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ABSTRACT

Without {mprovement in the quality of lHndoﬁ rlvnrithd on-
going clean up of Yamuna rchr and subneqqcntly the (ﬁnﬁ;;vrlvcr
would not produce commensﬂrate'results. For realizétion‘of the
need 1t is important to study-thc Hindon river water qnn!ily in

. . 4
terms of various pollutional parameters.

The rliver Hindon ;s cphémeral upto about 130 km from extreme
upstream. A lot of work has beéh_done in the upper part of lllndon
baslin. A slgnifiéanﬁ study was also carried out in regard to fish
and fisheries by Verma et al. (1980) during 1971-73. ° In the
pfesent S£ud9 in the périnﬁeal part of the rlver fiVQ sampllng
stations were selected.. The periocd of study was Dec. 1993 to Feb.
1994, Sampling>freqUency was thrlce a monthilst, ilth and 21st of

eachAmonth.

In the stfétch of study (about 200 kms) from Maheshpur (MH)
to Barnawa (BA), the alssolvcd-oxygén level s very low or almost
zero,'indicaﬂing-higher pGilutlonal loads. In the rest lower half
stretch ofrthg river the gradual-decline In BOU}) and (0O values
.from about 35Vto 3.5 mg/ /1l and 65 to 13 mg/l'regpcctlvcly were
observed. .DO was found sharply improving. It could be attributed
to the dilution provldod by Upper Ganga Canal waler released

through one or both the Jani Escape and Khatauli Escape.

(iii)



From the comparislion of BOD valaues taken from the }QSU1ts of
YAP (1992) and the present study, 1t can be seen that the t}end in
the BOD values almost matching. Tkhe deoxygenation and
reaeration rate coefficient were found in the range of 0.31 to
0.83 d“1 and 0.048 to 3.758 d—l. Because of the non-existance of
the applicability conditions of the Streeter Phelps Ed., a very
good correlation between computed and observed Qalues could not be
obtained. The BOD of the river water being discharged at Tilwara

into Yamuna could be extrapolated around 3 mg/l for non-monsoon

period.
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CHAPTER - 1

b

INTRODUCTION

For the fqrmulation of any water »control policy and
programme, it is necessary to have adequate knowledge of existing
nature, sourées and magnitude of‘pollutlonal loads on the concerned
body of water. Although péllution arising from lhdustrial and urban
wastewater dlschargelis often hore serious in terms of the overall
quantity yet the contribution by runoff waters originating from
rural communities, cattle farming .‘etc. should not be

underestimated.

But the first‘ thing to be kept in mind is the. fast
growing aﬂd rapidly changlng‘néture of human activities. Broadly
speaklng, becauge of the day to day 1nbre§sing population loads on
the land and increasing demand of water per capita, the rkver.and.
‘other natural water bodles have té play an lImportant role In
fulfllling the same. The rural population near the natural stream
of water wuse it in their daily routine of works and other
actlv;tles because of poverty, lgnorance and lack of adequate-
soclo-economic deQelopment dominating the community life in India.
Also, because the natural water 1is most 1likely to be polluted

easily by unpredictable human or natural activities, so a



consistant watch is needed on the quality parameters of the rivers

and other natural water bodies.

According to a ‘report (Choudhary,1981), ninety six
percent of water pollution problems in India are due to the
indiscriminate discharge of municipal wasﬁes. These wastes being
biodegradable ih nature prohuce a ;eries of directional but
predictable changes 1In water bodies. Industrial effluents are
responsible for pollution to a lesser extent but the effect
produced by them may be more serious as nature is ofteﬁ unable to
assimilate them. Sometimes the pollutional load due to organic
wastes are so heavy that the dissolved oxygen is depleted to the
extent of affecting the fish culture and other aquatic lives of

water bodies.

In the present context the focus ié on the river Hindon,
~a tributary of the river Yamuna. The pollutlional status of the
fiver have been assessed by a cohtinuoué monitoring programme for a
perlod of three months. The major contrlibutor In the pollutlonal
load 1is the wurbanised block of western U.P., particularly

3

Saharanpur, Muzaffarnagar, Meerut, and Ghazlabad districts.

Since the area is thickly populated in urban area and
contains a number of large, medium, and small scale industries, so

the major portion of the wastewaters from these industries and
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towns comes in the Hindon river system passing through the area

either directly or through tributaries.

The wastewater analysis and thelr impacts on the river
water have been studledin details by Verma et al. (1980) for the
period from 1971 to 1973. A need was felt to reexamine the
pollutionél loads in.the River Hindon with particular reference to

Yamuna Actlion Plan. Following objective was set:

To ascertain the chemical characteristics of the river
water and 1impact of bilodegradable organic matter on the water

quality and DO-BOD relationship.



CHAPTER - 2

CATCHMENT CHARACTERISTICS AND LITERATURE REVIEW

2.1 CATCHMENT CHARACTERISTICS

2..1.1 Physiography :

The area under study 1s aﬁpart of Ihdogangetic plain and
lies in the region bound on Northerﬁ side by lower foot hills of
Himalayas, on Eastern side by Upper Gaﬁga Canal andlon-WesternAside
by Eastern Yamuna Canal. Then finally_if joins Yamuna near village
Tilwéra in Bulandshahar district. The.irnigation to this area 1is
provided both by Eastern Yamuna Canal and Upper Ganga Canalj
systems.‘ Other water resources of'thé Hindon basin are rivers
Kalinadi and Krishni ﬁith their respective tributaries in addition

to the Hindon.

The river origlinates from lower Shivalik foothills 1in
Dehradun distriét in the form of a number of small streams. Upto
some distance upstream of Sahafanpur,'the river is monsooh fed only
and remains dry in non-monsoon months. From Saharanpur district .
onwards, it 1s a perennial river mainly because of -lndustrial and
- domestic wastewaters. The total length of the river is about 400
- km, out of which approximately 270 km is perennial and 130 km is

non-perennial. Total area.cpntributing to Hindon is 7083 sq.kmn.



_(YAP, 1992). The river exists between the latitude 28°%a" tq 30%s"
N and longitude 77°8" to 77?4"E. Fig. 2.1 shows the overview of
Hindon river alongwith rivers Ganga and Yamuna with all ‘the

sampling stations.
2.1.2 Climate & Soil :

The climate is semi arid in nature due to marked dirunal
differences of temperature and méderate rainfall. The temperature
ranges from average of 7°C in winter to 39°C in summer.

, : 3

The soil of the study area is of alluvial type deposited
by Hindon river system. It mainly consists'qf clay, silt and fine
to éoarse sand. So, it is very fertile for growing wheat, sugar
cane and vegetables. The average annual rainfall is around 1200 mm
(Verma et al., 1980). Highest rainfall occurs in August and found

to range from 410 to 499 mm.
2.1.3 Hydrometric Data

It originates from hilly catchment and flows into the
plain. The averagevrainfall'received by it, is 1200 mm. Eighty
per cent of this gets precipitated during southwest monsoon alone,
1.e._dur1ng July to Sept;. River flows for different periods of
yeaf areb'giVen '1n‘ Table z.i Figures gliven 1in Table 2.1 are

approximate and are based on the records of canal division compiled
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by Verma et al (1580). The depth of water in the river varies from
40 ¢m Lo 4 m in different stretches. The average veloclty of flow
is around 30 m/min. The river is sluggish except during rainy
season and there is not high turbulence or fall in the river. It
takes about 83 hours to travel from downstream of Kailashpur to

Daruhera, a distance of 150 km (Verma et al., 1980).

Table 2.1A Flows in River Hindon
(Verma et al., 1980)

Period Flow (m3/s)
July - Sept 210
Oct. - Dec. 42 - 22
Jan. - March : 14
April - June 10 - 7

Table 2.1B Stream Runoff at Galata
(Ganga Basin, 1977)

Period Flow (BCM)

Monsoon | 0.7
Post monsoon ' ' ¥0.1
Winter
Summer




2.1.4 Various Inputs and Outputs to the River :

A line dlagram of ;Mndon ﬁaslp fg shown in Flg. 2.2.
Just upstream of Saharanpur river is.dry for most of the period in
a vyear. During non-monsoon months flow in Hindon starts after
joining of Nagdeo nala which apart from other wastes also brings
wastewater from one of the milk product industries. Next
noticeable discharge joining the river is from one of the major
paper mills. Wastewater from Saharanpur town and other industries
is discharged in Rives Dhamola and Paodhoi. This combined waste is
discharged 1n Hindon near Tapri. Near Barnawa Kalinadi joins
Hindon. Kalinadi brings doméstic and industrial - wastes of
Muzaffarnagar and nearby areas. It also brings Ganges water
discharged into it through Khatauli escape. After Barnawa River
Krishni discharges its load of pollutants in Hindon upstream of
» Galata. Next to discharge is Jani escape which also brings

relatively clean Ganges water from Upper Ganga Canal.

At Mohannagar a barrage is constructed across liindon to
feed water Into Hindon Cut‘canal. This canal Joins Yamuna upstream
of Okhla barrage from where this water is fed into Agra canal
system consisting of Agra Canal (lengtﬁ 163 km, discharge 63.5
m3/sec, irrigation area 138000 ha in distriéts of Agra and Mathura)
and Gurgaon canal.(takes off from Agra canal 8 km from its off take
‘at Okhla, discharge 14.15 m>/sec, irrigatlion area 4000 ha). The

discharge in Hindon from UGC through Khatauli and Jani escapes
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depends on requirement of water in Agra canal system. Depending
upon requirement, water 1is discharged through both dr one of the
escapes. There are water, regulating devices at both places and-if
there is no demand of water downstfeam gates at both the escapes
are élosed. Quality of Hindon water depends on rate of flow of
canal wéter into Hindon. Hindon carries only wastewaters 1in

non-monsoon period while UGC water is of godd quality.

Before barragé of Mohannagér part of that combined
wastewater from Ghaziabad meetsl Hindon. After‘ barrage flows 1in
Hindon are very lesé. Dasna .drain further dischargesA domestic
wastewater into Hindon. Then Hindon bifurcates and finally joins

Yamuna near village Tilwara.

Rivers Ratmau and Solani start from foothills of Shivalik
and flow towards east crossing Hindon river basin upstream of

Roorkee.
2.1.5 List of Main Industries in the Catchment

There are a number of large, medium and small scale
industries in the Hindon river basin contributing pollutional loads
to the river. Major industries include the sugar mills, pulp and

paper mills, distilleries, dairies etc.

10



Table 2.2 shows the number of large, medium and small

scale industries in the area. All of these may not be contributing

waste load to the Hindon river.

Table 2.2 Number of Industries (YAP, 1992)

Saharanpur
Muzaffarnagar
Meerut

‘Ghaziabad

Medium Small
6 2,323
9 - 1,524
9 1,681
12 1,694

Table 2.3 gives the partial 1list of major industries in the

area.

i
b

TABLE 2.3 PARTIAL LIST OF MAJOR INDUSTRIES (DISCHARGE > 100 KLPD)
IN CATCHMENT OF RIVER HINDON

S1. Name of Industry Discharge BOD S.S
No. :
1. Foremost Dairies Ltd., 2000 KLPD 350 mg/1 400 mg/1
Kailashpur Saharanpur (83333
lit/hr)
2. CO-operative Co. Ltd.,
Distilleries, 140 KLPD 40000 mg/1 -
Nawabaganj, (5833 1it/hr)
Saharanpur

11



“

Star Paper Mills, 37950 KLPD 100-300 mg/1 -

Saharanpur (1581250 1it/hr)

The Bagpat Cooperative 300 to 500 mo/day 1000-1500 250-300
Sagar Mills Ltd, ’ mg/ 1 mg/ 1
Bagpat, Meerut '

Ganeshwer Ltd., 2000 to 2500 1000-1500 250-300
Deoband, ' 3 mg/ 1 mg/1
Saharanpur m-/day

The Mahalakshmi 800~1200 1000-1500 200-300

Sugar Mills Co.
Ltd., Igbalpur,
Saharanpur

m3/day mg/1 mg/1

Sir Shadilal Sugar & 800-1200 - " "
General Mills, 3

Mansurpur,
Muzaffarnagar

Mohan Meakin
Breweries Ltd.,
Mohan Nagar,
Ghaziabad

The Shamli,
Distillery and
Chemical works,
Shamli,
Muzaffarnagar

Sir Shadllal - - -
Distillery and :
Chemical works,

Mansurpar,

Muzaffarnagar

Titawi Sugar . - - -
Industry,

Titawi,

Muzaffarnagar

12



2.2 LITERATURE REVIEW

2.2.1 - General

Geohydrological studies of the Hindon basin 1in the
Saharanpur area wvere cafried out by Raghav Rao (1965). Effects of
paper mill Qastes on the Hindon river have been studied by Verma
~and Mathur (1971). A considerable amount of work was done by Verma
et al., (1980) oﬁ the pollution of Hindon river in relation to fish
and flsherles. It Qas found that the water of Hindon river is not
.sultable for propogation of the fish cﬁlture, phytoplankton and
other related aquatic lives.‘ The& also pointed that due to a high
variation in temperature in summer and winter, the D.O. and
oxidation rates of the organic matter also ch?nges rapidly. Also,

D.O. in summer may go below the desired level.

Handa (1983} has studied pollution of natural waters by
Industrial waste effluenls In some parts close tq Hindon rlver.
Patel et al., (1985) have carried out hydrochemical studies of
natural waters with reference to the waste effluent'disposal'in the
upper part of Hindon basin in Saharanpur area. Seth (1991) has
studied tﬁe chemical characteristics of éurfacc water of the Hindon
river system and the ground water with the objective to assess the
synoptic quality of the water for various specified uses. The fleld
of study was the upper Hindon basin lying in the Saharanpur

district. It was concluded that both from inorganic and organic



considerations the natural waters of the area are unsultable for

drinking,

2.2.2

discharge

Hindon :

(1}
(2)
- (3)
(4)
(5)

(6)

Verma et

alongwith

outdoor bathing and fish culture.

SOURCES, VOLUMES AND CHARACTERISTICS

As mentioﬁed in section 2.1.4 following major streams

wastewaters either domestic or industrial into river

Channel from Pulp and paper mill
Dhamola
Kalinadi
Krishni
Channel from Ghaziabad upstream of Mohannagar barrage

Dasna drain

The wastewater for first four streams was analysed by
al, (1980).Their characteristics are shown in Fig. 2.3

daily amount of pollution load thrown in Hindon.

General Characteristics of Main Wastewaters

being Generated in the Hindon Basin

As mentioned in section 2.1.5 there are four major

industries in Hindon River basin. Géneral characteristics of these

four industries are given in the following sections,

14



. . (0861 ' "1V 13 VWd3\A) £/
- 1/6] 304 SOI1SIdALOVEVH]) 413FH1 HLIMDNOTY S3IDIVHOSI(]/SZId0LlNEId]

JOCV[]  ONIMOHS  NOGNIH  d¥3AIY 40~ HOLANG €291y
L hey 8 uadonm (Piey :
saven sa0m) saen 2seud pue 10
061 90¢ z6! apuoy) o o o (o s wsTonn
N st §1 aryding “ p o on
o otl 08 spijes papuadeng sasTN saoex saon astasd pur 1)
ser o8t 09¢ spyos ol S\ Punue s - o - LA
o 3 " NN ® / 019 0cL £ and
ot (1141 ot (D rgmsiepg) 06¢ o8t oy ‘ao
¢ 08 peqeTZeyd 06t 0zs 0sc spios papuadsng
ol ¢ 08C "ODH s A,:E_E:M [ J ps) ot iy SPIOS 1R10].
ﬁ_”unan ﬁs__uﬂ_p ..m_u._ow.n H — % aedbeg 99 69 CRY .#_”__;.
.Ewmn_ .Em_._ ,ij asuneaddy UI Q USIPOT YSTPIR|Y YsieTlg uu_:u.|;| M
Aqruday wnuIXeR wWnwip 3 afuiay wnwixely wrwgy
~
sangeA nsuddRITy) 9zc aQIn 1f 6 - 69t saney mu__w:u_oﬁn.mfw
adW 8C¢0T1 - 9¢ ’ —
TpeN Tuysrt < . URPUIE] UL SDUARLUOD SU 3I0JG. 12 RULSLEN
UFPULET W 3audNU0 S1t 210J39 :::._Hw*lu\cl\uv Tprutiey ’ PUusTay JO J2ITM O SHISUNITITYD [EONLIY 02Ky ]
12IEM 31 JO SHNSLIMdEIRYD [POUUdY>-0MsYyq ; : : nst ! : «
N Iebeuaegyezni,
SR 0ot ot autopy) - Q
N.o“ ves oo st 9v 9 §To S
: e ro iae uesy 59 7ol 0 areydsoy
T S'¢ g1 suridnasagy a'IW 8¢ Tauueyp dIW zgg - .H 6¢ zro 8T0 - 100 usfosntu MeniN
sIer 9791 oc uruar ) _ _ S usRonnu NN
or et L3 usdhxo pasyessi(y SISEMIT TR ClrueTOWRYQ ' k4! Tl (uafonu sv)
ost nse 0o (D- Lg Jo anea K " : fHN prounungpy
FOUNNY V'O Iodeq pue ding 8l £91 $°€ (uaSon1u st)
0L 096 St (. L€ 1 anea TN oy
) ep) a0 S 713 o8 56 ‘a0
09 018 oy (. LE 1w shepy) ndueseyeg sT¢ ory 061 (D. Lgmshep )
- . aos ao
ol sele Gici - Anuneye sioL Gopben org 06€ 1 Spuos papuadsne
scll 1eel 801 PlOs papuadsng SEL s6L ind PYos mI0
ool (o1 L Puios Pavossig s6¢ 01 S0t €D se AnugTyn
0582 6C1E 05ST pios e, apuoig) s¢ 0y 4 10D paajossic
.ooo_ 00€£7 00L1 Aupiqiny 21°%02 spiyding ¢z e €7 -0'C
e o hd oy uafomy 98 L3 6L Hu
D §°SL . 8L J:0L aamesnduid] Ne.\,ﬁ ‘0D vug oeg yorIg ssursraddy
. sLol 0612 0881 “(soyui i) fian Mm.%mﬁ i
“anpuod dyyds po6-E10% e sBeIaAy WnWNE wnunuly
umoliq .
989 €982 1T sprjos papuadsng
umoug umolg wary mofo) T528°6£%91 SPIOS P2AJOSSIC] Z san[eA samsustIty)
- - 9£T°94652 SPIOS [PI0 ]
AlrJaAY woWIXe waunupy BlOWE( J2AU JO JAEM
Kepys8y sjunomy 23URISqNS ASEA -91SEM OU3 JO SONSUNORIRYD [eINWUIYI-02sAUY
SIN[BA saNsuAdTIRY)

saded pue dind jo isem ps
~UIQUIOD ) JO SMSUADRITYD [EMwWAY3-0sKYy

Aep 1ad 1aan unpuipg

ul umoiyi proj uolinjjod Y1 jo Wwnowy

15



2.2.3.1 Dairy Industry

Wastewaters 1n dairy industry orlginate from ecqulpment
washing, product spillage and losses. The waste 1s a dllute
solution of decomposable organic matter. Wastes include buttermilk
and milk plant washing  containing constituents of milk such as
protein, lactose, a small quantity of fat plus mineral constituents
of milk and traces of sanitizers and detergents used for cleaning
and sancitlization of dairy plant equipment.v General range of BOD in
dairy wastes 1is 500 mg/kg to 1680 mg/kg (Eckenfelder 1970).
Nemerow (1971) also point out that milk plant wastes are highly
rich in dissolved organic matfer, -containing around 1000 mg/1 BOD

and are nearly neutral in pH.

The high concentration of qrgapic matter especially of
the carbohydrate, lactose and the temperature ideally suited for
the bacteria make the dairy waste a bﬁrden‘on the DO balance of
most streams (Mohan Rao and Subrahmanyam, 1972). One kg BOD was
found té correspond to 10 litre of milk loss. It was concluded
that dairy wastes can be rapidly and easily treated biologically
because the BOD:COD ratio was found 0.63 and BOD:N:P ratio

100:5.4:0.9.



2.2.3.2 Pulp and Paper Industry

The characteristics of the pulp and paper wastes'depend
on the type of pulping process used. The effluent characteristics
varies somewhat, depending on the bleaching practices. Suspended
solids range from 20 to SO ppm and are primafily fibers (about 0.5
percent of thé total product); dissolved solid concentrations range
from 1000 to 1560 ppm of which about 60% is ash. The BOD values
range from 100 to 200 ppm (Moggjo, 1954). Théreffluent is coffee
brown colored (colour value about S00). Dhaneshwar ‘et al., (1970)
studled the characteristlics of effluents-from pulp and paper mlll
located on the Hoogly river in the West Bengal. The composite
effluents being disposed from the mills weré found to contain high
BOD, COD and lignin. Pollutional Characte;lsgics of the composite
effluents from these mills included - depletion of D.O.,
objectionable odour and formation of slime and foam. Untreated
effluents may be toxic to aquatic life in low concentrations,
treatment can reduce or eliminate toxicity. Rajman and Oblisami
(1979} have studied the environmental pollution due 'to paper
industry in the rural area of Tamil Nadu. The nature of combined
effluent samples being disposed off from factories were alkaline
and containgd large amount of suspedded and ldissolved solids
resulting in the high concentrations of BOD and COD. The contents
of carbonates were_hlgh in one paper mlll effluent whereas the
calcium, maénesium and chloride concentrations were high in the

other paper and board mill effluents. Gosh and Konar (1980)

17



ment ioned thaf the Important chemicals used‘by most of the pulp and
paper mills are sodlum sulphate, sodium hydroxide, sodlum sulphlide,
sodium carbonate, calcium hypochlorite and magnesium bisulphite.
Obviously, waste waters which contain various amounts of these

chemicals may be hazardous to aquatic life.
2.2.3.3 Distillery Industry

Nemerow (1971) polnted'.out that the effluents from
distiileries contain large amount of dissolved organic matter. The
matter is decomposed by biological actic_m. Rao and Viraraghvan
(19é5) reported that the | effluenﬁs . from distilleries are
characterised by high BOD (40,000 to 50,000 mg/l), low pH (3.5 to
4.5), high dissolved solids (70,000 to 80,000 mg/l), high levels of
sulphates (4000 to 8000 mg.l), high levels of sulphates (4000 to
7 8000 mg/1) and considerable amount of potassium (8000 to 12000
mg/l). the waste water is highly coloured and has a distinct
molasses odour. The distillery effluent resulting from cane
molasses based alcohol 1industry is one of the highly polluting

industrial effluents.
2.2.3.4 Electroplating Industry

The character and strength of electroplating wastes vary

considerably, depending on plating requirements and type of rinsing

18



used. The total plant waste may be either acidic or alkaline,

depending on the type and quantity of bath used (Nemerow, 1971).
2.2.4 DO, BOD, COD Profiles (1971-73)

Different.chemlcal characteristics were analysed by Verma
et al (1980) for a period from 1971-73. Profiles of DO, BOD, COD
and solids are shown in Fig. 2.4 for river stretch of 150 km in
length starting from road bridge on Saharanpur - Dehradun road near
Kailashpur to Road bridge on Meerut-Bagpéth road. Based on
physico-chemical and biological conditlions, ﬁindon was divided into

various zones along length. These zones are shown in Fig. 2.5.

19



manuhl

25

]
=
S 28X

O A mgl!

¥is

500 COT ]

. _ : = \\\\‘

0 Pt N

Liww vrm w an P
Jompling stations

F16.2.4 . DO . BOD .COD ProriLes (Vemma ET AL..1980)

20



(OBRT " "V 13 VWdIA) SOIISI¥ALOVYVH) TVNOZ ~ SAYARIY |

*P3se3I00UT pey
PORPI3SOWOJUY pue SIIJTIOI Jo eyl
STIYMm pautidep @2aey surozojoad
jo -asqunu 3ylcsuoz otfqoadesiiod
ut’  se yonu os 3jou ybnoyjzpnu
Bbutzoo Jo apPw T3S ST WN3eI]S
qus 34yl °Qod % dog 3O uotrlonpaa
843 Y3Tm pa]dnod usbAxo paalossip
Jo  3junowe  3Yy3 ul Juswasoadur

owos SmMoys ssnfea 00 93yl
. : auoZ (uotjtsoduodsg

2ATIOV) orqoidesosay - ©
sisqumu Jg 03 (f pue satoads

27 ©03 Tz woay burbBuex’poob a3Tnb
81® sS3YSTJ JO I3qunu pue s3a1oads
9YyL -°0d JITe] pue pueusap uabixo
{eoTWayd  pue  [EOTWIYDOIQ  MOJ
*£3TpTrqany mMoO[ ‘wunipaw SuT[ey[e
@3els9piou Aq pszTasjoeIeyd
ST 9uoz STY3 Ul  I3jem IYJ
:9UUOZ (JI93em Iea[)) oTqoadesobTTQ

WMAZ
> AN

*2U0Z 3SITJ 03 JIS[TWTIS 3SOW|E

?ie  suol3jTpucd [eoebojorq pue
X9 X reotusysoorsiyd suoz s1y3 ui -suoz
pe1JTandax se PaIspTsSUOD 8q UED 3T
: 2uoz (I93eM Ieayd) orqoadesobIlQ

GZ ©3 S9SE’IDUT Jaqunu YsIJ pue
X17¢] s@toads  yst3 SYyl'umoaq 3ybr| o3
=>A sabueyns JI93eM INOTOD BYJ *sanyea
aocd % qod 3o butismol ayjz ytm
uoTjeanies suielje Qg 2UOZ STY] ul
o PuoZ (X12A003Y) d1qoadesosay - g

— ‘pnu }oeIq
Bbutzoo jJo dn epew ST wojzjoq syl
*Ioqunu Yysiy (] 03 . pue saroads
0T ©3 G &g Lfuo pojussaadar asae
pue padonpaa AfgejIewex usaq aary
S9YSTJ JO Jaqunu pue satdads ayg
*SPTI[OS PSAJOSSIP pue [EB303 pue
asoIn([®o -saiqry aaded ‘is33euw
otuebao Jo  junowe  JuUITOTIINS
Bututejuod ‘IN0ToD Ul ystumoaq
ST JI93em 9yl ‘*suotTyey[e ATybIy ST
Hd 3yl °*qoD pue qod Jo anyea ybiy
Kq potuodwoode st yotym usbixo jo
T1e3 deo3s ® ST 8Isyjl 2uo0z STY3 ujl
.. :3U0Z (uoTjeaszuabsqg) orqoidesiiog

(~ *K{oaryoadsaa p§ - 7§ vcm.

21



CHAPTER - 3

WATER QUALITY MONITORING :METHODOLOGY

3.1 GENERAL :

For having adequate -knowledge about the varlous
pollutional parameters a definite methodology have to be followed.

A typical chart of water quality monitoring may be shown as in Fig.

2.1
|Station Sampling Sampling Field Sample| [ Sample [|Sample
location frequenc techniqu measur-{ |{ colle-| | preser-{|trans-
: -ement -ction| | -vation/|-port

]

Network

Y U

Laboratory analysis

Handling and analysis
of data

Information utilization
and assessment of
overall water quality

Fig.3.1 FLOW CHART SHOWING WATERQUALITY MONITORING PROGRAMME
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3.2 SELECTION OF SAMPLING STATIONS :

On the basis of reconnaissance survey, five sampling
stations were selected in the study area keeping in view the

following points :

ObJectives of the study

- Accessibility

-~ Flow

- Mixing and other physical charactéristics of the water
body, and

-~ Chemical source location

.

In view of relatively small depth and width of the river
in most of the stretches and reasonably good mixing, there is
enopgh Justification to resort to grab sampling technique for the
purpose of representativeness. The locations of five sampling
stations selected in the study area are shown in Fig. 2.1. The
abbreviations used for varlous sampling stations are given in Table

3.1.
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TABLE 3.1 DETAILS OF SAMPLING STATIONS

Sampling Location Abbrevlatlon Used

Near Road Bridge, MH
Maheshpur (Saharanpur)

Near Road Bridge, BA
Barnawa (Meerut)

Near Road Bridge. | : DH
Daruhera (Meerut)

Near Road Bridge, MN
Mohan Nagar (Ghaziabad) :

Near Road Bridge. NO
Noida (Ghaziabad)

3.3 SANPLING FrREQUENCY

Hindon.river water samples were collected for analysis on

11th, 11th and 21st of Dec., 1993 and Jan. and Feb. 1994.

3.4 SAMPLE COLLECTION, HANDLING AND PRESERVATION

Water samples were collected at both the banks at each
station. Water samples wére collected in two litre capacity
plastic containers. As the period of study was winter, so there
was no need to preserve the samples in thé ice bags. The samples
were brought to the laboratory in plastic containers. All the

. b :
samples were brought to the laboratory within 8 hours of the
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collection. DO was fixed Just after collection. Flow was measured

by surface float method. Depth, width of river were also measured.

In addition on 21st Feb., 1994 water samples were
collected to enable the BOD determinations for periods of 1,2,3,4
and 5 days in order to estimate deoxygenation rate coefficient (Kl)

and ultimate BOD (Lo).

3.5 ANALYSIS OF SAMPLES

The Samples were analysed 1n accordance with Standard
Methods (1985). Different analytical methods adopted in the
present study for characterisation of the water samples are given

in Table 3.2.

TABLE 3.2 SUMMARY OF ANALYTICAL METHODS

Sl. Parameter _ . Technique

No. '

1.  Dissolved Oxygen - Modified VWlnklcr'ﬂ Me Lhod
| 2. Chemical Oxygen Demand . - Reflux Method

3. Biochemical Oxygen Demand Modified Winkler’s Method

4. Ammonical Nitrogen Direct Nesslerization Method

5. Nitrate Nitrogen Phenoldistlplonic ﬁethod

6. Nitrite Nitrogen Sulphan}lamide method

25



CHAPTER - 4

RESULTS AND DISCUSSIONS

4.1 GENERAL :

Different wastewater streams join river Hindon at regular
intervals as shown in Fig.2.2. Quantity of wastewaters generated in
four major cities are given in Fig.4.1 (YAP,1992).The
characteristics of wastewaters of  different streamschanges
continuously debending on variations in quality and flow of
domestlc and Industrial wastewaters with time (Verma et al.,1980).
In addition canal watér is.réleased into Hindon near Khatauli and
. Jani. Although.variation in quantity of canal water released in

Hindon is sharp but quality remains almost wuniform as far as

organic matter is concerned. In one of the recent round the year
study, Mehrotra and Kumar(1993) found that canal water contains
good amount of DO and organic matter is not present in significant

concentrations. Table 4.1 gives quality of canal water. Variation

of DO and COD is shown in Fig. 4.2.
The prediction of resultant quality of Hindon water 1is

almost Impossible. However, in this chapter firstly an attempt has

been'made to study temporal and spaﬁial changes in water quality in
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Table 4.1 - Quality of Canal Water

-

(Mehrotra & Kumar)

Parameter Values as per Sampling Schedule No.
i i 2 E R
(A) Physical 1 '
(1) Ter11pcfaturc. °C [5 - - 18 - -
(2) pH 8.14 8.23 8.08 7.55 7.81 7.06
(3) Turbidity, NTU 10.0 . 70.0 50 - 6 17.5
(4) Sohds
(1) Total sohds, mg/l 206.5 490.0 440 190 180 169.8
(n)  Dissolved solids, mg/i 166.0 120.0 100 150 171.4 76.8
(1) Suspended solids, mg/l . 40.5 370.0 340 40 8.6 93
(B) Chemical :
(1) Total hardness, mg/l as CaCO, 123 96 g8l.5 90 92 67
(2) Chlorides, mg/l 15 5 42 30 7 12
(3) Dissolved oxygen, mg/l - 9.1 7.6 7.5 5.3 -
(4) Alkalimty, mg/l as CaCO4 104 62 82 87 89 60
(5) Acidity, mg/l as CaCO, 2 0.9 1.7 6.2 7.0 7
(6) Chemical oxygen demand, mg/I - 7.0 6.9 8.0 5.5 2.0
(7) Sulphates, mg/! 4.7 - - 37.0 39.0  19.0
(8) Calcium hardness, mg/l CaCO 4 60 43 - - - -
Sampling Schedule
Sampling No. Date
1 20th February, 1992
2 8th July, 1992
3 5th September, 1992
4 29th November, 1992
5 31st January, 1993

6

8th May,

1993
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Sampling Schedule

W Dissolvad Oxygen c. 0. 0.

-

Fig.4.2 - Variation of Dissolved Oxygen and OOD in Canal Water '

(Mehrotra & Kumar, 1993)
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various stretches of the river. Verma et al.(1980) studied quality
of river 20 years back. Results of two studies have been compared
and significant changes have been listed. Thirdly deoxygenation and
reaeration constants have been calaulated and profile of sag curve
has been plotted. Lastly, BOD of.Hindon water being discharged into

Yamuna has been extrapolated.

4.2 TEMPORAL AND SPATIAL VARIATIONS :

The values of different parameters determined through the
chemical analysis in laboratory at five stations for a period of
 three months from Dec.1993 to Feb.1994 are shown in Fig.4.3 to

Fig.4.8. and Tables A to H given in Appendix.

s

4.2.1 - Stretch 1 : MH to BA :

It is clear from Fig.4.3 that most of the time DO is zero
at Maheshpur(MH) and Barnawa(BA). DO gives an idea about extent of
pollution of the river. Absence of oxygen in this approximately 115
km long stretch . is an indication of higher degree of
pollution.Reasons for this could be expiained with the help of
Fig.2.2. At MH riVer contained only wastewaters from Dec.1993 to

Feb.1994.

5 day 20°Cc ranged from 32 to 38mg/l at MH. There is no

major discharge after MH till Kalinadi Jjoins Hindon. In natural

4
»
N
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course river water should have gained some DO due to reaeration
since organic load is not very high. However, it is not reflected
through DO values recorded at BA. Kalinadi which brings wastewater
from Muzaffarnagar Joins before BA and-dlscharges fresh load of
pollutants. Whatever DO galned due to contact wlth atmosphere from
MH to BA is further consumed. Compared to present study Verma et
al. (1980) found very high values of BOD and COD. At or near M, BOD
& COD values were found of the order of 450 & 550 mg/l

respectively.

In winter  months DO was recorded more -than 2 mg/l.
Significant difference in BOD, COD and DO values in present study
and that conducted by Verma at ei.(1980) is‘somctlmns difficull to
explain - unless detéiled study of sources is conducted. Pulp and
paper Mill, the largest contributor of waste load upstream of
Maheshpur installed Activatéd Sludge Process in early 1980°'s. It
appears that factory operates treatment plant quite religiously and
releases a well treated wastewater.‘However it is apparent that ASP
installed by factory is unable to reduce dark brown colour imparted
by the presence of lignin. It is difficult to compare the colour in
1970’s and now in 1990’s. Recently, Kumar(1994) did substantial
work on the measurement of colour in Hindon River System and found
it maximum at MH. It reduces as river flows. Saharanpur contlinues

to discharge untreated wastewater.
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The values of different forms of nitrogen were found
higher at MH than BA. The ammonical nitfogen were in the range'of 4
to 6 mg/l at MH (Fig.4.6).Verma et al. (1980} found NH -N of the
order of 2 mg/l. Other nitrogen forms i.e? nitrate and nifra?e were
also found more at MH. Generally NH -N decreases and nitrate
increases as a river flows. However, 1ln present sgudy nitrate were
found lesser at BA compared to MH. This may be due to the dilution

provided by canal water.
4.2.2 Stretch 2 : BA to DH :

Between BA and DH (25 km), river Krishni and Jani Escape
Joins Hindon. Water was found to contain DO in all the samplings.
Krishni water contains very less or nil DO while canal waterlis
Qery rich in DO. Sharp fluctuations in DO levels were because of
sharp variation in the quantity of water being released through

Jani escape. .

Sometimes greater values of COD‘and BOD were fohnd at DH.
This may be due to lesser or no release of.water from Jéni Escape,
leading to lesser dilution or alternatively more pollufional loads
discharged by Krishni info Hindon. The values of DO, BOD & COD for
this stretch as given by Verma ét al. (1980) were in the range of 4
to 5 mg/l, 25 to ZOOimg/l & 25 to 250 mg/l respectively. Higher BOD
and COD values are mainly due to small quantity of flow at this

time.
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Ammonical nitrogen (Fig.4.6) was found around 1 mg/l 1in

BA and 0.2 to 0.9 mg/1 at DH.

4.2.3 Stretch 3 : DH to MN :

This stretch is about SO0 km long. The DO values show a
general decline from DH to MN. Water upstreém of Mohan Nagar
barrage .has maximum depth and movement is relatively slow. BOD
values were found to have consistently decreasing trend from DH to
MN. No significant. change in the différent nitrogen forms was

noticed except a decreasing trend in ammonical form of nitrogen.
4.2.4 Stretch 4 : MN to NO :

This stretch is only§4.5 km long. Water is withdrawn into
Hindon Cut canal. Fall at barragé provides turbulence; Sometimes,
there ls a'completebstagnation of water in Hindon due to hlgher
water demand in Agra Canal system. DO values were obsérved ranging
from 3.0 to 8.3 mg/l. The BOD and COD values have general reducing

trend from MN to NOV(Fig. 4.4 and Fig. 4.5).

4.3 COMPARISON OF - BOD VALUES

BOD values reported by Verma et al. (1980), YAP (1992)

alongwith those observed in present study are plotted in Fig. 4.9

40 .



HLONAT ONOTV dod 40 Zogﬂmﬂw 6% 'SId

'Te 19 UWLIBA |

dVA gz 210

. ("swy) soueysiq
oaV omm 0GE 00& G82¢ G22 061 0LT 0971 0CST 2¥T 9€T 0¢T

N\E\Q\E\ \3\\\_\_\_\ v

A

1 p 002

7 Loos

ok oo¥

~ 00¢

(1/8w) god

41



for non monsoon period. Different sampling stations were selected

by different teams. Fig.4.9 gives variation of BOD along length.

“

4.4 WATER QUALITY MODELLING

‘To reflect the non-conservative or degrading constituents
present in the river stream, it is necessary to have a mathematical
model representing the existing condition. As it is evident that
wastewaters entering the river are organic 'in naturé, oxygen

balance could be considered to get.the final expression.

Eq. 4.1 represents classical Streeter Phelps equation

(Eckenfelder, 1970) derived from the basic relationship of oxygen

»

‘'sag curve.

K,L .
I ) k.t -k,t] - -kt _
= -—E—:K; [ e 1 e 2 ] + Dye 27 Ll (4.1)

2

D, = oxygen deflicit at time t, mg/l
D = initial oxygen deficit at the point of waste

discharge at L =0, mg/l

Kl = deoxygenation rate coefficient, d_1
K2 = reaeration rate coefficient, c:l—1
L0 = ultimate BOD, mg/1

t = time of flow, day
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Eq. 4.1 is applicable only to the channels of uniform
cross section, where the effects of photosynthesis due to algae,

sludge deposits and respiration are negllgible.

The critical defictit Dc’ at point XC can be found by Eq.

L.e "1°¢c | (4.2)

{
LR

where tc = time to reach the critical point

Critical time can be determined by Eq. 4.3

1 KZ DO(KZ_Kl)
tC = K -K In K 1- T—r—— (4.3)
21 1 01

4.4.1 Evaluation of Deoxygenation rate coeff. (Kl)

For the evaluation of deoxygenation rate coefficient, BOD
yalues were determined on day 1, 2, 3, 4 & 5. Kl values have been
calculated for'ZOOC by using Log Difference Method (Ramalho R.S.
1983). Subsequently, values of K1 were converted to field

temperatures.

The curve showing the plots of BOD (y) time (t) and
In(dy/dt) vs. t have been given in Fig. 4.10 and Fig. 4.11.

Corresponding values of y vs. t & g% vs. t are glven in appendix,
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Tables 1 & J. The K] and L0 values calculated from these graphs

are glven 1In Table 4.2.

TABLE 4.2 L & K, VALUES

0 1
STATIONS
NO MN DH MH
temp (°C) 15 16 15.2 12.5
-1 ’

Ky 50°c(d ) 0.48 0.35 0.95 0.537
K, oc(d_l) 0.418 0.313 0.832 0.437
Ly (mg/1) 3.80 4.71 3.30 33.84
4.4.2 Evaluation of Reaeration Coefficient (K?)

4

The reaeration coefficient KZ has usually been defined by

a rclationship of the type

m
H
where,
U = average veIOCity of stream, ft/sec

o)
I

average stream depth, ft

A constt. dependent on stream characteristics
m & n = exponents related to stream conditions

Different values of A, m & ﬁ are given in Table 4.3
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Table 4.3 Values of A, m & n (Eckenfelder, 1971)

Reference | A m n

0’ Connor & Dobbins 5.6 0.5 1.5
Churchill et al. 5.0 1.0 1.67
Langbein & Durum = 3.3 . 1.0 1.33
Owens et. al. 4.41 0.67 1.85
Basal A . . 4.67 0.6 1.4

The values of K2 have been calculated usling Langbein &

Durum coefficilents. The calculated values of KZ are tabulated in

Table 4.4. The best value of K, was found for NO because of

2

shallowest depth most inferior value was found for MN because of

maximum depth & least velocity.

TABLE 4.4 VALUES OF REAERATION COEFF. (K_)

2
STATIONS
NO MN DH MH

temp (°C) 15 16 15.2  12.5
U’ (m/s) ' 0.563 0.102 0.545 0.222
Uoean (M/S) ©0.479 0.087 0.465‘ 0.189
H (m) 0.35 2.85 1.25 0.45
K, 20éc(d'l) ,  4.315 0.048 0.767 1.219
K, toC(d'l) 3.758 0.043 0.672 0.991
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4.4.3 Computed DO by Water Quality Model :

The distances observed from map of the are areagiven in

Table 4.5.

TABLE 4.5 DISTANCE ALONG RIVER BETWEEN STATIONS

- STATION Distance (km)
from to
MH BA | 115
BA DH 25
DH MN ‘ : 52

MN NO < ) 4.5

The Streeter Phelps Eq. 1is applicable to the stream
upto a downstream point where no wastewater is discharged. Eq is
- again applicable for further computations downstream by

Inltiallzling Lhe varlouy terms used in the equation 4.1.

Table 4.6 shbws the computed. as well as the observed
values of DO in the stream. A comparison of observed and computed

values of DO have been given in Fig. 4.12.
The difference In computed and observed values is due to

the non existence of applicability conditions of the applied

Streeter Phelps equation.
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TABLE 5.5 COMPUTATION AND COMPARISON OF DO

COMP.

OBSERVED

Initial

Station at

time of

Temp DO DO

L D DO

. obs s 0 t com
station time t travel (€) (mgr1) (mgr/1l) (mgr/l) (mgrl) (mg/1) (mg/
(t=0)

MH 12.5 0 10.44 33.84

BA 3.4 0 7.54 2.9
DH 15.2 8.4 9.84 3.02

MN 0.545 6.2 1.92 7.9
MN . 16.0 6.2 9.71 4.71

NO ‘ 0.109 8.3 2.39 7.7
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4.4.4 Limitations of the model developed

LLimitations of the water quality model given In section

4.4 are listed below :

1. Primary requirement of the equation used is that river
section shall be uniform throughiout the stretch.

2. The data to calculate K K. and L

1’ 72 0
only for the samples collected at the time of 5th

have been generated

sampling. It would have been better to find Kl’ K2 and LO
for other sampling schedules also.

3. At most of the stations values of BOD were extremely low
(< 5 mg/l). Determination of extremely low 1.2.3,4 and 5
day BOD valﬁes is difficult and results in large errors.

4. This equation is valid at a particular time. Fluctuations
in .flow and pollutional 1load as observed vin case of
Hindon alters ‘ initial ponditions further reducing

'appliéability of Equation.

S. Lastly, a number of non-point sources also meet the river
Hindon, which aré difficult to be identified. This fact
'is again in contrast to the basic requirement of

applicability of Equation 4.1
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4.5 BOD OF WASTEWATER AT TILWARA
From Fig. 4.9 ROD of wanlewater being  discharged al

Tilwara could be extrapolated around 3 mg/l for non monsoon

perlod.
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CHAPTER - 5

CONCLUSIONS

The prime objective of_the study was to assess the Hindon
river water quality so that the pollutional loads in Hindon at
various points and that transferred by Hindon to Yamuna couid be
quantified. The present water quality as per designated best use
is ‘E’ and the desired one is ‘D’ to make the Hindon and

subsequently Yamuna, cleaner.

From the temporal and spatial variations of different

parameters following significant points may be mentioned

- At MH and BA fhe nil or near zero ﬁO level 1s the clear
indication relatively-higher pollutional loads.

- -The improvement in DO content and the decline in the BOD
and COD concentrations at DH and further downstream is due
to the release of fresh water of Upper Ganga Canal (UGC)
from Khatauli and Jani Escapes into Hindon and degradation

-

of organic matter.

- A wider range of temporal variations in the quality
parameters can be attributed to the shérp changes in the
quantity of UGC water depending on demand in Agra and

Gurgaon Canals.
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— The dissolved oxygen level at NO (4.4 to 5.5 mg/l mostly)
is adequate to support the aquatic life and fish culture

\
there. .

From the comparison of BOD values complied from results of
Verma et al. (1980), YAP (1992) and the present study, it can be

seen that

- Magnitudes and spatial trend in the BOD values of the
present study and YAP {(1992) are almost matching.

-~ BOD and COD values of Verma et al. (1980) are much higher
than.those of present study and YAP (1992)}. It is most
probably due to the installation of wastewater treatment.
plants by few iﬁdustries in the basin and construction of

Khatauli and Jani escapes.

The mathematical model developed for DO sag curve reflects

that

<

- Because of non-existance of applicability conditions of
the Streeter Phelps Eq. a very good correlation between
computed and observed values could not be obtained.

= The deoxygenation rate coefficient (Ki) was found in the

range of 0.31 ‘to _0.83 d_l. The reaeration rate

coefficient (K2) had a maximum value of 3;758 d»1 at NO

and a minimum of 0.048 d”1 at MN. It is because of low
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velocity and large depth at MN and a very low depth of

water at NO.

The BOD of the river water being discharged at Tilwara into

Yamuna could be extrapolated around 3 mg/l for non monsoon period.
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APPENDIX

TABLE A _TEMPORAL X SPATTAIL VARIATION

IN
D.0. VALUES
STATIONS

DATE NO MN : " DH BA MH

Dec.1 ,1993 3.7 3.35 — 1.6 0.0

Dec.11,1993 .0 4.5 4.65 3.7 0.0

Dec.21,1993 55 3.65 6.6 3.6 1.3

Jan.l ,1994 .4_ 1.7 2.5 0.0 0.0

Jan.11,1994 5.35 3.85 6.2 0.0 0.0

Jan.21,1994 .3 6.2 8.4 0.0 0.0

Feb.1l ,1994 59 1.0 2.60% 0.0 0.0

Feb.11,1994 .4 1.4 3.25 0.0 0.0

Feb.21,1994 4.45 1.15 4.15 0.0 0.0

TABLE B TEMPORAL & SPATIAL VARIATION
' C.O.D{NVALUES (mg/1)

DATE - - STATISSS - -
Dec.1l ,1993 29.85 24.9 — 26.9 64.65
Dec.11,1993 9.96 13.94 11.95 9.96 45.82
Dec¢.21,1993 14.0 28.0 14.0 18.0 40.0
Jan.1l ,1994 10.0 14.0 28.0 54,0 68.0
Jan.11,1994 4.0 4.0 6.0 26.0 24.0
Jan.21,1994 13.6 ‘ 11.2 9.6 19.2 72.0
Feb.1 ,1994 16.8 21.6 57.6 52.0 64.8
Feb.11,1994 16.0 20.8 28.0 36.8 62.4
Feb.21,1994 13.6 16.0 15;2 42.4 67.2




TABLE C TEMPORAL & SPATIAL VARIATION
B.O.D{NVALUES (mg/1)

DATE NO MN STATI%ES BA M
Dec.l ,1993 1.5 3.0 — 8.0 —
Dec.11,1993 3.3 3.5 3.8 8.5 38.5
Dec.21,1993 2.4 7.4 2.7 5.0 21.0
Jan.1 ,1994 3.4 3.3 12.3 12.0 37.5
Jan.11,1994 1.6 3.8 6.0 23.5 —
Jan.21,1994 3.5 3.2 3.0 8.5 32.0
Feb.1 ,1994 5.8 6.3 6.05 13.0 32.15
Feb.11,1994 2.0 5.6 8.7 6.5 13.5
Feb.21,1994 6.0 8.8 7.4 16.5 18.5

TABLE D TEMPORAL & SPATIAL VARIATION
NH3~ éNVALUES (mg/1)

DATE N'O o STATIggS = -
Dec.1 ,1993 0.69 0.82 — n.94 4.0
Dec.11,1993 0.6 0.3 0.25 0.2 4.4
Dec.21,1993 0.38 0.38 0.25 1.13 5.0
Jan.l ,1994 0.13 0.13 0.88 1.75 4.0
Jan.11,1994 0.1 0.1 0.17 1.12 2.24
Jan.21,1994 0.4 0.36 0.20 0.94 7.0
Feb.1 ,1994 — — — . _
Feb.11,1994 0.28 0.18 0.63 1.10 4.4
Feb.21,1994 0.22 0.44 0.04 2.1 3.7
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TABLE E TEMPORAL & SPATIAL VARIATION
- IN
NO3— N VALUES (mg/D)

DATE NO | MN STATIggs BA MH
Dec.l ,1993  — — — — , —_—
Dec.11,1993 —_— — — —_— | —
Dec.21,1993 — — — “_ _
Jan.1 ,1994 0.06 7 0.07 0.10 0.12 0.19
Jan.11,1994 0.11 0.08 0.11 0.20 0.22
Jan.21,1994 0.09 0.09 0.08 0.13 0.16
Feb.1 ,1994 0.10 0.07 0.09 0.18 0.15
Feb.11,1994 0.06 0.11 0.09 0.19 .20

—Feb.21,199% 0. U9 0. U8 007 U.13 0. 21
TABLE F TEMPORAL & SPATIAL VARIATION
NO,= ﬁﬂVALUES (mg/1)

DATE NO MN STATISSS BA , MH
bec.1 ,1993 — ' - S — _— —_
Dec.11,1993 — — — — —
Dec.21,1993 0.064 0.040 ° 0.048 0.052 0.144
Jan.l ,1994 0.075 0.033 ° “0.058 0.180 0.100
Jan.11,1994 0.140 0.013  0.041 0.175 " 0.038
Jan.21,1994 0.053 0.049 0.034 0.070 0.600
Feb.l ,1994 0.009 0.003 0.140 0.175 0.155
Feb.11,1994 0.001, 0.001 0.058 0.080 0.200
Feb.21,1994 0.078 0.135 0.145 0.120 0.000




TABLE I  VALUES OF BOD (Y) AT DIFFERENT TIME (T)
FOR THE SAMPLING OF 21sT 7aN.1994

STATION

TIME -

(DAY) NO MN DH MH
4] 0 0 () o 0
1 2.4 1.0 2.6 17.0
2 6.4 3.2 4.4 25.0
3 2.9 2.5 2.9 28.0
4 3.2 3.0 2.95 30.5
5 3.5 3.2 3.0 32.0

TABLE J dy/dt vs t values for the

computation of Lo & Kl

- STATION

TIME '

(DAY) NO MN DH MH
0.5 0 0 0 0
1.5 , 2.4 1.0 2.6 17.0
2.5 6.4 3.2 4.4 25.0
3.5 2.9 2.5 2.9 28.0
4 3.2 3.0 2.95 30.5

5 3.5 3.2 3.0 32.0
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