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 Photograph showing measurement of discharge of bore well during pumping test. 
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Photograph showing collection of ground water sample from bore well 
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Map-6.1: HYDROGEOLOGICAL MAP WITH PRE-MONSOON WATER TABLE CONTOURS 
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LEGEND FOR HYDROGEOLOGICAL MAP(WITHPRE-MONSOON WATER TABLE CONTOURS) 

 

SYMBOL LITHOLOGY GEOLOGICAL  

UNIT 

AGE Ground Water potential 

             Gw-2 Sandstone, shale 

with coal seams 

Barakar 

formation 

(Gondwana 

Super group) 

Permian Ground water occurs at shallow depth in 

weathered formations under phreatic 

condition and at deeper depth in fracture 

and joints developed due to secondary 

porosity under confined condition. Yield 

varies from 25 To 30 m3/ day in unconfined 

aquifer and 2.16 to 2.88 m3/ hr in confined 

aquifers. 

 Gw-1 
Green sandstone, 

needle shale & 

boulder bed 

Talcher 

Formation 

(Gondwana 

Super group) 

Carboniferous  

to Permian 

          Sg-2 

 

Augen gneiss & 

Migmatite 

Peninsular 

gneiss 

 (Younger 

phase) 

Archaean to 

 Lr Proterozoic 

Ground water occurs at shallow depth in 

weathered formations under phreatic 

condition and at deeper depth in fracture 

and joints developed due to secondary 

porosity under confined condition. Yield 

varies from 25 To 30 m3/ day in unconfined 

aquifer and from 4.5 to 5.8 m3 /hr in confined 

aquifers. 

          Sg-1 

 

Medium grained 

biotite granite gneiss 

Peninsular 

gneiss 

 (Older phase) 

Archaean 

205 m  

 

Pre- Monsoon Water table contour and Ground water flow direction 

 

 

Buffer zone 
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Map- 6.2: HYDROGEOLOGICAL MAP WITH MONSOON WATER TABLE CONTOURS 

 



86 
 

LEGEND FOR HYDROGEOLOGICAL MAP (WITHMONSOON WATER TABLE CONTOURS) 

 

SYMBOL LITHOLOGY GEOLOGICAL  

UNIT 

AGE Ground Water potential 

             Gw-2 Sandstone, shale 

with coal seams 

Barakar 

formation 

(Gondwana 

Super group) 

Permian Ground water occurs at shallow depth in 

weathered formations under phreatic 

condition and at deeper depth in fracture 

and joints developed due to secondary 

porosity under confined condition. Yield 

varies from 25 To 30 m3/ day in unconfined 

aquifer and 2.16 to 2.88 m3/ hr in confined 

aquifers. 

 Gw-1 
Green sandstone, 

needle shale & 

boulder bed 

Talcher 

Formation 

(Gondwana 

Super group) 

Carboniferous  

to Permian 

          Sg-2 

 

Augen gneiss & 

Migmatite 

Peninsular 

gneiss 

 (Younger 

phase) 

Archaean to 

 Lr Proterozoic 

Ground water occurs at shallow depth in 

weathered formations under phreatic 

condition and at deeper depth in fracture 

and joints developed due to secondary 

porosity under confined condition. Yield 

varies from 25 To 30 m3/ day in unconfined 

aquifer and from 4.5 to 5.8 m3 /hr in confined 

aquifers. 

          Sg-1 

 

Medium grained 

biotite granite gneiss 

Peninsular 

gneiss 

 (Older phase) 

Archaean 

205 m  

 

Pre- Monsoon Water table contour and Ground water flow direction 

 

 

Buffer zone 
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Map- 6.3: HYDROGEOLOGICAL MAP WITH POST- MONSOON WATER TABLE CONTOURS 
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LEGEND FOR HYDROGEOLOGICAL MAP (WITH POST -MONSOON WATER TABLE CONTOURS) 

 

SYMBOL LITHOLOGY GEOLOGICAL  

UNIT 

AGE Ground Water potential 

             Gw-2 Sandstone, shale 

with coal seams 

Barakar 

formation 

(Gondwana 

Super group) 

Permian Ground water occurs at shallow depth in 

weathered formations under phreatic 

condition and at deeper depth in fracture 

and joints developed due to secondary 

porosity under confined condition. Yield 

varies from 25 To 30 m3/ day in unconfined 

aquifer and 2.16 to 2.88 m3/ hr in confined 

aquifers. 

 Gw-1 
Green sandstone, 

needle shale & 

boulder bed 

Talcher 

Formation 

(Gondwana 

Super group) 

Carboniferous  

to Permian 

          Sg-2 

 

Augen gneiss & 

Migmatite 

Peninsular 

gneiss 

 (Younger 

phase) 

Archaean to 

 Lr Proterozoic 

Ground water occurs at shallow depth in 

weathered formations under phreatic 

condition and at deeper depth in fracture 

and joints developed due to secondary 

porosity under confined condition. Yield 

varies from 25 To 30 m3/ day in unconfined 

aquifer and from 4.5 to 5.8 m3 /hr in confined 

aquifers. 

          Sg-1 

 

Medium grained 

biotite granite gneiss 

Peninsular 

gneiss 

 (Older phase) 

Archaean 

205 m  

 

Post- Monsoon Water table contour and Ground water flow direction 

 

 

Buffer zone 
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Chapter-7 

 Ground Water Regime Monitoring 

7.1: Introduction:  22 No of shallow bore wells were selected for measuring water 

level. Locations of these wells are shown in map No-12. The details of these wells are 

tabulated in below. Three times measurements were taken for this purpose. First time 

measurement was taken in the month of April ’2018 (during first week) for Pre-

monsoon purposes and second time in the month of July ’2018 (during first week) for 

Monsoon and third time in the month of November 2018 (During last week) for Post-

monsoon. The details of water level variation are as below. 

7.2. Water level monitoring:  

Pre-monsoon Water level:- 

 Pre-monsoon water level varies from 4.72 to 7.23 m below ground level. The 

minimum water level was recorded at Katapali village and maximum at Bargarh village.  

The average pre - monsoon water level is 6.07 meter below ground level. 

Monsoon Water level:- 

Monsoon water level varies from 0.78 meter below ground level to 2.1 meter below 

ground level, being minimum at Ubuda village and maximum at Kirarama. The average 

water level (post monsoon period) is 1.26 meter below ground level. 

Post-monsoon Water level:- 

            Post- monsoon water level varies from 1.24 meter below ground level to 3.45 

meter below ground level, being minimum at Bhutia village and maximum at 

Kararama. The average water level (post monsoon period) is 2.14 meter below ground 

level. 

Fluctuation in water level:- 

  Pre and post monsoon water levels were considered for evaluation of seasonal 

fluctuation in water level. Thus fluctuation in water level varies from 2.72 (at Basupali) 

to 5.34 (at Piplikani). The average fluctuation is 3.92 meters. 
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7.3: Details of all these data are shown as below. 

Table -7.1 : Water level in different season 

Parameters 

Pre 

Mon Monsoon 

Post-

mon 

Min 4.72 0.78 1.24 

Max 7.23 2.1 3.45 

Mean 6.07 1.26 2.14 

 

Table -7.2 : Water level Fluctuations in different season 

Parameters 

Water Level Fluctuation with respect to different season  

 Pre Monsoon – 

post Monsoon 

Pre monsoon – 

Monsoon) 

(Post Monsoon 

-Monsoon) 

Min 2.72 3.76 0.39 

Max 5.34 6.16 1.89 

Mean 3.92 4.81 0.89 

 

Table -7.3 : Water Table  variation in different season 

Parameters Water Table  

 

Pre-

monsoon Monsoon Post Monsoon 

Min 196.27 201.64 200.45 

Max 213.38 217.45 217.06 

Mean 204.38 209.19 208.30 

 

Maps pertaining to locations of observation wells, pre monsoon, post monsoon water 

levels and seasonal fluctuations are shown in maps No 7.1 to 7.7. 
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Table-7.4: HYDROGEOLOGICAL DATA OF OBSERVATION WELLS 

 ESTABLISHED FOR GROUND WATER REGIME MONITORING 

S.No Location Longitude Latitude Location details Lithology 

1 Kirarama 83°52’16.45” 21°45’44.83” Ad to Manoj pradhan house Sst, Shale & Coal seam 

2 Gudiali 83°54’54.96” 21°45’22.62” Guduali Sebashram school Augen gneiss & migmatite 

3 Patrapali 83°57’13.66” 21°44’56.36” Adjacent to Bhim Munda house Sandstone,Shale & Coal seams 

4 Ubuda 83°49’53.60” 21°44’40.89” Premise of UPUG School Sandstone,Shale & Coal seams 

5 Bandhbahal 83°52’33.48” 21°45’16.56” Near Electric sub station Sandstone,Shale & Coal seams 

6 Talabira 83°58’33.75” 21°44’33.83” Adjacent to Angan wadi centre Sandstone, Shale & Boulder bed 

7 Kusraloi 83°50’52.32” 21°43’07.94” Primary school Sandstone,Shale & Coal seams 

8 Telenpali 83°52’25.84” 21°42’44.45” Primary school Sandstone,Shale & Coal seams 

9 Pipilikani 83°55’30.72” 21°43’01.77” Adjacent to Angan wadi centre Augen gneiss & migmatite 

10 Rengali 83°54’19.36” 21°41’47.32” Near Upendra Sahoo house Sandstone, Shale & Boulder bed 

11 Remda 83°49’13.72” 21°41’25.03” Near Govind Pradhan house Sandstone, Shale & Boulder bed 

12 Baragad 83°51’10.62” 21°41’37.26” Primary school Sandstone,Shale & Coal seams 

13 Banaharapali 83°51’50.00” 21°41’24.04” Project UP School Sandstone, Shale & Boulder bed 

14 Kumbharbandh 83°55’25.66” 21°41’54.79” Primary school Augen gneiss & migmatite 

15 Bhutia 83°50’17.22” 21°41’34.48” Near Samlei Temple Sandstone, Shale & Boulder bed 

16 Barpali 83°56’00.11” 21°39’46.46” Primary school Sandstone, Shale & Boulder bed 

17 Tilia 83°55’35.96” 21°38’23.66” Adjacent to Niranjan Seth House Sandstone, Shale & Boulder bed 

18 Ramela 83°55’18.96” 21°37’21.56” Adjacent to Angan wadi centre Medium grained sandstone 

19 Balanda 83°49’36.11” 21°38’40.12” Balanda UP School Medium grained sandstone 

20 Katapali 83°53’42.86” 21°46’41.48” Sibanand Ashram Sandstone,Shale & Coal seams 

21 Basupali 83°54’22.79” 21°43’55.14” Adjacent to Angan wadi centre Augen gneiss & migmatite 

22 Khadam 83°52’02.77” 21°44’02.68” Near youth club Sandstone,Shale & Coal seams 
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S.No Location 

Depth 

 

(mbgl) 

Casing  

Length 

 (mbgl) 

Fracture 

 depth  

(mbgl) 

Yield  

( lPS 

Pre-monsoon 

 water level 

(mbgl) 

Monsoon 

Water level 

(m) 

Post-monsoon  

water level  

 (mbgl) 

1 Kirarama 46.5 22.4 32.50,44.50 0.75 7.16 2.1 3.45 

2 Gudiali 39.2 14.7 32.50,37.50 0.5 6.3 1.85 2.45 

3 Patrapali 45.6 22.5 26.80,44.0 0.75 6.48 1.25 3.14 

4 Ubuda 42.8 23.6 29.50,41.0 1.5 5.88 0.78 1.46 

5 Bandhbahal 41.2 18.2 27.50,39.80 0.5 6.12 1.22 2.45 

6 Talabira 40.5 20.6 34.50,38.60 1.2 5.67 1.38 2.75 

7 Kusraloi 34.5 12.6 21.30,32.60 0.6 6.06 0.84 1.78 

8 Telenpali 36.8 13.5 23.60,35.8 0.75 6.55 1.12 1.65 

9 Pipilikani 35.7 15.7 32.60,34.30 0.8 7.22 1.06 1.88 

10 Rengali 32.5 12.4 15.70,31.30 0.5 5.68 1.24 2.15 

11 Remda 28.3 13.6 15.70,27.50 1 6.45 1.45 2.37 

12 Baragad 32.6 22.3 24.50,30.80 2 7.23 1.86 3.05 

13 Banaharapali 40.25 21.2 22.50,38.50 2.5 6.25 0.92 1.64 

14 Kumbharbandh 23.5 12.6 17.60,22.50 1.2 5.75 1.48 2.07 

15 Bhutia 36.4 14.5 17.50,35.60 0.3 4.92 0.85 1.24 

16 Barpali 26.8 12.6 15.60,25.40 0.5 5.67 1.35 2.16 

17 Tilia 36.8 12.4 25.6,30.20,36.80 0.5 6.34 1.15 1.75 

18 Ramela 45.8 16.2 22.80,35.60,42.30 1 5.48 1.35 2.06 

19 Balanda 46.1 14.5 28.30,44.70 1.6 6.52 0.85 1.65 

20 Katapali 38.5 20.6 26.0,37.50 1.5 4.72 0.96 1.49 

21 Basupali 43.7 18.2 36.20,44.50 0.6 5.28 1.45 2.56 

22 Khadam 44.5 22.5 28.5,34.70,43.50 0.5 5.7 1.1 1.89 
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Table-7.4, continued 

S.No Location 

Water level Fluctuation (m) Water table (mamsl) 

Pre monsoon- 

Monsoon 

Monsoon- Post-

Monsoon 
Pre-monsoon – 

Post Monsoon 

Pre 

monsoon 

Monsoon Post 

Monsoon 

1 Kirarama 5.06 1.35 3.71 203.34 208.4 207.05 

2 Gudiali 4.45 0.6 3.85 197.3 201.75 201.15 

3 Patrapali 5.23 1.89 3.34 198.97 204.2 202.31 

4 Ubuda 5.1 0.68 4.42 206.42 211.52 210.84 

5 Bandhbahal 4.9 1.23 3.67 209.28 214.18 212.95 

6 Talabira 4.29 1.37 2.92 201.93 206.22 204.85 

7 Kusraloi 5.22 0.94 4.28 210.24 215.46 214.52 

8 Telenpali 5.43 0.53 4.9 200.25 205.68 205.15 

9 Pipilikani 6.16 0.82 5.34 198.23 204.39 203.57 

10 Rengali 4.44 0.91 3.53 200.02 204.46 203.55 

11 Remda 5 0.92 4.08 203.85 208.85 207.93 

12 Baragad 5.37 1.19 4.18 196.27 201.64 200.45 

13 Banaharapali 5.33 0.72 4.61 211.35 216.68 215.96 

14 Kumbharbandh 4.27 0.59 3.68 210.45 214.72 214.13 

15 Bhutia 4.07 0.39 3.68 213.38 217.45 217.06 

16 Barpali 4.32 0.81 3.51 209.73 214.05 213.24 

17 Tilia 5.19 0.6 4.59 202.26 207.45 206.85 

18 Ramela 4.13 0.71 3.42 205.02 209.15 208.44 

19 Balanda 5.67 0.8 4.87 199.88 205.55 204.75 

20 Katapali 3.76 0.53 3.23 204.73 208.49 207.96 

21 Basupali 3.83 1.11 2.72 207.22 211.05 209.94 

22 Khadam 4.6 0.79 3.81 206.15 210.75 209.96 
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MAP NO-7.1: MAP SHOWING LOCATION OF OBSERVATION WELL FOR GROUND WATER LEVEL MONITORING 
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MAP NO-7.2 : MAP SHWING PRE-MONSOON WATER LEVEL  
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MAP NO- 7.3 : MAP SHWING MONSOON WATER LEVEL  
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MAP NO-7.4 : MAP SHOWING POST MONSOON WATER LEVEL  
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MAP NO – 7.5 : MAP SHOWING WATER LEVEL FLUCTUATION (PRE-MONSOON AND POST MONSOON SEASON) 
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MAP NO -7.6 : MAP SHOWING WATER LEVEL FLUCTUATION (PRE-MONSOON AND MONSOON SEASON) 
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MAP NO – 7.7: MAP SHOWING WATER LEVEL FLUCTUATION (MONSOON AND POST- MONSOON SEASON) 
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7.4 Historical water level monitoring data: There are 4 No of national hydrograph 

stations established in Jharsuguda district. These are monitored 4 times in a year i.e. 

January, April (Pre-monsoon period), August (monsoon period) and November (post-

monsoon period). Station close to present study area is Lakhanpur. So water level 

graph of Lakhanpur station is shown below. 

Table- 7.5:  Water level (mbgl) data of Lakhanpur Well 

Year Jan April Aug Nov 

1995 4.8 6.3 2.35 3.35 

1996 4.45 6.35 2.06 3.96 

1997 5.29 6.25 1.73 4.55 

1998 4.2 6.46 3.02 4.1 

1999 5.05 6.35 1.98 4.1 

2000 4.98 6.28 3.02 4.82 

2001 5.63 6.43 1.75 4.62 

2002 5.29 5.55 2.95 4.15 

2003 5.52 6.21 1.42 2.24 

2004 4.4 5.79 2.5 3.33 

2005 4.53 5.63 1.86 3.55 

2006 5.63 5.99 1.21 2.44 

2007 4.85 5.8 1.9 3.24 

2008 4.91 6.14 2.76 4 

2009 4.68 7.02 2.35 3.74 

2010 5.01 6.16 3.02 4.83 

2011 4.75 5.88 1.49 3.64 

2012 4.8 6 1.49 3.6 

2013 5.15 6.85 2.55 2.85 

2014 4.6 5.7 2.35 3.8 

2015 4.75 5.7 2.85 4.05 

2016 4.75 5.4 2.65 3.45 

2017 3.98 5.72 2.8 3.45 

Minimum 3.98 5.4 1.21 2.24 

Maximum 5.63 7.02 3.02 4.83 

Average 4.87 6.09 2.26 3.73 

 

Source: Central Ground Water Board 
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FIG-7.1: HYDROGRAPH OF LAKHANPUR GROUND WATER MONITORING STATION 
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 Chapter-8 

Ground Water Quality 

8.1: Introduction: It is highly essential to assess the quality of ground water of the 

area and accordingly its suitability for various proposes viz drinking, irrigation and 

industrial purposes etc. In order to assess the chemical quality, groundwater samples 

from different part of the study area during pre- monsoon period have been collected 

and analyzed for various parameters. So in order to assess the quality of ground water 

in the present area 12 nos. of water samples (4 Nos. from open wells and 4 nos. from 

shallow tube wells and 4 nos. from deep tube wells available in the area were collected 

and analyzed by adopting standard method of chemical analysis. The result of the 

chemical analysis of ground water is shown in table-8.3 A,B and C. A comparison of 

the quality of open wells and tube wells and range variation of different chemical 

constituents are tabulated below:-  

Table -:8.1 -Range of Various Chemical Constituents Analyzed in Water 

Samples collected from different sources in the buffer zone.   
Chemical  

Parameters 

Open Wells Shallow bore Wells  Deep/bore tube  wells  

Min Max Avg Min Max Avg Min Max Avg 

Temperature º C 26.5 28 27.25 27 28 27.625 26.5 28 27.375 

pH 7.1 7.8 7.4625 7.6 7.85 7.75 7.6 8.25 8.0125 

Sp Cond  360 650 456.25 314 495 399.5 256 460 340.5 

Bicarbonates  ( mg/l) 76 258 179.75 105 220 159 102 244 148.75 

Chloride ( mg/l) 18 62 42.75 14 65 33.75 18 25 21.25 

Sulphate  ( mg/l) 3.6 35 16.275 0 8.5 3.475 3.6 5.6 4.55 

Nitrate (mg/l) 4.5 22.6 12.025 0.2 5.6 3.45 2.5 14.5 6.1 

Fluoride   ( mg/l) 0.35 0.6 0.50 0.45 0.85 0.6 0.3 0.6 0.7 

Total Hardness ( mg/l) 36 180 113.5 88 155 122.25 85 188 121 

Calcium ( mg/l) 15 45 29.75 18 50 31 22 55 31.25 

Magnesium  ( mg/l)  10.5 30 20.375 7.3 16 11.95 7.5 14 10.875 

Sodium  ( mg/l)  16 45 29.625 13 45 29.5 5.6 24 14.9 

Potassium  ( mg/l)   5.5 12 7.525 3.5 6.5 5.025 4.5 5.8 5.075 

Iron (mg/l) 0.14 0.12 0.19 0 0.16 0.0.21 0.22 0.15 0.14 

TDS ( mg/l)  215 372 266.25 188 289 245.25 156 277 205.75 

From the above table following inference can be drawn- 
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Table-8.2: comparison of the ground water quality with national Standard 

Parameters Drinking water standard (IS-10500-2012 

Desirable limit Permissible limit 

pH 6.5 to 8.5 NR 

EC 750 1500 

CO3 - - 

HCO3 - - 

Cl 250 1000 

SO4 200 400 

NO3 45 NR 

F 1.0 1.5 

TH 200 600 

Ca 75 200 

Mg 30 NR 

Na No guideline - 

K No guideline - 

TDS   

Note :   All parameters are in mg/liter except EC which is in µS/cm at 25ºC 

NR- No Relaxation 

A perusal of concentration of various chemical constituents of water indicate that 

Ground water is most suitable for all the purposes viz. drinking, domestic, irrigation 

and Industrial purposes. It is concluded that all the parameters are well within the 

prescribed norms for drinking water and suitable for human consumption as well as 

for all purposes as per requirement of the industry. 
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Table-8.3A: CHEMICAL ANALYSIS DATA OF WATER SAMPLES FROM OPEN WELLS 

 

S. No Location Temp pH EC HCO3 Cl SO4 NO3 F TH Ca Mg Na K Fe TDS 

1 Kirarama 28 7.8 430 210 29 14.5 6.5 0.6 180 45 18 16 12 0.21 250 

2 Ubuda 27.5 7.75 385 76 62 3.6 22.6 0.6 142 15 23 17.5 7 0.13 228 

3 Telenpali 26.5 7.1 360 175 18 12 4.5 0.35 96 30 10.5 40 5.6 0.12 215 

4 Rengali 27 7.2 650 258 62 35 14.5 0.8 36 29 30 45 5.5 0.17 372 
 

N.B: All parameters are in mg/l except EC which is in µS/cm at 250C. 

 

 

Table-8.3B: CHEMICAL ANALYSIS DATA OF WATER SAMPLES FROM SHALLOW BORE WELLS 

S.No Location Temp pH EC HCO3 Cl SO4 NO3 F TH Ca Mg Na K Fe TDS 

1 Banharpali 28 7.85 430 116 65 2.8 4.5 0.6 88 18 16 45 5.2 0.15 270 

2 Basupali 27.5 7.6 495 220 14 8.5 3.5 0.7 130 20 16 42 6.5 0.17 289 

3 Bhutia 27 7.85 314 105 38 2.6 5.6 0.5 116 36 8.5 18 3.5 0.22 188 

4 Gudiali 28 7.7 359 195 18 0 0.2 0.4 155 50 7.3 13 4.9 0.18 234 

 

N.B: All parameters are in mg/l except EC which is in µS/cm at 250C. 

 

 

Table-8.3C: CHEMICAL ANALYSIS DATA OF WATER SAMPLES FROM DEEP BORE WELLS 

S.NO Location Temp pH EC HCO3 Cl SO4 NO3 F TH Ca Mg Na K Fe TDS 

1 Banharpali 28 8.1 356 124 24 4.5 3.8 0.4 85 22 8 24 5.5 0.14 215 

2 Balanda 27.5 8.1 256 125 18 4.5 3.6 0.5 112 24 14 5.6 4.5 0.18 156 

3 Piplikani 26.5 7.6 460 244 18 3.6 2.5 0.5 188 55 14 14 4.5 0.11 277 

4 Kumarbandha 27.5 8.25 290 102 25 5.6 14.5 0.6 99 24 7.5 16 5.8 0.16 175 
 

N.B: All parameters are in mg/l except EC which is in µS/cm at 250C. 
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8.2: Ground water quality in core and adjacent area: Beside the above 7 No of water samples were also collected from core 

zone and its adjacent and adjoining areas in buffer zone. Locations of these samples and their analysis are shown in following 

tables 

Table -8.4 A: Particulars of ground water sample collection from core zone and its adjoining / adjacent areas 

 

S. 

No 

Particulars Details S. 

No 

Particulars Details 

1 Name of Industry OPGC 6 Sample Analysis ( Post-monsoon) Dec,2018 

2 Source of samples Bore wells 7 Sample collection (Monsoon) July,2018 

3 Sample Collected by VCSPL representative 8 Sample Analysis (Monsoon) July,2018 

4 Sampling Location OPGC plant Area, Core & Buffer zone 9 Sample collection (Pre-monsoon) Apr,2018 

5 Sample collection 
 ( Post-monsoon) 

Nov,2018 10 Sample Analysis ( Pre-monsoon) Apr,2018 

 

Table 8.4B: Locations of ground water samples 

 

Sample code Location 

GW-1 B/W Near MGR refueling station 

GW-2 B/W Near BGRE batching plant near plantation site 

GW-3 B/W Behind learning center 

GW-4 B/W Near Ash Pond Area (close to western bund of Ash Pond A) 

GW-5 B/W of Bargarh village 

GW-6 B/W of Rengali village 

GW-7 B/W of Kusraloi village 
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Table-8.5: Result of Ground Water Quality (during Post Monsoon Season) 

Sl. 
No. 

Parameter Unit Testing Methods Standard 
as per 
IS:10500 

Analysis Results 

GW-1 GW-2 GW-3 GW-4 GW-5 GW-6 GW-7 

Essential Characteristics    

1. Colour Hazen APHA 2120 B, C 5 CL CL CL CL CL CL CL 

2. Odour -- APHA 2150 B Agreeable U/O U/O U/O U/O U/O U/O U/O 

3. Taste -- APHA 2160 C Agreeable AL AL AL AL AL AL AL 

4. Turbidity NTU APHA 2130 B 1 0.45 0.5 0.6 0.45 0.8 0.75 0.60 

5 Temperature 0C - -  25 26.5 25.5 27 26 24 27 

6 pH -- APHA 4500H+ B 6.5-8.5 7.6 8 8 7.6 7.7 7.8 8.1 

7 Sp conductance 
(EC) µS/cm (25°C) 

µS/cm 

(25°C) 
APHA 2540 C 1500 533 435 484 723 514 686 482 

8 HCO3 mg/l APHA 2540 C 300 281 232 207 214 275 189 183 

9 Chloride (as Cl) mg/l APHA 4500Cl- B 250 18 7 21 71 14 96 46 

10 Sulphate as SO4 mg/l APHA 4500 SO4
2- E 200 21 25 28 36 19 6 2 

11 Nitrate as NO3 mg/l APHA 4500 NO3
- E 45 0 3 18.3 45 4 3.2 20.9 

12 Fluoride as F mg/l APHA 4500F- C 1.0 0.3 0.4 0.4 0.6 0.4 0.3 0.2 

13 Total Hardness 
 (as CaCO3) 

mg/l APHA 2340 C 200 187 195 175 170 160 140 175 

14 Alkalinity mg/l APHA 2320 B 200 64 70 77 84 88 80 79 

15 Calcium as Ca mg/l APHA 3500Ca B 75 62 50 68 86 46 74 66 

16 Magnesium as Mg mg/l APHA 3500Mg B 30 11 17 10 11 10 13 2 

17 Sodium as Na mg/l  No 
guideline 

32 15.7 10 51 50.5 44.1 39.6 

18 Potassium as K mg/l  No 
guideline 

1.3 0.4 0.6 0.8 1.2 4.7 1.3 

19 Iron (as Fe) mg/l APHA 3500Fe, B 0.3 0.21 0.25 0.2 0.25 0.24 0.25 0.25 

20 Total Dissolved 
Solids 

mg/l APHA 2540 C 500 321.4 262.3 291.9 436.0 309.9 413.0 290.2 

21 Residual Free 
Chlorine 

mg/l APHA 4500Cl, B 0.2 ND ND ND ND ND ND ND 

Trace / heavy and other elements    

22 Copper as Cu mg/l APHA 3111 B,C 0.05 BDL BDL BDL BDL BDL BDL BDL 
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23 Manganese as Mn mg/l APHA 3500Mn B 0.1 BDL BDL BDL BDL BDL BDL BDL 

24 Phenolic 
Compounds as 
C6H5OH 

mg/l APHA 5530 B,D 0.001 BDL BDL BDL BDL BDL BDL BDL 

25 Mercury as Hg mg/l APHA 3500 Hg 0.001 BDL BDL BDL BDL BDL BDL BDL 

26 Cadmium as Cd mg/l APHA 3111 B,C 0.003 BDL BDL BDL BDL BDL BDL BDL 

27 Selenium as Se mg/l APHA 3114 B 0.01 BDL BDL BDL BDL BDL BDL BDL 

28 Arsenic as As mg/l APHA 3114 B 0.01 BDL BDL BDL BDL BDL BDL BDL 

29 Cyanide as CN mg/l APHA 4500 CN- C,D 0.05 ND ND ND ND ND ND ND 

30 Lead as Pb mg/l APHA 3111 B,C 0.01 BDL BDL BDL BDL BDL BDL BDL 

31 Zinc as Zn mg/l APHA 3111 B,C 5 BDL BDL BDL BDL BDL BDL BDL 

32 Anionic Detergents 
as MBAS 

mg/l APHA 5540 C 0.2 ND ND ND ND ND ND ND 

33 Chromium as Cr+6 mg/l APHA 3500Cr B 0.05 BDL BDL BDL BDL BDL BDL BDL 

34 Mineral Oil mg/l APHA 5220 B 0.01 ND ND ND ND ND ND ND 

35 Aluminium as Al mg/l APHA 3500Al B 0.03 BDL BDL BDL BDL BDL BDL BDL 

36 Boron  mg/l APHA 4500B, B 0.5 BDL BDL BDL BDL BDL BDL BDL 

37 Poly Aromatic 
Hydrocarbon as 
PAH 

µg/l APHA 6440 B 0.0001 BDL BDL BDL BDL BDL BDL BDL 

38 Pesticides µg/l APHA 6630 B,C Absent Absent Absent Absent Absent Absent Absent Absen
t 

 

Note: ND: Not Detected,   BDL (Below Detection  Limits).  

Value of below detection limit (BDL) for different trace elements are as below. 

Elements Cu Mn Phenolic comp. Hg Cd Se As Pb Zn Cr+6 Al B Poly Aromatic Hydrocorbon 

BDL values 0.01 0.01 0.0001 0.0001 0.0001 0.001 0.001 0.001 0.05 0.01 0.005 0.01 0.00005 
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Table-8.6: Result of Ground Water Quality (during Monsoon Season) 

Sl. 
No. 

Parameter Unit Testing Methods Standard 
as per 
IS:10500 

Analysis Results 

GW-1 GW-2 GW-3 GW-4 GW-5 GW-6 GW-7 

Essential Characteristics    

1. Colour Hazen APHA 2120 B, C 5 CL CL CL CL CL CL CL 

2. Odour -- APHA 2150 B Agreeable U/O U/O U/O U/O U/O U/O U/O 

3. Taste -- APHA 2160 C Agreeable AL AL AL AL AL AL AL 

4. Turbidity NTU APHA 2130 B 1 0.8 0.6 0.6 0.75 0.65 0.80 0.80 

5 Temperature 0C - -  26 27 25 26 28 25 26 

6 pH -- APHA 4500H+ B 6.5-8.5 7.8 8.27 8 8.1 8 8.3 8.2 

7 Sp conductance 
(EC) µS/cm (25°C) 

µS/cm 

(25°C) 
APHA 2540 C 1500 470 394 450 690 450 610 418 

8 HCO3 mg/l APHA 2540 C 300 177 128 201 244 183 248 110 

9 Chloride (as Cl) mg/l APHA 4500Cl- B 250 43 18 32 43 39 28 39 

10 Sulphate as SO4 mg/l APHA 4500 SO4
2- E 200 9 6.6 11 17.9 5 20.3 8 

11 Nitrate as NO3 mg/l APHA 4500 NO3
- E 45 4.2 3.5 4.2 3.4 3.7 2.5 1.6 

12 Fluoride as F mg/l APHA 4500F- C 1.0 0.7 0.6 0.7 0.5 0.5 0.4 0.2 

13 Total Hardness 
 (as CaCO3) 

mg/l APHA 2340 C 200 135 110 160 170 195 165 133 

14 Total Alkalinity mg/l APHA 2320 B 200 145.1 104.9 164.8 100 150 190.2 90.2 

15 Calcium as Ca mg/l APHA 3500Ca B 75 34 30 34 32 34 48 38 

16 Magnesium as Mg mg/l APHA 3500Mg B 30 12 9 18 26 27 23 9 

17 Sodium as Na mg/l  No 
guideline 

46.8 17.2 22 13.3 8 46.1 15.5 

18 Potassium as K mg/l  No 
guideline 

0.2 0.3 0.5 0.2 0.4 0.1 1.4 

19 Iron (as Fe) mg/l APHA 3500Fe, B 0.3 0.3 0.25 0.2 0.25 0.25 0.25 0.28 

20 Total Dissolved 
Solids 

mg/l APHA 2540 C 500 233 145 218 274 205 353 166 

21 Residual Free 
Chlorine 

mg/l APHA 4500Cl, B 0.2 ND ND ND ND ND ND ND 

Trace / heavy and other elements    
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22 Copper as Cu mg/l APHA 3111 B,C 0.05 BDL BDL BDL BDL BDL BDL BDL 

23 Manganese as Mn mg/l APHA 3500Mn B 0.1 BDL BDL BDL BDL BDL BDL BDL 

24 Phenolic 
Compounds as 
C6H5OH 

mg/l APHA 5530 B,D 0.001 BDL BDL BDL BDL BDL BDL BDL 

25 Mercury as Hg mg/l APHA 3500 Hg 0.001 BDL BDL BDL BDL BDL BDL BDL 

26 Cadmium as Cd mg/l APHA 3111 B,C 0.003 BDL BDL BDL BDL BDL BDL BDL 

27 Selenium as Se mg/l APHA 3114 B 0.01 BDL BDL BDL BDL BDL BDL BDL 

28 Arsenic as As mg/l APHA 3114 B 0.01 BDL BDL BDL BDL BDL BDL BDL 

29 Cyanide as CN mg/l APHA 4500 CN- C,D 0.05 ND ND ND ND ND ND ND 

30 Lead as Pb mg/l APHA 3111 B,C 0.01 BDL BDL BDL BDL BDL BDL BDL 

31 Zinc as Zn mg/l APHA 3111 B,C 5 BDL BDL BDL BDL BDL BDL BDL 

32 Anionic Detergents 
as MBAS 

mg/l APHA 5540 C 0.2 ND ND ND ND ND ND ND 

33 Chromium as Cr+6 mg/l APHA 3500Cr B 0.05 BDL BDL BDL BDL BDL BDL BDL 

34 Mineral Oil mg/l APHA 5220 B 0.01 ND ND ND ND ND ND ND 

35 Aluminium as Al mg/l APHA 3500Al B 0.03 BDL BDL BDL BDL BDL BDL BDL 

36 Boron  mg/l APHA 4500B, B 0.5 BDL BDL BDL BDL BDL BDL BDL 

37 Poly Aromatic 
Hydrocarbon as 
PAH 

µg/l APHA 6440 B 0.0001 BDL BDL BDL BDL BDL BDL BDL 

38 Pesticides µg/l APHA 6630 B,C Absent Abse
nt 

Abse
nt 

Absent Absent Absent Absent Absen
t 

 

Note: ND: Not Detected,  BDL (Below Detection  Limits).  

Value of below detection limit (BDL) for different trace elements are as below. 

Elements Cu Mn Phenolic comp. Hg Cd Se As Pb Zn Cr+6 Al B Poly Aromatic Hydrocorbon 

BDL values 0.01 0.01 0.0001 0.0001 0.0001 0.001 0.001 0.001 0.05 0.01 0.005 0.01 0.00005 
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Table- 8.7 : Result of Ground Water Quality (during Pre-monsoon Season) 

 
Sl. 
No. 

Parameter Unit Testing Methods Standard as 
per IS:10500 

Analysis Results 

GW-1 GW-2 GW-3 GW-4 GW-5 GW-6 GW-7 

Essential Characteristics    

1. Colour Hazen APHA 2120 B, C 5 CL CL CL CL CL CL CL 

2. Odour -- APHA 2150 B Agreeable U/O U/O U/O U/O U/O U/O U/O 

3. Taste -- APHA 2160 C Agreeable AL AL AL AL AL AL AL 

4. Turbidity NTU APHA 2130 B 1 0.75 0.8 0.6 0.9 0.6 0.8 0.8 

5 Temperature 0C - -  27 25.5 26 28 27 26 27 
6 pH -- APHA 4500H+ B 6.5-8.5 8.2 8.2 8.1 8.06 7.96 8.03 7.9 

7 Sp conductance 
(EC)µS/cm (25°C) 

µS/cm 

(25°C) 
APHA 2540 C 1500 620 480 570 800 590 760 550 

8 HCO3 mg/l APHA 2540 C 300 128 226 256 165 177 232 128 
9 Chloride (as Cl) mg/l APHA 4500Cl- B 250 96 21 57 174 85 96 124 
10 Sulphate as SO4 mg/l APHA 4500 SO4

2- E 200 20.3 14 18 7.5 38.2 60.5 3 
11 Nitrate as NO3 mg/l APHA 4500 NO3

- E 45 1.6 3.6 0.8 2.6 3.6 1.5 1.4 
12 Fluoride as F mg/l APHA 4500F- C 1.0 0.4 0.7 0.6 0.7 0.3 0.6 0.7 
13 Total Hardness 

 (as CaCO3) 
mg/l APHA 2340 C 200 165 170 140 172 150 155 100 

14 Alkalinity mg/l APHA 2320 B 200 104.9 185.3 180 135.3 145.08 190.2 104.9 
15 Calcium as Ca mg/l APHA 3500Ca B 75 50 30 42 68 40 50 50 
16 Magnesium as Mg mg/l APHA 3500Mg B 30 10 23 28 25 12 24 18 
17 Sodium as Na mg/l  No 

guideline 
52.4 34.7 40.8 43.9 65.2 32.4 32 

18 Potassium as K mg/l  No 
guideline 

1.8 1.9 0.6 0.6 0.3 1.4 0.3 

19 Iron (as Fe) mg/l APHA 3500Fe, B 0.3 0.15 0.19 0.2 0.21 0.12 0.19 0.14 



112 
 

20 Total Dissolved 
Solids 

mg/l APHA 2540 C 500 295 238 314 411 329 400 291 

21 Residual Free 
Chlorine 

mg/l APHA 4500Cl, B 0.2 ND ND ND ND ND ND ND 

Trace / heavy and other elements    

22 Copper as Cu mg/l APHA 3111 B,C 0.05 BDL BDL BDL BDL BDL BDL BDL 

23 Manganese as Mn mg/l APHA 3500Mn B 0.1 BDL BDL BDL BDL BDL BDL BDL 

24 Phenolic 
Compounds as 
C6H5OH 

mg/l APHA 5530 B,D 0.001 BDL BDL BDL BDL BDL BDL BDL 

25 Mercury as Hg mg/l APHA 3500 Hg 0.001 BDL BDL BDL BDL BDL BDL BDL 

26 Cadmium as Cd mg/l APHA 3111 B,C 0.003 BDL BDL BDL BDL BDL BDL BDL 

27 Selenium as Se mg/l APHA 3114 B 0.01 BDL BDL BDL BDL BDL BDL BDL 

28 Arsenic as As mg/l APHA 3114 B 0.01 BDL BDL BDL BDL BDL BDL BDL 

29 Cyanide as CN mg/l APHA 4500 CN- C,D 0.05 ND ND ND ND ND ND ND 

30 Lead as Pb mg/l APHA 3111 B,C 0.01 BDL BDL BDL BDL BDL BDL BDL 

31 Zinc as Zn mg/l APHA 3111 B,C 5 BDL BDL BDL BDL BDL BDL BDL 

32 Anionic Detergents 
as MBAS 

mg/l APHA 5540 C 0.2 ND ND ND ND ND ND ND 

33 Chromium as Cr+6 mg/l APHA 3500Cr B 0.05 BDL BDL BDL BDL BDL BDL BDL 

34 Mineral Oil mg/l APHA 5220 B 0.01 ND ND ND ND ND ND ND 

35 Aluminium as Al mg/l APHA 3500Al B 0.03 BDL BDL BDL BDL BDL BDL BDL 

36 Boron  mg/l APHA 4500B, B 0.5 BDL BDL BDL BDL BDL BDL BDL 

37 Poly Aromatic 
Hydrocarbon as 
PAH 

µg/l APHA 6440 B 0.0001 BDL BDL BDL BDL BDL BDL BDL 

38 Pesticides µg/l APHA 6630 B,C Absent Absen
t 

Absent Absen
t 

Absent Absent Absent Absen
t 

 

Note: ND: Not Detected ,   BDL (Below Detection  Limits) Values. 

Value of below detection limit (BDL) for different trace elements are as below. 

Elements Cu Mn Phenolic comp. Hg Cd Se As Pb Zn Cr+6 Al B Poly Aromatic Hydrocorbon 

BDL values 0.01 0.01 0.0001 0.0001 0.0001 0.001 0.001 0.001 0.05 0.01 0.005 0.01 0.00005 
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8.3: Surface water quality in Hirakud Reservoir: 3 No of water samples from 

Hirakud reservoir were collected and analysed by adopting standard method of 

analysis. Locations of these samples and their analysis are shown in following tables 

 

Table -8.8: Particulars of Surface water (Hirakud Reservoir) samples. 

 

S. No Particulars Details 

1 Name of Industry OPGC 

2 Source of samples Hirakud reservoir 

3 Sample Collected by VCSPL representative 

4 Sampling Location& Code S-1: Hirakud Reservoir Upstream 

S-2: Hirakud Reservoir Down stream 

S-3 :Hirakud Reservoir Down stream 

5 Sampling Period ( Post- Monsoon) Nov,2018 

6 Sampling Period (Monsoon) July,2018 

7 Sampling Period ( Pre- Monsoon) Apr,2018 

 

Note: Some of the trace elements are found below detection limits. The Value 

of below detection limit (BDL) for different trace elements are as below. 

 

Elements BDL values 

Cu 0.01 

Mn 0.01 

Phenolic Compounds as C6H5OH 0.0001 

Hg 0.0001 

Cd 0.0001 

Se 0.001 

As 0.001 

Pb 0.001 

Zn 0.05 

Cr+6 0.01 

Al 0.005 

B 0.01 

Poly Aromatic Hydrocorbon 0.00005 

 

 

 

 



114 
 

Table-8.9 : Result of Surface water (Hirakud Reservoir) samples (During Post- Monsoon Season) 

 
Sl.No. Parameter Unit Testing Methods Standard as 

per IS:10500 
SW-1 SW-2 SW-3 

1 Colour Hazen APHA 2120 B, C 5 CL CL CL 

2. Odour -- APHA 2150 B Agreeable U/O U/O U/O 

3. Taste -- APHA 2160 C Agreeable AL AL AL 

4. Turbidity NTU APHA 2130 B 1 01.5 2.6 1.8 

5 Temperature 0C -   26.5 24.5 25 
6 pH -- APHA 4500H+ B 6.5-8.5 7.8 7.9 7.95 
7 Sp conductance (EC) µS/cm (25°C) APHA 2540 C 1500 150 134 166 
8 HCO3 mg/l APHA 2540 C 300 37 49 67 
9 Chloride (as Cl) mg/l APHA 4500Cl- B 250 35 11 14 

10 Sulphate as SO4 mg/l APHA 4500 SO4
2- 

E 
200 6.5 4.2 3.5 

11 Nitrate as NO3 mg/l APHA 4500 NO3
- 

E 
45 

2.5 5.9 0 
12 Fluoride as F mg/l APHA 4500F- C 1.0 0.7 0.6 0.7 
13 Total Hardness (as CaCO3) mg/l APHA 2340 C 200 95 65 65 
14 Alkalinity mg/l APHA 2320 B 200 64.0 70.0 77.0 

15 Calcium as Ca mg/l APHA 3500Ca B 75 12 20 22 
16 Magnesium as Mg mg/l APHA 3500Mg B 30 11 4 2 
17 Sodium as Na mg/l APHA 3500Na B No guideline 7.7 1.7 5.7 
18 Potassium as K mg/l APHA 3500K B No guideline 0.5 0.9 0.9 
19 Iron (as Fe) mg/l APHA 3500Fe, B 0.3 0.25 0.0 0.15 
20 Total Dissolved Solids mg/l APHA 2540 C 500 86 78 99 
21 Residual Free Chlorine mg/l APHA 4500Cl, B 0.2 ND ND ND 

22 Copper as Cu mg/l APHA 3111 B,C 0.05 BDL BDL BDL 

23 Manganese as Mn mg/l APHA 3500Mn B 0.1 BDL BDL BDL 

24 Phenolic Compounds as 
C6H5OH 

mg/l APHA 5530 B,D 0.001 BDL BDL BDL 

25 Mercury as Hg mg/l APHA 3500 Hg 0.001 BDL BDL BDL 
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26 Cadmium as Cd mg/l APHA 3111 B,C 0.003 BDL BDL BDL 

27 Selenium as Se mg/l APHA 3114 B 0.01 BDL BDL BDL 

28 Arsenic as As mg/l APHA 3114 B 0.01 BDL BDL BDL 

29 Cyanide as CN mg/l APHA 4500 
CN- C,D 

0.05 ND ND ND 

30 Lead as Pb mg/l APHA 3111 B,C 0.01 BDL BDL BDL 

31 Zinc as Zn mg/l APHA 3111 B,C 5 BDL BDL BDL 

32 Anionic Detergents as MBAS mg/l APHA 5540 C 0.2 ND ND ND 

33 Chromium as Cr+6 mg/l APHA 3500Cr B 0.05 BDL BDL BDL 

34 Mineral Oil mg/l APHA 5220 B 0.01 ND ND ND 

35 Aluminium as Al mg/l APHA 3500Al B 0.03 BDL BDL BDL 

36 Boron  mg/l APHA 4500B, B 0.5 BDL BDL BDL 

37 Poly Aromatic Hydrocarbon 
as PAH 

µg/l APHA 6440 B 0.0001 BDL BDL BDL 

38 Pesticides µg/l APHA 6630 B,C Absent Absent Absent Absent 

 

Note:  ND: Not Detected,   BDL (Below Detection  Limits)  
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Table-8.10: Result of Surface water (Hirakud Reservoir) samples (During Monsoon Season ) 

 
Sl.No. Parameter Unit Testing Methods Standard as per 

IS:10500 
SW-1 SW-2 SW-3 

1 Colour Hazen APHA 2120 B, C 5 CL CL CL 

2. Odour -- APHA 2150 B Agreeable U/O U/O U/O 

3. Taste -- APHA 2160 C Agreeable AL AL AL 

4. Turbidity NTU APHA 2130 B 1    

5 Temperature 0C -   24 25 26 
6 pH -- APHA 4500H+ B 6.5-8.5 7.9 7.8 8.1 
7 Sp conductance (EC) µS/cm (25°C) APHA 2540 C 1500 100 91 140 
8 HCO3 mg/l APHA 2540 C 300 43 18 49 
9 Chloride (as Cl) mg/l APHA 4500Cl- B 250 4 18 7 

10 Sulphate as SO4 mg/l APHA 4500 SO4
2- E 200 8 2.4 15 

11 Nitrate as NO3 mg/l APHA 4500 NO3
- E 45 2 0.6 5.5 

12 Fluoride as F mg/l APHA 4500F- C 1.0 0.1 0.45 0.6 
13 Total Hardness (as CaCO3) mg/l APHA 2340 C 200 50 30 55 
14 Alkalinity mg/l APHA 2320 B 200 35.3 14.75 40.2 

15 Calcium as Ca mg/l APHA 3500Ca B 75 16 8 16 
16 Magnesium as Mg mg/l APHA 3500Mg B 30 2 2 4 
17 Sodium as Na mg/l APHA 3500Na B No guideline 0.4 5.4 6.8 
18 Potassium as K mg/l APHA 3500K B No guideline 0 0.4 0.2 
19 Iron (as Fe) mg/l APHA 3500Fe, B 0.3 0.1 0.09 0.11 
20 Total Dissolved Solids mg/l APHA 2540 C 500 58 48 83 
21 Residual Free Chlorine mg/l APHA 4500Cl, B 0.2 ND ND ND 

22 Copper as Cu mg/l APHA 3111 B,C 0.05 BDL BDL BDL 

23 Manganese as Mn mg/l APHA 3500Mn B 0.1 BDL BDL BDL 

24 Phenolic Compounds as 
C6H5OH 

mg/l APHA 5530 B,D 0.001 BDL BDL BDL 

25 Mercury as Hg mg/l APHA 3500 Hg 0.001 BDL BDL BDL 

26 Cadmium as Cd mg/l APHA 3111 B,C 0.003 BDL BDL BDL 



117 
 

27 Selenium as Se mg/l APHA 3114 B 0.01 BDL BDL BDL 

28 Arsenic as As mg/l APHA 3114 B 0.01 BDL BDL BDL 

29 Cyanide as CN mg/l APHA 4500 CN- C,D 0.05 ND ND ND 

30 Lead as Pb mg/l APHA 3111 B,C 0.01 BDL BDL BDL 

31 Zinc as Zn mg/l APHA 3111 B,C 5 BDL BDL BDL 

32 Anionic Detergents as MBAS mg/l APHA 5540 C 0.2 ND ND ND 

33 Chromium as Cr+6 mg/l APHA 3500Cr B 0.05 BDL BDL BDL 

34 Mineral Oil mg/l APHA 5220 B 0.01 ND ND ND 

35 Aluminium as Al mg/l APHA 3500Al B 0.03 BDL BDL BDL 

36 Boron  mg/l APHA 4500B, B 0.5 BDL BDL BDL 

37 Poly Aromatic Hydrocarbon as 
PAH 

µg/l APHA 6440 B 0.0001 BDL BDL BDL 

38 Pesticides µg/l APHA 6630 B,C Absent Absent Absent Absent 

 

 

Note:  ND: Not Detected,   BDL (Below Detection  Limits)  

 
 

 

 

 

 

 

 

 

 

 

 



118 
 

Table-8.11: Result of Ground Water Quality (during Pre-monsoon Season) 

Sl.No. Parameter Unit Testing Methods Standard as per 
IS:10500 

SW-1 SW-2 SW-3 

1 Colour Hazen APHA 2120 B, C 5 CL CL CL 

2. Odour -- APHA 2150 B Agreeable U/O U/O U/O 

3. Taste -- APHA 2160 C Agreeable AL AL AL 

4. Turbidity NTU APHA 2130 B 1    

5 Temperature 0C -   16 19 20 
6 pH -- APHA 4500H+ B 6.5-8.5 7.2 7.5 7.9 
7 Sp conductance (EC) µS/cm (25°C) APHA 2540 C 1500 90 81 99 
8 HCO3 mg/l APHA 2540 C 300 32 10 32 
9 Chloride (as Cl) mg/l APHA 4500Cl- B 250 5 21 16 

10 Sulphate as SO4 mg/l APHA 4500 SO4
2- E 200 9 3.1 12 

11 Nitrate as NO3 mg/l APHA 4500 NO3
- E 45 9 2.1 6.2 

12 Fluoride as F mg/l APHA 4500F- C 1.0 0.1 0.2 0.3 
13 Total Hardness (as CaCO3) mg/l APHA 2340 C 200 50 30 55 
14 Alkalinity mg/l APHA 2320 B 200 42.2 31.2 51.2 

15 Calcium as Ca mg/l APHA 3500Ca B 75 23 19 12 
16 Magnesium as Mg mg/l APHA 3500Mg B 30 6 4 9 
17 Sodium as Na mg/l APHA 3500Na B No guideline 0.5 4.6 7.1 
18 Potassium as K mg/l APHA 3500K B No guideline 0.1 0.2 0.2 
19 Iron (as Fe) mg/l APHA 3500Fe, B 0.3 ND ND ND 
20 Total Dissolved Solids mg/l APHA 2540 C 500 61 54 91 
21 Residual Free Chlorine mg/l APHA 4500Cl, B 0.2 ND ND ND 

22 Copper as Cu mg/l APHA 3111 B,C 0.05 BDL BDL BDL 

23 Manganese as Mn mg/l APHA 3500Mn B 0.1 BDL BDL BDL 

24 Phenolic Compounds as 
C6H5OH 

mg/l APHA 5530 B,D 0.001 BDL BDL BDL 

25 Mercury as Hg mg/l APHA 3500 Hg 0.001 BDL BDL BDL 

26 Cadmium as Cd mg/l APHA 3111 B,C 0.003 BDL BDL BDL 

27 Selenium as Se mg/l APHA 3114 B 0.01 BDL BDL BDL 



119 
 

28 Arsenic as As mg/l APHA 3114 B 0.01 BDL BDL BDL 

29 Cyanide as CN mg/l APHA 4500 CN- C,D 0.05 ND ND ND 

30 Lead as Pb mg/l APHA 3111 B,C 0.01 BDL BDL BDL 

31 Zinc as Zn mg/l APHA 3111 B,C 5 BDL BDL BDL 

32 Anionic Detergents as MBAS mg/l APHA 5540 C 0.2 ND ND ND 

33 Chromium as Cr+6 mg/l APHA 3500Cr B 0.05 BDL BDL BDL 

34 Mineral Oil mg/l APHA 5220 B 0.01 ND ND ND 

35 Aluminium as Al mg/l APHA 3500Al B 0.03 BDL BDL BDL 

36 Boron  mg/l APHA 4500B, B 0.5 BDL BDL BDL 

37 Poly Aromatic Hydrocarbon as 
PAH 

µg/l APHA 6440 B 0.0001 BDL BDL BDL 

38 Pesticides µg/l APHA 6630 B,C Absent Absent Absent Absent 

 

Note: ND: Not Detected ,   BDL (Below Detection  Limits) Values.  
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Chapter-9 

Assessment of ground water resources 

9.1: Introduction: Ground water being a dynamic and replenishable resource is 

generally estimated based on the component of annual recharge, which could be 

subjected to development by means of suitable ground water structures. Present area 

comprises granitic rocks of Precambrian period and sedimentary rocks of Gondwana 

super Group. Rainfall along with recharge from Hirakud Reservoir and Ib river and its 

associated streams and its adjoining nalas are the main source of ground water 

recharge. Though there are various methodologies available for computation of 

Ground Water Resources, but each one has its own ifs & buts. Keeping all the 

parameters into consideration Government Agencies (Ground Water Survey and 

Investigation Department, Govt. of Odisha and Central Ground Water Board) had 

computed block-wise ground water resources for the whole state of Odisha. Buffer 

zone comprises three blocks namely Jharsuguda sadar and Lakhanpur blockof 

Jharsuguda district and Rengali Blocks of Sambalpur district. 

So accordingly ground water resources of only three blocks (Lakahnpur, Jharsuguda 

and Rengali blocks) have been considered. Here an effort has been made to compute 

the ground water resource of present area on pro-rata basis. 

9.2: Ground Water Resources of Buffer zone: It is tabulated as below. 

Table- 9.1: Computation of Ground Water Resources of the Area. 

Particulars / Block Jharsuguda 

 block 

Lakhanpur 

block 

Rengali 

Block 

Net Annual Ground Water Availability 3182 5729 4145 

Existing Gross Ground Water Draft for 

Irrigation 

844.98 1316.96 661.56 

Existing Gross Ground Water Draft for 

domestic & Industrial Supply 

603.03 453.03 341.43 

Existing Gross Ground Water Draft for 

all uses 

1448.01 1769.99 1002.99 

Provision for domestic & industrial 

requirement supply for next 25 years 

692 648.60 433.35 

Net Ground Water Availability for 

future irrigation development 

1645.02 3763.44 3050.09 

Stage of Ground Water Development 45.01 30.90 24.20 
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Table-9.2: Computation of Ground Water Resources of the Area. 

S. No 

 

Block 

 

Net Annual 

Ground Water 

Availability (Ham) 

Existing Gross 

GW Draft for all 

Uses (Ham) 

Stage of G W 

Development   

In (%)  

1 Jharsuguda 3182.00 1448.00 45.51 

2 Lakhanpur 5729.00 1790.00 31.24 

3 Rengali 4145.00 1003.00 24.20 

 

Table-9.2: Computation of Ground Water Resources of the Area (contd.) 

 

Stage of Ground Water Development = 

(Existing Gross Ground Water Draft / Net Annual Ground Water Availability) X100 

  = (484.03/1517.77) X100 = 32 %  

So Stage of Ground Water Development in the area is 32 % 

          Thus from the above computation it can be inferred that net annual ground water 

availability in the area is 1518 Ham and existing ground water draft for all uses is 484 

Ham.   

        Thus the stage of G W development is 32%. As per the criteria for categorization 

of area made by Central Ground Water Authority for the development point of view, 

present study area falls under safe category as its stage of Ground Water 

Development is only 32%. Ample scope exist for development of ground water. It will 

not have any appreciable impact on ground water resources in the area.  

 

S. 

No 

 

Block 

 

Geograph 

ical Area  

 ( Ha )  

 

Rechargeable 

Geographical 

Area ( Ha ) of 

Block falling 

in buffer zone 

(Ha) 

Net Annual 

Ground 

Water 

Availability 

(Ham) 

Existing 

Gross 

Ground Water 

Draft for all 

Uses (Ham) 

1 Jharsuguda 35064 1958.00 177.69 80.86 

2 Lakhanpur 67373 13167.00 1119.64 349.83 

3 Rengali 38678 2057.00 220.44 53.34 

 Total  1517.77 484.03 
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Figure- 9A :Block wise ground water resources in the buffer zone
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Chapter-10 

CONCLUSION: 

Govt. of Odisha owned company Odisha Power Generation Corporation Limited 

(OPGC) runs Ib Thermal Power Station (ITPS), a coal-based thermal power plant 

near village Banharpali in Lakhanpur tehsil of Jharsuguda district of Odisha. The 

company has proposed to carry out hydrogeolocal studies of ash pond areas and plant 

areas of Thermal Power Station. 

For the hydrogeological study an area of 3145.16 sq km was taken as circular area of 

10 km radius keeping  the eastern point of ash ponds area (64O/14, 83º 54' 35" East 

longitudes and 21º 41' 33 " North latitudes) of Lakhanpur block of Jharsuguda district 

in the centre. The area falls under Survey of India Toposheet No. 64O/13 and 64O/14.  

Topographically plant area is characterized by a bit undulation and flat pediments with 

general elevation ranging from 180 to 220 msl from eastern to western boundary. 

Physiographically the area is characterized by a moderately degraded pediplanes with 

moderate undulation terrain and sporadically scattered and elongated hills and 

mounds. The area is mainly represented by all varieties of land forms such as 

pediplanes, pediments, isolated hillocks, denudated outcrops and undulating plains 

etc. Moderately resistant rock constitutes the ridge ranges rising to a maximum height 

of 382 m. above M.S.L.  

The drainage of the study area is mainly controlled by the lb river which is a tributary 

of Mahanadi River. IB River flows along eastern part of buffer zone with flow direction 

from north to south and falls into Hirakud Reservoir. Hirakud reservoir is marked in 

buffer zone covering its major part in southern portion of buffer zone. The drainage 

pattern is dentritic. Surface runoff generation potential of water shed comprising its all 

three ash ponds is 13.85 MCM. In plant area runoff may be 0.360 MCM while in ash 

ponds it will be 0.609 MCM.  

Average annual rain fall in the area is 1284 mm and temperature varies from 12 º C in 

winter to 41.9 º C in summer. 

Mainly four types of soils are dominant in the area. These are Alfisols (matured red 

and lateritic soil), Inceptisols (mixed gray soils) and Entisols or Unaltered soil with 

coarse parent materials and unclassified soil like mud flats etc. Chemical analysis of 

7 No of soil samples indicates that all chemical constituents fall under normal limit of 

their value and suitable for all types of crops.   
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Geologically the area is predominantly underlain by four types of rocks. The Peninsular 

Gneiss comprising augen gneiss and migmatite represent the oldest rocks of 

Archaean to Lower Proterozoic age in the area. They occupy a gently undulating 

terrain in eastern part of buffer zone. A practically un metamorphosed sedimentary 

sequence of Gondwana super group of rocks comprising Talcher and Barakar 

formations occur near to the north western part of buffer zone. The Gondwana Super 

Group of sedimentary rocks is confined to fault bounded basin and occur in the north 

western and south central part of buffer zone.  

Ground water is stored mainly in the secondary porosity resulting from weathering and 

fracturing of the rocks. The aquifer materials are highly heterogeneous in character 

showing both vertical and lateral variations .The weathered residuum form the main 

repository of ground water, which occurs under water table conditions and circulates 

through deeper fractures and fissures. Ground Water occurs under unconfined 

condition in phreatic aquifers and semi confined to confined conditions in the deeper 

fractures zones. The interconnected joints and fractures in the underlying hard rocks 

facilitate circulation of ground water and in turn form deeper aquifers. 

            The yield in these formations varies from 1.8 to 5.8. m3 /hr in bore wells. 

Aquifer parameters vary widely in confined condition.  Transmissivity varies from 0.38 

to 0.63 m/day in sandstones while from 1.4 to 1.75 m/day in granitic formations. 

Specific capacity varies from 0.98 to 1.58 L/ min / m of drawdown in sandstones while 

from 2.8 to 3.44 L/min/m of drawdown in granitic formations. 

 Generally two to four sets of fractures are encountered in the depth range of 30 to 

120 m below ground level. Pre monsoon water level varies from 4.72 to 7.23 m b g l. 

with its mean values as 6.07 m bgl while monsoon water level varies from 0.78 to 2.1 

m bgl with its mean value as 1.26 m b g l. Post monsoon water level varies from 1.24 

to 3.45 m b g l with its mean value as 2.14 m b g l.   Water level fluctuations between 

pre monsoon and post monsoon seasons were computes as 2.72 m (minimum) to 

5.34 m (maximum) with mean value of 2.92 m. Similarly, Water level fluctuations 

between pre monsoon and monsoon seasons were computes as 3.76 m (minimum) 

to 6.16 m (maximum) with mean value of 4.81 m. Similarly, Water level fluctuations 

between post monsoon and monsoon seasons were computes as 0.39 m (minimum) 

to 1.89 m (maximum) with mean value of 0.89 m 
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Water table varies from 200 m to 210 m amsl in general with a sporadic exception of 

215 m amsl at few places. Ground water flow direction in south western part is from 

NE to SW direction but in north eastern part it is from SE to NWW. General ground 

water flow direction is towards SW direction. Hydraulic gradient varies from 0.01 to 

0.0015 with a mean value of 0.0058. 

As per estimated ground water resources in buffer zone the annual net availability of 

ground water is 1517.77 Ham and the existing draft is 484.03 Ham. The stage of grow 

water development is 32%. So the area falls under “safe” category.    

Hydraulic conductivity is very poor due to which there will be no effect on ground water 

quality and ground water resources. Ground water quality is potable and also suitable 

for all purposes.  . 

******************************* E N D ****************************** 

 

 




































