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Natural Gas Development and Watersheds CIOREER

What are some of the investments Pioneer and
the natural gas industry have made to protect
water resources and watersheds?

*Depletion
=\ater treatment and conservation

=Domestic water wells

*FOCUS: Watershed monitoring




Water Depletion PIONEER

Concern: Production of large amounts of water
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A Pro-Active Investment by Producers:

= Geo-hydrologic company (Norwest)
develops models needed to assess
CBM pumping and depletion

= Six year inter-company effort

= Included peer review with Colorado 253 s R
School of Mines (Bl iy, o,

= Added review by outside experts

= Results presented to SEO
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Identified where depletion impacts occur PIONEER

Used the latest USGS ,
MODFLOW code and g e S
supporting software. St
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CBM Produced Water - a resource? BION =

CBM producers bring thousands of acre-feet of “deep” water to the surface.

Uses include:
= Livestock
= Wildlife
= Wetlands enhancement
= Dust control

Industry is investing in
research at the Colorado
School of Mines on produced
water treatment technologies.

~ work that someday could
expand possible uses of
produced water




Assessing domestic water wells FIONEER

Concern: Natural gas development , especially coalbed methane, raises
public concerns about contamination and/or water production impacts.

Water Well Evaluation and Decision Flow Chart.
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Investment: ==

Needed a systematic water - =
well investigation and
evaluation process

Developed by firm of water
well engineers and
groundwater hydrologists

Comprehensive, using wide
range of technologies




Water well assessment

PIONEER

= Process includes review of well
construction documents and
evaluation of well drilling and
construction methods

= Building geologic cross-
sections

W A
H EHEEE
: —
Ll
h
H
‘ 11— =
i =
T i e
-
; » U
, H
4 ? * I
T2
7 ? t *
P
E il N ?
i ?
p—
E I

CHURAN WELL CONSTRUCTION DETAILS - GENERALIZED (NOT TO SCALE)

FACILITY/PROJECT NAME:

NATURAL RESOURCES

WELL NAME/D:

LOCATION SE1/4; SW1/4; SEC 14: Twp 335: A 65W A GROUND SURFACE ELEVATION a5
B8 TOP OF CASING ELEVATION 6541
TYPE OF WELL Domosic Water Supply Wel
NORTHING
PERMIT NO. 234367
EASTING
CASINGDIAMETER 4 INCHES
DATE DRILLED 8/24/2001
BORING DIAMTER 5.75 INCHES DATE INSTALLED
i s ] =

€ STICK-UP : GROUND 0__TOC_11 14 FEET
D SURFACE SEAL : BOT. _ 38 TOP__5  INTERVAL__34 FEET
Materlal Type/ Cusntiey: omont
E CONDUCTOR BOT 39 TOR #1 INTERVAL 40 FEET
E1 Materlal Typa: Steel (Wal size 188)
E2 Boring Diameter 875 nches
E3 Casing Diameter 663 nches
F INTERMEDIATE SEAL BOT. _NA  TOP_NA INTERVAL__ 0 FEET
Materlal Type/ € No intermediale Seals
G BLANK CASING: TOP_ 80  INTERVAL 80 FEET
> 1 INTERVAL 61 FEET
M BENTOMITE SEAL: TOR WA INTERVAL 0 FEET
Material Typal G No Seals installed
BLANK SCREEN TO TOP SLOT
J  FILTER PACK: B80T NA TOP__NA_ INTERVAL___ 0 FEET
Material Type/ Qu No Filter Pack Instaled
K SCREEN INTERVAL 8 20 _FEET
199 3 FEET
St Size & Type:
L BLANK SCREEN TO BOTTOM SLOT 1 FEET
M CAPLENGTH NA __FEET
- N BASE OF WELL CASING AT 200 FEET
© TOTAL CASING LENGTH 201 FEET
Note: ADD: M +L +Ks | + G|
P BAGKFILL MATERIAL BOT. _NA _ TOP_ NA INTERVAL _NA FEET
Mat NA
Q L BORING DEPTH: 200 FEET

oRLED BY . warorwn
LocaeD v
DRILLING METHGD nsa O aeeoraw [

SANPLER TYPE & DMENSIONS

OCATION OF GANERAL WOTES

Figure No. 14:

Generalized well
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Water quality and/or production assessments PIONEER
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Down-Hole Video Logging

PIONEER

NATURAL RESOURCES

Side looking camera

Bottom looking camera




Help landowners understand their well LIONEER

Systematic process to provide
factual information on potential
problems and/or impacts

Some examples of problems we’ve found.:
= Poor screening and construction reduces water volumes
= Bacterial contamination (slime) blocking well screens
= Bacteria-producing methane
= [naccurate drilling formation on water well report: “black shale” vs. coal
= \Water wells are “open hole” — minimal surface casing, no cement
= “Open hole” water wells are a potential conduit
= Potential for gas to travel up hole to shallower aquifers and the surface




Addressing water well problems -- solutions PIONEER

Investing in solutions:

= San Juan Basin natural gas
operator supported a “know your
water well” booklet

= Goal to provide understanding and
solutions

= Recommendations from well engineers on water well maintenance

= The basis for web-site information and community outreach

A collaborative effort between industry and community groups
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Investing in a Watershed Monitoring System EONEER

= Watershed-based monitoring —the
scientific basis for understanding water
quality

= Data from historical grab samples

= Tetra-Tech hired to design, install and
manage a watershed monitoring station
system to provide continuous, real-time
flow and water quality monitoring data

= Only one USGS station (flow) — no
systematic monitoring of the watershed
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Installation of Nine Monitoring Stations

Project initiated in January 2010. Stations operational by May 2010.




Finished Monitoring Station

Installed on tributary to Purgatoire River in the Raton Basin
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Continuous Monitoring of Purgatoire River & Key Tributaries [4iSAA3S

Monitoring station funded by natural Data collected every 15
gas operators “piggy-backs” on the minutes: Flow, pH, EC,
lone USGS station in the watershed Chloride, and Temperature
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Continuous monitoring supported by field sampling

Monthly Water Quality Sampling Conducted at 25 Sites in Watershed

Used to calibrate and verify monitoring station data

Used to establish correlations between continuously monitored
constituents (chloride, EC) and other water quality parameters

Used to assess quality parameters and suitability for uses (e.g. irrigation)




Advantages of This Watershed Approach Lt

= Continuous data to assess
effectiveness of discharge
permit limits

= Real-time “warning” on
changes in flow and water
qguality

= Multiple points of flow data
useful to the state and
downstream users

= Data on baseline
conditions and the
contributing sources of
pollutants in the watershed
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Monitoring Data Transmitted Via Satellite to Website [ESaiaas

& Purggatoire Watershed - Windows Internet Explorer @@
@\/ ¥ | http:ffwww.purgatoirewatershed.org/Dev/ o v: bt | ’, it = . ~ Pl

File Edit ‘iew Favorites Tools Help

n lic Al ", L 3 P »
w e ‘@Purggatoire Watershed % - B M - |5k page + {F Tooks -

011@ Watershed —

Connecting People. Protecting Water Quality

» Home
About Us
Water Monitoring
News
FAQ
Links
Contact Us

News and Information Did You Know?

E
Being good stewards of our water is for everyone’s benefit. —

Awatershed s a drainage
basin that collects precipitation
which eventually drains to a
common water body (e.g.,
stream, lake, wetland).
Precipitation in a watershed
may also sink into the earth to
become groundwater.

More

Depending on where you live,
most of the water you drink
comes from watersheds!

Using this Site

% € Internet #100%
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Data Transparency and Communication

www.purgatoirewatershed.org

e Purgatoire - Windows Internet Explorer
% - ‘@ http: v, sutronwin. comfPurgatoire ftw]
File Edit View Favorites Tools Help

i\t’ & [@mgaboh’e

Sarcillo Canyon near Mouth
South Fork Purgatoire River near

Mouth
Wet Canyon near Mouth
Purgatoire River above Wet Canyon

Purgatoire River at Stonewall

Graphical Reports For All Stations:
Today

This Week

This Month

This Year

Tabular Reports For All Stations:
Today

This Week

This Month

This Year

Custom Reports

USGS Flow Graphs:

SUTRON

/1. Done, but with errors on page.
B Purgatoire River S... B RE: Names | Emails... T Watershed_Monito... ) waterhsed_Monito... - 3 12:20 PM

= Point and click -- public access to data from each station

= The first? One of the few? watershed-based, real-time water monitoring
systems in a coalbed methane or natural gas field.




Data transmitted via satellite link to website Lol

Daily, weekly, monthly data reports in graphical formats
G siteplot - Windows Internet Explorer
@._ y v http:!,fwww.sutronwin.com,fF‘urgatoireftwfsiteplot.page?timestart=now%zu-°fo203°/ozudays&hmeend=now&sitelds=82 v | X | 2
File Edit View Favorites Tools Help
w R [ siceplot e ~ |ibPage ~ (} Tools ~
55.0{ 220 =Sl : o N
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45.0 180 1,800 subject to significant change and are not
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Purgatoire River at Madrid, Colorado




Expandable to include new information PIONEER

Community news

Place holder for other sources of _ _ _
water data and information Point of e-mail contact with watershed

(e g experts at Tetra-Tech — suggestions
@) Eeroeretienen - for the site and guestions

Fle Edt Vew Favortes Took Heb

W | Erugave ConmuntyDats BB @ e G

Luiillﬂ(lﬂlg FEUPIETT m
2 Purgato tact Us - Windows Internet Explorer
+ Home G oM 2 bitp:/www purgatorewatershed onglcontact Heoml v LIPS B
+ About Us Fle Bt Ve Faotes Tok Hep
»
» Water Monitoring W @rugators Contact s BB e Gk
Piblews g = * ADOUT U5, =
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» Links
pfaifoon? » Contact Us
Everyonelives ina watershed!
Community Data & Information Awalershed s 3 ainage .
basin il colle precaton ROLE
Tom Verquer, & board member of the Calorado Fam Bureau and the Purgaloire River Water Conservancy Distict ‘which eventually drains 10 & Everyone fives in a watershed!
Board s :;:ﬂ::;:ﬂmm. Contact Us Aialersod 5  thakoge
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Eeptall vl w3288 which eventualldrains oz
‘may also sinkinto the earth lo waterbody e
become groundwaler. FAX: 3037727039 mm”an"::w 0,
Depending on where you live, m"‘ e
mostofthe Waleryou arnk Precipitafion in a walershed
SOk Fo s el Email Us may also sinkinlo the earh b
‘ become groundwater.
Depending on where you live,
A most ofthe wateryou dink
! Questions or Comments iy
Dore Riowe - First Name *
LastName *
Emal Address *
Telephone Number
Comments * v

R100%
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Where do we go from here... PIONEER

In the Purgatoire watershed, natural gas producers invested in:
=Technical expertise
=Landowner access
=Monitoring station equipment
= aboratory testing and calibration
=Satellite links
"Web-site reporting

But there are additional opportunities to
make this more of a community-based

program;
= Local college — environmental program
= Chamber of Commerce members

= Watershed groups such as Purgatoire
River Anglers chapter of TU

21




