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Extended Abstract
Fire is a hazard that mankind has been encountering since ages and if it occurs unexpectedly and at unexpected locations, coupled with high intensity and/or for extended period, its effect on human beings, flora & fauna and environment could be severe. The risk of fire near urban areas has increased manifold nowadays as compared to previous times because it is essential to keep a regular supply of highly inflammable gasoline and other products in urban area. Thermal pollution, also called heat pollution, occurs when heat released into water or air produces undesirable effects and it can occur as a sudden, acute event that may result from natural events or from human-induced events (Botkin and Keller, 1995). Present study has been carried out in the wake of a recent fire catastrophe that occurred at Indian Oil Corporation terminal at Sitapura, Jaipur, India on October 29, 2009. Efforts have been made to analyze remote sensing data to identify affected zones due to the fire. The terminal was planned at the current location when this area was reasonably away from the city but due to high growth of Jaipur city, a number of residential, commercial, industrial and other areas have developed near and around the terminal and therefore the terminal now falls within the municipal limits of Jaipur city. 

This terminal was involved in the activity related to receipt, storage and dispatch of petroleum products such as High Speed Diesel (HSD), Motor Spirit/Gasoline (MS), Superior Kerosene Oil (SKO) and Lubes. A major accident, involving MS vapour cloud explosion and fire, occurred at this facility, on October 29, 2009 between 18:30 hrs to 19:35 hrs (IST). The fire continued till 0600 hrs (IST) on November 11, 2009. There were 11 petroleum storage tanks in the terminal that included 5 for MS and 3 each for HSD and SKO. The tentative closing stock on October 29, 09 comprised of 17,810 kilolitre (Kl) of MS, 39,966 Kl of HSD, 2099 Kl of SKO and 2809 KL for interface. The fire reportedly started from floating roof tank storing MS and subsequently spread to other adjacent tanks and ultimately all other tanks and buildings were engulfed (Singh et al., 2009). The blaze could be seen up to 20 km distance (Figure 1).  Six people were killed and 150 were injured. (NDTV, 2009).
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Figure 1. Fire at IOC Terminal, Jaipur, India (October 31, 2009).

It is a well known fact that due to fires of high intensity, large amount of smoke is generated that is dispersed depending upon wind direction and speed. Due to the dispersion of the smoke there will be increase in land and air temperatures of the nearby area and a zone develops where the temperature is more than otherwise expected temperature. It would be important to characterize such a zone because that would be useful to 1) study the impact of the fire; 2) identifying high risk area and taking appropriate measures to hazard mitigation; 3) help in planning location of such terminal in future; 4) help in settlement of insurance claims etc. Since it may not be feasible to record land/air temperatures at varying distances and directions, satellite remote sensing could serve the purpose of spatial and temporal data collection for analysis of such fire. Satellite remote sensing data can be utilized to generate LST images of a large area at regular interval.
In the present study MYD11A1 product of MODIS/Aqua was used. The MODIS/Aqua Land Surface Temperature and Emissivity (LST/E) product provide per-pixel temperature and emissivity values. It is tile-based and gridded in the Sinusoidal projection, and is produced daily at 1 km spatial resolution in HDF-EOS format (LP DAAC, 2009). The product has 12 Science Data Sets (SDS) layers. QC_Night and LST_Night_1km layers of MYD11A1 products were used for the study. MODIS Reprojection Tools (MRT) tool was used to subset the image spectrally and spatially, reprojected to UTM projection system with WGS84 datum (Zone 43N) and converted to GeoTIFF format (LP DAAC, 2010). The data in GeoTIFF format was then analyzed using ArcGIS software.
In order to identify the likely affected area, wind rose of Jaipur during the fire period was studied. It was observed that during the fire event predominant directions for wind was NNW/NW. Thus the maximum impacted area for thermal pollution would be towards SE/SSE direction of the terminal. This can also be seen in night LST images of October 29 and 30, 2009 (Figure 2). Therefore area falling within South and East directions of the terminal was divided into 9 directions at an interval of 10o and the remaining area around the terminal was taken as the 10th direction. All the directions were further divided into different zones based on their distance from the terminal. Area falling within 2 km from the terminal was excluded from the analysis as it included less than 5 pixels per zone which was considered as insufficient sample size. Area beyond 2 km and up to 42 km was divided into eight zones at an increment of 5 km thus creating in all 80 zones as shown in Figure 2.
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Figure 2. Night LST Images, Study Area and Base Area.

The temperature of a particular area keeps on changing depending on a variety of factors such as season, incident solar radiation, duration of solar radiation, cloud cover etc. Due to the variability of temperature, it is difficult to compare temperatures of two or more days. However the temperature of different parts of an area is generally in sync to each other and therefore difference of temperature with an identified base area could be used for comparison. For the current study an area of size 17.5 x 20.5 km (approximately 358 square km) adjoining the study area towards north was identified as base area (Figure 2). The base area has been so chosen that it is in natural condition and away from urban or any other developed area, which can affect the surface temperature of the base area. Daily LST of the base area and all zones, classified on the basis of buffer distance and direction, was calculated for the week (October 22 to 28, 2009) preceding to the fire event. Statistical parameters like daily mean, maximum and minimum LST of all zones and of the base area during the preceding week was calculated. The difference of mean LST of a zone and base area was calculated as TDmean and was further analyzed. Since the study area is urban so TDmean for different zones of the study area was found to be more than that of base area and was varying from 1.35 to 4.53 oc. It was also found that variation within TDmean itself for a particular zone was up to 50%. In order to analyze the effect of fire at terminal on LST of different zones, the TDmean value was calculated and compared for all the zones. Study of values of TDmean of different days during the fire event showed a marked increase in TDmean for certain zones. The values of TDmean ranged between 0.39 to 7.53 oc on October 29, 1.11 to 6.07 oc on October 30, -0.33 to 5.56 oc on October 31 and 1.86 to 5.41 oc on November 1, 2009. The percentage variation of TDmean from preceding week mean TDmean for some zones was very high and the maximum value was 249%. Figure 3 highlights all the zones where the percentage variation was more than 50% and these zones have been classified as affected zones due to fire.
[image: image3.jpg]Affected Zones (October 29)

Affected Zones (October 30)

@I0C Terminal

@I0C Terminal

Affected Zones (November 01)

10C Terminal

o
“

(Legend

® IOC Terminal

Non Affected Zone

\- Affected Zone





Figure 3. Affected Zones.

It is thus concluded from the study that 1) wind direction has profound effect on thermal pollution of such fire, as occurred at IOC terminal, Jaipur; 2) the thermal pollution was found to be extending up to 42 km from the place of fire; 3) remote sensing data can be utilized for identification of affected zones/area; 4) location of such facilities should be decided taking into account the predominant wind direction throughout the year. Since the IOC terminal was located in the south part of the city therefore the city was saved from thermal pollution due to its location.
References

[1] D. Botkin and E. Keller, Environmental Science: Earth as a Living Planet, John Wiley & Sons, Inc., New York, 1995.
[2] LP DAAC, “MODIS/Aqua Land Surface Temperature and Emissivity Daily L3 Global 1 km Grid SIN”, USGS website, https://lpdaac.usgs.gov/lpdaac/products/modis_products_table/land_surface_temp erature_emissivity/ daily_l3_global_1km/myd11a1, 2009.

[3] LP DAAC, “MODIS Reprojection Tool”, USGS website, https://lpdaac.usgs.gov/lpdaac/tools/modis_rep rojection_tool, 2010.

[4] NDTV, “Jaipur fire may cost IOC Rs 300 crore”, NDTV Social website, http://www.ndtv.com/news/ india/jaipur_fire_may_cost_ioc_rs_300_crore.php, 2009.
[5] V.S. Singh, T.S. Panwar, P.P. Bakre, A.B. Gupta and R.K. Gaur, “Environmental impacts of the fire in Indian Oil Corporation Depot, Sitapura, Jaipur”, Committee Report submitted to Department of Environment, Government of Rajasthan, 2010.

� Corresposnding Author.





