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This Technical Memorandum was prepared by EA Engineering, Science, and Technology, Inc.,
PBC (EA), under Contract Number W912DR-19-D-0005/Delivery Order W912DR21F0038,
as authorized by the U.S. Army Corps of Engineers to summarize the results of the first year of
performance monitoring groundwater sampling events. The objective for these events was to
assess post-remediation groundwater concentrations to baseline groundwater concentrations at the
former Waldorf Nike W-44 Missile Battery located in Waldorf, Maryland (the site). Quarterly
groundwater sampling events were conducted on 22 and 23 February, 25 and 26 May, 24 and
25 August, and 5 and 6 December 2022. Supplemental events were conducted on 8 June and
6 September 2022 to resample wells for select parameters as a result of shipping carrier delays.
Events included synoptic groundwater gauging of all site wells and collection of groundwater
samples from wells included in the monitoring program.

These sampling events occurred at 3-months, 6-months, 9-months, and 12-months after the in situ
chemical reduction (ISCR) injection event that was conducted between 6 October and 18
November 2021. The ISCR injection event was conducted in accordance with the Final Remedial
Action Work Plan (RAWP) (EA 2021a). The approximate total quantities of amendments and
makeup water injected into 194 injection points are as follows:

e 48,500 pounds of Provect-IR™ — 250 pounds per injection point
e 48,500 pounds of potassium bicarbonate — 250 pounds per injection point
e 23,280 gallons of anaerobic water — 120 gallons per injection point

1. HYDROGEOLOGY

Well gauging was performed by EA prior to each quarterly sampling event. Water levels were
collected at 21 monitoring wells (MWs) associated with the site to verify groundwater flow
direction. Wells located on Lots 8 and 10 (MW-18, MW-22, and MW-23) were not accessible for
well gauging due to site construction and a change in ownership (no current Right-of-Entry) during
the 6-month, 9-month, and 12-month sampling events. Groundwater levels and elevations from
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the event are provided in Table 1. The groundwater contour maps from each sampling event are
provided as Figures 1 through 4. In general, contours indicate a general westward flow of
groundwater across the site, which is consistent with groundwater conditions observed in 2017,
2018, and 2021. Interpreted groundwater mounds are associated with MW-14 and MW-20, and
interpreted groundwater depressions are associated with MW-19 and MW-24.

2. GROUNDWATER SAMPLING

The groundwater sampling was conducted by EA in accordance with the RAWP (EA 2021a),
Accident Prevention Plan (EA 2021b), and Uniform Federal Policy (UFP) Quality Assurance
Project Plan (QAPP) (EA 2021c). Groundwater samples were collected from nine wells (MW-4,
MW-7, MW-12, MW-17, MW-19, MW-20, MW-24, MW-27, and MW-28). It should be noted
that MW-18 was not sampled in May, August, and December 2022 due to site construction and no
current Right-of-Entry for the property. Quality control samples including a matrix spike and
matrix spike duplicates collected from MW-17 and a blind duplicate sample collected at MW-7.
Equipment rinsate and field blank samples were collected, and a laboratory-provided trip blank
was submitted with each cooler for analysis of volatile organic compounds (VOCs). Water quality
parameters were recorded at each well and are presented in Table 2 along with the same parameters
for the 2017, 2018, and 2021 baseline sampling events for comparison. Well Purging and Sampling
Records and field notes for are presented as Attachment 1. Additionally, a total of three drums of
investigation-derived waste (purged groundwater) were generated and staged on-site for later
disposal.

Groundwater samples were submitted to the Advanced Environmental Laboratories, Inc., National
Environmental Laboratory Accreditation Program Number E82574, in Jacksonville, Florida, for
laboratory analysis of the following:

* VOCs by U.S. Environmental Protection Agency (EPA) SW-846 Method 8260C
e Total iron by EPA SW-846 Method 6010C

e Total organic carbon (TOC) by EPA SW-846 Method 9060A

e Alkalinity by EPA Method 310.1

e TOC by EPA SW-846 Method 9060A

e Chloride, nitrate, and sulfate anions by EPA 300.0

e Dissolved gases (methane, ethene, ethane) by Method RSK-175

» Total sulfide by EPA Standard Method 4500-S-D/UVVIS /SW-846 Method 9034
e Total manganese by EPA SW-846 Method 6020A

Additionally, samples from MW-4, MW-12, and MW-19 were submitted to Microbial Insights in
Knoxville, Tennessee, to assess the microbial population for the following polymerase chain
reaction (PCR) analyses:

e Census-Deoxyribonucleic Acid (DNA) Dehalococcoides species (DHC). The cell count of
the only bacterial group isolated to date that is capable of complete reductive dichlorination
of tetrachloroethylene (PCE) and trichloroethene (TCE) to ethene.
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e (Census-DNA (bvcA Reductase — BVC). The bvcA gene encodes the vinyl chloride
reductase (VCR) enzyme responsible for reductive dechlorination of vinyl chloride to
ethene by DHC.

e Census-DNA (tceA Reductase — TCE). The tceA gene encodes the enzyme responsible
for reductive dechlorination of TCE to 1,2-dichloroethylene (DCE) in some strains of
DHC.

e Census-DNA (VCR). The vcrA gene encodes the VCR enzyme responsible for reductive
dechlorination of DCE and vinyl chloride by DHC.

3. ANALYTICAL RESULTS

The analytical results for the baseline, 3-month, 6-month, 9-month, and 12-month performance
sampling events are summarized in Table 3. The VOC and metal results were compared to the
EPA Maximum Contaminant Levels (MCL), and exceedances of the MCL are highlighted/bolded.
It should be noted that per the 2015 Decision Document, the Remedial Goals (RGs) for carbon
tetrachloride (CCls) and TCE are the MCL of 5 micrograms per liter (ug/L) for both compounds.
RGs were not established for parent or degradation products.

CCls was detected in five of nine wells sampled at concentrations above the laboratory reporting
limit ranging from an estimated concentration of 3.3 pg/L (December 2022) at MW-28 to 70 pg/L
(December 2022) at MW-12. Concentrations exceeded the EPA MCL of 5 pg/L in samples
collected from wells MW-7, MW-12, MW-20, MW-24, and MW-28. The estimated extent of the
CCls plume for each sampling event is illustrated on Figure 5. It should be noted that 2017
concentrations were assumed for wells not sampled in 2022 to estimate plume extents.

Breakdown products of CCls include chloroethane, chloroform, chloromethane, and methylene
chloride. Chloroform, the only CCls degradation product detected, was reported in five of ten wells
sampled at concentrations ranging from an estimated concentration of 1.5 pg/L (May 2022) at
MW-7 to 8.6 ng/L (February 2022) at MW-28. No wells had chloroform reported above the EPA
MCL of 80 pg/L.

TCE was detected in six of ten wells sampled at concentrations ranging from an estimated
concentration of 0.31 (May 2022) J pg/L at MW-7 to 9.2 ug/L. (May 2022) at MW-19. TCE
concentrations were below the EPA MCL of 5 ng/L in all wells sampled this event except for
MW-19, MW-20, and MW-28. The current extent of the TCE plume is estimated and illustrated
on Figure 6.

Degradation products of TCE include 1,1-DCE, cis-1,2-DCE, 1,2-DCE, trans-1,2-DCE, and vinyl
chloride. 1,1- DCE was reported below the EPA MCL of 7 pg/L in MW-12, MW-19, MW-20, and
MW-20 with estimated concentrations ranging from 0.83 ug/L. (May 2022) at MW-12 to 1.0 pg/L
(February 2022) at MW-28. Cis-1,2-DCE was also reported in MW-19 and MW-28 at
concentrations from an estimated concentration of 0.56 ug/L (August 2022) at MW-28 to 13 pg/L
(August 2022) at MW-19, which is below the EPA MCL of 70 pg/L. No degradation products
were reported in the other wells with detected concentrations of TCE.
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Metal and general chemistry analytical parameter results are discussed as part of the performance
assessment in the following section.

4. PERFORMANCE ASSESSMENT

Post-injection groundwater monitoring data are systematically evaluated to assess the
effectiveness of remediation. The degradation parameters are monitored and evaluated using a
systematic framework that includes a statistical evaluation of groundwater VOC concentrations
and assessment of total molar concentrations, plume extent, and degradation parameters evaluated
within a systematic framework.

4.1 STATISTICAL ANALYSIS

Mann-Kendall trend analysis was conducted for wells that have historically been detected above
the RGs and have a statistically significant number of laboratory results (more than 5 data points
to draw a conclusion of a 95% confidence level). Analysis was conducted using ProUCL
Version 5.1, and outputs are summarized on Table 4 and provided in Attachment 2. Wells and
analytes included in the analysis are as follows:

e MW-4-CClsand TCE

e MW-7 — CCls (TCE historically detected below RG)
e MW-12 - CClsand TCE

e MW-19—-CClsand TCE

e MW-20-CClsand TCE

e MW-24 — CCl4(TCE historically detected below RG)
e MW-19-CClsand TCE

Decreasing trends were observed for CCls and TCE at MW-4, MW-19, and MW-28. TCE was
reported to be increasing at MW-12, however concentrations remain below the RG.

No significant trend was reported for the remaining wells and analytes. For these wells, several
factors potentially influence the observed trends, seasonal variation in groundwater elevations,
matrix diffusion, and the effects of the ISCR injection events.

For wells with a statistically significant number of laboratory results (MW-4 and MW-12), a linear
regression was also used on the natural logarithm of the concentration time series to predict
expected trends. For the MW-4 post-pilot study and post-2021 injection, CCls and TCE
concentrations are below the 95% lower prediction limit (Figures 7 and 8), indicating an impact
from the pilot study. It should be noted that due to the presence of sodium bicarbonate in the
groundwater sample collected from MW-4 in February 2022, several laboratory dilutions were
required for VOC analysis, which raised the laboratory reporting limit. This data point was not
included in the regression. For the MW-12 post-pilot study, CCls (Figure 9) has increased to a
concentration above estimated value, indicating a rebound post-injection. TCE at MW-12, which
is approximately 12 ft downgradient of Injection Area B, (Figure 10) has remained above the 95%
lower prediction limit but below the estimated concentration at values below the RG.
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4.2 GROUNDWATER ELEVATION EVALUATION

Available groundwater elevations have been plotted with contaminant concentrations to evaluate
the relationship between the water table elevations and contaminant concentrations. Groundwater
elevations and CCl4 concentrations over time are shown on Figure 11 for MW-4, Figure 12 for
MW-12, and Figure 13 for MW-19. TCE concentrations and groundwater elevations over time
are shown on Figure 13 for MW-19, Figure 14 for MW-4, and Figure 15 for MW-12. There is
an apparent inverse correlation between TCE and CCls concentrations and groundwater elevation.
The decrease in the CCls4 concentration at MW-4 reported in June 2021 may be lower in part to a
diluting effect when groundwater elevations are elevated. Two previous events in June and
October 2003 (when groundwater elevations were higher) also correlate to lower CCls and TCE
concentrations. Post-injection concentrations have reduced to non-detect levels, however post-
injection concentrations are non-detect so no further inferences can be made. It should be noted
that the highest reported CCls concentration was reported at MW-4 (Figure 8) during the April
2008 sampling event when a similar groundwater elevation to October 2003 was reported. A
smaller data set is available for MW-12; similar trends to those observed in MW-4 were also noted
prior to injections. The May 2022 CCls concentration was higher than February 2022, iron
concentrations were significantly lower, indicating the higher groundwater level may have a
diluting effect on the distribution the injected zero valent iron (ZVI) downgradient from the main
injection area. Increasing iron concentrations have been observed as water levels have decreased
in August and December 2022. Increases in water level may have a concentrating effect at MW-
19, where increased TCE concentrations were noted in May 2022 during peak groundwater
elevation. This well is located in the vicinity of the suspected TCE source area, indicating matrix
diffusion or transport downwards of TCE during recharge events.

4.3 MOLAR CONCENTRATION TRACKING

Molar concentrations of PCE, TCE, DCE, and VC were calculated to track total chlorinated VOC
(CVOC) concentrations during the course of bioremediation. Molar concentrations are used to
remove the mass bias when considering concentrations of compounds with different masses. For
example, if one mole of PCE is degraded to one mole of TCE, the total number of moles of CVOCs
remaining in the subsurface has not changed but the mass of PCE is greater than the mass of TCE;
therefore, the mass-based concentration (i.e., pg/L) of total CVOCs would be smaller. Therefore,
the molar concentration is used as a way to compare the amount of contaminant remaining without
a bias due to the different masses of the compounds at different stages of degradation. The
contaminant mass in each well including contaminants of concern and detected degradation
products will be tracked for each sampling event to determine if there are increases or decreases
in molar concentration and prevalence of degradation products.

To assess the effects of the pilot study in the vicinity of MW-4 and MW-19, the pre-injection
baseline sampling events conducted in April and August 2017 associated with the pilot study were
utilized as a pre-remediation event for comparison to the baseline and post-full scale ISCR
injection concentrations. Molar concentrations were also calculated for the post-injection pilot
study performance monitoring events conducted in 2018 for MW-4 and MW-19, the pre-ISCR
injection baseline sampling conducted in June 2021, and the 3-month, 6-month, 9-month, and
12-month post-ISCR injection performance monitoring.
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Contaminant molar concentrations associated with CCls and associated degradation products are
summarized for each well included in the monitoring program on Table S5, and molar fraction
proportions over time are illustrated on Figure 16. Molar concentration reductions between the
initial baseline sampling and the 2021 quarterly samplings event for CCls and associated
degradation products occurred at MW-4 (100%), MW-19 (100%), MW-20 (14%), MW-24
(0.25%), and MW-28 (74%). A mass increase was reported at MW-7 (17 %). MW-12 is 50% of
the 2017 concentration; however, this well initially decreased by 86% immediately following the
2021 ISCR injection. The small decrease at MW-24 and the increase at MW-7 appear to be
consistent with historical CCls concentration variations over time. Both of these wells are located
crossgradient of the main injection area.

Contaminant molar concentrations associated with TCE and degradation products are summarized
for each well included in the monitoring program on Table 6, and molar fraction proportions over
time are illustrated on Figure 17. Molar concentration reductions between the initial baseline
sampling and the June 2021 sampling event for TCE and associated parent and degradation
products occurred at MW-4 (100%), MW-7 (100%), MW-12 (44%), MW-19 (18%), MW-20
(36%), MW-24 (28%), and MW-28 (48%).

4.4 PLUME EXTENT

The addition of MW-28 in October 2021 has refined the delineation of the CCls and TCE plumes
with maximum concentrations being detected at this well. In general, CCls and TCE plume extents
decreased from the 2017 baseline sampling event to the June 2021 pre-ISCR injection sampling
event. Following the ISCR injection event in November 2021, the CCl4 plume extent has decreased
with exceedances remaining down- and crossgradient of the injection area with the highest
concentration observed at MW-12 as of December 2022. The TCE plume extent has decreased
post-ISCR injection; as of December 2020, only MW-20 exceeded the RG.

4.5 DEGRADATION PARAMENTER EVALUATION

Target values for degradation parameters and results for each parameter are summarized on
Table 7. Results are evaluated in respect to the ideal values/ranges for biodegradation; it should
be noted that the primary groundwater remediation is via ISCR, and enhanced bioremediation is a
supplemental pathway. General chemistry degradation parameters include total iron, total
manganese, TOC, alkalinity, chloride/nitrate/sulfate anions, dissolved gases, and total sulfide.
DHC PCR results (MW-4, MW-12, and MW-19 only) are evaluated to monitor the counts of DHC
and associated functional genes. Field screening parameters (pH, dissolved oxygen [DO], and
oxidation reduction potential [ORP]) are additionally used to determine if conditions are optimal
for enhanced bioremediation.

Iron, a primary ISCR component, was detected in all wells during the four quarterly sampling
events. The highest concentrations and greatest increase over June 2021 concentrations were
observed in the injection treatment areas at MW-4 and MW-19, with significant increases
throughout 2022 at MW-27 and MW-28. Lesser increases were observed at MW-7 (crossgradient
of ISCR injections) and MW-17 (upgradient of ISCR injections). Iron levels increased at MW-12
in February 2022 and decreased throughout the year.
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Manganese was also present in all wells during the four quarterly sampling events. Increases in
manganese indicates that the groundwater environment is sufficiently reducing to sustain
manganese reduction and for anaerobic dechlorination to occur. Manganese is not a reported
component of Provect-IR™ or baking soda, therefore the likely source the manganese mobilization
is due to reducing conditions. Reduction in manganese indicates it is acting as an electron receptor.
Increases in manganese from the June 2021 concentrations followed by a decrease were observed
at MW-4. An initial decrease followed by an increase by the fourth quarter was observed at MW-19
and MW-24. Increases throughout the year were observed at MW-12 and MW-28.

The target range for TOC is greater than 20 milligrams per liter (mg/L). MW-4 reported
concentrations were greater than 20 mg/L for all four quarters. Concentrations exceeded 20 mg/L
in February and December 2022 at MW-12 and in February and March 2022 at MW-19.
Substantial increases in TOC were observed in these wells, indicating that organic carbon from
Provect-IR™ is present.

Chloride was present in all wells except MW-4 and MW-17 at concentrations above the laboratory
reporting limit; in general, detected chloride concentrations remained consistent at all wells where
it was detected. Nitrate was present in all wells at concentrations less than 1 mg/L except for
MW-12 in December 2022, when a concentration of 1.9 mg/L was detected. Sulfate was present
with concentrations below 20 mg/L. Sulfide was present in all wells at concentrations less than
1 mg/L. Elevated nitrate and sulfate are indications that the subsurface geochemistry has not
reached methanogenic condition at these locations. The target range for nitrate is concentrations
of less than 1 mg/L, and the target range for sulfate is concentrations of less than 20 mg/L. All
wells were within the target ranges for nitrate and sulfate. It should be noted that the sample taken
at MW-4 readily bubbled, most likely due to the influx of injection material that included sodium
bicarbonate to buffer pH. Laboratory preparation requires the dilution of the sample with acid in
order to run the analyses. Therefore, the reported values for chloride, nitrate, and sulfate at MW-4
are highly diluted for all post-injection sampling events.

The target range for alkalinity is increases of twice the baseline value (June 2021); such increases
were observed at MW-4 in February and May 2022 and MW-28 in August and December 2022.
The majority of wells had an observed decrease in alkalinity.

Ethane and ethane are the final degradation products from reductive dichlorination; their presence
indicates full dechlorination is occurring. Ethane was detected at MW-12 in February 2022. Ethane
was detected at MW-4 (August 2022), MW-12 (February 2022), MW-19 (August 2022), MW-27
(August 2022), and MW-28 (December 2022). Methane is indicative of active microbial activity
in the groundwater. Methane was detected during all four quarters of sampling at MW-4, MW-12,
MW-17, MW-19, MW-27, and MW-28. Methane was detected at MW-7 in August and December
2022, MW-20 in May, August, and December 2022, and MW-24 in December 2022.

DHC PCR results MW-4, MW-12, and MW-19 only) indicate that a small population of DHC at
counts less than the target range were reported at MW-4 in May, August, and December 2022 and
at MW-12 in February 2022. DHC was not detected at MW-19, and associated functional genes
were not detected in all wells sampled during all four sampling events.
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The target range for microbial contaminant degradation is a pH between 5 and 9, DO at less than
1 mg/L, and ORP at less than -100 millivolts. pH was observed to be above 5 at MW-4, MW-12,
MW-17, and MW-19 during all sampling events and at MW-28 during August and December
2022. DO was observed to be less than 1 mg/L at MW-4 (February, May, and August 2022), MW-
12 (February 2022), and MW-19 (February, May, and August 2022). ORP was observed to be less
than -100 millivolts at MW-4 during all sampling events and MW-12 (February 2022).

5. FRAMEWORK EVALUATION

The performance of the 2021 ISCR injection has evaluated on a per well basis and in respect to
the CCls and TCE plumes in accordance with the RAWP (EA 2021a). The injections were
successful at reducing contaminants within the injection areas, recalcitrant areas remain outside of
these areas that require further action based on the following.

5.1 INDIVIDUAL MONITORING WELLS

The performance of each well within the framework is summarized on Table 8 and discussed as
follows.

MW-4, located within injection Area B: The reported values for VOCs, chloride, nitrate, and
sulfate at MW-4 were diluted during all sampling events samples due to the presence of dissolved
sodium bicarbonate in the groundwater that resulted in elevated reporting limits. CClsa and TCE
were report as non-detect at concentrations below the remedial goals in May, August, and
December 2022. The February 2022 laboratory reporting limit exceeded the RGs. Mann Kendall
analysis indicated a decreasing trend for CCls and TCE. Total molar concentrations for both CCl4
and TCE are decreasing. Degradation parameters indicate significant increases in iron, manganese,
and TOC. Methane was detected, indicating increased microbial activity. Overall, the ISCR
injections in the vicinity of MW-4 have been successful. DO, ORP, and pH are within the optimal
range for enhanced bioremediation, and DHC has been detected at low concentrations.

MW-7, located approximately 50 feet crossgradient to the northernmost Area B injection points:
CCly has historically exceeded the RG, and TCE has historically been detected below the RG;
current concentrations are consistent with previous sampling events. Overall, CCls concentrations
have remained stable at concentrations exceeding the RG since the ISCR injection event in
November 2021 (Figure 13). Only nitrate and sulfate are within the target ranges. No effects of
the ISCR injection have been observed to date.

MW-12, located approximately 12 feet downgradient of Injection Area B: CCla currently exceeds
the RG, and TCE was detected below the RG. Mann Kendall analysis indicated no significant
trends for CCls and an increase trend for TCE. However, after an initial decrease in CCls and TCE
concentrations in February 2022, concentrations steadily increased throughout 2022. Chloroform
concentrations and mass have remained relatively steady in comparison to CCls concentrations
and mass. 1,I-DCE concentrations and mass mirror the increase in TCE, indicating that
degradation is occurring to some extent. Degradation parameters indicate significant increases in
iron, manganese, and TOC in February 2022. These decreases were muted in May 2022.
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Parameters decreased throughout the remainder of 2022 other than TOC, which increased in
December 2022. Methane was detected, indicating increased microbial activity; however
concentrations decreased throughout 2022. pH was within the optimal range for enhanced
bioremediation throughout 2022. DO and ORP were initially near reducing conditions in February
and May 2022, and conditions were more anaerobic in August and December 2022. DHC was
detected at several orders of magnitude below the target count in February 2022 but has not been
detected above the reporting limit since that time. Performance monitoring parameters indicate
that MW-12 was initially affected by the ISCR injection; however, the increase in contaminant
concentrations indicates that mass remains outside the radius of influence of injection Area B to
the west.

MW-17, located upgradient of injection areas: CCls and TCE have historically not been detected
at MW-17. MW-17 is included as an upgradient background well for a point of reference.

MW-18, located approximately 100 feet downgradient of MW-12: CCls has historically been
detected at concentrations below the RG; TCE has historically been not detected. The February
2022 sampling results do not indicate any effects from the ISCR injection; results are consistent
with historical sampling results. The well was not accessible in May, August, and December 2022
and therefore was not sampled.

MW-19, located within injection Area A: CCls and TCE have historically exceeded the RGs.
Currently, CCl4 has not been detected and TCE is below the RG. Mann Kendall analysis indicated
a decreasing trend for CCls and TCE. CCl4 has effectively been remediated in this area. TCE has
been reported at concentrations above the detection limit throughout 2022 and was detected above
the RG in May 2022; all other detections have been below the RG. TCE degradation products (1,1-
DCE and cis-1,2-DCE) have been detected as well throughout 2022. DHC has not been detected
to date. The recalcitrant nature of TCE indicates the presence of a continuing source in the vicinity
of MW-19. The spike in the TCE concentration in May 2022 was associated with an elevated water
table, potentially indicating either transport downwards during recharge or submersion of a source
typically not below the water table. The continued detection of TCE also indicates the potential
for matrix diffusion. Iron concentrations increased and remain elevated post-injection, indicating
that the ZVI remains present and effective in reducing TCE. Reducing conditions are present, and
methane has consistently been detected. Overall, the ISCR injection has been successful in the
vicinity of MW-19.

MW-20, located approximately 80 feet downgradient from MW-19: CCls and TCE have
historically exceeded the RGs. Currently, CCls and TCE exceed the RGs. Initially, post-injection
concentrations decreased for both CCls and TCE in February 2022, however concentrations have
steadily rebounded since that time. Iron concentrations have increased slightly over the baseline
concentrations. No other parameters have been affected by the ISCR injection. Overall, other than
a slight initial decrease in contaminants, the ISCR injection has not affected the area in the vicinity
of MW-20. The initial decrease could have been from the earlier pilot study, or there is a
depositionally-influenced preferential pathway between the Area A injection area and MW-20.

MW-24, located downgradient of MW-7 and down-/crossgradient of the main ISCR injection area:
CCly4 has historically exceeded the RG, and TCE has historically been detected below the RG.

Former Waldorf Nike W-44 Missile Battery Technical Memorandum
Waldorf, Maryland Annual Performance Monitoring Groundwater Sampling Results



Version: 01
Page 10
EA Engineering, Science, and Technology, Inc., PBC 12 June 2023

Current concentrations are consistent with previous sampling events. CClsa concentrations are
stable, and degradation product ratios appear stable. An elevated iron concentration was reported
in December 2022 and there is the potential for transport of iron from injection Area A, however
further data is needed to make a determination. The 2022 sampling results do not indicate any
effects from the ISCR injection other than an increase in iron concentration that could be related
to transport of the ZVI.

MW-27, located within injection Area C: CCls and TCE were not detected before or after the
injection event. Degradation parameters indicate increases in iron, chloride, and TOC. Methane
has been detected. Historical detection of CCls appear to have been resolved.

MW-28, located approximately 25 feet downgradient from injection Area A: CCls and TCE were
detected before the injection event at concentrations exceeding the RGs; both are below the RGs
as of December 2022. Chloroform has remained relatively steady while CCls has reduced.
TCE degradation products are present, 1,1-DCE has remained relatively stable, and cis-1,2-DCE
has increased. Iron, manganese, and methane concentrations have increased. pH has increased, and
DO and ORP are moving towards reducing conditions. Overall, although MW-28 is not within the
immediate radius of influence of the ISCR injection, it appears that ZVI has migrated and is
actively reducing contaminant concentrations.

5.2 GROUNDWATER IMPACT EXTENT ASSESSMENT

The addition of MW-28 in 2021 has refined the CCls plume extent. The footprint of the plume has
not substantially decreased, however CCls concentrations within the previous plume core have
decreased. MW-7 and MW-24 have remained stable and currently appear beyond the zone of
influence of the ISCR injection. Rebound is evident at MW-12 and MW-20. These wells are
beyond the direct influence of the 2021 ISCR injection event, and additional remediation at these
wells will be required to meet the RG. Decreases have been observed at MW-28, and, currently,
CCls is below the RG.

The TCE plume extent has also been refined by the addition of MW-28. The footprint of the plume
has decreased, and mass within the previous plume core has decreased due to the ISCR injections.
As of December 2022, only MW-20 remains above the RG. Additional remediation in the vicinity
of this well will be required to meet the RG.

6. CONCEPTUAL SITE MODEL REFINEMENT

The stratigraphic data collected during the advancement of ISCR distribution performance
monitoring borings provide additional information for refinement of the conceptual site model.
The previous conceptual site model included in the 2021 RAWP identified site geology as
including Pliocene-aged Upland Gravel fluvial (river) deposits underlain by the Miocene-aged
Calvert Formation. The channel deposits of the Upland Gravel, which were deposited by the
migration of the ancestral Potomac River, are thin and wide with fairly horizontal bedding. The
Upland Gravel, in general, consists of poorly sorted fine to medium-grained sand with lenses of
muddy sand and clay, grading downward to gravelly mud or medium to coarse-grained sand. The
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Calvert Formation consists of sand and silt with variable clay content that were deposited in a
shallow shelf environment during a marine transgression. The Calvert Formation is reported to
reach a maximum elevation of approximately 180 feet beneath Upland Deposits with a maximum
thickness of 100 feet near Waldorf (McCartan 1989).

A review of borings conducted to date indicates a range in thickness of the Upland Deposits, with
deeper scouring of the fluvial deposits into the Calvert evident in a presumed channel feature
located from MW-19 north to MW-4, to the northwest towards MW-7 and MW-24. The depth to
the bottom of the Upland Deposits is contoured on Figure 18.

Review of the ISCR distribution performance monitoring borings indicates the presence of a
discernable unit below the sandy gravels of the Upland Deposits and the distinct greenish clays of
the Calvert Formation. This unit consists of silty sand with fine grained sand that grades from pale
brown to a distinct strong brown (orange). Laminations are evident in some borings with finer
grained, more clay rich layers alternating with silt/very fine sand. In general, these sediments have
denser nature more similar to the Calvert Formation than the overlying Upland Deposits.
Elevations of this unit approximate to above the anticipated top of the Calvert Formation at
approximately 180 feet (ft) above mean sea level. Borings where it was observed are shown on
Figure 18. This area correlates with a previously identified high in the vicinity of MW-12.

This finer-grained unit likely correlates to the North Keys Sand or, as identified by Hack (1955),
to an age-equivalent unit. The North Keys Sand occurs above the distinctive greenish Calvert
Formation and is reported to have a conspicuous oxidation to a brilliant yellowish orange.
Gradational oxidation is reported and has been observed in site borings with gradation from light
brown to strong brown (orange) immediately overlying the greenish sediments of the Calvert
Formation. The lower part of the North Keys Sand is described as being loamy (sand, silt, clay)
and may correlate to the observed silty sand observed. There is also the potential that this unit is a
finer unit related to the fluvial deposit, however the contact between this unit and the Calvert
Formation appear to be non-erosive, indicating a similar age.

In regard to the fate and transport of CCls and TCE, the following observations can be made:

e The presence of CCls in MW-7 and MW-24 is likely related to flow from the presumed
source area in the vicinity of MW-4 and MW-19 that follows the presumed deeper scoured
channel feature. Both of these wells are screened entirely within the coarser fluvial
sediments.

e The rebound of CCls and TCE concentrations at MW-12 may be due to matrix diffusion
from finer grained sediments. Review of the MW-12 boring log indicates that the well is
screened from 14 to 24 ft below ground surface (bgs). Gravelly sand was observed to 20 ft
bgs, and yellowish brown silt (presumed North Key Sands equivalent) was observed to 24
ft bgs. The Calvert Formation appears to not have been encountered in the boring. In 2022,
water elevations ranged from 19.03 to 19.61 ft below top of casing, which translates to
approximately 1 ft of the saturated screen within the coarser fluvial sediments during high
water table conditions, and the remainder of the saturated screen is within finer grained
sediments. During lower water table conditions, as observed in May 2022, the top of the
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water table was below the fluvial sediments. Lower iron concentrations were reported in
May 2022, indicating that the increased iron concentrations occur within the coarser fluvial
sediments. Overall relative recharge rates at this well are lower than wells screened
completely within the fluvial sediments. The finer grained sediments that occur at greater
relative elevations at this location are a likely source of matrix diffusion.

e The boring density is not as well defined in the area of MW-20. It is presumed that the
presence of CCls and TCE in this well is connected to the source area near MW-19. The
persistence of contaminants in this well may be related to potential matrix diffusion from
finer grained sediments.

7. CONCLUSIONS AND RECOMMENDATIONS

Based on an evaluation of the 2022 performance monitoring groundwater field screening and
analytical data, the following observations can be made:

e Based on the baseline and 2022 post-injection sampling data, the ISCR injection has
resulted in increased iron and pH and has created anaerobic conditions in the subsurface in
the areas of injection. This appears to be facilitating chemical reduction and increased

microbial activity as evident by reduced CVOCs in groundwater and sporadic detections
of DHC.

e The 12-month performance monitoring event indicates that TCE remains above the RG at
MW-20 and that CCls remains above the RG at MW-7, MW-12, MW-20, and MW-24.
These wells are located outside the injection areas and have aerobic conditions based on
ORP and DO levels. The CCls concentration increases reported at MW-12 indicate rebound
in the vicinity of this well. Rebound has been observed at MW-20 at a lower magnitude.

e No accumulation of chloroform has occurred, and no other CCls4 degradation products have
been reported at wells currently exceeding the RG.

e No accumulation of cis 1,2-DCE or vinyl chloride is evident (stall). 1,-2 DCE
concentrations have decreased at MW-19, and reported concentrations are below RGs.

Based on the assessment of performance monitoring, well specific recommendations are
summarized on Table 8, and the following recommendations are proposed:

e Based on results to date, the application of ZVI and reduction of site contaminants via
abiotic reduction processes has performed well in the injection areas. Enhanced
bioremediation is not recommended at this time based on reported CVOC concentrations
within the injection areas and no observed buildup of degradation products. The addition
of DHC to ISCR injection areas completed to date will likely not affect the wells currently
exceeding RGs because the wells that currently exceed the RGs are located outside the
injection areas and, at present, have aerobic conditions that would not support DHC
populations. Additionally, CCls and TCE are reported at relatively low concentrations, this
could prevent the induction of bacterial degradation enzymes. In areas where matrix
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diffusion are suspect, bacterial access to CCls and TCE sorbed or stored in finer grained
sediments are limited.

e Additional ISCR injections immediately upgradient of MW-7, MW-12, MW-20, and
MW-24 (outside of 2021 ISCR injection areas) would likely be effective in achieving the
RGs.

e Continued monitoring of the performance monitoring of groundwater in accordance with
the RAWP to assess remediation performance is recommended.

e VOCsat MW-17 and MW-27 have been non-detect since October 2021. It is recommended
that monitoring be discontinued at MW-17. Monitoring will continue at MW-27, if MW-
27 cannot be sampled for whatever reason, MW-17 will be sampled as a replacement for
plume delineation.

e Based on the results to date, it is recommended that ISCR be considered the primary
remediation pathway and analysis of DHC and ethene, ethane, and methane is not be
necessary moving forward. It is recommended that DHC and ethene, ethane, and methane
analysis be discontinued after enhanced bioremediation has formally been ruled out.

e MW-18, MW-22, and MW-23 should be located or replaced if they cannot be located.
They were not able to be identified visually in December 2022, the well locations were
observed to be covered with sod.

8. WORK/DELIVERABLES PROJECTED

The next performance monitoring event will occur in May 2023, 18 months after the completion
of the ISCR injection event.

Former Waldorf Nike W-44 Missile Battery Technical Memorandum
Waldorf, Maryland Annual Performance Monitoring Groundwater Sampling Results



Version: 01
Page 14
EA Engineering, Science, and Technology, Inc., PBC 12 June 2023

9. REFERENCES

EA Engineering, Science, and Technology, Inc., PBC (EA). 2021a. Final Remedial Action Work
Plan for the Remediation of Chlorinated Solvents in Groundwater, Former Waldorf Nike W-
44 Missile Battery, Waldorf, Charles County, Maryland. September.

. 2021b. Accident Prevention Plan for the Remediation of Chlorinated Solvents in
Groundwater, Former Waldorf Nike W-44 Missile Battery, Waldorf, Charles County,
Maryland. September.

. 2021c. Uniform Federal Policy Quality Assurance Project Plan for the Remediation of
Chlorinated Solvents in Groundwater, Former Waldorf Nike W-44 Missile Battery, Waldorf,
Charles County, Maryland. September.

Hack, John T. 1955. Geology of the Brandywine Area and Origin of the Upland of Southern
Maryland. United States Geological Survey Professional Paper 267-A.

McCartan, Lucy. 1989. Geologic Map of Charles County. Maryland Geological Society.

EA/Project File
Attachments

Former Waldorf Nike W-44 Missile Battery Technical Memorandum
Waldorf, Maryland Annual Performance Monitoring Groundwater Sampling Results



Version: 01

Page 15
EA Engineering, Science, and Technology, Inc., PBC 12 June 2023
Tables
1 Summary of Groundwater Elevations February to December 2022
2 Groundwater Field Parameter Summary
3 Performance Monitoring Groundwater Sampling Analytical Results Summary
4 Summary of Mann-Kendall Statistics and Trend Results
5 Carbon Tetrachloride and Degradation Product Molar Concentration Summary
6 Trichloroethene and Parent/Degradation Product Molar Concentration Summary
7 Summary of Groundwater Degradation Parameters
8 Post-ISCR Injection Monitoring Summary and Proposed Actions
Figures
1 Groundwater Contours - February 2022
2 Groundwater Contours - May 2022
3 Groundwater Contours - August 2022
4 Groundwater Contours - December 2022
5 Carbon Tetrachloride Plume Extent, August 2017, June 2021, February 2022,
May 2022, August 2022, and December 2022
6 Trichloroethene Plume Extent, August 2017, June 2021, February 2022, May
2022, August 2022, and December 2022
7 MW-4 CCL4: Log-Linear Regression and Prediction Limits
8 MW-4 TCE: Log-Linear Regression and Prediction Limits
9 MW-12 CCL4: Log-Linear Regression and Prediction Limits
10 MW-12 TCE: Log-Linear Regression and Prediction Limits
11 MW-4 Carbon Tetrachloride Concentrations and Groundwater Elevation Over
Time
12 MW-12 Carbon Tetrachloride Concentrations and Water Elevation Over Time
Former Waldorf Nike W-44 Missile Battery Technical Memorandum

Waldorf, Maryland Annual Performance Monitoring Groundwater Sampling Results



Version: 01

Page 16
EA Engineering, Science, and Technology, Inc., PBC 12 June 2023
13 MW-19 Carbon Tetrachloride and Trichloroethene Concentrations and Water
Elevation Over Time
14 MW-4 Trichloroethene Concentrations and Groundwater Elevation Over Time
15 MW-12 Trichloroethene Concentrations and Water Elevation Over Time
16 Carbon Tetrachloride and Degradation Product Molar Concentrations Over Time
17 Trichloroethene and Degradation Product Molar Concentrations Over Time
18 Contours Depicting Depth to the Bottom of the Upland Deposits
Attachments
A Groundwater Purge Logs
B Mann-Kendall Statistical Analysis
Former Waldorf Nike W-44 Missile Battery Technical Memorandum

Waldorf, Maryland Annual Performance Monitoring Groundwater Sampling Results



Tables



This page intentionally left blank































































Figures



This page intentionally left blank

























































Attachment A

Groundwater Purge Logs



This page intentionally left blank











































































EA Engineering, Science,
and Technolagy, Inc.

WELL PURGING AND SAMPLING RECORD

WELL ID MH - 7

WELL/SITE DESCRIPTION

sampLENO. WNI-Hy=~027 — A o‘j;‘:?;

t(uﬁ\r\ 3 Tin (?ituf‘i'.mﬁ} Lo

pate % /2 22

QAP

F

TIME _|2 DL AIR TEMP.
i
WELL DEPTH 2\.0L fi CASING HEIGHT __t Ul fi
WATER DEPTH .ol fi WELL DIAMETER < in
WATER COL. HEIGHT it & SANDPACK DIAM. __\/A in
EQUIVALENT VOLUME OF STANDING WATER {4 (gal) (L)
PUMP RATE 1 (gpm) (LPM) g
PUMP TIME 1\ min / Za
WELL WENT DRY? () Yes ( YNo PUMP TIME 30 min ' /
VOL. REMOVED (gal) RECOVERY TIME M min Z
PURGE AGAIN? ( Wes &ANo TOTAL VOL. REMOVED (gD s
& /
Volume Depth to Pump
Removed pH Cond. Temp. ORP -Turb. DO Water Rate 7y .
Date Time | Unit: from TOC // jl/
Vo (7T -+ 920 mmua| 2a <26l s A 20 | oL
sl W L"b G 291 |, | Ao JaR | 200 | L
1% 7 Ly - 719725 (133 &L k & fJ U s Y
2 : 109G | 92 4 “¥ P Tex '
[ | 3 | 4g N | 39| =416 | 7| T| AL
i - -l ™ w e T £
Y L‘ -! E(JFJI Ji{:‘{:“(hl 11&.& .,-."2‘" ‘(’.J [’5 P 'a'3§l L Ve ; f ‘ L
. - S X : Y A0
\ L ¢ ﬁ-) %h L,' WO Fa -Z‘E:J ‘\:‘ L “\v'*“; {* §¥ &L-v%? L 33 “ \ 2
ik { 7?7 Vs LX) He Q .‘ 15 % ”, Sy %
‘ .‘:-L.\ (L %74 F“‘}{ q d b !.L J (\\:) . ) 35.3 \J-'ﬂ?"’ au?\ &L o) :
>
COMMENTS
?’Ii’ﬂ:ﬁj fﬂvff v 4 "'
sionatore /AR \ A




EA Engineering, Science,
and Technology, Inc.

WELL PURGING AND SAMPLING RECORD

weLLD _Meg- 28 SAMPLE NO. \WNIN- Mw - 02 - ha21
WELL/SITE DESCRIPTION _ beci..  (orner of e Fonced Qliea J
a0 Q0
paTE 3 129,22 mve 004 R D \f
WELL DEPTH L7l 0 fi CASING HEIGHT :5{_’ fi
WATER DEPTH \6.0% fi WELL DIAMETER L in
WATER COL. HEIGHT ___ Z.6L  # SANDPACK DIAM. (VA in
EQUIVALENT VOLUME OF STANDING WATER 1,4 (eal{ @}
PUMP RATE y L (gpm@
PUMP TIME HO min
WELL WENTDRY?  ( )Yes &/)No PUMP TIME = it
VOL. REMOVED (gal) (L) RECOVERY TIME min
PURGE AGAIN? ( Wes (<fNo TOTAL VOL. REMOVED ___ & (gal) (1)
Volume Depth to Pump
Removed pH Cond. Temp. ORP Turb. DO Water Rate
Date | Time | Unit £ fomTOC | LPM
skl \0:01]~ = {56 S| [86] Wk Lap M |7
| Dowr] v [N @37 M I8 (980 ] 230] Bae |, L
w2 W8z v [ A9 o7t 36 [LBs | 16 | (7
Wt 3 US| WE 128 s[5 | 187 [ty | -~
0t XN w293 |78 |97 N6z |2t | 2
| 9 [Bd|HABT B nR [ [ e 2
I D e R e A R
| 051 7 il
| |10
/
|
|
L/
\
COMMENTS

SIGNATURE //%% LJ/ {\/M




—vaA

EA Engineering, Science,
and Technology, Inc.

WELL PURGING AND SAMPLING RECORD

wEILID MW oW

WELL/SITE DESCRIPTION

SAMPLENO. Ww~ o~ 1spren

DATE \1 / o§%/ Lavt TME __ 565 AIR TEMP. __ 1571
WELL DEPTH 267 ft CASING HEIGHT - fi
WATER DEPTH VoAl fi WELL DIAMETER L in
WATER COL. HEIGHT 7.56 ft SANDPACK DIAM. 4 in
EQUIVALENT VOLUME OF STANDING WATER LULl™D (gal) (L)
PUMP RATE I (gpm) (LPM)
PUMP TIME 55 min
WELL WENTDRY?  ( )Yes (Y)No PUMP TIME ) min
VOL. REMOVED \ (gal) () RECOVERY TIME . Na min
PURGE AGAIN? ( Wes (V)No TOTAL VOL. REMOVED 1\ (gal) (@)
Volume Depth to Pump
Removed pH Cond. Temp. ORP Turb. - DO Water Rate
Date Time | Unit: |- Vifcwa | Q¢ MU | My Nt from TOC | -
| T/Gm|1%.65 Db {3990 | 16 [=vb (507 | ¥ | 188 L1
[ lwav |V Jeab 2gay | W Fwdd|ues | X | ey |
[ los | U o Remt [ wg Fveaoea | x| Bay f
|y [ omb deel |17 [mwravsa | X | gan ||
17,15 “ G0 [ 276} |4 [oRd& Wl G X VA \
| 9 Cu7 19564 | W bS53 | X 1% au \
W] 6 se |3 | v bwaalma | X [ gaw | |
LR -1 Vi . ;’(}\ a 4 < ( « i i
U (52 1345 | 59 e [B6-6 | X | \haw ;
WS | % {66 et | 174 [eva | DM | X | by
o A (/u\_\ ¢ t"] ¢ i Q| . K [Ty [
% 90 Q a2 W00 q . 0 \)"'\!ﬂ, A lba‘\lf
P SR ! 7 o w \a 5¢C
ves| 0 6.5 [363% | 17,3 |- wrd ] DA X 189S
l; e VIR G0 34l | \7) T | ad | v %45
W] aus i (3 | v e (0% MG 47 1Y

COMMENTS

= . s
Nrgtd o ARY  wislw W \ar
|

SIGNATURE /];/ “f(%f /&v/




N
/ 4 /F f L
: ® W{ ‘ /6/(/\// FK%)({V)//
L o
EA Engineering, Science, WELL PURGING AND SAMPLING RECORD

and Technology, Inc.

WELL ID /\(\\W’ Ll | SAMPLE NO. MW’}Q«"Q&(’ &

= b ) T s al = = - 2
WELL/SITE DESCRIPTION _5 =/ e e 2l Sdp 0 Expnee [Wlrle|nd
- == — T g

pate (£ 5,2 e |5 96 AIR TEMP.
WELLDEPTH _ =9 , 5 O ft CASING HEIGHT fi
WATER DEPTH ___ 4. ¢ 9 ft WELL DIAMETER ___ 2 in
WATER COL. HEIGHT .67 ft SANDPACK DIAM. in
EQUIVALENT VOLUME OF STANDING WATER 41 (gal) (L)
PUMPRATE _ U -2 (gpm) (@J
PUMP TIME 6 0 niin
WELL WENTDRY?  (X)Yes ( )No PUMP TIME 4l min
VOL. REMOVED (ea) (L) RECOVERY TIME min
PURGE AGAIN? ( )es ( )No TOTAL VOL. REMOVED : (gal) (L)
Volume 74 Depth to Pump

Removed pH Cond. Temp. ORP Turb. DO Water Rate

Date Time | Unit: [ S/ Y9! °C mlb | VTU | (VA | fomTtoc | @ P
9 4o |47 4 5.32 5.6 |l6,6 (747 | 647 — 1165 (0%
[ e 527 1042|161 1564 1514 — 201 |o:2
BEXE 53011367 1234 (43,7 13289 — |20, 7%

| 1Y [y
14 |5
M >

DL
/1 5
4| €
/
4
I

59410,3 204 | 329 286 — 21,23

i

SHE gl 1228 |6L.718%7| — R15¢

1 =g

%

2

Z ] T

5 156 |12 223 |62 [320m) — | 4102
6{ Pl

J

i

SA7 V054122 |22/ {20 — 20,49
| 30 o7 [\s#22] | BS| | %a — 223
| 1Y 94 593 11016 225 | 0og | (538] ~—|2274
| 14 Y 541 11165 22 11985 6q] — 2204,
Dyl T P Theo]ang (1335 sadl| — [22.63
1|50 534 3|2 [ 15541285 — |an%5] |
US| 2 1931294213 | 124%0] 5769] 109 12304 | |/

\Mé6/2 354 YA nSiqz, 147 X407 (3], il (7,9 1AL WY
coMMeNTs _ M2 ([ Ran ey W%m;/ﬁ/ (E’v’?;'{v.f\!,Lf‘.’.‘%Ln 2,5 7 T

i

SIGNATURE /)/L el /77 L“);/"d"



EAEnainooring Seionce,  WELL PURGING AND SAMPLING RECORD

and Technology, Inc.

werL o _ [ ~14 saMpLENO. _ P ~\A- \206wnn

WELL/SITE DESCRIPTION

DATE \L /o9$/ 20 e XN AIR TEMP. NS

WELL DEPTH 25,99 fi CASING HEIGHT 4L ft

WATER DEPTH Y1,\% ft WELL DIAMETER e in

WATER COL. HEIGHT 2.4 fi SANDPACK DIAM. __ )\ Ju in

EQUIVALENT VOLUME OF STANDING WATER bis (gal) (L)

PUMP RATE g (gpm) (LPM)

PUMP TIME 2% min

WELL WENTDRY?  ( )Yes ¢ )No PUMP TIME 3% mit

VOL. REMOVED 2 (gal) (L) RECOVERY TIME N min

PURGE AGAIN? ( Yes (“)No TOTAL VOL. REMOVED =7 (gal) (f)
Volume Depth to Pump
Removed pH Cond. Temp. ORP Turb, DO Water Rate

Date Time Unit: from TOC

o wwm |~ B M| wd [—on [Bid\ /] vag |

R R S S N R T AW A T

\S0f E %M Meb [aa 743G \ .U
o R AV R I R \ \7,2)
v | v oW [wea|ga B faea ] /\ e
Wb | S S jud [0 PR 260 / \ \ T2
\Lr Bl | O S (a1 d RS R \\7;11

\I e 2 HR s | VT4 FOA 51, ‘@ i

/ |

~—1

2
6] (09| —  [SU% [ 2H[RS FUbT |1 41D | .

COMMENTS C-’:mc;\.ff% @ W06 Wihia Y90S

SIGNATURE 7@@1{%«/ {ZM g




EA Engineering, Science, WELL PURGING AND SAMPLING RECORD

and Technology, Inc.

" WELLID _{\w -7 SAMPLENO. | =17~ §20( 2022
_ WELL/SITE DESCRIPTION
) T Lo
DATE _\1 / G / 1 TIME __[ 3% AIR TEMP. o'
WELL DEPTH PATREY ft CASING HEIGHT Ny ft
WATER DEPTH \4.54 fi WELL DIAMETER Z in
WATER COL. HEIGHT __ (59 fi SANDPACK DIAM. N in
EQUIVALENT VOLUME OF STANDING WATER .67 (gal) (L)
PUMP RATE W ] (gpm) (LPM)
PUMP TIME 25 | min
WELL WENTDRY? () Yes (V)No PUMP TIME 25 min
VOL. REMOVED Y (@)(T) RECOVERY TIME Ve min
PURGE AGAIN? ( Yes (M)No TOTAL VOL. REMOVED __ 5 (gal) (0
Volume Depth to Pump
Removed pH Cond. Temp.. ORP Turb. DO Water Rate
Date Time Unit: from TOC !
. VA2 o ~ Q G/ G - <l ., ‘
i 7355 - BTV (100 [98 (26 [U% ) | a2 Mip | 47

3y | | [ me

4\ }

it Juglets (0 IRAlms] 1 Jwe [ |
’ [ el ] ]
|

|

]
|

»
[lra Y (w8 [
: .
]

74 p) 14,(/14 Ce \7‘:) 4L0 |97
7531 A H631604
| 17158 ] 5 [4Yeulc.d

WA AL YA R I Y A R A

TS (WS [9R [ Mgy

[——
< —

Vi) L.
SIGNATURE // gdfu/[,




EA Engineering, Science, "WELL PURGING AND SAMPLING RECORD

and Technology, Inc.

werLD _Mw 1 SAMPLENO. _P\Ww = iT~120{ 2,22
WELL/SITE DESCRIPTION
DATE 11 / ¢ /21 TIME D% AR TEMP. __ WSO
WELL DEPTH 6.5\ ft CASING HEIGHT L ft
WATER DEPTH % ft WELL DIAMETER 2 in
WATER COL. HEIGHT 3.5\ ft SANDPACK DIAM. ___ o in L
EQUIVALENT VOLUME OF STANDING WATER |34 | (gal) (L)
PUMP RATE L (gpm) (LPM) .
PUMP TIME b1 min |
WELL WENTDRY?  ( )Yes (/)No PUMP TIME 30 min
VOL. REMOVED A (gal) (L) RECOVERY TIME Na min
PURGE AGAIN? ( Yes (/)No TOTAL VOL. REMOVED __ P (eal) @)
Volume Depth to Pump
_ Removed pH Cond. Temp. ORP Turb. DO Water Rate
Date Time Unit: from TOC

(TeGIt %E)’\, -

f‘\'

1320 S 51 97.6 W0 | {33 | Wbed

130
RSN 50616535\, [wdal o107 | V4|
I A R A R R BT E Y
L laos] 9 |50 | 5.6] 178 [0V 2%] 6.1 { V2004
N A A N T S e e
C 15 \b. T

WA AT O i |-

L
-—"C;;:D
£

R
1
.
'
]
[

é;,- . —_ —_ ) "“.‘.
GRS M[:) (19D %xMe;\LB @ Ct W -

sowsrons il M




B
EA Engineering, Science, WELL PURGING AND SAMPLING RECORD

and Technology, Inc.

wELLD _ M - 7 SAMPLENO. _M\) - 7 - \Vo@?e?t

WELL/SITE DESCRIPTION

DATE \) /€ /12 ME _ \(" 31 AIRTEMP. __ 2:"

WELL DEPTH i i CASING HEIGHT [ fi

WATER DEPTH 14 ft WELL DIAMETER L in

WATER COL. HEIGHT \0 M ft SANDPACK DIAM. Na in

EQUIVALENT VOLUME OF STANDING WATER \ T (gal) (L)

PUMP RATE e (gpm) (LPM)

PUMP TIME %9 | min

WELL WENTDRY?  ( )Yes ( JNo PUMP TIME 35 min

VOL. REMOVED 7 (ga) (L) RECOVERY TIME Na min

PURGE AGAIN? ( )Yes (U)No TOTAL VOL. REMOVED ___7J (gal) @
Volume Depth to Pump
Removed pH Cond. Temp. ORP Turb. DO Water Rate

Date Time Unit: ' from TOC

Lo 0] ~~ [ 3a] 5( W] e [2nd] s e |
e R N Y A LT ko R A R AU

f

I Y N I e T T

[ hes| 5 [HauD6 VY [geed |90 9y [pa

| (s 9 [Aed]ge 0 (V1A 282 W0 | T | )

| [wot] S [9069]60. {116 |27 200 [9a [0
wvar] @ aoulsealvie [ aq e | 2w | )
Wit 7 W e T NAT 2gus 9 (g | 2]

COMMENTS DUC{ 5uﬂ¢%'\ oY) WL

SIGNATURE zﬂ/a/ﬂ/\/ MVA




o

—vaA

EA Engiriasring, Scisnise,; WELL PURGING AND SAMPLING RECORD
and Technology, Inc.

weLp | N - 20 SAMPLENO. __ M- 2% - \2g( 1.7
WELL/SITE DESCRIPTION
pate \l / ¢ T TME }7% 5 AIRTEMP, ___ o &
U564 )
WELL DEPTH v ft CASING HEIGHT & fi
WATER DEPTH \b: YT ft WELL DIAMETER s in
WATER COL. HEIGHT ___ 374 ft SANDPACK DIAM. My in
EQUIVALENT VOLUME OF STANDING WATER . %3 (gal) (L)
PUMP RATE il (gpm) (LPM)
PUMP TIME 55 min
WELL WENTDRY?  ( )Yes (~)No PUMP TIME &) min
VOL. REMOVED T (ea)@) RECOVERY TIME Na min
PURGE AGAIN? ( Yes (¥)No TOTAL VOL. REMOVED ___~/ (gal) (L))
Volume Depth to Pump
Removed pH Cond. Temp. ORP Turb. DO Water Rate
Date Time Unit: from TOC

Voten \L 55 ~ uay |z.5 | i1 (,/f(gi’l 2204 | {H.4 leuo | . L

a0 | Y [ [\ wmeM [ Gad | IS e | ko
ac| . 2 = a7 e w | 72 & L |
245] “ B BT A4S E3 7% (4.5 | em
£ K T
\2%( 77 YQ ]:¢' ‘% Y 1\ m;L H7.T7| 5 19| -4 \¢.U0)
e B alviol \vowl=a1l=enl @ al v,

165 b L} Wb \ng o ;E“\ \(aw ™~ l _41"5, W Cou | TG MR
\Bi; ‘\.,' (:) if,\‘ .; } ! i:l‘;.’ " | L —Z i \ '»"‘., :‘; "{3 : \ T ‘!TF

‘-i{ ’\’Z){E‘\ b 'T’:’ 2| iﬁ{ 'IZG 5 “} ‘Q },C ‘.7."!{ ‘i\';k p (1 "'i Vi “ ,i

| ’,{'L P ) i i — )

| [Vl 7 (R i vl [ 20 140( 86 [Veiin

COMMENTS ﬁn\q?m @ . 1310

SIGNATURE % %ﬁr’\/ M




EA Engineering, Science, WELL PURGING AND SAMPLING RECORD

and Technology, Inc.

WELLID _ M0 < - $aMPLENO. _ M =20 - RowZena
WELL/SITE DESCRIPTION
— - it q 1 el
DATE \? / ¢ /1 t™E _ |4 W 7 AIRTEMP. 05 [
WELL DEPTH Ll { ft CASING HEIGHT ;\j u ft
5 N 7
WATER DEPTH \ 7 ft " WELL DIAMETER [ in
WATER COL. HEIGHT 9 ft SANDPACK DIAM. M in
EQUIVALENT VOLUME OF STANDING WATER e ¥ (gal) (L)
PUMP RATE “ g L (gpm) (LPM)
PUMP TIME ' min
WELL WENT DRY?  ( )Yes (v)No ~ PUMP TIME min
! . .
VOL. REMOVED b (gal){l) RECOVERY TIME Na i
PURGE AGAIN? ( es (INo TOTAL VOL. REMOVED _ { (gal) @
Volume Depth to Pump
Removed pH Cond. Temp. ORP Turb. DO Water Rate
Date Time Unit: from TOC
\ LGt QG [5a S |\ q ) 29 ih 20 Y
1 /élf,,! 5\ \ w9, ? gt T \(\ ‘)réz_,‘l \le)() : Z,

5
PO

by (647 159 963,93 4 vag | |
439 63,2 [ NG |l [waoa| 70 | ] |
w5 2 LG WA o4 [S.5 | 110%
‘ ' 07 |10 (27| H0,2|BY

_ b 7 11.5%
I s | B s ]ge.5]19 3076 ] Q0[95 | v

L—
|
b

COMMENTS 'qqsq;i\fb @\

7

SIGNATURE




EnEngineering Seonce,  WELL PURGING AND SAMPLING RECORD

and Technology, Inc.

werL D _Plw - 9 SAMPLENO. _Mw =14~ Vo i to1a,
WELL/SITE DESCRIPTION
DATE \l 7/ (, /27 TIME _ 1940 AIRTEMP. D0 F
R By ] \
WELL DEPTH 211 J ft CASING HEIGHT \97 ft
WATER DEPTH 15.%9 fi WELL DIAMETER 2. in
WATER COL. HEIGHT £ ft SANDPACK DIAM. Ma in
EQUIVALENT VOLUME OF STANDING WATER . (gal) (L)
PUMP RATE . (gpm) (LPM)
PUMP TIME 5 . min
WELL WENTDRY?  ( )Yes ()No PUMP TIME 5 _ min
VOL. REMOVED 1 (ea) () RECOVERY TIME Na min
PURGE AGAIN? ( )Yes (V)No TOTAL VOL. REMOVED il (gal) ©
Volume Depth to Pump
Removed pH Cond. Temp. ORP Turb. DO Water Rate
Date Time Unit: from TOC
Cyy e L A B ( a |n Y 1 2. .
e \egy | == [T 1D |17 (94 [eeod [ | B | 1

G 2

1 1965 \ Sl | gl 6 \A> 1834 1959 W7 | 1395 /
| L] = Joz[515 88 Naglss9] o] indse] f
|

T

w5 5 (A% PY (88 [1Q4] Wy [ vy [was | |

|| &0 ® uaa (5600 [18al2) |34 | BDBS]
e 5 8791575 [\ 2364 10,0 | 3.0 [ 1598 | |
\ O30l ¢ R sne ] w235 00 | 300 | 139y
s T[98 B7e (6% i 1ot | 50 {1396

|

| |
| i
| v
N

COMMENTS Cﬁﬂhql\eb fcb e S

s. . |
SIGNATURE Q\/‘-\Uﬁ.} jﬁh‘u \ij&
:







Attachment B

Mann-Kendall Statistical Analysis
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MW-4 CT MW-4 TCE MW-7 CT MW-12CT MW-12TCE MW-19CT MW-20CT MW-20 TCE

450 9 6 43 2 17 23 10
400 10 20 98 3 3.1 20 8.6
180 9 10 130 4 1.6 11 4.1
438 9 19 130 4 1 15 4.5
180 9 9 98 3.2 0 17 4.9
240 14 17 14.9 1.5 0 19 5.7
34 3 24 150 9.2 0

110 6 19 43 3.2 0

97 7 11 16 4 0

190 11 15.6 26 3.5

340 19 11 43 4.8

150 9.2 9.5 70 4.6

140 8.6 17

72 8.1 13

36 7.5 14

8.1 1.5 12



MW-19 TCE MW-24 CT MW-28 CTMW-28 TCE

22 26 33 13
23 11 35 8.7
18 21 15 6.1
23 20 8.4 5.6
4.1 18 34 33
2 19

9.2

3.1

3.8



Mann-Kendall Trend Test Analysis MW-4 CT Mann-Kendall Trend Test TR e Py
User Selected Options

Date/Time of Computation ProUCL 5.2 1/23/2023 10:42:29 AM

From File ProUCL_01_23_2022.xls

Full Precision OFF

Confidence Coefficient 0.95 » ' | oo
Level of Significance 0.05 ' S
MW-4 CT e e e iy e
General Statistics -

Number or Reported Events Not Used 0 g e

Number of Generated Events 21 =

Number Values Reported (n) 21 N

Minimum 0

Maximum 450

Mean 146

Geometric Mean 0

Median 110

Standard Deviation 150.4

Coefficient of Variation 1.03

Mann-Kendall Test

Generated Index

M-K Test Value (S) -147
Tabulated p-value 0
Standard Deviation of S 32.85
Standardized Value of S -4.445
Approximate p-value 4.40E-06

Statistically significant evidence of a decreasing
trend at the specified level of significance.



User Selected Options
Date/Time of Computation
From File

Full Precision

Mann-Kendall Trend Test Analysis

ProUCL 5.2 1/23/2023 10:44:02 AM

ProUCL_01 23 2022.xls
OFF

Confidence Coefficient 0.95

Level of Significance 0.05

MW-4 TCE

General Statistics

Number or Reported Events Not Used 0
Number of Generated Events 21
Number Values Reported (n) 21
Minimum 0
Maximum 19
Mean 6.71
Geometric Mean 0
Median 8.1
Standard Deviation 5.164
Coefficient of Variation 0.77
Mann-Kendall Test

M-K Test Value (S) -108
Tabulated p-value 0
Standard Deviation of S 32.73
Standardized Value of S -3.269
Approximate p-value 5.40E-04

Statistically significant evidence of a decreasing
trend at the specified level of significance.

MW-4 TCE

MW-4 TCE Mann-Kendall Trend Test

12
Generated Index

Mann-Kendall Trend Analysis

OLS Regression Line (Blu)

OLS Regression Slope -0.5270

ion Intercept 12.5067

gnificant evidence
ng trend at the

specified level of significance.



User Selected Options
Date/Time of Computation
From File

Full Precision

Mann-Kendall Trend Test Analysis

ProUCL 5.2 1/23/2023 10:46:18 AM

ProUCL_01 23 2022.xls
OFF

Confidence Coefficient 0.95

Level of Significance 0.05

MW-7 CT

General Statistics

Number or Reported Events Not Used 0
Number of Generated Events 16
Number Values Reported (n) 16
Minimum 6
Maximum 24
Mean 14.19
Geometric Mean 13.38
Median 13.5
Standard Deviation 4.859
Coefficient of Variation 0.342
Mann-Kendall Test

M-K Test Value (S) -5
Tabulated p-value 0.447
Standard Deviation of S 22.14
Standardized Value of S -0.181
Approximate p-value 0.428

Insufficient evidence to identify a significant
trend at the specified level of significance.

MW7 CT

MW-7 CT Mann-Kendall Trend Test

Generated Index

Mann-Kendall Trend Analysis

OLS Regression Line (Blue)

OLS Regression Slope -0.0481

sion Intercept  14.6025

specified level of significance



User Selected Options
Date/Time of Computation
From File

Full Precision

Mann-Kendall Trend Test Analysis

ProUCL 5.2 1/23/2023 10:47:27 AM

ProUCL_01 23 2022.xls
OFF

Confidence Coefficient 0.95

Level of Significance 0.05

MW-12 CT

General Statistics

Number or Reported Events Not Used 0
Number of Generated Events 12
Number Values Reported (n) 12
Minimum 14.9
Maximum 150
Mean 71.83
Geometric Mean 55.42
Median 56.5
Standard Deviation 47.87
Coefficient of Variation 0.666
Mann-Kendall Test

M-K Test Value (S) -11
Tabulated p-value 0.273
Standard Deviation of S 14.39
Standardized Value of S -0.695
Approximate p-value 0.244

Insufficient evidence to identify a significant
trend at the specified level of significance.

MW-12 CT

152

MW-12 CT Mann-Kendall Trend Test

Generated Index

Mann-Kendall Trend Analysis

Insufficient statistical evidence

of a significant trend &t the

specified level of significance.



User Selected Options
Date/Time of Computation
From File

Full Precision

Mann-Kendall Trend Test Analysis

ProUCL 5.2 1/23/2023 10:48:44 AM

ProUCL_01 23 2022.xls
OFF

Confidence Coefficient 0.95

Level of Significance 0.05

MW-12 TCE

General Statistics

Number or Reported Events Not Used 0
Number of Generated Events 12
Number Values Reported (n) 12
Minimum 1.5
Maximum 9.2
Mean 3.917
Geometric Mean 3.564
Median 3.75
Standard Deviation 1.924
Coefficient of Variation 0.491
Mann-Kendall Test

M-K Test Value (S) 26
Tabulated p-value 0.043
Standard Deviation of S 14.42
Standardized Value of S 1.733
Approximate p-value 0.0415

Statistically significant evidence of an increasing
trend at the specified level of significance.

MW-12 TCE

MW-12 TCE Mann-Kendall Trend Test

Generated Index

Mann-Kendall Trend Analysis

OLS Regression Line (Blu)

OLS Regression Slope 0.1713

ion Intercept 2.8030

Stati v sig nt evidence
of an increasing trend at the

specified level of significance.



User Selected Options

Date/Time of Computation

From File

Full Precision
Confidence Coefficient
Level of Significance

MW-19 CT

General Statistics

Number or Reported Events Not Used
Number of Generated Events
Number Values Reported (n)

Minimum

Maximum

Mean

Geometric Mean
Median

Standard Deviation
Coefficient of Variation

Mann-Kendall Test

M-K Test Value (S)
Tabulated p-value
Standard Deviation of S
Standardized Value of S
Approximate p-value

Mann-Kendall Trend Test Analysis

ProUCL 5.2 1/23/2023 10:50:18 AM
ProUCL_01 23 2022.xls
OFF

0.95
0.05

MW-19 CT

o O VU o

17
2.522

5.533
2.194

-26
0.003
8.679

-2.88
0.00199

Statistically significant evidence of a decreasing
trend at the specified level of significance.

MW-19 CT Mann-Kendall Trend Test

Generated Index

Mann-Kendall Trend Analysis

OLS Regression Line (Blue)

OLS Re: Slope

1 Intercept

significant evidence
of &

specified level of significance.

ing trend at the




User Selected Options
Date/Time of Computation
From File

Full Precision

Confidence Coefficient
Level of Significance

MW-19 TCE

General Statistics

Number or Reported Events Not Used

Number of Generated Events
Number Values Reported (n)
Minimum

Maximum

Mean

Geometric Mean

Median

Standard Deviation
Coefficient of Variation

Mann-Kendall Test

M-K Test Value (S)
Tabulated p-value
Standard Deviation of S
Standardized Value of S
Approximate p-value

Mann-Kendall Trend Test Analysis

ProUCL 5.2 1/23/2023 10:57:53 AM

ProUCL_01 23 2022.xls
OFF

0.95

0.05

N O O O

23
12.02
8.296

9.2
9.319
0.775

-19
0.038
9.539

-1.887
0.0296

Statistically significant evidence of a decreasing
trend at the specified level of significance.

ra

MW-19 TCE

)

MW-19 TCE Mann-Kendall Trend Test

Generated Index

Mann-Kendall Trend Analysis

> Regression Slope -2.8517

n Intercept  26.2806

of significance.


















User Selected Options
Date/Time of Computation
From File

Full Precision

Mann-Kendall Trend Test Analysis

ProUCL 5.2 1/23/2023 11:20:04 AM

ProUCL_01 23 2022.xls
OFF

Confidence Coefficient 0.95

Level of Significance 0.05

MW-28 TCE

General Statistics

Number or Reported Events Not Used 0
Number of Generated Events 5
Number Values Reported (n) 5
Minimum 3.3
Maximum 13
Mean 7.34
Geometric Mean 6.624
Median 6.1
Standard Deviation 3.7
Coefficient of Variation 0.504
Mann-Kendall Test

M-K Test Value (S) -10
Tabulated p-value 0.008
Standard Deviation of S 4.082
Standardized Value of S -2.205
Approximate p-value 0.0137

Statistically significant evidence of a decreasing
trend at the specified level of significance.

MW-28 TCE

MW-28 TCE Mann-Kendall Trend Test

Generated Index

Mann-Kendall Trend Analysis

OLS Regression Line (Blue)
OLS Regression Slope

OLS Regression Intercept

Statistical

of a decre:

gnificant evidence
g trend at the

specified level of significance.
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