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PREFACE

Efficient utilization of the 1limited water resources
requires that reservoirs must be operated in most judicious and
scientific manner. The efficient regulation of the reservoirs can
lead to increased benefits from the reservoir as well as
significant reduction in damage due to floods. Further, if the
operation policiegs of a system of reservoirs are evolved
considering the operation of the system as a whole, then the
benefits from the system can be improved significantly. There is,
therefore, a strong need to apply the system engineering
techniques for management of water resources systems of our

country.

The present report deals with the development of operation
policies for the conservation regulation of the Sabarmati system
up to the Wasna barrage. In the present report, details of basin
description, data used and the sélution strategy adopted have
been presented. A computer program has been devaloped for the
simulation of a multi-purpose multi-reserveoir system for
conservation regulation. The program has been applied to the
basin and optimum operation policies .have been developed.
Detailed operation tables using recommended policy have been

presented in this report.,

(8. M. Seth)
Director
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ABSTRACT

Reservoir operation 1is a very important aspect of the
planning and management of water resources systems. Depending
upon the magnitude of natural inflows and demands at a particular
time, water is either stored in the reservoir or supplied from
the storage. The reservoirs are commonly built in India for
both conservation and flood control purposes.

A reservoir 1is operated according to a set of rules or
guidelines for storing ¢r releasing water depending wupon the
purposes it 1is required to serve. The decisions are made 1in
different time periods in accordance with the demands and the
state of the reservoir at that time. :

The complexity of the problem of reservoir operation depends
upon. the extent to which the various purposes which a reservoir
is supposed to serve are compatible and the number of reservoirs
in the system for which integrated regulation is to be carried
out.

The present report describes the results of a study carried
out to develop operation policies for various dams located in the
Sabarmati basin for conservation regulation. Since in a system of
multiple reservoirs, the operation of one structure is dependent
on the operation of other structure too, an integrated regulation
of the- Sabarmati system has been simulated. A generalized
computer program for simulation of a muitireservoir system for
conservation regulation has been developed and applied to this
system. The developed operation policy of these structures is
explained 1in detail. Working tables of the reservoirs using
recommended policy have also been presented.




1.0 INTRODUCTION

Among the varijous components of a water resources
development project, reservoirs are the most important. A
reservoir is created by constructing a dam across the stream. The
principal function of a reservoir is to regulate and equalize the
natural streamflow and thus, to change the temporal and spatial
availability of water. Reservoir operation is a very important
aspect related to ptanning and management of water resources
systems. After a reservoir project comes into being, much of the
benefits reaped, to a large extent, depend on how well it 1is
operated., Detailed guidelines are tc be given to the operator
which enable him to take appropriate management decisions. A
reservoir operation policy specifies the amount of water to be
released from the storage .at any time depending upon the state of
the reservoir, level of demands and any information about the
Tikely inflow in the reservoir. ’

The 1Irrigation department, Govt. of Gujarat, Gujarat has
requested the Naticnal Institute of Hydrology, Roorkee, to

prepare Reservoir Opseration Manual for..dams Jlocated 1in the

Sabarmati basin, i.e., Dharoi dam, Harnav dam & Harnav weir,
Guhai dam, Hathmati dam & Hathmati weir and Wasna Barrage. This
work  has been entrusted to NIH through an agreement signed
between Irrigation deptt., Govt. of Gujarat and National
Institute of Hydrology. This work has been taken up by N.I.H. as
a consultancy project. The main objectives of the project are

(a) To develop reservoir operation manual for Dharoi dam for
flood control (i.e. flood forecasting and flood warning) as well
as conservation purposes.

(b) To develop operation procedures for Harnav dam, Guhai dam,
Hathmati dam, Hathmati weir, Harnav weir and Wasna barrage for
irrigation purposes.

This work has been subdivided into two parts, first dealing
with development of operation policies for nonmonsoon period and
the other dealing with development of the poticies for the
~monsoon period. '

The aim of this report is to present the pperaticn policies
developed for various structures of the basin for - conservation
regulation. Since in a system of multiple reservoirs, the
operation of one structure affects the regulation of water from
the downstream structure also, integrated regulation. of the
Sabarmati system has been car-ied out. A computer program for
integrated regulation of a multireservoir system for conservation
regulation has been developed and applied to this system. The
results of the program are satisfactory. The policy of operation
and management of these structures is also explained. The data
utilised. to carry out the above mentioned studies is also
described. Simulation tables of the reservoirs using recommended
policy have also been presented in detail.



2.0 DESCRIPTION OF THE SABARMATI BASIN

2.1 General Description

The Sabarmati river is one of the four main rivers which
traverse the alluvial plains of Gujarat. It rises in the Aravalli
hills at north latitude 24° 40’ and east longitude 73" 20' in the
Rajasthan state at an elevation of 762 meters near the popular
shrine of Amba Bhavani. After traversing a course of about 48 Km
in Rajasthan, the river enters the Gujarat State. At the 51st Km
of its run, the Wakal river joins it from the left near the
village Ghonpankhari. Flowing in a generally south-west direction
and winding among jungle covered hills over a bed strewn with
shingles and boulders, at the 67th Km of 'its run, it receives the
Sei river from the right near Mhauri and then the Harnav river
from the left at about 103rd Km from the source, before it enters
Dharoi reservoir. Emerging from the dam it passes through the
plains and is joined on its left at about 170 Km from its source
by the Hathmati river. Continuing to flow south-westwards, the
river passes through Ahmedabad at about 165 Xm downstream of
Dharoi dam. Further 65 Km downstream, another tributary, the
Watrak river Jjoins it from the left. Flowing Ffor a further
distance of 68 Km, the river outfalls into the Gulf of Cambay in
the Arabian sea.

The total length of the river from the head to its outfall
into sea is 419 Km of which about 48 Km are in Rajasthan and the
remaining 371 Km in Gujarat.

The river Sabarmati drains a total catchment area of 21085
sq. km. The river meets the following tributaries during its
course of flow: (i) Sei {(catchment area 883 sq. Km) (ii) Wakal
(catchment area 18383 sg. Km) (iii} Harnav (catchment area 865 sq.
Km) (iv) Hathmati (catchment area 1574 sq. Km) (v) Watrak
(catchment area 8638 sg, Km). For the purpose of this study, the
catchment area of 10619 sq. km up to Wasna Barrage is of
interest.

The river Sabarmati runs in a valley with the ground rising
on both sides. The drainage area assumes a shape of a fan lying
within the east longitude 73" 48’ to 71° 55’ and north Tlatfitude
24" 54' to 22° 15' covering the part of Rajasthan state and parts
of Sabarkantha, Ahmedabad, Banaskantha, Mehsana, Surendranagar
and Kaira districts of Gujarat state. The topography of the
Sabarmati basin can be considered to be hilly 1in the early
reaches up to Dharoi after which the river flows mostly in
plains. ©On an average the river empties 44775 million cubic
meters (Mcm) of water in the Arabian sea annually. The studies
carried out by the Govt. of Gujarat reveal.the possibilities of
utilizing 9692.2 Mcm of water for irrigating 132420.07 ha of land
and for power.generation to the extent of 2899 KW at 60 % Tload
factor. At times, the Sabarmati river sends down very heavy
floods and some of these have caused devastation in Ahmedabad and
villages 1lower down, destroyed crops, carried away cattle,
changed the course of the delta channels and filled up harbour
with silt. The highest known floods have occurred in 1875, 1941,
1950 and 1973. :



2.2 Sub-Basins of the Sabarmati Basin

A brief description of various sub-basins of the Sabarmati
basin is given as follows:

Sei Sub-Basin

The river Sei rises from the south western spurs of the
Aravalli hills and mostly flows in Rajasthan state. The river is
formed by the confluence of several nallas originating from the
western slopes of Aravalli hills. The Sei river meets Sabarmati
after traversing a course of 102 kms. The catchment area of Sei
is 883 sq.Km. The catchment area of the basin is hilly with steep
slopes. The average annual rainfall in the catchment is 675 mm.
The total catchment area of Sei dam is 331.66 Sg. Km (128.0 $8q.
Miles) & normal expected yield at dam site is 52.032 Mcm. Most of
the runoff occurs in the monsoon seasonh. The winter rainfall dis
very small. However, in good rainfall years, some flow remains in
the river up to March-April. A dam namely, Sei dam has beén
constructed on this river

Wakal Sub-Basin

The river Wakal rises from the south western spurs of the
Aravalli hills at north latitude 24° 46’ and east longitude 73°
23’. After traversing a course of 158 kms, it meets the river
Sabarmati. .The catchment area of wakal is 1893 sqg.Km. The basin
is hilly, covered with forests. The basin covers the Sabarkantha
district of 'Gujarat state and part of Udaipur district of
Rajasthan state. A storage and diversion dam is also proposed on
this river.

Harnav Sub-Basin

The river Harnav rises from Aravalli hills near village
Ghadvas at north latitude 24° 12’ and east longitude 73° 16°,
After traversing- 61 km, the Harnav river meets the river
Sabarmati. The catchment area of Harnav river is 865 sq.km. The
catchment area in the first 32 _km is hilly and thereafter the
basin is plain. The average rainfall in the catchment area is 80
cm, The main tributaries of Harnav river are Kaluri and Kusumba
rivers draining an area of 311 and 124 sq. km respectively. The
catchment area up to the dam site-is hilly and remaining portion
is generally in plains.

For gauge & discharge measurements, there are three gauging
sites 1in the basin at Abhapur, Harnav-1 and Khedbrahma. One
storage reservoir with dual purpose of flood control and
irrigation . and three pickup weirs to cater for irrigation have
been constructed across the river. A1l the three weirs are
tocated downstream of Harnav dam and upstream of Khedbrahma.

Hathmati Sub-Basin

The river Hathmati rises from the Gujarat Malwa hills (South
western foothills of the Rajasthan range) near Godad at north
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latitude 23" 55' and east longitude 73" . 29' 1in Sabarkantha
district. After traversing a coufse of 98 Km, it meets the river
Sabarmati near Ged, 20 Kms south west of Himatnagar in
Sabarkantha distt. The catchment area of Hathmati river including
its tributaries is 1574 sq.Km. The elongated catchment consists
of 70 % hilly and thinly wooded jungles and about 30 % cultivated
and ‘inhabited lands. The two main tributaries of Hathmati. are
Bodoli and Guhai having catchment areas of 119 and 505 sq. Kkm
respectively. The catchment area up to the confluence of Guhai
and Hathmati is a hilly region. The annual rainfall in the
catchment is 86 cms. . .

On the Hathmati river, a dam namely, Hathmati dam and a pick
up weir, namely Hathmati weir or Himatnagar weir have been
constructed for getting the irrigation facilities from -the
tributary. The dam is located in district Sabarkantha and has the
dual purpose of irrigation and flood control. The weir is located
on the downstream of dam but upstream of confluence of river
Hathmati with Sabarmati. The purpose of the weir is irrigation
only. On the Guhai river, a storage dam has been constructed for
irrigation and flood control. Gauge and discharge measurements
are - taken 1in the basin at Bhiloda, Balochpur, Kadiadra and
Himatnagar weir.

. A 1ine diagram of the entire system is given in Fig. 1. The
index map of Sabarmati basin up to Ahmedabad is given in Fig 2.



3.0 OPERATION OF THE SABARMATI SYSTEM_FOR CONSERVATION REGULATION

3.1 OPERATION OF THE STRUCTURES IN DHAROI SUB-BASIN

3.1.1 General Description

The river Sabarmati rises in the Aravalli hills 1in the
Rajasthan state and after traversing a distance of about 103 km,
it enters the Dharoi reservoir. The total catchment area of the
river at the dam site is 5540 sg.km. Upto the Dharoi reservoir,
the main tributaries of the Sabarmati river are Sei and Siri from
the right side and Wakal and Harnav from the left side.

On Sei river, a diversion dam has been constructed in
Rajasthan state. On Harnav river, a storage dam namely, Harnav
dam as well as a diversion weir namely, Harnav weir have been
constructed for providing irrigation facilities in the command
area. The weir is located downstream of the Harnav dam but
upstream of the confluence of river Harnav with river Sabarmati.
The most important structure on the river Sabarmati is the Dharci
dam which is Tocated 165 km upstream of Ahmedabad. The gauge and
discharge measurements are/have been made in the Dharoi catéhment
at Kheroj (1973 onwards), Abhapur(1967 onwards), Khedbrahma (1962
onwards) and at Dharopi dam site (1962 onwards).

The brief description of these hydrautic structures in this
sub-basin is given in the following section.

The Sei dam

Sei dam has been constructed on Sei river in the Rajasthan’

state under a storage and diversion project which is located near
village TYeja Ka Bas situated in the north of village Wekaria ' in
‘Kotra tehsil of distt. Udaipur. This project is also known as
Jawai reservoir project. The latitude and longitude of the dam
site are 24° 23’ N and 73° 11’ 8" E. The main objective of this
project is to supply water for irrigation in Jawai command area.
The water from the catchment upto this dam site is not available
for the Dharoi reservoir command.

The Harnav Dam

In the head reaches of river Harnav, a gated dam, known as
Harnav dam, has been constructed. Also known as Harnav-II dam or
vanaj dam, the dam is located near village Vanaj, " in taluka
Vijaynagar, distt. Sabarkantha and has dual purpose of irrigation
and flood control. The catchment area at the dam site is 116 sq.
km. The constructton of the dam was completed in the year 1990.
The FRL and HFL of the reservoir are at level 332.00 m and 336.85
m respectively. The dead storage and l1ive'storage capacity of the
Harnav dam is 1.70 and 19.987 million cubic meter respectively.
The crest 1level of the head regulator taking off. water for
irrigation from the dam is at 317.50 m. The salient features of
the dam are presented in Tables section of this report.

Three weirs have been constructed between the dam site and
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Khedbrahma: (1) Mamrechi weir situated 3 km downstream of Harnav
dam near Abhapur (ii) Kenyatta weir situated 12 Km d/s of Harnav
dam at Attarsumba Ashram and (iii) Chhapra weir or Harnav weir
situated 25 Km d/s of Harnav dam. The Mamrechi and Kenyatta weirs
were constructed by the former princely states. The third weir
namely Chhapra weir was constructed in 1958 as Harnav-I. There
are three gauging sites on Harnav river at Khedbrahma (downstream
of Harnav weir), at Abhapur {downstream of Harnav dam), and at
Harnav weir. Water requirement at the three weir sites are met
from the Harnav dam and the flow from the intermediate catchment.
Harnav dam is operated to meet the irrigation demands from these
weirs. The river Harnav spills its water directly in the Dharoi
reservoir. Since there is no raingauge station in the catchment
area of the Harnav dam and no gauging site upstream of the Harnav
dam, estimation of inflow in the reservoir is made on the basis
of rate of rise or fall of water level in the reservoir.

The Harnav Weir

Also known as Harnav-I or Chhapra weir, the weir is located
in district Sabarkantha downstream of Harnav dam and upstream of
Khedbrahma. The weir was completed 1in the vyear 1953. The
catchment area dat the weir site is 427 sq.km. This single purpcse
project has been constructed to cater for irrigation. The weir
has been completely filled up by sediment & debris. The spillway
tength of the weir is 191 m, For supplying the water in the
command area of the Harnav weir, the water at the weir site is
diverted in the Damavas and Patera tanks which are having
combined 1ive capacity of 2.067 million cubic meter. Thus, water
in the ODharoi reservoir is spilled from the Harnav weir after
fi1ling the Damavas and Patera tanks to their full capacity.

The Dharoi Dam

The Dharoi dam s the most important structure of the
Sabarmati basin. It is located on river Sabarmati near village
Dharci 1in Kheralu taluka of distt. Mehsana, 103 km from the
source of the river. The latitude and longitude of the dam is
24°00" N and 72°52° E respectively. Its purpose are water supply
to the c¢ities of Ahmedabad and Ganrdhinagar, irrigation, flood
control and power generation. The catchment area of the river at
the dam site is 5540 sg. km, The dam has been completed 1in the
year 1976. The FRL and HFL of the dam are at Tevel 189.59 m and
175.87 m respectively. The dead storage and live storage capacity
of the reservoir (as per revised capacity plan after 50 years)
are 89.941 and 739.474 million cubic meter respectively. The
salient features of this dam are also given in the Table section
of this report:.

[,

3.1.2 Data Availability, Analysis and Processing

For deriving operation policies for conservation regulation
of any system, monthly local inflow series at the dam sites,
monthly target demands of the system, storage details of the
reservoirs and the monthly evaporation depths prevalent in the
region are required.



For the Harnav reservoir, the monthly inflow series has
been cobtained frem the observatiorys at Abhapur gauging site. The
catchment area at the Abhapur galiging site is 125 sg. km. and
discharge data from 1967 onwards are available at this site. For
this study, data for the period 1967 to 1988 have been
considered. The inflow at this site has been reduced
proportionally to get the inflow at the dam site. - Thus inflow
series of 22 years have been utilised which is considered. quite
sufficient for deriving operating policies for this reservoir,
This series is given in Table-HRD.1. The Elevation-Area-Capacity
table for the reservoir is given in Table-HRD.Z and plotted 1in
Figs-HRD.2 and HRD.3. The information about monthly water
requirements from this reservoir (supplied by the Gujarat
Irrigation Department) is given in Table-HRD.3.

For the Dharoi reservoir, the monthly inflow series has
been provided by the Gujarat Irrigation Department for the period
1962 to 1991, From the inflow series provided by G.I.D, the local
inflow at the Dharoi dam site has been calculated by subtracting

the inflow at the Khedbrahma site (which is very near to Chhapra.

weir} from the observed inflow at Dharoi. This value of inflow at
Dharoi will be the local flow at Dharoi, free from obstruction at
any hydraulic structure. Since for integrated regulation, common
period of observation is used, the simulation of the operation
for this sub-basin has been carried out for the period 19367-88.
The values of local inflow at the dam site which have been used

in this study are given in Table-DHD.1. The Elevation-Area-

Capacity table for the Dharoi dam has been taken from the revised
capacity plan after 50 years. This is presented in Table~DHD.2
and Fiys-DHD.2 and DHD.3. The water demands from the reservoir
for drrigation in its command area and for water supply to the
cities of Ahmedabad and Gandhinagar have been supplied by the
Gujarat Irrigation Department and are given in Table-DHD.3. It
needs to be menticned here that it does not seem possible to meet
the irrigation demands of Wasna barrage from this dam. Some
reasons for this assumption are

a) this 1is a water scarce reservoir and sometimes, it is

difficult even to meet demands of the command area of this dam.

b) this dam 1lies 165 km upstream of Wasna barrage and the
intermediate course of the Sabarmati river 1is sandy and

absorption losses from the intermediate river bed is very high.

¢} Gujarat irrigation department has specified that there are
unaccounted illegal withdrawals from the intermediate reach of
the river,

Thus it has been decided that spill from this reservoir will
not be made till the level of water in the reservoir overtops the
upper recommended rule level for the reservoir. It is also felt
that the free catchment area at the Wasna barrage is sufficiently
large and demands at the barrage should be met from the water
collected from the free catchment area at the barrage. The norma?l
evaporation depths considered are the same as in the operation of
Harnav reservoir and is presented in Table-DHD.4.
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3.1.3 The Solution Strategy Adopted

The methodology of simulation has been adopted for deriving
the optimum rule levels for both the reservoirs. A number of rule
levels for reservoir operation have been developed using various
scenarios of reservoir inflows and Tlevel of demands, An
exhaustive 1integrated monthly reservoir operation simulation
study has been undertaken using these rule curves. The results of
simulation have been intercompared. The operation policy which
best meets the objectives of the conservation storage regulation
has been finally recommended for adoption.

Rule Level Computations

Since more than 80% of the annual rainfall in India occurs
in the four monsoon months from June to September, it is general
tendency to fi11 up the reservoirs during the monsoon months and
then to use this stored water for the remaining months of the
water vyear.

The computations for deriving rule curves have been made
using monthly inflow series for different probability levels
along with average monthly demands. The monthly inflow series for
the two reservoirs, as finalized above, has been analyzed using
statistical approach. Power transformaticn approach has been used
for this purpose. The monthly inflows for the Harnav reservoir
and the Dharoi reservoir have been estimated for 50%, 60%, 70%,
75%, B0% and 90% probabilities using this approach. The results
of this analysis for twelve months for Harnav reservoir and
Dharoi reservoir are given 1in Table-HRD.4 and Table-DHD.5
respectively. It needs to be emphasized here that inflows
corresponding to different probability levels are used in
arriving at the rule levels to be tried 1in simulation. Rule
levels are modified depending on the results of simulation. Those
set of levels which give the best operation performance are
finally adopted in the recommended policy.

Using monthly dependable inflow series, the water
availability has been assumed as corresponding to particular
monthly 1inflow series. Computations of end-of-month reservoir
levels have been made for 12 months after allowing for water
demands 1in full or partial and the evaporation losses from the
reservoir surface. The elevation-area-capacity table has been
used and the intermediate values have been linearly interpolated
whenever required. The evaporation loss has been considered at
normal moenthly rate over the surface area of reservoir
corresponding to a particular elevation.

Rule level Computation for Harnav Reservoir

Since Harnav reservoir is meant to serve only the irrigation
damands {which include the demands at the three weir sites also),
it 1is considered appropriate to set two rule levels for this
reservoir. One, the upper rule level up to which the reservoir
should be filled if there is sufficient inflow in the reservoir
and all the irrigation demands are met in full. Second, the lower
rule Tlevel, below which the supply is reduced to 75% of the
irrigation demands.



For fixing the upper rule level, reservoir has been kept at
FRL in the four monsoon months from June to September. In the
months after the monsoon rule levels have been calculated using
50% probable inflow, meeting full irrigation demands and
evaporation .from the reservoir using forward computation by the
following formula:

Storage = Storage + Infiow - Demand -~ Evaporation
end begin
Thus using this rule level, effort is made to conserve water
in the monsoon months such that all the demands of the water year
can be satisfied in full and water can still be conserved for the
next year. Unless this level is exceeded, water should not be
spilled.

The 1lower rule Tevel is calculated for the case when the
reservoir level reaches at the dead storage level by the end of
May. For computing this level, 90% reliable inflow, full
irrigation demands and evaporation from the reservoir has been
assumed. Backward calculations are carried out starting from tte
end of May using the following fermula:

Storage = Storage - Inflow + Demand + Evaporation
bagin end

Using this formula, the calculations are made to find such a
lower level for each month above which all the demands can be
met in full. If the reservoir level goes below this level in a
particular month, the demands will have to be suitably curtailed

" sa that they can be met for a Tonger duration thus avoiding

severe failure to the crops. Thus considering that 90% reliable
inflow (negligible amount of inflow) is coming and satisfying all
the demands in full will make us reach to dead storage level at
the end of the water year, this level 1is decided. It is planned

. that below this level, conly 75% of the irrigation demands will be

met so that we can meet the demands for a longer duration thus
avoiding severe failures.

Rule level Computation for Dharoi Reservoir

Dharoi reservoir is meant to serve the irrigation demands of
its command area through the left and right bank canals and the
water supply demands to the cities of Ahmedabad and Gandhinagar.
The power plant at the dam site has not been installed vyet and
the demands from the Dharoi dam for power generation have not
been supplied by G.I.D. Thus, this aspect has not been considered
in this study. Three rule levels have been developed for this
reservoir considering different combinations of reliable inflows,
level of demands and thé initial/end conditions of the reservoir
level. One, the upper rule level to which, the reservoir should
be filled before spilling the water in the river. Second, the
middle rule level, below which only 75% of the irrigation demands
are met so that we can meet the demands for longer duration.
Third, the -lower rule level, below which the demands for water
supply only are met in full and no-.supply is made for meeting the
irrigation demands.

The middle rule level is calculated for the case when the
reservoir attains the dead storage level at the end of May. To
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compute this level, 75% reliable inflow, full irrigation demands

and normal evaporation from the reservoir has been assumed.
Backward calculations are carried out from the end of May using
the following formula:

Storage = 8Storage - Inflow + Demand + Evaporation
begin end

Using this formula, the calculations are made to find such a
Tower reservoir level upto which all the target demands <c¢an be
met 1in full and if reservoir level goes below this level, the
demands will have to be curtailed. Thus, if the reservoir level
is at this level in a given month, 75% reliable inflow enters 1in
the subsequent months and all the demands in full are satisfied,
reservoir will reach the dead storage level at the end of the
water year. It is planned that below this Tevel, only 75% of the
irrigation demands will be met.

The Jower rule level is calculated for the case when the
reservoir reaches at the dead storage level at the end of May.
For computing this level, 90% reliable inflow, full water supply
demands and evaporation from the reservoir at the normal rate has
been assumed. Backward calculations are carried out from the end
of May using the following formula:

Storage = Storage - Inflow + Demand + Evaporation
begin end

Using this rule level, effort is made to find such a lower
level upto which all the water supply demands can be met in full.
Thus, if the reservoir is kept at this level, 90% reliable
inflows enter the reservoir in subseguent months and all the
water supply demands in full are satisfied, the reservoir reach
at dead storage level by the end of the water year. It is
recommended that below this level, only demands for water supply
should be met.

3.1.4 Simulation of the Multireservoir System

A computer program has been developed to simulate the
monthly operation of a system of multiple reservoirs. The monthly
local inflow data, monthly water demands and normal monthly
evaporation are input to the program. The details of the
reservoir storage and configuration of the system are also finput
to the program. The program takes into account the spills coming
from any upstream structure and the demands at the downstream
location which are to be met by cperating the upstream structure.
The program calculates the release (cumec), spill, evaporation
losses. etc. While doing this, it takes inte account the flow
coming from the upstream structures, diversion of the flow etc.

In the end, the program calculates the number of months when
the supply 1is less than the demand and calculates the monthly
time reliability of each structure for the trial policy. It also
calculates the total volumetric demand and the volumetric. .supply
from the reservoir and thus calculates the volumetric reliability
of the reservoir. It also calculates the number of months of
critical failure when the supply is less than 75% of the demand.
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3.1.5 Discussion of Simulation Runs for the Dharoi System

A number of simulation runs have been taken by considering
different demand levels at the variocus control ‘locations. The
results obtained in different cases are discussed below.

It has been decided to observe the simulation response of
the system if the operation of each structure is carried out in
accordance with the rule levels developed for that structure.
Each structure has been assumed to meet its own demands only. The
system was simulated from June 1967 to May 19883. The monthly time
reliability of the Harpav reservoir came out to be 75.4 % and
that of Dharoi reservoir has come out to be 76.9 X%. The
corresponding volume reliability obtained at these structures is
80.6 % and 88.8 % respectively. The monthly time reliability of
the Dharoi reservoir for water supply demand is 96.2 %. The
possibility of releasing water from the Harnav reservoir for
meeting water supply demands at Dharoi raeservoir was also
investigated. It is generally observed that the capacity of the
Marnav reservoir is very small in comparison to the demands at
the Dharoi reservoir and further, in cases of scarcity at Dharoi
reservoir, water is also scarce at the Harnav dam.

Based on these observations, it has been decided that Harnav
dam must be operated to meet its own demands only and no release
for Dharoi demands should be made from this dam. It has been
tried to lower the upper rule levels in the four monsoon months
such that the performance of the reservoir is not affected and
some room can be kept in the reservoir during monsoon period for
flood moderation. A number of simulation runs have been taken and
the final recommended Rule Curves (Rule curve A and Rule curve B8)
are given in Table-HRD.5 and Fig-HRD.4. The operation table of
the reservoir for 22 year period using recommended rule levels is
presented 1in Table-HRD.6. The monthly time retiability of the
reservoir is 75.4 % and the volume reliability is 80.6 %. From
the table, it is clear that the recommended policy tries to meet
the demands for as long the duration as possible Dby curtailing
the releases 1if the reservoir level goes below the lower rule
level. Most of the times, 75 % of the target demands have been
met. In the span of 22 years, there are only 25 months when the
release from the dam are less than 75 ¥ of the demands.

For the Dharoi dam, simulation runs have been taken assuming
that reservoir is being operated according to the developed rule
levels. The levels in the four monscon months have been reduced
in such a way that the performance of the reservoir 1is not
affected. The monthly time reliability of Dharoi dam has come out
to be 76.9 % and volume reliability is 88.8 %. The final
recommended rule levels (Rule curve A, Rule curve B and Rutle
curve C) are given in Table-~DHD.6 and Fig-DHD.4. The operation
table of the reservoir for the 22 year period using recommended
policy 1is presented in Table-DHD.7. From the observation of the
simulation table, it is clear that any unnecessary spill has not
been made and efforts have been made to meet the demands for as
long the duration as possible.
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3.1.6 RECOMMENDED OPERATION PROCEDURE FOR CONSERVATION REGULATION
OF HARNAVY DAM

The recommended procedure for conservation regu]at1on
of the Harnav reservoir using two Rule Curves A and B is as
follows:

For a particular month:
1. Try to maintain the reservoir at the Rule level A while
meeting irrigation demands in full.

2. If it is not poss1b1e to maintain the reservoir level at A,
meet all the irrigation demands as long as the reservoir is
at or above level B.

3. If it is likely that reservoir will go below level B while
satisfying full irrigation demands, curtail the -supply for
irrigation to 75 ¥ of the demands.

4. If the Tevel in the reservoir is below the level B and above
the dead storage level, release water equal to 75 ¥ of the
irrigation demands.

5. It is advisable to review the situation periodically within a
month and modify the previous decision for the remaining
duration of that month and follow steps 1 to 4 to operate the
reservoir.



3.1.7 RECOMMENDED OPERATION PROCEDURE FOR CONSERVATiON REGULATION

OF DHAROI DAM

The recommended procedure for conservation regulation

of the Dharoi reservoir using three Rule Curves A and B and C is
as follows:

For a particular month:
Try to fill the reservoir to upper rule level (Rule Level A)
while meeting all the demands in ful?l.

If it is not possible to maintain the reservoir level at rule
level A, meet all the irrigation and water supply demands as
Tong as the reservoir level is more than the level B.

If it dis 1ikely that reservoir level will go below the
level B while meeting full dirrigation and water supply’
demands, meet full water supply demands and curtail the
supply for the irrigation to 75 % of the irrigation demands.

If it dis 1likely that reservoir level will go below the
level C while meeting full or curtailed irrigation demands
and full water 'supply demands, stop the supply for
irrigation demands and meet only the water supply demands in
full. -

If the reservoir level is below the level C and above the
sil11 level of water supply canal, meet full water supply
demands for as long the period as possibie.

It is advisable to review the situation periodically within
the month and modify the previous decision for the remaining
duration of that month and follow steps 1 to 5 to operate the
reservoir.
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3.2 OPERATION OF THE STRUCTURES IN THE HATHMATI SYSTEM:

3.2.1 General Description

The river Hathmati rises from the Gujarat Malwa hills in
Sabarkantha district and after traversing a course of 98 km, it
meets the river Sabarmati near Ged, 20 km south west of
Himatnagar 1in Sabarkantha distt. The total catchment area of
Hathmati river including its tributaries is 1574 sq. km. Two main
tributaries of Hathmati are Bodoli and Guhai -having catchment
areas of 119 and 505 sq. km respectively,

_ On the Hathmati river, a dam namely, Hathmati dam and a pick
up weir, namely Hathmati weir or Himatnagar weir have been
constructed for providing the irrigation facilities. The weir is
located downstream of the dam but upstream of confluence of river
Hathmati with Sabarmati. On the Guhai river, a storage dam has
been "constructed for ijrrigation and flood control., The river
Guhai meets the Hathmati river downstream of Hathmati dam but
upstream of Hathmati weir. The Gauge and discharge measurements
are made on the Guhai river at Kadiadra and Rampur é&nd on
Hathmati river at Bhiloda, Balochpur, and Hathmati weir,

The brief description of the three-hydraulic structures of
the basin and the method of supply of water in the system is
given in the following section.

The Hathmati Dam

The Hathmati dam is Tocated near village rFatehpur, in taluka
Bhiloda, distt. Sabarkantha, and has dual purpose of irrigation
and flood control. The catchment area at the dam site is 595 sq.
km. The construction of the dam was completed in the year 1971-
72. Along with the Hathmati dam, the Indrasi dam for providing
necessary storage and the Navalpur waste weir for disposing off
the. flood water have also been constructed. The FRL and HFL of
the reservoir are at level 180.74 m and 183.18 m respectively.
The dead storage and live storage capacity of the Hathmati dam
(as per revised fresh capacity plan, 1988) is 3.5t and 149.02
million cubic meter respectively. The crest leve]l of the head
regulator taking off water for irrigation from the dam is at
170.69 m. The salient features of the dam are presented in Tables
section of this repert.

The Indrasi dam has been built on the Indrasi river for
providing necessary storage for the Hathmati dam. Above the level
178.76 m, the Hathmati reserveoir and the Indrasi reservoir merge
together. The dead storage and live storage capacity of this
reservoir at- level 178.76 m (as per revised fresh capacity plan,
1988) 1is 0.392 and 18.80C million cubic meter respectively. One
head regulator has alsc been provided in this dam for releasing
water for irrigation. The crest level of this head regulator is
at level 172.21 m.

One Navalpur waste weir has alsoc been constructed for
disposing off the flood water from the Hathmati reservoir. The
crest level of this ogee shaped weir is at level 180.74 m and it
is ungated. The 1length of the spillway 1is 241 m and its
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discharging capacity at HFL is 2943.2 cumec,

The Guhai Dam

The Guhai dam 1is Jlocated on river Guhai near village
Khandial in Himatnagar taluka of distt. Sabarkantha; 39 km from
the source of the river. The latitude and longitude of the dam is
23°42'00" N and 73°3'24" E respectively. 1Its purpose are
irrigation and flood control. The catchment area of the Guhai
river at the dam site is 422 sq. km. The dam has been completed
in the year 1990. The FRL and HFL of the dam are at level 173.00
m and 173.77 m respectively. The dead storage and 1!ive storage
capacity of the reservoir are 5.30 and 57.04 million cubic meter
respectively. The salient features of this dam are also given in
the Table section of this report.

The culturable command area of this project is 11465 ha and
the annual water requirement from this reservoir for irrigation
is 44.702 million cubic meter.

The Hathmati Weir

The Hathmati weir is located on the downstream of Hathmati
dam and Guhai dam but upstream of confluence of river Hathmati
with river Sabarmati. The ogee shaped weir was remodeled in 1972--
73 and has the sill1 level at 134.078 m and an overflow section
306.367 m long. The total catchment area of the weir is 1357 sq.
km. The désign discharge of canal head regulator is 19.4 cumec.
This weir is used to divert the flow of river Hathmati into the
B, C and D zones of the command area of the Hathmati system for
irrigation purposes. During floods, the excess flow of river
Hathmati passes over the weir to join the river Sabarmati.

‘At  the upstream of the Hathmati weir, two ancient storage
structures, known as Limla dam and Karol dam exist for storing
excess water at the Hathmati weir, to be released in the command
areas of B, ¢ and D zones. The storage capacity of the Limla dam
is 10.28 million cubic meter and that of Karol dam 1is 7.504
million cubic meter. Thus, water in excess of the irrigation
demands of the B, C and D zones at the Hathmati weir can be
diverted to fill these two storage structurés for use in case of
scarcity before spilling the water in river Sabarmati.

Method of Supply of water in Command area of Hathmati System

Hathmati canal system is one of the oldest irrigation
system of Gujarat state. The command area of this project
comprises of four zones:

i) Zone A: New area in Bhiloda & Himatnagar Taluka of
Sabarkantha District under direct command of the
reservoir.

ii) Zone B: Area of existing Hathmati canal system getting water
threugh Himatnagar weir.
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iii) Zone C: New area beyond Bokh between Sabarmati and Khari
i rivers 1in Sabarkantha, Gandhinagar and Ahmedabad
districts.

iv) Zone D: Command area of existing Khari cut canal! system.

The main canal of zone A takes off from the Hathmati dam.
The capacity of the main canal in initial reach is 15.581 cumec.
An escape has been provided at chainage 1425 of main canal to
release water in the river Hathmati for B, C and D zones.

One head regulator of 4.816 cumec capacity has been provided
in Indrasi dam for releasing water for B, C and D zones. The
water released from Hathmati reservoir in the Hathmati river for
B, C and D zones either through Indrasi head regulator or through
escape of main canal of zone A is picked up at Himatnagar weir
and is. diverted in the main canal of B-zone.

buring floods, water of river Hathmati is diverted 1in the
main canal of "zone B at Himatnagar weir and water is stored in
Limla dam which is filled through Bokh feeder taking off from
Hathmati canal {zone B) and Karol dams which is being fed through
Hathmati main canal and Karol feeder. This stored water is
released through H.R. in river Khari for Khari cut canal {zone D)
and the same is picked up at Raipur weir.

. The main canal of zone C takes off from Bokh feeder of
Hathmati main canal of zone B. As such, water diverted 1in main
canal of zone B at Himatnagar weir is utilized in zone B, zone ¢C-
and zone D.

3.2.2 Data Availability, Analysis and Processing

For deriving operation policies for conservation - regulaticn
of any . system, monthly local inflow series at the dam sites,
monthly . target demands of the system, storage details of the
reserveirs and the monthly evaporation depths prevalent 1in the
region are required.

For the Guhai reservoir, the monthly inflow series has been
obtained from the observations at Khandial and Rampur gauging
site. The catchment area at the Khandial gauging site is 471 sqg.
km. and discharge data for the period 1962-78 are available at
this site. From 1980 onwards, the gauge and discharge data are
available at Rampur, having catchment area of 477 sq. km. The
inflow at these sites have been reduced proportionally to get the
inflow at the dam site (Catchment area 422 sq. km.). The inflow
for the year 1979 has been calculated by averaging the data of
Khandial from 1962 to 1978. Thus inflow series of 24 years (1964-
87) 1is available at the dam site which 1is considered quite
sufficient for deriving operating policies for this reservoir.
This serijes 1is given in Table-G1. The Elevation-Area-Capacity
table for the reservoir is given in Table~G2 and plotted in Figs-
G2 and G3. The information about monthly water requirements from
this reservoir (supplied by the Gujarat Irrigation Department) is
given in Table-G3. The normal values for menthly evaporation for
the sub-basin are given in Table-G4.
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For the Hathmati reservoir, the monthly local inflow series
has been obtained from the observations at Hathmati weir (1964-
67), at the dam site (1968-78) and at Bhiloda (1982-88). The
observed data at Hathmati weir and Bhiloda have been modified in
proportion to catchment area to get the inflow at the Hathmati
dam site. A regression has been estabtished between the monthly
flows at Rampur with Bhiloda and based on the results, inflow at
Hathmati dam for the period 1979-82 has been calculated from the
observations at Khandial/Rampur, The inflow values at the dam
site which have been used in this study are given in Table-HTD1.
The Elevation-Area-Capacity table for the Hathmati dam has been
taken from the revised fresh capacity plan, 1988. It needs to be
mentioned here that above the level t72.21 m, only the 1live
capacity of Indrasi dam has been added in the gross capacity of
the Hathmati dam for getting the total capacity at any elevation.
This is presented in Table-HTDZ2 and Figs-HTD2 and HTD3. The water
demands from the reservoir for irrigation in different zones has
been supplied by the Gujarat Irrigation Department and is given
in Table-HTD3. The demands for A zone and BCD zone are given
separately and priority has been given to the demands ¢f the A
zone. The normal evaporation depths considered are the same as in
the operation of Guhai reservoir..

The monthly 1inflows from the free catchment area at the
Hathmati weir (340 Sg.Km) have been calculated from the inflows
at Hathmati dam after reducing the same in proportion to the
catchment area. The weir has been operated for diverting the
water for irrigation in the B8, C and D zones and storing the
excess water 1in the Limla and Karol dam, before spilling the
water in the Sabarmati river.

3.2.3 Independency of the Hathmati_ System

A preliminary analysis of the data of the Hathmati sub-basin
revealed that on an average, the annual flows available in this
basin are less than the annual demand. Since conservation demands
in this basin can be met with only through the Guhai dam, the
Hathmati dam and the Hathmati weir, the system of Hathmati basin
has been studied as an independent system as far as the
conservation operation aspect is concerned. Thus it has been
assumed that water from the Hathmati sub-basin can not be
supplied to Wasna barrage for meeting conservation demands.
However, integrated regulation of the Guhaj dam, the Hathmati dam
and .the Hathmati weir has been carried out to get the best
operation response.

3.2.4 The Solution Strategy Adopted

The same methodolegy of simulation that has been applied for
observing the performance of a particular policy in Dharoi sub-
basin has been adopted in this sub-basin also. A number of rule
levels for reservoir operation have been developed and an
integrated monthly reservoir operation simulation study has been
undertaken using these rule curves. The operation policy which
best meets the objectives of the conservation storage regulation
has been finally recommended for adoption.
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Rule level Computation for Guhai Reservoir

The monthly 1inflows for the Guhai reservoir have been
estimated for 50%, 60%, 70%, 75%, 80% and 90% probabilities using
power transformation approach. The results of this analysis for
twelve months are given in Table-G5.

, Since Guhai reservoir is meant to serve only the drrigation
demands, it is considered appropriate to set two rule levelg- for
this reservoir. One, .the upper rule level up to which the
reservoir sheould be filled if there is sufficient inflow in the
reservoir and all the irrigation demands are met in full., Second,
the lower rule level, below which the supply is reduced to 75% of
the irrigation demands.

For fixing the upper rule level, reservoir has been kept at
FRL in the four monsoon months from June to September. In the
months - after the monsoon rule levels have been calculated using
50% probable inflow, meeting full irrigation demands and
evaporation from the reservoir using forward computation by the
following formula:

Storage = Storage + Inflow - Demand - Evaporation
end begin

The lower rule level is calculated for the case when .the
reservoir level reaches at the dead storage level by the end of
May. For computing this Jlevel, 90% reliable inflow, fult
irrigation  demands and evaporation from the reservoir has been
assumed. Backward calculations are carried out starting from the
end of May using the following formula:

Storage = Storage - Inflow + Demand + Evaporation
begin end

The objectives of deriving these rule levels have already
been explained in the previous section.

Rule level Computation for Hathmati Reservoir

The < monthly inflows for the Hathmati reservoir  have been
estimated for 50%, 60%, 70%, 75%, 80% and 90% probabilities using
power’ transformation approach. The results of this analysis for
twelve months are given in Table-HTD4.

Hathmati reservoir is meant to serve the irrigation demands
in the four zones of the Hathmati Canal system. A-zone directly
gets water from the dam while water for B, C and D zones is
diverted through the Hathmati weir. Looking at the capacity
constraints of the Hathmati reservoir, it has been recommended
that water may he released from this reservoir for meeting full
demands of A-zone and 70% of the demands for the 8, C and D
zones. It is realised that remaining 30% demands of the B, C and
D zones will be met by the local flow at the Hathmati weir coming
from the area downstream of the Hathmati dam and the Guhai dam.
Since the crest level of Navalpur waste weir is at FRL (180.74
m), water from this reserveoir.can not be spilled if the level is
below " FRL. Thus, it has been considered appropriate to set the
upper rule level to FRL in all the months of the year. Two more
rute levels have been proposed for this reservoir. First, the
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middie rule level, below which the demands in the A-zone are met

in full and demands in the B, C and D zones are reduced to 75% of
the target demands to be satisfied from this reservoir for these
three zones. Thus in this situation 0.75 x 70 = 52.5 ¥ of the
total demand of BCD zone will be satisfied by the reservoir,
Second, the lower rule level, below which the demands in A-zone
are met in full and no supply is made for meeting the demands in
the B, C and D zone.

The middle rule level is calculated for the case when the
reservoir attains the dead storage level at the end of May. To
compute this tevel, 75% reliable inflow, 60% of the demands for
B, C and D zones and normal evaporation from the reservoir has
been assumed. Backward calculations are carried out from the end
of May using the following formula:

Storage = Storage - Inflow + Demand + Evaporation
begin end

The lower rule level is calculated for the case when the
reservoir reaches at the dead storage level at the end of May.
For computing this Tevel, 90% reliable inflow, full idrrigation
demands of A-zone and evaporation from the reservoir at the
normal rate has been assumed. Backward calculations are carried
out from the end of May using the following formula:

Storage = Storage - Tnflow + Demand + Evaporation
begin end

Using this rule level, effort is made to find such a lower
level upto which all the demands in the A-zone can be met in
full. It is recommended that below this level, only demands for
the A-zone will be met. Dead storage level in this case has " been
taken as the si11 level in the Hathmati dam.

3.2.5 Discussion of Simulation Runs for the Hathmati System

A number of simulation runs have been taken by considering
different demand levels at the various control locations. The
results cbtained in different cases are discussed below.

First, 1t was decided to meet 10% of the demands for B, C
and D zones from the Guhai reservoir and 60% of the demands of
this command from the Hathmati reservoir. The system was
simulated from June 1964 to May 1988. The monthly time
reliability of the Guhai’ reservoir came out to be 0.552 and. that
of Hathmati reservoir was 0.490. The reliability at the Hathmati
weir came out to be 0.531. The corresponding volume reliability
obtained at these structures was 0.69, 0.63 and 0.61
respectively. Then, it was decided to simulate the system for the
situation when no demand of B, C and D zones is met from the
Guhai reservoir and 70% demands of the above mentioned command
are met from the Hathmati reservoir only. The monthly time
reliability of the Guhai dam, Hathmati dam and the Hathmati weir
came out to be 0.66, 0.46 and 0.52 respectively while the volume
reliability came out to be 0.79, 0.58 and 0.59 respectively.
Thus, it has been observed that by meeting the demands of the B,
C and D zone from the Hathmati dam only, the reliability of Guhai
reservoir has increased considerably while the decrease 1in the
reliability of the Hathmati dam and weir is only marginal.
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Based on these observations, it has been decided that Guhai
dam must be operated to meet its own demands only and no release
for the B, C and D zones should be made from this dam. It has
been tried to lower the rule levels in the four monsoon months
without 'affecting the performance of the reservoir, thus making
some reoom in the reservoir during monsoon period for flood
moderation. A number of simulation runs have been taken and the
final recommended Rule Curves (Rule curve A and Rule curve B) are
given. in Table-G6 and Fig-G4. The operation table of the
reservoir for 24 vear period using recommended rule Tevels is
presented 1in Table-G7. The monthly time reliability of the
reservoir 1is 66% and the volume reliability is 79.3%. From the
"table, it is clear that the recommended policy tries to meet the
demands for as long the duration as possible by curtailing the
releases if the reservoir level goes below the lower rule level,
Most of the times, 75 % of the target demands have been met. 1In
the span of 24 years, there are only 31 months when the release
from the dam are less than 75 % of the demands. It needs to be
mentioned here that the years 1985, 1986 and 1987 were acute
drought vyears and 21 of these 31 months fall within these three
years period. The drought severity in these years can be judged
from the fact that the total cumulative flow in these three years
is less than one third of the demands from this reservoir in . any
single year,

For the Hathmati dam, simulation runs have been taken
assuming different demand levels (60%, 70% and 75% of the demands
for the B, C and D zcnes) and full demands of the A zone., For
these demand "levels, the monthly time reliability of Hathmati dam
came out tc be 49 %, 45.8 ¥ and 43.7 % respectively. The same for
the Hathmati weir came out to be 48.6 %, 52.1 % and 54.5 %
respectively, It has been considered appropriate to meet 70 % of
the irrigation demands of B, C and D zones from the reservoir. A
number of simulation runs have been takén and the final
recommended rule levels (Rule curve A, Rule curve 8 and . Rule
curve C) are given in Table-HTD5 and Fig-HTD4. The Ooperation
table of the reservoir for the 24 year period using recommended
policy is presented in Table-HTD6. The monthly time reliability
of the reservoir has come out to be 45.8 % and 1its volume
reliability 1is B5B.9 %. A-zone has been given priority for the
supply of water and release for the B, C and D zones has been
made from the head regulateors of the Indrasi dam or the Hathmati
dam. Efforts have been made to meet the demands for as long the
duration as 'possible. In the Rel/Dem column of the table, the
term "B" means failure in meeting full target demands of B, C and
D zones from the reservoir while the term "A" means that in
addition to demands in B, C and D zcnes, demands in A zone could
also not be satisfied.

The release in excess of the demands of the A-zone from the
Hathmati reservoir is discharged in the Hathmati. river either
through the Indrasi head regulator or through the escape in the
main canal of Hathmati dam. This water is picked up at the
Hathmati weir and is diverted in the main canal of B zone. Table-
HTW? gives the simulation of monthly operation of Hathmati weir,
The capacity of Limla dam and Karol dam (total 17.783 million
cubic meter) has been utilised in the weir operation. Thus, in
case of any excess water at the weir site, the same is diverted
td the Limla and Karol dam and spill from the weir in the river
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Sabarmati  -is made only after filling the two storage reservoirs
and after satisfying the demands of the B, C and D zones for that
period.

From the analysis of this sub-basin, it is clear that there
is scarcity of water-in this region. During the discussions with
the engineers at the field offices, it was revealed the available
water is not sufficient to meet all the demands of this area. In
view of the severe water shortage, it is recommended that the
project authorities may consider providing 1ining of the channels
if not already done so. Furthermore, they may also like to
introduce improved practices of water management in this area. To
make the both ends meet, adequate steps will have to be taken for
supply as well as demand management.
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3.2.6 RECOMMENDED OPERATION PROCEDURE FOR CONSERVATION REGULATION

OF GUHAT DAM

The recommended procedure for conservation regulation of the

Guhai reservoir using two Rule Curves A and B is as follows:

For a particular month: ‘
Try to maintain the reservoir at the Rule 1level A while
meeting irrigation demands in full.

If it is not possible to maintain the reservoir level at A,
meet all the irrigation demands as long as the reservoir is
at or above level B.

If it is 1ikely that reservoir will go below level B while
satisfying full irrigation demands, curtail the supply for
irrigation to 75 % of the demands.

If the Tevel in the reservoir is below the level B and above
the dead storage level, release water equal to 75 ¥ of the
irrigation demands.

It is advisable to review the situation periodically within a
month and modify the previous decision for the ‘remaining
duration of that month and follow steps 1 to 4 to operate the
reservoir.,
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3.2.7 RECOMMENDED OPERATION PROCEDURE FOR CONSERVATION REGULATION

OF HATHMATI DAM

The recommended procedure for conservation regulation of the

Hathmati reservoir using three Rule Curves A and B and C is as
follows:

For a particular month:
Try to fill the reservoir to the FRL (Rule Level A) while
meeting target irrigation demands in full (70 ¥ demands of
the B, C and D zones and full demands of A zone).

If it is not possible to maintain the reservoir level at Rule
Level A, meet all the target irrigation demands as 1long as
the combined capacity of the Hathmati and Indrasi reservoirs
is more than. the capacity corresponding to level B.

If it is likely that combined reservoir capacity will go
beiow the capacity corresponding to level B while meeting
full irrigation target demands, meet full irrigation demands
of the A zone and curtail the supply for B, C and D zones to
75 % of the target demands of these zones to be met from the
Hathmati reservoir.

If it 1is likely that combined reservoir capacity will go
below the capacity corresponding to level C while meeting
full idrrigation demands of A zone and 75 % of the target
demands of B, € and D zones from the Hathmati reservoir, stop
the supply to B, C and D zones and meet full demands of A
zone only,

If the combined capacity of the Hathmati and  Indrasi
reservoirs is below the capacity corresponding to level! ¢ and
above the sil11 level of Hathmati dam, meet full drrigation
demands of the A zone only.

-1t 1is advisable to review the situation periodically within

the month and modify the previous decision for the remaining
duration of that month and follow steps 1 to 5 to operate the
reservoir,
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3.2.8 RECOMMENDED OPERATION . PROCEDURE FOR CONSERVATION REGULATION
OF HATHMATI WEIR

The recommended procedure for conservation regulation of the
Hathmati Weir is as follows:

For a particular month:
1. Try to divert the flow in river Hathmati (released from
Hathmati or Indrasi dam and the local flow of the weir) to
meet the full irrigation demands of the B, C and D zones.

2. If the water available at the weir site is more than the
demand of the B, C and D zone, divert the excess water to
£i11 the two storage reservoirs, the Limla dam and the Karol
dam.

3. If the water available at the weir site is still in excess,
spill the water in the river Sabarmati. '
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3.3 OPERATION OF THE WASNA BARRAGE

Wasna barrage is located across river Sabarmati near village
Wasna in Ahmedabad district. The total catchment area of the
Wasna barrage 1is 10619 sg.km. The work of Wasna barrage was
started in 1972 and completed 1in 1976. The Wasna barrage
envisages the following benefits:

a) Irrigation of 72000 acres under existing Fatewadi Canal system
is firmed up.

b) The underground aquifers in the Ahmedabad city 1is augmented
and the tube wells in the city is recharged..

c). One major function of Wasna barrage is to store and hold the
flow released from the Dharoi reservoir for the purpose of
water supply -to Ahmedabad city.

The barrage will be used to hold the water for drinking
water supply to Ahmedabad city and to strengthen the existing
irrigation system. Water supply demand of the Ahmedabad city has
been met from the Dharoi reservoir and the same is delivered from
the Dharoi dam through the canals meant for the purpose. The flow
from the free catchment area can be diverted for irrigation 1in
the canal system as and when it is possible: In case of scarcity,
it does not seem advisable to release water either from the
Dharoi reservoir or from the Hathmati weir to meet the demands at
the barrage because of high absorption rate in the intermediate
river bed and unaccounted unauthorized withdrawal whose magnitude
can not be ascertained.

Thus, 1t has been realised that water from the upstream
structures should not be released for meeting the irrigation
demands of this barrage unless sufficient water is available in
storage and water level i1s above the recommended upper rule
level at any structure.
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4.0 CONCLUSION

The efficient use of water resources requires not only
judicious design but also proper management after
construction. Reservoir operation 1is 1important part of
planning and management of water resources systems. For the
existing reservoirs, better management means higher reservoir
yield through improved operation rather than future expansion,

The reservoirs are normally operated based on rule
curves. A rule curve or rule level specifies the storage to be-
maintained in a reservoir during different times of the vyear.
1t 1is assumed that a reservoir can best satisfy its purposes
if the storage levels specified by the rule curve are
maintained in the reservoir at different times. The rule curve
as such does not give the amount of water to be released from
the reservoir.

In the present study, operation policies for conservation
regulation of a system of multiple reservoirs have been
.developed. A computer program for conservation regulation of a
multi-purpose multireservoir system has been developed and
applied to the hydraulic structures located in the Sabarmati
basin upto Ahmedabad. The program evaluates the performance of
a trial policy for conservation operation of any system of
reservoirs. From the observation of the simulation results,
the trial policy can be updated till the best operation
response is achieved.

The basin considered for the present study is a water
scarce area and based on the priority of demands and with a
view toO meet the irrigation demands, at least partly, for as
long the duration as possible, a number of rule curves have
been developed and guidelines for operation in different
conditions have been prepared. The present study clearly
proves the role of management in the optimum utilisation of
water.
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(1)

(2)

(3)

(4)

(5}

ANNEXURE - 1.1

SALIENYT FEATURES OF HARNAV DAM

General Details
aj) ‘Location

b) Co-ordinates

¢c) Year of Completion

d} Purpcse

Hydrology

a) Total catcnment area at
the dam site

b) Average annual rainfall

c) Average annual runoff

d) Maximum Probable Flood

Dam
a) Type of dam

b) Length of dam at road level

c) Maximum Height of Dam

above lowest foundation pt

d) R.L. of Top of Dam

Reservoir

a) Full Reservoir Level
b) High Flood Level

c) Area at FRL

d) Gross Storage Capacity
e) Dead Storage Capacity
f) Live Storage Capacity
Flood Disposal

a) Type of Spillway

b} Length

c} Discharge Capaﬁity'at HFL

d) Number of Gates

Vill: vanaj, Ta: vijaynagar
Dist: Sabarkantha

Latitude 23°
Longitude 73°

58" N
18’ E

1990

Irrigation & Flood Control

116 Sa.Km

787 mm
24 .37 Mcm

5787 Cumec

Composite Rolled Filled Type
406 m

41.656 m

336.85 m

332.00m
333.35m
3.10 Sq.Km
21.67 Mcm
1.70 Mcm

19.97 Mcm

Ogee shaped with radial gates

43 m
1909 Cumec
3 Nos. {(12.5 m x 8.23 m)

Contd.
27




(6)

(7)

(8)

e) Crest Level

Head Regulators

a) Type of H.R

b) 5111 Level

c) Number & Size
Irrigation

a) Gross Command Area

b) Culturable Command Area
¢) Annual Irrigation
Financial Aspect

a) Total Cost

b} Benefit Cost Ratio

323.77 m

R.C.C barrels in both Piers
of Spillway

317.60 m
2 Nos. (1.067 m x 1.067 m)
6058 Ha
4040 Ha

3440 Ha

544 .58 Lacs

1.06

28




341

337

333

fad
nd
=

K =35,

RES. LEVEL (M)

321

317

”H‘

IR ENEAN ARSI NSRS R N EN AN SNURRENRSI SN TN RN FUNUNNR IR NNCER RN |

e 2R

313 Tlvrrll!l

o
e —
)
-
oif
o

AREA (MSQW)

Fig—HREDZ: Eleveticn—Area Curve fer Harnav Rservoir

29




Cut
(#1)
-y

RES. LEVEL (M)
| M)
3]
(31

s
e
Fu

L
i

96

L
=
cnnu bbb oo degeeebeeeeesieedeearnpsnadagagapyir b

+
I3 T T T T T T T A T T T T T T T T T T T T

0 5 10 15 20 : a5 301 35 \fm’ 45 50 55
CAPACITY (MCM)

Fig—HRD3: Elevation—Capacity Curve for
Harnav Reservolr

30




L

L

Lo
J

330

L
Ju
-

ot
T
—

3B

Rule Level (M)
[
e
=
i it s be g e st e rv ety gty d e p iy artlii g

~
-
’\/-\\, .,
R .,
R =
. .,
LN \\
\\ AN
..\_ \\'
Y Curve A
\
|
w,
hY
\-

Curve B

3is

[ —
[

T T T T 1

J F M A M

1 T 1 T 1 ¥
) A S 0 N D
- . Manths

Fig— HRD4: Rule Curves for Harnav Reservoir

N




in Million Cubic Meter

Table - HRD.1
Monthiy Inflow Serias for HARNAV DAM

Yaar

Jan Fab Mar Apr Hay Jun Jul Aug Sep Oct Nov Dec
1967 0.00 9.84 3.75 17.91 0.04 .00 .00
1388 0.00 0.00 .00 0.00 0.00 0.00 27.13 45,59 0.0 .00 0.00 .00
1969 6.00 0.00 0.00 0.00 0.00 0.00 0.81 1.38 0.00 .00 .00 .00
1870 0.00 0.00 ©.00 0.00 0.00 0.00 3.97 45.15 33.47 .72 0.07 .00
1871 0.00 0.00 0.00 0.00 0.00 2.75 5.18 5.08 0.87 A7 .00 .00
1972 0.00 0.00 0.00 0.00 0.00 0.04 7.96 1.84 0.23 0.00 O.QO .00
1973 0.00 0.00 0.00 0.00 0.00 0.01 3.80 22.80 5.22 T4 .46 .00
1974 0.00 0.00 0.00 G.G0 G.00 0.00 0.38 3.63 0.38 0.15 0.00 .00
1978 0.00 0.00 0.00 0.00 0.00 0.55 1.11 2.66 4.04 .81 0.48 .00
1976 0.00 0.00 0.00 0.00 0.00 0.00 5.85 19.70 14.78 .81 0.52 .00
1977 G.00 0.00 0.00 0.00 0.00 T.49 52.75 3T.48 35.19 .82 .81 T2
1978 0.00 0.00 Q.00 0. 00 0.00 0.00 16.85 17.80 10.78 3.20 .02 .40
1979 0.00 0.09% Q.00 0.00 0.00 0.00 &, 59 61,51 1.32 .27 .00 .00
1980 0.00 0.00 ‘0.00 0.00 D.00 ¢.00 11.06 10.67 2.13 0.48 0.00 .00
1981 0.00 0.60 0.0D. 0.00 0.00 0.00 3.43 9.28 1.75 .18 .60 .00
1982 G.00 0.00 0.00 Q.00 0.00 0.00 10.39 2.23 a,37 0.00 0.00 .00
1983 0.00 0.00 0. 00 o.00 0.00 3.57 8.54 14.20 3.16 .34 Q.G( .00
1984 0.00 0.00 0. 00 4.0 Q.00 2.60 2%.60 44.64 18.80 0.00 0.00 .00
1985 Q.00 9.00 0.00 Q.00 0.00 0.00 1.95 3.80 0.08 .73 0.00 .00
1986 ¢.00 G.00 0.00 ¢.00 0.00 0.00 0.64 4.36 G.00 0.00 0.00 .00
1987 0.00 0700 0.00 0.00 0.00 .00 0.00 0.13 0. 00 .00 0.00 .00

~

1988 0.00 0.00 0.00 .00 0.00 0.060 0.086 13.43 0.45 .00 0.00 .00
1989 0.00 G.00 10,00 0.00 .00
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Table - HRD.2
Elevation-Area-Capacity Table for HARNAV DAM

Elevation Area Capacity
{m) (M sg.m) (M cu.m)
314.00 2000 .B26
314.50 .2315 .671
315.00 . 2630 .B186
315.50 .2945 .961
316.00 .3260 1.1086
316.50 . 3575 1.251
317.00 .3890 1.388
317.50 4455 1.671
317.75 4737 1.808
318.00 5020 1.94¢€
318.25 .5303 2.083
318.50 .55685 2.221
318.75 . 5867 2.3568
319.00 .6150 2.496
319.25 .6432 2.633
319.50 .6715 2.771
319.75 .65998 2.908
320.00 . 7280 3.046
320.256 .7562 3.269
320.50 .7€43 3.492
320.7% .B125 3.714
321.00 .8407 3.937
321.25 .8688 4,160
321.50 .8970 4,383
321.75 .9252 4.606
322.00 .9533 4.828
322.25 .9815 5.051
322.50 1.0097 5.274
322.75 1.0378 5.497
323.00 1.0660 5.720
323.25 1.1021 6.039
323.50 1.1382 6.358 .
323.75 1.1743 6.677
324.00 1.2103 6.996
324.25 1.2464 7.315
324.50 1.2825 7.635
324.75 1.3188 7.954
325.00 1.3547 8.273
225.25 1.3908 8.592
325.50 1.4268 8.911
325.75 1.4629 9.230
326,00 1.4990 9.560
326.25 1.5398 .9.984
326.50 1.5807 10.419
326.75 1.6215 10.854
327.00 1.6623 11.289
327.25 1.7032 11.724
327.50 1.7440 12.159
327.75 1.7848 12.593
328.00 1.8257 13.028
328.25 1.-8665 13.463
328.50 1.9073 13.898
Contd.
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Elevation Area Capacity

{m) {M sg.m) (M cu.m)
'328.15 1.9482 14,333
329.00 1.9890 14.768
329.25 2.0421 15.343
329.50 2.0852 15.918
329.75 2.1483 16.493
330.00 2.2013 17.068
330.25 2.2544 17.643
330.50 2.3075 18.218
330.75 2.3606 18.793
3321.00 2.4137 19.368
331.25 2.4667 19.943
331.50 2.51498 20.518
331.75 2.5729 21.093
332.00 2.6260 21.668
. 32.25 2.7240 22.487
332,50 2.8220 23.266
332.75 2.8200 24.065
333.00 3.0180 24,864
233.25 3.1160 25.663
333.50 3.2140 26.462
333.75 3.3120 27.261
334.00 3.4100 28.060
334.25 3.5080 28.859
334.50 3.6060 29,658
334.75 3.7040 30.4587
335.00 3.8020 31.256
335.25 3.8802 32.395
335.50 3.9584 33.535
335.75 4.0366 34.675
336.00 4.1148 35.815
336.50 4.27112 38.094
337.00 4.4278 40,374
337.50 4,.5840 42,654
338.00 4.7404 44,933
338.50 4,8968 47.213
339.00 5.0532 49.492
339.50 5.2096 51.7172
340.00 5.3660 54.082
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Table - HRD.3
Average Monthly Irrigation Demands from HARNAV DAM
in Million Cubic Meter

Month Irrigation
Demand
Jan 2.360
Feb 1.380
Mar 0.000
Apr 0.000
May 0.000
Jun 0.000
Jul 0.000
Aug 2.774
Sep 3.193
Oct 1.723
Novy 1.981
Dec 2.780
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Table - HRD.4
Monthly Yield Estimation for HARNAV DAM

Monthly Yield (Million Cubic Meter)

Month Probability Level for Value to be Equalled or Exceeded
50% 60% 70% 75% 80% 90%
Jan 0 0 0 0 0 o
Feb 0 0 0 0 0 0
Mar 0 0 0 0 0 0
Apr 0 0 0 0 0 0
May 0 0 0 0 0 0
Jun 0 0 0 0 0 0
Jul 4,363 2.769 1.589 1.113 0.722 0.166
Aug 9.524 6.729 4.515 3.546 2.687 1.187
Sep 1.620 0.796 0.321 g.174 0.080 0.004
Oct 0.167 0.068 0.020 0.008 0.002 0.000
Nov 0 0 0 0 0 0
Dec ) 0 #] 0 0 0

Table - HRD.5
Recommended Rule Curve Levels for HARNAV DAM

Rule Levels in Meter

Month
Upper Rulé Level Lower Rule Level

Curve A Curve B
Jan 327.20 323.20
Feb 326.25 320.80
Mar 326.10 318.20
Apr 325.85 318.00
May 325.50 317.80
Jun 330.00 329.35
Jul 331.00 329.15
Aug 332.00 329.50
Sep 332.00 329.70
Oct 331.15 328.00
Nov 330.15 326.90
Dec 328.75 325.50
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Table - HRD.B
Honthly Operaticn Simulation of HARNAV DAM For Conservation
Regulation Using Recommended Policy

YYYY-Mn Ini_sto Ini_lev Loc_flo Evapr Tot_Dem WS_Dem Releas Rel/Dem 8pill End_st End_Lev Rul_Lev

m m3 m m m3 m m3 m m3 m m3 m m3 m m3 m m3 m m
1967-06 11.000 326.83 . 000 . 350 . 000 . 000 ,000 . 000 .000 10.65 325.63 330.00
1867-07 10.650 326.63 9.B40 . 306 . 000 , 000 . 000 . 000 816 19.37 331.00 331,00
1967-08 19.368 331.00 3.750 .372 2.774 L0000 2.774 1.000 L0000 19,87 331,26 332.00
1967-09 19.972 331.26 17.910 .388 3.183 ,000 3.183 1.000. 12.633 21,67 332.00 332.00
1967-10 21,5687 332.00 .40 .3B6 1.723 .000 1.723 1.000 L.000 19.60 331,10 331.15
1967-%1 19.598 331.10 . 000 .355 1.981 L0090 1,881 1.000 L000 17.26 330.08 330.15
1967-12 17.263 330,08 . 000 .316 2.780 L0000 2.780 1,000 ,000 14.17 32B.€5 328.75
1968-01 14.166 328.65 . 000 .254 2.380 L0000 2 380 1.000 L6000 11,55 327.15 327.20
1968-02 11.553 327.15 Nalus) .276 1.38B0 L0000 1.380 1.00¢ .000 9,85 326.23 328.25
1968-03  9.947 326.23 . 000 . 288 .000 000 . 000 .000 .000 8,66 326.06 326.10
1368-04 9.659 326.08 .000 .359 . 000 . 000 . 000 . 000 ,000 §.30 325.80 325.85
196A-05 9_300 325.80 000 441 , 000 . 000 . 000 . 000 .000 8.86 325,48 325.50

YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem WS _Dem Releas Ral/Dsm 8pill End_st End_Lev Rul_Lev

m m3 m m m3 m m3 m m3 m m3 m m3 m m3 m m3 m m
1968-06 8,858 325,46 .000  .304 .000  ,000 ,000  .000 ,000 8.56 325.22 330.00
1988-07 8.556 325.22 27.130 _290 000 .000 ,000 .000 16.028 19.37 33%.00 331.00
1968-08 19.368 331.00 45.500 .384 2.774 000 2.774 1,000 40.133 2t.67 332.00 332.00
1968-09 21.667 332.00 .016  .375 3.193  .000 3.133 1,000 L000 18.11 330.45 332.00
1966-10 18.109 330.45 .000  .336 1.723  .000 1.723 1.000 .000 18.05 329.56 331.35
1968-11 16,050 328,56 .000 .305 1,981 .00C 1.981 .1.000 L0000 13.76 328,42 330,15
1988-12 13,784 328.42 .000 .267 2.7B0 .000 2.7B0 1.000 .000 10.72 326.67 328.75
1969-01 10.717 3286.67 .000 .207 2.360 .00C 2.360 1.000 .000 B.15 324.90 327.20
1969-02 8,151 324.90 .000 .17 1.380 .DOG 1.380 1.000 L0006 6.59 323.69 328.25
1969-03 6.595 323.69 .000 218 L000 .000 .00Q .0OD  ..000 8,38 323,51 326.10
1988-04 6.377 323.51 L0000 .27t L000  .000 000 .000 L600 B.11 323.30 325.85
1969-05 6.106 323.30 .000  .333 .000  .000 .000 000 ,000 5.77 323.04 325.50

YYYY-Mn Ini_sto Ini_lev Loc_Fla Evapr Tot_Dem WS_Dem Releas Rel/Pem Spill End st End_LeJ Rul_Lev

m m3 m m m3 mm3 mm3 mm3 mowm3 mm3 mm3 m m

1969-06 , 5.774 323.04 . 000 . 229 . 000 , 000 . 000 .00o .0oo £.54 322.80 330.00
18689-07 5.545 322.80 .810 .165 . 000 . 000 .000 . 000 . 000 5.19 323.37 331.00
18969-08 6.190 323.37 1,360 .163 2.7T4 .000 2.080 . 750F . 000 §.31 322.54 332.00
1965~-08 5,307 322.%4 . 000 129 3.193 .000 2.385 . T50F , 600 2,78 319.52 232.00
1869~10 2.783 319.82 . 000 .086 1.723 . 000 . 988 .579F . 000 1.70 317.55 321.15
1968-11 t.700 317.55 . 000 . 068 1.981 . 000 . 000 . OD0F ,000 1.88 317.43 ?30.15
1888-12 1.832 317.43 .000 . 068 2.780 .000 . 000 . DOOF .000 1.87 317.31 328.75
1870-01 1.567 MT7.31 . 000 1.1 2.38B0 .000 . 000 . 000F . 000 t.51 317.20=327.20
1970-02 1.508 317.20 . 000 , 087 i.380 .000 . 000 . O0OF . 000 1.45 317.10 326.25
1870-03 1.451 317.10 .000~  .074 . 000 . 000 .000 . 000 000 4.38 316.93 326,10
1970-04 1.377 318.93 000 . 080 . 000 . 000 . 000 . 000 . 000 1,29 316.62 325.85

1.18 316.25 325.50

1870-05  1.286 316.82 . 000 .108 .000 .000 . 000 . 000 .000

Contd.
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YYYY~Mn

Lev

Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem W3_Dem Releas Rel1/Dem Spill End_st End_Lev RuUl_
m m3 m m m3 m m3 m m3 m m3 m m3 m m3 m m3 m m
1870~06 1.178 316.25 .000 .or2 . 000 .000 . 000 . 000 . 000 1.11  316.00 330.00
1976-07 1.106 316.00 3,870 .098 . 000 . @00 . 000 .G00 .000 4.98 322.17 331.00
1970-08 4.978 322.17 45.150 L2274 2.774 000 2.774 1.000 25.412 21.87 332.00 332.00
1970-0% 21.667 3232.00 33.470 . 400 3.193 .000 3.193 1,000 29.877 21.67 332.00 332.00
1970-10 21.867 332.00 1.720 . 386 1.723 L0000 1,723 1.000 1.565 19,71 331.15 331.15
18970-11 18.713 331.15 .070 .357 1.981 000 1.981 1.000 .032 7.41 330.15 330.15
197012 17.413 330.15 .ooo .318  2.780 ,000 2.780 1.G00 000 14.31 328,74 328,75
1974-61 14.314 328.74 L0000 . 255 2.360 .000 2.3680 1.000 .062 11,64 327.20 327.20
1971-02 11.637 327.20 . 000 227 1.380 .000 1.380 1,000 L0468 B.98 326.25 326.25
1971-G3 9. 984 326,25 . Qoo . 288 . 000 . 000 . 000 . 000 . 000 9.70 326.08 326.10
1971-G4 3.6598 326.08 000 . 360 . 000 . 000 . 000 . 000 000 9.34 325.83 325,85
1971-05 9,336 325.83 Nloa] . 442 . 000 . 000 . 000 . 000 .000 B.B9 325.49 325.50
YYYY-Hn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem W3_Dem Releas Rel/Dem 8pill End_st E£nd_Lev Rul_Lav
m in3 m m m3 in m3 m m3 mm3 mm3 m m3 m m3 m m
1871-06 B.894 325.4% 2.750 L334 . 000 . 000 . 000 . 000 L000  11.31 327.01 330.00
1971-07 1t1.310 327.01 5.180 . 288 . 000 .000 . 000 . Qo0 .000 16.20 329.62 331.00
1871-08 16.202 329.62 5.080 L3317 2.774 000 2,774 1,000 000 18.17 330.48 332.00
1971-08 18,170 330,48 .970 .339 . 3.193 .000 2.385 JT50F .000 16.41 329,71 332.00
1971-10 16.407 329.71 L1170 . 313 1.723 L0000 $.723  1.000 000 14,54 32B.87 331.15
1971-11 _14.541 328.87 . 000 .284 1.9814 .000  i.%81 1,000 L0000 12.28 327.57 330.15
§971-12 12.276 327.57 .000 . 245 2.780 Q00 2.780 1.000 000 9.25 325.77 328.75
1972-01 9.251 325.77 .ooo .185  2.360 .006 2.3%0 1.000 .B00  6.71 323.77 327.20
1872-¢2 6.706 323.77 000 152 1.380 000 1,380 1.000 ,000 5,17 322.3% 326.25
1972-03 5,173 322.39 . 000 . 186 000 . 000 . 000 . 000 L0000 4.9 322 18 326.190
1972-04 4_887 322.1%8 .000 L2531 . 000 . 000 . 000 . 000 .000 4,76 321.92 325.85
1972-05 4.756 321.92 .000 . 2B2 . 000 . 000 . 000 . 000 .000 4.47 321.€0 325.50
YYYY-Hn Ini_sto Ini_lev Loc_flo Evapr Tot_Dam W3_Dem Releas Rel/Dem Spill End st End_Lev Rul_Lev
m m3. m m m3 m m3 m m3 m m3 m m3 m m3 m m3 m m
1972-06 . 4.474 321.60 . 040 . 194 . 000 . 000 . 000 . 000 .000  4.32 321.43 330.00
1972-07  4.319 321.43 7.980 .200 . 000 .G00 . 000 . 0090 .000 12.08 327.45 331.00
197208 12.079 327.45 1.840 . 261 2.774 .Co0 2,080 . TSOF L000 11.58 327.17 332.00
1972-09 11.578 327.17 .230 .240 3.193 .00 2.395 . T50F L0000 917 325.71 332.00
1972-10 8,173 325.71 alile] . 209 1.723 L0080 1,292 . 150F L0000 7.87 324.53 331.15
1972-11 7.672 324.53 .000 .182 1.981 .000 1.486 . T50F .000 6.00 323.22 330.15
1972-12 6.005 323,22 .00 145  2.78B0O .000 2.085 . 150F .000 3,77 320.82 32B.75
1973-01 3.773 320.B2 . 000 .092 2.360 L0000 1.770 . T50F . 000 1.91 317,94 327.20
1973-02 t.911 217.94 .ong .066 1,380 . 000 . 145 .105F 000 1.70 317.55 326.25
1973-03 1.700 317.55 .000 . 084 . 000 .000 . 000 . 000 . 000 1.62 317.40 326.10
1973-04 1.616 317.40 . 500 102 .00 . 000 . 000 . 000 . 00D 1.51 317,22 325.85
1973-05 1.514 317.22 . Q09 122 . 000 . 000 . 000 . 000 . 000 1.39 316.99 325.50
YYYY-Mr Ini_sto Ini_lav Loc_Flo Evapr Tot_Dem WS_Dem Releas Rel/Dem Spill End_st End_Lev Rul_Lav
m m3 " R m3 m m3 m m3 m m3 m m3 m m3a m m3 m [
1973-06 1.292 316.9% .010 .0R2 ,000 000 . 000 .00 . Q00 1.32 316.T74 330.00
1873.07 1.320 346.74 3.800 .103 .000 .hoo . 000 . 000 L000 5.02 322,21 331.00
1973-08 5.017 222,21 22,800 .275 2.774 L0000 2.774 1,000 3.101 21.6% 332.00 332.00
1973-09 21_6EY 332.00 £.220 .400  3.183 .000 3.183 1.000 1.627 21.87 332.00 332.00
1973~10 21.837 332.00 1.740 388 1.723 L060 1.723 1,000  1.585 19.71 331,15 331.15
1973-11  18.713 331,15 . 480 . 387 3.981 .000 1.981 1.000 L422 17.41t 330.15 330,15
1973-12  17.413 330.15 .G00 .218 2.780 .a00 2,780 1.000 L0000 14.31 328.74 32B.75
1974-01 14.314 2378.74 .4no .255 2.360 L0000 2.360 1,000 062 11.64 327.20 327.20
1974-02 11.637 327.20 . Q00 .22 1.380 .000 1.38C 1.000 . 046 9.98 326.25 326.25
1974-03  5_0Bd4 326,25 000 .28 . 00Q Rl . 000 . Q0o L,000 9.70 326.08 326.10
1974-04 9. 696 326.08 L0000 . 360 . 000 Nolalel . 000 . 000 L0006 9.34 325.83 325.85
1974-08% §.336 325,83 .000 L4472 .000 .00 .060 .Q00 .000 B8.89 325.49 325.50
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YYYY-Mn Ini_sto Ini_lav Loc_Flo Evapr Tot_Dem WS_Dem Releas Ret/Dem Spill End_st Enc Lev Rul_Lev

m m3 m mm3 m m3 mm3 mm3 mom3 mm3 mm3 4 m
197406 8.894 325.49 .000 308 -, 000 . 000 .00 . 000 . 000 B.59 325.25 330,00
1974-07 8,590 325.25 . 380 .213 . 000 . 000 . 000 . 000 . 000 8.76 325.38 331.00
1874-08 B8.756 325.38 3.630 .225 2.774 .000  2.080 . 750F .000 10.08 326.31 332.00
1874-09 10.080 326.31 .380 . 218 3.143 .000 2.385 . THOF . 000 7.85 324.67 332.00
1974-10 7.848 324,67 .150 .188 1.723 .000 1.292 . 750F . 000 5.52 323.63 331.15
1974-11" B.518 323.63 . 000 . 161 1,981 .00 1.48BB . T5CF . Q000 4.87 322.0% 330.15
1874-12 4.671 322,08 . 000 .123 2.780 00 2.085 . T50F . Doo 2.66 319,31 328.75
1975-01 2.664 319.31 . 000 077 2.360 . 000 .887 . 376F . 000 1.70 317.55 327.20
1975-02 1.700 317.55 . 000 062 1.380 . 000 . 000 . 0Q0F . 000 1.64 317.44 326.25
1975-03 1.638 317.44 . 000 081 . 000 . 000 . 000 . 000 . 000 1.56 317.29 326.10
1975-04 1.556 317.29 .000 099 L0000 .000 .000 000 000 1,48 317.11 325.85
1975-05 1.457 317.111 . 000 118 . 000 . 000 . 000 . 000 . 000 1.34 316.80 325,50

YYYY-Mn Iri_sto Ini_lev Loc_Flo Evapr Tot_Dem WS _Dem Releas Rel/Dem 8piT1Y1 End_st End_Lev Rul_Lev

m m3 m m m3 mn n3 m m3 m m3 m m3 m m3 m m3 m m
1975-06 1.339 316.80 .550 .082 . 000 . 000 . 000 . 000 . 000 1.80 317.73 330.00
1875-07 1.797 317.73 1.110 .088 . 000 .000 . oo . 000 .0e0 2.82 319.59 331,00
1975-08 2.819 319.59 2.660 L1000 2,774 .000 2.080 .750F 000 3.29 320.27 332.00
1975-09 3.289 320.27 4.040 . 130 3.193 .000 2.385 . T50F .000  4.BO 321.97 332.00
1975-10 4,804 321.97 3.610 . 184 1.723 .000 1,282 . T50F 000 £.86 323.97 331.15
1975-11 B6.857 323.87 . 480 174 1.981 .000 1.486 . T50F .000 5,78 323.05 330.15
1975-12 5.778 323.05 .00 . 142 2.780 .000 2.085 .T50F .000  3.55 320.57 328.75
1976-01 3.551 320.57 . 006 087  2.360 .000  1.764 .T4TF .060 1.70 312.55 327.20
1876-02 t.700 317.55 . 000 .062 1.380 . 000 . 000 . Q0OF 000 1.84 317.44 326,25
1976-03 1.638 317.44 . Q00 081 . 000 . 000 . 000 .000  .000 1.56 317.29 326.10
1976~04 1,556 317.29 .009Q .089 . D00 . 000 . 000 . 000 . 000 1.46 317.11 325.85
1978~05 t. 457 317.11 . 000 .119 . 000 . 000 . 000 . 000 .00¢  1.34 316.8B0 325.50

YYYY-Mn Ini_sto Ini_lev Loc_flo Evapr Tot_Dem WS_Dem Releas Rel/Dem 8pi1l End_st End_Lev Rul_Lav

m m3 m m m3 m m3 m A3 m m3 m m3 ™ m3 m m3 m m
1976-06 1.339 318.80 .000 .080 . 000 . 000 . 000 . 000 . 000 1.26 316.53 330.00
1976-07 1.259 316.53 5.850 120 .00D0 . 000 . 000 . 000 .000 6.99 323.59 331,00
1976-08 6.989 323.99 19,700 .282  2.774 000 2.774 1,000 1.856 21.67 332.00 332.00
1976-09 21.667 332.00 14,780 .400 3.193 .000 3,183 1.000 11,187 21,87 3372.00 332.00
1976-10 21.667 332,00 1.810 . 386 1.723 L0000 1.723 1.000 1.655 19.71 331.15 331.15%
1978-11 19,713 331.15 .52¢ .357 1.981 .000 1.881 1,000 .482 17.4% 330.15 330.15
18768-12 17.413 330.15 . 000 .318 2.780 000 2.780 1.000 .000 14,31 328.74 328.75
1977-01 14.314 328.74 . 000 . 255 2,380 .000 2.360 1,000 L0622 11.64 327.20 327.20
1977-02 11.637 327,20 . 000 L2271 1.380 000 t.380 1.000 . 046 9.98 326.25 326.25
1977-03  9.984 328.25 . 000 . 288 .000 . 000 . 000 . G600 .000  9.70 326.08 326.10
1877-04 9.696 326.08 . 000 L3680 . 000 . Q00 . 000 . 000 L0000 9.34 325.83 325.85
1877-05 9,336 325.83 .000 .442 . 000 . 000 . 000 . 000 .000 &.89 325.49 325.50

YYYY-Mn Ini_sto Ini_ lev Loc_flo Evapr Tot_Dem WS_Dem Releas Rel/Dem Spill End_st End_Lev RuT_Lev

m m3 m m m3 m m3 m m3 m m3 m m3 m m3 m m3 m m
' 1977-06 B.H94 325.49 7.4980 .382 . 000 .000 .0n0 .000 .000 16.00 329.54 330.00
1977-07 16.003 329.54 52,760 . 344 . 000 . 000 . 000 .000 49,041 19,37 331.00 321.00
1977-08 19.368 331.00 37.480 .384 2,774 L0000 2,774 1,000 32.023 21.67 332.00 332.00
1977-09 21.667 332.00 35.190 L4000 3.193 L0000 3.183 1.000 31.597 21.67 332.00 332.00
1977-10 21.667 332.00 3.820 .388 1,723 L0000 1.723 1,000 3.665 18.71 331.15 331.15
18977-11 19.713 331.15 1.810 .357 1.981 .00 1.981 1.00¢ 1.772 17.41 330.15 330.15
1977-12 17.413 330,15 .720 L3189 2,780 .Q00  2.780 1.000 L7017 14.33 328.75 328.75
1878~01 14.333 328.75 .000 L2558 2.360 L0000  2.380 1.000 .08t 11,64 377.20 327.20

1978-02 11.837. 327.20 .00o .227 1.380 L0006 1,380 1.000 L0486 9.98 326.25 326.2
1978-03 9,884 326.25 .Do0 .288 -00o Walal .D00 . 000 . 000 9.70 326.08 326.10
1978-04 2.696 326,08 .hoo . 360 400 .00 . 000 . 000 . 000 %.34 325,83 325.85%
1978-05 8.336 325.a3 .000 . 442 . 000 MUY .ano . 080 . 000 8.89 325.48 325.50
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YYYY-Mn Ini_sto Ini_lev ioc_Flo Evapr Tot_Dem WS5_Dem Releas Rel/Dem Spill End_st E£nd_Lev Rul_Lev
m m3 m m m3 m m3 m m3 m m3 m m3 m m3 m m3 m m
1978-06 8.894 325.49 . 000 . 3056 .000 .000 . D00 . 000 000 B.59 325.25 330.00
1978-07 B.590 325.25 16.850 . 280 .000 .000 .000 . 000 5.882 1%.37 3531.00 331.00
1978-08 19.368 331.00 17.800 .384 2.774 000 2.774 1,000 12.343 21.67 332.00 332.00
1978~-09 21.667 332.00 10.780 . 400 3,183 .000 3.183 1,000 7.1t97 21.87 332.00 332.00
1978-10 21.667 332.00 3.200 . 386 1.723 000 1,723 1.000 3.045 19.71 331.15 331.15
1978-11 18.713 331.15 f.020 . 357 1.981 000 1.381 1.000 L9B2 17.41 330.15 330.15
1978-12 17.413 330.15 . 400 .318 2.780 L00D 2,780 1,000 .381 14,33 328.75 328.75
1878-01 14,333 328.75 . 000 . 255 2.360 .000 2.360 1.000 L0B1 11.84 327.20 327.20
1979-02 11.637 327.20 . 000 . 227 1.380 ,000 1.38B0 1.000 046 9.98 326.25 328.25
1979-03 5.884 326.25 009 .288B .000 . 000 . 000 . 000 . 000 9,70 326.08 326.10
1879-04 9,696 326.08 . 000 .360 . 000 . 000 000 . 000 000 9.34 325.B3 325.85
1979-05 9.336 325.83 . 000 .442 . 000 . 000 . 000 . 000 . 000 8.8% 325.49 325.%50
YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem WS_Dem Releas Rel/Dem Spill End_st End_Lev Rul_Lev
m m3 m m m3 m m3 m m3 m m3 m m3 m m3 m m3 m n
1979-08 8.8984 325.49 . 000 . 305 . 000 . 000 000 .000 .000 8.59 325.25 330.00
1879-07 8.590 325.25 4,590 .244 . 000 . 000 . 000 . 000 .000 12.84 327.95 331.00
1979-08 12.835 327.95 61,510 .338 2,774 000 2.774 1.000 49.666 21,87 332.00 332.00
1979-09 21.867 332.00 1.320 . 384 3.193 L0060 3.193 1.000 ,000 19.4% 331.02 332.00
1979-10 19.410 331.02 270 . 358 1,723 L0000 1,723 1,000 .000 17.80 330.23 331.15
1979-11 17.601 330.23 . 000 327 1.881 000 1.831 1.000 D00 18.29 329.23 330.15
1979-12 15,293 329.23 . 000 .2B9 2.780 000 2,780 1,000 L0000 12.22 327,54 328.75
1980-01 12.225 327.54 . 000 . 2278 2.360 .000 2.360 1,000 . 000 9.64 326.05 327,20
1980-02 9.636 326._0% . 000 L1949 1.380 ,000 1.380 1.000 .0p0  B.06 324,83 326.25
1880-03 B.057 324.83 . 300 . 249 . D00 . 000 . 000 . 000 .000 7.81 324.64 326.10
1980~04 7.809 324.684 . 000 . 309 . 000 . 000 .000 . 000 . 000 7.50 324,39 325.85
1980-0% 7.499 324.39 .000 . 380 . 000 . 000 . 000 . 000 .00 7.12 324.10 325.50
YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot Dam WS_Dem Releas Rel/Dem Spill End_st End_Lev Rul_Lev
m m3 n mm3 m m3 m m3 m m3 m m3 m m3 mm3 m m
198C-06 7.120 324.10 . 000 262 . 000 . 000 , 000 . 000 . 000 .86 323_8Y9 330.00
1580-07 6.858 323.89 11,080 . 2863 . 000 .000 . 000 . 000 .000 17.65% 330.26 331.00
1980-08 17.655 330.26 10.670 312 2.774 L000 2,774 t1.000 3.512 21.67 332.00 332.00
1980-09 21,687 332,00 2.130 . 390 3.193 000 3.193 1,000 .000 20.2% 331.37 332.00
1980-10 20.214 331.37 . 480 . 368 1.723 L0006 1,723 t.000 .000  1£,60 330.67 331.15
1980-11 18.603 330.67 . DOG . 341 1.981 000 1.981 1,000 .000 16.28 329,66 330.15
1880-12 16.281 329,66 .000 303 2.7B0 .000  2.780  1.000 L0000 13,20 32B.10 328.795
1981-01 13.198 328.10 . 000 241 .2.360 000 2.360 1.000 .000 10.60 326.60 327.20
1881-02 10.5987 326.60 000 L 213 1.380 .000  1.380 1.000 L0000 9.00 325.57 326.25
1981-03 9.005 325.57 . 000 . 269 0G0 . 000 . 000 . 060 . 000 8.74 325.36 326.10
1081-04 B.736 325,36 . 000 .334 . 600 . 600 . 000 . 000 . 000 B8.40 325,10 325.85
1981-05 B.401 325.10 . 000 410 . 000 . 000 .000 . 000 . 000 7.99 324,78 325.50
YYYY-Mn Ini_sto Ini_tev.lLoc_Flo Evapr Tot_Dem WS _Dem Releas Rel/Dem 3pill End_st End_Lev Rul_Lev
m m3 m m m3 m m3 m m3 m m3 m m3 m m3 m m3 m m
1881-06 7.881 324.78 .00 .283 .a0g . 000 , 000 . 000 . 000 7.71 324,56 330.00
1981-07 7.708 324.56 3,430 .222 . 080 . 0o . 000 . 000 ,000 10.92 326.79 .331.00
1881-08 10.9%6 326.79 9.280 .282 2.774 000D 2.774  1.000 000 17,13 330.03 332.00
1881-08 17,130 330.03 1.760 . 330 3.183 ,00¢ 2,385 . 750F 000 16,37 329.81 332.00
1981-10 16.166 329.81 190 . 310 1.723 000 1,723 1.000 ,000 14.32 328.74 331.15
1881-11 14.323 328.74 alels] . 281 1.981 L0000 1.881 1.000 L0000 12,06 327.44 330.15
1981-12 12.061 327.44 .o L 242 2.780 .000 2.780 1.000 .000 9,04 325.60 328.75
1882-01 9.038 325.60 . 000 182 2,380 000 2,360 1.000 . 000 6.50 323.61 327.20
1982-02 6.497 323.61 . 000 . 148 1.380 L0090 1.380 1.000 .000 4,97 322.16 326.25
1982~03 4,968 322.16 000 181 . 000 . 000 .000 .goo . 000 4.79 321.95 326.10
1982-04 4.787 321.%85 .Ono . 225 . D00 . 000 .000 . N0G . 000 4,56 321.70 325.85
1982--05 4.562 321.70 . 000 L2758 . 000 . 000 000 . 000 . 600 4.29 321,39 325.50
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¥YYY-Mn Ini_sto Ini_tev Loc_Flo Evapr Tot_Dem WS_Dem Releas Rel/Dem S8pill End_st End_Lev Rul_tav

[ K] m m m3 m m3 m m3 m m3 m m3 m m3 m m3 ) m
182206 4,237 321.39 . 000 . 189 . 000 . 000 . 000 . 000 L.000 4.10 321.18 330.00
1302-37 4.098 321.18 10.390 214 .000  ..000 . 000 . 000 .000 14.27 328.72 331.00
1582-08 14.274 328.72  2.230 . 295 2.774 .000 2.080 , T50F .000 14,13 328.63 332.00
1682-02 14,129 328.63 . 370 .278 3.193 .000 2,395 . 750F 000 $t.83 327.31 332.00
1982-10 11.827 327.3% . 600 .250 1.723 .000 1.292 . T50F .000 10.28 326.42 331.15
198211 10,284 326.42 .00 .225 1.981 000 1.486 . 750F .000 B.57 325.24 330.15
1962-12 8.573 325.Z24 .¢oo .182  2.780 .000  2.085 . 750F .000 6.30 323.45 3:.8.75
198321 5.296 323,45 . 000 .142  2.360 .pog t1.770 . T50F .000 4.38 321.50 327.20
1985-02  4.3B84 323.50 . Q00 116 1.380 .000 1.035 . 750F L0000 3,23 320.21 326.25
1583-03 3.234 3z20.21 . 000 . 140 . 000 . 000 . 000 . 000 000 3.09 320.05 326.10
1383-04 3.093 320.05 . 000 173 . 000 .000  .000 . 000 .000 2.%2 319.77 325.B5
1883-05  2.92¢ 319.77 .00a ,208 , 000 . 000 .000 Nslaldd L0000 2,71 319.39 325.50

YYYY-Mn Ini_sto Ini_lev Loc Fle Evapr Tot Detm WS _Dem Releas Rel/Dem Spill End_st End_Lev Rul_lLev

m m3 . m m m3 mm3i, mm3 mom3 m m3 mm3 mm3 m m

1883-06 2.713 31%.39 3.570 -.1%1 . 000 . 006G . 000 . 000 . 000 6.09 323,29 330.00
1983-07 6.082 323.29 8.540 . 233 . 000 . Q00 . 000 . 000 L0000 14.40 328.79 331.00
198308 ¥4.388° 328.79 14,200 .349 2.774 LO00 2.774 1,000 j.ec8 21.67 332,00 332.00
1883-¢9 21.667 332.00 3.160 - .397 3.193 .000 3.183 1.000 ,000 21.24 331.81 332.00
1883-10 21.237 331.81 2.340 . 383 1.723 - L0000 1.723 1.000 1.758 19.71 331.15 331.15§
19§3-11 18.713 331.15% .. D40 .357 1.981 .800  F.981 1.000 .002 $7.41 330.15 330.15
1983-12 17.413 230.15 000 . 318 2.780 .000 2,780 1.000 000 14,31 328.74 32B.75
1984-01 14.34%4 328.74 .000 .255 2.360 .000  2.360 1,000 .062 11.64 327.20 327.20
188402 11.837 327.20 . 0G0 . 227 1.3280 .C00 1.280 1,000 . 046 9.98 326.25 326.25
1954-02 9,884 3&&.25 . 000 . 288 .00 . 000 Nalelo) . 000 . 000 9,70 328.08 326.10
1353-G4 9.696 3I25.68 . 060 . 360 . 000 .00 Malele} . 000 . Q00 9.34 325.83 325.85
1884-25 8. 3228 32F.02 .Don . 442 . 000 .ooo .000 - .DOO . 000 8

.89 325.49 325,50

Y -ita It ot Ini_lev Loc_Flo  Evapr Tot _Dem WS Oem Releas Rel/Dem Spill End.st End Lev Rul_Lev

w3 e m m3 m m3 m m3 m m3 m m3 m m3 m w3 m mn
1264-06 5.894 325.49 2.600 .333 '.000 . 000 . 000 . 000 .000 11.16 326.83 330.00
i384-07 t1.162 326.93 29,500 .310 . 000 . 000 L0090 000 21.084 18.37 331.00 331.00
1554-08 19,368 331.02 44.840 .384 2.774 .000 2.774 1.000 39,183 21.67 332.00 332.00
1834-03 21.667 332.00 16.B00 .400 3.193 .000 3.183 1.000 13.207 21.67 332.00 332.00
1984-10 --21.567 232.C0 .000 . 385 1.723 L0000 1.723 1,000 .000 19.56 331.08 331.15%
1984-11 18,558 331,08 .000 . 354 1.981 .000 1,981 1,000 L0000 17.22 330.07 330.15
1884-12 17.22 330.407 . 040 L3186 2.780 LD 2,780 1,000 .000 14,13 328.63 328.75
' 188E-0 14.128 328 A3 .ono . 253 2.360 LQD0 2.360 1.000 000 t1.51 327.13 327.20
1985-62 11.514 327.13 , 000 .225 1.380 L0000 1.380 1.000 .000  9.91 326.21 326.25%
1585-02 g9.909 226.21 . oo . 287 . 000 . 000 ;000 . 000 ,000 9.62 326.04 326.10
1985~54 9.622 326,04 . 000 .358 . Q00 .00 .00 . 000 .000 9.26 325.78 325.85
198585 9.264 325.78 L00o L4309 .ong Ralalsl . 000 . 000 .000 B8.B2 325.43 325.5¢

YYYY-iin Ini_sto Inf_Tev Loc_Floa Evapr Tot_Dam WS_Dem Releac Rel/Dem Spill End_st End_Lev Rul_Lev

mom3 ) m m2 mm2 mam3 mm3 mmd nm3  mom3 m m
1935-06 §.825 325.43 . 000 . 303 . 000 0G0 Nlelile) . 000 000 8.52 325.19 330.00
1985-07 8.522 325.19 1,950 .225 . 000 000 .00 . 000 000 10.25 326.40 331.00
1885-08 10,247 326.40 3.800 . 249 2.774 000 2.080 .75CF 000 11,72 327.25 332.00
1985-09 +11.71B 327.25 . 080 . 240 3.1932 .000 2,395 . T50F . GO0 8.14 325.68 332.00
1985-10 9,142 325.68 .730 :2?5 1.723 ..000 1.292 . 7ROF . 000 8.37 325.07 331.15
1985-11 B,.365 325.07 000 . 194 1.581% .000 1.486 . T50F 000 6.68 323.76 330.15
1985-12 6.686 323.76 . 000 158 Z.78C .000 2,085 . 750F Q00 4.44 321.57 328.75
1986-01% 4.443 321,57 . 000 L1638 2.360 000 1,770 . 750F . 009 2.57 319.13 327.20
1886-02 2,865 319.13 . 000 Mk 1.380 . 000 . 789 B72F . 000 1.7 317.55 326.25
1886-03 1.700 317.55 . 000 084 .00 . 000 Mlilals] L 000 .poa 1.62 317.40 326.10
1886-04 1.616 317.40 L 000 .102 Lna L 000G . Qo] LA00 0G0 1.51 317.22 325.8B5
1985-03 1.514 317.22 .000 .122 .0Q0 .0a0 Baisis] L 000 Maaal 1.39 316.99 325.5u0
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YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem WS_Dem Releas Rel/Dem Spill End_st End_Lev Rul_lev
m m3 m m m3 mm3i mm3 mm3 mm3 mm3 mm3 m m

1986-06 1.3%2 316.99 .000 .082 .000  .000 - .000 .000 .000
1986-07 1.310 316.70 .640  .066 .000 (000 .000 .000 .C00
1986-08 1.884 317.89 4.360 .103 2,774 .000 2.080 .750F .000
1986-09 4.061 321.14 L000 .100 3,193  .000 2.262 .708F .000
1986-10 1.700 317.55 .000 .068 1.723 .000 .000 .0OOF .000
1986-11  1.632 317.43 .000 .066 1,981 .000  .000  .00CF  .000
1986-12  1.567 317.31 .000 .064 2,780 ,000 .000 .0COF .000
1987-01 1.503 317.19 .000 .087 2.360 .000 .00C .00OF .000
1987-02  1.446 317.09 .000 .055 1.3380 .000 - .000 .00OF .00O
1987-03  1.391 316.98 000 .072 .000  ,000 .000 .00Q .000 .32 316.74 326.00
1987-04 1,319 316.74 .000 .087 .000 .000 .000 .00Q .000 .23 316.43 325.75
1987-05  1.232 316.43 .000 .104 L0060 ,000 .000 .000 .000 1,13 316.08 325.50

.31 316.70 330.00
.88 317.89 331.00
.06 321.14 332.00
.70 317.55 332.00
.63 317.43 331.25
317.31 336.25
.50 317.19 328,75
.45 317.09 327.25
.39 .316.98 326.50
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YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem WS_Dem Releas Rel/Dem Spill End_st End_Lev Rul_Lev
m m3 m m m3 mm3 mm3 mm3 mmd mm3 mm3 m m

1987-06  1.127 316.08 .000 .070 .000 .000 ,000 .000 .000 1,06 315.83 330.00
1987-07 1.058 315,83 .00C  .047 .000 .000 .000 .GOO 000 1.01 315.67 331.00
1987-08 1.010 315.67 .130 .048 2.774 .000 .000 .000F .000 1.09 315.95 332.00
1987-09  1.092 315.95 .000 .048 3.193 .000 .000. .00OF .000 1.04 315.79 332.00
1987-10 1.044 315.79 .000 .047 1.723 °,000 .000 .00OF .000 1.00 315.63 331.25

1987-11 .997 315.63 L0000 045 1,981 .000 .000 .COOF  .000 .95 315.47 330.25
1987-12 .952  315.47 .00C .044 2.780 .000 .000 .000F  .000 .91 315,32 328.75
1988-01 .908  315.32 -,000 .039 2.360 .000 .000 .OOOF  .00OC .87 315.18 327.25
1988-02 .B869 315.18 .000 .038 1.380 .000 .000 .0OCF  .QOO .83 315.05 326.50
1988-03 .831 315.05 000 .049 .000  .000 .000 .000 .000 .78 314.88 326.00
1988-04 .782 314.88 .000 .060 .000 .000  .0GO  .000 .000 .72 314.68 325.75
1988-05 .T22 314,68 ,000 ,072 . 000 .000 000 .000 .000 .65 314.43 325.50

YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_.Dem WS_Dem Releas Rel/Dem Spill End st €nd_Lev Rul_Lev
m m3 m mml m m3 m m3 m m3 m m3 mm3 'm m3 om m

1988-06 .650 314.43 .000 .048 .000 ,000 .006 .GOO .uoo .60 314,26 330.00

1988-07 .602 314.26. .060  .033 .000  .000 .00C . .COO .00 .63 314.35 331.00
19688~08 .629 314.35 13.430 .147 2.774 .000 2.080 .750F .000 ."11.83 327.31 332.00
. 1988-09 11.831 327.31 J450 .24%5 3,193 .000 2.395 ,7S5CF  .000 9.64 326.05 332.00

- 1988-10 9.640 326.05 000 0 L2170 1,723 .000 1.292 L750F  .000 8.13 324,89 331.25

1988-11 8.131 324.89% .000  .190 1,981 ,000 1.486 .TEQOF  ,000 6.46 323.58 330.25
1988-12 6.456 323.58 .000 ¢ .154 2,780 .000 2.085 LT50F .000 4.22 321.31 328.75
1989-01 4,297 321.31 .000 - .102  2.360 000 1.770 L750F  .000 2.34 318.72 327.25
1989-02  2.344 318.72 .00 .073 1.380 .000  .572 .A414F 000 1,70 317.55 326.50
1989-03 1,700 317.55 .000 .084  .000 .000 .000 .000 .000 1.62 317.40 326.00
1989-04 1.616 317.40 .000 .102 .000 .000 000  .000 .000 1.51 317.22 325.75
1989~05 *1.514 317.22° - .000  .122 .000 .000 .000 .00C L0080 1.39 316.99 325.50

No. of failure months (When Release is less than Demand) = 6%
No. of critical failure months (When Release is less than 75% of Demand) = 25
Monthly Time_Re11ab111ty.= 75.4 % ; Annual Time Reliability = 50.0 X

Volume Reliabiltity = 80.6 %
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ANNEXURE-21

SALTENT FEATURES OF DHARQI DAM

{1) General Details

(2)

(3)

(4)

a) Location
b) Co-ordinates

c) Year of Completion

d) Purpose

Hydrology
a) Total catchment area at
the Dam site

b} Net free catchment area at
Dharoi for water -planning

c) Average annual rainfall

in the catchment

d) 75 ¥ reliable yield from

net free catchment area
2) Maximum Probable Flood
Dam
a) Type of dam
b) Length at Top of dam

c) Maximum Height above the
lowest point of foundation
d) R.L, of Top of Dam

Reservoir
a) Full Reservoir Level

b) High Flood Level
c) Dead Storage Level
d) Area at FRL

Gross Storage Capacity
at FRL

e)

f) Dead Storage Capacity

g) Live Storage Capacity

vill: Dharoi, Ta: Kheratlu
Dist: Mehsana

Latitude 24° 00' N
Longitude 72" 52’ E

1976

Irrigation, Water Supply Flood
Control & Power Generation

5640 Sq.Km

3217 Sq.Km

633 mm

391.27 Mcm

27176 Cumec

Earthen & Masonary

1207 m

45.87 m

195.07
196.29

m {Present)
m (Proposed.

189.59 m
1893.60 m
176.87 m
107.45 Sq.Km

829.415 Mcm

89.941 Mcm

739.474 Mcm

Contd




(5) Flood Disposal
a) Type of Spillway

b) Length
c¢) Discharge Capacity at HFL
d) Number of Gates

e) Crest Level

(6) Head Regulators
a) $111 Levels

c) Number & Size

(7) Irrigation _
a) Gross Command Area

b) Culturable Command Area

Ogee shaped with radial gates

219.46

m

21982 Cumec

12 (14.94 m x 11,28 m)

178.92

170.69
175.87
171.91

175.57

2 Nos.,
4 Nos.;
2 Nos.;
2 Nos.;

'2 Nos.:

m

m

(Water Supply Canal)
{Irrigation Left Canal)
(River Bed Penstock for
Hydropower) ’
{canal Penstock for
Hydropower)

22 mx 1.52 m

(For Water Supply)

.22 mx 1.52 m -
(Irrigation Right Canal)
22 mx 1.52 m
(Irrigation Left Canal)
B3 mx 1.83 m

{River Bed Power House)
.44 m x 1.83 m

{Canal Bed Power House)

142321 Ha (Right Bank)
34791 Ha (Left Bank)

76317 Ha (Right Bank)
18705 Ha (Left bank)
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in Million Cubic Meter

Table - DHD. %
Monthiy Inflow Series for DHAROI DAM

Year | Jan Feb Mar Apr May Jun Jul Aug Sep Oct tiov Dec
1967 14.98 336.82 164. 21 245.93 47.47 12.43 14,25
1968 8.92 4.11 2.12 1.17 0.85 0.51 230.87 532.83 23.05 6.16 2.61 1.83
19469 0.52 0.83 0.90 0.53 0.30 5.25 84.35 56.70 34.68 2.21 0.16 0;00
1970 0.00 2.60 0.,9 0.1 0.81 53.70 238.12 262,12 390.55 74.70 27.81 16.29
1971 3.44 1.67 0.52 G.16 0.00 58.24 176.42 3.7 32.72 8.53 1.92 1.35
1872 0.00 0.49. 0,21 0.00 0.00 36.48 91,33 48.07 10.12 0. 36 .30 0.32
1973 0.27 0.00 0.33 0.25% 0.16 13.50 117.30 704,73 2306.69 197.05 49.70 21.20
1974 11.16 §.98 3.88 2.06 5.89 2.10 48.04 T0.33 13.05 11. 47 1.96 0.60
f975 0.43 0.14 0.33 0.30 0.27 123.70 334.74 386.72 471726 118.53 19.46 7.58
1976 4,89 4;45 1.31 0.62 0.12 12.29 147,38 831.53 508.61 86.50 25.55 5.46
1977 3.30 8.43 6.52 4,49 13.26 113.98 801.69 564.58 517.15 105.80. 44.00 47.35
1978 14.54 22.93 7.51 11.47 44.52 13.2% 120,37 221.70 91.63 16.96 23.02 3.73
1978 .79 1.93 0.38 0.00 ¢.00 48.53 435, 41 183.78 11.18 0.00 49,06 11.18
1880 9.19 6.69 t.25 2.98% 0. 48 559,54 308.70 406.22 ‘ 50.886 1.46 3,22 18. 21
1981 0.00 5.24 4.14 4.37 0.00 6B.65 87.55 181.84 55.33 20.70 24.62 T.72
1982 7.70 3.50 3.04 0. 00 3.53 6.53 118.54 129.93 12,04 0.00 24.00 8.91
1983 B.47 10.84 12.64 20.32 34. 41 164.83 331.69 . 614,94 128.83 45,55 46.74 17.59
1984 0.95 1.44 16.82 14.73 3.10 6.66 71.84 471.17 137.68 29.52 2,82 B.61 -
1985 10.862 B.67 t4.76 2.86 0. 00 2.74 B84.09 186.89 16.12 59.09 0.62 2,37
1386 11,04 = 4.7Q 3.13 0.060 B8.89 16.96 46.97 73.54 2.59 0.70 0.00 G.00
1987 0.00 0.60 0.09 0.70 0.00 6.20 9.93 40.70 0.80 0.00 c.00 0.30
. .

1888 a.21 0.40 0.00 0.30 0.00 B.70 163.86 437.72 45.04 10.84 0.21 Q.00
1989 0.60 0.21 0.00 Q.60 2.41
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Table - DHD.2
Elevation-Area-Capacity Table for DHAROI DAM

Elevation Area Capacity
{m) (M sg.m) (M cu.m}
173.74 11.929 58,898
174.00 12.493 . 62.687
174.50 " 13.578 69.974
175.00 14.663 77.261
175.50 15.748 84 .548
176.00 16.833 91,835
176.25 17.375 95,479
176.50 17.917 99,122
176.75 18.480 102,766
177.00 19.511 108.803
177.25 20.631 115.167
177.50 21.751 121.531
177.75 22.871 127.895
178.00 23.99 134,259
178.25 25.111 140.623
178.50 26.231 146,987
178.756 27.351 153, 351
179.00 28.471 159.715
179.25 22.591 166,079
179.50 S 30T 172.443
179,756 31.831 178.807
180.00 33.217 187.742
180.25 34.730 197.885
180.E0 36.242 208.029
180.75 37.758 218.172
181.00 39,267 228.316
181.25 40,779 238.460
181.50 42,292 248.603
181.75 43,804 258.747
182.00 45,316 2668.890
182.25 46,829 279.034
182.50 48,341 289.178
182.75 49,854 299.321
183.00 51.534 312.175
183,25 53.396 327.964
182,50 55,2568 343.753
183.75 57.120 359.543
184.00 5§8.982 375.332
184.25 60.844 391.121
184.50 62.707 406.911
184.75 64,569 422.700
185,00 66.431 438,489
185.25 68.293 454.279
185,50 70.155 470.068
185.75. 72.017 . 485.857
186.00 73,973 503.328
186.25 76.167 525.124
186.50C 78.362 546.920
186.75 80.557 568.716
187.00 82.751 5980.512
187.25 84.9486 612.308
187.50 87.141 634.104
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Flevation Area Capacity
{m) {M sg.m) (M cu.m}
187.75 89.335 655.900
188.00 91.530 677.695
188.25 93.725 699.491
188.50 95.919 721.287
188.75 98.114 743.083
189.00 100.313 765,309
189,25 102.562 782.472
189.50 104.811 819.636
189.756 106.974 846.546
190.00 109.087 873.313
190.25 111,201 900.080
190.50 113.314 926.847
190.75 115.244 956.665
191.00 117.174 98€.484
191.25 119.103 1016.302
191.50 121.033 1046.121
191.75 122.963 1075.939
“192.0C 124,893 1105.758
192.50 129.008 1171.208
193.00 132.134 1236,901
193.50 137.260 1302.593
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Table - DHD.3
Average Monthly Demands from DHAROI DAM
in Million Cubic Meter

Water Supply

Month ~Irrigation Total
Demand Demand Demand

Jan 60,977 18,960 60.977
Feb 56.839 20.550 56.839
Mar 0.066 26.545 26.611
Apr 0.000 25.689 25.689
‘May 0.000 26.545 26.545
Jun 6.878 22.018 28.896
Jul 1.504 18.960 20.464
Aug 4.141 0.000 4.141
Sep 19.786 0.000 19.786
Oct 21.095 0.000 31.095
Nov 42.103 18,349 60.452
Dec 30.235 18.960 49.195

Table - DHD.4

Normal Monthly Evaporation Depths for Dharoi Sub-basin
in meter/month

Month Evap_Depth Month Evap_Depth
Jan 0.1402 Jul 0.1524
Feb 0.140Q2 Aug 0.1524
Mar 0.1890 Sep 0.1524
Apr 0.2408 Oct 0.1524
May 0.3048 Nov 0.1524
Jun 0.21€4 Dec 0.1524
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Table - pHD.5
Mochthly Yield Estimation for DHAROI DAM

Monthly Yield (Mil1lion Cubic Meter)

Month Protability Level for value to be Equalled or Exceeded
50% 60% T0% T5% 80% 90%
Jan 2.215 1.324 .654 .360 . 189 . 000
Feb 2.384 1.555 . 208 .635 .406 .075
Mar 1.242 .687 .324 . 19§ .103 .009
Apr .580 .262 .093 .0486 .018 .000
-May .185 , 081 .010 .003 . 001 .000
Jun 18.722 10.963 5.818 3.920 2.462 .573
Jul 130.703 103.884 80.629 69.544 £8.968 37.380
Aug 227.864 180,007 138.092 117.998 23.783 59,609
Sep 58.245 36.037 21.336 15,756 11.263 4.515
Cct 13.956 7.727 3.588 2.122 1.073 .054
Nov 5,506 2.363 .819 .408 A . 007
Dec 4,092 2.433 1,225 .758 .400 L0117

Table - DHD.§
Recommended Rule Curve tevels for DHAROI DAM

Rule Levels in Meter

Month
Upper Rule Lev Middle Rule Lev Lower Rule Lev

Curve A Curve B Curve C

Jan 187.058 183.00 181.15
Fab 186,30 181.40 180.55
Mar 185. 80 179.90 179.80
Apr 185.15 178.70 178.70
May 184.40 177.50 177.50
Jun 187.50 183.70 181.75
Jul 188.50 183.55 181,00
Aug 18%.59 184.20 181.30
. Sep ~ 189.59 185.80 182.60
Oct 189.30 185.60 182.55
Nov 188.55 185.00 182.35

Dec 187.90 183.90 : 181.75
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1967-06
186707
1967-08
1967-09
1967~10
1967-11
1867-12
1968-01
1868-02
1966803
1868-04
1868-05

m m3

Table - DHD.7
Monthly Operation Simu?ation of DHAROI DAM for Conservation
Regulation Using Recommended Policy

Ini_lev Loc_Fio US_Flo Evapr Tot_Deam WS_Dem

L] n m3

185.18 14,980
184.74 326.820
1BB.50 164.210
188.59 245.930
189.53  47.470
189.30 12,430
1BE.55 14,250
187.90  6€.320
187.05 4.110
186.30  2.120
165.80 . 1.170
185.15 .B50

m m3

m m3

e e - e e e e e — A A e e e kT e e o

End_Lev

YYYY-Mn

Ini_sto
m m3

Ini_lev Loc_Flo
a m m3

Evapr
m m3

Ru1_Lev

1966-06
1968-07
1968-08
1968-00
1968-10
1968-11
1968~12
1869-01
1869-02
1969-03
1969-04
1869-05

184.40 .510
183.75 230.870
186.82 €32.830
189.59 23.050
189. 47 6.160
189.10 2.610
188.29 1.830

187.59 .520
186.76 .830
186.00 900
185.40 .530
184.75 .300

m m3

1983-06
1868~07
1969-08
1869-09
1869-10
1868-11
1968-12
1870-01
1870-02
1870-03
1870-04
1870-05

185.18 2.210

184.69 160
183.76 000
182.97 000
181.61 2.600
180.55 180
179.69 110
178. 41 810

o om0
Y
w
[~ 3

Releas Rel/Dem Spill End_st
mm3 mom3 ®m m3 m m3 m m3
2B.896 22.018 28.898 1.000 oo0 421.77
20,464 18.960 20.484 1.000 5.439 721.28
4,141 000 4.141 1,000 36.584 B29. 41
19,786 .600 14,786 1.000 222.681 B29.41
31.085 .000 31.095 1.000 31.987 787.91
60.452 18.349 60.452 1.000 9.045 725.65
49,195 18,960 49.195 1.000 7.475 66B.98
60.977 12.960 €0.977 1.000 7.852 594,87
56.839 20.550 56.839 1.000 1.457 529.48
26,611 26.545 2€.611 1.000 1.897 489.02
25.6B89 25.689 25.68% 1.000 .0D0 447.65
26.545 26,545 26.5%45 1.000 1.631 400,59
Tot_Dem WS_Dem Releas Rs1/Dem Spill End_st
mm3 mm3 mm3 mm3 mm3
28.886 22.018 28.836 1.000 .000 359,33
20.464 18,960 20.464 1.000 .000 575,22
4.141 000 4.141 1,000 400.392 82%.41
19.7886 000 18.786 1.000 .000 816.66
31.095 L.0Q0 31,085 1.000 .000 776.05
60.452 18.349 60.452 1,000 .00G 703.32
49,195 18.960 49,195 1,000 .000 642.09
60.977 18.960 60.977 1.000 .000 569. 81
56.839 20.550 56.839 1.000 .000 502.96
26.611 26.545 26.611 1.000 Q00 463.71
25.68% 25,689 25.689 1.000 ,000 42Z2.42
26.545 26.545 26,545 1.000 Qoo 377.32
Tot_Dem WS _Dem Releas Rel/Dem Spill End_st
mm3 mm3 mm3 mm3 . mH
28,896 22.018 27177 940F 000 343,01
20.464 18.960 20.464 1.000 .000 394.00
4.141 L000  4.141 1,000 000 440.77
19,786 .000 14.840 ,750F ,000 450.36
31.095 L000 23.321  .750F .000 418.20
60.452 18.349 49,92¢ ,B26F .000 360.18
49,195 1B.960 41.636 . B46F .00 310,28
60.977 18.880 50.473 .B2BF .000 253.20
56.839 20.550 40.163 .7O7F .000 210.06
26.611 726,545 26.545 .998F L000 177.27
25.689 25.689 25.689 1.000 000 144.78
26.545 26,545 26.545 1.000 000 112.04
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¥YYY-Mn Ini_sto Ini_lev Loc_Flo US_Flo Evapr Tot_Dem WS Dem Releas Rel/Dem Spill End_st End_Lev Rul_Lev
m m3 m m m3 m m3 m m3 m m3 m m3 m m3 m m3 m m3 m ]
1970-06 112.043 177.13 §3.700 000 4.856 28.896 22,0tR 22,018 T62F 000 138.RA7 178,18 187.50
1970-07 138.860 178.18 235.120 .000 6.169 20.464 18.960 20.464 1.000 000 351.36 183.62 188.50
1870-08 351.356 183.62 262.120 25.412 10.841 4.141 000 4.141 1,000 .000 623.91 1B87.38 1B9.58
1970—09 623.906 187.38 390.550 25_B77 14.610 19.786 L0000 19.786 1.000 180.522 829.41 183,59 189.59
1870-10 B29.415 188.5% 74.700 1.565 15.898 31.095 000 31.095 1.000 BO.781 737,91 189.30 189.30
1870-11 797.906 189,30 27.B10 032 15.182 ©0.452 18_.349 60.452 1.000 24.457 725.65 188.55 188.55
1870-12 725.647 188.55 16.290 .000 14.250 48.195 18.960 49.1395 1.000 9.515 668,98 187.90 187.90
1871-01 668.977 187.80 3.440 .062 12.186 60.977 18.860 60.877 1,000 4,444 594,87 187.05 187.05
1971-02 594.871 187.05 1.670 .046 11.195 56.839 20.550 58.839 1.000 .000 528.55 "1B6.29 186.30
1871-03 528.553 186.29 .520 000 14.064 26.611 26.545 26.611 1.000 .000 48B.40 185.79 185.80
1971-04 488.398 185.79 . 160 000 16.813 25.689 25,688 25.685 1,000 000 446.06 185.12 185.15
1971-05 446.056 185,12 . 000 ,000 19.688 26.545 26.545 26,545 1.000 .000 399.82 184.3§ 184. 40
YYYY-Mn Ini_sto Ini_lev Loc_Flo US_Flo Evapr Tot Dem WS Dem Releas Rel/Dem Spill End_st End_Lev Rul_Lev
m m3 m m m3 m »3 m m3 m m3 m m3 m m3 m m3 m m3 m m
$974-06 399.822 184.39 58,240 ,000 13.590 28.896 22.018 28.896 1.000 .000 415.58 184,64 187.50
1871-07 415.576 184,64 76.420 .000 10.932 20;454 18,960 20.464 1.000 .000 560.60 1B6.66 188.50
1971-08 560,600 186.66 73.710 .000 12.589 4,141,000 4.14% 1,000 L,000 617.58 1B87.31 188.58
1871-09 §17.579 187.31 32.720 L0000 13,025 18.7886 000 19,786 1.000 000 617.49 187_31 189,59
1971-10 617.487 187.31 B.530 .0D0 12.754 31.085 .000 31,095 1.000 ,000 582.17 186.90 189.30
1871-11 582,168 186.80 1.920 .000 11,943 60.452 18.349 60.452 1,000 .000 511.69 186.10 188.55
1971-12 511._694 186.10 1.350 .000 10.893 49.195 18.960 49.195 1.000 000 452.96 185.23 187,80
1872-01 452.956 185.23 . Q00 000 B.974 €0,977 18.860 60.9877 1.000 ,000 383.00 184.12 187.05
t972-02 383.004 t84.1Z . 480 ooo 7.B65 ‘56.839 20.550 56.83% 1.000 .000 318.7% 183.10 186.30
1872-03 318.790 183.10 210 000 9.424 25,611 26.545 26.611 1.000 L0000 282.96 1AZ,35 185.80
1972-04 282.964 82,35 .000 .000 t0.763 25.689 25.689 25.689 1,000 .000 246.5%t 1B1.45 185.1%
1972-05 246.512 1B1.45 [HUs 00C 11.921 26.545 26.545 26.545 1.000 000 20B.05 180.50 184.40
¥YY¥YY-Hn Ini_sto Ini_lev Loc_Flo US_Flo Evapr Tot_Dem WS _Dem Releas Ret/Dem Spill End_st End_Lev Rul_Lev
m m3 m mm3 mmi m m3 m m3 m m3 m m3 m m3 m m3 m m
1572~06 208.046 180.50  36.480 000 7.948 28.886 22.018 22.018 162F .000 214.56 tBO.66 187.50
1972-07 214,559 180.66 91,330 ,000 6,408 20.464 18.960 20,088 . 982F L000 279.32 182.26 1B8.50
1872-09 279.393 182.26 48.070 L0000 7.541 4.141 .000 3.106 750F 000 316,82 183.07 189.59
1972-09 316.816 183.07 10.120 .00C 7.824 19,786 .000 14.840 150F .000 304.27 182.87 189.59
1972-10 304.273 182.85 . 360 L0000 7.562 31,085 .000 5.865 ta9F .000 291.21 1B2.55 189.30
$1a72-11 291.208 182.55 .3c0 get  7.127 530.452 1B.349 18.348 _304F ,000 266.03 1B%.93 188,55
1972-12 266.030 181.83 320 L0000 6.555 49,195 18,960 18.880 | 385F 000 240.84 181.3t% 187.80
1873-01 240,835 181.31 270 ,000 5.514 60.977 18.560 1B8.860 311F .000 216.63 180.71 187.05
1873-02 216,631 180.71 000 .000 4,994 56.839 20.550 20.550 .362F ,000 181.09 180,08 186.30
1873-03 191.087 180.08 . 330 .000 5.865 26.811 26.545 26,545 998F ,000 159,01 178.87 185.80
1973-04 159.007 178.37 250 .000 6.156 25.689 25.689 25.689 1.000 009 127.41 177.73 185.15
1873-05 127.412 177.73 160 .000 6.108 26.545 26.545 26.545 1,000 000 94.92 176.2t1 184.40
YYYY-#n Ini_sto Ini_lev _Loc_Flo US_Flo Evapr Tot_Dem WS_Dem Releas Rel/Dem Spill End_st End_Lev RuUl_tev
m m3 m m m3 m m3 m m3 m m3 m m3 m m3 m 3 m m3 m m
1873-06 94.919 176.21 13.500 .000 3,662 28.896 22.018 14,817 513W 000 89,94 175.87 187.50
1972-07 89,941 175.87 117.30C ,G00 3.756 20.464 18.960 18,960 927F 000 184.53 179,92 188.50
1973-08 1B4.525 179.82 704.730 3.101 10.543 4,141 L0000 4.141 1.000 48,258 829.41 189.59 189.59
1973-08 829,415 189.59 23C6.690 1.627 16.097 19.786 .000 19.786 1,000 2272.434 829,42 189.59 189.59
{873-10 829.415 189.59 197,050 1.585 15.898 31.095 .000 31.095 1.000 183,152 797,91 189.30 189.30
1973-11 797.806 189.30 49 700 L 422 15,192 60.452 18.349 60,452 1.000 46.737 725.65 188 55 188,55
1973-12 725.647 18B.55 21.206 000 14,250 49.185 1B.8960 49.195 1,000 14.425 GGB.98 - 187,90 187,90
1974~-C1 668.977 187.90 11.160 .062 12.186 €0,877 18.960 60.977 1,000 12,164 594,87 187.05 187.05
1874-02 594,871 187.05 6.980 046 {1.202 56.839 20,550 56.839% 1.000 4.372 529.48 186.30 186.30
1974-03 5289.484 186.30C 3.88C .000 14.080 26.611 26.545 26,611 1.000 3.657 488.02 185.80 185.80
1974-04 489.015 185.80 2.060 L0000 16.849 25,689 25.680 25.689 1.000 575 447.96 1B85.15 185.18
1974-035 447,962 185,15 5.89C .00D 19.737 26.545 :5.545 26.545 1.000 6.976 400.59 184.40 184.40
54 COﬂt




Ini_lev Loc_Flo US_Flo

m m3

m3

m m3

m m3

m m3 m ma

m m3

1974-06
1874-07
1974-08
1974-09
1974-10
197411
1974-12
1875-01
1875-02
1975-03
1975-04
1975-08

Ini_sto
m m3

m m3 m m3

m m3

1975-06
1875-07
1975-08
1975-08
1975-10
1975-11
1975-12
1876-01
1976-02
1975-03
1975-04
1976-05

111.819
207,421
513.229
829.415
B25.415
787.906
T725.647
668.977
594.871
529.484
489.015
447,110

Ini_sto
m m3

mm3

m m3

1976-06
1876-07
1976-08
1978-09
1875~10
1976-11
1976-12
1977-01
1877-02
1977-03
1977-04
1877-05

400,594
370.958
487.613
829.415%
829.415
787.9086
725,647
667.672
534.871
529.484
489,015
447.962

1877-06
1877-07
197708
1977-09
1977~10
1877-11
1877-12
1272-01
1978-02
1878-03
1878-04
1878-~05

an

.690
. 580
L1590
.B0O
.000
L350,
. 540
. 930
.510
. 470
LBZn

m.m3

49.041
32.023
31.597

3.665

1.7172°

L7011
.081
.046
000
. 000
Raleh]

16.087
15.8%8
15.182
14,240
12477
11,202

m m3

m ;3 m m3

.452 18,349
.185 18.960
.977 18.960

56.839 20.550
26.611 26.545

5.689 25,689

.545 26,545

m m3

20,464
4,141
19. 786
31.085
80. 452
49,185
80.877
56.839
26.611
25.689
26.545

Rei/Dem Spiil End_st End_lLev
m m3 m m3 m -
1.000 000 360.80 183.77
1.000 000 379.58 184,07
1.000 000 436.19 184.96
750F 000 424.42 184.78
750F 000 402.89 184,44
826F 000 345.96 183.53
848F 000 296.92 182.69
B28F LQ00 240.53 181.30
443F 000 210.08 180.55
998F 000 177.40 179.69
1.000 000 145.09 178.43
1,000 000 111,82 177.1%2
Rel1/Dem Spill End_st End _Lev
mm3 mm3 m
162F 000 207.42 180.49
1,000 000 513.23 186111
1.000 62.832 B29.41 1BS9.%9
1.000 441,377 B29.41 189,52
. 1.000 103.047 797.91 189.30
1.0060 16.075 725.65 1BB.%45
1.000 .805 668.98 187.90
1.000 5.832 594,87 187.05
1.000 1.797 529,48 186.30
1,000 1.087 488.02 185.80
1,000 ,000 447,11 185.14
1.000 308 400,59 184.40
Rel/Dem Spill End_st End_Lev
mm3 mm3 m
1.000 000 370.96 183.83
1.000 000 487.91 185.78
1.000 474.288 B23.41 188.59
§ 1,000 483.914 829.41 189.59
1.000 72,871 787.91 189.30
1.000 22.647 725.65 188.55
1.000 .000 667.67 1TAT.BY9
1.000 3.008 594.87 187.05
1.000 5.823 529.48 188.30
t.000 6.297 489.02 185.80
1.000 3.005 447.96 185.15
1.000 14,346 400.59 184.40
ReT/Dem Spill End_st End_Lev
m m3 m ml m
1.000 .000 471,37 185,52
1.000 567.680 721.239 188.50
1.000 468.976 829.41 189.59
1.000 512.864 829.41 189,59
1.000 93.581 7987.91 189.30
1.000 42.387 725.65 188.55
1.000 41.276 668.88 187.90
1,000 15.562 594.87 187.05
1.0060 20,323 529.48 186.30
1.000 7.287 489,02 185.80
1.000 9.885 447.86 185.15
1.000 45 606 400,59 184.40




Ini_sto Ini_lev Loc_Flo US_Flo Evapr Tot Dem

m m3

m m3

m m3 m m3

m @3

m w3

Rel/Dem Spill End_st End_Lev

1978-06
1978-07
1978-08

© 1978-09
1878-10
1978-11
1978-12
1879-01
1973-02
1979-03
1979-04
1979-05

Ini_sto
m m3

m m3

m m3

m m3

1879-06
1879~07
197%-08
1879-09
1979-10
12479~11
1979-12
1980-01
1980-02
1980-03
1880-04
1980-05

355.685
362,963
378.99%
597. 417
576.266
533.110
510.164
461.174
400,202
341,855
306. 487
272.148

1980-06
1980-07
1880-08
1980-08
1880-10
1980~11
1880-12
1981~01
.1881-p2
1981~-03
1281-04
1981-~08

Ini_sto
mm3

232.993
634.104
721,287
829,415
B829.415
783.870
T11.74%
866.630
583,493
529,484
488.018
447,862

m m3

m m3

.1958
.977

m m3

1981-06
1881-07
198108
1881-08
1881-10
1981-11
1981-12
1882~01
1982-02
1882-03
1982-04
1982-05

400,584
426.608
483.274
628.908
661,082
627.328
578.643
525.198
481.733
399.213
364,350

325,324

m * mm3
184.40 13,210
183.95 120.370
185.47 221.700
188,09 81,630
188.83 16,960
188.53 23,020
187.95  3.730
187.28 3.790
186. 48 1.830
185. 867 .380
185.05 . 000
184,40 .000
Ini_lev toc_Flo

m m m3
183,69 48,530
183.80  45.410
184.08 183,780
187.08  11.120
186,84 .000
186.34  49.060
186.08 11.160
185,36 9,190
184,32  6.890
183.47  1.250
182,91 2.990
182.08 . 460
Ini_tev Loc Flo

m m m3
181,12 559.540
187.50 308,700
18B.50 406,220
188.59  50.860
189. 59 1.460
189.17  .220
188,33 18.210
187.87 . 000
187.03 5,240
186.30  4.140
185,80  4.370
185.15 000
Ini_tev Loc_Flo

m ;'ms
184,40 68,650
184.81  87.550
185.71 161.840
187.44  55.330
187.69  20.700
187.42 24,620
186.86 7.720
186.25 7.700
185.37 3. 500
184,38 3.040
183.83 . 000
183,21 3.530

.977
.B39
811
.6RY
L Bab

18.
18.
18.
20.
28,
25,889
26

56

m m3 m m3
1,000 .000 371.87
1,000 .000 467.87
1.000 .000 685, 41
1.000 .000 749.89
1.000 L0090 723.94
1.000 .000 B673.22
1.000 .000 614.70
1.000 .000 546.14
1.000 .000 480.78
1.000 .000 441.49
1.000 .000 400,30
1,000 .000 355.68
Ral/Dem Spill End_st

m m3 m m3
1,000 .000 362.96
1.000 .000 379.00
1.000 .000 587.42
1.000 ,Q00 576.27
1.000 .000 533,11
1,000 L0040 510.16
1.000 .000 461.17
1.000 .000 400,20
1.000 .000 341.85
1,000 .00 306.49
1.000 .000 272.15
1,000 .000 232.8%9
Rel/Dem Spill1 End_st

m-m3 m m3
1.000 115.781 634.10
1,000 187.103 721.29
1.000 282.106 829.41
1.000 14.977 829.41
1.000 .000 783.97
1.000 ,000 711,74
1,000 . 000 666.63
1.000 .000 593,48
1,000 1.218 529.48
1.000 3,917 4R9.02
1.000 2.885 447.95%
i.000 1.086 400.59
Rel/Dem Spill End_st

m m3 m m3
1.000 L0000 426.61
1.000 .000 483.27
1.000 .000 628.91
1.000 . 000 651.08
1.000 .000 627.33
1,000 .000 578.69
1.000 .000 525.7C
1,000 L0000 461,73
1.000 000 389.21
1.000 L0060 364,35
1.000 .000 325.32
1.000 ,000 286,80

.25

.38
.83
.21
2,44



m m3

Ini_lev fLoc_Flo US_Flo
m m3

m m3

m m3

m m3

1982-08

1982-07
1982-08
1982-09
1953210
1982-11
1982-12
1983-01
1983-02
1983-03
1983-04
1983-05

(=]
=]
[=
-

.900
18.349
18.960
18.960
20.550
26.545
25.689
26.545

182,58
181.52
180. 98
180. 62
180.54

209.744°

1983-06
1983-07
1983-08
1982-09
1983-10
1983-11
1983-12
1984-01
1984-02
1984-03
1984-04
1924-05

Ini_sto
m m3

337.549
B837.950
829.415
B829.415
787.90¢6
725.647
668.377
594.871
528.325
488,015
447.962

m m m3
182. 44 §.530
181.75 118,540
1B3.53 129.830
185.43 12,040
185.22 . 000
184.69 24,000
184,13 B.810
183,47 8.470
182.58 10.840
181.52  12.640
180.98  20.320
180.62 34.410
Ini_lev Loc_Flo

m mom3
180.54 164.830
183.40 331.890
187.54 614.940
189.59 129,830
189.59 45,550
189.30  45.740
188.55 17.5390
187.90 . 850
187,05 1.440
186.29 16.820
185,80 14.730
185.15 3.100

m m3

1984-06
1984-07
1984-C8
1984-09
1984-10
1984-11
1984-12
1985-01
1385-02
1985-03
1985-04
1885-C5

400. 594
365,389
428,482
B829.415
829.415
787,906
725.185
668.977
594.871
528,484
489.015
447.962

m m m3
184. 40 5.660
183.84  71.840
184.84 471.170
189.5% 137,680
189.59 28.520
189.30 2,920
188.54 8.610
187.90 10,620
187.0% a_870
186.30  14.7¢C
185,80 2,860
185.15 .qco

TYYY~Mn

1885-08
1385~C7
1985-08
1885-09
1985-10"
1985-11
1385-172
18986-01
1986-02
1986-03
1986-04
1886-05

Ini_sta
m m3

400.5%4
261.528
415,925
387.632
571.424
566,981
515.142
457,359
398,285
338.02%
304,601
267.385

184.40  2.74D
183,78 24,080
184.64 11EB6.880
186.87  $6.120
186,78  §9.090
186. 96 .620
186.14  2.370
185.30 31,040
184.36 4,739
183.41 3,130
182.88 . 000
181.96 8,880

mom3
ooo 42,0 0 2
oGe - 8,223 2
.000 11,142
L0006 12.442 19,
000 12.43% 31
L000 12.008 60
.000 10,888 48
L0060 9.137 9
000 B.151 56
000 8.544 2
.000 11,528 2
.000 13.0468 2

ELS A

~ 3w

Ao R

4 ad s

D m
h
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—
—

- T T T o I 1
uroor
o
n
w
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wm
-
o

Releas Rel/Dem Spill
m m3 m m3
24.754 857F 000
20.464 1.000 L0000
4.141 1.000 . 000
14,840 T50F . 000
23.321 . 7150F . 600
49,926 B26F . 000
41,6386 848F . 000
50.473 .828F . 000
47,767 840F ., 000
26.611 1.000. .000
25,688 1,000 . 000
26.545 1.000 Q00
Releas Rel/Dem 29111
mom3 m m3
27.177 940F ooo
20,484 1.000 000
4.141 1,000 408,424
19,786 1,000 93,547
31.085 1,000 31.824
80.452 1.000 43,357
49,195 1,000 10.815
£80.977 1.000 1,054
56.839 1.000 . 000
26.61% 1.000 15. 449
25.689 1.000 13.245
26.545 1.000 4.186
Releas Rel/Dem 3pill
m m3 mn m3
28.898 1,000 .000
20.464 1,000 . 000
4.141 1.000 92,258
19.786 1.000 115,004
31.095 1.000 14,037
60.452 1.000 . 000
49,195 1.000 1.3717
80.977 1.000 11.562
EG.839 1.000 6.017
26.611 1.000 14_%38
25.689 1,000 1.3758
26,545 1.000 1.0B6
by

Ral/Dam Spiln

m m3 m m3
28,8%6 1.000 e lals)
20.484 1,000 . 000
4.141 1.000 . 000
19786 1.000 . 000
21.085 1.000 .0oo
80,452 1,000 . 000
49,185 1,000 . QoG
80.977 1.000 . 000
56.839 1.000 , 000
26.611 1,000 .oeo
75,689 1,000 000
26.545 1,000 . 000

m m3

398,78

238.03 "

304,60
287.39
236.68



anthty time Reliability Tor dater Supply =

98.2 %

m ml

mom

89.94
127.64
124.80
121, 44
100.08
89.94
87.85
as.99
83.02
79.64
75,17

m ml

182, 44
181.81
181,18
" 180,58
179.97
178.79
177.57
175.94

18T7.8%

187.
189,
189,
189.
189,
188,
187,
187.
188,
188,
185,
184,

187.
188,
189,
189,
1e9.
188.
187,
tar.
ALLE
183,
185.

50
50
59
59
0
LL)
80
0s
30
80
15
40

50
50
39
59
30
55
0
05
30

Ini_lav Loc_Flo US_Flo Evapr Tot_Dem WS_Dem Releas Rel/Dem apill
m m3 m m m3 m m3 -m a3 m m3 m m3 m m3 m ml
1386-06 236,684 181.21 16.960 000 HB.548 2R.B96 22.01R 22,018 162F . 000
1986-07 223.078 180.87 46.970C 000 8.101 20,484 18.980 20.088 382F . 000
1986-08 243,859 181.38 73.540 0ge 7.051 4.141 .000 3.108 TSOF . 000
1986-09 307.242 182,92 2.590 000 7.612 19.7R86 000 8. %84 454F . 000
t986-10 293,235 182.680 . 100 000 7.383 31,095 . 000 . 000 000F . 000
1986~11 2B6.552 182,44 . 000 000 7.019 60.452 18.349 18.349 304F . 000
1986-12 261.183 181.8B1 000 000 . B.443 49,195 18,860 18, 980 3asF .hoo
1987-01 235.781 181.18 . 000 000 5.407 60.877 18.960 18,960 AttF . 000
1987-02 211.414 180.58 . 600 000 4.B92 58.839 20.550 20.550 A82F . 000
1987-03 1B6.572 179,57 . 090 000 5.72% 28.08f11 20.545 26.545% 998F . 000
1987-04 154.393 t78.70 . 700 poo 5.974 25,889 25.6089 25,889 1,000 000
1887-05 123.430 177.57 . 000 000 5.911 28.545 26.54% 26.545 1.000 000
YYYY-Hn Ini_sto Ini_lev Loc_Flo US_Flo Evapr Tot_Dem W3_Dem Releas Rel/Dem 8pil}
m m3 m  mm m m3 m m3 m m3 m h m m3 m ml
1987-06 90.873 175.94 E§.200 000 3.588 2R.B96 22.018 3.6834 126w . 000
1887-07 89,94% 175.87 9.980 000 2.522 20.464 1R. 960 7T.458 kLEL . 000
1987-08 B89.941 175.87 40.700 000 3.000 4141 . Q00 . 000 000F . 000
198709 127.641 177.74 . 800 - o000 3.441 19,786 . 000 . 000 000F . 000
1987-10 124.800 177.63 . 000 000 3.357 31.08% . 000 . 000 000F , 000
1987-11 121.443 177.50 . 000 ,000 3.032 80.452 18.349 10.349 304F . 000
1987~12 100.081 176.586 . 300 000 2.6837 49,.195% 18.960C 7.783 158W . 000
1986-01 B85.941 175,87 L 210 000 2.299 60.977 1B.960 . 000 ° . 000W . 000
1988-02 A87.852 175,73 . 400 000 2.257 58.83% 20.550 . 000 oocw ooo
1388-03 B85.995 175.60 , 000 000 2.975 26.811 28.545 . 000 000w . 000
1988-04 B3.020 175.40 . 300 000 3,877 25.689 25,889 , 000 oo . 000
1988-05 79.643 175.16 . 000 000 4,478 28,545 28, 545 . 000 coowW . 000
YYYY-Un Ini_sto Ind _lev Loc Flo U3 _Flo Evapr Tot_Dem WS_Dem Relsas Re1/Dem apin
m m3 m m m3 m mi m m3 m m3 m m3 m m3 m w3
198B-068 75.167 174.88 B.700 .000 3.194 28.B96 22.018 ,000 000 . 000
1988-07 BO.873 175.23 163.860 .000 4.071 20.484 18.980 18,980 .927F 7 .000
1988-08 221.502 1B0.83 437.720 .000 9.642 4,141 000 4.14% 1,000 .00C
1988-09 645.440 187.63 45.040 L0000 13,544 19,788 ,000 19,7868 1.000 ,000
1988-10 £57.149 187.76 10,840 L.000 13.378 31.09% 000 31.095 1,000 . 000
1988-11 B823.519 187,38 210 L0000 12.559 80,452 18.349 60.452 1,000 . 000
1988-12 550.717 186A.54 . 000 L0000 11.5%2% 49,195 18,0880 49,135 1,000 000
1989-01% 480,897 1BR5.8B2 . 800 .000 8,587 ©£0.977 18.880 80.977 1.000 . 000
1989-02 420,033 184. 71 210 .000 B. 470 58.A39 20.5%0 56.83% 1,000 000
1089 -03 354,534 183,08 . 000 .0V 10‘252 20.611 26,545 26.611 1,000 000
1989-04 318.041 183,08 . 800 000 11.961 25.889 25.889 25,689 1,000 . 000
1989-05 280.991 182,30 2.410 000 13.507 26.545 26,545 26.545% {.000 . 000
tle. of failure months (When Releaae 18 1883 than Demand) = 61
lHo. of fatlura months for Water Supply (When Relsase is lTess than W3 Demand) = {0
He. of critical failure months (When Releazs ia lasa than 75X of total Damand) = 27
Honthily lLima Raliahlfity - 76.9 % ; Annual Timm Reliahility - 6¢n'¢C)(
Yoluma Reliability = BB.8 %X



(1)

(2)

(3}

(4)

ANNEXURE-3-1

SALIENT FEATURES FOR GUHAI DAM

General Details
a) Location

b) Co-ordinates

¢) Year cf Completion

d) Purpocse

Hydrology
a) Total catchment area at
the dam site

b) Total Free catchment area
the dam site

c) Length of river upto con-
fluence with Hathmati

d) Length aof river upto
dam site

e) Weighted Mean rainfall at
75% reliability

) Runoff corresponding to
75% reliability

g) Maximum Probable Flood

Dam
a) Type of dam

b) Length at the top of dam

c) Maximum Height of dam
from River Bed

d) R.L. at Top of Dam

Reservair :
a) Gross Storage Capacity

b) Dead Storage Capacity

c) Live Storage Capacity

d) Full Reservoir Level

e) High Flood Level
£} Dead Storage Level

59

vill: Khandial, Ta:
Dist: Sabarkantha

Latitude 23° 00’ 42’ N
Longitude 73" 03’ 24’’ E

1990

Irrigation & Flood Control

422.17 S59.Km

415.15 Sq.Km

48 Km

39 Km

650.7 mm

£E6.448 Mcm

5787 Cumec

Composite dam

3370 m

23.85 m

178.056 m

62.34 Mcm
5.30 Mcm
57.04 Mcm
172.00 m
173,77 m

165.05 m

Contd.

Himatnagar



(5)

(6)

(7}

Flood Disposal
a) Type of Spillway

b) Length

c) Number & Size of Gates
d) Discharge Capacity at HFL
e) Crest R.L.

Head Regulators

a) Type & Size

b) 8111 Level

¢) Discharging Capacity
Irrigation

a) Gross Command Area

b) Culturable Command Area

Cgee Shaped

88.72 m

6 Nos. (12.493 m x 8.23 m)

4138 Cumec

164.77 m

R.C.C.Conduit (1,50 m x 1.80 m)

164¢75 m

5 Cumec

14494 Ha

11465 Ha
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Table - G1
Monthly Inflow Series for Guhai Reservoir
in Miltion Cubic Meter

Jan

Feb

Year Mar Apr May Jun Jul Aug Sep Oct Nov Dec¢
1964 1.65 5,30 12.44 0.73 7.53 4.78 2.46
1965 1.61 .85 .00 .00 .00 .00 35.62 9.01 1.9 .99 .00 .00
1966 .00 .00 .00 .00 .00 9.38 7.13 6.43 19.15 .39 .00 .00
t967 00 .00 .00 .00 .00 26.14 28.66 53.33 67.25 .72 .00 .00
1968 .00 .00 .00 .00 .00 .00 46.62 56.46 1.18 .68 .00 .00
1969 .00 .00 .00 .00 .00 .00 29.73 5.59 .60 .05 .00 .00
1970 .00 .00 .00 .00 .00 .13 28.40 26.31 40,18 3.12 1.02 .00
19711 .00 .00 .00 .00 .00 8.81 9.90 7.32 6.67 1.85 .52 .00
1972 .00 .00 .00 .00 .00 .38 5.78 31.05 1,91 .27 .00 .00
1973 .00 .00 .00 .00 .00 .07 4.10 77.86 127.78 9.80 3.06 4,41
1974 1.24 .26 .00 .00 .00 .00 1.3 3.02 .34 .06 .00 .00
1976 .00 .00 .00 .00 .00 11.84 .69 18.34 43.78 6.67 2.10 .76
1976 .00 .00 .00 .00 .00 .00 36.69 101.86 34.85 7.00 4.14 2.58
1977 1.16 .37 .00 .00 .00 7.76 83,33 50.66 48.13 0.92 3.94 2.52
1978 .00 .00 .00 .00 .00 .00 11.62 24.80 10.59 3.26 1.32 .92
1879 0.60 0.42 0.11 0.09 0.10 4.47 22.09 33.98 28.92 4.83 2.03 1.43
1980 .00 .00 .00 .00 .00 6.32 2.64 16.33 1.43 .26 .00 .00
1981 .00 .00 .00 .00 .00 16.92 123.78 167,15 24,28 .00 .39 .12
1982 .00 .00 .00 .00 .00 .00 29.31 15.73 .52 .01 .00 .00
1983 .00 .00 .00 .00 .00 8.13 6.43 21.02 4.32 6.50 .42 .19
1964 .88 .00 .00 .00 .00 .00 3.18 52.72 8.21 1.45 .10 .00
1985 .00 .00 .00 .00 .00 .00 .56 .05 .00 12.36 .00 .00
1986 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
1987 .00 .00 .00 .00 .00 .30 .00 .01 .00 .00 .00 .00
1988 .00 .00 .00 .00 .00




Table - G2
Elevatien-Area-Capacity Table for Guhai Resarvoir.

Elevation Area Capacity
(m) . (M sq.m) (M cu.m)
165.00 2.7532 5.185
165.25 3.0443 5.771
165.50 3.3354 6.357
165.75 3.6265 6.944
166.00 3.9176 7.530
166.25 4.1398 8.629
166.50 4,3621 9.728
166.75 4,5843 10.827
167.00 4.8065 11.926
167.25 5.0287 13.025
167.50 5.2509 14.124
167.75 5.4732 15.223
168,00 5.6954 16,322
168.25 6.0208 18.063
168.50 6.3461 19.805
168.75 6.6715 21.546
169.00 6.9969 23.287
169.25 7.3223 25.028
169.50 7.6476 26.770
t169.75 7.9730 28.511
170.00 8.2984 30.252
170.25 8.7370 32.760
170.50 9.1756 35.267
170.75 9.6142 37.175
171.00 10.0528 40,282
171.25 10.4914 42.790
171.50 10.9300 45,297
171.75 11.3686 47.805
172.00 11.8072 50.312
172.25 12.3804 53.321
172.50 12.9536 56.329
172.75 13.5268 59,338
1732.00 14.1000 62.346
173.25 14.6455 €6.374
173.50 15.1910 70.402
173.75 15.7365 74.429
174,00 16.2820 78.457
174.25 16.9293 83,232
174,50 17.5767 B8.008
174.75 18.2241 92.783
175.00 18.8714 97.559
175.25 19.5187 102.334
175.50 20.1661 107.109
1756.75 20.8134 111.885
176.00 * 21.4608 116,660
176.25 22.1863 123.278
176.50 22.9118 129.895
176.75 23.8372 136.512
177.00 24,3627 143.130
177.25 25.0882 14%.747
177.50 25.8%37 156. 365
177.75 26.5391 162.982
178.00 27.2646 169.600
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Table ~ G3

Average Monthly Irrigation Demands from GUHAI Reservoir

in Million Cubic Meter
Month Irrigation

Demand
Jan 7.910
Feb 2.564
Mar 0.000
Apr 0.000
May 0.000
Jun 0.047
Jul 0.965
Aug 1.036
Sep 7.866
Qct g.5682
Nov 8.479
Dec 6.253

Table - G4

Normal Monthly Evaporation Depths for Hathmati Sub-basin

in meter/month

Month Evap_Depth Month Evap_Deépth
Jan 0.113 Jul 0.195
Feb 0.125 Aug 0.100
Mar 0.200 Sep 0.163
Apr 0.275 Oct 0.150
May 0.300 Nov 0.113
Jun 0.275 Dec 0.118




Tabte-G7

Mmonthly Operation Simulation of GUHAI DAM For Conservation
Regulation Using Racommended Policy

YYYY-Mn Ini_sto Ini_lev Loc_Flo

Evapr Tot_Dem WS_Dem Releas Rel/Dem

.8pill End_st End_Lev

Rul_Lav

m w3 m m m3 m m3 m m3 m m3 m m3 nm3i mm3 m m
1964-06 30.000 162,96 1.650 2.252 .047 . 000 047 1.000 .000 29.35 189.87 171.00
1864-07 29.351 169.87 5.300 1.637 . 965 . 000 . 724 . 750F .000 232,29 170.20 172.00
1964-08 32,290 170.20 12.440 1.78% 1,036 . 000 77 . 150F 000 42,16 171.19 173.00
1964-09 42,1684 171.18 9,730 1.722 7.868 .000 5.88%8 . 750F .000 44,27 171,40 173.00
1964-10 44,272 171.40 7.530° 1.565 9,582 .000 9.582 1.000 ,000 40.65 171.04 172.50
1964-11 40.655 171.04 4,780 1.096 8.479 000 8,479 1.000 .000 35.88 170.56 172.00
1964-12 35.860 70.56 2.460 1.045 6.253 .000 6.253 1.000 .000 31.02 170.08 171.50
_1865-01 '31.022 170.08 1.610 L8718 T7.910 000 7.910 1.000 000 23.84 169.08 171.00
1965-02 23.844 189.08 .B50 - 858 2.564 .000 2.564 1,000 L0060 21.27 168.7t 170.50
1965-03 21.273 168,71 L0000 1.300 . Q00 . 000 . 000 . 000 .000 185.87 168,52 170.25
19685-04 19.973 168.52 ,000 1.710 .000 . 000 . 000 .000 000 18,26 168.28 170.00
1965-05 18.283 168.28 .000 1.768 . 000 . 000 .000 . 000 L000 16,50 168.02 169.75
¥YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem WS_Dem Relsas Rel/Dem 8pil1l End_st End_Lev Rul_iLev
mm3 m m m3 m m3 m ma = m3 m m3 m =3 n m3 m m
1965-06 16.495 168.02 .000 1.532 .047 .000 ".047 1.000 L,000 14.92 167.68 171.00
1965-07Y 14,916 1687.68 35.620 1.638 . 965 . 000 L9685 1.000 .000 47.93 171.76 172.00
1965-08 47.833 $711.76 9.010 2.24% 1,036 000 1.036 1.000 L0000 53.67 172.28 173.00
1965-08 53.667 172.28 1.90C 1.940 7.888 .000 5.89% . 750F .000 47.73 171.74 173.00
1965-10 47.727 171.74 .990 1.601% 8,582 .000 7.187 . T50F .000 39.93 170.96 172.50
1965-11 39.930 170.86 000 1.035 8,479 .000 B8.479 1.000 L000 3G.42 170,02 172.00
1965-12 30.416 170.02 000 .904  B8.253 .000 6.253 1.000 .000 23.26 169,00 17%.50
1966-01 23,253 169.00 .000 . 698 7.910 Qo0 7.910 1.000 L0000 14.65 187.62 171.00
1986-02 14.651 167.62 . 000 628  2.564 000 2.5684 1.000 .000 11.46 166.89 170,50
1966-03 11.458 166.89 000 .924 .000 . 000 . 000 . 000 000 10.53 166.68 170,28
1966-04 10.534 166.68 L0000 1.211 . 000 .000 . 000 L.000  .000 8.32 166.41 170.00
1966-05 5.323 166.41 L0000 1.246 . 000 .000 . 000 . 000 L,000 8.08 166,12 169.75
YYYY-Mn Ini_sto Ini_lev Loc_Floc Evapr Tot_Dem WS_Dem Releas Rel/Dem 3pill End_sat End_tev Rul_lLev
m m3 m » m3 mm3i mm3 mm3 mm3 mm3 mm3 m m
1966-06 8.077 168.12. 9.380 1.330 . 047 . 000 .047  1.000 .000 16.08 167.94 171.00
1966-07 16.080 167.94 7.430 1.196 .8B8% . 000 . 724 .750F L0000 2t.29 168.71 172.00
1966-08 21.280 168.T1 8.430 1.32% 1.0386 .000 77T L T50F L0000 25.82 169,34 173.00
1966-09 25.822 165.34 19.150 1,385 7.6865 .000 5,899 . T50F .000 37.48 170.72 173.00
1966-10 37.487 170.72 390 1,327 9.582 006 T7.187 .750F ,000 28.36 168.87 172.50
1966-11 29.383 168.87 . 000 843 8,479 .000 6,358 . 750F 000 22.18 168.84 172.00
1966-12 22,161 168.84 .000 T4 6.253 .000 4.890 . 750F L000 18,73 168.08 171.50
1967-01 16.730 188.08 . 000 .578  T.810 000 5.932 . T50F .000 10.22 186,61 171.00
1967-02 10.220 166,61 . 000 .527 2.564 .000 1.923 . T50F L0000 T.77 168.05 170.50
1967-03 7.770 166.05 . 000 .762  .000 . 000 . 000 . 000 L0000 7.0t 165,78 170.25
1887-04 7.007 165.78 .000 .942 . 000 . 000 . 000 . 000 .000 6.07 165.38 170.00
1867-08 6.068 1865.38 .00 891 . 000 . 000 .o0oC . 000 .000 5.17 165.00 168,75
68
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Y;(YY—Mn Ini_sto Ini_lsv Loc_Fio Evapr Tot_Dem WS_Dem Releas Rel/Dem 8piTl End_st End_lev Rul_Lev
m m3 | ] m m3 m m3 m m3 m m3 m m3 m m3 m m3 ] m
1987-06 5.175 165.00 26.140 1.506 047 . 000 .047 1.000 000 28,76 169.93 171.00
18967~-07 29.762 169.93 2B.6560 1.951 . 965 . 000 .965 1.00¢ 5.183 50.3f 172.00 172.00
1867-08 50.312 172.00 53.330 2.435 1.036 .000 1.038 1,000 37.831 B82.34 173.00 173.00
1967-03 62.340 173.00 B67.250 2.298 7.886 .000 7.B66 1,000 57.086 62.34 173.00 173.00
1967-10 62.340 173.00 .720  1.880 9,582 .000 8.582 1.000 000 51.52 172.10 172.50
1967-11 51.518 172.10 000 1,263 8.478 ,000 8.479 1,000 .000 41.75 171.15 172.00
1967-12 41,176 1741.15 000 1,141 B6.253 000 6.253 1.600 000 34.38 170.41 171.50
1968-01 34,382 170.4¢ . 000 .929 7.810 L0000 7.910 1.500 000 25.54 169.32 171.00
1968-02 25.543 169.32 . 060 ,EBB7 2.564 000 2.564 1.000 .000 22.09 168.83 170.50
1968-03 22.092 1BH.83 .000 1.330 000 .000 . 000 , 000 000 20.76 168,64 170.25
1968-04 20.762 168.64 000 1.749 . 000 . 000 . 000 . 000 000 19,01 168.39 170.00
188805 19.013 168.39 .000 1.8069 . 000 . 000 . 000 . 000 000 17.20 168.13 169.75
YYYY-Mn Ini_sto Ini_lev Loc_Fl6 Evapr Tot_Dem WS_Dem Releas Rel/Dem 8pill End_st End_Lev Rul_Lev
m m3 n m m3 m m3 m m3 m m3 m m3 m m3 m m3 m m
1968~08 .17.204 168.13 000 1.589 . 047 . 000 .047 1.000 000 15.59 167.83 171.00
1968-07 15,589 167.83 46.620 1.692 L9858 , 000 . 965 5;000 9,240 50.31 172.00 172.00
1968-08 50.312 172.00 56.460 2.435 1.036 000 1.038 1.000 40.961 62,34 173,00 173.00
1968-09 62.340 173.00 1.180 2.161 7.555 000 T.866 1.000 .000 53.49 172.28 173.00
1966-10 53,493 172.26 - 680 1,719 9.582 .000 9.582 1.000 000 42,87 171.26 172.50
1968-11 42.872 171.26 000 1.083 8.479 L.000 B8.479% 1.000 .000 33.30 170.30 172.00
1968-12 33.301 170.30 .000 . 965 5.253 .000 6,253 1.000 .000 26.08 169.40 171.50
1969~01 26.083 169.40 . 020 . 758 7.910 000 7.810 1.000 000 17.41 168.16 171.00
1988~02 17.415 168.16 . 000 L6987 2.564 .000 2.564 1.000 L0000 14,15 187.51 170.50
1989-03 14,154 167.51 L0600 1.031 . 000 . 000 . 000 . 000 000 13,12 167.27 170.25
1969-04 13,123 187.27 000 1.351 . 000 . 000 .006° .000 L000 11.77 166.96 170.00
1969-05 11.772 166.96 ~ .000 71.390 . 000 . 000 . 000 . 000 000 10.38 166.65 169,75
YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem WS_Dem Releas Rel/Dem Spill End_st End_Lev Rul_Lev
' m m3 m m m3 mm3 mm2 mm3 mm3 mm3 mm3 m m
196%-06 10.382? 166.65 000 1,202 . 047 .000 . 035 . 750F . 000 9.15 166,37 171.00
1969~-07 9,145 166.37 2%.730 1.335 . 965 . 000 L7124 . | 750F 000 36.82 1790.65 172.00
1969-08 36.816 170.65 5.590 1.825 1.036 . 000 T . 7150F .000 39.80 170.95% 173.00
1869-08 39.804 170.95‘ 600 1.528 7.866 . 000 5.BBQ . 750F L000 32.98 170.27 173.00
1969-10 32.877 170,27 050 1,202 9.582 .000 7.187 . 750F .000 24.64 169.19 172.50
1969-11 24.639 169.19 . 000 .T744 8.479 .000 6,359 . T50F .00 17.54 168.17 172.00
1969-12 - 17.535 16A.17 . 000 .636 6.253 L0000 4.680 . 750F 000 12.21 167.06 171.50
1970-01 12,208 167,06 . 000 448 7.910 000 5,832 LT50F ., 000 5,83 165.27 171,00
1970~02 5.828 185.27 . 000 . 368 2.564 . 000 . 1589 L062F . 000 5.30 1+65.05 170.50
1970-03 5.302 165.08 . 000 . 536 . 000 . 000 . 000 . 000 . 000 4,77 164,82 170.25
1870-04 4,766 184,82 . 000 .G55 . 000 . 000 . 000 . 000 . 000 4,11 164,54 170.00
1970~-05 4.11t 164.54 . 000 .620 . 000 L 000 . 000 . 000 . 000 3.49 164.28 169.75
YYYY-Mn Ini_sto Ini_lev Loc Flo Evapr Tot_Dem W3_Dem Relsas Rel/Dem Spill End_st End_tev Rul_Lev
m m3 m m m3 m m3 m m3 m m3 m m3 mm3 mm3 m m
1870-06 3.491 164,28 .130 . 501 . 047 . 000 . 000 . 000OF .000 3.12 164.12 171.00
1970-07 3.120 164_.12 28.400 970 . 965 . 000 . 724 . 150F L0080 29.83 169.94 172.00
1970-08 29.827 169.94 26.310 1.334 1.038 000 1.036 1.000 L000 53.17 172,24 173.00
1970-09 53.167 172.24 40.180 2.156 7.866 .000 7.B66 1.000 20.985 62.34 173.00 173.00
1870-10 62.340 173.00 3.120 1,984 9.582 .000 8.582 1t1.000 +,000 53.88 172.30 172.50
1970-11 53.884 172.30 1.020 1.321 8.479 000 8.479 1.000 .000 45.10 171.48 172.00
1970-12 45.104 171.48 000 1,209 6.253 .000 6.253 1.000 L,000 37.64 170.74 171.50
197101 37.642 170.74 . 000 . 995 7.910 000 7.910 1.000 000 28.74 169.78 171.00
1971-02 28.737 169,78 . 000 . 961 2.564 .000 2.564 1.000 000 25,21 169.28 170.50
1971-03 25.213 169.28 L000  1.444 .00 . 000 . 000 . 000 .O0p0  23.77 169.07 170.25
1971-04 23.7688 165.07 000 1,800 . 000 . Q00 .000 . Q00 000 21.87 1668.80 170.00
1971-05 21.868 168 BD .en %.964 . 000 L00D0 . 000 . 000 .D00 19.90 168.51 169.75
Conid.
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Evapr Tot_Dem WS_Dem Releas Rel/Dem Spill End_st End_Lev

¥YYY~-Mn Ini_sto Ini_lev Loc_Flo RUT_Lev
m m3 m m m3 m m3 m m3 m m3 m ma m m3 m m3 m m
1971-06 19,904 168.51 8.810 1.926 . D47 000 047 -.000 .000 26.74 169,50 171.00
1971-07 26.741 169.50 ) 8,800 1.623 . 965 . 000 .T724 . 750F L0000 . 34.29 170.40 172.00
1971-08 34.294 170.40 T7.320 1.7711 1.036 . 000 71T . T50F 000 39.07 170.88 173.00
1971-08 39.065 170.88 6.670 1.592 7.866 .000 5.B99 . T50F 000 38.24 170.80 173.00
1971~-10 38,244 170.80 1.850 1.367 8,582 L,000 7.187 . 750F .000 31.54 170.13 172,50
1971-11  3%.541 170.13 .520 .883 8.479 .000 6,358 . 750F 000 24.81 169,22 172,00
1971-12 24.808 169.22 . 000 .799 6.253 .000 4.690 . T50F 000 19.32 168.43 171.50
1872-01 19,320 168.43 , 000 .634 7.910 .000 5.832 . TEOF 000 12,75 167.19 171.00
1972-02 12.753 167.19 . 000 .582 2.564 .000 2.564 1.000 . 000 9.61 166.47 170.50
18972-063 9.607 166.47 . 000 L850 . 000 . 000 000 . 000 . 000 8§.76 166.28 170.25
1872~04 B8.757 16B6.28 L0000 1.115 . 000 .000 . 000 . 000 . 000 7.64 166.03 i70.00
1972-05 7.642 166.03 000 1.105 . 000 . 000 . 000 . 000 . 000 6.54 165.58 168.75
YYYY-Mn Ini_sto Ini_1lev Loc_Flo Evapr Tot_Dem WS_Dem Releas Rel/Dem Spill End_st End_Lev Rul_Lev
m m3 m m m3 m m3 m m3 m m3 m m3 m m3 m m3 m m
1972-06 6.537 165.58 .380 .904 047 . 000 .035 . T50F . 000 5§.98 165.34 171.00
1872-07 5.979 165,34 5.780 .T743 . 885 .000 .T24 . T50F .000 10,28 166.63 172.00
1972-08 10.292 166.63 31.050 1.348 1.036 . 000 LT17T . 750F .000 39.22 170.88 173.00
1972-09 38.216 170.89 1.910 1.530 7.866 .000 5.898 . T50F .000 33.70 170.34 173.00
1972~10 33.697 170.34 270 1.224 §.582 .000 7.187 . T150F .000 25.56 169.33 172.50
187z-11  25.557 169.33 . 000 . 763 B.479 .G00  6.359 . 750F .000 18.43 168.30 172.00
1972-12 18.434 168.30 . 000 .B57 6.253 .000 4.6890 . T50F L.000 13.09 167.26 171.50
1473~-01 13.088 167,726 .000 . 482 7.910 000 5.832 .T50F 000 6.67 165.63 171.00
1973-02 6.873 165.63 . 000 .394 2.564 . 000 .877 .381F . 000 5.30 165.05 170.50
1973-03  5.302 165,05 . 000 .536 . 000 000 .000 . 000 .000 4.77 164.82 170.25
1973-04 4,766 164.82 . 000 .655 . oo . 000 .000 . 000 .000 4,11 164.54 170.00
1973-05 4.111 164,54 . 000 .620 . 000 . 000 .000 .000 .000 3.49 164.28 169.75
YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem WS_Dem Relsas Rel/Dem 8Spill End_st End _Lev Rul_fev
m m3 m m m3 mm3 mm3 mm3 mm3 mm3 mm3 ™ m
1973-06 3.491 164,28 .G70 . 497 .047 . 000 . 000 . 0COF . Q00 3.06 164.10 171.00
1973-07 3.064 164.10 4,100 472 . 965 000 724 . T50F . 000 5.97 165.33 172.00
1973-08 5,968 165.33 77.860 1,821 1.036 L000 1.036 1.000 . 1B.832 62.34 173.00 173.00
1973-09 62.340 173.00 127.780 2.288 7.866 .000 7.866 1.000 117.616 62.34 173.00 173.0C
1873-10 62,340 173.00 9.800 2.029 9,582 .000 9,582 1.0@0 4.200 56.33 172.50 172.50
1973-11 56.329 172.50 3.060 1,39 8.479 000 8.479 1.000 .000 49,52 171.92 172.00
1973-12 48.519 171.92 4.410 1,333 6.253 .000 6.253 1.000 1.045 45.30 171,50 171.50
1974-01 45.287 171.50 1.240 1,158 7.910 000 T.810 1.000 000 37.47 170.72 171.00
1874-02 37.469 170.72 .260 1.157 2.564 .000 2.564 1.000 .000 34,01 170.37 170.50
1974-03 34.008 170.37 000 1.760 . 000 . 000 . 000 . 000 L000 32.25 170.20 170.25
1974-04 32.248 170.20 000  2.322 . 000 , 000 L0006 , 000 .000 28,93 168.95 170.00
1974-05 29.926 169.95 .000 2.404 .000 . 000 . 000 . 000 L0000 27.52 169.61 169.75
YYYY-Mn Ini_sto Ini_lev Loc_flo Evapr Tot _Dem WS_Dem Releas Rel/Dem 8pil11 End_st End_Lev Rul_iev
m m3 m m.m3 m m3 m m3 m m3 m m3 m m3 m m3 n m
1874-06 27.522 169.6% 000 2.087 .047 . 000 .047 1,000 .000 25.39 169,30 171.00
1974-07 25.388 169.30 1.340 1.426 L9865 000 L 724 . 750F .000 24.58 169.19 172.00
1974~-08 24.578 169.19 3.020 1.376 1.036 . 000 T77 . 750F 000 25.45 169,31 173.00
1974-09 25.445 169,31 .340 1,105 7.866 .000 5.899 . T50F .0D0 18.78 168,35 173.00
1974-10 18_.781 168,35 . 060 . 806 9,582 .000 T.187 . T50F 000 10.85 166.75 172.50
1974-11 10.84% 166,75 . 000 . 418 8.479 L0000 5.129 . BO5F . 000 5.30 165.05 172.00
1974-12 5.302 1865.05 . 000 L322 6.253 000 . 000 . 000F . 000 4.88 164.91 171.50
1975-01 4.980 164,91 . 000 R | 7.910 . 000 . 000 .00CF . 000 4.69 164.79 171.00
1975-02 4,688 164.79 . 000 .304 2.564 . 060 . 000 .Q00F . 000 4,38 164 .66 170.50
1975-03 4.384 164.66 . 60O . 449 000 0N . 000 . 000 . 000 3.94 164.47 170.25
1975-04 3,935 164.47 . 000 . 549 . 000 . 000 . 000 . 000 . 000 3.39 164.23 170.00
1975-05 3.386 164.23 L300 . 519 a0c L0 000 L0090 .00 2.87 164.01 169,75
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YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem WS_Dem Releag Rel/Dem 9pill £nd_st End_Lev Rul_Lev
m m3 m . mm3 mm3 mm3 mm3 mm3 mm3  mom3 m m
1975-06 2.887 164.01 11.840 .931. .047 . D00 .047 1.000 .000 13.73 167.41 171.00
1975-07 13.728 187.41 . 680 . 988 . 965 . 000 724 . T50F .000 12.71 1B67.18 t72.00
1975-08 12.706 167.18 18.340 1.225 1.038 . 000 LT77 . T50F .000 29.04 169,83 173.00
1975~09 .29.044 169.83 43.780 1.807 7.866 000 T7.866 1.000 .81 62.34 173,00 173.00
1975-10 62.340 173.00 6.670 2,029 9,582 .000 9.582 1,000 1.070 56.33 172.50 172.50
1975-11 56.32% 172.50 2.100 1,382 a.478 .000 A.479 1.000 .000 48.57 171.83 172.00
1975-12 48.568 171,43 .760 1.287 6.253 ,000 6.253 1.000 000 41.79 171.15 171.50
197601 41.788 171.15 .000 1.077 7.910 .000 7.910 1.000 .000 32.80 170,25 171,00
t976-02 32.801 170.25 000 1.053 2.564 ,000 2,564 1.000 .,000 29.18 169.85 170.50
1976-03 29.184 169,85 .000 1.580 . 000 . 000 . 000 . 000 .000 27.58 189.@2 170.25
1976-04 27.594 169.62 .000 2.p92 . 000 . 000 . 000 . 000 000 25,50 169,32 170.00
1976-05 25.503 169.32 .000 2.163 .000 . 000 .000 .000 L0000 23.34 169.01 169.75
YYYY-Mn Int_sto Ini_lev Loc_Flo Evapr Tot_Dem WS_Dem Releas Rel/Dem Spill End_st End_Lev Rul_Lev
mm3 m m m3 mm3 mm3 mmd wmm3 mm3 mm3 m m
18976~08 23.340 169.01 000 1.877 047 . 000 D47 1.000 000 21,42 168.73 171.00
1976-07 21.416 168.73 36.690 1,799 . 965 . 000 L8965 1.000 5.029 50.31 172.00 172,00
1976-08 50.312 172,400 101.860 2.435 1.036 .000 1.036 1,000 B6.361 62.34 173.00 173.00
1976-09 62.340 173.00 34.850 2.2%88 7.866 000 7,866 1.000 24.686 62.34 173.00 173.00
1976-10 62.340 173.00 7.000 2.029 9,582 .000 8,582 1.000 1.400 56.33 172.50 172,50
1976-11 5§6.329 172.50 4.140 1.399 8.479 000 B8.479 1.000 L2779 50.31 172.00 172.00
1876-12 50.312 172,00 2.580 1.341 6,253 .000 6.253 1.000 .001 45.30 171.50 171.50
1977-01 45.297 171.50 1.160 1,157 7.810 .000 T.910 1.000 .000 37.3% 170.71 1711.00
1977-02 37.390 +70.71 .370 1.157 2.564 000 2.584 1,000 .000 34.04 170.38 170.50
1977-03 34.039 170.38 000 1.761° . 000 . 000 , 000 . 000 .000  32.28 170.20 170.25
1977-04 32.278 170.20 .000 2,323 . 000 . 000 . 000 . 000 .000 29.85 169.86 170.00
1877-05 29.955 163.96 .000 2.405 .000 .00 . 000 . 000 .000 27.55 168.61 169,75
Y¥YY-Mn Ini_sto Ini_lev Loc_Flc Evapr Tot_Dem WS_Dem Releas Rel/Dem 8pill End_st End_lev Rul_Lev
m m3 m m m3 mm3 mm3 amm3 mom3 mm3 mon3 n m
1877-06 27.549 169.61 T.760 2.278 047 . 000 047 1,000 L0000 32.88 170.27 171.00
1977-07 32.984 170.27 B88.330 2.007 . 965 .000 .965 1.000 68.030 50.31 172.00 172.00
1977-08 50.312 172.00 59.660 2.435 1.036 000 1,036 1000 44.181 62.34 173,00 173.00
1577-09 62.340 173.00 48.130 2,298 7.866 .000 7.866 1.000 37,966 62.34 173.00 173.00
1877-10 62.340 173.00 9.920 2.029 9.582 ,000 9.582 .1.000 4.320 56.33 172.50 172.50
1977-11 656.328 172,50 °3.940 1.399 B.47% .000 B8.473 1.000 .079 50.31 172.00 172.00
1977-12 50.312 172.00 2.520 1.341 6,253, .000 6.253 +t.000 L.000 45.24 171,48 171,50
1978-01 45.238 171,49 000 1,144 7.810 .000 7.910 1.000 .000 36.18 170.59 171.00
1978-02 36.184 170,59 000 1,127 2.564 .000 2.564 1.000 .000 32.49 170.22 170.50
1878-03 32.483 170.22 L0060 1.708 . 000 . 000 Q00 . 000 .090 30.78 170.05 170.25
. 1878-04 30,785 170.058 000 2.251 . Qoo . 000 . 000 . 000 .000 28.53 169.75 170.00
1978-05 2B.534 169.75 .000 2.328 .000 000 . 000 . 000 .000 26.21 189,42 169,75
YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem WS_Dem Releag Rel/Dem Spill End_st End Lev Rul_Lev
m m3 m m m3 mm3i mmd mmd moal mm3 mm3 m m
t978-06 26,206 169.42 000 2.021 .047 . 000 .047 1.00b 000 24.14 168.12 171.02
1878-07 24,138 168.12 11,620 1.562 . 965 +000 .T24 . 750F .000 33.47 170.32 172.00
1978-08 33.473 170.32 24.800 2.034 1.036 .000 1.036 1.000 000 55.21 172.41 173.00
1978-09 55,206 172.41 10.590 2.086 7.866 000 7.866 1t.000 L0000 55.84..172.45 173.00
1978-10 55.B44 172. 46 3.260 1t.816 9.582 .000 8.582 1.000 .000 47.71 171.74 172.50
1878-11 47.706 171.74 1.320 1.200 8.479 .000 8.478 1.000 L0000 39.35 170.91 172.00
1978~12 39.347 170.91 ,820 1.101 6.253 L.000 6.253 1.000 .000 32.91 170.27 171.50
1979-01 32.913 170.27 . 600G 905 7.910 .00C 7.810 1.000 .000 24.70 169.20 171.00
1879-02 24,688 165.20 .420 .B72 2.564 .000 2.564 1.000 .000 2t.68 168,77 170.50
1979-03 21.881 168,77 L1100 1,317 000 . 000 000 . 000 .000 20.47 168.60 170.25
1979-04 20.475 168.60 .0890 1.737 . 000 .000 . 000 . Q00 .000 18.B3 168.36 170.00
1979-05 18.82T 168.36 100 1,801 . 000 Q00 . 000 . 000 .000 17.13 168.12 169.75
2 Contd.
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YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem WS_Dem Releas Rel1/Dem 8pill End_st End_Lev Rul_Lev
m ma n m m3 mm3i mm3 mm3 mm3 mm2 m m3 m L]
1979-06 17.128 168.12 4.470 1,672 D47 . 000 .047 1,000 .000 19.87 168.51 171.006
1879-07 19.871 16B8.51 23.090 1*.602 .965 . 000 .965 1.000 ,000 40.39 171.01 172.00
1979~-08 40.394 171.01 33.980 2.272 1.0386 ,000 1.036 1.000 B.726 62.34 173.00 173.00
1979-09 62.340° 173.00 28,920 2.28% 7.866 .000 7.886 1.000 1B.756 62.34 173.00 173.00
1879-10 62.340 173.00 4_830 2.018 9,582 000 9.582 1.000 LODO 55,57 172.44 172,50
1978-11 55.570 172.44 2.030 1.366 AB.479 .000 B.47% 1.000 L0000 47,76 171.75 172.00
1979-12 47.755 171,75 1.430 1.278 6,253 L0000 6.253 1.000 o000 41.65 171.14 171.50
1980-01 41,655 171.14 .000 1.074 7.810 ,000 7.910 1.000 L0000 32.87 170.24 171,00
1980-02 32.871 170.24 Q00 1.050 2.564 .000 2Z.564 1.000 ,000 29.06 169.83 170.50
1880-03 29,057  169.83 .000 1.585 000 . 000 . 000 . 000 ,000 27.47 169,60 170.25
1980-04 27.471 169.60 L0000 2,086 . 000 D00 . 000 . 000 .000 25.39 168.30 170.00
1980-05 25.3B6 169.30 .000 2.156 .000 .000 . 000 . 000 L0000 23.23 168.99 169.75
YYYY-Mn Ini_sto Ini_lev Loc_ Flo Evaor Tot_Dem WS_Dem Releas Rel/Dem 8pill End_st End_Lev Rul_Lev
m m3 m m m3 mm3 mm3 mm3 mm3 mm3 mm3 n m
1880-06 23.230 168.99 6.320 2.030 .047 . 000 .047 1,000 L0000 27.4T7 169.60 171,00
1980-07 27.472 169.60 2.840 1.524 . 965 . 000 . T24 . T50F L000 27.86 1638.66 172.00
1980-08 27.865 163.66 16.330 1.707 1.036 . 000 177 . 150F 000 41.71 171,14 173.00
1980-08 41,711 171,14 1.430 1.583 7.866 .000 5.899 . T50F L.000 35.85 170.54 173.00
1980~-10 35.649 170,54 .280 1.278 9.582 . 000 7.157“ . 150F .000 27.45 169,60 172.50
1980~11 27.446 169,60 , 000 .803 B.47%9 .000 6,353 . 750F 000 20.28 168.57 172.00
1980-12 20,284 168.57 . 000 . 699 6.253 000 4.690 . 750F L.000 14.90 167.68 171.50
1981-01 14,895 167.68 . 000 .537  7.910 .000 5.9832 . T50F L0000  B8.43 1566.20 171.00
1981-02 B8.426 166,20 , 000 . 455 2.564 L0000 1.923 . 750F . 000 £.05 165.37 170.50
1981~-03 5.048 165.37 . 000 .608 . 000 . 000 . 000 . 000 ,000 5.44 165.11 170.25
1981-04 5.441 165,11 . 000 .142 . 000 .000 - Q00 . 000 . 000 4.70 164.79 170,00
1981-05 4.700 164.79 . 000 . 102 . 000 . 000 .000 .0oe . 000 4,00 164.4% 169.75
YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem WS_Dem Releas ftel/Dem 8pill End_st End_Lev Rul_Lev
m m3 m m m3 m m3 m m3 m m3 m m3 m m3 mn w3 n "
A1981-06 3.998 164.49 16.920 1,168 . 047 . 000 047 1.000 .000 19.70 188.49 171,00
1981-07 19.704 168.49 123,780 1.768 L8965 . 000 L8965 1.000 80.438 50.31 172.00 172.00
1981-08 50.312 172.00 167.150 2,435 1.036 ,000 1.036 1.000 151.651 62.34 173.00 173.00
1981-09 62.340 173.00 24.280 2.298 7.868 .000 7.B68 1,000 14,118 2.34 173.00 173.00
1981-10 6€2,340 173.00 L0000 1,950 9,582 ,000 98.582 1,000 . 000 (50.81 172.04 172.50
1981-11 50.808 172.04 ,390 1.252 B.479 L0000 8.479 1.000 L000 - 41.47 171.12 172.00
1981~12 41.467 171.12 .120 1,136 6.253 ,000 6.253 $.000 L00C 34,20 170.39 171.50
1982-01 34,198 170,38 . 000 . 925 7.810 L0000 7.910 1.000 00N 25.36 168.30 171,00
1982-02 25.363 169.30 . 000 . 883 2.564 .000 2.564 1,000 L000 21.82 168.80 170.50
1982-03 21.916 168.80 .000 1.323 . 000 , 000 . 000 . 000 000 20.59 168,61 170.25
1982-04 20.5%3 168.61 .000 t.741 . 000 . 000 .000 . 000 .000 18.85 168,36 170.00
1982-05 18.852 168.3ﬁ 000 1.800 . 000 . 000 , 000 . 000 .000 17.05 168.10 169.75
YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem W3_Oem Releas Rel/Dem Spill End_st End_Lev Rul_Lev
’ m m3 " m m3 mm3 mm3 mm3 mom3 mm3 mom3 m m
1982-06 17,052 168.10 .000 1.561 . 047 . 000 .047 1.000 000 15.44 16780 171.00
1982-07 15.444 167,80 29.310 1.551 .965 . 000 .965 1,000 000 42,24 171,19 172,00
1982-08 42,238 171,19 15.730 2.167 1.036 L0000 1.038 1,000 L0000 54,77 172.327 173.00
1982-04 54,765 172.37 .520 1.953 7.866 .000  5.889 . T50F L0000 47.43 111.71 173.00
1882-10 47.433 711,71 010 - 1,581 9.582 L0000 7,187 . 750F .000 38.68 170.84 172.50
1982-11 328.676 1702.84 .00 1.010 8.479 000 8.479 1.000 L000 29.19 169.85 172.00
1882-12 29.187 185.85, L0006 77 6.253 L0000 6.253 1.000 .000 22.06 168,82 171.50
1983-01 22,987 168.82 alely] .672 7.910 L0000 7.910  1.000 .o00 13.48 167,35 171.00
1882-02 13,475 1RT.25 L0600 il 2.564 L0080 2,564 1.000 L0000 10.31 166.63 170.50
1985-02 40,211 18R G2 L0 LETER Lape L300 000 .0Ng . 000 G.43 466.43 170.25
133342 °.423 4F8 43 aoa e AL LOn L0en . 300 . 000 8.28 168.17 130,00
182200 [ w1 1E7 R o . ang o0 Loen T.11 165.82 569,75
Contd.



YYYY-Hn

End_st

Ini_steo Iri_tav Loc_Flo Evapr Tot_Dem WS _Dem Releas Rel/Dem 8pill frnd_tev Rul_Lev
m m3 m m m3 m ml m m3 mom3 mom3 m m3 m a3 m m
188306 7.115% 18%.82 B.13n 1.228 047 . 000 047 1,000 000 15,87 t67.46 171.00
1982-07  13.970 167.4¢ f.430 1.105 . 965 . 000 .T24 . TBCF SOrG 18,57 158,32 172,40
1983-08 18.571 16B.32 21.020 1.471 1.036 . 000 L7777 . T50F LADG 27 .34 176,71 173,00
1983-09 37.242 170.71 4,320 .511 7.866 .000 5,899 . TSCF L300 24,25 170,40 173,00
1983-10 34.252 170.40 £.500 1.323 a.582 L0600 T.187 . T5CF Lo0d 32,24 170.20 172,50
1982-11 32.242 170.23 .420 .806  B.479 .000 6,359 . 750F L000 25,40 169,30 172.00C
1982-12 25.387 188.30 . 130 .B14 6.253 000 4,690 . T50F L0000 20 08 188.54 171,50
i984-01 20.083, 168,54 380 .639 T.910 000 7.910 1.000 Q07 12,41 16711 171.00
1984-02 12.415 167.11 . 000 574 2.564 L0000 2.564 1,000 g 3.28 166.40 170,50
1984-G3  9.277 166.40 000 . 837 . 000 L0600 L, 000 Melsls 000 B.44  158.21 170.25
1984-04 8.440 186.21 L000 1.082 . 000 . BGC . 000 . 000 . oon 7.35 165.92 170.00
1984-05 7.350 165.92 L0000 1.669 . 000 . 000 . o000 Milsls) .00 628 165,47 169,75
YYYY-Hn Ini_sto Ini_lev LOC Fig Evapr io Dem WS_Dem Releas Rel/02: Spill End_st End_iev Rul_Lev
m m3 m s m3 #mT o m3 mm3 mom3 mm3  mom3 m m
1984-06 6.281 165.47 . 000 .847 047 L OQ0 .035 T50F 400 5.40 165.09 171.00
1984-07 5.389 165.09 3,180 .645 .965  .Q00 " .724 T50F w3 T7.21 165.86 172.00
1984-08 7.270 165.88 52.720 1.5B8 1.036 ,000 1.036 1.000 000 57.31 172.58 173.00
1984-03 57.306 172.58 8.210 2.114 7.866 L0000 7.866 1,000 .00C 55,54 172,43 t73.00
1984-10 55.535 172.43 1.450 1.784 9.582 L.000 8.582 1.070 L0000 45.62 171.53 172.50
1984-11 45.619 171,53  .100 <.147 8.479 000 B.479 1.000 L0000 36.09% 170.58 172.00
1984-12 36.093 170.58 .000 1.024 6.253 Q00 6.253 1.000 L0000 2B.82 169.79 171.50
1985-01 28.3'6 169.79 .Co0 .B15 7.910 000 7.810 1,00 .00 20,09 168.54 171.00
1985~0C 20.087 168.54 .000 61 2. 5p4 000 2,564 1. 000 .00 18,77 16B.06 170.50
1885-03 16.766 i68.06 000 1,133 2§14 L0GT .00C 006 000 15,83 1B7.8B4 170.25
1985-04 15.622 167.84 .000 t.487 ilile] Laro . 000 LA .200 14.15 167.50 170.00
1985-05 14,146 167.50 L900 1,278 . 000 .0oo Regly] Rl .00 12.62 167.16 169.75
YY¥YY-tin Ini_sto Ini_lav Loc_£to  Evagr Tot_Dem WS Zcm R:'eas %ei /LDem Soill End_st End_Lev Rul_Le
m m3 m m «p m m3 m m3 ®m m3 r m3 = m3 m m3 m m
1985-06 12.616 167.16 .000 1.322 . 047 .000 .035 T5CF .00 11.26 166,85 171.00
1985~G7 11,258 -166.&n .560 .880 . 965 . 000 724 . T5CF LGCY 10,20 186.81 172.00
1985-08 10.204 166,67 . 050 .B0OS 1.036 . 000 777 . T50F .000 8.6 166.26 173.00
f985-09 B.668 165.26 . 000 . 567 7.866 .000 2.798 .356F ..000 5.30 165.05 173.00
1985-10 5.302 165,05 12.360 541 9,582 .000  T.187 . 750F . 000 9.93 166.55 172.50
1985-11 9,834 166.55 . 000 .408 8.479 .000 4,225 . £98F .oon 5.30 165.0% 172,00
1985-32 5.302 165.0% .000 ° .322  §.253 . 000 . 000 . 000F L 00 4.98 164.81 171.50
1986~01 4.880 164.9° .000 291 7.910 .ooo ey} . 000F L0000 4,69 164,79 171.00
1986--02 4.338 164.73 000 . 304 2.564 . 000 . 000 elalely 4.38 164.66 170.50
1886-303 4.384 164.66 . 000 L4439 .CoC 000 . 000 3.94  164.47 170.25
1986-04 3.5385 184.47 . 000 548 Relslel .000 L 005 i) 3.3% 164.23 170.00
1986-C5 3.385 164.23 . 000 .519 .00 . 000 .00 L0000 2.87 164.0%1 169.75
YYYY-Mn Ini_sto Ini_le: Loc_Fle Evapr Tot_Dem WS _Dem Releas =83/Dctn i1l End_st End_Lev Rul_Lev
m m3 o m m3 m m3 m m3 m m3 m m3 i m3' m m3 M [
1986-06 2.867 162 01 . 000 L4111 . 047 Q00 . 000 . OOOF 000 2.48 163.62 171.00
1986-07 2.456 163.62 . 000 .257 965 . 000 . 000 . 000F 000 2,20 163,37 172.00
1986-08 2.188 153.37 . 000 .224 1.036 , 000 . 000 . O0OF . 000 1.97 "163.15 t173.00
1986-08 1.974 162 15 ~.000 .177  7.866 . 0060 . 000 . O0OF .00 1.80 162.98 173.00
1986-10 1.796 162.34 . 006G .150  §.582 .ooG . 000 . 000F . 000 1.65 162.83 172.50
1986-11 1.646 162.83 . 000 106 B.2179 . 000 000 . QDOF 000 1.54 162.73 172,00
1886-12 1.540 162.73 . 000 104 6.253 . 000 alele] . D0OF . 000 1.44 162.62 171.50
1987-01 1.436 162.862 .C00 .084 7.91¢C . 000 .6C0 Ruilsds . 000 1.34 162.53 17%.00
1987~G2 1.343 162.%3 . 000 . 087 2.554 © .000 L0060 . 000F . 000 1.25 162.44 170.50
1887-03 1.245 162.4 . CO0 . 143 LCGC .000 . 000 . 000 Msisls) 1.10 162.30 17C.25%
19887-04 1.102 162.30 . 000 174 . 000 .oon 000 . 000 . 000 .93 162,13 170.00
1987558 .8929 162.:i: . GDO L1630 .00 000 Melsds] .ON0 .00C .77 161.89 1€9.75
Contd.
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YYYY-Mn [n1 stc Inm1 lev Loc_Flo Evapr Tot_Dem WS _Dem Releas Rel/Dem Spill End_st End_Lev Rul_Lev

m m3 m m m3 m m3 m m3 m m3 m m3 m m3 m m3 m m
1987-06 .766 161,89 . 300 . 148 .047 .000 .000 ,000F . 000 .92 162.12 171.00
1987-07 .918 162.12 .000 . 108 .965 .000 .000 .000F .000 .81 162.0% 172.00
1987-08 .810 162.01 010 .094 1,036 .000 .000 .QCOF .000 .73 161,76 173.00
1987-09 L7126 161,76 .00C .073 7.866 .000 .000 .D00F .000 .65 161.53 173.00
1987-10 .653 161,53 .000 .061 9, 582 .000 .000 .000F .000 .59 161,33 172.50
1987-11 .58 161,33 .000 .04? 8.479 .000 .000 .QOOF .000 .55 161.20 172.00
1987-12 .549 161.20 .000 .041 6.253 .000 .000 . 000F .000 51 161,06 171.50
1988-0" .508 161,06 L0060 .037 71.910 .000 .000 .000F  .000 .47 160,95 171.00
1988-02 472 160.95 .000 .038 2.564 .000 .000 . 000F .000 .43 160.83 170.50
1988~013 .434 160.83 . Qo0 .054 .000 .000 .000 .000 .000 .38 160.65 170.25
1988-04 . 380 160.65 .000 .065 .000 .000 .000 .000 .000 .32 160.45 170.0C
13988-05% L315 165,45 .G00 .059 . 000 .000 . 000 .000 .000 .26 160.26 169.75

Mc. of failure months (Wher Release is less than Demand) = 88
tio. of critical failure months (When release is less than 0.75 x Demand) = 31
Monthly Time Reliability - 66.0 % ; Annual Time Reliability = 41,66%

volume Reliability = 79.3 %
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ANNEXURE - 44

SALTENT FEATURES FOR HATHMATI DAM

(1) General Details

(2)

(3)

(4)

d)

a) Location

b} Co-ordinates

c) Year of Completion

d) Purpose

Hydrology

a} Total catchment area of

the river basin

b) Total catchment area at
the dam site

Length of river upto con-
fluence with Sabarmati

c)

Average annual rainfall
e)

f)

Average annual runoff

Design Flood

Dam
a) Type of dam

bB) Length of Hathmati dam

c) Length of Indrasi dam

d) Maximum Height of Hathmati
dam

e) Maximum Height of Indrasi
dam

f)Y R.L. of Top of Dam

. -
Reservoir

a) Gross Storage Capacity

h) Dead Storage Capacity

c) Live Stcrage Capacity

Fiu11 Raservoir lLeve!l

e} High Flocd Level

Vill:

Fatehpur, Ta: Bhiloda

Dist: Sabarkantha

42’
13’

tatitude 23°
Longitude 73°

1971

Irrigation & Flood Control

1575 Sg Km

595 Sq Km

98 Km

123 Mcm

2944 Cumec

-Earthen

833 m

476 m

23.62 m

20.58 m

75

185.31 m

152.5 Mcm
2.5 Mcm
149 M cm
180.74 m

18218 m
Contd.




(5) Flood Disposal

(6)

(7)

(8)

a) Type & Shape of Spillway

b)Y Length

¢) Discharge Capacity at HFL

d) Numher of Gates

Level

2] Crest

Head Regulators
a) Type of H.R

bY 8111 Level

¢} Number & Size

Irrigation
a) Gross Command Area

b)Y Culturable Command Area
¢) Irrigated Command Area
Financial Aspect

a) Total Cost

b) Benefit Cost Ratio

Waste Weir, Ogee shaped
241 m

2944 Cumsc

Ungated

180.74 m

Head Wall Type with Box
Type Conduit

170.69 m in Hathmati dam
172.21 m in Indrasi dam

2 Nos. (1.83m x 1.2t m)
in Hathmati dam
2 Nos. (1.52m x 1.21 m)

in Indrasi dam

73817 Ha

51667 Ha

27195 Ha

544,58 lLacs

1.06

76




182

i Ve
—~ 178
g -
. ]
Lol ...
g i
Lef
1 -
%3 : o
Ll-‘ -
" 174- f/
| '
i /f
. #
. /S
qf;
I?HIIIIIIII'I|I"FIT|Ill}llflf[T[ll|llll[
a 5 10 15 20 23 30 35

AREA (MSQM)

Fig—HTD2: Elevation—Area Curve for Hathmati Reservoir
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Tabla - HTD1
Monthly Inflow Saries for Hathmati Reservoir

in Miltion Cubic Meter

Yaar Jan Fab Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1954‘ 0.00 8.64 21.37 12.42 6.51% 0.00 .00
1865 Q.00 0.00 0.00 0.00 0.00 0.00 3.96 8.57 3.99 2.12 0.00 .00
1968 0.00 0.00 0.00 0.00 0.00 1.97 3.29 1.87 11.98 1.21 0.00 .00
1867 0.00 0.00 0.00 0.00 0.00 6.48 4.26 3.80 12.83 4.82 0.00 .00
1968 0.00 0.00 0.00 0.00 0.00 0.00° 145,33 50.68 5.28 3.1 0.00 .00
1969 0.00 0.00 0.00 0.00 0.00 0.00 12.43 1.82 4.92 0.00 Q.00 .00
1970 0.00 0.00 0.00 0.00 0.00 10.65 35.03 19.26 99.22 5.84 1.40 .91
1871 .37 3.85 0.00 0.00 0.00 38.23 25.683 25.42 B.66 5.09 0.00 .00
1972 0.00 0.00 0.00 0.00 0.00 6.09 14133 25.79 7.78 .37 0.00 0.00
1973 OiOO 0.00 0.00 0.00 0.00 6.09 16.23 44,30 259.46 13.50 0.00 ¢.00
1874 0.00 0.00 0.00 0.00 0.00 . BO £.02 15.03 0.00 0.00 0.00 .00
1975 G.00 0.00 0.00 0.00 Q.00 17.63 11.46 40.50 61.35 10.68 0.00 .OQ
1876 0.00 0.00 0.00 0.00 ¢.00 4.17 66.96 134.88 108.35- 10.69 5.37 .46
1877 .16 14,93 0.00 0.00 0.00 21.95 162.53 82.15 56.85 8.87 4.61 .56
1978 5.62 7.74 0.00 0.00 0.00 1.61 5.22 38.09 38.t0 10. 47 5.13 0.00
1978 0.76 ‘0.53 0.14 0.11 0.13 5.65 29.17 42.93 36,53 6.10 2.58 .80
1980 0.00 0.00 0.00 0.00 0.00 8.91 3.72 23.03 2.02 .36 0.00 .00
1981 ‘ 0.00 0.00 0.00 0.00 0.00 23.85 174.52 235.67 34.23 0,00 .55 .16
1982 0.00 0.00 0.00 0.00 0.00 0. 00 56.99 19.23 3.90 0.00 Q.00 .00
1883 ¢.00 0.00 Q.00 .00 0.00 0.24 27.74 55.84 15,73 13.63 1.75 .00
1984 0.00 0.00 0.00 0.00 Q.00 0.00 2.23 8C. 49 36.59 12.72 3.45 _.00
. . .

1985 0.00 0.00 0.00 0.00 .00 0.00 5.95 10.36 0.00 5.19 0.00 .00
1986 0.00 0.00 0.00 0.00 0.00 0.00 3.66 4.61 0,00 0.00 0.00 .00
1987 6.00 G, 00 0.00 0.00 0.00 14,30 46.69 135.79 1.13 0.04 0.00 0.00
1988 0.00 0.00 0.00 0.00 0.00
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Table - HTDZ
Elevation-Area-Capacity Table for Hathmati Reservoir

Elevation Area Capacity
{m) {M sg.m} (M cu.m)
170.38 1.9500 2.812
170.50 2.1157 3.083
170.75 2.45898 3.684
171.00 2.8061 4,403
171.25 3.2827 5.123
171.50 3.7593 5.844
171.75 4.,2807 6.658
172.00 4,8320 7.5386
172.25 5,3864 8.491
172.50 5.9577 9.854
172.75 6.5290 11,217
173.00 7.0726 12.816
173.25 7.6054 14.506
173.50 8.1170 16.267
173.75 8.5739 18.208
174.00 9.0309 20.149
174.25 9.5998 22.670
174.50 10.1899 25.300
174.75 10.7498 27.842
175,00 11.2641 30.253
175.25 11.7784 22.664
175.50 12.5666 35,857
175.75 13.3662 39.083
176.00 14.2449 42.619
176.25 15.1965 46 .441
176.50 16.1360 50.322
176.75 16.9356 54.872
177.00 17.7352 59.422
177.25 18.5835%6 62,916
177.50 19,4594 68.380
177.75 20.3352 73.020
178.00 21.2110 78.371
178.25 22.0868 83,722
178.50 22.8265 89.585
178.75 23.7206 95.601
179.00 24,8665 101.818
179.25 26.2182 108,475
179.50 27.5698 115.132
179.75 28.5694 122.216
180.00 29.5211 129. 358
180.25 30.4309 136.811
180.50 31.2874 144 .662
180.74 32.1440 1562.513
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o Table - HTD3
Average Monthly Irrigation Demands from HATHMATI Reservoir
and HATHMATI WEIR in Million Cubic Meter

Irrigation Demand

Month = s--mem—mmm——eee e

A-zone BCD-zone
Jan 4.71 8.46
Feb 2.02 3.65
Mar - 0.00 0.00
Apr 0.00 0.00
May 0700 Gg.00
Jun 1.386 B.E6
Jul ' 0.53 5,31
Aug 1.64 16.08
Sep 5.21 37.65
_Oct 5.59 45,09
""Nov 4.76 23.47

Dec '5.38 9.82
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Table - HTD4
Monthly Yield Estimation for HATHMATI Reservoir

Monthly Yield (Mitlion Cubic Meter)

Month Probability Level for Value to be Fqualled or Exceeded
50% 60% . T0% 75% 80% 90%
Jan 0 0 0 0 0 0
Feb 0 0 0 0 0 0
Mar 0 0 o 0 0 0
Apr 0 0 o 0 0 C
May 0] 0 0 0 0 0
Jun 2.262 1.106 0.414 0.201 0,073 0.000
Jul 12.704 9.420 7.000 5.968 5.049 3.342
Aug -29.418 21,4562 15.008 12,118 9.500 4.710
Sep 12.405 7.11¢ 3.543 2.2490 t.265 0.154
Oct 3.660 2.527 1.518 1.043 0.6812 0.002
Nov 0 0 0 0 0] 0
Dec 0 0 0 0 0 0

Table - HTD5
Recommended Rule Curve Levels for Hathmati Reservoir

Rule Levels in Meter

MONTH Upper Rule Level Midd]e Rule Level Lower Rule Level
.Curve A Curve B Curve C
Jan 180.74 173.75 172.16
Feb 180.74 173.00 171.42
Mar 180.74 172,75 171.20
Apr 180.74 172,50 _ 171.00
May 180.74 172,25 170.70
Jun : 180.74 178.75 175.72
Jul 180.74 179.00 175.75
Aug 180.74 179.50 175.78
Sep 180.74 - 178.75 175.25
oct 180.74 177.00 174.50
Nov 180.74 176.00 174.93
Dec 180.74 174.75 - 173.10




Table - HTD.6
Monthly Operation Simulation of HATHMATI DAM For Conservation
Regulation Using Recommended Policy

YY¥Y-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem AZ_Dem Releas Rel/Dem 8pill End_st End_Lev Rul_Lav
m 3 m m m3 mm3 m m3 m m3 m m3 m m3 n m3 m m

1964-06 75.000 177.B4 L000 5.380  7.422 1.360 5.908 L7968 .000 63.70 177.24 180.74
1964-07 63.703 177.24 9,640 3.666 4,247 .530 3.318 .781B .000 66.36 177.39 180.74

1964-08 6£6.359 177.39 21.370 3.717 12.896 1.640 10.082 . TA28 000 73.83 177.79 1B0.74
1964-08 73.830 177.78 12.420 3,098 31.565 5.210 24.876 .791B .000 58.28 176.94 180.74
1964-10 58,275 176.94 6.510 2.210 37.153 5.590 29, 262 . 7888 .000 33.3% 175.30 180.74
1964-11 33,313 175,30 L000 1,275 21,188 4.760 4.760 . 2258 .000 27.28 174.69 180.74
1964-12 27.278 174.63 000 1.097 12,254 5.380 10.535 .8608 000 15,65 173.42 180.74
1965-01 15,645 173.42 .000 .743 10.632 4,710 6.805 . 6408 .000 8.10 172.16 180.74
1965-02 8.097 172.16 000 .546 4,505 2.020 2.020 -4488 000 5.53 171.39 180.74
1965%-03 5.53t 171.38 . 000 . 666 . 000 . 000 .000 000 . .000 4.86 171.16 180.74
1965-04 4,865 171,16 .000 791 . Q00 .000  .000 .000 .000 4.07 170.89 180.74
1965-05 4.073 170.88 .000 737 . 000 , 000 . 000 -00G .000 3.34 170.61 180.74

YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem AZ_Dem Releas Rei/Dem Spill End_st End_Lev Rul_Lev

m m3 ] m m3 m m3 m m3 n m3 m m3 nn3 M m3 ] ]
1865-08 3.336 170.8% . 000 576 T7.422 1,389 , 000 . 000A 000 2,76 170.35 180.74
1965-07 2.760 170.35 3.960 .54 4.247 .530 . 530 L1258 L0060 5.85 171.43 180.74
1965-08 5.649 171.43 8.570 L8700 12,896 1,840 1.640 1278 000 11.61 172.82 180.74
1985-08 11.608 172.82 3.8%0 1.015 31.565 5.210 5.210 . 1658 LO00 9.37 172.41 180Q.74
1965-10 9.374 172.41 2.120 . .683 37,153 5,590 £.590 . 1508 .000 5,22 171,28 180.74
19685-11% 5.221 171.28 . 000 .323 21.189 4.760 1.388 .OB5A L0000  3.51 176.69 180.74
1965-12 3,512 170.69 . 00O L2711 12.254 5,380 . 000 . QO0A 000 3.24 170.57 180,74
1966-01 3.241 t70.57 . 000 .24z 10.832 4.710 . guo LO00A L0000 3.00 17046 180.T4
1966-02 3.000 170.46 . 000 . 249 4.505 2.020 . 000 .000A 000 2,75 170.34 180.74
1986-03 2,751 170.34 . 000 .363 . 000 . 000 . 000 . 000 o000 2.39 170,10 180.74
1966-04 2,387 170.10 . 000 439 . 000 . 000 .000 . 000 L000 1,95 169,81 18C.T74
1966-05 1.948 169.81 . 000 412 . 000 .000  .000 . 000 . 000 1.54 169.45 180.74

YYYY-Hn Ini_sto Ini_lev Loc_Fio Evapr Tot_Dem A2 Dem Releas Rel/Dem Spill End_st End_Lev Rul_taev

“ m3 [} m m3 m m3 m m3 n m3 m m3 n m3 m m3 n ]
1966-06 1.53T7 169.45 1.970 . 4682 7.422 1,360 . 000 . 000A LO000  3.04 170.48 180.74
1988-07 A.045 17048 3.290 534 4. 287 .530 . 530 . 1258 L0000 5.27 171,30 ¥80.74
1966-08 5.2T1 171.30 1.870 .612 12.8896 1.840 1.640 .1278 . 000 4.89 171.17 180.74
1966-09 4,889 171,17 11,980 L7786 31.565 5.210 5.210 . 1658 000 10,83 172.69 180.74
19668-10 10.884 172.59 1.210 756 37.153 5.590 5.5890 . 1508 . 000 5.75 171.47 180.74
1966-11 5.747 171,47 . 000 ,343 21.189% 4,760 1,892 . 0894 000 3.51 170.69 180.74
1966-12 3.512 170.89 . Goo L27T1 12,254 5,380 . 000 .Go0A .000 3.24 170.57 180.74
1967-01 3.24% 170.57 . 000 .242 10.632 4.710 .000 . 000A .000  3.00 170.46 180.74
1987~-02 3.000 170.46 . 000 .249 4.505 2.020 . 000 . GOOA 000 275 170,34 180,74
1967-03 2.75% 170.34 .000 . 363 . 000 . 000 .00 . 000 000 2.39%9 470,10 180.74
1867-04 2,387 170.10 . 000 . 439 . 000 . 000 . 000 . 000 . 000 1.85 169.81 180,74
1967-05 1.848 1658.81 - 000 L 412 . 000 .00G .000 . 000 L0000 1.54 189,45 180.74
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YYYY-Mn Ini_sto Ini_lev Loc_flo Evapr Tot_Dem AZ_Dem Relmas Rel/Dem "8pi1N End_st End_Lev Rul_tev
m m3 ] m m3 m m3 mm3a mm3 m m3 m m3 m m3 ] m
1967-06 1.537 168.45 6.480 701 7.422 1.360 1,360 .183B . 000 5.96 171.54 180.74
t967-07  5.855 171.54 4,260 .910 4,247 L8530 530 .1258 .000 B,77 17Z.30 180.74
1967-08 a.775 172.30 3.800 1.078 12.896 1.640 1,640 12718 .000 9.86 172.50 180.74
1967-08¢ 9,357 172.50 12.830 1.148 31.565 5.210 5.210 L1658 000 16.33 173.51 tB0.74
1967-10 16,329 173.51 4.820 1,177 37.153 5.590 5,590 . 1508 -000 14.38 173,23 1B0.74
1967-11 14,381 173.23 . Qoo -T741  21.183 4.50 4.760 . 2258 . 000 8.88 172.32 180.74
1967-12 8.880 172,32 .000 468 12.254 5.380 4,901 . 400A . 000 3.51 170.69 180.74
t968-0t 3.5%2 {7D.69 .000  .260 10.632 4.F10 .o00 .000A .000 3.2 170.57 180.74
1968-02 3.252 170.57 . 000 .267 4,505 2.020 . 000 .Q00A . 000 2.99 170,45 180.74
1968-03 2,985 170.46 000,389 L0000 .o00 .000 .000 000 2,80 170.24 180.74
1968-04 2.596 170.24 . 000 -4588 . 000 . 000 . 000 . 000 . 000 2.t3 169,93 180.74
1962-05 2.128 168.93 000 . 438 .00  ,000  ,000 . 000 000 1.69 169,59 180.74
YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem AZ_Dem Releas Rel/Dem Spilt End_st End_tev Rul_Lev
m m3 m * mm3 m m3 m ma m m3 50 m3 m m3 m m3 " n
1968-G6 1.680 169.59 . 000 .346 7.422 1.360 . 000 JO00A .000 1,34 169.28 180,74
1968-07 1,344 169.28 145,330 3.108  4.247 L530  4.247 1.000 .000 139,32 1B80.33 180.74
1968-08 139.319 180.33 S50.680 5.905 12,896 1.640 12.896 1,000 18,998 152,20 180.74 180.74
1866-09 152,189 180.74 5.290 4.932 31.565 5.210 31.565 1.000 000 120,98 179.71 180.74
1968-10 120.992 179.71 3.110 3.780l 37.153 5.590 37.153 1.000 Q00 83.17 178.22 180.74
1968-11 B83.169 178.22 .000 2.248 21.183 4.760 21,188 1,000 .000 58.73 177.02 180.74
1968-12 59.732 177.02 .000 1.933 12,254 5.380 12.254 +.000 L0000 45.54 176.19 180.74
1969-01 45,845 176.18 000 1.521 10.832 4.7190 10.632 1.000 L000 33.3% 175.31 180.74
1965-02 ' 33.391 175.3% L0000 1,414 4,505 2,020 4,505 1.000 .000 27.47 174,71 180.74
1969-03 27.472 174.71 L0060 2.088 .000 . 000 . 000 .00 L0000 25,38 174.51 1B0.74
1969-G4 25_3R4 174.5t .000 2.723 . 000 . 000 . 000 . 000 000 22,85 174.25 180,74
1969~05 22.661 174.25 .000 2.785 L0000 L0000  .000 . 000 .000 19.88 173.06 180.74
YYYY-Mn Ini_sto Ini_tev Loc_Flo Evapr Tot_Dem AZ_Dem Ralsas Ke)/Dem Spi1Y End_st End_Lev Rul_Lev
m m3 m m m3 mm3 mm3 mm3 mm3 mm3d mom3 ‘» "
1965-06 19,878 173.96 000 2.346 7.422 1.350 1.360 .1838  ,000 168,17 173.49 180.74
1869-07 16.170 1$73.49 12,430 1.804 4.247 .530  .530 .1258 .000 28.27 174.59 180.74
1969-08 26.267 174.59 1,820 1.920 12.896 1.640 1,640 .1278 .000 24,53 174,43 180.74
1968-08  24.327 174.43 4,820 1,598 31.565 5.210 5.210 .16%B L000 22.84 17425 180.74
1969-10 22.639 174.25 L0006 1.319 37,153 5.590 5.580 (1808 000 15.73 173.43 180.74
1889-11 1%5.730 173.43 L0000 .786 21.189 4.760 4.760 L2258 000 10,17 172.56 180.74
1869-12 10.174 172.56 . 000 L8521 12,254 5.380 5,380 L4398 . 000 4,27 170.95 180.74
1970-01 4.273 170.88 .006  .289 10.632 4.710 472 0448 000 3.51 170.68 180.74
1870-02 8.512 170.88 L0060 .286 4.505 2.020 . 000 L00CA 000 3.23 170.56 180.74
1970-03  3.228 170.58 000 . M15 000 000 .o00 000 .000 2.81 170.38 180.74
1970-04 2.810 170.28 . 000 . 498 L 000 .000 .000 000 L0000 2,31 170.05 180.74
1870-08  2.312 170.05 L0000 485 000 000 000,000 .000 1.85 188.74 180.74
YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem AZ_Dem Releas flei/Dam 8pill Fnd_st End_Lev Rul_Lav
mm3 L] n m3 mm3 mm3 mm3 mowm3 m md nmd m n
1970-068  1.847 169.74 10.650 1.028 7,422 1.380 1.360 .1838 ~ .000 +0.11 172.55 180,74
1970-G7 10.108 172.55 35,030 1.814  4.247 .530 3.3ta 7818 .000 39.81 175.81 180.74
1970-08 39.906 175.81 19.280 2.703 12.888 1.840 10.082 ,782B .000 46.38 178.25 18D.74
1970-09 46.381 178.25 §0.220 3,410 31.56% 5.210 31.565 1.000 .000 110.63 179.33 180.74
1370-10 110,827 178,33 5.840 3.558 37.153 5,590 37.153 1.000 .000 75.76 177.!§ 180.74
1970-11 75.756 177.88 1.400 2.121 21.189 4.760 21.189 1.DO0 000 53.85  176.69 180.74
1970-12 53.846 176.89 -810 1,801 12.254 5,380 12.254 1.000 .000 40.70 175.87 180.74
1971-01 40,701 175.87 L37¢  1.400 10.832 4.710 10.632 1.000 000 29.04 174,87 180.74
1871-02 20.03% 174,487 3.850 1,349 4.505 2.020 4.505 1,000 .000 27.04 174.67 180.74
1971-03 27.035 174.87 -000 2.0869 .000 000 .000 .000 L0000 24,97 174,47 180,74
1971-04 24.966 174,47 .000 z,698 L000  .000  ,000 .000 L0000 22.27 1T4.21 18D.74
1971-05 22,268 174.21 00D 2.758 . 000 . 000 . 00G . 000 000 19,51 173.92 180.74
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YYYY-Mn Ini_sto Ini_lav Loc_Fio

Evapr Tot_Dem AZ_Dem Releas Rel/Dem Spill End_at End_Lev

Rul_Lev

w3 " m a3 m m3 m w3 = n3 m %3 " m3 n m3 n [}
1971-06 19.509 173.92 38,230 3.379 7.422 1.380 5.906 . 7968 L,000 48.45 176.38 180,74
1971-07 48.453 176.38 25.630 3.408 4, 247 .530 3.318 .T81B L0000 B7.36 177.44 1B0. T4
1971-08 67.357 177.44 25,420 3,Bi2 12.896 1.640 10.082 .7828 000 7B.88 17B.02 180.74
1971-09 78.8RA2 178.02 8.660 3.180 31.565 5.210 24.97¢ .7918 L0000 58.3% 177.00 1BO. 74
1971-10 59,387 177.00 5.080 2.219 37.153 5.590 29,262 .7T88R .000 33.00 175,28 180.74
1871-11 32,995 175.28 L0000 1.267 21.189 4.T60 4.760 , 2258 000 26.97 tT74.66 180.74
1971-12 26.969 174.66 L000 1,088 12.254 5.380 10.535 .8608 000 15.35 173.37 180.74
1972-01 15.346 173.37 . 000 .738 10,632 4.710 6.511% .6128 . 000 8.10 1$72.16 180.74
1972-02 8,097 172.16 .000 546 4,505 2.020 2.020 . 4488 . 000 5.53 171.39 180.74
1972-03 5.531 171.38 . 000 . 566 . 000 . 000 . 000 . 000 .000 4.86 171.16 180.74
187204 4_865 171.16 . 000 . 791 . 000 . 000 . 000 . 000 , 000 4.07 4170.89 180.74
1972-05 4.073 170.89 800 .737 . 000 . 000 . 000 . 000 . 000 3.34 170.61 180.74
YYYY-Mn Ini_sto Ini_lev Loc_Flc Evapr Tot_Dem AZ_Dem Releas Rel/Dem $8pill €nd_st End_Lev Rul_Lev
» m3 n nm3 Aaml mm3 mmd me3 mw3 ma3 » [
1972-08 3.336 170.81 §.090 .94 T.422 1,360 1.380 1838 000 7,13 171.88 180.74
$972-07 T7.125 171.88 14,330 1,314 4,247 . 530 .530 1258 L.000 19.8% 173.83 180.74
1972-08 19.611 173.93 25.73%0 2.102 12.898 1,840 2.829 2978 000 39.47 175.78 180.74
1972-09 39.470 1175.78 71.780 2.057 31,565 5.210 12.529 I8TH 000 32.88 175.25 180.74
1872-10 32.664 175.25 .370 1.648 37.153 5.590 6.086 1648 L.000 25.30 174,50 180.74
1972-11 25,300 174,50 L.000 1.077 21.189 4.760 4,760 2258 L000 19,48 1T73.91 180.74
1972-12 18.462 173.91 . 000 .947 12.254 5.380 5,380 4398 .000 13.t4 173.05 180.74
$1973~01 13,136 173.05 . Q0o .688 10,632 4.710 4.710 4438 L0000 7.74 172,08 180.74
1973-02 7.741 172.06 . 000 .518 4,505 2.026 2.020 . 4488 . 000 5.20 171.28 180.74
1973-03 5.202 171.28 000 626 . 000 . 000 . 000 . 0oo .000 4,58 171.086 180.74
197304 4,577 171.08 . 000 . 749 . 000 . 000 . 000 . 000 . 000 3.83 170.B0 180.74
1873-05 3.A28 170.80 000 LT . 000 . 000 . 000 . 000 L0000 3,13 170.52 180.74
YYYY-Mn Ini_ste Ini_lev Loc_Flo Evapr Tot_Dem AZ_Dem Releas Reli/Dem Spill End st End_Lev Rul_Lev
n ml ] m B3 m m3 B3 a m3 e m3 » W3 m =3 n n
1973-08  3.127 170.52 B.090 . 908 7.422 1.360° 1.380 . 1838 . 000 6.95 171.83 180.74
1973-07  6.94% 171.83 16.230 t.34 4.247 . 530 .530 L1258 .000 21.31 174,12 180.74
1973-08 21.307 174.12 44.300 2.436 12.8B96 1.640 10.082 .Th28 .000 53.08 176.85 180.74
1873-09 53.089 176.65 259.460 3.872 31.565 5.210 31,565 1.000 124.813 152.20 180.74 180.74
1973-10 152,199 180.74 13,500 4,589 37.153 5.590 37.153 1.000 L0000 123.98 179.81 180.74
1973~-11 123.978 175.B1 L.000 3.009 21,189 4.760 21.189 1.000 000 99.78 178.82 180.74
1973-12 99.780 178,92 .000 2.756 12.2%4 5.380 t2.254 1.000 000 B84.77 178.30 180.74
1574-01 B4.770 178,30 000 2,394 10.832 4.710 10.632 1.000 L0000 T1.T4 177.89 18074
1974-02 T71.743 177.69 L0000 2.430 4,505 2.020 4.505 1,000 .000 64.8% 177.30 180.74
1874-03 &4. 808 177.30 000 3,680 . 000 . 000 . 000 . 000 L0000 81,13 177.09 180.74
1974-04 61,1289 177.09 .000 4.843 . 000 . 000 . 000 .000 000 56.29 176.83 180.74
1974-05 58.2868 176.83 000 5,023 . 000 .000 . 000 . Q00 .000 51.286 176.55 180.74
YYYY-Mn Ini_sto Ini_Yev Loc_Flo Evapr Tot_Dem AZ_Dem Reisas Rel/Dem Spill End_st End_Lev Rul_tme
= » m3 n n m3 n a3 m w3 n m3 L k] m el L X ] ]
1974-08 51.263 17;155 600 4.172 7.422 1.360 5.908 L7968 LO000 41.79 175.95 180.T4
1974-Q7 41,785 175.95 4,020 2.689 4,247 ,530 3.318 .TB1B .000 39.80 175.81 180.74
1974-08 35,798 175.81 15,030 2.801 12.888 1{.640 10.082 .TAZB ,000 42.15 175.97 180.74
1974-09 42.145 175.87 000 2,111 31.56% 5.210 7.370 . 2338 L.000 32.86 175.25 180.74
1974-10 32,864 175.25 .000 .1.848 37.153 5.590 S5.716 1548 ,000 25.30 174.50 1BO. 74
1974-11 25.300 174.50 .000 1.077 21.189 4.760 4.780 .2258 .000 19.48 173.91 180.74
1974-12 19.463 173.91 .000 947 12.254 %.380 5.380 . 4398 ,000 13.14 173.05 180.74
1975-01 1$3.138 173,05 .000 .G88 10.632 4.710 4,710 L4438 L.000 T7.74 172.08 180.74
1975-02 7.741 172.06 . 000 .518 4,505 2,020 2.020 .448R . 000 5,20 %71.28 1B0.74
1875~03 §.202 171.28 , 000 626 . 000 . 000 . 000 . 000 . 000 4.58 171.06 180.74
1975~04  4.577 171.06 . 000 . 7489 . 000 000 . 000 . 000 000 3,83 170,580 180.74
1975-05 3.828 170.80 . 000 .70% . 000 . DOG . 0G0 . 000 L0000 3.13 170.52 180,74
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YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem nZ_ﬁan Releas Rel/Dem Spill End_st End_Lev Rul_Lev

m m3 m m m3 B om3 m m3 m m3 m m3 m m3 m m3 m n
1975-086 3.127 170.52 17.630 1.465 7.422 1.360 1.360 . 1838 .000 $7.93 173.71 180.74
1975-07 17.932 173.71 11.460 1,860 4,247 . 530 . 530 . 1258 .000 27.00 174.66 180.74
1975~-08. 27.002 174.66 40.500 2.585 12.896 1.640 10.082 . 7828 .00C 54.84 1t76.75 180.74
1975-09 54.835 176.75 6t1.350 3.225 31.865 5.210 24.976 . 7918 .000 A7.98 178.43 180.74
1975-10 87.984 78.43 10.690 3.127 37.153 5.590 29.262 . 7888 .000 66.28 177.38 180.74
1975-11 66.285 177.38 .000 1.B89 21.189 4.760 21.189 1.000 .000 43.21 176.04 180.74
1975-12 43,207 176.04 L.000 1.504 12,254 §.380 12.254 1,000 ,000 29,45 174.92 180.74
1876-01 29,449 174.92 000 1.124 10,832 4.710 9,151 8618 L0080 19,17 173,87 180.74
1876-02 '19.174 173.87 000 1.009 4,505 2,020 4.505 1.000 L,000 13.86 173.12 180.74
1876-03 13,660 173.12 L0000 1.423 . 000 .609 .000 . 000 L0000 12.24 172,91 180.74
1976-04 12.237 172.91 .000  1.800 . 000 . 000 . 000 . 000 .000 10.44 172.61 180.74
1876-05 - 10.437 172.61 L000 1,751 . 000 . 000 . 000 . 000 . 000 B8.69 172.29 180.74

YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem AZ_Dem Releas Rel/Dem 3pill End st End_Lev Rul_Lev

m m3 m m m3 m m3 m m3 m m3 m m3 m m3 m m3 m n
1976-06 8.686 172,28 4.170 1.575 . 7.422 1,360 1.360 .1B3® .000 9.92 172.51 180.74
1976-07 9.821 172.5t 66,980 2.532 4,247 .530 3.318 .78%B .600 71.03 177.65 180.74
1976-08 71.032 i77.65 138.H80 4.896 12.896 1.640 12.886 1.060 39,920 152.20 180.74 180.74
1976-09 152.193 180.74 108.350 5.234 31.565 5.210 31.565 1.000 7+4.551 152.20 180.74 180.74
1976-10 152.199 1B0.74 10.690 4.541 37.153 5,590 37,153 1.000 .000 121.20 178.71 180.74
1976-11 121.195 179,71 5,370 3.018 21.189 4.760 21.189 1.000 L000 102.38 179.02 180.74
1976-12 102.359 179.02 5,460 2,843 12,254 5,380 12.254 1,000 .000 92.72 178.83 180.74
1977-01 §2.721 178.63 . 160 2.523 10.632 4.710 10.632 1.000 L000 79.73 178.06 180.74
1977-02 79.727 1Y8.08 14.830 2.750 4.505 2.020 4.505 1.000 L0000 BT.40 178.41 1B0.74
1877-03 A7.401 178.41 .000 4,453 .000  .000 .000 .DOO L000 82,95 178.21 180.74
1977~-04 B82.8948 178.21 .000 5.906 .000  .000 .000 .000 .000 Y7.04 177.94 180.74
1977-05 77.042  177.94 .600 6.142 L0000 .000 - .000 ©.000 L000 70.90 177.64 1B0.74

YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem AZ_Dem Releas Rel/Dem Bpill End_st End_Lev Rul_Lev

m m3 m m m3 mm3 mom3 m m3 M m3 m ml m m3 m m
1977-06 70.900 177.64 21,950 5,724 7.422 1,380 5,906 . 7968 000 B1.22 178.13 180.74
1977-07 81.219 178.13 162.530 5.244  4.247 .530 4.247 1.000 82,058 152.20 180.74 1BO.74
1977-08 152.199 1BO0.74 82.f50 6,037 12,896 1_640 12,898 1.000 B63.217 t52.20 180.74 180,74
1877-09 152,189 180.74 56.950 5.234 31.565 5.210 31.565 1.000 20.151 152.20 180.74 180.74
1877-10 152.199 180.74 8.870 4,523 37.153 5.590 37.153 1.000 .000 119.39 175.65 180,74
1877-11 119.393 179.65 4.610 2.975 21.189 4.760 21,189 1.000 L.000 99.84 178,83 180.74
1977-12 99,839 178.93 3,560 2.782 12.254 5.380 12.254 1.000 .000 BA8.36 178.45 180.74
1978-01 8B.363 178.45 5.620 2.503 10.632 4.710 10.632 1.000 .000 B0.85 178.12 180.74
1978-02 80.B4B 178.12 T.740 2.707 4,508 2.020 4.505 1.000 .000 81,38 178.14 180.74
1978-03 81.376 178.14 L0000 4,271 . 000 . 000 . 000 . 000 000 TT.11 177.94 1BO.74
1978-04 T77.105 177.94 .000 5.647 .00 . 000 . 000 . 000 L000 T1.468 177.87 18D.74
1978-05 71.458 177.67 .000 5.BAT - .000 . 000 . 000 :000 .000 B5.61 177.34 180.74

YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem AZ _Dem Relsas Rel/Dem 3pill End_st End_tev Rul_Lev

m m3 m n m3 mwmd amd n m3 " md m m3 m m3 m []
1978-06 65,611 177.34 1.810- 4,965 7T7.422 1.360 K5.808 .788B .000 56,35 176.83 180.74
1878-07 56.350 178.83 5,220 3.329 4.247 .530 3.318 7818 ,000 54.92 1,5.75 180.74
1978-08 54.923 176.75 38.080 3.601 12.896 1.840 10.082 .7828 .000 73.33 178.04 180.74
1978-08 79.330 178.04 38.100 3.59% 31.%565 5.210 24.976 .791B .000 #8.86 178.47 1RO, 74
1978-10 BB.859 178.47 10.470 3.144 37,153 5,590 28.282 .TEBE .000 66.92 177.42 180.74
1878-11 66,922 177.42 5.130 1.976 21.188 4.760 21,189 1.000 .000 48.89 176.41 180,74
1878-12 4B.8H7 17B.41 .000 t.661 12.254 5.380 12.254 1.000 L000 234.97 175.43 180.74
1979-01 34,972 175.43 .760 1.285 10.632 4.710 10.632 4.006  .000 23.85 174.38 180.74
1979-02 23.845 174.38 .530 1.160 4.505 2,020 4.505 1,000 .000 18,71 173.81 180.74
1979-03 18.71% 173,81 .140 1.702 L0000 .000  .000 .000 L000 17.15 173.6% 180.74
1979-04 17.149 173.81 10 2,214 .000 .000  .000 .000 ,000 15.05 173.23 180,74
1979-08 15.045 173.33 .130 2.233 .000 .000 .000 .000 .000 12.94 173.02 180.74
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YYYY-Mn Ini_sto Ini_lev ifoc_Flo

Evapr Tot_Dem AZ_Uwmm Releas Rel/Dem Spill End_st End_Lev

Rul_Lev

"m 3 [ ] m w3 a al m m3 au m3 . m3 K3 » m3 » »
1979-06 12.942 173,02 5.650 2.053 T.422 1.3B0 1.360 . 1838 L0800 15.18 173.35 180.74
1979-07 15,179 173.35 29.170 2,085 4,247 .530 3.201 . 7548 .Q00 39.08 175,75 180,74
1979-08 39.083 175.75 42.930 3,094 12,856 1.640 10.082 . 7828 .000 68.84 177.53 180.74
1879-09 88,837 177.%3 36.530 3.305 31.565 5.210 24.976 L7918 ,000 T77.09 177.94 180.74
1979-10 77.086 177,94 L100 2.798 37.153 5,590 29.262 , 7888 .000 51,13 176.54 180.74
1979-11 51,127 170.54 2,560 1,618 21,189 4.760 17.082 LB06B .000 34.99 175,43 180.74
1979-12 34,988 i75.43 .800 1.325% 12.254 5.3B0 10.535 . 8808 .000 24.93 174.45 180.74
1980-01 24.928 174.46 000 1,005 10.632 4.710 9.151 LBB1B L0000 14.77 173.29 180.74
1980-02 14.771 173.29 . 000 .B58  4.505 2.020 3.8B4 L8628 000 10.03 172.53 180.74
1880-03 10.030 172.53 .000 1.158 L0000  .000 .000 .000 000 8.87 172,32 180.74
1980-04 8.872 172.32 000 1.420 .000 .000 _000 . 000 .000 7.45 171.98 180.74
1880-05 7.452 171.98 .000 1.310 000,000 (000 . 000 L,000 B.14 171.8C 180.74
YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Des AZ_Des Releas Rel/Dea Spil11 £nd_st End_Lev Rul_Lev
m B3 » n B3 an3 am nml n a3 m m3 m w3 » »
1980-08 6.142 171.80 8.910 1.480 7.422 1.360 1.360 .1838 .000 12,20 172.91 1B0.74
1980-07 12.202 172.91 3.720 1.397 4.247 L8530 530 .123B .000 14.00 172,17 180.74
1980-08 13,995 173,17 23.030 1.827 12.888 1.840 1.840 .1278 .000 33.58 175.32 1B0.74
1980-08 33.558 175.32 2.020 1.865 231.565 5.2¥0 5.210 .1656 .000 28.50 174.82 180.74
1880-10 28.503 174.82 L380 1.521 37.153 5.580 5.590 .1508 .000 21.75 174.16 180.74
1880-11 21.751 174.16 .000 L8986 21,189 4.760 4.760 2258 000 18.01 173,47 180.74
1980-12 16.005 173.47 .000 .B25 12.254 §.380 5.380 .43%98 .000 9.80 172.49 180.74
1981-01 5.800 172.49 .000 L501 10,632 4.710 4,710 .4438 .000 4.59 171.08 180.74
1981-02 4.588 171.08 . 000 .332 - 4.505 2.020 .745 L1658 000 3.51 170.69 180.74
1981-03 3.512 170.8%8 L.000  .448 .000 000 .000 ., 000 L000 3.08 170.49 180.74
1981-04 3.084 170.49 000 L5388 000 .000 .000 .000 000 2.53 170.19 180.74
1981-05 2,528 170.19 . 000 497 .000  .000 000 . 000 .000 2.03 169.87 180.74
© YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem AZ_Dewm Releas Rel/Dem 3pill €nd st End_Lav Rul_Lev
[ X] ] a ml Mad Ew3 amd awel me3 ma3 L] n
1981-08 2.031 169.87 23.850 1.539 7.422 1.360 1.360 .1838 .000 22.9% 174.2B 180.74
1981-07 22.982 174.20 174.%20 4.074  4.247 .530 4,247 1,000 36,982 152.20 180.74 180.74
1981-08 152.189 180.74 233,670 6.037 12.898 1.840 12,896 1.000 216.737 152.20 180.74 180.74
1981-09 152.199 180.74 34.230 5,211 31,565 5.210 31,505 1.000 000 149,65 180.66 180.74
1981-10 149.853 180.86 000 4.343 37.153 5.590 37.153 1.000 000 108.15 179.24 180.74
1881-11 108,151 179,24 .55 2.735 21.18% 4.780 21.18% 1.000 .000 84,78 178.30 180.74
1981-12 84777 178.30 .180 2,482 12,254 5,380 12.25¢ 1,000 .000 70.20 177.80 180.74
1882-01 70.200 177.80 L.000 2.102 10.632 4.7t0 10.832 1.000 .000 57.47 178.B89 180.74
1982-02 357.488 176.88 000 2.101 4.505 2.020 4.5035 1.000 .000 50.88 176.53 180.74
1982-03 50.880 176.%53 L0000 3,174 .000 .000 .000 . 000 .000 47,83 176.33 180.74
1982-04 47.886 178,33 L000 4.123 L.000 .000 .000 .000 .000 43.58 176.08 180.74
1982-05 43.563 178.08 L0004, 188 000 000 000 . 000 000 39.38 175,77 1BO.74
YYYY-Mn Ini_sto Ini_lev Loc Flo Evapr Tot Dem Al _Dem Aelsas Rel/Dem 8piY1 End_st End Lev Rul_Lev
" m3 [} m M3 WmM3 amp3 mmd unl am3 mml " [
1982-06 238.375 175.77 000 3.3529 7.422 1.380 1,380 L1838 .000 34.48 175.39 180.74
1982-07 34.488 173,39 56.950 3.363 4,247 .530 3.318 .T818 000 84.80 178.30 180.74
1982-08 B84.796 178.30 19.230 4.240 12.896 1.640 10,082 .7828 .000 88.70 178.50 180.74
1982-09 B£9.704 178.50 3.900 3.397 31.563 5.210 24.97¢ 7916 .000 &€5.23 177.32 180.74
1982-10 85,231 177.32 .000 2.315 37.183 5,590 29, 282 .768R 000 33.85 175.33 180.74
1982-11 33.854 175.33 .000 1.284 21,188 4.760 4,750 .2258 .000 27.61 174.73 180.74
1982-12 27,610 174.73 .000 1,108 12.254 5,380 10.535 . 8608 000 15.97 173.46 180.74
1983-01 15.988 173.46 . 600 .748 10.832 4.770 7.123 L6708  .000 8.10 172.16 180.74
1983-02 8,087 172,16 . 000 L5486 4,505 2,020 2.020 ,448B 000 5.53 171.39 180.74
1883-03 5.531 171.39 . 000 .686 L0000 000 .000 . 000 L.000 4.88 171.16 180.74
1983~04  4.865 171,16 . 000 LT ,000 .000 .000 .000 000 4.07 170.89 180.74
1983-05 4.073 170.RQ 000 .737 .000 .000 .000 . 0G0 L0D0  3.34 170.81 180.74
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¥YYY¥-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem AZ_Dem Reieas Rel/Dem Spill End_st End_iev Rul_iev
m m3 m m m3 m m3 m m3 m m3 m m3 m m3 m m3 n m
198306 3.338 170.6t . 240 .585 7.422 1.360 . 000 . D00A . 000 2.98 170.46 180,74
1983-07 2.982 170.46 27.740 1.2M 4,247 . 530 . B30 L1258 .000 28.92 174.86 180.74
1963-08 28B.921 174.86 55.840 2.924 12.896 1.640 10.082 . 7828 000 71,76 177.69 180.74
1983-09 71.755 177.65 1{15.730 3.085 3t.565 5.210 24.976 . 7918 .000 59.42 177.00 180.74
1983-10 58.424 177.00 13.630 2.376 37.153 §&.590 28.262 , 7888 L0000 41,42 175,92 180.74
1983-11 41.415 175.82 1.750 1.416 21.189 4.760 12.171 .574B .000 29.58 174.93 180.74
1983-12 29,578 174,83 L0000 1.157 12.254 5.3B0 10.535 . 8608 .000 17.88 173.71 1B0.74
1984-01 17.885 173.71 .00 L7738 10,632 4.710 9.014 . 8488 .000 8.10 172.16 180.74
1984-02 ~ 8,097 172,18 .000 . 546 4,505 2,020 2.020 . 4488 . 000 5.53 171,39 1BO.74
1984-G3 5.531 171.38 . 000 .666 .000 . 000 . 000 . 000 . 000 4,86 171,16 100.74
1984-04 4.865 171.16 . 000 L Ta1 . 000 . 000 . 000 . 000 . 000 4.07 170.88 180.74
1984-05 4,073 170.89 .000 .737 .000 . 060 . 000 .000 . Q00 3.34 170.61 180.74
YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem AZ_Dem Releas Rel/Dem Spill End_st End_Lev Rul_Lev
m m3 mn mn m3 m m3 m m3 m m3 m m3 m m3 m m3 m m
1984 -06 3.336 170.81 . 000 .578 7.422 1.380 . Q00 . 000RA . 000 2.76 170,35 180,74
1984-07 2.760 170,35 2.230 L4433 4.247 .530 . 530 L1258 000 4,02 170.87 180.74
1984-08B 4,017 170.8B7 80.490 2.%146 12.8396 1t.640 10,082 .7828 .000 72.28 177,72 1BO.74
1984-09 72.279 177.72 36.550 3.404 31.565 5.210 24.976 . 7918 ,000 80.49 178.10 180.74
1984-10 80,488 178.10 12.720 2.967 37.153 5,590 29, 262 . 7888 .000 60.958 177.09 180.74
1984-11 60.978 177.09 3.450 1.863 21.189% 4.760 17.082 . BO6B .000 45.48 176.19 180.74
t984-12 45,484 176.19 L0000 1.565 12.254 5,350 12.254 1.000 L0000 31,67 175.15 180.74
1985-01 31,665 175,15 L000 1.160 10.632 4.710 10.632 1.00C .0C0 19,87 173.96 180.74
1985-02 195.873 173.896 .000 1.032 4.505 2.020 4.505 1.000 L0000 14,34 173.22 180.74
1985-03 14.336 173.22 000 1,464 . 000 . 000 .000 .00G L,O00 12.87 173.01 180,74
1985-04 12,872 173.01 .000 1.861 .00 . 000 . 000 . 000 L0000 11,01 172,71 180,74
1885-053 11,011 1172. 71 D00 1.818 . 000 . 000 . 000 .000 , 000 9.19 172.38 180.74
YYYY-Mn Ini_sto Ini_lev Loc_Fio Evapr Tot _Dem AZ Dem Releas Rel/Dem Spill End_st End_Lev Rul_Lev
m m3 m m m3 m m3 m m3 m m3 m m3 m m3 m m3 m m
”
1985-06 9.193 172.38 .006 1.354 7.422 1.360 1.380 . 1838 . 000 6.48 171.70 1BO.T74
1885-07 6.479 171.7C 5.950 1.029 4,247 . 530 .530 L1258 .000 10.87 172.69 180,74
1985-08 10.87Y0 172.69 10.360 1.405 12.896 1.640 1,640 . 1278 .000 18.18 173.75 180.74
1985-09 18.184 173.75 L000 1.247 31.565 5.210 5.210 . 1658 L0000 11,73 172.84 180,74
1985-10 11.728 172.8R4 5.180 .967 37.153 5.580 5.590 . 1508 L0000 10,36 172,59 180.74
1885-11 10.360 172.59 . 000 . 532 21.189 4,760 4,760 .225B . 000 5.07 171.23 1BD. 74
1985-12 5.068 171.23 . 000 .332 t12.254 5.380 1.224 L1004 . 000 3.5% 170.659 180.74
1986~01 3.512 170.69 . 000 .260 10.632 4.710 . 000 .000A . 000 3.25 170.57 180.74
1986-02 3.252 1$70.57 . 000 . 267 4.505 2.020 . 000 . 0O0A . 000 2.99 170.48 180.74
1986~03 2,985 17D.46 . 000 .389 Q00 . 000 . 000 . D00 . 000 2.80 170,24 180.74
1986-04 2,596 170,24 . 000 . 468 Wilels) . 000 . 000 . 000 .Q00 2.13 169.83 180.74
1986-05 2.128 169.93 . 000 .438 . 000 . 000 .000 . 000 . 000 1.69 168.59 1RO. 74
YYYY-Mn Ini_sto Ini_lev Loc_Flo Evapr Tot_Dem AZ_Dem Raleas Rel/Dem Spi1) End_st End_Lev Rul_lLev
m m3 mn m m3 m m3 m m3 m m3 m m3 m m3 m m3 ™ m
1986-06 1.690 168.59 L0g- L3486 7.422 1.360 . 000 .000A . 000 1,34 169,28 180,74
1986-~07 1.344 169.328 3.660 L373 4,247 . 530 . 530 L1258 . 000 4.10 170.89 180.74
1986-GC8 4.100 170.89 4.610 .639 12.896 1.640 1,640 L1278 . 000 6.43 171.69 180.74
1986-09 6.432 171.638 . 000 .831 31.585 5.2t0 2.388 .C76A .00 3.5% 170.69 180.74
18986-10 3.512 170.68 . 000 .341 37.153 5.590 . 000 LO0NA . 0O00 3,17 170.54 180.74
1966~-11 3.171 170.54 . (00 . 237 21.189 4,780 . 000 . 000A . 000 2.93 1705.43 180.74
1986-12 2.934 170.43 . 000 .23% 12.254 5_380 . 000 . QC0A ;000 2.70 170.31 1BO.74
1987-01% 2.703 170.31 .00 L207 1C.832 4.7T10 . DOo . 000A . 000 2.5 170.17 180.74
198702 2.496 170.17 . 000 . 215 4,505 2.020 . 000 . 000A . 000 2.28 170.02 180.74
1987-03 2.281 170.03 .000 L2314 .000 .060 . 000 000 .0co0 1.97 169.82 180.74
1887-04 1.967 1B9.82 . 000 , 382 . 000 . 000 Mulely) .000 . 002 1.58 189.50 180.74
1987-405 1,585 169.50C . 300 .361 el .D60 . 000 . D00 .0co 1.22 169.17 183.74
Contd.
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YY¥y-Mr Ini_ste Ini_tev Loc_Flo Evapr Tot_Dem AZ Dem Releas Rel/Dem Spill End_st End_Lsv RuT_Lev
m m3 m m m3 B m3 m m3 m m3 m m3 m m3 m m3 m m
1987-C6 1.224 169.17 14.30C 1.135 7.422 1.360 1.360 .1832B L0000 13,03 173.03 180.74
1957~07 13.029 1373.063 46.8390 2.334 4.247 .830 3.318° .781B .000 54.07 176.71 180.74
1987-08 654,068 176.71 135.780 4.597 12.B96 1,640 12.896 1.000 20.165 152,20 180,74 180.74
1927-09 132.19% 180,74 1.130 4.887 31.565 5.210 31.565 1.000 .000 116.88 179.56 180.74
THR T T 116,677 178,56 L0400 3,652 37.153 5.590 37.153 1.000 000 T6.11 177,89 1BO.74
1987-11 76.111 i77.89 oo 2,114 21,189 4.76C 21.188  1.000 L000 52.81 176.64 1B80.74
1387~7. S2.808 176,84 L300 1,762 12,254 5,380 12.254 1.000 .ooo 38,79 175,73 180,74
1965-01  35.792 175,73 .05 1.246 10,632 4.710 10.632 $.000 .000 26,81 174.64 18G.74
1888-w 2B6.814 174,64 LG200 1,736 4.505 2.022 4.505 1.000 ,600 21,07 174,10 180.74
1988-02  21.074 174,12 LRog 1,858 L Qo0 . 00N .0na P clals] L0000 18,27 173.89 180,74
1988-u4 19,267 173.8% L300 2,350 Q00 L 000 Qoo . 000 .000 16,92 173.58 1B0.74
1333-00 16.817 17358 .00 2oze2 - 200 . 000 L 000 . 000 .000 14.53 173,25 180.74
free. o fF Failura months (Hhen Release i3 less than Demand) = 1565
., of fadilure momthe for A-zepe = 29; Horthly Time Reliability for A-zone = 89,9 %

Hamthly Time

jakitity = 45.8 % .

Yolume Reliabs Tity =

Bg.9 X
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Anpual Time Reliability =
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Table - HIWI
Mcnthly Operation Simulation of HATHMATI WEIR For Conservation
Regulation Using Recommended Policy

YYYY-Mn Loc_Flo US_Flo Tot_Dem Diversion Rel/Dem Spill Storage

m m3 m m3 m m3 m m3 m m3 m m3
1964-06 .G0 4.547 B.BGO 4,547 1.000 .000 5.886
1964-07 5.51 2.788 5.310 B8.296 1.000 . 000 8,873
1964-08 12.21 8.442 16.080 20.658 1.000 . 000 13.446
1964-09 7.10 19.766 37.650 26.863 1.000 . 000 2.6680
1964-10 3.72 23.872 45.090 30.052 .6B868 . 000 .000
1964-11 .09 . 000 23,470 . 000 .000B , 000 . 000
1964-12 .00 5,155 '9.820 5.155 . 5258 .000 . 000
1965-01 .00 2.095 8.460 2.095 .248B .000 .000
1965-02 .00 .000 3.550 .000 ., 0008 . 000 . 000
1965-03 .00 . 000 Nelaly) .000 . 000 .000 000
1965-04 .00 . 000 . 000 . 000 . 000 . 000 .000
1965-05 . QO L300 .000 . 000 ~000 . Q00 .000

YYYY-Mn Loc_Flo US_Flo Tot_Dem Diversion Rel/Dem Spill Storage

m m3 m m3 m m3 m m3 . m m3 m m3
1965-06 .00 . 000 8.660 .000 . 0008 . 000 .000
1965-07 2.26 . 000 5.310 2.263 .4268B . 000 .000
1965-08 4.90 . 000 16.080 4,897 .3058 . 000 .000
1965-09 2.28 . 000 37.650 2.280 -, 061B .000 .000
1965-10 1.21 . 000 45.090 1.211 .027B .000 . 000
1965-11 .00 .000 23.470 .000 .0008 . 000 .000
1965-12 .00 .000 9.820 . 000 .000B . Q00 .000
1966-01 .00 . 000 8.460 . 000 .Q00B .000 . 000
1966-02 .00 .000 3.550 .000 .0008B , Q00 .000
1966-03 .00 . 000 . 000 . 000 . 000 , 000 .000
1866-04 .Q0 . 000 . 000 . 000 . 000 .000 .000
1966-05 .00 .00 . 000 .000 . 000 .000 . 000

YYYY-Mn Loc_Flc US_Flo Tot_Dem Diversion Rel/Dem Spill Storage

m m3 m m3 m m3 m m3 m m3 m m3
1966-06 1.13 . 000 8.660 1.126 " .130B . 000 .000
1966-07 1.88 .000 5.310 1.880 .3548 .000 . 000
1966-08 1.07 . 000 16.080 1.069 .066B . 000 . 000
1966-09 6.85 . 000 37.850 6.8456 .1828B . 000 . 000
1966-10 .B9 . 000 45,090 . 691 .016B . 000 . 000
1966-11 .00 .00 23.470 . Q00 .000B ,000 elels)
1966-12 .00 .Q00 9.820 , 000 .0008 . 000 .000
1967-01 Nals) .000 g2.460 . 000 .0nNoB elele) .000
1967-02 .C0 Relaly 3.550 .N00 . 0008 . Q00 000
1967-03 .00 .000 .000 .000 .0C0 .000 , 000
1967-04 .00 . .000 Ralels; . 000 . 000 . 000 . 000
1967-05 .00 .000 .0Q0 L0000 . 000 . 000 . 000
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Us_Flo

pill Sterage

YYYY-Mn Loc_Flo Tot_Dem Diversion Rel/Dem 8§
m m3 m m3 m m3 m m3 m m3 m m3
1967-08 3.70 .000 8.660 3.703 LA478R . 000 .000
1967-07 2.43 . 000 5.310 2.434 .4588B . 000 . 000
1967-08 2.17 42.838 16.080 33.863 1.000 11.146 17.783
1967-09 7.33 57.086 37.650 37.650 1.000 26.767 17.783
1967-10 2.75 . 000 45,090 20.537 .4558 .00 ofals]
1967-11 .00 . 000 23.470 .000 .000R .000 L0000
1967-12 , 00 . 000 9.820 .000 .000B . 000 Msluls;
1968-01 .00 .000 8.460 . Q00 .0o0R . 000 LO00
1968-02 .00 .000 3.550 . 000 . 0008 .000 elaly
1968-03 .00 . 000 . 000 . 000 .000 . 000 . 000
1968-04 .00 .000 . 000 . 000 . 000 .Q00C .000
1368-05 .00 . 000 000 .000 Nalals) . 000 .000
YYYY-Mn Loc _Flo US_Flo Tot_Dem Diversion Rel/Dem Spill Storage
m m3 m m3 m m3 m m3 m m3 m m2
1958-06 .00 .C00 B.660 . 000 .00oB .000 .000
1368-07 83.05 3.717 5.310 23.093 1.000 €3.670 17.782
1968-08 28.96 80.125 16.080 16,080 1.000 93.005 17.783
1968-09 3.02 26.355 37.650 29.378 1.000 . 000 2.511
1968-10 1.78 31.563 45.090 42,851 L9508 . 000 .000
1968-11 .00 1€.429 23.470 16.429 . 700B L. 000C . 000
1968-12 .00 6.874 9.820 6.874 . 7008 L 000 000
1969-01 .00 5.922 8.460 5.922 .700R .00 . 000
1969-02 .00 2.485 3.550 2,485 . 7008 . 000 L0G0
1969-03 .00 . 000 .000 .Q00 .00 L0000 .0oo
1963-04 .00 .Qoo . 000 .000 .000 .000 . 000
1969-05 .00 .000 ,000 . 000 . 000 .N0a . 000
YYYY-Mn Loc_Flo US_Flo Tot_Dem Diversion Rel/Dem Spill Storage
m m3 m m3 m m3 m m3 m m3 m m3
1969-06 .00 .000 8.660 .000 - ,000B . L0000 . 000
1969-07 7.10 . 000 5.310 7.103 1.000 .200 1.792.
196¢€¢-08 1.04 .000 16.080 2.833 .1768 alels] .000
1969-09 2.81 . 000 37.650 2.811 L0758 .000 .0a0
1869-10 .00 .00 45,090 000 .Q00R .0Q0 .000
1969-11 als} . 000 23.470 . 000 ANIAT=] L2000 . 000
1969~12 .00 .000 9.820 .000 .0008B . 000 . 000
1973-01 .00 .000 8.460 .0Q0 LDO0R 000 . 000
1970-02 .00 .000 2,850 Rafele; LOCOR L0000 Ralaly
1970-03 .0Q . 000 . 000 .20 000 .000 .000
1970-04 .00 . 000 .000 LADG LCC Malale .00
1970-05 .00 . 000 ©.000 . Dao BRalnte) .00 .000
YYYY-Mn Loc_Flo US _Flo Tot_Dem Diversion Rel/Cem Spill Storage
m m3 - m m3 m m3 m m3 m m3 m m32
1970-06 6.09 L Q00 8.660 5.088 .T03B .000C . 000
1970-07 20.02 2.788 5.210 22,805 1.000 .00 17.48%
1970-08 11.01 8,442 16.020 16.368 1.000 ~ 2.0R0 17.782
1870-09 68,70 47.340 27.650 37.650 1.000 66,388 17.722
1970-10 3.34 31.583 45,0090 34,900 1.000 .000 7.H93
1970-11 .80 16,429 23.470 17.22¢9 1.000 .0Q0 1,352
1970-12 .52 6.874 2.820 8.746 .B91R L0000 .00
1971-01 .21 5.922 8.460 6.132 .7258B L0030 .000
1971-02 2.20 2.4R5 3.550 4,685 1.000 L0000 1.135
1971-03 .00 .000 elole} elsle 000 . 030 1.1258
1971-04 .00 .000 000 .000 .00 L0008 1.138
1971-05 .00 .000 L0000 .000 . 000 . 000 1.135
92
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YYYY-Mn Loc_Flo US_Floc Tot_Dem Diversion Rel/Dem Spill Storage

m m3 m m3 m m3 m m3 m m3 m m3

18971-06 -21.85 4.547 ~ B.660 25,308 1.000 1.084 17.783
1971-07 14.65 2.788 5.310 5.310 1.000 12.123 17.783
1971~-08 14,53 B.442 16.080 16.080 1.000 ~6.888 17.783
1971-09 4.95 19.766 37.650 24.715 1.000 . 000 4,848
1971-10 2.9t 23.672 45.090 31.429 .6978 .000 . 000
1971-11 .00 .000 23.47¢C .000 .000B .000 .000
1971-12 .00 5.155 9.820 5.1558 .5258 .000 000
1972-01 .00 1,801 8.480 1.801 .2138B .000 . 000
1972-02 .00 .000 3.550 .000 .0008 . 000 000
1972-03 .00 . 000 .000 . 000 .000 . 000 . 000
1972~-04 .00 . 000 .000 .000 000 .000 .000
1972-05 . .00 . 000 . 000 .000 .000C . 000 . 000
YYYY-Mn Loc_Flo. US_Flo Tot_Dem Diversion Rel/Dem Spill Storage
. m m3 m m3 m m3 m m3 m m3 m m3
1972-06 3,48 . 000 8.660 3.480 .402B 000 .000
1972-07 8.19 . 000 5,310 8.189 1.000 . 000 2.879
1972-08 14,74 2.189 16.080 16.926 1,000 .000 3.725
1972-09 4.45 7.319 37.650 15.489 .411B .000 . 000
1972-10 .21 .498 45,090 .708 .0168B .000 .000
1972-11 .00 .000 23.470 . 000 .0008 . 000 .000
1972-12 .00 .000 9.820 . 000 .000B .000 . 000
1973-01 .00 .000 8.460 . 000 .0008 .000 .000
1973-02 .00 . 000 3.550 . 000 .000B . 000 . 000
1973-03 .00 . 000 . 000 . 000 . 000 .000 .000
1973-04 .00 . 000 .000 .000 . 000 .000 .000
1973-05 .00 .000 . 000 . 000 .000 . 000 .Q00
YYYY-Mn Loc_Flo US_Flo Tot_Dem Diversion Rel/Dem Spill Storage
m m3 m m3 © m m3 m m3 m m3 m m3

1973-086 3.48 .000 8.660 3.480 .402B .000 .000

.000 .
.000 22.689 17.783
.000 379.397 17.783

1973-07 9.27 .000 5.310 9.274 000 3.964
1973-08 25.31 27.274 16.080 29.899

1973-09 148.26 268.784 37.650 37.650

1

1

1
1873~10 7.71. 35.763 45.090 43.477 1.000 . 000 16.170
1973-11 00 16.429 23.470 16.429 1.000 .000 9.129
1973~-12 .00 7.919 9.820 7.919 1.000 . 000 7.229
1974-01 .00 - 5.922 8.460 5,822 1.000 . 000 4.691
1974-02 .00 2.485 3.550 2.485 1.000 .Q00 3.626
1974-03 .00 . 000 .000 elele) . 000 .000 3.626
1974-04 .00 L0000 -  .000 . 000 Q00 . 000 3.626
1974-05 .00 - .000 . 000 .000 .000 . 000 3.626
YYYY-Mn Loc_Flo US_Flo Tot Dem Diversion Rel/Dem Spill Storage
m m3 “m m3 m- m3 m m3 m m3 m m3
1974-06 .34 4,547 8.660 B.515 .983B .000 .000
“1974-07 2.30 2.788 5.310 5.085 9588 . 000 . .000
1974-08 8.59 8.442 16.080 17.031 ~1.000 .000 . 951
1974-09 .06 2.160 37.650 3.111 .083B .000 .000
1974-10 .00 126 45.090 .126 .003B . 0006 000
1874-11 .00 . 000 23.470 . 000 .000B  .000 000
1974-12 .00 . 000 9.820 . 000 .000B .000 . 000
1975-01 .00 .000 8.460 . 000 .0ooB . 000 . 000
1975-02 .00 000 3.550 .000 . 0008 .000 .000
1975-03 .00 . 000 .000 . 000 . Q00 .000 . 000
1975-04 . .00 . 000 .000 .000 .000 .000 000
1975-05 .00 . 000 .000 .000 .000 .000 . 000
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YYYY~-Mh .Loc_Flo US_Flo Tot_Dem Divefsion rRel/Dem Spill Storage

m m3 m m3 m m3 m m3 m m3 m m3
1975-06 10.07 .000 8.660 10.074 1.000 .000 . 1.414
1975-07 6.55 . 000 5.310 6.549 1.000 .000 2.653
1975-08 23.14 8.442 16.080 31.210 1.000 .375 17.783
1975-08 35.06 20.577 37.650 37.650 1.000 17.984 17.783
1975-10 6.11 24.742 45.090 30.851 1.000 .000 3.544
1975-11 .00 16.429 23.470 19.973 .851B . 000 . 000
1876-12 .00 6.874 9.820 6.874 .T00B . 000 . 000
1976-01 .00 4.442 §.460 4.442 .5258 . 000 . 000
1876-02 .00 2.485 3.550 2.485 . 700B 000 . 000
1976-03 .00 .000 . 000 . 000 . 000 . 000 .000
1976-04 00 . 000 . 000 .000 . 000 . 000 000
1976~05 .00 .000 .000 . GO0 . 000 .000 .000
YYYY-Mn Loc Flo US_Flo Tot_Dem Diversion Rel/Dem Spill Storage

m m3 m m3 m m3 m m3 m m3 m m3
1876~06 2.38 . 000 8.660 2.383 .2758 . 000 - .000

.000 17.958 17.783
.000 205.666 17.783
.000 146.856 17.783

1976-07 38.26 2.788 5.310 23.093
1976-08 79.36 142.386 16.080 16.080
1976-09 61.91 122.592 37.650 37.850

1
1
1
1976-10 6.1 32.963 45.090 39.072 1.000 .000 11.765
1976-11 3.07 16.708 23.470 19.777 1.000 .000 B.071
1976-12 3.12 6.875 9.820 9.995 1.000 .000 8.246
1977-01 .09 5.922 8.460 6.013 1.000 .000 5.799
1977-02 8.53 2.485 3.550 11.016 1.000 .000 13.265
1977-03 .00 .000 .000 .000 . 000 . 000 13.265
1977-04 .00 .000 .000 .000 .000 . 000 13.265
1977-05 .00 .000 . 000 .000 . 000 .000 13.265
YYYY-Mn Loc_Flo US_Flo Tot_Dem Diversion Rel/Dem Spill Storage
m m3 m m3 m m3 m m3 m m3 m m3
1977-06 12.54 4.547 8.660 13.178 .000 3.912 17.783

. 000 229.118 17.783
.000 161.310 17.783
.000 79.365 17.783

1977-07 92.87 141.554 5.310 5.310
1877-08 46.94 130.447 16.080 16.080
1977-09 32.54 84.472 37.650 37.650

—4 Ak Ak ke

1977-10 5.07 35.883 45.090 40,952 . Q00 000 13.645
1977-11 2.63 16.508 23.470 19.142 .000 . 000 9.317
1977-12 2.03 6.874 9.820 8.908 000 . 000 8.405
1978-01 3.21 5.922 B.460 9,133 . 000 . 000 9.079
1978-02 4.42 2.485 3.550 6.908 . 000 , Q00 12.436
1978-03 .00 . 000 .000 .000 . 000 . 000 12.436
1878-04 .00 .000 .000 .000 .000 .000 12.436
1978-05 .00 - . 000 . 000 000 . 000 .000 12.436
YYYY~Mn Loc_Flo US_Flo Tot_Dem Diversion Rel/Dem Spill Storage

~ m m3 m m3 m m3 m m3 m m3 m m3
1978-06 .Qg 4.547 8.660 5.466 1.000 . 000 9.243
1978-07 2.98 2.788 5.310 5.771 1.000 . Q00 9.703
1978-08 21.77 8.442 16.080 24,160 1.000 6.048 17.783
1978-09 21-.77 19,766 37.650 37.650 {.000 3,888 t7.783
1978-10 5.98 23.672 45,090 29.655 1.000 . 000 2.348
1978-11 2.93 16.429 23.470 21.709 .925B 000 . 000
1978-12 .00 6.874 9.820 6.874 .700B . 000 .000
19739-01 .43 5,922 8.460 6.356 .7518 Q00 .000
1879-02 .30 2.485 3.550 2.788 .785B .000 .000
1979-03 .08 .000 .000 .080 . 000 . 000 . 080
1979-04 .06 .00C .000 .063 . 000 .000 .143
1979-05 Q7 .00¢ . 000 .074 . 000 . 000 .217
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YYYY-Mn Loc _Flo US_Flo Tot_Dem Diversion Rel/Dem Spill Storage
m m3 m m3 m m3 m m3 m m3 m m3

1979-06 3.23 .000 8.660 3.446 .398B 000 . 000
1979-07 16.67 2.871 5.310 19.340 1.000 .000 14.030
1379~-08 24.53 17.168 16.080 19,833 1.000 21.866 17.783
1979-09 20.87 38,522 37.650 37.650 1.000 21.746 17.783
1879-10 3.4 23.672 45,090 44,941 .9978 .000 .000
1979-11 1.46 12.322 23.470 13.785 .5878 .000 .000
1979-12 1.03 5.155 9.820 6.184 .630B . 000 .0G0
1980~-01 .00 4,442 8.460 4,442 .Bh25B .000 . 000
1980-02 .00 1.864 3.550 1.864 .5258B . 000 .000
1980-03 .00 . 000 . 000 .000 0G0 . 000 .000
1980-04 .00 . 000 .000 .000 .000 . 000 . .000
1980-05 .00 .000 . 000 . 000 . 000 . 000 .000
YYYY-Mn Loc_Flo US_Flo Tot_Dem Diversion Rel/Dem 8pill Storage
m m3 m m3 m m3 m m3 m m3 m m3

1980-086 5.08 .000 8.660 5.091 .5888 .000 .000
1880-07 2.13 . 000 5.310 2.126 . 4008 . 000 .000
1980-08 13.16 .000 16.080 13.160 .3188 .000 .000
1980-09 1.15 . Q00 37.650 1.154 .031B .000 . 000
1980-10 21 .000 45.080 . 208 .0058 .000 000
1980-11 .00 . 000 23.470 .000 .Q00B . 000 .000
1980-12 .00 .000 9.820 000 ,000B .000 . 000
18981-01 .00 . 000 8.460 .000 .000B . 000 . 000
1981-02 .00 . 000 3.550 . 000 .000B .000 . 000
1981-03 .00 . 000 .000 .000 000 , 000 . 000
1981-04 .00 . 000 . 000 . 000 .Q00 . 000 000
1981-05 .00 . 000 .Q00 000 . Q00 . 000 . 000
YYYY-Mn Loc_Flo US_Flo Tot_Dem Diversion Rel/Dem Spill Storage
m m3 m m3 m m3 m m3 m m3 m m3

1981-06 13.63 .000 8.660 13.629 1.000 .000 4,969
1981-07 99.73 118.886 5.310 18.124 1,000 200.488 17.783
1981-08 134.67 391.457 16.080 16.080 1.000 510.045 17.783
1981-09 19.56 40.471 37.650 37.650 1.000 22.381 17.783
1981-10 .00 31.563 45.090 31.563 1.000 .000 4.256
1981-11 .31 16.429 23.470 20.999 . 8958 . 000 . 000
1981-12 .09 6.874 9.820 6.965 . 7098 .000 .000
1982-01 .00 5.922 8.460 5.922 . 7008 . 000 000
1982-02 .00 2.485 3.550 2.485 .700B . 000 . 000
1982-03 .00 .000 . 000 .000 .000 .000 .000
1982-04 .00 . 000 . 000 . Q00 . 000 .000 . 000
1982-05 .00 . 000 . 000 . 000 . 000 .000 .000
YYYY-Mn Loc_Flo US_Flo Tot_Dem Diversion Rel/Dem Spill Storage
m m3 m m3 m m3 m m3 m m3 m m3

- 1982-06 . .00 . .000 8.660 .000 .0008 .000 .000
1982-07 32.57 2.788 5.310 23.093 1.000 12.260 17.783
1982-08 10.99 8.442 16.080 16.080 1.000 3.35t 17.783
1982~-09 2.23 19.7866 37.650 21.995 1.000 .000 2.128
1982-10 .00 23.872 45.090 25.800 .5728 .000 . 000
1982-11 .00 . 000 23.470 .000 .000B .00 .000
t982-12 .00 5,158 9.820 5.155 .5258 .000 .000
1883-01 .00 2.413 8.460 2.413 .2858 .000 .000
1983-02 .00 . 000 3.550 .000 . 0008 .000 . 000
1983-03 .00 .00 .000 . 000 . 000 . 000 . 000
1983-04 .00 .000 . 000 .000 .000 .000 .000
1983-05 .00 . 000 . 000 . 000 . 000 000 000

Contd.




US_Fioc Tot_Dem Diversion Rel/Dem Spill Storage

96

C onid.

YYYY-Mn Loc_Flo
m m3 m m3 m m3 m m3 m m3 m m3
1983-06 .14 . 000 8.660 137 .0168 . 000 000
1983-07 15.85 .000 5.310 15.851 1.000 .000 10.541
1983-08 31.91 8.447 16.080 23.322 1.000 17.02%9 17.783
1983-09 8.99 19,766 37.650 28.755 1.000 . 000 8,888
1983-10 7.79 23.672 45,090 40,349 .895B  .000 . 000
1983-11 1.00 7.411 23.470 8.411 .358B . 000 . 000
1983~12 .00 5.1565 9.820 5.155 .525B .000 . 000
1984-01 .00 4,304 8.460 4,304 .5098 . 000 .000
1984-02 .00 . 000 3.550 .000 .000B . 000 . 000
1984-~-03 .00 .000 . 000 . 000 .000 . 000 .000
1984-04 .00 000 . 000 . 000 . 000 . 000 . 000
1984-05 00 . 000 . 000 .000 . 000 . 000 . 000
YYYY-Mn Loc_Flo US_Flo Tot_Dem Diversion Rel/Dem Spill Storage
m m3 m m3 m m3 m m3 m m3 m m3
1984-06 .00 . 000 8.660 . 000 . 0008 .000 000
1984-07 1.27 . 000 5.310 1.274 .240B .000 .000
1984-08 45.99 8.442 16.080 33.863 1.000 20.573 17.783
1984-09 20,91 19.766 37.650 37.650 1.000 - 3.025 17.783
1984-10 7.27 23.872 45.080 30.941 1.600 .000 3.634
1984-11 1.97 12.322 23.470 17.927 .764B .000 .00
1984-12 .00 6.874 9.820 6.874 . 7008 .000 , 000
1985-01 .00 £.922 8.460 5.922 .7008B . 000 . 000
1985-02 .00 2.485 3.550 2.485 . 7008 .C00 000
1985-03 .00 . 000 .000 000 .000 . 000 .000
1985-04 .00 .000 . 000 000 . 000 . 000 . Q00
1985-05 .00 . 000 .000 000 .000 , 000 . 000
YYYY-Mn Loc_Flo US_Flo Tot_Dem Diversion Rel/Dem $pill Storage
m m3 m m3 m m3 m m3 m m3 m m3
. 1985-06 .00 .000 B.660 .000 .000B .000 . 000
1985-07 3.40 . 000 5.310 3.400 .5408B .000C .000
- 1985~-08 5.92 . 000 16.080 5.920 .3688B .000 . Q00
1985-09 .00 .000 37.650 .000 .0008B . 000 . 000
1985-10 2.97 .000 45,090 2.966 .0668 000 .Q00
1985-11 .00 .000 23.470 .000 .0008B . 000 .000
1985~-12 .00 .000 9,820 . 000 .000B .000 . 000
1986-01 .00 .000 8.460 . 000 .000B . 000 . 000
1986-02 .00 .000 3.550 .000 .000B . 000 . 000
1986-03 .00 .000 . 000 . 000 . Q00 .000 .000
1986~04 .00 .000 . 000 . 000 .000 . 000 . 000
1986-058 .00 .000 . 000 . 000 . 000 .000 . 000
YYYY-Mn Loc_Flo US_Flo Tot_Dem Diversion Rel/Dem Spill Storage
m m3 m m3 m m3 m m3 m m3 m m3
1986-06 .00 - . 000 8.660 . 000 .000B . 000 . 000
1986-07 2.09 .000 5.310 2.091 .394B .000 . 000
1986-08 2.63 . 000 16.080 2.634 .164B . 000 . 000
1986-09 00 .000 37.650 . 000 .0008B .000 . 000
1986-10 .00 000 45.090 . 000 .0008 . 000 .000
1986-11 .00 .000 23.470 .000 .000B . 000 , 000
1986-12 .00 . 000 9.820 . 000 .000B .Q00 .000
1987~-01 .00 .000 8.460 .000 .0008 .000 .000
1987-02 .00 . 000 3.550 . 000 .0008B . 000 . 000
1987-03 .00 . 000 . 000 . 000 .000 .000 . 000
1987-04 .00 .000 .000 . 000 .000 . 000 .000
1987-05 .00 . 000 alels) . 000 . 000 . 000 .Q00



YYYY-Mn  loc Flo US Fla Jot Dem Civersion Rel/Dem Spill Storage

m m3 m m3 m m3 m m3 m m3 m m3
1987-06 - 8.17 .00 B.B60 8.171 .9448 .000 . . 000
1987-07 6.68 2.788 5.210 23.093 1.000 6.375 17.783
1987-08 77.589 31.421 16.080 16.080 1.000 92.936 17.783
1987-09 .65 26.3585 37.650 27.0014 1.000 . 000 7.134
1987-10 .02 31,563 45,090 38,720 .85398 .000 . 000
1987-11 .00 16.429 23,470 16.409 L7008 .000 .000
1987-12 Rele; 6.874 g,.800 £.274 . 7008 .000 . 000
1988-01 .00 5.922 {.46060 5.920 L7008 . 000 . 000
19R8-072 .00 2.485 2.550 r.485 LTO0B 000 . 000
1988-03 00 .000 .000 .000 .000 .GOO . Q00
1988-04 .00 . Q00 .000 006G .000 .00C . 000
1988-05 Q0 L0060 L 000 000 .000 000 .000

No. of failture months = 138

Monthly Time Reliability = 57,7 % ; Annual Time Reliability = 12,.5%

Vvolume Reliability = &9.7%
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