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Executive Summary
This study was commissioned by the Bernardston (MA) planning board to evaluate whether
water table elevations are increasing in the historic Bernardston Center Village and if so, what
might be driving those changes. A variety of methods were used to investigate this central
question, including: (1) historic groundwater records; (2) water budget analysis; (3) sediment
coring of Darwin Scott Swamp; (4) GIS analysis of past septic failures; (5) analysis of historic
maps and aerial imagery. Historical data pointed to modest increases in water table elevations,
consistent with regional observations of increases precipitation, river discharge, and groundwater
elevations since about 1970 (see main text, Section 6 for citations). Aerial images from when
Darwin Scott Swamp was actively managed for hay cultivation indicate that well-maintained
drainage ditches ran through this area, likely lowering the elevation of this central drain for the
center village. There was no observed clustering of septic system failures within the Center
Village district. Water budget analysis revealed that seepage into coarse soils adjacent to the
study site account for a large portion of the groundwater recharge. Reducing groundwater
recharge and increasing the rate at which surface water flows through the Darwin Scott Swamp
might serve to mitigate high groundwater.
This version of this report, dated March 4, 2019 is the only version that should be consulted. An
earlier version of this report was submitted for review to the Bernardston Planning Board in
incomplete draft form.
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Acronyms
BCV – Bernardston Center Village, the center of town defined hydrologically and outlined in dashed blue
line in Figure 3.
DSS – Darwin Scott Swamp, the drain or outlet for Bernardston Center Village aquifer, and outlined in
dashed black line in Figure 3.
USGS – US Geological Survey.

1. Motivation
During spring of 2017, the Bernardston (MA) Planning Board decided to act on perceived water
table rise in Bernardston Village Center. In addition to nuisance flooding, such as water in
basements, rising groundwater can cause septic systems to fail, incurring costs for owners and
presenting a public health concern. There was reason to believe that septic failures within the
town center pointed to a growing problem. This study seeks to investigate the extent to which
groundwater is rising in the village center and to identify potential causes.
2. Background
2.1 Groundwater and the Water Table
The water table refers to a gently sloping underground feature that is defined as the depth below
which all of the pore spaces in the ground are filled with water 1. The water table defines the top
of an aquifer 2. An aquifer is a distinct geologic unit such as a sand deposit that contains
“economically significant” quantities of water (Fetter, 1994). When the depth to water is
measured in a well or when water begins to fill an excavation, this water surface shows the water
table elevation at that location. In addition to wells and excavations, natural water bodies such as
streams, ponds, and wetlands are usually natural surface expressions of the water table and
constitute sources or discharge points for aquifers.
Figure 1 illustrates the flow of groundwater from areas with higher a water table towards areas
with a lower water table and ultimately draining into a stream that runs out of the page towards
the reader. The steepness of the water table represents the amount of energy or gradient that
pushes water towards the stream. Groundwater velocity is directly related to this gradient. The
steeper the gradient, the more quickly water will drain from an aquifer. In this way, the elevation
A thin band of saturated soil extends upward from the water table, sucked or “wicked” upwards by the capillary
forces between soil grains. This capillary fringe is on the order of inches in sandy soils (Fetter, 1994).
2
The water table is the top of an aquifer in unconfined aquifers. Pressurized artesian aquifers are defined by
confining layers such as clay at the base and top of the water containing unit. Bernardston Center’s aquifer is
unconfined.
1
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of surface water bodies can be thought of as controls on water table elevation as they can
influence the steepness of the water table. Changes in the elevation of surface water bodies can
cause changes in the water table. For example, in Figure 2, construction of a reservoir or beaver
dam raises the level of surface water. This increase in surface water elevation affects up-gradient
water table elevations. The water table rises close to the land surface following impoundment
creation, resulting in a high water table, especially to the left of the stream. Any excavation,
septic system, or basement to the left of the stream in Fig. 2 will consequently fill with water.
2.2 Site Description - Location
For the purposes of this report, Bernardston Center Village (BCV) will be defined hydrologically
and is bounded by features relevant to water flow. To the west, the site is bounded by the base of
steep slopes comprised of thin soils (glacial till-derived) atop bedrock lying mostly on West
Mountain. To the east, the Fall River acts a drain on the eastern part of the groundwater system.
Where the Fall River and the bedrock slopes of Wildcat Mountain nearly touch (N 42.678, W
72.552; north end of Burrows Turnpike Road), this defines the northern edge of the site
hydrologically. Deane Road and the Pan American Railways Connecticut River Main Line tracks
(historic Boston and Maine track) define the southern edge of the site. See Figure 3 dashed blue
line-enclosed area for site location details.
2.3 Site Description – Hydrologic Features
Darwin Scott swamp (DSS) fills a depression approximately 0.11 km2 (27 acres) in the center of
BCV and represents the hydraulic low point of the BCV groundwater system. It acts as a drain
for all surface water, and most groundwater 3 moving through BCV. Predominant land cover in
the swamp is marsh grass and small, woody vegetation (see Fig. 4). The swamp has no dominant
channel. Several smaller natural channels and ditch remnants from when this area was hayed (up
through 1950’s per Paul Skiathitis, personal communication) allow water to flow through the
swamp. Three main surface water channels bring water into the swamp: Fox Hill Brook; High
Street Brook; Fire Station Brook (see Fig. 3 for locations; table 1 for watershed areas). The
swamp also receives direct groundwater inputs. The swamp’s outlet is located at its southeastern
side where it flows first beneath Railroad Street, and then through a culvert under the Pan
American Railroad trestle.
2.4 Site Description – Geologic History
Deposits of unconsolidated sediments left by receding glaciers and glacial meltwater play a
dominant role in the patterns and rates of groundwater flow in New England. Therefore, a
thorough discussion of Bernardston’s deglaciation is discussed below. BCV occupies a mostly
flat valley bottom that was previously occupied by a shallow embayment of a large glacial lake
that stretched from Rocky Hill, CT to Hanover, NH (Glacial Lake Hitchcock). This bay of the
Some small portion of groundwater flowing at great depth likely flows below DSS along longer flow paths,
ultimately discharging directly into the Fall River.
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lake may have been connected to the main waterbody at two locations. One connection was
likely in the vicinity of Log Plain Road in Greenfield at its crossing with Mill Brook. The other
connection traces the approximate path of Route 10 east to the Northfield border. Much of the
uplands of Gill likely comprised an island for a short period of time when the lake occupied the
valley (~16,000 years ago) and was likely converted to a peninsula as the Rt 10 corridor between
BCV and the Connecticut River were filled with sediment by glacial meltwater. When the glacial
ice margin was located within BCV, meltwater deposited sand and gravels into the lake and in
contact with the glacial ice margin along the south and west sides of the valley, approximately
along the I-91 route between the Bernardston Rt 10 interchange and the Rt 5/10 overpass at the
Greenfield-Bernardston line. Abundant sand and gravel deposits were formed where streams
entered the bay of the lake (see Supplemantary Fig. 1 for location). These sand and gravel
deposits are graded to ~380 ft above sea level in the Bernardston area corresponding to the
elevation of this now drained glacial lake.
As the glacial lake drained in phases, successively finding lower and lower drainage outlets,
Bernardston’s modern stream network developed. During a phase of this dynamic drainage
period, it is likely that the Fall River ran through the center of BCV from Burrows Turnpike,
exiting through the valley currently occupied by Mill Brook. This lake phase corresponds to the
350’ elevation of the BCV valley bottom. During this time, previously laid down sediments from
the glacial lake were re-worked and partially removed from the valley by the Fall River. After
the eventual draining of the lake completely, the Fall River found its modern drainage to the
south. These events outlined during the deglaciation of the area are responsible for laying down
the sand and silt that make up Bernardston’s soils and underlying aquifers.
2.5 Site Description – Soils
BCV is underlain by soils predominantly made up of river terrace material in the western two
thirds, and sand and gravel deposits in the eastern third. The river terrace material forms the bulk
of the flat and easily developed land. This flat surface (tan region if Fig. 5) represents a former
floodplain of the Fall River (see section 2.4 above), and its soils are generally similar to those
along the modern Fall River. Namely, these soils are sandy loams (Warick sandy loam series 4;
60% sand, 30% silt, 10% clay) and have moderate drainage. They are good agricultural soils.
The speed at which groundwater drains from the aquifer in these terrace materials is likely ~10
times slower than groundwater drainage from the sands and gravel portion of BVC as silt and
clay grains in the terrace soils play a dominant role in resisting the flow of groundwater.
Perhaps the most relevant geologic formation and associated soil type is the alluvial fan present
where Fox Hill Brook flows out of its confined bedrock channel. This ~0.09 km2 (22 acre)
feature represents the reworking of coarse gravels that were deposited by Fox Hill Brook
following the drainage of a glacial lake. This feature continues to build today as material is
delivered from the Fox Hill watershed. Alluvial fans tend to form convex down (cone-like)
shapes and as a result, river channels on their surface can change course frequently. Their gravel
and cobble composition tends to make them very permeable to water. Significant amounts water
from Fox Hill Brook enters the groundwater system here (see Fig. 5, label 1), aided by the high
permeability of the underlying material (measurements and quantities detailed in section 3.3).
4
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3. Water Budget Analysis
To properly evaluate issues of rising water table, a complete inventory of water inputs and
outputs should be considered. The difference between estimated inputs and outputs to the
system, or residual, gives an estimate of groundwater flow into or out of the system. This water
budget analysis was completed for the period Aug 30, 2018 through Sep 21, 2018 (22 days).
3.1 Water Budget Inputs
Below is a complete list of water inputs to BCV and quantification methods for each:
Streams (surface water) – Fox Hill Brook stream flow was gaged at a location ~1300’
upstream of its crossing with Rt 5 (N42.67396, W72.55706, see Fig 3). A pressure
transducer was installed in the stream to continuously measure stream depth or stage 5.
This pressure record was corrected for changes in barometric pressure by subtracting out
a synchronous record of barometric pressure from a transducer left on the stream bank.
Stream flow was measured manually on Aug 30, Sept 11, and Sept 21 using a salt tracer
method (Kilpatrick and Cobb, 1985) and verified by floating an orange peel a known
distance to estimate average stream velocity (Harrelson et al., 1994). A power law
relationship between stage and discharge was used to create a continuous record of
stream flow from the continuous stage record. Flow values for High Street Brook and
Fire Dept Brook were estimated from the gaged Fox Hill site using a scaling relationship
with respective drainage areas.
Direct precipitation – Weather data were downloaded from station KMAHALES2 on the
Greenfield-Bernardston line (N42.649, W72.545) and verified for accuracy against the
Turners Falls airport record. Total precipitation during the water budget study was 4.47
inches. This total was multiplied times the portion of the study site that is open water or
wetland. Precipitation on other land cover types would become part of stream flow and is
therefore accounted for elsewhere in the water budget.
Septic Inputs – Bernardston’s municipal water source is outside the study site. Therefore,
municipal water that is discharged to septic systems can be described as an interbasin
transfer of water directly to the groundwater system. Bill Pachalis, Bernardston Water
Commissioner, estimated that about 150 out of 660 (23%) water users are in BCV.
Therefore total septic inputs were estimated as 23% of 0.24 Mgal/day average daily total
municipal distribution. This assumes that average daily usage is representative for the
study time period and that all municipal water use is discharged to septic. This is
therefore a high end estimate as some percentage of municipal water is used for irrigation
and therefore evaporates before it can reach the water table.
Fox Hill Seepage – Where Fox Hill Brook exits its confined bedrock valley, it flows over
an alluvial fan (see Fig. 5) and loses significant amounts of water to the aquifer below
(see section 2.5 for description). A shallow well was placed in the stream and water
During a seven day period (Sept 3 – Sept 10), the stream dropped below the level of the instrument. This data
gap was filled in using a regression against USGS measurements of the Green River’s discharge.
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pressure in the stream bed was measured for the duration of the study period. Water level
in the stream bed well was always lower than that in the stream indicating a stream that
loses water to the ground (see Supplementary Fig. 2). Darcy’s Law was used to calculate
total water seepage out of the stream as follows:
𝑄𝑄 = −𝐾𝐾𝐾𝐾

𝑑𝑑ℎ
𝑑𝑑𝑑𝑑

Where Q is seepage rate in m3/d; K is hydraulic conductivity of the stream bed (a value of
100 m/d was used, which is a reasonable value for highly permeable sediments); A is the
area of the stream bed that covers the alluvial fan (200 m long by 1 m wide); dh is the
difference in water level between the well and the stream; dl is the depth to which the
well was driven into the stream bed. The dh/dl term is also known as vertical hydraulic
gradient in streams. The seepage rate was then multiplied by time to convert a rate to a
volume of water added to the groundwater system.
3.2 Water Budget Outputs
Outputs from the site are listed below:
Darwin Scott Outlet Stream – All surface water exits the site via the outlet of DSS,
located at the RR culvert adjacent to Railroad Street (42.6670, -72.5512, red triangle in
Fig. 3). Streamflow for the site was measured following the same methods described
above for Fox Hill Brook in section 3.1.
Evapotranspiration – An average rate of evapotranspiration (calculated from
Thornthwaite and Mather, 1957) was multiplied by area of open water and wetland (0.09
km2) in the study site.
3.3 Water Budget Results
See Table 2 for a summary of all estimated water budget components. Measured inputs to the
system during the 22 day study period totaled approximately 38 Mgal, with only 13% of those
inputs from inter-basin transfer via the municipal water system. Measured outputs totaled 74
Mgal. Inputs minus outputs equaled -36 Mgal, indicating that more measured outputs exited the
system than measured inputs entered. This difference (also called the residual) of -36 Mgal
corresponds to groundwater inputs to Darwin Scott swamp not inclusive of quantified
groundwater components (Fox Hill seepage and septic inputs). Total groundwater flux into
Darwin Scott calculated as the sum of Fox Hill seepage, septic, and residual was 46 Mgal.
Groundwater inputs to the swamp therefore represented 63% of its total throughflow.
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The influence of this substantial groundwater input can be inferred from the shape of the stream
flow graphs for input and output. Figure 6A shows that Fox Hill Brook responded dramatically
to precipitation events on Sep 10 and Sep 18, 2018. In comparison, streamflow at the outlet of
DSS was relatively constant throughout the period. Furthermore, outflow exceeded inflow on
average by a factor of three. This more constant discharge at the exit of the swamp is a typical
result of streamflow through wetlands as wetlands tend to slow water down and reduce storm
flows.
Streamflow measurements are typically done many times to establish a reliable relationship
between stream level (stage) and stream flow. Due to the short duration of this study, only three
stream flow measurements could be made, and as a result, there is likely considerable error in
stream flow records, especially that of Fox Hill Brook, which has much more variable flow than
that out of the swamp. That said, these numbers give a rough estimate of the large quantities of
groundwater that must be transmitted through the BCV aquifer before it can discharge into DSS.
Last, 2018 was an exceptionally wet year, setting records for precipitation in many locations
throughout W. Massachusetts 6. The exact magnitude of high groundwater discharge inferred
from this water budget may be in part due to ephemeral conditions. However, more typical
meteorological conditions would be unlikely to change the interpretation that abundant
groundwater discharges at this site.
3.4 Water Budget Main Conclusion
The BCV aquifer transmits a significant volume of water as indicated by the more than doubling
of flow between the Fox Hill Brook gaging station and the outlet of DSS (Fig. 6B). Due to the
bowl like topography of the surrounding area, this area is a natural groundwater discharge zone.
Inter-basin water transfer via municipal water into BCV does not play a major role in the water
budget of the aquifer.
4. Darwin Scott Swamp Accumulation Rate
4.1 Sediment Coring Methods
Because DSS represents the hydraulic low point (drain) of the BCV groundwater system, any
change in its elevation over time would signal a change in up-gradient groundwater elevation.
Because the marsh surface and the water table within DSS are coincident, the elevation of the
marsh surface and its accretion rate over time can be used as a proxy for changes in the water
level there.
6

https://www.masslive.com/news/index.ssf/2018/12/yes_it_has_been_wetter_than_us.html
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A 1 meter long representative sediment core (DS1) was collected from a marsh-grass dominated
area of DSS (location: N42.66717, W72.55221, see Fig. 3 for location) using a 2.5 inch diameter
AMS gouge auger. This coring method allows for minimal sediment compaction and precise
assessment of elevations in the subsurface. The core was photographed in the field and scanned
on an ITRAX XRF core scanner at UMass Amherst. This core scanner uses xray fluorescence to
determine the elements in a sediment core. Analyses for this core were completed every 0.5 cm.
4.2 Sediment Core Results
Figure 7 shows the results from core scanning. Two relevant changes can be seen in the
elemental abundances. First, the onset of lead (Pb) at approximately 23 cm depth signals the
beginning of widespread smelting and coal burning at approximately 1880. Second, a drop in
lead at approximately 9 cm depth indicates a change in lithology. This depth corresponds with a
marked decrease in silicon (Si) as well, which likely represents a transition to more organic rich
and less clastic (sand etc) material in the sediment. This 9 cm transition likely represents hay
field abandonment in the 1960’s. These two age-depth correlations imply nearly unchanged
marsh accumulation rates since the late 1800’s, with an accumulation rate of 0.15 cm/yr during
the early 20th century, and 0.17 cm/yr since ~1965.
These results indicate that the marsh elevation is likely slowly aggrading, which is typical of
wetland settings. Some of this accumulation on top of the marsh surface is likely due to
compaction of lower marsh peat, which in turn creates accommodation space for continued
deposition atop the marsh.
4.3 Darwin Scott Swamp Topographic Gradient
Following a public meeting and the presentation of this report on February 28, 2019, this section
has been added to lend some insight into the extent to which beavers may be elevating the water
level in DSS, especially across its northern half. At present, there is an 8 foot elevation gradient
across the swamp, indicating that today’s water level in upstream regions of DSS may be several
feet higher than they were when the area was actively drained for hay cultivation.
5. Mapping Septic System Failures
This study has been motivated in large part by the perception that there have been a
disproportionate number of septic failures in BCV. Rising water table is one reason why septic
systems fail. Sarah LaValley (Bernardston Planning Board) sorted through records from the
Bernardston Board of Health to identify the locations of recent septic failures. These addresses
were converted to latitude and longitude and mapped to show their distribution. Figure 8 shows
where septic failures have been located. There is no obvious concentration of septic failures
within BCV. Furthermore, current Title V records do not contain sufficient information to
identify the cause of failure and if rising water tables were part of the cause. Unfortunately, Title
V failure cause has not been a reporting requirement in the past.
10

6. Historical Records of Regional Groundwater
It is well established that New England’s climate has become wetter during the past century.
Since 1970, we have observed increases regional streamflow (Collins, 2009) and groundwater
levels (Weider and Boutt, 2010). That said, regional climate signals do not necessarily capture
local changes. Relevant historical records have been acquired in order to evaluate to what extent
Bernardston’s water table may be rising in response to climate change.
6.1 Long-term USGS Groundwater Records
The US Geological Survey (USGS) maintains a network of monitoring wells that are far from
human influence (withdrawals) and therefore record climate-driven changes in water table depth.
The most proximal monitoring well with similar geology to BCV is a well in Deerfield, MA
(USGS 423310072355801), located 8 miles from BCV. Similar to the BCV aquifer, this well is
located in sand and gravel related to river terrace deposits. This similar geologic setting and close
proximity make it useful as a comparison site. Figure 9 shows the continuous record of monthly
water elevation (grey line) going back to 1965 at Deerfield, with the black line representing a
yearly running average. The dashed orange line represents the trend. The slope of this line
corresponds to an increase in average groundwater elevation of 6 inches. Maximum variability of
groundwater elevation at this site is about 5 feet. Therefore, the long term trend of a 6 inch
increase represents about 10% of the range of observed groundwater elevation. Thus, the
regional signal of a wetter climate is having local effects.
6.2 Groundwater Elevation at Bernardston Sunoco Station
A shorter, but more local record of water table elevation was derived from records of monitoring
wells at the Sunoco gas station at 50 Church Street in Bernardston, MA. Depth to water readings
from four monitoring wells were extracted from a publicly available report downloaded from the
MADEP document database (Environmental Compliance Services Project No. J40076.94;
Document No. 45957). This location sits atop coarse sands and gravels at the elevation of the
glacial lake (see section 2.4). It is just outside the BCV site boundary (see Fig. 3 for location) as
groundwater flow direction indicated in the report here is towards the Fall River, and not DSS.
However, it is a suitable proxy in the absence of a well sited within BCV. Figure 10 shows the
water table elevation in feet above some arbitrary elevation datum (not sea level) from 1996 to
2014. It is unadvisable to put a trendline through such a short dataset, though the groundwater
elevation appears to be increasing. Low values have been recorded during October of 2012 and
2013. Main point: while this record is too short to make a trend assessment, it does not refute
observations from Deerfield (see section 6.1)
7. Historical Map and Photo Analysis
Historical topographic maps and aerial photos were acquired to evaluate changes in drainage
patterns and the extent of DSS. While the precision of stream courses in older maps can be
uncertain, there appears to be a change in the course of Fox Hill Brook in the vicinity of
Cushman Park between 1977 and 1990 (Fig. 11). During this same interval of time, the open
11

water pond in DSS appears in the topographic maps. Historic air photos show a new open water
pond in Darwin Scott between 1961 and 1969 (yellow polygon in Fig. 12). This likely is the
location of a gravel pit excavation that was below the water table. The earliest photo (1961)
shows that the southern portion of DSS was open water prior to gravel pit excavation and
possible associated rerouting of surface water associated with the excavation. However, the
northern part of DSS appears to have been drained hay field, with well-maintained ditches likely
providing drainage for this part of the area that is today wetland. Thus, while the southern part of
DSS has likely been wetland since at least 1961, and likely before (see section 4), the northern
part of the wetland was previously well-drained and likely allowed for faster drainage of BCV.
8. Conclusions and Remaining Questions
Much of Bernardston Center Village (BCV) has a high water table due to local topography and
geology which causes the area to be a zone for groundwater discharge. A variety of methods
were employed to evaluate the BCV aquifer:
1. The extent of historic changes in BCV’s water table elevation;
2. Spatial patterns of septic system failures;
3. BCV’s current rates of groundwater discharge;
4. Historical changes in BCV’s surface water drainage;
5. And changes in the elevation of Darwin Scott Swamp.
Historic groundwater records indicate increases groundwater elevation, consistent with local and
regional climate change signals. Historic changes in the management of DSS from hay field with
active drainage ditching into beaver meadow have likely also played a role in elevating the water
level there and thereby up-gradient in residential parts of BVC. Inter-basin water delivery via
municipal water does not play a major role in the water budget of the study site.
Cost-effective mitigation of rising groundwater will be challenging in today’s regulatory
environment. Fortunately, septic system failures do not appear to be a function of location within
BCV.
Remaining Questions:
• One potential avenue that was not explored during this study is the role of beavers in
elevating the water level in Darwin Scott Swamp, which would have upgradient effects
(see Fig. 2). While sediment core data did not indicate an increase in marsh elevation, it
is possible that more upstream locations closer to Cushman Park may have experienced
increases in water level. A LiDAR-based elevation transect of DSS reveals that the north
end of the area is about 8 ft higher than the south end, indicating that there was sufficient
gradient to maintain well-drained fields when ditches were maintained and beavers were
excluded from DSS (Supplemental Figure 3).
• To what extent could water be retaining in the Upper Fox Hollow watershed and would
this have a meaningful impact on groundwater levels in BCV?
• Are there other sources of quantitative or qualitative data that would help evaluate the
extent to which groundwater levels have risen in BCV? For example, records of basement
flooding or farmer observations of saturated fields later in the season.
12

8. Recommendations
1. Consider installing a monitoring well to begin collecting observations of the water table.
The eastern edge of Bernardston Elementary School’s parking lot would make an ideal
location (42.665791, -72.560071) as it is located in close proximity to DSS and close to
the boundary between coarse alluvial fan material and fine textured terrace soils.
2. Complete an inventory of beaver dams in DSS and survey in dam elevations to quantify
how much higher the wetland surface is than the outlet at Railroad Street. If beavers have
significantly raised the water elevation close to Cushman Park, it may be possible to
alleviate to some extent high water table upgradient of Cushman Park through beaver
relocation and beaver dam removal. A rapid, LiDAR-based assessment indicates that
there is a roughly 2 m (6 ft) drop in marsh elevation across DSS (see Supplemental
Figure 3).
3. Consider developing a three dimensional groundwater model (computer simulation) of
the BCV aquifer. This tool could assist in decision making if the town decides to pursue
aggressive mitigation strategies for high water table.
4. Promote the rapid runoff of surface water from the margins of BCV to DSS to reduce
infiltration and the total amount of groundwater.
5. Where possible, detain storm water in the upper Fox Hill Brook watershed via retention
ponds or reconnection to forested floodplain where possible.
6. Lowering the outlet of DSS at Railroad Street would lower the water table within DSS
and serve to steepen groundwater gradients, which would promote groundwater draining
from BCV more quickly. Mitigating high water table is not easy and most commonly
done via deliberate drainage of the landscape through ditching or lowering of surface
water bodies. This type of work is made more difficult by regulatory constraints and very
likely, unfeasible. There are several regulations against actions that would cause a
wetland to drain. Given these constraints, recommendations below consider only physical
possibilities to achieve a lower water table in BCV.
For further questions about this report, please contact Brian Yellen: brian@geopractical.com
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FIGURES

Figure 1 - aquifer cross section showing groundwater flowing towards a stream. The stream is
flowing out of the page, towards the reader.

Figure 2 – A sandy aquifer (stippled region) overlying bedrock (grey) is depicted in the figure
above. An increase in stream elevation causes up-gradient increases in water table elevation.
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Figure 3 - Dashed blue area is approximate boundary of Bernardston Center Village (BCV)
aquifer, which drains to Darwin Scott swamp, which is outlined in dashed black. The western
edge is a seepage boundary receiving shallow groundwater from the thin till soils of West
Mountain. The northeastern boundary is a drainage divide, with groundwater northwest of the
boundary flowing towards the Fall River (constrained by the location of the Sunoco gas station
and groundwater flow direction presented in consulting reports). The southeastern boundary is
defined by the Pan-Am railroad and is likely a location of water seeping out of the basin. The
southern boundary is a drainage divide, with water to the south flowing towards the Mill River
catchment and the Bernardston municipal aquifer. Triangles indicate the locations of discharge
gages established for this study during 22 days in late summer 2018.
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Figure 4 - Site of sediment core DS1 showing surface water ditch and dominant grassy
vegetation.
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Figure 5 – Surficial geology of Bernardston (Stone and Cohen, 2010) with annotations. (1)
Alluvial fan – material deposited by Fox Hill Brook where its valley opens up. Aggradation of
river bed should be expected here naturally, which causes an increase in river bed elevation and
increased probability of changes in river course. (2) Coarse Outwash – this area (3% of
watershed) contributes 22 Mgal/yr directly to the center of town groundwater system due to high
infiltration rate of these soils. This is similar to total septic inputs. (3) Sunoco station – this
Sunoco station has monitoring wells from which we can assess groundwater elevation trends
over time in Bernardston Center.
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Figure 6 – Panel A shows the stream flow at Fox Hill Brook and the outlet of Darwin Scott
swamp (see Fig. 3 for locations). Panel B shows the ratio of discharge (Darwin Scott/Fox Hill)
indicating that the output from the swamp generally exceeds input from Fox Hill with the
exception of storm flows (e.g. 9/18/18). Panel C shows precipitation at a nearby weather station
(see section 3.1 for details).
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Figure 7 – Sediment characteristics of Darwin Scott swamp at DS1. Panels depict core photo;
lead (Pb); potassium (K); zirconium (Zr); silicon (Si); magnetic susceptibility (MS). Onset of
lead pollution (~1880) is indicated by the red triangle. The grey region represents a lithologic
change that likely corresponds to a change in the local environment. In general, this grey boxed
depth indicates less mineral input to the area and relatively increased organic production.
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Figure 8 – Location of septic system failures (pink triangles) in Bernardston during period of
record. The red polygon shows the outline of the Darwin Scott swamp catchment or watershed.
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Figure 9 – Groundwater elevation in feet above sea level in Deerfield, MA. See text for details.
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Figure 10 – water table elevations at the Sunoco gas station from four monitoring wells at 50
Church Street in Bernardston, MA. See text for details.
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Figure 11 – Historical topographic maps of the study site dating back to 1941.
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Figure 12 – historic air photos of Darwin Scott swamp and surroundings. Yellow
polygon indicates location of gravel pit excavation which developed into a pond.
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TABLES
Table 1 – areas of the subwatersheds of Darwin Scott swamp.
Subwatershed

Area (mi2)

Fox Hill Brook

1.05

High Street Brook

0.42

Fire Dept Brook

0.03

Darwin Scott swamp (at outlet)

1.71

Table 2 – Summary of water budget terms for 22 day study period in late summer, 2018.

STUDY PERIOD MEASURED VALUES
INPUTS
3

Streams
Fox Hill Brook
High Street Brook (estimated)
Fire Dept Brook (estimated)
TOTAL stream

(m )
72,000
20,284
1,567
93,852

Mgal
19.0
5.4
0.4
24.8

Direct Precipitation (4.47 in)

10,218

2.7

Septic (municipal water)

18,900

5.0

Fox Hill Seepage

21,000

5.5

TOTAL INPUTS

143,970

38

9,000

2.376

RR Culvert Discharge

270000

71.28

TOTAL OUT

279,000

74

OUTPUTS
Evapotranspiration (ET)

RESIDUAL
IN MINUS OUT

-135,030

-36
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SUPPLEMENTARY FIGURES

Supplementary Fig. 1 – Surficial geology of Bernardston (Stone and Cohen, 2010) showing
author-inferred interpretation of terrace as old Fall River floodplain with sand and gravel
deposited to the south and east by ice contact deltas.
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Supplementary Fig. 2 – Schematic diagram of groundwater flow below a stream that is losing
water. Note that water level in the in-stream well is below the level of the stream. This difference
is water pressure (head) was used to calculate water losses from the stream.
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Supplementary Figure 3 – Darwin Scott Swamp elevation profile. Elevation data are from
publicly available LiDAR-based digital elevation model and show a drop in elevation of
approximately 2.5 m (8 ft) from north to south across the swamp.
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