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Executive Summary 

This final report comprised of first and the second phase data of the study. The first phase report of the 

study was submitted to the factory in February 2023. The second phase of the study encompasses ground 

water and soil monitoring data, its results and interpretation, geo-profile studies and geology, hydro-

geology related observations, preventive measures recommendations, damage assessment and its 

monetization. For easier understanding and continuity of the subject, the first phase work is also included 

in this report.  This is mainly to give background of the study and readily provide monitoring locations 

related data to the reader.  

On the request of the factory, additional sampling was done at five dug well (ground water samples) and 

seven locations for soil. Those locations were not included in the first phase of the report. Hence, all 

monitored locations were re-described in the second phase along with images showing its location on 

Google-earth.  Sampling locations were grouped into different zones. This zonation is mainly based on the 

proximity of the location to the accident site. Hence, ground water and soil sampling locations of zone and 

zone 2 are very important and they were located within 1km distance from the accident site.  

Initially, molasses analysis was done to understand its pollution strength/potential. It was observed that 

the molasses has an acidic nature. Its pH is observed in the range of 4.7 to 5.7. Usually, molasses is observed 

rich in organic as well as inorganic material. Therefore, it showed relatively high chemical oxygen demand 

(COD average 63,000 mg/L) and biological oxygen demand (BOD – average – 23,000 mg/L).  In addition, 

nitrogen, phosphorous and potassium (N, P, K) content along with chloride, sulphate and silica are 

observed/ reported to considerable extent.  

In order to assess the environmental damage due to the accident,  

● Ground water samples were collected and analysed from 18 locations during first phase and five 

more samples were added at later stages of the study. Thus, total 23 water samples were analysed 

● Similarly, soil samples were collected and analysed initially from 18 locations and seven more 

samples were added at later stages of the study. Thus, total 25 soil samples were analysed 

● Geo-profile study carried out at 30 locations 

For ground water quality, in order to understand the contamination due to molasses and its percolation in 

the dug well near to the accident site – COD, BOD characteristics of water was considered a key parameter. 

In addition, pH, electrical conductivity (EC) of ground water, its hardness, TDS and concentration of major 

cations, anions are also considered while assessing the present status of the waterbody with respect to the 

accidental contamination of the same.  
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Results of ground water quality study showed pH in the range of 7.0 to 7.9 which is neutral to mild alkaline 

nature, except one sampling location - W 11 -where pH of 6.8 reported. Ground water samples from non-

affected areas showed pH value ≥7.5. All collected samples were colourless. Its electrical conductivity 

ranged from 876 micro mho/cm to 6389 micro mho/cm. Highest conductivity reported for samples 

collected near river Ghod.  

Usually, COD of unpolluted water is observed <20 mg/L. In the present study, out of 23 ground water 

samples, eight samples (all from affected areas) showed COD of <20 mg/L. But, in contrast the ground 

water sample from uncontaminated areas particularly sample W 16 and W 18 reported COD values of 

48 mg/L and 176 mg/L respectively. COD value reported for W 18 is the highest for the study area. Since 

COD and BOD are interlinked parameters, a similar trend was observed for BOD parameter for the 

ground water samples of the study area. Considering an average COD value of analysed C-molasses 

samples of 63,000 mg/L, the COD values reported for the sampled ground water are considerably low as 

far as comparison is concerned. Analysis results of COD, BOD parameters clearly indicate that, the status 

of ground water of the study area is more or less clean to mildly polluted. It showed very minor or traces 

of pollution at few locations. This very mild pollution characteristics may be due to local contamination.  

Hardness and TDS parameters of samples ground water considered important in order to assess its potable 

characteristics. Amongst these two parameters, TDS of sampled ground water observed in the ranges of 

502 mg/L to 3742 mg/L. According to the IS 10500:2012 standard for drinking water, acceptable limit of 

TDS is 500 mg/L. Reports for the hardness characteristics show that its value ranged from 130 mg/L to 1270 

mg/L. Acceptable limit of total hardness (as CaCO3) as per IS 10500:2012 is 200 mg/L. Only four samples 

out of 23, reported hardness ≤ 200 mg/L. Thus, ground water characteristics of the study area for TDS 

parameter observed exceeding the standard at all monitored locations but hardness observed within the 

standard only at four locations.  

Overall, the ground water characteristics of the samples collected from accident contaminated/affected 

areas were observed to be similar to the non-affected/contaminated areas.  

In case of soil analysis, pH characteristic is observed to be neutral (pH 7.25) to highly alkaline (pH 9.12). 

Available nitrogen and phosphorous levels for most of the samples of study area are observed in low to 

very low ranges. Whereas, the potassium level at many places is observed in high to very high levels. Soil 

organic carbon was also reported as moderately high to high values.   

Overall, the soil analysis results show a similar trend as ground water analysis. It means, the impact due to 

accidental contamination of the resources (water and soil) is probably remediated naturally. The soil 

samples collected from accident contaminated/affected areas and non- affected areas show more or less 

similar characteristics. Therefore, the present status of soils of the study area show no traces of molasses 
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contamination as such. It may be due to the effective scrapping action taken by the factory management 

immediately after the accident. In this action, molasses from contaminated soil and other surfaces was 

scrapped with bagasse, removed mechanically and transferred to the compost yard of the distillery unit.  

 Geo-physical studies  

From the resistivity surveys, it is inferred that throughout the area from surface downwards up to depth 

of 25 meters the strata are highly weathered and conducive for water infiltration and therefore the 

infiltration of the molasses released during the accident may have contaminated the groundwater present 

in the area.  This contamination might have occurred immediately after the accident. However, the samples 

of ground water collected during the study reveals almost negligible traces of pollutants in the collected 

samples. These pollutants may be due to local contamination.  

 Preventive measures 

This type of accident occurred a second time in the past nine years in the distillery unit. Therefore, a 

major preventive measure is to strictly adhere and follow Indian standard 5521: 2022 Steel tanks for 

storage of molasses- specification (second revision). This standard covers the requirements of materials, 

recommended volumes and dimensions, method of construction, and testing of mild steel tanks for storage 

of molasses in sugar factories. It is advised to appoint a Competent Auditor for this purpose and confirm 

the compliance of standard.   

 Damage Assessment and Monetization 

In the present study, a shadow pricing mechanism was used to determine the damage cost. In this 

method, the estimation of the distance function enables us to obtain the shadow price of the undesirable 

outputs. This method is originally described in a research paper published by F. Hernández-Sancho et al. 

(2010). In their study, researchers considered nitrogen, phosphorous, suspended solids, BOD and COD 

as undesired output of sewage treatment plants. This is mainly because the cost involved in removing 

these undesirable components is considerable in order to reuse the sewage. Hence, they considered the 

cost as an environmental benefit cost and interpreted the results. 

However, in the present case, ground water and soil is affected due to accidental release of the molasses. 

Strength of liquid pollutants is usually measured in BOD and COD. While estimating COD, the demand of 

oxygen for oxidation of inorganics gets covered. Therefore, in the present study estimating cost for the 

inorganic may lead to duplication of the cost for the same pollution. In other words, the damage cost 

due to inorganic also gets covered through COD value. Therefore, COD and BOD are considered as 

important parameters for damage cost estimation.  

 

365



 

Damage Assessment Report 

M/s. Sahakar Maharshi Shivajirao Narayanrao Nagawade SSKL., Shrigonda 4
  

The damage assessment and preventive/mitigation measures cost is as follows. 

Table 1: Cost of damage and its preventive measures 

Particular Details 
Cost/provision 

(Rs) 

Damage Cost  Cost of damage due to accidental discharge of molasses into the 

ground water of nearby areas  

36,97,624.00 

Cost of damage due to accidental discharge of molasses into the 

soils of nearby areas 

36,97,624.00 

Cost of damage to flora/trees due to accidental discharge of 

molasses 

2,08,750.00 

Preventive 

measures 

provision  

Provision for implementation of preventive and mitigation 

measures 

75,00,000.00 

Remedial or 

Mitigation 

measures 

(additional) 

through CER 

Provision for implementation of CER activities  51,00,000.00 

 TOTAL 2,02,03,998.00 

 Rupees two crores two lakhs three thousand nine hundred ninety eight  
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Damage Assessment Report: Phase I 

1.0 Introduction 

M/s. Sahakar Maharshi Shivajirao Narayanrao Nagawade Sahakari Sakhar Karkhana Limited (SMSNNSSKL), 

Tal. Shrigonda, Dist. Ahmednagar is a one of the progressive and leading sugar factories of Ahmednagar 

district of Maharashtra. It was established in the year 1965 and has registration No.: ANR/PRG (A)/1-dated 

03.08.1965. The factory achieved significant development under the leadership of Late Mr. Shivajirao 

Nagawade. Now, it is growing under the leadership of Chairman Mr. Rajendra S. Nagawade. Gradually, the 

sugar unit expanded and the factory established a 30 KLPD distillery unit in 1986. In the year 2021 the 

factory started a 26 MW cogeneration unit. Presently the cane crushing capacity of the sugar unit is 4,800 

TCD, Cogeneration unit is 26 MW and distillery unit is operated at 30 Kilo litre per day (KLPD) capacity.  

1.1 Geographical location of the factory 

 

Figure 1.1: Site location map 

The site is located at Plot number 52/2 village Limpangaon of Shrigonda taluka of Ahmednagar district, 

Maharashtra.  
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Geographical coordinates of the industrial unit are –  

1. 18°35'31.71"N, 74°37'0.86"E    2. 18°35'20.94"N, 74°37'28.02"E 

3. 18°35'2.82"N, 74°37'19.10"E    4. 18°35'18.38"N, 74°36'56.07"E 

1.2 Access 

Taluka headquarter and town Shrigonda is approx. 8.5 km from the factory site. The unit is approx. 0.5 km 

from Shrigonda- Nhavare State highway and approx. 2.3 km from NH 160 i.e. Kurkumbh-Ahmednagar road. 

Nearest railway station is Shrigonda which is approx. 2.5 km from the project site.  It is on the Daund-

Manmad route. Pune and Shirdi airport are near to the site. They are at approx. 75 and 120 km aerial 

distance from the site.  

1.3 Raw material and finished product storage details 

Table 1.1: Raw material and finished product storage details 

Storage details Capacity 

Molasses storage tank M1 4500 MT (02 Nos.) 

Molasses storage tank M2 4500 MT (01 Nos.) 

Rectified Spirit Storage Tank - 1 6,77,934 BL 

Rectified Spirit Storage Tank - 2 6,83,944 BL 

Rectified Spirit Storage Tank - 3 6,53,777 BL 

Rectified Spirit Storage Tank - 4 95,807 BL 

ENA Storage Tank-1 96,000 BL 

ENA  Storage Tank- 2 96,000 BL 

*All tanks are provided with Recirculation and water cooling system. 

1.4 Environmental Conditions 

M/s. Sahakar Maharshi Shivajirao Narayanrao Nagawade Sahakari Sakhar Karkhana Limited (SMSNNSKL) is 

located in village Limpangaon, taluka Shrigonda, district Ahmednagar.  

The distillery unit of the factory is located towards the south of the industrial plot.  Satellite image shows 

that there are spent wash storage lagoons and compost yard is located towards east of the unit. Towards 

south, there are agricultural plots located in the immediate surrounding and a tiny settlement at approx. 

100 m from the site. In the west, there is a small natural drainage (nalla) and a fallow land plot with scrub 

vegetation. Few agricultural plots observed after the fallow land.   Towards north, sugar unit of the factory 

is observed in the immediate surrounding area.  

The plots in the immediate surrounding of the site are presently under agricultural land use. There is a 

residential area at an approx. 500 m towards NW of the site. An artificial small-scale reservoir is located 
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towards the West direction within the project boundary. Nearest Village Jangalewadi is located towards 

SW of the site at approx 1.5 km. Ghod Left Canal is adjacent to the factory in the West direction. River 

Ghod ~6.2 km from the site flows from West of village Jangalewadi. In addition to these few Wells are 

within 1 km radius of the site.  

1.5 Climatic conditions 

Gradual increase in maximum temperature of the taluka observed from the month of February of 2022. 

Max temperature of +40oC was recorded in the months of April and May. Sharp decrease in the maximum 

temperature observed after onset of monsoon.  

 

Fig. 1.2: Maximum, Minimum and Average temperature of Shrigonda taluka (year 2022) 

The maximum humidity of taluka ranges between 70-80% in the month of June to September.  Humidity 

ranges around 40 % in the month of January. It decreases further upto April, observed around 20-25%. 
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Fig. 1.3: Average humidity of Shrigonda taluka 

 

Fig. 1.4: Average rainfall of Shrigonda taluka (year 2022) 

Source: worldweatheronline.com 
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2.0 Background of damage assessment work 

On 10th Feb 2022, one of the molasses tanks of 4500 MT capacity located in the distillery unit burst at 06.45 

am. Due to this, the stored molasses flowed out of the factory premises and found its way through nearby 

natural drainage. The factory management took immediate action to control and remove the molasses 

from outside premises. In the control action, the management took the following steps.  

● Stopped the flow of molasses in the natural drainage (nalla) by constructing temporary bunds  

● Deployed tankers to collect the molasses from the nalla 

● Used vehicle mount diesel engine pumps to collect the molasses in tankers 

● Brought the tankers to the factory premises and stored the molasses from tankers into spent wash 

storage constructed lagoons of distillery unit 

● Used scrapping material such as bagasse to prevent spread of molasses in the surrounding field 

● Collected the scrapped bagasse and brought it to the compost yard of the distillery unit 

● Used the scrapped material for composting activity 

● The management could able to control and restrict the flow of molasses within 800 m (aerial distance) 

from the distillery premises 

● Prevented the spread molasses in the surrounding agricultural and/or open land to maximum extent 

● Closed the distillery operations till the action of molasses removal from the natural environment gets 

completed. 

 
Figure 2.1: The place (tank location) of accident 
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 Figure 2.2: Photographs of the damaged area 

● Immediate control measures implemented by the factory management after the incident: 

 
Figure 2.3: Removal of contaminated soil 
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Figure 2.4: Construction of temporary bunds on natural drain to restrict the flow of molasses 

 

Figure 2.5: Used vehicle mount diesel engine pumps to collect the left over molasses in tankers 

Immediately, the factory management reported the accident to regulatory authorities such as Maharashtra 

State Pollution Control Board. The board officials visited the site on the same day i.e. Feb 10, 2022 and 

prepared the onsite observation report. Copy of the same is enclosed as annexure I. 

  

373



 

Damage Assessment Report 

M/s. Sahakar Maharshi Shivajirao Narayanrao Nagawade SSKL., Shrigonda 8
  

2.1 Summary of the MPCB-FO visit report 

As per instruction SRO, Ahmednagar visit paid to industry regarding blast of molasses tank incident 

happened in industry premises. During visit following observations are made as below 

● During the visit it is observed that, blast of molasses tank (No.-1) M-1 incident happened in the molasses 

storage area. 

● Industry representative informed that, said incident happened at 6.45 AM on 10/02/2022 

● Due to said incident molasses has spread in premises (i.e. near ETP area, CPU area) & it has also flowed 

into the nearby nalla and it has flown till approx. 1.0 Km in the said nalla. Same nalla blocked using 

black cotton soil. 

● Due to said incident molasses flown into nalla, due to which It has also spread in nearby farmlands 

● Industry representatives informed that they have stored approx. 4102.800 MT molasses in molasses 

storage tank no.-1 (M-1) same is spread in premises and nearby nalla 

● Industry representatives informed that they have stored approx. 3034.710 MT in molasses tank No. 2 

(M-II) & approx. 4072.380 MT molasses in tank No. 3 (M-III) 

● Due to this incident the wall near ETP was damaged 

Remarks (By MPCB): 

● Instructed industry to submit action taken report on top priority 

● Industry shall remove all molasses from nearby nalla on top priority 

● Instructed industry to submit the molasses storage arrangement details on top priority in MPCB office 

● Industry shall carry out safety audit of molasses storage tank No. 2 & 3 

● Industry representative informed that this accident happened due to spontaneous combustion in tank 

No.-1 (M-I) 

Later, due to NGT Application No. 85/2022 (WZ) and Caveat No. 12/2022, the state pollution control board 

gave directives to the factory to prepare a damage assessment report. Hence, the factory management 

approached Vasantdada Sugar Institute (VSI), Pune to prepare damage assessment work. VSI is NABET 

accredited Environment Impact Assessment (EIA) consultant providing its services to the sugar industry for 

more than two decades. 

Scope of phase 1 

1) Detailed survey of the accident affected/damaged site and identification of locations for collection 

of water and soil samples 

2) Geo-referencing of locations identified for water/soil sample collection 

This was mainly to identify the core and buffer area of the accident.  It should get clearly demarcated on 

the map/satellite image. On the basis of this data, a number of samples for water, soil and 

geological/hydrogeological investigations would get finalized. 
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On Dec. 02, 2022 a project team comprised of following members visited the site and collected site specific 

information and data. 

Table 2.1: Details of experts involved in damage assessment work 

# Name Expertise 

1)  Dr. Nitin Karmalkar  Geology and geophysical surveys 

2)  Dr. Amol Deshmane  Ecology and Biodiversity, Impact assessment 

3)  Dr. R.A. Duraiswami  Hydrogeology and water quality assessment, Remote sensing and 

GIS applications 

4)  Dr. Vivek Patil  Environment Sciences, Impact assessment  

5)  Ms. Priyanka Kad  Land Use Land cover studies using remote sensing, GIS 

3.0 Findings of First phase study  

Based on the visit and collected data, an area affected due to molasses spread was demarcated on satellite 

image. 

 
Figure 3.1: Image showing spillage of molasses inside factory premises 
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Figure 3.2: Image showing spillage of molasses outside factory premises 

 

Figure 3.3: Google earth image showing spillage of molasses in the nearby area 

(In these images orange colour used to show the spread of molasses and its flow in the natural drainage) 

Also, soil and water sample collection locations were determined. These locations are covered in figure 3.5 

and 3.6. While selecting the locations, highly, moderately and low affected areas as well as non-affected 

areas were considered to get the broader picture.  Water and soil samples for the mentioned location was 

collected on Feb 06 and 07, 2023.  
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Figure 3.4: Soil sampling location map 

  

 
3.3 Km (SW) from factory 

6.0 Km (SW) from factory 
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Table 3.1: Soil Sampling locations with geographical coordinates 

# Sample Geographical location Location specification Remark 

1.  Soil Sample 1  18°35'4.61"N, 74°36'25.67"E Farm of Mr. Pappu Jangale low affected area 

2.  Soil Sample 2  18°35'5.10"N, 74°36'22.67"E Farm of Mr. Bhaskar Jangale low affected area 

3.  Soil Sample 3  18°35'4.41"N, 74°36'35.47"E Farm of Mr. Ganesh Gund moderately affected 

4.  Soil Sample 4  18°35'6.19"N, 74°36'38.63"E Farm of Mr. Dyaneshwar Gund moderately affected 

5.  Soil Sample 5  18°35'6.26"N, 74°36'51.75"E Farm of Mr. Tukaram Gund moderately affected 

6.  Soil Sample 6  18°35'5.78"N, 74°36'52.01"E Farm of Mr. Tukaram Gund moderately affected 

7.  Soil Sample 7  18°35'12.77"N, 74°36'51.93"E Farm of Mr. Parshuram Gund moderately affected 

8.  Soil Sample 8-1  18°35'7.19"N, 74°36'55.34"E Farm of Mr. Lokesh Rode highly affected area 

9.  Soil Sample 8-2  18°35'7.33"N, 74°36'58.62"E Farm of Mr. Lokesh Rode highly affected area 

10.  Soil Sample 9  18°35'5.22"N, 74°36'58.23"E Farm of Mr. Dyaneshwar Rode highly affected area 

11.  Soil Sample 10  18°35'9.61"N, 74°36'59.21"E Farm of Mr. Madhukar Gund highly affected area 

12.  Soil Sample 11  18°35'11.01"N, 74°37'2.54"E Farm of Mr. Rangnath Gund highly affected area 

13.  Soil Sample 12  18°33'20.37"N, 74°34'22.64"E Farm of Mr. Kokate non affected area 

14.  Soil Sample 13  18°34'34.88"N, 74°35'21.32"E Farm of Mr. Kondiba Rahinj non affected area 

15.  Soil Sample 14  18°34'36.46"N, 74°35'21.02"E Farm of Mrs. Anjana Gawade non affected area 

16.  Soil Sample 15  18°35'23.76"N, 74°37'29.17"E Farm of Mr. Madhukar Kalane non affected area 

17.  Soil Sample 16  18°35'4.66"N, 74°37'13.22"E Farm of Mr. Baban Dhage non affected area 

18.  Soil Sample 17  18°35'6.89"N, 74°37'11.77"E Farm of Mrs. Rukhmini Dhage non affected area 

19.  Soil Sample 18  18°35'16.56"N, 74°37'5.53"E Near molasses storage tank  highly affected area 
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Figure 3.5: Water sampling location map 

  

 
3.3 Km (SW) from factory 

6.0 Km (SW) from factory 
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Table 3.2: Water Sampling locations with geographical coordinates 

# Sample Geographical location Location specification Remark 

1.  Well water 1  18°35'3.14"N, 74°36'25.58"E Well of Mr. Pappu Jangale Low to moderately  

affected area 

2.  Well water 2  18°35'4.91"N, 74°36'22.31"E Well of Mr. Bhaskar Jangale Low to moderately  

affected area 

3.  Well water 3  18°35'4.96"N, 74°36'35.29"E Well of Mr. Ganesh Gund moderately affected 

4.  Well water 4  18°35'6.43"N, 74°36'38.30"E Well of Mr. Dyaneshwar Gund moderately affected 

5.  Well water 5  18°35'6.40"N, 74°36'51.53"E Well of Mr. Tukaram Gund moderately affected 

6.  Well water 6  18°35'5.83"N, 74°36'52.37"E Well of Mr. Tukaram Gund moderately affected 

7.  Well water 7  18°35'13.42"N, 74°36'50.61"E Well of Mr. Parshuram Gund moderately affected 

8.  Well water 8  18°35'6.57"N, 74°36'58.86"E Well of Mr. Lokesh Rode highly affected area 

9.  Well water 9  18°35'5.50"N, 74°36'57.96"E Well of Mr. Dyaneshwar Rode highly affected area 

10.  Well water 10  18°35'9.49"N, 74°36'59.02"E Well of Mr. Madhukar Gund highly affected area 

11.  Well water 11  18°35'11.01"N, 74°37'2.81"E Well of Mr. Rangnath Gund highly affected area 

12.  Well water 12  18°33'4.49"N, 74°34'35.83"E Well Near Ghod River - Kashti non affected area 

13.  Well water 13  18°33'20.80"N, 74°34'23.99"E Well Near Natural drain  

(Mr. Kokate) 

non affected area 

14.  Well water 14  18°34'34.68"N, 74°35'21.90"E Well of Mr. Kondiba Rahinj non affected area 

15.  Well water 15  18°34'36.97"N, 74°35'20.05"E Well of Mrs. Anjana Gawade non affected area 

16.  Well water 16  18°35'24.36"N, 74°37'28.24"E Well of Mr. Madhukar Kalane non affected area 

17.  Well water 17  18°35'5.19"N, 74°37'12.86"E Well of Mr. Baban Dhage non affected by 

molasses/but low 

laying to spent wash 

storage tanks area 

18.  Well water 18  18°35'6.48"N, 74°37'11.84"E Well of Mrs. Rukhmini Dhage  
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Damage Assessment (Phase 2 i.e. final report) 

 Brief about the study of phase two of damage assessment  

As discussed in the introductory part of the report (Phase 1, page 5) that damage was caused due to 

accidental release of molasses (C-heavy type) outside the factory premises of M/s. Sahakar Maharshi 

Shivajirao Narayanrao Nagawade Sahakari Sakhar Karkhana Limited, Shrigonda assessed in this study. 

According to the letter from Maharashtra Pollution Control Board (MPCB – letter ref. 

MPCB/RONK/ID/221017001/2022 dated Oct. 17th 2022 – enclosed as annexure 2), it directed the factory 

to –  

1) carryout assessment of contamination and  

2) Estimate cost of remediation and damage assessment  

 The Study Process 

In this context, ground water and soil samples were collected to assess contamination of pollutant. Results 

and interpretation of the same are covered in detail in this part of the report. Estimation of remediation 

cost is also dependent on this study. Damage assessment part of the report is based on ‘Framework for 

Environmental Damages Cost Assessment’ – Special report on monetizing damages - published by National 

Environmental Engineering Research Institute (NEERI – Year 2019). This report by NEERI used as a basic 

guideline to describe the damages due to the accident, understanding its impact and monetizing the 

damage. Schematic of the process is given in figure 1.1. 

 

Figure 1.1: Schematic of damage assessment process used for this study 
Source: ‘Framework for Environmental Damages Cost Assessment’ – Special report on monetizing damages - published by 

National Environmental Engineering Research Institute (NEERI – Year 2019) 
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1.0 Identification of pollutant/s type, its source, quantity and characteristics 

Therefore, while assessing the damage, the nature of the pollutant is described in the first part.  It includes 

pollutant type, its source, quantity and characteristics.  

Type of pollutant  C-heavy type molasses  

Source It is generated from sugar manufacturing process  - from sugar cane 

Quantity  Approx. 4,000 tons of molasses (C heavy type) 

Further, molasses characteristics were determined by analyzing the samples in the lab and through 

available research papers. The findings of the same are as follows.  

Table 1.1: General characteristics of C-heavy molasses as a raw material for fermentation unit 

Particulars Test values 

pH of molasses  4.20-4.50 

Brix  86.00-90.00 

Moisture content (%)  15.00-21.50 

Total suspended solids (%)  3.50-7.00 

Total dissolved solids (%)  72.00-82.00 

Total reducing sugars (%) by mass  42.00-52.00 

Total fermentable sugars (%) by mass  40.00-48.00 

Fermentable/Non fermentable ratio (F/N) 1.50-2.00 

Calcium content (gms/1000 brix)  1.80-2.75 

Ash (Molasses) in % 7 to 10 

Carbonated ash (%)  8.00-12.00 

Sulphated ash (%)  11.00-15.00 

Nitrogen (% of molasses)  0.700-1.200 

Potassium (% of ash)  15.00-16.50 

Sodium (% of ash)  0.90-0.95 

Chlorides (% of ash)  13.00-14.00 

Phosphates (% of ash)  0.25-0.35 

Total organic volatile acids (mg/lit.)  2500-7000 

Non-sugar organic compounds*  20 to 25 

*includes nitrogenous substances, cane wax, vitamins, etc. 

Reference: NATIONAL SUGAR INSTITUTE, KANPUR (Presentation by Dr. Seema Paroha of NSI)  
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Table 1.2: Characteristics of C-heavy molasses - Analysed considering water pollutant/contaminant) 

 

# Parameter Test value* Unit 

1 pH at 25oC 4.7 to 5.7 --- 

2. Colour  Dark brown  

2 Electrical Conductivity@25°C 359 -1586  µmhos/cm 

3 Chemical oxygen demand 54,000-69,000 mg/l 

4 BOD at 27° C for 3 days 14,998 -24,998 mg/l 

5 Total Suspended Solids 2,896 -3,968 mg/l 

6 Sulphate as SO4 20,875 - 41,250 mg/l 

7 Chlorides as cl 13,995.6 – 18,994 mg/l 

8 Acidity  60,000-75,000 mg/l 

9 Silica (Colloidal) 4,901.1 – 5,882 mg/l 

10 Phosphorous (P) 230.39 to 235.29 mg/l 

11 Potassium (K) 27,843 -30,539 mg/l 

12 Sodium (Na) 7,389.16–20,295.57 mg/l 

13 Total Dissolved Solids 65,940 – 72,426 mg/l 

14 Nitrogen (TKN) 7,560 – 8,960  mg/l 

15 Nitrate  BDL  

16 Calcium as Ca 8,016 -16,032 mg/l 

17 Magnesium as Mg 4,609.22- 4,613.11 mg/l 

18 Copper as Cu BDL mg/l 

19 Iron as Fe 4.639 – 5.360 mg/l 

20 Chromium (Cr) Total BDL mg/l 

21 Nickel (Ni) BDL mg/l 

22 Zinc (Zn) BDL mg/l 

23 Manganese as Mn BDL mg/l 

24 Lead as Pb BDL mg/l 

25 Cadmium as Cd BDL mg/l 

26 Volatile Acids  491.4 – 510.3 mg/l 

*average of three samples 

BDL = Below detection limit; 

BDL value of Pb, Cd Cr, Mn, Zn, Ni and Cu = 1 mg/L 
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1.1 Characterization of pollutant i.e. molasses 

pH of molasses: Molasses (C-Heavy type) analysis report presented in table 1.2, indicates that it is acidic in 

nature (ranging between 4.7 to 5.7). Similar type of observation was reported by Kassa (2019) - who 

reported pH of 5.05 of molasses. In present study, molasses got discharged in a large volume and its 

entrainment was observed in nearby dug wells.  This might have caused a change in the pH of water from 

neutral to acidic. Acidic pH might have caused damage to aquatic life. Because, baseline data i.e. test 

reports of accident affected dug wells (after the accident) is not available, specific comment related to 

impact is assumptive.  

After pH, the second important pollution parameter is colour. Molasses has a very dark brown colour. 

Therefore, when molasses entered nearby dug wells, the colour of the receiving waterbody might have 

become brown or dark in colour. In such a situation light penetration into the waterbody gets drastically 

reduced. It also affects the exchange of oxygen between water bodies and the atmosphere. Thus, depletion 

of dissolved oxygen (DO) of water observed in such circumstances.  

Temperature is also one of the important parameters for molasses. Usually the temperature of the 

molasses storage tank is maintained between 30 oC to 34 oC i.e. below 35 oC. But, a temperature of even 

34oC is warmer for well water which is usually observed around 27oC. This is another reason for DO 

depletion. Organic as well as inorganic content of molasses is another major factor for DO depletion  

Chemical oxygen demand (COD) and Bio-chemical Oxygen Demand (BOD): 

The COD value of C-heavy molasses is in the range of 54,000 to 69,000 mg/L.  BOD value of the analysed 

molasses sample was observed in the range of 14,998 mg/L to 24,998 mg/L. This COD/BOD value is 

considerably high and thus has the potential to cause damage to receiving water bodies.  Considering the 

same the molasses (pollutant) entered into the water bodies (dug wells) had a very high pollution potential. 

According to the standards set by the Central Pollution Control Board (CPCB) for discharge of 

effluent/wastewater into any of the water body, BOD should be < 30 mg/L (Reference https://cpcb.nic.in).   

Reference:  Kassa, Y. Application of cane molasses as concrete retarder admixture. SN Appl. Sci. 1, 1547 (2019). 

https://doi.org/10.1007/s42452-019-1608-8 
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2.0 Identification of adverse impacts or change in the environment or impact on 

human health due to emitted pollutants 

This part presumably overlapped with assessment of contamination. Because, the data required for both 

is same - that is groundwater and soil analysis report. Hence, this part of the report will discuss monitoring 

and analysis of ground water and soil. Changes in the environment due to the pollutant is discussed in the 

later half.  

2.1 Water and Soil sample collection, analysis results and data interpretation 

For this study, a laboratory team of Department of Environmental Sciences of Vasantdada Sugar Institute 

(VSI) was involved in the sample collection and analysis. The laboratory of the Department of 

Environmental Sciences is accredited for many parameters of water, wastewater, soil, sludge, solid waste, 

ambient air, stack gas analysis by National Accreditation Board for Calibration and Testing Laboratories 

(NABL – accreditation certificate and approved scope is enclosed as annexure VI). This team visited the site 

on Feb 05 and 06, 2023 and March 16, 2023 to collect the ground water and soil samples from the study 

area. These samples were collected as per the sample collection procedures of the laboratory. Procedure 

for water sample collection is prepared based on the guidelines by the Central Pollution Control Board 

(CPCB). Procedure for soil sampling is developed based on the best practices followed at national and 

international levels. These samples were brought to the laboratory and analysed by experienced staff. For 

the analysis of collected groundwater samples, standard methods prescribed by American Public Health 

Association (APHA) and Bureau of Indian Standard (BIS) were mainly followed. Most of the parameters are 

under the NABL accreditation scope of the laboratory. In case of soil samples, BIS and Fertilizer Control 

Order (FCO) methods were used.  

(Guidelines for water quality monitoring by Central Pollution Control Board MINARS/27/2007-08)  

2.2 Molasses analysis results and its interpretation  

In case of any water pollutant or wastewater its pollution strength is mainly assessed based on its chemical 

oxygen demand (COD)/biological oxygen demand (BOD) values. COD is often used as a measurement of 

pollutants in water, wastewater and aqueous hazardous wastes. COD is a measure of the oxygen equivalent 

of the organic matter in a water sample that is susceptible to oxidation by a strong chemical oxidant. COD 

is widely used as a measure of the susceptibility to oxidation of the organic and inorganic materials present 

in water bodies. The COD test of natural water yields the total quantity of oxygen that is required for 

oxidation of a waste to carbon dioxide and water (McCutcheon et al. 1993). In a BOD test, only biologically 

reactive carbon is oxidized while in a COD test, all organic matter is converted to carbon dioxide. The COD 

concentrations observed in surface water resources typically range from 20 mg/L or less in unpolluted 
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waters to greater than 200 mg/L in waters receiving effluents. Industrial wastewaters may have COD 

ranging from 100 mg/L to 60,000 mg/L (Chapman 1992). 

In addition, other parameters such as pH, electrical conductivity, total dissolved solids are also important 

in determining the pollution strength of a liquid waste. These parameters were checked and results of the 

same are discussed here sequentially.  

Hardness and Total Dissolved Solids (TDS): Hardness of water indicates the amount of calcium and 

magnesium dissolved in it.  Water hardness is the total calcium and magnesium ion concentration in a 

water sample and is expressed or reported as mg/l as CaCO3 equivalent (i.e. concentration of calcium 

carbonate). Dissolved calcium (Ca++) and magnesium (Mg++) are the only two divalent cations found at 

appreciable levels in most waters. In natural water, both calcium and magnesium primarily exist bound to 

bicarbonate, sulfate or chloride.  Total dissolved solids or TDS is the amount of dissolved ions, including 

salts, minerals and metals, in a water source. 

These two parameters are broadly indicating the characteristics of ground water particularly for drinking 

and domestic purposes. IS 10500; 2012 prescribes acceptable limit of hardness as 200 mg/L and total 

dissolved solids this limit is at 500 mg/L.  

Reference: McCutcheon, S.C., Martin, J.L, and Bamwell, T.O. (1993). Water Quality. In Handbook of 
Hydrology, Edited by D.R. Maidment. McGraw-Hill Inc., New York. 
Chapman, D. (Editor) (1992). Water Quality Assessments. Published E & FN Spon on behalf of UNESCO, 
WHO and UNEP. London. 

 

2.3 Physiographic setting  

The Sugar Factory is to the northeast of village Janglewadi and is included in Survey of India Toposheet 

47J/10 and extends in quadrants A3, B2, and B3 (Fig. 2.1). The sugar Factory is located at an elevation 543 

m AMSL on the water divide separating the Pimpri Nala and the Gade Odha. The sugar factory is drained 

by 1st order streams, NE of Janglewadi. The stream between the Pimpri Nala and the Gade Odha is unnamed 

on Survey of India Toposheet 47J/10 and is herein considered and called as “Janglewadi Odha”.  

The Janglewadi Odha is a 4th order ephemeral stream, that drains into the Ghod River. The Janglewadi Odha 

flows in the NE-SW direction upto the west of village Rahinjwadi where it is joined by the 3rd order N-S 

trending stream. After the confluence the stream is perineal.   

Overall, the drainage pattern of Janglewadi Odha is dendritic and reflects the homogeneous substrate. For 

easier understanding, an area around the Janglewadi Odha is termed and referred as Janglewadi Odha 

micro-watershed. It is covered by soil and underlain by vesicular basalts belonging to the Cretaceous-
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Palaeogene Deccan Traps. In the SW the microwatershed is covered by a thin veneer of Quaternary 

alluvium between Pimpalchamala and Kashti along the Ghod River. 

 

Fig. 2.1: Part of Survey of India toposheet for the Janglewadi Odha mini watershed showing the Sugar 

Factory and water sample locations (in blue circled spots) 

The NE of the Janglewadi Odha is drained by the Ghod left bank canal and its subordinate branches. One 

such branch from the Ghod left bank canal runs in the NE-SW direction south of Pachputewadi-Rahinjwadi 

and Pimplachamala. Another major branch of Ghod Left Bank Canal is present to the north of the study 

area and irrigates the region south of Thokriwadi. The Ghod Left Bank Canal and its subordinate branches 

constitute the command area where canal water is used for irrigation and groundwater from dug wells and 

borewells are used for protective irrigation or seasonal crops. The return flow (recharge) from the 

command area tends to flow towards the lower part of the micro watershed where the major cation and 

anions tend to concentrate giving a poor water quality in the Pimplachamala-Kashti areas. 

The test results of ground water samples collected mostly of the affected wells are presented here in the 

graph form as well as tabulated. Test reports of the same are enclosed as annexure to this report (Annexure 

VII).  For easier understanding the test values of important parameters are given in graphical form. These 

graphs are prepared for a group of samples collected from a specific area/zone. Details of the same are as 

follows. 
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Table 2.1:  Categorization of zones and details of sample collected form each zone 

Sampling 
Zone 

Sample 
Location/identification Code 

Location/Identification Details* 

Zone 1 W01 to W07 Samples from molasses spread area; distance in the range 
of 490 m to 1350 m from accident site  

Zone 2 W08 to  W11 Samples from molasses spread area; located within 400 m 
from accident site  

Zone 3 W12 and W13 Samples collected from dug well near river Ghod; located 
at a distance of 5960 m and 5,920 m respectively from 
accident site 

Zone 4 W14, W15 and 
W19 to W23 

Samples from affected area beyond 3,000 m from accident 
site 

Zone 5  W16, W17 and W18 Samples from area where molasses spread not observed 

* distances given in the table are aerial distances measured using Google Earth Image. It is from the 

molasses storage tank of the distillery unit.    

The distance of each location from the accident site/factory site estimated through Google earth image is 

as follows. 

Table 2.2: Geographical location and distance from factory of collected samples 

# 
Location/Identification 

code 

Distance  

(aerial distance in m) 
Latitude & longitude 

1 W 01 1270 18°35'3.14"N, 74°36'25.58"E 

2 W 02 1350 18°35'4.91"N, 74°36'22.31"E 

3 W 03 980 18°35'4.96"N, 74°36'35.29"E 

4 W 04 880 18°35'6.43"N, 74°36'38.30"E 

5 W 05 520 18°35'6.40"N, 74°36'51.53"E 

6 W 06 500 18°35'5.83"N, 74°36'52.37"E 

7 W 07 490 18°35'13.42"N, 74°36'50.61"E 

8 W 08 320 18°35'6.57"N, 74°36'58.86"E 

9 W 09 380 18°35'5.50"N, 74°36'57.96"E 

10 W 10 280 18°35'9.49"N, 74°36'59.02"E 

11 W 11 150 18°35'11.01"N, 74°37'2.81"E 

12 W 12 5960 18°33'4.49"N, 74°34'35.83"E 

13 W 13 5920 18°33'20.80"N, 74°34'23.99"E 

14 W 14 3320 18°34'34.68"N, 74°35'21.90"E 

15 W 15 3340 18°34'36.97"N, 74°35'20.05"E 

16 W 16 690 18°35'24.36"N, 74°37'28.24"E 
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17 W 17 300 18°35'5.19"N, 74°37'12.86"E 

18 W 18 260 18°35'6.48"N, 74°37'11.84"E 

19 W 19 2474 18°34'55.21"N; 74°35'45.08"E 

20 W 20  2603 18°34'53.54"N; 74°35'41.01"E 

21 W 21  2442 18°34'55.23"N; 74°35'46.18"E 

22 W 22 2984 18°34'40.11"N; 74°35'31.78"E 

23 W 23 2600 18°34'49.71"N, 74°35'41.47"E 

 

 
Figure 2.2: The sugar factory premises and the location of the tank is shown; The red line indicates the 

flow of molasses in the natural drainage. 

 
Figure 2.3:  Ground water monitoring locations from zone 1- sample W01 to W07 and the sugar factory 

premises (Yellow polygon) showing the molasses tank location where accident occurred 
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Figure 2.4: Photographs of water sampling conducted for damage assessment study 
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Sampling Zone 1: Locations W 01 to W 07 - Samples from molasses spread area; distance in the range of 

490 m to 1350 m from accident site 

In the entire sampling zone, dug wells are the only groundwater sampling source. There is a canal passing 

between the sugar factory and this sampling zone. This zone observed moderate spread of the molasses 

after the accident. Molasses flowed in the natural drainage passing close to the sampled dug wells. It was 

spread partially in the agricultural fields along the natural drainage. Dug well water contamination was 

observed to minor extent.  W 05 and W 06 sample locations are very close to the natural drainage that 

carried molasses after the accident. These locations are observed very close to the canal. Similarly, location 

W04, W 03 and W 02 were other sampling locations close to and in downstream directions of the natural 

drainage.  

Sampling Zone 2: Locations W8 to W11 - Samples from molasses spread area; located within 400 m from 

accident site. This is the high affected zone, located in the immediate surroundings of the accident site. In 

this, sampling locations W10 and W08 are observed very close to the natural drainages. Local persons 

communicated that these two wells were majorly affected by the accident.  Molasses entered into these 

wells and contaminated the water.  Therefore, the analysis results of ground water samples collected from 

these locations are of high importance for the study.  

 

Figure 2.5:  Groundwater monitoring locations from sampling zone 2- sample W08 to W11 
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Sampling Zone 3: Samples collected from dug wells near river Ghod; located at a distance of 5,960 m and 

5,920 m respectively from the accident site. These two locations were at distant places from the accidental 

site. The objective of sampling here was to check the status of ground water near the river, any influence 

of accident through the discharges from nala on ground water before it meets the river (Ghod). In addition, 

any capillary action from river water was also able to check.  

 

 

Figure 2.6A and 2.6B: The first image shows the site and sampling location W 12 and W13 and second 

image shows the close-up of location W12 and W13. 
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Sample zone 4: Samples from affected area beyond 3000 m from accident site (Sample W14, W15, W19 

to W23)  

After the accident, molasses which flowed through the natural drainage was stopped near location W02 

and W01 (locations marked at figure 2.3) by constructing a temporary bund. The factory lifted the molasses 

from this point, carried it into the tankers to the spent wash storage tanks of the factory. Therefore, the 

samples W14, W15 and W 19 to W23 considered as low or low to moderately affected.  

 
Figure 2.7:  Groundwater monitoring locations from sampling zone 4- sample W14, W 15 and W19 to W 

23 

Sample zone 5: Samples from area where molasses spread not observed (W 16 to W 18) 

Sample locations of this zone were situated on the upper side of the natural drainage (W17 and W18) and 

one sample location W16, on the other side of the factory/opposite side of the accident affected area. The 

test results of the same indicate the baseline values of various parameters for the rest of the non-affected 

area. By comparing the results of samples from the affected areas with these sample results, it will able to 

get some conclusion about the impact due to accidental intrusion of pollutants.   
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Figure 2.8:  Groundwater monitoring locations from zone 5- sample W16 to W18 
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Table 2.3: Analysis results of Ground water samples collected from the study area 

Parameters Unit W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 

pH at 25oC --- 7.7 7.5 7.5 7.6 7.7 7.5 7.5 7.4 7.4 7 6.8 

Electrical Conductivity@25°C µmhos/cm 1275 1230 1056 0980 0979 0876 0846 4076 1983 1884 2771 

Colour unit  CU BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Total Dissolved Solid mg/l 760 732 628 568 568 536 502 2438 1182 1122 1658 

Chemical oxygen demand mg/l 64 48 16 16 32 16 32 64 32 48 96 

Biochemical Oxygen Demand 
27° C for 3 days 

mg/l 
26 19 5 5 10 5 13 26 13 19 35 

Total Suspended Solids mg/l 8 10 6 8 8 6 12 16 6 8 8 

Hardness(Total) mg/l 206 296 208 202 200 190 182 1040 640 640 680 

Dissolved Oxygen mg/l 4 4.1 3.8 3.9 3.8 3.9 3.6 3.8 3.3 3.8 3 

Total Solids mg/l 1124 1128 848 724 726 608 592 372.8 1242 1168 1694 

Chlorides as cl mg/l 99.97 139.96 119.96 89.97 99.97 59.98 39.99 499.85 439.8 269.9 389.8 

Calcium as Ca mg/l 72.14 88.17 77.14 76.15 108.21 96.19 60.12 284.56 148.29 156.31 228.45 

Fluoride as F mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Magnesium as Mg mg/l 6.31 18.46 6.318 2.916 22.30 22.79 29.61 183.57 116.56 117.53 109.72 

Residual Chlorine mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Sulphate as SO4 mg/l 140 163 125 103 112 80 78 567 435 351 412 

Phosphorous (P) mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Potassium (K) mg/l 2 1 1 2 2 2 BDL 1 1 1 5 

Sodium (Na) mg/l 48.66 38.22 48.96 29.06 29.06 29.06 27.68 218.7 213.7 167.4 206.8 

N as Nitrate (NO3) nitrogen mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Total alkalinity as CaCO3 mg/l 257.5 402.5 300 197.5 210 212.5 225 360 372.5 387.5 695 

Silica (SiO2) mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL 2.467 4.54 

Copper (Cu) mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 
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Manganese (Mn) mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Iron (Fe) mg/l 2.595 0.321 BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Lead (Pb) mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Nickel (Ni) mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Chromium (Cr) Total mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Cadmium (Cd) mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Zinc (Zn) mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

 

Parameters Unit W12 W13 W14 W15 W16 W17 W18 W19 W20 W21 W22 W23 

pH at 25oC --- 7.8 7.4 7.2 7.2 7.9 7.5 7.7 7.14 7.37 7.39 7.78 7.2 

Electrical 
Conductivity@25°C 

µmhos/cm 
5848 6389 3071 1898 1245 1001 5035 1780 2480 3560 1610 3130 

Colour  CU BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Total Dissolved Solid mg/l 3320 3742 1762 1134 736 596 3002 1098 1500 2140 968 1897 

Chemical oxygen demand mg/l 16 16 16 BDL 48 16 176 16 24 20 20 46 

Biochemical Oxygen 
Demand (@27°C for 3 d) 

mg/l 
6 6 6 BDL 19 6 67 06 11 09 09 18 

Total Suspended Solids mg/l 4 16 10 8 6 6 20 14 16 14 12 72 

Hardness(Total) mg/l 780 900 620 680 440 260 840 330 510 330 130 1270 

Dissolved Oxygen mg/l 2.9 3.2 3 4.1 4 3.2 3 4.1 3.5 3.3 3.5 4.8 

Total Solids mg/l 4106 3776 1842 1152 796 612 3116 2012 1802 2168 1020 1942 

Chlorides as cl mg/l 479.8 659.8 379.8 429.8 269.9 219.9 529.8 899.72 1199.63 1499.54 799.75 374.88 

Calcium as Ca mg/l 224.44 436.87 108.21 112.22 116.23 100.2 172.34 80.16 120.24 112.24 40.08 245.28 

Fluoride as F mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Magnesium as Mg mg/l 135 112.54 122.41 137.97 80.62 38.83 162.24 31.59 51.03 12.15 7.29 159.89 

Residual Chlorine mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Sulphate as SO4 mg/l 824 828 694 693 362 301 594 111.88 113.88 114.75 112.50 96.50 
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Parameters Unit W12 W13 W14 W15 W16 W17 W18 W19 W20 W21 W22 W23 

Phosphorous (P) mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Potasium (K) mg/l 2 1 1 2.63 0 1 51.1 BDL BDL BDL BDL BDL 

Sodium (Na) mg/l 333.9 419.7 247.2 242.3 210.8 219.7 241.3 364 475.5 212.81 111.33 71 

N as Nitrate (NO3) 
nitrogen 

mg/l 
BDL BDL BDL BDL BDL BDL BDL 1.7619 1.719 1.785 1.327 BDL 

Total alkalinity (as CaCO3) mg/l 330 335 295 260 245 345 467.5 125 135 150 145 302.5 

Silica (SiO2) mg/l 2.85 3.24 1.68 1.298 2.467 2.33 4.15 19.93 17.97 15.29 13.88 21.47 

Copper (Cu) mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Manganese (Mn) mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Iron (Fe) mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 1.00 2.30 

Lead (Pb) mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Nickel (Ni) mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Chromium (Cr) Total mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Cadmium (Cd) mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Zinc (Zn) mg/l BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 0.12 

 

BDL = Below Detection Limit  

BDL value of respective parameter is given in the final test report enclosed as annexure VII to this document.  
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Water Quality Test Results 

a)  pH 

 
Sampling Zone 1 

 
 Sampling Zone 2 

 
Sampling Zone 3  

Sampling Zone 4 

 
Sampling Zone 5 

Figure 2.9: Graphical presentation of pH value of all groundwater samples of the study area 
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Fig. 2.10: Spatial distribution of pH in the study area 

Observations: Test values observed for Zone 5 – which is a non-affected area – are important indicators 

and comparison of results from affected area will give easy understanding of overall test results. Sampling 

zone 01 and 02 were the moderate to high affected areas. Therefore, results of samples from this zone 

anticipated to give a true picture of the current situation.  

To begin with, pH is the foremost important parameter. It was observed from table 1.1 that molasses is 

having acidic pH. Therefore, if it is present in the waterbody it would indicate acidic character of water. 

The groundwater from the study area was observed near neutral to slightly alkaline (pH: 6.8 to 7.9; avg. 

7.5). The spatial variations of pH in the groundwater regime from the Janglewadi Odha micro watershed 

show interesting variations (Fig. 2.10). Highest pH is seen in dug-wells to the northeast of the Sugar Factory 

(W16 – non affected area) and close to the Ghod River near Kashti (W12). Lower pH (<7.2) is seen along 

the Ghod LBC and NW of Pachputewadi (W14, W15). The lower pH zone NW of Pachputewadi may be due 

to agricultural return flow from canal water irrigation. The area north of Janglewadi (W2 to W8) shows 

moderate to high pH. It was observed that, pH of 6.8 for sample W11 is the only sample from Sampling 

zone 2 having trace of acidic nature. All other ground water samples from Sampling zone 1 to 4 are having 

pH of 7.2 to 7.8.  From the monitoring results, it was observed that the acidic effect due to molasses did 

not persisted for sampled locations. Probable reason for neutralization of pH of sampled ground water is 

rain water as well as natural dilution of ground water. 
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b) Electrical conductivity  

Electrical conductivity of ground water samples from the study area show wide variations and range from 

846 to 6389 µmhos/cm (Table 2.3). Based on the electrical conductivity the samples from the present study 

fall within 3 categories viz. 8 samples represent low (C1 < 2.68 µmhos/cm), 8 samples representing medium 

(C2 – 2.69 to 5.75 µmhos/cm), 2 samples representing high (C3 >5.56 µmhos/cm) electric conductivity. 

Lower EC is seen in dug wells (Fig. 2.11) to the northeast of the Sugar Factory (W16) and NW of 

Pachputewadi (W14, W15). High electrical conductivity (W12, W13) is seen in the south-western part of 

the Janglewadi Odha micro watershed in the Pimplachamala-Kashti areas. 

 

Fig. 2.11: Spatial distribution of electrical conductivity of ground water in the study area 

 

c) Dissolved Oxygen (DO) 

Dissolved Oxygen (DO) is vital for the survival of aquatic life forms in water. Dissolved oxygen also affects 

oxidation-reduction reactions involving iron, manganese, nitrogen and sulphur. It is desirable to maintain 

dissolved oxygen level as near saturation as possible.   
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Fig. 2.12: Spatial distribution of DO in the study area 

 

DO is a principle measurement in pollution surveys. Low levels of DO indicate that the water is 

contaminated with reducing substances. In the groundwater samples from the Janglewadi Odha micro 

watershed, DO range observed from 2.9 to 4.8 mg/l. The DO shows spatial variations in the Janglewadi 

Odha micro watershed as two high zones (Fig. 2.12), one to the northeast of the Sugar factory (W16 – DO 

4.0 mg/L), and the other along a stream section north of the Janglewadi (W1, W2) and northwest of 

Pachputewadi (W15). Moderate DO has been recorded northwest of Pachputewadi and for location W 01 

to W10 with DO levels in the range of 3.3 mg/L to 4.1 mg/L. Lowest DO value in the study area has been 

recorded at W12 near Kasthi (DO = 2.8 mg/L) near the confluence with Ghod River. 

d) COD  

 
Sampling Zone 1 

 
Sampling Zone 2 
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Sampling Zone 3 

 
Sampling Zone 4 

 
Sampling Zone 5 

Figure 2.13: Graphical presentation of COD values observed for all groundwater samples of the study 

area 

One of the most important parameter of the study was Chemical oxygen demand (COD). COD was 

considered as a prime parameter to understand the characteristics of water (ground water) in terms of 

pollution concentration. Chemical Oxygen Demand (COD) is used for measuring the pollution strength of 

domestic as well as industrial wastes. All organic compounds can be oxidized; therefore, COD values are 

generally greater than BOD. However, with COD, it is not possible to distinguish biologically degradable 

and non-degradable organic matter. COD values from 16 mg/L to 96 mg/l are recorded in the groundwater 

samples from affected area. Significant variations of COD are seen in the study area. Low COD is seen in 

the region west of micro watershed (W12 to W15). Low COD (≤ 20 mg/L) isolated pockets are seen around 

W3, W4, W6, W17 to W19 and W21 and W22 (Fig. 2.13). Of these, sampling location W3, W4 and W6 are 

very close to the natural drainage that carried the molasses after accident. According to the Champman 

(1992), COD of unpolluted water is observed <20 mg/L. COD value more than 20 mg/L but less than 50 

mg/L was reported at W1, W 2, W 5, W7, W 10, W 16, W 20 an W 23.  Whereas location W8 and W11 

reported COD of 64 mg/L and 96 mg/L respectively. W16 and W 18. Location W 16 and W 18 are from 

sampling zone 5, which was not affected by the molasses spread. But here, COD value observed 48 mg/L 

(W 16) and 176 mg/L (W18). This may be due to local contamination of groundwater. Considering the COD 

of molasses, which was maximum upto 69,000 mg/L (refer table 1.2), traces or fractional COD levels 

0

10

20

30

40

50

W 14 W 15  W 19  W 20  W 21  W 22  W 23

C
o

n
c.

 in
 m

g/
l

Location

COD

402



 

Damage Assessment Report 

M/s. Sahakar Maharshi Shivajirao Narayanrao Nagawade SSKL., Shrigonda 37
  

observed for the sample collected from the study area and particularly from the molasses spread area. It 

indicates that the impact of molasses as a contaminant of groundwater is totally mitigated. 

 

Fig. 2.14: Spatial distribution of COD in the study area 

 

e) Bio-chemical Oxygen Demand (BOD) 

 
Sampling Zone 1 

 
Sampling Zone 2 

 
Sampling Zone 3  

Sampling Zone 4 
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Sampling Zone 5 

Figure 2.15: Graphical presentation of BOD values observed for all ground water samples of the study 

area 

 

Fig. 2.16: Spatial distribution of BOD in the study area 

Biochemical Oxygen Demand (BOD) test measures the oxygen required or consumed by microbes/bacteria, 

during the process of oxidizing organic matter under aerobic conditions. Greater the organic matter in the 

water, higher the BOD. The test is therefore used to measure the purification capacity of streams and other 

water bodies and thus serves the Regulatory Authorities as means of checking on the quality of effluents 

discharged into such water bodies. In the present study, BOD of 5 to 67 mg/l observed for groundwater 

samples from the affected area of the study. Out of 23 samples, 12 samples reported to have value of less 

than 10 mg/L.  BOD levels of W 1 to W7 samples observed <30 mg/L. BOD values for samples collected 

from W3, W4 and W6 observed 5 mg/L. Whereas, BOD value for location W5, W7 and W2 recorded as 10 

mg/L, 13 mg/L and 19 mg/L respectively.  For location W1, BOD value was 26 mg/L.   BOD test values for 
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monitored locations of sampling zone 2 observed below 30 mg/L except for location W 11. At this location 

BOD was recorded as 35 mg/L.  Highest BOD value of 67 mg/L was recorded for sample W 18 which is from 

non-affected area.  

Therefore, two key pollution indicator parameters i.e. COD and BOD – test values reported for the ground 

water samples of the study area show low values at most of the monitored locations. COD values more 

than 50 mg/L reported only at three locations. Similar trend observed for BOD values. Therefore, impact 

of molasses spread on ground water quality of the study area was not observed from the test results.  

f) Total Hardness 

 
Sampling Zone 1 

 
Sampling Zone 2 

 
Sampling Zone 3 

 
Sampling Zone 4 

 
Sampling Zone 5 

Figure 2.17: Graphical presentation of parameter Hardness observed for all ground water samples of 

the study area 
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Figure 2.18: Spatial distribution of Hardness in the study area 

Total Hardness is an important parameter of groundwater quality, especially when the water is to be used 

for domestic purposes. Hardness of water indicates the amount of calcium and magnesium dissolved in it.  

Therefore, water hardness is the total calcium and magnesium ion concentration in a water sample. It is 

expressed or reported as mg/l as CaCO3 equivalent (i.e. concentration of calcium carbonate). Dissolved 

calcium (Ca++) and magnesium (Mg++) are the only two divalent cations found at appreciable levels in 

most waters. In natural water, both calcium and magnesium primarily exist bound to bicarbonate, sulfate 

or chloride. 

The Total hardness is mainly due to Ca and Mg and originates in areas where topsoil is thick and lime rich 

formations are present. In basalts, the weathering of plagioclase releases abundant Ca along with Mg, 

which is also additionally released by weathering of augite and olivine.  

The Total Hardness for groundwater samples from the study area shows wide variation from 130 to 1270 

mg/L. A total of 10 groundwater samples from the micro watershed have total hardness above the 

prescribed drinking water limit of 600 mg/l. The excess of total hardness in the groundwater may cause 

scale deposition in the distribution system, excessive soap consumption, scum formation and lead to health 

hazards such as urolithiasis, nervous system defects, etc. Interestingly, the total Hardness of groundwater 

varies spatially along the natural nala (Janglewadi Odha) (Fig. 2.18). Moderate to high total hardness was 
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reported from ground water samples along the Ghod left bank canal and NW of Pachputewadi (W14, W15 

and W 09, W 10, W 11). High total hardness was reported for ground water samples from Pimplachamala-

Kashti areas (W12, W13), in sampling zone 2 at location W 08 (1040 mg/L)and in sampling zone 05 at 

location W18 (840 mg/L), W23 (1270 mg/L). Hardness of sample W1 and W3 to W 7 was observed around 

200 mg/L. Only for sample W 2 it was observed 296 mg/L. These hardness values of sample W 01 to W 07 

was observed expressively less when compared to samples W 16, W 17 and W 18 which represents non-

affected areas.  For many of the samples, the limit prescribed by IS 10500; 2012 for hardness observed 

exceeded. Its prescribed acceptable limit is 200 mg/L. 

g) Total Dissolved Solids (TDS)  

 
Sampling Zone 1 

 
Sampling Zone 2 

 
Sampling Zone 3 

 
Sampling Zone 4 

 
Sampling Zone 5 

Figure 2.19: Graphical presentation of parameter TDS observed for all groundwater samples of the 

study area 
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Total dissolved solids or TDS is the amount of dissolved ions, including salts, minerals and metals, in water 

source. Hardness and TDS, these two parameters are broadly indicating the characteristics of ground water 

particularly for drinking and domestic purposes. IS 10500; 2012 prescribes acceptable limit of hardness as 

200 mg/L and total dissolved solids this limit is at 500 mg/L.  

TDS of samples observed above 500 mg/L at all locations. For locations W 4 to W 7 TDS was observed in 

the range of 502 mg/L to 568 mg/L. TDS of samples collected at W1 and W2 observed 760 mg/L and 732 

mg/L respectively. TDS value exceeding 3000 mg/L reported for locations W 12 and W13 which are near 

rive Ghod. These locations are almost 6 km from the site. Similarly, for location W 18 which is from a non-

affected area, TDS value reported here of 3002 mg/L. In short, this area is a drought prone area. Due to 

high abstraction of ground water TDS values may be observed high in this area.  An impact due to the 

accident on TDS values of ground water samples of study area, not observed from the results of the tested 

samples.  

h) Other major cations and anions 

Calcium is one of the most abundant cations in the groundwater from the area. The calcium concentration 

in the study area ranges from 60.12 to 436.87 mg/l. The abundance of calcium can be related to weathering 

of plagioclase and augite in the basalts and precipitation of calcrete or calci from surface water or 

groundwater. The Magnesium (Mg) concentration in the groundwater from the study area is subordinate 

to Calcium and has a limited range from 2.91 to 183.57 mg/l. Third major cation studied for groundwater 

from the study area was Sodium (Na). Its concentrations ranged from 29.06 to 475.5 mg/L. The 

concentration of potassium (K) in the groundwater of study area observed below detection level for most 

of the samples. But, highest potassium level of to 51.1 mg/l reported for location W 18. 

The chloride (Cl) content in the well water samples of study area observed vary in the range of 39.99 to 

1499.54 mg/l. High chloride of > 200 mg/l is associated with 16 from the study area and can be attributed 

to several factors such as domestic sewage, effluents and excessive irrigation with poor drainage and water 

logging. Thus, in the micro watershed the high EC-Cl water appears to be associated with the highly saline 

waters from Pimpalchamala and Kashti along the Ghod River.  Lowest Chloride content reported in 

dugwells along the stream north of Janglewadi.  
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Figure 2.20: Spatial distribution of Chloride in the study area 

 

Fig. 2.21: Spatial distribution of Sulphate in the study area 

In case of sulphate (SO4) content of groundwater from the study area, it varied from 78 to 824 mg/l. High 

sulphate is spatially distributed towards the lower reaches of the Janglewadi Odha micro watershed (W12, 

W13, W14, and W15). A higher sulphate content zone is seen around W12 and W13. The lowest spatial 

distribution of sulphate concentrations are seen in the waterlogged areas in and around Pachputewadi and 
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especially along the dugwells north of Junglewadi (Fig. 2.21). Nitrogen as Nitrate (NO3), Residual chlorine, 

and phosphorous (P) are not detected in the groundwater samples from the present study. 

The total alkalinity in the ground water from the study area varied from 125 to 695 mg/l. In general, the 

spatial distribution of the total alkalinity of groundwater from the study area show low to moderate values 

(Fig. 2.22), except along the Ghod left bank canal where the total alkalinity is considerably high (W18 and 

W9 to W11).  

 

 
Fig. 2.22: Spatial distribution of Alkanity in the study area 

 

Colour: This test parameter is discussed specifically because the molasses which spread accidentally having 

dark brown colour. Therefore, parameter color considered important for the study. It was observed that, 

all collected samples were transparent and having no traces of any colour.  

The ground water sample analysis results of the study area indicate that the impact of accidental 

contamination of molasses on the ground water characteristics of the area could have attenuated 

naturally. Test parameters of samples from the accident affected area as well as from non-affected places 

were varied in more or less a same range.  
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3.0 Soil sampling, analysis and interpretation 

In this study, soil sampling was carried out initially at 18 locations. Later, another seven samples were 

collected and thus total 25 locations/samples. Soil samples were collected on the same day/date as water 

samples. These samples were collected, handled, stored and transported as per the standard procedures 

developed by the laboratory. Soil samples were collected and analysed with an objective of assessing the 

damage due to spread of molasses mainly in the agricultural fields of affected area. Samples were collected 

from the affected as well as non-affected areas for the purpose of comparison and interpretation.  Results 

of the same are as follows. 

Table 3.1: Categorization of zones and details of sample collected form each zone 

Sampling 
Zone 

Sample 
identification 

/location code 
Location/Identification Details 

Zone 1 S01 to S07 Samples from molasses spread area; distance in the range of 450 m 
to 1450 m from accident site  

Zone 2 S08 to S12 and 
S17 to S19 

Samples from molasses spread area; located within 400 m from 
accident site  
S17 and S18 – locations not affected by the molasses spread but 
located in the downstream of tanks were molasses was stored after 
collection from the field 
S19 is within factory premises – closer to outlet of natural drainage, 
near molasses tanks.  

Zone 3 S13 Samples collected near river Ghod;  

Zone 4 S14, S15 and 
S20 to S25 

Samples from affected area beyond 3000 m from accident site 

Zone 5 S16 
 

Samples from area where molasses spread not observed 

Table 3.2: Geographical location and distance from factory of collected samples 

Sample identification/ 

location code 
Distance (aerial distance in m) Latitude and Longitude 

S 01 1247 18°35'4.61"N, 74°36'25.67"E 

S 02 1328 18°35'5.10"N, 74°36'22.67"E 

S 03 971 18°35'4.41"N, 74°36'35.47"E 

S 04 866 18°35'6.19"N, 74°36'38.63"E 

S 05 502 18°35'6.68"N, 74°36'51.79"E 

S 06 531 18°35'5.63"N, 74°36'51.30"E 

S 07 442 18°35'12.77"N, 74°36'51.93"E 

S 08 404 18°35'7.19"N, 74°36'55.34"E 
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S 09 325 18°35'7.33"N, 74°36'58.62"E 

S 10 378 18°35'5.22"N, 74°36'58.23"E 

S 11 271 18°35'10.01"N, 74°36'58.90"E 

S 12 161 18°35'11.01"N, 74°37'2.54"E 

S 13 5953 18°33'20.37"N, 74°34'22.64"E 

S 14 3325 18°34'35.17"N, 74°35'21.26"E 

S 15 3308 18°34'37.71"N, 74°35'20.85"E 

S 16 737 18°35'25.25"N, 74°37'29.29"E 

S 17 341 18°35'4.66"N, 74°37'13.22"E 

S 18 268 18°35'6.89"N, 74°37'11.77"E 

S 19 81 18°35'16.56"N, 74°37'5.53"E 

S 20  2488 18°34'54.57"N, 74°35'44.65"E 

S 21  2608 18°34'53.25"N, 74°35'40.77"E 

S 22 2427 18°34'55.72"N, 74°35'46.50"E 

S 23 2990 18°34'40.32"N, 74°35'31.41"E 

S 24 2928 18°34'42.88"N, 74°35'32.70"E 

S 25 2570 18°34'52.36"N, 74°35'41.86"E 
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Figure 3.1: Soil sampling in the study area and its packing/handling 
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Sampling zones are more or less same as water sampling zone. Hence, the description of the sampling zone 

is similar. But, for easy understanding and ready reference it is described here.  

Sampling zone 1: Sample identification/Location code S1 to S7  

In this area, moderate spread of molasses was observed. This spread was observed mainly in those 

field/soils, which located along the natural drainages (Junglewadi Odha) carrying molasses. Thus, the soil 

sampling locations were near to the ground water sampled locations.   

 

Figure 3.2: Soil sampling zone 1: Sample identification/location code S01 to S07 
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Figure 3.3A & 3.3B: Soil sampling locations from Zone 2 – sample identification/location code S8 to S12 

& S17 to S19 

Sampling Zone 2: Locations S08 to S12 and S17 to S19 

Soils of this zone were highly affected due to the molasses spread. According to the locals, molasses spread 

over the soil was observed for a few days after the accident. Later, it was removed by the factory team. On 

this background, the results of soil sample testing of this zone were considered a very important part of 

the study.  

Sample S 19 was collected from the factory premises. This sample was collected from the accident affected 

open land inside the factory premises. Samples S17 and S18 were collected outside the premises. Spots 

were located in the upward side of Junglewadi odha (nala carried molasses after the accident) and thus 

considered as a non-affected area. But it is in the close vicinity of the factory. Hence, these samples were 

grouped together under sampling zone 02.  
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Figure 3.4: Soil sampling zone 3 - Sample identification/location S13 

Sampling Zone 03: It represents, only one sample collected near to the river Ghod. It is close to the 

confluence zone of the Junglewadi odha and the river. The sampling spot was approx. 6 km away from the 

accident spot. Thus, more or less represents the background characteristics of the soil. In addition, the 

influence of the river was anticipated on its characteristics. Hence, the sample was collected from this area.  

 

Figure 3.5: Soil sampling locations from Zone 4: Sample identification/location code S14, S15 & S20 to 

S25 

Sampling zone 04: Considering soil contamination due to the accident, soils in this zone was relatively low 

or very minor affected. In general, the samples are collected at an approx. distance of 3.0 km from the 

accident site.  
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Figure 3.6: Soil sampling zone 5 - locations S16 

Sampling zone 5: This sample was collected outside the factory premises but from other end – i.e. where 

no molasses discharge observed at all.   
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Table 3.3: Analysis results of Soil samples collected from study area 

Parameters Unit S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 

pH at 25oC --- 8.75 8.69 8.90 8.28 8.25 8.60 8.80 7.25 8.39 8.54 8.53 8.59 

Electrical 
Conductivity@25°C 

µmhos/cm 752.4 562.4 606.4 593.3 541 393 325.2 2757 1240 492.2 468.2 519.9 

Moisture % 23.85 11.12 16.21 6.6 10.17 6.29 14.35 16.77 31.05 13.92 9.47 11.74 

Available Nitrogen Kg/Ha 119 129 151 176 113 110 107 114 310 132 160 125 

Available Phosphorus Kg/Ha 7.52 7.61 10.07 1.5 9.74 16.34 14.3 12.75 24.41 22.57 0.167 2.25 

Available Potassium Kg/Ha 560 870 234 936 730 127 160 510 540 580 590 500 

Organic carbon % 0.361 0.418 0.932 0.741 0.532 0.437 0.837 0.95 1.0 0.989 0.342 0.818 

Organic matter % 0.623 0.721 1.607 1.279 0.918 0.754 1.443 1.63 1.73 1.705 0.59 1.41 

Copper (Cu) mg/kg 0.975 1.31 1.12 1.08 1.335 1.315 0.59 1 1.8 0.87 1.245 1.26 

Manganese (Mn) mg/kg 11.72 16.6 10.84 9.895 9.495 9.62 7.48 9.9 9.62 12.62 10.31 15.86 

Iron (Fe) mg/kg 492.5 626.05 546 497.5 497.85 542.51 280.1 487 427.3 465.5 367.45 606.2 

Zinc (Zn) mg/kg 0.835 0.94 0.79 0.785 0.91 1.105 0.67 0.71 1.04 0.68 0.805 0.815 

 

Parameters Unit S13 S14 S15 S16 S17 S18 S19 S20 S21 S22 S23 S24 S25 

pH at 25oC --- 9.12 8.55 8.23 8.4 9.24 8.31 6.46 8.04 7.91 8.07 8.27 8.22 8.24 

Electrical 
Conductivity@25°C 

µmhos/cm 525.4 954.1 1466 914.1 313.2 555.8 9574 1678 394.5 272.2 148.2 152 655.7 

Moisture % 10.5 28.5 12.07 9.97 11.86 13.1 12.7 9.3 11.12 23.69 10.35 12 8.86 

Available Nitrogen Kg/Ha 103 163 147 157 141 116 169 248 229 144 154 156 235 

Available Phosphorus Kg/Ha 19.82 23.83 24.23 0.37 3.13 7.81 14.09 0.45 0.083 0.2 0.29 0.32 2.75 

Available Potassium Kg/Ha 520 165 690 540 210 510 580 32 226 239 32.4 38 320 

Organic carbon % 0.627 1.027 0.703 0.799 0.627 0.342 0.97 0.93 0.98 0.85 0.589 0.62 0.65 

Organic matter % 1.082 1.771 1.213 1.377 1.082 0.59 1.67 1.6 1.70 1.47 1.01 0.99 0.84 

Copper (Cu) mg/kg 1.02 0.945 1.525 1.1 1.42 1.02 2.39 0.96 0.98 0.98 1.2 1.21 BDL 

Manganese (Mn) mg/kg 13.54 19.47 14.91 11.33 12.92 13.03 6.065 9.0 8.0 12.0 10.0 11.0 6.0 

Iron (Fe) mg/kg 505 491.3 712.25 600.9 619.5 497.2 461.9 530 620 483 620 560 450 

Zinc (Zn) mg/kg 0.72 0.82 0.985 1.14 0.845 0.75 1.1 0.91 1.12 0.78 0.96 0.98 BDL 
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3.1 Soil Quality Test Results 

1) pH 

 
Sampling Zone 1 

 
Sampling Zone 2 

 

 

 
Sampling Zone 3  

Sampling Zone 4 

 

 
Sampling Zone 5 

Figure 3.7: Graphical presentation of pH observed for all soil samples of the study area 
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Fig. 3.8: Spatial distribution of pH in the study area 

Observation/Interpretation 

Results obtained for soil pH were compared to the above chart to understand its categorization. According 

to the pH values of soil samples from sampling zone 1 and Zone 2 –which was moderate to highly affected 

due to molasses spread – showed mostly moderately alkaline to alkaline characteristics. Samples from 

location S4 and S5 had pH of 8.2 and Sample S8 had pH of 7.2 are observed on the lower side.  Whereas 

pH of 8.9 for sample from location S3 and pH of 9.2 (indicating very alkaline nature) for sample S17 

observed on the higher side in this zone. Soil characteristic of very alkaline was observed for sample S13 – 

which collected near river Ghod. Soil sample collected from location S16 – which was from a non-affected 

area – showed alkaline characteristics with pH value of 8.4. Test values for pH of soil samples from the 

study area outside the premises show no influence of acidic pH of molasses.  
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2) Electrical conductivity of soil  

 
Sampling Zone 1 

 
Sampling Zone 2 

 
Sampling Zone 3 

 
Sampling Zone 4 

 
Sampling Zone 5 

Figure 3.9: Graphical presentation of EC observed for all soil samples of the study area 

1000 micro mho/cm = 1 mili mho/cm 
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Fig. 3.10: Spatial distribution of EC in the study area  

The test results of zone 1 and zone 2 samples show mostly good soil characteristics for electrical 

conductivity parameter, except for location S-8. Here, the EC was reported 2.7 mili mho/cm which is 

harmful for some crops like pulses. In zone 4, EC more than 1.4 mili mho/cm and 1.6 mili mho/cm was 

reported for location S15 and S20. It can be observed from the test results of EC of soils that there is no 

impact of accidental release of molasses. 

3) Nitrogen 

 
Sampling Zone 1 

 

 
Sampling Zone 2 
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Sampling Zone 3  

Sampling Zone 4 

 
Sampling Zone 5 

Figure 3.11: Graphical presentation of Nitrogen observed for all soil samples of the study area 

 

 

Fig. 3.12: Spatial distribution of Nitrogen in the study area 
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Observations 

In general, the soil samples of study area show very low to low nitrogen content. Particularly, soils from 

sampling zone 1 and zone 2 which is affected by the accidental release of molasses show typically the 

above stated characteristics. Sample from location S-09, the only sample reported moderate nature of 

nitrogen content. From molasses analysis (table 1.1), the amount of nitrogen released due to accident was 

about 7.5 to 9.0 kg/ton of molasses. Considering average 8.25 kg/ton, approx. 31 to 32 tons of nitrogen 

was released through molasses. Therefore, a positive impact i.e. soil nitrogen content on higher side for 

accident affected areas was anticipated. However, all soil samples from the study area show nitrogen 

deficiency. It can be inferred that presently, there is no impact of accident on inorganic content of soil. 

4) Phosphorous 

 
Sampling Zone 1 

 
Sampling Zone 2 

 
Sampling Zone 3 

 
Sampling Zone 4 

 
Sampling Zone 5 

Figure 3.13: Graphical presentation of Phosphorous observed for all soil samples of the study area 
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Observations 

In case of phosphorous (P) it was observed that, out of 24 samples, 11 samples showed very low P content. 

Samples collected from location S06 and S07, show moderate levels of phosphorous. Sample collected 

from locations S09, S10, S14 and S15 reported moderately high levels of phosphorous. 

 

 

Fig. 3.14: Spatial distribution of Phosphorous in the study area 
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5) Potassium 

 
Sampling Zone 1 

 
Sampling Zone 2 

 
Sampling Zone 3 

 
Sampling Zone 4 

 
Sampling Zone 5 

Figure 3.15: Graphical presentation of Potassium observed for all soil samples of the study area 
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Fig. 3.16: Spatial distribution of Potassium in the study area 

Observations 

From sampling zone 1 and zone 2, out of 15 samples 11 samples reported to have very high levels of 

potassium content. Similar tend observed for sample collected from non-affected areas (S16) and for 

sample collected near the river (S13). 

5) Organic carbon 

 
Sampling Zone 1 
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Sampling Zone 2 

 
Sampling Zone 3 

 
Sampling Zone 4 

Sampling Zone 5 

Figure 3.17: Graphical presentation of Organic carbon observed for all soil samples of the study area 

5) Organic matter 
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Sampling Zone 3 

 
Sampling Zone  4 

Sampling Zone 5 

Figure 3.18: Graphical presentation of Organic matter observed for all soil samples of the study area 

 

 
Fig. 3.19: Spatial distribution of Organic carbon in the study area 
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Fig. 3.20: Spatial distribution of Organic matter in the study area 

Observations 

Soil organic carbon greater than 0.61% upto 1% is considered as moderately high and high. In case of zone 

1 and 2, out of 15 samples, 09 samples reported moderately high and high levels. Similar tend observed 

for sample collected from non-affected areas (S16) and for sample collected near the river (S13).  

Soil organic matter (OM) is determined by equation: OM = organic carbon x 1.724  

Since, OM value is totally dependent on soil organic carbon. separate comment on the OM is not 

considered here.  

Overall, the soil analysis results show similar trend as ground water analysis. It means, the impact due to 

accidental contamination of the resources (water and soil) is probably 27remediated naturally. The soil 

samples collected from accident contaminated/affected areas and non- affected areas show more or less 

similar characteristics. Therefore, present status of soils of the study area show no traces of molasses 

contamination as such. It may be due to effective scrapping action taken by the factory management 

immediately after the accident. In this action, molasses from contaminated soil and other surfaces was 

scrapped with bagasse, removed mechanically and transferred to the compost yard of the distillery unit.  
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4.0 Geological and Geo-Hydrological Investigations  

The following was the scope of work: 

❖ Entire stretch of the proposed area and small sections exposed were observed to understand 

geological conditions. 

❖ Observations were made in the entire area to infer the role of local geological, geomorphological and 

climatological factors leading to weathering of the rock.   

❖ Electrical Resistivity Surveys were conducted to infer subsurface geological conditions in general and 

thickness / depth of different layers in particular besides geotechnical strata classification for 

estimating the extent and thickness of different layers.  

4.1 Scope of the work: 

The Hydrogeological investigations were undertaken by adopting Electrical Resistivity Method. The main 

objectives of these investigations were to: 

1. Attempt geo-technical strata classification by using resistivity method 

2. To delineate the areas suitable for rainwater harvesting 

3. locating the site for bore hole 

4. delineate the groundwater table 

The results of the electrical resistivity surveys along with the strata classification and aquifer 

conditions are included in this report. 

In order to understand the hydrogeological the investigations were conducted in two parts, viz. (A) 

Hydrogeological and (b) Geophysical (Electrical Resistivity). The outcome of the investigations is 

discussed in the present report. 

(A) HYDROGEOLOGICAL  

(i) Climate and Rainfall:  

The climate of the district is characterised by a hot summer and general dryness throughout the year except 

during the southwest monsoon season, i.e, June to September. The mean minimum temperature is 12.3°C 

and mean maximum temperature is 39.1°C. 4 The normal rainfall over the district varies from 484 mm to 

about 879 mm. Rainfall is minimum in the northern parts of the district around Kopargaon and Sangamner 

and it gradually increases towards southeast and reaches the maximum around Jamkhed. The district being 

situated in “Rain Shadow” zone of Western Ghats, it often suffers the drought conditions. Almost entire 

district covering Ahmadnagar, Rahuri , Nevasa, Shevgaon, Jamkhed, Karjat, Srigonda, Pathardi and Parner 

talukas comes under “Drought Area”. The average rainfall for the period 1995-2004 ranges from 484 mm 

(Kopargaon) to 879.43 mm (Akola) and the same is presented in Table-3. It is noticed that the average 

annual rainfall has decreased during the last 10 years period as compared to the normal annual rainfall. 
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(ii) Geomorphology: 

Physiographically the district forms part of Deccan Plateau. Part of Sahayadri hill ranges fall in the district. 

Western Ghat section in Akole taluka is hilly which extends to relatively flat areas in Shevgaon and Jamkhed 

talukas in the east. From the main Sahayadri range three spurs namely Kalsubai, Baleshwar and 

Harishchandgad strech eastwards. Physiographically the district can be broadly divided in four major 

characteristic landforms viz., hill and ghat section (7.6% area); foothill zone (19.4% area); plateau (3.71% 

area) and plains (occupy 69.30% area). The district lies partly in Godavari basin and partly in Bhima basin. 

The northern part of the district is drained by Godavari River and its tributaries viz., Pravara, Mula, Adula 

and Mahalungi whereas the southern part is drained by Bhima River and its tributaries viz., Ghod and Sina. 

All the rivers have sub parallel to semi-dendritic drainage pattern and the drainage density is quite high. 

Based on geomorphological setting and drainage pattern, the district is divided into 80 watersheds 

(iii) Hydrogeology 

The major part of the district is underlain by the basaltic lava flows, which were formed by the intermittent 

fissure type eruptions during of upper Cretaceous to lower Eocene age. The Deccan Trap has succession of 

19 major flows in the elevation range of 420 to 730 m above mean sea level (amsl). These flows are 

characterised by the prominent units of vesicular and massive Basalt. The Alluvium of Recent age also 

occurs as narrow stretch along the course of major rivers deposited over the Traps. A map depicting the 

hydrogeological features is shown in Figure 4.1. 

 
Fig. 4.1: Hydrogeological features of Ahmednagar district 
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(iv) Geology 

Deccan Traps  

Deccan Traps occupy about 95% area of the district and it occurs as basaltic lava flows which are normally 

horizontally disposed over a wide stretch and give rise to table-land type of topography also known as 

plateau. These flows occur in layered sequence ranging in thickness from 15 to 50 m. Flows are represented 

by massive portion at bottom and vesicular portion at top and are separated from each other by marker 

bed known as bole bed. The thickness of weathering varies widely in the district form 5 to 25 m bgl. The 

weathered and fractured trap occurring in topographic lows form the main aquifer in the district. The 

ground water occurs under phreatic, semi-confined and confined conditions. Generally the shallower zones 

down to the depth of 20 m bgl form phreatic aquifer. The water bearing zones occurring between the 

depths of 20 and 40 m are weathered interflow or shear zones and yield water under semiconfined 

conditions. Deeper semi-confined to confined aquifers occur below the depth of 40 m as the borewells 

drilled have shown presence of fractured zones at deeper depths at places. The vesicular portion of 

different lava flows varies in thickness from 8 to 10 m and forms the potential aquifer zones. However the 

nature and density of vesicles, their distribution, inter-connection, depth of weathering and topography of 

the area are the decisive factors for occurrence and movement of ground water in vesicular units. The 

massive portion of basaltic flows are devoid of water, but when it is weathered, fractured, jointed or 

contain weaker zones ground water occurs in it. The yield of the dugwells ranges from 2 to 3655 lpm, 

whereas that of borewells ranges from 500 lph to about 20000 lph when favourably located. 

Alluvium 

Alluvium occurs in small areas along banks and flood plains of major rivers like Godavari, Pravara, Mula 

rivers and their tributaries. In the Alluvium the coarse grained detrital material like sand and gravel usually 

occurring as lenses forms good aquifer. The ground water occurs in phreatic aquifer under water table 

conditions in flood plain Alluvium deposits near the river banks. Confined conditions are also found 

wherever the thick clay deposits confine the ground water below it. From CGWB exploration in Godavari-

Pravara Alluvium it is observed that the thickness of Alluvium is less than 30 m and the aquifer thickness is 

limited to 3m. The yield of the dugwells ranges from about 1 to 53 6 lps, whereas in shallow tubewells it 

ranges form 0.08 to 7.14 lps 

(B) GEOPHYSICAL STUDY  

In order to study the overall sub-surface geological conditions of the area, Geophysical investigations 

(Electrical Resistivity Surveys) were carried out. This was to understand the overall spread of sub-surface 

geological formations in the entire area. From the Electrical Resistivity Surveys, Electrical Resistivity 

Method (IS: 1892-1979 Appendix B clause 3.3 B-2): 
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4.2 Methodology 

4.2.1 Electrical Resistivity Method (IS: 1892-1979 Appendix B clause 3.3 B-2) 

By applying this method, the resistance to the flow of an electric current through the subsurface materials 

is measured at intervals on the ground surface. The resistivity is usually defined as the resistance between 

opposite phases of a unit cube of the material. Each material has its own resistivity depending upon the 

water content, compaction and composition. The test is conducted by driving four metal spikes to serve as 

electrodes in to the ground along a straight line at equal distances. A direct voltage is imposed between 

the two outer potentiometer electrodes and the potential drop is measured between the inner electrodes. 

To interpret the resistivity data for knowing the nature and distribution of the subsurface formations, it is 

necessary to make preliminary trial on known formations. The potential ‘V’ thus obtained divided by the 

current ‘I’ applied gives the resistance ‘R’ of the ground. The product of the resistance and the spacing 

factor, which is depending upon the disposition of the electrodes, is the resistivity of the ground. This 

method is routinely used for: 

1. Determining the sub-surface strata classification 

2. Determination of hard rock foundation 

3. Estimation of overburden thickness and hard rock quantities and 

4. Determination of the suitability of the area for quarrying and excavation 

A great variety of electrode arrangements have been used to measure the earth resistivity but essentially 

they may be grouped into three classes. 

Arrangements in which - 

● the potential differences between two widely spaced measuring electrodes are recorded. 

● The potential gradient or electric field intensity is measured using closely spaced pair of measuring 

electrodes. 

● the curvature of the potential function is measured using a closely spaced current electrode pair as 

well as a closely spaced measuring electrode pair. 

Any one of these arrays may be used to study variations in resistivity with depth or in lateral condition. In 

studying the variation of resistivity with depth, as in the case of a layered medium the spacing between 

the various electrodes is gradually increased. With larger spacing, the effect of material at depth on the 

measurements becomes more pronounced. 

In studying the lateral as well as vertical variations, various electrode configurations are adopted and the 

array is moved as a whole along a traverse line. The first type of measurement is called as ‘Vertical Electrical 

Sounding’ (VES) and the second one is ‘Horizontal Profiling’ (HP). In the present work both VES and HP 

were conducted at 6 different locations at the site. The L sections generated on the basis of values of 
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electrical resistivity for the site have been used to depict 2-D subsurface images of the strata that are also 

included in this report. 

4.3 Results and data processing  

In the area to understand the shallow subsurface geological and aquifer conditions extending up to 70-90 

meters depth, vertical electrical soundings were conducted at 30 different locations. Using IPI2 WINDOW 

based software the data obtained from field was processed. This software helps in interactive semi-

automated interpretation of the field data. All the sounding data were modeled for the existing sections.  

The VES data on apparent resistivity values was modeled by using IPI2 WINDOW based software to get 

different layers depicting their thickness, depth and true resistivity (see appendix I). In nutshell, the above 

interpretation gives generalized geological situation with depth-wise variations. As discussed above the 

sounding points with typical curves at selected sites give point information, which was further utilized to 

build comprehensive picture of subsurface geological situation depth-wise by preparing 2-D geoelectrical 

sections.  

4.3.1 Profiles 

1-10 
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11-20 

 

21-30 

 

The geoelectrical cross-sections passing through various points have been presented in the above figures. 

It is to be noted that these are apparent resistivity L sections, which broadly match the true resistivity of 

formations.  The values of true resistivity have been computed and thickness, depth and true resistivity 

have been presented in appendix. Using IPI2 software, the values of true resistivity of strata (ρ), its 

thickness (h) and depth (d) have been obtained after modeling of data and are depicted in table form 

besides each curve.   

Based on the resistivity modeled values it can be seen that the area shows presence of shallow to deep 

aquifer beyond 5 meters at VES locations of 1,to 4  upto 20 meters depth.  VES locations 5, 6, 7 shows 

increasing resistivity values up to 5 meters and then drop which continues up to 20 meters. VES 7, 8, 9, 10 

show low resistivity upto 25 meters. The VES location from 11 to 18 shows low resistivity values up to a 

436



 

Damage Assessment Report 

M/s. Sahakar Maharshi Shivajirao Narayanrao Nagawade SSKL., Shrigonda 71
  

depth of 30 meters while VES 19 and 20 shows slightly higher values beyond the depth of 7.5 meters. The 

VES profile between VES 21 and 30 barring VES 24 shows consistently lower values up to the depth of 30 

meters.  

Some salient characteristics of occurrence of ground water in hard rock are listed below:  

Features of Occurrence of Ground Water in Hard Rocks are: 

1. Ground water reservoir (aquifer) in hard rocks is dominantly shallow 

2. The bulk of the ground water is stored in the zone of weathering (Vadose zone) 

3. Fractures and joints in hard rock occur as conduits for rapid transport of water as they do not provide 

large space for storage of ground water 

4. The width of fractures & lineaments and weak planes narrows as depth increases 

5. Fairly limited aquifer water yield by wells and bore wells in comparison to alluvial and sedimentary 

rock aquifer wells 

6.  Unpredictable ground water occurrence over short distances 

The principle ground water reservoir in hard rocks therefore consists of two parts viz. 

1. “Vadose zone” or unsaturated zone that lie between ground surface and water table; and 

2. The phreatic or unconfined zone that lie below the water table 

The deeper ground water below water table in zone of fractures lack substantial storage unless it is 

connected with thick vadose zone above or else is connected to a surface water source. Exclusively from 

the issue of ground water storage, the “vadose zone” in hard rocks is extremely important, because the 

pore spaces in this domain undergo re-saturation during infiltration and recharge and undergo de-

saturation under conditions of evaporation and drainage. The volume of saturation involved in the process 

of change in saturation in vadose zone (zone of weathering) is far large than the changes in volume of 

water involved in the elastic storage of water below the water table. It therefore may be noted, that the 

dynamic resource in ground water reservoir in the hard rock areas is governed by the “vadose zone” 

through which water levels fluctuate. It may also be mentioned that available storage in weathered zone 

in hard rocks is very much linked to base flow fluctuations in local streams. 
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4.3.2 Modeled electrical resistivity data output 

# Graph with Values 

1  

 

2  

 

3  

 

4  
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5  

 

6  

 

7  

 

8  
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9  

 

10  

 

11  

 

12  
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13  

 

14  

 

15  

 

16  
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17  

 

18  

 

19  

 

20  
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21  

 

22  
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24  
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25  
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5.0 Preventive and mitigation measures 

5.1 Storage of Molasses 

Such type of accident occurred second time in the past nine years in the distillery unit. Therefore, it is 

advised to the factory management to strictly adhere and follow Indian standard 5521: 2022 Steel tanks 

for storage of molasses- specification (second revision). This standard covers the requirements of 

materials, recommended volumes and dimensions, method of construction, and testing of mild steel tanks 

for storage of molasses in sugar factories. It is advised to appoint competent auditor for this purpose and 

confirm the compliance of standard.   

Volume & Dimensions: The diameter and height of the molasses storage tanks usually depends upon the 

size of the ground area available and the volume of molasses required to be stored. Table 5.1 gives the 

recommended volumes and dimensions of tanks for storage of molasses.  

Table 5.1: Recommended Volumes and Dimensions for Steel Tanks for Storage of Molasses 

 

Note: The height of the tank shall be determine taking into consideration the soil bearing capacity and the 

cost of making foundation suitable for the recommended height.  

5.2 Material used to build storage tank-  

1. The tank for storage of molasses shall be built from mild steel plant with Grade A (IS 2062) 

2. Thickness of the steel plates used in the bottom, shell and roof shall be as given in Table 1. (IS 1730) 

3. Fabrication procedure shall be as per IS 803 
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4. Tank shall be designed with due consideration of seismic loading as per IS 1893 (part 2). 

5. The welding details of shell should be as per the IS 803.  

6. The welding of top curb angle with shell and roof should be as per IS 803.  

5.3 FABRICATION 

1. All joints shall be seam or butt welded. The welded joints shall be sound and finished smooth inside and 

shall be water-tight. The bottom plates shall be V-grooved and welded with butt welding. Mild steel strip 

60 mm wide and 6 mm thick shall be provided (over lapped welded) over the welds. After welding of 

bottom plate, Weldment should be checked with Die pentrant /magnetic particle inspection method.  

2. The permissible stresses for welds and welded connections shall conform to values given in IS 816. 

3. Suitable radial trusses shall also be employed for support of the roof of the tank (see fig.1), which may 

directly be supported on the shell plates with a curb angle at the roof level all around. 

4. Centre Column- Two channels MC 300 or MC 225 at right angles to each other with suitable saddle at 

the base shall be provided (see IS 803).  

5. The permissible stresses for the bottom, shell and roof of the tank shall be in accordance with IS 800. 

6. The tank shall be designed with due consideration to the wind loads, which shall be in accordance with 

IS 875 (Part 3). 

7. To ensure proper welding of bottom plate with the first shell course, minimum outside projection of 

bottom plate from shell should be 25 mm. 

8. Minimum spacing or unsupported length of the roof plate should not be more than 2100 mm. 

5.4 Fittings and accessories- 

1. Outlet- The outlet shall be of steel with a minimum diameter of 15 cm and shall be located on the first 

course of the tank 15 cm above the bottom. The suction for pumping molasses should be from the side of 

the tank. 

2. Outlet Discharge Valve- A sluice valve, of stainless steel, Class 150, followed by another similar valve, in 

series shall be fitted to the outlet opening. 

3. Drainage or Washout Valve- A stainless steel sluice valve, Class 150, followed by another similar valve, 

in series shall be fitted at the bottom of the tank and also connected to the outlet (fig. 1). 

4. Inlet- The inlet of molasses shall preferably be at the bottom (see Fig. 1) unless the molasses is 

discharged through an overhead pipeline in which case the molasses should not be allowed to fall from a 

height as in doing so a lot of air gets occluded, which is not desirable. Instead, the pipe may be held 

tangential to the inside of the wall about a meter from the top. The inlet shall be fitted with a non-return 

valve followed by a sluice valve. 

447



 

Damage Assessment Report 

M/s. Sahakar Maharshi Shivajirao Narayanrao Nagawade SSKL., Shrigonda 82
  

5. Indicator Thermometer- The tank shall be provided with at least three RTDs or 15 cm dial thermometers, 

one about 0.15 m from the bottom, other at one-third height and the third at two-thirds height of the tank. 

6. Manhole- Two manholes having diameter of 45 to 60 cm shall be located one on the top and other on 

the side bottom of the tank (see fig. 1). A suitable attachment shall be provided to securely hold the man-

way door in position through a suitable bracket. A bolt without attachment shall be fitted to hold the 

bracket in position, alternatively, a loose cover with lifting handle may be provided. The manhole covers 

shall be watertight.  

7. Safety Railing- A safety railing, with toe plate, all around the roof of the tank shall be provided. The 

railing shall be of the height of 1 m. The maximum distance between two railing posts shall be 2.4 m (see 

fig. 1). A walkway on the top of the roof sheet is to be marked with weather proof paint near the trusses 

for safety purpose. 

8. Vent Pipe or Chimney- A vent pipe or chimney shall be provided at the center of the roof for venting out 

of the gas (see fig. 1). For large size tank over 16 m diameter, more than one vent pipe may be provided. 

The mouth of the vent pipe shall be suitably protected with wire netting. 

9. A 25 mm drip cock shall be provided at the outlet for sampling purposes 

10. Water Spraying Coil- Provision of a perforated water spraying coil 25/40 mm in diameter shall be made 

all round outside the tank with water inlet connections at Four peripheral Points. The direction of the 

perforations shall be such that the water flows along the sides of the tank (see fig. 1). 

11. Painting- The tank shall be suitably painted on the outside and with anti-corrosive paint on the inside. 

The roof, and the supporting trusses and the top strake may be painted inside also. 

12. Staircase- The tank shall be provided with a staircase of sturdy construction and design and made of 

mild steel, duly painted. The staircase shall be provided with suitable hand railing and adequate landings. 

13. The tank may be provided with a suitable level indicator. 

14. All openings in the tank shall be so made that there is no possibility of accumulation of liquid or other 

foreign matter and the entrances are protected against dust, insects, and other extraneous materials. All 

component parts shall be capable of being cleaned and inspected in position or by dismantling, if 

necessary. 

15. To include following accessories as a part of molasses tank:  

a) Suitably designed molasses cooling system; and 
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b) Re-circulation pumping system. 

 

Figure 5.1: Details of the Steel Tank for Storage of Molasses 

Above guideline are taken from IS 5521: 2022 of ‘Steel Tanks for Storage of Molasses – Specification 

(Second Revision)’. This guideline covered for only safety aspect that related to accident happens in factory. 

For other detail aspects related to construction of molasses storage tank please, refer following standards. 

Table 5.2: Detail aspects related to construction of molasses storage tank 

# IS Title 

1.  800 : 2007 General construction in steel-Code of practice (third revision) 

2.  803 : 1976 Code    of    practice    for    design fabrication and erection of vertical mild 

steel cylindrical welded oil storage tanks (first revision) 

3.  816 : 1969 Code of practice for use of metal arc welding for general construction in mild 

steel (first revision) 

4.  875 (Part 3) : 

2015 

Design loads (other than earthquake) for buildings and structures-  Code of 

practice: Part 3 Wind loads (third revision) 

5.  1162 : 2021 Cane Molasses- Specification (first revision) 

6.  1730 : 1989 Dimensions     for     steel     plates, sheets strips and   flats   for general 

engineering purposes (second revision) 

7.  1893 (Part 2) : 

2014 

Criteria for earthquake resistant design of structures: Part 2 Liquid retaining 

tanks (fifth revision) 

8.  2062 : 2011 Hot rolled medium and high tensile structural   steel- Specification 

(seventh revision) 
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5.5 Additional measures 

● From the past accident history, it is recommended to consult the expert and explore feasibility of an 

auto system to control the temperature and pressure (of gasses) inside the molasses storage tanks.  

● Consult safety expert for feasibility of installation of early warning/detection system  

● Molasses storage tank yard should be fenced properly and work entry permit system should be 

practiced even for the workers and factory staff. This should be immediately and strictly followed to 

prevent fatalities in such accidents.  

● Consult an expert civil engineer and make suitable arrangement to prevent the spread/spilled material 

to maximum extent within the premises. Consult him for making garland drainages/dykes all around 

the molasses storage tank area. The management should also explore the feasibility of making any 

additional measures outside its premises in consultation with an expert civil engineer and local village 

panchayat 

● Make a permanent impervious storage tank arrangement within the factory premises. This tank will 

be used to store the collected spilled material. During off-season it can be used as a rain water 

harvesting storage. It should be provided with suitable capacity pumps and suitable length and 

dimeter pipelines 

● Measures suggested by Civil engineer, safety expert or structural engineers etc need to be 

implemented in a time bound manner. Environment and safety management teams must be 

empowered for smooth, time bound and responsible implementation of the suggestions.  

Table 5.3: Estimated provisions for preventive measures 

# Preventive measure/activity 
Estimated cost/provision 

(Rs in lakhs) 

1. Consultation of safety expert, safety audit and safety 

measures 

15.00 

2. Consultation of civil engineering expert 05.00 

3. Fencing and garland drains to collect the spilled material 20.00 

4. Provisions of storage tank 15.00 

5. Provision for measures recommended by expert civil engineer 20.00 

 TOTAL  75.00 

 

5.6 Remediation/Mitigation measures 

● It was observed from ground water and soil analysis results that the contamination of ground water 

as well as soil from accident affected area is remediated naturally.  
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● Even though, the pollutants got mitigated naturally, but it is advised to the factory to undertake 

following measures as corporate environmental responsibility (CER)  

Table 5.4: Estimated provisions for preventive measures 

# Preventive measure/activity 
Estimated cost 

(Rs in lakhs) 

  1st year 2nd year 3rd year Total 

1. Development of a greenbelt along the fencing near 
molasses storage area and thickening of greenbelt in 
other areas  
Tree plantation outside the factory premises 
(neighboring villages)  

03.00 03.00 03.00 09.00 

2. Provision of safe drinking water to the affected families 
and all locals of Jungle wadi (per year – for next three 
years) 

07.00 07.00 07.00 21.00 

3. Provisions of organic fertilizers and/or liquid/similar 
fertilizers for enhancing N and P availability to the 
crops – 
On subsidized rate for farmers affected due to the 
accident (for next three years)  

05.00 05.00 05.00 15.00 

4. Skill development/training to local youth for 
employment/job opportunities (per year for next three 
years) 

02.00 02.00 02.00 06.00 

 TOTAL 17.00 17.00 17.00 51.00 
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6.0 Damage assessment and monetization 

6.1. Water environment 

The test reports of ground water samples collected from an area where molasses spread occurred 

compared with representative samples where spread doesn’t occur or at a far distance. From these results 

it was observed that, at present the impact of molasses on ground water environment got mitigated. 

Important pollution parameters such as pH, COD, BOD indicate the ranges in normal or very mildly polluted. 

The pollutants might have diluted and partially carried away due to rains. Further, dilution might have also 

occurred by subsoil (Below surface) streams of respective dug wells.   

Therefore, monetizing the damage of water environment, carried out using shadow pricing mechanism. 

In this method, the estimation of the distance function enables us to obtain the shadow price of the 

undesirable outputs. In this case the undesirable output considered as BOD and COD values that are the 

major indicator of pollution. This method is originally described in a research paper published by F. 

Hernández-Sancho et al. (2010). In their study, these researchers considered nitrogen, phosphorous, 

suspended solids, BOD and COD as undesired output of sewage treatment plants in their studies. This is 

mainly because the cost involved in removing these undesirable components is considerable in order to 

reuse the sewage. Hence, the considered the cost as environment benefit cost and interpreted the 

results. 

However, in the present case, ground water and soil is affected due to accidental release of the molasses. 

Strength of liquid pollutant is usually measured in BOD and COD. While estimating COD, the demand of 

oxygen for oxidation of inorganics is get covered. Therefore, in the present study estimating cost for the 

inorganic may lead to duplication of the cost for same pollution. In other words, the damage cost due to 

inorganic also gets covered through COD value. Therefore, COD and BOD considered as important 

parameter for damage cost estimation.  

Reference F. Hernández-Sancho et al. / Science of the Total Environment 408 (2010) 953–957 (Enclosed 

as annexure to the report for ready reference) (described on page 40 of Framework for Environmental 

Damages Cost Assessment by NEERI).  

Table 6.1: Monetization calculations as per the said method 

Important parameter considered 
Test Value (kg/ton - 

rounded average basis) 
Total discharge value 

Chemical oxygen demand (COD)  63 63 kg/T x 4000 tons = 252,000 kg 

Bio-chemical oxygen demand (BOD)  23 23 kg/T x 4000 tons = 92,000 kg 
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as per the abovementioned guideline publication, pollutant cost of the above parameters are 

Table 6.2:  Pollutant cost of COD and BOD 

 

Damage cost 

in €/kg 

(2010) 

Total discharge 

value of 

pollutant 

€/Rs rate for 

April 2023 

(max) 

Damage cost In 

Rs – (rounded 

to nearest 

number) 

Chemical oxygen demand 

(COD)  

0.140 252,000 kg 91.0386 32,11,842.00 

 

Bio-chemical oxygen demand 

(BOD)  

0.058 92,000 kg  91.0386 4,85,782.00 

TOTAL 36,97,624.00 

6.2 Soil environment 

While estimating damage cost for soil environment of the accident affected area, following points were 

considered.  

● Duration of spread of the pollutant in the soil 

● Nature of the pollutant for soil environment 

● Percolation of the pollutant and its present status in subsoil layers or levels 

● Long term impact associated with the pollutant released  

There is no evidences or record available to ascertain the period of accumulation of pollutant in the soil. 

According to the factory officials, they scrapped the molasses from field using available bagasse and 

removed it to maximum extent in 10-12 days after the accident. Hence, it is presumed that molasses spread 

was observed for two weeks. Considering the organic nature of molasses and its high content of potash, 

makes it difficult to distinguish undesirable components. Even, the acidic nature of the molasses might 

have helped in reducing soil alkalinity which is reported in the samples collected from non-affected area.  

Therefore, the accidental spread of molasses on soil perceived as an impact due to high COD, BOD of 

molasses. The same amount i.e. Rs. 36,97,624.00 (Rupees thirty-six lakhs ninety-seven thousand six 

hundred twenty-four) is suggested as a damage cost.   

6.3 Geo-physical report  

From the resistivity surveys it is inferred that throughout the area from surface downwards up to depth of 

25 meters the strata are highly weathered and conducive for water infiltration and therefore the infiltration 

of the molasses released during the disaster and may have contaminated the groundwater present in the 

area.  This contamination might have occurred immediately after the accident. However, the samples of 
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ground water collected during the study reveals almost traces of pollutant in the collected samples. These 

pollutants may be due to local contamination.  

As far as the damage assessment concerned, the damage due to discharge of molasses having very high 

COD, BOD into the ground water and soil is already monetized (Refer table 6.2). It covers the contamination 

of ground water which is monitored and geo and hydro-geo studies. Therefore, no additional damage cost 

from geological and hydro-geological perspective is proposed here.  

6.4 Crop and agriculture 

In this case, there is no specific data available for quantification of crop damage. It was observed from the 

data provided by the factory officials, MPCB site visit record covered site specific conditions observed at 

that time. However, there is no any mention of how many dug wells were affected due to the accident?  

How much soil observed damaged due to molasses spread? How many crops suffered the impact of 

accident? Through this report we request the concerned authorities to prepare a standard operating 

procedure/s (SOPs) and develop related format/s to record the damage in all future cases (applicable to 

even other industrial accident cases).  

6.5 Wild Flora and Fauna 

During the initial preliminary visit to site in Dec. 2022, there were five eucalyptus trees found dried and 

dead, just outside the boundary-wall of the accident site. Acidic pH of the molasses and its temperature 

might be the reason for the death of those trees. These trees were not observed during actual damage 

assessment survey. Therefore, its diameter and related parameters for estimation of its volume were not 

available. This data serves as an input to estimate the cost of the tree.    

Therefore, this damage assessment is carried out based on the reference where cost was recovered for 

damaging trees. The said reference is enclosed as Annexure IV. The cost charged per tree is Rs. 41,750/-. 

Considering the same, cost for damaging five trees is Rs. 2,08,750/- 
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7.0 Conclusion 

Table 7.1: The damage assessment and preventive/mitigation measures cost 

 Particular 
Cost/provision 

(Rs) 

Damage Cost 

Cost of damage due to accidental discharge of molasses into 

the ground water of nearby areas 
36,97,624.00 

Cost of damage due to accidental discharge of molasses into 

the soils of nearby areas 
36,97,624.00 

Cost of damage to flora/trees due to accidental discharge of 

molasses 
2,08,750.00 

Preventive 

measures 

provision 

Provision for implementation of preventive and mitigation 

measures 
75,00,000.00 

Mitigation 

measures 

(additional) 

through CER 

Provision for implementation of CER activities 51,00,000.00 

 
TOTAL 2,02,03,998.00 

 Rupees two crores two lakhs three thousand nine hundred ninety eight  
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8.0 Project Team 

The Institute has received accreditation from Quality Council of India (QCI)/National Accreditation Board for 

Education and Training (NABET) for EIA consultancy services. It is also a recognized Research and 

Development center of Department of Scientific and Industrial Research (DSIR), Ministry of Science and 

Technology, Government of India. 

Table 8.1: Project team of Damage assessment study 

Name Designation Role / Expertise 

Dr. Deepali Nimbalkar Senior Scientist & Head 

Dept. of Environmental Sciences, VSI 

Environment Expert 

Dr. Nitin Karmalkar 

 

Ex-Vice Chancellor, Retired head of 

Department of Environmental 

Sciences of Savitribai Phule Pune 

University  

Geology and Hydro-geology 

 

Dr. Duraiswami Raymond 

 

Associate Professor, 

Dept. of Geology, 

Savitribai Phule Pune University 

Geology and Hydro-geology 

 

Dr. Amol  Deshmane Scientist  

Dept. of Environmental Sciences, VSI 

Project coordinator 

Ecology, Biodiversity and 

Environment Expert  

 

Dr. Vivek Patil  Scientific Officer 

Dept. of Environmental Sciences, VSI 

Environment Expert  

Mr. Vikram Deshmukh Scientific Officer 

Dept. of Environmental Sciences, VSI 

Environment Expert  

Ms. Priyanka Kad Research Assistant,  

Dept. of Environmental Sciences, VSI 

GIS Expert 

 

Team for sampling and laboratory analysis of collected samples 

1. Dr. Hemlata Hingane (Scientific officer, VSI) 

2. Mr. Aftab Momin (Research assistant, VSI) 

3. Mr. Parshuram Chalwadi (Research assistant, VSI) 

4. Ms. Pooja Kerle (Research assistant, VSI) 
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dated 17/10/2022 
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Annexure V 
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Annexure VI 

Accreditation certificate and approved scope by NABL 
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Annexure VIII 

Research papers referred for the study 

1. McCutcheon, S.C., Martin, J.L, and Bamwell, T.O. (1993). Water Quality 
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3. Kassa, Y. Application of cane molasses as concrete retarder admixture 
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