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Engineering Geology Department, National Institute of Rock Mechanics

Date: 12.03.2013 
Inspection Note 

Project Title 

Construction Stage Engineering Geological Investigations of Surge pool and Pump House (5x30 
MW) area of Mahatma Gandhi Kalwakurthi Lift Irrigations Scheme, Stage-II, Mahabubnagar 

District, Andhra Pradesh (Phase-II) 

The Mahatma Gandhi Kalwakurthi Lift Irrigation Scheme (MGKLIS) is being constructed having the three 

stages (I, II & III) for lifting the Krishna water from Srisailam reservoir (back water) to Gudipallygattu 

balancing reservoir through channels and tunnels. Navayuga Engineering Company Ltd is constructing 

MGKLIS package 2 located at Sathapur village, Mahboobnagar District, A.P. MGKLIS-II is being 

constructed for lifting the water from Singotam balancing reservoir to Jonnalaboguda balancing 

reservoir. The major components of the project are: one 4.0 km long gravity canal from Singotam 

balancing reservoir having bed width of 19.15m, one 4.553 km long and 6.85m finished diameter ‘D’ 

shaped tunnel, one surge pool (94m long x 40m width x 75m height), 50m long five numbers of draft 

tube tunnels, one pump house (94m long X 20m width X 78m height) and five numbers, 15m long 

horizontal & 305m long inclined having 3.0 m finished diameter delivery main tunnels. In between the 

Surge pool and Pump house 50m wide rock ledge is proposed is the design. So far Navayuga 

Engineering Company Ltd. has excavated surge pool upto foundation level and pump house upto app. 

RL 330m. The ground level of surge pool is at RL +382m and the foundation level is at RL +307m while 

the ground level of pump house is at RL +383m and the foundation level is at RL +305.40m. Three draft 

tubes have been constructed and two are under excavation. All the four sides of the surge pool and 

pump house will be lined with 500mm RCC filling from the bed line up to max. surge level and floored 

with 300mm thick raft foundation to distribute the load as per design specification.  

Dr. A.K. Naithani, Senior Scientist, NIRM inspected the site on the request of Navayuga Engineering 

Company Ltd. The project site was visited on 06.03.2013 and 07.03.2013 regarding the shear zones 

treatments and lining of surge pool area. The following and other project officials of M/s Navayuga 

Engineering Company Ltd. and Andhra Pradesh Irrigation and CAD Department were present during the 

site inspection and the discussions. 

NIRM Navayuga Engineering Company Ltd. Andhra Pradesh Irrigation and 
CAD Department 

Mr. G. Shashidhar Reddy, AGM Mr. S. Suresh, Executive Engineer 

Mr. Kashi Govinda Rao, Senior Project 
Manager 

Mr. K. Sanjeeva Rao, Deputy 
Executive Engineer 

Mr. Raja Mani, Deputy Project Manager 

Mr. Vinod Kumar, Assistant Project 
Manager 

Dr. A.K. Naithani  

Project Leader, EGD 

Mr. P. Sobhan Babu, Site Engineer 

Mr. P.V. Nagender, Deputy 
Executive Engineer 
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 Engineering Geology Department, National Institute of Rock Mechanics 

The following decisions were taken after the discussions at the site: 

 

1. Regarding the treatment of thick shear zones special bolting system was suggested at the site to 

the Contractor Engineers. First the gauge should be cleaned out to the desired extent, then this 

dental excavation should be backfilled with concrete (M>25) and finally rock bolt installed across 

the shear zone. The concrete should be allowed to cure for 10-12 days before installation of rock 

bolt. The length of rock bolt will be varying from 5 to 7 m as per the site condition. The other 

support system should be as per approved design. 

2. In the surge pool area for south, east and west walls concrete lining can be done from the 

foundation level to the max. Surge Level + 5 m i.e. +340 level in steps i.e. following the cut slope 

and the remaining portion from +340 to ground level 100 mm shotcreting to be done.  

3. For north wall stability has to be checked by the designer, because after excavation the width of 

rock ledge is less than 20m, particularly towards western side. The reinforced lining will be 

stitched with the insitu rockmass by 3m long, 20mm dia grouted rock bolts at a spacing of 1.5 

mts c/c.     

4. Controlled blasting should be adopted for rock excavation at the ultimate walls of the project to 

minimize deterioration of the rock mass and loose rock mass should be removed by mechanical 

excavator.  

 

 

Dr. Ajay Kumar Naithani 
                                                      Head, Engineering Geology Department 

National Institute of Rock Mechanics 
Ministry of Mines, Govt. of India 

P.O. Champion Reefs  
Kolar Gold Field – 563 117, Karnataka   
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Ref. NIRM/EGD/MGKLIS-II/2013/06                                                           Dated: 14.05.2013 

 

Note on geotechnical assessment of the foundation of surge pool – MGKLIS-II 

 

Project Title - Construction Stage Engineering Geological Investigations of Surge pool and 

Pump House (5x30 MW) area of Mahatma Gandhi Kalwakurthi Lift Irrigations Scheme, 

Stage-II, Mahabubnagar District, Andhra Pradesh (Phase-II) 

 

By 

A.K. Naithani and L.G. Singh 

National Institute of Rock Mechanics, Kolar Gold Fields, Karnataka 

 

1. INTRODUCTION 

 

The Mahatma Gandhi Kalwakurthi Lift Irrigation Scheme (MGKLIS) is being constructed 

having the three stages (I, II & III) for lifting the Krishna water from Srisailam reservoir (back 

water) to Gudipallygattu balancing reservoir through channels and tunnels. M/s Navayuga 

Engineering Company Ltd (NECL) is constructing MGKLIS package 2 located at Sathapur 

village, Mahboobnagar District, A.P. MGKLIS-II is being constructed for lifting the water 

from Singotam balancing reservoir to Jonnalaboguda balancing reservoir.  

 

The major components of the project are: one 4.0 km long gravity canal from Singotam 

balancing reservoir having bed width of 19.15m, one 4.553 km long and 6.85m finished 

diameter ‘D’ shaped tunnel, one surge pool (94m long x 40m width x 75m height), 50m long 

five numbers of draft tube tunnels, one pump house (94m long X 20m width X 78m height) 

and five numbers, 15m long horizontal & 305m long inclined having 3.0 m finished diameter 

delivery main tunnels. In between the surge pool and pump house 50m wide rock ledge is 

proposed is the design.  

 

So far Navayuga Engineering Company Ltd has excavated surge pool up to foundation level 

and pump house up to app. RL 330m. The ground level of surge pool is at RL +382m and the 

foundation level is at RL +307m while the ground level of pump house is at RL +383m and the 

foundation level is at RL +305.40m. Three draft tubes have been constructed and two are under 

excavation. All the four sides of the surge pool and pump house will be lined with 500mm 

RCC filling from the bed line up to max. surge level and floored with 300mm thick raft 

foundation to distribute the load as per design specification.  
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This note pertains to large scale engineering geological mapping on 1:200 scale of foundation 

strata at foundation level of surge pool of MGKLIS-II. The objective of this study is to advise 

suitable engineering measures for the treatment of foundation of surge pool based on detailed 

engineering geological investigations. The report pertaining to Construction Stage Engineering 

Geological Investigations of Surge pool and Pump House (5x30 MW) area of Mahatma 

Gandhi Kalwakurthi Lift Irrigations Scheme, Stage-II, Mahabubnagar District, Andhra Pradesh 

was submitted by National Institute of Rock Mechanics (NIRM) to Navayuga Engineering 

Company Ltd in March 2012, containing the large scale geological mapping on 1:200 scale of 

excavated walls of surge pool and pump house and rock ledge between surge pool and pump of 

MGKLIS-II. In the present study, detailed engineering geological mapping on 1:200 scale in 

the foundation of surge pool has been carried out using the Total Station and a total area of 

approximately 3,600 sq.m. has been mapped (Drawing Nos. NIRM/MGKLIS-II/EG-13-01/01). 

 

2. METHODOLOGY 

Grids were prepared for mapping the surge pool floor area. The size of the grid is 2 m X 2 m, 

which was decided based on the mapping accuracy and resolution required for such 

investigations. Grids for mapping were marked on the floor by NECL surveyor using elevation 

& chainages provided by them. Detailed examination of rock types in each grid was carried out 

which includes mineralogical composition, texture, classification and nomenclature and 

degree/grade of weathering. Fracture filling that have taken place in the study site were 

examined and recorded. The attitude and structure of the rocks, fractures and joint pattern 

present in the floor was determined for mapping. ISRM (1978), classifications for weathered 

rock mass was used to characterize the rock mass into different grade (Table-1). The 

assessment of RMR (Bieniawski, 1989) for granites rock masses, based on the rock joints and 

their nature and laboratory test data has been attempted. 

 

Table 1: Description of Weathering Grade (ISRM, 1978) 

Term Description Grade 

Fresh 
No visible sign of rock material weathering; perhaps slight discolouration on major 

discontinuity surfaces. 
I 

Slightly 

weathered 

Discolouration indicates weathering of rock material and discontinuity surfaces. All 

the rock material may be discoloured by weathering and may be somewhat weaker 

externally than in its fresh condition. 

II 

Moderately 

weathered 

Less than half of the rock material is decomposed and / or disintegrated to a soil. Fresh 

or discoloured rock is present either as a continuous framework or as core stones. 
III 

Highly More than half of the rock material is decomposed and / or disintegrated to a soil. IV 
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weathered Fresh or discoloured rock is present either as a discontinuous framework or as core 

stones. 

Completely 

weathered 

All rock material is decomposed and / or disintegrated to soil. The original mass 

structure is largely intact. 
V 

Residual soil 

All rock material is converted to soil. The mass structure and material fabric are 

destroyed. There is a large change in volume, but the soil has not been significantly 

transported.  

VI 

 

3. ENGINEERING GEOLOGICAL & GEOTECHNICAL ASSESSMENTS OF FOUNDATION  

Foundation floor geological mapping of the important structures is essential to provide 

permanent data input for geological interpretations during construction and also it forms 

valuable documentation for post-construction stage. For very important structures like deep 

surge pool and pump house of lift irrigation, the foundation strata have to be well studied and 

documented for credible geologic interpretations. Rock is usually recognized as the best 

foundation material. However, design engineers should be aware of the dangers associated 

with heterogeneity and unfavourable rock conditions since over-stressing a rock foundation 

may result in large differential settlements or perhaps sudden failure. 

 

In order to evaluate the design basis foundation parameters for surge pool of MGKLIS-II, 

engineering geological mapping (on 1:200 scale) was carried out by NIRM Geologists. All the 

discontinuities in the rock mass of foundation of surge pool with the zone of influence of the 

foundation has been identified and mapped. The primary purpose of the mapping is to provide 

a permanent record of conditions during the excavation. Mapping will be used to assess the 

requirement of any ground improvement. This permanent foundation record will assist in 

making better interpretation of post-construction foundation instrumentation data. 

 

The floor of surge pool was examined on a grid to grid basis; the size of the grid is 2 m X 2 m. 

All the lithological and structural features were observed and mapped using Total Station 

surveying equipment and shown in the final foundation grade geological plan map. 

Classification of rock mass using Rock Mass Rating (RMR) of Bieniawski (1989) has been 

attempted and based on investigations recommendations for the treatment of foundation are 

given.  

  

3.1 Geological and Structural Assessment – Floor of Surge Pool  

The foundation of surge pool will be resting as per design on a raft of 300 mm thick at about 

75.0 m below the existing ground level for functional requirement. The design ground level is 
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at RL +307.00 but in some areas it is excavated up to an average RL +306.34 and the over 

excavation is varying from 0.100m to 1.141m because of presence of unfavourable 

discontinuities, shear zones and blasting. On the basis of surface geological mapping the 

excavated surface is acceptable for foundation because the rock mass is competent. Total 3600 

sq.m excavated foundation area of surge pool floor has been geologically mapped. Geological 

foundation mapping was done after the excavation and before first pore of concrete. 2 m x 2 m 

grids were used for mapping of the floor. Based on the field observations and evidences, it is 

found that the entire floor area consists of coarse grained, hard and jointed pink granites. Total 

fifteen shear zones are mapped. The width of the shear zones are varying from 0.1 cm to 40 cm 

cm. No displacement has been recorded along shear zones. No evidences of faulting are 

observed on the surface of floor area. The structural features observed during the mapping 

indicated the need for consolidation grouting so that the entire floor are function as single rock 

mass. 

 

Pink granites are coarse grained, hard and jointed and shows phenocryst of alkali feldspar and 

quartz. Main minerals composition is alkali feldspars, quartz, mica and amphiboles. Five 

prominent joints set are developed and along the joint plane clay filling/coating was also 

recorded. Joints are irregular in pattern. Granites are generally fresh to moderately weathered 

(WI–WIII). At the foundation level granites are traversed by dolerite dykes (feature D1, D2 & 

D3 marked in Drawing No NIRM/MGKLIS-II/EG-13-01/01). Dolerite dykes are fine grained 

and greenish-black in colour. The width of the dykes varies from 40cm to 200cm and their 

strike length is more than 100 m in excavated part of surge pool. Dykes are generally sheared 

and in D1 and D3 clay gouge was observed. Plagioclase and clinopyroxene (augite / 

titanaugite) are the main minerals occurring in ophitic to sub-ophitic textures in dolerite. 

Quartz, epidote and opaques occur as accessories. Amphibole, biotite, sericite occur as 

alteration products. Dykes are generally moderately to highly weathered (WIII – WIV). 

 

The rock mass is characterized by prominent five number of joint sets, which are continuous 

and persistent, slightly rough to smooth with unaltered joint walls. Staining has been recorded 

along the joint surfaces where the joints are tight and where opening is up to 20.0 mm, soft 

clay mineral and crushed material filling has been recorded. In general, the rock mass is 

characterized by dry condition or minor inflow i.e. < 5.0 l/min. Crack/fractures developed due 
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to excavation / blasting were also recorded during geological mapping. Some of the cracks are 

tight while some are open with size of the opening varying from 1 mm to 4 mm. Hairline 

cracks developed due to excavation work were also recorded. The prominent joints recorded in 

the coarse grained granite at the foundation of surge pool are given in Table 2. 

 

 
 

 

 

 

 

 

 

 

Plate 1. Cleaning the foundation level of Surge Pool         Plate 2. Marking of grids on the foundation level  

 

 

 

 

 

 

 

 

 

Plate 3. Collection of engineering geological data from     Plate 4. Highly jointed area marked as feature A in the  

              the foundation of surge pool                                               Drawing No. NIRM/MGKLIS-II/EG1301/01    

 

Table 2: Prominent joints developed in coarse grained granite at the foundation of surge pool 

Joint 

No 

Dip 

Direction  

Dip 

Amount 

Spacing 

(cm) 

Persistence 

(m) 

Roughness Aperture 

(mm) 

Infilling 

(mm) 

Groundwater 

Condition 

Remarks 

1 320 30-40 - 25 Slightly rough to 

smooth 

Up to 70 Clay Damp Shear zone (SH-15) 

2 290 Vertical 7-70 10 Slightly rough Tight to 1 Nil Damp Joint plane is fresh 

3 290 Vertical 20-30 7 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

4 320 Vertical 28-50 7 Slightly rough Tight Nil Damp Joint plane is fresh 

5 320 Vertical 28-50 7 Slightly rough Tight Nil Damp Joint plane is fresh 

6 040-070 35-40 7-80 8 Slightly rough Tight to 2 Nil Damp Joint plane is stained 

7 070 35-40 7-80 8 Slightly rough Tight to 2 Nil Damp Joint plane is stained 

8 055 50 25 15 Slightly rough Tight to 2 Nil Damp Joint plane is stained 

9 300 Vertical 25 15 Slightly rough Tight Nil Damp Joint plane is fresh 

10 060 55 25 15 Slightly rough Tight Nil Damp Joint plane is fresh 

11 240 Vertical - 10 Slightly rough Tight Nil Damp Joint plane is fresh 
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12 130 35 100 10 Slightly rough Tight Nil Damp Joint plane is fresh 

13 305 48 10-80 25 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

14 295 Vertical 30-70 15 Slightly rough Tight Nil Damp Joint plane is fresh 

15 065 25-30 50-60 20 Slightly rough Tight Nil Damp Joint plane is fresh 

16 270 Vertical - 8 Slightly rough Tight to 2 Nil Damp Joint plane is stained 

16a 350 70-75 - 8 Slightly rough Tight to 2 Nil Damp Joint plane is stained 

17 020 60-70 25-30 17 Slightly rough Tight to 2 Nil Damp Joint plane is stained 

18 290 Vertical - 24 Slightly rough to 

smooth 

Tight to 2 Clay Damp Slightly weathered 

19 020-060 50-60 10-20 15 Slightly rough Tight Nil Damp Joint plane is fresh 

20 260 60 30 20 Slightly rough to 

smooth 

40 Clay Damp Shear zone (SH-14) 

21 260 50-55 - 23 Slightly rough to 

smooth 

300 to 400 Clay Damp Shear zone (SH-13) 

22 210 Vertical - 32 Slightly rough 20 Crushed 

rock 

material 

Damp Joint plane is fresh 

23 290 50 20-40 5 Slightly rough Tight Nil Damp Joint plane is fresh 

24 290 Vertical 7-10 24 Slightly rough Tight Nil Damp Joint plane is fresh 

25 100 40-60 10-20 30 Slightly rough Tight Nil Damp Joint plane is fresh 

26 060 50-60 10-20 11 Slightly rough Tight to 2 Nil Damp Joint plane is stained 

27 255 Vertical 10-20 15 Slightly rough Tight Nil Damp Joint plane is fresh 

28 290 Vertical 10-100 10 Slightly rough Tight Nil Damp Joint plane is fresh 

29 290 Vertical 10-100 10 Slightly rough Tight Nil Damp Joint plane is fresh 

30 220 70 15-60 20 Slightly rough Tight Nil Damp Joint plane is fresh 

30a 310 Vertical 15-60 20 Slightly rough Tight Nil Damp Joint plane is fresh 

31 045 50 16-70 20 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

32 290 Vertical 10-50 11 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

32a 020 80-85 10-50 11 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

33 010 70-80 10-30 24 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

35 010 40-50 20-30 13 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

36 260 60 10-100 12 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

37 020 Vertical - 8 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

38 325 20-25 80-100 14 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

39 310 70-75 30-40 15 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

40 310 45-60 - 22 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

42 230-265 60-70 - 84 Smooth 300 to 1500 Clay Damp Dolerite dyke (D1) sheared 

with clay gauge, moderately to 

highly weathered  

43 050 80-85 7-30 10 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

44 040 70-80 7-30 8 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

45 310 Vertical 7-40 20 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

46 300 Vertical 7-35 15 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

47 020 80 16-35 12 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

47a 200 60-70 16-35 12 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

48 020 75 10-40 20 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

49 035 85 20-50 20 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

50 170 65-70 40-50 18 Slightly rough Tight Nil Damp Joint plane is fresh 

51 255 Vertical - 20 Smooth 50 Clay Damp Shear zone (SH-12) 

18



 
 

National Institute of Rock Mechanics      ISO-9001 FORMAT-SOP-PROJ-01 

 
 

Note on geotechnical assessment of the foundation of surge pool, MGKLIS-II                                                           Page 7 of 13 

52 325 30-50 100 12 Slightly rough Tight Nil Damp Joint plane is fresh 

53 260 Vertical 20-40 20 Slightly rough Tight Nil Damp Joint plane is fresh 

54 335 20-30 100 14 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

55 70-80 30-35 150 7 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

56 310 70-75 - 15 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

57 090 45-50 20-40 22 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

58 200 80-85 20-70 15 Slightly rough Tight Nil Damp Joint plane is fresh 

59 005 40-50 20-60 22 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

60 200 80 10-30 12 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

60a 010 80 10-30 11 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

61 205 65 10-60 25 Slightly rough Tight Nil Damp Joint plane is fresh 

62 005 70-80 20-50 18 Slightly rough Tight Nil Damp Joint plane is fresh 

62a 215 80-85 20-50 17 Slightly rough Tight Nil Damp Joint plane is fresh 

63 090 40 80 12 Slightly rough Tight Nil Damp Joint plane is fresh 

64 130 30 - 7 Smooth 2mm Clay Damp Shear zone (SH-11) 

65 120-130 40 60 8 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

66 080 35 - 20 Smooth Tight to1 Clay Damp Slightly to moderately 

weathered 

67 010 20 10-40 22 Slightly rough Tight Nil Damp Joint plane is fresh 

68 235 45 - 4 Smooth 3 Crushed 

rock 

filling 

Damp Fresh to slightly weathered 

69 260 65-70 - 13 Slightly rough Tight Nil Damp Joint plane is fresh 

73 270 80-85 - 24 Smooth 2000 Crushed 

material 

Damp Dolerite dyke (D2) sheared and 

crushed material, moderately to 

highly weathered 

74 040 45 10-30 13 Smooth 1 to 5 Clay Damp Minor shear zone (SH-4) 

74a 310 Vertical 10-30 12 Smooth 1 to 5 Clay Damp Minor shear zone (SH-4) 

75 010 80-85 10-15 30 Smooth 1 to 3 Clay Damp Minor shear zone (SH-2) 

76 170 40-50 10-40 9 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

77 220 65-70 100 25 Smooth 3 to 7 Clay Damp Minor shear zone (SH-6) 

78 050 60-70 10-15 24 Smooth 3 to 7 Clay Damp Minor shear zone (SH-7) 

79 310 Vertical - 16 Smooth 300 to 400  Clay Damp Dolerite dyke (D3) sheared 

with clay gauge, moderately to 

highly weathered  

80 310 Vertical - 8 Smooth 200 to 300 Clay Damp Shear zone (SH-10) 

80a 310 Vertical - 11 Smooth 200 to 300 Clay Damp Shear zone (SH-09) 

81 270 60-65 10-100 25 Smooth 2 to 4 Clay Damp Shear zone (SH-08) 

82 310 45-50 40-60 34 Smooth 2 to 4 Clay Damp Shear zone (SH-01) 

83 310 40-80 - 11 Smooth 2 to 4 Clay Damp Shear zone (SH-03) 

84 300 60 50-80 7 Slightly rough 1 to 2 Nil Damp Joint plane is stained 

85 215 65 10-30 7 Slightly rough 1 to 2 Nil Damp Joint plane is stained 

86 305 65 100 14 Slightly rough 1 to 2 Nil Damp Joint plane is stained 

87 310 Vertical 10-30 25 Slightly rough Tight Nil Damp Joint plane is fresh 

87a 210 80 10-30 25 Slightly rough to 

smooth 

1 to 2 Clay Damp Slightly weathered 

88 210 45-60 10-40 7 Slightly rough 1 to 2 Nil Damp Joint plane is stained 

89 110 45 100 14 Slightly rough to 

smooth 

1 to 2 Clay Damp Slightly weathered 

90 270 Vertical - 18 Slightly rough 1 to 2 Nil Damp Joint plane is stained 

91 170 30-70 10-35 13 Smooth 4 to 6 Clay Damp Shear zone (SH-05) 

92 020 80-85 10-30 20 Slightly rough 1 to 2 Nil Damp Joint plane is stained 

93 025 65 10-30 30 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

94 010 65 10-30 22 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

95 035 60-65 10-40 34 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

96 025 75 - 23 Slightly rough Tight to 1 Nil Damp Joint plane is fresh 

97 010 60 - 12 Slightly rough 1 to 2 Nil Damp Joint plane is stained 

98 010 65 - 10 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

99 110 30-55 100 12 Slightly rough 1 to 2 Nil Damp Joint plane is stained 

100 080 45 - 9 Slightly rough Tight to 1 Nil Damp Joint plane is fresh 

101 310 55 30 12 Slightly rough 1 to 2 Nil Damp Joint plane is stained 

102 295 55 100 18 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

19



 
 

National Institute of Rock Mechanics      ISO-9001 FORMAT-SOP-PROJ-01 

 
 

Note on geotechnical assessment of the foundation of surge pool, MGKLIS-II                                                           Page 8 of 13 

103 300 50 50-100 22 Slightly rough Tight to 1 Nil Damp Joint plane is fresh 

104 310 60-80 100 25 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

105 325 30-55 100 22 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

106 330 30-45 - 15 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

107 325 40 - 14 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

108 100 45 - 18 Slightly rough Tight Nil Damp Joint plane is fresh 

109 100 45 - 8 Slightly rough Tight Nil Damp Joint plane is fresh 

110 025 20 100 10 Slightly rough Tight to 1 Nil Damp Joint plane is fresh 

 

3.2 Geological Plan – Floor of Surge Pool  

Based on the engineering geological mapping carried out at the foundation of surge pool, and 

the details collected including lithology and joint patterns measured in the field, the geological 

map was compiled on scale of 1:200, and it has been appended to this note as Drawing No 

NIRM/MGKLIS-II/EG-13-01/01. 

 

3.3 Evaluation of Safe Bearing Capacity 

Safe Bearing Pressure is an important factor for the design of foundation for large engineering 

structures. The ultimate bearing capacity (q.ult) is defined as average load per unit area 

required to produce failure by rupture of a supporting rock mass. The bearing capacity in 

jointed rock masses can be estimated by Rock Types, Rock Mass Rating (RMR), Uniaxial 

Compressive Strength (UCS), Point Load Strength, Rock Quality Designations (RQD), 

Pressure Meter Test and Plate Load Test (IS:12070–1987, Peck et.al., 1974). The methods 

based on the Rock Type and Rock Mass Rating (RMR) are used to evaluate the bearing 

capacity foundation parameters for the foundation of surge pool. For this the average Rock 

Mass Rating (RMR) is taken for the estimation of Safe Bearing Pressure using the procedure 

given in IS Code : 12070 – 1987.  

 

Based on Rock Mass Classification: The rock type is coarse grained granite, which is a 

‘crystalline bedrock, including granite’; therefore 

  

  Rock Type (Material) = Granite  

  Net safe bearing pressure (q ns) = 1000 t/m
2 
  

Correction factor (for rock mass with continuous joints 

with aperture up to 5 mm and clay filled) 
= 0.50 

Allowable bearing pressure (qallow) = q ns * correction factor 

 = 1000 * 0.50  t/m
2 
  

 = 500.0  t/m
2 
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Based on Rock Mass Rating, (RMR):  

Average RMR = 47.4 

Classification of rock mass = Class III   

Description of rock mass = Fair 

Net safe bearing pressure (qns)   = 194.45 t/m
2 
  

Correction factor (for rock mass with continuous joints 

with aperture up to 5 mm and clay filled) 

= 0.50 

Allowable bearing pressure (qallow) = qns * correction factor 

 = 194.45 * 0.50 

 = 97.225 t/m
2
 

 

The safe bearing pressure and allowable bearing pressure calculated from the above two 

methods viz. by rock characteristic and RMR method are summarized in table 3 for the surge 

pool. 

 

Table 3 : Safe bearing pressure and allowable bearing pressure for surge pool foundation 

Sl. 

No. 
Method 

Safe Bearing Pressure, 

t/m
2
 

Allowable Bearing 

Pressure, t/m
2
 

01 Base on rock characteristic 1000.0 500.0 

02 Based on Rock Mass Rating 194.45 97.225 

 

It is recommended to adopt the allowable pressure value obtained from RMR, that is 97.225 

t/m
2
 for the design of foundation on this stratum for surge pool. 

 

3.4 Geotechnical Assessment - Floor of Surge Pool  

The floor area of the surge pool is falling under weathering grade 1 to 2 (WI - WIII). The grade 

of the rock mass as evaluated from the UCS and conditions of discontinuities has RMR values 

are varying from 37 to 63 and fall under poor to good rock. Randomly 20 samples were 

selected from the foundation of surge pool for the unconfined compressive strength and test 

results are summarized in Table 4. The uniaxial compressive strength test is primarily an index 

test for strength classification of rock materials. Tests were conducted at site and specimens 

were tested at a moisture content close to field conditions. Locations of samples are shown in 

Drawing No NIRM/MGKLIS-II/EG-13-01/01.  
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Table 4 : Uniaxial compressive strength of rock from foundation level of surge pool  

Uniaxial Compressive Strength 

(UCS) (MPa) 
RMR Sr. 

No 

Sample 

No. 
Rock Type Load (N) 

Cross Sectional 

Area (mm2) 
Value  Class (ISRM, 1978) Value Class 

1 UCS-1 Coarse Pink Granite 750000 3600 208.33 Very High Strength 57 III 

2 UCS-2 Coarse Pink Granite 750000 3600 208.33 Very High Strength 63 II 

3 UCS-3 Coarse Pink Granite 800000 3600 222.22 Very High Strength 43 III 

4 UCS-4 Coarse Pink Granite 1000000 4900 204.08 Very High Strength 47 III 

5 UCS-5 Coarse Pink Granite 900000 4900 183.67 Very High Strength 54 III 

6 UCS-6 Coarse Pink Granite 700000 3600 194.44 Very High Strength 58 III 

7 UCS-7 Coarse Pink Granite 850000 3600 236.11 Very High Strength 42 III 

8 UCS-8 Coarse Pink Granite 900000 3600 250.00 Very High Strength 47 III 

9 UCS-9 Coarse Pink Granite 900000 4900 183.67 Very High Strength 59 III 

10 UCS-10 Coarse Pink Granite 900000 4900 183.67 Very High Strength 52 III 

11 UCS-11 Coarse Pink Granite 850000 3600 236.11 Very High Strength 40 IV 

12 UCS-12 Coarse Pink Granite 1050000 3600 291.67 Extremely High Strength 41 III 

13 UCS-13 Coarse Pink Granite 900000 3600 250.00 Very High Strength 47 III 

14 UCS-14 Coarse Pink Granite 750000 3600 208.33 Very High Strength 50 III 

15 UCS-15 Coarse Pink Granite 900000 3600 250.00 Very High Strength 37 IV 

16 UCS-16 Coarse Pink Granite 800000 3600 222.22 Very High Strength 47 III 

17 UCS-17 Coarse Pink Granite 750000 3600 208.33 Very High Strength 38 IV 

18 UCS-18 Coarse Pink Granite 900000 4900 183.67 Very High Strength 38 IV 

19 UCS-19 Coarse Pink Granite 650000 4900 132.65 Very High Strength 38 IV 

20 UCS-20 Coarse Pink Granite 750000 4900 153.06 Extremely High Strength 50 III 

 

4. Recommendations – Floor of Surge Pool  

Based on above studies, the following recommendations have been made: 

a. Based on the field observations and evidences, it is observed that area in the floor of 

surge pool site is characterized by coarse grained, hard and jointed pink granite 

(containing alkali feldspars, quartz, mica and amphibole) traversed by dolerite dykes. 

Depth persistence and lateral prevalence of bed rock was established. The floor region 

is fresh to moderately weathered (W-I to W-III) but prominent vertical/inclined joints 

are present. 

b. The test results and field observations indicate that the rock mass is quite competent 

and acceptable for the foundation of the surge pool. The grade of the rock mass as 

evaluated from the condition of discontinuities and UCS, has RMR values varying from 

37 to 63 and falls under poor to good rock mass. 

c. The basic requirements of a foundation are firstly, it should behave as a homogeneous / 

monolith, secondly, it should be free from differential settlement & sliding and thirdly, 
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if the structure has to retain water above/behind it, the foundation should be watertight. 

The foundation of the surge pool has to be made massive and requires varied treatments 

on all the three counts to achieve the objective. 

d. The rocks exposed at the foundation grade of the surge pool are jointed pink granite 

interspersed with sheared dolerite dykes. Shear zones having the varying thickness are 

mapped which are having differential mechanical behavior due to varying physical 

properties leading to differential settlement. In order to overcome the problem of 

differential settlement shear zones treatment plan is given in Table 5. 

Table 5 : Treatment plan for shear zones at the foundation level of Surge Pool 

Shear Zone Thickness Recommended 

Excavation Depth 

Treatment Plan 

D1 Up to 2.0 m 2.8 m Dolerite dyke is sheared having clay gauge, should be 

excavated up to 2.8 m depth by mechanical breakers 

and backfilled with concrete (M≥25) up to the 

foundation level after systematic cleaning, washing 

and jetting to make the rock mass monolithic. The 

concrete should be allowed to cure for 10-12 days 

before rock bolting. The length of rock bolt will be 

varying from 4 to 5 m as per the site condition.  

D2 Up to 2.0 m 2.0 m Dolerite dyke is crushed and sheared, should be 

excavated up to 2.0 m depth by mechanical breakers 

and backfilled with concrete (M≥25) up to the 

foundation level. The concrete should be allowed to 

cure for 10-12 days before rock bolting. The length of 

rock bolt will be varying from 4 to 5 m as per the site 

condition. 

D3 Up to 0.40 m 1.6 m Dolerite dyke is sheared having clay gauge, should be 

excavated up to 1.6 m depth by mechanical breakers 

and backfilled with concrete (M≥25) up to the 

foundation level.  

SH-9, SH-10, 

SH-13 

30.00 to 

40.00 cm 

0.80 m Shear zones area should be excavated up to 0.80 m 

depth by mechanical breakers and backfilled with 

concrete (M≥25) up to the foundation level. 

SH-15 Up to 7.00 

cm  

0.25 m Shear zone having clay gauge should be excavated up 

to 0.25 m depth by mechanical breakers and backfilled 

with concrete (M≥25) up to the foundation level. 

SH-1, SH-2, 

SH-3, SH-4, 

SH-5, SH-6, 

SH-7, SH-8, 

SH-11, SH-12, 

SH-14 

Up to 4.00 

cm 

0.10 m Shear zones having clay gauge should be excavated up 

to 0.10 m depth by mechanical breakers and backfilled 

with concrete (M≥25) up to the foundation level. 

e. The structural features observed during the mapping indicated that the consolidation 

grouting up to 6.0 m should be done in the foundation of surge pool using primary, 

secondary and tertiary holes so that the entire floor area functions as a single rock mass. 
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The pressure and proportion of grout mixes to be used for injection shall be based on 

water pressure test and the results of trial grouting operation. Special care to be taken to 

consolidate rock mass along the weak zones / shear zones. The holes which absorb 

water greater than 3 lugeons, shall invariable be grouted. (1 Lugeon is water loss of 1 

lit/m/min at a pressure of 10 kg/sq.cm.). Recommended BIS codes for the grouting are 

IS-6066 and IS-5529 Part-2.  

f. The grout holes shall be laid out in line with secondary holes staggered with reference 

to the primary holes on the adjacent lines. Spacing between holes initially shall be 5 m 

centre to centre. After completing the grouting through these primary holes 

intermediate holes will be taken in between primary holes. The number of holes for 

further grouting (tertiary grouting – which will be determined based on results of 

drilling and grouting of intermediate holes) will be such that a continuous consolidated 

area of satisfactory water tightness is achieved.  

g. It is recommended to complete blasting before taking up grouting operation. If blasting 

after grouting is unavoidable, through testing and regrouting is essential after blasting.   

h. Plain Cement Concrete (PCC) of M15 grade lining up to the design foundation level 

(i.e. RL+307.00 m) should be done before 300 mm thick raft foundation. This has to be 

checked by the designer.  

i. During the foundation treatment, it should be ensured that area is free from water and 

Contractor shall take all necessary precautions and measures to exclude ground water 

and water from other sources such as underground streams, aquifers, springs, artisans, 

precipitation or infiltration from the surface flows etc. so as to enable the works to be 

carried out in dry condition in accordance with the construction schedule.                  

j. On the floor detached rock-masses are laying in scattered form, which need to be 

removed before any protective measure is applied. 
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REPORT NO 2 ON CONSTRUCTION STAGE ENGINEERING GEOLOGICAL 

INVESTIGATIONS OF SURGE POOL AND PUMP HOUSE (5 x 30 MW) AREA 

OF MAHATMA GANDHI KALWAKURTHI LIFT IRRIGATION SCHEME–II, 

MAHABOOBNAGAR DISTRICT, TELANGANA STATE 

 

1. INTRODUCTION 
 

Upland areas of Mahaboobnagar District, Telangana State are drought prone, so lift irrigation 

scheme was felt by the planner. The Telangana Government has decided to construct the 

irrigation pump house projects to cater the needs of irrigation in the drought prone upland areas 

of Mahaboobnagar District. The Mahatma Gandhi Kalwakurthi Lift Irrigation Scheme 

(MGKLIS) is being constructed in three stages (I, II and III) for lifting the Krishna water from 

Srisailam reservoir (back water) to Gudipallygattu balancing reservoir through channels and 

tunnels. The project envisage to irrigate about 3,40,000 acres of uplands in Mahaboobnagar 

District. Telangana Irrigation & Cad Department, who is the owner of the project, has awarded 

the package for the constructing of ‘Mahatma Gandhi Kalwakurthi Lift Irrigation Scheme-II’ 

located at Sathapur village, Mahaboobnagar District to M/s Navayuga Engineering Company 

Ltd. (NECL), Hyderabad. MGKLIS-II is being constructed for lifting the water from Singotam 

balancing reservoir to Jonnalaboguda balancing reservoir. The FRL of the Singotam and 

Jonnalaboguda balancing reservoirs are +334.680 m and +407.000 m respectively. The capacity 

of Singotam and Jonnalaboguda balancing reservoirs are 0.55 TMC and 2.14 TMC. The major 

components of the project are: one 4.0 km long gravity canal from Singotam balancing 

reservoir having bed width of 19.15 m, one 4.553 km long and 6.85 m finished diameter ‘D’ 

shaped tunnel, one surge pool (94 m long x 40 m width x 75 m height), five numbers, 50 m 

long draft tube tunnels, one pump house (94 m long x 20 m width x 78 m height) and five 

numbers, 15 m long horizontal and 305 m long inclined having 3.0 m finished diameter 

delivery main tunnels. Delivery main tunnels are inclined at 45°. Lift height is 86 m and five 

numbers of pump are being installed in the pump house cavity having 30 MW capacity each. 

Design discharge of pumps will be 113.2 Cumec. In between the surge pool and pump house 50 

m wide rock ledge is proposed in the design.  

 

Engineering geological investigations for the surge pool and pump house area are carried out 

by National Institute of Rock Mechanics (NIRM) from September 2011 to July 2014. Report 

No 1 pertains to “Construction Stage Engineering Geological Investigations of Surge Pool and 
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Pump House area of Mahatma Gandhi Kalwakurthi Lift Irrigation Scheme-II, Mahaboobnagar 

District” has been submitted to NECL in March 2012 (Naithani et al., 2012). Report No 1 

contains the engineering geological assessment of excavated vertical walls of surge pool and 

pump house and rock ledge existing between pump house and surge pool. During the first 

phase of the project, excavation was not done up to the design foundation levels of the surge 

pool and pump house and the annexure building area, so the project was extended. The 

excavation was delayed by more than 36 months because of the controlled blasting and very 

unfavourable geological discontinuities in the surge pool and pump house areas. Rock on all 

the sides of the surge pool and pump house was partly slided, due to presence of unfavourable 

discontinuities and shear zones. Now NECL has completed the excavation with great difficulty 

and with control blasting. 

 

This report is containing large scale geological maps on 1:200 scale of floors of surge pool and 

pump house, north wall of surge pool, all the four vertical walls of surge pool, rock ledge, 

foundation of service bay and annexure part-A and Part-B. The ground level of surge pool is at 

RL +382 m and the foundation level is at RL +307 m while the ground level of pump house is 

at RL +383 m and the foundation level is at RL +304 m. All the four sides of the surge pool and 

pump house are being lined with 500 mm RCC filling from the bed line and floored with 500 

mm thick raft foundation to distribute the load as per design specification. During the second 

phase investigations, notes on geotechnical assessment of the different components i.e. 

concurrently with the excavations were submitted to the M/s NECL and are appended to this 

report as Annexure-I, II, III, IV, V and VI. Details of the Annexure are given in Table 1. 

 

Table 1: Details of the annexure submitted to NECL 

Annexure No Description 

I Field note regarding the shear zones treatment and lining of surge pool area. 

II Note on geotechnical assessment of the foundation of surge pool.  

III Note on geotechnical assessment of the north wall of surge pool and rock ledge  

IV Geotechnical note on the treatment of cracks of the north and south wall of pump house 

V Note on geotechnical assessment of the foundation of pump house – pump units 4 and 5. 

VI Note on geotechnical assessment of foundation of pump house, annexure building and service bay columns.  

 

2. PROJECT LOCATION 

Mahatma Gandhi Kalwakurthi Lift Irrigation Scheme (MGKLIS)-II is being constructed near 

village Sathapur, Mahaboobnagar District of Telangana State, located 195 km away from 
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Hyderabad city. The biggest town in this area is Nagarkurnool, which is 45 km away from the 

project site. The approximate latitude and longitude of the surge pool and pump house (rock 

ledge) are: 16°15’12.6” and 78°18’56.8” respectively. The ground elevation of this area varies 

from RL +382 m to RL +387 m. 

 

3. METHODOLOGY 

Geological mapping on 1:200 scale of the pump house and surge pool walls was carried out by 

NIRM Geologists by using the Crain and traverse method, while the foundations were mapped 

using the Total Station. Grids for mapping were marked on the walls and floors by client 

surveyor using elevations and chainages provided by client. Detailed examination of rock types 

in each grid was carried out which includes mineralogical composition, texture, classification 

and nomenclature and degree/grade of weathering. Fracture filling that have taken place in the 

study site were examined and recorded. The attitude and structure of the rocks, fractures and 

joint pattern present in the walls were determined for mapping. ISRM (1978), classifications 

for weathered mass was used to characterize the rock mass into different grade (Table 2). The 

assessment of Tunnelling Quality Index ‘Q’ (Barton et al. 1974, 1980) for the granite rock 

masses of walls of surge pool and pump house has been done based on the rock joint 

characteristics, while for the granite rock masses of rock ledge between surge pool and pump 

house, floors of pump house, surge pool, service bay and annexure part-A and part-B the 

assessment of RMR (Bieniawski, 1989), has been attempted. 

 

Table 2: Description of weathering grade (ISRM, 1978) 

Term Description Grade 

Fresh 
No visible sign of rock material weathering; perhaps slight discolouration on major 

discontinuity surfaces. 
I 

Slightly 

weathered 

Discolouration surfaces. All the rock material may be discoloured by weathering and 

may be somewhat weaker externally than in its fresh condition. 
II 

Moderately 

weathered 

Less than half of the rock material is decomposed and / or disintegrated to a soil. 

Fresh or discoloured rock is present either as a continuous framework or as 

corestones. 

III 

Highly 

weathered 

More than half of the rock material is decomposed and / or disintegrated to a soil. 

Fresh or discoloured rock is present either as a continuous framework or as 

corestones. 

IV 

Completely 

weathered 

All rock material is decomposed and / or disintegrated to soil. The original mass 

structure is largely intact. 
V 

Residual soil 

All rock material is converted to soil. The mass structure and material fabric are 

destroyed. There is a large change in volume, but the soil has not been significantly 

transported.  

VI 
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The objective of this study was to advise suitable measures for stabilization all the sides of 

pump house and north wall of surge pool and to advise suitable engineering measures for the 

treatment of foundations of surge pool, pump house, service bay, annexure part-A and annexure 

part-B of MGKLIS –II based on detailed engineering geological investigations. 

 

4. GEOLOGY OF THE MGKLIS-II PROJECT SITE AND AREA AROUND 
 

The project site is located in the Mahboobnagar District of Telangana State. It forms a part of 

the Peninsular Shield of the Indian Sub-continent and physiographically fall under the north-

western plateau and plains forming the Telangana region (Ramam and Murty, 2012). The 

MGKLIS–II form a part of Eastern Block of Dharwar Craton mainly comprised of Archaean 

granites which are intruded by mafic dykes age ranging from Archaean to Upper Proterozoic 

(Sharma et al., 2008). Granites and gneisses are exposed in and around the project site over a 

large area. These formations are traversed by several dolerite dyke, quartz-pegmatite-aplite 

veins trending in different directions. The granites of the project area are jointed in nature. In 

the western region, approximately 60 km from the project site, a part of Gadwal schist belt is 

exposed, which extend as a linear in NW-SE direction, includes metabasalt, amphibolite, felsic 

meta-volcanics, meta acid fuff, volcanic agglomerate and minor portion of Banded Iron 

Formation (GSI, 2001; Ramam and Murty, 2012). Cuddapah Supergroup of Upper Proterozoic 

rocks is overlying the granites, gneisses and schists of Archaean age towards southern and 

eastern direction (approximately 17.0 km and 38.0 km respectively) from the project site. 

Diamond occurrences are known in the southern part in Quaternary gravels of Krishna River 

(Geological Quadrangle Maps GSI, 1995).  

 

The different units of the Peninsular Gneissic Complex of Telangana State are grouped into 

three discrete units on the basis of composition, structure and mutual relations viz. i) gneissic 

rocks, ii) hornblende-bearing granitoids and iii) younger granites (Late Archaean to 

Proterozoic) (Raman and Murty, 2012). The younger granites are believed to be a manifestation 

of reworking and reactivation of older gneisses. The K-rich, grey and pink granites of this area 

have generally been correlated with the Closepet Granite of Karnataka. Granites of this variety 

occur as discrete plutons within the Peninsular Gneiss and intrudes the greenstones. They are 

usually described as Younger Granites, because they constitute the youngest plutonic activity in 
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the craton. Rapakivi and proto-orbicular structures are reported at places in the coarse-grained 

pink granites.  

 

Younger granites occur as isolated plutons, stocks, bosses, parallel bands emplaced along major 

lineaments and as narrow bands and veins. Minor bodies and veins are omnipresent in the form 

of injections into the component units of Peninsular Gneiss and schists. In some areas, Younger 

Granites attain batholithic dimensions in which the older granitoids occur as xenoliths and 

enclaves. Granites of this group, in general, form high hills and prominent topographical highs 

in an otherwise flat or gentle undulating country underlain by gneissic rocks and schists. The 

inselbergs, nubbins, corestone, pedestal rocks, whaleback, castle kopples and such other 

landforms characterize this granite. The denudational landforms result due to long period of 

sub-aerial denudation leading to erosional landforms.           

 

Gneisses of Telangana State have deformational history documenting three phases of folding 

(Ramam and Murty, 2012; Geological Quadrangle Maps GSI, 1995). Later these are intruded 

by different types of younger granites (Reddy and Rao, 1991). The dominant structural trend is 

along NW-SE direction and at places it is N-S, mainly defined by the regional orientation of the 

belt. Many shears, fractures and faults have affected the terrain controlled the invasion of 

quartz, pegmatite, apatite and basic dykes along NW-SE, NNW-SSE, WNW-ESE, N-S, NNE-

SSW and ENE-WSW directions (Sridhar et al., 2004; Nagarajan and Roy, 1991; Ramam and 

Murty, 2012). The reactivation is seen especially in WNW-ESE trending features associated 

with basic dykes and quartz reefs exhibit intense fractures and shears (Sridhar et al., 2004). The 

study on relationship of intersection of main fracture systems and their trend helped in 

understanding the relative age of intersection. The chronological order of trends of fracture 

systems reported to be NW-SE, N-S and ENE-WSW directions (Nagarajan and Roy, 1991). 

 

The regional study of Mahaboobnagar District area based on geology, photogeology and 

Landsat imageries (Project Vasundhara, 1994), identified NE-SW, NW-SE, WNW-ESE, NNE-

SSW and nearly N-S trending lineaments and major faults trending in NW-SE, WNW-ESE, 

nearly E-W directions in the eastern and southeastern part of the area. No major lineament or 

fault is passing through the surge pool and pump house area of MGKLIS-II project site. 

 

32



 

 

Mahatma Gandhi Kalwakurthi Lift Irrigation Scheme-II – Engineering Geological Investigations – July 2014 

 

 

 Engineering Geology Department, National Institute of Rock Mechanics 
6 

 

Pink and grey granites are exposed in the MGKLIS –II project site. Head race tunnel was 

excavated through fresh and hard grey (porphyritic) granites with medium to coarse grained 

feldspars, traversed by dolerite dykes and pegmatite veins, while surge pool, pump house, draft 

tubes, delivery mains and cistern were excavated through pink granites, traversed by dolerite 

dykes. Pink granites are coarse grained, hard and jointed and shows phenocryst of alkali 

feldspar and quartz. Main minerals composition is alkali feldspars, quartz, mica and 

amphiboles. Three to five prominent joints set are developed and along the joint plane clay 

coating/filling was also recorded. Joints are irregular in pattern. Grey granites are medium to 

coarse grained, light colour, hard and jointed. Main minerals composition is feldspars, quartz, 

mica and amphiboles. Three to four prominent joints set are developed and along the joint 

plane clay coating are also present. Joints are irregular in pattern. Pink and grey granites are 

generally fresh to slightly weathered (WI–WII). Dolerite dykes are fine grained and greenish-

black in colour. The width of the dykes varies from 30 cm to >100 cm and their strike length is 

more than 50 m in excavated part of surge pool and pump house. Dykes are generally sheared 

along the contact at the surge pool and pump house area. Plagioclase and clinopyroxene (augite 

/ titanaugite) are the main minerals occurring in ophitic to sub-ophitic textures in dolerite. 

Quartz, epidote and opaques occur as accessories. Amphibole, biotite, sericite occur as 

alteration products. In a regional perspective E-W trending dykes show greater degree of 

alteration and are relatively older as established from intersecting features. Sulphide 

disseminations are reported in some dykes. Dykes are generally moderately to highly 

weathered (WIII – WIV). 

 

Generalised geology map of the project and area around has been complied from the 

Geological Survey of India (2001) map and appended in Report No 1 as Drawing No. 

NIRM/MGKLIS-II/EG-11-04/01. 

 
5. ENGINEERING GEOLOGICAL ASSESSMENT OF THE FOUNDATION OF PUMP HOUSE 

 

Foundation floor geological mapping of the important structures is essential to provide 

permanent data input for geological interpretations during construction and also it forms 

valuable documentation for post-construction stage. For very important structures like deep 

surge pool and pump house of lift irrigation, the foundation strata have to be well studied and 

documented for credible geologic interpretations. Rock is usually recognized as the best 
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foundation material. However, design engineers should be aware of the dangers associated with 

heterogeneity and unfavourable rock conditions since over-stressing a rock foundation may 

result in large differential settlements or perhaps sudden failure. 

 

In order to evaluate the design basis foundation parameters for pump house of MGKLIS-II, 

engineering geological mapping (on 1:200 scale) was carried out by NIRM Geologists. All the 

discontinuities in the rock mass of foundation of pump house with the zone of influence of the 

foundation has been identified and mapped. The primary purpose of the mapping is to provide a 

permanent record of conditions during the excavation. Mapping will be used to assess the 

requirement of any ground improvement. This permanent foundation record will assist in 

making better interpretation of post-construction foundation instrumentation data. 

 

The floor of pump house was examined on a grid to grid basis; the size of the grid is 2 m x 2 m. 

All the lithological and structural features were observed and mapped using Total Station 

surveying equipment and shown in the final foundation grade geological plan map. 

Classification of rock mass using Rock Mass Rating (RMR) of Bieniawski (1989) has been 

attempted and based on investigations recommendations for the treatment of foundation is 

given.  

 

5.1 Geological and Structural Assessment – Floor of Pump House  

The foundation of pump house will be resting as per design on a raft of 300 mm thick at about 

76.0 m below the existing ground level for functional requirement. The design foundation level 

is at RL +305.40 but in some areas it is excavated up to an average RL +303 and the over 

excavation was varying from 0.10 m to 2.4 m because of presence of unfavourable 

discontinuities, and shear zones. Total 1880 sq m excavated foundation area of pump house 

floor has been geologically mapped. Geological foundation mapping was done after the 

excavation and before first pore of concrete (Fig. 1 and 2). Based on the field observations and 

evidences, it is found that the entire floor area consists of coarse grained, hard and jointed pink 

granite (Fig. 3 and 4). Total five shear zones are mapped. The width of the shear zones are 

varying from 1 cm to 80 cm. No displacement has been recorded along shear zones. No 

evidences of faulting are observed on the surface of floor area. On the basis of surface 

geological mapping the excavated surface is acceptable for foundation because the rock mass is 
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competent. The structural features observed during the mapping indicated the need for 

consolidation grouting, so that the entire floor is function as single rock mass. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Pump house area, viewing   towards western 

direction  

 Fig. 2. Pump house area, viewing   towards eastern 

direction 

 

Pink granites are coarse grained, hard and jointed and shows phenocryst of alkali feldspar and 

quartz. Main minerals composition is alkali feldspars, quartz, mica and amphiboles. Five 

prominent joints set are developed and along the joint plane clay filling/coating was also 

recorded. Joints are irregular in pattern. Granites are generally fresh to moderately weathered 

(WI–WIII). At the foundation level granites are traversed by dolerite dyke (feature D1 marked 

in Drawing No NIRM/MGKLIS-II/EG-13-01/04). Dolerite dykes are fine grained and 

greenish-black in colour. The width of the dyke is up to 100 cm and strike length is more than 

100 m in excavated part of pump house. Dyke is generally sheared and in D1 clay gouge was 

observed. Plagioclase and clinopyroxene (augite / titanaugite) are the main minerals occurring 

in ophitic to sub-ophitic textures in dolerite. Quartz, epidote and opaques occur as accessories. 

Amphibole, biotite, sericite occur as alteration products. Dyke is generally highly weathered 

(WIV) as per the weathering grade. 

West Wall 

East Wall 
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Pump Area - 3 

Pump Area - 2 

Pump Area - 1 

Delivery Main - 4 

Delivery Main - 3 

Rock Ledge 
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Fig. 3. Coarse grained granite exposed at the foundation of pump house 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Cleaning the foundation of pump area-4 before engineering geological mapping 

 

The rock mass is characterized by prominent five number of joint sets, which are continuous 

and persistent, slightly rough to smooth with unaltered joint walls. Staining has been recorded 

Pump Area-3 

Pump Area-4 
Rock Ledge 

Draft Tube-4 

Foundation of pump area-4 

Rock Ledge 

Rock Ledge 
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along the joint surfaces where the joints are tight and where opening is up to 50.0 mm, soft clay 

mineral and crushed material filling has been recorded. In general, the rock mass was 

characterized by dry condition or minor inflow i.e. < 5.0 l/min. Crack/fractures developed due 

to excavation / blasting were also recorded during geological mapping. Some of the cracks are 

tight while some are open with size of the opening varying from 1 mm to 5 mm. Hairline 

cracks developed due to excavation work were also recorded. The prominent joints recorded in 

the coarse grained granite at the foundation of pump house are given in Table 3. 

 
Table 3: Prominent joints developed in coarse grained granite at the foundation of pump house 

Joint 

Set 

Dip 

Direction  

Dip 

Amount 

Spacing 

(cm) 

Persistence 

(m) 

Roughness Aperture 

(mm) 

Infilling 

(mm) 

Groundwater 

Condition 

Remarks 

J1 340-355 60-85 10-50 >20 Slightly rough to 

smooth 

Tight to 50 Nil-Clay Damp Joint plane is stained 

J2 040-070 70-75 50-100 25 Slightly rough Tight to 2 Nil-Clay 

coated 

Damp Joint plane is stained to 

fresh 

J3 230-270 75-80 30-70 20 Slightly rough Tight to 1 Nil-Clay 

coated 
Damp Joint plane is stained to 

fresh 

J4 180-220 60-80 50-100 25 Slightly rough Tight to 2 Nil-Clay 

coated 
Damp Joint plane is stained to 

fresh 

J5 290-325 70-85 70-100 10 Slightly rough Tight to 2 Nil-Clay 

coated 
 Joint plane is stained to 

fresh 

J6 005 65 30-50 10 Slightly rough Tight Nil Damp Joint plane is stained 

J7 120 80 40-60 5 Slightly rough Tight Nil Damp Joint plane is stained 

J8 040 Vertical 30-80 10 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

J9 090 Vertical - 10 Slightly rough Tight to 2 Nil Damp Joint plane is stained 

Note: For vertical joints strike direction is given 

 

5.2 Geological Map – Floor of Pump House  

Based on the engineering geological mapping carried out at the foundation of pump house, and 

the details collected including lithology and joint patterns measured in the field, the geological 

map was compiled on scale of 1:200, and it has been appended to this report as Drawing No 

NIRM/MGKLIS-II/EG-13-01/04. 

 

5.3 Geotechnical Assessment - Floor of Pump House  

The floor area of the pump house is falling under weathering grade 1 to 3 (WI - WIII). The 

grade of the rock mass as evaluated from the conditions of discontinuities has RMR values are 

varying from 49 to 63 and fall under fair to good rock mass category (Table 4). 
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Table 4: Rock mass classification using RMR of the foundation of pump house 

RMR  
Block No. Rock Type 

Value Class Description 

1 Coarse Pink Granite 52 Class-III Fair 

2 Coarse Pink Granite 49 Class-III Fair 

3 Coarse Pink Granite 57 Class-III Fair 

4 Coarse Pink Granite 57 Class-III Fair 

5 Coarse Pink Granite 57 Class-III Fair 

6 Coarse Pink Granite 57 Class-III Fair 

7 Coarse Pink Granite 57 Class-III Fair 

8 Coarse Pink Granite 57 Class-III Fair 

9 Coarse Pink Granite 63 Class-II Good 

10 Coarse Pink Granite 57 Class-III Fair 

11 Coarse Pink Granite 63 Class-II Good 

12 Coarse Pink Granite 61 Class-II Good 

13 Coarse Pink Granite 61 Class-II Good 

14 Coarse Pink Granite 61 Class-II Good 

15 Coarse Pink Granite 52 Class-III Fair 

16 Coarse Pink Granite 57 Class-III Fair 

17 Coarse Pink Granite 57 Class-III Fair 

18 Coarse Pink Granite 52 Class-III Fair 

19 Coarse Pink Granite 52 Class-III Fair 

20 Coarse Pink Granite 57 Class-III Fair 

21 Coarse Pink Granite 49 Class-III Fair 

22 Coarse Pink Granite 49 Class-III Fair 

23 Coarse Pink Granite 57 Class-III Fair 

24 Coarse Pink Granite 63 Class-II Good 

25 Coarse Pink Granite 63 Class-II Good 

26 Coarse Pink Granite 57 Class-III Fair 

27 Coarse Pink Granite 63 Class-II Good 

28 Coarse Pink Granite 63 Class-II Good 

29 Coarse Pink Granite 63 Class-II Good 

30 Coarse Pink Granite 61 Class-II Good 

31 Coarse Pink Granite 57 Class-III Fair 

32 Coarse Pink Granite 52 Class-III Fair 

33 Coarse Pink Granite 57 Class-III Fair 

34 Coarse Pink Granite 61 Class-II Good 

35 Coarse Pink Granite 57 Class-III Fair 

36 Coarse Pink Granite 52 Class-III Fair 

37 Coarse Pink Granite 52 Class-III Fair 
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RMR  
Block No. Rock Type 

Value Class Description 

38 Coarse Pink Granite 57 Class-III Fair 

39 Coarse Pink Granite 61 Class-II Good 

40 Coarse Pink Granite 57 Class-III Fair 

41 Coarse Pink Granite 49 Class-III Fair 

42 Coarse Pink Granite 52 Class-III Fair 

43 Coarse Pink Granite 61 Class-II Good 

44 Coarse Pink Granite 57 Class-III Fair 

45 Coarse Pink Granite 52 Class-III Fair 

46 Coarse Pink Granite 63 Class-II Good 

47 Coarse Pink Granite 63 Class-II Good 

48 Coarse Pink Granite 63 Class-II Good 

49 Coarse Pink Granite 61 Class-II Good 

50 Coarse Pink Granite 57 Class-III Fair 

51 Coarse Pink Granite 52 Class-III Fair 

52 Coarse Pink Granite 52 Class-III Fair 

53 Coarse Pink Granite 52 Class-III Fair 

54 Coarse Pink Granite 52 Class-III Fair 

55 Coarse Pink Granite 57 Class-III Fair 

56 Coarse Pink Granite 57 Class-III Fair 

57 Coarse Pink Granite 57 Class-III Fair 

58 Coarse Pink Granite 57 Class-III Fair 

59 Coarse Pink Granite 57 Class-III Fair 

60 Coarse Pink Granite 57 Class-III Fair 

61 Coarse Pink Granite 49 Class-III Fair 

62 Coarse Pink Granite 61 Class-II Good 

63 Coarse Pink Granite 57 Class-III Fair 

64 Coarse Pink Granite 57 Class-III Fair 

65 Coarse Pink Granite 57 Class-III Fair 

66 Coarse Pink Granite 57 Class-III Fair 

67 Coarse Pink Granite 57 Class-III Fair 

68 Coarse Pink Granite 52 Class-III Fair 

69 Coarse Pink Granite 52 Class-III Fair 

70 Coarse Pink Granite 52 Class-III Fair 

71 Coarse Pink Granite 57 Class-III Fair 

72 Coarse Pink Granite 57 Class-III Fair 

73 Coarse Pink Granite 57 Class-III Fair 

74 Coarse Pink Granite 57 Class-III Fair 

75 Coarse Pink Granite 61 Class-II Good 

76 Coarse Pink Granite 57 Class-III Fair 
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5.4 Inferences and Recommendations – Floor of Pump House  

Based on above studies, the following inferences and recommendations are given: 

a. Based on the field observations and evidences, it is observed that area in the floor of 

pump house site is characterized by coarse grained, hard and jointed pink granite 

(containing alkali feldspars, quartz, mica and amphibole) traversed by dolerite dyke. 

Depth persistence and lateral prevalence of bed rock was established. The floor region 

is fresh to moderately weathered (W-I to W-III) but prominent vertical/inclined joints 

are present. 

b. Field observations indicate that the rock mass is quite competent and acceptable for the 

foundation of the pump house. The grade of the rock mass as evaluated from the 

condition of discontinuities has RMR values varying from 49 to 63 and falls under fair 

to good rock mass. 

c. The rocks exposed at the foundation grade of the surge pool are jointed pink granite 

interspersed with sheared dolerite dyke. Shear zones having the varying thickness are 

mapped which are having differential mechanical behavior due to varying physical 

properties leading to differential settlement. In order to overcome the problem of 

differential settlement shear zones treatment plan is given in Table 5. 

 
Table 5: Treatment plan for shear zones at the foundation level of pump house 

Shear 

Zone 

Thickness Recommended 

Excavation Depth 

Treatment Plan 

D1 Up to 1.0 m 1.5 m Dolerite dyke is crushed and sheared, should be excavated up to 

1.5 m depth by mechanical breakers and backfilled with concrete 

(M≥25) up to the foundation level after systematic cleaning, 

washing and jetting to make the rock mass monolithic. The 

concrete should be allowed to cure for 10-12 days before rock 

bolting. The length of rock bolt will be varying from 4 to 5 m as 

per the site condition. 

SH-C, 

SH-D 

20.00 to 

30.00 cm 

0.60 m Shear zones area should be excavated up to 0.60 m depth by 

mechanical breakers and backfilled with concrete (M≥25) up to 

the foundation level. 

SH-B Up to 15.00 

cm 

0.50 m Shear zones area should be excavated up to 0.50 m depth by 

mechanical breakers and backfilled with concrete (M≥25) up to 

the foundation level. 

SH-A Up to 10.00 

cm  

0.30 m Shear zone having clay gauge should be excavated up to 0.30 m 

depth by mechanical breakers and backfilled with concrete 

(M≥25) up to the foundation level. 
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d. The structural features observed during the mapping indicated that the consolidation 

grouting up to 6.0 m should be done in the foundation of pump house using primary, 

secondary and tertiary holes so that the entire floor area functions as a single rock mass. 

The pressure and proportion of grout mixes to be used for injection shall be based on 

water pressure test and the results of trial grouting operation. Special care to be taken to 

consolidate rock mass along the weak zones / shear zones. The holes which absorb 

water greater than 3 lugeons, shall invariable be grouted. (1 Lugeon is water loss of 1 

lit/m/min at a pressure of 10 kg/sq cm). Recommended BIS codes for the grouting are 

IS-6066 and IS-5529 Part-2.  

e. The grout holes shall be laid out in line with secondary holes staggered with reference 

to the primary holes on the adjacent lines. Spacing between holes initially shall be 5 m 

centre to centre. After completing the grouting through these primary holes intermediate 

holes will be taken in between primary holes. The number of holes for further grouting 

(tertiary grouting – which will be determined based on results of drilling and grouting of 

intermediate holes) will be such that a continuous consolidated area of satisfactory 

water tightness is achieved.  

f. It is recommended to complete blasting before taking up grouting operation. If blasting 

after grouting is unavoidable, through testing and regrouting is essential after blasting.   

g. Plain Cement Concrete (PCC) of M15 grade lining up to the design foundation level 

(i.e. RL+305.40 m) should be done before 300 mm thick raft foundation. This has to be 

checked by the designer.  

h. During the foundation treatment, it should be ensured that area is free from water and 

Contractor shall take all necessary precautions and measures to exclude ground water 

and water from other sources such as underground streams, aquifers, springs, artesians, 

precipitation or infiltration from the surface flows etc. so as to enable the works to be 

carried out in dry condition in accordance with the construction schedule. 

i. On the floor detached rock-masses are laying in scattered form, which need to be 

removed before any protective measure is applied. 

 

6. ENGINEERING GEOLOGICAL ASSESSMENT OF VERTICAL WALLS – PUMP HOUSE  
 

Geological mapping of vertical walls of the important structures is essential to provide data 

input for geological interpretations during construction and also it forms valuable 
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documentation for post-construction stage. For important structures like deep surge pool & 

pump house of lift irrigation, the supporting walls strata have to be well studied and 

documented for credible geologic interpretations. In order to evaluate the design basis 

parameters for pump house of MGKLIS-II, engineering geological mapping (on 1:200 scale) of 

vertical walls were carried out by NIRM Geologists. All the lihtological variance and structural 

discontinuities in rock mass were identified and mapped by using Total Station survey 

equipment and shown in the final maps of vertical sides. Classification of rock mass using 

Tunnelling Quality Index ‘Q’ of Barton et al. (1974, 1980) has been done. It is observed that 

the excavation of the pump house pit exposed the top 1 to 2 m thick reddish brown gravely soil, 

underlained by 3 to 5 m highly weathered and disintegrated granites and the followed by fresh, 

hard and jointed granites. Based on engineering geological investigations, geotechnical 

problems were identified and remedial measures are suggested for the vertical walls.  

 

6.1 South Wall of Pump House 
 

The south wall of pump house was excavated from RL +350.00 m to RL +303.00 m. Design 

bottom level of the wall is at RL +305.40 m. This wall is aligning along the N125°-N305° 

direction. The average design height of the wall is 45 m from foundation level at RL +305 m to 

the top of the wall, which is at RL +350 m and the total design length of wall is 94.0 m.   

 

6.1.1 Geological and Structural Assessment of South Wall 
 

Rock type exposed after excavation on the wall section is granite, which is coarse grained, hard 

and jointed in nature. Its colour varies from pink to grayish and its colour variation is due to 

varying in the amount of orthoclase. Granite is generally fresh in nature. The rock mass is 

characterized by prominent five number of joint sets, which are continuous and persistent, 

smooth–planar to smooth-undulating with unaltered joint walls. Staining has been recorded 

along the joint surfaces where the joints are tight and where opening is up to 10.0 mm, soft clay 

mineral and crushed material filling has been recorded. In general, the rock mass was 

characterized by dry condition or minor inflow i.e. < 5.0 l/min. Crack/fractures developed due 

to excavation / blasting were also recorded during geological mapping. Some of the cracks are 

tight while some are open and the size of the opening varying from 1 mm to 10 cm. Hairline 

cracks developed due to excavation work were also recorded. The details of the joint 

characteristics of south wall of pump house are given in Table 6.  
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Table 6: Joint sets developed in granite at the face of south wall of pump house 
 

Joint 

Set 

Dip 

Direction 

Dip 

Amount 

Spacing 

(cm) 

Persistence 

(m) 

Roughness Aperture 

(mm) 

Infilling 

(mm) 

Groundwater 

Condition 

Remarks 

J1 010 -  035  70 -  85 10-50 >20 SP Tight to 3 

mm 

Crushed 

material 

Dry Dipping towards the pump 

house,  unfavourable joint, 

need to be reinforced  

J2 245 -  270 20 - 70 10-100 >20 SP/SU Tight to 5 

mm 

Crushed rock 

material 

Dry Dipping inside of wall i.e. 

south western direction. 

J3 130 - 150 50 - 70 20-60 >20 SP Tight to 1 

mm 

Clay coating Dry Dipping toward south eastern 

side of the wall. Need to be 

reinforced by rock bolting 

J4 300 - 330  60 - 75 10-40 >20 SP/SU Tight to 

10 mm 

Crushed 

material 

along the 

joint plane 

Dry Dipping towards the north 

western side of wall. 

J5 040 - 060  70 - 85 20-100 2-10 SP Tight None Dry Dipping towards the pump 

house i.e. north eastern 

direction. 

J6 160 - 190 80 - 85 20-60 >20 SP Tight to 1 

mm 

Clay coating Dry Dipping toward south eastern 

side of the wall. Need to be 

reinforced by rock bolting 

J7 100 - 110 15 - 65 20-60 >20 SP Tight to 1 
mm 

Clay coating Dry Dipping toward south eastern 
side of the wall. Need to be 

reinforced by rock bolting 

J8 040° Vertical 

 

100-200 >20 SP Tight None Dry Random joint, no 

displacement has been has 

been recorded.  

 

An intrusive dolerite dyke (feature dyke-1 in Drawing No NIRM/MGKLIS-II/EG-13-01/05) 

was mapped on the western side of the south wall (Fig. 5). Dyke is trending in N250° direction 

with a dip amount of 70°, and a strike length of more than 100 m has been mapped between 

easting 991 m at RL +335 m and easting 971 m at RL +305 m i.e. bottom of the excavated part. 

The average width of dyke is 100 cm. The prominent joint sets intersecting the dyke are: N150° 

(dip direction)/ 50° (dip amount), N190°/85° and N250°/60°. This dolerite dyke is dark gray in 

colour and sheared.  

 

Shearing was recorded along the joint plane trending in N10° (dip direction)/ 70° (dip amount) 

direction. This feature was mapped between RL +349 m to RL +317 m on the eastern side of 

the wall. The average width of shear zone is 20 cm. The prominent joint set intersecting the 

shear zone are: N260°/65° and N190°/80°.  

 

The rock mass for the south wall of pump house is classified as very poor to poor rock mass (Q 

0.18 to 1.25) as per Barton`s classification. The details of the Q values of south wall of pump 

house are given in Table 7. 
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Fig. 5. South wall of pump house, sheared dyke-1 is also shown 
 

Table 7: Rock mass classification using ‘Q’ of the face of south wall of pump house 

 

6.1.2 Geological Map - South Wall of Pump House 
 

Based on the engineering geological mapping carried out in the vertical south wall of pump 

house and the details collected including lithology, joint patterns measured in the field, the 

geological map was compiled on scale 1:200 has been appended to this report as Drawing No. 

NIRM/MGKLIS-II/EG-13-01/05.  

 

6.2 West Wall of Pump House 
 

The west wall of pump house was excavated from RL +384.00 m to RL +310.00 m. This wall 

is aligning along the N035°-N215° direction. The average height of the wall is 74 m from 

SE side of South Wall of Pump House NW side of South Wall of Pump House 

Easting from 1000 to 1047 Easting from 953 to 1000 

Elevation Q Elevation Q 

From To Value Description From To Value Description 

351 340 0.20 Very Poor 352 340 0.18 Very Poor 

340 330 0.24 Very Poor 340 330 0.18 Very Poor 

330 320 0.43 Very Poor 330 320 0.46 Very Poor 

320 310 1.03 Poor 320 310 1.09 Poor 

310 305 1.10 Poor 310 305 1.25 Poor 

South wall of Pump House 

Sheared Dyke-1 
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foundation level at RL +310 m to the top of the wall which is at RL +384 m and the total 

design length of wall is 20.0 m but over excavation was mapped, which may be due to 

uncontrolled blasting and unfavourable geological discontinuities.     

 

6.2.1 Geological and Structural Assessment of West Wall 
 

Rock type exposed after excavation on the wall section is granite which is coarse grained, hard 

and jointed in nature. Its colour varies from pink to grayish and its colour variation is due to 

varying in the amount of orthoclase (Fig. 6). Granite is generally fresh in nature below RL 

+348 m. The rock mass is characterized by prominent four number of joint sets, which are 

continuous and persistent, smooth–planar to smooth-undulating with unaltered joint walls. 

Staining has been recorded along the joint surfaces where the joints are tight and where 

opening is up to 10.0 mm, soft clay mineral coating has been recorded. In general, the rock 

mass is characterized by minor inflow i.e. < 5.0 l/min locally. Crack/fractures developed due to 

excavation / blasting were also recorded during geological mapping. Some of the cracks are 

tight while some are open and the size of the opening varying from 1 mm to 2 cm. Hairline 

cracks developed due to excavation work were also recorded. The details of the joint 

characteristics of west wall of pump house are given in Table 8.  West wall of the pump house 

was reinforced by shotcrete between elevation RL +349 m and RL +384 m after NIRM 

suggestion. 

 

Table 8: Joint sets developed in granite at the face of west wall of pump house 

Joint 

Set 

Dip 

Direction 

Dip 

Amount 

Spacing 

(cm) 

Persistence 

(m) 

Roughness Aperture 

(mm) 

Infilling (mm) Groundwater 

Condition 

Remarks 

J1 240 - 250  40 - 60 5-50 >20 SP/SU Tight to 

10 mm 

Crushed 

material  along 

the joint plane 

Dry Dipping inside the wall i.e. 

southwestern direction.  

J2 180   65  30-50 >20 SP Tight to 3 
mm 

Crushed 
material 

Dry Dipping toward the west 
wall of pump house, not 

unfavorable. 

J3 090 Vertical  20-30 2-5 SP Tight None Dry Dripping along this joint 

plane was recorded. 

J4 355 20 

 

10-40 >5 SP Tight None Dry Dipping towards northern 

side, not unfavorable. 

J5 130 Vertical - 1-2 SP Tight None Dry Random joint, mainly in the 
crown portion. 

 

An intrusive dolerite dyke trending in N270° direction with a dip amount of 65°, and a strike 

length of more than 100 m has been mapped on the southwestern side of the wall, i.e., between 

northing 8635 m at RL +369 m on the southwestern corner of the wall and northing 8640 m at 
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RL +383 m on the top of the wall (feature dyke-2 in Drawing No. NIRM/MGKLIS-II/EG-11-

04/10). The width of dyke is varying from 50 cm to 100 cm. The prominent joint sets 

intersecting the dyke are: N345°/75°
 
and 090°/76°. Dolerite is fine grained, jointed, fractured 

and sheared in nature and dark grey in colour. The contact between granite and dolerite dyke is 

unweathered to slightly weathered and no failure scar was recorded during the geological 

mapping. No displacement has been recorded along this feature. This area is shotcreted.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A shear zone trending in N308° direction with a dip amount of 80°, and a strike length of more 

than 28 m, was mapped on face of the wall i.e., between northing 8635 m at RL +367 m on the 

southwestern corner of the wall and northing 8659 m at RL +378 m on the northeastern side of 

the wall (feature shear zone-1 in Drawing No. NIRM/MGKLIS-II/EG-11-04/10). The 

prominent joint sets intersecting the shear zone are: N005°/70°, N055°/70° and N090°/55°. No 

displacement has been recorded along this feature. This area is also shotcreted. 

 

The rock mass for the west wall of pump house is classified as very poor to fair rock mass (Q 

0.61 to 5.20) as per Barton`s classification. The details of the Q values of west wall of pump 

house are given in Table 9. 

West wall of Pump House 

Foundation of Pump House 

North wall of Pump House 

3rd Berm at RL 350 m 

Foundation of Pump House 

Fig. 6. View of west wall of pump house  Fig. 6 

Fig. 7 

Fig. 7. View of north wall of pump house  
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Table 9: Rock mass classification using ‘Q’ of the face of west wall of pump house 

 

6.2.2 Geological Map - West Wall of Pump House 
 

Based on the engineering geological mapping carried out in the west wall of pump house and 

the details collected including lithology, joint patterns measured in the field, the geological map 

was compiled on scale 1:200 has been appended to this report as Drawing No. 

NIRM/MGKLIS-II/EG-13-01/06.  

 

6.3 North Wall of Pump House 
 

The north wall of pump house was excavated from RL +385.00 m to RL +307.00 m. An 

average 4 m overburden/highly weathered rock portion was removed from the top of the wall. 

This wall is aligning along the N305°-N125° direction. The average height of the wall will be 

74 m from foundation level at RL +307 m to the top of the wall which is at RL +381.00 m and 

the total design length of wall is 94.0 m. Three berms at RL 350 m, 360 m and 370 m have 

been constructed after NIRM recommendations.  

 

6.3.1 Geological and Structural Assessment  
 

Rock type exposed after excavation on the wall section is granite, which is coarse grained, hard 

and jointed in nature. Its colour varies from pink to greyish and its colour variation is due to 

varying in the amount of orthoclase (Fig. 7). Granite is generally fresh in nature. The rock mass 

is characterized by prominent six number of joint sets, which are continuous and persistent, 

slightly rough to smooth with unaltered to slightly altered joint walls. Staining has been 

SW side of West Wall of Pump House NE side of West Wall of Pump House 

Northing from 8640 to 8650 From 8650 to 8660 

Elevation Q Elevation Q 

From To Value Description From To Value Description 

384 370 0.20 Very Poor 384 370 0.20 Very Poor 

370 360 0.40 Very Poor 370 360 0.40 Very Poor 

360 350 0.65 Very Poor 360 350 0.61 Very Poor 

350 340 1.39 Poor 350 340 0.76 Very Poor 

340 330 2.05 Poor 340 330 0.61 Very Poor 

330 320 5.12 Fair 330 320 1.63 Poor 

320 310 5.20 Fair 320 310 1.72 Poor 
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recorded along the joint surfaces where the joints are tight and where opening is up to 3.0 mm, 

soft clay mineral filling/coating has been recorded. In general, the rock mass is characterized by 

dry condition or minor inflow i.e. < 5.0 l/min. Crack/fractures developed due to excavation / 

blasting were also recorded during geological mapping. Some of the cracks are tight while 

some are open and the size of the opening varying from 1 mm to 6 cm. Hairline cracks 

developed due to excavation work were also recorded. The details of the joint characteristics of 

north wall of pump house are given in Table 10. During excavation, slides occurred towards 

northwestern and central part of the excavated vertical north wall. Rock mass failed was due to 

structural wedge formation between dyke (N250°/75°) and joint (N200°/75°) and extended 1.5 

m to 2.0 m depth in to excavated line of face. The rock ledge portion was removed before the 

final treatment of this wall. Toppling has been recorded in the central and northeastern portion 

of the wall along joint set (060°- 090°).  

 

Table 10: Joint sets developed in granite at the face of north wall of pump house 
 

Joint 

Set 

Dip 

Direction  

Dip 

Amount 

Spacing 

(cm) 

Persistence 

(m) 

Roughness Aperture 

(mm) 

Infilling 

(mm) 

Groundwater 

Condition 

Remarks 

J1 180-200 65-75 30-70 >25 Slightly rough to 
smooth 

Tight to 2 Nil-Clay Dry-Damp Dipping towards pump 
house. Very unfavorable 

from stability point of 

view. 

J2 060-090 60-70 10-300 >25 Slightly rough to 

smooth 

Tight to 1 Nil-Clay 

coated 

Dry-Damp Dipping inside the slope, 

very unfavorable from 

stability point of view. 

J3 240-270 50-70 30-100 >25 Slightly rough to 

smooth 

Tight to 3 Nil-Clay 

coated 

Dry-Damp Dipping towards pump 

house i.e. west wall side 

of pump house. 

J4 340 60 30-70 >10 Slightly rough Tight to 2 Nil-Clay 

coated 

Dry-Damp Dipping inside the wall 

i.e. towards north-west 

direction. 

J5 090 Vertical 30-50 >10 Slightly rough Tight to 1 Nil Damp Joint plane is stained to 
fresh 

J6 040 Vertical 50 >10 Slightly rough Tight to 2 Nil-Clay 

coated 

Damp Joint plane is stained to 

fresh 

J7 130 55 - >5 Slightly rough Tight Nil Damp Joint plane is stained 

 

Two intrusive dolerite dykes were mapped on the western and eastern sides of the north wall. 

Dyke-1 is trending in N250° direction with a dip amount of 75°, and a strike length is more 

than 100 m has been mapped on the western side of the wall, i.e. between easting 956 m at RL 

+311 m on the western corner of the wall i.e. bottom of the excavated part and easting 957 m at 

RL +385 m on the western side i.e. top of the wall (feature dyke-1 in Drawing No 

NIRM/MGKLIS-II/EG-13-01/07). The width of dyke is varying from 80 cm to 100 cm. The 
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prominent joint sets intersecting the dyke are: N250° (dip direction)/ 70° (dip amount), 

N260°/30° and N180°/70°. Dyke-3 is trending in N070° direction with a dip amount of 80°, 

and a strike length of more than 50 m has been mapped on the eastern side of the wall, i.e. 

between easting 1016 m at RL +385 m on the top of the wall and easting 1031 at RL +371 m 

(feature dyke-3 in Drawing No. NIRM/MGKLIS-II/EG-11-04/11). The width of dyke-2 is 

varying from 100 cm to 120 cm. The prominent joint sets intersecting the dyke-2 are: N060° 

(dip direction)/ 65° (dip amount), N090°/70°, N250°/75° and N040°/V. Dolerite dykes are fine 

grained, jointed, fractured and sheared in nature and dark gray in colour. The contact between 

granites and dolerite dykes are slightly to moderately weathered. Rockfall scar was recorded 

during the geological mapping along dyke-1 while along dyke-2 no scar was mapped. No 

displacement has been recorded along these features.  

 

Shear zone was mapped on the face of north wall of pump house. Shear zone is extended from 

easting 999 m at RL +384 m and easting 1011 m at RL +378 m (feature shear zone-1 in 

Drawing No. NIRM/MGKLIS-II/EG-11-04/11). This shear zone plane is trending in N190° 

with a dip amount of 70°. The average width of shear plane is 12 cm. The prominent joint sets 

intersecting the shear zone are: N250°/45°, N060°/65°, N150°/40° and N310°/55°. No 

displacement has been recorded along this feature. Concurrently with the excavation up to RL 

+350 m from the ground level, the wall was shotcreted after NIRM recommendations. 

 

The rock mass for the north wall of pump house is classified as very poor to poor rock mass (Q 

0.22 to 2.50) as per Barton`s classification. The details of the Q-values of north wall of pump 

house are given in Table 11. 

 

Table 11: Rock mass classification using ‘Q’ of the face of north wall of pump house 

NW side of North Wall of Pump House SE side of North Wall of Pump House 

Easting from  953 to 1000 From 1000 to 1047 

Elevation Q Elevation Q 

From To Value Description From To Value Description 

382 370 0.24 Very Poor 382 370 0.22 Very Poor 

370 360 0.30 Very Poor 370 360 0.46 Very Poor 

360 350 0.92 Very Poor 360 350 1.63 Poor 

350 340 0.98 Very Poor 350 340 2.05 Poor 

340 330 0.87 Very Poor 340 330 2.05 Poor 

330 320 0.90 Very Poor 330 320 1.63 Poor 

320 310 1.32 Poor 320 310 1.87 Poor 

310 305 1.87 Poor 310 305 2.50 Poor 
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6.3.2 Geological Map – North Wall of Pump House 
 

Based on the engineering geological mapping carried out in the north wall of pump house and 

the details collected including lithology, joint patterns measured in the field, the geological map 

was compiled on scale 1:200 has been appended to this report as Drawing No NIRM/MGKLIS-

II/EG-13-01/07. 

 

6.4 East Wall of Pump House 
 

The east wall of pump house was excavated from RL +349.00 m to RL +302.00 m. This wall is 

aligning along the N035°-N215° direction. The average height of the wall after total excavation 

is 47 m from bottom level at RL +302 m to the top of the wall which is at RL+349 m. The total 

design length of wall is 20.0 m, but over excavation was mapped mainly on the top of the wall 

is because of geological discontinuities and uncontrolled blasting. From the top elevation of 

this wall up to ground level i.e. at RL +380 m, ramp is being constructed, which will be the 

permanent approach during the operation of this project.         

 

6.4.1 Geological and Structural Assessment  
 

Rock type exposed after excavation on the wall section is granite which is coarse grained, hard 

and jointed in nature. Its colour varies from pink to greyish and its colour variation is due to 

varying in the amount of orthoclase (Fig. 8). Granite is generally fresh in nature. The rock mass 

is characterized by prominent four number of joint sets, which are continuous and persistent, 

slightly rough to smooth with unaltered joint walls. Staining has been recorded along the joint 

surfaces where the joints are tight and where opening is up to 3.0 mm, soft clay filling/coating 

has been recorded. In general, the rock mass is characterized by dry condition or minor inflow 

i.e. < 5.0 l/min. Crack/fractures developed due to excavation / blasting were also recorded 

during geological mapping. Some of the cracks are tight while some are open and the size of 

the opening varying from 1 mm to 6 cm. Hairline cracks developed due to excavation work 

were also recorded. The details of the joint characteristics of east wall of pump house are given 

in Table 12. 

 

A shear zone-1 (feature SH-1 in Drawing No NIRM/MGKLIS-II/EG-13-01/08) trending in 

N350° direction with a dip amount of 75°, and a strike length of more than 50 m, has been 

mapped on face of the wall i.e., between northing 8656 m at RL +302 m on the bottom 
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excavated portion and northing 8638 m at RL +349 m on the top of the wall. The average width 

of shear zone is 10 cm. The prominent joint sets intersecting the shear zone are: N 250°/45°, 

N90°/V, and N180°/40°. 

 

Table 12: Joint sets developed in granite at the face of east wall of pump house 

Joint 

Set 

Dip 

Direction  

Dip 

Amount 

Spacing 

(cm) 

Persistence 

(m) 

Roughness Aperture 

(mm) 

Infilling 

(mm) 

Groundwater 

Condition 

Remarks 

J1 250-270 60-70 20-50 >25 Slightly rough to 

smooth 

Tight to 2 Nil-Clay Dry-Damp Dipping towards the SE 

side of pump house area, 

support is required. 

J2 040-070 60-70 50-100 >25 Slightly rough to 

smooth 

Tight to 1 Nil-Clay 

coated 

Dry-Damp Dipping inside the wall 

of pump house, not 

unstable from stability 

point of view. 

J3 350 75 20-50 >25 Slightly rough to 

smooth 

Tight to 3 Nil-Clay 

coated 

Dry-Damp Dipping towards pump 

house i.e. west wall of 

pump house. 

J4 300 60 30-70 >10 Slightly rough Tight to 2 Nil-Clay 

coated 

Dry-Damp Dipping towards pump 

house, not favorable, 

Dripping of water at 
north east corner of pump 

house. 

J5 090-130 Vertical 30-50 >10 Slightly rough Tight to 1 Nil Damp Joint plane is stained to 

fresh 

J6 200-220 60 50 >10 Slightly rough Tight to 2 Nil-Clay 

coated 

Damp Joint plane is stained to 

fresh 

J7 130 55 - >5 Slightly rough Tight Nil Damp Joint plane is stained 

 

The rock mass for the east wall of pump house is classified as very poor to poor rock mass (Q 

0.18 to 1.09) as per Barton`s classification. The details of the Q values of east wall of pump 

house are given in Table 13. 

 
Table 13: Rock mass classification using ‘Q’ of the face of east wall of pump house 

 

 

NE side of East Wall of Pump House SW side of East Wall of Pump House 

Northing from 8650 to 8660 From Northing 8640 to 8650 

Elevation Q Elevation Q 

From To Value Description From To Value Description 

349 340 1.16 Poor 349 340 1.24 Poor 

340 330 1.38 Poor 340 330 1.16 Poor 

330 320 0.87 Very Poor 330 320 1.16 Poor 

320 310 3.27 Poor 320 310 3.50 Poor 

310 300 3.27 poor 310 300 3.50 Poor 
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6.4.2 Geological Map – East Wall of Pump House 

Based on the engineering geological mapping carried out in the vertical east wall of pump 

house and the details collected including lithology, joint patterns measured in the field, the 

geological map was compiled on scale 1:200 has been appended to this report as Drawing No. 

NIRM/MGKLIS-II/EG-13-01/08.  

 

6.5 Inferences and Recommendations – Walls of Pump House 

Based on geological and structural data input, the following inferences and recommendations 

are given for the south, west, north and east wall of pump house: 

a) The stability of the cut slopes/ vertical walls depends upon the geometry, frequency and 

orientation of joint sets, dip of slope and its plane of weakness. The site condition, 

particularly the north and south wall of pump house is not favourable for slope stability, 

mainly along the shear zones, due to their interplay with joint sets forming a wedge. 

Other major joint sets, dipping inside the wall or towards opposite sides of the wall i.e. 

those joint sets not dipping towards the pits do not tend to cause unfavourable 

condition. Generally the rocks are fresh, hard and jointed in nature.   

b) The grade of rock mass based on the rock joints characteristics of the walls of pump 

house, has the Q values varying from 0.18 to 5.20 and fall under the very poor to fair 

rock mass category.  

c) 6.0 m wide ramp with 1 in 10 gradients was constructed from the outer periphery of the 

pump house/surge pool i.e. outside the final dimensions of the pump house/surge pool 

has been extended up to south wall of pump house and service bay. This ramp will be 

the connecting link during the operation phase. This will also function as protective 

berm for the north wall of surge pool and south wall of pump house. 

d) After NIRM recommendations, 3.0 m wide berm at RL +370 m is constructed along the 

three sides i.e. north, east and west wall of the pump house. Between 1
st
 berm and 

ground surface i.e. between RL +370 m and RL + 385 m, slope is 1 in 1.7 (60
o
). After 

proper scaling, 100 mm thick shotcrete (50 mm shotcrete then wire mesh then 50 mm 

shotcrete) with chainlink and weep holes was applied all along the face of the excavated 

surfaces of the pump house from RL +370 m to RL 385 m. Second 3.0 m wide berm is 

constructed at RL +360 m around three sides of pump house. 1:1.2 (50
o
) slope was keep 

between 1
st
 and 2

nd
 berm i.e. between RL +370 m and RL +360 m. Spot rock bolting 
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and 100 mm thick reinforced shotcrete with chainlink and weep holes are applied in this 

slope. In case of chainlink of 100 mm with reinforced shotcrete, 50 mm layer shotcrete 

was first applied then chainlink/wiremesh and again 50 mm layer of shotcrete. The 

chainlink from the side corners was anchored two feet deep by iron rod. Third 3.0 m 

wide berm was constructed at RL +350 m for the north side of pump house. 1:1 slope 

has been provided between 2
nd
 and 3

rd
 berm i.e. between RL +360 m and RL + 350 m. 

25 mm dia and 5.0 m length rock bolt with a spacing of 1.0 m c.c. in staggered fashion 

was applied between RL +360 m to RL +350 m. Additional rock bolts were also 

provided along the side walls as per the requirement. From ground level i.e. RL +385 m 

up to RL +381 m overburden and loose material was removed. 

e) There in a need to properly scale off the loosened rock fragments from walls of the 

pump house, which are not shotcreted. The north and south wall of pump house should 

be properly protected by systematic rock bolting below RL +350 m up to foundation 

level. For the north and south wall, 25 mm dia and 5.0 m length rock bolt with a spacing 

of 1.5 m c.c. in staggered fashion is recommended below RL +350 m. 25 mm dia and 

5.0 m length rock bolt with a spacing of 2.0 m in staggered fashion is recommended 

below RL + 360 m for the east and west walls of pump house. Further drainage holes 

should be provided in to these vertical side walls.  

f) Provide 100 mm dia weephole at 4 m c.c. spacing, 1m depth perforated PVC pipe. 

g) Chute drains along the berms should be constructed. At every berm, inner slope should 

be provided with toe drain and connected to the chute drain. 

h) Loose, fractured, detached and protruding rock mass in the walls need to be removed 

before final treatment. It is recommended that all the loose/detached rock blocks may be 

scaled manually since scaling by machine led to further loosening of the blocks as 

reported.   

i) RCC design lining of 500 mm thick will be done along all side walls of the pump house 

from foundation up to RL +368 m i.e. the level of five units of pump house. Above this 

level lining should be done following the cut slope, maintaining the minimum thickness 

of lining with sufficient anchorage. 

j) After providing lining in the area, consolidation grouting (with 2.5 to 3.5 kg/cm
2
 

pressure) up to maximum 20 m depth should be done from the top surface using 

primary, secondary and tertiary holes so that the opening created due to blasting are 
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filled and area functions as monolithic or single rock mass. 6 m spacing for the primary, 

3 m for secondary and 1.5 m for tertiary holes, is recommended.  

k) On the walls shear zones and dykes are present. Some of the dykes are sheared. The 

sheared material should be removed by mechanical excavator and the excavated portion 

should be back filled with concrete. 

 

7. ENGINEERING GEOLOGICAL ASSESSMENT OF THE FOUNDATION OF SERVICE BAY  

Service bay area is lying in the eastern side of the pump house and excavated up to an average 

RL +350 m for the functional requirement. In the design eight columns are provided in the 

service bay area for the construction of building. From service bay area a 6 m wide ramp with 1 

in 10 gradient is constructed up to ground level.    

 

7.1 Geological and Structural Assessment 

 

Rock type exposed after excavation is granite, which is coarse grained, hard and jointed in 

nature (Fig. 9). Its colour varies from pink to grayish and its colour variation is due to varying 

in the amount of orthoclase. Granite is generally fresh in nature. The rock mass is characterized 

by prominent four number of joint sets, which are continuous and persistent, slightly rough to 

smooth with generally unaltered joint walls. Staining has been recorded along the joint surfaces 

where the joints are tight and where opening is up to 50.0 mm, soft clay mineral filling/coating 

has been recorded. In general, the rock mass is characterized by dry condition or minor inflow 

i.e. < 5.0 l/min. Crack/fractures developed due to excavation / blasting were also recorded 

during geological mapping. Some of the cracks are tight while some are open and the size of 

the opening varying from 1 mm to 8 cm. Hairline cracks developed due to excavation work 

were also recorded. The details of the joint characteristics of service bay portion are given in 

Table 14.  

 

A shear zone-1 (feature SH-1 in Drawing No NIRM/MGKLIS-II/EG-13-01/11) trending in 

N10° direction with a dip amount of 60°, and a strike length of more than 50 m, has been 

mapped on the foundation i.e., between easting 1056 m on the southern excavated portion and 

northing 8645 m on the eastern side. The average width of shear zone is 20 cm. The prominent 

joint set intersecting the shear zone are: N 175°/85° and N260°/70°. 
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Table 14: Joint sets developed in granite at the foundation of service bay 
 

Joint 

Set 

Dip 

Direction  

Dip 

Amount 

Spacing 

(cm) 

Persistence 

(m) 

Roughness Aperture 

(mm) 

Infilling 

(mm) 

Groundwater 

Condition 

Remarks 

J1 010 60 10-50 25 Slightly rough to 

smooth 

Tight to 50 Nil -clay Damp Joint plane is stained 

J2 350-355 85 10-50 >20 Slightly rough to 
smooth 

Tight to 2 Nil-clay 
coated 

Damp Joint plane is stained to 
fresh 

J3 035-045 50-65 50-100 25 Slightly rough Tight to 1 Nil-clay 

coated 

Damp Joint plane is stained to 

fresh 

J4 250-260 65-70 30-70 20 Slightly rough Tight to 2 Nil-clay 
coated 

Damp Joint plane is stained to 
fresh 

J5 040 Vertical 30-80 10 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

J6 120 Vertical 50-100 10 Slightly rough Tight to 2 Nil-clay 

coated 

Damp Joint plane is stained to 

fresh 

J7 175 85 - 10 Slightly rough Tight Nil Damp Joint plane is fresh 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. View of east wall of pump house   Fig. 9. View of foundation of service bay 

 

The rock mass for the foundation of service bay is classified as fair and good rock mass (RMR 

52 to 63) as per Bieniawski’s classification. The details of the RMR values of foundation of 

service bay are given in Table 15. 

 

East wall of Pump House 

Rock Ledge Between Pump Unit 4 and 5 

Floor of Service Bay 

Shear Zone 
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Table 15: Rock mass classification using ‘RMR’ of the service bay foundation 
 

RMR  

Block No. Rock Type 

Value Class Description 

1 Coarse Pink Granite 52 Class-III Fair 

2 Coarse Pink Granite 52 Class-III Fair 

3 Coarse Pink Granite 61 Class-II Good 

4 Coarse Pink Granite 61 Class-II Good 

5 Coarse Pink Granite 61 Class-II Good 

6 Coarse Pink Granite 57 Class-III Fair 

7 Coarse Pink Granite 57 Class-III Fair 

8 Coarse Pink Granite 61 Class-II Good 

9 Coarse Pink Granite 63 Class-II Good 

10 Coarse Pink Granite 61 Class-II Good 

11 Coarse Pink Granite 57 Class-III Fair 

12 Coarse Pink Granite 57 Class-III Fair 

13 Coarse Pink Granite 57 Class-III Fair 

14 Coarse Pink Granite 57 Class-III Fair 

15 Coarse Pink Granite 57 Class-III Fair 

16 Coarse Pink Granite 57 Class-III Fair 

17 Coarse Pink Granite 52 Class-III Fair 

18 Coarse Pink Granite 52 Class-III Fair 

19 Coarse Pink Granite 52 Class-III Fair 

20 Coarse Pink Granite 57 Class-III Fair 

 

7.2 Geological Map – Foundation of Service Bay  

Based on the engineering geological mapping carried out in the foundation of service bay and 

the details collected including lithology, joint patterns measured in the field, the geological map 

was compiled on scale 1:200 has been appended to this report as Drawing No. 

NIRM/MGKLIS-II/EG-13-01/11.  

 

7.3 Inferences and Recommendations for the Foundation of Service Bay  

Based on geological and structural data input, the following inferences and recommendations 

are given for the foundation of service bay: 

a) Based on the field observations and evidences, it is observed that floor area of service bay is 

characterized by coarse grained, hard and jointed pink granite (containing alkali feldspars, 
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quartz, mica and amphibole) traversed by one shear zone. Depth persistence and lateral 

prevalence of bed rock was established. The floor region is fresh to slightly weathered (W-I 

to W-II) but prominent joints are present. 

b) Field observations indicate that the rock mass is quite competent and acceptable for the 

foundation.  

c) The grade of rock mass of the foundation of service bay has the RMR values varying from 

52 to 63 and fall under fair to good category. 

d) There in a need to properly scale off the loosened rock fragments all along the floor of the 

service bay before the final treatment of foundation. 

e) A shear zone-1 (feature SH-1 in Drawing No NIRM/MGKLIS-II/EG-13-01/11) area having 

clay gauge should be excavated up to 0.50 m depth by mechanical breakers and backfilled 

with concrete (M≥25) up to the foundation level. 

f) After providing lining in the area, consolidation grouting (with 2.5 to 3.5 kg/cm
2
 pressure) 

up to maximum 10 m depth be done from the top surface using primary, secondary and 

tertiary holes so that the opening created due to blasting are filled and area functions as 

monolithic or single rock mass. 6 m spacing for the primary, 3 m for secondary and 1.5 m 

for tertiary holes, is recommended. 

g) It is recommended to complete blasting before taking up the grouting operation. If blasting 

after grouting is unavoidable, through testing and regrouting is essential after blasting.  

 

8. ENGINEERING GEOLOGICAL ASSESSMENT OF THE FOUNDATION OF ANNEXURE PART - A  

Annexure Part-A is lying in the southern side of the pump house. Annexure Part-A area is 

excavated up to an average RL +332 m and six columns for annexure building are provided in 

the design.    

 

8.1 Geological and Structural Assessment 

 

Rock type exposed after excavation in the foundation of Annexure Part-A is granite, which is 

coarse grained, hard and jointed in nature (Fig. 10). Its colour varies from pink to grayish and 

its colour variation is due to varying in the amount of orthoclase. Granite is generally fresh in 

nature. The rock mass is characterized by prominent four number of joint sets, which are 

continuous and persistent, slightly rough to smooth with unaltered joint walls (Fig. 11). 

Staining has been recorded along the joint surfaces where the joints are tight and where 
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opening is up to 50.0 mm, soft clay mineral and crushed material filling has been recorded. In 

general, the rock mass is characterized by dry condition or minor inflow i.e. < 5.0 l/min. 

Crack/fractures developed due to excavation / blasting were also recorded during geological 

mapping. Some of the cracks are tight while some are open and the size of the opening varying 

from 1 mm to 8 cm. Hairline cracks developed due to excavation work were also recorded. The 

details of the joint characteristics of annexure part-A portion are given in Table 16.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. View of foundation of Annexure Part-A 
 

Table 16: Joint sets developed in granite on annexure part-A area 

Joint 

Set 

Dip 

Direction  

Dip 

Amount 

Spacing 

(cm) 

Persistence 

(m) 

Roughness Aperture 

(mm) 

Infilling 

(mm) 

Groundwater 

Condition 

Remarks 

J1 175-180 75-80 10-50 25 Slightly rough to 

smooth 

Tight to 50 Nil-Clay Damp Joint plane is stained 

J2 270-290 70 30-70 >20 Slightly rough to 
smooth 

Tight to 2 Nil-Clay 
coated 

Damp Joint plane is stained to 
fresh 

J3 065-60 50-65 30-100 10 Slightly rough Tight to 1 Nil-Clay 

coated 

Damp Joint plane is stained to 

fresh 

J4 250 Vertical 30-70 10 Slightly rough Tight to 2 Nil-Clay 
coated 

Damp Joint plane is stained to 
fresh 

J5 320 75 30-80 >10 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

J6 230 75 - >5 Slightly rough Tight to 2 Nil-Clay 

coated 

Damp Joint plane is stained to 

fresh 

J7 190 Vertical - >5 Slightly rough Tight Nil Damp Joint plane is fresh 

 

A shear zone-1 (feature SH-1 in Drawing No NIRM/MGKLIS-II/EG-13-01/12) trending in 

N190° direction with a dip amount of 80°, and a strike length of more than 25 m, has been 

Floor of Annexure Part-A 

Rock Ledge Between Pump House and Surge Pool 
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mapped on the foundation i.e., from easting 995 m and northing 8827 m on the eastern side 

portion to easting 1017 m and northing 8637 m on the western side. The average width of shear 

zone is 20 cm. The prominent joint sets intersecting the shear zone are: N 065°/60°, N 250°/V 

and N320°/75°. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. Foundation of Annexure Part-A was cleaned before engineering geological mapping 

 

A shear zone-1 (feature SH-1 in Drawing No NIRM/MGKLIS-II/EG-13-01/12) trending in 

N190° direction with a dip amount of 80°, and a strike length of more than 25 m, has been 

mapped on the foundation i.e., from easting 995 m and northing 8827 m on the eastern side 

portion to easting 1017 m and northing 8637 m on the western side. The average width of shear 

zone is 20 cm. The prominent joint sets intersecting the shear zone are: N 065°/60°, N 250°/V 

and N320°/75°. 

 

The rock mass for the foundation of Annexure Part-A is classified as fair rock mass (RMR 49 

to 57) as per Bieniawski’s classification. The details of the RMR values of foundation of 

service bay are given in Table 17. 

 

8.2 Geological Map – Foundation of Annexure Part-A  
 

Based on the engineering geological mapping carried out in the foundation of Annexure Part-A 

and the details collected including lithology, joint patterns measured in the field, the geological 

Floor of Annexure Part-A 
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map was compiled on scale 1:200 has been appended to this report as Drawing No. 

NIRM/MGKLIS-II/EG-13-01/12.  

 
Table 17: Rock mass classification using ‘RMR’ of the Annexure Part-A 

RMR 
Block No. Rock Type 

Value Class Description 

1 Coarse Pink Granite 52 Class-III Fair 

2 Coarse Pink Granite 52 Class-III Fair 

3 Coarse Pink Granite 52 Class-III Fair 

4 Coarse Pink Granite 49 Class-III Fair 

5 Coarse Pink Granite 49 Class-III Fair 

6 Coarse Pink Granite 49 Class-III Fair 

7 Coarse Pink Granite 49 Class-III Fair 

8 Coarse Pink Granite 52 Class-III Fair 

9 Coarse Pink Granite 52 Class-III Fair 

10 Coarse Pink Granite 52 Class-III Fair 

11 Coarse Pink Granite 52 Class-III Fair 

12 Coarse Pink Granite 52 Class-III Fair 

13 Coarse Pink Granite 57 Class-III Fair 

14 Coarse Pink Granite 57 Class-III Fair 

 

8.3 Inferences and Recommendations for the Foundation of Annexure Part-A  

Based on geological and structural data input, the following inferences and recommendations 

are given for the foundation of annexure part-A: 

a) Based on the field observations and evidences, it is observed that floor area of annexure 

part-A is characterized by coarse grained, hard and jointed pink granite traversed by one 

shear zone. Depth persistence and lateral prevalence of bed rock was established. The floor 

region is fresh to moderately weathered (W-I to W-III) and prominent inclined/vertical 

joints are present. 

b) The grade of rock mass of the foundation of annexure part-A has the RMR values varying 

from 49 to 57 and fall under fair rock mass category. 

c) There in a need to properly scale off the loosened rock fragments all along the floor of the 

annexure part-A before the final treatment of foundation. 
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d) A shear zone-1 (feature SH-1 in Drawing No NIRM/MGKLIS-II/EG-13-01/12) area having 

clay gauge should be excavated up to 0.50 m depth by mechanical breakers and backfilled 

with concrete (M≥25) up to the foundation level. 

e) After providing lining in the area, consolidation grouting (with 2.5 to 3.5 kg/cm2
 pressure) 

up to maximum 10 m depth be done from the top surface using primary, secondary and 

tertiary holes so that the opening created due to blasting are filled and area functions as 

monolithic or single rock mass. 6 m spacing for the primary, 3 m for secondary and 1.5 m 

for tertiary holes, is recommended. 

f) It is recommended to complete blasting before taking up the grouting operation. If blasting 

after grouting is unavoidable, through testing and regrouting is essential after blasting.  

 

9. ENGINEERING GEOLOGICAL ASSESSMENT OF THE FOUNDATION OF ANNEXURE PART - B 

Annexure Part-B is lying on the southern side of the pump house i.e. towards eastern side of 

annexure part-A (Fig. 12). Annexure Part-B area is excavated up to an average RL +335 m and 

three columns for annexure building are provided in the design on this surface.    

  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12. View of foundation of Annexure Part-B 

 

9.1 Geological and Structural Assessment 

Rock type exposed after excavation in the foundation of Annexure Part-B is granite, which is 

coarse grained, hard and jointed in nature. Its colour varies from pink to grayish and its colour 

Floor of Annexure Part-B 
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variation is due to varying in the amount of orthoclase. Granite is generally fresh in nature. The 

rock mass is characterized by prominent four number of joint sets, which are continuous and 

persistent, slightly rough to with unaltered joint walls. Staining has been recorded along the 

joint surfaces where the joints are tight and where opening is up to 50.0 mm, soft clay mineral 

and crushed material filling has been recorded. In general, the rock mass is characterized by dry 

condition or minor inflow i.e. < 5.0 l/min. Crack/fractures developed due to excavation / 

blasting were also recorded during geological mapping. Some of the cracks are tight while 

some are open and the size of the opening varying from 1 mm to 6 cm. Hairline cracks 

developed due to excavation work were also recorded. The details of the joint characteristics of 

annexure part-A portion are given in Table 18.  

 

Table 18: Joint sets developed in granite on Annexure Part-B area 

Joint 

Set 

Dip 

Direction  

Dip 

Amount 

Spacing 

(cm) 

Persistence 

(m) 

Roughness Aperture 

(mm) 

Infilling 

(mm) 

Groundwater 

Condition 

Remarks 

J1 190-200 65-80 10-50 25 Slightly rough to 
smooth 

Tight to 50 Nil-Clay Damp Joint plane is stained 

J2 240-250 60 30-70 >20 Slightly rough to 

smooth 

Tight to 2 Nil-Clay 

coated 

Damp Joint plane is stained to 

fresh 

J3 310 65 30-100 10 Slightly rough Tight to 1 Nil-Clay 

coated 

Damp Joint plane is stained to 

fresh 

J4 020 80 30-70 10 Slightly rough Tight to 2 Nil-Clay 

coated 

Damp Joint plane is stained to 

fresh 

J5 270 Vertical 50 >10 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

J6 340 70 - >10 Slightly rough Tight to 2 Nil-Clay 
coated 

Damp Joint plane is stained to 
fresh 

J7 330 Vertical - >5 Slightly rough Tight Nil Damp Joint plane is fresh 

 

The rock mass for the foundation of Annexure Part-B is classified as fair and good rock mass 

(RMR 52 to 61) as per Bieniawski’s classification. The details of the RMR values of 

foundation of Annexure Part-B are given in Table 19. 

 

9.2 Geological Map – Foundation of Annexure Part-B  
 

Based on the engineering geological mapping carried out in the foundation of Annexure Part-B 

and the details collected including lithology, joint patterns measured in the field, the geological 

map was compiled on scale 1:200 has been appended to this report as Drawing No. 

NIRM/MGKLIS-II/EG-13-01/13.  
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Table 19: Rock mass classification using ‘RMR’ of the Annexure Part-B 

RMR 
Block No. Rock Type 

Value Class Description 

1 Coarse Pink Granite 52 Class-III Fair 

2 Coarse Pink Granite 52 Class-III Fair 

3 Coarse Pink Granite 52 Class-III Fair 

4 Coarse Pink Granite 52 Class-III Fair 

5 Coarse Pink Granite 52 Class-III Fair 

6 Coarse Pink Granite 52 Class-III Fair 

7 Coarse Pink Granite 52 Class-III Fair 

8 Coarse Pink Granite 61 Class-II Good 

9 Coarse Pink Granite 61 Class-II Good 

10 Coarse Pink Granite 61 Class-II Good 

 

9.3 Inferences and Recommendations for the Foundation of Annexure Part-B  

Based on geological and structural data input, the following inferences and recommendations 

are given for the foundation of annexure part-B: 

a) Based on the field observations and evidences, it is observed that floor area of annexure 

part-B is characterized by coarse grained, hard and jointed pink granite. Depth persistence 

and lateral prevalence of bed rock was established. The floor region is fresh to moderately 

weathered (W-I to W-III) and prominent inclined joints are present. 

b) The grade of rock mass of the foundation of annexure part-A has the RMR values varying 

from 52 to 61 and fall under fair and good rock mass category. 

c) There in a need to properly scale off the loosened rock fragments all along the floor of the 

annexure part-B before the final treatment of foundation. 

d) After providing lining in the area, consolidation grouting (with 2.5 to 3.5 kg/cm2
 pressure) 

up to maximum 10 m depth be done from the top surface using primary, secondary and 

tertiary holes so that the opening created due to blasting are filled and area functions as 

monolithic or single rock mass. 6 m spacing for the primary, 3 m for secondary and 1.5 m 

for tertiary holes, is recommended. 

e) It is recommended to complete blasting before taking up the grouting operation. If blasting 

after grouting is unavoidable, through testing and regrouting is essential after blasting.  
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ANNEXURE - I 

 
Ref. NIRM/EGD/MGKLIS-II/2013/05                                                                               Date: 12.03.2013 

Inspection Note 

 
Project Title 

 
Construction Stage Engineering Geological Investigations of Surge pool and Pump House (5x30 

MW) area of Mahatma Gandhi Kalwakurthi Lift Irrigations Scheme, Stage-II, Mahabubnagar 
District, Andhra Pradesh (Phase-II) 

 
 

The Mahatma Gandhi Kalwakurthi Lift Irrigation Scheme (MGKLIS) is being constructed having the 

three stages (I, II & III) for lifting the Krishna water from Srisailam reservoir (back water) to 

Gudipallygattu balancing reservoir through channels and tunnels. Navayuga Engineering Company Ltd 

is constructing MGKLIS package 2 located at Sathapur village, Mahboobnagar District, A.P. MGKLIS-II 

is being constructed for lifting the water from Singotam balancing reservoir to Jonnalaboguda balancing 

reservoir. The major components of the project are: one 4.0 km long gravity canal from Singotam 

balancing reservoir having bed width of 19.15 m, one 4.553 km long and 6.85 m finished diameter ‘D’ 

shaped tunnel, one surge pool (94m long x 40m width x 75m height), 50m long five numbers of draft 

tube tunnels, one pump house (94 m long X 20 m width X 78 m height) and five numbers, 15m long 

horizontal & 305m long inclined having 3.0 m finished diameter delivery main tunnels. In between the 

Surge pool and Pump house 50m wide rock ledge is proposed is the design. So far Navayuga 

Engineering Company Ltd. has excavated surge pool upto foundation level and pump house up to app. 

RL 330 m. The ground level of surge pool is at RL +382 m and the foundation level is at RL +307 m 

while the ground level of pump house is at RL +383 m and the foundation level is at RL +305.40 m. 

Three draft tubes have been constructed and two are under excavation. All the four sides of the surge 

pool and pump house will be lined with 500 mm RCC filling from the bed line up to max. surge level and 

floored with 300 mm thick raft foundation to distribute the load as per design specification.  

 
Dr. A.K. Naithani, Senior Scientist, NIRM inspected the site on the request of Navayuga Engineering 

Company Ltd. The project site was visited on 06.03.2013 and 07.03.2013 regarding the shear zones 

treatments and lining of surge pool area. The following and other project officials of M/s Navayuga 

Engineering Company Ltd. and Andhra Pradesh Irrigation and CAD Department were present during 

the site inspection and the discussions. 

NIRM Navayuga Engineering Company Ltd. Andhra Pradesh Irrigation and 
CAD Department 

Mr. G. Shashidhar Reddy, AGM Mr. S. Suresh, Executive Engineer  

Mr. Kashi Govinda Rao, Senior Project 
Manager 

Mr. K. Sanjeeva Rao, Deputy 
Executive Engineer 

Mr. Raja Mani, Deputy Project Manager 

Mr. Vinod Kumar, Assistant Project 
Manager 

Dr. A.K. Naithani  

Project Leader, EGD 

Mr. P. Sobhan Babu, Site Engineer 

Mr. P.V. Nagender, Deputy 
Executive Engineer 
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The following decisions were taken after the discussions at the site: 

 

1. Regarding the treatment of thick shear zones special bolting system was suggested at the site 

to the Contractor Engineers. First the gauge should be cleaned out to the desired extent, then 

this dental excavation should be backfilled with concrete (M>25) and finally rock bolt installed 

across the shear zone. The concrete should be allowed to cure for 10-12 days before 

installation of rock bolt. The length of rock bolt will be varying from 5 to 7 m as per the site 

condition. The other support system should be as per approved design. 

2. In the surge pool area for south, east and west walls concrete lining can be done from the 

foundation level to the max. Surge Level + 5 m i.e. +340 level in steps i.e. following the cut 

slope and the remaining portion from +340 to ground level 100 mm shotcreting to be done.  

3. For north wall stability has to be checked by the designer, because after excavation the width of 

rock ledge is less than 20m, particularly towards western side. The reinforced lining will be 

stitched with the insitu rockmass by 3m long, 20mm dia grouted rock bolts at a spacing of 1.5 

mts c/c.     

4. Controlled blasting should be adopted for rock excavation at the ultimate walls of the project to 

minimize deterioration of the rock mass and loose rock mass should be removed by mechanical 

excavator.  

 

 

Dr. Ajay Kumar Naithani 
                                                      Head, Engineering Geology Department 

National Institute of Rock Mechanics 
Ministry of Mines, Govt. of India 

P.O. Champion Reefs  
Kolar Gold Field – 563 117, Karnataka   
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ANNEXURE - II 
 

Ref. NIRM/EGD/MGKLIS-II/2013/06                                                           Dated: 14.05.2013 

 

Note on Geotechnical Assessment of the Foundation of Surge Pool – MGKLIS-II 

 

Project Title - Construction Stage Engineering Geological Investigations of Surge pool and 

Pump House (5x30 MW) area of Mahatma Gandhi Kalwakurthi Lift Irrigations Scheme, Stage-

II, Mahabubnagar District, Andhra Pradesh (Phase-II) 

 

By 

A.K. Naithani and L.G. Singh 
National Institute of Rock Mechanics, Kolar Gold Fields, Karnataka 

 

1. INTRODUCTION 

 

The Mahatma Gandhi Kalwakurthi Lift Irrigation Scheme (MGKLIS) is being constructed 

having the three stages (I, II & III) for lifting the Krishna water from Srisailam reservoir (back 

water) to Gudipallygattu balancing reservoir through channels and tunnels. M/s Navayuga 

Engineering Company Ltd (NECL) is constructing MGKLIS package 2 located at Sathapur 

village, Mahboobnagar District, A.P. MGKLIS-II is being constructed for lifting the water from 

Singotam balancing reservoir to Jonnalaboguda balancing reservoir.  

 

The major components of the project are: one 4.0 km long gravity canal from Singotam 

balancing reservoir having bed width of 19.15m, one 4.553 km long and 6.85m finished 

diameter ‘D’ shaped tunnel, one surge pool (94m long x 40m width x 75m height), 50m long 

five numbers of draft tube tunnels, one pump house (94m long X 20m width X 78m height) and 

five numbers, 15m long horizontal & 305m long inclined having 3.0 m finished diameter 

delivery main tunnels. In between the surge pool and pump house 50m wide rock ledge is 

proposed is the design.  

 

So far Navayuga Engineering Company Ltd has excavated surge pool up to foundation level 

and pump house up to app. RL 330m. The ground level of surge pool is at RL +382m and the 

foundation level is at RL +307m while the ground level of pump house is at RL +383m and the 

foundation level is at RL +305.40m. Three draft tubes have been constructed and two are under 

excavation. All the four sides of the surge pool and pump house will be lined with 500mm RCC 

filling from the bed line up to max. surge level and floored with 300mm thick raft foundation to 

distribute the load as per design specification.  
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This note pertains to large scale engineering geological mapping on 1:200 scale of foundation 

strata at foundation level of surge pool of MGKLIS-II. The objective of this study is to advise 

suitable engineering measures for the treatment of foundation of surge pool based on detailed 

engineering geological investigations. The report pertaining to Construction Stage Engineering 

Geological Investigations of Surge pool and Pump House (5x30 MW) area of Mahatma Gandhi 

Kalwakurthi Lift Irrigations Scheme, Stage-II, Mahabubnagar District, Andhra Pradesh was 

submitted by National Institute of Rock Mechanics (NIRM) to Navayuga Engineering 

Company Ltd in March 2012, containing the large scale geological mapping on 1:200 scale of 

excavated walls of surge pool and pump house and rock ledge between surge pool and pump of 

MGKLIS-II. In the present study, detailed engineering geological mapping on 1:200 scale in 

the foundation of surge pool has been carried out using the Total Station and a total area of 

approximately 3,600 sq.m. has been mapped (Drawing Nos. NIRM/MGKLIS-II/EG-13-01/01). 

 

2. METHODOLOGY 

Grids were prepared for mapping the surge pool floor area. The size of the grid is 2 m X 2 m, 

which was decided based on the mapping accuracy and resolution required for such 

investigations. Grids for mapping were marked on the floor by NECL surveyor using elevation 

& chainages provided by them. Detailed examination of rock types in each grid was carried out 

which includes mineralogical composition, texture, classification and nomenclature and 

degree/grade of weathering. Fracture filling that have taken place in the study site were 

examined and recorded. The attitude and structure of the rocks, fractures and joint pattern 

present in the floor was determined for mapping. ISRM (1978), classifications for weathered 

rock mass was used to characterize the rock mass into different grade (Table-1). The 

assessment of RMR (Bieniawski, 1989) for granites rock masses, based on the rock joints and 

their nature and laboratory test data has been attempted. 

 

Table 1: Description of Weathering Grade (ISRM, 1978) 

Term Description Grade 

Fresh No visible sign of rock material weathering; perhaps slight discolouration on major discontinuity surfaces. I 

Slightly weathered 
Discolouration indicates weathering of rock material and discontinuity surfaces. All the rock material may 

be discoloured by weathering and may be somewhat weaker externally than in its fresh condition. 
II 

Moderately weathered 
Less than half of the rock material is decomposed and / or disintegrated to a soil. Fresh or discoloured 

rock is present either as a continuous framework or as core stones. 
III 

Highly weathered 
More than half of the rock material is decomposed and / or disintegrated to a soil. Fresh or discoloured 

rock is present either as a discontinuous framework or as core stones. 
IV 

Completely weathered All rock material is decomposed and / or disintegrated to soil. The original mass structure is largely intact. V 

Residual soil 
All rock material is converted to soil. The mass structure and material fabric are destroyed. There is a 

large change in volume, but the soil has not been significantly transported.  
VI 
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3. ENGINEERING GEOLOGICAL & GEOTECHNICAL ASSESSMENTS OF FOUNDATION  

Foundation floor geological mapping of the important structures is essential to provide 

permanent data input for geological interpretations during construction and also it forms 

valuable documentation for post-construction stage. For very important structures like deep 

surge pool and pump house of lift irrigation, the foundation strata have to be well studied and 

documented for credible geologic interpretations. Rock is usually recognized as the best 

foundation material. However, design engineers should be aware of the dangers associated with 

heterogeneity and unfavourable rock conditions since over-stressing a rock foundation may 

result in large differential settlements or perhaps sudden failure. 

 

In order to evaluate the design basis foundation parameters for surge pool of MGKLIS-II, 

engineering geological mapping (on 1:200 scale) was carried out by NIRM Geologists. All the 

discontinuities in the rock mass of foundation of surge pool with the zone of influence of the 

foundation has been identified and mapped. The primary purpose of the mapping is to provide a 

permanent record of conditions during the excavation. Mapping will be used to assess the 

requirement of any ground improvement. This permanent foundation record will assist in 

making better interpretation of post-construction foundation instrumentation data. 

 

The floor of surge pool was examined on a grid to grid basis; the size of the grid is 2 m X 2 m. 

All the lithological and structural features were observed and mapped using Total Station 

surveying equipment and shown in the final foundation grade geological plan map. 

Classification of rock mass using Rock Mass Rating (RMR) of Bieniawski (1989) has been 

attempted and based on investigations recommendations for the treatment of foundation are 

given.  

  

3.1 Geological and Structural Assessment – Floor of Surge Pool  

The foundation of surge pool will be resting as per design on a raft of 300 mm thick at about 

75.0 m below the existing ground level for functional requirement. The design ground level is 

at RL +307.00 but in some areas it is excavated up to an average RL +306.34 and the over 

excavation is varying from 0.100m to 1.141m because of presence of unfavourable 

discontinuities, shear zones and blasting. On the basis of surface geological mapping the 

excavated surface is acceptable for foundation because the rock mass is competent. Total 3600 
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sq.m excavated foundation area of surge pool floor has been geologically mapped. Geological 

foundation mapping was done after the excavation and before first pore of concrete. 2 m x 2 m 

grids were used for mapping of the floor. Based on the field observations and evidences, it is 

found that the entire floor area consists of coarse grained, hard and jointed pink granites. Total 

fifteen shear zones are mapped. The width of the shear zones are varying from 0.1 cm to 40 cm 

cm. No displacement has been recorded along shear zones. No evidences of faulting are 

observed on the surface of floor area. The structural features observed during the mapping 

indicated the need for consolidation grouting so that the entire floor are function as single rock 

mass. 

 

Pink granites are coarse grained, hard and jointed and shows phenocryst of alkali feldspar and 

quartz. Main minerals composition is alkali feldspars, quartz, mica and amphiboles. Five 

prominent joints set are developed and along the joint plane clay filling/coating was also 

recorded. Joints are irregular in pattern. Granites are generally fresh to moderately weathered 

(WI–WIII). At the foundation level granites are traversed by dolerite dykes (feature D1, D2 & 

D3 marked in Drawing No NIRM/MGKLIS-II/EG-13-01/01). Dolerite dykes are fine grained 

and greenish-black in colour. The width of the dykes varies from 40cm to 200cm and their 

strike length is more than 100 m in excavated part of surge pool. Dykes are generally sheared 

and in D1 and D3 clay gouge was observed. Plagioclase and clinopyroxene (augite / 

titanaugite) are the main minerals occurring in ophitic to sub-ophitic textures in dolerite. 

Quartz, epidote and opaques occur as accessories. Amphibole, biotite, sericite occur as 

alteration products. Dykes are generally moderately to highly weathered (WIII – WIV). 

 

The rock mass is characterized by prominent five number of joint sets, which are continuous 

and persistent, slightly rough to smooth with unaltered joint walls. Staining has been recorded 

along the joint surfaces where the joints are tight and where opening is up to 20.0 mm, soft clay 

mineral and crushed material filling has been recorded. In general, the rock mass is 

characterized by dry condition or minor inflow i.e. < 5.0 l/min. Crack/fractures developed due 

to excavation / blasting were also recorded during geological mapping. Some of the cracks are 

tight while some are open with size of the opening varying from 1 mm to 4 mm. Hairline 

cracks developed due to excavation work were also recorded. The prominent joints recorded in 

the coarse grained granite at the foundation of surge pool are given in Table 2. 
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Plate 1. Cleaning the foundation level of Surge Pool         Plate 2. Marking of grids on the foundation level  

 

 

 

 

 

 

 

 

 

Plate 3. Collection of engineering geological data from     Plate 4. Highly jointed area marked as feature A in the  

              the foundation of surge pool                                               Drawing No. NIRM/MGKLIS-II/EG1301/01    

 

 

Table 2: Prominent joints developed in coarse grained granite at the foundation of surge pool 

Joint 

No 

Dip 

Direction  

Dip 

Amount 

Spacing 

(cm) 

Persistence 

(m) 

Roughness Aperture 

(mm) 

Infilling 

(mm) 

Groundwater 

Condition 

Remarks 

1 320 30-40 - 25 Slightly rough to 

smooth 

Up to 70 Clay Damp Shear zone (SH-15) 

2 290 Vertical 7-70 10 Slightly rough Tight to 1 Nil Damp Joint plane is fresh 

3 290 Vertical 20-30 7 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

4 320 Vertical 28-50 7 Slightly rough Tight Nil Damp Joint plane is fresh 

5 320 Vertical 28-50 7 Slightly rough Tight Nil Damp Joint plane is fresh 

6 040-070 35-40 7-80 8 Slightly rough Tight to 2 Nil Damp Joint plane is stained 

7 070 35-40 7-80 8 Slightly rough Tight to 2 Nil Damp Joint plane is stained 

8 055 50 25 15 Slightly rough Tight to 2 Nil Damp Joint plane is stained 

9 300 Vertical 25 15 Slightly rough Tight Nil Damp Joint plane is fresh 

10 060 55 25 15 Slightly rough Tight Nil Damp Joint plane is fresh 

11 240 Vertical - 10 Slightly rough Tight Nil Damp Joint plane is fresh 

12 130 35 100 10 Slightly rough Tight Nil Damp Joint plane is fresh 

13 305 48 10-80 25 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

14 295 Vertical 30-70 15 Slightly rough Tight Nil Damp Joint plane is fresh 

15 065 25-30 50-60 20 Slightly rough Tight Nil Damp Joint plane is fresh 
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Joint 

No 

Dip 

Direction  

Dip 

Amount 

Spacing 

(cm) 

Persistence 

(m) 

Roughness Aperture 

(mm) 

Infilling 

(mm) 

Groundwater 

Condition 

Remarks 

16 270 Vertical - 8 Slightly rough Tight to 2 Nil Damp Joint plane is stained 

16a 350 70-75 - 8 Slightly rough Tight to 2 Nil Damp Joint plane is stained 

17 020 60-70 25-30 17 Slightly rough Tight to 2 Nil Damp Joint plane is stained 

18 290 Vertical - 24 Slightly rough to 

smooth 

Tight to 2 Clay Damp Slightly weathered 

19 020-060 50-60 10-20 15 Slightly rough Tight Nil Damp Joint plane is fresh 

20 260 60 30 20 Slightly rough to 

smooth 

40 Clay Damp Shear zone (SH-14) 

21 260 50-55 - 23 Slightly rough to 

smooth 

300 to 400 Clay Damp Shear zone (SH-13) 

22 210 Vertical - 32 Slightly rough 20 Crushed 

rock 

material 

Damp Joint plane is fresh 

23 290 50 20-40 5 Slightly rough Tight Nil Damp Joint plane is fresh 

24 290 Vertical 7-10 24 Slightly rough Tight Nil Damp Joint plane is fresh 

25 100 40-60 10-20 30 Slightly rough Tight Nil Damp Joint plane is fresh 

26 060 50-60 10-20 11 Slightly rough Tight to 2 Nil Damp Joint plane is stained 

27 255 Vertical 10-20 15 Slightly rough Tight Nil Damp Joint plane is fresh 

28 290 Vertical 10-100 10 Slightly rough Tight Nil Damp Joint plane is fresh 

29 290 Vertical 10-100 10 Slightly rough Tight Nil Damp Joint plane is fresh 

30 220 70 15-60 20 Slightly rough Tight Nil Damp Joint plane is fresh 

30a 310 Vertical 15-60 20 Slightly rough Tight Nil Damp Joint plane is fresh 

31 045 50 16-70 20 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

32 290 Vertical 10-50 11 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

32a 020 80-85 10-50 11 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

33 010 70-80 10-30 24 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

35 010 40-50 20-30 13 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

36 260 60 10-100 12 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

37 020 Vertical - 8 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

38 325 20-25 80-100 14 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

39 310 70-75 30-40 15 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

40 310 45-60 - 22 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

42 230-265 60-70 - 84 Smooth 300 to 1500 Clay Damp Dolerite dyke (D1) sheared 

with clay gauge, moderately to 

highly weathered  

43 050 80-85 7-30 10 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

44 040 70-80 7-30 8 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

45 310 Vertical 7-40 20 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

46 300 Vertical 7-35 15 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

47 020 80 16-35 12 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

47a 200 60-70 16-35 12 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

48 020 75 10-40 20 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

49 035 85 20-50 20 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

50 170 65-70 40-50 18 Slightly rough Tight Nil Damp Joint plane is fresh 

51 255 Vertical - 20 Smooth 50 Clay Damp Shear zone (SH-12) 

52 325 30-50 100 12 Slightly rough Tight Nil Damp Joint plane is fresh 

53 260 Vertical 20-40 20 Slightly rough Tight Nil Damp Joint plane is fresh 

54 335 20-30 100 14 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

55 70-80 30-35 150 7 Slightly rough Tight to 1 Nil Damp Joint plane is stained 
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Joint 

No 

Dip 

Direction  

Dip 

Amount 

Spacing 

(cm) 

Persistence 

(m) 

Roughness Aperture 

(mm) 

Infilling 

(mm) 

Groundwater 

Condition 

Remarks 

56 310 70-75 - 15 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

57 090 45-50 20-40 22 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

58 200 80-85 20-70 15 Slightly rough Tight Nil Damp Joint plane is fresh 

59 005 40-50 20-60 22 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

60 200 80 10-30 12 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

60a 010 80 10-30 11 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

61 205 65 10-60 25 Slightly rough Tight Nil Damp Joint plane is fresh 

62 005 70-80 20-50 18 Slightly rough Tight Nil Damp Joint plane is fresh 

62a 215 80-85 20-50 17 Slightly rough Tight Nil Damp Joint plane is fresh 

63 090 40 80 12 Slightly rough Tight Nil Damp Joint plane is fresh 

64 130 30 - 7 Smooth 2mm Clay Damp Shear zone (SH-11) 

65 120-130 40 60 8 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

66 080 35 - 20 Smooth Tight to1 Clay Damp Slightly to moderately 

weathered 

67 010 20 10-40 22 Slightly rough Tight Nil Damp Joint plane is fresh 

68 235 45 - 4 Smooth 3 Crushed 

rock 

filling 

Damp Fresh to slightly weathered 

69 260 65-70 - 13 Slightly rough Tight Nil Damp Joint plane is fresh 

73 270 80-85 - 24 Smooth 2000 Crushed 

material 

Damp Dolerite dyke (D2) sheared and 

crushed material, moderately to 

highly weathered 

74 040 45 10-30 13 Smooth 1 to 5 Clay Damp Minor shear zone (SH-4) 

74a 310 Vertical 10-30 12 Smooth 1 to 5 Clay Damp Minor shear zone (SH-4) 

75 010 80-85 10-15 30 Smooth 1 to 3 Clay Damp Minor shear zone (SH-2) 

76 170 40-50 10-40 9 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

77 220 65-70 100 25 Smooth 3 to 7 Clay Damp Minor shear zone (SH-6) 

78 050 60-70 10-15 24 Smooth 3 to 7 Clay Damp Minor shear zone (SH-7) 

79 310 Vertical - 16 Smooth 300 to 400  Clay Damp Dolerite dyke (D3) sheared 

with clay gauge, moderately to 

highly weathered  

80 310 Vertical - 8 Smooth 200 to 300 Clay Damp Shear zone (SH-10) 

80a 310 Vertical - 11 Smooth 200 to 300 Clay Damp Shear zone (SH-09) 

81 270 60-65 10-100 25 Smooth 2 to 4 Clay Damp Shear zone (SH-08) 

82 310 45-50 40-60 34 Smooth 2 to 4 Clay Damp Shear zone (SH-01) 

83 310 40-80 - 11 Smooth 2 to 4 Clay Damp Shear zone (SH-03) 

84 300 60 50-80 7 Slightly rough 1 to 2 Nil Damp Joint plane is stained 

85 215 65 10-30 7 Slightly rough 1 to 2 Nil Damp Joint plane is stained 

86 305 65 100 14 Slightly rough 1 to 2 Nil Damp Joint plane is stained 

87 310 Vertical 10-30 25 Slightly rough Tight Nil Damp Joint plane is fresh 

87a 210 80 10-30 25 Slightly rough to 

smooth 

1 to 2 Clay Damp Slightly weathered 

88 210 45-60 10-40 7 Slightly rough 1 to 2 Nil Damp Joint plane is stained 

89 110 45 100 14 Slightly rough to 

smooth 

1 to 2 Clay Damp Slightly weathered 

90 270 Vertical - 18 Slightly rough 1 to 2 Nil Damp Joint plane is stained 

91 170 30-70 10-35 13 Smooth 4 to 6 Clay Damp Shear zone (SH-05) 

92 020 80-85 10-30 20 Slightly rough 1 to 2 Nil Damp Joint plane is stained 

93 025 65 10-30 30 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

94 010 65 10-30 22 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

95 035 60-65 10-40 34 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

96 025 75 - 23 Slightly rough Tight to 1 Nil Damp Joint plane is fresh 

97 010 60 - 12 Slightly rough 1 to 2 Nil Damp Joint plane is stained 

98 010 65 - 10 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

99 110 30-55 100 12 Slightly rough 1 to 2 Nil Damp Joint plane is stained 

100 080 45 - 9 Slightly rough Tight to 1 Nil Damp Joint plane is fresh 

101 310 55 30 12 Slightly rough 1 to 2 Nil Damp Joint plane is stained 

102 295 55 100 18 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

103 300 50 50-100 22 Slightly rough Tight to 1 Nil Damp Joint plane is fresh 

104 310 60-80 100 25 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

105 325 30-55 100 22 Slightly rough Tight to 1 Nil Damp Joint plane is stained 
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Joint 

No 

Dip 

Direction  

Dip 

Amount 

Spacing 

(cm) 

Persistence 

(m) 

Roughness Aperture 

(mm) 

Infilling 

(mm) 

Groundwater 

Condition 

Remarks 

106 330 30-45 - 15 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

107 325 40 - 14 Slightly rough Tight to 1 Nil Damp Joint plane is stained 

108 100 45 - 18 Slightly rough Tight Nil Damp Joint plane is fresh 

109 100 45 - 8 Slightly rough Tight Nil Damp Joint plane is fresh 

110 025 20 100 10 Slightly rough Tight to 1 Nil Damp Joint plane is fresh 

 

3.2 Geological Plan – Floor of Surge Pool  

Based on the engineering geological mapping carried out at the foundation of surge pool, and 

the details collected including lithology and joint patterns measured in the field, the geological 

map was compiled on scale of 1:200, and it has been appended to this note as Drawing No 

NIRM/MGKLIS-II/EG-13-01/01. 

 

3.3 Evaluation of Safe Bearing Capacity 

Safe Bearing Pressure is an important factor for the design of foundation for large engineering 

structures. The ultimate bearing capacity (q.ult) is defined as average load per unit area 

required to produce failure by rupture of a supporting rock mass. The bearing capacity in 

jointed rock masses can be estimated by Rock Types, Rock Mass Rating (RMR), Uniaxial 

Compressive Strength (UCS), Point Load Strength, Rock Quality Designations (RQD), 

Pressure Meter Test and Plate Load Test (IS:12070–1987, Peck et.al., 1974). The methods 

based on the Rock Type and Rock Mass Rating (RMR) are used to evaluate the bearing 

capacity foundation parameters for the foundation of surge pool. For this the average Rock 

Mass Rating (RMR) is taken for the estimation of Safe Bearing Pressure using the procedure 

given in IS Code : 12070 – 1987.  

 

Based on Rock Mass Classification: The rock type is coarse grained granite, which is a 

‘crystalline bedrock, including granite’; therefore 

  

  Rock Type (Material) = Granite  

  Net safe bearing pressure (q ns) = 1000 t/m
2 
  

Correction factor (for rock mass with continuous joints 

with aperture up to 5 mm and clay filled) 
= 0.50 

Allowable bearing pressure (qallow) = q ns * correction factor 

 = 1000 * 0.50  t/m
2 
  

 = 500.0  t/m
2 
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Based on Rock Mass Rating, (RMR):  

Average RMR = 47.4 

Classification of rock mass = Class III   

Description of rock mass = Fair 

Net safe bearing pressure (qns)   = 194.45 t/m
2 
  

Correction factor (for rock mass with continuous joints 

with aperture up to 5 mm and clay filled) 

= 0.50 

Allowable bearing pressure (qallow) = qns * correction factor 

 = 194.45 * 0.50 

 = 97.225 t/m
2
 

 

The safe bearing pressure and allowable bearing pressure calculated from the above two 

methods viz. by rock characteristic and RMR method are summarized in table 3 for the surge 

pool. 

 

Table 3 : Safe bearing pressure and allowable bearing pressure for surge pool foundation 

Sl. 

No. 
Method 

Safe Bearing Pressure, 

t/m
2
 

Allowable Bearing 

Pressure, t/m
2
 

01 Base on rock characteristic 1000.0 500.0 

02 Based on Rock Mass Rating 194.45 97.225 

 

It is recommended to adopt the allowable pressure value obtained from RMR, that is 97.225 

t/m
2
 for the design of foundation on this stratum for surge pool. 

 

3.4 Geotechnical Assessment - Floor of Surge Pool  

The floor area of the surge pool is falling under weathering grade 1 to 3 (WI - WIII). The grade 

of the rock mass as evaluated from the UCS and conditions of discontinuities has RMR values 

are varying from 37 to 63 and fall under poor to good rock. Randomly 20 samples were 

selected from the foundation of surge pool for the unconfined compressive strength and test 

results are summarized in Table 4. The uniaxial compressive strength test is primarily an index 

test for strength classification of rock materials. Tests were conducted at site and specimens 

were tested at a moisture content close to field conditions. Locations of samples are shown in 

Drawing No NIRM/MGKLIS-II/EG-13-01/01.  
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Table 4 : Uniaxial compressive strength of rock from foundation level of surge pool  

Uniaxial Compressive Strength 

(UCS) (MPa) 
RMR Sr. 

No 

Sample 

No. 
Rock Type Load (N) 

Cross Sectional 

Area (mm2) 
Value  Class (ISRM, 1978) Value Class 

1 UCS-1 Coarse Pink Granite 750000 3600 208.33 Very High Strength 57 III 

2 UCS-2 Coarse Pink Granite 750000 3600 208.33 Very High Strength 63 II 

3 UCS-3 Coarse Pink Granite 800000 3600 222.22 Very High Strength 43 III 

4 UCS-4 Coarse Pink Granite 1000000 4900 204.08 Very High Strength 47 III 

5 UCS-5 Coarse Pink Granite 900000 4900 183.67 Very High Strength 54 III 

6 UCS-6 Coarse Pink Granite 700000 3600 194.44 Very High Strength 58 III 

7 UCS-7 Coarse Pink Granite 850000 3600 236.11 Very High Strength 42 III 

8 UCS-8 Coarse Pink Granite 900000 3600 250.00 Very High Strength 47 III 

9 UCS-9 Coarse Pink Granite 900000 4900 183.67 Very High Strength 59 III 

10 UCS-10 Coarse Pink Granite 900000 4900 183.67 Very High Strength 52 III 

11 UCS-11 Coarse Pink Granite 850000 3600 236.11 Very High Strength 40 IV 

12 UCS-12 Coarse Pink Granite 1050000 3600 291.67 Extremely High Strength 41 III 

13 UCS-13 Coarse Pink Granite 900000 3600 250.00 Very High Strength 47 III 

14 UCS-14 Coarse Pink Granite 750000 3600 208.33 Very High Strength 50 III 

15 UCS-15 Coarse Pink Granite 900000 3600 250.00 Very High Strength 37 IV 

16 UCS-16 Coarse Pink Granite 800000 3600 222.22 Very High Strength 47 III 

17 UCS-17 Coarse Pink Granite 750000 3600 208.33 Very High Strength 38 IV 

18 UCS-18 Coarse Pink Granite 900000 4900 183.67 Very High Strength 38 IV 

19 UCS-19 Coarse Pink Granite 650000 4900 132.65 Very High Strength 38 IV 

20 UCS-20 Coarse Pink Granite 750000 4900 153.06 Extremely High Strength 50 III 

 

4. Recommendations – Floor of Surge Pool  

Based on above studies, the following recommendations have been made: 

a. Based on the field observations and evidences, it is observed that area in the floor of 

surge pool site is characterized by coarse grained, hard and jointed pink granite 

(containing alkali feldspars, quartz, mica and amphibole) traversed by dolerite dykes. 

Depth persistence and lateral prevalence of bed rock was established. The floor region 

is fresh to moderately weathered (W-I to W-III) but prominent vertical/inclined joints 

are present. 

b. The test results and field observations indicate that the rock mass is quite competent and 

acceptable for the foundation of the surge pool. The grade of the rock mass as evaluated 

from the condition of discontinuities and UCS, has RMR values varying from 37 to 63 

and falls under poor to good rock mass. 
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c. The basic requirements of a foundation are firstly, it should behave as a homogeneous / 

monolith, secondly, it should be free from differential settlement & sliding and thirdly, 

if the structure has to retain water above/behind it, the foundation should be watertight. 

The foundation of the surge pool has to be made massive and requires varied treatments 

on all the three counts to achieve the objective. 

d. The rocks exposed at the foundation grade of the surge pool are jointed pink granite 

interspersed with sheared dolerite dykes. Shear zones having the varying thickness are 

mapped which are having differential mechanical behavior due to varying physical 

properties leading to differential settlement. In order to overcome the problem of 

differential settlement shear zones treatment plan is given in Table 5. 

Table 5 : Treatment plan for shear zones at the foundation level of Surge Pool 

Shear Zone Thickness Recommended 

Excavation Depth 

Treatment Plan 

D1 Up to 2.0 m 2.8 m Dolerite dyke is sheared having clay gauge, should be 

excavated up to 2.8 m depth by mechanical breakers 

and backfilled with concrete (M≥25) up to the 

foundation level after systematic cleaning, washing 

and jetting to make the rock mass monolithic. The 

concrete should be allowed to cure for 10-12 days 

before rock bolting. The length of rock bolt will be 

varying from 4 to 5 m as per the site condition.  

D2 Up to 2.0 m 2.0 m Dolerite dyke is crushed and sheared, should be 

excavated up to 2.0 m depth by mechanical breakers 

and backfilled with concrete (M≥25) up to the 

foundation level. The concrete should be allowed to 

cure for 10-12 days before rock bolting. The length of 

rock bolt will be varying from 4 to 5 m as per the site 

condition. 

D3 Up to 0.40 m 1.6 m Dolerite dyke is sheared having clay gauge, should be 

excavated up to 1.6 m depth by mechanical breakers 

and backfilled with concrete (M≥25) up to the 

foundation level.  

SH-9, SH-10, 

SH-13 

30.00 to 

40.00 cm 

0.80 m Shear zones area should be excavated up to 0.80 m 

depth by mechanical breakers and backfilled with 

concrete (M≥25) up to the foundation level. 

SH-15 Up to 7.00 

cm  

0.25 m Shear zone having clay gauge should be excavated up 

to 0.25 m depth by mechanical breakers and backfilled 

with concrete (M≥25) up to the foundation level. 

SH-1, SH-2, 

SH-3, SH-4, 

SH-5, SH-6, 

SH-7, SH-8, 

SH-11, SH-12, 

SH-14 

Up to 4.00 

cm 

0.10 m Shear zones having clay gauge should be excavated up 

to 0.10 m depth by mechanical breakers and backfilled 

with concrete (M≥25) up to the foundation level. 
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e. The structural features observed during the mapping indicated that the consolidation 

grouting up to 6.0 m should be done in the foundation of surge pool using primary, 

secondary and tertiary holes so that the entire floor area functions as a single rock mass. 

The pressure and proportion of grout mixes to be used for injection shall be based on 

water pressure test and the results of trial grouting operation. Special care to be taken to 

consolidate rock mass along the weak zones / shear zones. The holes which absorb 

water greater than 3 lugeons, shall invariable be grouted. (1 Lugeon is water loss of 1 

lit/m/min at a pressure of 10 kg/sq.cm.). Recommended BIS codes for the grouting are 

IS-6066 and IS-5529 Part-2.  

f. The grout holes shall be laid out in line with secondary holes staggered with reference 

to the primary holes on the adjacent lines. Spacing between holes initially shall be 5 m 

centre to centre. After completing the grouting through these primary holes intermediate 

holes will be taken in between primary holes. The number of holes for further grouting 

(tertiary grouting – which will be determined based on results of drilling and grouting of 

intermediate holes) will be such that a continuous consolidated area of satisfactory 

water tightness is achieved.  

g. It is recommended to complete blasting before taking up grouting operation. If blasting 

after grouting is unavoidable, through testing and regrouting is essential after blasting.   

h. Plain Cement Concrete (PCC) of M15 grade lining up to the design foundation level 

(i.e. RL+307.00 m) should be done before 300 mm thick raft foundation. This has to be 

checked by the designer.  

i. During the foundation treatment, it should be ensured that area is free from water and 

Contractor shall take all necessary precautions and measures to exclude ground water 

and water from other sources such as underground streams, aquifers, springs, artisans, 

precipitation or infiltration from the surface flows etc. so as to enable the works to be 

carried out in dry condition in accordance with the construction schedule.                  

j. On the floor detached rock-masses are laying in scattered form, which need to be 

removed before any protective measure is applied. 
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ANNEXURE - III 

Ref. No. NIRM/EGD/MGKLIS-PII/2013/17 Dated: 16.09.2013 

Note on Geotechnical Assessment of the North Wall of Surge Pool and Rock Ledge  

Project Title : Construction Stage Engineering Geological Investigations of Surge pool and 

Pump House (5x30 MW) area of Mahatma Gandhi Kalwakurthi Lift 

Irrigations Scheme, Package-II, Mahabubnagar District, Andhra Pradesh 

(Phase-II) 

By 

A.K. Naithani and L.G. Singh 

National Institute of Rock Mechanics, Ministry of Mines, Govt. of India, Kolar Gold Fields 

Karnataka 

 

1. INTRODUCTION 

The Mahatma Gandhi Kalwakurthi Lift Irrigation Scheme (MGKLIS), under construction has 

three stages (I, II & III) for lifting the Krishna water from Srisailam reservoir (back water) to 

Gudipallygattu balancing reservoir through channels and tunnels. M/s Navayuga Engineering 

Company Ltd (NECL) is constructing MGKLIS stage II located at Sathapur village, 

Mahboobnagar District, A.P. MGKLIS-II is being constructed for lifting the water from 

Singotam balancing reservoir to Jonnalaboguda balancing reservoir.  

 

The major components of the project are: one 4.0 km long gravity canal from Singotam 

balancing reservoir having bed width of 19.15m, one 4.553 km long and 6.85m finished 

diameter ‘D’ shaped tunnel, one surge pool (94m long x 40m width x 75m height), 50m long 

five numbers of draft tube tunnels, one pump house (94m long X 20m width X 78m height) and 

five numbers, 15m long horizontal & 305m long inclined having 3.0 m finished diameter 

delivery main tunnels. In between the surge pool and pump house 50m wide rock ledge is 

proposed is the design.  

 

So far Navayuga Engineering Company Ltd has excavated surge pool up to foundation level 

and pump house up to app. RL 320 m. The ground level of surge pool is at RL +382 m and the 

foundation level is at RL +307 m while the ground level of pump house is at RL +383 m and 

the foundation level is at RL +305.40 m. Three draft tubes have been constructed and two are 

under excavation. All the four sides of the surge pool and pump house will be lined with 500 
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mm RCC lining from the bed line up to maximum surge level / pump levels and floored with 

300mm thick raft foundation to distribute the load as per design specification.  

 

This note pertains to large scale engineering geological mapping on 1:200 scale of excavated 

north wall of surge pool and rock ledge existing between surge pool and pump house of 

MGKLIS-PII. The objective of this study is to advise suitable engineering measures for 

stabilization of excavated north wall and the treatment of foundation of rock ledge based on 

detailed engineering geological investigations. The report pertaining to “Construction Stage 

Engineering Geological Investigations of Surge Pool and Pump House (5x30 MW) area of 

Mahatma Gandhi Kalwakurthi Lift Irrigations Scheme, Stage-II, Mahabubnagar District, 

Andhra Pradesh” was submitted by National Institute of Rock Mechanics (NIRM) to Navayuga 

Engineering Company Ltd in March 2012, containing the large scale geological mapping on 

1:200 scale of excavated walls of surge pool and pump house and rock ledge between surge 

pool and pump of MGKLIS-II. In the present study, detailed engineering geological mapping 

on 1:200 scale in the north wall of surge pool and foundation of rock ledge has been carried out 

using the Total Station and a total area of approximately 4,100 sq.m. has been mapped 

(Drawing Nos. NIRM/MGKLIS-II/EG-13-01/02 and NIRM/MGKLIS-II/EG-13-01/03). 

 

2. METHODOLOGY 

Grids were prepared for mapping the excavated north wall of surge pool and floor area of rock 

ledge. The size of the grid is 2 m X 2 m, which was decided based on the mapping accuracy 

and resolution required for such investigations. Grids for mapping were marked on the floor 

and wall by NECL surveyor using elevation & chainages provided by them. Detailed 

examination of rock types in each grid was carried out which included mineralogical 

composition, texture, classification and nomenclature and degree/grade of weathering. Fracture 

filling that have taken place in the study site were examined and recorded. The attitude and 

structure of the rocks, fractures and joint pattern present in the wall and floor was determined 

for mapping. ISRM (1978) classifications for weathered rock mass was used to characterize the 

rock mass into different grades (Table-1). The assessment of Tunnelling Quality Index ‘Q’ 

(Barton et.al. 1974, 1980) for granite rock masses of north wall, based on the rock joints 

characteristics of the north wall of surge pool, has been done while the assessment of RMR 
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(Bieniawski, 1989) for granite rock masses of rock ledge between surge pool and pump house, 

has been attempted based on the rock joints and their nature. 

 

Table 1: Description of Weathering Grade (ISRM, 1978) 

Term Description Grade 

Fresh 
No visible sign of rock material weathering; perhaps slight discolouration on major 

discontinuity surfaces. 
I 

Slightly 

weathered 

Discolouration indicates weathering of rock material and discontinuity surfaces. All 

the rock material may be discoloured by weathering and may be somewhat weaker 

externally than in its fresh condition. 

II 

Moderately 

weathered 

Less than half of the rock material is decomposed and / or disintegrated to a soil. Fresh 

or discoloured rock is present either as a continuous framework or as core stones. 
III 

Highly 

weathered 

More than half of the rock material is decomposed and / or disintegrated to a soil. 

Fresh or discoloured rock is present either as a discontinuous framework or as core 

stones. 

IV 

Completely 

weathered 

All rock material is decomposed and / or disintegrated to soil. The original mass 

structure is largely intact. 
V 

Residual soil 

All rock material is converted to soil. The mass structure and material fabric are 

destroyed. There is a large change in volume, but the soil has not been significantly 

transported.  

VI 

 

3. ENGINEERING GEOLOGICAL & GEOTECHNICAL ASSESSMENTS OF VERTICAL 

WALL AND ROCK LEDGE 

Vertical wall and foundation floor geological mapping of the important structures is essential to 

provide permanent data input for geological interpretations during construction and also it 

forms valuable documentation for post-construction stage. For very important structures like 

deep surge pool and pump house of lift irrigation, the foundation strata have to be studied and 

documented for credible geologic interpretations. Rock is usually recognized as the best 

foundation material. However, design engineers should be aware of the dangers associated with 

heterogeneity and unfavourable rock conditions since over-stressing a rock foundation may 

result in large differential settlements or perhaps sudden failure. 

 

In order to evaluate the design basis foundation parameters for rock ledge of MGKLIS-PII, 

engineering geological mapping (on 1:200 scale) was carried out by NIRM Geologists. All the 

discontinuities in the rock mass of foundation of rock ledge with the zone of influence of the 

foundation has been identified and mapped. The primary purpose of the mapping is to provide a 

permanent record of conditions during the excavation. Mapping will be used to assess the 
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requirement of any ground improvement. This permanent foundation record will assist in 

making better interpretation of post-construction foundation instrumentation data. 

 

The excavated north wall of surge pool and floor of rock ledge was examined on a grid to grid 

basis; the size of the grid is 2 m X 2 m. All the lithological and structural features were 

observed and mapped using Total Station surveying equipment and shown in the final 

foundation grade geological plan map. Classifications of rock mass using Tunnel Quality Index 

‘Q’ of Barton et.al. 1974 and Rock Mass Rating (RMR) of Bieniawski (1989) have been 

attempted and based on investigations recommendations for the treatment of north vertical wall 

of surge pool and foundation of rock ledge are given.  

  

3.1 Engineering Geological Assessment of North Wall – Surge Pool 

The north wall of surge pool is excavated from RL +351.00m to design RL +307.00m. This 

wall is aligning along the N305°-N125°direction. After the final excavation the average height 

of the wall is 42.0m from foundation level at RL +306.00m to the top of the wall which is at 

RL +348.00m and the total design length of wall is 94.0m. Over excavation was mapped, 

which may be due to unfavourable geological discontinuities.     

 

The rock type exposed after excavation on the wall section is granite which is coarse grained, 

hard and jointed in nature. Its colour varies from pink to greyish and its colour variation is due 

to varying amount of orthoclase (Plate 1). Granite is generally fresh to moderately weathered. 

This rock will also be present at the foundation level of pump house. The rock mass is 

characterized by prominent six number of joint sets, which are continuous and persistent, 

smooth–planar to smooth-undulating with unaltered to slightly altered joint walls. Staining has 

been recorded along the joint surfaces where the joints are tight and where opening is up to 3.0 

mm, soft clay mineral and crushed material filling has been recorded. In general, the rock mass 

is characterized by dry condition or minor inflow i.e. < 5.0 l/min. Crack/fractures developed 

due to excavation / blasting were also recorded during geological mapping. Some of the cracks 

are tight while some are open and the size of the opening varies from 1 mm to 6 cm. Hairline 

cracks developed due to excavation work were also recorded. The details of the joint 

characteristics of north wall of surge pool are given in Table 2. During excavation rock slides 

occurred towards western part of the surge pool along this excavated vertical wall. Rock mass 
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failure was due to structural wedge formation between dyke-2 (N240°/65°) & joint (N180°-

190°/45°-50°) and extended to 1.5m to 2.0m depth into the excavated line of face.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Plate 1: View of north wall of surge pool; rock types are pink and grey granites intruded by dolerite dykes 

 
Table 2: Joint sets developed in granite at the face of north wall of surge pool 

1 2 3 4 5 6 7 8 9 10 

J1 020 - 040  60 – 70  10 – 50 > 20 SP/SU Tight None Dry Dipping inside the wall i.e. towards south wall 

of pump house. Crushed material at the north-
east corner. 

J2 340 – 351 70 5 – 50 > 20 SP/SU Tight to 

3 mm 

Clay coating along 

the joint plane 

Dry Dipping inside slope i.e. towards western wall.  

J3 300 – 325  45 – 80  10 – 100 > 20 SP/SU Tight to 

3 mm 

Clay coating along  

some joint plane 

Dry Dipping towards west wall side. 

J4 180 – 190 40 – 60  5 – 40 5 – 10 SU Tight None Dry Dipping towards surge pool i.e. south-eastern 

direction. 

J5 220 – 230  50 – 75 - 2 – 7 SU Tight to 

2 mm 

Clay coating Dry Dipping towards surge pool. 

J6 240 – 250 60 30 – 100 > 20 SP/SU Tight None Dry Dipping towards surge pool, dyke is parallel to 

this joint set. Unfavourable for the stability of 

wall. 

J7  040 Vertical 30 – 100 10 SP Tight None  Dry  Vertical joint, mainly in the central portion of 

the wall. 

J8 050 – 070 70 - 5 – 10 SP/SU Tight to 

3 mm 

Crushed rock 

fragments 

Dry Random joint, dipping inside wall i.e. north 

eastern direction. 

J9 100 10 - 50 – 100 SP/SU Tight to 

2 mm 

Crushed rock 

fragments 

Dry Random joint, dipping towards inside the wall 

i.e. eastern direction 

J10 310 Vertical - 5 SU Tight None Dry Vertical joint, mainly in the western part of 

surge pool  

1- Joint Sets, 2- Dip Direction, 3- Dip Amount, 4- Spacing (cm), 5- Persistence (m), 6- Roughness, 7- Aperture (mm), 8- Infilling (mm), 9- 
Groundwater Condition, 10- Remarks ; SP- smooth planar, SU – smooth undulating 

Draft Tube-1 Draft Tube-2 

Draft Tube-3 
Draft Tube-4 

Draft Tube-5 

D
o
lerite D

y
k
e-1

 

D
o
lerite D

y
k
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Two intrusive dolerite dykes (features dyke-1 and dyke-2 in Drawing No NIRM/MGKLIS-

II/EG-13-03/02) were mapped on the eastern and western sides of the north wall. Dyke-1 is 

trending in N265° direction with a dip amount of 75°, and a strike length of more than 100m 

has been mapped on the eastern side of the wall, i.e., between easting 111 at RL +349m on the 

top of the wall and easting 1017 at RL +307m i.e. bottom of the excavated part. The width of 

dyke-1 is varying from 0.80m to 2.0m. The prominent joint set intersecting the dyke-1 are: 

N350° (dip direction)/ 65° (dip amount), N30°/65° and N310°/45°. Dyke-2 is trending in 

N240° direction with a dip amount of 65°, and a strike length of more than 100m has been 

mapped on the western side of the wall, i.e. between easting 971 at RL +348m on the top of the 

wall and easting 973 at RL +307m i.e. bottom of the wall. The width of dyke-2 is varying from 

0.70m to 2.0m. The prominent joint set intersecting the dyke-2 are: N055° (dip direction)/ 70° 

(dip amount), N351°/40° and N020°/55°. Dolerite dykes are fine grained, jointed, fractured and 

sheared in nature and dark gray in colour. The contact between granite and dolerite dyke are 

unweathered to slightly weathered and scar was recorded during the geological mapping along 

dyke-2. No displacement has been recorded along these features. 

 

Three shear zones (feature shear zone-1, shear zone-2 and shear zone-3 in Drawing No 

NIRM/MGKLIS-II/EG-13-03/02) were mapped on the face of north wall of surge pool. Shear 

zone-1 trending in N320° direction with a dip amount of 40°, and a strike length of more than 

24m, has been mapped between easting 953 at RL +307m at the western side of the wall and 

easting 972 at RL +318m on the middle of the wall. The average width of shear zone-1 is 7 cm. 

The prominent joint set intersecting the shear zone-1 are: N240°/65°, N030°/65° and 

N040°/70°. This shear zone is intersecting dolerite dyke-2 at RL +317m on the eastern side of 

the wall at easting 972. Shear zone-2 trending in N340° direction with a dip amount of 70°, and 

a strike length of more than 36m, has been mapped on face of the wall i.e. between easting 

1020 at RL +320m at the middle of the wall and easting 1039 at RL +350m on the top of the 

wall. The width of shear zone-2 is varying between 1 cm and 1.5 cm. The prominent joint set 

intersecting the shear zone-2 are: N070°/70°, N025°/60°, and N325°/60°. Shear zone-3 trending 

in N300° direction with a dip amount of 65°, and a strike length of more than 18m, has been 

mapped on eastern side of the wall i.e. between easting 1038 at RL +327m at the middle of the 

wall and easting 1046 at RL +340m on the eastern side of the wall. The width of shear zone is 
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varying between 5 cm and 10 cm. The prominent joint set intersecting the shear zone-3 are: 

N070°/65°, N025°/60°, and N100°/10°. No displacement has been recorded along these 

features. Longitudinal sections at different RDs of the north wall of surge pool have been made 

and details are given in Table 3. 

 
Table 3 : Longitudinal sections at different RDs and at different elevation of the north wall of surge pool 

Easting 969 984 1001 1016 1032 

Elevation 

(m) 

     

+349 - - - - +15.21 m 

+347 +28.45 m +26.16 m +24.09 m +18.68 m +12.73 m 

+342 +19.58 m +22.49 m +18.79 m +16.41 m +11.07 m 

+337 +16.23 m +19.53 m +15.53 m +14.32 m +8.71 m 

+332 +14.52 m +17.05 m +12.11 m +12.18 m +6.76 m 

+327 +12.77 m +14.17 m +9.05 m +7.96 m +4.70 m 

+322 +9.29 m +8.82 m +6.47 m +6.49 m +4.23 m 

+317 +4.17 m +5.32 m +3.87 m +5.23 m +3.20 m 

+312 +2.25 m +3.61 m 0.0 m 0.0 m 0.0 m 

+307 0.0 m 0.0 m 0.0 m 0.0 m 0.0 m 

+ Over Excavated and – Under Excavation 

 

The rock mass is classified as very poor rock mass (Q 0.20 to 0.58) as per Barton`s 

classification. The details of the Q values of north wall of surge pool are given in Table 4.  

 
Table 4: Rock mass classification using ‘Q’ of the face of north wall of surge poll 

 

Western Side of North Wall of Surge Pool Eastern side of North Wall of Surge Pool 

From Easting 953 to 1000 From Easting 1000 to 1047 

Elevation Elevation 

From To 

Q Description 

From To 

Q Description 

350 340 0.24 Very Poor 350 340 0.26 Very Poor 

340 330 0.29 Very Poor 340 330 0.20 Very Poor 

330 320 0.35 Very Poor 330 320 0.22 Very Poor 

320 310 0.38 Very Poor 320 310 0.40 Very Poor 

310 307 0.30 Very Poor 310 307 0.58 Very Poor 
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Based on the engineering geological mapping carried out in the north wall of surge pool and the 

details collected including lithology, joint patterns measured in the field, the geological map 

was compiled on scale 1:200, and has been appended to this note as Drawing No 

NIRM/MGKLIS-II/EG-13-01/02. 

 

3.2 Engineering Geological Assessment of Rock Ledge 

A 50.0m rock ledge has been provided in the design between surge pool and pump house. In 

the rock ledge at an average RL +309.50m five draft tubes are constructed. A ramp has been 

constructed commencing from ground level RL +382m from the eastern side and joining the 

rock ledge at RL +353m, which can be considered as berm-3 for the north wall of surge pool 

and south wall of pump house. In the design, Annexure Building has been provided on the top 

of this wall at an average RL +350m. The total design width of the rock ledge is 50.0m but over 

excavation was mapped, which may be due to unfavourable geological conditions. 

 

Rock type exposed after excavation on the surface of rock ledge is granite which is coarse 

grained, hard and jointed in nature (Plate 2 & 3). Its colour varies from pink to greyish and its 

colour variation is due to varying amount of orthoclase. Granite is generally fresh to 

moderately weathered. This rock will be also present at the foundation level of pump house. 

The rock mass is characterized by prominent six number of joint sets, which are continuous and 

persistent, slightly rough to smooth with unaltered joint walls. Staining has been recorded along 

the joint surfaces where the joints are tight and where opening is up to 5.0 mm, soft clay 

mineral and crushed material filling has been recorded. In general, the rock mass is 

characterized by dry condition or minor inflow i.e. < 5.0 l/min. Crack/fractures developed due 

to excavation / blasting were also recorded during geological mapping. Some of the cracks are 

tight while some are open, with the size of the opening varying from 1 mm to 6 cm. Hairline 

cracks developed due to excavation work were also recorded. The details of the joint 

characteristics of rock ledge portion between pump house and surge pool are given in Table 5. 

 

Two intrusive dolerite dykes (feature dyke-1 and dyke-2 in Drawing No NIRM/MGKLIS-

II/EG-13-01/03) were mapped on the rock ledge. Dyke-1 is trending in N265° direction with a 

dip amount of 75°, and a strike length of more than 18m has been mapped on the top of the 

rock ledge portion. The width of dyke-1 is varying from 0.80m to 2.0m. The prominent joint set 

intersecting the dyke-1 are: N340° (dip direction)/ 65° (dip amount), N300°/50° and 

90



 

 

Mahatma Gandhi Kalwakurthi Lift Irrigation Scheme-II – Engineering Geological Investigations – July 2014 

 

 

 Engineering Geology Department, National Institute of Rock Mechanics 
64 

 

N240°/70°. Dyke-2 is trending in N240° direction with a dip amount of 65°, and a strike length 

of more than 4m has been mapped on the western side top of the wall. The width of dyke-2 is 

varying from 0.70m to 2.0m. The prominent joint sets intersecting the dyke-2 are: N300° (dip 

direction)/ 60° (dip amount), N340°/65° and N260°/60°. Dolerite dykes are fine grained, 

jointed, fractured and sheared in nature and dark gray in colour. The contact between granite 

and dolerite dyke are slightly weathered. No displacement has been observed along these 

features. No evidences of faulting are observed on the surface of floor area. The structural 

features observed during the mapping indicated the need for consolidation grouting so that the 

entire floor are a functions as a single rock mass. 

 

 

 

 

 

 

 
Plate 2: Fresh and jointed granite at the surface of rock    Plate 3: Slightly weathered and jointed granite at the   

              ledge                                                                                   surface of rock ledge 
 
Table 5: Joint sets developed in granite on rock ledge between surge pool and pump house 

1 2 3 4 5 6 7 8 9 10 

J1 220 – 250 50 – 70 5 – 70 > 20 Slightly rough to smooth Tight to 5 Clay Dry Joint plane is stained 

J2 180 – 195 45 – 85 5 – 40 > 10 Slightly rough to smooth Tight to 3 Clay Dry Joint plane is stained 

J3 260 – 275 60 – 85 10 – 30 > 10 Slightly rough to smooth Tight to 3 Clay Dry Joint plane is stained 

J4 300 – 315 60 – 70 20 – 70 < 10 Slightly rough Tight Nil Dry Joint plane is fresh 

J5 120 55 30 – 50 7 Slightly rough Tight Nil Dry Joint plane is fresh 

J6 340 65 15 – 50 < 5 Slightly rough Tight to 2 Nil Dry Joint plane is stained 

1- Joint Sets, 2- Dip Direction, 3- Dip Amount, 4- Spacing (cm), 5- Persistence (m), 6- Roughness, 7- Aperture (mm), 8- Infilling (mm), 9- 

Groundwater Condition, 10- Remarks 

 

Four shear zones (features shear zone-1, shear zone-2, shear zone-3 and shear zone-4 in 

Drawing No NIRM/MGKLIS-II/EG-13-03/03) were mapped on the surface of rock ledge. 

Shear zone-1 trending in N355° direction with a dip amount of 70°, and a strike length of more 

than 8m, has been mapped on the middle of the floor. The average width of shear zone is 25 

cm. The prominent joint set intersecting the shear zone-1 is N270°/75° and this shear zone is 

intersecting dolerite dyke-1. Shear zone-2 trending in N190° direction with a dip amount of 
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70°, and a strike length of more than 17m has been mapped on the western side of the floor. 

The width of shear zone is varying between 10 cm and 15 cm. The prominent joint set 

intersecting the shear zone-2 are: N260°/60° and N240°/70°. This shear zone is intersecting 

dolerite dyke-2. Vertical shear zone-3 trending in N305° direction, and a strike length of more 

than 16m, has been mapped on western side of the floor. The width of shear zone is varying 

between 8 cm and 10 cm. The prominent joint set intersecting the shear zone-3 are: N260°/60°, 

N300°/60°, and N180°/45°. Shear zone-4 trending in N185° direction with a dip amount of 75°, 

and a strike length of more than 11m, has been mapped on the western side of the floor. The 

average width of shear zone is 10 cm. The prominent joint set intersecting the shear zone-4 are: 

N260°/60°, N300°/60°, and N180°/45°. No displacement has been recorded along these 

features. 

 

The rock mass is classified as poor to good rock mass (RMR 36 to 65) as per Bieniawski 

classification (1989). The details of the RMR values of rock ledge between surge pool and 

pump house are given in Table 6. 

 
Table 6: Rock mass classification using ‘RMR’ of the rock ledge between surge pool and pump house  

2 
1 

Easting Northing 
3 4 5 6 7 8 9 10 

1 960 – 965 8635 – 8640 4 8 8 20 15 -15 40 Poor 

2 960 – 965 8630 – 8635 4 8 8 18 15 -15 38 Poor 

3 960 – 965 8625 – 8630 4 8 8 20 15 -15 40 Poor 

4 960 – 965 8620 – 8625 4 8 8 16 15 -15 36 Poor 

5 965 – 970 8630 – 8635 7 8 8 20 15 -7 51 Fair 

6 965 – 970 8625 – 8630 4 8 8 20 15 -15 40 Poor 

7 965 – 970 8620 – 8625 4 8 8 18 15 -15 38 Poor 

8 965 – 970 8615 – 8620 4 8 8 20 15 -15 40 Poor 

9 970 – 975 8625 – 8630 4 8 8 18 15 -15 38 Poor 

10 970 – 975 8620 – 8625 7 8 8 20 15 -15 43 Fair 

11 975 – 980 8625 – 8630 4 8 8 16 15 -15 36 Poor 

12 975 – 980 8620 – 8625 4 8 8 20 15 -15 40 Poor 

13 975 – 980 8615 – 8620 4 8 8 18 15 -15 38 Poor 

14 980 – 985 8625 – 8630 4 8 8 16 15 -15 36 Poor 

15 980 – 985 8620 – 8625 4 8 8 16 15 -15 36 Poor 

16 980 – 985 8615 – 8620 4 8 8 16 15 -15 36 Poor 

17 985 – 990 8620 – 8625 4 8 8 20 15 -15 40 Poor 

18 985 – 990 8615 – 8620 4 8 8 18 15 -15 38 Poor 
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2 

19 990 – 995 8620 – 8625 4 8 8 16 15 -7 44 Fair 

20 990 – 995 8615 – 8620 4 8 8 17 15 -7 45 Fair 

21 995 – 1000 8620 – 8625 4 8 8 20 15 -15 40 Poor 

22 995 – 1000 8615 – 8620 4 8 8 16 15 -7 44 Fair 

23 1000 – 1005 8620 – 8625 4 8 8 20 15 -15 40 Poor 

24 1000 – 1005 8615 – 8620 7 8 8 16 15 -15 39 Poor 

25 1000 – 1005 8610 – 8615 4 8 8 16 15 -15 36 Poor 

26 1005 – 1010 8620 – 8625 7 13 15 17 15 -2 65 Good 

27 1005 – 1010 8615 – 8620 4 8 8 20 15 -15 40 Poor 

28 1005 – 1010 8610 – 8615 4 8 8 16 15 -15 36 Poor 

29 1010 – 1015 8615 – 8620 4 8 8 17 15 -7 45 Fair 

30 1010 – 1015 8610 – 8615 4 8 8 20 15 -15 40 Poor 

1- Block No., 2- Coordinate, 3- UCS (Rating), 4- RQD, 5- Spacing of Discontinuity, 6- Condition of Discontinuity, 

7- Ground Water, 8- Adjustment Joint Orientation, 9- RMR, 10- Class Description 

 

Based on the engineering geological mapping carried out in the rock ledge between pump 

house & surge pool and the details collected including lithology, joint patterns measured in the 

field, the geological map was compiled on scale 1:200, and it has been appended to this report 

as Drawing No. NIRM/MGKLIS-II/EG-13-01/03. 

 

4. Conclusions & Recommendations – North Wall of Surge Pool and Floor of Rock Ledge 

Based on above studies, the following conclusions and recommendations have been made: 

a. The stability of the cut slope/ vertical wall depends upon the geometry, frequency and 

orientation of joint sets, dip of slope and its plane of weakness. The site condition is not 

favourable for slope stability, particularly along the shear zone due to its interplay with 

a joint set forming a wedge. Other major joint sets, dipping inside the wall or towards 

opposite sides of the wall i.e. those joint sets not dipping towards the pits do not tend to 

cause unfavourable condition. Generally the rocks are fresh to moderately weathered, 

hard and jointed in nature. But the top level is fractured/jointed and joints are open, 

which may require proper treatment by consolidation grouting once the lining of wall is 

provided. 

b. The grade of rock mass based on the rock joints characteristics of the north wall of 

surge pool, has the Q values varying from 0.20 to 0.58 and fall under ‘very poor’ rock 

mass category. 
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c. There is a need to properly scale off the loosened rock fragments all along the north 

wall of the surge pool and rock ledge surface.  

d. The north wall of surge pool should be properly protected by systematic rock bolting 

below RL +350m up to foundation level. Rock bolts of 25mm dia and 5.0 m length with 

a spacing of 1.5 m c.c. in staggered fashion is recommended. Driving rock bolts into the 

rock ledge from the north wall of surge pool and from south wall of pump house will 

further strengthen the rock ledge. Drainage holes may be provided above surge level in 

to this vertical side wall. 

e. Weep holes of 100 mm dia, at 4m c.c spacing, and 1m depth should be provided with 

perforated PVC/GI pipe above surge level. 

f. 500 mm thick RCC stepped lining should be done from foundation level up to surface 

level i.e. RL +350 m following the cut slope to avoid overburden, maintaining the 

minimum thickness of lining with sufficient anchorage. The reinforced lining will be 

stitched with the insitu rock mass by 3m long, 20mm dia grouted rock bolts at a spacing 

of 1.5 mts c/c. Consolidation grouting is also recommended.   

g. Based on the field observations and evidences, it is observed that area in the floor of 

rock ledge is characterized by coarse grained, hard and jointed pink to greyish granite 

traversed by dolerite dykes and shear zones. The floor region is fresh to moderately 

weathered (W-I to W-III) but prominent inclined joints are present. 

h. The grade of rock mass of the rock ledge between surge pool and pump house has RMR 

values varying from 36 to 65 and fall under poor to good category. 

i. On the north wall and rock ledge portion, shear zones and sheared dykes are present. 

The sheared material should be removed by mechanical excavator and the excavated 

portion should be back filled with concrete (M≥25) after systematic cleaning, washing 

and jetting to make the rock mass monolithic.  

j. For the treatment of thick shear zones, special bolting system was suggested at the site 

to the Contractor Engineers. First the gauge should be cleaned out to the desired extent, 

then the dental excavation should be backfilled with concrete (M≥25) and finally rock 

bolts should be installed across the shear zone. The concrete should be allowed to cure 

for 10-12 days before installation of the rock bolts. The length of rock bolts will vary 

from 5 to 7 m as per the site condition. The other support system should be as per 

approved design. 
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k. After providing lining in the north wall of surge pool and south wall of pump house, 

consolidation grouting (with 2.5 to 3.5 kg/cm2 pressure) up to maximum 20m depth be 

done in the rock ledge portion using primary, secondary and tertiary holes so that the 

openings are filled and the area functions as monolithic rock mass. A spacing of 6m for 

the primary, 3m for secondary and 1.5m for tertiary holes, is recommended. Special 

care should be taken to consolidate rock mass along the weak zones / shear zones. 

l. It is recommended to complete blasting before taking up grouting operation. If blasting 

after grouting is unavoidable, thorough testing and regrouting is essential after blasting.   
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ANNEXURE – IV 
 

Ref. No. NIRM/EGD/MGKLIS-PII/2013 Dated: 30.12.2013 

Geotechnical Note on the Treatment of Cracks of the North and South Wall of Pump 

House  

Project Title : Construction Stage Engineering Geological Investigations of Surge pool and 

Pump House (5x30 MW) area of Mahatma Gandhi Kalwakurthi Lift 

Irrigations Scheme, Package-II, Mahabubnagar District, Andhra Pradesh 

(Phase-II) 

By 

A.K. Naithani  

National Institute of Rock Mechanics, Ministry of Mines, Govt. of India, Kolar Gold Fields 

Karnataka 

 

The Mahatma Gandhi Kalwakurthi Lift Irrigation Scheme (MGKLIS), under construction has 

three stages (I, II & III) for lifting the Krishna water from Srisailam reservoir (back water) to 

Gudipallygattu balancing reservoir through channels and tunnels. M/s Navayuga Engineering 

Company Ltd (NECL) is constructing MGKLIS Stage-II located at Sathapur village, 

Mahboobnagar District, A.P. MGKLIS-II is being constructed for lifting the water from 

Singotam balancing reservoir to Jonnalaboguda balancing reservoir.  

 

The major components of the project are: one 4.0 km long gravity canal from Singotam 

balancing reservoir having bed width of 19.15m, one 4.553 km long and 6.85m finished 

diameter ‘D’ shaped tunnel, one surge pool (94m long x 40m width x 75m height), 50m long 

five numbers of draft tube tunnels, one pump house (94m long X 20m width X 78m height) and 

five numbers, 15m long horizontal & 305m long inclined having 3.0 m finished diameter 

delivery main tunnels. In between the surge pool and pump house 50m wide rock ledge is 

proposed is the design.  

 

So far Navayuga Engineering Company Ltd has excavated surge pool up to foundation level 

and pump house up to app. RL 310m. The ground level of surge pool is at RL +382m and the 

foundation level is at RL +307m while the ground level of pump house is at RL +383m and the 

foundation level is at RL +305.40m. All the five draft tubes have been constructed. All the four 

sides of the surge pool are being lined with 500mm RCC lining from the bed line up to 
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maximum surge level / pump levels and floored with 300mm thick raft foundation to distribute 

the load as per design specification.  

 

During the excavation of pump house one crack each on the north (on 3
rd
 berm at EL 350) and 

south walls (on rock ledge) of pump house was reported. These cracks are parallel to the 

excavated faces. Crack on the north wall of pump house was grouted by the site engineers. Dr. 

A.K. Naithani, Senior Scientist, NIRM visited the site on the request of Navayuga Engineering 

Company Ltd. The project site was visited on 17.12.2013 and 18.12.2013 regarding these 

cracks treatments and for making a ramp from the eastern side to the pump house. The 

following and other project officials of M/s Navayuga Engineering Company Ltd. were present 

during the site visit and the discussions. 

 

NIRM Navayuga Engineering Company Ltd. 

Mr. G. Shashidhar Reddy, AGM 

Mr. Kashi Govinda Rao, Senior Project Manager 

Mr. Vinod Kumar, Assistant Project Manager 

Dr. A.K. Naithani  

Project Leader & Coordinator, 

EGD 

Mr. P. Sobhan Babu, Site Engineer 

 

 

The following decisions were taken after the discussions at the site: 

 

1. On the western side of the north wall of pump house, dripping / flowing condition was 

observed. This water is percolating into the crack, which is very dangerous for the 

stability point of view. This should be channelized and properly treated. 

2. The crack area was divided into three zones (A – B – A’) and same was marked on the 

site. For A and A’ zones, rock bolts of 32 mm dia and 7.0 m length with a spacing of 

1.0 m c.c. and inclined to 30
o
 from horizontal in two rows from the face in staggered 

fashion is recommended. For B zone, rock bolts of 32 mm dia and 7.0 m length with a 

spacing of 0.75 m c.c. and inclined to 30
o
 from the berm in staggered fashion is 

recommended. Execution of rock bolts was explained at site to the Engineers.  

3. In the bottom potion of this crack effected area near to delivery mains 1 & 2, spot rock 

bolting of 32 mm dia and 7.0 m length in staggered fashion is recommended.  

4. In the north wall of pump house many rock bolts are detached / not intact, they should 

be replaced. Major contact zones, as explained at site, should be stitched with rock bolts 
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of 25 mm dia and 5.0 m length. Stitching should be done 1 m away from the contact 

plane.  

5. Immediately lining should be completed for the north wall of surge pool. 

6. The procedure which was followed for the opening of draft tube nos. 4 & 5 from the 

surge pool side should be followed for the opening of delivery mains from the pump 

house side. 

7. For the treatment of crack on the south wall of pump house, rock bolts of 32 mm dia 

and 7.0 m length with spacing of 1.0 m c.c. and perpendicular to crack in six rows from 

the face is recommended.      

8. Controlled blasting should be adopted for rock excavation at the ultimate walls of the 

project to minimize deterioration of the rock mass and loose rock mass should be 

removed by mechanical excavator.  

9. There is a need to properly scale off the loosened rock fragments all along the walls of 

the pump house.  

10. The shear zones should be treated as specified by NIRM in their earlier geotechnical 

notes  

 

Dr. Ajay Kumar Naithani 

Project Leader & Coordinator 

                                                      Head, Engineering Geology Department 

National Institute of Rock Mechanics 

Ministry of Mines, Govt. of India 

P.O. Champion Reefs  

Kolar Gold Field – 563 117, Karnataka   
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ANNEXURE – V 
 

Ref. NIRM/EGD/MGKLIS-II/2014/03                                                            Dated: 26.03.2014 

 

Note on Geotechnical Assessment of the Foundation of Pump House – Pump Units 4 & 5 – 

MGKLIS-II 

 

Project Title - Construction Stage Engineering Geological Investigations of Surge pool and 

Pump House (5x30 MW) area of Mahatma Gandhi Kalwakurthi Lift Irrigations Scheme, Stage-

II, Mahabubnagar District, Andhra Pradesh (Phase-II) 

 

By 

A.K. Naithani and L.G. Singh 

National Institute of Rock Mechanics, Kolar Gold Fields, Karnataka 

 

The objective of this study is to advise suitable engineering measures for the treatment of 

foundation of pump house based on detailed engineering geological investigations. To achieve 

this objective, large scale engineering geological mapping on 1:200 scale of foundation strata at 

foundation level of pump house of MGKLIS-II has been carried out. In order to evaluate the 

foundation design parameters for pump house of MGKLIS-II, engineering geological mapping 

(on 1:200 scale) was carried out by NIRM Geologists. All the discontinuities with in the zone 

of influence of the pump house foundation have been identified and mapped. The 

recommendations made pertain to the foundation of pump house Units-4 and 5.  

 

On the basis of surface geological mapping, the excavated surface is acceptable for foundation 

because the rock mass is competent. Based on the field observations and evidences, it is found 

that the entire floor area consists of coarse grained, hard and jointed pink granites. The floor 

region is fresh to moderately weathered (W-I to W-III) but prominent vertical/inclined joints 

are present. Total four shear zones are mapped. The width of the shear zones vary from 10 cm 

to 100 cm. No displacement has been recorded along the shear zones. No evidence of faulting 

is observed on the surface of the floor area. The structural features observed during the 

mapping indicated the need for consolidation grouting so that the entire floor area functions as 

a single rock mass. 

 

Based on the engineering geological mapping carried out at the foundation of pump house 

Units 4 & 5, and the details collected including lithology and joint patterns measured in the 
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field, the geological maps were compiled on scale of 1:200, and appended to this note as 

Drawing Nos. NIRM/MGKLIS-II/EG-13-01/09 & NIRM/MGKLIS-II/EG-13-01/10. 

 

The structural features observed during the mapping indicated that consolidation grouting 

should be done up to 6.0 m in the foundation of pump house using primary, secondary and 

tertiary holes so that the entire floor area functions as a single rock mass. The pressure and 

proportion of grout mixes to be used for injection shall be based on water pressure test and the 

results of trial grouting operation. Special care should be taken to consolidate the rock mass 

along the weak zones / shear zones. The grouting should be carried out after laying first stage 

concrete and surrounding blasting.  

 

 

 

(Dr. L.G. Singh)                                                                                          (Dr. A.K. Naithani) 
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ANNEXURE – VI 
 

Ref. NIRM/EGD/MGKLIS-II/2014/07 Dated: 07.07.2014 

Note on Geotechnical Assessment of Foundation of Pump House, Annexure Building and 

Service Bay Columns – MGKLIS-II 

Project Title : Construction Stage Engineering Geological Investigations of Surge pool and 

Pump House (5x30 MW) area of Mahatma Gandhi Kalwakurthi Lift Irrigations 

Scheme, Stage-II, Mahabubnagar District, Andhra Pradesh (Phase-II) 

By 

A.K. Naithani, L.G. Singh and Prasnna Jain 

National Institute of Rock Mechanics, Kolar Gold Fields, Karnataka 

 

This note pertains to the estimation of safe bearing capacity from rock mass rating (RMR) 

classification for the foundations of RCC columns of Mahatma Gandhi Kalwakurthi Lift 

Irrigation Scheme-II (MGKLIS-II) has been carried out using the Total Station surveying 

equipment. These columns will be constructed for the pump house, annexure building and 

service bay in the pump house. Large scale engineering geological mapping on 1:200 scale of 

foundation strata at foundation level of pump house, rock ledge and service bay. Grids were 

prepared for mapping the pump house floor, rock ledge and service bay areas. The size of the 

grid was 2 m x 2 m, which was decided based on the mapping accuracy and resolution required 

for such investigations. Detailed examination of rock types in each grid was carried out which 

includes mineralogical composition, texture, classification and nomenclature and degree/grade 

of weathering. Fracture filling that have taken place in the study site were examined and 

recorded. The attitude and structure of the rocks, fractures and joint pattern present in the floor 

was determined for mapping. ISRM (1978), classifications for weathered rock mass was used 

to characterize the rock mass into different grades (Table 1). The assessment of RMR 

(Bieniawski, 1989) for granites rock masses, based on the rock joints and their nature, has been 

made (Table Nos. 2, 3 and 4). 

 

Based on the field observations and evidences, it is found that the entire floor area consists of 

coarse grained, hard and jointed greyish pink granites. Pink granites are coarse grained, hard 

and jointed and show phenocryst of alkali feldspar and quartz. Main mineral composition is 

alkali feldspars, quartz, mica and amphiboles. Five prominent joints set are developed and 

along the joint plane clay filling/coating was recorded. Joints are irregular in pattern. Granites 

are generally fresh to moderately weathered (WI–WIII). 
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Table 1: Description of weathering grade (ISRM, 1978) 

Term Description Grade 

Fresh 
No visible sign of rock material weathering; perhaps slight discolouration on major 

discontinuity surfaces. 
I 

Slightly 

weathered 

Discolouration indicates weathering of rock material and discontinuity surfaces. All 

the rock material may be discoloured by weathering and may be somewhat weaker 

externally than in its fresh condition. 

II 

Moderately 

weathered 

Less than half of the rock material is decomposed and / or disintegrated to a soil. Fresh 

or discoloured rock is present either as a continuous framework or as core stones. 
III 

Highly 

weathered 

More than half of the rock material is decomposed and / or disintegrated to a soil. 

Fresh or discoloured rock is present either as a discontinuous framework or as core 

stones. 

IV 

Completely 

weathered 

All rock material is decomposed and / or disintegrated to soil. The original mass 

structure is largely intact. 
V 

Residual soil 

All rock material is converted to soil. The mass structure and material fabric are 

destroyed. There is a large change in volume, but the soil has not been significantly 

transported.  

VI 

 

Evaluation of Safe Bearing Capacity 

Safe Bearing Pressure is an important factor for the design of foundation for large engineering 

structures. The ultimate bearing capacity (q.ult) is defined as average load per unit area 

required to produce failure by rupture of a supporting rock mass. The bearing capacity in 

jointed rock masses can be estimated by Rock Types, Rock Mass Rating (RMR), Uniaxial 

Compressive Strength (UCS), Point Load Strength, Rock Quality Designations (RQD), 

Pressure Meter Test and Plate Load Test (IS: 12070–1987, Peck et al., 1974). The method 

based on the Rock Mass Rating (RMR) is used to evaluate the bearing capacity foundation 

parameters for the foundation of columns. For this the average Rock Mass Rating (RMR) is 

taken for the estimation of Safe Bearing Pressure using the procedure given in IS Code : 12070 

– 1987 (Table 5).  

Table 5 : Estimation of safe bearing capacity of columns 

 

Rock Mass Rating Column 

Number 

Location 

Average 

RMR 

Classification 

of Rockmass 

Description of 

Rockmass 

Net Safe 

Bearing 

Pressure (t/m
2
) 

A North side of pump house 52 III Fair 225.69 

B North side of pump house 49 III Fair 205.32 

C North side of pump house 57 III Fair 259.64 

D North side of pump house 57 III Fair 259.64 

E North side of pump house 57 III Fair 259.64 

F North side of pump house 57 III Fair 259.50 

G North side of pump house 63 II Good 304.00 
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Rock Mass Rating Column 

Number 

Location 

Average 

RMR 

Classification 

of Rockmass 

Description of 

Rockmass 

Net Safe 

Bearing 

Pressure (t/m
2
) 

H North side of pump house 63 II Good 304.00 

J North side of pump house 63 II Good 304.00 

K North side of pump house 61 II Good 288.00 

L North side of pump house 61 II Good 288.00 

M North side of pump house 52 III Fair 225.69 

N North side of pump house 57 III Fair 259.64 

P North side of pump house 52 III Fair 225.69 

Q North side of service bay 52 III Fair 225.69 

R North side of service bay 52 III Fair 225.69 

S North side of service bay 61 II Good 288.00 

AC1 Western side of pump house 57 III Fair 259.64 

AC2 Western side of pump house 61 II Good 288.00 

TC1 Eastern side of service bay 57 III Fair 259.64 

TC2 Eastern side of service bay 57 III Fair 259.64 

A1 South side of pump house 57 III Fair 259.64 

B1 South side of pump house 57 III Fair 259.64 

C1 South side of pump house 57 III Fair 259.64 

D1 South side of pump house 49 III Fair 205.32 

E1 South side of pump house 52 III Fair 225.69 

F1 South side of pump house 57 III Fair 259.64 

G1 South side of pump house 57 III Fair 259.64 

H1 South side of pump house 52 III Fair 225.69 

J1 South side of pump house 52 III Fair 225.69 

K1 South side of pump house 61 II Good 288.00 

L1 South side of pump house 57 III Fair 259.64 

M1 South side of pump house 57 III Fair 259.64 

N1 South side of pump house 61 II Good 288.00 

P1 South side of pump house 57 III Fair 259.64 

Q1 South side of service bay 57 III Fair 259.64 

R1 South side of service bay 52 III Fair 225.69 

S1 South side of service bay 61 II Good 288.00 

D2 Rock ledge between SP and PH 52 III Fair 225.69 

E2 Rock ledge between SP and PH 52 III Fair 225.69 

F2 Rock ledge between SP and PH 57 III Fair 259.64 

G2 Rock ledge between SP and PH 57 III Fair 259.64 
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Rock Mass Rating Column 

Number 

Location 

Average 

RMR 

Classification 

of Rockmass 

Description of 

Rockmass 

Net Safe 

Bearing 

Pressure (t/m
2
) 

H2 Rock ledge between SP and PH 52 III Fair 225.69 

J2 Rock ledge between SP and PH 52 III Fair 225.69 

K2 Rock ledge between SP and PH 52 III Fair 225.69 

L2 Rock ledge between SP and PH 57 III Fair 259.64 

M2 Rock ledge between SP and PH 57 III Fair 259.64 

N2 Rock ledge between SP and PH 57 III Fair 259.64 

P2 Rock ledge between SP and PH 61 II Good 288.00 

Q2 Rock ledge between SP and PH 61 II Good 288.00 

R2 Rock ledge between SP and PH 61 II Good 288.00 

S2 Rock ledge between SP and PH 61 II Good 288.00 

 

(Dr. Ajay Kumar Naithani) 

Project Leader & Coordinator 

                                                      Head, Engineering Geology Department 

National Institute of Rock Mechanics 

Ministry of Mines, Govt. of India 

P.O. Champion Reefs  

Kolar Gold Field – 563 117, Karnataka  
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