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DISPOSAL OF WASTEWATER DISCHARGED FROM
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Disposal of Wastewater from Coal

Mines and Power Plant

The coal power plant produces recurrent and incidental wastewater. The
recurrent wastewater consists of ultra-filtration backwash drainage, thick
water, which is acid alkali wastewater of the boiler make-up water treatment
system. It also release desulfurized wastewater that is alkali wastewater of
condensate polishing. The incidental wastewater includes rinse water of air
pre-heater and chemical washing wastewater.

The mining waste, called Acid Mine Drainage (AMD), is highly toxic. It
contains heavy toxic metals such as arsenic, cadmium, cobalt, nickel, iron,
copper, and lead, which are carried into streams and groundwater, causing
contamination in aquifers.

The water samples with higher values of TDS and SO4 taken from the area
possessed heavier metals. So, as a result of AMD, surface water (rainwater
and pond water), shallow subsurface water, and rocks, which contain
sulfur-bearing minerals, combine chemically to form sulfuric acid. Due to
bacteria, the process of heavy metal leaching from acid-contacting rocks
significantly speeds up. The fluids from this are extremely hazardous and
likely to harm people, animals, and plants when combined with sail,
groundwater, and surface water [41, 42].

Highlight

Acid Mine Drainage, which is the waste from coal mines, contains toxic
heavy metals including arsenic and lead that are carried into streams

and groundwater, causing contamination.

Operating coal-dependent thermal plants is not the most affordable way to
provide power especially because the cost of renewable energy sources is
decreasing. The construction of more efficient plants will result in a smaller
contribution to greenhouse gas emissions. Any legislation that Pakistan will
promulgate in the coming months and years to mitigate the disastrous
impacts of climate change will, in any case, limit generation of power from
sources that contribute to these gases. This is true even if the long-delayed
environmental standards are not implemented in the case of coal-fired
power plants.




If, by ignoring the two arguments mentioned above, any additional
coal-based energy generating facilities are still constructed in the areq, the
health of the neighboring population will suffer considerably. Centre for
Research on Energy and Clean Air (CREA) disclosed the average number of
deaths expected from these coal mining and power plant activities in Thar.
Some 29,352 fatalities on average are expected per pollutant over a period
of 30 years due to these activities in the region [35]. Moreover, about 12,458
cases of ischemic heart disease and 39,515 asthma emergency room visits
(by children and adults) indicate the severity of these two main health
problems [35].

As the residents of Thar continue to suffer, there is still no consensus on
proper disposal of wastewater released from the coal mine and power plant
in TCB-I. According to a few respondents, effluents would be disposed of in
a planned reservoir in Dukkar Chaou. Others, however, believe that TCB-I will
use the Gorano reservoir to discharge wastewater and that more water
won't be released into the projected Dukkar Chaou reservoir until the Gorano
reservoir reaches capacity.

Loss of life
29,352

is the average number of fatalities per pollutant expected over 30 years

from coal mining and power plant activities in Thar.

Making matters worse for the residents, the government authorities have
walled off the entire site of Block-I to prevent the locals from accessing the
area. According to a study carried out by Pakistan Fisherfolk Forum in
September 2020, grazing space for some 20,000 animals of the locals has
been blocked with an iron fence around the TCB-I mining site [50]. Another
report published in Dawn in 2022 states that SSRL started dumping
wastewater on the grazing pastures of two TCB-I neighboring villages,
Tilwaiyo and Warwai, in October 2021. In Tilwaiyo, a sweet water dug well
has been contaminated.

In TCB-Il, wastewater from the power plant is 1000 m3/day. The SECMC
claims that some wastewater that is re-injected into the third aquifer will be
treated and used for dust suppression. However, the exact volume of
wastewater to be injected is not known.




The waste consists of sewage from the mine service area (370 m3/day),
sewage from the township (500 m3/day), and oily water from the main
service area (160 m3/day). A pipeline has been laid from the mining of
Block-Il to Meghay Jo Tar village, where a plant for water reinjection has
already been built. Across the world, treated water is injected into aquifers to
avoid degradation of groundwater. But, in Thar, contaminated water is
injected into aquifers to pollute groundwater [51].

According to SECMC, a small volume of water is reinjected into the third
layer of the aquifer, and it does not impact the aquifer used by the local
people for drinking water. The SECMC authorities claim that drained water
comes from the second and third aquifers, which are 120 meters and 180
meters deep, respectively, and has no impact on the top 55 meters deep
aquifer, which is utilized for drinking water by the local population.

However, the dewatering at the site caused a decrease in the water table of
the first aquifer in the surrounding area of TCB-I|, i.e., along the vertical axis,
varying from 48 to 90 m in depth [49].

The disposal of brine and wastewater has also spoilt the first aquifer's water
quality, and environment and social life of Tharis. Cases of malaria have shot
up in areas surrounding the wastewater reservoirs. Animals are dying
because of ingesting wastewater discharged by coal mines and power
plants. The water level of drilled wells near the coal mines is dropping (details
in Annex-II).

5. Economic Costs of Wastewater Disposal

Around the world, waste disposal system is used as an approach for pollution
control, which must comply with regulations regarding its design, location,
and operation. The TCB-Il is expected to create roughly 156,000 tons of
hazardous waste, but the authorities are yet to complete their work on
building a wastewater disposal system.

Back in 2017, the government of Sindh authorized a plan worth PKR 3,250.150
million to build a reverse osmosis pre-treatment system. The Thar Coal
project was to receive water through the Left Bank Outfall Drain (LBOD) after
being lifted from its RD-362 near Jhuddo settlement of Mirpur Khas and
treated at the Nabisar reservoir. The project is ongoing since a decade with
no completion in sight. SECMC, an independent power producer (IPP) and
the commercial partner in this joint venture with the Sindh government,
planned to lay a pipeline to supply water. However, Dawn reported on
November 10, 2021, that this was delayed due to technical difficulties [52].




Unfortunately, the information collected from reports, surveys, and interviews
related to wastewater is inconsistent and does not corroborate. The only
confirmed information available is that the industries are dumping
wastewater into natural depressions and nearby towns rather than
processing and disposing it in evaporation ponds or re-injecting it into the
third aquifer. A comparison of reported produced by the companies and
existing disposal methods is presented in Table 13.

Table 13. Comparison of reported by companies and existing disposal method

Reported by companies Existing

. Evaporation | Re-injection into Villager’s land /
Requirements / effect pond Groundwater aquifer | natural depressions
Land requirement \/ \/ \/
Conveyance system 4 4 Ve
Possibility of groundwater recharge v e
Economical /
Less skilled labor required v
Skilled labor required / /
Treatment v v
Possibility of available groundwater’s
contamination \/ ‘/
High operational and maintenance cost v V4

Submerging the lands of these villages with untreated wastewater is the
most cost-effective solution for companies. However, in contrast to the
reinjection method, this one requires extensive land. Both the methods
recharge the confined aquifer.

A survey revealed that the SSRL started dumping wastewater on the grazing
land of villages Tilwaiyo and Warwai of TCB-I. The SECMC has been
discharging wastewater from its plant in Bitra and Jaman Samoon villages,
which has rendered water in dug wells unfit for use.

No matter which method the companies select, wastewater disposal is
costly. Whether they do it by installing treatment plants, laying pipelines,
establishing reservoirs, coating reservoirs with geo-membrane and soil
sealant or by installing reinjection plants to operate and control pollution
produced by coal mines and coal power stations. Although no labour is used
to dump wastewater on village lands, all other methods require skilled labour
along with high maintenance and operational costs. All methods also require
a conveyance system.
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Diversion of Water from Nara Canal

to Thar Coalfield

Being a lower riparian area of the Indus River system, Sindh frequently faces
water shortage. The irrigation network and its distribution mechanism are
unable to meet the irrigation demand of farmers.

The water demand for Thar coalfields is planned to be met by the existing
lined water carrier canal from Makhi Farash Complex to Nabisar and a
pumping-based piped supply system from Nabisar to Vijihar [46]. The
diversion of surface water to Thar is expected to complicate the distribution
of water from Nara Canal.

Nara Canal tail area is a chronic water shortage area, especially during the
summer season when demand for water is at peak. The scarcity of water in
Nara Canal has led many farmers to move out of this area. However, in the
last few years, through better management of the tail end distributaries,
Nara Canal is receiving more water than before.

In a situation where demand fails to meet the supply of water, the allocation
of irrigation water to the Thar power plants is causing much unrest among
the farming communities, especially those from the tail end of the Nara
Canal system.

6. Infrastructure Development

The detailed description of the infrastructure developed for the diversion of
water from Nara Canal at Farash Complex to Thar coal power plants through
the water carrier (Figure 18) is as follows:

Concrete Thar Coal Water Carrier

The water carrier channel runs 61 km parallel to Hakro Dhoro, the main
natural drainage carrier channel. The carrier channel lies in an area where a
mild slope, parallel to Hakro Dhoro, allows water to be routed to Nabisar to
feed Thar’s coal storage ponds. The carrying capacity of the water carrier is
200 cusecs.

Currently, the requirement of TCB-Il is 35 cusecs. But after the establishment
of Block-V, the water demand will increase to 90 cusecs. Therefore, the
maximum discharge of 200 cusecs will not be required to supply to Thar coal
power plants in the coming years as it depends on the development of other
blocks.




Component-I: Realignment and sectioning of
Nara canal from Chotiari Reservoir to Farsh
complex

Component-ll: Concrete Water
Carrier from Farsh Complex to

Nabisar

Component-lll: Pipeline carrying
water from Mabisar to Vijhar

Water carrier from
LBOD to Nabisar

Figure 18. The map of the entire system carrying water from Nara Canal
and LBOD to Nabisar water ponds and from Nabisar to Vijihar water ponds [47]

The total cost of this infrastructure development is PKR 12,111 million, which
includes the cost of the water carrier channel and other associated
infrastructure. Component-1 (PKR 6,213 million) of this development
comprises earthwork of Makhi Farsh link canal, its CC lining, and structures
like head and cross regulators of off-taking distributaries, road bridges and
culverts, pipe outlets, etc. Whereas component-2 (PKR 5,897 million) includes
the costs of Thar Coal Water Carrier and other associated costs of bridges,
culverts, inlet and outlet structures, cross-regulators, drainage structures,
siphons, pedestrian bridges, etc [48].

Water Treatment Facility for Supply to Power Plants

Another lined water carrier has been constructed by the Sindh Irrigation
Department with a carrying capacity of 100 cusecs from spinal drain/LBOD
at RD 362 to Nabisar, which will be supplied to Thar coal power plants
through a pipeline after treatment at Nabisar. Two 26 km-long lined channels
have been constructed. One channel is meant to transport water from LBOD
to the water treatment facility at Nabisar, while the other to carry brine,
produced after the treatment, back to LBOD. The treatment facility is
associated with the 100 cusecs supply of saline water from LBOD to Nabisar.




To treat raw water from the existing LBOD, a water treatment facility has
been constructed close to water ponds at Nabisar. Initially, the RO plant was
designed on a single parameter ie, 10,000 ppm TDS. Later, after the
detailed analysis of LBOD water, it was revealed that without pre-treatment
of LBOD water, RO would be incapable of handling other impurities (i.e., BOD
and COD, etc.), and suspended solids present in LBOD water.

To address this issue, a Conventional Activated Sludge process was
designed that failed to serve the purpose, thereafter the Membrane
Bioreactor (MBR) technology was adopted to ensure smooth operation of
the RO plant.

The capacity of this RO plant is 35 cusecs and it is meant to supply treated
water to TCB-Il. However, it is learned that the RO plant and other treatment
facilities at Nabisar have not been utilized for the treatment of LBOD water
so far. The total cost of this project is PKR 14,325 million, which covers the
cost of building the lined channels, pumping stations, power stations,
pre-treatment and treated water reservoirs at Nabisar, and other ancillary
works, such as fencing, approach road, and water testing lab, etc. [49]

Pipeline from Nabisar to Vijihar

The length of pipelines from Nabisar to Vijihar is 62 km, with a capacity for 35
cusecs of water. The gradient from Nabisar to Vijihar is 72 meters and
therefore, the water needs to be pumped. The pump house consists of four
pumps of 450 horsepower. To meet the energy requirement, there is one
powerhouse, comprising two generators with a capacity of 650 KW.

The cost of the infrastructure developed between Nabisar and Vijihar is
around PKR 15,652 million. This includes the cost 62 km long pipeline, pumping

station, power station, and other associated costs.

Pipeline from Vijihar to Thar Coalfield

There are two water reservoirs at Vijihar that keep the water stored till it is
transported through another pipeline from Vijihar to the Thar coalfield.




6.2. Water Diversion and Irrigation Rights of
Farmers

Volume of Canal Water Diverted for Coal-Fired Thermal
Power Plants

The total requirement of water for all coal blocks to be developed under the
Thar Coal Energy Generation Project is 300 cusecs. Out of 300 cusecs, 100
cusecs will be pumped from LBOD that will be treated through an
ultra-filtration (RO) plant established at Nabisar. The other 200 cusecs water
is planned to be diverted from the Nara Canal system at Farash Complex
near Dhoro Naro, and will be transported to water ponds situated at Nabisar
through the Thar Coal Water Carrier, as shown in Figure 19. This scheme has
been designed to meet the long-term water requirement of the Thar coal
power plants.

Alakhi-Farsh Link Canal off-taking from Chotiari
Reservoir (Lower Nara)

Figure 19. View of Farsh Complex [47]




Economic Implications of Water Shortage

There is a fear that the farming communities in the command area at lower
Nara Canal, especially below Farash Complex, will face an irrigation water
shortage once the irrigation water (200 cusecs) is diverted to the Thar coal
power plants through water carrier channel. In addition to the concrete
water carrier channel to supply water to Thar coal power plants, three other
distributaries — Thar Canal, Sufi, and Heeral Distributary — take off from the
Lower Nara at Makhi Farsh. Due to the heavy sediment load carried by the
Nara-Makhi-Farsh canal, these distributaries suffer frequent silting and
require regular dredging.

The command area of the three distributaries (almost 24,000 acres) is
cultivated through 97 watercourses (23 WCs on Thar Canal, 34 on Sufi and
40 on Heeral distributary). It is feared that because of diversion of 200
cusecs of irrigation water to Thar coal power plants, the cultivation on
24,000 acres of land will be highly compromised, aggravating water scarcity,
loss of farmers’ livelihood, and worsening of food security.

According to the Sindh government, improving conveyance efficiency
through the realignment and re-sectioning of lower Nara Canal between
Makhi weir and Farash regulator and the lining of the water distributaries will
conserve water. Therefore, it is believed that the shortage of water in
irrigation systems due to the diversion of water from irrigation systems to
Thar coal power plants will be compensated with improved conveyance
efficiency.

Although farmers have not faced any issue related to water shortage so far,
they fear that once the water is diverted to Thar coal water carrier, then
conflicts and tensions will build among water users. Currently, farmers are
expecting to get more water because the canal is lined, and are hoping to
expand their irrigated land if water is freely available. For instance, farmers
at the tail end of the Thar canal and Sufi distributary experienced a good
flow of water during the Rabi season of 2021. But when the total amount of
water, which is 200 cusecs, is diverted to Thar coal power plants in future, it
may cause water shortage in the area.

The most vulnerable farming communities are those who own agricultural
land at the tail end of Thar Wah, the tail of Thar canal and the mid and tail of
Sufi distributary. Given the limited availability of water to them at present,
they are extremely skeptical about the situation of water in future.




Areas Affected by Diversion of Water

Land acquisition issues have also cropped up in the area where lower Nara
Canal was realigned to fix the curve in Nara Canal.

From Farash Complex, the Thar water carrier has been constructed
alongside the Dhoro Puraan (a water drain) till Nabisar, without having any
issue related to land acquisition. This is because it was constructed on the
public land i.e., the land owned by the irrigation department but not on the
privately owned land. Other canals taking off from Farash Complex are either
lined or the work is in progress without harming any community living along
those canals. Therefore, this development has no direct impact on the
community.

Canal Water Diversion — The Legal Aspect

The legal aspect of diverting water from irrigation to non-irrigation purpose,
i.e. Thar coal power plants, is unclear. It has not been defined or documented
in the apportionment records of water. Logically speaking, the farmers and
other water users living in the Nara Canal command area, especially in the
lower Nara Canal area, have rights to water in the system.

The distributaries and watercourses have predefined water allocations,
based on the demand of the command area. In contrast, the share of water
to the Thar carrier has yet to be allocated from Nara Canal head.

Under the current circumstances, it seems that the Nara Canal will continue
to receive the same volume of water as before. It means that the
distributaries in the command area must sacrifice their due share of water
for Thar coal power plants. Consequently, the irrigation rights of the farmers
will be compromised.

To justify the water diversion to Thar coal power plants, the mega project of
the lining of canals, realigning and re-sectioning of lower Nara Canal was
initiated to improve the capacity, performance, efficiency, and reliability of
the systems. Therefore, the government is reasoning that the improved
efficiency will cater to the demand of the existing users and the Thar coal




6.3. Water Diversion Carrier’s Technical and
Social Implications

Technically, the water carrier between Farash Complex and Nabisar has
been designed and constructed keeping the farmers’ rights under
consideration. Farmers were taken into confidence and their concerns were
addressed. Pedestrian bridges, road bridges to connect both sides, and
drainage facilities have been provided to the communities.

The construction of the 60 to 62 km-long water carrier from Farash Complex
to Nabisar has divided the communities living on either side of the carrier.
These inconveniences were taken into consideration while constructing the
water carrier. Several bridges have been constructed over the water carrier
to connect communities living on both sides of the water carrier.

Potential Risks of Drainage and Flooding

Prior to the development of the Thar water carrier, the farmers settled along
Farash Complex and Nabisar used to discharge water into Dhoro Puraan
(drain). Farmers also used water from the drain in case water became scarce
for irrigation. However, after the construction of the Thar water carrier, the
natural drainage lines on left side of the drain have been blocked, barring
farmers from either using or discharging water into it. The water carrier’s
construction has also increased the risk of flooding.

The irrigation department has addressed some of these concerns through
different infrastructure development, including inlets as shown in Figure 20.
However, the risk can exacerbate in late monsoon season, when the Kharif
crop, especially cotton, is ready to be harvested.

Inlet (water Water drained
into Dhoro Puraan

L

- ‘Water outlet from drain
to field for irrigation

Figure 20. Infrastructure developed along the water carrier channel [47]




Potential Flooding Risks at Vijihar

Water is pumped from Nabisar and transported to Vijihar through a pipeline
and is stored in two ponds close to Vijihar settlements. These ponds are
excavated ponds and are at a slightly lower elevation than the Vijihar
settlement. Therefore, there is a low risk of flooding in the towns.

The community members living close to the pipeline report that pipeline
leakages have flooded their villages in the past. But the concerned
authorities were able to avert serious damages.

Based on this past experience, they fear that any malfunction in the pipeline
carrying water to Vijihar ponds or from Vijihar to Thar coalfield may threaten
their settlements.

Land Acquisition and Resettlement Issues

The land acquisition, resettlements, and payment of compensation have
always remained an issue ever since the inception of Thar coal power
projects and the developments associated with it. This is despite the
authorities’ claims that all the important issues have been addressed.

In terms of the water carrier’'s development, interestingly the process of
acquiring land between Farash Complex and Nabisar by the Irrigation
Department was smooth, as the carrier was constructed on public land
along Dhoro Puraan. The department, however, faced issues in acquiring
land in areas where Nara Canal was realigned to improve the conveyance
efficiency and save water.

Figure 21. Pipeline Infrastructure from Nabisar to Vijihar. Source: authors

The communities settled between Nabisar and Vijihar report that although
the authorities have installed the pipeline and constructed small structures
on their land, as show in Figure 22, they have not been compensated. The
underground pipeline on the Nabisar-Vijihar stretches across land of high
commercial value.




6.4. The Farmers’ Perspective

Farmers in the canal command area faced severe water crisis in 2022.
Irrigation water was insufficient for the Kharif crops, especially cotton and
sugarcane. They were unable to grow vegetables.

The water scarcity has exacerbated poverty and food insecurity, especially
in lower Nara Canal areas. Sporadic measures taken by the authorities, such
as deploying Rangers every now and then to check water theft, are unlikely
to end peoples’ miseries. A transparent and efficient allocation mechanism
must be implemented to protect the local communities against any form of
adversary. Also, diverting water from agriculture to non-agricultural use
cannot be justified [50].

Impacts of Water Carrier on Neighboring Farmers

During the focus group discussion, farmers who own land on both sides of
the channel, expressed that the elevated embankments of the water carrier
restricts their movement. They say it is inconvenient and time consuming to
cross the carrier via bridges built a kilometer away.

They are concerned about the blocking of inlets in case of rain and flood.
They are apprehensive about possible structural faults and seepages from
the carrier that may degrade the land quality.

Potential Water Scarcity in Future

The farmers at Sufi distributary, Thar Tail and Thar Wah distributary are well
informed about the Thar coal water channel and the government’s plan of
water diversion (Figure 23). They point out issues pertaining to the current
water crisis and worry that water diverted to Thar coal power plants may
cause further shortage in future.

Poor and deprived farmers at the tail reaches, especially at Thar Wah,
complain of receiving less water than others. They are able to cultivate only
a few acres of their total land. Low crop yield and compromised agricultural
practices have rendered them powerless and poor.

While the influential farmers can convince the irrigation department to
maintain a slope in the irrigation channels to ensure better availability of
water for them, the poorer ones remain disadvantaged, which often causes
conflict between the influential and uninfluential farmers. The government
has deployed Rangers in the area to maintain order.
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Figure 22. Focus group discussion with farmers at tail end of Sufi and
Thar Canal. Source: authors

Impacts of Pipeline and Reservoirs in Vijihar

Participants of the focus group discussions conducted in Thar villages,
located along the Nabisar-Vinjhar pipeline, report that the pipeline has
leaked twice in the past. They say that if similar incidents occur again in
future, their houses, crops, and livestock will suffer immense harm. They
cannot comprehend how fresh water is supplied to the Thar power projects
when local villagers do not even have access to potable water.

6.5. Environmental Implications

During the flood season, the surplus flow of Dhoro Puraan is diverted to feed
the downstream Shakoor Dhand (lake). With increasing water requirements
of Thar coal power plants, the surplus water will be diverted to them instead
of the lake.

Dhoro Puraan is a main source of freshwater to downstream lakes, especially
Shakoor Dhand. The overall biodiversity of the lake predominantly depends
on the flow and quality of water reaching the lake. It naturally creates a food
web within and a life-sustaining ecosystem. If the volume of water allowed to
flow into the lake is reduced, the quality of water will degrade, and adversely
affect the ecosystems.

Impact on Fisherfolk

The infrastructure development in Thar is likely to impact the fisherfolk at
Shakoor Dhand. Water diverted to the coalfields will needlessly destroy their
livelihood.

Impact on Flora and Fauna

The Thar coal water carrier has restricted the in-land movement of wildlife
across the carrier. Moreover, it is planned that the water carrier will be
fenced on both sides, which will further restrict their movement. Also, during
surplus flow, Dhoro Puraan used to serve as a carrier of fish to downstream
lakes from Nara Canal. The built infrastructure will restrict this kind of natural
movement.
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Conclusion and Recommendations

This study has explored the detrimental effects of coal mining and
coal-based power operations on water resources in Thar. It has come to the
conclusion that this region’s groundwater resources run the risk of being lost
due to excessive mining of coal here. As it has amply proven, mining activities
interfere with groundwater recharging and aquifer re-filling. Mining and
power generation also aggravate climate change by releasing toxic
materials in the atmosphere. Likewise, their toxic emissions and effluents are
hazardous for natural resources both aboveground and underground. They,
therefore, harm water resources as much as they hurt agriculture, livestock
and biodiversity. While all these effects are already apparent in TCB-II, the
government is showing little caution or regard for them while developing
TCB-I. Firstly, its development will need a site for the disposal of its saline
effluent. This effluent may get dumped at Dabri and Saringwari villages.
Villagers living around Gorano reservoir worry that it, too, might be
discharged in Gorano — just like the effluent of TCB-Il — before it is diverted
to somewhere else.

Similarly, the unchecked utilization of Thar’s groundwater sources for mining
and power generation will create both qualitative and quantitative problems
as far as the access to water is concerned.

The apprehensions of farmers living at the tail end of Nara Canal about
losing their share of water, especially during summers, are also legitimate. It
is, however, obvious that the government is more concerned about ensuring
uninterrupted mining and power generation activities in Thar than
addressing the concerns of these farmers regardless of the fact that the
diversion of canal water to power plants will lead to a loss of livelihood and
food security in villages irrigated by three tail distributaries of Nara Canal.
This is especially so because no addition is being made to the water
released in Nara Canal but a higher portion of its water is being allocated
because of the channel built for carrying water to power plants than the
combined amount of water to be supplied to all the three distributaries
originating from Farash regulator.

While such complaints are always audible in and around Thar, they seldom
make it to the national news media or the mainstream public and policy
discourse. This is because they are either drowned by all the propaganda
about development of Thar or they are stifled throughv a combination of
coercion and cooption.




Lastly, the mega-level mining and power generation activities have been
started in Thar without first conducting a serious and scientific research
about their possible impacts. Consequently, the government lacks the
institutional and legal mechanism to curtail these impacts and to mitigate
them through the development of a suitable socio-economic infrastructure
that helps resolve conflicts on the one hand and provides adequate and
equitable access to education, healthcare, employment opportunities,
housing and pollution-free environment to those displaced and displeased
by these activities.

This study recommends that:

e A Lifecycle Assessment Study (LAS) of costs, benefits, and externalities of
coal mining and coal-based power generation in Thar is carried out. This
study should include a comparison of costs and benefits, including all
conceivable externalities, of all the mining and power-generation
operations over their expected 50-year lifecycle with projects of similar
nature and magnitude involving renewables sources of energy such as
solar and wind. Only after such a study is carried will it be possible to
decide whether to continue coal mining and coal-based power generation
in Thar or phase out them out as soon as possible. Such a study is all the
more needed because the government studies done hastily to justify the
exploitation of coal reserves have underestimated the impact of coal
mining on Thar’s water resources as well as on the local people and the
local environment.

® Sindh government should set up an institution to develop and manage
water resources in Thar. This special institution should include experts of
hydrology, irrigation and water conservation along with the
representatives of communities concerned. It should also be given
resources and must be authorized to plan, design, and manage the use of
precious water resources in these zones, keeping in mind the equity and
sustainability principles. The revenue being generated from Thar’s coal
reserves must be utilized to finance it.

® This institution should install groundwater monitoring equipment in Thar,
collect data about the changes in it and analyze those changes on a
regular basis in collaboration with a university or a research institute. The
findings of these analyses must be shared with local communities. These
analyses should also be used for suggesting solutions to the problems
identified during the monitoring process.

® The same institution should similarly monitor groundwater resources,
including dewatering ponds such as the one set up at Gorano. The results
of this monitoring should be recorded, reported and analyzed on regular
basis.




Sindh government should establish a high quality water-testing
laboratory to periodically analyze the quality of water Thar's wells,
particularly those located in around the mining areas and wastewater
disposal sites. This laboratory should generate real time information on
water quality and suggest mitigation measures to protect human and
livestock health in the area. Its reports on water quality assessment
should be made public so that the people can avoid using water from the
contaminated wells.

A compensation strategy should be devised with adequate financial
allocation for those sites where dewatering might have a detrimental
impact on the quality of groundwater so that people living there can
utilize that compensation to plan and develop alternative livelihood
sources.

Sindh government should extend Reni canal from district Khairpur to Mithi
(and as far beyond as the desert’s terrain allows) in district Tharparkar via
Umerkot as a means to replenish Thar’s groundwater resources during the
summer floods.

Sindh government should use the riverine and in-field seasonal shallow
well technology connected to a network of pipes and overhead water
supply tanks to develop a reliable and safe drinking water supply system
for Thar.

Energy policy should focus on phasing out coal-based power plants — just
as many governments across the globe are doing — in order to protect
and preserve Thar's precious water resources. The government should
instead utilize Thar’'s mostly dry weather and vast expanse to produce
solar power.
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ANNEXURE-I

Modelling of impact on water availability due to groundwater
extraction for mining and plant operation

In the aforementioned studies, different models were invoked, viz, MODFLOW
flow model, GWDREI finite volume model, etc. Aimost all models that are used
to predict the behavior of aquifers require information that includes
hydrogeological units, recharge, discharge, and aquifer properties.

The process depicted below in Figure 23 is mandatory to run a model for
simulating different scenarios. In the above-mentioned studies, the model
was calibrated for two possible conditions which include high flow and low
flow condition which is attributed to the hydraulic conductivity of the layers.
The results were validated against field data obtained for layers 1, 3, and 5
during drilling operations. During the calibration process, four parameters
were adjusted to improve the results of the model, viz; hydraulic conductivity,
general head boundaries, the thickness of the Coal Seam Floor aquifer, and
recharge. For the low flow calibration process, the residual means square
error (RMSE) ranged from 2.38 to 3.73 m while for high flow conditions, the
RMSE varied from 248 to 3.73 m for different layers. The dewatering of
aquifers is needed for coal abstraction from pits.

Calibration Validation m

Figure 23. Flow chart showing steps of modeling

To depressurize the third aquifer, 29 tube-wells are operational at each site
of TCB-I and TCB-II. The TDS of abstracted water varies from 3000 to 8000
ppm. The simulations have been carried out by the experts to assess.

e The influence of numerous integrated mine block operations on
groundwater resources

e Required abstraction rates to dewater the aquifers beneath the Dune
Sand and Coal Seam Roof

e Required flow rates to depressurize the confined aquifer
e Dewatering rates for more than 25 years with | year time interval

e The availability (aquifer yield) of the groundwater resource within the main
aquifer units.

The model was run for low and high flow scenarios. In the low flow scenario,
the value of hydraulic conductivity was taken as 7.5 m/day while for the high
flow scenario and the hydraulic conductivity was used as 16.4 m/day. These
values were based on results derived from pumping test data.




The model results were obtained for active depressurization of Layer 5
(Coal Seam Floor aquifer), passive drainage of Layers 1to 4, and potential
impact on people of Thar in the vicinity of the coalfield. Following findings
were put forth in previous studies after carrying out simulations through
calibrated and validated MODFlow model.

® The predicted annual abstraction rates for the TCB-lI and TCB-Il are
illustrated in Figure 24 — 285. Figure 24 represents abstractions for high
flow conditions while Figure 25 depicts withdrawal for low flow conditions.
These results are reproduced from Numerical Groundwater Modelling
Report prepared by WSP UK Limited.

e When compared to the pit of TCB-Il, TCB-I has the highest dewatering
rates for the Dune Sand and Coal Seam Roof aquifers. The Dune Sand
aquifer's saturated thickness is greatest in the region of block TCB-I (>15
m) in the mining area of the south compared to the north (10 m). Similarly,
when compared to the remainder of the mining region, the thickness of
the Coal Seam Roof aquifer (approx. 5 to 15 m) is greatest in the area of
the block | (about 10 to 30 m).

e When all mine activities are operational in TCB-I and TCB-Il, it records the
highest level of abstraction in 2022. Abstraction peaks at about 313985
m3 / day in the high flow scenario. After the aquifer has been
depressurized, the abstraction rates gradually decrease during the
remaining years of the mine's life, keeping the heads at the required
elevation at the pit's base.
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Figure 24. Predicted rate of abstractions for Block-1 and Block-Il under high
flow condition (K = 16.4 m/ day)

e The thickness of the Coal Seam Floor aquifer influences the abstraction
rate required to depressurize the aquifer in different blocks. Groundwater
transmissivity and storage are highest in areas of greater thickness in
TCB-I, necessitating higher rates of abstraction to lower groundwater
heads in stipulated time. Because TCB-ll has the smallest aquifer
thickness and is additionally affected by interference from other mine
block pumps, it requires lower rates of abstraction to depressurize.
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Figure 25. Predicted rate of abstractions for Block-1 and Block-Il under low
flow condition (K = 7.5 m/ day)

e When coal mining in TCB-I and TCB-Il is active, the abstraction rate for
TCB-IlI drops dramatically, according to the model. The abstraction rate
necessary to maintain the pit dry has decreased by 55 percent by annual
time step 6, from 181,440 m3/day in year 1 to roughly 83,000 m3/day in year
5. By year 9, the rate has dropped to 50,000 m3/day, and after 30 years,
the pumping rate has dropped to 18,000 m3/day.

e Once all mine activities are operational, the peak abstraction is recorded in
2022. Abstraction peaks at 145,596 m3/day in the low flow scenario, just
under half of the peak high flow scenario abstraction rate. After the aquifer
has been depressurized, the abstraction rates gradually decrease during
the remaining years of the mine's life, keeping the heads at the required
elevation at the pit's base. Although the magnitudes of abstraction rates
are lower, the trend is consistent with the high flow scenario.

® The model predicts that the Thar Fault creates a considerable barrier to
groundwater flow, causing the cone of depression to propagate to the west
and north of the mining area. It has a substantial impact on nearby mining
blocks' dewatering activities.

e Compared to the abstraction rates required to depressurize the Coal Seam
Floor aquifer, the dewatering requirements for the dune sand and coal
seam roof aquifers are minor. Mine operators are unlikely to need to actively
dewater these strata, instead of relying on passive seepage into pit sumps
to limit groundwater inflows.

e According to the model estimates, 31% of RO plants will be within a
50-meter drawdown zone after 10 years. Within a 100-meter drawdown
zone, 13% of RO plants are located. After 30 years, 65 percent of RO plants
have reached a declining zone of 50 meters. Within a 100-meter drawdown
zone, 25% of RO plants are located.

® Dewatering and depressurization operations in mines have the potential to
have a major influence on current water supplies (e.g., tube-wells used to
supply water to village RO plants). The tube-wells that receive water from
the lower (Coal Seam Floor) aquifer will be the most affected. Tube-wells
that extract water from the Dune Sand and/or Coal Seam Roof aquifers, or
from sand lenses within the Sub Recent, may also be impacted, only locally.




ANNEXURE-II

Name of villages where interviews were carried out

1. Aban Jo Tarr

2. Abdullah Ji Wand

3. Abun Jo Thar

4. Ajbo Bheel

S. Allanabad Hajam

6. Bheel Paro Village

7. Burho Tarai Khamesy Bheel Ji Dhaani
8. Chachhar Morhalla

9. Chachhar Village

10. Chotho Kohli

11. Dablu Vikio

12. Dano Paro

13. Darya Khan

14. Dhabri

15. Dorath Paaro Seenher
16. Dorath Paro

17. Ghopo Ji Dahani

18. Gorano

19. Gorano-Ladho Village
20. Hameer Paro

21. lbrahim Jo Goth

22. Jaam Ji Wand

23. Jan Muhammad Khokhar Jo Tarr
24. Jeando Dars

25. Jhani Dars

26. Kaheri Village

27. Kanjyani Paaro

28. Khaario Ghulam Shah
29. Kheso Ji Dhaani

30. Khokhar Jo Tarr

31. Lanjo Nooro Ji Waand
32. Madano lbrahim

33. Male Puto

34. Malho Bheel

35. Manglani Paaro

36. Mansing Paro

37. Mato Jo Tarr

38. Meghwar Seenhaar
39. Mero Phaani

40. Meway jo Tarr

41. Morani Ji Dhaani

42. Moraro

43. Mureed Jo Tarr

44, Mutu Jo Tarr

45. Neebraj Dam

46. Nehal Jo Parr

47. Nirbhami

48. Pabuhari

49. Rahimo Paro

50. Sanghar Vikio

51. Sarang Ji Dhaani

52. Sasan Paro

53. Seenhaar Vikio

54. Shameer Vikio

55. Shivo Bheel

56. Suleman Hajam

57. Syed Aehsan Jo Tarr
58. Talwai

59. Talwayo

60. Tarai Borch (Lakhani)
61. Tarao Borah

62. Thario Halepoto

63. Veeha Ji Dhaani

64. Verwahi Rahman Village
65. Vikio Paro

66. Village Junejo

67. Wasayo Dhaani (Morrano)
68. Wasayo Pota Village
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APHA American Public Health Association

BDL= below detection limit

NGVS No Guideline Value Set

NSDWQ-= National Standard for Drinking Water Quality

PSQCA = Pakistan Standards Quality Control Authority, *PSQCA/NSDWQ 2010

Note: The sample is provided by the client and this report is valid only for
the sample provided.

Remarks: Found unsafe for drinking purpose for highlighted analyzed parameter
only under prescribed standard.

Terms and Conditions

0 Results in this report relate only to the test items/sample submitted and tested.
o Analysis report is not valid for court use or business publicity.

o PCRWR does not accept any responsibility regarding accuracy of sample
collection procedures if collected by the client.

e Water Quality Parameters exceeding the WHO (2004)/NEQS-1999/NSDWQ-2010
guideline values are highlighted
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