
A 18

Reduction of the time 3tep was achieved in the computation by

dividing the time step used in step one by a specified integer. 

The procedure is illustrated in the example below for convection 

and dispersion onlys

1. Initial conditions

10 km/day

12 km /day

A x  s 1 km

A t  * <^x s 0,1 day 

U

2. Perform convection 

step - step one

'i-1 ,n

o,n

= L

o,n+1

3.
Subdivide first, time 3tep 1 

into snaller time stops:

At' £

A x

At

take At' 0,0333

0 o 0 0 0

0 0 0 0

10 0 0. 9

0 0 0 0

10 0 0 0 0 0 ,

0 b 0 0 0

X

0

5 0 0 0

10 0

20 0

10 0 0 9 ,

0

X

0 0 .

1 0 y 0

0 0 c

U ---- a 2----- Q, ..... Q kr*



Compute each sub-t.irvp step 

of step two

L

i, n+ 1

A) z

A2 *

I

r 0 , 2

Fepeat procedure 1 to 4 

for next time step.

t 0 0
0

1 A1 L ( 1 n
1-1 ,n

+ A2 L.

i,n

0 n

+ A1 L. ,

i + 1 ,n

!G_ . 0 0

12x0,0333

1

12.24 6,2 4 2,24 0̂ 64 0

0,4

m  ........ !!.6 _ _ 1.6 0

?.& . ... 1C 4
0

2x12x0,0333 10- .
S.. P 2______________ 9 -

and so on

Finite difference equations used in KLIP6

For the computer simulation model KLIP'S, the standard finite 

difference approximations A2.1 were varied slightly as shown 

below and then adapted for use with the two-stop explicit method.

In the finite difference approxi lation to the coupled equations, 

it was considered preferable to substitute

1/? ^'l,n+1 * L i,n^ Placp °r n in the BOD decay term

in both equations A 2 .1, qnd 1/2 (D. , ♦ D. ) in place

1 | n+ I 1 » n

D. in the reaeration term of '■'quation A?, lb. 

l,n

This yields the following standard finite difference 

approximation equations!



AHO

'i-1 ,n

( 1-2 < £ L -

o

a x ’"

1Li. - l & t (  r ^  ,

A x  ’ 2 1,nV  x2 U 1 »n

♦ SAt

and D

i ,n+1 1 -----R— "7 [At Di 1 n * ( ,_2

(1 ♦ K2 A t )L A X 2 i’1 *n A X

..  £t 2 At, n € A t

■U ^ - “ 5 Di,n + ; 7  i*1 ,n

K 1 At

i ,n+ 1

L. ) + A t  P 

1 ,n -

Furthermore the source/sink term of the DO equations was split, 

into a source due to photosynthesis which could be caloula 

according to a sinusoidal diurnal variation function (see 

Appendix A3), and a constant term.

i.e. P s P^ R^

where P 1 s photosynthetic DO production

Rj s constant souroe/sink

For the program KLIP6, the above equations are adapted for use 

with the two-3tep finite difference method an below:

L

o,n< 1

BOD:

Step 1: L

1 ,n«-1

o,n
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Step 25 Li,n*1

(A 1 L. , ♦ A2 L. + A1 L. ,

A i-1,n i,n i+1,n

- ^t' S)

Where A1 s

A x

f  K 1 a t ' 

A2 = (1 - 2 6 “  - — L“j— )

a x £

K At'

A s ( 1 + --- z— )

At' c At/I (I s inteRpr)

DO:

SteP 11 Di,n*1 2 “i-l.n

D * D ,

o,n o,n+i

SteP 2‘ D1,n+1 1 S (D1 D i-1,n+ 02 Di,n* B1 Di*1,n

K 1 A t ’ (L. . ♦ L. ) - (P.* R . ) A t ' )  

--- r—  1 1 n 1* 1 1, n



A22

The names of the equivalent, variables used in the program KLIP6 

are given below.

Subroutine BODCAL

Variable KLIP6 name

Li,n+1

XBOD ( )

L t.n

CBA ( ), CB ( )

Lo,n

CBOD ( ), CBA ( ), CB (

€
DFFN ( )

U VEL ( )

A 1 A1

A2 A2

A DENOM

BODK ( )

S SINK ( )

it' * At/I CELT/IT

Subroutine DOSAG (where different from BODCAL)

Vnrlable KLIP6 name

n+ 1

XDO ( )

D i,n

CDA ( ), CD ( )

L

o,n

CDO ( ), CDA ( ), CB (

B 1 B 1

B2 B2

B DENOM

K2

AERK ( )

P !

PDO ( ), DPIiO

R 1

SOURCE ( )



DERIVATION OF SINUSOIDAL PHOTOSYNTHESIS FUNCTION

In order to allow for the diurnal variation in photosynthetic 

production of dissolved oxygen, it was assumed that 

photosynthetic activity proceeded according to a half-sinusoidal 

function as illustrated below.

daylight hours, corresponding to the portions of the sinusoidal 

curve above the axis. The seasonal variation in the number of 

hours of daylight Is accounted for by shifting the axis between 

the two limits for midwinter and midsummer as shown. The area 

under the upper portion of the sinusoidal curve must be equal to 

the total daily production of dissolved oxygen by 

photosynthesis, i.e.:

a T / ^ s i n w t  dt ♦ 2 f  °(ainu>t+D)dt D dt]

o . -1^ o

sin D 

u

Where P^* total dally photosynthetic production of DO.

a i factor incorporating the mean light intensity in 

the water up to a limiting depth, i.e. this 

factor governs the conversion of light energy to 

DO production.



D - displacement of the time axis according to the 

tine of the year.

w  s frequency s ■—

-’j  1 [- I  003 “̂ l o  *2 [- i  con u>t]^ 2 [d t J , *{Dt]’

»*» ■ " n ( ri H r i n

21

- sin D _sin I)

CJ

2
o

|cos (sln-1D) + D (sin"1D)j + 12D

Hence if the photosynthetio production of DO, P ^  Is 

specified, the value of a can be determined from

a r p /{lT ^ooa(8in”1D) ♦ D(sin"1D)j + 12d |

If it Is assumed that the mean ltngth of daylight over one year 

Is 12 hours, and the maximum and minimum hours of daylight for 

summer and winter respectively In South Africa aro 13,5 and 10,5 

hours, ignoring tullight (Strahler, 1971), then the value of D 

can be calculated from:

S i n [ ( ^ r ^ )  T?]a in [ <M*3>]

0,1951 slnj^ (M*3)j

V.'here M * the month of the year (1, 2 ...... 12)

Values of D may bn positive or negative according to the season.

The rate of dissolved oxygen production at any particular time 

of day is then given by
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and t is measured Trom the origin of the sinusoidal curve at 

06h00.

In the Klip Hiver propram, the variable names equivalent to 

those used above are

Variable Klip model name

p PDO ( )

a PHO

D D

M MNTH

!1 PH
P 1 DPHO

In the Klip River model, PH is calculated 1rom

PU e gin £ 2ir( (NB-1 ̂ .DEI.T.START - 6)]

WhereNB = the number of the time step beinR calculated 

DELT * time increment used (days)

START * the time of day at which simulation starts <hours)



DERIVATION OF EQUATIONS FOR MINIMUM EdROR CALIBRATION

The coupled equations for modelling the dissolved oxygen balance 

in rl.ero were derived in Appendix A1 and are repeated here for 

convenience with thP dispersion term omitted.

^L

51

dC
at

- u r  - k .l + s

ax

- u g  - K,L . K2 �Cs - C)

AH. la

A'). 1b

t. method of evaluating the coefficients, and , and the 

.lource and sir.k terms, S and P, so that the equations 

r’presented the real river system, would be to find values for 

these parameters that would lead to the minimum total difference 

between the concentrations predicted by equations AJI. 1 and the 

actual concentrations observed in the field. Linear programming 

may b« used for minimisation of an objective function subject to 

certain constraints provided Mie system la linear. In the above 

case, the objective function would be

Minimise 'j ^J|Predlcted BOD - observed B0D|

+ ^[Predicted DO - observed D0| |

subject to the constraints formed by tho system of. equations 

A*l. 1 and to the constraint that the error plus the predicted 

value must equal the observed value.

In other words the calibration of the model denoted by A4.1 can 

be carrlod out by minimising the sum of the absolute errors.

Another method would be by moans of least squared ritting 

techniques. This has been attempted elsewhere, using the data 

from the sampling survey on 21 March, 1979 (McPherson and

f t
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Sharland, 1979) For a simplified version of equations A4.1. The 

reault3, however, have poi yet been tested in a simulation trial.

The linear programming method has been used by Kleinecke (1971) 

for estimating geohydrologic parameters of groundwater basins 

and Stephenson (1979) has shown how the parameters in the 

Muskingun flood routing procedure can be evaluated by this 

technique.

Considering the ccncentration-space grid above, Stephenson 

( 197Pb) has shown how the V.ove coupled equations A4.1 can be 

formulated for linear programming evaluation of the parameters 

83 follows:

The BOD concentration at a point P can be written in terms of 

implicit finite differences as:



r

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

A?r'

■ • ;■ . ■ "'■■nt y. Bust he mot:

h 1.1 terms mi.st be linear

varlabiw must be* non-ner.atlve

:ibov' *‘init • difference fors these conditio 3 ere not

i t.J  t f"  lev .

: -1 ,• * : i-1 .p 1 * Li,n

. t 1 )j i! not: i'nesr sinoe both the and the L ^ n ere

nknowns. Secondly net r.ouree/aink term nny be either

i '».!U  ve or negativ .

problem th« predicted Lj ere replaced by 

known observed values b. and the source/sink term la

1 f II

j.jit Into en input erm .S nnd an output term - T where one 

an(j t r '*iv' m d  the other ?.ero. The equntion

• ■ i boĉ ir.'

_ t

oAX .1 ,: *.1 ,11-1 i,n i,n-1

j>tK

* i

t| ' ,U1,i
■1 ,n-1 + 1 hl»n-11

:j bi r  w r i t  t e r  f

Util , /' \ i (- _ )
• * * - .  • • i . n  •' ?A X

1 i+1,n + ’ 1*1 Fn- "i.n * '’i,n-l

\t S . - a t  T = 0

A»J .2a

R



In addition another .s e t  M i ;u a U ;  sti ! v r  , t t e i  i !;ermt. ■>

the error by which 

ths actuai value of L.

the error by which the predict • i lu- >f I.. t dlfferp feotr

Ji,t '

L. + U. - V, 

i , n i , n i, ri i,n

Again the requirement that the; variable.' must he poaitiv< 

necessitates the splitting of the error into □ positive error U 

or a negative error -V, o n e  o ! which will he '.ere i i ,  the 

solution.

Similarly a set of equations can !■*.■ written for equatioi A'l.U;. 

This includes a reaeratir. tern which is also non-linear unles 

the observed values are substituted for the predicted values. 

These equations are given beicw

a  ♦ M ) * c, (—  - _ c

'i,n- 1 '? 'r «?a x ' " ' i +1 ,n- ’a x  i ,n

l U t .
•?AX

- C (- +

i+1 ,n (2 ?cx'

V i ^  (b + t

i+ 1 , r. i . ' ,

♦ t.

(C» ‘ (di+1,r T ui+1 ,i i T i ,n ' i ,n«

♦ A t  P . - At R

C. + M. - N.

i,n i,n l,n >.,n

. •

Equations A*t .2 can be written for 11 points ■ <> >-?" ■ J v

point, along a study reach for which . r-rvetl ■ t

over i period of tiaM. i1' •• ok... ;• • valtM • •
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each value of n may have to be interpolated from observations 

taken at other times. Oruy equations A*J.?h and d can Ke written 

for the point furthest downotream.

The objective function now becomes:

Minimise < V f  (U( «• V. ♦ M. ♦ N. )l 

| j- i.n i,n i,n i ,,i (

subject to t>< . >».;«train*-.-! riven by equations A1*.?.
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MEASUREMENT OK ORGANIC OXYGEN DEMAND

Ir. pollution studie- involving the dissolved oxygen balance in the stream 

it is necessary to havo some measure of the organic oxygen demand. A 

number of tests for measuring the organic loading in waters and 

wastewaters have been developed and these fall into two categories

(1) tests measuring oxygon demand:

biochemical o/vpen demand (POD) tests 

chemical oxygen denand (COD) tests 

tota. oxygen demand (TOD) tests

and (ii) tests measuring organic carbon rtent:

total organic carbon (Tf-C) tests

A full description of trie tests procedures may >o found in 'Standard 

Methods for the Examination of Water and Wastewater' by the American 

Public Health Association (1976) and only a brief description of the 

three most popular tests (i.e. BOD, COD and TOC) in given hereunder.

(a) Biochemical oxygen demend test <BOD)

The BOD test measures the biodegradable organic content of the 

water and, under certain circumstances, the oxidizahle nitrogen 

present in the water.

Seeding of the sample with an acclimated bacterial culture may 

be necessary although this Is genera1 ly only important, with 

industrial wastes (Klein, 1959, p.32). The test is uasically a 

matter of measuring the irltiai dissolved oxygen in the sample, 

incubating it for a number of days, and then measuring the DO 

agatn to determine the oxygen corisumen. Tests usually determine

APPENDIX 3



APPENDIX B

MEASUREMENT OF OliCANIC OXYGEN DEMAND

In pollution .studies involving the dissolved oxygen balance in the stream 

it Is necessary tc hav<^ some measure of the organic oxygen demand. A 

number of tests for measuring the organic load'.ng in waters and 

wastewaters have be«i developed and these fall into two categories

(i) tests measuring oxygen demand:

biochemical oxygen demand (POD) tests 

chemical oxygen demand (COD) tests 

total oxygen demand (TOD) tests

and (ii) tests Pleasuring organic carbon content:

total organic carbon (TOC) tests

A full description of the tests procedures may be found in 'Standard 

Methods for the Examination of Water and Wastewater' by t.hu American 

Public Health Association ( 1976) and only a brief descrl; •'ion of the 

three most popular tests (i.e. BOD, COD and TOC) is given hereunder.

(a) Biochemical oxygen demand teat (BOD)

The BOD test measures the biodegradable organic concent of the 

water and, under certain circumstances, the oxldl^ablr* nitrogen 

present lri the water.

Seeding of the sample with an acclimated baoterlal culture may 

be necessary although this is generally only important with 

industrial wastes (Klein, 1959, p.32). The test is basically a 

matter of measuring the initial dissolved oxygen in the sample, 

incubating it for a number of days, and then measuring the DO 

again to determine the oxygen consumed. Tests usuallv determine



the 5-day oxygen demand (BOD_) but can be performed for any 

desired number of days. Oxidation of all organic matter is 

usually considered to be complete after twenty days and the 

20-day test is therefore used to determine the ultimate BOD 

(BODy). If for a particular wastewater or effluent the 

relationship between the 5-day and 20-day BOD can be established 

it is sufficient to measure only 5-day BCD's.

The BOD test ia not a very desirable test because of the time 

factor, the precautions necessary, th'> storage requirements, and 

the poor repeatability of the test. However it is the only test 

attempting to measure directly that part of the oxygen demand 

that is of importance in oxygen balance calculations.

Chemical oxygen demand test

The COD test measures the oxygen equivalent of the organic 

matter that can be oxidised by usinr a strong chemical oxidising 

agent such as potassium dichromate. The teat must be carried 

out at an elevated temperature over a two hour period and silver 

sulphate may be necessary to aul the oxidation of certain 

organics.

The test has the advantage of being much faster than the BOD 

test and the oxygen demands obtained are usually higher than the 

ultimate BOD as more substances can be chemically oxidised than 

can L«e biologically oxidised.

Total organic carbon test

The TOC te-t can be carried out either by the wet oxidation 

method, which is tedious and time consuming, or by means of a 

TOC analyser which is very qul'ik. The TOC analyser measures the 

amount of carbon dioxide formed when the organic carbon in a 

known quantify of cample is oxidined In a high temperature 

combustion tube.
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The theoretical oxygen demand can be calculated from the 

theoretical organic carbon, but a correlation between 

biochemical oxygen demand and total organic carbon is difficult 

to establish because of the variability of wastewater nemical 

composit ion.

In water pollution studies where we are concerned with the dissolved 

oxygen balance we are primarily interested in the biochemical oxygen 

demand of the organic natter present, an it is this carbonaceous 

oxidation that results in rapid depletion of the DO in th» river.

The EOD test is a difficult and net wholly reliob’e meiv.ure of this 

factor but is the only tost that attempts to measure it directly. The 

COD and especial . the TOC appear to be attractive alternatives to tne 

DOD test, but suffer from the disadvantage that both tost;1 measure more 

than the easily biodegradable carbonaceous content. For use of these 

tests in DO balance modelling it i3 necessary either to obtain a 

correlation between the ultimate EOD and the COD or TOC measured, or to 

use the change in COD (ACOD) or TOC (ATOC) in the model formulation. 

This latter 'Iternatlve is not possible with the coupled equations as 

presented In tils study.
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Tab it: 

Table 

Table 

Table

A'.’PKNDIX C

RESULTS

Cl Results of sar.plinp, survey ~ 7 1 May 107?

C2 Results of .•iannliriK survey - ifi July 197B

C3 Results of .sampling survey - 21 March 1979

C'l Results of lipht and dark bottle test's

C5 Re.nultn of benthal demand test

Table C6 Fluorescent tracer analysis



TABLE C1 Results of sample survey - 31 Mav 1078

Field readings Chemical analyses

Sample No

Time Temp

°C

DO

mg/1

pH Conductivity

mS/m

COD

mp/1-0

B0D,

mpt/1-0

Arronla

mc/l-N

Ni tratc 

mp/1

Ortho-PO^ 
UlR/l-P

Chi orirlen 
irg/l-CL

ausp. 

solidn 

mp/l

K1 07h45 7,2 5,6 7,3 186 26 9 1,0
4,4 1,5 65 8,5

E2 0Qh,?5 10,5 5,4 7,3 188 26 10 1,0
4,0

1.5
66 5,0

El 10h50 11,0 5,6 7,3 188 15 9 1,0 4,0 1,5 66 6,5

EH 1 4h00
11,5 6,3 7,3 188 10 7 1,0 4,0 1,5 67 9,0

G1 08h15 6,0 6,5 7,3 182 10 6 1,0 5,0 1,4 78 9,0

02 09h45
11,

6,5 7,3 181 10 3 1,0 5,0 1,4 67 11,0

C3 11h20 i?,5 6,4 7,3 181 10 6 1,0 5,0 M 64 8,5

on 1 13,6 6,9 7,3 182 26 4 1,0 5,0 M 65 7,0

H1 08h45 11,0 7,7 7.3 182 26 4 1,0 5,0 1,3 75 5,5

H2 10h30 12,8 8,1 7,3 181 15 3 1,0 5,0
1,“

67 y,5

H3
12H30 14,0 8,4 7,3 181 26 3 1,0 5,0 1,4 66 2,5

H4 lbh 10 12,2 7,9 V ,3 182 26 3 1,0 5,1 1,4 66 6,0

o



T A M E f ?  o f  ' r l  * i u r v » y  - 1H »lu1v 10TB

Sanspl* No

Fiold rm<ling( Chemical ana 1 al*

Time lm»p

°C

DO

»r,/i

PH Cwduet Ivlly 

mS/B

BO Or, Artwonln

r<*/l-0

Nltr»fe 

BIP/1

Ortho-FOi( CMorliU 

nr/1-Cl

Sunn.

wild* «!/]

*1 06H30 7,5 M
7,6 200

• U,1
0,2 35 89

«2 Of'-’O 6,? <1,0 7 ,i reo 1'. N U 9,6
Nll 29 90

*3 10hi0
8.? •,2 ’.6 200 15 5 Nil 7,8 Nil 1«

»* w o
p.’ 7.? ^00 Nil N U 23

A5 I«ht5 10,? 9.0 7,8
36

Nil
?,1

Nil 10 1?

»6 16h30 10,? 9,? rai 1,9 Nil 7

A7 1»h30 9,0
7,( 7,« ?oo 26 Nil

1,9
N U 2." 10

ai OThOO 7.0 2.2 7 ,9 ?°o 15 2.* 1,2
0,9 97 13

B2 OotiOO 8,0 ?,9 7,1 200 :* 1,9 1,6
0,3

00 8

BJ
IlhOO <J,0

«,2 7,*
0 51 11

M
2,0 0,2 90

B# 1 3»>00 10,5 ?00 1.5 2.9 0,1 lOi 1«J

B5 1Uh30 12,0 7,3 »6
•

2,7 0,1 102 137

PIS 17nD0 10,0 ",6 7,3 200 15 2," 0,1 101 91

B7 Wt90 9,5 1,9 7,3 66 11 5,7 '.3
0,8 101 36

Cl 06t>00 7,3 i M
8i

M
11,5 1,9 6«

C2 08h30
.

7,* 165 77
«• 1 " , 3 ?,?

67 26

C3
IlhOU m 7,9 170 71 13 i»l

10,8 1,8 65 26

C9 13*30
. .

7,6 170 61 ?.i
11.5 1,3 66 25

cr. I6h00
• 7,6 160 77 19 . 12,5 1.”

79 10

C6 •Dh30 . .
7,5 180 61

M
'•’,7 2,1

76

cr 21P00 - - 7.5 190 66 20 3,7 11,9
1,®

77 If

Cl 07h00 V 210 56 1.*
11,9

?,7
118 21

02 OBhjO . .
7,5

?pr>
71 <1

1»,» 11,3 ?.»
110 <3

0} UhOO
. • 7,6 >00 81 11,9 ’1,1 3,0 110

Da
13H3«

-
7,5 ;oo 81 9 10,5 11,2 3,0 26

ts f.Ou
• •

7,5 100 T1 7,0
11,’ 2,2

’19 27

C6 18>>30 - -
7,"

ICO 56 16 11,0
2,3

119 28

07 2 1 00 - - 7,«
200 87 9,? 11,0

2,6 119 25

11 8,! 7,7 195 *6 0,7 5,9 ',9 76 29

E? 08hlo 8,0 3.9 •’,7
195 77 7 0.5 5.2 1,0 79 29

K3 IlhOO 8,8
7,7 190 51 0,5 ',0 1.0 79 17

E« 'JhJO 10,0 5.B 7,1-
180

3* *
0,3 5,0

1.8
79 16

B 16800 11,« 7,5 180 9* 0.3 5,1 ',3 73 *3

16 18h30 12,0 '.,7 7.5 185 5' 0,0 5,1 1,0 73 19

e? U h O O
'•,5

5.0
7,5 195 61 0,5 9 ,t 79 13

F1 'U iK 8,5
9,6 7.* 185 46 0,1 8,9

«,? -J
|9

r? jlhOO 8,5 ".5 7.9 185 *6 6
1,» 7’ 32

F3 lth?0 9.0 5.5 7,9
180 61 0,9

5,1
1,0 72 29

F9 13h50 10,0
4,! 7." 190 66

e
0,9 5,*

1,0 72 23

FS 16h?0 11,0 6,0 19? 0,9 5,2 0,8 72 22

FG 18h50 11,5 5,5 7,5 36 9
0,1 S.3 ',1

72 21

F7 2th30 11,0 9,0 7,5 18', *6 0, l
5,2

0,8 7* 28

01 0bh?0 10,0 6,? 7,5 185 66 7 0,1
6,1

U.7 T3 13

1lh2(J 11,0 7.“ 190 61
0,1 6,2 ',2 73

16
on 1 3h*0

11,3 • 7,* 185 36 n 0,1 ',,1 0,8 73
20

05 16h20 11,a t.,1 7,5 ?6 0,1 5.9 0,9 73 33
06 I8W0 11,5

(>,5 7,5 190 36 5,9 0,7 21

C7 21P20 12,0 6,6
7,"' i w

91 0,1 6,0 0,9 73

Ml 07h«5 a.> 7,9 7,5 190 n 0,6 5,8 0,7
75 20

Ht 09ti3O 9.s 7.5 *6 0,8 6,0 1,0 7?

M3
IThOO * i.o 7,7 7.5 1B5 46 0,6 6,0 1.0 79 19

H« !9hjo
7,9 7,5 190 11 9

T» '̂,0 1,2
75 21

Hi UhOO 1C.C
7,9

n o • 1 0,1 6,0 0,9 75
25

116 19130 11,0 190 10 6 0,1 5,9
1,1 75 r>

117 21H50 10,8 7.7 7,6
185 $6 0,1 5.9 1,0 75 is

*!»
- - 7,0 120 96 0,1 10,7 N U 59 21

Not* * • rampl# XI w«a t«K n frc* MMll T«rn r#,)tet canal Ju*t ursM*«M» t»f #tat ion f
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C3

TAPiE C3 Wg3ultf k>? Mwpir wurvrv - ? ^  Mwrch 1979

Field rpadlnps Chmlcal an»lyrt»

Lsnmpl* T I M T w p BO pH
Conductlvitv

:: BOD*; Ortho- Nitrate Chiorid* >1 <>lint tv B0D?0

*
°C W / l

mS/K ■*/l-0 mft/l i»»/! n «W/1-C»C0-| ir«/l-l'

■V./1-P

*1 06h25 18,0 2,85 8,0 138 59 17 2,6 3,l<
68 85

1E2 07H85 18,0 2,7 8,0 m o J,» ■’.9 68 85
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E9 1111)00 21,0 3.9 7,9 130 M3 2.6 3,0 67 90

ElO i.hOO ’1.5 1.0 7,9 m o
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67 90
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7.9 n o 64
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£18 I23h00 21,0 2,85 8.1 n o 21
2,7

3.0 66 90
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66 85

S20 OOh5B ?0,5 2,9
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V 0fctl"7 1U.0 9,0 8,0 n o 58 2,5
■

67 85

r* OQhdO 18,5 9,15 8,0 1SI
58 2,5 3,1 67

85

re 10h35 '9,5 9,5 8,0 139 58 i 2,5 3,1
66 85

FO r t M O .0,0 9.5 8,0 n o 5*
3,2

67 10

n !2h25 *■0,5
*,'•

8,0 m 64 ,9 3,0 67 90

re 1 Jh?5 20,5 9,b 8.0 m 58 4
2,5 3,3 67 90

ro
1kh25 20,5 9 , M 8,0 w 58

2,5 3,1 67 90

n o 15h25 20,5 *.» 8,0 n o 64 2,5 3.1
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67 90
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•

7,9 13« 111 2,5 3,3
67 90
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Fi'O 21h29 19,8 3,7 8,0 n i 56 11 2,6
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66 90

F21 01h22 20,0 3,6 8,0 n i 64
2,7 3.5

66 90
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rat OOi.M
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8,0 n o 70 6
2,6 M

66 9C

m t 03*2 : 20,0
3,8

8,0 w 3* 1 2,6 9,0 65 90
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Dottle

In it ia l Final
DO

dots 1««
Mon
Rt/1

Fhotot 
»/n« 
theft l»

DO
■ft/1

Date TlM T-*wp DO
B*/l

ttate Tlmo Tomp
°C

DO
««/l

Ch. *30 o Light 6 / im i$hl* * 1,5 *,1 7/1/79 15H10 ?3,5 3,8 0,5 3,1
DirK 21.5 23,0 0,5 3.6

Jtn . B Ll«ht 21/3/79 > . r
??/1/79 OShSO 18,5 1,6 M -J,»5

DrxrV. W.O 19,0 1.35 1.35
Stn. 9 u*ra. JM/3/79 18,5 «,o JJ/3/79 06M5 <7,4 *.9 '.1 -1,6

Dark 18,5 »,0 *7,5 1.3 *.7
4tu. 0 Light 71/3/70 3.*» JJ/3/79 06hJ7 18 ,8 1.3 M 1.1

Dark 20,0 3.9
18, S »,9 1,9

3tn. !!(*> Li«hl 2I/J/T9 11.0 ?2/V  79 O'MO 18 ,? 3 ,i ».7 0.5
l>.rk *.9 18,9 3,7 It*

W-: P nin/.l oxv«an amiand toatc

Pliw l
DO Panthal

Ioofftion

! ’

Qottla Tlno DO
B*/l

But# Time Tomp
°C

00
«*/<■

rtaplva
tton
m*/l

’Miami

■«/l

5/1/79 I5li Vi ".1 7/1/79 15h30 *9,0
»3.5

1.* 
3,*5

*,7
0,85

1,85



TABLE C6 Fluorescent tracer analysis - 2 i-1av 1979

Dye released at station E (Chainage 0,0) at 051115 

Estimated Flow: 3,4 nr/s

Station F (Chainage 1 850 m) Station C (Chainage 3 400

Dye concentration Dye concent'ati

Time

3

mg/m Time mg/m

Side Midstream Side Mida

06h00 0 0 07hC0 0 0

06h 15 07h15 0

06h30 6 i| 07h30 0 0

06h38 38 07h45 12

06h45 132 07h52 38

07h00 220 220 08h00 87 87

07h15 104 08h08 129

07h 30 H3 43 08h15 1H8

07h45 25 08h2 3 142

08hC0 19 16 08h30 120 116

08h 15 12 08h45 60

08h30 9 6 09h00 32 34

08h45 6 09h15 18

09h00 0 14 09h30 12 12

09h 15 09h*J5 9

09h30 0 lOhOO 6 6

09h45 10h15
K

lOhOO 10h30 0 H

10h 15 0 10h*)5 0

10h30 0 11 hOO 0

10h M5 11h15 0

1 IhOO 0 11 h 30 0

11h 15 11h45

1 1h30 12h00

1 1h45 13h50 0

12h00

12h 15

12h 30

12b <5

1 3h00



APPENDIX D

D1 Activated sludge design procedure SLD1

Tabic D1.1 51.D1 Proprjm input description D1

Table D1.2 SLD1 Program output D2

Table D1 .3 SLD1 Program variables D3

Table D1.W SLD1 Program listing and

input data D(i

D2 Klip River quality simulation model KLIP6

Table D2.1 KI.IP6 Proprnm input description D6

Table D2.2 KLIP6 Propram Input data listing D8

’.'able D2.3 Program output D9

Table D2.1! KLIP6 Glossary of important

constraints, parameters

and variables D11

Table D2.5 KLIP6 Propram listinp 01U

D3 Minimum error calibration

Table D3.1 Minimum error calibration -

Data listinp D20

COMPUTER PROGRAMS P a p e



TAB L E  D 1.1 SLDI PROOPAM INPUT D E SCRIPTION

Card

Set

Repeat

Card

Repeat

Symbol Units Descr i p t i o n Format

S y m b c 1 

Repeat 

on Card

1 NAME Title 35 \2
■

1 AENGY
xg/kq F r a c t i o n  of substrate removed and 

utilised for energy pr o d u c t i o n  (a»)

F6.5
,

AS LOG kg/ky Yield of biolog i c a l  sludge per mass 

of total (a)

F6.5 I

BSSOX kg/kg/day Frac t i o n  of M L V S S  per unit time oxidised 

du r i n g  endoge n o u s  respiration (b)

F6.5

j

B020X kg/kg/day Mass of oxygen utilised per day per mass 

of M L V S S  for e n d o genous respiration (b *)

F6.5

1

5RMVL 1/day Substrate removal rate (k) F6.5

FMRAT Food to m l c r o - o r g a n i 3 m  ratio (F/m) F6.5

SNBIO mg/1 Co n c e n t r a t i o n  of n o n -biodegradable 

ma t t e r  (Sn )

F6.0 1

ALKLF mg/1 A l k a l i n i t y  of fresh feed F6.0 1

N2F mg/1 Nitrogen in fresh feed F6.0
1

PF mg/I Phosphorus in fresh feed F6.0
i

1 XV k mg/1 Concent r a t i o n  V S S  in (Xv a ) Ff .0 I

xvu
• ./I

C o n c e n t r a t i o n  VS S  in s e c ondary clajrifler 

under flow <XV r U )

F6.0 1

XVF mg/?. C o n c e n t r a t i o n  V S S  in fr*ah feed (Xv ^f )

XNVF -u»g/l Co n c e n t r a t i o n  NVSS in fresh feed (Xn V f f) F6.0 1

XNVE mg/1 Concen t r a t i o n  NVSS in net e^lluent F6.0 1

1 SFRESH mg/1 Co n c e n t r a t i o n  of BOD in fresh feed (Sf) F6.0 1

SEFFL mg/1 C o n c e n t r a t i o n  of BOD in final effluent 

(Se )

F6.0 1

QFRESH m 3 /day F r esh feed flow rate (Qf) Fi.O 1

N o t e : S y m bols in brackets are those used by Ramaiho ^1977, chp 5/



T a ble 01.2

D2

SLDl P r o gram Output

iM^jr >a t a:

t . T O U O  4 i L  ) »  *  • t - )O JO  i S S O X * . j 7 d O O  * 0  Z  O X *  • I  3 0 0 0  bW M V u  « • 0 I  61 0

“ ^BAf* • *0390 >Nr»l )■ •©• iLRLF* *0 a N I P  * 5C* **«  ! i
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4TACT0W VGL»J*» 

T X V G C N  -»C 3 U ! -*£M *N T  i 

9 f 3 l D f N C *  T l ' 1 *
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T 1 2 S «  0 * 6 3 6  O A T S

co*aiN»*r> *?=d

N»*T EF»L JJNf 

M A ST  ACi- 
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J »  ▼ ">0 *  * 7 ?  C U  .  ^ / ? A  r

0 1 *  3 4 3 3 * 3 6  C U . M / j A V

0 2 *  A 2 A .  oA  < "U .vi/r>AV

H A T U *  0 * 3 2

C O N C E  <|T4 A T t IN  i  J *  S U H U P  » 1 0 * 
.  .  . . . « • « • •  « • • « •  * .  ■ • . « » • « . . . • » • •

ClMfUN*^ **£•?->

CONCENTRATIONS 1= V ; 5S 

•••••••«•••***«*.«*. . * »

C 3 * d lN £ 0  :o

C I S C ?  JT H A  T | ' 'N S  I P  N V » i l
a • • • • « « • « •  * « *  ■ * • • • * < • «  a .  .

5C 3 *  1* *•<, M‘. / L

2A J *  .  > M vi/L

CJ«SINg9 **50

5»C0N-->.»*v CLA* IF I • 

0*06*1* L w*

6 0 .  t 4>./L 

1 5 3 . 7  M ti/ L

N?T rffLO MLVSS IN Pc'ACTOl 06 L XV »

«AST AGS NV.*, OCLXNV*

TOTAL SLUOGT Tt-TLO OfiLXT*

N̂ 'Ĵ WAL JSATI1N -i? JO! :

NO N F U T fc A L  I S A f J C N  •<«,Q U l ' * >

L̂*v A L IN! TV IN **5SH FT O 

»L**LtN|Tt W^OVIO

sotc i fnt

. . . . . . . . .  .  . . .  • • a a . . . a

N | T « ) G ® N  f t r : a n l  <t s

OHOs^n- is oeuoiu^NT

A L K N T y « 

XL* <»M«

N2 *  « si « 
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; 1 1 .  J  - i / C  A Y
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D3

T A B L E  D 1 . 3  SLD1 P R O G R A M  V A R I A B L E S

T h e  f o l l o w i n g  v a r i a b l e  n a m e s  o c c u r  in  t h e  p r o g r a m  a n d  a r e  

n o t  a l r e a d y  d e s c r i b e d  in t a b l e s  D l . l  a n d  D 1 . 2 .

V a r i a b l e

N a m e  D e s c r i p t i o n

P A T 1  R e c y l e  r a t i o  fo r  s u b s t r a t e  r e m o v a l  r a t e  c o n t r o l l i n g

RAT2 R e c y le  r a t i o  f o r  o p t i m u m  f l o c c u l a t i o n  c o n d i t i o n s

c o n t r o l l i n g

S C 0 M 1  C o m b i n e d  V S S  c o n c e n t r a t i o n  f o r  s u b s t r a t e  r e m o v a l

r a t e  c o n t r o l l i n g

S C 0 M 2  C o m b i n e d  V S S  c o n c e n t r a t i o n  f o r  o p t i m u m  f l o c c u l a t i o n

c o n d i t i o n s  c o n t r o l l i n g

T R E S 1  H y d r a u l i c  r e s i d e n c e  t i m e  f o r  s u b s t r a t e  r e m o v a l  r a t e

c o n t r o l l i n g

T R E S 2  H y d r a u l i c  r e s i d e n c e  t i m e  f or o p t i m u m  f l o c c u l a t i o n

c o n d i t i o n s  c o n t r o l l i n g

F M  F o o d  to m i c r o - o r g a n i s m  r a t i o

N 2 W S T G  N i t r o g e n  l o s t  t h r o u g h  w a s t a g e

N 2 E F F L  N i t r o g e n  l o s t  in e f f l u e n t

N 2 F K G  N i t r o g e n  in f r e s h  f e e d  in k g / d a y

P W S T G  P h o s p h o r u s  l o s t  t h r o u g h  w a s t a g e

t>E7FL P h o s p h o r u s  l o s t  in  e f f l u e n t

P F K G  P h o s p h o r u s  in f r e s h  f e e d  in k g / d a y

I
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