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1.0

INTRODUCTION

This sampling and analysis plan (SAP) has been prepared by GREDELL Engineering
Resources, Inc. for the proposed Ameren Missouri Labadie Utility Waste Landfill, located
adjacent to the Labadie Energy Center and approximately two and one-half miles northeast
of the town of Labadie and immediately southeast of the Missouri River in northeast
Franklin County, Missouri. The proposed utility waste disposal area and surrounding areas
to the north, south, and east are currently used primarily for agricultural (row-crop)
production. The Labadie Energy Center is located immediately to the west. Labadie
Bottom Road marks the approximate western boundary of the site and Davis Road marks
the eastern boundary of the site. The general location is shown on Figure 1.
The SAP has been prepared consistent with the rules and regulations promulgated by the
Missouri Department of Natural Resources Solid Waste Management Program (SWMP)
and the Division of Geology and Land Survey (DGLS), found under 10 CSR 8011.010(11)(C)2. through 10 CSR 80-11.010(11)(C)6. and 10 CSR 23-4, respectively. This
SAP includes the following information: QA/QC procedures to be followed during both field
sampling and laboratory analyses; groundwater sample preservation and shipment
procedures; a chain-of-custody procedure; and discussion of statistical methods to be
followed in the evaluation of groundwater samples gathered in accordance with this plan.
Site-specific technical reports were also consulted during development of this plan. They
include:
Detailed Site Investigation Report for Ameren Missouri Labadie Power Plant
Proposed Utility Waste Disposal Area, Franklin County, Missouri, dated February 4,
2011, revised March 30, 2011 by GREDELL Engineering Resources, Inc. and Reitz
& Jens, Inc.
Construction Permit Application for Utility Waste Landfill, Ameren Missouri Labadie
Energy Center, prepared by Reitz & Jens, Inc. and GREDELL Engineering
Resources, Inc.
This SAP is being submitted as an appendix to the solid waste disposal area construction
permit application referenced above. The SAP focuses on the implementation of
appropriate sampling and analysis procedures for the establishment of a groundwater
detection monitoring system at the proposed utility waste landfill. This SAP will help
ensure that the landfill development proceeds in an environmentally sound fashion,
consistent with Solid Waste Management Law and Rules.
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2.0

FACILITY LOCATION

The proposed Labadie UWL is located within the alluvial floodplain of the Missouri River in
northeastern Franklin County approximately two and one-half miles northeast of the town
of Labadie and six miles north of intersection of State Hwy 100 and Interstate 44 (Figure
1). The National Geodetic Survey indicates the site lies within the northwestern part of
Township 44 North, Range 2 East. Portions of the area are part of the “historic” Spanish
Land Grant survey system identified as “SUR”. The site is located within sections 17 and
20, SUR 384, and SUR 1735. The site has had a historical land use of agriculture.
Groundwater levels are largely influenced by fluctuations in Missouri River level. Depth to
groundwater is relatively shallow and varies from two to 13 feet, but levels were noted in
some instances to rise up to, and during infrequent high-river stages, may slightly exceed
ground surface elevation. Hydraulic gradients are also shallow. Minimum values range
-6
-5
from 1.990 x 10 ft/ft to 6.161 x 10 ft/ft (0.015 to 0.33 ft/mi). Maximum values range from
3.517 x 10-3 ft/ft to 5.534 x 10-4 ft/ft (3 to 18 ft/mi). Calculated hydraulic conductivity values
range from 9.47 x 10-2 to 2.15 x 10-2 feet per minute (ft/min), and average 4.91 x 10-2
ft/min. These values fall within the range of hydraulic conductivity values typically ascribed
to coarse and medium sand deposits.
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3.0

FACILITY BACKGROUND

The Ameren Missouri Labadie Utility Waste Landfill is being proposed as a landfill site to
accommodate the waste generated from the flue gas desulfurization units, fly ash, and
bottom ash.
The proposed UWL covers a waste boundary area of approximately 166.5 acres of the
813-acre landfill permit boundary within the Ameren Missouri Labadie Energy Center
Property. The entire site is zoned by Franklin County as Agricultural Non-Urban (ANU).
Improvements within the Labadie UWL permit boundary include the 166.5-acre waste
disposal area, stormwater management ponds permitted separately as no discharge
wastewater facilities under Missouri Clean Water Law, soil stockpile areas, flood protection
berms, perimeter stormwater control structures, site access roads, perimeter security
fencing, buffer zones, and groundwater monitoring.
In order to ensure that groundwater is protected a series of groundwater monitoring wells are
proposed for installation both upgradient and downgradient of the UWL. Periodic sampling of
the groundwater monitoring well system is required under Missouri’s Solid Waste Management
Regulations, 10 CSR 80-11.010(11).
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4.0

PROPOSED GROUNDWATER MONITORING SYSTEM

The proposed groundwater monitoring system consists of 35 permanent wells and one
temporary well (Figure 2). Thirty-three wells (MW-1 through MW-32, and temporary
monitoring well TMW-1) will monitor shallow groundwater contained within the unconfined
alluvial aquifer that underlies the site as recommended in the Detailed Site Investigation.
Three deep wells [MW-33(D), MW-34(D), and MW-35(D)] will monitor deeper zones within
the unconfined alluvial aquifer. The wells that generally are downgradient from waste
disposal boundaries are designated MW-1 through MW-21, MW-28 through MW-32, MW33(D) and MW-34(D). The wells that generally are upgradient from waste disposal
boundaries are designated MW-22 through MW-28, and MW-35(D). Individual well
location and depth information is summarized in Table 1. The table also lists the
temporary monitoring well (TMW-1) that will serve as a “sentry” for the initial operations
within Cell 1. It will be used to supplement water quality data derived from the permanent
downgradient wells located along the eastern perimeter of Cell 3.
Justification for the location of the proposed permanent well system is presented in
Appendix X of the Construction Permit application. The proposed wells will be installed
prior to acceptance of waste. TMW-1 will be removed when Cell 3 becomes operational.

4.1

Well Construction

All monitoring well drilling and construction will be completed in accordance with the
Missouri Monitoring Well Construction Code of regulations found in 10 CSR 23-4. A typical
monitoring well construction detail for the proposed well installation is provided as Figure 3.
Well depths will be in general accordance with Table 1 to ensure full submersion of each
10-ft screen interval. Some allowances may have to be made in actual well location to
ensure they do not conflict with planned landfill development, terrain or subsurface
irregularities, overhead power lines, or similar encumbrances. This in turn will affect actual
well depths, which are based on ground surface elevations.
Drilling and well construction will be completed by a properly permitted monitoring well
installation contractor. Drilling logs and monitoring well construction details will be
completed subsequent to installation activities and inserted into Appendix 1 of this SAP at
a later date.
Proposed monitoring wells will be located such that reasonable access can be gained for
the purpose of maintenance and repairs. The surrounding natural drainage will not be
impaired. Each well will be placed so as to facilitate surface water drainage surrounding
the well.
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4.2

Well Development or Redevelopment

Each well will be developed with the use of either disposal bailers or a non-dedicated,
submersible pump. In no event will the method used introduce any contaminants into the
wells. A minimum of three well volumes of water will be removed or until the well is
effectively “dry”. A “well volume” includes both the filter pack and casing, as measured
from the base of the well to the initial static water level. In addition, the volume of potable
water introduced into the well bore while drilling and/or constructing the well, if any, will be
removed.
Field measurements of groundwater temperature, pH, and specific conductivity will be
recorded during the development process. Field measurements will continue until both
temperature and specific conductivity have stabilized to within ten percent between three
successive readings. Similarly, pH readings should stabilize within 0.2 pH units.
In addition to the above, development records will include documentation of both pre- and
post-development water levels. Final clarity of the water will also be noted.
Redevelopment will be undertaken when 20 percent of the well screen is occluded by
sediments, as determined during routine measurements of the depth of the well taken
during field sampling events.
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5.0

SAMPLING FREQUENCY - DETECTION MONITORING

Detection monitoring is required at all monitoring wells. The sampling frequency required
by 10 CSR 80-11.010(11)(C) is twice yearly during the months of May and November,
except for initial background water quality monitoring following well installation and prior to
operation. The rule requires a minimum of four independent samples to be collected from
each well. This requirement allows identification of background concentrations contained
in the alluvial aquifer using a statistically valid number of sampling events. Background
water quality data are critical to identify in order to allow comparison with subsequent
sample analysis to determine if statistically significant increases in target contaminants are
present within the groundwater.
The proposed schedule for background water quality sampling at the Ameren Missouri
Labadie Utility Waste Landfill is presented in Table 2. The intent of the schedule is to
provide eight independent rounds of background data prior to the start of operations. The
eight sets of data (from the four minimum sampling events required by the rule plus four
additional sampling events) will better define the spatial variability of groundwater quality
across the footprint of the disposal area. The degree of spatial variability will ultimately
determine the statistical approach to be used in the evaluation of detection monitoring
results. Sampling events will also be scheduled such that they occur no sooner than
twenty-four (24) hours after cessation of pumping from the irrigation well located
approximately 1,800 feet northeast of proposed waste boundaries (see Plan Sheet 4 of
CPA drawings).
Detection Monitoring will include analysis of the parameters listed in Appendix I of 10 CSR
80-11.010. Those parameters are listed for reference in Appendix 2.
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6.0

FIELD SAMPLING EQUIPMENT - QA/QC PROCEDURES

All field personnel must read and familiarize themselves with the protocol established in
this section. All personnel involved in the sampling process must wear Level D Protective
clothing as defined by OSHA. This includes, but is not limited to, safety boots/shoes,
safety glasses, and disposable gloves. No smoking is allowed during sampling. A first aid
kit must be accessible to field personnel during each well sampling event.
The following equipment, at a minimum, will be available in the field during each sampling
event: purging and sampling equipment, both dedicated and non-dedicated; an electronic
water level measurement device; pH, temperature, specific conductivity, oxidationreduction potential (ORP), and turbidity meters; sample containers, and coolers.
The probes and attachments of each pH, temperature, specific conductivity, oxidationreduction potential (ORP), and turbidity meter will be triple rinsed in distilled water. The
meters will then be calibrated in accordance with manufacturer’s recommendations or as
otherwise specified in the Field Equipment Calibration Forms and Procedures included in
Appendix 3. Any malfunction will be corrected or the meter will be replaced.
Sample containers will be pre-cleaned by the contract laboratory by washing in a laboratory
grade, non-phosphate detergent, triple rinsed in distilled water, and sufficiently dried to
remove all moisture. The sample containers will be checked/inventoried for proper
container volume, material, preservatives, labels and any observed defects (e.g.,
preservative leakage) at the time of receipt from the laboratory and documented on the
Groundwater Sampling Bottle Inventory form (Appendix 4).
Prior to collecting a sample, the following decontamination procedures will be implemented.
1. Purging and Sampling Equipment will be handled and decontaminated as
necessary to prevent contamination of the wells.
a. If non-dedicated purging and sampling equipment is used, it will be
thoroughly decontaminated and tested by collecting an equipment blank
prior to use (see Section 7.4 Equipment Blank).
b. If disposable bailers are used in the purging and sampling of the wells, they
will be new, single-use bailers for each well and purging/sampling event.
Used disposable bailers, even if decontaminated, are not acceptable.
c. If dedicated pumps or bailers are used, care will be taken to prevent cross
contamination.
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2. Water level measuring device, including sensor probe and the entire length of
graduated tape will be washed in laboratory grade, non-phosphate detergent
followed by a triple rinse in distilled water.
a. As the tape is reeled back onto the carrying spool, it will be wiped and dried
using clean, dry paper towels.
3. During sampling, carefully lower the purging and sampling equipment into the well,
handling it only with clean, disposable gloves. Do not drop any equipment into the
well. The intake of the sampling equipment should be suspended above the base of
the well to avoid churning of particulate matter within the sump.
4. After each well is sampled or during sampling events, as necessary, disposable
gloves should be discarded, hands washed with soap and water, and fresh
disposable gloves applied before the next sampling.
5. After use, the purging and sampling equipment will be washed in laboratory grade,
non-phosphate detergent, followed by a triple rinse with distilled water, prior to any
further use.
6. Should purging and sampling equipment malfunction or not be available for use
during the sampling event, substitute equipment or a bailer may be used.
7. All handling of the bailer will be with clean disposable gloves. Gloves must be
changed as often as necessary, particularly if contact is made with other
substances during the bailing process. The bailer must not be allowed to contact
any foreign substance, in which case the bailer will be promptly replaced,
regardless of condition.
8. Lightweight, high tensile strength line or a similar product used in conjunction with
the disposable bailers or reel systems will be discarded and replaced each time a
well is sampled.
If dedicated pumps are used, care should be taken to prevent any foreign objects from
being part of the sample. The outside of the sample discharge tubing should be cleaned
to prevent introduction of foreign objects into the sample container.
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7.0

GROUNDWATER SAMPLES - QA/QC PROCEDURES

7.1

General

Precautions must be taken during both sampling and shipping procedures to ensure
representative groundwater is obtained. Sample blanks and sample duplicates are
therefore required to guard against and/or identify accidental, “induced” contamination from
these sources. Sample blanks include trip blanks, field blanks, and equipment blanks.
Sample duplicates are self-explanatory, but can include both matrix spike and matrix spike
duplicates. Each of these quality control features is explained more fully as follows.

7.2

Trip Blanks

Trip blanks are prepared in the laboratory. They are designed to detect contamination
resulting from improper or inadequately cleaned containers, sample coolers used for
transport, or from chemical preservatives. A trip blank is prepared by filling an
appropriately sized container with distilled water and any applicable chemical preservative.
It is then shipped with the sample containers from the laboratory and subsequently
accompanies groundwater samples on the “trip” back to the laboratory. Trip blanks must
be clearly identified as such along with the analyses to be performed on them. At a
minimum, one trip blank per sampling event will be provided.

7.3

Field Blanks

Field blanks are prepared in the field. A field blank is prepared by directly filling an
appropriately sized container with laboratory-supplied deionized water. Field blanks are
used to detect contamination resulting from changed ambient air conditions. They also
serve as a check against trip blanks. Field blanks should be clearly identified in the
sampler’s field notes and appropriately labeled to ensure its later identification in laboratory
analytical results. One field blank will be collected per sampling event.

7.4

Equipment Blanks

Equipment blanks are prepared in the field when non-dedicated sampling equipment is
used. They are used to ensure that non-dedicated equipment is properly decontaminated.
This is accomplished by collecting a sample of distilled water passed through nondedicated equipment after they have been decontaminated. Equipment blanks should also
be collected anytime new, dedicated equipment is introduced into the water sampling
process. Equipment blanks should be clearly identified in the sampler’s field notes and
appropriately labeled to ensure its later identification in laboratory analytical results. At a
minimum, one equipment blank per sampling event will be collected.

7.5

Sample Duplicates

Sample duplicates are independent samples collected as close in time as possible as the
original sample from any given well. They are stored and analyzed separately from the
original sample and are a check on the precision of the sampling and analytical process.
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Sample duplicates must immediately follow original sample collection of any given chemical
parameter. Because they serve as a check on the reproducibility of data generated by the
analytical laboratory, labeling should follow a format that does not overtly divulge the true
identity of the sample on the sample labels or on the chain-of-custody sheet. It should be
clearly identified in the sampler’s field notes and appropriately labeled to ensure its later
identification in laboratory analytical results. One sample duplicate will be collected for
every 20 samples. At a minimum, one sample duplicate per day per sampling event will be
collected.

7.6

Matrix Spikes

Matrix spikes are prepared in the laboratory by adding a known amount of target analyte to
a sample prior to preparation and analysis. They are used to determine the bias of a
method in a given sample matrix.

7.7

Matrix Spike Duplicates

Matrix spike duplicates are intra-laboratory split samples containing identical
concentrations of target analytes. They are used to substantiate matrix spike samples.
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8.0

FIELD SAMPLING PROCEDURES

8.1

General

Upon arrival at each monitoring well, its physical condition must be documented. Appendix
5 contains a Monitoring Well Field Inspection form that must be filled out for each well each
time it is sampled. Any irregularities in the condition of the well must be immediately
reported and corrective action implemented prior to the next sampling event.

8.2

Water Level Measurements

The next procedure is to obtain water level measurements. They must be obtained
immediately prior to any attempt to purge the well. All water levels measuring equipment
will be thoroughly decontaminated as previously described and checked for wear and
abrasion prior to use. Clean, disposable gloves will be worn. All measurements must be
recorded to +0.01 foot and should be based on a permanent reference point located at the
top of the well, the elevation of which is established by a licensed surveyor.
Once the sample is collected, it is also necessary to measure the depth of the well. This is
required to determine if the well screen is partially blocked by sediment, thus inhibiting
recharge. If accumulated sediment obstructs more than twenty percent of the well screen
height, it will be reported and arrangements made to redevelop the well prior to the next
sampling event. Record all data gathered during water level measurements on the Field
Sampling Log form provided in Appendix 6.
Ensure the well cap is clean prior to replacing after measurements are complete. Do not
leave the well cap off for any reason, even for brief periods, unless purging immediately
commences.

8.3

Purging

The next procedure is to purge the wells. There are two potential methods for purging the
wells: Purge/Recover Sampling method; and Low-Flow Sampling method. Each method is
acceptable, if the procedures are diligently followed. Each method is described separately
below. All purge volumes must be documented on the Volume Tracking Log form provided
in Appendix 6.
Purge/Recover Sampling: If using dedicated purge and sampling equipment, the
following paragraph does not apply. If non-dedicated purge and sampling equipment is
used, the wells should be purged in an order that precludes any potential crosscontamination. Typically, the upgradient wells are purged prior to the downgradient wells.
Purging must occur prior to any sampling, because water standing in the well may be
unrepresentative due to physical and/or chemical alteration. Each well will be purged by
removing at least three well volumes of water or until purge parameters stabilize. A well
11
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volume is considered the sum of the saturated portion of the well casing plus the saturated
portion of the filter pack, which is roughly equivalent to an effective pore volume of 30
percent. The calculated volumes are based on the height of the water column above the
established base of the well as measured immediately prior to purging. Filter pack heights
must also be known. Well construction information for this facility will be placed in
Appendix 1 following construction of the wells.
Wells will be purged using either dedicated bailers or other suitable purging and sampling
equipment. All handling of purging equipment will be done wearing clean disposable
gloves. Purge water will be poured into a graduated container sufficient to allow accurate
measurement of the volume of water obtained. Once a well volume is obtained,
temperature, specific conductivity, pH, oxidation-reduction potential (ORP) and turbidity will
be recorded. Temperature must be measured first, followed by specific conductance ORP,
pH, and lastly by turbidity. It is important to measure specific conductance and ORP prior
to pH due to the potential presence of salts on the pH probe unit. All meters will be
calibrated and checked for proper operation following manufacturer’s recommendations or
as otherwise outlined in Appendix 3. The clarity (turbidity) of the water will be noted.
Cloudy, turbid water must be minimized.
Low–Flow Sampling Method: When using dedicated low flow pumps and automatic
purge parameter sensors, such as the YSI 5083 Flow Cell, the following procedures will be
followed to assess the stability of a water sample. At a minimum, all water will be purged
from the line between the low-flow pump and the automatic sensors. This will be done by
allowing a minimum of one volume within the connecting sampling tubing to flow from the
well before assessing the stability of the water sample.
To be considered stable, the reading from each respective purge parameter sensor will be
compared to the previous two values (collected at least one minute apart), and will be
within the following limits:





or


pH
Specific Conductance
Temperature
Oxidation-Reduction Potential
Turbidity

+/- 0.2 S.U.
+/- 20 umhos/cm
+/- 1 C
+/- 20 millivolts
+/- 1 NTU (optional)

10 percent for SC, temperature, ORP and turbidity and +/- 0.2 S.U. for
pH

If one-quarter inch (¼”) tubing is used to connect the low flow pump to the automatic
sensor, it takes one minute to purge 26 feet of tubing at 250 ml/minute.
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Once sampling is complete, properly dispose of all purge water. Record all purge data on
the Field Sampling Log form provided in Appendix 6.

8.4

Sampling

The next procedure is the actual sampling of the well. As much as practical, sampling
should take place within two hours of the final purge event. In some instances, the
recharge characteristics of the screened interval may be such that the two-hour stipulation
is not feasible. In that event, sampling should be performed no later than 24 hours after
final purging. Wells should be sampled in the order that precludes as much, to the extent
practical, any potential cross-contamination. Typically, the upgradient wells are purged
prior to the downgradient wells. Samples from each well will be collected in the following
order, based on their sensitivity to volatilization:







TOX
TOC
TDS
Metals
Non-metals
COD

Samples must be carefully decanted into the appropriate sample container. Agitation must
be minimized to avoid altering the chemical makeup of the sample. If well pumps are
being used, care should be taken to prevent any contaminant from the exterior of the
sample tubing from contaminating the water sample. Field filtration of samples is not
allowed under 10 CSR 80-11.010(11)(C)2.B. Consequently, sample clarity must be
documented and efforts made to minimize increasing turbidity beyond what naturally
occurs in the well environment. Once a sample is retrieved, it will be preserved according
to the guideline provided in Appendix 4. Samples requiring storage at low temperature will
be immediately placed in coolers packed with ice. The temperature of the storage coolers
will be monitored to ensure appropriate temperatures are maintained. All sampling data
will be documented on the Field Sampling Log form provided in Appendix 6.
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9.0

SAMPLE TRANSPORT AND DELIVERY, CHAIN-OF-CUSTODY

A chain-of-custody procedure is necessary to ensure the integrity of samples from the time
of collection through delivery and final analysis. A sample is considered in someone’s
custody if:
1.
2.
3.
4.

It is in that person’s physical possession;
In view of that person once he/she has taken possession;
Has been secured by that person so as to prevent tampering, or;
Has been placed by that person in an area restricted to authorized personnel.

Any person with custody as defined above must comply with the procedures established
herein.
Prior to transport, the person collecting the samples must properly label each sample
container and complete a Chain-of-Custody Field Record form. An example chain-ofcustody field record form is provided in Appendix 7. Each label must be secured to the
container and the following information clearly described on the label in indelible marker or
pen:







Collector’s name
Date and time of sampling
Monitoring Well ID
Sample ID
Preservative(s) used, if any
Required analytical test(s)

If the sample cooler(s) used for transport is not tamper proof, each sample container must
also have a tamper proof seal affixed by the collector across the lid. A chain-of-custody
summarizing the samples to be transported is also required. This form should be prepared
by the collector and completed upon final sampling. A copy of the form(s) should
accompany the person responsible for transporting the samples so that it can be included
with the final analytical report as support documentation. The sample collector also
initializes the chain-of-custody record process. It is his/her responsibility to ensure that the
record is maintained upon relinquishment of the samples for transport to the laboratory.
When samples are transported, the carrier assumes responsibility for the chain-of-custody
record and for ensuring safe transport of the samples to the laboratory. The carrier must
recognize the contents of the shipment, the potential hazards they entail, and demonstrate
an understanding of the proper handling precautions to be used during transport. The
carrier is responsible for ensuring that all samples are properly stored to avoid leakage or
breakage. Sample coolers should be checked to ensure required temperatures are
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maintained and any additional ice is added as necessary. Do not use dry ice during
transport. The carrier must also ensure that all relevant shipping manifests are properly
and fully completed. Other individuals who might accompany the carrier must be advised
of the nature of the shipment and must not be allowed direct contact with any of the
samples.
Any transfer of samples from one carrier to another must be accompanied by the chain-ofcustody record and the above process repeated prior to relinquishment of the samples.
The carrier must deliver the samples to the laboratory as soon as practicable after
sampling, generally no later than 48 hours. The carrier should ensure that the samples are
delivered to the person in the laboratory qualified to receive samples prior to
relinquishment of the chain-of-custody record to that individual.
The laboratory should assign a specific individual to be responsible for the samples. This
individual should first inspect the condition of the sample containers and any seals, and
then reconcile the information on sample labels with that listed on the chain-of-custody
record prior to signing the record. This individual should then assign laboratory numbers to
each sample, enter these numbers on the laboratory logbook and on each sample
container label, and should store the samples in a secured storage area until ready for
analysis. This individual is ultimately responsible for completion of the chain-of-custody
record and for ensuring that it forms part of the final analytical report.
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10.0 ANALYTICAL LABORATORY - REPORTING AND QA/QC
PROCEDURES
The contract laboratory must have the ability to produce reliable quantitative results in
accordance with established protocol. At a minimum, the laboratory must use analytical
methods that will achieve the nominal target reporting limits for the MDNR Appendix I
groundwater monitoring parameters listed in Appendix 2. Adequate levels of accuracy,
precision, and completeness must be maintained.

10.1

Accuracy

Accuracy is defined as the degree of agreement between the measured amount of a
species and the amount actually known to be present, expressed as a percentage. To
achieve an adequate appraisal of accuracy, spikes and/or control samples should be made
for one of every twenty samples analyzed. Minimum levels for accuracy should be listed in
specific laboratory quality assurance plans.

10.2

Precision

Precision is a measure of the reproducibility of analytical results, generally expressed as a
Relative Percent Difference. To achieve an adequate appraisal of precision, duplicate
analyses should be performed for every one in twenty samples. Minimum levels for
precision should be listed in specific laboratory quality assurance plans.
The relative standard deviation is a measure of the variability of the results from an
analytical procedure. The relative standard deviation is calculated by taking the difference
between a sample result, x, and the average of sample results from numerous laboratories,
xbar, for each analyte divided by xbar [(x-xbar)/xbar expressed as a percentage].
The relative percent difference is the difference, by analyte, between the results of
duplicate sample divided by the average value for those samples [(x1-x2)/(( x1+ x2)/2)
expressed as a percentage]. It is a measure of the variation in the results of an analyte for
duplicate samples.
If the results for duplicate samples of an analyte for relative percent difference are within
2.5 times the percent relative standard deviation, the analytical data for the parameter may
be accepted as being comparable results. If the results of an analyte for duplicate samples
for relative percent difference are not within 2.5 times the percent relative standard
deviation, the results of the analyte should be checked for comparability.

10.3

Completeness

Completeness is a comparison of the amount of valid data acquired to the amount of valid
data planned to be obtained, expressed as a percentage. Should the percentage of
completeness fall below 90 percent for the analytical results of any given sampling event,
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the laboratory should be prepared to present a corrective action narrative prior to receiving
further groundwater samples.

10.4

Reporting Requirements

Minimum reporting requirements for the laboratory responsible for analytical results of
groundwater monitoring well samples are as follows:
1. A table summary of all analytical test methods used in the analysis, including
references for each to the method manual and test method number.
2. A summary of all analytical results. This must include use of appropriate units,
reporting Practical Quantitation Limit (PQL), and appropriate signature on all
data sheets. Units must be shown for each analyte. Data cannot be method
blank corrected. Data must be appropriately flagged.
3. A complete chain-of-custody form(s). A complete form includes name and
affiliation of sample collector, time and date of sampling, and all appropriate
signatures denoting custody changes. The chain-of-custody form should be an
original or a highly legible copy.
4. A completed copy of the field sampling log(s) contained in Appendix 6 of this
Sampling and Analysis Plan.
5. Method detection limits must be established for all metals analysis. Method
blank results are required.
6. All inorganic results will be accompanied by a Quality Assurance data form that
includes minimum detection limits, method blanks, field or trip blanks, and lab
replicate. If spiked samples are used, these data will also be included.
Supplemental laboratory data will include a summary that chronicles laboratory procedures,
including date of sampling, sample receipt, preservation, preparation, analysis, and
approval signature of the results.
Upon the initiation of routine semi-annual detection monitoring and once laboratory
analytical data are received, facility personnel must in turn submit the data to MDNRSWMP in report form for review and comment within 90 days of the date of sampling.
Information to be contained in the report should include the following:
1. Clearly state the purpose of the submittal (i.e. either detection or assessment
monitoring).
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2. Supply a copy of field notes, including all field data sheets.
3. Provide unaltered copies of the “raw” analytical data. A summary table is also
recommended, but cannot take the place of the “raw” data.
4. Include the completed chain-of-custody form(s).
5. Summarize the data validation procedures.
6. Summarize groundwater flow direction and hydraulic gradient. Compare and
contrast with previous data. Supply an updated water table (potentiometric)
map prepared by a properly qualified individual.
7. Provide a statistical analysis summary using approved methods, including
discussion of any statistically significant increase over established background
values.
8. Note any deviations from the Sampling and Analysis Plan that may have taken
place during the sampling event.
9. Provide electronic submission of groundwater data in a format and method
prescribed by the MDNR-SWMP.
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11.0 STATISTICAL ANALYSIS
The statistical analysis procedure(s) used for the Ameren Missouri Labadie Utility Waste
Landfill (UWL) were selected to be consistent with the requirements of 10 CSR 8011.010(11)(C)5. The statistical analysis plan below was developed for this facility and is
submitted for review and approval.
This section contains a general discussion of the type of statistics chosen for the facility.
The type of statistics chosen reflects the understanding that the site is located in a flood
plain, and the shallow alluvial groundwater will be monitored.

11.1

Characterization of Well Network and Selection of Statistics

Upon installation of permanent groundwater monitoring wells, the Labadie Energy Center
will follow the schedule for sampling shown in Table 2. After eight rounds of background
sampling, a report will be prepared comparing the distribution of data for each parameter in
both the upgradient and downgradient wells. Comparisons may include Box Plots for
median, quartile and extreme values and Kruskal Wallis tests for comparison of
populations at a 0.05 level of significance or other tests as appropriate. If downgradient
well data are not comparable to upgradient well data, intra-well statistics will be considered
for future comparisons. If data from one or more upgradient wells are comparable to the
downgradient well(s) data, inter-well statistics will be considered for future comparisons.

11.2

Prediction Intervals or Other Statistical Tools

Parametric and non-parametric prediction intervals will be used as discussed below. The
types of statistics to be used include parametric and non-parametric prediction intervals.
For intra-well comparisons, the parametric and non-parametric prediction intervals will be
defined by the data from previous samples collected at the well being reviewed. For interwell comparisons, the parametric and non-parametric prediction intervals will be defined by
the data from previous samples collected at the upgradient well(s).
Below is a specific discussion on the implementation for the statistics listed above.
Prediction intervals for parametric and non-parametric distributions are recommended.
Most computer statistical software programs include distribution testing with the
appropriate selection of normal, log normal or non-parametric distribution. Some statistical
software programs use the Ladder of Powers concept in an attempt to normalize data.
Prediction intervals may include samples with results below detection limits by using either
the Cohen or Aitchison approximations for a limited number of non-detects.

11.3

Choice of Statistical Test for Limited Data

The following restrictions apply to these statistical methods recommended in Section 11.2
depending on the number of samples that have been collected:
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11.4

Sample size < 4 – do not run statistics
Sample size > 4 but ≤ 8 – may use Poisson Prediction Limit Test or similar tests as
a cursory review of parameter concentrations. Elevated parameters from this test
are not Statistically Significant Increases (SSIs), but are parameters that will need
to be looked at more closely when the sample size is greater than 12
Sample size > 8 – use recommended Statistical methods

Non-Detects

There are limitations on the use of statistical procedures if analytical results do not detect a
parameter. Examples are as follows:







11.5

For non-detects ≥ 76 percent and < 100 percent, use a non-parametric inter-well
prediction interval testing with the Upper Prediction Limit (UPL) = to the largest nonoutlier value.
For non-detects equal to 100 percent, use a non-parametric prediction interval
testing with the Upper Prediction Limit (UPL) = the Practical Quantitation Limit
(PQL). The analytical laboratory will maintain the lowest PQL practicable.
Significant changes in PQL (+ 25 percent) will be avoided as much as practicable.
For non-detects < 25 percent, use PQL divided by two, or Cohen’s Adjustment, and
check for normality. The SWMP may approve use of a median PQL.
For non-detects ≥ 25 percent and < 75 percent, use Cohen’s Adjustment or a
modified Aitchison’s Adjustment (also known as the modified delta method), and
check for normality.

Normality Testing

The purpose of normality testing is to determine whether the background data is normally
distributed or if it can be normalized through transformation. Data that is normally
distributed or that can be normalized will be evaluated using a parametric statistical tool.
Data that is not normal will be evaluated using a non-parametric statistical tool. Examples
of normality testing include:



For sample population ≤ 50 – Shapiro-Wilk Test or equivalent
For sample population > 50 – Shapiro-Francia Test or equivalent

Show normality testing on at least the original data, data residuals, and natural
logarithmically transformed data or data transformed by the Ladder of Powers concept.

11.6

Outlier Testing

Since most of the software packages available use either the t-test or Dixon’s method for
determining outliers and neither of these methods can determine multiple outliers the
SWMP has developed the following procedure to be used in determining outliers.
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Screen data first by using Probability Plots and Time Series Plots. The Time Series Plot
and the Probability Plots will aid in determining whether there are multiple possible outliers
or a single possible outlier. The time Series Plot is used along with the Probability Plots to
screen for possible outliers, a screening tool. The possible outliers are the points on the
Probability Plots that appear out of alignment with the rest of the data. Care should be
taken when using Probability Plots because non-normal data will also have points out of
alignment as compared to the rest of the data. In addition, the Probability Plots will help
determine if the numerical tests should be evaluated using log-transformations or
transformed by the Ladder of Powers concept.
Determine the Median value for the Data to be processed. The median was chosen
because the median value is not changed by either high or low values. This value is the
screening tool to be used in the steps listed below:


Use the screening tool to determine what values are possible outliers. The Time
Series Plots could aid in the identification. If the number of possible outliers is
equal to one, run the outlier test on that one value. If there are no possible outliers
identified, do not screen for outliers. If there is more than one possible outlier
proceed to the next step.



Determine if one or more of the possible outliers could mask the other outliers. For
example, for possible outlier values of 194, 290, 332, 838 and 1630, 1630 could
mask 838 as an outlier. When masking can occur, each possible outlier should be
tested with the other possible outliers not used in the calculations. In the example
given, tag the value of 1630 and then run the outlier test on the value of 838. If the
value 838 is an outlier then the value 1630 would also be an outlier and removed
from the data set as confirmed outlier.



If the outlier test would be run on the complete data set of 194, 290, 332, 838 and
1630, to determine if 1630 was an outlier, the value of 838 would not be an outlier if
the value 1630 were not an outlier.

Also, when looking at the initial sample values, use the time series plots to determine if
these initial values are within reasonable limits as compared to the other early samples.
Some parameters have high readings the first few times a well is tested and these higher
readings could mask a trend if they are not removed early in the monitoring program.
Simply relying on a computer program to determine outliers without looking at the data
through a visual means can give erroneous results.
There are different outlier tests depending on the number of samples:


Use only Dixon’s Test if the sample size is  25.

21

GROUNDWATER SAMPLING AND ANALYSIS PLAN
Ameren Missouri Labadie Energy Center Utility Waste Landfill
December 2012, Revised August 2013, Revised November 2013



Use Rosner’s Test, if available, only if the sample size is  20. Rosner’s Test is able
to test for either single or for multiple outliers. Although Rosner’s test avoids the
problem of masking when multiple outliers are present in the same data set, it is not
immune to the related problem of swamping. Swamping refers to a block of
measurements all being labeled as outliers even though only some of the
observations are actually outliers. This potential pitfall seems to be in properly
identifying the total number of possible outliers. Following the screening procedure
above should minimize the problem of swamping:
o

Outliers can only be excluded for the analytical event in which they are
determined.

o

Previously determined outlier results will be re-checked when background is
updated to confirm that these results are still outliers and not included in the
background database.

o

Last date outliers of compliance well comparisons must not be excluded
from current analysis.

o

Outlier screening will never be applied to the current (future values)
monitoring data of control charts.

Other types of outlier test, besides those mentioned previously, may be used.

11.7

Prediction Interval Testing

When inter-well comparisons are being used, compare inter-well Upper Prediction Limit
(UPL) to each downgradient well’s last date value. Inter-well UPL is calculated from all
dates of upgradient well background data.
When using intra-well comparisons, compare the UPL from previous sampling to the
results by constituent of the current round of sampling results by constituent.

11.8

Procedures for Response to Future SSI’s

This section contains a general discussion on the re-sampling strategy for any parametric
or non-parametric inter-well prediction interval methods, re-sampling used to verify SSI’s.
An SSI is not proven:


If the pooled background sample size (n) is ≤ 10, there is one resample out of two
samples that does not show an SSI for the parameter; or
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If the pooled background sample size (n) is > 10, the single resample does not
show an SSI for the parameter

This sampling strategy is identified in flow charts provided in Appendix 8.
If an SSI is confirmed, current (1997) Missouri Solid Waste Management Rules require the
following procedures [Reference 10 CSR 80-11.010(11)(C)6].
“6. Response to statistical analysis.
A. If the comparison for the upgradient wells shows a statistically significant increase
(or pH change) over background, the owner/operator shall submit this information
to the department.
B. If the comparisons for downgradient wells show a statistically significant increase
(or pH change), resulting from the landfill, over background, the owner/operator
shall within ninety (90) days of the last sampling event obtain additional
groundwater samples from those downgradient wells where a statistically significant
difference was detected, split the samples in two (2), and obtain analyses of all
additional samples to determine whether the significant statistical difference was a
result of laboratory error.
C. If the additional samples show a statistically significant increase (or pH change)
over background, the owner/operator must demonstrate to the department within
ninety (90) days that a source other than the utility waste landfill caused the
contamination or that the statistically significant increase resulted from an error in
sampling, analysis, statistical evaluation or natural variation. If the owner/operator
cannot make this demonstration to the department, the owner/operator shall submit
a plan to the department for a groundwater assessment monitoring program and
implement the program as described in subparagraphs (11)(C)6.D. through H. of
this rule. The plan shall specify the following:
(I) The number, location and depth of wells;
(II) Sampling and analytical methods for the monitoring parameters listed in
Appendix I of this rule on a quarterly basis;
(III) Evaluation procedures, including any use of previously gathered groundwater
quality information;
(IV) The rate and extent of migration of the contaminant plume in the groundwater;
and
(V) The concentrations of the contaminant plume in the groundwater.
D. After obtaining the results from the initial or subsequent sampling events required in
subparagraph (11)(C)6.B. the owner/operator shall (I) Within fourteen (14) days, notify the department and place a notice in the
operating record identifying the constituents that have been detected;
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E.

F.

G.

H.

(II) Within ninety (90) days, and on a quarterly basis after that, resample all wells
and conduct analysis for all constituents listed in Appendix I to this rule and notify
the department of the constituent concentrations. A minimum of one (1) sample
from each well sampled (background and downgradient) shall be collected and
analyzed during these sampling events;
(III) Establish background concentrations for any new constituents detected during
subsequent monitoring events; and
(IV) Establish groundwater protection standards for all new constituents
detected
during subsequent monitoring events.
If the concentration of all constituents listed in Appendix I to this rule are shown to
be at or below background levels as established in paragraph (11)(C)3. of this rule
for two (2) consecutive sampling periods, the owner/operator may reinstate
detection monitoring at the utility waste landfill as specified under subparagraph
(11)(C)3.C. of this rule.
If the concentrations of any constituents listed in Appendix I of this rule are above
background values, but all concentrations are below the groundwater protection
standard established under subparagraph (11)(C)6.D. of this rule using the
statistical procedures in paragraph (11)(C)5. of this rule, the owner/operator shall
notify the department and the department may require the owner/operator to-(I) Continue assessment monitoring; or
(II) Develop a corrective measures assessment, or both.
If one (1) or more constituents listed in Appendix I of this rule are detected at levels
above the groundwater protection standard as established under subparagraph
(11)(C)6.D., the owner/operator shall-(I) Provide the department with a report assessing potential corrective measures;
(II) Characterize the nature and extent of the release by installing additional
monitoring wells as necessary; install at least one (1) additional monitoring well at
the facility boundary in the direction of contaminant migration and sample this well
in accordance with paragraph (11)(C)6. of this rule and, if required by the
department, notify all persons who own the land or reside on the land that directly
overlies any part of the plume of contamination if contaminants have migrated offsite if indicated by sampling of wells; and
(III) Continue assessment monitoring as per the groundwater quality assessment
plan, and implement the approved corrective action program specified in part
(11)(C)6.G.(I) of this rule.
The results of implementation of the assessment monitoring program shall be
submitted to the department at the end of each year or an alternate time period
approved by the department.”

Prior to implementing a response to a future SSI, it is recommended that the Missouri
Code of State Regulations be reviewed to determine if the Solid Waste Management Rules
regarding Response to Statistical Analysis have been revised.
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11.9

Current MDNR Protocols

The following protocols are currently used by MDNR’s Solid Waste Management Program
in managing groundwater monitoring data for solid waste disposal areas and in evaluating
that data for statistically significant increases (SSI’s)
The SWMP has previously not allowed a verified SSI or its verification resample value(s) to
be excluded as outliers from the database for control charts if the previously specified
resample strategy shows that only the “future measurements” plot, including resample(s)
measurement(s), does not exceed the “SCL - limit” line.


Re-sampling SSI’s must be conducted a minimum of one quarter later from the
previous sampling event. MDNR’s in-house laboratory or subcontractor will be
given the option to split samples for each re-sampling event.



If a subset of background data is to be excluded, or if a previous excluded subset of
background data is to be re-included for statistical analysis, a request for
modification to the approved statistical analysis plan must be submitted to and
approved by the SWMP before implementation. This requirement does not include
the data that would be temporarily excluded because of outlier testing during a
single statistical analysis event.



See Appendix 8, Attachment 1 for a flow diagram for implementing Prediction
Intervals.



See Appendix 8, Attachment 2 for a flow diagram for Non-Parametric Prediction
Intervals for data that is non-normal or for data that cannot be normalized.

Prior to utilizing various MDNR protocols for statistical analysis of groundwater monitoring
data, it is recommended that the SWMP be contacted to obtain updated recommendations
on current protocols and/or policies.
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Construction Permit Application
Proposed Utility Waste Landill
Ameren Missouri Labadie Energy Center
Franklin County, Missouri
Groundwater Sampling and Analysis Plan
Groundwater Monitoring Well Summary
Table 1

Monitoring Well
Designation

Upgradient or
Downgradient

MW-1
MW-2
MW-3
MW-4
MW-5
MW-6
MW-7
MW-8
MW-9
MW-10
MW-11
MW-12
MW-13
MW-14
MW-15
MW-16
MW-17
MW-18
MW-19
MW-20
MW-21
MW-22
MW-23
MW-24
MW-25
MW-26
MW-27
MW-28
MW-29
MW-30
MW-31
MW-32
MW-33(D)
MW-34(D)
MW-35(D)
TMW-1

DG
DG
DG
DG
DG
DG
DG
DG
DG
DG
DG
DG
DG
DG
DG
DG
DG
DG
DG
DG
DG
UG
UG
UG
UG
UG
UG
UG
DG
DG
DG
DG
DG
DG
UG
DG

Northing Easting
995574
995656
995738
995819
995548
995171
994600
994380
994160
993940
993720
993500
993280
993060
992840
992620
992302
991674
992096
991668
991332
990940
991102
991822
992708
993986
994619
995267
995679
995760
995836
995914
995750
995544
992613
993795

727216
727662
728106
728547
728812
729206
729389
729642
729895
730147
730400
730653
730905
731158
731410
731663
731681
730925
730184
729958
729953
729361
728514
727995
727524
726913
726637
726640
726962
727409
727854
728306
727359
728880
727529
728659

Ground Surface
Elevation (approx.)
470
469
468
468
468
467
467
466
465
466
466
465
465
464
464
464
465
462
463
463
463
464
465
465
466
467
468
469
470
469
469
468
469
468
466
467

Well Depth (feet, Screen Length
bgs)
(feet)
25
23
22
21
21
20
19
18
17
18
18
17
17
16
15
15
16
13
15
14
14
15
17
17
18
20
22
24
24
24
22
22
75 to 85
75 to 85
75 to 85
19

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

Top of Screen Interval
Elevation (approx.)
455
456
456
457
457
457
458
458
458
458
458
458
458
458
459
459
459
459
458
459
459
459
458
458
458
457
456
455
455
455
456
456
384 to 394
383 to 393
381 to 391
458

NOTES:
1. Refer to Figure 2 for proposed monitoring well locations.
2. MW-33(D), MW-34(D), and MW-35(D) are deep wells. Total depths are estimated.
3. TMW-1 is a temporary ("sentry") well located immediately east of initial cell construction area (Cell 1).
4. Basis for permanent well locations described in "Documentation of Groundwater Monitoring Well Design"; see Appendix X of Construction Permit Application.
5. Refer to Figure 3 for typical well construction details.
6. MW-1 through MW-21, MW-33(D), MW-34(D) and TMW-1, denote generally downgradient well positions. MW-22 through MW-28, and MW-35(D), denote generally upgradient well positions.
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