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Reduction of the time step 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 diapersion only:
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h, Compute each sub-time step
of step two
|
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S Fepeat procedure 1 to 4§
for next time step.
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and so on

Finite difference equations used in KLIP6

For the computer simulation model KLIPS, the standard finite

difference approximations A2.1 were varied slightly as shown
below and then adapted for use with the two-step explicit method.

In the finite difference aporoxijation to the coupled equations,

it was conaidered preferwble to subatitute
1ee (Lt.n¢1 . L;'n) ia place of L, =~ in the BOD decay term
'
in both equations A2.1, and 1/2 (Dj,n+1 + Di.n) in place
D1 A in the reaeration term of rquation AZ2.1b.
Al
Thia yields the following standard finite difference

approximation equations:
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Furthermore the source/sink term of the DO wquations was split
into a source due to photoaynthesias which could be ecaleula e
according to a sainusoidal diurnal variation functior (see

Appendix A3), and a constant term.

i.e. P s P1 + R1
where P1 s photosynthetie DO production
Hl = constant source/aink

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

with the two-step finite difference method as below:
BOD:
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The names of the equivaleinc¢ variables used in the program KLIP6

are given below.

Subroutine BODCAL

Variable KLIP6 name
Li,n+1 XBOD ( )
Ll,n Cak. (7 955€R h! )
Lo n CBOD ( ), CBA( ), CB ( )
€ DFFN ( )
U VEL ( )
A Al
A2 A2
A DENOM
K1 BODK ( )
S SINK ()
att s Aot/1 DELT/IT

Subroutine DOSAG (where different from BODCAL)

Variable KLIP6 name

Div“” XDO ( )

Di'n CDA ( )y CD ( )
L GO L )3 CDE.-C ). EB £ )
oyn

B1 B1

B2 B2

B DENOM

K2 AERK ( )

P1 PDO ( ), DPHO

R, SOURCE ( )
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DERIVATION OF SINUSOIDAL PHOTOSYNTHESIS FUNCTION

In order to allow for the diurnal variation in photosynthetic
production of dissoclved oxygen, it was  assumed that
photosynthetic activity proceeded according to a half-sinusoidal

function as illustrated below.

MID WINTER
mo sumver O K
NO ; \
\ PHOTOSYNTHESIS /4 ] sg&‘_‘g SJNL.:D l
\ fape- ke it ) e
\\ Vi
\ /
SNe”

Photosynthetic production of oxygen takes place only during
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.:

Py = arjfun wt dt + 2 S J(sinwteD)dt »fgz D dt]

L sin”'D

w

Where P1- total daily photosynthetic production of DO.

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.
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D =z displacement of the time axis according to the

time of the year.

w z frequency = =

12 (&) 0
» 1 1
}l 2 [— o ¢os wt]( ¢?[— = Coﬂrut]l+ 2[DLJ1 ¢{Dt];2

o .8in D _sin D
W w

-

u . B
%f Fos(sln’D)« D(nhn‘Dﬂ + 12D

"

Hence if the photoaynthetic production of DO, P1, is

specified, the value of « can be determined from

24 -1 ., =1 p
o s P1/{TT [:ws(nin D) + D(sin D)] 4 IFD}

If it is assumed that the mean length of daylight over one year
is 12 hours, and the maximum and minimum houra of daylight for

summer and winter respectively in South Africa are 13,5 and 10,5

hours, ignroring twilight (Strahler, 1971), then the value of D

aan be calculated from:

Where M z the month of the year (1, 2..¢04+12)

Values of D may be poaitive or negative according to the season.

The rate of dissolved oxygen production at any particular time
of day is then given by

) nl A
{1 z 4!/{ 2 ['H*v| - (”*P{ f

e
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Where H = sin (S53~)

and t is measured from the origin of the sinusoidal curve

06h00.

In the Klip River program, the variable names equivalent

those used above are

Variable Klip model name

P PDO ( )
I PHO

D D

M MNTH

4| PH

1‘1 DPHO

In the Klip River model, PH 1is calculated (rom

sin [ 2r((NB~1).DELT.START - 6))

PH z 2
Where NI 2 the number of the time step being calculated

DELT = time increment used (days)

START = the time of day at which simulation starts (hours)

at

to
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DFRIVATION OF EQUATIONS FOR MINIMUM EAROR CALIBRATION

The coupled equations for modelling the dissolved oxygen balance
in ri.ers were derived in Appendix Al and are repeated here for

convenience with the dispersion term omitted.

%% e - U %& - KTL + S Al 1a
aC aC

O\ 2 . D22 o ¢ o )

3t 2 US; KoL+ h? (CS C} « P Al b

/) method of evaluating the coefficients, K, and K and the

’
gource and sink terms, S and P, 8o L;at th92 equations
rapresented the real river system, would be to find values for
these parsmeters that would lead to the minimum total difference
between the concentrations predicted by equiotions Al.1 and the
actual concentrations observed in the field. Linear programming
may be used for minimisation of an objective function subject to
certain constraints provided the system is linear. In the above

case, the objective function would be
Minimise { 2. |Predicted BOD - observed BOD|
+ }:l?redict”d DO - observed DO‘}
subject to the constraints formed by the syatem of. equations
Al.,1 and to the constraint that the error plus the predicted

value must equal the obaerved value.

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

be carried out by minimising the sum of the absolite errors.

Another method would be by means of least squares fitting
techniques. This has been attempted elsewhere, using the data

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




Sharland, 1979)
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for a simplified version of equations AU,1, The

results, however, have nol yet been tested in a simulation trial.

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

fcr eatimating
and Stephenson

Muskingun flood

technique.

|

\

|
l
Considering
(1978b) has

formulated

as follows:

the

showvin

geohydrologic parameters of groundwater basins
(1979) has shown how the parameters in the

routing procedure can be evaluated by this
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concentration-space grid above, Stephenson

how the alLove coupled equations A4.1 can be

for linear pregramming evaluavion of the parameters

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

implicit finite differences as:
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APPENDIX B

MEASUREMENT OF ORGANIC OXYGEN DEMAND

In pollution studie-
it 1is necessary to have

number of tests for measuring
wastewaters have been developed and these fall into two categories

(1) teats measuring oxygen demand:

biochemical oxveen demand (ROD) tests
(COD) teats

- chemical oxygen demand

- tota. oxygen demand (TOD) tests
and (11) tests measuring organic carhon content:

- total organic carbon (T(C) tests

A full description of tne tests procedures may » found in

Methods for the Examination of Water and Waatewater' by the

Public Health Association (1976) and only

involving the dissolved oxygen bdalance in the stream
some measure of the organic oxygen demand. A

the organic loading in waters and

'Standard

American

a brief description of the

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

(a) Biochemical oxygen demend teat (BOD)

The BOD test measures the biodegradable

water and, under certaln circumstances,

present in the water.

Seeding of the sample with an acclimated
be necessary although this |is
industrial wastes (Klein, 1959, p.32).

matter of measuring the initial

incubating it for a number of days, and then

again to detarmince Lthe oxygen consumed.

organic content of the

the oxidizable nitrogen

bacterial culture may
generally only impcertant with
The teat is vasically a
dissolved oxygen in the sample,
measuring the DO

Tests usually determine

e
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APPENDIX B

MEASUREMENT OF ORGANIC OXYGEN DEMAND

i

In pollution studies involving the dissolved oxygen balance in the stream
some measure of the orpanic oxygen demand. A
load’ng in watera and

it 1is necessary to have
number of tests for measuring the organic
wastewaters have beeti developed and these fall into two catemories

(1) tests measuring oxygen demand:

- biochemical uxygen demand (BOD) tests
chemical oxygen demand (COD) tests

- total oxygen demand (TOD) tests

and (11) tests measuring 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 the American
Public Health Association (1976) and only a brief deserij%ion of the

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

(a) Biochemical oxygen demand test (BOD)

The BOD test measures the biodegradable organic content of the

water and, under certain circumstances, the oxidizable nitrogen

present in the water.

Seeding of the sample with an acclimated bacterial culture may
generally only important with
p.32). The test is basically a

P
,

be necessary although this |s
industrial wastes (Klein, 1959,

e Y TP

matter of measucing the initial dissclved oxygen in the sample,

=

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

again to determine the oxypgen consumed. Tests usually determine
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(b)

(e)

B2

the 5-day oxygen demand (BODS) but can be perfermed for any
Jdesired number of days. Oxidaticon of all organic matter 1is
usually considered to be complete after twenty days and the
20-day test is therefore used to determine the ultimate BOD
(BODU). 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 {s not a very desirable test becavse of the time
factor, the precautions necessary, the 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 using a strong chemical oxidising
agent such as potassium dichromate. The test must be carried
out at an elevated temperature over a two hour period and silver
sulphate may be necessary to aid the oxidation of certain

organics.

The test has the advantage ol 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 ve biologically oxidised.

Total organic carbon test

The TOC test 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 quink, The TOC analyser measures the
amount of carbon dioxide formed when the organic carbon in a
known gquanti.y of sample is oxidised in a high temperature

combustion tube.

e




B3

The theoretical oxygen demand can be caloulated from the
theoretical organic carbon, but a correlation between
biochemical oxygen demand and total organie carbon is difficult
to eatablish because of the variability of wastewater nemical

compoaition.

In water pollution studies where we are czoncerned with the dissolved
oxygen balance we are primarily interested in the biochemical oxygen
demand of the organic matter present, as it {s this carbonaceous

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

The BOD test is a difficult and not wholly reliable meo-~ure of this
factor but is the only test that attempts to measure i'. directly. The
COD and especial., the TOC appear hto be attractive alternatives to the
BOD test, but suffer from the disadvantage that both test: measure more
than the easily bicdegradable carbonaceous content. For use of these
tests in DO balance modelling it is necessary either to obtain a
correlation between the ultimate BOD and the COD or TOC measured, or to
vse the change in COD (ACOD) or TOC (ATOC) in the model formulation.
This latter . iternative is not possible with the coupled equations as

presented in tis study.
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TABLE C1 Results of sample survey - 31 May 1978 |
Field readings Chemical analyses
Time |Temp DO pH |Conductivity coD BODls Ammonia|Nitrate Ortho-POu Chlorides|>usp.
Sample No °C mg/l mS/m mg/l--ﬁ mg/1l=0|mg/l=N me/l me/1-P me/1=CL solids
me/1 :
L
51 oThas| 7,2 | 5,6 17,3 186 26 9 1,0 4, 1,5 65 8,5 \
E2 0Gh25(10,5 5,8 17,3 188 26 10 150 4,0 1,5 66 5,0 |
£3 10150/ 11,0 | 5,6 [7,3| 188 15 9 1,0 | u,0 i3 66 6,5 ‘
o 14h00/11,5 | 6,3 [7,3 188 10 7 1,0 4,0 1,5 67 9,0 ¢
<
1 08h15| €,0 6,5 |7:3 182 10 6 1,0 5,0 1,4 78 9,0
2 0GhdE5 (11,2 | 6,5 |7,3 181 10 3 1,0 5,0 1,4 A7 11,0 |
3 11h201 12,5 6,4 (7,3 181 10 6 1.0 5,0 1,4 64 8,5 80
) 14n35 13,6 6,9 753 182 26 4 1,0 5,0 1,4 6% 7:0 :
H1 08h45 11,0 | 7,7 7.3 182 26 4 1,0 5,0 1,3 75 5,5 J
H2 10n30 (12,8 | 8,1 [7,3] 181 15 | 3 1,0 |5,0 1,4 67 4,5
12h30| 14,0 8,4 753 181 | 26 3 1,0 5,0 1,4 65 2,5
" 16h10[12,2 | 7,9 |7,3 182 26 3 1,0 5,1 1,4 66 6,0 ]
3
!
-
=
. sl i i i L
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TABLE €2 Results of savple survey - 18 July 1978
Field readings Chemical anal ‘sis
= ' 1
ample No [Time Temp | DO pH |Conduet ivity | COD BODe | AmmonialNiteate | Ortho«POy | Chloride| Suap.
oc me/l nS/m mp /=0 {me/1e0 | ne/l-0 {mr/1 mnelleP me/1-Cl} nolids me/))
LY 06130 7,5 | 82| 1,6 200 26 6 Y3 i1 0,? 15 U
A2 0% 30 8,2 0,0 7,6 200 1" NiY b6 Nil 24 un
L¥] 10n30 8,2 | 6,2] 1,6 200 15 8 Nil 2,8 Nil 22 "
Al 12n30 9,51 8,74 7.7 200 1 Nil 2,2 N) 23 29
AS 14115 10,2 | 9,0} 7,8 200 1% 4§ N1 2, N1l 1a 19
A6 16h30 10,2 | 9.2 1.7 200 10 N1l 1,4 Nl 21 7
AT 19h30 9,0 | 7,6 7,0 200 26 4 N1 1,9 P11 ? 10
] 07Th00 1.0 | 2.2| 7.4 200 15 2,5 1,2 0,4 97 11
B2 09100 8,0 ]| 2,9] 74 200 26 1,9 146 0,3 a9 8
3 11h00 9,0 | w,21 7,0 200 51 1" 1,5 2,0 0,2 100 o
L1} 138090 10,8 | 5,5 7,3 200 56 1,5 2,4 0,1 102 163
5 14h30 2,0 55| 743 200 ub 6 1,4 2.1 0,1 102 137
6 1790 10,0 | 4,6 7,3 200 15 2,7 2,0 0,3 101 ny
L 19h40 9,5 | 4] 1,3 200 66 18 Se7 %3 0,8 101 36
ct 06h00 - « | 1.3 118 B 1,0 11,5 144 64 20
G2 08h 30 - - Tl 165 1 3 1,3 2 3 67 26
c3 11h00 - O 176 mt 13 1,2 19,8 1,8 65 26
c4 13030 - - 7.6 170 61 2,1 11,8 1,3 66 25
c5 16h00 - - 7,6 160 1 19 9,3 12,5 1,9 T uo
ch '8h30 . - 7,5 180 61 b6 12,1 2 i L3
cr 21h00 B - 15 1] 66 20 1,7 11,9 1,9 o 16
Dy 07h00 - - 7.5 210 56 1,4 1", 2,7 18 2
D2 08h30 - - 1,5 200 2] i 1,2 11,3 2,8 19 5
D3 11000 - - 746 200 81 1,4 1,1 3,0 "o 13
i 1330 - - 7,9 200 C1] 9 0,5 11,2 1,0 119 26
LS 190,00 - - 745 200 n 7.9 11,3 2,2 AR 2
Lo 18n30 - - T, 200 “6 1% 8,2 1,0 2,3 119 28
1 21 00 - - T 200 | & 9,2 11,0 2.6 1e 2%
3] 06n00 .. 8,5 | w4 { 7,7 195 ug 0,7 L] 1,4 76 20
£2 08130 8,0 | 3,9] 77 108 17 7 0,9 5,2 1,0 TH 2
E3 11100 8,8 | 40| 7,7 190 51 0,5 £,0 1,0 T "
£l 13130 10,0 | 5,81 7,6 LN 36 9 Gy3 5,0 1,8 74 14
E5 16h00 19,5 | 5,4 7.5 180 U 0,3 S 1,3 7 2
E6 18h30 12,0 ¢ 5,7 7,5 185 L] 19 0,4 51 1,0 7?2 1h
E? 2100 1%:5 1 5,041 7,5 19% LA 0,% LIt 1,3 T 13
F1 ~6h% 8,5 | 4,6 ] 7,1 18% (X3 0,4 L] 1,2 3 24
¥2 a9h00 8,5 | 8,5 ] 1. 185 56 6 0,3 545 1,2 " »
F3 11h20 9,0 | 5,5 7,u4] 180 61 0,4 6,1 1,0 12 29
Pl 13050 10,0 | 8,5 | 740 150 66 ¢ U, L 1,0 72 2
S 16h20 1,0 | 6,0 1 7,8] 108 86 | 0,4 5,2 0,0 12 22
FG 18hS0 11,9 | 5,8 ] 7,8 180 % | 4 0,1 5,3 ¥yl 72 21
7 121h30 11,0 | 5,0 | 7,8] 118 56 0,1 5,2 0,8 ? 28
G 06h20 10,0 | 6,2 | 7.5 185 66 7 0,1 By1 0,7 7 23
Ukl 11h20 1,0 [ 6,5] 7,4 190 61 0,1 6,2 1,2 73 1"
G 13050 1,3 | 6,2 ) 744 185 36 5 (8] 5,8 0,8 73 20
G5 16h20 1,8 | 6,0 | 748 195 26 0,1 5,0 0,9 73 33
o6 18h50 1,5 1 6,51 7.5 190 36 0,1 5,9 0,7 13 21
67 21h20 12,0 | 6,6 | 7,5 1600 LR ] 0, 6,0 0,9 3 30
W1 0TS 8,8 { 7,4 ] 1,5 190 26 0,6 5,8 0,7 % 20
K2 j09h 30 95 | T ] 7S 200 26 0.6 6,0 1,0 b 4] 2n
H3 £hoo 14,0 1 7,7 | 1,5 185 ' 0,6 6,0 1,0 ™ 19
Wi 14h30 12,2 |79 ] 7 190 a 4 Th 5,0 1,2 (L -3
s 17h00 16,0 | 7,9 | 7.6 190 N 0,1 6,0 0,0 ? 24
Hé 19030 11,0 | 2,0 | 7,6 190 10 3 0,1 5,8 3 75 »
(k] 2 1h50 10,8 | 7,7 | 1.6 185 56 0, 5,9 1,0 7% 1
nd - . - L?f 120 6 - 0,1 10,7 Nil 59 2
1

Note § « Sample X! was takin from small farm reject canal Just upstream

of station F
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TARLE C3 Results of sampie survev - 21 March 1979 X
!
' l Field readings Chemical analyeis I F
I | T :
l&mp)o Time !‘racp DO pH IConduotivity [COD |BODs  |Ortho- | Nitrate|Chloride) Alcalinity | BODap i
Plo |°c e/ 1 ns/m me/1=0 [me/1=0!POg me/l me/1.C1 | mp/1-CaC0q | me/lat :
l ! mg/i-P A
i
ig) 06n2s 18,0 2,85 | 8,0 138 59 v 2,6 3,0 68 [
le2 0Tn25 18,0 2,7 8,0 1o " I 26 2,0 68 85
3 08h 20 18,6 13,0 8,0 140 u8 | 2,6 3,0 6B 90
4 n1% ’w.a 3,2 8,0 11 98 12 2,6 32| 68 8%
5 10005 | 19,0 3,5 8,0 11 oy 2,6 3,0 67 85
6 111010 19,0 3,7 8,0 140 43 2,6 3,1 68 8s
% 12n00 20,5 3,8 8,0 o U3 10 2.6 3,0 68 20
] 13h00 21,5 | 3,7 7,0 k) 41 ‘ 2,6 3,0 67 a0
9 14100 21,0 3,9 7,9 130 u3 2,6 3,0 67 90
10 1.h00 21,5 4,0 | 7,8| 1o K3 | 2,6 3,1 67 90 s
" 15h55 21,5 3,8 | 1,9 140 101 ' 2,6 3,0 67 8e ‘
12 |17h00 21,5| 3,85 | 8,0] 140 Bl 2,6 2.9 67 a0
212 18h07 21,01 3,8 | 8,0 140 6l 13 2,6 3,0 67 020
AL HELTL) 21,0 3,4 | 8,0 13 1% 2,6 ‘ 2,9 67 90
5 hewst [205( 31 | 0| a0 o 26| 10| 6 90
1% [*1hoo 20,01 3,3 | 8,0 Y 69 £ 2,6 3,1 67 90
17 R2no2 20,00 ~ | 7.9 ko 6b ar]l s | et 90
18 123109 21,0 2,85 | 8,0| o 21 2,7 3,0 13 90
19 {2 'ho0 . -« | 811 wo 1) o 2,7 R 66 85
120 ons8 | 20,6| 2,9 | 7,0| 138 53 2.8 3,3 | 66 90 )
21 [02n00 - e« | B 138 27 2,7 1,2 6 90
2 lo3n00 20,0 | 2,7 R0 13 37 2,7 3,2 65 a0
23 {ounoo . - | s0| 10 o8 P 2,7 3,3 6 90
24 [05h02 19,5 2,8 | .0 | 140 ue - 2! 3,3 (1] Q0 i
25 0¢h08 % | ! Bol 140 ® | - 2,5 32| 68 ao
1 tm:oo 1" ,oi e | 80| e ' 68 1 2,5 %2 | 67 g
2 0ThSS [ 18,0 4,0 | 8,0 140 58 9 | 2,8 3 67 80
iry foenay | 19,0 | 4,0 : 8,0 140 | 58 2,5 o8 67 8s
u loahuo [ 18,5 | 4,15 | 8,0 138 | &8 ' 2,6 3,0 67 | 8e
{1on3s 19,5 ! 4,6 | 8,0 139 | 58 ; 2,5 3,1 66 | 85
11h40 | 20,0 | &,¢ 8,0 140 | oA 8 3,2 67 70
1225 | 20,5 | &, 8,0 | &4 N 3,0 o7 90 c
(4 13h25 20,5 | 6 | 8,0 W 58 | & 2,8 1,3 67 90
o 16n25 [ 20,5 | 4,66 | 8,0 , {3 58 2,5 3! 67 00 _
10 15025 I?o.s | &, 8,0 140 [ 25 3,2 66 90
P11 [16nas 20,5 4,2 | 8,0 138 53 7 2, 1,2 66 90 9
¥12 17h35 [ 20,5] &,3 | 6,0 139 64 2,8 3,2 66 90
F13 16035 | 20,5 | 43 [ 8,0 140 58 2,6 3,1 67 a0
P4 19n32 | 20.2| 3,72 | e,0| 160 6 6 2,6 3,2 67 90
P16 pon22 | 20,0 | 3,9 9| e 58 2,8 3,3 07 20
1] lan3y | - p 79| 130 [ 11 2,5 3,1 K7 20
F19 2m3o ?0.2{ 3,25 | 7,9 140 53 2,5 1, 6¢ 00
F20 2 had 19,81 3,7 | 80| 1w 58 " 26 | 3,8 66 90
21 01h22 20,0 3,6 | 8,0 64 2,7 3,5 66 90
Fa22 02n22 - - | 8,0 1 53 2,6 3,4 [ 90
rae 0Un20 - - ’ 8,9 138 53 2,6 1.5 65 90
F2u sh21 | 19,0 | 3,65 8,0 | 130 | 83 2,6 3,5 65 0
F2. chh22 | - -« | B,0| 10 | 27 2,5 3,9 64 40
26 0. 24 ! - { . 8,0 Wo | 710 " 2,6 1,4 l 66 ac
F27 ;2T 20,0 3,6 | 8,0 Wy | 32 4 2,6 u,0 65 90
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D1

TABLE D1.1 SLD1 PROGRAM INPUT DESCRIPTION
Card Card | | Symbcl
Set ReBedt |symbol | Units | Description Format | Repeat
Repeat oP® | i | on Card
| | ‘
1 !NAME | i Title 35 a2 |
1
1 AENGY kg/kg Fraction of substrote removed and | F6.5
utilised for enerqgy production (a*)
ASLDG ka/ky Yield of biological sludge per mass F6.5
of total (a)
BSSOX kg/kg/day| Fraction of MLVSS per unit time oxidised F6.5
during endogenous respiration (b)
BO20X kg/kg/day | Mass of oxygen utilised per day per mass F6.5
of MLVSS for endogenous respiration (b')
SRMVL 1/day Substrate removal rate (k) F6.5
FMRAT Food to micro-organism ratio (F/m) F6.5
SNBIO mg/1l ! Concentration of non-biodegradable F6.0
| matter (Sp)
ALKLF mg/1 | Alkalinity of fresh feed F6.0
N2F ; my/1 l Nitrogen in fresh feed F6.0
|
PF | o l Phosphorus in fresh feed ¥6.0
——
1 XVAa ! mg/1l Concentration V8S in !xv a) F€.0
'
Xvu I ' 1 Concentration VS8S in secondary clarifier F6.0
l under flow (Xy u)
XVF I mg/ > Concentration V88 in fresh feed (X, ¢)
|
XNVF i wg/1 | Concentration NVSS in fresh feaed (X .  ¢) F6.0
'
XNVE | mg/1 1 Concentration NVSS in net aftfluent {Xqv L) F6.0
nv,
| |
1 SFRESH 1 mg/1 | Concentration of BOD in fresh feed (Sg) F6.0
| |
: |
SEFFL | mg/l | Concentration of BOD in final effluent F6.0
l | (Se)
{ 1
QFRESH | m?/day | Fresh feed flow rate (Q¢) F3.0

Note:

Symbols in brackets are those used by Ramalho 17977, chp QT
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