), nohtg)
END IF
FOR i% = 1 TO noit%
COLOR 7, O
cLS
COLOR O, 2
LOCATE 12, 20: PRINT SPBCES(ZQJ
LOCATR 12, 20 _ -

nommert = modu{ld).medno
PRINT *time step ne"; i%; " Module no "; nommarg
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COLOR 3, ©

' SELECT CASE modu{l3).typ

CASE 1 :

CALL overlandli{l%, i%)
CASE 2

CALL pipemudula{l%, i%)
CABE 3

CALL trapmodule{l%, is}
CASE 4

CALL storagemod(l:, i%)
CASE &

| CALL campoundcha(l%, iz, q{}, a{), bB{), nohts)
END SELECT

NEXT i%
 END IF
NEXT 3%
toodes = 2
cLs

COLCR 0, 2.

LOCAYTE 11, 28

PRINT vChaining editor subprogram”™
COLCR 3, O

CHAIN raditor”

BND

‘connectivity calculation module

DECLARE SUB connecttable ()

DECLARE SUB setuppointermatrix (pointer{), index{})

DECLARE SUB orderafcalculation (pointer!(), index!(})

DECLARE BUB wtheck {modnum!, order!(), count$, flagla, flag2l)
DECLARE BUB overaquistack ()

DECLARE SUB upstreammods ()

DECLARE FUNCTION areapipe! (angle, pnt%)

DECLARE FUNCTION storvol! (pntk, y!)

TYPE modconnectivity
modno AS INTEGER
ofl AS INTEGER
typ AS INTEGER
demod AS INTEGER
infmod AS INTEGER
Pl AS INTEGER

END TYPE

TYPE ovarmed
man AS SINGLE
Blo AS SINGLE
lng AS SINGLE

' wid AS SINGLE

END TYPE

TYPE aquimod
8lo AS SINGLE
wid AS SINGLE .
. lng AS SINGLE : : _ .
depth AS SINGLE
wt]l AS SINGLE
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sorp AS SINGLE
perm AS SINGLE
por AS SINGLE
ime AS SINGLE
cap 35 SINGLE
volume AS SINGLE
yprev AS SINGLE |
ERD TYPE

TYPE pipemod -
alo AS SINGLE
diam A5 SINGLE
lng AS SINGLE

" maxn AS SINGLE
cap AS SINGLE
min AS SINGLE

END TYPE

TYPE trapmod
slo AS SINGLE
1lng AS SINGLE
man AS SINGLE
wid AS SINGLE
sa8l AS SINGLE
882 AS SINGLE
mdep AS SINGLE
cap AS SINGLE

END TYPE

TYPE stormod
cl AS SINGLE
8l AS BINGLE
a AS SINGLR
b AS SINGLE
stlav AS SINGLE
" typ AS INTEGER
ccu AS SINGLE
cu AS SINGLE
¢cl AS SINGLE
. e8 AS SINGLE
¢cep AS SINGLE
gp AS SINGLE
depth A5 SINGLE
critl A8 SINGLE
erit2 AS SINGLE
crit3 A8 SINGLE
prevstor AS SINGLE
END TYPE

" TYPE compmod
slo AS SINGLE
lng AS SINGLE
nosegs AS INTEGER
nopts AS INTEGER
END TYPE

COMMON SHARED modu() A8 modconnectivity, pipe() AS pipemod, storage{) AS
gtormod

COMMON SHARED overlnd{) AS overmod, aqui{) AS aquimod, trapchan{) AS trapmod
COMMON SHARED qin(), gout({), unit(), con{), ovflo(), order(), nomods, noits,
tint

COMMON SHARED m, over(), rain(), p _

COMMON SHARED promptls, flag. fila% tooded

COMMON SHARED title§, files, flag.esc%, Pl%, p2%, pd%, pds, pb5%, pos

COMMON SHARED sim.time, rain.time, hyeto.number%, newmods, flag.inserts
COMMON SHARED compchan() AS compmod, =(), y{}, n{), segne{)
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. errorprocl:

» SELECT CASE ERR
CASE 28, 24, &8

. BEEP: BEEP: PRINT : PRINT : PRINT "printer not connected or

" switched on ... prege any key" .
WHILE INKE!S = ““: WEND
RESUME
CASE BLSE .
_ €N ERROR GOTO 0
END SELBECT

END : .
SUB check (modnum, ordex{), counts, flagl, £lag2)

marks = 0
FOR 3% = 1 TO counkty - 1
IF modnum = order{l, j%) THEN
flag2 = flag2 +
markd% = 1
EXIT FOR
END IF
NEXT 3%
IF marky = 0 THEN
flagl =
END IF

END SUB

SUB cunnecttaﬁia
ON ERROR GOTO errorprocl
WIDTH LPRINT BO

LPRINT CHRS{1B);
1 n -] 1 8

Bl

titlel§ =" : no : mod no : upstrear module nos
T gw

LBPRINT linel$

LPRINT titlel$

FOR k% = 1 TO riomod%
LPRINT linel$
LPRINT * : V;
LPRINT USING nEEY: ki

LPRINT * L
LPRINT USING "###"; modu {k%) .modno}
LPRINT s Wy

FOR j% = 1 TO 10
I7 4% <= con(kw, 0) THEN

LERINT USING "#4£#"; modu(con(k%, j%}}.modno,

LPRINT " : ";
. BLSE
LPRINT LI $ "
END XIF
_ NEXT j%
NEXT k%
LPRINT linel$
. LPRINT " miodules 900 and up are dunmy aquifers"
LEPRINT : .

LPRINT
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linel§ = - ———————— :
titlely = * 1 no % mod o 1 overflew module nos R
LPRINT line1$

LEPRINT titlel$

FOR k% = 1 TO nomods

LPRINT linel$
- L?RINT " n ‘Io N
LPRINT usxne "##"' Tk
LPRINT " ¢ =
LPRINT USING "###"; modu(ks) mndno;
LERINT " t "3

FOR j$ = 1To 5
IF 3% <= ovflo{k%, 0) THEN
LPRINT USING "###"- mndu{ovflo(k%, j%}).modnn-
LBRINT " : ";
. ELSE
LPRINT "=w= 3 "3
. BND IF
. NEXT j%

NELT k%

LPRINT linel$

LPRINT " modulas o900 and up are dummy aquifers”
YLERINT

END . SUB
SUB initialize

INPUYT "do you want to enter hydrograph for a mndule(y/n}“- anss
anss = "nw )

IF ans§ = "y" THEN

INPUT "module noY; modnum$ .
" FOR 4% = 1 TO nomods
P modu{;%).modno = modnum$ THEN
num% = 3%
EXIT FOR
END IF
NEXT 3%
FOR j% = 0 10 noits
INPUT "f£low"; gin(nums, i%)
NEXT 1%
END IF

FOR i% = 1 TO nomods
SELECT CASAZ modu{li%).typ

CASE . 1
IF i% <> ram% THEN
FOR 3% = 0 TO noits
qin{is, j%) = .0001
gout(is, %} = ,0001
~ REXT j%
END IF

ChSE 2

pat% = modu(i%).pl

alp = SQR(p;pa(pnt%}.slo) / pipe{pnth).man
_theka = ,827 *
- area = areapipa(thata, pnt%)

perim = pipa{pntd).diam * theta 7 2

r = area / perim
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pipe{pnt%).cap = alp * area * r ~ {m - 1)
- theta = .02 ~ 2 * pi :

area = at .apipe(theta, pnt%}

poerim = pipe{pnt%).diam * theta [/ 2
pipe{pnts).min = alp * area * r * {m - 1}

IP 1% <> numd THEN
FOR z% = 0 T0 noltt
gin{is, 2%) = pipe(pnt%} min
. NEXT z%
EXD IF

" FOR z% = O TO noits =
gqout (1%, z%) = pipa(pnt%) .min
aver{is, z%) = (1

- NBXT z%

CASE 2
IPF i% <> num% THEN
FOR 2% = 0 TO voltt
qin(is, =i} = .00001
~ HEXT z%
END IF

FOR z% = O TG noits .

gout(i%, z%) = .00001

over{is, z%) = 0!
. NEXT =z%
pont: = modu{i%).pl
88 = trapchan(pnt%}.ssl + trapchan(pnt%).es2
fact = SQR(l + trapchan(pnt%).ssl ~ 2
fact = fact + SQR{1l + trapchan{pntk).ss2 ~ 2)
area = trapchan(pnt%} mdep * trapchan[pnt%).wid
arsa = drea + 88 * trapchan{pnt%).mdep ~ 2 [ 2
perim = trapchan(pnt%).wad + txapchan(pnt%) mdep L fact
r = area ¥ perim’
trapchan(pnt%). cap SQR(trapchan(pnt%).slo) * area _
trapchan(pnt%).cap = cap * r * (m = 1) / trapchan(pnt%).man

CASE 4 )
pnt: = moduf{i%).pl
FOR 2% = 0 TO noitsg
gin{i%, z%) = Ol

REXT z%

FOR z% = 0 TO noltt
gout (i, z%) = 0}
NEXT 2%

IF storage(pnt$}.typ = O THEN

- storage(pnt3).critl = atorvol(pnt%, storage(pnt%).sl) .
ELSE

atnrage(pnt%).critl = gtorvol (pnt%, storage(pnti).cl)

ht = 1.5 * astorage{pnt%).depth

qdt = storage(pntk).cou * ((ht) ~ storage(pntk).cu)

qdt = adt * tint * 3600 .

storage(pnty).crit2 = gdt + stnrvol(pnt%, ht)

St + storage{pnt%).cl

ht = gtorage(pnt%).sl - storage{pnt%).cl = .5 *
gtorage(pnts).depth

qdt = storaga{pnt%}.cca * {{ht) * storage(pnt%$}.ce}) *
- tint * 3600

storagatpnt%] c:ita = th + storvol{pnt%,

. atorgga{pnt%) al)
BND IF
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storage(pnt%).prevator = storvol (pnts,
' storage{pnts).stlev)

CASE 5 .
FCR z% = 0 TO noits
gqin{i%, =z%) = 0!
. qout (1%, z%) ot

aover(is, zx) = 0!
NEXT 2%

CASE 6

pnts = modu{i%$).pl

aqui(pnts).yprev = agui{pnt¥). wtl '

qout{i%, Q) = aqui(pnt%) wtl * aqui{pnt%) perm *
‘aqui{pnt%).wid * acqui{pnti).slo / (1000% »
36001}

aqui(pnts).cap = aqui{pnts).slo * agui(pnt%).perm *

aqui(pnt%} .depth * aqui(pnt%).wid J (1000}

' _ * 36001)
IF i% <> num$% THEN

FOR j% = 0 TO noitx
qiu{i%, j%) = Ot
aqu i{pnt%).volume = Q

NEXT %

FOR J% = 1 TO noit®’
gout{ix, js) = 0
over{i%, j3) =

NEXT Jj%

END 1IF

END SELECT
NEXT i%
SUB
modconnect {print.conneck)
REM SDYNAMIC
CLS
COLOR 0, 2
LOCATE 11, 28
PRINT "Calculating connectivity"
COLOR 3, O _
REDIM pointer(2, 141), index({170)
INPUT "do you want to output tha 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 modulés ard their numbers are stored in array
CON and the overflow modules in array OVFLO
CALL upstreammode

Call ovaraquistack to determine the overland and associated aqu;fers
The array UNIT is used to store the information.

CALL overaquistack

-

Call subs setuppolntermatrix and orderofcalculation to determiné the
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© CALL setuppbin%ermatrix{puinter{), index{))
CATL orderofcalculation(po;nter(), indexl))

IF flag. esc% = 0 THEN
IF print.conneck = 1 THEN
CALL connecttable
print.connecy = 0-
END IF
END IF

END SUB

REM SSTAIIC
SUB orderofcalculation (po;nter(), index{))

REH.sDYNhMIC
DIM test(140)
count%'- 1

FOR k% = 1'T0 nomud%
- IF pointer(2, k%) = pointer(2, k% + 1) THEN
order(l, count%) = modu{k%).modneo
order{2, count%) = k% ]
v LPRIRT , order{l, count¥}. order{2, count%) -
counts = count® + 1 )
END IPF
_ NEXT k%

adders = 0
DO UNTIL count$ = nomods + 1

FOR i% = 1 TO nomod%
flagl = 0
flag2 = 0
IF test(i%) = 1 GOTO 10
upsmod pointer(2, i% + 1) - po;nter(z, i%)
start = pointertz, is)
POR k% = 0 TO upemod ~ 1
modupa = index(start + k%)
CALL check{modupe, order{}, counts, flagl, flagz)
IF flagl = 1 THER
: EXIT FOR :
ELSEIF flag2 = upsmod THEN _
order(l, count%) = modu{i%).modno
_ oxdanr{2, countt) = is
¢ LPRINT , order(l, count%), order(2, counts)
count% = count% + 1
teat(is) = 1
END IF
NEXT k%
10 : NEXT i%

adder% = adders$ + 1

IF adders > nomod% + 10 THEN

BEEP

BEEP

PRINT :

PRINT "“Connectivity anorrect. 14 Please check "
PRINT "Preésd any key" : _ .

WHILE INKFYS = ™'": WEND
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ERASE test, pointer, indax
flag.oack = 1
 EXIT SUB

END IF

o0P

. ERASE test, pointer, index
END SUB

REM SSTATIC
s8UB averaquistack

FOR J» = 1 To nompd%
numg = 0
IF modu(j%}.typ = 1 THEN
num® = num% + 1
unik {j%, 0) = num$
unit (3%, num%) = I%
13 = %

DO
num%_--num% + 1 :
FOR k%t = 1 TO nomod%
- IF modu(l%). infmod = modu(k%).modno THEN
unit (%, 0) = nums :
unit{jt, numd) = k%
- 1% = k&
* LPRINT unit({i%, 0), unit(l%, num$)
. BXIT FOR
END IF
NEXT ki B
LOOP UNTIL modu{l%).infmod = 0

END IF
NEXT 4%
- END SUB
SUB setuppointermatrix (pointor(), index())

- positiont = 1 _
pointer{2, 1} = posltlion%

FOR i% = 1 TO nonieds
polnter(l, j%) = modu{js).modno
FOR 1% = ] TOQ nomods$ .
IF modv({i%).damod = modu{j%).modno THEN
in.sx(position%) = modd(1i%) -modno
position® = poasition% + 1
END IF -
IF modu{i%).ofl = nodu{}%).modno THEN
index(positions) = modu({is).modna
. positicn® = positionts + 1
ERD IPF
IF modu{it).modno = medu{is).infmod THEN
index{positioni) = modu(i%).modno
position% = positions + 1
END IF
NEXT 1%
_ pointer(z j% + 1} position% : -
NEXT i%
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' . FOR k% = 1 TO poaitions
' LPRINT pointer(l, ku), pointer(2, k%), index(k%)
' HEXT k%

END SUB
SUB upstrEammodB

FOR 4% = 1 TO nomods
counts = D¢ adds = O
FOR k% = 1 TO nomodk
IF modu(i%).modno = modu(k%}.damod THEN
: count® = counts + 1
con{i%, 0) = countk
con(is, count%) ke
END IF
13 mndu(j%).modno = modu{k%).ofl THEN
add% = add% + 1
ovilo{is, 0) = addy
ovElo{j%, adds) = k%
END IF
. NEXT k%
NEXT 3%

END SUB

'Subroutine for routing flow overland and through aquifers
‘Tha infiltration is caleculated using the aubroutine potinfiltration

DECLARE SUB muscungcoeff {length, <1, ki, theta!, cofll, cofsl, cof3l, caf4i)
DECLARE SUB aquircutel (infilinl, infout!, pnt%, pntl%, i%)

DECLARE BUB overroutel (infoui!, pnts, pntlh, 1%)

DECLARE SUB depthforinfil.aqul (infilini, pnt%, pntls, i%, avalldep!) -

' 'DECLARE SUB checkaguisat (pnt2%, pnt3%, i%, infoutl)

DECLARE 8UB potinfiltratlon (pnt2%, pnt3%, 1%, infilsl)

DECLARE SUR depthforinfll.plane (pnts, pntlk, 1%, avalldep!l)

TYPE modconnectivity
modno AS INTEGER
ofl AS INTEGER
typ AS INTEGER
doamoed AS INTEGER
infmod AS INTEGER
pl AS INTEGER

END TYPE

TYPE ovaxmod
wan AS SINGLE
g#le AS SINGLE
lng AS SINGLE
wid AS SINGLE
ERL “YFE

TYPE agquimod
8lo AS SINGLE
wid AS SINGLE
lng as SINGLE
depth AS SINGLE _ _
wtl A3 SINGLE ) .
gorp AS oINGLE
lperm AS SINGLE
por AS SINGLE
lmo AS SINGLE
cap AS SINGLE
volunme LS SINGLE
yprev AS SINGLE
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END TYPE
TYPE pipemod _
glo AS SINGLE

diam AB SINGLE
ing AS SINGLE -
man AS SINGLE o
cap AS SINGLE .
min AS SINGLE '
END TYPE -

TYPE trapmod
Blo AS SINGLE
lng AS SINGLE
man AS SINGLE
wid AS SINGLE
gsl RS SINGLE
@82 A8 SINGLE
mdep AS SINGLE
Gap AS SINGLE

END TYPE

TYPE stormod -
cl AS SINGLE
el AS SINGLE
a AS SINGLE
I AS SINGLE
Aklev AS SINGLE
typ AS IRTEGER
adu AS SINGLE
cu AS SINGLE
oes AS SINGLE
o8 AS SINGLE
cop AS SINSLE
5p AS BINGLE
depth AS SINGLE
critl A5 SINGLE
crit? AS SINGLE
crit3d AS SINGLE
prevator AS SINGLE
END TYPE

TYPE compmod
glo AS SINGLE
" Ilng AS SINGLE
nosagy AS INTEGER
nopts AS INTMGER
END TYPE

COMMOR SHARED mudu() AS wmodconnectivity, plpe() A3 pipemod, storage{) AS
stormod

COMMON SHARED ovaxrlnd({) AS overmod, aqui{) AS agquimod, trapchan() AS trapmod
chMQN SHARED qin(), qgout(}, unit{), con(), ovile(), oxder(), nomod%, noit%,
tint

COMMON SHARED m, over{), rain{), pi '
COMMON SBARND promptl$, flag.filet, teods%

COMMON SHARED titles, f£ileg, flag.emc%, Dl%, p2%, p3%, p4s, p5%, pé%

COMMON SHARED alm.time, rain.time, hyeto.numbers, newmods, flag.inaert%
COMMOK SHARED compchan{} AS compwod, x{); y{}, n{), segno()

END

B aquiroutael {infilin; infmut, pnks, ontix, L%y .
LPRINT "agquifer"; modu({pnt%).modno
LERINT *infilin"; infilin; "infilout“; infilemt

T,
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effecstor = agqui(pntl%).por - aqui(pntl®).imec
denom =. aqul{patli}.lng * effacstor * aqui(pntli).wid
abit = {infilin ~ infout) * tint / (effecetor.* 10001) _ '
abita = (gout({pnt%, i% ~ 1) - gin(pnt%, 1% - 1)) * £int * 3500 / denom
y = aqui(pntis).yprev + abit - abita
gout{pnt%, i%} = y * aqui(pntlt).slo * aqud (pntld%).wid * aqui(pntls).perm
/ (10001 * 36001) ' _ R .

agui(pntls).yprev = y .

' LERINT “y="; y(pnt%, 1%}, "g="; qout(pnkt%, i%)

' LPRINT ) : .

'END SUB | : ' -
~ 8UB checkaguisat (pntzz.'phta%, i%,'infout) '
_ affecstﬁr = aﬁﬂi(pﬂtS%).pcr - aqui{phta%}.imc _
.aqui{pntS%).veluma = aqui(pntB%).inuma 4+ infout * tint / 1000! |
*  LPRINT " volume="; volume(pnt2%, i%) -

IF agqui(pnt3%s).volume / effecstor >=.  aqui{pnt3x).depth =~
aqui{pnt3%).yprev THEN : - : -
: aqui{pnt3%).volume = aqul(pnt3s).depth * effecstor
' gout {pnt2%, 1% - 1) = acqui({pntis).cap
aqui{pnt3s).yprev = agui(pnt3s).depth
END I¥

END SUB .
SUB depthforinfil.aqui (infilin, pnt%, patls, i%, availdep)
availdep = 0 ' '

" IF qout(pnt®, 1% - 1) > O THEN
260 den = agul{pntl%).wld * agui(pntls).perm * aqui{pntl%).slo / {1000!
* o) ) - .

ybeg = gin(pnty, 1% - 1) / den
yend = gout(pnt%, i% - 1) / den
' PRINT "yhego"; ybag; "yend="; yend
' WHILE INKEYS = "": WEND
availdep = (yend + ybag) [/ 2
END IF .

area = aqui(pntls).wid * aqui{pntls).lng.
availdep = availdap + infilin % tint / 1000 _ _
/(2 availdep = availdep + (gin{pntd, i% ~ 1) + gin{pnts, 1i%)) * tinkt * 3600
{2 * area) :
availdep = avalldep * aqui{pntls).por

END SUB
SUB depthforinfil.plana (pnt%, pntly, 1%, availdep)

avalldep = 0 _
alp = SOR(overlnd(pritl%).slc) / overlnd{prtl%).man
area = overlnd{pntl%}.wid * overlnd(pntl%).lng

IF gout{pnt%, i% = 1) > .0001 THEN
den = overlnd(pntl%).wid * alp
ybeg = {gin{pnt%, i% ~ ") [ den) 4~ (1 / m)
yend = {qout(pnt$, 1% < 1) / den) ~ (i / m})
availdep = (ybeg + yend} / 2

END If ' - o -

availdep = avalldep + rain(ik} * tint / 1000!
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IF {gin{pnt%, %) + qin pnks, i% - 1) }y/ 2> .0001 THEN

- Evaifgaprﬂ availdep‘+ (qin(pnt%, is - 1} + qin(pnt%, i%)) " tint *
3600 / (2 * area) _ _

END IF

' LPRINT “availdep"- availdap
END SUB _
SUB overlandl (1%, i%)
nzu-availaepth(unitclg,.Q)J, infilout{un;tfla, ¢))

TOR k% = unit(l%, 0) TO 1 STRP ~1
. pnt% = unit(l%, k%} :

' FOR £% = 1 70 con{l%, 0)
q%n{pnt%, i%) = qin{pnt%, i%) + qout{aon(pnt%, f%). i%}
NEXT _

'FOR n% = 1 TO ovflo(ls, O
an(pnt%, is) = qin(pnt%, is) + over‘ovflbfr -« n%), 1%)

IF k% <> 1 THEN
Pt = modu{pnts).pl :
IF gin(putk, i%) > agui({p%).cap THEN
potl% = unib(l%, k% ~ 1)
qin{pnitl%, i%) » gin{pntls, 1%) + qin(pnt%, i%) - aqui(py).cap
Bugin{pnt%, i%) = ayui(p%).-ap

END IF v

IF qin(pnt%, i%) < 01 THEN
gin(pnts, is) = 0}
END IF

NEXT k%
FOR £% = 1 T0 unit(lk, 0) = 1

 pnts = unit(l%, £%)
pntly = moedu{pnts).pl

IF £% <> unit{l%, 0) THEN
pnt2% = undt(l%, £% + 1)t pntds = mndu(pntzt) pl
IF aqui{pnt3t).perm <> 0 TF.N
IF aqui{pnt3%).volume / (aqui({pnt3s). por = aqui{pnt3%) ime) <
aqui {pnt3%). depth THEN
CALL pctinfiltraticn(pntzt, pnt3s, 1%, potinfil)
ELBE '
_ potinfll = agui(pnt3s).porm '
END IF
END IF

IF mcdu{pntd).typ = 1 THEN |
CALL depthforinfil plane(pnt¥, pntl%, i%, availldepth(fs%))

Iy availdepth{f%) * 1000 < potin£il * tint THEN
© Infilouk(fy) = availdepth(f%} * 1000 / tint

ELSH _
infilout (£%) = potinfil “
END IF _
' .LPRINT " infiltration”; infilout
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ELSE '
effecator = aqpi(pntl%) por - aqui(pntl%).imc _

IF aqui(pntls).volume / effecstor < agui(pntls).depth THEN
infilin = 0
ELSE

. infilin = infilout{fs - 1)
END IF

. CALL depthforinfil.aqui(infllin, pnt%, pntls, 4%,
. avalldepth(£%)) : _

IF availdepth(£%) * 1000 >= aqu;{pntl%) perm * tint THDN
infilout(£%) = agui{pntl%).perm

I 1n£ilout(f%) > potinfil THEN
infilout (£%) = potinfil
. END IF

ELSEIF availdepth{f%) * 1000 < potinfil * tint THEN
- infilout(f$) = avalldepth(£s) * 1000 / tint
_ ELSEIF availdspth(f%) * 1000 > potinfil * tint THEN
infilout{f%} = potinfil

END IF
END IF
END IF
NEXT %

FOR £ = unit(l%, 0) TO 2 STEP -1
pate = unit(l%, £%)
pntl% = modu({pnth).pl
effecator = aqui(pntl1s) por ~ aqui(pntls).ime
IF agqui{pntl%}).perm <> 0 THE
IF ABS(aqui{pntl%).volume ] effecgtor - aqui{pntl%).depth) <= .001

THEN
denom = agul{pntl%).lng * aqui{pntl%).wid * aqui(pntl%).por
infilt = agqui(pntli).depth = agui(pntls).yprev
infilt = infilt + (aqui(pntls).cap - gin(pnts, &% - 1)) * tint *
3600 / denom
infilt = infilt * agui(pntls).por % 1000 / tint
inflilt = infilt + infilout(fs)
IF infilt <= infllout{fs ~ 1) THEN
infilout{£fs ~ 1) = iafilt
~ END IF
END IF
END IF
NEXT £%

FOR £% = 1 TO unit(ls, 0)

pntd = unit (1%, £%)
pntly = modu{pnt%).pl

' LPRINT "potinfil", potinfil
IF £ <> unit{l%, Q) THEN

pnt2% = unit(l%, £% + 1): pntds = modu(pntz%) pl
iy modu(pnt%) typ = 1 THEN

IF ABS({avalldepth(f%) * 10001 ~ 1nfilout{f%) * tint) < .0001 THEN
. qout(pnth, is) = .0001
BLSE
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CALL overroutel(infilout(f%), pnt%, pntis, i%)
END IF '

' . L¥RINT , i%, mcdu{pnt%} +odno :
L LPRINT , "availdepth="; avalldepth; ninfilout="; infilout;
“rain="; rain{it)
LPRINT “ql-"; qin(pnt%, iy - 1), "q3=“, qout (pnt%, i% - 1)
* EPRINT "qza", q;n{pnt%, i%), *gout=", qout(pnts, 1)
' PRINT ) -

ELSE

IF av&ildeprh(f%) * 1000 = infilout!f%) * tint THEN
gqout{pnts, ik} = 0

EI:SE
i aquiﬁpntl%).vulume / affacstor < agui(pntl¥%). depth THEN
infilin = O
ELSE _
infilin = infilout(£fs - 1)
END IF : -

CALL aguiroutel(infilin, infilout(£%), pnt¥, pntls, i%)
END IP

' LPRINT , i%, modu(pnt%).modno _ ' _
' LPRINT , ™avalldepth="; availdepth; “infilout="; infilout;
“rain=“; rain{is)
LPRINT "ql="; qin{pnt%, i% = 1), "g3=", qout(pnts, i% - 1)
: LPRINT "g2=", qin(pnt%, i%), "qout=", qout(pntt, i%)
LPRINT

END Iy
IF aqui(pnt3%}.perm <> O THEN

IF aqul{pnt3%).volume / (aqni(pntB%) por - aqui(pnts%} ime} <
aqui{pnt&%} depkth THEN
g - CALL checkaquisat(pnt2%, pnt3%, i%, infilout(f%))
BD IF
! LPRINT "volume under aqui”; volume(pnt2%, i%)
ERD IF _ .

ELSE
IP agqui{pntl%).parm <> 0 THEN
effacstdr = aqui{pnti%).por - agui(pntls).imc
IF aqui(pntls).volume / effecstor < aqui(pntlt).depth THEN
infilin = 0
ELSE
infllin = infilouk(fy -~ 1)
END IP
IF anui(pntl%) lng <> O THEN
CALL aquiroutel(infilin, infilout{fs), pnt?, pntls, i%) .
END IF
END IF | | - B
END IF |
IF modu{pnt%) typ = 6 THEN

IF qout(pnt%, i%) > aqpi{pntl%) cap THEN
- pnt4% = unit(l%, £% = 1)

i
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ovar(pnt%, i3) = gout{pnth, i%) - aqui(pntl%} eap
_ gqout (pntd%, i%) = gout{pnkds, i%) + 1out{pnh%, 1%y =
agqui(pntl%$).cap _
' gout {pnt%, i%) = aqu;{pmtl%).cap
aqui{pntli).yprav = aqui(pntl%) depth
END IF : .
END IF .

_ NEXT £%
. END SUB
SUB overrnutal (infout, pnt%, pntl%, 1%)
: alp SQR{overlnd(pntI%}.alo} / overlnd(pntl%).man
= gin{pnt%, i% = 1) / overlnd(pntl%).wid
q2 = gin{pnt%, i%) / overind(pntll).wid

g3 = goubt(rntd, i% - 1) / overlnd(pntls).wid
g=(ql +aq2+2*q3) /4

clem*alp ~.{1 / m) * q Al -1/ m)
€2 =m* alp ~ {1 fm) * g2 ~ {1 ~1 /] m)
cl=m*alp ~ (1 /m) * q3 ~{1=1/}/m)
c=(cl+02+2*c3) /4

theta = (1 + ¢ * tint = 3600 / overlnd(pntl%) ing =~ q /
{ovarlnd(pntls).lng * o * ovarlnd(pntl%) slo}) / 2 :
k = overlnd(pnti%).lng / «

IF theta < O THE _ T
. theta = 0 : " ' s
ELSEIF theta » 11 VHEN , )
theta = 1! ' ' '
END IPF ’

CALL muscungeoeff(length, e, k, theté, cofl, cofz,'cofB, cof4)

gran = {(rain{i%) - infout\ * ovarlnd{pntl%}. lng / 1000 *
overlnd(pntls).wid f 3600

IF ¢ofl * gin{pnts, 1% - 1) + cof2 * gin{pnt%, i%) + gout(pnts, 1% - 1)
* ¢of3 ¥ 0 THEN :
gout (prit%, i%) = cofd * qgran
IF qout{pnt%, i%} <= 0 THEK
gout {pnt%, i%} = .0001

END IF

EXIT SUB
ELSE . _ . ) :
gout(pnth, 1%)'= cofl * gin(pnt:, i% - 1) + cof2 * gin(pnts, i%)
+ gout(pnts, i% - 1) * cofd + cof4d * gran :

END IPF

IF gout(pntt, i%) < O THEN
gout (pnts, i%) = .0001 ' v
EXIT SUB

END IF

krle) ' '
gd = gout(pnti, i%) / overlnd(pntl$).wid

cd =m*%alp ~ {1 /m) * qf ~ (1 ~1/m

qg= (gl +qg2 +q3 +qd) / 4

= {cl+ 2 +e3 +cd) /4 _

theta = {1 + ¢ * tint * 3600 / overlnd{pntl%).lng - g /
{overlnd(pntl%).lng * c * overlnd{pntl%).alo}) / 2

k = overlnd({pntlt).lng / ¢

'IF theta < 0 THEN
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theta = 0
ELSEIP theta > 1 THEN
theta = 1
END IP
CALL muscunqcceff(length, [ k, theta, cofl, cof2, cof3, cofd)

gran = (rain(is) - infout) * overlnd{pntls). 1ng -/ 1000 *

overlnd{pntl%}.wid /] 3800 : '
gtemp = cofl * gin(pnts, i% - 1) + cofz Ld qin(pnt%, i%) + quut{pnt%,_

is = 1} * cof3d + cofd * gran

diff = ABS(qtemp - gout{pnts, i%)}
qout {pnt%, i%) = (gtemp + qout{pnt%, i%)) / 2

IE gqout (pnt%, i%) <= 0 THEN
gout(pnt%, i%) = .0001
EXIT sUB

- BND IF

LOOP UNTIL diff < .001
. END sUB
| 8UB potinfiltration (pnt2%, pnt3%, i%, infilt)

effecstorbot = aqui(pnt3%).por - agui{pnt3s).dimc
.gam = aqui(pnt3s).sorp * effecstorbot
£ = agui(pntds).volume

IP effecstorbot <> 0 THEN
ba2* £~ agui{pntis).perm * tint / 1000}
¢ = =2 * aqudl({pnt3%).perm * tint * {(gam + £) f 1000!
df = (~b + SQR{b * 2 « 4 * )) [/ 2
infilt = @f * 1000! / tint

: IF (f + &f)y / effecstorbot > agqui(pnt3%)}.depth - aqui{pntB%).yprav
THEN

infilt = agui{pnt3x).perm * (1 + aqui(pnta%) sorp /
. agqui {pnt3%).depth) .
END ¥ °
END IF -
END SUB

.‘séction of program to route flows through trapezoidal channels

DECLARE SUB muscungcoeff {1ength, el, k!, thetal, cofl!, cof2l, cof31, cof4l)

DECDARE SUB' flowintomodile (indls, ind2%)

DECLARE SUB trapchanroute (1%, i%)

DECLARE SUB newtraptrap {flow!, yfinall, 1%, pnt$)

DECLARE SUB trapchar (pnts, y!, bl, cl°

TYPE modoonnactivity
modno AS INTEGER
ofl AS INTEGER
typ AS INTEGER
demod AS INTEGER
infrod AS INTEGER
pl AS INTEGER

END TYPE

TYPE overmod
man AS SINGLE .
slo AS SINGLE -
lng AS SINGLE
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. wid AS SINGLE
END TYPE

TYPE aquimeod
8lo AS SINGLE
wid AS SINGLE
lng AS SINGLE
depth AS SINGLE .
wtl AS SINGLE
sorp AS SINGLE
perm AS SINGLE
por AS SINGLE
ime AS SINGLE
cap AS SINGLE
volume AS SINGLE
yprav AS SINGLE

END TYPE

TYPE pip=amod .
glo A8 SINGLE
diam AS SINGLE
lng AS SINGLE
man AS SINGLE
cap AS SINGLE
min AS SINGLE

END TYPE

TYPE trapmod
g8lo AS SINGLE
lng AS SINGLE
man AS SINGLE
wid AS SINGLE
88l A5 SINGLE
gs2 AS ESINGLE
ndep AS SINGLE
cap AS SINGLE

END TYPE

TYPE gtormed
cl AS SINGLE
sl AS SINGLE
a AS SINGLE
b A8 SINGLE
gtlev AS SINGLE
typ AS INTEGER
cou AS SINGLE
cu AB SINGLE
ccs AS SINGLE
¢s AS SINGLE
ogp AS SINGLE
. 8p A5 SINGLE _
depth AS SINGLE
. eritl AS SINGLE
crit?2 AS SINGLE
critl AS SINGLE
prevetor AS SINGLE
END TYPE

TYPE compmod
sloc AS SINGLE
lng AS SINGLE
nogsegs AS INTEGER
nopts AS INTEGER
END TYPE

 COMMON SHARED modu{) AS modconnectivity, pipe() as pipémcd, gtorage(} AS
gtormod . -
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COMMON SHARED overlnd() AS overmod, aqui{) A8 aquimod, trapchan{) AS trapmod
COMMON SHARED gin{} gqout(), unit(), c¢on{), ovEla(), order{). nomod$, noitk,
tint -

COMMON SHARED m, over(), rain(}, pi

COMMON SHARED promptl$, fiag.file%, tcoded

COMMON SHARED title$, file§, flag.esck, pl%, p2%, p3%, 4%, p5%, 96%

COMMOW SHARED sim.time, zrain.time, hyeto.numbers, newmods, flag. insert%
COMMON SHARED compchan(} AS compmod, %x(), v{), n{), segno()

END
SUB newtraptrap (flow,'yfinal,'l%, ponts)

alp = SQR(trapchan(pnt%).sle) / trapchan{pnt%).man

vbegin = (flow / {alp * trapchan{pnt$).wid)) ~ (3 / 5)

gg = trapchan(pnts}.ssl + trapchan(pnt%}.saz S

b = trapchan{pnt%).wid

fact = SQR{1 + trapchan(pnt%).asl A~ 2) + SQR{I + trapchan(pnt%).ssz A~ 2)

Do
" area = ybegin * b + a8 * ybegin ~ 2 / 2

parim = b + ybegin * fact o
r = area / perim :
dady « b + yhegin * gzs
dedy = dady / perim - area * fact / perim ~ 2 _ :
dfdy = dady ¥ r ~ {m = 1) + {(m - 1)y % area * ¢ ~ (m — 2% * drdy
yfinal = ybegin = (area * r 4 (m ~ 1) = flow / alp) / dfdy
diff = aBss{yfinal -~ ybegin) _ . o
ybegin = yfinal

LOOP UNTIL diff < .001

END SUB
SUB trapchanroute (1%, i%)

. pnt% = modu{l3).pl
FOR £2 = 1 TQ .3
SELECT CASE £%
CASE 1 ' :
flow = qin{l%, is - 1)
CALL newtraptrap(flow, yin, 1%, pnt%)
CALL trapchax(pnt%, yin, bl, cl)
CASE 2
Elow = gin(ls, 1i%)
CALL newtraptrap(flow, yint, 1%, pnt%)
CALL trapchar{prt%, yint, b2, c2) :
CASE 3
flow = gout{l%, 1% ~ 1)
CALL newtraptrap(flow, yout, 1%, pnt%)
CALL trapchar{pnt%, yout, b3, ¢3)
_ERD SELECT
NEXT £%

= (gqin{l%, 1% - 1) + qi
b= (bl +b2 + 2 % bh3)
c= (¢l + c2 + 2 * 3)

2(1%, 13) + 2 * gout(ls, 1% =~ 1)) / 4
4

e,

' LPRINT "igm"; i% :
) © LPRINT “b,q,c="; b; ¢; ¢ '
' theta = (1 - g / (b * o * trapchan(pnt%).lng *
trapchan(pntt).slo)) / 2

theta = (1 + ¢ * tint * 3600 / tr apchan({pnts).lng - g / {b % ¢ *
trapchan{pnt%) lng * trapchan(pntt}.sig)) [/ 2

LPRINT "thetate", theta

IF theta < O THEN
theta = 0
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ELSEIF theta > 1 THEN
theta = 1
END IF

LPRINT “theta="; theta

k = trapchan(pats).lng / c

length = trapchan{pnt$%).lng

CALL musc¢ungecoeff{length, ¢, k, theta, cofl, cofz, cof3, cof4)

. LPRINT *vofl="; cofl; "cofz=“; cof2; "cof3="}p cofl3; ngofd="; cof4

qput(l%, i%) = cofl * gin(ls, i% - 1) + cof2 * gin(ls, is) }

gowyt(ls, i% - 1) * cof3

LPRINT “qouts"; qout(l%, i%]
LPRINT

END SUB

*MB trapchar (pnt%, y, b, €)

alp = SQR(trapchan{pnt%).slo) / trapchan{pnt%).man

as = trapchan(pnt%).sel + trapchan(pntt).es2

fact = SQR{1 + trapchan({pnt%).ssl ~ 2) + BQR(I + trapchan{pnt%) aaz ~ 2)
drea = trapchan(pnti).wid * vy + gg * y ~ 2 [ 2

- wetperim = trapchan{pnt3).wid + y * fact

b = trapchan(pnt%).wid + y * s

r = area [/ wetperim

c=alp * r ~ (w ~ 1) * (m - (m~ 1) * z * fact. !/ By
ERD SUB -

'sﬁB trapmodule (1%, i%)
‘CALL flowintomodule{l%, i%)

IF gin(l%, i%) <= 0 THEN
gin{ls, i%) = ,0001
END I®
IF gin(l%, i) > trapchan(modu(l%} ply.cap THEN
over(ls, i%) = gin{l%, i%) - trapchan{modu(l%).pl}.cap
gin{ls, i) = trapchan(modu[l%) pl).cap
END .F

CALL trapchanroute(l%, i%)

IF gout{ls, i%) < O THEN
qout{l%, i%) = .0003
END IF

IF qout{ls, i%)
gqout (1%, i%)
END IF

v

trapchan{modu{l%).pl).cap THFN
trapechan{modu{l%).pl).cap

END SUB

'‘Section of program to route f£lows down compound channels

DECLARE SUB flowintomodule {indi%, ind2%)

DECLARE BUB interp (htl, =xl!, x2!, yll, y2!, xint!, yint!)

DECLARE SUB searchforseament (p%, hti, vl()}, lot!, rptl, flag!)

DECLARE FUNCTION area! {(nptsl, x1i1{), v1l!(}}

DECLARE FUNCTION periml (nptsi, x21(), v2!{})

DECLARE SUB celcalc {g!; qi{), al{), cel!, nohts!}
DECLARE SUB topwidth {flow!, gi{), bi{), widl, nohtsli)
DECLARE SUB coeffs (k!, thetal, cofl), cof2!, cufdl, cofsl)



' TYPR 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
glo A8 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 BINCLE
volume AS SINGLE
_yprev AS SINGLE

END TYPE

TYPE plipemod
glc A5 SINGLE
diam AS SINGLE
1lng A8 BINGLE
man AS SINGLE
cap AS SBINGLE
min AS SINGLE

END TYPE

TYPE trapmod
8lo AS SYINGLE
Ing AS SIMGLE -
man AS SINGLE
wid AS SINGLE
a8l AS SINGLE
882 AS SINGLE
mdep AS SINGLE
cap AS SINGLE

END TYPE

 TYPE stormod

cl AS SIRGLE

sl AS SINGLE

a AS SINGLE

b A8 SINGLE
stlev A8 SINGLE
typ AS  NTEGER
ccu A8 YINGLE
cu AS S1NGLE
ccs AS SINGLE
cs AS SINGLE
cep AS SINGLE
gp AS SINGLE .
depth AS SINGLE
critl AS SINGLE
crit2 AS SBINGLE

D - 96
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¢rit3d AS SINGLE
_ prevator AS SINGLE-
- END TYPE

TxPE comptand
#lo AS SINGLE
Ing AS SINGLE =
nosegs AS INTEGER
_ . noptd AS INTEGER
END TYFHE

COMMON SHARED modu() AS modconnectivity, pipe() A8 pipemod, otorage() AS
stormod .

COMMON SHARED ovarlnd() AS overmod, aqui{) AS agquimed, trapchan(} as trapmad
chMON'SHaRED qin(}, gout(), unit{), con{), oveio(), ordex()r nowod%, noits,
tint . '
COMMON SHARED expo, over(), vain(), pi

COMMON SHARED promptis, £ ag.file%, teodes

COMMON SHRRED title$, file$, flag.esck, pli, p2%, p3%, p4%, p5%, ps%

" COMMON SHARED eim.time, rain.timeé, hyeto.numbers, nswmod:, f£lag.inserts
COMMON SHARED compchan() AS compmod, x{), ¥{), n{}; aegno()

_END
FUNCTION area (npts} X1(), Y1())
a=0

FOR k = 1 To.npts

IF k = npks THEN
ma = a+ (yl{l) + yl{npts)) * (x1(1l) - xl{npts)) / 2
LSE . )

a=a+ (yl(k + 1) + y1(k}} * (x1l(k + 1) - x1{k}) / 2
END IP

NEXT k
Carea = ARS(a)
END FUNCTTON
' sUB eeloalc {d, §{}, al}, cel, nohts)

i =0
flag = 0

Do
I¥ g = g(nohts) THEN
ggl = {g(nohts) - g{nohts - 1)) / {a{nohts} - a(nohta - 1})
ag =
ELSEIF q »= q{i) AND g < g{i + 1) THRN
flag = 1 _
cel = {g{i + 1) - q(i}) / (a(i + 1} - a{i))
END IF
f=3i+1
LOQP UNTIL flag = 1

END SUB

SUB coeffs (k, theta, cofl, cof2, cofl, cofé}'
denom = tint * 3600 + k * {1 - theta)
cef2 = (tint * 3600 ~ k * theta) / dencm

cofl = k * theta / denom .
cof3 = (k * (1 = theta}) / denom
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coR4 = tint * 36001 / denom -
END SUB '
SUB compoundcha (1%, 1%, g(), a{), k(). nohts}

pt = modu{ls).pl

CALL f£lowintomodule(l%, 1%}

IF gin({l%, i%) > g(nohts) THEN
over(ls, i%) = gin(ia, i%) - q(nohta}
_ din{ls, i%) = q(nohta)
END IF
gl = gin{l%, &% = 1)
g2 = gin{l%, it)
a3 = qnut{l%, i% = 1)
FOR k% = 1 TO 3
SELECT CASC k%
CASE 1
CALL celaale(ql, q{)
CALL topwidth(ql, qf
CASE 2
CALL celeale({g2, ()
CALYL, topwidth{g2, ¢!
CASE 3

¢
): b

ys ©l, nohts)
{
a{} c2, nohﬁs)
be
(ye

' .
), bl, nohtsa)

}» b(), b2, nohts)

CALL celecale(al, q{), a{), ©3, nohta)
CALL topwidth(gd, q{), b(), b3, nohts)
END . SELECT
NEXT k%
¢ = (gl +c2 +2 % a3) /4
bw{bl +hb2+2*b3} /4

gave = (gl + g + 2 % g3) / 4

theta = (1 + ¢ * tint * 3600 / compchau(p%} lng ~ qave / (b g o#
compchan{pt).ele * compchan(pd).lng)} / 2

IF theta < 0 THEN
theta = 0 _

ELSEIF theta > 1 THEN
thata = 1

END IF

k = compchan(p$).lng / c
CALL coeffa{k, theta, cofl,'cofz,-co£3, aofd)
gran = rain{i%] * compchan{p%).lng / 1000! * b / 3600}
gout {1, 1%) = gl * cofl + g2 * cof2 + q3 % cof3 + cofd ¥ gran
IF gout{ls, 1%) < 0 THEN
qout (1%, i%) = .00001

END IF _
EHD SUB
SUB interp (ht, xl, x2, yi, yz, zink, yint)

slopa = (x2 = x1) [ (y2 = yi)

xint = slope * (ht - y1) + xl

yint = ht
END SUB

FUNCTION parim {nptSr.xZ(). Y2(}}
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p=0

FOR k = 1 TO npta - 1
xoagqrd = (x2{k + 1) --%2
yeged = (y2(k + 1) - y2
p=p+ {x3qrd + ysqrd}

NEXT Ik

{k)) » 2
{k))} ~ 2
L. .5
perim = p
END zuucw:ou
SUB QveA {1%, (), at): b{), nohts)
REM $DYNRMIC.
REDIX height(20), x1(20), y1(20>, ngzo), yz{zo)
Pt = madu{l%). 91
nohts = 10
¥OR k% = 2 TO compchan{pt).nopta
IF y(p%, k%) > y{p%, k% = 1)
htlowpt = y{p%, k% - 1)
~ EXIT ¥OR
END IF.
NEXT ks
depth = y(p%, i) - htlowpt
yino = depth / nohts

e
9 .

a(0) = 0
gq(0) =0

FOR %% = 1 TO nohts
helght (k%) = htlowpt + k% * yine
FOR kk% = 1 TO compohan(pk).nosegs

lpt = segno{p%, kks, 1)
¥pt = segno(p%, kk&, 2)

CALL searchforsagment{pk, height(k%), ¥{): lpt, rpt, flag}
IF flag = 1 THEN '

Ir :iight(k%) > y{p%, 1lpt) AND helghb(k%) > y{p%, rpt) TREN
agl o
ELS?{F lieigl'z;t(k%) <= y(p%, lpt) AND height(l:%) <= y{p%, rpt) THEN
. ag =
BLSEEF heiggt(k%} <= yip%, lpt} AND helight: (ki) > y{p%, rpt) THEN
agl = *
ELSD i '
flagl = 4
END IP

SELECT CASE flagl
(CASE 1

npte = rpt ~1pt + 3 ' )
x1(1) = x(p%, lpt}
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y1{1) = height(k%)

®1(npta) = x{pi, rpt)
vl{npte) = height{k%)

FOR kkk% = 1 TO rpt ~ 1pt + 1
x1{1 + kkks) = x(p%, lpt + kkki - 1}
x2({kkk%) = x{p%, ipt + kkk% - 1)
yl{kkkt + 1) = y{p%, lpt + kkk¥ - 1)
yztkkk%) = y(p%, lpt + kkkt& - 1)
NEXT kkk% - -

gegarea = area(npts, x1{), y1())

npte = npts -2

segperim = perim{npts, x2(). yz())
Casg 2

FOR kkk% = lpt + 1 70 zpt
IF height{l%) > y(p%, kikt) THEN

CALL interp(height(k%), x{p%, kkk% - 1), x{p%, kkk%),

y(p%, kkks - 1}: ¥{p%, kkk%)r x1(1), ¥1{1))
Ipt = kkk%

EXIT FOR
- BND IF
NEXT kkk%

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%, kkky),

y(p%, kkks + 1}, y(p%, kkk%), xval, yval}
rpt = kkki

~ EXIT FOR
. BEND IF
NEXT kkks

npts = rpt - lpt + 3
xl{npts) = xval
yl{npts) = yval

FOR kkkt = 1 TO xpt - lpt + 1 _
x1{kkk¥ + 1) = x({p%, lpt + kkk% - 1}
yl(kkks + 1) = y(p%, lpt + kkks ~ 1}

NEXT lkks

segarea = arsa(npts, x1{), yl(}}
esgperim = perim{upts, x1{), v1(})

CASE 3

FOR kkk% = lpt + ] TO rpt
IF height({ks) > y(p%, kkk%) THEN

CALL interp(height(ks), x(p%, kkk% - 1), x(p%, kkk%),

y(pY, kkks - 1), Y(ps, kkk%}: x1{1l), y1(1))
1pt = kicks

EXIT FOR
END IF
NEXT kkk$

npts = rpt ~ lpt + 3
xl{npts) = x{p%, rpt)
yl{tipka} = height(k%)

x2(1) = x1(1)
¥y2(1) = y1(1)
FOR kkk$% = 1 TO rpt = Ipt + 1 _
x1{kkk% + 1) = x(p%, 1pt + kkik% = 1)
+ 1) =

yil(kkks v(p%; lpt + Kk - 1)
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x2 {kkks -+

= x({p%, ipt + kkks - 1)
. y2({kkk¥ + = y(p%, 1pt + kelele® - 1)
MEXT kkk%

- pegarea = area'{npts,- x1{}, ¥i())
npts = npts = 1
segperim = perim({npte, x2(), yz{)}

CASE a

FOR kkk% = rpt - 1 TO lpt STEP wi
IF height({ks) > y{p%, kkki) THEN ‘
. CABLL interp(helght{k%)}, x(p%, kkk% + 1), x{p%,
y(p%, kkks + 1)r Y(p%, kkk%): x1(1}, Ylilli
. rpk = kkk§

EXIT FOR
END IF
NEXT kkks

spte = zpt - lpt + 3
zl{npts) = x(p%, lpt)
yil{npte) = heighb (k%)

x¥2(1} = x1(1)

y2{1} = y1{1)

FOR kkks = 1 TO rpt -~ Ipt + 1
x1(kkks + 1) = x{p%, rpt - kkki + 1)
vi(kkks + 1) = y(£%, rpt ~ kkk% + 1)
x2({kkk% + 1) = x(p%, rpt ~ kkki + 1}
¥2(kkks + 1) = y{p, rpt - kkki + 1)

NEXT klkk$

segares = a.rea(npta, x1(), ¥1()}

npts = npts -

segperim = perim(npta-, x2{), ¥2{))

END SELECT

kkk%),

' LPRINT "ht="; height (k%); "segarea="; segarda; "segpwilna®; segperim

r = gegared / segperim

gseg = SQR(compchan(p%).slo} * segarea * ¥ » {2 / 3} [/ n{p%, kk%j

q(ks} = g{ks} + gseg
a(k%} = a{k%) + segarea
b{k%) = xl{npts) -~ »1(1}
' LPRINT "a="; a(k%); "g="; qg{k%)
' LPRINT "gseg="; qgseg; " {k%}=" aikx}; "a{ks)="; a(ks)
" END IF

REXT kk%
' LPRINT
NEXT k%

ERASE Helght, %1, x2, yl, y2
END SUB

HEM $STATIC

SUB searchforsegment (p%, ht, y{), lpt, rpt, flag)

flag = 0
FOR k& = lpt 70 rp
IF ht > yips, k)
flag = 1
EXIT sun
END i

THEN
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NEXT k%
END SUB
SUB topwidth (flow, a(), b(), wid, nohts)

1=0
fiag = 0

Do _ '
IF flow »= g(i) AND flow <= q(i + 1} THEN
glo &= (b(i + 1) = b(i)) { {a{i + 1} ~ g(i))

wid = glo * (flow = q(i) + b{l)
flag = 1

END 1F

i=1+1

"LOOP UNTIL flag = 1

END BUB _ _ _
‘Ssection of program to route flows down pipes

DECLARE FUNCTION arecapipe! {angle!, pnt%)
DECLARE SUB muscungeoeff (length, «l; kl, thetal, cofll, cole, cof3l, cofil)
DECLARE SUB newtrappipes (flow!, thetfin!, 1%, pnts)
- DECLARE SUB: flowintomoduls (4ndl%, ind2%)
DECLARE SUB piperoute (1%, 1%)
DLLTARE SUR pipechar {indic%, angle!l, bl, cl)
TYPE modoonnactivity
modno AS INTEGER
ofl AS INTEGER
typ AS INTEGER
damod AS INTEGER
infrnod 35 INTEGER
pl AS INTEGER
END TYPRE

TYPE overmad
man AS SINGLB
a)lo AS SINGLE
lng AS SINGLE
wid AS SINGLE
Eﬂp TYPR

. TYPE aquimod
slo AS SINGLE
wid AS SINGLY
lng AS SIRGLE
depth AS SINGLE
wtl AS SINGLE
. sorp AS SINGLE
perm AS SINGLE
$or AS SINGLE
ime AS SINGLE
cap AS SINGLE
volume AS SINGLE
yprav AS SINGLE
END TYPB

TYPE pipemod
: s8lo A5 SINGLE

clam A SINGLE

ing AS SINGLE

man AS SINGLE

cap AS SINGLE : : -
Cmin AS SINGLE '



COMMON SHARED
COMMON SHARED

END TYFE
TYPE trapmod

slo AS SINGLE
lng AS SINGLE
man AS SINGLB
wid AS SINGLE
agl AS SINGLE
882 AS SINGLE
mdep AS SINGLE
cap AS SINGLE

END TYPE

TYDE stormod

cl AS SINGLE

al AS SINGLE -
a AS SINGLE

b AS SINGLE
stlev AS SINGLE
typ A8 INTEGER
cou AS SINGLE
cu AS SINGLE
cob AS SINGLE
ce AS SINGLE
cep AS SINGLE
8p AS SINGLE
depth AS SINGLE
critl AS SINGLE
crit2 A3 SINGLRE
oritd AS SINGLE
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preystox AS SINGLE

END TYPE
TYPE compmod

glo AS SINGLE .
1ng AS SINGLE

nosegs AS INTEGER

nopts AS INTEGER
END TYPB

halfa = angle /2

chMONdSHnRED modu{} A8 madconnectivity, pipe() as pipemod, storage) as
stormo
COMMON BHARED
COMMON SHARED
tint

COMMON SHARED m, over(), rain{), pi
COMMON SHARED promph:
COMMON SHARED titlse$, file§, flag.escs, pli, p2%, p3%, pd%, ps%, pb%
gin.bime, rain.time, hyeto.numberk, newmod%, flag.inserti
compchan{} AS compod, x{), y{), n{}, seqne{)

overlnd() AS overmod, aqui{) AS aquimod, trapchan() AS trapmnd
gin(), qout(), unit(), cony), ovfln{), order[), nomods, noity,

18, flag.file%, tcodey

FUNCTION areapipe (angle, pnt%)

areapipe = plpe(pnt%).diam *~ 2 * (halfa - SIN{halfa) * coschalfa)) !/ 4

END FUNCTION

SUB flowintomodule [indl%, ind2%)

FOR £ = 1 .70 con{indls, 0)
qin{indl%, ind2%) = qin(indls, ind2%) + qnut(uon(indl%, f%), indss)

NEXT £%
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FOR n% = 1 TO ovflo({indls, O)
gin(indis, ind2%) = qin(indl%, in62%) ¥ over(ovflo(indl%, n%},
indZ%). .
NEXT n%

BND SUR
SUB muscungcceff {length, c, k, theta, ccfl, cof2, cof3, cofd)

denom = tint * 3600 + k * (1 - theta)
cof2 = (tint * 3600 = k * theta) / Qenom
I cof2 < 0 THEN
theta = ¢ * tint * 3600 / length
denom = £int * 3600 + k * (1 = thata)
eof2 = O
END IFP .
. cofl = k * theta / denom
cof3 = (k * (1 - theta)) / dencm
cofd = tint * 3600 / denom

- m W ow o

END SUB _
8UB newtrappipes (flow, thetfin, 1%, pnt%)

alp = SQR(pipe(pnt%).slo) / pipe(pnts).nan

IF ABS(pipe(pnt%).cap - flow)} < .000] THEN
thetfin = ,827 * 2 « pi :
EXIT SUB

END IR

thetbeg = 5.15 ~ 2,2 * SQR(LOG(pipe{pnt%) cap) -~ LOG{flow})
IF thetbeg < .1 * 2 * pi THE
thetbag = .1 * 2 * pi
END 1F
4 = pipe(pnt4}.diam

Do

halthet = thatbeg / 2

area = areapipe(thetbeg, pnt%)
parim = ¢ * halthet
r = arsa / perim
dadth = d ~ 2 * S8IN(halthet)} ~ 2 [ 4
abit = d * Ccos{halthet) * SIN(halthet) / (2 * thetbeg * 2)
abitl = d % (1 -~ 2 * SIN(halthet) ~ 2} / {4 * thetbeg)
drdth = abit - abitl _
dfdth = dadth * r » {m - 1) + area * (m = 1) * r ~ (m - 2) * drdth
thetfin = thecbeg = (area * r ~ (m = 1) ~ flow / alp) / dfdth
value = alp. * area * r ~ (m - 1)

' PRINT "dfdthr; dfdth; "thetfin"; thetfin "flow calco"; value
Qiff = ABS(l - value / fiow} -
thetheg = thetfin

- LOOP UNTIL Alff «= .01

END SUB
SUB pipechar (indic%, angle, b, e)

‘d = pipe({indic%).dism

alp = SQR(pipe(indics). slo} / p;pe{xndic%).man
hala = angle / 2

coghala = COS{hala)

sinhala = gIN(hala)

d * (1 ~ goshala) / 2

d ~ 2 * {hala -~ coshala * ainhala) / 4

. hala * d : ' .
al/p

i P
nmH &
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‘bh=2h (d*y—y*2)
abit =2 J {(d * angle » 2 * TaN(hala)) -
abit2 = (2 - 1 / SIN(hala} * 2) / (2 * angle)
drda = abit + abit2
c=alp * (r * (m~-1} + (m =~ 1) *a*y -~ (m-2) * drda)

. END SUB
SUB pipemodule {1%, i%)
'CALL flowintomodule(l%, i%).

IF gin{l%, i%) < pipe(modu(l%).pl}.min THEN
qin(ls, i%) = pipa(modu(l%).plj;min"
END IF _

IF qin(l%, L%) > p;pe{modu{l%) pl).cap THEN
aver{ls, i%) = gin{l%, i%) - pipe(modu(l%). pl).cap
qin(l%, i%} pipe(modu(l%) +.pl).cap )
END IF

CALL piperoute(ls, is%)

IF gout{l%, i%) < pipe(modu(l%).pl).min THEN
. quut(l%, i%) = pipe{modu(l%) pl).min
END IF

END SUB

SUB pipercute (1%, i%f
pat% = modu(ls).pl
FOR £8 = 1 TO 3

SELECT CASE %
CASE 1
flow = qgin(l%, i% - 1}
CALL newtrappipes(flow, thetin, 1%, pnt:)
CALL pipechar{pnt%, thetin, bl, ¢l)
CASE 2
flow = gin(ls, i%)
CALL newtrappipes{flow, thetint, 1%, pnts)
CALL pipechax(pnt%, thetint, b2, c2)
CASE 3 :
flow = qout(l%, i - 1)
CALL newtrappipes{flow, thetout, 1%, pnt%)
CALL pipechar{pnt%, thetout, b3, ¢3)
END SELECT

NEXT £%
' LPRINT "thatin=“; thetin; "thetint="; thetint; "thetout="; thatout
' LPRINT "gl="; e€l; "62-“; ©2; "ed="; o3

g = {gin{l%, 1% - 1) + qin{l%, 1%} + 2 * gout{l%, i% - 1y) / 4

b= (bl +b2+2%b3y) /fa - : ’ : -

¢ = (el + 2 +2*c3) /A4

theta = (1 + ¢ * tink - 3600 / pipe{pnt%) ing ~ g / (b * ¢ *
pipe(pnt%) ing * pipe(r ' .slo)) /2
theta = (1L - g / (b * ¢ * pipe(pnt%).lng * pipe{pnt%).slo)) [ 2
IF theta < 0 THEN
theta = 0 '
ELSEIF theta > 1! THEN
theta = ll
END IF
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k = pipe({put®).lng / ¢

iength = pipa{pnt¥%).lng

CALYL, muscungcoaff(length, ¢, k, theta, cofl, cofz, cofd, cof4)
* LPRINT "theta="; theta; "b="; b; “c="; ¢
' . LPRINT "cofl="; cofl;y "cof2="; ccfz; "oof3m*y wof3; “"cofd="; cofd
* LPRINT "gl="; gin(ls, i% = 1); "qg2="; gin(l%, i%); "g3="; gout({l%, i%
- 1) - . : _ _ _

- qouté%%, i%) cofl * gin(l%, i% = 1) + cof2 * gin(ls, i%) + qout(ly, i%
-~ 1) * co i : i :

Y LPRINT "gd="; qout{ls, i%)

' LPRINT "1%="; 1%; "is"; 1i%;

END SUB

'Program section to route £lows through a storage module

‘DECLARE FUNCTION storvol! (pnts, yl)
DECLARE SUB flowintomodule (indl%, ind2%}
DECLARE SUB stornrap (pnt%, value!, ynew!l, index!)
DECLARE SUB storagerxoute {1%, i%)
TYPE modconmectivity =

modno AS INTEGER

ofl AS INTEGER

typ AS INTEGER

doamo. AS INTEGER

infmod AS INTEGER

pl AS INTEGER
END TYPE

. TYPE overmod
man AS SINGLE
s8lo AS SINGLE
1ng AS SINGLE
wid AS SINGLE
END TYDE

TYPE aquimod
glo AS"SINGLE
wid AS SBINGLE
lng AS SINGLE
depth AS SINGLE
wil AS SINGLE
‘aorp AS SINGLE
perm AS SINGLE
por AS SINGLE
img A5 SINGLE
cap AS SINGLE
+ yolume AS SINGLE
yprev AS SINGLE
END TYPE

TYPE pipemod
slo AS SINGLR
diam AS SINGLE
1ng AS SINGLE
man AS SINGLE
cap AS SINGLE
min AS SINGLE

END TYPE

TYPE trapmod
Blo AS SINGLE
Ing AS SINGLE
man AS SINGLE
wid AS SINGLE
sl AS SINGLE
aa2 AS SINGLE

e
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mdep AS SINGLE
cap AS SINGLE
END TYPE

T!PE stormod
¢l AS SINGLE
g1 AS SINGLE
a AS SINGLE
b AE SINGLE
stlay AS SINGLE
typ AS INTEGER
‘cou AS SINGLE
cu AS SINGLE
cecs AS SINGLE
s AS SINGLE -
oy AS SINGLE
2p AS SINGLE
depthk AS BINGLE
eritl AS SINGLE
crit2 AS SINGLE
critd AS SINGLE
prevstor AS SINGLE

BEND TYPE

TYFE compmod
8lc AS SINGLE
lng AS BINGLE
" noseys AS INTEGER
nopts AS INTEGER
END TYPE

COMMON SHARED modu{) AS modconnectivity, pine() AS pxpemnd, gtorage() AS

stormod

COMMON SHARED overind() AS overmod, aqui() AS aquimod, trapchan(} AS trapmod
COMMON SHARED gin{), qout{}, unit({}, eon{), ovflo(), ordex(), nomod%, noits,
tint

COMMON SHARED m, ovaer{), raint), pi

COMMON SHARED promptl$, f£lag.flle%, tcoded

COMMON SHARED title$, file$, flag.esct, pl%, p2%, pi%, pé%, p5%, pé%

COMMON SHARED gim.time, rain.time, hyeto.number%, newmodd, flag.insertk
COMMON SHARED compchan() AS compmod, x{), ¥{)}. n(), segno()

SUB storagemod (1%, i%)
' CALL flowintomodule(l%, 4%}
CALL storageroute{l%, i%)

END_SUB
SUB storagercute (1%, 13%)
pot% = modu{l%}.pl
value = gtorage(pnts%).prevator + ¢in{l%, 1%) * tint * 5600

. IP value <= storage(pnt®).critl THEN
gout (13, i%) = 0!
ELSEIF storage(pnti).typ = O THEN
- CALL stornrap(prnti, value, vy, 4)
gqout{1l%, 1%) = ptordge(pnt%}.csp * (y - storage{pnts}.sl) *
storage{pnt%).sp : '
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BLSEIF storage{pnt%} typ = 1 THEN
I¥ value > storagea(pntt).critl AND value <= storage(pnt%) critz THEN
CALL stornrap({pnt%, valua, ¥, 1}

qout({l%, i%) = storage(pot%).ccu * (y = atnrage(pnt%).cl} ~

storaga(pnt%).cu
ELSEIF value > storage(pnt%). crit2 AND value <= storage(pnt%).crita
THEN
CALL stornrap(pnt%, value, vy, 2} -
qout{1%, i%) = storage(pnti).ces * (y - storaga(pnt%) clL - .5 *
storage(pnt%) depth) ~ storage(pnt%).cs _
ELSEIF value » storage{pnt%).crlt3 THEN _
GALL stornrap{pnts, value, y, 3} . _
" gout(l®, 1i%) = storage(pnt%).cocs % (y -~ storage{pnt%).cl -
storage{pnt%) .depth * ,5) ~ storage(pnts)}.cs _
goukt (1%, i%) = qout(ly, 1%) + storage({pntu).csp * (y -
storage{pnt%).sl) * gtorage{pnty).sp S _ _ :

END IF

IF value <= gtorage(pnt$).critl THEN
atorage(pnt%).prevstor = value
ELSE’
atorage(pnt%}.pravstor = atorvol(pnt%, ¥}
END IF

END SUB
SUB stornrap (pnt%, value, ynew, index)

a = storage(pnt%).a: b = storage(pnt%).b
¢l = storaga(pnt%}.cl: Bl = gtorage(pnt%).sl

SELECT CASE index

CASE 1. . . :
- geu = ptorage(pnt%).ccu: cu = storage(pnt%).cu
yold = .75 * gtorage(pnt%).depth + cl

DO '
dfdy = a * b * yold # (b ~«1) ¥+ cou* cu * (yold ~ ¢l) * (om
- 1) * tint * 3600

numer = (a * yold ~ b + cou * (yold - gl) » cu * 3600 * tint
~ value) [ dfdy

ynaw = yold ~ numer
Qiff = ABS(1 ~ ynew / yold)
yold = ynew

LOOP UNTIL diff <= .01

CASE 2
ces = storage({pnt%).ccs: ce = storage(pnts).cs
yold = (1.5 * storage(pnt%).depth + sl) [ 2

Lo
' dfdy = a * b * yold ~ (b - 1) +cocg * eg * {yold - ¢l = ,5 ¥
atorage(ptity).depth) ~ (as - 1}
mumer = {yold - ¢l = ,5 * atorage(pnt%).depth) A am
_ = yold = (a * yold ~ b + cos * mumer * 3600 * tint -
value) / dfdy ' .
dlff = ABS{l1 - ynew / yold)
yold = ynew
LOO? UNTI& diff <= .01

CASE 3
oRp = storage(pnt%).csp' sp = storage{pnt%) Bp
cga = ghorage(pntk).ces: c8 = storage{pnt%).cs
yold = s1 + ,1

g ety - mprmi g e e e
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_abit = a* b ¥ yold » (b -1)- o _ -
- ahitl = oga ¥ ce * (yold = ¢l = .6 * gtorage(pnt%).depth} ~
{ce =~ 1 - )
: -) abitz ©sp *. sp * (yold - sl} A {sp -~ 1)
dfdy = ahit + {abitl + abitl) * tint * 3600 T
= a "yold ~ b + ({(cee * (yold ~ cl = W5 *

storage(pnt%).depth) * cs) * 3600 * tint
a £ + (esp * (yold - al) * sp)} * tint * 3500
ynew = yold - (f ~ value) / dfdy
ALEF = aBS(l - ynew ! yold)
. .yold = ynew
LOOP UNTIL diff <= 01
CBSﬂ C ' o '
. csp storage{pnt%} csP: sp = storage(pnti}.sp
Yold =gl + .1 . :

S Dhe . ' ' o . . : . S
' . dfdy = {cep * sp * {yold = 8l) ~ (sp ~ 1)) * tint * 3600 + a
*b*yold“(h—l}
£f=a* yold ~ b + cap * {yold =~ sl) ~ gp * tint * 3500
ynew = yold =~ (£ - value) / dfdy
- IF ynaw > 0 THEN :
diff = ABS{l - ynew / yold)
valuel = a * ynew ~ b + csp * (ynew - glj) "~ sp * tink *

3600
yold = ynew
ELSE
diff = 0!
END IF
LOOP UNTIL diff <= .01
: END SELEBCT
END SUB

FUNCTION storvol (pnt%, y)
_ storvol = storage{pnt%).a * y * storage(pnt%).b -
END FUNCTION |
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'Program for comparison of obsorved tO'simulaged results .

| DECLARE SUB goodoffit ()
. DECLARE SUB gnterp (ti£3{}¢ timel(), flow!i(), i%, 3%, £lwi)

TYPE modconnectivity
modno AS INTEGER
ofl AS INTEGER
typ AS INTEGER

. demod A8 INTEGFR
infmod AS TNTRGER
pl AS INTEGER '

ERD TYPE

TYPE overmod
- man AS SINGLE
- 8lo AR SINGLE
I1ng AS SINGLE
wid AS SINGLE
END TYEE

TYPE aquimad
slo AS SINGLE -
wid AS SINGLE
lng AS SINGLE
depth AS SINGLE
whkl AS SINGLE
sorp AS SINGLH
perm A3 SINGLE
por As SINGLE
ime AS SINGLE
cap AS SINGLE
volume AS SINGLE
yprev AS SINGLE

END TYPE

TYPE pipemod

. slo AZ SINGLE
diam AS SINGLE
Ing A3 SINGLE
man As SINGLE
cap AS SINGLE

~ min AS SINGLE

END TYFE

TYPE trapmod
sle AS SINGLE
lng RS STINGLE
man A8 SINGLE
wid AS SINGLE
gsl AB SINGLRE
882 AS SINGLE
mdep AS SINGLE
cap AS SINGLE

ERD TYPE

TYPE stormod
ol AS SINGLE
al AS SINGLE
a AS SINGLE
b AS SINGLE
atlay AS SINGLE
typ A8 INTEGER
¢ou AS SINGLE
cu AS SINGLE
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cog AS SINGLE

oo AS SINGLE

cap AS SINGLE

Bp AS SINGLE

" - depth AS SINGLE
“eritl AS SINGLE
crit2 AS SINGLE
exritd A5 SIMGLE
prevetor AS SINGLE -
END TYPE

TYPE ccmpmod :
Alo AS ¢ IHGLE
lng AS SINGLE
.nogegp AS INTEGER
nopte AS INTEGER
END T!PE

' cnuncmdsnanﬂn madu(} AS modconnectivity, pipe{) AS pipemod, storage(} AS
stormo

COMMON SHARED overlnd() AS overmod, aqui() AS aquimod, trapchan() AS trapmod
CgMuON SHARED qin{), qpnt(). anit{}, cor(), ovflo(}, order{), nompd%, noits,
tink :

COMMON SHARED expo, over(}, rain() pi

COMMON SHARHD promptls, flag.file%, toodet

COMMON SHARED titleS, file§, flag.esc%, pl%, p2%, p3%, pis, -B8%, DP6%

COMMON SHARED sim.time, rain,time, hysto.numbers, newmods, f£lag.inserts
COMMON SHARED compchan() AS compmod, x(), v{(), n(), aegno()

REM SDYNAMIC
CALL goodoffit
toodet =

SCREEN G °

CLS

COLOR O, 2

LOCATE 11, 28

PRIN{Y "Chaining editor subprogram*
COLOR 3, O

CHAIN "editor"

. |rforproc:

SELECT CASE ERR
CASE 25, 24, 68

BEEP: BEEP- PRINT : PRINT : PRINT "printer not connected or
gwitched on ... press any key"

WHILE INKEYS = “V: WEND

RESUME begin

CRSE 53, 76
BEBP: BEEP: PRINT -: PRINT : PRINT "File does not exist ...
prass any key". :

WHILE INKRYS$ = ""“: WEND
RESUME bagin

CASE 64, 52
BEED
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EEFP .
. BRINT
PRINT .
PRINT ™Bad fxlename {limited to 8 characters) ~s+« Dresge any
- L]
key WHILE INKEY§ = "": WEND
RESUHE begin

CASE ELSE
ON ERROR GOTO O
RND SELECT
- begin: CALL goodoffit

tcodes = 2
SCREEN O

CLS
COLOR 0, 2
LOCATE 11, 28
PRINT "chainlng editor aubprogram"
COLOR 3, ©
CHAIN *editor"
END
REM $STATIC _
'Subroutine to caleovlate goodness of f£it criteria
SUB goodoffit : : .
REM $DYNAMIC
REDIM tim({160), £lo(160), time(160), £low({160)
ON ERROR GOTO errorproc
SCREEN 0: WIDTH 80: CLS
LOCATE 4, 1¢ COLOR 3, 0: PRINT "Enter observead data £ilenam5"
COLOR 7, O: LOCATE 4, 30: INPUT "v, filename$
cLS '

.getnca LOCATE 4, l: COLOR 3, 03 PRINT "Module number of simulated output*
GOLOR 7, O: LOCATE 4, 356: INPUT "", num$

FOR 1% = 1 90 nomods
IF modu{i%).modno = num% THEN
modnums = 1%
. GOTQ grapplo
END IF
' IF num$ =< O THEN GOTO last
NELD 1%

BExP: BEEP: PRINT : PRINT : PRIMT "Modula "; num%; " doag not exlst
+es Dress any key" . :

WHILE INKEYS = "": WEND

CLS

GOTO getno

' grapplo: OPEN filename$ FOR INPUT AS #1
INPUT #1, nopts%
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peak obs = 0 - -
POR J% = 0 TO nopta% -1

INPUT #1, +im{3j%}, £lo(j%)

IF Zlo(j%) > peak.obg THEN. ~“

_ peak.obs = flo(j%)
. END I¥
NERT j%
peak.sim = 0
FOR 1% = 0 TO noits

IF gout(modnums, j%) > peak.shm THEN

peak.sim = qput{modnum%, %)

END IF

NEXYT J% -

1% = 0

FOR L% = 0 70 noits _
time(i) = i% * tint * 60

FOR 4% = 1% TO noptas =~ 1
IP time(ls) < tim(J%) THEN
IF 4% <> 0 THEN
CALL interp(tim(), time(), le{}: i%, j%f Y)
Blow{i%) = y
1s = %
EXIT FOR
ELSE
flow(i%) = flo(j%)
END IF
EBLSEIF time(i%) = tim(j%) THEN
flow(i%} £lo(3%)
END I
NEXT %

- NEXT i%

SCREEN 9
VIEW (10, 10)-({610, 320), ;1
-xmax = tink % nolgy
IF peak.aim > peak.obs THEN
ymax = peak.sim + .01
ELSE
yiax = peak.obs + .01
BND Ik

Wmmww,Mﬂmu,mu)

FOR 4% = 1 TO nopiss - 1
i
¥yl = o{j% ~
x2 = tim(3%} )
y2 = fln(j%
NEXT j%

"FOR 4% = 1 TO noits
%1+ (3% = 1) * tint * 60

yl = qout(modnum%, 3% ~ 1)
%2 = 4% * tint ¥ 60
¥2 = gout(modnums, J%)

LINE (xl, yij-(x2, y2 -
AEXT 3% r yl)=(x2, y2) .
WHILE INRBYS = "": WEND :
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rat.peak = peak.sim / peak.cbs
cLs 0

' LOCATE 4, 1: GOLOR 3, 0: PRINT "Start and finish point and time stap
for stats calce”
. COLOR 7, Ot LOCATE 4, 57: INPUT "", start, f£inish, timestep

cOunt =0

total = ¢

volsim = .

FOR j% = 1 TO noit%
gount = count + 1 .
total = total + qout(modnums, i) o
ave = (qout(modnum%, i% - 1) + qout(modnum%, j%)} * tint * 3600 /

' volsim = volsim + ave
NEXT 3%
ave.sim = total / count

count = 0
total = O
volobs = 0
FOR 4% = 1 TO noit%
count = count + 1
total = total + flow(i%)
volobs = volobs + (flaw(4s - 1) + flnw(j%)) » tink * 3600 / 2
diffl = flow(Js - 1} - gout(modnum&, 3% = 1)
diff2 = f£low(j%) -~ qout{modnums, j%) .
a = a + ABS(((diffl + dQiff2) » tint L4 3600) / 2)
NEXT %
ave.obs = total ! count

gount = 0 :
* FOR j% = 1 TO noit%
, gount = count + 1
diff = flow{j%) — gqout(modnumb, J%)
diffe = flow(j%) - ave.obs
diffsqe = diffsqr + ALfE » 2
absdiff = absdiff + RES(ALff)
diffesqr = diffesqr + diffe * 2
IF flow{j%) > O THEN
pee = pee + (diff / flow{;%)} .~ 2
. END IF
NEXT %
eff = 1 -~ diffsqr / diffenqgyr
pea = {pee / count) * .5

PRINT * Obgerved Simulated Ratio (simfobsy "
PRINT * M
PRINT "Peak(cub m/a) "2 '
PRINT USING "##&#.###"; peak.obs;
PRINT ¥ o
FRINT USING "##f##.#88": peak.ginm;
PRINT " "
" PRINT UBING wEf . #EF#Y ) rat.peak
PRINT "
© PRINT "Voluma {cub m) *;
PRINT USING VERERE R vnlobs,
PRINT *a
PRINT USING "###### ##*; volsim;
PRINT v
PRINT UsING "## ####"; volsim / volobs
-PRINT * "
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_ ERINT "Ava flw(cub m/s "
PRINT USING "##.#F###"; ave.cbs;
PRINT " X «-
-PRINT'USING “###.#####“- ava.sim,
PRINT
BRINT USING “f# ####“ ava.sim ] ave.obs
PRINT _ :
PRINT
FRINT * *;
PRINT "S8R (cub m/a)}~2 ";
PRINT usxna v, ####"; diffeqr
PRINT " ";
© PRINT "SAR (cub m/e)
. PRINT USING nddd. ####'; absdiff
PRIRT " n;
PRINT "Coef Eff "y
PRINT USING "#.##"; eff
. PRINT » =, _
PRINT "Prop err of eak . "
FRINT USING "R pee.
"PRINT * ©; _
PRINT “Aba Areae of div "
PRINT USING “##d#dd.#"; a

WHILE IWKEY$ = °": WEND
CLOSE #. = '

_ ERASE tim, flo, flow, time
END SUB |
REM $STATIC _ ‘

tSubroutine to iﬁtarpolate ubse;vad'hydrogxaph for change in time step
‘SUB interp (tim(), time(), £lo(), i%, I%, £lw) o

glo = (flo(is) ~ flo(js = 1)) / (tim(4%) - timu% - 1))
lw = £flo(3% « 1) + elo * {time(is)} -~ tim{is

END SUB
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'Program to cutput comnectivity to screen

DECLARE BUEB dataoutl (filel$)
DECLARE SUR datalnl (filel$)
TYPE modconnectivity

modno AS INTEGER.
ofl AS INTEGER
. typ AS INTEGER
denmod AS INTEGER
infmod AS INTEGER
pl AS INTEGER
. END TYPE

TYPE overmod:
man AS SINGLE
gslo AS SINTLE
1ng AS BINGLE
 wid AS SINGLE
- END TYPE .

TYPE agquimod
slo AS SINGLE
wid AS SINGLE
lng AS SINGLE
depth AS SINGLE
wtl AS SINGLE
gorp AS BINGLE
- perm AS SINGLE v
por AS SINGLE
ime AS SINGLE
cap A5 SINGLE -
valuma AS SINGLE
_ypreav AS SINGLE
END TYPH

TYPE pipemod
glo AS SINGLE
diam AS SINGLE
ing AS SINGLE
man AS SINGLE
cap AS SINGLE
min AS SINGLE

END TYPE

TYPE tranmod
s8lo AS SINGLE
lng AS SINGLE
man AS SINGLE
wid AS SINGLE
sel AS SINGLE
882 AS SI:ILE
mdep XS SLNGLE
cap AS SINGLE

END T¥PE

TYPE stormod

cl, AS SINGLE
81 AS SINGLE

a AS SINGLE

b AS SINGLE .
sgtlavy AS SINGLE
typ AS INTEGER
ey A8 SINGLE
cu AS SINGLE
cgg AY BINGLE
c8 48 SINGLE
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csp AS SINGLE
sp AS SINGLE
depth AS SINGLE
critl AS SINGLE
crit2 AS SINGLE
. erit3d AS SINGLE.
. prevstor AS SINGLE
END TYPR

TYPE compraod
8lo AS SINGLE
Ing AS SINGLE _
nopegs AS INTEGER
nopts AS INTEGER
END TYERE

COMMON SHARED modu{} AS modconnectivity, pipe() AS pipemod, storage{) AS
stormaod

COMMON SHARED overlnd() AS overmod, aqui(] A8 aquimod, trapchan() As trapmod
COMMON SEARED gin(), gout{), unit (), con{}, ovflo(), order(), nomodd, noits, -
tint

COMMON SHARED expo, over(}, rain{), pi

COMMON SHARED promptl$, flag.filed, teodsk :

COMMON SHARED title$, file$§, flag esct, pis, p2%, p3s, pd%; pb%, P6%
COMHMON SHARED sim.time, rain.time, hyeto.number®, newmodd, flag.ingerth
COMMON SHARED compchan(' AS compmod, x{), ¥{), n{), segno()

'File PLANLAST.BAS in QB
‘Thig £ile forms a combination of PLAN.BAS (ex—PLBNG BAS) and
'PLANTA,.BAS (ex-PLANS.BAS).

" 'Routins to draw n sequences with unlimited side branches up to the 2nd
rorder, forming a modular representation of one or more catchmente. :
‘Pr W.A.J, Paling, 19-7-1930

£ilels = “b:temp.skm"
CALL dataoutl(filel$)

ERASE oon, over, order, ovflo, unit, rain, gin, gout, trapchan
EPASE aqui, pipe, compchan, storags, overlnd

REM SDYNAMIC

10  REDIM 11(140}, 12{140), typ(140), k1(140), k2{140, 15}, k3(400), k4{400,
15) -

11 REDIM L2(400), TEMP(140), SEQ(50, 30), SUBR(5, 50, 20), TAL(LO0), NOL{30)
12  REDIM RECX(50), RECY(50), RAIN1{900), RAIN2(900), RAIN3(900), p{30)
13 'The dimension of K3, R4 and L2 should at least correspond with the
CLS

LOCATE 11, 28 '

COLOR 0, 2: PRINT “screen connectivity routine"

nall = O
30 ¥FOR i = 1 TO nomods
50 IF modu(i).modno < 900 THEN

nall = nall + 1
11({nall) = meodu{i}.modno
i{2(nall) = medu(l).dsmod
typ(nall) = modu{i).typ
_ END IF
80 NEXT 1

100t - Backward Connectivity
110 POR i = 1 TO nall R1{) = quantity of incoming nodes
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120 kl{iy = 0 'K2{,) = data file segquence nr of incoming node
130 FOR 3 = 1 TO nall . .
- 140 IF L12{j) <> 11(1) THEN 170
150 K1(iy = k1(i) + :
160 Ck2{4, RY{L)) = j

'PRINT "I="; I; “R1(I}="; K1{I); "K2(I,KL(I}}="; R2(I, R1(I})
170 NEXT 3 ' '
180 NEXT L

200 ¢ e Forward Connectivity .

210 FOR i =1 TO all 'L2{} = data file sequence nr of subsegquent noda
220 FOR j = 1 TC nall :

230 IF 42(i) = 0 GOTO 270

240 IF 11(j) <> i2(i)} THEN 260

250 . L2{L) = j3 GOTO 270

260 HEX? J§ :

270 NEXT i

300 ‘'=——=wweme—-—-- EBgiabliash the Individual Rows

310 POR 1 = 1 TO nall _ 'change from seguence nrs to code nrs
320 k3{L1(i)) = k1{i)

330 "PRINT "I="; I; "IL(I)="; I1(I); "K3(IL{I)}="; K3(IL(I}},

340 POR 3 = 1 TO k3{il(i))

350 © o k4(L1(1), 3) = ad{k2{i, 3))

360 YBRINT "J=7; J; "R4{I1(I),J)="; K4{11(I), J},

370  NEXT j: 'PRINT
380 NEXT i: 'PRINT
L = 0: LMAX = O
FOR 1 = 1 TO nall '
IF k1(i) <> 0 THEN 520 '£ind a starting point of a row
K=4{t L=L+1lt NL=1: j=1
TEMP(}) = Ll(i) o
500 IF LZ{K) = ( THEN 510 'arrived at the end of a row

_ R = I
: GOTQ 500 : . : o
510 IF KL » LMAX THEN LMAX = WL 'NL = nr of blockd in a row
FOR § = 1 TO NL
- 8EQ(L, J) = TEMP{NL ~ j + 1) 'SEQ stores sequences of code nrs
'PRINT "L="; L; “J="; J; "SEQ(L,J)="; SEQ(L, J)
NEXT 'LMAX = max nr of columng
520 NEXT : 'L = max nr of rows
2% = 610 / LMAX: ¥YI = 320 / L
XLl = .1 % XL: XL2 = ,2 % ¥L: X3 = .3 % XL: %04 = .4 * XD,
- XILE = .5 % XLi XL6 = & ¥ XL XL7 = .7 * XIL; XL8 = .8 * XL,

XL9 = .9 % XL _
XLO5 = .05 * XLy X125 = .25 * X XLGB5 = ,65 * XL: XLBS = .85 * XL
YLl = .1 * ¥L: ¥YL2 = ,2 % YLy YL3 = .3 * YN ¥4 = .4 * YL
YLE = .5 * YL: YL6 = .6 % YL: YLT = .7 % YL: YL = ,8 % YL
¥L9 = .9 ¥ ¥I: YLOS = .05 * YL -
600 Create Subsets
SALL = 1; PP = 1y p(PP) = SEQ(1l, 1)
FORK= 1 T0L
TAL(R} = 0 'TAL() = nr of rows in a subsat
FOR { = )} TO L
IF BEQ(i, 1) <> p(PP) THEN AR = SEQ(i, 1): GOTO 610
TAL(K) = TAL(K) + 1
_ FOR § = 1 TO LMAX: SUBR{X, TAL(K}, j} = BEQ{i, j): NEXT
610 NEXT :
' FOR i = 1 TO R
* PRINT Ad, p{i)
IF (AR = p{i)) OR (AR = 0) THEN 620
NEXT
' PRINT
- SALL = SALL + 1: PP = PP + 1° P{PP) = AR
NEXT :
620 FOR 8 = 1 TO SALL _ )
PRINT USING "Subszet ny = ##"; 8
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FOR i = 1 TO TBL(S) '
' PRINT USING "Row = ##¥## "; i;
FOR § = 1 TO LMAX
PRINT USING "######"; SUBR(S, i, 3):
. NEXT
.’ PRINT
NEXT
NEXT
FOR i = 1 To 500: NEXT
1000 '—= Start Drawing
CL5 @ KEY OFF: SCREEN 9: COLOR 1, O
XP = 610: ¥YP = Y,
FOR 88 = 1 TO SALL
! mmmme @gbablish longest row in subset -———

-

NLON = 0 . : INLON .= nr of nodes in longest row.
FOR 1L = ) TO TAL{SSJ _ 'RLON = gubset seguence nr of longest row
M=0 _ . S

FOR j = 1 TO LMAX + 1 _
IF SUBR(SS, i, j) <> O THEN M = M + 1: GOTO 1010
. ) IF M > NLON THEN HLON = M: RLON = i: GOTO 1020
1010 NEXT
1020 NEXT .
' Ve draw longeat row ——a=-
FOR 1L = I TO NLOW
NODE = SUBR{SS, RLON, i)
XP = ¥P - XL: GOSUE 3000
NEXT '
. Pl = YF - ¥L5
feve== bhranches ——e—- :
FOR 1 = NLON - 1 TO 1 STEP -1
IF k3(SUBR({SS, RLON, n)) <= 1 THEN 1100
femaee £irgt order brancheg w——-w
XPl = XP :
NOL{1) = SUBR(SS, RLON, n + 1)
FOR K = 2 TO k3I(SUBR{SS, RLON, n))
P = YP + YL
SNLON = 0
FOR i = 1 TO TAL(SS)
IF SUBR(SS8, i, n) <> SUBR(SS, RLCON, n) THEN 1040
FOR 4 = 1 TO -k3(SUBR(SS, RLON, n)}
IF SUBR(SS, i, n + 1) = NOL{j) THEN 1040
NEXT .
M=0 :
FOR § = n + I TO NLOW + 1
IF SUBR{SE, i, j) <> O THEN M = M + 1: GOTO 1030
IP M » SHNLON THEN SNLON = M: BRLON = i: GO.'O 1040
1030 NEXT 4
1040 NEXT 1
FOR 1 = 1 TO SNLON ‘draw lst 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

1050 NOL(K) = SUBR(SS, SRLON, n+ 1)
XP = ¥Xp1
NEXT K .
LINE (XP + XL, YP - YL5)}=({XP + XL, YP1l}
XP = Xpl
1100 XP = Xp + XL ’
FOR L = 1 TO k3 (SUBR{SS, RLON, n)): NOL(i} = O: NEXT
NEXT n .
XP = 320; Y& = ¥P 4+ YL
NEXT S8
_ GOTO 2000 : o
1200 'emmw—— second order branches ==w-- .

XP = ¥P + XL: ¥YP2 = YP -~ YL5
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1230
1240
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FOR NN = SNLON - 1 TO 1 STEP -1

XP2 = XP

NOL1 = 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 = NOL1 THEN 1230
¥P = YP + YL

-GOSUB 3000
IF k3I(NODE) = O THEN XP = XPZ2: GOTO 1230
NODE = k4 (NGDE, 1l}: XP = XP - XL: GOTO 1210
XP = XP2
NEXT JJ
LINE (XP2 + XL, YP =~ YL5] {XP2 + XL, ¥YP2)
X = XP + XL ]
. NEXT NN
RETURN
' - Rain

2000

2800

9999

pIl = RECX(O) + XILO5 - 1: P22
PZ3 = RECX{0) + XL65 + 1: P34
FOR i =0 TO &
PSET (RECX(0) + XLO5 + L # XL1, RECY(0)), 3 :
DRA? "D=" + VARPTR$(YL1l) + "BD=" + VARPTR${YL1l) + "BD=" + vaaprns(rnla
NEXT
'LINE (PZ1, P%2)-(P2Z3, Pz4), 2, B
GET (P2ZLl, PZ2)-(PZ3, PZ4), RAINI
PUT (P21, PZ2), RAIN]
FOR 1 =0 TO &
PSET (RECX(0) + XLOS & i * XL1, R3CY(0)), 3
gnag *BD=" + VARPTRS(YL1l) + "D=" + VaRPTR${YL1) + "BD=" -+ VARPTRS(YL1)
NEXT
'LINE (P21, PZZ) (PZ3, PZ4), 2, B
GET (P3%1, P22)-~{PZ3, P24), anuz
PUT (P21, PZ2), RAINZ
FOR 1L =D TO 6
PSET (RECX(0) + XLO5 + 4 * xLl, RECY(0}), '
Nnggn? "ED=" + VARPTRS({YL1l) + *BD=" 4+ VARPTR$(!Llj + Up=i 4 vanpmns{znl)
'LINE (PZ1, PZ2)~(P%3, PZ4), 2, B
GET (PZ1l, PZ2)-(P%3, PZ4), RAIN3
PUT (PZ1, PZ2), RAIN3
FOR L = 0 TO KLM - 1: PUT (Rncx{iy, RECY (1)), RAIN1: NEXT 4
a$ = INKEYS
IF a§ <> ""* THEN 5999
FOR L = 0 10 KLY ~ 1
Nﬂigwignncx{il, RECY(i})}, RAIN1: PUT (RECX(i), BECY(i)), FATIN2

RECY{0)
RECY(0) + YL& - 1

FOR L = 0 TO KLM - 1
puwi(nmcxti), RECY (1)), BRAINZ: PUT {(RECX(i{), RECY(i)), RAIN3
NEXT
FOR § = 0 TO KLM -~ 1
Eiumi{nncx{i), RECY (1)), RAIN3: PUT {RECX(L), nnc?(x)): RAINL
NEXT
GOTO 2500
FOR i = Q0 TO KIM -~ 1
. Pumi¢nncx(i), RECY{i)), RAIN1: PUT (RECX(;), RECY{i)), RAIN2
EXT i

ERASE L2, TEMP, SEQ, SUER, TAL, NOL
ERASE RECX, RECY, RAIN1, RAIN2, RAIN3, p
ERASE i1, i2, ki, k2, k3, ké

REDIM qin(140, 100), qout(140, 100)

REDIM overlnd(70) AS overmod, aqui{70) AS agquimod, pipe(20) AS pipemod
REDIM unit {140, 2}, con(140, 10), ovflo(1405 8}, ordercz, 140)

REDIM over(140, 100}, rain{l00Q}
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- RED{M tyapchan{20) AS trapmod, storaga{3) AS stormod

2)

REDIM compchan(5) AS compmod, x(5, 10}, y(5, 10), n(5, 5), segno(5, 5,

£1lel§ = "h:temp.skm"
CALL datainl{filel$)
KILL "b:temp.skm"

‘keode% = 3

SCREEN 0
WIDTR 80

cLS

COLOR O, 2

TLOCATE 11, 28

PRINT "Chaining editox subprogram”
COLOR 3, O

CHAIN 'editorff

END

3000

3010

3020

3030

3040

3050

----------- Subroutine for Drawing Modules in Series
FOR II = 1 TO nall
I¥ 1{1(II) = NODE THEN numl = typ(IX)}: @OTQ 3010

NEXT .

IF numl = 1 THEN 3020

*——mm— green background square —=---— .
LINE (XP + XL2, ¥YP - YLf -{XP + XL8, ¥P - YL2), 1, BF: GOTO 3030
————— graen parallelepipid ———— . .
= XP + XLO5: PX2 = XP + XL65
PX3 = XP + XLB5: PX4 = XP + XL2S
PYl = YP ~ YL2: PY¥3 = YP = YLE _
LINE (PXi, PYl)~(PX2, PYl), 1: LINE (PX2, PY1)=({PX3, P¥3),
LINE (PX3, PY3)=-(PX4, PY3), 1t LIk. (PX4, PY2)-(2Xl, PY¥1), J
PAINT (XP + XLS, YP ~ ¥LE), 1, 1 '

IF k3(NODE) = Q0 THEN 3040

Voo yallow line on the left —w——-=
LINE (%P, ¥P = YL5}—-({XP + XL2 -~ 1, YP - YLb&)}

----- yellow line on the right —-——--

'LINE (¥P + XL8 + 1, ¥P - YL5E)-(XP + XL - 1, ¥P ~ YL5)

ittt gresn Arrows smm—wm
PSET (XP + X, = 1, ¥YP - YL5), 1l:i DRAW "NHZ2;G2"

IF numl <> 1 THEN 3050 -

'memwnn patchment —=—=—-——

RECX{KLM) = XP + XL2: RECY({XLM) = ¥P =~ YL. M = KLM + 1: GOTO 4040
I¥ numl <> 2 THEN 3060

T——www pipeline wewe-

IF XL < (5 / 8) * YL THEN R = ,25 * XIL ELSE R = .25 * YL

 CIRCLE (XP + XL5, ¥P - YLG), R, 2

3060

3070

PSET {XP + XL5, ¥YP ~ ¥L5), 2
DRAW "NL=" + VARPTRS(R) + "NP=" + VARPTRS(R) + "BD=" + VARPTRG(¥L.}
DRAW "P 3,2;" ’

IF auml <> 4 THEN 3070

Vi rectangular channel ————

DRAW "RU=" 4 VBHETR$(YL4) + "R=" + VARPTRS(XL4) + “"NUa" + VARPT™§(YL4)
DRAW "0=" +4 VARPTRS(YL2) + "L=" + VARPTRS (XL4) + "R=" + VARDTH, 'X1.2)
DRAW "BD=" + VARPTRS{¥L1l) + "P.3,2": GOTO 4040

IF numl <> 3 AND numl <> 5 THEN 3080

Ve channel with sloping aides —~-—-

LINE (XP + XL3, ¥P =~ ¥YL7)-(XP + XL4, YP - YL3), 2

LINE {XP + X4, YP « YL3}-{XP + XL6, ¥YP = YL3), 2

LINE (XP + XL6, ¥P = YL3}~(XP + XL7, YPF - ¥L7), 2

LINE (XP + .35 * XL, YP - YLS)=-[XP + .65 ¥ XL, ¥P =~ YLS§), X
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~ PAINT (XP + XL5, YP - YL4), 3, 2
- 3080 IF numl <> 6 THEN 4040 -

'omem— Paguifer? ———=-

LINE (xp + XL3, ¥YP = YL3}=(XP + XL7, ¥P - st), 3, BF

FOR k3 = 1 TO 3 . _

PSET (XP + (.2 + kX3 % ,15) * XL, ¥YP -~ YL&), 2 : :
: DRAW “NH=" + VARPTR$(YL1l) + P"NU=" + VARPTR${YLl) + "NE=" +

VARPTRS {¥L1) 2 . ' :

NEXT k3
4040 'continua .
4045 - Draw Numbers
5000 NUM = RODE

PSET {XP + & * XL, YP - .05 * YL), 2
1000 THEN 5100

9000 GOTO 5090

. IF NUM < $000 THEN 5010 ELSE GOSUB 5590: NUM
" .5010 IP NUM < 8000 THEW 5020 ELSE GOSUR 55801 RUM 8000: GQTQ 5090
5020 IF NUM < 7000 THEN 5030 ELSE GOSUB 5570: NUM 7000: GOTO 5090

6000: GOTO 5090
5000: GOTO 5090
4000: 80TO 5090
3000: GOTO 5090
2000: cOTO 5050

5040 IF NUM < 5000 THEN 5050 ELSE GOSUB 5550: NUM
5050 IPF MNUM < 4000 THEN 5060 ELSE GOSUB 5540: NUM
5060 IF NUM 3000 'THEN 5070 ELSE GOSUB 5530:; NUM
BO70 IF NUM 2000 THEN 5080 ELSE GOSUB 5520: KM
5080 GOSUE 5510: NUM = NUM - 1000 ' .
5090 a = a + .1258

IF NUM < 100 THEN PSET (XP + a * xn, YP = .Q5 * ¥L), 2: GDSUR 5500. as
a + 125

IF NUM < 10 THEN PSET (XP + a * XL, ¥YP - .08 * YL), 2: GOSUB 5500: a =
a + .125 :
5100 IF NUM < 100 THEN 5200

PSET (XP + a * XL, YP - .05 * YL), 2

(U I T (S O (O

CEEEEEEES

EP 111 )R]

<
-
<
<
5030 IF NUM < 6000 THEN 5040 RLSE GOSUB 5560: NUM
<
<
<
<

IF NUM < 900 THEN 5110 ELSE GOSUB 5500: NUM = NUM - 900: GOTO 5190

5110 IF NUM < 800 THEN 5120 ELSE GOSUB 5580: NUM = NUM - BOO: GOTO 5190
5120 IF NUM < 700 THEN 5130 ELSE COSUB 5570: NUM = NUM - 780: GOTO 5190
5130 IF NUM < 600 THEN 5140 ELSE GOSUB 5560: NUM = NUM ~ 600: GOTN 5190
5140 IF NUM < 500 THEN 5150 ELSE GOSUB 5550: NUM = NUM — 500: GOTO 5190
5150 IF NUM < 400 THEN 5160 ELSE GOSUB 5540: NUM = NUM - 400: GOTO 5190
5160 IF NUM < 300 THEN 5170 ELSE GOSUB 5530: NUM = NUM - 300: GOTO 5190
= NUM - 200:; GOTO 5190

5170 IP NUM < 200 THEN 5180 ELSE GOSUB 5520: NIM
5180 GOSUB 5510: NUM = NUM = 100 ' .
8190 a = a + .125 _
_ IF NUM < 10 THEN PSET (XP + a * XL, YP - .08 * YL}, 2: GOSUB 5500: a =
a+ .12%
5200 IF NUM < 10 TEEN 5300

PSET (X + a * XL, ¥P ~ .05 * YL}, 2

: IF NUM < 90 THEN 5210 ELSE GCSUB 5590: NUM = NUM - 90: GOTO 5290
5210 IF NUM < BO THEN 5220 ELSE GOSUB 5580: NUM = NUM - 80: GOTO 5290
5220 IF NUM < 70 THEN 5230 ELSE GOSUB 5570: NUM = NUM - 70: GOTO 5290
5230 IF NUM < 60 THEY 5240 ELSE GOSUB 5560: NUM = NUM - 60: GOTO 5290
5240 IF NUM < 50 THEN 525( ELSE GOSUB 5550: NUM = NUM - 50: GOTQ 5290
5250 IF NUM < 40 TUEN 5260 ELSE GOSUB 5540: NUM = NUM ~ 40: GOTO 5290
5260 IF NUM < 30 THEN 5270 ELSE GOSUB 5530: NIM = NUM ~ 30: GOTO 5290
5270 IF NUM < 20 THEN 5280 ELSE GOSUB 55203 NUM = NUM = 20: GOTO 5290

5280 GOSUB 5510: NUM = NUM - 10

§2%0 a = a 4 ,125

5300 PSET (XP + a * XL, ¥P ~ .05 * ¥YL), 2
IF NUM < 9 THEN 5310 ELSE GOSUB 5590: GOT® 5390

5310 IF NUM < 8 THEN 5320 ELSE GOSUB §580: GOTO 5390

5320 IF NUM < 7 THEN 5330 ELSE GOSUB 5570: GOTO 5390

5330 IF NUX < 6 THEN 5340 ELSE GOSUB 5560: GOTO 5390

5340 IF NUM < 5 THEN 5350 ELSE GOSUB 5550: GOTO 5390

4 THEN 5360 ELSE GOSUB 5540: GOTO 5390

3

2

1

0

5350 IF NUM <
5360 IF NUM < 3 'THEN 5370 ELSE GOSUB 5530; GOTQ 5390
5370 IF NUM < 2 THEN 5380 RELSE GOSUB 5520: GOTO H390
5380 IF NUM <

THEN S385 ELSE GOSUB 5510: GOTO 5350
5388 GQSUB 5500 - : o
5390
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5400 RETURN o S :

5500 DRAW "L2;U4;R2;D4;": RETURN 'draw O
5510 DRAW "U4;": RETURN ‘draw 1
5520 DRANW "L2;U2;R2;U2;L2;": RETURN 'draw 2
5530 DRAW "NL2,U2;NL1;U2;L2;": RETURN ldraw 3
5540 PRAW ™U2;NU2;L2;U2;"s RETUBN ' ‘draw 4
§550 DRAW "NLI;U2;L2;U2;R2;": RETURN. ‘draw §
5560 DRAW "NU2;L2;U2; NR2;U2;R2;"t RETURN ‘draw &
5570 DRAW "U4;L2;": RETURN . 'draw 7
5580 DRAW "U2; NLZ fU23L2;D4;R27"s. RETURN : - 'draw 8
5590 DRAW-"NL2:U4;12;D2;32 "t RETURN : ‘draw 9
REM $STATIC

SUB datainl (filelf)
OPEN filel§ FOR INPUT AS #1

.INPUT #1, title$
INPUT #1, tint, sim.time, rain. tima, hyeto.numbes%, noits, nomod%
INPUT #1, pl%, p2%, p3%, pid%, p5%, Dp6%, newmod%

FOR i% = 1 TO hyato numbers
INPUT #1, rain(;%)
NEXT 1%

FOR i% = 1 To nomod%
INPUT #1, modu{i%).modno o
INPUT #1, modu{id), dsmod, modu(i%).ofl, modu({is).typ;
mndu(;%} infmod, modu(i%).pl :

| SELECT CASE modu{i%).typ

CASE 1
p% = modu(i%} .pl
INPUT #1, overlnd(p%).man, overlnd{p3).slo, overind(ps).ling -
INPUT #1, overlnd(ps).wld

- CASE 2
p% = modu(i%).pi
_INPUT #1, plpe(p%).1lng; pipe(p%} diam, pipe({ps}.slo, pipe(p%; +man

CRSE 3
% = modu{i%}.pl .
INPUT #1, trxapchan(p%}.slo, trapohan(p%) man, trapchan(p%).lng
INPUT #1, trapchan(p%).wid, trapchan(pt).ssl, trapchan{pk).as2,
trapchan (pt} .mdep

CASE 4

p% = modu{is).pl

INPUT #1, atordge(p%).typ. storage(p).a, storage(p%).b,
storage{p%).cl :
INPUT #1, storage(ph).ccu, storage(pk).cu, storage{ps).ccs,
storage (p%) .oy :

INFUT #1, storage(p%).depth _ : '

INPUT #1, storage(ph).sl, storage{p%).csp, storage(pk).sp,
gtorage{pt) .stlev _ _ : .

CASE 5
P% = modu{is).pl
INPuTY #1, compchan(p%).slo, compehan{p%).1lug,
campchan(p%}.nosegs, compchan{ps).nopts

FOR j% = 1 TO compchan (p%) .nopts
_ INPUT #1, x(p%r i%), yip%, i) -
NEXT i%
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FOR J% = 1 70 compchan(pt).nosegs
iNPUT #1, segno(p%, 3%, 1), segno{ph 3%, 2), ni{ps, %)
NEXT j%

CASE 6 _
pt = modu{i%).pl : _
IKPUT 1,_ agui (p%) .s8lo, aqui(pd).wid, agui{p%).1lng,
aquitp%l depth ' o -
INPUT #1,; aqu;(p%}.wtl '
INPOT  #1, aqui(p%).sorp, aqui(p%) .perm, aqui (p%).imae,
aqui {p%).por - : .

' END SELECT
NEXT i%
CLOSE #1
END SUB
SUB dataoutl (filael$)

OPEN filel§ FOR OUTPUT A5 #1

WRITE #1, titleS
WRITE #1, tint, sim.time, rain. time, hyeto.rnumbers, noit%, nomads
WRITE #1, pl%, p2%, p3%, pis%, pEs, pé%, newmody

FOR i% = 1 T0 hyeto.numbers
) WRITE #1, rain{i%)
NEXT 1%

FOR i% = 1 To'ncmod%
WRITE #1, modu{i%).modno :
WRITE #1,. modu{i%).dsmod, modu{i%}.ofl, = modu(is).typ,
modu{i%).infmod, modu(i%).pl ' ' _ -

SELECT CASE modu(i%)}.typ

CRSE 1
p% = moda{i%).pl
WRITE #1, overlnd{pt).man, overind(p%}.slo, overlnd(p%).lng
WRITE #1, overlnd(p%).wid

CASE 2
P% = modu{i%}.pl _
WRITE #1, pipe(pt).ing, pipe(p%).diam, pipe(p%).elo,
plpa(p%) .man :

CASE 3
p% = modu(is).pl
WRITE#1, trapchan p%).slo,trapchan(p%}.man,trapchan(p%) lng
WRITE #1, trapchan{p%).wid, trapchan(p%).ssl,
trapchan({p%).sa2, trapchan(piy).mdep '

ChBE 4
P% = modu{i%).pl '
: WRITE #1, storage(p%).typ, gtorage(p%).a, satorage(p%).b,
storage(p%).cl
' . WRITE #1, storage(p%).cew, storage(ps).cu, storage{ps).ccs,
Btorage(p%).ce
WRITE #1, storage(pt). depth
WRITE #1, storage(pt).sl, storage(pt).esp, atarage(p%).sp,
storaga(p%} stlev

CASE 5
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_ Pt = modu(i%).pl ' ' o :

_ WRITE = #i, compcha.n{p%) slo, compchan{ps).1lng,
'compchan(p%) nosegs, compchan(p%}.nopts ' _ S . -
~FOR. j% = ] TO compcha.n{p%) nop'l:s

- WRITE #1, x{pt, j%): ¥{p%, j%)

NEXT j% :

.NExT j%TE #1, 399‘00(!’%; j&: 1), segnc(p%, j%, 2)' n(p%, j%)

CASE 6 - ) L . _
pPE = madu(i%) . C _ o
S U WRITE #1, } aqm.{p%).slo, agqui(ph).wid, = aqui(p%).lng,

- agui(p%).depth - - . : A

WRITE #1. aqui(p%);wtl _ o
. WRITE #1, aqui(pt).sorp, aqui(p%).perm, .aqui(p?).imc,
cagui(p%). pnr . L _ : - :
END SELECT
NEXT i%
' CLOSE #1

END SUB
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