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MEMO 
 
 
TO:  DHCD 
FROM:  Tom Cambareri, Project Manager 
DATE:  January 15, 2010 
 
RE:   DLTA PROJECT: Barnstable ZONE II 
 
 
This memo is a final report on progress and deliverables for the Barnstable Town-wide 
Zone II delineation project. All referenced materials are attached to this memo. 
 
Contractual 
The conceptual project began in January 2009 when the Town of Barnstable responded to 
the Cape Cod Commission’s request for project proposals. The Commission selected the 
project from over a dozen that were submitted, and notified the town on February 19,
2009. Commission water staff worked with the town on the scope of work and 
received signed contracts from the town on April 15, 2009, which were executed in turn 
by Barnstable County on June 1, 2009.   
 
Existing Information Review 
Commission water staff conducted a review of previous wellhead protection and Zone II 
delineation work in the Town of Barnstable. The town had undertaken several 
groundwater modeling projects over the last two decades. The Commission summarized 
this to focus the present effort and to use it as part of the DEP Zone II Re-delineation 
proposal discussed below. 
 
 
Kick-off Meeting 
The town-wide Zone II delineation project was not a straightforward project in the Town 
of Barnstable. The town has three separate and independent water districts and one town 
department district under the Department of Public Works. The four “districts” discussed 
in this report include: 
 

1. Hyannis Water Division – Barnstable DPW 
2. Centerville-Osterville-Marstons Mills Water District 
3. Barnstable Fire District 
4. Cotuit Water District 
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Commission staff coordinated a kick-off meeting with Town of Barnstable officials and 
the superintendents of the four separate water districts on May 11, 2009. The 
superintendents had been discussing the need for such a project for a number of years so 
when the opportunity came for the DLTA project, they were enthusiastic participants.  
Commission staff provided background materials to review the existing Zone II and to 
determine what type of information would be necessary for the updated Zone II to 
proceed. Commission staff requested five years of pumping data over the years 2004 to 
2008 to update the groundwater model.  
 
Data Compilation 
Commission staff worked with the districts to get pumping data for the five–year period.  
This took more than several weeks. In addition, Commission staff requested and 
received copies of complete Annual Statistic Reports for the 2008 year that were filed 
with DEP. DEP provided the complete Cape set of supply information so staff was able 
to compile that information as well. At the end of the task, Commission staff had 
produced: 
 

• A five-year summary of pumping data for the four districts 
• A Cape-wide summary of pumping statistics for public water suppliers 

 
Commission water staff also prepared at data set of the USGS index-well water-table 
observations for calibration. The USGS data consists of monthly water-level readings at 
28 well sites across the Sagamore Lens.  Some of these observation wells have more than 
50-year periods of record.  Water staff summarized the data for the long-term record and 
the five-year calibration period. 
 
Groundwater Modeling Preparation 
Commission water staff worked on several levels to prepare the model for the Zone II 
delineation. Water staff downloaded the USGS groundwater “Modflow” model for the 
Sagamore Lens onto Commission computers and configured it to a proprietary 
groundwater modeling software called “Groundwater Vistas.” Water staff launched 
the software and performed preliminary model runs to become better familiar with the 
product.   
 
Data Set Configuration 
Commission water and GIS staff configured the pumping data summaries into the 
“Modflow” format for modeling. This consisted of preparing a special GIS data set of all 
the public supply wells in the Sagamore Lens and attaching the various pumping rates, 
including average and maximum pumping for the model calibration and Zone II 
modeling. 
 
DEP Zone II Re-delineation Proposal Submittal 
Commission water staff prepared a Zone II re-delineation proposal for the Town of 
Barnstable to submit to DEP per the Water Supply Guidelines of 2009. DEP will review 
the proposal and provide suggestions and/or comments before the Zone II delineation 
modeling is completed. Unfortunately, delay in receiving initial data sets and required 
internal review of the letter proposal resulted in a delay of the submittal of the DEP 
proposal. At the present time the DEP proposal letter is still under review by the town. 
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Project Completion Schedule 
Commission water staff anticipates a meeting with DEP to go over the project proposal 
before getting a verbal or written go-ahead. The modeling portion of the project is staged 
to begin immediately, and it is anticipated that project completion, including water 
superintendent review and final report submittal to DEP, will be before June 30, 2010. 
 
Budget 
Project funds under the DLTA grant have been totally spent by the efforts to stage the 
project. The Commission anticipates using in-kind efforts and potentially submitting a 
request for additional funding under the 2010 DLTA program. 
 
Interim Project Deliverable Use 
The water-supply data set compilations have been used by several different parties as 
well as by Commission staff for the modeling project:   
 

• The Town of Barnstable consultant preparing the Nutrient Management Plan, 
which will be the basis of the town’s Comprehensive Wastewater Management 
Plan, recently requested this project’s five-year summary. The pumping data 
allows the consultant to evaluate average and peak demands for the different 
districts in order to better design the wastewater treatment capacity needs.   

 
• The consultant for the Cape Cod Water Protection Collaborative is using the data 

to calibrate Cape-wide wastewater generation that will be used to estimate Cape-
wide wastewater infrastructure costs.  
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Memorandum of Agreement 
Between 

 
Barnstable County through 
Cape Cod Commission 
3225 Main Street 
Barnstable, MA 02630 

and 
 
Town Manager on behalf of 
Town of Barnstable 
367 Main Street 
Hyannis, MA 02601 
 
This Memorandum of Agreement (Agreement) is entered into this            day of March 2009 by and between Sheila 
Lyons, Mary Pat Flynn and William Doherty as they are the Commissioners of Barnstable County, acting by and 
through the Cape Cod Commission (hereafter referred to as the “Commission”) and the Town of Barnstable (hereafter 
referred to as the “Town.”) 
 
WHEREAS, the Commission has received funding from the Department of Housing and Community Development to 
provide technical assistance to local communities under the provisions of Chapter 205 of the Acts of 2006, as amended, 
and 
 
WHEREAS, the Town of Barnstable has requested technical assistance for a town-wide Zone II assessment of four 
water districts and neighboring towns,  
 
NOW THEREFORE, the Town enters into this Memorandum of Agreement with the Commission. 
 
1.  RESPONSIBILITIES OF THE TOWN 
 
A) The Town has requested technical assistance from the Commission in accordance with its letter January 15, 2009. 

incorporated herein by reference. 
 
B) The Town agrees to work with the Commission as per the attached Scope of Work (Attachment A.)   
 
 
2.  RESPONSIBILITIES OF THE COMMISSION 
 
Upon execution of this Agreement, the Commission agrees to provide the Town with the technical assistance outlined 
above at an estimated cost of $15,000. Funding for this technical assistance is provided by the Department of Housing 
and Community Development.   
 
3.  DURATION 
 
A) This Memorandum of Agreement shall be effective until December 31, 2009 unless an extension in time is agreed to 
in writing by both parties. 
 
B) Either the Town or the Commission may terminate this Agreement by written notice to the other party, if the other 
party substantially fails to fulfill its obligations hereunder through no fault of the terminating party, or if the other party 
violates or breaches any of the provisions of this Agreement. Such notice shall be delivered by certified mail at least 
thirty (30) days before such effective date. In the event of such termination or suspension of this Agreement, the 
Commission shall be entitled to just and equitable compensation for satisfactory work completed, for services performed 
and for reimbursable expenses necessarily incurred in the performance of this Agreement up to and including the date of 
receipt of notice of termination or suspension. 
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4.  AMENDMENT 
 
This Agreement may be amended as mutually agreed by both parties in writing. 
 
5. SIGNATORY AUTHORIZATION 
 
The respective signatories hereto represent and warrant that they are duly authorized to execute this Agreement on 
behalf of the public entity on whose behalf they have signed this Agreement, and that all substantive and procedural 
preconditions to their effective execution of this Agreement on behalf of said public entities have been satisfied.  
 
6. INTEGRATED INSTRUMENT 
 
This Agreement shall take effect as an integrated instrument. 
 
IN WITNESS WHEREOF, the TOWN and the COMMISSION execute this Agreement this          day of March in the 
year two thousand and nine. 
 
BARNSTABLE COUNTY COMMISSIONERS   TOWN OF BARNSTABLE 
 
 
__________________________ ___________________  ___ 
Sheila Lyons, Chairman John C. Klimm, Town Manager 
 
__________________________ ____________________ 
Mary Pat Flynn Date 
   
__________________________  CAPE COD COMMISSION 
William Doherty 
 _____________  _____________ 
________________ Paul Niedzwiecki, Executive Director 
Date  
 ________________ 
 Date 
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ATTACHMENT A 
Scope of Work 

 

 
                                                                                                                                         

The deliverables of this scope of work are predicated on the use and acceptance of the USGS 
groundwater model for the Sagamore Lens as the tool to redefine the Zone IIs and use of existing 
available data.  If a new model or numerous changes to the existing model boundary conditions 
are required for the Zone II delineation, the project may require re-scoping and an amendment of 
the MOU.  

 
 

1) Assemble available previous Zone II reports and hold a kick off meeting for the Barnstable 
Water Superintendents.  Discuss project goals and information needs.  Discuss conditions for 
previous report and plan a strategy for: defining existing conditions, Zone II conditions and 
future conditions, and collecting additional data such as pumping records, water level 
monitoring, etc ….. 

 
 

2) Working with the Town’s Project Manager assemble information from Suppliers and prepare 
a pumping conditions document for the Groundwater modeling project. 

 
 

3) Meet with DEP to discuss the town’s project and methods to update the Zone IIs 
 
 

4) Update the USGS model for the Sagamore Lens using the new pumping data. 
 
 

5) Present initial Zone II results and other Zone of Contribution scenarios. 
 
 

6) Prepare written report documenting the project and results. 
 
 

7) Provide recommendations to the Water Districts on revised Zone IIs and Town Zoning 
Overlay district 

 
8) Assist town with the DEP approval process and attend meeting for Town approval 
 

 



 
 
 

MEMO 
 
 
 
 
 
TO:   Dr. Dale Saad 
  DPW- Town of Barnstable 
  Hyannis, MA  02601 
 
FROM:  Tom Cambareri 
 
Date:   June 1, 2009 
 
RE:   Zone II MOA  
 
 
 
Attached are two signed original copies of the MOA. 
 
Please confirm receipt. 
 
I look forward to working with you and the Districts on this important project. 
 
  

 



 
 
 

Town of Barnstable 
 

Water Quality Advisory Committee 
 

May 11, 2009 
3:00PM  

 
COMM-Water District 

Conference Room 

Agenda 
 
 
 
District Updates 
            Water towers  
            MTBE settlement  
 
Town Zone II modeling 
 
Town Nutrient Management Plan 
 
Other 
 
Next Meeting Schedule 
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Mr. Richard Rondeau, Chief 
Drinking Water Program  
MassDEP Southeast Region Main Office 
20 Riverside Drive 
Lakeville, MA 02347 
 
Dear Mr. Rondeau 
 
The Town of Barnstable in 1993 conducted a Town-wide Zone II delineation that made 
use of a single model of the Sagamore Lens and a single Zone II simulation of numerous 
wells to delineate the Zone IIs.  Since 1993, water districts in the town have added 
several new wells which have been delineated with different methods.  The town of 
Barnstable proposes to update the town-wide Zone IIs by adding the new wells and using 
the new US Geological Survey groundwater model to provide one consistent approach.  
This work is important because it enable the town to better protect its water supplies in 
the face of efforts to locate new wastewater discharges.  The town is working in 
cooperation with the water three water districts in the town and the Hyannis Water 
Division.  The town has contracted with the Cape Cod Commission to perform the work for the 
town and the Districts.   
 
The town submits this proposal according to the 2009 Standards & Guidelines for 
Contaminants in Massachusetts Drinking Water Chapter 4, Section 11: Redelineation of 
Zone IIs.  The attached outlines the Town’s technical rationale for redelineation and 
includes a discussion of the previous methods and proposed use of a more sophisticated 
model.  We understand from the Guidelines that DEP will review the proposal and 
potentially coordinate a technical meeting and/or supply specific instructions pursuant to the 
Guidelines. 
 
Please contact Tom Cambareri at the Cape Cod Commission or myself if you have any 
questions. 
 
Sincerely, 
 
Dale Saad,  
Project Manager 
 
Cc: Mark Ells, DPW-Superintendent 
 Craig Crocker, COMM Superintendent 
 Chris Wise, Cotuit Water District 
 Jon Erikson, Barnstable Fire District superintendent 
 Hans Keijser, Hyannis Water Superintendent 
 Tom Cambareri, Cape Cod Commission 
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Barnstable Town-wide Zone II Delineation 
 

Previous Investigations 
The Zone II delineations for public water supply wells in the Barnstable Area have a long 
history.  The Town first adopted Zones of Contribution ZOCs were delineated by Cape 
Cod Planning and Economic Development staff in 1981, making use of the first USGS 
Regional Water Table Map from 1977 (Leblanc and Guswa, 1977) and using an 
analytical technique later described by (Horsley and Cambareri, 1986).  In the 
Groundwater and Water Resource Protection Plan of 1986, SEA consultants used the 
USGS Groundwater model by Guswa and LeBlanc, (1981) to develop new ZOCs.  The 
USGS groundwater model had a half-mile grid discretization, 36 rows, 58 columns and 5 
layers.   At that time it was unclear how DEP would apply their 1979 definitions for Zone 
I, II and III that were developed for glacial valley-filled aquifers to the Cape Cod 
Aquifer. The Town of Barnstable subsequently contracted with SEA Consultants (1989) 
to perform a DEP Zone II delineation for the public water supply wells.  This time the 
consultants modified the USGS model into the MODFLOW format.  Changes to the 
model included a discretization to 660 ft, a higher hydraulic conductivity in the outwash 
up to 250 ft/d, incorporation of a river module and the preparation of a town water table 
map upon which to calibrate the model.  The modeling process included two scenarios 
for the town.  One was a Zone II delineation for the existing wells for DEP approval, The 
second scenario also included future and proven future wells for adoption by the town in 
as part of their Water Resources Protection bylaw. This bylaw and a map of the district 
was adopted in 1991.  The DEP did not approve the Zone II delineation. 
 
The Town subsequently contracted with Geraghty and Miller (1992) to develop a new 
groundwater model as part of the Wastewater Facility Plan that Barnstable started in 
1988.  This effort also imported the initial USGS model into the newer MODFLOW 
groundwater code.   The model which also covered the Sagamore lens had 85 rows and 
132 columns and 5 layers.  Grid size ranged from half mile to 660 in the East Barnstable 
area.  An observed water table map was developed for the 1992 year from 84 observation 
points and was used as the basis of calibration.  Geraghty and Miller (1993) subsequently 
prepared a technical document for the Towns Wastewater Facility Plan describing the 
MODFLOW groundwater model.  Geraghty and Miller (1993) were then contracted to 
delineate the Zone IIs to the public water supply wells in the town.  This document was 
the formal submittal to DEP with agreed upon and specified pumping rates for the public 
supply wells in the town’s four independent water districts.  The grid size for the Zone II 
model was further reduced to 330 ft resulting in a model of 264 rows, 170 columns and 5 
layers.  The Zone II submittal was approved by DEP and the town adopted the new map 
as the Water Resource Protection bylaw.  Two additional Zone IIs were delineated using 
a method independent of the Town-wide model and added to the map and the Protection 
District was subsequently amended. 
 
USGS Groundwater Model 
 
The USGS developed a groundwater model of the Sagamore and Monomoy Lens in 2004 
(Walter and Whealan).  The USGS three-dimensional, finite-difference groundwater 
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model MODFLOW-2000 (Harbaugh, et al., 2000) was used to simulate groundwater flow 
in the aquifer.  The USGS particle-tracking program MODPATH4 (Pollock, 2000), 
which uses output files from MODFLOW-2000 to track the simulated movement of 
water in the aquifer, was used to delineate the area at the water table that contributes 
water to wells, streams, ponds, and coastal water bodies. This model has been the used as 
the basis of watershed boundaries to coastal embayments as well as the definition of pond 
and stream watersheds for the land use analysis of the MEP technical reports and 
subsequent DEP and EPA approved TMDLs.     
 
The Sagamore Flow Model grid consists of 246 rows, 365 columns, and 20 layers. The 
horizontal model discretization, or grid spacing, is 400 by 400 feet. The top 17 layers of 
the model extend to a depth of 100 feet below sea level and have a uniform thickness of 
10 ft.  The top of layer 8 resides at sea level with layers 1-7 stacked above sea level to a 
maximum elevation of +70 feet.  In Barnstable study area of the Sagamore Lens water 
elevations range up to 40 ft so the top 5 layers are not required for model operation.  At 
depth within the aquifer, layer 18 has a thickness of 40 feet and layer 19 extends to 240 
feet below sea level.  The bottom layer, layer 20, extends to the bedrock surface and has a 
variable thickness depending upon site characteristics.   
 
The USGS Model incorporated geologic and pump test data to determine hydraulic 
conductivities from a variety of sources including well logs from USGS, local Town 
records, and data from previous investigations.  Final aquifer parameters were determined 
through calibration to observed water levels and stream flows. Hydrologic data used for 
model calibration included historic water-level data obtained from USGS records, Water 
Districts and local Towns, as well as water level and stream flow data.  The model has 
been calibrated and verified and used as the basis of subsequent work for a variety of 
projects. 
 
Proposed ZONE II Delineation 
 
The town of Barnstable will use the US Geological Survey Sagamore Lens model as the 
basis of the new delineation.  This model is a significant increase in sophistication over 
the previously used model.  The number and location of wells and their pumping rates 
will be updated according to the water district superintendent and DEP records of rated 
capacity.  The existing calibration is well documented by the authors.  The project will 
re-evaluate the calibration with the existing available water table information. The town 
will provide a complete evaluation of the impacts of the proposed Zone II re-delineation 
on the Water Supply Protection District.  The public water supply superintendents shall 
have an opportunity to review and comment on the Zone II prior to submittal and DEP 
approval.  The Zone II delineation and all records including pumping data and model 
input and outputs will be documented and submitted in digital form according to the 
guidelines. 
 
We have assembled pumping data from the suppliers over the last 5 years 2004 to 2008 
and compiled that data together with previous data used by the USGS and prior Zone II 
delineations.  This table is included below.  Also attached is the Town of Barnstable Zone 
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II delineation showing the wells and labels.  Wells brought on line or permitted since then 
will be added to the map and table for use in the modeling exercise. 
 
In summary, the use of the updated USGS model and updated list of wells will enable the 
town and district to better protect the water supply for the future. 
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