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1.0 INTRODUCTION 

 

The following sampling & analysis plan describes the standard protocol for the collection 

and analysis of ground water and surface water samples at EQ Resource Recovery, Inc. 

(EQRR).  The monitoring activities described in this plan are required by the Operating 

License issued under Part 111 of Michigan Public Act 451 by the Michigan Department 

of Environmental Quality (MDEQ).  This revision was prepared to incorporate 

constituents identified during Appendix IX analysis groundwater samples and to correct 

minor technical errors within the original revision.  The previous revision was prepared to 

account for changes in site conditions brought about by the implementation of interim 

corrective measures along part of the east site boundary. Any deviations to the procedures 

and protocols contained herein must be approved in advance by MDEQ, and if permanent 

deviations, be incorporated into a revised plan to be reviewed and approved.   

 

The monitoring program for EQRR consists of three components: site ground water 

quality monitoring, site ground water level monitoring, and surface water quality 

monitoring of the Trouton Drain.  Groundwater quality is monitored in the saturated 

portion of a relatively thin layer of silty sand that is found at the ground surface to a depth 

of around 10 feet over the entire facility property except for part of the east site boundary 

where this unit was replaced with a clay dike keyed into the underlying clay.  This area is 

shown on Figure 1 of this plan.  No groundwater monitoring can be conducted in this 

area.  The areas that will be monitored include locations where the sand unit is present 

and protected only by an asphalt barrier wall constructed to impede the flow of 

groundwater along the downgradient portions of the site.  The groundwater level 

monitoring program serves as a means to determine flow directions and head levels at key 

points in the containment system that was installed to prevent on site groundwater from 

discharging into Trouton Drain.  Surface water is monitored in Trouton Drain, a shallow 

storm drain that is the discharge area for any shallow groundwater flowing off site.  
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The sampling and field measurements are to be conducted by a trained Environmental 

Monitoring Technician or equivalent.  The monitoring technician is responsible for 

performing these tasks in accordance with this sampling plan and in accordance with any 

applicable operating license conditions.  The technician is also responsible for 

maintaining all required records and logs as outlined in Section 10 of this document.  

 

 

2.0 SAMPLING LOCATIONS 

 

Ground water samples will be collected from five monitoring wells (OW-107, MW-16, 

OW-22, OW-104 and OW-105) located outside of the asphalt based slurry wall along the 

east and south site boundary.  Enhanced monitoring as identified within the operating 

permit will additionally be performed at monitoring wells (OW-11R, OW-9, and P-9) that 

are located on the inside the asphalt based slurry wall along the southeast and south site 

boundary.  These areas are the natural downgradient direction at the site and the likely 

path of groundwater diverted by the clay dike.  All eight of these wells are designated as 

sampling points on Table 1 and the locations of these wells are shown on Figure 1 

Monitoring Well Location Map.   The underdrain collection basin will also be sampled 

for the purpose of tracking the quality of groundwater collected inside the barrier wall. 

 

To monitor the hydraulic conditions in the area of the barrier wall/under drain system, 

static water level measurements will be collected at the each of the wells, piezometers 

and manholes listed on Table 1.  A description of how data from the wells will be utilized 

is included on the Table 1 (e.g. some wells are used only to construct water contour maps 

while others are used to assess gradients across the barrier wall).  Well logs (if available) 

for the monitoring wells and piezometers are included in Appendix A.  

 

Surface water samples will be collected from two permanent locations and one temporary 

location along Trouton Drain.  For the permanent locations, the upstream location, SW-

NE, is near the culvert where Trouton Drain passes beneath Van Born Road and the 

downstream location, SW-SE, is near MW-16 near the southeast corner of the site.  These 

locations are also shown on the Figure 1.  Temporarily, a third location, SW-TEMP 

located just south of the sediment trap at the downstream limit of the clay dike, will be 

monitored as well.  EQRR will petition for removal of this location, if appropriate, when 

final corrective actions have been formulated. 
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3.0 SAMPLING FREQUENCY 

 

Groundwater samples will be collected quarterly from the monitoring wells listed on 

Table 1 and semi-annually from the underdrain sump to monitor the composition of the 

ground water collected by the underdrain system.  Surface water samples will be collected 

on approximately a quarterly basis as these samples must be collected within 24 hours 

subsequent to a 24 hour 0.5 inch precipitation event and when sufficient water is present 

within the drain to collect a sample.  Therefore, the timing of sample collection may 

sometimes become skewed toward the wetter seasons of the year. 

 

Static water levels at all of the wells, piezometers, and manholes listed on Table 1 are to 

be collected monthly.  The data will be evaluated for the following: 1) evidence of 

outward gradients at any of barrier wall well pairs listed on Table 1, and 2) build-up of 

head in the area between the old asphalt barrier wall and the new clay dike.  This gradient 

information will be used to assess the performance of the underdrain system and to 

evaluate the significance of any statistically significant increases found to occur in wells 

outside the wall.  Water levels between the wall and the dike will be monitored to 

determine if there is a head build up in this area that would warrant head lowering 

measures. 

 

 

4.0 MONITORING PARAMETERS 

 

The list of ground water monitoring parameters to be analyzed in each sample is 

presented on Table 2.  This list was developed from a detailed evaluation of on-site 

contamination.  The list is updated by this revision to include 40 CFR Part 264 Appendix 

IX constituents identified during recent sampling events.  During the eight quarters of 

background data collection, all primary, secondary and tertiary parameters will be 

analyzed.  Following background, the frequency of monitoring for each parameter will be 

that shown on Table 2.  The parameter list for the analysis of surface water samples is 

included on Table 3 and was developed in a similar fashion.  Also, additional parameters 

from the primary and secondary ground water parameter list may be added to the surface 

water list if confirmed statistically significant concentrations of additional parameters are 

found in the ground water samples. 
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5.0 STATIC WATER LEVEL MEASUREMENTS AND WELL PURGING 

 

During each water level survey, and prior to well purging during sampling, static water 

levels will be collected utilizing an electric water level indicator capable of 0.01 ft. 

precision.  Measurements will be made from the surveyed part of the casing top, which is 

the north side of the casing top, and repeated several times to ensure that a reproducible 

water level is attained.  The top of casings is surveyed relative to permanent USGS 

datum.  Water levels will be measured to the nearest 0.01 ft.  The probe and any 

submerged portion of the cable must be scrubbed with a detergent solution and then 

rinsed thoroughly with distilled water between each well.  Measurements from all of the 

wells will be collected on the same day. 

 

Well purging prior to sampling will be completed utilizing a disposable bailer.  At least 3 

well casing volumes of water will be removed prior to sampling, or the well will be 

purged dry.  As all of the wells are 2-inch diameter wells, the volume to be removed can 

be estimated by the following equation: 

 

 Volume Removed (gal) = Height of Water Column (ft) * 0.5 

 

The height of the water column is determined from the static water level and the total 

well depth.  The volume purged will be recorded in a bucket of known volume.  The 

purge water collected will be delivered to one of the manholes for the under drain.  If the 

well purges dry, the recovery rate will be recorded to determine how long the well must 

recover before sampling.  Samples will be collected within 1 day of purging, or sooner if 

recovery rates allow.   

 

 

6.0 SAMPLING PROCEDURES 

 

Ground water samples will be collected with disposable bailers composed of inert high-

density polyethylene and equipped with a VOC sample delivery valve.  This material has 

been shown to be suitable for collecting samples containing the parameters included in 

this program.  A new bailer will be used to purge and sample each well and will be 

discarded after a single use.  Samples will be delivered to the appropriate bottles as 

described on Table 4, which must be provided certified clean by the laboratory with 

appropriate preservatives.  Samples to be analyzed for organic compounds (primary 

compounds) are collected first followed by metals (secondary parameters) and then 
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indicator parameters (tertiary parameters).  In this way the most important samples are 

collected first in case the sample volume produced by the well is inadequate.    

 

The sample collected for VOC analysis must be delivered to the sample vial while 

attempting to minimize turbulence to the sample.  The vials must be filled to the top 

leaving no headspace.   All sample bottles must be filled carefully with effort made to 

ensure no dirt or other foreign particulates end up in the sample.   Samples collected will 

be immediately labeled and placed in an iced cooler.  Samples to be analyzed for 

dissolved metals can be field filtered with a 0.45 µm in-line filter cartridge and preserved 

with a couple of drops of reagent grade HNO3 to a pH of less than 2. 

 

Surface water samples can be collected by direct access to the drain.  To allow 

confirmation of an apparent impact to surface water, two sets of samples will be collected 

during each sampling event.  The first set will be collected approximately 2 hours before 

the second.  Only the first set must be analyzed and reported.  However, if there is an 

apparent statistically significant increase, the second sample will be used for 

confirmation.  Samples will be collected within the appropriate containers as described 

for the ground water samples. 

 

 

7.0 FIELD MEASUREMENTS 

 

Field measurements of pH, specific conductance, and temperature will be collected on 

both ground water and surface water samples using an YSI Model 3560 water quality 

monitoring system, or equivalent.  A two-point calibration will be used for the pH meter.  

Measurements will be made on a small volume of sample collected in a clean plastic 

container.  This sample will be discarded with the purge water after the measurements are 

completed.  The instrument will be calibrated prior to each days sampling activities.  The 

calibration step will be logged in the Equipment Inventory, Repair, and Calibration Log 

maintained by the Environmental Monitoring Technician.  
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8.0 ANALYTICAL PROCEDURES 

 

The analytical procedures (referenced) and normally attainable detection limits for the 

ground water and surface water parameters are listed on Table 5.  Some of these detection 

limits will not be attainable in the samples from the underdrain due to the required 

amount of sample dilution.  The samples will be analyzed by Trimatrix Laboratories of 

Lansing, Michigan or another comparable lab.  Holding times for the various parameters 

are included on Table 4. 

 

   

9.0 QUALITY ASSURANCE/QUALITY CONTROL 

 

Field QA/QC procedures will include the collection of blind duplicate samples and 

blanks.  One blind duplicate sample will be collected annually for the groundwater 

program and for the surface water monitoring program.  At least one trip blank will be 

maintained for each day of sampling (ground water or surface water) and field blanks for 

VOC's will be maintained for each sample collected.  During each sampling event, the 

trip blank and one randomly selected field blank will be analyzed. 

 

The laboratory QA/QC procedures are explained in detail in the Quality Assurance 

Manual for TRIMATRIX included as Appendix B.  This manual describes the internal 

policies, guidelines and procedures of TRIMATRIX.  This manual is not intended to 

describe the specific details of this particular monitoring program.  Rather, this document 

is used as a guideline in evaluating TRIMATRIX's QA/QC and standard operating 

procedures to ensure that generally acceptable practices are employed.  

 

 

10. RECORD KEEPING AND CHAIN OF CUSTODY CONTROL 

 

Record keeping during sampling will be conducted at all times.  Records will include 

notes taken in a field notebook, the standard chain of custody form, and the Equipment 

Inventory, Repair and Calibration Log.  The field notebook shall contain, at a minimum, 

the following information: 

 

1. The identity of all personnel involved in sample collection. 
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2. For each sample collected: 

 - The sample location/well designation 

 - The date and time each sample was collected 

 - The static water level 

 - Volume of water purged 

 - Field measurements of pH, etc. 

 - Visual observations of the condition of the sample  

 

3. Any observations regarding the integrity of the monitoring or observation wells.  

Specifically, well assemblies should be inspected for damage to casings, locks, 

annular seals, and any evidence of tampering. 

 

In the event that damage to a well is observed, a written report describing the damage and 

the necessary repairs must be submitted to the Site Manager or designee.  With the 

exception of very minor repairs (e.g. replace a rusted lock, etc.) it may be necessary to 

notify MDEQ prior to making the repairs and in some cases obtain MDEQ approval prior 

to initiating the work. 

 

The chain of custody form must be filled to out to provide a complete record of the 

sample handling from the time of sample collection through the time of laboratory 

analysis.  These forms are to accompany the samples to the laboratory.  These forms must 

be filled out completely with sample information and must identify all persons who have 

been involved with the collection and shipping of the samples.  If the samples change 

possession, both parties must sign and date the record at the time of the transfer.  The lab 

keeps the original form and the sampler must obtain copies for EQRR files. 

 

The Equipment Inventory, Repair and Calibration log must be maintained with the field 

monitoring equipment (e.g. pH meter, SWL meter, etc.) and should include the serial 

number of all equipment, a record of all equipment repairs or replacement, and a record 

of the calibrations performed.   
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11.  DATA EVALUATION AND REPORTING REQUIREMENTS 

 

The monitoring program for EQRR requires that reports be submitted to MDEQ on a 

timely basis for both background data evaluation and for routine monitoring.  All 

groundwater quality analyses must be evaluated for evidence of statistically significant 

increases utilizing the statistical procedures outlined in Appendix C of this plan.  In 

general, the following reporting requirements must be followed: 

 

1. Quarterly ground water and surface water quality monitoring reports including 

analytical data and statistical analyses will be submitted to the Department within 

60 days of the completion of each sampling event.  However, if preliminary data 

from the laboratory suggests there may be organic contaminants within the waters 

of Trouton Drain, MDEQ will be notified of the results and apprised of any 

interim measures that EQRR elects to take to address the problem. 

 

2. An annual report summarizing all monitoring activities must be submitted to 

 the Department by March 1 of the following year.



 

 

Figure GW-1 

Site Drawing – Plan View 

Groundwater Collection/Monitoring
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Appendix C 

Statistical Analysis Procedures 

 

Background Statistics - Background statistics for the monitoring program were, or will be 

calculated from eight quarters of monitoring at each individual well at the facility.  The 

backgrounds calculated are "intrawell" backgrounds based on data from each of the 

compliance wells at the site.  Upon completion of background, the calculated background 

statistics will be submitted to MDEQ and become part of this monitoring plan. 

 

Interim Statistics for Groundwater Quality Evaluation – Until background is completed, 

an interim statistical program will be used.  For this program, the detection of any organic 

compound will be considered an apparent statistically significant increase that must be 

evaluated per license conditions. 

 

Final Statistics for Ground Water Quality Evaluation - For the ground water quality 

monitoring program, EQRR uses either a combination Shewhart-Cusum control chart or a 

Non-Parametric Prediction Limit (NPPL) test for determining whether there is evidence 

of a statistically significant increase.  The selection of the statistical method is based on 

degree of censorship.  If the data are less that half BDL, then control charts are selected 

for that parameter.  If the data are 50% or more BDL, then the NPPL test is used.  During 

routine monitoring, statistics are conducted only on the primary parameters and secondary 

parameters.  Tertiary parameters will be used to assist in evaluating apparent increases in 

primary and secondary parameters. 

 

Control Charts - The combined Shewhart-CUSUM control chart is a powerful statistical 

technique appropriate for intrawell statistics.  The Shewhart limit (U), or upper control 

limit will be set at 4.5, as recommended in the Interim Final Guidance for Statistical 

Analysis of Ground-Water Monitoring Data at RCRA Facilities (USEPA, 1989).  The 

comparison statistic (Z) for each measured parameter is then calculated by: 

 

    Z = (xb - xm)/sb 

 

Where: xb is the intrawell background mean  

  xm is the measured concentration during detection monitoring 

  sb is the standard deviation of the intrawell background 
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The value of Z is then simply compared to U (4.5) and if Z is greater than U then it is 

concluded that a statistically significant increase has occurred. 

 

If a parameter exceeds the Shewhart limit, then, the well will be resampled in 

quadruplicate for the offending parameter.  The mean of the quadruplicate analysis will 

be used to confirm whether the Shewhart limit is exceeded.  If there is confirmation, then 

EQRR will conclude that there has been a statistically significant increase and report the 

results to the Department.  If the increase is not confirmed, EQRR will resume normal 

routine monitoring and the unconfirmed measurement will be dropped from the control 

chart.   

 

The CUSUM control chart will be constructed utilizing values of k = 1 and h = 5 as 

recommended by USEPA (1989).  In the CUSUM procedure, the cumulative sum of the 

values for Z - k are tabulated over time, each time a round of samples are analyzed.  The 

value for Z is computed as described above.  During each analysis subsequent to 

background, a value for Z - k is computed and added to the previous total.  As long as the 

cumulative total of Z - k is a negative number; the cumulative sum (S) remains zero.  As 

positive values accumulate, the value for S is compared to the selected value for h, in this 

case 5.0.  If S is greater than h, then, a statistically significant event has occurred and 

resampling in quadruplicate will be initiated.  The mean of the quadruplicate sample will 

then be used to determine whether this mean value would cause S to exceed h.  If S 

exceeds h a second time, then, the increase is confirmed and appropriate measures will be 

taken as described above.  If the increase is not confirmed, then, the mean of the 

quadruplicate replaces the result of the initial (unconfirmed) value within the CUSUM 

statistic. 

 

Non-Parametric Prediction Limits - There are very limited alternatives for statistics for 

highly censored data.  One method, which has been picking up support in RCRA 

programs, is a test based on non-parametric prediction limits.  This approach defines an 

upper prediction limit and allows retesting as a means of controlling false positive rates.  

In the case of all BDL data, the upper prediction limit is merely the detection limit.  In the 

case where there are some detectable values in the background, the upper prediction limit 

is defined as the maximum value measured during background.  The number of retests 

allowed before concluding that there has been a confirmed statistically significant 

increase is a function of the number of wells and number of parameters and is designed to 
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control the facility-wide type II error rate at no more than 0.05 (or any other desired rate) 

per sampling event. 

 

Surface Water Quality Evaluation - The statistical monitoring plan for surface water 

quality is designed to determine whether the surface water downstream of the facility is 

significantly degraded as compared to upstream surface water at the time of the sampling.  

To determine the statistical significance of differences in upstream versus downstream 

water quality, EQRR will use the sign test for inorganic parameters.  For organics the test 

will simply be “is the compound present downstream and not upstream”. 

 

For the inorganic parameters, which will generally be present in detectable 

concentrations, the sign test will be performed at the 0.05 significance level to determine 

if the number of parameters that are present in the downstream samples in higher 

concentrations than the upstream sample is statistically significant.  To perform the sign 

test, the downstream concentration of each inorganic monitoring parameter is compared 

to the upstream concentration for that sampling event.  If the downstream concentration is 

higher, then, a "+" is assigned to that parameter; if the downstream concentration is 

lower, then, a "-" is assigned for that parameter; and if the concentrations are equal, then, 

a "0" is assigned for that parameter.  The total number of "+" parameters and the total 

number if "+" and "-" parameters are then used with the binomial probability table shown 

as Table C-1 to determine if the number of "+" parameters is statistically significant.  The 

table is entered at n, the total number of "+" and "-" parameters and the corresponding 

value for y is determined for the largest number for alpha that is than or equal to 0.05.  

This number y is the smallest number of "-" parameters that can be obtained without a 

statistically significant increase (e.g. if there are any less "-" parameters then there will be 

too many "+" parameters). 

 

The detection of an organic parameter will be determined to be an apparent statistically 

significant increase if the parameter is detected downstream but not detected upstream.  If 

an apparent statistically significant increase is indicated, it will be confirmed or refuted by 

the second sample collected during the sampling event.  If it is not confirmed, the initial 

result will be considered an anomaly and routine monitoring will resume.  If the results 

are repeated then EQRR will conclude that there has been a confirmed statistically 

significant increase, notify the Department, and attempt to determine the origin of the 

increase for the purpose of preventing future releases. 


