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INTRODUCTION 
 
Although the preamble to the 2015 federal Coal Combustion Residuals (CCR) rule 
indicates groundwater sampling should be conducted utilizing EPA’s low stress (low-
flow) purging and sampling methodology, the performance standards outlined in § 
257.91 and the sampling and analysis requirements outlined in § 257.93 do not 
explicitly require low flow sampling, and thus allow for consideration of alternate 
sampling methodologies. This paper compares traditional low-flow sampling methods to 
no-purge sampling methods to shed light on whether no purge methods can meet the 
required performance standards more efficiently than low flow methods. A brief 
summary of the two methods is provided, and the results of a comparison study 
performed at a CCR site are reviewed.  Lessons learned from the field and lab are 
presented, and potential cost savings are reviewed. 
 
EPA’s low flow purging and sampling methodology (EPA, 1996) requires the pumping of 
groundwater from a well until measured parameters, such as temperature, pH, 
conductivity, dissolved oxygen, oxidation-reduction potential, turbidity and drawdown, 
achieve pre-defined stabilization criteria. Table 1 lists some of the advantages and 
disadvantages of the low flow sampling methodology compared to no purge methods. 
 
Table 1. Advantages and Disadvantages of Low Flow Sampling Methodology 
 
Advantages Disadvantages 

 Samples are representative of the 
mobile fraction of contaminants 
present 

 Smaller purging volume compared 
to some other methods 

 Reduction in variability due to 
sampling methods 

 

 Purging until stabilization can be 
time-consuming and costly 

 Purging produces investigation 
derived waste, which may require 
special management procedures 

 Additional equipment and training 
are required 
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No-purge sampling methods can generally be divided into two categories: diffusion 
samplers and grab samplers. Diffusion samplers consist of a permeable capsule filled 
with purified water that is deployed in a monitoring well. Constituents in groundwater 
enter the sampler through the process of diffusion, and after a certain period of time the 
water quality within the sampler reaches equilibrium with the water in the well. The 
sampler is then retrieved from the well, and the water in the sampler is submitted for 
laboratory analysis. Grab samplers are empty open containers when deployed, and are 
closed immediately before or during retrieval.  Table 2 lists some of the advantages and 
disadvantages of no-purge sampling methods compared to low flow methods. 
 
Table 2. Advantages and Disadvantages of No Purge Sampling Methodology 
 
Advantages Disadvantages 

 No purging is required to collect the 
sample, thereby reducing sampling 
time and costs; 

 No generation of investigation 
derived waste;  

 Decontamination is generally not 
required; and 

 Analytical results are comparable to 
low-flow sampling results, and in 
some cases may be more 
representative than low flow 
sampling results. 
 

 The volume of the collected sample 
may limit the number and type of 
laboratory analyses that can be 
performed; and 

 Agencies may require a side-by-
side study to demonstrate 
comparability with low-flow 
methods. 

 

 
 
CCR SITE STUDY 
 
A 604 megawatt coal-fired electric 
generating station (Facility) is located on 
an approximately 350-acre parcel (142 
hectares), and has been in operation 
since 1962. The Facility is situated in an 
industrial area along the shoreline of 
Lake Michigan. Predominantly non-
hazardous waste streams including 
bottom ash and fly ash have been 
generated by facility operations.  CCR is 
currently managed according to state 
and federal protocols but in the past was 
placed in several unlined and uncapped 
CCR landfills and a CCR Staging Area 
(Figure 1). 
 

 

Figure 1. CCR Staging Area  
(Source: AMEC Foster Wheeler) 



Site Hydrogeology  
 
At the Facility, the surficial aquifer consists primarily of dune beach and lacustrine 
sands, and the depth to groundwater ranges from 0 to greater than 12 meters.  A 
laterally continuous confining layer comprised of low permeability till and glacial 
lacustrine silt and clay underlies the surficial aquifer. The saturated thickness of the 
unconfined surficial aquifer was observed to range from 5 to 13 m.   
 
Results from quarterly groundwater sampling conducted from 2005 to 2010 identified 
the presence of inorganic constituents in groundwater derived from background 
sources, the CCR landfills and the CCR Staging Area. For example, Figure 2 depicts 
the extent of boron in groundwater in the shallow unconfined aquifer emanating from the 
CCR Staging Area.  
 

 
 
Methods 

 
In September 2010, dedicated grab samplers (Snap Sampler® from ProHydro, Inc., US 
Pat. 7,178,415) were deployed within the screened intervals of five monitoring wells 
located in or near the CCR Staging Area and landfills.  The Snap Samplers® were 
equipped with cable-actuated triggers to close the sample bottles while submerged, 
prior to retrieval.  The monitoring wells were sampled on a quarterly basis in October 

Figure 2. Extent of Boron in Groundwater 
Emanating from CCR Staging Area 



2010, January 2011, April 2011, and July 2011. At each of the monitoring wells, the 
Snap Sampler® was first retrieved and the groundwater was transferred (unfiltered) to 
pre-preserved, laboratory-supplied bottles for analysis of aluminum, arsenic, barium, 
boron, cadmium, calcium, chromium, copper, lead, magnesium, manganese, mercury, 
molybdenum, selenium, silver, and hardness. A low-flow sample (unfiltered) was then 
collected and submitted for laboratory analysis of the same list of analytes. Before 
leaving each well, the Snap Sampler® was redeployed with a clean, new polyethylene 
bottle for the next quarterly event. Both the low flow and Snap samples were sent to the 
same laboratory for analysis by the same methods in the same sample delivery group.  
 
The analytical results were evaluated with a combination of graphical and statistical 
methods.  Analytes with detection frequencies below 80 percent were excluded from the 
statistical analyses since the inclusion of a large proportion of non-detects would not 
add explanatory power to the relationship between the two methods.   
 
Concentrations obtained with the two methods were compared using a signed Wilcoxon 
Rank Sum test (WRS).  The WRS is a non-parametric hypothesis test that compares 
the difference between paired samples for a population.  A calculated p-value less than 
0.05 is considered a significant difference between the two methods.  Additionally, a 
simple linear regression was performed on the paired samples so that the Snap 
Sampler® results were plotted along the x-axis and the low flow results were plotted 
along the y-axis.  If the methods produced identical results, all of the data would fall 
along a one-to-one line and the regression would be highly significant (p < 0.05) with a 
high proportion of variance explained by the relationship (i.e., an R2 value close to one).   
 
Statistical Results 
 
The following analytes had low detection frequencies (<80%) and were excluded from 
the statistical analyses: 
 

 Aluminum 
 Arsenic 
 Chromium 
 Copper 

 Lead 
 Mercury  
 Silver 

 
 
The Wilcoxon Rank Sum test showed no significant difference between the Snap 
Sampler® and low flow sampler results (all test results had p ≥ 0.05).  This suggests that 
the results are equivalent with the two sampling methods. These results were confirmed 
by the simple linear regression results which showed all analytes had highly significant 
regressions (p < 0.001) with R2 values greater than 80 percent. The frequency of 
detection, Wilcoxon Rank Sum results and the linear regression results are summarized 
in Table 3. 
  



Table 3. Frequency of Detection, Wilcoxon Rank Sum and Regression Results 
 

  
Analyte 

Frequency of Detection 
Wilcoxon Rank 

Sum 
 

Regression 

Snap 
Sampler®   

Low Flow 
Sampler p-value Different? p-value R2 

Barium 100% 100% 0.05 No < 0.001 0.91 
Boron 100% 100% 0.16 No < 0.001 0.97 
Cadmium 94% 81% 0.91 No < 0.001 0.81 
Calcium metal 100% 100% 0.05 No < 0.001 0.96 
Hardness (as 
CaCO3) 100% 100% 0.22 No 

< 0.001 
0.92 

Magnesium 100% 100% 0.33 No < 0.001 0.83 
Manganese 94% 81% 0.23 No < 0.001 0.90 
Molybdenum 81% 88% 0.26 No < 0.001 0.98 

Selenium 88% 94% 0.78 No < 0.001 0.81 

   
In addition to the statistical analyses, scatter plots of the low flow versus Snap Sampler® 
concentrations for several of the analytes listed in Table 3 are provided in Figures 3 
through 8.  In addition to the paired data, the graphs contain the 1:1 line, which is the 
line where equal Snap Sampler® and low flow results would fall, and the linear 
regression line, which is the “best-fit” line based on the analytical data.  General 
observations about these plots include the following: 
 

 For the majority of the analytes with a frequency of detection above 80%, the 
paired concentrations tended to fall close to the 1:1 line (the line where both 
Snap Sampler® and low flow results are equal); and 

 For many of the analytes with a frequency of detection above 80%, the 
regression line is parallel to or almost parallel to the 1:1 line, which shows 
consistent correlation across the range of concentrations detected.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Methodological Considerations 
 
Overall impressions and lessons learned from a year of using the Snap Sampler® in the 
field include the following: 
 

 In general, the time required to collect a groundwater sample using the Snap 
method is significantly less than the time required to collect a sample using low 
flow methods (e.g., purging to stabilization is eliminated);  

 The Snap Sampler® is well made, reliable and easy to use to collect groundwater 
samples; and 

 The pneumatic actuator, instead of the cable-actuator, should be considered for 
applications greater than approximately 40 feet below ground surface. 

 
One limitation of the Snap Sampler® method is the sample volume. In our study, which 
was performed prior to the requirements of the 2015 federal CCR rule, we utilized three 
125 milliliter (ml) poly bottles in each of the 2-inch diameter monitoring well. Two bottles 



were used for the laboratory analysis of metals, and the third was used to measure field 
parameters. For the purpose of sampling under the federal CCR rule, the greatest 
sample volume will be required during the detection monitoring required by § 257.94, 
when analysis of appendix III and appendix IV parameters is required. It is possible for 
commercial labs to perform the analyses required appendix III and IV, and achieve 
reporting limits at or below the federal Maximum Contaminant Levels. For example, 
TestAmerica, a national laboratory that provides comprehensive testing services, has 
released guidelines that indicate their preferred sample volume to achieve MCLs for 
both appendix III and appendix IV parameters is 1.5 liters, and the minimum sample 
volume is 745 ml.  The Snap Sampler® can be stacked in any combination up to 6, 
allowing a maximum water volume of 2.1 liters in 4-inch/100mm and larger wells, and 
750ml in 2-inch/50mm wells.  Thus Snap Samplers® are capable of providing the 
minimum sample volume from a 2-inch monitoring well for both appendix III and 
appendix IV parameters. The minimum sample volume may not be sufficient if there are 
matrix interference or dilutions issues, and should be evaluated on a case by case 
basis.  If the need for larger sample volumes can be reasonably anticipated, the 
installation of 4-inch diameter monitoring wells would allow for deployment of larger 
Snap Samplers® capable of collecting up to 2.1 liters of groundwater per sampling 
event. 
 
COST COMPARISON 
 
In order to compare costs to utilize low flow versus Snap Sampler® methods for the 
collection of groundwater samples at a hypothetical CCR site, the following assumptions 
were made: 
 

 The average depth of monitoring wells is 30 feet (9.1 meters); 
 Dedicated equipment for low flow sampling includes bladder pumps, tubing and 

well head caps; 
 One staff person can sample 5 wells in one day using low flow sampling 

methods; 
 Dedicated equipment for the no-purge method includes 6 Snap Sampler®, cable 

and a mechanical trigger; 
 One staff person can sample 15 wells in one day using Snap Sampler® methods; 
 Treatment of purge water from low flow sampling is available on-site and has no 

cost; and 
 The average labor rate of a sampling technician is $75/hr. for both methods. 

 
Figure 9 shows the cumulative costs for semiannual sampling over an assumed period 
of 10 years for 30 monitoring wells. The initial cost for the Snap Sampler® method is 
slightly higher in the first 1.5 years due to equipment costs, but over a 10 year period 
the efficiency of the Snap Sampler® method saves approximately $70,000.  This same 
set of assumptions for a CCR site with 100 monitoring wells would result in a difference 
of approximately $230,000 over a 10 year period.   



 
CONCLUSIONS 
 
The performance standards outlined in § 257.91 and the sampling and analysis 
requirements outlined in § 257.93 require owners and operators of CCR units to 
develop a groundwater monitoring program that includes sampling and analytical 
methods that provide an accurate representation of groundwater quality at background 
and downgradient wells. Sufficient research and development of no purge methods has 
been completed, peer-reviewed and published (e.g., ASTM Standard D7929-14, Britt et 
al., 2010) to justify careful consideration of these methods to comply with the 
requirements of the federal CCR Rule. 
 
A comparison of data from five monitoring wells collected over four quarterly events at a 
CCR site showed high degree of correlation between the low flow and the Snap 
methods. Results from this case study are generally consistent with comparison studies 
at other sites (e.g., Parker et al., 2008, 2009), and based on the results of the site 
specific study, the U.S. EPA Region 5 approved switching from low flow to the Snap 
Sampler® method at the study site. The efficacy of this method however is dependent 
on ensuring sufficient sample volume is collected to achieve the data quality objectives. 
 



Finally, given the groundwater monitoring timeframes required by 40 CFR in § 257, 
evaluation of alternate groundwater sampling methodologies such as the Snap 
Sampler® is warranted due to the potential for significant cost savings over time.  
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