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GIS Database platform data analysis and presentation

Example showing the groundwater quality trend analysis and result for Barium
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Shallow (fresh), Intermediate and Deep groundwater zones
(Modified from John Cherry, Munk School of Global Affairs, May 2014)
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Formations used for water disposal range from Lower Cretaceous (1200 m) to Mississippian.
Scale is aporoximate.

I & BC Oil and Gas Commission Oll and Gas Water Use in British Columbia

Salinity versus depth in deep groundwater (from BC Oil and Gas Commission)




Wastewater treatment (1)  overuse of water that could lead to depletion and water- quality

degradation particularly in water-scarce areas;

(2)  surface water and shallow groundwater contamination from

4 spills and leaks of wastewater storage and open pits near drilling;

(3) disposal of inadequately treated wastewater to local streams
and accumulation of contaminant residues in disposal sites;

(4) leaks of storage ponds that are used for deep-well injection;

(5)  shallow aquifer contamination by stray gas that originated from
the target shale gas formation through leaking well casing. The
stray gas contamination can potentially be followed by salt and
chemical contamination from hydraulic fracturing fluids and/or
formational waters;

(6) shallow aquifer contamination by stray gas through leaking of
conventional oil and gas wells casing;

(7)  shallow aquifer contamination by stray gas that originated from
intermediate geological formations through annulus leaking of
either shale gas or conventional oil and gas wells;

(8)  shallow aquifer contamination through abandoned oil and gas

Shale formations wells;

(9) flow of gas and saline water directly from deep formation
waters to shallow aquifers; and

(10)  shallow aquifer contamination through leaking of injection

wells.

Water use g

Abandoned wells
e 8

Intermediate-depth formations

7 e

- _; Deep saline water formations

Schematic illustration (not to scale) of possible modes of water impacts associated with shale gas development
(Vengosh et al., 2014)
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Federal guidelines Provincial guidelines

Aquatic Life Freshwater
Short Term (Chronic)
Aquatic Life Freshwater

Long Term (Acute)
Agriculture Livestock Agriculture Livestock Watering Chronic (30-Day Mean)

Agriculture Livestock Watering Acute (Maximun)

Recreational Recreational Chronic (30-Day Mean)

Aquatic Life Freshwater Chronic (30-Day Mean)

Aquatic Life Freshwater Acute (Maximun)

Recreational Acute (Maximun)
Wildlife Chronic (30-Day Mean)

Wildlife (Acute Maximun)
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DETAILED ANALYSIS
SCATTER, PIPER, MEKKO
PLOTS
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Groundwater - Springs
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Piper plot for samples taken from springs grouped by sampling periods



Groundwater - Bedrock Wells
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WATER QUALITY INDEX



Parameter

Water Quality Index

B —

CCME Aquatic

Life objective
(Long term)

‘

Comment

1 | Aluminum (total) ug/L 100 | Depends on pH. 100 pg/L for pH>6.5
2 | Arsenic (total) ug/L 5
3 | Cadmium (total) ug/L 0.09
4 | Copper (total) ug/L 2 | Depends on Hardness. 2 pg/L for Unknown hardness
5 | Iron (total) ug/L 300
6 | Lead (total) ug/L 1 | Depends on Hardness. 1 pg/L for Unknown hardness
7 | Mercury (total) ug/L 0.026
8 | Molybdenum (total) | pg/L 73
9 | Nickel (total) ug/L 25 | Depends on Hardness. 25 pg/L for Unknown hardness
10 | Selenium (total) ug/L 1
11 | Silver (total) ug/L 0.1
12 | Thallium (total) ug/L 0.8
13 | Uranium (total) ug/L 15
14 | Zinc (total) ug/L 30
15 | Chloride ug/L 120000
16 | Fluoride ug/L 120
17 | Nitrateas N ug/L-N 13000
18 | Nitrite as N ug/L-N 60
19 | pH (Field) 6.5-9.0

The 19 parameters selected to calculate the WQI
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WQI Trend
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2.- Upper Peace River watershed

WwaQl trend

Legend
P

= = PRRD boundary

E PRRD watershed boundary

— Main Streams

BCMOE Water Quality Index (WQl) trend
@ <0.0 (decreasing)
@ 0.0 (flat)

@ >0.0(increasing)




ANOMALIES
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POTENTIAL IMPACT ON
WATER SUPPLY

BARIUM IN GROUNDWATER



Groundwater - Barium Concentration
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Groundwater - Barium Concentration
Station 5 (BC MoE ObsWV # 286)
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Groundwater - Cl, Na, K, and SO4 concentrations
Station 5 (BC MoE ObsWV # 286)
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Well #7 and #8 (high producing wells) are the
main source for water supply for Tumbler
Ridge.

Overburden aquifer 635: Thickness 7 - 12 m.
Depth between 30 - 45 m below ground.
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3D
HYDRO-STRATIGRAPHIC
MODELING
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CONCLUSIONS



Access to data on surface water and ground

the PRRD. What has been achieved

CONCLUSIONS - GENERAL

'water is difficult in

| throug

1 this project should

improve public access to water related information.




CONCLUSIONS - SURFACE WATER
(SW2)

@The change in WQI has been used to estimate the improvement
or worsening of the water quality over time. Produced maps
appear to indicate a general worsening of the water quality
versus time.

@After 2000 we observe an increasing presence of chloride,

sodium and sulphate in surface water.




CONCLUSIONS - GROUNDWATER

We observe an increasing presence of sodium and sulfate in
groundwater (after 2000), and in spring water (after 2011), and
we also observe a higher level of mineralization of the
groundwater from bedrock wells after 2011 (i.e., the major ions

are present at a higher concentration). However, we cannot
draw the conclusion that there has been an increase over time

because we don’t have the dataset from the same wells. This
confirms the need of building a dataset over time for selected

monitoring locations.




RECOMMENDATIONS



RECOMMENDATIONS

@ That the newly developed data base be presented to appropriate
regulators and provincial decision makers and request that, in
collaboration with the PRRD, a review of all updated
information be completed biannually in order to continue with
trend analysis.

@ That the Province be encouraged to share with the public, all

new water information in a timely manner.




RECOMMENDATIONS

@ That the Province, through the North East Water Strategy Working Group (a working group that
includes input of local knowledge on water initiatives), determines at risk watersheds or parts
of watersheds and conducts further assessment to identify causes and create mitigation
strategies.

@ That the BC Ministry of Environment and the Ministry of Forests, Lands and Natural Resource
Operations be requested to create regulations to characterize and monitor the movement of
fluids in the intermediate zone between the depths of 500 meters and 2,000 meters.

@ That the Province be requested to implement monitoring programs to continue to define water
baselines both for quantity and quality in areas of the region that are poorly defined or
monitored.
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LIMITATIONS

This presentation and associated report (further referred as “this report”) was prepared for the PRRD and T8TA. In evaluating the available information, GW Solutions
has relied in good faith on information provided by others.

The produced graphs, images, and maps, have been generated to visualize results and assist in presenting information in a spatial and temporal context. The
conclusions and recommendations presented in this report are based on the review of information available at the time the work was completed, and within the time
and budget limitations of the scope of work.

The findings and conclusions documented in this report have been prepared for the specific scope of work of this project, and have been developed in a manner
consistent with that level of care normally exercised by hydrogeologists currently practicing under similar conditions in BC.

GW Solutions makes no other warranty, expressed or implied, and assumes no liability with respect to the use of the information contained in this report, for other than
its intended purpose. Any use which a third party makes of this report, or any reliance on or decisions to be made based on it, are the responsibility of such third
parties. GW Solutions accepts no responsibility for damages, if any, suffered by any third party as a result of decisions made or actions based on this report. All third
parties relying on this report do so at their own risk. Electronic media is susceptible to unauthorized modification, deterioration and incompatibility and therefore no
party can rely upon the electronic media versions of GW Solutions report or other work product. GW Solutions is not responsible for any unauthorized use or
modifications of this report.

The PRRD and T8TA may rely on the information contained in this report subject to the above limitations.

GW Solutions makes no other representation whatsoever, including those concerning the legal significance of the information provided, or as to other legal matters
touched on in this report, including, but not limited to, ownership of any property, or the application of any law to the facts set forth herein.

If new information is discovered during future work, including sampling, predictive geochemistry or other investigations, GW Solutions should be requested to re-

evaluate the conclusions of this report and to provide amendments, as required, prior to any reliance upon the information presented herein.




