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Saskatchewan Orphan Well and Facility Liability Management

Introduced in 2007, LLR Deemed Asset OE m3 x Industry Net Backx 3 year

Liability Management
Program (LMP) pays for
wells and facilities
where owners have
gone defunct.

~ Deemed Liability - (Abandonment + Reclamation cost) x PVS

. Uses Security Deposit
system

*  Where inadequate
security exists, annual
levy, paid for solely by
oil and gas licensee,
pays for the shortfall

For defunct licensee with inadequate security deposit

Company Deemed Liability

I F L =
Soley Industry Funded Orphan Levy = Cleanup X Industry Deemed Liability
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Redwater Case

 Redwater Energy Corp., a small Alberta oil and gas
producer went into bankruptcy in 2015

* Months before bankruptcy, Redwater secured a loan
from Alberta Treasury Branches (ATB).

* Redwater defaulted on loan payments, ATB applied to
the court to appointed receiver to liquidate their assets.

* Receiver applied Albert a Energy Regulator &AER) to sell
(transfer the license) Redwater’s best wells (20 wells)
while leaving the remainder (71 wells) for the Orphan
Levy to pay for the clean up.
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Court Case Courts Decision

Leaving cost of clean up of 71 unsellable

On May 17, 2016, the Alberta Court of Queen’s

wells to the Orphan Levy sets a precedent Bench released its decision siding with the

where secured creditors would be repaid receiver:

before the environmental cleanup costs were * Receiver permitted to renounce

covered. This position is supported by the unsellable assets

Canada Bankruptcy and Insolvency Act. * Receiver cannot be considered a licensee
* Receiver cannot be forced to assume

On the other side, AER has regulatory liabilities on unsellable assets

Support to restrict receiver from tranSfer s Recejver cannot be bound by

license (selling) just the “best wells” unless reclamation orders

they put a security deposit or reclaim the * AER cannot to refuse the asset transfer

non-sellable well. application

* On April 24, 2017, in a 2-1 ruling, the Alberta

Saskatche\./vaere-IIs and Facility Total Court of Appeal upheld the lower court’s
Deemed Liability is $4.37B. decision.

Actual liabilities may be much greater as * On February 15, 2018 appeal hearing is held by
liabilities are calculated on deemed values, Supreme Court of Canada, decision is pending

assumes that turn-key reclamation cost of a

well is <$25K. g8 Matrix Solutions Inc.




Site Specific Liability Assessment
SLA)*:

SK PROBLEM SITE DESIGNATION

* SSLA consists of a stand-alone
Pl, PIl ESA and SSLA report.

Total SSLA for these 127 problem sites is
. g?l;l,ggoeltjasnasptgﬁsa%?;t estimate 5 mUnassessed  mAssessed | EStimated to range between $25M - $1.3B
remediation options and
remediation schedule.

* Must include a full remediation 40

cost (background or Tier 1).

* Track accurate liabilities under 30
the LLR program to protect the
Orphan Fund.

* SSLA site remediation costs 20
ranges from $200K to over tens
of millions of dollars per site.

* Nearly all of the SSLA site’s 10
Contaminant of Concern is
chloride associated with
produced water.

Facilities Wells

Matrix Solutions Inc.
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Site Specific Risk Assessment (SSRA)

Protects applicable site
specific receptors and
prevent unnecessary work

* Provide high level of
certainty on permanency
of the remediation work

* Compatible with existing
and active operations

* Reduced environmental
footprint of ex-situ
remediation, landfill
space, traffic, GHG and
topsoil and subsoil borrow
area
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Improved
accessibility
and
organization of
Pl ESA
information to
construct a
conceptual site
model that
assist in rapidly
developing a
defensible and
representative
PII ESA

All information
organized in
this process
can be viewed
from GIS
interface and
incorporated
intoin
proceeding
modeling and
analytical work
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Near instant 3D Conceptual Site Model Visualization
output viewed under popular web browsers

Excavation  Volume each

Depth v Estimated Salt Mass

from surface

oy (m?) in each of the Layer!
(t)
Na cl S04
6.5-7.0 925.1 1.276 1.776 2.720
6.0-6.5 925.1 1.278 1.785 2.714
5.5-6.0 923.8 1.278 1.795 2.701
5.0-5.5 923.8 1.281 1.807 2.692
45-5.0 925.9 1.289 1.822 2.692
4.0-45 925.9 1.293 1.839 2.679
3.5-4.0 932.1 1.308 1.861 2.694
3.0-3.5 932.1 1.313 1.883 2.677
25-3.0 932.1 1.318 1.905 2.658
2.0-25 933.4 1.325 1.929 2.644
1.5-2.0 933.4 1.329 1.950 2.624
1.0-15 933.4 1.332 1.968 2.606
0.5-1.0 934.4 1.335 1.984 2.596
0.2-0.5 560.6 0.802 1.199 1.551
0.0-0.2 374.2 0.536 0.804 1.032

Total 13015.4 18.3 26.3 37.3



SSLA Contaminated Salt Mass Quantification

TOTAL SSLA VOLUME SSLA VOLUME SPIGEC 4 CRITERIA SSLA VOLUME ROOTING ZONE SPIGEC 4

Depth Volume Na (t) Cl (t) SO4 (t) Volume Na (t) Cl (t) SO4 (t) Volume Na (t) Cl (t) S04 (t)

-7 541.1 0.6) 1.2 0.9 449.4 0.5 1.1 0.7 0.0 0.0 0.0 0.0
-6.5 541.1 0.6) 1.2 0.9 448.5 0.5 1.1 0.7 0.0 0.0 0.0 0.0
-6 541.1 0.6) 1.2 0.9 448.5 0.5 1.1 0.7 0.0 0.0 0.0 0.0
-5.5 541.1 0.6) 1.2 0.9 447.7 0.5 1.1 0.7 0.0 0.0 0.0 0.0
-5 541.1 0.6) 1.2 0.9 447.7 0.5 1.1 0.7 0.0 0.0 0.0 0.0
-4.5 925.9 1.3 1.8 2.7 832.5 1.2 1.7 2.4 0.0 0.0 0.0 0.0
-4 932.1 1.3 1.9 2.7 838.7 1.2 1.8 2.5 0.0 0.0 0.0 0.0
-3.5 932.1 1.3 1.9 2.7 838.7 1.2 1.8 2.4 0.0 0.0 0.0 0.0
-3 932.1 1.3 1.9 2.7 838.7 1.2 1.8 2.4 0.0 0.0 0.0 0.0
-2.5 933.4 1.3 1.9 2.6) 839.0 1.2 1.8 2.4 0.0 0.0 0.0 0.0
-2 933.4 1.3 1.9 2.6 839.0, 1.2 1.8 2.4 0.0 0.0) 0.0) 0.0)
-1.5 933.4 1.3 2.0 2.6 837.9 1.2 1.9 2.4 837.9 1.2 1.9 2.4
-1 934.4 1.3 2.0 2.6 838.1 1.2 1.9 2.4 838.1 1.2 1.9 2.4
-0.5 560.6 0.8] 1.2 1.6 502.3 0.7 1.1 1.4 502.3 0.7 1.1 1.4
0 374.2 0.5 0.8] 1.0 334.4 0.5 0.8 0.9 334.4 0.5 0.8 0.9
Grand Total | 11,097 15.0 23.5 28.4| 9,781 13.6 22.1 25.1| 2,513 3.7

Matrix Soliltio;is Inc.
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Real-time Cost Estimates

FULL REMEDIATION with Compacted Clay Replacement Calculated Estimates  |Reference
Total Unit cost per m3  |Total Unit cost per m3

Project Coordination & Management 512.63 512.00
Ground Disturbance Preparation 53.62 52.66
Site Stripping and Top Soil Salvage 55.79 51.25
Overburden or Salvage Soil Excavation £15.73 513.77
Impacted Soil Excavation, Hauling and Disposal 510.26 538.26
BackFill $17.32 £16.28
Site Restoration 56.95 §5.11
Laboratory Analysis (Confirmatory Sampling) 50.58 50.55

TOTAL £102.88 592.88

g Matrix Solutions Inc.




Instant Output — Detail SSLA
Remediation Cost Details

Rooting Zone Remeliiation Costs [SPIGEC 4 Applied)

Hours/Otherwise
oo | e | ST | et

Input interface integrated default values or
ability change any values

Desoriptions Tnput Caloulated Units
Excavation Yolumes Project Coordination & Management
Impacted Scil Excavation Volume 1201640 1301840 cubie metres work Pian Development 5% of 5130 1839 5239053
Suface Ares stripped 50 157000 Square mees Project and Project 10% of $130 3678 5478106
Ouerburden Sunsm\-T Exca\flal;d‘a;\\df Slaluagédﬂns‘\l; :. 5601 :: cuswcms:rss et it sueli seeos sttt
“opsoil-Total Volume Excavate cubie metres e cheiiche: iak- o A N e P
Topsail- Excavated Volume Mot Impacted-Ssheaged ] 000 cubie metres et B I° mpetees of & 2
Data Acquisition, Management and IT {Lab analyses, GIS and
Ground Disturbance Preparation 200 2 $COM m 8%of 5130 e=L.c) $3524.85
Engineering, Design and Technical Analysis 17% of $130 6252 $8,127.30
Site Stripping and Top Soil Salvage v 0 $CON Final Report 15% of $130 5517 717158
. Field Work [Sample,Monitar, Supervise, Audit, Per Diem,
Overburden or Salvage Soil Ezcavation 4 73126899 $COM eeoarisantion riparcasaaacel auree e isais
Excavation Equipment Cost .
Excavation Equipment Puerage Costbr 4 16000 $COM Laboratory
-avation Operator Aug costrhour d 50.00 $COM Leboratory Analysis {Confirmatory Sampling) 53.00/m3 of ISE 57,542.00
Excavation (Admin/ForemantyfearTearOT Augthr) 4 2500 $CON
c i 1 $COMIm3 Ground Disturbance
fon Default ¥alue Co-etficient (Do Not emave) 1000 ‘Ground Disturbance Preparation [calculated on total
Landfill Hauling and Disposal excavation valume) $2.00/m3 of 152 5502800
Distance to Waste Disposal Faciity 7 77 kilametres
Puwerage Hauling Speed 0 100 kilometresthour site Stripping and/or Top Soil Salvage
Lozdng Time 02 021 hour Excavation, Earth Moving, Liner, Segregation, Storage s235/hour 000 s0.00
Unloading Time 07 02 hour
Hauiing Tire [ AT hour y
‘Overburd Sal Soil Excavati
Truck Haul Capacity per Load ] 12 oubie metres O e
Trucking Cost 4 5 30N Excavation, Earth Moving, Liner, Sezregation, Storage 5235/haur 000 50.00
Tipping Fee ] 12 $COMPeubic metres
Impacted Soil Excavation, Hauling and Disposal
Backfill Imported Material Yolume Hauling 5145/hour 22626 532,807.70
BaskiilHmpon -Topsoil 4 G100 oubie metres Landfill pisposal s13/m3 251a00m3 3268200
Backfilimport -Subsoil 4 32022 cubie metres =
Baskfil-mpot-Snd fonly applies to Rooting 20ne reme diation zrez"0.1m) 000 cubis metres Lo s it $60,981.35
Erackfillimp: g zone remediation are) 000 square metres [Factars used:
Distance from site to landil: [ RERREE 77km
) ) ) Average spesd velacty 100 km/haur
Backfilling (place in lifts, compact and contour) (Subsaoil engineered system (AZ) i 17232 3C0M DFR T ——— T o
Caleulated Backfiling hauled in materia! [ N EEEI 678 $COMIMS =
Backfill Cast Table (for each fill type), hauling s ofloading unkrxtg 2nd bsfrg, 0.2 hour, B2 b, 72 hove,
Truck payload capacity 13m3
Site Restoration 4 G85391299 $COM
Backfill
Topsail $12 31/m3 s02Em3 £6,189.07
clay (impermeable subsoil backiil $1.99/m3 307508 m3 $6,119.02
Project Coordination & Management 5 5 $COM ¢ (mp ) Lk 2 o 2k
Viork plan development 4 20 peroent (lease input a= decim ‘5and [Rooting 2ane engineerad capillary cut-off ) 57.69/m3 167.6m3 51288.84
Projeet Coordination and Praject Management d 155 percent [please input as decim ‘Geotextile [Rooting zone engineered system) 51.0%/m2 1,676. m2 $1,820.86
Clent, Fequiator and Lendowmer nd updates, HicS Oblgations, Kick-off meetings ] 554 percent please input 13 decim, Hauling 54862 fload 32201 513,595.87
Diata Aoquisition, Management and T [Lab analyses, GIS and IT] 4 4 peroent [plezse input as decim. illin lifes, molsturize, compact S235/hour Sish se1.280.35
Engineering, Design snd Technical Analysis [ir} 1224 percen [plese input 32 decim R S
Final Report i3 1524 percent [please input as decim ~ T T
Field Work T ise Audi, Per Diem, Equipment, Mileage) 04 40 percent [please input 45 decim Backil volume iz grester than excavated volume s imported Fll |- oY eSSy | compaction i masium | dispesed volume
oo e e s 1370 kg/m3 cry bulk demsity “1677
materislz will be compacted in the excavation to preven e = e
job! 'subsidence and resist recontamination
Sum equals 100, good job! bz  resist recontaminati i
Project Coondination & Management Hauiing cos based on barraw site to project site t be within im
Average Cost per hour 4 130 $C0N
Restoration
Laboratary site Restoration (Topsoil piacement, contour, drainage,
Labaratory Analysis [Confirmaton Sampiing) Cost 3 3 $COM amendments, vegetation) £10.47/ms3 of I5E s26,327.27
TOTAL $328,273.71

Matrix Solutions Inc.
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Modelling Workflow - CSM

1) Understanding derived from available data
2) Framing the problem / develop hypotheses

Source
-Site History,
Contaminants,
GW/Soil Samples

Step 2 Step 3

Receptors

Numerical g
IDUR haieie Conceptual Devel , Predictions
e Modelling evelopmen (Beyond Existing
and Data; Future &
(3D CSM) Calibration Options)

Pathways
-GW, SW
- Local/Regional

Hydrogeologic
Setting

Matrix Solutions Inc.
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Numerical Models
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Uncertainty — Numerical Model

Test different interpretations and assumptions.
Conservative with respect to assessing risk to
receptor:

- Greater down VG =2 increased risk to deeper
receptors

- Lesser down VG > increased risk to shallower =
receptors

Lighter orange — near guideline; Darker orange — well beyond guideline




Sodium chloride contaminated soil excavation to 2m bgs
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Remediation Scenarios Model Comparison
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Remediation Scenario Modeled Crop Productivity

Simulated Transpiration (mm/year over 90 year simulations)

Grass Alfalfa Beans
Full remediation 223.2 100% 223.6 235.2 100%
No remediation 16.2 7% 32.8 15% 23.7 10%
1m excavation + cut off layer 190.2 85% 240.5 108% 219.5 93%
1.5m excavation + cut off layer 190.5 85% 259.4 116% 218.4 93%

30 cm capillary cut-off sand layer equivalent installed

Matrix Solutions Inc.
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Applying the process to a Complex Active Facility
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Modified System — Engineered Cap

Engineered Cap and Topseil Placement Liner Detail

Perforates HDPE Pipe.

Engineered Cap and Topsoil Placement Leak Detection System Cross-section

=== Loak Detection System

48 Matrix Solutions Inc.
[EEEE] impoted Topsol ENVIROWMENT 8 ENGINEERING
[ Imeoned Impermeable Clay
s [
[ Texe! 040C Geotexile 8
[ Salinty Impactod Material Engineered Cap and Topsoil Placement

C ual Design S
-} - &= T
Vaacn 3010 e T
L3 i o s o R e s e

Rewece Not To Scale
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Summary

CSM and SSLA tools facilitates in rapidly accessing and analyzing a large set
of information (GIS), allows complex concept to be realized into 3D visual
models and frees up time and money to focus on acquiring better
delineation data, Numerical Modeling and uncertainty analysis, and explore
larger numbers of remedial options and calculate the costs Iin real-time

All data created from SSLA are geospatial can be used in all future modeling,
assessment and analysis

SSRA protects applicable receptors and prevent unnecessary intrusive
excavation work by helping to reduce the environmental footprint of ex-situ
remediation, i.e., landfill space, traffic, GHG and topsoil and subsoil borrow
area, disturbance to wetlands

Provides a higher level of certainty on permanency and efficacy of the
proposed remediation work (uncertainty analysis)

Remediation actions take into account compatibility with existing and on-
going active operations (pipelines, EOR facilities)

Currently working with the regulators to develop a site closure through SSRA
g8 Matrix Solutions Inc.




Office Locations

SASKATCHEWAN
Weyburn

Box 279, 1780 Railway Ave.

Weyburn, SK S4H 2K1
Phone: 306.842.3088
Fax: 306.842.3356

Swift Current

#2 505 N Service Rd. W
Swift Current, SK S9H 4X5
Phone: 306.773.3009
Fax: 306.773.3109

Regina

34A Great Plains Rd.
Emerald Park, SK S4L 1B7
Phone: 306.781.7750
Fax: 306.781.7751

Oxbow

874 Prospect Ave.
Oxbow, SK SOC 2B0
Phone: 306.483.2179
Fax: 306.483.2197

Matrix Solutions Inc.

Lloydminster
102A 1625 — 50th Ave.

Lloydminster, SK SQV 1T3

Phone: 306.825.6900
Fax: 306.825.6907

Kindersley

3A, 1319 — 11th Ave. W
Kindersley, SK SOL 1S0
Phone: 306.460.9635
Fax: 306.463.2190

Saskatoon

102 — 116 Research Dr.
Saskatoon, SK S7N 3R3
Phone: 306.649.3320
Fax: 306.649.3321

24-Hour Spill Response
1.877.774.5525 or
1.877.SPILL25

20
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