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PREFACE T

This report descrioes'$%ase.II of studies carried out for the{watem o
. supply to Ndola, Zambia. Phase I consisted of field investigations and
collection of data to fonm the ba51s of the digital model described herein.
'and was carried out by Briam Colquohoun and Partners under assignment by
tne Ministryeof Overseas Deveiopment. The results of Phase‘I stgdiest
are contained in a four volume reporteprepared bj Brian Colquohoun and
Partners. Phase ITIT of the study will involve an assessment of the potential
of the aquifer in the llght of model” 1nvest1gat1ons, and is to 1nclude A .
recommendations for the ecomomical exp101tat10n and development of the

-~y

Kakontwe aquifer in con;unction with the other sources of water available
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PART I INTRODUCTION

The‘digital model described in this report uses a finite difference

approximation ;nd is based on a polygonal nodal system of the type first
Ausea by T&son & Weber (1964) and Pliska (1968). The program is written
iﬁ FORTRAN IV and the model is usedvfor.predicting ground water levelé ét
fixed~§oints thréughopt the-Kékontﬁe,qﬁtcrop area ﬁsing meteoroiogical

and hydrogeological input data over fixed time periods of one month.

<

This report describes the mathematical concepts involved the construction

of the model, the method uséd in calibrating_the model to measured field

conditions and itgquse as a predictive tool in groundwater management of .

the Kakontwe basin.
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_ PART 2 THE KAKONTWE AQUIFER

2.1. LOCATION

The Itawa-Mwateshi catchment forms the upper unit of the Kafubu catchment,

above the Itawa dambo and is situated to the North-East of Ndola. -Its'lbng' B

north-eastern boundary coinciding with the international boundary between'_

Zambia and Zaire (see Fig 1).

2.2. HYDROGEOLOGY

The aquifer>consists of the:Kakqntwe Formafion which is part of the Lowér«i
éeries of the Kun3tlungu System of the,Pré—Cambrian Era. It occurs\in}this
-area aé a major synclinal fold structure'of dolomite and limestone beds>
plﬁnging north;ﬁest acfoés fhe-bOrder wifh Zaire. There ;s evidéhce of
large transvérse fissure s&stems-and the limestoﬁe is general}& karstiq in
nature jﬁdrilling having shown.theApresence of sub—surface'caverns,'ah;

sink Hbles_b;ing-eyiaeﬁ%’at“fhébéﬁfféce:.APérchédAwatef.téﬁle.coﬁéitidhg )
have been shown to exist at a few locations in the overburden which véries

' greatly in permeability éver the area. There is no'evidenCe?of an&_méjor
'4iﬂflow across. the boundarieslpf the ndrthern or eastern watersheds;,ﬁor of
any siénificant intrusion>through the ﬁnderlying Mwashia Shale. Recharge»
of the aquifef appears to be.controlled by direct infiltration in areas of

bare rock and shallow soils, and by horizontal rechafge where the overburden

is thicker.
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PART 3 THE GROUND WATER MODEL ~ . ~ . - ° R

3.1. THE NODAL NETWORK

It was obviously important to incorporate into.the‘mouel the directional
variation in Transm1551v1ty indicated by the aqulfer tests. For this
reason a polygonal node system was used in preference to a rectangular ;_
one; the nodes were constructed by the "Thiessen polygon" method the lines 1
joining centres of adjacent nodes belng con51dered as f10wpaths. The
boundary of the model is def1ned by the topographlcal catchment and
approx1mated to by stralght llnes formlng the sides of adJacent nodes = seeui
‘Figure 2. As.far‘:s was possible the following cons1derat10ns were 1ncluded

in the construction of.the nodal net:

i) The node centres should coincide with data points

ii) . The nodal boundaries’should separate‘areas of differing hydraulicﬂ .

. characteristics.

AL i tam e N - [ O
-

iii) No more than 4O nodes should be used because more nodes could not
be warranted by the given data spread;

The resulting nodal network is shown in Figure 2.

To facilitate thewuse of the numerical intergration technique to be
described later, it was necessarj to assign nunbers to the nodes; nodes
© were numbered‘consecutively in the approximate directions of flow-from the
north and south eastzends of the catchment towards the dambo.

Initially nodes were set-both outside and within the outcrop area to
permit the modelling of flow across the catchment boundariesjif this
proved desirable. Hoeever. the "outcror'" nodes on the borders of the basin
were later extended to include the catchment boundary "non-outcrop“_nodes and.
the variadbles AREA(NODE) and CAREA(NODE) defined to contain the. nocszl outcrop
area ana nodal catchment area respectively. This is the reason for the nodes
not being numbered consecutively.

As mentioned earlier the llnes joining the centres of adjacent nodes are

considered as flow paths and conseguently values of Transmissivity are z
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H:apolied to these.fiow paths rather than the node, thus aliowihg‘variation

in Transmissiiity,withhdirection to be modelled. Tyson and.Weber (196%)

nunbered these flow paths comnsecutively and ihdependently of the nodes;

efine each flow

jon

howaver, in ihe model uxder d1 cussion it was decided to

path by the nodes whici . 1t 301ned, thus the flow path between nodes 3 and

.7 is lavelled- (3, 7) which will be’ equal to (7, 3)

U51ng thls nodal system the ground water flow between two adJacent

: nodes can ea511y be caTCulated hav1ng as51gned a Transm1581v1ty to the

" flow path know1ng the water levels at each node, the w1dth -across whlch

: flow occurs (1 ‘e.. the sength of the- common slde) the length of the flow

path and the aqulfer thlckness. TV .- ". L A>~‘;

e
coe

3.2. THE GROUND WATER FLOW EQUATION .

_3 2 l.r The leferentlal Eguztion for Ground Water 1“:I.ow f iﬁ.gf

The bas1c ground water flov equatlon, derlved by comblnlng Darcy s law

- and the law of conservamnon of Mass is expressed in partlal dlfferentlal form

- as.- R iv’A-j;: el

A N7

VT Vh S-Bh/zt-Q=o . V-.q-;...'....'......;...-‘..(l)

Where T and’'S are respectivelj, the local ‘transmissivity and storage
coefficient.of‘the aquifer, Q is the inflow/outflow and h is the head of

water.

)

ny

. The Tinite Dlrreveace ‘Epcroximation
The basis of the f;azhe difference approximation is toreplace derivatives

at a point by ratios of ﬁﬁ;.csanaes in approp riate variables over a small

e

but finite interval, thnsn'

The maximum allowable size of At for this approximation to hold will .

depend on the particulax m=oklem. This type of approximation made at a -

£ e g TR rv,.m"q-- st s




finite nuz;r* of points.ﬁéﬁl réénoe e:continuous boundsr& - Qélne“problem; o
such as hydraullc flow, to a set of algebraic equatlons. Thus, applyingi‘tzw
a backward clfference appﬂwxrmatlon to equation (1) results in a system

of finite difference equations (2) the simultaneous solution of which gives

the feqnired function h at'eath node.

\ T. + At t 1‘4'5«. _ A,.S.. t +AtL t C +At
2 (. TR - hN. )e. g = i (hy" - hy )+ Qy N ¢-))
e : Dt '
J. ) _ . . -
and C, \ = i,N "i,N PN &2
4Li,N g - - . . ‘ ST e T I

when subscripts t and t ¥J§£<dennte points along.the time coordinate inudaysf
- 3 _ o B

subscript i denotes all¥ nodes adjacent to node N. ‘ i : g
-subscript N .denotes rode . . CECL e R T e DT e s T

h denotes ground water lewel in metres.. - . .. IR j:'F-.AT

A denotes area in square metres.. o _.u : ‘-{i. _f. o~ ;
- - s. den()tes Storage C.Oe{fiCien;Ftw*w.--VMs—.-. (LT RPN 2 T RPNV S xfﬁxﬁ-u,"ﬁ:&a;‘vﬂ@ﬂﬁh‘- AT T S GRS - s s+ TR bt
Q denotes'the nOdal'discharge in cubic metres/day. ’ )
J. denotes the lengih of the perpendlcular bisector assoc1ated
i,N .
~with nodes 1 and N in metres.
Li N‘denotes the length of the flow path between the centres of
" nocdes i and N in meires.
T W denotes the trzmsmissihility of the flow path between nodes i
' and N in cubic metres/day/metre.
Ci N denotes the conductance,of the flow path between nodes i and N
' in cubic metres/nay/éemre.
t denotes the length of time siep in days. )
.Figure 3 shows the above notation applied to a typical node. ' PP

»

3.2.3. The Method of Solving the Finite Difference Aporoximation

One technigue of solving the simultaneous equations would be to use

the Gauss-Seidel Method which for linear symmetric systems of equations

{such as ihe system representing the ground water protvlem) is known to be

1.

unconditionally convergent. This method also has the advantage that the

length of time step does not depend on a stability criteria. The digital
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model-involves an equation im the foru of equation (2) for each node of the
network.f By usingithe successive overerelaxation technique convergence can -
be. ach1eved more rapldly tk n by the Gauss-Seidel method from which it was
developed. The procedure is as féllows: - | -

Initial values of nodal water levels hN are assigned to the nodesv-

(N = 1, 2 eeeell M M= no of nodes). Then for a.given set of values of Qy,

+l\*

C. S the values of the nodal water levels h _at the end of

,N? N’ N
the tlmestepllt are 1mp11c1cly determlned by an 1terat10n process. The

1terat10n process consists 1n.u51ng estimated values of hNt *at to compute

the ground water flows and~storage flows for the network (for the first

iterationhNt +‘;b'§ hNt)4._Usiug-equations (2) and (3) flow balances

are calculated for each node and any errors or re51duals attenuated by a

relaxation coeff;c1ent are used to correct the estimated values of hNt +£&t. -

Iterations are repeated until the sum of absolute values of the nodal

e

residuals becomes less‘than’some predetermined error criteria.
et Lh o~ AT - s pmeme - ST - N - el e - Ve s i b i T K b e e Tk

By using a relaxatlon coeff1c1ent the number of'lteratlons requlred to - 7 -
reach convergence is decreased. Becauseithe product of the residual term
and tﬁis relaiatdon coefficient results ln a charge in uater-level and oecause.
the.residual term is.a flow rate, the‘relaxatioh coefficient is an impedance.

The equation used for the impedance is SR , -

X = 1-6 .A..'...-........'..........-.......;-...-.(Lt)

,2:%, * Af.sN
At
where XN is the relaxatiom coefficient for the node in question and the

other notation is as for £quation (2).



PART 4 DATA INPUT .. = S
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4.1. INTRODUCTION 1%

The Data input of #iie model is of two main types, Climatic and
Hydrogeologic. The foiEéwing paragraphs discuss theAseparate factors of- .
each type and an indicaiiion of the reliability of this data is given.

4.2. CLIMATIC FACTORS = .+ = 0

P P

- 4.2.1. Rain. - -

There are a_&ofal of 16 meteorological stations within the area for_Which-:

: recofds over the céiibméﬁibp period (July 1973 - Deéember 1974) exist. The

———

avefégé'monthly rainfaligover the Itawa'cétchment‘was compiled uéing the

Thiessen polygon métho6;‘7Becausefthevdistiibution,of recording stations-.is
not evén'o§er the:whéigf&cea,.it-wés considered that there would be no gain
- in trying to ‘assign indiwidual monthly rainfall vgluesvto‘each‘nodefff“*“@”&”“*“““f“*“““

- g

L.2.2. Potential Evaﬁoxftion :

‘rEstimation_of'potéﬁﬁbl, ;na:subs;quéntly.actuai; evéporétion is ﬁore‘
:compiex than‘the.éétimaiﬁqn of~precipitafion.‘-Severél.methodé éxist for the
estimation 6fipbteh£i;1.muaporatioh and'a~comparisoh 6f fi§e differéhf'
methods is shown in Table I. (taken from table 3.3.1. of:the Colquhoun report).
As can be seen these gS&ﬁﬁateé'are mean.moﬁthly figures only taken from
climatic.re:crds over'aggzﬁiod.of several years and not caiculated specifically
- for the calibration perioii the differences between the various estimates
show the degree of unceriaiaty that exists in the calculation of potential -
evaporation. Dufing calitration of the model it was found that the Turc
values decreased by a fzcizmr of 0.75 gave the best overall resultis.
shows the various estim=tes of potential evaporation plotted on a monthly basis.

Further error must be inmvolred in using monthly estimates of the potential-

evaporziion which flnctm=ies widely even on a2 daily basis.




» -8 b - e
Torrance:_- Awne* - Avne - Turc Blanéy-'
. (Penman)” - (Pan)” =  (Penman Criddle
July 126 st aa 104 124
August 9 . 182 152 13 1w
September 161 206 - 186 | 156 147
October 174 Car 211 - 152 165
November 151 166 - 168 ";iiaa | 160"
December 135 125 | 149 - 124 163
January 135, "'_' 107 152 . 134 160
February 33 101 16 112 _”;;&; iﬁg;ﬁﬂﬂ___:i
March ~ 1354~"-A, | 136 . 149 10 153 .
April | E 14k | . 1@2 ' 144 o 125 n 2
May.' . & = A'lhﬁ k 1-' 12 s 7 _' 135
_,,_June—;——~””*";ii;- '”'1_ 127 108 99 o
Total (mm) . 1681  179% 1793 - 1488 1750

"Correctedtfor-redﬁced evaporation from large area

-

TABLE 1. Potential Evaporation Estimates for Ndola

(taken from table 3.3.1 Colgunoun and Ptnrs. 1975) -

NELTICINGTTEE =N
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4 3 l Tr ansmis sivitéﬁ;lﬁ;7

Drllllng and aqul er tests were carrled out at several s1tes as shown

- \...4' . >

-on: F&gure 5. As can bg ‘seen the results of the tests 1nd1cate a varlatlon ;JT{“

s

~g.4

Transm1ss1v1t1es werevapplled to. the flow paths 301n1ng adgacent nodes. Tf“v

In areas where aqulfer tests were 1nconclu51ve or were not carrled out
'u ) v ’ P
estlmates of Transmlssﬂv1t1es were made based on local nydrogeologlcal T

conditionS.?iIt was found necessary durlng callbratlon of the model to 'Qgﬁ’

&

'1ntroduce an eifect of zonal transm1551b111ty whereby transm1551v1t1es at

hlgh water levels may e con51derably larger than those at low water levels.ﬁe

As the aculfer tests wmre all carrled out at a t1me of low water levels no ‘%L

S

Q? -

i-‘we{' .ﬂum-—.‘ e .,g..,...-,..,;.-»a

L.3. 2 Storage Coefflctent

" The aqulfer tests glve falrly con51stent storage coefflclent values,lrj

.(.-

However, in order to Malch hlstorlcal ground water levels 1t was. - hf R

~.*,- -l.l

nece5s Ty to use storagg coefflclents of ‘the order of O 1 and higher 'in~ . . wufv

_ several nodes, ‘the Jusunllcatlon for thls 1s two fold." ?.

-

] _*1) Although aqulftr tests show that 1ocally conflned condltlons ex1st

T it is llkely that unconflned condltlons exist -on the large scale.—
‘:}5However, allow1ngulam*thls.factor alone does not justify the'userf

*.gawsuch high- storage coeff 1c1ents as proved necessary. ‘:;_' A

1nd1v1uual nodes is generally a good deal larger than. the outcron area f
and so much of thn prec1p1tat10n w1ll be stored in this overburden to -

ifbe re‘eased later'as norlzontal recharge (cf adwin_l972). .Use of high

storage coef 1c1enf€ at these boundary nodes and nodes where large.

N -

'thlcknesses of overburden occurr approx1mate to the ef fect of storage

‘-fin'the overburdeng

.of Transm1551v1ty w1tn dlrectlon and thls varlatlon was allowed for when IR

generally tvp1ca1 of cauflned condltlons except at 51tes Q12 and Q5 5¥i f

2 3i) At nodes whlch.noxder tbe Kakontwe catchment the catchment area of.’
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4.3.3. Ground Water Levels

Field measurements of water levels for all active nodes were required
for the calibration periocd. Model ground water levels weré set for July
1973 according to the field values and this Qas taken as the iﬁitial
condition from which thé‘response §f the aquifer was calculéted for the
following 17-months. A network of observation points of 60 wells and
boreholes was used to recmﬁﬂ.ground water levels on é monthl& basis from
July 1973. Althqugh the ground water level record is constant with time
it does vary withlareé and where lscal data were not—available,‘
extrapolation was uéed'to~g;ovide water levels. Dafa isAparticulariy scarce
in the south eastiof the zrea around nodes 17, 18 and 20 whege there ;re only
fwo boreholes whichldefiﬁiﬁély penetrate the aquifer (W2Q and WiS'
cf Colguhoun report). :On.ﬁhis evidence alone it is éossible that.ground

water flow in this areé‘is»from node 18 to 17 and out of the catchmemt.

L.3.4. Water Abstraction and Augmentation
The Colquhoun report: gives detailed figures over the calibration pefiod“
of water abstraction direzily from surface and ground Water and water

augmentation via springs zad effluent discharges.

4. 3.5 Surface Runoff

The Itawa catchment éh#ins south west into the Itawa Dambo where an
embahkment impounds watep'ﬁhr the Council's Itawa watgrworks.' Discharge
from the causeway is measured by totalling the discharge througn 14
cﬁlverts with the discharge through four sluices. This information wés
recorded on a monthlj basis from October 1973. HNo astimate 6f the quantity

of underflow or seepage b=lcw the dam is available.

L_3.6. Permeability of Overbnrden -

Tkis factor is impoxrtext in ‘that it determines the percentage of
precipitation entering tke =zguifer. The aguifer tests indicate a value of.
the order of 1 m/day for thkis parameter. Calibration runs indicate a

critical value of approximsisly 0.005 m/day above which all rainfall, after
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evaporation and replezishment of soil moisture deficits, will infiltrate.

Loéally areas with verfical permeabilities lower than this critical must

exist as shown by the evidence of perched water tables, however, on an

overall scale a value of 1 m/day is used in the model.

4.z2.7. Underflow

There is no definite field evidence for a major source of underflow

into or out of the Kzinotwe
but the lack of data in the

pfeclude this possibiiity.

aquifer under naturzl piezorietru conditions ~

south ecastern end of the‘catchment can not



PART 5 THE "PROGRAM

5.1. PROGRAM DESCRIPTION

A listing of the program is given in-Appendix I'andiFigure 6 ehows a
generaiised floﬁ diagram of the program showing how the finite differeﬁce fléw
equation is abplied. All node-to-node subsurface flows are calculated first.
Then all the storage flows ére calculated. Next, all the flews (subsurface,
storage and extraction) ere talanced at each node by_setﬁing a varieble named
RES equal'toltheir sum. The water elevation at the node is adjﬁeted by.the
magnitede of the-residual, éttenuated‘by a relaxation coeffieient. Once all
the ground water IZvels.haﬁe been adjueted in this @anner a sum is formed of
the nodal residuals (in practice the suh of the absolute differences at.eech
- node between theAgrouﬁd water_levels of'the present ana.previous iteration).
If thie sum is 1ese than oraequal fo a threshold-value;(eonteined in the' .
variaele, ERROR) the calculation is complete for tﬁat tiemsfep, otherwise the:”
‘caiculation is pepeeted. | i |

| As stated previouSIy_tﬁisAﬁethod ie essehtially that of euccessive qver?
relaxation for liﬁear symmeﬁrie systems of equefionsyis kﬁown to be
unconditienally convergent- 'This'methed also hasjthe edyantage that‘tﬁe length
of timestep doee.not depend ©on a stability criteria.

As can be seen . from the listing of the program in'Appendix I, the program
is-subdividedAinto several nnmbered sectione ty comment cards, for example.
"Section'lj is labelled

C 13 ﬁVAP AND INF CALCULATIONS
There follows a brief description of each section and where necessary these:

description will be amplified in a later section of the report.

1, 2 & 2 Reception anc prednzraiion of input data ané dispiay of same.

L The iniroduction of roet constant which affecis the rate of actuzl
evapotranssiration, this factor is discussed more fully in section 6.2.3.
5 Setiing up of the monthly tize cyclis. During caliibration mocdel v=iues
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Setting ué of the time steps within the monthly cycle over which;

the iterative calculations are carried out.

The Do Loop fcr <he iterative process.

' The Do Loop for all nodes adjacent to the node under consideration

as specified by section 7. : ] ' 3

The calculation of Transmissivity and conductance of flow paths between

the node under coasideration and its adjacent nodes. The nature of
the Transmissivity function is discussed more fully in section'6.2.1.‘
Calculation of the Relaxation Coefficient - as mentioned in

section 3.2.3.

‘ L : . . : .
Calculaticn of storage flows by difference in level at node between

current and previous timesteps. ' : : o

Calculation of Recharge/Abstraction.

‘This section involves the calculation of NHodal Rainfall, Evaporation,

Soil Moisture Deficits and Infiliration. Figure 7 shows a

- me

generéliéeé'fioﬁ diagram of'this part{cular‘section. Briefly the
difference, if'ahy, between rain and potential é&aporation is added
to surface flow. The resulting surface flow is then used to make
good any.soil mpisturé deficit remaining from the»pfevious timestép
anc any surface figw then reméiniag is allowéd to infiltrate to
ground water.

The tctai of 211 flows into and éut of the node are balanced o give
a resicdual term EES.

™

The value of RES iz used to adjust the nodzl ground water level

[¢]

in 2 ground water level greater than surface elevation then the level

S

the nodal rate of

[

ace elevation sn

4

alculated during the previous iterzticn. If this calrulaiion results
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Thé absolute differenﬁe in le&el; at each nodé between'thé current‘
and previous time step is summed. If the resulting value is less
than or equal to the.thrgshold‘value ERROR the caicuiation of
ground water levels is”éomplete for the current time step -
othervise a Turther iteration is commenced.

If necessary the faéility exists to allow a change in storage
coefficient should conditions change from unconfined to confined.
At~present this kas not proved necessafy.

All nodal Surface flows are addéd to the -dambo surfa&e flow at hode
36 where;suffacé water abstraction is cafried‘out. | |
Thi§*sectionlmerely calculates tﬁeAchange in surfacé flow over the
time step. N

Printing of results.
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PART 6 CALIBRATTON .~ ©7 77 i TR TeRLonn SR T

6.1. INTRODUCTION

L

The calibration of‘the digitai\hodei consisted of comparing_modeié : ‘ 'A.f ' =
behaviour with field observations of ground water and.surface uater; ffi
fluctuations over a fixed time period and making appropriate adjustments' '1‘fi.€i'
to the model input parameters. Such'adjustments are recurring duefto the‘ .
limitations of'input data, e.g.‘the uncertainty in potential evaporation
nestimates and root.constant. Calibration is obviously a very lengthy »
process due to the number of alternative combinations of adJustments eﬁif}
which can be mad‘ to the various parameters. f:

Generally the method used was to select T and S values based °n_§j; i ?5:{
analyses of the aqulfer tests and examination of local hydrogeologicai.;
conditions, and selecting ‘trial potential evaporation figures the nodel was

run - abstraction figures were con51dered to be accurate and no attempt was""
et g mre S D e eEm e s "'vﬁ‘s’-‘ B B R R pmnTapsie o v et chea..«-a..—»—;;rr\ Tt

made to vary this parameter. On completion of a run comparison of model f,f_f‘? T

and field ground water lewvels and surface water flows were compared'and-

adjustments made to bring the model into line'with the‘field values. iThe

nature of these adgustments depended on the type and degree of discrepancy E§‘\.
. between the field and model values. 7 s f_ .f;ﬁ“;%ﬂf A

Paa

6.2. THE GROUND WATER REGEME = - - . - = = . .0l

On field evidence the Xakontwe .dolomite.and limestone appears to;oe
a non-porous.and tightly bedded formation, the ground yater‘movement within‘;-'~
this.formation predominantly occuring along open fissures and through caverns )
developed along joints an& Faults in the rock'mass. .Such conditionsvare
generally considered to cziase turbulent flow locallj (i.e. in single
fissures or caverns) but om a larger ‘scale, as a greater numoer of fissures -
are considered,‘flow approximates to laminar conditions. It is partly for

this reason that a finer nodal grid than the one used was rejected.
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Turbulent flowcondttiomm;are normally expected to be set up - close to a‘
productlon well under these condltlons durlng an aqulfer test.: However, thenm
results-of the step tests show thatlthe relatlonshlp between d1scharge and ;;f’
. drawdown in the observatlon hores was 11near (see Flgure 8) except in thosebi
; hores where development was apparently contlnulng dur1ng the test. Thls‘
.llnear relatlonshlp conflrms 1am1nar flow at the correspondlng dlstances :{ ,':h- e
,from the p01nt of -.abstraction under the hydraullc grad1ents assoc1ated wlth |

the tests; .an 1mportant point since it establlshes that convent10na1 ;;fz,l;l.j
groundwater hydraullcs and pumplng test analyses may be'applled (Foster and
- Mllton 197#) Thus under test condltlons 1am1nar flow ex1sts at a dlstance of | .;Tbg .

1

at least 8 m fron.the productlon bore, which 1nd1cates that Darc1an flow 1a";:"

theory may be safely.used in the model under even greater gradlents than :

those set up durlng the tests u51ng the 51ze of node shown in Flgure 2,,_fi:

-

: 1 e. of the order of 2 5 km across. - ff’;f;é

Although the flssures in the aqulfer do not apparently set up turbulent .!;

flow on a large scale ‘they do affect the d1rect10n of flow. For example”“*r“”@“mrr“r: v

: at'all.the}test s1tes:the local ground water‘gradlents<are deflected; .;_gt.ﬁzﬁl,
from»239 to as muchfas*l7uq.from the anticipated\direetlon.of.theureéionalr;i}ffﬂ':
kgradient.f'The fissuringhalso.gives'rlse to’the compartnentalisation'of'the‘r‘

aqulfer into-distinct ‘zones. For ‘example the water table 1s\the formatlon ffff.:;;w*-'*
‘ underljlng Lake Ch1rengwa fluctuates seasonally by less than 1.5 metres,-j'

at an average»elevatlon of 1262 metres whereas. the shortzperlod on record--

of borehole Q7A atrajdistance of’less than 1.5 kilometres away indlcates'a.A’“?

similar elewation but with greater varlation ln.watervlevel,- |
Durlné}calibration_of the model.reaporaisal of'field groundiwater lewels;;

was necessarj in cases.where dlfficulti was encountered~in-obtalning' |

~ agreement between model and field:jalues. .Generally where a node.centre -

coincided weth a field observation well the monthly levelslobtained from

that well were initially used as nodal field levels to be calibrated against.i

‘vHowever, further examination of field observations showed that the‘"centralﬁ-rwl

well was1not»necessarily:representatiwe«of-the whole node. Figure 9 .shows

the relative positions of wells situated within node 11 Well 103 coincides
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with the noder"centye" ar. was initially taken as the data point for that
node. Figure 10 howeQer, shows the variation between watef levelé in the
various weils within nodeillland during calibfation the dodél ground wafer-'
lgvels for this node were found to correlate better with the levels of W2
and W3 rathér than WIOB; Tﬁis apparent variation is response of the aquifer
over a relativelybsmali disiance can be explained in two'wéys. It is eithe;
fhe}efféct of shallow wells monitoring perched water tables rather than -
éhe aquifer's true piezoﬁetric sarface or it is the effgct of fiésures
resulting in éompartmenfalisation of the.aqﬁifer or evén é_combination of the
two effects.: |

Apparent compartmenugnxsatlnn of the aqulfer is more pronounced in the
south-eastern part of the catchment the example of Lake Chlrengwa has -
already been glveg.A Anotrer example is found in the region of nodes 28 and -
33 where water leveiAdata From Lake Ishiku is very differént‘to that from
bore Q6A (both data p01ntﬁroccnrr1ng in node 28). Whilstvréaiising that the
only well occurrlng 1ﬂ&n0u3 33, i.e. w34, is not nepresentatlve of the
i p1ezometrlc surface of the Eakcntwe (W3k probably belng fed by upward
percolatlon through the Bwasnla Shales from the Roan Formation) it was
originally assumedvthaﬁ the general direction. of flow would follow the
tépographic Surface, i.e..from‘nade 33 towards node 28. However, the.later
evidence from'Bdrés-Q6A azd Q9a indicatesfhat the reverSé is probably true.
"Thus during the calibraficn'periﬂd the field water level for node 28 was set:
at 6 m below that of node 26 (i.=. W32) as early data Qas not available for-
Q6A but later data showed i “f’ to be approximately 6'm less than W32..

A more extreme offect of their compartmentalisafion of the aguifer has:
been modelled by introducing an impermeable barrier bouncary between nodes
22 an§~24. The field indicaiion-of this boundary is. given by the higher:
standing water levels observed at Lake Chirengwa and Q7 (nodes 22 apd,l?)
over W17 (node 24). Inﬁthe Cél;nhoun report-it is suggested that such a
barrier cduTa be formed. by beits cf massive (unfiséured)'ds cmite, dyke
‘intrasicns or local folds im e rock formation. If such a barrier is noff -

modelied water  levels in node-2% build up to values much greater tnan the-

=




N
(Vs )
..
v

GROUID

2 Y Y "n e de 4
) TS0 530 T TR R S ¥ ey 1

LN L e . - .- i

<o . . . . B - . . .,‘_. . B ot

- FIGURE .ggGround fater Levels fof-"seleéft'egi':ﬁbres within lode 1%.. '




t;lel& vaIu;es see Flg' Ii; such high I.evels can then only be cm::trmlled By
mtro&zcz_ng high n.o:dal ‘kamssnnty and sftarage valxzes wh:r.ch are mmt:

. Justlfled by fleld tests. In; sglte aof the large catchment area. u.pstreazm .l .
of tlu.s barrier (approm.-.tely 20% of the total) very little effect on- the

- surface flow and grcund water Ievels dawnstream of this barrier (except for

nade Zli») resulted from its xntrodﬁctmn. Ta the east cf this bam:.dary

R

(nad.es 22, 20, 13 and 17) there is very I:Lttle ground water Ievel mfarmatxam, o -

only La.ke C}urengwa ani wells. in node 17 def:.nately penstrate: the dnlcmte

other uells m'th wa».-ter: levrels within the a:djac-ent shales... On thJ-.s

evidence a.lan.e :Lt ]‘.S Imp&ssxhle tc determ:tne the: d:r_rectlm of grmmdmater 4 _

flcm but- prmcd:’sly bath Badwin and the Colquhoun repurt assumed; the gruumi

water contou:rs fcIlowed tapcg,raphlc cnes cheswar:, with the mtradnctl;on crf . ', _ .

—

a bar'n.er between m:xdes 22 ami .3l it s necess&ry to pastulata flawz frr tlie
reverse d:_rectr.ou (mudellﬁ& by a sr.nk at node 17 ar- IE) te urewent gruu:nd

waterhnldu:pmmdezz. 'ﬂ[equantltyafwatermulvedlsafthem

' @f I 000 ‘a0 :mﬁ/rmnth Bm‘ an. tﬁe data amlabie I‘t‘r is dlfflculn. tc: determm

the cies"‘mtx.an cfthmflnwprcbablyt&em;mtyﬂmsmt@hrebmt smne-’

m&mhtfee&sthemmlmmmmmthesnumeastmcatchm
boundary-. e = s
Eadesl’-!» 3’.[, 5’-!- ﬁmﬂ}&amallcmtre&mamsafp&rmx&ls@
m&m&em&wt&imdmwgnmashemgeqmlt@mfm
elewat:r.cu fara]’.l nmth;saft&ec&llbratzmpm@d. w//
Pmnmsmnmha..beam&e@fmfactmtmlmtmm
(,’E.Em} is less t&mm@daimﬁ:ﬁmtam(cgm) far boundary nodes: - h

(c-f. sectiom 3.1} and s althongh precipitstics ard evaporatio-are-

z

invelve the use of AHEE. Bowsver, for modes-am the north exstérm border of-
the cztcment (i.e.. 3y Tu 9,1},30,24 zzm I7) ARER is mat egm=l to - -
ma&mmwmlmtmamtmlwmmm T
reasmmrthxsxsthzttzemnczmzﬁmxsmt tnﬁeamclm )
bamdaryﬁezngm:elya“im@afrmﬁssmmﬁammamimﬂﬁe -

m&aﬁeﬂmmmmmmmﬁmm .

o
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6.3. DEVELOPMENTS DURING CALIBRATION '~ "*" -7 i

6;3.1.‘ Transmissivity Function

In the early stages of calibration a constant transnissiuity value was
applied to each flow path which was later uodified to give linear variation
. withrwaterileuel. However,-it was found necessary to nodify this functiohi
;further. U51ng a linear increase in T with water level tended to result in:
the model giving high peak surface flows in months of high rainfall and
surface flows below field values in months of low rainfall. It was_necessary
to delay the rate at which water was leaving the system as surface flow in . _~gﬁ“” -
month 8 and allow 1t to leave during the succeeding dryer months where model

“ .
surface flows were low i. e. 1t was necessary to alter the model's ba51c

o

-response to precipitation; A solution to this problem was found in the -

—_—

_ concept of zonal transm1551bllity. s
From field ev1dence (chiefly the borehole logs) and the results

'fobtainedlduring calibration of the model it would appear that thea;wuglaﬁﬂ;aaaa;;amaggals

transmissivity in the upper part of the aquifer,:i.e. the zone of}ﬂf'g -
fluctuation of.the water level, is higher than in that partbof the aquiferff
lbelow this zone.' Figure 12 indicates the probable shape.of transmissibility .
‘function and the;way in;which it has been approxinated in the model. Asz"
this function is.no longer<smooth‘non;convergence-of water.levels can: -
result with oscillations occuring during successive iterations about the:
pointS'of inflection. Such oscillations can. be prevented bj{several'means:,‘
(i) decreasing the time step - |
(ii) decreasing'the contrast between the maiiiand mini. T'values:}
(iii) increasing the SPRED factor 'such that the function gires a closer-
approximation to a smooth functiona?“':;' - . ' l ) _;x
‘Figure 12 shows that a definition of a Base line is critical for the“l'
operation -of this.function. A generalised plot of field nodal water levels
is shown. in Figure 13; it can be s=2en that ground water levels rise rapidly

in months 7 and 8 when the rainfall reaches a:peak and then-drop as.recharge'

to the aquifer :decreases. The positioning.of. the base line. was chosen.tn bel
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 higher than the ground water level at about month 6 and 18. The justification.- -
" 7 of the function.is thai in karstic limestones the portion of the aQuifer-in
the zone of ground water level fluctuation generally has a higher permeability'

than the lower.zones'&ue to solution processes and also from the drillingAlogs. S

of the area there is evidence of decreased fissuring with depth.- e S

Use of this»trans:dssibilit} function in the model has achieved improved -

correlation between model and field values of ground water levels and surface_:'

flows. However, the acuifer tests which formed the basis of'initial .

Transmissivity estimats=s for the model were carried out between October 1974

faand March 1975 whereas the maximum ground water levels were reached in Many
and June of 1975 for t:at partlcular water year. Thus if the concept of

_'zonal transm1851v1ty iz correct-the aqu1fer~test results only glve-estlmatesf/'-

for the - lower transmlsn1v1ty values -and not the hlgher ones. To ascertainf.
the valldlty of thls cancept aqulfer tests would need to be carrled out

. during a period of high ground water levels. Table 2 shows the 1nternodal

..‘\-@%M-. R P -.- S B ke L e e L R ¢ G A e ey s dm it oo s J«\&i\ i b .k,m.---» ..p»-r:-wv-‘-etvnua

transm1551v1ty values used in the final model ruf. L3-§
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6-3.2. Storage Functionm "f‘u S '-}Fi'“il : 3 ;'V"uf iiw.c;ﬂg T L ?f-;

The;concept:oflzcnalbstorage follows.from.thealdea ogvzonal transmissibilitv'l'.
innkarstlcfaquiferSfi.e. in the zone of ground water:level fluctuation;f;ﬁ’_ oiv'
A solution: cavities and nldened flssures will 1ncrease-the effective storage- of‘f;-
this zone.. In the model the facility exists- for the storage coeff1c1ent to:
- " be increased once the riodal ground water level .rises: above the BASE level. of i o
:_F&gure~13;A (The programming offthls'function differs slightly.from-the'
tx ansm1551v1ty Iunctlam in that transm1351v1ty is applled on an- 1nter-nodal
basis- and storage. on. & nodal, basls).- ' '.:/ |
Table 3 shows the upper-and lower: storage coefflclents used in modelllng“
' the~zonal storage-ef&%z:&- As mentloned in sectlon 4 3. 2. the very: high

storage coefficients w=ed for -some nodes are used as a simple means: of -

modelling- the storage:ﬁzf'the-overburden'atvboundaryfnodes;
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6.3.3. Actual Evapotrapspiration
All of’the methods of estimating'potentiél evaporation shown in Table 1
aséume that water is freely avaiiable>wheréas of course actual evapotranspiration
losses are dependent on soil type and type of cover. In the Coiquhouh report
only two categories of cover were distinguished in calculation of the water
Balance; open water and perrenial swamp being considered separate from all
other cover. The ratio of actual evapotranspiration to potential was taken
~as a uniform 1.0 over the whole year for open water and swamps and the monthly
ratios for other areas wefe, "'assumed approximating to w;ter.availgbiiity"x
Although this method will of.course achieve a.good water balance such monthly
coefficiénts for -ealculating aqtual evapotranspiration are difficultAté
jusfify and as the -Colquhoun repo?t admits such estimates do suffer Ulgck
of precision'. S - | o : S
Examination of the evabotrahspiratiop losses calculated by this method
as shown in Taﬁleé 8.4.1. aﬁd 2.4of‘the Colquhoun report indicate the nature
of thé error involved. For example, dgring the month pf October 1974 when’
precipitation was only 0.6 m3 x 106, grbuﬁd 1os§es of -43.2 mo x 106 are
calculated following four montﬁs of zero réiqfall. It should also be noéed _
that during those four preceeding months grouhd losses totalled 45.2 m3 k4106
indicatiﬁg thét a reasonably large soil moisture deficit would have Suilt up.
It is difficult to see in this case the‘relaéionship between the "Average
Coéfficient” and ground water avéilability. ‘The error cf this methqd is
also séeﬁ:by comparing the evépotranspiration losses given in Tables 8.4.1.
ana 2. 6f the Colcuhoun report with the mean values calculated by Hadwin (1972)
for the same catchment. Figﬁre 14, in compafing the two'sets:of-values, shows
an error in the phnse of the éolquhoun figures. 1In order to overcome such
problems in the calculation of actual evapoiranspiration it was found
necessary to introduce a Soii Moisture Deficit facility. Soil Moisture
Deficits are considered to have been set up when evapoiranspiration exceeds

precipitation and vegetation has to draw on reserves of water in the so0il %o

P‘.t

satisfy transpiraticn reguirements. Tne {acility for esiimatiing soi

) B
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moisture déficité tékes—iﬁfé accouﬂ;'tﬁeAfact tﬁa;-vegetation has increasiﬁgv
difficulty.in extractiné moistﬁre from the soil as accumulated potential :
evapotranépiratioﬁ becomeé greater than aCCuﬁulated rainféli;' The
Meteoroiégiéal Office (1971) state, ”tﬁe point at which éctual~evapotrans-
piration starts to fall.bélow ﬁotential and‘theﬁraté at which the discrepe@cy
increases presents one of the mosé contfoversial‘aépects'of soii physics'. .

. The poiﬁt at which acfual'evapotrahspiration falls belqw poteﬁtiél is called
the Root Constant; once the root éonstant has Seen exceeded the rate at’

which the discrepancy increases ié based_on the scheme proposed by Penman (1949)
and e#plained by the Met Cffice-(197l) - this rate, as applied in the‘model-is‘

-~

shown in Tabie s

Potential »

‘Evapotrans W3R 5/R 2R /3R 10/3R :
Brapot 962 689 .52 ko - .28p -
Evapotrans: ) L - . Do 4 . __—

‘where R = RothConstant and P = Potential Evapétranspiration‘

Table 4 .

The effect of the soil moisture deficit facility is briefly this:
(a) iﬂ months when rainfall‘isvgreater than poténtial évaporation, model
‘evapotranspiration is equal to potential.
(b) AIh months when rainfall is legs than potentail evapotfanspirationr
model evapotfanspiration‘differs from_potential aécording to Table 4,
(c)_ When rainfall once more exceeds potential evaporation the'ekéess réin
restores the soil moisture deficit in preference- to ei£her infiltrating
the ground watér or increasing the surféce flbw.

Figﬁre 15 -shows that using this facility gives comparable,phasiﬁg of

144 2

evapoiranspiraticon losses as compared to Hadwinm

-

[

6.4. SINSITIVITY ANALYSES
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T Loverburden the percentage of prec1p1tat10n “Which 1nf11trates can ‘be

"ill': controlled.

N - . . D = * B T * - - v EE
R e a - -0 . - R
LT B M i . - . - + . . .t - N C.
. - el A -

reffect of‘varying the varioms parameters on“hothlground water levels andni f}?‘l:.fil L
surface.flows - whether overhthe whole'arealor for'indiwidual nodes: The - |
seweral_parameters which can justifiably be‘altered during'calibration arev,,;ﬁ
obviously interactive with each other but briefly_their_effects on_theamodelipﬁal'
‘can be summarised aslfollowsa .;?i :7:__4 : ".~.‘.-;%3; . _?i? ‘btﬂ-vgi; f;:
'(i) Transmissivity. lhcreased T»reduced mean model water leuel and wice,,ihf:a {T":
versa. Rt o L
.(ii) jStorage Coeff101ent. Vlnoreased S-reduced the.amplitude of'seasonal_,_i

‘ ground water level. fluctuatlon and v1ce versa.

ot
NS

(111) Root Constant. Increased'root constant allowed actual‘ewaporation'tog
become~neaner'potential and therby increase soil'moistureldeficits.

Thus 1n months where ralnfall was greater than evaporatlon the excess =

Araln 1n1t1ally made geod 5011 m01sture def1c1ts before recharglng

ground water and/br surface flow.: f‘ v
(iv) Vertical Permeability; By varylng the vert1ca1 permeablllty of the

P P e ora e RS «.«—ﬂumwsﬂ M

(V)f Evaporatlon; The Colqnhoun'report giwen-several estimates oprotential'w

evaporatlon, obv1ously the actual evaporatlon is dlrectly dependent on

the potentlal. S - f%’ . ?':.f~

6 4 2. Results" -

e

" The followlng dlscu351on refers to Flgures 16 - 42 wh1ch show.z

©(d) 'the model surface flows over the causeway (Figures 16 - 24)

(ii) the model ground water levels for each node compared to the fieid valueS'
‘(Flgures 25 - 42). Nodes 17, 18 20 and éé are nottincluded as not -
enough field data fs available to allow successful'modelling of this
area. On these-plots B represents the.model walue;_'O' the observed
and an '*' is prlnted where the two coincide. ‘

These plots 1ndlcate the effect of varylng the different parameters.

Flgures 16, 25 and 26 show the plots of surface flow and ground water levels

taken from the final calibration run which is taken as the standard. The
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-2k -
Transmissivit;' ‘an‘d étorage -(-{'oefficie_nt raines -are -as shown. 1n ._TabI‘I.‘e-_s 2
and, 3 respectively; a root."rtonstant' of 100 mm .is'u._sed and the poltentia;fL
evaporation fignres used azre those of Turc ‘(see Table 1) .decrease'd by a
factor of O. 75. - ’- - - | R ‘
Flgures 1?, 18 27. ,2&, 29 and 30 show the effect of varying the root
constant. By decrea51ng t?xn*root c.onstant to 75 mm (Flgs 17, 27 and 28)
actual evaporation durlng,tmres of_zero or low ra1nfa11 is decreased thns ;

increasing both surface. flm-: and gronnd water levels. The reverse of this |

effect is shown in Flgures Eﬁ, 29 and 30 where the root. constant has been

N

I - e - :
o - N - LTy M LT

1ncreased to 200 mm. .
| By hav1ng no‘*zonal mtnaase in storage (1 e. by‘ putting the varlable
- SCON equal to the varlable &() the aqulfers response to ralnfall w111 be o :
1ncreased and thus both Su»xﬂ%ce flows and ground water levels durlng months-.
of h1gh ra1nfa11 (e. g. Feb May 1973) -will be 1ncreased, see Flgures 19, 31
and 32. By increasing the zsml increase in storage by a factor of 2 over o
the standard run shown 1n'£7aér:.].46wmore~:;te::s taken 1nto storage 1n the" o -
'aqulfer dur1ng months of hlghralnfall thus decrea51ng the peaks shown in V
Flgures 19, 3 and 32 - see zﬁgures 20 33 and 3& | |
The effect of hav1ng no zonal increase in Transm1s51v1ty (1 e. by -

pL.tt:Lng the variable UP'I‘R equ«zl to the variable T6L+77) is shown in Flgures 21
33 and 3’+ This decrease :uz dransmissivity coupled with no alteratlon in
zonal -storage effectivel};' d_nm-easesf ground water levels. The program was"
run with the. upper value of --zzma't t‘ransmissivity (-see Tavble'.Z.B) increased by
a factor of 10 but thls d1d Imt result in convergence with the time step used.

* Figures 22 37, 38, 23, 33, Lo, 24 L1 and 42 show the effect of us:Lng |
the Turc, ‘Aune and Blaney Criddlie estlmates of potent1a1 evaporation (see

Table l). As is to be expecied an increase in 'evaporatlon decreases both_

surface flows and ground water levels.'

BT e et e Ll e at tanmaees (20 ~.~.-.MA guwmwyw e
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PART 7 WATER BALANCE . | S

Table 5 shows the monthly water balance:achieved in the final calibration

run. Althdugh the calibration period was taken from July 1973 - December 1974

complete field data for the flow over the causeway was onl& available from
Octbber 1973-and so the period shown in .the table is for chober 1973 - ,
Deceﬁber 1974,'ife.“mpnths 4 - 18 inclusive, to allow comparison with the
Colquhouq report for the séqe period. Table 6 shows the monthly water -
baiance data taken from.the Colquhounfreport for this pe;iod. As can be

seen there are certain differences between the two sets of data. . -

(1)  Rainfall. Jhe Colquhoun rainfall figures were calculated by the

Thiessen polygon method using data from each of the 16 stations which .

-lie within the catchment.area; For the model a mean monthly figure
was used for thé catchment as a whole. However, thé main discrepancy*
lies in the acéual catchment area used in the caicula%ion of total
. rainfall.‘.The Colguh;qn reporf favours a langer'caéchment area in ﬁhé' ’
region of nodes 18 éﬁd 20 over that of the model which is based An tge
catch@ent afea.as defined'in the d;aft version.of the Coiqﬁhoun repﬁrt.
As this area lies to.theseast of the barrier boundary between nodes 22
and 24 and, as shown iﬁ section 6.2.. has little effect on the main
catchment area%AiThis differenéé is unimportant.
(ii) Change in Surface Flow. Figure 16 shows that there is feasonable -
correlation betweén the'moéel'; causeway discharge and that recorded
in the field. |
(1ii) Aﬁstraction. TheAgfound wzter abstraction figures used in the model
are taken diréctiy fram the Colq@houn report. The surface water
_ ébstraction figufes (i.e. abst}acfion from the itawa dambo) only
differ in the model from the Colquhoun figures when there is not
enough stored surface weter to permii the reguired abstraction.
(iv) Change in Storage. The C}“?gg in ground water storégg is not
calculated on a monrthly basis ir the Colguhoun repori, estimates |

being made over a 12 mcath period.

—




19735 - 1974

Oc
NOV
DLC
JAN
FEBR
MAR
"~ APR
MAY
JUN
JUL
AUG
ng'
OCT
NOV
- DEC

POVAL

(1)

RAIN

55
40. 4
60.0

97.1

~120.1 -

15.1
22.4
19.6

GC.

0.5
20.8
123.7

556.6

TABLE 5 : Ground Water Balance Summary from the Model

units of 93 X 106
- (i) o (dii) S (iv) S 2 I (vi)
CIIANGE ABSTRACTION -~ CHANGE - . EVAPORATION  CHANGE
IN - IN ~IN
SURFACE G.W. 4  SOIL
FLOW | STORAGE MOISTURE
; | DEF
0, 0, L3 14.2 7.8
1.0 0.4 =090 - 277 123
2.7 0.4 0.7 Y 27227 . .29.9
8.9 0.5 | 15.8 - 20.8 k2.
26.5 0.3 6.2 250 . o
15.1 0.3 - b} . 26.8 0.
9.5 0.4 9.9 ¢ 53.9 . 2316
7.7 0.4 8.2 . 2u.8 . 5.0
b6 0.5 6.8 ;157 -13.9
3.5 0.5 " -5.8" 1.4 - -9.6
2.3 0.6 - (o - =83
1.2 0.6 b2 11.8 9.4
10.9 0.7 -3.9 o 11.7 . -8.8
2.5 0.7 -3.5 22.9 -7
124 0.6 -3 27.7. - 86.2
98.7 , 6.9 38.4 . 3.3 745
[

(vii)

BALANCE
(1)-(ii)-(iii)-

(iv)=(v)-(vii) ~

A
-0.1

0.

-0.1
0.1

0.

0.
-0.1
-0.1
-0.1

D e
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1973 - 197h

ocT
NOV
DEC
- JAN
FEB
MAR
APR
MAY
‘JUN

AUG
SEP
oCT
NOV
DEC -

TOMAL

(1)
RAIN

23.9

lhé.l -

638.7

TABLE 6 : Ground Water Balance Summary irom the Lolqunoun heport

(ii)
CHANGE
IN
SURFACE
FLOW

units of m3tx 106
(iii) S (iv)
ABSTRACTION CHANGE
= JIN
: G.W.
STORAGE
0.7 ﬁ
ok %
0.4
0.5
0.3
0.3
0.4
0.4
O.h
' 0.5 K
0.6
0.6
0.8
0.7
0.6

7.6 -~ -~ 386

.. /“!

(v)
EVAPORATION

45.8
52.8
L4.0

" 37.6
35.6
38.6
30.7
215
- 10.5
11.6
8.5
22.6
45.8
52.8
L4.0

503.1

(Qi) o
BALANCE
(1)-(11)-(iii)-- &
(iv)—(y) o

5.4

'} LZ -




(v) ‘ﬁvaporatioa Losses. ‘The different methods ofxcalculating the total
evaporative losses.has been discussed in sectioﬁ 6.3;3. showing
probable errors in the CoiQuhoun estimates. - |

. (vi) Change in Soil.MoisturejDeficit. This factor doesdnot enter into the
Colquhoun water balance. Theimontuly ualues of.soil moisture deficit ;
occurring in the model are nlotted.in figure 42. |
Ekamlnatlon of the two tables 5 and 6 shows that both the model and the

Colquhoun report glve good balances for -the water budget .over the callbratlon

period, both less than 1% error. However, Table 6 shows that on a monthly

Basis a balance is not.achdevedvusing the Colquhoun figures,.the:reasou for_

this error iying Eﬁiefly is the estimates of evaporative losses. The

monthiy balancevachieved:gitg_the Colquhoun figures ;s not given in Table 6

due to the upcertaint& ia the.distrioution of the change in groundlwater

storage. | . |
During the initial stages of callbratlon of the model 1t was attempted

‘ to not“only br1ng the-mode1 ground water levels and surface flows 1nto llne ,

- with the field data buttalso'to obtain a uater oalance comparable in each

aspect to that produced in the Colquhoun report. Howeyer, when this-proved

difficult the.procedure described in this report was followed with the

results as discussed above.
’ i
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PART 8 FURTHER FIELD INVESTIGATIONS

As wi£h any groundwater model.the need fo£ continpal.cqileéfion‘of data
and model hodifiéation based on new field evidence can_not be overemphasised;-: .
however long the initiél calibration period used,continued collection of field’
data can only helb to improve the models calibration and hence its predictive
reliability. |

Calibration of the Kakontwe grouﬂd water model hag indicated several
'poinﬁs which are worthy of further.field investigation, for exaﬁplg the
question of direction of flow inAthe south eastern part of the.éatchment;
Previouély it had been assumed tha£ the direction of ground water fléw was -
relgted to the topograph&, théfe Seing poor borehoie coverége in this area '~1l
to give any more accuraté assessment of the 'situation. Howeier, the model |
has shown that with the relatively small traﬁsmis;ivitiés and stofage
coefficients that are known to'eﬁist in this area, it is more likelj that flow
is in fact in theioppositeidirection, towards Zaime. Although the qﬁ?ptify of
water involved is quite large (20% of the entire catchment area is "upstream"
of thé apparent barrier boundary betweén nodes 22 and 24) the model has shown
that due to the low regional transmissivity it has little effect.bn the
surface flow.at the dambo. In orde? to resolve this questioﬁ of flow
direction a more detailed piezometric observation network into the Kakéntwe
dolomite is required in fhisvarea. Although not'of great importance some
further geologicai field invesgigations may be able to determine the exact
nature of the barrier bourdary to the west of Lake Chirengura (i.e. between
nodes 22 and 24) caﬁsing this flow probleﬁ. It is possible that the lineations
marked on the geological map as possible fissures are in fact dykes.

Also résulting frem the calibration -of the model was the concept of zonal
Transmissivity and Storage. Although such a concept is logical for a kafstic
region aquifer,  testing will not necessgfily'deterﬁine the separate f and S
values. In fact the acuifer tests carried out as part of the field

investigation for this model were all completed during a period of low grecund

water levels, therefore there is no indication of the order of mangitude of
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the ﬁpper tfénsmiégivity and stdrage éoeffiéien£ valﬁes. In order to obtain

- estimates of'the highef values it would be necessary to carry out aquifer tests

during periods of high ground wéterzlevels i.e. between February and July.
Another point of interest résultiné from calibration of the model is thét

of_évaporation. In the final model potential evaporatioq estimates of 0.75"

of the Turc estimates were found to givg better rgsults-thanﬂany of thé'.

potential'evaporatibn'estimates given in the Colquhoun reporf. Coﬁpled with

evaporation esﬁimatés is the use of a root constant. - In the final moéél a

_ root constant of 100 mm was used as an overall value which considering that

short grass is generally considere& to have a root constant of 75 mm iS‘not

unreasonable.‘“ﬁowever, the choice of potential evaporation estimates and

root constants gave rise to several proBlems in the calibration and -

emphasised the need for further research (not just in this area) into the
whole problem of the relatibnéhip between precipitation,’ evaporation and

vegetation.
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RAPPENDIX 1

PROGRAM LISTING

The results given in the report‘arg for a calibration period of
18 months,lh$3ever. since the initiqlVWOrk was completed on the
model a total of 27 months (July 1973 - September 1975) field

data has been made available. The following listing is taken

-from the final calibration run completed on the 27 month period.




ur

R

11,//X3BR1677 JUY (ANO3,H6,4-00,15,,,,,0) ,ADANS;CLASS=A

Poze/3RuuTeE PRIGET ELECIRIC BACKUP=R1S,lC=2

3.1/
4,//C.,
.b.
6
7
Be
9,
10,
11,
12,
13,
14, °
19,
16,
17,

© 18,

19,
206

. 21,

.22,

- 23.C

. 24,

- 25,

726,C -
21,
28,

D 2Y,

30,

_ 31,

32,

-33.
- 34.
. 35,

36.
. 37,
38,
39,
‘40.
41,
42,
43,

- 44,

45,
469.
41,
48,C
49,’
59,

. NIXT=87 -

. BAS1,6

EXEC rbLhG.ﬁFGIUL-)OOK
SYSIN DD =%

DIeNsIOoN X(36), WIDTH(36 30),ub(36 20) PATH(36 36), ELE(36).

CSCK(36),SFLO%(306),0V(36,20),DEFCT(236),VB(36,27) )

. C,1ER(13),C(36,36),RAIN(36),EVAP(36), ABZ(36) ALVEL(3
Cb) ,VINC(36),HULD1(36),HOLD2(36),STOR(36), bXLoS(36)p
CVX(27,20),5uUnC(36),SFL%(30) ,ASFLW(36) :
C,LAn(27),5P1LL(2T), ELOUT(ZI) VPLERM(36), SCON(36)
C,REGUR(36),SHRES(36) e
C,TRANS(36,36),BASE(36,6), PFRM(36 6), T6477(36 6‘,UPTR(36 6)
L,AthH(b7).bbﬁDt(?l) PASTD(30), bASn2(36)

‘C ZSTOR(27) ,Z88TR(27) ,ZRAIN(27),ZVAP(27), ZINF(27), ZUMFL(27)

¢ LSAB5C27) ,Z580F(27),ZPILL(27),ZS5URF(27)
lNFLGFR SUMCA,HOLD3(36) ,ADJ(36,6) ,RA(27),E(27), e
CulUT(36,27),AREA(36),SUNMA, GVERb(36) snLST(27) CAREA(36) f o<
REAL*S VT(36) WL,0(036,6),5UNQ(36), S(36) HEADN,V(36,27) = ¢
C,ADELT,DIFF,VP(36) - . , e i
REAL IN&(36) ,NDDLF(36) ,MTHDS . 1-;:?&&a~jrw-§@l IR
- NIN=S . '_ R a B T
. NOUT=6- ..17;4 ot “eggg;;;gﬁmm¢;&ngg;u,yuﬁﬂw_
NSTEP IS WO OF TIHE erps S e T
NSTEP=27 . o : ;,“.: R . . . ij : L

AMNTH=NO OF MONTHS IN TINE STEP - R

SPRED=1-,0 . 1§1E I

D=1 .ju ¢“$;f“ :i:,f_:~‘ - E "3? “*ﬁ"' T e e
Zi=0' - ! - :. __:.::.~—.. 4.,_:,..,’ »». V ,... . ~- .,.,‘..v ', - - ._-A . s .‘ e . -x,.; . - e, ‘ ;. .
2230, oo e T e e e
24=0, : e e i e e e o
iy e PRI s T e g R S L
45=0, } . -
‘;-207:0" Lo - : -0 ST , . o ) M . it
28=0,. Cemen e T e TS
CBSHDFSO0, - . . Ll CEe oo SO

BSTOR=0, oo ' - ] . ] e
RBSTR=0, - AT LT T T . ,:.‘.T}.—

~ BRAIN=O0,

BVAP=0, ’ : o E C R
CIiF=0, R e o . Co :
BSABS=0, . . , L I
SUNFL=0, ‘ - ) s
TO1SF=0,

SURMFL=V, : -
ZINC IS THE #MIN V&RT SCALE DIVISION IN FINAL G.¥ HYDROGRAPHS
ZINC=0,5 o ) : : :
XY=0.10 . _ S -

. -~
-~ -
e ez we e - . e me— e m e e — e - e wmer e e - e e -~ - S e ememmamg e n e
o
- Z .t -
“a




H1,0
52,C 1
53,C
54,
55,
56'
57,
54,
5Y,
60,
61,

64.

70,

46.

46,C
iT.C 2
JB.C

104

5 Q(M,L)=0,

v;+mc;¢;¢+;;*¢*****:******#*****##**:*4****4*#****#::******#i==

INITIALISE ARRAYS

FAXFYFR LD XIS EFE 44 %S FRAFEXEFRY ¢**¢**T’F**********"1 1‘******&*****"’

N 1 I=£,13
IER(L)=C
Lu 2 L=1,36

DY 2 "I:I,jb

wIDTH(L,H)=0,0

TRANS (L ,08)=0,0 -

PATH(L,M)=0,0
C(L,M)=0.0

VO 3 L=1,36
DO 3 M=1,6
ADJ(L,*)=0

DO 4 r=1,36

PASIN(H4) =0,

ELE(M)=0,0
OVERB(# )=V,

- SCK(M)=0,

ABZ(M)=0,

EXCSS(M)=0,

STOR(M)=0,
DEFCT(H)=0,

REQUR(M)=0, -+«

ASFLA(M)=0

4 INF(M)=0,
- DD 5 M=1,36

SFLOW(M)=0, "
RAIN(M) =D,
EVAP(M)=0,
DO 6 M=1,36 -
DO 6 L=1,6

PO 7 L=1,36

DO 7 n=1,27 .

QUUT(L,M)=0,
DO 8 1=1,13
IER(I)=0,
BSTUR=0,

" BbSTR=0,
"BRAIN=Q,

BVAP=0,

CINF=0,.

BSABS=0,
BSMDF=0,

xv********;*$*************** ERERRR RN KRR I TR AT R KRRk &

READ DATA

FREERKERERETERRRRRELRAK

SULFL=0,
?UHSP =0,

m:$*$$*¢**#*x¢$$#**¢****#*¢m*##***#*



101, PFLW=520000, L I
502 SKFL'2.{36)=5200600, : . . ,

‘03, PAST=520000, T : -
e4, 9 READ(NIN,1DUC)KODE, (ADJ(NODE,L),L=1,6) 7% #?L“E*“Hff*~f»fffﬂﬂf“‘
i0%, 100U ruk‘ux(IZ 8X,6(12, ux))

Vbe REALC L, 1001) (huLDI(I), I=1,6), (HOLDZC(L),121,6), (HOLD3(I) 121, 6.
107, 1001 FOREST(LOX,6(F5,2,5X), /110X, 6(F5 2, SX),/ 10X, 6(15 5X)) _
U8, DO 11 I=%,6

109, U= ADJ(NUPF.I)

110, 1F(J)11,11,10 :

111, 10 PATH(HUDE,J)=HOLD1(I)

112,  WIDTH(NOQDE,J)=HOLD2(I) ~ - S

S13, TRAKS (HODE,J)= HDLD3(I) T o ' '

114, 11 CONTINUE

215, READ(HLIN, 1007 )AREA(NODE), SCK(NODE) OVERB(NDDE) ELE(NOD&) VPERM (=
116, C NODE),CAREA(KODE), SCON(NODE)

21, lF(hUUL-3b)9 12,12

118, 12 READ(HIN ,1002)NUDE
219, 1002 FUKBAT(12)

<

120, REAU(NIu,1003)(OOUT(NODE L).L=t, NSTLP) .
221, 1003 FORMAT(EC4X,16)) _ <
3122,  IF(NODE=-36)12,13,13 . A S

323, 13 READ(NIN,1008)(RA(L),L=1,NSTEP) e

-12&, ' ' READ(NINY,1008)(E(L),L=1,NSTEP) CE

5225, DO 14 L=1,NSTEP _ _ N o

7126, TVAP=1, 0+FL0AI(ELL))-?_ ST Temma T UTRE L en T O
427, CE(L)SAINTCTIVAP) - ) o 2

‘128, 14 CONTINUE
129, 15 KEAD(N1H,1002)RODE

130, - READ(NIN,1009)(VB(NODE, L),L 1 NSTEP)-.f Lo Esmemizmeloo o o
1131, 1F(NUDE=36)15,16, 16 - T :
.132, 16 CUNTINUE ' ) e S e

0 .133, -READ(NIN,1004)(DAM(L) L=1, NSTEP) v T L e T
134, 1004 FORAAT(B(2X,F8,0)) et Lo T bl
135, READ(#1K,1005) (SPILL(L), L-1 NSTEP) . o 3 :
136, 1005 FORMAT(B(1X,F9,0)) o
137, ~ READ (1IN, 1000) (SABST(L), L 1, NSTEP)

138, 1006 EURNAF(8(4X,16)) ‘ ‘
.139, 1007 FORMAT(10X,18,2X,F6,4, 4x 14 6X,F6, 1 12x Fb, 4,18 1x Fé6, 4)
140, 1008 FORMAT(16(2X, ;3))

141, 100Y FORHAT(B(3X,F7.2))

142, DO 17 I=1,NSTEP

143, 17 ECI)=E(CD) P _ _

144, 7 DO 18 H=1,36 - ST

145, - DO 18 K=1,36 ' .
140, TRANS (H,K)=TRARNS(M,K)*10

147, 18 COUNTLIDUE

148, 19 RLAD(lI&.lOlO)NODJ,(PE“V‘JﬂDE L),L=1,6)
149, 1010 FORMAT(I2,1X,F7,0,5(3X,F7.9))

150, 1F(HUUE-36)19,20,20

- emmaem— - DU UGN SR e ae———————i e omn s e e aereen =




151,.
152,
153,
154,
155,
156,
157,
15&,
160,

1u

21

1011

22
23
24

25

161,

162,

.163,
164,
. 165,
166,

A167.,‘

lod,

- 169,

170,
171,
172,
173,
174,
175,
176.
177,
1-’8.'
179,
180,
S181,
182,

26
21

29
1012

1013

30

~ SCK(13)=0,05

._183, -

. 184,

- A8s,

187,
188,

1014

31

189,
190,

l191,
193,
194,
.195,
‘196,
297,
- 198,
~99,
200,

'SCK(33)=0,05

RLAD(NLM,IUII)DDDE,(BASL(NODL L) L=1, 6)
IF(NODE=36)20,21,21

LU‘\lluUr_
PUH~AI(') 1X,F7,2, 5(3x F71.2) )

RERU(HIE, 1010)600E, (16477 CHODE, L) , L=1 '6).

1F(NDDE=-306)22,23, 23

CONILRuE -

READ(# 1, 1010)200E, (UPTR (HODE, L), L-l 6)
1F(nODE-30)24, 25,25

CUNTIANUE

HBASE(14,4)= BASL(Jb 2)

bO 29 N”UE 1,36

DO 29 h—l 6 ’ _

IF(PERN(UO“E L)=0.)29%,29,26 -

IF(UPTR (5 WDE,L)’;6477(NODE L))28 27 28 -

PERM(NIDE,L)= 1,0
GO0 TO 29

CUNTINHUE
FORMAT(7(12F6,5, /) 3F6,5)
RLAD(HLN,IOIZ)(AﬁhTH(IXT) IXT=1,NIXT)
READ(NIN,1013)(VPERM(I),I=1,36)
FORMAT(3(10(F6,4,2X), /) 6(F6 4, 2X))

D0 T30 1= 1,36

SCK(I)=0,05"
SCK(5)=0,02 . . R -
SCK(9)=0,07 R -

SCK(17)=0,002 S T
SCK(18)=0,5 . - "0 vl D
SCK(28)=0,01 DR e

PLAD(NIN,1014)(BASE2(I) 1=1,36)
FORMAT (4(8(3X,F7. 2), 2 4(3x F7 2

JDU 31 N=1,36 ;;g;;u;;ﬁmxﬂéi. ;4;éi-~';:".
SCON(N)=0,08 S zfi, ‘_w_ :

28 PERM(NODE,L)= (UPTR(NODE, L)~T64‘7(NODL L)J/(BASE(NODE L)+SPRED-
C=BASE(NODE,L)+SPRED )

CONTINGE — - . T LT e

SCoN(3)=0,3
SCON(5)=0,15

CSCON(7)=041

SCUN(9)=0,2
SCON(11)=0,2

SCON(13)=0,2

SCON(17)=0,08

SCON(18)=0,5" : : P
$CON(20)=0,2 o -
SCON(22)=0,2" S -
SCON(24)=0,2 S
S5CON(26)=0,2

e eme—— . e e == - e e e e e——— T e = ——p—————

—

R e T PN




SCoN{28)= o 3'f§f3ﬁ7‘f”’f-”."~*'*‘?.f“l‘ IR
SCie(20)= . . . T
SCON(33)= 0 1 o I
pu 32 4L=1,27 i ’ S - :

32 E(L)=2(L)*0,75

T RREALTYISCAPEACT)
AREA(13)=CAREA(13) S .
AxbtA(Y)=CAREA(Y) : ’ . T
AREA(3V)=CAREA(30) :
AREA(24)=CARFA(24)
AREA(L/)=CAREA(L17)

***4****:*:¢:*4;4**4:*********************v***t**#*******#
,C 3 WRITE OUT INPUF DATA
C $¢*¥¢**$***4**$’,¥*$+*******#***************t***********y#&*t

1017 FORMAT(LH ,2X,12,6X,6(12,5X))

1024 FORWAT(1HO, '"MONTHLY EVAPORATION DATA')

WRITE(HOUT,1015)
1015 FORMAT(1H1,'LIST OF ADJACENT NODES')
wRITE(MQUT,1916) ' . - S
1016 FORHAT(1HO,1X, 'NODE ADJ1 ADJ2 -ADJ3 ADJ4  ADJS5 . ADJG V)
PO 33 nope=t, 386 : : _
33 WRITE(NOUT,1017)NODE, (ADJ(NODE, L) L= 1 6)

. WRITE(NOUT,1018) )
1018 FORKAL(1H1,'LIST OF NODAL PARAMETERS')
" WRITE(NOUT;1019) T - .
1019 EURMAl(lﬂo,' NODE AREA(M**Z)” scx. OVERB ELEVATION VPERM'_\
DO 34 I=i, 36 ' ' ‘ ‘ o
34 WRITE(NOUT 102033 ,AREA(I),SCK(I),OVERB(I), EL&(I) VPERM(I) SCDN(I)
1020 FORMAT(1H ,2X,I2,4X,18,2X, F6 4, 2x 14 sx Foé, 1,4x F6 4 4x 4X,F6. 4)
’ WRITE(NOUT,1C21)
1021 FORMAT(1H1, 'MONTHLY RAINFALL DATA IN MM.,)
"7 WRITE(NOUT,1022) - o . : o
1022 FORMAT(1HO,' M1 M2 M3 M4 MS M6 M7 MB M9 M10 M1l M12 M13 .t -
C,'M14 M15 M16 M17.-M18 ') g T I T
WRITE(NOUT,1023){RA(L),L=1, 27) ,A.;;;_:”-,_;.w@. x
1023 FORMAT(IH ,1X,13,26(1X,I3)) ‘ »
" WRITE(NOUT,1024)

WRITE(NOUT,1022) R
WRITE(NOUT,1023)CECL), L= 1 27) z o '
WRITE(NOUT,1025) '
1025 FURAAT(1H1, 'MEASURED MONTHLY WATER LEVEL DATA')
WRITE(NOUT,1026) ' . :
1026 FORMAT(1HO,'HODE MONTH1 MONTH2 MONTH3 MONTH4 MONTH5 MONTH6 . M
" CUNTHY MOHTHE MONTHY MNTH10 MNTH11 MNTH12 HMNTH13 MNTH14 MRTH1S
CH15 HMNTH161) ‘ ' ' - o
DO 3% I=1,36
35 hth“(NUU1,1027JI,(VB(I LY),L=1,16)
1027 PORMAT(IH ,1X4T2,1%X,1i6(F7.2,1X)) ' ‘
"7 WRITE(WNOUT,1025) .




251,
252
253,
209 ¢
259,
296,
257,
208 ¢
25Y,
200,
261,
202,
2603,
204,
205,
20064
26071 o
268 4
26Y,
270,
271,
272,
273,

274,

275,
276,
217,
278,
279,
280,

1024

30

'102?

1030
37
1031
1032
38
1033
1034
1035
1036
39
1037

1038

281,

282,

283,

WRITE(NOUT, 18%28) : -
FOKMAT {10, F2:00FE ”'!Tlil7 rW‘TP(lB ')

VO 36 1=1,36

nhlluthUl F32951, (Vv (I,L), L-17 27) .
FURMAT (LN ,TH,12, 1X,11(F7.2, 1X))
WRITE(NQNT, 1®30)

FURFKAT(1HY, *RONTHLY ABSIRACTION DATA- IN MX*%3 * 10**-3')

winITe (WUUT, LO28)

vo 37 1=1,36

NRlTb(NDUL £831)I, (GOUT(I,L),L= 1,16)
FORMAT(IH ,EX,12,1X,16(17,1X))
thTE(NOUT,L@BZ)(SABST(L),b=1,16)
FURMAT(1H ,1%,%3065',16(17,1X))
WRILL(#NOUT, 1830) ‘
WRITE(NOUT, 1028)

DU 38 I=1,36 SR e

bullt(xDUT 1233)1, (def(l L) L=17, 27)
FORMAT(IH ,18,T2,1X,11(¢17,1X))
RRLTE(HOUT , 1U348) (SARST(LY, 1L,=17,27)
FORMAT(1IH ,1&,'365',11(I7 1X3)

WRITE(NOUT,1035)

SORMAT(1H1,' INTER MNODAL BASE VALUES')

WRITE(NQUY, 1038) . o . S
FORMATT1HO, " =Z0DDE ADJI _ ADJ2 —~ ADJ3 -

CbJs ADIS v) '

DO 39 HODE=1 .36 ~ - R T

W#RITE(NOUT, 1037)NHDE,(BASE(NODE L), L 1 6)

FORMAT(1H ,2&,12 X, b(lX E10, 5)) T

WRITE(NOUT,1038)

FORMAT(1H1," INTER NODAL PLRMEABILITY VALUES M/DAY')

WRITE(NOUT,1036)

. DO 40 NODES=L,.38

40

285,
286,
281,
248,

290,

291.
2924

2493,

294,
295,
2906,
297,

298,

1039

a1
1040
42

1041

43

1042

299, -

200,

1043

e
f

WRITE(NOUT, 1@37)NUDE (PERM(NDDE L), L 1 6)
WRITE(NOUT,1039)

FORMAT (111, T6477 CUT OFF IRANS VALUES')
WRITE(NOUT,1038) ’ -

D0 41 NODE=1,3%

WRITE(NOUT ,1037)NODE, (T6477(NODE L) ,L=1,6) .

WR1TE(NOUT,1040) -
FORMATC1H1,! WPIR UPPER VALUES OF TRANS') j

WRITE(NOUT,1036).

DO 42 NODE=1,36 : '
wRITE(NOUT, 1037)NUDF (UPTK(HDDE L),L=t, 6)
WRITE(NOUT,1021)

FORMAT(1HY, ' BASE2 AND SCON VALUES '//7)

DO 43 NUDE= 1 36 i
vRITE(NOUT, QJﬂDDL,BASEZ(N”DF) SCOM (NODE)
FORKMAT(IH 3X,12 3X,FT7.,2,3X,F6,4)
WRITE(NUUT,IU@B)»

fURﬁAT(lHl,' #ODAL CATCHMAENT AND. QUTCROP AREA!




)le:

)2,
13, .
',
'S 4
JO o
| PO
)Y,
)Y,

LO. -

ll.
12,
1 3.
1 4,
LS,
164
l?o )
lb..
Y,
20,
21,
226
23,
24,
25 o
/6
d?.
28 o
2Y 4
30.~
31,
324
33,
34'
35,
36 o
37 o
38 4
39,
10,
ll.
t2 .
k3,
4,
19
164C"
17, C
-’BQC
Y,
10 e

C' NUDE CAREA . AREAV///)y. oL L0 T e
SUMCA=0,’ I ‘ s S . o
SUHAZV, ST e a i s
PO 44 n=1,36 : Vet T AT

WRITE(MOUT,1044), C“R"A(N) AREA(N) - .

1044 FORMAT(1H ,1X,12,5X,19,5X,19)

SumC&:sUﬁCA+CARﬁA(ﬂ)
T SUMASSOMA+AREALN)
44 CONTINJUE :
wRITE(NOUT,1085)SUHCA, SUMA
104% FORMAT(1HO,' TOTALS ',110,4X,Ilo)-
. WRITE(NDUT,1046) o : R
1046 FORMAT(1H1,43X, 'TABLE 2(A)'///) : - L o
7 WRITE(HQUT,1047) N ;
1047 FORMAT(LIN ,'T6477,.LOYER INTSRNODAL ZONAL TRANbMIQSIVITY VALUESo t,

St31.E, VALUES BELOX BASE,'/7)

: "WRITE(NOUT,1048) , - L - - _

1048 FURMAT(LH -,' RODE ADJY - : ADJ2 . - - ADJ3
C ADJA4 ADJS : ADJ&’) ' =
by 45 n=1,36 ‘ ' -

45 WRITE(HOUT,1049)N, AOJ(N 1) T6477(N,1),ADJ(N,2), T6477(N 2), ADJ(J 3)

CeT6477(1,3),ADIN, 4),1647I(N 4) ,ADJ (N, 5) T6477(N 5), ADJ(N,S),T0477
C(N,5) L

1049 FORMAT(i# ,2X,12,1X,6C'(!,I2,')! E10 S, 1XJ) S me

WRITE(NOUT, 1050) , L A
1050 FURMAT(1H1,43X, 'TABLE 2(3)'///) o 1 -ani‘ﬁV . T
WRITE(NOUT,1051) ' ' A o
1051 FORMAT(1H ,'UPTR. UPPER INTERNODAL ZONAL TRANSMISSIVITY VALUES, I, =
- 'CE, VALUES ABOVE BASE, '//) o e
WRITE(NOUT,1048). o _j%~~-3~ - fi_gfuft-.f
DO 46 N=1, 36 ) R ' o
46 lelL(NUUf 1049)N,ADJ(N,1) ,UPTR(N,1) ,ADJ(N,2), UPTR(N 2) ADJ(N 3), -
"~ CUPTR(N,3),ADJ(K,4), UPTR(N 4) ,ADJ (N, 5) UPTR(N 5), ADJ(N 6) UPTR(N,6)~e
wRITL(NOUT 1052) .
1052 FORMAT(1H1,23X,'TABLE 3'///) _ T R
WRITE(NOUT,1053) ' e S
1053 FORKAT(LH ,'LONAL STORAGE COEFEICIENTS‘//) i :

Bybl
Y

I3
RIS
Sy i,ry(y

WRITE(NOUT,1054) S o e
1054 FORMAT(1H ,i NODE  STOR,COEFF,ABOVE BASE ~ STOR.COEFF,BELOW BAS
"WRiTE(NOUT,1055) . _ B St
1055 FORMAT(1H .' IR (SCON) . I (SCKI'/7)
. DO 47 N=1,36 - o )
47 WRIlb(NUUL 10568, SCONCN)  SCK(N)
1056 FORMAT (1H V1X,12,13X,F5.4, 21X,F5,4)

'A,**************#****3****#*********#********#******##****#**#
4  SET ROOT CONSTANT '
R R R R XTI RE R R R R KR KRR R R T RE R R FRERREAREERRR%RD
ROUT=100, | -
STDEF=200,




31,
352,
353,.
354,
355,
356,
357,
35%,
35y,
36C,
361,
362,
303,
304,
365,
366,
367,C
368,C 5
369,C
370,
371,
372,
373,
3ia,
375,
3176,
3i7,.
3718,
379,"
380,
381,
382,
383,
384, 7
385, .
386,
387,
388,C
389,C 6
390,C
391, °
392,
393,
394,
395,
396,
397,
398,
399,
400, .

Al

. 49

1Y)

- BBSTR=0,

TSABS= 0. RS SR "" --»- BTN

°1

52

53

54
55

ESMDF(1)=STDEF ~

no 50 N=1,36 .
PASID(N)=STOEL . =
1r (RuOL=5TDel ) 43, 48 49
SHRES(M)=0,

GO T S0
SHMRES(M)=(ROUT~ SrDbF)
CustlwiE L
PASTD(36)=0, .- e
PASTD(35)=0,

PASTU(34)=0, -
PASTD(14)=0,

SHRES(36)= RUOT
SMRES (35)=ROUT
SMRKES(34)=K0O0T
SMRES(14)=R0O0OT

v L e Ll o

.......

-~
N -
. .
4
.r
2.
-~ .

***z¢ta*t**¢#*¢x+m**f****¢44*:**T*************tt*******¢*#*

SET uP TIME STEP

******#***4***#+#*+******************#****************7*#**

TIME=0,
DO 120 ISTF?—Z,NSTEP
B8STUR=0, ' :

BRAINso;' =
BVAP=0, .
CINF=0Q, <
.BSA55=00-*
SUMFL=0, ; -
BSMDF=0, .. 0. .. 5.
MTHDS=0, . . ---.-
ASTUR=0,
ARAIN=0,.
AVAp:OQ_

AINF=0,

CONTINUE

x****x***+xz$***z******************************************

CONVERT SFLOW(NODE)FROM A MTHLY TOTAL TO A RATE PER DAY

********x**:*********************

IF(IbLLP 2)51,51,54
DO 52 ~ODE=1, 36 )

VP(NODE) = VB(HDDE ISTEP'I)

V(NODE,ISTEP)=VB(KODE, ISTEP~1)
V(NODE,ISTEP=1)= va(root ISTEP=1)

STOR(NUDE)=1,0
GO TO 54 . °
b0 55 KODE=1,36

V(HODE, ISIEP)“V(NDDE ISTEP 1)

cewels oL U LT LD Y2 ol ST L
<-T- =L - s N
R R T =

i e Ll et
v o ST AR
=3 - " f
. -
b .-
..

o s

********************#**

'IE(V(NODF IbTEPJ—fLUAT(ovtRB(NUDE)))53 54, 54
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AL
G2,

403,

‘;Ur’-

4064

401,

408,

309,

410,
411,
412, . 56
413, 517
414o

QIbc

4106,
417,
419, - 58
420,  5Y
421,
422.C . 1
423,C
424,
425,
427,

428,
429,C .
430,C 8
"431|C‘
432,
433,
434,
435,
436, -
437,
438,
439,
4490,
441,
442,
443,
414,
445,
44p,
441/,
8¢y, -
449,
459,

P ilY IXESE L EEK

ASTUKR=0,
IR LAY BER- U

T Avap=0, 0

ALNE=0, - - -
ABSTR=0," -
f;i}d-U .

ITeEr =0

i:

1F(IXTLGT, lb)bﬂ TO 56

EXROR=0,0001%
GU TU 57
EiKRUR=0,001
Pl1Me=TIME

TINE=TIHE+A%ETR (IXT)

AUELT=AHNTH(11T)*30.5

DELT=1/ADELY

DO 58 L=1,36
Wuuub(b) PAOIQ(L
VI(L)=VP (L)
ITn=ITER+1

)

<

EFERRXRKERRRLS x:*z#***¢*******#*******#*****************t#*
SET UP DO LUUP FOR KOUDES 1,36
e*#*#*******x$*t;:x*****************#**********#*#*********t* _

DLFt'=0,

Do 94 “topE= =1,36
aL=o0,
bUMO(NODE) 0.
SUHC(NODE)=0,

**;»*****m**¥7*4$:$*#*********¢**x****#****¢******#*****#z** o
SET UP DO LOOP FOR ADJ NODES 1=6

IF(NODE,EQ.1)GO TO 93
IF(NODE,EQ,2)G0O TO 93
T0 93.~- -
1F(WUDELEQ.6)CO.TO 93
TO 93
T0 93

1F(KUDE.EQ, 46O

1F(NODEEQ,B3GO

 IF(NUDE.EQ,8)GO

1IF(HODE.EQR,10)GO
1F(NODE,EQ,12)6G0D
1F (RODE,EQ, 15)GO
1F(RUDE.EQ,16)GD
IF(NOVE.ER,1Y9)GO
1F(NODELEQ.21)GO
IF (#ODE,EN, 23)60
1F(NUDE,L,ER.25)G0

IF(NODELEQ,27)GO

IF(§UDE.EQ,293G0
IF(MODELEQ, 32)G0
DO 67 L=1,6
JSAUJ (NODE, L) -

70
TO
To
70
T0
IQ
T0
10
TD
TO
TO

93
93
93
93
93
93
93
93

.93

93
93

1es o,
PRI L S

*+*#*¢$*****sga:::*$************#****

M e
-l BRI

P e,

SRR

*****;***;****t***:*:x




451,
452,.
- 4%3,
454,
455,
450,
. d.b.,o )
454,
459,
- 460,
461,
462,
463,
464,
T 465,
466,
468,C
469, c Y
470,
471.
472,
. 473,
474,
4175,
476.
4711,
478, .
479,
380,
481,.
482,
483,
484,
485,
456,
487,
488, -
489 ,C
490,C 10
491.L '
492,
- 493,
494,
495,
496,C
497 ,.C
494,C
499,
500,

60
61
62
63

64
65

&6

67

68
11

69

‘IF(\]._{'. b

Sl (JdL. e,
IS,

TLF(J.0,23)G0

1F(J.EQ,0)GO TO 67
It (u.nd, 1JLU TU 66 . e R .
IF(d.Ea, 2)GO0 10 66 0 TR
4)GO0 TO 66 - T - : o : '

6)GU 10 66

6YI6GU TO 66 - -

£0.10)GY TO 66 .

IF(J.EU0.12)G TD 66

1IF(J.EQ.15)GD TO 66

IF(J.E0.,16)YGD TO 66

1IF(J.EQ.19)G0 TO 66

IF(U.EQ,21)G0Q TU 66

TO 66

IF(J.EN,29)LGU TO 66

168 (J, B, 27)G0 TO 66 -

IF(J.E0,29)G0 TO 66

1IF(Jet,32)G1L TO 66
*#********t*****##**#*********#***********#*#****#**********
CONPJUIE TRANSHISSIVITY AND- CONDUCTAKCE
**#*»x*r**:*****’z**ztt**+*************#********t*#*****t#** o
lb(Vl(NODh)-VT(J))bo 60 61 ‘ o - ' ‘
wL=VI(J) - o - S S L ¢

GO TO 62 B _;,:_<_ RO
WL=VI(HODE) ‘ B -

IF (PERM(JODE,L)=0,)63, 63 64 - SR
TRANS(NODE,Jd)=0, T T IR o5 PV
GO TOU 65 ‘-' ' ‘ o
CALL TRNS(RL, BASE, NODE, L, J TRANS T6471, PFRM UPTR,SPRED)-
C(NUDE,J)=HIDTH(KODE, J)*TRANS(NDDE J)/PAIH(NODL J) ‘
Q(NOLI,1L)=CINUDE, J)*(VT(J)~VT(NUUE)) e
SUMQ(NODE)=SUMQ(KODE)+Q(NODE,L) o :
SUMC(NODE) SUMC(NUDE)+C(NODE J)

i g

l!“(d.ﬁu'

GO TO 67 ’ - A A- - - ~'."":‘.'_';q"'. N e e :.-:":‘»'._~~.'~f_.'-\--'41"-‘«-»’- o

C(NODE,J)=0, T I Y IR
TRANS (HODE,J)=0, D R
CONTINUE ‘ K o
SUMQ(NUDE)=SUMQ(HODE)X*ADELT -

SURC(NODE)I=SUMC(NUDE)*ADELT o
**x*************a********$***#*******************************_

- COMPUTE RELAX COEFFS,

*********¢******r;***********************x*****************»
IF(STUR(NODE) LT,1.0)G0 TU 68

X{(NODE)= BA/(bbuul(ARhA(NODh))*SCK(NODE)+SUMC(NODE))

GU TU 09

X(NOOE)=BA/ (FLOAT(AREA(NODE) )*SCON(NODE)+SUNC(NODE))

I T T e e P TT YT TSI LI I ISR FTETE S 38
COAPUTE STURAGE FLOW FOR NODES

EERFER AR RRARERXIRFRERE LR *****#****#**~####******#*#*#***#
IF(STORCHUDE) ,LT,1.0)G0 TO 70

- CHECK=SCK (HUDE)

4 e e - e . o o e o oaran



501,
502,
S04,
504. .
S505,C

506.C

S07,C
SUb ¢
509,
blU.
511,C
512.C
513, L
14,
515,

" 516,.
517,
"518, -
519,
520,

522,
523,
524,
525,
526,
527,
528,
529,
~530,.
531,.
532,

533,.. .
534, .

535.:'
536,

538,

539, -

540,
541,
542,
543,
- 544,
545,
546,
547,
548,
539,
550,

" 70 CHs "—scnm(uémﬁp

13 bVAP(ﬁﬁDL)'Fhﬂﬂi(ﬁ(b))*FLOAT(CAREA(NUDE))*AMNTH(IXT)

74 cowr1nug - I L ,_gsfnzw;n‘.fiy;%;Q-“‘

76 REQUR(NODE)=0,

77 DEFCT(#ODE) =0,

T GL TV 71

b

1 S(NODE)=S Funnrza&EA(ront))*CHSCh*(VT(NODE)-
T CVP(SUDE)) : :
**4*¥~**xftxsﬁsszw********t**#*.***x*xa*4****** ***#**#***t

12 CO2PUTE BALAUCE OF ARSTRACTINHNS RFCHARCE RAIN ETC

***:*#*##***ss#a::*****##*#******tw*$$¢*¥#***#**m**#t***t*t*‘
PTritc=plIsn+l :
K=1STEP . ' ’

ABZ (HUDE)YSFL2AT(QUUT (NODE, K))*IO**3*AFNTH(IXT)
**e*+*+*****;%#3#:#*****$*¥*$*+*#*+f*¥»¥#**#w*¢**+*******$*

13 EVAP AND IF CRELCULATIONS

¥******+**+f:saz,$$*¢*4***************’#******#**********
EVAP(NUDE)=0, . -

KALSN (NODE)=0. o S o
ASFLW (NODE)= =SFLO#(NODE) ST .La-f S
L=lsTep ‘ - ' ' T
"RAIN(NODE)= Fh@ng@A(L))*FLOAI(CAREA(NQDF))*AMNTH(IXT)
C/1000,

ASFLW(NODE)=ASFL&E{NODE)+RAIN(NODE)

IF(NUDE=36)73,72,73

jl bVAP(3o) FLOAT(E(L))*800000, *AMNTH(IXT)/IOOO.

GO TU 74

i "C/1000,

LF(BINF=0.)75,76,76 o | I o

15 REWUR (JHUDE)=LEFAP(NODE) - ASFLW(NUDE))*iOOO /FLUAT(CAREA(NODE))

DEFCT(NODE)= 5@@EFIHODE)+REQUR(NODE) BRI e g
INF (NODE) =0, : ' e .
CALL SHD(HODE,BDEFCT,AVBLE, RFQUR SMRES,R0O0OT,SCK) -

PASTD(NODL)“ﬂDBEFKNODE)+AVBLE
GO T0-87

- AVBLE=O0, - N { ;ﬁ. Jf;fﬁfl"f T —?f;':A¥T5;;i> CEL
. ASFLVM(NODE)=8INF . . ' - . . .
IF (NDDEF (HODE)=0,377,77,78

SHRES(NODE) = RODT -
GO TU 84

T8 DEFCT(HODE)=NDDEF(N0ODE)~ (ASFLW(NUDE)*lOOO /FLOAT(CAREA(&HDE)))

IF(DEFCT(NODEDI=0,279,79,80

19 ASFLW(NODE)= ASfwamuoa)-moan(nooa)*sLUAT(CAREA(NUDEw)/1000.f

PASTD (NODE) =0,
SKRES (NODE ) =RGPT

DEFCT (SODE) =04 : o -
GO TO 84 |

EVAP(NODE) = AS?L@(KDDh)+(AVbLb*FLDA1(LAR&A(NODL))/lOuO S T
ASFLW(NODE) =0, . : ..Jii"

it




%51, -
5592
%53,
5h4,

bh5 ¢

55be

51,

558, -
559,
560,
Sol,

Y02,

So3,
564,
565,C
500,C
567,C
Ho8,
569,C
570,C
571,C
5724
573,
574,
575,
576,
5717,.
578,
~579,C
580,C
582, .
583,.
S84,
585,.
586,
587,
588,
589 ,.
590,
591,
592,
93,
5494,
599,
596,
597,
598,
599,
. 600,C

HO

b1
82
83
b4
85
86

87

14

15

8

89

90

91

92

23

94

PASTD(MODE)=DEFCT(NODRY -~ . = 7 o S e

: S‘lRLb(l\JODFA)"NUUI : . . -

1r(znolb(hﬂDL)’“PhhoLNOUE))62 8:,81 .
SMRLS (HODE)=U, - S S
GO T 83 » .
SMRES (NODE) = Snth(NODF)—PASIDCNODL) . o
ASELA(nODEY=U, o T '

INF(NUDE)= VPLRM(NUDP)*FLOAT(CARLA(NODL)) *ADELT
1IF(INF(LUDE)=ASFLW (RODE) IS5 ,E6,86 : ,

ASF L (isODK) “ASFLH(LODE) INF(NODE) i
GO TU 87 ‘ :
INF(NODE)Y=ASFLE(NODE)

ASEFLw (RODE)=0,

CUNTLINUE ' -
*************#**#*******#*#************************4********_

CONPUTE RESIOUAL FLOAZ FOR NODE

FXXERRFXRER :#*#******¥+***#***J******t***#************t#**#t#

RES=SUAQ(NODE) =S (NODE)+INF(NODE) =~ARZ (NCGDE) -

***#**#*###3&**#******#****#***********4**********#***#******

COMPUTE NEW HEAD AT RODE oo

**#******¢:x¢*¢:$#*?***t*************************¢*********t

EXCSS(HODEY=0,

HEADWZVT (NUDE) +X(NODE) *RES

IF(HEADN=ELE(NODE))89,88,88 _ o :

EXCSS(NQDE)=KES . ...0 . e e el N

HEADN=ELE(HODE) - T ST s T T T e

DIFF= UlFF+DABS(VT(NUDE)—HEADN) I

VI (NODE)=HEADN : . ' . o

rounuwlnc STATEMENTS PREVENT SMD AT RISING,WATERfNODEs

TEST EXCSS(NODE)

EXCSS5(NODE)= IEST—PASTD(NODE)*FLOBT(CAREA(NODF)) R
C/1000, - _?,3;. S
) IF(LXCSS(NODE)~0 )90 92,92 - L el -

PASTD (RUDE)=PASTD (NODE)=TEST*

C1000./FLOAT(CAREA(NODE))

"SMRES (NODE)=ROOT=PASTD(NODE)’ - : L S

1F{(SMRES(NODE),GT,0,)G0 TO 9% . R L R

SMRES (NODE)=0, . e .

EXCSS(H0ODE)=O0,

GO TU Y4 '

PASTD(NODE)=0,

SMRES (NODE)=ROOT

GO TU Y4

CONTINUE : : : : : » :

X (NODLE)=0, ) o ) 5 ‘ o

S(NODE)=0, ' - ' ’ a o

CONTIHNUE

$4**¥&*¢**#**$**¥******************#*****+***********+**+**#*#




601,C 16
6E02.C
603,
bU4, YD
bUS, 105/
606,
607,

GEUB o Sb
60Y, 1058
610, Y7
611, Y8
612, Y9
613, ’
614,
b15,-
616,
617,
618,

619,

620,

621,
623,C 17
624,C
625,
626, 100
627,

628, 101

62Y,

630, 102
631, -
633, ..103
634,
635,
636,
637.
638,
639,C
640,C -18
641,C
642,

643, -
644, 104
645,
646,

647.

648,
645, 105
650,

e

_Vnhllb(‘ \JU‘. 10“\ )N Vp(r') “:- ’

ASFLW(HODE)SASEL (NODE)4EXCSS(RODE) - =

CHECK TDTAL AE .CHANGE IN WATER LEVELS AGAINST ERROR - : )
AT A SR AR IR AN R AR TR RAE #*t74#**¢1$4****x¢#***x¢****t*t*e =

..F(IILR 65)9I,W6 95

WR1TE (A0UT, 1057 ITER, TIKE L ’3“ff T s
rUNHAl(IHI,?”vﬁabR LEVELS FOR 1TLRAT10w ',12,'AFTER ',L12 b. m[ﬁa':;

) -

DO Yo N=1, 36° B Y
FORMAT (1H ;1x,Lz SX,F11.8) .- o
IF(DIFF=ERRORIY9,99,98 Sl e TR e e e e
IF(LTER=T0)5%,%9,99 . . T L e T
COnTINUE - T T T e L - e
LU 102 HODE= 1,36 T e U
VP (RUDE)SVT(RERE) e e Do e T e
ASTUORSASTOR+SEEODE) - © - o T T e T e
ABSTRSADBSTRHAEL(NODE) - oo e ot on'n wien wdhnid St i 0
ARARINSARAIN+EEDK (NUDE). | T S P A S
AVAP=AVAP+EVAFENODE) - Lo v‘f-__, Lot e
ALNF=ATINF+INFEQIODE) : o RS

SFLOW (HODE ) =ASELW(NODE) ' S
(****z****x**#:***************¥**********************4****#*# . z
1S NEW HEAD>BASE2(NCDE) :

x******ﬂ****x:******x*********T**w**********#******#**:******* ©ow

-~ IF(VP (NODE)~ BeSEZ(NODE))lOO 101 101."

STOR(NODE)=1,- e ;
GO T0O .102 - : »,w¢;g43:¢w;f;f~' :
STOR(NODE)=O0,. . .. ™ “f~tvﬁ*w»~rra~s SRR -
V(NODE, ISTEP)'“T(NDDE) ST
ESDF=0, . . : tﬁ:ﬁﬁg?ﬁ?

DO 103 N=i, 36 R S e e T e

ESDF= eSDF+(PAsmo(N)-NDDEF(N))*FLDAT(CAREA(N))/1000.

('ONTINUE s et piat e i i i e s AR T AR 7 g s -:‘—wr-'rirﬂ T B T LD B R e =
ESTUR=ASTOR s ' 5 P
EBSTR=ABSTR = . L

‘ ERAIN:ARAIN_ SR
FVAP=AVAP .~ e
EINF=AINF - - ~ ' TR S
************e&#******#*#*******##**¢¥*************#*#******

" ADD ALL SFLOW TNTD NODE 36. = -
***#********#‘%&**************#****************&****#********
DO 104 HODEZ1,35 - S LT : : :
SURF=SFLOW ( HOHE): O i “
CONTINUE i efasldand nTee WU L .
BADA=SFLOW(363 ' IR E o -
PRFL=BADA=PFL®E s
DD 105 NODE=L1,35 . ' ) . -
QFLUW(36)-SFb@w&36)+SFL0W(NODE) . o
"SFLOW(NODE)=Ge . .~ .. . .... . R .
SURF: bFLON(36) : ST ' ” "




51, "HOLO=SURF

S (.Ar\°~'nAT(c\%»T(I"TFP))*AﬂhTh(IXT) 10 **3 .

)53, SUKY=BUKF=TSABS : e

08, IE(SURi-0,)1u6,107, 107 : : 3
nYe  10m lebo—lrIX(HULD)/IOOO , L o o IR
1564 SURF=0, ’ C e r . Lo L e : - e
971e 107 D1ISCH =SURF=CAA(ISTEP)

O, COLE(DLSCH-0,2105, 109,109

)59, 108 DISCH=UL, o o

60U, GU TO 110 B

61, 109 SURF=SURF=D1SCH
62, 110 PFLY=SURF

b3, WATERS DAM(TSTtP)+SPILL(ISTEP) . ' ‘ o

Y/ WLTHOS=KTHEDS+OISCH ' ‘ -

65 ,C **~****:***?*x*****¢*************:******»*$****************** : -
bbeC 19 CALCULATION TO GIVE CHANGE iIN SURFACE FLOW OVER MONTH o

367.C  RERF R R FRRERETRANFEFARRF LR ERFEFFARRRFRRFERRRFRARERRRRRRARE

68, . FLUJO=SURF=PAST+DISCH _ R . S

6Y, TOTSE=TOTSF+SURF - I : :

IV PAST=SURF ' - - ‘

371, SUMFL=SUMNFL+FLUJO-

372 - © SFLOW(36)=SURF-

73, CONTLINUE -

7146 4C ***********************#**************#**************#******#* s
Vi5.C 20 WK1TE OUT CALCULATED PARAMETERS FOR NODES

76 4 c’i #***************#*********************************************** =
774 DO 111 NODE=1,36 o S L ~
574 111 V(NUDb,lSTbP) VP(NODE) : Sl e T

>79;.1059 FORMAT (1HO, ' NODE SUMQ(NODE) SUMC RELAX COEFF  STRGE,F

580 ¢ CUW ABSTR. RATE RAIN(NODE) EVAP(NOGDE) INF(NODE) SMDEF') .
B, 1060 FORMAT(IH ,2X,12,3X,D012,5,1X,2(E12,5,1X),D12.5,1X,5(E12,5,1X)) .
mz C ’F*******’r***v****-r’F-r******************h #*#************************-
83,C 21 THE FOLLOWIRG SECTION MAY BE USED TO PRINT OUT MORE DETAILED | -
>84.é .. MUNTHLY INFURHATION BY DELETING THE-'*' FROM THE FIRST CDLU}

85,C HARNING!!! o

He.C . o

187 4C IF THIS FACILITY 1S REQUIRED IT SHOULD BE SPECIFIED FOR WHICH

88, C © MONTH (I,E. ISTEP)DETAILED DATA IS REQUIRED TQ AVOID EXLESSIVELY
189,C LARGE PRINTOUTS, E.Ge ‘6o

90,C IF(ISTEP~13)118,135,118 ‘ '

91,C WOULD GIVE DETAILED PRINTOUT PDR FINAL TIME STEP CF HONTH 13

¥2.C unLY,

93,.C *x*******************¢***********************************¢** XRERE
Yg,* 135 IF(IXT=-87)118,136,118 ' - : o
Yb,% 136 WRITE(NOUT,1061)I1ISTEP

9b.*1061 FURMAT(1HL, 'bhAbUREU welie CDMPARED TO CALC Welie

Y7,.¥ C'FUOR MONTH ',12)
yg, * CWRITE(NOUT, 1062) 4 : _ -
9y, ¥ . WRYITE(HOUT,1063) o ) S B

Uu,.*1062 EURMAT(IHU,f NODE MEASURED CALC,

's"l‘




CGROUND WATER FLOW " TO AND FROM ADJACENT "NODES!')

101, % R
TU2.*1063 FURMAT(1H ,! GeW, 1, (M) G. ¥, L(M) ADJ1 _ AD
1Ud ¥ CJde2 - - ADJ 3 R ADJ4 ADUS

104, % CADJ6') ) S Lo : o R

1G94 % WRLIL(HOUT,1064) . _ ' o . S,
10b, %1064 FORMAT(1H ,52X,'( NEGATIVE VALUES INDICATE!, - S

U1 * c' rLUw Awax FROM HUDES )'///) -

108, % LD 112 LQDF=1, 30

IuY,* 112 WRITE(LOUT, luab)wuoz VB(NODE, ISTEP), V(NUDb,lsTEP) ADJ(NODF 1),Q0(NCT
B YVIRR ChE,1) ,AUJ(NUDE, 2),Q(NODE, 2), ADJ(NODb 3),Q(N0DE, 3), AUJ(NUDE 4), Q(NY =
/11 ,% CDPE, 1), ADJ(NUDL,J).Q(’ODF,S) ADJ(NODE,6),0(1IIGDE, 6) -
112.%1065 FURMAf(iH »1X,12,4X,F6,1,4X,F11,5,2X, 6('(',12,')',512 5,1X))

113,% WRITE(iIOUT,1066) .

114, %1066 FURMAT(LHL, '"COMPUTED TRANS VALUES IN M**B/DAY/M.')

/15, % wRI”b(hOUE,lObI) » ’ e o . .
116, %1067 FORMAT(1HO,' NODE ADJiv_~ ADJ2 -ADJ3 - - ADJ4 A .
17.%° "Cys ADJ6 ') N . ' : ,

1Y, ¥ DO 116 NODE=1, 36 )

119, * o 118 L=1,6

120 ¢ ¥ KSADY (RODE, L)

121, % IF(¥=0)113,113,114 IRUTI S

’22.*' 113 HOULDL1} (Ll) 0 ) ' o - Sl _.;.,-:'.s..'“ EEREIES -__ .

23.,% 7 GO TO 115 - ‘ ‘ e

24,% 114 HOLD1 (IM:= TRANS (NODE, K) - R LR

125 %
126 ¢ X

115 CONTINUE- L I
116 WRITE(NOUT,1068)NODE, -(HOLD1(L),L=1,6) - T ] ST

27,%1068 FORMAT(1H ,2X,12, 1X, 6(1X El0, 5)) T _ .:.lﬁh~

28, % WRITE(NOUT,1069) : , . :

29, ¥1069 FORMAT(1H1, " PARAMETERS IN WATLR BALANCE FOR. SYSTEM . e
30,% CEXPRESSED IN  M%%31) . S e T g T e g T T
31, % WRITE(NOUT,1059) - o o o : ‘

32, % WRITE(NOUT,1070) : : - SR -

33,%1070. FURMAT(1H , ' (+VE=1NTO NGDE)',33X,'(-VE RLCHARGE)'//)
34.% 7 DO 117 NODES1,36 -
35.,% 117 WRITE(NOUT, IUGO)NDDE SUMQ(NQDE), sunccnoua) X(NODE), S(NODE) ABz(
36.% C NUDE),RAIN(CHODE) ,EVAP(NODE), INF(NODE) ,PASTD (NODE)

37.% WRITE(NUU; 1075)ASTUR ABSTR,ARAIN,AVAP e

38, % C,AINF : : T

39,% "CONTINUE :

40,% ESABS=TSABS ‘ : AR

41,%1071 FORMAT(1H , 'TOTAL CHANGE IN STORhCn OVER ADELT =!',E12,5/

42.%° C ' TOTAL G,W,ARSTRACTION QOVER ADELT =1,E12,5/

43, % " C ' TGTAL-SURFACE RESTRACTIUN OVER ADELT =',E12,5/
44.* C 'TOTAL RAINFALI, OVER ADELT =1,E12,5/

45, ¢ ' TOTAL EVAPORATION OVER ADELT =1,E12,5/

46, % C ' TOTAL INFILTRATION OVFEE ADELT =V,E12,5/

47, % C ' TOTAL CHANGE IN SOIL M,DEF 1K ARDELT =1,E12, 5)

G, % #RITE(NOUT,1072)

Y, ‘10{2 FURMAT(1HO, '"TOTAL CHANGES OVER ADELT EXPRESSED IN M**3')

bO*

WRITL(lubT 1071)LSIGR EBSTR,ESABS,EKAIN

e e - me e R ——p———r P e DT VPN T ———— e - " —— e e m o atpe mmm 4



151, ¥ of FVAP,EINF,ESDF N o L
152, % WRITECROUT, YOT7SIFLUSO : L e ea e amege e s
153 4% ~ ADDME kRA1N-(tHSIR%LQABS+FVAP+FLUJO-bSDF) e s e
Y'Y 3 VIFessESTUR=ADDN , e A :
155, % PCL‘I—RHQLDEFLAILSTDQ ¥100,° . . Ry :

156 ¥ WRLTE(HDUT,T073)A0D5, DIFER, PCENT o '
15T.%1073 kuRuAP(IHO,'BAL 0OF RAIi=(ABS+EVP+CH IN SFLW+CH IN SMD) ' ,E12.5/
51 ¢ F C!' GRIUSD WAFLR SALARCLS! ,ulz 5,'M%%310,

159, % C 25X, 'PERCEETAGE ERROR =',F6,2,'%")

b0, %1074 FURMATL.(1H ,'TOTAL CHANGE IN SFLOW OVER MONTH =',E12,5)

161 %1075 FORMAT(IHO, YEOFALS' ,39X,5(E12,5,1X)) _ _— s
162, 118 BSABS=HSABS+ESABS ' . . ‘ S

63, BSTOR=6STOR+ASTUR ) : '

164 . BBSIK=3USTR+ABSTR

1656 BRALu=pDRAIN+ARALIN , . e s S
166 . CIRF=CIHF+AINF . -~ 5 - 77 T e T e
Ity o . BVAP=sVAP+AVAR R o .: c o S S S
64, . = BSMUF=BSMDF +ESDF : T S

09 119 COATLIUE a '
70« 1G76 FORMAT(1H ,I12,2X,"BSTOR=! ,512 5,6(2X,E12,5))
171, | WRITE(ROUT,1U076)IXT,BSIOR, BSABS,BOSTR, BRAIN, BVAP,BSMDF, SUMFL

172, - ZSTUR(ISTEP)=RSTOR .

NETS - ¢LBSTR(ISIEP)=BBSIR L

114 - ZRALN(ISTEPYSBRAIN . - oo o7 o0 b i T . :
175 ZVAP(ISTEP)=BVAP U S
1764 ZINFCISTEP)SCINF - -oriimvimboosd sl e e
171, ZUMFL(ISTEP)=SUNMFL P
178, ZSABS(ISTEPY=BSABS -~ =~ oo oroe s
179, ZSMOE (ISTEPISASMDFE . Lo .Ul too o . o

180e ZSURF(1STEP)=SURF ;-A%nmusf-~usAthunzx:;r, w

/81, - ZPILL(ISTEP)=HTHDS

/82, ADDN= dRAIM-(BbSTR+BSABS+BVAP+SUMFL BSHDF) , P
LER - "DIFER=BSTOR~ADDN - e U
184, PCENT=ABS(DIFER/BSTOR)#100, - ~ - = 7 -r-oeio om0 oo
/85, - WRITE(MQUT,1073)ADDN,DIFER, PCENT ~ o

86, 120 CONTINUE . : o

87,  WRITE(NDUT, 1077) ff_ PR R i
'88,. 1077 FORMAT(1IH ,%S///9999") T s T

69, DO 121'J=4.Nsrsp- -

190, J Z1=Z1+ZRAIN(I) S

'91, Z2=Z2+2VAP(J) , o

92 23=73+ZU5FL(J) S

'93, o 24=24+42STNOR(J) _ : o o

‘Y8, | L5=45+ZB8STR(SY . - . 0 R R

'95, L6=Zb+L5A8S(J) e : '

‘96, Z1=4T7+ZSHDF (J)

'9/. 121 CONTINUE

Yg, COWRITEL aOUT,1078) ) . : . o

Y9, 1078 FORMAT(1H1,' ZATER BALANCE SUMMARY'YY) oL s

VU, " WRITE(MOUT,1079) ' Do e -




01, 1074 FORGAL(1H ,'$%4$$¥*¢#**$v¥$,;44**#*¢**#*'////) -

V2, WRITE(NOUT,1080) : .
03, 10650 Foebts(IH ,' ST Y| RAIN B EVAR DEL SFLOvw

U4 o © € GW ABST SURF ABLST DEL SHD SPILL STUR '//7)
054 VU 142 J=4 ,NSTED

06, KRIVE(WOUT,10631)4,ZRATIN(I) ,2ZVAP(J),ZUNFL(J),2ZSTOR(Y), ZBSTR(J):
U.l. (.,uk"" L,) é\‘ L;F(J) /FIIL(\J).LQUR*(J)

V8., 1081 FURMAT(IH ,2X,T12, 3x 10£12,5)

09, 122 CONLLSUE

10, WRITE(H#OUT,108232Y,22,23,24,25, Z6 AR

11, 1082 rURVAl(lHO, EDIan',7b12 5)

12, | L9ST1-L2=Z3=L®=~I5~26+27-28

13, " WRITE(ROUT, 10&3)& : A

14, 1083 FORMAT(IRO, "®¥%% FINAL WATER BALANCE =',E12,5,'¥*%¥x!1)

15, WRITE(NOUT, 10&&) , -

16, 1084 FORMAT(IH ,‘+%i+&§SP1LL FIGURES++++4¢+¢! )

17, VO 123 J=1,NSEEP

18, 123 wkRlTeE(N0UT,10653d,ZPILL(J) . i
19, 1085 FORWAT(1H ,1X,32,3X,E12,5) .

20 . bu 134 KUDES1,30 ‘

21, IF(NODE.EQ,1)GD TO0 134 |

224 IF(uoue.Eu.ZJGm T3 134

23, iF(NUDE.EQ,2)GD TO 134

24, IF(NODELEQ,6)GE 10 134 - 5

25 . IF(NODE,EQ,.B)GD TG 134 :

26, IF(NUDE,.EQ,10)X&83 10 134 -
27 4 IF(NODE EQ,12)G0 710 134 . . -
28 ¢ IF(NUDE,.EQ,15)YGD Y0 134" -

29, - IF(NODE,EQ.16)G0O TU 134 )

30, CIF(NODE.EQ,19)XGD T0 134 - T

31, IF(NODE . EQ.2L)GD ¥0 134 =

32, IF(NODE.EQ,23)6D TO 134 ,

33, 1F(NUDE,EQ,.25)GD TO 134 . o ] .
34, _IF(NODE,.EQ,27)GD %0 134 T T ’ :
35, - IF(NUDE.EQ.29)G0 TO 134. . i i . 5

36, - IF(NUDE.EQ,32)G0 10 134 R

37, VAAX=0, . .

38, - VMIN=1300, g

39, - DO 131 ISTEP=2,MNSTEP :

10, IF(V(NUODE, ISTEP)=¥1AX) 125,125,124 -

1, 124 VMAXSV(LODE,ISTEP)

12, 125 IF(V(NODE, Ibrs?3-¥M1m)126,126,127

13, 126 VAIN=V(iiODE, ISTEP) )

14,7 77 GO TO 127

ib, " 127 IF(VB(NQDE, ISIEP)-VMAX)lZQ 129, 128

164 ' 128 VMAX=VB(MODE,ISTEP)

b1e 129 1F(VB(NODE,ISTEP)=VMIN)130,130,131

iy 130 VAINSVB(NODE, ISTEP)

'Y, 131 CONTIWYE

W, - ALVEL(NODE)=VMAX

— e b ae s e e e el

e e —— g et 7 S

e
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132
133

134

. 1u8o

VINC(HONE)=(VHMAX=VMIN)/19,
LF(VinC(NUDE)=-Z2I8C)132,132,133
Vit LiubE)=Z10C . : i
CunNTlaub

CALL PI,T1 (HNDE,V,VB,VINC,ALVEL,VX,

GL,ELE,OV,0V

CALL PhTZ(RQDd,@LVEh,VINC.VX,IER,GL,UV)44

COnilaUi
WRITE(NOUT,1086)
FURHAT(LH o YE/779999")
STOP : T
END

—
- — — e
“wr R L s - - N
- . o
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aes ik i

i

hbid otk

1.
2.
e

Je
b,
1o

g,
Ye

10,

i ]1'
12,

13,

. ;4..
115,

16,
i7.
1y,
1Y,

120,
121, .
E 12.
23,

24,

125,
1 26,
128,
129,
| 30,
1 31,
1 32,

33,
34,

35,
_36.

37,
38,

E 390
140,
1421,
a2,.

WX ~NT TN -

13

ﬁxq

15
16
17
18
19
20
2

22

23

" 24

25

SUBRUUTINE ERRS(Iw,IER)
PDIMENSTON TER(13) R
L (le=1)12,12,1
IF(Li=2)1Y3,33,2°
1r(is=3)1%,14,3
IF(Iv=8)15,15,4
JE(le=5)16,10,5
IF(Le=0)57,17,06
LE(LlW=7)18,18,7
IF(1v=8)19,19,8

1 () w=9)260,20,9
IF(1w=10)21,21,10
1F(iw=11)22,22,11
IF(le=-12)23,23,24
JER(QY) = IL%{1)+1

GO TV 25 ,
1ER(2)=IERL2) +1

GO Tu 25 '
JER(3)=IERC(3) +1

GU TU. 25 '
IER(4)=1ERCE) +1

GO TU 25 L
1E£R(5)= IER(b)fl.
GO T0 25 . .
IER(BY) = 15&(6)+1‘
GO0 TO 25
1ER(7)= IER(7)+L

"GO TO 25

IER(8)=IER(8)+1

Go TO 28 i
1ER(9)=IERC9I*1 . % °
Gu TU 25 . R
1ER(10)= IER(10)+1

GO 10 25

IER(11)= 1&3(11)+1.'”f'§7’ B

GO 10 25 :
1ER(12)=IER{12)+1

GO TO 25 o )
IER(13)=IER{13)+1 S
CONTIHUE Soing
RETURN [
END o o

Fem e iepm = en mmse v . - e = e o s




10,

13,
14'
i-b.
16,
17.
18.
19,
20,

Z;e )
22,

23,
24,
25,

26,

27,

28.'

29,

30,

31.
32,

-’3' T
34, .

35,
36,
3.7.
38,

39, -

40.
41,

SUBRUUTINE PLT1(NODE,V,VB,VINC,ALVEL,VX,GL, ELE,OV,QVERB, IER)

Wlkeadlos Vii30,27), VI*L(3U),ALVLu(3U) GL(35b, 20.

C)L,ELE(3R),UV((36,20),188(13)

INTEGENR VA(ZT ?OJ,OVF“W(BG) sSY"n(4y. - -
KREAL*¥8 V(36,22) - = T
DATA SInH/tsY, "0 'j)'ji/

DYy 19, K=2a27

11
12

13

14

15

16

17
i8
19

PO 18 M=1,20
AMSFLOAT(H)

AM1=FLOAT(ii=1) -

1F(M=1)2,1,2.

THING= bNG[(V(ﬁDDE K))

In=1FIX((THING=VE(NODE, K))*2 0+7.5)

CALL ERRS(Iw,XER)

TEST1SAMLI*VINCI{NODE)~0, S*VINC(NODE) ALVPL(LODE)
TEST2=AM" *VINC(NODE)=-0,5*%*VINC(NODE)=ALVEL(NODE)
LE(V(NUDE,K)+¥EST1)3,5,5 . '

IF(V(NODE,K) +FES T2)5, 8 8 - ow
UX(R,H)=SYHB(L) ‘ '

G0 TO 12

IF(VB(NODE,K)¥+TEST1)6,11,11

IF(VB(NODE, K)+1EST2)11 7 7 PR ,
VX(K,M)IGYMB(2) p, O
6o TO 12 oo : D ST
IF(VB(NODE, KJ+T€ST1)9 4, 4

IF (VB(NODE, K J#TEST2) 4, 10 10 0 S e
VACK, M)SSYMBCRY. - ..o . e

IASCR=IASCR+1

GO TO 12 o e
VX(K, M)=SYNB(4) ;J;f.~ EE T L A
CUNTINUE : e

IF(K,GT,2)GO TO 18

OV(NUUE M) 0. . T B .,",»“ _u. “4 «'.,,-V-jf..' ', m-.v.. 9 ) .;.t , R

GL{NUDE,%)=0, .
IF(ELE(NODE)+TEST1)13, 15 15

1F (ELE(NOPE) +TEST2) 15, 14,14 : -
GL(HODE ,M)=1, , TR
BURDH=FLOAT (OYERB(NQODE) ) I ‘ :

IF (BURDN+TEST1)16,18,18 T e e,

IF(BURDN+TEST2)18, 17 17

OV{NODE,n)=1, L : S
CONTINUE . ¢+ = . . .« e e T
CUNTINUE ’ S S ' '
RETURN Coe s
END L ;

A

-




SUBROUTINE PLT2(NODE,ALVEL,VINC,VX, IFR GL,0V) "
DIRERSTAN ALVEL.(36),VINC(2 6),0V(36, 20) 1Eh(13) GL(36 ?n)
INTEGER vxcz7,20)

Py

hinz=s - N
NUU] 6 . . . o _ -
. r\ "I d‘4 1 R ,-.':t .;-»:.'-. - h .“;_ 2

"1
Z
1000
1001

3
1002

11003

1007

8

WRITE(NOUT, 1001)NUDE

IWY lWX= (IWX/ZD*Z
1F(Iai=1)2,1,1

GO TO 3
WRITE (40UT, 10G0) NODE ‘ : ' o ,
FURMAT (1HU, '"NODE',12,' COMPARISON OF CALCULATED AND MEASURED WATER -

C LEVELS!')

kURFAI(IHI,'NQD£’,IZ,' COMPARISUN OF CALCULATED ARD MEASUKRED WATER

CLEVELS')
"WRITE(NOUT,1002)

ruamar(lnu.lbxa' 1973 1973 1975")
WRITE(ROUT,1003) ~ ~ S o
FORMAT (1if 516X, * JASONDJIFHANIJASONDIFHANIIASON ) . o _
PO 6 M=1,20 T . . ' L N
VA ALVbL(NDDF)-FLOAT(Mwl)*VINC(NODE) A - . . '

I (GL(NODE,M).6T,.0,)G0 TO 4

IF(OV(NODE,M) 6T.0,)G0 TO 5 L
WRITE(NOUT,100483VZ, (VX(K,M) ,K=2, 21 e
FORMAT{ 1H ,3x F10,2,4X, 26A1) ; L e,
GO TO 6. : T T
WRITE(NOUT, 1005)vz (VX(K,M) K=2, 27) | ‘ ‘ L
FORMAT(1H ,3X,F10.2,4X,26A1, ' ===om===GROUND LEVEL')
GO TO 6

URITE(HOUT,10063VZ, (VX(K,M),K=2,27) . ~ = el

FORMAT(1H ,3X, FlO 2, 4X 26A1, '-------«DV&RBURDLN')

CUNTINUE . o . -
IF(NODE=36)8, To7 : R E TUNR RTINS o
WRITE(NOUT, 1001)(IER(N) N1, 13) L -
FORMAT(1HO, 'ERRORS RANGE =~ " =2,75 =2,25 =i, 75 -1, 25 0,75 =0,2
°C5 0,25 0,75 825 1.75 2,25 2,715',/,' =2, 75 '
C=2,25 =~1,75 =1,25 =0,75 =0, 25 0.25 0,75 1,25 1,75 2,25 2,75
C,/,'NUMBER ERRORS ',1316) S : B ' s
CUNTINUE .
- RETURN g
END

e m——
o
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“1e  -SUBRUUTINE SHKD(MNODE, DLFCT AVHLL,REOUR SMRES,ROOT, SCK)

‘2, DIAENSTON DEFCT(36) ,!'}-l)(lp(h‘w] ,S”R"Q( 35) ,SCK(?S)
3. : LY (uHKro(NllU...) 0.)4,4,1 -
de 1 IF(oirCrAnBE) -SHALS (HONE)) 3, 3, 2
Se 2 LEFCL(AUDE)EDEFCT (RUDE) =SHRES (HUDE) .
6, PLUSTSHIES (NODF) : : ol
e CSHMRES (NuDE)=, . ) i
¥, GJ k) S S i
9, 3 AVHLE=DEFCT(HODE)
‘10, " VEFCI(NUDFE)=0,
11, SHRES (NODE ) =SKRES (RODE Y =AVBLE
12, GO 10 13 -
13, 4 PLUS=0,
14, S5 A=ROUT
1%, IF(D(FCT(NODE) LT.A)GO TOD 6
16, . B=(ROOT*4,/3,) R
17, IF(DEFCT(HONE) LT, B)G T 7
18, C=(RUOT*5,7/3,) .
19, IF(DESCT(NONDE) ,LT,C)GO TO 8
20, V=(2,%KR00T) -
21, IF(DEFCYT(NODE) ,LT,D)GO TO 9
22, CE=(RUOT*®*7./3.)
23, IF(DEFCT (NODE) LT, E)GO TO 10 , : S
24, F=(RUOD*10,./73,) - R I M
25, lb(DhFCf(lﬂDb) LT, F)GO T0 11 . ' B o . _
26, “AVBLE=0, - L s .,::4.. .,'._”,__ TR NP Cagme Lo
27, GO TO 12 ’ o Lo IR -
26, 6 AVBLL 1, *RbGUR(NODE)‘
29, © GO, TO 12 .
30, 7 AVBLE—.96*REQUR(NOD&)QH I T ol TR
31, " GO TO 12 R
32, 8 AVBLE= .68*RbﬁUR(hUDE)*‘ R T - R S L, .
33' B - (’U TU 12 - ’,_“.._. - ,—'.:»_».-:;';1'.;'.::::'“;1' e ereel L »'.:.:”-««-"w‘
34, - 9 AVBLE-.szaksnuacwoob)_' ConTIT T e
35, °  GU TO 12 : N )
36, 10 AVBLb-.40*REQUR(NODE) ‘ i

37, TG0 10 12

38,. 11 AVbLb-.Z8*REQUR(NDDEiI~: +~§~¢?£;u,JLLTQa}€a;gﬁqp,i:.:ﬁr*“”j

39, . 12 AVBLE=AVBLE+PLUS
40, 13 CONTINUE =
41, "7 RETURN

42, . END



1

.

3

4
5
6

SUBLUUTINE TRHS(HL BASS ,NsL,J,TRAIS, 16473 PERM; UPTR.
Cv H Ll]‘

DIMEHSION BAbF(36 6), TRANS(BG 36),T6477(36,6) ,PERM(36, 6),
CuPirnl30,0) - .
REAL®® vl )
IFCL-(RASE(N,L)~SPRFD) )Y, 2,2
‘IRANb(.J,J) 16477(?! L)
GU Tu 6 -
1IF(WL=-(BASE(Y,L)+SPKED))3,4,4
TRANS(N,J)=T0477(H, L)+PhRH(N L)*(HL-BASE(N,L)
C+SPRED])

It (ITRARS(N, J)*(UPIR(N L)))5,4,4.
TRANS(N,J)=UPTR(N,L)

GO TO o ;

CONTINUE - : :
RETURN . - =i ki Tl e
"END ' ' I - ‘




