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INTRODUCTION 

 

This report summarizes data collected by Pall Life Sciences (PLS) during Part Aof the approved 

downgradient investigation plan for the Unit E plume. The activities performed for this 

investigation were proposed to the Michigan Department of Environmental Quality (MDEQ) in a 

work plan titled Work Plan for Downgradient Groundwater Investigations and Potential 

Underflow of the Huron River, dated October 7, 2004 (DGWP). This work plan was approved by 

the MDEQ in February 2005. This investigation is intended to: (a) determine the probable 

migration pathway of the Unit E plume as it moves hydraulically downgradient; (b) establish that 

the pathway for 1,4-dioxane will remain within the Prohibition Zone; (c)  and to determine 

whether 1,4-dioxane within the Unit E will eventually migrate to the Huron River. 

  

The DGWP was divided into two sections, Part A and Part B. Part A of the DGWP investigates 

the migration pathway of the Unit E plume as it moves hydraulically downgradient of the Maple 

Road area. Part B investigates the potential for underflow of the Huron River and will be pursued 

unless Part A investigations conclude the Unit E plume is not migrating to the Huron River.   

PLS proposed an iterative process consisting of eight (8) tasks in Part A of the DGWP that were 

subdivided into separate phases of data collection, data analysis, and reporting as follows: 

 

Phase 1 

Task 1 – Boring/Well Installation 

Task 2 – Groundwater Sampling  

Task 3 – Water Level Data Collection  

Task 4 – Data Analysis  

 

Phase 2 

Task 5 – Well/Boring Installation 

Task 6 – Groundwater Sampling  

Task 7 – Water Level Data Collection  

Task 8 – Data Analysis  
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Phase 1 - Tasks 1 though 4 are the subject of this report which includes proposed investigations 

that will be undertaken during Phase 2 of Part A. 

 

DATA COLLECTION 

 

WELL BORING/WELL INSTALLATION  

 

Four Task 1 test borings/monitoring wells were installed during Phase 1 of the DGWP including: 

MW-97s&d, MW-98s&d, MW-99s&d, and MW-102s&d. The locations of the wells are shown 

on Figure 1. The well locations are consistent with those proposed in the DGWP. All locations 

were approved by the MDEQ prior to installation.  Additionally, as requested by MDEQ, PLS 

provided regular email updates of drilling progress for the Task 1 wells. 

 

PLS initially proposed a boring/well in the vicinity of Mulholland Drive; however, the 

boring/well was not installed due to concerns regarding strong-flowing artesian conditions. PLS 

and the MDEQ agreed to postpone the decision to replace this boring/well location until data 

from the Phase I investigation were reviewed. 

 

Hollow-stem auger (HSA) drilling methods were used at each boring/well location. Each 

boring/well was drilled to depths sufficient to encounter bedrock. Split-spoon and Simulprobe 

sampling methods were utilized for collection of soil and soil/groundwater, respectively. Split-

spoon samples were collected at 10-foot intervals, beginning at ground surface to approximately 

10 feet below the uppermost water-bearing zone. Below the uppermost water-bearing zone, 

soil/groundwater samples were collected at roughly 10-foot intervals using Simulprobe 

techniques and continued through the aquifer(s) to the total depth of the boring/well. All soil 

samples were described/classified by an onsite Fishbeck, Thompson, Carr & Huber, Inc. 

geologist. Soil samples were described based on their physical characteristics during the drilling 

of each boring. During the drilling of each boring/well, representative groundwater samples were 

collected using a Simulprobe sampler. Groundwater samples were transferred to PLS under 

chain-of-custody documentation. All groundwater samples were analyzed for 1,4-dioxane by 

PLS to a detection level of 1 microgram per liter. 
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Upon reaching the total depth of each boring, as determined by the onsite geologist, the borehole 

was geophysically logged using a natural gamma tool. Nested monitoring wells were installed at 

each boring location for the primary purpose of obtaining representative water level data. Each 

well was constructed of 2-inch galvanized steel casing, equipped with a 5-foot stainless-steel 

(10-slot) well screen. Wells were gravel packed and grouted, completed as flush mounts, and 

equipped with locking caps and locks.  

 

Soil cuttings and development water, derived from the drilling, were containerized and 

transported back to PLS for appropriate management. Boring/well logs and natural gamma logs 

for each downgradient location are provided as Appendix 1.  

 

GROUNDWATER SAMPLING  

 
Groundwater samples have not yet been collected from the completed new wells. Simulprobe 

samples were collected from the well borings to guide the installation of the wells.  PLS 

collected groundwater samples from other Unit E wells during the period January through March 

2006.  These data, along with the Simulprobe samples are provided in Appendix 2. 

 

WATER LEVEL AND ELEVATION SURVEY 

 

Geospatial data for the new wells were obtained by Atwell-Hicks. Top-of-casing and ground 

elevations for the new wells were referenced to NAVD88 and x, y coordinates were referenced 

to Michigan State Plane Coordinate System, Michigan South (NAD83).  

 

PLS collected two rounds of static water level measurements from selected Unit E wells. Water 

levels were collected on February 6 and March 20, 2006. The first round included the new wells 

that were installed by that date. The second round included all the new downgradient wells. 

Water level data collection for the March 22, 2006, event includes both groundwater elevation 

and surface water elevations. Surface water elevations were surveyed at five locations along the 

Huron River, beginning immediately upstream from the Allen Creek Drain/Huron River 

confluence.  
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All elevation and water level data collected for this investigation are provided in Table 1.  Water 

level data report sheets are provided in Appendix 3. 

 

DATA ANALYSIS 

 

PLS has conducted extensive investigations into the geology and hydrogeology of the Unit E 

plume area. Data from the current investigation augments the hydrogeological data available east 

of the current extent of the Unit E plume. These data have been used to assess the geologic and 

hydrogeologic character of the downgradient areas. The interpretations provided represent PLS’ 

current analysis of the available data and are subject to change with the gathering of additional 

geologic and hydrogeologic data.  

 

BEDROCK ELEVATION AND DRIFT THICKNESS 

 

The bedrock underlying the Unit E plume and areas east to the Huron River is the Mississippian 

Coldwater shale. Kunkle (1960), Western Michigan University (1981), the State of Michigan, 

PLS, and others have generated maps interpreting the bedrock surface topography. These maps 

reveal a complexly-dissected terrain reflecting an erosional topography caused by paleo-surface 

water drainage.  

 

Figure 2 shows a map of the bedrock surface in the area of the current Unit E plume and 

eastward from Maple Road that was generated using Surfer® version 8 (Surfer). The bedrock 

contours are based on information from PLS boring/wells (including the wells installed 

specifically for this investigation) and incorporates limited well and boring information from 

Kunkle. As shown, the bedrock surface generally slopes away from the Unit E plume area 

toward the Allen Creek Drain and Huron River. An eastward-trending bedrock low is present 

beginning in the Maple Village area and continues toward the Huron River.   This data is 

consistent with the preliminary interpretation PLS offered in its DGWP. 
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A topographic surface map is provided as Figure 3. Data for the contours were provided by the 

City of Ann Arbor. The surface topography generally mimics the bedrock topography. Surface 

elevations generally decline eastward, away from the current position of the Unit E plume (918 

feet [ft.]), toward the Allen Creek Drain (<820 ft.) and the Huron River (<787 ft.). East of the 

Allen Creek Drain, the surface elevations generally increase forming a channel-like depression 

along the Allen Creek Drain.  

 

The drift thickness in the area of the Unit E plume and eastwardrange from approximately 120 to 

300 ft. Figure 4 shows an Isopach Map of the drift thickness in the area of the current Unit E 

plume and eastward from Maple Road toward the Allen Creek Drain and Huron River. The drift 

thickness map was prepared by creating a residual map between the bedrock surface and the 

topographic surface. Drift thickness values are based on information from PLS boring/wells and 

contoured using Surfer. The map indicates a general thickening of the drift within the interpreted 

bedrock low.  The drift thickness generally decreases with proximity to the Huron River, 

primarily because the topographic surface lowers from approximately 920 ft. above mean sea 

level (amsl) in the Unit E plume area to approximately 790 ft. amsl along the river. The bedrock 

elevations as augmented by the new borings, the topographic surface, and the drift thickness as 

determined with the information developed during this investigation, are all consistent with a 

flow channel from the Maple Road area east toward the Huron River at approximately the 

confluence of the Allen Creek. 

 

HYDROGEOLOGICAL SETTING 

 

To understand the relationships between the materials comprising the hydrostratigraphic units 

formed by these aquifers and their separating aquicludes/aquitards, a series of cross sections 

were prepared using boring/well information collected by, or available to, PLS. The location of 

each cross section is shown on Figure 5. Cross section A-A’ (Figure 6) is constructed along a 

pathway toward the Allen Creek Drain and the Huron River. Cross sections B-B’, C-C’, D-D’, 

and E-E’ (Figures 7, 8, 9, and 10, respectively) are constructed to traverse cross section A-A’. In 

some areas, upper sections of the drift sequence become somewhat irrelevant to the Unit E 
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plume. In those areas, the upper drift deposits have been identified on the cross sections as 

“undifferentiated.”  

 

To further illustrate the glacial drift materials, specifically the coarser water-bearing 

deposits/aquifers, a total sand isopach was prepared. This map is provided as Figure 11. Figure 

11 was prepared by summing the total sand thickness below the “undifferentiated” deposits at the 

boring locations. This map is intended to help facilitate an understanding of the geometry of the 

water-bearing units within the glacial drift sequence.  

 

Key interpretations made from the cross sections and total sand isopach are as follows: 

 

● The Unit E aquifer system extends through the study area and its thickest sand/gravel 

sequences are positioned along an east-west trend that corresponds to a low in the bedrock 

surface. The sand/gravel sequences thin to the north as you move east of Veterans Park.  

 

● The thickest sand sequence appears to be in the area of MW-76 (approximately 211 ft.).  

 

● Thinnly bedded, stacked sand/gravel sequences are found in the area of Maple Road, where a 

bedrock low is present.  

 

GROUNDWATER FLOW 

 

Water-level data collected on March 20, 2006, have been interpreted, along with other data, to 

prepare a potentiometric surface map (Figure 12) for the areas east of MW-72. This map 

represents the flow interpreted from wells completed in similar hydrofacies relevant to the Unit E 

plume. The map also recognizes water level data from measurements at the Montgomery well, 

and PLS Boring West Park-73. Based on this most recent potentiometric surface map, the 

horizontal groundwater flow direction east of Maple Road is generally toward the east and turns 

northeastward toward the Huron River with close proximity to the Allen Creek Drain. This flow 

direction is consistent with the underlying bedrock surface and the geometry of the drift deposits.  
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The hydraulic gradient of the potentiometric surface downgradient from Maple Road to the 

Huron River ranges between 0.0015 and 0.0139 foot/foot. Vertical hydraulic gradients were 

measured at well cluster locations and ranged from 0.0018 to 0.3594 foot/foot.  

 

Comparison of the topographic surface map to the potentiometric surface map suggests that areas 

of artesian groundwater flow conditions may exist east of MW-98, toward the Huron River. PLS 

used Surfer to generate a residual between the topographic and potentiometric contours for this 

area. The resulting map is provided as Figure 13. 

 

Key interpretations made from the March 2006 Potentiometric Surface Map are as follows: 

 

● Steep horizontal gradients are observed in the area at, and immediately east of, Maple Road 

and generally coincide with a bedrock low and thinner sand sequences in the Maple Road 

area. Lower hydraulic gradients east of MW-83 again become generally steeper east of MW-

82, toward the Huron River.  

 

● Downward gradients are observed in the western portion of the study area. Upward hydraulic 

gradients are observed closer to the Huron River. This information may suggest that the 

western portion of the study area is a groundwater recharge area, while the eastern portion of 

the study area is a groundwater discharge zone.  

 

● Groundwater artesian flow conditions in areas close to the Allen Creek Drain and the Huron 

River, plus a strong upward hydraulic gradient between the lower and upper hydrofacies, 

suggests groundwater discharge to the Huron River (rather than underflow) is likely.  
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1,4-DIOXANE DISTRIBUTION 

 

An updated 1,4-dioxane isoconcentration map has been prepared using the most recent 1,4-

dioxane data collected from Unit E wells and the newly installed boring/wells which was 

collected between January and March, 2006.. This map is presented as Figure 14. Since well 

sample data are were not available at the new well locations, Simulprobe data were used to assist 

in map preparation.  The three map locations where Simulprobe data are shown are: the MW-98 

cluster, the MW-103 cluster and MW-101.  The values shown represent the highest 

concentrations detected in the vertical sampling at that given location.  

 

The map differs from earlier maps in that it shows an the presence of the Unit E plume in the 

area north of the intersection of Dexter and Maple Roads, as determined by the recent installation 

of MW-101. 

 

COMMENTS 

 

Data from this investigation have provided considerable insight into the probable pathway of the 

Unit E plume as it migrates hydraulically downgradient.  

 

Over the scale of the investigated area, the aquifer systems are not hydraulically isolated from 

each other. However, there are distinct separations in the aquifers throughout much of the 

investigated area. These separations are relevant to understanding the flow pathways of the Unit 

E plume as it migrates hydraulically downgradient. 

 

1,4-Dioxane in the Unit E plume is expected to migrate along a pathway determined by the 

hydrogeological setting and groundwater flow regime. Indications are that continual aquifer 

systems are present from the Unit E plume area to the area of the Huron River. The geometry of 

these aquifer systems appears to be related to the bedrock surface. A low in the bedrock surface 

is mapped along an east-west trend from the area of Maple Road, through Veterans Park, to the 

MW-98 well cluster, then northeast along the Allen Creek Drain. Horizontal groundwater flow in 
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the aquifer systems generally follows this same trend.  The investigation shows that the likely 

flow path for 1,4-dioxane will be within portions of the Unit E aquifer system  (Unit E) toward 

the Huron River near the confluence of Allen Creek.   

 

Upward vertical gradients proximal to the Huron River suggest groundwater discharge 

conditions. Additionally, groundwater appears to be flowing directly toward this regional 

hydraulic low.  PLS will evaluate the potential for underflow of the Huron River after the 

completion of the second phase of this investigation. 

 

The portion of 1,4-dioxane plume that has already migrated east of Maple Road and the reduced 

concentrations that will not be captured by TW-19 in the future are expected to migrate 

downgradient within the drift sequence. The 1,4-dioxane migrating through the upper portions of 

the drift sequence is expected to migrate toward the and enter the Huron River.  To the extent 

1,4-dioxane migrates through the lower portions of the drift sequence, upward hydraulic 

gradients proximal to the Huron River are anticipated to cause the plume to begin an upward 

migration as it moves toward the Huron River.  Additional investigations to be conducted as part 

of Phase B of this investigation will further evaluate the vertical migration of the plume as it 

approaches the Huron River.  

 

The findings of this investigation suggest there is no need to adjust the boundaries of the 

prohibition zone to accommodate the projected pathway of the Unit E plume.  This conclusion 

will be revisited again with the collection of additional information in the next phase of the 

investigation. 

 

 

RECOMMENDATIONS FOR ADDITIONAL INVESTIGATIONS 

 

PLS proposes to continue the investigation in areas downgradient of the Unit E plume between 

Maple Road and the Huron River. Data from the initial phase of the DGWP Part A investigation 

suggests the Unit E plume will migrate eastward, toward the Allen Creek Drain, then turn 

northeastward, toward the Huron River. Based on the PLS assessment of the available data, PLS 
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has identified two areas where more hydrogeological information would be valuable. These areas 

are: between the MW-97 and MW-102 clusters near the confluence of the Allen Creek Drain and 

the Huron River and Baemas Street, and in the area of Mulholland and Liberty.  These two areas 

are shown on Figure 15.  

 

PLS proposes to install nested well sets within each of the recommended well location areas. The 

proposed test borings will be drilled using HSA techniques to a depth sufficient to encounter 

bedrock. No Rotosonic Drilling methods (RSD) will be used during the remainder of this 

investigation. PLS feels that the geological resolution obtained from the RSD, although 

interesting, is not necessary.  

 

The objectives for this portion of the investigation will be to further define the likely horizontal 

flow path for 1,4-dioxane as it approaches the Huron River within the Unit E and to obtain 

information on vertical gradients to determine whether groundwater at latitudes within the Unit E 

expected to contain 1,4-dioxane will discharge into the Huron River. 
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