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Surveys and Investigations


2.0 General 


Surveys and Investigations provide field data required for planning and designing of various components of a Water Resources Development Project. A project can be designed optimally and economically, only when necessary field data of specified standards are available. As such, NWDA has taken up extensive field surveys and investigations in the project area for the collection of data required for the preparation of Detailed Project Report (DPR) of Damanganga-Pinjal link project, during the years 2009 to 2012, as per the guidelines contained in “Terms of Reference for

Preparation of Detailed Project Report of Inter Basin Water Transfer Proposals” approved by Ministry of Water Resources (MoWR). These guidelines are by and large in harmony with the updated Guidelines for the preparation of DPR of Irrigation and Multipurpose Projects of MoWR issued subsequently in 2010.


Detailed surveys & investigations such as topographical surveys, geological & geotechnical investigations including drilling bore holes on dam axes and tunnels for obtaining rock cores, construction material investigations including borrow area surveys, socio-economic, ecological and environmental impact assessment studies, seismo-tectonic studies etc. have been undertaken departmentally through various specialised organisations in order to examine the feasibility of the scheme.


However, while carrying out the topographical surveys and geotechnical investigations at the proposed dam sites and along the tunnels alignments, resentment against the project by local people has been encountered forcing NWDA’s field engineers to abandon all field surveys and investigations. The subsequent efforts made by NWDA to convince the local people with the help of public representatives and State Govt. agencies could not yield the desired results. Thus, the detailed surveys and investigations planned at various locations of the link project could not be completed fully. Therefore, in respect of the components for which the detailed surveys & investigations could not be taken up /completed at DPR
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stage, the information based on the surveys & investigations carried out at Feasibility Report (FR) stage of the link project have been compiled and supplemented for preparation of DPR, as found necessary.


The Feasibility Report (FR) of Damanganga - Pinjal Link Project was prepared by NWDA during November, 2004. As per this FR, the project envisages construction of the following components:


(i) A composite  earth  – cum - concrete dam of 826.60 m long with Full 

Reservoir Level (FRL) 163.87 m across river Damanganga near Bhugad village in Peint taluka of Nasik district;

(ii)	A composite earth – cum - concrete dam of 572.80 m long with FRL 154.52 m across river Vagh (a tributary of Damanganga river) at Khargihill site near Behadpada village in Jawhar taluka of Thane district and a saddle dam of 272 m long proposed on the left side of the Khargihill reservoir with FRL of 154.52 m and height of 21.35 m;


(iii) A 16.85 km long Bhugad – Khargihill tunnel with 5.0 m diameter connecting Bhugad and Khargihill reservoirs; 

(iv) A 25.70 km long Khargihill – Pinjal tunnel with 5.25 m diameter connecting Khargihill and Pinjal reservoirs. 

(v) A rubble masonry gravity dam of 681 m long with FRL of 141.0 m across river Pinjal (a tributary of Vaitarna river) proposed by Government of Maharashtra (GoM) near Khidse village, about 12 km upstream of the river Gargai confluence in Jawhar taluka of Thane district.; 


The surveys & investigations were carried out by NWDA for all the above components except Pinjal dam during the preparation of FR of the link since the Irrigation Department, Government of Maharashtra had already carried out surveys & investigation works and prepared the DPR of Pinjal River project during August, 1981.


In the light of the various surveys & investigation works and other technical studies that could be carried out as part of DPR, additional components in the form of two mini power houses: one each at the toes of




36

[bookmark: page5]
Bhugad and Khargihill dam sites are planned. The link project will now envisage construction of the following components:


i A 851.50 m long composite embankment (concrete faced rock fill) - cum - concrete dam across river Damanganga near village Bhugad 

with FRL 163.87 m and corresponding gross storage capacity of 427.070 Mm3. The length of concrete faced rockfill portion of the dam is 527.50 m and the length of concrete non overflow section and 

spill way is 324 m. The dam axis is located at Latitude: 200 12’ 30” N and Longitude: 730 17’ 32” E; 


ii A Power house at the toe of Bhugad dam with 2 units of 1.0 MW installed capacity each; 


iii A 618.20 m long composite embankment (concrete faced rock fill) - cum - concrete dam at Khargihill across river Vagh (a tributary of 

Damanganga river) near village Behadpada with FRL 154.52 m and corresponding gross storage capacity of 460.896 Mm3. The length of concrete faced rockfill portion of the dam is 341.0 m and the length of concrete non overflow section and spill way is 277.20 m. A saddle dam of 400 m length and 25.92 m height with FRL 154.52 m is 

proposed on the left flank of the reservoir. The main dam is located at 

Latitude: 200 05’ 05” N and Longitude: 730 16’ 27” E. The saddle dam is located at Latitude: 200 05’ 18” N and Longitude: 730 15’ 22” E; 


iv A Power house at the toe of Khargihill dam with 2 units each of 1.5 MW installed capacity; 


v A tunnel of about 17.488 km long with 3.20 m diameter and bed slope of 1:1342 connecting Bhugad reservoir with Khargihill reservoir; 


vi A tunnel of about 25.224 km long with 4.00 m diameter and bed slope of 1:1717 connecting Khargihill reservoir with Pinjal reservoir; 
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vii A 545 m long Roller Compact Concrete Gravity dam across river Pinjal (a tributary of Vaitarna river) proposed by Government of 

Maharashtra and MCGM near village Khidse with FRL of 145.0 m and corresponding gross storage capacity of 483.0 Mm3 and a saddle dam of about 190 m long and 11.4 m high on the right flank. The main dam is located at Latitude: 190 47’ 00” N and Longitude: 730 

13’ 00” E. 


viii Conveyance system beyond Pinjal dam to carry water upto Mumbai city to be planned by MCGM. 


The various surveys & investigation works carried out at FR and DPR stages are described in the following paragraphs.


2.1 Topographical Surveys 


The Great Trigonometrical Survey (GTS) Bench Mark (BM) of Survey of India (SOI) located at village Kumbhset near Silvassa with Reduced Level (RL) of 98.420 m has been transferred to Bhugad and Khargihill dam axes and various locations along the alignment of Bhugad-Khargihill and Khargihill-Pinjal tunnels by conducting Double Tertiary (DT) levelling of about 43 km. Adequate numbers of permanent/ temporary bench marks (PBM/TBM) at different locations of the project area were established with reference to this GTS Bench mark. The details of various PBM/TBM established in the project area are given at Annexure – 2.1 in Volume – II.

2.1.1  River Survey

(i) Damanganga River 


At the DPR stage, the survey along Damanganga river across which Bhugad dam is proposed could not be carried out due to strong resistance by local people. As such, the data of river survey carried out at the time of FR has been utilised in the preparation of the DPR. During preparation of the FR of Damanganga – Pinjal link project, topographical survey along fair weather deep channel of Damanganga river was carried out. The longitudinal section of Damanganga river has been surveyed for 1.1 km
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down-stream and 23.575 km up-stream of the proposed Bhugad dam axis at an interval of 50 m upto RL 170.475 m (Maximum Water Level (MWL) + 5 m). Besides, longitudinal survey was also carried out along Bilia nalla (a tributary to Damanganga river) for a length of 6 km at an interval of 1.0 Km. In total, 33 nos. of cross sections have been surveyed along both the rivers at 1 km interval and levels in each cross section at 50 m interval. The Longitudinal section of Damanganga river in scale of 1: 10000 H and 1: 100 V based on the surveys carried out at FR stage and Cross Section of Damanganga river at proposed dam site in the scale of 1:1000 H and 1: 1000 V based on DPR stage survey are appended at Plate 2.1 and 2.2 respectively in Volume - VI.

(ii) Vagh River 


Khargihill dam has been proposed across river Vagh, a tributary of river Damanganga. During DPR stage, the river survey was carried out along the fair weather deep channel of Vagh river. The longitudinal section along the Vagh river has been surveyed for 6.20 km downstream and 0.95 km upstream of the proposed Khargihill dam axis at interval of 50 m. In all, 29 cross sections have been surveyed along the river at 200 m interval. Besides, longitudinal survey had also been carried out along Lendi river (a major tributary of Vagh river) for a length of 9 km and Val river for a length of 10 km with cross sections at 1 km interval during FR stage. The Longitudinal section of Vagh river in the scale of 1: 10000 H and 1: 100 V and cross section of Vagh river at Khargihill dam site in the scale 1:1000 H and 1: 1000 V based on the survey carried out at DPR stage are at Plate 2.3 and 2.4 respectively in Volume - VI. The longitudinal sections of Val and Lendi rivers in the scale of 1: 10000 H and 1: 100 V based on FR level survey are at Plate 2.5 and 2.6 respectively in Volume - VI.

(iii) Pinjal River 


The Pinjal dam has been proposed across river Pinjal, a tributary of river Vaitarna by Irrigation Department, Government of Maharashtra (at present further planning is with Municipal Corporation of Greater Mumbai (MCGM)). The longitudinal survey of river Pinjal for a length of 8 km was carried out by NWDA during FR stage to fix the position of exit portal of
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the Khargihill – Pinjal tunnel. Three cross sections across the river at the proposed Pinjal dam site and eight cross sections along the L-section at 1 km interval have also been surveyed at FR stage. The Longitudinal section of Pinjal river in the scale of 1: 10000 H and 1: 100 V based on the survey carried out by NWDA at FR stage is appended at Plate 2.7 in Volume - VI.

2.1.2  Reservoirs Surveys


The work for carrying out topographical survey in the submergence areas of Bhugad and Khargihill reservoirs was out sourced to a private agency. But due to public hindrance, the submergence area survey for both the reservoirs could not be carried out. As such, the information based on reservoir submergence survey carried out at FR stage has been used in preparation of the DPR.

(i) Bhugad Reservoir (FR)


The topographical survey for submergence area of Bhugad reservoir was carried out departmentally by NWDA during the year 1984. The FRL of the Bhugad reservoir has been fixed at 163.87 m and the MWL at 164.249 m. The reservoir submergence survey was carried out up to RL 170 m (MWL + 5 m). The baseline was fixed by compassing, chaining, ranging and levels transferred by double levelling at 50 m interval. The cross sections have been taken at 300 m or less interval depending upon the topography and up to RL 170 m on both sides of the base line by using Theodolite / Engineering Levels. The submergence map of Bhugad reservoir with 5m contour interval showing land use, communication net work, settlements etc in the scale 1:20000, prepared based on the survey carried out at FR stage is appended at Plate 2.8 in Volume -VI.

(ii) Khargihill Reservoir (FR)


The topographical survey for submergence area of Khargihill reservoir was carried out by Water Resources Investigation (WRI) Division, Palghar, GoM on behalf of NWDA during the year 1984. The reservoir submergence survey was carried out up to RL 168 m with 5 m interval. But due to change of Khargihill dam axis as suggested by Geological Survey of
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India (GSI), Nagpur later in the year 1997 and due to some discrepancy noticed in the reservoir submergence map prepared by WRI Division, Palghar, the Khargihill reservoir map has been prepared afresh with the help of toposheets and river longitudinal and cross sections surveyed by NWDA. The FRL of the Khargihill reservoir has been fixed at 154.52 m and the Maximum Water Level at 155.00 m. The Submergence map of Khargihill reservoir with 5 m contour interval showing land use, communication net work, settlements etc in the scale of 1:15000, prepared based on the survey carried out at FR stage is appended at Plate 2.9 in Volume -VI.



(iii) Pinjal Reservoir


The Water Resources Department, Government of Maharashtra during the year 1981 had prepared Detailed Project Report of Pinjal River Project. As the Pinjal dam is planned for Mumbai Water Supply, further planning of Pinjal dam is now with MCGM and revised DPR of this project is under preparation by MCGM through consultant. The FRL of the Pinjal reservoir has been fixed at 145.00 m. The submergence area map of Pinjal reservoir prepared by MCGM with contour interval of 1.0 m is appended at Plate 2.10 in Volume - VI.

2.1.3 Head works 

(i) Bhugad Dam 


Bhugad dam has been proposed across river Damanganga where the river channel is narrow and deep gorge. The right bank topography is flanked by steep rock cut slopes (400) and the left bank by an undulating hummocky topography at moderate slopes (200). The DPR level topographical survey work of Bhugad dam was carried out departmentally by National Water Development Agency during May-2009. The topographical survey of the area covering 250 m upstream and 500 m downstream of the dam axis upto the elevation of MWL + 5 m on both the banks at 10 m X 10 m basis was carried out. The baseline fixed on left bank of the river, extended up to 250 m upstream and 500 m downstream with fixing of concrete pillar @ 50m interval along the baseline thereafter cross sections perpendicular to the baseline were surveyed by chaining,
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compassing, ranging and levelling at 10 m interval up to MWL +5 m. TBM at 200 m interval along the dam axis and as per the site requirement were fixed. The detailed contour plan in the scale of 1:1000 with 1 m contour interval has been prepared and is appended at Plate 2.11 in Volume - VI.


At Bhugad dam 149.50 m long spillway has been proposed in the river portion by CMDD (NW&S) Directorate of Central Water Commission for passing flood discharge of 8992 cumec computed by Hydrology (South) Directorate of Central Water Commission while carrying out the hydrological studies of Damanganga-Pinjal Link. The detailed layout plan of the Bhugad dam axis showing the location of spillway, non-over flow concrete portion and the power block is at Plate No.2.12 in Volume - VI.

(ii) Khargihill dam 


Khargihill dam has been proposed across river Vagh (a tributary of Damanganga) where the river channel is narrow and deep gorge is present. The right bank topography is flanked by steep rockcut slopes (450) and the left bank by an undulating topography formed by alluvial fill rising at moderate slopes (300). GSI, Nagpur considered three alternative dam axes (Axis I, II & III) for Khargihill dam site at the time of preparation of FR. Based on geotechnical merits of the project area, GSI finalised the upper most dam axis (Axis-III) for Khargihill dam.


Further at DPR stage, NWDA has also explored another alternate dam site about 4 Km upstream of Khargihill dam axis-III and just downstream of confluence of Lendi river with Vagh river, to reduce submergence and Resettlement and Rehabilitation problems. Govt. of Maharashtra has also concurred with the proposal. However, due to the continued public hindrance in the project area at dam axis and other appurtenant works, surveys and investigations for this alternate dam site could not be taken up. Hence the dam axis-III finalised by GSI at FR level has been considered and surveyed during the DPR stage studies in May, 2009.




The topographical survey of the dam site covering 250 m upstream and 500 m downstream from the dam axis upto an elevation of MWL + 5 m
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on both the banks at 10 m x 10 m grid basis was carried out. The baseline was fixed on left bank of the river and concrete pillars at 50 m interval along the baseline were erected. Thereafter, cross sections perpendicular to the baseline were taken by chaining, compassing, ranging and levelling at 10m interval up to MWL +5 m. TBMs at 200m interval along the dam axis and also as per the site requirement were fixed. The detailed contour plan in the scale of 1:1000 with 1 m contour interval covering the dam site has been prepared and appended at Plate 2.13 in Volume - VI.


At Khargihill dam, 104.0 m long spillway has been proposed in the river portion by CMDD (NW&S) Directorate of CWC for passing flood discharge of 10222 cumec computed by Hydrology (South) Directorate of CWC in the hydrological studies of Damanganga -Pinjal Link. The detailed layout plan of the Khargihill dam axis showing location of spillway, non-over flow section, power block, etc. is appended at Plate 2.14 in Volume - VI.


Topographical Survey of Khargihill saddle dam at village Vavar was also carried out by NWDA departmentally during the year 1994 at FR stage and 3 cross sections at an interval of 50 m were taken. The contour plan of the saddle dam area in the scale of 1:1000 with a contour interval of 1.0 m is appended at Plate 2.15 in Volume - VI.

(iii) Pinjal dam 


The detailed layout & contour plan of the site showing the proposed dam alignment, the location of spillway, non-over flow section, power block etc., as prepared by MCGM is at Plate 2.16 in Volume – VI.


2.1.4  Plant and Colony Layout


Detailed survey for plant and colony layout could not be carried out due to public hindrance in the project area. This will be carried out at pre-construction stage of the project. However, there are suitable locations available for installation of various plants near each dam site. An indicative map showing plant & colony layout for Bhugad and Khargihill dams is appended at Plate 2.17 in Volume – VI.
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2.1.5 Canal & Water Conductor System and Canal Structures


The surplus Damanganga water available at Bhugad and Khargihill reservoirs will be transferred through tunnels only to proposed Pinjal reservoir in Vaitarna basin for augmentation of domestic water supply to Mumbai city, as such no canals are proposed under the project.


2.1.6  Power House, Switch Yard, Surge Shaft, Tailrace etc (DPR)


A team of officers from CWC visited Bhugad and Khargihill dam sites in April, 2010 and suggested the probable areas in the downstream of both the dam sites to locate power houses, switch yards, tailrace channels etc.

(i) Bhugad Dam Power House (DPR) 


Accordingly, a power house at the toe of the Bhugad dam is proposed on left side of the spillway. The downstream water requirements for domestic , irrigation , environmental & ecological uses and the committed releases to the existing Madhuban reservoir from Bhugad dam are proposed to be released through this power house for power generation.


The topographical survey of the area in the downstream of Bhugad dam and on the left bank of Damanganga river 500 m away from dam axis and upto Ranapada nalla was carried out at 50 m X 50 m grid interval basis. The contour plan of Bhugad power house area in the scale of 1:1000 with 1 m contour interval has been prepared and appended at Plate 2.18 in Volume - VI. The location of the power house has been finalised by the Hydel Civil Design (HCD) Directorate of CWC considering the topography and the geology of the area.

(ii) Khargihill Dam Powerhouse (DPR) 


A power house at the toe of the Khargihill dam is also proposed on left side of the spillway. The downstream water requirements for domestic,
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irrigation, environmental & ecological uses from Khargihill dam are proposed to be released through this power house for generation of hydro power.


The topographical survey of the area in the downstream of Khargihill dam and on the left bank of Vagh river 500 m away from dam axis and upto Chalatvad – Harsul road bridge was carried out at 50m X 50 m grid interval basis. The contour plan of Khargihill dam power house area in the scale of 1:1000 with 1 m contour interval has been prepared and appended at Plate 2.19 in Volume – VI. The location of the power house was finalised by the HCD Directorate of CWC considering the topography and the geology of the area.

2.1.7  Tunnel Survey (DPR)


At DPR stage the topographical survey along the Bhugad – Khargihill and Khargihill – Pinjal tunnel alignments for a length of 16.85 km and 25.70 km respectively and for adits was carried out departmentally by NWDA. The longitudinal survey for tunnels and adits alignments was carried out at every 50 m interval. The cross sections were taken at every 200 m or less interval depending upon the topography of the area. The levels along the cross sections were taken at every 50 m interval covering a distance of 500 m on either side of the centre line of the tunnel. The Contour maps of the area of both the tunnels alignments including adits were prepared in the scale of 1: 2500 with 1.0 m contour interval. These contour maps were provided to HCD (NW&S) Directorate of CWC for finalisation of tunnels alignments. The CWC reviewed these alignments with a view to reduce the length of adits and suggested alternative alignments for both the tunnels. Necessary additional survey to cover the suggested alternative alignments was carried out by NWDA and contour plans were prepared in the scale of 1: 2500 H with 1.0 m contour interval. The tentative alignments of both the tunnels and adits were marked on these contour maps in consultation with GSI and these maps were provided to HCD (NW&S) Directorate of CWC for finalisation of alignment of both the tunnels and the adits. The HCD (NW&S) Directorate of CWC has finalised the alignments of adits and both tunnels vide letter No. 9/7/2010-HCD (NW&S)/843 dated 16th/17th Jun 2011 (Annexure 2.2 in Volume - II).


45

[bookmark: page23]

The length of Bhugad – Khargihill tunnel will be 17.488 km. Total two adits are proposed in entire length of Bhugad – Khargihill tunnel; adit- I will be 205 m long at RD 6498 m and adit- II will be 154 m long at RD 12750 m.


The length of Khargihill – Pinjal tunnel will be 25.224 km. Total four adits are proposed in entire length of Khargihill - Pinjal tunnel; adit- I will be 1700 m long at RD 5729 m, adit- II will be 2283 m long at RD 11712 m, adit- III will be 2050 m long at RD 16082 m, and adit- IV will be 623m long at RD 21994 m.


The Layout plan of tunnels is at Plate 2.20 in Volume - VI, the contour plan of Bhugad – Khargihill and Khargihill – Pinjal tunnels duly indicating the alignments of tunnels and adits as finalised by CWC are at Plate 2.21 and 2.22 respectively and Longitudinal sections of the tunnels and adits are at Plate 2.21 A and 2.22 A respectively in Volume - VI.

2.1.8  Command Area


The Damanganga - Pinjal link has been mainly planned to augment the domestic water supply of Mumbai city. However, it is ensured that before affecting diversion of Damanganga water to Pinjal dam for augmentation of domestic water supply of Mumbai city, the requirement of water of the people in the vicinity of the project for various purposes such as domestic, irrigation etc is met on first priority. As such, a provision of 20 Mm3 water has been made for providing Irrigation to an area of about 3100 ha in the vicinity (including down-stream of the proposed dams) of Bhugad and Khargihill reservoirs. The culturable area in the vicinity of the project is available adjacent to the villages in very small patches only. The survey in the likely command area is proposed to be carried out at pre-construction stage.


2.1.9  Soil Conservation (DPR)


Water and Power Consultancy Services (WAPCOS), Gandhinagar has carried out the comprehensive Environmental Impact Assessment (EIA)
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studies of Damanganga - Pinjal link project which includes Environmental Management Plan (EMP), Catchment Area Treatment (CAT) Plan and Rehabilitation & Resettlement (R&R) Packages for the project affected people. In order to minimise the soil erosion in the catchment areas and reduce the silt deposition at Bhugad and Khargihill reservoirs by various streams and nalas and also to compensate the loss of forest land likely to be submerged under both the reservoirs, soil conservation measures and afforestation plan have been suggested to be taken up and are duly included in the EMP. Necessary provisions for all these works have been kept in the project estimate.

2.2	Other Allied Surveys

2.2.1 Archaeological Survey (DPR) 


The Archaeological Survey of the project area has been carried out by Archaeological Survey of India (ASI), Aurangabad Circle during May, 2009 and December, 2010. The Superintending Archaeologist, ASI, Aurangabad Circle vide their letter No.12/2009 -10/Tech-3036 dated 17-2-2011 have submitted the brief report on the archaeological survey and informed that no monuments or any remains of archaeological importance were noticed at dam sites and in the submergence area of Bhugad and Khargihill reservoirs proposed under Damanganga - Pinjal Link Project. A copy of the report on archaeological survey is at –Appendix 2.1 in Volume – III(A).

2.2.2 Mineral Survey in the Catchments / Reservoir Areas 


The Engineering Geological Division of GSI, Nagpur vide Letter No. 329/EG/GSI/2010 dated 26th July, 2010 (Annexure – 2.3 in Volume -II) informed that Bhugad and Khargihill reservoirs are devoid of any mineral of economic importance.


2.2.3 Right of Way Survey for the Reservoirs 


No road communication of any significance is existing in the submergence areas of Bhugad and Khargihill reservoirs for which right of way needs to be provided. Therefore, no such surveys have been carried out.
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2.2.4 Communication Surveys 


The Damanganga - Pinjal Link Project is located in Valsad district of Gujarat State and Nasik district of Maharashtra State. The Bhugad dam across Damanganga river is located near village Bhugad of Trimbak taluka of Nasik district in Maharashtra State. The nearest railway station for this dam site is Valsad on Mumbai – Delhi route of western railway. The Bhugad dam is approachable from Valsad (Gujarat State) through Valsad - Dharampur – Nasik State Highway upto Statebari village which is about 70 km away from Valsad and thereafter about 25 km bituminous road upto village Modushi of Kaprada taluka of Valsad district on right bank of Damanganga river. The Bhugad dam site lies 1 km upstream of Modushi village and is approachable by foot track. While the bituminous road from Statebari to Modushi village may have to be widened and a new road is required to be constructed from Modushi village to transport heavy machinery and construction materials to Bhugad dam site. The Bhugad dam is also approachable from Nasik side through Nasik – Harsul – Baphanvihir

– Ranapada – Bhugad village (80 Km). The nearest airport in the vicinity of the Bhugad dam site is located at Surat (170 km).


Khargihill dam is proposed across river Vagh near village Behadpada in Jawhar taluka of Thane district in Maharashtra state. The nearest railway stations for this dam site are umbergaon and Sanjan on Mumbai – Delhi route of western railway. The nearest town is Jawhar, which is a taluka headquarter in Thane district. The dam site is approachable from Vapi – Bhilad (24 km) (NH-8) then Bhilad – Silvassa – Chalatwar – Behadpada State Highway (83 km). The site is also approachable from Nasik side through Nasik – Harsul – Ozarkhed – Behadpada road (85 km). The airport in the vicinity of proposed Khargihill dam site is located at Mumbai (170 km).


The Bhugad - Khargihill tunnel alignment is approachable through Nasik – Harsul -Ozarkhed road. The Khargihill – Pinjal tunnel alignment is approachable through Nasik – Jawhar and further major district roads and village roads in the project area. However the approach roads upto adits of both the tunnels are to be constructed as per requirement. The map showing
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the communication net work in the link project area is appended as Plate 2.23 in Volume - VI.


2.2.5 Drainage Surveys 


The Damanganga-Pinjal Link Project is a domestic water supply project envisaging transfer of water through lined tunnels, as such, drainage problem is not expected.


2.2.6 Soil Surveys 


The Damanganga-Pinjal link is a domestic water supply project. So, no detailed soil surveys are proposed under the project.


2.3	Geology, Geophysical and Seismic Investigations

2.3.1  Regional Geology


The area of Damanganga - Pinjal Link Project, which forms a part of peninsular India, is mostly covered by basaltic rocks formed by eruption and solidification of lava flows (Dr. P.S. Misra, 2005). The Indian sub-continent has experienced at least five continental flood basalt eruptions ranging in age from Middle Proterozoic to Late Cretaceous and Early Tertiary. The youngest of these is the Deccan Flood Basalt of Cretaceous to Eocene age. The series of eruptions proceeded from fissures and cracks in the surface of the earth from which lava welled out intermittently till a thick sheet of basalt was formed. This obliterated previously existing topography of the region, and converted it into an immense volcanic plateau. This volcanic formation is known as Deccan Trap formation. Most of the land area around the project site is covered by Deccan Traps, which almost entirely constitutes the exposed rock unit of the terrain. The thickness of the lava flows is conjectured to be more to the eastern part of the study area, with the flows gradually diminishing towards the coast.


The basement of the peninsula is mainly composed of folded and faulted rocks of Archaean and Proterozoic age, which in some areas are covered by Precambrian sedimentary sequences and large masses of plateau basalt. Based on structural trends, degree of metamorphism and age factor,
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the peninsular region can be sub-divided into several crustal blocks. Towards north of the project site, Son-Narmada-Tapti (SONATA) lineament zone is bound by the Great Vindhyan Range, Malwa Plateau in the north and the Satpura Range in the south. This area comprises a wide variety of rock types ranging from Achaean to recent sediments. Quaternary alluvial fills are deposited in E-W trending intracratonic linear Narmada and Tapti-Purna basins. The northern part of the region comprises parts of Indo-Gangetic plain, Aravalli-Delhi belt and Son-Narmada-Tapti zone. The western portion of the region comprises Saurashtra Plateau, mainly consisting of Deccan trap of Upper Cretaceous to Eocene age. The remaining portion is represented by basement elements comprising gneisses and migmatites of Deccan Volcanic Province.

2.3.2  Local Geology


The Damanganga – Pinjal Link project lies west of Trimbak in northern part of Western Ghats and is characterised by highly dissected terrain with flat summits, mural slopes, serrated ridges and deeply entrenched valleys. The area exposes thick pile of Deccan lava flows consisting of compound Pahoehoe and simple flows that are grouped as Salher and Ratangarh formations. The detailed geological mapping and traverses in the area revealed that the main dams, reservoirs and the other appurtenants of Damanganga – Pinjal link project are located within the oldest compound pahoehoe flow of the Salher formation exposed in the area. The Bhugad reservoir lies in the Deccan Volcanics. The rock assemblage exposed is classified as Salher formation, which comprises of group Pahoehoe flows successions. No major fault or shear zone was noticed in the area. The rock type encountered is moderate to highly amygdular basalt, which is generally non-porphyritic in nature with occasional thin bands of massive basalt occurring in it. The Khargihill reservoir area is made of Pahoehoe and flows of Deccan volcanics belonging to lower part of Salher Formation. The rocks encountered are massive basalt and amygdular basalt and are devoid of any fault or shear zones. The entire length of the tunnels from Bhugad and to Pinjal reservoir pass through the lowermost compound pahoehoe flow of the Salher formation cutting across various massive and amygdular units which is considered to be good rock for the tunnelling media.
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2.3.3 [bookmark: page33]Geological Investigations 


The basic purpose of the geological investigations was to find out type of rock, major joints, shear zones, faults & fractured zones if any, in the area. The geological investigations were carried out for Bhugad and Khargihill dams and reservoirs, connecting tunnels between Bhugad, Khargihill and Pinjal reservoirs during the preparation of Feasibility Report (FR) of Damanganga - Pinjal Link Project by Engineering Geology Division, GSI, Nagpur. The DPR stage geological investigation work of Damanganga – Pinjal link was assigned to GSI, Nagpur. But, due to opposition from local peoples in carrying out the field survey and investigation work the geological investigations at proposed Bhugad and Khargihill dam sites and reservoirs could not be taken-up by GSI. However, the geological investigations along the alignments of both the tunnels has been completed by GSI. As such, the data of geological investigation carried out at FR stage in respect of proposed Bhugad and Khargihill dam sites and reservoirs have been used for designing these dams at DPR stage. The details of these investigations are as under:

Bhugad Reservoir


The Bhugad reservoir at the proposed FRL 163.87 m has a submergence area of 1903 ha. The reservoir area was geologically mapped at FR stage on 1:20,000 scale upto RL 173 m. The entire reservoir lies in Deccan volcanic. The area is thickly forested with reservoir area being restricted in the valley with 200 – 300 m high steep hills on both side of the river Damanganga and its tributaries. Non - porphyritic basalts with minor bands of dense basalts belonging to flow-1 of Salher formation are encountered in the area. GSI, Nagpur mentioned that no major fault or shear zone was noticed in the area and further indicated that the reservoir area appears to be tight with no perceptible shear or fault zone criss-crossing the area. Neither minerals of economic importance nor monuments of archaeological importance will come under the submergence of the reservoir. During preparation of DPR no further work could be carried out due to opposition by local peoples. The geological map of Bhugad reservoir prepared at FR stage in the scale of 1:20000 is at Plate 2.24 in Volume - VI.
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The Khargihill reservoir at the proposed FRL 154.52 m has a submergence area of 1558 ha. The reservoir area was geologically mapped at FR stage on 1:15000 scale upto RL 180 m. The reservoir area is confined in the river valley of Vagh and its main tributary Val river. The hill slopes are generally steep on both sides of the river and are thickly to moderately forested. The entire reservoir area made of pahoehoe and flows of Deccan volcanics belonging to lower part of Salher formation. The GSI indicated that the rocks are hard, massive and devoid of any major fault or shear zones while the joints are mostly tight and as such there will be no problem of reservoir leakage. Neither minerals of economic importance nor monuments of archaeological importance will come under the submergence of the reservoir. During preparation of DPR no further work could be carried out due to opposition by local people. The geological map of Khargihill reservoir prepared at FR stage in the scale of 1:15000 is at Plate - 2.25 in Volume - VI.

Bhugad Dam Site


In order to ascertain the geological set up of Bhugad dam site, GSI had studied the Bhugad dam axis area on Areal photographs. Two alternative dam axis alignments were marked and mapped on 1:25000 scale. The dam axis-I was proposed at 250 m upstream of Bhugad village where as dam axis-II was at 300 m downstream of Bhugad village. On comparative evaluation, dam axis-II was opted due to (i) shorter length of the dam, (ii) shallow foundation in the central river and on right bank, (iii) availability of suitable conditions to house spillway on central river bed with proper location for stilling basin and flood routing and (iv) requirement of retaining wall for only left bank. Area of Dam axis-II was geologically mapped on 1:1,000 scale. The geological map of Bhugad dam axis-II (final dam axis) area on the scale 1:1,000 H is appended as Plate 2.26 in Volume - VI. During preparation of DPR no further work could be carried out due to opposition by local people.
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The sub-horizontally disposed basaltic lava flows of Salher formation are exposed in the Vagh river basin at the Khargihill dam site. Three alternative dam axes alignments at Khargihill have been considered by GSI, Nagpur. Based on the geotechnical conditions, the upper most alignment (Axis – III) was found to be feasible due to (i) shorter length, (ii) the alignment at fairly up-stream of the down-stream apex/nose of the triangular plateau on the right abutment (iii) the nalla location at considerable distance from the distal end of the dam and (iv) bowl shaped depression between two residual mounds to house the left rock fill section. Area of the dam site was geologically mapped in the scale of 1:1000. The geological map of Khargihill dam area in the scale of 1:1000 is at Plate – 2.27 in Volume - VI. During preparation of DPR no further work could be carried out due to opposition by local people.


The Reports of GSI on geological investigations carried out at FR stage are at Appendix 2.2 to 2.5 in Volume – III(A).


Geology of the Tunnel Corridor:

At DPR stage GSI, Nagpur had carried out traverse geological mapping along corridors of Bhugad – Khargihill and Khargihill – Pinjal tunnels encompassing old and new alignments and adits, on 1:25,000 scale.

Deposited sediments/ river borne material, in-situ soil profile, scree material and bed rock comprising massive, amygdular and fragmentary porphyritic basalt are the lithounits exposed along the corridor covering the tunnel alignments. The plateau tops in general are occupied by in-situ soil with outcrops of bed rock along the drainage lines. The in-situ soil comprises ferricrete, ferruginous soil, lithomarge and saprolite. The vaxing and the middle part of the valleys and hills are covered by rock out crops with /without scree /thin soil cover. The beds of the major drainages are in general occupied by bed rock with/ without river borne material. Deposited sediments in the form of terrace/ point bar are observed along some stretches of the major river courses. The size of the deposited sediments varies from silt to boulders with graded bedding and cross bedding indicating that the deposited sediments could be fluvio-lacustrine origin.
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Both a’a and ‘pahoehoe’ type of basaltic flows were noticed, but the flow contacts cannot be established as it is gradational and devoid of bole beds.

Presence of bole bed is recorded only on the left bank of Damanganga River adjacent to Bhugad-Khargihill tunnel inlet area in the total area of the project. The bole bed is green in colour and the thickness varies from 30 cm to 50 cm. Projection of this bed indicated that it is extending to the sill area of the tunnel and will not pose any major problem.


During traverse geological mapping along tunnel corridor, at some locations (about 1km NW of Bejpada Village, Lat: 20˚03’19”, Long: 73˚16’16”), secondary cavities of dimensions as large as 5m are reported. Such types of secondary cavities of larger dimensions are also anticipated during tunneling. These should be taken care of/ treated depending on dimensions of the cavities and composition of the filled cavities. The Geological map of the corridor of both the tunnels is at Plate 2.28 in Volume - VI.

2.3.4  Seismicity


Damanganga - Pinjal project area lies in the seismic zone-III as per seismic zoning map of India (IS: 1893 – 2002, Part-1). The historical and instrumentally recorded earthquake data provided by India Meteorological Department (IMD) indicates that there were 5 events of magnitude 6.0 - 6.5 but all of them are at the distance of more than 200 km from the project area.

	Place
	Date
	Magnitude
	Distance (km) from:
	

	
	
	
	
	
	

	
	
	
	Bhugad
	Khargihill
	

	
	
	
	
	
	

	
	
	
	
	
	

	Mahabaleshwar-
	17.08.1764
	6.0
	260.4
	245.7
	

	Panchgani area
	
	
	
	
	

	
	
	
	
	
	

	Near Ahmadabad
	09.10.1842
	6.3
	230.4
	244.1
	

	
	
	
	
	
	

	Khandwa area
	27.05.1847
	6.5
	228.4
	230.6
	

	
	
	
	
	
	

	Hebatpur-Bhavnagar
	21.04.1919
	6.0
	266.6
	281.2
	

	area
	
	
	
	
	

	
	
	
	
	
	

	Koyna
	12.10.1967
	6.5
	302.3
	287.5
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The data for 792 earthquake events with magnitude of 2.4 and above have been compiled from different sources for the period from 1594 – 2009. There are 10 earthquake events with a magnitude of 5.5 and above within a distance of 300 km from project site. The earthquake occurred on 25th December, 1856 with a magnitude of 5.7 is the closest to the dam sites at a distance of about 58 km from Bhugad and about 61 km from Khargihill.


The studies for site specific design ground motion parameters for the various components of Damanganga-Pinjal Link Project have been carried out by Central Water & Power Research Station (CW&PRS), Pune during the year, 2011. As per these studies the deterministic estimate is found to be governed by a maximum credible earthquake magnitude of 6.3 at a closest distance of 18.0 km to the fault rupture plane. The values of peak ground acceleration for horizontal and vertical components are found to be 0.280 g and 0.223 g for maximum credible earthquake (MCE) conditions and 0.140 g and 0.112 g for design basis earthquake (DBE) conditions.


The site specific design ground motion study of Damanganga-Pinjal Link Project prepared by Central Water & Power Research Station, Pune is at Appendix - 2.6 in Volume –III(A).


This report has been approved by the National Committee on Seismic Design Parameters in its 23rd meeting held on 20th November 2012. The dam wise summarised seismic design parameters have been communicated by FE&SA Directorate of CWC vide their letter No. 2/2/2012 (vol-I)/FE&SA/17 dated 4th January, 2013 (Annexure - 2.4 in Volume - II)

2.4 Sub-surface Geology and Foundation Investigations 


Dams: During the years 1998 to 2000, at FR stage, the foundation investigations for the proposed Bhugad and Khargihill dams were carried out through GSI, Nagpur in association with Central Soil & Material Research Station (CSMRS), New Delhi. The geo-technical assessment of surface and sub-surface data along the axes of Bhugad and Khargihill dams collected through geological mapping at 1:1000 scale and core logging of exploratory drill holes was carried out to ascertain the sub-surface rock condition. The laboratory testing of rock core samples has been carried out
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by CSMRS, New Delhi. The findings and the test results of the GSI and CSMRS are used in the designs of various components of Bhugad and Khargihill dams by Design Directorate of CWC for suitable foundation grade level.


During preparation of DPR also the work of geological and geo-technical investigations of Bhugad and Khargihill dam sites was entrusted to GSI, Nagpur. However, due to public hindrances in the project area, no drilling could be carried out at these dam axes. As such, the data from drilling carried out at FR stage in respect of foundation investigations of Bhugad and Khargihill dam sites have been used in the DPR.


The details of dam-wise foundation investigations carried out at FR stage are discussed below:


Bhugad Dam: GSI, Nagpur had conducted geotechnical evaluation of alternative dam axis A-I and A-II. Total 6 drill holes of varying depths from 25 m to 50 m and 5 exploratory pits/trenches (max. depth 10 m) were suggested by GSI, Nagpur at Bhugad dam site in order to find out foundation grade levels & water tightness of bed rock as well as to ascertain the soil structure and its permeability characteristics so as to determine the depth of cut off trench. The details of these drill holes and pits/trenches suggested by GSI, Nagpur are tabulated below:

Details of Drill Holes for Bhugad Dam Site Suggested by GSI


	Sl.
	Drill hole
	RD
	Depth of boreholes

	No.
	No.
	
	actually drilled

	1.
	DH-1
	677.65 m(River channel/
	50.594 m

	
	
	Spillway)
	

	2.
	DH-2
	20.434 m (Left abutment)
	41.450 m

	3.
	DH-3
	393.60 m (Left bank)
	41.603 m

	4.
	DH-4
	798.50 m (Right bank)
	could not drilled

	5.
	DH-5
	132.45 m (Left side)
	25 m

	6.
	DH-6
	50 m D/s from RD 650.40 m
	26.212 m
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Details of Exploratory Pits/Trenches for Bhugad Dam Site Suggested by GSI

	Sl.No.
	Exploratory
	RD
	Depth of

	
	Pit/Trench No.
	
	Exploratory Pit

	
	
	
	proposed

	1.
	PT-1
	522 m
	7.10 m

	2.
	PT-2
	490 m
	10.00 m

	3.
	PT-3
	405 m
	10.00 m

	4.
	PT-4
	305 m
	7.10 m

	5.
	PT-5
	185 m
	5.70 m




Out of the 6 proposed drill holes, one drill hole (DH-4) at RD 798.50 m at right bank on the dam axis could not be carried out due to public resistance. The remaining five bore holes were drilled with an aggregate core length of 163.75 m and logged. The rock encountered is massive basalt and amygdular basalt. Permeability tests had been carried out in all the bore holes and it is seen that the permeability values had not exceeded 1-12 lugeons. The Details of drill hole logs are appended in Annexure 2.5 in Volume - II. The geological section along the proposed Bhugad dam axis – II (final dam axis) in the scale of 1: 1000 is at Plate – 2.29 in Volume - VI.


Based on the detailed geo-technical mapping of Bhugad dam axis (A-II) and evaluation of geo-technical parameters and geomorphic attributes, the GSI, Nagpur has divided Bhugad dam site area into five geo-technical sub-units i.e. (i) Steep right abutment (RD 728 m to 845 m), (ii) river channel (RD 632 m to 728 m), (iii) left bank terrace segment (RD 529 m to 632 m), (iv) undulating terrain with deep gullying and entrenched weathering (RD 110 m to 529 m) and (v) moderately sloping left abutment (RD 0 m to 110 m). Based on the study of the geotechnical parameters, a tentative layout of the Bhugad dam was evolved by GSI, Nagpur and it was advised to locate the spillway section in the river bed part between RD 523 m and RD 727 m. On the right abutment the entire section had been suggested to be designed as masonry dam. But on the left bank keeping in view the anticipated shallow foundation level, it was advised that NOF masonry section should not be extended beyond RD 503 m. For the rest of the section between RD 503 m to RD 0.0 m an earth fill dam had been suggested.
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Khargihill dam: In total, 14 drill holes of varying depths from 25 m to 50 m on three alternative alignments of dam axes were suggested by GSI, Nagpur at Khargihill dam site and its saddle dam. Out of 12 drill holes, only 3 drill holes (total depth of drilling of about 141.66m) could be completed and 1 hole (26.29m) could partly be completed and logged. The remaining 10 drill holes could not be taken up due to resistance from the local people. The rock encountered is massive basalt and amygdular basalt and is exposed in the right bank. Overburden upto 30 m depth has been encountered in one hump on the left bank. Details of drill hole logs are given in Annexure 2.6 in Volume -II. The geological section along the proposed Khargihill dam axis

– III (final dam axis) in the scale of 1: 1000 is at Plate – 2.30 in Volume - VI.


Based on geotechnical merits, GSI, Nagpur recommended the upper most alignment A-III (150 m u/s of A-I) for further feasibility evaluations. It was also suggested to take advantage of topographic depression on left bank alluvial fill section to accommodate the earth dam. Accordingly a tentative lay out of the dam was evolved with (i) central spill way between RD 300 m and RD 452 m, (ii) masonry non-over flow (NOF) section in the right bank between RD 452m and RD 512 m, (iii) Left NOF block between RD 300 m and RD 240 m, (iv) kink in the dam axis at RD 240 m and earth fill dam between RD 0.0 m and RD 240 m.


The core samples collected from exploratory drill holes at Bhugad and Khargihill dam sites were got tested at CSMRS, New Delhi. The report on laboratory investigations of Rock core samples submitted by CSMRS, New Delhi (CSMRS Report No. RM-II/6/1998 of March 1999) is appended as Appendix – 2.7 in Volume – III(A).

Tunnels


Bhugad – Khargihill tunnel: At FR stage, exploratory drilling along Bhugad-Khargihill tunnel alignment was initially proposed by GSI at three locations namely the point of intersection of the tunnel alignment with Ranapada Nala, Hirapada Nala and Nangarbari Nala. Subsequently Director, GSI, Nagpur reviewed the same and suggested only two drill holes at Ranapada Nala (depth 40 m) and at Hirapada Nala (depth 60 m). Geological
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logging of these drill holes covering a total depth of 101.45 m (41.28 m at Ranapada nala & 60.17 m at Hirapada nala) have been done by GSI, Nagpur. Details of drill hole logs are given in Annexure 2.7 in Volume - II. It is inferred by GSI that drill holes in Ranapada and Hirapada nala sections of the tunnel alignment have shown that rock cover in the range of 4-D to 5-D is available above the tunnel grade in these nala sections and lugeon values are moderately high in the range of 4 to 28 lugeons. Recommendations have been made for advance probe through horizontal drill holes 25 m to 30 m in advance of the heading in 60 m long section of the tunnel under these nala reaches.


Khargihill - Pinjal tunnel: At FR stage, exploratory drilling along Khargihill - Pinjal tunnel alignment was initially proposed by GSI at three locations namely the point of intersection of the tunnel alignment with Hateri Nala, Domihira Nadi and Shankeri Nadi. Subsequently, Director, GSI, Nagpur suggested only 2 drill holes at Jawhar river and Ene Nala. Apart from these, three additional drill holes near the outlet portal of the Khargihill-Pinjal tunnel to ascertain right location of the outlet portal (Pinjal side) were suggested. Geological logging of these drill holes covering a total length of 284.42 m (135.60 m at Jawhar nadi & 38.50 m, 50.27 m, & 60.05 m at three exit portal locations) had been carried out by the GSI, Nagpur. Details of drill hole logs are given in Annexure 2.8 in Volume - II. The drill hole at Jawhar nala section indicates that the tunneling media is good to very good and the Rock Quality Designation (RQD) of the rock mass at tunnel grade varies from 85 to 100. The rock mass between 90 to 99 metre depth section is highly weathered, brecciated and fractured. Presence of fractured zone 25 m above the tunnel grade may be charged with sub-surface water and seepage problem expected during tunneling. Rock mass on the basis of the core logging is classified under good category but for the fractured zone 25 m above the tunnel grade and seepage under nala section is a major possibility.


Based on DPR level topographical surveys and other detailed investigations, the alignments of both the tunnels have been modified by CWC in consultation with GSI, Nagpur. Geological and geo-technical investigations along modified alignments of Bhugad – Khargihill and
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Khargihill Pinjal tunnels for preparation of DPR have also been carried out through GSI, Nagpur.


In order to assess the exact depth of overburden/scree materials, bedrock profile, discontinuities characters, to pickup adverse geological features, if any and to check the presence of red/green boles, sub-surface exploration was recommended. Total sixteen boreholes, of which nine along link tunnels alignments and seven in the portals areas were proposed to be drilled, of which only twelve boreholes with cumulative depth of 1016.50m could be drilled and remaining boreholes could not be drilled due to public opposition in the project area. Logging and assessment of all these boreholes have been completed by GSI. Massive Basalt, Amygdular Basalt, Fragmentary Porphyritic Basalt and Massive Porphyritic Basalt are the rock types encountered in the boreholes. The overburden thickness varies from 0.1-2.2m. Joint sets observed are i) Flow Bedding Joints dipping 4 - 20˚, ii) Joints dipping at 30˚- 40˚, iii) Joints dipping at 50˚- 60˚ and iv) Joints dipping at 70˚- 85˚.

The RQD varies from 50 to 100% and the rock mass in general is categorized as fair to very good categories (Deere’s classification). Based on the logging and assessment of the borehole cores, tunneling media for both the links was fairly established. It is inferred that, for most of the part at Bhugad-Khargihill link tunnel, tunneling media will be massive basalt. For the Khargihill – Pinjal link tunnel, massive Basalt (<10% amygdules) and amygdular Basalt (10-75 % amygdules) will be the tunneling media. Massive porphyritic basalt and fragmentary porphyritic basalt will be the tunneling media in the initial reaches of the Adit – I of Khargihill – Pinjal link tunnel.


Analysis of the water pressure tests carried out at top levels and at tunnel grade levels indicates laminar type of flow in all the test depths. The water loss varies from 0.2 lugeon to 0.6 lugeon which is negligible. From this, it can be inferred that the tunneling medium in general may be dry or at the most wet.


The rock mass in general blocky, tabular and seamy controlled by the most prominent joint set, parallel to flow bedding, spaced at < 10 cm to 1m. Five more moderately to widely spaced, prominent sets of joints are present
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in the entire rock mass along the total length of the alignment. But, at specific locations, only three sets of joints are occurring as predominant sets in the rock mass. The joints in general are fresh, tight to moderately open, smooth planar, at places filled with secondary silica/carbonate veins and at select location slickensided.


Attempted to workout Q-values of the exposed rock mass applying the updated Q- Value system by Grimstad and Barton, 1993. Based on the Q-value, massive basalt and amygdular basalt are classified as fair to good, dyke rock as poor and sheared dyke and sheared basalt as very poor rock mass.


The media for about 0.2% of the Bhugad –Khargihill tunnel length is categorized as poor, 0.74% as very poor, 0.06% as poor to very poor and in the rest of the length, the rock mass is anticipated to be of fair to good categories.


The media for about 0.18% of the Khargihill - Pinjal tunnel length is classified as poor, 0.14% as very poor, 0.08% as poor to very poor and in the rest of the length, the rock class is anticipated to be fair to good.


As, the most predominant flow bedding joints are disposed sub-horizontally, the tunnel profile anticipated to be stepped. Smooth planar nature and very close spacing of the flow bedding joints intersected by other sub vertical joints indicate that systematic rock bolting support may be necessary for the majority of the reaches of the tunnel and adits. The decision on the necessity and exact reaches will be taken during the construction stage investigation.


In addition to the tunneling problems while negotiating the above weak zones, minor problems of over/side breaks may occur due the intersection of smooth planar, shear and filled joints, etc., and high water flow/ water seepage near the intrusive dykes.


Sub-surface rock mass classification was also attempted based on the data collected by logging and assessment of borehole cores, which is also worked out to be ‘Good’ for massive & amygdular basalt.
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The DPR stage Geo-technical Investigation report prepared through GSI, Nagpur is at Appendix - 2.8 in Volume – III(A).


The core samples collected from exploratory drill holes at Bhugad – Khargihill and Khargihill – Pinjal tunnels and adits were got tested at CSMRS, New Delhi. The reports on laboratory investigations of core samples received from CSMRS, New Delhi (CSMRS report No. 5 &6 /CSMRS/E/3/2012 for Khargihill – Pinjal tunnel and report No. 1/RM-L/CSMRS/E/04/2013 for Bhugad - Khargihill tunnel) are at Appendix 2.9, 2.10 and 2.11 in Volume – III(B).

Dam Toe Power Houses


Due to public hindrance, no geological investigations could be taken up at the Power House sites.


2.5 Construction Material Investigations 


During preparation of Feasibility Report the borrow area and construction material surveys were carried out through Central Soil and Materials Research Station (CSMRS), New Delhi. During the preparation of Detailed Project Report these surveys could not be carried out as no samples could be collected from prospective quarries. Only few samples from rock quarries in the vicinity of the project area were collected and laboratory test on these samples for use as crushed sand in concrete has been carried out through CSMRS. The rock cores recovered from the bore holes drilled along the tunnels at DPR stage are also tested for use as construction material. As such the borrow area and construction material survey carried out at FR stage has been used in DPR also. The details of these investigations are indicated below:

2.5.1  Construction Material Investigations at FR stage

2.5.1.1 Soils 


At FR stage, the borrow area soil investigations for construction of Bhugad and Khargihill dams were carried out through CSMRS, New Delhi during the years 1998 to 2000. Representative bulk soil samples from potential borrow areas in the vicinity of the dam sites were collected as per
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the suggestions of CSMRS and laboratory tests were got carried out for ascertaining their suitability for use as construction materials based on soil classification and also to determine the strength, consolidation and compressibility characteristics of the same for arriving at various design parameters.


Bhugad Dam: total 23 no. of disturbed soil samples from prospective borrow areas up-stream of dam axis were collected (13 nos. from up-stream left bank side from 9 pits and 10 nos. sample from up-stream right bank side from 7 pits). The location plan of borrow area pits is given at Fig – 2.1.


Khargihill Dam: total 27 no. of disturbed soil samples from prospective borrow areas up-stream of the dam axis were collected (21 nos. of sample from up-stream right bank side from 15 pits and 6 nos. from up-stream left bank side). The location plan of borrow area pits is given at Fig – 2.2.


Laboratory tests such as Mechanical analysis and Atterberg Limits, Specific Gravity, Standard Proctor Compaction, Triaxial Shear Test with Pore water pressure measurement, One Dimensional Consolidation, Laboratory Permeability etc, were carried out on the collected Borrow area samples. The Mechanical analysis result indicates that the tested soil samples are in general dominated by finer fractions with particular reference to silt sizes followed by fine and medium sand size. Soil samples tested are impermeable and in general possess medium to high plasticity characteristics, medium to high compressibility characteristics and fairly good shear strength.


The CSMRS report No. S-IV/2000-01/1 on soil investigations of samples collected from Borrow areas for Bhugad and Khargihill dams is attached as Appendix - 2.12 in Volume – III(B).


2.5.1.2 Sand 


The CSMRS, New Delhi during the year 1988 to 2000 had carried out construction material survey and laboratory investigations of sand samples for their use as fine aggregate in concrete. Damanganga river with its steep gradient does not have sand in the vicinity except for small quantity. As such, for stable supply of sand the possibility of using the beach sand from
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the coastal area located at a distance of approximately 100 km was explored. 21 sand samples were collected from Daman Devika beach (10 Nos.), Daman beach (7 Nos.) and Jampore beach (4 Nos.) and laboratory tests were conducted by CSMRS, New Delhi. The petrographic examination of the sand samples was carried out by GSI, Faridabad.


Physical tests viz. grading and fineness modulus, specific gravity, silt and clay content, organic impurities, petrographic analysis, etc. were conducted on the representative sand samples as per IS:2386-1963 specifications for assessing their suitability for use in concrete as per IS:383-2002.


Based on the results of physical tests conducted on these sand samples, the organic impurities are either absent or within allowable limits as per IS:383-1970 specifications. The silt and clay content for all 21 samples ranges from 0.5 to 16.55%. Out of 21 samples, only 8 samples fall within the permissible limit of 3.0% as per BIS specifications. The fineness modulus for 19 sand samples fall between 2.62 to 4.27 indicating that the sand samples are coarse grained while the remaining 2 sand samples fall under fine grained.


Even though a few sand samples fulfill the requirements of physical tests as specified in the IS-383-1970, the petrographic examination of 9 representative samples from the three identified beach segments, revealed higher content of Iron oxide and shell fragments (CaCO3) which are commonly known for their deleterious effect on concrete strength and durability. Hence, it may be concluded that the sand samples from all the identified beach segments may be dispensed with and crushed sand made of the rock can be utilized as replacement to natural sand after ascertaining its physical and mechanical properties.


The CSMRS report No. CRD-I/2001-2002/1 on construction materials survey including report on petrographic examination of rock and sand samples from GSI, Faridabad is at Appendix 2.13 in Volume – III(B).


At DPR stage the rock samples are collected from the rock quarries located in the project area and the laboratory investigations of the samples
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for use as crushed sand in the concrete has been carried out through CSMRS, New Delhi. The report of CSMRS is at Appendix – 2.14 in Volume – III(B). This report indicates that, based on physical tests reports it is found that crushed sand samples are very coarse in nature and same sand may be used in construction works after crushing the sand to make FM between 2.5 to 3.0 so that it confirms the grading zone II/III of IS: 383-1970 and the dust finer than 150 micron should not be more than 15 %.


Damanganga – Pinjal link project envisages construction of 2 tunnels of 42.732 Km long. The muck to be generated from these tunnels can be used as construction material for concrete face rockfill dams and also for producing sand by crushing the rocks for use in concrete. A total 12 boreholes have been drilled at DPR stage along the alignments of both the tunnels and adits. Laboratory tests have been carried out by CSMRS on selected rock core samples to assess suitability of utilising the muck from the tunnels as construction material of Bhugad and Khargihill dams. The reports on laboratory investigations of core samples of Khargihill – Pinjal tunnel received from CSMRS, New Delhi (CSMRS report No. 5 &6/RM-I/ /CSMRS /E/ 3/ 2012) are at Appendix 2.9 & 2.10 in Volume – III(B). The CSMRS report on laboratory investigations of core samples of Bhugad – Khargihill tunnel (CSMRS report No. 1/RM-L/CSMRS/ E/04/ 2013) is at Appendix – 2.11 of Appendix Volume – III(B).

2.5.1.3 Rock and Aggregates 


The CSMRS, New Delhi during the year 1998 to 2000 had carried out the Construction Material Survey and Laboratory Testing of rock samples for assessing their suitability for use as coarse aggregate in concrete. A total of 8 rock samples were collected from 3 rock quarries. The physical tests viz. specific gravity, water absorption, soundness, aggregate impact value, aggregate abrasion value, aggregate crushing value were conducted on selected rock samples as per IS 2386 – 1963 for assessing their suitability as per IS 383 – 1970 for use as coarse aggregate in concrete. The petrographic analysis on the rock samples was carried out by GSI, Faridabad. The following quarries have been found suitable for coarse aggregate in concrete for both wearing as well as non- wearing surfaces:
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· [bookmark: page63]Rock quarry near Dhadri village 

· River bed material of river Lendi 

· Boulder material of Damanganga river. 


It can be seen from the physical tests that the rock quarries confirm to the specification requirements as per IS 383 – 1970 for use as coarse aggregate in concrete for wearing as well as non – wearing surfaces. However, the petrographic examination indicates the presence of iron oxide ranging from 3% to 22%. The presence of iron oxide has been identified to be susceptible to initiate pitting effects when it comes in contact with water leading to durability problems. Therefore, the deleterious effect is required to be examined in detail by conducting Mortar Bar extension test on the rock samples to be actually used in the construction work.


The coarse aggregate with high content of iron oxide may, however, be used in the hearting of the spillway structure beyond the gallery portion of the dam leaving at least 2 m cover around the periphery of the structure. The cover portion and the concrete lining of the tunnel may be constructed using good quality coarse and fine aggregate material to be explored from new quarries.


The CSMRS report No. CRD-I/2001-2002/1 on construction materials survey including report on petrographic examination of rock and sand samples from GSI, Faridabad is at Appendix – 2.13 in Volume – III(B).



2.5.1.4 Bricks and Tiles 


Bricks and tiles are available locally in the project area


2.5.1.5 Pozzolona 


The pozzolonic materials are not considered to be used in the construction of the project
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2.5.1.6 [bookmark: page65]Cement 


The nearest cement factory for the dam sites is the Narmada cement factory which is located at Surat about 100 km from the project area. Cement can be transported upto Valsad/ Vapi and Dahanu rail head by railway and further upto project/colony sites by road.

2.5.1.7 Steel 


Friends Ispat plant is located at Ahmadabad. Shree Sai Krupa Ispat plant is located at Khopoli, Raigad District in Maharashtra state. The steel required for project construction can be procured from these plants and transported to Valsad, Vapi, and Dahanu rail heads by rail and further upto project/colony sites by road.

2.5.1.8 Scarce Material 


No scarce materials are anticipated to be used in the project which may cause hindrance to the construction of the project.


2.5.1.9 Any other Material 


Apart from above, there will be many other items such as asbestos, CGI sheet, coal tar, wood, paint etc. which will be required for construction of temporary sheds, approach roads etc. All such items are available locally at Dharampur, Vapi and Jawhar.


2.6	Hydrological and Meteorological Investigations
2.6.1  Rainfall & Runoff

There are 12 rain gauge stations located in and around Damanganga basin and 4 rain gauge stations located in and around Pinjal sub-basin. The Damanganga basin receives most of the rainfall during south-west monsoon from June to September. Almost 97% of the annual rainfall occurred during monsoon season. The average annual rainfall of Damanganga basin is 2245 mm and that of Pinjal sub-basin is 2758 mm. The period of availability of data and average annual rainfall (mm) of each rain gauge station is given below:
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Period of Availability of Rainfall data
	S.No.
	RG Station
	Period of availability of data
	Average Annual

	
	
	
	Rainfall (mm)

	
	
	
	

	A
	Damanganga Basin
	

	
	
	
	

	1
	Peint
	1901 to 2008
	2273

	
	
	
	

	2
	Mokhada
	1901 to 2008
	2440

	
	
	
	

	3
	Jawhar
	1955 to 2008
	2983

	
	
	
	

	4
	Trimbak
	1901 to 2008
	2490

	
	
	
	

	5
	Vapi
	1962 to 2007
	2030

	
	
	
	

	6
	Silvassa
	1964 to 2005
	2096

	
	
	
	

	7
	Khanvel
	1966 to 1997
	2164

	
	
	
	

	8
	Dudhani
	1966 to 1995
	2482

	
	
	
	

	9
	Vadoli
	1967 to 1998
	2143

	
	
	
	

	10
	Harsul
	1973 to 1996
	1657

	
	
	
	

	11
	Raimal
	1967 to 1988
	2088

	
	
	
	

	12
	Rakholi
	1967 to 1982
	2096

	
	
	
	

	
	
	Average
	2245

	
	
	
	

	B
	Pinjal Sub-basin
	
	

	
	
	
	
	

	1
	Suryamal
	
	1981 to 2007
	2825

	
	
	
	
	

	2
	Mokhada
	
	1901 to 2008
	2440

	
	
	
	
	

	3
	Jawhar
	
	1955 to 2008
	2983

	
	
	
	
	

	4
	Khodala
	
	1976 to 2007
	2785

	
	
	
	
	

	
	
	
	Average
	2758

	
	
	
	
	





Runoff

CWC is observing Gauge & Discharge data at Nanipalsan G&D site located just downstream of proposed Bhugad dam site on Damanganga river and Ozarkhed G&D site just downstream of proposed Khargihill dam site on Vagh river. The Water Resources Department, Government of Gujarat is
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also observing Gauge & Discharge data at Vapi G&D site and Madhuban dam site on Damanganga river. In Vaitarna basin, CWC is observing Gauge & Discharge data at Andhari G&D site on Pinjal river. The details of these G&D sites alongwith respective period of availability of data are given below:

Details of G&D sites
	S.No.
	Name
	of
	River
	Catchment
	Period of
	

	
	discharge/
	
	/Tributary
	area (Km2)
	availability of data

	
	gauge site
	
	
	
	
	
	

	
	
	
	
	
	
	

	1
	Vapi
	
	Damanganga
	2253
	1974 to 2004
	

	
	
	
	
	
	
	

	2
	Nanipalsan
	
	Damanganga
	764
	1984 to 2008
	

	
	
	
	
	
	
	

	3
	Ozarkhed
	
	Damanganga/
	655
	1984 to 2008
	

	
	
	
	Vagh
	
	
	
	

	
	
	
	
	
	
	
	

	4
	Madhuban
	
	Damanganga
	1813
	1987
	to
	2010

	
	
	
	
	
	(Missing
	data
	from

	
	
	
	
	
	2006 to 2007)
	

	
	
	
	
	
	
	
	

	5
	Andhari
	
	Vaitarna/Pinjal
	326.39
	1975
	to
	2008

	
	
	
	
	
	(Missing
	data
	from

	
	
	
	
	
	2005 to 2007)
	

	2.6.2 Sunshine, Cloud Cover and Visibility
	
	
	



As per the IMD observatory located at Dahanu the maximum cloud cover of 6.9 Okats is observed in the month of August and a minimum of 0.8 Okats is observed in the month of February in the vicinity of the link project. The visibility is maximum in the month of May and minimum in the month of July.

2.6.3  Wind Speed

The mean maximum and minimum wind speed recorded in Valsad observatory are 12.3 km/hr in June and 4.3 km/hr in December and the same at Dahanu observatory are 20.4 km/hr in August and 8.1 km/hr in November.

2.6.4  Humidity

The relative humidity is maximum during monsoon months and minimum in winter and summer months. The mean monthly maximum and minimum relative humidity observed at Valsad observatory are 89% in
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August and 42% in February and the same at Dahanu observatory are 88 % in July & August and 64 % in February & March.

2.6.5  Temperature


The mean maximum and minimum temperature recorded at Valsad observatory are 33 oC in October and 12.7 oC in December and the same at Dahanu observatory are 33.6 oC in May and 16.7 oC in January.

2.6.6 Discharge


Details are already given in Para 2.6.1.


2.6.7  Sedimentation


The reservoir sedimentation studies of Bhugad and Khargihill reservoirs were carried out by Hydrology (South) Directorate of CWC. No sediment data are being observed at Nanipalsan G&D site near Bhugad dam and at Ozarkhed G&D site near Khargihill dam. The Narmada, Water Supply and Kalpasar Department, Government of Gujarat has carried out sedimentation study of existing Madhuban reservoir located down-stream of proposed Bhugad and Khargihill reservoirs. As per the hydrographic survey of Madhuban (Damanganga) reservoir, a sedimentation rate of 8.94 ham/100 km2/year has been assessed. As the catchment area of Madhuban reservoir is about three times more then the catchment area of proposed Bhugad and Khargihill reservoirs, the sedimentation inflow rate for Bhugad and Khargihill reservoirs has been assumed to be 10 % more then the sedimentation inflow rate assessed at Madhuban reservoir. Based on this, CWC has arrived at the inflow sedimentation rate of 10.912 ham/100 km2/year for Bhugad and Khargihill reservoirs. Accordingly, the total silt deposit in the Bhugad reservoir has been estimated using Empirical Area Reduction method as 3679.5 ham during 50 years and 7346.4 ham during 100 years and for Khargihill reservoir the same is estimated as 3391.9 ham during 50 years and 6773.5 ham during 100 years. The sedimentation study report of Damanganga – Pinjal link is at Appendix - 2.15 in Volume – III(B).





70

[bookmark: page73]2.6.8  Water Quality


WAPCOS Ltd, as a part of EIA study of the Damanganga - Pinjal link, collected the water samples from different river bodies and analysed for both chemical and physio chemical analysis for ascertaining the water quality status in the project area during summer, winter and monsoon seasons. It is observed that the pH level in the project study area ranged between 6.85 to 8.06 during summer, 7.1 to 7.9 during winter and 7.2 to 7.9 during monsoon seasons. The pH level indicates neutral nature of the water and the values are within the permissible limit of 6.5 to 8.5 specified for drinking water requirements. The TDS level in summer, winter and monsoon seasons ranged from 74.8 to 425 mg/l, 68 to 406 mg/l and 88 to 225 mg/l respectively. The TDS level in various collected samples were well below the permissible limit of 500 mg/l specified for drinking water. The hardness level ranged from 40 to 160 mg/l, 20 to 135 mg/l and 76 to 120 mg/l during summer, winter and monsoon seasons, which is well below the permissible limit of 200 mg/l specified for drinking water.


The DO (Dissolved Oxygen) level ranged between 5.08 to 6.37 mg/l during summer, 5.0 to 6.2 mg/l during winter and 5.6 to 6.1 mg/l during monsoon season. The BOD (Biological Oxygen Demand) level ranged between 1.8 to 4.2 mg/l during summer, 1.8 to 2.5 mg/l during winter and during monsoon it is not detectable at many locations, only at two or three locations it is found in the range of 1 to 3 mg/l, which indicates that the organic pollution loading is well within the carrying capacity of water body. The low COD (Chemical Oxygen Demand) value level during monsoon season indicates the absence of chemical pollution loading in the project area. The marginal quantity of pollution load which enters the water bodies gets diluted. The concentration of Boron is in the range of 0 to 0.18 mg/l during winter and 0.05 to 0.2 mg/l during monsoon, which are within the permissible limit of 2.0 mg/l. The concentration of chloride is in the range of 8 to 50 mg/l during winter and 36 to 65 mg/l during monsoon, which are well within the permissible limit of 200 mg/l. The concentration of Sulphate is in the range of 5 to 22 mg/l during winter and 7 to 14 mg/l during monsoon, which are within the permissible limit of 200 mg/l. The concentration of Fluorides is in the range of 0.28 to 0.47 mg/l during winter
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and 0.40 to 0.55 mg/l during monsoon, which are within the permissible limit as per drinking water quality standards of 1.0 mg/l.

2.6.9  Evaporation

There is no pan evaporimeter installed near either Bhugad or Khargihill dam sites. Therefore, the monthly reservoir evaporation losses of Madhuban (Damanganga) reservoir have been considered for hydrological study of Damanganga-Pinjal Link Project. The monthly pan evaporation depths considered for the study are given below:

Monthly Pan evaporation depths
	Sl.No.
	Month
	Monthly Pan

	
	
	evaporation (mm)

	1
	January
	127.6

	2
	February
	127.6

	3
	March
	203.2

	4
	April
	225.6

	5
	May
	251.6

	6
	June
	203.2

	7
	July
	101.6

	8
	August
	101.6

	9
	September
	152.4

	10
	October
	203.2

	11
	November
	152.9

	12
	December
	127.6



2.6.10  Morphological Studies


The Morphological studies of Damanganga and Vagh rivers have been carried out through Regional Remote Sensing Center (RRSC), Nagpur. The report of RRSC, Nagpur on Morphological studies is at Appendix – 2.16 in Volume – III(B).
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