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Source Sustainability Study for Drawl of Water from River Ganga for Godda TPP Executive Summary

 
 

EXECUTIVE SUMMARY 
The Adani Group, is one of the leading business houses of the country with combined market 
capitalization in excess of US$ 20 billion, a sales turnover of US$ 12 billion, employing over 
10,000 people and having diverse interests in global trading, development and operation of 
Ports, IDC Terminal, establishment of SEZ, Oil Refining, Logistics, Gas Distribution, Power 
Generation, Power Transmission and Power Trading etc.  

Adani Power (Jharkhand) Limited (APJL), is a subsidiary company of Adani Power Limited (APL), 
which has been formed to develop 2x800 MW Thermal Power Plant for Exporting Power to 
Bangladesh Country at near Motia, Gangta, Gaighat & other adjacent villages  of District Godda, 
Jharkhand.   

APJL is planning to construct the water intake and pipeline infrastructure on river Ganga to 
meet its water requirement of 36 MCM annually. In view of this it is necessary to ascertain the 
availability of the water with 100% reliability as it is vital for functioning of power plant. Also, 
the impact of the proposed water drawl from Ganga River even in lean season along with 
impacts on downstream competing users arising out of the withdrawal of water is to be 
assessed as per the Ministry of Environment, Forest and Climate Change (MoEF&CC) 
Environment Clearance conditions.  

Accordingly, APJL has commissioned AWTEM in technical collaboration with IISWBM and CSIR-
CGCRI to undertake source sustainability study for drawl of water from river Ganga for 
proposed GTPP.  The prime objectives of the present study were  as follows:  

� To study water availability in River Ganga for all seasons as well as during scanty rain 
and heavy rain; 
 

� To study the river behaviour for leanest period and flooding period; 
 

� To study impact on hydrology and downstream flow and ecology due to water 
withdrawal for proposed TPP; 
 

� To identify downstream competing users and impact on them due to proposed 
withdrawal of water;  

� To formulate plan for maintaining minimum ecological/enviornmental flow in the river 
Ganga; 
 

� To delineate Water Management Plan. 
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The scope of the study includes the undertaking of a reconnaissance hydrological survey. On 
the basis of the reconnaissance hydrological survey a framework were evolved for undertaking 
time bound detailed field survey for characterizing the flow in river Ganga besides collecting 
other primary as well as secondary data required for assessing the hydrology and behaviour of 
river Ganga. Preparation of inventory of downstream competing users along with 
medium/minor lift irrigation scheme constructed at downstream and the quantum of water 
being withdrawn by these users.  

The proposed location of   intake water system for the GTPP is:  25°14' 36.52"N, 87°41' 18.02"E 
which consists of Pumping (drawl) water from River (Intake location) and conveying it in 
pipeline upto plant reservoir through de-silting basin and intermediate reservoir. The locations 
have been selected based on position of main flow close to the right bank as well as 
morphological stability of the river bank line analyzed using historical imageries. Pipe line 
corridor length from water intake system point at River Ganga at Sahibganj to Power Project 
site is approx. 92.5 km. It crosses through various villages/Blocks of Sahibganj and Godda   
districts. 

The present study has been exploratory in nature based on primary as well as secondary data of  
proposed intake location at right bank of river Ganga near Sahibganj which is located approx. 
92 km from the proposed Godda TPP site.  
 
Seasonal river flow rate is calculated before and after the intake well point using the minimum 
last 10 years’ time series secondary data on monthly water level from recorded gauge height. 
Primary data of velocity and depth of channel also collected during pre – monsoon period i.e 
May 2018 near intake well for discharge computation and to ground check the authenticity and 
variation with the available secondary data. Subsequently, the sediment load also taken into 
consideration during river flow study.  Based on the available monthly water flow in the 
river month - wise water demand are matched. The study also analyses the impact of intake 
water from intake well on local subsurface water and downstream in the different season.  
      
To study the river behaviour around 10 km upstream and 10 Km downstream from the intake 
well for the leanest period and flooding period, two sets of high-resolution satellite images of 
pre-monsoon and post-monsoon period are procured, the digital elevation model of the area 
created for geomorphology of the terrain and detailed analysis. This is to understand the lateral 
and vertical accretion, channel migration of the river in the area. The morphological 
changes are matched with the river flow data for understanding the river behaviour along the 
Intake well point.  
  
To study the impact on hydrology and downstream flow due to water withdrawal for proposed 
TPP monthly water availability is calculated and its impact on downstream water availability 
and impact on the behaviour of the river is assessed using digital model. 
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The reconnaissance survey was undertaken by a team of AWTEM Consortium along with APJL 
Team from 20th to 22nd April 2018. The team had a kick-off meeting at the Water Intake System 
Site Office at Sahibganj to finalise the modalities for commencing the field study as well as 
collection of secondary data. During the reconnaissance survey, AWTEM team member along 
with APJL Team visited the intake well site as well as upstream and downstream. During the 
field visit team members had interactions with local people to understand their water 
requirement along with usage and dependence on river Ganga for domestic as well as 
agricultural activities. The irrigation water requirement being met from river Ganga in both 
upstream and downstream of proposed intake well were also explored through interaction with 
the local community. The existing weirs/barrage/dams in the river reach were also explored. 
The detailed public consultation was undertaken involving the PAPs of proposed water intake 
system. 
 
River Ganga originates in the Himalayas at the confluence of Rivers Alaknanda and Bhagirathi at 
Devprayag. Overall, River Ganga is longer than 2600 km depending on which streams are 
considered as her originating and terminating streams. The lower most part of the Lower Ganga 
segment tends to be braided, especially in the delta. The entire river valley (including the active 
floodplain) is a sensitive geomorphic-ecological river space. Lower Ganga sub-basin is in alluvial 
plains with low undulation. The lower reaches of the sub-basin are slightly above the sea-level, 
however, the upper portion rises up to 200 meters. The major LULC class in the sub-basin 
consists of cropped area (Double/Triple, Rabi only, Kharif only) which accounts for 49.46% of 
the total area. The soil texture of the sub-basin may be classified as clayey, loamy, and sandy 
and some rock outcrops. Annual rainfall of the basin varies from 244 mm to 3,782 mm and 
mean rainfall of 30 years is found to be 1,270 mm. Out of 30 years, for 15 years annual rainfall 
is higher than the mean rainfall and for remaining 15 years it is lower than the mean rainfall. 
The annual water resources of Lower Ganga sub-basin during these two extreme rainfall 
conditions are 266.45 BCM and 128.57 BCM respectively. The command area considered during 
the year 2014-15 has been worked out to be 9,71,31,000 hectare. The Ganga river network is 
intercepted by numerous dams and barrages. Dams and barrages affect river morphology, 
stability and ecological balance, fertility of the river and its floodplains, nature of flood events, 
human health, and basin performance.  

The area within 10 km from the Water Intake Well includes two contrasting landscapes: the 
floodplains of the Ganga in the north and east, and the basaltic Rajmahal hills in the south. It is 
situated about 14 km upstream of the southward bend of the Ganga as it leaves its middle 
course through the Great Plains of the northern India into the lower course through the Bengal 
delta. The floodplains of the Ganga is restricted to 30 m. Area between 30 and 45 m forms the 
recessional plain while the region above 100 m forms the hills proper. The transitional 
piedmont zone is seen between and 45 m and 100 m. The river itself forms the dominating 
feature in the central portion of the area with its lean season level of water at 20–25 m above 
mean sea level. Its floodplains, including mid-channel sandbars and palaeocourses are confined 
mostly within 30 m. The area overlaps with the recessional plains formed by slope retreat of 
the Rajmahal ranges and outliers (30–45 m).Elevation of the hills proper start from 100 m and 
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continues up to 300 m. The transitional piedmont zone occupy the zone between and 45 m and 
100 m. With an average annual discharge of ~16,650 cumecs, Ganga is one of the mightiest as 
well as most dynamic rivers of the world. The flow of the river increases almost eight-times 
during the monsoon months compared to the lean period, represented in the images in this 
report. Its highest gauge height has been recorded at 30.91 m at Sahebganj that would 
inundate the entire northern and eastern sections of the study area. The apparently safe 
location of the Water Intake Point is attested by its situation at the edge of the mender / 
braidbelt.  

Owing to the seasonality of its discharge and composition of bank materials – largely sands – 
the Ganga constantly shifts its course within its meander belt. The changes in braids of the river 
during the last 46 years.  It shows the apparently safe location of the Water Intake Well as it is 
situation just at the edge of the meander belt of the Ganga, with the right riverbank never 
shifting south of this point. It seems that the higher elevation of the recessional plain 
immediately to the east of the site with basalt in its basement, resisted southward migration of 
the river at this locality 

To bring out the land use land cover characteristics of the area within 10 km from the Water 
Intake Well, Sentinel-2A MSAI data of 10-Apr-2018 were classified using maximum likelihood 
algorithm, after extensive ground truth verification. The analysis indicates  that the farmlands 
cover more than half of the region and nearly all of the recessional plains south of the Ganga 
and the floodplains to its north. The low-lying and flood-prone river bars are mostly composed 
of sands (5.3%) and are also utilised for agriculture. The built-up areas (0.8%) are seen along the 
road and railway in from of five settlements, of which Satichauki and Sakrigali is closest (~2 km) 
to the Water Intake Point. The uplands areas are mostly covered by forests / orchards (18.5%) 
with sporadic patches of agriculture where valley-fills and villages are present. Evidence of 
deforestation and degradation of the vegetal cover is seen in some areas of the hill-tops (4.9%). 
Basalt quarrying (0.9%) has emerged as a major economic activity of the region in recent 
decades, and mostly occupies the piedmont location for easy accessibility and transportation. 

AWTEM has obtained the data of the Rain Gauge stations situated in the project vicinity of 
lower Ganga basin to assess the water availability including monthly inflow data in the river 
Ganga. The long term rainfall data for Jharkhand from 1871 to 2016 have been collected from 
National Data Centre, IMD, Pune to analyze the dependable rainfall and average duration curve 
for rainfall. Jharkhand has an average yearly rainfall of 855.9 to 1872.8 mm with an average of 
1335.6 mm and is generally uniform with little variation i.e. Standard Deviation of ±206.58. The 
rainfall data for four rain gauge stations namely Bhagalpur, Katihar, Sahebganj and Malda have 
also been collected through Customized Rainfall Information System (CRIS), Indian 
Meteorological Department, Government of India to assess the inflow of water and water 
availability in the proposed intake site at River Ganga.  The analysis of long term trend from 
2013 to 2017 of rainfall at upstream as well as downstream stretch of proposed intake site at 
river Ganga reveals that the annual rainfall at Sahibgunj varies from 1145 to 1645 mm, 
however, in the upstream stretch of proposed intake site the annual rainfall varies from 1009.8 
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to 1467.8 mm. The weighted average monsoon rainfall at 75% and 90% dependability for the 
Jharkhand Ganga sub-basin has been worked out and found to be 1172 mm and 1091 mm. 

Monthly hydrograph of daily flow in River Ganga in the project area  has been developed on the 
basis of 10 years daily discharge date collected from CWC for G&D Station at Azmabad  for 
years 2005-06 to 2015-16. The analysis reveals that the average flow from July to December 
varies from 2405 to 32964 cum/s. Accordingly monthly FDC has been  also developed on the 
basis of ten daily discharge data collected. 

Water discharge was measured at intake site along with upstream and downstream of intake 
site for lean season i.e. from 18th to 20th May, 2018. Stream velocity measurements were 
conducted with a Current Meter (Valeport Model 106 Current Meter). The measurement of 
depth in terms of bathymetry survey has been done by using Eco- sounder (Velport Medas 
surveyor Sl. No. 45663) with single transducer along the cross sections. The estimated discharge 
at intake site work out to be 2027.58 cumecs by Direct CS zone wise average velocity i.e 0.5641 
m/s  and average depth of 6.011 m. Whereas the estimated discharge at intake site work out to 
be 1993.10 cumecs by direct co-ordinate method and overall average velocity i.e 0.5659 m/s.  
 
The physio-chemical and bacteriological quality of water need to be assessed not only to 
estimate various treatment required for it ultimate use in TPP but it is also important to have 
details on presence of salts and nature of water (acidic or alkaline) which may have effect on 
intake well structure and equipments. The prime parameter includes pH, electrical conductivity, 
dissolve solids, suspended solids. Total hardness, sulphates, carbonates, bi-carbonates, 
chlorides, iron, calcium, magnesium, etc. Accordingly, water quality of River Ganga at intake 
site along with upstream as well as the downstream was assessed as per BIS 10500 guidelines.  

Water is proposed to be withdrawn primarily during monsoon period and during this period silt 
laden water of monsoon flow may cause damage to under water components of intake well 
system resulting in costly repair and maintenance of equipment. The problem is more severe in 
River Ganga which carries lots of sediment containing quartz during monsoon. The maximum 
silt load was recorded during August i.e. 6,11,700 tons/day.  
 
 The river Ganga and its tributaries are home to a wide variety of aquatic biota (microscopic 
flora and fauna to higher invertebrates, vertebrates and plants). The field survey was 
undertaken in pre-monsoon period (May, 2018). During field survey for plankton study, five 
locations were selected which includes the proposed water intake site along with 3 d/s and 1 
u/s   of intake site. With the help of mechanised vessel, water sample of mid river streams was 
collected (at a depth of 0.5 – 1.0 meter) and filtered through plankton net (mesh 40 nm). At 
each sampling location 100 liter river water was filtered and samples were collected and 
preserved. The samples were brought to laboratory for microscopic study to ascertain the taxa. 
Periphytons were collected at random at river banks. Zoobenthios and other macro flora/fauna 
were examined along the study stretch and also at fish landing zones. The aquatic macrophytes 
and riparian vegetation composition were also recorded during field survey.  
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Species Diversity, which measures the bio-diversity and heterogeneity of aquatic ecosystem, 
was calculated based on the Shanon Weiner’s function. The analysis reveals that the 
phytoplankton diversity ranges from 3.27-3.59 whereas the equitability index ranges from 0.80 
to 0.88. The analysis further reveals that the zooplankton diversity ranges from 2.75 to 2.92 
whereas the equitability index ranges from 0.87 to 0.92.  

There are many factors which may affect the ecological integrity of river Ganga of which 
anthropogenic activities along the river Ganga is of the prime concern. These causatives are of 
major concern today with respect to threat of aquatic biodiversity of river Ganga. The some of 
the major causes includes habitat fragmentation, shrinkage , alteration, Invasion by Alien 
Species, encroachment, disturbances and malnutrition,  etc.  

As the water availability at proposed intake site is very high, the water abstraction of only 36 
MCM annually from river Ganga at Satichouki  mouza near Sahebganj for proposed GTPP is not 
likely to have any significant ecological impact. However, it may have some  ecological impact in 
the form of habitat shrinkage and alteration. To combat/compensate the habitat shrinkage 
sand bars which were formed on the river bed need to be dredged in a periodic interval. As a 
long term management options for reduction of river water abstraction, water runoff facilities 
of proposed intermittent reservoir (at Simik talau, near Karmatola Station) should be excavated 
with appropriate drainage linkage from the neighbouring area. Appropriate Dry ash disposal 
system can also  be explored along with regular water audit in power plant.   

To assess the socio economic profile the villages falling within 2 km distance along with both 
the bank of the river Ganga in downstream up to Farakka Barrage  have been identified using 
2011 census atlas. The demographic profile of these villages as well as the land use pattern and 
irrigation facilities have been  extracted using the latest census data other documents of 
Department of Water Resource and Irrigation, Government of Jharkhand and have been  
analysed  to assess the existing water usage pattern and livelihood dependency on river Ganga 
at down stream upto the nearest next barrage from proposed intake location  i.e Farakka 
Barrage. For public consultation to identify and asses the dependency of the local people on 
river Ganga and likely impact caused due to drawl of water for Godda TPP the questionnaire 
has been developed and  were used for the purpose. 
 
The villages at the downstream reach  of river Ganga lies in Sahibganj, Taljhari, Rajmahal, Borio, 
Udhwa and Barharwa block of Sahibganj district in Jharkhand and Ratua I, Kaliachak II, Kaliachak 
III and Manikchak block of Maldah district in West Bengal. In total 225 villages lies in this zone. 
Of these only 158 villages are inhabited. In the district of Sahibganj only 102 villages are 
inhabited out of the total 140 villages. Whereas, in the district of Maldah, only 56 villages are 
inhabited out of the total 85 villages lying within 2 km distance from the Ganga river bank on 
either side. 
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As per Census of India, 2011 data, total populations in the villages at the downstream reach lies 
in Sahibganj district, Jharkhand and Maldah district, West Bengal. The total population 
(approximate) residing at the downstream reach of propose intake well are 4,64,733 covering a 
total of 92211 households on both the right and left side bank of the river. On the right-hand 
side river bank, a total of 35696 households are there ranging in the Sahibgang district, 
whereas, 56515 households are there in the district of Sahibgang and Maldah in the 
downstream left-hand bank of the river. Out of Total population in the downstream study area, 
about 184353 is the total working population. The right bank has a total population of 77626 
and the left bank has a population of 106727. 

In the downstream side of the intake location of river Ganga, in the district of Sahibganj, 
Jharkhand, the total geographical area of the villages within 2 km. distance from either side of 
the river bank is 19258.75 hectares. Of this area, 18357.12 hectares lies in the right-hand side 
bank, covering villages in the blocks of Sahibganj; Taljhari; Rajmahal; Borio; Udhwa; and 
Barharwa and the remaining in the left-hand side bank, in the block of Sahibganj. Of the 
19258.75 hectares in Sahibganj district, about 272 hectares is forest coverage and 10232.66 
hectares is the net sown area. 

As a part of the study, probable downstream users impacts associated with the proposed 
withdrawal of water from River Ganga have been identified. Mainly the water is used for 
irrigation, drinking and other domestic purposes by downstream users. Due to proposed 
withdrawal of water from Ganga River, water availability during the monsoon and winter 
season will not be affected for downstream users as per the water availability study as 
sufficient water is available in the river. But it may affect up to certain extent during the 
summer/lean season. However, water drawl is not proposed during lean season. 

Impact due to proposed water drawl for Godda TPP on water availability, water quality, ecology 
as well as socio-economy of local people at downstream of the intake point has been assessed 
on the basis of data collected from CWC for nearest GD&Q site Azmabad for the year 2006-
2016. The impact on water availability at downstream due to proposed withdrawl of water for 
Godda TPP presents that the water availability at intake site stretch of river Ganga from June to 
December varies from 1700 to 17492 cum/sec at 90% dependability. However, the average 
discharge required to pumped is only 3.0 m3/s (including sediment flushing which will come 
back in the river) for proposed thermal power plant. The analysis of change in the water flow at 
downstream of intake point after the proposed withdrawl of water for Godda TPP from river 
Ganga varies from 0.01 to 0.21% at 75% dependability, whereas 0.01 to 0.25% at 90% 
dependability of flow. As the overall change in the water flow at downstream of the intake 
point is likely to be 0.020% at 75% dependability and 0.03% at 90% dependability. Therefore 
APJL can withdraw the 36 MCM water from the proposed intake site without affecting the 
downstream users. 
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There are seven numbers of small and medium weirs constructed in lower Ganga basin. The 
storage capacity of dams/barrages/weirs are mostly filled in June & mid of July month. The 
store water is used for agricultural and ground water recharge in these regions. 

Thus substantial quantity of water shall overflow the anicuts during monsoon and flows 
towards the downstream of propose intake structure and finally disposal in the River Ganga. 

The water management & conservation plan for the proposed GTPP has been prepared with a 
view to help in conserving water during lean season/drought situations and ultimately reduce 
the demand of fresh water consumption from the River Ganga as they are allowed to withdraw 
water on during monsoon season. However, the plan may not be limited to lean season, but 
shall be followed all the year round. In order to reduce fresh water demand for the proposed 
power plant, some of the water conservation steps will be followed as recapturing & recycling 
this water for has a significant potential for water savings. 

� APJL should construct a bigger reservoir for storing water, so that sufficient water can 
be stored that will be utilized during summer season, when enough water is not 
available. 

� APJL will do Rain harvesting, which may play an important role in conservation of water. 

� Closed circuit cooling system should be adopted for the thermal power plant to optimize 
fresh water requirement. 

�  In the Conventional Thermal Power Plants apart from cooling towers, water is also 
consumed in ash handling process. Bottom Ash from the boilers will be converted to 
slurry using the partially treated wastewater in water impounded bottom ash hopper 
and transported to co processing units for disposal. Work up on proposed methods – 
Dry Ash Handling, HCSD for unutilized ash, FGD make up from blow down and treated 
water for AHP & CHP 

� Moreover, in order to reduce the water demand in fly ash handling and disposal, a dry 
phase pneumatic conveying system is also adopted. 

� The major waste-water generated from the plant like DM Plant discharge will be treated 
in a Waste Water Treatment Plant and recycled for its reuse in the Plant. No discharge 
of liquid waste is foreseen from the proposed power plant. The coal pile area runoff 
water during monsoon season will be led to a well-designed Coal Setting pond. Coal 
particles will settle down in the Pond and clear water will be allowed to overflow to the 
Central Monitoring Basin for treatment in the Effluent Treatment Plant (ETP) of the 
Power Project. 
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� Automation of control systems shall be done as far as possible to reduce water losses. 

� The rain water is collected separately in the Storm Water Drain running all around the 
project. Rain Water Harvesting Pit would be connected to the Storm Water Drain. Excess 
rain water will flow to common collection pit from where water can be pumped for use 
in the ash handling system. 

� Regular maintenance of pumps and valves shall be carried out. 

� Water audits shall be carried out regularly and records of water consumption and 
wastewater generation shall be maintained. 

The study has been carried out in order to identify the likely impacts on water availability and 
downstream users due to withdrawal of water from the River Ganga. All the impacts associated 
with the withdrawal of water from the River Ganga which were likely to have an effect on the 
availability of water and downstream competing users have been identified and studied in 
detail. The foremost positive impact of the project is increase in agricultural production as the  
water from the river would be pumped into intermittent reservoir which will help in increasing 
the water table of that area. 

Considering the scenario of likely impacts, there are some impacts on the ecological 
environment of the River Ganga which shall be mitigated naturally with due course of time as 
ecological cycle has a self-sustaining capacity. Moreover, there are insignificant impacts on the 
downstream users due to the additional water withdrawal due to the proposed TPP. Further, 
the  project proponent i.e. APJL also undertakes CSR activities which shall have beneficial 
impacts on the socio-economic environment. 

Looking to the overall project scenario, it has been noticed that the project in totality may be 
considered environmentally safe. 
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D/s: Downstream to water intake point;

Y,	����	�4$-������	���4���������
,	����	�4>�-=���������/L�,	����
:������/X�
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3�������	��+�#����������	���	����'%%�

�
	�� H		������	�� ���� ���	��� �	� �	�����"� ����
���� �
��"� �	������ ��#������ �� ����� ����� ��
�	����#���������������� �	��� ����#������'�����C
������H		������	�����+�#��������5�

���,��,�2�,���,��6��,�2��#	�,�1�����

,	����	��	������
-3����,	���
�����
���

$�  �-�J/� >�-�J/�

 !� $!� $!�
$!�  !� $!�

$!� $!� $!�
4� $!� $!�

$!� 4� 4�

 !� $!� $!�
$!�  !� 4�
$!� $!� $!�
 !� $!� $!�

; U/s: Upstream to water intake point. 

������	������	�	��/L�,	����	�4 �-*��	�������
�	�4A�-+�<����������/�����,	����	��4B�-*��	��

�

&�������C

�	������ ����
���	����� ����
C5 5�7��
���C5A�

��,���

�������
����������/�
A�-�J/� B�

-�J/�

$!�  !�
 !�  !�

$!�  !�
4� $!�

$!� $!�

4�  !�
$!� 4�
$!� $!�
$!� $!�

��������#������/L�
���	��+���
��

D?�



�

�	
�����
��������������
����	��������	��

 

�

�. Nauplius sp. , 2. Daphnia sp.; 3 &

�,12���A�;D�6,����
�
�
�

9�

<�

;�

3�������	��+�#����������	���	����'%%�

�

�

& 4. Brachionus sp.; 5. Keratella sp. 

�����������K��	������������,6���1��1�

>�

<�

=�

�

&�������C

�

�

�

��

DC�



�

���������	
�������
���
���������������

�
�<��"�.� �"=��."�#� �&$�>�� ���
��
���)���
���������
������	�	

�	�������	1��

<L #�
/

��
J�0�����

�
������*�
�
<L�������	���;��	�
���
��L�9������������;�����	�������
L���
���������������;�����	��
�
=	�	�����	���;��	�
������������
	�����	��;��		*�
���������
���;
�
������K	� ��$��������
�����
��/C01
�
������*�
�
CLC���
�����
�� ��$�/,�)��&H40�
<L�M�	��;���������	���;��	�
���
<��$�L�'�$�����	�����	���;��	�

�L���
������������	�����	���
��
�
���� 	�����	���;��	�
�� ���$� ���

���	
����������	����	�
������
��;��	�
����)�	������7�#.H7�2-��
�
��������	�	����
������;���	�
��


�������
�����
�����$���)�	�����
�

�
����9�2���6
������

���
��

���%�"�&�
���

���%�"�&�

4�� �H4� ��
��������
A��
����

#2

#�� �H#� �����)���� #2

7�� �H7� A����	
��� #2
5�� �H5� ,�"������ #2
2�� �H2� ,������ #2

�����
��������,�;�����)����������������

����	� ��;��	�
�*� ������ ���	���	� 
��� ���H�

��*���	��������
�����	�����
�����������

���	�����	���	�������
�������	�����	���
���	������

�
��)�
�
���������
	�1�/�0�	�����	������		*��
;��		�������K	� ��$���	��	�����

� CL�<�J
<��$�


��L���)#���
��������
��

����
�����
�� ���$� ���� ���
�����
�	� ��� E��
������.�7�
��.�8����������	�	���;���	�
��
�
����
������	�
�������
�����
�����$���)�	������&�%&

�
���E������
����;��	�
����)�	������#�.2�
��
��&�%.�
��&�-#���

��?�����	������4����������@������6�����

�

���!�
	���$"&%��.�

�%.��
	���$"&%��.�

�"=��."�#�
�&$�>�

2345K78�2#KK� %.354K4%�&#KK� 7�2.����  
���

2342�K7-�27KK� %.357K&&�75KK� 7�#.� ���
 
���

232�K22�#.KK� %.358K4#�4&KK� 7�2-� ���������
237K#7�52KK� %.32&K42�-8KK� 7�28� ���������
2342�K7%�2&KK� %.37-K28�2.KK� 7�55� >�	
�

���
�
�

�

?���
���.

��;��	�
�� ���
��K	����
���

���/��0�

�����
�	� �
�
��
�����
��

&�
��&�%%���

#�-#�������	�

�����

��7%�*.�

�����
�

	
��������
�����
�
��
��
������� 
����

-%�



�

���������	
�������
���
������������������

�
����9�A�������1?���

���
��

���%�"�&� ���
	���$"&

4�� ��
��������A��
���� #2345K7
#�� �����)���� #2342�K7-
7�� A����	
��� #232�K22
5�� ,�"������ #237K#7�5
2�� ,������ #2342�K7%

�

�
����9�B���6
�����

���
��

���%�"�&� ���!
	���$"&%

4�� ��
��������A��
���� #2345K78�
#�� �����)���� #2342�K7-
7�� A����	
��� #232�K22�#
5�� ,�"������ #237K#7�5
2�� ,������ #2342�K7%

�
����9�3�������1?�

���
��

���%�"�&� ���!
	���$"&%

4�� ��
��������A��
���� #2345K78
#�� �����)���� #2342�K7-
7�� A����	
��� #232�K22�#
5�� ,�"������ #237K#7�5
2�� ,������ #2342�K7%

�

/�0 ���"<!#��&��=���������
�� ���� �����	�
�
�;�� 	�
)���� ��)���� ���� ��
��������	
� ��� )����
����������������)�����
�

/�0 C��D�&�!�.�� ���� ����
���	
����*� �	��
	*� )�	
����������� 	�� /C��
����
	���/<��������0*���������
	�����������	�����	�����
�
�
�

��
��������,�;�����)����������������

�

���@�����;1��
�������������6�����
���

�!�
&%��.�

�%.��
	���$"&%��.�

�E "�%D"-"�#�
�&$�>�

��7

8�2#KK� %.354K4%�&#KK� &�%.�  
���
-�27KK� %.357K&&�75KK� &�%&� ���	
�����
�#.KK� %.358K4#�4&KK� &�%%� �
52KK� %.32&K42�-8KK� &�%.� �
%�2&KK� %.37-K28�2.KK� &�%5� >�	
������

��?�����	������4����������@�����C����


!�
%��.�

�%.��
	���$"&%��.�

�"=��."�#�
�&$�>�

��7

�2#KK� %.354K4%�&#KK� #�-&�  
�������
�
-�27KK� %.357K&&�75KK� #�-#� ���	
������
#.KK� %.358K4#�4&KK� #�%4� ����������
52KK� %.32&K42�-8KK� #�.2� ����������
%�2&KK� %.37-K28�2.KK� #�-&� >�	
�������� 

�

������@�����;1��
������������C����
���

!�
%��.�

�%.��
	���$"&%��.�

� "�%D"-"�#�
�&$�>�

��7

8�2#KK� %.354K4%�&#KK� &�-#�  
��
�27KK� %.357K&&�75KK� &�-#� ���	
����

#.KK� %.358K4#�4&KK� &�%-�
2KK� %.32&K42�-8KK� &�%.�
�2&KK� %.37-K28�2.KK� &�-#� >�	
������

��������
��	���)����$�	
	��	��������
������;��
����	� ����� ������
��� ��� 
���� ����)� 
�� )��
���
� 	�����	� ����� ���������*� �����
�

��)��� ��� ������������*� ������*� ����
���
��)����

�
� E����
��	� ����� ��������
�	*� ���)���
	
�����	� ��� ��;��;�	�� ����� �����
�
� 	
��0I�����������	
�
����
����*���� ������� /�
����*���
�����	��*����������
��	��*� ���	���
����	
�����	��

�

?���
���.

���

7%�*.�

�����
�
��� 
�������
�

���
���
�� 
�������
�

����

7%�*.�

��� 
�������
�


�������
�

�

7%�*.�

������
�
����� 
�������
�

���
���

��� 
�������
�

��	
��
����M���
��� ��� �����
�*� ��	!����*�
�	
*� ������*�

��
�	*� �����*�
���
�	� �����
���0I� ���"��
	��*������	���

--�



�

�	
�����
��������������
����	��������	��3�

�
-�/ ����D�'�����#���������
�

���������<	�������--����
-����������$��-&���	�/"
�)��#�$� ��)��#�$/"� ����
-
/�''��&����#�$"�
 �(�'
��������� ���� ��
���� #�
����#��"��*$��$� ���"�� �
-��''����$�� #�#$/�/� 	���
�������� ��� ����������� �
6
��������#���������������
�

-�/ 4�%����!����3�����D���	
)�')��#��$/"�����������
����5�9
���
�����	
�������
�
�����������"� ��	��� ����
2�
���������"� =������5�;
;��	��-#�H5"���%����#'���
&�%�$��/"� �		�� -�'$��
3�4�'#��/"�:
��
���-5*($�
-�*(/���#%�$� #'%��/"� �
-��(����)���#'�)��)���#'�)
�
�����������������'���#&'
�����H	��5�
�
*���	�� �����	������"���
��#��� ������ �� ���� ����
����#��
��� ��#�� ����� �
�������� �	����	��	����#��
��� ��#�� �	������ ��	
��
<����������������	������
�

-�/ �F ���������"/�������$
����	�����"� ����� ���
�	
��� 	�� �
��� ����5� '
���$$#(�$"�6���#$'��#�� $(5"
�7����� (#''���"� ��'�'�
8*)���/#7�� ��#$����"�
*(
����&�)���'��5"������#�
�
�
�

�������	��+�#����������	���	����'%%�

��	���	#���>B!�����������	����������	
���>
����/#���-+��
/"�
�����������-&����/"�
#��/#'�$�&�#
���������������-���#�/�/*$����"�� �$��')/���"��
��������� -2���(����$� '���(���$"� 2 � �/#�����/�
'�����$/����5����������	��������#������������	��
H5"���'�#�$� �/���"�� � $���'�"�� � $�(/���"�� � �#��
4#�����$"����(�"� (�%�� ���� ��')�$#�$� (�')�$

��	������ ���	����� �	� �#�������� ��� �	�		��
������	�� ��#����������������� ��������	���6
�
��	��	��7���������������-$DCB/5�

	��������������"����������	���������
����"����
�������	���	����H���"�������������	����	��0����
���
��������#���	����������	������5��

�#���
��� $? � ������ ���� ���	����� �	� �0���
;	��#��"� �
�����	#��� 
�#��������#���	������
�������#��$��#$"�� �(��(�����&�'#��'$#$/"�(������
�� �'$��� ����#"� �'$��� #'%#��$/"� ��������� �
���
��')���'$#$/"�=����-�#�4�$�&#)��'$/"�������-5��
������ ��������� -��#')�� ��/��(�$/"� �	�
)�/�������������������-�*'�/�($����#����#$/���

'��/��#$�������'���#)��#'���������	��0�������

������"��
���������������
����������������
������ �	������ -�����'#$��� )�')��#��� )�')��#��
���	����� ��� ������ 9������
���� ��#��� ����
���	��������������������������	�������5��
���
�� 1� �	������ ������� ���� ��#��� ������� 	�� >!� ��
�������
�#�#������������������	���
��#�������	

$.��������/����$�!�%�����"$��"!��D����		���
��
�� ��������� #�������	�� �	#��� ����� �	������ ��	
���� ���� ����������� �� �	��	�K� 3����� �������
"�8*%�#���� 4���#�#�����"�
�����(���#$� �5"����$#���
����$� $��������$"� 9(�&��� �:���#��"� ��#�(�$
���$� ����'%�$"� ����/���&� �5"� -�&'�� �5"��(�

���5"���)#����#��$�)#��#;��#������
���(/*���&�%�&

�

&�������C

>A�����
������
#)����-2�����/"�
�����)������"�
���� �
�����

����������#����
��"��!*)�$����
$#�$� ���5� ;����
����	�5� 7���

�������#���� ����

������-5�4#��#$�
����#���������

��� 9
0��� �	�
�����	��	��
-.)�����������
-1�'%��))'��
$�)��$/"�������
��	�� �����
��	�	�5�

�#�����<	������

�����	������
�/5� *#��� >B!!�
�5� '��� ����
���	
��
�#��"�
�5� 9�
�� �
��"�
	������5�

����	���6
�����
	��� ���� ��#���
�� -.#�//��'#��
�� :��%�#;��#�"�
$� ���#������$"�
�'�)���'� �5"�
&��$�&5�

$!!�



�

�	
�����
��������������
����	��������	

�
A�;� �����1,����,#	���
�
'����� ��������� ����	���������
�����	�	����������#�������	�����
	����<	�� �	������ �	��������� ��
	���	��������<	����
������
�
������������"�����	�������"���
�

�
'����� ���� �
������� ��
�� 	
��	�	���	�	��"����5�'����������
��#�����	��5��
�
(0	���������������
*(�#��$�����
�
��� 	�� ��#������ ��	���� ������

��������		��	����������������
�
������ �	������� �
���� ������ �
�
��� 	�� ���� ��		�� ������ ����
��������� �	���
���	�� 	�� ��		
��������� �	��
��	�� ����	�� �
���������������	�������#����
������������		���������������5�
��������� ��������� 
��� ����'
�������	�������6
����������
���-
����	����������6
�����������5�
�
�
����� ���� ������ 
�#��� ��� ��
#��������� ����� ��������� ����
����� �������� ����� ���
��� ����
�	�����7�����5�

�
7��6
�������
�������	�������
������"� ���6
���� �������� ����
	������	�����	
��	������	�

�
(
��	�������	�� 	�� ��#��� �������
��#��������	��#�����5��	������
�	����	������		��	��������	����

�
9���� 	�� ���� ��	#�� ������� �
���	���������	�	��������������	�
�

��3�������	��+�#����������	���	����'%%�

��

���� ������� ���� ��	�	������ ���������� 	�� ��#�����
�����#�����������	�������������	�����5�'�����
������ �	� ������� 	�� �6
����� ��	��#������ 	�� ��#�
����������������������	�"����������"���������	�
�
���������������
�����	�"�����5��

	�� �������� ��������	�� #�H5"� ��#��� �	��
��	�"� ��
�#���	���	��
��������������#�����#��������	�����

"��������"��������
�"���������"���	�����	������

��	�5� 2���� 
��� �0	���� ������ �	�
��� ���
����������5�

��#�� ����� ����	������� 
�	�� ��#��� ����������
����� 	�� ��#��� ����� �	�� #���	
� �
��	�5� ��
	�� ������ ��#�� ���� �	� �������� �
�� 	��� �������

����� �
�	��"� ���
���� ��	
��� ������ ��������
�����
����������	�	���������������������������
*������	���������"���#����������������	�������
'� ����;&;"���#���	��
���� ���� ��#������"� ��
�
�����������������	���������	��/��������
�����

� 	���#��� ����� ���#�� ��#��� ���� �������� 	
�������H��� ���� �����	�	������ ������� 	�� ��#��
������ �
�� ����� ����
���� �	������ ��� ���� ����

�������#�������������������	�	����������#�����
����� ���	��� ��	�� �
�������J�	������ ����
��
�#�������������	�
����	����	����	���6
������

��� ��	������� �	��
����J	������� �	��
����� ���
�	���������������	�
������������	������#�

�������������#��������	������		�������5�

�����"� ���� �	��	����� �������� ����	�� ����
������+�#��������K�

�

&�������C

����	��������
��
���#������
��������5� '���
�"���#��	�����

�������� ��#���
������������	��

��
������#����
�� ����#�� �����

��� 	��
������
�� �����	�"� ����
�� ���	� ��#��"�
�� ���� ������
��#��"������		��
������	�����
���������� ����

���������������

	�� ��	�� ����
�� �	������#����
	�� +�<������

����� ������#��
�� ���� 	� 	�"�
��	���	����#��5�

��� �	� �	� 	��
�������������#���

��#������ �	�

$!$�



�

�	
�����
��������������
����	��������	��3

�
-�/ +��	����	�� 	�� �	

��#��	����������	��
�

-�/ 2�����������	�� �����
��	� ������� �	� ��	#
������������������
�������L�

�
-�/ +��	����	��	�� 
��	�

�����	�	�������	��
�
�

-�/ +�������	��	�������	
������� �� ����� �� �
���
��L�

�
-�/ (��������	�� 	�� �����

������������	����	
�

�������������#����������������	�
>?�2&2J����� ��	����#��������
'�������%	����%����� - � 0�1!!�2
;	��#��"� ��� ���� ��#�� 	��� �
��������	�5�'	��	����J�	����
������#�������������	�����������

�
�����������������������
�<��	�
�0��#���	�����	
������#�����
����
���������������	�����������

�
�����	�������������������	�
�������
��	����"��������
�	�����
����� =�����	��� ����	�/� �	
���
������	
���������5�����	�������
����0��	���5�

�
�
�
�
�

3�������	��+�#����������	���	����'%%�

����
������ �	������#���� ��	��� ����� ����
���������������	
��	
��������������#�������

��������#���������	������#�������	���#��������
#���� ��������� ���� 	�� ���� ���� 	����� �6
����
���������������	�����0�������	����#�����	�����

�
���� ��	�� ��� ���� ��#��� ��� ����	����������
�
�	������#������
�����2��	��������������L�

	�	��������������	��	����#����	���	�	���������
��� ��#��� ���� ���� ��#��� ����� �	��������	��

�� ��#��#�� ����� ��	�� ���� ������ ��#��� �
	����#�����
�
�������	�
���	��	���0	���������5

�	��� ����������� ��#��������"����������������
�����������	
��� ��	
H���������������<� �	����	
23/� ���	�� ������� �	���#������ ����������� ��	�	
��	�	������ ������� ��� ���� �	��� 	�� �������� �
�����������������������������������������
�����������	���������#��5��

������-�������������
�����������	
�/���6
���
�������	��	��������	��������������������	��
��#����������	��������#����	
��������������5�

���	���	�����
���	��	����#�����������������	��
�������	����	�	�����������������	����������
��� �0��#���������� ����	������� ��������� �����
�������
��������	������������������������	�

�

&�������C

��������� 	��
�	��L�

��		�������� ��
�J�������	
�
�����		��������

��� �	� �	���	��

�#�����������
��� ��
��
����

����	��� ����
5�

����	��	��	����
�	����	����
	������ ������5�
��������� ����
����	�����	��

�� ����������
�6
�������	���

��������	����
��-����������
"�
���� ��	�� ����
������������

$! �





�

�	
�����
��������������
����	��������*��

B�: ����,�0���
'	��������	��	���	�	������	
���������	�� ���� ��#��������� ���

����  !$$� ���
� ����� ���� �
���	�������� ��	����� 	�� ����� #
�	��� ���� ������ ���� ����� ���� ��
2������ ���3���9������ �������
�0�������� 
���� ���� ������ ���
3����� +�	
���� ���� ��������	�"�
��������0������������
����
������
��	� �������������0���
7	���
����� �	�
�����	�� �	� �����
��������������������������
���
�������#��	��������
��������

�
B�9�� ��#�1��	4,��	���
�
'���#���������� �����	�������
9	��	"�����������9����������	�
=��������� ���� ���� 2��������� �
���	����������	�����	�������	�

�����������0
���15>5��
�
����	����  B�#������������������H
	�� ��������<� 	���� $! � #������� �
��������	��2�����"�	����B?�#������
����������	��������������#�����

�����������#���������	��������
�����J��������������������
��	��
�

������B�9D��,��,�2�,�

'���"�� ������ �����

$�

.��������� ������

 �

>�

A�

B�

?�

C�

3���9������ 2���
1�

D�

$!�

������

3�������	��+�#����������	���	����'%%�

���#,��	���,����
	���������#���������������������� ��������������	
�	��� ������
�� �	� 7�������9������� � ��#����
���� ���� 	�� ���� ���� �� ��������� ��� ����0
#������� ��	��� ����� ���� �	�������� 	�� ���� ��#
���� �������� ��� ���� �������� 	�� ��������<� ��� .��
�� ���� �����
�� ������������ ��������	�� ���������


� ����� �5��  !$$� ���� 	����� �	�
����� 	�� ��
�	#�������� 	�� .��������� ���� ��#�� ����� � �
��������������#����		�������������	����#�����

�������� ��	����	�	��� ������� �	����	�� � �5��7���
����� ���� ��� ���������������	�� ���� �	���� ��
�
���	�������	���������	���	����'%%�������6
�

����	�������
��	��-����0
���15 /5�

�,���

� ������ �	�� ��#��������� ���� �����������<"� '��<��
���	����������<������������.�������������+��
��
��	��� 	�� 2������ �������� ��� 3��� 9�����5� '�

����	��������������
���������
�����	��������	<�

H	��5�*�������	����$B1�#��������������������5�
���� ����������	
��	�� ���� �	���� $A!� #������5�3�
����������������	
��	�������	����1B�#������������
����	������������5�'����������	���	���������#
������������������'�����15$5�7��
���15$��	�15>
	���	�������#������5���

������6,���1��,����������#�����,6���1��1

����� �'"�5�
�"��"(�6�''�%���

,$��3���.� 2$�$��3���.�

���<�

��������<� C�

'��<����� $B�

9	��	� $?�

+�<������ >A�

������ $1�

9�������� $ �

����

+��
���� $!�

2���������  1�

=������������ !�

=������������� $1�

9=B�

�

&�������1

	���������	���
���� �����������
0
��� 15$5� '���
��� �����"� 	��
�������L� ����
����#��������
���������� 	��
��������� � �	�
���������	���
�����9������5�
�	����	�� ��#���
��	����������

���"�+�<�����"�
�"�=�����������"�
��� 9�	��4����
��������������

���������������
�����"� ��� ����
��������� ����
#���������������
������������

1��

�"��'�

C� $A�

 � $C�

$� $C�

$1� B �

?�  A�

A� $?�

!� $!�

$!� >1�

$>� $>�

?�  A�

?A� <<=�

$!A�



�	
�����
��������������
����	��������*��3��

�

�,12���B�9D�����,���
�,

�,12���B�<D�����,�����6,���1

�

�,12���B�>D������

�

�����7�	��+�#����������	���	����'%%�

������������#��6,���1��2������,6�������4�
��,��D��4,�1��
��
4���4����

�

1��2������,6�������4��,��,��D�#����4�����

�,�����6,���1��2������,6�������40��6�������

&�������1

�

C��

�

�����1���

�

�

$!B�



�	
�����
��������������
����	��������*��3��

�

������&��
�	�������"� !$$����
���� �����������<��������"� .������
-����	0�����/� �������� ��� ����
�	#���������	����	��D  $$��	
��
�����4�����������#�������"����	�
�������"�������"�B?B$B��	
��
�	������������4����������	����

������B�<D���#�1��	4,��	

'���"�� ��������� �'"�5�

$�

��������<�

��������<�
 � '��<�����
>� 9	��	�
A� +�<������
B� ������
?� 9��������
C�

2������

+��
����
1� 2��������
D� =����������

$!� =����������
�

*
��	��'	�����	�
����	�� ��� �����
�	�
����	�5� '��� ������ ����� ��
�	�
����	��	��$!?C C5�'��������

�����D�B�>D�����2��������2	��

'��
�"��

��������� �'"�5�

$�

��������<�

��������<�
 � '��<�����
>� 9	��	�
A� +�<������
B� ������
?� 9��������
C�

2������

+��
����
1� 2���������
D� =������������

$!� =�������������

�����7�	��+�#����������	���	����'%%�

��"��	�����	�
����	���������#���������������	��
��������2�������������"�3���9�����5�'����	�
�	�������� ������ 	�� ��	�	�� ������� �����
�	���	���	�������������������������������	�����
����	��>B?D?��	
��	��������������������� ����
	����������������������������	����������������2
�����#��5�'��������������������������'�����15 5�

	���,������6,���1��,����������#�����,6���1

�"��"(�4" ���"'.�

	"��%�����$5� ��(����$5� �"��'�

 !A!� $ 1�  $?1�
>?D$� !� >?D$�
 A11� !�  A11�
$ $!C� 4� $ $!C�
$>A $� 4� $>A $�
$DAD� 4� $DAD�

4� D?>B� D?>B�
�� 4�  >AAB�  >AAB�
�� 4� !� !�
��� 4�  >>!C�  >>!C�

�	���������
�������"���	
��$1A>B>� �� ���� �
�� �� �	���� �	�
����	�� 	�� CC? ?� ���� ���� ����
�������
������#����������'�����15>5�

�,�����	����������6,���1��,����������#�����,6

�"��'��"�5�$%�
	"/ '���"$�

���N����N
	�

���N����
N#�

��%���
��$5�

��(��
��$5�

A$1B� A$1B�  C!C�
>$!� >$!� $? �

??$!� !� ??$!� AC$>�
BADA� �� BADA� >$C!�
 DC !� ��  DC !� $?DD �
 C?>C� ��  C?>C� $C?BC�
>D1!� �� >D1!�  B >�

!� $B>?1� $B>?1� $$BDD�
!� >C$A1� >C$A1�  ?DD �
!� !� !� !�
!� B>D!$� B>D!$� >! $C�

&�������1

�

�������������
�����	�
����	��
���� A"?A"C>>�
����#��5�*������
�������������
2�������������

1��1��

�"��'�
"/ '���"$�

$$A D�
$D>>C�
$>!$D�
?B >?�
C$?AC�
D?BC�
A? BA�

$!>CA>�
!�

$ AA$$�

�	�����	������
�� ����� ��� ��

6���1��1��

���N����N
��

$AC1�
$A1�

$1DC�
 > A�
$ C 1�
DD1!�
$ABC�
>C?D�
$!$B?�

!�
 >?1A�

$!?�



�	
�����
��������������
����	��������*��3��

�

7�	�� ���� ��	#�� ������ ��� �� ��
���������� B1@� 	�� ���� �	�
���
�	�������� �����4���� ����� ��
�	�
����	������������������������
?A$?A5��
�
'��� ��������� �����4
�� 	�� ���� �
��	��� 	�� ���� ����4���� ����� ��
$?1 11����	��������	�������	�
�
*����������������������	
��A B
��	����������������4�����������
��������<��������5�
�
������B�;D�����2�������2	��,�

'��
�"
��

��������� �'"�5�

�"��'�#��
�"�5�$%
	"/ '���"

��%���
��$5�

�
�

$�

��������<�

��������<�

� DC1�

�� $

 � '��<����� �??$!�

>� 9	��	� �A$!!�

A� +�<������ �  $BC�

B� ������ � ABA!�

?� 9�������� � ?!$�

C�

2������

+��
���� �!� �$!

1� 2��������� �!� �$D

D� =������������ !�

$!� =������������� �!� �>A

�"��'� ?<@B?� ?;

�

B�<���������2��	�������

��� �����	�������� ����	�� ����
.��������"������	������	��������
	��������#����������$D B15CB����

�

�

�

�

�����7�	��+�#����������	���	����'%%�

��� ����� ?>@� 	�� ���� �	������ �	�
����	�� �� �
�	�� �� ������5� '��� �	���� ����� �	������ �	�

� ���� �������� 	�� ��������<� ���� 2������ �� ? 
���������������	��2������������������	��3���9�

	�
����	�� �� ��#��� ��� ���� '����� 15A5� ��� �� 	���
� ���� ������� �
����� 	�� �	�4�	������ �	�
���
��	�����������4������������	
�������	��$$ ?DD

?>���	����������	�	�������������������	���
�������	��������	�������	
��	������	�������	

�����	����������6,���1��,����������#���
���1��1��

$�
%�
"$�

��(����$5� ��%�

��(��
��$5�

#�,����
�N	�

#��1�
���N	�

���N����N
	�

#�,��
���N	�

#�
��

 DC1�

$?1�� $?1� $A �  DC�

!�� !� !� !� ??$!�

�!� !� !� !� A$!!�

�!� !� !� !�   $BC�

�!� !� !� !�  ABA!�

�!� !� !� !�  ?!$�

! ?1� $! ?1� B$!!� >!11?� !�

D>A>� $D>A>� $C1!B� ??BDB� !�

!� !� !� !� !�

A>1B� >A>1B� $DB$?� C!B$!� !�

;9?;� ?;9?;� ;<=?>� 9?B<BB� ?<@B?�

������� �	����	��	�� ��#��������"� ��� ������������
��������	������#�������������� ���5�����������	
������-7��
���15A/5�

&�������1

�

����� ���� ����

����	�� ��� ����
 D1?� ���� ����
����������	
��

�#��� ����� ����
��	�� 	�� ��	
��
D���	���5��

������	�$B?!C�
	�������	������

���,6�������4�

�����$5�

��1�
�N	�

���N�
���N	�

$ !C� C AA�

D?C� $ C C�

$>DA� CB B�

CB?>� >BB$?�

>!DC� AA!$!�

$>CD� B?CC�

!� !�

!� !�

!� !�

!� !�

9=?:A� 99<?@@�

	�� ��������<"�
	�������������

$!C�



�	
�����
��������������
����	��������*��3��

�

�,12���B�;D����2����1��1��	4,��

*�� ���� ����"� $1>BC5$ � �������
��	���	����������<L�'��<����L�+�
��������4�������������"���������
�������	��������	���������������

������B�=D��������,���,��,�
2

�'"�5� ��

��������<� +�
��������<� ,�
'�������� +�
+�<������ +�
9	��	� +�
������ +�
9�������� +�

�"�
�

*�� ����$D B15CB��������� ��� ��
$! > 5??�������������������	�
15B�����'�����15?5�

'	������	���������������-�
;������/

!

B!!!

$!!!!

$B!!!

 !!!!

 B!!!
�
��
��
-��

�;
��
��
��
/

��������<��

�����7�	��+�#����������	���	����'%%�

�������������������#�6,���1��2������,6������

� ���� ��� ���� �����4����� ���� ����"� �	#������ #
�<�����L�9	��	L������L�����9����������������
��	���	����������<5�'������������������������5��
����	��4�������	����������'�����15B5��

�2�,������1��1��	4,��������������������#
2������,6�������4����1��1���

�

�%�����!�����$5�
�"��'�1�"%��/����'������*�$�
4�������+�

���� >>115A �
���� D!$5?>�
����  ! $5C$�
���� C>A$5$A�
���� $$ !5!C�
���� >$? 5C1�
���� $> >�
��'� 9@<=B�A=�

������<� �������"� ��	
��  C ��������� �� �	���� �
�������5�'�����������������������
��	�����	��

�

�

�

�

�

+���� ,��� '	���

��
$1>BC5$ D!$5?> $D B15CB

$1>BC5$ 

D!$5?>

$D B15CB

�	��������9���

�������K�'	������	���������������-���
;������/

&�������1

�

��4����1��1��

�

#������� ��� ����
���������� ���
�	#����������

#�6,���1��

�	#������ ����
���������7��
���

$!1�



�	
�����
��������������
����	��������*��3��

�

�,12���B�=D�����2��	�������

������B�?D�����2��	��������

�

7	���������-���

�����
������	�4�����
��
�������-���

9������8���4�
���#�����,���������-���

%���������%��
�������*��������H����,

,����������2��������	
�'����&�	�����

&
��
������3����,���������-���

7���	��,����	����������&
������7���	�

&
������7���	�������-���

����������	���-���

'	����������������,���������-���

��������
Forest Area (in 
Hectares)

Area under Non-
Agricultural Uses 
(in Hectares)

Barren & Un
cultivable La
Area (in 
Hectares)

��������<  C AB$ 51D  C

�����7�	��+�#����������	���	����'%%�

�����������#�6,���1��2������,6�������4

�

�����������#�6,���1��2������,6�������4�

 C 

AB$ 51D

 C 5A 

$DC5A$

$>A5>

$$A!5D

1!15CA

$?1C5A>

$

1AB 5B>

!  !!! A!!! ?!!! 1!!! $!!!!

;������/

;������/

;������/

,���������[

�5������-���[

;������/

�������-���[

;������/

;������/

;������/

��������<

n-
and 

Permanent 
Pastures and 
Other Grazing 
Land Area (in 
Hectares)

Land Under 
Miscellaneous 
Tree Crops etc. 
Area (in 
Hectares)

Culturable 
Waste Land 
Area (in 
Hectares)

Fallows Land 
other than 
Current Fallows 
Area (in 
Hectares)

Current 
Fallows Area
(in Hectares)

C 5A $DC5A$ $>A5> $$A!5D 1!15CA $?1C

&�������1

�

4����1��1��

�

���1��1��

�

$! > 5??

$ !!!

a 
Net Area 
Sown (in 
Hectares)

Total 
Unirrigated 
Land Area 
(in Hectares)

C5A> $! > 5?? 1AB 5B>

$!D�





�
�

�

Source�Sustainability�Study�for�Drawl�Of�Water�From�River�Ganga�for�Godda�TPP� Chapter�9

9.0 �IMPACT�ASSESSMENT�STUDY��DOWN�
STREAM�USERS�

�
9.1�� PROLOUGE�
�
As�a�part�of� the�study,�probable�downstream�users� impacts�associated�with� the�proposed�
withdrawal�of�water�from�River�Ganga�have�been�identified.�For�evaluation�of�impacts�due�
to�the�proposed�project,�the�baseline�data�has�been�utilized.�
�
9.2�� PROBABLE�IMPACT�ON�DOWNSTREAM�USERS�AFTER�WITHDRAWAL���
������ OF�WATER�FROM�RIVER�GANGA��
�
Mainly� the� water� is� used� for� irrigation,� drinking� and� other� domestic� purposes� by�
downstream� users.� Due� to� proposed� withdrawal� of� water� from� Ganga� River,� water�
availability� during� the� monsoon� and� winter� season� will� not� be� affected� for� downstream�
users� as� per� the� water�availability� study� as� sufficient� water� is� available� in� the� river.� But� it�
may� affect�up� to� certain� extent� during� the� summer/lean�season.� However,� water� drawl� is�
not� proposed� during� lean� season.� After� tapping� of� water� from� the� River,� there� will� be� no�
major� negative� impacts� on� the� water� availability� of� the� river� and� also� the� d/s� competing�
users.��
�
Impact� due� to� proposed� water� drawl� for� Godda� TPP� on� water� availability,� water� quality,�
ecology� as� well� as� socio�economy� of� local� people� at� downstream� of� the� intake� point� has�
been�assessed�on�the�basis�of�data�collected�from�CWC�for�nearest�GD&Q�site�Azmabad�for�
the� year� 2006�2016.� The� impact� on� water� availability� at� downstream� due� to� proposed�
withdrawl� of� water� for� Godda� TPP� is� presented� in� Table� 9.1.� It� is� clearly� seen� from� the�
analysis� of� discharge� data� that� the� water� availability� at� intake� site� stretch� of� river� Ganga�
from� June� to� December� varies� from� 1700� to� 17492� cum/sec� at� 90%� dependability� (Figure�
9.1).� However,� the� average� discharge� required� to� pumped� is� only� 3.0� m3/s� (including�
sediment�flushing�which�will�come�back�in�the�river)�for�proposed�thermal�power�plant.�The�
analysis� of� change� in� the� water� flow� at� downstream� of� intake� point� after� the� proposed�
withdrawl� of� water� for� Godda� TPP� from� river� Ganga� varies� from� 0.01� to� 0.21%� at� 75%�
dependability,�whereas�0.01�to�0.25%�at�90%�dependability�of�flow.�As�the�overall�change�in�
the� water� flow� at� downstream� of� the� intake� point� is� likely� to� be� 0.020%� at� 75%�
dependability�and�0.03%�at�90%�dependability.�Therefore�APJL�can�withdraw�the�36�MCM�
water�from�the�proposed�intake�site�without�affecting�the�downstream�users.�
�
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TABLE�9.1:�IMPACT�OF�WATER�DRAWL�FOR�GTPP�ON�WATER�AVALIBILITY��
AT�DOWN�STREAM�OF�PROPOSED�INTAKE�SITE�

�
Sl.�
No.�

Month� Proposed�
Withdrawl�

Monthly�Water�Discharge�(m3/s) Monthly�Water�Discharge�
(MCM)�

%�Flow�Withdrawal

Quantiy�
(in�MCM)�

75%�
Dependability�

90%�
Dependability�

75%�
Dependability�

90%�
Dependability�

75%�
Dependability�

90%�
Dependability�

1� January� 0 1,285� 1,026 3,441.74 2,748.04� 0.00%� 0.00%

2� February� 0 1,074� 867 2,598.22 2,097.45� 0.00%� 0.00%

3� March� 0 811� 752 2,172.18 2,014.16� 0.00%� 0.00%

4� April� 0 824� 731 2,135.81 1,894.75� 0.00%� 0.00%

5� May� 0 951� 748 2,547.16 2,003.44� 0.00%� 0.00%

6� June� 7 1,259� 1,098 3,263.33 2,846.02� 0.21%� 0.25%

7� July� 6 5,392� 3,840 14,441.93 10,285.06� 0.04%� 0.06%

8� August� 4 22,357� 17,492 59,880.99 46,850.57� 0.01%� 0.01%

9� September� 4 18,985� 13,132 49,209.12 34,038.14� 0.01%� 0.01%

10� October� 4 7,820� 5,342 20,945.09 14,308.01� 0.02%� 0.03%

11� November� 5 3,492� 2,342 9,051.26 6,070.46� 0.06%� 0.08%

12� December� 6 1,948� 1,700 5,217.52 4,553.28� 0.11%� 0.13%

Overall�
36 � 174,904.36 129,709.38� 0.02%� 0.03%

�

�
There�are�seven�numbers�of�small�and�medium�weirs�constructed�in�lower�Ganga�basin.�The�
storage�capacity�of�dams/barrages/weirs�are�mostly�filled�in�June�&�mid�of�July�month.�The�
store�water�is�used�for�agricultural�and�ground�water�recharge�in�these�regions.�
�

Thus� substantial� quantity� of� water� shall� overflow� the� anicuts� during� monsoon� and� flows�
towards�the�downstream�of�propose�intake�structure�and�finally�disposal�in�the�River�Ganga.�
�
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