CREATING AND DELIVERING BETTER SOLUTIONS
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Conservation of Soil and Groundwater at a
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ENVIRONMENTAL SETTING

« Located 65 km southeast of Fox Creek, Alberta and 85 km southwest
of Whitecourt, Alberta.

 1-hour drive on rough, windy oll field gravel road with washboard, steep
slopes and narrow one lane bridges with limited load rates.

o Site has high annual
precipitation.
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Site Attributes

o Former well drilled in 1987.
« Decommissioned in 2001.
 Forested Crown (public) Land.

o Lease Is cut and fill construction.

 South portion of the lease Is a flat terrace, north
portion Is a steep slope 40 m upgradient of a
creek.
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NEED FOR PROACTIVE MANAGEMENT

 Decrease environmental liability.

 Understand financial status of companies
and partners.

« Lifecycle project management.

 Proactive management creates favorable
company reputation.
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Over-riding Goals and Issues

» Reforestation and restoration of the flora and
fauna.

« Conserve and reuse existing natural resources.
 QObtain a reclamation certificate.

 Recognize affects of current and
potential land use for remote
sites.

« Work safely.




Valued Ecosystem Components Needing Conservation

e Aquatic Ecosystem.

- (Creek approx. 40 m from north edge of lease)

e Existing forest vegetation.

e Solls for forest production.




PRINCIPLE CONCERNS

« EUB -doesn't allow partial treatment of oilfield waste.

o AENV - advisor for risk reviews should in situ materials have residual
contamination.

« ASRD - do not want to accept lands with residual liability or potential
future “adverse affect”.

 Alberta Forestry Service — equivalent capability for forestry
production of lodgepole pine.

« Agreement that steep slope and land use eliminate groundwater as a
receptor. Receptor pathway of concern is the freshwater aquatic life
e adjacent creek.




43,000 tonnes — salts
and PHCs

18,500 tonnes -PHCs

61,500 tonnes total
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Cross-section through Flare Pit
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Soll Contamination

 Total PHC concentrations in soil ranged from
2,880 ppm to 78,000 ppm (BTEX, F1 to F4).

* Chloride concentrations in soil ranged from 0 ppm to "' :
2,500 ppm. S

« EUB required treatment of both contaminants upon
excavation.

« PHC contaminant distribution allowed for some
segregation of contaminant types.

« Salt contamination associated with F3 to F4
drocarbons and condensate releases.




Groundwater Flow Patterns

* Investigated groundwater flow direction and rates.

 Application of groundwater contaminant distribution modelling &
(Visual ModFlow).

o Installed 12 monitoring wells on site, 4 drive-point wells off site.
e Stratigraphic units:
— Till
— Weathered siltstone — water bearing unit
— Mudstone and siltstone
« Strong upward gradient on northside of lease. i '




Groundwater Flow Patterns
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Groundwater Quality

 Chloride concentration between 93 ppm and 1,340 ppm.

 Discharge criteria of 230 ppm continuous release (Surface
Water Quality Guidelines for the Protection of Aquatic Life,
1999 for use in Alberta).

 Greatest concentration at shallow depth — mixing with upward
moving non-saline groundwater.




Groundwater Modelling
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Groundwater Modelling
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Groundwater Modelling

 The salt leaching pad would not change the pattern of
recharge and discharge at the site.

 Following chloride source removal chloride concentrations
remaining would be rapidly dispersed — groundwater
remediation not required to protect the creek.




REMEDIAL ALTERNATIVES

« On-site remediation by biotreatment.

« On-site remediation by thermal desorption.

o Off-site disposal to a Class 2 landfill facility.




Landfilling Concerns

 Expensive due to remoteness and access conditions.

o Safety concerns associated with remote site and access route
(I.e., high risk of vehicle accidents).

* No soil conservation.




Proposed Remediation Action Plan (RAP)

Combined thermal desorption and biotreatment.

Thermally desorbed material will be placed into a salt leaching
cell for salt treatment.

Some salt impacted material with no hydrocarbon impact will
be left in situ and treated.

Risk assessment will be undertaken on the residual salt
remaining if it exceeds soil criteria (Salt Contamination and
Remediation Guidelines, AENV, 2001).



Thermal Desorption

Less space required
than landfilling or
biotreatment.
Treats PHCs but not [ Sl
salts. Gty
Treatment vs. disposal EEee S8

g

— conserves soil.
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Benchscale Test for Salt Leaching =

 Assessed whether calcium amendment was required and, if so,
at what rate.

 Assessed affect of bulk density.




Conceptual Salt Leaching Cell Design

i )
EALIHE ARTER FUR
TREATHENT 12
3 DIRRTRA
3
(Lo
TadkE
BALINE AT
—— i o | RESOWERT SULVERT
. : e :“' =t T | AELL AITH S0ARFURE
T, e, - ﬂ:l‘-,. — - H'\-\._\_
— o wmmaes e s . - |I ROGE AILLED
T | j— GOLLEGTICH
'\-\.1_\_. TRFHCH
CLILVERT EXTRACTECH WELL el ’
— - SONTANLEEAT
| [ROLAR FLWFY ™ e <_/: fEan
. - B
R HATTERES—., prLtabres2m ™ S el e
} o SS:F':L;R HAHEE—. — AWE, BLOFE « OiErmn@ Rty e
] b A
= ™ R - A el T——
i o = el EEl e GIRFecE MEER_ AREFARED BECROSH, BURFAE s e SN e
. P — — — I I T — Rt
i H’Esx wee | — P PG = - ] COLLEGTIH - RAE 37 BEOHINBRAE e
| ; 1 DETAIL A
[ M.T.5
I -"'_.-'fl;'_a-\ P o~ -~
I~
2 "
(I | | Jogz
I { 1TREATREN
[ HE I
| v -
' o O i Y o = =~ T = O~ |
' £ AN = = =
& E = = F =
& I 3 E = = = SCEL:
: E = —_— —  RSRFLTRD | FAST ROIKGARY
| (T COMTERWET EEW
! Gr A TREATMENT WADRWS
|
| ]
N { L
'
s . L = - - GATE WAVES FLOM
i FIFES [MH E" ﬂ.’.-]
::b:- : e »;l: /
wal B s . e .
e A )
A LT T Mk A HCCAIT D n;u.. MEIET
r AT UNCERERAIND FAGLTES SHEAN WERL Lol WILPDIRENILY B ) A Ay pr - -
BIRCHILL RESDURCES PARTMERSHIP LTD,| | SURVETDRE Ik THE FELD FRCR T SEESHING CROUMD DSTUREANCS AME AR A JJ,“: 15 ano EBA Engineering Conaultants Lid.
i_l'-"'.-'."-.'_-".Y C'F F:EHE?I-’-.L -r'.':-—l'-.'. T":E |3"~"~;lL ??J-rf'::' CPEad BASE P OE FEATLRE moeLl =0 a0 TILLZl4 CRANKD O
o pm i e = I - UFEad BASE MRS - FEATLEES 1] 300 50
0005~ 3205517 WM UHISFRAEL SURSFYS MC. - TOPOGRAPKY & COMTOURS . DETAILED SALT LEACHING DESIGH
. 940007 LW 10 Assmss 311 — A2BAL FHDTCERARH L1 llllllw FIGIRE £




Salt Leaching Cell

Constructed to maximize leaching capacity.
Collection of leachate downgradient.

Solar electrical system pumped leachate upslope to treatment:
— low maintenance costs;
— low energy usage; and
— reduced potential for additional fuel spills.

Water disposal and treatment options were:
— disposal by injection well (70 km away);
— reverse osmosis or other treatment; and

— recycled on site.




Site Organization and Management

 Captured Surface Water for
Leaching.

 Constructed Leaching cell in
flare pit excavation.

* Recovered Leachate in |
collection trench with solar | | RN =
powered pumping system. e
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Reverse Osmosis Testing

* Pilot Test by Candesal Mobile Treatment Unit

— Pilot test chosen to determine maximum efficiency of
recirculation through RO.

« Water needed prefiltration prior to reverse osmosis for maximum
membrane efficiency.




Pilot Reverse Osmosis Schematic CANDESAL
International Corporation
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 Result: Leachate volume was
reduced by 95% through RO
treatment. Disposal of 5% of
concentrate.




ACHIEVEMENT OF GOALS

 Soil treated on site to remove hydrocarbons (thermal desorption)
and salt (leaching).

 Soil treated on site to remove hydrocarbons (biotreatment).

o All treated soils where used on site to recontour natural site
drainage.




Protection of Aguatic Habitat

 Leachate discharge chloride concentrations are expected to
reduce to acceptable levels for surface water discharge.

 All water used for salt leaching was treated on site and released
on site.

 All leachate water concentrations at the point of release were equal
to or less than 230 ppm (Surface Water Quality Guidelines for the
Protection of Aquatic Life, 1999 for use in Alberta).
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