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EXECUTIVE SUMMARY
 

S.V. Chitale and James E. Borg were retained by the U.S. Agency for International 

Development (USAID) to evaluate the capabilities of the Hydraulic Research Station of the 

Irrigatiou Research Directorate in the Bureau of Design for Hydroelectric and Irrigation 

Projects (BODHI), Irrigation Department, Government of Madhya Pradesh, India. They 

interviewed officers of BODHI, inspected the hydraulic laboratory facilities at Hathaikheda, 

reviewed hydraulic model reports, and visited four irrigation projects. They also held 

discussions with senior officials of the Madhya Pradesh Irrigation Department. 

BODHI expects to see the workload at the Hydraulic Research Station during the Eighth 

Five-Year Plan increase three to four times that experienced during the previous plan. This 

increased workload will require a substantial improvement in laboratory facilities and 

staffing to meet this challenge. 

The infrastructure of the Hydraulic Research Station should be upgraded to increase the 

capacity of the recirculating flow system to allow the testing of more and larger models. 

space should be expanded to accommodate a larger staff, computerLaboratory office 
a small reference library. A workshop should be constructed to housefacilities, and 

The station grounds should be further increased amachinery, equipment, and materials. 
minimum of 50,000 m2 to allow sufficient work area for moveable bed river models. 

The Hydraulic Research Station staff should immediately be brought up to its sanctioned 

strength and be increased gradually thereafter to meet the demands of an increased 

workload as required. A formal training program should be initiated. A strategy should be 

formulated within BODHI to encourage the engineering staff to serve a minimum of five 

years to maintain continuity of effort. 

The amount of basic research instrumentation needs to be increased to allow the 
Pressure transducers and datasimultaneous documentation of more than one model study. 


acquisition hardware and software are required to collect and analyze dynamic pressure
 

fluctuations.
 

Additional library references and journals in the areas of hydraulic modeling theory and 

practice should be purchased and added to the main BODHI and Hydraulic Research 

Station libraries. 

The recommendations made in this report will result in the upgrading of the Hydraulic 

Research Station facilities to a level found in other state research facilities and are required 

to meet the challenges of the Eighth Five-Year Plan. 
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Chapter 1 

INTRODUCTION 

The Bureau of Design for Hydroelectric and Irrigation Projects (BODHI) was established 

by the Government of Madhya Pradesh, India, in 1985 to prepare designs and specifications 

for dams, canals, and appurtenant works required for major and important medium 

irrigation projects. A major irrigation project is defined as one that has a culturable 

command area (CCA) of more than 10,000 hectares (25,000 acres). A medium project has 

a CCA of between 2,000 and 10,000 hectares (5,000 to 25,000 acres). 

Madhya Pradesh is a landlocked state in central India. It is the largest state in India and 

has many opportunities for water resource development. On-going work on the Narmada 

River is one of the largest resource developments in the world. 

In 1989, Pritam Singh, former Chairman of the Central Water Commission of India, and H. 

Walter Anderson of the Harza Engineering Company, USA, were retained by the U.S. 

Agency for International Development (USAID) to review the BODHI organization and 

recommend methods for expanding and strengthening BODHI. Their review comments and 

recommendations were presented in their February 1989 report, "Organization Review of 

Bureau of Design for Hydroelectric and Irrigation Projects." One of the recommendations 
Indian specialist and onecontained in this report was that a team comprised of one 

American specialist be formed to evaluate the capabilities of the Hydraulic Resea, ch Station 

and recommend measures to strengthen BODHI in the area of hydraulic modeling. The 

evaluation team was entrusted with the following responsibilities: 

1) Carry out detailed discussions with Department of Irrigation specialists 
review the current methods and available equipment. 

to 

2) Assess requirements of equipment and trained staff for the anticipated 
workload. 

3) Prepare a detailed program for on-the-job training for these special fields. 

4) Prepare and discuss the draft report with BODHI officers and then finalize 
report. 

In accordance with this recommendatior, the assignment was entrusted to the team of S.V. 

Chitale, a former Joint Director of the Central Water and Power Research Station at Pune, 

and James E. Borg of Harza Engineering Company, USA. 
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The team assembled in the USAID mission office in Delhi on February 7, 1990, and was 

briefed by John Grayzel, Chief of the Office of Natural Resources Management, USAID, 

and J.R. Khanna, Project Officer. Thereafter, the team was in Bhopal, the capital of 

Madhya Pradesh, from February 8 through February 21, 1990. During this period the team 

held discussions with officers at BODHI headquarters in Narmada Bhavan and at the 

Hydraulic Research Station, Hathaikdheda. Background information about the Irrigation 
was provided at that time to the review team. DiscussionsResearch Station of BODHI 

were also held with P.C. Agrawal, Engineer in Chief of the Irrigation Department, and J.R. 

Malhotra, Secretary to the GOMP Irrigation Department. A list of officials met during the 
The hydraulic laboratory facilities at theteam's assignment is provided in Appendix M. 

Hydraulic Research Station were inspected and visits were made to four irrigation projects 

completed or under construction. 
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2.2 

Chapter 2
 

BODHI ORGANIZATION
 

2.1 Structure 

Most of the water resource development projects within the state of Madhya Pradesh are 

under the direction of the Irrigation Department of Madhya Pradesh. One exception is 

Narmada River projects which are under the direction of the Narmada Valley Development 

Authority (NVDA). 

The head of the Irrigation Department is the Engineer-in-Chief. Reporting to him are 16 

chief ergineers who supervise various major projects, geographical zones or river basins, and 

Of these Chief Engineers, four have statewide responsibilities:other major activities. 

1) Bureau of Design of Hydroelectric and liigation Projects (BODHI) 

2) Survey and Investigations 
3) Tubewell and Lift Irrigation 
4) Electrical and Mechanical 

In the past, the designs of a few medium projects and all major projects were performed by 

the Central Water Commission (CWC) of the Government of India. It is anticipated that 

in the future BODHI will be able to perform these designs currently done by CWC. 

Responsibilities 

The Chief Engineer of BODHI is responsible for preparing the designs for: 

1) Major Projects 

a) Dams
 
b) Spillways
 
c) Appurtenant Works
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2.3 

2) Medium Projects 

a) Earth dams above 27 meters in height 
b) Masonry or Concrete Spillways with crest heads more than 3 meters 

and total head more than 8 meters. 

3) Canals 

a) Typical designs for canal structures of 6 cumecs (210 cfs) and abov-.
 
b) Canal structures with pile and well foundations
 
c) Canals with discharges greater than 30 cumecs (1000 cfs)
 

4) Tunnels 

5) Power Stations up to 25 MW 

In addition, BODHI updates and issues technical circulars and specifications through the 

Irrigation Department and examines project reports for medium and major projects. 
BODHI also processes cases of revised administrative approval of major and medium 
projects as referred by Government of Madhya Pradesh (GOMP). 

Directorates 

The BODHI Organization is shown in Appendix B. The organization is divided into the 
following eight Directorates: 

1) Canals
 
2) Dams
 
3) Dam Safety
 
4) Gates and Valves
 
5) Hydrology
 
6) Irrigation Research
 
7) Rates and Costs
 
8) Specifications
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In addition to the eight Directorates, the following two cells report to the Chief Engineer 

BODHI: 

1) Administration 
2) Computers 

2.4 Laboratory 

BODHI operates a multi-discipline laboratory under the supervision of the Irrigation 
rank of SuperintendingResearch Directorate. The head 	of the Directorate holds a 

are further divided into four Research Stations underEngineer. The laboratory facilities 
Deputy Director/Research Officers. 

1) Hydraulics 
2) Soils 
3) Concrete and Mortar 
4) Chemistry 
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Chapter 3 

LABORATORY EVALUATION 

3.1 General 

The Irrigation Research Directorate Hydraulic Research Station is located at Hathaikheda 

approximately 15 km from Bhopal. Established in 1964, the Hydraulic Research Station 

performs hydraulic model studies for major and medium water projects and research and 

state of Madhya Pradesh. An evaluation of the hydraulicdevelopment s:udies for the 
areasto determine its current capabilities and the level and oflaboratory was made 

The evaluation included a clarificationimprovement required to meet projected workloads. 
of the goals of the Eighth Five-Year Plan for the Irrigation Department of Madhya Pradesh 

and how these objectives will effect the hydraulic laboratory. The specific areas of 

evaluation of the laboratory capabilities included infrastructure, staffing and training, 

equipment, and library support. 

3.2 Eighth Five-Year Plan 

In order to evaluate what impact the Eighth Five-Year Plan will have on the hydraulic 

laboratory, the level of work through the completion of the Seventh Five-Year Plan was 

assessed. From 1978 to date, 110 hydraulic model studies were conducted at the Hydraulic 

Research Station. Sixty-six of these studies were completed during the Seventh Five-Year 

Plan alone. These studies were routine investigations for the confirmation of the hydraulic 

designs of appurtenant structures of water resource projects within the state of Madhya 

In addition, 23 research studies sponsored by the Central Board of Irrigation andPradesh. 

Power (CBIP) were completed. Historically, studies at the Hydraulic Research Station have
 

been solely in the fields of spillway water surface and piezometric pressure profiles,
 

headworks stage-discharge rating curves, energy dissipation structures, spill channel
 

protection works, riverbed scour, flood protection works, river Uaining, hydraulic
 

performance of staged construction schemes, and spillway gate operation schedules.
 

The total expenditure for the Irrigation Research Directorate during the Seventh Five-Year
 

Plan was approximately Rs. 250 lakhs. This expenditure was only 66 percent of the amount
 

allocated for use.
 

The Eighth Five-Year Plan under finalization for 	 the Madhya Pradesh Irrigation 
for major and medium irrigationDepartment has tentatively budgeted Rs. 1914 crores 

projects. This represents a 10 percent increase over the expenditure outlay duripg the 

previous plan. The plan includes work on four new major projects (Pench Diversion, Kelo, 

Mongra and Arpa) and a number of new medium projects. All four of these new major 
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projects, as well as on-going major projects, routinely require hydraulic model investigations. 

Some of the medium projects will also be identified for hydraulic research. 

The complete breakdown of the tentatively budgeted expenditures for the Eighth Five-Year 

Plan of the Irrigation Department is provided in Appendix C. Additional studies will be 

made for NVDA projects which are not indicated in this breakdown. The salient features 

of the six major projects currently undergoing hydraulic model studies during this plan are 

given in Appendix D. 

studies to confirm hydraulic designs of irrigationIn addition to routine hydraulic model 
projects, the Hydraulic Research Station will be conducting research and development 

studies for the state of Madhya Pradesh. The National Advisory Committee for Water 

Resources Development has recently proposed budgets of Rs. 30.2 crores for research and 

development projects under central and state sectors. 

Proposed expenditures for research and development studies totaling Rs. 138 lakhs have 

been submitted by the Irrigation Research Directorate for consideration. Of this amount, 

the proposed expenditure for the Hydraulic Research Station is approximately Rs. 45 lakhs. 

Much of these proposed expenditures is related to the modernization of infrastructure and 

studies in the field of plasticulture (Appendix E). 

In addition, BODHI is currently formulating a program for the further development of the 

Hydraulic Research Station capabilities. Laboratory facilities will be upgraded to allow for 

studies of closed conduit systems invclving pipelines, tunnels, gates and valves. 

Modernization of the facilities is also envisaged by obtaining pressure transducers and a 

system to allow a more detailed analysis of cavitation andcomputer data-acquisition 
fluctuating pressure problems. 

million has been allotted by a USAID grant for strengthening andA provision of $1.03 
expanding the capabilities of the BODHI organization. Rs. 21.3 lakhs has been 

appropriated for the purchase of equipment. Approval has been received for the purchase 

of library and reference materials totaling Rs. 2.73 lakhs. 

An expenditure of Rs. 0.58 lakhs has been approved for memberships to technical institutes 
The purchase of 17 computers has also beenand purchase of periodicals and journals. 

In addition,approved, two of which would be installed in the BODHI offices on Bhopal. 

one mini-computer will be purchased with the assistance of the World Bank and installed 

in the BODHI office. 

In summary, the goals of the Madhya Pradesh Irrigation Department Eighth Five-Year Plan 

are ambitious and will result in a substantial increase in the workload at the Hydraulic 

Research Station. However, ample funds are available from BODHI project budgets, 

research and development projects, and USAID grants for the expansion and modernization 
The main problem appears toof the laboratory facilities and the training of its personnel. 
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be that the present station staff is not large enough to effectively utilize the funds allotted 

to it. 

3.3 Infrastructure 

3.3.1 Existing Facilities 

The Hydraulic Research Station of the Irrigation Research Directorate, shown in Appendix 

F-1, covers approximately 50,000m2 and utilizes the outlet works of the Hathaikheda dam 

for its water supply. Although the maximum discharge available from the outlet is 81 cfs, 

the inlet channel and gated headworks limit the maximum gravity flow to the station for 

Two tube wells, each having the capacity of 800 liters/minute, aremodel studies to 25 cfs. 

provided to fill the recirculation system sump when the water supply from the outlet works
 

is not available.
 

The center currently has 70m2 of office space available for the research station staff. A
 

separate building with an area of 300m 2 is available for lectures and meetings. Equipment
 

for the construction of hydraulic models is being temporarily stored in a 25m 2 shed. At
 

present, no facilities exist 	for computer or photographic equipment.
 

The lowest,The laboratory model test area is divided into three work areas called trays. 
area of 6500m 2 and has a 	maximum gravity flow of 25 cfs availableor gravity tray, has an 

for model studies. All gravity test flows must ultimately be wasted to the adjacent "nalla" 
, but must be supplied by pumping. Theafter use. The second tray has an area of 9500m 2 

third tray, reserved for the Narmada Sagar Project, also must be supplied by pumping and 

has an area of 5500m 2. All three trays use a common collection channel which conveys 
The detailed layout of the tray areas available forreturn flows to the pumphouse sump. 


model tests is shown on Appendix F-2.
 

a network of 0.9i high 	by 0.9m wide concrete-linedWater is supplied to the trays via 
channels located around their peripheries. The gravity supply channel has an invert at El 

467.1 	and the pump supply channel has an invert at El 468.4. The maximum capacity of the 

The r'aximum head available for model studies is approximatelysupply channel is 14 cfs. 
1.5 meters. 

Three 60-HP horizontal centrifugal pumps are available for supplying recirculating flow to 

the modeling trays. Although three pumps are available, the 14 cfs capacity of the delivery 

channels limits pumping to two pumps. Considerations should be given to the construction 

of a new head box adjacent to the pump house to introduce "lowdirectly into the sectional 

models gravity tray and allow exit flow to discharge diret. 'y into the pump sump. This 
"short-circuit" system would utilize the additional pump, and the reduction in pumping head 

would increase flows by 50 to 75 percent without major reconstruction or adding pumps to 

the system- Another advantage is that sump volume requirements are reduced significantly 
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the system. Another advantage is that sump volume requirements are reduced significantly 

because the delivery channels do not need to be filled during system start-up. 

The existing office space available for research personnel is inadequate and an expansion 
A new office building should be constructed with offices for theof facilities is required. 

Research Officer, assistant research officers, and research assistants. Adequate space should 

also be provided for a drafting area, a small library, and an air-conditioned area for 

computer and photographic equipment. The new office building should have a total floor 

area of 220m2. Appendix N shows 1he breakdown of required floor area for the office 

building. 

A separate workshop building is also required to house machinery, store materials and 
The total estimated areainstruments, and provide a model layout and construction area. 

required for the workshop is 300m 2. Appendix N also contains the breakdown of area 

requirements for the workshop building. 

3.4 Staffing and Training 

3.4.1 Present Staff and Experience 

The organization of the Irrigation Research Directorate is shown in Appendix A-3. R.D. 

Ektare is the current Director and is an officer from the State Irrigation Department (SID) 

having a rank of Superintending Engineer. The Hydraulic Research Station is headed by 

a Depaty Director/Research Officer, G.S. Arora, an executive engineer, also from the SID. 

The center's supporting staff is comprised of assistant research officers (assistant engineer), 

research assistants, laboratory technicians, and laboratory assistants. The current staff at a 

level of laboratory assistant or higher is only 45 percent of its sanctioned strength. The 

technical staff at or below the position of research assistant is the core staff of the 

laboratory and is comprised mainly of scientists. 

Appendix H contains a complete list of the Hydraulic Research Station staff by position, 

number sanctioned, number employed and minimum technical qualifications. Training 

assignments experience by the present station staff is shown on Appendix I. 

3.4.2 Future Staff and Training 

Present activities of the Hydraulic Research Station are primarily in the area of spillway 

studies and energy dissipation. The Eighth Five-Year Plan envisages a more diverse field 

of studies as indicated in Appendix A and can be summarized as follows: 
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1) Dams and appurtenant structures 
2) River and canal hydraulics 
3) Mathematical modeling 
4) Field data collection and analysis 
5) Central Board of Irrigation and Power sponsored studies. 

required to maintain available computer facilities,In addition, service groups will be 

instrumentation, library references, and precision workshop facilities.
 

In order to perform workload envisaged by the Irrigation Department's Eighth Five-Year
 

Plan, the sanctioned staff size should gradually be increased as the workload expands.
 

In order to meet these work goals, immediate efforts should be made to bring the station
 

staff to at least its sanctioned strength. The meeting of the sanctioned staff goal should be
 

achieved by the end of 1990. In addition to hiring personnel, a strategy of incentives should
 

be developed to encourage personnel to remain at the laboratory to maintain continuity.
 

In developing a strategy for retaining staff, BODHI should become famwiar with the
 

recommendations made by the Scientific Advisory Sub-committee on manpower
 
in Waterdevelopment and management in their report "Research and Development 

Resources, Gearing Up to the Challenges of the Eighth Five-Year Plan, Importance of 

Manpower." The staff pattern recommended by them for research cadres with 60 percent 

core cadre and 40 percent floating cadres could be considered for the adoption at the 
Research Station. 

The best incentives for maintaining continuity are promotion and salary increases. During 

the initial phase of the station's expansion, some promotion and salary increases are certain. 

However, beyond the initial expansion phase, incentives such as increasing the design 

allowance and the making it a percentage of salary, continuing the advantage of advance 

increments for Post Graduate Degrees after promotion, and time-scale salary increases for 

core personnel may become the most effective means of maintaining staff continuity. 

The station staff should be encouraged to participate and attend national and international 

seminars, symposia, workshops, and annual sessions of various organizations to bring 
Since these activities are fundedrecognition to themselves and to the research station. 

entirely at the station's expense, they may be used to secure a nominal commitment to 

continue service at the station an additional six months. 

On-going training of the station staff is required to improve the quality of existing studies 

and expand expertise in the proposed new fields of studies. The training avenues envisaged 

to strengthen the station staff technical capabilities required to meet the goals of the Eighth 

Five-Year Plan should include but not be limited to: 
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1) A refresher course or interactive workshop held at the station with specialists 
covering topics such a model scale determination and design, model 

construction techniques, model limitations, use of instrumentation and data 

collection, infrastructure requirements, computer data-acquisition system 

operation, report preparation and data presentation, etc. 

2) As new fields of study are added to the station, the research staff can be 

prepared for the assignment by working on a similar project at ail outside 

laboratory similar to the Central Water and Power Research Station at Pune. 

3) A group of qualifying staff could be sent to visit the U.S. Bureau of 

Reclamation (USBR) laboratory in Denver, Colorado, the U.S. Army Corps 

of Engineer Waterways Experiment Station laboratory in Vicksburg, 

Mississippi, and a number of university and private laboratories. The training 

tour could be accomplished in about one month. The tour could be arranged 

for a group of three to five participants and be scheduled every three years. 

To qualify, a participant must have at least three years of service at the 

station and have pancipated in at least one outside working assignment as 

outlined in goal 2 above. 

4) The station staff should be encouraged to participate and attend national and 

international seminars, symposia, workshops, and annual session of various 
organizations. 

3.5 Equipment 

A list of the instrumentation available at the Hydraulic Research Station has been provided 

by BODHI and is shown in Appendix 0. The instrumentation consists of a surveying level, 

point gauges, Prandtl tubes, aiud a pygmy current meter. The amount and type of 

instruments available even for the basic studies currently being undertaken at the station is 

inadequate. Basic model construction equipment, such as a bandsaw, circular table saw, 

lathe, air compressor, portable hand drill, and grinder have only recently been procured. 

Workshop facilities have not yet been provided for this equipment. 

The Eighth Five-Year Plan proposes the design and hydraulic model studies of at least six 

major projects and a number of medium projects within BODHI. This represents a 
the hydraulicsignificant increase in the workload over that currently being done at 

laboratory. The magnitude of the projected increase in workload will in itself require an 

increase in basic research equipment. This additional equipment should include 

manometers for pump discharge measurements, piezometer boards for pressure 

measurements, pygmy current meters and mini-propeller meters for velocity measurements, 

and point gauges for topographic and flow profile measurements. 
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The Indira Sagar Project, for example, has a design discharge in excess of 80,000 cumecs and 
so do the concerns in theheight in excess of 80 meters. As projects increase to this siz,-, 

areas of adequate downstream energy dissipation measures and cavitation damage to chute 
The collection, analysis, and

and submerged structures from high velocity flows. 


interpretation of dynamic pressure fluctuations become paramount in determining the range
 

and impact of dynamic pressures on the design of hydraulic structures.
 

Computer data acquisition systems that utilize diaphragm pressure transduces and menu

driven software can easily be programmed to collect, store, analyze, and present in report
 

form the dynamic pressure fluctuations. The systems include input/output data acquisition
 

boards to send and collect data from remote transducers and software packages to control
 

the sampling rate aid allow the plotting of pressures for report exhibits.
 

A complete list of laboratory equipment required to accomplish the goals of the Eighth
 

Five-Year Plan is included in Appendix J.
 

3.6 Library 

Hydraulic laboratories require current and relevant references to determine correct model 

scale, testing methods, data collection procedures, accurate analysis and interpretation of 

results. References also pass on the experiences of previous similar studies. The Irrigation 
asResearch Directorate has the main BODHI library as well as its own library available 


reference sources.
 

The main BODHI library is located on the fourth floor of the Narmada Bhavan in Bhopal. 

contains about 2500 books and receives technical journals from 24The main library 
institutions, of which 15 are Indian and 9 are foreign. In spite of the number of books in 

the main library, only 20 books are directly related to hydraulics, fluid mechanics, hydraulic 

None of the books were dedicated solely to hydraulicstructures or sediment transport. 
In addition to reference books, the library contains ISI Standards, a fewmodeling theory. 


USBR publications, CBIP publications, and miscellaneous journals and reports.
 

Publications and journals or the International Commission on Irrigation and Drainage 

(ICID), the International Association for Hydraulic Research (IAHR), and the International 

Congress on Large Dams (ICOLD) total about 300. However, the library does not currently 

hold memberships with these institutions and as a consequence journals are not received on 
of Civil a regular basis. The library is currently a member of the American Society 

Engineers and receives journals of the Hydraulics and Irrigation and Drainage Divisions. 

An on-going effort should be made to obtain back issues of journals to complete the sets 

and bring them up-to-date. 

The Main BODHI library appears to be competently managed by qualified librarians and 
of book loans and cataloging of books andtheir supporting staff. The recording 
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publications is done manually, however. These manual procedures will eventually be 

discarded in favor of a computer data base when it becomes available. 

The average annual expenditure for the purchase of books and journals during the past 

Five-Year Plan has been Rs. 25 lakhs, although Rs. 50 lakhs were spent in 1989. 

The Irrigation Research Directorate library is also located in the office at the Narmada 

Bhavan. This library contains 10 books related to hydraulics and hydraulic structures. 

These 10 books are listed in Appendix K. As was the case encountered in the main library, 

not one of these books is solely dedicated to hydraulic modeling theory. At present, no 

technical library exits at the Hydraulic Research Station, Hathaikheda. 

In order for the Hydraulic Research Station to more fully utilize the available library 

facilities, two actions should be taken. First, additional books must be purchased which are 

dedicated to hydraulic modeling theory and practice and related to the anticipated fields of 

study. Appendix L contains a recommended list of books and journals which will be needed 

to meet the modeling goals associated with the Eight Five-Year Plan. Secondly, references 

must be routinely available to the research and assistant research officers. It is therefore 

further recommended that two sets of the books listed in Appendix L be made available so 

that one set of books can be placed at the Research Station and another set of books and 

recommended journals can be placed at the Main BODHI library. 
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4.1 

Chapter 4 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

The BODHI Hydraulic Research Station is the only hydraulic modeling facility in the State 
of theof Madhya Pradesh. The facility conducts model studies for all major projects 

Irrigation Department and Narmada Valley Development Authority, as well as various 

central, state, and USAID-funded research and development projects. 

The tentatively budgeted expenditures for the Irrigation Research Directorate under the 

Eighth Five-Year Plan should be three or four times the amount of actual expenditures 

during the Seventh Five-Year Plan. 

The Irrigation Research Directorate and Hydraulic Research Station are presently at only 

This resulted in limiting the actual expenditures during thehalf their sanctioned strength. 
Seventh Five-Year Plan to Rs. 250 lakhs, or 66 percent of the expenditures allotted. 

The average period of service for laboratory staff at or above the grade of assistant research 

officer is between three and four years. After this period, staff at these levels usually 

transfer to other Irrigation Department directorates. 

No formal training program is available to laboratory staff. The level of expertise of the 

staff is adequate for the studies now being conducted. However, additionallaboratory 
training will be required as computer-aided instrumentation becomes available and more 

complex fields of study are encountered. 

to an ample water supply andThe Hydraulic Research Station is well located adjacent 
within easy reach of BODHI officials and laboratory staff. 

The maximum recirculating flow available at the laboratory is limited to 14 cfs by the 

pumping discharge channel capacity. This maximum flow limits operation to only two of the 

three pumps, and places serious constraints on the selection of model scales. This constraint 

is crucial in studies of large projects such as the Indira Sagar Project. 

The amount and type of equipment and instrumentation at the laboratory is inadequate for 

the studies currently being conducted. The laboratory has no equipment or instrumentation 

for the collection and analysis of dynamic pressure fluctuations. 

the spaceThe laboratory office space is inadequate and must be expanded to provide 

requirements for at least the current sanctioned staff. 
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4.2 

Although model construction machinery and equipment have recently been procured, no 

workshop facilities are available at the laboratory. 

There is no technical library at the laboratory. The references available to the laboratory 

staff at the main BODHI and Irrigation Research Directorate libraries are inadequate and 

no references exist on hydraulic modeling theory or practice. 

Sufficient funds are available through Madyha Pradesh Irrigation Department and NVDA 

study budgets, state, research and development projects, and USAID grants to immediately 

begin to improve and strengthen the capabilities of the Hydraulic Research Station. 

Recommendations 

Immediate efforts should be made to add the personnel required to bring the Hydraulic 

Research Station staff up to its sanctioned strength. This goal should be accomplished by 

the end of 1990. The sanctioned staff level should be increased thereafter as the workload 

increases. 

The basic organization of the Hydraulic Research Station should be reconstructed to allow 
The staffthe position of Assistant Research Officer to be filled by a core staff member. 

pattern recommended by the Scientific Advisory Sub-committee on manpower development 
core cadre and 40and management, in the report for research cadres with 60 percent 


percent floating cadre, could also be considered for adoption at the Research Institute.
 

A strategy should be developed within BODHI to provide incentives to encourage personnel 

to remain at the laboratory for a minimum of five years. Some suggestions for consideration 

are: 

1) The amount of the design allowance should be increased and made a 

percentage of salary instead of a fixed amount. 

2) The advantage of increased increments for post graduate degrees should be 

carried over after promotion to higher cadre. 

3) Time-scale salary increases should be provided for core personnel. 

4) Other recommendations made by the Scientific Advisory Sub-committee 
manpower development should be implemented wherever applicable. 

on 

A formal training program should be initiated to increase the technical expertise of the 

The training program should include on-the-job training assignments atlaboratory staff. 
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other state and national hydraulic laboratories, regularly scheduled workshops held at the 
laboratory by national and international experts in hydraulic modeling and computer data
acquisition systems, and trips to foreign laboratories by qualified laboratory personnel in 

charge of work projects. 

The laboratory tray area is more than sufficient for spillway sectional and composite models. 
The laboratory area should be at least doubled to accommodate large moveable bed-river 
models as they become required. 

Additional basic equipment should be purchased to meet the expanded workload proposed 
by the Eighth Five-Year Plan. In addition to basic equipment, the procurement of pressure 
transducers and computer data-acquisition hardware and software will be necessary to 
collect and analyze dynamic pressure fluctuations. Appendix J contains a list of equipment 
which should be purchased during the Eighth Five-Year Plan. 

The capacity of the recirculating flow system must be increased to allow the construction 
of larger models required for transducer access and increased reliability of results. 
Immediate measures should be taken to utilize the capacity of the third pump. This can be 

done by constructing a recirculating system which utilizes the gravity tray adjacent to the 
pumphouse to reduce the capacity constraints imposed by the delivery pipeline and elevated 
discharge channels. Other measures, such as increasing the cross-sectional area of the 

delivery channels and ultimately expanding the number of pumps and size of the sump, 
should also be carefully planned and enacted during the Eighth Five-Year Plan. 

A new office building should be constructed to provide sufficient space at least for the 
current sanctioned staff as well as facilities for drafting equipment, computer and 
photographic equipment, and library. It is estimated that a building of at least 220 square 
meters will be required. 

A 300-square-meter workshop should also be constructed to shelter the model construction 
equipment and machinery, provide a covered model layout and assembly area, and house 
a locked storage area for tools and materials. 

Additional reference books and journals pertaining to hydraulic modeling theory and 
practice, design of hydraulic structures, sediment transport, and fluid mechanics should also 
be purchased. One set of reference books should be placed in a library at the Hydraulic 
Research Station for daily access by research personnel. A second set of reference books 
and the journals should be placed in the main BODHI library. 

Finally, a follow-up review could be made by a USAID-sponsored team of specialists to 
evaluate the progress of the laboratory development and help identify and suggest means 

of overcoming hindrances. The review team should again be comprised of Indian and 
Amer ,an specialists in the area of hydraulic modeling with qualifications similar to those 
partic..pating in this assignment. A one-day tour of the Central Water and Power Research 
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Station at Pune should be arranged for the review team to allow them to become more 
The reviewacqu~ainted with the capabilities of a major hydraulic laboratory in India. 


assignment should last no more than two weeks and be scheduled to occur within two to
 

three years of the submission of this report.
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RESEARCH FACILITIES IN IRRIGATION DEPARTMENT.t.DHYA PRADESH 

1.0 Kkjround 

1.1 The present Research Orgenisation in the Irrigation Department came into 
existence to discharge routine functions of investigations and testing of materials 
similar to other Central & State Research Institutions of the country. R&D functiorn 
were indicated in due course by way of handling some research projects entrusted to it 
by C.B.I and P. The following account gives, in brief, how the present Organisetion gox 
built up. 

1.2 The Central Soils Laboratory of the Madhya Pradesh Irrigation Departrrent 
Was started at Raipur in 1956. Earlier the services of research laboratories ofother 
States/Centre like Hirakud Research Station, Irrigation Research Station, Roorkee, 
Central Water & Power Research Station Pur and the Engineering Colleg, JabIpur 
used to be availed of. Asoil and material testing laboratory was set up at Tawa project 
in 1969 mainly to do the vork of soil and material testing for Tawa project. In 1964, 
a hydraulic research station was started at Hathaikhede near Bhopal. In 19t7, a 
Directorale of Irrigation Research was set up with a 5.E. appointed as Director; the 
Hydraulic Research laboratory, Hathlkheda; the soil Laboratory at Reipur and the 
Soil and Material Testing Laboratory at Tweanegar were placed under Its control. 
Subsequently, in 1970, one Soil and Material Testing Laboratory was established at 
Hetlsikheds. The Laboratory at Tow was earmarked for quality control and testing of 
Tewa project when its construction phase came into full swing in 1970. In the year 
1984, under USAID ,one Soil and Material Testing laboratory was established et 
Jabalpur and the Soil and Material Testing Laboratory at Hathaikheda were upgraded. 

1.3 The laboratory/Directorate was functioning independently under direct 
administrative control of Chief Engineer/E-In-C till June,l 985 when It ea brought 
under the umbrella of then constituted Bureau of Designm for Hydel and Irrigation 
projects (BODHI) and started functioning as one of its Directorates (Six in 1985 and 
8 at present). 

2.0 Exit.no Orgnnination 

2.1 At present the Directorate of Irrigation Research headed by a Superintending 
Engineer which has its headquarters at Bhopal has following 4 divisions under its 
control 

Research Otflcer Soil & Material Testing Laboratory Raipur, in 
charge of Soil & Material Testing Laboratory, Raipur. 

- Resrch Officer, Hydraulic Models, Bopal, in char-e of Hydraulic 
Research Station, Hatha kheda. 

Deputy Director, Soil & Material Testing Laboratory, Bhopal, in 
charge of Soil & Material Testing Laboratory and Chemical 
Laboratory, Hathalkheda. 

Deputy Director Soil & Material Testing Laboratory Jsblpur, in 
charge of Soil & Material Testing Laboratory, Jabalpur. 

The sanctioned strength consists of 5 class I, 16 class 11,152 class III and 32 clas IY 

employees. 
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2.2 In addition to the four laboratories under the Director, Irrigation Research, 

there are following five qeUlity Control Laboratories on major projects vhich cater to 

the needs of testing during the construction phase and for qualfty control of the project 

and are under the control of Chief Engineers of the concerned project. 

I. 	 Twanegar for Tave project. 

ii. 	 Jebalpur for Bargi project. 

iii. 	 Rewv for Bensaar project.
 

Rudri for Mahanadi Reservoir project.
iv. 


Seoni for Upper Wairganga project.
v. 

Eight Circle level laboratories have also been set up at the following places
2.3 
which mainly cater to the soil testing of projects both medium and minor In various 

regions of the State. 

v. BaleghetI. 	 Owelior 

III. 	 Indore vi. Bilaspur 

liI. 	 Hoshangsbad vii. Ambikapur 

Iv. 	 Jebelpur viii. Revs 

3.0 	 .xL3iirn Facilties 

Hathelkhede has facilities for hydraulic
3.1 The HIdraulic Research station, 

model experiments both 2-dimentional and 3-dimensional and is cquipped to tackle
 

the following problems :

1. 	 Energy di3i potion and co-efficient of discharge of spillwaVs. 

Hydraulic flow properties of barrage and diversion structures.Ii 

IWl. 	 Stage construction of spillway. 

lv. 	 Flood protection (hank erosion) by river training works. 

3.2 The other three laboratories (under BODHI)have facilities for carrying out 

physical and engi nerlng propertl11s of samples of soils as well as of other materials of 

construction e.g. sand, aggregates, stones, Tiles for lining, water, bricks, cement etc. 
out tests on samples extractedhave facilities for carryingThe laboratories also 

processes on projects. Annexure-I lists 	the capabilities uf 
during 	construction 
different laboratories In terms of types of test. 

project 	laboratories and circle level laboratories have the facilities to 
3.3 	 The 
perform 	requisite test mentioned in pare 2.2 and 2.3 respectively. 
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4.0 	 Infre Structure 

4.1 	 Campus area 

The Hydraulic model testing aind Soil & Ibterial testing units are 
located In building situated In the campus of laboratory at hathleikheda vhich Is 15 
km away from Bhopal on the down stream of Hathalkheda Dem. 

4.2 	 Accorrdtion : 

(I) 	 Research Station at Hateikheda is located in varlio, buildings as 
shown below :

-	 Hydraullc Lab.OffIce 70 aq.m. Plinth area 

- One Hall for meetings & 
Luctures 300 sq.m. Plinth area 

- Sol & Material & chemical 1500 sqm. Plinth area 
section 

- Temporary sheds at 6 Nos.
 
MkKi*l site.
 

- Workshop shed get to be constructed.
 
( 150 3q.m.)
 

(ii) 	 Office of Director Irrigation Research & that of R.O(H) & 
Dy.Director(S&M) frspal are located in 1st fler of Narmada 
Bhevan. Against 634 3q.m. plinth ares available Is only 246 sq.m. 

(iii) 	 Staff stationed at Bhopal ore residing in the Govt.eccorndation alloted 
to them or the eccomodation olloted by Chief Engineer,BODHI on the 
besis of rent free accomodation. 

(iv) 	 Laboratory at Reipur is located In the campus of Irrigation 
Department C~ice. The most of the staff is residing in the 
Goyt.eccomodation allotted to them. 

(v) 	 Laboratcry at Jabalpur is located In the campus of Office of the 
Super-intending Engineer, Upper Narmada Circle In one shed. The 
staff does not have any accomodetion and they are residing in private 
hirad accomodatlon. 

4.3 	 Irnsport : 

There is one mini bus for the laboratory staff at Bhopal for their to and fro 
journey ( 15+ 15 = 30 krro) from home to laeoratory and back. 

There are tvo diesel jeeps betvwen 3 offices at Bhopel. 
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4.4 	 Work'ho : 

At present there is no workshop and no workshop equipments also. 

4.5 	 Librru : 

Main library is there in Narmada Bhevan Building under Chief 
EngineerBODHI. This is always available for Research staff. There is one small 
library under D.I.R.where all IS. codes corresponding to laboratory Test work, 
journals etc., are kept. 

4.6 	 Computer fecilitu 

At present there are only two P.C. installed in BODHI. 

4.7 	 Eu~n 
Instruments/equipments as available in the Hydraulic testing & Soil & 

Material testing laboratories are listed and enclosed vde annexure - II. 

4.8 	 fiyglability of *ater for model studies 

In all there are ten trays for three "D'models end 30 flumes for two 'D 
nlels available for studies. Out of these four trays and 14 flumes can be run by 
gravitational flov from the wter obtained from HWtheikhie Tank and balance can 
only be run by pumping voter from the sump chamber. Water to the extent of about 
15 cue can e drown from Hathalkhead csal which Is ue for running the Models, 
filling in the grevitationl zones and for replenishing the sump chamber. There are 
three pumps each of 60 HP with pumping capscity of about 7 cuse of water each. 
Generally two pumps are run at a time to feed the trays / flumes at high elevations. In 
addition to this 2 tubewells discharging 800 litres/mintne are also drilled and are 
being used when there is shortage of voter. 

4.9 	 Communications : 

Teleplone connections are raailable at the following places. 

Offlie Resence
 
C.E.BODHI,Bhopal 61085 55044?
 
D.I.R.Bhopal 65060 554501
 

65060 	Exten. -R.O.(H) 	Bhopal 
65060 	Exten. Dg.Director,Bhopol 
23746 RA.(S)Ripur 
546785 Hathaikhede,Laboratory 

-D.Di rector, Jabalpur -

Telegraphic address is ANUSANDHAN, BHOPAL. 

4.10 	 Trelnin : 

4.10.1 Tralnlrig facilities are available to Assistant Engineers at the O.T.Ccamp at 
T wa Project. 
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4.10.2 The trai ni ng is also bei rig imparted at the Academy of Administration Bhepal. 

4.10.3 At WALMI Bhopal also the training facility Is available. 

4.10.4 Apert from aLove the staff working in Research Station is directed to visit 
other Research Station such as CWPRS PUNE, CSMRS New Delhi tERI Nsik (rs) 
etc., as & when needed for acquiring rogu site and specialised training. 

4.11 Position of staff as sanctioned Y / Sas on roll 

Annexure III shows position of staff as per sanctioned strength arnd as per on 
roll. The core staff is only 20 %. 

5.0 Exlstino Activities 

5.1 With the limited available facilities and equipment the woeks of Soil and 
Mterial Testing units are restricted to the folloing etiYitie: 

Soil Test : 

Suitability of soils with respect to grain size anelpsis & limits compaction 

and Triaxial shear tests, permeabllity tests, swelling pressure tests etc., 

Mteriols Test : 

- Cement testing for its fineness, setting time, compressie strength. 
Soundnes and acoelerated Curing. 

- Suitability of fine and coarse aggregates 

- Suitability of other construction materials viz.stone, brick, tiles for 

lining (flexural strength test) 

- Mx design of concrete and mortar. 

Chemicel Tets: 

- Qualty of ater for drinking purpose and construction purpose. 

Cement &Soil.
 

Proportion of cement in mortar & concrete.
 

5.2 At Hydraulic Reearch Station, the following studies are undertaken: 

Spillway profile studies 
Energy dissipation studies 
Bed xvnentlscour studies 
Stage construction programme studies 
River behaviour, tail water studies 
Gates operation schedule studies 

lood protection studies 
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5.3 The hydraulic model studic3 so for carried out in Hydraulic Remrch Station 

are 03 per list enclosed vide annexure - IV. 

5.4 	 CBIPSponsored Studie : 

In eddition to the above, the research studies sponsored by the CBIP are also5.4.1 
undertaken. 

h plan 	which have been completed andThe list of studies entrusted before 
Vtoe entrusted during 7th plan and are under progress is given in Annexure V. 

5.4.2 	 Plesticulture Develornent Cetre : 

been established at Directorate ofPlasticulture Developmept Centre has 
Bhopal 	in Jan.1987.Irrigation Research, (Bodhi), 


Areas of study allotted are as follow3 :
 

a) Mi nimum thickness of protective earth cover over the film.
 

Assesment of seppe losses for Irrigation canal in various conbltionl.b) 

Suitable thicknes of L.D.P.E. film for Lining considering econoiny.c) 

d) 	 Material and type of sealig and jointing to te provided at the Joints of 

film. 

e) 	 Comparative cost of different types of Lining. 

an amount of
The study isexpected to extend over a period of 5 years and 


R3. 10.55 lakhs has been sanctioned for this centre.
 

5.5 	 t_.IDSponsored _____l S__je_: 

In addition to the normal Research and Testing ectiv-lies undertaken by the 

Research ( BODHI ), the following special studies under
Diractorate of Irrigation 
USAID have been taken- up by BODHI, other field formtlons/orgenisations. These can 

be considered to form apart of R&D efforts of Irrigation Department. 

I. 	 Sedimentation Rate D ,rmiation 

This study is meant to develop rate of deposition of sediment in Minor 

Irrigation Tanks located In different Agro-climetlc zones. Study I has 

already been completed and study l isunder progress to confirm 

results of study -I. 

i. 	 Determination of weepage loses and rugosity co-efficient for canals in 

M.P, Minor Irrigation Schemes (MIS).
 

iII. Water Shed Yield Methodology
 

The objective of the study is to :
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Develop suitable hydrological model for predcon of yield for Tank in 
different cli nmatologlcal areas of the State. 

Work out rainfall runoff relationship for different Agro-climetic zones 
of tte State. 

iv. 	 Recommended Rotational Water supply system and Improved basis for 
voter charge to be used on MIS. 

v. 	 Soclo Economic Baseline studies on representative MIS and on the
control Pilot projects- Entrusted to Director of Economics and 
statistics M.P. Bhopal. 

vi. 	 Farmer's Orgaisatlon for the Operation and Ml ntenance of Irrigation 
System- Entrusted to WALMI, Bhopal. 

vii. 	 Development of Irrigation Guides - Entrusted to J.N.K.Y.Y.M.P. 

viii. 	Availability of credits - Entrusted to J.N.K.Y.Y.M.P. 

ix. 	 Agricultural Inputs - Entrust d to J.N.K.Y.Y.M.P. 

x. 	 Manpower e ssmment for irrigated agriculture- Entrusted to Indian 
Institute of Management, Bangalore. 

5.6 Problems of other departments e.g. N.Y.D., PHED etc. are alo undertaken as 
and when referred. 

5.7 Micellaeou3 activifje3 
In addition to above, Workshops / Seminars / Trainings on various subjects 

are ale being arrnged to strengthen R&D efforts. 

6.0 UJorledlon romo ls tokenUg under AID, 

There 	 is a provision of $1.03M ( S 0.38M Foreign Exchange component)under grant fund of USAID for equipments and books to strengthen BODHI and Training
of officers of 9ODHI. 

The assitaEnce from USAID for strengthening of BODHI, which In turn would
result iin upgreadton of Research & Testing feclities 1s being received for the 
following activities : 

I. 	 PurchaseofeQUImnents undierarent funds for trrqthenineof xistno 
etin and research facilities. 

Approval for pourchase of equipment. under grant funds for
strengthening of existing testing and research facilties for Rs. 23.0 lakhsha been received from USAID. The expenditure Incurred upto12/89 is
Rs.1.70 lakhs. No expenditure during balance period of this financial 
year is anticipated. During 1990-91 Rs. 21.30 lakhs would be Incurred. 
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ii. 	 Purchase of librarubooks 

Approval for purchase of library books for Re. 3.28 lakhs has been 
received from USAID. Expenditure incurred upto 12/89 is R. 0.55 

priod of this flnancial year islakhs. No expenditure during balance 

anticipated. During gear 1990-91 Re. 2.73 lakhs would be incurred.
 

III. 	I-ntitutional ffvmbership end Jourms : 

Amount approved bg USAID Is Re. 1.0 lakhs against which expenditure of 

Re. 0.42 lakh has been 1nurred upto 12/89. Ko expenditure 
of this finarncal year is anticipated. Duringduring balance period 

year 1990-91 R. 0.58 lakhs. would be incurred. 

technical assistance throu h lpetriate/Indien consultants toiv 	 Providi 

s-.,est measures for strenthenir of DODHI
 

One team of consultants ( on Expatriate and one Ir"an) has already made 
In depth study of functioing of BODHI and has submitted the report. They 

have suggested Inter-olia, that expert in Hydraulic Model and 

Ge-technical investigations should visit, study in depth & give 

suggestions for further strengthening of Hydraulic model and material 

Testing fecilitie3. Necessary proposals would be framed after visit of 

these corsultants. 

v. 	 Computers-

An amount of Re. 13.0 lekhs has been approved by USAID for purchase of 

ten computers. Out of these, 4computers would be Installed in BODHI and 

balance, in offices of Chief Ebngineers at Bhopel, Jabelpur, Rave, Seoni, 
Rai pur end Gvellor. 

vi 	 Purchse of eaulpments under rent funds throl hLLU 

There Is a provision of 50,000 US Dollars for purchase of equipment 
through LC.U. Against this, list of quipments costing Rs. 8.90 lakhs has 

been sent to USAID for approval. 

7.0 Remrch Dr ramme enviged for Egjhh Plan. 

for 	Water Resources Developent asAs per details given In S&T chapter 
the National Advisory Committee had reviewedsubmitted to the Planning Comsion, 

the R&D efforts hitherto, considered the suggestions of various Water Reources 
for R&D in 8th plan keeping in view theexperts and identified the thrust areas 

are indicateddirections of the National Water Policy ,1987. These R&D Thrust area 

in Annexure V1. The proposed outlay for Medhya Pradesh, in this document is Re.8.8 
CBIP Centrally Sponsored Research Schemes- and Re.Crores under Central Sector-

various21.4 crors under State Sector. The break up of this outlay between 
componets is as under :
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Basic & Infra Education centres Total5..- Sector Action 
Applied Research struc- & of 

ture Tri ni ng Excel I -Research 

-. Crores 

1. Central 2.8 1.0 1.2 0.8 3.0 8.8 

5.0 21.4
2. State 4.6 7.0 3.6 1.2 

2.0 8.0 30.2Total 7.4 8.0 4.8 

This is a quantum jump compered to the overage annual expenditure of ebeut 

plan. For full utilisation of this provision,R3.0.50 croie (BODHI onlu) during 7t 

absorption capebilitj (orgeni3ational and Infra-structure) of the Research Institute 

have to be built up very early, possibl y thin one year. 

8.0 Further Activities In-visd 

of flow8.1 In hydraulic model laboratory facilities for studies on problems 

through pipes, tunnels or gates & valves involving high pressure etc. 

Instrumentation structures, electricml analogy, photo elastic analysis mathematical 

modelling ore the areas not covered yet and proposed to be envisaged during Vill Plan. 

8.2 Similarly Soil & Material testing Laboratories generally meet the normal 

requirement of routine testing. Petrographic examination unit & unit for tntu rgck 

shear testing are get to be started & proposed to be envisaged during VIII Plan. 

M-odernised and electronic date acquisition & computerised equipment are also8.3 

proposed to be procured during VIII Plan es per lst enclosed at Annexure VII.
 

8.4 Additional infreatructive facilities viz vorkshop facility, transport facillty, 

accomodaton for staff etc., vould further be needed. 

28
 



Annexure
 
(Refer pare 3.2) 

FACILITIES AVAILABLE IN TESTING LABORATORIES 

Mterial Testi o , hoj ]. 

The Leboratory caters to the needs of the suitability tests of the building
materials like cement, sand, coarse aggregate, bricks, concrete, building
stones, hydrated lime and ourkhi etc. Deternnation of proportions of
Ingredients in hardened mortar and concrete samples is also undertaken. Mix
design of mortar and concrete is also done. 

In aMdition, the laboratory is equipped with facilities for taking up chemical 
tests for - cement, seepage water from drolnee galleries of M.- manryj /
concrete dams, knoving pollution in the irrigation water due to various pollution
sources in the reservoir catchment and around rivers. 

Soil Testing Leaboratoru, Bhopal. 

The soil testing laboratory, Bhopal, Is looking after the soil testing work
of projects under construction or Investigation in the Bhopal region. The
laboratory is mainlU engaged in determination of phgsical and engineering
properties of soil samples received from various projects. 

Centrpl Soil &Material Leboretor, Raipur. 

This laboratory Is well equipped for soil and material testing and looks
after testing work of projects under construction or under investigation in 
areas not covered by Bhopel laboratory. It Is engaged In determining physicul
and engineering properties of soil samples received from various projects and 
caters to the needs of the suitability tests of the buding materials like cement,
sand, aggregate, bricks, concrete, building stones, hydrated lime, pozzolane and 
other mix design of mortar and concrete is also done. 

Soil Testiro Labor tor e.'t Jabelpur. 

The Soil testing Laboratory at Jabalpur Is looking after the Soil & Mterial testing
work of projects under construction or Invstigation in the Jabalpur region. The
laboratory is mlnlV engaged in determination of physical & engineering properties of
Soil samples & suitability of construction materials received from other various 
projects. 
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Annexure 2
 

(Ref. Pra 4.7 

Lab ratwi 
List of Eq wipmmts I btroinets avaflable with HdrawiO. 

at Hatbalceda 

6140. nlame of E~qwmost 


I Le v#T111t 
Mahu ( Volf make)

2 Hand Drn1 

3 Centrifugal Pump(6OHP.) 

5Pmp(.)
4 C ifal w 


( HP.)
5 cntliugal P" 

6 Ve pn(tHP.) 


7 ComrTesso"s 

8 Spray Pamtin" OunI 

9 Slotted knglqe Cutter 


10 Psny Cuvrent Meter 

635)
11 Canra ( Yashi 


12 Flash G 


Oven BigSize for Aorhcoukl
13 
14 Pv ter Gauge 


15 Prandtl tubes 


16 Mono Meter 


17 Heat seau1 equrt 


IS Thiokness a 


Tensie Strwth & ELonga t i on equjxwt19 

Researeb Statiom. 

kimber Remarks
 

3 NOS.
 

I No. 

3 Nos. 
"
 2 Nos. 

-
3 Nos. 
"
 I No. 
"
 I No. 


N. 
"
 I No. 

"
 INO. 

"
 1 No. 

"
 I No. 
"
 I No. 
-12 Nos. 
"
 12 Nos. 
-
6Nos. 


copI No. 

CSP
I No. 

CSPI NO. 
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List of Eqwtpm~ets Available M ehpal, Raipur 	 am1 Jabaur Laboratories. 

91 Tost"i 

.ameOf Equimemts Soil & Htterlil Test mj..L?1M_ ewrmwks 
S,,wl. Raiper Jabalpur. 

1 2 	 3 4 5 6 

I Triaxl Shear Machie 9 10 1 

2 Swell Pressure Apparatus 12 2 

3 Compaction Test Apparatus 4 4 4 

4 Limit Test Apparatus 4 2 2 

5 Shri kage Test Apparatus 2 1 

6 Grain Size Amlysis Apparatus 2 2 2 

7 Pr'rrm*ail"t Test Apparatus 4 12 6 

8 Relative Densfty Test Apparatus 	 I - 

9 Consohidatio Test Apparatus I I 

10 Box - Show Maohiew I 	 I 

11 Pentrometer 	 3 1 3 
- I 12 Nrth Decota COM 

13 Peil ity & Setkmnen Test Apparatus 2 2 

14 C.B.R. Test Apparatus 
(A) Lab. Type 	 1 - 

(B) Field Type I - 
- I 15 Puris - Siltormter 

2 16 Abots Compaction Kit 

17 Uconfbied Co rression Test Apparatus 1 I 

18 Universal Electronic TrUxial Shetr 
Testig Machine 	 I - -

List of"equionts ( Iisc Disc) 
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and Jabaqur Laboratories.
Equipnmats Available, b Bhopal, RalpqwList of 

Material Testl. 

Remarks-$ol & Material TeF.-1mgJ.0im3-Of Equipma.tsSAO. own* 
Bbopal. Rawipr Jabalpr. 

4 61 2 3 5 

I Conmression Testing Machine. "
 -INo.A- 200Tonne Cap. 

INo.INo. I No.B- 1COTonne Cap. 


C - 50Tomne Cap. 2Nos. 

- 1No.
D- 25 Toni Cap. 

1 No. 
2 Abration Testing Mact ire. 

INo. 1 No. 
3 Attrition Testing Machine. 

I Unit.
I Init. IUnit. 
4 Crushir Valu. Test Apparatus 

(7.5, 15 & 30 dia.) 
21os. 1 No. 1 No. 

5 kipact Test Appratus 

I No. 1 No.
 

6 Balmin I No.INo. 
7 Compaotiu Factor Apparatus 

2 Nos.2 Nos. 2 Nos. 
8 Skrup Test Apparatus 

-9 Mortar Permrbfitt Test Apparatus I No.( Set of Six) 
-10 Conrte Permabiltyj Test Apparatus INo.( Set of Three) 

I No. I No.
11 tIMuff Furnsoe 

12 Air - EntrarWnent Meter 
-A- 0.0 cum. cap. I No. 

1 . -B- 0.01 Cum. cap 
4 Nos. I No.

13 Aooelerated Cirig Tank 

4 Nos. INo.


14 %NwmlCuring Tank 
-4 Ios. 4 Nos.15 Le-Chatflier Flask 


4 Nos. 4 Has. 2 Nos.
 
16 Le-Ct'tilier Apparatus For Soundness 


2 Nos. 2 Nos. 2 Nos.

17 BUka Air PerneabtliW Test Apparatus 


3Nos. INo.

18 Platirpm Crucile 

INo.
2 Nos. I No.
19 Ytlrating table 

I No. 20 Ybrating Neede 
2 Nos. I No.2 Nos.21 Distillation Plant 

1 No. 2 Nos. I No. 
22 Rapid Moisture Meter 

INo.2 Nos. I No.
23 Concrete Mixer 

I No. 24 Yee-Bee Consistometer 
-25 Laboratory Jaw Crusher I No. 

2 Nos. 2 Nos. I No.

26 Flow Table For Mcrtar 

27 Flow Table For Concrete I No. - " 
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2 3 4 5 6 

2 
29 

Vicat Apparatus 
Mortiar M'ixr 

2 Nos. 
INo. 

2 Nos. 
1No. 

3 Nos. 

-

30 Te-sile Testin Machi I - -

31 JOft" Apparatus INo. - " 

32 Rock CuttiV Saw IN. -

33 Hea OffHydr.uli APpartus I No. 

34 
35 
36 
37 

B.0.D. Incubator 
P.H. Meter 
Spctro Colorivrtr 
Turbidttj Meter 

INo. 
1 No. 
I NO. 
I NO. 

-

-

-

-

-

-

from CB.IP. 
from CB.IP.& P. 

from CB.IP. & P. 

38 Conductiyfty Meter I o. - -

39 MAto Clive I No. 

40 ,hgreg t Pobishvkq Hadr I No. - -

41 Transverse Strength Apparatus I No. - -

42 MortzW Penetroneter INo. - " 

43 Flexure Strength Testing M ohie For I 1c. -

Canau LUn Tiles 

44 
45 

Bactreolog"ca1 kctbator 
PaCalkotes Kt for Water Test"n 

I No. 
I No. 

-

-

-

-

from CB.I & P. 
from CB.I. &P. 

List of euw~nrts (Misc Dc) 
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Annexure 3
 

(Refer para 4.11) 

Pesition Of Staff As hiquired An As On Roll On 1.1.90 

SI.No. Nem of post Sanctioned 	 On roll Ycancy
strength 

I. 	 Director (S.E. level) 1 1 

2. 	 Deputy Director/Research 
Officers (E.E. level) 4 4 m 

3. 	 A.R.O/ A.D (A.E. level) 16 13 3 

4. 	 Research Assistants 47 4 43 

5. 	 Silt Anelgists 5 4 1 

5 6. 	 Embankment Inspectors 5 

7. 	 Laboratory Technicians 31 9 22 

6. 	 Laboratory Assistants 16 2 14 

9. 	 Instrurent Mechanic I 1 

10. 	 Techanicl Staff 19 10 9 

11. 	 Kinistril Staff 28 21 7 

12. 	 Cln IVviz. Peon/Driverm 32 14 18
 
etc.
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Annexure 4 
(Refer Pare 5.3) 

List of Hdraulic model Studies Carried out 

Month/yer
S1. No. 	 Hme of the Specific Report 

Model studies on Bergi Project spillve.I. 

Model studies for stage construction of Maheamdi
2. 

Reservoir Project spillwy. 

M.R.P. Stage Construction.3. 

4. 	 Model studies for Scour below Hesdeo. 

April' 1978 
5. 	 Interim Report on model studies for energy 


dissipation below Hasdeo Bongo spillvaY.
 

6. 	 Model studies of KersI Waste Weir. 

Bargi Dam spillway7. 

8. 	 Bans spillvoU.rer 

Nov' 1979 
9. 	 M.R.P.pillVwu. 


Dec' 1979
 
10. 	 Bender Supplement No.11 


Jan' 1980.
 
1 1. 	 Tays River Bridge. 

My' 1981
Model studies for Reservoir 0peration for M.R.P.

12. 

Aug' 1981
Sondur Dm spillway13. 

14. 	 Bensagar.
 

March' 1981.
 
15. 	 Marnd diversion Scheme. 

16. 	 Bargi Dm spillva
 

My' 1981
 
17. 	 Energy dissipation Bansgar. 


Jul' 1981.
 
18. 	 Pori pick up wir. 

19. 	 Benspr 

20. 	 Bensaoar
 

Dec' 1981.
 
21. 	 Bensager 

Feb' 1982. 
22. 	 B6rgl Dom. 

MaU' 1982. 
Rnrayar flood protection23. 
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(ii) 

24. 	 Demsgar 

25. 	 Sondur Vam $pillveU 

26. 	 Bansager spilllVO 

27. 	 _ergi Dom 

28. 	 Koler Dam spillva 

29. 	 Kolar Dam spillve 

30. 	 H8sdeo Benoo spill aU 

31. 	 Koler Berrege spillve 

32. 	 Ben 9r spi1lay 

53. 	 tesdeo Be ngo 

34, 	 Hesdeo Bongo 

35. 	 Kanhan river training 

36. 	 Kliasote 

37. 	 Bhi mgarh 

38. 	 Mehan spillveW 

39. 	 Sondur 

40. 	 Tailrace Channel of BErgi 

41. 	 Bea ar 

42. 	 Norrmfed Sagar 

43. 	 Kelieasote Dam spillvay 

44. 	 Kaliesote Waste Weir 

45. 	 meodie study of Mn project 


IModel study of Kolar spillvey
46. 

47. 	 model stud yof SI ksar. 

48. 	 Model study of Nernade Sager 

49. 	 stge construction study o1 Bansagar spillvay 

36 

Jun' 1982 

Oct' 1982. 

I" 1982 

April' 1983 

Sept' 1983. 

Aug' 1983. 

Oct' 1983 

Nov' 1983. 

Nov' 1983. 

'.ec' 1983 

Dec' 1983. 

Jon' 1984. 

April' 1984. 

My' 1984. 

Jn' 1984. 

Jun' 1984 

Aug.' 1984 

Oct' 1984. 

Oct' 1984. 

Merch' 1985. 

Mrch 1985. 

Mrch 1985. 

March" 1985. 

April' 1985. 



( iii ) 

50. 	 Bargi stage construction for June 85. Jun' 1985. 

51. 	 Stage Construction study for Hsdeo Bango. Mly" 1985. 

52. 	 Hy.Model studu for Mheshwsr Ai' 1985. 

53. 	 D.R.P.Report on Maheshwar 2 - D Feb' 1986 

54. 	 ldel studies of Bansagar(Interim Report) Sept- 1985. 

55. 	 Spill channel of Kolar Dom Oct, 1985. 

56. 	 Brief Report on Sonur Dam spillway with 
revised tail vater level. Oct' 1985. 

57. 	 Bamgr staW construction June - 86 Dec' 1985. 

58. 	 Supplement Report No.I. Jan' 1986. 

59. 	 Mahan model with EDA as solid Roller Bucket. Nov' 1985. 

My' 1986.60. 	 Hasdeo Bonqo 

61. 	 Model studies for Bercher tank project(3-D) tHy' 1986. 

62. 	 Gembhir project 

63. 	 Model study of Ruthiai June* 1987. 

64. 	 Back water effect on Bhadbhdo spillway June' 1987. 

65. 	 HIsdeo Bango project(stge construction) July' 1987. 

66. 	 H lsdeo Bango March' 1988. 

Oct, 1988.67. 	 Gambhir project 

66. 	 Model study of Mheahwcr Hydro Electric project. Nov' 1988. 

69. 	 Model Studies of Sondur Oct 1988. 

70. 	 Model study of Narmdo Saoar(Intrim report) 

71. 	 Model study of Mahen project June - 89. 

72. 	 Model study of Dudhi project. July - 89. 

73. 	 Model study of Sikeser July - 89. 

74. 	 Model study of !ndire Sagar Nov, 1989. 

75. 	 Model study of ahan Feb' 1990. 
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(iv) 

study for 	dovostream divide wl of 1Hssde
76. 

Barrage.
 

Study for Waste Weir of Chitorie tank.
 
77. 

78. 	 Studies for energy diss1PatIon below 
Bile Pick- up veir (Interim) 

Studies for energy di~sipt1o0n below
79. 

Bhedbhda wetr (Interim)
 

Studies for rigid bed model for Anti-river
 
80. 	

erosion scheme of flood protection to
 

turqell town.
 

"reiniing of Kenhan river in Chhirjvera
61. 

district (Interim) 

Study on Bile pick up welr(final)8z. 


Studies on Bile Dam spillway.
83. 

84. 	 Studies of Towe dam spillvaY(On sectional 

model)(Interim) 

85. 	 Studies on determination of co-efficient of
 

discharge of Dhuti-Weir.
 

Study of Chute fell of Keoramunda tank.
86. 

project.
87. 	 Studies on Chute fell of Kerhl 

88. 	 Study on Chandrakeshar dam spillway. 

Studies for Sagernedi dam spillway.89. 


Mobile bed model studies for treilnt of

90. 

Kanhar river (final) 

91. 	 StudJ for spillvey at Tave dam (inal)
 

Studios for HMhenedi Canal fell at Ch.600.

92. 

93. 	 Studies for protection below Bhodbhode spillway (final). 

94. 	 Studies for stage construction at spurs for flood 

protection of Mungeli town. 

Mioal studies for Miniari Canal fall at R.D.362.92. 
95. 

rield studies for canal losses end rgoslty co-efficient
96. 


of Heri Mi ncanal.
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(v)
 

97. 	 Model siudy for Bargi dam spillwva(on sectioral model). 

98. 	 Field studies for canal lossesnd rugosity co-efficient 
of Tandula Min Canal. 

Field studies for canal loses and rugoslty co-efficient99. 
of He r. main canal. 

100. 	 Field studies for canal losses ard rugosity 
co-efficient of Kharkher5'Main Canal. 

101. 	 Model studies for different construction stages of 
Tos dam. 

102. 	 Studies for Sindh projert spillvwa phase - I (Interim). 

103. 	 Studies for training of Mohanadi River protr.tion 
of Rajim temple. 

104. 	 Studies for flood protection of Mandle town. 

105. 	 Studies for stage coretruction of Tava spillvay for the 
vorking iseen. 

106. 	 Studies for stoge construction of Toy. 

107. 	 Studies for Sindh project spillvay(final). 

108. 	 Field studies for canal Ios, rugosity co-efficient
 
in Herisi and Bhind Canal system.
 

109. 	 Studies for Mohanadi Reservoir project falling apron. 

110. 	 Studies for MhInmrdi Reservoir Project Splllvay. 
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Annexure 5
 

(Refer pore 5.4.1) 

LIST OF RESEARCH STUDIES ALLOTTED TO DIRECTORATE OF IRRIGATION 
BY CENTRAL BOARD OF IRIGATION AND POWERRESEARCH,M.P. 


Rlen and completed.
A- Studies entrusted before VII 

soils end their performance in 
1. 	 Studying Engineering properties of s-.tellirn 


Earthen Dams.
 

2. 	 Study of suitability of flyesh from various Thermal pover stations in M.P. 

Study of Pore pressure in Earth Darm with reference to design criteria.
3. 

4. 	 To estim t,. probable depth of scour belov ski jump bucket. 

Study of field equipment for compaction of different soils in projects of M.P.
5. 

6. 	 Sedimentation studies in Gandhi3sar Reservoir. 

7. 	 Collection of data of scour belov spillvas of selected dems In M.P. end their 

comparison with design assumptions. 

8. 	 Instrumentation in Mesonry dems in Madhya Pradesh. 

9. 	 Control and Distribution of Irrigation supplies beyond outlet, present 

practices and improvement required. 

10. 	 Design of open chennel transitions for Hydraulic structures. 

11. 	 To essew, see los es In Irrigation canals of M.P. 

12. 	Sedimentation studies in Teaw Reservoir. 

13. 	 Water pollution. 

14. 	 Correlation of Englnering properties ofswelling soils. 

Behavlour of CS.soil In canal lining in the foundation of C.D.Works and
15. 

retaining structures. 

Plan and DrormB. 	 Studies ntrusted durin VII under 

.. ..------------------------------------------
period RemarksS.N. 	Name of problem Date of 

start 

4/86 3 years RepeatI. 	Sedimentation studies at Tems 
studyReervoi r 

4186 2 ears Spill over
2. 	 Training of small strearms at hydraullc 

from VI
structure plan 
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- Hi 

3. Astudy of water quality end 
remedial rr, sures for pollution 

4/86 3 years 

4. Sedimentation studies at Gandisegar 
Reservoir 

1/87 2 years Repeat 
studU 

5. Study of effects of floods on morphology 
of incised rivers in M.P. 

4/86 3 yeers 

6. Studies on envlronment6 impact of 
utilisation of Trecl Element contami noted 
water in Irigation and Development 
of Relevent voter quality criteria. 

4/89 3 yeers 

7. Leching of lime from Gandisagar, Berne 
ard To" rem rvoirs in M.P. 

4/89 3 years 

8. Setting up of plastic culture 
Development centre. 

15.1.87 5 gears 
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Annexure 6
 

55. -

R&D Thrust Areas for VIII Five Year Plan S&T Programme 

Si. NIACRD Subject Thrust Areas Thrust Areas
 

Basic and Applied Research Action Research
No. 

..... ............ .... ..
- -....-............. .--............ .......................--...---


1. 2. 3. 	 4.
 

Management of Floods 1. River Behaviour 	 On specific problems to be
 

2. Flood Hyrology & Ilydrometty identified in con-ultaLion
 

3. Agronomical aspects related to with field engineeis PrnjecL
 

Flood Hanagement authorities
 

4. Reservoir Sedimentation
 

5. Flood Management
 

1. Model prototype confitmity
2. 	Hydraulic Structures 1. Cavitation, abrasion & attrition 


2. Flow measurement/Control systems studies on cavitation
 

6 Mathematical modelling/analysis abrasion & attrition
 

of flow in Hydraulic'Structures problems io Hydraulic
 

3. Scour/energy dissipation problems Structures
 

4. Sediment exclusLon devices 2. Scour/energy dissipation
 

5. Improved design of hydraulic problems 
"3. Sediment exclusicn devices structures 


model proLotype confikmity
6. Repair/Rehabilitation of 


hydraulic structures studies
 

7. Thermal behaviour/chemical 4. Improved design of hydraulic
 

structures - poEt applicasusceptibility of concrete/ 


masonry structures' 	 tion performance studies
 

8. Risk/economic/performance
 
analysis of hydraulic structures
 

I. Scour around hydraulic
3. 	River A Estuarine I. Fluvial. I Coastal processes 


lydraulics 2. Hydrodynamics structures
 

3. Sediment transport 2. Stability of coastal
 

structures
4. Documentation, preparation of 


manuals, quidelines and data
 

base & retrieval systems.
 

1.' ELiuation of groundwaLer I. Artificial rechatqe
4. Ground Water 

potential and its utilisation; 2. Design aspects of veil
 

flow in saturated state £ tubevells
 

recharge to groundwater; 3. Design of Low cost Cround
 

2. Ground water, Quality; computer- Water structures and
 

ised data base retrievel system) indigenous lifts
 

Groundwater Management throuqh
 
design of wells/tubewells pumps
 

3. Groundwater Inter-basin transfer;
 

losses to sea I recldmatlonl use
 

of Radio-active tracers In
 
groundwater hydrology
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- 56 

1. 2. 3. 	 4. 

1. Dambreak stulies
5. Hydrology 6 Dru1ght 1. Mountain hydrology 
2. Flood Plain onir.nq
Xana',emert 2. 	Data collection, Data base & 

retrievel systems 3. Mountain hydrology 
3. Ifydrology of special areas 4. Water Harvesting and
 

4. 	Hydrological aspects of dam Water conservation 

satety/flond ind hydrolugical 
forecasting 

5. Iydrological modelling
 
Systems studies
 

6. Human influence on hydrolojic
 

regime
 

7. Hydroloqical aspects of Drought
 

& Drought Management
 

water
 r.riraticn LSD gainiqeI. Water Hanaqement ad water use 1. Water Kanagement & 


use efficieny (includin,)
efficiency (including on-tarm 

onfarm development studirsl
de*velopment studies) 


2. Drainage requirement for cropping 2. Drainage requirement for
 

cropping s),;tems drainage
systems/drainage studies 

studies (ir-cluding salinity
(includinj salinity prevention 

prevention studies)
studies) 


3. Effect of rainfall chatac3. Equity under scarce water 

tezistics on irrigation an4
conditions 


4. Weed control and removal 	 Water Hanagempnt
 
4. Dynamic re lqat ion of5. Conjunctive use modelling/ 


irrilatinn synLems
studies of :urface & ground 

5. Farmers partiripation in
water systems studies 


6. Effect of rainfall character- water runigjemenL 

jstics on irrigation and water 
rrAnalJeflnt 

7. Dynamic regulation of irrigation
 

systems 
0. Canal Lining Efficacy and
 

Economy
 

Er .ii-.rnental I,Tact & 

2j.i-j-cconumic Azpects 
I. Develnpim'nL n methodology for 

environmental impact assess-

1.Evnlvi,'q methodl,"iy fnt 

most s-jitible crL['Vinq 

(' "0.'aer Resources 
11 . 

rent 9 data bse establislment 
2. Itudies on micro-clirnatic changes 

due to water resoutces projects 

pattern 
2. Orlanising couimitrty 

participation it micro

3. Impact of Water Reources level 

Projects on environmental 

sanitation 
4. Effect of water resources 

projects on flora and faune 

S. F fect o[ Reservoirs on 
river trime 

G. Development of appropriate 

methodology Err socio-economic 

analysis and equity assessment 
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- - ...-
*.. 

4. -
3.. " . . . . .. .... 

1. Roller co..pacted cunctel.e ------------------	 Innovaitions5 iilaterialr;
"-1. 	
.. field qual ty co lt[o l !de.i n a d c o u cti° . 2. Rock(ill test embauknenLan i,iUetOilC.I 

Felo Ceenl osynLe'ctechniques for ealth/aSoncy3 rO 	 " .
 
concrete stluctures 


-. ......1Jning
2.Fild'ad- laboratoKy-Luies' 4.Yield liquti on sludics -I .esidual/probleat icsoils 

dynamic charalleristics 
3. SL'dies onRockfill for high ' 	 nev5. 	Petfoctmance .ti;iies o( 

cavitationdamz 	 materials a'laii. it ,4. Durability [ot concrete & abrasion
steel inR.C.C.
correction of 
6.f'repaiked piiiyfspiayed5. Dynamic charactetistics 

conclCete/culclte

including liq.iitication sLudie. 

mix design econoi.ilq6.Concrete 
binders
 

1. Field evaluatiii nt 
. Drilling blasting including9. Rack MechanICS 


biastin3 p*tJr'
directional blasting 	 rhnical2.Evaluatio, oj
I(class(i-
2. Rock-mass behaviout 	 Of L[ockclassilicatoio 


cation, strength A deforation) 
 lbaEboatoryMrss to link 
3.Ground improvement 	 toleld tocl ie-.on1,es
andIhe i'lluced 

ve l baErcevs 	 Iapplied all,t
i.Fo-indations ofdam ,h s t . e 

£vein 

stresses 

5. Underqround structures 	 . ot ' effect Of3.Asmt
6. HIodellinq & simulation hiqh pre.-.. urL jel an 
1. Stress mea.urement techniques rock mas: C.s,; Tti,,tsIL 

corrclatiun ; l cck 
paramter1s 

1. Field and protnType 5tu'1ie'.
 
remote sensi, 11. hpplications of 	 topics telatd 1.othrutL

10. ,pplication of lih 
techniqu.. invater resource', on 

Technology and 	 sector
 
and 


Instruentation 2. IHydraulic instrumentation .applied research
easutement Techni'ques 


(Kodel & prototype)
 
3. ilydoloqical instrumentaltion
 

4. Structural and geotechnial
 

inst bruentation
 
n

5. Seismololical inStrumenLati' 

&
1.Mudern construction techfnqu 

s 
11. ConstLuctLion Methods, 
 roc"EillMana.qem,1nt [oE tunnels,

Planninj &Mbn 4 'ement 
dams, grouting, dewatering,
(including ilydt3ulic 

diverstion arrangement5 & canal
 Machinery £ Contructlion 

apiain
systemis
equipment 	 2. Development of computer applications 

inconstruction management 
(including 

use of HIS/PERT/CPM & advanced 

techniques I 
3.Up qtailinij quality control 

techniques includinq' Iiistiefltatiofl 
water& japrP'atiofl of minual, tor: 

re~'VttCS 1,cojectr, 
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- - - - ---- - - - - - . ' -- -';:-"k- - - - - :- - -	 - - '-.-- - - - - - - - - - - - - - - - - - - - - - - - -- - - - - -- 

.2. 	 3. 4
 

4.Han pover development for equipment
 
operaLion A1mintenance, c st
 
KMna'gement 

5. Development of Pre-cast structures
 
inwater resources distuibution
 
systems 

6. l prnving performiiin:e chat~icter
istics of pumps & pumpintj ;ystems
 
i Development of pump turbines
 

7.Cavitation S Abrasion of
 
.IydiulicHachinety Components
 

B. lmprovlment of efliciency at
 
partial loads inPrancis T'rbiaes
 

12. EducaLion and Trdiiiirj 	 1.(a)CaL,.rjtIisation of i,
 
in Water Resources po,,r I Job speclfi
 

cat ions
 

i~~nipnctioini"I 
Hajor, medium (1)lnvestiiI inn 

& mior £PI'anni-I~ 
irriatlon ii) Design 
projects (iii) Construction 

(ivI OlpWal iltln
 

,aintenance
 

.lb) 	Evaluation nf arproxi
iritP ratio Ilt vl'i'nl
 
different cateia i s
 

2. Ma power for existing
 
projp, ioli for envisJ.c, 
for I1) conilitiun ol 
above apects a5 

aIbovr 
Curi i.lain ieve ,.;,:ili.nt . l.e 
studie,. of iiwgulalr ; 

il.p ovnf.:it r.r i,dc'r, i 
(4ilCYPlI and Ih1 tieiri 
of traineen 

5. Instructiunal mterial 
devIlnipmenit ir Iecliiir-al 

SinErIqileI 	 iil i[he jillh i,* 

(convent j,,..u!/auiU-vdt..:, 
through m,Jia) 

13. 	EvapbriLion Control P..latampLers ,alfectin evaporation 1. Application of water vv. 0o
and Lechniques/meth Isof ration cetaiztlntn (melhw'ls/ 
evapuation conitri' (includin'j technique'!; In c-imiica/ 
oIl-flm itrigatiuli) hioloqical phiyr i-al) 
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-3.
I . 7. 

2. Tuchniques for measurement of 


evaporation retardents on water 


quality and acquatic life 


3. Development/imptovement of 


water evaporation retardants 


(includinq standards/specifi-


catiuns rJnuals etc.) 


4. Effeit of evaporation retardants 


oit water quality and acquatic life 


1. Perfoimaace studies (durability,
14. PlastiLuIt;.re 

exposure to sun, high temperatures


Develop;Ben' 

salinity etc.) 


2. NanufactCire of different types of 

" 
film (serrated/cuffposite/fibre 


Leinlotred/fibre-[abric etc.) 


3. Laying and Sealing of films and 


bonding 5trength of films 


4. Techniques for prevention of 


rodent damage, weed growth etc. 


5. Measurement of seepage In unlined 


channels and channels lined v'th 


LDPE film
 

6. Economics of composite lining
 

for seepage control
 

2. Alternate methods of evapo

ration control such as
 

compartmentalisation/ wind
 

brakers etc.
 
3. On farm-evaporation control
 

4. Pilot studies on evaporation
 

from reservoirs of different
 

sizes
 
5. Development of Data-base
 

and retrievel systems
 

1. Performance evaluation of
 

LDPE lining with respect to
 

band strength, rodent attack
 

and weed growth in different
 

types of soils at micro
 

level
 
2. Case studies of canal
 

reaches having problematic
 

soils, soils with aglre

ressive chemicals, soils
 

subject to tetmites/Insect
 

attack etc.
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Annexure 7 
Strenthani.__of BODHI (Refer pare 8.3)- Upgrodi__g of Hydraulic Model and Soil and Material Testing

Leboratories At Hathaikhe4 ,_BHPAL 

General Abstract 

S). No. Particulears Purpose 	 Quantity Amount Remarks 
in 

Rs. Lakhs 

1. 	 Equipments For Soil testing As per 13.35
 
laboratory details
 

enclosed 

.Equipment 	 For Material -do- 35.65
 
teting Lab.
 

5. Miscellaneous 	 For Hydraulic -do- 3.95
 
item S&M Laboratory
 

4. Computer 	 -do- -dO- 1.50 
equipment.-;. 

Total 54.45. 

5. 	 Extra 5% for freight charges 2.72 
Transport on 8 54.45 
chamber. lakhs. 

6. Extra 4% 	 For Sales Tax -do- 2.18. 

7. Extra I % 	 For installa- - dO - 0.55.
 
tion demonstra
lion etc.
 

Grand Total :- 59.90. 

Say R3. 60 Lakhs. 
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theni rig of BODHIStrergjr 	 - Ulpgading of H...rulic Model and Soil end Material Testing 
Laboratorie5 At Hethikhede, BHOPAL 

Abstra.t 

Quantity Amount RemarksS1. No. 	 Particulars Purpose in
 

Rs. Lakhs 

Soil Testing LaboretorY. 

i. 	 Consolidation 
Apparatus for 
consolidation tests 
of Soils with 
digital display 
& electronic 
date loger. 

2. 	 Dynamic cone 
Penetrometor 
with 'A'type drill 
rod engine 
driver with 
Tripod &exten
sion rods etc. 

3. 	 Triaxiel shear 
test machi r 
with digital 
display and 
data loger. 

4. 	 Pressure meter 
100 bar capacity 
for Ax + Ox Probe 
outfit. 

5. Universal out-
omtic compe-
ction test 
apparatu3. 

6. 	 Dead weight 
pressure gauge 
tester for 
calibration of 
gauge.
 

7. Triaxial Testing 
stjtem compute-
rised. 

For consolidation 
tests of soils. 

For bearing 
Capacity of 
Soils (In 
Situ test) 

For shear 

tests on
 
soils.
 

In situ test 

of soil load
 
deformation
 

For compaction 
test on soils 
(Heavy compa
ction) 

For caliberation 
of gauge in the 
laboratory. 

For shear Tests 
on soils 
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1 No 0.60 

I No 1.30 

I No 1.50 

I No 2.00 

2 Nos 0.20 

I No 0.25 

I No 7.50 

Total :- 13.35 
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lodel and 5oil and Mlaterial Testi rig
Me.ngt ._nin of BODHI - Ulgfredi._g of Hudraulic 

Laboratories At Hathaikheda, BHCPAL 

Abstract 

Purpose Quantity Amount Remarks
S1. No. 	 Particulars in 

Rs. Lakhs 

Material Testing Laboratory. 

I. Compression Test-
ing Machine 200 
M.T.capcity. 

For compression 
tests on 60 cm. 
diameter sj ci 
men of concrete. 

1 No 14.00 11/" 200 T 
we heye.) 

2. Atomic Absortio 
meter 

For determining 
of different ale-

I No 3.00 To determi ne 
Na,KCal Li t 

ments in water. 

3. Core drilling 
machi ne electri-

For taking cores 
of rock & concrete. 

1 No 2.00 Infield. 

callv operated 
for core size Ex, 
Ax,Bx & Nx. 

4. Point Ioad tester 
for rock testing. 

For Index test 
for strength 
classification 

1 No 0.25 Te of rock 
(In field & 
Lab.also.) 

of rock. 

5. Slake durability 
test apparatus 

To determine the 
resistance offered 
by rock/concrete 
samples when sub-

1 No 0,20 Cycle of 
dr yi rig & 
welling is 
slaki ng. 

jecked to drying & 
vettino in aslak
ing fluid. 

For In situ mea- I NO 0.75 Field.6. 	 Nuclear moist-
ure density surerwnnt of 
gauge. density and vater 

content in soils. 

7. 	 Three axis bore For me.ureent I No 3.00 -do
hole deformation of Insitu stress 

in rocks.gauge 

8. 	 Maturity meter For assessing the i No 0.40 Lab. 

using relationship naturity strength 
of time & tempera- of concrete. 
ture. 

CO 23.60. 
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Amount RemarksquantityPurpose 	 in
51. No. Particulars 

Rs. Lakhs 

9. EquiPment for 
5 pcific heat & 
0themal conducti-
yity of concrete. 

For deterr ination 
of specific heat 
& thermal conducl
ivity of concrete. 

2.00I No 

10. Heating over ther-
mostetiCall y 

For weter 
absorption 

1No 0.50 

controlled for tiles of concrete 

of size 50 cmx tiles. 
50 cm.x 5 cm. 
inside clear space 
75 cm x 75 cm x 
50 cm for keeping 
tiles temperature 
range betveen Ambi
ent to 150 0 c. 

I No 1.50for elastic11. 	 Litra-3ornc pulse 
proserty,ofvelocity test 
rock . concrete.meter. 

1 No 2.00For dynamic12. 	 Resonont frequ-
encq tester. nodulouw of 

elesticity & 
dynamic modulous 
of rigidity for 
rock & concrelke. 

1 No 0.30For cuttingSpeci-13. 	 Rock curting 
men to size of rock.sa,. 

1 No 0.40For mixing14. 	 Concreate mixer 
for aggregate size concrete. 
of 150 	mm. 

1 No 0.20For determining15. 	 Air entrainment 
air content ofmeter capacityj 
concrete.0.10 cu.m. 

1 No 0.20To determine16. 	 Tile testing mach-
flexural strengthtne size 50 cm x 


50 cm. x 5 cm. of concrete tiles.
 

30.70.C0 

5o
 



-----------------------------------------------------

( iii ) 

Sl. No. 	 Particulars Purpose Quantity Amount Remerks 
in 

R3. Lekhs 

17. 	 Tri axiel sheer For rock shear I No 2.50 
testng machine tests 
for rock specirmn 
size of 100 mm. 

IS. 	 Laboratory auto For conducti ng I No 0.25 
clawe zous/cm2 soundness ecclerat
preaure. cl test on cement. 

19. 	 Dorry abrasion For resistance of 1 No 0.20 
testing m chint. sagregate to veer
 

by abrasion.
 

20. 	 Humidity controlled I No 1.75 
For keeping concrete 
condition environ- samples at desired 
ment chamber size humiditu.
 
Icm
 

21. 	 Equipment for pull For pull out test I No 0.25 
out test. for rock specimen. 

Tortl:- 35.65 
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and Soil 	and Haterial TestinoS 	 . of BODHI - U redinm of Hydrui -1odel 
Laboratories At Hthaikhda, BHOPAL
 

Abstract
 

SI. No. 	 Particulars Purpose Quantity Amount Remarks 
in 

Rs. Lskhs 

Miscellaneous Items 	:

1. 	 Air conditioner 
(I I /2T.Cap.) for 
TrlaxIul system 
&cement testi ng 
apparatus. 

2. 	 Refrigerator 
(300 lt.cep.) 

3. 	 Stabilisers 
4 IKYA 

4. 	 Water cooler 
(200 litres) 

5. 	 Mbile van 

For tests to be 
conducted at 
desired tempe
rature. 

4 No 1.0 

For keeping 
chemicals. 

I No 0.15 

For testing mechinesl 0 hos 0.20 
& refrlerator & air 
condition. 

For drinking water 
for staff in 
laboratory. 

For transportation 
of materials since 

2 No 0.60 

I No 2.00 

the laboratory is 15 
km. away from Bhopal
city. 

Total 3.95. 

Comuter euwoments : 

1. 	 Micro computers for acqui ring and I No 0.80 
pc/XT 	 storing date and
 

arslysing the
 

2. 	 Softvare packages For computer 6 Nos 0.30 

3. 	 Accesrres For computer L.S. 0.40 

Total:- 1.50. 
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APPENDIX C
 

MADHYA PRADESH IRRIGAT I ON DEPARTMENT 
BUDGETED EXPENDITURES (TENTATIVE) 

EIGHTH 5-YEAR PLAN 

DETAILS OF PROJECTS TO BE COMPLETED IN VIlth & VIIIth PLAN 

Major and Iedium Irrigation1 	 (Rs .Crores) 

S.NO 
 PROJECTS 	 Spillover Proposed ProPo, ed

Cosat to Outlay Outlay
VIII Plan VIII Plan 
 1990-91
 

4 	 5 
1. Mi --C) -t 

i) Externally Aided (2 nos)

Hasdeo Bango & Mahanadi 1134.82 400.00 75.00 

(ii)Inter-state projects 	(4 Noz.)

-Multi purpose ( 2 Nos. )
Raighat & Bansagar 901.86 56.72 36.00 

-Major (2 Nos.) 	 92.53 18.61 2.00 
(UrDil to be completed in
 
VIIIth Plan -

994.39 375.33 38.00 

(iii) Pre Vth Plan ( 5 Nos.) 
Kolar,Pairi,Sindh Phase-I,

Rangwan,Jonk (All expected 
 99.89 99.89 18.15
 
to be completed in VIII Plan)
 

(iv) Other projects

Multipurpose (I No ) Bargi 
 312.17 195.03 
 10.50
 

Major ( 7 No
 
Upperwaingan, Kodar,Halali 
 23o 2-4-' "03. 04"5 
 0
 
& Thanwar likely to be com
pleted in VIII Plan and
 
Bariarpur LBC & Mahi to be 
completed in IX Plan 

(v) Nearing completion 	 ( 4 NOS ) 20.01 20.01 3.70 
Tawa,Barna, Sukta,Bhander 
to be completed in VIII Plan 

(vi) New Projects ( 4 No ) 482.44 69.88 2.05
 
Pench Diversion, Kelo,
 
Mongra & Arpa
 

(vii) Modernization ( 2 No.) 
 64.61 28.00 
 1.35
 
(Harsi & Sindh Reva Link)
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1 2 3 4 5 

(viii) Restoration and in,
provemient of existing 
Irrigation Project 
( 5 No . ) 
Chambal lift, balance 
work of Chambal Phase-II 
Improvement of Chambal 
canal, rehabilitation 
of Pagara, Kotwal, Pillowa 
Dam &.d rehabilitation of 
Tigra Dam (Chamiibal lift to 
be conrleted in VIII Fla., 

67.33 60.95 1.00 

Total I ( i to vii.i ) 3414.90 1452 . I3 IQ:..K 

II 

(i) 

Medium project ( For Details 
Refer Note-I) 
Ongolig projects (30 No) 446.57 336.06 53.01 

(ii) Nearing conipletion (12 No) 14.31 11.21 4.60 

(iii) NearL'g completion (33 No) 8.07 8.07 1.40 

(iv) Water Management & other 
item dec-retal payment etc. 

0.25 1.25 l.30 

(v) New Schemes 11 No) 
(Sank Swaran Rekha Link to 
be completed by VIII Plan ) 
& Prov'.izion for new medium 
projects 

11.17 31.17 0.60 

Total II ( i to v ) 480.37 397.76 56.07 

III Water Development 
Services 64.00 4.40 

Total (I + II + II) 3895.27 1913.89 244 . 
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DAPPENDIX 

IN MADHYA PRADESHMAJOR PROJECTSSALIENT FEATURES OF 
UNDER EIGHTH 5-YEAR PLAN 

Hydelpower SpillwaY capacity
 
Height Irrigation cia.
Cost. MW 


Projects District Dam. M Area, Ha.-------------------------------------

1i 11726 (SPF)
 
S ... Rs. Crores 


14569
2.5

Raigarh

1. Hand Diversion Works 
4.95 

65670 (SPF)
83366 (PMIF)
1000
1-3000
.. 83
622.78
j iandwa 

2. rarmada Sagar 


Gwalior 

Kotwal 11480
3. Nil
55000
48
15
Raisen

Barna 1210
4. Nil
4048
5
2.9
Rajgarh


5. Kunwar Chain Sagar 105 38500 iSPF)
97000
17.5
123
Jabalpur

6. Eargi 
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APPENDIX E
 

DETAILS OF R & D SCHEMS PROPOSED DURING VIII PLAN BY
 

DIRECTOR IRRIGATION RESEARCH (BODHI) BHOFAL ( M.P.)
 

a) R&D SCHEMES SPONSORED BY C.B.I.P.
 

S NO. Name of scheme for Estimated Expenditure 
R&D study cost, proposed 

during 
VIII Plan. 

Rs. lakhs. Rs. lakhs 

SPILLOVER FROM 	VII PLAN
 

R.S.K.V.P.
 

1. Training of small streams 

across Hyd. structures.
 

2. Leaching of lime at
 
Gandhi Sagar, Tawa &
 
Barna Dams. 


R.S.F.C.
 

3. Study of effects of 

floods on morphology of
 
incise rivers.
 

P.D.C.
 

4. Setting of plasticulture 

centre.
 

2.03 	 1.23
 

4.96 	 3.89
 

4.56 	 2.79
 

6.53 	 6.40
 

NEW SCHEMES OF 	VIII PLAN SUBMITTED TO CBIP
 

5.46 	 5.46
5. Instrumentation at Gandhi 

Sagar Dam.
 

6. Studey of Kopra soils. 


7. Rock mechanics. 


8. Evaporation 	losses. 


5.63 5.63 

5.84 5.84 

2.20 2.20 

19.13 	 19.13
 

37.21 	 33.44
 
say Rs. 34 lakhs
 

(b) Infrastructural development of
 
Research Institute
 
Modernization & Computerization 85
 

(c) Special study under USAID. 	 19
 

138
Total a,b & c 
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d) Running and Maintenance of laboratories
 

In addition to above state budget provisation as
 
follows would also be spent on the running &
 
mnintjnance of laboratories & routine work under
 
Research Directorate.
 

Plan 	 Budget Allotment Actual
 
provision Expenditures.
 
Re. lakhs Re. lakihs Re. lakhs
 

VIIth Play, 	 371 291 192
 

VIII Plan (Tentative) 	 400 400 400
 

NEW SCHEMES OF 8TH PLAN UNDER CONSIDERATIONS
 

1. Sedimentation studies of 

Barna, Bargi, Mahanadi & 

Bango Reservoirs 


2. 	Water pollution and remedial 

measures in Barna, Bargi, 

Mahanadi & Bango Projects
 

3. Leaching of line from 	Largi, 

Sukta & Mahanadi Dams 

(Water sample study) 


4. Use of puzzolana and its 

effect on leaching from
 
body of Dam at Barna, Tawa,
 
Gandhisagar, Bargi, Sukta
 
& Mahanadi Dams
 

5. Scour around hydraulic 

structures - scour near the
 
floorv of stillixng basins of
 
falls in spill channel of
 
ten Medium and Minor Projects
 

6. 	Coeffficient of discharge on 

the basis of actual data and
 
comparision with design
 
assumptions of ten Medium
 
and Minor Projects
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(On the basis of similar
 
study of Tawa, Gandhi
sagar Reservoirs being
 
done at present)
 

(On the basis of similar
 
study of Tawa Projects)
 

(On the basis of similar
 
study being done at Taw&,
 
Gandhisagar, Barns Dams
 
at present)
 

(New study)
 

(New study)
 

(New study)
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APPENDIX G
 

DATA OF MODELS IN HYDRAULIC LABORATORY
 

MaximumS.No Project Model Maximum 
Scale Dishcarge Head
 

cfs m 

1.0 to 1.5
1:80 8.4
1.Narmada Sagar (2D) 


2.Mand Diversion Works(2D) 1:40 
1.5
5.0 1.0 to 


Chain Sagar ( 2D) 1:20 6.1 1.0 to 1.53.Kunwar 

5.9 1.0 to
4.Gambhir Darn (2D) 1:50 1.5
 

1:50 5.5 1.0 to 1.5
5.Mahan Dam (2D) 


1.0 to 1 5
1:150 8.5
6.Narmada Sagar (3D) 


7.Barna Dam (3D) 1:80 7.0 1.0 to 1.5
 

1.0 to 1.5
8.Bargi Darn (3D) 1:120 7.0 


6.0 1.0 to 1.5
9.Sikasar Dam (3D) 1:60 
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APPENDIX H
 

HYDRAULIC LABORATORY STAFF
 
JANUARY 1990
 

S.N. POSITION SANC- CURRENT REMARKS 
TIOHED STRENGTH 
STRENGTH 

1. 	 Director 1 1 Engineering Graduate 

2. 	 Dy. Director/ 1 1 Engineering Graduate 

Research Officer 

3. 	 Asst. Director 6 3 Engineering Graduate/
 
Asst. Research Science Graduate
 

Officer 	 Promoted from
 
Research Assistant
 

B.Sc. 1st class or
4. 	 Research Asst. 10 3 

M.Sc. in Physics,
 
Chemistry, Maths or
 
Geology 

5. 	 Laboratory 5 3 B.Sc. Part I in 

Technician Physics & Chemistry 

A grade or Inter Science in
 
Physics & Chemistry
 

6. 	 Laboratory 5 1 Matric with Phy., 

Asst. B grade Chemistry, Higher 
Mathematics 

7. 	 Embankment 3 2 Civil Engg. Diploma
 
& 3 years experience
Inspector 


(on loan) or
 
B.Sc. with Physics,
 

Chemistry, Maths
 
or 

Lab Tech. A grade of
 
4 years experience
 

8. 	 Technical 6 6 -

Staff with 
Draftsman 

9. 	 Ministerial 7 7 -

Staff 

10. 	 Class IV Staff 8 4 

(Peons)
 

11. 	 Carpenter 3 3
 

4 4 12. 	 Mason 
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APPENDIX I
 

STAFF TRAINING 

and Research
Research Officers 

visited Research Stations viz.1. All Assistant 


Offiers have 

MERI Nasik (M.S), GERI VadodaraPune,
C.W.F.R.S, 


(Gujarat), U.P.I.R.I Roorkee from 
timie to time.
 

(U.P.) in W.R.D.T.C for 16
 at Roorkee
Training
2. by Shri R.C. Chauraisa (M.E.),
months obtained 

ARO. 

69
 



-- - --------- 

APPENDIX J
 

E.UIFMENT FF,,r:OCUMT.'FKE,:c:2-:E: 

s. N 

. 
2. 
3. 


4. 


5. 

6. 

7. 

8. 

9. 

10. 


11.
12. 

13. 


14. 


Descriptionh' 


point gauge, I;." 
U-Tube Mlanomeerz* 

Transducers
 
Validyne Model 
DFl5-22-N---4-
Additional Diar-hrams
 
for Validyne
 
Tranducer s
 
Dash No. 26 

Dash No. 30 

Validyne Transdccer
 
Inida; ato*" 

WIB1 FS/2 - Model 50Zi 
8550-031
 

8 1B standard ier.,:ry
 
80266 oo-prce- sr

Calender cloth 

3 expansiofi slots 
FarallelSeria. ports 
One 1.44 MB 3.f." floppy 
disk drive
 

30 MB hard de'.,k
 
VGA Graphics
 
12" color ..mox:tor
En-hanced ... (!101E~ha~cedLeyboa-r 


MS-DOS 3.3
 
80287 math cc-processor 
M( se 
Nt.iorjal Instrumets 
Data Acquizition Board 
MC-1IO-1 6H-2 5 
p/n 776213-13 
National Intcument. 
Labindows Su'-".. 
with Advanced Analysis 
p/i 776121-01 

National Instru:wrnts 
CB--50 I/O Connector 
Block pin 77664-01 
HF LaserJet IIF 

Laser Printer
 

C 1ellaneo Ca ' *(Voltage Sl : e e-' 

FYEp y Current I.ter 
Teledyne G"rl.'
 
Model 645 TS11 
Delft Mini. Propeller 

Meter
 

Total 


Quatity Unit
rrice 
in $ 

- - 

12 350 
4 200 

12 450 

6 50 
6 50 

1 -

2 4500 

1key±.)
 

1195 

1 

2 150 

i 

50100 

2 2450 

- 2500 


Total 
CosT 
in $ 

4200 
800 

5400 

300
 
300 

-00
 

9000 

2 

1390 

30
 

97C
 

4004 ' '. 

4900 

5000
 

36 250 

-

.. 

Note: W Equivalent equipiiment indigenous to India may 

71 . . . 
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APPENDIX K
 

IRRIGATION RESEARCH DIRECTORATE
 
HYDRAULIC RESEARCH REFERENCES
 

February, 1990
 

I. 	 "Hydraulic Design of Stilling Basins and' Energy 

Dissipators", USER Monograph No. 25 

2. 	 "Design of Small Dams", USBR, 1985 

3. 	 Indian Standard CodeB 

4. 	 "Open Channel Hydraulics", V.T. Chow, McGraw-Hill. 
1959
 

5. 	 Central Board of Irrigation and Power Journals 

6. 	 "Engirneering Hydraulics", H. Rouse, J. Wiley and 
Sons, 1950 

7. 	 Symposium on Stilling Basins and Energy 

Dissipators", ASCE Publication 

8. 	 "Theory and Design of Irrigation Structures".
 
R.S.Varshney
 

9. 	 "Studies of Crests for Overfall Dans", USER
 

10. 	 "Handbook of Applied Hydraulics", Calvin V. Davis
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APPENDIX L
 

A 1L',,LSRECOMIIENDED REFERENCES 

HYAULIRC', . MODELLING 

ASCE Manual of Engineeringa. 	 "Hydraulic Mcdels", 
may be out of print )Practice No. 25, 1942 ( 

b. 	 "Theory of Hydraulic Models", M. Selim Yalin,
 

MacMillian, 1971
 

c. 	 "Hydraulic Modelling", Helmit Kobus, ed., IAHR 
n
German Az:cociatio for Water
Bulletin No. 7, 


Resources and Land Improvenv:ent, 1980 

d. 	 "Hydraulic Laboratory Techniques," United States 

Department of the I%-.erior', 1980 

SEDIM-NT TRANSPORT ( MOVEABLE BED) 

a. 	 "Hydraulics of Sediment Tranport.", W.H. Graf
 

McGraw-Hill, 1971 

V.A. Vanoni, ASCE
b. 	 "Sedimentation Engineering", 

Manual, 1975
 

HYDRAUL I CS 

a. "Engineering Hydraulic." H. Rouse, J. Wiley and 

Sons, 1950 

b. "Open Channel Hydraulics", V.T. Chow, McGraw-Hill, 
1959 

c. 	 "Hydraulic Design of Stilling Basins and Energy
 

Dissipators", USBR Monograph No. 25
 

d. 	 "Hydraulic Design Criteria", U.S Army Corps of
 

Engineers Waterways Experimentation Station,
 

1989 

e. 	 "Hydraulic Design of Spillways", Engineering
 

Manual, U.S. Army Corps of Engineers
 

GENERAL
 

a. "Design of Small Dams", 	 USBR, 1985 

b. 	 "Manual on River Training and Behaviour", CBIP 

Publication No. 60, 1990 

C. 	 "'Stream Gauging", Har-hy, WMO Publication 
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. JOUFRNIALS 

International 
(IAHR) 

Association for Hydraulic Research 

b. Iniernat.ional Co,,wittee or Large Dams (ICOLD) 

c. Itrtioal 
Drainage (ICID) 

Commissionr oil Irrigation and 
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APPENDIX M
 

OFFICIALS MET DURING VISITS AND DISCUSSIONS
 

PROJECT VISITS
 

1. 	Kolar Dam Project Mr. 0. P. Malya, S. E.
 
(Feb. 9, 1990) Mr. V. K. Dixit, E. E.
 

Mr. B. P. Asanti, E. E.
 
Mr. S. P. Jain, E. E.
 

2. Halali Project Mr. V. K. Mathur, E. E.
 
(Feb. 10, 1990) Mr. 0. F. Datta, A. E.
 

3. 	 Ghora Tank Project Mr. K. L. Gupta. S. E. 
(Feb. 12, 1990) Mr. C. K. Khanna, E. E. 

A-DHYA PRADES1 IRRIGATION DEPARTMENT 
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APPENDIX N
 

STATION
HYDRAULIC RESEARCH 

BUILDING REQUIREMENTS
 

A. OFFICE BUILDING
 

TOTALUNIT UNI TCOMFONENT 
AREA m2 	 AREA m 

251 251. RESEARCH OFFICER 

6 25/2 	 75
 
2. AEST. R.O. 


10 16/2 	 80
 
3. Research Assistants 


1 16 16

4. Drafting Area 


1 16 	 165. Computer/Phot 

6. Library 	 1 9 9 

TOTALL 219 

B. 	 WORKSHOP 

TTALUNIT UNIT AREA n
COmFONEIIT 
AREA rn, 

1r.10 16 . Machery 

251 25Storage 

3. 	 Layout/ConstructiCon 1 100 100 

TOTAL 285 m2 
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APPENDIX 0 

LISTOF C.LT "".	 r 

LIST 	 OF E"cUhFMENT , INSTRUMENTS AVAILADLE AND UIEI-: 
PROCUREMENT AT THE HYDF-AULIC LABORATORY 

S.N 	 Name of Equipmeiit NunIber Remark 

1. 	 Levelling Instrument, 3 
2. 	 Hand Drilling Machine 

(Wolf make) I 
3. 	 Centrifugal Pump (60 H.P) 3
 
4. 	 Centrifugal Pump (5 H.P) 2 
5. 	 Centrifugal Pump (30 H.P) 3 
6. 	 Water Pump (I H.P) 1 
7. Compressors 1 
8 Spray Painting Gun 1 
9. 	 Slotted Angle Cutter 1
 
10. 	 Pig-uy Current. Meter 1 
11. 	 Camera (Yashica 635) 1 
12. 	 Flash Gan 1 
13. 	 Oven Big Size for
 

Acrylic Moulding 	 1 
14. 	 Painter Gauge .2
 
15. 	 rrandtl tubes 12
 
16. 	 Mono Meter 6 
17. 	 Heat sealing equipment 1 CBIP 

1 CEIP18. 	 Thickness Gauge 
19. 	 Tensile Strength & 

Elongation equipment I CIF 

Instruments/Equipments ordered 

Instruments 

1. 	 Current Meter with Strip 
Chart Recorder 6 

2. 	 Auto Water Level Recorder 6
 

Equ i pme nts 

1. 	 Band Saw 1 
. Circular Table Saw 1 

3. 	 Portable Drill Machine 1 
4. 	 Bench Drill 1 
5. 	 Compressor 1 
6. 	 Grinder 1
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