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REMOTE SITES ARE COMMON

CHALLENGES CAN BE OVERCOME WITH INNOVATION

QL Lower 48 states shale plays (i

W
E ; pi

REMOTE SITE CHALLENGES

e |nfrastructure Limitations (Power)

e High Personnel Mobilization Costs

e High Trucking Costs/Tipping Fees

[C1 Current play - Oldest stacked play —
= Current play - Intermediate depth/age stacked play **Mixed shale & limestone pla
M | |
[ Current play - Shallowest/youngest stacked play
: Mixed shale & limeston
=3 Prospective play siltstone-sandstone play
[ ] Basin

inistration based on data from

Source: U.S. Energy Information
Updated: April 13, 2015
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CASE STUDY #1

DENVER-JULESBURG BASIN - COLORADO
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DENVER-JULESBURG BASIN
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CASE STUDY #1

DENVER-JULESBURG BASIN - COLORADO

BENZENE GROUNDWATER PLUME

. C _ v
e EXcavation of release area -—_\

e Benzene impact 500 feet long by 100

feet wide AGRICULTURAL
; . . _ FIELD gy

e High of 26.4 mg/L —with some
detectable LNAPL

OO0

o Mix of sand, clays, underline by

weathered claystone
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CASE STUDY #1

DENVER-JULESBURG BASIN - COLORADO

AIR SPARGE/SOIL VAPOR EXTRACTION Airin il
(AS/ SVE) Air injection well Extraction well (SVE)
(air sparging)
e (ood fit due to relative large extent and high (= \ | ' ‘

benzene concentration

* Pilot tested technology due to geology. m — — Water table
Recommended if geology is competent or fine- = -
N

QTN

e (ood site assessment key to success
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CASE STUDY #1

DENVER-JULESBURG BASIN - COLORADO

AS/SVE WELL LAYOUT

e 37 AS wells with 20" radius of
influence (ROI)

e 23 SVE wells with 30" RO
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producers

Telemetry capabilities

1st

CASE STUDY #1

DENVER-JULESBURG BASIN - COLORADO

SVE NATURAL GAS TRAILER

k directly to onsite separator

railers in use by DJ Basin

‘railer on 9th site since 2006

(wit

N engine rebuild)
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CASE STUDY #1

DENVER-JULESBURG BASIN - COLORADO

AFTER 1.5 YEARS OF

OPERTION L2

e 959% reduction

e Polished remaining

groundwater with . *g L ey
- =, E

carbon injection '@l!}
Ji

N5
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CASE STUDY #2

ROCK SPRINGS, WYOMING

Google Earth

HISTORICAL SKIM PIT
ROCK SPRINGS, WYOMIN

.Se%t'lie

WASHINGTON

—

Portland -
a

OREGON

-
Sacramento
R o

-'Sﬁnfﬁlr%nc_:isbo N

CALIFORNIA:

v

= o )

NEVADA

Vegas.
Las ‘fgasf

CALIFORNIA

IDAHO

_ = - e
& . . - NEBRASKA T — e | g0 B
) — T e — = T ) | ‘ i
= | i Lo = NY |

DAKOTA

|

|

| 4

| NORTH
MONTANA ;
|

| ‘miNNESOTA | | .
W i
Mifm_%g‘_p_l_nii_s LTS

; : Ay
SOUTH [ T WISCONSIN
DAKOTA [ =

WYOMING |

10WA

Bt ' . © LLmois._ | NpiaNA | | oHIO
D U S [ NOIS.  INDIAN ;
8% United States b - )

-.’ O -
Kansas City - Indianapelis
it §

. 0 L et q £ |
COLORADO ' {WEST /1 Washingion.
: i : ashington.
KANSAS I wissouri P M “ VIRGINIA ."\gt:_
| | [ - N L o \ ; =
| | | ‘ KENTUCKY * VIRGINIA .
| Lk Ml kL 4 f 4 ¥
| 1 % — = |
| i

! R S =
, 15— — Nashyille 31 R Y A "1
¥ # ~t

TENNESSEE M INORTH .
5 | ’ [ i i CAROLINA
{ | ~ R — e e SR R i

| ARKANSAE )y T 0, Ay Chimicites

! f ! I | { ’ |
NEW MEXICO ~ ¥ il Aactet SOUTH
e Sty . _GARGLINA

| OKLAHOMA i

ARIZONA
Phaenix
“a

|
MISSISSIPPI .
== | AALABAMA ' \
Tucson i | : =/ GEORGIA |
eson; ) \ AN !

TEXAS 5 1
L |
] | —— = A ——— —
' Austin D / ’
SONORA o Houstan ) .
g

CHIHUAHU

; BAJA T SINALDA
CALIFORNIA SUR: J

DURANGO L /=y & |” Mexico.

Aadvancing Opportunity

[
VERMONT |

) L
L INEW




CASE STUDY #2

ROCK SPRINGS, WYOMING
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CASE STUDY #2

ROCK SPRINGS, WYOMING

s PWN-PIT W
PWN-PIT SE

GEOLOGY AND WELL DESIGN

o 4 SVE wells installed and pilot tested to
confirm influence

SM

e Pilot test conducted due to soil

neterogeneity. Clay versus sand

influence
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CASE STUDY #2 o

ROCK SPRINGS, WYOMING

SVE-PTO1
PWN-PIT S

SVE-PTO3 PWN-PIT W

PWN-PIT E SVE-PT04

PWN-PIT BOT

GEOLOGY AND WELL DESIGN

o 2 additional wells reqguired (6 total)

e Shallow impact and clay to ensure flow
throughout impacted material

LEGEND
H sopsEnErTERys, MIHOERETINGER

| CLAYEY sAND (SC)

SILTY SAND (SM)

- INORGAMIC SILT AMND VERY FINE SAND (ML)

- INORGAMIC CLAYS (CL)

SANDSTONE

STAINING
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CASE STUDY #2

ROCK SPRINGS, WYOMING

SOLAR SVE SYSTEM
6 kW array (20 panels)

5 horsepower regenerative
blower—170 cfm @ 50" wc

Direct drive from solar to blower

via variable frequency drive (VFD)

=
e T

Telemetry capabilities
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CASE STUDY #2

ROCK SPRINGS, WYOMING
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SITE STATUS

e Startup July 2017

1.8 tons total volatile petroleu

hydrocar

months

T

hons (TVPH) removed in 3

Anticipate shutdown spring 2018

Adjustments on monthly basis

Traditional dig and haul estimate -

$200
$125

. Total cost including system

<

6 pits to be remediated
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CASE STUDY #3

MORGAN COUNTY, COLORADO

*}éwﬁhng
Jad

LANDFILL

SWindsor

1'a Salle k- SWeldona

“Qohnstown B ' ‘Orehard
b edaia Mg
[ \*- L@ Morgan Brush

€y ~=
wWiggin's £ \ g

N

.,

LANDHLL

1 i g . = CAkron
: SiKeenesburg|

IEortiL: 1ptom

[ LHu dsong
R
ﬂ
2

Google earth

¢L0chnme

PRODUCED WATER SKIM PITS
MORGAN COUNTY, COLORADO
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CASE STUDY #3

MORGAN COUNTY, COLORADQO

23 PRODUCED WATER SKIM PITS

» 30,000 cubic yards impacted soil Do e o R T S R A B Lo 18 S O
e TJotal petroleum hydrocarbons and benzene

e Eliminate landfill trip...Dig but no haul?
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CASE STUDY #3

MORGAN COUNTY, COLORADO

SOIL

SHREDDING

SOIL SHREDDING

Mechanical system to increase oxidant contact. Dig and treat



CASE STUDY #3

MORGAN COUNTY, COLORADO

BENEFITS

Cost — Traditional dig and haul $1.5M, soil
shredding $1M. 33% cost savings.

Reduce Landfill Waste

Reduce Truck Traffic

No Imported Fill Material

4 Z : Advancing Opportunity




FINAL THOUGHTS AND QUESTIONS?
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