
A Sensitivity analysis of the dissolved oxygen balance in an
Australian stream. July 1977.

Author:
Tuck, J. K.; Bowrey, R. G.

Publication details:
Commissioning Body: Australian Water Resources Council; National Parks and
Wildlife Service.
Report No. UNSW Water Research Laboratory Report No. 150
0858242419 (ISBN)

Publication Date:
1977

DOI:
https://doi.org/10.4225/53/579957882f17a

License:
https://creativecommons.org/licenses/by-nc-nd/3.0/au/
Link to license to see what you are allowed to do with this resource.

Downloaded from http://hdl.handle.net/1959.4/36138 in https://
unsworks.unsw.edu.au on 2024-04-18

http://dx.doi.org/https://doi.org/10.4225/53/579957882f17a
https://creativecommons.org/licenses/by-nc-nd/3.0/au/
http://hdl.handle.net/1959.4/36138
https://unsworks.unsw.edu.au
https://unsworks.unsw.edu.au


The quality of this digital copy is an accurate reproduction of the original print copy 



• v t : - ' 

•f 

A SENSITIVITY ANALYSIS OF THE DISSOLVED 

OXYGEN BALANCE IN AN AUSTRALIAN STREAM 

by 

J .K .Tuck 

and 

R . G. Bowrey 

Report No. 150 

July 1977. 



The Univers i ty of New South Wales 
Water R e s e a r c h Labora to ry 

A SENSITIVITY ANALYSIS OF THE DISSOLVED 
OXYGEN BALANCE IN AN AUSTRALIAN STREAM 

by 

1 2J . K. Tuck and R. G. Bowrey 

Repor t No. 150 

July 1977. 

1. Water R e s e a r c h Labora to ry , School of Civil Engineering,
Univers i ty of New South Wales .

2.. School of Chemica l Engineer ing, Univers i ty of New South Wales 

https://doi.org/10.4225/53/579957882f17a



BIBLIOGRAPHIC DATA 
SHEET 

1. REPORT Nê. Î 
150 

Z. ¡ .S.B.N. 

0-85824-241-9 

3. T I T L E AND S U B T I T L E 
A Sensitivity Analysis of the Dissolved 

Oxygen Balance in an Australian Stream 

4. REPORT DATE 

July 1977 

5. AUTHOR(S) 
J. K . Tuck and R . G . Bowrey 

6. SPONSORING ORGANIZATION 

School of Chemical Engineering and the Water ' Research Laboratory 

7. SUPPLEMENTARY NOTES 

8. ABSTRACT Factors influencing the dissolved oxygen balance in a stream 

are examined within the context of the Australian environment. A mathem-

atical description of the dissolved oxygen balance is developed using em-

pirical equations extracted from the literature to supplement a hybrid of the 

basic kinetic formulations proposed by Dobbins (1964) and O'Connor (1967U 

A computer model of the dissolved oxygen balance ( O X S T R A L ) has 

been constructed and shown to have considerable value as a means for pre-

dicting dissolved oxygen levels. Application of O X S T R A L is illustrated 

using data collected from Perisher Creek, an alpine stream located in the 

Kosciusko National Park. 

A s a result of the Perisher Creek investigations the need to conduct a 

sensitivity analysis of the model in order to assess the significance of nat-

ural variations and/or errors in the data input was evident. The principles 

underlying the sensitivity analysis are discussed and the value of the analysis 

as a method for ascertaining data requirements is demonstrated by example. 

9. DISTRIBUTION 
Enquiries re purchase of the report should be directed to the Officer-in-

Charge, Water Research Laboratory, University of New South Wales, King St 

Manly Vale, N , S . W . 2093. Communications re the use of the dissolved ox-

ygen model ( O X S T R A L ) should be directed to the authors C /o the School of 

Chemical Engineering, University of New South Wales, Box No. 1 P . O . 

Kensington, 2033. 

10. KEY WORDS dissolved oxygen, streams, numerical analysis, mathematical 

models, sensitivity, Perisher C-eek, water pollution 

11. CLASSIFICATION 12 ^OMiEg OF PAGES 12. HUMil^ OF PAGES 

Approx. 130 



Acknowledgements 

The authors are grateful for the financial support provided 
by the Australian Water Resources Council and the assistance 
given by the National Parks and Wildlife Service during field in-
vestigations. 

Appreciation is also extended to Assoc. Professor D.N. 
Foster for the use of facilities at the Water Research Laboratory, 
Mrs. P. Decent for her diligence in typing the manuscript, Mrs. P. 
Auld for the careful drafting of figures and Mr. J.Russell for under-
taking the printing of the report. 



Preface 

This report, representing work undertaken by the School of 
Chemical Engineering and the Water Research Laboratory of the 
University of New South Wales, is in two sections. 

Part 1 describes a method to evaluate the significance of 
variables in the dissolved oxygen balance equation. 

Part 2 is a detailed description of an attempt to simulate the 
dissolved oxygen distribution in an alpine stream and was submitted 
by J.K. Tuck to the School of Chemical Engineering as part of the 
requirement for the Degree of Master of Applied Science in 
Environmental Pollution Control. 



P A R T 1 

A SENSITIVITY ANALYSIS OF T H E DISSOLVED 
OXYGEN BALANCE IN AN AUSTRALIAN STREAM 

by 

J . K . Tuck 

and 

R . G . B o w r e y 



Abstract 

Following the use of a dissolved oxygen model in the in-
vestigation of the dissolved oxygen dynamics of an alpine stream 
(Part 2) the need to conduct a sensitivity analysis of the model 
in order to assess the significance of natural variations and/or 
errors in the data input was evident. 

This section (Part 1) brief ly describes the development 
of the numerical model (described in detail in Part 2) and then 
establishes the principles underlying the sensitivity analysis. 
The value of the analysis as a method for ascertaining data re-
quirements is demonstrated by example. 
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1. 

1. In t roduc t ion 
The A u s t r a l i a n na t iona l p a r k s and wi ldl i fe r e s e r v e s a r e genera l ly 

v i rg in a r e a s of bush land having an evolved ecology which r e s p o n d s to 
n a t u r a l e n v i r o n m e n t a l changes in a way which e n s u r e s the su rv iva l of 
the e s t a b l i s h e d e c o s y s t e m s . 

A s u r b a n popula t ions i n c r e a s e and exis t ing r e c r e a t i o n a l f ac i l i t i e s 
become inadequa te , the populat ion is p lac ing a g r e a t e r e m p h a s i s on 
the na t iona l p a r k s and wi ld l i fe r e s e r v e s as a s o u r c e of r e laxa t ion . 
Unfor tuna te ly the s u r g e of i n t e r e s t in these a r e a s is t h r ea t en ing the 
ecology in a v a r i e t y of ways , one of which i s the d i s rup t ion of the pu r i f -
icat ion m e c h a n i s m s of n a t u r a l s t r e a m s due to the i n c r e a s e d pollution 
loads , ma in ly in the f o r m of pa r t l y t r e a t e d sewage e f f luen t . 

It is u n r e a l i s t i c to a t t e m p t to completely prohibi t development of 
these r e g i o n s . P a s t e x p e r i e n c e has shown that unregu la ted develop-
ment of ten l e a d s to the eventual des t ruc t ion of these a s s e t s so it is 
e s s e n t i a l that i n t eg ra t ed planning and env i ronmenta l inves t iga t ions be 
the f o r e r u n n e r to the e s t a b l i s h m e n t of r e c r e a t i o n a l a r e a s in p a r k s and 
r e s e r v e s . 

To a s s i s t in the planning of development in bushland a r e a s a 
compu te r p r o g r a m has been developed to s i m u l a t e the d i sso lved oxygen 
d i s t r ibu t ion in a s t r e a m f o r typ ica l A u s t r a l i a n condi t ions . This p r o -
g r a m can b e u s e d to e s t i m a t e the l ikely effect that a p a r t i c u l a r set of 
c i r c u m s t a n c e s wi l l have on a given s t r e a m . By de t e rmin ing the s e n s -
it ivity of the m o d e l to va r i ab l e movemen t one is able to ident i fy the 
s igni f icant v a r i a b l e s a f f ec t i ng the d isso lved oxygen ba l ance . 
2. The Dis so lved Oxygen Balance üi a S t r e a m 

The d i s so lved oxygen d i s t r ibu t ion along the length of a polluted 
s t r e a m is a d y n a m i c quant i ty dependent mainly on the fo rma t ion of a 
ba lance be tween (a) the r e m o v a l of oxygen by the biological oxidation 
of c a r b o n a c e o u s and in s o m e in s t ances nitrogeneous^ m a t e r i a l and the 
r e s p i r a t i o n of aqua t i c ñ o r a , and (b) the addition of oxygen by a t m o s -
phe r i c r e a e r a t i o n and pho tosyn thes i s . 

The r a t e of b io logica l oxidation of the ca rbonaceous m a t e r i a l is 
gene ra l ly i n t e r p r e t e d a s a f i r s t - o r d e r reac t ion in which the r a t e of 
oxidation i s p r o p o r t i o n a l to the r e m a i n i n g concent ra t ion of unoxidised 
s u b s t a n c e . The e f f ec t of an i n c r e a s e in t e m p e r a t u r e is to i n c r e a s e the 
r a t e of b a c t e r i a l ac t iv i ty and m o l e c u l a r contact such that the r a t e of 
b io logica l oxidat ion is i n c r e a s e d by 4.7% f o r each l ^ C r i s e in t e m p e r -
a t u r e (Nemerow, 1974). In addit ion, The r i au l t (1927) and Zanomi 
(1967) have r e p o r t e d that the u l t ima te b iological oxygen demand i s a l so 
t e m p e r a t u r e dependent i n c r e a s i n g by approx ima te ly 2% p e r deg ree in 
the 20°C r e g i o n . 

W h e r e p a r t l y t r e a t e d w a s t e s a r e d i s cha rged into the s t r e a m and 
the s t r e a m t e m p e r a t u r e i s in e x c e s s of 25°C bio logica l oxidation in the 



f o r m of n i t r i f i ca t ion may become impor tan t , and in some ins tances may 
dominate al l o ther p r o c e s s e s . In mos t t e m p e r a t e s t r e a m s n i t r i f ica t ion 
will not be apparent f o r ten or so days ' flow t ime f r o m the sou rce of the 
pollution and even then may well be of l i t t le s ign i f icance . 

In some s t r e a m s p r o c e s s e s additional to ca rbonaceous and ni-
t rogeneous oxidation may promote f u r t h e r oxygen deplet ion. Often 
these p r o c e s s e s c r e a t e a c r i t i ca l defici t at a f ixed location independent 
of other p a r a m e t e r s . F o r example , the deposit ion of suspended organic 
m a t e r i a l will be followed by an i n c r e a s e in the benthal oxygen demand 
and a reduct ion in the oxygen content of the wate r in the region of depo-
si t ion. Another source of oxygen depletion o c c u r s where fixed plants 
or benthal algae a r e p r e s e n t . The r e s p i r a t i o n of this f lo ra , par t icu la r ly 
at night can r e s u l t in a s ignif icant lowering of the oxygen level . 

The r a t e of addition of oxygen by a t m o s p h e r i c r e a e r a t i o n is de-
pendent on the hydrau l i c s , the dissolved oxygen defici t ( re la t ive to the 
sa tu ra t ion level) and the t e m p e r a t u r e of the s t r e a m . An i nc r ea se in 
turbulence caused by an i n c r e a s e in s t r e a m velocity or bed roughness , 
or a d e c r e a s e in s t r e a m depth, will i n c r e a s e the r a t e of r eae ra t i on , 
A lower than ' no rmal ' r a t e of r e a e r a t i o n will occur if the level of oxygen 
sa tura t ion is reduced due to a low b a r o m e t r i c p r e s s u r e (as would occur 
in alpine locat ions) or an elevated s t r e a m t e m p e r a t u r e . However, it 
should be noted that higher wa te r t e m p e r a t u r e s i n c r e a s e the r a t e of 
molecu la r diffusion of gaseous oxygen in the s u r f a c e f i lm of wa te r , and 
thus counterac t the effect of reduced solubil i ty. 

The f inal contr ibut ing fac tor to the oxygen ba lance , the pro-
duction of oxygen by photosynthes is , is dependent l a rge ly on the plant 
or algae b i o m a s s ajid the avai labi l i ty of l ight, which is influenced by 
the season , the topography, the a tmosphe r i c conditions and the turbidity 
of the water» Changes in the r a t e of photosynthes is may re su l t in con-
s ide rab le f luctuat ions in the dissolved oxygen content of the s t r e a m . 
3. Ecological Changes 

High nut r ien t loadings, although not n e c e s s a r i l y c rea t ing d i ss -
olved oxygen déf ic iences in the f i r s t ins tance , may in t ime lead to a 
s ta te of ecological de te r io ra t ion of the aquat ic envi ronment cha rac t e r -
ised by the r ep l acemen t of a highly complex s y s t e m of interdependent 
aquat ic f lo ra and fauna by a l e s s d i v e r s e , m o r e independent range of 
monocu l tu res . This de te r io ra t ion , genera l ly known as eutrophication, 
l eads to wa te r quality p rob l ems , pa r t i cu l a r l y where excess ive weed 
growth, induced by the high nutr ient levels^ gene ra t e s l a rge diurnal 
changes in the dissolved oxygen leve l . 

Consequently it i s impor tant to i nco rpo ra t e poss ib le ecological 
changes, pa r t i cu l a r l y changes in v/eed and algal dens i t i e s , into the 
sensi t iv i ty ana lys i s . An in te res t ing example of an a t tempt to r e p r e s e n t 
biological phenomena in a dynam.ic f o r m is given by F i s h e r (197 7) in a 
d i scuss ion of an ecosys t em approach to the planning of Wes te rnpor t Bay, 
Vic to r i a . 



4. The Oxygen Sag Curve 

The d i s so lved oxygen ba lance between oxygen supply and deoxygen-
ation in a s t r e a m is of ten e x p r e s s e d in the f o r m of a plot of d isso lved oxy-
gen leve l a s a funct ion of s t r e a m f l o w t ime or d i s tance downs t r eam f r o m a 
source of pol lut ion. A deta i led d i scuss ion of the s ignif icant a spec t s of 
this r e l a t ionsh ip is given in P a r t 2, Section 3 .1 , pp. 10-22. 

5. E s t a b l i s h e d Models 

One of the f i r s t s tud ies of the d issolved oxygen ba lance was the c l a s s -
ical study of S t r e e t e r and Phe lps (1925). This study cons idered ca rbon-
aceous oxidation and r e a e r a t i o n to be the only impor tan t f a c t o r s . Other 
au tho r s , notably Dobbins (1964), Camp (1963) and O'Connor (1967) r e c -
ognised the l im i t a t i ons of the equation and so expanded the oxygen ba lance 
to include o ther s o u r c e s and sinks of d issolved oxygen such as photosyn-
thes i s , s ed imen ta t ion , bot tom s c o u r , s u r f a c e runoff , n i t r i f i ca t ion and 
benthal demand . 

6. Model Design Suitable f o r A u s t r a l i a n S t r e a m s 

A c o m p r e h e n s i v e equation has been fo rmu la t ed for Aus t r a l i an s t r e a m s 
as outlined in P a r t 2, Section 5 . 2 , p. 44 and^ with r e f e r e n c e to the nom-
enc la tu re on page 6, t a k e s the following f o r m : -

K 2 - K r ^ Kr K2-K3 

+ K j L b (1 . e " (5.10) 
K2Kr 

7. The Compute r P r o g r a m (OXSTRAL) 

See P a r t 2, Section 6, pp 45-5 6. 

8. Sensi t ivi ty Ana lys i s 

In o r d e r to a s s e s s the s ign i f icance of na tu ra l va r i a t ions a n d / o r e r r o r s 
in data used in the d i s so lved oxygen ba lance equation ( r ep re sen ted by 
equation 5. 10) it is n e c e s s a r y to de t e rmine the pa r t i a l der iva t ive of the 
dissolved oxygen l eve l , C, with r e s p e c t to all of the v a r i a b l e s . Because 
of the complexi ty of equat ion (5. 10) it is e a s i e r to do this numer i ca l l y 
using the fol lowing techn ique . 

A s s u m e that 

C = f (xi) 

where C, the d i s so lved oxygen level is equal to the d i f f e rence between the 
sa tu ra t ion leve l and D, the def ic i t . T h e r e f o r e -



4 . 

\ Q 
= f ( (xri, x-i (1 + c) ) - f(xri, xj (1-c) ) 

¿Xj ^ 2 c Xj ^ 

where xri is the reference value of x^, j ^ i, 

and c is an arbitrarily selected increment. 

Therefore the increment in C caused by an increment in xj (expressed 
in terms of reduced variables ^C Axj ) is given byt 

Co ' Xj 

Therefore if X J S J / C Q is known the effect of say a 10% change in xj can 
be 

seen to produce a (lOxjsj/ GQ)% change in C. 

Since C = f (xi) 

d-G = dx, ^ axi 1 
Therefore the cumulative effect of a p variation in x^ is given by 

r f i'^i'^i/ Co 

One disadvantage of this numerical approach is that the values of 
Sj can depend on the values of xi selected. However, since one can norm-
ally make reasonable estimates of or alternately carry out some prelim-
inary measurements it should not be difficult to select appropriate values 
which can be updated if this analysis indicates a strong dependence of C 
on a particular variable. 

Analysis of the components of equation (5.10) indicates that C is 
for the most part dependent on 18 variables. Using typical values of these 
variables and c = 0.05, the results shown in Table 1 were obtained. Be-
cause of the diurnal variations in the stream environment the results are 
shown for typical day and night conditions. 



5. 

F o r the s t r e a m and envi ronmenta l conditions desc r ibed by Table 1 
it is apparen t that a 10% i n c r e a s e in the value of the u l t imate oxygen 
demand (L) would cause l e s s than 0.4% d e c r e a s e in C whe rea s a 10% 
d e c r e a s e in s o l a r insolat ion would lead to a 5% d e c r e a s e in C. T h e r e -
fo re it is impor tan t to m e a s u r e so la r insolation accura te ly and to 
closely moni tor i ts na tu ra l var ia t ions whereas a reasonably accu ra t e 
value of u l t ima te BOD is good enough and modera t e na tura l var ia t ions 
a r e of l i t t l e s ign i f icance . 

It should be s t r e s s e d that the r e s u l t s in Table 1 a r e to demons t ra te 
the technique and that the p r o g r a m should be run using values of xr^ 
applicable to the s t r e a m under considerat ion be fo re making judgements 
concerning that s t r e a m . 

Table 1: Sensit ivity of Var iab les in the Dissolved 
Oxygen Model based on a Sample Data Input 

Var iab le XTA Units X js j / Co x j s j / C ^ 
L Io= 350 0 

k l 0. 35 days"1 - 0 . 0 3 4 - 0 . 0 3 4 
k3 2. 50 days~l - 0 . 0 8 4 - 0 . 0 8 4 
L 250. 00 mg/1 - 0 . 0 3 4 - 0 . 0 3 4 
N 100.00 mg/1 - 0 . 0 8 4 -0 .084 
lo 350.00 cal/cm2 / day 0.426 -

b5 0. 03 - - 0 . 0 0 2 -0 .002 
Co 10. 00 mg/1 0 .781 0. 781 
k4 0 .05 days"^ 0 .00 0. 00 
as 0. 135 - 0.501 -

a4 0. 850 - 1. 616 -

b l 0. 001 - - 0 . 1 1 2 -0 .112 
b2 0. 300 - - 0 . 0 7 7 -0 .077 
Pb 690. 0 in. of Hg 0 .018 0. 018 

0. 03 - - 0 . 0 0 1 - 0 . 0 0 1 
T 12. 0 °c - 0 . 2 5 2 -0 .110 
X 1000.0 m - 0 . 1 1 8 - 0 . 1 1 8 
Q 0. 175 m^ -0 .0794 0. 124 
M 125. 0 g /m2 - 0 . 1 1 2 -0 .112 
Br 0. 005 g / m 2 / h 0 .00 0. 00 

9. Conclusions 
The sens i t iv i ty ana lys i s is a valuable method of a sce r t a i a ing 

the s igni f icance of n a t u r a l va r ia t ions a n d / o r e r r o r s in the data input 
to a n u m e r i c a l model of the dissolved oxygen ba lance . Undertaking 
such an ana lys i s should be viewed as a p r e r e q u i s i t e to the design of a 
data col lect ion p r o g r a m needed for the m o r e comprehens ive study of 
dissolved oxygen d is t r ibut ion along the length of a s t r e a m . 
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10. Nomencla tu re 
a^^a^, a^ ) coeff ic ients in the r e l a t ionsh ips desc r ib ing the r a t e of 
^ ^ ^ ) oxygen product ion by photosynthesis and the r a t e of 

1' 2' 5 ) oxygen consumption by plant and benthal r e sp i r a t i on . 
B benthal oxygen demand r 
c sensi t iv i ty ana lys i s inc remen t 
C dissolved oxygen leve l at t ime t 
Co dissolved oxygen level at t = 0 
D dissolved oxygen defici t at t ime t 
Do dissolved oxygen defici t at t=0 
D dissolved oxygen defici t at t ime t 
e Naper ian logar i thm base ( = 2.718) 
i l , n 
Iq so la r radiat ion intensity (insolation) 
3 l . n 
K j r a t e constant f o r carbonaceous oxidation 
K2 r eae r a t i on coeff ic ient 
Ks r a t e constant f o r n i t rogeneous oxidation 
K4 coeff icient fo r the r emova l / add i t ion of B . O . D . by 

sed imen ta t ion / r e suspens ion 
Kj. Ki + K4 
L u l t imate carbonaceous oxygen demand (U. B. O. D. ) 
La r a t e of addition of U. B . O . D . along the r e a c h 
L^ r a t e of U. B. O. D. addition f r o m benthal deposi ts 
M b iomass of rooted plants 
n number of independent va r i ab l e s 
N u l t imate ni t rogeneous oxygen demand at t ime t 
No u l t imate ni t rogeneous oxygen demand at t = 0 
p percentage change in x 
Ph2 oxygen production due to photosynthes is 
Pr2 oxygen consumption by plant r e s p i r a t i o n 
P^ b a r o m e t r i c p r e s s u r e 
Q s t r eamf low 

à c / i x j s 
t t ime 
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T stream temperature 
X independent variable 
xr reference value of x 
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Part 2 

A METHOD TO PREDICT THE DISTRIBUTION OF 
DISSOLVED OXYGEN IN AUSTRALIAN STREAMS 

by 

J.K.Tuck 

This section was submitted to the School of Chemical Engineermg 
at the University of New South Wales as part of the requirements 
of the Degree of Master of Applied Science in Environmental 
Pollution Control. 



P r e f a c e 

This study, partly funded by the Australian Water Resources 

Council, was undertaken to develop a method to predict the distrib-

ution of dissolved oxygen in Australian streams and is part of a wider 

investigation of water quality problems arising from human visitation 

in the National Parks of New South Wales. 

The need for such an investigation became evident during the 

course of preliminary work carried out by the School of Chemical 

Engineering of the University of New South Wales in conjunction with 

the National Parks and Wildlife Service. Investigations (Stinson 

1974) have shown that Perisher Creek, which flows through the pop-

ular ski resort area of Perisher Valley in the Kosciusko National 

Park suffers from severe bacterial contamination. Using Perisher 

Creek as the focal point, a program to investigate the various health 

and ecological effects resulting from the pollution of National Park 

streams was formulated. 

This report represents a critical aspect of the investigation 

program. By developing a method to predict the dissolved oxygen 

levels of such streams over an established range of conditions, it 

will be possible to determine the degree of pollutant control required 

to avoid ecological damage to the stream. 



A b s t r a c t 

Factors influencing the dissolved oxygen balance in a stream 

have been examined within the context of the Australian environment. 

A mathematical description of the dissolved oxygen balance has been 

developed using empirical equations extracted from the literature to 

supplement a hybrid of the basic kinetic formulations proposed by 

Dobbins (1964) and O'Connor (1967). 

A computer model of the dissolved oxygen balance (OXSTRAL) 

has been constructed and shown to have considerable value both as a 

means for predicting dissolved oxygen levels and for evaluating the 

most significant parameters affecting the dissolved oxygen distrib-

ution. Application of OXSTRAL was illustrated using data collected 

from Perisher Creek, an alpine stream located in the Kosciusko 

National Park. 

The most significant conclusions of this study are that -

(i) OXSTRAL presents itself as a convenient method of assessing 

data requirements and frequency of measurement; 

(ii) providing sufficient field data are available the satisfactory pre-

diction of dissolved oxygen levels for a variety of hydrological and 

climatological conditions is possible using OXSTRAL; 

(iii) dissolved oxygen levels in Perisher Creek will be maintained at 

satisfactory levels providing aquatic growth and the inflow of oxygen-

deficient surface or groundwater do not greatly exceed present 

levels. 
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1. In t roduct ion 

The na t iona l p a r k s and wi ldl i fe r e s e r v e s w e r e chosen a s the 

mos t su i tab le a r e a s in which to c a r r y out wa t e r qual i ty inves t iga t ions . 

T h e s e a r e a s cove r a b r o a d s p e c t r u m of the Aus t r a l i an l andscape , 

rang ing f r o m the hot a r i d Sturt National P a r k to the Alpine Kosciusko 

Nat ional P a r k . Consequent ly , a wide va r i e ty of s t r e a m s and cl i -

m a t i c condi t ions a r e r e p r e s e n t e d . Since the p a r k s provide r e c r e a t i o n -

al ac t iv i ty f o r many thousands of people some s t r e a m s will be sub jec t -

ed to u r b a n type pollution and poss ib l e ecological d is rupt ion , if not 

cont inuously then on a s ea sona l b a s i s . These f a c t o r s , toge ther with 

the abi l i ty to d raw upon the r e s o u r c e s of the Nat ional P a r k s and 

Wildl i fe Se rv ice of N . S . W . have inf luenced the development of the 

c u r r e n t s tudy . 

The m a n a g e m e n t of wate r qual i ty in a s t r e a m i s usua l ly based 

on the ma in t enance of adequate d issolved oxygen leve ls along i ts 

length . The m i n i m u m disso lved oxygen level fo r the main tenance of 

aquat ic l i f e i s d i s c u s s e d in de ta i l in Chapte r 2 and f o r m o s t p u r p o s e s 

it can be f ixed at 5 mg/1 . The concent ra t ion of d isso lved oxygen 

along the length of a s t r e a m is dependent on a number of envi ron-

men ta l f a c t o r s , the mos t impor t an t being organic was te type and 

quanti ty; s t r e a m flow; oxygen def ic i t ; s t r e a m t e m p e r a t u r e ; dilution 

due to g roundwa te r and t r i b u t a r y inflow; and the photosynthet ic p r o -

duction of oxygen and r e s p i r a t i o n of aquat ic plant l i fe and a lgae . A 

deta i led d e s c r i p t i o n of the p r o c e s s e s a f fec t ing the supply and depletion 

of oxygen can be found in Chap te r 3. 
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Polluted streams are usually characterised by a decline follow-

ed by a recovery in the dissolved oxygen level along the length of the 

stream. The initial decrease in level occurs due to the greater rate 

of oxygen removal by biological oxidation than can be supplied by re-

aeration. The rate of biological oxidation is directly proportional to 

the quantity of organic material present and consequently decreases 

with flow time. The minimum deficit will be that point at which the 

rate of supply of oxygen by reaeration equals the rate of consumption 

by biological oxidation. Thereafter the reaeration process dominates 

and the dissolved oxygen deficit is gradually reduced. 

The processes which determine the dissolved oxygen balance in 

a stream have been subject to extensive investigation by numerous re-

search workers overseas. A review of this work is contained in 

Chapters 3 - 6 . It is expected that most of the empirical results are 

applicable to Australian conditions although empirical equations re-

lating to the oxygen demand of benthal deposits and the photosynthesis 

and respiration of aquatic plants may require further investigation. 

The dissolved oxygen balance for Australian conditions will be 

developed according to an understanding of those processes affecting 

the dissolved oxygen level in Australian streams. A computer pro-

gram (OXSTRAL) based on a mathematical model will be used to sim-

ulate the balance between the supply and depletion of oxygen and where 

necessary will incorporate empirical relationships determined by 

other research workers. In addition to the carbomceous oxidation 

and atmospheric reaeration processes, the effects of plant respir-

ation, photosynthesis, nitrification, benthal demand and dilution 
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from groundwater and tributary inflow will be included in the analysis. 

In this way the model will cater for a wide range of possible conditions, 

not only within the confines of a single stream but also from one 

stream to another. 

Basically OXSTRAL will be structured so as to carry out a 

number of successive oxygen balances. The stream will be divided 

into predetermined increments and the calculated output of each section 

will serve as part of the data for the adjoining downstream section. 

The length of each section or reach will be chosen according to how 

well parameter uniformity is maintained within the reach. The diss-

olved oxygen profile, or oxygen sag curve for the stream and the 

temporal variation of associated variables will be found by integration 

of the successive reaches. 

Continuation of the present study will involve the collection of 

data from a number of national parks in N.S.W. for the purposes of 

refinement and verification of the computer model. The current study 

will be limited to the development of the model and will outline those 

areas where more elaborate data collection techniques may be 

warranted. Limited model verification will be possible using field 

data collected from Perisher Creek, an alpine stream which flows 

through the Perisher Valley in the Kosciusko National Park. The 

sensitivity of the computed dissolved oxygen distribution to changes 

in input data will also be determined. This information will indicate 

the significance of each parameter in the dissolved oxygen balance and 

the accuracy to which it is to be evaluated. 
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2. A u s t r a l i a n S t r e a m C h a r a c t e r i s a t i o n 
2 . 1 Phys ica l C h a r a c t e r i s t i c s 

A p r e r e q u i s i t e to the development of a method of d issolved oxy-
gen pred ic t ion is to e s t ab l i sh the g e n e r a l c h a r a c t e r i s t i c s of those 
s t r e a m s to which the method will f ind appl ica t ion . Since the method 
should be adaptable to mos t A u s t r a l i a n s t r e a m types the n a t u r e of 
A u s t r a l i a n s t r e a m s needs to be e s t ab l i shed . 

Hydrological ly two types of s t r e a m s a r e evident on the Austra l ian 
cont inent . S t r e a m s which a r e confined to a n a r r o w s t r i p along the 
n o r t h e r n and e a s t e r n coas t s and along s m a l l s t r e t c h e s of the southern 
coas t m a y be subjec t to subs tan t i a l r a i n f a l l s and accord ingly s t r e a m -
flow m a y be qui te high at va r ious t i m e s during the y e a r . Those 
s t r e a m s loca ted in the d r y e r cen t r a l and n o r t h - w e s t e r n a r e a s a r e 
subjec t to low ra in fa l l , high evapora t ion l o s s e s and f la t topography. 
T h e s e condi t ions, toge ther with the lack of p e r e n n i a l snowfields r e -
sul t in the p r e valance of low s t r e a m f l o w s in the s u m m e r . In the 
t rop i ca l no r th and n o r t h - e a s t , on the other hand, s t r e a m f l o w s tend to 
be g r e a t e s t in the s u m m e r . 

A common c h a r a c t e r i s t i c of al l A u s t r a l i a n s t r e a m s i s that 
s t r e a m f l o w tends to be quite va r i ab le both within a y e a r l y per iod and 
over a n u m b e r of y e a r s . This va r i ab i l i ty i n c r e a s e s inland and 
no r thwards towards the monsoonal reg ion (Leepe r , 1970). The 
va r i ab i l i ty is being counte rac ted in some a r e a s by the const ruct ion of 
new and the en l a rgmen t of exis t ing s t o r a g e a r e a s . Th is d e v e l o p m e n t 

i s allowing m o r e and m o r e w a t e r to be d ive r t ed inland and at the same 
t ime is placing s o m e control over s t r e a m f l o w . 
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2. 2 P o s s i b l e Sources of Pollution 

The quantity of dissolved oxygen in a s t ream is subject to re -

duction whenever organic mater ia l is iatroduced into the system. 

General ly most non-urban natural s t r e a m s are susceptible to some 

degree of pollution - if not continuously then at l eas t on a seasonal 

b a s i s . The organic mater ia l is introduced into the s t ream environ-

ment via s tormwash, seepage from groundwater, drainage from 

swamp lands, decaying of aquatic life and in some instances where 

recrea t iona l pursuits a r e encouraged the organic mater ia l may be 

in the form of part ly treated sewage effluent. 

2 . 3 Oxygen Requirements of Aquatic Life 

Oxygen requirements of aquatic l i fe have been the subject of 

numerous investigations by overseas workers . Unfortunately, there 

is a lack of data on the requirements of Australian freshwater organ-

i s m s , and guidelines, at least for the present , must be based on 

o v e r s e a s c r i t e r i a . 

E IFAC (1973) and Doudoroff and Shumway (1970) have reviewed 

information relating to the direct lethal action of low dissolved oxygen 

on f reshwater f ish and have taken into account the influence of the age 

of the f ish, the water temperature and accl imat isat ion. Sublethal 

e f fects , in relat ion to fert i l i sat ion, embryonic development, r e s p i r -

ation, metabol ism and swimming performance were also summarised. 

While most investigations have dealt specif ical ly with the oxygen r e -

quirements of f ish there s e e m s to be agreement, based on l imited 

. data, that aquatic environments with dissolved oxygen levels sufficient 



6. 

to sus ta in a f i s h population will a l so suppor t i n v e r t e b r a t e s and 
aquat ic f l o r a (Hart , 1974). 

It is gene ra l ly accep ted that a m i n i m u m disso lved oxygen con-
* 

tent of 5 mg/1 is n e c e s s a r y to avoid de l e t e r ious e f f ec t s on the aquatic 
l i fe of the s t r e a m (Doudoroff and W a r r e n , 1962; Tebbut t , 1971; 
Klein, 1962; and H a r t , 1974). However , d i f f icu l t i es a r i s e in f o r m -
ulat ing c r i t e r i a . F a c t o r s such a s pH, CO^, d i sso lved sol ids and 
m o r e impor tan t ly t e m p e r a t u r e and f luc tua t ing d i sso lved oxygen con-
cen t ra t ion tend to i n t e r f e r e with the r e q u i r e m e n t s and uptake of d i ss -
olved oxygen by aquat ic o rgan i sms . Doudoroff and W a r r e n (1962Ì 
indicate that the growth r a t e s of f i sh sub jec ted to f luc tuat ing d issol -
ved oxygen concen t ra t ions a r e dependent on the m i n i m u m concen-
t r a t i o n s o c c u r r i n g at night r a t h e r than on the daily mean concentrat ions 

T e m p e r a t u r e is usual ly the m a j o r f a c t o r in c r i t e r i a formulat ion. 
The t e m p e r a t u r e of the wate r a f f ec t s both the solubi l i ty of oxygen, as 
shown in Table 1. 2 and the metabol ic r a t e of aquat ic l i f e . General ly 
a r i s e of 10°C will i n c r e a s e the oxygen r e q u i r e m e n t s two to threefold . 

The dissolved oxygen levels f o r the p ro tec t ion of t rou t and other 
aquat ic l i fe at va r ious t e m p e r a t u r e s , a s r e c o m m e n d e d by the E . P . A . 
(1973) a r e shown in Table 2 . 1 . It should be noted that where toxic 
subs t ances a r e int roduced into the s t r e a m env i ronment these values 
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may have to be increased (Hart, 1974). Generally toxicity increases 

with temperature and with reduced dissolved oxygen levels. Resid-

ual chlorine, emanating from the sterilisation of sewage effluent will 

generally be the major cause for concern. Apart from affecting the 

performance and health of fish, plant and microbiological life, the 

presence of chlorine compounds may also inhibit the biological oxid-

ation of waste material in the stream. 

Table 2.1: Recommended Minimal Acceptable Concentrations of 

Temperature Oxygen Levels 
for Complete 
Saturation 

mg/1 

Minimal Levels 
for Protection 
of Trout Spawn-

ing 

Minimal Levels 
for Protection of 
Aquatic Life 

Temperature Oxygen Levels 
for Complete 
Saturation 

mg/1 
mg/1 % Satur-

ation 
mg/1 % Satur-

ation 

36.0 7 6.4 91. 4 5.8 82.9 

27.5 8 7. 1 88. 8 5.8 72.5 

21.0 9 7. 7 85. 6 6.2 68.9 

16.0 10 8.2 82.0 6.5 65.0 

7.7 12 8.9 74.2 6.8 56.7 

1.5 14 9.3 66.4 6.8 48. 6 

Source: EPA, 1973 
Presented by Hart (1974) 



3. The Dissolved Oxygen Balance in a S t ream 
The dissolved oxygen dis tr ibut ion along the length of a polluted 

s t r e a m can be v isua l i sed a s a dynamic quantity dependent mainly on 
the fo rmat ion of a balance between the r emova l of oxygen by the bio-
logical oxidation of carbonaceous m a t e r i a l and the addition of oxygen 
by a tmospher ic r e ae r a t i on and photosynthes is . 

The r a t e of biological oxidation of carbonaceous m a t e r i a l is de-
pendent on the u l t imate biological oxygen demand and s t r e a m temp-
e r a t u r e . The ul t imate biological oxygen demand (UBOD), which ex-
p r e s s e s the organic content of the s t r e a m water in t e r m s of i ts oxy-
gen depletion potential , d e c r e a s e s with flow t ime a s oxidation pro-
g r e s s e s . Consequently, the r a t e of biological oxidation, which is 
d i rec t ly proport ional to the UBOD d e c r e a s e s . The effect of increas -
ing the s t r e a m t e m p e r a t u r e is to i nc rease the biological oxidation 
r a t e geometr ica l ly by approximately 2% per ^C (Theriaul t , 1927). 
A m o r e detai led explanation of the oxidation p r o c e s s may be found in 
Section 3 . 2 . 1 . " 

Where par t ly t r ea ted was tes a r e d ischarged into the s t r e a m 
a n d / o r the s t r e a m t e m p e r a t u r e i s approximate ly 30°C biological ox-
idation in the f o r m of n i t r i f ica t ion may become impor tan t , and in 
some ins tances may dominate all other p r o c e s s e s . In mos t temp-
e ra t e s t r e a m s ni t r i f icat ion will not be apparent for ten or so days' 
flow t ime f r o m the source of the pollution and even then will gen-
era l ly be of l i t t le s ignif icance. 

In some s t r e a m s p r o c e s s e s additional to carbonaceous biolog-
ical oxidation and ni t r i f ica t ion may promote f u r t h e r oxygen depletion. 
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Often these processes create a cr i t ical deficit at a fixed location, 

independent of other parameters . For example, the deposition of sus-

pended organic material will be followed by an increase in the benthal 

oxygen demand and a reduction in the oxygen content of the water in the 

region of deposition (see Section 3 . 2 . 3). Another source of oxygen 

depletion occurs where fixed plants or benthal algae are present. The 

respiration of this f lora, particularly at night can result in a signific-

ant lowering of the oxygen level (see Section 3 . 2 . 4 ) . 

The rate of addition of oxygen by atmospheric reaeration depends 

on the turbulence of the water, which in itself is a function of stream 

velocity, depth and bed roughness; on the difference in partial press-

ure between the atmospheric oxygen and dissolved oxygen in the 

stream; and the stream temperature. An increase in turbulence 

caused by an increase in stream velocity or bed roughness, or a de-

crease in s tream depth,will increase the reaeration rate . A decrease 

in the reaeration rate will occur if the partial pressure difference is 

reduced as a consequence of high altitude (as in the case with Per isher 

Creek) or the temperature is increased, reducing the oxygen satura-

tion level. A more detailed explanation of these processes is con-

tained in Sections 3. 3. 1, 3 .4 and 3 . 5 . 

The final contributing factor to the oxygen balance, the product-

ion of oxygen by photosynthesis,is dependent largely on the plant or 

algal biomass and the availability of light, which is influenced by the 

season, the topography, the atmospheric conditions as well as the tur-

bidity of the water. Changes in the rate of photosynthesis may result 
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in cons iderable d iurna l and seasonal f luctuat ions in dissolved oxygen 
content. Section 3 . 3 . 2 contains a m o r e detai led d iscuss ion of the 
signif icant p a r a m e t e r s affect ing photosynthes is . 

3 .1 The Oxygen Sag Curve 

The dissolved oxygen balance between oxygen supply and de-
oxygenation in a s t r e a m is often expres sed in the f o r m of a plot of 
dissolved oxygen level as a function of s t r eamf low t ime or distance 
downst ream f r o m the source of pollution. This curve, commonly 
t e r m e d an 'oxygen sag curve ' may be der ived e i ther f r o m field meas-
u r e m e n t s or f r o m a mathemat ica l model and r e p r e s e n t s the dissolved 
oxygen distr ibution along the length of a s t r e a m fo r a given set of en-
vi ronmenta l conditions. 

F igu re 3 . 1 shows ideal ised oxygen sag curves fo r a s t r eam 
when d i f ferent amounts of organic was tes a r e int roduced. The initial 
dissolved oxygen concentrat ion drops rapidly at the point of pollutant 
introduction. If the waste load is in a phase of act ive decomposition 
or if the was tes a r e voluminous as compared to s t r eamf low and con-
tain l i t t le dissolved oxygen the decline in dissolved oxygen will take 
the f o r m of an immedia te drop. The r a t e and extent of fu r the r 
oxygen depletion will depend upon the concentrat ion of organic 
m a t t e r and the r a t e at which it is oxidised. The min imum deficit 
on the oxygen sag curve will be that point at which the r a t e of supply 
of oxygen by r eae ra t i on equals the r a t e of consumption of oxygen by 
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biological oxidation. Thereafter the reaeration proces s dominates 

and the dissolved oxygen deficit is gradually reduced. In the case 

of relatively low concentrations of organic matter the decline in d i s s-

olved oxygen concentration i s smal l and recovery is rapid. Higher 

concentrations of organic matter result in a greater depression in 

the dissolved oxygen concentration and the length of the s t ream 

affected is more extensive. In some instances pollution may be so 

severe that the dissolved oxygen in a segment of the s t ream is com-

pletely depleted and a septic zone created. 

Where partial ly treated sewage is the main pollutant, the oxy-

gen sag curve descr ibed may be modified by the intervention of a 

succeeding second s tage in which nitrification becomes dominant. 

The oxygen utilisation rate and duration of the nitrification stage will 

be dependent on a number of environmental fac tors , as outlined in 

Section 3 . 2 . 2 . 

The lowest point on the oxygen sag curve should be maintained 

at a value above 5 m g / 1 at all t imes (Section 2.3) for most Australian 

s t r e a m s . The cr i t ica l period when this condition is most likely to 

be violated will occur in the warm weather drought season when 

freshwater flow is low, dilution of pollutants is reduced and where 

lower s t r e a m velocit ies and turbulence accompany the lower s t ream-

flow such that reaerat ion efficiency is decreased . The higher s t ream 

temperatures decrea se the oxygen saturation level which in turn re-

duces the driving force in the m a s s t ransfer of atmospheric oxygen to 

the water . High s t r e a m temperatures a l so promote an increase in the 
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r a t e of b io logica l decompos i t ion r e s u l t i n g in a l ower m i n i m u m d i s s -
olved oxygen level a t a d i s t ance c l o s e r to the point of pol lu tant d i s -
c h a r g e . In s o m e a lp ine l oca l i t i e s the c r i t i c a l pe r iod m a y occur in 
w in te r when the low s t r e a m f l o w co inc ides with heavy ice c o v e r . The 
p r e s e n c e of a heavy ice cove r could r e d u c e m a r k e d l y the s u r f a c e of 
the s t r e a m ava i l ab le f o r a t m o s p h e r i c r e a e r a t i o n and could a l s o in-
hibit photo synthet ic oxygen product ion th rough a d e c r e a s e in l ight pen-
e t r a t i o n . However , to coun te rac t t h e s e e f f e c t s a high oxygen sa t -
u r a t i on leve l accompanying the low t e m p e r a t u r e s wil l i n c r e a s e the 
m a s s t r a n s f e r r a t e a c r o s s the r e m a i n i n g a i r - w a t e r i n t e r f a c e , although 
s o m e dampening of the m a s s t r a n s f e r r a t e will o c c u r due to a geo-
m e t r i c d e c r e a s e in the r e a e r a t i o n r a t e coe f f i c i en t of approx ima te ly 
2.4% p e r ( C o m m i t t e e on Sani ta ry Eng inee r ing R e s e a r c h , 1961). 
In fo rmat ion on the deg ree to which ice cove r inhibi ts r e a e r a t i o n and 
pho tosyn thes i s is s can t and f u r t h e r r e s e a r c h i s n e c e s s a r y b e f o r e the 
s ign i f i cance of ice cover as a f a c t o r inhibit ing r e a e r a t i o n in the 
A u s t r a l i a n Alps can be gauged. However , it should be kept in mind 
tha t at low t e m p e r a t u r e s the r a t e of b io logica l oxidation will be low 
and hence the r a t e of oxygen depletion will be r e d u c e d cons ide rab ly . 

3 .2 The Deplet ion of Disso lved Oxygen 
Gene ra l ly the m o s t impor t an t p r o c e s s caus ing oxygen depletion 

is that a s s o c i a t e d with the oxidation of c a r b o n a c e o u s m a t e r i a l . How-
e v e r , in some s t r e a m s the c i r c u m s t a n c e s m a y be such that n i t r i f ica t ion 
of w a s t e s o r the r e s p i r a t i o n of benthal o r aqua t ic p lan ts m a y be highly 
s ign i f i can t . 
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3 . 2 . 1 Carbonaceous Oxygen Demand 

The carbonaceous oxidation process is a manifestation of the 

respiratory functioning of micro-organisms. To maintain life and 

growth micro-organisms consume organic material and diss-

olved oxygen and respire carbon dioxide in the process . The pro-

cess is s imilar to those that characterise biological treatment plants. 

That i s , the oxidation of the organic material proceeds in an over-

lapping stepwise fashion, the end products of one reaction providing 

the fresh material for the next reaction. 

The rate of oxidation is determined principally by the nature of 

the organic material and the stream temperature. If the organic 

material is in solution then the rate of oxidation is likely to be great-

er than that of a suspended material . The rate of biological oxid-

ation is a function of temperature and will increase with an increase 

in s tream temperature, a rule of thumb being that the reaction rate 

is doubled for a r i s e in temperature of 10*^0 CKLein, 1962). 

One other factor, which is not normally significant but may 

warrant attention when a s se s s ing dissolved oxygen levels close to 

the source of pollution is that of microbiological population. Evidence 

presented by Camp (1963) indicates that if the biological oxygen de-

mand at a distance corresponding to one day's travel is to be con-

sidered then the initial concentration of bacteria will affect the diss-

olved oxygen requirement during this period. This is in contrast to 

the normal five day biological oxygen demand where the initial bact-

erial count is immaterial to the quantity of dissolved oxygen con-

sumed in the five day period. For example, it has been found 
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(Camp, 1963) that f o r a low and a high concentration^ of the culture 
2 

aerobac ter aerogenes liquid medium the total count and total oxygen 

uti l ised after f ive days was substantially the s a m e . However , at the 

end of the f i r s t day a cons iderable d i f f e rence in bacter ia l count in the 

low concentration culture was still evident and oxygen uti l ised by the 

low concentration culture was approximately 2 5% l e s s than that of the 

high initial count culture. These results indicate that caution must 

be applied when applying 5 day B . O . D . data to s t ream sect ions which 

are within one day 's travel of the source of pollution and have low 

bacter ia counts. 

Velz (1970) states that s t reams which drain virgin land normally 

c a r r y a residual organic load of approximately 1 ppm of BOD5 during 

the dry season and up to 2 ppm during high runoff when drainage f r o m 

swamps o c c u r s . If sewage effluent f r o m recreat iona l areas is 

al lowed to enter the s tream environment the BOD5 b a d will be con-

s iderably higher and is l ikely to be present in a c y c l i c pattern 

accord ing to both diurnal and seasonal f luctuations in the use of the 

r e s o r t ' s fac i l i t i es . 

3 . 2 . 2 Nitri f icat ion 

Nitri f icat ion represents a s e r i e s of assoc ia ted react ions in 

which ammonia and s imple animal compounds are oxidised to nitrite 

and then to nitrate. Unlike the carbonaceous react ion which is dom-

inated by a rather persistent group of heterotrophic o rgan i sms oxid-

ation of the nitrogenous mater ia l i s c a r r i e d out by spec ia l i sed groups 1. 3, 200 and 3, 200,000 bacter ia per m l . 
2. A e r o b a c t e r aerogenes are non f e ca l c o l i f o r m s usually found in 

so i l and decaying vegetation. 
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of organisms which are much more sensitive to environmental con-

ditions . 

The oxidation of ammonia to nitrite is carried out by bacteria of 

the genus Nitrosomonas and the second phase, the conversion of ni-

trite to nitrate, is carried out by the genus Nitrobacter (Velz, 1970h 

Although these micro-organisms are widely distributed in nature, the 

specialised requirements in terms of temperature ( i .e . approx. 

25 -30^0 and pH normally do not permit large populations to dominate 

the stream environment and consequently nitrification is usually a 

minor component of the biological oxygen demand. 

Nevertheless nitrification may be a significant factor when bio-

logically treated effluents from a recreational area are discharged 

into the stream environment. Secondary treatment of waste reduces 

the quantity of easily oxidisable carbonaceous material and ammonia 

and heat are generated in the process. This encourages the growth 

of nitrifying bacteria and, where discharge of the treated effluent to 

a stream results in the effluent constituting a large proportion of the 

streamflow nitrification will quickly dominate, particularly if the 

elevated temperatures are maintained in the stream. If the stream 

temperature and pH are not optimal, nitrification may either be in-

significant or occur at a slow rate, commencing at a point downstream 

corresponding to a lag time of three to ten days (O'Connor, 1967). 

Depending on the amount of ammonia in the effluent, the nitrif-

ication phase under optimal conditions can depress the dissolved oxy-

gen levels substantially below the level accounted for by the residual 

carbonaceous B. O. D. of the effluent. In one study by O'Connell and 
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Thomas (1965) of the T r u c k e e R ive r in Nevada , U . S . A . , oxygen con-
sumed in n i t r i f i ca t ion was found to be app rox ima te ly f ive t i m e s g rea t -
e r than the ca rbonaceous oxygen demand . In many reg ions of 
A u s t r a l i a , high s u m m e r t e m p e r a t u r e s and low s t r e a m f l o w may pro-
vide ideal condit ions f o r the n i t r i f i ca t ion p r o c e s s to e s t ab l i sh itself 
a s the dominant m e c h a n i s m in the depletion of the d isso lved oxygen. 
Within New South Wales it is i n t e re s t ing to note that s t r e a m s within 
the W a r r u m b u n g l e s , Lake Menindee and Sturt Nat ional P a r k a r e a s 
a r e l ikely to be c l a s s i f i ed as being suscep t ib le to n i t r i f i ca t ion accord-
ing to t h e s e c r i t e r i a . 

3 . 2 . 3 Benthal Decomposi t ion 
In addition to the r e m o v a l of organic w a s t e s by biological oxid-

ation some solid was tes may be r emoved f r o m a s t r e a m by sediment-
a t ion. Bottom depos i t s f o r m in t h r e e gene ra l ways (Velz, 1958); 
i . e . by 

(i) deposit ion of heavy sol ids , 
(ii) deposi t ion resu l t ing f r o m the f loccula t ion and coagulation 

of so l ids and growths , and 
(iii) biological ex t rac t ion and accumula t ion of w a s t e s by 

growths a t tached to the bot tom of the s t r e a m . , 
F loccula t ion and coagulation of sol ids is comparab l e to an act ivated 
s ludge s y s t e m in which the growths a r e d i s p e r s e d throughout the flow-
ing s y s t e m . Under ce r t a in conditions the growths f loccu la te and the 
f loes i n c r e a s e in s ize unti l sed imenta t ion o c c u r s . On the o ther hand 
the biological ex t rac t ion and accumula t ion of w a s t e s i s analogous to 
a t r i ck l ing f i l t e r p r o c e s s , whe re the o rgan ic m a t e r i a l i s abso rbed 
by the aquat ic biota . 
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The f o r m e d bot tom depos i t s , o r ben thai deposi t s as they a r e 
often t e r m e d , u n d e r g o a n a t u r a l pur i f ica t ion p r o c e s s involving both 
ae rob ic oxidat ion of s u r f a c e l a y e r s and anae rob ic decomposi t ion of 
lower l a y e r s to which oxygen di f fus ing f r o m the wa te r cannot p e n e t r a t e . 
The cont r ibut ion by the a e r o b i c s u r f a c e l a y e r s to the oxygen demand 
have been found to be ins igni f icant in f a s t flowing s t r e a m s (Tebbutt , 
1971). However , if s t r e a m ve loc i t ies a r e low and benthal deposi ts a r e 
subs tant ia l then deplet ion of oxygen may have a cons ide rab le impact on 
the d i s so lved oxygen ba lance of the s t r e a m . 

Velz (195 9) s t a t e s that if the s t r e a m veloci ty is l e s s than 0 .2 m / s 
deposit ion of so l ids can be expected, while ve loc i t ies g r e a t e r than 
0 .3 m / s m a y cause r e s u s p e n s i o n . Resuspens ion of benthal deposi ts 
can have u n d e s i r a b l e consequences as it may r e s u l t in the sudden 
addition of u n s t a b l e ca rbonaceous compounds to the s t r eamf low caus-
ing e x c e s s i v e oxygen depletion d o w n s t r e a m . 

Gene ra l l y speaking, t h e r e i s no change in benthal oxygen demand 
with t e m p e r a t u r e (Rolley and Owens, 1967) although va r i a t ions in 
benthal o r g a n i s m growth and type have been observed accord ing to 
seasonal changes in t e m p e r a t u r e (Blum, 1972). Observed va r i a t ions 
in the benthal oxygen demand along the length of a s t r e a m have been 
found to r e f l e c t d i f f e r e n c e s in deposi t depth, organic concent ra t ion 
and the a r e a c o v e r e d . 

3 . 2 . 4 The R e s p i r a t i o n of P lan t and Algae 
The r e s p i r a t i o n of aquat ic p lants and a lgae can r e p r e s e n t a 

c r i t i ca l f a c t o r in e s t a b l i s h i n g the m i n i m u m oxygen def ic i t l eve l of a 
s t r e a m . The p r o c e s s i s bes t ana lysed within the context of pho to-
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synthesis and the reader is directed to Section 3 .3 .2 for a discussion 

of the process. 

3. 3 The Supply of Dissolved Oxygen 

Oxygen is supplied continuously to a stream by absorption from 

the atmosphere at the stream surface and, where aquatic plants, 

plankton or algae are present, by photosynthesis during daylight 

hours. Strictly speaking, a process of dynamic interchange involv-

ing absorption and de sorption of oxygen occurs at the interTace be-

tween the water and air, the rate of absorption being greater than the 

rate of desorption if the concentration of the dissolved oxygen is be-

low the saturation level and vice versa. 

3 .3 .1 Atmospheric Reaeration 

If for any reason the dissolved oxygen content of a stream falls 

below saturation more oxygen will be absorbed at the surface than is 

desorbed, and the dissolved oxygen level will again approach satur-

ation if further oxygen depletion is absent. 

The process of reaeration takes place in a thin film of water at 

the air-water interface but the rate is controlled by the diffusion of 

oxygen throughout the main body of water. Consequently any factor 

which increases turbulence within the stream will also increase the 

rate of reaeration. An increase in flow velocity, a reduction in 

stream depth or a roughening of the stream bed are factors which can 

cause increased turbulence and increased reaeration. 

The interdependence between turbulence and reaeration may be 

explained as follows. Turbulent eddies, initially generated at the 

bottom by the roughness of the stream bed drift into the main stream 
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where they a r e b r o k e n up by v i scous f o r c e s into a s u c c e s s i o n of s m a l l e r 
eddies . With an i n c r e a s e in s t r e a m veloci ty the ene rgy contained with-
in the g e n e r a t e d edd ies p r o m o t e s both an i n c r e a s e in tu rbu lence at the 
a i r - w a t e r i n t e r f a c e and g r e a t e r mixing of the s u r f a c e and s u b s u r f a c e 
l a y e r s . I n c r e a s i n g t u rbu l ence at the s u r f a c e not only has the ef fec t 
of encouraging g r e a t e r e n t r a i n m e n t of a i r at the i n t e r f a c e but a l so as 
the r e s u l t of wave and r i pp l e f o r m a t i o n the e f fec t ive w a t e r s u r f a c e a r e a 
in contact with the a i r is expanded. Inc reas ing the w a t e r depth causes 
g r e a t e r d i s s ipa t ion of ene rgy so that eddies r e a c h i n g the s u r f a c e do not 
promote the t u r b u l e n c e that would be evident in sha l lower depths of 
wate r . 

Weed growth can have a pronounced effect on s t r e a m tu rbu lence 
and r e a e r a t i o n . The p r e s e n c e of the weeds will tend to r educe s t r e a m 
veloci t ies which in o r d e r to p r e s e r v e s t r e a m f l o w continuity will r e s u l t 
in e i the r a deepening of the s t r e a m or an i n c r e a s e in width, depending 
on a complexi ty of f a c t o r s including the geomorphology of the banks and 
bed, s t r e a m slope and s i l t a t ion loading . 

Klein (1962) quotes e x p e r i m e n t a l work which shows that the r e -
aera t ion e f f i c i ency m a y be r educed s ignif icant ly by the p r e s e n c e of 
su r face ac t ive con taminan t s in the w a t e r . The p r e s e n c e of up to 10% 
of se t t led sewage ef f luent was found to r e d u c e the exchange coeff ic ient 
by as much as 60%. On the o the r hand the p r e s e n c e of well pur i f i ed 
sewage ef f luent had a r e l a t i v e l y s m a l l e f fec t . Dobbins (1964) explains 
this phenomenon a s be ing a r e s u l t of the s u r f a c e ac t ive con taminan ts 
in the s e t t l ed sewage tending to i n c r e a s e the s u r f a c e tens ion and thus 
dec reas ing the d i f fus iv i ty of oxygen into the s u r f a c e l a y e r . The p r è s -
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ence of de te rgen t in a s t r e a m has been o b s e r v e d to have a s i m i l a r 
r educ ing e f fec t on the oxygen d i f fus iv i ty (Bennett and Rathbun, 1972). 

A f ina l f a c t o r inf luencing r e a e r a t i o n i s wind. Downing and 
T r u e s d a l e (1955) have found that an i n c r e a s e in r e a e r a t i o n is pa r t i c -
u l a r l y s ign i f ican t if the wind veloci ty is g r e a t e r than 3 m / s e c . How-
e v e r , s ince the wind e f fec t i s occas iona l and the added r e a e r a t i o n in-
consequent ia l in the a s s e s s m e n t of the long t e r m viabil i ty of a s t r e a m 
it is usua l ly neglec ted in d issolved oxygen s t ud i e s . 

3 . 3 . 2 Pho tosyn thes i s 
The oxygen balance of a n a t u r a l s t r e a m may be inf luenced, often 

to a s igni f icant deg ree by the metabo l ic ac t iv i t i es of chlorophyl l -
b e a r i n g a lgae , phytoplankton and aquat ic p l an t s . T h e s e phototrophes 
u s e ene rgy provided by so la r rad ia t ion to syn thes i se ca rbohydra te s 
f r o m carbon dioxide, w a t e r nu t r i en t s and t r a c e m i n e r a l s and r e l ea se 
oxygen as a byproduct to the sur rounding w a t e r . At the s a m e t ime 
the phototrophes and o ther aquat ic f l o r a r e q u i r e oxygen to mee t the 
continual r e s p i r a t o r y need . Consequently t h e r e is usua l ly a net gain 
of oxygen due to photosynthes is dur ing the daylight h o u r s and a decrease 
at n ight . In some c a s e s the net gain may be suf f ic ien t to cause local 
s u p e r s a t u r a t i o n and venting of oxygen to the a t m o s p h e r e . 

The g e n e r a l equation accord ing to Stum m and Morgan (1962) is 
106 C02 + 90 H2O + 16 NO3 + IPO43-+ A E = C106 H180 O45 NI6 P i 

+ 154 .502 
This p r o c e s s may be nu t r i en t (N, P e t c . ) or CO2 l imi ted but in 

polluted wa te r th is is unl ikely . 
Where the mean s t r e a m veloci ty is in e x c e s s of 0 . 3 m / s the 

development of f r e e - f l o a t i n g phytoplankton is not l ikely to occur 
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(O'Connell and Thomas 1965) except perhaps in those areas where the 

stream widens into stagnant pools of water and sufficient time is avail-

able for reproduction. The attached forms of algae and plant life may 

usually be found in greatest numbers a short distance from the source 

of pollution. The algae utilise the end products resulting from bact-

erial decomposition of organic matter or̂  in the absence of organic 

matter, the mineral content of the water; in particular the carbon di-

oxide f rom bicarbonates, may provide the nutrient supply. 

The light energy used in the photosynthetic process is usually 

considered to be the visible portion of the solar radiation spectrum 

(4000-7000A^) which makes up a little more than half of the incident 

radiation. The availability of this energy is affected by a number of 

factors, namely the time of day, the season and latitude, the altitude, 

the formation of shadows by local topography, the degree of cloud 

cover, the haze in the atmosphere and the turbidity of the water 

(Brown 1972). All these factors, apart from water turbidity can be 

estimated by means of a pyrheliometerlocated in the field. 

Turbidity, created by the presence of a suspension of finely div-

ided solids inhibilspenetration of light incident on the water surface and 

so restricts the activity of aquatic flora dependent on light energy . 

Hart (1974) reports that virtually no light is transmitted beyond a 

depth of 8 cm when the non-filterable residual concentration reaches 

150 mg/1. Owens and Edwards (1966) state that the photosynthetic or 

euphotic zone is generally assumed to extend to the depth at which the 

light intensity is 1% of the light intensity at the surface. The meas-

urement of turbidity, using a Sechi disk is used in conjunction with a 

pyrheliometer to assess the light intensity on the bed of the stream. 
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Data, presented by Brown (1972) reveal that at low light inten-

sities metabolic response of phototrophes is proportional to light 

intensity. However, according to the phototrophe type a level of 

light intensity is reached where increased light does not result in 

corresponding metabolic increases. At very high light intensities 

Brown (1972) has shown that increased light may inhibit photosynthesis, 

presumably by a process of pigment destruction. In areas subject to 

high solar radiation this phenomenon may be reflected by the lack of 

phototrophe growth in very shallow stream sections. 

Many investigators (Mohlman et al, 1931; Schroepfer, 1942; 

O'Connell, 1965) have reported large diurnal fluctuations in the con-

centration of dissolved oxygen in stream and rivers due to the photo-

synthetic activity of plants and to a much lesser extent of algae. 

Edwards (1968) and Owens, Knowles and Clark (1969) carried out cal-

culations based on extensive series of respirometric determinations to 

illustrate the respiratory and photosynthetic effects of plants on the 

oxygen distribution in a waterway. Calculations, the results of which 

are shown in Figure 3. 2, were made for two daily light intensity dis-
2 

tributions and two plant densities of 100 andSOCgof dry wt/m . Both 

plant biomass and light intensity were found to be of great influence in 

the establishment of an oxygen balance in a shallow stream. With 

high light intensities and fairly low plant populations dissolved oxygen 

levels did not fall below 100% saturation and for brief periods in the 

day exceeded 200% saturation. On the other hand, with dense plant 

populations pronounced deoxygenation occurred during periods of 

overcast weather and at night. The minimum and maximum light 
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intensities and respiration rates assumed for these calculations are 

shown in Figure 3 .3 . 

Obviously heavy growths of algae or rooted vegetation may be of 

questionable benefit in the maintenance of adequate dissolved oxygen 

levels. The self shading effect reduces the efficiency of the photo-

synthetic process whilst the respiratory rate increases in line with 

increases in biomass. It is most likely that the disadvantages of 

respiration of the phototrophes at night and during periods of low 

light intensity will offset the advantages of photosynthesis. This is 

even more apparent when one considers that although the oxygen pro-

duced over a complete diurnal cycle may exceed that consumed by res-

piration, the mass of water containing the oxygen produced during day-

light hours is not the same mass of water from which oxygen is with-

drawn to meet night time respiratory demands. As a result signif-

icantly large dissolved oxygen deficits will occur. Under such con-

ditions oxygen contributions by photosynthesis cannot be considered 

an asset where daily minimum rather than the daily mean concentra-

tion is critical. 

3.4 The Effect of Stream Temperature 

An increase in stream temperature affects the dissolved oxygen 

balance of a stream by lowering the dissolved oxygen saturation level; 

increasing the reaeration rate coefficient; influencing the species and 

populations of aquatic life; increasing the metabolic activity of the in-

digenous aquatic organisms and subsequently the rate of biological 

oxidation; and increasing the rate of photosynthesis. 

At increased temperature levels a stream is capable of holding 
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at saturation a somewhat lower quantity of dissolved oxygen. The 

saturation levels at various temperatures are shown in the following 

table. 

Table 3.1: Saturation Levels 

Temp. 0 10 20 30 
D.O. mg/1 14.6 11.3 9.1 7.6 

The reaeration rate coefficient (defined in Section 4.4) will also 

increase with temperature, counteracting to some extent the effect of 

the decrease in the rate of reaeration produced by the reduction in 

saturation level. 

The composition and growth of microbial communities depends 

largely on the temperature characteristics of the environment. In 

summer, the higher temperatures increase microbial activity and 

subsequently oxygen (Jepletiem is more intense. 

Klein (1962) reports that biological oxidation occurs at four 

times the rate at 27°C as at In the freezing point region very 

little biological activity takes place. These observations are sub-

stantiated by Camp (1963) who, when reporting on the effect of temp-

erature on the generation time of E. coli bacteria states that the org-

anism grows best at the temperature of the human body. At 

lower temperatures of 20°C and 15°C the generation times are re-

spectively four and eight times as long and substantially less oxygen 

is consumed. 

Brown (1972) has shown that at intermediate temperatures light 

and temperature act together to affect algal activity. Brown cites 

a case where an increase in water temperature from 20°C to 30°C • 
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l i f ted the l ight sa tu ra t ion intensi ty and inc reased the algal growth 
r a t e by about 50%. He a l so s ta tes that at ex t remely low or high 
water t e m p e r a t u r e s photosynthesis may be severe ly inhibited. 
Kniep (1914) has r epor t ed that at low t e m p e r a t u r e s the ra t io of photo-
synthes is to r e s p i r a t i o n was higher than at elevated t e m p e r a t u r e s in-
dicating that a lgae u se avai lable energy m o r e eff iciently in cooler 
wea the r . 

The ove ra l l e f fec t of t e m p e r a t u r e on the dissolved oxygen dis-
tr ibution in the p r e s e n c e of pollution will be to promote a g r e a t e r ox-
ygen defici t when s t r e a m t e m p e r a t u r e s a r e high. A lowering of s t r e a m 
t e m p e r a t u r e , as would occur in the winter months, will reduce the 
likelihood of c r i t i c a l def ic i ts being exper ienced, although the ef fec ts 
of pollution will extend f u r t h e r downst ream. 

3 .5 The Ef fec t of A tmospher i c P r e s s u r e 
The sa tura t ion level of oxygen in water d e c r e a s e s with d e c r e a s -

ing a t m o s p h e r i c p r e s s u r e . The dependence on b a r o m e t r i c p r e s s u r e , 
Pg, may be exp re s sed in t e r m s of the Henry Law ra t io , 

C = Co ^3.2) 
^ 2 PBI 

where Cg is the oxygen sa tura t ion value (mg/1). 
F o r example fo r a t e m p e r a t u r e of 20°C and = 760 m m Hg, 
9 . 1 m g / 1 ( s e e l k b l e 3 .1) . At 1500 m e t r e s (5000 f t . ) the average 

b a r o m e t r i c p r e s s u r e i s about 640 mm Hg. (from F igure 3.4) and Cgg 
is calcula ted as 7. 6 mg/1 . Hence at 1500 m e t r e s not only is t he re a 
reduced m a x i m u m quanti ty of oxygen available (of approximately 2. 6 
mg/1) but a l so the dr iv ing fo rce f o r the r eae r a t i on p r o c e s s , r e p r e s e n t -
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ed by the d isso lved oxygen def ic i t will be reduced cons ide rab ly . 
Consequently it i s appa ren t that in the evaluat ion of an oxygen 

ba lance at high e levat ions above sea level the oxygen sa tu ra t ion levels 
quoted in the l i t e r a t u r e mus t be ad jus ted to va lues in acco rdance with 
the a v e r a g e b a r o m e t r i c p r e s s u r e which p reva i l s at the locat ion of the 
inves t iga t ion . F igu re 3 .4 shows the ave rage b a r o m e t r i c p r e s s u r e fo r 
va r ious e levat ions above sea l eve l . 
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4. The Kinetics of Dissolved Oxygen Depletion and Supply 

The kinetics of supply stnd depletion of dissolved oxygen in a 

stream have been studied extensively. Some of the processes , such 

as carbonaceous oxidation, nitrification and benthal demand have been 

satisfactori ly represented by relatively simple f i rs t order rate equa-

tions. The rate of reaeration is generally accepted as being a func-

tion of the oxygen saturation level, stream velocity and depth although 

the empirical constants expressing reaeration vary widely in the l it-

erature. The production of oxygen by photosynthesis and the assoc-

iated oxygen depletion by respiration are a function of biomass solar 

radiation, chlorophyll content and stream turbidity. Generally, these 

parameters are estimated on the basis of field data and not by general 

empirical equations. 

All the above processes are temperature dependent and in most 

instances, except for perhaps photosynthesis and benthal decompos-

ition, the s t ream temperature will be a highly significant factor in 

the computation. 

4 . 1 Carbonaceous Oxidation 

The organic waste load is indirectly measured as a function of 

the amount of oxygen required for the biological oxidation of the mat-

erial , and is commonly expressed as the biological oxygen demand 

( B . O . D . ) . The variation of B . O . D . with time has generally been in-

terpreted as a f i r s t - o r d e r reaction, dependent on the concentration of 

oxidisable organic mater ia l present but independent of the oxygen con-

centration, provided it is greater than a cr i t ical value ((Phelps 1944), 
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Theriault (1927), Inkster (1943) ). Fair and Geyer (1954) provide a 

figure of 4 mg/1 at 20^C for the critical oxygen concentration. 

In mathematical terms the rate of biological oxidation is ex-

pressed as 

dp _ ^ , K L (4.1) 

dt dt 

where D is the dissolved oxygen deficit (mg/1), 

L is the ultimate biological oxygen demand (mg/1) 

and Ki is the rate-constant of oxidation ( d ay s ' u s u a l l y re-

ferred to as the deoxygenation coefficient. 

Usually the biological oxygen demand of a water sample is de-

termined in the laboratory as a 5 day B .O .D . value. To determine 

the ultimate biological demand (U.B.O.D. or Lq) the test is extended 

to approximately 20 days in the presence of a nitrification inhibitor. 

A relationship between B .O .D . and U. B .O .D . is then determined 

which will allow the calculation of Lq for a wide range of B.O.D5 

levels. 

The integrated form of equation (4.1) is 

L - Loe"^^^ (4.2) 

where Lq is the initial value of L 

and t is the flow time (usually daysK 

If y is the uptake of oxygen in time t, then the B .O .D . remaiaing 

at time t is equal to (Lo-y). 
- TC1 + 

Therefore, Lq - y = Loe 

and y = Lq (1 - e ' ^ ^S (4.3) 



29. 

Alternatively 

y = LQ (1 - lO^^S (4.4) 

where k^ is the rate constant to the base 10 (and thus is numeric-

ally equal to K i / 2 . 303). 

The value of K^ was determined statistically by Phelps (1944) to 

be about 0. 23 at 20®C for sewage or sewage effluents. However, 

Ruchhoft, Hacak and Ettinger (1948) and other workers (Streeter, 

(1938), Tebbutt (1971), Camp (1963) ) found that K^ may vary widely, 

ranging f rom 0.02 to 0.7 for different samples of sewage. 

In the range f rom 0 to 30°C the deoxygenation constant increases 

quite rapidly with increasing temperature, the value roughly doubling 

for a temperature increase of about 15°C (Klein, 1962). Streeter and 

Phelps (1925) found that the effect of temperature could be adequately 

expressed by an equation of the form 

(KI ) t = K i e / ^ - ' ' ^ (4. . 

where (Ki)rp is the value of K^ at any temperature T^C, 

Ki the value at 20°C, and 

© is the temperature coefficient. 
IK 

Gotaas (1948) found to vary with temperature in the following vay 

5 to 15°C, e-^j^ = 1.109 

15 to 30°C, e ^ ^ = 1.042 

30 to 40''C, e^j^ = 0 . 9 6 7 

These values are substantiated by data from Camp (1963) and Zanoni 

(1967). 

Theriault (1927) and Zanoni (1967) have reported that the biolog-

ical oxygen demand is also temperature dependent, mcreasing with 
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i n c r e a s i n g t e m p e r a t u r e s . The r i au l t has f o r m u l a t e d the following 
e m p i r i c a l r e la t ion to account f o r the va r i a t ion . 

(L ) = L o 'p o 1+0.02 (T - 20) (4. 6) 
whe re (LQ)^ and LQ a r e the U . B . O . D . values at and 20°C 

r e spec t i ve ly . This equation indica tes an i n c r e a s e in the value of L of 
2% f o r each deg ree above 20°C, and s i m i l a r d e c r e a s e s for lower 
t e m p e r a t u r e s . 

Zanoni (1967) has continued T h e r i a u l t ' s work and produced the 
following re la t ionsh ip : -

(Lq)^ = L o 1 + ©.^ (T-20) 1 LJ 

(4. 7) 
whe re - 0. 0033 fo r 2°C 4 T < 20°C 

and = 0 .0113 fo r 2 0 ° C ^ T < 35°C l l j 
F igu re 4 . 1 taken f r o m F a i r and Geyer (1954) and based on data 

obtained by Ther iau l t (1927) i l l u s t r a t e s the effect of t e m p e r a t u r e on 
the t e m p o r a l var ia t ion in biological oxygen demand. 

4. 2 Ni t r i f ica t ion 
Ni t r i f i ca t ion i s an autocata lyt ic p r o c e s s and may be r ep re sen ted , 

accord ing to Whipple (1969) by the equation 

N -- No (1 - (4.8) 
where N = u l t imate n i t r i f i ca t ion demand at t ime t (mg/1) 

No^ u l t imate n i t r i f i ca t ion demand (mg/1) 
K3 - n i t r i f i ca t ion r a t e coeff ic ient (days" S 

t a = lag t ime (days) 
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The u l t i m a t e n i t r i f i c a t i o n demand r e p r e s e n t s the oxygen r e -
qu i r ed to c o m p l e t e l y ox id ise the a m m o n i a to n i t r a t e . 

Klein (1962) s t a t e s that the value of K3 i n c r e a s e s f r o m about 
t h r e e t i m e s that of the deoxygenat ion constant , K^, at to about 
eight t i m e s at 30°C. Th i s r e l a t i o n s h i p will hold so long a s the con-
cen t ra t ion of d i s so lved oxygen i s above about 0 .7 to 0 . 8 ppm. Below 
this l eve l n i t r i f y i n g o r g a n i s m s a p p e a r to be inhibi ted. 

The t e m p e r a t u r e dependence of the n i t r i f i c a t i on coef f ic ien t may 
be e x p r e s s e d in a s i m i l a r f o r m to the deoxygenation coef f ic ien t -

t e m p e r a t u r e r e l a t i o n s h i p (equation 4 .5 ) 
i . e . (K3)^ = « 3 ) 2 0 (4.9) 

Zanoni (1969) found © to be 1.097 f o r t e m p e r a t u r e s f r o m 10°C 
Ô 

to 22°C and 0 . 8 7 7 f o r t e m p e r a t u r e s f r o m 22°C to 30°C. 
4. 3 R e s p i r a t i o n and Oxidation of Mud Deposi ts 

E d w a r d s and Rol ley (1965) inves t iga ted bentha l depos i t s and 
found tha t the r a t e of oxygen consumpt ion was independent of sed iment 
depth f o r depths g r e a t e r than about 2 cm and that the oxygen consump-
tion of the mud was dependent upon the oxygen concen t ra t ions in the 
over ly ing w a t e r . The r e l a t ion could be e x p r e s s e d by the e m p i r i c a l 
equation 

w h e r e B^ is the quant i ty of oxygen consumed ( g i / m ^ / h r ^ 
C i s the oxygen concen t ra t ion (mg/1), 

and as and bg a r e coe f f i c i en t s ave rag ing 0. 033 and 0. 6 
r e s p e c t i v e l y at 15°C. 
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4 , 4 A t m o s p h e r i c Reae ra t í on 
The abso rp t ion of a gas by a l iquid m a y be explained in t e r m s of 

the t w o - f i l m theory of Lewis and Whitman (1924). This t h e o r y is 
ba sed on the a s sumpt ion of the p r e s e n c e of a gas and a liquid f i l m 
at the i n t e r f a c e , through which the gas m u s t p a s s by m o l e c u l a r diff-
us ion and beyond which the concent ra t ion of the gas is u n i f o r m . 
Usual ly the r e s i s t a n c e of the gas f i lm is negl igible by c o m p a r i s o n 
with that of the liquid f i lm and only the l iquid f i lm need be cons idered . 

The absorp t ion (or ext rac t ion) of the gas is a f i r s t o r d e r r a t e pro-
c e s s , the r a t e of absorp t ion being p ropor t iona l to the oxygen def ic i t . 
This may be e x p r e s s e d as 

= K a (Cs - C) (4.11) at L 
whe re C = the concent ra t ion of the d i sso lved gas in the 

body of the liquid at t ime t (mg/1) 
Cg = the concent ra t ion of the d isso lved gas at the 

gas - l iqu id i n t e r f ace , i . e . the sa tu ra t ion con-
cent ra t ion (mg/1) 

a = the in t e r f ac i a l a r e a per unit of volume of 
l iquid (cm 

K l = the liquid f i lm coeff ic ient ( c m / s ) 
Dobbins (1962) has p re sen t ed expe r imen ta l evidence to show 

that where the f i lm is being continuously r ep l aced or r enewed , the 
value of K l , in f e e t / d a y , is r e p r e s e n t e d by 

rL f^ D r coth (4.12) m >1 Dm K l = 
in which r = ave rage r a t e of r enewa l of the l iquid f i l m (hours" 
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2 ^m "" coefficient of molecular diffusion (ft /day) 

Lf = film thickness (feet) 

For a given liquid and temperature the value of r is dependent on 

the physical pattern and speed of mixing and is difficult to measure other 

than under laboratory conditions. 

An alternative approach, developed by Streeter (1925) is to express 

the rate of solution of atmospheric oxygen in terms of a rate-constant 

similar in form to the deoxygenation constant. This rate constant, or 

reaeration coefficient K2* can be expressed in terms of the film co-

efficient as 

K^ - K l / H (4.13) 

where K2 is in days"^ 

and H is the mean depth of flow in metres 

Equation (4.11) can be re-expressed as 

^ ^ - K 2 ( C s - C ) (4.14) 
v-l L 

or iiaterms of the oxygen deficit, D (= Cs - C) 

= KoD (4.15) 
dt ^ 

By integration 

D ^ D o e - ^ 2 t (4.16) 

in which D = dissolved oxygen deficit at time t (mg/D 

Do " initial dissolved oxygen deficit (mg/D 

Equation (4.16) also describes the way in which the concentration 

of dissolved oxygen will fall if the water happens to be supersaturated 

(i .e. Co > Cg). 
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The saturation value of oxygen in water, Cg (mg/1), is influenced 

by temperature and may be calculated from the following formula 

(Whipple, 1969). 

Cg = 14.652 - 0.41022T + 0.007991 T2 - 0. 000077774T3 (4.17) 

where T is in and the atmospheric pressure is 760 mm 

of mercury. 

Investigation of the reaeration coefficient, K2f has been under-

taken by a number of workers. The technique used has generally been 

a least squares analysis of field data. Most workers have found K2 to 

be a function of velocity and depth with the general form 

K2 = a — (4.18^ 

(Churchill, Elmore and Buckingham (1962), O'Connor and Dobbins 

(1958), Gameson (1959) and Owens, Edwards and Gibbs (1964)). 

Unfortunately, the results that the formulae yield are significant-

ly different due to the wide variations in equation constants. 

O'Connor (1958) proposed alternate equations based on the tur-

bulent characteristics of the stream being categorised in terms of the 

Chezy coefficient, C, which is an hydraulic factor of flow resistance. 

For isotropic flow (Chezy C > 17) 

2.31 (Hr'"^ 

and for non-isotropic flow (Chezy C < 17) 

480D S 
2 H1-25 
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where U = mean stream velocity (ft/day) 

H ^ stream depth (ft.) 

Se = slope of the hydraulic energy line 
2 

molecular diffusivity (ft /day) 

and Chezy C = V/ RSe 

where V = mean velocity in feet /sec. 

R = hydraulic radius (ft.) 

The molecular diffusivity, may be computed from the equa-

tion given by Dobbins (1964), i . e . 

D 0.00189 (1.037)^'^° (ft^/day) (4.21) m 
o 

where T is the stream temperature ( O 

Krenkel (1973) states that the values obtained using O'Connor's form-

ulations do not always agree with actual observations, and should be 

used with caution. 

Investigations by Krenkel and Orlob (1963) resulted in the follow-

ing empirical equation for K2 corrected to a temperature of 20°C 

K = 1.138X 10"^ D (4.22) 
2 

2 
where D l is the longitudinal mixing coefficient (ft /day) and 

H is the depth of water undergoing reaeration in a laboratory flume (ft). 

Thackston and Krenkel (1966) extended this work and derived the 

following equation for K2 at 20 C 

2 = 0.000125 (1 + F ' ) ^ 

where IF = Froude No. = U/ gH 

Ü- = shear velocity (ft/sec) 

H = stream depth (ft. ) 
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Bennett and Rathbun (1972) claim that probably the best field 

study of the reaeration coefficient has been by Churchill, Elmore and 

Buckingham (1962). This study involved collecting extensive data in 

streams supplied from dams, where the water, because of the prolong-

ed storage under conditions of thermal stratification was deficient in 

dissolved oxygen and contained negligible biological oxygen demand. 

The equation developed was based on a correlation analysis and has a 

coefficient of multiple correlation of 0.82. The equation is:-

K = 5.026 (4.24) 
Ci 

where K^ is in reciprocal days, V is in f t / sec . and H in feet. 

Figure 4.2 shows the reaeration coefficient (20^C) as a function 

of depth for a number of prediction equations. A standard velocity 

of 1 ft. / second and a slope of 0.0001 are used as a basis for calcul-

ation. It is obvious that considerable error may result in the pre-

diction of K2 Apart from differences according to the predictive equa-

tion used K^ is sensitive to changes in depth, being approximately 

100 days ^ in 0. 5 ft. depth of water decreasing to approximately 

1 day ^ in 1.5 ft. of water. However, sensitivity decreases as 

depth increases. For example, a change in depth from 1 to 5 ft. re-

sults in a decrease in K^ from approximately 5 to 0. 5 days 

The reaeration coefficient is affected by temperature due to its 

dependence on such temperature sensitive parameters as molecular 

diffusivity, kinematic viscosity and surface tension. It is generally 

accepted that the effect of temperature is adequately expressed in the 

form 
(K2)^ = K2 ©2 (4.25) 
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where (K2),p is the reaeration coefficient at 

K2 is the reaeration coefficient at 20°C 

Streeter and Phelps (1925) have found © to be equal to 1.0241, 
¿J 

a value which was later substantiated by Churchill, Elmore and 

Buckingham (1962) and the Committee on Sanitary Engineering Research 

(1961) 
(T-20^ 

i . e . = K2(20) (4.26) 

This represents approximately 2% change in K2 per degree centi-

grade change near 20°C. It should be noted that gas solubility in 

water decreases with increasing temperature, a fact that partially 

offsets the temperature effect on the rate constant. 

4 .5 Photosynthesis and Respiration 

Since biota type often varies from one location to another, the 

effectiveness of the general statistical approach to the prediction of 

oxygen production by photosynthesis and depletion by respiration is 

reduced considerably. Consequently these two factors are usually 

determined experimentally at the site of the investigation. 

The nature of the relationships to be expected in the field may be 

gauged by the resultsof Owens, Knowles and Clark (1969) in their 

study of a non polluted reach of a shallow river (River Ivel, England). 

It was found that oxygen production was relatively independent of the 

amount of aquatic weed present within the limits 37-253 g dry weight/ 

m2. The relationship between oxygen production and solar radiation 
(up to 60 ca l / cm^/hr ) was found to be represented by -

M (4.2 7) 
Phi - as I 
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where Phi = oxygen production (g/m^/hr) 

I = intensity of solar radiation at the water 

/ 2 , surface ( ca l / cm /hr) 

and a3 and a.4 are constants which in this study averaged 

0.062 and 0.79 respectively. 

Bailey (1967) proposed a more elaborate relationship which 

takes into account the additional factors of chlorophyll content, stream 

turbidity and stream temperature, i. e. 
2/3 

Ph2 = ag Ch + a^ T - agH (4.28) 

where Ph2 "" photosynthetic oxygen production (mg/I/day^ 

C}̂  = mean chlorophyll content (mg/1) 
2 

Iq = mean daily solar intensity ( ca l / cm day) 

e ,̂ = extinction coefficient (m) 

T ^ mean water temperature (°C) 

H = mean water depth (m) 
and a_, a_ and a„ are constants, o 7 o 

Photosynthetic production of oxygen only occurs during daylight 

hours . Respiration, on the other hand, is a continuous process . 

Owens, Knowles and Clark (igeg^i have presented the following relation-

ship for the respiration of rooted plants. 

Pr i ' bi (4.29) 
2 

where P^^ = oxygen consumption (g /m /hr) 

M = biomass of rooted plants (g dry wt/m^) 

C = dissolved oxygen concentration (mg/1) 

and bi and b2 are constants and in this instance are quoted 

as 0.75 X 10"^ and 0:30 respectively. 
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The c o n v e r s i o n of oxygen product ion and oxygen consumpt ion 
2 

va lues f r o m g / m / h r to m g / l / d a y is a ccompl i shed by dividing by the 
s t r e a m depth ( m e t r e s ) and mul t ip ly ing by the n u m b e r of h o u r s in the 
day f o r which the p r o c e s s ac t ive ly con t r ibu tes to the d i sso lved oxygen 
b a l a n c e . 

W h e r e the r a t e of oxygen product ion o r r e s p i r a t i o n i s a s s e s s e d 
f r o m f i e ld da ta , the fol lowing f o r m u l a e can be used : V , 2 P h p P r i " 3600AC - H g / m /h r (4.30) 

o r Ph2» P r 2 ^ 3600/\C ~ Nh m g / l / d a y (4.31) 
w h e r e X = r e a c h length (me t r e s ) 

Nh n u m b e r of h o u r s in the day dur ing which the p r o -
c e s s i s ac t ive 

¿iC = change in O2 concen t ra t ion over the r e a c h , (mg/1) 

V = s t r e a m veloci ty ( m / s ) 
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5. Mathematical Design of the Dissolved Oxygen Model 

5 .1 Established Models 

One of the f irst studies of the dissolved oxygen balance was the 

classical study of Streeter and Phelps (1925). This study considered 

carbonaceous oxidation and reaeration to be the only important 

factors and neglected other parameters. Other authors, notably 

Dobbins (1964), Camp (1963) and O'Connor (1967) recognised the lim-

itations of the equation and so expanded the oxygen balance to include 

other sources and sinks of dissolved oxygen such as photosynthesis, 

sedimentation, bottom scour, surface runoff, nitrification and benthal 

demand. 

5 .1 .1 Streeter and Phelps Model 

The fundamental Streeter and Phelps equation assumes that 

only two major processes are involved. That is, the biodegradable 

waste and dissolved oxygen are being removed along the length of the 

stream and the oxygen is being replaced by reaeration at the surface. 

Other factors such as nitrification, photosynthesis and respiration of 

aquatic flora have been considered negligible. 

Consequently the rate of change of dissolved oxygen deficit is 

expressed as a summation of equations (4.1) and (4. 15) 

i . e . = - K^D (5.1) dt 1 2 

By substituting equation (4.2) into (5. 1) and integrating the sol-

ution is 

D = KiLq 
K2-Ki exp(-Kit) - exp(-K2t) + DQ exp (-K2t) (5.2) 
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where 

D = the dissolved oxygen deficit at the downstream end of 

reach (mg/1) 

Lo= ultimate B .O.D. at the upstream end of reach (mg/1^ 

Do = the dissolved oxygen deficit at the upstream end of 

reach {mg/1) 

Ki = deoxygenation coefficient (day 

t = time of flow in the reach (days) 

Additional assumptions inherent in the Streeter and Phelps 

equation are:-

(i) The initial pollution load is added at the upstream end of the 

reach and thereafter is affected only by bidogical oxidation and not by 

the addition of either organic material or dilution flow along the reach. 

(ii) The streamflow is steady and uniform along the length of 

the reach. 

(iii) The process for the reach as a whole is a steady state pro-

cess, the conditions at every cross section being unchanged with time. 

(iv) The B .O.D. and oxygen are uniformly distributed over each 

cross section, thus permitting the equations to be written in one 

dimensional form. 

5.1. 2 Dobbins Model 

Dobbins (1964) expanded the Streeter-Phelps equation to include; 

(i) the remova l of B . O . D . by sedimentation or absorption on the 

stream bed; 

(ii) the removal of dissolved oxygen from the water by diffusion 

into the benthal layer and by respiration of algae and plants; 
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(iii) the addition of B . O . D . along the reach by runoff and by scour 

of bottom deposits , and 

(iv) the addition of dissolved oxygen by photosynthesis. 

The e f fect of longitudinal dispersion in redistributing the B . O . D . 

and D . O . in natural s t r e a m s was examined and assumed to be neglig-

ible compared with the other t e r m s . 

The following equations were derived 

O K1+AK4 
( 5 . 3 ) 

\ 

. K (L - ) / , - ( K i + A K 4 ' _ ^-K2t 
^ k i + a k 4 ^ r ^ 

K2 - (Ki + AK4 ) 

^oe + V K 2 K 2 ( K I + A K 4 / ^ ' 

where 

La ^ rate of addition of B . O . D . along the r e a c h , including the 

addition of B . O . D . with runoff,the diffusion of partly de-

graded , waste f r o m the benthal l a y e r into the water,and 

the scour and resuspension of bottom deposits (mg/l/day) 

AK4 = coeff ic ient f o r the removal of B . O . D . by sedimentation or 

the addition by resuspension (days 

D-Q = rate at which oxygen is removed by benthal and plant r e s -

piration l e s s that supplied by photosynthesis (mg/l/day). 

F o r the B . O . D . equation, B . O . D . may either d e c r e a s e or in-

c r e a s e along the reach depending on whether LQ is greater or l e s s 

than L a / ( K i + K3). 
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5 .1 .3 Camp Model 

Camp (1965) proposed a model to include photosynthensis and 

benthal demand in the following manner 

dD 
dt (KiL - K2D) (5.5) 

where Ph2 ^̂  the oxygen production in the euphotic zone by 

photosynthesis (mg/l /day) . 

This equation is the same as the Streeter and Phelps equation 

when Ph2 = The rate of change of L may be determined by means 

of a development similar to that of Streeter and Phelps (Eqn.5. 2). 

i . e . dL 
dt - (K^ 4- AK4)L 4- La (5.6) 

where La is the rate of addition of B.O. D. to the overlying water 

from bottom deposits (mg/l /day) . 

The integral of equation (5. 6) is 

L = L U 
o (K1+AK4). 

(Ki + AK4) t + Lb (5.7) (Ki -f AK4) 

The differential equation (5.5) maybe integrated after substitu-

tion of L to give the general equation 

D = 

+ 

Kl 
K2-K1-AK4 

L La 
o KI+AK4 

-(K+AK4)t -K2t e - e 

El 
K2 

U 
Kl + K3 

Ph2 
Kl 

(1 . , Do e "^^t (5.8) 

In essence this formulation is similar to that of Dobbins. Some 

small differences exist in terms of parameter definition. 

5 .1 .4 O'Connor Model 

O'Connor (1967) developed a general dissolved oxygen balance in 

which the oxygen demand of the waste was divided into the requirements 

for both the carbonaceous material and the nitrogeneous material. 
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1 e D - (e - e " ^ ^ t , , K3N0 ^^-Kst _ ^ - K 2 t ' 

K2-Kj, K2-K3 

- Do (e -K2S . BmPh2 - P r 2 ' g _ e ' ^ ^ t , K2 
w h e r e . 

Nq - the u l t i m a t e oxygen demand due to the oxidat ion of 
NH2 and n i t r i t e s in the s t r e a m - (mg/r> 

K3 n i t r i f i c a t i on coef f ic ien t ( davs 
BR = the benthal oxygen demand - (mg/ l /day^ 

(Ph2" ^ r2 ) ' ^^^ product ion of pho tosyn the t ic oxygen ( m g / l / d a v 
Kr = B . O . D . r e m o v a l ceof f i c ien t - K^ + AK4 (days"^^ 

5. 2 Model Design Suitable fo r A u s t r a l i a n S t r e a m s 
A p a r t f r o m pho tosyn thes i s and plant and bentha l r e s p i r a t i o n both 

n i t r i f i c a t i on and runoff (or g roundwate r inflow) a r e p a r a m e t e r s which 
may have a s ign i f ican t e f fec t on the d i s so lved oxygen ba lance in 
A u s t r a l i a n condi t ions . A c o m p r e h e n s i v e equat ion cove r ing al l the sig-
n i f ican t f a c t o r s can be f o r m u l a t e d by combining the Dobbins and 
O 'Connor equat ions (equations 5 . 4 and 5.9^ to give 

-K2t , BR Doe " + — ( ( l - e - K 2 t , _ P h 2 - P r 9 ( i _ e - K 2 t 
K2 K2 

It should be noted that Lb has been c r e a t e d by r e d e f i n i n g La so 
as to include only the addit ion of was te f r o m the ben tha l depos i t s and 
not f r o m runoff or g roundwa te r inf low. T h e s e two f a c t o r s a r e t r ea ted 
with a l t e r n a t i v e logic within the c o m p u t e r p r o g r a m so as to include the 

dilution e f fec t as well as the B . O . D , addi t ion . 
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6. O X S T R A L C o m p u t e r P r o g r a m 

T h e c o m p u t e r p r o g r a m f o r the c o m p u t a t i o n of d i s s o l v e d ox^^gen 
l e v e l s in A u s t r a l i a n s t r e a m s u s i n g e q u a t i o n (5. 10) h a s b e e n w r i t t e n in 
F o r t r a n 11. T h e a m o u n t of s t o r a g e r e q u i r e d and the r u n n i n g t i m e i s 
d e p e n d e n t on t h e n u m b e r of s t r e a m s e g m e n t s c h o s e n f o r the s i m u l a t i o n . 
S e g m e n t l e n g t h s s h o u l d be c h o s e n b a s e d on m a x i m i s i n g h y d r a u l i c and 
b i o l o g i c a l u n i f o r m i t y wi th in e a c h s e g m e n t . 

6 . 1 O p e r a t i o n and P r o g r a m L o g i c ( R e f e r to F l o w C h a r t - F i g . 6. 1 

and T a b l e s 6. 1 and 6 . 2 ) . 

T h e s t r e a m is s u b d i v i d e d in to r e a c h e s of u n i f o r m dep th , v e l o c i t y 

and s t r e a m f l o w . B e g i n n i n g a t t he h e a d of t h e s t r e a m the d i s s o l v e d 

oxygen f o r m u l a t i o n i s u s e d to d e t e r m i n e t h e d o w n s t r e a m d e f i c i t f o r 

e a c h r e a c h s i n c e t h e d e f i c i t a t t h e b o t t o m of one r e a c h i s a l s o the in-

i t i a l d e f i c i t at t h e top of the n e x t r e a c h . 
T h e g e n e r a l d a t a l i s t f o r t h e p r o g r a m (da ta c a r d s 1 - 3 ) 

c h a r a c t e r i s e s t h e u l t i m a t e oxygen d e m a n d , t he i n i t i a l oxygen l e v e l , 
the a i r p r e s s u r e , the r a t e s of d e o x y g e n a t i o n a s s o c i a t e d w i th e a c h 
ox ida t i on p r o c e s s and t h e p h o t o s y n t h e s i s and r e s p i r a t i o n c o n s t a n t s . 
Da ta c a r d 3 i n d i c a t e s t h e n u m b e r of s e g m e n t s (M) and the s e g m e n t 
n u m b e r a t w h i c h n i t r i f i c a t i o n b e c o m e s i m p o r t a n t ( N ) . 

D a t a f o r e a c h s e g m e n t i s s u p p l i e d in t he r e m a i n i n g da t a c a r d s 
and i n c l u d e s s t r e a m t e m p e r a t u r e , v e l o c i t y , dep th , s t r e a m f l o w , p l a n t 
b i o m a s s and b e n t h a l d e m a n d . T h e B . O . D . t e m p e r a t u r e and oxygen 
c o n t e n t of t r i b u t a r y , o v e r l a n d o r g r o u n d w a t e r in f low a s w e l l a s the 
b i o l o g i c a l o x y g e n d e m a n d f r o m d i f f u s e d or r e s u s p e n d e d b e n t h a l w a s t e 
a r e a l s o q u a n t i f i e d . 
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The main program commences with the calculation of flow time 

in the segment under consideration followed by the computation of the 

carbonaceous oxidation coefficient, reaeration coefficient and nitrific-

ation coefficient at the stream temperature. 

The ultimate biological oxygen demand at the stream temperature 

is then calculated from knowledge of the B . O . D . completion factor 

( i .e . B . O . D . ultimate at 20*^C/B. O. D. 5 at the temperature 

coefficient and the stream temperature. The downstream U. B.O.D. 

is then calculated from first order kinetics, using the deoxygenation 

coefficient and flow time. 

The rate of oxygen production by plant photosynthesis, oxygen 

depletion by plant and benthal respiration and the oxygen saturation 

level (taking into account atmospheric pressure) are calculated accord-

ing to empirical formulae (equations 4.27, 4.29,. 4. 1-0, 4. 17 and 3.2 

respectively). These components are then substituted into the diss-

olved oxygen balance equation and the downstream dissolved oxygen 

level calculated. 

Dilution by runoff, groundwater or tributary inflow is assessed 

and the downstream B .O .D . and oxygen level modified accordingly. 

The computation loop is continued as many times as there are 

segments at the end of which the results are tabulated for each seg-

ment. 



INITIAL VALUES 
T ( 1 ) , T T ( 1 ) , F M ( 1 ) , P H ( 1 ) , PR(1) 
BR(1) 

L. 

DATA CARD INPUT 
DCl - AK120, AK320, BOD20, CBOD 

ODN, SR., SHRS, BETAS 
DC2 - C ( l ) , AK4, ALPHAS, ALPHA4, 

BETA 1, BETA 2, AP , ALPHAS 
DCS - M,N 

I - 1 ,M 

\ 

DATA CARD INPUT 
(D.C . 's 4 TO(M+4)) 

TW(I), V(I ) ,H(I ) ,X(I ) ,FS(I ) 
BM(I), TWM(I), CMd) , BA(I) 

BIOM(I) 

1 

DATA CHANGES FOR SENSITIVITY ANALYSIS 

TIME INTERVAL AND CUMULATIVE TIME 
T(I+l)- (X(I+l)-X(I) )/V(I)/(3600. 0 - 2 4 . 0 ) 

TT(I+1)-TT(I)+T(I+1) 

FIGURE 6-1: OXSTRAL FLOW CHART 



> 

u 
i J 

i TW(I) 15.0 ^ 

> > 

T H E T A l = 1. 109 

i TW(I) - 30.0 ^ 

r 

T H E T A l 1.042 ! 
1 1 

T H E T A l 0. 967 
1 

> 

C A R B O N A C E O U S OXIDATION COEFFICIENT 

AKl(I)=AK120='^THETAl='-:^(TW(I)-20. 0) 

1 I' 

R E A E R A T I O N COEFFICIENT 

AK2{I) = 5. 026^:^{V{I)/0. 969/ 

( H ( I ) / 0. 3 0 5 ) . 6 7 3 . 0 2 4 

(TW(I) - 20.0) 

> TW(I) - 22.0 

T H E T A 3 = 1.097 

FIGURE 6-1 - Continued 



T H E T A 3 = 0 . 8 7 7 

N I T R I F I C A T I O N C O E F F I C I E N T 
AK3( I ) - A K 3 2 0 - T H E T A 3 ^ - : ^ ( T W ( l ) - 2 0 . 0 

> r T w ( i ) - 2 0 . 0 ) 
< 

r 
T H E T A 2 = 0 . 0 0 3 3 

i 

T H E T A 2 = 0 . 0 1 1 3 

C A R B O N A C E O U S O X Y G E N D E M A N D C O M P O N E N T 
B{1) = CBOD^:^BOD20^:^(1. 0+THETA2^:^(TW(l ) -20. 0)) 

B(I+1) = B ( I ) - E X P ( - A K 1 ( I ) - T ( I + 1 ) ) 

CDX = 24. 0 / ( H ( I + l ) + H ( I ) ) / 2 . 0 

P H O T O S Y N T H E S I S C O M P O N E N T 
PH(I+ l )=ALPHA3^:< (SR/SHRS) - -ALPHA4>:^SHRS/ (H(I+ l )^H(I ) ) /2 .0 

P L A N T R E S P I R A T I O N C O M P O N E N T 

1 f 
B E N T H A L R E S P I R A T I O N C O M P O N E N T 
BR(I+1)=ALPHA5>;^C(I)^-:=BETA5-CDX 

FIGURE 6-1 - Cont inued 



O SATURATION LEVEL 
CS(I+1)44. 652-0. 41022-TW(I+1)^';^2. 0-

0. 000077774^:^TW(I+l)>:-,''3, 0 

CS{I+l) = CS(I+l)>:^AP/760.0 

AKR =AK1(I)+AK4 

ORG-AKl(I)/(AK2(I)-AKR)^:^(B(I)-BA(I)/AKR) 
-(EXP(-AKR^:^T(I+1))-EXP(-AK2(I)=;^ 

T(I+1))) 

M - N 

< 

ANIT = 0.0 

DN(1) = ODN 
DN(I+1) = DN(I ) - (1 .0-EXP(-AK3( I ) -T( I+1)) ) 

ANIT=AK3(I)>:^DN(I)/{AK2(I)-AK3(I)) 

1 f 
ATM=(CS(I) -C(I ) ) -E ;XP(-AK2(I)-T(I+1)) 

FIGURE 6-1 " C o n t i n u e d 



BEN = BR(M)/AK2(I)^':^(1. 0 - E X P ( - A K 2 ( I ) - T ( I - r l ) ) ) 

PHO= :PH(I+1)-PR(I+1) ) /AK2(I)>;^(1 .0-EXP(-AK2(I) )^ :^T(I+1) ) 

ADB=AK1(I) -BA(I) / {AK2{I )^ :=A .KR) - {1 .0 -EXP(-AK2(I )~ ' :=T(I+i ) ) ) 

L 

D . O . B A L A N C E 
C ( I + l ) - C S ( I ) - O R G - A N I T - A T M - B E N + P H O - A D B 

INPUT F R O M M E R G I N G S T R E A M S 
FM(H-1) = FS(1+I ) -FS( I ) 

> FM(I+1) - 0. 0 

1 

FM(I+1) = 0 . 0 

1 t 

B ( I + l ) - ( B ( I + l ) - F S ( I ) + B M ( I + l ) - C B O D 
>;^FM(I+1))/FS(I)+FM(I+1)) i 

C ( I + 1 ) - ( C ( I + 1 ) - F S ( I ) + C M { I + 1 ) - 1 
- F M ( I + 1 ) ) / ( F S { I ) + F M ( I + 1 ) ) 

FIGURE 6-1 - Continued 



INPUT DATA SUMMARY 
AK120, AK320, BOD20, CBOD, ODN, SR, SHR5, BETAS 

C(1 ) ,AK4, ALPHAS, ALPHA4, B E T A l , BETA2, 
A P , ALPHAS 

X(I), V(I), H(I)TW(I), FS(I), BM(I), TWM(I) 
CM(I) ,BIOM(I) ,BA(I) 

O U T P U T DATA SUMMARY 
TT(I), X(I), B(I), PH(I), PR(I) , C(I), CS(I) 

FIGURE 5-1 - C o n t i n u e d 
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6.2 Definition of Input and Output Variables 

The following tables give a brief description of all input and out-

put variables. The variables are presented in order of their pres-

ence in the program. Units, the probable range of values (based on a 

survey of the literature"» and relevant equation numbers are included 

wherever applicable. 

Variable Definition Units Range 

AK4 Coefficient for the removal of B .O .D . 
by sedimentation or the addition by re-
suspension eqns. 5.3, 5.4 

days 0-0 .1 

ALPHA.3 Photosynthesis constant eqn. 4.27 - 0.006-
0.27 

ALPHA4 Photosynthesis constant eqn. 4. 2 7 - 0.424-
1. 26 

ALPHAS Benthal respiration coeff. eqn. 4. 10 - 0.033 

AK120 Deoxygenation rate coefficient at 20*̂ C 
- eqn. 4.1 

days ^ 0. 02-
0. 7 

AKKI) Deoxygenation rate coefficient at 
TW(I)°C - eqn. 4.5 days ^ 0-1 

AK2(I) Reaeration coefficient at TW(I) 
eqn. 4.26 

days" ^ 0 .5-
100 

AK3(I) Nitrification coeff . at TW(I) eqn. 4. 9 days"^ 

AK320 Nitrification rate coefficient at 20°C 
eqn. 4.8 

days"^ 0-5 

AP Atmospheric air pressure eqn. 3.2 in. of 
Hg 

600-
700 

B(l) Ultimate B. O. D. at TW (I) eqn. 4. 2 mg/1 0-100 

B(I) Unsatisfied U. B . O . D . at TWd) eqn. 4. 2 mg/1 0-100 

BR(D Benthal oxygen demand - eqn. 4.10 g / m % 0.005-
0.5 
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V a r i a b l e Defini t ion Units Range 

BA(I) Rate of addit ion of B . O . D . by r e -
suspens ion or s c o u r of ben tha l 
depos i t s - eqn. 5 .10 

m g / l / d a y 0-100 

BM(I) Merg ing s t r e a m B . O . D . 5 m g / 1 0-100 
BOD2o Initial s t r e a m BOD5 m g / 1 0-500 
BIOM(I) B i o m a s s of rooted p lan ts - eqn. 

(4. 29) 
/ 2 g / m 0-250 

B E T A l Plant r e s p i r a t i o n constant eqn. (4. 29) - 0.75x 
10-3 

BETA2 Plant r e s p i r a t i o n constant eqn. 
(4.29) 

- 0 . 3 

BETA5 Benthal r e s p i r a t i o n coeff . eqn. (4.10) - 0 .6 
C(l) Initial d . o . concent ra t ion mg /1 0 .30 
C(I) d . o . level in segmen t (I) mg /1 0 .30 
CS(I) 

CM(I) 

Satura t ion va lue of oxygen in w a t e r -
eqn. (4.17) 
Merg ing s t r e a m d . o . concn. 

m g / 1 
m g / 1 

7-
14.6 
0-30 

CBOD BOD comple t ion f a c t o r (UBOD/ 
BOD5) - 1-2 

DN(I) Unsa t i s f i ed n i t r i f i ca t ion demand 
at TW(I) 

m g / 1 0-100 

FS(I) S t reamf low m / s 0 + 
FM(I) Merg ing s t r e a m f l o w m ^ / s 0 + 
H{I) S t r eam depth m 0.03 _ 0 
I Reach n u m b e r -

0 

M Number of data col lect ion points - -

N Reach n u m b e r at which n i t r i f -
ication begins - -

ODN Ult imate oxygen demand due to 
n i t r i f i ca t ion at 20^0 m g / 1 0-100 
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V a r i a b l e Definit ion Units Range 
PH(I) Oxygen product ion due to photo-

syn thes i s - eqn . (4 .27 ) m g / l / d a y 0 -1 . 0 
PR (I) Oxygen consumption due to 

rooted p lan ts - eqn. (4. 29) mg/ I /day 0-0. 5 

SR Solar rad ia t ion intensi ty - eqn. 
(4.27) c a l / c m ^ / 

day 
50-
700 

SHRS N u m b e r of sunshine hours - 0-12 
TW(I) S t r eam t e m p e r a t u r e °c 0-35 
TWM(I) Merg ing s t r e a m t e m p e r a t u r e °c 0-35 
T(I) Flow t i m e in segment days 0. 01-
TT(I) Cumula ted flow t ime days 0. 01-
T H E T A l Deoxygenation temp, coeff. 

eqn. (4.5) 
- 0. 96 

- 1 . 1 
THETA2 BOD t e m p , coeff . - eqn. (4.7) 0. 9-

1 .1 
THETA3 Ni t r i f i ca t ion t emp , coeff . eqn.(4.9) 0. 88 

- 1 . 1 
V(I) S t r eam veloci ty m / s 0. 05-

2 .0 
X(I) Dis tance f r o m datum point m -
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Table 6. 2; Output Variables for OXSTRAL 
Variable Definition Units Range of 

Values 

B(I) Unsatisfied BOD at TWd) mg/1 0-100 

BR(I) Rate of benthal deposit 
respiration mg / l /day 0-0. 5 

C(I) Dissolved oxygen concen-
tration mg/1 /day 0-30 

CS(I) Oxygen saturation level mg/1 7-14.6 

PH(I) Rate of oxygen production 
by photosynthesis mg / l /day 0-1.0 

PR(I) Oxygen consumption due to 
rooted plants mg / l /day 0-0. 5 

TT(I) Flow time from head of 
stream days 0. 1 + 

X(I) Flow distance from head 
of stream m -
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6. 3: Data Re qu i r e me n t s 

P a r a m e t e r Source a n d / o r Re fe r ence 

AK120 F r o m e m p i r i c a l f o r m u l a e ( e . g . eqn .4 .24 ) or f ield 
m e a s u r e m e n t s . 

AK4 In situ or l abo ra to ry ana lys i s . 

ALPHAS In si tu ana lys i s (Owens, Knowles and Cla rke , 1969). 

ALPHA4 In s i tu ana lys i s (Owens et a l 1969). 

AK320 L a b o r a t o r y ana lys i s . 

BETA 1 Fie ld m e a s u r e m e n t s (Owens et a l , 1969). 

BETA 2 Fie ld m e a s u r e m e n t s (Owens et a l , 1969). 

BIOM(I) • Survey and l a b o r a t o r y ana lys i s . 

BR(I) Survey or f r o m empi r i ca l eqn. 4. 10. 

BA(I) Survey and l a b o r a t o r y ana lys i s . 

BM(I) Survey and l a b o r a t o r y ana lys i s . 

BOD20 Survey and l a b o r a t o r y ana lys i s . 

C(l) Survey using D .O. Meter . 

CBOD L a b o r a t o r y ana lys i s . 

CM(I) Survey with D .O . m e t e r . 

FS(P F r o m velocity and c r o s s sect ional a r e a s . 

H(I) Survey with m e t e r ru le . 

M Total number of s egmen t s , se lec ted accord ing to 
un i fo rmi ty . 

N Segment in which n i t r i f ica t ion c o m m e n c e s . 

ODN Survey and l a b o r a t o r y ana lys i s . 

SR In s i tu m e a s u r e m e n t using a p y r h e l i o m e t e r . 

SHRS Observa t ion 
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Parameter Source and/or Reference 

TWM(I) Survey with thermometer. 

TW(I) Survey with thermometer . 

V(I) Survey with a current meter. 

X(I) Locality maps . 
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6.4 OXSTRAL LISTING 

JGN T U C K / D I S S Q L V E D OXYGEN IN AUSTRALIAN STkEA.v.S 
DIMEN S I ON B ( 1 0 ) , V { 1 0 ) , H ( 1 0 ) , P H ( 1 0 ) , C { 1 0 ) , B R { l 0 i , T { 1 0 ) 
DIMENSION TW( 1 0 ) , A K 1 ( 1 0 ) , C S { 1 0 ) , A K 2 ( 1 0 ) ? X ( 1 0 ) 1 0 ) , 
DIMENSION F S ( 1 0 ) , BM ( 1 0 ) , FM { 1 0 ) , T WM ( 1 0 ) , C.-i ( 1 0 ) , D A ( 1 0 ) , 
D IMENSION DN ( 10 ) 
IN I I I A L VALUES 
T ( 1 ) = 0 . 0 
TT ( 1 ) =0 . 0 
FM( 1 ) = 0 . 0 
PH( 1 ) =0 . 0 
P R ( 1 ) = 0 . 0 
b R ( 1 ) = 0 . 0 
DATA INPUT 
FORMAT { 8 F 1 0 . 3 ) 
READ 5 , A K 1 2 0 , A K 3 2 0 , b 0 D 2 0 , C D U D , 0 D N - , S K , S H R b , B E T A o 
RE AD 5 , C ( 1 ) , A K 4 , A L P H A 3 , A L P H A 4 , BETA 1 , BETA2 , A P , A L P H A S 
FORM AT ( 21 10 
READ 6 , M , N 
M=NO, OF DATA CARDS = N 0 . OF DATA COLLECTION P O I N T S 

N = N I T R I F I C A T I O N SEGMENT 
DO 2 1 = 1 , M 
WATER TEMP, ( DEG . C) , STREAM V EL . ( M / S ) , STR EA M DEPTH { iv i ) ,D 
ME A S . P T . TO S T A R T ( M ) , STREAM FLOW ( CU M / S ) , MERGING oGD(. - : 

, T T ( 10 ) 
Arso ( 1 0 ) 
c l^ ; - ; ( 10 ; 

MERGING T E M P ( O E G C ) , M E R G I N G D O ( M G / L ) 
1 F O R M A T ( 8 F 1 0 . 2 ) 

RE AD 1 , TW ( I ) , V { I ) , H ( I ) , X ( I ) , FS ( I ) , BM ( I 
7 F O R M A T ( 2 F 1 0 • 2 ) 

READ 7 , BA { I ) , BIOM( I ) 
2 CONTINUE 

DO 6 0 6 K = l , 9 
IF ( K - 1 ) 6 0 7 , 6 0 7 , 6 0 8 

6 0 6 I F ( K - 2 ) 6 0 7 , 6 0 9 , 6 1 0 
6 0 9 A L P H A 4 = 0 , - i 
6 1 0 IF ( K - 3 ) 6 0 7 , 6 1 1 , 6 1 2 
6 1 1 DO 8 0 1 I = 1 , M 

T W ( I ) = 5 . 0 
8 0 1 CONTINUE' 
6 1 2 IF ( K - 4 ) 6 0 7 , 6 1 3 , 6 14 
6 1 3 DO 8 0 2 1 = 1 ,(A 

V ( I ) =0 . 2 
6 0 2 € 0 N T INUE 
6 1 4 IF ( K - 5 ) 6 0 7 , 6 15 , 6 1 6 
6 1 5 DO 6 0 3 1 = 1 , M 

b lOM ( I ) = 1 0 0 . 0 
6 0 3 CONT INUE 
o l 6 IF ( K - 6 ) 6 0 7 , 6 17 , 6 18 
6 1 7 DO 8 0 4 I = 1 , Ki 

T W ( I ) = 2 5 . 0 
6 0 4 C O N T l N U t 
6 1 8 IF ( K - 7 ) 6 0 7 , 6 19 , 6 2 0 
6 1 9 DO 8 0 5 I = 1 , M 

H ( I ) = 0 . 1 

I ST . FR; 
G / L ) , 

) »T ( I CM ( I 
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oOo CONT INUE 
6 2 0 I F { K - 8 ) 6 0 7 , 6 2 1 , 6 2 2 
62 1 DO 806 1=1 ,M 

F S ( I ) = 0 . 0 5 
806 C O N T I N U E 
6 2 2 I F { K - 9 ) 6 0 7 , 6 2 3 , 6 0 7 
623 b O D 2 0 = 1 0 0 . 0 

• D N = 1 0 0 . 0 
C { 1 )=4 , 0 
AK3 2 0 = 4 , 0 
DO 8 07 1=1 ,M 
T W ( I } = 20 . 0 
V (I )=0 . 2 
b lOM( I )= 100 .0 
b A{ I )=5 . 0 
H ( I ) = 0 . 1 
FS ( I )=0 . 0 5 

b 0 7 C O N T I N U E 
6 0 7 M P1= M - 1 

DO 10 1 = 1 , M P I 
C WiEAN T I M E I N T E R V A L AND C U M U L A T I V E T T M E / H k S 

D X = X ( I + l ) - X ( I ) T ( I + 1 ) =DX / ( V ( I + 1 ) +V ( I ) ) / ( 3 6 0 0 .0=;=24 . 0 ) TT ( I + l ) = T T ( I ) + T ( I + l ) 
C K I N E T I C C O E F F I C I E N T S 

I F ( T W ( I ) - 1 5 . 0 ) 1 0 1 , 1 0 1 , 1 0 2 
101 T H E T A 1 = 1 . 1 0 9 

GO TO 105 
102 I F ( T W ( I ) - 3 0 . 0 ) 1 0 3 , 1 0 3 , 1 0 4 
103 T H E T A 1 = 1 . 0 ^ 2 

GO T 0 1 0 5 
104 T H E T A 1 = 0 . 9 6 7 
106 A K l { I ) =AK1 20 » T H E T A 1 TW ( I ) - 2 0 . 0 ) 

AK 2( I ) =5 . 0 2 6 » ( { V ( I ) +V ( I + 1 ) ) / O . 6 1 ) »»0 . 9 7 / ( { H ( I +1 ) +H ( I ) ) /O . 6 1 ) 
X » » 1 . 6 7 » 1 . 0 2 4 1 » » ( T W ( I ) - 2 0 . 0 ) 

I F (TW ( I ) - 2 2 . 0 ) 3 0 1 , 3 0 1 , 3 0 2 
301 T H E T A 3 = 1 . 0 9 7 

GO TO 305 
302 T H E T A 3 = 0 . 8 7 7 

GO TO 305-
3 05 AK3 ( I )=AK3 2 0 » T H E T A 3 » » ( TW( I ) - 2 0 . 0 ) 

C CARBONACEOUS 0 2 DEMAND COMPONENT 
2 0 0 I F (TWI I ) - 2 0 . 0 ) 2 0 1 , 2 0 1 , 2 0 2 
2 0 1 T H E T A 2 = 0 . 0 0 3 3 

GO TO 205 
202 T H E T A 2 = 0 . 0 1 13 
2 05 b ( 1 ) =C B 0 D » b 0 D 2 0 » ( 1 . 0 + T H E T A 2 » ( TW( 1 ) - 2 0 . 0 ) ) 

b ( I + l ) = B( I ) » E X P ( - A K l ( I ) » T ( I + l ) ) 
C P H O T O S Y N T H E S I S COMPONENT 

C D X = 1 2 . 0 / ( H ( I + 1 ) + H ( I ) ) PH ( I + 1 ) = ALPHA 3» ( S R / S H R S ) » » ALPHA^4-»SHRS/ ( H ( I + 1 ) + H ( I ) ) / 2 . 0 
C p l a n t r e s p i r a t i o n and b e n t h a l c o m p o n e n t 

b R( I + 1 ) = A L P H A 5 » C ( I ) » » B E T A 5 » C D X 
PR{ I + 1 )=BIOM ( I ) » B E T A 1 » C { I )»»BE TA2»CDX 

C D I S S O L V E D OXYGEN C A L C U L A T I O N , 
Cb ( 1 ) = 1 4 . 6 5 2 - 0 . 4 1 0 22»TW { 1 ) + 0 . 0 0 7 9 9 1 »TW( 1 ) » » 2 . 0 - 0 . 0 0 0 0 777 7 4»Ttf< ( 1 ) 

X » » 3 . 0 
CS ( I + l )= 1 4 . 6 5 2 - 0 . 4 1 0 2 2 » T W ( I + l ) + 0 . 0 0 7991»TW ( I + 1 ) » » 2 . 0 - 0 . 000077774 

X » T W ( I + 1 ) » » 3 . 0 
CS ( 1 ) =C S( 1 ) » A P / 7 6 0 . 0 
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C S ( I + 1 ) = C S ( I + 1 ) . 0 
E Q N . A D A P T E D A F T E R • C Q N N Q R A N D D D B b l N S 
A K R = A K 1 ( 1 ) + A K 4 

^ ) - b A ( I ) / A K R } ^ M E X P ( - A K R ^ T ( I - f l ) ] 
X —b A P I — A K ^ l I j i ' T i l + l ) ) ) 

I F ( K ; - N ) 4 0 1 , 4 0 5 , 4 0 5 
401 a n i t = o . o 

GO T O 4 0 6 
40d D N ( 1 ) = G D N 

DN ( I + 1 ) = D N ( I ) 1 . 0 - E X P ( - A K 3 ( I ) - T ( 1+ 1 ) ) ) 
A N I T = A K 3 ( I { I ) / ( a K 2 ( I ) - A K 5 ( I ) ) E X P ( - AK 3 { I ) - T ( I + 1 ) ) - E X P 

5 ( - AK ¿i ( I ) T ( I + 1 ) ) ) 
405 AT iv i= ( C S ( I ) - C ( I ) ) ' ; = E X P { - A K 2 ( I ) - - T i 1+ 1 ) ) 

b E N = DR ( I + 1 ) / A K 2 ( I ) ( 1 . 0 - E X P ( - A K 2 ( I ) ( I + 1 ) ) ) 
P H G = ( P H ( I + 1 ) - P R ( I + 1 ) ) / A K 2 ( 1 ) ^ ( 1 . 0 - E X P ( - A K2 { I ) ) - T ( I + 1 ) ) 
A D b = A K l ( I ) ^rBA ( I ) / ( A K 2 ( I ) >i=AKR ( 1 . 0 - E X P ( - A K 2 ( I ) T ( I + 1 ) ) ) 
C ( I + 1 ) = c s { I + 1 ) - O R G - A N I T - A T M - B E N + P H G - A D B 
I n p u t f r o m m e r g i n g s t r e a m s 
F M ( I + l ) = F S ( I + l ) - F S ( I ) 
i f (Fiv, ( I + l ) - 0 . 0 ) 3 , 3 , 4 

b F h { I + 1 ) = 0 • 0 
4 b ( I + 1 ) = ( B ( I +1 ) ^ F S ( I ) + BM { I + 1 ) ^^CBOD^^^FM ( 1 + 1 ) ) / ( F S ( I ) + F h ( I + 1 ) ] 

C ( I + 1 ) = { C { I + 1 ) ' I^FS ( I ) +Civ,( I + 1 ) ^Ffv, ( I + 1 ) ) / ( F S ( I ) + F M ( I +1 ) ) 
^ 1 F O R M A T ( 8 F 10 . 3 ) 

P R I N T 21 , T ( I ) , X ( I ) , B ( I ) , P H ( I ) , B R { I ) , C ( I ) , C S ( I ) , P R ( I ) 
P R I N T 21 y C S ( I ) , Q R G , A N I T , A T M , B E N , P H O , A D B , A K 2 ( I ) 

1 0 C O N T I N U E 
60 F O R M A T ( I H O , l O X t 3 8 H D I S S Q L V E D O X Y G E N I N A U S T R A L I A N S T R E A i m S ) 

P R I N T 3 0 
I N P U T D A T A S U M M A R Y 

[ F O R M A T ( I H O ^ 5 X , 5 H A K 1 2 0 , 4 X , 5 H A K 5 2 0 , 5 X , 5 H B Q D 2 0 , 6 X , 4 H C B U D , 5 X « o h O D N , t t X , 
X 2 H S R , 6 X , 4 H S H R S , 6 X , 5 H B E T A S ) 

P R I N T 5 0 1 
FGRivi A T { 8 F 10 « 3 ) 
P R I N T 5 0 2 i A K 1 2 0 t A K 3 2 0 , B O D 2 0 , C B O D , Q D N , S R , S H R S 7 B E T A 5 

b03 f o r m a t { 1 H 0 7 5 X , 4 H C { 1 ) 5 5 X , 3 H A K 4 , 7 X , 6 H A L P H A 3 , 5 X , b h A L P H A 4 , t ) X r D H b E T A l , D 
X X , 5 H B E T A 2 , 5 X , 2 H A P , 7 X , 6 H A L P H A 5 ) 

P R I N T 5 0 3 
P R I N T 5 0 2 , C { 1 ) , A K 4 , A L P H A 3 , A L P H A 4 , B E T A l T B E T A 2 , A P , A L P H A 5 

70 F 0 R M A T { I H O , 5 X , 4 H D I S T , 8 X , 3 H V E L , 6 X , 5 H D E P T H , 5 X , 4 H T E M P , 5 X , ^ H F L O v; , 5 X , 
X 4 H M b O D , 5 X , 5 H M T E M P , 7 X , 3 H M D Q , 7 X , 4 H B I 0 M , 5 X , 5 H B U D A b ) 

P R I N T 7 0 
DO fa 0 I = 1 , M 

90 F O R M A T ( l O F 1 0 . 2 ) 
P R I N T 9 0 , X ( I ) , V ( I ) , H ( I ) , TW { I ) , F S { I ) , b M ( I ) , T W M ( I ) ,Civ, ( I ) , b l U M ( I ) , 

Xb A ( I ) 
oO C O N T I N U E 

O U T P U T D A T A S U M M A R Y 
4 0 F O R i v i a T { I H O , 5 X , 4 H T I M E , 3 X , 9 H F L U Vv D I S T , 5 X , 4 HU B O D , 5 X , 5 H P HO T O , 

X 7 H P L A N T , R , 5 X , 2 H D 0 , 5 X , 6 H S A T D O ) 
P R I N T 4 0 
DO 5 0 I = 1 , M 

50 f o r m a t { 7 F 1 0 , 3 ) ^ , . V ^ , T N 
P R I N T 6 0 , T T ( I ) , X ( I ) , B { I ) , P H ( I ) , P R ( I ) , C ( I ) , C S { I ) 

C O N I I N U E 
C O N T I N U E 
C A L L E X I T 
E N D 

bO 1 
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6.5 Simulation of Measured Dissolved Oxygen Levels 
The capacity of OXSTRAL to s imula te the dissolved oxygen 

distr ibution in a s t r e a m is i l lus t ra ted in Section 6 of Chapter 7. 
6.6 Sensitivity Analysis 

Because of the complexity of the dissolved oxygen balance a 
r igorous s ta t i s t ica l analys is of the effect of error^s and var ia t ions in 
p a r a m e t e r s cannot be pe r fo rmed within the scope of this r epo r t . 
Never the less the re la t ive significance of e r r o r s and var ia t ions in 
the data and p a r a m e t e r s of the dissolved oxygen equation can be ass -
essed using a technique known as the sensi t ivi ty ana lys i s . 

The sensit ivi ty analysis involves observing the behaviour of 
the computer output, (in this instance the dissolved oxygen dis t r ib-
utionjt a s one p a r a m e t e r or p a r a m e t e r group is var ied whilst all 
o thers a r e kept constant . The sensit ivi ty of the sys tem to the para-
m e t e r is taken to be the change in output per unit change in the 
p a r a m e t e r . The use of this technique has an obvious advantage. 
For a s t r e a m with cer ta in basic hydrological and biological character-
i s t ics those p a r a m e t e r s which a r e insignificant and those which re -
quire accura te measuremen t a r e revea led . Maximisat ion of the 
accuracy of the computer p r o g r a m and the ra t ional isa t ion of data 
collection techniques follow. 

The use of the sensi t ivi ty ana lys is technique is i l lus t ra ted in 
Section 6 of Chapter 7. 
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7. Perisher Creek 

7.1 Introduction 

Water samples taken from Perisher Creek have indicated a 

high level of bacterial contamination (Stinson, 1974). Additional 

information, in the form of dissolved oxygen data collected in situ 

and computed dissolved oxygen levels will be used to investigate the 

possible deterioration in stream water quality and provide the basis 

for possible remedial action. 

7.2 The Nature of the Stream 

Perisher Creek is located in Perisher Valley, a winter tourist 

resort in the Kosciusko National Park, approximately 52 8 Km south 

of Sydney. 

The stream, shown in Figure 7.1, has its beginnings in a 

marsh area at the summit of Perisher Gap to the west of Perisher 

Village. It gradually increases in width as it meanders its way 

down the alpine slope. In some sections the stream disappears 

altogether beneath a continuous cover of vegetation and peat. Upon 

reaching the f loor of the valley the stream generally becomes 

wider and shallower and velocities decrease. As the stream, flows 

through the Perisher Village its meandering nature becomes more 

prominent. However, once clear of the Village the width of the 

stream increases further and the meandering becomes less evident. 

The stream ñows without change until a few hundred metres beyond 

Barrakee Lodge where it is subjected to a considerable gradient as 

it drops 100 or so metres down to the site of the weir. At this 
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point the stream is piped approximately 4 Km to Guthega Dam. 

7. 3 Factors Affecting the Dissolved Oxygen Balance of Perisher 
Creek 

7 . 3 . 1 Climate 

Perisher Valley is subject to relatively mild, dry summers. 

In the winter and spring low temperatures may lead to heavy snow-

falls in the valley. 

7 . 3 . 2 Precipitation and Streamflow 

During winter, precipitation falls predominantly as snow. The 

snow cover usually begins to form in the highest part of the area in 

April or May, and by June all mountains and valleys may be covered. 

The snow coverage tends to reach a maximum in August; after that 

the snowmelt begins and may last for 3 to 4 months. Except for 

some drifts at high elevations, all snow has usually disappeared by 

late December. 

The streamflow reflects the precipitation except that there is 

an average time lag of two to three months between the occurrence 

of precipitation as snow in the winter and its melting during the 

spring. The hydrological cycle may be regarded as commencing 

in March when the flows in Perisher Creek will be at its lowest 

following the end of the spring snowmelt and the comparatively dry 

summer and early autumn. During April or May increased rain 

and snow will increase stream discharge. However, with the onset 

of winter the flows are reduced with the increasing snowfalls and 

freezing temperatures. The bulk of the annual mnoff occurs in 

spring when high flows are sustained by the melting of the snow pack 
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and a cont inuance of p rec ip i t a t ion which may l a s t unt i l the midd le of 
D e c e m b e r . Dur ing the months J a n u a r y to M a r c h , s t r e a m s in the 
Snowy Mountains a r e ma in ly fed f r o m g roundwa te r s o u r c e s (Snowy 
Mounta ins Author i ty , 1966). 

A typ ica l yea r l y hydrog raph fo r P e r i s h e r C reek has been gen-
e r a t e d f r o m data given by the Snowy Mountains Author i ty (1966, 1971\ 
and is shown in F i g u r e 7 . 2 . The d ry months of J a n u a r y , F e b r u a r y 
and M a r c h a r e shown on an expanded s c a l e in F i g u r e 7 . 3 . As shown 
the m i n i m u m dry w e a t h e r flow in the l a t e s u m m e r is about 1 cusec 
(0. 03 m^ / s ) . However , f lows a s low as 0 .7 c u s e c s (0 .02 m ^ / s ) 
have been r e c o r d e d in o the r y e a r s (Snowy Mountains Counci l , 1975). 
In th i s d ry pe r iod p rec ip i t a t i on l o s s e s a r e high. Much of the wate r 
is r e t a i n e d in the soi l and vegeta t ion ma t and l a t e r l o s t by t r a n s p i r -
ation and evapora t ion . Some p e r c o l a t e s to the subso i l and r ep l en -
i s h e s the g roundwate r s t o r a g e , which i s a m a j o r con t r ibu to r to the 
ma in tenance of d r y pe r iod f low. 

Diurna l f luc tua t ions in s t r e a m f l o w have been r e p o r t e d (Snowy 
Mountains Author i ty , 1966). T h e s e f luc tua t ions , caused by changes 
in t e m p e r a t u r e m a y be p r e s e n t throughout the y e a r . Up to 400% di-
u r n a l va r ia t ion dur ing the thaw pe r iod and up to 100% in the s u m m e r 
have been r e c o r d e d . The win te r v a r i a t i o n s a r e the r e s u l t of mel t ing 
by d i r ec t insola t ion in the day fol lowed by f r e e z i n g of the snow at 
night . S u m m e r f luc tua t ions r e f l e c t the d iu rna l va r i a t i on in the évapo-
t r a n s p i r a t i o n r a t e which is a l so dependent on s o l a r r a d i a t i o n . 
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7.3.3 Groundwater Flow 

Water received as rain or snow on the alpine summits rarely 

flows over the surface (Coster, 195 9). Water enters the soil and 

moves downwards into the deeply weathered substrate to reappear in 

the valley below or in a lower catchment area. Some of the water 

reappears as hillside springs, usually marked by the presence of 

bogs. Perisher Creek is thought to originate in such a bog at the 

summit of Perisher Gap. 

The relation of underground water flow to streamflow is depict-

ed in the figure below. 

MPERMEABLE 

FIGURE 7-4'. GROUNDWATER FLOW 

The underground flow forms the base flow of perennial streams 

such as Perisher Creek. In some instances the water table may 

encroach on the surface soil forming extensive marsh and swamp 

areas. Large amounts of water may be lost by evapo-transpiration 

and the remaining water may stagnate, producing foul odours and 

creating a source of pollution. 

Generally, groundwater received by a stream is inferior in 
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quality to s u r f a c e runoff . Dissolved g a s e s in groundwater a r e 
mainly CO2 and N2 although H2S is s o m e t i m e s p r e s e n t . The oxid-
ation of organic m a t t e r to CO2 dur ing the inf i l t ra t ion p r o c e s s may r e -
sul t in a low dissolved oxygen leve l . The carbon dioxide produced 
a s s i s t s in the slow leaching of m i n e r a l s f r o m soi l , rock and veget-
ation and may r e s u l t in the groundwater being of m e a s u r a b l e sal ini ty . 
This p r o c e s s may be a s s i s t e d by the wea ther ing of m i n e r a l consti tu-
ents and the conveyance of the soluble components to the groundwater 
bas in . 

F r o m F igure 7. 3 the groundwater flow into P e r i s h e r Creek is 
approximate ly 1-2 cusecs (0.03 - 0 .06 m ^ / s ) in d ry wea the r . 

7 . 3 . 4 Pollution 
Bac te r i a l ana lys i s of s amples taken f r o m P e r i s h e r Creek in-

dicate high co l i fo rm and feca l co l i fo rm leve l s (Stinson, 1974). The 
co l i fo rms a r e int roduced to the s t r e a m by ro t t ing vegetat ion and fe-
cal pollution of w a r m and cold blooded an ima l s , whi ls t f e ca l co l i forms 
a r e introduced exclusively by feca l pollution of w a r m blooded an imals . 
Feca l co l i fo rms do not su rv ive fo r long pe r iods outside the body; 
hence the i r p r e sence indicates recen t f eca l pollution. 

Na tu ra l pollution of the s t r e a m in the f o r m of organic ma te r i a l 
f r o m decaying vegetation may have been a c c e l e r a t e d by the develop-
ment of the a r e a a s a tour i s t r e s o r t . The mat of s u r f a c e vegetation 
may su f fe r damage by t r ampl ing during the s u m m e r s e a s o n . Thus 
decaying organic m a t e r i a l may be genera ted and m a y gradual ly leach 
into the s t r e a m . 
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The fecal pollution is believed to be introduced to the stream 

in two ways. A sewage treatment plant in the Village screens, 

aerates and clarifies raw sewage and then discharges the waste to 

the stream. If chlorination of the waste is carried out, the micro-

biological hazard is removed. However, the biological oxygen de-

mand, although temporarily suppressed, is not removed. The 

second source of pollution emanates from the large number of septic 

tanks in the area. The septic tank often does not provide adequate 

treatment, particularly at lower temperatures when active digestion 

is inhibited. The septic tank effluent, whilst low in suspended 

solids, still has a high B.O.D. and bacterial content. If the dis-

posal trenches are damaged the effluent may seep into the ground-

water table and eventually into the stream. Alternatively, low lying 

marsh areas may receive the seepage, depleting them of oxygen to 

create anaerobic foul odoured areas. A flash rainstorm could re-

sult in a flushing of the marsh land such that the stream receives a 

sudden influx of low quality water having a low dissolved oxygen and 

a highly putrescible organic content. 

7 .3 .5 Plants and Photosynthesis 

The banks of Perisher Creek are stabilised by grasses. With-

in the stream almost no aquatic weed is present although seasonal 

growths of benthal algae have been observed. 

7.4 Field Data 

Field data were collected on 11th and 12th May 1974 and 28th 

and 29th January 1975. The measuring point locations and general 
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'each characteristics are described in Table 7. 1 and Figure 7. 1. 

Table 7.1: Reach Characteristics 

•2 ^ 
-M (D o ^ 
^ a 
u ^ 
^ 1 
05 O Q IX 

? ^ ' 
5 ^ ^ 

. O -r-t 

M OJ 

O ^ 
^ Q; O a o ^ 
DM C ^ 

^ ^ 1 

1 

C 

.2 CO 

> +-> 

CD (D 

W a 

Description of the Reach between Data 
Collection Point 

1 0 1734 
Narrow, fast flowing, sand and stone bed, 
no algae or weed.CSIRO Creek junction. 

2 100 1731 

Narrow, fast flowing, sand and stone bed, 
no algae or weed.CSIRO Creek junction. 

2 100 1731 

Stream widens; meanders. 
3 825 1725 

Stream widens; meanders. 
3 825 1725 

Stream widens, meanders. In May algae 
observed. 

4 1550 1719 

Stream widens, meanders. In May algae 
observed. 

4 1550 1719 
Algae (May), less meandering, sewage inflow 
Rock Creek inflow. 

5 1920 1716 

Algae (May), less meandering, sewage inflow 
Rock Creek inflow. 

5 1920 1716 
Algae (May).Several tributary inflows. 

6 2830 1713 

Algae (May).Several tributary inflows. 

6 2830 1713 
Algae (May).Several tributary inflows. 

7 3550 1713 

Algae (May).Several tributary inflows. 

7 3550 1713 
Algae (May).Several tributary inflows. 

8 3820 1709 

Algae (May).Several tributary inflows. 

8 3820 1709 
Rapids as stream drops to lower elevation. 

9 5000 1585 

Rapids as stream drops to lower elevation. 

Ml - 1734 
Measuring point located in CSIRO Creek. 
Narrow, fast flowing. 

M4 - 1719 Measuring point located in Rock Creek. 
Wide, algae present. 

M6 - 1713 Measuring point located in tributary near 
Pt. 6 
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7 . 4 . 1 l l - 1 2 t h May 1974. 
The May study, the r e s u l t s of which a r e shown in Tab les 7. 2 

and 7 . 3 , was e x p l o r a t o r y in n a t u r e . A l imi ted n u m b e r of d i sso lved 
oxygen and t e m p e r a t u r e m e a s u r e m e n t s w e r e taken to a s s e s s both 
the ope ra t i ona l c h a r a c t e r i s t i c s of the d i sso lved oxygen m e t e r in the 
f ie ld and the g e n e r a l l eve l of d i sso lved oxygen in the s t r e a m . 

Table 7 . 2 : F i e ld M e a s u r e m e n t s of 11th May 1974 (î  
Data Coll-
ect ion 
Point No. 

Pos i t ion 
Descr ip t ion 

T e m p . Me te r 
Reading 

z 
D . O 

%Sat. 
D . O . 

Level 
mg/1 

1 Junct ion P e r i s h e r 
and CSIRO Creek 4. 5 79 97 10. 2 

2 100m d o w n s t r e a m 
of cha i r l i f t 4 . 2 81 99 '10.5 

3 Opposi te Technology 
Lodge (ii) 4 . 2 82 100 10.5 

No te s : (i) Wea the r o v e r c a s t , a t m o s p h e r i c p r e s s u r e - 620 m m Hg 
(ii) Algal growth evident downs t ream f r o m Point 3 

Tab le 7 . 3 : F ie ld M e a s u r e m e n t s of 12th May : ̂ 974(i) 
Data Col l -
ect ion 
Point No. 

Pos i t ion 
Desc r ip t ion 

T e m p . M e t e r 
Reading 

D . O . 
^oSat. 

D.O 
Level 
m g / 1 

1 Junct ion P e r i s h e r 
and CSIRO Creek 
(chai r l i f t ) 

4 . 3 82 100 10. 6 

3 A c r o s s f r o m Tech-
nology Lodge (ii) 3 . 5 85 104 11. 0 

4 - 5 At foot b r idge 3 . 5 87.5 107 11,4 

No tes : (i) Wea the r sunny, a t m o s p h e r i c p r e s s u r e = 620 m m Hg 
(ii) Algal growth evident downs t ream 
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Table 7 .4 shows the change in d isso lved oxygen leve l over a dis-

tance of 243 m e t r e s in the Rock Creek t r i b u t a r y . This r e a c h con-

tained l a r g e amounts of weed and a lga l growth and the s t r e a m f l o w was 

of the s a m e o r d e r of magni tude as the u p s t r e a m sec t ions of P e r i s h e r 
3 

Creek (approx. 0 . 1 m / s ) . It is a s s u m e d that the i n c r e a s e in the 

level of d isso lved oxygen is due to the product ion of oxygen by photo-

syn thes i s . A t m o s p h e r i c r e a e r a t i o n will not cont r ibute to the increase . 

In fac t , s ince the s t r e a m is s u p e r s a t u r a t e d with oxygen, desorpt ion of 

oxygen to the a t m o s p h e r e will oc c u r . 

Posi t ion Temp . Me te r 
Reading 

z 

D . O . 
Level 
m g / 1 

D.O'. 
Level 
m g / 1 

R4 -
Road 
Bridge 

85.5 105 11.0 

R5 -
Junction 
with 
P e r i s h e r 

4 87.0 107 11.2 

Note: av . veloci ty = 0 .3 m / s 

av . depth = 0 . 2 m 

approx . d is tance R4-R5 = 200m 

7 . 4 . 2 28th-29th J a n u a r y 1975 

More extensive m e a s u r e m e n t s , shown in Tab les 7 . 5 and 7.6 were 

taken in J anua ry and included such s t r e a m p a r a m e t e r s as c r o s s -

sec t iona l a r e a , depth, velocity, as well as wa te r t e m p e r a t u r e and 

d issolved oxygen. Night read ings of wa te r t e m p e r a t u r e and dissolved 

oxygen were col lected in addition to the day r e a d i n g s . In th is way it 

was hoped that the ef fect of photosynthes is on dissolved oxygen levels 

could be quant i f ied. 



Table 7 . 5 : F ie ld M e a s u r e m e n t s of 28th Jan. 1975 - Weather Slightly Overcas t 

P a r a m e t e r Measur ing Point Locat ion 

6 9 M l M4 M6 

C r o s s - s e c t i o n a l 
9 a r e a m^ 

0 . 5 3 0.08 0 . 0 5 0 . 2 0 0 . 4 2 0 .51 125 0. 37 0.22 0.20 

CO bjO 
.S T3 OJ (D 
K 
cd 
Q 

Depth - m 0 .53 0 . 1 2 0 .25 0.20 0.21 0. 16 0. 50 0. 1 0.22 0. 26 

Veloc i ty - m / s 0 .07 1. 1 0. 7 0 .37 0.26 0 .31 0. 12 0. 52 0 . 3 8 

O / 
Streamf low m / s 0 . 0 4 0. 08 0 .04 0 .07 0. 109 0 .16 0. 15 0. 17 0.08 

0. 1 

0.02 

o Stream T e m p . C 11 11 12.7 17 .2 17 .5 16.5 17.0 14 .2 17. 0 15 .5 

70 82 82 95 98 94 100 91 99 89 

D . O . % Satn. 86 100 100 116 120 115 123 111 121 109 

D . O . Mg/1 
o 

w tiD 
•S 

•S) s 
g K 

s t r e a m T e m p . C 

D . 0 . 7 o Satn. 

D . O . Mg/1 

7 . 7 

8 . 5 

80 

98 

94 

9 . 0 9 .2 9 .4 9. 2 9. 6 9. 3 9 . 6 9 . 0 

8.0 

79 

97 

93 

9 . 0 

76 

93 

8.8 

10.0 

76 

11.5 

75 

93 

8.5 

92 

8.2 

10.0 

82 

100 

9.2 

11.5 

70 

86 

7.7 



T a b l e 7. 6: F i e l d M e a s u r e m e n t s of 29th J a n . 1975 - W e a t h e r C l e a r , N o Cloud 
M e a s u r i n g P o i n t L o c a t i o n 

P a r a m e t e r 
1 2 3 4 5 6 7 8 9 M l M4 M6 

C r o s s - s e c t i o n a l 
a r e a - m ^ 0 . 4 0 0. 14 0. 54 0. 0 0 . 4 0 0 . 5 3 - 0. 17 - 0 . 0 5 0 . 3 3 0 . 2 0 

Depth 0 . 4 0 0 . 3 0 0. 54 0 . 2 0 0. 20 0 . 1 5 - 0. 12 - 0 . 0 8 0 . 2 2 0. 24 
CQ tuo 
•S T3 a <D 

Veloc i ty - m / s 0 . 0 6 0 . 5 7 0 . 17 0. 14 0 . 3 3 0 . 3 3 - 0 . 5 - 0 . 2 0 . 13 0 . 10 CQ tuo 
•S T3 a <D S t r e a m f l o w m3/s 0 . 0 2 0 . 0 8 0. 09 0 . 0 4 0. 13 0 . 17 - 0 . 0 8 - 0 . 0 1 0 . 0 4 0 . 0 2 
>> 03 
Q S t r e a m T e m p . 12. 5 12. 5 1 6 . 0 18. 0 1 8 . 5 1 7 . 0 - 18. 0 14. 5 1 1 . 0 1 8 . 0 17. 5 

z 83 85 90 96 100 100 - 102 96 80 104 93 

D . O . % S a t n . 102 104 110 118 123 123 - 125 118 98 127 114 
D . O . M g / 1 8 . 9 9. 1 8 . 9 9. 1 9 . 2 9. 6 - 9. 6 9. 6 8 . 8 10. 1 9 . 0 
S t r e a m T e m p . 10.0 9 . 0 9 . 0 1 1 . 0 12.0 - 13.5 - 12.0 - 13.5 -

to bfl z 82 83 78 81 82 - 79 - 84 - 79 -
to bfl 

D . O . % Sa tn . 100 102 96 99 100 - 97 - 103 - 97 -

to bfl 

D . O . M g / 1 9 . 2 9.6 9.0 9.0 8.8 - 8.2 - 9.3 - 8.3 
i 

-
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The methods used in the collection of data were relatively simple 

and reliable. Cross sectional area and depth were evaluated with a 

metre rule and stream velocity by either timing the movement of a 

surface float or from the digital readout of a vane type current meter 

{"Ott - Meter") . Stream temperature and percentage saturation of 

dissolved oxygen were measured using a portable dissolved oxygen 

meter (see Appendix B for full description). Since the meter was cal-

ibrated at 760 mm Hg atmospheric pressure and the average atmos-

pheric pressure at Perisher was 620 mm Hg, the D.O.% Sat. meter 

reading (z) was multiplied by a correction factor of 1.225 (see Section 

3.5) to obtain the per cent saturation at 620 mm Hg. The absolute 

dissolved oxygen levels were evaluated from the % saturation and temp-

erature measurements using a nomogram supplied with the dissolved 

oxygen meter. 

7.5 Interpretation of Field Data 

7 .5 .1 Data Collected on 11th and 12th May 1974 

Figure 7.5 shows the dissolved oxygen and water temperature 

distribution recorded in autumn. Stream temperature is relatively 

static at approximately 4°C on both days. On the overcast day (11th 

May) an oxygen level close to saturation appeared to be maintained 

along the length of the stream. On the sunny day (12th May) the per-

centage saturation increased from 100% at the chairlift to a supersat-

urated value of 107% at a distance of 2000 metres. This increase in 

oxygen level can only be attributed to photosynthesis. 

The effect of atmospheric reaeration will be to counteract the 

increase due to photosynthesis. For example, if a flow velocity of 

0.3 m / s and an average depth of 0.2m are assumed (see Figures 7.7, 



o o 

< a: 
a. 

to 

-o|2th. 

I 

May nth. 1974 - o v e r c a s t 

May I2th. ig74 - sunny 

E 

> LU 

o 
X 
o 

o 
UJ > 
_ J 
o 
V/) 10 

- - ® 12 th. 

2 th. 

D.O ( . l n g / ¿ ) 

D . O ( o / o S a t . ) 

110 
£ 
E 
o 
rsj 
vO 

lOO 

90 

CD >-

O 
un 
uO 

1000 2000 3000 
DISTANCE DOWNSTREAM (met res ) 

4000 5000 

FIGURE 7-5: DISSOLVED OXYGEN AND 

TEMPERATURE DISTRIBUTION -

11th. a 12th. MAY, 1974. 



6 7 . 

7. 8, 7. 12 and 7. 13), then reaerat ion coe f f i c ient can be estimated to 

be approx imate ly 10 days ^ (Figure 4 . 2 ) . Based on a mean disso lved 

oxygen e x c e s s of 0 . 4 m g / 1 , the rate of oxygen desorption is calculated 

to be 4 m g / l / d a y (equation 4 . 1 4 ) . Over a distance of 2000 metres 

(equivalent to 0 .08 days f low time) the desorption is approximately 

0 .3 m g / 1 . Consequently f o r the same reach the net oxygen production 

by photosynthesis ( P h 2 - P r 2 ) on 12th May is calculated by substituting 

C = l . l m g / 1 ( i . e . 1 1 . 4 - 1 0 . 6 + 0 . 3 mg/1) into equations 4 .30 and 4 . 3 1 . 

By this method ( P h 2 - P r 2 ) is found to be 4. 8 m g / l / d a y (based on 8 hours 
2 

sunshine) o r , in t e r m s of ( P h i - P r ^ ) , 0 . 1 g / m / h . In compar ison s imi lar 

calculat ions using the Rock Creek data (Table 7 .4 ) result in values of 5. 3 

m g / l / d a y o r 0 . 2 g / m / h r . The l a r g e r oxygen production in Rock Creek 

was to be expected s ince the growth of plant and algae was far m o r e 

extensive than in P e r i s h e r Creek . 
7 . 5 . 2 Data Col lected on 2 8th January 1975' 

Streamf low, depth, ve loc i ty , temperature and dissolved oxygen 

data are presented graphical ly in F igures 7 .6 to 7 .10 . 

F igure 7 . 6 indicates that the s treamflow at the we i r (5000m) was 

approx imate ly 0. 1 5 m ^ / s (5. 3 c u s e c s ) . This f igure is considerably 

higher than the predominant dry weather f low of approximately 0 .03 -

0 .06 m ^ / s (1-2 c u s e c s ) shown in the hydrograph for the ' J a n . - M a r . 

1966' per i od (Figure 7 . 3 ) . The s t reamf low pro f i l e shown in Figure 

7 . 6 indicates a sharp i n c r e a s e in s t reamf low at the chairl i ft fo l lowed 

by a d e c r e a s e in s t reamf low as the s t ream f lows towards the Vil lage 

(1500m). The sharp i n c r e a s e is explained in t e r m s of s t reamf low 

contribution f r o m the CSIRO Creek tributary merg ing with P e r i s h e r 
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Creek at the chairlift. The decrease in streamflow suggests that 

seepage into the groundwater basin or the surrounding marsh area is 

occurring in this particular section of the stream. An increase in 

the flow from the Village downstream is due to the mergence of the 

Rock Creek tributary and flow of waste water from the sewage treat-

ment plant (1600m downstream). 

A plot of stream depths, shown in Figure 7.7 indicates that for 
3 

an 0.15 m / s streamflow stream depth is approximately 0.2m except 

in localised areas, such as around the chairlift and at the 4000 metre 

mark, where 0 .5m depths were recorded (compare with Figure 7. 12). 

The velcicity profile of Figure 7.8 shows high velocities of up to 

1 m / s at the jimction of CSIRO and Perisher Creeks, gradually de-

creasing as stream width increases to an 0.2 - 0.3 m / s range be-

tween the Village (1600m) and Barrakee Lodge (4000m). At the weir 

the velocity is measured at 0.5 m / s , although it is possible that sig-

nificantly higher velocities may have occurred between Barrakee 

Lodge and the weir due to the substantial slope in this reach. The 

low velocity recorded at the 3880 metre mark corresponds to the 

exceptional depth measurement, in Figure 7.7, of 0 .5m. 

Temperature distribution shown in Figure 7.9 shows an increase 

from 11 to 17°C between the chairlift and Rock Creek,followed by 

substantial stability. The temperature increase is presumably due 

to solar heating (which increases its influence as the stream widens) 

and heat conduction f rom the atmosphere. Comparison of this 

temperature profile with that of Figure 7.5 reveals differences des-

erving explanation. The differences in temperature at the head of 
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the s t r e a m of 4°C on 11th and 12th May and 11 "̂ C on 28th J a n u a r y r e -
f l ec t d i f f e r e n c e s in groundwater t e m p e r a t u r e a r i s i n g p r e s u m a b l y f r o m 
d i f f e r e n c e s in p rec ip i t a t ion and s u b s u r f a c e t e m p e r a t u r e s . The fa i l -
u r e of s t r e a m t e m p e r a t u r e to r i s e with flow t ime on 11th and 12th May 
m a y be due to a s igni f icant ly h igher s t r e a m f l o w at this t ime of yea r 
( recent p rec ip i t a t ion had o c c u r r e d ) . 

The d i sso lved oxygen d is t r ibut ion in t e r m s of pe rcen tage s a t u r -
ation and abso lu te concen t ra t ions is a l so shown on F i g u r e 7 . 9 . The 
p e r c e n t a g e sa tu ra t ion r i s e s f r o m 86 to 100% over a ve ry shor t d i s tance 
f r o m the c h a i r l i f t . This rapid ae ra t ion is mos t l ikely due to high t u r -
bulence in t h i s , r e a c h (veloci t ies a r e high) and the mixing with ae ra t ed 
w a t e r f r o m CSIR.O C r e e k . The level r e m a i n s at 100% for approx im-
ate ly 1000 m e t r e s and then i n c r e a s e s rapid ly to l eve l s exceeding 100%. 
A s p r ev ious ly ment ioned , an i n c r e a s e in s t r e a m t e m p e r a t u r e is ex-
p e r i e n c e d at the s a m e t i m e . Since the sa tura t ion concentra t ion de-
c r e a s e s with i n c r e a s i n g t e m p e r a t u r e a s t a t e of supe r sa tu ra t ion develops . 
The m e r g e n c e of Rock Creek , with a sa tura t ion leve l of 121%, i n c r e a s e s 
the s u p e r s a t u r a t i o n f u r t h e r . Since absolute d issolved oxygen l eve l s do 
not i n c r e a s e d r a m a t i c a l l y , photosynthes is , although probably act ive , 
does not in th i s in s t ance appea r to be a m a j o r contr ibutor to the oxygen 
b a l a n c e . A d e p r e s s i o n in d issolved oxygen level a f t e r the m e r g e n c e of 
a l e s s a e r a t e d t r i b u t a r y at 2700m sugges ts that a m a j o r cause of d i s s -
olved oxygen f luc tuat ion i s the m e r g e n c e and mixing of t r i bu t a ry f lows. 

F i g u r e 7 . 1 0 shows t e m p e r a t u r e and dissolved oxygen m e a s u r e -
m e n t s t aken dur ing the night (11 pm - 1 am) . S t r eam t e m p e r a t u r e s 
a r e s e v e r a l d e g r e e s l o w e r than the co r respond ing day t e m p e r a t u r e s . 
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A slight increase in temperature is evident as one progresses down-

stream although not to the degree observed during the day. It is 

assumed that the increase in stream temperature represents conduction 

of heat from the atmosphere to the water. 

The dissolved oxygen distribution shows a definite decrease al-

ong the length of the stream. In terms of per cent saturation a sharp 

decrease from 98% to 93% occurs within 1000 metres of the chairlift. 

This decrease probably is the result of mixing with unsaturated ground-

water and tributary flow rather than respiration, since flow times in 

this region are relatively short. The depressed oxygen level is main-

tained up to the 3,300 metre mark. However, a sharp increase to 

100% was measured at the weir. 

This increase between 3300 and 5000 metres is due to the high 

rate of reaeration produced during the rapid, turbulent descent from 

1700 to 1580 metres (see Table 7. 1). The absolute dissolved oxygen 

profile reveals a steady decrease in dissolved oxygen content along 

the length of the stream followed by an increase in the level at the weir. 

These observations indicate the presence of respiration activity, al-

though some of the decrease will be due to the mixing with unsaturated 

tributary water and ground water. For example, water from Rock 

Creek was measured as having 8% less dissolved oxygen than Perisher 

Creek. 

Production of oxygen by photosynthesis and depletion by respir-

ation may be estimated by the method described in Section 7 .5 .1 . 

Considering the reach between 900m and 1550m on Figure 7. 9 the oxygen 

desorption to the atmosphere is calculated to be 7 mg/l/day and the 
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'oxygen production due to photosynthesis less oxygen depletion due to 
2 

respiration" is of the order of 0.2 g/m /h (9 mg/l /day based on 8 

hours sunshine). Respiration without photosynthesis (Figure 7.10) 
2 

was calculated to be 0.2 g/m /h (24 mg/l /day) over the same reach 

That is to say Php the gross oxygen production, is approximately 0.4 
2 

g /m/h and P^^ is approximately 0.2 g/m /h. 

A final observation concerns the presence of algal and weed 

growths in tributaries. In Figure 7. 9 Rock Creek (M4) has a higher 

dissolved oxygen content than Perisher Creek, presumably because of 

a larger biomass concentration. Subsequently the oxygen content in 

Perisher Creek is elevated further at the confluence of the two streams, 

At night (Figure 7.10) Rock Creek has a lower dissolved oxygen content 

due to a greater rate of respiration and the oxygen level in Perisher 

Creek is lowered accordingly at the confluence. 

7.5.3 Data Collected on 29th January 1975 

Streamflow data shown in Figure 7.11 has similar minimum and 

maximum values to the data of the previous day (Figure 7.6). A sim-

ilar general increase in streamflow with distance is apparent and a 

decrease in streamflow before the Village is also in agreement with 

the previous results. However, the marked decrease in streamflow 

at the 4000 metre mark is not in agreement and it is suspected that 

an error in measurement may have occurred. It is noted that on 

both days the streamflows in Rock and Perisher Creeks correspond 

remarkably well in spite of a changing flow profile in the upper 
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reaches of Perisher Creek. This phenomenon strengthens the c o n -

cept that both streams draw on a common groundwater reservoir . It 

is of some interest to note that the streamflow of CSIRO Creek 

accounts for less than 20% of the increase in streamflow at the chair-

lift. It seems likely that at this point the groundwater influx may be 

quite high. A similar situation is evident downstream of the Village. 

The streamflow in Rock Creek is insufficient to account for the over-

all increase in streamflow recorded at the 2000 metre mark. This is 

in contrast to the results of the previous day (Figure 76) where a loss 

of stream water to the surrounding groundwater basin was observed 

in this reach. 

Figure 7. 12 shows the variation in depth along the length of the 

stream. Comparison with Figure 7.7 illustrates the variability en-

countered in any one reach. 

The velocity distribution (Figure 7.13) indicates velocities to be 

lower in the upper reaches and higher in the lower reaches than on 

28th. 

Stream temperatures, shown in Figure 7. 14, are generally higher 

than on 2 8th. This is most likely due to a greater abundance of solar 

energy being available for the heating of the stream water. As obs-

erved on 28th, the temperature increases gradually in the upper 

reaches as exposure time and stream width increase. 

The per cent saturation of dissolved oxygen shown on the same 

figure indicates supersaturated conditions for the length of the 

stream. An initial value of 102% (8.9 mg/V is followed by a gradual 
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i n c r e a s e as the s t r e a m t e m p e r a t u r e i n c r e a s e s . A steady value 
ranging f r o m 123 to 125% (approx. 9 .5 mg/1), slightly g r e a t e r than 
that m e a s u r e d on the previous day, was reached at the 2000 m e t r e 
m a r k . The ave rage absolute oxygen level cl imbed f r o m 9 mg/1 in 
the f i r s t 2, 500 m e t r e s to 9. 6 mg/1 t h e r e a f t e r . These leve ls a r e 
genera l ly only marg ina l ly higher than the r e s u l t s of 28th (Figure 7 .9) . 
It should be noted that d issolved oxygen leve l s a r e ex t remely high in 
Rock Creek sind will contr ibute to the genera l i n c r e a s e of dissolved 
oxygen in P e r i s h e r Creek . 

M e a s u r e m e n t s made in the night of 29th a r e shown in F igure 
7. 15. As obse rved during the previous night, s t r e a m t e m p e r a t u r e 
i n c r e a s e s gradual ly f r o m the chai r l i f t to r each a max imum of 13°C 
about 3000 m e t r e s f r o m the cha i r l i f t . 

P e r cent sa tu ra ted dissolved oxygen v a r i e s f r o m 96 to 103%, a 
s l ightly higher range to that observed on 28th. The decline in the 
per cent sa tu ra t ion level is l e s s evident due to the l a r g e r t e m p e r a t u r e 
range exper ienced (4°C in cont ras t to 3^C on the evening of 28th). 
N e v e r t h e l e s s the e f fec t of plant and algal r e sp i ra t ion is r e f l ec t ed in 
the decl ine of absolute dissolved oxygen concentrat ion f r o m 9 .6 mg/1 
at the cha i r l i f t to 8.2 mg/1 at a d is tance of 3 ,300 m e t r e s . 

Cons ider ing the r each lying between 850m and 1550 m net oxy-
o 

gen product ion (Phi - Pr^) is calculated to be 0.12 g / m / h r and 
2 

r e s p i r a t i o n ( P r i ) in the 2000m to 3350m reach is 0 . 1 g / m /h . P^^ 
/ 2 , 

is thus ca lcula ted to be approximately 6. 2 g / m /h . These es t imat ions 

a r e based on a r e a e r a t i o n r a t e of 5 m g / l / d a y . 
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7.6 Analysis Using OXSTRAL 

The computer program developed in Chapter 6 can be used to 

simulate the dissolved oxygen distribution in Perisher Creek and to 

evaluate, by means of a sensitivity analysis, the effects of variations 

in hydraulic and climatic parameters, constants and coefficients. 

7 .6 .1 Simulation of Field Data 

Using the calculated rates of oxygen production by photosynthesis 

and depletion by plant respiration, described in Section 7.5, the val-

ues of solar radiation intensity (SR/SHRS^ and plant biomass (BIOM^ 
2 2 

were calculated and found to be 150 cal /m /day and 35 g /m respect-
ively, based on field data of 28th January 1975,(equations 4.27 and 4.29 

Figures 7.16 and 7. 17 for which the input and output data are 

shown in Tables 7.7 and 7.8 show a good correlation between field 

and computed data. Using the same calculated values of solar ra-

diation intensity and plant biomass and substituting the hydraulic data 

collected on 29th January, 1975, the Figures 7. 18 and 7.19 were 

formulated (input and output data shown in Tables 7.9 and 7. lOK 

Although the correlation is not as good, particularly at the 1500m 

location, the error of 0.5 to 1 mg/1 is not extreme. 

7 .6 . 2 Sensitivity Analysis for Perisher Creek 

The sensitivity analysis involved observing the variations in 

dissolved oxygen output as a function of variations in input data. The 

parameter or parameter group, the input variation, the maximum 

output variation and the sensitivity are shown in Table 7.11. Figures 

7.20 to 7.28 indicate the magnitude of variation in dissolved oxygen 



Table 7.7: Input and Output Data for 28th January 1975 
Day Simulation. 

UlSSULVtD OXYGEN IN AUS Tĥ iALIAN STI-̂ E Aivi S 
AK IZO AK32 0 b0D20 CbOD L/(J f\ bl̂  bl ip b uET Ab 
.300 .0 10 0.000 1 . 300 0 ,0 00 1 b 0 . 0 0 0 10.0 0 0 . oOO 
C ( 1 ) AK4 ALPHA3 ALPH A 4 l;;E i'A 1 t j. I -. T A 2 AP ALPHAb 

7 , a 0 0 .0 07 . 100 . 6 00 .0 (J 1 .3 00 o 2 0 . 0 0 0 . 0 3 
DIST VtL DEPTH T ElviP F-LCJV; |v| b L D TEimP I'.bU b I oiw t )UU A 1 
0 .00 . 10 . 53 1 1 . 00 . 04 b . 0 0 14.0 (; 9 . 0 0 3 b . 0 0 1 . 0 u 

9 1.00 1.10 . 12 1 1.00 . 0 8 5 . 0 0 14 . 0 0 9 . 0 0 3 5 ,00 1 . 00 
823 .00 . 70 . 25 1 3 . 00 » 04 b . 00 14.00 9 .00 3 b . 0 () 1 . 0<) 

I5b4 .00 .37 . 20 17.00 .07 b . 0 0 1 7 . 0 0 9 . 0 0 3b . 00 1.00 
1920.00 . 25 . 21 17 . 00 . 10 1 b . 0 0 14.00 9 . 0 0 3 b . 0 0 1,00 
2835.00 .31 . 16 16.00 . 1 0 5 .00 15.50 9 .00 3b . 0 0 1.00 
J 8 09 . 00 . 40 . 15 17 . 00 . 16 D . 00 14.0 0 9 . li 0 3 b . 0 0 1 . 00 
4500 . 00 .40 . 10 16,00 . 1 5 5 .00 14 .00 9 .00 35 . 00 1.00 
D029.00 . 52 . 10 1 4 . 00 . 16 5 .00 14.00 9 .00 35 .00 1 . 0 0 

T I ME FLOW DIST ObOD PHOTO PLANT.U DO SAT DO 
0 .000 0 .000 0 .000 0 . 000 0 .00 0 7 .800 8 . 9 7 6 
0 .000 9 1.000 3 . 25 0 3 .905 1 . 19 0 b .5 93 3 » y 7 b 

.002 823.000 3. 249 6. 86 1 2 . 1 64 8 . 3 72 8 .bt>4 

.006 1554.000 • 4 , b4 1 5 .b4 1 1 . 76 5 8 . 4 0 3 7 .¿.3b 

.0 10 1920.000 9 .095 o . 192 1 . ' ;40 i j . 8 7 o 7 .bbb 

.0 19 2835.000 9 .07 o 6 , 6 1 2 . 18 L; 9 . 3b 1 ti »0 07 

.027 3809.000 o . 20 3 8. 189 2 . (1> 5 0 9.20 rj 7 . ( 3 o 

.032 4500 .000 b . 1 9 2 10 . 155 3 .269 9 . 4 2 1 8 . U 0 7 

.03 5 5 0 29.0 00 b . 0 8 0 1 2 . o 3 •ii . ;i 1 5 V .711 b , A7 1 



Table 7.8: Input and Output Data for 28th January, 1975 
Night Simulation. 

U l b b U L V h U U X Y G t N IN A U b l K A L l A N S T k L A ^ l S 

At\ 1 ¿dO A K b 0 bU D 2 0 C bUU UDN b P bH k b D E T A b 
. ^ 0 0 . 0 1 0 0 . 0 0 0 1 . 3 0 0 0 . 0 0 0 0 . OOU 1 0 . 0 0 0 . 6 0 0 

C ( 1 ) A K 4 A L P H A 3 A L P H A 4 h) E T A 1 b E r A 2 A P A L P H Ai-I 
9 , 4 0 0 . 0 0 7 0 . 0 0 0 . 7 9 0 . 0 0 1 . 3 0 0 O ^ 0 . 0 0 0 . 0 3 3 

D 15 T V b L D E P T H TEMP EL blv IMbUU l«l TEMP IviUlJ b I Ui-'i bLilJAlJ 
0 . 0 0 . 1 0 . b b b . b O . 0 4 b . 0 0 1 0 . 0 0 9 . 0 0 b 0 . 0 0 1 . 0 0 

9 1 . 0 0 1 . 10 . 1 2 b . 0 0 . Ob 3 . OU 1 0 . 0 0 9 . 0 0 b 0 . 0 0 1 . 0 0 
. 0 0 . 7 0 . 2 b 9 . 0 0 . 0 4 b . 0 0 1 0 . 0 0 9 . 0 0 bO . 0 0 1 . 0 0 

i b b 4 . 0 0 . 3 7 . 2 0 1 0 . 00 . 0 7 b . UO 1 0 . 0 0 9 . 0 0 2 0 . 0 0 1 . 0 0 
1 9 Z 0 . 0 0 . ¿ 6 . 2 1 1 0 . b O . 1 0 1 b . 0 0 10 . 0 0 9 . 0 0 2 0 . 0 0 1 . 0 0 
^ b j b . 0 0 . b l . 1 6 10 . bO . 1 0 6 . 0 0 1 0 . 0 0 9 . 0 0 2 0 . 0 0 1 . 0 0 
j ) 8 0 9 . 0 0 . 4 0 . l b 1 1 . 0 0 . 1 b b . 0 0 1 0 . 0 0 9 . 0 0 2 0 , 0 0 1 . 0 0 
4 b 0 0 . 0 0 . 6 0 . 10 10 . 0 0 . l b b . 0 0 1 0 . 0 0 9 . 0 0 2 0 . 0 0 1 . o o 
b 0 k 9 . 0 0 . b k i . 1 0 1 0 . 0 0 . 1 6 b . 0 0 1 0 . 0 0 9 . (J 0 2 0 . 0 0 1 . 0 0 

T IM b FLUW U l b T U b U D P HUTU PL ANT . K UU b A T UU 
0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 9 . 4 0 0 9 • b 4 0 
0 , 0 0 0 9 1 . 0 0 0 3 . 2 5 0 0 . 0 0 0 1 . b 0 7 9 . 1 2 3 9 . 0 6 0 

. 0 0 ^ 8 2 3 . 0 0 0 3 . 2 4 9 0 . 0 0 0 3 . 1 4 7 b . 7 7 9 9 . 4 2 2 

. 0 0 6 l b b 4 . 0 0 0 4 . 6 4 1 0 . 0 0 0 2 . b b b b . 6 1 9 9 . 19 4 

. 0 10 1 9 2 0 . 0 0 0 9 . 0 9 b 0 . 0 0 0 1 . 1 1 7 b . b b 9 9 . 0 b 4 

. 0 1 9 2 b 3 b . 0 0 0 9 . O b b 0 . 0 0 0 1 . 2 3 b b . 4 1 J 9 . 0 b 4 

.0Z7 3 b 0 9 . 0 0 0 b . 2 2 0 0 . 0 0 0 1 . 4 0 6 b . ¿i- b b b . 9 / b 
• . 0 3 1 4 b 0 0 . 0 0 0 « . 1 o 0 . 0 0 0 1 . b 2 b b . o 7 J y . 1 9 ^ 

. 0 3 4 b 0 2 9 . 0 0 0 b . 10 6 0 . 0 0 0 Z . b . o t> b V . 1 9 
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Table 7. 10: Input and Output Data for 29th January 1975 
Night Simulation. 

UlbSULVbD UXYGLN IN AUbTRALlAN blKtAI '̂iS 
A^ 1 2 0 

00 

9 00 
D 1̂ 3 
0 . 00 

1 0 0 . 0 0 
- b . 00 
_ bbO.00 

0 . 0 O 
^ 0 .0 0 

8 09 . 00 
4 5 0 0.00 
bOOO.00 

b Iivit 
0.000 
0 .000 

. 0 06 

. 0 2 0 

. 0 24 
2 

. 0«̂  9 

. 04b 

AK^20- UUU 20 C bUD UUN bK SMPb ut TAb 
.0 10 0.000 1 .300 0 . 00 0 0 . oou 10.000 . bOO 

AK4 ALPHA3 ALPHA4 1) E T A 1 b b T A 2 AP ALPHAb 
. 100 0.000 .790 . 00 1 .300 (320 .000 .100 

VtL DEPTH ThivlP PL LiW (vibGU | v i T t i ̂' i P MUCJ b I U tw UUu AU 
.06 .40 10.00 .02 10.00 12.00 9.00 3b . 00 1.00 
. b7 . 30 9 . 00 . 08 10.00 12.00 9.00 3 b . 0 0 1 . oo 
. 1 7 . b^ 9.00 .0 9 1 0 . ou 12.00 9 . (.) 0 3b . 00 1.00 
. 14 . 20 1 1 . 00 . 04 1 0 . ou 12.00 9.00 3 b. 0 0 1 . ou 
. 3b . 20 1 2.00 . 1 3 10.00 12.00 9 .00 3b . 0 0 1.00 
. 33 . lb 12 . 00 . 17 10.00 12.00 9.00 3 . 0 0 1.00 
.bO . 1 2 1 3. bO .08 1 0 . 0 u 12.00 9 .00 3b . 00 1.00 
. bO . 12 1 3 . 00 . 08 10.00 12.00 9.00 3 b . 0 0 1 . 00 
.bO . 12 12.00 .0 8 10.00 12.00 9.00 3b . 00 1.00 

F -LU W D I S T UBLiD P HU TU PL ANT . K DU SAT UU 
0 .000 0.000 0 .000 0 . (JO 0 ^».200 9 . 19 4 

100 .000 9 .7b0 0 . 000 1 . 1 67 9 . 0 1 'o 9 .4 22 
fa2b.000 10.106 0 .000 . 96 7 8.673 9.4 22 

IbbO.000 10.093 0 . 000 1 .0 8b 7 .4 04 8.976 
1920.000 12. 103 0.000 1. 8 . 3b 0 8 . 760 
2b30.000 12.30b 0 . 0 00 2 .268 8.297 8 . 766 
3809 .000 12.294 0 .0 00 2 . 93 4 7 . 8 11> 8.-4-67 
4b00 .000 12.28o 0 . 000 3 * 4 3 7 . ti 2 o 8 . t.5 6 4 
b 0 0 0 . 0 0 0 1 2. 28 1 0.000 1 . V> ̂  i-l . 7t-)6 



Table 7.9: Input and Output Data for 29th January, 
Day Simulation, 

1975 

DiSbULVtD OXYGtN IN 
AK 1 ZO 
• 3 00 
C ( 1 ) 

8.900 
DIST 
0 . 00. 

100,00 
H^b•00 

1 bbO.00 
19^0.00 
^ d30.00 
3 6 09.00 
4b00 .00 
bOOO.00 

T I ivi b 
0.000 
0 .000 

.0 06 
• OiiO 
.0 24 
. 03 2 
.039 
.043 
. 046 

AK320 
.0 10 

AK4 
. 100 

VLL 
.Oo 
. b7 
.17 
. 14 
.33 
. 33 
.bO 
. bO 
.bO 

FLOW UIS T 
0 .000 

1 0 0 . 0 0 0 
b2b.000 

IbbO.000 
192€ .000 
2030.000 
3i309 .000 
4b00.000 
bOOO.000 

LJi)D20 
0.00 0 
ALPHA3 

. 100 

L;LPTH 
.40 
. 30 
.b̂ t. 
. 20 
. 20 
. lb 
. 1 2 
. 12 
. 12 
ubuu 

0.000 
9 .7b0 

10. 104 
10.069 
12.094 
1 2.28o 
12.2 64 
12.2b0 
12.24 1 

IRALIAN b' "KL AhS 

c buu LiUiJ Shi Kb oLTAb 
1.300 0 . 00 0 1 bO .000 10 .000 . o 0 0 

ALPHA4 DETA 1 BET A2 AP ALPi 1 Ab 
.790 . 00 1 .300 620.000 . 100 

TbiviP h L UW iWbU D IV, TbiviP O I Ulv( 1 UJU AiJ 
1 2. 0 .0 2 10.00 16.00 9 . 0 0 3b .00 1.00 
1 2 . bO . 06 10.00 16.00 9 . 0 0 3 b . 0 0 i , Oi) 

16.00 .0 9 10.00 16.00 9.00 3 b . 0 0 1 . CK) 
1 « . 00 . 0 4 10.00 1 b . 0 0 9 . 0 0 3 b . 0 0 1 . 00 
1 b . b 0 . 1 3 1 CJ . 0 0 1 o . 0 0 9 . 0 0 3b . 0 0 1.00 
17 . 00 . 17 10.00 16.0 0 9 . 0 0 3 b . 0 0 1. ou 
1 . 0 0 .06 10.00 16.00 9 .00 3b . 00 1 . 0 
16 . 00 . 06 10.00 1 o . 0 0 9.00 3 b . 0 0 1.00 
1 4. bO .0 6 10.00 16.00 9.00 3b . 00 1.00 

P HUTU PL ANT . K UU S A T L) U 
0 .000 0 . 00 0 6.900 6 .6b 4 
6.067 1 . 1 b6 9.329 6.664 
b .0 bb . 97 7 9.664 6.007 
b. 73 9 1 . 1 26 .Oou 7 .b7 1 

10 .6 17 2.21b 10.194 7 . b 9 1 
12.134 2 06 10.3o^ 7 .63b 
lb . rz9 3 . 13 7 10.1 6-0 7 . o 7 1 
17.69b . b 1 0 10 .4 7o 6 . 0 0 7 
17.6 9b 3 •. b4 0 10 .64 7 6 . 277 
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P a r a m e t e r R a n g e of 
V a r i a t i o n 

M a x i m u m 
Devia t ion of 
D . O . P r o f i l e 
( mg/1) 

Sens i t iv i ty^ 

TW(I) I n c r . 10°C - 25°C 
D e e r . 10°C - 5°C 

- v e 1 .2 
- v e 0 

0. 07 
0. 08 

V(I) D e e r . 0 . 5 - 0 . 2 m / s - v e 0 . 4 1. 3 
BIOM(n I n c r . 40 -100 m g / m ^ - v e 1 .2 0 . 0 2 

D e e r . 0 . 2 - 0. I m +ve 1 .2 12 
FS(I) D e e r . 0 . 1 4 - 0 . 05 m^/s - ve 1 . 0 20 
BOD20 I n c r . 0- 100 m g / 1 . - v e 0 . 2 0. 002 
ODN I n c r . 0- 100 m g / 1 - v e 0 . 1 0. 001 
BA(I) I n c r . 0- 100 m g / 1 - v e 0. 001 0 
CM (I) I n c r . 9 - 1 1 2 1 

D e e r . 9 -7 2 1 
TWM(I) I n c r . 1 2 - 1 6 ° C No m e a s , change 0 
AK120 I n c r . 0. 3 - 0 . 7 - v e 0. 04 0. 1 
AK320 I n c r . 0. 0 1 - 5 . 0 No m e a s , change 0 
AK4 D e e r . 0. 007-0 No m e a s , change 0 
A L P H A S I n c r . 0. 033 -0 . 2 0 . 4 2 . 3 5 

B E T A 2 I n c r . 0. 3 - 0 . 5 0, 3 1 .5 

A P I n c r . 620-640 +ve 0 . 1 . 005 

BIOM(I) / 2 I n c r . 20-35mg /m - v e 0 . 3 0 . 0 2 
I n c r . 2 0 - 6 0 - v e 0 . 4 0 .01-
I n c r . 40 -100 - v e 1 .2 0. 02 
I n c r . 35 -250 - v e 2 . 3 0 . 0 1 

SR I n c r . 150-350 +ve 1 0 . 0 5 
I n c r . 150-700 +ve 2. 2 0. 04 

Input 
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levels over the expected input range for those parameters of major 

influence. 

7. 7 Discussion of Results 

7 . 7 . 1 Field Results 

The components of the dissolved oxygen balance which were 

demonstrated to be significant f rom the field testing of Perisher Creek 

are : -

1. Atmospheric reaeration. 

2. The production of oxygen by the photosynthesis of algae. 

3. The depletion of oxygen by respiration of algae. 

4. The dilution effect caused by the influx of tributary and 

groundwater f low. 

5. Stream temperature. 

Deoxygentation due to the oxidation of carbonaceous material will be 

insignificant due to the short flow times (less than 8 hours) and gen-

erally low stream temperatures prevalent throughout the year. 

The oxygen exchange resulting from reaeration has been calcul-

ated in Section 7.5 as part of the calculations required to estimate oxy-

gen production and depletion by photosynthesis and respiration respeqt-

ively. Vor the specif ic reaches examined the rate of reaeration was 

fôurîd to l ie between 4 and 7 mg / l / day based on a reaeration coefficient 

(^2) of 10 d a y s ' \ The reaeration coefficient was estimated f rom 

Figure 4. 2, assuming a stream depth of 0.2m and a velocity of 0. 3m/s 

Considerable e r ror associated with the estimation of K2 restricts the 

accuracy to which the rate reaeration can be determined. 

Higher rates of reaeration than those calculated in 
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Section 7.5 will be induced by g rea te r turbulence (and 

in some ins tances by cascading of the s t ream) in at leas t two 

reaches where the t e r r a i n is of steep slope. The f i r s t r each extends 

100m f r o m the chai r l i f t . The s t r eam in this section is na r row and 

subject to relat ively high s t r eam veloci t ies . Velocity and turbulence 

a r e promoted even fu r the r by the inflow of t r ibu ta ry water of equiv-

alent flow magnitude (CSIRO Creek). As i l lus t ra ted in the day 

readings of 28th January (Figure 7.9) any initial deficit at the head of 

this reach is rapidly reduced and the dissolved oxygen level brought 

up to the saturat ion level . 

The second reach l ies between Bar rakee Lodge (1710 m . e l e v . ) 

and the weir (1600 m elev. ). In this reach (commencing at a distance 

of 3400 m f r o m the chairl if t) the deficit produced by the nocturnal 

resp i ra t ion of algae is substantial ly reduced as indicated by the in-

c r e a s e in the absolute dissolved oxygen level f r o m 8.2 mg/1 to 

approximately 9. 3 mg/1 (Figures 7. 10 and 7.15). An examination of 

the day- t ime dissolved oxygen levels over the same reach (Figures 

7 .9 and 7. 14) suggests that the increased turbulence is a lso effective 

in de-aera t ing s t r e a m water which has become supersa tu ra ted as a 

r e su l t of photosynthesis . 

The complementary p roces se s of photosynthesis and resp i ra t ion 

of algae a r e shown to be perhaps even more significant than f eae ra t ion 

in the dissolved oxygen balance. The significance of these act ivi t ies 

is apparent f r o m the diurnal var ia t ions shown in F igure 7 .29 . During 

daylight hours a nett production of oxygen by photosynthesis e levates 
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d i s so lved oxygen l e v e l s into the s u p e r s a t u r a t e d region (F igures 7 .9 
and 7 .14) whi l s t at night in the absence of photosynthes is , the r e m o v a l 
of oxygen by the r e s p i r a t i o n of algae c r e a t e s a def ic i t . F o r the 
J a n u a r y t e s t ing pe r iod the def ic i t was l e s s than 15% of the sa tura t ion 
l eve l and did not c r e a t e any concern . N e v e r t h e l e s s it should be 
noted that the r a t e s of oxygen product ion/deple t ion by photosynthes is and 
r e s p i r a t i o n outlined in Section 7 .5 a r e not n e c e s s a r i l y indicative of the 
o r d e r of magni tude to be expected in the f ie ld all yea r round. 
Var i a t ions may occur on a seasona l b a s i s according to changes in 
s t r e a m t e m p e r a t u r e , a lgal b i o m a s s and, in the case of oxygen p ro -
duction by pho tosyn thes i s , the avai labi l i ty of l ight . 

The inf lux of t r i b u t a r y and groundwater flow along the length of 
P e r i s h e r C r e e k was found to be a m a j o r f ac to r in the es tab l i shment of 
d i s so lved oxygen l eve l s . A p a r t f r o m the ad jus tmen t in dissolved ox-
ygen level r e su l t i ng f r o m the mixing of w a t e r s having d i f ferent oxygen 
content the accompanying i n c r e a s e in s t r e a m veloci ty and flow r a t e 
wiU af fec t o ther p a r a m e t e r s . In pa r t i cu l a r r e a e r a t i o n is l ikely to 
i n c r e a s e whi ls t the contribution to the oxygen balance by photosynthesis 
and r e s p i r a t i o n will be l e s s s ignif icant . 

A r e a c h where ex t raneous water is of pa r t i cu l a r i n t e r e s t ex is t s 
be tween the c h a i r l i f t (0 m e t r e s distance) and the village (2000 m e t r e s 
d i s t ance ) . F luc tua t ions in s t r e amf low (F igures 7. 6 and 7.11) indicate 
that a dynamic f lux ex is t s between the s t r e a m and the l a r g e m a r s h 
bas in , bounded by the 1725 m e t r e contour and shown in F igu re 7.30 . 
It i s hypo thes i sed that groundwater flow f r o m the sur rounding alpine 
a r e a s conve rges into th is ba s in . Depending on the évapo t ransp i ra t ion 
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rate in the basin, the position of the groundwater table and the stream-

flow in Perisher Creek, water will either be transferred from the 

stream to the basin or vice versa. 

Stream temperature was observed to be particularly important 

in the determination of the initial dissolved oxygen level. Figure 

7.31, showing a comparison of diurnal dissolved oxygen levels and 

temperatures suggests that the lower nocturnal temperatures and sub-

sequently higher saturation levels lead to initial dissolved oxygen con-

centrations above those recorded during the daylight hours. 

7. 7.2 QXSTRAL Results 

Figures 7.16 - 7.19 show that the dissolved oxygen profile in 

Perisher Creek is satisfactorily reproduced using the dissolved oxy-

gen model (OXSTRAL). Although the profiles for the 28th 

January show excellent agreement with the field results it should be 

noted that the solar radiation and biomass parameters were selected 

so as to give a computed profile in the same range as the field profile. 

The profiles for 29th January were derived by substitution of new 

hydraulic data into the program. The discrepancy between the field 

and computed results for 29th is thought to be the result of a number 

of interrelated factors. The computed day results, shown in Figure 

7 . i a , are generally about 0. 5 mg/1 higher than the field results. Al-

though no supporting evidence is available, it would seem plausible 

that the difference is due to a difference in oxygen production by 

photosynthesis. Since 29th was observed to be sunnier than 28th 

(that is less haze and less cloud) this explanation relies on the asser-
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t ion by Brown (1972) that at high l ight in tens i t i e s photosynthes is is ia-
hibi ted (see Section 3. 3 .2 ) . The s h a r p r i s e at the 1550m locat ion is 
m o s t l ikely due to the u s e of veloci ty and depth data which does not 
r e p r e s e n t the t r u e n a t u r e of the r e a c h . Compar i son of the depth and 
ve loc i ty p r o f i l e s f o r the two days (F igu re s 7 .7 , 7 . 8 , 7 .12 and 7.13) 
sugges t that the veloci ty r ead ing and depth read ing at the 850 and 1550m 
loca t ions m a y be untypical ly low and high r e spec t i ve ly . C h a r a c t e r -
i sa t ion of the r e a c h by an untypical ly low veloci ty would have caused 
the r e s i d e n c e t i m e of w a t e r in the r e a c h to be exces s ive , resu l t ing in 
the exagge ra t ed l eve l s of oxygen product ion by photosynthes i s . This 
phenomenon i s a l s o apparen t in the night r e s u l t s (Figure 7 .19) . A 
s i m i l a r i n c r e a s e in r e s i d e n c e t ime and subsequent over es t imat ion of 
a lga l and plant r e s p i r a t i o n would have r e su l t ed in t he ' exagge ra t ed ' de -
cl ine in d i s so lved oxygen leve l at the 1550 loca t ion . It can a l so be 
hypo thes i sed that in the s t eep sect ion between 4000m and 5000m the 
ve loc i t i e s a r e h igher (and depths lower) than in te rpo la ted , again r e -
sul t ing in an e x c e s s i v e d e p r e s s i o n of the d issolved oxygen p ro f i l e . 

The sens i t i v i ty ana ly s i s c o n f i r m s e a r l i e r comment s (Section 
7 . 7 . 1 ) that plant and a lga l photosynthes is and r e s p i r a t i o n and the in-
flow of t r i b u t a r y and groundwate r flow will be s ignif icant p a r a m e t e r s . 
F i g u r e s 7 .20 and 7.21 show the e f fec t or. the d issolved oxygen prof i le 
of a l t e r i n g the s o l a r r ad ia t ion and plant b i o m a s s . Both f a c t o r s w e r e 
found to in f luence the d i sso lved oxygen d is t r ibu t ion , although not in a 
domina t ing way. It was e s t ima ted tha t the b i o m a s s level in P e r i s h e r 
C r e e k was l e s s than 20-50 g / m ^ of s t r e a m bed . The sens i t iv i ty 
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analysis indicated that a critical dissolved oxygen level of 5 mg/1 

would only be approached if the biomass was five to ten times as 
2 

dense (i .e. > 250 g/m ). The possibility of such a situation de-

veloping is remote although some growth in aquatic biomass could 

occur if nutrient supplies increased as a result of increased pollution. 

The effect of atmospheric pressure shown in Figure 7.22, is 

significant when considering a range of 100 mm Hg or more. Gen-

erally it will be sufficient to know the approximate atmospheric press-

ure as fluctuations of less than 50 mm Hg pressure will have minimal 

influence on the dissolved oxygen profile. 

Tributary and groundwater inflow into Perisher Creek is sub-

stantial. The sensitivity analysis, shown in Figure 7.23 indicates 

that the dissolved oxygen level of the inflow will have a major effect 

on the stream quality. Consequently this parameter should receive 

considerable attention ìq any future analysis of the stream. 

Figure 7. 24 shows that stream temperature fluctuations of less 

than 5 centigrade degrees will not alter the dissolved oxygen level by 

more than 0.2 mg/1. However, seasonal changes in temperature, in 

the order of 15-20 degrees may affect dissolved oxygen levels down-

stream of Perisher Village by as much as 1 mg/1. The small effect 

of changes in temperature on the dissolved oxygen profile is attributed 

to the short flow times involved which prevent the attainment of steady 

state conditions. In particular, temperature induced changes in the 

reaeration coefficient will not be of sufficient duration to be of any 

significant consequence in the overall dissolved oxygen balance. How-

ever, it is likely that in practice seasonal changes in temperature 

will affect the dissolved oxygen level of the surface and groundwater 
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inflow and this will then have a major effect on the oxygen distribution. 

Variations in depth over the range likely to be encountered in 

Perisher Creek shown in Figure 7,25 have a relatively small effect 

on the dissolved oxygen profile. Generally errors associated with the 

measurement of depth will only be important in terms of streamflow 

calculations where oxygen deficient surface or groundwater requires 

accurate assessment. 

Figure 7. 2B shows that variations in velocity can have a signif-

icant effect on the dissolved oxygen profile. Velocities in excess of 

those measured on 29th January do not increase dissolved oxygen 

levels greatly. However, a decrease in stream velocity to a uniform 

0.1 m / s results in a marked decline in the nocturnal dissolved oxygen 

levels . This effect can be explained mainly in terms of a lower vel-

ocity increasing the residence time and allowing algal respiration to 

dominate, although some of the effect can be attributed to a decrease 

in the rate of atmospheric reaeration. Alternatively one can expect 

a decrease in velocity to elevate dissolved oxygen levels during the 

day due to the dominance of oxygen production by photosynthesis. It 

should be noted that in Figure 7.26 the increase in the dissolved 

oxygen level at the 2000 m distance is due to the inflow of higher 

quality groundwater and tributary flow. 

Figures 7.27 and 7.28 illustrate the type of dissolved oxygen 

profiles one could expect under extreme circumstances. In Figure 

7.27 complete deoxygenation of the stream water at the chair lift 

(0 metres) is followed by rapid reaeration such that the critical level 
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is exceeded within 2000 metres of travel. Figure 7.28 shows that 

with minimum dry weather flow when velocities, depths and stream-

flow are at their lowest values, the minimum night level exceeds 

6 mg/1 (curve II). It is only when one considers the unlikely sit-

uation of the stream being highly polluted, having considerable weed 

and algal growth and being subject to the same drought flow that the 

dissolved oxygen level drops below the recommended 5 mg/1 level 

{curve III). A situation such as this would occur only after consider-

able visual deterioration of the stream had occurred and is consequently 

a highly unlikely occurrence. 
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8. Conclusions 

Based on the experience gained in assessing the field data 

col lected in Per isher Creek it is concluded that the computer program, 

OXSTRAL, provides a valuable means of predicting dissolved oxygen 

levels in Australian s treams. By carrying out a sensitivity analysis 

the significant parameters affecting the oxygen balance may be iso-

lated f o r a particular stream. This information is invaluable in 

the planning of extensive field investigations, since prior knowledge 

of the significant parameters can save time and reduce expenditure. 

An assessment of the field data taken f rom Perisher Creek in-

dicates that the concentration of dissolved oxygen along the length of 

the stream will probably exceed the crit ical value of 5 mg/1 at all 

t imes of the year , the main reasons being that temperatures are 

generally low, ensuring low rates of oxidation and high oxygen sat-

uration leve ls , and the flow time is short. The sensitivity analysis 

supports this view although at the same time reveals the need for 

some caution due to the limited nature of the field data. The only 

possible (although unlikely) situation which may lead to unsatisfactory 

dissolved oxygen levels is that in which drought streamflow is 

accompanied by low quality tributary or groundwater inflow, high 

stream temperature and high density plant and algal growth. The 

high density growth of plant and algae would be the crit ical factor 

and as this could only occur as a result of gross ecological change 

it is likely detection and rectif ication of the situation would occur at 

an early stage. 
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The only other a r e a of concern l ies in the e s t ab l i shment of the 

c r i t i ca l d issolved oxygen level . Although the consensus of opinion is 
that 5 mg /1 is the min imum acceptable l eve l . Har t (1974) r e c o m m e n d s 
values a s high as 9. 3 mg /1 fo r the protect ion of t rou t spawning where 
toxic subs tances a r e p re sen t (Table 2 .1 ) . It is conceivable that if 
chlor ine is introduced into P e r i s h e r Creek during the cou r se of was te 
t r e a t m e n t the c r i t i ca l dissolved oxygen level may need to be i nc r ea sed . 
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9. Recommendations 

It is recommended that:-

(i) further refinement of OXSTRAL be made as more data comes 

to hand in the course of the continued study of Perisher Creek and 

other National Park streams. In particular more information should 

be sought in regard to the production of oxygen by plant and algal 

photosynthesis and the associated depletion of oxygen by respiration; 

(ii) any further study of Perisher Creek should establish, on a 

seasonal basis, the quality of groundwater and tributary inflows, the 

distribution of algae along the length of the stream, and examine these 

two factors in terms of their influence on the dissolved oxygen distrib-

ution; 

(iii) data be gathered during those periods when dissolved oxygen 

levels are likely to be lowest, i . e . during the summer nights when 

stream temperature is high, photosynthesis is absent, algal respiration 

is high and streamflow is low; and at night during spring thaw or after 

a light rainfall when the inflow of low quality water may be substantial. 
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APPENDIX A 

METHODS TO EVALUATE MODEL PARAMETERS 

After a preliminary study of the stream an assessment of the 

principal parameters affecting dissolved oxygen should be made. 

Data allowing evaluation of the principal parameters should be sought 

both from field measurements and by laboratory analyses in the manner 

described in the following sections. 

A l ; Sampling Procedure 

When critical conditions are being studied, sampling should be 

undertaken at a time when streamflow is low and if possible relatively 

stable. 

Krenkel (1973) states that generally sampling locations should 

include one station just above each major waste discharge and other 

stations at about half to one day intervals below the waste sources. 

In those instances where parameters other than dissolved oxygen or 

B . O . D . levels are being investigated (e .g . reaeration coefficient, 

streamflow etc . ) the sampling locations may be chosen at shorter 

intervals. 

Sampling once daily and once nightly will be sufficient in most 

cases. However, if streamflow, waste discharge or photosynthesis 

are found to fluctuate widely, it may be necessary to sample contin-

uously to establish the daily cycle of variation. 

A2: Flow Distances 

Flow distances may be ascertained from topographical maps of 

the area. 
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A3: Stream Velocit ies 

Stream velocit ies may be measured directly using a current 

meter or timing the movement of a t racer , or indirectly f r o m stage-

discharge ratings and c ross - sec t i ona l area measurements . 

A4: Flow Time 

The f low time in a reach is calculated by dividing the flow dis-

tance in the reach by the mean stream velocity in the reach. 

A5: The Ultimate BOD Level (Lp) and the Deoxygenation 
Coefficient (Kj) 

Values of LQ and K^ can be estimated in a number of ways. A 

summary of techniques and approaches fo l lows. 

Clark (1968) reports that polluted water samples may be satis-

factori ly transported to the laboratory for BOD analysis if packed in 

i c e . BOD analysis (Winkler method) is carr ied out within 24 hours 

of sampling the BOD value will show a di f ference of l ess than 10% of 

that which would have been obtained if analysis had occurred immed-

iately after sampling (Clark, 1968). Accordingly , an allowance for 

the sample deterioration may be made, particularly if sample hand-

ling procedure is standardised. 

The BOD value obtained represents the amount of oxygen con-

sumed in mg/1 of waste water over a period of 5 days at 20°C under 

laboratory conditions. The value measured is dependent not only 

on the nature and amount of the organic materials present but also on 

the microorganisms and their environment in the BOD bottle. 

The ultimate BOD value (UBOD), required in the kinetic f o r m -

ulation is estimated by establishing a relationship with the BOD5 
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value, based on information from long-term BOD tests extending to 

10 or more days. These long-term BOD tests can also provide a 

means of determining the deoxygenation coefficient, K̂ .̂ The method, 

outlined by Whipple (1969), involves observing the oxygen uptake of 

stream samples at 20°C as a function of time. LQ can be calculated 

from equation (4.3) where t2 = 2ti 

i . e . X -- Lo (1 - ( Al) 

Z ^ ^ (A2) 

From Equation (Al) 
e" K l t l . 1 . X 

Substituting into (A2) 

Z Lo (1 - (1 - x- ^̂  ^ 

L-o 

I.e. L, A3^ 
ô 2.x-Z 

K^ can be calculated from equations A l and A2 

- K l t l , i . e . J ^ _ (1 - e ^ M 
Z-X • ^ -Ki t i ^-Klt2 e - e 

1 - e-Kl^l 

i . e . log ^ = Ki t i 
Z-X 

i . e . K l - i^S ^ K t ^ - t ^ ) 

Krenkel (1973) has expressed the opinion that the rate constant 

is dependent on environmental conditions and is not adequately rep-

resented within the confinement of a BOD bottle. Krenkel also 

states that K j is not only affected by mixing, but by deposition. 
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absorption and scour which may occur along the s t ream length. 

These fac tors may be taken into consideration by measuring the 

BOD5 at success ive downstream locat ions , and then determining the 

rate constant f r o m the s lope of a plot of the log (BOD5) versus time 

of passage . 

The most accurate method of finding LQ and K^ f r o m a s e r i e s 

of observations of the oxygen demand, y, exerted over a per iod of 

t ime, t, is to use the "method of moment " developed by M o o r e , 

Thomas and Snow. This method involves relatively s imple ca lcul -

ations, fo l lowed by r e f e r r a l to the appropriate graphs given in the 

paper. 

A m o r e convenient method, derived by Thomas involves plotting 

(•t/y against t on ordinary graph paper . A straight line is ob-

tained in which the intercept on the yax i s is (A) and the slope (B) 

are defined by the equation, 

A = (KiLq)^^^ 

and B = (Ki)^^^/ GLQ^^^ ( A5 ^ 

f r o m which 

Ki = 1. 13 B / A (A6^ 

Lo - 1 / K i A ^ (A7) 

A6: The Rate of Addition of BOD along the Reach (L^) and the 
Rate Coeff ic ient to Account f o r the Removal or Addition of 
BOD by Deposition or Resuspension (AK4) 

The rate of addition of BOD along a reach may be computed by 

re f e rence to the Dobbins equation (Section 5 . 1 . 2 ) . 
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L - ^ (Ki+ AK4) 
L . - La _- (Kl+AK4)t 10 (0.3) 

The carbonaceous deoxygenation coefficient (Ki) and the BOD 

profile ( i .e . a tabulation of L versus time) are determined by lab-

oratory analysis. If L is found to decrease along the reach faster 
"Kit than the rate of reduction due to oxidation ( i . e . L < L e ^ ) then o 

AK4 may be assumed to be positive,i-e. the reduction of BOD due to 

sedimentation is greater than any addition of BOD to the stream from 

the benthal deposit or other sources. It is then assumed that La'O 

and so the effective value of AK4 may be computed from equation (5.3). 

If L is found to decrease, remain constant or increase along the 

reach but exceeds the value predicted by carbonaceous deoxygenation 

( i . e . L > Loe'^^^^ "then the rate of addition of BOD along the reach 

exceeds the removal by sedimentation. It is then assumed that 

AK4 = 0 and La is computed from equation (5.3). 

A7: The Reaeration Coefficient (K2) 

Wherever possible the reaeration coefficient should be directly 

determined in situ rather than relying on empirical formulations. In 

this way normally unaccountable factors affecting turbulence are en-

compassed. 

The two basic methods for the determination of K2 in the field 

are the disturbed equilibrium technique and the tracer technique. 

A7 .1 : The Disturbed Equilibrium Technique 

This technique is described by Gameson and Truesdale (1959) 

and Klein (1962). It entaûs the measurement of two different levels 

of dissolved oxygen concentration at the upstream and downstream 

ends of the reach. The upstream dissolved oxygen deficit is obtained 
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usually by adding sodium sulphite and a cobalt catalyst to the stream 
2-

( O2 + 2SC^ . :^2S04 ). Precautions should be made to assure that 

the sulphite is completely mixed with the flow and that the reaction 

has proceeded to completion before the flow enters the study reach. 

If velocity, stream temperature and reaeration coefficient are assumed 

constant for the reach during the period of the experiment, then, from 

equation 4.16 
K - J - In .Am - t ^̂  (Cs - C2) ^^^^ 

where Ci and C2 are d. o. concentrations at two stations 

downstream of the reagent addition with time of flow between them of 

t days. 

If oxygen is liberated by photosynthesis or consumed by respir-

ation, it can also be shown from equation (4. 16) that providing the 

rates of these processes remain constant during the measurement, 

where C^ and C^ are the steady concentrations at the two 

stations before the addition of the reducing agent, and Ci and C2 are 

as previously defined. 

A7. 2 Tracer Technique 

This technique described by Bennett and Rathbren (1972) and 

Tsivoglou (1968) uses an instantaneous injection of three tracers at a 

point upstream from the reach over which the reaeration coefficient 

is to be measured. The tracers are (1) a fluorescent dye the pur-

pose of which is to enable field personnel to follow the movement of 

the tracers; (2) tritiated water, which is used as a conservative dis-
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p e r s i o n t r a c e r , and (3) the r a d i o a c t i v e t r a c e r gas Kryp ton -85 , which 
i s u s e d to m e a s u r e the gas t r a n s f e r capac i ty of the f low. Samples of 
s t r e a m w a t e r a r e r e m o v e d f r o m the flow as the dye peak p a s s e s the up-
s t r e a m end and aga in a s it p a s s e s the d o w n s t r e a m end of the r e a c h . 
The t r a n s f e r capac i ty of the f low f o r the t r a c e r gas i s obtained f r o m 
the r e l a t i v e c o n c e n t r a t i o n s of the gas and t r i t i a t e d w a t e r t r a c e r s at the 
two ends of the r e a c h . Ts ivoglou (1968) showed that 

CG 
CL 

w h e r e C" is concen t ra t ion ; t is f low t i m e . The s u b s c r i p t s a 
and b r e f e r to the u p s t r e a m and d o w n s t r e a m s ta t ions r e s p e c t i v e l y , 
the s u b s c r i p t s G and L r e f e r r e s p e c t i v e l y to the Krypton and t r i t i u m 
t r a c e r s and the t e r m K2G is the gas t r a n s f e r coef f ic ien t of the t r a c e r 
g a s . 

K2G ca^ b® conve r t ed to a r e a e r a t i o n coef f i c i en t , K2, by m e a n s 
of the g a s - t r a n s f e r r a t i o d e t e r m i n e d by Tsivoglou (1968). He found 
tha t the a v e r a g e r a t i o of the r a t e of Krypton deso rp t ion to the r a t e of 
oxygen a b s o r p t i o n w a s 0. 83. Hence , 

T ô - K2G ( A l l ^ - 0 . 83 
G e n e r a l l y t he t r a c e r technique is p r e f e r r e d to the d i s t u rbed 

e q u i l i b r i u m t echn ique . The m e a s u r e m e n t o f concen t r a t ion ' us ing 
sc in t i l l a t i on d e t e c t o r s is v e r y a c c u r a t e , and b e c a u s e only r a t i o s of 
the counts a r e u s e d , d e t e r m i n a t i o n of the counting e f f i c i ency is not 
n e c e s s a r y . T h i s i s r e f l e c t e d in a c o m p a r i s o n of a c c u r a c y of the 



two me thods r e p o r t e d by Bennett and Rathbun (1972). The expec ted 
r o o t - m e a n - s q u a r e e r r o r f o r the t r a c e r technique i s 15% and f o r the 
d i s tu rbed equ i l ib r ium method an e r r o r of up to 115% can be expec ted . 

The d i sadvantages to us ing the r ad ioac t ive t r a c e r technique 
a r e m i n i m a l when inves t iga t ing s t r e a m s with d i s c h a r g e s l e s s than 

3 
6 m / s . F o r l a r g e r f lows s t r ingen t p r e c a u t i o n s aga ins t r ad i a t ion 
exposure m a y be n e c e s s a r y because of the l a r g e r amounts of t r a c e r 
n e c e s s a r y . 

A8: Rate of Photosynthet ic Oxygen Produc t ion and R e s p i r a t i o n 
Seve ra l p r o c e d u r e s have been developed fo r the m e a s u r e m e n t 

of photosynthet ic and r e s p i r a t i o n e f fec t s in n a t u r a l s t r e a m s . These 
include the l ight and da rk bot t le technique , the u p s t r e a m - d o w n s t r e a m 
method, the f ini te d i f f e r ence method and the p l a s t i c dome method . 

A 8 . 1 : Light and Dark Bottle Technique 
The light and dark bott le technique d e s c r i b e d by Camp (1963), 

Whipple (1969) and Bennett and Rathbun (1972) involves dividing a 
wa te r sample into two p a r t s ; one p a r t i s p laced in a t r a n s p a r e n t 
g l a s s bottle and the o ther in an opaque bot t le . Both bo t t l e s a r e 
suspended in the s t r e a m at the sampl ing point f o r a pe r iod of t i m e , 
usua l ly f r o m 24 hou r s to s e v e r a l days . At the end of the pe r iod the 
bot t les a r e ana lysed fo r the i r d issolved oxygen concen t r a t i ons . 
The l o s s of oxygen f r o m the dark bott le r e p r e s e n t s BOD while the 
change in oxygen in the light bot t le i s a r e s u l t of both BOD and 
pho tosyn thes i s . The oxygen product ion due to photosynthes i s is 
taken as the d i f f e r ence between the d issolved oxygen concen t ra t ions 
over a 24 hour pe r iod . 
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The technique described thus far considers the activity of plank-

ton and not benthal growths and rooted plants, which are more likely 

to dominate in the natural stream environment. Under these circum-

stances the light and dark technique involves using one opaque and one 

clear glass bell jar. Camp (1963) describes the method used as 

follows: The bell jars are placed open side down in contact with the 

bental deposit. A flow of water is to be passed through the bell 

jars at a constant rate so as to produce a decrease or increase in 

dissolved oxygen content which can be measured with accuracy. The 

quality of this water should be that it is of the same temperature and 

mineral content as the natural stream water but its BOD and plankton 

count should be negligible. The opaque jar test should yield the ox-

ygen demand of the deposit and the clear glass jar should include the 

compensating effects of photosynthesis. 

Criticisms of the light and dark bottle method usually concern 

the high surface/volume ratio in the container, the lack of turbulence 

and the absorption of radiation by the glass. These three factors 

could result in the enclosed biological system changing to such an 

extent that it no longer represents the natural stream environment. 

A8. 2 The Upstream-Downstream Method 

The rate of photosynthesis and respiration at any time during 

the day can be estimated using the upstream-downstream method 

developed by Odum (1956) and described by Bennett and Rathbun (1972V 

Klein (1962) and O'Connell and Thomas (1965). The concentration of 

dissolved oxygen is measured at two stations in the stream at fre -

quent intervals throughout the day and night, and from the resulting 
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values the change in concentration in the water flowing between the 

stations is plotted against time. 

The graphical representation is tjrpified by Figure A l . The 

constant diurnal rate of respiration is indicated by the minimum 

night time value. The area between the horizontal respiration line 

for the period between sunrise and sunset represents the total daily 

oxygen production by photosynthesis. 

The mathematical basis for the procedure is the dissolved oxy-

gen balance written in the form 

q = = P - r + K2D - KiL + a^ (A12 ̂  

dt 
d C where q { i .e . ( - j ^ ) ) ^ rate of change of d. o. content. 

mg/m^ /day 

p = rate of oxygenation due to photosynthesis 
mg/m^/day 

q 
r = rate of respiration, m g / m /day 

3 
K^ D = rate of reaeration, mg /m /day 

¿à 

K^L = rate of carbonaceous deoxygenation 
mg/m^/day 

a^ = rate of addition of d . o . by drainage, 
mg/m^/day 

It is assumed that respiration occurs at the same rate in the 

day during active photosynthesis as at night and that other factors 

such as the exchange coefficient, BOD, streamflow and the addition 

of dissolved oxygen by drainage remain constant. Therefore it 
2 

follows that the rate of photosynthetic oxygen production in mg/m /day 

(p X depth) is 
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P - H (q^ - q^ ) dt 

F ( A C 2 - A C i ) dt (A13 ) As 
' t l 

w h e r e P = pH 
H i s the s t r e a m depth (me t r e s ) 
F is the v o l u m e t r i c wa t e r f low r a t e 
A s is the s u r f a c e a r e a of the r e a c h 

and A.C is the d. o. concen t ra t ion d i f f e r e n c e between the 
u p s t r e a m and d o w n s t r e a m s ta t ions and the s u b s c r i p t s 1 and 2 r e f e r 
r e s p e c t i v e l y to the t i m e at which s u n r i s e o c c u r s and the t ime of 
evening at which q (or A C ) r e t u r n s to the s u n r i s e va lue . 

A8 . 3 The F i n i t e D i f f e r e n c e P r o c e d u r e 
Th i s me thod , d e s c r i b e d by O'Connel l and T h o m a s (1965) in-

vo lves the d e t e r m i n a t i o n of the net oxygen cont r ibut ion by photo-
syn the t i c ac t iv i ty (Ph2 ' P r 2 ) solut ion of the d i s so lved oxygen 
b a l a n c e equa t ion , 

i . e . ^ _ (p^^ _ p^^^ ^ - K i L - N (A14) 

T h e r e f o r e (Ph2 - P r2 ) = " K2D + K i L + N m g / 1 (A15) 

The r e a e r a t i o n (K2D), deoxygenat ion (KiL^ and nitr if icat ion(N) 
t e r m s a r e d e t e r m i n e d a c c o r d i n g to me thods p r e v i o u s l y d e s c r i b e d . 
F o r eva lua t ion of the de r iva t i ve t e r m , s a m p l e s a r e col lec ted at 
s e l e c t e d i n t e r v a l s and loca t ions and a s e r i e s of c u r v e s , showing 
D . O . l eve l a s a func t ion of t i m e a r e p lo t t ed . The s lope of the r e -
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lationship represents the rate of change of oxygen concentration 

^dt ^ 

The solution of the dissolved oxygen balance will depend on 

plant and algal biomass and solar radiation intensity. Quantitative 

assessment of oxygen production due to photosynthesis will be pre-

sented as a function of both the time of day and the location along the 

length of the stream. 

The major disadvantage of the finite difference procedure lies 

in the accumulation of errors which will accompany the evaluation of 

the other terms in the dissolved oxygen balance, and particularly in 

the evaluation of the reaeration coefficient. 

A9: Nitrification 

The values of the ultimate nitrification demand and the rate con-

stant (equations (4. 8) and (4. 9) ) can be obtained in several ways. 

Indirectly estimation of the parameters can be achieved by measuring 

the production of nitrate in the stream. This must be done under 

steady state conditions. The measured concentrations of nitrate can 

be converted into the equivalent amount of oxygen required to pro-

dice it through oxidation of ammonia. A plot of oxygen consumed 

by nitrification versus time can be prepared. 

Another method is to obtain a sample of stream water and ob-

serve its oxygen uptake as a function of time with and without the 

addition of a nitrification inhibitor. If the inhibited curve (organic 

matter oxidation only) is subtracted from the inhibited curve (organic 

matter and ammonia oxidation), a curve of oxygen utilised by ammonia 
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oxidation will result. A more detailed description of the method is 

given by Whipple (1969). 
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APPENDIX B 

DISSOLVED OXYGEN METER 

An 'E . I .L . Portable Dissolved Oxygen Meter-Model 1520, 

Electrode Model 152' was used in the investigation of dissolved oxygen 

levels in Perisher Creek. Details of the instrument and its operation 

are presented in the following sections. 

B1 Description 

The instrument consists of a cylindrical electrode (approx. 

5 i " X 1" in size) connected to a direct read-out meter by alength of 

signal transmission cable. Both dissolved oxygen, expressed as a 

percentage of the saturation value, and stream temperature,are 

measured. 

The oxygen electrode (Mackereth type) relies on oxygen diffusing 

through a semi-permeable polythene membrane covering the electrode, 

and being reduced at the cathode to give a current proportional to the 

oxygen partial pressure. The electrode is cylindrical and consists of 

a central lead anode surrounded by a hollow perforated silver cathode. 

Both the anode and cathode are covered in permeable polythene mem-

brane and the volume between is filled with electrolyte. The mem-

brane allows gaseous diffusion but not liquid or ionic diffusion. 

Since the output current of the electrode varies with temperature, 

automatic temperature compensation is provided by a thermistor sit-

uated above the silver cathode. This thermistor is also used for 

measuring stream temperature. 

The meter has three oxygen ranges: 0-200%, 0-100% and 
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0-50% saturation of oxygen. One hundred per cent saturation rep-

resents the partial pressure of oxygen in water saturated with air 

at 760 mm Hg pressure. The temperature scale covers the range 

-5 to +35°C. 

B2 Calibration 

Calibration of the instrument involves calibration of the temp-

erature scale followed by a calibration of the dissolved oxygen 

scales. The procedure is detailed in the manual of 'Operating 

Instructions' supplied with the instrument. 

It should be noted that if the atmospheric pressure deviates 

significantly from 7 60 mm Hg pressure the 100% saturation value 

will be denoted by the following meter reading : 

Atmospheric Pressure (mmHg) - SWVP ^ ^^^ 
760 - SWVP 

where SWVP = saturated water vapour pressure at the 

temperature of calibration (mmHg) 

The manufacturers suggest that the calibration procedure be re-

peated weekly if the instrument is in general use. 

B3 Operation 

The electrode is immersed in the stream water being examined. 

After a period of one minute, this being the 0-90% response time for 

temperature compensation, a reading can be taken from the selected 

scale. 

Two points should be noted 

(a) The water must be moving past the electrode at a minimum 

rate of 10 c m / s to avoid oxygen depletion in the vicinity of the electrode, 
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(b) A c o r r e c t i o n f o r sa l in i ty m u s t be appl ied when making d e t e r -
mina t ions in sa l ine wa te r 

2. 65 X S (% SAT)measured I . e . (70 SAT)actual " ^ ^ ^ ^ m e a s u r e d " 33. 5 + t ^ 100 

w h e r e S is the sa l in i ty (pp thousand) 
and T is the wa t e r t emp (°C) 

(Meter opera t ing in s t ruc t ions ) 
Values of oxygen concen t ra t ion (ppm) may be obtained f r o m % 

sa tu ra t ion va lues and s t r e a m t e m p e r a t u r e r e a d i n g s us ing the h i s to -
g r a m supplied with the i n s t r u m e n t . 

B4 P e r f o r m a n c e 
The i n s t r u m e n t spec i f i ca t ions s ta te that the d i s so lved oxygen 

r ead ing is a c c u r a t e to 1% ini t ia l ly a f t e r ca l ib ra t ion . Ver i f i ca t ion of 
the a c c u r a c y should be c a r r i e d out us ing the Winkler method , a chem-
ica l method based on the fac t tha t , in a lkal ine solut ion, the d i sso lved 
oxygen oxid ises manganous ion to mangan ic ion which, in t u rn , ox-
id i s e s iodine ion to f r e e iodine in quant i t i es equivalent to the amount 
of oxygen p r e s e n t . C a r e has to be taken to e n s u r e that oxygen con-
tamina t ion of the s ample , p a r t i c u l a r l y the s a m p l e of low d . o . l eve l , 
does not occu r dur ing the p r o c e s s of a n a l y s i s . A t t e m p t s w e r e made 
to a s s e s s the a c c u r a c y of d isso lved oxygen m e a s u r e m e n t by s i m u l -
taneous ly c o m p a r i n g the r ead ings of two ident ica l i n s t r u m e n t s . Diff-
icul ty o c c u r r e d in the ca l ib ra t ion of one of the i n s t r u m e n t s and con-
sequent ly r e a d i n g s showed a d i f f e r ence of a p p r o x i m a t e l y 8%. N e v e r -
t h e l e s s l i nea r i t y was p r e s e r v e d over a wide r a n g e and no s ingle 
r e a d i n g showed a deviat ion of m o r e than 3% f r o m the mean va lue . 
F i g u r e B1 depic t s the r e s u l t s obta ined . 
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The specifications for temperature are that the accuracy is 

- l^C initially after calibration. Comparison of thermometer and 

meter read-out, shown in Figure E2 confirm this specification. 

Unfortunately the automatic temperature compensation is not 

ideal. Although untested, the instrument specifications state that 

the error in the dissolved oxygen reading due to differences in sample 

temperature will not exceed - 5% for a - change from the original 

calibration temperature. 

The response time for 90% of the final d. o. reading is stated by 

the manufacturers to be approximately 75 seconds. Laboratory 

measurements shown in Figure B4 indicate that the 90% digure may 

be obtained within 30 seconds. However, up to 3 minutes may be 

necessary for 99% of the final reading. 

The effect of stream velocity on the meter reading is shown in 

Figure B5. These results indicate that at 10 cm/s the reading will 

be within 1% of the final value. A flow velocity of 2 0 cm/s will en-

able 100% read-out. 

Instrument drift is specified at less than 2% per day and about 

5% per week. Laboratory measurements indicated a weekly figure 

of approximately 3%. 
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FIGURE B2 : COMPARISON BETWEEN ^METER' AND 

THERMOMETER' READINGS OF 

WATER TEMPERATURE . 



>-X 
o 

o 
m 1/1 

< 
cr 

< IOO°/o D.O Step Input 

2 3 
R E S P O N S E TIME ( m i n u t e s ) 

FIGURE B3: METER RESPONSE TIME 
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FIGURE B^: E F F E C T OF S T R E A M VELOCITY 
ON D.O R E A D - O U T . 




