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 ABSTRACT

As has happened throughout the world, environmental and water qualjty problems related
10 developing nrban and industrial areas and associated aocunmlatmn of waste in buili-up
areas were the main factors in contributing 0 sanitary awareness in Sooth Africa, The
dwindling water resources and persistent deterioration of water quality, more severely in

urban areas, necessitates the review the curreni practice of stormwater management in

South Africa. Reliable stormwater drainage models evaluating both the water quantity and
guaiity could be essendal in wnfrommg the prevailmr' pollutior pmblems The obie. v
of this project was gonccived & w2 the development of a system for the simulation of

bl

water quality in urban watercob. acs‘

© A personal computer compatible model for joint transposition..of hydrograph and
poflutographs in open channels wae developed. The model comprises an operational data
handli;- ~¢ility, a user friendly and interactive interface.

“The study revealed that:

e Urban and Industrial development resuits in complication of the urban water
system, ;
e Single objectivity approaches in management of urban waterconrses are omdated.

. The proposed model is capable of simulianeously routing floc’}l and pollutant
consiituent waves in open charmnels.

4

. Undcrstanding of aspects of the water quality in urban watercourse can be greatly
enhanczd by the proposed model

I



The Iollowing recommendations were heneeforth made:

* " Detaiied siudy of the nature, quantity and sources of pollutants in the arban water
system. .
. Sophisticated {dynumic - wave, supercritical flow, complicated ye. nen

bydiodynamic model should be considercd,

. Biological and-chemical process in the erban watercourse be incorporated.
. Linking of the water quality model to the storma watex drainage nyodel.
\‘:l
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10 INTROBUCTION
1.1 General

The Pndawieontad imlgmizuu':a: of water for Hfe on curih, necds iz jusliﬁculign.
Indeed, modem veban aﬁd indusm'.al developments would searcely be possible with: st
an adequaig supply of the 1i-4t degree of purity. I is obvicusly of pr_‘sina’ry imperiance
| thai .watc;-'ihoul_d be available 1o mankid in sulﬁsig_-m quantity. But scarcely of 1as_s

significance is the yuality of the w.-gmr.- 11 is this connection, that the poiluzion of many

o

watercourses looms as a problem of the first magnitude.

)

'frénsiuon to urban environment can have a dramatic influence, not only o the qmﬁiy
but o the qual.i_:y of rufmff as well. The continving coalescence and expansion of uurﬂ
sfﬂ‘bén arcis inio metropﬁiis could stress our environment bcymd tolerable limits.
Agueous discharges in form of scwag; and wastewz:  usually accompany urbi_mﬂgnd

industrial developments, L

4
"o
L] {" 'Xl

Wiitle much can be donc'wwards keeping undesirable sffiuent cu qf walercourscs by
comrcl_ii'ng the poliution #t z;;nuicq_, {varying degrf:es___"}:f mauncnt.licgal consirdint for
discharging). it mus'l be appreciated that urban watcrcourses will remain poliuted. _.

- “
With the 20th Century in its éiasing decade, South Afriea is no cxcéptibn 10 the Wo..d-
wile waiercourse poilution problems. Stormwater tunoff, consisting of significanty

high concontration of pollwtants, is not treated pror 10 being discharged into

3
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‘watercourses, Moreover, in many denscly populated residential arcas, such as Soweto,

sewage Teticulation systems frequently malfunction duc ® sewer blockages, therefore
redirecting raw 'sewage into stormwater inlets. All thess polioranis thus end wp in

WASFCOUTSOS, ' : R

b
" ) N
Before the cra of environmental corcom, the poliution effests of utban development

were largely ignored i spplying wadiional drainzge mothods. The persistent

deterioration in water quality necessitated multi-objective approaches in planning, design

i o

and management of urban watercounses.

Y
-
o

12 Overview of water quality models in waterconrses

" A survey of relevant literature was 'underta!;en-';_- 1o idercfy previous work by other

researchers, ‘The survey is by no means a corplete overview of all the work in the
field, but a nightight of important work contributing dir}{ﬂy to the development of an’

appropriate water quality model, -

The behaviour of an urban watercourse, would probably fall in the category of ﬁvé}'""‘x )

modelting, hence the survey examined riverine quality models in general. Quality

models in this category are adequately covered by one-dimensional models.

P ﬁtudy of river water guality in Sowth Africa, was presented by Amold (£9580). He

developed a suite of programs, incorporating wastewatcr freatment and river watct

M el v R AT = . = LIk
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quii!y, which vrore implersented on main-frame computers. The waier quality model
was based on the well-known Strecter-Pheips cquation.  An explicit fipite difference

scheme: was,empl{;ycd to obtain solutions, Simplifications such as unifom channel,

- constant arca and fiow rate are inherent-in the modcl.

essentially a onc-dimensional celi-type représemation of the Barrage reservoir. Basic

\Milciknwsky {iﬂ.ﬂﬂ), also in South Africa, devcloped a numerical model for simulating

cutiens and future daily fluctoations of sutinity in the Vaal burrage. - The modet is

input was obiained from other models, such as ihe far t‘mid moded, which simulaies

~ behaviour of the comprehensive reservoir svstesm, wash-off model, which generates

 Another South African model was presented”s. Fijen and Huizinga (J987). A one-

© Water levels, flows and salinity disiributions in this river wers modelled. The

tibutary inflows 3 both quantity and quelity. The mode} uses a finite difference

& . .
-scheme and the tri-diagonal marrix to catculate solutions.

a

dimensional hydmdynamic and water quality cmputer program was developéd and used "

o study the physical.- biological and ecological aspedts of the .Sundas;' river estuary.

hydrodynamic routines employed, were the lohg-wave cquations of momenium and

cdntinuity {Dronkers, '196:9'). For water quality computation, ihe adveci'io:x-dispc:sion

equation (Fischer et al, 1979, Koussis et al, 19849) was empioyed. An explicit leapfrog

J

{inite difference scheme was adopted for the sotugions of both cqu'éuions.. v

-

w

The most comyprehensive study of water quality in an urban watercourse + «.& undertaken

by Moodie (7979, He dcvcloped a suiie of hydrologic/ydraulic and watér quality

7
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Chapter 1 S ' o Page 4

=ca_ampmcr programs. The models were based on the identification of problems in

e

Gardiners Creek, a typical urban watercourse localed in the suburb of Malboume,
Au'itr:ﬂm The vmabic Parameter Muskingum - Cnnge method of ﬂeod routing, hased .
oa ihe wnrk of Price {1977), was used for the hydrologic/hydraulic sub-moedel. This
was séivcd using a four point explicis finite di{fercnf};:e scheme. Two waier guality sub-
modcis were é]sn dévclupcd, based nn.ih'c simplei fn.m balance and the StrecienPhelps

cuuations,

A adym‘itii'ic walcr q’ﬁa!ity model for siorm induccd flows in Pvers was developed by

Bedfcmi et al (1983) The model wnpnses 8 hydrodynam:é portion based on the full
, .dynamlc ﬁquanon and was solved stilizing the four-point 1mphcn Newton-Raphson

pmcedurc. whz!c ihe water qualu.y code was formuiated with the Rolley-Preissmann’s

" nonelinéar fomulation. Keefer and Jobson (1978), also prescnted ihe most analogous

to this model. Howevey, theirs was more general using a lreardsed four~pomt 1mp11c1t
hydradynam:c solw,ton and the mod:f‘ ed sxx-nomt Stone and Brain poliutant so!uuon
The model was o, :gmally constmcted and 1mplemented for the Water Quality Analyszs

dnd SurchIanLe section of the Ohio Environmeiid Prolcuuon Agency.

In gencral riverine water quality modelling is the combined effcct of advection,

di_é;pcrsion and biochemicat reaction. The mass tr::__fispon of polintants has traditionally
been represented by the Advective-Dispersion (AD) equation, whereas the biochemical

e
activities by the Steecter-Phelps equation,

"Discrepancies between obscrved dispersion in rivers and that predicted using the

R

[
-
4
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cla‘:szm! AD equation, have een acknowledged and explained (Liu and Cheng, 1930;

Safml and Nordin, 1978). Some mvcsuw.aiors have therefore. proposed otier nwdels 1o

predict mass transpon in rutural streams and rivers:

Examples am those given by Thackston. an&%‘;ﬁu&ﬁc (1970}, Jobron and

Yotsukura (1972}, McQuivey and chfu' (1974, 1976), Pcdcrscn {1927, Sabul

“and Nordin (19?8‘;, Beltaos (1978), and Lit (J980).

[
Q.

5
Si. uf the ancmalwc madeis are expanions of the AD sijuation and mcludc

entrapment in dypd zones (Pedersen, 197?), or multi- dimcnswnahty {Jobmn and

Yoisokura, 1 972}, or time-dependent. £ .ut diSlance) digpersion co- eﬁ' cients (Liu

« and Cheng, 1980),

.c/ . Y

Stefen and Demetracopoulos (1981‘) presented the mosi radical deviation from

] .
the ciassical AD equation, the cells-in-sgries (C1S) formulation, The C1S model

 assuines that, the nver is composed of 4 sequence of elements of equal volume,

called cells. Complete mixing accurs on each cell,

Phelps (1944) described much of the carly kndwledge of the process of stream
pollution, as well as detailing the development of the widely used Strecter-
Phelps equalions and their anaiytical solution in the form of the dissolved

OXygen sag equation.

o]
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Chapter 1 _ o Page &

Velz (1970), proposed & “rational method” for determining the discqlved oxygen
Fag curve which he considered preferable 1o the simplified dissolved oxygen sag
cquations of Hirecter-Phelps.

Thomunn {1972) develeped smalytical solutions to include factors such as

dispersion, nitrification, algai photosynthesis aid respiration, bethal demand, etc.

in 4 systems approach, as did Rinaldi et al (7979, Analytical solutions are also

used by Lin {1962), Gunnerson and Bailey (1763, Holley (1969) and Fapetal

“‘?QS'?I). whereas Chevereau (1973) used numerical iechniques to solve the

cquati}mgg\ﬁd}nmd COD 10 represent the sltimate BOD of the water,

) —~

1,

The two-step explicit {inite difference method used by Chevessau was initially

- developed for the* BOD-DO equatious by Dresnack and Dobbins (7964 to

overcome cendin difficulties inherent in the standard finite difference methixds.
Bella a1 Dobbins (1968) also studicd the difference modelling of stre:_ai‘h

pollution in great detail.
M

(1]

Bueck ahd Youﬁg {1975) ﬁevclnp&l a lumped parameter BODR-DO mode]
conceptualised by a transportation delay systera plus 2 continyously stirred tank
reactor. An important aspect of their model was that it used daily BOD data,
thereby recognising the difficuitics involved in obtaining more fmquént dara

over long time periods.
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De Boer (1975, 1879) used the method of churacteristics in a moving cell model

of the gissojved exygen and other quality parametcm,ﬂ therchy aveiding the

pioblera of numerical disparsion, R

Duobbins (7964} investigaicd mehods of determining the varions constants inthe

BOD-DO équaticns and proposed. a mational theory for estimating the surface
reacration raic. Camp (1965} on the other hand found that reaeration was smatl
compared 1 phomsymhetié producﬁén of dissolved 6xyge_n, and also concluded
that the removal .o{ ROD py scitling could be very large compared 10 the

removal by biochemical oxidation. ©'Connor and Di Toro (1970 studies the

-Hiurmal variation of photosynthetic production of dissoived oxygen and

developed an oxygen balance nfodel that includes this effect..,

" Increases in DO during the night were reported by Gunnerson and Bailey (1963)

“and this was anributed to variations in the algal respiration rate.

o

g

| Edberg and Hofsten (7973) described in-situ and !aboramry'tests on OXygen

uptake of bottom sediments and found that the latter gave consistently lower
values than thae fermef. A mumber of models for 2stimating reaeration rates
have been proposed (O' Connor and Dobbins, 1958; Churchill and

Buckingham, 1962, Bansal, 1973; Foree, 18976}

Major points to note from the brief literature survey are:
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. Numerous authors have develd;_'-_-'\d water quality models based on the one-

dimensional Advective-Dispersion aid the Streeter-Phelps equations,

. E:;ts:néiyc work has been undertaken on the biochemical aspects of riverine
wmbr qﬁalily.

. South Africa trafls behind in modelling water guality in wammoaas -

: - Finite differonce schomes l;gve been wiilized extensively to evaluate soiglions.

. Most models dcveldpéd in South Africa have been imp;c;llentcd ua main-frame

computers, which are costly and not user friendly.
: . el

e

%
<r

1.3 Developmest of a water quality mudsl on a Persoual Computer

Wate((auali;y simulation'in watercourses is a complex multi-disciplinary underiaking
involving Hydrology, Hydrautics, Mame:patiés. Biology, Chemistry and even Nmpeﬁcal
methods. The process necessitates mathematical formnlation of the system’s behaviour
resulting in tedious calculations. The computation burden can be drastically reduced in

the advent of efficient, high speed, digini ﬁpputing systems,

Through the years a large number of water quality models have been developed by
various researchers, many of them proprictary, In general, the models were main-frame

orieniated. Main-frame practices suffer from 2 number of disadvantages, such as




emphasises mulh-ubjectwc appmaches for urban watercourses.
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accessibility, cost, interaction with the user and graphical represcntation,

~ Over the past 1wo decades, the power and the capacity of personal computer has been

com,inuallir enhanced and expanded by advances in micro comapuier sechinology. These
dovelopments have demonstrated that 3t 38 not only possible, but algo feasible to dovelop

water quality models for watercourses. To ensure operational systems, the following

attributes wouid be necessary:  simplicity, consistency, completeness, robustness,

economical aﬂcl independence.

14 Conclusions

The declining water quality, coupled with South Africa’s. w*ter Tesonices pisght,

It therefore heuomcs clear that a comprehensive svise &!f personal &omputer orientateﬂ

programs could be ] vmblc ald i understandmg waier quality i in urban WAatSICOUTSES,

i}

In view of the forcgoing, the aims of this study wete sct out as foliows:
. To develop ainode] which would simulate water quality in urban watercourses.

. The model to be personal computer compatible,
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. The model io be able to simultancously comipute transposition of hydrographs

and poihstographs in watercourses,

E The model & incorporate all atribuics mentioned  satior @ siraplicity,

7 consistency, compleicness, tobustiess, performance and independence.

-

= . The model to have an operstional dala handling structure, user friendly and

ineractive.

-

" The methodology ased 10 achicve the abc;i;émcmiuned aims is outlined below:

. 1dentify aspects of the urban waier system

*  Mathematical formulation of the model

- Choice of an appropriate numerical scheme for solutions
« *  Development of & suite of computer programs
. Verification of the model.

S

ks
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20  ASPECTS OF THE URBAN WATER SYS717M

21 Urban hydrology )
§
Hydrmology, in gcz;v,é‘;‘ may be defined as (Universitios Council on Weter Resonrces,
19673 1 "the P’ sxcal ‘;cmmu that treats I.f.:e' waters of the carth, their occurrence,
c1rculanan/,ﬁd dmmhnmn, thclr chemics) and physxca{: propeniies, and the reaction of
the c ;nmcng including lwmg things, on thost: {uaters It is an inerdisciplinary
StlbjcCl, embracing phys:ca! chem:cal bmmglcal and apphed sciences, and concerns ihe
_ spaual and temporal dx nmas well as the movement of water<n all its forms. The

[

O
jatter iy 1mphczt in the concept of the hydrotogical cysle.

The era of industrial revolulioﬁ and growth of manufacturing industries has brought

" people wgeihex__'_ The establishment of faczoziuso meant that livelihoods become

" dependent on employmen rather than on ybsistence faming through self endeavour.

This process of urbanization, the ccmgrega:im{ of peép[e together to live in towns, has *

led to manipulation of the environment, and therefore the landscape of the hydrologicat

cycle. Wildscape has been cléércd for agricultre, fnrcéts have been felled, swamps

have been drained and most imporant, towns and cities liave been created in what were

once tural areas. Ower the last three decades emphasis has been splaced on the
- hydrology of land-use changes in the general, and more recently the subject of urban

hydro!ogy;




Urban hydrology can be Jdetined s the siudy of tlic bydrological progess occursing

within the urban enviropment. A detail ¢viception of the urban tydrological cycle is

. Iy
indicased on Figure 2.1 helow.
— )ﬂ
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Figure 2.1 Ushan hydroingical cycle
. [,__{Adaptedﬁom Hzpgeveld and Vocht, 1982)

/
f
' : o
The contineing expansion of sur urban wrea veiilts in hydrological problems, Four
majqr problems have been identified (Hengeveid und Vochs, '1982}: ' o
E Provision for water rese wees adeguate both in gnantity and quality
. Need Yor appropriate flood control mensures g
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. g osd 6f watorrhoroe waste withowy bupairing the quality of local
WARCECOUISES .
. Changes in the urban microclimaie

“fYe praject entails the modelling of water quality in urban watercourses, henceforth ine

degradation of the quality of water # urban arcas is of imterest, The following sub-

sections cover quality characieristics of wban runoff and scurces of polluiion.

2.2 Qua!aty characterlstics of urban rnm?n‘

|

In ihe past two decades, considzrable research Jtmd dﬁcumcmatzon of urban stomwaler

runoff. hias been undertaken overseas, in pamﬁ]u!ar the United States of America and

* Australia, In line with this t:en’]l Gireen ef al {;I 989), undertook an exploratory survey

of stormwaer pollution in iwo South Afd;:an urban catchments (Hillbrow and

i T
A : : . =
T

Pollurion in urban wélcrcnan;cs rosuli from d:_‘_i,mcstic sewage, urban raneil, industrial
was;nr;valer and possitle aimospheric fall out.  As treatment of domestic sewage and
indu:auiai wastewaier are gradoally seceiving attention, urban stormwater runoff is
identified as the main culprit for jxallzltit;n. Santor and Boyd (7972) indicated tha

runoif may consist of highly concontrated pollitants rather than raw sewage.

Riephanson (7952) presented a range of meavared water quality parameiors, obtained

from various sources and thesc ave indicated in Table 2.1 overleaft

W AT £ wrh e AN Gden AL
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. * Adapted from Stephenson {1982
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Table 2.1 "ban ranofl quality churacteristics® Y

BOD (mg/h | 10 0 500

Suspended Solids gm0 24 10 G0

Coliform | O 10000 | 100x 10°

Total chioridcs - |fmgll} 10 200 000

Total dissolved solids im0 | 1000 10 €00

;H . . _ ' (ngfly § 5.3 7 8.7

Nerogen mgh [ 1 |3 100

Phosphate - . -I{mgfl} 01 13 . 180

Phenols - g | 0 0.2

Oils . tmg) | 0 | 110 |
1 Lead ﬁ r Tmgm {0 2

=

The above values are not repteseniative of any, panticular caichment, but an indication

%
¥

. LA ’ .
of quality characieristics of urban ranoff.

Lel

Potlution is measured inltenns.nr concentrations,  For iilstanm, suspended solids such
as silt aze measured per litre {nigﬂ}. A specific nuitient like pitrate is mcasured in terms
of the mgA of nitwogen, The total nilrpgcn conterd mayg: comprisc .+ organic nitrogen,
ammonia, niirogen, nitrite and nitrate,  Phosphate, dso a nuttent, in the coirect

proporiion in the presence of itrate car support .iqilmic lite.
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2.3 Sources of pollution

L]

Polluticn of an urhau, watercourse can broadly be atribuled to surface washoff,

atmospheric deposition, demestic sewage and industrial wastewater.

] '

Polluum sources oiher than domot::c scwage i mdusmai wastewater wiil be
dzscussed hcm. Siinpson aud Kemp (198.? observed that atmospheric deposition anc
surface washoff were responsible for 30% of suspendgd solids, 15% of phosphorus, 19%

of nitrates, and_37% of svluble phosphmﬁs and for all soluble nitrogen.
.‘tu o } - . .

ks
) 4
-

Horkeby and. Malmqmst {1977} _diso attributed the presence of atsenic. cadmwm
chmzmum, mercury, tin, vanadmm and lead in urban swnnwate: mnoff o atmosphem

Wi

deposition. Rainfall itsclf was found by Black (/940) 10 be the source of nitraie Heuds,

L+
o

Vehicle exbausts, wearing of tyres, asphalt an¢ cormsion of vehicles and buildings, wer:
also adenufect as sources of hcavy mttals

s

24 . Conclusions.

The process of urbanisation results in the complication of the global !aydruiogical cycle.
A

The conscquence inevitably includes degradation of water guo 1y,

)

 The characieristics of ‘poilution in an urban  watcreourte comprises of highly

concentrated loads. In the case of South Africa, this could worsen the counirics water

’ .' . Ll (‘

v
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resources problem. Recreational mmenities could be Jost and also a threat to agquatic tife |

fl,

is pased. R i

7

As the urban watercourse is part of a complex natural river system an apsreciation of.

its peliution impact woutd Yead io a better wnderstanding of the global diver pollution

. 1!
probieme : \‘
u . Q .
Waler quality ik an importam factor in many uses of water. Agriculiure for instance,
. : \‘}

can accommiodaie nutrients, _bﬁt not those with high salt contenms. For domestic water

H

sapplies, coliform sount, volour and t55i¢ are imponan parametess. For %émtianal

~ purposes, similar criteria are often apphed.
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20 MATHEMATICAL FORMULATION OF AN ADVECTIVE WATER

QUALITY m\mm, .

3.1 Transport equation rationate

The overriding consideration thai geided fornmulation of the model Gt line with Bedford

ei al: 1983), was that vety sharp spatial and temporal gradienis of ilow, clevation and

pollutant concentrations, are propelled through reaches of rapidly varying cross-sectional

© areas during flooding events. Transpon being dominated by advection and poliutant

concentrations are more a consequence of it rather than dispersion cr biochemical

fedction, '

It_fouows that ihe model must: o 7 . i

JEAL T
s

‘. . jh dy“mic Vo

o)

. account for fiow, elevation and transpon changes,

. include the direction im&raction of flow and, cicvation on polhnant distribution,,

. be applicable 1o channcls of arbitrary shape and slope.

i

- The model would therefore, consist of two seis of area averaged equations, namely,

hydrodynamic equations depicting movemeni of flood waves and the pollwant transport

cquations. &
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_ The results obtained from the hydrodynamic sub-mode! would then Bt imposed as input

/J

‘the kinematic models.

da@;‘nr pollutant fransport sub-modet, hence obiaining results for the complete the water

quality model.,
3.2 Governing transpert equations

3.2.} Hydrodynamics

i
i
]

Mathematical flood routing methods curremiy available ma'}' be broadly classified into

process-type models, usually referred 1o as "hydrauho met!mds and those using a

' ccncepwal or system approach, ofien calied “hydrologic ma;hodq"

L

As a result of drawbacks and over-simplifications of hydilogic methiods, Engincers

have tumed 1o the Saint Venant equation. These equations are, however, alse

, complicated for émaly:ical solutions. Thus, the Saint Venmt_iaquatilﬁns have in turn begn

simplified, and the résulting equations designase the now-catled dynamic, diffusion and

The complete dynamic model, which retains all the termp is the most acourate and

reliable, as well as most demanding on computer resoprees, The diffusion and

kinematic mpdels on the other hand have simpler cquatﬁbns and thus are casicr 10

program., |

Numerous authgrs (Fonce ¢t al 1978; Weinman and Laurenson, 1980; Stephenson,

19580 Kolovapoulos and Swephensos, 1988 Kelovepoulos, 1988) have also investigated
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the applicability and pesformance of the kinematic and diffusion modcl.

The kinematic models are limiled to rélativgly sleep watercourses where backwater

effects are negligible and 250 to mildly stoped hydrographs. The diffusion mndels_h:__wc

a far greater range of applicability than kinematic modets,

’I‘hc diffusion model has been implcm'ehw? successfully for channel routing, wherzas

overland fipw can be described realisically using the kinematic model.
R . | _

- In comp!mnce with aims of this study, me simpler but realistic diffusion mndel was

found 1o be appmpnau, in representing the movemem of floovd waves,

&) One-dimensional unsteady flow in ppen channels

i

- The dem{ ”‘ﬂn of the equaucms is routine (Yen. 19?3 Henderson, 1966; Chow, 1959

Dronkers, !9:59) and will not be repeated her«m ’I‘hree partial diffesent equations were

derived repregsenung consepas,mn of mass (continuity), momentum and exergy.

Two of the derived equations 10 be uscd herein are:

Continuity equation:

0Qiex + Blz) ot = q R Ceeavmesassarsaens (3.1)

Momentum equation:

E)Q,‘at + l2x { (QD)/ Al }} + {gAz) dhdx - gA(?)‘:s} + gAIS; = O
..... (3.2)
) (3) (2) : (1)
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where:
{1} = Flow Resistance

{2} = Gravity

(3} = Bemoulli
(1} = Ienia 7
and:

@ = flow rate in x-direction (z%s)

lateral inflow (m%s)

R
I

distance along the channel (m)
B(z) = water surface width (m) o

 Alz) = cross-sectional area of channel {m?)

h = water surface elcvation (m}

1 = time (s} |
g = gravitatibnal acceleration (m/s®)
§ = driction resistance (slope) (m/m) "
g, = bed s!cr;_e {m/m)

b

il

Ia the continnity equation the lateral inflow {¢) was ignored in this study. inﬂow {or
ontflow) comtinuousty distributed along@ac watercourse is seldomy consiuered in
zﬁamematical modelling of rivers. The mast common situations in which such lateral
discharge is to be congidered are related (o .‘hydrological phenomena such as;
cvaiaoratibn. rainfall and inﬁhr!'.-uion. The mild cliinaté in South Africa make these

phenomena mild, and thus can be neglected in modelling. Tributaries and efflucnts

NN R g R e, e e




Y
U

Chapter 3 | . Page 21

could be rcprcséi-.iéd by point inflows or owrflows rather than by continuons lateral

J\

discharge {Cunge et al, 1980). P

In the diffusion model approximation of 1the Saing Venant ciuations, the Jocal and
conveelive terms in the momenhnm Cquation tenms age hcg!cctcd. Thus the equation 3.2

becomes: - i

gA dhidx + gA(S,- %}).—: 0 v O Y% )
. , .1ﬁ . . -

t

)

W

‘-1\\ ’\.
HAQ dx
: x .‘. ¥ . L
A L‘ 7 | < Pz}
i ‘A Arbitrary Section A-A
datun w '

Figure i.l Definition sketch of a typical cross-section

b) Flow resistance . . .

The resistance of flow due © shear forces mainly arising from-bed friction and the

influence of wind is represented by a number of chapirical laws.

A T Y TR s R & AN hat e e
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where

In the momentum eguation the friction slope "S," was represented by the Manning's

F

formula. The influence of wind was assumed to be negligible. A}temalivelykothcrf

friction formulac such as narcy-w::@\bach‘s or Chezy’s may be used, howew; , the
Manning"s formuma has proved most ref}rxblc in practice (Henderson, 1967 x40d popualar

amongst engineers in South Africa,  /

Manning’s formula;

Q = AR%B8Mm ... — (8.
where _ T ' I"I\ © A

S b '
n = Maming’s mughness coefficient

"

hydrantic radius (A/P)

P =" wented perimeter (m)

The above equation can be rewritten in the form:

Q = K8k S RO s AB4)

= L

Kiz) = 1 AR% ¥/n = conveyance factor
4

- Inversely friction slope (resistance)

S = QKD = QQ}/KY2) R ' .t

. 4
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) 32:! Pollutant tyansport 7
’l‘he ovemcw of water quality models presented in Chapler 1 "hlghhghted" various

*’mw wds of modcllmg poliution. For this study tie one-dumensmnai mass balane?

¢quation a!iowmg for advection and decay was chosen,

Rinaldi ¢t al (J979) also nomd that a fluid could be looked at fmm several pmms ot’z

view, Onc possibitity, for instance, heing mc moiecular approach, which considers
fluid as a huge number of molecules moving amund and colliding with each other it

vacuum. The other being the contimmum approach (mass balance) which is best suited

to siver qualily considerations. Following the latter approach each point in space is

associamd with the vatue of the property ¢onsidered (for example cnergy, momerntum,

bacierial mass) e#er a small reference volume,
0

Thé advantage of using the cominuur}n approach is that a heterogenous muiticompomnt

ﬁhid can be described as béing composed of different continua, interacting with cach

other and occupying the same position in space at the same instant of time, so that

properties of any of these contind& may be assigned to every point of the space.
a) . One-dimensional poslutant transport in open cimunels

Stephenson (2988) presented the derivation of the basic one-dimensional mass balance

equation allowing for dispersion, decay and sources or sinks.

i3
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30+ KC + (ClA() @Qex) ) - VA Bx {(AE 3C/x)) - S = 0
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The resulilng equation is as foliows:

(3.8}
(58) {4) S & ) (2} {1}
where:
(1} = Souro.
(2} = Dispersion
(3} = Advection

4 = u:'tgay Rate

"(5) = Pollware Concentration Rate of Change

and:

Alz) = cross-sectional area of channet (m?)

Q = flow raie in x-direction (m%s)
C = polluan cnné;:ptration (rag/) _
E “ = longitudinal dispersion co-efficient (mn%s)
E, = poi[utam decay rate (s}
x = distance along channel (m}
£ e e ()
'- ¥

fr

Normally disparsion is negligible in urban watercourses as they are relatively short and
to 2 large extent channelized {Step!:Man, '1.?990). and thercfore was not considered in

this study. Eguation 3.6 thus becomes:

B/ + K,C + (C/A) QQAX) + VACRx = 0 @61

whiere:

V = Q/A
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4.0 NUMERICAL SCHEMES FOR SOLUTION OF TRANSPORT EQUATIONS |
4.1 General

The wransnon equations coanprises a sot of ron-lincar panial differontial oquations, The

W

complexity of analytically solving these equaticns, makes it necessary that consideration

be given o use of numcerical weehnicques 10 ohiain approximate solstions.

Al published nemerical echniques are based in the procedure of discretising the

equations and then solving thera in conjunction with suitable boundary conditions.
Driseretization is the procedire of reprosenting a continuous variable by discrest valuas

at specific points in space of ume, or both (ASCE, Task Convaittes on (%‘assary, 1982,

fEmmn

4.2 .Swomn. ry of methods g

Numerical solation juesisods can be categorised inin ihreg classcs; namely the finite

element wethoil, method of characteristics and finite difference method (Cunge

et al, 1985). An ontling ofhese methods is covered i the fallowing sub-section.
421 Finite clement methods
In recent yoars, the finite clement method (FEM) has become increasingly popular in

almost every engineering fickl, In fluid mechanics and ground water iiydraulics the

method his been extensively applied.
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- The method has dso found application in varions problems of surface waters, such 23
lake civeulation, thermal toading and fiows in shallow waters (Cheng, 1978; Connor and

Brebbia, 1976).

Copley and Moin (2979, Smith and Cheng (J926) extended the zpplication of fhe
snethod to unsteady open cannel flows, Usiog it, the equations of a namerical model
wit: splved by dividing ihe spatial dothuin imto clements, ip each of which the solution

i
Ii

of the governing equatims is appihximamd by continuous fumctions. The most

" promising FEM method is the improved dissipmive Galerkin method (Ratopodes, =03

422 . Method of charactcristfcs
LSRN
Cunge (1976) presented a full treatise o2 thwe method of charactzristics, and ooly o brief

W

description will be given here.

The method utilises the fact that flow conforms wih: certain relationships zlong
charactesistic curves, themfore a solutdon can be evaluated along such characleristic
“curves,  The partial differcntial cquations are mathematically transformed into

characieristic {ordinary difieremial) equations and solved on a grid,

The characteristic equations for the Saint Venant equations are as {ollows:

t

dvidt + Cabdt + g(5,-8) = 0 .. _ rreens (401

de/dt = Ve et s st sesse e anans e dd.2)
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dv/dt - Cab/dt + g(S-8) = 0 PRI (. %)
deldt = V- C I - (4.4)
where;

2eIEBEY € = VIBAMB)  coroceesssrssssmsesessimsonsessmssessmassessssnsssssonssasmonessses (4.5)

[

Equations 4.1 and 4.2 are identificd as the forwasd characteristic O+, wherers 4.3 end

4.4 as the backward characteristic C-,

!
Movemer: along characteristics lir2s represens possible wavre motion uross g, waler
surtaee, . The physical significance uf a chamctcris:id line is its gradiont as it is =
faportant feature of the theory. A small dis&wban;;gx representing flis;'.:f.'antinui!'ty in free
water gradient dy/&x or velocity gradient dv/dt in an open channel propagates wid
velerity m?ativg:) 1o the water.
Depending on the direction, three distinet ‘émtes of water movement can be identificd.
¥or subcritical flow the celerity is greater than the ab§?lu!c value of the flow velogcity.

The two characteristies therefore have opposite signs and the state at any point P is

influence both from upstréam and downstream conditions (Figure 4.1 a). For critical

flow the celetity equa1§ the absolute of flow velocity and one of the characteristic
velocitics of propagation becomes zero; that is the backwand characieristic C- becomes
a vertical line x = x, as shown in Figure 4.1 b. For supercritical flow the celerity is

Tess thun the absolute value of flow velocity and the two characieristics have the same
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depend upon the downstream flow condiiions,

- sign {Fipurc 4.1 ¢ and 4.1 d). In the latier 1wo cases, the state at point P does nint

{al

e
o

T+

tal

Figure 4.1 Siructure of the characteristicy
| {Adapted from Cunge, et al, 198¢

423 Finite difference method

L

(A

This method is based on represewiation of thé comtinuously defined functions and jts

derivatives, in tenms of approximate values delined at particular discreet points, called

grid points. Thus the differential equations an.'z repiacéd by algéi:raic finite differenice

relationships, The different ways in which dc;ﬁv:ﬁives and integrals are expressed hy

) _]
discreet functions are calied finite difference schemes,

A
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The computational grid (typicaily showi in Figure 4.2 below) is a finite set of points

shaving the same domain in the space~tiree plane as the continuows argument funclions.

£ 4 1 1 141
b 5 o— uil
{ At P
g 4 ! # o N
- ! l AN ‘}
(.l.‘ . 3‘,{-.‘ —d o~}
I
| .
Space X

Figure 4.2 Finite difference compuiational grid

The dilferentiation of a continuous function F (x,£) can be approximated as:

W = lim  (Flx+t, B - Fx, 0}/ ax eeermss s 4.1)
X O . . _ :

In finite difference, however, ax is never infinitely small but represents a physicat

length of some imporiance.

i
.
i
¥
]

The error introduced by replacing the differentials by finite difierence is catied

truncation error, Cunge ct al (}980) provided details regarding implicatios of this and

thus is not included herein,

it . [
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Farthermore this replacement implies that the numerical model must satisfy requircinents
of stability, accuracy and convergence,  These are defined as follows

(Kolavopoulos, 1958):

+  Stahility: "The ability of scheme to control the propagation or growth of a small

disturbance introdue~d in the calculations™,

» Acturacy: “The ratio of the differcice between the approximate solution of the

gc.wcming equations, divided by the exact solution®.

+  Convergence: “"State of tending o 2 ynique solstion. A given scheme is
~ convergent if an increasingly finer compuiational grid jeads to a more accurate
approximation of the unigue solution. However, 8 numerical method may

sometimes converge on the incorrect solmion”.

The convergence is govemed by discretization crrors.  In practice, stability is a
necessary condition for model operation since an unstable riodel is of little or 1o use,

Finite ditferences are divided into two categories; narnely expiicit and implici€ schemes.
i ’ ' '

In explicit schernes, dependant variables at & reciangular grid point on the prosent. time-

fineg or present and previous time-lines on an advanced time-line are determined one

point at a time, from known values and conditions at grid points.

0
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For implicit s ﬁchemes,/a numbe-r of unknowns at the advanced time level are related 1o
less-weighted Lno\y/ values at the cunent fime level. Since there is more than one

unknowin in the /{ulc difference eguation, a full set of simultancous equations must he

solved.
44 Conclusions
a) Finite e!emé:éat method

The method has not found ;widéspmnﬁ appitcation in mathematical modelling of tiver
flow. As far as the problents are contemed, the metlwci does not stiow any adva;ntagc
aver the other two 2.l the légitimacy of its application 10 time dependant problems is
not always clear et (Cunge et al, 1980).

The majority of the schemes developed for ttie FEM use finite differencé for the time
derivatives. The advantage of the one-dimensional flow simnlation appears doubtful to
many Engincers. An alditional constraing, is the exiensive memory requirement of
mounting the finite clement modcl, within 2 suite n_f personal computer models, Iﬁ view

of the above reasons, a finite element model wilt not be considered in this study.
by Method of characteristics

‘The method has the following advantages:
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Ease of implementation, pariial differential etuations yiceld 1o straight forward

ordinary dilferential equations.

The maiematics of the method underiines the essential physical wave behaviour.
3\

Characteristic dircetions ase the ime-space paths of information {Tow in the physical

system,

The method easily accommodaies supercritical flows.

‘Despite these features, the method is criticised for two major shortcomings in

implementation;

c)

In most characieristic based techniques the Iimc-lstcps are limited by stability criteria

‘that restrict the relationship between time and space-mesh parameters,

The need for a common lime-step during non-linear events and at clement
boundaries, necossitates the use of gither interpolation or geometric adjustments,

which introduce efrors ini the solution.

Finite difference method

In general, finile difference schomes dre wlatively casy to vnderstand, formulaie and

program. Hewever, these can be computationally incfficient due 10 numerical instability

problems.
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Ligget and Wnnlhiscr {1967 hgurcver, found cxpﬁcit schemes are accurate and
eeenomic when conectly used.  Based primai'ily on siability rather than accuracy or
eificiency reguirements, explicit schemes are inﬂcxiblg as they are limited for stability -
reasons o refatively small time steps. Further jmplicil schemes were fonund i be
cnnsidcrﬁbly stable for any choice of ax and st. Due 1o large time steps required 1o
route rc;! time ﬂuod§ in natural tivers, inplicit meMs have been increasingly used.
The methods do aot, © géucral, zvc st:igility difficultics of the explicit methads or of

' the explicit eharactoristic method.
d) . Choice of method | -

The finite differenc&hemc was chosen for thi§ study noting: -
= “In river simulation probiem, where long time-steps can be adopted, the imp!icit

scheme is preferable (Kolovoponivs, 1988).

]

%

«  Implicit'schemes are considerably more stabie for any choice of ax and at.

‘s Most river modelling systems cumim!y in use are based in implicit schemes.
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50 IMPLICIT ADVECTIVE WATER QUALITY MODEL. .
51 General
St 4

The most widely used implict finite difference scheme i the box. Scheme. The hox

schome adopted Tor this study is the popular Preismann Scheraerdeveloped in France

B
A
;
1.

(Preismann, 1961; Preismann and Cunge. 1961).

b
b

In formulation of the model the procedure comprises the steps as sei out and described
e : v K . . n

in Figure 5.1 below:

4
1

Finits diffwrence
. representeiion of
“partial differential

e Y
ﬂ’; - 'q-?; PAES
, l ‘_.-.‘-_f-u/. . ) ¢ _I}
! o Discratization of the ™~
basic egquations

l |

Linearization of equationw

!

Formulatlon of mateix
eo—efficient
Solution of malrix

=5

[N

_ Fi‘gum 5.1 Steps for formulation of model
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5.2 Finite difference representation ' g
5.2.1 Diccretivation definitions

Censidering 2 niov-uniforzn rectangular grid on the space-time plane, as shuwn in

Figure 5.2 below.

e} i1 141
A by ) |
T ; T (1-e)At
y i Lo 0Lt
£ et -
=
‘ |
! : , et
&3 -y o
1
. | ! -
Distance

Figure 5.2 Network of point on space<time plane
For any variable h at point £ the parti.i derivatives of function h e repiesenied by:

dhidx (D) = olhf} - B™/ax + (1-0) b -BI1/a8 s (51

&
o (D) = (B - b3+ N - B/ 2at S— 2

o)
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5.22  Application 10 hydvadynamic eqguaticns

4) Continniy eqination

B+ B IR = O s e eseeeessone (1)

:‘ o {Q“‘ - tfm}}iﬁw 4 5,1 Fﬂ {.Q:a ‘;}in'i;“&-ﬁ i+

*
Fw

BRI R "‘n;* F/2at = 0 eeecsnnens e (3530

‘nmplifymg ind mamngmg' .
h'**‘ [ B/2at} » Q““ fe emc} + h“*‘ {B2at 1} + Q‘“'} olar

1
. .E
7 o
\ [(1-0) (@0 Q)/ax » B (0" + h/ 28] = 0 orscens (5.8)
\iumplv'ng b} 2axat . : Ay
. \t\ o o S
™" ¢ Bax ) +Q"“ (- 200t} + R (DBax} + Q“*’ {ﬂm}"‘
'
N

o 12 B (Q“ Qs - BB+ B ex ] %\ ................... (5.5)

st
C, = BaAY s s PO — (5.5.1)
r:'-l =5 e zﬂl}tt ™ ucunoo-u“onnuuno.- --------------------------------------- {.5 5 ;) )
R 553
C, = 268 e — evenmene (554

O = - Xl-e) f;’;w Qat - B Ba] e (B55)

oGRS (G 2 [CIENT + @I QN = (0] i (B
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b} Momentum equation (Diffusion approximation)

AR + BAIS-8) = 0 e (3.2.1)
g . ox

The em 5 was diseretised as follows (Cunge et al, 1950y

\. . gfa {e {Qﬂd IQu Qrul | Qua ]+ (-l-f?»} [Q." Qu m |Q+!]}

K (K & {K;;,f**
| (5.8)
” | gA Lol - B +(1-8) (- B+ gA S -8l =0 . BT

AL : AX

Sxmplyfymg and rcarrangmg e
et gﬁa}-!- Q“*‘{egA]Q"lh h"*‘ (gA el Qo gAlQ] )
o 'z {K)’* \'ﬁ o TE &, )
+ gA(-e) B - B +(gA (1 ge)al IQ" Q@ i+a g1
Ta TN
- A8 =0 : ' (5.9)

----------------

N

Mulriptying by latat o ;{
ht““ { ZpAest] + Q““ { anaE* | Q[ axat}+ b3 (2gAeat]
_ (K
) L
-+ Q! {gAe [ Q lavat]+ (2gA(1-'0) (B - hOat)
‘ (K‘_‘ F

+ {gAtl o) IQ"‘]Q“I + QL IQ" | Tavat} — 2gA 8, avat = 0
WP &) )‘




q‘:: " c:‘n": Cn:l - C:’ + K,I-C + g H(Q?::l . Q?n} "

et s

2at N\t ‘ ax

Chapter § Page 38
Lot
M, = [-2gheat] e v (5.10.1)
M, = " | avat
«= gAe |G lamat]) woreree (5.30.2)
. (BF
M, = (2gAest] (5.10.3)
M, = gA " | avat
19 EBRO IE_!.!M e (5.10.4)
K7
F,= 20A0 <o) (M - h)at . (5.10.5)
Fy={gh(l-o) Q@] atat] covmrerrnrioe (5.10.8)
(K
By ={gA(l-0) @ (@ | avat) crirersimromons (510.7)
(K;I)a i
O e S (5.10.8)
LT TR R N X0 7 J e — S (5.10.95
MR+ M) QT+ MY B + MY QT = (M .. (5.11)
523 Applicaiim W poliutant ranspon equations
@D Muse-balance equation - ff
CBC+KRC - CAQ4vIC = 0 @361
ét Aty ax Y .

G-o@, @ +v e -TY+ (50T, ) = 0

AX AX - 4
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Simplifying and rearranging

' (1 -eVl+Crl(1+Ve)+ KO- 1@+ O

2at A% SN » 2at
() E(Q::': - Q’l.“'z) + (1) (Q's.‘“- an + Vit-a)(C - C‘:)= 0
A L% AX A%

Muhtiplying by 2axat

Ol o - 2eVat] + O™ (ax + 26Vat) + 2K, C axat - (C] + Clax

+2C (o (@1 - QY + (L - 0)@,- QN at+2V(1-0)(CL; Cub =0
A

(5.14)
Let:

Py o= (6% = 26VA) | e s — (5341

P, = {ax + 26Vat) .. ENCATE

R e N T J— (5143)

Py = 2C[e (@ - @ i S - (B4
M 20119 (@ - Qlat s (14.5)
by =BVa-e (Cn CDall " oo (5.146)

T AL T T (5147

S | AN R 2 I Gyl % , o (5.15)

524 Lincarizadon of discictized equations:

The resulting eqoations ( 5.6, 5.11 and 5.15) are non-linear, due to dependance of the

co-cfficienis such as A(z), B(z) and K(2) on the flow varisble. Verwey in his
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Preismann formutation (Cunge et al, 19380), represented the co-efficients of flow as

follows:

F oo (F 4 P /2 e 3.16)

for first iterations

F = 2] i_F::‘;s -+ F:::f] !2 + (1 - B) [F:Lx + I“‘:] LU LR A L L LT PP ] (5.1?)
for any subseéﬁém iterations -

whers:

F may represent A(z), B(z) or K(z). The superscript {n + 32) shows that the

function is evaluated within time step.
%

Similarly: -

. i p-—

A;; K; and Q, are set as: | *

KOs P | _ l'a'; ........ . (5.18)
for first iterations |

w = 8 F;‘*’* + (1-0) F e : ................... reimmrassssesans S— (5.19)

for any subscquent iterations -

Although the equations are not fully linearised, calculations for each iteration within
a time-step, makes it possible 10 solve the set of algebraic equations as lincar

systems.
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Preisnrann formulation (Cunge o al, 1980), rcprescmcd the co-cfficients of flow.as

Tollows:

Foo= (F 4+ /2 e, . .16)

for fitst iteyations

CF = @ IF’:;‘%F:::"] 2+ (1-0)F +F] i (5.17)

for any subszquent iterations

whiere:

r may represent A(z}, B{z) or Kiz). 'I‘he superscnpt (n + %) shows that the

funcu? is waiuated within time step.

Simitarly:
\\‘\\
A; K, and Q, are set as: ) Vi
Fo=F R s s Suessnsns (318)
for first iterations :
Fio = eF™ + (1-0)F" coicrssasmsiren R (5.19)

for uny subsequent iterations

Although the equéticns are not fully linearised, calculations for each ittration within
a timé—stcp, makes it possible 1 solve the set of algebraic equations as Hneur

systems,
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Preismann formuiation (Cunge ¢t al," :’980), represented the co-efficients of flow as

follorers;

F = (F] + F} )/2 . {5.16}

for first iterations

Fooo= e +F Y2 + (1-8)[F +F] s |

5.17)

for any subscguent dierations

where:

¥ may represent A(z), B(z) orK(z) The superscript (n + %) shows that the

function is evaiualied within time step,

Similarly:

=F B
L

%ﬁa‘_& Kj and Q-, are set as:

"ﬂt\ . .
AN : — . (5.18)

for firkt iterations

F, = oF™ & (1-0)F ... S— (5.19)

for any subsequent iicrations

Althcu:gh the equations are ndt fully _iinearised, caleulations for each iteration within
a time-step, makes it possible to snlva;l the set of algebraic equ . as lincar

Sysiems. e
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53 Boondary Conditions

An implicit scheme reguires two boundary conditions, upstream and downstream to
fumish a solation. The boundary conditions for the hydrodynamic sub-model can

comprise of any one set of the following known quantitics:

. upsiream and dowustream stage hydrogtaphs
*  upstream and downstream flow ydrographs
. upsiream stage hydrograph and densmam flow hydrograph

. upétream flow hydrograph and downstresm stage hydsograph
< upsiream stage hydrograph and downsiream rating curve

*  upstream flow hydrograph and downsiream rafing cusve

in steady state conditim;s;\ the most convenient baundary condition 1o apply
dcﬁvz;szream is the water st’age nydrograph, whemz;; for sicady state, 2 s{ng!c value
flow would be appropriate. !-Ic:wever during model exploitation runs, the water stage
hydrograph downsiream wifl not gencrally be avatiable ﬁﬁless the dewnstream limit

i5 a reservoir or tidal condition.

. . -';_-
For pollutant transport the initial spatial distribution of poliutant cnncentrminé Cit)

upstream is the only possivie houndary condition,
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54 Termulation of soluiion matrix

The formulation of the solution matrix can be demonstrated by an example with five
gross-sections. The four reaches result in eight equations, it follows that (n - 1)

reaches would result in 2(n - 1) equations. The example is as follows:

a) Hvdrodynamics

Reach 1; Ch{1) + C,Q(1) + Ch(2) + CAMR) = C;5 nivenrrresrnnnns (5.20a)
a M,h{1) + MQHL) + MA(2) + MQU2) = My cooveeurmsnasscons (5.20b)
S Reach2: CR(2) + CQU2) + Ch(8) + CLAB) = g womvcessresrsvens (5.200)

M3(2) + MQE) + Mh(3) + MyQI8) = My covvvernnnannen (5.20d)
Reach3:  Cyh(3) + CQE) + Cohid) + CQE = Cs wovmrreenrrren (5.20e)
M (2} -+ MLQ(3) + Myh(4) + MLQ4) = My cvvcvverasenrions (5.200)
Reach 4 Cih(4) + C,Q(4) + Ch(B) + CQMB) = Cg wrervcriiirnens (5.20g)

M,h(4) + M) + Mh(5) + MyQ5) = My woeereerninnsrneen (5.20h)

Boundary conditioﬁs :  Known upstream flow hydrograph and downstream stage
hydrograph.

Equations 5.20a, 5.20b, 520, and 5 .20k becdme:

Cih(1) + Coh(2) + C,@2) = Cs = CLAMW) = Cg* monvrrnn S (8.21a)
MhC1) + Mh(2) + MQU2) = My = MaQUL) = Me¥ eroveererersnrersesne (5.21h)
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Cik(4) + CQH) + CQAG) = Cg = Csh(B) = G wrrnrrrrmemssussersrinsnes (5.216)
M,hi4) + M,Q(4) + M,Q(5) = M, ~ Mh(5) = M* .oruverrens (5.21d)

The resulting solution mattix is as follows:

¢, C C 0 0 6 0 07 1t A
MM, M, 0 0 0 D 0 h(2) Mg®
0C € G C 0 0 0 Q)| Cs
0 M, M, M, M, 0 0 0 X I = | M
60 0 0 ¢ C € € 0 QG Cs
00 0 M M M M O h(4) M
00 ¢ 0 0 C € C Q(4) Ce*
00 0 0 0 M M M | Q5) | M¢*]

The matrix is banded and pentagiagoilal i.c. all ji1s meu-zeros le in a relatively
narow mgum about the main dxagonal. and the band wndth Is derived from the
maximurm nﬁmbcr of non-zers entries to any one side of me (ii‘&gonal If this

mymber is m the:band width = 2m + 1,
b) Paliatant tranport |

Appiyihé similar procedures and examples as for (a:

Reach1:  PyC(1)+ P,C(1) = Py eeeeserencens (5.228)

Reach2: P,O@)+PLB) =P, . enmnmnissssssesstnssnssnes (5e22D)
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CReact3: POB) 4+ PO 2Py oo (5.220)

ReaCh 4 . P!C(4) -+ ch(s) = Pa T wamma mrwpurqssan ane (5-22&)
Boundary conditions :  known upstream pollutant concentration

Bquaﬁdn 5.22a thus, becomes:

(P C(2) = Py (P) C(1) = Py* s (5:23)
.'Il . .

" The maurix selution is as shown:

o o 0] v car] [p

PP 0 01 X C3| = | Py
0 P1 Pz 0 Iq‘.\:l_ C(4) ‘ .PS
00 P B Lo {:} ), P,

The resulting mateix is also banded.
5.5 Selution algorithm for the model
The solution of the lincarised matrix may be obtained using any available methods

for solving simultatneous equations. The most important equations are Gauss

elimination, Gau,s-Sicdel, and the Double-Sweeﬁ method.
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Sternberg (1989 and Kplovopoloué (71988) presémed a concise summary of the
methods and the Double-Sweep approack was found 1o be the most efficient. This
method is the most frequenidy used jn industrial modelling {(Cunge et al, 1980) and
the principle of the swesp algoﬁthni was used in thig siudy. It uses a banded matrix

structure of the linear system of equations to compute the selution.

"o 4 e X, £,
o 4 e ‘ Xz £
@b & 4y " Xy fy

B by Gy B _ X Sl =ik
4 by f;__ _'ﬂs.-: 3 X £
By Doy Gy s | ' L% B
i a by o § ] Lh

The algorithm for this system as derived by Wilkinson and Reinsch (J971), Meis and

Markowitz {79873, is as follows:

Pd, = djo

l, = efe ' >
Pgy, = ffy

Pm; = ¢-b*Pd

Pd, = (d-b, Pd)Pm, !

Plz = ) ez/Pn]Q

Pg = (5D, PgiPm,

Ph, = b-3%*Pd, : :

Pmi = o - Pbi * Pdh 1 '.ai * Pii‘e for i = 3,4 vy {n-2)

P4, = (g~ Pb,* Pl,/Pm,
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P, = ofm
Pg = (§-Pb*Pg,-a ¥ Pg)Pm
I bn—! it - 0 Pdn—a

Pgn
Ph, = \
Pm, =
Pg, =

X =

¥ = Pg

thmugn mahsmg that the arrays Ph, and Pmi are oniy used o computc the ar1
Pd, PL and Pg, and geed not be stored once the latter groups have beLm

|

ez_raluated._

< P& * Ky s PL* K}

Cop = Py * Pd, 5 - aﬂl Plog
{d,, - Fb,, * Fl,,)Pm,,
({:l 1 an 3 P‘gne a1'1 1 Pgn-fl}' Pmn ]

P = 8, Pdyg

3?gn-llc"' P dn:\itxn .

3 .
,.

) 5

= 1 \."’ an P gnl a, Pguﬂwm Cod

W

. _ (3.
The efficluncy of thi algorithm Bies in the speed ard minfum smrage mqun'e{mi?ts'
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6.0 STRUCTURE OF THE ADVECTIVE WATER QUALITY MODEL

6.1 General

To sustain the pie-development aims which were as set out in the introductory
chaprer, a suite of computer programs were developed. ‘The suite was designated
WATQUA (Adveciive Water Quality model}, Version 1.0, September 1991,
WATQUA was compiled by Micresoft QUICKBASIC, compiler for IBM Personat
Compuiers and compatibles. "

The model comprises 6. ipur modules_. pamely: Driving module, Input handling,
Main compuaration and Output handling. Figure 6.1 indicates a brief description of
. the model sirucrure,

Priving Module: |
Ingut Main ] Output
Handling {eraputation Handling
Noduly . Hedule Madnie
M . — et e Saves
TIte, Prints wad
. Sk, Liaplayn Bendta
Brmis, :
nepiays data
Sutyroutices
Luhta water leveln
" Yolgolties
Avol o} fiow
Mutaut Lrapapivb

Figure 6.1 WATQUA model structure
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6.1.1 Input lundling

WATQUA is sepported by a flexible input handiing menu driven module, The

module enables the nser to create a new file, input, edit, view and print data.

Inrmt includes cross-sectional and boundary conditions data which are stored in
separate files. Fhe model accepis up 10 90 cross-sections of any geomeiry with 10
{e¢levation, sixtion pairs. Boundary condition data comprises p-:.illumgragt's;

hvdrographs, etc, with maximum mumber of ordinates equal to 990, The set up

}mvyac" greater flexibility as the same cross-sectional data files cen be combined

W

il

with different boundary files.
_ £
6.1.2  Computation

| The modet inittally assumes steady state conditions and uses the results thereof to
" indtislise varizbles. The calculation involves evalwation of mistrix co-efficients and
sulution of the Bandcd matrix for various time steps. The computations are

{

undestaken in two siages: . 7

i

. hydrodynamic poriion
»  pollutant transport portion, which uses resolts evaluated from the hydrodynamic

model,

Figure 5.2 overlcaf depicts the computation algorithm,
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f INPUT ;
DATA
!'HANDL:NG i

INTERPOLATE BOUNDARY
VALUES FOR CHOSEN
TIME STEP

&

3

INIVIALIZE VARABLES  [memd CALCULATE VARIABLES |

-3

1

HYDRODYNAMICS SUB~MODEL

4

LINEARIZE EQUATIONS

$ 4

CALCULATE COEFFICIENT
OF MATRIX "

X

SET UP SOLUTION
MATRIX

SOLUTION DF
BANDED MATRIX

ACCURACY
ACCEFTAR

STORE RESULTS

POLLUTANT
TRANSPORT &
HYDRODYNAMICS

et POLLUTANT TRANSPORT SUB-MODEL | .

CURRENT
" TMET £

SIMULATION
DHEATION,,
" 2

N

N

1%

YES

+

\' OUTPUT HANDLING \

N

4

Fégure 6.2 : WATQUA computavisn aigorithm

w
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6.1.3  Output handling

Asa part of a operations® system, a flexibic output handling facitity has becen developed.
The output handling facility cnables results to be saved into a filc. vizwe: on sereen and

even printed,

‘The madel pmduces results such as water levels, velocity of flow, water quantity and

quality distsibution in time for a downstream station.

e

i
A

I
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7.0 MODEL APPLICATION
7.1 Gieneral

in répresenting real-life flow influences by mathemaiical abstraction, some degree of -
inaccuracy is inevitable. The exireme complexity of natural hydrological - hydraulic
systems dictates some fevel of simplification in modeiling. Some patural processes may

not be described in detsil whereas others may be completely excluded (Schaake, 1972).

The model presented here is “deferministic®, that is, a model whose theoretical stracture
-is based on ths physical laws of natnre, Cnnseﬁu/ J Y, with the correct choice of input,
m}iaﬁle vutput is expected. However, for reasons already highlighied, ﬁz-naﬁﬁﬁ*gf
ayrumptions ware made: henceforth an assessment. with regard 10 its accuracy, validity

»and reliability is necessary,

 Mode! calibration and verification i the key 1o model credibility, The exient to which
the model output enters imh and influences the decision making process and enhances
the quality of those decisions, is depé.ndem on its credibility, That credibility is, in tum,
larg_gly determined by Lhel thoroughess ﬁf calibration and verification efforts and

effectivencss of the means used to display and communiciie the results,

Extensjve daia is required to adequately calibrate or verify 4 wansport medel. Whilst

&

L . - - . ' : .
Wit is possible 1o assess such things as conservation of mass and stability using

- hypothetical parameters, it is however impossible to determine whether the basic physics
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are complcte to represent the natural situeti,
72 Methodology

Moadel catibration and verification involves rational adjustment of parameters within
their acccptﬁble limpits to achicve the best fit beiween the natural event and model

ouiput,

To expedite the calibration process a variézy of technigues are available. An overview
of some of mm=.,.£'¥;¢hniques currently in use Was presented by Walesh et al (J978),
Yohnston ef a1 (1976} classified calibration techniques info two distinet categories, In
the first category initial values of parameters are estimated fmzh available information

of the m'dccsses __invclved in what themaficr becomes an iteraiive process. The second |
category utilises mathemaiical optimization rechnigues o obtain Optimum parameter

values, |

'l‘q_exploit the interastive imerphase of the - r.-’tposed' moriel, parameter adjuslﬁwnt Lis]
obfain optimum valoes was.lpcrthrmcd by wtilizing an "educated” nial and error
procedure. The procedure generally involves manipulation of weighting factor, such as
8, the time shp‘ to reach longh (atfex) ra:tio _amd-#hannn‘l cnnveyanoé factmj'. |

o ) -.\
A whole: family of finite difference schemes may be obtained from equations 5.1 and
3.2 by varying the parameter o, These range from fully iniplicit schemas whep e =i

i fully explicit schemes when & = 0. The selection of the supropriate values fore is
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largely fependant on - riieular flow condition being -simulated.  For an
unconditionally stable séheme, @ must lié in the range 0.5 < o < 1.0. Implicit schemes
are unconditionally stablc for any #t!ex ratio, henceforth its choice is not eritical,
However gross irL‘:tébiIity and inaccuracies could be incuned should this parameter be

chosen eTaticatiy.

To ssess the goodness of fit between computed results and observed data, two methods,

that is graphical and statistical comparison, were used.

Graphical comparison present a quick and effective means of gualitatively assessing the
competence of the model, whereas guantitative assessment is casily illosirated by
statisiical comparispii.  Various statistics ‘wese applied in assessment of the model,

namely, sum of sﬁuared' rasidua‘ls"'{SSR), sum of absohite residuals (SAR), coefficienm

of efficiency (B) and comelation coefficient (RS,). A concise brief and formulae of

these statistics was presented by Kolovopoulos (1988 and henceforth will not be

‘repeated here,

7.3 Model Calibration And Verification

Taking into cognisance the data requircméms for the complete water quality model (oint
hy‘&/ odvaamics and poliutant transpon), calibration and vcriﬁf.:aiﬁ)ﬁ_ was underiaken in
fwo siages, Stage 1 examined the competence of the hydrodynamic sub-model to route
ﬂoodé in an open charmnel and Stage 2 the abilily of the complete model to represent the

natural situation.
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7.3.1 Assessment of hydrodynamic sub-model

The hydrodynamic sub-medel was assessed with the aid of hypothetical data used by
Tingsanchali and Manandhar (1985) 10 test their analviical diffusion model. The
watercourse was characterized by a rectangular channel wicth = 100m, bed slope (S,)
= 1/10 000, reach length (L) = 60km, Manning's roughness coefficient (1) = 0.05
{equivalent Chezy roughness coeificient C = 25m'4/s) and sm initial uniform depth of
3w A set of boundary conditions available were upstream and downstream stage

hydrographs as indicate'(_i in Figure 7.1 below.

Yater stage {m}
30 '
254 :
“feveeemme  UOS{FOAM
20d N S

& *.y e COWNBLrEAM
¥ Ed
1.he + \ ' +

051 Fi § g L
YA N
e £
C’G {'!l!"l""llilllllI!lllr-llltll!llii:i‘-{nll
| 3 ] t | R TR D D L L T L D T A O T el | v 1+ 1 1 F 4
¢ 3 6 8 B W B 2 28 2T 30 I I
Time (hrs)

Figure 7.1 Upsiream and downstream stage hydrographs for hypothetical study
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An independent variation of parameters e, at and ax, culminating in cight model rans

indicated in Table 7.1 below, was undertaken under the same boundary conditions,

A comparison between peak stage (above initial uniforn flow depth) predicted by the
proposed model and "observed™ data was carried out. For converience the results of the
suplicit finite difference scheme based on the complete Saint Venant equation at a
station 48k from upstream limit was considered to be equivalent 1o observed data
The ohserved peak’ stage hydrogmph is henceforth equal to 1,90m above the initial

“umiform flow depth (Brz;il Summary of the range of parameters and results are indicated
in Table 7.1 below.

Table 7.} Range of parameters and results for hypothetical study

1 0.2 60 60 * "

2 0.4 60 | 6000 - *

3 06 | 60 | 6000 1.81 -4
4 1.0 | 6 | 1000 1.82 42
5 06 | 30 | 6000 1.85 -26
5 06 | 120 | 6000 178 - 63
7 0.6 | 60 | 1000 1.88 - 11
8 06 | 60 | 12000 2.10 + 10.5

¥ Unable 1o Jind Tesulls dué 1o 1erininanon ¢ Drogram ¢ ompmation =

In addition to the above comﬁaﬁscm Statistical analysis and graphical comparison
{Table 7.2) were also underlaken for the run number 7, which represent the best fit of
peak stage at the same station. 'The parameters for this run correspond 1o those used by

Tingsanchali and Manandhar {7985).
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Table 7.2 Summary of statistical analysis for hypoihetical study

it
Mean of siages (computed) (r;T 2.4
Means of siages (obscrved) (m) 2.10
Ratio of meany {computed/observed) 0.97
Mean of residuals (m) 0.05
Sum of squared residuals m? 0.12.
Sum of absoluie residuals (m) 1.14
Coefficient of efficiency 0.99
| Correlation Coefficient | 1.0

- The graphical comparison of simuiated and observed $tage hydrographs is indicated in

Figure 7.2 below,
A
Water stage {m} °
20 :
_ A \
. ‘f’f g
iRl . . : / \K\‘
N . computed
- shaarveg  wmaewemes,
104
a5l
COL et e oot
0 3B 6 g 12 15 16 21 24

Time (hrs)

Figure 7.2 Comparison of computed and observed stage hydrographs for
hypothetical sindy
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On inspeciing Tavies 7%, 7.2, Figures 7.2 and 7.3 the following conclusions were

drawn:

. Due to termination of program computation for vaises of ® < 0.5 no results

were obtaired (Runs 1 and 2 in Table 7.1).

. For @ = 0.6 variation ir 2omputed peak stage from the “observed” peak stage
is only -1.1% wlmr«ns for @ = 1.0 is «4.2% (Runs 3 and 6 in Table 7.1). The
most accorate resu%m with regasds peak stage were obtamcd when o = 0.6

Ui
-

{Run ),

i

a Changes is al/ax ratio, Iikewise, did not significantiv influence the stability not
the accuracy (R 2 and 4 in Table 7.1).
. The cocfficients used for siofistical analysis are very close to unify and

correlation is excellent (Table 7.2).

* Computed and observed stage hydrographs were found 0 be in perfect -
agreement (Figure 7.2).

/!

7.3.2 Assessment of the oompléte. water quélity maodel

The ability of 43513_gomplcte model to conserve pollutant mass dusing adveetion was
B

tested on observed data obtained from a portion of the Klip river. The Pretoria-
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Witwatersrand-Verecniging (PWV) complex, where the Kiip river lies, constitutes the
largest and most highly developed concentration of human activity in Southem Africa.

This river hfmcefor_th represents a typical uwrban watercourse in the region,

The river rises in the vicinity of Roodepoort and then flows due south up to the vicinity
of Lenasia where it flows east for a distance and then south again.uw- ?.‘-; it. aventnally
drains into the Vaal river. Amoid (7980) undertook an exiensive survey (rver
characteristics, flow rates, velogity a.xd prfatant distribution) of a pertion of the =* or |

stretching approximately 5.8km as indicated in Figtre 7.3,

To suit the model the results of abovcnienlioﬁed survey were manipulated and adjusted
accordingly. The river ¢*.annel was represented by trapezofdal sections, bottom width
= 10m, side siope (wmical : horizontal) = 1.3 equally spaced 540km apart.

1

Flow and: ikillutant distribution data was availabie for two periods &

«  Eistevem  : July 18, 1978

* Second mrcntl : March 21, 1979 _ B

For the first event the average Tlow rate and velocities were approximated at 4.2 m%/s
and 0.33m/s respectively whereas for the second event at 3.4m’s and 0.33m/s

fespectively in each case for the entixe reach over the complete sampling period,
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/wf-:."

"\f.'.‘, is the conductivity at temprature t,

©TDS = (1559 + 7.2 CY
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~ A high pontion of flow in the Klip river originates from the industrial and mining areas

as well as a nomber of sewape works. These flows coupled with the natural and urban

runoff, tesults in high Tois] Dissolved Solids (TDS) foad (Herotd, 1980). On this basis

TDS was choscn as a representative water quality indicator.  Values of Conductivity
obrained by Arnold (/980) were convented 10 TDS at 25°C with the aid of the following

relationships as presented by Green et al (1986):

C, =€ (1+0008¢,-1,) =~ e - (1.1
where
C, is the conductivity at temperature 1,

. - ivl
The following were adopied as the boundary conditions:

. upstream flow rate .
. downstream flow rate -

g upstream TDS poliutograph (Figures 7.4 and 7.5)

b
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5 Figure 74 Upstream inflow TDS poliutograph for the Klig river

July 18, 1978

!

Several runs were pcrfonized using

o

data of the first event to obtain an optimum value

of channel roughness corresponding to gives flow rate and velocity. The values of @ '

and at were chosen 10 be 0.6 and 60-minutes respectively.

The computed downstream pollutograph was compared to the observed pollutbgraphs.

" The success of the simulation was evaiuated from Stalisxics in Table 7.3 an-:ll_‘ from

grraphical aid in Figure 7.5.
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i

- Tahle 7.3 Sumniéry of statistical analysis for the Klip river July 18, 1978

Mean of obsérved TDS {fmg/h : 1235.92
Mean of comguied TDS (mg/D 1234.51
Ratio means (cisepated/observed) _ 0.99
Mear: of residugis {mg/h ' 14,158
Sum of squared residuals (g™ 710575
Sum of absolute residuals {mg/D 358396
Coefficient of edficiency - © ~0.16
Correlation coefficient . : 0.88
. Q -
i v
Total Dissolved Solids (mg/)
1056 - : \
1025 - — GUSOrYEG .
000 " #F»i"#‘ﬁ —ew g
75 e - k%
9601
806 -1
- somputod
st : _
S - ¢
85‘:}_\_. |:}a|¥i«:l1:li:lili ;JI
{ 3 0 1 12 15 i &1 Z4
Time {hre)

Figure 7.5 Comparisan of observed and computed TDS pollutographs for Kiip
river - July 18, 1978
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!

Inspection of the summary statistics and graphical comparison, indicate that m further
adiustment was neé:cssary. The most imporiaﬂt and most represeniative statistics for the
measure of agreement, that iy, the cocfficient of cfficiency and she correlation

cocfficient, have propesties closer 1o anity, hence indicating narfect agreement between

observed daja and compated results,

- <)
The Tollowing parameters were adopted JK
o
» . channel roughness o = 0.040

» wgighﬁng facior @ =06

. Hme step - Al = 60 min

DémEhr the second event wéé silbsecjuently used 10 verify the model. Figure 7.6

 overleaf, indicates the upstream TDS pollutograph (Boundary condition) for the svent,

)
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Total Dissolved Sofids (mg/i)

“Time (hrs}

Figure 7.6 Upstream inflow TDS pollutograph for the Klip river March 21, 1979

The statistical analysis (Table 7.4) and graphical comparicon (Figure 7.7) of the

compu{ed results and observed data were also undenaken for this event.

Table 7.4 : Summary of statistical analysis for the Klip river March 21, 1979

Mean of observed TDS (mg/D) 1235.92
Mean of computed TDS (mg/l) 1234.51
Ratio means (computedfobserved) 0.99
- Sum of squared residuwals (%P 715504 ©
Sum of absolute residuals (ng/l) . 19942
Coefficiert of efficlency -{.16
Correlation coefficient 0.88
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Figure 7.7 Comparlsnn of observed and computed TDS pul!utngraphs for the Klip

river March 21. 191
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Figure 7.8 TDS pollutographs at various lyeations alokg the Klip river study reach
- Mareh 21, 1979
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The results of this event are highlighted in Tabic 7.4 ai Figure 77. As for the
pvicus event the agreement of the computed apd observed TDS was found to be faiily
good. . The ratio of enmputed -‘r_ffean TDS to observed mear TDS is equal to .89,

whexcas the 'cnrrcla_tion-gx;éfﬁciem is cqual to 0.88. Further, observation of Figare 7.8
T . O _

indicates that:
! é ‘H)‘{E\“:"
k \-\:,_, /13' _ .
»  1In the initial period of simulation (up to 2 hoursy the TDS concentration -is

il

stable and the variation between the upstreamn and downstream Hmits is
: L‘negiigihic.
. B _ i
. TDS pollutograph anenuatinéx is miore pronounced for periods of simulazion

greater than 2 hours (maximum attengation of 129% at time = & howrs).
Cf 3
. o :\\‘\

Ao [
- b

o

.74 ) Conclusions
© )

The foregoing analysis indicate ¢ fly the capabilities of the proposed m:ldel in
siinutating joint tzansponation of hy;ir;:graphs and potluiograph in open channels. Botht
the Siatistical and graphi_cal comparison provided useful tools in the assessment of the
model. - |

I

The following generalised conclusions have been made :

. The model presents the basic physics of nature effectively, noting the perfect

agreement in observed data and computed results,
v




Chapter 7 Page 67

[

The wmodet 15 capable of computing the propagation of flond waves and

conservative constituent concenteation waves in Walercoprses,

Flood and polintion rowting can be accomplished by the same numerical

o
"

scheme. L
’ i

Program combutm.inn yields results when o > 0.5,

W Far
B

" The siability and accuracy of the model was not greatly enhanced by the

variation of & from (.6 to 1.0.

8]

Choice of ai/ax is not eritical for an implicit finite difterence scheme, however

this showld not be chosen crratically.

i

Realistic large time steps (at) do not influencs the accuracy and stability of the

i

- results,

Extensive data is reguired to successiully calibrate and verify the water quality

“model.
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80  CONCLUSIONS
8.1 Sumni;ry and Conchesions

Water quality modelling i urban watercourses is a relatively new ficld in South Africa
althomgh it is pracrised extensively in e ﬂci}ciapcd countries, suzh as United States of
America and Australia. Thc cvatuation of design »ad management sivategies for urban
walercourses has traditionalty been based on a singie objective? namely that of hydrauic
efficiency. 'rhe'ongoing mxﬁansion and coalescing of our urﬁan sreas accompanied by
'.dctedorating watc:l quality could lead 1o advém. environmentat effects, hegcefonh '

L

cnmnt practices nied {o be meviewed.
_ :
To assist in enhancing the undessianding of water quality in urban watercourses,
WATQUA mode] was developed. In coneeiving the model the theory of unsteady flow
and poliutant transport in open channels was investigaied, The basic physics pf the
- model comprises two sets of equaﬁ.ons. namely, hydiodynamics and poilutant transport

equations,

The t!iffusiﬁi: approximation (inertial terms negiected) to Saint Venant cquations was
used for the hydrodynamics, whereas the mass balance cquation was adopied for
pollutant transport,  Various numerical Schemes for sehution of the eguations were
investigared, thenceforth both equations were discretized using Preissmann four point

implicit scheme and solve using a double sweep algorithin,
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In compliance with the objectives of the study 4 WATQUA model implemented on an
IBM compatible personal computer, and was compiled by Micrasoft QUICKBASIC.
The model comprises an advaaced interactive interfuce cnsuring ease and convenicnce

of use,

The competence of the model was assessed with the aid of hypothetival and observed
data in the Klip river, a ivpical urhan watercourse in South Afziéh. The overall

performance of WATQUA comypared very favourably with nbserved data. Tt was shown

" that the model is capabie of simulating a real-Jife sitgatioh with acceptable distortion.

. ' , \:\-
w - # i

The follos/ing gencralized conclusions could Be raade: S 3 3 )
_ | . .

. The proposed model is capable of satisfas stotily simulating simultancous routing
of hydmgraphs and pollutographs, hence can be used as useﬁ:l to enhancc an

understandmg of water quality i m watercourses

. The madel yield acceptable result, nearly as realistic as the most sophisticated
‘one dimensional routing technique available in litérature, namely, the complete
dynamic wave model,

. ‘The model indicates that there is a tendency for water quality io improve as one

proceeds downstseam,

. The mod2] can predict time of travel and peak pollutant concentration.
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The madel can be used successfully 1o assess the assimilative capacity of the

urban wilercourse system.

The impacts of proposed development and natural occarrences in the urhan

waiprcoutse can be predicted with the 2id of the model.

The ability of the watercourse to dégrade dissclved substances can be evalvated

by the model.

The perfect agiethent between observed and computed TDS suggest that the

- total mass tmﬁspcn is dominated by advection as diffusion was neglected in this

siudy,

e

- The model presents a fast, cheap and effective ool to study the water quality

aspects of walercousses,

Suggestion for Future Research

Rased on the research work carried out in this project, the following recommendasions

have been made:

i

Development of water guality model, incorporating the full dynamic wave

model with additionat features such as supercritical flow and rapidly varied flow

- ¢apable of simulating chemical and biclegics] processes.




Chapter 8 | Page 71

»  The mecsur of pollution from urban areas should be made with the purpose of
assessing the quaatity of pollution flowing from urban areas throngh the

siorwater system.

.. Sources of pollution shovld be identified and the gquantity and nature of

pollution recorder.

) "The effect of urbanization on the total poliutant Joad into sarface and ground

water tesources should be assessed.

» 'The implicit finite difference stheme should be ietained in future model
deveioptment as this enables uncond'giomi! choices of time and distance

incrementg, and thus provides an efficient solution.

rd
iG
vooy )

. Detail investigation of'a_ppliclabilily of various steady stae friction formulae for

unsteady flow,
. Possibility of Huking the water quality routines 10 the sirmwaier drainaga

romines shovld be investigated and implememcd.

i
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Appendix A Al

LISTING OF PROGRAMS
'*.................ADVL(.."I‘IVI: WATER QUALI'I‘Y MODEL ... veana¥
oo Doveloped by Musa 8. Furumele. oo™
P, eerincsnarnaed MAIN DRIVING MODULE %
T s rssnrerna s tebes Version 1.0 ¥

101

" Masch 1991.., ——

CLE: COLOR 7,0
IF EDS = "OU’Ti’UT" OR ED$ = "INPUT" THEN GGSUB MENU
BOXN = 2: BOXTYPE = {: YBOX = 3; XBOX = 13: BOXLEN = 40
BOXS$ = "ADVECTIVE WATER QUALITY MODEL": GOSUB BOX]1: BEEP
BOXN = 4: BOXTYPE = J: YBOX = 6: XROX = 15: BOXLEN = 54
BOXS$ = "": GOSUB BOX!: BEEP
BOXN = 6: BOXTYPE = (: YBOX = 7: XBOX = 16: BOXLEN = 3.
BOXS = "Dieveloped by M.S.Furemele”; GOSUB 30X1: BEEP
BOXN = § BOXTYPE = {1 YBOX = § XBOX = 1§ BOXV.EN =44
BOXS = "Version 1.0°: GOSUB BOX1: BEEP :
BOXN = 10: BOXTYPE = O0: YBO¥ = 9: ¥BOX = 20 BOXLEM =
BOXS = "September 1991 *: GCSUB BOX1: BEEP
BOXN = 2: BOXTYFE = 0: YBOX = 11: YBOX = 22: BOXLIM = 40
BOXS = " GOSIIB BOX1: BEEP
BOXN = 1; BOXTYFE = 0 YBOX = 20: XBOX = 22X BOXI. FN - s
BOXS$ = "™ GOSUB BOX1: BEEP
COLOR 31: LOCATE 21, 30; PRINT "Press {Enter] to Q}roceed"
INPUT "", ED}: ED§ = INKE:Y$ IF EDS = "* THEN 101

CLS: COLOR 7, O BOXN = 20: BOXTYPE = 00YBOX = 3: XBOX = 18

- BOXLEN = 49: BOXS = " GOSUB BOX1

BOXN = 1;: BOXTYPE = (: YBOX = 4: XBOX = 2T BOXLEN = 40

= BOXS = "ADVECTIVE WATER QUALITY MODEL": GOSUB BOX1

LOCATE 8, 20 PRINT "This model is based on the implicit solution”

- LOCATE 9, 20: PRINT “of the Saint Venunt (DIFFUSION approsimation)”

LOCATE 10, 2C: PRINT "equations for unsteady flow and the mass”
LOCATE 11, 20: PRINT "mass batance {allowing for decay) equation”
LOCATE 12, 20: PRINT “for polintant transport in open conduits, "
LOCATE 13, 20: PRINT ™

LOCATE 14, 20: PRINT "The model caleulates the time variations of"
LOCATE 185, 26: PRINT "flow,watcr level and pollutant concentration™ -
LOCATE 16, 20: PRINT "at specified positions slong a river/stréam™
LOCATE, 7, 20: PRINT "given the inflow hydrograph ,pollutograph and”
LOCATE 18, 20: PRINT "riverine propertics.” _
BOXN := 1: BOXTYPE = 0: YBOX = 20: XBOX = 22: BOXLEN = 38
BOX$ = " GOSUB BOX1: BEEP
COLOR 31: LOCATE 21, 30: PRINT "Press [ENTER] to proceed”
INPUT ", E§: BEDS = INKEYS: IF EDY = " THEN GOSUB MENU

MENL: CLS: COLGR , 4: IF ED$ = "OUTPUT" THEN LOCATE 14, 31: COLOR

31
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BOXN = 18: ROXTYPE = (0: YBOX = 3: XEOX = 17; BOXLEN = 46
_BOX$ = " GOSUB BOX1

BOXN = 1;: BOXTYPE = (: YBOX = 4: XBGY = 20: BOXLEN = 40
BOXS = "ADVECTIVE WATER QUALITY MODEL™:-GOSUB BOX1
BOXN = I: BOXTYPE = 1: YBOX = §: XBOX = 25: BOXLEN = 30
BOXS = " MAIN DRIVING MENU": GOSUR BOX]

LOCATE 10, 30: PRINT " LInpui eperations” -

LOCATE 12, 30: PRINT *{ 1.Start simulation”

LOCATE 14, 30: PRINT " 1.0utput. operations”

- LOCATE 16, 30 PRINT "| }End session”
LOCATE 10, 31: PRINT "I": LOCATE 12, 31: PRINT “§"
LOCATE 14, 31: PRINT "0“: LOCATE 16, 31: PRINT "E"
COLOR 2, 2 BGXTI(PE = 1 YBOX = 18: XBOX = 28
- BOXLEN = 24; BOXS = " ENTER Selection :f ™ GOSUB BOX1
-~ LOCATE 19 49, 1, 1.10 :
100 EDS$ = INKEYS: IF EDS = *" THEN 100

IF EDS = "I" OR EDS$ = "i" THEN CHAIN "iNPUT"

WFEDS = "S" OR EDS = "s" THEN CHAIN "CCOMP" :

IF ED§ = "0O" OR EDS = "o" THEN CHAIN "QUTPUT" ™

iF ED$ = "E" CR EDS = "¢" TI-IEN ENB :

END

BOXI: "Draws box
COLOR 7.0
IF BOXTYPE = {§ THEN BOX1 = 201: BOX2 = 187: BOX3 = 200 BOX4 =
158: BOXU = 186; BOXL = 205
* JFBOXTYPE = | THEN BOX1 . .ciS BOX2 = 191: BOX32 = 192: BOX4 =
217: BOXU = 179: BOXiL. = 195
LOCATE YBOX, XBOX: PRINT CHR$(BOX1): STRINGS(BOXLEN, -
CHR¥(BOXL)): CHRS(BOXZ)
FOR I =1 TO BOXN
"YBOX = YRBOX + 1
LOCATE YBOX, XBOX: FRINT CHRHBOXUY,
LOCATE YBOX, XBOX 4 BOXLEN + 1: PRINT CHREBOXU)
NEXT 1
LOCATE YBOX, XBOX + (BOXLEN - LEN(BOXS)) / 2: PRINT BOXS;
LOCATE YROX + 1, XBOX: PRINT (,I*IR$(BGX3). STRINGS$(BOXILEN,

+ CHRS(BOXL)), CHRE(BOX4),

RETURN

]
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M vreressasras ADVECTWE WATER QUALITY MODEL ................. "
¥, nealEVEIODRd by Musa S, Furumele.....oon e
T, erervasnsarenine INPUT HANDLING MODULE #
T e s VEISIOR 1.0 &
”"......... Semcmher 1991 .......................... *
OPTION BASE 1

M NCH(O0), NPOD), LCH(IC), X160, 503, Y1(90, 50)

DIM QU(59), WLLI(50), CU(50), CD{50), WLD{50), QLX{S0), T(50)
DIM YMIN1(50), YMIN2(50), YMIN(50), YMAX(50), SO(50)
DIM A(50), B(50)

¥$ = SPACES(10): K$ = Y$: SP = 10: BB$ = "C:"; J§ = "+

MENU: CLS:COLOR 7,0

BOXN = 20:- BOXTYPE = 0: YBOX = 3: XBOX == 15: BOXLEN = 50
BOX$ = " GOSUB BOX1

BOXN = 1: BOXTYPE = 0: YBOX = 4: XBOX = 20: BOXLEN = 40
BOXS$ = "ADVECTIVE WATER QUALITY MODEL": GOSUB BOX1
BOXN = 1; BOXTYEPE = 1: YBOX = 6: XBOX = 25: BOXLEN = 30
BOXS = " INPUT OPERATIONS MODULE": GOSUR BOX1
LOCATE 10, 28: PRINT "{ ].Cross-section ...data"

LOCATE 12, 28: PRINT *[ 1.Boundary ........data"

LOCATE 14, 28: PRINT “{ i.Display .....data echo"

LOCATE 16, 28: PRINT "[ LPrint ......data echo”

LOCATE 18, 28: PRINT "[ 1Exit ......... module”

LOCAYE 10, 26: PRINT “C" LOCATE 12, 29; PRINT "B"

LOCATE 14, 29: PRINT "D": LOCATE 16, 29: PRINT "P"

. LOCATE 18, 20: FRINT "E"

100

('OLOR 2, 2:BOXTYPE = 1: YBOX = 20: XBOX = 27: BOXLEN = 26
BOXE =" ENTER Sclection :f ]": GOSUB BOX1
LOCATE 21,49, 1, 1,10
EDS = INKEYS$: IF ED§ = "" THEN 100
IF ED$ = "C" OR ED§ = "¢" THEN GOSUB CSGP
IF EDS = "B" OR ED$ = "b" THEN GOSUB BL:OP
IF EDS = "D" OR ED$ = "d" THEN GOSUB DISPC

"IF EDS = "P" OR ED§ = "p" THEM GOSUB PRNC

IF EDS = "E" OR EDS$ = "¢" THEN CHAIN "DRIVE"
END

CSOP: *process...CROSS-SECTION data

CLS: COLOR 7,1

BOXN = 21: BOXTYPE = 0; YBOX = 2: XBOX = 15: BOXLEN = 50
BOXS = "": GOSUB BOX1

BOXN = 1: BOXTYFE = Ot YBOX = 3 XBOX = 20: BOXLEN = 40
BOXS$ = " ADVECTIVE WATER QUALITY MODEL": GOSUB BOX]1
BOXN = 1: BOXTYPE = 1: YROX = 5: XBOX = 25: BOXLEN = 30
BOXS =" CROSS-SECTION DATA ": GOSUB BOX1
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110

LOCATE 9, 29: PRINT “{ 1.DISPLAY existing files”
LOCATE 11, 29: PRINT "] ].LOAD existing file"
LOCATE 13, 29: PRINT "[ ].CREATE new file”
LOCATE 15, 2% PRINT "{ ].EDIT data filc ---"; J$
LOCATE 17, 29: PRINT *[ ].SAVE data file -="; J$
LOCATE 19, 20: PRINT "[ L.OUIT to tnain mena”
LOCATE 9, 30: PRINT "D": LOCATE 11, 30: PRINT "L*
LOCATE 13, 30: PRINT *C": LOCATE 15, 30: PRINT “E"
LOCATE 17, 36: PRINT "S": LOCATE 19, 30: PRINT "Q"
BOXTYPE = 1; YBOX = 21: XBOX = 28: BOXLEN = 24
BOXS$ = " ENTER Selection : [ }: GOSUB BOX1
LOCATE 22,49, 1, 1, 1)
ED$ = INKEY$: IF ED$ = " 'mm 110 .
IF (J$ ="" QR J§ = " " OR J8.="%+") AND) (ED$ = "S" OR ED§ = "s") THEN
GOSUR FDOP: GOSUB SAVECI
END IF
IF EDS$ = "D" OR EDS = "d" THEN GOSUS DIR1
IF EDS = "L" OR ED$ = "I" THEN GOSUB LDC
iF ED$ = "C" OR EDS$ = "¢" THEN MK = 1: GOSUB CCRS
IF ED$ = "E* OR EDS$ = "¢" THEN GOSUB ECRS
IF EDS = "S" OR EDS = "¢" AND J§ = F§ THEN GOSUB SAVEC
IF EDS = "Q" OR EDS$ = "q" THEN GOSUB MENU

€15 : COLOR 7, 0: GOSUB CS0P; RETURN

DiR1: ’mSPLAY existing Daty files

120

130

GOSUB CDRV: CLS : COLOR 7.0 | |

BOXTYPE = ( YBOX = ]: XBOX = 15: BOXLEN = 40

BOXS = "DYNAMIC WATER QUALITY MODEL"; GOSUb BOX1
BOXTYPE = 1: YBOX =3: XBOX = 10: BOXLEN = 50

BOXS = "LIST OF DATA FILES " GOSUB BOX1

COLOR 7, 0: PRINT STRINGS(78, 1963 ON ERROR GOTC 150

PRINT "semsansceonumnes CROSS-SECTION--ncwnssumrnsan " COLOR 7,0
EXT = 1: FILES BB$ + "*.C8": ON ERROR GOTO 150
PRINT "snenrnncannmns BOUNDARY CONDITION---emvesvmene=s ": COLOR 7, &
EXT = 2: ON ERROR GOTO 150: FILES BB$ + " BC"
ON ERROR GOTO 0

GOSUB DIR2: RETURN

DIR2: LOCATE 23, 28: COLOR 31: i’RINT "PRESS ANY KEY TO CONTINUI:"

140
150
160

COLOR 7, 0: BEEP
AS = INKEYS: IF A$ = "" THEN 140 ELSE RETURN.
RESUME 160
PRINT "No existing files..."; BEEP -
ON ERROR GOTO O: IF EXT = 1 THEN 120 ELSE 130
RETURN

CLRS "CREATE Crosg-section data file
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170

180

190

200

210

220
230

240

250

IFIG "% OR IS ="" OR J$ =" " THEN GOSUB FDOP: J§ = F$
NCRS =1 'Counter-Number of Cross-section,

CLE: COLLOR 7, 0: ROW1 =0 .
BOXN = 20: BOXTYPE = 0: YBOX = 3;: XBOX = 15: BOXLEN = 50
BOXS = "": GOSUB BOX1
BOXN = 1: BOXTYPE = 0; YBOX = 4: XBOX = 25: BOXLEN = 30
BOXS = "INPUT Cross-section data™: GOSUB BOX1
IF ROW1 > 20 THEN 220
LOCATE 8, 26: PRINT o

LOCATE 7, 26: INPUT "Cross-section no, = ", ED$
IF ED$ = "" THEN 180
CRS.ID = VAL(EDS)

IF CRSID > | THEN
LOCATE 9, 26: INPUT "Reach length(m) = ", ED$
IE EDS == ™ THEN 190
- LCH({CRS.ID) = VAL{EB$}
END IF
NCH(CRS.IID) = .05 *Pefault value for Manning's mug?mess coefficient”
LOCATE 10, 44: PRINT "0,050"
COLOR 7, 0: LOCATE 10, 26: INPUT "Mamning’s 'n"... = ", ED$
TF ED§ = " THEN 200
NCHICRS.ID) = VAL(EDS)

NPCRS.ID) =4 ‘Default value number of poinis
1.OC"E 11, 45: PRINT 4"

LOCATE 11, 26: INPUT "Mumber of pomt‘: =", ED§
IF ED$ = " THEN 210
NP{CRS.ID) = YALEDS)

LOCATE 12, 26: PRINT "Co-ordinates of pmnb"

LOCATE 13, 26: PRINT *
FOR 12 = 1 TO NP(CRS.ID)
ROWY = (I2 4 13)
IF ROW] » 23 THEN
IF 12 » 10 GOTO 230
GOTO 170 -
LOCATE 9, 26; PRINT * "
LOCATE §, 26: PRINT " Cross-section no. ™; CRS.ID; * Continued "; ™"
ROW1 = (12 4+ 3)

END IF
LOCATE RQWI, 26: PRINT “"Point™; 12; "="

LCTATE ROWI, 35: PRINT USING "#.4"; 0

LOCATE ROW1, 36: IMPUT ", ED$

IF ED§ = " THEN 240

XUCRS.ID, I2) = VAL(EDS)

LOCATE ROWI, 43: PRINT "

LOCATE ROW!, 44: PRINT “Elevation®; 12; "=" -

LOCATE ROW1, 57; PRINT USING ™48 0

LOCATE ROW1, 58: INPUT ™, ED$

IF ED$ = " THEN 250
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260

YHCRS.ID, 12) = VAL(EDS)
NEXT 12

"Inpul another Cross-section

CLS: COLOR 7,0

BOXN = 10: BOXTYPE = 0: YBOX = 3: XBOX = 15; BOXLEN = 50

BOX$ = "": GOSUB BOX1

BOXN = 1: BOXTYPE = (: YBOX = 5: XBOX = 25: BOXLEN = 30

BOXS = "CROSS-SECTION : INPUT MODULE"™: GOSUB BOX1

BOXN = 1: BOXTYPE = 1: YBOX = 9: XBOX = 25: BOXLEN = 30

BOX$ = " ANOTHER CROSS-SECTION ? [ 1'; GOSUB BOX1
LOCATE 10, 52: ED$ = INKEY$: IF ED§ = "™ THEN 260

IF ED$ = "N" OR EDS$ = "n" OR ED$ = "* THEN CLS : GOSUB CSOP

NCRS = NCRS + 1

coTO 170 ¢

RETURN ' E:_ .

ECRu "EDIT Cross-section data -

P,

IF J§ = "*" QR J§ = ™ THEN
CLS : COLOR 7, 0: BEEP
BOXN = 15: BOXTYPE = (: YBOX = 2; XBOX = 15 BOXLEN = 50
BOXS$ = ": GOSUB BOX1
BOXN = 1: BOXTYPE = 0: YBOX = 3: XBOX = 20: BOXLEN = 40
BOXS = " ADVECTIVE WATER QUALITY MODEL": GOSUB BOX1
BOXN = 1: BOXTYPE = 1; YBOX = 5: XBOX = 25: BOXLEN = 30 -
BOXS = " CROSS-SECTION DATA " GOSUZ BOX1
BOXN = 3: BOXTYPE = 1: YBOX = 10: XBOX = 25; BOXLEN = 30
BOXS = "Press {Enter] to proceed": GOSUB BOX1: BEEP
COLOR 31: LOCATE 11, 29: PRINT “Filename not specified”: COLOR 7,0
INPUT ", ED$: ED$ = INKEYS: I ED§ = "* THEN GOSUB FDOP
END W

'UPDATE a Cross-section
CLS : COLOR 7,0
BOXN = 20: BOXTYPE = {: YBOX = 3: XBOX = 15; BOXLEN = 50
BOXS$ = "™: GOSUB BOX]
BOXN = 1: BOXTYPE = O: YBOX = 4: XBOX = 25: BOXLEN = 30
BOXS = "EDIT Cross-section data * GOSUB BOX1
LOCATE 8, 28: PRINT "
LOCATE 7, 28: INPUT "Cross-section number = *, ED$
IF EDS = "™ THEN 270
= VAL(EDS)
¥ 1t > 1 THEN
LOCATE 9, 26: PRINT "Reach length(in) = *
LOCATE 9, 44: PRINT USING “#8##.#48"; LCH
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280

LOCATE 8, 44: INPUT ™, LCH
END IF
COLOR 7, 0: LOCATE 10, 26: PRINT “Manning’s 'n’... =
LOCATE 10, 45: PRINT USING "#.###"; NCH(I1)
LOCATE 10, 45: INPUT ™, NCH({I1)
COLOR 7, G: LOCATE 11, 26: PRINT "Number of points ="
LOCATE 11, 44: PRINT NP{I1}
LOCATE 11, 45; INPUT ", ED$
IF ED§ = " THEN 280
NP(I1) = VAL(EDS)

COLOR 7, 0: LOCATE 12, 26: PRINT "C0~ordmazes of pomts"
LOCATE 13, 26; PRINT "
FOR i2 = 1 TQ NP(1)

LOC" (12 + 13), 25: PRINT "Poim"™; I2; ="

LOCATE (12 4 13), 33: PRINT USING "#é##d"; X1{]1, 12)

LOCATE (12 + 13), 35 INPUT ", X1(I1, 12)

COLOR 7, 0: LOCATE (2 + 13), 43: PRINT ™"

LOCATE (I2 + 13), 43; PRINT "Elevation”; 12; "="

LOCATE (12 + 13}, 56: PRINT USING "#####"; YI{I1, 12)

LOCATE (12 + 13}, 56: INPUT ™", Y11, 12}

NEXT 12

BOXN = 1: BOXTYPE = 1: XBOX = 16: YBOX = 10;: BOXLEN =50
BOXS = "TANQTHER CROSS-SECTION (Y/N) [ 1™ GOSUB BOXI1
LOCATE 17, 28: ED$ = INKEY$

IF EDE=+"Y" OR ED$ = "y" THEN GOSUB UP ELSE RETURN

FDROP:

*Filename sud Drive Operation

LS+ COLOR 7,0 -

BOXN = 20: BOXTYPE = 0: YBOX = 3; XBOX = 15: BOXLEN 50
BOXS$ = "": GOSUB BOX1

BOXN = 1: BOXTYPE = {: YBOX = 4: XBOX = 20: BOXLET\T 40
BOX$ = "ADVECTIVE WATER QUALITY MODEL": GOSUB 30X1

- BOXN = 1: BOXTYPE = 1: YBOX = 6: XBOX = 25: BOXLEN = 30

290

BOXS = "NEW DATA FILES": GOSUB BOXI1
BOXN = 1: BOXTYPE = 1: YBOX = 9: XBOX = 25; BOXLEN = 30
BOXS$ == "Insert DATA DISK in DRIVE " + BB$: GOSUB BOX1
LOCATE 13, 30: PRINT "ENTER FILENAME :": COLOR 31
LOCATE 16, 25: PRINT "Press [Space Bar] to change DRIVE ™: COLOR 7, 0
LOCATE 15, 25: PRINT " Press {ESC] to abort”;
IL=0:CY=13: CX =47: K§ = F§
X = F5 = SPACE$(20): WLEN = §
LOCATECY,CX + X, 1
A3 = INKEYS: IF A = ™" OR LEN(AS) = 2 'I‘HEN 290
K = ASC(A$): IFK =5 OR K = 12 OR K = 24 THEN 290
IF (K = 13 AND X = 0) OR K = 27 THEN F$ = K%: RETURN
IF A$ < " " THEN 310
IF BB$ = "A:" THEN BB$ = "B:" ELSE IF BBS = "B:" THEN BBS§ = "C."

T



Appendix A A3

ELSE BBf = “A:"
COLOR 31: LOCATE 10, 52: PRINT BBS%: : COLOR 7, 0: GOTO 290
310 IF K = 46 THEN 300
IF K = 13 THEN F$ = LEFTH(F$, WLEN): T = 1: RETURN
320 IF X « 1 AND (K = WLEN) THEN LOCATE CY, CX: PRINT " ": LOCATE
CY, CX: BEEP: GOTO 290
IF K = 39 OR K = WLEN THEN A% = * " GOTO 330
X=X+ 1 IFX > WLEN THEN X = WLEN: GOTO 290
PRINT AS;
330 . IF X = 0 THEN BEEP: GOTQ 290
MIDHFS, X, 1} = AS
IF K = WLEN THEN LOCATE CY, CX + X: PRINT AS: X = X - 1: LOCATE
CY. CX + X; PRINT A%: LOCATECY, (X + X
GOTO 220 :
B=F8
CLS : COLOR 7, 0: RETURN
SAVECI: RESET .
OPEN "I, #1, BB§ + F$ + ".CS": CLOSE #i _
LOCATE 16, 25: COLOR 3% PRINT "  Filename already in Diskatte

LOCATE 18, 25: PRINT " [O]vewrite [Clhange [AJbort *; : COLOR 7, 0
340 A% = INKEYS: IF A$ =" THEN 340 ©
L 28 ="0" OR AS = "o" THEN K = 993; GOTO 350
IF AS = "C" OR AS ="¢" THEN
3% = ™ GOSUB FDOP: GOSUB SAVEC: GOSUB csor
END IF
IFF AS = "A" OR A} = "a" THEN
F§ = K$: GOSUB CSOP
END IF
BEEP: GOTO 340
RESUME 350
35¢ CLOSE : 5V§ = F$: GOTO 360

...--.-um- LU Lo TSRy

SV$ 18
360 CLS : LOCATE 11, 38: PRINT "Saving"
BOXN = 1: BOXTYPE = (: YBOX = 13; XBOX = 32; BOXLEN = 17
BOXS$ = 8V$ 4 ".CS": GOSUB BOX1
SV 1
WLEN = INSTR(1, F$, """
IF WLEN > § THEN F§ = LEFT$(FS, WLEN - D

¥

*Saving cross-section data

QPEN "0", #1, BBS + FS + ".C8"
PRINT #1, NCRS

FOR 11 = 1 TO NCRS
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PRINT #1, I1, LCH, NCH(I1}, NP(i1)
FOR 12 = 1 TO NP(I1)
PRINT #1, XI(I1, 12), Y1(I1, IZ)
NEXT 12

NEXT 11

CLOSE #1; J$ = F§: RETURN

DISPC: "DISPLAY Cross-section data;

370

380

350

- LOGATE 12, 30: PRINT "

GOSUB LDC: GOSUB LDB: CLS ; COLOR 7,0
FOR 11 = 1 TG NCRS
BOXN = 20: BOXTYPE = 0: YBOX = 3: XBO> ~ 15;: BOXL.EN = 50
BOXS = "*; GOSUB BOX1
BOXN = 1. BOXTYPE = {}; YBOX = 4; .XBOX 25: BOXLEN = 30
BOX$ = " CROSS-SECTION DATA™ GOSUB BOX1
LOCATE 8, 32; PRINT "-srrmamasmemsen
LGCATE 7, 32: PRINT "Cro.ss—sccuon no. *
LOCATE %, 48: PRINT 11
IFil > 1 THEN
LOCATE 9, 30: PRIN? “Reach lengtim) ="
LOCATE ¥, 47; PRINT USING "######4"; LCH
END IF
LOCATE 10, 30; PRINT "Mamning's 'n” ="
LOCATE 10, 48;: PRINT USING “#.###"; NCH(I1)
LOCATE 11, 30: PRINT "Co-ordinates of pe:ms“

FOR 12 = 1 TO MP(I1)
ROW = 13
COL=8*12 +20
IFCOL> 60 THEN . !
ROW =ROW+ 3 UOL=8*12- m :
IFI2 » 10 THEN ROW = ROW + 3 COL. = § * 12 - 50
END IV
LOCATE ROW, 21; PRINT "Poimt”
LOCATE ROW, COL + 1: PRINT "--" I2; "-."
LOCATE ROW + 1, 22: PRINT " X1="
LOCATE ROW + 2, 22: PRINT " Y1="
LOCATE ROW + 1, COL: PRINT USING "#it##4"; X1(11, I2)
LOCATE ROW + 2, COL: PRINT LISING #5448 YI(1, I2)
NEXT 12
BOXN = 1: BOXTYPE = I: YBOX = 20; XBOX = 19: BOXLEN = 44
BOX$ = "[Albort OR view [Njext OR [Plrevious ": GOSUB BOX1
A$ = INKEYS$
iE A$ = "" THEN 380
IF A$ = "A" OR A$ = "a" THEN 400
IF A$ = "N" OR A$ = "n" THEN 390
IF A$ = "P" OR A$ = "p" AND 11 > 1 THEN I1 = I1 - 1: GOTO 370
NEXTH
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400 BOXN = 1; BOXTYPE = 1: YROX = 20: XBOX = 19: BOXLEN = 44

BOXS$ = "[Albort OR view [Bloundary conditions™: GOSUB BOX1
410 A3 = INKEYS

IF AS = " THEN 410

IF A% = "A" OR AS = "a" THEN GOSUB MENU

I’ A = "B" OR A$ = "b" THEN 420 J
420 CLS: COLOR 7, 0: BOXN = 20: BOXTY?PE = {: YBOX = 3: XBOX = 13

BOXLEN = 50: BOX% = *"; GOSUB BOX1
430 BOXN = 1: BOXTYPE = { YBOX = 4: XBOX = 25; BOXLEN = 32

BOX3 = "BOUNDARY CCNDITIONS": GOSUB BOX]1

IF EDS = “$$1" THEN 490

LOCATE 7, 25: PRINT "UPSTREAM C‘ONDITIONS"

LOCATE 8, 25: PRINT "eomvurramsussanses

LOCATE 9, 25: PRINT "Stmulation duration (mins) = "

LOCATE 9, 53: PRINT USING "### #if"; SDU
440 LOCATE 10, 25; PRINT "Time step (0ins)aweme.= "

LOCATE 10, 53: PRINT USING “##isd#"; TSU
450 FOR T% = 1 TO NTSY .

FT% «= 10 THEN ROW = T% + 13
!FT%> 10 AND T% <= 20 THEN ROW = T% + 3
IFT% > 20THEN ROW =1T% . 7

LOCATE 12, 20: PRINT T (ming)"; LYCATE 13, 20: PRINT "ereene®
LOCATE 12, 30: PRINT "Q (cumecs)": LOCATE 13, 31: PRINT "eorenn
LOCATE 12, 43; PRINT "WL {m)": LOCATE 15 43:  PRINT "ecneeu-s®
LOCATE 12, 55 °PRINT “C (mg/l)": LOCATE 13, 53:  PRINT "eeree”

TIME = (F% - 1) * TSI} LOCATE ROW, 22: PRINT TIME
LOCATE ROW, 29: PRINT USING "#i# ##"; QU(T%)
460 LOCATE ROW, 42; PRINT USING "##Hi##"; WLU(T%)
470 LOCATE ROW, 52: PRINT USING “#\'#f ##"; CU(T%)
480 NEXTT%
LOCATE 22, 27; INPUT "Press [Enter] 1o continue”, ED§
EDS$ = INKEYS$: IF ED§ = *" THEN ED$ = "$$1": GOTO 430
490 LOCATE 1, 25: PRINT® DOWNSTREAM CONDITIONS"
LOCATE 8, 25: PRINT "--rrecmrasanesivens
LOCATE &, 25: PRINT "Simulation dumuon {mins} =
LOCATE 9, 53: PRINT L3NG “##its#"; SDD _
500 LOCATE 10, 25: PRINT "Time step (Mins)womn "
LOCATE .0, 53;: PRINT USING “###.48"; TSD
510 FOR T% =170 NTSD o
IF T% <= 10 THEN ROW = T% + 13
IF T% > 10 AND T% <= 20 THEN ROW = T% + 3
IF T% > 20 THEN ROW = T¢% - 7
LOCATE 12, 2(: FRINT T (mins)": LOCATE 13, 20; PRINT "ereune

LOCATE 12, 30: PRINT ™} (cumees)”: LOCATE 13, 31: PRINT "ermermud
LOCATE 12, 43: PRINT "WL {m)": LOCATE 13, 43;  PRINT "sre-vea®
LOCATE 12, 53: PRINT "C (mg/l)": LOCATE 13, 53: PRINT "---eenn o

TIME = {T% - 1) * TSD: LOCATE ROW, 22: PRINT TIME
LOCATE ROW, 30: PRINT USING "#38.8# QD(T%)

>Nl - ey Rcminaralal,

I
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All

e

5

520

30

LOCATE ROW, 42: PRINT USING "HHHE, WLDLT%)
LOCATE ROW, 52: PRINT USING “#H##", CI(T%)

340  NEXT T%

LOCATE 22, 37 INPUT "Press {Enier] to continue", ED3
ED$ = INKEY3: IF ED§ = " THEN GOSU3 MENU

RETURN

., PRNC: "PRINT Cross-section data echo

—————

GOSUS LDC
!,PRINT‘ s *C (5 )

et e e it st e P

e P i T e o e s i et

it

L PRINT SPOGH "ADVECTIVE WATER QUALI TY MODEL "

LPRINT ™

LERINT SPC(S); "Devcloped by Musa Mﬁm:mclc"

LPRINT SPC{55 "Version 10"

LPRINT SPCY5): "Septesnber 1991" _ :
L PR INT 5 P C (C5)

TS P e s kM P i P P R IV R i Y L Bt L iR

LPRINT

LPRINT SPC(5): “DESCRIPTION : "

LPRINT ** :

LPRINT SPCE), “

LPRINT SPC(S) "CROSS-SECTION DATA BCHO"

LPRINT SPCG) "FILENAME * © ™ 1§+ ".CS"

LPRINT SPC(); " "

§ PRI o ,

¥ = 1 TONCRS '
LIRINT SPC(5); "

N L"’RIN‘I' SPC(SY, "Cross-secion nu' II

LERINT SIC(5); "-memsacnmen s mad

LPISNT & ﬁm\ "Regeh lengih (m) = ". USING “"said s LCHID
LPRINT SPCYSY” “Manning's ’n’ = "y USING ‘####" NCH(I)
LPRINT N -

LPRINT SPC(S); “Co-apdinates”

LPRINT SPLE) *ommimamnnc®

LERINT SPCEY "Poimt", SPCHG); "S1m)™; § I’C("J "Yig)”

LPRINT 5PCE); "e-a"s SPCE); Mamnain e SPC); Memvann o

FOR 12 = 1 TO NP(I1; \\

LPRINT USING “#ibs. 44 SPC(Q); 12; SPCU); X1, 12); SPC(4); Ya‘fI! )

NEXT 12
LPRINT SPCES); " "
NEXT I

RETURN N :

PRNB 'FRINT ﬁnumiaiy £ "'ﬂdli:Oﬂb dat.. echo

LPRINT $ P C({ 5)

-
L]
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LPRIMNT SPC(5); "ADVECTION WATER QUALITY MODEL "

LPRINE =

LPRINT SPC(S); "Developed by Musa 8.Furumele” -
LPRINT SPC(S); "Version 1.0"
LPRINT SPC(S); "Sepiembver 1991

L PRINT S P C (5) ;
2:312332?;3::::§$==ﬁ$=ﬁ====:::3:::::::2:::332:5::=========3:==§:2::::55::2::35:::::::::======:==2=2“
LFR!NV‘\ L
LPRINT SPC(5); "DESCRIPTION :
LPRINY *
« LPRINT SPC(G); " "

LPRINT SPC(S); "BOUNDARY CONDITIONS DATA ECHO"

LPRINT SPFX5); "FILENAME : " J§ + "BC"

LPRINT SPC{(5): © "

LPRINY ™

LPRINT SPC(S); Mwerse _ "

LPRINT SPC(5); "wmammmwmmme e "

LPRINT SPC(5); "Upiream condmcns"

LPRINT 5,p("(3,), T et i e
SPRINT ™ .

gPRlNT BPCES) "Tr‘mms)“ “eumecsy'; SPC2Y "WLim)"; "Clmg/f)"

LPRINT SPC(5); * S -y i "

FOR T4 = 1 TO NTSU
LFRINT SPC(S) . T(T% SPCSR QU(Te%); SPC(S) WLUT ) SPC(SY
CUT%)

NEXT T% 3

LPRINT SPC(5): " _— X ¢

LPRINT :

LPRINT SPC(S); “ by

LPRINT SPC(5): “)ownstrc*m conduims" \\

LPRINT SPC{5); " enmemmmmmranamssns - N

LPRINT SPC(S) ™

LPRINT SPC(S): "T(mins)"; “Q(cumecs"" SPC(“}, *'man)" "Cimgy

LPRINT $PCE); Hon o N e

FOR MG = 1 TO NTSD
L érlhﬂ SPC(SY: T(T%), SPC(3): QDIT%Y; SPCIS): WLD{TU); SPC(S): C(T%)

LPRINT SPC(S) ™ "

GOSUB MENU: RETURN

LDC: "LOAD existing Data file

e A T T

LL = 1t MRG = (; GOSUBR CDRV: CLE : COLOR 7, ©

IF K := 27 THEN I¥ MRG > ( THEN MRG = (: GO‘I’C? ‘TS(*":'

BOXTYPE = 0: YBOX = 1: XBOX = 15: ROXLEN «

BOXS = "ADVECTIVE WATER QUALITY MGI‘JL.L" i;OSUB BOX1
BOXTYPE = 1. YBOX = X XBGX = 1; BONLEN « 75: BOX$ = "™: GOSUB
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BOX1
X = 0: LOCATE 6, 1, 1, 12, 12: ON ERROR GOTO 720
FILES BBS$ + **.CS": PRINT STRINGS$(77, CHR$(205))
550 ON ERROR GOTO 740
BOXTYPE = 1: YBOX = 20: XBOX = 1: BOXLEN = 75: BOX$ = *": GOSUB
BOX1
560 ON ERROR GOTO 0: LOCATE 21, 15: COLOR 31
PRINT "[ESC] to Abort [ENTER] to Confitm selection®
COLOR7, 0: Kf = Ff: CY = 7 I =4 (X = 1 IX = 1
Fg= " WD = 12 FILES = "™ TYP =0
570 FILES="":FOR Z=1TO 12
FILE$ = FILE$ + CHRYSCREEN(CY, CX + Z - 1)

NEXT Z :

IF FILES = " THEN CX = IX: CY = JY: FILES = F§: GOTO 590

I lNS'l‘R(FfLE$. CHRS(ZO‘:";) > AND K = 72 THEN BEEP: CY = CY - L
GOTO 710

_ IF INSTR(FILES, CHRS$(2051) » 0 AND K = 80 THEN 580 ELSE 590
5% BEEP: CY = CY + 1: GOTO 710
500 TYP =0: LOCATE CY, CX; COLOR 0, 7: PRINT FILES; : COLOR 7, {
LOCATE 4, 10: PRINT “Lwdmg "t COLOR 31
LOCATE 4, 20: PRINT “CROSS-SECTION DATA"
LOCATE CY, CX: COLOR 31: PRINT FILES; ; COLOR 7,0 .
LOCATE 4, 40: PRINT "Filepame; *; : COLOR Q, 7; PRINT FILES
600 COLOR 7, 0: KK$ = INKEYS: IF KK$ = *" THEN 600
IF LEN(KKS} = 1 THEN K = ASC(KKS) ELSE K = ASCMIDS(KKS, 2, 1)
Y =CY: JX = CX: F¥ < FILES
IF K = 27 THEN 610 ELSE 626~
610 IF MRG <> 0 THEN MRG = : GOSUB CSOP ELSE MRUG = 0
G20 IF K <» 13 THEN 660
I MRG <> 3 THEN 650
- ON ERROR GOTO 640
- 630 MRG = F$ = K$; GOSUB CSOP
640  RESUME 630
H50 IF MRG = 0 THEN GOTO LC
660 IFK =72 OR K= 5 THEN 670 up
IFK=80 ORK =24 THEN 68¢ 'DWN
- IF K =77 ORK = 4 THEN 680 'RT
IFK =75 OR K = 19 THEN 0 ‘I..F
GOTC 600
670 IF CY <= 4 THEN 600 ELSE CY = CY - 1: GOTO 710
680 W CY >= 24 THEN 600 ELSE CY = CY + 1: GOTO 710
620 1IN LK >= 66 THEN 600 ELSE CX = CX + 18: GOTO 710
700 IF UX <= 1 THEN 600 ELSE CX = CX - 18: GOTO 710
710 LOCATE IY, JIX: PRINT F$: GOTO 570
720 RESUME 730 '
T30 XX+
0 RESUME 750
T80 IF X = { THEN GOSUB 560 ELSE LOCATE 12, 28: PRINT "No CRS




¢
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- LOCATE 25, 1: PRINT STRING$(40, " *); : BEEP:  GOSUB DIR2
LOCATE 2%, 1; COLOR 7, 0: PRINT STRING$(78, CHR$(196))
L SV =0: CLS : LOCATE 106, 37; PRINT "LOADING"
BOXHN = 1: BOXTYPE = (: YBOX = 12: XBOX = 32: BOXLEN = 16
BOXS = F§ + ".C5": GOSUB BOX1
OPEN "I", #1, BBS + F§
INPUT #1, NCRS
FOR i1 = 1 T NCRS
INPUT £1, T1, LCH, NCHID, NP
FOR 12 = 1 TO NP(II) S
INPUT #1, X1(11, I2), Y1{I1, 12)
NEXT 12 G
NEXT It
CLOSE #1: J§ = MiD$(F$. 1 INSTR(FS, ".")y ~ 1) RFTURN

L— f,

BDOP *process. BOUNDARY CONDITiONS data.

CLS COLOR 7,0

BOXN =21 ROXTYPE = 0: YBOX = 2: XBOX = 15: BOXLEN = 50
BOXS = "": GOSUB BOX1

BOXN = 1: BOXTYPE = (: YBOX = 3: XBOX = 20; BOXLEN = 40
BOXS = " ADVECTIVE WATER QUALITY MODEL": GOSUB BOX1
BOXN = 1: BOXTYPE = 1: YBOX = 5: XBOX = 25: BOXLEN = 30 .
BOXS = " BOUNDARY CONDITIONS DATA “ GOSUB BOX1
LOCATE 9, 29: PRINT "| 1..DISPLAY cxisting file”

LOCATE 11, 29 PRINT "[ 1.LOAD exixting file”

. LGCATE 13, 29: PRINT ] J..LCREATE now file"

LOTATE 15, 20: PRINT | L.EDIT data file--:-"; J&

" LOGATE 17, 29: PRINT [ J.SAVE data file---"; 3§

LOCHTE 19, 26: PRINT "] 1..QUIT 1o maain menu"”

LOCATE 9, 30: PRINT "D"; LOCATE 11. 3{: PRINT "L."

LOCATE 13, 30: PRINT "C": LOCATE 15, 30: PRINT “E"

LOCATE 17, 30: PRINT *S$": LOCATE 19, 30: PRINT "Q”
BOXTYPE = 1; YBOX = 21: XBOX = 28: BOXLEN = 24

BOX$ = ¥ ENTER Seclution : [ 1 GOSUB BOX:

LOCATE 22, 49,1, 1, 10

760 ED$ = INKEYS: IF EDS = "" THEN mo
- IR (J$ = " OR I§ = ") AND (ED$ = *S" OR EIYG = "s") THEN
*GOSUB FDOP; GostiB SAVB1

END IF

IFEDS = "D" OR ED$ = *g" THEN GOSUB DIR]

IF ED$ = "L" OR EDS$ = "I" THEN ED$ = "B¢": GOSUB 1L.DOB

¥ ED$ = "C" OR ED$ = "¢" THEN GOSUB INBD .

IF ED$ = "E" OR ED§ = c” THEN GOSUB EBND

IF EDS = "S" OR ED$ = "s" AND J$ = F$ THEN ED$ = "BC"; GOSUB SAVB
iF BDS = Q" OR ED$ = "g* THEN GOSUB MENU

CLS : COLOR 7, & GOSUB BDOP: RETURN ©
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INBD: *INPUT Boundary Conditions data

770

780

790

800

810
820

830

il

CLS : IF 1§ <> F$ THEN GOSUB FDOP; J$ = F§: CL.S : COLOR 7, 0
BOXN = 20: BOXTYPE = (: ¥BOX = 3;: XBOX = 15: BOXLEN = 50
ROXS$ = " GOSUB BOX1 ;
BOXN = 1: BOXTYPE == (: YBOX =4: XBOX = 25
BOXLEN = 32: BOXS = "INPUT Boundary conditions data”: GOSUB BOX1
B EDS = "$%" THEN 810
LOCATE 7, 25: PRINT "UPSTREAM COND!‘I‘EONS"
LOCATE 8, 25; PRINT "rcmommmmcmsssind
LOCATE 9, 51: PRINT USING "#48", 0
LOCATE 9, 25: INPUT “Simulation duration {mins) = *, ED$
IF EDS = "™ THEN 780 .
SIU = VAL{EDS)
LOCATE 10, 25: INPUT "Time siep (ming)..e.. = ", ED§.
IF EDS$ = " THEN 790
TSU =~ VAL{EDS)
NTSU = INT(SDU / TSU) + 1
FOR T% = 1 TO NTSU _
IF T% «= 10 THEM ROW = 16 + 13
IFT% > 10 AND T% <= 20 THEN ROW = T% + 3
IET% > 20 THENROW =T% - 7
IE T% > 30 THEN ROW = T% - 17
IF T% > 40 THEN ROW = T% - 27
LOCATE 12, 20: PRINT "T (mins)": LOCATE 13, 20: PRINT "---mvu-s !
LOCATE 12, 30: PRINT "Q (cumecs)”; LOCATE 13, 31: PRINT "-emrmane "
LOCATE 12, 43: PRIM™ "WL (m)"zlrf.)CATE 13, 43; PRIMT "eureann “
LOCATE 12, 53: PRL "+"C (mgA)": LOCATE 13, 53; PRINT "-ene”
TIME = (T% - 13 * T8U: LOCATE ROW, 22: PRINT TIME
LOCATE ROW, 30: PRINT USING “#H.#4#", 0
LOCATE ROW, 32: INPUT ™", QUIT'%)
LOCATE ROW, 42: PRINT USING “##.#8", O
LOCATE ROW, 44 INPUT ™, WLLU{T%)
LOCATE ROW, 52; PRINT USING "#f#.88" 0
LOCATE ROW, 5d: INPUT **, CU(T%)
NEXT T%
EDS = "$$": GOTQ 770
LOCATE 7, 25: PRINT "DOWNSTRFAM CONDI’!‘IONS“ 3
LOCATE 8, 25: PRINT *
LOCATE 2, 51: PRINT USING "#4##" 0
LOCATE 9, 25: INPUT "Simulation duration {ming) = ", ED$
IF EDS$ = "™ THEN 820G
SbD = VAL(EDS) |
LOCATE 10, 25: INPUT "Time siep (mins) ......... =¥, ED§

IF EDS = " THEN 830
TSD = VALEDS)

NTSD = INT(SDD / TSI + 1
FOR T% = 1 TONTSD
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§40

CIFTh <= 10 THEN ROW = T% + 13

IFT% > 10 AND T% <= ZOTHEN ROW=T%+3

IF T% > 20 THEN ROW = T% - 7

IF T% > 30 THEM ROW = T% - 17

IE V% > 40 THEN ROW = T% - 27 __

LOCATE 12, 20: PRINT "T (mins)"; LOCATE 13, 20: PRINT "+aw-m--"
1L OCATE 12, 30 PRINT Q) (cumccs)" LOCATE 13, 31 PRIN ------- "

LQCATE 12, 53: PRINT "C (mgfl)": LOCATE 13, 53: 251y g — "
TIME = (T% - 1) * TSD: LOCATE ROW, 22: FRINT TIME

LOCATE ROW, 30: PRINT USING "###.45"; 0

LOCATE ROW, 32: INPUT ™", QD(T%)

LOCATE ROW, 42: PRINT USING "###.84"; 0

LOCATE ROW, 44: INPUT ", WLD(T%)

LOCATE ROW, 52: PRINT USING "##.44"; 0

LOCATE ROW, 54: INPUT ", CIXT%) -

- NEXT T%

RE.’I URN

EBND “EDIT ‘iounda:y conditions data

850

860

o F ‘( s RN qR JS - L THEN

CLS : COLOR 7. 0 BEEP
BOXN = 15 BOXTYPE = 0: YBOX = 2: XBOX = 15: BOXLEN = 50
BOXS$ = "": GOSUB BOX}
BOXN = 1: BOXTYPE = (; YBOX = 3: XBOX = 20: BOXLEN = 40
BOXS$ = " ADVECTIVE WATER QUALITY MODEL": GOSUB EOX1
BOXN = 1: BOXTYPEZ = 1: YBOX = §: XBOX = 25: BOXLEN = 30
.BOXS = * CROSS-SECTION DATA ": GOSUB BOX1
BOXN = 3: BOXTYPE = 1: YBOX = 10: XBOX = 25: BOXLEN = 30
BOXS$ = "Press [Enter) 1o proceed™: GOSUB BOXi: BEEP
COLOR 31 LOCA’I‘E 11, 29: PRINT "Filename not specified”: COLOR 7, 0
INPUT ™, § D$ ED§ = INKEYS IFEDg =" THH\! GOSUB FDOP
END IF
CLS : COLOR 7, 0: BOXN = 20: BOXTYPE = [ YBOX = 3: XBOX = 15
BOXLEN = §( BOXS = "": GOSUB BOX1
BOXN = 1: BOXTYPE = (; YBOX = 4: XBOX = 25: BOXLEN = 32
HOXS = "EDIT Boundmy conditions daia": GOSUB BOX1
I EDS = "$5" THEN 910
LOCATE 7, 23: PRINT "UPSTREAM (.OND;TIONS”'
LOCATE 8, 25; PRINT “semeormomsemmnas
LOCATE 9, 25: PRINT "Simulation duration {mits) =’
LOCATE 9, 53: PRINT USING "###4H" SDU
LOCATE 9, 54 INPUT ™, ED§
IF EDS = " THEN 860
SDU = VAL(EDS)
LOCATE 10, 25: PRINT "Time step (nins).. o= *
LOCATE 10, 55: PRINT USING "###" TSU
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570

LOCATE 10, 55: INPUT ", ED$

1F D% = " THEN 870

TSU = VAL(EDS) .
FOR T% = 1 TO NTS{ ©
IF T% <= 10 THEN }.39 = T% + 13
IFT% > 16 AND T4 «e: 200 THEN ROW = T% + 3
IE T2 > 20 THEN ROW = 19 - 7

I YCATE 12, 20: PRINT °T (mins)": LOCATE 13, 20:  PRINT "accreee- N
LOCATE 12, 30 PRINT "Q (cumecs)™: LOCATE 13, 31: PRINT "vourmne "

LOCATE 12, 43: PRINT "WL (m)": LOCATE 12,43 PRINT "~
LOCATE 12, §3: PRINT "C (mg/l)": LOCATE 13, 53: PRINT "verure-

TIME = (% - 1) * TSDx LQCATE ROW, 22: PRINT TIME
LOCATE ROW, 2% PRINT USING "#Hus 8", QU(TS)

- LOCATE ROW, 31. INPU!. ™y BE

IF EDS$ = " THEN 840

- QU(T%) = VAL{EDS)

880

LOCATE ROW, 42: PRINT USING “Wi# #4% WLU(T%)
LOCATE ROW, 43: INPUT ", EDS$
IF EDS = *" THEN 890
WLU(T%) = VAL(EDS)
LOCATE ROW, 52: PRINT USING "### ', CUT%)
LOCATE ROW, 54 INPUT ", EDS
IF EDS = “" THEN 800
CUCTS) = VALEDS)
NEXT T% e
EDS = "$§": GOTO 850
LOCATE 7, 25: PRINT "DOWNSTREAM CONDITIONS"

- LOCATE 3, 25: PRINT "e-esramecsmsemnnmas”

920

930

LOCATE 9, 25: PRINT "Simulation duration {mms} = "
LOCATE 9, 53: PRINT USING "#Ha"; SDD
LOCATE 9, 54: INPUT ™, EDS
IF EDS = ™ THEN 920
SDD = VAL{EDS) _ _
LOCATE 10, 25: PRINT "Time siep (mins)...uew ="
LOCATE 10, 55: PRINT USING “###"; TSD '
LOCATE 10, 55: INPUT ", EDS
IF EDS = " THEN 930
TSD = VAL(EDS)
FOR T% = 1 TO NTSD
IF 1% <= 10 THEN ROW = T% + 13 '
IF 1% » 10 AND T% <= 20 THEN ROW = T% + 3
IF T% > 30 THEN ROW = T% - 7

LOCATE 12, 20: PRINT T (mins)": LOCATE 13, 20: PRINT "weeeunea”

LOCATE 12, 30: PR’ ™ 7 (¢umecs)"; LOCATE 13, 31: PRINT "

LOCATE 12, 43; PRI . "WL (m)": LOCATE 13, 43t PRINT "-weeeo®
LOCATE 12. 53: PRINT "C {mg/D™: LO(.,ATE. i3, 53. PRINT "=ermneen”

TIME = (T% - 1} * TSLx LOUATE ROW, 22: PRINT TiME
LOCATE ROW, 30; PRINT USING "####"; QD(T%)

4
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LOCATE ROW, 31: INPUT "™, EDS$
P EDS = " THEN 940 _
QDITH) = VAL{EDS)
040  LOCATE ROW, 42: PRINT USING "#i##.4#", WLINT%)
LOCATE ROW, 42; INPUT ", ED$
IF EDS = " THEN 950
WLINTS) = VAL(EDS)
950  LOCATE ROW, 52: PRINT USING "## ##"; CD(TG)
LOCATE ROW, 52: INPUT ", EDS
IF EDS = " THEN 960.
CD(T%) = VAL{EDS) .
960  NEXT T¢%
RETDRY .
SAVBI* RESET
OPEN "I", #1, BB$ + F$ + “.BC": CLOSE #1
© LOCATE 16, 25: COLOR 31; PRINT *  Filename gircady in Disketie "
LOCATE 18, 25: PRINT * {Ojvewrite [Clhange {Albori *; : COLOR 7,0
970 AS = INKEY$: IF AS = ™ THEN 470
I AS £70" OR A$ = "o" THEN K = 999: GOTO 980

IF
IF AS = "A" OR A$ = "a" THEN
F$ = K$: GOSUB BDOP
ENDIF = .
BEEP: GOTO 970
RESUME 489
o980  CLOSE : 5V$ = F$: GOTO 990
: RBT-URN

---------------------

$ ="C" OR A$ = "¢" THEN _
13="" GOSUB FDOP‘ GOSUB SAVB: GOSUB BDOP

Yn e

5V =J$

990 CLS : LOCATE 11, 3& PRINT “Saving"

BOXN = ]: BOXTYPE = {: YBOX = 13: XBOX = 32: BOXLEN ==»17 :
BOXSE = SV + " BC" GOSUB 80}&1

SV =1

WLEN = INSTR(1, F$, i

IF WLEN » (0 THEN F$ = LEFT$(F$, WLEN - )

+

*Saving Boundary conditions data

1000 OFEN "O", #1, BBS + F& + ".BC"
PRINT #1, SDU, TSU, NTSU
FOR TS = 1 TO NYSU
PRINT #1, T%{ '?U(T%}, WLU{T%6), CU(T%)
NEXT T%
PRINT #1, SDD, TSD, NTSD
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FOR T% =1 TO NTSD

PRINT #1, T%, QD(T%), WLD(T%), CD(T%%)
NEXT T%
CLOSE #1: J§ = F$: RETUR

uuuuuuuu

uuuuuuu

COI. GR 7.0

IF BOXTYPE == 0 THEN BOXIT = 201: BOX2 == 187: BOX3 = 200: ROX4 = 188;
BOXU = 186: BOXL = 205

IF BOXTYPE = | THEN BOX1 == 218: BOX2 = 191: BOX3 = 192: BOX4 = 217:

- BOXU = 179; BOXL = 196

LOCATE YBOX, XBOX: PRINT CHR$(BOX1) STRINGH(BOXLEN,

- CHR$(BOXL}j; CHRS(BOX2)

FORI:=1TO BOXN .
YBOX = YBOX + 1
LOCATE YBOX, XBOX: PRINT CHR$(BOXU),
LOCATE YBOX, XBOX + BOXLEN + 1. PRINT CHR$(BOXU)
NEXT 1 :
LOCATE YBOX, XBO)L + (BOJ\' LEN « LEN(BOXS)) / 2: PRINT BOXS$;
LOCATE YBOX + 1, XBOX: PRINT CHR$(BDX"§) STRING${BOXLEN,
CHR$(BOXL)): CHRY(BOX4);
RETURN

¥ s s st e i

uu-..u--m -------

ClLS:COLOR 7,0
BOXN = 20: BOXTYPE = 0; YBOX = % XBOX = 15: BOXL hN 50
BOXS$ = ""; GOSUB BOX! '
BOXN = 1; BOXTYPE = 0; YBOX =4; XBOX = 20: BOXLEN = 40 )
BOXS$ = "ADVECTIVE WATER QUALITY MODEL"; GOSUB BOX] i
BOXN = 1: BOXTYPE = It YBOX = §: XBOX = ?5: BOXLEN = 30 L
BOXS = “CROSS SECTION DATA": OSUB BOX1 ' H
- BOXN = 1: BOXTYPE = 1: YBOX = 1{: XBOX = 25: BOXLEN = 30 Y
- BOXE = "DATA will be LOADED From“ GOSUB BOX1 N
BOXTYPE = 1: YBOX = J4: XBOX = 34: BOXLEN = 12
BOXS = " Drive * + BR$: GOSUB BOX!
LOCATE 18, 26: PRINT "Progs 10 changs Drive"
COLOR 31: LOCATE 18, 32: PRINT "SPACE BAR": COLOR 7,0
COLOR 7 O: BOXTYPE = 1; YBOX = J0: XBOX = 25: BOXLEN = 31
BOXS$ == * Press (ENTER] 10 coni‘m:" GOSUB BOXI GOTO- 1030
1010 LOCATE 21, 53
1020 K$ = INKEYR IFK$="" THEN 1020 ELSE K = ASC(KS)
- IF RS <" THEN 1040
IF BBS = "A:" THEN BBS = "B:" ELSE IF BB$ = "B:" THEN BBS = "C:" ELSE
BBS = "A:" .
1030 LOCATE 15, 45: PRINT BBS: ; GOTO 1010
M0 IFK =13 OR K =27 ¥HEN RETURN EL3E 1010
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LDB: "LOAID existing Bmmda;y iData file

LL = 1I: MRG = 0: GOSUB CDRV: CLS : COLOR 7,0
= 27 THEN IF MRG > 0 THEN MRG = {: GOTO BDOP
BOXTYPE = 0 YBOX = 1: XBOX = 15: BOXLEN = 40
BOXS = "DYNAMIC WATER QUALITY MODEL": GOSUB BOX1
BOXTYPE = 1: YBOX = 3: XBOX = 1; BOXLEN = 75: BOXS = "": GOSUB
BOX1
X =0.LOCATE 6, 1, 1, 12, 12: ON ERROR GOTOQ 1230
= FILES BBS$ + " BC"; PRINT STRINGS{77, CHR$(205))
1050 ON ERROR GOTO 1250
©° BOXTYPE = 1: YBOX = 20; XBOX = i: BOXLEN = 75
BOX3 = "": GOSUB BOX1
1060 ON ERROR GOTO O LOCATE 21, 15: COLOR 31
PRINT "ESC] to Abort [ENTER] to Confirnt seiection”;
COLOR 7, G K =F: CY =T ¥ =4 CX =11 JX = 1
F$="WD=12: FILES =« ™ TYP =0
!l)‘?ﬂ FILES =™ FORZ=1TO 13
: \\':mm = FILES + CHRﬂSCREEN{CY, CX + Z. )}

FILES = " THEN CX = JX: CY = JY: FILES = F$: GOTO 1090
g wsm(mws. CHR$(205)) > 0 AND K = 72 THEN BEEP: CY = CY - I:
GOTO 1220
 IF INSTR(FILES, CHR$(205)) > 0 AND K = 80 THEN 1080 ELSE 1090
1080 BEEP: CY = CY + 1: GOTO 1220
1090 TYP = (: LOCATE CY, CX: COLOR 0, 7: FRINT FILES; : COLOR 7, 0
LOCATE 4, 7: PRINT "Loading :"; : COLOR 31 .
IF INSTR(FILES, ".BC") > 0 THEN PRINT "BOUNDARY CONDITION DATA"
LOCATE CY, CX: COLOR 31: PRINT FILES; : COLOR 7, 0
LOCATE 4, 43: PRINT “Fileniame: *; : COLOR 0, 7: PRINT (0LES;
COLCR 7,0
1100 KKS = INKEYS: IF KKS = * THEN 1100
IF LEN(KKS) = 1 THEN K = ASC(KKS) ELSE K = ASC(MIDS(KKS, 2, 1)) |
JY¥ = CY: JX = CX: F$ = FILES
IF K = 27 THEX 1110 ELSE 1120 f‘
1110 IF MRG > 0 THEN MRG = i: “%B BDOP ELSE MRG = 0
1120 1FK <> 13 THEN 1160
IF MRG <> 3 THEN 1150
1130 MRG = 0: F$ = K$:'GOSUB BDOP
1140 RESUME 1130
1150 . IF MRG = § THEN GOTO LB
1160 IFK =72 OR K = 5 THEN 1180 UP
1170 - IF K = 80 OR K = 24 THEN 1190 ’DWN
IFK =77 ORK =4 THEN 1200  'RT
IFK=750RK =19 THEN 1210 'LF
GOTO 1100
1180 IF CY <= 5 THEN 1100 ELSE CY = CY - 1: GOTO 1220
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Tion
1

1210
220

1230
1240
1250
1260

o
Y

IF CY >= 24 THEN 110 ELSE CY = CY + 1: GOT0 1220 -

IF CX »= 66 THEN 1100 ELSE CX = CX + 18: GOTO 1220

JF CX <= 1 THEN 1100 ELSE CX = CX -~ 18: GOTC 1220

LOCATE JY, JX: PRINT F$: GOTO 1(}?0

RESUME 1240 :

X=X+ 1: GOTO 1050

RESUME, 1760

AF X = O THEN GOSUB 1060 ELSE LOCATE 12, 28: PR.IN‘I‘ "No CRS or

BRI Files™

1.B:

LOCATE '*s 1z PRINT STRINGS$®0, " ") : BEEP: GOSUB DIR2
LOCATE 22, 1: COLOR 7, (¢ PRINT 537'=INGH78, CHRS$(196))
SV = O CLS : LOCATE 10, 37; PRINT "LOADING" :
BOXN = 1: BOXTYPE = {x YBOX = 12: XBOX = 32: BOXLEN = 16
BOXS$ = F$ + "BC": GOSUB BOX1
OPEN “I', #1, BBS + F§
INPUT #1. SDU, TSU, NTSU
FOR T% = 1"TO NTSU
INPUT #1, T{T%), QU(T%), WLUT%), cvcr%)
NEXT T%
INPUT 1, SDD, TSD, NTSD
FOR %% =1 TO NTSD
INPUT #1, T(T%), QIXT%), WLIXT%), CD{T%)
NEXT T% -
CLOSE #1: IS = MIDS®FS, 1, INSTR(ES. ".") - 1): RETURN

<
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o g sl e P L aE ad s e e e e 2 2 " Te sl kT Ll e - e s s s o2 m L il PR

s ADVECTIVE WATER QUALITY MODEL ..o o
i DEVEIOpEG by M. S, Furumele....oucimainnn

’ MAIN COMPUTATION MODULE

! Verion 1.00

' JUNE 1991 .
OPTION BASE 1

DIM X170, 20), Y170, 20), NP(90}, NCH(50), LCH(903, SO0y, T(00)
DIM QU(I00), WLU(100), CU(100), QD(100), WLD(100), CD{100)

0

Loading data from files .
GOSUB CHDR: GOSUB LOAD
100 CLS: COLOR 7, 0: BOXN = 2}: BOXTYPE = (0 YBOX Z: YBOX 15
BOXLEN = 50: BOXS = ™: GOSUB BOXI
. BOXN = 1; BOXTYPE = i}’ YBOX = 3: XBOX = 20: BOXLEN = 40
i, BOX$ = "ADVECTIVE WATER QUALITY MODEL": GOSUB BOX1

5% ! BOXN = 1: BOXTYPE = 0: YBOX = 5: XBOX = 25; BOXLEN = 30

BOX$ = "SIMULATION PARAMETERS" GOSUB BOX1

cy

Simulation parameters

110 LOCATE 9, 30: INPUT "Duriaticn  (wing) = ", SD§
I¥ SD$ = ™ THEN 110
3D = VAL(SD$)
120 LOCATE 11, 30: INPUT “Time step (mins) = . TS
L IF T5% = " THEN 120 .
TS = VAL(TSS): TSP = 60 * TS

NTS = INT(SD /TS) + 1 ' ' a
LOCATE 13, 49: PRINT USING "#4##" 1: *default value for theta '
LOCATE 13, 30; INFUT "Theta... = ", TH}

IF THS = ™ THEN TH = 1: GOTO 130 .,
CTH = VAL(THS)
130 LOCATE 15, 40: PRINT USING "###"; 5: “defauit valus for Xi
LOCATE 15, 30: INPUT “%i... =", XI$
FXIS=™ .4 .XI=.5 GOTO 140
Xl= VAL(XIE. -

-

' "~ Output Gilename
140 K3 = Y§: DR$ = "C:"; GOSUB OFQOP
CLOSE : SVE=F8: 8V =1
' WLEN = INSTR(I, F$, ".")
IF WLEN > {) THEN F§ = LEFU$(FS, WLEN - 1)
OPEN 0", #1, DRS + F§ « ".OUT"
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|

’ Cheice of houndary conditions J

(LS ; COLOCR 7, (: BOXN = 21: JOXTYPE = O: NBOX 2:XBOX = 15
BOXLEN = 50: BOX$ = " GOSUB BOX1 |

BOXN = 1: BOXTYPE = {; YBOX = 3: XBOX = 20: BOXLEN = 40
BOXS$ = "ADVECT{YE WATER QUALITY MOLEL": GOSUB BOX1
BOXN = I: BOXTYPE = 0: YBOYK = 5: XBOX =/25: BDXLEN 30
BG =" BOUNDARY CONDITIONS": GOSU! '

LOCATE 16 23 PRINT | }Upstream stage and wnstream flow”
LOCATE 18, 23: PRINT "{ 1.Upstream flow and,"’ swnstream flow"

LOCATE 12, 24: PRINT "1": LOCATE 14, 24: BRINT "2"
LOCATE 16, 24: PRINT "3": LOCATE 13, 24: FRINT "¢ -

BOXTYPE = 1: YBOX = 21: XBOX = 28 BOXLEN = 25
BOXS = * ENTER Selection : { ' GOSUB BOM: -
'LOCATE 22, 50,1,1,10 ¢
150 EDS = INKEYS: IF ED§ = " THEN 150 | -,
IFEDS ="1" THENBOC=1 - - . . %o
IF EDS$ = "2" THEN BOC = 2 I
IPEDS = "3" THEN BOC = 3 S
IFEDS = "4" THEN BOC = 4

i : .

. . - .
* : . m“_““=“h”%=“€rw—“hw_a

I
i s e o e e

v MAIN CALCULATION PRO{FRAM

*
1.
i

REM § DYNAMIC :
REDIM YMIN(NCRS), YMAX(NC.‘E..S). Yh IN!(NCRS). YMIN2(NCRS),

YM(NCRE)

* REDIM PD(2 * NCRS), PL(2 * NCRS), PC{2 * NCRS), PX(2 * NCRS)
REDIM DN(2 * NCR3), C‘M(2 ¥ NCRS), EM 2 % NCRS), FM(2 * NCRS),

CS(NCRS)
REDIM BM(2 ¥ NCRS), AM(2 * NCRS), IQU(I * NTS), IWLU(I5 * NTS)
REDIM ICU(1S * NTS), IQD(15 * NTS), IWLII[15 * NTS), IQD(15 * NTS)
REDIM ICD(15 * NTS), WLNCRS), PCINCRS), V(NCRS), A(NCRE), BINCRS)
REDIM K(NCRS), PC(NCRS), PRPC(NCRS’ PRLPC(NCRS), H(NCRS),

REDIM PR.H(NCRS), PR1.H(NCRS), S{NCRS), V.AVE(NCRS)B.AVE(NCRS)

REDIM A AVE(NCRS), K. AVE(NCRS), K(NCRS), PR.K(NCRS), PR1.B(NCRS)

“REDIM PR1.A(NCRS), PR1.V(NCRS), PR1.K(NCHS), PR.B(NCRS), PR A(NCRS)

REDR. PR.V(NCRS), PR.QINCRS), PR.VL(NCRS), PRPC(NCRS),
PRIPCINGRS) '

REDIM PR:.Q(NCRS), PRL.WL(NCRS), C1(N(RS), CANURS), C3(NCRS),
C4(NCRS) |

REDIM C3'NCRS), MI(NCRS), M2(NCRS), M3(NLRS), Md(NCES), MS(NCRS)

i e

.
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REIIM  PI(NCRS), PXNCRS), PANCES), ITERH(NTS), ITERP(NTS),
ANNCRS, NTS)

REDIM QUNCRS, NTS), WLI{NCRS, NTS), VIINCRS, NTS), PCI(NCRS, NTS)

REDIM PIANCRS), PAB(NCRS), PAIC{NCRS), QMAXINCRS), WMAX(NCRS),
OMINGNCRS)

REDIM  WMINNCRS), PMAXINCRS), PMIN(NCRS), QNCRS),
FLAVETNCED

REDIM A. AVI‘I(NCJ\‘E). B.AVEI( NC,E‘S}, V.AVEHNCRS), FCAVE(NCRS)

P imcm.lalmg munfia:} wmhlmns for given tine step

iP TS > THD OR TS <> TSU THEN GOSUB IN'I P

L L N XN

P‘HNT #1, NLRS SB, S, NIS TH, XL, PHI

L)
v e i e e s SR = TR R b, e e e ot T e Mo i U T o e TPV ' e
= - Eoty o e SRl o T o o e e i e

HYLRODYNAMICS SUR-MODEL
o ‘i ("OLOR ? 0: BGAN = 2t BOXTYPE = YBO). 3 XBOX b 15

BO);LLN = 60 BOXS$ = ™ GOSUB BOX1I

BOXN = 1: BOXTYPE = (: YBOX = 4: XBOX = 20: BOXLEN = 50

BOXS = "ADWVECTIVE WATER QUALITY MODEL": GOSUB BOX1

BOXN = 1: BOXTYPE = (. YRBOX = 7: XROX = 28: BOXLEN = 35

BOX$ % "HYDR()DY JAMILS SUB M(}DH : GOSUB BOX1

.........................

mmmmmmmm

BOXN = 2. BOXTYPE = 0 YBOX = 11- XBOX = 28: BOXLEN = 33
BOXS = "PLEASE BE CATIENT": GOSUB BOX! !
LOCATE 12, 33. PRINT "CALC‘ULA‘I'!ONS IN PR()C:REQS"
BOXN = e BOXTYPE = 1: YHOX = 10: XBOX =

BO} LEN = 4L; B(l‘\&' = " ('ORUB BOX1

'

T T T TR Ay ety

) e Jiatllli. :m!ul variahles

v mIE ¢ oo ks FE TP R LD TR TR M DR E AL PR

l UL‘&L I I‘ 3 /v ’H I‘R!N I‘ "IN] I'IALIIN(‘ OF VAR! -’\BI ES"
IFT% = 1 THEN Q1 = QU GOSUB STEAD
CDLUR 4,0 LOCATE 17, 33: FRINT * v

s PRI e

¥ nidal mlues. from the provious fime siep

MEOE Ok R Al

H)R i1=1 '10 NLRQ
WL = PRWLILD: QU1 - PRUQ{ETD)
R = PRI PRUWI AT o= WLTT)
PRIGUTY = Q(1Tx PRLIAT) < HAD
NFAI‘ 31

Nl‘ll R = 's() .............. Default value for number of iterations
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FOR ITER = 1 TO NITER "........... START OF ITERATION LOOP.........n.
T™ = (T% - D * TS

LOCATE 1§, 36: PRINT "Theta......= " TH

LOCATE 14, 36: PRINT "Xi.... ... =" X1

LOCATE 17, 36: PRINT “Tige (mins)..= “; T™M
LGCATE 18, 36: PRINT “lteration....= *; TER

............ . SOLUTION OF THE HYDRODYNAMICS MATRIX......ovveriems
PENTADIAGONAL BANDED MATRIX

» W = u

GOSUB LINH e linearizing cquAtions....euuwre.
GOSUB COF ..........calowlating cosificiontS. .o
' SOLUTTON ALGORITHM--cacrmsvonmansmme

COSUL BMAT . general amangement of matrix.... .

GOSUB DSWA ... double sweep algorithim. ..o,

IFBOC =1 OR BOC -3 THEN * Known upstream stage hydrograph
WL = WLU(T%) '
H(1) = WL(1) - YM(1)
Q1) = PALL)

ELSE i _ _
) = QU(T%) * Known upstream flow hydrograph
H(1) = PX(1) '
WL(T3 = YM(1) + Hi1)

END IF

H(2) = PX(2)

WL{2) = YM(D) + H(2)

A2} = PR(3)

BOR U= 3TONCRS -2
QN =PXR*U-1)
HN=PXQ2*U.2)
WL} = YM(U} + B

NEXT' U '

UNCRS - 1) 2. s - 1)

H{NCRS - 1) = PX(N - 2)

WL{NCRS - 1) = YM{NCRS ~ 1) + H(NCRS - 1)

IFROC=10RBOC=2THEN ‘'

WLINCKS) = WLD(T%) ' Known downstream stage hydrograph
H(NCRS) == WL{NCRS) - YM(NCRS) *
QUNCRS) = PX(N)

ELSE
QUNCRS) = QD(T46} ’
HMNCRS) = PX(N) ' Known downstream flow hydrograph
WLINCRS) = YM(NCRS) + H(NCRS) ’

END IF

' Accuracy and stubility check
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ACCQ = 01: ACCH = 01
DHE.MAXQ = 0: DIEMAXH = 0
FOR ACC = 1 TO NCRS
IF WLACC) < YM(ACC) THEN
. BOXN = 8 BOXTYPE = 0; YBOX = 10; XBOX = 25
BOXLEN = 41: BOX$ = " GOSUB BOX1
LOCATE 12, 33: PRINT "CALCULATIONS TERMINATED *
LOCATE 13, 3% PRINT*  DUE TO "
LOCATE 15, 33: PRINT * INSTABILITY PROBLEMS"
LOCATE 16, 33: PRINT "CHECK DATA AND OR REVISE"
LOCATE 17, ;3: PRINT * SIMULATION PARAMETERS"
LOCATE 18. 53 PRINT "
LOCATE 20, 33: INPUT "Press [Emer] to continue”, ED$
IF EDS = " THEN 100
END IF
DIF.Q = ABS{Q(ACC) - PRLOQ(ACC))
DIFH =ABSH(ACC) - PR1.H(ACC)H)
IF DIF.MAXQ < DIF.Q THEN DIEMAXQ = DIF.Q
IF DIEMAXH < DIFH THEN DIFMAXH = DIF.H
NEXT ACC
IF DIFMAXQ <= ASCQ AND DIE.MAXH <= ACCH THEN 170

* . Initialise before next 1__teratmn

FOR 11 = 1 TO NCRS

PRLWL(1} = WL{D)

PRLOVID) = Q1)

PRLEUD = HED

NEXT 1t
NEXT ITER °...END of iteration loop

T Initialise and store results before next time siep

¥

170 ITERH(TS) = ITER

FOR I1 = 1 TO NCRS
WS = WL
GOSUB CSPRP
Q1(IL, T%) = Q1)
WLI(11, T%) = WL{1)
AXI1, T%) = AQD
VIQL, T%) = V(1)
PRINT #1, Q1(1, T%), WLI({1, T%), V1{1 T%), ITERH(TS)
PR.WLE) = WL(1)
PR.QAI) = Q(I1)
PRH(I1) = H(D)

NEXT 11 |

NEXT T%  “rosores END OF TIME LOOP
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! POLLUTANT TRANSPORT SUB-MODEL

CLS : COLOR 3, 0: BOXN = 20: BOXTYPE = (: YBOX = 3: XBOX = 15
BOXLEN = 60; BOXS$ = " GOSUB BOX1

BOXN = 1: BOXTYPE = (: YBOX = 4; XBOX = 20: BOXLEN = 50
BOXS = "DYNAMIC WATER QUALITY MODEL"™: GOSUB BGOX1
BOXN = 1: BOXTYPE = 0: YBCX = 7: XBOX = 28: BOXLEN =55
BOX$ = "POLLUTANT TARNSPORT SUB-MQDEL": GOSUB BOX1

FOR T% = 1 TO NTS "o START OF TIME LOOP

BOXN = 2; BOXTYPE = 0: YBOX = 11: XBOX = 28: BOXLEN = 35
BOX$ = “PLEASE BE PATIENT": GOSUB BOX1
LOCATE 12, 33: PRINT "CALCULATIONS IN PROGRESS™: COLOR 7, 0
BOXN = 10: BOXTYPE = 1: YBOX = 10; XBOX = 25: BOXLEN = 41
BOXS = " GOSUB BOX1: COLOR 7,
IF T% = 1 THEN -

FOR 11 = 1 TO NJRS

PC{1) = CU{T%)

PR.PCAL = PO

PRLPC{11) = PCXIT)

NEXT I
END IF

r

Initial values from the previous time step
FOR I1 = 1 TO NCRS
PRPCAT) = PC(I1)

PRIPC(I1r= PC(L)

NEXT 11 '

NITER = 50  rernnas Default number of iterations
FOR ITEKR = 1 TO NITER ... Start of ireration loop
T™M = (T% - 1) * TS
LOCATE 15, 36: PRINT “Theta......= " TH
LOCATE 16, 36: PRINT "Xi....ccoon.. =" X1

LOCATE 17, 36: PRINT "Time {mins)..= "; TM
LOCATE 18, 36: PRINT "heration....= "; [TTER

e SOLUTION OF THE POLLUTANT TRANSPORT MATRIX.......ccvc..
TRIADIAGONAL BANDED MATRIX

- -

GOSUB LINP .rnesene linearizing quAiCNS.rc s

GOSUB COFP '........ocalculating cocfliciontS.. e
* SCLUTION ALGORITHM
GOSUB PMAT “aeeevrvens genera arrangement of matriX...ueew.
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GOSUB DSWA ... double sweep algorithm......cvene.

PC(T) = CUCTS%)
FORU=1TON
PC(U + I = PXLD
NEXT U

' Accuracy and stability check
ACCP = 1: DISMAXPC = 0
FOR ACC = 1 TO NCRS
DIF.PC = ABS(PC(ACC) -~ PR1.PC(ACL))
IF DIFMAXPC < DIF PC THEN DIEMAXPC = DIFFC
NEXT ACC
IF DIF.MAXPC <= ACCP THEN 310

' Initialise hefore next iteration

FOR I = 1 TO NCRS
PRLPCUL = PCAL)
NEXT It
NEXT ITER  °...END of iteration

Initiatisc and store resulis before next time step

310 ITERP(T%) = ITER

FOR I1 = 1 TO NCRS

PCY{11, T%) = PCU1)

PRINT #1, PC1Q11, T%), ITERP(T" m)
PR.PC{L) = PC(Y)

NEXTI1 :

NIXT T% Y END of time loop

' Catculating suinimum and maximum values
' Bubbie sort atgorithm

FOR I1 = 1 TO NCRS
FOR T% = 1 TO NTS - 1
NTS1 = (NT5 - T%)
FOR T1% = 1 TO NTS1
IF QI1(I1, Ti%) <= Q1(1, Ti% + 1) THEN 555
TEMPQ = Q1(11, T1%)
QI{I1, T1%) = QI{IT, T1% + 1)
QI{I, T1% + 1) = TEMPQ
555 IF WLI(I1, T1%) <= WL1(I1, T1% + 1) THEN 666
TEMPW = WLI(I1, T155)
WL, T1%) = WLIUL, T1% + 1)
WLI{1, T1% + 1) = TEMPW




i

" Appendix A A2

666 IF PCU(I1, T1%) <= PCI(II, T1% + 1) THEN 777
TEMP = PCI(11, T1%)
PCI(I1, T1%) = PCI{1, T1% + 1)
PCI(IL, T1% + 1) = TEMP
777 NEXT T1%
NEXT T%
OMAXU1) = Q1d1, NTS): QMIN(T) = Q141 1)
WMAXA1) = WLI(I1, NTS): WMIN(II) = WL1{(I1, 1)
PMAX1) = PCIGL, NTS): PMINGD) = PCI(1, 1)
PRINT #1, QMAX{), QMIN(})
PRINT #1, WMAX(I11), WMIN(1)
PRINT #1, PMAX(I1), PMINQ1)
NEXT 11

CLOSE #1: J$ = F§
' Proceed fo driving mena
EDS$ = "QUTPUT": CHAIN "DRIVE"

A e A T R R B S e T R A T R T 2
il
' SUBROUTINES
*ma pE S R N S A T T S e S A
=T P P ) .
DSWA:* Double swecp aigorithm selution _
PDXT) = DM(1) 7 CM(1)

PLLLY = EM(1} / CM(D)
PG} = FM(1) / CM(T)
PM = CM(2) - BM{2) * PIX(1)
PINZ) = (DM{2) - BM(2) * PL(13) / PM
PLO) = EM(2) / PM
PG(2) = (FM(2) - BM(2) * PG(1)) / PM
FORU=3TON-2
PB = BM(U) - AM(U) * PD(U - 2)
PM = CM(U) - PB * PD(U - 1) - AM(U) * PL(U - 2)
PD(U) = (DM(U) - PB * PL(U - 1))/ PM
PL(U; = EM(L]) / PM
PG(U} = (FM@) - PB * PG - 1) - AM(U) * PGXU - 2) / PM
NEXT U
PR = BM(N - 1) - AM(N - 1} * PD(N - 3)
PM = OM(N - i) - PB * PDXN < 2) - AM(N - 1) * PL(N - 3)
PD(N - 1) = (DM(N - 1) - PB % PL(N - 2)) / PM
POON - 1) = (FM(N - 1) - PB # PG(N - 2) - AM(N - 1) * PG(N - 3)) / PM
PB = BM(N) - AM(N) * PIXN - 2}
PM = CM(N) - PB * PD(N - 1) - AM(N) * PL(N - 2)
PG(N) = (FM(N) - PB * PG(N - 1)« AM(N) * PG(N - 2)) / PM
PX(N) = PG(N)
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PX{(N- 1I}=PG(N- 1) - PDM - 1} * PX(N)
FORU=(N-2)TO 1 STEP -1

PX(U} = PG(U) - PD{U) * PX(U + 1} - PL(U) * PX(U + 2)
NEXT U

RETURN

Hydrodynamics sub-model

———

INTP: * 1st..Interpelation of houndary values for chosen time step

DiP=0

FORT1% = 1 'TQO NTS

DIF=DTP + §

NTI = INTITSU / TS)

NIT=(NTS-2) * NTI + 1

IF T% = NTS THEN

QU= INTQD =0

TWU =0 INTWD = )
ICU =0, INTCD =0
GOTO 240

ELSE GOTO 230

230 ENDIF '

" IQU = (QU(T1% + 1) - QIKT1%)) / NTI
IWU = (WLU(T1% + 1) ~ WLUCT1%Y) / NTI
ICU = (CUCT1% + 1) ~ CUCT%)) / NTT
QD = (QD(T1% + 1) - QIXT1%)) / NTI
TWN o= (WLD(T1% + 1) - WLIXT1%)) / NT1
ICO = (CB(T1% + 1) - CD(T1%)) / NTT
240 TINC = NTI * DTP - NTI
DIF = 0 :
TAC = NT! * DTP
TING = TINC + 1 5
FOR TI% = FINCTO TAC -
IQU(TI%) ="QU(T1%) + IQU * DIP o
IWLUCTI®) = WLUCT1%) + IWU * DIP N
ICUCTI%) = CUCTI%) + ICU * DIP Y
IOD(TI%) = QD(T1%) + IQD * DIP |
IWLD(TI%) = WLD(T14%) + IWD * DIP
ICD(TI%) = CD(TI%) + ICD * DiP
DIP = DIP + 1
NEXT Tl%
QU(T1%) = IQUCT1%): QD(T1%) = IQD(T1%)
L WEBUC%) = IWLU(T1%): WLD(T1%) = IWLD(T1%)
N\ CUCrI%) = ICUCT1%): CDT1%) = ICD(T1%%) -
NEXT T1%
RETURN

STEAD: * Znd...Caleulntion of initinl conditions
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‘Evaluatimn of iow and high limits of Cross- ction

*& L. YMIN

- - - - - -
b3
1
i
1
H
¥
H
H
*
) -
g

FOR 11 = 1 TO NCRS
FOR 12 = 2 TO NPUI)
IE (YHIL, i2 ~ 1) < Y11, 12)} THEN 250
NEXT 12 _
FOR 12 = NP(IT) TO 2 STEP -
IR (YI(H, 12) > Y1(1, 12 - 1)) THEN 260
“ NEXTI2
250 YMINIQD = Y11, 12 - 1)-
260 YMIN2(D) = YIILI2- 1)
: I YMINI(I1) > YMIN2(11) THEN
YMINQI) = YMINY{E)
ELSE
YMIN(I1) = YMIN1(I1)
END IF
YM(IT) = YMIN(ID)
IF YI(I, 1) < Y1, NF(I1)) THEN
YMAX(ID= YI(N, 1 .
ELSE )
YMAX(1) = YI{I1, NP(I1)
ENDIF
- NEXTH ¥
FOR II= 1 T0 NCRS - 1

*Evaluation of bed slope of channel

Yodi

DIF = (YMIN(IT) « YMINCIE + 1))
SO(I1 + 1) = DIF / LCH(LL + 1)
NEXT I |
50(1) = 50

FOR I = 1 TO NURS
270 WS = (YMINGY) + YMAXII) /2
- GOSUB CSPRP
QMID = TCONV # SOUT) A (1 /2)
DIFQ = ABS(QMID - G1)
WHILE DIFQ = .01
IF Q1 > QMID THEN
YMINCE) = WS: GOTO 270
ELSEIF Q1 < QMID THEN
YMAX(I1) = WS: GOTO 270
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280

END IF .
'WEND
Q1) = QMID
WL(1) = WS |
H(D = WS - YMJD
PRH{1) = HJD)

PRLH(I) = HAD
PR.Q(I1) = Q1)
PR.WL() = WLITD)
PRIQ() = O
PR1L,WL/IT) = WLID)
NEXT i1
RETURN

——

CSPRP: * 3rd....Calenlation of cross-section properiies

\

290

LOCATE 19, 36: PRINT "Cross-section= "; 11
TWF = 0; TCONV = 0: TAREA = 0: A(I1) = 0
B(i) = 0: TWIDTH = 0: TRAD = 0
FORI2=2TONP(L} .
DIFL = WS - YI(LI2)

DIF2=WS: YIGLR2- 1)

DIF3 = ABS(Y141, I2) - YI(L 12 - 1))

DIF4 = ABS(X1{1, 12) - X1(11, 12 - 1)
IE DIF1 <= 0 AND DIF2 < 0 THEN 293
IF DIF1 » 0 AND DIFZ < 0 THEN
XT = DIF4 * DIF] / DIE3
AREA = 1 /2 * XT * DIF1
WP = SQR(XT » 2 + DIF] A 2) |
ELSEIF DIE1 < 0 AND DIE2 > 0 THEN
. XT = DIF4 * DIF2 / DIF3

AREA =172 * XT * DIF2
. WP =SQR(XT A2 + DIF2 A 2)
ELSEIF DIF1 >= 0 AND DIF2 5= 0 THEN
“XT = DIF4 .

AREA = 1/2 * (DIF1 + DIF2) * DIR4

© WER=SQRIXT A2 + DIF3 A 2)

END IF

RAD = AREA /| WP

ROUGH = NCH(I1}

CONV = AREA * RAD » {2/ 3) / ROUGH

TCONV = TCONV + CONV

TAREA = TAREA + AREA

TWP = TWP + WP

TRAD = TRAD + RAD

TWIDTH = TWIDTH + XT
NEXT 12

WL(I1) = WS
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’ﬁiﬂr

H(1) = WLAT) - YM(1)

K1) = TCONY

A(ID) = TAREA

B(1) = TWIDTH
V(I = O 13 ] AT

RETURN

i,
e

LNH " 4h... Lincarisation of Hydrodynamiics equations

FOR If = 1 TO NCRS
IF ITER = | THEN
WS = PRWL{AT)
Qi) = PR.Q(11)
 GOSUB CSPRP
PRH(I1) = H(1)
R.AVEI() = KA
AAVEI(I) = A1)
 B.AVEI{1) = BQD)
V.AVEL(I1) = V(1)
©, PREAD=KAD
PR.B(I1) = B{I1)
PR.A(IL) = A(I1)
ELSE
. WS= PRI.WL(!_I}
Q1) = PRLQAN)
 GOSUB CSPRP
" PRLH(I1) = H(I1)
KAVEI(IN = (1 - X[ * K1) + X1 * PR Kan
ENDIF
NEXT it
FOR i1 =1T0 (NCRS - 1)
iF ITER = 1 THEN _
BAVE(D = (PRBUL + PREB(1 + 1)) 72
A.AVEQI) = (PR.A(ID) + PRA®I + 1)) /2
V.AVE(1) = (PR.V{I1} + PR.V(IT = 1) /2
ELSE
B.AVE(D = (1 - XI) * (PR.B(I1) + IRB(1 + D)/ 2

B.AVE(IY) = BAVE{JD + XI * (B} + Bl + 10 /2

AAVE(D = (1 - XD * {(PRA(I) + PRA(II + 1)} /2
AAVE(D) = AAVEQD) + XI* (A1) + Al + 1))/ 2
V.AVE(IL) = (1 - XD * (PRV{I1) + PRV + 1)) /2
V.AVE(Il) = V;&VE(I!) +XE* (VAN + VIt +1) /2

END I

NEXT 11

RETURN

COFH: "5th....Caleulation of coefficicnts for solution matsice

PRV(IT) = VU1 | . K
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FOR it = 1 TONCRS - 1

.’Conununy eq.lat:on

Ci{I1) = B,AVE({ID * LCH(l + 1)

CI) = -2 % TH * TSP :

C3(I1) = BAVE(ID * LCHAT + 1)

CHil) =2 *TH * TSP

CH) = Z % (1 - TH) * TSP * (PRI + 1) - PRI}

C5(I1)Yy = C5(11) - BAVE(QD * LOHI + 1) * (PR HJ + 1) + PRHRL)
CS(II} = ~C5(11)

e

’Momemum equamm
MIQD) = -2 * 081 * A AVE(1) * TH * 18P -
M2(11) = TH * ABS(PR.QAI1)) / KAVEL{I1} 2 2
M2(1) = 9.81 * A AVEQD * M1} * TSP * I.CH{H + 1)
M3(1) = 2 * 9.81 * A AVE({Ll) * TH * TSP
M4y = TH * ABS(PR.GIIN + 1) /KAVEI(I1 + A2
MA(I1) = 0,81 * A AVE(I1) * M4d1) * TSP * LCH(I1 + 1)
Fl=2%(1 - TH) #(PRH + 1) - PRH(ID) * TSP
F2 = PRQYIL + D * ABS(PR.QAL + I /PRKAI + 1} 22 =
F=0-TH*FE2*TSP*LCH{I1 + 1)

- F3=PR.QAID) * ABSPR.QALY) / PRKIN) A2
F3=(1-TH)*F3* TSP * LCH{II + 1)

- FA=.2 % SO(I1) * TSP * LCH(L + 1)

M3{11) = -2.81 * A AVE(II) *\ + F2 + F3 4 F4)

¥

NEXT 11 )
RETURN

R L

 HMAT:* 6th....Gencral arrangement of matrix

N =2 % (NCKS - 1)
DM(1) = €3(1): EM(1) = CKD)
CM(2) = M3(1): DM(2) = MA(1): EM(D) = 0
IF¥ BOC = 1 OR BOC = 3 THEN
CM(1) = C2(1)
BM() = M2(2)
FM(1) = C5(13 - CI(T) * (WLUCT%) - YM(I)
FM() = M5(1) - MI(1) * (WLU(T%) - YM(1)
ELSE
CM(1) = CI{1)
BM(2) = MI(1)
¥M(1) = C5(1) - C2(1) * QU(T%)
FM(2) = M5(1) - M2(1) * QU(T%)
END IF
FOR U=4TO (N-2)STEP 2
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Vaiif2 -
AM(U - 1) = 0: EM(U) = 0
BM(U - 1) & CL(V): AM(U) = M1(V)
CMIU - 1) = C2(V): BM(L) = M2(V)
4. DM(U - 1 = CHV: CM(Uj = M3(V)
<7 EMU - 1) = CA(VY: DM{U) = MA(V)
FMU - D = C3VY: FM(T) = MS(W)
NEXT U
AM(N - 1) = 0
BM(N - 1) = CINCRS - 1)
CM(N - 1) = CHANCRS - 1)
AM(N) = MI{NCRS - 1)
BMN) = M2NCRS - 1)
IF BOC = 1 OR BOC = 2 THEN
DM(N - 1} = C4(NCRS ~ 1)
CM(N) = M&(NCRS - 1)
FM(N - 13 = CS(NCRS - 1) - C3(NCRS - 1) % (WLI(T%) - YM(NCRS))
FM(N) = MS(NCRS 1)- MS(NCRS < 1) * {WLD(T%) - "MINCRS))
ELSE
DM(N - 1) = C3(NCRS - 1)
OM(N) = MIUNCRS - 1)
FM(N - 1) = C5(NCRS - 1) - C4QNCRS - 1) * QD{T%)
FM(N) = MS(NCRS - 1)'- MA(NCRS - 1) * QD("%),
END IF
RETURN

Pollutant transport sub-model

_LINP: * 7th...Linearisation nf equations

CFOR 135 1 TO NCRS
iF JTER = 1 THEN
PO() = PRPOAY
ELSE
: PO = PRIPCH
END IF _
NEXT §f *
FORI1 =1 TO NCRS - 1
IF ITER = 1 THEN
PC.AVE(D = (PRPCIT + 1) + PR. pc:(u)) /2
SLSE
CPCLAVE(D) = (1 - TH) * (PRPCU1L + 1) + PRSI /2
PC.AVE(ID = PCAVE@IL + 1Y+ TH* (PCUL+ 1) + Fc:(m) 12
END IF
NEXT f1
RETURN




Appendix A A 36

(f‘OI‘P ' 8th....Calculations of coetfitiont for matrix

>ﬁﬁﬂ~l1‘0!\€‘k5 1

ry

. ke=0
’ :}im”“ LCH(I + 1} 2 * TH * VI{I1, T%) ¥ TSP
P2(I1) = LCH(I + 17+ 2 * TH * VI{(1, T%) ¥ TSP
PAA = 2 % kp * PCAVEQAD * LCK(I + 1) ¢ TSP ¢
P3A = P3A - (PRPCGE !+ 1 & PRPCUD) * LCHAL + 1)
AA =2 * PCAVE( 7 AL, T%)
 P3B = AA *TH * (QIGil + 1, 'r%; QIqIL, T%) * TSP
CWFT%= 1THEN . -
P3C=0 ' -J;-;,; .
ELSE )
PIC=AA* (i~ TH)T’\ -J}I{’Ia + 1L T%- l,L— Q111 1% - 1)) * TSP
END IF 13
P3D =2 * Vi1, T%} * t-.\ TH) * (PR PC(I! +.) - PR PC(II)) * 'I‘SP
P3(11) = «(P3A + P3B.+ PJ&C + PC'D) ‘
NEXT I e
RETURN l‘u

PMAT: *"9th... General ariangemqm of matrix

N= (Nf‘RS
© AMKTY = O BM(I} ¥ .
CM(I) = PAD) e Yoy
FM11) = PA(1) - PI(1) * CU(T%) h
FORU=1TON
AMU) =0
s  DMUI=0
EMA) =0
NEXT U » £
FORU=2TON '
BM(U) = PHU)
CM) = P2U)
EM(UY = P3(U)
NEXT U
RETURN

Submuunr% for input and outpus operatons |

CHDR: * 10th ¢ o z.énge Disk drive

-

CL8': COLOR 7,0 BOXN = 20: BOXTYPE = 0: YBOX = 3: XBOX = 15
EOXLEN = 50: BOXS = *": GOSUB BOX | '
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BOXN = 1: BOXTYPE = 0: YROX = 4: XBOX = 20: BOXLEN = 40
BOX$ = "ADVECTIVE WATER QUALITY MODEL": GOSUB BOXI
BOXN = 1; BOXTYPE = : YBOX = 6: XBOX = 25: BOXLEN = 30
BOXS = "SIMULATION PROGRAM": GOSUB BOXI
BO..4 = 1: BOXTYPE = 1: YBOX = 10; XBOX = 23; BOXLEN = 34
BOXS = "DATA will be LOADED from™: GOSUB BOX1
BOXTYPE = 1: YBOX = 14: XBOX = 34: BOXLEN = 12
BOXS = "Dnive " + DR$: GOSUB BOX1: COLOR 31
LOCATE 18, 25: PRINT “Pross [SPACE RAR) 10 change Drive”
COLOR 7, 0: BROXTYPE = 1: YBOX = 20: XBOX = 2: BOXI BN == 32
BOXS = * Press [iater] to confirm™; GOSUR ROX1: GOTO %0
340 LOFAYE 21, 53 _
350 K$ = LGKEYS: IF K$ = ™ THEN 350 ELSE K = ASCKS)
™ RE <> " " THEN 370
% RS = "A" THEN DRS = "B:" ELSE IF DR$ = “R;" THEN DRT = "¢
ELDE DRS = "A
260 TOCATE 15, #7: PRINT DRS; : GOTO 240
370 IFK =13 ORK = 27 THEN RETURN ELSE 340
RETURN

- LYY

OFOP: 11th....Outpnt fil:. oxuauens

COLOR ? i BO‘AN 5 BOXTYPE = 1: YBOX = 16: XBOX = 20

BOXLEN = 40: BOXS$ = "": GOSUB BOX}

BOXN = 1 BOXTYPE = 1; YBOX = 17: XBOX = 25, BOXLEN = 30

BOXS = “Store RESULTS in drive " + DR$: GOSUB BOX]

LOCATE 20, 28: FRINT "Eater filename ;™ COLOR 31

LOCATE 21, 25: PRINT "Pnass {+  ce bar] to change deive "

COLOR 7, G: LOCATE 23, 25: ¢ wT"  Press [Enter) to continue "

IL=0:CY=20: CX =45: K$ = F§

X = (i F§ = SPACESQ0): WLEN = 8
180 LOQCATE CY, CX + X, 1
19 AS INKEYS: IF A% = " OR LEN(AS) = 2 THEN 18(

WAL IF L« S OR K = 12 OR K = 24 THEN 180

lf- uéwn AND X = ) OR K = 27 THUN I8 = K$: RETURN

IEAS < " THEN 200

IF DRE = "A. THEN DR$ =~ "E:" ELSE IF DRS = "B:" THEN DR§ = “C:"
ELSE DRS$ = "A:"

COLOR 21: LOCATE 18, 51: PRINT DRS$: COLOR 7, (: GOTO 180
200 1F K = 46 THEN 190

IF K = 13 THEN F$ « LEFTS(F$, WLEN): T = 1; RETURN 4
218 IF X < 1 AND (X = WLEN) THEN LOCATE CY, CX: PRINT " ™ LGCATF
C¥, CX: BEEP: GOTO 180

IFK ~ %9 OR K = WLEN THEN A% =" " GOT0 220

X=X+ 1 [F X > WLEN THEN X = WLEN: GOTO 150

PRINT A%;
2260 IF X = 0 THEN BEEP: GOTO 180

MIGS(EFES, X, 11 = AS
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IF K = WLEN THEN LOCATE CY, ©X + X: PRINT A%: X = X ~ 1: LOCATE
CY, CX + X: PRINT AS: LOCATECY, CX + X

GOTO 180

J$=F5: CLS: COLOR 7, 0

RETURN

IOAD ' 12th.. Load cxisting data file

LT LT T

*‘Cross-section data
LI = 1: MRG = (: CLS : COLOR 7,0
1P K = 27 THEN IF MR(G > 0 THEN MBG = 0 CHAIN "DRIVE"
BOXTYPE = 0 YBOX = I: XBOX = 15; BOXLEN = 40
BOXS = "ADVECTIVE WATI:R QUALITY MODEL": GOSUB BOX1
BOXTYPE = 1; YBOX = '3; XBOX = 1: BOSLEN = ?5
BOXS = " GOSUB BOXI
X = 0: LOCATE 6, 1, 1,212, 12: ON ERROR GOTO 560
. FILES DRE + "+ ('S": PRI!*-FT STRINGS(77, CHRF(205))
380 ONERROR GOTG 580
BOXTYPE = 1: YBOX = 20: XBOX = 1: BOXLEN = 75
BOXS = " GOSUB BOX!1
390 ON ERROR GOTO {t: LOCATE 21, 15; COLOR 34
PRINT ¥ {Esc] o Abor [Enter] to confirm selection”;
COLOR LG K8 =FhCY =)W= CX =11 X =1
F$ =™ WD = 1: FLES = "™ TYP = 0
A0 FIES= " FORZ=1TO 12
FILES = I‘!LE$ + CHR$SIREEMCY, CX + Z - 1)
NEXT Z,
IFFLES =" " THEMN CX = YX: CY = IY: FILES$ = F§: GOTOQ 430
IF INSTR(FILES, CHR$(2 > 0 AND K =72 THEN BEER: CYy =Y - It
GOTO 550
IF INSTR{FILES. CHRS(I(S) » 0 AND K = §C FHFN 420 BLSE GOTO 430
420 BEER CY = CY + 1: QOO 550
430 TYP = (: LOCATE CY, OX: COLOR O, 7: PRINT m..r:s. : COLOR 7,
LOCATE 4, 1k PRINT "Leading 3 : COLOR 31
IF INSTR(EILES, ¥.C8" = (0 THEN PRINT "CROSS-SECTION"
LOCATE CY, €©X: COLOR 31: PRINT FILES: COLOR 7,0
LOCATE 4, 40: PRINT "Piletnzag: 5 : COLOR, 0, 7: PRINT FILES;
& COLOR 7, 0 KRS = INKEYS: IF KK$ = " THEN 440
TE LEN(KKS) = 1 THEN K = ASC(KKS) ELSE K = ASCMIDA(KES, 2, 1}}
IY 5 CY: W= CX: F§ = FILES
IF K = 27 THEN 450 ELSE 460
450 IF MRG < 0 THEN MRG = 6. CHAIN "DRIVE" ELSE MRG = 0
460  IF K <> 13 THEN 500
IF MRG <> X THEM 490
ON BRROR GOTO 480
470 MRG = (1 F§ = K§: CHAIN "DRIVE" .
480 RESUME 470
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450
500

510
520
530
540
550
560
570
580
500

€00

61t

620

638

IF MRG = 0 THEN 600

FRK=720RK=5THEN51) °'UP
IF K = 80 OR & = 24 THEN 520 'DOWN
FK=77ORK=4THEN 530 °RIGHT
WEK=75ORK=i19 THEN 540 'LEFT
3070 440

IF CY <= 4 THEN 440 ELSE CY = CY - 1; GOTO 550
F CY = 24 THEN 440 ELSE CY = CY ~+ 1. GOTO 550

IF (X »= 66 THEN 440 ELSE CX = CX + 18: GOTO 550

IF CX <= 1 THEN 440 ELSE CX = CX - 18 GOTO 550

LOCATE J¥, IX: PRINT F$: COT0 400

RESUME 570

X=X+ 1:GOTO 33D

RESUME 500

IF X = ( THEN GOSUB 390 ELEE LOCATE 12, 28: PRINT *NG CS Files"
LOCATE 25, 1: PRIMT STRINGS49, " "% : BEEP: "GOSUE DIR2
LOCATE 22, 1: COLOR 7, &: PRINT STRING$(78, CHRS(196))

SV = 0 CLS : LOCATE 10, 37: PRINT LOADING .
BOXE = F§ + ".C8" GOSUB ROX1
OPEN "1", #1, DRS + F§ o _
INPUT #1, NCRS _ R
FOR 1] = 1 TQ NCRS ' :

“INPUT #1, I1, LCHIY), NCH1), NP(11)

- FOR 12 = 1 TO NP(11)

INPUT #1, X1, 12), Y1d1, I
NEXT 12
NEXT i1 __ .
CLOSE #1. 1§ = MIDS(F§, 1. INSTR(FS, ".") - 1)

"Boundary condition: data

LL &= 1; MRGE = O GOSUB CHDR: CLS : COLOR O, 7
¥ R = 07 THEN IF MRG » 0 THEN MRG = 0. CHAIN "DRIVE"
BOXTYPE = (: YBOX = 1: XBOX = 15; BOXLEN = 40
BOXS = "ADVECTIVE WATER QUALITY MODEL": GOSJUR BOX1
BOXTYPE = 1 YBOX = 3; XBOX = 1; BOXLEN = 75
BOX$ = " GOSUBR BOX1
X=0:LOCATE 6, 1, 1, 12, 12: ON ERROR f0TQ 780
FILES DRS + "* BC": PRINT STRINGS(77, CHR$(205))
ON ERROR GOTO 800 : .
BOXTYPE = 1; YBOX = 20: XBOX = 1: BOXLEN = 75
BOXS = " GOSUB BOX1
ON ERROR GUTO 0. LOCATE 21, 15; COLOR 31
PRINT " [Escl to & a1 [Enter] 10 confim scleetion™;
COLOR T, O RS vH ¥ s R I¥ =i CR= 11 ¥ =)
F§ o™ WD 1N FILER =" TYP =0
FILES = "™ FOR Z=1T0 12
FILES = FILES + CHRESCREENICY, CX + Z- 1))
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NEXT Z
1 FILES = "THEN (X = JX: CY = IY: FILES = F$: GOTO 650
IF msmum:s. CHRS(205)) > 0 AND K = 72 THEN BEEP: CY = C¥ - I
GOTO 770
IF INSTR(FILES, CHRS(205)) > 0 AND K = 80 THEN 640 ELSE GOTO 650
646 BEEP: Y = CY + 1: GOTO 770
650 TYP =0 LOCATE CY, €°X: COLOR 0, 7: PRINT FILES; : COLOR 7. 0
LOCATE 4, 10: PRINT "Loadir & :"; : COLOR 31
W INSTRIPILES, "BOC"Y = 0 TﬂFN PRINT “BOUNDARY CONDITIONS
DATA"
LOCATE CY, CX: COLOR 2:: PRINT FILES: COLOR 7, 0
LOCATE 4, 40; PRINT "Filename: *; : COLOR 0, 7: PRINT FILES;
660 COLOR 7.0
: KKS$ = INKEYS$: IF KK$ = ™ THEN 660
IF LEN(KKS$) = | THEN K = ASCKKS) ELSE K = ASC(MIDS(KKS, 2, 13)
JY = CY: JX = CX: F$ = FILES J
" IFK= 27 TREN 670 ELSE 680 / '
ST  IFMRG <> 0 THEN MRG = 0: CHAIN "DRIVE" ELSE MRG = 0
680 IF K <» 13 THEN 120
IF MRG <> 3 THEN 710
* GN ERROR GOTO 700
690" MRG = 0: F§ = K$: CHAIN "DRIVE"
700 RESUME 690
710 T MRG = 0 THEN 820
720 IWR=720RK=5THEN 730 'UP
IF K = 40 OR K = 24 THEN 740 'DOWN
IFK =77 ORK =4 THEN 750 'RIGHT
IFK =75 OR K = 10 THEN 760 ‘LEFT
_ GOTO 660 |
T30  IF CY <= 4 THEN 660 SLSE CY = CY - 1; GOTO 770
740 1F CY >= 24 THEN 660 ELSE CY = CV + 1: GOTO 770
750 I¥F CX >= 66 THEN 660 ELSE CX = CX + 18: GOTO 770
760  IF CX <= 1 THEN 560 BLS:. CX = CX - 18 GOTO 770
770 LOCATE JY, JX: PRINT F§: GOTO 630
780 RESUME 790
90 X=X+ 1: GOTO 610
800 RESUME 810 -
810 IF X = THEN GOSUB 620 ELSE LOCATE 12, 28: PRINT "NO BB Files”
LOCATE 25, 1: PRINT STRINGS$(40, " ") : BEEP; 'GOSUB DIR2
LOCATE 22, 1: COLOR 7, 0: PRINT smmc:ms. CHR$(196))
§20 SV =0: CLS : LOCATE 10, 37: PRINT LOADING
ROXS = F$ + "BE: GOSUB BOX1
OPEN "T", #1, DRS + F§
INPUT #1, SDU, TSU, NTSU
FOR T% = 1 TO NTSY
INPUT #1, TC1%), QUITS), WLUCTS), CUCTS
NEXT T%
INPUT &1, SDD, TSD, NTSD
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FOR T% = 1 TO NTSD

INPUT #1, T(P2), QD(I%), WLD(T%), CD(T by

NEXTT%

CLOSE #1, J$ = MID$(FS, 1, INSTR(ES. ".") - 1)
© RETURN

-------------

BOX1:: 1"} Draw box
comk .0
IF BOXTYPE = () THEN
BOX1 = 201: BOX2 = 187: BOX3 =
BOX4 = 1§8: BOXU = I86: BOXL = zm
END IF "
IF BOXTYPE = 1 THEN :
BOX! = 218: BOX2 = 191: BOX3 = 102
BOX4 = 217: BOXU = 179: BOXL = 196
ENDIF - . .
LOCATE - YBOX, xnox PRINT CHR$(BOX1): STRINGS(BOXLEN,
CHRI(BOYL): CHR$(BOX?) .
FORY = 1 TO BOXN | o
YBOX = YBOX + 1 ¥ )
LOCATE YBOX, XBOX: PRINT CHR$(BOXU);
LOCATE YBOX, XBOX + BOXLEN + 1: PRINT CHRMBOXLD
NEXT | _ -
LOCATE YBOX XBOX + (BONLEM « LEN(ROX$)) / 2: PRINT BOXS:
"LOCATE YBOX + 1, XBOX: PRINT CHRMBOX3) STRINC‘S{BOXL::N
CHR$(BOXLY); CHRSBOXS; :
RETURN
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"B e rrersarearans ADVECTIVE WATER QUAIJ rY MODEL .................. o

L P Devoloped by Musa 8, Furemele... .
‘*OUTPUT HANDLING MODUL.E......................*
Y reressnrnsstessnnn VOISO 10 iicinessasanansninns *

T Sepl\.mbcr 1991 .......................... %

OPTION BASE 1
DIM Q1(90, 96), WL1(30, 90}, PC1(90, 90), V1(30, 90}, L.CH(90)

DIM ITERH(90), ITERP(90), GMAX(0), WMAL(90), QMIN(G)
DIM WMIN(90), PMAX(50), PMIN(90)

MENU: CLS : COLOR 7, 0

BOXN = 18: BOXTYPE = 0; YBOX = 3: XBOX = 15 BOXLEN = 50
BOXS = **; GOSUB BOX1

BOXN .2 1: BOXTYPE = 0: YBOX = 4: XBOX = 20: BOXLEN = 40
BOXS = "ADVETIVE WATER QUALITY MODEL": GOSUR BOX1
BOXN = 1: BOXTYPE = 1: YBOX = 6: XBOX = 25: BOXLEN = 30
BOXS = * QUTPUT OPERATIONS": GOSUB BOX!1

.. LOCATE 10. 31: PRINT “[ J.LOAD Output file"
[ WOCATE 12, 31: PRINT "[ LDISPLAY resuits *
. LOCATE 14, 31: PRINT *[ ]PRINT results *

LOCATE 16, 31: PRINT."[ 1.EXiT Module"
LOCATE 10, 32; PRINT “L": LOCATE 12, 32: PRINT "D"
LOCATE 14, 32 PRINT "P": LOCATE 16, 32: PRINT "E"
COLOR 7, 0: BOXTYPE = 1: YBOX =/18: XBOX = 28; ROXLEN = 25
BOX$ = * ENTER Seleetion : [ |": GOSUB BOX1

LOCATE 19,50,1, 1,10 -

10 EDS = INKEYS: IF ED$ = ™ THEN 100

(IF EDS$ = "L" OR EDS$ = "1" THEN GOSUB LOAD
I¥ ED$ = "D" OR ED$ = "d" THEN GOSUB DISP
IF EDS = "P* OR ED§ = "p" THEN GOSUB PRNT
IF EDS = "E" OR EDS$ = ¢” THEN CHAIN "DRIVE"
END

bres: 'DISP[ AY existing IData files

GOSUB CDRV

CLS : LOCATE 7, 0 PRINT "LIST QF DATA FILES IN DRIVE "; : COLOR
3}: PRINT BB$%

COLOF. 7, 0: PRINT STRINGS(78, 196): ON ERROR GOTO 230

PRINT "~--CROSS-SECTION---": COLOR 7, 0

EXT = I: FILES BR$ + "*,CS8": ON ERROR GOTO 230
200 PRINT “.--BOUNDARY CONDITION----": COLOR 7, 0

EXT = 2: ON ERROR GOTO 230: FILES BBS + "+ BC"

ON ERROR GOTO O
210 GOSUB DIR2: RETURN
DIR2: LOCATE 23, 28: COLOR 31: PRINT "PRESS ANY KEY TO CONTINUE";
: COLOR 7, 0: BEEP
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220 A% = INKEYS: IF A$ = "™ THEN 220 ELSE RETURN
230 RESUME 240 _
240 PRINT "No existing files...": BEEP
ON ERROR GOTO 0: IF EXT = 1 THEN 200 ELSE 210
RETURN

- FDOP; "Filename and Diive Operation

CLS : COLOR 7, 0: BOXN = i: BOXTYPE = (); YBOX = §5: XBOX = 16
BOXLEN = 42; BOX$ = "Insent DATA DISK in DRIVE " 4 BB§: GOSUB
BOX1
; LOCATE 10, 26: PRINT "ENTER FILENAME *; COLOR 31
LOCATE 16, 20: PRINT "Pross [Space Bar] to change DRIVE ": COLOR 7, 0
LOCATE, 18, 20: PRINT " Press [ESC] to abont™;
CLL=0:CY=10: CX =43 K$ = F$
X = ; F$ = SPACESQ0). WLEN = 8
1O LOCATECY, X +X,1 &
1110 A% = INAEYS IF AS = " OR LEN(AS) = 2 THEN 110
K=ASCASX IFK=50R K= 12 OR K= 24 THEN 11{0)
IF{K =13 AND X =) OP. K == 27 THEN'F§ = K$: RETURN
IF A$ <> " * THEN 1120
IF RB$ = "A:" THEN BB$ = "B:" ELSE IF BBS = "B." THEN BBS$ = "C:" ELSE
BBS = "A:"
COLOR 3i: LOCATE 6, 5¢: PRINT BBS; : COLOR 7, 0: GOTO 1113
N2 JF K = 46 THEN 1110 -
IF ¥ = [3 THEN F$ = LEFTS(FS, WLEN): T = 1: RETURN
1130 IF X <1 AND (K = WLEN) THEN LOCATE CY, CX: FRINT " ": LOCATE
CY, CX: BEEP: GOTO 1100
K =39 OR K = WLEN THEN A$ =" " GOTD 1140
X=X+ 1: IF X > WLEN THEN X = WLEN: GOTO 1100
PRINT AS;
1140 IF X = 0 THEN BEEP: GCTO 1100
MIDS(ES, X, 1) = AS
IF K = WLEN THEN LOCATE CY, CX + X: PRINT A$. X =X - 1: LOCATE
CY, CX +X: PRINT AS: LOCATECY, CX + X
GOT(O 1100
%= FS
CiS:COLOR 7,0
RETURN

DISP: 'Display results oh screen

CLS : COLOR 7, 0: BOXN = 1; BOXTYPE = 0; YBOX = 1: XBOX = 15

BOXLEN = 50: BOXS$ = "TADVECTIVE WATER QUALITY MODEL": GOSUB
BOX1

BOXN = 1: BOXTYPE = 1: YBOX = 3: XBOX = 20: BOXLEN = 40

BOXS = "HYDRODYNAMICS RESULTS": GOSUB BOX1

FOR I1 = 1 TQ NCRS: COLOR 7,0
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LOCATE 5, 30: PRINT "Cross-section no,"; 11
LOCATE G, 30: PRINT "eemsmemmmmamann s v
LOCATE 7, 10; PRINT " Time "; SPC(5); * Flow "; SPC(7); * Stage "; SPC(7);
“Velocity"; SPC(7); “lier”
LOTCATE 8, 10: PRINT "{mins)"; SPC(5); “(cumecs)”; SPC(73 " (m) "; SPC(7):
" (m/sy " SPCACR " T
LOCATE ©, 10; PRINT " "
- FOR TV% = 1 TO NTS
T™M=T%-1*TS
C=1¢G
IFT% > 11 THEN R = T% - "BLSER TG + 9
IFT% » 22 THEN
R=T%-13
=0
END IF
LOCATE R, O PRINT USING "$#h " TM SPC(S): QII1, T%): SPC():

- WLI(JL, T%) SPC(6) V1, T%); SPC(T): ITERH{TY)

FT% =17 ORT% =22 THEN
-BOXTYPE = 1: YBOX = 22: XBOX = 20; BOXLEN =28
BOX$ = “Press [Enter] to Continue™: GOSUB BOX1
LOCATE 23, 35: INPUT ™", EDS: EDS = INKEYS
IF ED§ = "E" THEN 1150 '
1150 NEX’I' T% -
- BOXTYPE = l-: YBOX = 22 XBOX = 26: BOXLEN =28
BOXS = "Press {Enter] to Continne™; GOSUB BOX1
LOCATE 23, 35: INPUT **, ED'$: EDS$ = INKEYS$
1F EDS = "" THEN 1150
1160 NEXTTI :
GOSUB MENU
RETURN _
FOR'I1 =1 TO NCRS
BOXN = 1: BOXTYPE = () YBOX = I: XBOX = 2(0: BOXLEN = 40
BOXS = "ADVETIVE WATER QUALITY MODEL"; GOSUB BOX1
BOXN = 1: BOXTYPE = I; YBOX = % XBOX = 25: BOXLEN = 30
BOXS = "POLLUTANT TRANSPORT RESULTS": GCSUB BOX1
LOCATE 5, 32: PRINT "Cross-saction no &
LOCATE 6, 32; PRINT "-ewsumemremmmene
LOCATE 8, 10: PRINT * Timse ", “Conccnlratmn , "ler”
LOCATE 9, 10; PRINT "(mins)", " (mgA) °, "™
LOCATE 10, 1% PRINT M- "
FOR T% = 1 TO NTS
TM = (T% « 1) * TS R =TS + 10
LOCATE R, 10: PRINT TM., PC1{1, T%), SPC); , ITERP(T%)
NEXT TS
NEXT I1
RETURN
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PRNT: "Send resulis to printer

L PRINT S P C (5 )
LPRINT SPC(S); "ADVECTIVE WATER QUALITY MODEL "
LPRINT SPC(5); "Developed by Musa S, Farumele”
LPRINT SPC(5)% "Version 1.0"

LPRINT SPC(5); "September 1991™

. P R I N 'F S P C (5 )
LPRINT SPC(S). "SIMULATION RE%ULTS : FILENAME."; F§

L P R I N T S P C { § ) 3
LPRINT SPC(SY, "Durauon =3 SD; “mms“

LPRINT SPC{S); "Time step (d[) -“, TS; "mins”
LPRINT SPC(); "Reach length (dx) =" LC; “m"
LPRINT SPC(S); "Theta...... =" TH
LPRINT SPC(SY: "Xi..visnaen =" X1 =
LPRINT SPC(5); " *
= LPRINT SPCI5): "HYDRODYNAMICS .‘.sUB-MODEL“
LPRINT SPC(S) ™
=10
'FOR I = 1 TO NCRS :
LPRINT SPC(S): " o
- LPRINT SPC(5); “Cross-section no ;11 + L at Km"; (11} ¥ 1L.C
" LPRINT SPCEE); Mmvarsimn sim
LPRINT SPC(5); " Time % SPC(S). " Flow " SPt(Z) " Stage . SPC(3)
"Vidoeity™; SPC(S); "lier”
LPRINT SPC(5) "(mins)"; SPC(S); "(cumecs)™; SPCR2): " (m) ) SPC(B}, "
(mfs) ° " " .
LPRINT SPC(5); "anreom " A
FOR T% = 1 TO NTS : .
TIME = (T%.- D) * TS
IF 1% <= 17 THEN
LPRINT USING “##Ea"; SPC(3), TIME; SPC(8): QI{Il, T%}, SPCA):
WL L, T%) SPCC); VIQL, T%); SPC(S) ITERH(T%)
ELSE
LERINT USING “#iss# &8 SPC4); TIME; SPC(4); Qi(L, T%); SPCH)
WLIGE, T SPC2);, VI(IL, T9%); SPCd); ITERB(TY)
. END IF
NEXT T%
LPRINT 8PC(5); " "
"WEXT 11

LPRINT””SPC(S);

lPRINT SPC(S): "POLLUTANT TRANSPORT SUB-MODEL"
LPRINT SPC(5) "
'FOR 11 = 1 TO NCRS
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LPRINT SPC(5); "
LPRINT SPC(5); “Cmae—secuon no ¥
LEPRINT SPC(5); "remmsesmmemnmemaen
LPRINT ™
LPRINT SPC(5); " Time ", TDS ", "Lier"
LPRINT SPC(5); "(ming)", * (agh) ™, *
LPRINT SFC(5); " #
FOR T% = 1 TO NTS

TIME = (1% - 1) * TS

IF T <= 17 THEN
LPRINT USING " SPC;’&,) TIME; SPC(4); PCI1Q1, T%); SPC(3)

ITERP(T%)
ELSE
LPRINT USING "####.48"; SPC(5); TIME; SPC(3); PCI(II, T%}): SPC(2)%
ITERP{T%)
END IF
NEXT T% o
LPR[NT SPC(s); " I 11
'WEXT 1N ‘ _ a
: LPR}NT S-PC(S):
LPRINT BPC(S) " SUMMARY OF RESULTS "
LPRINT SPC(5): "Maximum- stage,flow,poliutant concemraucn
LPRINT SPC(5); "
LPRINT SPC(3); ™
LPRINT SPC{5) "Section”, " Flow ", * Stage ", " TDS "
LPR].N'T SPC(S); n' ﬂ(cumecsy-, 1] (m} n' " mgﬂ ]
LPRINT SPC(5), " "

FOR 11 = 1 TO NCRS
LPRINT USING "#####"; SPC(S): It SPC(@4) QMAXIL: SPCES):
WMAX(I1); SPC); PMAX(I1) Lo

NEXT i1

LPRIRT SPC(S): " "
LPRINT SPC(3Y; "Minimum- “lagc.finw,pollulant t.oncem:ancm"
LPRINT SPC(SY, "

LPRINT SPC(5); ™ |

LPRINT SPC(5); "Section", * Flow. “, " Stage ", “TDS "

LPRINT SPC(5): *  *, "(cumecs)™, * (m) *, “mgA "

LERINT SPC(S) !

FORI1 =1 TQ NCRS .

LPRINT USING “ssbe#"; SPC(5), I1; SPC@); QMAXA1l): SPC@):
WMAX(I1); SPC(5); PMAX(D '

NEXT 11

LPRINT-SPC(S}:

......................................

44 e e v

LOAD: "LOAD output file
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LL = 1: MRG = 0: GOSUB CDRV: CLS : COLOR 7, 0

IF K = 27 THEN IF MRG > 0 THEN MRG = 0

BOXTYPE = (: YBOX = 1: XBOX = 15: BOXLEN = 40

BOXS$ = "ADVECTIVE WATER QUALITY MODEL": GOSUB BOX1
BOXTYPE = 1: YBOX = 3: XBOX = 1: BOXLEN = 75

BOXS$ = "™ GOSUB BOX1

X = 0: LOCATE 6, 1, 1, 12, 12: ON ERROR GOTO 1330

FILES EBB$ + "+, O0UT": PRINT STRINGS$(77, CHR$(205))

1170  ON ERROR GOTOQ 0: LOCATE 21, 15: COLOR 31
. PRINT " [ESC] to Abort  [ENTER] to Confirm sclection™;
COLOR 7, 0: K$=F8: LY =7 ¥ =4: LX=1: X =]
F " WD = 12: FILES = " TYP =0
1180 FILES="'FORZ=1TQ12
FILES = FILES$ + CHR$/SCREENI(CY, CX + Z - 1))
NEXT Z . - -
IFFILES =" " THEN CX = JX: CY = JY: FILE$ = F$: GOTO 1200
IF INSTR{FILES, CHR${208)) > 0 AND K = 72 THEN BEEP: CY = CY - 1t
GOTO 1320 ‘ _
IF INSTR(FILES, CHRS$(205)) > 0 AND K = 80 THEN 1190 ELSE 1200
1190 - BEEP; CY = CY + 1: GOTO 1320
1200 TYP =0 LOCATE CY, CX: COLOR 0, 7: PRINT FILES; : COLOR 7,0
LOCATE 4, 10; PRINT "Loading :"; : COLOR 31
IF INSTR(FILE$, “.OUT" » 0 THEN PRINT "OUTPUT FILES "
LOCATE CY, CX: COLOR 31: PRINT FILES; : COLOR 7,0
LOGATE 4, 40: PRINT "Filename: "; ; COLOR 0, 7: PRINT FILES;
1210 COLOR 7, 0. KK§ = INKEYS: IF KK$ = " THEN 1210
IF LEN(KKS) = 1 THEN K = ASC(KKS$) ELSE K = ASCMIDS(KKS, 2, 1))
JY = CY; JX = CX: F$ = FILES
IF K = 27 THEN 1220 ELSE 1230
1220 IFMRG>» 0 THENMRG =0
1230 FK <> 13 THEN 1270
IF MRG <> 3 THEN 1260
1240 MRG =0:F§ =K%
1250  RESUME 1240
1260 IF MRG = 0 THEN GOTO LO
1270 IFK=720R K = 5 THEN 1280 P
IFK=8 ORK=24 THEN 1200 'DWN
IFK =77 OR K = 4 THEN 1300 'RT
IFK=750RK =19 THEN 1310 'LF
GOTO 1210 \ '
1280 IF CY «= § THEN 1210 ELSE CY = CY - 1: GOTO 1320
1290 IF CY »= 24 THEN 1210 ELSE CY = CY + I: GOTO 1320
1300 IF CX »= 66 THEN 1210 ELSE CX = CX + 18: GOTO 1320
1310 IFCX <=1 THEN 1210 ELSE CX = CX - 18: GOTO 1320
1320 LOCATE JX, IX: FRINT F$; GOTO 1180
1330 RESUME 1340
1340 X=X+1
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1350 RESUME 1360
1360 IF X =0 THEN GOSUB 1170 EL3E LOCATE 12, 28: PRINT "No output files

LOCATE 25, 1: PRINT STRINGS(40, " ™); : BEEP:  GOSUB DIR2
LOCATE 22, 1: COLOR 7, {: PRINT STRING$(78, CHR$(196))
LO: 8V =0: CLS : LOCATE 10, 57; PRINT "LOADING"
BOXN = 1: BOXTYPE = (: YBOX = 12: XBOX = 32: BOXLEN =
BOXS = F$: GOSUB BOX1
OFEN "I, #1, BBS + F$§ + "GUT"
ANPUT #1, L.C
INPUT #1, NCRS, SD, TS, NTS, TH, XI
FOR T% = 1 TO NTS
FOR 11 = 1 TO NCRS
INPUT #1, QKI1, T9), WLI(11, T%), V111, T%), ITERH(T%)
WEXT 1!
NEXT T%
FOR T% = 1 TO NTS
FOR i = 1TONCRS -
INPUT #1, PCI(X1, T%), ITERPCT%)
NEXT 11
NERT T ’
FORTi=1 'ii‘) NCRS
INPUT #1, QMAX(I1}, QMIN(T)
INPUT #1, WMAX(1), WMIN(i1)
INPUT #1, PMAX(1), PMIN(II)
NEXT I R
CLOSE #1
GOSUB MENU RETURN
BOXI. ‘D;aws box
COLOR 7,0
iF BOXTYPE = 0 THEN BOX1 = 201; BOX2 = 187: BOX3 = 200: BOX4 =
188: BOXU = 186: BOXL = 205
IF BOXTYPE = | THEN BOX1 = 218: BOX2 = 191: BOX3 = 182: BOXd =
217: BOXU = 179; BOXL = 196
LOCATE YBOX, XBOX- PRINT CHR¥BOX1); STRINGS(BOXLEN,
CHR$PBOXL)): CHR$(BOX2) .
FOR I = § TO BOXN
YBOX = YBOX + 1
LOCATE YBOX, XBOX: PRINT CHR$(BOXU),
LOCATE YBOX, XBOX + BOXLEN + 1: PRINT CHR$(BOXU)
NEXT ¥
LOCATE YBOX, XBOX + (BOXLEN - LEN(BOXS)) / 2: PRINT BOXS;
LOCATE YBOX + 1, XBOX: PRINT CHR$(BOX3); STRING$(BOXLEN,
CHR3(BOXL)); CHR$(BOX4);
RETURN

T

iy
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(o

CDRY: *CHANGE Disk Drive

CLS : BOXN « 20: BOXTYPE = (; YBOX = 3 XBOX = 13
BOXLEN = 30: BOXS = "": GOSUB BOX]

BOXN = 1t BG‘ETYE"" = O YBOX = 4: XBOX = 20: BOXLEN = 40
BOXS = "ADVECTIVY WATER QUALITY MODEL": GOSUB BOX!1
BOXN = 1t BUXTYPE = O: YBOX = 6. XBOX = 25: BOXLEN = 30
BOXS$ = "QUTPUT OPERATIONS": GOSUB BOX1\

. BOXN = 1: BOXTYPE = 1: YBOX = 10: XBOX = 23: BOXLEN = 34

g

1370
1380

BOXS = 'R..sults will be LOADED from™: GOSUB BOX 1

BOXPY" D 1 YBOX = 14; XBOX = 34: BAXLEN = 12
BOX\__Drive * + BBS: GOSUB BOX1: COLOR 31

LOCATE 18, 25; PRINT "Press [Space Bar] w rhange Drive”

COLOR 7, 0: BAXTYPE = 0: YBOX = 20: XBOX = 25: BOXLEN = 32

‘BOXS$ = "Press [Enter] w confirm”: GOSUB B(}XI GOTO 1390

LOCATE 21, 53
K$ = INKEYS: IF K3 = " THEN 1380 ELSE K ~ ASC(KS)
IF K$ < " " THEN 1400 ‘
IF BB$ = "A:" THEN BB$ % "B ELSE IF BBS = "B THEN BBS = "Ci"

« BELSE BIIS = "A"

> 13%0
1400

i

& [ C =

LOCATE 15, 44 PRINT BBS; : GOTO 1370
IF K =13 0R K = 27 THEN PETURN ELSE 1370
RETURN

FRRALS :
.
WEONT

~

o
k.
L

i,



fe

-
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QL. At 187,21 “, 93 0. 49 5. 00

1080. 00 141,02 7,21 0. 44 4,00
12038, 06 124,68 %04 N.42 4.00
1329.00 124,68 3. B0 0.42 4,00
1440, 00 i24.68 7,80 &, 4z 4,00
15E0.00 124, 58 3. 400 G, 42 4,00
16860, 00 124,68 %, 00 . 42 4. 00
1808, 00 124,58 3. 00 .42 4,00
1820, 60 124,58 2, 09 g, 42 4,00
2040, 00 124,58 1. D 0.42 4. 00

O
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EBURCTIVE WATER ufii?T? MOBEL" ™ T o

Devaloped by Masa 2. Furwnele

Tersicen 1.0

Seplenber 1621

T T N I R T T R R T L N RS S O T R O R R S A s s m e R
SIMUOLATTION RESULTS ¢ FILEHAME: HUNG LOUT
LTOTRIDTTMY ¢ BURSETNRTIOOAL Tiuy :

AR R b L rtbrinrE et s AR AR S AR AR R A AR IR A AR LR AR AR AR A
ARt | H R . .. A AT EI."- .

T‘mc sLep (i = 128 mins

Fearh length (dxY = 6008 m

Thetd, ..., _ IR 1

?i....m..o. I 7

HYDRCDYNAMICS SIR-MODEL

e Fan ke ale e DA gyl s WML s cs ARE Fhe A UM BER B B At pile ol e

P

J—

P T

AH A iy oW Tt B 1e pae
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Cross—-sectioh nd., ¢ at Kn 48

Tim@ Plow Stage | Velosity Iter
{mins {Evmaes ! $md (/=)
6. 00 124,96 3. G4 0,42 3,00
120,00 125.68 3.0 0. 42 5. 00
240.00 129,561 - %07 .42 .00
?ff.“ﬁ B A Pt 2.4 T. a3
80.00 167.66 .58 . 0.47 6. 80
ﬁﬂﬁ.ﬁﬁ : PR R A 4.0 fe, 7m0 oLne
726, GO 246, 314 4, 31 0.5 6. Oh
540,00 272,49 4.71% 8, 87 R, 00
&0, 04 278, 67 4.78 0.%7 5,00
1480, O C 273,91 4.772 3,57 4,40
izoa. 0n 61,71 4.5% B § P11 _ 4. 00

32D 00 244,328 4. 49 .54 -4, 00
i#éﬂ.ﬂﬂ 223,48 4. 26 .53 4. 080

G, 06 202,72 4.02 G. 50 4. Q0
dﬁ TG, Ga 18%, 46 3, 78 S U, 43 4. 540
1300, 39 166.89 3.57 .47 4,00
1G20. 00 152,76 A, 40 0.4% 4, 00
2346, 88 144.83 3. 27 ¢. 44 4,00

kA bkt R F R i h Nt ek kR A Rk kA Ik bR AL A AN A AR AR RARA R Rk

POLLUT&NT TRANSPORT SUR-MODEL

B L T I Tyrviey WA W STy R SR g
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N AT AN EH A RN L T AR IS R g g LR R g g e e

ADVEQTIVE WATER QUALITY MODEL"
Developed by Musa 8. Furumele
Yeysion 1.0

Sepnemher 1991

}— ] A R R R I IR R [t ] = = = =% 43
STMIILATTON RECTLSS = PTT.EMAMT: BT Maiali
DESCRIPTICN ¢ HYPOTEBETICAL STUDLY
i\l\lﬂki*&#i*i*****i*********viiii***é*-ﬁ#i#***i@**it!****
Duration e e ® ZAGT mins .

Time step {d¢} = &0 mins

Reach langth {(dxY = 12600 m
% VT - D = L&
Rl eanasens # .ﬂ
%?nﬁuFYmAMIGE 313 ~MODEL
Cxcss—saction Lo, at Em-
Tims Flaw : Stage Velooity Iter
tmins} {ocumees) {m} im/s)
a. o 124.68 2. G0 .42 T, 00
H0.00 128,87 1. 08 .42 4,008
150,60 143,07 nLaR 8,44 &, 0
180,00 160. 44 3.4 0,45 5.00
240.00 187, 33 3. 81 i3, 45 E.00
300. 20 Z1B.45 4,20 .52 5. 00
360. 00 251, 46 £.57 0,55 5. 00
420.00 282,41 4,91 0.58 .00
480,00 308, 86" 5,17 g.460 _ 5. 40
540,00 325.57 5. %4 5. 61 5,00
¢844, G0 33z,18 5. 49 D.62. LRI
SLG. 00 325,87 .4 D, o1 5. GG
720,00 CA0E. &6 5.1 0. 60 ) R.OO
Ta0. 0D 283, 41 4. 9% G. 58 L. 0D
540.00 253. 48 4, K7 0.55 4. 040
800. 00 218,45 4.20 0.52 4. 00
- 260,60 157, 33 1,83 0.49 4, 00
1020,.00 160,44 3, 4% - 0. 46 £.00
‘1080, 400 143.02 .23 D. 44 4.400
11460.00 izg. 87 3. 06 0,42 4,00
1260, 00 124,658 3, 4o L. 482 2. 08
1260, 40 124.68 3.00 D.42 3.0p
ey AT 124,68 4. 00 D.42 4,08
128D, 040 124.68 3.00 0.42 2.00
1436,.00 124, 64R 3,400 0,42 4,00
1568, 040 124,638 2. 00 0.42 . 4,00

155846, GO il4. 64 - R.0D 4, 42 4, 00
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1620, 00 124.68 3. 00

0,42 4,00
1684, 00 124,68 %, 00 0.4% 4,00
1740, G0 124,68 1,00 0. 42 4. 00
1800. Q0 124. 68 .00 6,42 4. 00
1860, 40 124,68 3. 00 0.42 4,00
1620, 00 174.68 2.00 Q.42 4,00
1880, 00 124.68 3.00 C.42 4,00
2040.00 124,68 3.00 0.42 4,00
Sig0.68 524,68 .68 Deal 4. 00
Cross—section no. 5 at Em 48
Time Flow Stage Velocity Iter
{mins) {eumees) {m) im/s} '
g.an ‘124,68 2. 00 0,42 3. 00
60, 00 126.07 3.02 0.4z 4,00
- 3120, 00 120,98 7.09 0,42 4,00
30,00 138.12 3.15 {i. a3 Lo OU
240,30 148,37 3.33 0,45 5. 00
2AL.6H 152,28 3.0 2,486 5. DG
360,00 176. 06 3.60 0. 48 5.00
426,00 1%83.07 2.90 .50 5. 00
480.00 209, 8% 4.1a 0,51 5. 08
R4l 00 nE. 07 4. 3L .53 . 30
600, 00 245,07 4. 50 a, b 5. 00
Sa0, o TG, 76 4,497 aL.na 500
720. G0 273,85 4,81 0u &7 5. 00
. T84, 80 .283. 41 - 4,93 0. 54 5.00
340,40 ran. 17 4.98 f, 45 4,00
200. 00 282,12 5.10 0.h8 4,00
860, 40 291,15 4.99 0, %8 4,00
1020.,00 290,17 4, 6% - D.58 4,060
1020, 00 289,20 4.37 G, ARG 4.400
1140.40 - 2BT,27 AL 0G H.h3 4. 00
12048, 04 280. 8% 4, 88 .57 2. Qa0
1266, 00 21301 d.78 B, 587 3. 00
1328, 09 289,97 4, 686 0. 56 4,00
1380, 00 251. 48 4,57 0. 5% 4.00
1446.00 221. 6% 4,35 0.63 4.00
45006, 01 285,56 £.17 0,52 4,00
1560, 040 280,55 3,485 8. 50 £,00
1620, O 135,790 3,581 d.48 4.00
1680.073 172,30 3.64% G, 47 1. DO
1LT40, 00 158,468 5. 4B 0. 44 4,00
1500.032 1AR, 37 2. 9% 0.45 4,00
- 1R48, 0% 138.57 T, 21 .43 4, 0G0
1820, 93 132,446 3.311 Q.45 4,00
1830, 00 127.417 %, 04 .42 4, 40
2346, 06 128, 38 a.681 .42 4,09
“zion. o0 124,68 300 G.42 4,00
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T R B n D e A e S v e e e ok S i L S o M S o ST iy v A ek e i ] e A A S i ok i it s o i

ADVECTIVE WATER QUALITY MODEL

ﬂﬁ-ﬂ-"l'---'? LS r KMarg 2. Porums 1 &

Version 1. n

Saptember 19881

SIMULATION uEsULTS t IILENAME RULS « QUT
DESCRIPTION ; HYPOTHETICAL &TUDY

kA dAdrh ARk hkrkd bkt bhhrdwehthhkd bt Ak ik AR AR AR AR AR E R AR AR

Duratiocu see= 2100 mins
Timc step (dt) = 60 mins
SRR PR '4;,; oadams PR R
Thefa...... = .5
xi......... = 5

HYDRODTRAMICS SUB-MODEL

B . R L T I S VEp P TR g

Cross- t;cn no. 1 at Em 0
Time - ' Flow Stage Velocity C lter
(nins!} (cumecs) {m) (m/s)
g.00 124.08 v 3.00 3-42 3,00
80,00 iz2g.87 32,068 N.43 . 4.00
28,00 143,072 5.2? CoD. 44 4,00
380,00 . 169, 44 - 49 C i, 46 5,00
240,00 187, 23 3.33 Cp.80 5. 00
TOG. 0 Zi8, a8 4. 20 S VI H. 00
260, 00 251,46 . 4,57  0.85 .00
424, 00 282,41 ¢ 4.91 - DL ES 5, G0
420, ¢C 30E. 56 5. 47 - BL60 “. 00
540, G0 325,97 .34 0.461 5. 00
6060, 00 -332. 16 5. 40 0.62 5. 00
480,008 225,487 B, 34 C 0. 61 5,00 -
720,80 108, 86 .47 - 0,640 5. 00
T8O, 00 283.41 4. 91 - D.58 5.00
£40.00 251,486 : 4,57 0. 5% 5.00
200,00 218.4% 4,206 .52 4.00
a0, 00 157,33 3,03 .. 48 4,00
i626.0690 160, 44 3. 49 . 0. 46 4. 00
1050. 00 141.52 3. 2% 0, 44 4. 00
1140, 04 iza. g% 3.06 G.42 4,00
12460, 08 174, 68 3. 60 0.42 3.00
126%,00 124,68 3.00 a,.42 3. 00
1220, 06 124,88 1. 00 o 0,42 4.00
1384, 80 124.68 3.00 (.42 4.00
1440, 00 124,688 3. 840 0. 42 4. 00
1RO, 00 124,48 3, GO .42 4,00
15640, 00 i24,468 .00 - D42 4,00
1520, 00 124,68 3.00 |, 0,42 4.00
14680, 00 L2468 .00 - 0,42 4. 00

1:40 00 124,68 2, 08 0,42 4. 00
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1500, 00 124.68 3.00 .42 4, 00
1565. Q0 124.58 3. 00 Ve dd 3,4y
1820.00 124,638 3.00 .42 4,00
1984, 00 124.08 3. 00 G.42 4,00
2040, 00 124.68 3.00 1,42 4. 00
2190, 00 124,68 3.00 .42 4.00

gross-section no. 4% at Km 48

Time . Flow Stage Vaelocity iter

(mins) {cumnezcs) {m} {m/5}
8. 40 1%24.99 1,00 0,42 .00
ah. 80 12%.403 .00 0.42 <. (0
120,90 125,55 3,01 0.42 400
"1ED. OO 126.85% 3.03 8.482 5. B0
240,00 129,61 5.07 0.42 5. 00
0, 0o 108,04 I G4 nLafn
360. 46 1ag. 25 2. 23 0. 44 .08
420,00 i51.12 .37 {. 45 5. 00
- 480,00 165.G3 2. 5% (.47 5. 08
KaG. 00 182.78% 1.1 0.48 A. 00
£00. 00 205,54 4,02 .51 5.00
a 68, G0 226,08 4.28 .53 Ny G0
726G, 00 245,07 4. 50 fH,54 S, 00
TRO. 00 6L, 37 1. 60 848 .00
844G, 00 273,72 4. 54 G 57 Hou
580. 04 Z7E. 87 4. 88 0.587 4,03
- 860,00 280,10 4,88 0.57 4,00
102G, 00 27,00 3, 85 8. 57 4.80.
1080. 00 273.73 4. 81 .57 1. 80
1140.00 268, 30 4.75% 0. 56 4,00
12048, 00 261, 38 £.68 . 66 .00
1260, 00 282.88 4. 59 0, 8% 3,60
1320, 64 747, 4% 4,48 0. %4 4, 00
1380, G0 SR4. 2L 4,38 G, 5% 4,00
Ja46. 00 224,03 4.2 £.53 4. 00
150G. 80 212,93 4,14 G.51 4.00
1560, 00 202,32 4. 0% 0.50 4,00
1620.00 192.32 3.89 0.49 4,00
1620, 00 182,91 1.5 0,48 4.00
1749.00 174.24 A.67 0,48 4.00
1808, 00 164,31 3. 57 .47 &, Q0
18640, 00 100020 3,47 %, 46 4., 40
1820, 00 152,010 3. 28 0. 4% 4,40
12%9,00 147. 6% 3,52 G. 44 4. 00
2040, 00 i43, 54 3. 26 G, 44 4,00
346G, 00 139,83 .22 0.44 4,00
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ADVECTIVE WATEH QUALITY MODEL

Sveveloped by Misa u.?uldhLM

Versiesa 1,0

Ceptembear 1951

L R T I e T R R R S T N R e N S T T T R SR e S A
SIMULATION FEZULAS : FILENAME: XLIPM . OUT
DESCRIFTION : ELIP RIVER-JULY1978
***i***i*#*ii-ﬁw***i******}ik!*w*n*I\br*ti*ﬂﬂii**i ke Ed A
Duration o m 1440 ming

Tiwe chop () 0 ming

Tuach length {390 Laéu ik

Theta. cuv
Hiiwanan, .

b s ot o ke m m om muR o s on mm b e e wr tn oo e e e e o e bk Bl A e S AL AR A VR A M dA M AR R L AR S e e

1

i

B 5 o#
o

Cross- sectxnn nm. 1 at Em O

Time Plow ‘Btags Valooity ' JTter
imide)  (eumscs? tm) mss)
D. 00 - 3.40 . 0.859 0.2a 1.00
&Q. 00 2,448 0 . 89 0.2% 1.00
120,00 3,40 o, B8 Q, 29 1.00
185.00 3,40 D. &8 0, 29 1.00
245, 06 ~%.4n .29 0,08 1,00
208, 6O  3.4B - 0. 88 . 29 1.60
360,00 3. 40 0.8 0, 28 1.00
420, 00 3. 40 fi, 20 .28 1.900
489, 00 5. 40 fi. 8% G. 29 1.409
540. 00 3. 490 . D.8% 0.29 1.090
gud, 00 3. 40 0,28 0.29 1.00
660, 00 3. 40 G. 59 0.29 1.00
20,00 3. 40 0, &s G, 29 1.00
7C0.408 5. 410 Q.%o 0,29 1.460
346.00 2. 40 0. &9 Q.28 1.00
206,00 3.40 L 0,29 1.00
S€0, 00 3. 46 b.39 g.29 ° 1.00
1020, 00 2,40 0. 85 0,28 1.00
1086, L8 3,40 0. 89 0.28 i.00
1140H,00 713,40 0. 89 0. 29 1.00
1200, 00 3,40 ¢, 89 0.9 1.00
1260.060 3,40 .85 .29 1.00
1328, 00 3. 40 . 0. 89 0.29 1.00
1380, 60 2, 40 0.89 G. 29 1. 060

1440.00 2. 40 .29 it 25 1.00
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Cross- sectloﬁ ao. 11 at Bm 5.4

T My Y i ey A e e A e e e Ry

Time Flow Ltage Velocity Ttex
{minsg) {oumens) (m}) (m/&l
0. 0 3.1 Q.90 g.2¢8 1.00
G, 00 5,41 . a9 0,29 1.00
1240.00 3,41 {1, 90 0, 2% i.00
180. 480 2. 4% 0. 55 G, 25 1.0
240,00 3.41 {1, 8% 0.29 1.00
TR e "o A nLon .00
360,00 3,41 a. 89 D.29 1.60
420,00 3,41 . 80 0. 25 1.40
A80.00 3. 40 0, &4 U, 29 1.00
540,00 A 40 0, 89 .29 1.00
Gin, 1) 3.40 G.85% 4.2¢9 1.00
GE0. B0 3.48 0. 8% p. 29 1.00
740,00 a2, 40 8. 85 D.28 .90
T8G. 0D, 3. 4% 0,983 g.29 1.006
540. 00 2.40 e s . dG 1. 00
800. 00 3.40 0.89 0.29 1.680
36D, DO 3,40 0.E9 n.zoe 1,84
1620. D0 3. 40 - g. 85 0.2%9 1,00
1030, 00 2,40 6.8% 0.25 1.00
1140.00 3. 40 0, 2o D, 29 i [ A
1200.00 _ 3. 40 ¢ 6.9 - 0,28 1.0 o
1260, 00 3.49 .84 2. 2% 1.00
13556, 00 L AR g.R% 0,06 1,40
1386. 00 3. 44 0.89 0. 29 1.00
1440. 00 3, 40 0.89 0.2 - i,G0
:*****ﬁ***i***in*héiiiéisumxii i:aﬁ***a*@#***a**a:

L E o )

CCregs~secticn ng. 2l

K":‘ffimc-"--. THE B £ T
{mins? {angg /1) '
n,oan 060, 15 2. 00
0. 00 273,78 .00
120,00 6284, 67 Z, 08
180,00 691,19 2.00
san. 60 881, 87 2,00
300,00 981,287 4 %, 00
955, 00 387,64 7.
420.00 452 05 2. 00

454, 69 88,04 2. 60
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540.00 hifla.ud ae U
S04, 00 %£1002.09 2.00
G080, Gl BRE. 04 i G

720,00 998,04 2,80
L8000 584,07 2.00
540,00  £94.00 2. 00
500.00 S99, 70 2.00
266,00 ©20, 85 2,09

1050, 00 o 04 L
1530.00 £hB, 04 Z. 04
1140, 90 ain, it 7.00

izan. oD LOGL UG 2. 00
1o60 . a0 28%. 03 2. 00

a5 ab GNB, 8% 2. 08
130, 0% agh, al 2.0G0
14408, 06 C OEL, D1 4. 00
Jross-soction no. 11

Time , ™ Teer
tmins) {ma/sls '
.08 ROELLTO 2. 00
£9. G0 #G3. 50 200
1, Ll B, % e iaid
180,00 a1, 83 2. 30
240, 06D 8G7, WD 2. 00
WG, a8 371,04 b Y]
260, 00 TBT6LED 2.0h0
4x. 60 379,60 2,00
480,50 BER. &9 2.00
40000 255,10 &, 00
a8, 00 LR, oD 2.00
66O, 00 aai, ii 2. 010
720,080 be3, &a 2. 00
TEa,00 Ba5. 80 .60 v
H46G. 00 04, 40 2.00
agn, an 494G, 00 Sl 00
BEG, O DEE, 20 2.008
Lara, PO 994,450 2.0l
1000, 00 a%4. &0 2.0
1146, 00 994,00 2,00 o
1200, 00 851, A2 .00
L2GG. 01D AGx. 00 .00
L3z0. 00 ang, 30 &, 00
WG A 11 8, 14 2,00
1440, 60 982,54 2. 00

dddtdddbddbdbdndddidrtddndadntddtadtdhhadditedhandy
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Appendix B B
AT L A N e e T T T L i f=c =Rt o A b e e A e e e e R

ARVECTIVRE WATHR mnazrwv MODREL

Daveloped by Musa

Yoersiorn 1.0
Sfﬁaim}fr 198
S1ML ![.A‘I"IC.!N RE
Mvﬁf‘Rm PTI DN H
L JE I I IR R Y
Turatiaon
Timde chen
Raeach letigih
j’;‘i'.. .tl\m [

"
whlawern .

4 w8

T R 1S

YLD Y AT

T s T T

e Puruesle

i

HONTROTDI T RDD RN RS T

30LTE @ FILENAME: KLIPI
RLIP RIVER-MARCH 1879

ERE RN R R

e e RGN ming

fHe s o _ﬂ mt

{330 = LA m
= 16
:: IE:'

,""Tf\“h ‘;nf --|-

T A R

Srapsouseotion

fo, 3 at Em O

. DT

L e

Tier

i.00
1.0n
i.00
i.on

T i Flose stage Velooity
{mih*‘ Crnmmnoa ) {1} D TR D)
\? ol 4,20 .. IG;?. a6 G, %0
a0, 00 3. 00 N S T 0, 30
120,04 4.0 62,00 a, 4s
126,06 4,20 162, b 84, 50
JAn, 00 4,50 kR PO M S H

.00
264, 08

[T ———

B LT e T

2,36
UI n.ﬂ

4ol
4. 20 te2,

ey

igz. N
&0

[y Y
Time

fnjn“* (=

T, La‘:l B

&l, f

125,00

180,00

240. 80

3408, 448

aGd, 00

s~section

i w A W KL Lo bk e

[FRpES—

Plow

na., 6 o at Em 2.7
. Btage
UL o) R il

f e

4. 20 igl. 5o g, 30
4. 20 101,50 i. 20
£, &0 10l B e 30
4. 201 161, ko Q1. 30
G. 20 101,84 0,3

.l 103,50 (P
4, 20 14, a0 .3

Velucity
(/57

BT e T el TR A

A

a o
T '_'»7.#

i.00
l.ﬁq

PR R R I N T A R NN A AN

v

i
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| Cross-gection no, Al at Km 5.4
ﬁ ! i — e ot v e e ke ba e v am .
Time Flow Stage Yelocity iter
{minal founeant {1ir} fms/ sl
1 mamanwm it ror e T - i e e e me e e e e = M e M P A e W AR A e A A A -

i 0. 00 2. %0 101. 00 0. 30 1,00
! 60,00 4,20 101, 40 6. 30 1.00
‘ 120, 00 4.20 101, 60 0. 30 1,00

t 188. 00 .29 101. 00 G. 30 i.00
= 249. 00 4,20 161, GO 0. 30 1. 00
” | 3G 00 Y Y G Toiad

364,00 4. 20 ia1. 00 0. 30 1.00

Rttt b h ARG R Rk h Rk RS AP e R R ERRR AR AR RRARARD R A TP 2 hA kA
POLLUTART TRANSPORT BUR-MOLDL

e T ]

Cross~sggotion no, 1

phi £ 7] TS Tter
tminsd {mas 1)
: i, on X1241. 6% 1.00
: © 6k, 0h %ir4L. 40 2,00
B 120,80 %1243, 30 2, B0
M 180,00 %1263, 24 - 2.00
K _ rAU.0D - A 2. G0
Y f "Gy, 60 ¥1251.03 2,00
) . : 260,00 %1382.44 2. 60
‘ 7 U U N L
_ Cross~section no. 6
. W, - e R ekl
“ Time THE Iter
- twkne) s 1) '

i i, Df $1241.56 1.00
: 60, 40 £1241.20 2.0
“‘ 120,600 %le4l.00 2.00

150,00 %1256, 49 2. 00
e 240,00 %1248, 3% 2,00
4R EE 200, 60 $iz42, 38 %, 00
3€.0. 00 %1277, 44 2.00
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Time DS Tter
{mins? g/ 1]

0. 60 ¥l24i.2 1.00
&0.00 %1241. 25 2. 00

120,800 %1240, 04 r.nn
189.00 %1223, 06 2.06G
raf_ an aidnL, "4 rohn

300, 60 %1226, 58 2.00
ach. ao %3217,97 2.00

WA AT TR W e e wm e ma e owle e y RT s rl Ak MR T e e AM S v e o o A e ek P e SR R A RE e AL R e B

R R T N N R R R R R EEE L EEE R R L R R R R TS B EEE RN R R RN R )
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