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SITE 595 DELTA '3C VALUES OF CO,
DO NOT CORRESPOND WITH FRUITLAND CO,

%C0, | (%HYDROCARBONS)

& & : | : .
=20 -10 1] 10
DELTA *C CARBON DIOXIDE per mil

® S(TE 585 %" FRUITLAND WELLS

TYPICAL WELL BORE CONSTRUCTION FOR
THIS AREA OF GARFIELD COUNTY

DEPENDING ON
CONSTRUCTION,
WATER CAN
ORIGINATE
FROM MULTIPLE
SQURCES
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PRINCIPAL COMPOMNENTS OF GROUNDWATER IN S. PICEANCE AREA

Caco, LIME : CALCIUM AND

ALLUYTINA MAGNESIUM BICARBONATE

GLAUBER
SALT
SODIUM
SULFATE

SODIUM BICARBOMNATE

SODIUM CHLORIDE
EQOR VERTICAL MIXING
BETWEEN AQUIEERS:
COMPOSITION AND
CONCENTRATION VARY WITH
DEPTH

DISSOLVED SALT AND METHANE CONCENTRATIONS IN
WELL WATER CHANGE PRIMCIPALLY AS A RESULT OF
CHANGING MIXING RATES

=

CONGENTRATED i
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REDUCTION IN YIELD RATES FROM ANY SINGLE AQUIFER WILL
CHANGE WATER COMPOSITION

E1Y A "SNAPSHOT"
ISTING WELLBORE
CONDITIONS

CHANGING RELATIVE AMOUNTS OF WATER
FROM EACH SOURCE

WILL CHANGE METHANE CONCENTRATION
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Monihs of the Year

Deep Source  Shallow Source

11



@

(@

(

THE EFFECTS OF WELLBORE MIXING AND DILUTION

Percent of Composition

ON DISSOLVED METHANE CONCENTRATION
. METHANECONCENTRATIONVARES

PROFORTIONATELY WITH CHANGE IN AQUIFER CHEMISTRY
26.1

12-MNoy-02
03-Dac-03

03-Mow-04 D6-Mev-00 21-May-58 1 2=MNow-02 03-Dwec-03

- %Cl -~ %804 BN “HCO3

METHANE LOSS DUE TO BACTERIAL
CONSUMPTION (METHANE OXIDATION)

DECREASING METHANE
CONCENTRATION

ENRICHMENT OF :3C ISOTOPES IN
METHANE (less negative values)
DEPLETION OF 13C ISOTOPES OF CO,
(more negative values)
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PAIRED METHANE ISOTOPE VALUES

SHOW EFFECTS OF BACTERIAL METHANE CONSUMPTION
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DELTA D METHANE

30 CONTOUR PLOT: Z = METHANE CONCENTRATION

ARROWS SHOW GRADIENTS: WHITE DOTS SHOW STATIC VALUES
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Delta *c METHANE

STABLE ISOTOPES DU NUI MAICH
UNDERLYING FRUITLAND GAS

13.7Z mgiL
31 -May-01

—03<jun=02
20.66 mg/L

45.5 45
DELTA *C METHANE per mil
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GAS COMPOSITION DOES NOT MATCH

UNDERLYING FRUITLAND GAS

20,66 mg/L

] -45.5 -45 ~44.5 -34
13C METHANE

STABLE CARBON ISOTOPE VALUES OF CO, DO NOT

DELTA™C CARBON DIOXIDE per mil
B Ll W L Ml B

20

MATCH FRUITLAND GAS

Z0.66 mg/L

SMTAE 13.72 r'r!-g,"l.I
E : T ot

~45.5 -45 ~44.5
DELTA "*C METHANE per mil
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OPTIONAL ADDITIONAL DRILLING OF
FRUITLAND GAS WELLS HAS
NOT HAD ANY DISCERNIBLE IMPACT
ON DISSOLVED METHANE CONCENTRATIONS IN
GROUNDWATER

» VARIABILITY IN METHANE CONCENTRATION IS DUE TO;
= SAMPLING AND ENVIRONMENTAL FACTORS
{ OF WATER FROM DIFFERENT AQUIFERS WITHIN A
L

» METHANE OXIDATION BY METHANOTROPHIC BACTERIA

# SAMPLING AND ANALYSIS METHQDOLOGY IS EFFECTIVE
AND USEFUL

BACTERIA CAN SEVERLY IMPACT
WELL WATER QUALITY AND QUANTITY

WELL CLOGGING

MEDIATED BY
BACTERIA

TURBID SLIME

S T R ;?
v & = ]

&
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BACTERIA PROMOTE THE FOLLOWING NATURAL
REACTIONS THAT DETERIORATE WATER QUALITY

SRS

SO, + Organics -> Sulfide |

TRes .4

Iron
Iron Sulfide

Gray Color
Poor Taste

VERTICAL AND HORIZONTAL DISTRIBUTION
OF BACTERIAL ZONES CAN GRADUALLY
AFFECT
OVERALL WELL YIELD AND MIXING RATES
BETWEEN AQUIFERS TAPPED BY A WELL

WATER. LEVEL
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BACTERIAL SLIME COATINGS FOUL WELL
SCREENS BLOCKING ACCESS TO
RECHARGING WATER

hEtpe /i wesy. viar ipenm. com fwaterwell, hirm

EXAMPLE OF SLIME COATINGS IN
WELLS 20 FEET APART

DEEP WELL SHALLOW WELL
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BIOLOGIC ACTIVITY REACTION TESTS (BART™) TO
CHECK FOR PRESENCE OF BACTERIA

SRB — SULFATE REDUCING BACTERLA
IRB - IRON RELATED BACTERIA

HAB -HETEROTROPHIC AERODBIC
SLYM -SLIME FORMING BACTERTA

From: liological Aciivity Rescfion Tes BART™ Lser Manual
S2003 Edbion, Droyesn Biotoncepls inc Roging, Seskachawan, Conaca

REACTING BART SAMPLES

RED CAP
TRE

BLACK
CAP SHE
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RELATIONSHIP BETWEEN TIME LAG (IN

DAYS TO FIRST REACTION) AND BACTERIAL
COLONY-FORMING UNITS (CFU)

[days] _,F FU CFu
0

23, 957 630,
100,004 338,107 388107
39811 1.060 LR AR
10,000 100 1,000 |POTEMTIALLY AGGRESSIVE
198 10 LT

0 ILDW AGGHRESSVITY
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SUMMARY

» MOST WELLS SHOW EVIDENCE OF SIGNIFICANT
BACTERIAL INFECTION

= WATER WELLS WITH LOW YIELDS ARE
SUSCEPTIELE TO BACTERIALLY-MEDIATED
DAMAGE
« INABILITY TO RECHARGE WELL
« POOR WATER QUALITY, COLOR, ODOR, TASTE
WATER WELLS SHOULD BE REGULARLY
TREATED AND MAINTAINED
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