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Overview of Phase | Investigation
Activities

= Objectives - find source(s) of impacts to Prather Spring
and Spring 2
= Release to groundwater implied from wellpad operations
or reserve pits

= Companies response included alternative water supply,
fencing, surface water monitoring

= 1st Round of Drilling (July, in Prather drainage)
= 5 shallow colluvial wells, 1 deep (50’) bedrock well
= Wells completed in colluvium only are dry
= Only BTEX detect was in 11D
= Spring 2 became impacted following first investigation

= |nterim investigation report submitted to COGCC in
August
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Overview of Phase | Investigation
Activities

= Phase | Investigation activities (continued)

= 2nd Round of Drilling (Aug and Sept)
= Focused on bedrock zone

* Prather drainage

= 6 deep bedrock wells

= 6 shallow bedrock wells (completed across colluvium)
= Spring 2

= 4 shallow wells, penetrated upper bedrock

= 3 deep wells, completed in deeper bedrock

= Groundwater sample analyses included VOCs,
major ions, and trace metals
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Overview of Phase | Investigation
Activities

= Laboratories used include:
= Evergreen, majority of samples collected
= Chem Solutions, Field lab for 2nd round of drilling
= Paragon (24-hr TAT for VOCs)

= Surveying (3 rounds with WHS, 2 rounds URS)

= Compilation of data from all parties into Access
database

= Reconciliation of sample location Ids
= Electronic submittal of validated data to COGCC

= Vegetation Survey - August
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Overview — Preliminary Findings

= Understanding of site geology
= Definition of two groundwater flow zones
= Upper and lower bedrock, fracture-dominated flow
= Definition of background water quality
= Surface water
= Groundwater flow zones
= Different sources of impacts interpreted for Prather
Spring and Spring 2
= Wells installed to date do not identify sources of
hydrocarbons to groundwater

= Additional wells proposed
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Overview - Proposed Activities

= Proposed Additional Phase | Investigation Activities

= |nstall additional S/M-zone wells in both drainages
= Refined depth interval, fill-in flow lines to identify plumes
= Soll gas survey at two condensate tanks and potentially
along pipeline corridor
= Reduce frequency of surface water and ground water
sample collection
= Baseline has been established

= Absence of hydrocarbons in majority of surface water and
groundwater locations
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Preliminary Findings - Geology

= Geologic Conditions

= Uinta Formation
= Sjltstone and sandstone
= Present at top of watershed (well pads)

= Green River Formation
= Shale, marlstone, oil shale, carbonate rich zones
= Encountered at all wells in valleys

= Colluvium in valley and on slopes
= Sandy clay matrix with shale and siltstone clasts
= Encountered at all wells
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Presenter
Presentation Notes
Initial well installations targeted colluvial sediments


Monitoring well
locations

= Prather Spring drainage
= Spring 2 drainage
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Preliminary Findings - Geology

= Geologic Conditions

= Well total depth
* Prather Drainage — 15 to 61 feet
= Spring 2 — 18 to 49 feet

= Well screen length — 5 to 20 feet

= Depth to bedrock (colluvium thickness)
* Prather Drainage — 6 to 22 feet
= Spring 2 — 12 to 18 feet
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Bedrock
Total Elevation Elevation Penetration Depth to Depth to

Monitoring

MW Elevation
(Feet) Borehole Depth Top of Bedrock Screened Interval
Flow
Regime
D

Well Site Ground Surface | Depth (ft) (t) ) ) Top (ft) Bottom (ft)
PS-MW02D PS 8293.90 54.0 8239.90 11.0 8282.9 43.0 34.0 54.0
PS-MWO02S PS M 8293.90 20.0 8273.90 11.0 8282.9 9.0 10.0 20.0
PS-MWO03D PS D 8270.61 61.0 8209.61 22.0 8248.6 39.0 51.0 61.0
PS-MWO03S PS M 8271.12 29.0 8242.12 22.0 8249.1 7.0 8.6 28.6
PS-MW04D PS D 8259.69 62.0 8197.69 17.5 8242.2 44.5 41.1 61.1
PS-MWO04S PS C 8260.05 18.0 8242.05 175 8242.6 0.5 8.0 18.0
PS-MWO05D PS D 8259.74 61.0 8198.74 13.0 8246.7 48.0 51.0 61.0
PS-MWO05S PS C 8261.23 15.0 8246.23 13.0 8248.2 2.0 8.6 13.6
PS-MWO6R PS M 8259.58 21.0 8238.58 15.7 8243.9 5.3 6.0 21.0
PS-MWO06S PS C 8260.20 17.0 8243.20 15.7 8244.5 1.3 7.0 17.0
PS-MW11D PS D 8258.80 49.0 8209.80 18.5 8240.3 30.5 39.0 48.6
PS-MW11S PS C 8260.00 19.0 8241.00 18.5 82415 05 9.0 19.0
PS-MW12M PS M 8258.31 29.0 8229.31 18.5 8239.8 10.5 24.0 29.0
PS-MW13D PS D 8278.00 54.0 8224.00 6.0 8272.0 48.0 35.0 55.0
PS-MWO7D S2 D 8236.42 44.0 8192.42 16.5 8219.9 27.5 34.0 44.0
PS-MWO07S S2 M 8236.17 19.0 8217.17 16.5 8219.7 2.5 9.0 19.0
PS-MWO08D S2 D 8227.65 39.0 8188.65 12.0 8215.7 27.0 24.0 39.0
PS-MWO08S S2 M 8227.11 18.0 8209.11 12.0 8215.1 6.0 8.0 18.0
PS-MWO09S S2 M 8243.79 21.0 8222.79 17.7 8226.1 3.3 11.0 21.0
PS-MW10S S2 M 8240.73 18.0 8222.73 14.0 8226.7 4.0 8.4 184 a0




Preliminary Findings - Geology

= Geologic Conditions
= Fractures prevalent in upper 10 feet of bedrock

= Bedrock becomes more competent with depth
= Review of core
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PSMW3D

= 2410 34.5

= Highly fractured core
Interval
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PSMW3D

= 24’ to 34.5’ close-up
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PSMW3D

= 55.5' to 60’

URS
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PSMW3D

= 55.5' to 60’

= Bedding
plane
fractures

= Carbonaceous
seam

URS
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PSMWA4D

= Photo of uppermost
cored interval

= Note cores on left side
of box

= This section Is fractured,
and shows oxidation
surfaces on fractures,
and mud/gravel filled
fracture apertures

= More competent bedrock
IS below this on right side
of box (light color)
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PSMWA4D

= Close up of same box

= Note fractured rock with
mud and clast-filled
apertures (3/8”)

= The aperture is the space
between the fracture
surfaces

= 30-degree fracture angles
are common

= Oxidation surfaces are
yellow/orange/reddish
brown colored (rust)
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PSMWA4D

= 19.5't0 29.5°

= Fracture dip approx
30-40 degrees

= Close-up of mud and
clast-filled fracture
apertures
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PSMWA4D

= 29.5't0 39.5°

= Competent rock,
few fractures
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PSMW 7D

= 19 to 29°

= Fractured from 19’ to
23’
= Carbon seam at 22’
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WORKIN

PSMW10D

= 20" to 30°

= Highly fractured from
20’ to 23’

= Carbon seam at 28’
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* One explanation
for observed
fracture pattern
variations with
depth

Unloading Stress Rock Properties
Working Draft

U Ground Surface

“I— Colluvium

Colluvial Saturated Flow Zone — e

: v — Shallow Water Table

Top of Bedrock
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Highly Weathered Bedrock —

Soft, Fractured, Oxidized

Weathered Bedrock -

Hard, Fractured in Discrete Intervals,
Oxidized Intervals with Wide Apertures,
Highest Permeability Bedrock

Competent Bedrock —
Hard, Massive, Few Fractures,
Narrow Apertures, Low Permeability
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WORKING DR

South North

Hydrogeologic Cross-Section
Prather Spring Drainage
Working Draft

8300

i Ground Surface

o : 5D,55 11D, 118

8240 Prather Spring
8220

8200

8180

Colluvium Highly Weathered Bedrock - Competent Bedrock - xx Bedrock Fractures
! Soft, Fractured, Oxidized - Hard, Massive, Few Fractures,
Colluvial Saturated - Weathered Bedrock — Narrow Apertures, Low Permeability x WaterLevel in Well

Flow Zone Hard, Fractured in Discrete Intervals,
Oxidized Intervals with Wide Apertures,
Highest Permeability Bedrock
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WORKING DRAF

Hydrogeologic Cross-Section
Spring 2 Drainage

South Working Draft
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WORKING DRAF

East West
8500 Across Valley Cross-Section
Sroy, Osiry Prather Spring Drainage
. Lle Working Draft
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Hydrogeologic Conditions

Depth to water
= Prather drainage — 19 to 51 feet deep
= Spring 2 drainage — 16 to 32 feet deep
= Colluvium saturated thickness
= Dry to 2 feet maximum thickness

= Shallow wells screen upper bedrock
= Shallow and “middle” versus deep flow zones

= Water levels are lower in the deeper zone

= Despite fracture flow conditions, appears to be relatively
low permeability

URS Prather Spring Phase | Site Investigation —
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Well Hydrographs

Shallow Well Hydrographs
Prather Spring Wells
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Slow but steady decline in shallow zone water level over summer


Well Hydrographs

Deep Well Hydrographs
Prather Spring Wells
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Presentation Notes
Overall decline in water level over summer, low well yield affects time required for water level to stabilize, also sample collection and volume available for analysis
30-foot difference in water levels in some deep wells suggests separate flow zones (it’s all “young” water)


WORKIN

Well Hydrographs

Shallow Well Hydrographs

Spring 2 Wells
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Well Hydrographs

Deep Well Hydrographs

Spring 2 Wells
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Potentiometric

Surface Map

= Shallow wells - -- s

Prather Spring (7
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Potentiometric
Surface Map

= Shallow wells -
Spring 2 area

= Inferred curve to PG
contours m}i\
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Water Quality

= Collection and analysis of surface water and
groundwater samples, fewer soil samples

= Joint Workplan Addenda #1 and #2
= Surface water sampling locations, frequency, analytes

= Over 30 sampling events between May 31 and
September 24, 2008

= HRL Compliance
= | T Environmental

= Marathon
= COGCC

URS Prather Spring Phase | Site Investigation —
Interim Progress Meeting
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Background or Baseline Water Quality

= Major ion chemistry

= Utilized to distinguish between and evaluate
characteristics of groundwater flow zones

= |nteraction between groundwater and surface

water
= Evaluate source of impacts to surface water and

groundwater
= Hydrocarbon constituent detections
= Evaluate source of impacts to surface water and
groundwater

URS Prather Spring Phase | Site Investigation —
Interim Progress Meeting
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Surface Water Sample Locations
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.
Groundwater

Monitoring Well
Locations
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M aJ O r I O I l S PS-MWO03S, 9/8/2008 PS-MWO04S, 9/8/2008

= Shallow wells in ’ - c'
Prather Drainage ., -

T T T T T T T T T T T T T T T T T T
12 96 7.2 48 24 24 48 7.2 96 12(megl) 12 9.6 7.2 48 24 24 48 72 9.6 12 (megl)

= Ca-HCO,; water type

= Similar to USGS
“Upland Springs” in . .
the area . o

= Groundwater has low

PS-MW11S, 9/10/2008 PS-MW12M, 9/10/2008

Na Cl Na Cl

12 96 7.2 48 24 24 48 7.2 96 12(megl) 12 9.6 7.2 48 24 24 48 72 9.6 12 (megl)

dissolved ion content |
and appears to be
relatively young i o

T T T T T T T T T T T T T T T T T T
12 96 7.2 48 24 24 48 7.2 96 12(megl) 12 9.6 7.2 48 24 24 48 72 9.6 12 (megl)

DESCRIPTION:  Stiff Diagrams Of Shallow Groundwater Wells Near Prather Spring

Company PROJECT: Prather Springs PROJECT NO: 22239335
pitict
o>
i "'Dgo CLIENT: Joint Companies DATE: 9/26/2008 - Working Draft
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M aJ O r I O I l S PS-MWO03D, 9/8/2008 PS-MWO04D, 9/8/2008
Cl

= Deep wells in Prather - o
Drainage o oo ca

= Ca-Na-HCO,; water type

= Very similar to shallow well
water type

= Deep wells may show relative - o .
increase in sodium, cf, ‘ con s '
potassium, sulfate, arsenic, i o

boron’ and Selenium 12 96 7.2 4.8 24 24 48 72 96 12(meqll) 12 9.6 7.2 48 2.4 2.4 48 7.2 9.6 12 (meqll)
Conce ntrations Com pared tO Ned Prather Spring, 9/4/2008 Upland Springs
shallow wells

. . Na Cl Na Cl
=  Well 5D is different
Ca HCO3 Ca HCO3
Mg S04 Mg sS04
r T T T T T T 1 T T T T T T T 1

12 96 7.2 48 24 2.4 48 7.2 9.6 12 (megq/l) 12 9.6 7.2 48 2.4 24 48 7.2 9.6 12 (meg/l)

12 96 7.2 48 24 2.4 48 7.2 9.6 12 (megq/l) 12 96 7.2 48 24 24 48 7.2 9.6 12 (meg/l)

PS-MWO05D, 9/8/2008 PS-MW13D, 9/10/2008

DESCRIPTION:  Stiff Diagrams Of Deep Groundwater Wells Near Prather Spring

A3 C‘ompany PROJECT: Prather Springs PROJECT NO: 22239335
Eiindl Logo

CLIENT: Joint Companies DATE: 9/26/2008 - Working Draft
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Major lons

= Shallow wells in Spring 2
Drainage

= Ca-HCO; water type at
MW-09S

= Similar to USGS
“Upland Springs” in the
area
= Higher chloride content in
other three well locations
(Ca-Cl type)
= Samples from MW-07S
and MW-10S are similar,
ditto for BTEX

URS Prather Spring Phase | Site Investigation —
Interim Progress Meeting

PS-MWO07S, 9/10/2008

Na
Ca '
Mg

L

Cl Na
HCO3 Ca
S04 Mg

l

PS-MWO08S, 9/8/2008

Cl
' -
S04
11

T T T 1T 1T T T

12 96 7.2 48 24

PS-MWO09S, 9/10/2008

24 48 7.2 9.6 12 (meqll) 12 96 7.2 48 24

L —
24 48 72 96 12 (megl)

PS-MW10S, 9/10/2008

Na
) '
Mg

T 1 1

cl Na
HCO3 Ca
S04 Mg
T T T T T T

T
12 96 7.2 48 24

Upland Springs

Na Cl

Ca . HCO3

Mg S04
T T 1T T T T T T T7

24 48 72 96 12 (megl)

12 96 7.2 48 24

T
24 48 7.2 9.6 12 (meg/l) 12 96 7.2 48 24

Cl
' HCO3
S04
1

T T 1
24 48 72 9.6 12 (meqll)

DESCRIPTION:  Stiff Diagrams Of Shallow Groundwater Wells Near Sprin

PROJECT: Prather Springs

PROJECT NO: 22239335

CLIENT: Joint Companies

DATE: 9/26/2008 - Working Draft
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Major lons

= Deep wells in Spring 2
Drainage

= Ca-Cl and Na-Cl
water types

= All locations appear to
be impacted from
saline source

URS Prather Spring Phase | Site Investigation —
Interim Progress Meeting

PS-MWO08D, 9/8/2008

PS-MWO07D, 9/10/2008

Na Cl Na Cl
Ca HCO3 Ca HCo3
Mg sS04 Mg sS04

I T T T T T T T T T 1 r T T T T T T T T T 1
12 96 72 48 24 24 48 72 9.6 12(meq/) 12 96 72 48 24 24 48 7.2 96 12(meql/)

PS-MW10D, 9/10/2008

Spring 2, 9/4/2008

Na cl Na
ca HCO3 cCa
Mg S04 Mg S04

[ T T T T T T T T T 1 [ T T T T T T T T T
12 96 72 48 24 24 48 72 9.6 12(meq/) 12 96 72 48 24 24 48 72 96 12(meql)

DESCRIPTION:  Stiff Diagrams Of Deep Groundwater Wells Near Spring 2

PROJECT: Prather Springs PROJECT NO: 22239335

\' | Company

CLIENT: Joint Companies DATE: 9/26/2008 - Working Draft
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M aj or lons e
= Surface water : '

samples R O A A A
= Similar to background |

groundwater samples

with increase in ,.; '

chloride

DEZCIAPTICN 2T Diagrams for Surfacs Water Lozatons

FROJECT: Pratker Spritgs PROJECT MO 223230235
CLIEMT: Working Draft DATE: QIEH2005
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Major lons

= Surface water
samples

= Increase in chloride
lon percentage begins
at Spring 2
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DESCRIPTION:  Stiff Diagrams for Surface Water Locatians

URS

FROJECT: Prather Sprngs

PROJECT NO: 22230355

CLIERIT:

Working Draft
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Major lons

= Piper Diagram for
groundwater

= Cation and anion
trends suggest mixing

URS Prather Spring Phase | Site Investigation —
Interim Progress Meeting

Piper Plot of Groundwater Well Locations

Legend
 Sralow Groundwater Wel Mear Mad Prather Sprngs

Cl

DESCRIPTION:  Piper Diagram for Shallow and Deep Groundwater Well Locations Scaled by TDS

K | Company PROJECT: Frather Springs FROUECT NO: 22239335
iz

i Logo CLIENT: DATE: BI25/2008

Working Draft
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Major lons

USGS Upland Springs

= Piper Diagram for
groundwater

= Comparison to USGS
study results (1985)

= We know what
background water ;
quality looks like for
this area |
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Major lons

= Piper Diagram for
surface water and
groundwater samples
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Piper Plot of Groundwater Wells and Surface Water Locations

eeeeee

# Deep Groundwater Wil Near Mext Praiher Spng
4+ Sralow Groundwater Wel Mear Sgring 2
= Dezp Grounowaler Well Mear Sping 2
4 Surtsce Weter Location

Ned Prafrer Smeng

Ci Na+K HCO3 Cl
DESCRIPTION:  Piper Diagram for Shallow and Deep Groundwater Wells and Surface Water Locations Scaled by TDS
PROJECT: Frather Springs PROJECT NO: 22239335
CLIENT: . DATE: Bf25/2008
Working Draft
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Sample Collection and Analysis
Summary

54 data packages (June through September)

Multiple Labs: Evergreen, Test America,
ChemSolutions, Paragon Analytical, and Key

Multiple Parties: COGCC, URS, HRL, LTE

Matrices predominately springs and surface water, but
also groundwater, and limited soll

Mostly VOCs, but some TVPH, methane, metals,
anions, inorganics

Binder contains data summary, detects summaries,
maps posting data, and all data results

URS Prather Spring Phase | Site Investigation —
Interim Progress Meeting
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Sample Collection and Analysis
Summary

= Data package
summary table Weeking Gt SUMMARY OF KNOWN DATA

FOR PRATHER SPRING INVESTIGATION

InCIUdeS Who Collecins Oy 7 Lk Pl # Cordeniz c’:::::‘ | Anndyean
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y 1 Produced Wadar
15ED
|ab0 rato ry [ e T R
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Potential Indicator Analytes

= Potential Indicator Analytes
= BTEX
= 1,3,5-TMB and 1,2,4-TMB
= Naphthalene
= PHC as gasoline
= Chloride

* Results posted to maps
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_ocation of Non-
Hydrocarbon Potential
ndicator Analytes
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Magnitude of Potential Indicator Ana
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URS

Magnitude of Potential Indicator

Analytes
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WORKING DR

Warking Draft . MAJOR CATIONS AND ANIDNS, TRACE METALS, AND OTHER WATER QUALITY PARAMETER
SAMPLING SUMMARY FOR SPRINGS AND STREAM SAMPLES
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WORKING DR

Warking Dealt SUMMARY OF GROUNDWATER SAMPLING FOR YVOLATILE ORGANIC ANALYTES
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WORKING

Wearking Dt SUMMARY OF GROUNDWATER SAMPLING FOR MAJOR CATIONS AND ANIONS,
TRACE METALS, aND OTHER WATER QUALITY PARAMETERS
Report Date: 08-28-08
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Proposed Additional Work

= |nstall additional S/M-zone wells in both drainages
= Refined depth interval, fill-in flow lines to identify plumes
= Soil gas survey at two condensate tanks and potentially
along pipeline corridor
= Reduce frequency of surface water and ground water
sample collection
= Baseline has been established

= Absence of hydrocarbons in majority of surface water and
groundwater locations
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Proposed Soll
Gas Survey Area

= Condensate tank at head
of Prather drainage

g FIGURE X-X Condensate Tank Area

Topagraphio Caniour {10-1)
Walle
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