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DISSOLVED OXYGEN MODELLING IN HINDON RIVER (U,.P,.)
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ABSIRACT

Rivers are one of our most important natural resources,
However givers also continue to be the carriers of waste water,
Those who deal in water management will have to make many
critical decisions concerning the treatment necessary before
discharge into the streams, or whether the discharge, in fact,
can be made. In many cases the decisipns will be critical in
that the results of the decisions will not be undone easily.
# prime consideration in stream assimilative capacity is
dissolved oxygen. A positive dissolved oxygen content must
be maintaired to prevent putrefecation, In the process of

assimilation, oxygen is consumed by organic load carried in
the stream, by the benthal demand, and by the respiration of
plants and plankton. Oxygen is provided to the stream by
diffusion from the atmosphere and by photosynthesis, These
elements of oxygen production and oxygen consumption are
interrelated,

The use of mathematical models for water quality studies
ha3 gajned wide acceptance, Many of them models are complex
and use sophisticated rate constaints and interrelationships
of a wide variety of parameters, which results in extensive
calibration and field verification., Complex models are too
detailed for many planning studies, In this paper, a model
to simulate dissolved oxygen concerntration and to calculate
biochemical oxygen demand, has been presented, The model has
the capability to check dissolved oxygen concentration in
the stream system against a prespecified target level dissolved
oxygen concentration, If the minimum D.,0. level is found to
be below the target D,0,level, the program has the capacity to
compute the required amount of flow augmentation to bring the
D.0., level to reduired level in the system. The computer
program has been based on DOSAG-l model of Texas Deptt, of
water Resources, U.S.A., The computer program has been tested
with actual data of a river stretch, The model was successfully
run on Hindon river (U,P.) data, The dissolved oxygen profile
was compared with actual data and the hand calculated data,
the results are quite good, The paper gives all the details
of che model and output. The paper will be very useful for
taking up any river stretch and running DO SAG model. The basic
theory, usage 8f the model etc, are also given,

1,0 INTRODUCTION

Polluted streams are usually characterised by a decline
followed by @ recovery in the dissolved oxygen level along the
length of the stream. The initial decrease in level oc¢uars
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due to greater rate of oXygen removal by biological oxidation
than that which can be supplied by reaeration, The rate of
biological oxidation is directly proportional to the quantity
of organic materijal present and consequently decreases witn
time, The minimum deficit will be that point at which the
rate of supply of oxygen by reaeration eguals the rate of
consumption by biological oxidation, fThereafter the reaeration
process dominates and the dissolved oxygen deficit is gradually
reduced (Bhatia, 1984). A prime consideration in stream
assimilative capacity is dissolved oxXygen. & positive dissolved
oxygen content must be maintained to prevent outrefaction,
however if streams are to Support fish, DO must be maintained
8t not less than 4 to 5 mg/i or higher, The Indian Standards
specify a DO level of 6,0 mg/l for drinking water (CBRCWP,
1980). In the process of assimilation, oxygen is consumed by
the respiration of plants and plankbon, Oxygen is provided to
the stream by diffusion from the atmosphere and photosynthesis,
These elements of oxygen production and oxygen consumption are
interrelated, Delicate balances are ma3intained, Mathematical
relationships are maintained,

e I | Physical System

The dissolved oxygen balance between oXygen supply and
deoxygenation in a stream js often express ed in the form of a
plot of dissolved oxygen level as a function of streamflow
time or distance downstream from the source of poilution. This
curve commonly termed as 'Oxygen Sag Curve' may be derived
either trom <£ield measurements or from a mathematical model
and represents the dissolved oxvgen distribution along the
length ot stream for a given set of environmental couditions
(Streeter and Phelps, 1925), Generally the most important
factor causing oxygen depletion is that associated with the
oxidation of carbonaceous material, However, in some streams
the circugstances may be such that nitrification of wastes
or the respiration of benthal or aquatic plants may be highly
significant, The carbonaceous oxidation process is a
manifestation of the respiratory functioning of the micro=-
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organisms, To maintain life and growth, micro-organisams
consume organic material and dissolved oxygen and respire
carbon dioxide in the process, The oxidation of the organic
material proceeds in an overlapping stepwise function, the
end products of one reaction providing the fresh material
for the next reaction, Nitrification represents a series
of associated reactions in which ammonia and simple animal
compounds are oxidised to nitrate and to nitrite, Unlike
the carbonaceous reaction which is dominated by rather
persisteut group of heterotrophic organisms, oxidation of
the nitrogeneous material is carried out by specialised
groups of organisms which are much more sensitive to
environmental considerations (Tuck, 1980). In addition to
the removal of organic wastes by biological oxidation some
80113 wastes may be removed from a stream by sedimentation.
Bottom deposits form in three general ways (Velz, 1958X
i.e., by deposition of heavy solids, deposition resulting
from flocculation and coagulations and thirdly by growth

attached to bottoms, The respiration of aquatic plants
and algae can represent a critical factor in establishing
the minimum dissolved oxygen deficit of a stream. The
oxygen is supplied to the system by absorption from the
atmosphere at the stream surface and when plants are
present by photosynthetic activity. If for any reason
the oxygen content of a stream falls below saturation
more oxygen will be absorbed at the surface than is further
oxygen depletion is absent (0'Connor, 1967)., The oxygen
balance eof a natural stream may be influenced by the
metabolic activities of chlorophyll bearing algae, phy=
toplankton and aquatic plants, These use energy provided
by solar radiation to synthesize carbohydrates to carbon
dioxide, water nutrients and trace material and release
oxygen as a byproduct to the surrounding water,
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1,2 Scope of Present S udy

In the present study, the DOSAG-I model given by Texas
Department of Water Resources (earlier known as Texas Water
Development Board), was used to study the dissolved oxygen
variations in a river (Hindon) in Uttar Pradesh, The river is
being heavily polluted by the various industrizl units arount
it. The river was chosen because the data for two montnhs of
sampling and DO analysis by hand calculations were already
available (Patel, 1985)., The DOSAG-I, a fairly large computer
program of around 1500 statements was fed to the VAX-11/78c
computing system of NIH and was implemented, The test runs
were taken and DO sag curves for two situations w:r= computed,
The curves have been compared with observed and hand calculated
curves (Patel, 1985) and conclusions have been drawn. The
Study would be highly useful for future works in DO sag curve
computations as the computer program has been tested, used and
is readily available,

2.0 SI'UDY AREA

The study area was chosen as detailed hydrochemical
studies were earlier conducted by Patel (1985) and the data
required to run DOSAG I was partly 3vailable,
241 Location

ine area under study is a part of the Indogangetic plain
and lies in the Upper Hindon pasin, bounded between latitude
29°52% and 30%'N and longitudes 77°32'30" and 77°37'15" E
(Figure 1), The area is located within Sharanpur district of
Uttar Pradesh (India) and is included in the Survey of India
topographic sheet No, 53% on the scale of 1:50,000., The study
was confined to a nearly 17 km, stretch of Hindon river system
starting from near the village of Mohammadpur in the north
to Sadauli Haria in south, The area under the study is well
connected by roads and railway., Saharanpur is the important
town in the north-western part of the area, Some of its
parts, are, however, connected by cart-tracks or seasonal
roads only.
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262 Climate and Rainfall

The climate around the Hindon basin studied is of
moderate to Subtropical mon soon type. Thus, there exists
d well marked seasonal variation in precipitation,temperature,
pressure, wind, relative humidity etc, 1In general, the
dverage normal monsoon rainfall in the Sahardnpur town is
486 mm. and the daily temperature ranges from 8°C in winter
to 40% in summer, The aversage ‘nnual rainfall and the
dverage monsoon rainfall for 3 years (1980-82) recorded
for the three rain gauge stations located in Ssharanpur,
Nakur and Deoband Tehsil in Sharanpur district covering
the area of Study is 874,19 mn, and 650,29 mm respectively,
Thus the monsoon rainfail dccounts for about 75 percent of
the total annual rainfall,

2,3 Physiography and Drainage

Physiographically, the Hindon basin which has river
Hindon as the main stream is characterised by about 18 m.
variation in altitude, ranging between 280 m, above M.S.L.,
in the north to 262 m. in the south, The drainage of the
area comprises of the Hindon river wnich is an emphemeral
river and has its flow geénerally towards south, This river
finally meets the Yamuna river system near Ghaziabad town,
In the area of study, the Hindon river has two perennial
tributarie- viz, Nagdeo nalla and Dhamola nalla joining it
near Ghogreki and Sadauli Harja villages respectively,

2.4 Inhabitants and Industries

Lfhe area urnder Study is densely populated because of
the rapid industrialisstion and dgricultural growth that have
taken place during last few decades €specidlly around
Saharsnpur town having a population of over 1 million, In
the vicinity of Saharenpur town, a variety. of industries have
come up such as those relating to paper, sugar, food
processing, dairy products, lime and brick kilns, engineering
and cottage products, 1In particular, the star Paper Mill
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7nd Indana Ghee Factory @re significant industries in the
area, The effluents generated from these industries are
mostly discharged to nallas withcout any significant pre-
treatment which ultimately join the river Hindon or its
tributaries. The description of tne study area has been given
in detail by Patel (1985).

3.0 DaTa USED

The data used in the case study are taken from a thesis
done at University of Roorkee, Roorkee (Patel, 1985). The
data were collected for hydrochemical studies of Hindon basin
in U,P. The parameters were computed by using field and
experimental data between Dudhli Zukhara village (Si,,) and
Mabarikpur village (5529), In developing dissolved oxygen
curve using DO=x3, in two phased data have been used, In
first phase (Phase-I) of observations, the dats for April
1985 have been used for 5y, and &i,4 only. For computing
discharge the data of deptn, width and velocity were used,
In second phase (phase-II) of observations, the cata for
May 1985 heve been used for ‘“22 to iﬂzg.'rhe discharge values
have been obtained by regrescion coefficient valuss method,
The values of reaeration and reoxygenation coefficients as
given by Patel (1985) have been used,

4,0 METHODOCLOGY
The DOS»G water uality simulation model computes the

carbonaceous and nitrogenous biochemicul oxygen demand

and dissolved oxygen profiles in & stream systen using
explicit solutions for the differ:ntial eyuation of these
constituents at steady stace, The differential eduations,
explicit solutions, &nd solution techniques used in the
simulation model are described below (sdopted from CRWR=-145),

442 Basic byuations

The concentration of a water guality constituent such
biocanemical oxygen demand (£0D) in @ stream mady be affected
by its transport downstream, the introduction of more 30D

in o waste discharge or from bentaic deposits and the loss
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of BOD by wat
that describe

J
EEN

where

t =

er withdrawal or decay, The general equation
S these processes is

X A OX

BOD concentration in river

20D concentration in distributed flow
BOD from distributed source without flow
river cross-section area

decay coefficient

river flow

distance downstream

time

Given the System to be simulated and the inputs and losses to

be considered, this equation may be reduced to a simpler form,

Steady state conditions may be assumed and the equation is

then in a form simple enough to be integrated using elementary

technivues,

The equation used in DOwG=I originally were

derived in this fashion.

4,2 Biochem

Carbona
removed from

reletionship

al =
dt

ar¥

dt
where

ical Oxygen Demand

ceous and nitrogenous BHOD is assumed to be
water according to & first order decay

a4s shown in Equations 2 and 3,

- I sua 20

- sas KF)

time of travel (days) = x/u, u = Q/A
carbonaceous BOD concentration, mg/l
nitrogeneous BOD concentration, mg/1
carbonaceous and nitrogencus BOD removal rates

mg CBOD or NXD removed/time or t
mg CBOD or NECD present

respectively,
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The exponential relationship as defined,by the above equations
aSsumes that the rate of removal of a compound (the rate of
degradation) is proportional to the concentration of that
compound Egmaining in solution, These equations have been
found to appropimate the rate of disappearance of the BOD

within most stream systems, The removal rates for carbonaceoug
BOD (Kp) are considered to be constant for each user-specified

stream reach being simulated, The user may specify a
different Kr and K values for each strecm reach in the basin,

however, it has bezn shown in practice,thag Kr and Kn are
proportional to the distance and time of travel from the point
of discharge, This decrease Is due to the settling of some
BOD while oxidation accounts for the rest, The occurrence

of several waste discharge along a given stream reach vastly
complicates the problem of developing the removal rate
constants, The most appropriate method for determining Kr
and Kn is to measure these values in the field with a complete
dissolvea oxygen biochemical oxygen demand field survey, If
this type of survey is not possible, it is necessary to
estimate values for the removal rates, In this situation,

the most appropriate means for estimating these constants

is to review the literature to find removal retes for wastes
wWith charccteristics similar to those wastes entering the
Stream system to be modeled. The model user must be aware
that using literature vdlues lowers the confidence of the
model results considerably, There is no substitute for field
data in the calibration of this model to a river basin,

1,3 Dissolved Uxygen
The eguation used by the model to compute the dissolved
©xygen concentration in the stream is given in EJuation 4,

£ - gm0 - o @

where,
= in stream dissolved oxygen concentration, mg/1

c
C, = dissolved oxygen saturation concentration, mg/l
K

el mg DO added/time -]
2 reaeration coeff1C1ent7—95§ present or t
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kdn = carbonaceous BOD deoxygenation coefficient,
mg O, removed/time
2 t..1
mg NEOD e

t tine of travel

The reaeration portion of this equation is based on the
Fickian law of diffusion and states that the rate of diffusior
of dissolved oxygen into the stream is proportional to the
difference between the oxygen, concentration within the
stream afd the concentration the stream would have if it

were completely saturated with oxygen at the existing
temperature and elevation., The value of C, is estimated

by Equation 5,

C. = (14,62 - 0.3898T + 0.006969T° - 0,00005897T°) x

. (1.0 - 0.00002287675 E)°>*&7 cee (5)
where,

T = water temperature, “©

E = river basin mean elevation, meters

The benthic oxygen demand, is the amount of oxygen consumed
by bacteria in the sediments over some period of time, It is
measured in situ if possible as described in Stendard Msthods
or estimated from literature data and specified as grams DO
consumed/m?/day. The terms L and LN are the concentrations
of carbonaceous and nitrogenous BOD as calculated in
Eguations 2 and 3, In using DOSAG, the user should be aware
of the fact that not all of the known sinks and sources of
oxygen within the stream system are simulated, However, the
model, as constructed, should provide the engineer with a
good description of the stream system, and from this he

can use his judgment of the possible effects of the other

important factors on the oxygen resources predicted by the
model,

4,4 Solution Techniques

A La Grangian solution techni.ue is used to solve the
dissolved oxygen eguation in the DOSAG quality routing model,
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This solution techniyue involves using & coordinate system
which moves with a particle of water in its path down the
stream, The La Grangian coordinate system allows a.
relatively simple computational technique/technigues to be
used and reduces the computer time required to solve a given
problem, At each change in reach and at every junction a
Simple mass balance is performed to arrive at the biocheamical
oxXygen demand and dissolved oxygen concentrations in the next
reach down stream, In this way, the stream system is
modeled from its upper loads imposed on it. Equations 2, 3
and 4 are combined and integrated to obtain the relationship
between dissolved oxygen reaeration and oxygen consumption
within a stream system, The integrated forms of the BOD and
aissolved oxygen equation as used in this model are shown
in EBquation 6, 7 and 8.

L{t) = L e = L e"(Kr/U)x ees (6)
o (o)
LN&:;) = LN e“iKn/U)x
o

KdLo (e K o e-KZt)
c(t) e CS - w— es e (7)

K2 - Kr

N

K. L .
dn'o =K ) . Kt
- (e T -(Cc_-’..)eK?,
K2 - L(J c o
o i -(K,/U)x
= d~o —(Kr/U)x - e 2
G-y e
27
Kan Yo (o= Kp/U)x - o= (Kp/Udx (C-C e (Ky/0)x
K2 - Kn - 8 (8)
where,

L, = initial (ultimate) carbonaceous BOD in the

river (mg/1)




L, = dinitial (ultimate) nitrogenous BOD in the river
(mg/;) where nitrogenous HOD = 4,57 x (org~N+NH3—N)'

| in mg/4

C, = initial dissolved oxygen concentration (mg/1)

H = average depth in segment (meters)

x = distance downstream (km)

= time or travel (days)

5.0 RESULTS AND DL S.USSION

The main objective of the present study was to understand
DO SAG~-I model, implement and test it on the main frame VAX-11/
780 computer system and to run it with Indian data, The
computer programme which is a fairly large one (about 1500
statements) was not available on tape and hence it was fed and
implementec on the computer, In order to assess the
applicability, accuracy and sensitivity of stream simulation
capability of DOSAG=I, it was used to model the downstream
portion of the Hindon river in U.P., Data were available
(Patel, 1985) on the physical, hydrological and biological
characteristics of this basin, The data on the physical
and hydraulicAcharacteristics of the Hindon basin were
collected under a Department of Environment sponsored
research project Being undertaken by Deptt. of Barth &Sciences,
University of Roorkee, This data were used to arrive at '
DO SAG-putput. The modelling was performed with the available
data and wherever data were not available regression analysis
aﬁd‘assumptions were made, The modelling was done for two
pexiods
' i, April, 1985

ii. May, 1985
These periods were chosen as extensive data were av:ilable
as well as hand calculations for DO sag curve were already .
available (Patel, 1985). The results of these studies are
plotted in Figures 2 and 3. It is seen from these
figures that DO sag curve is closely matching the actual
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measurements most of the time, #As well, the DOSAG-I gives
better results than the hind calculations. It can also be
seen that LU curve by mcdel follows @ definite trend and
does not give inaccurate ¢ .rve, Trom the figures, it is
also clear that the aissolved oxygen limit is always below
6 my/l, the recoimended level by CBPCWP, Delhi. This means
that incustrial pollution is taking its toll on the river
and the minimum DC level is not maintained., The computed
and measured DO values also indicate that there is
occurrence of severe @naerobic conditions in & part of river,
fhis is supported, in field, by prevalance of foul smells
probebly emitting due to formation of gases like hydrogen
sulphides, methane etc, (Patel et al, 1985). The deviation
of computed and observed dissolved oxygen valucs may be due
tos

Incomplete liéteral mixing

[&)]
—

L) Non-prestine conditions of water
c) Cccurrence of photosynthetic activity, 3and
d) Due to bentnic sludge

As a future work it would oe worthwhile to taoke up rivers

like Yamuna with @11 det :ils and fo model it using O o,
6.0 CUNCL I SIOH &

Lhis study is focussed on the use of dissolvec oxy.e

sag mouel (G model) for a typical river reach., J[Ihe model
can e used to evalui:e the water quality in river rséches
under virious urrangements of stream flows, temperatures.&na
Wwaste locd dischdrges. Lhe mocel has the capucity to mdke

&

stecdy Stace eveluszisons wnd determinations of concentrétions
of éiscolved oxygen, biochenical oxygen demand and other
parameter:z ag& may be desired, in &ll river
r.wches, Cutputs from the model can be used by state agenciles
for plapning purposes «ud can also be used for input to

ctaior mousls to oe developed in connection with technical

1

P Lt £ B g & % o S ga ol ¢ ; 3 W2 [EE . e i T g 1
ecohomic feaBibility BLucices o ANy 8 8in. 'he OO0 w3 nocdel

4 4 L P e oy A e S 3 s N I x5 3 c -~ 2 -
ig & 4 5kl Compul=1T S OL WoLLTh may e s Tor lvseing




the oxygen resources of a complex river :ystem for a variety
of stream flows and pollutant loadings, ILhe loadings
Iepresent the exXisting or projected waste discharges to the
Stream and stream flows are either minimun flows occuring or
those which can be achieved by low flow cugnentation through
the development and/or regulation of multi urpose reservoirs,
A step by step description of the calculations performed by
the computer program is as follows:

1, Input data river segment lengths and locations,

Stream flow &and velocity, Cemperdture, waste ’~adings,

reaction coefficients (deoxygenation and rr=eration)

and other stream flow data loaded into the computer,

24 Program finds - dissolved oxygen deficit,

3. Based on the minimum allowable dissolved oXygen
concentrations specified in the input data - program
decides if flow eugmentation is required,

4, If additional stream flow is required - computer program
Sedrches for additional flow and reruns the data,

5. If additional flow is not required - the program
continues on the next down - strean section,

6. Information for each river Segment is listed out and
the user is provided with a Complete description of
LO resources of the stream system,

The outputs from the DOuG program may be useful to

Water resources ma&nagers to evaluate the following:

a) The type of waste treatment required at each point
Sources, existing or projected, to prevent degradaticn
of water quality below desired levels,

b) The effect on river quélity resulting from expanded
Or new industrial developments in the basin.,

c) The optimun location of new industrial units from
various wdter yuality, point of view,

d) The effect on water yuality resulting from

vérious water withdrawals,
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e) stredm . flow augmentation required, to maintasin a
specified DO level,

f) The water quality profiles ({0) which result ‘rom
imnlementation of alternative water pollution
control systeim,

Tne above information is useful for the following:

- Land use planning and zoning

- Industrial development

- Wuality - quantity cost benefit ratio

- Waste treatment requirements

= “tream classifications and water quality standards

The model has certain limitations like #t can not (in
its present form) simulate coliforms, benthic demands etc,

The model has to be very widely tested for

a) Very wide rivers

b) Very fast flowing streams

In the present study, due to paucity of data the model
hds been used on @ small river, it would be interesting to
use it on large rivers like Yamuna etc, where extensive field

data have been collected and the model can be tested for many
options,
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