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A letter from Mr. Robert Gemma to the Weston Conservation Commission (December 21, 2020,
and attached at the end of this note) addressed the issue of whether the infiltrated treated
wastewater flow from the proposed 518 South Avenue site shall have an adverse impact on the
hydrology of the wetlands immediately to the east of the proposed project. As that letter is part
of the public record, it will not be repeated here save its conclusion that the proposed project at
518 South Avenue represents a small increase of flow to the wetlands in comparison to the flow
from the entire watershed and therefore shall not result in demonstrable adverse impacts to the
wetlands.
The context of this note is to address a concern that the infiltration of the treated wastewater at
the proposed development shall adversely impact the wetlands via a dramatic change to wetlands
hydrology. In this context, the source of water for the infiltrated treated wastewater is imported
from outside of the Bogle Brook watershed, and therefore does represent an increase to the
watershed water budget. For this hydrologic assessment it is best to first start with the wetland
water budget: water inputs and outputs. Water inputs to the wetlands include groundwater,
surface water, and direct precipitation. Water outputs include evapotranspiration, groundwater,
and surface water. In a steady state fashion over the long term, inflows equal outflows with no
net change in water storage in the wetlands. This change in wetland water storage is represented
by the groundwater table at the wetland. If the wastewater flow significantly increases the
groundwater elevation at the wetland, then one could conclude that this may result in an adverse
impact to the wetland.
What might be considered a significant change to the groundwater level? None of the Peerreviewers have offered any published guidance on this metric. Groundwater levels naturally
vary over the year. In Figure 1 is plotted the water level fluctuations in a USGS groundwater
well near to the 518 South Avenue site
(https://dashboard.waterdata.usgs.gov/app/nwd/?region=lower48&aoi=default ). This well is
located in Wayland, MA and is completed in a similar sand/gravel formation as exists at the 518
South Avenue site. As may be seen in Figure 1, over the year, groundwater levels naturally vary
over three feet and the annual variation in groundwater levels could be as large as five feet.
Therefore a significant change in the groundwater level at the site wetlands (under a significant
portion of the wetlands) might reasonably considered to be on the order of 0.2 ft or more over a
large portion of the wetland. One observation about using a USGS well such as this: it does not
appear to be located in a wetland, rather near to a large waterbody ~300 feet from (Lake
Cochituate). A wetland groundwater level may not exhibit as large a swing in groundwater
levels as groundwater farther away because the wetland surface acts as the relief valve at high
groundwater levels.

The updated MODFLOW groundwater model using a constant head boundary at the intermittent
stream and typical infiltrated water volumes, although not designed to perform wetlands
hydrology, predicts an average increase in the groundwater elevation at the western edge of the
wetlands to be less than 0.2 feet. Again, this is at the edge of the wetlands, not under the entire
wetland system. Because of the very high soil permeability below the 518 South Avenue site
which continues under the wetlands to the east, the infiltrated treated wastewater will flow below
most of the wetland footprint, and the change in the groundwater level under the entire wetland
therefore shall be much less that the ~0.2 feet predicted by the model when spreading out this
wastewater flow under larger portions of the wetland rather than focusing on just the western
edge. Therefore this groundwater model implies that the infiltrated treated wastewater does not
dramatically change wetland groundwater levels and therefore there is no adverse effect to the
wetlands.
Looking at the water budget for the wetlands, in an undeveloped state and on an annual basis,
about 40% of precipitation is lost to evaporation and the remaining 60% goes to groundwater and
runoff (Figure 2). The Bogle Brook watershed area above the downstream end of the 518 South
Avenue site is 262 acres. Average annual precipitation for the watershed is approximately 44
inches. Therefore the water that goes to groundwater and runoff that supplies the wetlands east
of the site is the product of the annual precipitation, the watershed area, and the fraction that is
not lost to evaporation (0.6, Figure 2), or 576 acre feet per year. The average wastewater flow is
22,000 gallons per day or 24.6 acre feet per year, representing 4% of the groundwater and
surface water input to the wetland. No documentation has been found that indicates that this
small change in average annual hydrology will create an adverse effect on the wetland system.
Coupled with the results of the groundwater model the conclusion found by the Gemma 2020 is
supported by the further evidence presented here.
An interesting observation by the potential increase of groundwater levels at the western edge of
the wetlands under discussion is that this may allow the wetlands to expand farther to the west,
and in this scenario, rather that the infiltration of treated wastewater resulting in wetlands loss, it
not only supports existing wetlands during the driest times of the year (although climate change
is increasing extreme precipitation amounts like that of the 10-year storm, predictions are that the
number of dry and very low precipitation days shall also increase, therefore in the future, drier
periods shall become drier, https://science2017.globalchange.gov/chapter/7/ ), it may also lead to
creation of new fringe wetlands.

Figure 1. USGS water level data for Wayland, MA groundwater well
(https://groundwaterwatch.usgs.gov/AWLSites.asp?mt=g&S=421853071220501&ncd=awl ) .

Figure 2. Typical water budgets for developed and undeveloped sites
(https://cfpub.epa.gov/watertrain/moduleFrame.cfm?parent_object_id=170# )

Lastly, the “Design Event” to consider the characteristics of mounding at the infiltration systems
is: high groundwater table that is maintained for 90 consecutive days, high wastewater loading
for 90 consecutive days, and the 10-year, 24-hour rainfall event. This design event has
transformed in the eyes of some to be a common occurrence event in critiques of the proposed
site design. To understand the probability of such an occurrence, the probability of each of these
occurrences may be estimated and then multiplied together assuming that they are independent
events. The selected high groundwater table is a groundwater level not exceeded 80% of the
time therefore the exceedance probability (Pe) is 0.2. The USGS Wayland, MA gaged well
shown in Figure 1 began daily reading of groundwater levels 24 February 2021. The daily data
is displayed in Figure 3 and on that figure the yellow horizontal line is the groundwater depth
created by Tropical Storm Ida. Clearly, the maximum groundwater elevation does not persist for
more than one day, let alone 90 days. Groundwater elevations may remain high for a number of
days, for example, using the depth to water of the Tropical Storm Ida event, which is not the
highest of the year, one can see that for 16 consecutive days, the depth to groundwater was equal
or shallower (meaning that the groundwater elevation was high). The Tropical Storm Ida event
produced a groundwater elevation near the 80% highest level. In the Wayland well record, on
two occasions in 2021 the depth to water was shallower than the 20% level (10.66 feet) (note:

shallow depth to groundwater means a high groundwater elevation). Without a very long record,
assigning a probability of occurrence for 90 consecutive days with high groundwater elevation is
difficult, however, July 2021 was reported to be the wettest July on record in Massachusetts
(https://www.masslive.com/weather/2021/08/july-2021-is-officially-the-wettest-massachusettsjuly-in-history-breaking-previous-record-by-134-inches.html and
https://www.washingtonpost.com/weather/2021/12/29/wettest-2021-east-us/ ). 2021 was one of
the wettest years on record for the Commonwealth
(https://www.ncdc.noaa.gov/sotc/national/202113 ). Using the NOAA Lowell, MA weather
station (https://www.ncdc.noaa.gov/cdo-web/ ) which has long term, near continuous monthly
records back to 1892, July 2021 was the 11th wettest month on record (Pe = 0.74%) and the third
wettest July on record (Pe = 2.6%). Since this very wet month resulted in only 16 consecutive
days with the groundwater elevation higher than the highest level 80% of the time, a very
conservative estimate of 90 consecutive days with the groundwater higher than the highest 80%
level is Pe = 0.01 (one chance in 100 years).
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Figure 2. USGS Wayland MA well daily depth to water.

The 10-year, 24-hour rainfall depth for Lowell, MA is 4.89 inches (NOAA Atlas 14,
https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html ). This probability is developed by
identifying the largest 24-hours of precipitation each year and developing statistics around this

very specific dataset (annual maxima). To develop the probability of getting that event or larger
once or more times in 100 years, all days with rainfall were selected using the Lowell, MA
NOAA climate data. The exceedance probability of 4.89 inches in the daily continuous record is
0.007% for the 129 years of record. For the purposes of this calculation, the probability of
getting the 10-year, 24-hour storm will be 0.1.
Lastly, the high wastewater flow is not a common event, 90 consecutive days of that wastewater
flow is a very rare occurrence, and without records, is challenging to associate with a probability,
but a conservative value is set at 0.01 (one chance in 100).
Therefore, the probability of the Design Event {high groundwater table (Pe = 0.2) that is
maintained for 90 consecutive days (Pe = 0.01), high wastewater loading for 90 consecutive days
(0.01), and the 10-year, 24-hour rainfall event (Pe = 0.1)} is the simple product of all these
probabilities or, 0.000002. This probability of occurrence is twice in one million years. By
increasing the probability of the high wastewater flow to 0.1, that increases this probability to
twice in 100,000 years. This incredibly low probability of occurrence should dispel any notion
of using the design event for anything other than what it was intended: to understand
groundwater mounding at and near to the infiltration systems.

