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1. INTRODTIT TON

The Government of India amounced its decision tao
set up a large oil refinery in the Mathwra region
to meet the growing petroleum products demand of
the North-west region. This decision was based on
techno-economie Studies which had established the
need to locate the refinery at Mathura for the
following rineipal considerations :

1) Mathura is locatea centrally within the
demand area; ang

(i1) It has both B3 ana M¢ lines and also is
on National Highway No, 2.

Subsequent to this decision, some apprehensions
were ralsed about the Possible adverse effects
ot the monuments in the Agra-Mathura region as
a result of gasepus effluents to be discharged
from th- Tellnery. Since this was a motier of
Breat coneern, the then Minister of Tetrolewm
& Chemicale, Shri D.%. Barooah, immediaiely fook
& meeting with the senior officers of Ministry of
Fetroleum & Chemicals, National Committee on
Envirommental Flemning & Coordination, Flanning
Commission, Bhabha ptomia Research Centre and ICC
in Beptember, 1973. The congensus of opinion
during this meeting was that technological proe
CélBes were available for containing pollutants
in gaseous effluents to desirable 1imits as
Tequired from the point or view of preservation
of monuments, The Hon'ble Minister had then
directed I(0 4o take necessary precautionary measures
to ensure thst the effluents discharged in the
atmos phere from the Refinery will not have any
adverse effoot on the ronmonts at Mathura znd
Agra.
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It was agreed that no effort should be spared for
motecting the monuments, particularly, the Taj
Mahal, Subsequently, the Governmmt of Inlia
constituted an Expert Committee vide Govermument of
Ind ja, Ministry of Petroleum & Chemicals Memo

io. IS=46011/10/73=0R-I dated 16th July, 1974 given
at Ammexure I, to advise—the project authorities
ont the measures to be taken for keeping the
nollution effect to the absolute minimwm. The
Committee was not only to guide Mathura Refinery
Troject in planning and implementing effective
nollution measures, but alse %o advise the Minisiry
oii the pollution aspects of other ancillary and
downstream units. The Commititee was to work on a
continuous basis. The Commitiee consisted eof the

following ¢
1. Dr. 5. Varadarajan
Chzirman, IPOL ChaiTman

2 Shri M. Turien
pdviser (R ),
Ministry of Tetroleun & Chemical Member

e Representative of the National
Trvirommental Fngineering
Research Institute, Nagpur lembexr

de Benresentative from the Office of
the Mationel Committee on
Envirommental Flanning & Co-
ordination, Departmeni of Science

& Technology, New Delhi Member
5w Representative from the Indian
Inalituie of Fetroleum, “lehra Thun Member

L I{epreaentative from the lMeteo-
rological Depariment, Ministry of

Tourism & Civll Aviation. Member
7. Tiepresenlative of the Covernment
of Tttar JPradesh. Member
8. Mansgines Director
Tndian 0il Corporation Limited Member-
(D&F Divieion), !Tew Jelhi Secrelary

G/ enas
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EuhaeQUﬂntly & representative from Archaeological
Survey of India was alsg nominated ag g member,

The Government vide Ministry of Petrolewm's
letter wo, IS—3EG1EH4X?E—GH~I dated 4th Lpril
1977 asked the Committee to alsg Cover the aspect

This Report of +the Committee covers, in bries,
the activities of the Committee sg Tar and its
Tindings Tecommendstiong

--t-l.'q-;-
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2. ACTIVITIES OF THE COMMITTEE

2.1 Since the formation of the Committee, se far it has held
eleven meetings as per details given below:

Date Place

Ist Meeting g8th Aug, 1974 In the Chamber of the
then Minister of P&C,
Shri D.X. Barooah,

New Delhi.
2nd Meeting © 7th Oect 1974 Indianoil Bhavan,
New Delhi.
Ird Meeting 9th Jan 1975{ ° ~dow
4th Meeting Ist Oct 1975 O
5th Meeting =~ . 27th Nov 1975 ~do-
6th Meeting Ist May 1976 Sikandara Guest House,
Agra.
7th Meeting 13th Jan 1977 Indianoil Bhavan,
_ New Delhi.
Bth Meating 12+h Jul 19877 ~do-
9th Meeting 23rd Fov 1977 - do-
ioth Meeting 2nd Dec 1977 -do-
1lth Meeting 6th Dec 1577 - O

The narmes of the participants in each of the above meetings
Are given in sAnoexurse - 111,

At the sixth, eighth, ninth, tenth and eleventh meetings,
Shri MN Deshpande, Dirsctor-General, Archaecloglical Survey
of India was present by special dnvitation to assist the
Committee.

At the fifth meeting, Shri Y.P. Rao, Director-
General, India Meteorological Department and
Prof. N. Majumder, Director, NEERI, were special
invitees. Shri S. Halder, Director (SP),

Prime Minister's Secretariat, was specially
invited to attend the fourth and gixth meetings.

5/eeesss



2.2

S —

- 5o

At the sixth meeting, IEpIEEEﬂtati?EE from the

U.P. State Electricity Board, U.P. State Industries
Department and Central Rallway were present at the
request from the Chairman.

At the ninth meeting, Prof. T. Shivaji Rao,
Professor in Environmental Engg., Andhra University,
was present.

Dy. B.B. Lal (Retired Chief Chemist, Archaeological
Survey of India) who at the instance of the Committee
had been appointed Consultant assisted the Committee
in its deliberations and attended Committee meetings.

The 1ist of agenda items considered by the Committee

in its wvarious meetings are given in Annsxure - Iv.

The Committee initiated a pnumber of studi=s which were
considered essential by it in coming to conclusions and
recommendations. These studies were:
al M
Theze were conducted bY National £rnvironmental
Engineering Research Institute for the period
from 19th November 1975 to March 1977 covering
a period of 15 months which {neluded two winters
and ong summel.

b) studiss on the Dispersal of Pollutants from the
Befinery ,

These studies were entrusted to India Mateo=-
rological Department and Techeco of Italy.
The studies involved determination of the
concentration of sulphur dioxide at various
distances from the Refinery unde® different
Cotanrmlradcal conditions. As initially

mobaoze Lo gk data foOr Mathura was b i

3
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available, the c¢ata avallable for Delhi and Agra
were utilised in the studies. Subsequently, IMD
established at the instance of thelfbmmittee;
first class meteorological stations at Mathura,
Agra and Bharatpur. Meteorological obgervation
for more than one Year has been collected at the
Mathura and Agra cbservaﬁcf'rias.

Zresant status of the Monuinents

With a view to ascertain the present status of
the monuments the Committes entrusted to Tecneco
of Ttaly, investigations covering physical, chemical
and biological analyses of the monuments.

Studles in respect of the effects of the effluents

At the instance of the Committee, discussions were
held with Dr. Salim Al on the effects of the
refinery on the Bharatpur Bird Samctuary, Assistance
was also obtained from the Nature Conscrvancy
Council, the Royal Society for the Protection

©f Birds and the Wild Fowl Trust, all of U.K.

Sl genotis canabilitias for gtudias

The Committee collected information on the
facilities available for studies in regard to
effect of pollutants on monuments in Indian
Laboratories and Institute such ~g :

fational Aeronautical Laboratory, Bangalore;
National Physical Laboratory, New Delhi:

Physical Research Laboratory, Ahmedabad;

Indian Agricultural Rasearch Instituta, Neow Delixl;
Central Buildinc Bngearch Institute, Roorkec ctc.

?/I'I'II-
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The Committee obtained from IOC particulars of
various effluents from the refinery and advised Ioc
on the measures to be taken and technology to be used

for minimising environmental pollution From the
refinery, v ' '
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3. OBSERVATIONS BY THE COMMITTER

Based on the various studies initiated by it and
information furnished to it, the Committec has the following
observations to make:

Jel Studies by NEERI

3aled

3'1'2

NFERI were entrusted with the work of measuring
the existing air quality of Agra region with
paritevliar reference to the levels of pollubants
at Agra for 15 months covering two winters and
one summer. They commenced the studies on

19th November 1975 and completed the same in
March 1977. They had established 5 alr menitoring
stations, one each at Taj Mahal, Agra Tort,
Sikandara, Itmat-Ud-Daulah and Nager Mahapalila.
Lhe main pollutents monitored were sulphur
dioxide, suspended particulate matier and

oxides of nitrogen. The wind specd and direction
measurements were also simuldaneously taken. Omn
the basis of this it has been observed that there
iz substantial sulphuwr dicxide peilution
existing at Agra, the long term concentration levol
being in the region of 15 %o 20 micrograms per
eubiec metre., NEERT have been submitting periodic
reports of their investigations. The reports are
given in Amnexure - V. Summary of their rerorts
is given hereafter.

The report for the period from 19th November
1975 4o 29th February 1976 indicates that 24~
howrly mean value for sulphwr dicxide is arcund
20 miorcgrams per cubie metre at most of the
stations except at the Agra Fort. The Agra
Fort value reaches the level of 40 micro-
gramg per cubic metre. The concentration
oaaQf=
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of nitrogen c.ides at different stations most
of the time were found to be close to the
lowest detectable level. It may, therefore, be
concluded that the nitrogen oxide is negligible.
Tha_results.nf 24=hourly sgmﬁling for suspended
particulate matter ranges from 450 micrograms per
aubic metre in Havamhar and December to 250 miero-
grams per cuhic matre in Januar? arnd February. 411
the fi?n sites hav& more or less recorded the same
level of particulata_mattar.l
NEERI's second quarté;ly report for ﬁhe period
March, April & May 1976 shows that monthly
average 24-hourly mean value for sulphur disxide
is arnund 10 micrograms per cukbic metre at most
of the stations Lzaaptlfnr agra Fort where the
value has gzone ta 34 micrograms per cubic metrs
in April 1976. Eulphur dioxide level in summer season
is low compared to winter season becauss of high tem-
perature conditions of the summer when the pollutants
are diffused upward convectionally with active winds,
Oxides of nitrogen levels were not measurable as the
normal concantration is considerably low during this
period, BSuspended particulate level is measured on 24-
hour basls and observed to be higher than t hose recorded
during winter, The summer values are found to be in the
order of 350-400 micrograms per cubic metre, Theso
higher values are attributeble %o the stormy and dusty

weathay whiah nrovails in this arvea,
CentA ...T."-f-l-n & ¥
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Jel.4 NEERI's third quarterly report gives monscon and
post-monsoon data collected for the period June to
October 1976. Sulphur dioxide level was very low
during monsoons (June to September 1976). The recorded
values are below 10 micrograms per cubic metre., The
month of October {pqst-mnnsnun} showed a rise in
sulphur dioxide level, The 24-hour average values
recorded ranged from 15 to 26 micrograms per cubic metre.

3.1.5 NEERI's fourth quarterly report gives winter data
collected for the period November 1976 to January 1977,
Sulphur dioxide concentration (24 hour average value)
varied from 11 micrograms per cubic metre at Sikandara
to 56 micrograms per cubic metre at dgra Fort. Suspended
particulate matter concentration varied from 170 to 400

micrograms per eubiec metre.

[ &%)

viaB REERI's fifth quarterly report coverinsg the peried
February and March 1977 records suiphur disxide con-
ceéntration (24 hour average) between 9 to 29 mierograms
per cublc metre. Suspended particulate matter was varying
from 174 to 388 micrograms per cubic metre (24 hourly
average).

3.1,7 Alr guality data at Taj Mahal during the period from

November 1875 to March 1977 indicate that sulphur

dioxide concentration ranges from 7 to 42 micrograms

per cubic metre (24 hour average) and the 2 hour maximum

values range from 20 to 160 nicrograms per cubiec metre,

Contd...p/1less
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Suspended particulate matier ranges from 66 to
448 micrograms per cubic metre (24 hour average)
and 24 hour maximum range from 106 to EGE micrograms
wis pgr cubie metre. The annual average sulphvz dioxide
5 level ranges from 15 to 20 micrograms per cubic metre.

3.2 : Gnmpar:i.san gf existing sulphur dioxide levels at
gifferent cibies,

3.2.1 Over the last few years the annyal avarage sulphur
dioxide. levels at various oities at the world

have besn observed to be of the order of:

Lity Sulphur dioxide in “’¢in

micTogTrams Dor cubl txec
Copenhagen . 60
Stockolnm 70
sterdan : g0
Licge 130
Brussels 170
Paris . 110
London, ecity 2350
London, greater 150
Milan 600
Vonice, industrial arcs 130
Venice, cibty 70
New York - Manhattan 110
New York - Richmond 50
Los Angeles 70

Toronto, city

Toronto, Tos jdential
‘Jrid...pf1f...
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3.3 Possible sources of Ppllution at Asra

3.3.,1 From NEERI's studies it has been established that

34 B
Jad.l

there is substantial amount of pollution both sul-
phur dioxides and particulate matter in the Agra

region particularly near the Agra Fort and the Taj
Mahal. The possible sources of this pollution aret

a) Two Power Plants - one near the Azra Fort-and the
other at Itmat-Ud-Daulah both of nominal capacity
10 Mi each. The power plant at Agra Fort has
been in operation for the last 50 years and is
considered to be of very old and uneconomic design.
Approximately one rake of coal (about 1100
Engges) is being used by these power plants

aily,

b) Industries including about 250 foundries
around Agra. Most of these industries are sit-
uated north-west of the monuments with the
result that the carry over of pollutants
from them is normally in the direction of the
monuments, These foundries are using rostly
coal of the order of 200 to 300 tonnes daily.

¢) Railway Shunting Yard - which is very close to
the Agrc Forl., This marshalling yard uses
approximately 40 to 50 tonnes of ccal every day.

tign Aba es at the Rofinery

At the instance of the Expert Committee, IOC

has taken various steps to minimise the

pollution effect from the refinery. 4 brief

description of the refinery and the ceffluent

treatment facilities provided ara given

in Annexure = Vl.

Contde..p/134ss
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Originally in 1973 the refinery was designed te
process 6 million tonnes per annum (MIPA) of crude
0il imported from the Middle Bast containing about 2,0
por cent sulphur and the emissiuns Trom the refinery stacks
would have amounted to approximately § tonnes per hour,
Eubsequantly, with the prospects of Bowbay High eruds
being available, the refinery is now being designed to
process 3 MIPA of imported crude and 3 MTPA of Bombay High.
Bombay High crude is a low-sulphur erude with a sulphur
content of 0.05 per cent. At the instance of the
Cormittee, IOC have taken measures to minimise the emissicn
of sulphur dioxide from the refinery stecks, This is
being achieved by using low sulphur fuel oil and gas in The
furnaces of the refinery and by installing a plant for
removal and recovery of sulphur from the fuel gzases.
With this it will be possible to 1limit the sulphur digxide
emission from the refinery to & maximunm of one tonne per
hour, Low sulphur fuel oil will be availablo through
Processing of Dowbay High crude at Mathura Refinery. 1If
for any reason low sulphur fusl oil is not available at the
refinery, such fuels can be gbtained from either Gujarat
or Barauni Refinery where low sulphur fuels arc readily
available,
For better dispersal of the sulphur dioxide cmission from
stacks, the stack design has been changed from
;. generally sell-supporbing stacks of 40 meters

Contd,..u/ld, ..
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height to separate cmﬁcreta stacks of B0 meters height
minimim. Instruments will be provided to continuously _
monitor emission of sulphur dioxide from the various
stacks. Caleulations on the basis of which the total
sulphur dioxide emission figure has been arrived at
have been submitted by I0C and the same have been veri-
fied by the representative of the Ministry of Petroleum,
I0C also proposes to have fixed as well as mobile monit-
oring stations for determining the sulphur dioxide ground
level concentration at various distances from the refinery,
B8ince it has been established that the existing level of
sulphur dioxide at Sikendara is very low and no najor
industries are located between Sikandara and the refinery
(about 30 KM), it should be pussible to monitor the actual
contribution of sulphur dioxide from the refinery to the
arez. If instead of cozl, low sulphur fuel is permitted %o
be burnt in the powsr plant, sulphur dioxide emission can
be reduced to C.8 tonnos per hour, The sulphur dioxide
emission can be further reduced to 0.4 tomnes per hour
by installation of a flue gas dssulphurisation unit,.
adequate provision has been made in the design to
pernit the installstion of £lue gas desulphurisation
unit at a future date when a2 proven proecess technology

¢can be selected.

Contd.. .p,’flﬁt .
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3a4.4 In order to minimise the emission of particulate
matter from the refinery, (which will be mainly fronm
the power-plant when it uses coal as fuel) the
refinery authorities shall be installing eluatro-statie
precipitators, Mbssrstharat Heavy Electricals Ltd.,(BHEL)
who have been entrusted with supply and installation of
thaseepracipifatc:s hava'ﬁﬂqfirmad that latest technology
will be used in designing these precipitators which will"
have much more than 956 per cent efficiency for particulate
matter-remival, Lt the refinery, it is proposed to have
two separate chains -of electro-static praciﬁitatgra, each
chain having three mections, It will be possible b attend
to any one section without upsetting the pover vplant
operation. Thus it would be possible to attend te the
maintenance requirenents of the electro-static prapipitators
with 2 view %o keep their efficiency at the design level.
I0C have, hnwa?eg, confirmed that the power plant is being
designed for the use of fuel oil and gas also and it would
be possible for if to switch over to these fuels in case
of any problem with the use of coal.
Sa4b &11 the waters that are likely to be contaminated

will be separately collected snd sent to the Effluent
Treatment Plant where adequate arrangement will be
provided for physical, chemical and blological
treatment. The treated effluents will meet the speci-
flcations laild dnwn by the fa<z-n Stendard

Inatitution and 3tate -wats y anthorities
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in respect of discharge of effluent into inland
surface waters. The treated effluent 1s proposed to
be discharged into Yamuna river at a point dowmstream
of Brahmendghat, approximately 40 EM upstrean of the
Agra Municipal Water Vorks, through an open channel,
An inspection road will be provided aleng the channel with
points for collection of samples., Sufficient flow exists
in the river for adequate dilution of the treated effluents.
However, IOC shall make necessary arrangements for proper
dilution of the treated effluent with frésh water, if
required. IOC has obtained consent from the Chief
Inspector of Factories and Effluent Board, U.P. ‘and also
from the U.P. State Water Pollution (Prevention & Control)
Board for discharging the treated effluent into the
Yamuna river.
IOC has confirmed that there i1s sufficient expertise
for design, consiructicn and operation avallable In
the country Lor treatment of the effluent in order to
obtain desirsd level of purity of the final effluent.
Similar facilitises provided at the existing IOC
refineries are vworking satisfactorily.
I0C has studied the various natural water courses
in the region and it has been firnly established
that at no time the effluent Iron the refinery
is likely to contaminate any of the water courses

at Bharatpur.
Gﬂntdi. - J-Pfl’?. e .
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hdequate facilities are being provided by IOC for disposal
of ash from the power plant in an area of about 200 acres
which would be sufficient for disposal of ash from the
power plant for about 15 years. 8ince the ash will be
dumped in the form of slurry, no adverse air pollution
problems are anticipated.
The approximate additional cost on account of providing
the above extra facilities has been estimated at about
s«8 crores inecluding the cost of various studies undertaken
in respect of the Environmental Impact of Mathura R,finery
as per detalls given in Annexure - VII.

n f Poll from the R finer
3+5.1 On the basis of meteorological datz available

for Delhi and Agra and using methods that are gen-

eraily employed, IMD made an exhaustive study of

LI

the dispersal of pollutants from the refinery stack,
On the basis that emission of sulphur dioxide fronm
the rsfinery stacks would be limited to one tonne
per hour, the report indicated that the inerease in
the long-term concentration of sulphur dioxide at
Azra on account of the refinery would be one micro-
gram per cuble metre. A copy of the IMD Revort is
given at isnnexure VIII.

3¢5+2 Tecneco of Italy, using meteorological data for
the last ten years for Delhi and on the basis of
dispersion.model heve also predieted that the cont-
rivution of =nlpser Hoxide fron the

rafis g "3 et ion wvonid bhe 1
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the region of 1,7 micrograms per cubic metre.
A summary of their report is given at
Annexure -IX. NEERI have also made sample
calculations and have arrived at nearly
similar results.

3.5.3 Although it was generally felt that there would
not be much difference between the meteorological
data of Mathura and Delhi, with a view to improve
upon the studies already made by IMD, at the
instance of the Committee, IMD set up three first .
class meteorological observatories for collecting
data at the refinery site, at Agra and at Bharatpur.
Using meteorological data collected for more than
one year at the observatory at the refinery site,
IMD have indicated.that the long term seasonal
contribution of sula-hur digxide from the refinery
would be of the order of 1.0 microgram per cubic
metre at Agra and 0.3 microgram per cubic metre
at Bharatpur, The short term maximum pesk concent-
raticn (1 hour) is estimated to be about 65 micrograms
per cubic metre at Agra and Hheracpur., However, such
Cohcentrations sre likely to ocecur only dering
stable atmospheric conditions, TFrom an analysis
of tlie metecorolouical data available, IMD have
indicated that frequency for the atmosphere to ke
stable towards Agra and Bharatpur is in the
region of 2.0 to 4.0 per cent and O to 1.0 per
cent respectively. Only Under such stable conditions
the maximum short term concentration (1 hour) of
sulphur dioxide is of the order of 65 micrograms per
cubic metre, Details are given in Annexure X.

q-h,"’-lg
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3.5,4 IMD have recognised that cne of the short-
comings of the dispersal studies in general
is the effect of the accuracy of the studies
due to use of different emperical coefficients
in the model. They have,thersfore, in thel r
report taken into account the effects of
assuming different values for the empirical
coefficients on the accuracy of estimates
of concentratioi. IMD have stated that

. although varistions in empirical coefficients

will have considerable effect on the esti-
mated concentrations at distances close to
the refinery, it would not have any appreci-
able effect for estimates of crcentrations
for Adistances beyond 10 KM and particularly
f5- estimates at a distance of 40 WM,
According tc IMD at the most thes errorl could be
of +he order of S0 per cent for estimates of
~oncentration for such long distances. IMD.
therefore, concluded that the long term seascnal
contributian of sulphur dioxide from tle
refinery to the Agra region can be assumed with
reasonable accuracy to be of the order of one
to twe micrograms ner cubic metre.

3,6 Study of the Present sState of Preservatian
of Monuments (Studics by Tecaeco)

3.€,1 As far 35 the monuments in Agra ar€ concerned,
the outward appearance indicated that they are ia
qood state of preservetiaon, particularly. the whole
marble. No visual deterioration due o atmospheric
pollution can be detected, The ComnitTice,
hawaver, —eli Ll Tds further n=edad to be

'y
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verified and studied in & gscientific manner.
Further, there is no exact or straight-forward
method of onducting laboratory tests to indicate
or arrive at any realistic rate of deteriorats~
ion with different levels of pollutants. This
is primarily because the actual deterioration
of monuments could be and is due to diverse
factors such as weter, humidity, quality of
stone, pollutants in atmosphere etc, md it
is not possible to simulate in the laboratory.
the exact conditions to which the monuments are
subjected to. It was therefore necessary to
know the present conditicn of the monuments
before the refinery goes into operation and
their condition after fow years of refinery's
operatiod to determine the extent of deterio-
ration, if any, sad analyse the cause for
the same. Tnis would permit adoption of o
further protective measures +hat neesd to be
-aken in case of necessity. With the ap roval
§ the Committee jnitially such & study was

0

=n-rusted To Tecneco of Italy.

T connection with the above studies sntrusted
to Tecneco, thelr specialists visited the
monuments twice and callected samplas from

di fferent places from various momuments.
pleces of old marble and stone removed from
the monuments during previous maintenzrnce
work were 2150 used by Tecneco in this study.
Tecneco's team had ~ollected samples of
marble and sandstone from the origin al
quarries at Mskrana and Jaipur. A Summary
of Tecneco's report 18 given in ANNEXUre -XI.

eea/=21
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Tecneco's report covers methodology adopted
for collection of samples, results of the
petrographie, chemical, physiecal, biological
parameters and air quality in the monument; s
zone, discussion on the results and

conclusions.,
Tecneco have stated in their Report that:

"As far as the marble is concerned, on the
whole the alterations are limited %n only
a few zones, i

On the contrary, the alterations of the sand-
stone are present nearly everywhere,

Therefore, in conclusion, the maerble results
as being well conserved in all three monuments
and its state of aging can be considered
initial while the sandstone is generally in

2 bad condition,

Since the concentration levels of poliutants
taken into consideration are very ow, it
can be tasken for granted that the atoospherie
gcllution actually present in the Agra zone
oes not constitute a prevailing sanse of
alteration such as to notably inerease the
natural aging of the stone.

The levels of 80p concentrations in the AgTa
zone due to the refinery (from 1.5 to 2 miero-
grams/m> as an annual average) form an
abjective increase of present levels; however
the concentration levels_at Agra zone, inerea-
sing from 6 microsrams/m3 to 7.5 - 8 micTo-
grame/m” as an annunal average, will remain

8s very low absolute values.

For this reason, although keeping in mind the
previous considerations on the state of conser-
vation of the stones and on the accumulation
effect, it can be considered that the fore-

seen pollution levels will not form one of

the main causes of deterioration of the monuments.

It is necessary to remember that the annua i
ineradse ol S0s of 1.5 « 2 micrograms/md is
the rasult nf Fheaveticnl aslonlnkdons whist
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although carried out with due care, have necess-
arily large margins of uncertainty connected

to the schematization taken for the meteorclo-
gical parameters.

As already referred in our comments on pace
15 of our First and Second Report it should
be noted that in there calculations S0, is
considered chemically and physically inert,
This means that physical br chemical removal
processes of S0, are not taken into consi-
deration,

This assumption does not affect very much
the short term concentrations while over-
estimates the long term concentrations,

The model assumes a stationary meteorological
condition, that is speed and direction of

wind and atmospheric star?lity are considered
constant during the transport of pollutants.,"

3.7 Sludles in respect of effect of the Aefinery
Effluents on Bharatpur Bird Sanctuary

3.?.1

S

Based on the information gathered from Neture
Conservancy Council, the Royal Society for
the Protection of Birds and the Wild Fowl
Trust and the discussions with Dr,.3alim &11,
it has bean established thart sul ohur dioxide
from the refinery would genersily not have any
adverse affect either on bird 1ife or vege-
tation, Relevant correspondence in tiis
respect is given in Annexure -XII,

In any case since the wind directig is such
that it is generally away from Bharatpur
most of the times, the increase in sulphur
dioxide levels at Bharatpur on account of
the refinery would be negligible. IMD has
slimaled Uial Lhe Yooy Ledm cutgatibroabl lon

would Le of thie order of 0,3 nicroyrams

----23{’-"
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per cubic metre. As far as surface effluents
are cohcerned, all these will be collected
separately and after adecuate treatment dis-
charged into the Yamuna river and therefore

it will not affect the Bharatpur water cocurse.
Further, since the terrain is such that there
are ho chances of the refinery's effluent ever
coming in contact with water courses arcund
the Bharatpur Bird Sanctuary even during floods
or by accidents,

3.8 Indigenous capabilities for Studies

3.8.1 During its deliberations the Committee felt N 1
the need for periodically determining the 4
present status of the monuments. Although, the
First such study had been entrusted to Techeco,

there was need to develope expertise within
Indiza for future studies of similar nature.
The Committes, based on ti¥data collected by

L

=&

the

feels Lhabt such STUGlses SR
in future through the use of exp
£

be conducted
ertise and

cilitiss available with following insti-

tutions among others:

1 = & U L Bt
- ¥ ] - - L] - -

i
oo
i

[
=t
L]

WNational Aeronautical Laboratory, Bangalore;
Wational Physical Laborstory, New Delhiy
Physical Research Laboratory, almedabad;
Bhabha iAtomic Research Centre, Bombay}

Raman Research Institute; Bangalorej
Geological Survey of Iadias, Calcutta;
central Building Research Institute;oorkee;
Ervirenmental Divisinon of the Department

of Science & Technoleogy, dew Delhi;

ITncdian Institute of Scientce, Bangalore;
National Environmental Ergineering

Research Institute, Nagpur;

India Meteorological Def}a:tm@nt ’
(Ministry of Tourism & Civil Aviation)
New Delhi.

s/=24
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Based on the data made available to the

Committee as well as the results of the studies and
investigations undertaken, the following conclu-
sions are made,

4,1

There is substantial level of pollution of
sulphur dioxide and particulate matter in the
Agra region, The possible sources are all coal
users consisting of two Power Plants, a number
of small industries mainly foundries (approxi-
mately 250) and a Railway Shunting Yard. As
far as suspended particulate matters are
concerned, because of use of coal, contribut-
ion will be substam tial. Even though the
total amount of emission of sulphur dioxide
from these sources may be small, on account

of their proximity to the monuments, their
contribution to the air guality of the zone
will be considerably high.

I0C have estimated that total emission of
sulphur dioxide from the refinery would be
limited to one tonne per hour and these
estimates have been confirmed by the represent-
ativer of the Ministry of Petroleum. 3ince
basically low sulphur fuel will be used in

the furnaces and modern instruments are avail-
able for proper measurement of emissions,

it would be possible to ensure that the

actual emission is limited to one tonne

per hour, IOC have alsc assured that

modern technology will be used [or electro-
static precipitators of the puwer plant so
that particulate emission from the stack is
effectively contronlled,

llip‘f'-'25
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4.3 DBased on the diapersal studies made by IMD and the

invegtigations condueted by Tecnecoaml NEERI it
has been estimated that the contribution from the
refinery ‘Eu the long term concentration of sulphur
dioxide at Agra would be of the order of one to
two micrograms per cubic metee compared to the
existing level of 15 to 20 micrograms per cublc
metre. Short term (one hour) peak concentration
of the order of 65 micrograms per cubic metre
could be expected under worst metecrological
conditions in winter and the freguency for such
occurrences are 2.0 - 4.0 per cent for Agra region®
and 0 = 1.0 per cent for Tharetpur region.

* Winter refers to the 40 days period
from the besgimninz of Tecember to end of
Tebruvary, When ithetlemperatwre proflle in
the atmosphere is such that it prevenmis a
parcel of air to rise above a certain height,
the atmosphere is seid to be smble,

Tsually, stable condition mean that a rising
parcel of air can rise upto a height of

100 4o 500 metres, but its further ascent

is prevented by an adverse iemperalure
profile., The adverse temperature gradient is
referred to as an "inversion" in meteorologi-
cal literature.| Meteoroclogical data indicate
that the frequency of wind direction towards
Agra during the winter months varies fron

14 to 2B per cent during the winter. Out of ‘
this percentage, the frequency of conditions ""...
vhich prevent the dispersal of pollutants due
to stable conditions is approximately 2.0 1o
4.0per cent for Agra. This implies that the
7robability of joint conditions of favourable
narthwesterly winds towards Agra, ond stable
atmospheric conditions in winter, is likely
to be small,]|

<
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Adequate facilities are being provided for
treatment of water effluents to meet the required
Specifications laid dewn by the Indian Standard
Institution and the U.P. Government, Arrangements
vwill be made for Ensuring proper dilution of the
ireated effluents on oceasions when enough water
is not available in the river for dilution.
Adequate expertise ang Proven technology is
@vallable indigenously for such treatment plants,
I0C are operating similar plants in their existing
Tefineries satisfactorily.

So far as the effect'on the Bharatpur Bird
Sanctuary is concerned, it hae been establ ished
that there is ng likelihood of any adverse effect
either on the birds or the plant life at Bharat-
Par on account of the refine .

Effective steps neeg To De taken quickly to reduce
the existing level no+ pollution in Agra,

It will ve necessary to ensure that the actml
long term contribution to the sulphur dioxide
levels at Lgra as a result of the rafinar:,r is not

more than *wo microgrems Per cubic metre.

27;-."‘.
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«__REC OMMEND AT TONS

Although primarily the Committee has been formed

L]

to advise the rroject authorities on the measures to be
taken for keeping the pollution effect to the absolute

- minimum, conscious of the great responsibility entrusted
to the Committee and its deep concern for the preservation
of the priceless monuments at Agra and particularly the Taj
Mahal, the Committee considers it of utmost importance that
the following recommendations be considered by the
Goverrment for wurgent and expeditious implementation in order
to reduce substantially the existing pollution le3vels at
Agra and to forestall creation of any futwre sources of

Pﬂllmiﬂﬂl
Sel Efforts should be made immediately to minimise the
existing polluiion from sources close to the momments

10 ©hé ‘dgra Zome, fThe [.D, State Tleciricity foard
has given indicztions that the old thermal power
station (nominal 10 M capaciiy) near the Agrz Fomt
would be dismantled as soon 2s the grid for poser
suprly to Agra is ready and the other power ?j‘tjg._'tinn
(10 ¥W cepacity) at Itmat-Ud-Dawmlah which igfgood
condition will be shut down and used only as a
stand-by in emergenciecs. Closing down of these two
Power plants is expected to make a significant re-
duction in the existing levels of sulpha dioxide and
Particulate matter at Agra. It is recommended that
early steps are taken 4o close down these two

bower plants,

5l Railways may be adviscd To replace the present
coa-l=based locomotives with diesel=based loeca-
motives at the marshall ing vard at Lgra,
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Since the marshalling yard is very close th the

Agra Tort, this measure is expected to reduce the
Sulphur dioxide and rarticulate matter levels
significantly.,

Steps may be taken to ensure that no new industry
ineluding small Industries or other wnits which

can cause pollution are located north-west of the
Taj Mahal,

Efforts may be made to relocate the existing small
industries, particularly the foundries, in an area
South east of Agra beyond the Taj Mahal so that
emissions from these Industries will not be in the
direction of the monuments,

Similar considerations may apply to large industries
8uch as Pertilizer & Petrochemicals. Such industries
which are likely to cause environmental pollution
may not be located in the neighbourhood of the
refinery. The Committee further recommends that no
large industry in the igra region and its neighbourhood b
be established withowt conducting eppropriate dctailed
Stuwies to assess the envirommental affeot of such
industrics on the monuments, Location should ba

80 chosen as to execlude any inerease in environmental
pollution in the area.

The Committee wishes to record its deep concern
regarding the existing level of pollution in

Agra, It recommends thet an appropriate autho-

riity be crested which would monitor emissions

by industries as well as the air quality at Agra

on & continuous basis. This authority

shouwld be vested with powers to direct

industries causing pollution to 1limit the

-.I.EEK-
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Pollutant level at ‘thale monuments exceeds acceplable
limits, ohe Comnmittee Particularly desires that the

of existing Pollutdon levels at Agra should be
converted to g time-bound Programme and shovld be
implemented with utmost speed,

The Committee recognises +that there is urgent
need for contimuous stuly and investigations 4o
ensure that the monuments at Apgra are not exposed
to further threats Irom thepollutants or from any
cause. Therefore, it Tecommends that such stulies
should be PEI'iﬂﬂ.ic_all;'jl' conducted with a view to
determine whether any deterioration has oeccurred
and if sg, scientifiually analyse the cawse/s fop
the same 1o enable takeing suitable measures for
rreventiocn of Such deterioration, Since ths
Archaeclogical Survey of India are in charge of
Preservation of the momumente, it is logical

that they showld bve entrusted with the responsi-
bility far #etting such continuous studies made.
Por this Purpose, AST may have adequately starred
cell which can carry out studies apd additionally
utilise the services of other organj_'satians such
as National Ermvirormmentai Pngineering Hesearch
Institute, India Meteorolorical Department,
lational thysi-al Laberatory, Ehabha Atomic
Research Centre, Katicnal Aeronautical Iabotatory
ete., for determining the siatus of the monuments
and also the effects of pollutants thereon.

Alaquate funas should be made available to LST
for these investigations,

The Comnitiee aisn memommens "hat stulies shonld
be wndertukcen by sompetent aseneles to explore the
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Possibility of Protecting the monuments by measures
Such as provision of a green belt around Agra in the
région between Mathura ang Agra.

Even though a8swrances have been obtained from I0g
That adequate Irecautions would be taken to contain
the pollution on account of using goal in the power
Plant, the Committee ig of the opinion that 4i11

8uitable technologies have been fownd to be satig-
Tactorily in use @lsewhere, the use of coal in the
refinery power Plant should be deferred,

Proposed earlier nder para 5,7 ghall awdit these
Leasurements,

The Commities Teconmends that the Government &houig
establish facilities ang expertise in organisstions
Such as Indisa Meteorological Department, Wational
Envirommental Engineering Research Institute, Bhabha
Atomic Research Centre, Envirommental Division of
Deptt. of Secience & Technology, National Aeronawtical
Laboratory, Physical Reseamch Iaboratory and Raman
Research mstityute for developing dispersion models
Suitable for conditions a8 are actually obtainzsble
in different Pris of the cowmtry. This is essential
for studies as the one entrusted to this Committee.

e
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No. I5-46011/10/73-R. 1
Government of India
Ministry of Petroleum ang Chemicals
( Department of Petroleum )

New Delhi, the 16th July, 1974
MEMORMI]:I_IH
Sub Enviromental Impact of Mathira Refinery -

appointment of an Expert Committee to |
advise on

A= -

A petroleum refinery with aé;apacity of 6 Million Tonnes
is being set uUp by the Indian oi3 poration near Mathura in
Uttar Pradesh, The environmental impact of Mathura Refinery
and other ancillary and down Stream units particularly the
possibilities of gaseous efflusnts affecting the Taj Mahal ang
other historiecal MoDuments in Agra ang Mathura has been (= la =Ty
ing the attention of the Government for sometime, The Project
authorities have been taking some Ssteps to incorporate antj-
pollution measures in the refinery, To advise the Project
duthorities on the measures to be taken for Keeping the pollute
ion effect to the absclute minimum, it has be=n decided to get
Up an Expert Committee consisting of the following experts 3

15 Dr. S varadarajan

Chﬂirman. IFCL Chaim
2, Shrl M Kurien, Adviser (R)

Ministry of Pet, & Chemicals Member
3, - Representative of the

National Environmental

Engg, Research Instt., Nagpur, Member
4, Representative from the

Offica of the Environmental
Planning anda Coordimation,

Deptt, of S&T, New Delhi Member
Se Representative from the
Indian Institute of Petroleum Memibian
Dehra Dun,
6a Representative from the

teorclogical Deptt,
LP:E], of Tourism & civil aviation Member



[
S

I-2

L

7. Representative of the
Gor ernment of Uttar pradesh Member

8. Managing Director,

Indian Oil Corpn, Ltd,
(R&P Div,), New Delhi Member-Secretary

2, Representatives of other concerned organisations such
48 Department of Archaeclegy, Indian Standards Institution ete,
will be invited to the Committee as an when considied necessary,

= The Expert Committee will review the steps being taken
by the Project authorities for prevention of the pollution and
advise them of the additional measures to be taken, The Committee
will also take into account the considerable progress made in
differ=nt parts of the world in devising technical solutions to
the pollution problems of refineries and particularly to air
pollution and examine whether ths se soluticns are proven and
can be incorporated in Mathura Refinery. The Committee will

aot only guide Mathura Refinery Management in planning and
implementing effective pollution control meastires but will .
also advise Ministry on the pollution aspects of other ancillary

and down stream units,

<. The Committee will meet as pften as necessary and will
work cn a continuing basis, All secretariat assistancs reguired
by the Committee will be rendered by the Indian 0il Corporation,
NO remuneration.stc, will be payable to the members of the
Commitiee. TAML ete, of the Members for attending the meetings
of the Committee will be borne by their respective organisatiocns,

2, Tne Committee will also keep the Government informed of
their deliberations from time to time,

( c. Venkataramani ) ‘
Joint Secretary to the Govt. of India

all concerned,
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Government of India

MINISTRY OF PETROLEUM
Lt

No, IS-36012/4/76-CR-I New Delhi, the 4th April, 1977
To

Shri R, Hhatnagar,

Managing Director, IOC (R&P Diwv,) and
Member-Secretary, Bxpert Committee on
Environmental Impact of Mathura Refinery,
Indian 0il EBhavan, Janpath,

HEW DELHT,

Sub: Envircnmental impact of Mathura Refinery

Sir,

I am directed to refer to your letter No. MRG/6/6 dated
the 31st March, 1977 forwarding the First Revort of the Expert
Commites on Environmental Impact of Mathura Refinerv and to
Say that &85 you are aware, it was descides in the meeting of the
Stecring Committee held on 15th March, 1977 that the Committes
could also advise Government on the effect of pollutants on the
birds in the Bharatpur sanctuary. A copy of the minutes of the
said meeting has already been sent to you separately. I am to
reguest that this aspect also may please be covered by the
Comn.ttee and a report sent to this Ministry as quickly as
pous3ible,

Yours faithful l]";
5d4/=

( K. Chandrachoodan )
Deputy Secreta:'}' to the Govt, ©
(I'el, Ho.3B8909G) Indiae.
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LI 3
LIST OF PARTICIPANTS

Eﬁééﬁg Date Venue | Members Special Invitess &

=5 —— . > - other nsarf;j.gipanta_

1. 8.8.1974 Cl‘iax:'rber of Dr, s, Varadarajan ghpq CR Das Gupta
Ei:ijr of Shri M, Kurien .
E”géf”hi“' Shrl UM Bave . gney v Sarma~IMp

Shri- Hk Milehandani . =
Dr. Asho¥k Khesla

Dr. ak Mikherjee

Dr. 8D Shukia

Shri RN Bhatnagap

8 7.10,1974 Indian @i Dr, 8, Varadarajan Shri vy Sarma-IMD
Bhavan,

New Delhi » Ashok Khosla Shri sk Nayak~IoOC
Dr, AK Makiierjce
Shri RM mharn 3gar
3, 2.1,1%75 1Indian 0il e, 'S, Varadarajan ghrd sx Nayak-I10C
Bhavan 5
3 - herjee.
New Delhi Dr. AK Muk e?:'_i e
Shri HK Mulchandani
Shri JM Dave
Shri RN Bhatnagar
i » S Varadarajan 3Shri g Haidar,
¥ 2SR giﬁ?x} S o - : Prime Ministerts
I"t-.:w Dﬁihi Shri M. Kurisn Secretariat,

Shri HK Milchandani Shri RP Misra-NFERT.
Dr. Ashok Khosla Shri SK Nayak-IoC
Dr, AK Mukherjee

Shri RN Bhatnagar
Dr., 8D Shukla
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6.

7
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27,11,1975 Indian 0dil

Fa

1.5.18786

13,1,1977

Ehavan,
New Delhi

* Sikandra

Guest House
Agra

Incdian Oil
Hhavan,
tew Dallid

Dr. S.Varadarajan
Dr. Ashok Khosla

shri R. Sengupta

Shri RN Bhatnagar

Shri Y¥ Rao,

DG (IMD)

prof, N. Majumadar,
Directoar, NEERIL

Shri VV Sarma(IMD)
Shri PK Yennawar
(NEERI)

Shri SK Nayak]) Toc
Dr. BB LAL 1
Shri VS More )

Shri ¢S sSharma (IIF)

br, 5., Varadarajan

Shri HK Milchan-
dani

Shri R.Sengupta
Shri RN Bhatnagar

Shri S5 Hailder
PM's Secretariat

ShriMN Deshpande,
DG, ASI.

Shri AM Qureshi )
Chief BEngineer ] UPSEB
Shri Rajendra [
Prasad |
Shri UK Agarwal [
Shri BS Sinha ]

Shri Nirankar Singh
ADO, Industries,
Deptt, AGRA.
Shri VS Mathur Rai'iﬁi,_
Shri D Eankara-l

lingam Y
Shri BB Varma

Dr. SC Roy (ASI)
Dr. PP Marthy (IMD)

Shri MB Chabra(IMD)
shri p¥ Yennawar, NEERI
snri SK Hayaky

Ir». BB lLal i 100
Shrl V& More 1

shri 0¥ Biswas (NOEPC)

Ir. S. Varadarajan

Shri JM Dave
Dr., SD Shukla
Shri RN Bhatnagar

Dr. PK Das X

Dr. B. Pagmana-]
phamurthy JIMD

Shri RN Gupta ]

Shri CR Subramaniam
(AST)

Shri GC Joshi ) ITP

Shri C5 sharmal

Shri SK Navak y —
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9. 23.11,1977

lo, 2,12,1977

1l,'6,12,1977

Indianci]l pp, S, Varadarajan Shri MI'-I Deshpande
New Delhi yar Shri K Chandrachoodan
Shri me Mulchandani Min, of Pct,

Shri JM pave Shri RN Gupta

-‘Shri VS More, Too

Indiangil Dr. S.Faradarajan Shri MN pe Deshpande T
Bhavan, Prof, T, Shivaji RaoI“s
New Delhi,Shri 7.5, Nayar 5. TR e

Shri R. Sen Gupta  Shri gy Guptal &
Shri mx Mulchandang Shri vs More, 1CC

Shri Thomas Mathew
« BB Sunderesan

Shri sk Nayak

Dr. 8.D. Shukia

Indiancil pp, Se Varadarajan Shri my Deshpande
H‘:avan s ASI, DG
New Delhy Shri Ts Mayar i
Shri R, SEn Fusta Dr, BX Das
Shri Ry Gupta
Shri Hk Milchandani

Shri Thomas Mathew Shri V3 More, Icc
Shri Desh Raj Singh
Shri 8K, Rayal

{ 2o

Tndianeil br, s, Varadarajan Sheoi My Deshpande
DG, as
ﬁ"i’}im Shri TS Nayar e ASL
Shrl R. Sen Gupta Dr, PK Das ! IMD
Shri RE Cupta
Shrl HK Malchandani
Shri vs More, IOC
Shri Thomas Mathew
Shri Desh Raj Siugh
Dr. Padmanabha Murthy

Shri SK Nayak
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ANNEXURE - IV
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LIST OF AGENDA ITEMS
CONSIDERED 1Y THE COMMITATE

i

IST MERTING HEID ON BTH ATGUST 1974 :

Te
2.

3

4a

_Salient Features of the proposed’ Mathura Refinery.

A Brief Note on An,ti-Pnllu'tinn Measwres in respect
of the proposed Mathura Refinery. -

A note on Pollution Abatement Installations at
IROM Refinery at PORTO-MARGHERE (Venice, Italy).

Production Facilities and relevant éésenuﬂ
Effluent Treatment Units, :

2ND MEETING HELD ON 7TH OCTOLER 1974 :

Review of the Mimites of the First Meeting held

5
on B8th Avgust 1974.

2. Consideration of the Repcord Wote of Discussion
I10C had with M/s. TECNECO in Rame an 231 Aug."T4d.

e Deputation of a team rom I2C “or studying the
Follution contrel in Italy. -

SUITIEMENTARY PAPIRS (R THE 2N MEETING :

1. ‘A Prief Description of Shell Plue Gas Deswlvhurisation
Process.

2. # Brief Description of IFT Mlue Gas Destlohirisation

and Sulphur Recovery Process,

3ED_MEETING HEID ON QTH JANURRY 1975 :

Te

Consideration of the Minwutez of the Second Meeting
held on 7th October, 1974.

Consideration of letter from FIL dated Bih Ocuober,
1974 suggeating TTT'a assoniation in the Committee,

Consideration of letter from Shri JM Dave, Deputy

Director, NEERI,Nagpur to Shri RN Bhatnagar,
Menber-Secretary.

Oontd.. .
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ATH MEETING HELD ON IST OCTUBER 1975 s

1.
24

3

Tecneco's Proposal.

Report submitted by NEFRI to Archaeological Swrvey
of India on Air Pollution Survey around Taj Mahal
and other National Monuments at Agra,

Report submitted by IMD,

2TH MEETING HEID ON 27TH NOVEMLER 1975 ;

1a

24

D

4.

S

Mimites of the 4th Meeting of the Expert
Committee held on Ist October, 1975.

The proposal from NEFRI for continuous monitoring
of pollutants levels for a reriod of 15 months.

The proposal from IMD for getting up two first
class observatories at Mathwra and Agra. '

The propesal fram AST for setting up of a cell
in the Survey for Investigation and gtudies for
the preservation of monuments from Envirommental
Pollution. ‘

Report from Dr. Bl Ial, Consultant, ICC.

6TH MEETING HEID ON IST MAY 1976 =

2e

Je

4.

Se

Minutes of the 5th Meetinz held om 27th Nove 1975.

3

Interim Report from National Envirommental Engineer-
ing Research Institute on Base Line Air Qwlity
Swrvey at igra.

Notes from Dr. BB Ial, Consultant, I0C, on
organisation for laboralory stuly of wealhering
and degradation of stone monuments.

Correspondence exchanged between IOC and Prof,
T+ Shivaji Rao of Andhra University.

Monitoring Stations set up by NEERI & Tecnecc.

Contdes ss

=% pldhigighe. 5 oo



TTH MEETING HEID N 137TH JANURRY 1977 ¢

1-

2e

3

4a
D

6.

Te

Approval of the Minutes of the 6th Meeling of the
Expert Committee held on Ist May, 1976, at Sikandara
Guest House at Agra.

Draft of the First Report from the Expert Committee
t+o0 be submitted to the Govermment of India.

HEPO:E“I} from the India Meteorological Depariment on
the "Dispersal of Pollutants from a Refinery Stack.”

Pirst & Second Report from M/s Tecneco, Italy.

Extension of services of Dr. IF Ial as a consultant
to I0C beyond 31st October, 1976.

Note prepared by Dr. BB Ial on the scope and facilities
for envirommental degradation studies of stones at
National Aeronautical Iaboratory, Bangalore.

Request from the Ministry of Works & Housing for
“their representation in the Expert Commitiee.

e MERTING HEID OF 12TE JUIX 1977

Te

2e

Avoroval of the minutes of the Tth meeting held on
13th January, 1977.

Traft of the First Repert from the Expert Committee.
Third & Final Report from ¥/a Tecneco, Italy.

Effluent Treatment and Disposal Facilities.to be
provided at Mathura Refinery. :

Problems arising from the use of coal for steam/
power gonorotinm in Mathwrs Refinexy.

Tffect of the Refinery on the Bharaipur Bird
Sanctuary.

Letter from the Gemeral Manager, Central Railway
on the subject of dieselisation at Agra marshalling

yarde.

Cﬂn‘hd. e
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OTH MEETING HELD ON 23RD NOVEMBER, 1977 3

Te Approval of the mimutes of the Bth meeting
held on 12th July, 1977.

2e NEFRI's comments on IMD's report on Dispersal of
Pollutants from Refinery's stacks, and IMD's
clarifications on the same,

Ja ASI's comments on Tecneco's third and final report

and note by Shri R. Sengupta, ASI on his discussions
with Dr. G, Torraca, Assistant Director, Imternational
Centre for conservation, Rome,

4, Ietter from Dr. Torraca to Member Secretary,

Se Note on estimated sulphur dioxide emission from
the Refinery.

6. Problems arising from the use of coal in Power Plant-e
Letter from M/e FHEL assuring the performance of
Flectrostatic Preeclpitators.

Te Bharatpur Bird Sanctuary - Discussions with
Jr. Salim Ali.

10TH MEETING HELD ON 2ND DECEMBER, 1977 :

Te Finglisation of the draft of sumary of the first
feport - commentis from NEERI, IMD, ASI.

24 letter from M/s Tecneco giving their view point
cri the comments from Dr. Torraca.

JITH MEETING HEID ON 6TH DECEMBER, 1977 :

1. Mim:tes of the meetings held on 23rd November, 1977
andl 2nd December, 1977.
2. Tinalisation of the draft of the Report from the

Expert Committee,
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ANNEXUHE - V

QUARTERIY RETORTS FROM THE NMaTIQHAL
ENVIRONMENTAL ENGINEFRING RESBARCH
INSTITUIE ON BASELINE AIR QUALITY
SURVEY AT AGRA.

#* * * *
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FIRST OQUARTERIY I'F FORT

( 19 November 1975 +to 29 February 1976 )
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(Refineries & Pipelines Divisiom)
NEW DELHI

REI (BT BY
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BASELINE AIR OUALITY SURVEY AT AGRA
FIRST QUARTERIY REPORT

(19 November 1975 to 29 February 1976)

1a INTRDUCTION

On the recommendation of the Expert Committee to
advise on the envirommental impact of Mathura Refinery,
the National Environmental Fngineering Research Institute,
Nagpur was awarded the work of conducting air quality
survey around the national monuments at Agra by the Indian
0il Corporation. The object of the study was to set up a
baseline of pollution sround national monuments ai Agre
before the proposed refinery at Mathura is established, As
per the expert committee's opinion it was falt necessary to
conduct air gqmlity study for a period of 12 to 15 momths
which will zover at lceot two winter seasgns so that obser-
vaticrs wonld ©te of more confirmative maturc. 4 work o~
gramme and finaneial proposal by NEERI was submitied to the
Indian P11 Corporation and in order not to miss the first
avaiieble winter of 1975 the sampling work was immediately
started on 19th November 1975 at the Taj Mahal and subsequently

‘at four other sites for the survey.

Air gqualiiy swrvey Progremme has been satisfactorily
progressing since ites inception with the kind cooperation of
the Tndisn 0il Corporation Titd., the Archaeological Swurvey of
India, the District Magistrate of Agra and the Nagar Maha-
palilta. 4 small laboratory cell has been established in
the Officers Hostel Puilding located in the Circumit House
premises. A space for laboratory was made available with
the kind cooperation and held of the Commissioner of Agra
rogion end the District Magistrate. This accomnodation is
ideally suited for the swurvey work.
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The Office of the Superinten&ing Archaeulﬂgis't,
Northern Cirele, Agra, have been extending their all time
cooperation in locating air monitoring stations at different
monument-sites, permitting entries in the monuments and in
the S€curity of the air sampling instruments left at these
Placeas. Nagar Mahapal ika authorities have kindly permitted >
o locate the monitoring station on the Mahapalila building.
This is the first Quarterly report of the vwork done by NEERT
covering the period from Nowember 1975 to February 1976,

2 AIR MONITORING SAMPLING STATTONS

In Agra, the most important monvment is Taj Mahal. The
other ones being Red Fort, Sikendra ang Ttamat-ud-Daulah where
study on air Quality data is g must, IV was algo felt nece-
S8sary that general city air pollution level should be obtained
for comparison Furpose. This means five stations are the
minimm number required for the Swrveys. Therefore, five air
Sampling stations are fixed at the following site (Fig. 1).

Sampling site Date of Sampling and frﬂuan__cg

I Taj Mahal Every eltermate days siarted from
19 Hov. 1975.
11 Agra Fort (Red Wart) Tvery fourth day started from
' 22 Wov. 1975.
I1I Iemat~ul-Dauiah Every fourth day started from 2 Dec.®75,
n S irendra Every fowrth day from mirit-ile of
December, 197s. ’
v Nagar Mahamlila Every fourth day started from

middle of ]]cfnam.har,* 1975. = -

The above air sampling stations were located taking into
consideration the monumental importance. The city station
a1l Negar Mahapalika is the additional one to get the general
alr quality pattern of the city as it remresents typical
comnereial and res idential area.
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3. POLIUTION PARAMPTERS

As per the work done in other countries, the common
pollutants that affect the monumental construction material
like marble, sand stone and plaster are sulphur dioczide and
particulate soot as mrimary pollutants to causc damaging
effects. These are also index of average pollution carried
by fossil fuel like coal, oil etc. and other industrial
activities. NO, is alsoc a common pollutant of secondary
importance as it gives an index of high temperature combustion
for other photochemical activity. Therefore, sulphur dioxide,
suspended particulate matter, NO, (as NO2) and sulphation
rate were selected as pollution parameiers.

Wind data with respect to direction and speed are also
collected. This is a vital tool to interyret the polluiion
date of the air pollution survey. Though the airport at Agra
recsris the olimatological date, it was felt necessery 1o
collnot micra-meteorological data near Taj Mshol cite by
setting independenti meteorological station at the (Iflcers
Hostel building in the Circult House premises.

4, SAMFLING FROGRAMME

Air sampiing programme is deslgned as follows. At Taj
Mool 4he freduency of sampling is on every altemmate day and
therefore cach day of the work is covered twice in a month. A%
other places seven sampling days per station are fixed for
every month as shown in Table 1. These seven days cover all
the seven days of the week fi.e. Monday, Tuesdey - = = =
Sattrday & Swnday). A sampling day comprises 24 hours period
axd nummally the sampling gets started by about 10.00 hrs.
in ths morning and continues till the next day w to 10.00 hrs,
This completes the sampling of the day. On that basis efforts
arc boing made teo follow up the sampling frequency as
described in 2 as above.
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The tentative Schedule of Sampling is shown in the
following table,
Table - 1 ; Schedule of Sampling at monitoring

stations
Ist weelr :: 2nd weelk :: 3rd week
M T w g Fssnfumwmh-y ss::,‘r«:mwmn.ys Sn
e b o
a b a a b g a b g e b a a b g a
e 4d o d c e d cC e g c e 4 C e
Ath weelp
M ® w m § g i a = Taj Mahal: b = Agra Fort
. —_ — = Itma-l;-tﬂ-.]:saulah; d = Sikendra;
b a a b a
€ = City centre
a o e d

Gaseous Samples are collected Normally on 2-hourly basis
for 24 houra cun’tinmmly. This gives twelve Samples per
Site per Sanpling day, Suspended Particulate matter is
collected on Single 24 hr basis, Sulphation rate is measured
%Y exposing Ionag Feroxide candle for 30 days on a calendar
OV Gasis,

B OBSERTVATIONS

glarting frog middie of Noveuber 1975 i1l the end of February
1976, This Peripgd can be clasgified as winter period =nd the
observations IEde can be atirituted to the winter conditions
at Agra, Presence of sulphur dioxide and rarticulate matter
are the main features of the observations made on air quzlity
swrvey. OQOther varameters, nemely, sulphation rate and I:IDJ_{
are foumd to be considerably luw during this swrvey peried.
These are discussed below.

5e1 Generel pattern of 502 Ievels

Tigure 2 illustrates the general mmttern of 5{!2 levels,

Taj Mahal, Red Port and Ttmat-ud-Daulah show comparatively higher
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levels than the other two monitoring sites, namely, Sikendra
and Nagar Mahapal ila. November, December and dJanuary data show
Similar pattern of 50y level whereas February data indicates
the recording trends, Three bara for each station shown three
different fentures of 502 level for that Priticulor month., An
open bar in the figure Tepresents a maximum single 2-hour value
Tecorded in that month. This volue signifies the Possibility
of pollution reaching the monitoring site from the neighbouring
or a distant sources. This high velue is only for a short
interral of time (2 howrs ). The middle bar with slanting line
refresenis the calculated 24-hours maximum average value obSer-
ved on a partieular dey in a month. The third bar with dark
blue column represents the caleulated mean value of sulphur
dioxide for 24-hours on monthly basis,

The 24 howr mean value for sulphur dioxidc is almost near
about 20 micrngrama/!(j at most of the stations cxcept at the Red
rorte The Red Yort value reaches the level of 40 micrograms/i,
At Silendra the 50, level is minimym in comporison to the other
SRiuicons. Tne Taj Mohal monitoring site stoni second in the
crazr of 30, level after Red Port, Itmat-ud-Doulah comes in
third positicn, Table 2 gives the evalwiion summary of sulphur
dioxide levels at different stations, The 1ast caliumn of the
table depicting 2 howr maximum value reecorded during the
Survey shows the instance of pollution level up to the mark
of :{beu‘t 100 4o 200 mj_urugmma}l»!j « This is, however, for a
Short interval of time 8ay, 2 hours. Such situction can be
reposted in o month more than once., This confiime that there
18 o significant source of Pollution in the neighboiurhood, The
high values reecerdod though for a short inmtervel are ot the Red
Fori ond the Taj Mahal which are vulneratle to the effect of

pollution.
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S e Diwrnal Pattern of Sulphur Dioxide Level

Figure 3 represents the variation in sulphwr dioxide
level for different reriods of the day.

The normal trend in the diurnal variation is = depresaion
ln the level during ‘the afternoon hours, say frem 12.00 to
16400 hrs. The pollution seems to get started rising during
evening hours and maintein throughout the night end after the
Sun gets brighter and hotter the pollution staris receding,
This can be explained by celm condition in the morning and
nlght and windy ones in the afternoon. Also ground level
diurnel inversion prevents dispersal of pollutants at night.

Flgure 3 gives the 1llustraiion of the diwnel pattern
for Taj Mahal, Red Fort, Itmat-ul-Daulah, Swulphur dioxide level
at Tal Mahal could be scon ranging between 20 and 30 micro-
gramo/M’ with a depression of its level below 10 micrograms/M
during afternoon hours. At the Red Fort sulphur dioxide levels
are slightly higher then those at Taj Mohal. The values ranging
between 30 and 35 with o depression of 14 miarngmma!ﬂj,
in-the afiernoon. Similarly, levels at Itmat-wi-Daulah where
aleo gecn in the range of 30 to 40 miérﬂ_gramsf_lj!j with a slight
derasaion duxing nignt (15 to 20 m‘..c:.—:c.;:_:f;z,’:f)':. Iis=ot-ud-
Daviak alsc opocorda cilly 10 micrugramsf}i} lavel at the afternoon
rericd. ‘

Since Nagar Mahapalika and Sikendra monitoring sites
worc having almost negligible variations these sites have not
been illusirated in the figurc,
5.3 Sulphation Rote Measurement

Sulyhetion rate measurement though startcd from the
nenuh of Decemicr, the values of December and January could

- LG

net e gbtained due to technical difficulties, TFobrumry

R
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 values are reported a,g follows: '

Table - 5 ; Sulphation rate neaswement at Agra

Hame of the Station SWphation rete in Tebruary 1976
Taj Mahal 0,33
Red Tort 0454
Sikendrg 0.49
I'tmat-ud-Daulah 047
Nagar Mahapalila ' 0437

after the collection of one year data,
Del Nﬂx Levels

all the different stations and are founa to be very close tg
the lowest detectable levels., Most of the time the values for
Hﬂx are fouwnd in traces and therefore could be said negligible.,

impinger ang the values are almost all the mame magnituie JaCay
wmder traces about 20 micrngramsm3 or below,
505 Suwepended Partioylate Matter in the Aip at Asya

24 hoye Sanples for the Suspenisi mriisujate maiter
TEoord the mar+tiewdate levels in the gir T&aging from 450 nicrograms/
I‘-Ij in Movember and December vhereas 250 nicrogranms in January
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Particulate matter at all the monitoring stations we
except Sikendra are identical. Red Fort site being slightly
higher than other because of neighbowrhood activities of the
power station and transport. )

] Sikendra site which is identified as control stabtion
in relation to sulphur dioxide levels alss helds good in
this respect. The exceptionzlly high valwe duving the momth
of February (at Sikendra) was due to dust storm on one parti-
cilar day of sampling. Normally the average value at Sikendra
is about 150 mi*rngrams/Mj_. The general patterm of suSpanderi
particulate level has been illustrated in Pigure 4.
546 Wind Raitern

Winds are recorded from the Officers Hostel building
at the Circuit House compound. Exposure of the wind instrument
cbserved to be ideal and could be a remresentative for the
Taj Mahal and Red Fort area,

Monihly wind roses are drawm for December 1975 and
«ary-Febmery 1976, (Figwre-5). Special feature of 1he
wind for the winter season (Decamber to February ) seems to
be with pravalling celm conditicns, About 25 to 30 per
ccnt time the winds are ealm. However, weslk winds with a
velocilty range of 0 to 5 kn/hr was also Tecorded during
Degembor and Janvary . TIebrwary winds seems to have been
litwde move active and the winds were rising occasiomally
in the weloeity Tange of 6 to 10 lm/hr.
w2 | Directicnal Tattern of the Wind

Calm conditions prevail most of the time in December
and ocezsionslly south=-westerly winds were recorded. In
daadney bhe megnitude of the wind speed remain mmchanged.
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However, +the direction rAttern was observed nnrth—weatarly
a8 that of January with little more active winds in the
Movement, Thig explaing the different levelg of pollutantg
al Red Tort, Taj Mahal ang Ttmat-1wi-Daulan during December—

January,
5.8 Temperature ang Humid ity

With maximum 78% amg minimm 5¢% ana huidity about 40 per
cent during the day time ang 80 to 90 per cent in the night,
6. GENERAT, REMARKS

The data Presented in this report is a factual data
without conclusive mtarreratatinn. More data covering various
43pects of meteorology, Pollution ete. are required for con-
clusive interpretation in future., The Survey is being conti-
mued on thoge lines, However, +this will be discussed in the

HAABER LYY La 4
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BASELINE ATR QUALITY STUDY AT AGRA

SECOND QUARTERTY RETOLT
———'—-'Ln———_._..._____
( 1976 Summer Data )

Air quality data on the project work for the last wintor
months (November 1975 o Febrvary 1976) was reported
earlier in the first Quarterly report. This report
comprises the summer data for a period starting from
March to May 1976, a total period of three months,

Adr Sampling Programme

The sampling schedule was continued to be of the same
design without any specific change in the programme.
Sulphur dioxide, oxides of nitrogen and suspended (dust)
Particulate matter is being sampled on every fourth day

al each of the monitoring sites. Sulphation rate measure-
menLs are also regularly carried ot at all the five
iocetions, namely, the Tej Mahal, Red Port, Itmet-ui-Daulah
S 1kendra and Nagar Mahapaliksa.

Wind data regarding speed and direction is being recorded
at one site. Temverature and hunidity measurements are

also made on the sampling sites and on sampling dayse
Summer Observations

Table - 1 summarises the diuwrnal pattern of sulphur dieoxide
levels for the individuwsl months (March, April & May) of
Sunmer. 2-hourly sempling was carried out and the data
being computed for 4-howly and 24-hourly period from
these observations. The monthly average (24-hour) of
sulphur dioxide levels was belong 15 micrograms/m~, the
maximum that was recorded being 34 micrograms/m” at the
Agra Tort in April. 2-hourly maximum value of 87 micro-
g;m3fn13 was Trecorded at Itmat-wvd-Daulah in March. ZTFerlier,
during winter, monthly averug% (24 howr) valuc was )
rocorded upbo 39 micrograms/m” with maximum value :31-

93 mier :Hre.msfr-q' b B nt, 2=hourly maximum being



G Oxides of nitrogen (I

the game Place, Thus the levels

L= Ti

Sunmer were considerably lessep
08¢ Irecorded during winter,

X

0, as HEE) levels were r

2eewmred on - -

E~hnurly basis sinee the valyes below thisg Period wasg

not measurable as the
low. These levels ap
(Table - 1) for 24 ho
Ga Suspended Prticgate

and the levels wore observed tg
Tecorded dwring winter,

in the Tange of 250-4

Normal Concentration is

considerably

€ a8lso recorded belpw 31 microgramﬂfm3

urs average,
level is measyured

T Sul ation Rate Measurements

on 24-hour haaig

—— — e

Name p+ gite

Svlphation =%z

be of higher than those
The winter values are re
50 micrngramm’h3 whereas the

Ciiliigrams 503/100 sg on/day)

it -y March 7o April 75 Mav T .
Taj Mahai 0.08 0.07 0.05
Red Tort 01T Q.12 0.08
Itmat-ud%ﬂaulah .12 0.13 0.09
Sikendra * 0.05 -
Patehpur Sikpei - " 001
» Sanple misaging
started newly from May T6.

=  Talchpur Sileri location
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Temperatipe and hlmi-:iit:z

The genersl pattern of temperature and humidity during

-

Temperature (%)

Month

Relative humidity (4%,

Average Highest = [Lowest Max 6 am Min3 m
on month on month

March
Apri]l
May

22,7 36 S 71 16
3544 43 14 T4 18
29,4 46 2% 56 j_ﬂ

e

10,

Wind Pattem

The norma] wind pattern during summer months was 1ittle
Rore active than the winter nonths. The wins velocities
"ETe low wostly in TANES of O 10 5 Mm/hr ana Sczotinmes
increasing wupio 10 to 20 km/hr. Calm conditions were
less frequent 12 o 23% of time when conrared to winter
which was 23 4, 31% of time, The wind direction as can

be sesn frop Figs 1 is more or less westerly and north-
westerly, .

fenarks

e o

Sulphur dioxide levels at all the sampling sites were
consierably low (less than 34 micrograms/m” ) excaeph

a fow individual 2-howly samples which were obscrved ot
Red Port and Ttmat-ud-Dauwlah, The general trend of

the low level of SDE can be explained on the basis of
high temperature conditions of the summer when the
poliuvtants are diffused upward conventiomally and

active winds,
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Because of 10y levels gs SGE, Sulphation measurements
are also propqrtiunately low,

High increase in the Suspended particulate matter is

becauge of natural dugt in Sunmer months 4reons rorted

from Rajasthan Desert,

Follow up

The same Programme of work will be continued for the
rainy season and the report on the date for June-
buguet will folloy in the third Quarterly report,
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BASELINE ATR QUALITY STUDY AT AGRA

THIRD OUARTERIY REPCRT
(Monsoon and Fost-Monsoon Data, 1976)

Alr quality data on the project work for the last summer
months (March = May 1976 ) was reported earlier in %the
Second Quarterly Report. This report consists of the
monsoon and post-monsoon data for a period starting from
June to October 1976 for a total period of five months.
Air Sampling Frogramme

The sempling schedule wae continued to be of the same
order without any changes in the original programme.,
Sulphur dioxide, oxides of nitrogen, suspended particu-
lote matter is being sampled on every fourth day at each
of the monitoring sites. Only monitoring site at Taj
Mahal being surveyed on every altermate days. Sulphation
rate measurements are als:c sor—ied out at all the five
iocations, namely, the Tej, Red Port, Iimat-ud~Dauleh,
Sikendera and Nagar Mahapalika. Other two sites have
been added for sulphation measurements one of which is
of Tatehpur Silkri, - Guest House, and the other at
Circuit House in Agra.

Wind data regarding speed and direction are recorded at
the Circuit House premises from the Officers Hostel
Building Roof.

Obecrvations

Table - 1 summarises the values of pollutants observed
during June to October 1976. The menthly average is
worked out on 24 hours basis by computing 2 howrly values.
Sulphur dioxide level was very low during monsoons
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(June to Sept, 1976). The recorded values are of the

order below 10 micrugramsfmﬁ. However, there appeared

& casual increase in the levels of sulphur dioxide for

a short interval. The maximom level obgserved on 2 hourly
Sampling schedule ranged from 20 to 70 mimrngramsfhj at
different monitoring sites. Such an observation was only
once or twice in a total period of the calendar month.

The month of October {puﬂtﬁmnun period), showed a rise
in the sulphur dioxide level and the values recorded

Tanged from 15 to 26 micrugra.maﬂ-F (on the 24 howrly btasis).
Table - 1 shows the statistics of the compiled observations
from which it is clearly seen that the rise in levels took
Place only in the month of Uctober while Lhe rainy season
months recorded very low values.

As regards oxides of nitrogen levels, similar pattern

as observed in case of sulphur dioxide was noted., Recorded
values are in the range of 10 = 15 micrograms/m>. |
Suspended particulate levels were observed lower than

those recorded dwring summer. Summer observations Trecorded
the dust concentretion level in ihe range of 350 to

00 miecrograns/m’ wheorecs corroo= values were Tound

in the order of 50 to 150 micrcgrams}mz'. Oniy October
values showed sudden incrcase in the order of 200 to 580

nicrograms/m’ (Table - 1 Ja

Contd...3/~
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Table=1 : ATR QUALITY DATA ~ AGRA
, Period of Observations : June to October 1976
' (Monsoon & Pogt-Monsoon)
itatimn No. S05/ug/m’ . NO>/ng/m® SPM/ug/m3 R nation
onth of & OT. 27 - : - T TEr AT ITnT
N days avg. Max. Max, avg. Max. avg. Max, om® fday
Taj Mahal . :
June 14 T 12 20 o 37 210 472 0.055
July 12 7 17 34 4 21 121 384 =
Aug 12 B 16 38 7 18 66 106 Spoiled
Sept 14 7 10 30 10 47 105 201 0,13
Oct 13 15 32 80 13 - 28 286 407 0.248
Agra Fort ,
Jume 7 7 10 22 13 33 321 726  0.271
duly 5 T 8 17 12 19 194 413  @-12
Aug 4 7 10 36 % 17 48 64 0,19
dept 6 15 21 71 18 50 156 321 0.20
Oct, 6 24 72 208 16 56 314 440 Spoiked
Itmat-vi-Dauian
Jume 7 9 17 34 17 49 354 562 005
July é 6 i 12 12 31 256 501 (0.085
Aug 7 11 24 58 7 18 91 186 0,065
Sept & 10 14 44 12 31 128 238 0.17
Oct 7 26 54 151 15 89 377 515 0,468
Haga= '.!iatmmﬂﬂ
June 6 6 8 20 12 24 194 384 o
July 6 8 15 30 111 7 166 327 0.037
Aug .5 8 18 42 10 16 117 176 0wx054
Sept 6 ¢ 7 13 13 36 - 166 315 0417
Oct 6 13 o 75 15 49 313 487 0217
July 5 g 7 16 2 s N 2 i
o 3 7 8 19 2 B 18 164 o
5 b b 6 8 6 15 L 2
qiﬁf 6__ 10 16 40 7 9 =01 220 0.281
Tatchom: oo
= _ _ - o - 04033
JW‘LE = = = i s - - 0.19
July ol s i 3 - - - 0,037
Aug =% = 25 _ = - - 0.06
-?1'-'.‘1"!': - e = o ey = - - D!'IUE
Oct . o e - i =
Ui~ 7 T8 1 (0ivoult House) . . 0.11
of L = : == = r . 0.054
i . = -, - - Bed2
u.u*.‘ EL: _- De 22

N.PRD
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Manths

J1ime
July

SE‘E‘t-
'Dﬂ'b-

Bulmat ion Rate

Sulphation rate values for monsocon were similor to
Summer observations, These values are rOQoorded in
Table - 1,

1 emperature

The temperature Tecorded at the Circuit House gite
are given below. The values have been computed from
the Tecording charts.

Month Average ¢ Maximum Minimug
Jurne 29.6 40 21
July 247 41 17
August 23.6 37 17
September 26,7 46 19
Cetober 24,6 41 14
Wind Fattern

From the collected data at the Circuit House, the wind
Eitern for the Tregion is shown as below:

Eiréctinnsﬁ

L B E s 5 m w W Galm
2 g 2 5 2 32 ¥ 11 31
2 10 6 8 8 20 2 2 45
1 7 3 2 - 27 18 19 23
- - 1 1 1 14 8 T 68

Duaring monsoon period the calnp conditions were in the
range of 40 to 60 percent and the prevailing direction
for the wind was southwest andwest,
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during the summep months. The levels were consider-
ably low (less than 10 micrngramafmjj except during
October when the values were little higher. However,
few individual two hourly samples which were observeg
at Red Fort and Itmat=-wd-Daylan were little higher.
The generaltme&_af the low levels of sulphur dioxide,
Sulphation rate ang Suspended dust are due to rainly
weather,

Fu].lnw—y Progm

The same programpe of work will be continued for the
coming winter seasen and the report on the data for
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BASELINE ATR QUALTTY STUDY AT AGRA

FOURTH QUARTERIY REFPORT

(Winter Season 1976 = 77 Dpata)

Alr quality data on the project work for the last monsoon

months (June - COoctober 1976) was reported earlier in the
Third Quarterly Report, This report consists of the
winter season data for a period starting from November
1976 to January 1977,

sl r Emling Programme

The sampling schedule was continued to be of the same
crder without any changes in the original programme,
Sulphur dioxide, oxides of nitrogen, suspended parti-
culate matter is baing Sampled on every fourth day at
each of the monitoring Sites, Only monitoring site at
Taj Mahzal being Surveved on every alternzte aays, Sal-
phation sate measurements are alsc carried out at =il
the five locations, namely, the Taj, Red Fort, Itmat-
ud-Daulah, 3ikandra and Nagar Mahapalika., Other two
8ites have been added for Sulphation measurements one
of which is at Fatehpur Sikri Guest House, and the
other at Circuit House in Agra,

Wind data regarding Speed and direction are recorded
at the Circuit House premises from the Officers Hostel
Building nee ¢,
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4, Chservations

Table 1 summarises the-variations in sulphur dioxide
levels during 24 hours for three different months,
There is a remarkable rise in levels as compared to
previous observations for summer and rainy season, par-
ticularly at the monitoring sites at Taj Mahal, sgra
Fort and Itmat-ud-Daulah, Maximum trend was observed
during December; the levels of sulphur dioxide being

40 to 50 /ﬁgfhs on 24 hour average. [

Table 2 give further details with respect to all the
pollution parameters under studyy The maximum 2 hourly
values of sulphur dioxide are recorded as high as 100

to 200 fug/m3? but once in a month during nights, :

Nitrogen dioxide also shows = significant rise from
Lhe summer and rainy season observations., Eight hourly
maximum values recorded for nitrogen dioxide are around
60 = S0 fug/m3cr even more at all the stations except
Sikandra, The higher levels are recorded during

Ilights °

Suspenided particulabe motbter levels are also quite high ;
during all three months of winter ranging between 300 to

100 fugﬁha at a81l]1 sites including Sikandra which ia

away from the gity, Winter values are comparable with

those cbserved durcing summer,
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Sulphation rate measurements are also proportionately

on increase as per the expectations (Table 2).

5. Temperature
The temperature recorded at the Circuit House site are

given below, The valuss have been computed from the
‘reeording charts,

Menth average °C  Maximum  Minimum
Novermber 19.8 34 9
December 22,5 30 5
January 13,0 25 4

6 Wind pattern
L]
From the data a2t the Circuit House, the wind

patrtern Ior the reglon is shown as belows

Directions %

Months H HNE E SE S8 'SW g N Calm
fﬂnvﬂmber 1.5 | 1l 3 4 7 g 7.5 =15
Deceinber 0,40 4,0 2,9 2,3 0.7 4.2 Te5 9,2 65,8

January 10 2 10 7 . 2 12 13 43

Calm conditions are prevalent durirng winter months,. The
prevailing wind direction was north-weat and west,

During monscon period the calm conditions were in the range

of 40 to 60 per cent and the prevailing direction of the

wind was southwest and west,
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Remarks
The general trend of pollution parameters is on the
increase with respect to all parameters under study.

This trend is significantly different fram that

' observed in summer and rainly season,

Winter data is available for last three ¥ears from
1974 to 1976 and will be studied and compiled in the

final report, 2

Follow-up programme

The last phase of the survey is in progress. The

field survey will conclude on March 31, 1977. This

report will follow a final)report on the Survey project
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.- Table"— 1: Alr Quality Data - Agra

Sulphur Dioxide Diwrnal Pattern

(Winter Data) N g Sina e
o " “Period of 6ba.§w§.tians : November 1976 teo January 1977
e ~Station ;
00-4 04=08 08-12 12-16 16-20 20-00
) 'TE " ___i_.... b e i e T
Wov 76 15 10 13 8 20. 19 .
' Deec 76 46 41 35 18 42. 66
i Jan 77 26 - 16 - & A 9 15 34
Agra TFort g
Nov .76 20 15 19 g 17 28
- Dec 76 43 - 52 52 A4 65 66
Jan 77 54 34 28 21 41 374
Itnet-ivi-tianian
- Hov 76 12 14 17 10 44 55
- Dec T6 _ 21 23 29 24 48 42
Jan 77 44 49 A0 41 52 88
Nagar Maghapalika -
" Hov 76 B 6 7 G 10 9
JDec T6 37 43 14 10 2g 28
Jan T7 18 20 15 9 21 34
Silcandra
Hov 76 2 10 10 10 10 11
ilee 76 12 15 8 5 12 21

van T7 12 8 8 7 B, SR




g Table —~ 2 - Aiy Guality Data - Agra
/ (Winter Season)

y ! _ ) ) -
C Period of Observation : November 1976 1o Januamr 1977

otation Hn =

Month Sﬂgﬂgg%’ Eg;gg %é w’_ Sul pha-
. da_';rs 24 hr tion

average Max. avge. ‘Max. Rate
T 100
. day
Taj Mahal
Nov 14 15 35 76 23 67 298 503 0.4398
Dec 15 42 81 147 33 85 1.l .300- 394 0,353
Jan 14 20 42 100 25 87 283 559 0.224
E-gg ﬁ'c_ur‘b ;
Nov 6 24 40 86.. 19 40 244 - 355 0.2871
Dec 6 56 116 204 34 91 -, 322 391 0.386
Jan T = 68 112 29 69 ~ 360 ‘653 0.224
Ttmat-wi-Daulah
Nov T 22 46 152 21 47 366 476 0.3126
Dec y é 30 46 117 32 75 400 508 0309
. Jan ) 48 120 200 36 124 358 445 Spoiled
Nagar Mahapalika '
Nov 7 g 14 26 19 se 274 ABL  D.2241
Dec 7 30 41 157 &1 176 318 597 0.276
Jan 8 20 42 168 27 90 328 436 0.198
Sikandra
Nov 6 11 15 50 T 20 170 228 0.1876
Dec 5 17 19 56 19 50 205 288 0.198
Jan | 11 2 54 15 55 187 290 0.134
Fatehpur Sikri
Dec 0.242
Jan M1i1(Tra
Qf ficers Hostel
mﬁgﬁﬁ House )
Nov Spoiled
Iee 0.276
0160

~ Jan
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Dioxide urnal Pattern
(February & March 1977)

Station 00 - 04 ©4 = 08 08 - i 1% .18 16 -20 20 -00

Taj H?hal 21 20 ia 8 17 24
' 36 36 18 6 i3 32
4Agra Fort 21 27 1e ls 26 a3
45 51 25 14 26 51
ITtmat-ud- 28 20 15 iz 30 26
Danlah
i 30 38 23 6 25 53
i
Nagar Maha-19 14 11 7 12 28
palika
8 8 6 3 a 25
Sikandara 11 16 12 6 6 13
18 g ¥ 4 & & a
S3/-

Survey Incharge
(Adr Quality Study Programme)
National Environmental Engg.
Resarch Institute,
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Marech 10
Agra Fort  pgp,
- - March
Hnmcrsuaumﬂ.,_.m: Feb,
March
Nagar Feb,
Mahapalika March
MH#mHmMHﬂ Fal,

. March
Officers!’ Feh,
Hostel, March

o

Mas
19 67 265 447 0,253
20 81 2%0 366 0.231
18 50 280 411 0.236
24 74 388 565 Ce311
17 46 300 148 0.182
26 54 359 462 O.113
23 93 Jo2 477 0.141
16 56 268 466 O.113
10 26 174 322 D.139
11 22 207 267 0. 105
D.058
O.039
D4179
0.196
S/

Survay Incharge !
(Adir Qual ity Btudy Programme)
National Enviaonmen ka1 Engg, Research Institute
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AIR QUALITY DATA AT TAT MAHAL
( Nov. 1975 - March 1977 )
- Mg/m>
MONTH NO,- OF SULPHUR DICKIDE SUSPENDED PARTICULATE
: Days 24 HR, 2 HR. 24 HR 24 HR
AVG , MAX , AVE, MAX ,

NOVERMBER 1975 5 22 77 362 455
DECEMEER 14 24 122 490 640
JANUARY 1976 10 17 160 262 325
FE BRUARY 1o 15 102 167 237
MARCH 10 10 .34 315 547
APRIL 12 %3 34 355 655
MAY 12 7 25 448 803
JUNE 12 7 20 210 472
JULY 12 : 34 i 121 384
AUGUST 12 8 3a 56 106
SEPTEMBER 14 7 30 105 201
OCTCHER 3 15 BG 285 4 o7
NOVEMEER 14 15 TE 298 503
DECEMBER 1976 15 42 147 300 394
JANUARY 1977 14 20 100 283 559
FE BRULRY 14 18 106 265 447

MARCT 1 23 10¢ A2 LS

bt -
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Mathura,
decision

83

ANNEXUURE VI
VI - 1

SALIENT FEATURES OF THE PROPOSED

MATHURA REFINERY, EFFLUENTS AND THEIR TREATMENT

Introduction

The Government of India has taken a decision to set up a
large oil refinery at Mathura to meet the growing pei:roleum
products demand of the North-West region, The techno-economic
Studies have established the heed to locate the refinery at

The principal considerations that have prompted this

are 3

the fact that Mathura is centrally located

within the demand area} proximity to both Broad Gauge and
Metre Gauge railway lines and national highway; and availability

of landg,
2

acttached,

is also marked,

3,

Site

4s directed by the Government, TIndian 0il Corporation
constituted a Site Selection Committee comprising trepresentat-
lves from the Railways, Government of Uttar Pradesh, Ministry

of Petroleum & Chemicals and Indian Oll Corporation for Selecting
2 suitable site for the refinery., After ascertaining the merits
and demerits of a number of 8ites, the Committee finally recomme-
uded a site situated on the west of the national highway between
Bad Station on one side and villaze Dhana Teja on the other,

Tnis area is marked in thelecation map No. 1800-C-73022, copy

The area recommended I.: location of the township

bBrief Description of the Refinery

Jad

The proposed refinery will have a nominal capacity -
of processing 6 million tonnes per annum and is
designed for prDCEHSiE? Middle East crudes in the
Jravity range of 32-3 APL with sulphur content
“ess than 2%. With the prospects of increased
availlability of indigenous crudes it is expected
that this refinery may also process Bombay High
crude to the extent of 3 million tonnes per annum,
the balance 3 millicn tonnes will be imported cruda.

The main process unite are as followss
Capacity in 'ooo

nit tonnes per annum
atmospheric Distillation
nit with Desalter £000,/7000

LPG Treating Units

215

= Continued
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unit 3 . ) Capacity in 'GUU

tonnes per annum
Naphtha Treating Units 350
Naphtha caustic Wash 750
-Kerosene Treating unit 1500
Visbreaker looo
Vacuum Unit ; 2300
Fluig Catalytic Cracking unit . looo
Sulphur Recovery unit 10
Bitumen unit 500

In addition to these process units, the Refinery wii}

‘have tha fnllowing fa::;l.lit:l_.ea ]

(1} ‘crude & Product Storage Tanks

(2) Product Despater; Facilities by Pipeline, Rail & Road,
(3) LPC Bottiing Facilities

(4)  Bitumen Drumming Facilities

(5) =g Blending Facilities :

(€) Thermaz Power Staticn 2745 MW Capacity,

(7)Y Effluent Collection & Treatment Facilities

(8) wWater ITreatmant Facllities

(3) other dwdliary facilitley such as g

- Pumps Stations,
- Laboratory,

- Warehousas,

- Workshop eto,

The estimated products from the refinery are as
follows:

-y nt}' " i l"l l GD’D
Products
tonnes fyocar

LEG 197
M3 350
Naphtha BOgG
ATF 480
SK 658
HSD 2043

L0 : G-

-

4
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Vi - 3
Products Oty in 'co0
tonnes,/Year
FO (Reg) o 84
Fertilizer Feed . . 640
Bitumen 300
Sulphur ' 6

It is also proposed to build a township of approximately

800 houses fer the refinery. -The towiiship will be provided

with facilities such as schools, medical treatment, shops
and recreation facilities,

Employment Potential

The total requirement of perscnnel for the refinery is

estimated at 1100, Japart from the direct employment oppors

tunities commissioning of the refinery will provide

indirect employment opportunities td¢ small=scale and
other industries in the area in the form of maintenance

jobs, provision of stores etc,

Effluents from the Refinery and their Treatment

Effluants from the refinerv can be divided inte two
categories, wviz, those to be discharged to the surface
and those discli3cge=l o the atmosghere, Effiuvents that
will be discharged toc the surface will be mainly trested
waste water from the refinery and coal ash from the
relinery thermal power plant. Effluents that will be
discharged to the atmosphere will be due to evaporation
of petrcleum producls during storage, catalyst particles,
flue gases from the furnaces and particulate matter from

the power plant stack,

Etfiuents to be discharged to the Surface

4,2,1 The estimated quantity of treated waste water
that will be Aischarged from the refinery is of
the' oeder of J million gallens per day, The
refinery will have o0 elaborqeto syslem for
collection of all waste water that needs treat-
ment before discharge which include s

(1) Olly Storm water from tank farm
(ii) Olly & Chemical waste water
{iii) Contaminated rain water

(Av) ° Cocling tower blow down

{(v) Sanitory sewage, and
(wi) Spent caustic.

= Continued
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" In other words, during normal conditions any

VI - 4

water that is likely to be contaminated is
collected for treatment before its discharge,

The facilities for the treatment of these have
been given in the attached Block Diagram
No, 1217-65-3KB-045-a,

The usual contaminants are oil, phenol and
sulphides, The facilities provided will ensure
that the contaminats will be reduced to the

limits specificd by the current Indian Standard -
Specifications for industrial effluents to k=
discharged into inland river waters,. ﬁdequate;ﬂ L
know=how and manufacturing capacities exist

within the country for providing these treatment
facilities,

The ash from the thermal power plant is proposed

to be dumped into a specific area admeasuring
approximately 200 acres, which will be used as

a burrow pit for construction earth requiremen ts,

(Please refer to Drawing No. 1800-C-732022) The |
area i1s considered to be adequate for dumping ash . |
for ten to fifteen years, The ash will be trans-

ported in the form of slurry. adeguate bunds will

be provided so that the water, after seraration

will have sufficient time to settle before it is '
discharged into the natural drainage of the area,

Reuse of this water is also being examined, In

any case, the water that will be discharged will

conform to the relsvant' Indian Standard Specifi-
cations. Since the ash will be wet, local dust

nuisances will be provented,

The trested waste wolsr will ba dischorged into

the Yamuna river at a suitable point downstream

of Brahmandghat via an open channel from the
refinery to be discharge point. (Ple2se refer

to drawing No, 1800-C-73022). an inspection road
will alsoc be provided along the channel, Adequate,
arrangement for proper mixing of the treated waste
water with the river water will bs provided at

the point of discharge, It has been ascertained
that the extent of dilution of the waste water

even when there is minimum flow of the river is '
more than 1310 and the river water will ke suitable
for bhuman consumption after usual municipal treat-
ments &8 per information provaded by the State
Government officials, there is no habitation for
about 15 to 20KM= from the point orf discharge.

This point is about 40 KMs from the agra water

supply works.
- Continued
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4.2.6 &s a normal routine measure considerable

attention is given to the collection, treat-
ment and discharge of the effluent in a

. refinery. Checks and balances are provided to
ensure that only water of dccepable quality
is discharged jnto the channel. Samples from
the channel as well as from the river will also
be periodically collected and checked,

&.3 Effluents to be Discharged to the Atmosphere

4.3.1 The catalyst fines which is an inert material “
v 1s discharged from the stack of the Catalytic
Cracking Unit, The approximate guantity of
discharge is one tonne per day. The size of the
particles is of the order of 50 mierons or less,
No adverse effect is ceused by this discharge,

4+3.2 another particulate matter that will be discharged
to the atmosphere will be from the thermal power
plant stack, Here also facilities will be
+ provided so that the particles that wiil be
b discharged to the atmosphere will be of lass
than 50 miecrons,

4.3.3 ZEvaporaticn losses are minimum since most of the
products which arc wolatiic are Stored in TAMKS
with floating roofs for rezsons of safety as well

~ 88 Co reduce product losses,

4.3.4 The main scurce of contaminalicn in the effluents
to be discharged to Wie ebmosphere is sulphur
dicxide contained in the flue gases from the
furmances and ¥oC stacks, The Sulphur dioxide in
the flue gases come from suiphur contained in the

- fuels, With the decision to use low sulphur goal
as fuel/ for the thermal power plant and the
prospects of processing about 3 million metric
tous per annum of Hombay High crude in the retinery,
the estimated quantum of sulphmr dioxide that will
be emitted from the refinery stacks will be less
than one metric ton per hour, all the major stacks
would be of a height not less th-" 80 metres to
ensure proper dispersal of the flume gases,

4.3.5 Even in case, for various reasons, it does become
flecessary to process only imported sulpherous
crude in the refinery, the emission of sulphur
dioxide from the refinery would be less than 3
tonnes per hour, However, mecasures can be taken
to reduce this to less than one tonne per hour

~ Continuea
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by adopting suitable fluwe gas treatment facilities,
There are at present a few flue gas treatment pPro=-
cesses which have been in commercial operation for

a short, peried, It is expected that by the time the
refinery goes into stream, fully commercially proven
processes will be available and therefore provision
is being made in the refinery scheme so that these
can be installed at a later date, if required, In
the intervening pericd should it he required, it

will be ensured that the sulphur dioxide emission

is limited to less than one tonne per hour by using
low sulphur fuel which is fortunately available from
the Barauni and Koyali Refineries. It will thus be
Seen that in all cases, the Refinery will be operated
to ensure that the S0, emission is less than one tonne

per hour,
* % %

Encl ; Drawing No. 1800-Cc-73022

(Location Map)
Block Diagram No. 1217-65-5KB-045=-4,
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ANNEXURE-VIT
VII-1

DETATILS OF ADDITICNAL COST ON

ACCOUNT COF POLLUTION ABATEMENT MEASURES ADOPTED
BY ICC

- tn the specific advicz of the Expert Committee to advise
on the Envirommental Impact of Mathura Refinery, Indian 0il Cor-
poration has taken various measures for effective control of
pollution in the Mathura Refirery Project, Some of t hese measures
and their financial implications are given below briefly.

Effluents to be discharged to
the Atmosphere

(1) To limit the sulphur dioxide emission to the
atmosphere to one tonner per hour

(a)

(b)

{=)

For this purpose, all liquid fuels
that will be burnt in the refinery
furnaces will be low sulphur fuels
obtained either by processing

Bombay High crude or obtained from
other refineries where indigenous
crudes are processed, such as the
Barsuni Refinery and Gujarat Refinery.
idditional tankage, pumps and pro-
vision for unloading low sulphur
fuels will be provided as and when
NecessSary. approximace cost towards
the above 1s ke 7 lakhs

~ll axcess gas cvailable from the

refinery furnaces will be amine

washed to remov. M28 to make it

sulphur-frew, Zorc chils purposa,

apart from amine washiing facilities

a sulphur reccvery unit is also

bainy provided., i Lilal esli-

mated cost towards this is of the

order of Re, 300 lakhs

FL'E:}'u’iJ‘-F.'LGI'J has l'-l-:=_;.l.'.‘. Infnge: LOX
concrete stecks of 20 metres height
instesac of the normzlly used self-
fupaoreing steel 3cacks of 40 metres
height fcor all th: turnaces cxcept-
ing for uaits wherc conly sulphur-
free gases are ~urnt, Jpproximate

increase in cost on account of
this 4ia e B lakhs

Contd, . . 27—
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Provision has been kept for flue gas

treatment facilities at a future date,

if required. The additional cost for

provision of extra ducting etec. for

future interconnection is approxi-

mately (cost of flue gas treatment

plant not included) . ke 5 lakhs

(2) Particulate Matter

(2)

(b)

Provision of electro-static

precipitators for particulate

matters from the power plant

is estimated to cost approximately., R, 50 lakhs

Provision of cyclone separators
for particulate matters from the
FCC unit is estimated to cost ps. 12 lakhs

Effluents to be discharged to the Surface

(1) Effluent Eatg; |

(a)

stuffing box type; hydraulic seals etc,

(b)

4
e

(@)

()

Cost of speclal measures such as
provision of mechanical seals instead of conventional

in order to minimise eoil spillage
and cocnsequent oil contamination i, 6 lakhs :

Cost of sour water stripper system
and surface condensors etc. to
minimise contamination of water fiss 36 lakhs

Svecisal collection systems for

gnsu-ing that any water that is

likely to be contaminated is

separately collscted and taken to

the efifluent treatment plant s 25 lakhs

Effluent Treatment Plant (inclusive

of chemical and bio=chemical treat-

ment) =o as to ensure that the

treated effiuent meets the speci-

fications laid down by the Indian

Standard Institution and the UP

State Water Polluticn (Prevention &

control) Board Ps. 90 lakhs

Special channel and inspection road

from the refinery for the discharge

of treated effluent into the Yamuna

River (Permission of the UP State

Water Pollution (Prevention &

Control) BHoard already obtained). R, 55 lakhs

Eﬂntdl I"3/-
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VII - 3
(2) ash Handling end Disposal Facilities
(a) Cost of ash handling and disposal
facilitles including land for
the szame Rse 93 lakhs -
Cost of various studies undertaken
at the instance of the Expert Committee
Studies Ly :
(a) IMD Rs. 18 lakhs
(b) HNEERI Rse © lakhs
{c) TECNECO RS 20 lakhs
(d) Misc. s, 5 lakhs is. 49 lakhs

Cost of variocus
and instruments

purposes

gspecial eguipment

for monitoring
' Bz, 12 lakhs

Total M. 748 lakhs

SAY %,8 crores
= ot ]

Total Project Cost #,195,31 crores
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The Disparsal of Pollutants from a
Refinery Stack

by

~ PK Daa, A Datta & BM Chaabra
Meteorological Office, New Dalhi-3

ABSTRACT

There is proposal to eatablish a refinery near Mathura daring
the late Fifth Plam or early Sixth Plan, Mathura is about 40 KM
from Agra, where one of the major tourist attraction in India - The
Taj Mahsl is located. The desigoers of refinery are, &3 & conse~ .- -
quends, concerned about whether the guantum of sulphar dioxide
relassed from the refinery stacks would damage the Taj Mabal.

To maet this reguirement, we have computed the concentration
of sulpbur diexide at different distances downatreem from a relinery
stack assuming Gaussian distribution of the pollutants. Dalhi wiad

data have been used for the computations, the same have been dip~
cussed here. In particular, we present guantitative estimate of
the impast of errers in vertiocal diffusion csefficients. the plome
rige and meteorologieal data. A comparison bas bheaen made of cencib-
tration values obtmined with a 1imited nomber of Agra winda with the
eatimates based on Delhi wind data. Computations bewe also besn for
the refinery in Madras, so that the model could be testad agalnat
fisld data in the vieinity of the Mpdras Refinery. We also shew the
nae of power-law to define vertical wind profila. It raduces the
concentration estimates without it by a facter of approximately %.
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i DISPEESAL OF FOLLUTANTS FROM A REFINERY SRACK
by
Pk Dus, T Dubts & Bl Chhabra
Meteorological Office, Loat Boad, New Delhi=3

&

1, INTRODUCIION :

It has besn proposed t0 eatablish o reficery near Mothurn
during the late Fifih Plan or garly Sixit Plan. Mathura is shont
40 Km frem Agra, where one of the major touriat attraction in India.-
The Taj Mahal ~ is located. Phe designera of the refinary are, RS- ..
A Consequence, gonceryed abeut whatter the guantum of qalphur dlo~
xide released from the refinery uiaciks wonld damege the Taj Mabal .
Sulphur dioxide is a texic gas which., in somhination with water
yapour in the atmosphsre, produces sulpburic aeid, The long term
effeot of this on marble, and o ther mpuuments, would be to corrods
them, Te have an idea of the possible gquantum of pullut.ﬂt:'-ndi_

 their effeot on Taj Mahal some preliminary aomputations have beek

made., This is a preliminary report and here an attampt bss beco.
made to present computations of aulphur dioxide concentratisas ai
different distances downptream feom a refinery stack under d4if-
2orent meteoro logical candl tiong. We have sssumed that sulpbur
dioxide emanating from the stack spreads out in the form of =
Goussisn plume, Parlier woerk of Sutien (1953) and Pnlqﬁllil‘}ﬁi‘}
forms the basis of this study.

Thers arv some sncerininties in aur enmputatinns bocause ai
a number of variables nned op which wery iittle Field deata are
availoble, The main uncertainties arg o0 scecunt of {(a) empirical
velues of diffusion co-offiaients, {b) the mechanics of plume rias,
(c) empirical wind profiles in tha lovest 100 m above the ground.
Hers an attespt has also bean mode to estimate the order of urrors
{n the computations ¢i sulphur dioride concenirations due to these
caus 8,

2.  SYMBOLS
The following aysbels net defined in the text bave been
ased in this paper.

X : ahert period (1 hour) ground concentratiens
la .H:f ’Hj)
(~3 ]
Q : Tmigsion rete c Ha/aﬁc)

e‘_ﬁﬁ. H Potential tupur:_ut.-._lEn {'k} and its
AT vertionl gradi et ('k/m);
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: S Ambient air temperature;
8 B Atmospheric stability -%— -a-a-
( s OZ )
i} ! Mean wind pepeed (m/sec);
£ t Acceleration due to gravity (m e o) B
x,y ° Distances down wind (x) and cross wizd ()

from the stanck;

i
an

Vertical distmnoe from the ground;
H : Physical beight of the s tack (m);
AR ¢ Plume rise (m) ;
h : Eifective stack height ( B+ Ak);
" ot il - i gtandard deviations (m) of plume
Y z concentration aloog ¥ and 2. '
% BASIC EQUATIONS

The ground level copcentratinne from &0 eleveted source
are provided by the Gaussian diatribution. The short term
concentrations (1 honr} at the ground are.

B —i—- ex [——L —Li hi] (3.1)
X=Tuge: L2 (5t o)
In this expression we nEsUNE thst there ig no diffusion

dewnwiod in the X direction. This ia = reasouable asgumpilion
foy large sampling perieds.

Te obiain 5 and 24 hour copncentrations, the 1 bour
yuluss were amz1iiplded by 0.84 nnd 0.5Y respecti vely. Tuese
factors waere obtalned on emplrical cvnaiderations. Puines
(1970) suggestezd s, sxpression of the form.

KXs =Xk (—t-h")P (3.2)
ts
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to. relate the eonceniration for two diffevent sampling -ﬁarini{;l_;-.'.'.;
Thus, in ( 5.2 ) (g is the desired estimmte for g period fg
while 03¢ is the sstimate for the shorier sampling perloj{,é;

]
- A

i

Considering ' | . s
e
Pa o7
We {ind .
Xy = 0.83%,
K 0.58X, __ _
where the suffixes deuncte 1, 3 and 24 hour mnnntuu;ﬁl: ._Wt' *'--';.I'.- ,.;,

The multiplieative faciors sre thus in good agreement with
the ecmpirical wvalues used ir onr computations.

o
For sessonal or annual average concentrations, ( 3.1 )

is averaged over a circular region. When this i3 dome, the A
eross wind components are liminsted (Pasquill, 1962). The i

average nnumtﬂﬂn?i? ;,}-.en expressed by o P
5 3 ; e sz Tean gl

r 2 W FCURS;8) 2T 1 o = 1 h
X = TTZ_) E‘E U *_N—xﬂ'ix“p %£"
{3%)

¥rom hourly obeervations of wind speed and direction,
the wind recoed was divided into s number of categories. In : ’
( 3.3 ) the suffizes i and j refer to wind speed and shange in SR
wind direetlon, while k relers to the mean wind direction andN . .
is the totul pumber of wind dirsction categories. The relative
frequency of the ith wind spoed. .iLth-direciden (il ‘ireetion
cioange and k th mesn direetien 14 represented by fc-ui'!‘j-'ak)

The categorisation ol 1 nour chenges in wind direction
is a measure of the turbnlen siructure nf the atmosphere.
The three el isres thatl were uced are

(* 48 > 45° e
3 L Sk e
(1) 225 & 00 45 ~ s
= RN o
(1it) AB < 2258° , P e

where AG 16 tio change 15 % pd direction betwess the current h%r*
sbservaliov mad {he provious Hans Vot g
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For wind speed (m nnc"l) three cluspos wero uneﬁ;
The are @
(i) U < 30
(11) IOoLU <42
(111) 42U 70 g
The olassification for wean wind direction was for the .
eight points of the compass. : b

Relative frequencies were evaluated with ihe sbove
schome from Dines anemograph records of Delhi for four repre- .. e
sentative months. These ars given in Appendix I.

To estimate the impact of vncertainties in input data
on sulpbur dioxide concentrstiom, it is convenient! to intro-
duoce the wvariable.

; oS
Y = -1:;;— (3.5)

Whence we write { 3.3 )} as

'X.=Cx-£’--"'-éﬂi- = (3.5)

whe re

and

I |
G (LF):L—P' exp ™« _2_@*2‘] (32

This enablep ug to eonsider, in turn, the impact

of errors in (a) meteorological data and stack charseteriag-

tics, and (b) in O3 and & Tuus, it will be observed
that the weriable G is largely dgpepdent op meteorelugical
dats sod stack charaseteristics (@) . while G¥) iw
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a tunction nf @3 and h, If we assume that variations aof b
are swall ceapared to those of € and & ( ¥), then we bave

trom (3.5)

A% . AC LAGY (3.8)
3 C GY '

Values of @ E‘i’ ) have heen tabulated by Bohae,
Derri ak and Soscboe 1974) from which we can compute AGlW)
In the sobsecvent sections wo shall present estlmates of the
two terme on the right hand of (3.8)

b, DLSGISSION OF ERRORS :
4,1 Dirfusipn coefficienta

A lerse nvmber of meteorological and physlcal features
influeace OF and OF . fhe turbulent structure of the atmoa-
pliere, the height of the s tack above the ground, surface rough-
ness, sampling time, wind speed and downwind distances are the
maln fsctors which determics O and O0F . It is difficult to
derive ¢ aingle cipreasion which will inelude the effeet of all
these factors. in poseral, A ssmpling time of 10 minutes is
assgmed, aed & reintively oper and is considered for this
purpose. Mere «wr huve used NiS.ze's {1969) expressionsa for

oy and & .  They weie

Ty = t):ﬂ:p (4.1}

where . B, p avd k are cons tonts. The sumerieal valaoe of
these coustonta {.r three categories ot atmospheric stabilivy
are given an Table 1.

IR )
himeriepl valuss ol 3, B on, k
Stabiiity o P b p
1. Uns table L0OTLY 1.910 1, 400 0.719
E Nesi 1'mld . 110U 0,934 L. 1hO 0.698

s I Slabae L W78B00 . 65% 0 Ons n.648
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Numersus studies of dlffusion coefficients bave besn mads
in recent years, This is perhaps the most uncertain pa-imeter in
diffusion studies, bocause thers is very little information on
ita value for large disténces down wind from thg gtack. Turner
(1970) tabulated values af UF ‘for seven classes of atmospherio
stability, end five categories of wind apecd. Thess oategories
are shown in table 2. A

f L "
TADLE - 2 " v, o g
L AT )

L.

Stabilities and wind speed categories ( Turner,)1970 )

—

Surisce wind Day i ; v 3
speed _(!t 10m) g o Thinly 3/8 i

m seo Strong Msderate 31ight dvergast .Clomd . -~ -
' or 4/8 !
w ala T,
4 / 2 A A-B B 3
2 -3 A-B B c ; é =
3~-5 B B-C c D B X
5 -6 c c-p D G D
6 c D D D D

The eorresnsnizncs with the olsesification mead by us
in this report is, approximaiely, a= balow :

Me Elory (1969) Turner (1970)
(a) Unstabla A, B
(b) Neutral C
(e) Stable D, B, ¥

Pigura 1 shows & somparison betwesn the values of MoElory
ard Turner for 0. The lower valres of OF far a very stabla atmo-
sphere are of intersst, because they would tend to make our
computations alightly aver-satimawe ths sulphar dioxide
conrentration,

Vary little is kuown sbout the securacy of these values.
Tupner (1970) states : “In the statle and uosteble cases saveral
f51d errors in the estimate of O"F san scour for the langer
trave] distenees, In some ceses,, 9% may be expected to be
sorrect within 3 fastor of 2., These are 1 (i) all stabilities
for a diatence. of travel out to a iew hundred metres; (1) ua-
—stable conditions in tha lowest 1000 meirss of atmesphere with
s warksd inversion above for dimtancas ant o 10 km or mere ¥
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Lo view of our lack of knowledge gbout the accuracy of 0%
ve decided to nse (&,2) to express OF , bul with sssumed errors
in the coefficients n and k. Threo possibilities bave been
explored. -

(i) Treat a as» correst, ard alter i by
# 10, 15 end 208 ;

(ii) Treat k o correst, put alter 2 by
% 10, 15 and 20% ;

(1ii) Alter both = and k by
& 10, 15 and 2C5.

. The resultant changes in concentration estimates are

preaented in the next section of this paper.
-

b.2  FLUME RISE

The effective mtock height is the aum of the physical
height of the stack and the plume rise. The latter is a function
of (&) veloeity of gases at tbe point of exit from stack ;

(b) atmospheric stability and (e) The buoysmey of the effluent
gases.

The rise on account of momentum has been neglected in
our computatioms., This assumption is not likely to reduce
the accuracy of cur resalt wevsnd & downwind distance of a
few stack heights (500 =) fre:. the souree of emission, For
hot plumea, buoancy is by far ibe =oare domivent factor.

We expressed tae effuect of buoapcy by a parameter R,
which combined the phbysical ~haracterigtics of the stack with
the temparature of ihe exkaust gae. F was related to the
energy cutput from the shack L)

i JQ ()
T MCpPT

where G is The emimsion ui best in Cal/sec. C, ia the specific

hept of aiY, f ie Lhe density and T iy the ohvironmental
temporature. The heat emigaion (Q) in

Q@ = (FCpTlexQV (W)

whare the suffix e denotes the density, specific heat and
temperature of the exhanst gas and Q is the flow rate
(Eﬁﬁjﬂfi} of the effluent, " ; :




Putting (%.4) io (4.3) we bave

g
F = -——_mp )%(PCPTJEKGV i
or F = 37x10°%x(PCpTIex QV (&.5)
when the numerical valnes of GF*P and T for dry&nir ESI

inserted, ¥ is expressed in (4,5) in units of m  sec”
If we use the following ruprnaantntlti valuos

QV = 1.7 X 107 o3 b3
fa - 1180 go/wd

(Cple= 0,2418 cal. zur'ink—i and
Te = 550 "k

we obeerve, 1
F = 224.3 n¥ wec=?

Whers is mot mmeh scope for Lhe changas iu the numerical
velue of F, unleas we consider moist enviroomeatal air or use
different stack characterintices.

The buouncy paremeter is cloaely related to the plume
rise., For ghort distances downwing, we have

Ah = ifeﬁ-—E‘i*xf--‘ (4.8)

riggs (1971) veed 1.6 for the pumericel value of the constant
in (4,6), but some aunthozrs have used 1.32 (Perkine, 1974).
In our computations we have uged 1.6 for the sonatant;but the
~esults are not likely to be substantially altered by using
1.32 instead of 1.6,

There is divergence of opinion abont the plume rise st
large (greater than 1 km) distances from the atack, In neutral
snd unstable equilibrium, it is generally agrecdtthat the
stability perameler (s)iie no longer an important varinble
sonly F and 1) necd be coansidered for large distances,. in
{bis repert, we bave used & tormulation due to Briggs (1969}
in which egmation (4.6) is used upit & eritieal distance xi,
yvul subseguently the dowpetrean digtances were weighted by n
constant factor. The eritical distance is approximately %en
times the stack height, As we are muinly interestediin eati-
mating the heighest concentration of snlphur dioxide In the
worst meteoruvlogical conditions, we will be hereaf ter concerned
with only & atable atmos phere.
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Under stable conditions, the plume rise for large dist-
-ance iwm i. yﬁ
Ah = 29{(g)? (4.7)

There is agaln divergence of opinion on the value of the
pumerieal constant, A value of 2.3 instead of 2,9 is often pr=
eferred (Perkins, lec. cit), but the difference in sulphur die’
-oxide concentrations on this oecount is mot large. '

But considerable differences from the present computations
can arise if we consider & very stable atmosphere with little
or np wind. Under these circumstances there will be no bending
of the plume ; it will rise to & sertain height until the
buoancy force 18 gompletely digaipated by mixing with the
environmeni. A relation developed by Morten, Taylor and Turner
[1956) for such conditions is Va

Ah = 50 —3h (5.8)
A comparison of the plume rige evaluated' by (4.7) 1?ﬂ
(&.8) is presented below for & wind speed (U) of 3 = sec”

TABLE = 3
COMPUTATIONS OF FLUME RISE (/A b)

Plume rise (m)

%% s x 10 (sec™?) nriggs (1969) Mortoen et al (1956)
.020 g8 115.2 298 7
.015 .51 126.7 332.8
010 W3 5.1 337.4

The values obtained by (4.8) ere greater by a factor
ot about 2.5, Thua (4.8) provides 1ower vaiuce of the
cppncentration downastresm from the glask.

It is not clear Up vo what distances eqaation {E.E}
could be reasonably exnetted o hold: but in the next section
we shall present o compariaon with both the sets of plume
~ime data show: im Talkle 3.

5,3  Mind dals

[n thip report, & Lecd valug of the wind speed U has
been used in eguaticos 5.1) ana (3.3). An improvement on
this wonld be to use & Lime everaged wind speed at the stack
height.
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Unfortunatsly, t%is walne can 2t heat be wpti-asted 1f we assnme a
vertical profile ul wiprd spoed. ©n anipg r nower law, we have
' -
' f
A o= Lo ('ég’ } (h.%)
o=t g

i M
Where Uo is the wind speed gearured ct iho waexcoeier level (2o),
usually 10 m above grovnd level. ¢ri-fons driior on Lait Approp-—
riate value of n, but n = 0.25 far tnsieble and i = 0.50 for atable

conditions have baen resormar ded (Feeio.no led, elt). Kemorisal
computations %o asneel the veritiesl variation nf the winé speed ero

yr:nuntnﬂ in the pext semticn.

The computations ia this ptawy are bai~d on the surface winds
of Delhi whieh is 140 km avay froem sha site o< the proparsed refinery
site. Unfortunately, Dines enapoZoiphs nf [gra were srailable to us
for only one year. They were act of the samre standard of raliability
as Delbi, However, to cempora cur cegulis with thcoe af Agra, Ve
psed the nne year Agra Nata & cownnte hae ralative frequencies,

1

We slao present in iha yort 3neiion soncertretion ectimates
with the wipd data of Malrmr, wiere & ra?insry alveady sxiatas. She
object of these compatatisrs is to verily, st a future date, the
concentrations computed for E Gaugaisn olume with getval ficld
measursments. This could pravide an idea of ike validity, or other-
wises of the present ﬂnuputatinns,'nlthuuah such a verificatien
programme would be vitiated ia soxe exteni by thke hamid sayirermact,
and different winad regiae af Hairae.

5. NUMERICAL RESULTS:
. P | Piifusion Cneffigient
in Teble &4 we pieseot valuge & by -Y HaDua W & ex'n. Lthe

consteants (a, k) in MeBlroy's formulatien.

WABLE - }

——p

Changes in e2LatEayS (a, k)
values of £nim

o —

Pistance Mcilrew Varintion (%) variation f4) Vartatica (%)
(x) (Em) {1969) i e in ‘&' in otk k!
10 i3 “u it 13 # i0 1% 29

0.5 ng k2 29 55 Jr 36 1 6 50 y -

1 L3 69 87 LS 1 9 91 55 76 1C0 151

5 197 221 29< +36 130 14 153 1% B i =Ab

10 199 364 405 566 B°G 22 L) A4 566 769

il 315 6Hog B30 1103 zhs 360 597 §5n 6585  157€
30 sag B34 1127 1574  h5u L7 L1 GBBA 1906 1830
40 195 89 1359 o ﬁ"h 58 neY 1068 1502 278

50 71 162 1656 c=30 €™y 6%8 fe5 1184 1008 2831

p— = - —

i e S — . R — — =
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the btable illnstrates the onsitivity of 63 b0 erxors in
aand k. As gzpected, the response to errors in k is much merd
predominant. A 20% positive srro¥ in k, for example, at 40 km
downwind will cevse & four-fold error in m . Even a small

arror of 10% in k st 40 km will be rofloctad by B two-fold ervor

in &g . At smaller distances from the stack the respouse £0 error
in a ond k 18 amaller, but by no means nogligible. 1i we oonsidered
the errora to be .negative, the value wounld be sorrespondingly readuosd.

5.2  Plume rise

in teble we had presented the differencs in plume risze ariaing
out of the werk of Briggs (1969) sad Morton et a1(1956). The valued
of Morton et sl for no wind and stable gondi tions ware groater by B
gaetor of 2.5 than the valuss for a gtsbla atmosphere with 1ight wind.

But, a8 we have asen sarlier, the arrors in songentration sra
not mesgurad by errora ip &=z , or h; bud by errors ia the ratiom 8g/%
which is defined by (¥ An {ndicated by gquation 5.5, we ar?
mainly sonosrned with varistions in @ . '

in Appendix II ws have tabulated valuos of and
Phis i3 an extension of the sarlior values of Bobat et al (lod. oit)s
Tha computations in Appendix II were made by sentered gifferaccas.

Thua
(\%‘f—)n = 4 Yard” 'f_'.‘:_’_:l

with & gimilar t:pnuiun forx &(‘,,7;2‘,) J

¢ will be poted fzom inpendix IT that Jarge orrors in 8(§)
conld result from= small arrors in (¥ especially when azmsll valued
of Y are comsidered, Thus, SQF L 0.5, 8 20§ error iz

would couse @ 563 errar ia &ly) . BbL the intarssiiag point is
that for IB{F’; valuoes af the errer inm A& RL small.

Thus, for 1,0, a 10§ errvor fn § wonld cousd soly 2-4% srroT
in ﬁi‘:_w} _



O
I_-q_|

1 1B @

We had sarlier obsozved that moderate ervors im the coefilci-
ents a, k often change &z by o faster of 4. 12, thersfere, the
. effect of inoreasing ém. Ls to ralse the value of Y - bsyond
" 4ne range OL Y <1,0, then the error in G{ W) or sur sencentra-
tien walues noad not ba large, But, 1f errors in &, k doarzans

: _‘u , #o that 0<¥ <0.5, then there would be large arrora is
G(wui the sondeatration cntimaies eonld bs oat by sovarsl ordam .

of magnitude, The oruoial point is, therefors, to determins the ‘rfﬂjj

range of Y 1in which we axs interested. _ ¥ iz

LY U

Unfostunstely, it is difficuli to detsrmine thiw range with
such precision, but we sould attempt an sstimals of the worst possi=

-
p—

ble condiiiona, As wa cans aoe from Appendix II tbhis will happen = |
for the lowest valmes of “f"“ . This implies a mimimma valua for

€ and a maximum b -

- |

Let ns assume that 20§ negative error in &, k reducss &3 te,
approximately, & tourth ef its value 50 k= downstiream from the stack.
Prom Table 4, we observe tbat tiis will make

' ls == f‘."?‘i'fffﬂ_ 2 |2k
#e aige assu=s an appreximaie siack hetght of 100 m. Fros Tabla 3,
we thén find that the lavgest walmes a? effective stack beight ars,
b o= ih.1 & 100 =¢ 245 |

L = 387.h e 100 o BT
dapending en whsthes wa considar the piume rise by DPriggs or by Mortm

at al. This yields,

and

and V= ;,j =2 0.5
0.3
i

¥rom Appendix II we finf tBat for the above values of ¥ , the
error le toncentration estimates would De 56% 4t = 0,3, - ;&

 bat 426§ 12\ w0.3, Thsre ia no 2trong grouzd, bowever, o
velieve thet the latter womld invsriegbly ba tha osaw, becanse Mortien's
forpulation is only walid for svary stable stmospbars with ne wind,
Such conditions canmet be expected to predominate.

ﬂn-th- other hand, if the 20§ error ia k waa positive thenm
Zes would be incressed four-feld sud W woald sxzoesd
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1.0. Sueh an svent would make our concentration estimates
fairly good, PFrom these simple computationa, it appears to

us reagsonsble to infor that on most cecanions the concentra=
tion estimates would be reasonable, especially when L 2710
But, on a comparatively few number of occmaions, when W L&I1"'O
the estimates conld be out by 50-60% at a distence 40 km down-
atream from the stack.

5.3 Wind Datn

(a) Power Law

As indicated in equation (4.9 ), a power law was used to
determine the wind (U) at the level of the stack height. We were
mainly concerned with ascertaining the effeect for worst meteorelo-

gical condi tions.

represent stable
of the power law
cal value of the

Consequently, we nsed n = 0.50 in (4.9) to
condl tions. The computationa show that the use
deecreased the concentration values. The nnmeri-
ratiosa.

(4) Concentration Eﬁu km) downwind with power law +

Concentratien

and

K0 km) without power law;

{B) Peak concentration with power law + Peak
Concentration without power law;

ia fairly constant. A statistical ssalyeis revealed very small
variation of A and B from sue seascs to another.

in table 5 we present the average values of A and B from
itwo atack heighta  These values wers obtained using the wind
data of Delhi.

TABLE -5
Yaloea of "A' Kk 'BH!
ack h ht il ...L
m
1. 80 .36 .60
2, 60 A1 .70

Table 5 indicates that the concentration values
without a power law should be multipiisd by a factor of
about 0.4 to obtained the coucontraticon st 40 km and by a
factor of about 0,035 to obiain the corresponding peak
concentration, The use of & power law would thus diminish
the councentration values by approximstely a factor of 4
for stack heighte between 60 and B0 m.
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In flgures 2 and 3 wa have shown tbe shert term tosn-
~oenlration with and without the wae uwf 2 powzer law. The
values obtained with the poweor law are lower.

In Appendix J we have aluo preasented values nf ihae
long terw concentration wilth the help ot a power [aw and
without power law for a very atable ntmosplere to simulate the
worst metaurnlugingl condltiona. The saximum peak concentira-
tion ia 28,144 g/m” at a distasvce of 2 km from a stack height
of L0 m. This oceurs with s power law for northwesturly winds
tmad in Jounery. Without a power law the corresponding value 1la 374 A
ﬁm,“ amaximum peak concentrntion ie reduccd teo m.jM;,ﬁmS Far nurth.:"’hp
e, T weslerly winde in January.

The maximum concentrstion at o distasnce 40 kw dorastream
is 1.3 Af g/mJ for northwesterly winds in January withouit a power
law. Lf we use¢ a powor law however, ibe maximum concentrallon
LO kow downwind ie reduced ic G.6 Jllzfmj for a stack heighti of
40 m. For higher stack (80 m) this iz reduced to 0.4 Alg/m3.

b AGRA WINDS

The study is mainly based on tbhe wind dats of Peihi
which tu 240 ki away frowm the site of the refinery. Ildeally
wind datls of Matburs should be used f{or the purpaee of theee
gomputationa, But, as suct dals were nuil available, the Lielhi
dats were vaad, A fow cemparziive chechs were made beiwaen
Delhi and d&gra and wind data. Agra is nearer to Matburs than
Delhi. These checks eunggest that a large diifersnce 1o Lhe
final results would not be ceused by the use of Delbl wiuds.

It muat he emphasized. bawever, wthat the guality af
the data fur Agra was hot ns relishle as that of Delbi and the
records were pvailable for ouly vwoe vear. [p order to become
more conlident about the accurwey »f onr eniphur~dioxide esti-~
mates, an oliservatory has been established ai the site of Matbu-
ra Refinory nad another will be set up at Agra near the Taj Mahbal.

i MADRAS WIND DATA

Ae wo had mentioned eraclicr, computacions were made
with the wind data of Madras. 16 waw felt fhat these vsti-
mates of concentratien conld bo checked, if Avcewsary,
agains L field observations. Tlis would provide a vheck on
the raliakilaty of oar model .
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The following cheracteristics were asgumed for the
Madras lefinery @

Denasity of the exhaust gas = 1180 ‘Q"m?'
Specific heat - 0.24 cal/gm/%k
Temperature -  450%k

- s [
Uy o 1.7 % 10 2" h¥
Emigsion rate (Q) - 4000 kg hr 1
stack heights = 25, 35 and 45 =m.

The long term concentration values for tho above three
stack heights are given in Appeadix IV. As it will be obgser-
ved from the values in Appendix IV, the peak concentrations
are observed in Japuary and August at an approxzimatg distance
of 2 km from the stack. _The values of the peak concentration
are 122.8 and 97.4 Adg/m? respectively for January and Aeguat.
At a distance of 40 km downwind the concentration values are
3.9 snd 3.54g/m’ respectively for January and August. Ths
prevailing wind is predominently portheasterly in January,
while in August the winds are iargely westerly. In the
computations shown in Appendix 1Y, mean winds of Madras feor
a 5-ycar period (1768-72) were used We did not use & power
law for thess compulutions. If# a power law had been used,
lower concentrations could be expected.

6. BACKGROUND AND PERMISSIBLE LEVELS OF SULPHUR DIOXIDE

6.1 The global background 1evel of Sulphur-dioxide in the
" ptmospbere varies from 2.6 to 5.2 Adg/m?. Thus, we cap
reasunably assume that the level of aulphur-ﬂlnxiﬂg already
in the air in Agra would be ol the order of 5 Adg/w” or more
due to local industrics. NEERL is actually analysing the
air samples is have pualislic estimates nf the preasent
gulphur-diexide ot Agra. Thiz backgrouuna eatimates of =zul -
vhur diexide will have to be added to nur eatimates of sul-
phur-dioxide from Mathura Refinery to have the realistic
eabtimntes.

6.2 The prescribed ¢ tundards for gulphur-dioxide in differ-
ent countries express the concentration of this gas as averajes
over periods of time rauging from 1 bour to { year. In general,
the tolerable concentratlinn for 1 honr period covld be fairly
high,but when averaged over oue year the level im subslavtially
reduced.
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6.3 Published literature on the sabject gnggested chat:

a) Acate injury te vegetation (leaves. tres and aliruba
would be cansed if the concentration excveeds 0.3 ppu

(1320 4 g/m?) for a 1 hour period. The sawe type wf dnmage
could be caused if the annwal ‘(yearly) average leva!l exceadn
0,01 ppm (26 41 g/m?).

b) There is risk of pulmopary dieenses io human baiage
if the shopri-term (1 hour) concentration exceeds 0.4 ppe
(1ﬂ5fhﬂg_:’n3)? or if the yearly aversge excueds 2048 g/m:
igh concentrations for perinde of sbor® durataon (1 hour}
pre possible very mear a source of emigssion

o) Corrosion of hard metals suech as gteel. seby -0 when
the annual mean concentration is 0.02 ppm (52 A g,'-}}. Very
little information is availsble om the tolerable loves for
marble. or other types of building material. On empirr-«ua
congiderations, we may asaume thas o he atlenat saer hatf
the level for steel (i.e 26 4 g/md). Huk we casnot ba
cortain of this figare without a detailed cbemical teal oum
corrosion effacts. This involves 8 stady pf murfnce f1.ms
and requires sophisiacated cquipment

6.4 Toc sum up, it appears reasonable at this atage Lo
azzume ilie following permissibla levels af & iphar dicxid

Copceniration (QLgw )

1 hour Annog .
(shert term) {1ang verm)

i) Vegetation 13520 26
i1) Human belungs 1656 26
ij:1) Building material - 20

T SUMMARY AND CONCLUSIUNS

11 most be emphanmixed thel the present gludy 9
handicapped by lack of fiold dnta under lodian rondl Lronms
wa have used formmlalions for the diffosion ceeflicicntie,
and the power law for wind spafilen which are used o
eitra-trapical lptitudes. : is not clear how faor thene
ynines wonld be applicable io Tudia wiibeut furtber fiead
experimints, Despite this limi tation, the main coenziusions
of the study may be sommariscd o followa
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{j} Phe vertical diffusien coefficient ( &2 Y Louid
be changed by a factur of & day g0% srrer tn a° ‘k che
couffintents used by MeElroy (loc.cit) to axpruss bue lepan
dence of fz oo downwind distapce.

(i3) If the ratio f}fﬁ.:ﬂ:aedn 1.9, ther the error .0
epneentration estimales, purely on sccount of werary on
or h. wouid he small., On ihe oiher band, fur sery smac.
vuines of this ratio ( £ 0.5), a smalllezror iu g 6¥ 12
could oreala very large errsr in cooceulration vulves, Ao
examanaticn of typica! values suggAst that errora 11 &
could generaile ag everage erroe ol abent 50% .a sur Ast’
siates of conceniratien,

(241) Xf the wind profile is expreossed by a power Cuw,
then (a) Lhe estimates nl peak eoncentration, aasd (b} sh=
roncentraiion A0 km dowuwind would be redoced approxXimats
by a facter ot 1/2, Some dovbi exiate, howeser, an bhe
apprapriate value ef the exponenl to be vsed :n ihe powes
law., Avalue of o 1 0.5 was used in Lhe prasent study, Thae
vge »f thig wind proflle spggreis o maximam Joug ters
ecencentration of 28.1 Mg ‘m’ in Jannary at 9 km {rtm tha
stock, AL a2 distance 40 km, dowpwind, the marimsm <r9. <
tratsen is 0,h% 1n Jeowary far & B0 m stack.

{sv) Marse setiasie Lines Ansmegraph daty apre seedeqd 4o
the yikte af the reofinery Lo saprove bOY tplrulaticas who-a
are baged on Delb: wimd sbserval:ons, To genrocme thiv, @
weteoral 3gical gbeservarnory huz bren esitablished 2t bbr esls
of Mathura Befinery apnd apother w»ill be lozated near Taj
Hahal at Agra,

(v) Lopy ters cavcentrstions ef salpbur diozide frim lie
refinery in Madras Have bheen computod and preseated =
Appendix IV, They szuld be gped tv tesl the resulte of
kbiz mathematiral medei.

f#i} Tha presenl cempubationy asasuar a singie so0uLoe,
An assessmeni of ths effeci of mullipla alacrks will impcorTe
the resulrs.

{¥s1) Te avoid neute injury te vegetation, the rizk of
pulmonary disesses in hamaco beings and cerresien of bosld
ing materisl, the permissibie lavel of aujpkur dioxide
would br approximately, 1000 ALag m? fes shaes ‘wrm {J bour)
wnd 1090 L g/m) for long lecrm (amoual conceatiatien),
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Table - 3
Percentxge frequency for wind direction
towards Agra and Bharatpur,
Month Agra Bhaxatpur
January 14 2
February 28 3
March 13 4
April 6 0
May 23 4
June 19 B
July 1o : 4
Aagqust 3 T
September 3 4
October 13 1
Hovenbesr 8 1
Dacamber 16 :

5 TAELE = 4
o

Fercentage frequency for the atmosphere to/stable
towards Acra and Bharatpur
‘Menth Adra Bharatpur
January 3 o
February 4 1
Marech 3 1
April 1 o}
May 2 o
June 2 8]
July 1 1
Augqust 0 1
Sap tember 1 1
Ootobar 2 0
Novembax 2
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AMNEXUEE —
X - 1

Sunmary of the Third and Final Report made by.
M/s. Tecneco on the stidies for the preservation
of monuments in Agra from Mathura Refinery Air
Pollution,

INTRODUCT IO

M/s. Tecneco of Italy were entrusted by I0C to undertake

studies for @

a) Determination of typical meteorological conditions.
in the Mathura-AGra region and calculation of long-
term ground level concentrations of effluents
(particularly 502} at Agra on account of emission
from the Mathura Refinery.

1) Determination of the existing level of pollutants

in the Agra Zone.

cl The present status of preservation of monuments and
studies for determining permissible concentration of
affluents from the point of view of preservation of
monuments.

M/5, Tecneco had already suomitted thelr Filrwt =nd Second

Report covering the studies st (a) above. Surmary of these

two reports were circulated to Members on 30.12.76. Their

third and final report covering the studies (b) and ()

above has also been received.

M/s. Tecneco's third report includes following chapterst

i) Introduction

i1) Opllection of samples : Criteria and Methods

i:41) tetrographic, Chemical snd Physical Analyses

iv) Biologlcal Analyses

v)  Discussion of the results of the Chemical, Paysical
and Biclogical Analyses

vi) Detarmination of Meteorological Parameters and Alr
uality in the Mpnument Zone.

vii) Conclusions.
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2.1

A - 2

viii) Appendix I - Glossary of Biological Terms

xi)  Appendix II - Deterioration of Stone Monuments:
Chemicals, Physical, Mechanical and Biologleal
causes; Effects of Atmospheric Pollution.

%) Bibliography.

The report also gives various Tables, Drawings, Figures

and Photographs as per the details given below:

Chaptex Tahles  Drawings Figures Photos.
2 2 3 - 4

3 12 2 8 103

4 10 o . o]

6 29 17 = -

9 3 - - -

s T PORT

Eresent statng of Preservation of Mopuments,

Chapter 1 of the report gives a brief introduction of

the work carried out by M/s. Tecneco. This third and final
report completes the studies carriad out by M/s. Tecnecc for
tne preservation of monuments in JAgra from Mathura Refinery
Air-pollution. To carry out the studies M/s. Tecneco had
secured the help of Scientiests and Specialists from some
of the Research Organisations in Italy and particularly -

"Tnstitute Centrale del Restaurc in Rome. This is probably

the first time that such types of studiss are carried out
and as sneh no previous raference was availablc to corelate
concentration of pollutants and the degree of degradation
of the stone monuments. The studies, thorefore, were carri-
ad out using the basic knowledge avallable.

‘ila',i'f"'
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Colltotion of Samples (Chapter 2 of the Report)

In order to establish the present status of preservation

of the monuments, M/s. Tecneco had collected stone and

duet samples from the monuments. Two on the site
inspections were made to select the monaicnts to be
examined in Agra Zone and to decide upon the samples
required to be taken from each of the selecte'd monuments.

The £irst examination was made at the end of 1974 and the

gecond in January 1976 just before the collection the

gamples. &S substantial uniformity was observed in Agra
monuments, koth from the point of view of quality of the
puilding material and that of the state of conservation
of the surface of the material, it was decided to limit
the study to the three monuments namely, Taj Mahal, Agra

Fort and Akbar Tomb.

Bagically these monuments are constructed of only two

types of stoncs, white marble coming from Makrana quarry

and red sand gtone coming f£yo— Tantpur and Paharpur
quarrcies. During the inspections the Scllowing forms of

-1ter=ations?® were noti ced:

For Marble

4) More or less abundant depnsit of yellow grey dust
on the surface where yain ecannot reach the stone. This
dust can be easily re saved bv a brush.

{1) 7. thin black nard layer or small black spo-ts covering
some projecting parts mostly on +he north side, near
tha floor and on tho Uppar parts where rain can
sasily reach.

111} Some cracks on the alabs along the greylsh veins,
from where a yigibla alygec growth 15 ponetrating

insides.

*+ In Tacneco's Report the tamm 'alteration' is intended

to cover ch

anges that have occured in the material due

to fartors oich as aging, corrosion etcs

— Y
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For Sandstone

i) A heavy exfoliation of stone along the
sedimentation planes.
- o In some places a white efflorescence is present on

the detaching lavers.

1ii) In some places large and black entrusted layers cover
the surfaces.

iv) In some places insects and weeds are present.

2.2.3
Samples were collected to ft}eﬂ:"mnm details the
following forms of alterations:-

- Earth dust (present on marble) '
- Black spots (present on marble) i
- Black spots. (present on sand stona)

~ ' White efflorescence (present on sand stone)

Samples were taken using sterile scalpel (spots and
efflorescence) and with a sterile brush (Qush), The material
collected from every type of alteration from each monument
was put in a sterile tube, closed with a rubber stopper
wrapped in a sheet of aluminium and kept in a rafrigarator
(about 40C) upto the time Lhey were transported to Rome in
portable refrigersted cases. Tha coilection of samples was done
during the period [rum 6th to 16th Janusry, 1976. Some pieces
of marble and sand stone dotached £rem the throc monuments
during the previous maintenance work were agiven by the
Archaeoclogical Sufvey of India to be analysed and compared

with the corresponding quarry stones.

2.3 Petrographic, Chemical and physical Analyses Carried

out on the samples,

Tec ootablish the actiual state of consersvation of
monuments two types of studies were made on the samples

cC 1lﬂﬁtﬂdu

t---af”-
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One was of chemical and physical nature and the other of
biological. Chapter 3 of the report discusses the studies
carried out with Petrographic, Chemical and Physical
Analyses - following methods were useds:
Petroaraphic Studv, ~ooll
This was done to determine the lethe types and their
characteristics. Phencmena of aging and of alterations
in the ruilding materials depend not conly on external
conditions but on their minerslogical composition and
internal structure. For this reason microscopik and
mineralogical microscopic observations were carried out
on thin sections of the samples. Macroscopic observations
were not possible for many of the monument samples becau&g'
of their small sizes. The report discusses the observa~
tions made and- also gives some photographs showing
texture of the stones. (Summary of the findings is given
in paras 2.5.1, 2.5.2 and 2a5.3) 0

tarist
4 knowledge of the Porosimegtrical characteristics
_a, the volume of the Pores aiG

I+

of the stone material,
their distribution in relation to the sesction, is im-
portant for eclassifying the stone zccording to its intem=
nal structure. The mechanical properties and the durabi-
1ity of the materlal depcnd upon the pore structure. A
knowledge of the strucrual modification caused to lapi-
deous material as a result of 2 ing iz alsc a help in

the studv of the cauvses of sltarstion and their mechanism.
t*he measurement of the alsorption of water is carried

cut to have an indicaticr ol the casacity of the stone

to aksorb water. z
The Report gives details o the technigues and methods
used for carrying out these studies. The results obtained
age given in talular foms and algo in graphical forms.

(Surmary of the findings is given in paras 2¢5.1; 2e3.2

ant 2.5.3)



.kfﬁk' Fed

-
2.4.1

T

XI - b

Superficial strata of the stone were subjected to the

fnllnwing tests for investigating the presence of

soluble salts and mechanism of their action ¢

a)  X-ray diffraction : This technique helped in
furnishlng additional infbcmatinn on mineral

- constituents, . ;

b) Chemical analyses - dualitative and quantitative.

c) Morphological examination bf électronic scanning-
microscope, metallographic and mineralogic micro-

scropes.

-.The ‘Report discusses in detail the.various observations

made' and also describes the technimcques and methods
employed for the analyses. (Summary of the findings is
given i'n paras 2.5-1; 2-5-,2 al'ld 2-543)!

BIOLOGICAL ANALYSES: (Chapter 4 of the Report)

The biological research was guided by the following

objectives.
a) A direct aurvey of the bilogical p:nfile of each
monument.. - &

h) The stucijr.r of sp:ar.::.i.fic binlogical detariaratiuns.

c) -.-An indirect evaluation of the state of conservation
by detc:]'liinatiﬂn of the microbir chatye of 311 Lyppes
of altersticrns,

The objective (2] was sarrisd sut in situwith the veri-

ficatinn of generic alterations znd the presence or

absence of alturatlons.of biological origin.

The objective (b), which was carrizd out with laboratory
tests, includes the survey of specific phenomena of bio-
deterioration, their recoguitici, thelr morphological
classification and the characterisation of the dominant
biolerdcal agent.

For the thirod objective () usirg .pocific 1igid and

igsslation was &fcctad iz the laboratory

solid caultures,
of those microbic groups which cue considered on decount

of their metaltolic characterigtics to play a. part in the
al teration of monuments. The report givea details of each
of the tests and discusses the fin&inqs.{Summary of the

findings is given under pasra 2.5.4), 2
.. -

!'\



14 4

i xI = IT

2.5 FINDINGS OF T PHYSICAL & OLOGTICAT, ANALYSIS:
{Chapter 5 of '

2.5.1 The different types of analyses carried out on the
samples from monuments and quarries showed considerahblae
agreement. Materials used in these monuments are same
and state.of congervation is comparable, From the quanti-
tative di-fference of soluble salts in the marble samples
it can be presumed that there is slightly more attack at
at Agra Fort than that at Taj Mahal. Attack on Akbar's
Tomb can be considered as the least.

2.5.2 Observation on Marble,
Marble is essentially constituted of calcite and dolomite.
It 1s structurally compact and unaltered. It iz quite
resistant to climatic factors of aging as it is not
porous and has low absorption of water. The superficial
layers were analysed by Xeray diffraction, chemically,
by electronic microscopy, and by X-ray microprobes. It was
evident that ma_*ir:-;: canse of alteration is bilogical ae
the presence of =cl:-Ilae salts was found to be extremely
low. &mong the sclublg salts found, perdentage of :gulphates
and chlorldes wers large. In scme samples from the zones
where rain water doeg not reach, presence of some

g/psum was observed. Accumulation of gypsum presents
danger for good conservation. Dust gamples collected from

the marble showed presence of soluble salts. This also

presents potential danger.

£

q'-i- 37

2.5.3 Ck
Sand Stone used in the monumentes is basically of one
tvpe only. It is essentially constituted of quartz and
alkallne foldspar. The layer structure is such that
flaking takes place according to the planes parallel to
that of sedimentation. Flaking is a major fomm of

alteration.

vesB/=
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The quarry stones have porosity comparable with that of
other stones of similar type but absorb more water. This
may be the reason for lesser resistance of the material
to the atmospheric agents. Structural variations due to
process of aging are (a) decrease in porosity and (b)
increase in pores of smaller diameters. This is normally
due to formation of clay materials as confimed by
diffractometric analyses. On external surfaces where
black patina is present, alteration is mainly doe to
biclogical action and corrosion is limited to the surface.
In this zone soluble salts are practionally absent except .
for sulphates which are present in near about same
amount, as observed in stone samples with white effloro-

scence. On samples with white effloroscence tha &ogradatinn.
of superficial structure is due to presence of soluble
salts, mainly chlorides and nitrates of sodium and
potasium. Biolegical alteration is practically absont.

2.5.,4 Biologiezl Inpvestigations,

Eventhough these investigations were limited to only
one set of samples of stones and that too limited to as
obtainable during one season, they fumished interesting

Infomation.
2.5.4,1 Black Spots.

Monuments examined were in a similar and sufficiently
uniform state of conservation from a microbiological

peint of view. Doth types of stones were similarly

altered by black spots. This type of alteration is
attributed to multiplication of microscopic algae

which a¥e also accompanied by docomposing micro-organisms
or atleast using their organic and innrganic remaing
(gulphur bacteria-predominantly oxidisirg type, ammonifyving
and heterotrophic bacteria, funul and actinomycates.)

Illgf-
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Algae responsible for black spots (both on marble and
sand stone) are generally blue green algae i.e. [#4 6O

_cynophicaae. This indicates the presence of humidity

a little mould and of saline mutrients (bird exc;ement}
Since this type of algae have pigments such as phycobl-
1in, they can survive even in low light conditions.
This explains thelr presence in all the cardinal points
and also in zones in shadow. ‘

The major portion of the algae determined is of
covering and corrosive type becausge of action of their
constituents like exalic and muramic acids. Some
forms (e.g. cocoals) can cause dis-integration and
perforations on the stone. Other forms (chrooceccus,
cloeccapsa lyngbya) are able to fix atmospheric
nitrogen to produce nigrogen componds, these compunds
are nsed by nitro bacteria thue causing further co-
rrosicn attack. This type of attack, however, is not
noticed at this stace.

It was observed that cyanophyceae algae was present

in great number., Sulphur bacteria was present in very
small number, less than patelegic, heterotrophic and
ammenifying bacterizs, =ctinomveetes and microscopic
fungi. All these were present in small amount indica
ting thelr develcpment 1s in stages due to the algas.

2.5.4.2 Wnite Efflorescence on Sand Stong.

2454403

White efflorescence, which causes accumulation of
salts and is quite damaging to stone, has a microbhic
charge consisting of nitrosifying, ammonifying, sule
phur-oxidising heterotrephic bacteria and fungi. These
are however present in very insignificant amount. This
much amount is nommally found in every surface exposed
to air,

Earth cdust from marble.

Reddish grey or brown or yellowish dust recovered

from the surface of marble, contained not only salts
but also a number of micro-organisms both . -beterotrophic
bacteria, actinomycetes, fungl and chemioc—synthetidc

sutotrophie (sulphur oxidising and reducing) . The

origin can be altoliiuice oo the surrounding earth.
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For determining the existing level of pollutants in the
Agra Zone M/s. Tecneco had installed some instruments in
Agra. One continucus Analyser for 502 was installed near
Taj Mahal and one sampler giving 24 hours average SO,
concentration was located at the same place. Continuous
502 Analyser was installed for detemining the maximum
values while sampler was installed tohave a reliable daily
sverage values. It has been found that for most part of
the survey graphs, the values were very near td zerm.

From continuous analyser readings, hourly average readings
and daily average readings were computed. Hously average
readings were related with wind speed and direction results.
Hourly concentrations have been higher than 150 micro-
gramss M3 for 4 times and higher than 200 micmgramﬂ/}ia
for 2 times only. All these sitvations cccur during calm
conditions when wind volocities are low. Daily average
concentration results are less than 60 micmgramsfhz;

The daily average concentration vary invariably and do not
form and particular pattern,

M/s. Tecnaco had positioned some mts at differant
logations i= the monuments., Filitsrs treated with chﬂa
were suspended in these huts for the measursment of scidie
compounds in the atmosphere. After exposing these filters

to a pericd o aboul. 2 weeks, they ware roguluarly sent to

Italy for turther analveeas.

K, CO, filters oxposad o Agrz atmosphere were tested
for sulphur, nitrates and ch-lorides. Thec chlorides
ware foumd negligibla. Jvarane values Sor sulphur and
nitrates for 3 mopuments are -8 under =

t-rll/—
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Milligrams of NO./cm’/day Milligrans of 'S)én’/dav
Agra Fort 0,039 0417
Taj Mahal 0.028 0.12

Akbar's Tomb 0.027 0,06
" The averafe figures given above for Sulphur compounds
can generally be related to Sulphur - dioxide as it is
the major pollutant nommally present in the atmosphere.

. eperature ingd outsidg mmuments.
Valwes measured outside Taj and outside &kbar's
Tomb are similar. Area covered thus shcwalmmgenit}r
as regards air temperature.

Outside temperature variations over a day range
above 10°C and at some P:}irjtﬂ. of the order of
20-22°C, Maximum value was cbserved in the
beginnirg of June i.g, 43°C, Minimm value was
vbserved in Jan. i.e. S5°C.

(11)  Surface Temperature of mopumsnts.

*In order to estimate the possibility of conden-
sation phenomenon, the surface temperature of the
gtones and temperature of air at % meter distance
from stone were measured. The dew point was
calculated considering humidity records.

Only in 0.38B% of cases examined condensing condi-
tiona were nresent. These conditiona eccured

mora frequently at Tai.

senl2/=
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The continuous maeasurement of wind gpeed and
direction was carried out at Taj. These readings
Were convertad to obtain the hourly dverage gpeeds
and,direction from Which the fraquency of each
direction and speed was calculated,

There is congiderable agreement between Delhi
results (as reported in Reports 1 and 2) and
Agra results for the months of Jan., Feb, and
March, : - '
For the months Aé)ril, May, June & July the Wind
data for Delhi and Agra differ. The difference
is difficult to explain.

The lowest level of wing Speed at Agra as
recorded is 2 k.m./hr. and hr, and at Delhi

it is 1 k.m./hr. This is atrdbuted o the
difference in the sensitivity of the instruments,

CONCLUSIONS

Chapter 7 of the Regport giving conclusions is

£

feproduced hereundor:

Contd...13/~



e

f B

XTI - 13

CONCLUSIONS

As a reference Parameter of the gtate of atmogpheric
pollution in the Agra Zone, the concentration of SC, in

the atmosphere has been taken into consideration. This is
above all because S0, is the atmospheric pollutant emitted
by the Mathura Rafinery in the highest concentration and
which can reach Agra, even if the levels of concentrations
result very low on the basis of the theoretical calculations
carried cut in '"First ang Second Report', The surveys of
this parameter, carried out at the Taj Mahal from January to
July 1976, led to the conclusion that the Agra zone has a
very low index of atmospheric pollution,

In fact the daily level of concentration of 502 Measured is
usually only a faw.mi-::mgrams/lvls. Only on some days does it
reach values of 10-:20 r-icrr_.gra.-—;mfma anc in Very excepticnal

<ases nigher values (&p micrograEns/mT) .

During the whole period, thare is a total average of about

& miemqms/ma.

The primary standards of the Environmental Protection Agency
U.8.A. for the uality of the air conceming sulphur oxides
(sulphur dioxide) are s '

- Bo m:’u.::1:.1r;;':r:ams,/m3 as an ahnual average

- 365 micmgrems/mE A8 2N average over 24 hours not to be
exceeded more than onece in 2 Year.

Various nations ip Burcpe have established 25 - target a
maximum monthly concentration of 150 m:f.i.:m':gn'rarn.'s:.x’n'.t3 and a
maximum annmual concentration of 100 !:t:l'.cmgrams/ma.

The World Haalth Organisation recommends as a target, for ED:
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and sugpended particulates measured in conjunctiont
= 502 annual average & micrograms / m3; 98% of observation

below 200 micrngrams}ma.

- Suspended particulates annual average 40 micrograms/m;

98% of observation below 120 micro-
grams/m°, ;

Over the last years, average annual levels of Sﬂz have been

observed as follow:

Copenhagen
Stockholm

Amsterdam

Liege

Brussels

Paris

London, city

Londen, greater
Milan

Venice, industrial area
Venice, city

New York -~ Manhattan
New York - Richmond
Los lhngeles

Ioronte, odty

Toronto, residential

(HicrcgramthBJ

60
70
80
130
170
110

With monthly averace including amerg some tens of

mic::grams/m3 ands
Copenhaagen
Stockholm
Amstordam
Ligga
Brussslc
Paris
London, city
Milan
Venice, city

300

i ]
e

4o0

1400

150 -
Contd, .,15/-
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Venice, industrial area 200
New York - Manhatten 130
Hew York = Richmond 70

(see bibliography) .

EDE has been taken as a parameter to avaluate the imc rease
in atmospheric peollution in the Agra zone caused by the
Mathura Refinery. This i1s because, as has been previously
pointed nﬁt. Sﬂg ig the alone polluting subastance emitted bY
the refinery which cab reach Hdra and even 1 £ i+ does, only
in very emall concentrations.

The concentrations cf 30, emitted by the refinery which can
rezach Agra have been e stimated using 2 mathematical medel of
Gausslan type. +aking into consideration the anemological
data of New Delhi relative to the ten-yeals period 1965 - 1974
and the emission characteristics supplied by the Indian Oil

Cr rporatiﬂn .

in consideration of the great =ist2

hgra, the caleulated values should e considered even o re
valid the longer the peried to which they rciers This means
that the most valid are the annual averages, less valid the
ceanonal averages and even less significative the short temm
averatass

The average annual theoretical concentrations of SDE in Agra
aaused by the Mathura Reflinery regult as being very much
paduzeds f.2. 145 = 2 micrograms / m3; analogously, the
spasonal AveTragos, which go from Gad = 1 micr:;ram{ma{mnnaoon
period) to 3 microgramaﬁnaiwintarﬁ. Therafora, it can be
affimmed that the atmospheric pollution causcd by the refinery
does not constitute, except for very improbable nigh lavﬁﬁﬂﬂiti
of concentrations dues to exceptionally had metemrolngiaali

vewal8/=
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@ modifying element of the atmospheric situation of Agra because
of itg extremely low levels of concentration which i could add

to the al ready exlsting low lavels., Petrographic and mineraloe
gical analyses, X-Ray diffractﬂmetry, chemical analyses, micro-

nalyses were carried Out on samples of marhle and sandstone
taken from Agra Fnrt.._ Akbar's Tomb, the Taj Mahal and fyrom the
quarries and on dust samples taken from the three monuments so
as to be able tg define their state of conservation. On the
basis of the resul tg obtained, tha following can be affimeds

MARBLE On the basis of the results obtained, it can be aff rmed
that the state of conservation of the marble is still
good, The optical microscopie and electronie scanning
microscopic examinations as well as the biological analyses
reveal that the prevailing form of alteration is due to
the superficial corrosion by algae, which for the most
part of the cases is not deeper than some ®ns of microns

On the other hand, in the eartn au=+ samples and in the
T filter (put at s =--- tens of meters from the ground}

The chemical ang diffractometric analyses show the

Compared to mare=ble from the quarry has only an initial
alteration. In the marble samples taken from near
those in which dust samples were taken, theso salts were

in lesser quantities than in the duset and such as npt
yet to have caused any remarkakhle alteration,

l-li-lll?/'-i
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However, it is evident that their presence
represents a potential danger for the good conser-

vation of the marhle.

SANDSTONE The sandstone doesn't appear in a good condition mainly
because the nature of the material (chemlcal-mineral-
ogical composition, structure and porosity) .

Over and above the alterations of biological origin,
mainly due to the algea which have an analogous action
as that already explained on the marble, there 1ls alsc
peeling and scaling due to the strata structure of
the stone.

This gealing forms the most obvious and common
alteration, The variation in porosity of the stone of
the monuments, compared +o the quarry stone, shows

a more obvious aging phenomenon than in the pase of
marble., Some areas of the sandstone present serious
forms of alterations caused by the presence of white
efflorescence formed DY scluble salts (mainly
chlorides and nitrates) the orlgin of which can be
connected with atmegpheric polluticn phenomenas The
presence of thass s=iubie salts induce, in the poIvis
structure of the stone. 2 series of phenomena conncc=
ted with processes as sissolution - crystallisation
and hydration - dehydration which cause considerable
degradation, taking in, =ocount the structure and
texture of the stone.

The determination of the surface temperatures of the monuments
bogether with the air temperatures and relative humidity has
Aemrmatrated that, at least during the period paing considexred,
the probabllity that condensation phencingna on the stones

accur is rather small .

This situation means that the attack of atmospheric 502 on the

stones 1ls more difficult.
orn. the other hand, it should be congidered that the detarinre-

+4en phenomena are not iinear hut axponential .
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This means that the More a stone is altered, the more it will

be sensitive to the action of any alteration agent.,

From thils point of view, the bad conservation of sandstone makes
this stone mors sensitive to the action of any degradation agent
ineluding atmospheric pollution.

Another consideration concems the accumulation phenomena congist-
ing in the fact that eventual chemical attacks on a stone, even
if low in absoluta values, induce an irreversible modification on
the stone itself which is added to the others, even 1f slight,
Which preceded it and which will follow.

However, it is evident that, if such modifications are slight in
absolute values, they become sccondary compared to those more
important induced by other alteration agents.

Excluding some fragments of stone taken from substitutions
carried out during maintenance work, all the other marble and
sandstone samples were taken fr-m the surface of the various
deteriorated zoneg of the three monuments.

As far ag the marble is concemed, on the whole the alterations
a¥e limited to only a fow zonas.

the sandstone are present

[ )]

On the contrary, tho altorations o
Nearly everywhere.

Theretore, in conclusion, the marble rosults as being well
conserved in all three monuments and its statc of aging can be
ccnsicdered initial while the sandstone 1s generallv in a bad
condition.

Since the concentration levels of pollutants taken into considara-
tion arc very low, 1t can Pe taken for granted Lhat the atmo s-
pheric pollution actually present in the Agra zone doas not con—
stitute a provailing cause of alteration such as to notably

increasc the natyural aging of the stone,

---19/1-*
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The 1e;e15 of SDE concentrations in the Agra Zone due to the
refinery (from 1.5 to 2 n'n:i-::::«:u:.fmamss_z_’rnEl as an annual average) form
an objective increase of present levels; However the concentras
tion 1levels at hgra =zone, in&reasing from 6 miqrogranqﬂn3 to
7«5 - 8B micrcgrams/mB as an annual average will remain as very

low absolute values * :

For this reason, although keeping in mind the previous consgi-
derations on the state of conservation of the stones and on the
accumulation effect, it can be considered that the foreseen
pollution levels will not form one of the main causes of
deterioration of the monuments. It is necessary to remember
that the annual increase of 502 cf 1.5 = 2 111:[.»::1:'t::n;a‘r:au.:ns,a‘;:n3 is
the result of theoretical calculations which, although carried
out with due care, have nNecessarily large margins of uncertainty
connected to the schematisation taken for the meteorological

parameters,
As already referred in our comments on page 15 of ogur Pirst and
Second Renort it sheuld Y= --+=F +hat in thelr calculations -"i'tf‘-z
is woaisidered chemicaliy =na F5F¥sically inert. This means

that physisal or cheminal removal proccessas of SDZ dre not taken
into considerstion.

This assumption dozs not affect very much the short temm

concentrations while overczstilmotas the lor g term concentraticona.

The model aszumes a stitiongry- meccorological condition, that
is speed and directior of wind an4 atmegsphoric stability are

considorod conscant during the Lrarspart of poliuntants.

(%) Hote:
It was already s3id i Chap. 6.the value 6 micrograms/

r1'|'3 raally ropresant tha avaraoe Anring the 6 monthy of measure-

ment, from 12th January to 12th July, 1276. But we can consider

that the annual average concentration should not Sz higher

than & micrmqr:msfm3 bBecause duripg tha <rhar 6§ months, In which
Thoa mooe rmants wEYEs IetT ey 1 e 1 + - ﬂ:*j']thﬂ af.ﬁﬁ{_—'.i-.l:f"_]
.i.}'y' MONSrH MEs

c s s 2@/
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 GLOSSARY OF BIDLDGIE&L TERMS

Appendix - I gives Glossary of Principal Binlngical

terms usea

DETERIORATION OF STONE MONUMENT'S

In Appendix-II M/s. Tecneco have deseribed in detail the
various aspects of the deterdoration of stone monuments
and the factors, causing the deterloration, such as
Ghﬂiﬂical, physical, mechanical and biclogical and alsc the
effects of atmospheric pollution based on available pub-
lished literature.

BIBLIOGRAPHY
Chapter 10 of the Report gives the Bibl iography which
is reproduced below.

f
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BHARATPUR BIRD _ SANCTUARY

., CORRESPONDENCE EXCHANGED

Copy of s

Letters from Member-Secretary No. MRG/6/6 dt. 18th April'77
and 12th June '77 to Messrs Nature Conservancy Council,

The Royal Society for Protection of Birds & The Wild Fowl
Trust, all of U.K,

* * *

fis you are perhaps aware, constrpuction work on a large oil
refineri of a capacity of processing six million metric tons
of crude per annum has commenced at a place near Mathura,
which is situated at about 150 KM South East of New Delhi,
The refinery will have the normal process units, storage
tanks, despatch facilities and would also include a power
plant. It is expected to be commissioned by early 1980,

A5 A measnce of limiting emission of peliutants from the
refinery, a decision has been taken to use only low sulphur
fuels so thut the Yotal emissicn of sulphur dicxide from
the refinery would not be more than one tonner per hour.
This was primarily from the point of wiew cof conservation
ol monwienls such as the Taj Mzhal and the iAgrs Fort.

Subsecquent to the decision to locate the refinery 2t Mathura
some apprehensions have been raised about 1ts possible adverse
effects on the Bird Sanctuary situated at Bharatpur, approxi-
mately 20 KM south west of the refinery, This Sanctuary used
to be the famed duck shooting preserve of the rulers of the
former State of Bharatpur, + consists of a natural depress—
ien, sparesely covered with medium sized trees and shrubs, It
is one of the best breeding places of water birds, They
assamble in larce numbers during the month of July and august
and breeding takes place until Octobor, when the young birds
aio usvally blg snough Lo Tiv sway. Prominent among “hipse
biw=ls are the open hill, [ =tork, speoonbill and gie:

-r" Il 3 ) i -,'.h,!_:.- 1 I &
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We understand that you have considerable data on the effects
of plants such as the refinery on birds, We would, therefore,
like to have your guidance on the steps to be taken to assess
the effect of the Mathura Refinery on birds and the measures
to be taken to ensure that there would be no adverse effect.
We shall be grateful for your advice on the line of action
that we could take for this purpose,

Should you desire for further details we can furnish the same
after hearing from you,

Thanking you in anticipation of an early reply.

* * *

Copy of 3
Reply received from Messrs The Royal Soclety for the
Protection of Birds dt. Eﬂth*Hay; 1977,

I am replying to your letter of 18th April seeking information
about the effects of refineries on birds, It is difficult to
comment with ahsolute confidence without more detailed infor-
mation but it appears likely that the effect of the refinery
on the himds will not be sigulllcanl,

P

is the refinery is located some 30 kmS. from tlis SANCTUArY we
sssuma *hat thers is no likelihood of effects arising

£rom disturbance or from disposal of effluents into water
courses and the only potential impact would arise from sulphur
disxide emissicons 2nd these are not known to effect birds.
However, some plants are susceptible and there could, 28 o
result, be a change in vegetation with consequent ceffects on
tre birdst' food supply ond habitat, This seems unlikely but
it you wish to pursue il Juglher, I would recumuend that you
contact Dr, Humphery sSowen of the Department of Chemistrcy
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at the University of Reading, Berkshire, Bngland., I imagine
that he would need to know the main plant species involved
before being able to comments.

1f after Further consultation you feel that it is possible
that there would be an effect from the refinery, it would
be desirable to set up a blological monitoring programme

ao that once it is in operation any serious changes can be
{identified, correctly attributed to their cause a1d appro-
priate remedial action taken., This might involve under-
taking seascnal counts of sel ected bird species and relat-
ing their natural fluctuations on their overall population
levels, but it is more likely that the programme would be
based on monitoring changes in the numbers and distribution
af lower organisms or plants within the sanctuary ared.

I =m Sorry that our advice cannct b= more precise, but this
so impossible without more detailen informacicn; I hope
that it will be of some helpa

* w® W

Copy of 3
TLettar received from Messrs Natu: & Censervancy tounuil

“aated 24th June, 1977.
% *

I opologise for thz delay in rejlying to your letter of
13th april but the nroblem of the posaible effects of
pellution from the proposed Mathura oil Refinery cn the
mhyasatour Blpd Sanctuory has necessitated consultation
with advisers both within and outside our organisatiocn,
The problem is best sonsidered under several headings

s follows:
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Sulphur

It iz pleasing to learn of the decision to limit emissions of
pollutants from the projected refinery by using only low sul-
phur fuels to conserve the Taj Mahal and the Agrs Fort., With
reference to the Bharatpur Sanctuary and nature conservation
interest in general some plants, notably lichens, are very
susceptible teo injuriocus effects of gaseous sulphur. However,
4 case can be made out for sulphur as a benefit to water birds,.
Sulphur dioxide emissions are an acidic sulphur contribution
to the environment but when neutralized act as a significant
fertilizer, This tends to increase the protein content of
aquatic and emergent plants as well &s increasing plankton

and bottom invertebrate levels in what otherwise might be
relatively infertile waters, Providing this process is nct
overdone, and so lead to over—enrichment, the presence of

some additional sulphur would not seem to be deleterious

to the Bharatpur Senctuary, The relationship between water-
fowl density and sulphur abundance is illustrated by reference
to the situation at the canadian Shield of Ontaric, In general
only = spsrse water bird ropulation is supported but tiaere are
of the Shicld, downwind from tlhs smelters et Sudbury

I =y T
L A Ee L el

and Wawa, that support populations of duck that are comparable

to nich breeding duck densities elsewhere, A similar situation
of benefitsto water birds exists at Lake Myvatn inIceland which

P Y

has sulphur hot springs and geysers.
Other Pollutants

Other pollutants will occur either as gaseous emissions or are
viotsr borne. Thers will be a substantial emission of hydro-—
Gartons, phencls aud other poisens but although their pellution
@ffsct should ncc pose o problem it is dependent on locoel
These possible influential

faotors ot present unknown to me.

Put unknown factors will include :-
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(a) The physical geography of the area including the
effect of shadecw of hills and prevailing wind, From
this type of information it should be possible to
construct isobars of expected pollution fall-cut at
ground level. .

(b) Informétion on processing, such 28 the fields of
origin of oil and therefore the type of crude being
processed and. its wax content, together with the
height of the stack peleasing the gascous emission,
would be further relevant factors in the m tter,

(e}  If the process was water-cooled rather than air— 5
cooled the source of water obtained for the process,
and in particular its release, would again be matters
of attention. The effluent quality would be a
problem 1f its release contaminated woters feeding
the Bharatpur Sanctuary, It is certain thet accidents
will occur through human error or plant failure and
any consSequentizl pellution of water courses will
undoubtedly couse concern, s

Controls

I need hardly say thot adherence of the strictest code of
conduct, control and supervision in all activities aimed

a8t keeping gassious emission, only waste ond general pollution
SCW T & minlmut will be the pest saieguaris,

Summary

From the evidence aynilable to me it is thought unlikely that
the Bharatpur Sanctuary will be at risk from the propesed
refinery., The possible additiom to sulphur mey in fact be
agdvantagenus to the birds, The main danger is likely to arise
from accidents cnd in particular from pollution of the water
sources of the 3anctuary.

I am sending under separate cover thrze booklets which may

be of gencrrl intarest to you. They are Pollukion Research
and the Reseorclh Councils {(1977), Combustion = General Polluticon
(1976) ond Effects oi airborne Sulphur Compounds on Forests
and Freshwoter (1078),

If there iz ~ny furthar help or informstion you may heed please
do not hezi*ate tc contoct me.

I am copying this letter and enclosurss to the Scientific
Counsellor to £ha Indian [Hgh Comission, Londeon, and the
letter to thea Londun office of Internctlonol Tankcr Owners

Pl lution Pedrme~ticon L4, who hawve both baon in touch with

us on the motter.
] * =
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Copy of 3

Reply received from EEESgS TEE WILDFOWL TRUST dt, 30th June'77
Thank you for your letter of 13th June Bgeking advice regarding
the likely effect of omission of sulphur dioxide from the
Mathura Refinery on the Bird Sanctudry at Bharatpur,

We have already been consulted by our Nature Conservancy
Council on this question and we have passed all the relevant
data we have to them. I have checked that the Nc¢ have
recently despatched their reply to.you and thersfore I will
not seek to duplicate it, 3

May I say how impfessad we 2re with the environmental concern
shown by your Corporation. If you feel there are any further -
points on which we can assist, when you have examined the

NCC rerly, do not hesitate to let us knaw, '

* " £

Copy of letter No, MRG/6/6 dt. 12th Sept. '77 from Member-
Secretary to Dr, Salim ali, President, Bombay Natural

History Society, Bombay " & ik

Ssomit me to draw vour kind actentica to the discussion with

Dr. S. Varadarjan, Chairman of the Expert Committce on
Bnvironmental Impact of Mathura Refinery, during vour visit

Co Delhi on llth August, During +this discussions vou had

kindly agreed to give us details of seme of tho bird sanctie
aries abroad and the organis~tions respongible for their %
maintenance so that we could get in touch with them and find

out about the precautions being taken for preservation of the

Sanctuaries, Wec had also reguested you to give uz on Introductory -

letter to the officer in charge of the Bharatpur Sanctuary
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so that we could contact him and cobtain wvarious
details of the sanctuary, Moy I request you kindly
to furnish us this information at your earliest

convenisnce 7

I would also take this opportunity to express our
sincere thanks for the keen interest you have shown
in pur activities.

Trusting that this will find you 10 good health and
with kind regards. '

PS : I am sending herewith 2 brief note on the clarifi-
cations/information that was brought out during your
discussion with the Chaimman in respect of the anti-
pellution moasures +haot are being taken at Mathura
Refinery, which, I trust, you will find useful.

BEncl: a8 above.

Cory of innexure:-

Sy gl W

Clarificstions/Information brought ows Suring thé discussions
with Dr. S Varadarajan, Chalrman, kExpert Comnittes nn FOVLIICON=
mental Impact of bothura Refinery oo ~ith august, 1977,

7 There is sufficient technolooical development and know-how
available to cnsure that the effluents disrhiiyed by the
refinery to the atmogphere 2re witnin the limits stated
by 10C, viz. 502 being leas Enan LG tonne’ per hour, EBEguip-
ments are ovailabie and would be installed £or monitoring
discharge of ~Eflucnts as well as for measuring the air
quality at varicas distances from the Refinery. The general

wind paillern is such thrt i1t iz sway f{rom Fharatpur most

~[ Wi time ond theprclore the carly over AT 504 to this
- will be negligiblee -

2o e [ndian Standards Institutic:s: 18 soneidering a draft
Standard for che air gualily. -8 pPeL +his the annual long-
tarm concentration of sulphur dioxide pennitted for urban
irazs is ol the order of 40 rr.icr::'tjr‘amsfmzas compared to
60 rni-:rr_a-;rmu-.-ﬁf;-ﬁ as specifiec by W.i.G., IL should, howcver,
heen aotsd thet in industriaily daveloped count ies, although
the limit hes boen specified =5 66 microrams/ the actual
concentrakion of sulphur Jdioxide is much higher ns illustra-

S5 w's

k tohle jiven bels
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Copenhagen 60

Stockholm 70 :
Amsterdam 80

liege 130 '
Brussals 170

Paris LED

London, city 250 '
London, greoater 150

Milan 600

Venice, city 70

Venice, Industrial Area 130

New York-Manhattan 11o

New York-Richmond 50

Los dngeles 70

Toronte, city ' 170

Teronto, residential 30

The actual conceriration of sulphur dioxide at Agra
and Bharatpur, eoven aftor taking into account the
contribution fram the refinery, is far lower than tha
figure of concentration being attempted at in other
countries, -

4s mentioned by both the Nature Conservancy Council (UR)
and the Royal Society for the Protgction of Birds (Uk)
the affect of sulphur dioxide on birds will be nil, How-
ever, it has been stated that water effluents could
effgct the plant 1ifa and congssaquently effect the bird
Sanctuary, The waiwr =ffluents Irom the refinery would
be treated v mect vh- Stoingent specifications lasd
down by the Indian Standards Institution for discharge
of treated efflusnts intc inland waters which are heing
used Sor domestic consumption after usual municipal
treatment, In any case, the effluent from the refinery
will ke discharged inte the Yamunas river downstrwam of
Brahmandghat and thercofore there is ne likelihood of

the same reaching Bharatpur Sanctuary. None the less,

@ detailed study of the watar courscs fround the refinery
and Bharatpur will be m-Je to ensure that there is no
likelihood of the refinery's treated effluents reaching

Bhar-tpur under ay circumstances,

* * ]

s
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Copy of the reply received from Dr, Salim 4Ali, President,
Bombay Natural History Society, Bombay - dt. l4th Sept,'77

* * *

Thank you for your letter deted 12th September and the
note on my recent discussion with the Chaimman, Expert
Committee on Environmental Impact of Mathurn Refinery,

‘on the Bird Sanctuary at Bharatpur. The best pecple to

inform you about ths steps taken in the U.K. to keep the
waters of bird sanctuaries free from industrial wastes

and chemical pollutants would be The Nature Conscrvancy .
Council and the Roval Soclety for the DProtection of BEirds,
with whom you nre nlready in touch, I am sure they would
be only too jlad to furnish a1l the relevant infermation,
Another source for informaticn and advice in this matter
would be : Station Mologique La Tour du Valat, Le Samina,
13200 Arles, France, if you will give the Director (Dr.
Morgan) all the details of our problem, Mentioning my
name would perhaps help.

Maanwhile it 1= good to be assursd that it is unlikely

for “he offiuent frem the refinerv to reach the Enoratpur
Sanctuary., ll the sames, 1 z-a1 it essenti=zl that the
water in the Sanctuary shouil be Kept under sustained
monitoring, so thot any untoward haopeniog from this source
is detected in good time. Wwith the cooperation of your
Department, we would llke to gel up a hydrobiological
monitoring station in the Sanctuary, for which a site has
been already gifted to us by the ex~Moharaja. Would it be
possikle for one of your experts to meet myseli and

shri li.D. Jayal, Joint Secre=iry. siniscry of agriculture
{Forpsts & Wildiile) in Bhapatpur on T+h CO=t+ober whell we
are there ? Perhaps it would be 2 good idea if we cuuld
meot toasther with the Officer-in-charge and brief him

and discuss the vorious detnils reguired DY Yoia If you
rhink this wrould help, I suggest chot —vou montact Shri Jayal
ang £ wu Jdetalls cbout the vikit ok hvims

With kind recards to yoursell ~0La L. varcdasajeaile

e * &
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