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Overview

» Groundwater
monitoring is complex

» Current baseline
monitoring strategies

» Background
monitoring programs

» Suggested Shale
Monitoring program
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Data Objective

Sample sizes enough for comparison
“before and after”

*  Abrupt changes (blowouts, casing failures)
Long term changes (seeps, surface spills)
Pre-existing issues

Representative of groundwater/surface
water quality
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Data Obijectives

2.3 Sampling Procedures

Baseline groundwater samples must be e
collected any time prior to the setting
of the oil and gas

A second sample will be collected from
each groundwater feature no later than
one year after

well completion......

Post-completion samples must be
collected every two years while wells
are actively being drilled and completed on
a pad, and within one year following
completion of the final well on the pad.

Energy Group
http://region8water.colostate.edu/PDFs/Factsheet?%20COGA-sample-analysis-Plan.pdf
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Data Objectives

barium

Not enough data points
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Mann-Kendall Trend Test Mann-Kendall Trend Analysis
n 4.0000
Confidence Coefficient 0.9500
Level of Significance 0.0500
Test Value (S) -3

Tabulated p-value 0.3750
Standard Deviation of S 2.7689
Standardized Value of S -0.7223
Approximate p-value 0.2351

OLS Regression Line = Blue
OLSRegression Slope -0.0042
OLSRegression Intercept  63.9349

Insufficient statistical evidence
ofasignificanttrend atthe
specified level of significance.

213 413 613
Time



Shale Monitoring Program

Data

Objectives

Monitoring
Program

Goal: Looking for
hanges in water qualit

parameters during/after
shale development
activity

Assess
interpret
data

Data
Collection




Data Analysis

deal: No trends

_inear, linear with
breakpoint, step
changes (abrupt)

HVHF related activity

Historical

.
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Data Objectives

Short-term Intra-Well Variability in Methane
Concentrations from Domestic Well Waters in
Northeastern Pennsylvania

NANCY PEES COLEMAN, Ph.D.
Environmental Consultants
Oklahoma City, OK

Range of concentrations: <0.026 — 11.8 mg/L

No or one detected methane concentration in Wells #4 and 5
Ranges within a single well:

Well #2: 0.134 — 11.8 mg/L (mean 5.78 mg/L)

. Well #7: 0.034 — 7.06 mg/L (mean 0.34 mg/L)
Environmental @L The maximum value, 7.06 mg/L, is a statistical outlier (p = 0.01)

Chesapeake d :
el P Range of day-to-day change in concentration:
Well #2: 0.4 — 6.81 mg/L

 Natural variation in the  Well#7:0-6.96mg/L o
) Range of coefficients of variation: 0 — 0.449
concentration of

Virtually no ethane, ethene or propane detected
» Range of concentrations consistent with Boyer et al,
methane and Othel" We” 2011: 0.0011 — 58.30 mg/L
quality parameters. 8

Envirenmental ~ —
Consultants (_hcsapeakce

DEBBY McELREATH

Chesapeake Operating, Inc.
Oklahoma City, OK




Data Management

Organize and store data (databases,
spreadsheets)

Determine data quality

Document assumptions and methods
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Analytical Tools/Methods

Cost
Reliability
Technical Support

Non-parametric Trends
Sen Slope / Kendall Theil
Seasonal Kendall Test
Wilcoxon-Mann Whitney Step Trend

Regressions

.
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Methane Trend Analysis ProUCL 4.
Time Series

Theil-Sen Trend Line and OLS Regression Line Time-Series Trend Analysis
4E+004 #Events/Time Periods 38

OLS Regression Line = Blue

OLS Regression Slope -26.8917
OLS Regression Intercept 30,852 7957
3JE+004
Theil-Sen Trend Line = Red
Theil-Sen Slope -23.8764
Theil-Sen Intercept 27.660.1124
@ Theil-Sen Trend Analysis
% DE+004 Level of Significance 0.0500
% M1 2739348
£ M2 4290652
LCL of Slope -28.8852
UCL afSlope -18.4966
Statistically significant evidence of a d ecreasing
1E+004 trend atthespecified level of significance.
2E+003

-2 198 398 598 798

date




Methane Trend Analysis ProUCL 4.1
; Mann-Kendall

] ‘ Mann-Kendall Trend Test- Methane/ Dimock Mann-Kendall Trend Analysis
4E+004 n 38.0000
! Confidence Coefficient 0.9500
‘ Level of Significance 0.0500
Test Value (S) -382
Critical Value (0.05) -1.6449
‘ 3E4004 Standard Deviation of S 79.149%
Standardized Value of S -4.8137
Approximate p-value 0.0000

OLS Regression Line = Blue
OLSRegression Slope -26.8917
OLSRegression Intercept  30,852.7957

methane
b
8

Statistically significant evidence
ofadecreasing trend atthe
specified level of significance.

1E+004 -

2E+003 - T S =
2
date




Considerations

Good & Enough data (QA/QQC)

Support industry (affordability) and
landowner (convenience)objectives

Limit parameters assessed- (look for
indicators like methane, barium, chloride,
strontium etc.)

Limit collection points

Integrate all monitoring efforts

Manage water quality in a tier system of data
quality

Who maintains the data? Who pays!?

- ! l
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