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OTA 
BEFORE THE NATIONAL GREEN TRIBUNAL, PRINCIPAL BENG 

NEW DELHI 

ORIGINAL APPLICATION No. 580 OF 2022 

IN THE MATTER OF: 
..APPLICANT 

MUKESH SINGH 

VERSUS 

STATE OF UTTAR PRADESH & ORS. 
..RESPONDENTS 

RESPONSE ON BEHALF OF RESPONDENT N0.5/ NORTHERN 

COALFIELDS LTD, KHADIA PROJECT, DISTRICT-SONEBHADRA 

1, Rajiv Kumar, aged about 57 years, S/o Late Shivanath Jha, R/o Khadia Area, 

Post- Shaktinagar, Dist- Sonbhadra, Uttar Pradesh, Presently at do herebyY 

solemnly affrirm and declare as under: -

1. That I am working as the General Manager, Northern Coalfields Limited, 

Khadia Area, as such in my official capacity, I am well conversant with 

the facts and circumstances of the Present Case and also Competent to 

swear this Present Affidavit. 

2. That this Hon'ble Tribunal vide its order dated 30.09.2022 passed in O.A 

No. 580/2022 considered it appropriate to have response of (1) State of 

Uttar Pradesh through Chief Secretary, Government of Uttar Pradesh, (2) 

CPCB, (3) State PCB, (4) District Magistrate, Sonbhadra and (5) Project 

Proponent-Northerm Coalfields Ltd. who stand impleaded as respondents 

No. 1 to 5. The Registry is directed to prepare and attach memo of parties 

to the application and issue notices to respóndents No. I to 5 accordingly. 

Lhamasi 
Waidhan,D 3S 
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his Hon'ble Tribunal further constituted a Joint Committee comprising 
Orepresentatives of CPCB, State PCB and District Magistrate, 
Sonbhadra and direct the same to meet within four weeks, undertake 
VISits to the site, look into the grievances of the applicant, associate the 

applicant and representatives of the project proponent, verity the lacud position and submit its report within six weeks. A copy of the order dated 
30.09.2022 passed by this Hon'ble Tribunal in O.A No. 580/2022is 
annexed herewith and marked as ANNEXURE R-1 

3. That Planting of trees/biological reclamation at finalized overburden 
dump is a continuous activity at Khadia Project of NCL and is being 
carried out through U.P Forest Department, Renukoot Forest Division. In 
the FY 2021-2022, total 50,000 plants sapling have been planted on 
finalized OB dump by Khadia Profect through Renukoot Forest Division. 
Out of which in East Dump 28,750 plants have been planted A copy of 
the Letter No. 11/Khadia Project/29(plantation) dated 20.09.2021 issued 
by the Regional Forest Officer, Kharia Project, Renukoot is annexed 
herewith and marked as ANNEXURE R-2. 

4. That it is necessary to point out that Office of the Regional Forest Officer, 
Khadia Project vide its letter dated 27.09.2022 has informed that the 

target allotted by the N.C.L, Khadia Project for plantation of 82,500 
plants for Year 2022-2023 has been successfully carried out by planting 
different varieties of plants. Out of which in East Dump 34,525 plants 
have been planted. A copy of the Letter No. 06/Renukoot/29(plantation) 
dated 27.09.2022 issued by the Regional Forest Officer, Kharia Project, 
Renukoot is annexeghéypvith and marked as ANNEXURE R-3. 
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TAR 200/s 

5. That at present production capacity of Khadia mines is 15.00 MTPA.The 

latést EC was granted by MoEF&CC vide letter No. J1 1015/255/2006-

IA-11 (M) dated 27.07.2022. Stripping ratio 4.61 m3/T as per approved 

mine plan for 15 MTPA. A copy of the MoEF&CC letter No. 

J11015/255/2006-1 A-11 (M) dated 27.07.2022 granting Environmental 

Clearance is annexed herewith and marked as ANNEXURE R-4. 

6. That during open cast mining the overline soil and the fragmented rock is 

removed and is heaped to form the Over Burden dump which is to kept in 

a proper manner and as per the environmental norms. Over Burden (OB) 

dumping near the Nawatola village has already been stopped and 

plantation on OB is a continuing activity, retaining wall and drain has 

been constructed at the toe of the OB dumnp. 

7. The dump stability report prepared in October 2019 by Central Mine 

Planning and Design Institute Limited (CMPDIL) and has been sent to 

Control Board vide letter no. 
UP Pollution 

NCL/KHD/GM/Min/Env/UPPCB /22-23/3751 dated 24.01.2023. A copy 

of the letter no. 
NCL/KHD/GM/Min/Env/UPPCB /22-23/3751 dated 

24.01.2023 alongwith Dump Stability Report is annexed herewith and 

marked as ANNEXURE R-5. 

8. That the Manual monitoring of ambient air at Nautola Village has been 

initiated on 26.01.2023 through Central Mine Planning Design Institute 

Ltd. (CMPDIL). 

9. The third party study through the reputed organisation for evaluation of 

effectiveness of measures taken to control the air and water pollution 

from the east dump shall be submitted within one year. Proposal for 

engaging third party is already in proces: 

Cn,D: 
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T0.That regular health check-up/survey on quarterly basis of the residents of 

he village Nautola will be done through Nehru Shatabdi Chikitsalaya 
(NSC), Jayant for which necessary steps has been initiated by the 

Northern Coalfields Ltd. 

.The representative air quality of Nautola Village is taken care of by 
monitoring being done through CAAQMS installed at nearby Khadia 
Colony. Apart from this, manual monitoring of air quality at Nautola 
Village can be done through Khadia Project at regular interval. It mnay 
further be noted that the pollution in the area can not be attributed to 
Khadia Project only, but from other sources also such as: 

i. Burning of primary fuel in the village and nearby locations. 

ii. Emissions from Thermal Power Plants 

Vehicular pollution as the village is situated adjacent to 
Shaktinagar-Audi Road. 

111. 

iv. Construction activities in the village and nearby areas. 

A copy of the Commissioning Report of CAAQMS dated 16.05.2019 
is annexed herewith and marked as ANNEXURE R-6. 

12. That the Maximum Reduced level (R.L.) of the east dump is 487 m 

above mean sea level whereas the joint committee in its report has 

mistakenly considered total height of dump as 487 m. 

13.That every year, before onset of the monsoon, measures are taken for 

control of surface run-off. From now onwards, the measures to be taken 

shall be submitted o UPPCB and their kind suggestion will be put into 

17



action. A copy of the Monsoon action plan for the FY 2022-2023 is 

21)2 VY 

annexed herewith and marked as ANNEXURE R-77 

14.That the Northern Coalfields Ltd is taking appropriate remedial action, in 

accordance with Statutory provisions for prevention, control and 

abatement of environmental pollution/degradation and for protection and 

improvement of environment. 

15.That I say that the Annexure R-1 to R- 6 annexed along with the present 

Affidavit are true copy of its respective original. 

16.I say that averments of facts stated herein above are true to my 

knowledge, no part of it is false and has been derived from the official 

records and nothing material has been concealed therein. 

Of Donem 
uten 

DEPONENT 

VERIFICATION 

I, above named deponent mentioned above do hereby most solemnly 

affirm and verify that what is stated in the above affidavit is true to my 

knowledge and I believe the same to be true as per the official records of 

Northern Coalfield Ltd. 

Verified at Singrauli on this day of February, 2023. 

DEPONENT 

adhan, id Eimraui (M.P dentifed bv 
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Item No.02               (Court No. 2)

BEFORE THE NATIONAL GREEN TRIBUNAL  
PRINCIPAL BENCH 

(By Video Conferencing) 
Original Application No. 580/2022 

Mukesh Singh                                                                              …Applicant 

Versus 

State of Uttar Pradesh                                                    …Respondent 

Date of hearing: 30.09.2022 

         CORAM: HON’BLE MR. JUSTICE ARUN KUMAR TYAGI, JUDICIAL MEMBER 
    HON’BLE DR. AFROZ AHMAD, EXPERT MEMBER 

Applicant:  None.  

Application is registered based on a Letter Petition received by 
Email.  

ORDER 

1. The grievance in the present letter petition received by way of Email, 

which is registered and treated as original application, is regarding dumping of 

overburden by Khadia Project of Northern Coalfields limited at Nawatola 

village Khadia, Tehsil Dudhi, District Sonbhadra, Uttar Pradesh in violation of 

environmental norms which is causing severe air and water pollution and 

posing serious health hazards to the local residents. 

2. The registry has submitted report that no matter pertaining to Khadiya 

Project of Northern Coal fields Ltd. at Nawatola village Khadia, Tehsil Dudhi, 

District Sonbhadra, Uttar Pradesh is pending  

3. This Tribunal is empowered to suo moto take cognizance of the cases 

involving questions relating to environment arising out of the implementation 

of enactments specified in Schedule I of the National Green Tribunal Act, 2010 

as held by Hon'ble Supreme Court in Municipal Corporation of Greater 

Mumbai V/s. Ankita Sinha and others 2021 SSC Online SC 897. This 

Annexure R-1
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O. A. No. 580/2022                          Mukesh Singh Vs State of Uttar Pradesh 
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Tribunal can also take cognizance of such cases on the basis of letter petitions 

in accordance with settled principles of law governing Public Interest 

Litigation. 

4. Prima facie, the averments made in the application raise questions 

relating to environment arising out of the implementation of the enactments 

specified in Schedule I to the National Green Tribunal Act, 2010.

5. In view of the averments made in the application, we consider it 

appropriate to have response of (1) State of Uttar Pradesh through Chief 

Secretary, Government of Uttar Pradesh, (2) CPCB, (3) State PCB, (4)  District 

Magistrate, Sonbhadra and (5) Project Proponent-Northern Coalfields Ltd. who 

stand impleaded as respondents No. 1 to 5.  The Registry is directed to 

prepare and attach memo of parties to the application and issue notices to 

respondents No. 1 to 5 accordingly.   

6. In view of the allegations made in the application, we also consider it 

appropriate that a Joint Committee be constituted to verify the factual 

position.  Accordingly, we constitute  a Joint Committee comprising of 

representatives of CPCB, State PCB and District Magistrate, Sonbhadra and 

direct the same to meet within four weeks, undertake visits to the site, look 

into the grievances of the applicant, associate the applicant  and 

representatives of the project proponent, verify the factual position and submit 

its report within six weeks by e-mail at judicial-ngt@gov.in preferably in the 

form of searchable PDF/OCR Supported PDF and not in the form of Image 

PDF. The State PCB will be the nodal agency for coordination and compliance.

7. In case the Joint Committee observes any violation of consent 

conditions/environmental norms, then it shall forward a copy of its report to:-

(i)  The concerned Project Proponent to enable it to comply with the 

recommendations in the report of the Joint Committee or  file 

objections against the observations/recommendations contained in 
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the same and file its response before this Tribunal within one month 

from the date of receipt of a copy of the report of the Joint Committee 

by e-mail at judicial-ngt@gov.in preferably in the form of searchable 

PDF/OCR Supported PDF and not in the form of Image PDF; and

(ii) The concerned Statutory Authorities including State PCB and 

District Magistrate, Sonbhadra to  enable them to take appropriate 

remedial action, in accordance with Statutory provisions mandating 

them to take remedial action for prevention, control and abatement of 

environmental pollution/degradation and for protection and 

improvement of environment, by giving notice to/hearing the project 

proponent and following due process of law within one month from the 

date of receipt of a copy of the report of the Joint Committee by e-mail 

at judicial-ngt@gov.in preferably in the form of searchable PDF/OCR 

Supported PDF and not in the form of Image PDF. 

8. List for further consideration on 16.12.2022

9. A copy of this order, along with a copy of the application and documents 

attached with the same, be also forwarded to the CPCB, State PCB and 

District Magistrate, Sonbhadra by e-mail for compliance. 

Arun Kumar Tyagi, JM 

Dr. Afroz Ahmad, EM 

September 30, 2022 
AG
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 Government of India
Ministry of Environment, Forest and Climate Change

(Impact Assessment Division)

To,

The General Manager
Northern Coalfields Ltd. (NCL)
General Manager Khadia ,P.O. Shaktinagar,  Distt.:Sonebhadra, Uttar
Pradesh PIN 231222,,Sonbhadra,Uttar Pradesh-231222

Subject: Grant of Environmental Clearance (EC) to the proposed Project Activity
under the provision of EIA Notification 2006-regarding

Sir/Madam,
                   This is in reference to your application for Environmental Clearance (EC)
in respect of project submitted to the Ministry vide proposal number
IA/UP/CMIN/271949/2022 dated 09 Jul 2022. The particulars of the environmental
clearance granted to the project are as below.

1. EC Identification No. EC22A042UP184193
2. File No. J-11015/255/2006-IA-II(M)
3. Project Type Expansion7
4. Category A
5. Project/Activity including

Schedule No.
1(a) Mining of minerals

6. Name of Project Khadia Opencast Project
7. Name of Company/Organization Northern Coalfields Ltd. (NCL)
8. Location of Project Uttar Pradesh
9. TOR Date N/A

The project details along with terms and conditions are appended herewith from page
no 2 onwards.

Date: 27/07/2022

(e-signed)
Lalit Bokolia
Scientist F

IA - (Coal Mining sector)

Note: A valid environmental clearance shall be one that has EC identification
number & E-Sign generated from PARIVESH.Please quote identification
number in all future correspondence.

This is a computer generated cover page.

EC Identification No. - EC22A042UP184193     File No. - J-11015/255/2006-IA-II(M)    Date of Issue EC - 27/07/2022        Page 1 of 4

12
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EC Identification No. - EC22A042UP184193     File No. - J-11015/255/2006-IA-II(M)    Date of Issue EC - 27/07/2022        Page 2 of 4
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EC Identification No. - EC22A042UP184193     File No. - J-11015/255/2006-IA-II(M)    Date of Issue EC - 27/07/2022        Page 3 of 4
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EC Identification No. - EC22A042UP184193     File No. - J-11015/255/2006-IA-II(M)    Date of Issue EC - 27/07/2022        Page 4 of 4

Digitally signed by Lalit Bokolia
Scientist F
Date: 7/27/2022 3:35:34 PM

Signature Not Verified
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SCIENTIFIC STUDY 
OF 

KHADIA OPENCAST PROJECT 
(14.00 MTPA) 

(UNDER REGULATION 106 OF CMR- 2017) 

   NORTHERN COALFIELDS LIMITED 

OCTOBER- 2019 

SLOPE STABILITY CELL 

CENTRAL MINE PLANNING & DESIGN INSTITUTE LTD. 

REGIONAL INSTITUTE - VI 
P.O.: JAYANT  

DIST.: SINGRAULI (M.P.), 486 890.
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KHADIA OCP-14 MTPA                                                                          JOB NO-181906124 
    1 

 

CHAPTER - I 
INTRODUCTION 

1.0 Type of job :  
Regulation 106 of CMR- 2017 stipulates that for every mechanized open cast working, its 

method of working, ultimate pit slope, dump slope and monitoring of slope stability has 

been planned, designed and worked as determined by a scientific study. In view of the 

above GM (CP), NCL had requested RI-VI for scientific study & remedial measures for 

safe operation of Khadia Open cast Project through their letter no. NCL/CP/CMPDI/348 

dated 06.06.2018. 
  
Accordingly above job has been taken up by Slope Study Cell at Environment department 

of CMPDI, RI-VI, Singrauli. The Job number assigned is 181906124. 
 

 Feasibility Study of Singrauli Coalfield was prepared by Soviet Experts in collaboration 

with CMPDI in 1974. Khadia OCP is one of the important and oldest mine in NCL in which 

coal production started in the year 1991-92. Considering the demand and linkage of coal 

at that time, capacity of mine was restricted to 4.0 Mty. Due to growing demand of coal, 

capacity of mine was increased to 10.0 Mty in 2011. 
 

As per Project report combined dragline and shovel dumper system is being used here for 

mining purposes. Considering the mining and geological conditions the combined system 

of opencast mining with the use of dragline and shovel dumper combination has been 

proposed. 
 

A detailed stability study with following objectives is done for the sections provided by the 

project authorities. This report is based on the data and sections provided by project 

authorities in August-2019.  
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1.1 Scope of work: 
As per Reg no-106 of Coal Mines Regulation -2017 the scope of work is to include: 

1. The method of working,

2. Ultimate pit slope,

3. Dump slope & Pit Slope stability, and

4. Monitoring of slope stability.

1.1 Objective of the study: 
For compliance of the Reg.106 of CMR 2017, regarding the scientific study, slope 

stability analysis has been conducted and remedial measures have been indicated to 

prevent failure for safe dump/bench profile. This study done based on the data 

and sections provided by project authorities in August 2019 would also increase the 

confidence of workers and will also help in saving the loss of human life and 

properties. 

1.2 Detailed Project history: 
The Project Report for Khadia OCP Expansion (10 Mtpa) was first prepared in April, 2001. 

Additional reserves were included by expanding the project boundary further in the dip 

side. The PR was subsequently revised and updated on incremental basis in July, 2005 

for a capital investment of `2091.60 crores (Departmental Option).  

20
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    3 

Fig 1.1: Google Map of Khadia OCP 

The PR was discussed in PIB meeting held in November, 2005 which recommended to 

forward proposal to CCEA only after formal receipt of environmental/ forestry clearance.   

The approval of PR for Khadia OCP Expansion (10 Mtpa) was held up due to non-

clearance of Forest Land.  Subsequently, CIL and NCL attained Nav Ratna and Mini Ratna 

Status respectively and the project approval have come within their purview. 

The PR for Khadia OCP Expansion (10 Mtpa) has been re-casted with the following two 

options after clearance of Stage-II forest land (180 Ha- MP Side) and also taking into 

account the development made in the project.   

Option-I: Total mining operation i.e. coal winning as well as OB removal is proposed to be 

done departmentally.  

Option-II: Additional 2 Nos. of draglines (24m3/88mR) would be procured and deployed 

alongwith the existing two nos. of draglines (20m3/83mR) in the parting above Turra Seam. 

21
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    4 

The balance OBR capacity after taking into account the existing and the sanctioned 

equipment as per completion report (1998) would be generated through outsourcing. 

Khadia OCP (10Mtpa) has been approved by CIL Board for an additional initial capital 

investment of `1131.28 crores for Option-II (Partial outsourcing of OB and Dragline 

departmental on 28.06.2011. 

1.4 MINING PLAN FOR ENHANCED COAL PRODUCTION (14 Mtpa) 

Khadia OCP (10Mtpa) is linked to Anpara TPS (1630MW) of UPRVUNL and Lanco 

Anpara TPS (1200MW). To meet the increased energy demand of coal in the country and 

further in order to cope up with the fluctuation of production of other mines of NCL, it is 

imperative that production from Khadia OCP is increased. The project has favourable 

geo-mining conditions for further enhancement of coal production. The increase in 

production would be achieved by enhancing the utilization of existing HEMM, increasing 

the no. of working days of project and by augmenting mine capacity through additional 

OB outsourcing as well as by arrangement of additional HEMM (for coal) from internal 

resources of NCL.  

Considering the above facts, this Mining Plan for Khadia OCP has been prepared for 

enhanced coal production of 14 Mtpa. 

1.5. EC/EMP STATUS  

The Project has Environmental Clearance from Ministry of Environment, Forest and 

Climate Change (MoEFCC) for a rated capacity of 14.00 Mtpa of coal production vide letter 

no. J-11015/255/2006-IA. II (M) dated 23.03.2016. 
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        KHADIA OCP, 14.00 MTPA                      1       JOB NO-181906124 

CHAPTER – II 
 PROJECT PROFILE 

     2.0 Location 
    The Project is located in Moher basin of Singrauli Coalfields partly in Sonebhadra 

District of Uttar Pradesh and partly in Singrauli District of Madhya Pradesh. Project is 

covered under Topo sheet no. 63-L /12& 64-L/16 between latitude 240 07' 26" to 240 

8' 47" North and longitudes 820 41' 40" to 820 44' 47" East.  

  Fig-1 Showing Location Map of Khadia OCP. 

23
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        KHADIA OCP, 14.00 MTPA                      2       JOB NO-181906124 

2.1 Communication 
      Khadia OCP is well connected by all-weather roads. The nearest railway station 

Shaktinagar is at a distance of about 2 km. Another railway station ‘Singrauli’ on 

Katni-Chopan Branch Line of East -Central Railway is at a distance of about 12 km 

from the project. The nearest town Waidhan, the Singrauli district HQ (MP) is 

located about 12 km to the south, Renukut (UP) is 50 Km in the east and Varanasi 

(UP) is about 225 km in the north. Renukut-Waidhan all-weather road passes 

through the southern part of the block without blocking any coal reserves.    

   2.2 Topography and drainage 

The Khadia block stands out as a plateau above the plains on its south. The plateau 

is pronounced by steep escarpment facing south rising from an elevation of 290 m 

at the base to 425 m at the top of the plateau.  The area on the top of the plateau is 

gently undulating except one hill in the north-east corner have an altitude of 489 m. 

The general elevation of the plateau varies from 420-440 m.  

The drainage is controlled by a few seasonal nallas with southerly flow. All these 

seasonal nallas meet the Balia Nalla in the south which is semi-perennial and join 

the GBP Sagar on the south.  

2.3 Climate 

The climate of the area is tropical with severe summer. The temperature in the 

summer (May-June) rises as high as 48oC and the average minimum summer 

temperature is 21oC. In winter (November-February), the minimum and maximum 

temperature varies from 4oC to 21oC.  

The average annual rainfall is around 1000 mm of which 95% of the precipitation is 

during rainy season (July-September). 
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2.4 Geology    

The geological sequence established in Khadia Block by detailed investigation 

by GSI, NCDC & CMPDI is as follows: 

  Five coal seams occur in Khadia Block viz. (i) Kota, (ii) Turra, (iii) Purewa 

Bottom, (iv) Purewa Top, and (v) Khadia seam in ascending order. Besides 

these, an inter-banded and impersistent coal band Turra 'A' seam has been 

observed in few boreholes below Turra Seam. The Turra, Purewa Bottom and  

Purewa Top Seams are fairly thick and are potential for exploitation. Other 

seams viz. Kota and Khadia have not been explored in detail because of its 

thinness, impersistent and inter-banded nature.  The generalized sequence of 

Khadia Block is as follows: 

Lithology Thickness (m) 
Soil  &  sub-soil 0  -  8.10 
Sandstone  & shale Upto 74.65 
Khadia  Seam 0.25-1.25 

Sandstone  & shale 
Purewa Top Seam 7.00- 10.35 

Sand stone   & shale 30.34- 43.70 

Purewa Bottom Seam 7.10 - 13.39 
 Sandstone  & shale 52.40- 64.28 

Turra Seam 18.41 - 22.93 
Sandstone  & shale 50.73-79.69 
Kota  seam 0.40- 2.13 

  Geological Structure 

  Dip and Strike:-The strike is NW-SE in the west which swings to ENE-WSW in 

the eastern part of the area. The strike is E-W in the central part of the area. The 

dip generally varies from 2° to 3° (1 in 28 to 1 in 19) towards north.   

  Faults/Joints: - The areas devoid of any fault. However, two sets of prominent 

vertical joints (NE-SW and NW-SE) and one set less prominent (E-W) joints have 

been observed in the area. 

25
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        KHADIA OCP, 14.00 MTPA                      4       JOB NO-181906124 

   Sequence of Coal Seams: 

Coal seams/parting Thickness Depth of Occurrence 
from surface 

From To From To 
Purewa Top 7.00m 10.35m 35.35m 76.20m 

Parting 30.34m 43.70m 

Purewa Bottom 7.10m 13.39m 74.00m 139.50m 

Parting 52.40m 64.28m 

Turra 18.41m 22.93m 13.40m 209.27m 

  Quality of Coal Seams 

Coal 
Seam 

Thick 
ness 
range 

Proximate Analysis 
(on 60 % RH & 40 °C 

Basis) 
GCV 

(KCal/ 
kg) 

GCV 
(Grade

) 

UHV 
(KCal

/ 
kg) 

UHV 
Grade 

M% Ash% VM% FC% 

Purew
a Top 

7.00-
10.35 

5.9-
8.0 

23.7
-

39.1 
- - 

3857
-

5177 

G8-
G12 

2538-
4540 D-F 

Purew
a 
Bottom 

7.10-
13.39 

6.6-
8.5 

18.5
-

37.1 

25.0
-

28.8 

31.3- 
43.1 

3920
-

5450 

G7- 
G12 

2870-
5174 C-F 

Turra 18.41-
22.93 

5.5-
7.9 

20.5
-

33.9 

23.6
-

27.5 

38.1- 
40.5

0 

4540
-

4875 

G9- 
G10 

3366-
5008 C-E 

   Quarry Parameters 
The quarry parameters of Khadia OCP Expansion are given below: 

Sl. 
No. Particulars Unit Eastern Western 

1 
Maximum strike length of quarry 
along Turra seam floor Km 1.70 2.40 

2 
Maximum strike length of quarry 
along surface Km 1.95 2.70 

3 
Dip-rise width of the quarry on Turra 
Seam floor Km 2.07 1.98 

4 Dip-rise width of the quarry on 
surface Km 2.45 2.35 

5 
Maximum depth of the quarry from 
surface m 280 260 
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6 Final Stage Quarry Surface Area Sq.Km 4.25 5.78 
                 
                  Geo-Mining Characteristics 

The mining and geological characteristics of Khadia OCP Expansion are 

summarized below: 

Sl. No. Description Unit Value 
1 Thickness of Coal Seams 

a) Purewa Top m 8-10 

b) Purewa Bottom m 8-13 

c) Turra m 19-22 
2 Thickness of OB Partings 

a) Top OB above Purewa Top m 35-155 

b) Parting between Purewa 
    Top &Purewa Bottom Seams m 31-43 

c) Parting between  Purewa 
    Bottom & Turra Seams m 53-62 

3 Mine floor Gradient Deg. 2-3o 
4 Volume weight of Coal 

a) Purewa Top Seam t/m3 1.57 

b) Purewa Bottom Seam t/m3 1.58 

c) Turra Seam t/m3 1.55 
5 Volume weight of OB t/m3 2.35 
6 Excavation category of Coal   Cat. Cat-III : 100% 

7 Excavation category of OB Cat. 
Cat-III : 90% 
Cat-IV : 10% 

8 Balance Mineable reserve as on 31.3.2015 
Mineable Coal Reserves Mt 218.66 

Volume of Overburden Mm3 948.83 

Average Stripping Ratio m3/t 4.34 
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       Mining Technology: 
      Considering the mining and geological conditions such as: 

         1. Flat gradient of 2 to 3 deg. of the coal seam; 

2. Mining of multiple seams viz Turra (19-22m), Purewa Bottom (8 -13 m), and    

Purewa Top (8-10 m). 

      3. Parting of 53 to 62 m between Turra and Purewa Bottom seams; 

 

  Large scope of work, including 14.00 Mt of ROM coal and peak OBR of 70.14 

Mm3per annum; 

 
Khadia OCP is being worked by combined system of mining using shovel-dumper 

system and dragline both as per approved PR/EPR/Scheme or Mining plan. 
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CHAPTER –III 
DATA PREPARATION 

 
3.1 Introduction 

 OB dump and high wall are the essential parts of the Open Cast Mining system, 

particularly in the initial phase of mining operation. Due to non-availability of land and 

various restriction & constraints, high OB dumps are being created for maximization of 

the volume capacity and minimization of area. Intermittent mixing of low quality soil (for 

ex: BCS) with the dumping materials makes the slopes more unstable. 

 

3.2 Factors governing the Slope Stability     
 Two main categories which causes slope failure are:- 

 Natural and  

 Manmade disturbances. 

 The seismic activities of the earth crust, seepage due to rain, tornado and geological 

disturbances comes under the naturally occurred disturbance. The blasting, 

excavation, HEMM induced vibrations are the manmade disturbance for slope stability. 

Following are the detailed factors that influence the slope stability.  

 
 3.2.1 Geo physical parameters 

(a) Shear strength parameters:-    

This is the basic parameters and holds the key role to control the stability of the slope. 

All stability analysis involves knowledge of the shearing strength the soil but it is most 

difficult to comprehend it accurately.  The shearing resistance of soil comprises basically 

of the following components: 

• The frictional resistance between the individual soil particles at their contact 

points. 

• The cohesion between the surfaces of the soil particles, i.e. the structural 

resistance to displacements of the soil because of the interlocking of the 

particles. 
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• The shear strength in cohesion-less results from inter-granular friction alone, 

while in other soils, it results both from internal friction as well as cohesion. 

• The fundamental shear strength equation proposed by French engineer 

Coulomb is S=C + б Tan (Φ). 
 (b) Bulk density of dump mass:         

Bulk density of dump mass is one of the important parameters in stability calculation. 

It determines the weight of waste rock / soil mass, and most important factor in 

determination of factor of safety of slope mass. 

 (c) Strength of interface material 
Strength of interface materials is also hold the very important key factors to keep the 

slope stand safely. Generally interface materials become slurry due to the crust of 

coal, soil and accumulation of rain water. It badly affects cohesion of soil and 

frictional coefficient of the pedestal material dump. So arrangement should be made 

to prevent formation of slurry.  

(d)  Grain size distribution of the dump material: 
It indicates composition of dump material comprising of clay, silt, sand, gravels and 

boulders and the particle size of dump mass varies from 0.075 mm to more than 1.0 

m and the percentage composition of dump material. It influences the permeability, 

density, range of values of shear strength parameters and other characteristics of 

the soil materials. 

(e) Plastic Limits 
If there is existence of clay material within the dump, determination of Atterberg limits 

are necessary to assess the expansive properties of clay material. In case of 

expansive soil, shear strength properties drastically reduces due to swelling when 

coming in contact with water. Swelling index is also to be determined in case of 

expansive soil. 

(f) Co-efficient of permeability:  

   This parameter is important for assessing the seepage properties of water.  It is 

important to mention that except for the pure clayey dump, all waste rock dumps are 

permeable. 
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 3.2.2 Hydro-geological parameters– 

        The effect of Hydro-geology in determining stability of dump is as follows: 

A. Shear strength parameters of dump materials gets affected due to water saturation 

during rainy season. Majority of the dump failure is reported during rainy season & 

thus the effect of water saturation due to rain water is to be considered. 

B.  Upward thrust of water i.e. hydro-static force is created due to accumulated water at 

the base of dump. It is determined by the product of unit weight of water and volume 

of submerged overburden dump material falling within the failure mass. It also 

reduces the cohesion and friction between interface materials. 

           C.  Seepage of water exerts dragging force on the dump materials. It depends upon the 

unit weight of moving water, speed and resistant offered by soil particles. Seepage 

pressure acts on the base of slice below the phreatic line and in the direction of flow. 

It can be calculated by  

  Knowing the pore water pressure or 

 Drawing the phreatic line.                 

                If pore water pressure can be measured then the seepage force can be calculated 

by 

                          Seepage pressure = ∆h* √w    

                                        Where  ∆h  =  Pore water pressure  

                If the pore water pressure is not known, phreatic line in the dump or highwall can be 

drawn as shown in following figure. 

Di
re

ct
rix

Original Water Table

Slope profile

Major Axis

Focus

Vertix

Basic Parabola

Induced Water Table

Path of Pheretic line

Base of Slope

G/L

 
                                           Fig – 3.2.2 

          If phreatic line is known it can be calculated by  

                                     Seepage force = ip* √w          
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                           Where ip   = gradient of phreatic line. 

  D.   Erosion of slope surface due to flowing of water 

                Flowing of rain water create large and deep cavity on slope surface  and at damage 

the slope profile and geo-physical properties of the soil and may cause of slope 

failure. 

 
 3.2.3    Geo-mining parameters  

 A.   Mine floor inclination 
It is one of the major influencing parameters controlling stability of internal dump. As 

the internal dumps are formed above the mine floor, which is the place of natural 

occurrence of coal seam or layer, all the internal dumps are to be designed as per 

the gradient of coal seam which is not in the control of the mine operators.  

Inclination of floor (dip) reduces the effective angle of repose as such shear strength 

of materials.  

In case of external dump standing against a hill; it is also a major factor influencing 

stability of dump. 

  B.   Blasting affect  
Blasting has the adverse effect on the stability of dump. Seismicity of the area is to 

be considered as per Indian Seismic map. Both effects should be compared on the 

stability of slope most perilous value should be taken for analysis. In both the above 

cases, horizontal seismic co-efficient has to be measured and multiplied with dead 

load to determine horizontal force on the dump. 

   C.   Profile of the dump 

The profile of the dump, i.e height, and berm width and slope angle of individual 

bench are the crucial factors to determine the stability of slope. As the height of 

dump increases, the natural time period of dump mass increases as such amplitude 

of natural frequency. This increases the momentum of whole mass and become 

susceptible to the even smaller vibration.  
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D.  Location of dump 
     Location of dump site also play vital role in the stability of the slope. Site of the dump 

must be on firm ground and away from the quarry edge to avoid differential 

settlement, high wall and base failure.  

       E.   Surcharge 
Since it is usually assumed that the surcharge is caused by the weight of objects 

found on the slope body, the vertical component of surcharge having the direction 

of weight is added to the weight of blocks (slices) and horizontal component give the 

outward thrust on the slope face. Following diagram show the affect of continuous 

and point load. 

         

J

0.1p

0.2p

0.3p

0.5p

b b b b b

b

b

b

b

b

b

b

B

p

Bulb Pressure Diagram

      
                                             Fig – 3.2.3 E 

This surcharge load also increases the earthquake effects and these load 

component is also multiplied by the factor of horizontal acceleration or vertical 

earthquake.  

Uniform surcharge load spread to a depth as shown in the bulb pressure diagram 

above. 

Concentrated Surcharge load spread to a depth along the slope 2:1 as displayed in 

figure above.  

Scheme of spreading the concentrated load on the slip surface  

The analysis then proceeds with the resultant of surface load p having the value:  

                                        
Hence no structures should be constructed near the edge of dump or high wall 

because it exerts the pressure on the slope wall. If necessary it should be located at 
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least 2B from the edge of dump or high wall where B is the width of the structures 

so as bulb pressures created due to surcharge does not cut the slope face. 

 

3.2.4   Dynamic forces: 
(A) Seismic forces 

Earthquake experience by a structure depends on its own dynamic characteristics 

and ground motions such that random motion of ground, vibration intensity, 

magnitude of the earthquake; depth of focus, distance from the epicenter and the 

strata on which the structure stands.  

Seismic forces are considered as per “Indian standard criteria for earth quake 

resistant design of structures (fifth revision) IS 1893:1984 (reprint 2002) in the 

following manner:- 

Seismic force/coefficient αh is calculated as per the para 3.4.2.3 of the IS Code by 

following two methods and higher value will be taken for slope stability calculation. 

a). Seismic Coefficient Method, 

           αh =  βІ α0 

   β = Coefficient depending on soil foundation system 

   І = Factor depending upon importance of structures 

  α0  = basic horizontal seismic coefficient 

b) Response Spectrum method 

     αh = βІ F0  Sa/g 

     F0       = Seismic zone factor for average acceleration spectra 

     Sa/g = Average acceleration coefficient for appropriate natural period and 

               Damping of structure. Value taken from T- Sa/g graph 

      T = 2.9 H t (ρ/G)1/2,   T = Natural period of vibration for earth fill structure. 

         Ht = Height,    Ρ = Mass density,   G = modulus of rigidity.    
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(B) Blasting Effect 
 (a) Peak particle Velocity 

Explosive type, quantity, delay-timing, size and number of holes, distance between 

holes and rows, method and direction of blast initiation, geology and overburden are the 

most important factors which effect ground vibrations. The explosive types directly 

influence ground motion through detonation velocities of explosives and a square root 

of the charge weight. Microsecond-delayed blasts are used for reduction of PPV of 

ground vibrations which are connected with the maximum charge weight detonated per 

delay. Wave propagation might differ with direction if there is geological complexity. The 

effect of overburden manifests itself in attenuation of high-frequency components of 

ground motion. 

 
                              Typical graph of blasting in Opencast mine. 
 

(b) Threshold Value of Ground Vibration 

The study has been conducted keeping in view the norms set for the threshold value of 

PPV by DGMS. As per DGMS Circular No.7 dated 29.8.97, depending on the type of 

structures and the dominant excitation frequency, the peak particle velocity (PPV) on the 

ground adjacent to structures should not exceed the following given values.  
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Permissible peak particle velocity (PPV) at the foundation level of structures in mining 

area is in mm/sec: 
 

TYPE OF STRUCTURES 
DOMINANT EXCITATION 
FREQUENCY (Hz) 

   < 8 Hz  8-25 Hz  > 25 Hz 
(A) 

 
 Building/structures not belonging to owner 
(i) Domestic houses/structures (Kuchha, Brick in cement). 
(ii)Industrial building (RCC) framed structures. 
(iii) Object of historical importance and domestic structures. 

 
5  

10 
 2 

 
 10 
20  
 5 

 
 15 
25  
 10 

(B) Building belonging to owner with limited span of life 
(i) Domestic houses/structures (Kuchha, Brick in cement) 
(ii) Industrial building (RCC) framed structures 

 
 10 
 15 

 
 15 
 25 

 
 25 
 50 

In our case 75% to 80% times blast frequency comes in the range of 8-25 Hz. 

 

Langefors et al. (1973), Edwards and Northwood (1960), USBM (1971) and several 

others have a common agreement that a PPV of less than 50 mm/s would have low 

probability of structural damage to residential buildings. 

 

(C) Horizontal acceleration – 

Horizontal acceleration will be calculated by determining the Scaled Distance using the 

following Ambraseys and Hendron(1968)  formula  

    SD = R/W1/3 

      Where, SD = Scaled Distance 

                 R = Distance of instrument from blast (m) 

              W = Maximum charge per delay (kg) 

A best-fit curve has been drawn among the scaled distance and acceleration which 

satisfy the following equation with correlation coefficient of 0.84 – 

       Fg = 24.315(R/W1/3)-0.8711,     Where, Fg = Acceleration (g) 
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                                              Fig – 3.2.4 C 

(D) Moving force   
                           Moving force is type of live load that constitutes from the vehicular traffic including the 

HEMM. These moving loads affect the slope stability by creating the dynamic/static load 

besides the breaking and acceleration jerks. So moving of vehicle should be restricted 

near the dump or high wall otherwise a suitable factor is required during the analysis of 

slope stability. 

      
3.3   Types of failure:  

           A slope may have various types of failures which depend upon the type of materials, 

profile of dump, reasons of failure, base of dump, etc.  In our case, generally following 

types of failure occurs:  

A.  Circular failure – The circular failure, as observed in internal dump, occurs in 

following conditions- 

• As the failure mode or surface finds the path of least resistance, circular failure 

generally occurs in high dump, soil having low shear strength and base of dump 

material stronger than dump materials. 

• The internal dump is standing above on the mild mine floor.             

B. Circular-cum-planar Failure – 

• It   occurs when the shear strength of interface material between dump 

and the mine floor is less than that of dump material ( after extraction of coal, 

a slushy layer of water and coal dust lying at the floor of the internal dump is 

termed as interface material). 

• The dump is standing on steep mine floor. 
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C.  Base failure -   

    It occurs when the weak strata lies beneath the toe of the dump. 

 

         3.4 Calculation of Factor of Safety(FoS) 
The shear resistance of the sliding slope is assessed by an index called the factor of 

safety. The factor of safety gives relative static state of the studied slope about its 

mobilization. This also gives an indication of risk factor of failure at a glance.  This is a 

ratio of the shear resistance to shear force developed at the sliding surface (mobilization 

force).  

In many Literature and different agencies such as National Coal Board, UK, Appolonia 

Consulting Engineers, mine branch, Canada and  GL Fiesenko, Russia, etc have 

envisaged that a factor of safety more than 1.10 is safe in the design of slope stability, 

if appropriate seismic acceleration is considered and more than 1.20 is safe if seismic 

acceleration is not considered. 
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CHAPTER - IV 

SLOPE STABILITY ANALYSIS & PROCEDURE 
4.1   General 

The numerical method is widely used for slope stability analysis now-a-days. The term 

numerical analysis and numerical modeling are used here to describe analysis method 

for numerical solution for a problem. The numerical methods takes into account the 

physical constraints under which the OB dumps are generated and effect of both of 

dynamic acceleration & static force. The blasting effect comes under man made seismic 

activity and analysed accordingly to different type of blasting intensity. The effect of 

tension cracks and varied hydrological conditions towards the stability are also 

modeled.  

The major benefits of numerical modeling are that both the stress and the displacement 

in a body subject to external load and imposed boundary conditions can be calculated.  

Today, large number of different suitable software’s/tools based on numerical methods 

are available for the analyzing the slope stability for the dump/ waste rock piles and high 

wall. 

 

4.2 Software 
One of the leading soft wares for analyzing the stability of the slope is GALENA, which 

is used here for analyzing slope stability. It is very powerful and accurate slope stability 

software and incorporates Bishop Simplified, Spencer- Wright and Sharma method of 

analysis to determine the stability of slope The Bishop method is used to determine the 

stability of slope of circular failure surface, the Spencer-Wright method is applicable for 

circular and non-circular failure surface and Sharma method is used for problem where 

non vertical slices are required.  

It analyses the multi-layer slopes with tension cracks, earthquake forces, water pressure 

and surcharge if any within or above the slope including the phreatic surfaces and piezo 

metric pressures.  
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4.3 Forces  
Seepage Pressure 
When analyzing the slope stability, the water influence is considered through the pore 

pressure acting within a soil which may reduce its shear strength.  

In this study, analysis is being done for the OB dump which contains the heterogeneous 

materials, having the particle size varies from few microns to more than a meter large 

boulder. So permeability of these materials is very high, hence analysis has been done 

for drained condition. Analysis is also done in saturated condition of slope considering the 

rainwater percolation that may account for seepage/pore water pressure during rainy 

season.  

For high wall, the material layers are intact and percolation of water is minimal when 

compared to OB dumps in rainy season. Therefore for high walls the analysis is done 

considering the phreatic surface at peak monsoon level with assumptions based on post 

and pre monsoon data collected from nearby dug wells and piezometers. 

 

 Tension Cracks 
The program makes possible to account for the influence of tensile cracks that appear on 

terrain surface and are filled with water h. The only input parameter is the depth of tensile 

cracks. The effect of cracks is incorporated when calculating normal and shear forces in 

sections of a slip surface containing cracks with the shear strength parameters are set to 

zero (c = 0, φ = 0), and a horizontal force  is introduced, if there is  presence of water in 

a tensile crack. 

Fh

SLIP CIRCLE

SLOPE

TENSION CRACK

 
                                                     Fig-4.3 A 
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Generally dump is made on un-consolidation condition so there are always chance to 

develop cracks on upper portions of the dump due to shrinkage & expansion of the 

materials caused by the different climate conditions.  

Here, it is supposed that all cracks will be filled up immediately so tension crack affect in 

not considered in calculation of slope stability.  

 

Ground Acceleration 
The program allows for computing the earthquake/blasting effects with the help of factor 

of horizontal acceleration Kh. The coefficient of horizontal acceleration introduces into the 

analysis, an additional horizontal force acting in the center of gravity of a respective slice 

with the magnitude Kh* Wi, where Wi is the overall weight of slice including the gravity 

component of the slope surcharge.  

Earthquake and blasting affect are almost similar type. Horizontal acceleration caused by 

blasting is directly depending upon the intensity of blasting and inversely to the distance 

of object. It produces the peak particle velocity and accordingly ground acceleration is 

calculated.  

A zone III earthquake factor is be taken for the analysis of slope stability that can take 

care of the blasting effect on stability of soil.  

 

Earthquake  
Expected Ground Acceleration for zone III due to earthquake has been calculated on the 

basis of IS Code and method described in chapter- III. 

1). Seismic Coefficient Method, 

           αh =  βІ α0 

 Here  
              β = 1.0,         І   = 1.5,       α0 = 0.04 

 Hence, αh = 0.06 

2) Response Spectrum method 

     αh = βІ F0  Sa/g 

       F0     = 0.2  

       Sa/g = Value taken from graph between natural period of vibration verses 

                   average acceleration coefficient  
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Natural period of vibration T for earth fills structure will be calculated as follow 

       T = 2.9 H t (ρ/G)1/2   ,  H t = 80m 

       Ρ = 18000N/m3 

       G = 15 MPa x 1000    

      Hence, T = 0.239 sec. 

      Now αh = 1*1.5*0.2*0.16 = 0.048 

 

Blasting 
Horizontal acceleration will be calculated by determining the Scaled Distance using the 

following formula  

    SD = R/W1/3 

      Where, SD = Scaled Distance 

                R = 100m,   W = 80 Kg 

   Hence SD = 100/801/3 = 23.24 

     Fg   = 24.315(R/W1/3)-0.8711 = 1.535  

 Hence basic seismic coefficient of F0  = 0.0156 

From above calculation it can be seen basic seismic coefficient of earthquake is more 

than seismic coefficient of blasting. So earthquake seismic coefficient will be taken in 

calculation for slope stability. 
 
Surcharge 
The slope stability analysis takes into account even the surcharge caused by neighboring 

structures. The surcharge can be introduced either as a concentrated force or distributed 

load acting either on the ground surface or inside the soil body.  

The vertical component of surcharge having the direction of weight is added to the weight 

of blocks (slices). It means that if the earthquake effects are included, this component is 

also multiplied by the factor of horizontal or vertical acceleration earthquake.  

Lateral loads for quick draw down conditions have been checked. 

It is assumed that there will be no moving surcharge either on the bench or top of surface.  
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    Shear Strength of materials  
Strength of soil/rock is mainly depend on shear strength of their materials and holds the 

key role to control the stability of the slope. Shear Strength depends on the type of 

formation/strata and their characteristics. Knowledge of formation of the strata their 

thickness, sequence, location, local topography, structures and hydrology is important. 

All stability analysis involves knowledge of the shearing strength the soil but it is most 

difficult to comprehend it accurately. The shearing resistance of soil comprises basically 

of the following components: 

 

Shear strength of the soil consist Cohesion & Angle of repose that is most important 

parameters which govern the stability of soil. So, accurate value of these parameters is 

very necessary. Natural soil is heterogeneous materials and their characteristic varies 

with place, depth, time, season and hydrological conditions as well as the effect of nature 

and man-made construction.  Hence few test of soil cannot represent the true picture of 

whole mass of dump. Even the test report of different laboratory of same sample shows 

the large variation in test results.  

 

In above circumstances a judicious thinking and experience along with sensible thought, 

study of the previous soil report of the project as well as surrounding projects and back 

history of the area can help to choose the right combination of data. 

 

Geotechnical Interpretation  
 
Table shows the material properties used for simulation of dump slope of Khadia OCP. 

The data has been obtained based on laboratory investigations and available in literature. 
Following shear strength parameters have been used for analysis of OB Dump and High 

wall benches of Khadia OCP. The Soil samples are collected from various Location of 

Khadia OCP base on geologically differences soil sample of the OB Dump and High wall 

of the project. 
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The Soil sample have been tested from geotechnical Lab, Civil Engineering Department, 

MNNIT, Allahabad  

 

        Table 

   Sl. 
No. 

Sample 
No 

Material Unit Weight 
N/m2 

Cohesion 
N/m2 

Angle of 
repose 
(Deg.) 

1 KH -01 Light gray color poorly 
graded sand 

26.2 36.7 30.58 

2 KH -02 Brown clays sand 26.5 36.7 34.68 

3 KH -03 Light gray color poorly 
graded sand 

26.4 28.0 32.90 

4 KH -04 Boulder Size Coal 15.8 120.0 23.25 
5 KH -05 Gray rock of boulder size 22.6 163.0 33.40 
6 KH -06 Black rock of boulder size 15.3 210.0 31.40 
7 KH -07 Whitish gray rock 26.2 130.0 30.80 
8 KH -08 Light brown intermediate 

compressible clay 
27.3 46.1 33.81 

9 KH -09 Radish silty sand with gravel 23   
10 KH -10 Brownish silty sand with 

gravel 
- 33.7 30.11 

 

4.4 Method of Analysis: 
     (a) Modified Bishop's method 

The Modified (or Simplified) Bishop's method for slope analysis is an extension of the 

method of Slices or circular slip method. By making some simplifying assumptions, the 

problem becomes statically determinate. It assumes the effect of vertical component of 

the inter-slice force is zero and forces on sides of each slice are horizontal. It is more 

suitable for circular failure 

All methods of limit equilibrium assume that the soil body above the slip surface is 

subdivided into slices (dividing planes between slices are always vertical).  
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Forces acting on individual slices are displayed in figure.                                  

 
                                                          Fig-4.4 A 
                                              Static scheme of slice  
Here, Xi and Ei are the shear and normal forces acting between individual slices, Ti and 

Ni are the shear and normal forces on individual segments of the slip surface, Wi are 

weights of individual slices.  

Individual methods of slices differ in their assumptions of satisfying the force equations of 

equilibrium and the moment equation of equilibrium with respect to the center O.  

 

(b) Spencer Method 
The Spencer method is a general method of slices developed on the basis of limit 

equilibrium. It requires satisfying equilibrium of forces and moments acting on individual 

slices. The slices are created by dividing the soil above the slip surface by planes, which 

in general may have different inclinations. Forces acting on individual slices are displayed 

in the following figure.  

The Spencer method is a general method of slices developed on the basis of limit 

equilibrium. It is also known as rigorous method. This method is applicable to any shape 

of slip surface. It assumes that inclinations of side forces are the same for every slice so 

that satisfy all three conditions of equilibrium. So it is more accurate   Forces acting on 

individual slices are displayed in the following figure.  
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                                                         Fig-4.4 B 
                                       Static scheme – Spencer method  
 
The result then obtained are presented through preparation of a technical report that 

summarized the computer generated output observation and drawing which is based on 

the geo-technical investigations, Laboratory testing and stability evaluation. 

 

   (C) Sharma Method 
The Sharma method is used primarily in the area of seismic analysis of earth dams to 

assess the stability of soil slopes under seismic conditions and calculating the permanent 

displacements due to strong shaking. It is the standard method used for seismic analysis. 

Using appropriate assumptions the method can also be employed for static slope stability 

analysis. 

It is called advanced and rigorous method because it can satisfy all the three conditions 

of equilibrium, horizontal, vertical forces and moments. It is called advanced because it 

can take account of non-circular and irregular slope geometry failure surfaces as well.  

When used to analyse seismic slope stability it can provide the factor of safety against 

failure for a given earthquake load. Besides, it can provide the required earthquake load 

(force or acceleration) for which a given slope will fail, i.e. the factor of safety will be equal 

to 1.  

Its accuracy has been verified by various researchers and it has been proved to high 

accuracy yield results. 

 

4.5 Analysis 
      Analysis for the slope stability has been done with the help of Galena software. Galena 

works by creating a model that represent a slope or excavation. A model can be defined 
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as a data component necessary for an analysis to be undertaken. The basic data 

component is materials profile, physical properties of profile, slope surface, tentative 

failure surface and type of analysis method that include Bishop method, Spenser-Wright 

method and Sharma method. 

The program allows for adopting one method at a time however all methods can be used 

in same analysis but one by one.  

More than 80% slope failure is either circular or near circular in nature. Circular failure 

generally occurs in high slope with loose materials, low frictional strength  

      and free from the geological disturbances. This condition matches with our OB dump 

material, so a chance of circular failure is quite high. Hence Bishop’s simplified method 

has been used for the analysis of dump as well as high wall. 

 

4.6 Input 
     Plans and Cross sections: Plans, cross-sections and data used for analysis in this slope 

stability report have been used as submitted by Khadia Project office.                                 
Material Properties: Material regions are defined by material profiles, and each material 

profile definition includes reference to an associated material. Material Properties are 

therefore defined for each referenced material, and for each material that is to be 

considered within the slope. 

Unit Weight: The unit weight for the material as derived from the laboratory tests and 

literature is applied as one of the input parameter.  

PWP from Phreatic Surface: The pore water pressure within the material is calculated 

directly from the assumed phreatic surfaces.  

Strength Model Galena includes use of four material strength models out of those Mohr-

Coulomb – strength criterion is considered in the analysis which allows strengths to be 

defined in terms of cohesion (c) and phi (Φ) for isotropic materials. 

Cohesion (c): Cohesion is the force that holds together molecules or like particles 

within a soil. Is usually determined in the laboratory from the Direct Shear Test.  

Phi (Φ): The angle of shearing resistance (in degrees within the range 0.0 to 89.9) for 

the material.  
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 Six existing cross-sections (A-A’, B-B’, C-C’ , D-D’ , E-E’ & F-F’) from east and west 

section  as provided by project authorities of Khadia OCP at different locations of OB 

dump and high wall face have been analyzed from slope stability point using strength 

parameters and GALENA software for different conditions considering the effect of water 

table, effect of earthquake in the mines.     

 
4.7 Output:  
Factor of safety (FoS) can be defined as the ratio of resisting forces to driving forces:  

A factor of safety of 1.5 means that the strength is 50% higher than the stress on the 

slope.  

A slope at the angle of repose has a Factor of Safety of 1.0. Meaning that there is just 

enough strength to keep the slope stable. It is exactly on the verge of failure.  

Critical (minimum) Factor of Safety: The Factor of Safety for the critical failure surface. 

Failure Surface Display: This interactive option indicates the number of failure surfaces 

displayed on the analysis result image. It is possible to have up to 99 failure surfaces 

displayed - the available number (shown within the Failure Surface Display group) will be the 

lower of the number of successful trial analyses and 99, and will be in order of FoS result (1 

having the lowest FoS).  

 S urfa ce s  with FoS  <= 1.0 a re  re d;  

 S urfa ce s  with FoS  > 1.0 a nd <= 1.2 a re  ora nge ;  

 S urfa ce s  with FoS  > 1.2 a nd <= 1.4 a re  ye llow;  

 S urfa ce s  with FoS  > 1.4 a re  light gre e n.  

 

The critical Factor of Safety surface is displayed as a thickened dark red line. 
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CHAPTER-V 

  5.0 Scientific Study and Results Using Galena Software 

  The Existing working plan of  Khadia OCP as on August-2019 is shown below: 

FIGURE:  5.1: Existing working plan of Khadia-OCP as on August-2019 
depicting cross section lines A-A’,B-B’,C-C,D-D,E-E, F-F’G-G’’,H-H’,I-I’J-J’,K-

K’, L-L’, M-M', N-N' and O-O'.
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 Lithological Plan Of Khadia OCP: 
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5.1 Report of Soil Sample Testing: 

The following are the test results of soil samples collected from difference places of 

Khadia OCP. The test were conducted at the Geo Technical Lab of Civil Engineering 

Department, MNNIT-Allahabad, Prayagraj.    

The Soil sample have been tested from geotechnical Lab, Civil Engineering Department, 

MNNIT, Allahabad.      

 Table-1 

  Sl. 
No. 

Sample 
No 

Material Unit Weight 
N/m3 

Cohesion 
N/m2 

Angle of 
repose 
(Deg.) 

1 KH -01 Light gray color poorly 
graded sand 

26.2 36.7 30.58 

2 KH -02 Brown clays sand 26.5 36.7 34.68 

3 KH -03 Light gray color poorly 
graded sand 

26.4 28.0 32.90 

4 KH -04 Boulder Size Coal 15.8 120.0 23.25 

5 KH -05 Gray rock of boulder size 22.6 163.0 33.40 

6 KH -06 Black rock of boulder size 15.3 210.0 31.40 

7 KH -07 Whitish gray rock 26.2 130.0 30.80 

8 KH -08 Light brown intermediate 
compressible clay 

27.3 46.1 33.81 

9 KH -09 Radish silty sand with gravel 23.00 43.13 36.00 

10 KH -10 Brownish silty sand with 
gravel 

29.32 33.7 30.11 
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5.2. Data anlysis and Results of Shovel Dumper Face: 
(a) Cross Section C-C’(-2400N to -2800N),Shovel Dumper Face: 
Analysis-1: 

 
 
Result Of the Section: 

 

GALENA Version 5.02

Project:
                                                                                
Cross Section C-C'(2400N to 2800N),Shovel Dumper Face                                                         

File: Cross Section C-C'(2400N to 2800N),Shovel Dumper Face.gmf Central Mine Planning & Design Institute

Edi ted: Process ed:24 Jul  2019 24 Ju l 2019

Analysis:

Results

1 
Multiple Stability Analysis

Method:
Surface:

Bishop Simplified
Circular

Critical (minimum)
Factor of Safety: 1.96 

Top  Soil

Parting Purewa Top
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Fai
lure

 Sur
face
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Analysis-2: 

 
 
Result Of the Section: 

 
 

GALENA Version 5.02

Project:
                                                                                
Cross Section C-C'(2400N to 2800N),Shovel Dumper Face                                                         

File: Cross Section C-C'(2400N to 2800N),Shovel Dumper Face.gmf Central Mine Planning & Design Institute

Edi ted: Process ed:24 Jul  2019 24 Ju l 2019

Analysis:

Results

2 
Multiple Stability Analysis

Method:
Surface:

Bishop Simplified
Circular

Critical (minimum)
Factor of Safety: 1.76 
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(b) Cross Section E-E’(-2600N to -2900N),Shovel Dumper Face: 
Analysis-1: 

 
 
Result Of the Section: 

 
 

GALENA Version 5.02

Projec t:
                                                                                
C ross  Sec t ion E-E'(2600N  to 2800N ),Shovel D um per face.                                                        

File: Cross Section E-E'(2600N to 2800N),Shovel Dumper face..gmf Central Mine Planning & Design Institute

Edited: Processed:25 Jul 2019 25 Jul 2019

Analys is :

R esults

1 
M ult iple Stability  Analys is

Method:
Surface:

Bishop Simplified
Circular

Critical (minimum)
Factor of Safety: 2.73 

P urewa B ottom  & Top P arting
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e
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(c) Cross Section E-E’(-2400N to -2600N),Shovel Dumper Face: 
Analysis-1: 

 
Result Of the Section: 
 

 

GALENA Version 5.02

Projec t:
                                                                                
C ross  Sec t ion E-E'(2400N  to 2600N ),Shovel D um per Face                                                         

File: Cross Section E-E'(2400N to 2600N),Shovel Dumper Face.gmf Central Mine Planning & Design Institute

Edited: Processed:25 Jul 2019 25 Jul 2019

Analys is :

R esults

1 
M ult iple Stability  Analys is

Method:
Surface:

Bishop Simplified
Circular

Critical (minimum)
Factor of Safety: 1.55 

Top S oi l
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P urewa Top Coal

0 20 40 60 80 100 120 140 160 180 200 220

360

370

380

390

400

410

420

430

440

450

0.060

Cross Section E-E'(2400N to 2600N),Shovel Dumper Face
Earthquake Coefficient

Top Soil

Purewa Top Parting

Purewa Top Coak

Failure Surface

Phreatic Surface
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(d) Cross Section G-G’(2000N to 2600N),Shovel Dumper Face: 
Analysis-1: 
 

 
Result Of the Section: 

 
 

GALENA Version 5.02

Project:
                                                                                
Cross Section G-G'(2000N to 2600N),Shovel Dumper Face                                                         

File: Cross Section G-G'(200N to 2600N),Shovel Dumper Face.gmf Central Mine Planning & Design Institute

Edi ted: Process ed:1 Jan 2006 1 Jan 2006

Analysis:

Results

1 
Multiple Stability Analysis

Method:
Surface:

Bishop Simplified
Circular

Critical (minimum)
Factor of Safety: 1.90 
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Analysis-2: 

 
Result Of the Section:

 
 

GALENA Version 5.02

Project:
                                                                                
Cross Section G-G'(2000N to 2600N),Shovel Dumper Face                                                         

File: Cross Section G-G'(200N to 2600N),Shovel Dumper Face.gmf Central Mine Planning & Design Institute

Edi ted: Process ed:1 Jan 2006 1 Jan 2006

Analysis:

Results

2 
Multiple Stability Analysis

Method:
Surface:

Bishop Simplified
Circular

Critical (minimum)
Factor of Safety: 1.51 
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(e) Cross Section I-I’(-2000N to -2600N),Shovel Dumper Face: 
Analysis-1: 

 
 
Result Of the Section: 

 
 

GALENA Version 5.02

Project:
                                                                                
Cross Section I-I'(3100N to 2500N),Shovel Dumper Face                                                         

File: Cross Section I-I'(3100N to 2500N),Shovel Dumper Face.gmf Central Mine Planning & Design Institute

Edi ted: Process ed:2 Jan 2006 2 Jan 2006

Analysis:

Results

1 
Multiple Stability Analysis

Method:
Surface:

Bishop Simplified
Circular
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Factor of Safety: 2.29 
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     Analysis-2: 

 
 
      Result Of the Section: 

 
 
 
 

GALENA Version 5.02

Project:
                                                                                
Cross Section I-I'(3100N to 2500N),Shovel Dumper Face                                                         

File: Cross Section I-I'(3100N to 2500N),Shovel Dumper Face.gmf Central Mine Planning & Design Institute

Edi ted: Process ed:2 Jan 2006 2 Jan 2006

Analysis:

Results

2 
Multiple Stability Analysis

Method:
Surface:

Bishop Simplified
Circular

Critical (minimum)
Factor of Safety: 2.26 

Top soil

Purewa Top Parting

Purewa Top Coal

PB and PT Parting

PB Coal

Turra Parting

0 50 100 150 200 250 300 350 400 450 500 550 600

250

300

350

400

450

500

0.060
Cross Section I-I'(3100N to 2500N),Shovel Dumper Face

Eartquake Coefficient

Top Soil

Purewa Top Parting

Purewa Top Coal

PB and PT Parting

PB Coal

Turra Parting

Failure Surface

Phreatic Surface

5972



        KHADIA OCP, 14.00 MTPA                             12                              JOB NO-181906124 
 

       (f) Cross Section K-K’(-3400N to -4100N),Shovel Dumper Face: 
       Analysis-1: 

 
             Result Of the Section:

 
 

GALENA Version 5.02

Project:
                                                                                
Cross Section K-K'(3400N to 4100N),Shovel Dumper Face.                                                        

File: Cross Section K-K'(3400N to 4100N),Shovel Dumper Face..gmf Central Mine Planning & Design Institute

Edi ted: Process ed:3 Jan 2006 3 Jan 2006

Analysis:

Results

1 
Multiple Stability Analysis

Method:
Surface:

Bishop Simplified
Circular

Critical (minimum)
Factor of Safety: 1.75 
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Analysis-2: 

 
Result Of the Section: 

 
 
 
 
 
 

GALENA Version 5.02

Project:
                                                                                
Cross Section K-K'(3400N to 4100N),Shovel Dumper Face.                                                        

File: Cross Section K-K'(3400N to 4100N),Shovel Dumper Face..gmf Central Mine Planning & Design Institute

Edi ted: Process ed:3 Jan 2006 3 Jan 2006

Analysis:

Results
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Multiple Stability Analysis
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Surface:
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Analysis-3: 

 
 
Result Of the Section: 

 
 
 
 

GALENA Version 5.02

Project:
                                                                                
Cross Section K-K'(3400N to 4100N),Shovel Dumper Face.                                                        

File: Cross Section K-K'(3400N to 4100N),Shovel Dumper Face..gmf Central Mine Planning & Design Institute

Edi ted: Process ed:3 Jan 2006 3 Jan 2006

Analysis:

Results

3 
Multiple Stability Analysis

Method:
Surface:
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(g) Cross Section L-L’(-3500N to -4000N),Shovel Dumper Face: 
Analysis-1: 

 
Result Of the Section: 

 
 
 
 

GALENA Version 5.02

Project:
                                                                                
Cross Section L-L'(3500N to 4000N),Shovel Dumper Face                                                         

File: Cross Section L-L'(3500N to 4000N),Shovel Dumper Face.gmf Central Mine Planning & Design Institute

Edi ted: Process ed:3 Jan 2006 3 Jan 2006

Analysis:

Results

1 
Multiple Stability Analysis
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Analysis-2: 

 
Result Of the Section: 

 
 
 
 

GALENA Version 5.02

Project:
                                                                                
Cross Section L-L'(3500N to 4000N),Shovel Dumper Face                                                         

File: Cross Section L-L'(3500N to 4000N),Shovel Dumper Face.gmf Central Mine Planning & Design Institute

Edi ted: Process ed:3 Jan 2006 3 Jan 2006

Analysis:
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Analysis-3: 

 
Result Of the Section: 

 

GALENA Version 5.02

Project:
                                                                                
Cross Section L-L'(3500N to 4000N),Shovel Dumper Face                                                         

File: Cross Section L-L'(3500N to 4000N),Shovel Dumper Face.gmf Central Mine Planning & Design Institute

Edi ted: Process ed:3 Jan 2006 3 Jan 2006
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5.3.Data anlysis and Results of Dragline Face: 
(a) Cross Section B-B’(-2900N to -3100N),Dragline Face: 
Analysis-1: 
 

 
Result Of the Section: 
 

 
 

GALENA Version 5.02

Project:
                                                                                
Cross Section B-B'(2900N to 3100N),Dragline face                                                              

File: Cross Section B-B'(2900N to 2800N),Dragline Face.gmf Central Mine Planning & Design Institute

Edi ted: Process ed:9 May 2006 9 May 2006

Analysis:
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(b) Cross Section C-C’(-2975N to -2800N),Dragline Face: 
Analysis-1: 

 
Result Of the Section: 

 

 
 
 
 

GALENA Version 5.02

Project:
                                                                                
Cross Section C-C, 2975N to 2800N,Dragline Face                                                               

File: Cross Section C-C'(2975N to 2800N),Dragline Face..gmf Central Mine Planning & Design Institute

Edi ted: Process ed:24 Jul  2019 24 Ju l 2019

Analysis:
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(c) Cross Section D-D’(-2975N to -2800N),Dragline Face: 
Analysis-1: 

 
 
Result Of the Section: 

 
 

GALENA Version 5.02

Project:
                                                                                
Cross Section D-D'(2850N to 3000N),Dragline Face                                                              

File: Cross Section D-D'(2850N to 3000N),Dragline Face.gmf Central Mine Planning & Design Institute

Edi ted: Process ed:9 May 2006 9 May 2006
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(d) Cross Section E-E’(-2800N to -2900N),Dragline Face: 
Analysis-1:  

               

 
 
Result Of the Section: 

 
 

GALENA Version 5.02

Project:
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(e) Cross Section G-G’(-2800N to -3000N),Dragline Face: 
Analysis-1:  
 

 
Result Of the Section: 
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(f) Cross Section I-I’(-3100N to -3250N),Dragline Face: 
Analysis-1:  

 
Result Of the Section: 
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5.4) Data Analysis and results of the Shovel Dumper Dumps: 
 

(a) Cross Section A-A’(-3800N to -4100N),Shovel Dumper Dump: 

    Analysiss-1: 

 

      Result Of the Section:
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(b)Cross Section A-A’ (-3100N to -3500N), Shovel Dumper Dump: 
Analysiss-1: 

 
Result Of the Section: 
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(C) Cross Section D-D’ (-3100N to -3500N), Shovel Dumper Dump: 

Analysiss-1: 

 
Result Of the Section: 
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Analysiss-2: 

 
Result Of the Section: 
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(d) Cross Section F-F’(-3100N to -3600N),Shovel Dumper Dump: 
Analysis-1:

 
Result Of the Section: 
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(e) Cross Section H-H’ (-4200E to -4700E), Shovel Dumper Dump: 

Analysis-1: 

 

Result Of the Section: 
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Analysis-2:

 
Result Of the Section: 
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(f) Cross Section I-I’ (-3300N to -3700N), Shovel Dumper Dump: 
Analysis-1: 

 

Result Of the Section: 
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Analysis-2: 

 

Result Of the Section: 
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(g) Cross Section J-J’ (-3900N to -4500N),Shovel Dumper Dump: 
Analysis-1: 

 
Result of the section: 
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Analysiss-2: 

 
Result of the section: 
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(h) Cross Section M-M’ (-4000N to -4500N),Shovel Dumper Dump: 
Analysis-1: 

 

Result of the section: 
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Analysis-2: 

 

Result of the section: 
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Analysis-3: 

 
Result of the section: 
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(I) Cross Section M-M’ (-4900N to -4500N), Shovel Dumper Dump: 
Analysis-1: 

 
Result of the section: 
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Analysis-2: 

 

Result of the section: 
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Analysis-3: 

 
Result of the section: 
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(J)Cross Section N-N’ (-4900N to -4500N), Shovel Dumper Dump: 
Analysis-1: 

 
Result of the section: 

 

 

 

GALENA Version 5.02

Project:
                                                                                
Cross Section N-N'(-4400N to 4800N),Shovel Dumper Dump                                                        

File: Cross Section N-N'(-4400N to -4800N),Shovel Dumper Dump.gmf Central Mine Planning & Design Institute

Edi ted: Process ed:10 Jul  2006 12 Ju l 2006

Analysis:

Results

1 
Multiple Stability Analysis

Method:
Surface:

Bishop Simplified
Circular

Critical (minimum)
Factor of Safety: 1.73 

Top OB Material

Bottom OB

0 50 100 150 200 250 300 350 400 450 500

260

280

300

320

340

360

380

400

420

440

460

0.060

Cross Section N-N'(4400N to 4800N),Shovel Dumper Dump
Earthquake Coefficient

Top OB

Bottom OB

Phreatic Surface

Failure Surface

89102



        KHADIA OCP, 14.00 MTPA                             42                              JOB NO-181906124 
 

Analysis-2: 

 

Result of the section: 
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(J)Cross Section O-O’ (-3800N to -4000N), Shovel Dumper Dump: 
Analysis-1: 

 

Result of the section: 
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Analysis-2: 

 

Result of the section: 
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Analysis-3: 

 

Result of the section: 
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5.5) Data Analysis and results of the Dragline Dumps: 
(a) Cross Section B-B’(2900N to3100N),Dragline Dump: 
Analysiss-1: 

 
Result of the section: 
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(b) Cross Section D-D’(2900N to 3100N),Dragline Dump: 
Analysiss-1: 

 

Result of the section: 
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(c) Cross Section F-F’(2900N to 3100N),Dragline Dump: 
Analysiss-1: 

 

Result of the section: 
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(d) Cross Section G-G’(3100N to 3300N),Dragline Dump: 
Analysiss-1: 

 

Result of the Section:
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(5.6) Table: The Summary of analysis results: 
 

SL  
No. 

Cross Section & Location Khadia OCP FoS (Min) 

A Shovel Dumper Face (western,central and eastern Section): 

a CS C-C’(-2400N to -2800N),Shovel Dumper Face: 
Analysis-1 1.96 
Analysis-2 1.76 

b CS E-E’(-2600N to -2900N),Shovel Dumper Face: 
 

2.73 

c CS E-E’(-2400N to -2600N),Shovel Dumper Face: 1.55 

d CS G-G’(-2000N to -2600N),Shovel Dumper Face: 
Analysis-1 1.90 
Analysis-2 1.51 

e CS I-I’(-2000N to -2600N),Shovel Dumper Face: 
 
Analysis-1 2.30 
Analysis-2 2.26 

f CS K-K’(-3400N to -4100N),Shovel Dumper Face: 
 
Analysis-1 1.75 
Analysis-2 2.52 
Analysis-3 2.62 

g CS L-L’(-3500N to -4000N),Shovel Dumper Face: 
Analysis-1 1.32 
Analysis-2 2.90 
Analysis-3 2.34 

B Dragline Face(western and central Section): 

a CS B-B’(-2900N to -3100N),Dragline Face: 1.70 
b CS C-C’(-2975N to -2800N),Dragline Face: 1.37 
c CS D-D’(-2975N to -2800N),Dragline Face: 1.20 
d CS E-E’(-2800N to -2900N),Dragline Face: 1.25 
e CS G-G’(-2800N to-3000N),Dragline Face: 1.22 
f CS  I-I’ (-3100N to -3250N),Dragline Face: 1.45 
C Shovel Dumper Dump (western,central and Eastern Section): 

a CS A-A’(-3800N to -4100N),Shovel Dumper Dump: 1.65 

b CS A-A’ (-3100N to -3500N), Shovel Dumper Dump: 2.11 
c CS D-D’ (-3100N to -3500N),Shovel Dumper Dump: 

Analysis-1 1.59 
Analysis-2 1.48 

d CS F-F’(-3100N to -3600N),Shovel Dumper Dump: 1.21 

e CS H-H’ (4200E to 4700E), Shovel Dumper Dump: 
Analysis-1 1.86 
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Analysis-2 1.52 
f CS I-I’ (-3300N to -3700N),Shovel Dumper Dump: 

Analysis-1 1.52 
Analysis-2 2.23 

g CS J-J’ (-3900N to -4500N),Shovel Dumper Dump: 
Analysis-1 1.77 
Analysis-2 1.75 

h CS M-M’ (-4000N to -4500N),Shovel Dumper Dump: 
Analysis-1 1.77 
Analysis-2 2.28 
Analysis-3 1.42 

i CS M-M’ (-4900N to -4500N), Shovel Dumper Dump: 
Analysis-1 1.80 
Analysis-2 1.43 
Analysis-3 1.52 

j CS N-N’ (-4900N to -4500N),Shovel Dumper Dump: 
Analysis-1 1.73 
Analysis-2 1.52 

k CS O-O’ (-4900N to -4500N),Shovel Dumper Dump: 
Analysis-1 1.40 
Analysis-2 1.66 
Analysis-3 1.54 

D Dragline Dump(western and central Section):  
 

a CS B-B’(-2900N to -3100N),Dragline Dump: 1.40 
b CS D-D’(-2900N to -3100N),Dragline Dump: 1.39 

c CS F-F’(-2900N to -3100N),Dragline Dump: 1.81 

d CS G-G’(-3100N to -3300N),Dragline Dump: 1.55 
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(5.7) Cross Section of Ultimate Pit Slope: 
(a) Analysis-1: 

 
  Result of the section: 
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                 (b)Analysis-2: 

 

 
 

Result of the section: 
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C. Analysis-3: 

 

 
 

Result of the section: 
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D.Analysis-4: 
 

 
 

Result of the section: 
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E.Analysis-5: 

 
 

Result of the section: 
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Result of the Ultimate Pit Slope Cross Section: 
 
SL.NO Section Name and Analysis FOS 

1 Cross Section of ultimate pit slope Cross Section.  

Aalysis-1 1.33 

Aalysis-2 1.88 

Aalysis-3 1.99 

Aalysis-4 1.66 

Aalysis-5 1.23 
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(5.8) Cross Section Systemetic Dumping Strategy of Khadia OCP: 
     (a) Analysis-1:  

 
 

    Result of the Section: 
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 (b) Analysis-2:  

 
Result of the Section:
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(c) Analysis-3:  
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Result of the Section:

 
        (d) Analysis-4:  
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Result of the Section: 

        Result of Systemitic Dump Strategy  Cross Section: 

SL.
NO 

Section Name and Analysis FOS 

1 Cross Section of systematic dump strategy Cross Section. 

Aalysis-1 1.33 

Aalysis-2 1.48 

Aalysis-3 1.31 

Aalysis-4 1.67 
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CHAPTER –VI 

Recommendations & Conclusions 

6.0 Recommendations:   
6.1. Systematic Mining Methods for Shovel Dumper & D/L System: 
   

 Mining Technology 

 Considering the mining and geological conditions such as: 

• Flat gradient of 2 to 3 deg. of the coal seam; 

• Mining of multiple seams viz Turra (19-22m), Purewa Bottom (8 -13 m), 

Purewa Top (8-10m); 

• Parting of 53 to 62 m between Turra and Purewa Bottom seams; 

• Large scope of work, including 14.00 Mt of ROM coal and peak OBR of 

70.14 Mm3 per annum; 

 
   Khadia OCP has been working for last 28 years with combined system of mining 

using Dragline and shovel-dumper combination. The existing system has been 

proposed to be continued with up-gradation of equipment size for achieving higher 

production level. 

 
  The review of mining technology will be done when the project boundary reaches 

the geologically disturbed zone on dip side.  

 
6.1.1. Recommendation for shovel dumper and Dragline face: 

 
    From the scientific analysis of slope stability in Chapter-V of all sections of Shovel 

dumper and Dragline combination face of high wall section, the details are tabulated in 

table 6.1. 
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Table- 6.1: Summary of analysis results for shovel dumper face and dragline face 
in Chapter -V: 
SL  
No. 

Cross Section & Location Khadia OCP FoS (Min) 

A Shovel Dumper Face (Western,Central and Eastern Section): 

a CS C-C’(2400N to 2800N),Shovel Dumper Face: 
Analysis-1 1.96 
Analysis-2 1.76 

b CS E-E’(2600N to 2900N),Shovel Dumper Face: 
 

2.73 

c CS E-E’(2400N to 2600N),Shovel Dumper Face: 1.55 

d CS G-G’(2000N to 2600N),Shovel Dumper Face: 
Analysis-1 1.90 
Analysis-2 1.51 

e CS I-I’(2000N to 2600N),Shovel Dumper Face: 
 
Analysis-1 2.30 
Analysis-2 2.26 

f CS K-K’(3400N to 4100N),Shovel Dumper Face: 
 
Analysis-1 1.75 
Analysis-2 2.52 
Analysis-3 2.62 

g CS L-L’(3500N to 4000N),Shovel Dumper Face: 
Analysis-1 1.32 
Analysis-2 2.90 
Analysis-3 2.34 

B Dragline Face(western and central Section): 

a CS B-B’(2900N to 3100N),Dragline Face: 1.70 

b CS C-C’(2975N to 2800N),Dragline Face: 1.37 

c CS D-D’(2975N to 2800N),Dragline Face: 1.20 

d CS E-E’(2800N to 2900N),Dragline Face: 1.25 

e CS G-G’(2800N to3000N),Dragline Face: 1.22 

f CS  I-I’ (3100N to 3250N),Dragline Face: 1.45 

 

From the above analysis of the shovel dumper face and Dragline face of highwall 

side it has been found that the factor of safety(FOS) of the highwall face is more than 

1.2. 

Hence, it is again suggested that the face of high wall section of Dragline system 

should be kept maintained as per the system parameters and have a FoS  more than 

1.2 as mentioned below. 
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        6.1.2. The System Parameters to be followed for Bench Height and width: 
 

Elements of mining system have been determined in accordance with the parameters 

of excavation, transport equipment and the parameters of drilling and blasting.  
 
The mine is being developed in two sections namely Western Section and Eastern 

Section.   

 
With due consideration to geo-mining characteristics of the deposit, the mine is 

proposed to be worked by combined system of mining using dragline and shovel-

dumper combination.  All the OB of expansion area will be dumped in internal dump. 

Coal in both sections is proposed to be extracted by shovels and transported to 

receiving pits/coal stock yards by 100 T rear dumpers. While designing the mining 

system, safety at work places and techno-economic feasibility of the system have 

been taken care of. On the basis of geo-mining characteristics of the deposit, mining 

system parameters like slope of the quarry batter, bench height, bench width, dump 

height; final dump slope and slope of the working benches have been decided. 

Design of mining system has been done considering technical parameters of HEMM 

and safety guidelines of Directorate General of Mines Safety (DGMS).  However, 

during mine operations, the safety rules, regulations and various circulars issued by 

DGMS should be strictly followed and adhered to.   
 
The height of main OB bench over Turra seam, proposed to be side cast by dragline 

in the previous decoaled cut, would vary from 40m to 45m. The existing dragline cut 

width is 75m and same has been adopted in the EPR (10.00 Mtpa ).  

 
The upper OB benches are proposed to be worked by 20m3 Elect Rope Shovels 

working in conjunction with 190-210 T rear dumpers. The width of the cut of the OB 

shovel benches has been adopted as 20m. The height of the shovel-benches varies 

from 15-18m. With two way traffic along the bench, the width of the working benches 

varies from 55-60m (20m cut width, 10m throw, 20m haul road, 6m for power supply 

arrangement on alternate benches and 4m safety berm) ,whereas the width of non-
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working benches varies from 35-40m. Considering the flat dip (2o-3o) of the seams, it 

is proposed to excavate the OB from advance benches by inclined layers parallel to 

seam floor.  This eliminates the need to cut new horizons from the side of seam roof 

and simplifies water drainage from the benches to central sump.  

 
The thickness of Turra seam varies from 16m to 20m in most of the area and it is 

proposed to be worked in two sub-benches by 10m3 Elect. Rope Shovel in 

conjunction with 100 T rear dumpers. The thickness of Purewa Bottom seam varies 

from 6m to 15m and that for Purewa Top seam 2m to 10m. It is suggested that these 

two seams should be worked in single bench by using 10m3 Elect. Rope shovel and 

10-12 m3 Diesel Hyd. Shovel in conjunction with 100 T dumpers.   
 
Persistent bands of thickness more than 1m present in coal seam are proposed to 

be mined separately. 1 No. 10-12 m3 FE loader has also been provided for this 

purpose and other miscellaneous jobs. Elements of mining system have been 

determined in accordance with the parameters of excavation and transport 

equipment and the parameters of drilling and blasting. 
 

The width of cut for coal benches has been adopted as 20m. The width of working 

bench in coal seam has been considered as 45m while width of non-working 

benches has been kept at 25m. The slope of each bench is proposed as 70o in OB 

and 80o in coal. But the overall running slope in working faces are about 18o to 20o. 

 
The above mining system and system parameters have been proposed for 

departmental HEMM deployed for coal winning and OB removal as proposed in 

Option-I & Option-II. For outsourcing of OB as proposed in Option-II (partial OB 

outsourcing), mining system parameters depends upon the size of equipment 

deployed by outsourcing agency. In the light of experience gained, the elements of 

mining system can be modified during the actual mining operation depending upon 

the physical and mechanical properties of the rock and the permission acquired from 

DGMS regarding the maximum permissible dragline side cast OB dump height & 

other parameters. 
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6.2 Dumping Strategy 
 
6.2.0 Systematic Mining Methods for Shovel Dumper Dumping system:  
 

Bench height of OB dumps formed by Shovel-Dumper system will be 30m and slope 

of individual dump benches will be 37o (equal to angle of natural repose of OB 

material). Width of berm between two adjacent benches will be 40m.  Overall slope 

of dump works out to 28o.  

 
While forming any new dumps or modifying the slope profile of existing dumps 

attention should be given to the CMR guidelines which stipulates that any spoil bank 

exceeding 30 meter in height shall be benched so that no bench exceeds 30 meter 

in height and the overall slope shall not exceed 1 vertical to 1.5 horizontal it should 

be follow 

 

     Below is the proposed typical profile of benches for shovel dumper combination 

Dump to be incorporated in Khadia OCP.  

 
 

Fig: 6.1: Typical profile of benches for shovel dumper combination Dump 

The typical section of dump profile has analyzed by GALENA Software in both ways 

with Earthquake coefficient and it has been found that for all the sections the FOS 

is more than 1.2. So, it is suggested that it is a safe profile of OB Dump for Khadia 

OCP.  
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        Result of Systematic Dump Strategy Cross Section: 
 

SL.NO Section Name and Analysis FOS 

1 Cross Section of systematic dump strategy Cross Section.  

Aalysis-1 1.33 

Aalysis-2 1.48 

Aalysis-3 1.31 

Aalysis-4 1.67 

However, along sections of old and abandoned dumps where active dumping is not 

proposed or planned, the existing profile may be continued with imposing 

restrictions on movement of men and machinery by placing proper fence/signboard. 

 

6.2.1 Recommendation for shovel dumper Dump: 
From the scientific analysis of slope stability of all section of Shovel dumper section 

of dump, the results are tabulated below. 

Table 6.3: Summary of analysis results for shovel dumper dump  
C Shovel Dumper Dump (western,central and Eastern Section): 

a CS A-A’(-3800N to -4100N),Shovel Dumper Dump: 1.65 

b CS A-A’ (-3100N to -3500N), Shovel Dumper Dump: 2.11 
c CS D-D’ (-3100N to -3500N),Shovel Dumper Dump: 

Analysis-1 1.59 
Analysis-2 1.48 

d CS F-F’(-3100N to -3600N),Shovel Dumper Dump: 1.21 

e CS H-H’ (4200E to 4700E), Shovel Dumper Dump: 
Analysis-1 1.86 
Analysis-2 1.52 

f CS I-I’ (-3300N to -3700N),Shovel Dumper Dump: 
Analysis-1 1.52 
Analysis-2 2.23 

g CS J-J’ (-3900N to -4500N),Shovel Dumper Dump: 
Analysis-1 1.77 
Analysis-2 1.75 
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h CS M-M’ (-4000N to -4500N),Shovel Dumper Dump: 
Analysis-1 1.77 
Analysis-2 2.28 
Analysis-3 1.42 

i CS M-M’ (-4900N to -4500N), Shovel Dumper Dump: 
Analysis-1 1.80 
Analysis-2 1.43 
Analysis-3 1.52 

j CS N-N’ (-4900N to -4500N),Shovel Dumper Dump: 
Analysis-1 1.73 
Analysis-2 1.52 

k CS O-O’ (-4900N to -4500N),Shovel Dumper Dump: 
Analysis-1 1.40 
Analysis-2 1.66 
Analysis-3 1.54 

 

From the above analysis it has been found that the factor of safety(FOS) of all the 

dump section (Eastern central and western) is more than1.2.From the above,it can 

be inferred  that the dump of east west and central section  is well maintained and it 

should also be kept maintained for shovel dumper dump as shown in fig-6.1and 

have a FOS more than 1.2. 

 

6.2. Systematic Mining Methods for Dragline Dumping System: 
Presently, Khadia project has 3-No of Draglines, one is 33m3/72 and another 2 are 

20m3/83 mR, where 2 no of Dragline deploying in horizontal tandem method in 

western section of Khadia OCP. One No Dragline 20m3/83 mR is presently 

breakdown and under maintenance. The working of western section is leading and 

the East section is lagging. Central section is much advanced.  

 

   Below is the suggested typical profile of dragline balancing and Dump profile, having 

a FOS in excess 1.2, commensurate with the details operational parameter as the 

dragline deployed in Khadia OCP. 
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Fig: 6.2: Dragline balancing using Horizontal tandem Method and dump profile for 

Khadia OCP 

 
Fig: 6.3: Dragline balancing using Vertical tandem Method and dump profile for 

Khadia OCP 
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6.2.1. Recommendation for Dragline Dump: 
 Dragline Dump(western and central Section):  FOS 

 
a CS B-B’(-2900N to-3100N),Dragline Dump: 1.40 
b CS D-D’(-2900N to -3100N),Dragline Dump: 1.39 

c CS F-F’(-2900N to -3100N),Dragline Dump: 1.81 

d CS G-G’(-3100N to -3300N),Dragline Dump: 1.55 

 
From the result of scientific analysis in chapter –V, of all sections of dragline dump 

it is found that FOS of section is more than 1.2, so the Dragline Dump section is 

well-maintained. 

  

Again,however,it is suggested that the dump shall be designed and kept 

maintained as shown in the above systemetic dragline balancing and dump profile 

for Khadia OCP in Fig-6.2 and Fig 6.3 to have a FOS in excess 1.2. 
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6.3. Ultimate Pit Slope: 
     The final stage pit quarry for the proposed mining of Khadia OCP should be 

followed. The proposed typical profile of Ultimate pit Slope from Turra floor to 

Surface at the quarry end of Mining is given in fig. no.6.3. 

 
Fig. 6.3: Typical profile of Ultimate pit Slope 

             Result of the Ultimate Pit Slope Cross Section: 
SL.NO Section Name and Analysis FOS 
1 Cross Section of ultimate pit slope Cross Section.  

Aalysis-1 1.33 
Aalysis-2 1.88 
Aalysis-3 1.99 
Aalysis-4 1.66 
Aalysis-5 1.23 

 
The analysis of cross section of ultimate pit slope details are given in chapter-V 

para 5.7 and from the analysis it have been found that the result of FOS is in 

excess 1.2. 
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6.4 Monitoring.  
 
1. The failure are not exception in mine. It is a part of mining. So, monitor philosophy 

and mine should be adopted. The slope monitoring should be done to detect the 

onset of failure so that early and effective stabilization measures can be taken at 

the earliest. If the instability is unavoidable then it can be brought down in a 

predictable manner. 

2. Most important parameter to be monitor is movement of soil mass of the dump.  

3. Water level should be monitored on regular basis particularly in rainy season. 

4. During the rainy season, an officer should be deputed to go in and around the mine 

in the morning to see the effectiveness of drain. If any blockage is observed, then 

immediately steps should be taken to make it effective. If any deep tension crack 

is detected then it should be filled with sandy material and the entry of water inside 

the crack should be checked. 

5. Any type of crack anywhere on the dump should be monitored and examined. The 

movements of the dump mass should be recorded and if the movement is 

persistent man and machine should be withdrawn till stabilized. 

6. The final resultant dump slope should not exceed the angle of repose of dump 

material. 

7. Slope monitoring is essential to detect any instability in advance to safe guard the 

loss of men and machinery working in lower level of the mines. The failure are not 

exception in mine. It is a part of mining. So, monitor philosophy and mine should 

be adopted. 

8. There should be a dedicated team equipped with sophisticated Slope monitoring 

equipment, to monitor the dump slope stability. The working personals should be 

imparted advance training on slope stability time to time. 

9.  The slope stability Monitoring team should monitor all internal, external Dump and 

high wall benches on fortnightly basis in Monsoon and on monthly basis for rest of 

the season. 

10.  Dump profile shall be monitor by target-less theodolite. Coal and OB bench height 

cut width ,dimension of the coal rib, left of the toe of the dump , width of corridors, 
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berms of coal seam roof and Dragline sitting level etc. shall be measured at a 50m 

interval.  

11. (a) A continuous monitoring system or any other similar technology giving time to 

time displacement of strata or dump material, and to warn well in advance of any 

impending failure shall be installed and put into operation, where any abnormality 

is noticed (cracks and movements) below which men and machinery are deployed 

should be ensure safety. 

(b) A protocol for such monitoring shall be developed and implemented. 
 

6.5     Safety and mitigation measures against impending failure. 
1. Shape of OB dump should be uniform and any curvature will lead to stress 

concentration thereby causing slope failure  

2. The top soil should be dumped separately or at the top of the dump. It should not 

be placed at intermediate levels of the dumps. 

3. Top of OB dump should be graded in such a manner that no water should 

accumulate there. 

4. Proper drainage system should be made to bring down the rain water. 

5. If any structure not belong to the owner exists near the OB dump, an earth retaining 

structure such as retaining wall or gabion wall should be made against OB dump 

along toe, it should follow as per CMR -2017 guide line.  

6. Grass seeding, plantation should be planted at the base of dump up to 50m width 

from the toe of dump. This measure will hold the soil together as well as it would 

also prevent generation of dust. 

7. Measure for proper vegetation should be taken  on top of dump, on berm and slope 

8. Any depressed land near the toe of dump or top  should be filled up and 

dozed/leveled  so that no accumulations of water take place 

9. Garland drains should be constructed and measures for timely maintenance of 

these drains should be taken. 

10.  Toe cutting should be avoided in OB dump benches. 

11.  No water should be allowed to be stagnant near the toe of dump and top of the 

dump.  
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12.  The dumps should be regularly surveyed to have up-to-date and accurate 
dump geometry. 

13.  No Dump bell should be formed, the valley of the Dragline Dump should be 

levelled to avoid accumulation of rainwater. 

14.  No heaps of dump should be left on benches or at the top of the dump. The heaps 

should be levelled to avoid rainwater ponding between the heaps of the dump. 

15. The shovel-dumper dumping should not be on or near the currently created 
dragline dump to avoid the dead loading of the partially consolidated 
dragline dump. The dumping by shovel dumper should be at least two cuts 
away. 

16. The dragline deployment scheme envisages leaving of coal rib in the balancing 

diagrams as per provisions of DGMS.  

17.  It is suggested to extract the coal rib to the extent possible, so that there is no 

chance of accumulation of water against the coal rib causing hydraulic thrust on 

the dump. 
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6.6 Limitations 
 

1. Soil is very complex and complicated material in nature, heterogeneous type of soil 

is found which has different properties at different depth and places. 

2. Accurate soil properties cannot be derived in laboratory by merely testing few soil 

samples. Because no theory can exactly simulate the field conditions.  

3. It is very difficult to take the soil sample from the deep inside the OB dump and 

measures were taken to collect the representative samples as per IS codes. 

4. Judicious judgment based on combination of theory and practical experience from 

the past studies shall help to arrive at right conclusion during making the necessary 

assumptions for the study.  

5. It is very difficult to assess the accurate pore water pressure and phreatic line of the 

dump and the necessary assumptions were made based on the hydro geology data 

collected from nearby dug wells and Piezometers.  

6. All the software and calculation are based on assumption that OB is homogeneous 

soil to an extent. 

7. In geotechnical engineering field there are many uncertain factors which govern the 

stability analysis which depends on the assumptions made for the study. As a result, 

factor of safety determined may vary to some extent from study to study. In this 

study, all normal failure conditions are checked for determination of FoS with the 

best possible assumptions and judgment. 
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6.7 Conclusion 
 

Based on cross sections provided, laboratory test results (indicated in table ) for 

strength properties, assumptions based on judicial assessment of existing site 

conditions during filed visit and literature review, slope stability analysis was 

performed using a Limit equilibrium software i.e. GALENA. 
 

The 28 models prepared and 43 no. analysis has been done using GALENA 

Software, are shown in the summary of the results in chapter V. It is observed that 

the slope profiles along Shovel dumper system Dump, Dragline Dump, dragline face 

and Shovel-dumper combination face, sections  (A-A’, B-B’, C-C’ , D-D’, E-E’,F-F’,G-

G’,H-H, I-I’,J-J’,K-K’,L-L’ M-M’,N-N’,O-O’ and Two no. Cross section, Ultimate Pit 

Slope, and Dump Strategy section) have Factor of Safety (FoS) more than 1.2. 

Normally, if the FOS is less than 1, it is considered failure surface, and FoS between 

1 to 1.2 is a questionable safety zone, so all the section of mines shall be designed 

and kept maintained as to have a factor of safety in excess 1.2. 
 

The Dump and Pit of mines are regularly changing, so, it is recommended 
that fresh geotechnical study should be conducted regularly after a time frame 
and reviewed for optimization of the present geotechnical study. It would help 
for optimization/slope steepening of the dump with latest available 
geotechnical data/information. This fresh geotechnical study would lead to 
achieve the better financial goals without sacrificing the safety. 
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Reference: 
(1) The slope stability report with the recommendation given by Dr. Indrajit Roy, on Khadia 

project – titled on “Slope stability study of Dragline Dump at Khadia Project,NCL” ---By 

BIT,MESHRA, dated-June-2015 submitted to Khadia project Management. 

(2) Other scientific Slope Stability study report by CMPDI, Ranchi (HQ), Jharkhand. 

(3) EMP for Khadia Expansion OCP report (14MTPA), NCL dated -23rd March 2016, by CMPDIl, 

RI-6, Jayant. 

(4) EC-14.00 MTPA approved by Govt. of India, MoEFCC, Dated 23nd March 2016. 

(5) Latest approved PR/EPR/RPR/Scheme or Mining Plan of Khadia OCP. 
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                                                       DISCLAIMER 

The report is based on field reconnaissance, laboratory tests as per IS codes on small 

size soil samples and analysis results using GALENA slope stability analysis software. 

Neither CMPDI nor any of its employee makes any warranty, express or implied or 

assume any legal liability or responsibility for the accuracy completeness or use of the 

result of such information, product or process in the report 
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Rain Fall Data: Jan 1990- Nov 2021

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

TOTAL 

(Jan-

Dec)

TOTAL

(Apr-

Dec)

Total 

(Jun-

Sep)

1990 0.00 37.75 48.00 0.00 0.00 159.00 251.75 265.25 97.25 21.50 0.00 0.00 723.50 723.50 723.50

1991 0.00 0.00 0.00 0.00 14.20 133.00 254.50 365.60 438.90 7.25 0.00 29.40 1064.00 946.00 932.75

1992 0.00 0.00 0.00 0.00 0.00 5.40 223.25 360.00 76.00 0.00 0.00 0.00 766.50 766.50 698.00

1993 0.00 0.00 12.50 0.00 0.00 106.75 220.25 214.25 257.50 28.00 0.00 0.00 839.50 768.00 768.00

1994 0.00 0.00 0.00 0.00 0.00 328.25 249.50 219.25 214.25 49.75 0.00 0.00 1333.25 1333.25 1258.75

1995 0.00 0.00 0.00 0.00 0.00 135.00 167.50 273.75 147.25 0.00 0.00 0.00 1076.50 1076.50 1027.75

1996 94.00 24.00 0.00 0.00 0.00 103.75 236.50 458.75 133.75 13.25 0.00 0.00 1064.25 1064.25 892.25

1997 0.00 0.00 0.00 0.00 0.00 66.25 211.75 347.25 72.75 46.50 9.50 12.50 1206.40 1151.90 1065.80

1998 62.25 9.25 0.00 0.00 0.00 128.50 154.25 296.75 188.50 0.00 0.00 0.00 1543.50 1470.00 1382.00

1999 0.00 0.00 0.00 0.00 0.00 239.50 522.50 266.75 230.00 74.50 0.00 0.00 1022.50 993.50 958.00

2000 0.00 0.00 0.00 0.00 0.00 225.25 348.50 166.75 287.25 48.75 0.00 0.00 1094.00 962.00 927.00

2001 0.00 0.00 0.00 0.00 0.00 128.75 494.50 229.50 39.50 172.00 0.00 0.00 1239.50 1178.50 1014.50

2002 7.00 45.50 2.00 0.00 3.35 174.00 155.55 403.75 332.00 78.75 0.00 4.00 1225.00 1025.00 952.00

16
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Rain Fall Data: Jan 1990- Nov 2021

2003 5.00 65.00 3.50 33.00 0.00 177.00 237.00 427.00 541.00 49.00 0.00 6.00 1175.00 1103.00 1029.00

2004 11.00 0.00 18.00 10.00 2.50 229.50 295.00 287.00 146.50 21.00 0.00 2.00 1210.00 1200.00 1013.00

2005 66.00 32.00 34.00 1.50 23.50 315.00 118.00 277.00 217.00 9.00 0.00 1.00 987.50 971.50 858.50

2006 0.00 0.00 61.00 35.00 22.00 130.50 419.00 374.00 91.00 107.00 0.00 0.00 1895.00 1846.00 1769.00

2007 0.00 140.00 60.00 14.00 18.00 157.00 241.00 278.00 276.00 19.00 22.00 0.00 1481.00 1434.00 1346.00

2008 50.00 22.00 0.00 12.00 62.00 380.00 201.00 415.00 33.00 0.00 0.00 0.00 1136.00 976.00 836.00

2009 10.00 0.00 0.00 0.00 0.00 74.00 297.00 477.00 165.00 114.00 73.00 0.00 1165.00 1022.00 980.00

2010 5.00 11.00 0.00 0.00 11.00 38.00 405.50 199.00 216.00 97.00 0.00 5.00 825.00 762.00 691.00

2011 38.00 11.00 0.00 7.00 13.00 335.00 316.00 578.00 540.00 57.00 0.00 0.00 1895.00 1846.00 1826.00

2012 47.00 0.00 0.00 0.00 0.00 22.00 538.00 480.00 306.00 38.00 30.00 20.00 1481.00 1434.00 1346.00

2013 0.00 102.00 58.00 11.00 20.00 151.00 316.00 240.00 129.00 109.00 0.00 0.00 1136.00 976.00 836.00

2014 54.00 57.00 32.00 0.00 0.00 144.00 319.00 241.00 276.00 32.00 0.00 10.00 1165.00 1022.00 980.00

2015 25 0 38 16 5 55 300 264 72 50 0 0 825.00 762.00 691.00

2016 0 0 0 0 28 36 449 640 526 94 0 0 1773.00 1773.00 1745.00

2017 8 0 0 0 25 97 542 161 103 34 0 0 970 962 937

2018 0 26 0 0 0 121 313 409 98 4 0 0 971 945 967

2019 06 17 29 0 0 76 332 422 378 48 0 0 1308 1256
1208

2020 
28.00 39.00 43.00 10.00 36.00 375.00 241.00 160.00 155.00 67.00 17.00 05 1176.00 1061 931

2021(upto

Nov’21)
0.00 3.00 00 00 235.00 669.00 388.00 385.00 341.00 8.00 00 00 2029 2026 1783

17
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TOPOGRAPHY OF DRAINAGE

• Maximum elevation of the hillock is 490 m above MSL.

• Working of the quarry is yet to reach highest point.

• On the south western side of the quarry mine drainage

terminates to the Hardua/Balia Nala and in the south eastern

part the mine drainage terminating to Rihand reservoir.

• All the dumps of the Khadia Project is in the southern

boundary of the quarry on no coal zone

• There are a natural drains in the northern dip side of the

working named as Chatka Nala and Tippa Jharia Nala

where garland drains is terminating.

18

136149



Sl.

No.

Particulars Thickness(m)

1 Cover above Purewa Top Coal Seam 35-155

2 Purewa Top Coal Seam 8-10

3 Parting between Purewa Top & Bottom 31-43

4 Purewa bottom Coal Seam 8-13

5 Parting between Purewa Bottom & Turra 53-62

6 Turra Coal Seam 19-22

General Lithology of Khadia Project
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NATURAL, GARLAND AND OTHER DRAINS

Natural drainage channel
Following natural drainage channel exists in Khadia Mine which will
require cleaning by Civil Contractor.
1. Hardua nala in Khadia residential colony area – 0.60 km

2. Chilkatand basti nala in Chilkatand basti – 0.70 km

3. Near old CHP/ Coal Workshop 02 nos. (2.5 km + 0.5 km) – 3.00 km

Garland drain
Garland drains of about 7.8 km which already exists to prevent rain water
from Northern and Western boundary of the mine from hillock/ Dudhichua dump
areas will require cleaning and also new drain cutting in south of Eastern dump of
about 1.0 km will be required by Civil Contractor.

1. In North of Khadia Mine cleaning of drain by O/S Agencies - 3.0 km

2. In South of Khadia Mine cleaning of drain by Civil Contractor - 3.0 km

3. In West of Khadia Mine cleaning of drain by Civil Contractor - 1.8 km

4. In South of Khadia Mine new cutting of drain by Civil Contractor - 1.0 km
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Dump/ Bench Drains ( By Deptt. Means)

1. Drain cutting in western dump to course water from dump top.

2. Drain cutting in central dump to course water from dump top.

3. Bench drains shall be made by concerned OB/ Coal Section 

Dump/ Bench Drains ( By Outs. Means)

Drain cutting in eastern dump to course water from dump top 

shall be done by M/s. BGR-VPR-Consortium

Dumps Benching

Dump benching at the interval of 30 mtrs has already 

been done  in Year 2017-18. These benches require 

repairing/ widening and shall be done by departmental means.

Drain cleaning works to be taken up

21
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Monsoon Activities by Mining Department

Sl.

No.

Activities Nature 

of work

Status of work Respons

ibility

No

v

Dec Jan Feb Ma

r

Ap

r

May Jun

1 Sloping work 

for top benches

of dump for 

directing water 

out of the mine

Mining Incharge

HOE

2 Channeling of 

water course 

over dump to 

prevent the flow 

in steeper 

direction

Mining This is a job of 

regular monitoring 

and shall  be taken 

care of by a dump 

monitoring cell 

besides regular 

supervision

Incharge

HOE

3 Dump 

Management

Headed by section 

manager a dump 

monitoring cell is 

established for 

regular inspection, 

observation and 

implement action of 

the irregularities , if 

any. A record will be 

kept for the purpose 

and kept for ready 

for being checked.

Concerned

Section 

Manager
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Sl.

No.

Activities Nature 

of work

Status of work Responsi

bility

Nov Dec Jan Feb Ma

r

Apr May Jun

4 With consideration 

catchment area and 

maximum rainfall 

plus 20% in a day 

calculation sump 

capacity required as 

per project report 

and different 

committees 

appointed for the 

purpose from head 

quarter

Mining Sump capacity & 

capacity of pumping 

have been decided as per 

guideline in project 

report.

Expected position of 

dragline just before onset 

of monsoon may be at  

about 800 mtr chainage

of  23rd cut.  

Survey

Officer

5 Sump preparation in 

Main entry (East 

cut) , West cut and 

Purewa bottom

And Near coal yard 

no.6

Mining Proposed size of sump 

4.11 L M3 (S1)

3.52 L M3 (S2 & S2A)

3.14 L M3 (S3

1.00 L M3 (S3A)

Section 

Manager,

Coal/OB

6 Drain cutting in 

benches in Coal/ OB 

Section

Mining Yet to start Section 

Manager,

Coal/OB

7 Dump benching in 

all three dumps

Mining Yet to start Section 

Manager,

Coal/OB
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Monsoon activity of OB section  

Civil:-

1. Hume pipe laying in VPR area in garage road near T/O (20m).

2. Drain along Dudhichua boundary up to double barrel from 5 no. 

Coal Yard.

3. Hume pipe laying at ramp to take the rain water into S-3 sump.

4. Hume pipe cleaning in new time office haul road near coal yard no. 

5.

5. Silt arrestor pond in the toe of Dudhichua dump opposite to Coal 

yard no. 5.

6. Sump (S-3A) preparation including Shade after lowering of benches 

along North side by VPR.

7. Stone pitching in between new Time Office & dump.

8. Drain cleaning in lower bench in between New T/O & dump.

9. Cleaning of drain behind Time office (600m)
24
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Departmental:-

1. Drain in all departmental benches as per requirement during 

monsoon time & to direct all water to P/B sump.

2. Cleaning drains along OB Section haul road and dump area.

3. Drain cutting inside the mine in departmental patch.

VPR:-

1. Garland drain in VPR 1.5 Km in length 

2. Drain at all benches in VPR as per requirement.

3. Rain water management in VPR dump as per bench design.
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Monsoon activity in Coal section

Departmental-

1. Drain cutting along  main haul road-500mtr.

2. Drain cutting along East cut (1km) and West cut (1Km).

3. Cleaning of old drain-2km.

4. Slopping of dumps with regard to water drainage in east and      

central dump.

5. De-silting  of sump near pedestal

6. De-siltation of silt tank North side of haul road

26
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1- Sloping work for top benches of dump for coursing of water out of the mine.

2- Channeling of water course over dump to prevent the flow in steeper direction.

3- Benching  of dump- Existing and it will be repaired as when required 

4- Sump Calculation - Completed 

5- Sump Preparation - S1: Partially done

S2: It will be starts from 15th May, 2022

6- Drain cutting in benches in coal / OB section. Will be taken up in in mid of May-

2022 (depending on current bench position)

7- Dump benching in all three dumps – In BGR (East HoE) & VPR west dump in 

regular process.

8- Drain cutting at outer dump – 500 meter - 20 to 30th May 2022.

9- Drain cleaning along main entry 1-10th April 2022.

10 Hume laying East + West) – 15th May 2022.
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• 1.    Desilting of S3 sump to enhance the capacity of sump. (Upto 15th May) 

• 2.    S3(A) sump preparation will be completed upto 30th May 2022. 

• 3.    Drain cleaning and new drain cutting as when required (upto 30th April) 

• 4.    Rain cut is to be required above 2 no. Coal yard, west section time office, above 
5no C/Y and other benches (upto 30th April) 

• 5.    To protect coal yard no.6 , garland drain to be made and other shall be coursed 
in natural drain. 

• 6.    Dumping Bench gradient/slope is making effective to avoid Rain cut and proper 
drainage to sump and natural garland. 

• 7.    Clean drain in front/behind of west section time office, all hume pipe, drain 
outside the working area of mine is to be cleaned and complete as previous 
precautions with hume pipe laying at vulnerable point.( by Civil Dept.) 

• 8.    To restrict the erosion of O/B at the level differences Placer sand bag/gabbing is 
to be provided. (BY CIVIL DEPT.) 

• 9.   3 pipeline from S3 sump with complete set of pump and from S3(A) sump ,one 
set of pump with one delivery to be provided. ( By E&M dept
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In charge 
OB section
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BEFORE THE NATIONAL GREEN TRIBUNAL.PRINCIPAL BENCH, NEW DELHI 
a R38l2@ 

Placa c 
Date 52l2g-

Original Application No. 580/2022 

IN RE: 

Mukesh Singh .Applicant 

State of Uttar Pradesh & Ors. 

Versus 
Respondent 

KOALrto Nhom these present shall 
me that bee named applicant/respondent do hereby appoint 

General Manager, Khadia Project, NCL 

Rvashakar Sit pba 

yMaroean ASHUTOSH THAKUR & ASsOCIATES 

MP G/0.otha 
012 2) 2021 

ateg4 TUI2030 4 

ADVOCATES 

Chamber No. 321, C.K.Daphtary Block, 
Supreme Court of India, 

New Delhi-110001 

MOB-9717284820, Enrl. D/2638/2009 

ashu2638@gmail.com 

1CIR (NAP) 

T 
F IN 

therein after called the advocate/(s) to be my/our advocate in the above noted case 

authorized him:-

To act, appear and plead in the above-noted case in this court or any other Court in 

which the same may be tried or tried or heard and also in the appellate Court including High 

Court subject to payment of fee separately for each court by me/us. 

To sign, file, verify and present pleadings, appeals, cross-objections or petitions for 

NOTARI Execuuons review revision, withdrawal, compromise or other petitions or affidavits or other 

stages subjects to payment of fees for each stage. To file and take beck documents, to admit 

and/or deny the documents of opposite party. 
To appoint and instruct any other Legal Practitioner authorizing him to 

exercise the power and authority hereby conferred upon the Advocate whenever he may think 

fit to do so and to sing the power of attorney cn our behalf. 

And I/We undertake that I/We or my/our duly authorized agent would appear in Court 

NOTARIAL 
on all hearings and will inform the Advocate for appearance when the case is called. 

And I/We the undersigned to hereby agree not to hold the advocate of his substitute 

responsible for the result of the said case. The adjournment costs whenever ordered by the 

Affxed 
Court shall be of the Advocate which he shall receive and retain for himself. 

And I/We the undersigned to hereby agree that in the event of the whole or part of the 
fee agreed by me/us to be paid to the advocate remaining unpaid he shall be entitled to 

withdraw from the prosecution of the said case until the same is paid up. The fee settled is 

only for the above case and above Court. 

IN WITNESS WHEREOF I/We do hereunto set my/our hand these presents the contents of 

which have been understood by me/us on this .ideenth....day of February, 2023. 

Accepted/identify 

ADVOCATEs 

CLIENT 
Shg. Of Deponen 

Executent 

R OT4 

Raasharws biEt 

P) 

nand 

General Manager 
Khadia Area 

2C 

Ramashphla shar, 
Advodsts/NgrARY 

aidhan, Dl zt|Singrauli (MP) 
OF 

Identified by 

ameOnYO 

N 
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ASHUTOSH THAKUR
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