CCR
STATISTICAL ANALYSIS PLAN

STATISTICAL ANALYSIS PLAN
COAL COMBUSTION RESIDUALS
FACILITIES
AEPCO Apache Generating Station
Cochise County, Arizona

Prepared For: Arizona Electric Power Cooperative, Inc.
PO Box 670
Benson, AZ 85602

Submitted By: Golder Associates Inc.
1430 W. Broadway Road, Suite 108
Tempe, AZ 85282

October 17, 2017

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation

1666482

October 2017

i

1666482

Table of Contents
1.0

INTRODUCTION.............................................................................................................................. 1

1.1

Purpose ........................................................................................................................................ 1

1.2

Site Description ............................................................................................................................ 1

2.0

APPROACH ..................................................................................................................................... 3

2.1

Statistical Test .............................................................................................................................. 3

2.2

Data Management ........................................................................................................................ 3

2.3

Statistical Analysis ....................................................................................................................... 3

3.0

INITIAL BACKGROUND STATISTICAL ANALYSIS ....................................................................... 4

3.1

Initial Data Review ....................................................................................................................... 4

3.2

Data Distribution ........................................................................................................................... 5

3.2.1

Tests for Data Distribution ....................................................................................................... 5

3.2.1.1 Shapiro-Wilk Test ................................................................................................................. 5
3.2.1.2 Shapiro-Francia W Test ....................................................................................................... 5
3.2.1.3 Summary of Data Distribution Tests .................................................................................... 5
3.3

Outlier Analysis ............................................................................................................................ 5

3.3.1

Tests for Outliers ...................................................................................................................... 5

3.3.1.1 Dixon’s Test ......................................................................................................................... 5
3.3.1.2 Grubbs’ Test ......................................................................................................................... 5
3.3.1.3 Summary of Outlier Analysis ................................................................................................ 6
3.3.2

Trend Analysis ......................................................................................................................... 6

3.3.3

Statistical Limits ....................................................................................................................... 6

3.4

Updates to Statistical Baseline Period ......................................................................................... 7

4.0

COMPARATIVE STATISTICAL ANALYSIS .................................................................................... 9

5.0

REFERENCES ............................................................................................................................... 10

List of Figures
Figure 1

Well Location Map

c:\users\rdestrampe\desktop\1666482-r-001-rev0-20171017.docx

October 2017

1.0

1

1666482

INTRODUCTION

This Statistical Analysis Plan (Plan) has been prepared by Golder Associates Inc. (Golder) for the Apache
Generating Station (AGS) operated by Arizona Electric Power Cooperative, Inc. (AEPCO). The AGS is
located at 3525 North Highway 191 South, Cochise, Arizona 85606, approximately 15 miles
south-southwest of Willcox, Arizona.

1.1

Purpose

The U.S. Environmental Protection Agency’s (EPA) Coal Combustion Residuals (CCR) Rule (CCR Rule)
was published in the Code of Federal Regulations Title 40 §257 (40 CFR §257, Subpart D) on
April 17, 2015, and was effective on October 14, 2015. The CCR Rule regulates CCR’s as non-hazardous
waste under Subtitle D of the Resource Conservation and Recovery Act (RCRA), and applies to new and
existing landfills and surface impoundments. This rule was modeled after Subtitle D of RCRA, which was
initially established for Municipal Solid Waste (MSW) facilities (40 CFR §258), in 1992.
The lined Combustion Waste Disposal Facility (CWDF) at the AGS contains bottom ash, fly ash, and other
coal combustion materials, that are subject to compliance with the CCR Rule.
This Plan describes the statistical analysis program to assess groundwater quality at the AGS. The Plan
includes the statistical approach and methodology for establishing and updating the statistical baseline,
performing comparative statistical analysis to identify statistically significant increases (SSIs). This Plan
meets the requirements of 40 CFR §257.93(f) and is consistent with the Statistical Analysis of Groundwater
Monitoring Data at RCRA Facilities, Unified Guidance (Unified Guidance, EPA 2009).
As required in 40 CFR Part 257.90(e), statistical testing will be completed and results reported in the Annual
Groundwater Monitoring and Corrective Action Reports (Annual Report) for AGS submitted by January 31
of each year. The Annual Reports will include a description of the monitoring completed and the analytical
results and identification of SSIs, and other anomalous result(s). Additionally, quality control information
from the laboratory will be provided.

1.2

Site Description

The AGS property is located in Sulphur Springs Valley near the southwestern edge of the Willcox Playa,
approximately 15 miles south-southwest of Willcox and 10 miles south of Interstate 10 along Highway 191.
The location of the AGS property and CCR monitoring wells are shown on Figure 1.
Groundwater in the vicinity of the AGS flows west-southwest, away from the playa and across the AGS
property (Oram 1993). Groundwater depths in the upper part of the aquifer beneath the AGS property
range from approximately 10 feet below ground surface (ft-bgs) near the edge of the playa to approximately
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70 ft-bgs near the western boundary of the active CWDF, which includes the ash ponds, the evaporation
pond, and the scrubber ponds.
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The statistical test used to evaluate the groundwater monitoring data will be the prediction interval method.
Groundwater data will be evaluated on an interwell basis in accordance with the Unified Guidance. Data
from downgradient wells will be compared to upgradient background groundwater quality. Using this
approach, background data from the network of upgradient wells will be pooled to calculate a Prediction
Limit (PL) for each of the CCR Rule Appendix III (Detection Monitoring) parameters. Data from the
downgradient monitoring wells will be evaluated by comparing individual results to the PL following each
monitoring event. An “initial exceedance” occurs when any downgradient well data exceed the upgradient
PL.

2.2

Data Management

Groundwater quality data will be maintained in EarthSoft’s Environmental Quality Information System
(EQuIS™) database, or equivalent, containing sample details such as sample date, laboratory identification,
method detection limits (MDLs), practical quantitation limits (PQLs), laboratory qualifiers, and analytical
results. The database will be updated after each sampling event, following evaluation of the laboratory
results. The new data will be appended to the existing database and routine backup of the electronic data
will be performed.

2.3

Statistical Analysis

Statistical calculations will be performed using an appropriate statistical software package, such as
SanitasTM Statistical Software, or equivalent. For statistical calculations, one-half the reporting limit or PQL
will be substituted for any undetected parameters (i.e., non-detects) and estimated concentrations between
the MDL and PQL will not be adjusted. Baseline and comparative statistical analyses will be presented in
the annual reports for AGS.
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INITIAL BACKGROUND STATISTICAL ANALYSIS

Following the analysis of eight representative initial background monitoring samples collected during
Detection Monitoring, interwell statistical methods will be used to evaluate the groundwater data for each
of the CCR Rule Appendix III (Detection Monitoring) parameters.
The baseline statistical analysis will consist of a series of steps that are repeated for each inorganic or
indicator parameter in each of the wells. These steps include:

3.1



Initial data review



Data distribution (i.e. normality)



Outlier analysis



Trend analysis



Statistical limit

Initial Data Review

The initial data review will determine the frequency of detected and non-detected values for each parameter
at each well. Additionally, data will be plotted on time-series graphs to assess the temporal variability of
the data and to visually screen for potential outliers. Temporal variability can be caused by seasonality,
changes to the analytical method, recalibration of instruments, and anomalies in the sampling method
(EPA 2009). Seasonal correlations will be assessed visually, whereas linear trends will be evaluated
statistically (Section 3.3).
PLs, which are the statistical methodology proposed in this Plan, assume concentrations do not
demonstrate temporal correlation and are therefore not appropriate when these trends are present. If
temporal trends are present in the dataset, the data will be adjusted to account for the trends (e.g. removal
of seasonal trends), the time period used for the baseline will be reassessed, or an alternative statistical
method will be used. In some cases, it may be possible that no adjustments or alternative methods are
appropriate and a particular parameter may not be considered for statistical analysis.
As recommended in the Unified Guidance, any visually identified outliers will be further evaluated prior to
inclusion in the statistical analysis (Section 3.3.2). This evaluation will include reviewing the analytical
laboratory reports, laboratory quality assurance/quality control (QA/QC) information (if available) and any
available notes associated with the sampling event and the laboratory report to determine if any systematic
errors had occurred. Occasionally, analytical values for a parameter at a specific well are not consistent
with the remainder of the data. When these inconsistent values, or outliers, deviate significantly from the
rest of the data, the data point will be removed from the dataset. The rationale for the removal of any
outliers will be documented in the annual report.
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Data Distribution

Most parametric statistical tests are based on the assumption that the data are normally distributed or can
be transformed to a normal distribution. The distribution of the data will be tested for normality using a
95 percent confidence level.

3.2.1

Tests for Data Distribution

The suggested test methods for evaluating data distribution are described below.

3.2.1.1

Shapiro-Wilk Test

The Shapiro-Wilk W test (EPA 2009) will be performed if the dataset consists of 50 or less points. The
Shapiro-Wilk W test tests the null hypothesis that a sample xi,...., xn came from a normally distributed
population.

3.2.1.2

Shapiro-Francia W Test

The Shapiro-Francia W test (EPA 2009) will be used if the dataset consists of more than 50 points. The
Shapiro-Francia W test is a statistical test for the normality of a pollution based on sample data.

3.2.1.3

Summary of Data Distribution Tests

Each parameter from each well will be analyzed separately. If necessary and where possible, a log-normal
transformation of the data will be performed.

3.3

Outlier Analysis

Data will be evaluated for potential outliers using Dixon’s or Grubbs’ outlier test, in addition to the visual
observations conducted during the initial data review of the time-series graphs.

3.3.1

Tests for Outliers

The suggested test methods for outlier analysis are described below.

3.3.1.1

Dixon’s Test

For parameters with multiple visual outliers identified and a dataset less than 25 points, Dixon’s test will be
used to identify outliers. Dixon’s test, also referred to as Dixon’s Q test, or the Q test, is used for
identification and rejection of outliers once in a data set.

3.3.1.2

Grubbs’ Test

Grubbs’ test will be used if one potential outlier is identified and the dataset is larger than 6 points. Grubbs’
test is a statistical test used to detect outliers in a univariate data set assumed to come from a normally
distributed population. In the case where multiple outliers are identified and the dataset is larger than 25
data points, Grubbs’ test will be used iteratively in order to identify multiple outliers. An outlier identified
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using Grubbs’ test will be removed from the dataset and Grubbs’ test will be run again to identify additional
outliers.

3.3.1.3

Summary of Outlier Analysis

This process will continue until no additional outliers are identified. Both statistical outlier tests assume that
all data values, except the suspect observation, are normally distributed or can be transformed to fit a
normal distribution. Therefore, visual inspection of concentrations over time is also important in screening
for outliers. Outliers will be managed as follows:


Any suspected outlier identified by the outlier test or visual methods will be reviewed
(i.e., reviewing the analytical report, lab narrative, and/or field notes) before removal from
the dataset. Rejected data points will not be included in the baseline monitoring dataset.



The rationale for the removal of any outliers will be documented in the annual report. The
majority of the outliers will likely be isolated values that can be attributed to:
 inconsistent sampling or analytical chemistry methodology resulting in laboratory
contamination or other anomalies
 errors in the transcription of data values or decimal points



If an outlier is removed, the normality test will be rerun to determine if the dataset is
normally distributed without the outlier.

The effect of removing outliers from the background data will usually lower the statistical limit thus improving
the odds of detecting upward changes in concentration levels.

3.3.2

Trend Analysis

The Mann-Kendall test (EPA 2009) is a non-parametric method for determining if an upward or downward
trend exists in a dataset. The test involves examining all possible pairs of measurements in the dataset
and scoring each pair to determine if a trend exists. The test will be conducted using a target confidence
level of 95 percent.
If statistical limits cannot be established due to trending data, a trend analysis approach in accordance with
the Unified Guidance (EPA 2009) will be used to evaluate the significance of an apparent change in water
quality over time for the given parameter and well.

3.3.3

Statistical Limits

Statistical limits will be established with either a parametric prediction or non-parametric prediction
methodology. The statistical test selected for a given parameter will be based on the detection frequency
and data distribution according to the following conditions:


If the detection frequency is less than 50 percent, a non-parametric Prediction Limit (NPL)
will be used
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If the detection frequency is greater than 50 percent, and the data are normally distributed
or can be transformed to fit a normal distribution, a parametric Prediction Limit (PPL) will
be used



If the detection frequency is greater than 50 percent, and the data are not normally
distributed and cannot be transformed to fit a normal distribution, a NPL will be used to
establish the statistical limit

These conditions for detection frequency and data distribution are also summarized in the following table.
Statistical Limit Tests
Detection Frequency
Distribution
Normal
Not Normal

0%

≤ 50%

> 50%

--

NPL

PPL

NPL

NPL

NPL

Note: For pH, a two-tailed parametric or non-parametric limit will be used.

NPLs will be set using the reporting limit, PQL, or detected value, whichever is greatest. PPLs will be
calculated using a 95 percent confidence level and the number of future comparisons will be set to eight for
quarterly sampling frequency and four for semi-annual sampling according to the following equation:

𝑃𝑃𝐿 = 𝑥̅ + 𝑡1− 𝛼 ,𝑛−1 𝑠√1 + 1/𝑛
𝑚



𝑥̅ = sample mean concentration of the background dataset



s = standard deviation of the background dataset



t = Student's t-statistic in the Unified Guidance Appendix D, Table 16-1
  = 0.05 for a confidence test level of 95 percent
 n-1 = degrees of freedom

3.4



m = number of future comparisons



n = number of samples in the background data set

Updates to Statistical Baseline Period

According to the Unified Guidance (EPA 2009), an appropriate frequency for updating the baseline dataset
with quarterly sampling is every 1 to 2 years to allow for at least 4 to 8 new measurements to be collected.
For semi-annual sampling, baseline is recommended to be updated every 2 to 3 years.
During the initial background monitoring period, the baseline dataset will be reviewed and updated every
2 years, if appropriate. If in the future the sampling frequency changes to semi-annual monitoring, the
baseline will be reviewed and updated every three years, if appropriate. The baseline update will include
a review of any revisions to federal and state regulations and EPA statistical guidance documents that may
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have been prepared since the previous baseline statistical analysis. The baseline period for a specific
parameter will not be updated if unverified or verified SSIs have been identified for that parameter.
Prior to inclusion of more recent data in an updated baseline period a trend analysis and Wilcoxon
Rank-Sum test will be conducted. Parameters will be evaluated for statistically significant increasing trends
using methods described in Section 3.3.

Outliers identified in the previous baseline period will be

re-incorporated into the dataset and reevaluated as potential outliers during the baseline update, unless
the outlier(s) were removed due to sampling, lab, or other determinant error.
The Wilcoxon Rank-Sum test (EPA 2009), also known as the Mann-Whitney test, determines if
measurements from one population are significantly higher or lower than another population. This test is
non-parametric, meaning that it does not assume that the data fit a specific distribution, such as a normal
distribution. When the baseline period is updated in the future, the Wilcoxon Rank-Sum test will be used
to compare data from the current baseline period with the more recent data that are intended to be
reclassified and included in the updated baseline period. The test will be conducted at the 95 percent
confidence level. If these two datasets are drawn from different populations, then the results of the test
support updating the previous baseline dataset with the recent data. After the new data are incorporated
in to the dataset, the baseline statistical analysis outlined in Section 3.0 will be conducted.
If the Wilcoxon Rank-Sum test detects a significant difference between the two sample populations or a
statistically significant increasing trend is identified, additional data review will be necessary. The data will
be reviewed to determine whether a gradual trend or other change has occurred. It may be necessary to
remove some of the earlier baseline data from the updated baseline period to ensure that future statistical
analysis is based on current groundwater conditions at the site and not on outdated measures of
groundwater chemistry.
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COMPARATIVE STATISTICAL ANALYSIS

Once statistical limits have been established for the initial background (baseline) data, the analytical results
from each monitoring event will be compared to the statistical limits. When the statistical limit is exceeded,
the data point will be identified as potentially statistically significant. This comparative analysis will be
performed within 30 days of receipt of the final analytical results from the laboratory and completion of data
review.
The following definitions will be used in discussion of the comparative statistical analysis:


SSI – is a statistically significant increase and is defined as an analytical result that exceeds
the parametric or NPL established by the baseline statistical analysis.



False-positive SSI – is defined as an analytical result that exceeds the PL that can clearly
be attributed to laboratory error, changes in analytical precision, or invalidated through
confirmatory re-sampling.



Confirmatory re-sampling – is designated as the next scheduled sampling event.



Verified exceedance – is interpreted as two (2) consecutive SSIs (the original sample and
the confirmatory re-sample) for the same parameter and the same well.

A potentially statistically significant increase will not be considered a verified exceedance until confirmatory
re-sampling is performed and the annual comparative statistical analysis is conducted. Confirmatory
sampling will occur during the next scheduled sampling event.
For verified SSIs, a trend test will be performed on data collected since the end of the baseline period after
at least 2 years of data have been collected. These tests will be used to determine whether these data
have a statistically significant trend (increasing or decreasing). The selected trend analysis will be in
accordance with the Regulations and Unified Guidance (EPA 2009).
Golder will notify AEPCO of any significant increases within 14 days after the completion of the comparison
and sample analyses, including any data quality review necessary to address questions concerning the
validity of sampling or laboratory analyses. A discussion of the comparative statistical analysis and verified
SSIs will also be reported in the annual report.
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