FROM:

Michael Mobile, Ph.D., CGWP, McDonald Morrissey Associates, LLC

TO:

Dennis Murphy, Esq., Hill Law

DATE:

April 21, 2022

SUBJECT:

Preliminary Comments on the Revised MODFLOW Model and
Associated Mounding Analysis Presented in Support of the Proposed
Hanover Weston Development, Weston, Massachusetts

In response to your request, McDonald Morrissey Associates, LLC (MMA) is
providing this memorandum to document our preliminary review of the revised (i.e.,
fourth issuance) MODFLOW numerical groundwater flow model and associated
groundwater mounding analysis prepared by Sanborn Head Associates, Inc. (SHA). The
analysis is intended to support the proposed Hanover Weston development in Weston,
Massachusetts.
New information considered in developing the comments presented herein
includes the following:
•

Groundwater Model Report, revised date March 25, 2022, authored by SHA
(referred to herein as the SHA Groundwater Report).

•

Electronic MODFLOW input and output files transmitted via email March 28,
2022 by Vern Kokosa of SHA;

•

Stormwater Management Report, revised date March 25, 2022, authored by Tetra
Tech, Inc. (referred to herein as the Tetra Tech Stormwater Report);

•

Electronic files representing simulated stormwater infiltration system hydrographs
for various precipitation events transmitted via email March 29, 2022 by Nate
Cheal of Tetra Tech, Inc.; and

•

Hanover Weston – Weston, MA, Comprehensive Permit Package, Hanover R.S.
Limited Partnership, revised date March 25, 2022, authored by Tetra Tech, Inc.
(referred to herein as the Revised Plan Set).
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Comments provided by MMA on prior analyses submitted in support of this
project are summarized in documents dated December 29, 20201, August 24, 20212,
October 28, 20213, and January 3, 20224. Like the most recent document (i.e., January 3,
2022 memorandum), this memorandum focuses on several itemized “high-level”
observations that highlight certain deficiencies present within the Applicant’s
groundwater mounding analysis, including inappropriate interpretation of available
information, data, and/or modeling results.
Item 1: post-development groundwater mounding under the 100-year (return
period) 24-hour rainfall event.
MMA understands the Applicant has not provided a groundwater mounding
analysis representative of precipitation event return periods (RPs) greater than 10 years
despite receiving several requests for such analyses from Zoning Board of Appeals and
several peer reviewers. The Tetra Tech Stormwater Report documents HydroCAD (i.e.,
stormwater routing) scenarios representative of 25-year and 100-year RP design (rainfall)
events under post-development conditions, and the infiltration hydrographs associated
with the three proposed subsurface stormwater infiltration areas for these modeling
scenarios have been provided to MMA. As an “information only” exercise, MMA has
used these hydrographs and the Applicant’s own MODFLOW model to produce new 25year RP and 100-year RP simulations that mimic the Applicant’s methodology for
simulating post-development groundwater mounding during the 10-year RP design event.
The MODFLOW input files associated with the Scenario 1 simulation (i.e., 10year RP design event, primary wastewater disposal area), as described within the SHA
Groundwater Report, were used by MMA as a starting point. The first stress period of
the model, which extends through day 90 of the simulation, was not altered because it
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represents a “spin up” period leading up to the start of the storm event. Note that MMA
did not attempt to independently confirm the appropriateness of the rates assigned to the
model during this period.
Inputs were adjusted during model stress periods 2 through 38, which represent a
three-day period starting at day 91 and include the 24-hour duration storm event.
Consistent with the methodology described in the SHA Groundwater Report,
precipitation-based recharge rates were set to 3.0 inches per day and 4.25 inches per day
for the 25-year and 100-year return period events, respectively (i.e., one half of the 24hour precipitation totals for each storm event). These rates were applied during day 91
and were reduced to zero during days 92 and 93 in pervious areas. Also consistent with
SHA’s methodology, stormwater runoff was added as additional recharge to each of the
subsurface stormwater infiltration areas based on hydrographs provided by Tetra Tech.
The SHA Groundwater Report states infiltration from the primary wastewater
disposal area was represented as 80% of the proposed design rate of 33,000 gallons per
day (GPD). However, based on MMA’s review, the actual rate modeled as part of the
Scenario 1 simulation appears to be erroneously low at approximately 67% of the
proposed design rate during day 91 (i.e., instead of using 26,400 GPD or 80%, the SHA
model uses 22,150 GPD or 67%). For the 25-year RP and 100-year RP simulations, the
rates of recharge assigned to the wastewater disposal area were corrected by MMA to
represent a combination of time-varying pervious area recharge (consistent with SHA’s
approach) and 80% of the proposed design rate (i.e., 26,400 gallons per day).
Similarly, MMA’s review suggests peak stormwater infiltration rates modeled
within MODFLOW are slightly lower than peak rates predicted by HydroCAD. This
discrepancy was addressed by MMA for the 25-year RP and 100-year RP simulations to
the extent possible without altering the lengths of time increments (i.e., stress periods)
used by SHA in their model.
Figure 1 (25-year RP design event) and Figure 2 (100-year RP design event)
highlight areas where maximum simulated groundwater elevations are predicted to be
above (i.e., “breaking out” above) the pre-development land surface, as it has been
represented by SHA within their MODFLOW model5. Simulated groundwater mounding
peaks at proposed subsurface infiltration area 3 at heights of approximately 25.8 feet and
44.2 feet for the 25-year RP and 100-year RP scenarios, respectively. Though unrealistic
as noted below, if taken at face value, these results, even with no upward adjustment to
account for the estimated seasonal high groundwater condition, represent hydraulic heads
that would far exceed the proposed infiltration structure chamber top elevation(s) and the
post-development land surface and would result in significant and extensive groundwater
breakout in sensitive on-site areas (e.g., proposed retaining walls) and off-site properties.
During the hearing scheduled for May 2, I plan to show animations that further illustrate
the extent of breakout predicted under these model scenarios.

5

To produce these figures, grid top elevations assigned to model layer 1 were subtracted from the
maximum simulated heads from model layer 1.
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These results are presented as predicted by MODFLOW according to the
approach used by SHA to simulate the 10-year RP design event under post-development
conditions. It is important to note that, in reality, prior to mounded groundwater rising
above chamber tops and producing extensive breakout, stormwater infiltration rates
associated with the subsurface structures would be expected to greatly decrease,
increasing residence time and extending drainage times. With infiltration rates
decreasing, groundwater mounding would be expected to slow and potentially stabilize
below or potentially within the infiltration structures However, since the Applicant’s
HydroCAD simulations assume infiltration rates are unimpacted by rising groundwater,
and because these infiltration rates predicted by HydroCAD are used as direct inputs to
MODFLOW, the groundwater mounding simulations produce physically unrealistic
outcomes (e.g., groundwater elevations rising far above the tops of the infiltration
structures). Thus, the “disconnect” between the HydroCAD and MODFLOW
simulations referred to in prior documents remains unaddressed and appears to be
exacerbated for lower event probability scenarios.
MMA understands the Applicant’s approach to assessing potential groundwater
mounding under events with return periods greater than 10 years may differ from what is
described above. These results simply represent what is predicted using SHA’s
MODFLOW model by applying their approach to estimating mounding associated with
the 10-year return period precipitation event to lower probability events without
modifications to the structure of the model, boundary conditions, parameter values, or
inputs aside from those that have been described.
Item 1 Summary Points:
•

MMA’s review of the Applicant’s MODFLOW model files identified
apparent errors in inputted wastewater and stormwater infiltration rates
(both lower than reported);

•

When used to simulate groundwater mounding based on infiltration inputs
representative of the 25-year and 100-year RP design (rainfall) events, the
Applicant’s model predicts severe groundwater mounding that breaks out
above the land surface over significant portions of the site and off-site areas;
and

•

These physically unrealistic results are demonstrative of the ongoing,
unaddressed “disconnect” between the Applicant’s HydroCAD and
MODFLOW models, thus reinforcing concern relative to the Applicant’s
proposed design.

Item 2: issues associated with the estimated seasonal high groundwater condition.
The Applicant has repeatedly referenced the Massachusetts Stormwater
Handbook (MSH) and claimed they are not required to perform a stormwater-focused
groundwater mounding analysis because four (4) feet of vertical separation is provided
between the bottoms of the proposed stormwater infiltration structures and their
4

“estimated seasonal high groundwater”, or ESHGW, condition. However, information
collected from two additional test pits performed by SHA during February of 2022 (SHTP-519 and SH-TP-520) does not support the wholesale exclusion of information
collected from other nearby test pits. Furthermore, while the shallow observations of
redoximorphic features (“mottling”) within the D.T.H.-3 and D.T.H.-4 test pits may not
be representative of estimated seasonal high groundwater, no basis has been provided for
excluding the deeper observation at D.T.H.-4 (i.e., at a depth of 96 inches or approximate
elevation of 217.1 ft).
Figure 3 represents the result of linearly interpolating the available
redoximorphic feature elevations reported by the Applicant6 to depict the spatially
varying ESHGW condition in the vicinity of the proposed stormwater infiltration areas.
As indicated by this figure, subregions within the footprints associated with each of the
three proposed areas do not meet the four (4) foot vertical separation threshold referenced
by the Applicant7.
Beyond the vertical separation issue, logs presented within Appendix C of the
SHA Groundwater Report describing observations within D.T.H.-5 and D.T.H.-6 indicate
redoximorphic features representative of seasonal high groundwater were encountered at
elevations of approximately 235.5 feet and 234.7 feet, respectively, at these locations.
Yet Sheet C-7 from the Revised Plan Set suggests the porous pavement sections proposed
in this area (i.e., the driveway behind the proposed buildings) would be set several feet
below these elevations. This apparent conflict is confirmed through review of the Tetra
Tech Stormwater Report, which suggests invert elevations modeled for porous pavement
sections in this area range between 223.6 feet and 231.35 feet (i.e., range over Ponds 5aP,
5bP, and 5cP). To be clear, the Applicant’s revised plans show portions of the driveway
to be upwards of ten feet below ESHGW.
Item 2 Summary Points:
•

Without providing a basis for doing so, the Applicant appears to be omitting
a significant amount of their own reported information from their process of
developing an estimated seasonal high groundwater (ESHGW) condition for
the site vicinity;

•

The information reported by the Applicant, when considered as a whole,
appears to invalidate the Applicant’s claim that a stormwater-focused
groundwater mounding analysis is not required as per the parameters

6

Shallow redoximorphic feature observations within test pits D.T.H.-3, D.T.H.4, and SH-TP-520 were
omitted. The observation within test pit SH-TP-307 was also omitted due to a low reported surface area
percentage (i.e., 2%).
7
Note that Sheets C-6 and C-7 from the Revised Plan Set indicate bottom elevations of 219.75 feet, 219.5
feet, and 218 feet for subsurface stormwater infiltration areas 1, 2, and 3, respectively. Based on these
elevations, minimum estimate seasonal high groundwater elevations providing four feet of vertical
separation are interpreted as being 215.75 feet, 215.5 feet, and 214 feet for subsurface stormwater
infiltration areas 1, 2, and 3, respectively.
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defined within the Massachusetts Stormwater Handbook (MSH); and
•

The omitted information appears to be particularly consequential in certain
areas, including the southern portion of the site where porous pavement
sections appear to be proposed at elevations that would reside below
ESHGW, as reported by the Applicant, in this area.

Item 3: the “disconnect” between the Applicant’s MODFLOW and HydroCAD
models.
As noted above and in prior documents, the “disconnect” between HydroCAD
and MODFLOW remains unaddressed by the Applicant, thus representing a fatal flaw
that compromises the reliability of both modeling analyses. As stated within the MSH
(Volume 3, Chapter 1, p. 28-29):
“Mounding analysis is required when the vertical separation from the
bottom of an exfiltration system to seasonal high groundwater is less than
four (4) feet and the recharge system is proposed to attenuate the peak
discharge from a 10-year or higher 24-hour storm (e.g., 10-year, 25-year,
50-year, or 100-year 24-hour storm). In such cases, the mounding
analysis must demonstrate that the Required Recharge Volume (e.g.,
infiltration basin storage) is fully dewatered within 72 hours (so the next
storm can be stored for exfiltration) [emphasis added]. The mounding
analysis must also show that the groundwater mound that forms under
the recharge system will not break out above the land or water surface of
a wetland (e.g., it doesn’t increase the water sheet elevation in a
Bordering Vegetated Wetland, Salt Marsh, or Land Under Water within
the 72-hour evaluation period) [emphasis added].”
The MSH (Volume 3, Chapter 1, p. 28-29) continues on this topic as follows:
“If the analysis indicates the mound will prevent the infiltration BMP
from fully draining within the 72-hour period, an iterative process must
be employed to determine an alternative design that drains within the
72-hour period [emphasis added]”.
While the SHA Groundwater Report discusses mounding effects attributable to
stormwater infiltration, the interpretation of these results does not align with the MSH
requirements quoted above. The Applicant does not account for the effects of mounded
groundwater on stormwater system drainage rates (i.e., the “disconnect between
HydroCAD and MODFLOW remains unaddressed); therefore, the analysis is not
complete in showing the proposed system can reliably drain within the required 72-hour
period with consideration being given to groundwater mounding effects.
Furthermore, the Applicant’s analysis, as it has been presented, shows new areas
of breakout developing under post-development conditions within the Bordering
Vegetated Wetland and above the wetland limit, thus appearing to directly violate the
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MSH requirements. The SHA Groundwater Report attempts to characterize these
predicted changes as being inconsequential based on a comparison to interpreted
conditions occurring during Tropical Storm Ida (September 2022), but it remains unclear
how the MSH requirements are being met if changes are indeed predicted by their own
analysis.
In addition to issues with conceptualization and model design, input errors, and
the “disconnect” between HydroCAD and MODFLOW, there is another flaw in
Applicant’s groundwater mounding analysis. As represented within the Applicant’s
MODFLOW simulations, Tropical Storm Ida and the 10-year RP design event are “an
apple and an orange” and are therefore inappropriate to compare directly. The SHA
Groundwater Report claims Tropical Storm Ida delivered 4.96 inches of rain to the site
vicinity over a period spanning approximately 21.5 hours. They compare this total to the
10-year RP design event used in the Applicant’s HydroCAD analysis (i.e., 4.7 inches of
precipitation over 24-hours) and conclude such an event would be associated with a
return period greater than 10 years. Such a comparison would be appropriate if one were
solely focused on cumulative rainfall over a 24-hour period. However, the analysis
presented by the Applicant focuses on fluctuations in groundwater level (i.e., mounding)
at a much smaller time increment, where changes in this level are being affected by subdaily precipitation rate changes.
As illustrated by Figure 4, Tropical Storm Ida, as it was represented within a socalled “verification” simulation described within the SHA Groundwater Report, has a
variable rate of precipitation that peaks approximately fifteen (15) hours after the start of
the event. The 10-year RP design event is different, with precipitation being modeled as
a steady rate over the 24-hour event duration period. In fact, as illustrated by Figure 4,
the steady rate used for the 10-year RP design event is a little more than one-third of the
peak rate simulated by SHA during their Tropical Storm Ida simulation.
SHA’s so-called “verification” simulation of Tropical Storm Ida was modified by
MMA to provide a simple and approximate demonstration of the effect the precipitation
rate difference has on simulated groundwater mounding estimates. The temporal
discretization structure of the simulation was adjusted to accommodate a 1-day duration
recharge time series representative of the 10-year RP design event, and the overall length
of the simulation was reduced. Consistent with SHA’s general modeling approach,
recharge inputs during the first day of the simulation were modified to represent 50% of
the 10-year RP design event. All other aspects of the model were left as-is.
Figure 5 adds time series of simulated groundwater mounding (i.e., initial
groundwater level subtracted from time-varying simulated groundwater level) in the
vicinity of SH-WP-108, which is located along the wetland border, to Figure 4.
Mounding predictions are clearly shown to be influenced by the precipitation rate signal,
and predicted mounding based on SHA’s Tropical Storm Ida inputs is shown to
significantly exceed mounding predicted based on the 10-year RP design event (i.e., the
former being approximately 40% higher than the latter). Though just a simple example,
this comparison illustrates how, within the structure of SHA’s modeling approach, short7

duration precipitation rate differences can greatly impact maximum predicted mounding
heights.
The difference between these events is critical to recognize because maximum
groundwater mounding heights predicted by the Applicant’s MODFLOW model are
driven by the simulated rate(s) of groundwater recharge (i.e., modeled by SHA as 50% of
the interpreted precipitation rates). That is, in the context of SHA’s MODFLOW
analysis, higher precipitation rates are expected to produce comparatively larger
estimated groundwater mounding heights, particularly in down-gradient pervious areas
like the slope above the wetland. Ultimately, this means the Applicant’s comparison of
Tropical Storm Ida and the 10-year RP design event is inappropriate because differences
between pre- and post-development conditions are being masked by differences in
precipitation event intensity.
Item 3 Summary Points:
•

By not addressing the “disconnect” between their HydroCAD and
MODFLOW models, the Applicant’s groundwater mounding analysis does
not appear to be complete relative to the requirements described within the
MSH;

•

Even with the “disconnect” between HydroCAD and MODFLOW, the
Applicant’s groundwater mounding analysis appears to directly violate the
outcome requirements listed in the MSH (e.g., predicting new areas of
groundwater breakout in the wetland vicinity under post-development
conditions); and

•

Tropical Storm Ida and the 10-year RP design (rainfall) event have different
modeled precipitation rates that produce different groundwater mounding
predictions; therefore, comparisons of these events presented by the
Applicant are inappropriate and do not provide a reliable basis for
interpreting changes attributable to the proposed project.

Concluding Comments
As highlighted above, the Applicant’s groundwater mounding analysis, as
presented, continues to be deficient and incomplete relative to successfully demonstrating
a working and acceptable proposed design. In addition to the items highlighted herein,
MMA continues to disagree with many design and approach aspects of the Applicant’s
MODFLOW model and groundwater mounding analysis. However, as noted previously
in the January 3, 2022 document, it is MMA’s view that granular comments are not
useful at this time given the apparent needs for redesign and additional analysis.
Please note the opinions expressed herein by MMA are based on information
made available as of the indicated transmittal date. Results of model simulations
performed by MMA are intended to be for information only purposes and/or to highlight
issues identified via a technical review. In presenting the results of MODFLOW
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simulations, MMA is not endorsing any aspect of the model and/or associated
groundwater mounding analysis, nor is MMA indicating or implying the results represent
realistic outcomes. The results of the review, including the alternative interpretations
described herein, are preliminary and should not be used directly to revise any design
aspects, nor should they be used directly to support revisions to any permit applications.

MAM/
Z:\1_Projects\Hanover_Weston\7_Reports_and_Memos\GW_Mounding_Comments_April2022\FINAL_Technical_Review_of_Revised_Mounding_Ana
lysis_4-21-22.docx
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Maximum
25.8 feet
(approx.)

North
(approx.)

Wetland
Boundary
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Figure 1 – Maximum Height Above Simulated Predevelopment Land Surface
25-Year Return Period Rainfall Event Scenario (Contour Interval = 2 feet).

Maximum
44.2 feet
(approx.)

North
(approx.)

Wetland
Boundary
(approx.)
Figure 2 – Maximum Height Above Simulated Predevelopment Land Surface
100-Year Return Period Rainfall Event Scenario (Contour Interval = 2 feet).

ESHGW > 214.0 feet

ESHGW > 215.5 feet

ESHGW > 215.75 feet

Note: area estimates based on linear interpolation of redoximorphic feature elevation observations
reported by the Applicant (shown as magenta circles). Some observations were included but are not shown
because they are located beyond the spatial extent of the figure. The observation reported in the log for
test pit SH-TP-307 was intentionally omitted due to a low reported surface area percentage (i.e., 2%).

Figure 3 – Areas Estimated to Have Less Than Four (4) Feet of Vertical Separation Between the
ESHGW Condition and the Proposed Bottom Elevation of the Nearby Infiltration Structure.

North
(approx.)

Figure 4 – Comparison of Precipitation Rates Modeled by SHA during the 10-Year RP
Design Event (Post-Development) and Tropical Storm Ida (Pre-Development).

Figure 5 – Figure 4 Modified to Include Representative Simulated Groundwater Mounding for
Tropical Storm Ida (Pre-Development) and the 10-Year RP Design Event (Post-Development).

