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a condition that was initially identified during sampling conducted in December 2018 and further investigated during 2019. 
The reduction in the resin�¶�V 1,4-dioxane adsorptive capacity is caused by a buildup of organic constituents at the resin 
sorption sites that is not removed during steam regeneration. WSP completed an initial cleaning of the resin during February-
March 2020, which involved removing the resin material from the System treatment vessels and washing it with a heated 
caustic solution to remove the buildup of foulants. The cleaning resulted in improved 1,4-dioxane treatment capacity, as 
evidenced by the monthly sampling results, but did not return the resin to its original treatment capacity. WSP completed an 
additional cleaning of the resin during September 2021. WSP has undertaken efforts to research methods to pre-treat the 
extracted groundwater to remove the organic foulants prior to treatment by the specialty resin but has not identified any cost-
effective methods. Annual ex-situ cleaning of the resin will continue to be implemented to maintain treatment capacity. 

The 5-year review evaluated the overall performance and effectiveness of the System, along with identifying potential 
changes in the System operation that could enhance the restoration of the impacted aquifer. Based on a review of the 5-year 
operation of the System, the following conclusions can be made regarding the effectiveness of the groundwater corrective 
measure: 

�³  The contaminant plumes are horizontally contained within the System inflow/capture area based on groundwater 
elevations and the presence of constituent concentrations at or below the applicable cleanup levels in monitoring wells 
on the eastern and western edges of the plumes. The November 2021 sampling event occurred one week after the 
cessation of groundwater pumping from the recovery wells, and there was no apparent expansion in the width of the 
contaminant plumes in the shallow or deep zone. 

�³  Vertically, the System inflow/capture area should encompass the entire shallow portion of the Lower Patapsco Aquifer 
(LPA) based on the depths of the shallow recovery wells. The shallow recovery wells fully penetrate the shallow zone, 
extending to the top of the aquitard (confining unit) that separates the shallow and deep zones of the LPA. In the deep 
portion of the LPA, the contaminant plumes are vertically defined by the deepest monitoring well, MW-41D, located in 
the southern portion of the Site. During 2021, the samples from MW-41D had no detections of CVOCs or 1,4-dioxane. 
The fact that the 2021 data are consistent with previous sampling results indicates the contaminant plumes are not 
migrating vertically to the lower portion of the deep zone, which is below the screened interval of the recovery wells.  

�³  For a majority of the recovery and monitoring wells that meet the Mann Kendall statistical requirements, the 1,1-DCA, 
1,1-DCE and 1,4-dioxane concentrations exhibited decreasing, probably decreasing, stable, or �³no trend�  ́results 
following the initiation of remedial pumping. The exceptions include two shallow monitoring wells (MW-20 and MW-
42), one shallow recovery well (RW-3S), and one deep recovery well (RW-1D) which exhibit increasing or probably 
increasing trends for one or more constituents. 

Based on the results of the 5-year review, WSP recommends the following modifications to the System operation and 
associated groundwater monitoring activities:   

�³  Complete ex-situ resin cleaning activities annually to address continuing resin fouling and maintain System treatment 
capacity, particularly for 1,4-dioxane. 

�³  Conduct assessment and potential rehabilitation of the System recovery wells every couple of years to address possible 
biofouling impacts that may affect recovery well performance. 

�³  Reduce the sampling frequency of three monitoring wells, MW-05R, MW-18, and MW-40D, from semi-annually to 
annually based on concentrations of Site-related constituents being either non-detect or consistently below the applicable 
cleanup criteria, and that concentrations are not expected to exhibit any noticeable change (e.g., increasing trend) with 
continued System operation. 

 

















 
 
 

 
 
 
 

Corrective Measures Implementation Five-Year Assessment Report 
Project No. 31405608.010 
EMERSON 16, LLC 

WSP 
February 1, 2023  

Page 10 

Figure 3 plots the historical concentrations of total VOCs and 1,4-dioxane in the System influent from start-up (March 2017) 
through the end of 2021. This plot shows a generally decreasing trend for influent concentrations during the initial 6 months 
of operation. Influent concentrations slightly increased from late 2017 through the first half of 2018. Total VOC 
concentrations have gradually decreased since the fourth quarter of 2018, which is reflected by the two lowest influent 
concentrations for total VOCs and 1,4-dioxane being recorded during the April  2021 and September 2021 sampling events. 
The total VOC and 1,4-dioxane concentrations are below anticipated concentrations used for the design of the System. Based 
on the �6�\�V�W�H�P���V�X�S�S�O�L�H�U�¶�V���P�R�G�H�O�L�Q�J���R�I��measured influent concentrations, the corresponding resin loading rate should require 
two regenerations per week. However, the regeneration frequency was increased to three times per week in April 2019 based 
on increasing detections of 1,4-dioxane in the System effluent. 

No VOCs were detected above the method reporting limits in the effluent samples collected during 2021. Based on these 
sampling results, the VOC removal efficiency during the reporting period was 100%. The 1,4-dioxane concentrations in the 
effluent water samples ranged from below the method reporting limit of 1.0 µg/L (seven samples) to 13.0 µg/L (January 
2021). Based on the sampling results, the removal efficiency for 1,4-dioxane was approximately 98.1% during 2021, which 
approaches values for the initial years of System operation.6 Based on sampling results for the previous years, removal 
efficiencies for 1,4-dioxane during 2017, 2018, 2019, and 2020 were calculated at 100%, 99.5%, 93.3%, and 95.8%, 
respectively. 

During the 2021 reporting period, the System removed an estimated 45.8 pounds (lbs) of the primary CVOCs - 1,1-DCE, 1,1-
DCA, and 1,1,1-TCA - and 19.7 lbs of 1,4-dioxane (Table 4). The average flow rate (in GPM) for the System effluent 
provided in Table 4 was determined based on fully operational days only. Figure 4 plots the historical mass removal of the 
primary CVOCs and 1,4-dioxane by the System from start-up (March 2017) through December 2021. As shown in this plot, 
cumulative mass removal of the primary COCs has exhibited a consistent increasing trend since System start-up. However, 
annual mass removal has consistently decreased each year from a historical high of 152.8 lbs of COCs in 2018 to 65.5 lbs in 
2021 (Table 4).  This reduction in contaminant removal is believed to mainly reflect a decrease in the mass in the aquifer, 
although lower System runtimes in 2020 and 2021 may be a contributing factor. 

NOVEMBER 2021 NICKEL EXCEEDANCE  

An elevated concentration of total nickel (995 µg/L) that exceeded the effluent limit of 470 µg/L was detected in the 
discharge sample collected on November 3, 2021. WSP provided the appropriate verbal and written notifications to MDE in 
accordance with the Permit. WSP reviewed the certified analytical report provided by the laboratory, including the summary 
of the quality control results, and did not identify any issues with the nickel analysis in the aqueous samples. In addition, a 
thorough assessment of the System operational data did not identify any problems that would have resulted in the total nickel 
exceedance. Subsequent sampling of the effluent on November 19, 2021, detected a total nickel concentration of 24.4 µg/L, 
which is more than an order of magnitude below the level in the early November sample and consistent with the historical 
data for total nickel in the treated water. Based on evaluation of the System operation and subsequent effluent sample result, 
the elevated nickel concentration in the early November 2021 sample is believed to have been caused by an isolated, transient 
�³�V�O�X�J�´���R�I���Z�D�W�H�U���Z�L�W�K���H�O�H�Y�D�W�H�G���Q�L�F�N�H�O���F�R�Q�F�H�Q�W�Uations entering the System. 

2.2.3 RECOVERY WELLS 

GROUNDWATER PUMPING RATES 

The monthly average extraction rates and total volume withdrawn for each recovery well are provided in Table 5 and Table 6, 
respectively. Data for each recovery well is collected weekly by the certified System operator from a flowmeter located at the 
wellhead. Extraction rates averaging around 30 GPM during normal System operation were set at each of the deep recovery 
wells to ensure capture of the southward migrating plume in the deep confined zone of the aquifer. The extraction rates at the 
shallow recovery wells were set at between 2 to 5 GPM; a higher extraction rate was established in RW-1S because of the 
higher VOC levels in the extracted groundwater at this location (Figure 5). The average combined flow rate, which is 

 
 
6 Based on the characteristics of the 1,4-dioxane breakthrough curve, the effluent concentration represents a maximum concentration for 
that sampling period and not the average concentration for the monitoring period. As a result, actual removal efficiency is presumed to be 
greater than 98.1%. 
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�³  cleaning of the inline pH probe 
�³  recording instrumentation readings (flow, pressure, temperature) 
�³  inspection of the caustic pump and tubing, and replacement of the tubing as necessary 
�³  system-wide leak inspections 
�³  steam boiler system inspections and testing 
�³  system-wide manual exercising of ball valves 

In conjunction with the inspection and testing of the boiler system, a local water treatment contractor (Chem-Aqua, Inc.) 
completed monthly checks of the boiler water chemistry. Quarterly mechanical inspections and maintenance of the steam 
boiler components were performed by another local contractor (Tate Engineering Systems, Inc.). 

In addition to the routine tasks, annual OM&M activities were performed on July 27, 2021, and included the following: 

�³  inspection and cleaning of well vaults and piping tee-boxes 
�³  system-wide wye strainer inspection and cleaning 
�³  inspection and cleaning of the building sump 
�³  inspection of bag filter housing internals 

Additionally, the EQ tank was opened and inspected on November 17, 2021. The annual inspection findings determined there 
were no leaks for any of the System components and cleaning of the inside of the flow equalization tank was not necessary. 

2.5.2 NON-ROUTINE MAINTENANCE ACTIVITIES 

RECOVERY WELL RW-1D 

Following the regeneration of a resin vessel, the System automatically shuts down for a few seconds to allow for 
reconfiguration of the process water flow path before the cleaned vessel is brought back on-line. During 2020 and 2021, there 
was a recurring fault for the RW-1D pump VFD, whereby the RW-1D pump failed to restart following the completion of a 
regeneration. When this issue occurred, the RW-1D pump was �U�H�V�W�D�U�W�H�G���Y�L�D���D���P�D�Q�X�D�O���U�H�V�H�W���R�I���W�K�H���S�X�P�S�¶�V���9�)�' by an operator 
onsite. After the most recent occurrence of the VFD fault in early September 2021, the RW-1D pump was restarted following 
a hard reset of the electrical panel on which the VFD is mounted. 

The problem noted above was limited to recovery well RW-1D and did not affect the operation of the shallow wells or deep 
well RW-2D or result in the shutdown of the System. The extraction of impacted groundwater continued to occur while 
repairs were affected to bring RW-1D back on-line. 

COMPRESSED AIR SYSTEM 

There were a few problems related to the compressed air system that powers the pneumatic actuators for the automated 
process valves during calendar year 2021. During June, the System operator manually shut down the System after observing 
that the air compressor was running nonstop and at risk of failure. The identified problem was a leaking actuator for one of 
the automated process valves on the resin vessel skid. The actuator was replaced, and the original actuator was shipped to the 
manufacturer for inspection7. The failure of an actuator seal is considered routine and is expected to occur with repeated use. 
The filter/regulators for the compressed air system were also replaced. In July, the System automatically shut down when the 
actuated solenoid valve between the boiler and the steam superheater failed due to a leaking seal. This valve was replaced and 
the original repaired by the manufacturer to be kept onsite as a spare. The air compressor was ultimately replaced in early 
2022.  

STEAM SUPERHEATER 

During July 2021, the steam superheater began to function erratically, with indications of a problem with the outlet 
temperature sensor and/or controller. The system was nonoperational for over a month due to the long lead time for parts for 

 
 
7 The manufacturer replaced the seal kit, and the repaired actuator is kept onsite as a spare. 
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groundwater elevations in monitoring wells MW-01D, MW-21D, and MW-41D indicate an upward component of flow from 
the lower-most portion of the sand deposits comprising this zone toward the depth interval screened by the recovery wells. 
Monitoring well MW-41D has a higher groundwater elevation and is screened in the lower-most portion of the deep zone 
compared to monitoring wells MW-01D and MW-21D, which are screened in the upper portion of the deep zone. This 
indicates an upward component of groundwater flow from the lower portion of the confined sand unit to MW-01D and MW-
21D, which are located next to recovery wells RW-2D and RW-1D, respectively. 

NOVEMBER 2021 �± NON-PUMPING CONDITIONS 

As discussed above, the System was shut down from November 8, 2021, until December 27, 2021. Thus, the groundwater 
water levels collected on November 14, 2021, represent groundwater levels during non-pumping conditions. The November 
2021 water table contour map indicates a general northwest groundwater flow direction across the Site (Figure 10). The slight 
depression in the groundwater surface around wells MW-05R and MW-38R is associated with the former pumping from 
recovery wells RW-1S and RW-2S. The finer-grained sediments in the vicinity of these wells, together with their proximity 
to the groundwater extraction points, would result in the slower recovery of the groundwater levels to the non-pumping 
condition compared to the surrounding areas (e.g., MW-42). The slight mounding around wells MW-04 and MW-09 remains 
present in November 2021, although this effect is not as pronounced when compared to the conditions in May 2021. 

The contour map for the shallow zone of the LPA also indicates a general northwest groundwater flow direction toward 
Stony Run with no localized areas of mounding or depression (Figure 11). The well-developed cone of depression near 
recovery well RW-2S is no longer evident from the contouring of the data. The change in groundwater elevations during 
November 2021 is a direct result of the cessation of System operation and recovery of the hydraulic heads to a non-pumping 
condition in less than one week. With the System not operating, the groundwater levels represent the head distribution in the 
lower portion of the shallow zone under an equilibrium, or steady state, condition. 

The potentiometric surface contour map for the deep confined zone of the LPA generated from the November 2021 water 
level data is provided in Figure 12. The head distribution indicates the southward movement of groundwater in this portion of 
the aquifer. As with the lower portion of the shallow zone, the groundwater contours deviate from the May 2021 
measurement event, with the elongated depression in the potentiometric surface not being present along the southern property 
boundary in this aquifer zone. With the System not operational, the depression is not evident in the potentiometric surface, 
and the hydraulic heads are returning to a non-pumping, steady state condition. The inferred southward groundwater flow 
direction is consistent with other potentiometric surface contour maps developed from water level data collected before the 
start of remedial pumping.  

2.7.2 GROUNDWATER QUALITY 

OVERVIEW 

Groundwater sample collection from the monitoring wells is conducted to monitor the VOC and 1,4-dioxane concentrations 
in the LPA underlying the Site. The May and November 2021 monitoring well analytical results are presented in Table 12. 
The certified laboratory analytical reports for the monitoring well samples are included in Appendix D. 

As described in Section 2.1, the System was manually shut down on November 8, 2021. Thus, the monitoring well samples 
collected on November 14, 2021, are representative of the groundwater quality a short time after the cessation of remedial 
pumping in the aquifer system. 

Concentrations for the primary COCs detected in samples from the shallow and deep monitoring wells are provided in 
Figures 13 and 14, respectively. Iso-concentration maps for select CVOCs (1,1-DCA and 1,1-DCE) and 1,4-dioxane were 
prepared from the analytical data from the May 2021 (pumping conditions) and November 2021 (non-pumping) monitoring 
events. The May 2021 iso-concentration maps for 1,4-dioxane are provided in Figure 15 (shallow zone of the LPA) and 
Figure 16 (deep zone of the LPA). For this evaluation, the 1,4-dioxane plume was used to assess the horizontal plume extent 
due to its higher mobility, and thus greater inferred distribution, of this recalcitrant compound compared to 1,1-DCA and 1,1-
DCE. The November 2021 iso-concentration maps are presented in Figures 17 through 19 (shallow zone of the LPA) for 1,1-
DCE, 1,1-DCA, and 1,4-dioxane and Figures 20 and 21 (deep zone of the LPA) for 1,1-DCE and 1,4-dioxane. With the 
exception of 1,4-dioxane, the lowest concentration contour values were based on the Groundwater Cleanup Standards 
specified in Section 1.6. For 1,4-dioxane, the minimum contoured concentration corresponds to the MDE risk-based action 
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level of 4.6 µg/L. The inferred contour for the Site-specific Groundwater Cleanup Standard of 15 µg/L for 1,4-dioxane is also 
shown to provide an indication of the plume area with respect to this criterion. Other notes concerning the preparation of the 
iso-concentration maps are mentioned below. 

�³  Shallow zone iso-concentration maps were developed using data from monitoring well samples collected at depths of 
less than 45 feet in the predominately sandy deposits because this is the primary interval for contaminant transport in this 
portion of the aquifer. Based on the well construction information, data from monitoring well MW-20 in the eastern part 
of the Site and wells MW-18 and MW-39 in the west were not included in the shallow zone maps.  

�³  Analytical data from the recovery well samples was not directly used to generate the iso-concentration contours. 
However, these results were used to check and, if deemed appropriate, adjust the contour lines based on the zone of 
inflow for each recovery well. 

MAY 2021 �± PUMPING CONDITIONS 

SHALLOW ZONE OF LOWER PATAPSCO AQUIFER 
As described in Section 2.7.1, groundwater flows in a generally northwestward direction in the shallow zone of the LPA 
beneath the Site. For this portion of the aquifer, the highest concentrations of CVOCs (MW-16 and MW-20) and 1,4-dioxane 
(MW-20) were detected hydraulically upgradient of the shallow recovery wells in portions of the shallow aquifer with 
abundant silt and clay sediments (Figure 13 and Figure 15)8. Additional exceedances of the Groundwater Cleanup Standards 
were found in eastern (upgradient) monitoring wells MW-04 and MW-09 (1,1-DCA, 1,1-DCE, and 1,4-dioxane). Data for the 
western (downgradient) monitoring wells indicates Site-related contaminants at levels above the numerical criteria in samples 
from only two wells: MW-38R (1,1-DCA and 1,4-dioxane) and MW-43 (1,1-DCE and 1,4-dioxane).  

The CVOC and 1,4-dioxane concentrations in the groundwater samples collected during May 2021 from the shallow zone 
monitoring wells were generally similar to levels detected in the 2020 samples (Table 13). The only exceptions include a 
significant increase in concentrations in the MW-04 sample and a significant decrease in concentrations in the MW-16 
sample. Changes in the CVOC (1,1-DCA and 1,1-DCE) and 1,4-dioxane concentrations in the samples from MW-04 and 
MW-16 appear to reflect inherent fluctuations in the water quality in the eastern portion of the Site.  

DEEP CONFINED ZONE OF LOWER PATAPSCO AQUIFER 
Groundwater entering the deep zone of the LPA onsite flows in a southward direction across the Site and continues to move 
through this LPA flow zone due to the downward vertical gradients within the aquifer system and very low seepage of 
groundwater through the underlying Arundel Clay (see Section 2.7.1). Monitoring wells MW-16D and MW-23D, located 
upgradient of the deep recovery wells, had the highest CVOC and 1,4-dioxane concentrations above the Cleanup Standards 
(Figures 14 and 16). However, it should be noted that the sample collected from MW-24D on the adjoining Williams 
Scotsman property had noticeably higher concentrations of these constituents than those detected in any of the onsite wells9. 
Groundwater samples collected from the wells located near the lateral plume boundaries in the southeastern (MW-22D) and 
southwestern (MW-40D) portions of the Site did not have any contaminants exceeding the Groundwater Cleanup Standards. 
The sample from MW-41D, which is screened in the lowermost portion of the deep zone, had no detections of CVOCs or 
1,4-dioxane. Since this monitoring well is the deepest well in this aquifer onsite, the sample data helps define the lower 
boundary of the VOC plumes on the Site. 

For the deep monitoring well samples, the CVOC and 1,4-dioxane concentrations for the 2021 samples are generally similar 
to levels detected in the 2020 samples (Table 13). The only exceptions were decreases of concentrations below the 
groundwater quality standards in wells MW-01D, MW-21D and MW-22D, which are located in proximity to the deep 
recovery wells.   

 
 
8 The MW-16 data was used when developing the iso-concentration contours because the sample was collected from a depth 
(approximately 45 feet) which is within the zone of primary contaminant transport in the shallow zone of the LPA. The MW-20 data was 
not utilized during contouring because of the depth of approximately 55 feet, which is below the zone of primary contaminant transport. 
The MW-20 sample depth also corresponds to a point less than 10 feet above the upper contact of the aquitard separating the shallow and 
deep zones. 
9 The results from offsite well MW-24D are described in more detail in the 2021 Offsite Groundwater Monitoring Report submitted on 
September 22, 2022. 
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NOVEMBER 2021 �± NON-PUMPING CONDITIONS 

SHALLOW ZONE OF LOWER PATAPSCO AQUIFER 
The November 2021 CVOC and 1,4-dioxane concentrations in the groundwater samples from the shallow zone monitoring 
wells are similar to levels detected in the May 2021 samples. The only exceptions were for monitoring wells MW-4, MW-16, 
and MW-20 located in the eastern, hydraulically upgradient portion of the Site, and well MW-44 south of the recovery wells 
(Figure 13; Table 13). Changes in the CVOC (1,1-DCA and 1,1-DCE) and 1,4-dioxane concentrations in the samples from 
these wells appear to reflect inherent fluctuations in the water quality in the eastern portion of the Site or a response to the 
cessation of groundwater pumping due to the shutdown of the System. The groundwater sample from well MW-44 had 
increases in 1,1-DCA and 1,1-DCE concentrations to levels slightly above the Groundwater Cleanup Standards. 

Figures 17 through 19 provide the November 2021 iso-concentration maps for 1,1-DCA, 1,1-DCE, and 1,4-dioxane in the 
shallow zone of the LPA. The iso-concentration maps show groundwater concentrations above the Groundwater Cleanup 
Standards for 1,1-DCE and 1,1-DCA with the highest concentrations in the area north of the eastern portion of the south 
building (around monitoring well MW-16), which corresponds to the general location of AOC 2. The highest 1,4-dioxane 
concentrations above the Groundwater Cleanup Standard are found on the easternmost portion of the Site (around monitoring 
well MW-04). Based on these results, the extent of the COC-affected groundwater shortly after the cessation of remedial 
pumping is defined by the sample results below their respective Site-specific numerical criteria at offsite well MW-45 to the 
east, well MW-01 to the south, and well MW-03 to the west. The northern extent of the impacted groundwater underneath the 
north building is less well defined because of a lack of monitoring points in this portion of the Site. 

DEEP CONFINED ZONE OF LOWER PATAPSCO AQUIFER 
For the deep monitoring well samples, the CVOC and 1,4-dioxane concentrations for the November 2021 samples are 
generally similar to levels detected in the May 2021 samples (Figure 14; Table 13). The only exceptions were increases in the 
CVOC (1,1-DCA and 1,1-DCE) and 1,4-dioxane concentrations in the samples from wells MW-01D and MW-21D, and a 
decrease in levels in the MW-16D sample. The increased COC concentrations in the MW-01D and MW-21D samples is not 
surprising due to the locations of these wells in close proximity to the deep groundwater recovery wells (RW-1D and RW-
2D). Under pumping conditions, the hydrogeochemistry of groundwater moving in and out of the monitoring well screen 
would be largely controlled by constituents moving through the primary flow pathways within the aquifer material. The 
concentrations of dissolved constituents in these primary flow pathways would be in disequilibrium with constituents 
adsorbed to interbedded fine-grained sediments or trapped in low flow pockets. The reduction in the groundwater flow 
velocities around the recovery wells following the cessation of pumping would allow for the partitioning of this adsorbed and 
trapped contaminant mass into the natural (i.e., non-�S�X�P�S�L�Q�J�����J�U�R�X�Q�G�Z�D�W�H�U���V�H�H�S�D�J�H���Z�K�L�F�K���F�R�X�O�G���H�Y�H�Q�W�X�D�O�O�\���E�H���µ�F�D�S�W�X�U�H�G�¶��
during sample collection. The concentration changes detected in these samples did result in 1,1-DCE exceeding the 
Groundwater Cleanup Standard at the MW-21D location, along with 1,1-DCA and 1,4-dioxane being above their respective 
cleanup standards at the MW-01D location. The continued presence of constituent concentrations at or below the applicable 
cleanup levels at the MW-22D and MW-40D locations indicates no apparent expansion in the width of the contaminant 
plumes in the deep confined zone of the LPA shortly after the cessation of remedial pumping from the deep recovery wells 
(Figures 20 and 21). 
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All System effluent samples collected in accordance with the NPDES Permit during the 5-year period were non-detect for 
VOCs, except for a single event in June 2019. The System has consistently performed at 100% removal efficiency for VOCs, 
in compliance with the VOC discharge limit specified in the Permit. The effluent sample collected on June 12, 2019, 
contained a very low concentration of 1,1,1-TCA at 3.4 µg/L (Table 2). This sample was also one of only two samples during 
the 5-year period that contained 1,4-dioxane at concentrations above the Site-specific cleanup level (15 µg/L) with a 
concentration of 37 µg/L. As detailed in the 2019 OM&M Report (WSP 2020), the June 2019 VOC detection and 1,4-
dioxane exceedance was caused by an interruption to the steam regeneration of one of the System resin vessels. Prolonged 
operation of the System with only one resin vessel in service resulted in the elevated concentrations of COCs in the effluent 
�V�D�P�S�O�H�����%�D�V�H�G���R�Q���W�K�L�V���L�Q�F�L�G�H�Q�W�����F�K�D�Q�J�H�V���Z�H�U�H���P�D�G�H���W�R���W�K�H���6�\�V�W�H�P�¶�V���S�U�R�J�U�D�P�P�D�E�O�H���F�R�Q�W�U�R�O�V���W�R���D�X�W�R�P�D�W�L�F�D�O�O�\���V�K�X�W���G�R�Z�Q��
System forward flow in the event of an interruption to regeneration that would result in prolonged operation with only one 
resin vessel in service. 

Exceedance of the 1,4-dioxane Site-specific cleanup level also recurred during the November 2020 sampling event, with a 
concentration of 43 µg/L in the System effluent sample collected on November 12, 2020. As detailed in the 2020 OM&M 
Report (WSP 2021), a thorough assessment of the System operational data did not identify any operational issues that would 
have resulted in reduced 1,4-dioxane removal efficiency at the time of the November sampling event. Subsequent System 
effluent samples collected during December 2020 had 1,4-dioxane concentrations of 2.0 µg/L and 2.2 µg/L, an order of 
magnitude below the level in the November sample and in line with levels observed during normal operation. Based on 
evaluation of the System operation and subsequent effluent sample results, the elevated 1,4-dioxane concentration in the 
November 2020 sample was determined to represent a short-term anomaly that was probably caused by a brief �³slug�  ́of 
water with relatively high contaminant concentrations entering the System and exceeding the resin adsorption rate. To 
minimize the potential for recurrence of this incident, a regeneration reset is completed at least semi-annually. As described 
in Section 2.1, a regeneration reset involves shutting down the System and regenerating both resin vessels prior to System 
restart. The steam regeneration process for each vessel, which takes approximately 24 hours, is normally completed with the 
other vessel continuing to process contaminated water. �³�5�H�V�H�W�W�L�Q�J�´���W�K�H���6�\�V�W�H�P���E�\��removing all COCs from the media in both 
vessels addresses pre-loading of the �O�D�J���Y�H�V�V�H�O�¶�V���U�H�V�L�Q��and returns the System to the most optimal treatment capacity. 

During the 5-year review period there were two isolated NPDES Permit exceedances, each due to elevated metals 
concentrations in the System effluent. The sample collected on March 20, 2017, had total zinc at 179 µg/L, exceeding the 
Permit limit of 120 µg/L. As discussed in the initial CMI Report (WSP 2017), the cause of this exceedance was not 
identified. In the absence of any other identified cause, this exceedance is believed to be due to a short-�W�H�U�P���³�V�O�X�J�´���R�I���Z�D�W�H�U��
with elevated zinc concentrations entering the System. Similarly, the sample collected on November 3, 2021, had total nickel 
at 995 µg/L, exceeding the Permit limit of 470 µg/L. As discussed in Section 2.2.2, the cause of the nickel exceedance was 
similarly believed to have been caused by a transient �³�V�O�X�J�´���R�I���Z�D�W�H�U���Z�L�W�K���H�O�H�Y�D�W�H�G��nickel concentrations entering the System. 
The analytical results for all other parameters analyzed in accordance with the Permit have been compliant with the Permit 
limits since System startup. 

3.4.2 CONTAMINANT CONCENTRATIONS IN EXTRACTED GROUNDWATER 

Concentration versus time plots from System startup (2017) through November 2021 for each recovery well are provided in 
Figure 5. Generally, the trend graphs demonstrate that total VOC and 1,4-dioxane concentrations increased following System 
startup, as expected in response to pumping operations, and have since decreased or remained relatively constant. 

Mann-Kendall statistical evaluations were conducted on the historical (2016 through 2021) recovery well sampling results 
and monitoring well sampling results (see Section 3.6.1) for 1,1-DCA, 1,1-DCE, and 1,4-dioxane concentrations. The Mann-
Kendall trend analysis for applicable wells10 was based on the GSI Mann-Kendall Toolkit for Consistent Trend Analysis, 
which is a spreadsheet system for analyzing time-series groundwater monitoring data to quantitatively determine if the 
measured concentrations of a chemical are increasing, decreasing, or stable over time.  The analysis relies on the following 
three statistical metrics (GSI Environmental Inc. 2012). 

�³  �³�6�´���6�W�D�W�L�V�W�L�F�����Z�K�L�F�K���L�Q�G�L�F�D�W�H�V���Z�K�H�W�K�H�U���W�K�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���W�U�H�Q�G���Y�H�U�V�X�V���W�L�P�H���L�V���J�H�Q�H�U�D�O�O�\���G�H�F�U�H�D�V�L�Q�J�����L���H�������Q�H�J�D�W�L�Y�H���³�6�´��
�Y�D�O�X�H�����R�U���L�Q�F�U�H�D�V�L�Q�J�����S�R�V�L�W�L�Y�H���³�6�´���Y�D�O�X�H���� 

 
 
10 The applicable wells are those 19 wells where 1,1-DCA, 1-1-DCE, and/or 1,4-dioxane were detected in at least 50% of the samples 
collected from these wells. 
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�³  �&�R�Q�I�L�G�H�Q�F�H���)�D�F�W�R�U�����&�)�������Z�K�L�F�K���P�R�G�L�I�L�H�V���W�K�H���³�6�´���6�W�D�W�L�V�W�L�F���F�D�O�F�X�O�D�W�L�R�Q���W�R���L�Q�G�L�F�D�W�H���W�K�H���G�H�J�U�H�H���R�I���F�R�Q�I�L�G�H�Q�F�H���L�Q���W�K�H���W�U�H�Q�G��
�U�H�V�X�O�W�����D�V���L�Q���³�'�H�F�U�H�D�V�L�Q�J�´���Y�H�U�V�X�V���³�3�U�R�E�D�E�O�\���'�H�F�U�H�D�V�L�Q�J�´���R�U���³�,�Q�F�U�H�D�V�L�Q�J�´���Y�H�U�V�X�V���³�3�U�R�E�D�E�O�\���,�Q�F�U�H�D�V�L�Q�J���´�����,�Q���D�G�G�L�W�L�R�Q�����L�I���W�K�H��
CF is low (i.e., less than 90%) due to either considerable variability in concentrations versus time or little change in 
�F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���Y�H�U�V�X�V���W�L�P�H�����W�K�H���&�)���L�V���X�V�H�G���W�R���D�S�S�O�\���D���S�U�H�O�L�P�L�Q�D�U�\���³�1�R���7�U�H�Q�G�´���F�O�D�V�V�L�I�L�F�D�W�L�R�Q�����S�H�Q�G�L�Q�J���W�K�H���&�R�H�I�I�L�F�L�H�Q�W���R�I��
Variation. 

�³  Coefficient of Var�L�D�W�L�R�Q�����&�2�9�������Z�K�L�F�K���L�V���X�V�H�G���W�R���G�L�V�W�L�Q�J�X�L�V�K���E�H�W�Z�H�H�Q���D���³�1�R���7�U�H�Q�G�´���U�H�V�X�O�W�����V�L�J�Q�L�I�L�F�D�Q�W���V�F�D�W�W�H�U���L�Q��
�F�R�Q�F�H�Q�W�U�D�W�L�R�Q���W�U�H�Q�G���Y�H�U�V�X�V���W�L�P�H�����D�Q�G���D���³�6�W�D�E�O�H�´���U�H�V�X�O�W�����O�L�P�L�W�H�G���Y�D�U�L�D�E�L�O�L�W�\���L�Q���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���Y�H�U�V�X�V���W�L�P�H�����I�R�U���G�D�W�D�V�H�W�V���Z�L�W�K��
no significant increasing or decreasing trend (e.g., less than 90% CF). 

By using these three metrics, the concentration trend at each sample location can be matched to one of six trend categories - 
increasing, decreasing, probably increasing, probably decreasing, stable, or no trend �± which are defined below. 

S Statistic Confidence in Trend Trend 

S > 0 CF > 95% Increasing 

S > 0 90% < CF < 95% Probably Increasing 

S > 0 CF < 90% No Trend 

S < 0 CF < 90% and COV > 1 No Trend 

S < 0 CF < 90% and COV < 1 Stable 

S < 0 90% < CF < 95% Probably Decreasing 

S < 0 CF > 95% Decreasing 

  

The 1,1-DCA, 1,1-DCE, and 1,4-dioxane concentrations detected in the wells that were used in the Mann Kendall analysis 
are provided in Table 14. These constituents were selected for statistical analysis because there were exceedances of the Site-
specific Groundwater Cleanup Standards in groundwater samples collected from the recovery and monitoring wells. The 
following assumptions were made for the trend analysis: 

�³  1,1-DCA, 1,1-DCE, and 1,4-dioxane from sampling events that occurred from 2016 through 2021 were used in the 
dataset for the 19 wells. 

�³  If a duplicate sample was collected for a sampling event, the higher concentration of the primary and duplicate samples 
was used in the dataset. 

�³  For samples with non-detect results, a common value was assumed for a given compound that was either lower or equal 
to the lowest concentration detected in the dataset (U.S. Environmental Protection Agency 2009). The value assumed for 
non-detect results was the method detection limit for the sample with the lowest detected concentration of a given 
compound. 

�³  �$�F�F�R�U�G�L�Q�J���W�R���*�6�,���(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���,�Q�F���������������������³�)�R�U���Z�H�O�O�V���L�Q���Z�K�L�F�K���D�O�O���R�U���D���O�D�U�J�H���P�D�M�R�U�L�W�\���R�I���W�K�H���U�H�V�X�O�W�V���D�U�H���Q�R�Q-detect for 
a chemical, the true concentration trend for this chemical is considered stable at a concentration below the detection 
limit. In this case, the Mann-Kendall analysis will not be very informative of the true concentration trend, as the method 
will simply indicate the trend of the non-detect values vs. t�L�P�H���´���7�K�H�U�H�I�R�U�H�����I�R�U���W�K�L�V���D�Q�D�O�\�V�L�V�����D���0�D�Q�Q-Kendall statistic 
was not calculated if more than 50% of the samples had non-detect concentrations of a specific compound in a well 
(Interstate Technology & Regulatory Council 2013). 

Most shallow recovery wells exhibited decreasing trends with regards to the primary COCs. The exception is recovery well 
RW-3S. Even though RW-3S discharge has the lowest VOC concentrations of the shallow recovery wells, the well exhibited 
increasing trends for all constituents. The increasing trends in the well discharge are believed to be the result of pumping-
induced transport of residual dissolved constituents present in the heterogeneous sequence of fine and coarse-grained deposits 
in this portion of the shallow zone at the Site. RW-3S concentrations will be evaluated with respect to the historical data 
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trends at groundwater monitoring points over the 5-year operational period of the System and the observed stability in the 
horizontal and vertical extent of the contaminant plumes. The following sections provide additional details regarding the 
trend evaluation and changes in the plume areas. 

3.6.1 1,1-DCA, 1,1-DCE, AND 1,4-DIOXANE CONCENTRATION TRENDS 

A Mann-Kendall analysis was conducted to determine the presence of trends in the 1,1-DCA, 1,1-DCE, and 1,4-dioxane 
concentrations detected in groundwater samples from applicable monitoring wells from 2016 through 2021. The Mann-
Kendall analysis is a non-parametric (rank-based) procedure that tests for simple monotonic (i.e., single direction �± 
increasing or decreasing) trends. Additional information regarding the Mann-Kendall test method is provided in Section 3.4.2 
above. 

The results of the Mann-Kendall trend analysis are summarized in Table 14. For the monitoring wells in the shallow zone of 
the LPA, 3 out of 9 wells applicable for testing exhibited a stable, probably decreasing, or decreasing trend for 1,1-DCA, 1,1-
DCE and/or 1,4-dioxane. Monitoring wells MW-09 and MW-16 in the eastern portion of the Site, and MW-43, which is 
located north of the recovery wells, exhibited probably decreasing or decreasing trends for one or more of these COCs. 
Monitoring wells MW-20, which is screened in the lower portion of the shallow zone in the eastern (upgradient) portion of 
the Site, and MW-42 near the western property boundary, were the only monitoring wells that indicated increasing trends for 
one or more of the selected constituents. Even though the analysis indicated an increasing trend for 1,4-dioxane at well MW-
42, the concentrations appear to have stabilized at a level below the Site-specific cleanup level of 15 µg/L (Table 13). The 
remaining shallow monitoring wells exhibit either a stable or no trend or did not meet the requirements to perform a Mann-
Kendall statistical evaluation. 

For the monitoring wells in the deep zone of the LPA, 5 out of 8 monitoring wells exhibited probably decreasing or 
decreasing trend for 1,1-DCA, 1,1-DCE and/or 1,4-dioxane. These wells are located both in the southern portion of the Site 
(e.g., MW-16D and MW-22D), which is within the area of pumping influence for the deep recovery wells, and in the 
northern-most portion of the property (MW-23D). The remaining deep monitoring wells did not meet the requirements to 
perform a Mann-Kendall statistical evaluation. There were no wells for which the sampling data exhibited an increasing trend 
for these selected constituents. 

3.6.2 REVIEW OF EXTENT AND CONCENTRATION DISTRIBUTION OF 1,1-DCE AND 1,4-
DIOXANE PLUMES 

A comparison of 1,1-DCE plume maps from December 2016 (pre-installation of the System) to November 2021 are provided 
in Figure 23 for the shallow zone of the LPA and Figure 24 for the deep zone.1,1-DCA and 1,4-dioxane concentrations 
exhibited similar trends to the 1,1-DCE concentrations and are discussed in the following sections. 

SHALLOW ZONE OF LOWER PATAPSCO AQUIFER  

The 1,1-DCE plume has shown a slight increase (8.6%) in area from an estimated 10.4-acres (2016) to 11.3-acres (2021) in 
the shallow zone of the LPA over the 5-year period the System has been operating (Figure 23). The plume width slightly 
decreased near the downgradient portion (western edge) of the Site in the vicinity of monitoring wells MW-03 and MW-43. 
However, the plume has appeared to increase near the southwest portion of the south building near monitoring well MW-44. 
The discerned changes in the 1,1-DCE plume have resulted from the pumping of the shallow recovery wells. Based on the 
borehole lithologic logs, the hydrostratigraphy in this area of the Site consists of inter-layered sand, clayey sand and silty clay 
sediments.  The finer grained deposits in the upper portion of the shallow zone are likely to have stored contaminant mass 
that was derived from historical solvent releases in AOC-1.  During remedial pumping, the changes in the hydraulic head 
conditions and associated groundwater flow paths could have allowed for the mobilization and redistribution of this stored 
contaminant mass from the clayey deposits to the intercalated sandy layers. Concentrations of 1,1-DCE, 1,1-DCA, and 1,4-
dioxane were non-detect prior to System startup; however, since the commencement of remedial pumping, concentrations of 
these contaminants have fluctuated, with concentrations above and below the applicable Groundwater Cleanup Standards. 
The 2021 plume extent is constrained by non-detect 1,1-DCE concentrations in wells MW-03, MW-38R, and MW-39 to the 
west; offsite well MW-45 to the east; and MW-01 to the south. The presence of constituent concentrations at or below the 
applicable cleanup levels at these well locations indicate no apparent expansion in the width of the contaminant plumes in the 
shallow zone one week after the cessation of groundwater pumping from the shallow recovery wells in the western part of the 
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Site (Figures 17-19, and 23). 

Groundwater in the shallow zone of the LPA flows in a northwestward direction in the onsite area. Since the start-up of the 
hydraulic containment system in March 2017, the concentrations of 1,1-DCA, 1,1-DCE, and 1,4-dioxane indicate that the 
shallow recovery wells are capturing the contaminant plume within the shallow zone of the LPA downgradient of the source 
areas. The effective containment of the plume is also indicated by the hydraulic influence in the western portion of the Site 
and groundwater quality results at or below the Site-specific Cleanup Standards in the downgradient wells. Overall, the 
groundwater beneath the south building still contains 1,1-DCE, 1,1-DCA, and 1,4-dioxane concentrations above their 
respective numerical criteria, although the concentrations have decreased for these constituents since the initiation of 
remedial pumping. The following changes in COC concentrations at monitoring well MW-16 indicate this trend in the 
groundwater quality:  

�³  1,1-DCE - decrease from 26,200 µg/L (December 2016) to 1,630 µg/L (November 2021); 
�³  1,1-DCA - decrease from 6,420 µg/L (December 2016) to 1,350 µg/L (November 2021); and 
�³  1,4-dioxane - decrease from 1,450 µg/L (December 2016) to 76 µg/L (November 2021). 

The exceptions include monitoring wells MW-20 and MW-42, where concentrations have increased for certain COCs since 
the initiation of remedial pumping. The increase of 1,4-dioxane concentrations at well MW-42 is most likely related to 
facilitated transport of dissolved mass in response to pumping from the recovery wells. The increase at MW-20 is most likely 
related to the enhanced recharge to the groundwater system associated with the small stormwater management area; the 
additional groundwater recharge could potentially be flushing VOCs from lower hydraulic conductivity zones towards the 
well. The VOCs that appear to be migrating to the lower portion of the shallow zone in this area will eventually be captured 
by the System. The levels of contaminants will be closely monitored in this area of the Site to ensure the continued System 
effectiveness. 

DEEP CONFINED ZONE OF LOWER PATAPSCO AQUIFER  

The 1,1-DCE plume has varied in width and concentrations in the deep confined zone of the LPA over the 5-year period that 
the groundwater remedy has been in operation (Figure 24). The plume width significantly decreased in the southern portion 
of the Site. The 2021 plume extent is constrained by non-detect or 1,1-DCE concentrations below the Site Cleanup Standard 
in wells MW-27D and MW-40D to the west and MW-22D to the east. The presence of constituent concentrations at or below 
the applicable cleanup levels at these well locations indicate no apparent expansion in the width of the contaminant plumes in 
the deep zone one week after the cessation of groundwater pumping from the deep recovery wells in the southern part of the 
Site (Figures 20, 21, and 24). When comparing the 2016 and 2021 plumes, it appears that the plume has expanded to the 
north. However, monitoring well MW-46D was installed on the Verizon property in 2018. The installation of this well 
provided groundwater quality data for the area immediately north of the Site.  The sampling data gives the appearance that 
the plume has expanded northward when compared to inferred extent prior to the MW-46D installation. The most noticeable 
difference between the December 2016 and November 2021 plumes is the apparent splitting of the more concentrated portion 
of the plume (i.e., >50 µg/L) in the southern-most area of the Site. The decrease in 1,1-DCE concentrations at monitoring 
wells MW-01D, MW-21D, and MW-16D solidified the splitting of the more concentrated portion of the plume, which is a 
direct result of the remedial pumping. 

Overall, the groundwater beneath the portion of the Site with the new buildings contains 1,1-DCE and 1,4-dioxane 
concentrations above their respective Site-specific Cleanup Standards, although the concentrations have decreased for these 
constituents since the initiation of remedial pumping. The COC concentrations at monitoring well MW-16D indicate this 
trend, where between December 2016 (baseline sampling event) and November 2021, 1,1-DCE decreased from 254 µg/L to 
98.7 µg/L and 1,4-dioxane decreased from 202 µg/L to 84.5 µg/L. While concentrations of Site contaminants still exceed the 
numerical criteria Cleanup Standards in a few onsite wells, the data indicates that remedial pumping is removing contaminant 
mass from this portion of the aquifer, thereby making progress toward actively improving groundwater quality. 
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Proposed Revisions to Sampling Program 

WELL   CURRENT FREQUENCY  REVISED FREQUENCY  
MW-05R Semi-annual Annual  
MW-18  Semi-annual  Annual  
MW-40D  Semi-annual  Annual  

The technical rationale for the proposed changes to the sampling program are provided in the table below. 

 
 

Reasons for Proposed Changes to Sampling Program 
WELL   REASON TO DECREASE FREQUENCY  
MW-05R 

�¾ Well provides spatially redundant information with nearby well MW-42.  

�¾ Contaminant concentrations have been consistently below the cleanup 
standards.  

�¾ Based on Mann-Kendall trend testing, the contaminant concentrations 
have been generally stable and are not expected to change significantly 
over time.  

MW-18  �¾ Contaminant concentrations have been consistently below laboratory 
detection limits.  

�¾ Concentrations are not expected to change significantly over time.  

MW-40D 
�¾ Contaminant concentrations have been consistently below laboratory 

detection limits during the last 3 years of groundwater monitoring (2019 
through 2021).  

�¾ Concentrations are not expected to change significantly over time.  

  

No other changes to the sampling of the monitoring wells are proposed at this time. The revised groundwater sampling 
program, pending approval by the EPA and MDE, would be implemented beginning in 2023. WSP may propose additional 
changes to the groundwater monitoring program in the future based on the continued evaluation of the sampling data. 
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A
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E
C

01
01

2

1,1-DCA
1,2-DCA
1,1-DCE

1,1,1-TCA
TCE

ND

B

Cleanup Levels

1,1-DCA 2.8
1,2-DCA 5
1,1-DCE 7
1,4-Dioxane
1,1,1-TCA
TCE 5

µg/l

15
200

1,1-DCA

1,4-Dioxane

1,2-DCA
1,1-DCE

1,1,1-TCA
TCE

1,1-DCE
1,2-DCA
1,1-DCA

1,4-Dioxane
1,1,1-TCA
TCE

1,1-DCA
1,2-DCA
1,1-DCE

1,1,1-TCA
1,4-Dioxane

TCE

1,2-DCA
1,1-DCA

1,4-Dioxane
1,1-DCE

TCE
1,1,1-TCA

1,2-DCA
1,1-DCE

1,1-DCA

1,4-Dioxane
1,1,1-TCA
TCE

1,1-DCA
1,2-DCA
1,1-DCE
1,4-Dioxane
1,1,1-TCA

1,1-DCE

1,1-DCA

TCE

1,4-Dioxane

1,2-DCA

1,1,1-TCA

1,1-DCA

TCE

1,1-DCE
1,2-DCA

1,4-Dioxane

TCE
1,1,1-TCA

1.8
ND

12.2
9

ND
ND

27.7
1.7
130
107
9.5
ND

ND
ND
4.1
2.8
ND
ND

ND
ND
5.9
4

ND
ND

31.8
1.5
126
99

11.7
ND

ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND

5/9/21
MW-40D

11/14/21

ND

ND
ND

ND

ND
ND

5/9/21
MW-21D

11/14/21

ND

ND
ND

ND

18.7
12.9

5/9/21
MW-41D

11/14/21

ND

ND
ND

ND

ND
ND

5/9/21
MW-1D

11/14/21

ND

1.5
ND

3.8

22.4
16.5

5/9/21
MW-22D

11/14/21

ND

ND
ND

ND

6.2
5.2

5/9/21
MW-16D

11/14/21

1.1

6.9
ND

21.5

98.7
84.5

5/9/21
MW-23D

11/14/21

1.1

9.2
ND

28.5

110
92.4

5/9/21
MW-27D

11/14/21

ND

ND
ND

ND

ND
ND

1,1-DCA

1,4-Dioxane

1,2-DCA
1,1-DCE

1,1,1-TCA
TCE

1.8
ND

12.2
9

ND
ND

5/9/21
MW-1D

11/14/21

ND

1.5
ND

3.8

22.4
16.5
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