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EXECUTIVE SUMMARY

ABSTRACT

We compared five methods for collecting groundwater samples from monitoring wells in order
to evaluate their impact on VOC concentration and variability in monitoring results.

What We Learned
1. The sample method (except Active No Purge) has only a modest impact on monitoring
variability and concentration.
WORST
2. As a result, monitoring well sampling 5 @Q
methods should be selected based on factors I _
such as cost, ease of implementation, and Low Flow
sample volume requirements rather than ! vort
concerns regarding data quality. ' . '
3 ®
3. Figure A.1 shows results of a semi- | 3 {j
quantitative analysis based on field program | § [ L“”I'RGE
results depicting sampling methods. Results % e
are based on a ranking system of 1-5 (with 1 g NO-PURGE
being best), evaluated on the basis of | ~ | ®
variability and cost only. Other factors such BEST - -
as sample volume requirements and ' 4 = ! ’
regulatory factors should also be taken into Inoreasing Veriabilihy —
consideration when selecting a sample

Key Things to Watch Out For
4.

Figure A.1. Semi-Quantitative Analysis of
Sampling Methods. Gray dots indicate range of
costs for shallow and deep wells. For a description
of the five methods see Figure E.1)

method.

Monitoring purge to parameter stability
increases the cost and complexity of sample collection without providing any clear benefits
in terms of data quality.

Key Conclusions

5.

At both sites, Low Flow Standard (purging to parameter stability) and Low Flow Alternative
(Small Volume) showed the lowest variability. The results were consistent between the two
sites except for the Active No Purge (HydraSleeve) method which was more variable at the
California site than the Texas site.

Although Low Flow Alternative (Large Volume) and Passive No Purge (SNAP Samplers)
yielded slightly more variable groundwater monitoring results than Low Flow Standard, this
increase in variability would have little impact on the number of events needed to
characterize the long-term concentration trend. However, the increased variability with the
Active No Purge method would increase the number of sampling events required to
characterize long-term concentration trend in the well.

Although statistically-significant differences in concentration were observed between
methods, the average bias was small. This finding is consistent with a number of previous
studies on the effect of sample method on contaminant concentration, although some prior
studies have suggested a low bias for the Active No Purge method.
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E.1 BACKGROUND AND INTRODUCTION

The National Research Council has estimated that annual monitoring costs over $100,000,000 at
DoD (Department of Defense) facilities across the country (NRC, 2013). This cost includes on-
going monitoring of roughly 40,000 groundwater monitoring wells. A primary purpose of this
monitoring is to determine the long-term reduction in contaminant concentrations due to natural
attenuation or active remediation. However, short-term variability in contaminant concentrations
limits our ability to accurately quantify contaminant attenuation rates, increasing our monitoring
costs and limiting our ability to make appropriate site management decisions. The purpose of
this project was to: i) validate sample collection methods and procedures that minimize
variability in groundwater monitoring results, and ii) validate improved methods to optimize
monitoring frequency and assess long-term concentration trends that better account for short-
term variability in groundwater monitoring results. The specific goals of the project are as
follows:

1. Task 1: Validate the use of alternative field sampling procedures for the collection of
groundwater samples in order to minimize variability in groundwater monitoring results.

2. Task 2: Develop and validate an improved method to optimize monitoring frequency
based on a site-specific evaluation of the short-term variability and long-term attenuation
rate.

3. Task 3: Develop and validate an improved method to identify long-term concentration
trends that better account for the potentially confounding effects of short-term variability.

Note that the field program, while very intensive compared to routine groundwater monitoring
program, was only conducted at two sites. It is possible that other sites could have different
responses to the field sampling procedures relative to these two sites.

E.2 EFFECT OF ALTERNATIVE SAMPLING METHODS ON MONITORING
VARIABILITY

The overall objective of the Task 1 demonstration was to validate sample collection procedures
that minimize variability in groundwater monitoring results. The demonstration provided a
direct comparison of the short-term variability associated with three commonly used sampling
methods: 1) Low-flow purge, ii)) SNAP Sampler (Passive No Purge), and iii) HydraSleeve
(Active No Purge) (see Figure E.1).
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Low Flow - :
Low Flow Alternative, Passive No Active No

Purge, SNAP Purge,
Hydrasleeve

Active NP

Standard Small and Large .
LFS LFA (S): LFA (L) Passive NP

Figure E.1. Sampling Methods Implemented in Demonstration at Two Sites. LFS (purging to
parameter stability) is the conventional method used today. LFA is purging a constant volume
every time (Small=3 Liters; Large=18 Liters). Passive NP is the SNAP sampler, Active NP is the
HydraSleeve.

The objective of the field demonstration was met by:

1) Appling four alternative sampling methods (including two variations of low-flow purge,
for a total of five methods) to eight monitoring wells at each of two demonstration sites,

2) Appling low-flow purge to parameter stability using standard procedures as the reference
sampling method for each monitoring well,

3) Conducting six rounds of sampling using each sampling method, and

4) Comparing the short-term variability associated with each sampling method.

E.2.1 Field Demonstration Program

We used a field demonstration to determine whether alternative groundwater sampling methods
would reduce the short-term variability in groundwater monitoring results. We evaluated five
sampling methods (Figure E.1).

The field demonstration was conducted at eight monitoring wells at each of two demonstration
sites; one in Texas and one in California. Each sampling method was used six times (Table E.1),
with a total of 96 samples per method, 480 total groundwater samples for the demonstration
program from both sites.
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Table E.1. Field Testing Schedule

SamplingEvent| 1 |2 |3 |4 S| 6|7 |89 [10]11]|12(13]|14]|15]|16(17 181920212223 |24
Program Week| 2 | 4 | 6 | 8 |[10]12 |14 |16 18|20 |22 |24(26|28|30|3234|36|38]40(42)|44 |46 |48

Sample
Method/Procedure

1) Low-Flow Standard X X X X X X

2) Low-Flow Alternative
IProcedure (Small and X X X X X X
ILarge Volumes)

3) Passive No-Purge
(SNAP)

4) Active No-Purge
(HydraSleeve)

Four chemicals were consistently detected in the samples from the Texas site while ten
chemicals were consistently detected in the wells from the California site. As a result, the full
data set consisted of 3,262 individual concentration measurements.

E.2.2 Field Demonstration Results

The resulting dataset was used to evaluate the effect of sample method on short-term variability
in the monitoring results and statistical bias (i.e., difference in concentration between methods).

Effect of Sample Method on Variability: The effect on monitoring variability was evaluated by
comparing the consistency in concentration results across the six
sample events for each sample method (after correcting for any | Goal:

overall concentration trend over the duration of the field program). | Identify the sample method
At both sites, Low Flow Standard and Low Flow Alternative | With lowestshort-term
(Small Volume) showed the lowest variability (Figure E.2). The | Y2rability.

results were consistent between the two sites except for the Active
No Purge (HydraSleeve) method which was more variable at the California site than the Texas
site.

California Site Texas Site
60% . 0% e
*
50% oo i ............... f 50% dooe S
*
-
£ 0% § ------- }§ ------------ 1 ; ------ % ------------
B 30% fonmmmmmmeeemmemmeeeeemomeeeeeeeeeeeee 2 30% ; ................................. %
2 z T
T S 0% b
£+
2 =
W% oo 0% e
0% : : : : : 0% . . : : :
LFS LFA(S) LFA(L) Passive Active LFS LFA(S) LFA(L) Passive Active
NP NP NP NP

Figure E.2. Short-Term Variability by Sample Method: Results for Individual Sites. The graphs
show the standard deviation of the normalized residuals (short-term variability factors) for each sample



method. The error bars show the 95% confidence interval for the standard deviation. * = method
variability is significantly higher than Low Flow Standard (p<0.05). LFS = Low Flow Standard, LFA (L)
= Low Flow Alternative, Large Volume Purge, LFA(S) = Low Flow Alternative, Small Volume Purge,
Passive NP = Passive No Purge (SNAP Sampler), Active NP = Active No Purge (HydraSleeve).

Although Low Flow Alternative (Large Volume) and Passive No Purge (SNAP Samplers)
yielded slightly more variable groundwater monitoring results, this increase in variability would
have little impact on the ability to characterize the long-term concentration trend (Table E.2).
The variability associated with the Active No Purge (HydraSleeve) method does increase the
amount of monitoring required to characterize the long-term trend (by 39%) because the Active
No Purge (HydraSleeve) method generated more outliers (i.e., concentration measurements that
were very different from the average concentration). The SERDP study ER-1705 also found that
the Active No Purge (HydraSleeve) method yielded results that were more variable than those
obtained using the Low Flow Standard method.

Table E.2. Effect of Sample Method on Amount of Monitoring Required to Characterize the Long-
Term Concentration Trend.

Sampling Method Short-Term Quarterly Increase Relative to
Variability' Monitoring Events® Low Flow Std.’

Low Flow Std. 0.45 28 --

Low Flow Alternative 0.47 28 0%

Small Vol.

Low Flow Alternative 0.50 30 7%

Large Vol.

Passive No Purge 0.52 30 7%

(SNAP)

Active No Purge 0.81 39 39%

(HydraSleeve)

Notes:

1) Short-term variability factor for Tier 2 Optimization tool built as part of Task 2 of this study, and calculated
as the standard deviation of the natural log of the residuals for each monitoring record.

2) Number of quarterly monitoring events required to characterize a long-term concentration trend with
medium accuracy for a monitoring well with a true attenuation rate of 0.14 yr' (half-life of five years) and
a short-term variability factor equal to that measured for the specific sampling method.

3) Percent increase in number of monitoring events (relative to Low Flow Std.) required to characterize the
long-term concentration trend with the same level of accuracy.

Effect of Sample Method on Concentration: The effect of sample method on the measured

contarpigagt concentratioq was evaluated by comparing | giavictical Bias:

each individual concentration measurement to the average | If the same method consistently yields
concentration for that chemical in that well (after correcting | concentration results above the trend
for temporal trends). Although statistically-significant | line for the full data set, then that
differences in concentration were observed between 22232 lfosgﬁzlfr;gllhagaltlastsa;st(liczl btll?:
methods,'the average blas: was small (1.9., +/-20%, Figure | _cihod il o e measured
E.3). This finding is consistent with previous studies of the | concentration compared to other

effect of sample method on contaminant concentration. sample methods).
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California Site Texas Site
30% oo {1 . -

*
£

20% f 20% - * ------ %
B We ; ------------------- 8 10% f---mmmmmome
P * P
s 0% ry -+ * - 5 0%
& -10% f--m-m-mmmmmmmmmmmmmeeeee- % Z -10% 7} ------ o + -------------------

20% +------m - mmmmmmmmmmmmmom o 20% T mmmmmmmmmmm e

-30% . . -30%

LFS LFA(S) LFA(L) Passive Active LFS LFA(S) LFA(L) Passive Active
NP NP NP NP

Figure E.3. Statistical Bias in Contaminant Concentration by Sample Method: Results for
Individual Sites. The graphs show the average of the normalized residuals (i.e., average statistical bias)
for each sample method with the horizontal line at 0% representing no bias relative to the average of all
five sampling methods. Positive values indicate higher concentrations and negative values indicated lower
concentrations than average. The error bars show the 95% confidence interval for normalized residual. *
= method bias is significantly different from zero (p<0.05). LFS = Low Flow Standard, LFA (L) = Low
Flow Alternative, Large Volume Purge, LFA(S) = Low Flow Alternative, Small Volume Purge, Passive
NP = Passive No Purge (SNAP Sampler), Active NP = Active No Purge (HydraSleeve).

E.2.3 Cost Evaluation

Incurred costs from the field demonstration program by GSI were used to estimate field program
costs at a typical site in which each sample method will exclusively be used. Total monitoring
program costs are estimated, as seen in Figure E.4 below and represent total costs for a 10 year
semi-annual monitoring program at a site consisting of 15 monitoring wells.

The following represents the total cost from least to most expensive for shallow wells:
1) Low Flow Alternative (Small Volume)
i1) Active No Purge (HydraSleeve)
ii1) Passive No Purge (SNAP)
1v) Low Flow Alternative (Large Volume)
V) Low Flow Standard

Additionally, the total cost from least to most expensive for deep wells is as follows:
1) Active No Purge (HydraSleeve)
i1) Passive No Purge (SNAP)
ii1) Low Flow Alternative (Small Volume)
v) Low Flow Alternative (Large Volume)
V) Low Flow Standard
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Figure E.4. Cost of Total Monitoring Program (10 years, semi-annual sampling, 15wells, in $K) for
Shallow (lighter shade) and Deep (darker shade) Wells. LFS = Low Flow Standard, LFA (L) = Low
Flow Alternative, Large Volume Purge, LFA(S) = Low Flow Alternative, Small Volume Purge, Passive
NP = Passive No Purge (SNAP Sampler), Active NP = Active No Purge (HydraSleeve).

E.2.4 Overall Findings

Our hypothesis was that the alternative sampling methods would decrease short-term variability
in groundwater monitoring results. However, the alternative sampling methods (except Active
No Purge) yielded monitoring results with similar or slightly higher monitoring variability. At
the California site, the Active No Purge method yielded monitoring results with a greater number
of outliers (i.e., results that were far off from the average concentration in the well). The
comparison of sampling methods supports the following overall conclusions.

Effect of Sample Method on Monitoring Results: The sample method has only a modest impact
of monitoring variability and concentration. The difference in concentration between sample
methods was small (i.e., less than +/- 20%). With the exception of the Active No Purge method,
the differences in monitoring variability between the methods would have little impact on the
ability to characterize the long-term concentration trend. As a result, monitoring well sampling
methods should be selected based on factors such as cost and ease of implementation rather
than concerns regarding data quality. For Active No Purge, site-specific multiple-event
validation may be warranted to ensure that the sample method does not adversely impact data
variability. We used specific sample methods to represent general categories of sample
collection methods; we would expect the project results to be applicable to other sample methods
within these categories. For example, we would expect the project findings obtained using the
SNAP sampler to be comparable to other Passive No Purge methods such as a passive diffusion
bag sampler.

Utility of Monitoring Purge Parameters: There were no clear differences in data quality (i.e.,
concentration and variability) between samples collected using Low Flow Standard (i.e., purge to
parameter stability) and the two alternative fixed volume purge methods (i.e., 3L purge and 18L
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purge). The results from this study suggest that monitoring purge parameter stability does
not provide any clear benefits in terms of data quality. However, monitoring purge
parameter stability increases the cost and complexity of sample collection.

Conceptual Model for Short-Term Variability: The results from this project and prior SERDP
projects on variability in groundwater monitoring results support a conceptual model that short-
term variability is mostly attributable to temporal variability in contaminant concentrations
entering the monitoring well. This temporal variability can also be thought of as small scale
spatial variability in contaminant concentrations within the contaminant plume (see Figure E.5).

Factors Contributing to Short-Term
Monitoring Variability
- 40 ml semple (blue) collected - ~
withoud pur
- 1) Field duplicate variability:
- 40 mil sampls (Dlua) colleched

following 3L purge (18al) (i.e., difference in concentration

between two samples collected at
same time using same method)

= A0 il asmpls (blue) collsciad

foliwing 24L purge (leal) NOT significant

—1 2) Purge Variability:

(i.e., difference in concentration
between no purge and purge
methods)

Significant in some individual
monitoring wells, but the direction
of change (i.e., increase or
decrease) is well-specific.

Wabter smmpled
during future
samphe aven

rimum

3) Tempaoral Variability:

(i.e., difference in concentration
between samples collected on
different days)

Most significant source of short-
term variability.

4) Sample Method Variability:

(i.e., differences in short-term
variability between different sample
methods)

NOT significant (except for Active
No Purge sample method at some
sites).

b F

Figure E.5. Conceptual Model for Short-Term Variability in Groundwater Monitoring Results
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E3 IMPROVED METHOD FOR OPTIMIZATION OF MONITORING
FREQUENCY

The primary goal of Task 2 was to develop a new method to optimize monitoring frequency
based on an understanding of the short-term variability and long-term attenuation rate at a
particular site (McHugh et al., 2015a). The optimization method is designed to help a project
manager answer two questions:

Question 1: How much monitoring data do | need to determine a site’s long-term source
attenuation rate with a defined level of accuracy or confidence?

Question 2: What are the trade-offs between monitoring frequency (e.g., quarterly, semi-
annually, or annually) vs. the time required for trend identification (the number of years until
you get the answer to Question 1)?

These two questions are not directly addressed by currently available monitoring frequency
optimization methods.

The optimization method has been implemented in Excel spreadsheet form. This new
optimization method can be used to select an appropriate monitoring frequency as follows:

1. Select the primary goal of long-term monitoring: This optimization method is appropriate
when the long-term monitoring data will be used to either:
1) demonstrate that constituent concentrations are decreasing: the method will determine the
amount of monitoring needed to determine the direction of the long-term trend (i.e.,
increasing or decreasing) with a defined level of confidence; OR

i) determine how fast concentrations are decreasing or when concentrations will decrease
to a clean-up goal: the method will determine the amount of data needed to estimate the
long-term attenuation rate with a defined level of accuracy. The attenuation rate can be
used to estimate when concentrations will decrease to a clean-up goal.

2. Identify the timeframe in which the monitoring goal should be met. In other words, how
quickly does the demonstration of decreasing concentrations or time to clean-up need to be
made?

3. Based on the monitoring goal and the decision timeframe, use the Excel spreadsheet tool to
determine the appropriate monitoring frequency.

In order to evaluate typical results, the optimization method has been applied to twenty

contaminated groundwater sites: nine benzene sites, eight PCE/TCE sites, and three arsenic sites.
For each site, we answered Questions 1 and 2 from above.
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Question 1: How much monitoring data do | need to determine a site’s long-term source
attenuation rate with a defined level of accuracy or confidence (Table E.3)?

Table E.3: Monitoring Data Required to Determine the Long-Term Attenuation Rate

Years of Quarterly Monitoring Required
Accuracy/Confidence Goal Best Site Median Site Worst Site

Medium Confidence:
Statistically-significant
decreasing concentration trend 2.8 years 7.3 years 30 years
(p<0.1) for 80% of monitoring
wells

Medium Accuracy:

Determine the long-term
attenuation rate with an accuracy
(i.e., 95% confidence interval) of 4 years 7.4 years 14.5 years
+- 50% or +- 0.1 yr'
(whichever is larger) for 80% of
monitoring wells.

Based on application of the Optimization Tool at twenty sites, key findings are:

e [t is important for project managers to recognize that apparent trends characterized using
too little data can be misleading and may result in inappropriate management decisions.

¢ When evaluating natural attenuation, there are often situations where the project manager
can be confident that contaminant concentrations are decreasing but highly uncertain as
to when numerical clean-up goals will be attained.

e For sites with slow attenuation rates, it may be difficult to prove with statistical
confidence that contaminant concentrations are decreasing.

Question 2: What are the trade-offs between monitoring frequency (e.g., quarterly, semi-
annually, or annually) vs. the time required for trend identification (the number of years until
you get the answer to Question 1).

For Question 2, the answer is the same for all sites. Although the time required to characterize
the long-term attenuation rate depends on both the short-term variability and the attenuation rate,
the trade-off between monitoring frequency and monitoring time is independent of these
parameters (McHugh et al., 2015¢c). The relative trade-off between monitoring frequency and
time required to characterize the long-term trend is summarized in Table E.4.
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Table E.4 Trade Off Between Monitoring Frequency and Monitoring Time

Relative Time

Required to Relative Cost to Relative Value of
Monitoring Characterize Long- | Characterize Long- One Monitoring
Frequency Term Trend Term Trend Event
Weekly 0.40 53 0.19
Monthly 0.67 2.0 0.50
Quarterly 1 1 1
Semi-Annual 1.25 0.63 1.6
Annual 1.56 0.39 2.6
Every 2 Yrs 1.95 0.24 4.1
Every S Yrs 2.85 0.15 6.7

Note: Relative cost is the same as the relative total number of monitoring events required (i.e., based on the assumption that cost
is proportional to number of monitoring events). See Appendix B for derivation of these relationships.

For example, a site that required four years of quarterly monitoring to characterize the long-term
attenuation rate would require five years (= 4 x 1.25) of semiannual monitoring to characterize
the long-term trend with the same level of accuracy. Four years of quarterly monitoring is 16
total monitoring events while five years of semiannual monitoring is ten total monitoring events.
Therefore, the relative cost of the annual monitoring program would be 60% (10/16) of the cost
of the quarterly monitoring program (Table E.5). A project manager can use the trade-off
between monitoring frequency and monitoring time to select an optimal monitoring
frequency.

Table E.5 Example of Site With Trade Off Between Monitoring Frequency and
Monitoring Time

Relative Time

Required to Relative Cost to Relative Value of
Monitoring Characterize Long- | Characterize Long- One Monitoring
Frequency Term Trend (Years) Term Trend Event
Weekly 1.6 53 0.19
Monthly 2.7 2.0 0.50
Quarterly 4.0 1 1
Semi-Annual 5.0 0.63 1.6
Annual 6.2 0.39 2.6
Every 2 Yrs 7.8 0.24 4.1
Every S Yrs 11.4 0.15 6.7

The full discussion of this optimization method is covered in a separate report (McHugh et al.,
2015a):

A New Method to Optimize Monitoring Frequency and Evaluate Long Term Concentration
Trends

This report and the Monitoring Optimization and Trend Analysis Toolkit Excel-based tool and
User’s Guide can be found on the ESTCP web site under ER-2012009.
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E4 IMPROVED METHOD FOR EVALUATION OF LONG-TERM MONITORING
TRENDS

The objective of Task 3 was to develop and validate an improved method to distinguish between
random variability in observed attenuation rates and true spatial differences in remedy
performance. This method uses information regarding short-term monitoring variability and the
long-term contaminant attenuation rate to answer these questions:

Question 1: When will this site meet the groundwater clean-up goal (i.e., What is the long-term
attenuation rate for the key contaminant at my site)?

Question 2: Do any individual wells appear to be attenuating more slowly than the source as a
whole?

This project developed tools that can be used by site managers to answer these questions. In
particular, the specific project objectives were to:
1) Develop a method to distinguish between random variations in attenuation rates and true
spatial differences in remedy performance; and
2) Create a simple spreadsheet tool that will help site managers implement this remedy
performance evaluation method and incorporate the method into comprehensive Long-
Term Monitoring Optimization (LTMO) packages at DoD sites around the country.

The monitoring data evaluation method has been implemented in Excel spreadsheet form. This
new evaluation method can be used to remedy effectiveness as follows:
1) Select the primary goal of long-term monitoring. This evaluation method is appropriate when
the long-term monitoring data will be used to either:
1) demonstrate that constituent concentrations are decreasing: the method will determine
whether contaminant concentrations are decreasing across the plume as a whole; OR
i1) determine how fast concentrations are decreasing or when concentrations will decrease
to a clean-up goal: the method will determine the overall attenuation rate for the plume that
can be used to estimate when concentrations will decrease to a clean-up goal.

2) Evaluate whether individual monitoring wells exhibit long-term trends that are truly different
from the overall plume trend (as opposed to random differences between wells that reflect the
effect of short-term variability).

3) If true differences in individual wells are identified, evaluate whether these differences will
adversely affect attainment of the site remediation goal.

In order to evaluate typical results, the evaluation method has been applied to twenty

contaminated groundwater sites: nine benzene sites, eight PCE/TCE sites, and three arsenic sites.
For each site, we answered Questions 1 and 2 from above.
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Question 1: When will this site meet the groundwater clean-up goal (i.e., What is the long-term
attenuation rate for the key contaminant at my site)?

The remediation timeframe is estimated using the long-term attenuation rate and user-specified
values for current source area concentration and remediation goal. In order to capture some of
the uncertainty associated with estimating remediation timeframes, the tool uses the 25t
percentile and 75" percentile attenuation rates from individual monitoring wells to calculate a
time range. For the benzene and TCE/PCE sites, we used the recent concentration in the most
contaminated monitoring well as the current source area concentration and 5 pg/L as the
remediation goal. We did not evaluate remediation timeframes at the three arsenic sites because
arsenic concentrations appeared to be increasing at two of these three sites. For the nine benzene
sites, the 25" percentile remediation time ranged from 2 to 22 years, with a median of 14 years;
the 75" percentile remediation time ranged from 3.3 to >1000 years, with a median of 27 years.
For the eight TCE/PCE sites, the 25" percentile remediation time ranged from 3 to 76 years, with
a median of 24 years; the 75" percentile remediation time ranged from 20 to >1000 years, with a
median of 288 years.

Question 2: Do any individual wells appear to be attenuating more slowly than the source as a
whole?

The 20 test sites included a total of 254 individual monitoring wells. Of those wells, 158 (62%)
had long-term attenuation rates that were within the expected range based on the overall source
attenuation rate and the expected effect of short-term variability. 50 monitoring wells showed
faster than expected attenuation rates and 46 wells showed slower than expected attenuation
rates. Of the 20 test sites, all of the sites had at least one monitoring well with an attenuation rate
that was either faster or slower than expected. This suggests at most sites, the variation in
attenuation sites between monitoring wells is only partly explained by the effects of short-term
variability on observed attenuation rates. Other effects such as matrix diffusion, multiple source
areas, and/or true spatial variations in attenuation processes likely contribute to observed
variations in attenuation rates across individual sites.

Although all of the sites had at least one monitoring well with an attenuation rate outside of the
expected range, only 10 of the 20 sites had a “slower well” in the source area such that the
“slower well” might control the overall site remediation timeframe. At the other 10 sites, the
slower attenuation rate wells were monitoring wells with lower contaminant concentrations and
would not be expected to affect the overall time required to attain the groundwater clean-up
goals. At the 10 sites where slower attenuation rates could affect the overall remediation
timeframe, the user of the Monitoring Optimization and Trend Analysis Toolkit would 1)
evaluate whether the remediation timeframe for the slower attenuation rate wells is consistent
with the remediation objectives for the site and ii) if not, target the area of the slower wells for
additional remedial actions.
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The full discussion of this data evaluation method is covered in a separate report (McHugh et al.,
2015a):

A New Method to Optimize Monitoring Frequency and Evaluate Long Term Concentration
Trends

This report and the Monitoring Optimization and Trend Analysis Toolkit Excel-based tool and
User’s Guide can be found on the ESTCP web site under ER-201209.
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1.0 INTRODUCTION

The purpose of this project was to i) validate sample collection methods and procedures that
minimize variability in groundwater monitoring results and ii) validate improved methods to
optimize monitoring frequency and assess long-term concentration trends that better account for
short-term variability in groundwater monitoring results. The specific goals of the project are as
follows:

1. Task 1: Validate the use of alternative field sampling procedures for the collection of
groundwater samples in order to minimize variability in groundwater monitoring results.

2. Task 2: Develop and validate an improved method to optimize monitoring frequency
based on a site-specific evaluation of the short-term variability and long-term attenuation
rate.

3. Task 3: Develop and validate an improved method to identify long-term concentration
trends that better account for the potentially confounding effects of short-term variability.

The project addresses groundwater monitoring variability in two ways: 1) field methods to reduce
monitoring variability and 1i) improved data analysis methods that account for short-term
variability.

This report focuses on the field demonstration of alternative field sampling procedures (Task 1)
while McHugh et al., 2015a is a separate report that documents the development and
demonstration of the improved data analysis methods (Tasks 2 and 3).

1.1 BACKGROUND

Because there is no comprehensive, national database of groundwater monitoring results, it is
difficult to estimate the total number of monitoring wells at contaminated sites. However,
different organizations maintain large databases that can be used to estimate the overall level of
effort expended in groundwater monitoring. The California GeoTracker database, for instance,
includes monitoring results for contaminated groundwater clean-up sites in California. Both the
Air Force (ERPIMS) and Navy (NIRIS) have databases that include groundwater monitoring
results for most of the groundwater clean-up sites being managed by these service branches.
Table 1.1 summarizes the number of monitoring wells currently being sampled that are included
in these databases.



Table 1.1 Number of Monitoring Wells and Monitoring Frequency in Large
Monitoring Databases

Database Number of Monitoring Frequency (Percentage of Wells)
(Year Monitoring
Evaluated) Wells Quarterly Semi-Annually Annually
California
GeoTracker 56,000 25% 45% 30%
Database (2012)
Air Force
ERPIMS 11,800 4% 15% 81%
Database (2013)
Navy NIRIS . . :
Database (2013) 9,200 Not Available Not Available Not Available
Army (estimate
based on NRC 20,000 Not Available Not Available Not Available
Report)

Although we were not able to obtain information on the number of monitoring wells sampled by
the Army, the Army is responsible for approximately 50% of the contaminated sites being
managed by the DoD (NRC, 2013). If these sites have, on average, the same number of
monitoring wells as Navy and Air Force sites, then the available data suggest that the DoD is
currently sampling over 40,000 monitoring wells per year. At $1,000 per sample per well
(including labor cost for sample collection and data management), this would represent a cost of
$40,000,000 to $120,000,000 per year depending on monitoring frequency. This estimated
monitoring cost is similar to a recent estimate by the National Research Council of “over
$100,000,000” annual monitoring costs at DoD facilities (NRC, 2013). If we assume that the
number of monitoring wells in each state is proportional to the population, then the 56,000
monitoring wells in California represent 12% (U.S. Census Bureau, 2014) of the monitoring
wells in the United States. This suggests that there are over 460,000 monitoring wells currently
being sampled at least annually in the United States.

Given the number of monitoring wells at DoD sites and in the United States as a whole, it is
important to quantify this variability, evaluate it in terms of overall monitoring objectives, and
use it to develop cost effective and efficient monitoring programs.

Long-term monitoring (LTM) programs need to generate high-quality data by selecting
monitoring points in appropriate locations and a sampling frequency that is adequate to monitor
and evaluate trends at the site (USEPA, 2004; AFCEE, 2006). To ensure data quality, limits on
analytical variability measured using laboratory duplicate samples (e.g., a relative percent
difference, RPD, of 20%) and limits on sampling variability using field duplicates (e.g., an RPD
of 30%) are established. If these data quality objectives are met, then the remaining variability in
monitoring results is generally accepted as inherent to the nature of any monitoring system.
However, for many monitoring programs this remaining variability is much higher than the
objectives for sampling and analytical variability, and this high variability makes it more difficult
to evaluate protection of receptors and remediation progress. Often, the only recommended




course of action is to conduct more intensive monitoring, because larger amounts of data are
necessary to compensate for the high variability, and to identify true spatial and temporal trends
in the groundwater plume.

For the purpose of this report, we are defining “short-term variability” as increases and decreases
in contaminant concentrations in groundwater unrelated to the long-term reduction in source
strength related to the effects of natural contaminant attenuation or active site remediation.
Strategic Environmental Research and Development Program (SERDP) projects ER-1704 and
ER-1705 have greatly improved our understanding of short-term variability. The short-term
variability typically has a time scale of less than three months and accounts for 60 to 70% of the
total variability in groundwater monitoring results with the long-term reduction in source
strength accounting for the remaining 30 to 40% of total variability (McHugh et al., 2011). The
project findings point to many sources of short-term variability due to well dynamics and
methods of sampling. This short-term variability significantly limits our ability to understand the
plume response to active remediation, source treatment, or natural attenuation.

Short-term variability distorts the long-term attenuation rate estimated from the monitoring data
and the true long-term source attenuation rate. Inaccuracy in long-term monitoring trends may
delay proper data interpretation and decision-making. At a minimum, variability increases
monitoring costs by increasing the number of wells, sampling frequency, and data evaluation
time needed to understand plume behavior. However, in many cases, variability unrelated to the
true long-term concentration trend results in incorrect conclusions regarding plume stability or
remedy effectiveness. In these cases, project costs can be dramatically increased by decisions to
implement more aggressive remedies or to maintain frequent sampling schedules. Monitoring
variability also greatly complicates the development and introduction of innovative groundwater
monitoring technologies such as field-based sensors or new sampling techniques. This
variability limits the ability to evaluate the accuracy, precision, and comparability of the new
monitoring methods relative to the existing methods. This project utilizes the improved
understanding from SERDP projects ER-1704 and ER-1705 to validate a suite of tools to
minimize and manage groundwater monitoring variability.

1.2 OBJECTIVE OF THE DEMONSTRATION

The objective of this field demonstration is to validate the use of alternative groundwater
sampling procedures to minimize short-term variability in groundwater monitoring records. For
this purpose, the demonstration will compare monitoring results obtained using standard current
low-flow sampling procedures to the results obtained using alternative low-flow sampling
procedures and improved procedures using two no-purge sampling technologies that are
increasing in popularity.

1.3 REGULATORY DRIVERS

As part of the regulatory clean-up process, monitoring of site contaminants in groundwater is
typically required from the time that monitoring wells are initially installed during site
assessment until regulatory closure is attained. The goals of LTM programs include: 1) guarding
against the migration of chemicals away from the defined areas of impact (i.e., to protect



receptors), and ii) monitoring the progress of groundwater remediation programs. Most
commonly, the relevant regulatory requirements for site monitoring programs are qualitative
rather than quantitative, leaving the regulatory project manager significant discretion with
respect to the required number of monitoring wells and monitoring frequency. In other words,
the regulations typically contain a general requirement to collect “sufficient” data to meet the
program goal, leaving the responsible party to negotiate the number of wells and monitoring
frequency with the regulator.

Short-term variability in groundwater monitoring results creates a significant barrier to the
design and implementation of efficient LTM programs. Short-term variability increases both the
amount of time and the amount of data needed to accurately characterize the long-term trend.
When long-term trends are characterized without properly accounting for the potential
confounding effects of short-term variability, then the analysis may result in incorrect
conclusions regarding plume stability or remediation progress. The development of alternative
sampling procedures to reduce short-term variability and improved data analysis methods that
better account for short-term variability will improve the efficiency and utility of LTM programs.



2.0 TECHNOLOGY

The purpose of this project was to demonstrate alternative groundwater sampling procedures that
reduce short-term variability in groundwater monitoring results and improved data analysis
methods that better account for the confounding effects of short-term variability on the long-term
concentration trend. The following sections describe Task 1, the field demonstration program.

2.1 TECHNOLOGY DESCRIPTION

A low-flow purge sampling method based on field parameter stability is currently the most
common method used to collect groundwater samples from monitoring wells for laboratory
analysis. This procedure entails a low rate pumping where certain field “parameters” such as pH,
electrical conductivity, temperature, and dissolved oxygen concentration are measured until they
are considered “stable” during the course of purging. A variety of no-purge methods (e.g.,
SNAP Samplers, HydraSleeve, and passive diffusion devices) are increasing in popularity. All
of these sampling technologies have been validated primarily by comparing the monitoring
results obtained using the technology to monitoring results obtained using a reference technology
(e.g., high volume purge for validation of low-flow sampling) and demonstrating an absence of
significant bias between the two methods during a single sample event. Little or no effort has
been made to evaluate the relative effect of either the older or the newer technologies on
variability between sampling events. In addition, there has been relatively little attention given
to how the specific sampling procedures used to implement the sampling technologies affects
variability between sampling events.

For many of these sampling methods, simple modifications to the current sample collection
procedures can serve to reduce monitoring variability. The simple modifications may reduce
variability by directly addressing some sources of variability such as in-well stratification of
contaminant concentrations and by mitigating the impact of other sources of variability by
minimizing differences in sample collection procedures between sampling events. For example,
when using low-flow sampling, purging a pre-defined constant volume for each sample event
rather than purging to parameter stability simplifies the implementation of the method and can
reduce variability between sampling events. For low-flow or no-purge sampling methods,
variability can be reduced by collecting the samples from exactly the same depth within the well
(high precision sampler placement). For sampling methods that require transfer of the sample
from the collection device to the sample container, specific “bottom fill” transfer procedures will
reduce variability associated with volatile loss (Parker and Britt, 2012). This technology
demonstration used multiple rounds of sampling conducted over a relatively short period of time
to evaluate differences in short-term monitoring variability for sets of samples collected using
different sampling methods: 1) low-flow purge, ii) passive no-purge SNAP Sampler, and iii)
active no-purge HydraSleeve. In addition, the demonstration program will evaluate the ability of
alternative sampling procedures to reduce short-term monitoring variability. The results from
the field demonstration were used to 1) provide recommendations on selection of sampling
methods to minimize variability in monitoring results between sampling events and ii) provide
specific sampling procedures that reduce the variability associated with each specific procedure.




A detailed description of the sampling methods and procedures to be used for the demonstration
is provided in Section 5.

2.2 TECHNOLOGY DEVELOPMENT

This project did not include novel technology development conducted specifically for this
demonstration project. However, as discussed in Section 5.4.2 of this report, the demonstration
was built upon previous studies suggesting that alternative sample procedures could reduce
sample collection variability.

2.3  ADVANTAGES AND LIMITATIONS OF THE TECHNOLOGY

This demonstration project i) compared monitoring variability associated with different low-
flow and no-purge groundwater sampling methods and ii) validated the use of alternative
sampling procedures with these methods in order to minimize this variability. The alternative
sampling procedures were compared against standard low-flow sampling procedures.

2.3.1 Advantages of the Technology

Short-term variability in groundwater monitoring results complicates the attainment of LTM
objectives by 1) increasing the amount of data needed to accurately characterize the long-term
concentration trend and i1) increasing the likelihood of incorrect conclusions regarding the long-
term trend (e.g., concluding that the concentration is increasing when the true long-term trend is
decreasing).

The use of low variability sampling methods and sampling procedures that minimize the
variability associated with the selected method will improve the quantitative and qualitative
evaluation of long-term monitoring results. For quantitative evaluations, a reduction in short-
term variability will reduce the number of measurements and the evaluation time period required
to identify a statistically significant long-term concentration trend. For qualitative evaluations, a
reduction in short-term variability will reduce the occurrence of anomalous apparent
concentration trends and will make it easier to accurately determine the long-term trend through
visual inspection of the monitoring results. The attainment of more visually obvious
concentration trends will make it easier for stakeholders to agree on remedy effectiveness and
plume stability conditions.

2.3.2 Limitations of the Technology

The technologies used for validation were not expected to eliminate all sources of contaminant
data variability in groundwater monitoring results. The intent was to reduce variability, not
eliminate it. This is the primary limitation of the technology. SERDP Project ER-1705 identified
four general categories of variability in groundwater monitoring results:

e Variability Source 1: Signal Variability. Changes in constituent concentration within the
bulk groundwater in the vicinity of the monitoring well. These changes may be due to
source remediation or may reflect variations in groundwater flow direction, water table



fluctuation, or other short-term changes in the fate and transport of VOCs from the source
to the monitoring point that are not directly related to the long-term trend.

e Variability Source 2: Aquifer and Well Dynamics. When constituent concentrations are
stratified within the aquifer, then flow dynamics within the monitoring well and the impact
of the sampling method on those flow dynamics can impact the monitoring results.

e Variability Source 3: Sample Collection and Handling. VOCs, by their nature, move
readily from water to air. As a result, VOC loss during sample collection and handling can
contribute to variability between samples and loss of accuracy in monitoring. In
conventional groundwater sampling for VOCs, the water sample is poured into a sampling
vial and shipped to an off-site lab in an ice chest. Other constituents may also be affected
by sample collection and handing procedures. For example, metals results can be affected
by the amount of sediment in the sample.

e Variability Source 4: Sample Analysis. Monitoring accuracy depends on the accuracy,
precision, and reproducibility of the laboratory analysis. However, prior studies have found
that analytical variability is a small component of overall monitoring variability.

The sample collection methods and procedures served to reduce Variability Sources 2 (aquifer
and well dynamics) and 3 (sample collection and handling). If these two sources of variability
are not the main sources of short-term monitoring variability, then the improved methods and
procedures will have a limited effect on the overall variability in the monitoring results. The
magnitude of short-term monitoring variability varies between monitoring wells (McHugh et al.,
2011), therefore, the effectiveness of the alternative methods for reducing variability is also
expected to vary. However, we expect that the alternative sampling methods and procedures can
be implemented without increasing monitoring costs and in many cases may actually reduce
costs. As a result, any reduction in monitoring variability will provide benefit without cost.



3.0 PERFORMANCE OBJECTIVES

The overall objective of the demonstration was to validate sample collection procedures that
minimize variability in groundwater monitoring results. In addition, the demonstration will
provide a direct comparison of the short-term variability associated with three commonly used
sampling methods: 1) low-flow purge, i) SNAP Sampler (Passive No Purge), and iii)
HydraSleeve (Active No Purge). The objective of the field demonstration was met by:

1) Appling three sampling methods with alternative procedures to eight monitoring wells at
each of two demonstration sites,

2) Appling low-flow purge to parameter stability using standard procedures as the reference
sampling method for each monitoring well,

3) Conducting six rounds of sampling using each sampling method, and

4) Comparing the short-term variability associated with each sampling method.

Specific performance objectives included 1) collection of groundwater samples in accordance
with the specified procedures for each method, ii) attainment of accurate laboratory analytical
results for each sample, and iii) appropriate comparison of the short-term variability associated
with each of the sampling methods. Specific performance objectives are summarized in Table
3.1



Table 3.1. Performance Objectives

Performance Objective

| Data Requirements

| Success Criteria

Quantitative Performance Objectives

Attainment of analytical results
representative of constituent
concentrations in the collected
groundwater samples.

Results from laboratory analysis of

groundwater samples.

Associated QA results (e.g., laboratory

QA results, duplicate analyses) to
demonstrate acceptable laboratory
performance.

For >90% of analyses:

e Precision: RPD < 30% for field
duplicate samples; RPD <20
for laboratory duplicate results

e Accuracy: standard laboratory
accuracy (see Appendix B)

e Sensitivity: < 1 pg/L for all
VOCs.

See Appendix B.2 for additional

details on data quality objectives.

short-term variability for one or
more of the sampling methods

with  alternative  procedures
compared to the reference
method.

short-term variability between sampling
methods with lower variability in the
datasets obtained using the alternative
methods.

Attainment of a complete | A balanced dataset based on analytical | Analytical results for >95% of
dataset that supports multi- | results for each planned primary sample: planned primary samples (i.e.,
variate statistical analyses. analytical results for >456
480 total samples samples).
Two demonstration sites, five sampling
method/procedure  combinations, eight
monitoring wells per site, six sampling
events per method.
Demonstration  of reduced | A statistically-significant difference in | A statistically-significant

difference (p<0.05) in variability
between all datasets using
Levene’s test, analysis of
variance (or a non-parametric
equivalent) and a statistically-
significant difference (p<0.05) in
variability for a pair-wise
comparison of individual
alternative method dataset vs. the
reference method dataset using a
t-test (or a non-parametric
equivalent).

See Section 6.0 for details on the
statistical data analysis methods.

Qualitative Performance Ob

jectives

Collection of representative
groundwater samples.

Implementation of each sampling method
using the appropriate reference sampling
procedures or alternative sampling
procedures in accordance with the sample
method SOP (see Appendix B.1).

Documentation of appropriate
implementation of each sample
method in accordance with the
SOP.

Ease of implementation of the
alternative sampling
procedures.

Field experience implementing the

groundwater sampling procedures.

Validated SOPs  for  the
alternative sampling procedures
that can be implemented by field
sampling personnel with a typical
level of qualifications and
experience.




3.1 PERFORMANCE OBJECTIVE: ATTAINMENT OF REPRESENTATIVE
ANALYTICAL RESULTS

Analytical results representative of constituent concentrations in the collected groundwater
samples were obtained by utilizing a NELAC certified analytical laboratory capable of achieving
the project-specific data quality objectives (see Appendix B.2). Quality assurance/quality
control (QA/QC) samples were collected to allow for the evaluation of data precision, accuracy,
completeness, representativeness, and comparability.

3.1.1 Data Requirements

QA/QC samples were collected to ensure that the dataset was representative of actual site
conditions. As detailed in the QAPP (see Appendix B.2), the QA/QC samples included field
duplicates and standard laboratory QA/QC samples.

3.1.2 Success Criteria

QA/QC samples were evaluated to determine the data precision, accuracy, completeness,
representativeness, and comparability. Success criteria vary by sample type and are specified in
the QAPP (see Appendix B.2).

3.2 PERFORMANCE OBJECTIVE: ATTAINMENT OF A COMPLETE DATASET

A complete dataset that supports multivariate statistical analysis was obtained by ensuring (to the
degree feasible) that all planned groundwater samples were collected and analyzed. As
discussed in the Demonstration Plan, the field program included contingency plans for
replacement of samples that cannot be collected during the scheduled sampling event.

3.2.1 Data Requirements

A balanced dataset of analytical results from 480 groundwater samples based on analytical
results for each planned primary sample: two demonstration sites, five sampling methods
(including two variations of the alternative low-flow sampling methods), eight monitoring wells
per site, six sampling events per method.

3.2.2 Success Criteria

Analytical results for >95% of planned primary samples (i.e., analytical results for >456
samples).

33 PERFORMANCE OBJECTIVE: DEMONSTRATION OF REDUCED
VARIABILITY

The goal of the field demonstration was to validate alternative sampling procedures that yield

reduced short-term variability for one or more of the sampling methods with alternative
procedures compared to the reference method with standard procedures.
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3.3.1 Data Requirements

The attainment of a complete dataset (see Section 6.1) supported a statistical comparison of
short-term variability associated with the three demonstration sampling methods and the
reference method.

3.3.2 Success Criteria

The test sample methods will be validated if we observe a statistically-significant difference
(p<0.05) in variability between all datasets using Levene’s test, analysis of variance (or a non-
parametric equivalent) and a statistically-significant difference (p<0.05) in variability for a pair-
wise comparison of individual improved method datasets vs. the reference method dataset using
a t-test (or a non-parametric equivalent).

See Section 6.3 for details on the statistical data analysis methods.

3.4 PERFORMANCE OBJECTIVE: COLLECTION OF REPRESENTATIVE
GROUNDWATER SAMPLES

In order to ensure that the results obtained using the test sampling methods and procedures were
representative of the results that are likely to be obtained when the methods are implemented by
typical field sampling crews, the sampling methods were implemented in accordance with
written SOPs for each method. These written SOPs included the improved sampling procedures
to be used with each sampling method (Appendix B.1).

3.4.1 Data Requirements

The proper implementation of each sampling method in accordance with the SOP was
documented using field sampling forms (Appendix B.1).

3.4.2 Success Criteria

The objective was considered to be met if the >95% of samples are documented to have been
collected in accordance with the SOP.

3.5 PERFORMANCE OBJECTIVE: EASE OF IMPLEMENTATION OF THE
ALTERNATIVE SAMPLING PROCEDURES

In order to ensure that an observed reduction in short-term variability is attainable by other
parties, the improved sampling procedures were implemented by environmental professionals
with a typical level of training and experience in groundwater sampling. The improved sampling
procedures should also be cost effective compared to current procedures.

11



3.5.1 Data Requirements

Field experience obtained during the demonstration program was evaluated. Qualitative success
criteria included simplicity or complexity of the sampling procedure implementation relative to
the reference procedure, and any other logistical issues and costs associated with
implementation.

3.5.2 Success Criteria

The objective will be considered to be met if the SOPs for the test sampling methods were
determined to be implementable and cost effective.

12



4.0 SITE DESCRIPTION

The improved sample collection methods were demonstrated at two field demonstration sites, at
eight monitoring wells each. One field demonstration site was in the Houston, TX area. The
second field demonstration site was in Los Angeles, CA.

The goal of the site selection process was to identify monitoring wells representative of those
typically using for long-term monitoring of contaminant plumes. The following selection criteria
were used to identify the selected sites:
Primary Selection Criteria (required characteristics):

1) Access to site for duration of demonstration;

i1) Historical monitoring data;

ii1) One or more contaminants detected during >80% of historical monitoring events;

iv) Well diameter between 1 inch and 4 inches; and

v) Well screen length between 5 feet and 20 feet.
Secondary Selection Criteria (preferred characteristics):

1) Site located close to PI or Co-PI to minimize mobilization costs.
4.1 DEMONSTRATION SITE #1: HOUSTON, TEXAS
4.1.1 Site Location and History
The selected demonstration site #1 was in northwest Houston, and is the location of a former
manufacturing plant, though the site is not currently active. Affected groundwater was detected
in 1992, and a groundwater recovery and treatment system has been operating since May 1997.
4.1.2 Site Geology/Hydrogeology
Layers of silt, sandy clay, and clay are present from approximately 0 to 14 ft bgs, after which a
layer of fine silty sand extends to 52 ft bgs, and is an unconfined aquifer. The water table in the
aquifer is at approximately 29 ft bgs. Two more layers of sand (150 — 170 ft bgs) and a deeper
aquifer (220 — 600 ft bgs) exist, and are separated by layers of clay.
4.1.3 Contaminant Distribution and Selected Wells

The affected groundwater plume extends approximately 950 ft in length across the property, with
the following constituents: PCE, TCE, cis-1,2-DCE, VC, and 1,1-DCE.

The following table highlights the key construction information for the eight wells selected for
the field demonstration, as well as the historical contaminant range at each well.
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Table 4.1. Key Information on Selected Wells at Demonstration Site #1

Well RGO SO DN Contzlfrfgnants C(I)ir::zt:l)lll}flzlnt
Well ID Dia'meter Length Interval Range

(in.) (ft) (ft bgs) (mo/l)
MW-02A 2 10 30-40 0.002 —0.11
MW-06 2 10 | 25-35 PCE 0.002 - 0.5
MW-13 2 10 27 -37 TCE 0.02-0.15
MW-15 2 10 25-35 cis-1,2-DCE 0.002 —0.01
MW-23A 2 10 28 -38 1,I-DCE 0.006 — 0.02
MW-25A 2 10 28 - 38 0.001 —0.003
MW-26 2 10 | 27.5-375 <0.00014 — 0.02
TW-01 2 10 27-37 0.005-0.03

Notes: PCE = tetrachloroethene; TCE = trichloroethene; cis-1,2-DCE = cis-1,2-dichloroethene;
1,1-DCE = 1,1-dichloroethene.

4.2 DEMONSTRATION SITE #2: LOS ANGELES, CALIFORNIA
4.2.1 Site Location and History

Demonstration site #2 is located in Santa Fe Springs, California near Los Angeles, and is the
location of a former chemical repackaging facility. The site is currently an auto repair and
staging lot. Affected groundwater was detected in the late 1980’s, and soil vapor recovery and
treatment system is the only on-site treatment currently operating.

4.2.2 Site Geology/Hydrogeology

The site is located in the flood plain of the San Gabriel River system south and east of Los
Angeles. From approximately 0 to 40 ft bgs (below ground surface) interbedded sands, silts and
gravels are present. Consistently distributed tight clay exists from about 40 to 45 ft, isolating the
shallow water table from the deeper aquifer. Below 45 ft, a fairly consistent medium sand is
present to approximately 80 ft. Saturation and water level in the deeper zone fluctuates, but
during initial site characterization, water levels were about 55 ft deep.

4.2.3 Contaminant Distribution and Selected Wells

The affected groundwater plume extends throughout the property from both on-site and off-site
sources, with the following primary constituents: PCE, TCE, cis-1,2-DCE, 1,1-DCA, 1,1-DCE,
1,4-dioxane. EDC, Chloroform, trans-1,2-DCE, and Freon-113. The following table highlights
the key construction information for the eight wells selected for the field demonstration, as well
as the historical contaminant range at each well.
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Table 4.2. Key Information on Selected Wells at Demonstration Site #2

il ST S L g Contzlt(rfgnants C?I::Zti‘l):l}lclzlnt
Well ID Dia'meter Length Interval Range

(in.) (f) (ft bgs) (mg/L)
MW-13 2 10 52 - 62 PCE 0.002 —0.45
MW-14 2 10 55 - 65 TCE 0.002 - 0.7
MW-15 2 10 54 - 64 cis-1,2-DCE 0.002 - 0.9
MW-17 2 10 56 - 66 1,1-DCA 0.002 — 0.08
MW-20 2 10 57 -67 1,1-DCE 0.002 - 0.11
MW-21 2 10 53-63 1,4-Dioxane 0.002-2.3
MW-23 4 10 71— 81 EDC 0.002 - 0.14

Chloroform 0002 _ 021
trans-1,2-DCE

MW-24 4 10 67-77 Freon-113

Notes: PCE = tetrachloroethene; TCE = trichloroethene; cis-1,2-DCE = cis-1,2-dichloroethene;

1,1-DCA = 1,1-dichloroethane; 1,1-DCE = 1,1-dichloroethene; EDC = 1,2-Dichloroethane; trans-1,2-DCE

= trans-1,2-dichloroethene; Freon-113 = Trichlorotrifluoroethane.
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5.0 TEST DESIGN

The overall objective of the demonstration was to validate sample collection procedures that
minimize variability in groundwater monitoring results. In addition, the demonstration provided
a direct comparison of the short-term variability associated with three commonly used sampling
methods: 1) low-flow purge, ii) SNAP Sampler (Passive No Purge), and iii) HydraSleeve (Active
No Purge). The sample collection methods with improved sampling procedures were
demonstrated in eight monitoring wells at each of two field demonstration sites (16 wells total).

5.1 CONCEPTUAL EXPERIMENTAL DESIGN

The sampling program consisted of three main types of sampling methods: 1) low-flow purge, ii)
Passive No Purge (SNAP Sampler) and iii) Active No Purge (HydraSleeve).

5.1.1 Sample Method/Procedure Combinations

The low-flow purge sampling method was implemented conventionally as the reference method
with two variations of the method to include improved sampling procedures (fixed small volume
purge and fixed large volume purge). The two no-purge sampling methods were implemented
using those devices’ standard sampling procedures modified to include the improved procedures
that are relevant to each specific method. The sampling methods/procedures are summarized in
Table 5.1 and Figure 5.1 below.

Table 5.1. Summary of Sampling Methods/Procedures

Sampling Method/Procedure

Sampling Method Combination Used

Sampling Procedures

Low-flow Purge

Reference Method (Standard)

1) Low Flow Standard

Fixed Small Volume Purge
(Alternative)

2a) Low Flow Alternative,
Small Volume

Fixed Large Volume Purge
(Alternative)

2b) Low-Flow Alternative,
Large-Volume

Passive No-Purge

SNAP Sampler

3) Passive No-Purge (SNAP
Sampler)

Active No-Purge

HydraSleeve

4) Active No-Purge
(HydraSleeve)

Although we used specific sample methods to represent general categories of sample collection
methods, we would expect the project results to be applicable to other methods within the
category. For example, we would expect the project findings obtained using the SNAP sampler
to be applicable other Passive No Purge methods such as a Passive Diffusion Bag sampler.
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Figure 5.1. Summary of Sampling Methods Used in Demonstration Program
5.1.2 Demonstration Sites, Monitoring Wells, and Rounds of Sampling

The field program was conducted at two demonstration sites. At each site, each sample
method/procedure combination was used to collect a groundwater sample from each of eight
monitoring wells. Except for Low-Flow Alternative (Small Volume) and Low-Flow Alternative
(Large Volume), each sampling method was implemented during separate sampling events, with
10 to 20 days between each sample event. Low-Flow Alternative (Small Volume) and Low-
Flow Alternative (Large Volume) were implemented sequentially during a single sample event.

Each round of sampling consisted of four events in which all method/procedure combinations
were implemented, and a total of six rounds of sample collection was conducted. Each round of
sampling was completed over a period of approximately 60 days (i.e., four sampling events with
10 to 20 days between each event), resulting in a total of approximately one year to complete the
six rounds of sampling. The sampling program yielded a dataset of 480 groundwater samples
(i.e., five sample method/procedure combinations, eight wells, and six rounds of sampling at
each of two demonstration sites).

5.2 BASELINE CHARACTERIZATION

As discussed in Section 4, the selection of demonstration sites and specific monitoring wells
within each site was based on the identification of several factors. As such, no additional
baseline characterization was conducted prior to executing the demonstration.

5.3 TREATABILITY OR LABORATORY STUDY RESULTS

No treatability or laboratory studies were conducted as part of this field demonstration.
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5.4  DESIGN AND LAYOUT OF TECHNOLOGY COMPONENTS

The purpose of this technology demonstration was to compare the short-term variability
associated with three common groundwater sampling methods and to evaluate if implementing
methods using alternative sampling procedures will reduce short-term variability.

As a result, the technology for the demonstration consisted of five sampling methods as follows:
1) Low Flow Standard
2a) Low Flow Alternative (Small Volume)
2b) Low Flow Alternative (Large Volume)
3) Passive No-Purge (SNAP Samplers)
4) Active No-Purge (HydraSleeve)

5.4.1 General Sampling Method Types Overview

The general sampling method types can be categorized as:
1) low-flow sampling,
i1) passive no-purge, and
iil) active no-purge.

The two no-purge methods avoid purging entirely, and may also equal or exceed variability
reduction goals. The no-purge approaches avoid the potential artifacts introduced by purging the
well by relying on native aquifer flow to deliver water to the screen interval to be sampled.
Sampling these wells in their “natural” state without perturbing the ambient condition is
expected to add consistency. The two no-purge methods are different in practical function. The
SNAP Sampler collects a sample instantaneously at a fixed position in the well, while the
HydraSleeve “cores” a sample through the water column as the device is pulled up quickly. As
such, the two no-purge methods sample the well somewhat differently—passively and actively.

Low-Flow Sampling

Low-flow sampling involves use of a pump (either an above-ground peristaltic pump or a down-
hole electric pump) to remove water from the monitoring well at a low flow rate (<1 L/min) to
minimize drawdown and disturbance of the well. As most commonly implemented today, water
is purged from the monitoring well until field parameters (e.g., temperature, pH, specific
conductance, and either dissolved oxygen or oxidation-reduction potential) stabilize and then the
groundwater sample is collected.

Passive No-Purge (SNAP Sampler)

Passive no-purge sampling involves placement of a sampling device (either a diffusion bag,
ITRC 2004; or a SNAP Sampler, ITRC 2007) into the monitoring well approximately two weeks
prior to the sampling event and allowing the sampler to equilibrate with the water in the
monitoring well (Figure 5.2). After the equilibration period, the sampling device is closed (if
needed) and the sample is removed from the well. The resulting sample is representative of
water in the well under ambient flow conditions.
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Figure 5.2. Use of SNAP Sampler to Collect Groundwater Samples

Active No-Purge (HydraSleeve)

Active no-purge sampling involves active sample collection from an unpurged monitoring well.
The HydraSleeve is an active groundwater sampling device that is filled by pulling the sampler
upwards through the screened interval of the monitoring well (Figure 5.3). The HydraSleeve
sampler is installed in the monitoring well approximately two weeks prior to sample collection to
allow the sampler to equilibrate with the groundwater and to avoid the mixing that would occur
if the sampler were installed immediately prior to sample collection.
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5.4.2 Standard and Alternative Sampling Procedures

The specific procedures utilized during sample collection can vary somewhat between sampling
teams, but are based on the procedures recommended in applicable guidance documents. These
guidance documents often do not reflect the most recent innovations and improvements in
sampling procedures, and implementation in this study is designed to incorporate some
variations inherent to the procedures themselves. This field demonstration will demonstrate the
ability of alternate sampling procedures to reduce short-term variability in groundwater
monitoring results. Standard and improved sampling procedures are summarized in Table 5.2.
Although some of these improved procedures are already utilized by some field sampling teams,
it is uncommon for all of the improved procedures to be used together.

Table 5.2. Summary of Standard and Alternative Sampling Procedures

Procedure Standard Procedure Alternative Procedure
Element
Install low-flow sampling equipment | Install sampling equipment at least two
Equipment immediately prior to sample weeks before sample collection.
installation collection.

Sample collection
elevation

Collect sample from approximately
the same elevation within the well
screen during each sample event.

Mark sampling equipment to ensure that
sample is collected from the same
elevation (+/- 1 inch) during each sample
event.

Purge volume

Purge volume based on field
parameter stability. Purge volume
varies between sample events.

Constant purge volume for each sample
event (3L for smaller volume purge, 18L
for larger volume purge)

Pumping rate

If purge rate is >250 mL/min, then
pumping rate lowered to 250 mL/min
for sample collection.

Constant pumping rate used for purging
and sample collection, up to 1000
mL/min.

Vial filling method

Allow water to flow down the inside

Insert tube into vial and fill vial from

wall of the VOA vial. bottom. Pull tube up as vial fills,
and rate . o
keeping tube below water level in vial.
Check for bubbles in filled vials. Accept any vial at least 95% full (i.e., <
Removal of Reopen and top-off vial to remove 2 mL headspace). If vial contains > 2mL

bubbles from vials

any bubbles larger than 1 mm in
diameter.

headspace, discard and fill new vial.

Each element of the standard and alternative procedure is discussed below. For each sampling
method, these procedures have been incorporated into the sampling SOPs (Appendix B.1).

Equipment Installation: Although dedicated equipment is recommended, the ASTM Standard
Practice for Low-Flow Purging and Sampling for Wells and Devices Used for Groundwater
Quality Investigations (ASTM, 2002) allows the use of either dedicated sampling equipment that
is left in place within the monitoring well between sampling events or portable equipment that is
installed immediately before the sample event. In current practice, a mix of dedicated equipment
and portable equipment is used. For this demonstration, portable equipment (i.e., installed
immediately prior to sample collection) will be used for the standard procedure and dedicated
equipment (installed at least two weeks before sample collection) will be used for the improved
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procedure. For the two no-purge methods, equipment will be installed approximately 2 weeks
prior to sampling.

Sample Collection Elevation: Current sampling protocols recommend that the sampling
equipment (e.g., the pump intake for low-flow sampling) should be placed
at or near the middle of the well-screened interval, or slightly above the
middle (Puls, 1995; ASTM, 2002). Although the sample is typically
collected from approximately the same elevation for each sample event,
neither the ASTM standard or USEPA guidance describe any practice to ~ I~
ensure that variation in sample collection depth is minimized (ASTM, [~
2002; USEPA, 2010). o

<

For this demonstration, the standard procedure targeted the middle of the screened interval but
did not include any specific measures to ensure a constant sample elevation. For the improved
procedures, the sampling equipment was marked and the procedures ensured that the sample
collection elevation was constant between sample events. For the SNAP Sampler, a fixed trigger
line length assured a consistent sampler deployment position. The top vial will be identified as
the primary sample and will be the only vial analyzed by the laboratory unless the secondary vial
is needed due to a problem with the primary vial. For the HydraSleeve, the tether line was a
fixed length.

Purge Volume: For low-flow sampling, current sampling protocols recommend purging water
from the well prior to sample collection until field parameters stabilize (ASTM, 2002; USEPA,
2010). In concept, the observation of stable field parameters indicates that the recovered water is
representative of water from the aquifer. However, in practice, the use of field parameter
stabilization to guide sample collection results in a variation in well purge volume between each
sample event and may not necessarily ensure that only formation water is sampled. For low
purge volumes a combination of formation water and screen-zone water may be sampled
(Martin-Hayden et al., 2014).

Pumping of water from a monitoring well at flow rates low enough to maintain laminar flow
conditions in the monitoring well results in a predictable sampling process (in contrast to purging
with a bailer, or purging with a pump, then sampling with a bailer). However, previous SERDP
work has indicated that even a consistent low-flow sampling approach does not necessarily yield
constant discharge concentrations (Britt, et al 2011). Initially, the recovered water consists
entirely of water that was already in the well prior to initiation of pumping. As pumping
continues, the proportion of fresh formation water increases in a predicable fashion. After
purging three screen interval volumes (18L for a 2 inch well with a 10 ft screen), the recovered
water is >90% fresh formation water (Martin-Hayden et al., 2014). As a result, purging of a
large fixed volume of water prior to sample collection theoretically serves to increase
consistency between sample events. Purging of a fixed volume also simplifies the sampling
procedure by eliminating the equipment and labor needed to monitor field parameters.

For this demonstration, the standard sampling procedure used purge to parameter stability. For

low-flow sampling, the improved procedure will use a fixed purge volume. Two purge volumes
will be evaluated: small volume of 3L (0.5 screen interval volumes) and large volume of 18L (3
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screen interval volumes). The 0.5 well volume comparator was selected because SERDP Project
ER-1704 found that this volume is most likely to diverge from a flow weighted average
concentration in the pump discharge (Martin-Hayden et al., 2014). This may seem counter-
intuitive to select the position in the purge “curve” most likely to diverge, but it may also be a
point of consistency when factors such as purge rate and pump position are strictly controlled.
However, a comparison between the theoretical divergent fixed volume (3L) to the
“recommended” fixed three well-screen volume (18L) provides the best evaluation of the impact
of fixed purge volume on sample results. A large difference in quality of the results (i.e.,
variability or statistical bias) between the two purge volumes would suggest that the fixed purge
volume is important. No clear difference in the quality of the results between the two purge
volumes would suggest that purge volume is relatively unimportant.

Pumping Rate: For low-flow sampling, current sampling protocols recommend collecting
samples for VOC analysis at a flow rate lower than that used for purging. For example, ASTM,
2002 recommends a maximum flow rate of 250 mL/min during collection of samples for VOC
analysis. In addition, the field staff commonly turns the pump off between purging and sample
collection (e.g., to remove the flow-through cell, prepare sample vials, etc.). However, Britt and
others (2015) have found that changing the pumping rate and/or turning the pump off and on can
change or disrupt the flow pattern within the well screened interval resulting in a change in
contaminant concentration in the discharge stream.

For this demonstration, the standard sampling procedure will specify a maximum flow rate of
250 mL/min during collection of samples for VOC analysis and will allow the pump to be turned
off, if needed, to prepare for sample collection. For low-flow sampling, the improved procedure
will specify a constant pumping rate for purging and sample collection and will specify
continuous pumping throughout the sampling event.

For the standard low-flow procedure, a slow purge rate of approximately 50 to 200 mL/min will
be used to limit turbidity and accommodate the yield of the individual well. Drawdown will be
minimized as much as practicable, aiming for less than 0.5 ft in total drawdown during the
course of the parameter stabilization procedure. Flow rate will be determined by the sampling
team during the course of purging. Adjustments to flow rate will be allowed during the first
purge event. From there forward, the selected flow rate at the individual well will be used during
subsequent events unless water level changes or other factors prevent the use of the
predetermined flow rate.

In contrast, the fixed volume (alternative) low-flow purge sampling will utilize the highest flow
rate practical for the individual well (up to 1 L/min), without introducing excessive drawdown
(>1 ft). In some cases the standard and improved methods may utilize a similar flow rate due to
poor yield, while in other cases the improved method will take advantage of better yield to
achieve the fixed volume target sooner. Ultimately, this is the purpose of this aspect of the
test—to demonstrate that fixed volume purging is just as effective, or more so, than the standard
parameter stability approach.
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Vial Filling Procedure: For low-flow sampling and active no-purge sampling, the sample must
be transferred in the field from the sampling device to a sample container (e.g., a 40 mL VOA
vial for volatile analyses). Sampling guidance typically recommends use of the side pour
method, where the VOA vial is tilted and water is poured slowly so that it flows down in the
inside wall of the vial (USEPA, 2010). In addition, the pumping rate during vial filling is
recommended to be low (e.g., <250 mL/min, ASTM 2002). However, a careful study
comparing vial filling procedures has found that time of water exposure and
surface area exposed tends to drive VOC losses during sample vial filling
(Parker and Britt, 2012).

Therefore, a bottom fill method (i.e., placing the sample tube at the bottom
of the VOA vial, keeping it below the liquid level, and raising it as the vial
is filled) and a higher fill rate (up to 1L/min) was employed to minimize loss
of volatiles during sample transfer. For this demonstration, the standard
sampling procedure will use the side fill method and a flow rate of 100-250
mL/min, appropriate to the production rates of the individual wells selected
for the study. The improved procedure will use the bottom fill method also with the same flow
rate as during pumping (<1000 mL/min), and as appropriate to the production rates of the
individual wells.

Bubble Removal: Bubbles in VOA vials have been considered to be problematic based on the
potential for volatiles to partition from the water into the bubble, reducing the VOC
concentration in the water sample. To prevent this loss, many sampling protocols recommend
checking for bubbles following vial filling and topping off vials (i.e., reopening vials and adding
additional sample water) which are found to have bubbles of any size (e.g., USEPA, 2011;
Woodard & Curran, 2002).

However, the effort to remove air bubbles may result in a loss of volatiles from the sample while
the container is reopened and additional sample water is added. A study of the effect of bubbles
in VOA vials found that even large bubbles (i.e., 2 mL volume in a 40
mL VOA vial) have little or no measureable effect on the concentration
of volatiles in the water sample (Nadim et al., 2001). Experimental
results indicated that in a 40 mL sampling vial, an air bubble/headspace
volume of 2 mL showed lower recovery rates only for the most volatile
compound tested (dichlorodifluoromethane; Nadim et al., 2001). For all
compounds, the loss was less than predicted by equilibrium partitioning
models. For the standard sampling procedure, bubbles greater than 1 mm will be removed from
the sample vial. For the improved procedure, the vial will be filled as much as possible during
the primary fill event. After filling, vials with a headspace of less than 5% (2 mL) will be
accepted. Note, however, 5% is the maximum acceptable headspace; we expect the majority of
vials to be filled >99%. Vials with a greater than 5% headspace will be discarded and replaced.

5.4.3 Five Sampling Methods and Procedures

The general sampling method types, as well as standard and improved procedures were
combined to create five sampling method/procedure combinations that were used throughout the
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field program demonstration. The five methods and their respective sampling procedures are
summarized in Table 5.3 below.

Table 5.3. Summary of Sampling Methods and Procedures Implemented in Field Program

2a) and 2b) Low- 3) Passive No- 4) Active No-
1) Low-Flow | Flow Alternative,
Purge (SNAP Purge
Standard Small- and Large S ) (HydraSleeve)
Volume P y
. Install day of Install dedicated Install dedicated Install dedicated
Equipment . . . .
sampling equipment equipment equipment
Water column of
Precise, constant 1.0 to 1.5 times
Approximately | Precise, constant sample depth length of sampler
Intake Depth constant sample depth (sample top vial (2.5 ft)
only) (Geolnsight,
2010)
Purge to Fixed Volume:
Well Purge parameter Small (3L) and None None
stability Large (18L)
Vl?rrlzsalljlztween Constant during
Flow Rate purg purge and sample, | None None
sample, <250 .
) <1000 mL/min
mL/min
- Side pour Bottom fill Bottom fill
Vial Fill method method None method
Remove >Imm | >2 mL headspace, | >2 mL headspace >2 mL
Vial Bubbles . ’ . > | headspace,
bubbles replace vial replace vial .
replace vial

5.5 FIELD TESTING

At each of the two demonstration sites, the field program was implemented through 24 field
sampling events (i.e., six rounds of sampling with four sampling events for each round; see Table
5.4).

5.5.1 Field Program Schedule

Each sample method/procedure combination was used to collect a groundwater sample from
each of eight monitoring wells. Except for the Low-Flow alternative (fixed small volume purge
and fixed large volume purge), each sampling method was implemented during separate
sampling events, with 10 to 20 days between each sample event. The procedures to be used
during collection of groundwater samples using all five sampling method/procedure
combinations are provided in Appendix B.1 (Standard Operating Procedures).
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Table 5.4. Events and Method/Procedure Combinations per Round of Sampling

Event

Sampling

Method

Procedure

Low-flow Standard

Install non-dedicated pump; conduct
reference method (Low Flow Standard);
install/leave dedicated pump for Event
#2

Low-flow
Alternative

Conduct fixed volume purge with small
and large volumes; remove pump;
install SNAP Samplers for Event #3

Passive No-Purge

Collect Passive No-Purge (SNAP
Samplers); install HydraSleeve for
Event #4

Active No-Purge

Collect Active No-Purge (HydraSleeve)
samples; leave well with no equipment
installed

Note: Each round of sampling consisted of three sampling methods and five

sampling procedures, and covered approximately 60 days.

detailed sampling procedures.

The time period between events was designed to allow the well and surrounding aquifer to
restabilize to a natural/ambient state, so that each sampling method was not impacted by
activities of the previous events. For the fixed volume (Low Flow Alternative) events, the first
sample collection early in the purge will not affect the sample collected later in the same purge,

so those will be collected during the same purge event.

Tables 5.5 and 5.6 summarize the number of sample rounds, and the general schedule of
sampling events per sampling round. The methods were applied sequentially, with approximately

10-20 days waiting period between each sampling event.

Table 5.5.

Field Testing Schedule

See Appendix B.1 for

Sampling Event

1

2|13[4]5]|6

11 13|14 | 15 17|18 20

21

22

23

24

Program Week

2

416 |8]10)|12

14

16

18120 (22 |24(26|28 30323436 40

42

46

48

Sample Method/Procedure

1) Low-Flow Standard

2a) and 2b) Low-Flow
|Alternative Procedure (Small
and Large Volumes)

3) Passive No-purge (SNAP)

4) Active No-purge
(HydraSleeve)
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Table 5.6. Summary of Task 1 Field Demonstration Program

No. of
Demon- Number Sample Total
. of Wells Sample Method/Procedure P
stration SeriSit Rounds | Samples
Sites
Reference Method: Low-flow, Standard procedure 6 96
Low-flow, Alternative procedure (small volume 6 96
purge)
2 8 Low-flow, Alternative procedure (large volume 6 96
purge)
Passive No-purge (SNAP Sampler) 6 96
Active No-purge (HydraSleeve) 6 96
Total Number of Samples Collected for Primary Data Set 480

Note: Sample count does not include field and lab duplicates or other QA/QC samples.

5.5.2 Quality Assurance Procedures

The integrity of the data generated by this demonstration was maintained in adherence to the
QAPP (Appendix B.2). The QAPP identifies requirements for QA/QC sampling, detection
limits, methods, and field and laboratory performance. In addition, the following procedures will
be followed:

. Decontamination Procedures. All sampling equipment used during each sampling
event was either flushed before sample collection, or was of disposable material.
o Sample Documentation. Field documentation consisted of pre-printed tables,

labels, and log forms to allow for precise notation of data collection during
sampling events. Additionally, all samples submitted for laboratory analysis were
submitted under chain-of-custody control. Finally, photographs were taken for
visual documentation of project activities.

5.5.3 Sample Analysis

All groundwater samples were analyzed for VOCs by USEPA Method 8260B, as stated in the
QAPP (Appendix B.2).
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6.0 PERFORMANCE ASSESSMENT

6.1 ATTAINMENT OF A COMPLETE DATASET
6.1.1 Dataset

The field program consisted of six sample events for each of five sample methods implemented
at eight monitoring wells at each of two demonstration sites (Texas and California). The
complete sampling program was expected to yield 480 groundwater samples (not including field
duplicates). For the Texas site, no sample was recovered using the HydraSleeve in MW-15 for
Sampling Event 2 and MW-13 for Sampling Event 6, and logistical constraints prevented
collection of replacement samples. As a result, the dataset consisted of analytical results from
478 samples (99.6% completeness).

In order to evaluate the effect of sample method on monitoring variability, for each monitoring
well we identified the constituents detected in 90% of the demonstration samples. For the
California site, ten constituents met the detection frequency (DF) threshold in all eight
monitoring wells (1,1-DCA, 1,1-DCE, EDC, Chloroform, cis-1,2-DCE, PCE, trans-1,2-DCE,
TCE, Trichloro-fluoromethane, Freon-113). For the Texas site, four constituents (PCE, TCE,
cis-1,2-DCE, 1,1,-DCE) met the detection frequency threshold in all eight monitoring wells with
the following exceptions: TCE in Well MW-25A (DF=3%), cis-1,2-DCE in Well MW-25A
(DF=0%), 1,1-DCE in Well MW-25A (DF=0%). Therefore, the total dataset consisted of 3262
concentration measurements that were retained for further processing and statistical analyses.

The complete dataset consists of chemical concentration results from two sites, summarized as
follows:

Table 6.1. Summary of Complete Dataset from Two Demonstration Sites

Sample Number of | - Number Number of Total
: Number Sample of . .
Site Methods Chemicals Concentration
GERYELS Tested' Bv@ils per | Semplts Detected’ Measurements
Method Collected

Texas 8 5 6 238* 4 862*

California 8 5 6 240 10 2400

Total 3262

Notes:

(*) Missing data from the Texas site includes: i) TCE in Well MW-25A (DF=3%), cis-1,2-DCE in Well MW-25A
(DF=0%), 1,1-DCE in Well MW-25A (DF=0%) and ii) no sample was recovered from recovered using the
HydraSleeve in MW-15 for Sampling Event 2 and MW-13 for Sampling Event 6.

1. The sample methods tested include: low-flow standard, low-flow alternative (3L), low-flow alternative (18L),
passive no-purge (SNAP), and active no-purge (HydraSleeve).

2. These chemicals were detected in >90% of the events/methods for at least one well at the site.
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6.1.2 Data Clean-Up

Of the 3262 concentration measurements that were retained for further processing and statistical
analyses, 37 were non-detect results. For these 37 data points, the detection limit was substituted
for the non-detect result.

6.1.3 Data Processing: Short-Term Variability Component for Individual Measurements

The hypothesis for Task 1 was that alternative sample methods would reduce the short-term
variability in groundwater monitoring results. In order to test this hypothesis, we needed to
quantify the short-term variability associated with each concentration measurement. For each
concentration measurement, the short-term variability was defined as the difference between the
measured concentration and the long-term concentration. For this purpose, each monitoring
well record was evaluated separately. An individual monitoring record was all of the
concentration measurements for a single chemical in a single monitoring well (e.g., TCE in MW-
02A). Each monitoring record consisted of 30 concentration measurements (i.e., five sampling
methods each applied during six sampling events). If a monitoring record shows no consistent
temporal trend, then the best estimate of the long-term concentration is the average concentration
for all 30 concentration measurements. If a monitoring record does show a consistent temporal
trend, then the best estimate of the long-term concentration is the concentration predicted by the
best-fit trend line determined using linear regression. As discussed in the demonstration plan, we
planned to use regression analysis to identify the long-term concentration for all monitoring
records if more than 20% of the monitoring records showed a statistically significant temporal
trend over the course of the demonstration program.

Using linear regression, 39% (44 out of 112) of monitoring records showed a statistically
significant linear temporal trend. For these 44 records, the temporal trend accounted for an
average of 30% of the variability in the record (i.e., the average R* was 0.3). Although we used a
linear trend to account for temporal trends during the demonstration program, similar results
were similar using an exponential trend. In other words, an exponential trend yielded a similar
number of significant trends and a similar average R* value for the significant trends. Because
more than 20% of the monitoring records showed a significant trend, we used linear regression to
estimate the long-term concentration for all of the monitoring records. For each concentration
measurement, the magnitude of short-term variability was calculated as shown in Figure 6.1 and
summarized below:

1) Controlling for temporal trend
In order to identify the short-term variability (i.e., not associated with a linear temporal trend),
we used least-squares regression to determine the best fit linear trend for each monitoring record.
We used this trend to determine the residuals (i.e., the measured concentration minus the model
predicted concentration). The residual represents the variability not explained by the temporal
trend (i.e., the short-term variability).

2) Normalization
In order to control for differences in concentration between chemicals and between monitoring
wells, we normalized each residual by dividing the residual by the model-predicted
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concentration. As a result, each residual was expressed as a fraction (or percentage) of the model
predicted concentration. In other words, the magnitude of short-term variability was expressed
as a percentage of the long-term concentration. This data processing yielded a dataset of 3262
normalized residuals (i.e., short-term variability values). As discussed in Section 2.3.2, this
short-term variability is a function of aquifer and well dynamics, sample collection factors, and
analytical variability.

One Monitoring Record
(One Well, One Chemical, All Methods = 30 Measurements)

1) Use least squares

regression to Event 1 (Low-Flow Standard)
: c

characterize the <] 1 ——

=] i Short-term variability
temporal trend ® | [ associated with Event 1 |

e — ] w

2) Calculate the § e . a -
difference c o i
1 . — .

between each 3 1 @ —

-

measured value
and the trend line
(i.e., the residual) IS

3) Use normalized
residuals to Time
evaluate effect of

ekt B Event© [ieasured | Predicted | Difference

(variability and 1 (Low Flow Std) 153ug/L 114 ug/L 3.9 ug/L (34%)
bias)

Event 5 (Hydrasleeve)

L

5 (Hvdrasleeve) 8.1 ug/L 9.2ug/L  -1.1ug/L(-12%)

Figure 6.1. Method to Quantify the Short-Term Variability Component for Each
Concentration Measurement

6.1.4 Data Processing: Paired Measurements

The short-term variability has also been evaluated by analyzing the change in concentration
between paired measurements. For paired measurements, the change in concentration between
the sample pair was calculated as:

Concentration Change = (Higher Concentration — Lower Concentration) / Lower
Concentration x 100%

Using this calculation method, the change in concentration is always expressed as a positive

value. This calculation is similar to relative percent difference (RPD) except that the maximum
possible value for RPD is 200% while there is no upper bound value for concentration change.
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6.2 ATTAINMENT OF ANALYTICAL RESULTS REPRESENTATIVE OF
CONSTITUENT CONCENTRATIONS IN THE COLLECTED GROUNDWATER
SAMPLES

6.2.1 Sampling Procedures

Groundwater samples submitted for laboratory analysis were collected in accordance with
Standard Operating Procedures (SOPs) routinely utilized by GSI, or sample collection methods
validated during previous field programs, and as detailed in the Quality Assurance Project Plan
(QAPP) (Appendix B.2). During the field programs covered by this report, the following
deviations from planned procedures occurred:

e SNAP Sampling
California Site, Round 1: During the first SNAP sampling event, in addition to
only the upper samples being analyzed, as specified by the sampling procedures,
the lower SNAP sample vials at select wells were analyzed by the laboratory.
These lower SNAP sample results in select wells were included in the statistical
analysis of results. The data package found in Appendix D includes all details of
the laboratory results.

e HydraSleeve
Texas Site, Round 2 and Round 6: In both cases, insufficient water was retrieved

from the HydraSleeve bag to be analyzed, so no resulting concentration data
could be reported for MW-15 during Round 2, and for MW-13 during Round 6.

California Site, Round 5: During sampling on 12/31/2013 for Round 5, MW-13
was inaccessible, so the HydraSleeve was retrieved and sample submitted for
analysis one week later, on 1/7/2013. No resulting laboratory issue was noted.

The two HydraSleeve samples from the Texas site were the only samples that could not be
replaced during the field program. As a result, the dataset consisted of analytical results from
478 samples out of a planned 480 sample (99.6% completeness). This exceeded our
completeness goal of 95%.

6.2.2 Custody Procedures, Holding Time, Arrival Temperatures

All samples submitted for analysis were received within the required holding times and within
the limits specified for temperature for groundwater samples (i.e., < 4° C). All samples were
submitted under chain-of-custody control with no indication of any losses of custody. Chain of
custody documentation was provided by the final recipient of the samples to document the
complete series of custody transactions.

Groundwater samples from the Texas Site were analyzed by ALS Environmental in Houston,
Texas. Groundwater samples from the California Site were analyzed by American
Environmental Testing Laboratory Inc. (AETL), in Burbank, California. All samples were
analyzed in accordance with applicable SOPs, laboratory guidelines, and the chain-of-custody.
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6.2.3 Precision Assessment: Duplicate Samples, Matrix Spike (MS), Matrix Spike
Duplicates (MSD), Laboratory Control Sample (LCS), and Laboratory Control Sample
Duplicate (LCSD)

The precision assessment evaluates the agreement in analytical results between duplicate
samples (field duplicates and laboratory duplicates). Precision was evaluated in accordance with
the QAPP by calculating the relative percent difference (RPD) between duplicate samples.

Field Precision: A total of 13 and 9 field groundwater duplicate samples were collected from the
Texas Site and California Site wells, respectively, and considered in the relative percent
difference analysis. The precision objective for the field samples is an RPD < 30%.

e For the Texas Site, relative percent difference values for duplicate samples were
calculated for the four routinely detected compounds: i) 1,1 dichloroethene, ii) cis-1,2-
dicholoroethene, iii) tetrachloroethene, and iv) trichloroethene. Three pairs of sample and
duplicate results were reported as non-detect for 1,1-Dichloroethene, cis-1,2-
dichloroethene, and trichloroethene. Therefore, the three pairs were not included in the
RPD analysis. This yielded a dataset of 49 paired concentration measurements.

e For the California Site, relative percent difference values for duplicate samples were
calculated for the ten routinely detected compounds: i) 1,1 dichloroethane, ii) 1,1
dichloroethene, 1iii) 1,2-dichloroethane, iv) chloroform, v) cis-1,2-dicholoroethene, vi)
tetrachloroethene,  vii)  trans-1,2-dichloroethene,  viii)  trichloroethene, iX)
trichlorofluoromethane, and x) trichloro-trifluoroethane. Two (2) pairs of sample and
duplicate results were reported as non-detect for trichlorofluoromethane and trans-1,2-
dichloroethene. These two pairs were not included in the RPD analysis. This yielded a
dataset of 88 paired concentration measurements.

Note that in two instances at the California site, Rounds 2 and 4, duplicates were taken during
the Snap Sampler events, but not included in overall RPD statistics. The purpose of this study’s
field duplicate collection was to investigate the effects on precision from field sampling and
laboratory analysis of groundwater from the same source. However, Snap Sampler vials are
collected from somewhat different vertical depths within the monitoring well (see Figure 5.2).
As a result, the RPD results from calculations comparing upper and lower vials may be affected
by stratification in VOC concentrations within the well. Therefore the Snap Sampler duplicates
were not included in this precision analysis. The median RPD for the Snap Sampler duplicates
was 17% compared to 5% for the other field duplicates.

Results of the field duplicate analysis at both sites are presented in Appendix C.4 and D.4, and
are summarized below in Table 6.2
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Table 6.2 Summary of Field Duplicate Precision

Total Relative Percent Difference (RPD) % Meeting
Site Duplicate RPD
Analyses | >30% | 15-30% | 5-15% | <5% Standard
Texas 49 2 6 18 23 96%
California 88 12 5 28 43 86%
Combined 137 14 11 46 66 90%

At the Texas Site, 96% of RPD values were above the RPD criteria of 30%, while at the
California Site, 86% of RPD values were above the RPD criteria, with therefore 90% of RPD
values for the combined dataset above the RPD criteria.

Field duplicates met Data Quality Objectives for frequency of analysis (1 per 20 samples) at the
Texas site, with 1 duplicate taken per 18 samples. However, because of the SNAP Sampler
duplicates that were later qualified, the Data Quality Objectives for frequency of duplicate
analysis was not met at the California site, with 1 duplicate taken per 27 samples.

Laboratory Precision: Laboratory precision of groundwater samples is demonstrated by RPD
values calculated for matrix spike and matrix spike duplicate (MS/MSD) samples. Quality
control analysis of the sample results used in this study from both the Texas and California sites
resulted in all RPD values meeting the criteria of RPD < 20%. It should be noted that both
laboratories met the 1 in 20 samples requirement defined in the QAPP Table A.1 for MS/MSD
frequency (Appendix B.2); however, some of the required MS/MSD samples were not associated
with the project groundwater samples.

6.2.4 Accuracy Assessment

The objectives for field accuracy and laboratory accuracy were defined in the QAPP (Appendix
B.2). The results of the data evaluation based on these objectives are provided below.

Field Accuracy: The evaluation of field accuracy was based on the analytical results obtained for
groundwater trip blank samples. As defined in the QAPP, field accuracy will be met if the
concentrations of the constituents in the trip blank are below project quantitation limits. All
eighteen (18) trip blanks at the Texas Site successfully met the accuracy criteria. All sixteen (16)
trip blanks at the California Site successfully met the accuracy criteria. In other words, no
analytes were detected in the trip blanks at either site. It should be noted that this also satisfies
the Data Quality Objective for minimum frequency of trip blank collection (1 per 3 days of
sampling). No equipment rinsate blanks were needed as all equipment was dedicated to each
well.

Laboratory Accuracy: Laboratory accuracy was assessed based on percent recoveries from
MS/MSD, LCS, and surrogate samples. Exceptions for samples and analytes considered in this
study were noted for 6 samples. These exceptions are shown below in Table 6.3. The laboratory
issues associated with exceptions did not necessitate the removal of any extra samples from the
overall analysis.
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Table 6.3. Laboratory QA Result Exceptions

Site Sample ID Date Reason for Exception Comments
MS/MSD  recoveries  were | Result consistent with
Texas MW-23A- 2/13/13 below the control limits fgr cher evepts. Sqmple
LFS-3 tetrachloroethene due to matrix | included in statistics.
interference.
MW-13-SSL-1 | 5/8/13 | Analyzed past hold times.
o . | MW-14-SSL-1 | 5/8/13 | Analyzed past hold times. . .
California | 1oy 17.9S1-1 | 5/8/13 | Analyzed past hold times. Sta‘tl?ptl.es included in
MW-23-SSL-1 | 5/8/13 | Analyzed past hold times. SHAHSHES.
MW-24-SSL-1 | 5/8/13 | Analyzed past hold times.

6.2.4 Completeness Assessment

With the exceptions noted in Section 6.2.1, all necessary samples were collected and analyzed. The data
quality exceptions noted in the data quality review are typical of environmental field programs and none
of these exceptions limit the usability of the results obtained. The results of the data quality review are
summarized below in Table 6.4.

Notes:

Table 6.4 Summary of Data Evaluation Results

Results of Data

Data Quality Objective Quality

Evaluation
Sampling Procedures Acceptable*
Custody Procedures Acceptable
Holding Time Acceptable*
Temperature on Arrival Acceptable
Field Duplicate Samples Acceptable*
MS/MSD Samples Acceptable*
LCS/LCSD Samples Acceptable
Blank Analysis Acceptable
Completeness Acceptable
Assessment
Overall Data Usability Acceptable

1. Acceptable = This DQO was evaluated and found to have met the requirements outlined in the QAPP.
2. Acceptable* = This DQO was evaluated and found to have deficiencies or exceptions as discussed in the
text, however, the data was determined to be usable.

6.3 EFFECT OF SAMPLE METHOD ON SHORT-TERM VARIABILITY IN
CONSTITUENT CONCENTRATIONS

The hypothesis for the field program was that alternative sampling methods would reduce the
short-term variability in measured constituent concentrations compared to the reference method,

Low Flow Standard.
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6.3.1 Evaluation of Sample Methods Based on the Short-Term Variability Factor for
Individual Measurements

The normalized residual (i.e., the short-term variability factor for each individual concentration
measurement calculated as show in Section 6.1.3 and Figure 6.2) can be used to evaluate both
bias between sample methods and differences in variability between sample methods. For
example, if all of the concentration measurements for a specific sample method fall a similar
distance above the long-term trend line, then the sample method has low variability but a
consistent high bias (see Figure 6.2, Example 1). Alternatively, if the individual concentration
measurements for a specific sample method vary widely both above and below the trend line,
then the sample method has high short-term variability but little or no bias (see Figure 6.2,
Example 2). In other words, the variance of the normalized residuals for a specific sample
method provides a measure of the short-term variability associated with that individual
measurement method.

Example 1: Sample Method with Low Example 2: Sample Method with High
Short-Term Variability but High Bias Short-Term Variability but No Bias

TN

Concentration
{ ]
Concentration

Time Time

Figure 6.2. Evaluation of Short-Term Variability and Bias Associated With Specific Sample Methods (In the
two examples, the red dots illustrate all of the samples collected with the specific sample method of interest and the
blue dots represent samples collected with other sample methods).

Statistical Test Results: We used Levene’s test to evaluate whether there were statistically
significant differences in short-term variability in concentration between sample methods. In
other words, Levene’s test was used to test whether the variances were different for the sets of
normalized residuals (short-term variability factors) associated with each sample method.
Results of Levene’s test using the entire dataset (i.e., data from both sites) shows a statistically
significant difference in the variances for the sets of normalized residuals for the different sample
methods (p<0.001). Levene’s test also showed a statistically significant difference between
methods for the two sites evaluated separately.

Low-Flow Standard and Low-Flow Alternative (Small Volume) are the least variable methods,
while Low-Flow Alternative (Large Volume), Passive No Purge (SNAP) and Active No Purge
(HydraSleeve) are somewhat more variable methods. This difference in variability is consistent
across the two demonstration sites (except for Active No Purge, Figure 6.3) and for individual
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constituents (Figure 6.4). This consistency between sites and constituents provides increased
confidence that the results are likely to be applicable to other sites and chemicals.

Additionally, analysis of total purge volume from the Low Flow Standard method indicated that
the median purge volumes for all wells and sampling events are similar to those of the Low Flow
Alternative (Small Volume), or 3L. At the Texas site, the median value was 3.6L, while at the
California Site, the median value was 7L.

A pair-wise comparison of each alternative sample method to Low-Flow Standard indicated that
Low-Flow Alternative (Large Volume) and Active No Purge (HydraSleeve) were significantly
more variable than Low-Flow Standard at the California site (p<0.05) and Low-Flow Alternative
(Large Volume) and Passive No Purge (SNAP) were significantly more variable than Low-Flow
Standard at the Texas site. Although the differences in variability were statistically significant,
further analysis indicates that only the variability in the Active No Purge (HydraSleeve) method
is likely to increase the amount of monitoring data needed to characterize the long-term change
in concentration (see Section 6.3.4).

California Site Texas Site
60% - 600G

.
1 % --------------- f 0% oo e .
40% § ------ } --------------- 40% |+ ; ------ ; ------------

Me thod Variability
Lad
2

Me thod Variability
Ly
=
=
-

|
I—Q'—|

LFS LFA(S) LFA(L) Pasive Active LFS LFA(S) LFA(L) Passive Active
NP NP NP NP

Figure 6.3. Short-Term Variability by Sample Method: Results for Individual Sites. The graphs
show the standard deviation of the normalized residuals (short-term variability factors) for each sample
method. The error bars show the 95% confidence interval for the standard deviation. * = method
variability is significantly higher than Low Flow Standard (p<0.05). LFS = Low Flow Standard, LFA (L)
= Low Flow Alternative, Large Volume Purge, LFA(S) = Low Flow Alternative, Small Volume Purge,
Passive NP = Passive No Purge (SNAP Sampler), Active NP = Active No Purge (HydraSleeve).
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Trichloroethene (TCE) Tetrachloroethene (PCE)

60% — 60%
* = *
2 =
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= = $
= =
0% . . . . 1 0% . . . . .
LFS LFA(S) LFA(L) Passive Active LFS LFA(S) LFA (L) Passive Active
NP NP NP NP

Figure 6.4. Short-Term Variability by Sample Method: Results for Individual Chemicals. The
graphs show the standard deviation of the normalized residuals (short-term variability factors) for each
sample method. The error bars show the 95% confidence interval for the standard deviation. * = method
variability is significantly higher than Low Flow Standard (p<0.05). LFS = Low Flow Standard, LFA (L)
= Low Flow Alternative, Large Volume Purge, LFA(S) = Low Flow Alternative, Small Volume Purge,
Passive NP = Passive No Purge (SNAP Sampler), Active NP = Active No Purge (HydraSleeve).

6.3.2 Evaluation of Sample Methods Based on the Variability between Paired
Measurements

The evaluation of variability between paired samples provides a second method to evaluate the
effect of sample method on short-term variability and also of other factors contributing to the
overall short-term variability. The effect of sample method on short-term variability was
assessed by evaluating the difference in concentration between a sample from a well and the next
sample collected from the same well using the same method using overlapping pairs. For
example, the concentration measured by Low Flow Standard Sample Event 1 was compared to
the concentration measured by Low Flow Standard Sample Event 2 and the concentration
measured by Low Flow Standard Sample Event 2 was compared to the concentration measured
by Low Flow Standard Sample Event 3. For each paired sample, the difference was calculated
as the higher concentration minus the lower concentration divided by the lower concentration
(see Section 6.1.4). If a sample method contributes to lower short-term variability, then the
change in concentration from one sample event to the next will be lower than that for a sample
method that has higher variability.

For comparison, we also looked at the difference in concentration between field duplicate
samples and between Low Flow Alternative (Small Volume) samples and Low Flow Alternative
(Large Volume) samples collected on the same day. As shown in Figure 6.5, the difference in
concentration between sample events was similar for all sample methods except Active No Purge
(HydraSleeve). For Low Flow Standard, Low Flow Alternative (Small Volume), Low Flow
Alternative (Large Volume), and Passive No Purge (SNAP), the median concentration change
for paired samples ranged from 20% to 24% and the 90" percentile concentration ratio ranged
from 90% to 130%. However for Active No Purge (HydraSleeve), the median concentration
ratio was 43% and the 90™ percentile was 500%. This higher variability for Active No Purge
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(HydraSleeve) was observed at the California site but not the Texas Site. The SERDP study ER-
1705 also found that the Active No Purge (HydraSleeve) method yielded results that were more
variable than those obtained using the Low Flow Standard method when used at the Hill AFB
site. This prior finding suggests that the higher variability associated with the Active No Purge
method is not unique to the California site (McHugh et al., 2015b).

The difference in concentration between sample events was similar to the difference in
concentration between Low Flow Alternative (Small Volume) and Low Flow Alternative (Large
Volume) samples collected on the same day (median concentration difference was 11% and 90™
percentile was 100%) but was much larger than the difference in concentration between field
duplicates (median difference was 6% and 90" percentile was 30%).
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Figure 6.5. Effect of Sample Method on Variability between Paired Concentration Measurements. LFS =
Low Flow Standard, LFA (L) = Low Flow Alternative, Large Volume Purge, LFA(S) = Low Flow
Alternative, Small Volume Purge, Passive NP = Passive No Purge (SNAP Sampler), Active NP = Active
No Purge (HydraSleeve).

6.3.3 Comparison to Historical Monitoring Variability

In order to further evaluate the effect of sample method on monitoring variability, we compared
the variability observed during the field demonstration to variability observed in historical
monitoring results from the same monitoring wells. Because the standard long-term monitoring
program at the Texas site monitored for a limited set of analytes, we focused our analysis of
historical variability on PCE and TCE. The historical datasets evaluated are summarized in
Table 6.5.
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Table 6.5. Monitoring Dataset for Evaluation of Historical Monitoring Variability.

. Sampling Monitoring . Sample Total
Site Method(s) Wells Constituents Events Measure-
ments
MW-02A,
MW-06,
3 Casing MW-13,
Volume MW-15, 6 (May 2005
Texas (Set 1) | 1oe, Bailer | MW-23A, PCE,TCE | 92000y | 96
Sampling MW-25A,
MW-26, TW-
01
MW-02A,
MW-06,
MW-13,
Low Flow MW-15, 6 (Feb 2010
Texas (Set2) | gondard MW-23A, PCETCE 1 Nov 2012y | 34
MW-25A,
MW-26, TW-
01
California Volume . MW-15, PCE, TCE 9 (Dec 2004 90
(Set 1a) Purge, Bailer to Dec 2006)
Sampling MW-17,
MW-20
) ) Passive No MW-23,
(Csfifl(’g“a Purge MW-24, PCE, TCE 3) %):cc 22(%)2) 54
(Diffusion) MW-25
MW-13,
MW-14,
. Passive No MW-15,
California Purge MW-17, PCE, TCE 10 (Dec 2010 160
(Set 2) (SNAP) MW-20, to Mar 2013)
MW-23,
MW-24,
MW-25
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Note: For Texas (Set 2), only four sample events available for MW-23A and MW-25A and only five sample events available for
MW-02A, and MW-06. For California (Set 1b), only eight sample events available for MW-25.

Method variability for the historical data sets was evaluated using the same approach as for the
current data sets (see Section 6.1.3). The variability in the historical datasets was generally
within the range of that observed in the current dataset (see Figure 6.6). For the California site,
the variability for the Passive No Purge (SNAP) method was almost identical in the historical
and current datasets while the historical bailer sampling was more variable than any of the
current sampling methods. For the Texas site, the method variability for Low Flow Standard
was higher for the historical data set than for the current data set. However, there is no way to
determine whether these difference are due to differences in the way the sampling was conducted




during the two time periods, differences in other sources of variability (e.g., aquifer and well
dynamics) between the two time periods, or the longer time periods covered by the historical
datasets. The overall similarity in method variability between the current and historical data sets
provides additional evidence that the sample method has only a small effect on the overall level
of short-term monitoring variability.
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Figure 6.6. Short-Term Variability by Sample Method: Historical and Current Data Sets. The graphs show
the standard deviation of the normalized residuals (short-term variability factors) for each sample method. Both the
historical and current data sets include analytical results only for PCE and TCE. The error bars show the 95%
confidence interval for the standard deviation.

6.3.4 Impact of Sample Method Variability on Evaluation of Long-Term Concentration
Trends

The primary benefit of reducing short-term variability in groundwater monitoring results is to
decrease the amount of monitoring required to characterize the true long-term trend in
contaminant concentrations. Task 2 of this project has involved the development of a new
groundwater monitoring optimization method based on the amount of monitoring required
characterize the long-term concentration trend with a defined level of accuracy or confidence
(McHugh et al., 2015a). The optimization tool developed under Task 2 can be used to quantify
the effect of short-term variability on the amount of monitoring data required to characterize the
long-term trend. We have utilized this tool to evaluate how the observed differences in short-
term variability between sample methods affect the ability to characterize the long-term
concentration trend.

For each of the five sampling methods, the Task 1 demonstration program yielded a dataset of

six sampling events from a total of 16 monitoring wells with four to ten contaminants detected in
each monitoring well. These five datasets were used to evaluate how the differences in short-
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term variability between the sample collection methods would affect the ability to characterize
the long-term monitoring trend (Table 6.7).

Table 6.7. Effect of Sample Method on Amount of Monitoring Required to Characterize the Long-
Term Concentration Trend.

Short-Term

Variability Quarterly Increase Relative to
Sampling Method (log scale)’ Monitoring Events’ Low Flow Std.’
Low Flow Std. 0.45 28 N/A
Low Flow Alternative 0.47 28 0%
Small Vol.
Low Flow Alternative 0.50 30 7%
Large Vol.
Passive No Purge 0.52 30 7%
Active No Purge 0.81 39 39%

Notes:

1) Short-term variability factor for Tier 2 Optimization tool; calculated as the standard deviation of the natural
log of the residuals for each monitoring record.

2) Number of quarterly monitoring events required to characterize a long-term concentration trend with
medium accuracy for a monitoring well with a true attenuation rate of 0.14 yr' (half-life of five years) and
a short-term variability factor equal to that measured for the specific sampling method.

3) Percent increase in monitoring (relative to Low Flow Std.) required to characterize the long-term
concentration trend with the same level of accuracy.

The results of this analysis indicate that the small differences in variability between Low Flow
Standard, Low Flow Alternative (Small Volume), Low Flow Alternative (Large Volume), and
Passive No Purge (SNAP) have little effect on the amount of data needed to characterize the
long-term monitoring trend. However, the variability associated with Active No Purge
(HydraSleeve) results in a 39% increase in the amount of data needed to characterize the long-
term trend. As shown in Figure 6.5, the Active No Purge method resulted in some individual
measurements that were very different from the average concentration. These large errors have a
correspondingly large effect on the ability to accurately characterize the long-term trend. As a
result, the variability associated with the Active No Purge method had a larger effect on the
amount of data needed to characterize the long-term trend than the variability associated with the
other sampling methods.

6.4 EVALUTION OF CONCENTRATION DIFFERENCE BETWEEN SAMPLE
METHODS

The primary goal of this field demonstration was to evaluate the effect of sample method on
short-term variability in monitoring results. However, the study design also allows for an
evaluation of statistical bias between sample methods (i.e., the difference in concentrations).

6.4.1 Overall Statistical Bias between Methods

As illustrated in Figure 6.2, if a same method consistently yields concentration results above the
trend line for the full data set, then that method is showing high statistical bias relative to the full
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data set. In other words, that method (on average) yields a higher measured contaminant
concentration compared to the other sample methods evaluated in the demonstration program.

We evaluated statistical bias between sample methods using the set of normalized residuals also
used to evaluate differences in variability between methods (see Section 6.3.1). For each
individual normalized residual, the sign of the residual (i.e., negative or positive) indicates
whether the underlying concentration measurements were biased low (negative sign) or biased
high (positive sign) relative to the full dataset. The value of the residual indicates the magnitude
of the high or low statistical bias. For example, a normalized residual with a value of 0.11
indicated that the underlying concentration measurement was 11% higher than the average
concentration measurement for the dataset. Therefore, average statistical bias for a single
sampling method (relative to the full dataset) is equal to the average normalized residual error for
the sample method.

Statistical Test Results: We used a t-test to evaluate whether individual sample methods were
biased low or high relative to the full dataset. A method was determined to be biased high (or
low) if the average statistical bias was different from zero at the 95% confidence level.

Overall, the biases between methods were low. The average statistical bias typically ranged
from +20% to -15% (see Figure 6.7 and Figure 6.8). The most pronounced differences between
methods were observed at the Texas site where the two no purge methods showed a statistical
bias about +20% and the three purge methods showed a statistical bias of about -12%. However,
this result was driven largely by three monitoring wells where the no purge concentrations were
consistently higher than the purge concentration (see Section 6.4.2). This well-specific
difference between the sample methods appeared to be more important than any well
independent differences in statistical bias between the methods.
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Figure 6.7. Difference in Contaminant Concentration by Sample Method: Results for Individual
Sites. The graphs show the average of the normalized residuals (i.e., average statistical bias) for each
sample method. The error bars show the 95% confidence interval for normalized residual. * = method
bias is significantly different from zero (p<0.05). LFS = Low Flow Standard, LFA (L) = Low Flow

41



Alternative, Large Volume Purge, LFA(S) = Low Flow Alternative, Small Volume Purge, Passive NP =
Passive No Purge (SNAP Sampler), Active NP = Active No Purge (HydraSleeve).
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Figure 6.8. Difference in Contaminant Concentration by Sample Method: Results for Individual
Chemicals. The graphs show the average of the normalized residuals (i.e., average statistical bias) for
each sample method. The error bars show the 95% confidence interval for normalized residual. * =
method bias is significantly different from zero (p<0.05). LFS = Low Flow Standard, LFA (L) = Low
Flow Alternative, Large Volume Purge, LFA(S) = Low Flow Alternative, Small Volume Purge, Passive
NP = Passive No Purge (SNAP Sampler), Active NP = Active No Purge (HydraSleeve).

6.4.2 Well-Specific Differences between Methods

Although the full dataset showed only small statistical bias with the five sample methods, larger
effects were apparent in some individual monitoring wells: i) at the Texas site, both no-purge
sample methods resulted in higher concentrations in three monitoring wells, ii) at the Texas site,
the Passive No-Purge (SNAP) method yielded detections of vinyl chloride in some wells where
the other methods yielded non-detect results, iii) at the California site, the Active No-Purge
(HydraSleeve) method resulted in low biased concentrations in some monitoring wells during
some monitoring events.

No Purge Methods at the Texas Site: At the Texas site, both no-purge sample methods yielded
consistently higher contaminant concentrations than the three purge sample methods in three of
the eight monitoring wells included in the study (MW-02A, MW-13, and MW-23A). For two of
these monitoring wells (MW-02A and MW23A), the contaminant concentrations were 3x to 5x
higher using the no-purge sample methods. For the third monitoring well, the contaminant
concentrations were about 1.5x higher using the no-purge methods. For one well, contaminant
concentrations were consistently about 1.5x higher with the Low Flow Alternative (Large
Volume) method compared to the other methods. In the remaining four monitoring wells, there
was no obvious difference between sample methods. There were no clear differences in screen
depth or other construction characteristics between the three wells that showed the difference and
the five wells that did not show the difference. Figure 6.9 shows an example of one monitoring
well with this effect and one without.
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MW-23A Methods

200
‘ MW-26

0

afng on
aling oN
afung o

| 250

Normalized Concentration

Normalized Concentration
&

=100 =8 cig-1,2-L (PCE) == (TCE)

Figure 6.9. Examples of Monitoring Wells from Texas Site With and Without Bias Between No-
Purge and Purge Sample Methods. LFS = Low Flow Standard, LFA (L) = Low Flow Alternative,
Large Volume Purge, LFA(S) = Low Flow Alternative, Small Volume Purge, Passive NP = Passive No
Purge (SNAP Sampler), Active NP = Active No Purge (HydraSleeve).

Detections of Vinyl Chloride Using Passive No Purge: At the Texas site, the concentration of
vinyl chloride was primarily non-detect in six of the eight monitoring wells. For these six wells,
vinyl chloride was detected in only 26 of 180 samples (i.e., six wells, five sample methods, six
rounds of sampling). Twenty of these 26 detections were obtained using the passive no purge
samplers (Table 6.8). These results suggest that Passive No Purge (SNAP) may be more
sensitive for detection of low concentrations of some volatile contaminants.

Table 6.8. Detections of Vinyl Chloride in Six Monitoring Wells with Mostly Non-Detect Results

Sample Method Vinyl Chloride Analyses Vinyl Chloride Detections
Low Flow Standard 30 1

Low Flow Alternative, 30 1

Small Volume

Low Flow Alternative, 30 4

Large Volume

Passive No Purge 30 20

Active No Purge 30 0

Active No Purge at the California Site: At the California site, the contaminant concentrations
showed a distinct low statistical bias for 9 of the 36 samples (25%) collected using the active no
purge method. For these samples, contaminant concentrations were 50% to 90% lower than
contaminant concentrations measured during both the preceding sample events (i.e., using
Passive No Purge) and the subsequent sampling event (i.e., using Low Flow Standard). Low
biased sample events were observed in four different monitoring wells; however, for each of
these wells there were also Active No Purge sample events that did not show this low statistical
bias. These 9 low biased sample events appear to account for much or all of the increased
variability in monitoring results observed in the Active No Purge dataset compared to the other
sample methods. Figure 6.10 shows an example of one monitoring well with this effect and one
without.
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Figure 6.10. Examples of Monitoring Wells from California Site With and Without Low Bias in
Some Active No Purge Samples. LFS = Low Flow Standard, LFA(L) = Low Flow Alternative, Large
Volume Purge, LFA(S) = Low Flow Alternative, Small Volume Purge, SS = Passive No Purge (SNAP
Sampler), HS = Active No Purge (HydraSleeve).

6.4.3 Other Studies of Statistical Bias between Sampling Methods

A number of other studies have evaluated the statistical bias between different purge and no
purge groundwater sampling methods:

Britt et al., 2010: This study compares Passive No Purge (SNAP) results to Low Flow Standard
results from six sites (a total of 42 monitoring wells). The median difference in concentration
between the two sample methods ranged from 1% to 22% across the sites evaluated with the
Passive No Purge method generally yielding the higher concentration result.

MWH, 2010. This study compared Active No Purge (HydraSleeve) to the standard 3 casing
volume purge method in a 60 well comparative study. The authors found that the Active No
Purge samples had statistically-significant lower TCE concentrations than standard purge
methods and that than the mean difference was 40%. An additional analysis of data from Hill
AFB conducted for SERDP project ER-1705 comparing TCE concentrations measured using
HydraSleeve to concentrations measured using purge methods indicated that TCE concentration
were, on average, 37% lower when measured using HydraSleeve.

Parker and Mulherin, 2007: This study compared Passive No Purge (SNAP) to Low Flow
Standard at two sites. The authors found no significant different in VOC concentrations in
samples collected using the two sampling methods.

Parker and Clark, 2004: This study compares five no purge methods to the Low Flow Standard
method. The authors found only small differences (typically less than 5%) in VOC
concentration between samples collected using the different methods.

Zumbro, 2014: This study compared both Active No Purge (HydraSleeve) and Passive No Purge
(SNAP) to Low Flow Standard. Approximately 200 samples were compared. The authors found
a statistically significant low bias in the Active No Purge sample results, but no reported
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statistical difference between the Passive No Purge results and the Low Flow Standard results.
Difference for the Active No Purge method indicated a median 60% low bias compared to the
Low Flow Standard method for TCE.

Taken as a whole, these studies indicate little difference in concentration between sample
collected using purge methods and Passive No Purge (SNAP Sampler) method. However, three
studies show large (40% to 60%) and statistically-significant low bias in results obtained using
Active No Purge (HydraSleeve) compared to purge methods.

6.5 CONCEPTUAL MODEL FOR SHORT-TERM  VARIABILITY IN
GROUNDWATER MONITORING RESULTS

The results from this demonstration combined with the results from SERDP projects ER-1704
and ER-1705 support a conceptual model that short-term variability in groundwater monitoring
results is mostly attributable to small-scale spatial variability in contaminant concentrations
within an aquifer (see Figure 6.11) and varying degrees of ambient mixing with the well screen
between sampling events. This conceptual model is supported by the following findings:

» Field Duplicate Variability is Not Significant: The results from both ER-1705 and this
project showed little variation in field duplicate concentrations (i.e., typically less than
10%). This indicates that laboratory analytical variability is small relative to other
sources of variability in monitoring results.

+ Few Important Differences Between Sample Methods: The results from this field
demonstration show that no-purge and low flow purge sample methods yield monitoring
results of similar quality when evaluated in terms of short-term variability and statistical
bias (with the exception of Active No Purge at some sites). For most methods, variability
associated with sample collection procedures is small relative to other sources of short-
term variability.

* Concentrations Vary with Purge Volume: The results from ER-1704, ER-1705 and this
project show that contaminant concentrations can vary with purge volume, however, the
magnitude and pattern of change varies from well to well. The change in concentration
with purge volume exceeds 2-fold in approximately 10% of wells and the direction of
change appears to be random. Contaminant concentration may either increase or
decrease with purge volume and in some wells may increase and then decrease (or
decrease then increase). Contaminant concentrations may not stabilize when purge
parameters stabilize.

» Concentrations Vary over Short Time Periods: The results from both ER-1705 and this
project show that contaminant concentrations can vary over short time periods (i.e., days
to weeks). The concentration change on a time scale of days to weeks is much higher
than the field duplicate variability and somewhat higher than the purge variability. The
variation in concentration over short time periods is mostly time independent (i.e., the
magnitude of change is largely independent of the time between sampling events).
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Figure 6.11. Conceptual Model for Short-Term Variability in Groundwater Monitoring Results
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7.0 COST ASSESSMENT

Costs incurred during the field program demonstration for each of the four groundwater
sampling methods were tracked and analyzed: Low Flow Standard, Low Flow Alternative,
Passive No Purge (SNAP), and Active No Purge (HydraSleeve). Incurred costs for the field
program demonstration were then extrapolated in order to estimate costs for implementing each
technology at a standard site.

71 COST MODEL

The field demonstration included five different sampling methods, each implemented at two
sites. Key cost elements that were tracked included: 1) project planning and preparation, ii) field
implementation, and ii1) data evaluation and reporting (Table 7.1).

Table 7.1. Cost Model for Field Demonstration Program

Cost Element Data Tracked Examples
1. Project planning Labor hours Senior Project Scientist/Engineer,
and preparation Project Scientist / Engineer
Supplies SNAP Samplers, HydraSleeve,
Submersible pumps
2. Field program Labor hours Senior Project Scientist/Engineer,
Project Scientist / Engineer
Equipment Rental, Standard sampling equipment
Supplies, Shipping rental, operating costs,
consumables
Sample Analysis Off-site laboratory analysis
3. Data evaluation Labor hours Senior Project Scientist/Engineer,
and reporting Project Scientist / Engineer

7.1.1 Cost Element: Project Planning and Preparation

Project planning for the field demonstration included site selection, review of existing site data,
attainment of site access, and detailed work plans for all sampling events. Additionally, supplies
such as submersible pumps, SNAP Samplers and HydraSleeve samplers were purchased prior to
field mobilization.

7.1.2 Cost Element: Field Program

Costs for the field program include labor hours sample collection during sampling events.
Additionally, equipment rental, purchase of replacement parts as well as sample analysis was
tracked.

7.1.3 Cost Element: Data Evaluation and Reporting

Following completion of the demonstration, the results and data were reviewed, analyzed, and
recorded into a report to document the findings.
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7.2 COST DRIVERS
Cost drivers for the specific sampling methods are presented below.

Low Flow Standard

Cost drivers for implementation of low-flow standard include: 1) labor hours, ii) equipment
purchase for deeper wells, iii) waste handling and disposal, and iv) equipment rental. A
significant cost driver for Low Flow Standard was labor hours, which included taking
measurements of water parameters, and waiting for parameter stabilization which can vary per
well and event. Other cost drivers for Low Flow Standard relate to equipment needs for deeper
wells. The capital cost is higher for the purchase of submersible pumps in deeper wells, whereas
a peristaltic pump may be rented for shallow wells. Regardless of the pump selected, other
equipment, including a water quality meter and turbidity meter, will need to be rented for each
event.

Low Flow Alternative (Large Volume Purge)

Cost drivers for implementation of Low Flow Alternative (Large Volume) are the same as those
for Low Flow Standard. However, the length of time associated with sampling each well for
Low Flow Alternative (Large Volume) is more predictable than Low Flow Standard, since the
purge volume is fixed. Additionally, Low Flow Alternative methods had higher purging rates
than Low Flow Standard (i.e., average of 600 mL/min for Low Flow Alternative at the Texas site
vs. less than 250 mL/min for Low Flow Standard). Additionally, no rental equipment for
measuring water quality parameters was required.

Low Flow Alternative (Small Volume Purge)

Cost drivers for implementation of Low Flow Alternative (Small Volume) are the same as those
for Low Flow Alternative (Large Volume). However, fewer labor hours are required because
less time is needed to pump 3L rather than 18L.

Passive No Purge (SNAP)

Cost drivers associated with implementation of SNAP samplers include: 1) initial equipment
purchase, and ii) replacement SNAP Sampler vials per sampling event. This method requires
that each well is outfitted with equipment, including: SNAP Sampler (s), trigger line, well dock,
and SNAP Sampler vials. In addition, replacement vials must be purchased for each sampling
event.

Active No Purge (HydraSleeve)

Cost drivers associated with implementation of HydraSleeve at the site include: 1) initial
equipment purchase and ii) replacement HydraSleeve purchase per sampling event. This method
requires the initial purchase of bottom weights, clips and installation string/rope for each well.
In addition, replacement HydraSleeves must be purchased for each sampling event.
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7.3

COST ANALYSIS

The following sections describe the implementation costs at a standard site using cost data
acquired during the field demonstration. In particular, these standard implementation costs are
based on specific assumptions and are presented for both shallow and deep wells.

7.3.1

Cost Analysis Assumptions

The following assumptions were made for the cost analysis:

General Assumptions

A typical site of 15 monitoring wells to be sampled during each groundwater monitoring
event.

Field mobilization indicates number of trips required to complete sampling event.
Mobilization includes travel time to site for field personnel, and is assumed to be one
hour round-trip.

Labor hours include typical time spent on site based on field program experience by GSI
personnel (e.g., driving time between wells at small site, ~1-hour lunch break, etc.).

Costs that are specific to the sampling method (labor hours, capital costs) are reflected.
Other costs (sample analysis, and field preparation time) are not included, as they will be
the same across methods. As such, the analysis below represents the cost differential
between sampling method implementation.

Costs are separated into first and subsequent sampling event costs. First sampling event
costs include capital costs that are likely a one-time expenditure. Subsequent costs
include predominantly labor and minor costs associated with replacement of equipment
parts as applicable to the sampling method.

Equipment rental costs are assumed to be: Water quality meter ($75/day), turbidity meter
($23/day), peristaltic pump ($35/day), water level meter ($20/day), pump controller
($10/day), truck ($100/day).

Shallow vs. Deep Wells

Shallow wells are defined as:
0 Low Flow Purging Methods:
= Wells that with sampling depth less than 25 ft bgs such that a peristaltic pump can
function and its use is allowed by regulatory agency. Rental of peristaltic pumps
is assumed.
0 Passive No Purge (SNAP):
= Wells with the sampling depth of <50 ft in which the use of manual trigger lines
are applicable.
0 Active No Purge (HydraSleeve):
= No equipment differences are assumed between shallow and deep wells.

Deep wells are defined as:
0 Low Flow Purging Methods:
=  Wells that with sampling depth greater than 25 and less than 70 ft bgs which
require the use of submersible pumps (e.g., 12V Proactive Monsoon Pump), or
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o

wells at which the use of peristaltic pumps are not allowed by a regulatory
agency. Purchase of dedicated submersible pumps is assumed.

Passive No Purge (SNAP):

=  Wells with the sampling depth of >50 ft in which a pneumatic trigger and
pneumatic actuator are required.

Active No Purge (HydraSleeve):

= No equipment differences are assumed between shallow and deep wells.

Assumptions per Sampling Method

Low Flow Standard

o

o

Peristaltic pump rental assumed for shallow wells. Purchase of dedicated plastic
submersible pumps (e.g., 12V Proactive Monsoon Pump) is assumed for deep wells.
Water quality meters are rented daily during each sampling event for parameter
measurements.

Waste disposal of purge water included on a per drum basis, including partially filled
drums. Waste disposal frequency assumed to be after every sampling event due to
typical site restrictions on storing purge water on site.

Long term monitoring program costs include replacement of tubing and dedicated
pumps every 3 years.

Low Flow Alternative (Small and Large Volumes)

0 Flow rate assumed to be average of GSI field program at 600 mL/min and set purge
volumes of 3L and 18L.

0 Peristaltic pump rental assumed for shallow wells. Purchase of dedicated electric
submersible pumps is assumed for deep wells.

0 Waste disposal of purge water included on a per drum basis, including partially filled
drums. Waste disposal frequency assumed to be after every sampling event due to
typical site restrictions on storing purge water on site.

0 Long term monitoring program costs include replacement of tubing and dedicated
pumps every 3 years.

Passive No Purge (SNAP)

0 Dedicated SNAP Samplers are purchased for each well. SNAP Samplers are
reinstalled after each sampling event.

0 Recurring costs for replacement sample vials included for subsequent sampling
events.

0 No waste disposal of purge water required.

Active No Purge (HydraSleeve)

o

o

o

After sampling a well, a new HydraSleeve is installed in the well for the next
sampling event.

Dedicated HydraSleeve installation equipment to be purchased initially (i.e., bottom
weights, clips, etc.).

Waste disposal costs are assumed to be negligible to due low volumes.

Long term monitoring program costs include replacement of installation tether every
S years.
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Long Term Monitoring Program
e Long term monitoring program costs represent the total cost of sampling 15 wells per
sampling event, with 2 sampling events per year for 10 years.

7.3.2 Estimated Costs of Sampling Method Implementation

Estimated field implementation costs for the different sampling methods as well as shallow and
deep wells are provided below in Tables 7.2 through 7.6. The costs provided below are not
meant to reflect the total cost of field program implementation, but rather show the cost
differentials between the different groundwater sampling methods.

Table 7.2. Field Implementation Costs for Shallow and Deep Wells: Low Flow Standard
WO Description Units Unit Cost Subtotal
Category
Low-Flow Standard
Shallow Well
Capital Cost Tubing 1 $80 $80
Labor Hours 2 field personnel on site 14 $170/hr $2,378
Equipment Wa.ter qgality meter, turbidity meter,
peristaltic pump, water level meter, 2 $253/day $506
Rental
truck
Consumables -- -- -- --
Waste Disposal | Disposal of purge water 1 $304 $304
Field Number of mobilizations to site.
Mobilizations Assume travel time of 1 hour/mob. 2 $170/mob $340
Unit Cost per Well (First / Subsequent Events) $241 /%235
Total Cost per Sampling Event (First / Subsequent Events) $3,608 / $3,528
Total 10-year Monitoring Program (2 events/yr) $71.0K
Deep Well
Capital Cost Eubmersible pump, tubing, 12V 15 $460 $6.898
attery
Labor Hours 2 field personnel on site 15 $170/hr $2,505
Equioment Water quality meter, turbidity meter,
quip water level meter, pump controller, 2 $228/day $456
Rental
truck
Consumables -- -- -- --
Waste Disposal | Disposal of purge water 1 $304 $304
Field Number of mobilizations to site.
Mobilizations Assume travel time of 1 hour/mob. 2 $170/mob $340
Unit Cost per Well (First / Subsequent Events) $700 / $240
Total Cost per Sampling Event (First / Subsequent Events) $10,503 / $3,605
Total 10-year Monitoring Program (2 events/yr) $99.7K
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Table 7.3. Field Implementation Costs for Shallow and Dee

p Wells: Low Flow Alternative (Large Volume)

(B0 Description Units Unit Cost Subtotal
Category
Low-Flow Alternative (Large Volume Purge)
Shallow Well
Capital Cost Tubing 1 $80 $80
Labor Hours 2 field personnel on site 12 $170 $2,098
Equipment Peristaltic pump, water level meter, ) $155 $310
Rental truck
Consumables -- -- -- --
Waste Disposal | Disposal of purge water (2 drums) 1 $400 $400
Field Number of mobilizations to site.
Mobilizations Assume travel time of 1 hour/mob. 2 $170/mob $340
Unit Cost per Well (First / Subsequent Events) $215/%210
Total Cost per Sampling Event (First / Subsequent Events) $3,228 / $3,148
Total 10-year Monitoring Program (2 events/yr) $63.4K
Deep Well
Capital Cost | Submersible pump, tubing, 12V 15 $460 $6,898
battery
Labor Hours 2 field personnel on site 13 $170/hr $2,226
Eauipment Water quality meter, turbidity meter,
quip water level meter, pump controller, 2 $130/day $260
Rental
truck
Consumables -- -- -- --
Waste Disposal | Disposal of purge water (2 drums) 1 $400 $400
Field Number of mobilizations to site.
Mobilizations | Assume travel time of 1 hour/mob. 2 $170/mob $340
Unit Cost per Well (First / Subsequent Events) $675/ 8215
Total Cost per Sampling Event (First / Subsequent Events) $10,123/ $3,225
Total 10-year Monitoring Program (2 events/yr) $92.1 K
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Table 7.4. Field Implementation Costs for Shallow and Dee

p Wells: Low Flow Alternative (Small Volume)

(B0 Description Units Unit Cost Subtotal
Category
Low Flow Alternative (Small Volume Purge)
Shallow Well
Capital Cost Tubing 1 $80 $80
Labor Hours 2 field personnel on site 6 $170 $1,035
Equipment Peristaltic pump, water level meter, 1 $155 $155
Rental truck
Consumables -- -- -- --
Waste Disposal | Disposal of purge water 1 $304 $304
Field Number of mobilizations to site.
Mobilizations Assume travel time of 1 hour/mob. ! $170/mob $170
Unit Cost per Well (First / Subsequent Events) $116 /8111
Total Cost per Sampling Event (First / Subsequent Events) $1,744 / $1,664
Total 10-year Monitoring Program (2 events/yr) $33.8K
Deep Well
Capital Cost | Submersible pump, tubing, 12V 15 $460 $6,898
battery
Labor Hours 2 field personnel on site 7 $170/hr $1,163
Eauipment Water quality meter, turbidity meter,
quip water level meter, pump controller, 1 $130/day $130
Rental
truck
Consumables -- -- -- --
Waste Disposal | Disposal of purge water 1 $304 $304
Field Number of mobilizations to site.
Mobilizations | Assume travel time of 1 hour/mob. ! $170/mob $170
Unit Cost per Well (First / Subsequent Events) $578 / $118
Total Cost per Sampling Event (First / Subsequent Events) $8,665/$1,777
Total 10-year Monitoring Program (2 events/yr) $62.9 K
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Table 7.5. Field Implementation Costs for Shallow and Deep Wells: Passive No Purge (SNAP)
(B0 Description Units Unit Cost Subtotal
Category
Passive No Purge (SNAP)
Shallow Well
Capital Cost SNAP Samplers and related parts 15 $450 $6,755
Labor Hours 2 field personnel on site 6 $170/hr $990
auipment | Truck 1 §120/day §120
Consumables Sample vials (2) 15 $32 $480
Waste Disposal | -- -- -- --
Field Number of mobilizations to site.
Mobilizations | Assume travel time of 1 hour/mob. ! $170/mob $170
Unit Cost per Well (First / Subsequent Events) $568 / $117
Total Cost per Sampling Event (First / Subsequent Events) $8,515 /81,760
Total 10-year Monitoring Program (2 events/yr) $42.0 K
Deep Well
Capital Cost SNAP Samplers and related parts 15 $630 $9,435
Labor Hours 2 field personnel on site 7 $170/hr $1,117
Equipment Truck and water level meter 1 $120/day $120
Rental
Consumables Sample vials (2) 15 $32 $480
Waste Disposal | none -- -- --
Field Number of mobilizations to site.
Mobilizations Assume travel time of 1 hour/mob. ! $170/mob $170
Unit Cost per Well (First / Subsequent Events) $755 /%126
Total Cost per Sampling Event (First / Subsequent Events) $11,322/$1,887
Total 10-year Monitoring Program (2 events/yr) $472K
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Table 7.6. Field Implementation Costs for Shallow and Deep Wells: Active No Purge (HydraSleeve)
(B0 Description Units Unit Cost Subtotal
Category
Active No Purge (HydraSleeve)
Shallow Well
Capital Cost String, weight, clips 15 $25 $381
Labor Hours 2 field personnel on site 6 $170/hr $958
Fauipment Truck 1 $120/day $120
Consumables 2” HydraSleeve 15 $24 $356
Waste Disposal | -- -- -- --
Field Number of mobilizations to site.
Mobilizations Assume travel time of 1 hour/mob. ! $170/mob $170
Unit Cost per Well (First / Subsequent Events) $153/ 8127
Total Cost per Sampling Event (First / Subsequent Events) $2,290 / $1,909
Total 10-year Monitoring Program (2 events/yr) $389K
Deep Well
Capital Cost String, weight, clips 15 $27 $410
Labor Hours 2 field personnel on site 6 $170/hr $1,085
Equipment Truck and water level meter 1 $120/day $120
Rental
Consumables 2” HydraSleeve 15 $24 $356
Waste Disposal | -- -- -- --
Field Number of mobilizations to site.
Mobilizations Assume travel time of 1 hour/mob. ! $170/mob $170
Unit Cost per Well (First / Subsequent Events) $163/$136
Total Cost per Sampling Event (First / Subsequent Events) $2,442 / $2,036
Total 10-year Monitoring Program (2 events/yr) $41.5K

7.3.3 Cost Comparisons between Sampling Method Implementation

As can be seen in Figures 7.1 and 7.2 below, Low Flow Standard is the most expensive
groundwater monitoring technology that was analyzed. In assessing the long-term total
monitoring cost at a site (10 years, 2 events/yr), the following represents the total cost from least
to most expensive for shallow wells: Low Flow Alternative (Small Volume), Active No Purge
(HydraSleeve), Passive No Purge (SNAP), Low Flow Alternative (Large Volume) and Low-
Flow Standard.
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Figure 7.1. Unit Cost per Well in Shallow (left panel) and Deep (right panel) Wells. Costs for the
first event (darker shade) and subsequent events (lighter shade) are also presented. LFS = Low Flow
Standard, LFA (L) = Low Flow Alternative Large Volume Purge, LFA (S)= Low Flow Alternative Small
Volume Purge, Passive No Purge = SNAP Samplers, Active No Purge = HydraSleeve.
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Figure 7.2. Cost of Total Monitoring Program (10 years, semi-annual sampling, 15wells, in $K) for
Shallow (lighter shade) and Deep (darker shade) Wells. LFS = Low Flow Standard, LFA (L) = Low
Flow Alternative Large Volume Purge, LFA (S)= Low Flow Alternative Small Volume Purge, Passive
No Purge = SNAP Samplers, Active No Purge = HydraSleeve.

Additionally, the labor hours required for sampling per well at the field site varied significantly
across the sampling methods. Assuming an 8-hour field day, this translated to a varying number
of wells that can be sampled in one mobilization, as well as total labor cost per well per
mobilization.

As seen in Table 7.7 below, the labor cost per well in one mobilization associated with applying
sampling methods are as follows in increasing order: Low-Flow Alternative, Small Volume
($90/well) / HydraSleeve ($90/well), SNAP Samplers ($90/well), Low-Flow Alternative, Large
Volume ($180/well) and Low Flow Standard ($220/well). Note that these are higher-end
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estimates of number of wells that can be sampled in one day as they do not include time to travel
between sampling wells at large sites, and minimal downtime during the 8-hour day (i.e., 1 hour
break).

Table 7.7. Summary of Sampling Time in the Field and Subsequent Labor Costs

. Estimated Labor Cost per Labor Cost.per
Approximate Well Ratio
: . Number of Wells Well per
Sampling Method Time per Well : " Compared to
Sampled in One Mobilization
(hrs) Field Da Low Flow
Y Standard
Low Flow Standard 0.9 8 $220 1.0
Low Flow 0.4 20 $90 0.4
Alternative (Small
Volume)
Low Flow 0.8 10 $180 0.8
Alternative (Large
Volume)
SNAP Samplers 0.4 20 $90 0.4
(Passive No Purge)
HydraSleeve (Active 0.4 20 $90 0.4
No Purge)
Notes:

1. Assumes one field mobilization is an 8 hour day, not including travel time to site or travel between sampling
wells at site.

2. Labor cost for two field personnel, approx. $170/hr rate total

3. Approximate time per well based on GSI field program experience and includes time for installation of each
sampling method equipment.
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8.0 IMPLEMENTATION ISSUES

8.1 TECHNOLOGY TRANSFER AND REGULATORY ACCEPTANCE: SAMPLING
METHOD

This study looked at two types of active sampling and two types of passive sampling methods.
All sampling methods are mature technologies, with extensive peer-reviewed literature, ESTCP
studies, ASTM Standards, and regulatory acceptance for all methods at a variety of sites in
recent years. Specifically, guidance includes:

¢ Groundwater sampling protocols are covered in ASTM D4448-01

e Guidelines for active sampling, both for the constant volume purge and purge to
parameter stability, can be found in documents such as EPA Standard Operating
Procedures. The ASTM Standard that applies to purge sampling is ASTM D6452-99.

e QGuidelines for active and passive no-purge sampling, both for the HydraSleeve and
SNAP Samplers can be found in documents such as the ITRC’s 2007 report.

e The ASTM Standard that applies to passive no-purge sampling is D7929-14.

Thus, all four methods have few end-user concerns, are straightforward to master, and can be
easily applied without substantial implementation issues at most sites. Both the no purge sample
methods and the alternative (i.e., fixed volume) low flow purge methods were found to be more
cost effective than the standard method of low flow purge to parameter stability. The no purge
methods result in little to no generation of purge waste and, therefore, may be more strongly
favored at sites where management of purge waste is a logistical challenge or is expensive.
Sample volume constraints for the no purge methods are the principal implementation concern
where certain analyte suites require large water volumes. For those sites, the low flow
alternative methods may be more applicable.

Based on the results of our field program, regulatory acceptance of a novel “improved” sampling
method will likely not be an issue. However, our project findings do indicate that low flow
sampling with a fixed purge volume is less expensive than monitoring purge parameter stability
and yield monitoring results of equal quality. There would likely be some regulatory barriers for
sites that wanted to switch from purge to parameter stability to fixed volume purge. In addition,
although no purge sampling methods have been fairly widely accepted, there are still some
regulatory barriers for these methods.

Our plan for regulatory acceptance of sampling alternatives to low flow sampling with purge
parameter stability are:

1) Publication of a journal article presenting our project results.
2) Presentation of our project results at technical conferences
3) A comprehensive /2 day workshop on groundwater sampling variability

The '2-day workshop will include a module on groundwater sampling methods. In addition to

presenting the results from our field program, this module will also present results from SERDP
Projects ER-1704 and ER-1705 and other lines of evidence demonstrating that monitoring of
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purge parameters during low flow sampling does not improve the accuracy or stability of the
concentration results. In addition to using this module in the workshop, it may be possible to
present it as a webinar to regulatory stakeholders such as the EPA Groundwater Forum.

8.2 TECHNOLOGY TRANSFER AND REGULATORY ACCEPTANCE:
MONITORING OPTIMIZATION AND TREND ANALYSIS TOOLKIT

Our plans for regulatory acceptance of the monitoring optimization tool are similar:

1) Publication of a journal article presenting our project results
2) Presentation of our project results at technical conferences
3) A comprehensive /2 day workshop on groundwater sampling variability

The 2-day workshop will include a module on the optimization tool that covers the technical
basis for the tool and application of the tool to individual sites. Again, it may be possible to
present this module as a webinar to regulatory stakeholders.

An additional option to promote the regulatory acceptance of the optimization tool would be
through the application of the tool at a DoD facility with a specific need to optimize monitoring
frequency (e.g., as part of a five-year review). We could work with such a facility to apply the
tool to their historical monitoring dataset and to present the results the overseeing regulatory
agency.
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