
CHAPTER – II

SURVEYS & INVESTIGATIONS

2.0 Main Components


	As per the feasibility studies carried out by NWDA in 1995, the Ken-Betwa Link Project envisaged construction of the following components:-

 I        DAUDHAN DAM

1. An earth fill-cum-concrete dam across Ken River at Daudhan with FRL 287 m.
2. A tunnel (2km long) from the left bank of Daudhan dam for taking water to the Ken-Betwa link canal.
3. Power House-I (2x30 MW) to the left of the spillway at the toe of the dam.
4. Power House-II (2x6 MW) at the tunnel outlet.

II       LINK CANAL

1. A link canal (231.45 km long including length of tunnel) with off take FSL 259 m to existing Barwasagar reservoir on Barwa nallah.    
2. Cross-drainage/ Cross-masonry works (59 Nos.). 

III      UPPER BETWA PROJECT

Four projects in Upper Betwa basin (As proposed by Govt. of MP in their Master Plan).
a. A dam at Neemkheda across Betwa River.  
b. A dam at Richhan across Richhan River, a tributary of Betwa River.   
c. A dam at Kesari across Keotan River, a tributary of Betwa River.   
d. A barrage at Barari across Betwa River.  

Surveys and investigations were carried out for the above components at Feasibility Report stage except the projects in Upper Betwa basin, as their locations were tentative as per the Master Plan and were to be finalized by the state of Madhya Pradesh. 

At the DPR stage, in light of the various detailed studies carried out through different expert organizations and also finalization of projects in Upper Betwa by MP, certain changes in the project planning have been made by NWDA. The Link Project now envisages construction of following components:-



I      DAUDHAN DAM

1. An earth fill cum concrete dam across Ken river at Daudhan   with FRL 288 m. 
2. An upper level tunnel (1.929 km long including length of transition) about 170 m from the left bank of Daudhan dam for taking water to the link canal. 
3. A lower level tunnel (1.1 km long) about 100 m from the left bank of Daudhan dam axis for taking water to the LBC of earlier proposed Ken Multipurpose Project. 
4. Power House-I (2x30 MW) to the right of spillway at the toe of Daudhan dam. 
5. Power House-II (3X6 MW) at the outlet of lower level tunnel. 

II    LINK CANAL

1. A link canal (220.624 km long including length of upper level tunnel) with off take FSL 257 m to existing Barwasagar with FRL 219.20 m across Barwa nallah, a tributary of Betwa river. 
2. A 7.1 km long Barwa nallah to carry link waters from Barwa sagar to Betwa river at 12.75 km upstream of existing Parichha weir 
3. A 2.1 km long canal for connecting Power House-II to Ken LBC at FSL 246.00 m
4. Ken LBC (57.3 km long, modified) proposed under Ken Multi Purpose Project (KMPP) (which is replaced by Daudhan dam)
5. A bye pass channel from lower level tunnel to meet irrigation requirements of Ken LBC when Power House-II will not be in operation. 
6. Major Cross-drainage/Cross-masonry works (55 Nos.). 

III   UPPER BETWA PROJECTS

 (a) Makodia dam:  
(i) An earth fill cum concrete dam across Betwa river at Makodia village  with FRL 437.5 m in place of Neemkheda dam about 7 km u/s of it.
(ii) Two canals (RBC-83.38 km & LBC-6.74 km).
(iii) Major cross drainage/cross masonry works (58 Nos.)

 (b) Barari barrage:
(i) A barrage at Barari village across Betwa River with pond level 407.72 m located at about 69km d/s of Makodia dam.
(ii)	A pipe line (4 km long) for lifting water by 21 m to an existing tank near village Gulabganj, Gulabganj tehsil in Vidisha district and there from to a ridge canal (4.7 km long) to irrigate the proposed command. 
(iii)Major cross drainage/cross masonry works (2 Nos.)



 (c) Kesari barrage:  
(i) A barrage at Kesari village across Keotan river, a tributary of Betwa River with pond level 403.90 m.
(ii)A pipe line (2.9 km long) for lifting water by 8 m to proposed forebay reservoir near village Amera, Basoda tehsil in  Vidisha  district and a gravity canal  (9.60 km long) from the  forebay reservoir to irrigate the proposed command up to Chakra nallah near village Barwasa in  Vidisha district.

2.0.1 Background for changes in DPR

  	     The background behind making changes/not making any changes in various components proposed earlier in feasibility report is given below in brief:-

2.0.1.1 Daudhan dam and Spillway

    While finalizing the location of dam site on Ken river, various alternatives for locating the dam both upstream and downstream of the existing Gangau weir had been considered in light of Ken Multipurpose Project Report (KMPP) prepared by the Water Resources Department, Govt. of M.P.   Out of these alternatives, the option of locating the dam 2.5 km upstream of the existing Gangau weir near Daudhan village was finally selected by NWDA and details of surveys and investigations conducted at this site had been incorporated in the feasibility report of this link project prepared during March 1995.  The dam site is located at latitude 24o36’51’’ N and longitude 79o50’30’’ E.  

    The location of dam site had again been reviewed jointly by the officials of CWC, GSI and NWDA in June, 2006 and it was decided after joint field visit to keep the location of dam axis same as finalized at the time of preparation of FR.  It was, however, decided to explore the possibility of keeping the spillway at the centre of the river gorge instead of left bank of the river as proposed earlier in the FR.  Accordingly, as per the suggestions of GSI, few exploratory holes in the river gorge for specified depth were drilled to find out the preconstruction geological conditions for locating the spillway at the center of the river gorge.  After carrying out the mapping of the area & logging of the drill cores, GSI vide its preconstruction geological notes dated 24.8.2007 & 22.01.2008 recommended that the location of spillway on the left flank as proposed at feasibility stage of the project is preferable to centrally located spillway. However, this may still need a review at pre-construction stage to minimize rock excavation for approach channel. Earlier in the FR, the FRL and MWL of the dam were considered at 287 m & 288 m respectively. Now, at DPR stage, the FRL and MWL have been kept the same at 288 m.  

2.0.1.2 Tunnels and Power House I & II

The location of Power House (PH-I) and tail race channel proposed at left side of spillway at FR stage has been relocated by Hydel Civil Design (NW&S) Directorate, CWC and GSI to the  right  side  of  the  spillway  in  view of  geological  condition,  available  space and reduction in the length of tail race channel.  Its installed capacity (2X30 MW) will, however, remain the same.

At feasibility stage, the aspect of providing water to KMPP command (Ken command) of M.P. through Daudhan dam was not studied in the absence of detailed information in respect of the command. The general impression was that water for Ken command in M.P. portion would be withdrawn from Bariarpur head works only.  However, after receipt of detailed surveyed sheets of KMPP command (prepared by Survey of India) and other relevant records from State Govt., this aspect was examined in detail. It was decided to introduce an additional tunnel, named as lower level tunnel from Daudhan dam to connect the proposed LBC of KMPP (for which the detailed surveys and investigations had already been carried out by Govt. of M.P.) for providing water to major part of its command. The Power House (PH-II) proposed at the exit of tunnel providing water to Ken-Betwa link (now renamed as upper level tunnel) has been shifted to the exit of lower level tunnel in view of availability of water for longer duration and possibility of generation of more power due to increase in the head.  The proposed installed capacity of PH-II is 3X6 MW. After generation of power in PH-II, the water will be released through 1.929 km long canal connecting to proposed LBC of KMPP. The alignment of Ken LBC as per surveyed maps collected from State Govt. has been modified in the initial reaches so as to meet the requirement of its command from Daudhan dam. During the periods when PH-II is not being operated owing to constraint of minimum head requirement, the waters meant for Ken LBC command are proposed to be passed through a byepass channel taking from lower level tunnel. 

2.0.1.3 Link Canal

The link canal has been realigned considering no. of alternatives for its optimization in the reach from RD 94.65 km to RD 215.8 km (RD’s of FR stage) for minimizing the deep cutting. Its off take FSL has been lowered to 257 m now from 259 m as proposed in FR. 

2.0.1.4 Upper Betwa Projects

The locations and types of the proposed projects in Upper Betwa basin component of the link project have now been finalised by NWDA in consultation with WRD, Govt. of MP.  As per the suggestion of the State, the dam site earlier proposed at Neemkheda on Betwa River has now been shifted 7 km upstream of it to Makodia due to its advantages of less submergence, avoiding submergence of National Highway and higher level command. The locations of Kesari dam and Barari barrage have not been changed. But, at Kesari, in place of a dam as considered in FR, a barrage is proposed now. Also, Richhan dam proposed at  the   feasibility  stage  has  been   dropped  in   view  of  less   catchment  area  and non-availability of adequate quantum of water for utilisation. 





2.1 Topographical Surveys 

	     Surveys & Investigations for the Ken-Betwa link project

Various field surveys & investigations viz. Topographical, Geological, Construction material, Geo technical investigations & Borrow area surveys (soils) for dams and canals, etc. in respect of Daudhan dam, Ken-Betwa link canal and Upper Betwa projects have been carried out as per the Terms of reference for preparation of DPR of Ken-Betwa link project, 2006 and guidelines given in the Working Group Report for preparation of DPR prepared by the erstwhile Ministry of Irrigation, Govt. of India, 1980. 

2.1.1	    Topographical surveys for Daudhan dam and Link Canal

(i) Survey for Transferring GTS Bench Mark levels

The proposed Daudhan dam and the initial reach of Ken-Betwa link canal are located in Chhatarpur and Panna districts of M.P.  Field survey works were started by transferring nearby GTS bench mark value available with Survey of India on the Chhatarpur- Panna Road where the link crosses this road near the kilometre stone No. 47/4. The work of establishing adequate number of Permanent Bench marks (PBM) at different locations by precision levelling was carried out departmentally by connecting the nearest GTS B.M. already established by SOI in the vicinity of the project. The GTS B.M. was connected to the dam as well as link alignment and also to different components of the project including Upper Betwa projects, by precision levelling using double levelling method. The locations of permanent bench marks established in and around the project site are given in Annexure: 2.1.

Brief particulars of the various topographical surveys carried out for different components of the project are given below:

2.1.1.1  River

	    During the feasibility stage, the portion of Ken River between the proposed Daudhan dam axis and the existing Gangau weir had been surveyed. Chain and compass surveys parallel to the centre line of the Ken River either on the left bank or the right bank were done. Levels were taken at an interval of 25 m by double levelling and deepest bed level was connected.  The cross sections of the river at every 200 m interval were taken upto HFL+2m on either side of the firm bank with the help of soundings technique for measuring the depth of water in the river at 25 m interval along each cross section line.  The aim of this survey was to determine the capacity of the pondage between the Daudhan dam and the existing Gangau weir,  which was  proposed to  be  utilised as the  tail  pond  for the   pumped  storage  scheme (Power House-I). The purpose of this survey was also to find suitable location of Power House-I and Tail Race Channel. The L-section of this portion of Ken river are placed as Plate: 2.1.1 in Drawing volume-I.
	
	    In addition to the above, at DPR stage, cross section survey of river Ken has been carried out in d/s portion of the Daudhan dam up to Banda as desired by National Institute of Hydrology, Roorkee for carrying out the dam break analysis and other hydrological studies of this project. In total, 18 number of river cross sections in the downstream of proposed dam site have been taken across Ken River between Daudhan dam and Banda up to HFL + 2m on both river banks. These cross sections have been plotted in 1:2500 H and 1:100 V scale and supplied to NIH, Roorkee. The Drawings of these 18 cross sections are given as Plate.2.1.2 in the Drawing Volume-I. No river survey in the upstream of Daudhan dam has been carried out. The Survey of India (SOI) maps available for Ken Multipurpose Project (KMPP) have been used to generate the river longitudinal and cross sections and supplied to NIH for back water computations. 

2.1.1.2 Reservoir 	

     Madhya Pradesh Water Resources Department had formulated Ken Multipurpose Project (KMPP) during 1965. This KMPP project was proposed about 200m d/s of existing Gangau weir across river Ken. Survey of India had carried out submergence area survey of this project during the period 1965-67 on the request of Madhya Pradesh Water Resources Department (MPWRD). Submergence area maps, in the scale of 1:15846 (1 inch to 1 mile) showing contours from RL 234.6 m to 295.5 m (770 ft to 970 ft) with contour interval of 3.048 m (10 ft), available with MPWRD, have been collected by NWDA. These maps have been utilized by National Water Development Agency for preparing the submergence area maps of Daudhan reservoir as Daudhan dam is proposed on Ken river about just 2.7 km u/s of Ken Multipurpose Project with MWL/FRL at 288 m. 

    Attempts were also made by N.W.D.A. to get the survey of Daudhan reservoir done afresh through SOI or NRSA, using ALTM technique.  However, time demanded by them for this work did not fit in the time schedule for preparation of DPR of this link project.  Thus, the submergence area survey of Daudhan reservoir could not be carried out. Submergence area map of Daudhan reservoir is furnished as Plate:2.1.3 in Drawing volume-I.

2.1.1.3 Headworks

     Survey work on the dam axis was taken up departmentally by NWDA. Topographical survey for a strip of 800 m width (300 m upstream and 500 m downstream) of the dam axis was carried out upto an elevation of MWL (288m) +5 m on both the banks at 10 m grid basis. This included the cross section of the river at the dam axis by taking levels at 10 m interval and fixing stones at every 50 m interval along the main dam axis. A detailed plan of Daudhan dam area showing locations of spillway, Power House-I & II and proposed tunnels is given in Plate. 2.1.4 of Drawing volume-I. A detailed contour plan in the scale of 1:2500 H with 1 m contour interval has been prepared for the surveyed site of Daudhan dam and the same is appended as the Plate: 2.1.5 in the Drawing volume-I.

	    At Daudhan dam, a side channel spillway of length 536 m has been proposed by CMDD Directorate of C.W.C. for passing the flood discharge of      57202 cumec computed by NIH in hydrological studies carried out for this project.  Ski jump bucket type energy dissipator has also been proposed. The survey of the dam axis as described above also covers areas of spillway, sloping floor, ski jump bucket, Power House –I, TRC, switchyard  etc. 
2.1.1.4   Plant and Colony Layout
              A site for temporary colony has been proposed during feasibility level investigations near the proposed Daudhan project site along the  Gangau-Palkohan road covering an area of 0.24 sq km. Block survey of this area was carried out during that time and a plan was prepared on 1:2,000 scale. The same site is found reasonably good for plant and colony area and is therefore kept unchanged. It is proposed that the above colony site will be finally converted into operational staff colonies, after the project construction is completed. Plant and colony layout for map is enclosed as Plate: 2.1.6 in Drawing volume-I.
2.1.1.5	Canal and Water Conductor System and Canal Structures
		a) Canal and Water Conductor System
	     Strip surveys with levelling grid interval of 50 m or less depending upon the slope of land covering 500 m width (250 m on either side of centre line of the canal) along the 218.695km long alignment of the Ken-Betwa link from its off take point near exit of upper level tunnel from Daudhan dam to the terminal point at the existing Barwa Sagar reservoir on Barwa nalla were carried out. Canal has been realigned in the reach from RD 94.65 km to RD 215.8 km for minimizing deep cutting considering a no. of alternative alignments for its optimization. Alignment of the link canal in the remaining reach is the same as finalized in the FR. The   alignment was first marked on the field with the help of bearings measured from the toposheets and after making necessary corrections for the true-meridian and magnetic meridian as indicated in each toposheet as well as taking into account the actual site conditions for fixing proper alignment wherever necessary, marking of the alignment was done by fixing RCC pillars at 100 m interval. RCC TBM pillars were also erected at every one km distance of the canal and also at each turning point. The pillars were painted with red colour and chainage written with white paint. Double levelling survey was carried out and the elevations of the link canal alignment at every 25 m interval were ascertained. Cross sections of link canal were taken at every 50 m interval by single levelling. About 100 km of the K-B link canal survey was completed during the first working season i.e. from October, 2006 to June 2007 and the survey of remaining length was completed in the following working season i.e. from October 2007 to January 2008. The combined contour plan and L-section of the link canal covering 88 plates have been prepared in 1: 2500 H scale and 1:100 V scale with 1 m contour interval. Condensed Longitudinal sections of the link canal have been prepared and appended as Plate.2.1.7 in the Drawing volume-I.  

Strip surveys, L-section and cross-section surveys for remodeling of       7.1 km long Barwa nallah through which the waters from Barwa Sagar will be let to Betwa River upstream of Parichha weir have also been carried out. The cross sections were taken at 100 m interval. The L.S and C.S of Barwa nallah is appended as Plate:2.1.8 in Drawing volume-I.

	     b) Canal structures   

     The link canal on its way crosses a no. of rivers, streams and nallahs besides National and State highways, district roads, village roads and railway lines. In total, 309 cross drainage/cross masonry structures are identified across the link canal. Out of these, surveys have been carried out for 55 nos. of major CD/CM structures. List of the major CD/CM structures alongwith list of total CD/CM structures across the link canal is given in Annexure: 2.2.

Grid survey at 50 m or less interval depending on the slope of land was carried out at each canal structure site to cover an area up to 300 m on either side of the centre line of the canal, upto 100 m d/s of the point of exit of water and 100 m u/s of the point of water inlet. Contour plans were prepared in 1: 2500 H scale with 1 m contour interval on the basis of grid surveys to facilitate the design work of cross drainage structures, besides marking of final link canal alignment. Cross sections of the drain have also been taken along the centre line of the canal and the same have been plotted to the scale of 1: 2500 H & 1:100 vertical. 

Drainage surveys have also been carried out with levelling at grid interval of 50m or less depending on the slope of land for u/s & d/s of centre line of canal for adequate length as required for hydraulic calculations of canal structures. Plan of the same have been plotted in the scale of 1:2500 H. The grid surveys, L.S. & C.S. of 25 nos. of various canal structures along the link canal are furnished as Plate:2.1.9 in Drawing volume-I.

2.1.1.6     Powerhouse, Switchyards, Surge-Shaft, Tailrace, etc. 

(a)Power House-I

 	      A dam toe Power House is proposed in the project to the right side of the spillway just adjacent to earthen dam & non over flow section of Daudhan dam. Committed requirement for irrigation to UP (1600 MCM) and water for feeding remaining part of KMPP command which is not covered through lower level tunnel (398.2 MCM) is proposed to be provided through this dam Power House. Location of this Power House was finalized by the Hydel Civil Design (HCD) Directorate of CWC considering the geological mapping and pre-construction stage geotechnical investigations of Daudhan dam area carried out by GSI in consultation with CEA, which is engaged in the design & power potential and E & M studies of the Power House. 

Detailed survey has been carried out for an area to include about 100 m on all sides of the Power House including its various components taking levelling at grid interval of 10 m or less depending on the slope of land. Contour plan of the site has been plotted in the scale of 1: 2500 H scale with 1 m contour interval. The same is given as Plate.2.1.10 in Drawing volume-I. 

(b) Power House-II	

		     This Power House is proposed at the exit of the 1.1 km long lower level tunnel. Detailed survey has been carried out for block area of about 310 m x 300  m for the Power House including all its components taking levelling grid interval of 10 m or less depending on the slope of land.  Contour plan of the site has been plotted in the scale of 1: 2500 H scale with 1 m contour interval. The same is given as Plate.2.1.11 in Drawing volume-I. 

	      Detailed survey has also been carried out for the 2.2 km long connecting canal from PH-II to the Ken LBC. Contour plan and L-section has been prepared for this connecting canal and appended as Plate. 2.1.12 in Drawing volume-I.

	     (c)Switchyard	

The location of the switchyard has been finalised by CEA in consultation with HCD of CWC and NWDA. A single switchyard is proposed at a suitable site between the Power Houses I & II for power evacuation from both the Power Houses to power transmission grid on the basis of details provided by M.P. Power Transmission Corporation. The surveys carried out for Head works cover the areas for planning & erection of switch yard also. 

(d)Surge Tank	
	 
	     A surge tank of 18m dia is proposed at the exit of the lower level tunnel upstream of Power House-II to take care of pressure fluctuations in the penstocks and to prevent additional water hammer pressures being exerted on the walls of the tunnel. The grid survey carried out for tunnel and PH-II covers the area required for surge tank also. 

	     (e) Tail Race Channel

	     One tail race channel is proposed at the exit of Power House – I to carry the waters to the Ken River after power generation.  The grid surveys carried out for dam axis as well as PH-I, have adequately covered the Tail race channel portion also.


2.1.1.7 Tunnels, Adits and  Penstocks  

(a)Upper Level Tunnel

As already mentioned, a 1.929 km long upper level tunnel including length of transition, has been planned in this project with an invert level at     256 m to divert water to the proposed Ken-Betwa link with off take FSL 257 m for providing water to the commands of upper Betwa projects on substitution basis and also for enroute water requirements. Detailed grid survey has been carried out for this tunnel area with levelling grid interval of 50m or less depending on slope of land. Contour plan of the area covering the length of tunnel and 500 m on either side of center line of tunnel including approach portal and dump areas have been prepared to the scale of 1: 2500 H with 1 m contour interval. L-section of tunnel has also been prepared to the scale of 1:2500 H & 1:100 V. The same have been appended as Plate.2.1.13 in Drawing volume-I.

 	     (b)Lower level tunnel

	     As mentioned earlier, a lower level tunnel of length 1.1 km, has been proposed from Daudhan reservoir with an invert level of 244.6 m for connecting/ feeding the KMPP command through Ken LBC proposed earlier by MPWRD at 246.0 m FSL. This lower level tunnel will carry about 1007.4 MCM, of water for irrigation to major part of KMPP command.  Detailed grid survey has been carried out for this tunnel area with levelling grid interval of 50m or less depending on slope of land for preparing L-section and contour plan of the area. Contour plan of the area covering 1.1 km length of tunnel and 500 m on either side of center line of tunnel including approach, portal and dump areas has been prepared in the scale of 1: 2500 H with 1 m contour interval. L-section of the tunnel has been prepared in the scale of 1:2500 H & 1:100 V. The same have been appended as Plate.2.1.14 in the Drawing volume-I.

 (c)Adit Tunnel

               Since the length of lower level tunnel is only 1.1 km, no adit tunnel is required. Boring of the tunnel from inlet as well as outlet may be adequate. However, the same may be required for upper level tunnel, having a length of  1.929 km. Survey of Adit tunnel has not been done at DPR stage. Its requirement may be reviewed at preconstruction stage. 

       (d)Penstocks    
                    
	       Two penstocks of 4.5 m dia. are proposed to carry water from Daudhan dam to PH-I.  Another 3 penstocks for PH-II are proposed from the surge tank located at the exit of lower level tunnel. The grid surveys carried out for PH- I & II cover the area required for laying penstocks.



2.1.1.8 Command Area Survey 

Out of the four parts of commands under the Ken-Betwa link project, three parts of command area lie under the Daudhan dam namely 

  (i)	Enroute Command (M.P. & U.P.)
 (ii)	Ken Command (U.P.)
(iii)	Ken Command (M.P.)

(i)Enroute Command (M.P. & U.P.)

 It is proposed to provide irrigation to 60294 ha area in the enroute of Ken-Betwa link canal in Chhatarpur, Tikamgarh districts of M.P. and Mahoba, Jhansi districts of U.P.  This command is termed as ‘Enroute command’. Detailed sample command area survey has been carried out in six patches of about 1000 ha each (total 6150 ha) with block levelling on 50 metre or less grid basis, by NWDA. Contour maps have been prepared in the scale of 1:10000 H for the sample command area and in 1:2500 H scale with contour interval of 0.25 metre for On Farm Development (OFD) works. Map showing the enroute command area including the  surveyed area is shown in Plate:2.1.15 (1/4) & (2/4)in Drawing volume-I.

(ii) Ken Command (U.P.)

Irrigation Department of Uttar Pradesh has informed that the command area being irrigated from existing Gangau weir through the existing Bariarpur head works is about 0.85 lakh ha in Banda district. This command area is now to be taken up through Ken-Betwa link project. This command is termed as Ken command (U.P).  Since this existing command is fully developed, only stabilization is proposed utilising 1600 MCM which is the allocated share of Uttar Pradesh under this project.  As such, no survey has been done for this command. 
Command area map of existing Ken command in U.P. through Bariarpur (PUW) is enclosed as Plate:2.1.15(3/4) in Drawing volume-I.

(iii)Ken Command (M.P.) 

     Madhya Pradesh Water Resources Department (MPWRD) had earlier proposed 2.41 lakh ha of culturable command area under KMPP project with irrigation intensity of 134% (annual irrigation-3.23 lakh ha). This command area is now to be taken up through Ken-Betwa link project. This command is termed as Ken command (M.P.). Survey of India has already carried out detailed survey of this Ken command at the request of MPWRD. Command area sheets (140 nos.) of this Ken command prepared by Survey of India on the basis of detailed survey have been collected from Madhya Pradesh Water Resources Department. These sheets are available in the scale of 1:10000 and with 1 to 0.5 metre contour interval. These maps have been utilized for preparation of command area maps including On Farm Development (OFD) maps of this command to the scale of 1:1000 H with contour interval of 0.25 m. Command area map of Ken LBC is enclosed as Plate:2.1.15(4/4) in Drawing volume-I.

2.1.1.9 Soil Conservation	

     M/s. Agricultural Finance Corporation Ltd., Hyderabad has been assigned the comprehensive EIA, EMP and R&R study of Ken-Betwa link project.  In order to contain soil erosion in the catchment and reduce the silt being carried out by the rivers and streams leading to Daudhan reservoir and also to compensate for the loss of forest land under its submergence, soil conservation measures and development of forest would be taken as suggested by the consultant.  Like wise, in the command area based on the soils, land use, slope, land irrigability etc., soil conservation measures such as land levelling, effective water conductor system & drainage will be under taken as per recommendation of the consultant.  Necessary provision for this work has been kept in the project estimate. 

2.1.1.10 Any other 

     The existing Barwasagar reservoir across Barwa nallah, a tributary of Betwa river is the terminal reservoir of the Ken-Betwa link project. It is located near village Barwa in Jhansi district of UP.  Grid levelling was carried out at 50 to 100 m interval and the contour plan of the submergence area is prepared with 1 m contour interval and is appended as Plate.2.1.16 in the Drawing volume-I.

2.1.2	Other Allied Surveys
2.1.2.1   Archaeological Surveys in the Reservoir Area

	    The Archaeological Survey of India and Department of Archaeology, MP have informed vide letter no:Gen/NWDA/74/06-monuments/505 dated 17.04.07 (Copy enclosed as Annexure:2.3.1)that no sites of archaeological, historical and cultural importance maintained by them are present in the submergence area of Daudhan reservoir and enroute the Ken-Betwa link canal. 

2.1.2.2 Mineral(useful and harmful) Surveys in the Catchment/Reservoir Areas

	     The Mines Officer, Chhatarpur vide his lr no. Mines/2009 dated 27.01.2009 and the Mines Officer, Panna vide his lr no. 243/II/M/3/6/09 dated 25.01.2009 communicated that no minerals of economic importance are present in the submergence area of Daudhan reservoir and its vicinity as well as enroute the link canal.(Copy enclosed as Annexure:2.3.2 & 2.3.3 respectively).

2.1.2.3 Right of Way surveys for the Reservoir

No road communication of significance is existing in the proposed submergence area up to FRL of Daudhan reservoir for which right of way needs to be provided. Therefore, no such surveys have been carried out.


2.1.2.4 Communication Surveys

There is an existing bitumen approach road maintained by UP Irrigation department from Chhatarpur-Panna road (NH-76) at Bamitha to the existing Gangau weir across the Ken river. The distance from Chhatarpur to Bamitha along NH-76 is    32 km while from Bamitha to Gangau, it is 28 km. This approach road is however, not appropriate for transport of heavy construction material and machinery. It is also not possible to widen this road from Bhusar to dam site due to hilly terrain. In view of this, the following alternate routes are explored during the communication survey carried out by NWDA.

1. Chhatarpur-Deogaon mod-Jhamtuli-Silon-Daudhan (53 km) 
2. Chhatarpur-Bijawar-Kishangarh-Sukhwaha-Daudhan(110 km)   
3. Chhatarpur- Satai-Armouniya-Salaiya-Silon-Daudhan (76 km)
4. Chhatarpur- Satai-Armouniya-Majhgawan-Daudhan (78 km)

All these roads are maintained by MP Public Works Department and can be used for the project purpose after necessary widening for which suitable provision is kept in the cost estimate.

The nearest railway station and airport is at Khajuraho in Chhatarpur district located at about 40 km from the dam site. Satna Railway Station situated on Mumbai-Howrah rail route is about 110 km from the dam site.  

The command area is well approachable from NH-76, Mauranipur-Jatara State Highway and other district roads. The major CD structures proposed across rivers Barne, Banne, Dhasan and Ur are well connected by road net work. A map showing the communication network in the project area is appended at Plate.2.1.17 in Drawing volume-I.

All the villages in the vicinity of Daudhan dam, Link canal and command area are 100% electrified. Further, suitable provision is made in the project estimate for laying telephone lines etc. 

In addition, the existing NH-76 is being developed into a 4/6 lane express highway connecting Jhansi to Khajuraho which would be very much useful for the project purposes during construction.

2.1.2.5 Drainage surveys 

The command area enroute the link canal is drained by a network of rivers/streams namely Dhasan, Sadhni, Ur, Saprar, Sukhnai, etc. while the Ken command is drained by Urmil, Kutri, Kusjar, Khurar, Kali, etc in addition to a no. of small nallahs. The commands have quite good draining facilities. However, with the introduction of irrigation, as the command area develops, drainage problem may crop up in the course of time. Suitable provision is, therefore, made in the project estimate towards chak and collecting drains in the command area. 

2.1.2.6 Soil surveys
(i) Ken Command

Soil survey in the Ken command area was carried out by the State Agriculture Department, M.P. and a preliminary report had been submitted by the Joint Director of Agriculture, Sagar district.  According to this report, the soils of the proposed Ken command possess slight to moderate erosion and few areas with severe erosion. The water holding capacity is low to medium. The pH value of the soil is between 7 to 8.  The soils have good response to fertilizers and irrigation.   
	Further, as per the information provided by National Bureau in Soil Survey and Land Use Planning NBSS & LUP, Nagpur/Delhi, these are good cultivable lands with very deep soils having medium to high fertility suitable for irrigation with moderate limitations due to heavy texture and thus need drainage.
 

(ii) Enroute Command
	No soil survey has been carried for the enroute command of the link canal. However, based on the information provided by the National Bureau of Soil Survey and Land Use Planning (NBSS & LUP), Nagpur/Delhi, the soils of the area are broadly classified into five categories viz. soils on hills and hill ridges, plateau soils, pediment soils, soils of level alluvial plain and undulating flood plain and soils of dissected flood plain.  These are good cultivable lands with very deep soils having medium to high fertility suitable for irrigation with moderate limitations due to heavy texture and topography requiring land shaping and drainage. 

2.1.3 Geology, Geophysical & Seismic Investigations
2.1.3.1 Geology 	
	
	     In order to ascertain the feasibility of the project,  an area of 45000 sq.m was mapped by Geological Survey of India on 1:12500 scale on the left flank of the proposed Daudhan dam in April,1993, in addition to a couple of reconnaitary traverses in different reaches along the proposed link canal alignment. The litho units met with in the mapped area comprise hard, compact and fresh quartz- arenite/sandstone of the Semri Group of the Vindhyan Super group overlain partly by flood plain alluvium. The proposed dam site area comprises of very hard, compact and dense quartz-arenite, which appears to be very competent from the foundation grade point of view.  Traverses taken in a couple of reaches along the proposed canal alignment have revealed presence of Bundelkhand granite and rock of the Bijawar Group overlain in the flood plain parts by riverine deposits. Since only a small part of the area has been mapped, no assessment with regard to the foundation condition in the dam site area has been made.  	
	     As a part of DPR, the preconstruction stage Geotechnical and geological investigation of Daudhan dam was carried out through GSI, Bhopal. Geological mapping of 1.84 sq. km area was done on 1:2500 scale. The investigation was aimed at evaluation of the geological set up and subsurface rock condition along the proposed axis of the main Daudhan dam for deciding the location of the spillway section vis-à-vis dam toe Power House,  tentative depth of foundation grade for spillway, cut off grade for earthen embankments and extent of grouting etc. The note on pre-construction stage Geotechnical investigation of Daudhan dam site prepared by GSI is enclosed at Appendix-2.1 in Appendix volume-I. The geology of the project area is discussed below in brief:

(i) Regional Geology

The Ken-Betwa Link Project is located in the Bundelkhand region of M.P. and U.P. which is characterized by typical peneplained topography comprising extensive plains, linear ridges and isolated hills forming various landforms such as mesa, hogback, cuesta and escarpments etc. The rivers mostly flow from southwest to northeast with dendritic to subdendritic pattern. 
	The Chhatarpur-Jhansi sector of the region is occupied by rocks of various geological formations ranging in age from the Archaean to Quaternary period. The major part of the area is occupied by a variety of granites with enclaves of meta-sediments and metabasics belonging to the Bundelkhand Gneissic Complex. These are overlain by ENE-WSW trending volcano sedimentary sequence of the Bijawar Group and an alternating sequence of arenaceous, argillaceous and subordinate calcareous sediments of the Vindhyan Supergroup in the southern parts. The Lacustrine Lametas and the overlying Deccan Traps cover Vindhyan rocks at various levels. Soils and alluvium of the quaternary-Recent period is mostly confined along the banks of major river. Soil profile ranges from a few cm to 5 m.
	    The Bundelkhand block is reported to have been a very stable block which has not suffered any major tectonic episodes. There is no large scale folding and faulting recognizable in this block. The area of the K-B link scheme displays two prominent trends of fractures that have been emplaced by quartz reefs and dolerite dykes. One of them trends NE-SW and the other trends NW-SE. The drainage in the area is controlled by these fractures. 

(ii)Local Geology

	The topography of Daudhan dam site area is conspicuous of rolling undulations on both the flanks of the Ken river exhibiting elevations roughly between 216 m (deepest river bed level) and 300 m.  The river span is fairly wide with flood plain deposits forming sandy-clayey terraces on either bank of the Ken river. The abutment slopes are gentle and stable with sporadic talus and slope wash material.  The colluvial boulders of chert  breccia and slope wash are more frequent on right flank.The dam  seat area is occupied by an interbedded sequence of hard, fine grained, thinly to thickly bedded sandstone with intermittent shale partings exposed in a major part on the left flank of the Ken river (Litho unit A), interbedded repeated sequence of siltstone/flagstone with shaly partings in the river section (Litho unit B), thinly bedded to laminated, black siltstone and carbonaceous shale with porcellanite beds (Litho unit C) and chert breccia with thin bands of dolomitic limestone (Litho unit D) exposed on the right abutment hill in stratigraphic succession. The above sequence of rocks belongs to the Semri Group of the Vindhyan Supergroup.  A considerable part of the dam alignment is covered by alluvial soil.  The abutment slopes are gentle defined by the dip of the bedrocks. Seepage of water through joints is anticipated. 

	Geology around the proposed link alignment indicate the presence of ferrugineous breccia of Bijawar group sand stone, silt stone, lime stone and shales belonging to semri group (Vindhyan super group). Pink, fine to medium grained, dense granite is exposed sporadically in the reaches between 75000 m to 75400 m of the canal alignment. Good quality sand mixed with pebbles and kankars are found in some of the rivers crossed by the link. In the reach near the terminal point of the link canal, presence of pink, coarse grained massive granite (Bundelkhand Granite) are found. It is characterised by 3 sets of Vertical joints and 1 set of Basal joint with sub-horizontal dip. The joint openings are upto 50 m wide filled with weathered clayey material.


 	     (iii)Geophysical Investigations

At FR stage, geophysical investigations along the dam axis were carried out by the teams of Central Soil and Materials Research Station (CSMRS) during 1993.  The investigation has revealed existence of sound rock within a depth of 3 m on the left bank except in two small reaches, where the depth may be around 7-8 metres.  On the right bank, hard strata (consolidated materials) exist at about 4-8 m depth in a length of about 100 m starting from the river bank beyond which groutable strata is available within 2-8 metres.  The report of CSMRS on Geophysical investigations carried out at proposed Daudhan for the FR of the Ken-Betwa Link project  is enclosed as  Appendix:2.2 in Appendix volume-I.
2.1.3.2    Seismicity
The studies for site-specific design earthquake parameters for the proposed Daudhan Dam area have been carried out by the Department of Earthquake Engineering, Indian Institute of Technology, Roorkee in 2008. As per these seismotectonic modeling studies, the site specific design earthquake parameter is estimated to be of magnitude 6.5. The peak ground acceleration (PGA) values for Maximum Considered Earthquake (MCE) and Design Basis Earthquake (DBE) conditions are estimated to be 0.11g and 0.06g respectively.

According to the above study, the proposed Daudhan dam site in Chhatarpur district of MP lies in seismic zone-II as per the seismic zoning map of India as incorporated in Indian Standard Criteria for Earthquake Resistant Design Structures (IS:1893-(Part-I) 2002). Historical and instrumentally recorded earthquake data provided by India Meteorological Department (IMD) show that in Chhatarpur and surrounding region moderate to strong earthquakes have occurred. The prominent amongst them are:-

 (i)	The earthquake of May 27, 1846 near Damoh (Magnitude - 6.5)
(ii)	The Sone valley earthquake of June 2, 1927 (Magnitude - 6.5) and 
         (iii)     The Jabalpur earthquake of May 22, 1997 (Magnitude - 6.0)  

The region has also experienced fringe effects of some of the great earthquakes originating in the Great Himalayan Boundary Fault Zone. However, the effects of earthquakes in the Himalayan region were not significant at Chhattarpur and its neighborhood.

In the region around Daudhan dam site bounded by latitude 21.60 to  27.60 N and longitude 76.8 to 82.9 E, around 90 earthquakes having small, moderate to strong intensity have occurred up to July, 2006. Among these, 21 earthquakes are of magnitude less than 3, while 3 earthquakes are in the range of more than 6 and the rest are in the range in between.

 	The site specific design Earthquake parameters for Daudhan dam site  prepared by IIT, Roorkee is enclosed at Appendix: 2.3 in Appendix volume-I.  


2.1.4 Foundation Investigations 

The work of foundation investigations (geotechnical) was carried out through GSI, Bhopal in association with CSMRS, New Delhi. Geotechnical assessment of surface and subsurface data along the axis of the Daudhan dam gathered through geological mapping (1:2500 scale) of an area of about 1.84 sq km and core logging of 26 exploratory drill holes at different chainage points along and across the dam axis aggregating to a total depth of 1006.50 m to precisely assess the subsurface rock condition. The laboratory testing of rock core samples has been carried out by Rock mechanics wing of CSMRS, New Delhi and the test results are appended in Appendix:2.4 of Appendix volume-I. Summarized details of drill hole logs are given in Annexure:2.4.  The findings and test results of the GSI and CSMRS are used in the design of suitable foundations for various components of the project by the Design Directorates of CWC.  The details of the foundation investigations carried out are discussed below in brief: 

2.1.4.1 Earth Dam

	     Subsurface explorations for the 1233 m long earth dam proposed on the right flank of the Daudhan dam has been done by drilling 17 bore holes (DH-10  to DH-26). The total depth of drilling is about 750 m. Based on the subsurface explorations, it is inferred by GSI that the right earthen abutment hill of the Daudhan dam is composed of geotechnically inferior grade of rock mass which are considered suitable for earthen structures of low magnitude with adequate strengthening measures for ensuring full reservoir competency. 

2.1.4.2 Concrete dam in Spill Way Portion

	     The subsurface exploration of the 536 m long overflow portion of the Daudhan dam has been done by drilling nine drill holes (DH-1 to 9). The total depth of drilling is about 256m.

	The GSI has concluded that based on the interpretation of surface and subsurface data, competent foundation grade sandstone(litho unit A) is available at much higher elevation on the left flank where the location of the spill way can be safely fixed on techno-economic considerations. The foundation grade rock has sufficient areal spread to house the concrete/masonry structure. The height of the concrete/masonry spillway in case of the flank spillway would considerably be   lesser than that of the centrally located spillway. The side spillway, however, may have to be supplemented with approach and spill channels of considerable length due to topographical features of the area. A geotechnical note on sub-surface exploration of central spillway of Daudhan dam is enclosed as Appendix:2.5 of Appendix volume-I.

2.1.4.3 Canal and Canal Structures

Subsurface exploration of the major canal structures across Ken-Betwa link canal alignment was carried out by GSI, Bhopal and testing of rock core samples has been carried out by CSMRS, New Delhi. A total of 50 drill holes had been drilled at different chainage points along the axis of various CD structures to assess the subsurface geological conditions. A geotechnical note on sub-surface exploration of CD structures across link canal is enclosed as Appendix:2.6 in Appendix volume-I.  The depth of exploratory drill holes ranges from 3.50 m to 24.00 m.  Except the Pukhraha nallah aqueduct envisaged at RD 0.00 km of the main link canal, all other CD structures, road and railway crossings and deep canal sections located at different chainages are occupied by granite gneisses belonging to the Bundelkhand Gneissic Complex. At Pukhraha nallah, geological section along the alignment reveals the presence of dull to off white, fine grained, hard, compact, thinly to thickly bedded quartzite on the right bank and basic rock on the left bank, the latter being intrusive into the former rock mass.

Based on interpretation of exploratory data, it is inferred that the foundation of the CD structures at different chainages of the main link canal is composed of hard, compact, foliated and massive granite gneiss with favourable geotechnical features.  Geotechnically, this rock mass at foundation grade is considered to be suitable and competent for the imposed load of the superstructures with adequate treatment measures for ensuring safety and stability.  The foundation grade rock has sufficient areal and depth persistence to house the structure. 





2.1.4.4    Power House and Tunnels 

	     a) Power House -I and Tail Race channel

The proposed site of Power House-I along with tail race channel is located at the toe region of the main Daudhan dam between RD 700 m and 800 m. It shows undulatory topography exhibiting elevations roughly between RL 248 m and 237 m. Results of in-situ permeability test has revealed that the rock mass is slightly to moderately permeable. Seepage of water through joints, therefore, is anticipated during construction. A geotechnical note on sub-surface exploration of the major structures like Power House-I & II, Tail Race Channel, etc. is attached as Appendix:2.7 in Appendix volume-I.

The proposed site has been explored by 4 drill holes (DH -27 to DH-30) aggregating to 168.50 m depth. The depth of drill hole ranges from 15 m to      50.30 m. The explored stratigraphic column is composed of massive sandstone with frequent shaly partings (Litho unit A) right from the ground level. The rock mass in the entire column is inherently hard, compact, strong and geotechnically considered to be very competent for the proposed Power House in view of good to excellent core recovery, poor to good RQD, lower grades of weathering and impervious nature (0.00 - 0.80 Lugeons) of bed rocks. The foundation at Power House-I is sufficiently strong to house the underground/surface structures due to inherently favourable genetic  properties. Frequent intercalations of weak rock mass, however, locally affect the strength characteristics requiring treatment measures for improvement of foundation grade.

	b) Power House –II

	     The proposed site of Power House-II is located at the exit end of lower level tunnel connecting to Ken LBC. It lies roughly at 1900 m along the tunnel alignment (FB 1˚). The Power House area shows peneplained topography with rolling undulations exhibiting elevations roughly between RL 240 m and 260 m. A note on pre-construction stage geotechnical investigation of the Power House-II is enclosed as Appendix:2.8 in Appendix volume-I.

	     The proposed site of Power House-II has been explored by 4 drill holes of 25.3 m depth (DH-1 to DH -4) aggregating to 101.2 m depth. The rock mass in the entire depth of borehole is in combination of alternate hard and soft layers which are geotechnically considered to be moderately strong and competent for the proposed small Power House in view of poor to very good core recovery, very poor to poor RQD, moderate grades of weathering and impervious nature (0.10-1.30 Lugeons) of bedrocks.
 
	     The foundation at Power House-II would be located in moderately strong to weak rock mass needing elaborate treatment measures for improvement of rock mass characteristics.


c) Upper Level Tunnel

 Modified horse shoe tunnel of 6 m dia and length 1929m including transition length has been envisaged to transmit the designed discharge of       76.23 cumecs from Daudhan dam to the Link canal. The proposed alignment           ( FB 332 ˚) of the tunnel has been explored with 5 exploratory drill holes ( DH-1 to DH-5) aggregated to 322.50 m depth. The depth of the holes ranges from 27 m to 102 m. The tunnel would have a overburden of maximum 120 m. 

     The exploratory drill holes indicate that in DH-4, a wide fracture zone of about 27m thickness between RL 313.45 m and 286.45m has been intersected with no core recovery. This zone may continue up to the tunnel between RD 1250 m and 1525 m. Water loss during drilling has been reported in this fracture zone. 27-102 m thick stratigraphic column explored at the tunnel is occupied by different rock mass units. The results indicate that tunneling would be through good to poor rock mass having stand up time between 6 months and one week only.

d) Lower level tunnel 

About 1100 m long and 5.5 m dia. modified horse shoe tunnel has been envisaged to transmit the designed discharge of 65.194 cumec form the Daudhan dam to the Ken LBC. The proposed alignment (FB 1˚) of the tunnel has been explored with 7 drill holes (DH-LT1 to DH – LT3) aggregating to 189.30 m core depth. The depth of the holes is 25.3m.  In addition, the data from the drill holes located at PH-II are also utilised for exploration of the subsurface strata for the Lower level tunnel. The tunnel would have a overburden of maximum 100 m. The tunneling media for the Lower level tunnel has been classified into “Fair to Good” and “Poor to Fair” categories as per Rock Mass Rating (RMR) values. 

Laboratory investigations of rock samples collected from Power House-I & II, Upper and Lower level tunnels, CD/CM structures carried out by CSMRS, New Delhi are enclosed as Appendix:2.9 in Appendix volume-I. The bearing capacity of massive sandstone of litho unit ‘A’ and orientation and frequency of joints in massive sand stone of litho unit “A” forming foundation media for major structures are enclosed as Appendix:2.10 and Appendix:2.11 respectively in Appendix volume:I.

2.1.5	Geo-technical Investigations and Borrow area (soil) Surveys and  Construction Material Investigations

2.1.5.1 Borrow Area Survey - Soils  

       The work of borrow area soil investigations for the proposed Daudhan Dam & link canal was carried out through CSMRS. Representative bulk soil samples from potential  borrow areas in the vicinity of Daudhan dam were collected by CSMRS in May, 2007 and investigations carried out in its laboratory to characterize the collected borrow area materials for their suitability in the construction of the earthen portions of the dam. 48 soil samples were collected from pits excavated manually in the borrow areas viz. Daudhan, Palkohan and Kharyani. Disturbed soil samples were collected up to a maximum depth of 3 metres. 
S.No.	Name of Borrow Area 		No. of samples collected 
1.	Daudhan 			23	
2.	Palkohan			13
3.	Kharyani			12

               The location of trial pits in Borrow area with IS soil classification of these representative soil samples collected are given as Plate.2.1.18 in Drawing volume:I.  
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, Chemical Analysis, Soil Dispersivity Tests (Crumb, SCS Double Hydrometer, Pin Hole and Chemical Analysis on pore water extract) were carried out on the collected Borrow area materials.  Based on these tests, it is inferred that all the tested borrow area soil samples in general exhibit plasticity characteristics and are suitable for construction of earthen dam. The soil samples are capable of achieving good compaction densities and possess fairly good shear strength characteristics. The soil samples in general are impermeable and exhibit basic characteristics in nature and fall under normal category (As per total soluble salts). Further, the soil samples tested in general possess low to medium (slightly higher side) compressibility characteristics and can be categorized as Non dispersive.

The report on soil investigations for samples of Borrow areas is furnished as Appendix: 2.12 & 2.13 of Appendix volume-I. 
2.1.5.2 Sand

	     The CSMRS, New Delhi carried out construction material survey and laboratory investigations of sand samples for their use as fine aggregate in concrete during construction of the project. 21 sand samples were collected from different sand quarries  and the physical tests viz. specific gravity, grading and fineness modulus, silt and clay content, organic impurities, petrographic analysis etc. were conducted on the representative sand samples as per BIS (IS:2386-latest version) for assessing their suitability as per IS:383-2002 for use in concrete. Based on the test results of physical properties, it was found that the sand samples collected from the following quarries are suitable for use in concrete as fine aggregate.

1.		Imalia  sand quarry
2.		Nuna Lugasi river sand quarry
3.		Satana village sand quarry
4.		Gangoha sand quarry
5.            Karaola sand quarry	
6. 		Nawada village sand quarry
7.		Budaur village sand quarry
8.		Pipal ghat villagesand quarry

	    The test results of the above sand samples are furnished in the report of CSMRS, New Delhi and enclosed as Appendix: 2.14 in Appendix volume-II.

2.1.5.3 Rock and Aggregates

The CSMRS, New Delhi carried out construction material survey and laboratory investigations of rock samples for their use as coarse aggregate in concrete during construction of the project. 21 rock samples were collected from different rock quarries  and the physical tests viz. specific gravity, water absorption, soundness loss(5cycles), aggregate impact, crushing & abrasion values, petrographic analysis etc. were conducted on the representative rock samples  as per  BIS (IS:2386-latest version) for  assessing  their  suitability as per IS:383-2002 for use in concrete. Based on the results of the tests, the following rock quarries are found suitable for use in wearing as well as non-wearing surfaces.

1.		Pira village rock quarry
2.		Laxamanpura rock quarry
3.		Dauria rock quarry
4.		Khajwa village  rock quarry
5. 		Karare village rock rock quarry
6.		Gova-Kuriate rock quarry
7.		Katholic Maharaj rock quarry

	     Further, it was also found that the Khajwa Rock Quarries are suitable for use in non-wearing surfaces only. The petrographic examination report received from GSI, Faridabad & Lucknow reveals that rock consists of strained quartz 12 % to 73% and undulatory extinction angle varying between 18˚ to 32˚. Presence of strained quartz in higher percentages and /or undulatory extinction angle beyond 15% may cause alkali aggregate reaction at the later stages of construction. The confirmatory tests such as mortar bar tests, Accelerated Mortar Bar Tests have not been carried out but the same shall have to be carried out with the then existing rock and sand samples to be actually used in the construction works. Suitable remedial measures shall have to be taken to control alkali aggregate reaction and also to minimize deleterious effects of any other minerals such as potash, feldspar, etc. present in the rock sample. The test results of the above rock samples are furnished in the report of CSMRS, New Delhi and enclosed as Appendix: 2.14 in Appendix volume-II.



2.1.5.4 Bricks, Tiles 

     Soil of suitable quality is available near the proposed colony sites and along the canal for manufacture of bricks and tiles for use in building construction. Also, bricks can be transported to the colony sites from the nearest kilns available in the vicinity of project area at Chhatarpur, Nowgong and at other towns enroute the link canal.  

2.1.5.5 Pozzolona

The pozzolonic materials are not considered to be used in the construction of the project.

2.1.5.6 Cement/Lime Stone 

	     Extensive geological survey made by the Madhya Pradesh State and Mining Department for Ken Multi Purpose Project revealed that large quantities of lime stone occur in the project area. These areas are highly silicious and magnesious and do not fetch much economic value.  

2.1.5.7 Cement and Steel

The quantity of cement required for the construction of the project can be brought from nearest cement plants located in Satna and Damoh districts of M.P State to the nearest railhead i.e., Khajuraho. Similarly, the steel required for the project can be brought from Bhilai steel plant located in Chhattisgarh State to the nearest rail head i.e. Khajuraho.  Khajuraho is connected by broad gauge railway line from Mahoba railway station situated on the Allahabad – Jhansi broad gauge Central Railway line. 

2.1.5.8 Scarce Material

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

2.1.5.9 Any other Material

There has been adequate quantity of soil, sand and stone of suitable quality in the identified quarries for construction of the project. Cement and steel will be transported by rail and stacked at the nearest rail head points in the proposed stock yards/stores all along the canal and from there, these will be transported to the site stores with minimum lead.  

2.1.6	      Hydrological and Meteorological Investigations
2.1.6.1    Rainfall 

There are 16 rain gauge stations located in the catchment of Ken basin upto Daudhan dam site and the rainfall data are available for varying periods from 1901 to 2004 as collected from IMD. About 90% of the annual rainfall is received during the monsoon period i.e. from June to October. List of rain gauge stations located in the catchment and respective period of availability of data considered for hydrological studies is given at Annexure: 2.5.

2.1.6.2 Sunshine, Cloud Cover and Visibility

Based on the data of three IMD observatories located in and around the project area viz. Satna, Jabalpur and Guna, the monthly average coefficients of sunshine vary from 0.469 to 0.736. Similarly, considering the normal monthly cloud cover data of three stations viz. Chhatarpur, Jabalpur and Sagar, the maximum cloud cover is usually observed during the months of July or August whereas the minimum cloud cover is observed during December. 

2.1.6.3 Wind and Cyclones

The normal monthly wind velocity data of five IMD stations viz. Nowgong, Sagar, Damoh, Panna and Jabalpur have been collected from IMD. The maximum and minimum wind velocities are 16.1 km/hr and 1.0 km/hr respectively at both Sagar and Nowgong IMD stations. As the project area is not situated in the coastal areas, the effect of cyclones is not considered significant.

2.1.6.4 Humidity

	     From the monthly relative humidity data of the above five stations, it is seen that the maximum and minimum values of humidity are 95% and 9% during monsoon and summer seasons respectively.

2.1.6.5 Temperature

	     Similarly, based on the temperature data of the five stations, it is seen that the average maximum and minimum temperatures vary between 44.2 ˚C and 6.7 ˚C respectively.

2.1.6.6 Discharge

No G&D site is available on the Ken river nearer to Daudhan dam site. There are however, four G&D sites in entire Ken basin as detailed below:
	Sl.no
	Name
	 River
	Catchment area(sq.km)
	Data availability

	1.
	Patheria*
	Sonar
	1634
	1974
	1982

	2.
	Garhakota
	Sonar
	1313
	1982
	2005

	3.
	Gaisabad
	Bearma
	5758
	1974
	2005

	4.
	Madla
	Ken
	20680
	1981
	2005

	5.
	Banda
	Ken
	25452
	1960
	2005



* site shifted to Garhakota.
The hydrological studies upto Daudhan dam site have been carried out by using the data of Banda & Madla G&D sites located about 31 km & 150 km respectively downstream of Daudhan dam.  However, in order to observe the actual runoff data at the proposed dam site, one G&D site has been established by NWDA at Bhusor, on river Ken d/s of existing Gangau weir near Daudhan dam site and observations have been started w.e.f. 1.10.2006.

2.1.6.7 Sedimentation

	     There is a silt observation site on the main Ken river at Banda which is about 150 km downstream of the proposed Daudhan dam site. At this site, sediment data for 36 years (1962 to 2004 excluding 1975-1981) was available and is used to arrive at the silt rate to the Daudhan reservoir. The average silt rate has been worked out as 329.8 m3/sq.km/year. Accordingly, the total sediment deposition in the proposed reservoir during 50 and 100 years are estimated to be 206.1 and 361.73 MCM respectively. However, silt samples are being collected  at Bhusor G & D site and the same are being analysed at the silt laboratory set up by NWDA with effect from 25.07.2007, to observe the actual silt rate at the dam site. 

Petrographic analysis of two silt samples of Ken River has also been carried out through IIT, Delhi in September, 2008. It is found that both the samples have high percentage of coarse (>7500 microns) and very fine fraction (<75 microns) more in percentage followed by sieve fractions 150 microns. The most predominant mineral is quartz (ranging 74% to 84%) in the samples. It is also seen that angular to sub angular shape particles are predominant with considerable amount of sub-round to round minerals. The samples further indicate the presence of calcareous minerals in the silt.  This information has been supplied to CWC for appropriate use in the design of hydro power components of PH-I & PH-II. The report on Petrographic analysis of Ken river silt by IIT, New Delhi is enclosed as Appendix:2.15 in Appendix volume-II.

2.1.6.8 Water Quality 

Different parameters of water quality are observed regularly at Banda G&D site of CWC. It is observed that quality of water of Ken River is, in general, fit for domestic, industrial and agricultural purposes.  However, water samples are being collected every month by NWDA from the Ken River at Bhusor near Daudhan dam site with effect from 1-2-2008 and are being tested at the water quality testing Laboratory of CWC at Agra / Delhi.

2.1.6.9 Evaporation

There is no pan evaporimeter installed near the Daudhan dam site. The monthly average evaporation of two nearby stations (Sagar and Damoh) varies from 6.35 cm (in December) to 40.01 cm (in May). The monthly normal evaporation depths considered for Daudhan reservoir in the hydrological studies (Phase-I) of Ken – Betwa Link Project are given in Table:2.1.


Table-2.1: Monthly normal evaporation considerd for Daudhan reservoir

	S.no.
	Month
	Normal evaporation depth(m)

	1.
	January
	0.0699

	2.
	February
	0.0889

	3.
	March
	0.1714

	4.
	April
	0.2921

	5.
	May
	0.4000

	6.
	June
	0.2603

	7.
	July
	0.1143

	8.
	August
	0.0953

	9.
	September
	0.1143

	10.
	October
	0.0953

	11.
	November
	0.0699

	12.
	December
	0.0635

	
	Total
	1.8352































2.2.1	     Topographical Surveys of Makodia/Neemkheda dam

The Makodia dam is proposed on Betwa River near Makodia village in Goharganj tehsil of Raisen district about 85 km from the originating point of the river. The value of GTS bench mark established by Survey of India situated in western compound of Maulana Azad Central library building at Bhopal, M.P., was transferred by double levelling to the permanent bench mark established near the Neemkheda dam site proposed earlier across Betwa River. Since the location of the proposed dam site has been shifted to Makodia, another permanent Bench Mark is established at this site also. The List of all the Permanent marks established in the Upper Betwa component of the project is given at Annexure 2.6.

2.2.1.1 River

	     No separate river survey has been carried out separately for river Betwa. However, reservoir survey carried out for Neemkheda / Makodia can be used to find out river cross section at desired intervals. The longitudinal & cross section of Betwa river u/s and d/s of Makodia dam site are furnished in Plate:2.2.1 & 2.2.2 respectively in Drawing volume-II.

2.2.1.2 Reservoir	
		
The reservoir survey of Neemkheda dam has been carried out by         M/s CADD Systems, Indore during June, 2007 to Feb 2008. Earlier, the FRL of the Neemkheda has been decided at RL 431 m and accordingly MWL is considered as 432 m.  As per the guidelines in the TOR of DPR of Ken-Betwa link, M/s CADD Systems was directed to do the survey work upto RL 432 + 5 m.  Subsequently, the Water Resources Department of Govt. of Madhya Pradesh has suggested shifting the dam site to Makodia, about 7 km u/s of Neemkheda due to its advantage of less submergence of number of villages and benefit to command area located in higher contours. But, as per the toposheet studies carried out for Makodia dam site, the storage capacity would get  reduced considerably as compared to Neemkheda dam at the same FRL. Therefore, it is decided that the FRL of the Makodia will be considered at RL 435 m. Accordingly, survey work has been extended upto RL 435 + 5 m i.e. 440 m.  Finally, both FRL and MWL at Makodia dam has been fixed as 437.50 m as per suggestion of Water Resources Department, Govt. of M.P.  Reservoir survey includes fixing of base line by compassing, chaining, ranging and levels transferred by double levelling at 50 m interval.  The cross-section has been taken at 50 m or less grid interval upto the R.L. 440 m by Total station. RD stones of size 15x15x75 cm were fixed at every 200 m along the baseline & at the end of each cross sections.  TBM pillars of size 40x40x110 cm were also constructed at every     1 km interval wherever possible and levels were transferred on them by DT Levelling and were also transferred on prominent structures located in the submergence area. 
The above survey data has been utilized for preparing submergence area plan in the scale of 1:2500 H with 1 m contour interval. On the basis of above submergence plan, the storage capacities of reservoir and affected villages/ population have been assessed and adopted in the studies.  The contour plan of the submergence area of the Makodia reservoir is given at Plate:2.2.3 in Drawing volume-II.
2.2.1.3 Headworks
	
		  The Neemkheda dam was proposed on Betwa river near Neemkheda village in Goharganj tehsil of Raisen district. 1.08 km length of Neemkheda dam axis was surveyed by NWDA as per the earlier proposal. Now, as per the revised planning, Makodia dam site located near Makodia village in the same tehsil, about 7 km upstream of Neemkheda is considered. The block levelling for the 0.650 km length of Makodia dam axis has been carried out by single levelling survey at 10 m grid interval.  The cross-section surveys along the dam axis were taken at 10 m interval by taking levels and extended upto 300 m in the upstream side and 500 m in downstream side of dam axis.  
Detailed contour plan on the scale of 1:2500 H with 1 m contour interval & L-section  have been prepared for the area surveyed and the same is appended as the Plate:2.2.4  in the Drawing volume-II.

	     A head regulator is proposed at the right side of the Makodia dam at RD 580m. The crest level of the Head regulator is designed at 432 m from which the right bank canal will off-take. The topographical survey of the Head Regulator has been carried out on the basis of 10 m grid.

2.2.1.4 Plant and Colony Layout
               Suitable sites for plant & colony areas for Makodia Dam site have been identified. The site for plant is proposed to be located on left bank of Betwa river in the northern direction of village Makodia in Raisen district. The site for colony is proposed to be located on left side of Bhopal – Raisen road (NH-86) which is in the northern direction of village Rajeevnagar in Raisen district. The survey of 52.50 ha. for colony area at 50 m grid interval has been carried out. Map showing colony & Plant area of Makodia dam is enclosed as  Plate:2.2.5.1 & 2.2.5.2 respectively in Drawing volume-II.

2.2.1.5 Canal and Water Conductor System and Canal Structures
               (a) Right Bank Main Canal

      Strip surveys with levelling at 50 m interval or less depending on the slope of land covering 500 m width (250 m on either side of centre line of the canal) along the 83.38 km long alignment of the main canal from its off- take point at the right bank of Makodia dam to the terminal point near Gulabganj town in Vidisha district have been carried out. Thereafter, Russalli Choubisa branch canal of 11 km length is proposed to run and terminate at the right bank of Betwa river. The alignment was first marked on the field with the help of bearings measured from the toposheet studies and after making necessary corrections for the true-meridian and magnetic meridian as indicated in each toposheet and as well as taking into account the actual site conditions for fixing proper alignment wherever necessary. Marking of the alignment was done by fixing centre line pillars at 200 m interval. Concrete TBM pillars were also erected at every one km distance of the canal and also at each turning point. The pillars were painted with red colour and chainage written with white paint. Double levelling was carried out and the elevations of the main canal alignment at every 100 m interval were found out. The cross sections of main canal were taken at every 200 m interval by single levelling. The contour plans and L-section of the alignment covering about 56 no. of sheets have been prepared in 1: 2500 H scale and 1:100 V scale. Contour plan, Condensed Longitudinal section covering 56 plates are shown in Plate: 2.2.6 in Drawing volume-II.    
58 Nos. of cross drainage/masonry structures are coming across    83.38 km long canal. Among them, 18 are major structures out of which grid surveys have been carried out at 10 structures. List of canal structures is given in Annexure: 2.7. 

Grid survey at 50 m or less interval depending on the slope of land was carried out at each canal structure site to cover an area up to 300 m on either side of the centre line of the canal, upto 100 m d/s of the point of exit of water and 100 m u/s of the point of water inlet. Contour plans were prepared in 1: 2500 H scale with 1 m contour interval on the basis of the grid surveys. Cross sections of the drain have also been taken along the centre line of the canal and plotted on a scale of 1: 2500 H & 1:100 vertical. 

Drainage surveys have also been carried out with levelling at grid interval of 50m or less depending on the slope of land for u/s & d/s of centre line of canal for adequate length as required for hydraulic calculations of canal structures. Plan of the same have been plotted in the scale of 1:2500 H. The grid surveys, L.S and C.S. of various canal structures across the canal is furnished as Plate:2.2.8 in Drawing volume-II.

	     (b) Left Bank Main Canal

Strip surveys with levelling at 50 m interval or less depending on the slope of land covering 500 m width (250 m on either side of centre line of the canal) along the 6.74 km long alignment of the main canal from its off- take point at the left Bank of Makodia dam to the terminal point near Hirankhera village, Sanchi tehsil in Raisen district have been carried out. Marking of the alignment was done by fixing centre line pillars at 200 m interval. Concrete TBM pillars were also erected at every one km distance of the canal and also at each turning point. Thereafter, double levelling was carried out and the elevations of the main canal alignment at every 100 m interval were found out. Cross sections of main canal were taken at every 200 m interval by single levelling. The contour plans of the alignment have been prepared in 1: 2500 H scale. The contour plan, condensed Longitudinal sections, etc. are given as Plate:2.2.7 in Drawing volume-II.    
6 nos. minor cross drainage/masonry structures are coming across   6.74 km long canal, out of which grid surveys have been carried out at one CM structure across Road crossing. List of cross drainage/masonry structures are given in Annexure: 2.8. The grid surveys, L.S. and C.S. of CM structure is appended as Plate:2.2.9 in Drawing volume-II.

2.2.1.6 Powerhouse, Switchyards, Surge-shaft, Tailrace, etc. 

	     There is no power component in Makodia dam and its canals. 

2.2.1.7 Tunnel, Adits and  Penstocks  

  	      There is no tunnel component in Makodia dam and its canals. 

2.2.1.8 Command Area Survey  
        		
        	      As per the FR, Upper Betwa Projects namely Neemkheda, Richhan, Kesari  & Barari were expected to provide irrigation to about 1.27 lakh ha irrigation in Upper Betwa region of this project on substitution basis. However, after hydrological studies, it is found that there is not enough storage capacity to provide irrigation for this command area and hence at DPR stage, an area of 62230 ha is proposed to be irrigated annually from the three Upper Betwa projects namely Makodia in Raisen district, Kesari & Barari in Vidisha district of Madhya Pradesh. The total GCA & CCA of all the three projects have been worked out as 47333 ha & 42300 ha respectively.  The CCA under the Makodia project will be 37900 ha with an annual irrigation of 150%. The sample command area survey has been done for about 10% of the CCA. The sample command area survey was done along the base line with cross-section at an interval of 50 m grid. Two patches of 1000 ha each & one patch of about 1500 ha. were surveyed. Map showing the enroute command area of Makodia canal system & Upper Betwa projects are enclosed as  Plate:2.2.10 & 2.2.11 respectively in Drawing volume-II.

	The purpose of the sample command area survey is to assess the rates per hectare on development of command area of the projects.  The command area map is plotted in the scale of 1:10000 at a contour interval of 1.0 m and for OFD works, the same is plotted in the scale of 1:1000 at a contour interval of 0.25 m. 
2.2.1.9 Soil Conservation	

M/s. Agricultural Finance Corporation Ltd., Hyderabad has been assigned the comprehensive EIA, EMP and R&R study of Ken-Betwa link project (including Upper Betwa projects).  In order to contain soil erosion in the catchment and reduce the silt being carried out by the rivers and streams leading to Makodia reservoir and also to compensate for the loss of forest land under its submergence, soil conservation measures and development of forest would be taken as suggested by the consultant.  Like wise, in the command area of Makodia LBC & RBC, based on the soils, land use, slope, land irrigability etc., soil conservation measures such as land levelling, effective water conductor system & drainage will be undertaken as per recommendations of consultant report. Necessary provision for this work has been kept in the project estimate. 

2.2.1.10 Any other

Use of Satellite Based Data

No Survey & Investigations in respect of the identified upper Betwa projects was carried out earlier either by State Government or by NWDA. Even the toposheets of relevant area on 1:25,000  scale were not available. As such, NWDA entrusted the feasibility assessment of proposed irrigation projects in upper Betwa basin using satellite data to NRSA, Hyderabad. The basic purpose was to map the selected area in upper Betwa basin in 1:25,000 scale with 10 m contour interval so that submergence area, capacity of reservoir, area to be commanded in respect of four originally identified projects can be worked out. If these four projects were found incapable of utilizing 659 MCM of water transported through Ken-Betwa link canal, NWDA can identify some additional projects in upper Betwa basin in consultation with State Govt. Officers and NRSA. Accordingly, the study of 8 project sites has been done including 4 originally identified projects (viz.Neemkheda, Richhan, Barari & Kesari) and 4 newly identified projects (Makodia, Bebanai, Tharr & Sindh). Study involves the following steps:

Land use/ land cover maps on 1:25,000 scale were prepared by using IRS P6 LISS IV data with 5.8 m spatial resolution (42 scenes) for entire study area (12828 sq.km) by adopting on screen digitization. The major land use/ land cover categories mapped include agriculture, fallow, forest, built-up, waste lands-barren/rock outcrop/sandy areas, other scrub land, rivers/streams and water bodies.

Cartosat-1 stereo pair with 2.5 m spatial resolution (40 scenes) has been used for generating the Digital Elevation Model (DEM) by triangulation methods using GPS derived GCP’s. Height control survey in MSL was carried out to generate digital elevation model (DEM) which was used to generate 10 m contours.

DEM generated using Cartosat stereo data was used to interpolate 1 m contours for extracting submergence and command area details in terms of major land use / land cover categories at various FRLs (7 – 10 each) for each of the eight sites proposed by NWDA. Area statistics at 1 m interval were provided at various proposed FRLs.

Proposed irrigation command area was delineated based on the MDDL values provided by NWDA for each dam site with the DEM generated from Cartosat-1 stereo data. Further, land use/land cover information was generated for each dam site along with the submergence area analysis. The total geographical area and CCA details were assessed and provided in the report. The capacity under various FRLs   (7–10 each) was estimated using satellite derived contours with the help of prismoidal formula. Elevation-capacity curves for all the proposed reservoirs were also prepared.

	This helped NWDA in dropping Richhan dam site identified earlier at feasibility stage of Ken-Betwa link project. This study further helped NWDA & State Government in dropping Neemkheda site and choosing Makodia dam site in its place. The report submitted by NRSA is enclosed as Appendix:2.16 in Appendix volume-II.

2.2.2	Other Allied Surveys 
2.2.2.1 Archaeological Surveys in the Reservoir Area
	  
   The Archaeological Survey of India and Department of Archaeology, MP have informed that no sites of archaeological, historical and cultural importance maintained by them are present in the submergence area of Makodia reservoir as already mentioned in Para:2.1.2.1 above.

2.2.2.2 Mineral(useful and harmful) Surveys in the Catchment Reservoir Areas

	     As ascertained from the Mining department, Govt. of Madhya Pradesh, no minerals of economic importance are present in the submergence area of Makodia reservoir and its vicinity as well as enroute its canals.

2.2.2.3 Right of Way Surveys for the Reservoir

	     No structure of importance is existing above FRL of Makodia reservoir for which right of way is to be provided. Therefore, no such surveys have been carried out.

2.2.2.4 Communication Survey

     The Makodia dam site is proposed near Makodia village of Goharganj tehsil in Raisen district, MP. The dam site is 19 km from Raisen. The Bhopal-Jabalpur National Highway(NH-12) and Bhopal-Raisen-Sanchi National Highway (NH-86) pass through the project area.  The dam site is located at about 5 km from NH-86. The railway line connecting Bhopal and Delhi passes near the project area.  The nearest railway station and airport is at Bhopal which is 43 km from the site.
 
The command area under Makodia canals is well approachable from     NH-12 and other district roads while NH-86 crosses both the LBC and RBC of Makodia. A map showing the communication network in the project area of Upper Betwa projects  is appended as Plate.2.2.12 in Drawing volume-II.

All the villages in the vicinity of Makodia dam, its canals and command area are 100% electrified. Suitable provision is made, in the project estimate for communication surveys for laying telephone lines etc.

2.2.2.5 Drainage Surveys
	
The command area under the Makodia RBC is drained by a network of rivers/streams namely Kuhu, Richhan, Newan, Seu etc. besides a no. of small nallahs. The command under LBC is also drained by some nallahs. The commands have quite good draining facilities. However, with the introduction of irrigation as the command area develops, drainage problem may crop up in course of time. Suitable provision is, therefore, made in the project estimate towards chak and collecting drains in the command area. 

2.2.2.6 Soil Surveys

	     No separate soil survey has been carried for the command under Makodia canals. On the basis of a map prepared for Upper Betwa sub-basin from National Atlas of India (1982), and based on the information provided by the National Bureau of Soil Survey and Land Use Planning (NBSS & LUP), Nagpur/Delhi, the soils of the project area can be broadly classified into medium to deep black soils. The deep black soils are predominantly clayey in texture while the medium black soils are fine textured. The black soils are suitable for cultivation. With good management practices, it is possible to cultivate areas under these soils both under wet and dry conditions.  The lands in the command are good to very good cultivable lands. These are suitable for irrigation with moderate limitations due to heavy texture and require drainage. 
	
2.2.3	     Geology, Geophysical & Seismic Investigations
2.2.3.1    Geology 

The Geological investigations of Makodia dam & other Upper betwa projects were carried out through GSI, Bhopal. A note on Geotechnical investigation of Raisen & Vidisha districts of M.P. state is enclosed as Appendix:2.17 in Appendix volume-II. The geology around the project area is discussed below in brief.

(i) Local Geology 
The Makodia dam site is located in the upper reaches of Betwa river which is characterized by typical pineplained topography consisting of low level hills, extensive plains, shallow valleys with gentle bank slopes. The river mostly flows south to north with dendritic to subdendritic pattern. The drainage density is low to moderate in the area. The dam site area is more or less flat with rolling undulations on both the flanks of the Betwa river displaying elevations roughly between 450 m (right abutment hill) and 416 m (Betwa river bed).  The proposed alignment (FB 125°) of the Makodia storage dam is occupied by hard and compact, fine to medium grained and extremely strong massive sandstone with occasional shale partings  belonging to the Upper Bhander Sandstone Formation of the Bhander Group of Vindhyan Supergroup.  Outcrops of the sandstone are exposed on both the abutment hills.  A major part of the dam seat area is covered by soil/alluvium consisting of black clayey soil, sandy-silty residual soil, concretionary yellow soil in addition to loose to semi-consolidated riverine sediments of sands, kankars, gravels, pebbles and boulders etc.

	      The bedrocks exhibit a horizontal disposition with local shallow (5-10°) rolling dips.  Except bedding joints, all other joints are oriented askew to the dam axis. Intersection of joints has imparted blocky nature to the bedrocks with development of huge cuboidal and polygonal blocks.  Seepage of water through joints is anticipated. A note on geotechnical investigation of Makodia dam site by GSI, Bhopal is enclosed as Appendix:2.18 of Appendix volume-II. 

	      ii)	Geotechnical Assessment

The Betwa river flows towards north with a meandering course at the proposed dam site.  In its upper reaches, it forms a shallow valley with gentle to moderate slopes on either flank. The dam axis is straight and about 650 m long.  The barren bank slopes are covered with residual/alluvial soil, slope wash materials and riverine sediments, varying in thickness from 1 m to 22 m.  The location and alignment of proposed dam near Makodia is suitable and geotechnically favorable as the site is devoid of active lineament, fault or shear.  Seismically also, the area has not experienced any major geological event in the recent past. In view of the firm and stable abutments with fresh, inherently hard and massive sandstone as bedrock, the proposed site of Makodia dam is geotechnically suitable for masonry/concrete structure with central spillway. 

iii)	Geophysical Investigation

	No Geophysical investigations were carried out in respect of Makodia dam at this stage since geotechnical investigations based on direct drilling were carried out. 

2.2.3.2 Seismicity
	
	Seismo-tectonically, the Bundhelkhand –Malwa area is a stable land mass with a history of least techtonic disturbances. The area of the Upper Betwa basin is practically devoid of active lineament, fault or shear. As per the seismic zoning map of India (1990), the proposed layout of the Ken-Betwa link scheme including storage dams in Upper Betwa falls under seismic zone-II which signifies low seismic events not exceeding magnitude 3 and hence seismo tectonic hazards would be considered as minimum.
  
    The studies for site-specific design earthquake parameters for the proposed Makodia Dam area have been carried out by the Department of Earthquake Engineering, Indian Institute of Technology, Roorkee in 2008. As per these seismotectonic modeling studies, the site specific design earthquake parameter is estimated to be magnitude 6.5. The peak ground acceleration (PGA) values for Maximum Considered Earthquake (MCE) and Design Basis Earthquake (DBE) conditions is estimated to be 0.08 g and 0.04 g respectively. The report on site specific design Earthquake parameters for Makodia dam site by IIT, Roorkee is enclosed as Appendix: 2.19 in Appendix volume-II. 

2.2.4 Foundation Investigations	

    As already mentioned under Para 2.3.2, the work of foundation investigations (geotechnical) was carried out through GSI, Bhopal in association with IIT, Delhi. Geotechnical assessment of surface and subsurface data along the alignment of the Makodia dam gathered through geological mapping (1:2500 scale) of the project area and core logging of 7 exploratory drill holes (BH-1 to BH-7) at different chainage points along and across the dam alignment aggregating to 193 m depth core pieces was done to precisely assess the subsurface geological condition and water conductivity of bedrocks. Depth of drill holes ranges from 18.00 m to 42.00 m.  Based on geological logging of drill holes, the derived subsurface stratigraphic sequence reveals the presence of thick beds of hard, compact and very strong sandstone with occasional shale partings. These continue to occur right from the ground level at both the abutments to the maximum explored depth of 42.00m   (BH-5).  

The geotechnical note on sub-surface exploration of Makodia dam site by GSI, Bhopal is enclosed as Appendix:2.20 in Appendix volume-II.  Summarized details of drill hole logs are given in Annexure:2.9.  The laboratory testing of rock core samples has been carried out by IIT, Delhi and the test results are appended in Appendix: 2.21 in Appendix volume-II. The findings and test results of the GSI and IIT, Delhi are used in the design of suitable foundations for various components of the project by the Design Directorates of CWC.   The details of the foundation investigations carried out are discussed below in brief:

2.2.4.1 Earth dam 

Based on interpretation of surface and subsurface exploratory data, it is inferred by GSI that the foundation of the Makodia dam is composed of hard and massive sandstone with very good geotechnical features. Geo-technically, such rock mass is considered to be suitable and very competent for the composite dam of medium to big size with adequate treatment measures for ensuring full reservoir competency. 

2.2.4.2 Concrete dam in Spill Way Portion

As inferred by GSI, the foundation grade rock has sufficient areal and depth continuity to house the concrete/masonry structure. The configuration of the bedrock profile along the axis of the dam is such that it is available on much higher elevations on both the flanks than the river bed. GSI therefore, suggested that the location of the flank spillway (preferably on right side) may be preferred to the central spillway on techno-economic considerations. However, the location of the spillway has been finalised by the design directorate of CWC considering all other aspects.

2.2.4.3 Canal and Canal Structures

     Subsurface exploration of the major canal structures across Makodia right and left bank canals was carried out by GSI, Bhopal in association with IIT, Delhi and the geotechnical note is enclosed as Appendix:2.22 in Appendix volume-II. Drilling is carried out at 17 CD/CM structures (RBC-16 & LBC-1). A total of 23 drill holes (22 for RBC and 1 for LBC) over a total depth of about    395 m had been drilled along the axis of various CD structures to precisely assess the subsurface geological condition. The depth of exploratory drill holes ranges from 9.5 m to 25 m.  The report on laboratory investigations of rock samples collected from Makodia right bank canal is enclosed as Appendix:2.23, 2.24 & 2.25 in Appendix volume-II. 

2.2.4.4 Power House and Tunnels 

	     There is neither power nor tunnel component in Makodia dam and its canals.

2.2.5     Geo - technical Investigations and Borrow area (soil) Surveys     and  Construction Material Investigations

2.2.5.1 Borrow Area Survey - Soils  

	     The work of borrow area soil investigations for the proposed Makodia dam was carried out through CSMRS. Representative bulk soil samples from potential borrow areas in the vicinity of Makodia dam site were collected by CSMRS in June, 2008 and investigations carried out in its laboratory to characterize the collected borrow area materials for their suitability in the construction of the earthen portions of the dam. In all, 26 soil samples were collected from borrow pits near the Makodia dam site out of which 20 selected samples were tested by CSMRS. These pits were excavated to approx. 3 m depth. Representative samples were taken below 0.3 m to excavated depth. The location of borrow areas in the vicinity of the Makodia dam is appended as Plate:2.2.13 in Drawing volume-II.
Laboratory tests such as Mechanical analysis and Atterberg Limits, Specific Gravity, Standard Proctor Compaction, Triaxial Shear Test, One Dimensional Consolidation, Laboratory Permeability, Free swell test, Chemical Analysis, Soil Dispersivity Tests (Pin Hole, Crumb, SCS Double Hydrometer and Chemical Analysis on pore water extract) were carried out on the collected Borrow area materials.  Based on these tests, it is inferred that all the tested borrow area soil samples have predominance of silt and clay sizes with little and medium sand. The soils in general have medium plasticity characteristics. The soil samples are capable of developing reasonable value of maximum dry density. They possess low shear strength characteristics and intermediate compressibility characteristics. The soil samples have impermeable characteristics and are non dispersive in general.

Report on Soil investigation of borrow area soil samples from Makodia dam by CSMRS, New Delhi is enclosed as Appendix:2.26 and the test results of soil samples collected from Makodia RBC & LBC are furnished in Appendix:2.27 in Appendix volume-II.
2.2.5.2 Sand

	     The CSMRS, New Delhi carried out construction material survey and laboratory investigations of sand samples for their use as fine aggregate in concrete during construction of the project. 14 sand samples were collected from different sand quarries and the physical tests viz. specific gravity, grading and fineness modulus, silt and clay content, petrographic analysis, etc. were conducted on the representative rock samples as per BIS (IS:2386-latest version) for assessing their suitability as per IS:383-2002 for use in concrete. It was found that the sand samples collected from the following quarries were suitable for use in concrete either directly or mixed with finer sand to improve their Fineness Modulus.

1.	Barari barrage sand quarry
2.	Khambu Khedi sand quarry
3.	Keotan sand quarry
4. 	Neemkheda(Rong Pura) sand quarry
5. 	Betwa Navidiya sand quarry

The report on the construction material surveys and laboratory investigations of sand samples is enclosed as Appendix:2.28 in Appendix volume-II.

2.2.5.3 Rock and Aggregates

	     The CSMRS, New Delhi carried out construction material survey and laboratory investigations of rock samples for their use as coarse aggregate in concrete during construction of the project. 18 rock samples were collected from different rock quarries  and the physical tests viz. specific gravity, water absorption, soundness loss(5 cycles), aggregate impact, crushing & abrasion values, petrographic analysis, etc. were conducted on the representative rock samples as per Bureau of Indian Standards (IS:2386-latest version) for assessing their suitability as per IS:383-2002 for use in concrete. Accordingly, the following rock quarries were found suitable for use in wearing as well as non-wearing surfaces.

1.	Sumer Rock Quarry
2.	Betwa Barri Ghat Rock Quarry
3.	Kanajna Rock Quarry
     	4.	Ruber Yai village Rock Quarry
     	5.	Nateran Kherra Rock Quarry

    The Petrographic examination report received from GSI, Faridabad & Lucknow reveals that rock consists of strained quartz 12 % to 73% and undulatory extinction angle varying between 18˚  to 32˚. Presence of strained quartz in higher percentages and /or undulatory extinction angle beyond 15% may cause alkali aggregate reaction at the later stages of construction. The confirmatory tests such as mortar bar tests, Accelerated Mortar Bar Tests have not been carried out but the same shall have to be carried out with the then existing rock and sand samples to be actually used in the construction works. Suitable remedial measures shall have to be taken to control alkali aggregate reaction and also to minimize deleterious effects of any other minerals such as potash, feldspar, etc., present in the rock sample. The report on the construction material surveys and laboratory investigations of rock samples is enclosed as Appendix:2.28 in Appendix volume-II.

2.2.5.4   Bricks, Tiles

Soil of suitable quality is available near the proposed colony sites along the canal for manufacture of bricks and tiles for use in building construction. Also, brick kilns are available in the vicinity of project area at Bhopal, Raisen and other towns enroute the Makodia canals. Bricks can be transported from the nearest kilns to the colony sites for construction. 

2.2.5.5 Pozzolona

The pozzolonic materials are not considered to be used in the construction of the project.

2.2.5.6 Cement/Lime Stone 

	     Deposits of lime stone in small quantities are found in Raisen (near Sanchi) and Vidisha districts in Upper Betwa sub-basin. 
 
2.2.5.7 Cement and Steel

	     The requirement of cement for the construction of the project can be brought from nearest cement plant located at Damoh district of M.P state to the nearest railhead i.e., Bhopal. Similarly, the steel requirement of the project can be brought from Bhilai steel plant located in Chhattisgarh state to the nearest rail head i.e. Bhopal. 

2.2.5.8 Scarce Materials

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

2.2.5.9 Any Other Material
 
	  There has been adequate quantity of soil, sand and stone of suitable quality in the identified quarries for construction of the project. Cement and steel will be transported by rail and stacked at the nearest rail head points in the proposed stores/stack yards and from there these will be transported to the site with minimum lead.   

2.2.6	     Hydrological and Meteorological Investigations
2.2.6.1   Rainfall and Runoff

8 rain gauge stations located in and around the Upper Betwa basin have been considered for hydrological studies of Makodia dam site. The nearest rain gauge station to the dam site is Bhopal. The normal monthly rainfall data shows that this station receives 92% of its total rainfall during the south west monsoon period (June to September). The maximum rainfall occurs during August (388.4 mm) and the minimum rainfall occurs during April (4.5 mm). The annual normal rainfall is 1147 mm.  List of rain gauge stations located in the catchment and respective period of availability of data considered for hydrological studies is given at Annexure:2.10.

2.2.6.2 Sunshine, Cloud Cover and Visibility

	     The cloud cover is reported to be higher in the Makodia project area. The highest cloud cover is experienced in the month of August.

2..2.6.3   Wind and Cyclones

	     The wind velocities in Upper Betwa are generally high varying between  6.6 km/hr to 18.9 km/hr.

2.2.6.4 Humidity

	     The maximum and minimum mean monthly relative humidity in Betwa basin are reported to be 83% (August) and 20.5% (April) respectively.

2.2.6.5 Temperature

	     The climate of the Makodia region is characterized by hot summer and mild winter. The temperature some times goes beyond 40˚C. 

2.2.6.6 Discharge
	     No gauge and discharge site is available in the vicinity of Makodia dam. One Gauge & Discharge site was opened by NWDA at Neemkheda on Betwa river, 7 km d/s of Makodia dam site and observations were started from 01.10.2006.

	     In addition to the above, Gauge and Discharge data being observed by CWC at Basoda on river Betwa have been collected and the same for the period from 1976 to 2005 (30 years) have been utilized in hydrological study carried out by NIH, Roorkee for this project. 

2.2.6.7 Sedimentation

	    There is no silt observation site in upstream or nearby of Makodia dam site whose data can be used for the sedimentation studies. However, there is an existing project viz., Matatila on main Betwa river. From the hydrographic survey done for Matatila reservoir during the years 1975, 1985 and 1990, the sedimentation rate was worked out as 381.8, 422.63 and 408.50 m3/sq.km/year respectively. Considering these factors, the silt rate for the Makodia dam has been considered as  410.0 m3/sq.km/year.

A silt observation site, however has been established by NWDA at Neemkheda G&D site located 7 km d/s of Makodia dam site on Betwa river and observation started w.e.f. 25.07.2007.

2.2.6.8 Water Quality

Facility for water quality testing is not available with NWDA. So, the water samples from Betwa River taken at the above site were tested at water quality testing laboratory of CWC, Bhopal.

2.2.6.9 Evaporation

		     There is no pan evaporimeter installed near the dam site. The monthly average evaporation of two nearby stations (Sagar and Damoh) varies from    6.35 cm (in December) to 40.01cm (in May). The monthly normal evaporation depths considered for Makodia reservoir in the hydrological studies (Phase-IIA) of Ken – Betwa link project have already been furnished at Para 2.1.6.9 above.
















2.3.1 Topographical Surveys of Barari Barrage

The Barari barrage is proposed across Betwa river near Barrighat village of Gyaraspur tehsil in Vidisha district about 69 Km downstream of Makodia dam site. In order to initiate the topographical surveys for the barrage, the value of SoI Benchmark located on south- east centre of platform of South of two Mahadev temples on island called Charan terath in Betwa river in Vidisha, was transferred by double levelling to the permanent bench mark established by NWDA near Barari barrage axis.

2.3.1.1 River

The following topographical surveys have been carried out along/across the river course.
     a) 	L section u/s
Levels of the Betwa river were taken at an interval of 50 m by single levelling up to pond level + 1 m i.e. 409 m (408+1m) for back water effect. The total length of the L-section including tributaries, nalla etc. comes out to 120.983 km.  
1.  L-section d/s 
The levels were taken upto 10.168 km from the axis of barrage at     50 m interval.  The Betwa river L-section, 3 km u/s and d/s of Barari barrage is given as Plate: 2.3.1 in Drawing volume-II. 
1. X-section u/s
The x-section of Betwa river were taken at every 200 m interval for a distance of 2 km from the axis of the barrage and thereafter at 500m  interval upto a distance corresponding to the level of 414 m (MWL) covering all topographical features in between of each cross section.  The total length of the X-section comes to 114.743 km. 
1. X-section d/s 
The Betwa river x-section at every 200 m interval upto HFL + 1 m on either side of the river from bank and upto the 5 km from the axis of the barrage were taken. The total length of the X-section comes to 53.850 km. The cross sections of the Betwa river is given as Plate:2.3.2 in Drawing volume-II.

2.3.1.2 Reservoir/Pond
	
The submergence survey of Barari barrage has been carried out on the line of river survey as the barrage will be constructed within the gorge portion of river and accordingly the cross-section of the river will be restricted up to pond level + 1 m or 1 km on either side of the firm bank of river whichever is less. As detailed above, X-sections were taken at 200 m interval for a distance of 2 km and thereafter at 500m interval corresponding to the length of L-section in the upstream of axis of the structure. In the downstream, X-sections were taken at 200 m intervals upto HFL + 1 m on either side of river bank for a distance of 5 km from the axis of the structure. The levels are taken at 50 m or less interval. L-section has also been carried out for small tributaries and nalla joining the pond. 
	     The above surveyed data has been utilized for preparing submergence area plan in the scale of 1:2500 H at 1 m contour interval based on which, the reservoir/pond capacity of the barrage has been assessed and adopted in the studies. The pondage area map of Barari barrage is given at Plate:2.3.3 in Drawing volume-II.
2.3.1.3 Headworks

The Barari barrage is situated on Betwa river near Barrighat village of  Gyaraspur tehsil of Vidisha district. 2.273 km length of Barari barrage axis including 0.883 km extension has been surveyed by NWDA. Block levelling for the Barari barrage axis has been carried out by single levelling at 50 m or less grid interval.  The cross section along the barrage axis were taken at 50 m interval by taking levels and extended upto 300 m on the upstream side and 500 m on the downstream side of barrage axis. The contour plan of barrage site was prepared on 1: 2500 H scale with contours at 1 m interval. The same has been utilized for preparing the layout plan, L-section along the barrage axis, etc. The Contour plan of the headworks is given as Plate:2.3.4 in Drawing volume-II.

2.3.1.4 Plant and Colony layout
In the vicinity of Barari barrage, suitable Govt. land is not available for plant and colony and hence, no survey was carried out. Private land is proposed to be identified and acquired to construct the above colonies. For pumping station, sites can be located in the upstream of the barrage. Colony area is also proposed near towns Raisen & Vidisha for main canal construction.

2.3.1.5  Canal and Water Conductor System and Canal Structures   
    Water is proposed to be lifted by 21 m from RL.403.90 m to RL 425 m through a 4 km long pipeline into a small existing tank located near Gulabganj village, Gulabganj tehsil in Vidisha district. Thereafter, one ridge canal of 4.50 km long with FSL at 424 m is proposed to run in the south-west direction to irrigate the proposed command area. The existing tank is to be remodelled according to requirement of project.  The survey of alignment and double levelling for the lift portion is completed. The method of survey for ridge canal alignment is the same as adopted in the survey of Makodia canals. The contour plans and L-section of the alignment have been prepared in 1:2500 H & 1:100 V scale with 1m contour interval and the same are shown in Plate:2.3.5 in Drawing volume-II.
Since the canal is proposed as a ridge canal, no rivers/streams will come across and hence no canal structures would be required. 
2.3.1.6 Powerhouse, Switchyards, Surge-shaft, Tailrace, etc. 
	     There is no power generation component in Barari barrage. 


2.3.1.7 Tunnel, Adits and Penstocks  
  	     There is no tunnel component in Barari barrage. 

2.3.1.8 Command Area Survey 

     As per feasibility report, Upper Betwa Projects namely Neemkheda, Richhan, Kesari & Barari were expected to provide annual irrigation of about 1.27 lakh ha in Upper Betwa region of this project on substitution basis. However, at DPR stage, an area of 62230 ha only is proposed to be irrigated annually from the three upper Betwa projects namely Makodia(in place of Neemkheda), Kesari & Barari in Raisen & Vidisha districts of Madhya Pradesh. The GCA & CCA of all the three projects have been worked out as 47000 ha & 42300 ha respectively. Out of this, the CCA proposed under the Barari barrage is 2000 ha with an irrigation intensity of 125%. Sample command area survey has been done for about 10% of the CCA (200 ha). The command area survey was done along the base line with cross-section at an interval of 50 m grid. 

The purpose of the sample command area survey is to assess the rates per hectare on development of command area of the projects. The command area map has been plotted in the scale of 1:10000 at a contour interval of 1.0 m and for OFD works the same is plotted in the scale of 1:1000 at a contour interval of 0.25 m.  The OFD map of Barari barrage is given in Plate:2.3.6 in Drawing volume-II.
  
2.3.1.9 Soil conservation

     M/s. Agricultural Finance Corporation Ltd., Hyderabad has been assigned the comprehensive EIA, EMP and R&R study of Ken-Betwa link project (including Upper Betwa projects).  In order to contain soil erosion in the catchment and reduce the silt being carried out by the rivers and streams leading to Barari barrage, soil conservation measures would be taken as suggested by the consultant.  Like wise, in the command area of Barari canal, based on the soils, land use, slope, land irrigability etc., soil conservation measures such as land levelling, effective water conductor system & drainage will be under taken as per recommendation of the consultant. Necessary provision for this work has been kept in the project estimate. 

2.3.1.10 Any other

	    Use of Satellite Based Data: Details have already been furnished in Para:2.2.1.10 above.
				



	
2.3.2	     Other Allied Surveys
2.3.2.1   Archaeological surveys in the reservoir area

	     The Archaeological Survey of India and Department of Archaeology, MP have informed that no sites of archaeological, historical and cultural importance maintained by them are present within the pond area of Barari barrage.

2.3.2.2 Mineral (useful and harmful) Surveys in the Catchment Reservoir Areas

	     As ascertained from the Mining department, Govt. of Madhya Pradesh, no minerals of economic importance are present in the pond area of Barari barrage and its vicinity as well as enroute its canal.  

2.3.2.3 Right of Way Survey for the Reservoir

The submergence area under Barari barrage will be mostly restricted to the river portion as the barrage will be constructed within the gorge portion of river. As such, there is no requirement to provide any right of way to any structure. 

2.3.2.4 Communication Surveys

     The Barari barrage is proposed near Barrighat village of  Gyaraspur tehsil in Vidisha district. The barrage site is about 28 km from Vidisha which is the nearest railway station.The Bhopal-Raisen-Sanchi National Highway (NH-86) and the railway line connecting Bhopal and Delhi pass near to the project area.  The nearest airport is at Bhopal situated at about 80 km from the dam site.

The command area under Barari ridge canal is well approachable from  NH-86  and other district roads. All the villages in the vicinity of Barari barrage, its canal and command area are 100% electrified. Also, suitable provision is made for communication surveys for laying telephone lines etc. in the project estimate.

2.3.2.5 Drainage Surveys
 
The command area under the Barari ridge canal is drained by a network of small rivers/nallahs. The command has good draining facilities. However, with the introduction of irrigation, as the command area develops, drainage problem may crop up in course of time. Suitable provision is, therefore, made in the project estimate towards chak and collecting drains in the command area. 




2.3.2.6 Soil Surveys 

	No soil survey has been carried for the command under Barari ridge canal. On the basis of a map prepared for Upper Betwa sub-basin from National Atlas of India (1982), and based on the information provided by the National Bureau of Soil Survey and Land Use Planning (NBSS & LUP), Nagpur/Delhi the soils of the command area can be broadly classified into medium to deep black soils.  The deep black soils are predominantly clayey in texture while the medium black soils are fine textured. The black soils are suitable for cultivation. With good management practices, it is possible to cultivate areas under these soils both under wet and dry conditions. The lands in the command are good to very good cultivable lands with moderate erosion. These are suitable for irrigation with moderate limitations due to heavy texture and require drainage. 


2.3.3	     Geology, Geophysical, & Seismic Investigations
2.3.3.1    Geology

i)	Local Geology 
	     The Barari barrage site is located in the upper reaches of Betwa river which is characterized by typical pineplained topography comprising extensive plains, shallow valleys with gentle bank slopes and low lying hills. The river mostly flows south to north with dendritic to subdendritic pattern. The barrage site area is more or less flat with rolling undulations on both the flanks of the Betwa river displaying elevations roughly between 412 m and 397 m.  The barrage alignment (FB 1220) area has soil/alluvial cover consisting of silty-clayey soil, sandy-silty loam, concretionary yellow soil and regolith. Bed rock is not exposed along the alignment of the barrage. However, outcrops of fragmentary basalts are seen in the Betwa river section about 500 m downstream of the proposed Barari barrage.  

ii) Geotechnical Assessment	
Pre-construction stage geotechnical investigation to evaluate the geological set up and site conditions of the proposed location barrage in Upper Betwa was carried out by GSI, Bhopal in 2006. According to GSI, the location of proposed barrage near Barari is suitable and geotechnically favourable as the site is devoid of active lineament, fault or shear.  Seismically also, the area has not experienced any major geological event in the recent past. 

At barrage site, the bedrock is anticipated to be at deeper levels in view of the presence of thick soil/alluvium cover and permanent ponding of water, which may pose construction problems. GSI therefore, suggested the shifting of barrage axis in either direction having bed rock at or near the river bed level may be contemplated. 




iii) Geophysical Investigation	

	No Geophysical investigation could be carried out in respect of Barari barrage site at DPR stage due to delay in finalisation of the site by M.P State Govt. 

2.3.3.2 Seismicity	

	Seismo-tectonically, the Bundelkhand –Malwa area is a stable land mass with a history of least techtonic disturbances. The area of the Upper Betwa basin is practically devoid of active lineament, fault or shear. As per the seismic zoning map of India (1990), the proposed layout of the Ken-Betwa link scheme including storage dams/barrages in Upper Betwa falls under seismic zone-II which signifies low seismic events not exceeding magnitude 3 and hence seismo-tectonic hazards could be considered as minimum.  

2.3.4 Foundation Investigations	

As already mentioned under Para 2.3.2, the work of foundation investigations (geotechnical) was carried out through GSI, Bhopal in association with IIT, Delhi. Geotechnical assessment of surface and subsurface data along the alignment of the Barari barrage gathered through geological mapping (1:2500 scale) of the project area and core logging of 2 exploratory drill holes on left & right flanks (BH-1 & BH-2) aggregating to about 49 m depth of drilling to precisely assess the subsurface geological condition and water conductivity of bedrocks. Depth of drill holes ranges from 22.4 m to 26.5 m.  A geotechnical note on sub-surface exploration of Barari barrage is enclosed as Appendix:2.22 in Appendix volume-II.

The rock samples were got tested from IIT, Delhi and the parameters are appropriately used in the design of the structure.The test results of rock samples are furnished as Appendix:2.25 in Appendix volume-II.

2.3.4.1 Earth and Rock Fill Dam

	     Since barrage is proposed, no investigation is required under this sub-head.

2.3.4.2 Barrage 
     A barrage is proposed on Betwa river at Barrighat village in Vidisha district. 
	
2.3.4.3 Canal and Canal Structures

     Since the canal is proposed as a ridge canal, no rivers/streams will come across and hence no canal structures would be required. 

2.3.4.4 Power House and Tunnels

	     No Power House and tunnels are proposed under Barari barrage. 

2.3.5    Geo-technical Investigations and Borrow Area (soil) Surveys and Construction Material Investigations
		
2.3.5.1 Soils

           As a barrage is proposed under Barari project which will be a masonry/ concrete structure, no investigations for borrow area were carried out. The work of borrow area soil investigations for the proposed Barari canal was carried out through CSMRS. Representative bulk soil samples from potential borrow areas in the vicinity of the canal were collected by CSMRS in September, 2008 and investigations carried out in its laboratory to characterize the collected borrow area materials for their suitability in the construction of the canal. 

2.3.5.2 Sand

	      The CSMRS, New Delhi carried out construction material survey and laboratory investigations of sand samples for their use as fine aggregate in concrete during construction of the project. Fourteen sand samples were collected from different sand quarries  and the physical tests viz., specific gravity, grading and fineness modulus, silt and clay content, petrographic analysis, etc. were conducted on the representative samples as per BIS (IS:2386-latest version) for assessing their suitability as per IS:383-2002 for use in concrete. It was found that the sand samples collected from the following quarries were suitable for use in concrete either directly or mixed with finer sand to improve its Fineness Modulus.

1. 	Barari barrage sand quarry
2. 	Khambu Khedi sand quarry
3. 	Keotan sand quarry
4. 	Neemkheda(Rong Pura) sand quarry
5. 	Betwa Navidiya sand quarry

	The test results of the above sand samples are already furnished in Appendix:2.28 in Appendix volume:II.

2.3.5.3 Rock and Aggregates

The CSMRS, New Delhi carried out construction material survey and laboratory investigations of rock samples for their use as coarse aggregate in concrete during construction of the project. Eighteen rock samples were collected from different rock quarries and the physical tests viz. specific gravity, water absorption, soundness loss(5 cycles), aggregate impact, crushing & abrasion values, petrographic analysis, etc., were conducted on the representative rock samples as per BIS (IS:2386-latest version) for assessing their suitability as per IS:383-2002 for use in concrete. Accordingly, rock from the following rock quarries were found suitable for use in wearing & non-wearing surfaces.

1.	Sumer Rock Quarry
2.	Betwa Barri Ghat Rock Quarry
3.	Kanajna Rock Quarry
     	4.	Rubber Yai village Rock Quarry
     	5.	Nateran Kherra Rock Quarry

The petrographic examination carried out through GSI, Faridabad & Lucknow  by CSMRS reveals that rock consists of strained quartz 12 % to 73% and undulatory extinction angle varying between 18˚ to 32˚. Presence of strained quartz in higher percentages and /or undulatory extinction angle beyond 15% may cause alkali aggregate reaction at the later stages of construction. The confirmatory tests such as mortar bar tests, Accelerated Mortar Bar Tests have not been carried out, but the same shall have to be carried out with the then existing rock and sand samples to be actually used in the construction works. Suitable remedial measures shall have to be taken to control alkali aggregate reaction and also to minimize deleterious effects of any other minerals such as potash, feldspar etc., present in the rock sample. The test results of the above rock samples are already furnished in Appendix: 2.8 in Appendix volume-II.

2.3.5.4 Bricks, Tiles 

Soil of suitable quality is available near the proposed colony sites along the canal for manufacture of bricks and tiles for use in building construction. Also, brick kilns are available in the vicinity of project area at Raisen, Vidisha and other towns. Bricks can be transported from the nearest kilns to the colony sites for construction. 

2.3.5.5 Pozzolona 

The pozzolonic materials are not considered to be used in the construction of the project.

2.3.5.6 Cement/Lime Stone

Deposits of lime stone in small quantities are found in Raisen (near Sanchi) and Vidisha districts in Upper Betwa sub-basin.  

2.3.5.7 Cement and Steel

	     The requirement of cement for the construction of the project can be brought from nearest cement plants located at Narasinggarh (Damoh), Banmore(Gwalior) of M.P state to the nearest railhead i.e., Bhopal. Similarly, the steel requirement of the project can be brought from steel plant located at Mandideep near Bhopal and Bhilai steel plant located in Chhattisgarh state.  

2.3.5.8 Scarce Materials

	     No scarce materials are anticipated to be use in the construction of the project which may cause hindrance to the construction of the project.   
 
2.3.5.9 Any Other Material

	     There has been adequate material of soil, sand and stone of suitable quality in the identified quarries for construction of the project. Cement and steel will be transported by rail and stacked at the nearest rail head points in the proposed stores/stack yards all along the canal and from there these will be conveyed to the site with minimum lead.   	

2.3.6	     Hydrological and Meteorological Investigations
2.3.6.1    Rainfall and Runoff

	     As mentioned earlier, 8 rain gauge stations located in and around the Upper Betwa basin have been considered for hydrological studies at Barari barrage site. The nearest rain gauge station is located at Raisen. The normal monthly rainfall data shows that this station receives 92% of its total rainfall during the south west monsoon period (June to September). The maximum rainfall occurs during August (466.7 mm) and the minimum rainfall occurs during April (1.7 mm). The annual normal rainfall is 1183 mm. 

2.3.6.2 Sunshine, Cloud Cover and Visibility

     The cloud cover is reported to be higher in the Barari barrage area. The higher cloud cover is experienced in the month of August.

2.3.6.3 Wind and Cyclones

The wind velocities in Upper Betwa are generally high varying between       6.6 km/hr to 18.9 km/hr. 

2.3.6.4 Humidity
 
     The maximum and minimum mean monthly relative humidity in Betwa basin are reported to be 83% (August) and 20.5% (April) respectively.

2.3.6.5 Temperature
 
     The climate of the Betwa basin is characterized by hot summer and mild winter. The temperature in the upper reach some times goes beyond 40˚C. 


2.3.6.6 Discharge
 
	     No gauge and discharge site is available in the vicinity of Barari barrage site. One Gauge & Discharge site was established by NWDA at Barari barrage site on Betwa river and observations were started from 07.07.2006.

     In addition to the above, Gauge and Discharge data being observed by CWC at Basoda on river Betwa have been collected and the same have been utilized in hydrological study carried out for this project.
	
2.3.6.7 Sedimentation

	     As mentioned earlier, there is no silt observation site in upstream or nearby Barari barrage site. However, there is an existing project viz.. Matatila on main Betwa river. From the hydrographic survey done for Matatila reservoir during the years 1975, 1985 and 1990, the sedimentation rate was worked out as 381.8, 422.63 and 408.50 m3/sq.km/year respectively. 

    A silt observation site, however, has been established by NWDA at Neemkheda G&D site located 7 km d/s of Makodia dam site on Betwa river and observation started w.e.f. 25.07.2007.

2.3.6.8 Water quality

	      Facility for water quality testing is not available with NWDA. So, the water quality samples taken at the above site were tested at water quality testing laboratory of CWC, Bhopal.	

2.3.6.9 Evaporation

There is no pan evaporimeter installed near the barrage site. The monthly average evaporation of two nearby stations (Sagar and Damoh) varies from 6.35 cm (in December) to 40.01cm (in May). The monthly normal evaporation depths considered for Barari barrage in the hydrological studies (Phase-IIA) of Ken – Betwa link project have already been furnished at Para 2.1.6.9 above.












2.4.1 Topographical Surveys of Kesari Barrage

The Kesari barrage is proposed near Ditholi village of Basoda tehsil in Vidisha district across Keotan river, a tributary of Betwa river. The value of the GTS BM located at North stone curb of a pakka well about 150 feet North of  Bareth railway station, has been connected by double levelling to the Permanent Bench Mark(PBM) established by NWDA near Kesari barrage axis.  

2.4.1.1 River

	     The following topographical surveys were carried out along/across the river course.
1. L-section u/s 
Levels were taken on the Keotan river at an interval of 50 m by single  levelling. The levels were taken up to pond level+1 m i.e. 407 m (406+1m) for back water effect. The total length of the L-section including tributaries, nalla etc. covers 39.90 km.  
b)	L-section d/s
The levels were taken upto 10 km from the axis of barrage at 50 m interval. The L-Section of Keotan river is given as Plate: 2.4.1 in Drawing volume-II. 
1. X-section u/s
The x-sections of Keotan river including its tributaries were taken at every 200 m interval for a distance of 2 km from the axis of barrage and thereafter at every 500 m interval upto a distance corresponding to the level of 407 m to cover the maximum water level covering all topographical features in between of each x-section. The total length of the cross-section comes to 225.7 km. 
1. X-section d/s
The river x-section at every 200 m interval up-to HFL + 1 m on either side of the firm bank and upto 5 km from the axis of the barrage were taken.  The total length of the x-section comes to 45.20 km. The cross section of Keotan river is given in Plate:2.4.2 in Drawing volume-II.

2.4.1.2 Reservoir
	
The submergence survey of Kesari barrage has been carried out on the line of river survey as the barrage will be constructed within the gorge portion of river and accordingly the cross-section of the river will be restricted up to pond level + 1 m or 1 km on either side of the firm bank of river whichever is less. X-sections were taken at 200 m interval for a distance of 2 km and thereafter at 500m interval corresponding to the length of L-section in the upstream of axis of the structure. 
The above survey data has been utilized for preparing submergence area plan in the scale of 1:2500 H at 1 m contour interval and the reservoir storage capacity has been assessed and adopted in the studies. The contour plan of the Kesari barrage/pondage area is given at Plate:2.4.3 in Drawing volume-II.

2.4.1.3 Headworks

	     The Kesari barrage is situated on Keotan river near Ditholi village of Basoda tehsil of Vidisha district. 1.775 km length of Kesari barrage axis has been surveyed by NWDA including 0.170 km extension. Block levelling for the Kesari barrage axis has been carried out by single levelling at 50 m or less grid interval.  The cross-sections along the barrage axis were taken at 50 m interval by taking levels upto 1000 m on upstream side as per the topographical condition of the site and 500 m on downstream side. The contour plan of barrage axis was prepared on 1: 2500 scale with contours at 1 m interval.  The same has been utilized for preparing the layout plan, L-section along the barrage axis, etc. The contour plan of the head works area of Kesari barrage is given as Plate: 2.4.4 in Drawing volume-II.

2.4.1.4	Plant and Colony Layout
     For Kesari barrage site, the plant & colony area site has been proposed to be located on the left bank of the river near village Ditholi in the forest area. Grid survey for 60 ha. of plant and colony area at 50 m grid interval has been completed  in the month of May 2008.  However, in case forest land could not be procured, private land is proposed to be acquired to construct the above colonies.  For pumping station, the site can be located in the upstream of barrage. Colony area is also proposed near town Raisen for main canal construction.  Detailed survey has yet to be carried out for these colony areas. Locations of the identified plant & colony areas are shown at Plate:2.4.5 in Drawing volume-II.

2.4.1.5 Canal and Water Conductor System and Canal Structures 
	     Water from the pond is proposed to be lifted by 9 m from RL 401 m to 410 m through a 2.90 km long pipeline into a proposed fore bay reservoir near village Amera, Basoda tehsil in Vidisha district. Thereafter, a gravity canal of     9.650 km long with FSL at 409.50 m is proposed to run towards Udaipur town in the northern direction to the terminal point at Chakra nala near village Barwasa, Basoda tehsil in Vidisha district.  Marking of the alignment was done by fixing centre line pillars at about 200 m interval. Concrete TBM pillars were also erected at every one km distance of the canal and also at each turning point. The pillars were painted with red colour and chainage written with white paint. Double levelling was carried out and the elevations of the main canal alignment at every 100 m interval were found out. The cross sections of main canal were taken at every 200 m interval by single levelling. The contour plans of the alignment have been prepared in 1: 2500 H scale and 1:100 V scale with 1m contour interval. Longitudinal sections and contour plans (7 Nos.) have been prepared and are shown in Plate:2.4.6 in Drawing volume-II.
About 22 cross drainage/masonry structures are coming across 9.650 km long canal. Among them2 are major structures for which surveys have been carried out.  List of major canal structures are given in Annexure:2.11. 
  	
    Grid survey at 50 m or less interval depending on the slope of land was carried out at canal structure site to cover an area up to 300 m on either side of the centre line of the canal, upto 100 m d/s of the point of exit of water and 100 m u/s of the point of water inlet. Contour plans were prepared in 1: 2500 H scale with 1 m contour interval on the basis of the grid surveys. Cross sections of the drain have also been taken along the centre line of the canal and plotted on a scale of 1: 2500 H & 1:100 vertical. The grid surveys, L.S. & C.S. of canal structures across Right Bank canal of Kesari barrage is furnished as Plate:2.4.7 in Drawing volume-II.

Drainage surveys have also been carried out with levelling at grid interval of 50m or less depending on the slope of land for u/s & d/s of centre line of canal for adequate length as required for hydraulic calculations of canal structures. Plan of the same have been plotted in the scale of 1:2500 H.

2.4.1.6 Powerhouse, Switchyards, Surge-shaft, Tailrace, etc. 

		     There is no power generation component in Kesari barrage and its canal.

2.4.1.7 Tunnel, Adits and  Penstocks  

  	     There is no tunnel component in Kesari barrage and its canal.
 
2.4.1.8 Command Area Survey  
        		
        	      The CCA under the Kesari barrage will be 2400 ha with an irrigation intensity of 120%. The sample command area survey has been done for about 10% of the CCA (250 ha) along the base line with cross-section at an interval of 50 m grid.  The map for the surveyed area is given as Plate:2.4.7.

	 The purpose of the sample command area survey is to assess the rates per hectare on development of command area of the projects. The command area map is plotted in the scale of 1:10000 at a contour interval of 1.0 m and for OFD works the same is plotted in the scale of 1:1000 at a contour interval of 0.25 m. 
2.4.1.9 Soil Conservation
 
M/s Agricultural Finance Corporation Ltd., Hyderabad has been assigned the comprehensive EIA, EMP and R&R study of Ken-Betwa link project (including Upper Betwa projects).  In order to contain soil erosion in the catchment and reduce the silt being carried out by the rivers and streams leading to Kesari barrage, soil conservation measures would be taken as suggested by the consultant.  Like wise, in the command area of Kesari canal, based on the soils, land use, slope, land irrigability etc., soil conservation measures such as land levelling, effective water conductor system & drainage will be under taken as per suggestion of the consultant. Necessary provision for this work has been kept in the project estimate. 

2.4.1.10 Any other
	
Use of Satellite Based Data:

Details have already been furnished in Para:2.2.1.10 above.

2.4.2	      Other Allied Surveys

2.4.2.1    Archaeological surveys in the reservoir area

The Archaeological Survey of India and Department of Archaeology, MP have informed that no sites of archaeological, historical and cultural importance maintained by them are present within the pond area of Kesari barrage.

2.4.2.2 Mineral, (useful and harmful) Surveys in the Catchment and Reservoir Areas

	    As ascertained from the Mining department, Govt. of Madhya Pradesh, no minerals of economic importance are present in the pond area of Kesari barrage and its vicinity as well as enroute its canal.

2.4.2.3 Right of Way Surveys for the Reservoir

    The submergence area under Kesari barrage will be mostly restricted to the river portion as the barrage will be constructed within the gorge portion of river. As such, there is no requirement to provide any right of way to any structure. 

2.4.2.4 Communication Surveys

     The Kesari barrage is proposed near Ditholi village of Basoda tehsil in Vidisha district. The barrage site is about 11 km from Basoda, which is the nearest railway station. The Bhopal-Raisen-Sanchi National Highway (NH-86) and the railway line connecting Bhopal and Delhi pass near to the project area.  The nearest airport is at Bhopal situated at about 110 km from the dam site.
 
The command area under Keasri canal is well approachable from NH-86 and other district roads. All the villages in the vicinity of Kesari barrage, its canal and command area are 100% electrified. Also, suitable provision is made for communication surveys for laying telephone lines etc. in the project estimate.

2.4.2.5 Drainage Surveys 

The command area under the Kesari barrage canal is drained by a network of small rivers/ nallahs. The command has good draining facilities. However, with the introduction of irrigation, as the command area develops, drainage problem may crop up in course of time. Suitable provision is, therefore, made in the project estimate towards chak and collecting drains in the command area. 

2.4.2.6 Soil Surveys 

	No soil survey has been carried for the command under Kesari canal. On the basis of a map prepared for Upper Betwa sub-basin from National Atlas of India (1982), and based on the information provided by the National Bureau of Soil Survey and Land Use Planning (NBSS & LUP), Nagpur/Delhi, the command area is covered with medium black soils. These soils are fine textured and are suitable for cultivation. With good management practices, it is possible to cultivate areas under these soils both under wet and dry conditions. The lands in the command are good to very good cultivable lands with heavy soils. These are suitable for irrigation with moderate limitations due to heavy texture and require drainage. 

2.4.3	    Geology, Geophysical & Seismic Investigations
2.4.3.1   Geology

	i)	Local Geology 
The Kesari barrage site is located in the upper reaches of Betwa river which is characterized by typical pineplained topography comprising extensive plains, shallow valleys with gentle bank slopes and low lying hills. The river mostly flows south to north with dendritic to subdendritic pattern. The density of drainage is low to moderate. The barrage site area is more or less flat with rolling undulations on both the flanks of the Keotan river.The barrage alignment (FB 1180) in general has soil/alluvial cover consisting of dark grey, silty-clayey residual soil, sandy-silty loam, concretionary yellow soil and regolith in addition to river borne unconsolidated to semi consolidated sediments of sands, kankers, boulders etc.. Sporadic outcrops of grey to light brown, fine grained, highly vesicular and amygdular basalt are observed in the Keotan river bed. 

ii) Geotechnical Assessment	
     Pre-construction stage geotechnical investigation to evaluate the geological set up and site conditions of the proposed location of barrage in Upper Betwa was carried out by GSI, Bhopal in 2006. According to GSI, the location of proposed barrage near Kesari is suitable and geotechnically favourable as the site is devoid of active lineament, fault or shear.  Seismically also, the area has not experienced any major geological event in the recent past.  Further, in view of the occurrence of bed rock in the Keotan river section, the proposed barrage site appears to be geotechnically suitable for masonry/concrete structures. Abutments, however, are not firm which may otherwise restrict the length of the structure. 

	       iii)Geophysical Investigation
	  No Geophysical investigation could be carried out in respect of Barari barrage site at DPR stage due to delay in finalisation of the site by M.P State Govt. 

2.4.3.2 Seismicity	

	      Seismo-tectonically, the Bundelkhand –Malwa area is a stable land mass with a history of least techtonic disturbances. The area of the Upper Betwa basin is practically devoid of active lineament, fault or shear. As per the seismic zoning map of India (1990), the proposed layout of the Ken-Betwa link scheme including storage dams/barrages in Upper Betwa falls under seismic zone-II which signifies low seismic events not exceeding magnitude 3 and hence seismo-tectonic hazards would be considered as minimum.  
	
2.4.3 Foundation Investigations

     As already mentioned under Para 2.4.2, the work of foundation investigations (geotechnical) was carried out through GSI, Bhopal in association with IIT, Delhi. Geotechnical assessment of surface and subsurface data along the alignment of the Kesari barrage gathered through geological mapping (1:2500 scale) of the project area and core logging of one exploratory drill hole to a depth of     30.2 m to precisely assess the subsurface geological condition and water conductivity of bedrocks. A geotechnical note on sub-surface exploration of Kesari barrage is enclosed as Appendix:2.22 in Appendix volume-II.

The rock samples were got tested from IIT, Delhi and the parameters are appropriately used in the design of the structure.The test results of rock samples are furnished as Appendix:2.25 in Appendix volume-II.

2.4.4.1 Earth and Rock fill Dam
	     Since barrage is proposed, no investigation is required under this sub-head.

2.4.4.2 Barrage 

	    A barrage is proposed on Keoton river near Dhitoli village viz., Kesari barrage.
	 



2.4.4.3 Canal

Subsurface exploration of the major canal structures across Kesari right  bank canal was carried out by GSI, Bhopal in association with IIT, Delhi.  2 drill holes had been drilled at different chainage points along the axis of CD structures to precisely assess the subsurface geological condition.  The depth of exploratory drill holes are 16.50m and 20.30m. A geotechnical note on sub-surface exploration of Kesari right bank canal is included in Appendix:2.22 of Appendix volume-II.

2.4.4.4 Power House, Tunnels, and Canal Structures
	     No Power House and tunnel are proposed under Kesari barrage and its canal.   

2.4.5	Geo - technical Investigations and Borrow Area (soil) Surveys and Construction Material Investigations

2.4.5.1 Soils

	As a barrage is proposed at Ditholi village(Kesari barrage) which will be masonry/ concrete structure, no investigations for borrow area were carried out. The work of borrow area soil investigations for the proposed Kesari canal was carried out through CSMRS. Representative bulk soil samples from potential borrow areas in the vicinity of the canal were collected by CSMRS in September, 2008 and investigations carried out in its laboratory to characterize the collected borrow area materials for their suitability in the construction of the canal. Test results of soil samples collected from Kesari right bank canal is included in Appendix:2.27 of Appendix volume-II.
2.4.5.2 Sand

	     The CSMRS, New Delhi carried out construction material survey and laboratory investigations of sand samples for their use as fine aggregate in concrete during construction of the project. Fourteen sand samples were collected from different sand quarries  and the physical tests viz. specific gravity, grading and fineness modulus, silt and clay content, petrographic analysis, etc. were conducted on the representative rock samples as per BIS (IS:2386-latest version) for assessing their suitability as per IS:383-2002 for use in concrete. It was found that the sand samples collected from the following quarries were suitable for use in concrete either directly or mixed with finer sand to improve their Fineness Modulus.

1. 	Barari barrage sand quarry
2. 	Khambu Khedi sand quarry
3. 	Keotan sand quarry
4. 	Neemkheda(Rong Prua) sand quarry
5. 	Betwa Navidiya sand quarry

	     The test results of the above sand samples are already furnished in Appendix:2.28 of Appendix volume-II.

2.4.5.3 Rock and Aggregates

	     The CSMRS, New Delhi carried out construction material survey and laboratory investigations of rock samples for their use as coarse aggregate in concrete during construction of the project. Eighteen rock samples were collected from different rock quarries  and the physical tests viz. specific gravity, water absorption, soundness loss(5 cycles), aggregate impact, crushing & abrasion values, petrographic analysis, etc. were conducted on the representative rock samples as per BIS (IS:2386-latest version) for assessing their suitability as per IS:383-2002 for use in concrete. Accordingly, the following rock quarries were found suitable for use in wearing & non-wearing surfaces.

1.	Sumer Rock Quarry
2.	Betwa Barri Ghat Rock Quarry
3.	Kanajna Rock Quarry
     	4.	Ruber Yai village Rock Quarry
     	5.	Nateran Kherra Rock Quarry

	The petrographic examination carried out by GSI, Faridabad & Lucknow through CSMRS reveals that rock consists of strained quartz 12 % to 73% and undulatory extinction angle varying between 18˚ to 32˚.  Presence of strained quartz in higher percentages and /or undulatory extinction angle beyond 15% may cause alkali aggregate reaction at the later stages of construction. The confirmatory tests such as mortar bar tests, Accelerated Mortar Bar Tests have not been carried out, but the same shall have to be carried out with the then existing rock and sand samples to be actually used in the construction works. Suitable remedial measures shall have to be taken to control alkali aggregate reaction and also to minimize deleterious effects of any other minerals such as potash, feldspar, etc., present in the rock sample. The test results of  the above rock samples are already furnished in Appendix:2.28 of Appendix volume-II.

2.4.5.4 Bricks, Tiles

Soil of suitable quality is available near the proposed colony sites along the canal for manufacture of bricks and tiles for use in building construction. Also, brick kilns are available in the vicinity of project area at Vidisha  and other towns enroute its canal. Bricks can be transported from the nearest kilns to the colony sites for construction. 

2.4.5.5 Pozzolona

    The pozzolonic materials are not considered to be used in the construction of the project.


2.4.5.6 Cement/Lime Stone

     Deposits of lime stone in small quantities are found in Raisen (near Sanchi) and Vidisha districts in Upper Betwa sub-basin. 
 
2.4.5.7 Cement and Steel

		     The requirement of cement for the construction of the project can be brought from nearest cement plant located at Narasiggarh (Damoh) and Banmore (Gwalior) in M.P state. The approximate distance works out to about 350 km to the nearest railhead i.e Bhopal. Similarly, the steel requirement of the project can be brought from Steel plant located at Mandideep near Bhopal and from Bhilai steel plant located in Chhattisgarh state. The approximate distance to the nearest rail head i.e., Bhopal is 670 km. 

2.4.5.8 Scarce Materials

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

2.4.5.9 Any Other Material

	    There has been adequate material of soil, sand and stone of suitable quality in the identified quarries for construction of the project. . Cement and steel will be transported by rail and stacked at the nearest rail head points in the proposed stores/stack yards all along the canal and from there these will be conveyed to the site with minimum lead. 

2.4.6	    Hydrological and Meteorological Investigations
2.4.6.1   Rainfall and Runoff

	     8 rain gauge stations located in and around the Upper Betwa basin have been considered for hydrological studies of Kesari barrage site. The nearest rain gauge station to the dam site is Bhopal. The normal monthly rainfall data shows that this station receives 92% of its total rainfall during the south west monsoon period (June to September). The maximum rainfall occurs during August (388.4 mm) and the minimum rainfall occurs during April (4.5 mm). The annual normal rainfall is 1147 mm. 

2.4.6.2 Sunshine, Cloud Cover and Visibility

	     The cloud cover is reported to be higher in the Kesari barrage area. The higher cloud cover is experienced in the month of August.

2.4.6.3 Wind and Cyclones

     The wind velocities in Upper Betwa are generally high varying between 6.6 km/hr to 18.9 km/hr. 
2.4.6.4 Humidity

	    The maximum and minimum mean monthly relative humidity in Betwa basin are reported to be 83% (August) and 20.5% (April) respectively.

2.4.6.5 Temperature

	    The climate of the basin is characterized by hot summer and mild winter. The temperature in the upper reach some times goes beyond 40˚C. 

2.4.6.6 Discharge

	     No gauge and discharge site is available in the vicinity of Kesari barrage site. One Gauge & Discharge site was opened at Kesari barrage site on Keoton and observations were started from 01.10.2006.

	     In addition to the above, Gauge and Discharge data being observed by CWC at Basoda on river Betwa have been collected and the same have been utilized in hydrological study carried out for this project.	
 	
2.4.6.7 Sedimentation

	     There is no silt observation site in upstream or nearby of Kesari barrage site. However, there is an existing project viz., Matatila on main Betwa river.  From the hydrographic survey done for Matatila reservoir during the years 1975, 1985 and 1990, the sedimentation rate was worked out as 381.8, 422.63 and 408.50 m3/sq.km/year respectively. 

2.4.6.8 Water quality

	     Facility for water quality testing is not available with NWDA. So, the water quality samples taken at the above site were tested at water quality testing laboratory of CWC, Bhopal.	

2.4.6.9 Evaporation

	     There is no pan evaporimeter installed near the barrage site. The monthly average evaporation of two nearby stations (Sagar and Damoh) varies from 6.35cm (in December) to 40.01cm (in May). The monthly normal evaporation depths considered for Kesari barrage in the hydrological studies (Phase-IIA) of Ken – Betwa link project have already been furnished at Para 2.1.6.9 above.
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