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PREFACE 

This report describes Phase.II of studies carried out for the water 

supply to Ndola, Zambia. Phase I consisted of field investigations and 

collection of data to foI'!!l the basis of the digital model described herein, 

and wa's carried out by Brian Colquohoun and Partners under assignment by 

the Ministry of Overseas Development. The results of Phase I studies 

are contained in a four volume report ·prepared by Brian Colquohoun and 

Partners. Phase Ill. of the study will involve an assessment of the potential 

of the aquifer in the light of model' investigations, and is to include 

recommendations for the ec'onomicalexploitation and development of the: 
...... 

Kakontwe aquifer in. conjunction with the other sources of water available 

'to Ndola. i.··. ' .. 

. ' 

--:- . 

........ '.-~ ........ ....:~ ... _~~~_....-;:-:<...:..,_'~. ~-:-~ ... r'_ ~"" .. o_t.~:.';' ..... ,,~..,~··_o_.~.: 

'0 ~. '0' ... :.:\. '-. ' 
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PART I INTRODUCTION 

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

approximation and is based on a palygonalnodal system of the type first 

used by Tyson & Weber (1964) and Pliska· (1968). The program is written 

in FORTRAN IV and the model is used for predicting ground water levels at 

fixed ,points throughout the Kakontwe,outcrop area using meteorological 

and h~drogeological input data over fixed time periods of one month. 

This report describes the mathematical concepts involved the construction 

o'f the model, the method used in calibrating the model to measured field 

,co'nditions and itfiotuse as a predictive tool in groundwater management of 
the Kakontwe basin. 

.~ 
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PART 2 THE KAKONT\oJE AQUIFER 

2.1. LOCATION 

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

above the Itawa dambo and is situated to the North-East of Ndola. Itslong .' 

north-eastern boundary coinciding with the international boundary between 

Zambia and Zaire (see Fig 1). 

2.2. HYDROGEOLOGY 

The aquifer consists of the Kakontwe Formation which is part of the Lower 

Series of the Kun~lungu System of the.Pre-Cambrian Era. It occurs in this 

area as a majorsynclinal fold structure·of dolomite and limestone beds 

plunging north-west across theb6rder with Zaire. There is evidence of 

large transverse fissure systems and the limestone is generally karstic in 

nature -·drilling having shown the presence of sub-surface caverns, ·and 

sink holes being evident at the surface. Perched water table conditions 

hClve been shm-ln to exist at a few locations in the overburden which varies 

greatly in permeability over the area. There is no evidence of any major 

inflow across the boundaries of the northern or eastern watersheds, .nor of 

any significant intrUsion through the underlying Mwashia Shale. Recharge· 

of the aquifer appears to be controlled by direct infiltration in areas of 

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

is thicker.-
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PART 3 THE GROUND WATER MODEL - .. ':-:-

3.1. THE NODAL NETWORK 

It was obviously important to incorporate into the model the directional 

variation in Transmissivityindicated by the aquifer tests. For this 

reason a polygonal node ~stem was used in preference to a rectangular 

one; the nodes were c.onstructed by the "Thiesseri polygon!' method, the lines 

joining centres of adjacent nodes being considered as flowpaths. The 

boundary of the model is defined by the topographical catchment and 

approximated to by straight lines forming the sides of adjacent nodes ~ see· 
: .... 

Figure 2. As far as was possible the following considerations were included 

in the construction of. the nodal net: 

i) The node centres should coincide with data points 
.' 

H) The nodal boundaries should separate areas of differing hydraulic ... 

characteristics. . 

-' 

, .. ___ ." -.~ __ .~...-:.. .... ~. _,"_ t ... _ '.~., ~'. l--' .... "".·'O . . __ ..-_ .. .,... ~~ ........ _ ... ,. • ..;.,..,A;._ •• ...,. •• .-;-_ ..... , _''';~_ .... _ -_ ....... _ ..;.: ~ .... ~,,-,~, ._.~ ~"_~ •• _ ....... ~ 

iH) No more than 40 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 the use of the numerical intergration technique to be 

described later, it was necessary to assign nQ~bers to the nodes; nodes 

were n~~beredconsecutively in the approximate directions of flow from the 

north and sout~ east ends of the catchment towards the da:nbo. 

Initially nodes were set both outside and within the outcrop area to 

permit the modelling of :flow across the catchment boundaries:if this 

proved desirable. However, the. "outcrop" nodes on the borders of the basL."l 

were later extended to include the catchment boundary "non-m.:.:'cropl' noci.es and 

t!Ie vari?':Jles ARE.:"(NODE) and CA:::<EA(NODE) defined to contain the noesl outcrop 

area ami nodal catchment area respectively. This is the reason for the nodes 

not being numbered consecutively. 

As r:1entioned earlier the lines joining the centres of adjacent nodes are 

considered as flnw paths and conseGuentl~ valuE-s'of Transmissivity are 
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applied to these. flow yaths rather than the node, thus allowing variation 

·in Transmissivity with direction to be modelled. Tyson and Heber (1964) 

n~~bered these flow paths consecutively and ~ndependently of the nodes, 

hc· .... evsr, in ti:.e riloo.el u:.rder discut;sion it \ ... -'.:s de:::ided to define ea.ch 'flow 

path by the nodes whicil. i.t joined; thus the flow path between nodes 3 and . 

7 is la';ielled.(3, 7), ithich 'dill be equal to (7, 3). 
-

. Using this nodal system the ground water flow between two adjacent 

nodes can easily be calculated having assigned a Transmissivity to the' 

flow path, knowing the water levels at each node, the width across which 

flow occurs (i·.·e ~. the i~th of the common 'side), the length of the, flow' 
.~'. ' .. 

path and the aquifer thickness. 

3.2. THE GRCUND '!'vATER FLOW EQUATION 
• 

'.- . 

. . . ~., . 

3.2.1". The Differential. Ecuation' for Ground Water Flow 

. ~ ,:" :., ." 

',-.' 

,':' .' ... : 

~~"The basic 'ground .water flow equation, derive§ by combining Darcy"s law-'·~~·~-"":,,,;,,;,-··,,~,,· 

and the law of' conserva.tionof Mass 1S expressed in partial differential form 

.. as . ;", 
." .. '" . ...... ," .'"' 

•••••••••• >.-••••• •• -•.•• (1) 

Where T and'S are respectively, the local ·transmissivity and storage 

coefficient of the aquifer; Q is the inflow/outflow :J.nd h is the head of 

\ ... ater. 

The basis of the fip5~e dif:erence approximation is to replace deriva~ives 

at a point by ratios of ifhec.T-:.anges inappropriate variables over a small 

'. 
but finite interval, thlzs;..· 

The maxir.mr.l allo\·/abl..e siz.e of D.. t for this approximation ·to !lold ·.,ill 

depend on the partic~ :;L~lem. T'nis t:r?e o·f approximation made at 'a . 
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finite nu;::":..'- of points W:1~1 reifuce a continuous boundary - value problem, 

such as hydraulic flow, to. 4. set of algebraic equations. Thus, applying. 

a backward difference app~~imation to equation (1) results in a system 

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

the required function h at each node. 

(, ~ +At n. 
1 

t +At hr.1 . )C~ lit 
~ 3.,L't; = 

At 

and C. N 
1., 

= 
J. N T. N' 

1., 1., ,. . . (3) 
.e .................. ~ ••••••••••••••••••••••••••••••• 

L. N 1., 

~.., ... , .;' 

when subscripts t and t +.Qit Idf!i!EOte points along the time coordinate in days, 
...... 

subscript i denotes anI ,noies adjacent to node N. 

subscript N ,denotes node W. 
:>. "- ~ --_. 

h denotes ground waterle7Vel in metres. 
,,' 

A ,denotes area in square !metres." 
:.' 

.' Q denotes the nodal dischar~ in cubic metres/day. 

J. N denotes the leIIg"'..h ,of 'the perpendicular bisector associated 
1.; with nodes i and liin lJIetres~ 

L. N' denotes the length of [he flow path between the centres of 
1., 

!10c.es i and N in 'metres. 

" 

Ti,H de!1otes the tranSC'..issiillility of the flow path beb .... een nodes i 
and N in cubic metr~s/day/metre. 

C. N denotes the conrluct,ance of the flow path between nodes,i and N 
1, in cubic metres/u-ay/netre. 

t denotes the length of time step in.days. 

Figure 3 shows the above not~tion applied to a typical node •. 

3.2.3. The Nethod of Solving the Finite Difference Apnroximation 

One techniGu~ of solving the simultaneous equations' wou'ld be to use 

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

(S'.lch as t!-!e s;:;stem represe~ti.r.:g the ground ",ate!" p!"oolem) is knoirm to be 

unconditionally convergent. This'method also has the advantage that the 

length of time step does Dot depend on ~ stability criteria. The digital 

T', 

. . ~ . 
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.... 
model involves Qn equation in the form of equation (2) for each node of the 

network. ' By using the successive over-relaxation technique convergence can' 

be, achieved more rapidly t~~~ by the Gauss-Seidel method from which 'it was 

developed. The procedure is as follows: 

Initial values of nodal water levels hNt are assigned to the nodes 

(N ~ 1, 2 •••••• M; M'= no of nodes). Then for a ,given set of values 

, t +At 
Ci,N' AN' SN the valueso,f the nodal water levels hN' , at the end 

of QN' , 

of 

the timestep At are implicitly determined by an iteration, process. The' 

iteration process consists tnusing estimated values of hNt +At to compute 
, , 

the ground water flows and' storage flows for the' ,network (for the first 
: .', 

, t t . h t + A 't:-ot h t) u' ' '. (2) d (3) fl b '1 ~ era ~on N -= N ,. , s~ng equat~ons an ow a ances 

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

relaxa~ion coeff~Cient a;~"'used to correct the estimated 'values of hN t +At. 

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

residuals becoqtes less' than'" some predetermined error criteria. 

~using a relaxation co~fficient the number o~ iterations required tp 

reach converGence is decreased. Because the pr~duct of the residual t~r:n 

and this relaxation coefficient results in a charge in water level and because 

the residual term is a flow r?te, the relaxation coefficient is an impedance. 

The equation used for the' 'impedance is 

•.•• · •• ~ •••••••• · ••••••••••••••••••••••••• (4) 

;, 

where XN is the re~axat:li.ml coefficient for the node in question and the' 

other notation is as fOll"' £quatiqn (2). 

" 

<: 
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PART 4 
.. :~: .. ~ ·o~·· 

DATA INPUT ". 
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-.' 
.; ...... 

• ""'i.'!..-
~ ~.~.:..:. 0 0 

.,~., . - - ~'.:. -

4.1. - INTRODUCTION :r~~ 

The Data input of·~: model is of two main types, Climatic and 

Hydrogeologic. The folIDawing paragraphs di~cuss the separate factors of· , 

each type and an indica,'tCon of the reliabil1ty of this data is given. 

4.2. CLIMATIC FACTORS -

. "i." 

4.2.10 - Rain,. : ;. ~ : ... 

~ • It;''' .: 

There are a40tal oif r6 meteorological stations within the 'area for which·' 

records over the calibraftion period (July 1973 ~ Decembe~ 1974) exist. The 

~verage monthly rainfal~over the Itawa catchment was compiled using the 

Thiessen polygon m~thod~ Because·:~thedistribut1.on of recdrdl.ng stations"~s 

not even 0'; er the whole';~ea, it was considered that there would be no gain 

4.2.2. Potential Evapora:ion 

Estimation of pote~l, and subsequently .actual, evaporation is more 

complex than theestimat60n of precipitation. Several methods exist for the 

estimation of .p·otentii:,1:l (Waporation and a- comparison of five different 

methods is shown in TabIP-I. (taken from table 3.3.1. of the Colquhoun report). 

As can be seen these estfimates are mean monthly figtlres c!11y taken from 

clima:ic re::crcs o ..... ercl~od of several years ami net calculated speci-ficall:y 

for the calibration per.'i;01~:; the differences between the various estimates 

show the degree of unCertafu4ty that exists in the calculation of potential 

evaporation. During ca1:i!:~~tion of the model it was 'found that tte Turc 

values decreased by a .. :I:::.ciia?' of 0.75 gave the best ove:-all results. ?ig'.!l.ro;E·4 

shows the various estil:etes of potential -evaporatic:m plotted oJ? a l!lont!1ly basis. 

further error must be invoked in using -monthly estimates of the potential -

evapol':::tion which flm:tn:rr.?, v!i.dely. even on a -daily basis. 
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.. 

. '. .-. 

Torrance 
(Penman) : 

Avne· Avne Turc B1aney-
(Pan) . (Penman Cridd1e 

July. 126 IIJ5 . 121 104 124 

August 149 ~82 152 123 137 

September 161 206 186 156 147 

October 174 '212 211 152 165 
.~~ 

November 151 .166 168 124 160' 

December .. 135 .125 149 124 163 

January 135 ·101 152 134 160 

February ~3 101 126 112 142. L 
----.~ -------

March 135. 136 . 149 120 153 

Apri~ 144 1'42 144 125 142 

May 132 ·i45 127 115 135 

_Jun~6· i27 108 99 122 
-. . ~ : 

Total (mm) 1681 179\ 1793 1488 1750· 

. ·Corrected .for redU·ced evaporation· fron: large area 

TABLE 1. Potential Evaporation Estimates for Ndola 

(taken from table 3-3.1 Co1qunoun and Ptnrs. 1975·) -
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Drilling and. aqui!'er tests \vere carried out' at several sites, a~ shown 

on :~Figure 5. As can>be: 'seen there~ul ts of the tests' indicate a. variation 
.'. 

. . j 
of Transmissi vity \vi th direction and this variation was allowed for when. ~ 

. ., .': .'-.,,':.~, -,f· - .~' 

Transmissivities were applied to the flow paths joining adjRcent nodes. 
... 

.' ' 

.. 

'. .' ~ 

.. ,.-, ' . , 

. In"areas where aquifer ·tests \'/ere :inconclusi ve or were not carried out 
• .~ - ~ •• ,. ·'1 .. , 

. ~ , 

estima te~ of Transmiss.lv:ities' were made ba'sed on local hydrogeological' 

. '.~ . 

., '. 
Conditions.«it'was f?,:nci neces~ry during ca.libration of the model ~o: ,~' .... " 

..... :.;. .~:-- ~ . ~ ," ; ..... 

i~~roduce an.~fect of' zonal transmissibility \vhereby transmissivi t'ie,s at 

high water le~els may. Ire :~onsiderably largerthnn those ;)t low' w~ter, levels •...... . '-'" 

. . -' ..... -
.... " .' .-' 

~ .~. - .. 

A~ :the aquife!tests'-Wi~re all carried out at· a time of low water'levelsno -.~ 
:",'" . '- ' 

field values' for the niglier transmissi vi ties are ava·ilable and :va~ious.. ~'. . ..;':. - . 

vaJ::-des hadt'o be tri~di during c!~lib~ation (seesectio~ 6.2) •. 
. . - , " . .' , '" -' . 

.- . 
.. ' 

"4' -

. :W"!' 'T" , • 

,.,,---...... ~,~.:.,-- .,~h~',*-<"-,,.:~~,.~;~~;~:,~:~~""~ .• ~;,~~~~;~'~7~i;,,.;<'>:7·~f;":/:~~f~~':~'~"'-'~~7*-'"";~~~'~:':'f'~~!,~~~' 
, 4.3~2~: Storage Coefficient''''.;>.,·. :'; '.,' .... ,".,. c.-:> . 

':". . '.'" .' : " .. - : ",., . ~ ~~.' .' . .. ," , .' .' .),. .~~ ;·t -. '.' ...... '";.>.' 

.. The aqui~er ·tests pve fairly ,consistent storage coefficient values, . , 

generally typical ofc~rlined conditions except at sites Q12 and Q5~ " 
..... , " " 

However, in' order to m-2~h historical ground \vater" levels it was. 
;~: ' 

necess3,ry to use. storagF- coefficients of the order of 0.1 a.nd higher .·in 
. "., 

. sever<:tl ncides;"the justi..fication for this is two fold: 
i· .... :: 

, . .- 'i) 
" . . .i" " 

Although aquifer tests 'Show that locally confined conditions' exist. 
.&-! 

it is likely t'hat ~onfined conditions exist on the large scale.: 

However,.allowing: ff«' this.facto~ alone does not justify the use of 

.... such high ':storage~ eoefficients as proved nece·sSarY. 

"ii) At nodes whic-n;border the Kakontwe catchment the catchment area of. 
' .. 

individual nodes :is generaliy a good deal larger than. the ·outcrop.area .' 

.and so :!1uch of the precipi ta tion ·will be stored in this overburden to 

...... 

-.:' 

, .' 
".-,., 

. ~ ~'. '., - . 

~ - '<, . 

.... be released bter. alS horizon.tal recharge .(cf lladwi~ 1972). ,U~eor high .,": 

storaGe coe·fficier.rts at these boundary nodes and nodes; \'lhere large 

. thicknesse~ or' oVerl,urden occurr approximate to the 'e.ffect of storage . 
. 

in' the overbu:den.~ 



~. '. 

-. 

--.';':. .... 

. ~''(':l.-. 

...... 

.~ . 

1'1 

I 

q1 ~. 3! ,..~ 
P.~lcmetrcs 

,,;,~~~:; ... :., .... 
--. -':'':- .: ' ... ,: :. '~'~-=-"-. ~ 

! ...•. 

:..:,: .. : 

.• ~. test 

3000 tra!l~ • 
. in"

",5 /.i'~V'1 ...... ! .......,~ 

. ~ .. ~:--
i·' 

.~~-:::.:-~ : ...... "". ~=-. 
. FIGURE 5. A~uif~r Investigation sites~sho~~ the -' .. ' 

Tre.."'lsrossivities'.deter.:nined from the aquifer tests 

.. .... ~ 

-'!: 

.-::.. 

••• :60· . '..-.. ---

. , . 
';'" .... ~. 



...: 10 -
' . 

• __ '._. w~ 

~-..:... -

4.3.3. Ground Hater Levels 

Field measurements off water levels for all active nodes were required 

for the calibration perio&.. Model ground water levels were set for July 

1973 according to the field,values and this was taken as the initial 

condition from which the' :!response of the aquifer was calculated for the 

following 17 months. A network of observation' points of 60 wells and 

boreholes was used to rec.t'lni ground water levels on a monthly basis from 

July 1973. Although the ~ound water level record is constant with time 

it does vary with area and where local data were not available, 

extrapolation was used 'to, provide water levels. Data is particularly scarce 

in the south eas~~of the~rea around nodes 17, 18 and 20 where there are only 

two boreholes which definitely penetrate the aquifer (W2Q andW'18 

cf Colquhoun report). ,On this evidence alone it is possible that ground 

water flow in this area is from node 18 to 17 and out of the catcrunemt. 

4.3.4. Water Abstraction and Augmentation 

The Colquhoun report: i(ives detailed figures over ,the calibration period 

of water abstraction dire~~y from surface and ground water and water 

au~entation via springs' ~ effluent discharges. 

4.3.5. Surface Runoff 

The Itawa catchment ~~ins south west into the Itawa Dambo where an 

embankment impounds water' ·gar the Council's Itawa waterworks. Discharge 

from the causeway is meaS'..ued by totalling the discharge througn 14 

culverts with the discharge through four sluices. This information was 

recorded on a monthly baSis from October 1973. No estimate of the quantity 

of under:low or seepage ba1~~ the dam is ava{lable. 

4.3.6. Perweability of Ove~ourden ' 

This factor is impC6~t int~at it determines t~~ percentage of 

precipitation entering the 'aquifer. The aquifer tests indicate a value of 

the order of 1, m/day for this parameter. Calibration runs indicate a 

critical value of approxi~'t~ly 0.005 m/~..a.y above \-;hich all rai.nfall, aftf.·~ 
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evaporation and rep1elishrnent of soil moisture defi~its, will infiltrate. 

Locally areas \'lith ve,rtical perrneabilities ~ower than this critical must 

exist as shm-m by the evidence of perched water tables, hm'lever, on an 

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

4.3.7. Underflow 

There is no defirdte field evidence for a major source of underf10w 

into or out of the Kc:}-.not\-le p..quifer under natur2.l piezorietru conditions 

but the lack of data in the south 0Rstern'end of the'catcrunent c~n not 

preclude this possibility. 

::.-;.: . -
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PART 5 THE -PROGRAM 

5.1. PROGRAM DESCRIPl'ION 

A listing of the program is given in Appendix I and: Figure 6 shows a 

generalised flow diagram of the program showing how the finite difference flow 

equation is applied. All node-to-nodesubsurface flows are calculated first. 

Then all the storage flows are calculated. Next, all the flows (subsurface, 

storage and extraction) are balanced at each node by setting a variable named 

RES equal to their sum. The water elevation at the node is adjusted by the 

magnitude of the residual, attenuated' by a relaxation coeffieient. Once all .... 
the ground \-Iater levels .have been adjusted in this manner a sum is formed of 

the nodal residuals (in prac~ce the sum of the absolute differences at each 

node between the ground water levels of the present and previous iteration). 

If this sum is less than or equal to a threshold value '(contained in the 

variable, ERROR) the calcula~ion is complete for that tiemstep, otherwise the 

calculation is pepeated. 

As stated previously th:i.B method is essentially that of successive over-

relaxation for linear symme~xic systems of equations is known to be 

unconditionally convergent. This method also has the advantage that. the length 

of timestep does not depend on a stability criteria. 

As can be seen.from the 1.isting of the program in Appendix I, the program 

is subdivided into several m:u:lbered sections by comment cards, for example. 

section'13 is labelled 

C 13 E'JAP lUID INF CALCULATIONS 

There follows a brief descr:iption .of each section and where necessary t!1ese~ 

description \-lill be amplified in a later section of the report .• 

1 • 2 & 3 ;:e~eption ;:me prepa,ration of bput data and display of same. 

4 TDe introduction o~ root constant which af:ects the' rate of actual 

evapotrallE:;Jiration" this factor is discussed' more fully' in section 6.2.3. 

5:, Se-:ti!l.g up· 0;. the oonthly time cycle. During calib:r-ation model ,r.aI .. re& 
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i i 
~---------y----------~ :::S~' t;? DU 'L\.\ .. ~?~_ ~£:~~';H 

TT :.: .. : CC·.~':·~·}~~{ !:1 

1-----

SET U? DO LOC~ 
HOD~::S 1,36 • -, 

CCJ;~PJ'i';:: F'.Lt.r;! R;":-'::: TO 
NODES l<'R01i .ADJAC"~"4T· . 
NOD:2S. 

CO:.iPU'l'E lCLAXi..TION 

CO~Pl],l'~ STORA,]::;': FWi[ 

FOR I";CDE 

C~.)t.2:jTE 'n ... "l'.:iL ESlR. 
FRO f.! h OI;E • 

CC;J·.::'U:~E P..ATIIF.4.LLs 
EV i~t-:·C:}-~.:~TIC~·r, D~ILP.?l. , 
&: rSS:...:I.J::..·~\.N:I !':;;~~iiC~ 

FLC'li ,Al' N\)IJE_ 

l' <. : 

0· 
" 

C<JI.:!-tJili liE';" Hi::AD 
NODE. 

J..:iJD .Al..L ;;;'Uru·~;:;E. FLU:;!:) 
'1'0 SUR? ACE FWll .AT NODE 
36. 

PRINT OUT RESULTS. 

c' " 
". .. 

... -----------------------------------------------------------------------------~--~ 

-- '--

a 

.-...... -..... ---

" . ..... 
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12 
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Setting up of the time steps within the monthly cycle over which 

the iterative cnlculations are carried out. 

The Do Loop fer the iterative process. 

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

as specified by section 7. 

The calculation of Transr.lissi vi ty ::md conductance of flow paths between 

the node under consideration 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-
. -~ 
CCllculation of stcrage flows by difference in level at node between 

curren.t and :previous timesteps. 

Calculation o~ .Recharge/Abstraction. 

This section involves the calculation of Nodal Rainfall, Evaporation, 

Soil Hoisture Deficits and Infiltration. Figure 7 shaHS a 

generalised ~lowdiagrarn of this partIcular section. Briefly the 

difference, if any, between rain and potential evaporation is added 

to surface flow. The resultins surfc.ce flow is then used to make 

good any soil moi·sture deficit remainirlg from the -previous timestep 

and any surfa.cefiow tt.en rer.laining iD allovled to infi1 tra te to 

grouT!d \·!ater. 

The total of.all 1"10\·IS into and out of the node are balanced. to give 

8 residual term FBS. 

The value of RES is used to adjust the nod2.1 ground water level 

calculated curing :t.~e previous iteration. If this calculatioT! results· 

in a ground \~ate~ level grea"ter t:lan surface elevation then the level 

i!3 restricted to t~e ncdc:l surfRce elevCltion a.nd the :100.31 rate of 

r~si115 ",","ater, ~CSS,.. is set eC:.lal to P-.ES. 
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The absolute difference in levels at each node between' the current 

and previous 'time step is summed. If the resultine value is less 

than or equal to the threshold value ERROR the calculation of 

ground water levels is'complete for the current time step _ 

otherwise a 'further iteration is commenced. 

If necessary the facility exists to allow a chan6e in storage 

coefficient should conditions change from unconfined to confined. 

At Fresent this ha~ not provec necessary. 

18 All nodal surface flows are added to thedambo surface flow at node 

36 where, surface water abstraction is carried out. 

Thi~section merely cA.lculates the change in surface flow over the 

time step. 

20 Printing of results. 

.- --&4'c!'-
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PART 6 CALIBRATION 

6.1. INTRODUCTION 
l, 

The calibration of the digital"--mode1 consisted of comparing model' 

behaviour with field observations of ground water and surface water_': '.~. 

fluctuations over a fixed time period and making appropriate adjustments 

I '.-

to the model input parameters. Such adjustments are recurring due to the 

limitations or input data, e.g. :the uncertainty in pote~tia1 evaporation 

·estimates and root constant. Calibration is obviously a very lengthy 

process due to the numbe~ of alternative combinations of adjustments 

which can b~ ma~ to the various parameters. ..', 
.. ~ ~ 

. Generally the method used was to select T and S values based on 

analyses of the aquifer tests and examination of local hydrogeologica1··. 

.. ~ . 
"";;-

" 

conditions, and selecting: trial potential evaporation figures the nodel was 

run - abstraction figures were considered to be accurat'e ··and no attempt' was' 

. ',;.,. . 

made to vary this parameter. 
•• , ""1"... ... ~~ ' ......... ~ ..... ~-- ••• ''t-'~~_':'''_~''':'~,~~:~.u.~~~.-'t-.. 

On completion of a ~ comparison of mo~~~ 
. . 

.. _'_-.- "'_ ...... ~ •• ' ~.o.,.. .... :_:_, ... ~ __ .",:," ' -~:-.: .•.• 

"-;-". 

and field ground water levels and surface water flows were compared' and '. 
. t~ • 

adjustments made to bring the model into line with the field values. The 
nature of these adjustmen~ depended on the type and degree of discrepancy ... ··· 

.~. ."~ " 

between the field and model. values.' 

" 

6.2. THE GROUND \"rATER RmIKE . 

On field evidence the 'Kakontwe do10mi te and limestone appears to ·be 

a non-porous and tigh~ly bedded formation, the ground water movement within 

this.fol~ation predominantly occuring along open fissures and through caverns 

.deve1~ped along joints andi :faults in the rock mass. Such conditions are 

generally considered to caase ·turbu1ent flow locally (i.e. in single 

fissures or caverns) but OD a larger'scale, as a greater numoer of fissures 

are considered, flow appri:Eidma.tes to lamiuar conditions. It is partly for 

this reason that a finer nodal grid than the one used was rejectec • 

. ".::; ..... - -. 
- of .... " 
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Turbulent flow conditions are normally expeci;ed to be set up ,close to, a··. , 

production'"well under these, conditions during an aquifer test.· However, .the 

results· of the step tests show that· the relationship between discharge and 

draw down in the observation bores was linear (see Figure 8) except in those 

bores where develop~ent was apparently continuing during the test. This 

linear relationship conf'irms laminar flow at the corresponding di~tances·. . . . ~. . 

from the point of· abstraction under the hydraulic gradients associated with 

the tests; .an important point since it establishes that conventional 
-f -'. 

groundwater hydraulics ~d pumping ·test a~alyses may be applied (~oster an.Cl 

'-:.:-- . 

' ...... 

Milton 1974). Thus Under test conditions laroinar flow ,exists at' a distance of:;,. '., 

at least 8' m.frOll\ the productio~ bore, which indicates that Darc'ian' flow 

theory may 'be safely.used in the model under even greater gradients than 
. ..' ' ... ~ . 

those set up during"the·.tests using the size of node shown in Figure 2, .. :, 

i.e. of the -order of' ,2.5 km across. 
.' : 

. .. ~ -. . 
. .~ 

", :.: ...... 
" . :' -. 

Although the fissures in the aquifer do not apparently s'et up turbulent ,,' 

.... 

" ' 

" . 
".- .,:-" 

, ' 

. . 
flow on a large scale':they -do affect the directiol1 of flow. For example:,·:,:""':'~F7~:-""~";"· \~:":'S' 

, . -' .. ~ 

at all the·test 'sites.the local ground water gradie~ts, are deflected! .; .-:':': ':-\::;':;: ' 

from 230 to as much:as1.74cr from the a'nticipated direction of th~'regional .: .... 
. ~'\ ~-' , 

gradient., The fissuring also gives rise to'the compartmentalisationof·the 

aquifer into· distinct~ 'zones. For .:example the water table iathe formation' './ 

, underlying Lake Chirengwa fluctuates seasonally by less than 1.5 metres," 
~ " 

.' .... : 

at an average· elevation of 1262 metres whereas the short period on record·' 
•• "1" 

of borehole Q7A at a distance of'less than 1.5 kilometres away indicates' a 

similar elevation but· with greater variation in waterlevel~ 

During calibration of the model reappraisal of' field ground water levels .. 

was necessary in cases where difficulty was encountered in , obtaining 

. '- ' ' 

that well were i~i till~ly used as nodal field levels to be calibrated againe=t. ' '. 

However, further examination of field observations showed that the, "central" 

well was not necessarily ,representative' of ,the whole node. ~igu~e 9, ,shows 

the relative positions of wells situated within node ll~ Well 103 coincides 
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with the node "centre" ane.. was initially taken as the data point for that 

node. Figure 10 however. Shows the variation between water levels in the 

various wells within nod~ II and during calibration the model ground water 

levels for this node were found to correlate better with the levels of W2 

and W3 rather than Wl03. 'rhis apparent variation is response of the aquifer 

over a relatively small distance ~n be explained in two ways. It is either 

the effect of shallow wells monitoring perched water tables rather than 

the aquifer's true piezomEtric sarface or it is the effect of fissures 

resulting in compflrtmentalbsa.tiolll of the aquifer or even a combination of the 

two effects.' 

Apparent co~partmentC[isa~iQn of the aquifer is more pronounced in the 

south-eastern part of the catenrnent, the example of Lake Chirengwa has 

already been given. Anot~er ~ple is found in the region of nodes 28 and 

33 where water level. data from .take Ishiku is very different to that from 

bore Q6A (both datapoint.s'~ring in node 28). Whilst realising that the· 

only well occurring in not~ 33. i.e. W34, is not r.epresentative of the 

piezometric surface of·tb£·Kakcmtwe (W34 probably being fed by upward 

percolation' through the :r-~asb.ia Shales from the Roan Formation) it was 

originally assumed that t1egeneral direction of flow wo:uld follow the· 

topographic surface, i.e •. from ,n.ode 33 towards node 28. However, the. later 

evidence from 'bores Q6A a':-l..dQ9JI. indicate. 'that the reverse is probably true • 

. Thus during the calibraticr!l 'period the field water level fa!' node 28wClS set: 

at 6 m below that of node '26 (i.~:::. \0/32) as early data was not available for-

Q6A but later data showed·~ ·to 'be approximately 6m less than \-132 •. 

A more extreme ~ffect -of their compartment~lisation of the aquifer has~ 

been modelled by introducin~ an~1permeable b2rrier boundary between nodes' 

22 and 24. The field indication 'of this boundary is. given by the higher' 

standing water levels obsp.rvedait Lake Chirengwa and Q7 (nodes 22 ~d.1..7) 

over \-117 <node 24). In t1:e -Co1?Z'1oun report it is suggested that such a: 

barrier c.o~ld be fG-..~ed. by beliE .C: !n3ssive (unfi.ssured) dclo,,,ite, dyke' 

intrusions or local folds :in-.tl; rock for:na"tion. il such a barrier is n~ 

:nocie.11.etl ... :ater· levels in ~c-r·? build up to valu-~s :'!!llt".h gr'ea!:er tnan th.e-

L • 
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justified by field:' tests.- Tit sp:i.te of the' large- catch:men:t area. u:pst:remm . 
. :' 

of tlris· barrier (<;lpprox:i.:zateIy- 20%· af' the total.) very little e'ffect on.. the 

surface n.a.. and ground. water ~ev;~.Ls:' dawn:stream: of' this bar.rier· (except for- .. ~ 

node 24-). resulted .. from. its· i..nt:rodiIcti.on.. T'o the east of this b01.mruil:Y 

(nadeS:.22,. 20; r.a and:~7J there is very littl~ groun.d water·Level information; . 
. ' . - ." .' 

on.ly lake Chi.rengWa. and-wells. in. node 1.7 de.finately; p~tra-te the daTCD'Iiiite,·, 

other wells refiec:ting wa:ter ~ev.eI.s: Wii.th.in.. the adjac·ent. sha-I.es:.. .. On. t:his 

evidence alone it .. ·i.s, impossible ta dete-rm±..ne the ~ of ~t:er.". i 

\' . 

f1.mrlitrt. pre=vi.~ both .lIamdlt and the C'alqu:h:ou:n: report. assumed the graU:am' . 

wa.ter contOlIr'S fO~oW,ed taP~~c cm:es:. licrwev:e:r-.f' w,i:th the ±lIt:rodiI.cti.on af:- .},., 

a ~er-' betw:een:_··~s 22 amf.:2lf. i.t i.s necessary-tO' .po:stulate~:f1awl in the:· 

. , 

,-, ''; 
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of lL 000, '000' ~/_th ~btrt: an the aata .a~hle :iL~ is diff:iLcttl'::', ta' deternriiJ::De '. ; _ '. ' 

" . 
na dcWlt feeds tlieSE9'5Q1J!Ei'I swamp- vm±c::fu·oc:cars. on.t:fre south. eastern catchrme1!IL . 

. . ~; .. " 
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Cc.f" •. se~ti.om 3_I}' imdi SQlI al~ ~ta:ti~ 'az::rf, ev;a:pc:rat±.C!!l!~~ 

~ve· the· rrse of::rulSm_, ~~ for·m:rdes:· an. 1::fre. m::trtfr east;En!;' bortf.er cmr.. 
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DEVELOPMENTS DURING CALIBRATION' 

6.3.1. Transmissivity FUnction 

In the early stages of calibration a constant transmissivity value was 

applied to each flow path which was later modified to give linear variation 

with water level. However, it was found necessary to modify this function' . ' 

further. Using a linear increase in T with water level tended to result in' 

the model giving high peak surface flows in months of high rainfall an~ , 

surf~ce 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 . 

month 8 and allow it to leave during the succeeding dryer months where model 
'"-t . 

surface flows were low i~e. it was necessary to alter the model's basic, 

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

concept of zonal : transmissibility ~ , 
-, 

From field evidence (chiefly the borehole logs) and the results 

, ' 

".:-

'obta~nedduringcalibration of the model it would appear that the;"h""""~_'-'~"""'~--;'~_~;'-j,,_ 

transmissi vity in the upper .part of the aquifer, i. e. the zone of;, ; , 
. i 

fluctuation of the water level, is higher than in that part of the aquifer 

below this zone. Figure 12 indicates the probable shape of transmissibility 

function and the way in. which it has been approximated in the model. As:: 

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 by:'.severarmeans:", 

, (i) decreasing the time step" 

(H) decreasing the contrast between the max. and min. T'values: 

(Hi) increasing the SPRED factor'such that the function gives a closer' 

approximation to a smooth function.:-' 

Figure 12 shows, that a defini Hon of a Base line is cri Hcal for thoe~' 

operation ,of this function. : A generalised plot of field nodal water levels 

is shown. in Figure 13; it can be s~en 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' positiQningof the :,ase line,.was chosen,.t!,l;'be.:... 
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higher than the ground water level at about month 6 and 18. The justification:' . 

'. :. of -the function. is.that in karstic limestones the portion of the aquifer' in 

'to 

the zone of ground wate:- level fluctuation generally has a higher permeability 

than the lower zones'd~e to solution processes ana also from ·the drilling logs 

of the area there is e"idence of decreased fissuring with depth •. · .. ~ 

Use of thistranS:-i.ssibility function in the model has achieved improved '.". 

correlation between. model and field values of ground water levels and surface . .

flows. However, the a.~uifer tests which formed the b~sis ofiriitial . 

Transmissivity estimat:s' fqr the model were carried out between October 1974 

. and Harch ·1975 whereas the maximum ground water levels· were reached in Many 
. . - .' , . 

~~dJune of 19~ for, that particular water year. Thus if the concept of 

-- . 

for the lowertransinis£.-i vi ty values and not the highe! ones. To ascertain' . 

the validity of this ccncept aquifer tests would need to be carried out· .. ' . 

during a period of hi&~ ground water levels. Table 2 shows the internodal 
. . . . :. ~' . 

• ..... /<-. ",,;.~~ ....... ·t •. , ... ~ . ..l. •• """,:>-- "'I:4t'-:,.' ~,.~~ ..... _ ~ • .J,. _ ..... -;'" .... __ ~ ••• '..- ... ~.~.-:- .-"'-~ ........ .'. ~_~~\i. ...... ; ... 'f..~.1 . .,\-.'~.:..."" .... -=-~ ... _~:--....:x .... ~~. ~~ ... ---~ .• "'~ ... ~.~'t'-.·~~ .. ~:*'.=-.,I<o ..... ~:w:~~-:~t.""~:.~-\ 
transmissi vi ty values used in the final model· rufl.. . " ".... . . 

. ;[1';.0 . 
" 

"l' i ~...,: ' . . " -..,"-. ..... ,'" 

6.3.2. Storage Functi.on· . .... ~ . ' . 

The·. concept. of zonal storage follows from the idea of zonal transmissibility 

in karstic aquifers-'i.e. in _the zone of groUnd water' level fluctuation~;'<:' 

solution', cavities and .. idened fissures will inc.rease' the ·effective storage of 

'this zone. In the model the facility exists·' for the .. storage coefficient· to, 
. ; 

be increased. once the nodal groundwater.level.rises. above the BASE,level. o£: 

. Figure,' I}... (The programming of: this function differs slightly. ~romthe· 

transmissi vity funct ien in that· transmissi vity is applied: on an inter-nodal.,,: . 

basi s . and st orage_ on'· a. rundal. basis l~ . / 

Table 3 shows the- 'Dq)per' and lower' storage coefficients used in modeilillg' 

the zonal storage ·ef-f'e::::i;. As mentioned in' section 4.3~2~ the very. high 

storage coefficient.s .. 'IlltS'ed for 'some nodes are' used ru:; a' simple mean13:' of -

modelling- the storage itEr the- overburden at boundary nOdes. 

'-

~. '. 

' .. 



,: 

,. ... ';(:':. /'1' 
.',"i.:i . . , 

.~. 16471.LOWER 'INTERNODAL' ZONAL'TRANSMISSIVITY VALUES."; I.E.;::VALUF.S· BELOW BASE. ~. (rsr./da:!lm} .. · :',': . . 

~ .f •• ~',)\..JI ,I" 

6 ,i: ~ :~dt~ .~t. 

~::': '?·~W::·.:· .:. 
'f :' '\ 

C}, ./. 
• '" ~ ~' '. 0\ 

" 

@l
. ;:····.l.~:~:l;' .,: 
li' .:. :.: •. 1 .1\: 
~. ..,: ...• 'I';' ~I 

., ..... 
.. ~ " , 

(.r:-) .... ·I'.~:.,'.I 
"'i ~ " .' ( I, 

.~ , I 

" 

f). ",;.:;,:~: \.... ,', ~~: 

~ 
_.t l~ " 
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ZONAL STO~AGE COEFFICIENTS 

. . .::: . 
.. ",.~ . 

.. . 
,~:" ~., : , ..... ' 

.' ':'-' ."~ :-: .. -: .' .. '.-:: .: . ~ ':~" ~ 

N'ODE STOR.COEfF.ABOVE BASE 
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.. _'. ' '-'.. 14 .0800'· 

... ~. .' . 
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.,.5000 . ':.;" 
~ 0500 .. 

,.0500:,,"" :- -~ ... ,.," .. ' 
.05'0'0 . 

··.0500 . 
.0500 
it 0500 ·.r·'·····_ 

. .,; 0500': .'::_:.~'.,..i'<.,-

".0500 
.0500 
.0500' 
.0500 
.0500 
.0500 
.0500 
.0100~, 

.0500' 

.0500 

.0500 
... 

..;, ",.- ~ .. -

'- .. ' 

• • I ,_ •• 

. - --..:.. :...:. -.- .. ~ 

--_... ~ 

.~ 



- 21 -

6.3.3. Actual Evapotranspiration 

All of the methods of estimating potential evaporation shown in Table 1 

assume that water is -freely available whereas of course actual evapotranspiration 

losses are dependent on soil type and type of cover. In the Colguhoun 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 were, "assumed approximating to water availability"'. 

Although this method will of course achieve a good water balance such monthly 

coefficients for~lculating actual evapotranspiration are difficult_to 

justify and as the Colquhoun report admi,ts such estimates do suffer "lack ~, 

of precision". 

Examination of the evapotranspiration losses calculated by this method 

as shown in Tables 8.4.1. and 2. of the Colguhoun report indicate the nature 

of the error involved. For example, during the month of October 1974 when' 

precipitation was only 0.6 m3 x 106 , ground losses of -43.2 m3 x 106 are 

calculated following four months of zero rainfall. It should also be noted 

that during those four preceeding months ground losses totalled 45.2 m3 X 106 

indicating that a reasonably large soil moisture deficit would have built up. 

It is difficult to see in this case the relationship between the "Average 

Coefficient" and ground water availability. -The error ef this method is 

also seen, by co~paring the evapotranspiration losses given in Tables 8.4.1. 

and 2. of the Colcuhoun report with the mean values calculated by Hadwin (1972) 

for the S3.~e catchment. Figure 14, in comparing the two sets- of Y::llues, shows 

an error in the p!lo...se of the Colqunounfigures. In order toove:-come such 

problems in the calculation of actual evapotranspiration it was found 

necessary to introduce a Soil Hoisture Deficit facility. Soil Hoisture 

Deficits ?ore considered to h~v:e been set up when evapotra.P.sp~,ration exceeds 

precipitation and vegetation has to d~aw on reserves of water. in the soil to 

sa.tisfy tran-spi!'"aticn requireClents. TIle f-acili~~j-· for est:itilat.i:1g soil 
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moisture deficits takes into account the fact that· vegetation has increasing 

difficulty in extracting moisture from'the soil as accumulated potential· 

evapotranspiration becomes greater than accumulated rainfall. The 

Meteorological Office (1971) state, "the point at whic!l actual evapotrans-

piration starts to fall below potential and the rate at which the discrepe~cy 

increases presents one of the most controversial· aspects of soil physics" • 

. The point at which actual evapotranspiration falls below potential is called 

the Root Constant; once the root constant has been exceeded the rate at 

which the discrepancy increases is based on the scheme proposed by Penman (1949) 

and explained by the Met Office· (1971) - this. rate, as applied in the model is 
~ 

shown in TGble 4~ 

Potential 
. Evapotrans 

Actual 
Evapotrans· 

4/3R 5/3R 

.96P .68p 

2R 7/3R lO/3R 

.52P .40P .281' 

where R = Root Constant and P = Potential Evapotranspiration' 

Table 4 

The effect of the soil moisture deficit facility is briefly this: 

(a) In months when rainfall is greater than potential evaporation, model 

evapotranspiration is equal to potential. 

(b) In months when rainfall is less than potentail evapotranspiration 

model evapotranspiration differs from potential accordiny to Table 4. 

(c) Vinen rainfa.ll once more exceeds potential evaporation the excess rain 

restores the soil muisture deficit in preference· to either infiltrating 

the ground water or increasing the surface flow·. 

Figure 15 shows that using this facility·gives comparable phasing of 

evapot:r2!1spiratio!l losses as compared to Eadwin'.> 

6.4. S::2iSITrJITY ANALYSES 

6.4.r. Ir..t-:-oc-..:-ctiml 

.'. 
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effect of varying the varioilS parameters on both ground water levels an'd :: 

surface flows - whether over th.e whole area or for individual nodes. The' 

s~veral par·ameters which ~aa:l justifiably be altered during' calibratio~ are 
. . - ~. 

. . 

• 4 ... 

',;; . . ' . 

obviously interactive vith.each other but briefly their effects on .themodel. 

can be· summarised as follows: 

. _. 
~,. -' 

(i) TranSmissivity. Increased T reduced mean modei water level and vice·· ' .. :-: ,-' ... , 

versa. 

(ii) Storage Coefficient. .Increased S ~edu~ed the amp,litude of seasomil 
.. 

ground. water level fluctuati9Il and vice versa. 
. .. 

Increased·root constant altowed actual evaporation t~ 

become' ne~r . potentiat and therby incr·ease soil moisture deficits. 

Thus in months where r.a.infail·· was. greater than evaporation the excess 

.' . 

rain initially madegGOd soil moisture deficits before recharging 

ground water and/or surface·'flow~··. 
... :., ... '. ";--

. (iv) Vertical Permeability. By varying the vertical permeabil~ty of the . 

.. 

. , - ' 

- .. ' 

.. ' 

. '."'. 

. ,', 

-, .. ' 

'. '. 

:; 

• •• ~ ._~. _:. co .- • ._' •••• -,,,. ~."""--r'" ,",' .• ; ,. .. ~',.,. __ ." •• " .:".~.' .. _~ -~-.• " .... ~ .... _.:1~"C:O .. ~~\, .. -.~~~~"" •• :--'"':~. 
-'--.' .. ":~~. -overburden· the percentage of precipitation which infiltrates can be ., 

controlled.' 
.f 

. t· 

(v) Evaporat"ion~ The Colquhounreport given several estimates of potential" 
.. 

evaporation;obviotlslythe actual evaporation is directly dependent on 

the potential. 
\' .. 

-"-'-,' 

6.4.2. Results· . 
.. ,:",---

The following discussioIil refers to Figures 16 42 .which ·show: . 

(i) . the model surface flows over the causeway (Figures 16 - 24) 

(ii) the model ground water level~ for each node compared to the field values· 

(Figures 25 - 42)~ Nodes 17, 18, 20 and 22 are not included as not . 

enough field data is available to allow successful modelling of this 

area. On these· plots 'HI represents the model value, '0' the observed 

and an !*' is printed where the two coincide •. 

These plots~ndicate the effect of varying the different parameters. 

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

taken from th~ final calibration run which is taken as the standard~ The 

r.-.. 

~-.. ' .' 
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Transmissivity and Storage <fiJefficient values are as shown in Tables 2 

-, , 

and 3 respectively, a root ~nstant of 100 mm is used and the potenti~l,' 

evaporation figures used ~those of ,Tu re (see Table 1) decreased 'by a 

" 

factor of 0.75. ,". ~ . 

Figures 17, 18, 27, 2~ 29 and 30 show the effect of. varying the.root 

constant. By d'ecreasing t]:re root con'stant to 75 mm (Figs 17, 27 and'28) 

actual evaporation during,times of zero or low rainfall is decreased thus 

increaping bot,~ surface f1~and ground water levels. The reverse of this 

effect is shown in Figures ~, 29 and 30 where the root, constant has been 
.' :- : t 

increased to 200:-.mm. ..: .... :~:~.:.~ :::.: . : . ':.' '~.' '.. ..... . . ... 
'. ~ : \-' 

'~ , 

By having no zonal incauase in storage (i.e. by putting the variable 

SCON: equal to thevariabl.e $!K) the aquifers response,to rainfall will be 

increased and thus both ~e flows and ground wat,er levels during months', 

of high rainfall (e. g. Feb·- May 1973) will be increased , see Figures _19, 31 

and 32. ' By increasing the ,ZImll increase in storage by a factor of 2 over 

.. ". ~ ....... \. 

/. ~ 

.'.', . 
. ' . ~.~." ". 

'., 

..... ~~.....; ... ' ... -l.. .... , . • . . • 
• ".' ~"""'~. ~,J>"'-.i':--.%o' .... , ~~ •• ~ .• "'~;h._ ... , __ .. ~.o:;...,.~. ~ ... ''<II .... '~.~ ... _"': ...... _-,._ •• ~.:_,'";. __ •••• ~~.4 ...... ,-'-' ... ~ ..... .....-..~.::...J!..:. ..... ~~~~..-_ .... :~<._ 

the standard run shown in, Figtre'16 more water is taken into storage i~,the 
, ' 

'aquifer during months of h:igh rainfall thus decreasing the peaks shown in 

Figures 19, 31 and 32 - 'see lfigures 20, 33 and 34. ' 

The effect of having no mlnal' increase in Transmissivity(i.e.· by' 

putting the variable 'UPl'R egml to the variable T6477) is shown in Figures 21, 

33 and 34. This decrease ~ itransmissivity coupled with no ,alteration in 

-' 
zonal storage effectively' intreases ground water levels. The program was 

run with the upper 'value' off ··z.mal transmissivity (see Table 2B) increased by' 

a factor of 10 but this ,did lInt result in convergence with the time step used. 

- Figures 22, 37, 38, 23" '59, 40, 24, 41 and 4? show the effect of using 

the Turc, 'Aune and Blaney Cnlddle estimates of potential evaporation (see 

Table 1). 

" . 
" 

As is to be expecited an increase in 'evaporation decreases both 

surface flows and ground ~;a·ter levels. 

," 
" '. 

, ' , 
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PART 7 WATER BALANCE 

Table 5 shows the monthly~ter balance achieved in the final calibration 

run. ~ltho'ugh the calibration period was taken from July 1973 - December 1974 

complete field data for the flow over the causeway was on~y available from 

October 1973 and so the period shown in ·the table is for October 1973 -

December 1974, i.e.' months 4 -18 inclusive, to allow comparison with the 

Colquhoun report for the same perio~. Table 6 shows the monthly water 

balance data taken from the Col·quhoun ·report for this pe:-iod. As can be 

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

(i) Rainfall. ~e 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 the catchment as a whole. However, the main discrepancy' 

lies in the actual catchment area used in the calculation of total 

rainfall.' The COlguhoun report favours a lar£ercatchment area in the 

region of nodes 18 and 20 ~ver that of the model which is based on the 

catchment area. as defined in the draft version of the Colquhoun report .. 

As this area lies to. the" east of the barrier boundary between nodes 22 

and 24 and, as Sho\ffi in section 6.2., has little effect on the main 
. 

catchment area .. ·this difference is unimportant. 

(H) Change in Surface Flow. Figure 16 shoVls that there is reasonable· 

correlation behleen the model's cC'.usevJay di::>charge and that recorded 

in the field. 

(iii) Abstraction. The ground \~ter abstraction figures used in the model 

are taken directly from the Colquhou~ report. The surface water 

~bstrc;.ction figt;.res (i.e. abstraction from the Itawa dambo) only 

differ in the model from the Colquhoun figures when there is not 

enough stored surface we.ter to per~i t the req-'.lired abstraction. 

(iv) Change in Storage. T.~e crv.L:ge ill gr.o~nd water storage is not 

calculate1 on a monthly basis in the C~l~uhoun report, estimates 

being made o-v-er a 12 mcnth period.. 



'l'ABLE 5 Ground Water Balance Summary from the Model 

units of m3 x 106 
t 

r> I 

(i) (ii ) (iii) (iv) (v) (vi) (vii) t 
r 

;J.??3 -197L• RAIN CHANGE ABSTRACTION CHANGE' EVAPORATION CHANGE BALANCE I 
IN IN IN (i)- (ii)-( iii)- 1 

SUIWACE G.W. J. SOIL (iv)-(v)-(vii) 
FLOVJ STORAGE MOISTURE 

DEF 
. ~ 

OC1' 5·5 O. O. ",11' 14.2 -7.8 Oa4 
NOV 40.4 1.0 0.4 -0.9 . ~. 27.7 ".12.3 -0.1 
DEe 60.0 2.7 0.4 -0.7 } 27·7 ·29.9 o. : '. f' . . :~ ... 

'. 
• JAI1 97.1 8.7 0·5 15.8 29.8 . 42.4 ~O.l .. 

...... 
n:n 120.1 26.5 0·3 68.2 25·0 o. 0.1 

I\) 

HAH 15·1 15·1 0·3 4.1 
, 

26.B o. o. ~ 
" 

AP\{ 22.4 9·5 0. 1+ -9·9 53·9 -31.6 o. 
~11\ y 19.6 7.7 0.4 -B.2 .. 24.B -5·0 -0.1 
,J UN O. 1 •• 6 0·5 ,..6.8 15·7 -13·9 -0.1 
JUL c. 3.5 0·5 8 ' " -5· ., 11.4 -9.6 -0.1 
AUG o. 2.3 0.6 -4.9 .10.4 -8.3 -0.1 
pEP. o. 1.2 0.6 -1+.2 l1.B -9.4 o. 
oc~r 0.6 '0.9 0.7 -3'.9 11.7 -B.8 o. 
NOV 20.B 2.5 0.7 -3.5.· 22·9 -1.7 -0. 

0, 

. m:x:: 123.7 12./+ 0.6 -3.1' 27·7 . 86.2 -0.1 

!!,O1'1\ [! 556.6 98.7 . 6.9 3B.4 .341.3 74.5 0.4 

I / 

" . 

. ; 

,...; 



(i) 

1973 - 1971• RAIN 

QC'l' 6.2 

NOV L.6.4 

DB<; 68.5 
J'AN 111. 1• 

FEf3 138.0 

HJ\H 53·3 
APH 25.7 
HI\Y 22.6 

'JUN o. 
JUL o. 
AUG o. 
,sEP o. 
oc'r 0.6 
'NOV 23·9 
DEX; 1L.2.1 

TO'pJ\L 638.7 

'l'Al3LE 6 Ground \Vater Balance Summary from the (,;Ol.qunoun Hepor't 

units of 

(H) (ii:l) 

CHANGE ABSTRACTION 
IN 

SUHFACE 
FLOW 

o. 0.7 

o. 0.4 

0.1 0.4 
11.2 0.5 
22.'4 , 0·3 
22.1 0·3 
11.2 0.4 

8.9 0.4 

' l •• 6 0. 1+ ' 

3·7 0·5 
2.4 ,0.6 

0.1 0.6 

o. 0.8 

'0. 0.7 
' 8.1 0.6 

94.~ 7.6 

m3 x 106 

1 
;, 

\ 

. .~. 
l· , 
~, 

'" j , 

, 
l 
: 

.. ; 

. : 
, 

(iv) 

CHANGE 
IN 

G.W. 
STORAGE 

' , 
" 

38.6 

i 
I ' . ! 

(v) 

EVAPORATION 

1. 
45.8 

52.8 

44·9 
' ;}7.6 

35·6 
38.6 
30.7 
21.5 
10.5 
11.6 

8·5 
22.6 

45. 8,. 
52.8 
44.0 

503·1 

", 

(vi) 

BALANCE 
(i)-(li)-(iii)- ~. :1 • 

• ,·1 

(iv )-'( v) .. 

I\) 
--.J 

, I 

5~4 

'" 
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(v) Evaporation Losses. 'The different methods of calculating the total 

evaporative losses has been dis.cussecl" in section 6.3.3. showing 

probable errors in the Col~uhoun estimates. 

(vi) Change in Soil Moisture . Deficit. This factor does not enter into the 

Colquhpun water balance. The"monthly values of soil moisture deficit 

occurring in the modet are plotted in figure 42. 

Examina tion of the two tabl,es 5 and 6 shows that both the model and the 

Colquhoun report give good balances for: the water budget ·.over the calibration 

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

basis a balance is not achieved using the Colquhoun figures, the reason for 

this error lying ~iefly is the estimates of evaporative losses. The 

monthly balance achieved with the Colquhoun figures .is not given in Table 6 

due to the uncertainty in the distribution of the chim'ge in ground water 

storage. 

During the initial stages of calibration of the model it was attempted 

to not only bring the model ground water levels and·surface flows into line 

with the field data but.also to obtain a water balance comparable in ea.ch 

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

difficult the procedure described in this report was followed with the 

.results as discussed above • 
. j 

- ' ". 
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PART 8 FURTHER FIELD INVESTIGATIONS ... 

.' 

As with any groundwater mode~ the need for continual collection of data 

and model modification based on new field evidence can not be overemphasised; ~.: ' 

however long the initia1 calibration period used,continued collection of field'" 

data can only help to improve the models calibration and hence its predictive 

reliability. 

Calibration of the Kakontwe ground water model has indicated several 

points which are worthy of further field investigation, for example the 

question of direction of flow in the south eastern part of the catchment.' 

Previously it ha4 been assumed that the direction of ground water flow was' 

related to the topography, there being poor borehole coverage in this area 

to give any more accurate assessment of the situation. However, the model 

has shown that with the relatively small transmissivities and storage 

coefficients that are known to exist in this area, it is more likely that flow 
. ' 

is in fact in the opposite direction, towards ZaiPe. Although the quantity of 

water involved is quite large (20% of the entire catchment area is "upstream" 

of the apparent barrier boundary between nodes 22 and 24) the model has shown 

that due to·the low regional transmissivity it has little effect on the' 

surface flow at the dambo. In order to resolve this question of flow 

direction a more detailed piezometric observation network into the Kakontwe 

dolomite is required in this,area. Although not of great importance some 

further eeological field investigations may be able to determine the exact 

nature of the barrier boundary to the west of Lake Chirengura (i.'e. between 

noden 22 and 24) causing this flow problem. It is possible that the lineations 

marked on the geological map as possible fissures are in fact dykes. 

Also resulting frem the calibr?tion'of the model was the concept of zonal 

Transmissivity and Storage. Although such a concept is logical for a karstic 

region aquifer, 'testing will not necessarily'determine the separate T and S 

values. In fact the aquifer tests carried out as part of the field 

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

water levels, therefore there is no indication of the order of mangitude of 

, -
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the upper transmissivit~ and storage coefficient values. In order to obtain 

estimates of the higher values it would be necessary to carry out aquifer tests 

during periods of high ground water level~ i.e. between February arid July. 

Another point of interest resulting from calibration of the model is that 

of evaporation. In the final model potential evaporation estimates of 0.75. 

of the Turc estimates were found to give better results· than:·;any of the 

potential evaporation"estimates given in the Co1quhoun report. Coupled with 

evaporation estimates is the use of a ·root constant. ,In the final model a 

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

short grass is generally considered to have a root constant of 75 mm is not 

unreasonable. ~owever~ the choice of potential evaporation estimates and 

root constants gave rise to seV"eral problems in the calibration and 

emphasised the need for further research (not just in this a~ea) into the 

whole problem of the relationship between precipitation,· evaporation and 

vegetation. 
'- .... : -~ - ,.,. ." " .. .sr -.. •. :.- . .. 
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A P P·E N D I X 1 . 

PROGRAM LISTING 

The results given in the report are for a calibration period of. 

18 months,hO\$ever, since the initial. work 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. 

:- . ~.... -" ~ ........ ,,"'. ,. -," . 

• 

- 0 -



, . 
• 

1 ' . 
I 

~ •• Po' " • .... ;.. 

:.1.//X3HHlb17 JO~ (AN~3,N6,4-00,15"",O),AOt~S;CLASS=A 
, . :l,/;;'i{i.IIJTr~ P,U'n t-:Lr.:Cl.nC HACI<UP=:::lS,HC=2 

j./I"~.H:.C n,CI.,G,tH:GIUf-i=/.OOK . 
4,/IC,SYSIN DO' * . 

'. -..... .' ',- . .', 

~. DIM~NS~O~ X(36),WIOTH(36,36),~L(~6,20),PATH(36,36),EtE(36)~ 
b. C~C~(36),SFLO~(3b)·,OV(36,20),DEFCT(36),V~(3b,27) . 
7. C,1~R(13).C(jb,l6),~AIN(3b),EVA~(36),AaZ(3b),ALVEL(3 
H. ·Cb),VINC(3b),HULD1·(3h),HOLU1(36),STOR(36)~~XCSS(36),· 
9. CVX(27,20)~SU~C(36),SFLW(36),ASFLW(36) 

10, C,UAM(21),SP~LL(~7),fLOUT(l7),VP~RM(3b),SCON(36) 
11. C,R~UUrl(36),SM~ES(36) , . 
12. C,TRANS(36,3b),BAS£(36,6),PERM(36,6),T6477(36,6),UPTR(36,'6) . 
Ij. C,AMNTH(til),~SMDf(27),PAStD(J6),bASE2(36) . 
14, 'C,ZStOR(27),Z~STR(27),ZRAIN(27),ZVAP(21),ZI~F(~7),ZUMFL(27) 
1:>, C,Z~Ad;:;(2.7),Z;>~H>f(2'1),ZPILL(27)iZS!li{F(27) 

16. "lNTEG~H SUMCA,HULD3(36),AOJ(36,6),RA(27),E(27), 
17, CYOUI(J6,27),AREA(36),SUMA,OVERB(36),SABST(27),CAREA(3 b) 
1~, -R~AL*8 VT(36),WL,O(36,6),SUMQ(36),S(36),H~ADN,V(36,21)' 
i~. C,ADELT,DIFF~VP(36)' 
20,. REttL INf(~b) ,NDOEf(36) ,HTHDS 
21, NIN=5 
22. NOUT=o- --' .'.:.~~ ': .. -:...:.. ... ~?-: ...... --<·.:··:.-:-:.; ........ · .... :.·7:-.... ~.;.:~.:...:1~.·~:·;.: .. ' .:.-', ... ~i.::;~: .... 

. ':~.~:-:'.' .. ~ 
23.C NSTEP IS HO OF TIME STEPS 
24. - NSTEP~27 
2~, NIXT=87 

" "l6. C· MiNTH=NO OF MONTHS IN TIME. STEP 
21 • .- BA=l,6 
2ij. SPRI!:O=l,.O, 
29. D=1 
3U, Zl=O •. 

~'-' ~. ':. : '" ........ ::-~ ....... ' ....... , 
-._- ~ - - 'P. - .~ ": •• -;:- .. ' 

31, .Z2=O., 
32. Z3=O. 

-. -.; '-, '~- :;.': '. 

'.33. 2.4=0.' 
34, Zb=O •. 

", -: - -""; .. 

35. Z5=O. 
3b. ·Z7=0. 
31, Z8=O •. 
~~, BSMDf=O. 
39, 8STO~=O. 
40. BBSTR=O. 
41, ~RAIN=O, 

42. bVAP=O, 
43. CINf=O, 
44. BSAHS=O, 
45. SUMfL=O. 
46, TOrSf=O. 
41, SUMfL=O, 

., .... 

, .".,.: ... : ~~":... ' ~ '''-'' '. '" , ....... , 

.. ";.- -, ." 
,"- ' .. ' 

. .... ~ .. , . -" 
':- "1.'"' 

'.~'.,' . 

':,'. " 

.' 
,,~. . ' .. 

..... ..: . 

-':',', 

. <: 

.. ....... ,.,,', 

-,- - .. ~~ .. 
.. ' . 

:.::,,! .... 

, .... 

" .. '::~. -

.:: ... -: ' 

- + - -::.,::: 

4~,C ZINC IS T~E MI~ VERT SCALE DIVISION IN FINAL·G.w HYDROGRAPHS 
49,' ZlNC=O,5 
su. XY=O,10 

---- -- '-- '. - ....... _., 

•. > 

" 



~l.~ 

:)2,C 1 
:;J.C 
!>4. . 
~:,. 

:>b, 
';;7 • 

~tf. 
:>~, 

60, 
bl. 
b2. 
b3, 
b4, 
6:;, 
bb, 
67, .. 
b8, . 
69, 
"Ill, 
71. 
.,.i, 
73, 
14. 
1~, 
';0', 
'77 •. 
78. 
7'J, 
MO. 
tHe 

. !i 2,. 
'. -8.3. 
'~4, . 

, .. :3 5. 
::J6. 
':0, 
·rlEf , 

. ~~. 
::IU, 
~1, 

. ~2, 

. -:I;;S •. 

~4. 
.::1:; • 
~b.C 

q.C 2 

~~~~~~~~~~~~*+*.*~*~*****'****'*.***.**.~***.****************= 
INITIALISE AHRAYS 

~*¥*~~$~a~~~*.~~~.*,~******q* •• ******** •• *.~*.~;,*.*.**.*****~ 
00 1 1=1.13 . \. . 

1 H~R (1 ) =U' 
VU l L=li.36. 

. /)0 2. i·i = 1 • .J & 
WIOTH(.L,J.~)=O,.O 
'l'fU\i • .j (I., rh)::O. 0 
PATH(L,,.~)=O.O 

2 C(L,M)=O~() 

Vll 3 L=1,,36 
DO 3 M=1.6 

j AJjJ(L'~'l)=O 
OD 4 i'1=1.36 
PAS'l'O (;,1) =U. 
t;Lr: ("') =0'.0 
o V El, tH 1'\ ) =401. 
SCK(:-\)=O., 
A U Z ( t·, ) = 0 , 
EXCSS(M)=O • 
S'l'OH(I\\) =0 .. 

",' '. 

":',' 

Dt::FCT(M)=O. 
Rl'.;QiJ~ (M )=0. _ ... 

ASl'LW(M)=~. 

.. ,'.,' 

. ,,' --.~:.',:' : ... .. ".: .:..'":',- . 

4· INf'(M)=O. 
DO 5 M=I,.,36 
SfLOW(M)=U~' 
RAINCM)=O. 

5 EVAP(M)=OIl 
00 6'M=I,36 
DO' 6 1J=l,.o 

•• _. __ A •••••• _. 

. " 

. ,. 
.. ' 

.' 

6 Q (M ~ L) =0. . , :.,: ., __ .:'., ... __ , ... ", .. , "'::." _;:.',':",' :"'~'.' . '."''::':';:;':. .. : '-" '::' .. ;", . .f:'i;~': DU 7 'L=1,36 "'~--" .. : ..... " .... -:;:- .. -. -. , .. -. . . '." 
DU 7 li=1~27 

., aOlll'(L,r'D=o •. :-', . 

8 ~~R ~ 1 ~ ~ ~; 13 - '.-':.' .. :~ .. :: :', ;~;:'7;·~;~?:: ..... : .~;::~-=d,::-7::.::-:._ .. :_:.::. ,.;.,:,:: < .: ·~.:.~jS~}; .. 
BS'l'UR=O • 

. ....... ,; ..... -.:. .... 
. " : .:-:~. : ~:··~·:?&~ii . 

HbS"II{=O, 
. BRAIN=O • 

BVAP=O • 
Clf'/f=O.·. 
BSAUS=O, 

. "'--- -,' -" -~ ' .. ~' ..... ::.: ... :.: .~ ... 

. '''''':".' -.-
~St-'IDf=O. 

~****.**************.***********.**************'****~***** 
R~AD DATA 

****.*************'*.***~,.***'*'****'*~******'.*********** 
SUfoil·-L=O. 
SUMSP=U, 

.. ,. --..--_._-

. ..... -. - '.-: 

~. :;',' - ~ 

" .. }: 

':." 



101, 
~ Ol. 
~ U:3. 

PfLI~=5:l000(t. 

~fL') .. (3 (;) =~20liOO. 
PAS'f~S20('on. . 

i 

-01. ~ 

.i.O~, 1UUU 

R f~ A l' ( r JI ~: , 1 () U f) ) r W D !'.: , ( AD J ( NOD F: , L) , L = 1 , 6 l':"': :'; -,.: . " . . <.' -, '..., '_.".:,,, ;: ,.:', - '. 

~Gk~~T(I2,riX,6(12,dX») , 
.: Uo. 
:01. 
. ~ 0 ij , 
:'09. 
:10. 
::'118 
:12. 
~13, 

11.4, 
-.: 1 ~, 
. : lb. 
. .: 1" , 

1(101 
l' t:.: A Li ( , : {:; , IOU 1 ) ( /I U loi) 1 (l ) , I = 1 , 0 ) , (H f lJJ D L ( 1 ) , 1 = 1 , 6) , ( dOL D 3 ( I) ;, I = 1 , k 
fOR~Jr(10X,blf5.2,5X),1,10X,6(F5.2,5X),1,10X,6(I5,5X» 
00 11 1=1,6 ' . 
J=I\DJ'(Bor~E,I) 

If(oJ)11,tl,lO 
10 PATH(~UD~.J)=HOLD1(I) 

w lOT t I ( ;l (ID 1-: , J ) = Il I) L [) 2 ( I ) .! . 

TI~Ai'~S (;JOOE, J) =HOLD3 (I) 
11 CuNflNUE 

R~AD(U1N,1001)AI~EA(NODE),SCK("ODE),OV£RB(NOD~),ELE(NOD~),VPERM(~ 
C NOO~),CAHEA(~OD~),SCON(NODE) . 

IFlNUO£-3b)9,12,12 
llij. 12 R~AU(~IN,1002)NOD~·· 

._ 1 ~ • 1 U u :l f lJ K 11 A l' ( 12 ) 
_1 2 ° . R £ A Li ( i n i~ , 1003 ) (Q 0 U T ( NOD E , L) , L = 1 , N S T ~ P ) 
.. ~~l. lU03.1'·OK~iAl(8(4X,16» 

.122. 

.123, . 
_124, 
_~ 2S, 
'=126, 
. .127. 
12S, 
-12~. 
-130. 
.:.1) 1, 
.. L32. 
_.133. 
_134. 
. .J.35. 
.136. 
..l:n. 
13~. 

.. 13~, 
,140. 

.. 141. 
142. 
143. 
.144, 
. 145. 
14b, 
141, 
14~. 
149, 

.1 SO. 
. . 

iF(NOD~-3b)12,13,13 
13 READ(NI~,1006)(RA(L),L~1,NSTEP) 

R F": A"O ( N HJ , 1008 ) (E.; ( L) , L = 1 ; N S rEP) 
DO 14 L=l,uSTEP , 
'i'VAP=l. O*FLOA'I(E(·L»· 
t:;(l..)=AINT(tVAP) . 

14 co Wf Hill E; 
15 HEAD(NIN,l002)~OO£ 

R~AU(~IN,1009)(VB(NODE,L),L=1,NSTEP} 
If(NOD~~36)1~,lb,16' 

16 CUNTINUE ' .. 
READ(NIN,,004)(DI\M(L),L=1,NSTEP) 

1004 FOR~AT(8(2X,f8.0»·· : 
. R~AU(NIN,1005)(SPILL(L),L=1,NSTEP) 

lUOS fURMAT(8(lX,F9.0» . 
READ(~lN,100b)(SAGST(L),L=1,NSTEP) 

"" ,- . (-, .. ~ .... 

'.; "~' 0'. 

- .',. 

. . ' .~: -'- . ::.' .... -_. .' . ;".- .: ...... ; . 

l{10b 

1007 
11lOlj 

100~ 

fOR~AT(8(4X,I6»' . 
fURMAT(10X,IH,2X,f6.4,4X,I4,6X,f6.1,12X,f6.4,I8,lX,F6,4) 
fOHMAT(16(2X,I3» .. 
YORMAT(B(3X,f7.2» 
DU 11 I=l,NSl'EP 

17 t::(I)=t::(I) 
DO 11:S 1'1= 1,36 . 
DO IH K=I,36 
tRANS(M,K)=~RANS(M,K)*10 

It, CUN'f ltlUE 
lY R~AU(~I~,1010)NODE,(PERH(~OOE,L),L=1,6) 

1010 fORMAT(12,lX,F1,O,5(3X,f7,u» 
~f ~ rjUl>i~-36) 19, ~O, 20 

:. 



1 !) 1 • : ~ I) k I:: A D ( IH aI , 1 0 11 ) NO J) E, (B A S r.; ( NOD E , L) , L = 1 , 6) , . 
1~2. IF(~ODE-36)~O,21,21 

. .. . . 

1 ~ j • . ~ 1 l: U I~ T .l illJ c.: 
l ~ 4 • 1 U i l' r IJ R ~: f\ '(' ( l? , 1 X , r 7 • 2 ; 5 ( 3 X , f i. 2 » 
1!)~. 21. l"~!'::AD(.;II;" l(llO)tWDt::, (16477(:WDi::,L) ,L=1,6) 
1 :;., • 1 f ( N OL> ~ - 3 6 ).2.2 , 2 3 , 2 3 . 
1 ~ I., lJ <.:o:n ii~IJi': .. 
1 5 ~ • 24 RE Ai. \ ( ;", L! , 1 0 1 (I ) ; HH H: , (tI PT R ( 1-10 D t:: , L ) . i J. = 1. , 6 ) 
~1!)~. If(~OO~-36)24,25,2S' ... 
160, 25 C0Nll~U~ 
Ibl. tlAS€(14,4)=8ASE(35,2) 
162,' 00 29 NOOE=1~36 

.1bJ. DO 29 L=1,6 
Ib4. If(Pt;:~~\UJO/lE,L)-O. )29,29,26 
1 b 5 • 26 IF ( lJ PT. H ( rH) rH': , L ) - 'f 6 477 (lH) DE:, L ) ) 28 , 27 , 28 
Ibb. 27 PERM(N~O~,L)=1.0 

.161, _ . GO TU 29 

1 bM. 28 Pt:K"1 (NODE:, L) = (1I PTR (NODE, L) "'T64 7 7 (NODI=:, L) ) I (BASE (NODE, lJ) +SPRED ::; 
·16"9. . C-B AS~; (.'hllJF., L) +SP HEU ) 
110. 29 CUN1'lNU£ 
111, 1012 fORMAT(7(12F6.5,/),3F6,5) 
17~. K~Ab("lN,1012)(AMHTH(IXT),IXT=1,NIXT} 
113. R~AD("IN,1013)(VpgH~(1),I=1,36) 

~ " 

174.1013 fORMAT(3(lU(F6.4,2X),/),6(f6.4,2X» 
1 75, . DU '"'j 0 . r = 1 't 3 6 . 
176, 30 SCK(I·)=O,,05·-
111, SCK(Sj=O.02 
1"/8, SCK(9)=O,,07. 
11~, SCKt13)=O~05 
186, SCK(i7)=O,002 

-1~1,' SCK(18)=0.S 
-lHi. SCK(2~)=0.Ol 

.. _lHJ.SCK(33J=0.05 

...... : .. 

" .. ~. ", - '-

. " . . ---
" ----. ': 

'" -- . ". -.-: ",' : ..... : -, " . "lit4.. Rt:AO(,NIN, 10i4) (BASE2(I) ,1=1.,36) .... ~.~. ",:.::"".-.':;:;', '¥":::.:~·~4·<"_·~' ... , ........ " .. ~-
" -lUS. ,1"014 t-1 0RM.A'f(4(ij(3X,f7.2),/),4(3X,F7.·2» _ . 

. :.·~.·ll:Jb, .DU 31 N=1,36 .. 
11:JJ. SCON(N)=O.08 
1~H,31 CONTINUE' 

·1~9.. SCON(3)=O.3. 
190. SCON(5)=O,15 

-.191. SCON (7)::0.1 

...:.:-: ....... -.-•• ::. .•••...••• '_0' ::::: : •••. :" 

.1~2. SCUN(9)=O~2 
.193. SCOfJ(11)=O.2 
1~4. SCON(13)=O.2 
-19~. SCON (17) =0,08 
·.!.96, SCON(1d)=O,,5 
191. SCON(20)=o.2. 
'::'~8, SCON(l2)=O.2' 
~'9. SCON(24)=O.2 
200. SCUN(2o)=O~2 

.. --- - .. ~.!-.- ......... _--:-. -- - '. -. -:-: -... ~-:---7·-~ --~ ___ .~ __ ........ __ ~ __ ....... ~ ': ____ . __ 



e 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• .c 
.C 3 

SCl1N~2ij)=O.3 
~CI.I", (3 ',) ::1.1. ~ 
SC(lI\I()3)=O.l'·· 

'.-,.:-'~ :~, .. : ,- -: .. ::' -::-;.,- . -... ::" -t.: , .... ::...: ... 

IJU Jl IJ =1,2:r! ' 
32 LlL)=S(L)~U~75 

~~~~ll)=CA~~A(l) 
ARiA(13)=CAREA(13) 
A~~A(~J=CARt::A(9) 

AH~A(3U)=C~R~A(30) 

ANEA(24)=CAR~A(~4) 

AK~All/)=CAK~A(17) 

.0'.'. ", 

", .-."': . 

, .", 

**~.*~**~*~~***.~**~************************************** 
~HIT£ ~ur I~PUr DATA 

, 

.c 
• 

~;,.~ •• ********~.***.**************************************** 
I't R J. Tt:: ( fJ 0 UT, 1015) 

• 1015 fURMAT(lHi,'LIST Of ADJACENT NODES') 
l'iiUTi:. (:'.001,1 V If» 

• 1 0 16 r'OR.£'iAl' ( 1111) ,1 X, , r.;ont:: 
e. 

ADJ1 ADJ4 ADJ5 ,ADJ6·') ADJ2 ·ADJ3 
e 1)0 .3 3 fJODC= 1,36 

• 33 WRIT~(NOUT,10i7)~OD£,(ADJ(NODE,L),L=1,6) 
• .10 1 7 fOR ~i 11 r ( 1 H , 2 X , I 2, 6 X , 6 ( 1 2 , 5 X) ) 
e ~RII~(NOUT,1018) . 
• lOlM fUR~All1Hl,'LrST' OF NODAL PARAMETERS') 
• W R I 'r t: ( NO U f"i 1 0 1 9 ) 
• 1019 l"OHMAl' (1 HO,' NODE AREA (M**2) SCK. QV ER8 ELEVATION VPERr-t' 

• c, I scor·p) .. ~. . , 
• 

.~. --' ."" ~ 

00 34 1=1,36 , . 
• 34 ~RITE(NOUT~1020)I,AREA(I),SCK(I),OVERB(I),ELE(I),VPERM(I),SCONCt)· 
• 1020 fORMAT(1H ,~X,I2f4X,18,2X,F6.4~2X,I4,5X,f6.1,4X,F6.4,4X,4X,f6.4) 

• ~RITt;(NOlJT,lG21)' .... .:.- ..... 

• 1021 fORMAt(1Hl,'MONTHLI RAINFALL DATA IN MM,') 
• WRI1'£(NOUT,1022) 

1 022 f 0 tUi AT ( 1 HO , I M 1 _ M 2 M 3 M 4 MS M 6 . M 7', H B M 9 M 1 0 M 11 M 12 M 1 3,' .' ;. 
C;lM14 M15M16 M17M18 ') 
WRITEtNOUT,1023)tRA(~),L=1,27) 

t 1023 ~ORMAT(lH ,IX,13,26(lX,I3» 
\'/R ITE (NOli!, 1024) 

. "~-" ... 

1024 l'OIH1A'l'(Uto,'MOfJTHLI f;VAPORATION DATA') .'. 
WRITtQNOur,1022) 
WRIrE(~OUT,10~3)(E(L),L=1,'27) 
W R I 'f t: ( NO UT, 1 02 5 ) 

I 1025 fUKMAT(lHl,'M~ASilR~U MONTHLY WATER LEVEL DATAl) 
i'iRITt::(NOOT,1026) 

. ~. ' .. :: . 

, 1026 fOR~1Al' (IHO, I NODE I'WNTHl MONTH2 HONTH3 t40NTH4 MONTH5 MONTH6. M 
CUNTWI f.Wr·ll'HtJ fo10NTtl9 t..,NTHlo :.1NTHll t-iNTH12 r·HJTH13 14NTH14 t-Hll'H15 
CHIS r-\NTIH6') 

DO 3S 1=1,36 
35 W R 1 T S (j-H1U '1' , 1027 ) I , ( VB ( J ,1J) , L= 1 , 16 ) 

102"1 r'OK~iAT(Ht ,lX';'I·2 .. 1X,16(F·7.2,lX» 
WRITt:.:(j'-40UT,1025) 

:':-0", " 4"':' 

----------- ----- -.- --~--

• 

.. _- -. '-----.... -.. --~-. _ ... -'--~. 



~~l. 
2~~. 10:J.H 
~~j. 

1!:"l. 3 i) 

l:'~. lU~'J 

~Sh. 
"J.':J1. 1030 

w tU l' ~ (1'10 UT, 1; 028 ) 
f'I)!,;·"'\1'( lliO, 1'!';,fJOr-; ;,\!JTH17 m·jTH18 .) 
'00 jb 1=1, )6, 
,',' 1"'-1' ~ l rw ;.n: , l(}:i:l J 1 , ( V jj ( I , L) , JJ= 1 7 , 'l. 7 ) 
~UHMAT(lH ,1&,12,lX,11(f1.~,lX» 
wlH'r£ UHJIJT, l03(),. 
l'UKr·;A'l'( IH1, I~ON'rIfLY Ass'rRACTION DATA'IN 

"J. ~ ti • \'1 id Tt:': (iHH)'.l , lO"2o) 
~~~. UO 3"1 '1=1,36, , 
2bU. 37 WRIT~(~OUr,1031)I,(OOUT(I,L),L=1,16) 
"i.bl. 1031 fURt-1J\l'(lH,lX.12,lX,16(17,lX» 
2b2. ~RIIE(~OUT,1032)('S~BST(L),L=1,16) 
2bJ. 1032 fUHMAf(lH ,1&~·3bS',16(17,lX» 
~~4. WRlf~lNOUT,~G30J 
2b~. wklrt(NOUT,1~2~] 

2bb. DU 301=1,3& 
2~'1.3B ~Hlrtt~oUT,1@33)1,(QOUt(I,L),L=17,27) 
2b~. 1033 l'ORc:1A',i"(lfl ,lX."I2,lX,11(I7,lX» 
2 6 Y • ~! H 11' 1:; ( ;,1 (1 UT, 10"34) ( ~ A BST ( L ) , V= 1 7 , 27 ) 
~10. 1034 FOHMAT(lH ,lX. t 3bS',11(17,lX» 
2il.WRITE(NOUT,1~35) 
21~. 1035 fORMAt(lHl,' I~TER NODAL ,BASE VALUES')' 
273. ~HlrE(NOUT,1036) 

2-;4. 1036 fORMAT't-lHO,' ~ODE A,DJ1 ADJ2 
2 -i ::> • ' CO J 5 A DJ6 . ' ) 

M**3,* 10**-3') 

.... ::.-

.-:-- " 

ADJ3 ADJ4 

27b. '00'39 NOOE=1,,36 "'-.. -,,:-,:~, 

~77. 39 WRIT~(NOUT,1031)NODE,(BASE(NODE,L),L=1,6) 
2 ., H. 1 0 3 '1 f' 0 H ~1 A '£ (1 H , 2 X. ~ 12, 1 X , b (1 X , E 1 0 • S') ) '- : " : c' .--, , 

219. ~RITE(~OUT,1~38) ,', 
.2tH). 1038 l'ORH~T(1Hl,' INTE~ NODAL PEH~iEABILITY VALUES r4/o.AY~) .' 
281., ~RITE(NOUT,103b) 

2~~. "DO 40 NOO~=1,36 " 
2~3. 40 WHIT~(NOUT,1031)NODE,(PERM(NODE,L),L=1~6),-
2$4. WRIT~(NOUT,i~39) 
2tl5. 1039 l"ORf-1AT(1JI1, t X6477 CUT OFF TRANS VALUES') 
2tH). WRITE(I'HJlJT,10,36)" -
2~7. DO 41 NODE=1~36 . , 
2 tH1 • 41 IV RIT E O~ 0 U 'I , 1 () 31 ) NOD E, (T 6 4 7 7 ( NOD E , L) , L:; 1 , 6 ) 
2~~. WRIT~(NOUT,1040) , 
2~0.' 1040 YORMAT(lHl,i UPTR UPPER V~LUESOF TRftNS') 
291. WRIT~(NOUT,I~36), " 
2Y2. DO 42 NOOE=1,36 
~~l. 42 WRIT~(NUUT,1~31)NOD~,(UPTR(NODE,L),L~1~6) 
2Y4. WRIl~(NOUT,1~41) 

295. 1041 l'ORrtAT(lHl,iBASF.:2 MJD SCON VALUES 'Ill) 
2Yb. vo 43 NUD~=1,36 ' 
~'J7. 43 WRITE(NUUT,1~42)NODE,BASE2(NODE),SCON(NODE) 
'.~H. 1042 fOiH~AT(iH ,3X'.,12,3X,f7 0 2,'3X,fb,,4) 
!~y. WRITE(NUUT,lU43) 

.- , ....... ..:...::' ..... ~:. '.~:. ',' 

.. ! .... -: .... " 
'.' --',... .. 

~'u U. 104 3 fORt~AT (l tll " I~ODAL CA 1'CHl,\Ai:.N T AN j) OUTCROP AJ\ EAS 'I 

.. 

:-

A 
, " 

::::"-"'; .. 

. "':.- , ...... _ .. 

;'. -' 



IU 1. : 
102. 

Cl NUlIe; 
SUrr\CA=O. 

:03. '. SUflA=u. 

~AREA AREA'III).:. 

:04. PO '1-1 u=J, 36 ' . 
• (I 5 • i·J RI T F: U 1011 T , 1 01\ 1 ) ! ~ 1 C 1\ H E A crl ) , A R r: A ( N) . 
. U b • 1 0 4.'1 i' U tH'\ AT (1 H , 1 X. 1 :l ,oX, 1 9 , 5 X , I 9 ) 
U 1. . S U i'\Ci~ = ~, U i'iCA T ~AH t~i\ (il) 
U t3.. . ::; 1I ~., A :: ~ ! 10'11\ + A H F.A ( tJ ) 
U~. 44 CUhTIN~~ 
10. ~Rlr~(NOUT,~04S)SURCA,SUMA 
11. 1()4!) fiJRMAT(ltW,' TOTALS ',110,4X,110)' 
11. wHI1't::(rHJlll',.104b) 
Ij. 1046 ~'ORr'~AT(1Hl,43X.''J'AI3LE 2(A)'III) 
14. ,-nU'I't:; (rlO!J'l.', 10Jl7) 

.-;. 

" .. : 

1!). 1041 ~OHMAT(lH ,'T6471.LowER INTERNODAL ZONAL TRANSMISSIVITV VALUES, " -
lb. C';l .. r;. VAT/!Jl-;S 6ELO~ BASE.'II) 
11. . -WRITt:;(NOUT,1048) 
lti •. 1048 fOKMAT(lH ',' ~ODE ADJl AD~2 . ADJ·) 
19.' C ADJ4 ADJ5 ADJ6') . 
~U. UU 45.N=1,36 . . ~ 
~(.. 4~ WRlt~(NOUT,1049)N,AOJ(N,1),T6477(N,1),ADJ(N,2),T6411{N~2),ADJ(N,3) 
22, c,r6471(N,3),AD~{~,4),r6477(N~4),ADJ(N,5),T6477(N,5),ADJ(N,6),T6417 
23. C(N,6j' . . . .. - . . . . 

2'1. 1049 fOR~'Al'(1~ ,2X,12,lX,6('C',I2,·'l',EI0,5,lX» -,. 
2!S. \~RITE(NOllT,1050) 
2b. 1050 f'URl>lA'f(1Hl, 43X, 1 TABLf. 2 (B) 'Ill)· 

.. " . ~--' ," 

17. ~RIT~(NOUT,lU51) 
2~. 1051 fORMAT(1H ,'UPTR. UPPER INTERNODAL ZONAL TRANSMISSIVITV VALUES~ I, 
29. . ·Ct!; •. VALUES ABOVE BASE. '/1) 
30. 'WRIT~(NOUT,1048) 
31. DO 46 N=1, 36 ... -

~. :. 

;$ 2 • 4 b VI RI l' t: ( NO IJ l' , 1049) t~ , AOJ ( N , 1 ) , U PT R (N , 1 ) , A DJ (N , 2) , U PTR ( N , 2 ) ,'A D.J (N , 3) , 
3 j • . cup r R ( N , 3 ) , AD J (t~ f' 4) , UP T R ( N , 4) , AD J ( N , 5) , UP 'f R ( N , 5) , AD J ( N , 6) , U PT R ( N , 6 ) .. '! 
34." WRITE (NOllT, 1052)' . . ' . . ... ... . 
35. 1U52 l'OHMAT(lHl,i3X,'TABLE :3'111) .. ' 
~bo WHll~t.:(N()UT, 1053)·' ... .:.. : .. l.o '.' 

~·I. 1053 r'OHHAT(1H ,"~OI\lAL STORAGE COEffICIENTS'II) .... _ ',.':',:", 
~ij. WRITE(NOUT,1054) ;~ 
~9. 10!)4 fOHMAT(lH ,. NODE STOR.COEFF.ABOVE. BASE STOR.COEfF.BELOW SAS 
10. Ct:;') 
~l. WRITE(NOUT,105S) 
l2. 1055 fORr1A'1'( IH " 
~j. DO 47 N=1,36 

(SCON) , 

~4. 41 WRIT~(NOUT,1056)N,SCON(N),SCK(N) 
t~. 1056 fORMA'f(lH ,lX,I2,13X,F5.4,21X,FS.4) 

(SCK)'ll) 

fb.C . ,~*************~**~***.***~**~¥****~*************************. 
!7.C 4 SET Roor CUNSTANT 
,8.C ***~***~*****************************'*~******************8 
y. ROOT=100. 

10. Sl·D~f=200. 

-. 

--~~------------~--~.~' -------

- ..... . :..tr:--~~ ... ~.-:-- ----:--. -----. ...;.,.,. - -~-- ---. - -- -----~---.--

i , 

,. , . . 

--- - - -----

7·-



-
t;SMllt' ( 1) =STDEF 
DO 50 ;'Il::1,3b . 
PAS10(N)=STO~~ ~ . 
H (i·:U(JT:-5TL>i..l'J-io,48,49. 

,,_~.,... .. v.. .. . 

-. '" 

3~1'. 

352. 
3~;S •. 
J~4. 

J5~. 

3~b. 

3';)7. 

'1 H S 111{ I:.~ ( !'I ) = f). 

GO TU ~(1 . .' . ~~- -

3::, t: • 
3~9. 
30C'. 
Jol. 
362. 
3bJ. 
3h4. 
365. 
300. 
"Jb7.C 
30~.C 5 
369.C 
3'/0. 
371. 
372. 
37j. 
3'/4. 

4~ SMH~S(~)=(ROUr-STDEF) 
~" CLL~ll I'JOt; 

- "-~ . , 

"j'; S. 
316. 
311 •. 
37 ij •. 

379.
..3tfu. 
3(H. 
3ij2. 
383. 
3 B 4 '.-' .~. 
3B5 •. 
3ijo • 

. 387, 
3tiij,C 
389.C 
390.(; 
.391.~ 
3~i. 
393. 
394, 

. 3Y::'. 
3~b. 
397. 
39ij. 
399. 
400. 

b . 

PASTU(36)=O. 
l-'AS'!'[)(35)=O. 
PAS[u(3(t)=O. 
PASl'Dt14l=O. 
Sj"H~S (j6) =ROOT 
:'''\Ki!:~(3:»=''OUl' . 
S~1 r( cS ( 34) =HOOr 
SMR~S(14)=~OOT 

. _,T.: ~ ". . . 

. :'" 

"0" :... 

~ . _t., - . . . 
. '. ":/ :':'.' .' .. 

"~***~*$***~**.~*'*;'*****.******~************************ 
SET ut> TIME STEP 

•• * * ~:;::;: *****:;:* 4' ** ** ** *' * ** * ******* * ****', * *** *** *** * ** * * ** * ** 
'fIME=:=O. 

DO lAW ISTE?=·2, NSTEP .... ,.~. .~.- J,.... .. " ..... , ';:·~~c;.' .. 'C' .' .. , •. ".; • 
-<-

liSl'OR=O, .. , .. '. '.' ! .. <.;::.;~.... ...c~:::_~.;. .. .... ~ '~~~~' .• :" __ :. _ ... '''. :., - .. ' ..• : ;'.' ..... . '. 

uBSIR=O. . _. .~ ..... :.. '.~.. _._ ...... . ............. __ ..... '., ... .'. ...... . .. , .. _. 
BRA 1 N::.o ~ . :;.:'.. .:.;-~-:- -' .~:':=. -.. ~i;;~ .. ; '.:..::=: .• : ... :t~:-.;:::;~:;.: ::.::: ... ;~~::".: ·.·.:;~~t:::~ :::; ..... ~ .. , ... : .. ~.-' . ':. ",' '.' c· .. •• ':~:,:"',,,~":." ;. 

t>VAP=O. . . v.. <". ;;c...... . ",. _ .. _ . .-'. " 

CINF=O.. .... ~~ '-'" .:"'~'::-':;"';''-'::.-, ... ::-::::-... : -... ~ __ ,- ... ,~.::.~. -':-';-':~"'-;-;"':--c::;::'~":'7'~":-",,'.:.:·.~'-" :'·i;':·:.· 

S ~~: ~~~ ~ • .- .~'., ... :. .... '. :XZ:;.;::.~:;~:~:::-:.;-~ /,', "::~:: ~.". ::/,,:,:' ~:.~·._·>i:~;:.::;::;. :: .... \.~ ..... ;,~.. .... .. ~: .. ' .. : :::. 

~ ~ ~ ~ ~ ~~: • ..:~; ':'C",:7C~--;~:C}.' '~ 'E? :~-". ~":c~~~~f~ ~~' .:c<· ... ~ .. ~ .. : ..;'.>. .' 
ASrOH=O. _ .. : . _ ' . .'". w" ••••• ~. •••• • ' ••••• 

ARAIN=O.. . ...... .<;~.~;:: ..... ;: .... ·.f-: ....... : ... .'.,,_ ':c·:·:,·,·;· ., "':.' 

: ~ ~~~ ~ : .. ~.: .. ~~~:::.-:~;:~~~;~:r:f::-~;··~~~·;h~:~~~·~:';~~~~::~~;t '::'>~':~'~";;~~'.~ __ ~~.~~~~~::~"'~'~;':(':'~'.~'~; .. ~, 
~~~~~~~:. . _. j··c ';:-'i;:·: .. :L:'·_·':~':"'''i;.':; ..... :.: ... :; .... 
CONI ltWE 

~***.***'******~**********.*******.************************. 
CONVERT SfLOW(NOOE)fROM A MTHL~ TOTAL TO A RATE PER DAY 
•• ***~************.***************~~********************** 
I f ( 1ST E P - 2 ) 51 , 5 1 , 5 4 . . .'. .. __ ._~._. ' .. : . .: .. _ .'_ 

51 UO' 52 I~ODE= 1,36 .... .... 
VP(NODf.:)=VB('JODE,ISTEP"'l) . _. ___ ". _, ., ..... 
V (r~UUf.;, ISTE;t»=VB{r:ODE, ISTEP.t) . :' .... 'C.;-,.' .. ' ... _ .•... 

52 VCNUUE;,ISTEP"!):::VBUJODE,lSTEP_l) . '., .... ;"'<'.~. ' .... 
. 1 f ( V ( i'W [) E , 1ST E: P ) .. f LOA T ( 0 V ER IH NU 0 E ) ) ) 5 3 , 54 , 54 ' .... :....-. ... :' ': . 

53 Sl'UR(NUDt::)=1.0 ..... _ '_' .. 

-........ ' 
: '" ..... . 

GO TO 54 . '. . . ,. 
54 lJO 55 ~;ODE=l ,36 .: ....... : .... ' .. _ ..... "' .. _'':.. ""~.r 
5~ ~(NOUE,ISIEP~=V(NOOE,ISTEP-l) . • • -~. .t." •• 

- ~. . 
'~'-'. w_ •• 0. . ..=: .. '-=~-.' ~'·'P".:"".:--- .. - :~ .' ~~~: :.~--:.;'~_.~" -'-:-'" ~-'.: ... :.; ,..... .. ~- ~ r . :-.;. - _ _ •• - -:. O'L -: -. -:- __ ':" _. ". 

:-= -: .~ ~~~~:- .. ~. ": .:. . 
.:;- . 

".'-. .. ;... 

:~: ". _. ':..::;:." --.... " - . ... :. !.:. .. ~. :.=.. - ...... . ~. . 

,. 

-;,.--:"..;. .. ---.~--

_. Ai. ". 

.. • 
- . . 

' .. 

.". :..~ ..... ::-:'-.: .... " .-:-.: .. -.... -. - '-~-'" . . 

;.. -~-'-.':.- .. :.. -

~~: . _. -
: .: .... .:,. -.. --. ,-.---.- -- .. - ~- ---- .. - ." .. -.. - .: . .:-- ------ -.. .-.- -

_!o._ 

• -' t· '.;. ~. :. # "'- .. :" -: 5'" .:..... __ .' ..! .... ~ "~" _". 

.. :'.'. "~.!':Ir--:-. _. _0- . ::. ':.. -----;- --..--.~ -:-":"7.~·-:-:- --.~: --iJ:"'.:- -U--_.-.:-- ',- "~---7---;:-" 
-. ;. 

. .. ; - . ~-
. -. --:::-- -' .• "t'_~-:--.- ~ ____ -__ -:--..-",,!"-__ _ °

0 
__ 

.... ":' 

. -""";. ,.-" , -. 0'·-: ··f 



l • .}.~ It 

flU:.!. 
.'i U ~~. 
404.-· 
41.1~ • 

40h •. 
1.07. 
4Utf. 
·iO':J • 
410. 
411. 
412. 
413. 
414. 
41!l. 
410. 
41'1 •. 
.:rU; • 
4i~. 
4~U. 

421.C 
iJ.~:l.C. 
423.C 
4~4. 
42!l. 

·42b. 
42.,. 
4:!~. 
4;lIJ.C 
4JO.(; 

·"431.C-
4J:l. 
433. 
434.,. 
43,;). 
4j6. 
43i. 
4j~. 
43Y .. 
440. 
441. 
442. 
4'13, 
414. 
44:>. 
446 e 

4.4/. 
<1'J.ij •. 
!F.t9. 
4!:>U. 

, , 

7 

ij 

5b 
';)7 

~HI 

!>Y 

I ' :' .i j:1 I X T ::: 1" , j:.: J)\ 1" 
,'\~TLlj\::;:{J • 
r. f·: ;"1 11; ~-: 1I. . .. 

AVI',f.J=O.: ';'
Al!\i~·=O.· .. 
ALiSTK=O.·· '. 

11ft{ =0 

."-_ .. 

1..- (IX'f. GT ,1 6)Gb 
t::tHHJH=v. 0001 

TO 56 

GU TU ';)1 
t:.i~I{UN=O. 001 
t' 11 ~·iI:.=T I ME 
'11 '·\t:=T 1 :·:E+t,::r·~TH (IXT) 
AU~Lt=AMNTH(LXT)~30.5 
J)!-;L 1'= 11 ADJ:o:L 1" 
DO :>H L=1,36 
ND~~~·(L)=PA~~O(L) 
VT(L)=VPCL) 

" .~ . ' .. 
' .. 

. } 

. -
' .. 

1 "l'1C:j\ = IT ~R + 1 

~.*'*"****'~.********'.**'******'****.************'******* ~ET UP'OO LUOP FOR NOOES 1,36 
8"***'*****._***.******.'~********************************** blft=O. . .. 
OOY4 "'t~ODE=1, 36 
QL=O,. 
SUI'\O(NODE):;O.· 
SIHiC (NODE) =0. . 

******'*****'~********************************************** S~T UP DO LUOP FOR ADJ NobES 1-6 
*****.******.****~*****************************************. 
IF(NOUE~EQ.l)~O to 93 

IF(NODE.EQ.2)GO TO 93 
1 f (N ODe: • EQ. 4 } (;0 TO 93. ~<.' - ~ --. - -!..:':'-". ,. ~':: .. ::.;.: ..... '.::: .•. :~". <:, ... ,.:.,,~;: .. :._.- .,~-,.. ';"'::' .. ; 
If(NUDE.EO,b)COTO 93 
IF(HOUE.EQ.B)GO TO 93 
If(NOD~.EQ.B)UO TO 93 

. ...... 

IF(hoo~.EQel0)GO TO 93 
Ifl~ODE.EQ.12}GO TO 93 
If(NODf.:.ECJ.fS)GO TO 93 
If(NUDE.EQ.ib)GO TO 93· 
If(~OUE.EQ.IY)GO TO 93 
If(~OVE.~O.21)GO 70 93 
tf(hODE.EO,23)GO TO 93 
If(~UD~.~~.2~)GO TO 93 
lr{t'~ODJ:o.:. E(~. 27) GO" TO. 93 
if(~6UEgEQ.2Y)GO TO 9~ 
If(~OOE.EQ.J2)GO TO 93 
00'67 L=l,o 
J=Aud (NODE., L)· 

:.~--.... " -- -. 
:." ". 
~ 

'. 



451. 
4!J4!.·. 
1}~3. 

t:511. 
·4~~. 

4~o" 
t! !:> 'I • 
4!:>ij. 
4!:lY. 
460. 
461. 

·462. 
'ltd. 
464. 
46:>, 
466.: 
4b ./. 
4bB .:C 
4b9.C y 
470~C 
471. 
412. 
47J. 
414. 
4·75. 
476. 
471. 
418. 
419. 
·4BO. 
4tH •. 
41:12. 
483. 
484. 
48!), 
4ts6. 
4tH. 

IF(J.EO.O)GO TO 61 
If(J.~~. 1)~U TU 66 
IfC.J.EiJ. 2)C;n TO 66 
'If(,l •. Efl. 4)GO TO· b6 
If(J.~U. blGU to 6b 
If(J.iU. 8)GQ TU b6 
IfC.J.f:U.I0)GLl TO b6 
If(~.~U.l~)Ga TO ~6 
IfeJ.~u.l~)GO TO 66 
IfeJ.~Q.16)GO TU 66 
If(J.EQ.19)GO TO 66 
If(J.~Q.21)GO TO 66 
If(J.~Q.23)GO TO 66 
IF(J.~0.2~)~D TO 66 
If(J.~Q.27)GO TO 66 
If(J.~O.29)GO TO 66 

... ' .. ~ 

. ;"~ 

~"' .. '.", .' . 

:"', .. . . . :- - .. :. 

1 f (.J • t.(~. 32) GlI TO b 6 . . 

.#~*********~*~**************************************.****** 
CO~it'J It: l.RA~Sj·aSSl V ITY' AND CONDUCTAI~Ct. 

**'*.**~**~************************************************* 
iflVX(NOD£)-VTeJ»60,60,61 

60 ~L=VteJ) . . 
GO TO 62 

61 wL=v'l'(lmOE) . . 
'.- .' .. ~ .-...- '.:", ... -. "- .~'. ", . : ~- .:. 

62 If(PERM(NbDE,L)-O.)63,63,64 
b3 TRANS(NODE,J)=O. . -0 . 

_., .. -- .'. . ... , _. , ...... -. . ....... --
~ ... --. -"-' .-.. ' .'~ 

'. <' •.. '~ - # • • 

GO TU 65 . 
64 tALL TRNS(WL,BASE,NODE,L,J,TRANS,T6477,PERM,UPTR,SPRED)· 
b5 C(NOO~,J)=WI0TH(NODE,J)*TRANS(NODE,J)/PATH(NODE,J) 

~(NOO~,L)=C(NUOE,J)*(VT(J)-VT(NUOE»· 
SUMO(NODE)=SUMQ(HOOE)+Q(NOOE,L) 
SUMC(NODE)=SUMC(NODE)+C(NODE,J) 

-.... =-
·-c· .. " . : ..... 

GO TO 67 ... '_. ~0 .. ~_ ... _ .. ,. _ .... ," .. :.I,.: .... .!_':~ .............. . 
I'" "" • 

66 C(NO()E~J)=O. 
TRANS(NODE,J'=O. 

67 CONTINUE ' 
"~"'. . ...... ';-:. ~'. .,' 

SUMQ(NODE1=SUMQ(hODE)*ADELT· 
5UMC(NODE)=SUMC(NUDE)*ADELT 4tu3 •. 

4t.i9.C 
490.C 
491.C 
4~2. 
49J. 
494. 
49~. 

496.C 
49°l.C 11 
49tl.C 
499. 
500. 

**** •• ********************'********************************** 
10 . COMPUTE R~LAX COEffS, 

****************~****************************************** 
IfCSTUR(NUD~).LT.l.0)GO TU 68 
X(NOUE)=BA/(FLUAT(AREAeNOD£»*SCKeNODE)+SUMC(~ODe» 
GO TU 69 

b8 XeNUD~)=RA/(fLOAT(AREA(NnDE»*SCON(NODE)+SUMC(NODE» 
********************************~******************~**** 
COMPUt~ STORAG~ fLOW fOR NOD~S 

*~*~~*~****~*****$*******~******************************** 
69 IfCSTOR(NUDE).LT.l.0)GO TO 70 

CHSC.!"=SCK «(lUUt:) 

--~.--- - "-IP-:-

i 

'0 

. , 



GO 'J.'O 11 ,... 
10 ("115C!\=SCON PHllmiE~ . 
'1 S (I'H]IJ".:) =fJJnr, t(UEA( r:ODE) ) ~CHSCK* (VI (tWDE). 

~U1, 

5U2·., 
~Uj. 

~U4. 

~U~.C 

~lIn.C.12 
~U" • C 
~Vb. 

~OIJ, 

~1 0." 
511.C 
:>ii.c 13 
~lj.C 

~14. 
51~. 
Sib',. 
51'1. 
518. 
Sl~. 
5:l0. 
~i1. 

CVtJ(;:UVt:) ) 
~"':f:*"'''' ... **~ ***~",* ... ~**** **** *********** ** ****** .. ~******** * ** ' 
tW~Pl1T::: .R{d,l\i!'C!£ tIlr. Af3~TRACTTnNS Rf-:Clifd·:GE RAIN ETC 

~***********~4**~~***************"~******.****************** 
p')." 1 ~i G=P l' 1 t·;"; + 1 
l\=lSTi::P 
AUZ(UUl>!::)=fLBBiiY(<<lOIJT(NODE,K»*10**3*AMNTHCIXT)' 
If *:;: * ** ** ~ * **,~~;;:~~* ** ** * .... ~ '* * **** *** **;(1: *:9-:;: .. *If * * v: If :0:*** ** .. * ** 
8VAP Arm 'Iilr Co:.LCifLATIONS . " . 

**********:;':~~4~~::;;:*"*************************************** 
I:: V i~P (:~UDE) =0. 
KAIN(iIIODE)=Oe 
ASfL~·j (NOl>~) .=SIfWII(NODE) 

RAIN (NODE) =FWAT(RA (L» *FLOAT (CAREA (NODf:) ) *AHNTH (IX'f)' . 
C/1000. . ' , 

ASfLW (NODE: )=ASlF1Jc~(NODE) +RAI N (NODE) 
If(NOOE-36)13.J2w13 

5:l2 •. 
52). 
524. 

72 t;V'AP (36) =Fl,Of.71(1E(L) ) * 8 000 0 O. *MtNTH (IXT) 11000, . 

~25 •. 
526. 
521. 
52t1. 
529. 

: .. 530 •. 
S:U. 

. 532. 

GO TU' 74 ' 

13 EVAP(N6DI::)~fLDAY(E(L»*FLOAT(CAREA(N()DE»*AHNTH(IXT) 
Cl 11:)00'. '_'0 

74 CONTlNUE· 
HINl-'=ASfLI'I(NOKJ-e:VAP (NODE) 
H"(BIN£o"-O •. ) 7=>.716,,16 . . .. - ~, 

75 REl~L1R (fJUDf;) = (EWiW(NODE) "ASfLw (NODE) ) * 1 000 ./FLOAT (CAREA (NODE) ) 
D!::fCT (NODE) =i~OO£F(rWDE) +HEQUR (NODE) .' ,",.;,. ..,.,._: ' 
iNl"(NO[)~)=O. 
tALL SHD (NODt::-rOU'CT, IWBLE, REQUR, SMRES, ROOT, SCK) 

< .. ' 

b33, " 
534 •. 
53S, 
536, 
53'1. 
538, 
539, .. 
540, 

eVAP (NODI::) =AS1'-iLii(IKOot;) + (AV BLf::*fLOA'!' (CARt:A (tWDE) ) 11000 .. )· -.. f,'" -: .. " 
AS~-LW (NOOf:) =0. 

541. 
542, 
543 •. 
544. 
!.:i~~. 

546. 
547. 
~I}.~ • 

5~1J, 

5t>O, 

PASTO (tlOOE) ='~IU):~f'(NOOE) +AVBLE 
GO 1'0 81. ,- .-

16 R~QUR(~ODE)=U. 
AV6LE;=O. 
ASfLW (r.iOD£-:) =t:SI'N·f 
If(NVDEF(UODE).O~'17,77,78 

17 D~~CT(~ODE)=O~_ ' . 
SrlRt::ScrHlD8)=ROOl' -
GO Tll ~4 

~. - :.2 .• 

. .. . ...... - " : 

7 ti DEFC'f (UODf.) =NDDEF\INODE) - (ASfLW (NODE):4:1 000, /FLOAT (CAREA (NODE) ) ) 
1 f (Dl::fCT (tIOl)£)",O .• :n9 ~ 79, E; 0 . 

7Y AS~' bW (r~ODF~) =J'"SF·JjW«tlUD£)"N DD Sf (NODE) * I' LOAT (CAREA (NODE) ) /1000 •. 
PASTO(NODE)=O. . 
5t'i H 1::5 (N OOl:: ) =Hotlll' 
Dt;t'C'l (;\jour:) =0. 
GO.TO 84 

. --' 

- -.--~-----. --~ .... - --. ,-- .------
~ . 

. :. to, 
; 



~~, 1 •. 
5:>2.
~::)j • 
~~4. 
~.~, ~ .. -. 

~~b. 

~~ -, . 
5!>8. 
~::>';I. 

~bOv 

!>b1. 
~b2 .• 
~b3. 

~b4. 
~6~.C 
50b.C 
~b·l. C 
~bti. 

5bY.C 
~"1(I.C 

571.<: 
5-; 2 •. 
573. 
514. 
515. 
~n6. 

571. 
518 • 

.... S1Y.C 
5ijO.C 
5~n.C 
5B2.~ 
583 •. 
SB4. 
5Bb. 
5tifl. 
5t$1. 
SHe. 
5ti9 •. 
590. 
591. 
5Y2. 
5YJ. 
5Y4. 
5Y~. 
5';16. 
~Yl. 
5Yti. 
~YY. 
60U.C 

~. 

. ~. 

HO ~ASTD(~OD~)=nEFCr(NO"~) 
. S;-:Rt::SlNOOf;)=t<OUI .. - .. , '" ..... - ._ .... .-. 
H·t FA~r[j (£HH)t~) ... ~nKE;'> UIOIJE» i;l ~, ij2 ,111 

bl SM~~S(NOD~)=U. 
(;0· T~)· UJ . 

i12 S~lHt:S (l'JOOt-;) =Sl'1Rt::S( rWOE) "PAS TD (t~ODJ::) 
ti j A S f L ,. l ; j 0 Ii f; ) = u • 

.." - -':,".-

~4 INflN0D~)=V~~RM(~OD~)*FLOAT(CAREA(NODE» *ADELT 
if ( 1 N f (I.I)D1::) -ASfLW ( t: UD!::) ) 8 S , b 6,8 b 

tl ~ AS!" Lfi (j~UOI'~) =ASfl.r1 (NODE) -1 H F (NODE) 
GU 'fiJ ~1· 

tl6 INY(NOD~}=ASFLW(NODE) 
AS~·Li~ (NODl':)=O. 

.J 

H7 CUNI1NUE . 
~**.***~**~************************************************* 

14 CO;;,P:IT f~ £\ ESI uti Al~ F LOt! FOR UODE 

************************************************************ 
Hr~S=:-;U;!!q (Nrl[lt;;) .. s (NOOE) + I !'!f (NODE) "AB Z (-NODE) 

.~* •• ***~~*~*.*************~*********~*********************** 
15 CDMPlITE I'lt-:w Ht:;/1.O AT NODE 

****.*************.~*******.************.******************* 
~XCSS(NOD~)=O.· .. 
HE A [) llLf V T ( NOD 1:: ) + x ( tJ 0 DE) * RES 
IF(HEAD~-~L£("OOE»S9,88,ij8 

88 EXCSS(NODE)=~ES
HEAON=ELE(NODE) 

B9 Ulfr=UlFF+OABS(VTCNODE)·HEADN) 
VTCNUDE)=HEADN . 

YOLLUWING STATEMENTS PREVENT SMD AT RISING WATER NODES 

TEST=EXCSS(NODE) 
EXCSS(NODE}~tEST"PASTD(NODE)*fLO~T(CAREACNODE»·J 

C/l000~ - -- -_. . - . .. 

- iF(£XCSS(NODE).O.)90,92,92. 
YO PASTO(NUDE)=PASTD(NODE)-TEST* 

Cl000./fLOAT(CAREA(NODE» 
$MRES(NODE)~ROOT-PASTD(NODE) 
If.tSMRES(NODE).GT.O.)GO TO 91 
SMRES(NODE)=O. 

Yl ~XCSS(~ODE)~O. 
GO TU 94 

Y2 PASTD(NODE)=O. 
~MRES(NODE)=HOOT 
GO TU Y4 

93 CON'fINUE 
1. (i'WL>£) =0. 
SlNUl)~)=O. 

, .: . -'.'-. 

'" ...... : 

~-- . 

94 CONTlNUE . 
****.*****.****.**********~****.****~************************* 

: 

'. 
• i 

. i 

.-

"'.-. 



bOl.C 10 CHgCK TOTAL lU~.CHANGE IN WA'rEl~ LEVELS .nGAIN;lT· ERROR , 

H· 't* ~::'*~: 1=*:c:~*:.'~t-r-'**~:C: *~ ** '1* * ** ** *lC' * ** ****.** ****.~******~ **** **** 8 E.I (j r. • c 
b03. . If( iTt::R-{)5l~n .~, 9~ 

<r' ~_. : . .. . '"' -'-: 
. . bU" • 

bU~, 

fI{)h. 

bO'l. 

~ S . r; r<1 'f t.: ( .~~ 0 iJ 1" .. 1 ~ ~;l!)l1' I:: l-\ , T I HE 
Hr::>1 t"OtU'Al'.(ltU;'~~:=;~/tJ.·t:.:P. LE:.V!:,LS FO~ 11EkAT.l(ji~ ',12, 'Aflf::R ',E12.5, 'M'fHS"--:. 
. ·C) . . 

DO 9b N=l, 3£,' . 
b U 0 • ~ b~; K 11 r~ U· Oll'i' , 1 o~q:~ , V P (N ) 
bO~. 10~H fORMAT(lH,lX g n2,5X,Fll.5) 
bl0. ~7 If(Olff-ERHOR)~9,gy,98 
bl1. YH If(lTt::t<-70)5~,,~9,99 
6i2. Y9 (O"Il~UE . 
bl·j. 00 102 NODf.=l.,li6 
6.14. V P (j'~UUE):: VTl !·Jt1.n::) 
b 1:).' AS'nJI< =J\S'lORt-S(rH:WE) 
616. A8StR=AUSTR +Aei/;:(NODE) 
b 1'1 ~ AB AV;:: A RAnl+~;~Uf'; (fI; ODE) . 
6i~, AVAP=AVAP+EVAF[NODE) . 
bi~. AINf=AI~f+I~F(~ODE) 
620. ,ASf'L\~ (IWI>f.:) =A$'L''J( rWDE) +I::XCSS (NODE)' 
62 1. S~~LOW (NnDE) = AS1i:L 1'1 (NODE) 

'. 
" 
'.' . 

. - .. ", -- :-", 

.... : ........ /-. 

....... 

· . - .. ~." . . 

" ~.. '"' .. ' .. -. 
.. ' .~-

· ';' _.r:.. ,;-

;: 

622.c (******.*****~**********.********************************~** 
623.( 17 IS Nt;~~' HEAD>BltS:£2(NODE) 
b 24 .. C ***.*** *""1t*****~-*******;. ** *****:c:*******************************: 
b 2~. if' ( V P ( NOD E ) - t3 ~E 2 t N OD E » 1 0 0 , 1 0 1 , 1 0 1 .. .. 
626. 100 S'fOH(NO(lE)=l.- '. '::','. ,< .. ::~'<': : .. <.<: ~:::~'. '. 

.-:"' 

b2·1. GO 'l'U .102 ....... ':.-... '.~ .... :.::.' "~ .' .. ~:. ", . '., " .. ':':... :',:; ':~:::"' .. ' 
02U. 101 STOR(NODE)=O.~. " ...... ,--:. .... '.'-': <-.:.. .......... ,'-":- .. ' ........ : .... :,:.: .. ~: ....... *., .•.. - .. 

02Y. V(NobE,ISTEP)::;y.:'l'(NODE).:. ' .. ,~' .. :' '::,':~.;' .• : .... ':-.: ... :::.; .. ".' ....... : ... : 
() 30. 102 J::SDf=O. ...... ... ::':.,-:: -:';:-:(.~. :: ..... :-t~· ~.:'i;~;' .>:~:;.~ ··<::f.\ ;:.:':;;:':';';'.'>'!; .. :.::;:.:,:.~' -... ::::;~\ > ..... 
6 3 1 • 1)Q 1 U 3 fJ = 1 , 36 . ' ~ . .. .. - .• -- . '. '. 
6.32. . ~SDf.=I:;SDf+.(PASm)~N)"NDDEf.OJ) )*fLOAT(CAREA(N) )/1000 •... :: ....... '.: .-: .. ";: . 

~ ~ ~: ,_.1 0 
3 

. ~ ~ ~ ~ ~ ~.~ ~ :roR"-".~:~:~-:"~~~~.:~::~·:7:;~~~~'~~~·~";;·; ~~~7~\7~~~-;~~:: ~:~~":~"'~~;T~::7:«~~':'~~':':'~~'~-"~' 
63~. ~BSTR=ABSTR . 
6
', 3' 6' • . 1 ... :-" . .... .'-', '. .' ......... '., ',':';;". :., . .... : .... (., '.,' , :;~~ ........ ;.~;:; " ...•.. ' . t:HA N:: AR All. . . .... '.,,.:. .... ~::-: ,:-; ... ;. : " ... :0:':,: ":'}:" . --;-.:.::::. ,.:.;.... '~:':'7":': 

~ ~ ~ : . ~ ~ ~ ~ ~ ~ ~ ~ ~ " ... -..... •. :...... ::<-;:": __ <-. <i;: .... ,,~: .: .. :.,~: .~: : . c.-:.: ,;":.' : ':::':.;.:'- ....: ':" :.;~' .: ":" . "::' ~. 

b39.c ~*****~*****~~*******************~***********************. 
640.t ·18 . ADD' ALIJ snJm-l-lINTO NODE 36... ' '. '., 
641,C ******~*****;(;~**************************~******************'. 
642.- 00 104·UODE.=i~.I6 .... ' ...... --. 
643. SURf=SfLO\HNO~\ . . .... . . .... ,.. 
644. 104 CONTINUE .. : ... .-.. ~-,:. '.'-:- .. '~" ... - .......... , .. :.:_ .... '" ". 
645. ~ADA=SfLOW (36) .' .. . ',,", .'.': ":: .".: 
64b. PKfL=jjADA-Pfb~ ....: .. :0' .. , .. <.::.':. ~J~ .. ~;~ ______ .;-r'/':':'.:.::<>.,~ .. 
~4"'1. 00'105 tJODE;=l,.~ 
648. SfLUW l36) =Sf'L,@;Vi«..16) +SFLOW (NODE)'.' .:-~'~' .,.~ .. ~- "~T"::"'~~':;" ' 

:~~: 10!) ~~~~~~~~~g~ ~ ~~;~.:_.~ c .... :~ ,: ~-~: .. '~:.~ '-":'~c~;~ :':~:':~:"-:" --:::'.::,: :::::" ':' ... '::. ~ : ..... : 

-':l'._", . . - .. -

. : ...... . 

... :. . 

...... .... ," 
... .~.: ".- . ," . 

. . ' 
.. - .:. -. _ ...... 

'., 

: .. , ..... ' .. ' "', .. '. . - :. "~' -. 

: -_.-...--.'-. -.~.- - _ ... -- . ". 

....... ' -,- ... -
'. -

. ... ~ "--::-

.. ~-:" . " ~.- : .. '-~-' .. - .... _-' .. :- . 
. ~ 

.. 

. . .-.~ ... 
. ~ - . 

. "'-:- .... : . . ~: ...... -:.... ..:," .. . 
l'O . 

: .-.,,~ .. -~ ..... -.- .... : ...... ~ ... ~ '" ....•.... 
· '~.!:,.:-. ~ : .. 

. i-:::.· '- .. = :.: .... .: .. . " ~- .. :' . ".', .. 
'.I .:: ",:. '.-

..... . .. 

'. -. - . 

. ... -, .. . ", -.,' 

. ..•. - . 



tl::>J. 
~l:" 1. 
l> ~l ::> • 

tiIJ LO=S U Rf'. . 
't';; 1\ ".' =~' 1,1) ~ l' (;-. ,'\ ~ST ( I.e:, TEP) l:t I\j.l I,' Tlfe I X T) * 1 0 e *:t= 3 
::;ut< f =Ljl) kf -·.l'~ABS 
U·(5:i.\i··-O.) lUo, 107,107 
lSAlj~)= 1 F I X (Hl.JLi» 11 OOv 

6~6" SIIRf':::O. 
tl::>J. 1U1 Ul~CH =5U~F-DAM(lST~P) 
6::>~" If(UlSCd-o.JlOti,10'),109 
6~~. lOH UISCH=U. 
6bO.· GU IU 110 
ob 1. 109 SUfH-·=SIJRF·-DfsCH 
6b2. 110 PYL~=SU~F 
bbJ. WAT~R=UAM(ISTEP)+SPILL(ISTEP) 
b b '1 • t·) T H j) S = Wl' I! fI:S H)] se H 

·.l: 

6b~.C **~****~***?~*~******************~*************************** 
6bb~C 19 CALCULATIoN TO GtVE CHANGE IN SURfACE fLOW OVER MONTH .. 
6b'i.C ~*******~****~**.~********~*****~***~***************~*~.*****: 
bb~. fLUJO=SURF-PAST+DISCH 
bbY. TOTSf=TOTSf'+5URf 
bl0.. PAST=SURF 
b11" SUMfL=SUMFL+FLUJO· 
672.. SfLOW(36)=SURY·· 
613. CONTINUE 
614.C ************.************************************************* -~ . 61s.c ~O WRlr~ OUT CALCULATED .PARAMEr~RS FOR NODES 
61b.C **************************************************************** .. -
b77. 00 111 NOD~=1,36 . . '. ,". 
51~. 111 ~(NODg,lSTEP)=VP(NODE) 
b7Y. 105~ fORMAT(1HO,'NODg SUMQ(NODE) 5UMC RELAX COEFF STRGE.F 
b80. ·CUW AHSTR.RATl'; RAIN(NODE) EVAP(NODE:) INF(NODE) SlolDEF')._ 
bUI.,1060 fORMAT(lH ,2X,I2,3X,D12"S,lX,2(E12.5,lX),D12.5jlX,5(E12.5,lX» 
~~2.C **********¥*********************'*.******"************$**********~ 
i~~.t 21 THE fOLLOWING SECTION MAY BE USED TO PRINT OUT MORE DETAILED 
,8~"t MUNTHLY INFORMATION BY DELETING THE. I~' FHOM THE fIRST COLUMN. 
iB~"c· WARNING11t 
;ti6.t 
.~7.C If THIS FACILITY IS REQUIRED IT SHOULD BE SPECIfIED fOR WHICH 
~~8.c MONTH· (I.E. ISTEP)DETAILED DATA IS REQUIRED TO AVOID EXCESSIVELY 
~8Y.C '.lAHGE.; PRINTOUTS. I::.G.. •• 
,YO.C If(15T~P-13)118,135,118 
91.t WOULD GIVE DETAILED PRINTOUT FOR fINAL TIME STEP OF MONTH 13· 
Y~.t UNLI, . 
Y3.C ****************************************************************** ; 
Y4.~ 135 If(lXT-871118,136,118 
~~.~ 13b ~RITE(NOUT,iOblJlSTEP 
~b.*lU61 VORMAT(lHl,'M~ASURED w,L.COMPARED TO CALC.W"L.', 
~7.* C'fOR MONTH ',12) 
y~.* wHrT~(NOUT,1062) 

I} 9 • ~ In.; 1 ·f £ (C lOll T , 1 0 63 ) 
UU •• IOb2 fURMAT(IHU, j NODE MEASURED CALC. 

.~ ." 



·/Vl.lf.· CuI{OUNi) WAT£t-t ,,'LUw . TO AND 
7 U 2 • * 1 U fd J-' mH1 A T ( 1 B " C;. W • I •• on 
lUJ.~ CJ2·' ADJJ 
?ll'l.. CADJb I) 

fHOM ADJACENT '~ODESI) 
G.W.LCM) ADJl 
AUJ4 AOJ5 

AD 

'Iv!>,:;' v-1UiL(:ll.,IJT·,lUti4) . 
70b.~iub4 ~ORM~T(lH ,~2X, '( N~GATJVE VALUES INDICATE', 
'/U/,'i C' tLUW AllAi. nWj·i NUDl::S )'111) 
70t:!." 'uo 1.t7. :!(I0F:=1,3u . 
IU~ •• III WRIT~(~OUT,1665)NODE,VR(NODE,ISTEP),V(NOUE,lSTEP),ADJ(NODE,1),Q(NO-7 
71V.* 'CD~,1),AOJeNUU~,2),Q(NPDE~2),AUJ(NOD~,3),Q(NODE,3),ADJeNUUE,4),Q(HO ~ 
I 11 • * C I) E , -1 ) , A /) J er j U 0 E.: , 5 ) , Cl ( NOD r: , :;) , A DJ UW u 1:: , 6 ) I Q ( l' 0 DE, 6 ) . 
11 2 • :to 1 0 (; 5 f" 0 R ,., A T ( 1 H . , 1 X·, I 2 , 4 X , f 6"'. 1 , 4 X , f 11 • 5 , 2 X , 6 ( , ( I , I 2, , ) , , E 1 2 • 5 , 1 x )') 
113.*' .. WRITE(iIOUT,106ti) 
114.*1000 (o'ORt';A'r(1I11,'C{li-'aPUTED TRANS. VAl,UES rN M*;3/DAY/M.') 
715.~ ~RJTE(NOUT,1067) 
i16~*10b1 fOR~Al(lHO,' NUDE 
'11,*' CDJ5 ADJ6') 
'l~.* '00 116 NODE=1,36 
'19.* 00 115 L=1,6 
'~u.* K=AOJ(NUD~,~) 
~~1.* If(K w O)113,113,114' 

ADJl ADJ2 ·ADJ3 

'l~.* 113 HULU1CL)=O. '. 
;23.* GO TO 115 

.' -~-.. ~ ..... ' : ... : -: . ..:-. .. -.. -.... : ... : ... -. 

'24.~ 114 HOLL>le.L"!=TRANS(NODE,K) .'. 
'25.* 115 CONfINUE' , 
;26.* 116 ~iRITt;(NOllT,1068)NODE,.OIOl.Dl(L),L=1,6)·: 
'27.*1068 t"ORNATl1H ,2X,I2,lX,b(lX,EIO.5» 
r2~.~ WI{ITE(NUUT,1069) 

ADJ4 

........ 

A 

'29.*10b9 fURMATCIH1,' PARAMETERS IN WATER BALANCE fOR SYSTEM 
iJO.~" . 'CEXPRl::SSED IN' .M.~3'),) .. :;.: . : .. 7 ..... · 'C.'-':':::·' ,,':: . 

~1.~ ~RIT~(NOilT,1~59)' 
'3~.* WkITl::(NOUT,1010) 
'33.*1070 l"URNAT(1U , i 
'34.*' . DO 117 NODt:=1;36 

(+VE=lNTO NODE)',33X,'(-VE.= RECHARGE) '11) 

J~ •• 117 WRIT8CNOUT,lU60)NODE,SUMbCNODE),SUMCCNODE),X(NODE),SCNODE),A8Z( 
.36.* '"c NOO1:;) ,RAIN(UUOE) ,I::VAP(IJODE) ,INF(NDOE) ,PbS'l'D(NODE) . 
31.~ WRITE(~OUT,1015)ASTUR,ABSTA,ARAIN~AVAP 
)~.* C,AINf' " 
39.~·CPNTINUE 
40.* tSABs=rSAHS 
41.*1071 rORMAiCIH , 'TOTAL' CHANGE IN STORAGE OVER ADELT =',E12.51 
42.*' . c·' , TOTAL G.W.J\[lS'fRP.CTlOi'-i .OVE:R ADELT=',E12.SI 
4J.* . t TOTAL SURFACE ABSTRACTION OVER ADELT =',E12.51 
44.* C 'TOTAIl RAltJFALII OVER ADELT =' ,E12.51 
45.* C , TOTAL EVAPORf,TION OVEH ADELT =, ,E12.51 
4.6.* t , TOTAL IUFILTHATION OVEf; ADELT :',E12.51 
47.*·C , TOTAL CHA~GE IN SOIL M.OEF IN ADELT =',E12.5) 
4 t: • * Vi R I T E u~ 0 LJ T , 1 07 2 ) 
4Y.~iO"2 n...iR~lAT(lHO, 'TOT,'\I,I CHANGES OVER ADEI/l' EXPRESSED IN ~1**3') 
~O.~ WRITEeNOUT,10?~)ESTOR,EDSTR,ESABS,ERAIN 

._--:--- - ------------.----

" 



751 •• 
7~/'.~ 

'/ ,;}j.'" 

'/ :.'4 .... 
7';)';).· 
1,;)be~ 

C, rVAP, t:;l~W, ESDF 
hl~rli::r,\~!IT,1('7':;)FTI(J"'!O ~'" 

AnUN=~RAIN-l~HSIR+~SAAS+fVAP+FLUJO-ESDFr'~ 
u It'' r.i" ;;r,.,> lUR-ALH.li~ 

PC~NT=AG3(~IF~R/ESTOR1*100.· 

."~::' ~ -.. 

' . 
. . ' ..... - - ~ 

....... " 

"';)1 • .f.1()F~ 
v.f' U'F: (r' [IUT r 10(3) ,"d);):.i , [) I rF~~, PCE~lT 
l"O~~~.'\'fllH(),'BAlJ Of RAHi-(AHS+EVP+CH IN SF"Lw+CH' IN S~'D)=' ,E12.51 

1,;)~.~. C· ~~UU~O ~ACL~ 3ALA~CL=',~li.~,'r**31, 

7,:)'J.'" C 25X, 'P£RCEfiTAC;t:; EHRUR =' ,f6.2, '%'.) 
7bU.:t:1014 t-'URr-1Ar(1~J ,'"l"OTAL'CtiMJG~ lr~ SFI..IO·W 'OVf;R 
7bl.~1U-',;} fUR:-iA'f(lHO, tl'OJ.'ALS' ,39X,~(£12.5,lX» 
7b2. 11H ~SAb~=G~Ad~+TSABS . 
1bl. rlSTOR=nSTnR+~SrOR 
1b4.~fiSrR~0GSTR+AtiSTR 

1b~. 8HAl~=uRAIN+ARAlN 

766.. CINf=CINf+AI~F 
71,1. 
7b~ •. 

B V ,\ I ' :: ;3': fd' + ,\ V 14.1' 
BS ~1 U f=HS.'W F +t:SDF 
CU:Hl::U~: 

MONTH =' ,E12.5) 
/ 

-; o';;J.· 11 IJ. 

pO. U}"I6 
771 .• 
772. 

~ORMAT(lH ,I2.2X,f·~STOR=',E12.5,6(~X,E12.5» . 
~Rlt~(NOllT,lU7b)lXT,BSTORrBSAUS,RnSTH,BRAIN,BVAP,8SMDF,SUMfL 
ZSTUHlIST~P)=8STOH 

77J. 
714. 
7i~. 
716. 
71-/. 
11~. 
71'J • 
7--ijo. 
1 t:l1 • 
182. 
7 Bl. 
7tJ4. 
,~~. 

rlib. 120 
, tl7. 
rH~. 1077 
'u9. 
, 'Jo. 
'91. 
ry~. 
, <jj. 

'Y4. 
'<j!>. 
'96. 
'Y/. 121 
tl" :Tv. 

. l.US'.fK ll~}'~P) =t3bSIR 
ZHAIN(ISTEP}=BRAIN 
ZVAt>(ISTt:P)=8VAP 
ZINf(ISTEP)=CINF 
ZUMfL(15TEP)=SUMfL 
ZSAUS(ISr~pJ=BSA8S 
ZSMDf(ISrEP)~BSMOr 
ZSURf(lSTep)=SURF 
~prLL(ISTSP)=~THDS 

.. ~. ,;- -.::.. :".'. -... _- : . 

"-., ".--" .... <--':,:, 

". :. -, -' 

' .. ~: ........ ~:-.-. -- .. -:. ... .::-~:-~.-: 
_ ..... '.~ ... ' :..::..-- - ,- ",,_.-. -::.. -:, .. :',: ::-:;:..:.:.:. 

ADDN=i:HU\! j~-( 6BSTH+SSABS+BVAP+SUHFL .. BSl-1DF·) 
; DlfER=!3S1'OR-ADDN -_. '-- , 
PCENT=ABS(DIFER/BSTOR)*100. 
~RIT~(MOUT,1073)ADON,DIFER,PCENT· 
CONTINUE '-'. 
WRITE(NDUT,1017) 
fORMATlIH ,·51119999') 
00 121'J=4,NSTEP 
Zl=Zl+ZRAIN(J) 
Z2=Z2fZVAP(J) 
Z.3 = Z 3 t Z Ll j·i F L ( J ) 
~4=Z4+ZSHJR (J). 
Z~=l,j+Zt3Sl'R(J) 

1,6=Zb+ZSAHS(J) 
Z7=1.7+ZS:,WF(J) 
CONTl.~WE 

W r{ 11' L ( N D 1I l' , 1 0 7 8 ) 

,'" . 
~'. 

.. -. . ~ .. " .. 
".' .. ~. . ~ .. : " ~. 

Y~. 

00. 
lOlH fUR~AT(lHl,' ~nTER BALANCE SUMMARY~t 

wRITE(nODT,107Y) 

.' 

-. -,,\- ,':. ""..; .. 
,'", .. 

-_. -.. -. 

--

< .. 

~ .. . ---= ----... ---,--~-.-----",!.~~~-.... -
';,.= 

" 
".:" 

- .. ~- -



~l!l, 10'/'-, r"IH:\;\fC1!f , '~.:w.~~: .. *~-r~**~*T'~:;:~_';'**~******* '1111) 
~02, - WRIT~(NUUT,1~Sb)· . 
H13. lc.l(JC) I'·UHt~·il·(1H " ~(j7;Yii RAJU £VAP· D£L SFL(j~i DEL STOH 
~04, C GW AnST SU~f AbST OEL SMD SPILL SlUR '11)·: 
i O!>, 

fOb, 
10"1 • 

1011. 
IO'i , 

11 0 ~ 
III • 
11 i, 
11J, 
: 14, 
: 1!>, 
lb. 
1"1, 
U~. 

l'i, 
:lOt 
21, 
22. 
23. 
24, 
25. 
26, 
27, 
iij. 
29, 
jO, 
:31. 
li. 
33. 
34. 
35. 
36, 
31. 
S~. 
39~ 
\0. 
H. 
12. 
13. .4. 'j 

l!> •. 
It;. I 

~ ./ D 

lW 1 I. 1. ,J = 4 , N S,"tt:~ 
~; IU l' c; C I J 1..1 UT, 1 0'51 J J , Z HA HJ C J ) , Z V ,; P ( J ) , Z U~! F' L ( \.1 ) , Z STD R (J) , Z BST R ( J ) : 

(,Z.:;· ... ·~:;l.l) ,ZS~·;i:..~:f',(,.J) ,ZPJLL(;n ,Z~URf(J) . 
108 1 fUR!1 A T ( 1 H , 2 X; .. 12" 3 X , 1 0 I:: J 2 • 5 ) 

12l CU~rl~u~ _ 
WHIT t: ( iH! UT, 1 O'S2 :) Z 1 , Z 2 , Z 3 , Z 4 , Z 5 , Z 6 , Z 7 . 

10M2 I'OiH~A't(1HO,' 'roI~LS' ,71::12.5) 
Z'iJ=Z 1·t.2-Zj-Z·,~-Z'3"Z6+Z 1"Zij 
WHII~lNOUT,10~3)Z8 

10H3 fO~MAT(lHO,'*~~* FINAL HATER BALANCE =',E12 t 5,'****') 
~klr~(NO~T,lO~4J , 

10H4 1"(I~i1A'r (1H " ++-t--+H'SPILL FIGURES++++++' ) 
UU 113 J=l,NS~EP 

II 3 IV H 1 '1' i"~ l .'~ U UT, 1 0. 6;5) ,\1. Z P ILL ( J ) 
lOH!) I"OfHiAT(lH ,lX"J.2,,3X,£::12.5) 

UU 13'* fWOr;=1,,3b 
If(NOOE.EQ.llG.Ol'tD 134 
J. f UW!J r:: .t!: () • 2) GO 'TO 134 
if(fJUUt";.EQ.4)GlrDfO 134 
If(NOVE ... ~O.b)GO IN) i34 
rf(NODt..8ll.~)QlJlro 1.34· 
U'(NUOE.EQ.luN;O TO 134 
If' ( NOD I'.; • f.; Q • 1 2·)i ~o 'f0 1 3 4 
U'UJODE.£::Q.15))GO 'to. 134·· 
U'CNODI::.EO.16)lGO'1"U 1-34 
If(NLlDI::.I::Q.19);C:;{) 'fa 134 
IF (rJOOf;. £0.21 l'GD 'f013 4 
If(NOl)E.E(J.23)~ '10 134 
If(NUDE.t:Q.25)GO '10 134 

.. '~ . '- ".: ~;:. 

,- . .. 

It' (NODE. EQ. 27 H;oro 134 
~ - .. -.r ,T~' -. - .-~ - -, •• , .... :. " •• .; •• ::... ••• -

If(NUDE.E(l.29H;O ',fO 134. 
IflNUD£.EQ.32lGO 70 134-
vMAx=o. . 
VtHN=1300. 
00 131 ISTEP=2.'"t4S1'EP 
IF(V(NODE,tSTEP1-fMAX)125,125,124 

124 VMAX=V U·jODE, I STEP) . 
i2S If(V(NODE,ISrEP)~'MIN)126,126,127 
1 2 f) V :V\ 1 N = V (j; CH>!:: , l S,rEP) 

GO 1'0 127 . 
121 If( VU(NODE, IS'rE,p)-VMAX) 129, 129, 128 
i2H VMAX=.VtHtlODE,ISTt:P) . 
12Y If(VB(NOU~,lSrEP)-VMIN)130,130,131 
130 ViHI\i=VG (NCW!::, 151:&) 
131 ~orn'l!~US 

ALVI::L(NODE)=VMU 

," .: 

..... 

. .• r .. 

.' 

: . ., 

- - .. - -_a-_ . _ . ___ . ________ . ________ ._ 

:': . - ," 



" 

~ ,p-

. -
9~1 •. 
ij~~. 

o;:,j. lJl. 
t:s:>4. Ijj 

~~~. 

tJ~b. 
V ~., • 13'1 
8~ts, 

6::' 'J., 1UHb 
8bU, 
tibl. 

.'........ .-,~ ... ' ~ .. 

" ... -. - '. r, 

VI~~(~nnE)=(VM~~-VMIN)/19. 
H-l V ! I'lie (NllUi::) -ZHIC) 132, 13:l, 133 
V 1 rH.; l :.uU£ J =7.ir: c;: . ' .. ;,.--' . 

. '" ~ . - ~ . -. .'- '." . 

. ..... 

. '., -"-:-

c U f~ T 1 •• ,; t; 
tALL PLT1(nOOE,W.VB,VJNC,ALVEL,VX,GL,ELE,OV,OVERB~IER) 
(.;ALIJ ~1"i'2lf{UDC;,.fil .. Vt:.;L,VINC,VX,1t;k,l,jL,OV) 
Cui" i'!.jur; 
WRIT£lNOUT.l08b) 
t'UHHA'r (1H .' f.11.l'99"J9 ' ) 
Sl'OP 

-. .:- 4 '"""~.' .':., ...... ::. : • _ ' :"... - -

.... _'""--. '- - '.~:. - ~:-;";.:":-.... -..: ..... -->~ ~ -:-'. "':'--,", -:.-. 
, , 

~ ... ,.: .. _. . .... :-'-:":: .. ':-:-:' 

p ••• _ ........ . 

_ .. - ..... . 
• '" •••• -- - .- •• p-' 

:. '. - '.~~ ... - . . ... ~. - ....... -.-.......... - -.-. 
" .' , . , 

. " 

~~ :- ".', .. ....... . 

... ..... . . . . ' .. ' . 

... :.:: .. .... ~.: .. '.-. '. 

.. '. 

.' .-

..... ; .. 

;. - -.:' 

'-. ," -"'-'-.-':: -,. -.--,.- ••• _. p- -- -- . - -- -' -. . 
'. , 
. -:. 

'. ". 

.' 

I, <-

.t.,;- ! ..... ' :~:'.: 

., ; 

-' 

.' -.. :'.-, .':.' 
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., 1. ~ U r) H U U"f I r4'tE ~HRS(IW,l~P.) 

I 'I. PI'" i'~I\!S t ntJ! .Tt:H (13) 

J. It, (1 .~ - 1 ) 12" II , 1 
'l. I 1 I·' ( .I. :i - 2 ) Ll1" ] 3 , 2 

__ • __ ,,_4. 

:'. 2 1 r' ( j ..; - j ) l.!it" 1 <} , 3 
• ·;t', :-......... : '. -

b. j J F( 11-1-4)15-" 15,4 .. .-. - -:':;':"v 

, . .' .. .. 
. , . 4 J.flly':-!) l!fb..lb,!) . ~ : ~: ... ;. . -
({. ~ 1. f l t (t - i.' ) li -0 " 1 ., , b 

~. t) If(lw"7)lS"ltj,7 
!oU. 1 1 f ( 11'1- tl ) 191.19 , ij 
1 1 • ~ !i" () \,/-y) 2 fD • ~O, 9 . . .. 
1'1.. 9 If(lW-I0}21,21,10 

,. 

~3. 10 If(lW-l1)22,22,11 
l 4. 11 lfll~-12}23,23,24 
l~. 12 1 E 1\ Cl ) = I E'£H 1 ) ... 1 
lb. GO 'l'U 25 
11. 13 n:R(2)=lER(2)+1 
Itj. GU 1'U 25 
} <;i. 14 J t: P. ( 3 ) = H~ R ( 3 ) + 1 
lU. GU TU.25 
l1. 15 I f: l~ ( 4 ) = 1 ER ( 4) + 1 
22. (;;0 TU 25 
~3 .. 16 1 r; R ( 5 ) = I E:,R ( 'S) + 1 . 
24. GO 'l'U 25 .. , .. h 

'L~. 17 I~R Co!) =IE:R(6) +1 
2b. GO TO 25 .. . ' 
27. 18 11';H (7) =IER(l) +1. '" 

2ij. GO 1'0 25 .'. -.:... .. 

29. 19 H:R (8) =lER(B) +1 
25 

.. , 
~U. GO 'l'U --
:n. 20 lE:R(Y)=IER('9)+1 

, 

'} 32. GO TU ·25 '-. , 

1 33. 21 i~R(10)=IER{10)+1 .. "~ .. , .... .. : " .' . 1 34. GO 1'0 25 '! .,. ";r.. • " --<e."' - - ... -'="" ...... .':..--: .'," ''''',,' , .. -~ .. 

13~. 22 IER(11)~IER{11)+1 , 
~ 

i.36 • GO TO 25 . ' 
-. .. 

. 31. 23 i~R(12)=IER{12)+1 
~ -
! .Hi. GO TO 25 

'I 39. 24 I~R(13)=IER{13)+1 " ... 
'. 4U. 2~ (';ON'fINUE .; -- . ' 

1 41. Rt;TURN , 
-. .... c 

-i2. ' t.;NO 

'.- --:!.- !- - "r - - _._---:-' ---.~-.-----. "'-.- - --".--

_ '_,' i _ _ .. x , .... ' 



1. 
~. 
:-4. 
4. 
~. 
b. 
'1.' 
H. 
Y. 

l() •. 

11. 
12. 
13. 
14. 
i.~. 
i6. 
1 ., • 

1t1. 
l~. 

2U. 
21. 
2i. 
23. 
24. 
l~. 

26 •. 
21. 
28. 
29. 
30., 
31. 
32. 
33. 
34 •. 
3~. 
3b. 
J7. 
j~. 
;j'~ • 

40. 
'H. 
42. 
43. 
44. 
4~. 

SUBKOUTINf: PLoT! (NODE, V , VB, VI Ne ,ALVEL, VX, GL, EI.E, OV , (JVERB, I J:;R) 
I) Hi &.:.: I~;) 1 U i'; v :j ( .;) i:> , 21.) , V 1 : i C ( 3 i) ) , i~ L V I:..L ( 3 b) ; u I, ( J b., 20 . 

. C) , t: 1:1;; ( 3 h) , Ij v (. 3b .. 20) , H:;~ n j) 

H!Tt::Ct:~I{ VX(21.20) ,OVE?I3(36) ,SY~W(4)~ 
kt:ALt:ij v (36,2.7) - . ~ ~;.::-~1' 
D:, r;1, ~ 1 r: ~ I ' ~t ,; " , Cl' , , * ", " ", I . 
DIJ 19 K=2,21· . 
UO 1t< N=1,20·· . 
Ar-l = ~. L n A or ( t·, ) 
Ar.ll =f[ltJAT (j-i-l) 
If(M-l)2,1,2. 

1- l'HING=Si"JG[,(V(f.iODE,K» 
!i'; = 1 f 1 X ( ( T H 1 c; G- V fq NOD E , K ) ) • 2 • 0 + 7 • 5 ) 
CALL ~RRS(l~,IER) . 

2 T~St1=AM1*VIUC(NODE)~O.5*VINC(NODE)-ALVEL(NODE) 
n:S1'2=AM' * v Ir-iC( tWO£-:) -0. S*V I Ne (NODE) -A LV EL (NODE) 
1 f ( V ( iW I) E , K ).+], L S T 1 ) 3 , 5 , 5 '. 

3 IflV(hUD~,K)~7~ST2)5,8,8 
II V X ( K , t·; ) = S Y HtH, 1) . 

GO TO. 1'2 
5 If(V~(hODE,K}+T~ST1)6,11,11 
6 If(VB(NQDE,K}+TEST2)11,7,7 
7 VX(K,H)~YHB(2) 

GO 1'0 12" - . -

8 If(Vtl(NODE,K)+TEST1)9,4,4 
~ iF(Vbl~ODE,K).7EST2)4,10,10 

10 VX(K,I'-1)=SYi"~(3)_· . 
". '.I'.~ . '.-' ... ~ 

lASCR=IASCR+1. -'. 
GO TO 12 

11 ~X(K,M)=SYMB(4) 
12 CON'l'lrJUE 

if (y,. GT. 2) GO TD 18 o \' ( N DOE ,"M ) = 0 .. -: .. _.!" .,.;' ", ~~- ~'. ~-':-'-~~F , •• "' ....... ,~-;-::~ .. -. ...... '.,: 

GL(NUD~,M)=O. " 
If(~L~(NOU~)+TESTl)13,15,15 

-J3 It(ELE(NOOE)+TEST2)15,14,14 
14 GL(NOUE~M}=l~ . 
i~ ~URDN=~LOAT(OiERB(NODE» 

If(BURbN+TEST111b;18,18 
16 If(UURDN+T£ST2)lij,17,17· 
17 OVtNOD~,M)=1. 
i~ CUNTlNLlE 
19 CUN1'INUE 

RI-;'!'UHN 
END ; 

., 

" •• - '", -:. : y' ~ - • 

. -.' ,- .. '. 
.: ...... - - .' --.,.. -,."" 
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1 , 
i. 
J. I, ._ 
~. 
b. , . 

SU"ROU~INE PLY2(NQUE,ALVEL,VINC,VX,IER,GL,OV), 
IH H:: i';S I C): i A L I! E::t. ( 36) , V HI C ( 36) , OV ( :> 6, 2 (J ) , 1 [' R ( 1 3 ) , ca. ( 36, 2 () ) 
H\jl't::(j~K V X (21 ,.20 ~ " ',_ ' 
"41 (J = 5 .# . 

UOUT=b 
J :'! X :: 1 \': X + 1 
10Y=lWX-(IWX/2l*2' 
If(ltH-l)"l.,l,l! 

-I .KIT~(NOUT,I~Ol)NODE 
GO TO 3 

. "::-. *. 

.0, 
,1. 
."l. • 

2 hRIT~(uOUT,lnQO)~ODE , , 
lUOO fURMAT(lHO,'NODE1,I2,' COMPARISON OF CALCULATED AND MEASURED WATER 

(; Li::VE;IJS 1 ) 

.~. 

.6', 

10Ul ~'UkMAl(1111,INaOEI,r2,I COMPARISON Of CALCULATED AND MEASURED WATtR 
C"L~VI:,;LS 1 ) 

3'WRIT~(NOU!,1002) 
-, . 

. H. 
1002 t U I:U'j AT U It (i , 1 b X:,, 1913 1974 19 7~)I ) 

WRIJ~(NOU!,10~3) " 
1 UO 3 hl~ t,tAl' ( 1 i! ,1 bX., t J l'\smJ DJ rHA1-iJJ AS ON DJ nil\~'h.lj ASOU 1 ) 

~ u. ' 1.)0 b M = 1 , 20 ,-
u . -. 
~1. VZ=ALVEL(H008}-FLOAT(M~I)*VINC(NOnE) 

Ir(GL(NOOE,M)~GT~O.)GO TO 4 
If(OV(NODE,M).GTvO.)GO TO 5 
~l ~ I '1' E ( N 01)!r , 1 0 (} 4 ) V Z, ( V X ( K , f.\) , K = 2 , 2 7 ) 

lU04 YOHMATtlH ,3X,F10.2,4X,26Al) 
GO TO 6, - , -, - - -, , '-

' ... -";'- - -... ~: -. - . 

. :' 

, 
.. ~.. . 

,.-:.- ~ .. .' 

4 WRITE(NOUT,1005)VZ,(VX(K,M),K=2,27) 
~B.'10U!) YOHMAT(lH ,3X,Fl0.2,4X,26Al,I---"'--"-GROUNO LEVEL') , 
~ '.:I. G[) 'TO 6 -, , , 

.... ' ... 

·0. ~ ~IRITt:::(tWIJT,10U6)VZ,(VX(K,~1),K=2,27) ':.,,::':,-' 
1. lu06 fURMAT(lH ,3X,FI0.2,4X,26Al,'-----~-~OVERBURDEN'), 

-," -~:'. . 

b CONTINUE - -
If(NODr~~36)8,1.1. . -: .,~ .. ~'. _.,~:.~ . .:~. '~'l"'~'~""'-'~ 

7 WRIT~(NOUT,1001j(IER(N),N=1,13) 
~. 1001 fORMAT(lHd,IERRriRS RANGE '. -2.75 -2.25 -1.75 -1.25 QO,15 nO.2 
b. - C5 0.25' 0.75 1.25 1.75 2.25 2.75',1,'" 
1, C~2.25 -1.75 ~1.25--0.75 -0.25 0.25 0,75 1,25 1.75 
ti. 
'.:I. 
O. 
1. 

C,I,INUM3E~ ERRORS 1,1316), ' 

-2~7S 
2.25 2.15' 

." 

8 CmJTINUE 
Rt.:TUKN 
t::NJ.> 

, . 

.-

• _'.0 ._ _ _: __ • .,. • _._ ..... _ .... _ • '--:-

. -

, . , 
~. '.. ~ 

. - . -

"" .- _ .... _ .. _- _.-- -....... -~.""------.. -.:.. 
, , 



. 1. 
i. 
j. 

4. 
~. 
h. 
. , . 
H. 
~. 

'1 U, 
11, 
12. 
13. 
14. 
1~. 

·1b. 
1 ., • 
1I~ , 
l'l, 
2U, 
21. 
22, 
23. 
24, 
25, 
26, 
27, 
2G, 
29, 

, .. 30. 
31, 
32. 
33, 
34. 
35. 
lb, 
3 ';, 
39 •. 
39. 
4U. 
41. 
42. 

. SlIBtWU'1' ItH': ;;MD (NODE, DEfeT , A V HL~:. R £OLlR, SMIU:S, ROOT, SCK) ' . 
DrMt:~~S!ON J)!":n:1'(36) li~l-:q\lV.(36) ,S~\R~~S(3(») ,5CI«36) 

. H'C ~t'lt<r;~H NI)U~)"O. ) 4.,4,t . 
1 lr' ( :): : i: C' £' ( : JIi :; ~'J - .'.: :.: f·: t,;; ( r I 0 D f~ ) ) 3 , 3 , 2 
/. Ur~t Cl (fJlji..lI':) =1>r.":FLT ( ;,J llD ~) .. S;'\ >< ES C tWO~;) . 

?J.U S ~S!'l i"'!';S (r!ODf-:) 
:)r-\t\ t.~ (l'l Lhk) =0 • 
liU i·1J ~ 

3 AVbL~=DEFCTCUOD~) 
tJl::fCf(NUI)f:)=O. 
Sr1R t:s (NODE) =SMRl::S ( NO-f)E) "A V i3LE 
GO '1'0 13 

4 PLUS=O, 
!> A=tWUT 

jFlD~fCT(~OOE).LT.A)GO 
ti= (1<00'1'*4 ./3. ) 
If(O~fCT(NOn€),Lr.B)GO 

C={HUO-r*5./3.1 
If(D~fCT(~OOE).LT.C)Gn 

U= (2. *tWOT) 
IF(UEFCT(NODE).LT.D)GO 

. t::=(HUOT*7./3.) 
If(O~fCT(NOOE).LT.E)GO 
t'= (RU()If).* 10./3. ) 
If(U~fCT(NODE).LT.f)GO 

TO 

TO 

TO 

TO 

TO 

TO 

6 

1 

8 

9 

10 
. . 

1·1 
AVUL~;:O. ., .' .. _ ........ , ........ . 

GO TO 12 
.. 

,- " ", . .... ; -~ . 

- .- -, :';": ... :-.- ... - '-. . . 

6 AVBLE=l.*REOUR(NODE) 
Gd 1'0 12 

- .• , ~-. - ..... / •. --.-:~. - -: ·'c' :.:.:.".', - ...... -. ' •• : - +.:: • " •.•. 

7 AVBLE=~ 96*R£QUR (NODE), 
GO TO 12 

.. . .. 
••• !. •• 

";, . 

tJ AIJBLE=~6B*Rt:GUR(NODE)··· --:" ...... -- .... 

GO 'l'U~12 . 
" ,". -.-: : ... -:-;,.::;.:.'..:;:-.:.; •. , !..:.:.:. 

9 AVBLE=~52*REQUR(NODE) 
GU 'fO 12 

10 AVHL~=~40*REQUR(NODE) 
GO 'I'D 12 

. -' -, .~: 
',. -' . - :,;' .... ". ..' ~.:.. .. ' 

.;:: ~: •• :'::.·.":'.I;':: ~-:. .. -::: ":.":_':;::.:' . . 

.' ~ .... .. , 
.! . -

i 

... ' , .. 

- ,"". ~ 

.: .1: 

:', .... -, '. :-
11 AVBLE=~2B*REaUR(NODE) 
i 2 A Vf.H.JI::=AVBLE+PLlIS 

,-, ,':.":' 
. ; .. -. -.' . ,: -.' ._ .. ' . - -.. -,' .- . -:~.;..- . ,.,. .... ,.: .. 

i3 CONTINUE 
HE'l'URl'4 
t;ND 

. _._-

-.--.••..• -r--'. -. - - ... -.... -.... 

" 



1'. 
7.. 
3. 
It. 

~. 

~. 

7. 
tie 

~ . 
. 0'. 
,I. 
,~. 

,3. 
.4. 
.!) • 

.b. 

. '/ . 

SUti!!UUTINE TiUIS ~ WL, BAS~, N ,L,.J, !RM~S r T64 1'1, t'ERKj UPTR,. 
C:;;·!·:~:p ) 

OIM;::i.J;';'10f' BASF.(3b,b) ,TRl'\NS(36, 36) ,T6417(3b,6) ,PERM(36,6,,, 
~lJr"it\ l';o,b) 

Ht~L.a ~L . 
1 F C::!. - ( r: .~ :l F. Ui , J.J ) .. SP I~ F.IJ) ) t ~ 2 , 2 

1 TRANS(~,J)=r6477(n,L) 
GO lu'6 

2' 1~(WL-(BASE(N,L)+SP~ED»],4~4 . 

. x-· 

3 THAW~(N,J)=rb477(N,L)+P£RM(N,L)*(WL.BASE(N,L) 
C+S~~~v) ".. 
If(r~ANS(N,J)-(UprR(N;L»)5,4,4 

4 TRA~S(N,J)=UPTR(N,L) 
~ tiU '£U b 
I; CON'fINUE 

RETU~N 
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