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PREFACE

Water, a prime natural resource, is used for multiple uses as domestic, irrigation,
industry, power generation navigation etc. Water which was once considered as
abundant and has now become a scarce and economic resource. The distribution of
water resources is uneven over a large part of the state . The state water policy
formulated by Government of Maharashtra in 2003 envisages that the water resources
of the state shall be planned, developed, managed with a river basin and sub basin as
the unit. This policy states that the distress in water availability during deficit period
shall be shared equitably amongst different sectors of water use and also amongst
upstream and downstream users.

Upper Godavari Sub-basin includes the entire catchment of the Godavari river from
its source to Paithan dam including the catchment areas of the Pravara river, Mula
river and that of all other tributaries which falls into the Godavari river in this reach.
Large number of major ,medium, minor irrigation projects, K T weirs, local sector
schemes are constructed for conservation purposes and utilization of available water
resources. This sub basin is a well developed from water storage considerations.
However, the factors like rapid urbanization due to high increase in population and
faster industrial development are putting stress on available water resources. The
development in agriculture and urban sectors has not only posed substantial increase
in water demands for various uses, but resulted in conflicts which are critical in nature
now itself. The fact that the sub basin water resources remain more or less fixed and
demands would go on increasing rapidly. The water management is now a challenge
for water resources engineers to adopt a strategy for the integrated operation of
reservoirs in the filling period

Government of Maharashtra, Water Resources Department has constituted the
Godavari Study Group for formulation of guiding principles on integrated operation
of reservoirs in Upper Godavari (up to Paithan dam) sub basin. There is a water stress
situation now in this sub-basin. At present, the water resources projects are mostly
operated and managed considering them as a single entity, instead of attempting
integrated operation for deriving optimum and equitable benefits. The operation of
reservoirs based on semi-rigid operation rules, which are developed taking into
account the various demands and historic / synthetic time series inflow data, often
poses difficulties in making appropriate reservoir release decisions due to uncertainty
in the probability of occurrence of inflows. Integrated operation of reservoirs in
systems of reservoirs become an operation in real time in which water control
decisions have to be taken at each instant of time. The advancement in the field of
system engineering and modern computer facilities available now could be effectively
used for integrated planning and management of water resources.

Quick report on such important issues is put forth by the study group along with few
important recommendations. Possible efforts are made to address on Terms of
Reference and peripheral issues. We sincerely hope that the report would be useful to



for integrated water resources management of limited available water resources to
meet the increasing demands.
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1.0

2.0

Chapter: 1

INTRODUCTION

General :

Maharashtra State is geographically divided into 5 river basins, namely Godavari,
Krishna, Tapi, Narmada, West flowing rivers in Konkan. A river basin is such a
hydrological natural unit within the territorial limits of which all activities that are
taking place are interdependent. A Sub-basin is a hydrologic sub-unit of a river
basin within the State. The River Godavari originates near Trimbakeshwar in
Nashik district in Sahyadri hill ranges. It further flows down to Andhra Pradesh
after having flowed through Ahmednagar, Aurangabad, Nanded districts and joins
the Bay of Bengal near Rajahmundri. The total geographical area of this basin is
312812 Sgkm of which 152811 Sgkm fall within Maharashtra. Second
Maharashtra Water & Irrigation Commission (MWIC) has sub-divided Godavari
basin into 9 sub-basins in Maharashtra State in the context of planning and
regulation of water.

The catchment area of Godavari river upto Paithan dam is designated as Upper
Godavari (upto Paithan dam) sub-basin (Drg: 1). Total geographical area of this
sub-basin is 21774 Sgkm. Mula, Pravara, Kadwa, Darna, Kaadava, Dodni, Shivna
are main tributaries in this sub-basin upstream of Paithan dam. It is mentioned in
Second MWIC Report that Upper Godavari sub-basin is a developed sub-basin
and it will be necessary in coming times to undertake immediately the work of
streamlining the uses on account of water for irrigation, industry and municipal
supply. Urban habitation and industrial expansion of Nashik and Aurangabad is
dependent on the water of this sub-basin.

Upper Godavari (upto Paithan dam) sub-basin :

The Upper Godavari Sub-basin includes the entire catchment of the Godavari
river from its source to Paithan dam including the catchment areas of the Pravara
river, Mula river and that of all other tributaries which falls into the Godavari
river in this reach. The Paithan dam is located exactly at the border of the sub-
basin. Large number of major, medium, minor irrigation projects, K.T.weirs, local
sector schemes are constructed in this sub-basin. The prominent reservoir
systems/complex are namely, Mula complex, Pravara complex, Godavari - Darna
complex, Gangapur complex, Palkhed complex, Remaining upto Paithan dam
and Paithan dam. The Satellite imagery of sub-basin is shown in Fig-1.



Fig:1 Satellite Imagery of Upper Godavari Sub Basin

The systemwise (complex) details such as name of major & medium projects,
number of M.I. projects & K.T. weirs, their storage capacities, irrigation water
use, non-irrigation demands, observed vyields at various locations etc., are
presented in Annexure — 1 to 7. The complexwise water planning aspects are
described as under :

2.1 Mula complex :

This complex consists of Mula major project and Mandhol medium project.

Mula Dam: Mula dam is located at Baregaon Nandur, Tal. Rahuri of
Ahmednagar district. The dam is constructed across Mula River. Mula Dam is
completed in 1971. This project is planned for 70% dependable yield. In
planning, the carry over storage of 28.32 Mcum is provided.
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Mula Dam in Maharashtra

The irrigable command area (ICA) is 82920 ha.which comprises of :

a) Mula Right Bank Canal : 69534 ha.
b) Mula Left Bank Canal : 10121 ha.
c) Wambhori Pipe Chari : 3015 ha.
d) Bhagda Pipe Chari 250 ha.

Total : 82920 ha.

In the scheme “c & d”, water is lifted from reservoir and delivered in percolation
tanks and K.T.Weirs through Wambhori and Bhagda Pipe Chari. The cropping
pattern of this project is eight monthly having 44% Kharif and 57% Rabi. The
design water use from this project is 704.63 Mcum. The sanctioned non-irrigation
uses are as under:

a) Domestic use : 95.27 Mcum
b) Industrial use : 15.09 Mcum
Total 110.36 Mcum

The provision for non-irrigation use in the project planning is 59.12 Mcum.

Mandhol dam : Mandhol medium irrigation project is located near village
Karjule Hariya, Taluka Parner of Ahmednagar district, across Mandhol nalla, a
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right bank tributary of Mula river. The live storage is 8.78 Mcum. The cropping
pattern of the project is 8 monthly. The design water use is 13.15 Mcum.

Besides these projects, there are large number of state and local sector minor
irrigation schemes and K.T. weirs located in this complex. The live storage
capacities and design water utilizations of these projects are given in Statement-5.

2.2 Pravaracomplex:

This complex consists of two major dams, namely Bhandardara, Nilwande and
two medium projects namely Adhala and Bhojapur.

Bhandardara dam: This dam is completed in 1926 on Pravara river. This project
is planned for 75% dependable yield. The water is let out from Bhandardara dam
through river to Ozar pick
Bhandardara Dam | up weir. Ozar pick up weir
is constructed in the year
1872. There are two main
. canals both take off from
/4 | the pick-up weir namely
| Pravara Right Bank Canal
and Pravara Left Bank
Canal.

The annual design water use from Bhandardara Project is 434.64 Mcum. The
sanctioned non-irrigation uses are as under:

a) Domestic use : 43.33 Mcum
b) Industrial use : 23.42 Mcum
Total 66.75 Mcum

There is no provision for non-irrigation use in project planning of Bhandardara
dam.

Nilwande dam: Nilwande dam
is situated on Pravara river 20
Km downstream of
Bhandardara dam and upstream
of Ozar pick up weir. This dam
is located near Vvillage
Nilwande of  Ahmednagar
district. There are two canals
having length of 85 Km and 97
Km having total irrigable MSSSAls




command area of 64260 Ha. The construction activities were started in 1993 and
nearly completed. The project is planned for 50% dependable yield. The design
water use from the project is 351.77 Mcum. The project planning provides for
non-irrigation (Domestic) use of 13.15 Mcum.

Adhala dam: Adhala is a medium project constructed across river Adhala,
tributary of river Pravara, near village Deothan in Akola Taluka of Ahmednagar
district. The project was administratively approved in 1966. This project is
having its independent command area. The annual design water use of the project
is 38.73 Mcum.

Bhojapur dam: Bhojapur is a medium project constructed in 1972-73 on
Mahalungi river, tributary of Pravara river near village Sonewadi, Taluka Sinner
of Nashik district. The project is planned for 50% dependable yield. The design
water utilization is 10.70 Mcum.

Besides these projects, there are large number of state and local sector minor
irrigation schemes and K.T. weirs located in this complex. The live storage
capacities and design water utilizations of these projects are given in Statement-5.

2.3  Gangapur complex :

This complex consists of Gangapur major dam and three medium dams, namely
(i) Kashyapi (ii) Gautami Godavari (iii) Kikwi

Gangapur dam: A project for constructing dam across river Godavari near
village Gangapur, Taluka and District Nashik was sanctioned by Government of
Bombay in 1949. The project comprises:

(i) Construction of dam on Godavari river to store 155.75 Mcum (5.5
TMC) of water.

(ii) Construction of Left bank canal to utilize about 104.78 Mcum (3.7
TMC) of water.

(iii) Remodeling of existing Godavari canals to utilize 50.97 Mcum (1.8
TMC) of water.

Gangapur Dam | In the second stage, the storage

was increased from 155.75 Mcum
| (5.5 TMC) to 203.88 Mcum (7.2
TMC) by constructing spillway
gates and raising height of dam.
The carry over storage of 11.64
Mcum is provided. Additional
storage is to be utilized by Nashik
Left Bank Canal and newly
Nashik R.B.C.

Kashyapi dam: Non-irrigation




use at the time of planning of Gangapur Project was only 2.83 Mcum in original
project report. Presently, the Non-irrigation use is increased to 165.96 Mcum
annually. So to augment Gangapur storage, the Kashyapi dam having live storage
capacity of 51.75 Mcum, was built to stabilize irrigation requirement. This project
was administratively approved by Government in 1985. This dam is constructed
across river Kashyapi, a left bank tributary of Godavari, near village Dhandegaon
in Taluka Nashik of Nashik district. The annual design water utilization is 55.31
Mcum. There is no separate canal system for this project. The project is
completed in the year 2006.

Gautami Godavari dam: The purpose of construction of this dam is also to
augment Gangapur storage as non-irrigation requirement through Gangapur dam
is increased from 2.83 Mcum to 165.96 Mcum. The Gautami-Godavari dam,
having live storage capacity of 52.93 Mcum was built in the year 2010 to stabilize
the irrigation and non-irrigation requirements of Gangapur dam. The dam is
constructed on Godavari river near village Andharwadi which is a part of village
Beze, Taluka-Trimbakeshwar of Nashik district. The design water utilization is
proposed as 54.68 Mcum. There is no separate canal system for this project.

Kikwi dam: This project is planned in year 2009 against the storage reduction of
about 60 Mcum caused by siltation in live storage of Gangapur reservoir. This
dam is planned to be constructed across Kikwi River, near village Bramhawade
Pimpri, Taluka-Trimbakeshwar of Nashik district. The live storage capacity of
this dam is proposed as 60.02 Mcum. The design water utilization as planned is
45.21 Mcum. This project is planned as dedicated storage purely for non-
irrigation purpose for Nashik Municipal Corporation. Government of Maharashtra
vide Resolution dated 26/8/2009 accorded administrative approval to this project.
This project is in initial phase of construction.

In Gangapur complex, the design water use from above four dams (Gangapur,
Kashyapi, Gautami and Kikwi) is 324.81 Mcum. The sanctioned non-irrigation
uses from the Gangapur complex are as under:

a) Domestic use : 131.21 Mcum
b) Industrial use X 55.56 Mcum
Total 186.77 Mcum

The provision for non-irrigation uses in the project planning is 36.79 Mcum

Besides these projects, there are large number of state and local sector minor
irrigation schemes and K.T. weirs located in this complex. The live storage
capacities and design water utilizations of these projects are given in Statement-5.



2.4  Godavari-Darna complex :

Initially, a weir with existing canal system had been constructed just at confluence
of river Godavari and Kaadava, upstream of village Nandur Madhameshwar,
Taluka Niphad of Nashik district. In the year 1907 to 1916, Canal system known
as “Godavari canalS” is functioning since then. The system is fed by storage
constructed on river Darna, a right bank tributary of Godavari about 76 Km
upstream of Nandur Madhameshwar (N.M weir) weir. The Darna dam having
live storage of 219.82 Mcum was constructed during the year 1907 to 1916. The
canal system is also partly supplemented by Gangapur storage to the extent of
34.27 Mcum and Waldevi
Darna Dam medium project to the extent
of 16.14 Mcum. To utilize
the additional quantum of
- | water available upto N.M.
| weir, it was necessary to
have additional live storage
capacities. Four storages are
planned on river Darna and
its tributaries upstream of
N.M. Weir. They are: 1)
Bham dam across river
Bham, a right bank tributary
of Darna near Vvillage
Kaluste, 2) Bhavali dam
across river Darna, just downstream of village Bhavali, 3) Waki dam across river
Waki, downstream of village Kurnoli, 4) Mukane dam across Aundha Nalla near
village Mukane. All these four dams are situated in Igatpuri Taluka of Nashik
district. The water stored in these four storages along with the existing Darna
reservoir, partly supplementing from existing Gangapur storage and the runoff
from the rivers from unintercepted catchment, will be utilized for the irrigation of
existing Godavari RBC and LBC as well as a newly constructed LBC off-taking
from N.M. Weir, known as Nandur Madhameshwar express canal. Out of above
four new storages, only the Bhavali storage is having independent irrigation of
about 1053 Ha. The design water utilizations including newly constructed N.M.
express canal of this complex are as under:

a. Bham dam : 8.78 Mcum
b. Bhavali dam : 18.64 Mcum
C. Waki dam : 12.85 Mcum
d. Darna dam : 47.89 Mcum
e. Mukane dam : 102.46 Mcum
f. Godavari canals : 442.24 Mcum
g.  N.M. Express Canal : 445.05 Mcum

Total : 1077.91 Mcum



Besides above storages/dams, there are three more dams in the catchment
upstream of N.M. Weir, namely Kadwa project, Alandi project and Waldevi
project. They are having independent canal system. Waldevi project is having its
own canal system and also supplementing the water of 16.14 Mcum to Godavari
canals.

Kadwa dam: A major irrigation project having storage on Kadwa river, a right
bank tributary of Darna river near village Pimpalgaon Dukra, Taluka-lgatpuri of
Nashik district with a direct Right bank canal to irrigate 10320 Ha. of land from
Igatpuri, Nashik, Sinnar and Niphad Taluka. Live storage capacity is 52.90
Mcum. The dam is completed in the year 1991-92. The design water use of the
project is 80.70 Mcum. There is a planning to construct a new dam, called Upper
Kadwa, located upstream of the existing Kadwa dam, having design live storage
of 13.69 Mcum. However, the works are not yet started.

Waldevi dam: Waldevi is a medium river project constructed across river
Waldevi near village Pimplad, Taluka and District Nashik. It is an irrigation cum
water supply project to irrigate an area of 1481 Ha. and to supplement water of
16.14 Mcum to Godavari canals and some domestic water supply to MIDC
Nashik. Live storage capacity is 32.09 Mcum. The dam is completed in 2003-
2004.

Alandi dam: Alandi project is constructed across Alandi river, a left bank
tributary of Godavari river near village Sakotiwadi (Davi) in Dindori Taluka of
Nashik district. This is a medium irrigation project to irrigate 6296 Ha. of land in
Nashik district.  Live storage capacity is 27.47 Mcum. The project is
administratively approved by Government in 1974. The project is completed in
1982. The annual design water utilization is 40.67 Mcum.

In Godavari-Darna complex, the design water use is 1220.04 Mcum. The
sanctioned non-irrigation uses from this complex are as under:

a) Domestic use : 92.10 Mcum
b) Industrial use : 21.96 Mcum
Total : 114.06 Mcum

The provision for non-irrigation uses in the project planning is 72.76 Mcum

Besides these projects, there are large number of state and socal sector minor
irrigation schemes and K.T. weirs located in this complex. The live storage
capacities and design water utilizations of these projects are given in Statement-5.
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2.5  Palkhed complex:

Palkhed complex comprises of six dams namely, Karanjwan on Kaadava river, 2)
Palkhed on Kaadava river, 3) Waghad on Kolwan river, 4) Punegaon and
Ozarkhed on Unanda river, 5) Tisgaon on Parashari river. Kaadava river is a
major tributary of river Godavari and Kolwan, Unanda and Parashari are the
tributaries of Kaadava river of which Kolwan and Unanda meets river Kaadava
U/s of Palkhed dam. Parashari :
fiver meets river Kaadava on the [Karanjwan Dam |
D/s of Palkhed dam. All the 6
dams are located in the Dindori
Taluka of Nashik district and
their command area is spread in
Dindori, Niphad, Yeola,
Chandwad,  Kopargaon and
Vaijapur Taluka. Out of 6 dams,
Waghad, Karanjwan and Palkhed
are designed at 75% dependable
yield. The project was originally
administratively approved in the year 1966. In original project report, Tisgaon
and Punegaon were not part of Upper Godavari project. They were added in the
1% revised administrative approval report.

As per planning, the water for Palkhed canals is taken from Palkhed dam.
Karanjawan & Waghad Dams (apart from their respective use) feed water to
Palkhed dam for utilization through Palkhed Right & Left Bank Canals.
Ozarkhed canal uses water from Ozarkhed dam & Tisgaon dam through Tisgaon
R.B.C. (feeder canal). Tisgaon is a feeder dam to Ozarkhed Left Bank Canal
through its 420 meter long Tisgaon Right Bank canal (13" Km of O.L.B.C.). The
design water utilization from this complex is 456.52 Mcum.

The sanctioned non-irrigation uses from this complex are as under:

a) Domestic use X 27.92 Mcum
b) Industrial use : 6.30 Mcum
Total : 34.22 Mcum

The provision for non-irrigation uses in the project planning is 20.65 Mcum.

Besides these projects, there are large number of state and local sector minor
irrigation schemes and K.T. weirs located in this complex. The live storage
capacities and design water utilizations of these projects are given in Statement-5.



2.6 Remaining upto Paithan dam :

The water utilizations of Projects/Schemes located downstream of Mula dam,
Ozar weir, N.M. weir, and upstream of Paithan dam are considered in this
complex. There are 7 Medium irrigation projects located in Marathwada region;
namely Tembhapuri, Dheku, Kolhi, Narangi, Bor-Dahegaon, Ambadi and
Shivana Takli. Besides these projects, there are large number of state and local
sector minor irrigation schemes and K.T. weirs located in this complex. The live
storage capacities and design water utilizations of these projects are given in
Statement-5. The Bramhangavan lift irrigation scheme — Il is also planned on
backwater of Jayakwadi reservoir as against the old defunct lift irrigation
schemes.  The water utilization of this scheme is 85.00 Mcum. The
administrative approval is given by Godavari Marathwada Irrigation Development
Corporation, Aurangabad in the year 2009. The water utilizations of all these
schemes are given below:

1. Seven Medium Projects - 124.99 Mcum

2. Bramhangavan Lift Irrigation - 85.0 Mcum
Scheme — 11

3. Minor Projects (State) (75 Nos.) - 211.14 Mcum

4. Minor Projects (local sector) (172 Nos.) - 44.00 Mcum

Total - 465.13 Mcum

2.7  Paithan dam (Jayakwadi) :

Paithan dam is located on Godavari river at upstream of Paithan town, Dist
Aurangabad. This dam is a part of Jayakwadi Project Stage — I. The reservoir
created behind the dam is named as “Nathsagar” which has submerged 35000 Ha.
of land covering 118 villages. These villages have been shifted and rehabilitated
at safe places. This has
Paithan Dam | : affected the population

[ & 3 < | of 77000 souls. The
N design water utilization
from this dam is 2618.59
Mcum. The details of
Jayakwadi Project are
described in Para 3.0
below.

Government of
Maharashtra, Water
Resources Department
vide Memorandum No.
IPM/1574/49521/IM-1 (1371) dated 21.6.1978, had allocated water from
backwater of Jayakwadi reservoir to the extent of 144.42 Mcum (5.10 TMC) for
the Tajanapur (Shevgaon) and Bramhangavan lift irrigation schemes benefitting
the project affected/resettled persons.
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3.0

The water utilizations of lift irrigation schemes on backwater are as under :

1. Tajanapur Lift Irrigation Scheme — | . 45.77 Mcum
2. Tajanapur Lift Irrigation Scheme — 11 : 63.977 Mcum
3. Bramhangavan Lift Irrigation Scheme —I : 27.518 Mcum
4. Individual lifts on reservoir & river : 64.88 Mcum
Total : 202.145 Mcum

The sanctioned non-irrigation uses from the reservoir are as under :

a. Domestic Use : 283.27 Mcum
b. Industrial Use : 160.74 Mcum
Total 1 444.01 Mcum

There is no provision for non-irrigation use in the project planning of Paithan
dam.

2.8 M.I. Schemes (Local Sector) :

There are large number of Minor irrigation projects and K.T.weirs planned and
constructed by Local Sector Department in this sub-basin. Government has also
given the priority for water conservation. In the present study, the schemes
having annual water utilization more than 0.15 Mcum (5 Mcft) have been only
considered in the respective complex.

Jayakwadi Project :

Jayakwadi Project on the Godavari river with a catchment area of about 21774
Sq.Km. is a multipurpose project of Maharashtra State for irrigating net irrigable
area to the tune of 277207 Ha. in Aurangabad, Beed, Parbhani & Nanded Districts
of Marathwada Region. The Jayakwadi Project Stage-1 was originally
administratively approved by Government of Maharashtra vide Resolution No.
PIM 3164/103171-1P (Cell), Bombay, dated 13.01.1965. The Project was cleared
by Planning Commission, Govt. of India vide letter No. Il1-2 (23)/64 — | & P
dated 03.02.1965. This Project was completed in the year 1976.

The Jayakwadi Project Stage-I consists of;
a) Jayakwadi Reservoir on the Godavari river above Paithan town with the gross

storage capacity 2909.04 Mcum (102.73 TMC) & live storage capacity
2170.935 Mcum (76.66 TMC).
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b) Paithan Left Bank Canal starting from the Paithan Dam 208 Km. in length to
cover the gross command and net irrigable area of 204050 Ha. & 141640 Ha.
respectively.

Planning Commission, Govt. of India in letter dated 03.02.1965 suggested that
the Paithan dam with its Left Bank Canal only be taken up as Jayakwadi Project
Stage-1 and the remaining components of the project be covered by a separate
report as Jayakwadi Project Stage-Il. Accordingly, Jayakwadi Project Stage -11
originally administratively approved by Govt. of Maharashtra vide Resolution No.
PIM 4973/43043 — IPI, Sachiwalaya, Mumbai dated 25.05.1974. The Stage-ll
was cleared by Planning Commission, Govt. of India vide letter No. I1-15 (1)
(14)/76-1 & CAD dated 02.06.1976.

Jayakwadi Project Stage-I1 consists of;

a) Majalgaon Reservoir on the Sindaphana river, a tributary of the Godavari river
near Majalgaon town with the gross and live storage capacities of 444.65
Mcum (15.70 TMC) & 311.30 Mcum (10.99 TMC) respectively and
Majalgaon Right Bank Canal 165 Km. long with gross command and net
irrigable area of 131520 Ha. & 93885 Ha. respectively.

b) Paithan Right Bank Canal starting from the Paithan dam 132 Km. in length to
cover the gross command and net irrigable area of 59892 Ha. & 41682 Ha.
respectively.

The original project report of Jayakwadi was prepared in the year 1964. The
project has been planned for 75% dependable virgin yield. Jayakwadi catchment
was almost virgin (with the existence of Gangapur, Bhandardara & Darna dams
only). As per revised project report 1985, 75% dependable annual virgin yield
was estimated 5566 Mcum (196.56 TMC) upto Paithan dam in which the
upstream utilization was 3270 Mcum (115.50 TMC) and 2564.71 Mcum (90.57
TMC) for Jayakwadi including regeneration of 245.25 Mcum (8.66 TMC) from
upstream utilizations.

The water utilizations from Paithan dam are planned as under :

1. Paithan Left Bank Canal : 1075.54 Mcum

2. Paithan Right Bank Canal : 318.22 Mcum

3. Paithan lake losses : 664.83 Mcum

4. Diversion to Majalgaon : 560.00 Mcum
in bad years

Total :2618.59 Mcum

There is no provision for non-irrigation use in the project planning of Paithan
dam.
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4.0

The storage (Live) planning of Paithan dam is done considering utilizations
through canals with only 20% Kbharif requirement, fair weather lake losses, 560
Mcum diversion to Majalgaon dam in bad years of Majalgaon and carry over
provision of 381.70 Mcum. The Post Monsoon flow (151.77 Mcum) and
regeneration at 7.5% of upstream extractions (245.25 Mcum) is accounted while
deciding the storage. The design live storage is 2170.935 Mcum (76.66 TMC).

Constitution of Study Group :

The Jayakwadi Project was planned in the year 1964. At that time, the catchment
of Paithan dam was almost virgin with the existence of Gangapur, Bhandardara
and Darna dams only. In the revised Project Report 1985, the 75% dependable net
yield was estimated at Paithan dam as 2564.71 Mcum (90.57 TMC) including
regeneration of 245.25 Mcum (8.66 TMC) from upstream utilizations. The past
record shows that the Paithan dam does not receive the estimated yield. Since
year 1975, Paithan dam has received design yield or more in 17 years out of 38
years (Statement -3). In year 2012, the Paithan dam had received meagre yield
from the catchment. The live storage achieved was 71.90 Mcum (3.31%) on
October 10, 2012. To meet the drinking water needs from the Paithan reservoir,
the Executive Director, Godavari Marathwada Irrigation Development
Corporation, Aurangabad vide letter dated September 4, 2012 had requested
Water Resources Department, Government of Maharashtra for the release of 250
Mcum (8.82 TMC) water from upstream storages. Also the Public
Representatives, Hon. Members of Parliament and Legislative Assemblies,
Guardian Ministers had requested the Government authorities for the release of
water from the upstream dams into Paithan dam. Some strong Rasta-Roko
agitations were performed. Taking into account the requirements of the upstream
areas and Paithan dam, the Government had taken decision to release 325.65
Mcum (11.50 TMC) water from upstream dams in the month of October and
November, 2012, in view of the priorities of water use in State Water Policy and
such releases are technically & practically feasible, considering the evaporation
losses from reservoirs and transit losses from the carrier (river) system.

In Public Interest Litigation Petition No. 100/2012, in the High Court of
Judicature of Bombay Bench at Aurangabad, the Petitioner has requested
Hon’ble High Court to direct the State Government and Maharashtra Water
Resources Regulatory Authority to release water in Paithan dam from upstream
dams so as to ensure the approximate equitable distribution of water contemplated
under clause (c) Section 12(6) of the MWRRA Act, 2005. An Affidavit in reply
was filed by the State Government, in which it was submitted to the Hon. High
Court that the equitable distribution of water as per Section 12 (6)(c) of
MWRRA Act is not technically and practically implementable in toto as
demanded by Petitioners. However, some principles for regulation of reservoirs
operated as a part of integrated system of reservoirs in a sub-basin can be
formulated for filling period (i.e. Monsoon period), so that Paithan dam will
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receive some quantum of water before surplusing from upstream dams. Hon.
High Court has directed to the State Government on December 19, 2012 that these
regulations should be submitted within 3 months.

In light of above background, the Water Resources Department, Government of
Maharashtra has constituted the Study Group under Marathi Resolution No. Misc-
2012/(891/12)/2012/IM(P) dated 29™ January, 2013 (Appendix-1) for formulation
of regulations/ guiding principles on integrated operation of reservoirs during
filling period in Godavari basin (upto Paithan dam). The Water Resources
Department under Marathi Resolution No. Misc-2012/ (891/12)/2012/1IM(P) dated
7 March, 2013, has included Mr. A.B.Patil, Executive Director, Godavari
Marathwada Irrigation Development Corporation, Aurangabad as Special Invitee
in the Study Group/ (Appendix-2)

The composition of the Study Group is as under:

1. Mr.H.T.Mendhegiri, Chairman
Director General, WALMI, Aurangabad

2. Mr.C.ABirajdar, Member
Chief Engineer (SP),
Water Resources Department, Pune

3. Mr. H.K.Gosavi, Member
Chief Engineer, Planning & Hydrology Project,
Nashik.

4. Mr. B.C.Kunjir, Member

Chief Engineer,
North Maharashtra Region,
Water Resources Department, Nashik.

5. Mr. B.M.Sukare, Member
Chief Engineer & Chief Administrator, CAD,
Water Resources Department,

Aurangabad
6. Mr.A.B.Patil, Special
Executive Director, Invitee

Godavari Marathwada Irrigation
Development Corporation, Aurangabad

7. Mr.A.P.Kohirkar, Member
Superintending Engineer, Secretary
Godavari Marathwada Irrigation
Development Corporation, Aurangabad
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Terms of Reference for the Study Group :
The terms of references for the Study Group are as below :

1. To formulate guidelines for integrated operation of reservoirs during
filling period in Upper Godavari (upto Paithan dam) sub-basin so that
likely water scarcity situation in Paithan dam may not be attained.

2. To develop mechanism for effective implementation of such guiding
principles.

3. To suggest on reforms about the technical, financial and management
aspects thereof.

Time Frame:

Original time period was upto 31 March, 2013 for submission of Study Group
report. Looking to the wider scope, complexity involved and the time period
required for data submission, the extension upto 31% May, 2013 was granted by
Government vide Marathi Resolution No. Misc-2012/(891/12)/2012/IM(P) dated
27 May, 2013 (Appendix-3)

The required information and data for the study group was submitted by the
Godavari Marathwada Irrigation Development Corrporation, Aurangabad on 21
May, 2013. The time extension upto 31% July, 2013 is granted by Government
vide Marathi Resolution No. Misc-2012/(891/12)/2012/IM(P) dated 30 July, 2013
(Appendix — 4)
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1.0

Chapter: 2

GENERAL APPROACH

General:

The Water Resources Department, Government of Maharashtra vide Marathi
resolution no. Misc-2012/(891/12)/2012 IM(P) dated 29 January 2013 has
constituted the Godavari Study Group for formulation of regulations/guiding
principles on integrated operation of reservoirs in Upper Godavari (upto Paithan
Dam) sub basin with the following three (3) Terms of References:

1. To formulate guidelines for integrated operation of reservoirs during
filling period in Upper Godavari (upto Paithan dam) sub-basin so that
likely water scarcity situation in Paithan dam may not be attained.

2. To develop mechanism for effective implementation of such guiding
principles.

3. To suggest on reforms about the technical, financial and management
aspects thereof.

The scope of the study given in TOR is broad. The Upper Godavari (upto Paithan
dam) sub basin is having total geographical area of 21774 Sgkm. The sub basin is
divided into two parts viz. Upper reach along Sahyadri range and lower
downstream reach. The upper reach (Western Ghats) receives heavy rainfall
while the lower reach falls under rain shadow belt having low rainfall. This sub
basin is a well developed from water storage considerations. However, the factors
like rapid urbanization due to high increase in population and faster industrial
development are putting stress on available water resources. The development in
agriculture and urban sectors has not only posed substantial increase in water
demands for various uses, but resulted in conflicts which are critical in nature now
itself. The fact that the sub basin water resources remain more or less fixed and
demands would go on increasing rapidly.

Large number of major, medium dams have been constructed in the upper reach
for water conservation purposes and utilization of the available water resources
and also because technically most ideal dam sites are available in Ghat areas. At
present, the operation of reservoirs is being done separately for individuals
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reservoirs considering as single entity. Because of increase in water demands due
to faster development in agriculture & industry sectors as well as high increase in
population and urbanization, the upstream utilizations have increased than
anticipated at the time of project planning of Paithan dam. This has resulted to
some extent in lesser inflows (net yields) in Paithan dam as the water resources of
the sub basin are more or less fixed. The past record shows that the Paithan dam
has received design yield of 2564.71 Mcum (90.57 TMC) or more in only 17
years out of 38 years (Statement-3). The water stress situation in lower reaches
viz. Paithan dam of Marathwada region, thereby creating competition and conflict
among the different Category of Uses and among the upper reach and lower
reach Water Users.

The State Water Policy formulated by Government of Maharashtra in 2003 also
envisages that the water resources of the state shall be planned, developed,
managed with a river basin and sub basin as the unit. This policy has strategy to
create the enabling environment for better and more equitable and productive
water resources management in an environmentally sustainable manner for
promoting growth reduction in poverty and minimizing regional imbalance. The
water management is now a challenge for Water Resources Engineers to adopt a
strategy for the integrated operation of reservoirs in the filling period on the
principles of approximate equal distribution of water at sub-basin level to achieve
optimum utilization of the water resources available and to benefit best out of the
system or systems of reservoirs (complex).

Government of Maharashtra, Water Resources Department has constituted the
Godavari Study Group for formulation of guiding principles on integrated
operation of reservoirs in Upper Godavari (upto Paithan dam) sub basin. Keeping
all the above considerations in mind, the study group has decided the following
procedure to approach the problem:

Holding meetings and deliberations

Collection of hydrological and water use data from field organization.
Analysis of data

Present water resources planning scenario study

Operating strategy for Reservoir Operation

Literature study

Discussions and conclusions.

NookrwnpE

2.0  Meetings And Deliberations:
The Study Group have conducted eight (8) meeting as below:
2.1  First meeting on 13/02/2013 at WALMI, Aurangabad.

The deliberations on the following points were held in this meeting:
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2.2

2.3

d)

General discussions on the various aspects of Upper Godavari (upto
Paithan dam) sub-basin were held.

The sub basin area was divided in to different river systems (complex)
for study purpose.

The information and data required about completed, on going and
planned Major, Medium and Minor projects was discussed and
proformae for submission of data prepared. Data for past 40 years was
to be submitted to the study group within ten days by concerned field
Chief Engineers.

Chief Engineer, Hydrology Project, Nashik was requested to submit
note on DSS for IWRM for Upper Godavari sub-basin with RIBASIM
and Upper Bhima basin study with DSS Planning software.

Information on procedure followed for integrated reservoir operation
of Narmada Project and Sardar Sarovar Project is to be made available
by Chief Engineer, NMR, Nasik

Second meeting on 08/03/2013 at WALMI, Aurangabad

The deliberations on the following points were held in this meeting:

a)

b)

c)

d)

Information and data submitted by the Chief Engineer & Chief
Administrator, Aurangabad was checked by the study group and
discrepancies pointed out. Proformae for submission of data were
revised and 11 proformae were prepared as per the suggestions of the
members.

The data and information was to be submitted by Chief Engineers to
GMIDC upto 16 March 2013.

The data submitted by Chief Engineers is to be validated in GMIDC
office before submitting to study group.

Member Secretary was instructed to collect guidelines from CWC,
New Delhi on integrated operation of reservoirs.

Third meeting on 21/03/2013 at WALMI, Aurangabad.

The deliberations on the following points were held in this meeting:

a)

The status of study group work was reviewed by the Principal
Secretary (WRM & CAD) on 20/03/2013. In this review meeting, it
was agreed by Executive Director, GMIDC that the data will be made
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2.4

2.5

b)

d)

available to the study group by 31 March 2013. Two months time
period after data submission was agreed for study group.

The information and data submitted by the Chief Engineer & Chief
Administrator, Aurangabad was checked and discrepancies were
pointed out. Raw data of Nasik and Ahmednagar area was checked
and field officers were guided for data submission.

It was suggested that the Local Sector Schemes having water use more
than 5 mcft shall be included in the information.

The Executive Director was requested to submit validated information
and data at GMIDC level.

Fourth meeting on 5" & 6™ April 2013 at WALMI,
Aurangabad

The deliberations on the following points were held in this meeting:

a)

b)

d)

The information and data in Annexure 1 to 11 was submitted to the
study group by GMIDC on 04/04/2013. The data was checked and
found that there were lot of discrepancies and there was no uniformity
in assumptions. The study group suggested that the technical support
of an expert in Hydrology may be taken, if required.

The information submitted was not inclusive of local sector projects.
GMIDC agreed to submit the corrected data on 15/04/2013.

Note on changes in rainfall pattern was to be submitted by Hydrology
Project, Nasik.

Fifth meeting on 17" & 18™ May 2013 at WALMI, Aurangabad

The deliberations on the following points were held in this meeting:

a)

b)

The validated information and data was submitted by GMIDC on
14/05/2013. This data and information was checked for consistency
with reference to various systems/complex and discrepancies were
pointed out.

Executive Director, GMIDC agreed to submit finally corrected and
validated data on 20/05/2013.
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2.6

2.7

2.8

2.9

¢) It was decided that the proposal for extension of time period i.e. upto
20/07/2013 to be submitted to Government.

Sixth meeting on 30/05/2013 in Mantralaya, Mumbai

The deliberations on the following points were held:

a) The corrected data and information was finally submitted by Executive
Director, GMIDC on 21% May 2013. All this data was made available
to all members for study.

b) The study concept and outline of the report was discussed.

c) The status of study group work was reviewed by the Principal

Secretary (WRM & CAD). Time extension upto 20/07/2013 was
requested.

Seventh meeting on 14 June 2013 at WALMI, Aurangabad

The seventh meeting was held in presence of Principal Secretary (WRM &
CAD) on 14 June 2013 at WALMI. The deliberations on the following
points were held in this meeting:

a) The Chairman presented the present water planning scenario in Upper
Godavari (upto Paithan dam) sub-basin. Similarly, the priority for
getting minimum 25 TMC of inflow into Paithan dam during monsoon
2013 was highlighted.

b) Time extension up to 20/07/2013 was agreed by Principal Secretary
(WRM & CAD).

8™ meeting on 18 to 20 July 2013 at WALMI, Aurangabad

The 8" meeting was held in WALMI, Aurangabad from 18/07/2013 to

20/07/2013. The Study Group prepared the write up for the report,

discussed among the members in this meeting.

9™ meeting on 8 August, 2013 at WALMI, Aurangabad

The 9™ meeting was held in WALMI, Aurangabad on 08/08/2013. The
Study Group finalized the report in this last meeting.
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3.0

Data Availability:

The Executive Director, Godavari Marathwada Irrigation Development
Corporation, Aurangabad has submitted the requisite data and information about
completed, ongoing and planned Major, Medium and Minor irrigation projects in
prescribed proformae vide Marathi letter no. GMIDC/T-1/4338 dated 21 May
2013. The details of data and information are as under:

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

Information about Major, Medium and Minor Irrigation Projects in
Upper Godavari (upto Paithan dam) sub basin (Annexure-1)

Information about availability of yield at various locations in Upper
Godavari (upto Paithan dam) sub basin (Annexure-2)

Information about water requirement (Demand) from various
Reservoirs/Dams (Major and Medium Project) in Upper Godavari (upto
Paithan dam) sub basin (Annexure-3)

Details of non-irrigation demands from Major and Medium projects in
Upper Godavari (upto Paithan dam) sub basin (Annexure-4)

Information about Kharif utilizations from Major and Medium projects
in Upper Godavari (upto Paithan dam) sub basin (Annexure-5)

Information about Rabi utilizations from Major and Medium projects in
Upper Godavari (upto Paithan dam) sub basin (Annexure-6)

Information about Hot Weather Utilizations from Major and Medium
projects in Upper Godavari (upto Paithan dam) sub basin (Annexure-7)

Information about Depth of Evaporation from Reservoirs in Upper
Godavari (upto Paithan dam) sub basin.

Information about approved Reservoir Operation Schedule for Gated
Dams in Upper Godavari (upto Paithan dam) sub basin

Information about Elevation Capacity Table for Gated Dams in Upper
Godavari (upto Paithan dam) sub basin

Information on salient features, latest approved water planning for
Major and Medium Projects

The hydrological and water use data of completed, ongoing and planned projects
as submitted by GMIDC are enclosed in Annexure 1to 7.
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4.0

Literature Study:

In general, the following documents & literature are referred.

1.

10.

11.

12.

13.

14.

15.

Detailed Project Reports of various Major and Medium Irrigation Projects
planned and constructed in Upper Godavari (upto Paithan dam) sub-basin.

CWC, New Delhi publication on “Real time integrated operation of
Reservoirs” (April, 2005)

I S - 7323 —1994 on Operation of Reservoirs — Guidelines.
I S - 5477 (Part-1)-1969 on methods for fixing the capacities of Reservoirs
CDO Report on Jayakwadi-Majalgaon Simulation Studies (Nov.2001).

CDO Note on Water Availability Studies for Jayakwadi Project (May,
2004).

Maharashtra State Water Policy (July, 2003)

Maharashtra Water Resources Regulatory Authority Act, 2005

Maharashtra Water Resources Regulatory Authority (Allocation &
Monitoring of Entitlements, Disputes and Appeals and other Matters),

Rules, 2013.

The Report of the Godavari Water Disputes Tribunal with the Decision
(Year 1979)

Report of the Second Maharashtra Water and Irrigation Commission (Year
1999)

Study on “DSS for IWNRM of Upper Godavari River Basin (upto Paithan
dam)” by Hydrology Project, Nashik (Year 2003).

Purpose Driven Study (PDS) on “Effect of Changing Water Allocation in
Jayakwadi Project” by Hydrology Project, Nashik (Year 2011)

Rainfall statistics from www.mahaagri.gov.in (Department of Agriculture,
Govt. of Maharashtra).

National Water Mission Comprehensive Document (April 2011)
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1.0

Chapter: 3

DISCUSSIONS AND CONCLUSIONS

Objective of Present Study:

One of the Terms of Reference for this Godavari Study Group is “To formulate
guidelines for integrated operation of reservoirs during filling period in Upper
Godavari (upto Paithan dam) sub-basin so that likely water scarcity situation in
Paithan dam may not be attained”. In the Water Availability Studies of year
2004, the Central Designs Organizations, Nashik has estimated the 75%
dependable annual virgin yield of 4451.50 Mcum (157.20 TMC) at Paithan dam
site. The data supplied by GMIDC indicates that the large number of major,
medium and minor irrigation projects are planned and completed in this sub basin
(Statement-5). The Design Water Use of these project is about 7174.72 Mcum
(253.37 TMC). This design water use is from projects having planned at varying
dependabilities ranging from 50% to 75% including local sector schemes more
than 5 Mcft water use. The sanctioned non-irrigation uses in this sub basin are as
under:

a. Domestic use : 693.09 Mcum
b. Industrial use : 283.07 Mcum
Total 976.16 Mcum

The provision for total non-irrigation use in the project planning of dams in this
sub basin is 247.121 Mcum only.

The large scale irrigation storage creation in comparison with the available water
in sub basin and increase in upper reach utilizations has resulted into water stress
situation in lower reaches of sub basin. The result of this situation is that there is
a need to ensure judicious, equitable and sustainable management, allocation and
utilization of water resources among the different category of uses and among the
upper reach and lower reach water users.

The objective of this study is to make water balance scenario considering the
different probabilities of inflows and various demands to a maximum possible
extent, adopting sub basin as the unit. The concept of operation of reservoir
considering it as a single entity has to be given way to the concept of integrated
operation of reservoirs to achieve approximate equal distribution of water at sub
basin level and to benefit best out of the system or systems of reservoirs
(complex).
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2.0

3.0

Upstream Design (Plan) Utilizations:

In the Jayakwadi project report of 1964, the utilizations planned upstream of
Paithan dam were shown as 3270 Mcum  (115.5 TMC). The same figure was
also shown in revised project report of 1985. When CDO, Nashik had taken the
simulation study in 1990 to 1994 as directed by Government of Maharashtra,
same upstream utilizations were considered as the details of utilizations were
not supplied by field officials. During the revised simulation study carried out by
CDO in 2001 (with yield series estimated & approved by CWC in 1990), as
directed by Government of Maharashtra, the details of upstream utilizations of all
major, medium and minor projects were obtained from field officials. The
upstream utilizations were increased from 3270 Mcum to 4150.2 Mcum (146.56
TMC). It is mainly due to planning of large number of medium and minor
projects in the catchment. Now, the data presented by GMIDC to Study Group
indicates that the upstream utilizations is further increased to 4556.12 Mcum
(160.89 TMC). The increase in upstream utilizations at the various stages of
development is illustrated in Table-1.

Table-1: Upstream Design (Plan) Utilizations

(Figures in Mcum)
A A CDO Study | CDO Study Present
Provision (2001) (2004) Status
Complex (1964 & (2013)
1985)
(A)Major Projects
1)Mula 807.03 824.73 824.73 704.63
2)Pravara 736.24 753.23 753.23 786.41
3)Gangapur 226.54 222.68 222.68 169.61
4)Godavari-Darna 940.13 948.93 948.93 1204.49
5)Palkhed 447.41 444.58 444.58 456.52
Total Major Projects 3157.35 3194.16 3194.16 3321.66
(B) Medium Projects 0.00 383.70 383.70 421.38
(C) Minor Projects 113.27 572.29 496.11 813.08
Grand Total (Mcum) 3270.62 4150.20 4073.97 4556.12
Grand Total (TMC) 1155 146.56 143.87 160.89

Water Availability:

3.1 Previous Water Availability Studies: Water availability studies for
Jayakwadi Project were carried out in the year 1964 at the time of original
administrative approval and in the year 1985 for revised project report by
Irrigation Projects Investigation Circle, Aurangabad and then in year 1990 by
Central Designs Organization, Nasik in consultation with CWC, New Delhi
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As per 1964 Jayakwadi project report, net run-off series at Paithan dam was
estimated by deducting upstream utilizations of 3270 Mcum (115.5 TMC) and
adding regeneration from upstream utilizations. From this series, 75% dependable
annual net yield was worked out as 2288.04 Mcum (80.80 TMC) for Jayakwadi
Project. For catchment area below N.M. weir, below Ozar weir & below Mula
dam, yield was worked out considering Strange’s coefficient as “good”. For the
catchment upstream of above mentioned dam sites, N.M.weir actual flows, Ozar
weir actual flows & Mula long term series based on A.A.Report details have been
considered. Report 1964 appears to have been prepared based on the expertise
available and available data at that time. The Jayakwadi project was planned for
water utilization of 2618.59 Mcum (92.47 TMC). CWC had made some
comments on this study. In view of inclusion of some works of Jayakwadi Project
Stage — | and Stage—Il under World Bank aided MCIP 11l and in view of remarks
raised by CWC at the time of clearance of the original project report 1964, the
revised project report was prepared in 1985. Yield studies in this revised project
report were refined. The upto date runoff data at Mungi river gauging station for
the period from 1968 to 1977 was used. To work out the yield, the rainfall-runoff
correlation was derived with help of rainfall data of 24 rain gauge stations for the
period of 1927 to 1978 and river gauging station at Mungi, established by state
near Paithan dam site and series of 51 years was generated at Paithan dam site. As
per report 1985, 75% dependable annual virgin yield was worked out as 5566
Mcum (196.56 TMC). Out of this 3270 Mcum (115.5 TMC) was for upstream
utilizations and 2565 Mcum (90.57 TMC) was shown for Jayakwadi project
including regeneration of 245.25 Mcum (8.66 TMC) from upstream utilizations.
CWC, New Delhi compared Mungi river gauge data and Kaygaon Toka river
gauge data maintained by CWC and had opined that Mungi river gauge data was
over estimated. So, the yield worked out in report 1985 appears to be over
estimated.

The works up to 100 Km of Majalgaon Right Bank Canal (MRBC) were included
in the original World Bank aided MCIP- Ill. At the time of reformulation, a
proposal to include works of MRBC beyond Km 100 was submitted to World
Bank. Since World Bank was not fully convinced about the adequacy of
availability of water for the command area beyond 100 Km. World Bank decided
to review hydrological and Simulation studies. As per yield and simulation study
carried out by World bank expert, it was indicated that the proposal of MRBC
beyond Km 100 was not economically viable. The studies indicated that after
reserving water of 2890 Mcum (102 TMC) for the existing upstream projects at
that time and for the projects under active implementation, the available yield was
not sufficient to meet the complete requirement of commands of PLBC, PRBC
and MRBC with the present cropping pattern . Hence it was inferred that any
increase in upstream utilizations would adversely affect the availability of water
for PLBC, PRBC and MRBC commands. World Bank study showed that the
present system was failing to fulfill the demand planned over it. Since
Government of Maharashtra was not agreeable to the procedure followed by the
World Bank consultant in computing the available yield for the project, especially
the method of double mass technique; the Government of Maharashtra directed
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CDO Officials to discuss this issue with Dr. Dougles James, another World Bank
Consultant on Hydrology. Accordingly, this issue was discussed with him. Dr
Dougles James concurred with the view of CDO, Nashik that the double mass
technique used by the then consultant in this case is not appropriate and thus
leading to incorrect picture of performance of the project. Govt. of Maharashtra
directed CDO, Nashik to take up the study afresh and get approved from CWC.
CDO had carried out yield and simulation study in the year 1990 by using latest
hydrological data required for the study. As per this study, 75% dependable
annual virgin yield works out to 4830.04 Mcum (170.58 TMC) at Paithan dam.
This study was approved by CWC, New Delhi vide letter dated 04/06/1990. This
study was used for further analysis. The upstream utilizations were considered as
4150.2 Mcum (146.56 TMC). Hence, the net annual yield available for Jayakwadi
including regeneration was worked out as 979.80 Mcum (34.60 TMC). Using this
net yield series the simulation studies were carried out by CDO, Nashik.

As per C. W. C. Working Group Report and IS 5477 (Part-1)-1969, the
performance of the project is to be decided by success. If the project is planned
for ‘over the year’ storage projects (having carry over) and multipurpose, the
performance is to be decided by using minimum 40 years runoff series. Using this
minimum 40 years runoff series, the project is feasible if,

1. Irrigation requirement is fulfilled for 75% of its life period.
2. Domestic water requirement is fulfilled for 100% of its life period
3. Hydropower water requirement is fulfilled for 90% of its life period

This is as per Clause no 3.2.1 of IS 5477 — (Part-1)- 1969

Result of this simulation study showed that the Jayakwadi system was not capable
to cater the demand planned over it. Government of Maharashtra, Water
Resources Department constituted the committee under the Chairmanship of the
Chief Engineer (P&V) & Jt. Secretary in July 1996 for,

)} To decide the exact water availability up to Jayakwadi

i) To suggest most appropriate alternative to cater to the entire
command area as far as possible

The Committee approved the water availability study already carried out by CDO,
Nashik and concurred by CWC. From the 75% dependable yield, deducting
upstream utilizations, the committee expressed that the balance yield was
insufficient to cater full command area of the system. The Committee had made
some suggestions. Considering the suggestions of the committee, CDO, Nashik
had worked out 6 alternatives. The success rate for Jayakwadi project Stage-1 was
between 48.39% to 58.06% which is less than requirement of 75% for irrigation.
Due to the increase in upstream utilizations from 3270 Mcum (115.50 TMC) to
4150.20 Mcum (146.56 TMC), the project is not capable of sustaining the planned
demand or the modified demand suggested by the Committee.
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3.2 April 2004 study: As the Paithan dam was not receiving the estimated
yield, Government of Maharashtra had directed to update the study by considering
the latest data upto 2003. For this study, the rainfall data from 1986 to 2003
alongwith tank gauge data was demanded from field officers. Field officers could
not supply all rainfall data as some stations were closed. Due to non-availability
of rainfall data from 1986 — 2003, the yield series was updated upto 1999. By
using the yield series from 1925 to 1999 i.e. for 75 years, the 75% dependable
annual virgin yield was worked out to 4451.50 Mcum (157.2 TMC). If the
upstream utilizations of 4074.02 Mcum (143.87 TMC) are deducted from this
yield, the net yield available at Paithan including regeneration works out to
671.69 Mcum (23.72 TMC). The average annual virgin yield at Paithan dam was
worked out by CDO as 5467.53 Mcum (193.06 TMC). It is mentioned in the
CDO note that the series updated by CDO in April 2004 for the period 1925-1999
(75 years) is purely for academic purpose.

3.3  Comparison of various yield studies: The comparison showing the
availability of yield with reference to various studies is given in the Table-2

Table-2 Comparison of yield studies
(Figures in Mcum/TMC)

Sr. | Study Year 75% dep. Upstream 75% dep. net
No. virgin yield utilizations yield at
Paithan
(1) | Project Report 5558.04 3270 2288.04
1964 196.30 115.5 80.80
(2) | Project Report 5566 3270 2565
1985 196.56 115.5 90.57
(3) | CDO study 2001 4830.04 4150.2 979.80
170.58 146.56 34.60
(4) | CDO study 2004 44515 4074.02 671.69
157.20 143.87 23.72

Note: Net yield includes regeneration from upstream utilizations.

3.4  Observed Net Yield at Paithan dam : The Project Officers have
supplied the annual observed net yield series at Paithan dam for the period from
1975 to 2012 (Statement — 3). After arranging the yield series in descending
order, the dependable yields are worked out as under :

Q) 100 % dep. : 122.05 Mcum
(i) 90 % dep. : 528.79 Mcum
(ili) 75 % dep. ; 816.53 Mcum
(iv) 50 % dep. X 2067.51 Mcum
(V) Average X 2356.34 Mcum
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Annual observed net yield at Paithan dam is presented in the Fig.2.

Annual Observed Yield (Net) at Paithan Dam site  Fig-2

9000.00 -

8000.00 -

7000.00 -

6000.00 4

5000.00 -

4000.00

Net Yield [WMCum])

3000.00 -4

Average - 2356 Maum

50% Dep: 2067 Mam

75% Dep: 817 Meum

0.00 +88R

2000.00 |
(]
[l
[k
- =

90% Dep: 529 Moum

. = 100f6 D 122 Maum

Since 1975, Paithan dam has received design yield of 2564.71 Mcum (90.57
TMC) or more in 17 years only out of 38 years. It is also observed from the yield
series that there are consecutive bad years extending upto 2 to 4 years.
Fortnightly distribution of 50% dependable net observed monsoon inflows at
Paithan dam is presented (worked out by cumulative method) in the Fig.3 (Pie

chart.)

From the Pie chart, it is seen that about 80% net inflows of Paithan dam are
received during the months of August to October period. These observations

Fortnightly Distribution of Net Observed Inflows at
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support the rainfall
characteristics described in
para 5.0 of Chapter 3.0.
The inflows in the Paithan
dam are received
predominantly during the
month  of August to
September  from  upper
reaches after fulfilling the
storage requirements  of
upper dams and September
to October from lower
reaches(free catchment).
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Interstate Aspects:

The Godavari Water Disputes Tribunal had submitted its report on 27" November
1979 (Bachawat Award) to Govt. of India. As per the GWDT award, Maharashtra
State can use for their beneficial use all waters upto Paithan dam site on the
Godavari river. This is as per the agreement dated 6 October 1975 between the
Chief Minister of Maharashtra and Chief Minister of Andhra Pradesh. It is
mentioned in the GWDT award that the rule of an equitable apportionment of the
benefits of the river, each unit getting a fair share, should be applied in deciding
water disputes regarding an interstate river.

Rainfall Characteristics:

Upper Godavari sub basin receives the major portion of its rainfall during the
South-West monsoon period (June to September) than in North-East monsoon.
About 85 to 90% of rainfall is received during the South-West monsoon period.
The river therefore brings down most of its water between June and September.
The monsoon season ends by October but during the next two months there are
occasional freshets caused by north-east monsoon over that part of catchment
which comes under its influence. Rainfall, however, varies widely in space and
time.

The Western Ghats (Sahyadri Ranges) running parallel to the coast form a almost
uninterrupted barrier. Heavy monsoon rains are occurred on ghats from South-
West monsoon winds striking the barrier. The amount of rainfall on the ghats at
any place is governed largely by the orographic features there. This factor
introduces considerable spatial variation in the rainfall amount. This is illustrated
in Fig.4.
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Fig : 4 OROGRAPHIC RAINFALL
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In crossing the ghats, the monsoon winds lose a large part of the moisture. The
sub basin receives high rains in the western ghats of reach about 128 Km which
vary from 3000 to 1000 mm in this reach. East of the ghats, the annual rainfall
decreases rapidly to about 600 — 500 mm. The rain shadow belt includes portions
of Ahmednagar and Aurangabad districts. The rain shadow belt/region is also
prone to frequent droughts. About 60% catchment of Upper Godavari sub basin
falls in low rainfall zone. This part receives some rains in association with the
depressions from the Bay of Bengal. The Upper Godavari sub basin map showing
Isohyets is enclosed (Drg.2).

The normal date of commencement of the South-West monsoon is about the
middle of June. The intensity of rainfall current increases from June to July,
remains more or less steady in August and begins to weaken in the month of
September. The normal date of withdrawal of South-West monsoon is between
the 1 October to 15™ October.

Fortnightly Distribution of Average Monsoon Rainfall for The rainfall data is
Intercepted (Upper) Catchment - Bhandardara Station collected for the raingauge
Sj;”ﬁ'\ e e ::ation and taluka area
sep- el S om Water Resources
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12% " hug Government of
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o characteristics for Upper

iyl reaches of Pravara and
2% Mula catchments.

Oct-l

Bhandardara Station (Fig. 5)

Fortnightly distribution of long period average monsoon rainfall is presented in
Fig.5 (Pie Chart.)
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Similarly, the
Igatpuri taluka and
Trimbakeshwar
taluka represents the
rainfall
characteristics for
upper reaches of
Darna and Gangapur

(Godavari)
catchments.
Fortnightly
distribution of long
period average

monsoon rainfall are
presented in Fig. 6,7
(Pie Chart.)
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The long period average monsoon rainfall of Niphad, Rahuri, Newasa,
Sangamner,  Kopargaon,
Aurangabad talukas covers

Fortnightly Distribution of Average Monsoon Rainfall
(6 Tahshils) for Free Catchment

(Niphad, Rahuri, Newasa, Sangamner, Kopargaon, Aurangabad) the unintercepted  (free)
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As may be seen from the Pie chart that the rainfall occurs during the five months
from June to October. The lower reach areas are also influenced by Bay of
Bengal currents. The rainfall during the month of September and October is quite
predominant.

The rainfall characteristics of upper and lower reaches (catchments) will have to
be considered while deciding the operating strategy for integrated operation of
reservoirs in the systems of reservoirs (complex); especially with reference to;

(1) How much water to be stored and released at upper dams.

(i) When water to be stored and released at upper dams.

Unintercepted (Free) Catchment:
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Fig.9 : Catchment Area for Paithan Dam source of sub-basin yield
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in ghat areas. The distribution of catchment area upto Paithan dam is presented in
Fig.9 (Pie chart).

The unintercepted catchment area is 69.72%. The Upper Godavari sub-basin map
showing Isohyets is enclosed (Drg.2). Free catchment area is having low rainfall
of about 500 to 600 mm.

The development of Agriculture in the lower reach (free catchment) has increased
the water demands. So the large number of state and local sector minor irrigation
projects & K.T.weirs are constructed to harness the available water. During the
study group deliberations, it was informed that the monsoon river flows are
diverted into canals for Kharif utilizations, flood canals, river channels / streams
for feeding tanks, farm ponds, etc. This is resulting into the scarce availability of
inflows into Paithan dam from free catchment. The data and information
presented by GMIDC to study group indicates that the sanction for Kharif use on
reservoirs & rivers and also through flood canals have been given to the extent of
144.92 Mcum (5.12 TMC). The water use through these arrangements are
uncontrolled.

Previous DSS Studies:

7.1 Two studies are undertaken as Decision Support System under World Bank
aided Hydrology Project (SW), Maharashtra, namely,.....

(1) IWRM of Upper Godavari River Basin (upto Paithan Dam)
(RIBASIM Study)

(2) Water Resources Planning and Management
These two studies are described in short as below:

7.2 RIBASIM Study: This study was completed in December 2003. The Upper
Godavari (upto Paithan dam) sub basin (excluding Jayakwadi Project) was selected
as pilot study basin. The objective of this study was to forecast the water balance
scenario for future and to evolve DSS to mitigate the impact of future demands to a
maximum possible extent. RIBASIM software programme was used for this study.
RIBASIM is a generic model package for simulation of the behaviour of river
basins during varying hydrologic conditions. The model is a comprehensive and
flexible tool to link the hydrologic input of water at various locations to the various
water using activities in the basin and to evaluate a variety of measures related to
infrastructure and operational management.

This study indicated that if no further measures are initiated to mitigate the future
water demands in this sub basin, the deficit of 67 Mcum for the base year 2000
would shoot out upto a range of 1477 to 2139 Mcum for the year 2015 and to a
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range of 1860 to 2574 Mcum for the year 2025. To reduce these anticipated deficits,
certain measures in the form of strategies have been suggested. One of the
suggestion is improvement in irrigation efficiencies from 39% to 49% to 55% by
the years 2015 and 2025.

7.3 DSS (Planning): A decision support system for planning and management of
water resources has been developed under the DSS Planning Project implemented
under Hydrology Project-1l. The system, which initially has been set up for the
Upper Bhima Basin, is now operationalized in 2011. The River Basin model using
MIKE Basin Software is set up.

The reservoirs in the Upper Bhima provide water to the various users throughout
the year, mainly within the agricultural, domestic and industrial sector. Restrictions
in the water allocation may be required from time to time depending on availability
and user priority. The inflow to the reservoir depends on the climatic conditions in
the coming months. It is likely that the inflow in the near future will resemble the
inflow of earlier years. In order to provide a solid basis for planning, long time
series of inflow to each reservoir in Upper Bhima have been generated using the
observed data and hydrological modeling. It is now possible to test the
performance of the reservoirs over the coming months for different water allocation
plans and the likely range of inflow.

This DSS (Planning) model can be useful for,......

1. Assessment of Water Resources.

2. Water Balance Studies.

3. Long-term planning of water resources management to meet increasing
demands.

4. Likelihood of filling of reservoirs.

5. Integrated reservoir operation.

6. Review of rule curves of reservoirs using long term analysis.

7. Analysis of inter basin transfer & Analysis of conjunctive surface and
groundwater use in the command area.

8. Analysis of the impact of artificial recharge from either local runoff or
reservoirs.

Increasing Water Use Efficiency:

Ministry of Water Resources, Government of India has formulated the National
Water Mission (NWM) document with the main objective of “Conservation of
water, minimizing wastage and ensuring its more equitable distribution both
across and within states through integrated water resources development and
management”. In many states there is increasing concern over the availability of
water for domestic, irrigation and industrial use. These concerns are expressed in
the National Water Mission Document. The DSDAP (Development of Synthesis
and Draft Action Plan for improving water use efficiency (WUE) of irrigated
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agriculture in selected States) Study analyzed some 30 case studies of major and
medium irrigation (MMI) schemes and indicated that overall project efficiency of
water resources projects is in the range of 30 to 40%. Therefore, National Water
Mission emphasis the time line for action to increase WUE of the project by 20%
by the year 2017. The promotion of micro irrigation techniques such as drip and
sprinkler irrigation is considered as one of the important activities on priority for
achieving the objectives of the NWM. Adopting the sprinkler and drip irrigation
for irrigating the crops can improve the existing on farm irrigation efficiency from
50% to 80% and overall efficiency in the range of 50% to 60%.

Equitable Distribution of Water :

9.1 MWRRA Act, 2005: Maharashtra has enacted Maharashtra Water
Resources Regulatory Authority Act, 2005 (MWRRA Act, 2005) which provides
for the establishment of Authority to regulate water resources within the State,
facilitate and ensure judicious, equitable and sustainable management, allocation
and utilization of water resources.

In the section 11 of MWRRA Act, the powers, functions and duties of the
Authority have been mentioned. In clause (c) and (m) of section 11, the following
functions of Authority are mentioned:

(c) to determine the priority of equitable distribution of water available at the
water resource project, sub-basin and river basin levels during periods of
scarcity;

(m) in the event of water scarcity, the Authority, in compliance with its policy
and rules for allocating such scarcity, shall adjust the quantities of water to
be made available to all Entitlements and shall permit the temporary
transfer of Water Entitlements between users and Categories of Users in
accordance with the approval of the River Basin Agencies.

In general policies of the Authority, as per the provisions of section 12 sub-
section (6) of MWRRA Act, the Authority shall fix the quota at project level,
sub-basin level, on the basis of the some principles. The clauses (a), (b) & (c) of
section 12 subsection (6) give the principles for sharing of the distress as
mentioned below:

(@) for equitable distribution of water in the command area of the project,
every landholder in the command area shall be given Quota;

(b) the Quota shall be fixed on the basis of the land in the command area :
Provided that, during the water scarcity period each landholder shall, as
far as possible, be given Quota adequate to irrigate at least one acre of
land;

35



(c) in order to share the distress in the river basin of sub-basin equitably, the
water stored in the reservoirs in the basin or sub-basin, as the case may
be, shall be controlled by the end of October every year in such way that,
the percentage of utilizable water, including kharif use, shall, for all
reservoirs approximately be the same.

As per Section 14 sub-section (4) of MWRRA Act, Water shall not be made
available from the canal for perennial crops in such area and from such date as
may be notified by the Authority, unless the cultivator adopts drip irrigation or
sprinkler irrigation or such other water saving technology approved by the
Authority. The quantity of water so saved, after satisfying the future increased
demand of drinking water, shall be distributed equitably in the command area and
the adjoining area.

9.2 MWRRA Rules, 2013: Maharashtra Water Resources Regulatory
Authority (Allocation & Monitoring of Entitlements, Disputes and Appeals and
other Matters) Rules, 2013 have been published on 30 April, 2013. In sub-Rule 2
(1) (c), the word “water scarcity” or “distress” is defined as under :

“water scarcity” or “distress” in relation to a particular water resources project,
means a situation when actual availability of live storage is less than 33% of
design live storage of that project as on the 15" October.

Rule 11 is regarding the “Equitable distribution of water during water scarcity”

which is reproduced as under:

Equitable distribution of water during water scarcity —

(1) The Authority shall, during the period of water scarcity, determine the priority
of equitable distribution of water available at the water resources project level
in particular and wherever technically and practically feasible, also at sub
basin and basin level.

(2) During the period of water scarcity, if available live storage in a particular
water resources project is not adequate to meet the drinking water needs,
release of water from upstream major or medium water resources projects
may be considered by the Authority;

Provided that such releases shall be considered only if, -

Q) the drinking water needs of such upstream projects are met fully;
and

(i) such releases are technically and practically feasible.
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(3) While planning the release of water under sub-rule (2), evaporation losses and
transit losses shall be accounted for. The concerned River Basin Agency shall
specify the operating procedure for release of water from upstream projects.

(4) During the period of water scarcity, after satisfying the drinking water
requirements from the water resources projects, the apportionment of
remaining water shall be decided by the River Basin Agency.

9.3 State Water Policy (July 2003): Maharashtra has adopted State Water Policy
in 2003. Some important principles laid down are highlighted below:

(1) Para 2.1.1: The water resources of the State shall be planned, developed,
managed with a river basin and sub basin as the unit, adopting multi-sectoral
approach and treating surface and sub-surface water with unitary approach.

(2) Para 2.8: The distress in water availability during deficit period shall be
shared equitably amongst different sectors of water use and also amongst
upstream and downstream users.

(3) Para 3.0: The water resources of the State shall be used, conserved and
managed to provide the maximum economic and social benefits for the people
of the State and in a manner that minimizes regional imbalance and maintain
important ecological values within rivers and adjoining lands. All agencies of
the State shall cooperate in the provision of the optimum integrated benefit to
be derived from the State’s water resources.

Evaporation from Reservoir:

The planning of Paithan dam was done considering the annual lake evaporation
losses of 664.83 Mcum. The Hydrology Project, Nashik has carried out the
Purpose Driven Study (PDS) in year 2010-11 on “Effect of changing Water
Allocation in Jayakwadi Project”. In this study report, the evaporation loss
through Jayakwadi reservoir was analyzed with reference to observed evaporation
lake losses for the years when storage was more than 90% full. In this report, it is
concluded that the actual evaporation losses are about 60% of losses assumed in
project planning. CWC, New Delhi had suggested the evaporation depth of 2.36
m considering the pan evaporimeter data of Golegaon station to be considered for
earlier Jayakwadi simulation study. The Golegaon station is about 250 Km away
from Paithan Reservoir. So CDO, Nashik had carried out detailed analysis
considering the climatological stations established in and around the catchment
such as Paithan dam site itself, WALMI (Aurangabad), Pune, Niphad. Using this
data and applying necessary correction factors, a depth of 2 m was estimated.
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This estimation was concurred by CWC, New Delhi in the year 1991 for using in
simulation study of Jayakwadi Project (Sept 1994). Hence, 2.0 m annual depth of
evaporation is considered in the present study. The annual lake losses works out
to be 594.04 Mcum for the good year (Statement-11).

Niphad climatological station data is used for working out the evaporation depth
for upstream reservoirs. The depth was worked out as 2.32 m. by CDO, Nashik in
Sept. 1994 study and same is used to compute evaporation of all upstream major
and medium projects considered in the present study.

Physical Constraints:

Water Resources projects are classified into three categories, namely major,
medium and minor irrigation projects. The minor projects are having cultural
command area less than 2000 Ha. and are having small size storage. They are
designed with 50% dependable yield. Generally, they are also having no spillway
gates for release of surplus water. In case of ungated dams, the release of water
from live storage is possible only through canal outlet and river sluice, if

| provided. As the
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not reach the downstream reservoir. The releases are technically and practically
feasible from gated spillways of medium and major projects. Fig. 10 shows the
typical cross section of Mula dam.

There are 16 major and 7 medium projects (Total = 23 dams) located in the upper
reaches and which are considered for study. Out of these 23 dams, 13 dams are
having spillway gates. Live storage below and above the crest of spillways of
these 13 dams are worked out. It is found that on an average 53% of design live
storage of all these dams is below crest. (Statement-1) So the 53% of design live
storage is assumed as mandatory storage which would not be released for
downstream.
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12.0 Water Releases from Upper Dams in Year 2012:

There was a water scarcity in Marathwada region in the year 2012-13. To satisfy
the drinking water demands as well as industrial demands (partly) from Paithan
dam, the Government had taken decision for release of 325.65 Mcum (11.50
TMC) water from upstream dams in the month of October and November, 2012.
The releases were made in two phases from three river complex. The release data
Is presented in the Table:3.

Table No. 3 Water Release Data

Quantity | Length of
Discharge | Quantity Reached Carrier
Complex Period Range Released | in Paithan system
(Cum/sec) (Mcum) dam (Km)
(Mcum)
21.10.2012 179.65 64.56 31.43 175
1) Pravara to to
27.10.2012 50.26 (48.68%)
28.11.2012 265.33 73.90 52
2) Mula to to
05.12.2012 10.28 153.20
29.11.2012 232.71 74.76 175
3) Pravara to to (65.58%)
13.12.2012 50.26
30.11.2012 | 209.72 to 84.95 180
4) Darna to 65.97
08.12.2012
298.17 184.63 -
Total
(61.92%)
It is observed that about 62% of released water actually reached into Paithan

reservoir.

Though the rivers were dry at the time of releases, the substantial

quantity of water was reached due to preventive measures taken by the project
officers, namely:

1) Water was released in sizable discharge taking into account river
carrying capacity of perennial flow course.

2) Measures for prohibiting intermediate lifting of waters

3)  Adopting efficient water management practices.

The natural river flows are being modified by impoundments such as dams,

barrages and weirs. Mula, Pravara and Godavari are the main rivers contributing

major inflows into Paithan dam. The river flow data of these rivers at gauging
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sites are studied for last 10 years period. It is found that these rivers are flowing
naturally in the months from August to September. If the releases from upper
dams are made in this period, there will be minimal transit losses in the carrier
system.

Present Water Resources Planning Scenario:

The Central Designs Organisation, Nashik has estimated the 75% dependable
annual virgin yield of 4451.50 Mcum (157.20 TMC) (April 2004 study) in this
sub-basin. Similarly, the average annual virgin yield is estimated as 5467.53
Mcum (193.06 TMC). A large scale irrigation developments and industrial
developments have occurred in the sub-basin as explained in para 1.0 of Chapter:
2 and para 1.0 Chapter:3. Large number of major, medium and minor irrigation
projects and K.T.weirs, local sector schemes have been planned and completed in
this sub-basin. The total design live storage capacity of such projects is 5477.73
Mcum (193.44 TMC) and total design water utilization from these projects is
expected as 7174.72 Mcum (253.37 TMC). This design water use is from projects
having planned at varying dependabilities ranging from 50% to 75% including
local sector schemes more than 5 Mcft water use. The sanctioned non-irrigation
uses in this sub-basin are as under:

a) Domestic use : 693.09 Mcum
b) Industrial use : 283.07 Mcum
Total 976.16 Mcum

The provision for total non-irrigation use in the project planning in this sub-basin
is 247.121 Mcum only. It is also observed from the 38 years observed net yield
series at Paithan dam (Statement -3) that bad years appear to occur consecutively
in 2 years’ succession e.g. 1992 & 93, 1995 & 96, whereas consecutively in 3
years’ succession e.g. 1985,1986 & 1987, and in 4 years’ succession e.g.
2000,2001,2002, 2003 and 2009, 2010, 2011 & 2012. The water deficit is too
large to manage.

The water deficit in the sub basin is as under:
(a) Total design water utilizations : 7174.72 Mcum
(b) 75% dep. virgin yield (CDO 2004) : 44515 Mcum

(c) Regeneration from upstream

Utilizations (0.075 x4556.12) » 341.71 Mcum
Deficit (a — (b +c)) : 2381.51 Mcum
(84.10 TMC)

This deficit is on account of two reasons namely;,;

(@) Increase in upstream utilizations : 1189.09 Mcum
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(b) Reduction in yield : 1106.54 Mcum

Total: 1 2295.63 Mcum

(81.06 TMC)

The water deficit is creating water stress situation; resulting to water crisis. The
water stress situation is creating to the competition and conflict among the
different category of uses and among the upper reach and lower reach water users.
This type of situation is most likely to occur more frequently in future as the
water available is not sufficient to meet the water demands.

The present water stress scenario will have to be managed with a well plan
strategy of deficit sharing in respect of a whole sub-basin. There is a need to
ensure judicious, equitable allocation and utilizations of available water resources
among the different category of uses and among the upper and lower reach water
uses, adopting sub-basin as the unit; keeping in mind that sub-basin water
resources remain more or less fixed and demands would go on increasing.

The principles laid down in State Water Policy are highlighted in para 9.3 of
Chapter: 3. The State Water Policy has adopted the principle of sub-basinwise
water recourses planning and sharing of water distress equitably amongst different
sectors of water use and also amongst upstream and downstream users. MWRRA
Act, 2005 provides a law to regulate and facilitate, ensure judicious and equitable
allocation and utilization of water resources at the sub-basin levels. The
important sections of this act in this respect are mentioned in para 9.1 and 9.2 of
Chapter: 3.

Water Distress:

Drought is an extended period of months or years when a region notes a
deficiency in its water supply whether surface water or ground water. Generally,
it occurs when a region receives consistently below average rainfall. Hydrological
drought relates to water availability. MWRRA Rules, 2013 defines the word
“water scarcity” or “distress”. The definition is reproduced in Para 9.2, Chapter:
3 of this report. These two words have been correlated with the actual
availability of live storage of the project as on 15™ October. The basis for this
definition is Govt. of Maharashtra, Water Resources Department’s Marathi
Resolution No. Misc 10.0/(19/2000)/IM(P) dated 7 March, 2001, in which
guidelines for planning of water utilization from water storage are included. In
this resolution, it is mentioned that during the expected deficit rainfall year, no
sanction for Kharif crop be given until live storage reaches upto 33%.

“Water stress index” is the international level commonly used measures of water
scarcity. This method defines water scarcity in terms of the total water resources
that are available to the population of a region; measuring scarcity as the amount
of renewable freshwater that is available for each person each year. The water
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availability per capita per year in a region is below 1700 Cum, it is said to be
experiencing water stress; below 1000 Cum it is said to be experiencing water
scarcity, and below 500 Cum, absolute water scarcity.

As per Second Maharashtra Water and Irrigation Commission Report, the total
population of Upper Godavari (upto Paithan dam) sub-basin was 54.43 lakhs
(Census 1991). The growth rate in India is 40.20% between year 1990 to 2010 as
per population statistics of United Nations. With this growth rate, the present
population (2013) in the sub-basin would be about 78.50 lakhs. The average
annual virgin yield is 5467.53 Mcum (CDO Study 2004). The per capita water
availability will be 696.5 Cum. It means that the sub-basin is already in water
scarcity condition. So the regulation of water resources available in this sub-basin
needs to be done to ensure the approximate equitable distribution of water
contemplated in MWRRA Act and State Water Policy.

Operating Strategy for Reservoir Operation :

15.1 Terms of Reference (1): TOR:1 for the study group is to formulate
guidelines for integrated operation of reservoirs during the filling period in the
sub-basin so that likely water scarcity situation in Paithan dam may not be
attained. A lay’man will have answer to the TOR that the release of water from
the upper reservoirs may be done to the extent the Paithan reservoir reaches at
level with actual live storage equals to or more than 33% of design live storage as
on the 15™ October. This 33% criterion is developed with the base that the
storage facility will atleast satisfy the minimum annual demands of domestic,
industrial and evaporation from lake, so that the subsequent (after monsoon
season) releases of water from upper reservoirs may not be required. The release
of water subsequently after monsoon period will be loss of precious and scarce
water resources by way of evaporation and transit losses though long carrier
system; without benefitting anybody. The MWRRA Rules, 2013 will have to be
interpreted in that context. We have to follow the principles of the approximate
equitable and judicious distribution of water contemplated in MWRRA Act and
State Water Policy so that the benefits are equally distributed among the different
category of uses and among the upper reach and lower reach water users. This
has been described in Para 1.0 of Chapter: 2, and 1.0, 9.0,13.0 & 14.0 of
Chapter: 3.

15.2 Study Approach : The present water stress situation is most likely to
occur more frequently in future as the water resources available in the sub-basin
are not sufficient to meet the demands. The present water stress scenario will
have to be managed with the well strategy of deficit sharing in respect of a whole
sub-basin. Accordingly, the strategy and/or options and their quantitative effects
on overall water planning is analyzed in this study by using the approximate
equitable concept at sub-basin level to have rational and effective utilization of
the water resources.

42



The river basin simulation approach is generally used to provide an effective tool
for better planning and management of water resources in the basin or sub-basin.
Lot of computer software packages are available today for analyzing the behavior
of the basin under different hydrological conditions. The simulation is usually
made over long time series to include the occurrence of dry (bad) and wet (good)
periods. Within each time step, the water demands, target for water releases from
reservoirs are determined. Then the water is allocated to the users according to
the release targets, water availability, operation rules and water allocation
priorities.

The present study is done conventionally by adopting general simulation
principles without the help of computer software packages. Though, it is
possible to simulate the sub-basin scenario on shorter durations, the present study
is carried out for time step of a year because of the constraints of limited scope for
study group, time period, data availability and limited expertise available in
optimization and simulation techniques as well as advance hydrology.

15.3 Study Scope : The operating strategy for integrated operation of
reservoirs is to be formulated for whole sub-basin area. The large number of
major, medium & minor irrigation projects are planned and completed in this sub-
basin. The details regarding their design live storage and water utilizations are
given in Statement — 5. The design water use of these projects is about 7174.72
Mcum.  This design water use is from projects having planned at varying
dependabilities ranging from 50% to 75% including local sector schemes more
than 5 Mcft water use. The sanctioned non-irrigation uses in this sub-basin are as
below :

a) Domestic use : 693.09 Mcum
b) Industrial use : 283.07 Mcum
Total : 976.16 Mcum

The details of non-irrigation uses from major & medium projects are given in
Statement — 2. There are large number of minor irrigation dams having small size
storage and having no regulating spillway gates. No regulation / release is
possible through these minor dams unless they are full to their capacities. They
are also widely spread in the whole catchment and in large numbers. The
operating strategy for integrated operation of reservoirs can not be applied to
them, considering the physical and practical constraints. Hence, the water
utilizations from these minor projects are not considered for the study. The
observed yield data at various Nodes (terminal location) of complex is net after
excluding the water used by these minor projects. The study scope is limited to
the major & medium projects in the sub-basin. Table: 4 shows the comparison of
total complexwise design live storage & water use alongwith present study scope.
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Table : 4 Complex wise present study scope
(Figures in Mcum)

Design Live Storage Design Water Use
Complex Complex Study % | Complex Study %
scope scope
1 2 3 4 5 6 7

A) Mula 708.61 | 617.59 87.16 829.52 | 717.78 | 86.53
B) Pravara 625.83 | 570.77 | 91.20 | 959.91 | 835.84 | 87.07
C) Gangapur 419.78 | 308.56 | 73.51 | 405.53 | 324.81 | 80.10
D) Godavari - Darna| 823.32 | 718.38 | 87.25 | 1390.16 |1220.04 | 87.76
E) Palkhed 379.24 | 350.34 | 92.38 | 505.87 | 456.52 | 90.24
F) Remaining upto | 350.01 0.00 0.00 465.13 0.00 0.00
Paithan dam
Total Ato F 3306.79 | 2565.64 | 77.59 | 4556.12 |3554.99| 78.03
G) Paithan dam 2170.94 | 2170.94 | 100.00 | 2618.59 |2618.59 | 100.00
Total for Sub basin | 5477.73 | 4736.58 | 86.47 | 7174.71 [{6173.58 | 86.05

The study scope covers the reservoirs having 86% of sub-basin design water use.
The dams namely Kikwi (Gangapur complex) and Upper Kadwa (Godavari —
Darna complex) are not taken into consideration because they are at the initial
stage of planning. Seven (7) medium projects located in “Remaining upto Paithan
dam” complex are also not considered for study because they are located in low
rainfall zone and this complex is contributing

Paithan dam.

insignificant inflow into the

Fig.: 11 shows the schematic diagram of reservoir complex which are considered
in the present study of Upper Godavari (up to Paithan dam) sub basin.
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The study covers 17 Major and 7 Medium Projects including Paithan Dam which
are distributed amongst six (6) complex/systems of reservoirs. These
reservoirs/dams have been suitably grouped together in the six complex based on
the physiography of the river system/systems, water resources developments and
hydrologic data availability at Nodes (terminal location).

15.4 Study Scenario: The operating strategy for reservoir operation, will decide
the specification of how much water to be stored and released each period,
depending on the state of the water availability and water demands in the complex
in that period, to best attain a specified goal i.e. approximate equitable distribution
of water. So it is decided to consider following 6 scenarios covering different
conditions of probabilities of inflows in Paithan dam including the bad year and
good year.

(1) 100% dependable year of Paithan dam.
(2) 90% dependable year of Paithan dam.
(3) 75% dependable year of Paithan dam.
(4) 50% dependable year of Paithan dam.
(5) Average yield.

(6) Good year.

Above mentioned probability criterion is based on the performance requirements
of the multipurpose projects as prescribed in IS-5477- (Part-1) — 1969 i.e. the
project is successful if,;

45



(1) Domestic requirement is fulfilled for 100% of its life period.
(2) Industrial requirement is fulfilled for 90% of its life period.

(3) Irrigation requirement is fulfilled for 75% of its life period.

As the sub-basin is in water stress situation, the scenario for 50% dependability,
average Yyield and good year is also decided to be studied. The computation of
these scenarios are done to evaluate how the complex would perform if operated
in a particular manner under a given set of predetermined conditions, permitting
evaluation of the complex under a parameters and variables. The computations are
done with the following components:

(1) Water Availability / Yield. (2) Water demands. (3) Reservoir Evaporation
(4) Physical constraints (5) Options (6) Operating rules (7) Outputs.

The computation and its components are explained in the Fig.: 12

Fig.12 Study Scenarios

T Options
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The dependable year of Paithan dam is considered as study year for the whole sub
basin, so that the performance of all the complex can be evaluated in realistic
approach. The statement — 4 shows the observed yield and corresponding spills at
different locations of complex. This data is supplied by the field officers during
the study. However, the evaporation and transit losses from the carrier (river)
system are not accounted considering the limitations of the study group as
explained in earlier para 15.2. The operating strategy for reservoir operation is
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proposed to be implemented for releasing of water from Upper dams during the
monsoon months (up to October), the losses from the carrier system will be
minimal.

The water demands are considered as variable parameter. Taking into account the
priorities of water usage as per state water policy, the demands are curtailed and
water balance analysis for study year is carried out till the complex perform
successfully to meet the variable demands. The statement showing the final out
put of a six study scenarios are presented in statement 6 to 11. The output of six
scenarios is described briefly below:

(1) Operating Strategy-1 (100% dependable year of Jayakwadi Project): In this
scenario 100% dependable year (2012) of Jayakwadi Project is considered, hence
less water is available to meet the various demands. All the demands of all the
purposes will not be met in this scenario. Hence, 20% reduction in sanctioned /
design demands of (1) domestic use (2) Industrial use and (3) Kharif seasonal
crop is contemplated. It will not be possible to provide water for rabi and HW
crops in this scenario. (Statement:6).

(2) Operating Strategy-11 (90% dependable year of Jayakwadi Project) : In this
scenario 90% dependable year (2003) of Jayakwadi Project is considered, hence
less water is available to meet the various demands. All the demands of all the
purposes will not be met in this scenario. Hence, 20% reduction in sanctioned /
design demands of (1) domestic use (2) Industrial use and (3) Kharif seasonal
crop is contemplated. However, it will be possible to provide 32% of rabi
demands for protective irrigation. It will not be possible to provide water for HW
crops in this scenario (Statement — 7).

(3) Operating Strategy-111 (75% dependable year of Jayakwadi Project): In this
scenario 75% dependable year (1992) of Jayakwadi Project is considered. It is
expected that all the design demands should be satisfied in this scenario as
projects are designed for 75% dependable yield. However, study indicates that
water is not adequate to meet all the design demands. Hence, 20% reduction in
sanctioned/design demands of (1) domestic use (2) industrial use and (3) Kharif
seasonal crop is contemplated. However, it is planned to provide 52% rabi
demands for protective irrigation. It will not be possible to provide water for HW
crops in this scenario also (Statement — 8).

(4) Operating Strategy-1V (50% dependable year of Jayakwadi Project) : In this
scenario 50% dependable year (1999) of Jayakwadi Project is considered. It is
expected that all the design demands should be satisfied in this scenario as
projects are designed for 75% dependable yield. However, study indicates that
water is not adequate to meet all the design demands. Hence, 20% reduction in
sanctioned/design demands of (1) domestic use (2) Industrial use (3) Kharif
seasonal crop is contemplated. However, it will be possible to provide 72% rabi
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demands. It will not be possible to provide water for HW crops in this scenario
also (Statement — 9).

(5) Operating Strategy-V (Average yield): In this scenario average yields in all
complex are considered. It is expected that all the design demands should be
satisfied in this scenario as projects are designed for 75% dependable yield.
However, study indicates that water is not adequate to meet all the design
demands. Hence, 20% reduction in sanctioned/design demands of (1) domestic
use (2) Industrial use, (3) Kharif use and (4) Rabi use is contemplated. However,
it will not be to provide water for HW crops in this scenario also (Statement: 10).

(6) Operating Strategy — VI (Good Year) : In this scenario good year (2008) of
Jaykwadi Project is considered (IS 7323: 1994 — Good year is a year during which
the precipitation or stream flow is more than that in the normal year. Normal year,
is a year during which the precipitation or stream flow are within Plus (+) 20
percent of the long period average value). The study indicates that water is
adequate to meet all the design demands 100% (Statement — 11 ).

From all above six scenarios, it is seen that the whole sub basin (all the complex)
except Good Year scenario fails to satisfy the sanctioned/design water uses. The
scenarios support that the sub basin area is experiencing water stress and water
scarcity situation is likely to occur more frequently in future. The main reasons for
such alarming state can be summarized as under.

(1) Overestimation of water availability at planning stage.
(2) Increase in upstream design (plan) utilizations.
(3) Increase in non-irrigation uses.

The factors like rapid urbanization, high increase in population, change in lifestyle of
people and, faster industrial development have compelled to divert more and more
water to non-irrigation use irrespective of provisions in project planning. Such a
change in allocation at later stage, necessitates the revision of water planning of the
projects. The revision of water planning of the projects by way of reviewing the
sectoral allocation and thereby reducing for Agriculture use (Irrigation) will create
competition and conflict among the water users. Adoption of drip and sprinkler
irrigation methods can be made mandatory within a period of 5 years henceforth, as
envisaged in Section 14 subsection (4) of MWRRA Act. Government may consider
this sub basin as a pilot sub basin for converting the gravity irrigation into micro
irrigation system.

15.5 Distribution of Utilizable Water: The six study scenarios are analysed on the
principles of the approximate equitable and judicious distribution of available water
within the sub basin, so that the benefits of the water are equally distributed among
the different category of uses and among the upper and lower reach users. With this
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approach, & methodology, the deficits in the sub-basin are shared equitably in
proportion with the demands in holistic way. This concept is in line with the rule of
equitable apportionment of water mentioned in GWDT award.

The output of the study scenarios give the distribution of utilizable water available in
the sub basin among the various complex/systems of reservoirs under different
conditions of probabilities of inflows in Paithan dam. Table: 5 shows the output. The
water use in the kharif/monsoon period for irrigation or any other purposes including
lake evaporation is accountable in utilizable water for that complex.

15.6 Guiding Principles : The output of the six study scenario gives the
distribution of utilizable water among the various complex under different inflow
conditions. Given the utilizable water for each complex in the sub-basin for the
known or predicted availability of inflows, it is possible to specify the set of guiding
principles (operating rules) i.e. to specify the riders for synchronization of storages in
upper reservoirs with the state of Paithan dam step by step with different end target
storages.

Mula, Gangapur and Paithan dam are having carry over storage of 28.32 Mcum,
11.64 Mcum and 381.70 Mcum respectively. The storage left over unused in the
reservoir at the end of the depletion period of a year, is available for use in the later
years. The requirement of utilizable water for that dam/complex will be less to that
extent; if last year carry over is unused because of normal or good year. With this
concept, the guiding principles (operating rules) are presented in the Table: 6.
Table: 6 gives the step by step synchronization of storages in upper reservoirs with
the state of Paithan dam for different operating strategies during filling (monsoon)
period.

These guiding principles will limit the reservoir storages/levels in the different
systems of reservoirs / complex to be synchronized with the Paithan dam storage
during monsoon period. These guiding principles (operating rules) will help for the
approximate equitable & judicious distribution of water available among the different
category of uses and among the upper & lower reach users. The water deficit will get
shared equitably in proportion with the demands. These guiding principles will help
for the integrated operation of reservoirs for conservation uses during filling
(monsoon) period to achieve the objectives. This operating strategy of integrated
operation of reservoirs will mitigate the severity of water stress/ scarcity situation.
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Table: 5
Distribution of Utilizable Water Available inthe Upper Godavari {upto Paithan dam) Sub-basin among the various complex/systems of Reservoirs under
different conditions of Probabilities of Inflows in Paithan dam

Complex —3. Mula Pravara Gangapur | Godavari - Darna Palkhed Paithan
Mandhol, | Bhandardara, | Gangapur, | Alandi, Kadwa, Karanjwan, Paithan

Mula Nilwande, Kashyapi, Bham, Bhawali, Waghad,

SRR TIIT T Adhala. Gautami Waki, Darna, | Pgnegann.

Bhojapur Mukane, Waldevi | Ojharkhed,

Palkhed,

Tisgaon
Diesign Live storage | Mcum) — 617.53 a70.77 308.36 J18.38 350.34 2170.54
Carry over (Mcum) — 28.32 0.00 11.64 0.00 0.00 381.70
Design Water Use [Mcum) — 717.78 835.84 32481 1220.04 456.52 2618.59
2 s ] e s 1 s | 7 ] & |
Paithan % Demands
observed Net | D-NI | NI | K- Rl HW-
Inflow at

1 100% dep. Year | 80 a0 a0 ] 0 331.45 320 .33 158.50 460.65 253.98 117867
2 50% dep. Year ] 80 80 32 0 430.04 425 38 238.76 604 .00 253.98 1554.62
3 73% dep. Year 20 80 80 32 0 ol7 .28 500.44 263.61 736.26 287 .41 17590.43
4 50% dep. Year 80 80 80 72 0 604.56 574.596 288 .43 870.26 345.36 2027 .12
5 Average yield 80 80 80 &0 0 639.39 605.16 298.15 017.52 368.54 211554
B Good year 100 | 100 | 100 | 100 100 717.78 835.84 324.81 1220.04 456.52 2618.59




Table : 6

Upper Reservoirs' Storages to be synchronized with the state of Paithan dam storage for different Operating
Strategies during filling (Monsoon) period

Complex —>»| Paithan Mula Pravara Gangapur |Godavari- Darna Palkhed
Paithan Mandhol, |Bhandardara,| Gangapur, | Alandi, Kadwa, Karanjwan,
Mula Nilwande, Kashyapi, | Bham, Bhawali, Waghad,
Adhala, Gautami Waki, Darna, Punegaon,
Dams/Systems in complex —» Bhojapur Mukane, Ojharkhed,
Waldevi Palkhed,
Tisgaon

Strategy -I 797 (37%) | 303 (49%) | 320(56%) | 187 (61%)| 461 (64%) 254 (73%)
Strategy - 11 1173 (54%)| 402 (65%) | 425(74%) | 227 (74%)| 604 (84%) 254 (73%)
Strategy - 11 1409 (65%)| 489 (79%) | 500 (88%) | 252(82%) | 736(102%) 287 (82%)
Strategy -1V 1645 (76%)| 576(93%) | 575(101%) | 277 (90%) | 870 (121%) 345 (99%)
Strategy - V 1738 (80%)| 611(99%) | 605(106%) | 287 (93%) | 918(128%) | 369 (105%)
Strategy -VI 2237 (103%)| 689 (112%) | 836 (146%) |313 (101%)| 1220(170%) | 457 (130%)
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Above mentioned guiding principles are formulated based on the data supplied by
the GMIDC authorities. The review and updating of these principles may be done
after lapse of 5 years or shorter period as decided by the Government, taking into
account;
Q) Additional data regarding water availability
(i) Climatic or hydrological changes might have occurred
subsequently.
(iii)  Technologies for water resources development & management
may have changed significantly.
(iv)  Difficulties faced in the implementation of the proposed guiding
principles.
(V) Changes in water resources planning scenario of sub-basin.

15.7 Key Operating Specifications: The guiding principles of integrated
reservoir operation shall give specifications with reference;

Q) Quantity: How much water to be stored and released at upper
dams.

(i) Period: When water to be stored and released at upper dams.

The guiding principles mentioned in above Para 15.6 will give answer to
reference (i). The rainfall characteristics of the upper and lower reaches of the
sub-basin have been narrated in Para 5.0 of Chapter:3. About 80 to 85% of
monsoon rainfall is received by the end of August in upper reaches and whereas
in the lower reach areas, the rainfall during the month of September and October
is quite predominant. The analysis of observed net yield at Paithan dam (Para 3.4
of Chapter :3) has revealed that inflows in Paithan dam are received
predominantly during the month of August to September from upper reach
catchments after fulfilling the storage requirements of upper dams and September
to October from lower reaches (free catchment). If the upper reservoirs’ storages
are regulated/synchronized with the state of Paithan dam storage since beginning
of monsoon as per the guiding principles of reservoir operation, it will create
paradoxical situation. This situation is explained in Fig. 13

Risk in Regulating
Upper Reservoirs
during early
Monsoon periods

Upper Dams may

not attain full Spilling Paithan
Capacity atthe Dam later on
end
Fig.:13
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If the water is released from upper reservoirs in the month of July or August for
synchronizing the storage in Paithan dam, and if, Paithan dam becomes full to its
capacity and surplus later on due to rains in free catchment in the month of
September and October; replenishment of upper storages is not possible. Upper
reservoirs may not attain full storage capacity at the end of monsoon. The water
can not be transferred from lower to upper reservoirs due to the principles of
gravity. GWDT award allows the Maharashtra to use all waters upto Paithan dam
on the Godavari river. The spilling of water from Paithan dam without attaining
full storage capacity in upper reservoirs, is a loss to the State. Hence, it is logical
to regulate the upper reservoirs as per the guiding principles starting from the
beginning of September on the basis of assessment of utilizable water available
and availability of actual live storage in the individual reservoirs and systems of
reservoirs (complex) at the end of August. The release of water for synchronizing
the storages in various complex shall be effected in the month of September, and
latest by October. If the releases are made in this period, there will be minimal
transit losses in the carrier system. This answers reference (ii) above.

Real Time Integrated Operation of Reservoirs:

Water which was once considered as abundant and has now become a scarce and
economic resource. There is a water stress situation in Upper Godavari (upto
Paithan dam) sub-basin. The water resources management is challenging task
because of the ever increasing demands. There is a urgent need for conservation
of available water resources and its judicious, equitable distribution among the
different category of uses and among the stakeholders, using scientific approach.

At present, the water resources projects are mostly operated and managed
considering them as a single entity, instead of attempting integrated operation for
deriving optimum and equitable benefits. The operation of reservoirs based on
semi-rigid operation rules, which are developed taking into account the various
demands and historic / synthetic time series inflow data, often poses difficulties in
making appropriate reservoir release decisions due to uncertainty in the
probability of occurrence of inflows. Integrated operation of reservoirs in systems
of reservoirs become an operation in real time in which water control decisions
have to be taken at each instant of time.

The current water demands for various purposes, the available storage in
individual reservoirs and the distribution of utilizable water available among the
reservoirs and among the various complex will have to be considered to develop a
co-ordinated plan to produce the optimum benefits and minimize water losses due
to evaporation and transmission. In the reservoir complex, since more number of
reservoirs are involved, the regulation schedules for reservoirs operated as part of
the complex should be prepared separately for each reservoir, based on the
integrated plan of operation of reservoirs. Then, the independent schedules/
estimates should be simulated with a hypothetical operation of the complex, to
ensure that complex targets are satisfied, project objectives are maximized and an
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equitable distribution of water within the complex/systems of reservoirs is
maintained.

In Upper Godavari (upto Paithan dam) sub-basin, the reservoir operation will
involve a large number of stakeholders with different category of uses such as
domestic, irrigation, industry, hydropower and flood control. Thus, optimization
of reservoir operation will be complex, multi-purpose optimization problem
where equitable solutions between the often conflicting category of uses are
required. Real time operation will help in avoiding the situation of spilling from
Paithan dam at the state when the upper reservoirs are not full to their capacities.
It is felt necessary to develop the computer based techniques and applications of
system engineering techniques for real time integrated operation of reservoirs
with the real time data acquisition system (RTDAS) and flood forecasting model
in the Upper Godavari (upto dam) sub-basin immediately. This will require the
financial provision of about Rs. 50 crores.

Mechanism for Effective Implementation:

Terms of Reference (2) for the study group is to develop mechanism for the
effective implementation of the guiding principles. The concept of operation of
reservoirs considering it as a single entity has to be give way to the concept of
integrated reservoir operations in the sub-basin. In the Upper Godavari (upto
Paithan dam) sub-basin, there are seven (7) complex/systems of reservoirs. In the
reservoir complex, since more number of reservoirs / dams are involved, the
decision regarding operation of reservoirs would be taken at higher level than
authority competent for operation of individual reservoir system. Generally, the
authority of the entire catchment will be authority responsible for the integrated
operation of reservoirs in the sub-basin. In this sub-basin, the Executive Director,
Godavari Marathwada Irrigation  Development Corporation (Godavari
Marathwada RBA) will be the authority who would be responsible for operation
of all complex and Decision Support System so developed shall be placed under
him.

A Godavari Reservoirs Regulation Group may be established permanently which
will be responsible for the operation of reservoirs in the entire sub-basin. The
concerned Chief Engineers, Superintending Engineers and CAD Administrators
will be the members of the Group. The Group is expected to consult and/or meet
frequently in monsoon period for assessment of water availability and review,
and take decision for the integrated operation of reservoirs in the sub-basin with
more coordinated approach.

Conclusions :

The discussions were held on 23 July, 2013 at Vidhan Bhavan building, Mumbai
in presence of Hon. Minister, Water Resources (excluding MKVDC), Principal
Secretary (WRM & CAD), Principal Secretary (WRP&D) and Study Group
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members . During the discussions, the Chairman presented the present water
resources planning scenario in Upper Godavari (upto Paithan dam) sub-basin
alongwith the operating strategies for integrated operation of reservoirs. The
scope of Terms of Reference: 1 (TOR:1) was also discussed. The majority of the
study group members are of the view that the scope of TOR:1 limits the study for
formulation of guidelines for integrated operation of reservoirs to the extent not to
attain likely scarcity situation in the Paithan dam. The water scarcity is defined in
MWRRA Rules, 2013. It means that the TOR:1 is limiting the operating
strategy of reservoir operation for the release of water from the upper reservoirs
be done to the extent the Paithan reservoir reaches at level with actual live
storage equals to 33% of design live storage as on the 15" October.

The Chairman of the study group differs for limiting the operating strategy of
reservoir operation. In Upper Godavari (up to Paithan dam ) sub-basin ,the
present water resources planning scenario indicates that sub-basin is in water
deficit. The water deficit is creating water stress situation; resulting to water
crisis. The water stress situation is creating to the competition and conflict among
the different category of uses and among the upper reach and lower reach water
users. This type of situation is most likely to occur more frequently in future as
the water available is not sufficient to meet the water demands. The water stress
situation/scenario in the sub-basin is required to be managed with a well plan
strategy of deficit sharing to ensure the approximate equitable and judicious
distribution of available water resources as contemplated in MWRRA Act, 2005
and State Water Policy, adopting sub-basin as the unit. This is also described in
Para 15.1 of Chapter: 3.

In the meeting of 23 July, 2013, it was suggested from the Government side that
the study group shall suggest the guiding principles on integrated operation of
reservoirs in two phases as under :

(1) Phase-1 (Short Term Measures) : In short term measures, the guidelines are
to be formulated to the extent not to attain likely scarcity situation in Paithan
dam.

(2) Phase-1l (Long Term Measures) : In long term measures, the guiding
principles on integrated operation of reservoirs are to be suggested with a well
plan strategy of deficit sharing to ensure the approximate equitable and
judicious distribution of available water resources as contemplated in
MWRRA Act, 2005 and State Water Policy, adopting sub-basin as the unit.

The Chairman of the study group has requested to the Government vide marathi
letter no. WALMI/Est-1/2311 dated 31 July, 2013 for clarifying the scope of
TOR:1 (Appendix -5). The Government vide marathi letter no. Misc-2012/
(891/12)/2012/IM(P) dated 6 August, 2013 (Appendix -6) has clarified that the
study group shall submit the report based on the suggestions made in the meeting
of 23 July, 2013.
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The major source of sub-basin yield is in the upper reach catchment where large
number of major and medium dams have been constructed for water conservation
purposes; most of them were planned in earlier periods. Hence, the study group is
of the view that the water utilizations in upper reach need to be given with some
latitude compared with lower reach. Hence, it is recommended that one up-step
may be given to upper reservoirs’ storages to be synchronized with the state of
Paithan dam storage for different operating strategies during filling (monsoon)
period. With this recommendation, the guiding principles (operating rules) are
presented in the Table: 7. It is included in the “Recommendations” (Chapter: 4).
This will help to ensure the judicious distribution of available water resources
among the upper reach and lower reach water users.

Based on the discussions narrated in this Chapter, the study group presents the
recommendations in two Phases i.e. Phase-1 (Short Term Measures) and Phase-II
(Long Term Measures) in Chapter: 4.
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Chapter: 4

RECOMMENDATIONS

Based on the discussions and conclusions narrated in  Chapter: 3, the Study Group
presents the following recommendations in two phases on the Terms of Reference:

1.0  Phase-l (Short Term Measures):

11

1.2

1.3

14

1.5

1.6

Regulate the upper reservoirs during filling (monsoon) period based on
the strategy for integrated operation of reservoirs with coordinated
approach at Upper Godavari (upto Paithan dam) sub-basin level in such a
way that likely water scarcity situation may not be attained in Paithan
reservoir.

The upper reservoirs shall be regulated starting from the beginning of
September on the basis of assessment of utilizable water available, rainfall
forecast and availability of actual live storage in the individual reservoirs
and systems of reservoirs (complex) at the end of August. The release of
water from the various complex shall be effected in the month of
September and latest by 15™ October so that the Paithan reservoir reaches
at the level with actual live storage equals to or more than 33% of design
live storage as on the 15" October.

The guiding principles (operating rules) for operating strategy-I
presented in Table: 6 shall be followed for releasing water proportionally
from the various complex.

Kharif irrigation requirement to the extent of crop water requirement
worked out scientifically taking into consideration the conjunctive ground
water use, shall be met with from utilizable water from the respective
systems of reservoirs/complex.

Diversion of monsoon flows through canals, flood canals and
rivers/streams for kharif use out of project command area, feeding tanks,
farm ponds etc. shall be allowed only after Paithan reservoir level reaches
to its full capacity.

Above ground surface storages/ water bodies may not be created in this
sub-basin henceforth.
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2.0

Phase-11 (Long Term Measures) :

2.1

2.2

2.3

The water stress situation/scenario in Upper Godavari (upto Paithan dam)
sub-basin is required to be managed with a well plan strategy of deficit
sharing to ensure the approximate equitable and judicious distribution of
available water resources as contemplated in MWRRA Act, 2005 and
State Water Policy, adopting sub-basin as the unit.

Develop computer based techniques and applications of system
engineering techniques with the technical assistance of national/
international Institutes or Consultants for real time integrated operation of
reservoirs with the real time data acquisition system (RTDAS) and flood
forecasting model in the Upper Godavari (upto dam) sub-basin within a
period of 2 years. This will require the financial provision of about Rs. 50
crores.

Once the Decision Support System as recommended in Para 2.2 above is
in place and operative, then the strategy for integrated operation of all
the major and medium project reservoirs shall be adopted in the systems of
reservoirs/complex during filling (monsoon) period on the following
guiding principles (operating rules)  in Upper Godavari (upto Paithan
dam) sub-basin.

Guiding Principles:

(1) The distribution of utilizable water available in the sub-basin
including Kharif (monsoon) use shall be done among the various
complex/systems of reservoirs for the known or predicted availability of
inflows by implementing step by step synchronization of storages in
upper reservoirs with the state of Paithan dam storage for different
operating strategies during filling (monsoon) period. Table : 7 presents
the operating rules for the step by step synchronization of storages in
various complex under different operating strategies.

(2) Regulate the upper reservoirs as per the operating rules (guiding
principles) starting from the beginning of September on the basis of
assessment of utilizable water available, rainfall forecast and availability
of actual live storage in the individual reservoirs and systems of
reservoirs (complex) at the end of August. The release of water for
synchronizing the storages in various complex shall be effected in the
month of September and latest by October.

(3) There will be no reservoir regulation for gated (spillway) dams in
upper reach until the live storage reaches upto 53% of design live storage.
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Table : 7

Upper Reservoirs' Storages to be synchronized with the state of Paithan dam storage for different Operating
Strategies during filling (Monsoon) period (one up-step)

Complex —| Paithan Mula Pravara Gangapur [Godavari- Darna Palkhed
Paithan Mandhol, [Bhandardara,| Gangapur, | Alandi, Kadwa, | Karanjwan,
Mula Nilwande, Kashyapi, | Bham, Bhawali, Waghad,
Adhala, Gautami Waki, Darna, Punegaon,
Dams/Systems in complex — Bhojapur Mukane, Ojharkhed,
Waldevi Palkhed,
Tisgaon

Strategy - | 797 (37%) | 402 (65%) | 425(74%) |227(74%)| 604 (84%) 254 (73%)
Strategy - II 1173 (54%)| 489 (79%) | 500 (88%) | 252(82%)| 736(102%) 287 (82%)
Strategy -IlI 1409 (65%)| 576 (93%) | 575(101%) | 277 (90%) | 870(121%) 345 (99%)
Strategy - IV 1645 (76%)| 611(99%) | 605 (106%) | 287 (93%) | 918(128%) | 369 (105%)
Strategy -V 1738 (80%) | 689 (112%) | 836 (146%) |313 (101%)| 1220(170%) | 457 (130%)
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2.4

2.5

2.6

2.7

2.8

2.9

(4) Review and updating of operating rules (guiding principles) as
presented in Table: 7 may be done after lapse of 5 years or at shorter
period as decided by the Government, taking into account the difficulties
faced in the implementation and changes in water planning scenario of
sub-basin.

A Godavari Reservoirs Regulation Group shall be established permanently
headed by the Executive Director, GMIDC (RBA), Aurangabad. The
concerned Chief Engineers, Superintending Engineers and CAD
Administrators will be the members of the Group. This Group shall be
responsible for the operation of reservoirs in the entire sub-basin.  The
Group is expected to consult and/or meet fortnightly or more frequently in
monsoon period for assessment of water availability and review, and take
decisions for the integrated operation of reservoirs in the sub-basin on the
basis of principles given in above para 2.1, 2.2 and 2.3 with more
coordinated approach.

During the period of floods, the normal reservoir conservation regulation
shall be switched over to the flood moderation regulation.

Kharif irrigation requirement to the extent of crop water requirement
worked out scientifically taking into consideration the conjunctive ground
water use, shall be met with from utilizable water from the respective
systems of reservoirs/complex.

Diversion of monsoon flows through canals, flood canals and
rivers/streams for kharif use out of project command area, feeding tanks,
farm ponds etc except diversion to Majalgaon reservoir, shall be allowed
only after Paithan reservoir level reaches to its full capacity.

The carry over storage is a additional storage capacity provided within the
live storage to meet shortages during the bad years .Such storage shall not
be used during good years and normal years

Adoption of drip and sprinkler irrigation methods for increasing water use
efficiency may be made mandatory within a period of 5 years henceforth,
as envisaged in Section 14 subsection (4) of MWRRA Act. Government
may consider this sub basin as a pilot sub basin for converting the gravity
irrigation into micro irrigation system.
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2.10 It is suggested to provide a river sluice in the body of dam for all major
and medium projects to regulate reservoir operations during monsoon
period in systems of reservoirs/complex.

This Report is brought out unanimously by the Study Group.

(B.C.Kunjir)
Chief Engineer, NMR,WRD,
Nashik and Member

(H.K.Gosavi)
Chief Engineer, Planning & Hydrology,
Nashik and Member

(A.B.Patil)
Executive Director, GMIDC,
Aurangabad and Special Invitee Member
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(A.P.Kohirkar)
Superintending Engineer, GMIDC,
Aurangabad and Member Secretary

(E.B.Jogdand)
Chief Engineer & Chief Administrator,
CAD, WRD, Aurangabad and
Special Invitee Member

(C.A.Birajdar)
Chief Engineer (SP),WRD,
Pune and Member

(H.T.Mendhegiri)
Director General, WALMI,
Aurangabad and Chairman



Statement - 1

Statement showing live storage below and above crest of spillway in various gated upstream
dams of Upper Godavari (up to Paithan dam) sub - basin

Live : % of live
. Live storage
Type of Live storage above crest storage
Sr. No| Name of dam |overflow | Storage [below crest of spillwav in below Mandatory live storage
section [ in Mcum | of spillway P y crest of
. Mcum .

in Mcum spillway

Storage in
Percentage Meum

1|Mula Gated 608.81 271.56 337.25 45 53 322.67
2(Bhandardara |Gated 304.1 182.41 121.69 60 53 161.17
3[Nilwande Gated 228.75 178.02 50.73 78 53 121.24
4|Gautami Gated 52.93 41.25 11.68 78 53 28.05
5(Kashypi Gated 51.75 37.17 14.58 72 53 27.43
6|Gangapur Gated 203.88 66.87 137.01 33 53 108.06
7|Kadwa Gated 52.9 13.67 39.23 26 53 28.04
8|Darna Gated 219.82 114.75 105.07 52 53 116.50
9[Mukane Gated 204.98 120.29 84.69 59 53 108.64
10(Karanjwan Gated 166.22 91.56 74.66 55 53 88.10
11|Punegaon Gated 17.57 4.375 13.195 25 53 9.31
12|Palkhed Gated 21.24 2.248 18.992 11 53 11.26
13|Waki Gated 70.57 45.77 24.8 65 53 37.40
Total 2203.52| 1169.943 1033.577 53 53 1167.87
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Statement - 2

Statement showing Non Irrigation Use from major and medium projects in Upper Godavari
(up to Paithan dam) sub - basin

NI . Domestic Use ( Mcum) |Industrial Use ( Mcum) Total( Mcum)
provision
Sr. No.| Name of Dam |in project
Ir\jst?rrr: ) Sanctioned (2/(_)\c1:t1ujI2) Sanctioned (2/3(1:t1uj|2) Sanctioned ( 2'8%%61”2)
1 |Mandhol 0.00 1.23 0.00 0.00 0.00 1.23 0.00
2 |Mula 59 12 95.27|  43.78 15.09 3.49 110.36 47.27
3 |Bhandardara 0.00 4333 2489 23.42 23.42 66.75 48.31
4 |INilwande 13.15 13.15 0.00 0.00 0.00 13.15 0.00
5 |Adhala 0.00 3.32 2.85 0.00 0.00 3.32 2.85
6  |Bhojapur 0.00 2.29 2.34 0.00 0.00 2.29 2.34
7 |Gautami 0.00 20.81 0.02 0.00 0.00 20.81 0.02
g |Gangapurand | 444 110.40|  140.99 55.56 24.97 165.96|  165.96
Kashypi
9 |Ajandi 0.00 0.00 0.00 0.06 0.03 0.06 0.03
10 |Kadwa 0.60 18.00 1.92 0.00 0.00 18.00 1.92
11 |parna 0.00 54.30|  37.43 7.13 3.74 61.43 4117
12 |Mukane 7216 19.68 1.10 2.59 0.66 22.27 1.76
13 [Waldevi 0.00 0.12 0.00 12.18 3.80 12.30 3.80
14 |Karnjwan 0.00 0.00 0.00 1.10 0.38 1.10 0.38
15 Ojharkhed 1.27 3.19 1.93 0.25 0.53 3.44 2.46
16 |palkhed 19.38 2381|  66.51 4.95 1.82 28.76 68.33
17 Tisgaon 0.00 0.92 0.43 0.00 0.00 0.92 0.43
Total 1to 17 202.47 409.82 324.19 122.33 62.84 532.15 387.03
18  |paithan 0.00 283.27 101.65 160.74 56.57 444.01 158.22
Grand total 202.47 693.09 425.84 283.07 11941 976.16 545.25
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Statement -3

Annual observed net yield series at Paithan dam for the period from 1975to 2012

ST3.XLS;Jayakwadi P- 1

64

Annual yld in |Dependable yield in Mcum
Annual yld )
Sr.No. Year (Mcum) Year descending S—
order (Mcum) | pep. Yieldin | yoor
Mcum
1 1975| 4296.07 2006 7889.13
2 1976 7235.58 1976 7235.58
3 1977 2557.31 1990 4842.58
4 1978 1446.54 2005 4589.72
5 1979| 4521.87 1979 4521.87
6 1980 3552.90 1975 4296.07
7 1981 3776.92 1994 4251.18
8 1982 1810.04 1983 4023.39
9 1983| 4023.39 1981 3776.92
10 1984 1486.84 1980 3552.90
11 1985 701.77 2008 3033.00
12 1986 739.84 1998 2853.93
13 1987 831.32 1991 2836.90
14 1988 2592.78 2007 2660.00
15 1989| 2142.24 1988 2592.78
16 1990| 4842.58 1977 2557.31
17 1991 2836.90 2004 2485.63
18 1992 801.74 1989 2142.24
19 1993 1338.87 1999 2067.51 50%| 2067.51 1999
20 1994| 4251.18 1982 1810.04
21 1995 382.68 1984 1486.84
22 1996 1138.86 1997 1475.72
23 1997 1475.72 1978 1446.54
24 1998 2853.93 1993 1338.87
25 1999| 2067.51 2010 1275.00
26 2000 729.20 1996 1138.86
27 2001 562.56 2011 1134.00
28 2002 408.49 1987 831.32
29 2003 558.86 1992 801.74 75% 816.53 1992
30 2004| 2485.63 1986 739.84
31 2005| 4589.72 2000 729.20
32 2006| 7889.13 1985 701.77
33 2007| 2660.00 2001 562.56
34 2008| 3033.00 2003 558.86
35 2009 388.00 2002 408.49 90% 528.79 2003
36 2010 1275.00 2009 388.00
37 2011 1134.00 1995 382.68
38 2012 122.05 2012 122.05 100% 122.05 2012
Average= 2356.34




Statement - 4

Statement showing Observed yield and corresponding spills at dependable year of Jayakwadi project .
(Figures in Mcum)

Annual yield Spills
Sr.| Name of dam/ Good Good
No. complex 1999 1992 | 2003 2012 | Average| year | 1999 | 1992 | 2003 | 2012 |Average| year
2008 2008

1 [Mandhol 10.29] 55.88 3.61 2.81 16.67 18.30
2 [Mula 695.82| 368.94( 443.49| 527.62 801.33| 937.17| 29.17 0.00 0.00 0.00( 151.69| 197.54
3 [Ozer weir(virgin) 651.00| 515.14( 613.45| 550.00 701.68( 796.66| 172.25| 52.59| 122.04 2.46| 233.86
4 |Gangapur 278.74| 243.07| 347.24| 224.82 350.66( 477.91 153.1
5 [N.M. Weir(virgin) 1147.50| 687.74| 2379.26| 1356.87| 1385.74| 3175.09( 121.51 37.58(1056.06( 249.39( 750.78| 1863.88
6 (Karanjwan 166.22| 128.47| 156.85| 108.54 175.49| 215.97

Waghad 83.76] 101.26 82.09 78.47 95.52| 102.45

Punegaon 7.87 N.C. 15.91 38.09 20.97 67.14

Ojharkhed 62.32| 76.82 49.24 32.88 67.88| 112.98

Palkhed 22.51| 207.86 69.54 83.71 167.80| 261.47

Tisgaon 6.80 N.C. 11.27 3.04 16.22 19.75

Total Palkhed 349.48( 514.41| 384.90( 344.73 543.88 779.76 0.00| 105.81 20.55| 14.45 75.09 170.34
7 [Paithan 2067.51| 816.53| 528.79| 122.05| 2356.34| 3033.00

N.C. - Not completed
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Statem

ent-5

Statement showing the Live Storage and Water Utilisations of irrigation projects in Upper Godavari (upto Paithan dam) Sub basin

(Figures in Mcum)

Design Live Storage

Design Water Use

Sr-No. Name of Dam and Complex Major | Medium | Minor Total Major | Medium| Minor Total
1 2 3 4 5 6 7 8 9 10
A Mula Complex
1{Mandohal dam 8.78 8.78 13.15 13.15
2(Mula Dam 608.81 608.81 704.63 704.63
3[M.1.& KT weirs.(State) (35 Nos.) 76.80 76.80 76.80 76.80
4|Local Sector (46 Nos.) 14.22 14.22 14.22 14.22
5[Sanctioned Kharif use _on Reservoir and River 20.72 20.72
Total for Complex 608.81 8.78 91.02 708.61 704.63 13.15| 111.74 829.52
B Pravara Complex
1{Bhandardara dam 304.10 304.10 434.64 434.64
2|Nilwande dam 228.75 228.75 351.77 351.77
3|Adhala dam 27.61 27.61 38.73 38.73
4|Bhojapur dam 10.31 10.31 10.70 10.70
5[M.l.(State) (5 Nos) 19.56 19.56 23.56 23.56
6|Bhojapur Flood canals 7.12 7.12
7|M.1. (Local.Sector.) (86 Nos) 35.50 35.50 35.50 35.50
8|Sanctioned Kharif use on Reservoir and River 57.89 57.89
Total for Complex 532.85 37.92 55.06 625.83 786.41 49.43| 124.07 959.91
C Gangapur Complex
1{Kikwi dam (under construction) 60.02 60.02 45.21 45.21
2|Guatami Godavari dam 52.93 52.93 54.68 54.68
3|Kasyapi dam 51.75 51.75 55.31 55.31
4|Gangapur dam 203.88 203.88 169.61 169.61
5|M.I.(State) (7 Nos.) 26.66 26.66 26.66 26.66
6|Local Sector (69 Nos.) 24.54 24.54 24.54 24.54
7[Sanctioned Kharif use on Reservoir and River 29.52 29.52
Total for Complex 203.88| 164.70 51.20 419.78 169.61| 155.20 80.72 405.53
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Design Live Storage

Design Water Use

Sr-No. Name of Dam and Complex Major | Medium [ Minor Total Major | Medium| Minor Total
1 2 3 4 5 6 7 8 9 10
D Godavari - Darna Complex
1|Alandi dam 27.47 27.47 40.67 40.67
2|Upper Kadwa dam (proposed) 13.69 13.69 17.18 17.18
3|Kadwa dam 52.90 52.90 80.70 80.70
4|Bham dam (under construction) 69.76 69.76 8.78 8.78
5|Bhawali dam 40.79 40.79 18.64 18.64
6|Waki dam (under construrction) 70.57 70.57 12.85 12.85
7|Darna dam 219.82 219.82 47.89 47.89
8|Mukane dam 204.98 204.98 102.46 102.46
9(Waldevi dam 32.09 32.09 20.76 20.76
10{N.M.weir
a) N M Express canal 445.05 445.05
b) Godavari canals 442.24 442.24
c) Transit and Evaporation Losses 45.88 45.88
11|M.1.(State) (27 Nos.) 89.73 89.73 96.32 96.32
12|Local Sector (5 Nos.) 1.52 1.52 1.52 1.52
13|Sanctioned Kharif use on Reservoir and River 9.22 9.22
Total for Complex 658.82 73.25 91.25 823.32| 1204.49 78.61| 107.06] 1390.16
E Palkhed Complex
1|{Karanjwan dam 166.22 166.22 24.92 24.92
2|Waghad dam 72.23 72.23 46.29 46.29
3|Punegaon dam 17.57 17.57 0.00 0.00
4|0zarkhed dam 60.32 60.32 105.29 105.29
5|Palkhed dam 21.24 21.24 279.18 279.18
6| Tisgaon system 12.76 12.76 0.84 0.84
7|M.1.(State) (8 Nos.) 19.69 19.69 19.69 19.69
8|Local Sector (23 Nos.) 9.21 9.21 9.21 9.21
9|Sanctioned Kharif use on Reservoir and River, 20.45 20.45
Total for Complex 350.34 0.00 28.90 379.24 456.52 0.00 49.35 505.87
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Design Live Storage

Design Water Use

Sr-No. Name of Dam and Complex Major | Medium [ Minor Total Major | Medium| Minor Total
1 2 3 4 5 6 7 8 9 10
F Remaining upto Paithan dam
1{Below Mula dam
M.1.& KT weirs (State) (7 Nos.) 14.15 14.15 14.15 14.15
2|Below NM weir
a) KT weirs (state) (12 Nos.) 60.22 60.22 60.22 60.22
b) MI Tanks (State) (1 No.) 1.34 1.34 1.34 1.34
3|Below Ozer weir
a) M.1.(State) (2 NOs) 251 2.51 3.56 3.56
b) K.T. weir (State) (12 Nos.) 28.38 28.38 28.38 28.38
4| Tembhapuri dam 19.61 19.61 22.13 22.13
5|Dheku dam 12.17 12.17 13.53 13.53
6(Kolhi dam 3.24 3.24 3.95 3.95
7|Narangi dam 11.50 11.50 13.30 13.30
8[Bor Dahegaon dam 11.47 11.47 15.10 15.10
9[Ambadi dam 9.42 9.42 12.76 12.76
10(Shivana Takli dam 37.06 37.06 44.22 44.22
11| MI(State) (41 Nos.) 94.94 94.94 103.49 103.49
12| MI (L.S.) (172 Nos.) 44.00 44.00 44.00 44.00
13|Bramhagavan LIS 1l 85.00 85.00
Total for Complex 0.00 104.47| 245.54 350.01 0.00f 124.99| 340.14 465.13
Grand Total (Ato F) 2354.70 389.12| 562.98| 3306.79| 3321.66| 421.38] 813.08] 4556.12
G Paithan dam 2170.94 2170.94| 2618.59 2618.59
a) Tajnapur LIS | (45.77 Mcum)
b) Bramhagavan LIS | (27.518 Mcum)
c) Tajnapur LIS Il (63.977 Mcum)
d) Individual lifts on Reservoir and River (64.88 Mcum)
Grand Total for Sub basin 4525.64| 389.12( 562.98( 5477.73| 5940.25| 421.38| 813.08 7174.71
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Statement showing the Water Planning

Statement - 6

in Upper Godavari (up to Paithan dam) Sub basin considering 100 % dependable year of Jayakwadi Project

(Figures in Mcum)
Total Use
Design Total Use Total Use restricted | Balance Balance
Sr Name of Dam and Gated/ Yield in Dead . 9 Mandatory | Domestic | Industrial | Kharif Rabi H.W. Evaporat| . to design |yield after
Live . exclud. . includ. - water for
no. complex Ungated | year 2012 | Storage Live storage Use Use Use Use Use ion. use fulfilling .
Storage Evapo. Evapo. | . ; Paithan Dam
including | Total Use
Evapo.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1|Mandhol Ungated 2.81( 2.52 8.78 8.78 0.98 0.00 3.45 0.00 0.00 4.43 1.43 5.86 13.15
2[Mula - Spills Gated 527.62| 127.42 608.81 322.67 76.22 12.07 134.75 0.00 0.00 223.04 59.53 282.57 704.63
Total for complex 530.43| 129.94 617.59 331.45 77.20 12.07 138.20 0.00 0.00 227.47 60.96 288.43 717.78 242.00 198.98
3[Bhandardara Gated 8.50 304.10 161.17 34.66 18.74 94.24 0.00 0.00 147.64 13.14 160.78 434.64
4[Nilwande Gated 7.25 228.75 121.24 10.52 0.00 102.53 0.00 0.00 113.05 10.44 123.49 351.77
5[Adhala Ungated 2.42 27.61 27.61 2.66 0.00 10.55 0.00 0.00 13.21 3.12 16.33 38.73
6(Bhojapur Ungated 3.03 10.31 10.31 1.83 0.00 0.77 0.00 0.00 2.60 1.36 3.96 10.70
7|Ozer Weir- spills Ungated 547.54
Total for complex 547.54 21.20 570.77 320.33 49.67 18.74 208.09 0.00 0.00 276.50 28.06 304.56 835.84 242.98 227.21
8|Gautami Gated 0.32 52.93 28.05 16.65 0.00 11.12 0.00 0.00 27.77 2.81 30.58 54.68
9(Kashypi Gated 0.95 51.75 27.43 0.00 0.00 6.14 0.00 0.00 6.14 2.02 8.15 55.31
10|Gangapur Gated 224.82( 12.00 203.88 108.06 88.32 44.45 0.00 0.00 0.00 132.77 27.00 159.77 214.82
Total for complex 224.82 13.27 308.56 163.54 104.97 44.45 17.26 0.00 0.00 166.67 31.83 198.50 324.81 26.32 26.32
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Total Use

Design Total Use Total Use restricted | Balance Balance
Sr Name of Dam and Gated/ Yield in Dead . 9 Mandatory | Domestic | Industrial | Kharif Rabi H.W. Evaporat| . to design |yield after
Live . exclud. . includ. - water for
no. complex Ungated | year 2012 | Storage Live storage Use Use Use Use Use ion. use fulfilling .
Storage Evapo. Evapo. | . ; Paithan Dam
including | Total Use
Evapo.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
11|Alandi Ungated 2.06 27.47 27.47 0.00 0.05 7.93 0.00 0.00 7.98 3.41 11.39 40.67

12|Kadwa Gated 6.68 52.90 28.04 14.40 0.00 24.43 0.00 0.00 38.83 8.96 47.78 80.70

13(Bham Ungated 5.66 69.76 69.76 0.00 0.00 0.00 0.00 0.00 0.00 2.22 2.22 8.78

14|Bhawali Ungated 3.96 40.79 40.79 0.00 0.00 3.09 0.00 0.00 3.09 1.35 4.44 18.64

15|Waki Gated 5.23 70.57 37.40 0.00 0.00 0.00 0.00 0.00 0.00 4.62 4.62 12.85

16|Darna Gated 7.05 219.82 116.50 43.44 5.70 4.54 0.00 0.00 53.68 30.52 84.20 47.89

17|Mukane Gated 9.18 204.98 108.64 15.74 2.07 0.52 0.00 0.00 18.34 22.27 40.61 102.46

18|Waldevi Ungated 1.92 32.09 32.09 0.10 9.74 5.58 0.00 0.00 15.42 4.04 19.45 20.76

19|N.M Express canal 0.00 0.00 103.25 0.00 0.00 103.25 103.25 445.05

20|Godavari canals 0.00 0.00 76.48 0.00 0.00 76.48 76.48 442.24

21|NM Weir- Spills 1107.48

Total for complex 1107.48 41.74 718.38 460.69 73.68 17.57 225.81 0.00 0.00 317.05 77.38 394.44 1220.04 713.04 646.79
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Total Use

Design Total Use Total Use restricted | Balance Balance
Sr Name of Dam and Gated/ Yield in Dead . 9 Mandatory | Domestic | Industrial | Kharif Rabi H.W. Evaporat| . to design |yield after
Live . exclud. . includ. - water for
no. complex Ungated | year 2012 | Storage Live storage Use Use Use Use Use ion. use fulfilling .
Storage Evapo. Evapo. | . ; Paithan Dam
including | Total Use
Evapo.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
22|Karanjwan Gated 108.54( 9.34 166.22 88.10 0.00 0.88 2.25 0.00 0.00 3.13 4.62 7.75 24.92
23|Waghad Ungated 78.47| 4.25 72.23 72.23 0.00 0.00 9.85 0.00 0.00 9.85 1.93 11.78 46.29
24|Punegaon Gated 38.09( 2.81 17.57 9.31 0.00 0.00 2.81 0.00 0.00 2.81 0.60 3.41 0.00
25|0Ojharkhed Ungated 32.88| 7.64 60.32 60.32 2.55 0.20 15.54 0.00 0.00 18.29 2.25 20.54 105.29
26|Palkhed Gated 83.71 1.77 21.24 11.26 19.05 3.96 63.70 0.00 0.00 86.70 2.20 88.90 279.18
27|Tisgaon Ungated 3.04| 2.70 12.76 12.76 0.74 0.00 2.75 0.00 0.00 3.49 0.87 4.36 0.84
28|Spills -14.45
Total for complex 330.28 28.51 350.34 253.98 22.34 5.04 96.89 0.00 0.00 124.26 12.48 136.74 456.52 193.54 76.30
29|Paithan Gated 122.05| 738.10 2170.94 0.00 226.62 128.59 427.72 0.00 0.00 782.93| 395.74| 1178.67 2618.59 118.98 -1175.60
Grand Total 2862.60| 972.76| 4736.58 1529.99 554.47 226.46| 1113.96 0.00 0.00| 1894.89| 606.45( 2501.34| 6173.58
Notes :

1) Mandatory live storage is as per statement no 1,considering the spillway release restrictions
2) Yield is calculated after deducting spills from observed yield for Mula (Zero Mcum), Ozar weir (2.46 Mcum), N M Weir(249.39 Mcum), Palkhed (14.45 Mcum )
3) Non Irrigation water demands are considered at 80% ,as sanctioned demands account for future demands.

)
)

4) Irrigation demands are considered at 80 % of design use taking into account the efficient use of water .
)

5) For 100% dependable year, If the Rabi and Hot Weather demands are curtailed to Zero ,then all the complex satisfy the remaining requirements.
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Statement - 7

Statement showing the Water Planning in Upper Godavari ( upto Paithan dam) Sub basin considering 90 % dependable year of Jayakwadi project.
(Figures in Mcum)

Total Use [Balance
. . Balance
Design | Mandator Total Total Use restricted | - yield water
Sr | Name of Dam and | Gated/ | Yield in Dead . g - y Domestic | Industrial [ Kharif Rabi H.W. Use [Evaporat| . to design | after
Live Live . includ. . for
no. complex Ungated | year 2003 | Storage Use Use Use Use Use exclud. ion. use fulfilling .
Storage storage Evapo. | . . Paithan
Evapo. including | Total
Dam
Evapo. Use
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1|Mandhol Ungated 3.61 2.52 8.78 8.78 0.98 0.00 3.45 2.37 0.00 6.80 1.43 8.23 13.15
2[Mula - Spills Gated 443.49| 127.42 608.81 322.67 76.22 12.07 134.75| 128.19 0.00f 351.23 70.57 421.81 704.63
Total for complex 447.10| 129.94 617.59 331.45 77.20 12.07 138.20| 130.56 0.00f 358.04 72.00 430.04 717.78 17.06( 17.06
3[Bhandardara Gated 8.50 304.10 161.17 34.66 18.74 94.24| 4474 0.00f 192.38 16.66 209.03 434.64
4|Nilwande Gated 7.25 228.75 121.24 10.52 0.00 102.53| 63.32 0.00f 176.36 12.71 189.08 351.77
5[Adhala Ungated 242 27.61 27.61 2.66 0.00 10.55 4.30 0.00 17.51 3.12 20.63 38.73
6[Bhojapur Ungated 3.03 10.31 10.31 1.83 0.00 0.77 2.68 0.00 5.28 1.36 6.64 10.70
7|Ozer Weir- spills Ungated 491.41
Total for complex 491.41 21.20 570.77 320.33 49.67 18.74 208.09( 115.04 0.00f 39153 33.85 425.38 835.84 66.03| 66.03
8|Gautami Gated 0.32 52.93 28.05 16.65 0.00 11.12 9.73 0.00 37.50 3.29 40.79 54.68
9[Kashypi Gated 0.95 51.75 27.43 0.00 0.00 6.14 2.51 0.00 8.65 2.34 10.99 55.31
10{Gangapur Gated 347.24( 12.00 203.88 108.06 88.32 44.45 0.00| 24.88 0.00f 157.65 29.32 186.98 214.82
Total for complex 347.24 13.27 308.56 163.54 104.97 44.45 17.26| 37.12 0.00f 203.80 34.96 238.76 324.81 108.48| 108.48
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Total Use

Balance

- . Balance
Design | Mandator Total Total Use restricted | - yield water
Sr | Name of Dam and | Gated/ | Yield in Dead . 9 . y Domestic | Industrial [ Kharif Rabi H.W. Use [Evaporat| . to design | after
Live Live - includ. o for
no. complex Ungated | year 2003 | Storage Use Use Use Use Use exclud. ion. use fulfilling .
Storage storage Evapo. | . ; Paithan
Evapo. including | Total
Dam
Evapo. Use
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
11|Alandi Ungated 2.06 27.47 27.47 0.00 0.05 7.93 8.93 0.00 16.91 5.27 22.17 40.67
12|Kadwa Gated 6.68 52.90 28.04 14.40 0.00 24431 1140 0.00 50.23 10.30 60.53 80.70
13(Bham Ungated 5.66 69.76 69.76 0.00 0.00 0.00 0.00 0.00 0.00 8.78 8.78 8.78
14 (Bhawali Ungated 3.96 40.79 40.79 0.00 0.00 3.09 2.22 0.00 5.30 5.32 10.62 18.64
15(Waki Gated 5.23 70.57 37.40 0.00 0.00 0.00 0.00 0.00 0.00 6.91 6.91 12.85
16(Darna Gated 7.05 219.82 116.50 43.44 5.70 4.54 4.68 0.00 58.36 35.06 93.42 47.89
17|Mukane Gated 9.18 204.98 108.64 15.74 2.07 0.52 0.37 0.00 18.71 25.36 44.07 102.46
18|Waldevi Ungated 1.92 32.09 32.09 0.10 9.74 5.58 4.84 0.00 20.25 4.62 24.87 20.76
19|N.M Express canal 0.00 0.00 103.25| 74.06 0.00f 177.30 177.30 445.05
20|Godavari canals 0.00 0.00 76.48| 78.84 0.00f 155.32 155.32 442.24
21|NM Weir - spills 1323.20
Total for complex 1323.20 41.74 718.38 460.69 73.68 17.57 225.81| 185.34 0.00f 502.39| 101.61 604.00 1220.04 719.20| 719.20
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Total Use

Balance

- . Balance
Design | Mandator Total Total Use restricted | - yield water
Sr | Name of Dam and | Gated/ | Yield in Dead . 9 . y Domestic | Industrial | Kharif Rabi H.W. Use [Evaporat| . to design | after
Live Live - includ. o for
no. complex Ungated | year 2003 | Storage Use Use Use Use Use exclud. ion. use fulfilling .
Storage storage Evapo. | . ; Paithan
Evapo. including | Total
Dam
Evapo. Use
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
22|Karanjwan Gated 156.85| 9.34 166.22 88.10 0.00 0.88 2.25 1.64 0.00 4.77 7.76 12.53 24.92
23|Waghad Ungated 82.09| 4.25 72.23 72.23 0.00 0.00 9.85 8.61 0.00 18.46 3.23 21.69 46.29
24|Punegaon Gated 15.91( 2.81 17.57 9.31 0.00 0.00 2.81 5.23 0.00 8.04 1.01 9.04 0.00
25|QOjharkhed Ungated 49.24| 7.64 60.32 60.32 2.55 0.20 15.54| 13.34 0.00 31.62 3.78 35.40 105.29
26|Palkhed Gated 69.54| 1.77 21.24 11.26 19.05 3.96 63.70| 53.49 0.00f 140.19 3.70 143.89 279.18
27|Tisgaon Ungated 11.27 2.70 12.76 12.76 0.74 0.00 275 1.96 0.00 5.45 1.46 6.91 0.84
28|Spills -20.55
Total for complex 364.35 28.51 350.34 253.98 22.34 5.04 96.89| 84.26 0.00f 208.52 20.94 229.46 456.52( 134.89| 110.37
29|Paithan Gated 528.79( 738.10 2170.94 0.00 226.62 128.59 427.72 334.16 0.00( 1117.08| 437.54| 1554.62 2618.59 -4.69|-1021.14
Grand Total 3502.09| 972.76( 4736.58 1529.99 554.47 226.46| 1113.96| 886.48 0.00| 2781.36( 700.91| 3482.27| 6173.58
Notes :

1) Mandatory live storage is as per statement no 1,considering the spillway release restrictions
2) Yield is calculated after deducting spills from observed yield for Mula (0 Mcum), Ozar weir (122.04 Mcum), N M Weir(1056.06 Mcum),

and Palkhed ( 20.55 Mcum)
3) Non Irrigation water demands are considered at 80% ,as sanctioned demands account for future demands.
4) Irrigation demands are considered at 80 % of design use taking into account the efficient use of water .
5) For 90% dependable year, if Hot Weather demands are curtailed to zero, and Rabi demands reduced by 60% further(i.e. Demands= 32%),

and use of carryover of Paithan dam to the extent of 4.69 Mcum out of 381.70 Mcum, then all the complex satisfy the remaining requirements.
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Statement - 8

Statement showing the Water Planning in Upper Godavari ( upto Paithan dam) Sub basin considering 75% dependable year of Jayakwadi Project

(Figures in Mcum)
Total Use [Balance
restricted | yield |Caance
Sr | Name of Dam and | Gated/ | Yield in Dead Deglgn Mangatory Domestic | Industrial [ Kharif . H.W. Total Use Evaporat Tgtal Use to design | after water
Live Live Rabi Use exclud. - includ. o for
no. complex Ungated | year 1992 | Storage Use Use Use Use ion. use fulfilling .
Storage storage Evapo. Evapo. |. ; Paithan
including | Total
Dam
Evapo. Use
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1|Mandhol Ungated 55.88 2.52 8.78 8.78 0.98 0.00 3.45 3.85 0.00 8.29 1.43 9.72 13.15
2[Mula - Spills Gated 368.94 127.42 608.81 322.67 76.22 12.07 134.75| 208.31 0.00 431.35 76.21 507.56 704.63
Total for complex 424.82( 129.94 617.59 331.45 77.20 12.07 138.20| 212.17 0.00 439.64 77.64 517.28 717.78| -92.46 0.00
3|Bhandardara Gated 8.50 304.10 161.17 34.66 18.74 94.24 72.70 0.00 220.34 18.65 238.99 434.64
4|Nilwande Gated 7.25 228.75 121.24 10.52 0.00 102.53| 102.89 0.00 215.94 13.87 229.81 351.77
5|Adhala Ungated 2.42 27.61 27.61 2.66 0.00 10.55 6.99 0.00 20.20 3.12 23.32 38.73
6|Bhojapur Ungated 3.03 10.31 10.31 1.83 0.00 0.77 4.36 0.00 6.96 1.36 8.32 10.70
7|(Ozer Weir- spills Ungated 462.55
Total for complex 462.55 21.20 570.77 320.33 49.67 18.74( 208.09( 186.93 0.00 463.43 37.01 500.44 835.84 -37.89 0.00
8|Gautami Gated 0.32 52.93 28.05 16.65 0.00 11.12 15.81 0.00 43.58 3.48 47.06 54.68
9|Kashypi Gated 0.95 51.75 27.43 0.00 0.00 6.14 4.08 0.00 10.22 2.53 12.75 55.31
10|Gangapur Gated 243.07 12.00 203.88 108.06 88.32 44.45 0.00 40.44 0.00 173.20 30.60 203.80 214.82
Total for complex 243.07 13.27 308.56 163.54 104.97 44.45 17.26 60.33 0.00 227.00 36.61 263.61 324.81( -20.54 0.00
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Total Use

Balance

restricted | yield |Caance
Sr | Name of Dam and | Gated/ | Yield in Dead Deglgn Mangatory Domestic | Industrial [ Kharif . H.W. Total Use Evaporat Tgtal Use to design | after water
Live Live Rabi Use exclud. - includ. . for
no. complex Ungated | year 1992 | Storage Use Use Use Use ion. use fulfilling .
Storage storage Evapo. Evapo. |. ; Paithan
including | Total
Dam
Evapo. Use
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
11|Alandi Ungated 2.06 27.47 27.47 0.00 0.05 7.93 14.51 0.00 22.49 6.24 28.73 40.67
12|Kadwa Gated 6.68 52.90 28.04 14.40 0.00 24.43 18.52 0.00 57.35 11.09 68.44 80.70
13|Bham Ungated 5.66 69.76 69.76 0.00 0.00 0.00 0.00 0.00 0.00 8.78 8.78 8.78
14|Bhawali Ungated 3.96 40.79 40.79 0.00 0.00 3.09 3.60 0.00 6.69 5.32 12.01 18.64
15|Waki Gated 5.23 70.57 37.40 0.00 0.00 0.00 0.00 0.00 0.00 9.09 9.09 12.85
16|Darna Gated 7.05 219.82 116.50 43.44 5.70 4.54 7.60 0.00 61.28 41.69 102.97 47.89
17|Mukane Gated 9.18 204.98 108.64 15.74 2.07 0.52 0.60 0.00 18.94 30.60 49.54 102.46
18| Waldevi Ungated 1.92 32.09 32.09 0.10 9.74 5.58 7.86 0.00 23.27 5.22 28.49 20.76
19|N.M Express canal 0.00 0.00 103.25| 120.34 0.00 223.59 223.59 445.05
20|Godavari canals 0.00 0.00 76.48| 128.12 0.00 204.60 204.60 442.24
21|NM Weir - Spills 650.16
Total for complex 650.16 41.74 718.38 460.69 73.68 1757 225.81| 301.17 0.00 618.22| 118.04 736.26 1220.04| -86.10 0.00
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Total Use

Balance

restricted | yield |Caance
Sr | Name of Dam and | Gated/ | Yield in Dead Deglgn Mangatory Domestic | Industrial [ Kharif . H.W. Total Use Evaporat Tgtal Use to design | after water
Live Live Rabi Use exclud. - includ. . for
no. complex Ungated | year 1992 | Storage Use Use Use Use ion. use fulfilling .
Storage storage Evapo. Evapo. |. ; Paithan
including | Total
Dam
Evapo. Use
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
22|Karanjwan Gated 128.47 9.34 166.22 88.10 0.00 0.88 2.25 2.66 0.00 5.79 9.72 15.51 24.92
23|Waghad Ungated 101.26 4.25 72.23 72.23 0.00 0.00 9.85 13.99 0.00 23.84 4.05 27.89 46.29
24|Punegaon Gated 0.00 2.81 17.57 9.31 0.00 0.00 2.81 8.50 0.00 11.30 1.26 12.56 0.00
25|QOjharkhed Ungated 76.82 7.64 60.32 60.32 2.55 0.20 15.54 21.67 0.00 39.96 4.73 44.69 105.29
26|Palkhed Gated 207.86 1.77 21.24 11.26 19.05 3.96 63.70 86.92 0.00 173.62 4.63 178.25 279.18
27|Tisgaon Ungated 0.00 2.70 12.76 12.76 0.74 0.00 2.75 3.18 0.00 6.67 1.83 8.50 0.84
28|Spills -105.81
Total for complex 408.60 28.51 350.34 253.98 22.34 5.04 96.89| 136.92 0.00 261.19 26.23 287.41 456.52( 121.19| 121.19
29|Paithan Gated 816.53| 738.10 2170.94 0.00 226.62 128.59| 427.72| 543.00 0.00 1325.93| 464.50 1790.43 2618.59| -852.71( -121.19
Grand Total 3005.73| 972.76 4736.58 1529.99 554.47 226.46| 1113.96| 1440.52 0.00 3335.41| 760.02( 4095.43 6173.58
Notes :

1) Mandatory live storage is as per statement no 1,considering the spillway release restrictions
2) Yield is calculated after deducting spills from observed yield for Mula (0 Mcum), Ozar weir (52.59 Mcum), N M Weir(37.58 Mcum) and Palkhed (105.81 Mcum)

3) Non irrigation water demands are considered at 80%, as sanctioned demands account for future demands.

4) Irrigation demands are considered at 80% of design use taking into account the efficient use of water
5) For 75% dependable year, Hot Weather demands are curtailed to zero and Rabi demands reduced by 35% further (i.e. demands = 52%). All the complex except
Palkhed fail to satisfy the remaining requirements. In case of Mula, Gangapur and Paithan dams, the short fall can be met with from carry over to some extent.

77




Statement -9

Statement showing the Water Planning in Upper Godavari (upto Paithan dam) Sub basin considering 50% dependable year of Jayakwadi project.

(Figures in Mcum)
Total Use |Balance
Design | Mandator Total Use Total Use restricted | yield Balance
Sr | Name of Dam and | Gated/ |Yield inyear| Dead . 9 . Y| Domestic | Industrial | Kharif . Evaporat| . to design after water for
Live Live Rabi Use [H.W. Use| exclud. . includ. o .
no. complex Ungated 1999 Storage Use Use Use ion. use fulfilling| Paithan
Storage storage Evapo. Evapo. | . .
including | Total Dam
Evapo. Use
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1{Mandhol Ungated 10.29 2,52 8.78 8.78 0.98 0.00 3.45 5.34 0.00 9.77 1.43 11.20 13.15
2[Mula - Spills Gated 666.65( 127.42 608.81 322.67 76.22 12.07 134.75 288.43 0.00 511.47 81.89 593.36 704.63
Total for complex 676.94 129.94 617.59 331.45 77.20 12.07 138.20 293.77 0.00 521.24 83.32 604.56 717.78 72.39 72.39
3[Bhandardara Gated 8.50 304.10 161.17 34.66 18.74 94.24 100.66 0.00 248.30 20.35 268.64 434.64
4[Nilwande Gated 7.25 228.75 121.24 10.52 0.00 102.53 142.46 0.00 255.51 14.80 270.31 351.77
5[Adhala Ungated 2.42 27.61 27.61 2.66 0.00 10.55 9.68 0.00 22.89 3.12 26.01 38.73
6|Bhojapur Ungated 3.03 10.31 10.31 1.83 0.00 0.77 6.03 0.00 8.63 1.36 9.99 10.70
7|Ozer Weir- spills Ungated 574.96
Total for complex 574.96 21.20 570.77 320.33 49.67 18.74 208.09 258.83 0.00 535.33 39.63 574.96 835.84 0.00 0.00
8|Gautami Gated 0.32 52.93 28.05 16.65 0.00 11.12 21.89 0.00 49.66 3.74 53.39 54.68
9|Kashypi Gated 0.95 51.75 27.43 0.00 0.00 6.14 5.65 0.00 11.79 2.71 14.50 55.31
10|Gangapur Gated 278.74 12.00 203.88 108.06 88.32 44.45 0.00 55.99 0.00 188.76 31.78 220.54 214.82
Total for complex 278.74 13.27 308.56 163.54 104.97 44.45 17.26 83.53 0.00 250.20 38.23 288.43 324.81 -9.69 0.00
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Total Use |Balance
Design | Mandator Total Use Total Use restricted | yield Balance
Sr | Name of Dam and | Gated/ |Yield inyear| Dead . 9 . Y| Domestic | Industrial | Kharif . Evaporat| . to design after water for
Live Live Rabi Use [H.W. Use| exclud. . includ. o .
no. complex Ungated 1999 Storage Use Use Use ion. use fulfilling| Paithan
Storage storage Evapo. Evapo. | . .
including | Total Dam
Evapo. Use
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
11|Alandi Ungated 2.06 27.47 27.47 0.00 0.05 7.93 20.10 0.00 28.07 7.24 35.31 40.67
12|Kadwa Gated 6.68 52.90 28.04 14.40 0.00 24.43 25.65 0.00 64.48 11.86 76.33 80.70
13(Bham Ungated 5.66 69.76 69.76 0.00 0.00 0.00 0.00 0.00 0.00 8.78 8.78 8.78
14 (Bhawali Ungated 3.96 40.79 40.79 0.00 0.00 3.09 4.99 0.00 8.08 5.32 13.40 18.64
15(Waki Gated 5.23 70.57 37.40 0.00 0.00 0.00 0.00 0.00 0.00 10.63 10.63 12.85
16(Darna Gated 7.05 219.82 116.50 43.44 5.70 4.54 10.53 0.00 64.21 49.16 113.37 47.89
17|Mukane Gated 9.18 204.98 108.64 15.74 2.07 0.52 0.84 0.00 19.17 37.33 56.50 102.46
18|Waldevi Ungated 1.92 32.09 32.09 0.10 9.74 5.58 10.88 0.00 26.30 5.89 32.19 20.76
19(N.M Express canal 0.00 0.00 103.25 166.63 0.00 269.88 269.88 445.05
20|Godavari canals 0.00 0.00 76.48 177.40 0.00 253.88 253.88 442.24
21|NM Weir - spills 1025.99
Total for complex 1025.99 41.74 718.38 460.69 73.68 17.57 225.81 417.00 0.00 734.06( 136.20 870.26 1220.04| 155.73| 155.73
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Total Use |Balance
Design | Mandator Total Use Total Use restricted | yield Balance
Sr | Name of Dam and | Gated/ |Yield inyear| Dead . 9 . Y| Domestic | Industrial | Kharif . Evaporat| . to design after water for
Live Live Rabi Use [H.W. Use| exclud. . includ. o .
no. complex Ungated 1999 Storage Use Use Use ion. use fulfilling| Paithan
Storage storage Evapo. Evapo. | . .
including | Total Dam
Evapo. Use
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
22|Karanjwan Gated 166.22 9.34 166.22 88.10 0.00 0.88 2.25 3.69 0.00 6.81 11.68 18.49 24.92
23|Waghad Ungated 83.76| 4.25 72.23 72.23 0.00 0.00 9.85 19.37 0.00 29.22 4.87 34.09 46.29
24|Punegaon Gated 7.87 2.81 17.57 9.31 0.00 0.00 2.81 11.76 0.00 14.57 1.51 16.08 0.00
25|0Ojharkhed Ungated 62.32 7.64 60.32 60.32 2.55 0.20 15.54 30.01 0.00 48.30 5.69 53.99 105.29
26|Palkhed Gated 22.51 1.77 21.24 11.26 19.05 3.96 63.70 120.35 0.00 207.05 5.57 212.62 279.18
27|Tisgaon Ungated 6.80 2.70 12.76 12.76 0.74 0.00 2.75 4.41 0.00 7.89 2.20 10.09 0.84
28|Spliis
Total for complex 349.48 28.51 350.34 253.98 22.34 5.04 96.89 189.58 0.00 313.85 3151 345.36 456.52 4.12 4.12
29|Paithan Gated 1971.30| 738.10 2170.94 0.00 226.62 128.59 427.72 751.85 0.00 1534.78| 492.34( 2027.12 2618.59| 176.43 -232.25
Grand Total 4877.41| 972.76| 4736.58 1529.99 554.47 226.46| 1113.96| 1994.56 0.00] 3889.45( 821.23| 4710.68| 6173.58
Notes:

1) Mandatory live storage is as per statement no 1,considering the spillway release restrictions

2)
3)
4)
)

of Gangapur dam to the extent of 9.69 Mcum out of 11.64 Mcum, then all the complex satisfy the remaining requirements.
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Yield is calculated after deducting spills from observed yield for Mula (29.16 Mcum), Ozar weir (76.04 Mcum), N M Weir(121.51 Mcum) and Palkhed (0 Mcum)
Non Irrigation water demands are considered at 80% ,as sanctioned demands account for future demands.
Irrigation demands are considered at 80 % of design use taking into account the efficient use of water

5) For 50% dependable year, if Hot Weather demands are curtailed to Zero and Rabi demands are reduced by 10% further (i.e. Demands = 72%), and use of carry over




Statement showing the Water Planning in Upper Godavari (upto Paithan dam) Sub Basin considering Average yield.

Statement - 10

(Figures in Mcum)
Total Use
Desian Total Use Total Use restricted | Balance | Balance
Sr Name of Dam Gated/ | Average Dead . 9 Mandatory | Domestic | Industrial Kharif . H.W. Evaporati| . to design |yield after | water for
. Live . Rabi Use exclud. includ. L .
no. and complex Ungated yield Storage Live storage Use Use Use Use on. use fulfilling | Paithan
Storage Evapo. Evapo. . ;
including |Total Use| Dam
Evapo.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1{Mandhol Ungated 16.67| 2.52 8.78 8.78 0.98 0.00 3.45 5.93 0.00 10.36 1.43 11.79 13.15
2[Mula - Spills Gated 801.33( 127.42 608.81 322.67 76.22 12.07 134.75 320.48 0.00 543.52 84.08 627.60 704.63
Total for complex 818.00 129.94 617.59 331.45 77.20 12.07 138.20 326.41 0.00 553.88 85.51 639.39 717.78 178.61| 178.61
3|Bhandardara Gated 8.50 304.10 161.17 34.66 18.74 94.24 111.84 0.00 259.48 21.42 280.90 434.64
4[Nilwande Gated 7.25 228.75 121.24 10.52 0.00 102.53 158.29 0.00 271.34 15.17 286.51 351.77
5[Adhala Ungated 2.42 27.61 27.61 2.66 0.00 10.55 10.76 0.00 23.97 3.12 27.09 38.73
6|Bhojapur Ungated 3.03 10.31 10.31 1.83 0.00 0.77 6.70 0.00 9.30 1.36 10.66 10.70
7[Ozer Weir- spills  {Ungated 701.68
Total for complex 701.68 21.20 570.77 320.33 49.67 18.74 208.09 287.59 0.00 564.09 41.07 605.16 835.84 96.52| 96.52
8|Gautami Gated 0.32 52.93 28.05 16.65 0.00 11.12 24.32 0.00 52.09 3.87 55.96 54.68
9|Kashypi Gated 0.95 51.75 27.43 0.00 0.00 6.14 6.28 0.00 1242 2.81 15.22 55.31
10|Gangapur Gated 350.66 12.00 203.88 108.06 88.32 44 .45 0.00 62.21 0.00 194.98 31.99 226.97 214.82
Total for complex 350.66 13.27 308.56 163.54 104.97 44.45 17.26 92.81 0.00 259.48 38.67 298.15 324.81 52.51| 5251
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Total Use

Desian Total Use Total Use restricted | Balance | Balance
Sr Name of Dam Gated/ | Average Dead . 9 Mandatory | Domestic | Industrial Kharif . H.W. Evaporati| . to design |yield after | water for
. Live . Rabi Use exclud. includ. L .
no. and complex Ungated yield Storage Live storage Use Use Use Use on. use fulfilling | Paithan
Storage Evapo. Evapo. . ;
including |Total Use| Dam
Evapo.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
11|Alandi Ungated 2.06 27.47 27.47 0.00 0.05 7.93 22.33 0.00 30.30 7.54 37.84 40.67
12|Kadwa Gated 6.68 52.90 28.04 14.40 0.00 24.43 28.50 0.00 67.32 12.09 79.41 80.70
13(Bham Ungated 5.66 69.76 69.76 0.00 0.00 0.00 0.00 0.00 0.00 8.78 8.78 8.78
14 Bhawali Ungated 3.96 40.79 40.79 0.00 0.00 3.09 5.54 0.00 8.63 5.32 13.95 18.64
15|(Waki Gated 5.23 70.57 37.40 0.00 0.00 0.00 0.00 0.00 0.00 10.63 10.63 12.85
16(Darna Gated 7.05 219.82 116.50 43.44 5.70 4.54 11.70 0.00 65.38 49.37 114.75 47.89
17|Mukane Gated 9.18 204.98 108.64 15.74 2.07 0.52 0.93 0.00 19.26 37.35 56.62 102.46
18|Waldevi Ungated 1.92 32.09 32.09 0.10 9.74 5.58 12.09 0.00 27.50 6.06 33.56 20.76
19(N.M Express canal 0.00 0.00 103.25 185.14 0.00 288.39 288.39 445.05
20|Godavari canals 0.00 0.00 76.48 197.11 0.00 273.59 273.59 442.24
21|NM Weir - Spill 1385.74
Total for complex 1385.74 41.74 718.38 460.69 73.68 17.57 225.81 463.34 0.00 780.39 137.13 917.52 1220.04 468.22| 468.22
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Total Use

Desian Total Use Total Use restricted | Balance | Balance
Sr Name of Dam Gated/ | Average Dead . 9 Mandatory | Domestic | Industrial Kharif . H.W. Evaporati| . to design |yield after | water for
. Live . Rabi Use exclud. includ. L .
no. and complex Ungated yield Storage Live storage Use Use Use Use on. use fulfilling | Paithan
Storage Evapo. Evapo. . ;
including |Total Use| Dam
Evapo.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
22|Karanjwan Gated 17549 9.34 166.22 88.10 0.00 0.88 2.25 4.10 0.00 7.22 12.46 19.68 24.92
23|Waghad Ungated 95.52| 4.25 72.23 72.23 0.00 0.00 9.85 21.52 0.00 31.37 5.19 36.56 46.29
24|Punegaon Gated 2097 2.81 17.57 9.31 0.00 0.00 2.81 13.07 0.00 15.88 1.61 17.49 0.00
25|0Ojharkhed Ungated 67.88| 7.64 60.32 60.32 2.55 0.20 15.54 33.34 0.00 51.63 6.07 57.70 105.29
26|Palkhed Gated 167.80| 1.77 21.24 11.26 19.05 3.96 63.70 133.72 0.00 220.42 5.94 226.36 279.18
27|Tisgaon Ungated 16.22( 2.70 12.76 12.76 0.74 0.00 2.75 4.90 0.00 8.38 2.35 10.73 0.84
28(spills
Total for complex 543.88 28.51 350.34 253.98 22.34 5.04 96.89 210.65 0.00 334.91 33.63 368.54 456.52 175.34| 175.34
29|Paithan Gated 1145.00| 738.10 2170.94 0.00 226.62 128.59 427.72 835.39 0.00 1618.32 501.62( 2119.94 2618.59 -3.74] -971.20
Grand Total 4944.96| 972.76| 4736.58 1529.99 554.47 226.46| 1113.96( 2216.18 0.00| 4111.07( 837.63| 4948.70| 6173.58
Notes:

1) Mandatory live storage is as per statement no 1,considering the spillway release restrictions

2)
3)
4)
)

then all the complex satisfy the remaining requirements.
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For average yield scenario , the yield including spills are used by complex itself. So, the Spills observed are deducted from Paithan average yield.
Non Irrigation water demands are considered at 80% ,as sanctioned demands account for future demands.
Irrigation demands are considered at 80 % of design use taking into account the efficient use of water

5) For Average Yield Scenario, if Hot Weather demands are curtailed to Zero, and use of carryover of Paithan dam to the extent of 3.74 Mcum out of 381.70 Mcum,




Statement -11

Statement showing the Water Planning in Upper Godavari (upto Paithan dam) Sub basin considering yield observed in the good year (i.e. year 2008)

(Figures in Mcum)
Total Use
Total Use Total Use restricted | Balance | Balance
Sr [ Name of Dam and | Gated/ Yield in Dead |Design Live| Mandatory | Domestic | Industrial . . . . to design |yield after | water for
. Kharif Use | Rabi Use [H.W. Use| exclud. Evaporation. includ. - .
no. complex Ungated | year 2008 | Storage Storage |Live storage Use Use use fulfilling | Paithan
Evapo. Evapo. . ;
including |Total Use| Dam
Evapo.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1|Mandhol Ungated 18.30| 2.52 8.78 8.78 1.23 0.00 4.31 7.41 0.00 12.95 1.43 14.38 13.15
2|Mula - Spills Gated 739.63| 127.42 608.81 322.67 95.27 15.09 168.44 400.60 0.00 679.40 93.03 772.43 704.63
Total for complex 757.93| 129.94 617.59 331.45 96.50 15.09 172.75 408.01 0.00 692.35 94.46 786.81 717.78 40.15| 40.15
3|Bhandardara Gated 8.50 304.10 161.17 43.33 23.42 117.8 139.80 164.30 488.65 33.11 521.76 434.64
4[Nilwande Gated 7.25 228.75 121.24 13.15 0.00 128.16 197.86 0.00 339.17 16.63 355.80 351.77
5|Adhala Ungated 242 27.61 27.61 3.32 0.00 13.19 13.45 8.97 38.93 3.12 42.05 38.73
6[Bhojapur Ungated 3.03 10.31 10.31 2.29 0.00 0.96 8.38 0.00 11.63 1.36 12.99 10.70
7(Ozer Weir Ungated 796.66
Total for complex 796.66 21.20 570.77 320.33 62.09 23.42 260.11 359.49 173.27 878.38 54.22 932.60 835.84 -39.18 0.00
8|Gautami Gated 0.32 52.93 28.05 20.81 0.00 13.90 30.40 8.60 73.71 4.76 78.47 54.68
9(Kashypi Gated 0.95 51.75 27.43 0.00 0.00 7.67 7.85 3.20 18.72 3.36 22.08 55.31
10|Gangapur Gated 324.81 12.00 203.88 108.06 110.40 55.560 0.00 77.76 71.21 314.93 48.02 362.95 214.82
Total for complex 324.81 13.27 308.56 163.54 131.21 55.56 21.57 116.01 83.01 407.36 56.14 463.50 324.81 0.00| 0.00
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Total Use

Total Use Total Use restricted | Balance | Balance
Sr [ Name of Dam and | Gated/ Yield in Dead |Design Live| Mandatory | Domestic | Industrial . . . . to design |yield after |water for
. Kharif Use | Rabi Use [H.W. Use| exclud. Evaporation. includ. - .
no. complex Ungated | year 2008 | Storage Storage |Live storage Use Use use fulfilling | Paithan
Evapo. Evapo. . ;
including |Total Use| Dam
Evapo.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
11|Alandi Ungated 2.06 27.47 27.47 0.00 0.06 9.91 27.91 0.00 37.88 8.56 46.44 40.67

12|Kadwa Gated 6.68 52.90 28.04 18.00 0.00 30.54 35.62 3.67 87.83 14.01 101.84 80.70

13(Bham Ungated 5.66 69.76 69.76 0.00 0.00 0.00 0.00 0.00 0.00 8.78 8.78 8.78

14|Bhawali Ungated 3.96 40.79 40.79 0.00 0.00 3.86 6.93 2.53 13.32 5.32 18.64 18.64

15|Waki Gated 5.23 70.57 37.40 0.00 0.00 0.00 0.00 0.00 0.00 11.23 11.23 12.85

16|Darna Gated 7.05 219.82 116.50 54.30 7.13 5.67 14.62 5.95 87.67 54.98 142.65 47.89

17|Mukane Gated 9.18 204.98 108.64 19.68 2.59 0.65 1.16 0.43 24.51 41.92 66.43 102.46

18|Waldevi Ungated 1.92 32.09 32.09 0.12 12.18 6.97 15.11 2.64 37.02 7.20 44.22 20.76

19|N.M Express canal 129.06 231.43 84.56 445.05 0.00 445.05 445.05

20|Godavari canals 95.60 246.39 100.25 442.24 0.00 442.24 442.24

21|NMWEIR -Spills 1271.92

Total for complex 1271.92 41.74 718.38 460.69 92.10 21.96 282.26 579.17 200.03 1175.52 152.01 1327.53 1220.04 51.88| 51.88
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Total Use

Total Use Total Use restricted | Balance | Balance
Sr [ Name of Dam and | Gated/ Yield in Dead |Design Live| Mandatory | Domestic | Industrial . . . . to design |yield after |water for
. Kharif Use | Rabi Use [H.W. Use| exclud. Evaporation. includ. - .
no. complex Ungated | year 2008 | Storage Storage |Live storage Use Use use fulfilling | Paithan
Evapo. Evapo. . ;
including |Total Use| Dam
Evapo.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
22|Karanjwan Gated 21597 9.34 166.22 88.10 0.00 1.10 2.81 5.12 0.00 9.03 16.99 26.02 24.92
23|Waghad Ungated 102.45| 4.25 72.23 72.23 0.00 0.00 12.31 26.90 0.00 39.21 7.08 46.29 46.29
24|Punegaon Gated 67.14| 2.81 17.57 9.31 0.00 0.00 3.51 16.34 0.00 19.85 2.24 22.09 0.00
25|Ojharkhed Ungated 112.98| 7.64 60.32 60.32 3.19 0.25 19.42 41.68 0.00 64.54 8.27 72.81 105.29
26|Palkhed Gated 261.47( 1.77 21.24 11.26 23.81 4.95 79.62 167.15 4.93 280.46 8.10 288.56 279.18
27|Tisgaon Ungated 19.75( 270 12.76 12.76 0.92 0.00 3.44 6.12 0.00 10.48 3.20 13.68 0.84
28| Spills -170.34
Total for complex 609.42 28.51 350.34 253.98 27.92 6.30 12111 263.31 4.93 423.57 45.88 469.45 456.52 152.90| 152.90
29|Paithan Gated 2709.23| 738.10 2170.94 0.00 283.27 160.74 534.65 1044.24 374.99 2397.89 594.04 2991.93 2618.59 335.57( -244.93
Grand Total 6469.97| 972.76 4736.58 1529.99 693.09 283.07 1392.45| 2770.23| 836.23 5975.07 996.76 6971.82 6173.58
Notes:

1) Mandatory live storage is as per statement no 1,considering the spillway release restrictions

2) Yield is calculated after deducting spills from observed yield for Mula (197.54 Mcum), Gangapur (153.10 Mcum), NM Weir (1863.88 Mcum) and Palkhed (170.34 Mcum)

3) Spills of Ozer Weir are not deducted from Ozer as it will be obstructed by Nilwande after its completion. The same spills are deducted from Paithan as it will not reach
after completion of Nilwande.

4) For the good year (i.e. year 2008), all the complex (except marginal failure in Pravara complex) satisfy the design use requirements.
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