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Executive Summary

This report presents the results of Exponent’s evaluation of the revised low-flow groundwater
sampling procedure currently in use at Philip Services Corporation’s Georgetown facility (the
facility) in Seattle, Washington, and compares the revised low-flow groundwater sampling
analytical data to the previous results collected with the Micropurge sampling technique. The
revised low-{low groundwater sampling procedure (500 mL/min flow rate limit) was approved
in March 2002 by the U.S. Environmental Protection Agency (EPA). This procedure is used at
the facility to collect quarterly groundwater samples required by the existing Resource
Conservation and Recovery Act permit (WAD 000 812 909) for the facility. This revised low-
flow sampling procedure replaced the Micropurge groundwater sampling technique (300
ml./min flow rate limit) approved by EPA in May 1999 and used at the facility from the second
quarter of 1999 to the first quarter of 2002. A 2001 evaluation of the Micropurge sampling
technique showed that organics and metals data were comparable to previous results for samples
collected with the previous groundwater sampling technique (1,000 mL/min flow rate limit),

which was used at the site from the second quarter of 1994 through the first quarter of 1999.

Data from 21 wells were selected for this evaluation. These data characterize the shallow and
intermediate groundwater quality both at the facility and downgradient of the facility. Time
series plots were used to compare chemical and water quality data collected from these 21 wells.
Evaluation of these time series plots showed no sudden and consistent low or high bias in
concentrations of indicator analytes after the implementation of the revised low-flow technique
in the second quarter of 2002. Historically high or low water quality data (i.e., data spikes) and
deviations from the approved revised low-flow standard operating procedure (SOP) did not
correlate with historically high or low volatile organic compounds or metals concentrations.
From these observations, it can be concluded that the current revised low-flow sampling
technique produced data that are comparable to previous results obtained with the Micropurge
technique. In addition, it can also be concluded from these observations that occasional
deviations from the revised low-tflow sampling SOP that occurred at select wells during select

sampling events did not correspond to high- or low-biased concentration data.
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1 introduction

This report presents the results of Exponent’s evaluation of the revised low-flow groundwater
sampling procedure currently in use at Philip Services Corporation’s (PSC’s) Georgetown
facility (the facility) in Seattle, Washington, and compares the revised low-flow groundwater
sampling analytical data to the previous results collected with the Micropurge sampling
technique. In March 2002, the U.S. Environmental Protection Agency (EPA) approved a
revised low-flow groundwater sampling procedure (500 mL/min flow rate limit) for quarterly
groundwater sample collection required by the Resource Conservation and Recovery Act
(RCRA) permit (WAD 000 812 909) for the facility. The new procedure was implemented in
the second quarter of 2002. This revised low-flow sampling procedure replaced the Micropurge
groundwater sampling technique (300 mL/min flow rate limit) approved by EPA in May 1999

and used at the facility from the second quarter of 1999 to the first quarter of 2002.

In November 2001, Exponent evaluated the effectiveness of the Micropurge technique in a
report submitted to PSC (Exponent 2001; for a copy of this report, see Appendix 5A in the
remedial investigation report [PSC 2003]). Evaluation of time series plots with select water
quality data and chemical concentration data showed no sudden and consistent low or high bias
in concentrations of indicator analytes after the implementation of Micropurge sampling. The
report concluded that the Micropurge sampling technique produced analytical data that were
comparable to previous results collected with the low-flow groundwater sampling technique
(1,000 mL/min flow rate limit) that was used at the site from the second quarter of 1994 through
the first quarter of 1999. The evaluation also showed that the deviations from the Micropurge
technique that occurred at various wells during sampling events did not correspond to high- or

low-biased concentration data.

This report assesses the revised low-flow technique and compares the revised low-flow
groundwater sampling analytical data to the previous results collected with the Micropurge
sampling technique. The following analyses used in the 2001 Micropurge evaluation (Exponent

2001) will be used in this report:
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» Compare quarterly analytical data collected using the revised low-flow
sampling technique (SOP-124, Revision 4) for wells to analytical data
collected using the previous Micropurge sampling technique (SOP-124,
Revision 3) to determine if there were significant differences between

analytical data collected using the two techniques.

o ldentify and evaluate analytical results from groundwater monitoring wells

where one or more of the following occurred:
— A significant temperature increase
— Average well drawdown exceeding 0.33 ft

— A steady, low-flow rate (less than 500 mL/min) not maintained during

purging

— Aquifer effervescence (i.e., the occurrence of air in the discharge

tubing and a corresponding loss of pumped flow)

e Discuss potential correlation between variations from the approved revised

low-flow standard operating procedure (SOP) and sample concentrations.

This report is organized into the following sections:

e Compilation of Available Data (Section 2)—Provides summaries of
available information related to groundwater monitoring at the facility,
including well completion data, groundwater sampling techniques, chemical

analytical results, and field reports.

o Kvaluation Methods (Section 3)—Provides a discussion of the methods

used in this evaluation and includes time series plots and summary tables.

» Evaluation (Section 4)—Provides a detailed examination of groundwater
data collected before (using Micropurge) and after the implementation of the
revised low-flow sampling technique. Discussions are included on potential

relationships among significant temperature increases during purging, well
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drawdown greater than 0.33 ft, high flow rates during purging, and the
occurrence of aquifer effervescence with the reported data.

e Summary and Conclusions (Section 5)—Presents conclusions of the

revised low-flow sampling technique evaluation.

¢ References (Section 6)—Contains a list of the documents cited in this report.

All figures and tables are presented at the end of this report.
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2 Compilation of Existing Data

Data have been collected since investigative work at the facility began in 1982. The following
1s a summary of the available data and a discussion of the data compiled for use in the

evaluation.

2.1 Well Completion Details

Selected quarterly groundwater monitoring data from 39 wells at the facility were used for the
Micropurge evaluation performed in 2001 (Exponent 2001). During the first quarter of 2002, 54
additional wells were installed offsite and at the facility. In addition, in existing wells where
effervescence had occurred repeatedly in the past, PSC replaced dedicated Grundfos pumps with
bladder pumps during the first quarter of 2002. Twenty-one wells (12 historical wells and 9
newly installed wells) used to characterize shallow and intermediate groundwater quality at the
facility and downgradient of the facility were selected for this evaluation. Completion details
for these 21 wells are summarized in Table 1 (also see Section 2.3), including the installation
date, total depth, screened interval, and type of dedicated pump in the well. Complete well

construction details for all wells are provided in Chapter 4 of the remedial investigation report

(PSC 2003).

2.2 Groundwater Sampling Techniques

Four groundwater sampling techniques (high-volume, low-flow, Micropurge, and revised low-
flow) have been used at the facility since permit-required quarterly groundwater sampling began
in 1992, High-volume and low-flow techniques have already been evaluated (Exponent 2001);
therefore, those procedures are not included in this report. Micropurge and revised low-flow

groundwater sampling procedures are described below.
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2.21 Micropurge

The Micropurge groundwater sampling technique was used at the facility to collect groundwater
samples from the second quarter of 1999 to the first quarter of 2002. A copy of PSC’s SOP
(SOP-124, Revision 3) for Micropurge sampling is included in Attachment A. As described in
the Micropurge SOP (PSC 1999), groundwater is purged at a maximum rate of 300 mL/min
while maintaining a water level drawdown of less than 0.3 ft. Field parameters including
temperature, oxidation reduction potential, pH, dissolved oxygen, turbidity, and conductivity are
monitored at approximately 3- to 5-minute intervals. Purge rate, water level, and pump speed
are also measured. Field parameters are considered stable when three consecutive readings are
within +0.1 unit for pH, 43 percent for conductivity and temperature, and +10 percent for
dissolved oxygen, oxidation reduction potential, and turbidity. Groundwater samples are
collected after all field parameters have stabilized, or alternatively after either the well is purged

dry twice, or after a minimum of one well volume is purged.

2.2.2 Revised Low-Flow

The revised low-flow groundwater sampling procedure has been used at the facility to collect
groundwater samples since the second quarter of 2002. A copy of PSC’s SOP for revised low-
flow sampling is included in Attachment B. As described in the low-flow SOP (SOP-124,
Revision 4) (PSC 2002), groundwater is purged at a maximum rate of 500 mL/min while
maintaining a water level drawdown of less than 0.33 ft or a water level above the minimum
value (i.e., the pump intake, or the top of the screen if the aquifer is confined). Field parameters
including oxidation reduction potential, pH, dissolved oxygen, turbidity, and conductivity are
monitored at approximately 3- to 5-minute intervals. Purge rate, water level, and pump speed
are also measured. Field parameters are considered stable when three consecutive readings are
within £0.1 unit for pH, +3 percent for conductivity, 0.3 mg/L dissolved oxygen, £10 mV
oxidation reduction potential, and a turbidity value less than 5 nephelometric turbidity units
(NTU) or +10 percent for turbidity values greater than 5 NTU. Groundwater samples are
collected after all field parameters have stabilized, or alternatively, if the water level drops
below the minimum value, then a minimum of two tubing volumes (including the tubing and the

pump) is purged.
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2.3 Field Parameters

As discussed 1n Section 2.1, each of the groundwater sampling techniques used by PSC requires
that certain field parameters stabilize during well purging to ensure that groundwater from the
tormation, rather than stagnant casing water, is sampled. The stabilization criteria for each

procedure are outlined below.

2.31 Micropurge

Field parameters monitored during Micropurge groundwater sampling (and associated
stabilization requirements) were pH (+0.01 pH unit), conductivity (+£3 percent), temperature
(3 percent), dissolved oxygen (+10 percent), oxidation reduction potential (+10 percent), and
turbidity (£10 percent), in addition to purge rate, purge volume, and drawdown (PSC 1999).
For this evaluation, Exponent calculated these stability parameters as well as the total change in
groundwater temperature during purging. Methods of calculation are discussed in the 2001

Micropurge evaluation (Exponent 2001).

2.3.2 Revised Low-Flow

Field parameters monitored during revised low-flow groundwater sampling were considered
stable when three consecutive readings were within +£0.1 unit for pH, +3 percent for
conductivity, +0.3 mg/L dissolved oxygen, £10 mV oxidation reduction potential, and when
turbidity values were less than S NTU or £10 percent for turbidity values greater than 5 NTU
(PSC 2002). In addition, the purge rate, purge volume, and drawdown were also monitored.
Methods of calculation outlined in the revised low-tlow SOP (PSC 2002) are given below

(where X equals the last three water quality readings).
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e To calculate the stability of pH:
pH Change = Maximum X — Minimum X.

e To calculate the stability of conductivity:
Conductivity Change = Maximum X — Minimum X
Conductivity Mean = (Maximum X + Minimum X)/2

Relative Percent Difference = (Conductivity Change/Conductivity

Mean) x 100.

e To calculate the stability of dissolved oxygen and oxidation reduction

potential:
Parameter Change = Maximum X — Minimum X.
e To calculate the stability turbidity if X > 5 NTU:
Turbidity Change = Maximum X — Minimum X
Turbidity Mean = (Maximum X + Minimum X)/2

Relative Percent Difterence = (Turbidity Change/Turbidity Mean) x 100.

For this evaluation, Exponent also calculated the total change in groundwater temperature
during purging. In order to avoid using outlier values attributed to equipment startup during
initiation of sample collection procedures, the first two purge rate and temperature readings
(typically the first 6 minutes of purging) were not used in the determination of the maximum
purge rate and the total change in groundwater temperature during purging. An exception to
this was made if there were only four readings for a sample. In these cases, only the last three

readings were used; the initial reading was not used.
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2.4 Groundwater Quality Data

Groundwater monitoring data have been collected as part of various facility investigations since
1982. Collection of quarterly groundwater data required by the RCRA permit for the facility
began in the third quarter of 1992. The monitoring program included analyses for volatile
organic compound (VOCs), semivolatile organic compounds, pesticides and polychlorinated
biphenyls, and metals. Groundwater monitoring data used for the 2001 Micropurge evaluation

(Exponent 2001) and the current revised low-flow evaluation are discussed below.

241 Micropurge

The 2001 Micropurge evaluation (Exponent 2001) was performed using data from the fourth
quarter of 1997 through the first quarter of 2001. This time period was chosen because naturally
occurring chemical migration and degradation complicates the comparison of more recent
monitoring results to older monitoring results (e.g., comparing data collected in 1992 to data
collected in 2000). Indicator chemicals were selected from the data set for initial identification
of differences that might be attributable to the sampling methods used. These indicator
chemicals included the following VOCs: benzene, toluene, ethylbenzene, xylenes (BTEX),
tetrachloroethene (PCE), trichloroethene (TCE), and 2,4-dimethylphenol; and the following
unfiltered (total) metals: arsenic, chromium, lead, and zinc. A discussion of the criteria used to
select indicator chemicals is included in the 2001 Micropurge evaluation (Exponent 2001; see

Appendix SA in the remedial investigation report [PSC 2003]).

2.4.2 Revised Low-Flow

For the current evaluation of the revised low-flow sampling procedure, data from the first
quarter of 2000 through the first quarter of 2003 are used because they include both Micropurge
and revised low-tflow sampling techniques. (This data set, the first quarter of 2000 through the
first quarter of 2003, is also being evaluated in the remedial investigation report and risk
assessment [PSC 2003 and PIONEER 2003, respectively). The data do not include event-

related changes (i.e., data spikes) that were observed in some wells during the third and fourth
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quarters of 1999 (Exponent 2001). These data spikes are likely due to laboratory error. The
same indicator chemicals were used in this evaluation as in the 2001 Micropurge evaluation to
ensure comparability and consistency between the two evaluations. Groundwater data from a
total of 21 wells were analyzed for this evaluation (see Table 1 for list of wells), instead of all
wells sampled as part of the facility’s RCRA permit. The 21 wells included 12 of the 39 wells
included in the 2001 Micropurge evaluation and 9 of the 54 new wells installed at the facility

during the first quarter of 2002 and sampled beginning in the second quarter of 2002.
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3 Evaluation Methods

Changes in analyte concentrations or trends could be attributable to changes in the source,
natural attenuation, fluctuations in water levels or flow directions, or other unmeasured
variables. Therefore, standard statistical methods would not provide meaningful analysis
regarding the cause of such changes. Exponent used the data sets established in the previous
section to perform the evaluations outlined in Section 1 using the following methods: analysis
of time series plots of indicator chemicals and select field parameters, and analysis of a

summary table of variations from SOP protocols. Each assessment method is discussed below.

3.1 Time Series Plots

Time series plots comparing concentration data collected using both Micropurge and revised
low-flow techniques were created to detect patterns that could be attributable to any changes in
sampling technique. Time series plots could show trends indicative of program-related changes
such as a sudden and consistent low or high bias in concentrations of indicator analytes
corresponding to the implementation of the revised low-flow sampling technique. Such a
change would indicate that the revised low-flow technique had an effect on sample concentra-
tions, either positively or negatively. For example, a decrease in VOC concentrations might be
expected with the increased allowable purge rate limit (from 300 mL/min to 500 mL/min)
because slightly higher purge rates may increase the possibility of aeration and volatilization.
One might also expect an increase in metals concentrations with the increased allowable purge
rate limit (from 300 mL/min to 500 mL/min) because of possible increased turbidity and
suspended particulate matter. Exponent also reviewed data for other possible program-related
changes such as sudden and constant changes in field parameter values. For example, well
drawdown and turbidity may increase with the implementation of the revised low-flow sampling

technique due to the slightly higher purge rate limit (from 300 mL/min to 500 ml/min).

The time series plots were also evaluated for event-related changes (i.e., data spikes). Data

spikes in concentrations (either high or low) are likely due to laboratory error (which is beyond
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the scope of this evaluation) or to variations from the approved Micropurge and revised low-
flow SOPs (e.g., field parameters not stabilized before collecting sample, high purge rate). If
VOC compounds and metals concentrations were related to field parameter spikes, then each

field parameter spike should have a corresponding concentration spike.

Time series plots showing concentrations of organic indicator analytes (i.e., BTEX, PCE, TCE,
and 2,4-dimethylphenol), along with values for well drawdown, turbidity, temperature, change
in temperature during purging, maximum flow (i.e., purge rate limit), and observed aquifer
effervescence, are presented for selected wells from the first quarter of 2000 through the first
quarter of 2003 in Figures la-21a. (Revised low-flow sampling began in the second quarter of
2002.) Indicator metals (i.e., arsenic, chromium, lead, and zinc) were measured inconsistently
in the selected wells, but to assure comparability between the two evaluations, they are

presented along with the field parameters listed above in corresponding Figures 1b-21b.

3.2 Summary Tables of Variations from SOPs

Field data from the individual sampling events were reviewed and compared to the applicable
sampling protocols to evaluate compliance with the sampling requirements outlined in the
respective SOPs for Micropurge and revised low-tflow procedures (PSC 1999 and PSC 2002,
respectively). Table 2 lists variations from the Micropurge and revised low-flow sampling
requirements by well and by quarter. Variations from the SOPs were determined per the

procedures outlined in Section 2.3.1 and Section 2.3.2.
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4 Evaluation

In this section, program and event observations are discussed in detail with respect to the
revised low-flow technique. In addition, the relation, if any, is evaluated between significant
temperature increases, well drawdown, high flow rate, field parameter stabilization, variations

from the approved Micropurge SOP, and concentration spikes, either high or low.

4.1 Groundwater Sampling Program Changes

Groundwater data were evaluated using time series plots to compare data collected using the
revised low-flow technique to the Micropurge technique to determine if there were significant
differences between analytical data collected using the different techniques. The primary
program change that occurs is the increase of the purge rate limit from 300 mL/min under the
Micropurge technique to a purge rate limit of 500 mL/min under the revised low-flow sampling
procedure. While several wells have event changes (i.e., data spikes), which are discussed in
Section 4.2, there is no sudden and consistent low or high bias in concentrations of indicator

analytes corresponding to the implementation of the revised low-flow sampling technique.

Potential program-related temperature changes were observed for well CG-103-S1. The time
series plots for this well (Figures 4a and 4b) show a consistent decrease in the water temperature
change during sampling, which coincides with the implementation of the revised low-flow
sampling procedure. However, other facility wells had no similar consistent change. Aquifer
effervescence was observed during many of the sampling periods associated with the higher
change in water temperature. Increased pump motor stress under these conditions is believed to
be the cause of these temperature increases. The potential relationship between these observed
decreases in water temperature changes and sample concentrations is further evaluated in

Section 4.3.1.
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4.2 Groundwater Sampling Event Changes

Event changes (i.e., data spikes) are observed on some of the time series plots of organic
analytes during use of the Micropurge and revised low-flow sampling procedures. A summary
of these observations is provided in Table 3. Of the wells used for this evaluation, only one data
spike was observed after the implementation of the revised low-flow sampling procedure (well
CG-105-S2). The other event changes observed on the time series plots of organic analytes
occurred when PSC was using the Micropurge technique. A review of the trend graphs for these
wells showed that field parameter spikes did not correspond to concentration spikes and that
data collected using the Micropurge and the revised low-flow sampling procedures were

comparable. Selected examples are discussed below.

o In well CG-105-S2, arelatively high concentration of toluene was observed
in the second quarter of 2002 (Figure 11a). There were no corresponding
spikes in water quality data and the associated water quality parameters were

similar to those observed historically in that well.

e In well CG-105-S1, a relatively low concentration of 2,4-dimethylphenol was
observed in the first quarter of 2001 (Figure 10a). The change in temperature
for that quarter appears to be high compared to some other quarters, but not
out of the range of temperature changes observed historically. In addition,
other relatively high temperature changes did not have similar low

concentrations of compounds.

e In well CG-104-S1, relatively low concentrations of benzene and
ethylbenzene were observed in the second quarter of 2000 (Figure 7a). There
were no corresponding spikes in water quality data and the associated water

quality parameters were similar to those observed historically in that well.

o In well CG-2-S1, relatively high concentrations of ethylbenzene, PCE, and
TCE were observed in the first quarter of 2002 (Figure 1a). There were no
corresponding spikes in water quality data and the associated water quality

parameters were similar to those observed historically in that well.
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e Inwell CG-103-5S1, relatively high concentrations of ethylbenzene, toluene,
and xylenes were observed in the first quarter of 2002 (Figure 4a). The only
field parameter spike observed in the first quarter of 2002 was in turbidity. A
similar spike in turbidity was observed in the third quarter of 2002, yet there
was not a corresponding spike in VOC concentrations in the same third

quarter.

Few event changes (i.e., data spikes) are observed on the time series plots for metals. A
summary of these observations is provided in Table 4. Field parameters were evaluated to
determine if field parameter spikes were related to a change in metals concentrations observed
in a well. A review of the trend graphs for these wells showed that spikes in water quality data
were not consistently related to spikes (either high or low) in metals concentrations. Selected

examples are discussed below.

e In well CG-104-S1, arsenic was not detected in the first and second quarters
of 2001 (Figure 7b). Water quality parameters for those quarters were similar
to those observed historically in that well. Flow rates for those quarters were
below the 300 mL/min limit of the Micropurge technique and equivalent to
flow rates observed in the second and fourth quarters of 2000, when arsenic

was detected in the well.

o In wells CG-114-75 and CG-122-60, elevated concentrations of arsenic were
observed in the second quarter of 2002 (Figures 13b and 16b, respectively).
High turbidity measurements were also observed in both wells that quarter
(stabilized per SOP at 162 NTU in CG-114-75 and not stabilized per SOP at
351 NTU in CG-122-60). These wells were installed and developed in the
first quarter of 2002; therefore, the high turbidity seen in the second quarter
of 2002 could be the result of sediment suspended during well installation
activities. This does not appear to be a consistent pattern in the wells
installed and developed in the first quarter of 2002 given that 1) well CG-
124-70 had relatively high turbidity (73.8 NTU) and consistent arsenic

concentrations in the second and fourth quarters of 2002 (Figure 18b), and
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2) relatively high turbidity was not observed in other wells installed and
developed in the first quarter of 2002 (e.g., 6.7 NTU in CG-121-40

[Figure 15b] and 10.8 NTU in CG-124-40 [Figure 17b}). In addition, the
deeper wells (e.g., CG-124-70) are generally screened in more fine-grained
material than the more shallow wells, which are screened between 20 and 30

ft (e.g., CG-121-40).

4.3 Water Quality Parameters

To evaluate the potential effects on sample concentration caused by significant temperature
increases during purging, well drawdown greater than 0.33 ft, the occurrence of aquifer
effervescence, and high flow rate with reported data, Exponent used various methods including
time series plots and summary tables. These potential relationships between water quality

parameters and the reported data are discussed below.

4.3.1 Significant Temperature Increase During Purging

The relationship between significant temperature increases during purging and low sample
concentration bias was evaluated by comparing the change in temperature (graphed on the time
series plots for each well) to concentration data in a well. Time series plots show that there is
no consistent relationship between temperature increases in a well and indicator organic
compound or metals concentrations. For example, temperature increases in well CG-103-S1
during the first quarter of 2001 through the fourth quarter of 2001 (where temperature changes
ranged from 10.1 to 13.7°F) do not appear to correspond to higher or lower organics and metals
concentrations (Figures 4a and 4b). Similarly, well CG-105-1 (Figures 9a and 9b) had relatively
higher temperature changes in the second and third quarters of 2001 (7.7 and 7.4°F,
respectively) but no corresponding high or low orgaﬁics and metals concentrations. Given this
information, a relationship between significant temperature increases during purging and low

sample concentration bias does not appear to exist.
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4.3.2  Significant Well Drawdown

For this evaluation, significant well drawdown was considered to be those instances where
drawdown exceeded the 0.33 ft maximum criterion specified in PSC’s revised low-flow SOP
(PSC 2002). Time series plots and Table 2 show that wells sampled using the low-flow

sampling procedure did not exceed the drawdown limit of 0.33 ft.

4.3.3  Aquifer Effervescence

Aquifer effervescence is a term used by PSC to describe a situation where air i1s observed in the
discharge tubing during well purging with a corresponding loss of pumped flow rate. This
results in shutting down and subsequently restarting the pump (sometimes several times) in
order to obtain a sample. Aquifer effervescence was observed in wells CG-2-S1, CG-103-1,
CG-103-S1, CG-105-S1, CG-105-S2, and CG-113-S1 when samples were collected using the
Micorpurge technique (Table 2). In the first quarter of 2002, the Grundfos pumps in CG-2-S1,
CG-103-1, CG-103-S1, CG-105-S1, and CG-105-S2 were replaced with bladder pumps while
the Grundfos pump in well CG-113-S1 was not replaced. After the implementation of the
revised low-flow sampling procedure and replacement of the dedicated pumps, aquifer
effervescence was only observed in well CG-113-S1 (Figures 12a and 12b), which still has a
Grundfos pump. Organics and metals concentrations for those quarters where aquifer

effervescence was observed in a well are consistent with historical concentrations.

4.3.4 High Flow Rate

For the purposes of this evaluation, a high flow rate is defined as those instances where the
maximum flow rate prior to sampling exceeded the SOP protocol of 500 mL/min. One
exceedance of the 500 mL/min purge rate was observed after the implementation of the revised
low-flow sampling procedure (Table 2). This occurred in well CG-113-S1 during the third
quarter of 2002 (Figures 12a and 12b). Concentrations of indicator organic compounds and
metals are consistent with historical concentrations in this well and do not appear to be biased

either high or low.
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5 Summary and Conclusions

In this report, Exponent evaluated the comparability of data collected with the revised low-flow
sampling procedure currently used at PSC’s Georgetown facility with data collected using the

Micropurge technique. Observations from this evaluation include:

e Time series plots showed no sudden and consistent high or low bias in
concentrations of indicator analytes after the implementation of the revised

low-flow sampling method.

e For data evaluated over the entire period (i.e., the first quarter of 2000 to the
first quarter of 2003), two spikes in metals data appeared to correspond with
a spike in an associated water quality parameter. Elevated concentrations of
arsenic associated with relatively high turbidity were observed in CG-114-75
and CG-122-60 during the second quarter of 2002. One of these samples was
collected when turbidity had stabilized (CG-114-75) and the other sample
was collected when turbidity had not stabilized (CG-122-60). Both of these

spikes occurred during the first monitoring period after well installation.

¢ In instances where there were variations from the SOP guidelines (either
Micropurge or revised low-flow procedures), there was no observed sudden
and consistent high or low bias in concentrations of organic compounds. As
discussed above, one sample that was collected when turbidity had not
stabilized (CG-122-60 during the second quarter of 2002) had an associated
elevated concentration of arsenic. This same relationship was not observed
during other quarters where samples were collected when turbidity had not

stabilized.

Based on these observations, Exponent concludes that the revised low-flow sampling methods
employed since the second quarter of 2002 have resulted in data of comparable quality to that
produced using the Micropurge sampling method. Exponent’s review shows that variations
from PSC’s SOP protocols within the ranges observed during this evaluation did not correspond

to high- or low-biased concentration data.
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Table 1. Selected completion details for wells used in evaluation

Total Screen
Installation Borehole Depth Interval :
Well Date (ft bgs) (ft bgs) Pump Type
CG-2-51 07/31/89 205 8.5-18.5 Bladder
CG-9-51 07/25/89 19.0 7.0-17.0 Bladder
CG-103-I 06/05/92 80.0 61.0-71.0 Grundfos
CG-103-81 05/08/92 18.0 7.5-17.5 Bladder
CG-103-52 05/11/92 355 25.0-35.0 Grundfos
CG-104-} 06/14/92 70.0 55.5-65.5 Grundfos
CG-104-S1 05/12/92 18.0 7.5-17.5 Grundfos
CG-104-S2 05/13/92 33.0 20.5-30.5 Grundfos
CG-105-1 06/11/92 76.5 56.2—66.2 Grundfos
CG-105-S1 05/14/92 17.5 7.0-17.0 Grundfos
CG-105-82 05/15/92 35.0 25.0-35.0 Bladder
CG-113-81 11/20/00 15.5 5.0-15.0 Grundfos
CG-114-75 03/20/02 80 64.2-74.2 Bladder
CG-115-WT 03/20/02 16 5.0-15.0 Bladder
CG-121-40 03/19/02 42 30.040.0 Bladder
CG-122-60 03/05/02 63 50.0-60.0 Bladder
CG-124-40 03/27/02 42 30.040.0 Bladder
CG-124-70 03/27/02 74 60.0-70.0 Bladder
CG-124-WT 03/27/02 16 45145 Bladder
CG-128-70 03/26/02 74 60.0-70.0 Bladder
CG-129-40 03/05/02 42 30.040.0 Bladder

Note: ftbgs - feet below ground surface
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Table 4. Evaluation of time series plots showing selected metals and field parameters
for Micropurge evaluation at Philip Services Corporation's Georgetown facility

Program Related Issues

(1st Quarter 2000-1st Quarter 2003) Event Related Issues

Organic Field Detection Limits (1st Quarter 2000—-1st Quarter 2003)
Well Trends Parameters Vary Quarter Issue
CG-2-51 Insufficient  Insufficient Yes 2nd Qtr 2000 Turbidity high
. datato datato 4th Qtr 2001 Temperature low
determine determine 4th Qtr 2001 A Temperature small
trend trend 1st Qtr 2003 Temperature.low
1st Qtr 2003 A Temperature small
CG-9-51 Insufficient  Insufficient Yes 3rd Qtr 2001 Temperature high
data to datato 3rd Qtr 2001 A Temperature large
determine determine 1st Qtr 2003 Temperature low
trend trend 1st Qtr 2003 A Temperature small
CG-1 03-1 No No Yes 1st Qtr 2001 Temperature low
1st Qtr 2001 Turbidity high
4th Qtr 2001 Turbidity high
1st Qtr 2002 Drawdown high
3rd Qtr 2002 Temperature high
CG-103-81 No Temperature Yes 1st Qtr 2002 Turbidity high
lower and 1st Qtr 2002 Temperature low
total 3rd Qtr 2002 Turbidity high
temperature
change lower
CG-103-82 No No Yes 3rd Qtr 2001 Turbidity high
3rd Qtr 2002 A Temperature large
CG-1044 No No Yes 3rd Qtr 2001 Temperature high
3rd Qtr 2001 A Temperature large
1st Qtr 2002 Turbidity high
CG-104-51 No No Yes 1st Qtr 2001 Arsenic low
2nd Qtr 2001 Arsenic low
3rd Qtr 2001 Turbidity high
4th Qtr 2002 A Temperature low
1st Qir 2003 A Temperature low
CG-104-82 No No Yes 2nd Qtr 2001 Temperature high
3rd Qtr 2001 Turbidity high
CG-105- No No Yes 1st Qtr 2002 Turbidity high
CG-105-S1 No No Yes 1st Qtr 2000 - Temperature low
3rd Qtr 2001 Turbidity high
CG-105-52 No No Yes 2nd Qtr 2001 Turbidity high
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Table 4. (cont.)

Program Related Issues

(1st Quarter 2000—1st Quarter 2003) Event Related Issues
Organic Field Detection Limits (1st Quarter 2000—1st Quarter 2003)
Well Trends Parameters Vary Quarter Issue
CG-113-81 NA NA Yes 3rd Qtr 2001 Turbidity high
CG-114-75 NA NA No 2nd Qtr 2002 Turbidity high
2nd Qtr 2002 Arsenic elevated
CG-115-WT NA NA No
CG-12140 NA NA No
CG-122-60 NA NA No 2nd'Qtr 2002 Turbidity high
2nd Qtr 2002 -Arsenic elevated
CG-12440 NA NA No
CG-124-70 NA NA No 2nd Qtr 2002 Turbidity high
CG-124-WT . NA NA No
CG-128-70 NA NA No
CG-12940 NA NA No
Note: A - change
NA - not applicable
Qtr - quarter
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MicroPurge Ground Water Sampling Procedure
SOP No. PSC - 124

Origination Date: 11/23/97

Revision Date: 8/14/99

Revision No. 3

Page 1 of 6

o

Written By: Approved By: Date: QA Concurrence: Date:

Carolyn Mayer %’ $/14/99
4 ,
S

This SOP contains nine sections:

8/14/99

1.0 Purpose
20 Application
3.0 References

4.0 Associated SOPs

5.0 Equipment

6.0 Decontamination

7.0 Well Sampling Procedures
8.0 Documentation

9.0 Measure of Proficiency

1.0 Purpose

The purpose of this SOP is to provide ground water sampling personnel with an outline
of the specific information needed to collect and document representative ground water
samples for chemical analyses from monitoring wells using USEPA’s MicroPurge low-
flow groundwater sampling technique. :

2.0 Application

This SOP provides a step-by-step guideline to be followed by the field sampling crew to
assure consistent and representative sampling. !

3.0 References

RCRA Groundwater Draft Technical Guidance (EPA, 1992)

SOP GW-0001, Low Stress (low flow) Purging and Sampling Procedure for the
Collection of Groundwater Samples from Monitoring Wells (USEPA, Region 1, July 30,
1996) '
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4.0 Associated SOPs
PSC-121 PSC-122 PSC-123 PSC-200
PSC-201 PSC-300 PSC-400

5.0 Equipment

The following equipment is necessary to properly sample a ground water monitoring
well:

e A well key, hand drill, socket set, pad lock key, or other well access equipment.
e A photo-ionization detector to monitor and record the well headspace.

e An electric water meter and oil/water interface probe calibrated to a hundredth of a
foot, and sufficiently long to reach the bottom of the well.

e Well purging equipment (e.g. pump, tubing, power supply, and extension cord).

¢ A sufficient number of 55-gallon drums (including lids, gaskets, and fasteners) to
contain all purge water, unless other water handling arrangements have been made.

¢ Flow-through water quality meter(s) that measures temperature, pH, specific
conductivity, dissolved oxygen, redox potential, and a separate turbidity meter.

¢ A sufficient number of sampling containers including containers for field blanks,
equipment blanks, duplicates, trip blanks, and matrix spike/matrix spike duplicates.

e All required documentation including sample labels, field books, sampling forms, and
chains-of-custody. '

e Chemical preservatives for samples as described in the project-sampling plan or as
required by the laboratory.

e Personal protective equipment as described in the Site Health and Safety Plan.
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Decontamination equipment as specified in the Work Plan.

Sampling support equipment (e.g., sample coolers, ice/blue ice, bubble wrap, clear

tape, duct tape, Ziploc bags, razor knives, garbage bags, paper towels, distilled water,
pipettes, nitrile gloves).

6.0 Decontamination

All reusable equipment that will come in contact with the well and/or be used to acquire
samples will be decontaminated prior to arrival on site, relocation on site, and site exit.

Standard Operating Procedures PSC-201(for Teflon and glass) and PSC-200 (for metal)
shall be followed. -

7.0 Well Sampling Procedures

7.4

Set Up

Upon arrival at each well, the following procedures shall be followed:

Suit up in appropriate personal protéctive equipment as described in the Site Health
and Safety Plan. '

Brush any soil or vegetation and pump any standing water away from the well
opening.

Lay plastic sheeting around well to place equipment on and keep cords, tubing and
pumps from touching the ground.

Open the well cap.

Monitor the headspace within the well using the PID (PSC-300 for PID operation).
This is done by placing the instrument probe at the opening of the well, and recording
the reading in the field book and on the appropriate field forms.

Measure and record the depth to water using a decontaminated water level indicator
or oil/water interface probe. All measurements are to be made in accordance with
PSC-121-123. All measurements will be taken from the north point on the dedicated
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pump or at the hatch mark on the well riser. Measurements are to be made to the
nearest one hundredth of a foot and recorded in the field book and on the appropriate
field form.

e Set up pump, converter, and flow-through cell in preparation for purging. Tum
converter to its lowest setting, set memory in flow-through cell to record readings
every three minutes, then turn the converter on. Begin purging slowly so that the
water table is not drawn down.

7.2 Purging Monitoring Wells
7.2.1 Purging Procedure

General Considerations

Begin to purge and initiate water quality testing for temperature, pH, specific
conductivity, dissolved oxygen, redox potential, and turbidity. Water quality parameters
should be recorded every 3 minutes.

Water levels should also be recorded every 3-5 minutes. It is imperative that the water
level does not drop by more than 0.3° during the purging process.

Flow rates should also be recorded every 3-5 minutes. It is also important to ensure the
flow rate does not exceed 300 mI/min during the purging process.

7211 Purging Wells with Dedicated Pumps

Wells with dedicated pumps also have dedicated tubing that will be used for both purging
and sampling. A converter, powered by a generator or electrical outlet, will be hooked up
to the Grundfos Redi-Flow II submersible pump and operated at a low flow rate of less
than 300 ml/min. Be sure that the control box is set at low when it is turned on so that the
water column is not abruptly disturbed.

7212 Purging Wells with Non-Dedicated Pumps

Wells without dedicated pumps will be purged with a peristaltic pump and disposable
Teflon and silicon tubing. The flow rate for these pumps is also expected to be less than
300 ml/min during the purging process.
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If the well does not have a dedicated pump or LNAPL, then the Teflon sample tubing can
be lowered to the middle of the screened interval of the well. Pumping can begin at a low
rate of less than 300 ml/min. Be sure that the control box is set on low when it is turned
on so that the water column is not abruptly disturbed.

If the well currently contains LNAPL, then a 1.5" diameter PVC pipe with a silicone plug
will be lowered into the well in order to pass through the LNAPL layer. The Teflon
tubing will be lowered through the PVC pipe and it will knock out the plug to reach the
water column beneath the LNAPL layer. The bottom of the Teflon tubing should be in
the middle of the well screen. (The plug will be tied to a silicone line that reaches to
ground surface so that the plug can be removed from the well after sampling.) Once the
Teflon tube is in the water column, the pump can be started at a low rate of less than 300
ml/min. Be sure that the control box is set at low when it is turned on so that the water
column is not abruptly disturbed.

7.22 Purging Requirements
Sampling cannot begin until one of the following requirements has been met:

o Turbidity, redox potential, and dissolved oxygen have stabilized within 10% of each
other, temperature and specific conductivity have stabilized within 3% of each other,
and pH has remained within 0.1 pH unit for at least three consecutive readings;

e If stabilization of the water quality parameters is unachievable but one well volume of
groundwater has been removed from the well;

e The well runs dry twice during the purging procedi:re.

7.3 Sampling Procedure

General Considerations

Do not stop pumping once the purging requirements have been met. Disconnect the
sampling tube from the flow-through cell. Slow the pumping rate to about 100 m/min in
order and to reduce the chance of volatilization of the chemicals will collecting the
samples. It is also imperative not to lower the water table or disturb the water column.

7.3.1 Sampling Wells with Dedicated Pumps

Wells with dedicated pumps will be sampled directly from the dedicated tubing.
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7.3.2 Sampling Wells with Non-dedicated Pumps

Wells without dedicated pumps will be sampled with the peristaltic pump using the
disposable Teflon tubing that was used for purging.

74 Post-SamplyingProcedures

After all the samples have been collected in their appropriate bottles, at least one more
water quality reading should be recorded in order to see if there was any change during
sampling.

The depth to water should be recorded to determine whether the water level changed
from the original reading.

Close the well appropriately and record any well integrity concerns in the field book and
on the sampling form.

8.0 Documentation |

Documentation of all monitoring well development activities including all field forms
and the maintenance of a detailed field notebook are described in PSC-400.

9.0 Measure of Proficiency

Field staff will demonstrate proficiency on this SOP by successfully completing sections
6.0, 7.0, and 8.0 a minimum of twice under the direct supervision of the Corrective
Actions Manager or her/his designee.
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This SOP contains nine sections:
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1 Purpose

Application

References

Associated SOPs
Equipment
Decontamination

Well Sampling Procedures
Documentation

Measure of Proficiency

The purpose of this SOP is to provide personnel with the specific information needed to
consistently collect and document representative groundwater samples for laboratory
analyses from monitoring wells using a low-flow groundwater sampling technique.

The purpose of low-flow groundwater sampling is to collect a groundwater sample that is
representative of actual site conditions. Therefore, the purge rate is designed to be low
enough to simulate actual groundwater flow and to pull water from a discrete zone near
the pump intake into the pump rather than pulling groundwater from a large area around
the well or outside of the screened area of the well. A low purge rate is also intended to
reduce the possibility of stripping volatile organic compounds from groundwater and to
reduce the likelihood of mobilizing colloids in the subsurface that are immobile under
natural flow conditions.
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2 Application

This SOP applies to groundwater sampling of permanent monitoring wells at PSC
facilities that are undergoing RCRA Corrective Action in Washington State.

The basis for choosing low-flow sampling methodology for these sites is that all of the

sites have defined groundwater plumes and wells that are accurately screened in the
known plume areas.

3 References

U.S. EPA. 1992. RCRA Groundwater Draft Technical Guidance.

U.S. EPA, Region 1. 30 July 1996. SOP GW-0001, Low Stress (low flow) Purging and
Sampling Procedure for the Collection of Groundwater Samples from Monitoring Wells.

Puls, R. and M. Barcelona. April 1996. Ground Water Issue: Low-Flow (Minimal
Drawdown) Ground-Water Sampling Procedures. U.S. EPA. EPA/540/S-95/504.

Wilde, F.D., D.B. Radtke, J.Gibs and R.T. Iwatsubo, eds. 1998. National Field Manual
Jor the Collection of Water-Quality Data;, U.S. Geological Survey Techniques of Water-
Resources Investigations, Book 9, Handbooks for Water-Resources Investigations,
variously paginated.

Wilkin, R.T., M.S. McNeil, C.J. Adair and J.T. Wilson. 2001. Field Measurement of
Dissolved Oxygen: A Comparison of Methods. Ground Water Monitoring and
Remediation, Vol. 21, No. 4, pp. 124-132.

Phoenix Health and Safety, Inc. January 2001. Site Health and Safety Plan — Corrective
Actions Group.

PSC, 2002. Groundwater Sampling Field Manual. (Updated Annually)

4 Associated SOPs

PSC-120 — Measuring Water, LNAPL, and DNAPL Elevations
PSC-200 - Equipment Decontamination Procedure
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PSC-300 — Photoionization Detector Calibration and Operation
PSC-301 - YSI Calibration and Operation

PSC-302 - Hach Digital Titrator and Colorimeter Procedures
PSC-303 - Turbidimeter DRT-15CE Calibration and Operation
PSC-304 — HORIBA Calibration and Operation

PSC-400 — Documentation Procedures

5

Equipment

The following equipment is recommended for properly sampling a groundwater
monitoring well:

A Groundwater Sampling Field Manual that includes a map of well locations,
sampling plan, appropriate SOPs and well construction information.

A well key, hand drill, socket set, padlock key, or other well access equipment.

A calibrated photoionization detector (PID) or similar device (and calibration
gases), to monitor volatile constituents in the well headspace and breathing zone.

An electric water-level indicator and/or oil/water interface detector calibrated to
0.01 foot, and sufficiently long to reach the bottom of the well.

A weighted tape measure for determining total depths of wells, when this is
required.

Well purging equipment (e.g.; pump, converter, tubing, powér supply and
extension cord).

A sufficient number of containers (e.g., 55-gallon drums with lids, labels, gaskets,
and fasteners) to store all purge water, unless other water handling arrangements
have been made.

A calibrated flow-through water-quality meter(s) and calibration solutions to
measure temperature, pH, specific conductivity, dissolved oxygen (DO) and
oxidation-reduction potential (ORP).

An instrument and calibration solutions to measure turbidity.
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6

In-line disposable filters, if necessary, for metals analyses.

A sufficient number of sampling containers, including containers for regular
samples and quality control samples (e.g., field blanks, equipment blanks,
duplicates, trip blanks, and matrix spike/matrix spike duplicates).

All required documentation including sample labels, field books, sampling forms,
chain-of-custody (COC) forms, pens and paper for samplmg forms, and COC
seals.

Personal protective equipment (PPE) described in the site heaith and safety plan.
Decontamination equipment as specified in SOP PSC-200.

Water flow-rate measurement equipment (e.g., flow meter, or graduated container
and stopwatch). - ,

Sampling support equipment and supplies (e.g:, sample coolers, ice/blue ice,
bubble wrap and VOC bottle holders; tape, plastic locking bags, razor knives,
garbage bags, paper towels, deionized water, nitrile gloves five-gallon buckets,
and protective plastic sheeting) as needed. ;

Decontamination

All reusable equipment that will contact the well and/or water samples will be
decontaminated prior to its use, according to the procedures described in SOP PSC-200.

7

71

Well Sampling Procedures’

Set Up

On arrival at each well, the following procedures shall be followed:

e Don appropriate PPE as described in the site health and safety plan.

e Remove any soil or vegetation, and standing water from the well monument

casing. Check the well condition, making sure the flexible gasket seals are clean
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and intact. Ifapplicable, also check the condition of the dedicated pump cap.
Record any problems in the field book and the appropriate field forms.

¢ Lay plastic sheeting on the ground around the well, and place the sampling
equipment and bottles on the sheeting to keep them from touching the ground.

¢ Remove the well cap.

e Monitor the headspace within the well using a PID or similar instrument (see SOP
PSC-300 for PID operation). Record the reading in the field book and on the
‘appropriate field form(s).

e Set up the pump, converter, and flow-through cell and turbidity meter in
preparation for purging. Connect the discharge line from the pump to a flow-
through cell. A “T” connection is needed in the tubing between the pump
discharge line and the flow-through cell to allow for the collection of water for the
turbidity measurements, using a turbidimeter or similar instrument. The discharge
line from the flow-through cell must be directed to a container to contain the
purge water during the purging and sampling of the well.

e Record the depth of the pump intake on the sampling form and/or in the sampling
field book. The Groundwater Sampling Field Manual should specify the pre-
determined depths for the pump intakes. The pump intake is set at the interval
within the screen where the contamination is known to exist. Check with the
project manager if there is uncertainty regarding this issue. The pump should be
lowered into the well alongside of a weighted measuring tape or water-level
indicator to ensure that the intake of the pump is set at the appropriate depth.

e Measure and record the depth to water using a decontaminated water-level
indicator or oil/water interface detector to the nearest 0.01 foot, in accordance
with SOP PSC-120. Record the reading in the field book and on the appropriate
field form(s). Calculate the volume of water in the casing and the screened
interval. The following equation is used to calculate the well volume:

V = Veuing (well depth - static water depth)
where:

Vg = casing volume per unit length
(e.g., ~0.17 gal/ft for two-inch casing)
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(The Groundwater Sampling Field Manual includes all well specifications
necessary for this calculation.)

e Before purging, adjust the pumping rate to its lowest setting, and set the data
logger in the flow-through cell to record readings every three minutes.

7.2  Purging Monitoring Wells

7.2.1 Purging Procedure

Measure the initial (static) water level in the well and record the reading on the field
form(s). All wells have dedicated tubing that will be used for both purging and sampling.

Start the pump at a flow rate of 200 to 500 mL/min. Maintain a steady flow rate while
maintaining a drawdown of less than 0.33 foot. The flow rate can be measured using a
graduated cup and a stop watch.

To determine water-level stability, subtract the second water-level reading (not the static
water-level reading) from the current water-level reading to determine the current
drawdown.

After the flow rate is stable, record the water level and the flow rate every three to five
minutes. Record water levels more frequently if the rate is being adjusted. A drawdown
less than 0.33 foot is preferred but may not always be possible. If the drawdown exceeds
0.33 foot at low flow rates (< 500 mL/min), lower the flow rate as practical (not to drop
below 100 mL/min) to reduce the drawdown.”

Begin recording water-quality parameters after all water has been purged from the sample
tubing, pump, and flow-through cell. Initiate water-quality testing for temperature, pH,
specific conductivity, DO, ORP and turbidity. Record water-quality parameters every
three to five minutes.

' The 0.33-foot drawdown goal may be difficult to achieve under some circumstances due to geologic
heterogeneities within the screened interval, and may require adjustment based on site-specific conditions
and personal experience. The water levels in-water-table wells should not be allowed to drop below the
pump intake. In all other cases, the water level should not be allowed o drop below the top of the well
screen. If the water table drops below one of these minimum values, the pump showld be. turned off and the
water level should be allowed to recover. See section 7.2.2, fifth bullet for more information.
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722 Purging Requirements

Sampling cannot begin until the drawdown is no greater than 0.33 foot, and all water-
quality parameters are stable. Each water-quality parameter is considered stable when it
satisfies the corresponding stability criterion specified in the table below.

Water-Quality Stability Criterion
Parameter
< 5NTU
Turbidity gr(} _
k RPD < 10 % for values {X} > 5§ NTU
Dissolved Oxygen A<03mglL
Specific Conductivity | RPD<3%
ORP A<10mv
PH A < 0.1 unit

Where: {X} = the last three water-quality readings

m = mean = Max {X} + Min{X}
2

A =Max {X} - Min {X}

RPD= A x 100%

In some circumstances, the well may not stabilize according to the above criteria, but the
well can be sampled if one of the following conditions occurs:

o Wells are unable to meet stability criteria due to equipment accuracy. The accuracy
of the instruments will often limit the ability to achieve stabilization on a percentage
basis. For example, if the ORP is consistently fluctuating between 1 and 15 mV, then
A =14 mV, which is not within the requirements for stability. However, the accuracy
of the instrument currently used is +/- 20 mV. Therefore, in this case the stability
criterion would be considered satisfied within the range of accuracy of the equipment.
This is particularly important when the water-quality parameter values are low.
Examples of accuracy limits for the equipment that is currently used (e.g.; YSI and
Horiba flow-through cells, and the HF Scientific Turbidimeter) are provided here for
reference. However, if another instrument is used, field personnel must consult the
instrument’s manual to determine its accuracy.
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Water-Quality Equipment Accuracy
Parameter
Turbidity +/- 0.02 NTU
Dissolved Oxygen® +/- 0.2 mg/L
Specific Conductivity | +/- 0.001 mS/cm
ORP? +/-20 mV
pH +/- 0,2 unit

« Wells for which all water-quality parameters have stabilized may be sampled if it
is clear that the drawdown will not stabilize before the water level drops below
the minimum allowable value (i.e., pump intake, or top of screen if aquifer is
confined).

o If collecting metals samples and all water-quality parameters except turbidity
stabilize, it is acceptable to collect filtered and unfiltered metals samples without
waiting for turbidity to stabilize or for one well volume to be purged. A filtered
sample should be collected using a disposable in-line filter. If there are no
directions on the filter for rinsing, then a minimum of 0.5 liter of groundwater
from the well should be run through the filter prior to collecting the sample.

» Water-quality parameters are not stable, but at least one well volume of water has
been removed from the well. See the equation in Section 7.1.

» The water level drops below the minimum value (i.e., the pump intake, or the top
of the screen if the aquifer is confined) during purging. In this case, the pump
should be turned off and the well should be allowed to recover. Aslong asa
minimum of two tubing volumes (including the tubing and pump) has been
removed from the well, then the well should be sampled as soon as the water level
has recovered sufficiently to collect volume of groundwater necessary for all
samples. Use the following equations to determine the minimum volume of
groundwater to be removed prior to sampling when this problem occurs:

Minimum purge volume = 2 {500 mL + M (length of tubing in feet)]
where M is the volume (in mL) contained in a one-foot length of tubing

2 If the final dissolved oxygen measurement is less than 1 mg/L, a sample should be collected and analyzed
by the spectrometric, colorimetric or Winkler titration methods. -

? ORP may not always be an appropriate stabilization parameter, (kpendmg on s:te conditions. The project
manager may designate wells in the Groundwater Sampling Field Manual that will not require ORP
measnrements. '
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For tubing of various inner diameters, M is equal to:

Inner Diameter M
8" 2.4
W 9.7
v 39

This is acceptable even though the water-quality parameters have not stabilized
and one well volume has not been removed.

Record in the field book and field form if any monitoring wells did not meet the
stabilization and drawdown criteria and describe the rationale for sampling the well at the
time it was sampled.

7.3  Sampling Procedure

Do not stop pumping after the purging requirements have been met. Don clean nitrile
gloves. Disconnect the sampling tube from the T-fitting. All wells have dedicated tubing
that will be used for both purging and sampling. Collect each sample directly from the
dedicated tubing. Minimize the turbulence by allowing the groundwater to flow from the
tubing gently down the inside of the container.

The sampling flow rate may remain at the established purge rate or may be adjusted
slightly to minimize aeration, bubble formation, turbulent filling of sample bottles, or loss
of volatiles due to extended residence time in tubing. Typically, flow rates less than 500
mL/min are appropriate.

When collecting the dissolvéd gas samples (e.g. volatile organic compounds, total
petroleum hydrocarbons — gasoline range, or methane/ethane/ethane) the following
procedures should be followed:

o The tubing should be completely filled with water to prevent the groundwater
from being aerated as it flows through the tubing.

o A meniscus must be formed over the mouth of the vial to eliminate the formation
of air bubbles and headspace prior to capping.

Samples do not have to be collected in a particular order unless unfiltered metals samples
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are collected, in which case they should be collected last.

7.4 Post-Sampling Procedures

After all of the samples have been collected in containers that are labeled and
appropriately treated with preservatives, the following tasks should be completed:

o Measure and record the depth to water to determine total drawdown. Record the
estimated total volume of water purged from the well.

o If dedicated equipment is in place at the well, disconnect aboveground tubing and
properly seal the well.

» If non-dedicated equipment is used, then remove the equipment. Discard
disposable items and decontaminate reusable items according to PSC SOP-200.

o Close and secure the well, and record any well integrity concerns (bolt tightness,
etc) in the field book and on the sampling form.

 Rinse the water-quality meters with deionized water between wells.
« Report if any monitoring wells did not meet the stabilization and drawdown

criteria with recommendation on how to conduct the sampling for the next
sampling event.

8 Documentation

SOP PSC-400 describes the documentation of all monitoring well sampling activities,
including all field forms, and the maintenance of a detailed field notebook.

9 Measure of Proficiency

Field staff will demonstrate proficiency on this SOP by properly completing sections 6, 7
and 8 at least twice under the direct supervision of the project manager or her/his
designee.
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