TOWN OF WESTFORD
PERMANENT TOWN

BUILDING COMMITTEE
TOWN HALL
WESTFORD, MASSACHUSETTS 01886
(978) 692-5501

REQUEST FOR QUALIFICATIONS

WESTFORD ACADEMY ATHLETIC COMPLEX
MASTER PLAN

ADDENDUM NO.1

A Briefing Session was held on Wednesday, September 9", 2015 at 10:00 a.m. at the
Westford Academy Athletic Complex. A tour of the facilities was provided to all
attendees. The following documents are being provided to all registered firms:

1. Briefing Session Attendance Sheet (see attached)
2. Zone |l Delineation Report — prepared by Dufresne-Henry, Inc., May 2006.
3. Wastewater Treatment Facility Plans

The Zone 11 Report and Treatment Facility Plans are available to be downloaded directly
off the Town of Westford website.

http://www.westfordma.gov/Pages/Government/WestfordMA Procurement/list

All documents are being provided for information purposes only.

All proposals must be received at the Westford Public Schools Office, 23 Depot
Street, Westford, MA 01886 by no later than 2:00 p.m. on Friday, September 18,
2015.

All proposals must be submitted in a sealed envelope, clearly marked as follows:
REQUEST FOR QUALIFICATIONS

WESTFORD ACADEMY ATHLETIC COMPLEX
MASTER PLAN

Everett V. Olsen, Jr.
Superintendent of Schools
Westford Public Schools
23 Depot Street
Westford, MA 01886

End of Addendum No.1


http://www.westfordma.gov/Pages/Government/WestfordMA_Procurement/list

ATTENDANCE SHEET

Westford Academy Athletic Complex Master Plan - Request for Proposals

Briefing Session

Location: Westford Academy, 60 Patten Road, Westford, MA
Date: Wednesday, September 9, 2015 - 9:00 a.m.
Name Representing Email
1. Thomas J. Mahanna Permanent Town Building Committee tmahanna@westfordma.gov

S 140%

2. Dan Twomey Westford Academy Athletic Dept. dtwomey@westfordk12.us
3. James Antonelli Westford Academy jantonelli@westfordk12.us
4, Kathy Auth Westford School Department kauth@westfordk12.us
S Stephen Cronin Westford Water Department scronin@westfordma.gov
6. : //4
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Westford Water Department Section 3
Prolonged Pumping Test Country Road No.2 Zone I Delineation

SECTION THREE
ZONE I DELINEATION

3.1 INTRODUCTION

To delineate the Zone II for the proposed Country Road Well No.2, a computer model was
developed using the U.S. Geological Survey Modular Finite-Difference Groundwater Flow
Model (MODFLOW). This model was used to determine the area of th¢ regional aquifer that

contributes water to the proposed well under severe pumping and recharge conditions.

3.2 CONCEPTUAL MODEL

The Beaver Brook Aquifer is a valley-fill aquifer created by the deposition of sand and gravel
from glacial meltwater flowing in a pre-existing valley in the bedrock. These permeable
stratified-drift deposits extend from Littleton through Westford and Chelmsford to the
Merrimack River. These deposits are bounded by upland areas mantled by glacial till. Till
has much lower hydraulic conductivity than the outwash deposits and is not considered an

aquifer deposit. The USGS mapped limit of the aquifer is shown in Figure 3-1.

The glacial outwash aquifer is fed by local recharge and by recharge and runoff from the
neighboring hillsides. Stony Brook and other surface water courses are generally gaining
streams into which groundwater discharges. Thus near the wells, in the absence of pumping,
groundwater flows from the surrounding hills into Stony Brook and its tributaries. The
aquifer is bounded by local surface water divides for the surface water basin draining to
Stony Brook and its tributaries. In the absence of pumping withdrawals, the groundwater

divide would tend to mirror the overlying surface water divide.

Well logs for pumping and observation wells installed in the vicinity of the Country Road
Well No.2 site indicate the presence of stratified sand and gravel, and fine sand and silt.
Outwash deposits extend to at least 90 feet deep in the aquifer, but are generally in the range

0of 30 to 60 feet thick.

Final - May 06 3-1 Dufresne-Henry
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Westford Water Department : Section 3
Prolonged Pumping Test Country Road No.2 Zone II Delineation

An areal or two-dimensional model of the glacial drift aquifer is appropriate for determining
the groundwater flow in the project area because the aquifer is a single layer of outwash

deposits and vertical flows are not relevant for identifying the zone of contribution.

3.3 GROUNDWATER MODEL DESCRIPTION

The groundwater flow model of the Beaver Brook Aquifer was developed using the U.S.
Geological Survey (USGS) MODFLOW computer program. The model determines the
distribution of hydraulic head and the ground-water flow field over time and space. The
model considers:
. the varying capacities of the geologic materials to transmit
groundwater flow, represented by the aquifer transmissivity;
. the changes in the quantity of water stored in the geologic
materials, represented by the aquifer storage coefficient; and
. the influence of boundary conditions where water enters or

leaves the groundwater system.

Typidal boundary conditions are wells, streams, springs, and impermeable barriers to flow.
The water table is also a boundary through which rainfall or other recharge enters the

groundwater system.

MODFLOW is described by its authors as a modular computer program for three-
dimensional groundwater flow modeling (McDonald and Harbaugh, 1988). "Modular" refers
to the structuring of the computer programming code into independent sub-programs or
modules, each performing a distinct, well-defined task. One or more modules together form
the major code capabilities, or "packages.” Individual packages address specific aspects of
the groundwater system. The MODFLOW packages used for this model are as follows:
Basic package - establishes basic model structure and computer code bookkeeping and output
instructions. The basic package is required for use in all MODFLOW applications.

Block-centered flow package - establishes the geometry and hydraulic properties of the model

grid. The block-centered flow package is required for use in all MODFLOW applications.

Final - May 06 3-3 Dufresne-Henry



Westford Water Department Section 3
Prolonged Pumping Test Country Road No.2 Zone II Delineation

River Package - represents a river underlain by a variable permeability bottom. A riverbed
conductance parameter must be specified in using a river package.

Recharge package - specifies the rate of rainfall recharge into the surface of the modeled area.

Well package - represents withdrawal wells (negative flow in model input), recharge wells
(positive flow), and specified-flow boundary conditions.

Strongly implicit procedure (SIP) package - one of several available packages with which to

solve the groundwater flow equations. The SIP is an accelerated solution technique that

solves most problems more quickly than the other packages.

The MODFLOW code provides several computation options. In representing processes over
time, the model can be operated as a steady-state (not varying in time) or transient (varying in
time) model. In this study, the model was run in steady-state mode to evaluate long-term
average behavior of the groundwater system. MODFLOW permits the vertical geometry to
be represented as fully three-dimensional, quasi-three-dimensional, or two-dimensional. In
the quasi-three-dimensional option, aquifers are represented as model layers, but separating
confining units are modeled through interlayer leakage coefficients rather than as explicit
model layers. In the fully three-dimensional option both aquifer units and confining units are
explicitly represented in the model layer structure. In the two-dimensional model a single

model layer is specified. A two-dimensional formulation is used in this study.

3.4 MODEL DEVELOPMENT

The development of a groundwater flow model entails preparing the geological information
from the conceptual model in a form usable by the MODFLOW computer program. This
preparation included the following:
. subdividing the model horizontal area into a grid of
computation elements;
. specifying boundary conditions in the model domain; and
. assigning values of physical properties such as transmissivity to

the resulting two-dimensional array of model cells.

Final - May 06 3-4 Dufresne-Henry



Westford Water Department Section 3
Prolonged Pumping Test Country Road No.2 Zone II Delineation

The input data required by the model include
. geographical definition of the model area and model computation grid,
. model boundary conditions (no-flow, specified-flow, river, and
constant head boundaries);
. distribution of the hydraulic parameters, the aquifer
transmissivity, and storage coefficient;
. location and pumping rate of wells; and

. amount of precipitation recharge.

Model Area and Boundaries - The model area is shown in Figure 3-2. Most of the model

boundaries are placed at the natural boundaries of the aquifer where the sand and gravel
deposits meet the glacial till as mapped by the USGS in HA-662 (Brackley and Hansen,
1985). Other no-flow boundaries are located at the drainage basin boundary, surface water

bodies, or far enough from the pumping wells to ensure no effect on the zone of influence.

Internal boundaries are typically surface-water features that interact with the ground-water
system. Beaver Brook is represented in the model using the MODFLOW river package.
Stream elevations were determined using the U.S. Geological Survey topographic maps.
Stream elevations were specified at points where contours on the topographic map cross the

stream. Elevations in the model were linearly interpolated between the map points.

The MODFLOW river package considers the stream to be underlain by a stream bed of
variable conductance. The stream conductance, C, for each river cell was calculated using

the following equation:

K = hydraulic conductivity of the stream bed material
L = length of stream within the cell
W = width of stream, and

M = thickness of the stream bed material.

Final - May 06 3-5 Dufresne-Henry
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Westford Water Department Section 3
Prolonged Pumping Test Country Road No.2 Zone II Delineation

For the ponds and the streams, the stream bed hydraulic conductivity was assumed to be 2.0
feet/day, a value consistent with those reported by de Lima (1991) for small sandy bottom

streams in New England.

The existing Westford Water Department wells in the model area are also represented as a
boundary in the model with the well package. The Town of Littleton Well 2 is located in the
model area and was included in the simulations. The wells in the model were set to the 2005
average rates in order to simulate the overall average baseline groundwater flow in the
aquifer. The results from the average conditions simulation were used as the starting
conditions for the transient Zone II simulation with the wells pumping their maximum

approved yield. Pumping rates used in the model are given in Table 3-1.

Table 3-1
Pumping Rates Used in Model
(Million Gallons per Day)

. o\ Zone II
Well Name Starting Condltlg "8 | Simulation
(Average Rate*) (Max Ratc)
Forge Village 1 0.135 0.34
Forge Village 2 0.280 - 0.59
Country Road 0 QF*
Country Road 2 0 0.61
Fletcher 0.316 0.69
Howard Road 0.191 0.43
Littleton Well 2 0.200 0.41

* Based on 2005 DEP report. Estimated for Littleton Well 2. _
** The approved Zone II rate for the Country Road Well is 0.54 MGD.

No private wells are believed to exist near the project site. Private wells are almost
exclusively deep bedrock wells with relatively small yields. Furthermore, any groundwater
extracted from them would be almost entirely discharged on site through private septic
systems resulting in essentially no impact to the groundwater system. For these reasons, no

private wells were modeled.

Final - May 06 3-7 Dufresne-Henry



Westford Water Department Section 3
Prolongéd Pumping Test Country Road No.2 Zone II Delineation

The numerical model grid used by the computer program must be a rectangular area,
therefore there are inactive grid cells between these boundaries and the limits of the
numerical grid. The limit of the active grid cells and boundary conditions are shown in

Figure 3-3. A detail of the well area with the calibration targets is given in Figure 3-3A.

Hydraulic Parameters - The distribution of aquifer transmissivity in the model is shown in

Figure 3-4. This distribution is directly from the U.S. Geological Survey Hydrologic Atlas
HA-662. The transmissivity values used in the model are based on the results of the pumping
test and model calibration and are in the ranges indicated by HA-662. A storage coefficient
of 0.09 was assigned to the entire model area based on model calibration and aquifer test

data. This value is consistent with unconfined conditions.

Recharge - The recharge rate used for precipitation in the model was 21-inches per year
which is one half the average annual precipitation for this area. One half the precipitation is
accepted as the amount to recharge sandy aquifers in New England after losses of runoff and

evapo-transpiration.

3.5 MODEL CALIBRATION

The model was calibrated to results from the pumping test. The observed drawdown in six
observation wells during the test at 425 GPM was compared to results from a simulation of
the test. Minor adjustments to transmissivity and storativity values in the model were made
until the residual mean of observed and calculated drawdowns could not be further improved.
Observed and simulated drawdown for each observation well in the pumping test is shown on
Chart 3-1. Most calculated drawdown curves match observations favorably. Observed vs
simulated drawdown is shown on Chart 3-2. The overall residual mean of observed and

calculated drawdowns is 0.20 feet indicating good model calibration.

Final - May 06 3-8 Dufresne-Henry
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Westford Water Department Section 3
Prolonged Pumping Test Country Road No.2 Zone Il Delineation

3.6 MODEL RESULTS

To delineate the Zone II, the model was used in transient mode to simulate groundwater flow
for 180 days of pumping with no recharge. Starting conditions for the Zone II simulation
were constructed in a steady-state model simulation with 21-inches per year of recharge and
the existing wells pumping at average rates. The Zone II simulation used maximum
approved pumping rates and no recharge. The U.S. Geological Survey MODPATH particle-
tracking model was applied to the potentiometric surface predicted by MODFLOW to
backtrack groundwater flow to the source of the water reaching the well. A total of 10

particles were tracked distributed around the pumping well at a radius of 50 feet.

Contours of hydraulic head and particle tracks predicted by the model are provided in Figure
3-5. The Zone II is delineated in Figure 3-6 as a composite of the results shown in Figure 3-5
and the existing Zone II (Figure 3-1). The portions of the model results Zone II that did not
encompass the existing Zone II were included to prevent the Zone II boundary from

becoming smaller.

All original MODFLOW input and output files are included on disk in Appendix E.

Final - May 06 3-14 Dufresne-Henry
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