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At the Site, groundwater in the shallow zone of the Lower Patapsco aquifer occurs under an unconfined condition, although 
semi-confined conditions may exist in areas where fine-grained clayey deposits are present in the shallow subsurface.3   
Evaluation of the water level data from the shallow onsite and offsite monitoring wells indicates the general direction of 
groundwater flow, and migration of dissolved constituents present in the water, is to the north and west within the shallow 
sand zone in the area (Figure 3). The direction of shallow groundwater movement and associated constituent transport 
generally mimics the overall local surface topography described above, with groundwater providing a source of water (i.e., 
baseflow) to local streams, and wetland areas and surface water bodies near stream courses.  

Groundwater occurs under leaky confined conditions in the deep sand zone of the Lower Patapsco aquifer at the Site.4  
Evaluation of the water level data from monitoring wells screened in this deep sand zone indicates generally south-southeast 
flow paths for groundwater moving through this portion of the Lower Patapsco aquifer (Figure 2).5  (Further discussion of the 
groundwater flow system within the deep confined portion of the Lower Patapsco aquifer is provided in Section 5.2 of this 
report.)  In addition, for the onsite area and offsite Harmans Woods community immediately south of Route 100, the water 
level elevations in monitoring wells screened in the shallow zone of the Lower Patapsco aquifer are higher than elevations in 
the deep monitoring wells (Figure 2).  This difference in the water levels between the shallow and deep monitoring wells 
indicates the existence of hydrologic conditions that can result in the downward movement of groundwater, and associated 
dissolved constituents, from the shallow sand zone to the deep sand zone of the Lower Patapsco aquifer.  The downward flow 
of groundwater would be controlled and limited by low permeability clayey deposits that constitute the confining unit that 
separates the sand zones. The water level data do not indicate conditions that would result in the upward flow of groundwater 
and dissolved constituents from the deep sand zone to the overlying shallow zone.  

In summary, the Lower Patapsco aquifer at the Site consists of shallow (unconfined) and deep (leaky confined) sand units 
that serve as conduits for groundwater flow and associated transport of dissolved constituents.  Groundwater in the shallow 
sand zone generally flows from the residential areas south Maryland Route 100 (e.g, the Harmans Woods community) to the 
north and west toward the former Kop-Flex facility and Stony Run, while groundwater in the deep sand zone flows in a 
south-southeastward direction.  Hydrologic conditions cause groundwater and dissolved constituents to move vertically 
downward from the shallow to deep zones of the aquifer in the area but do not allow for the upward movement of solute-
containing water from the deep sand zone to the shallow zone.  Under this hydrologic setting, dissolved volatile organic 
constituents that reached the deep sand zone underlying the former Kop-Flex facility would continue to migrate with water 
moving to the south-southeast through the sandy deposits.in the deep portion of the Lower Patapsco aquifer. Moreover, as 
explained below, the presence of a clay aquitard below the deep zone of the Lower Patapsco aquifer prevents volatile organic 
constituents from migrating to the Patuxent aquifer, which underlies the Lower Patapsco aquifer.    

3.3.3 ARUNDEL CLAY 

The Arundel Clay underlies the Lower Patapsco aquifer and separates it from the Patuxent Aquifer (Figure 2).  This unit 
consists predominately of hard, dense clay that ranges in color from gray to dark gray and red to very dark brown, with rare 
thin beds of well-graded sand.  Organic (plant) matter is present throughout much of the clayey deposits comprising this 
litho-stratigraphic unit in the offsite area.  Given the southeastward dipping, or tilting, of the geologic units in northern Anne 
Arundel County, the depth to the top of the Arundel Clay increases in a south and east direction from the former Kop-Flex 

 
 
3 A semi-confined aquifer is an aquifer that is partially overlain, or confined, by a layer(s) of low permeability material 
through which groundwater movement may occur. 
4 A leaky aquifer is an aquifer whose upper and lower boundaries consist of continuous low permeability materials through 
which groundwater movement may occur. 
5   In this report, when a reference is made to a deep monitoring well, it means that it is either screened in the deep confined 
portion of the Lower Patapsco aquifer, or in the Patuxent aquifer (described in Section 3.3.3). 
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property.  Depths to the upper boundary of this unit vary from 160 feet BGS at the southern Site boundary to 210 feet BGS at 
the MW-36 well location in the Harmans Woods community to approximately 370 feet BGS in the central portion of the 
Andorick Acres community (Figure 2).  Based on the lithologic logs for offsite wells that were advanced through the Arundel 
Clay and into the underlying Patuxent Aquifer, the thickness for this unit ranges from approximately 40 feet to 120 feet over 
the Hanover-Severn area.  The lithologic data indicates the Arundel Clay attains its maximum thickness in the northern 
portion of the area of interest �± Site and Harmans Woods community �± and decreases to less than 70 feet further south in the 
Andorick Acres neighborhood. The low permeability of the predominately clayey deposits indicates the Arundel Clay serves 
as a regionally extensive confining unit for the underlying Patuxent aquifer within the Coastal Plain aquifer system. Given 
the thickness and low permeability of the clayey sediments, it is highly unlikely that VOCs present in the Lower Patapsco 
Aquifer would affect the underlying Patuxent Aquifer. 

3.3.4 PATUXENT AQUIFER 

The Patuxent aquifer is the deepest aquifer encountered in the Severn area and comprises the porous sand deposits of the 
Patuxent Formation beneath the Arundel Clay.  Detailed information on the lithologic characteristics of this hydro-
stratigraphic unit is minimal in the area of interest due to the limited advancement of well boreholes into this aquifer.6  Using 
the available borehole data, the depth to the top of the aquifer ranges from approximately 350 feet BGS in the Harmans 
Woods community (MW-36D location) to approximately 410 feet BGS in the Andorick Acres neighborhood. The aquifer 
depth is supported by the construction details for the residential well at 1409 Bittersweet Drive in the Andorick Acres 
�F�R�P�P�X�Q�L�W�\�����Z�K�L�F�K���L�V���F�R�P�S�O�H�W�H�G���D�W���D���G�H�S�W�K���R�I�����������I�H�H�W���%�*�6���R�U���D�S�S�U�R�[�L�P�D�W�H�O�\���������I�H�H�W���E�H�O�R�Z���W�K�H���D�T�X�L�I�H�U�¶�V���X�S�S�H�U boundary.  
Based on regional hydrogeologic studies, the Patuxent aquifer is believed to approach a thickness of approximately 250 feet 
in northwestern Anne Arundel County. 

Groundwater flow within the Patuxent aquifer occurs under confined conditions, with the Arundel Clay comprising the 
confining unit.  Evaluation of historical water level data collected from observation wells in northern Anne Arundel County 
indicated a generally eastward flow of groundwater within the Patuxent aquifer in the Hanover-Severn area.  This flow 
direction, which differs from that determined for the deep sand zone of the overlying Lower Patapsco aquifer, is the result of 
significant water withdrawals at a public water supply wellfield located along Dorsey Road to the east of the Site.   
Significant groundwater withdrawals from the Dorsey Road wellfield started in the 196���¶�V���D�Q�G���K�D�Y�H���F�R�Q�W�L�Q�X�H�G��through 2021. 
Based on water supply studies conducted by the Maryland Geological Survey for the Anne Arundel County Department of 
Public Works, there have been no major changes to the average pumping from the Patuxent aquifer at this well field. 
Potentiometric levels determined from depth to water measurements at the two offsite monitoring wells �± MW-30D-413 and 
MW-36D �± are consistent with the eastward flow paths ascertained from the previous investigations.  The data from these 
wells further suggests that the Arundel Clay is serving as a competent aquitard, or hydraulic barrier, between the groundwater 
flow in the Lower Patapsco and Patuxent aquifers.   Given the geology and direction of groundwater flow, dissolved 
constituents (including potentially VOCs) detected in the Patuxent aquifer are most likely derived from source areas to the 
west of the Severn, Maryland area and not via downward migration from the Lower Patapsco aquifer through the Arundel 
Clay confining unit or aquitard. 

 
 
6 Prior to the 2018 well installation activities, no monitoring wells had been completed in the Patuxent aquifer as part of the 
offsite groundwater investigation activities.  The deeper well at the MW-30D location, as well as MW-36D were installed 
beneath the Arundel Clay to provide more hydrogeologic and geochemical information for this aquifer in the area of interest.  
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A potentiometric surface contour map for the deep, confined portion of the Lower Patapsco aquifer is provided in Figure 6 
using the water level data obtained from the onsite and offsite well locations in May 2021. The potentiometric surface 
contours show that the south-southeast groundwater flow direction in the deep zone of the Lower Patapsco aquifer differs 
from the flow direction in the shallow zone of the aquifer, which is to the northwest toward Stony Run.  The potentiometric 
contours show the hydraulic influence of the groundwater withdrawals from deep recovery wells RW-1D and RW-2D 
extends southward across the William-Scotsman property to the Maryland State Route 100 roadway.  Beyond this pumping-
induced drawdown area, the overall direction of groundwater flow, in the deep confined portion of the Lower Patapsco 
aquifer is to the south/southeast from the Site.  The south-southeast flow direction is consistent with contour maps generated 
from data collected during previous events.  As discussed in Section 3.2.3, dissolved constituents (e.g., VOCs) will  migrate 
downward from the shallow to deep zones of the Lower Patuxent aquifer and with groundwater flowing through the sandy 
deposits comprising the deep confined zone to the south-southeast of the former facility property.   

Overall, the analytical data indicated the presence of site-related constituents just over one mile hydraulically downgradient 
(south-southeast) of the former Kop-Flex property in the deep, confined zone of the Lower Patapsco Aquifer.  Site-related 
COCs were also detected in the sample obtained from deep well MW-46D on the Verizon property, which is located to the 
north of the Site. The presence of detectable COC levels is related to the close proximity of the Verizon property to the Site.  
The total COC concentration in the sample from this well  (250.3 µg/l) was greater than the November 2020 sample (178.6 
µg/l) largely due to a noticeably higher 1,4-dioxane level.  The concentrations of 1,1-DCE, 1,1-DCA, and 1,4-dioxane 
exceeded their respective comparative groundwater quality criteria in the MW-46D sample (Table 5 and Figure 5). 

In the offsite area to the immediate south, the sample from monitoring well MW-24D on the adjoining Williams-Scotsman 
property had the highest concentration of site-related COCs (1,255.2 µg/l).  This total COC concentration is higher than the 
levels for both of the 2020 sampling events.  Further downgradient, a total concentration of site-related COCs of 87.1 µg/l 
was detected in the MW-25D-130 sample, which is greater than the concentrations in the sample from the deeper well MW-
25D-192 at this location (60.5 µg/l).  The results for MW-25D-192 showed a noticeable reduction in COC concentrations 
compared to the levels detected in recent well samples, which have been generally consistent from 2018 to 2020.  Even 
though the total concentrations of site-related COCs decreased in the May 2021 samples collected from MW-25D-130 and 
MW-25D-192 compared to the November 2020 results, the concentrations of 1,1-DCE, 1,1-DCA, and 1,4-dioxane were still 
above their respective comparative groundwater quality criteria. 

The majority of the sampling data for the deep, confined Lower Patapsco monitoring wells located further downgradient 
indicated non-detect to low concentrations of site-related COCs, with detected levels consistent with the 2020 sample results 
(Figure 5 and Table 5).  The highest concentrations were in the sample from the well screened from 263-273 ft BGS at the 
MW-30D location, which is located along the presumed centerline of the VOC plume.  The groundwater sample from this 
well (MW-30D-273) had concentrations of 1,1-DCE (36.9 µg/l) and 1,4-dioxane (18.2 µg/l) above their respective 
groundwater quality criteria and very similar to the results from the November 2020 sampling round (39.5 µg/l and 19.5 µg/l, 
respectively). In addition, the concentrations of 1,1-DCE in the MW-28D sample (10 µg/l) and 1,4-dioxane in the sample 
from the deeper well at the MW-33D location (5.6 µg/l) slightly exceeded their respective comparative criteria.  The 
concentration of 1,4-dioxane in the MW-33D sample is consistent with data from previous monitoring events.  However, the 
1,1 DCE concentration in the MW-28D sample has not been at or above 10 µg/l since September 2016.  The higher 1,1-DCE 
concentration at this location is believed to reflect temporal fluctuations in constituent mass flux along the lateral margin of 
the plume.  This effect is most likely due to naturally occurring, minor, transient changes in the groundwater velocity, 
particularly the direction of flow. The sample results for the remaining offsite wells screened in the deep zone of the Lower 
Patapsco aquifer (MW-29D, MW-31D, MW-32D, MW-34D and MW-35D) were non-detect for all site-related COCs.   

Consistent with sampling events from previous years, no site-related VOCs or 1,4-dioxane were detected in the samples 
collected from the Patuxent aquifer monitoring wells MW-36D and MW-30D-413.  These results indicate that COCs have 
not migrated downward through the Arundel Clay confining unit that hydraulically separates the deep sand zone of the Lower 
Patapsco aquifer and Patuxent aquifer. 
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5.2.2 NOVEMBER 2021 

Groundwater samples and water level measurements were collected from all monitoring wells screened in the deep, confined 
zone of the Lower Patapsco aquifer and Patuxent aquifer and the one well screened in the shallow zone in November 2021.  
WSP had to return to the Site in late December to collect samples from the MW-25D monitoring well pair MW-25D in the 
Harmans Woods Community because the wells were covered by a disabled vehicle during the November sampling activities.   

No COCs were detected in the sample from shallow zone well MW-45. This finding is consistent with information discussed 
above, regarding the unlikelihood of COCs migrating offsite in the shallow zone of the Lower Patapsco aquifer to the east of 
the Site.  

A potentiometric surface contour map for the deep, confined zone of the Lower Patapsco aquifer is shown in Figure 7 using 
the water level data obtained onsite and offsite monitoring wells during the November 2021 sampling event.  (It should be 
noted that water levels from the MW-25D well pair were not used in generating the potentiometric surface contour map).  
The hydraulic containment system was temporarily shut down one week prior to conducting the monitoring activities, so the 
contours depicted in Figure 7 reflect the potentiometric surface under non-pumping conditions. The general direction of 
groundwater flow in this portion of the Lower Patapsco aquifer is to the south-southeast in the offsite area south of Maryland 
Route 100, which is consistent with determinations from contour maps generated for previous monitoring events.  The 
hydraulic head gradients were consistent with and provided further confirmation for prior data demonstrating that the 
groundwater flow direction in the deep zone of the Lower Patapsco aquifer differs from the direction of flow in the shallow 
zone of this aquifer, which is generally to the north and west toward Stony Run.  As discussed above, dissolved constituents 
(e.g., VOCs) will migrate downward from the shallow to deep zones of the Lower Patuxent aquifer and with groundwater 
flowing through the sandy deposits comprising the deep confined zone to the south-southeast of the former facility property.   

In general, the analytical data generated in November 2021 was consistent with previous data in demonstrating the presence 
of site-related constituents just over one mile hydraulically downgradient (south-southeast) of the Site in the deep, confined 
zone of the Lower Patapsco Aquifer.  Site-related COCs were also detected in the sample from the deep zone of the Lower 
Patapsco aquifer screened by well MW-46D on the neighboring Verizon property to the north of the Site. The presence of 
detectable COC levels is most likely related to the close proximity of the Verizon property to the Site.  The total COC 
concentration in the MW-46D sample (192.5 µg/l) was noticeably less than the level in the May 2021 sample (250.3 µg/l).  
The concentrations of 1,1- DCE; 1,1- DCA; and 1,4-dioxane show a decrease from the May to November 2021 sampling 
events.  However, all of these COCs continued to exceed their respective comparative groundwater quality criteria (Table 2). 

In the offsite area immediately south of the Site, the sample from monitoring well MW-24D on the Williams-Scotsman 
property had the highest concentration of site-related COCs (1,943.1 µg/l).  This total COC concentration is the highest 
detected since March 2016, mostly due to a noticeable spike in the 1,1-DCE concentration (Table 5).  The levels for other 
detected COCs are similar to or slightly higher than recent samples from this well.  Further downgradient, a total site-related 
COC concentration of 80.9 µg/l was detected in the MW-25D-130 sample. This concentration is slightly lower than the level 
present in the May 2021 event (87.1 µg/l), and greater than the concentrations in the sample from the deeper well MW-25D-
192 at this location (57.2 µg/l).  Even though the total concentrations of site-related COCs continue to decline in the samples 
from the MW-25D well pair, the concentrations of 1,1-DCE, 1,1-DCA, and 1,4-dioxane are still above their respective 
comparative groundwater quality criteria. 

The majority of the sampling data for the deep, confined Lower Patapsco monitoring wells located further downgradient 
indicated non-detect to low concentrations of site related COCs (Figure 5 and Table 5).  The highest concentrations were 
detected in the sample from the well screened from 263-273 ft BGS at the MW-30D location, which is located along the 
presumed centerline of the VOC plume.  The groundwater sample from this well (MW-30D-273) had concentrations of 1,1-
DCE (34.1 µg/l) and 1,4-dioxane (16.6 µg/l) above their respective groundwater quality criteria, and very similar to the levels 
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detected in the last several sampling events. In addition, the concentrations of 1,1-DCE (8.1 µg/l) and 1,4-dioxane (5.1 µg/l) 
in the MW-28D sample and 1,4-dioxane (6.1 µg/l) in the sample from the deeper well at the MW-33D location slightly 
exceeded their respective comparative criteria.  The isolated fact of the presence of 1,4-dioxane (6.1 µg/l) in the MW-33D-
295 sample and 1,1-DCE (8.1 µg/l) in the MW-28D sample are consistent with recent monitoring events.  However, the 1,4-
dioxane had not been detected above the MDE risk-based criterion of 4.6 µg/l at the MW-28D location since September 
2016.  As discussed in Section 5.2.1 for 1,1-DCE, the slight increase in the 1,4-dioxane concentration in the November 2021 
sample likely reflects fluctuations in the constituent mass flux along the plume margin due to naturally occurring, minor, 
transient variations in the groundwater flow velocity. This explanation of possible short-term changes in COC concentrations 
near the plume boundaries will be further evaluated with the collection of additional groundwater quality data. The sample 
results for the remaining offsite wells screened in the deep zone of the Lower Patapsco aquifer (MW-29D, MW-31D, MW-
32D, MW-34D and MW-35D) were non-detect for all site-related COCs.  

Consistent with the May 2021 and earlier sampling events, no site-related VOCs or 1,4-dioxane was detected in samples from 
wells MW-36D and MW-30D-413 screened in the Patuxent aquifer.  These results indicate that COCs have not migrated 
downward through the Arundel Clay confining unit overlying the Patuxent aquifer. 
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By using these three metrics, the concentration trend at each sample location can be matched to one of six 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, 1,2-DCA, 1,1-DCE, 1,4-dioxane, and 1,1,1-TCA concentrations detected in applicable offsite monitoring 
wells that were used in the Mann Kendall analysis are provided in Table 6.  The following assumptions were made for the 
trend analysis: 

�³  1,1-DCA, 1,2-DCA, 1,1-DCE, 1,4-dioxane, and 1,1,1-TCA from sampling events that occurred from December 2016 
through December 2021 were assumed in the dataset for seven offsite wells.  

�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  According to GSI Environmental Inc. �����������������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-�G�H�W�H�F�W���Y�D�O�X�H�V���Y�V�����W�L�P�H���´����Therefore, for this analysis, a Mann-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). 

The following discussion of concentration trends focuses on the primary (i.e., most ubiquitous) COCs in the offsite 
groundwater �± 1,1-DCE and 1,4-dioxane. 

Evaluation of the sampling data for deep zone well MW-46D, which is located on the Verizon property north of the Site, did 
not indicate any statistically significant trends in the 1,1-DCE or 1,4-dioxane concentrations�������*�L�Y�H�Q���W�K�L�V���Z�H�O�O�¶�V���X�S�J�U�D�G�L�H�Q�W��
location, the absence of any discernable trends in COC levels is not unexpected.  WSP will continue to evaluate data from 
this monitoring point to identify any future trends in COC concentrations in the deep zone of the Lower Patapsco aquifer in 
this portion of the offsite area. 

Since the start-up of the onsite System, 1,1-DCE and 1,4-dioxane concentrations in samples from monitoring wells located 
south of the Site have been �µstable�¶ in some wells, while other wells show either decreasing or increasing trends in 
concentrations of these COCs. The data for MW-24D (Figure 10), which is the closest deep zone monitoring point to the 
deep recovery wells, exhibits noticeable fluctuations in the 1,1-DCE and 1,4-dioxane concentrations.  As stated earlier, the 
November 2021 concentrations were higher than they have been in previous years.  Conversely, samples from May 2019 to 
May 2020 showed a decrease in COC concentrations, with levels from both 2020 sampling events resembling levels detected 
in 2018.  Overall, the statistical testing of the MW-24D data indicates no trend in the 1,1-DCE or 1,4-dioxane concentrations 
following the onset of System operation.   

At the MW-25D location, well MW-25D-130, which is screened in the upper portion of the Lower Patapsco aquifer deep 
zone, exhibits statistically significant decreasing trends for both 1,1-DCE and 1,4-dioxane from 2017 to present (Figure 10).  
Data for the sample from well MW-25D-192, which is completed in the lower portion of the deep zone, also has declining 
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