Enter your transmittal number — > X280136

Transmittal Number

Your unique Transmittal Number can be accessed online:
http://www.mass.gov/eea/agencies/massdep/service/approvals/transmittal-form-for-payment.html

Massachusetts Department of Environmental Protection
Transmittal Form for Permit Application and Payment

L Please typeor - A Permit Information
print. A separate

Transmittal Form BRP WS 17 New Source Approval > or = 70 gpm

must be completed 1. Permit Code: 4 to 7 character code from permit instructions 2. Name of Permit Category
for each permit Request for Site Exam and Prolonged Pumping Test Proposal

application. - —
3. Type of Project or Activity
2. Make your

check payableto ‘B ~Applicant Information — Firm or Individual
the Commonwealth

of Massachusetts Ipswich Utilities Department

and mail it with a 1. Name of Firm - Or, if party needing this approval is an individual enter name below:
copy of this form to:

MassDEP, P.O. — - —
Box 4062, Boston, 2. Last Name of Individual 3. First Name of Individual 4. Ml
MA 02211. 272 High Street, PO Box 151
) 5. Street Address
3. Three copies of Ipswich MA 01938 978-356-6635
:]hézg;zrdm will be 6. City/Town 7. State 8. Zip Code 9. Telephone # 10. Ext. #
' Ms. Vicki Halmen, Water & Wastewater Director vhalmen@ipswichutilities.org
Copy 1-the 11. Contact Person 12. e-mail address

original must

accompany your — ; — "
permit application. C. Facility, Site or Individual Requiring Approval

Copy 2 must .

aCCFZ)):npany your Proposed Well Sources, Lynch Site

fee payment. 1. Name of Facility, Site Or Individual

Copy 3 should be Linebrook Road

retained for your 2. Street Address

records Ipswich MA

4. Both fee-paying 3. City/Town 4. State 5. Zip Code 6. Telephone # 7. Ext. #
and exempt NA

applicants must 8. DEP Facility Number (if Known) 9. Federal I.D. Number (if Known) 10. BWSC Tracking # (if Known)

mail a copy of this

transmittal form to:

D. Application Prepared by (if different from Section B)*
MassDEP

P.O.Box4062 ~ AECOM _ _
Boston, MA 1. Name of Firm Or Individual
02211 250 Apollo Drive
2. Address
* Note: Chelmsford MA 01824 978-905-2180
For BWSC Permits, 3. City/Town 4. State 5. Zip Code 6. Telephone # 7.Ext. #
enter the LSP. Douglas DeNatale
8. Contact Person 9. LSP Number (BWSC Permits only)

E. Permit - Project Coordination

1. s this project subject to MEPA review? [ yes []no
If yes, enter the project’s EOEA file number - assigned when an
Environmental Notification Form is submitted to the MEPA unit: not yet assigned

EOEA File Number

F. Amount Due

DEP Use Only Special Provisions:

1. [X Fee Exempt (city, town or municipal housing authority)(state agency if fee is $100 or less).
Permit No: There are no fee exemptions for BWSC permits, regardless of applicant status.

2. [ Hardship Request - payment extensions according to 310 CMR 4.04(3)(c).
Rec'd Date: 3. [ Alternative Schedule Project (according to 310 CMR 4.05 and 4.10).

4. [ Homeowner (according to 310 CMR 4.02).
Reviewer:

Check Number Dollar Amount Date

DEP_trans-formw.doc « rev. 12/17 Page 1 of 1


http://www.mass.gov/eea/agencies/massdep/service/approvals/transmittal-form-for-payment.html










A=COM

REQUEST FOR SITE EXAM
Lynch Site
Ipswich, Massachusetts

Site Location and Background

The Town of Ipswich is in the process of evaluating its existing municipal water supply and planning for
the future. Since 2015, and as a part of the planning process, the Town has been investigating potential
new sources of groundwater supply to either supplement or replace existing sources. In all, the Town has
undertaken test-well drilling at six locations. The most promising of these locations, in terms of both water
quality and capacity, is the Lynch Site on Linebrook Road.

Figure 1, the Locus Map, shows the Lynch Site and the surrounding topography, drainage and roadways.
Figure 1 also shows the boundary of town-owned land (approximately 390 acres in size), which includes
the Town’s existing surface water supplies, Dow Brook and Bull Brook Reservoirs. A set of test wells was
drilled at the Lynch Site in August 2016, identified as TW 13-16, TW 14-16, TW 15-16, TW 16-16 and TW
17-16, shown on the Site Plan, Figure 2. After manifolding these wells together, an eight-hour pumping
test was conducted on August 31, 2016 at a constant rate of 171 gallons per minute (gpm). Based on this
pumping test, AECOM concluded that four permanent wells at the Lynch Site could yield in the range of
300 to 400 gpm, subject to confirmation through a long-term pumping test. It is important to note that the
pumping test took place during a historic drought.

The Lynch Site rests on Town-owned land directly north of Linebrook Road. The Town currently leases
the Lynch Site for agricultural use. Bull Brook lies directly north of the test wells. The surrounding land
uses consist largely of undeveloped (including State Forest) and agricultural land. Minor residential
development exists along Linebrook Road and Mile Lane. The Doyon Elementary School lies directly
across the street to the south of the Lynch Site. The area is unsewered. Wetlands are present bordering
Bull Brook and its tributaries. All of the test well sites are in upland. These features and their locations are
discussed below in more detail.

Bedrock and Surficial Geology

According to the Bedrock Geology of Massachusetts (Hatch, 1991), the bedrock in Ipswich consists
largely of northeast-trending bands of intrusive igneous rocks (granite, granodiorite, diorite and gabbro),
with lesser amounts of low-grade metamorphic volcanic rocks (see Figure 3). The rocks range in age from
Silurian to Proterozoic, meaning that they are 400 to more than 600 million years old. The bedrock is cut
by northeast-trending faults, the most prominent of which may be related to the Bloody Bluff Fault, a
regional fault-system that extends continuously southwest into Connecticut. The Bloody Bluff Fault has
not been active for tens of millions of years. Faulting plays a role in controlling local drainage patterns,
most notably, along certain reaches of the Ipswich River. Despite their age, ancient fault and fracture
systems can transmit water readily and, in some cases, are capable of producing a considerable amount
of water to wells. For example, moderately high-capacity well supplies have been found at Turner Hill in
Ipswich. The bedrock is covered almost entirely by soils, and is exposed only in isolated outcrops, for
example, along the Ipswich River in the downtown area. The degree to which groundwater in the bedrock
interacts with the overlying soils is largely unknown.

By contrast, the soils overlying the bedrock are much younger — 13,000 to 24,000 years old (Hein, C. J.,
et al., 2013). The soils consist largely of three types: glacial till; glaciofluvial deposits; and glaciomarine
deposits. Figure 4 depicts local surficial geologic conditions, based on US Geological Survey mapping.

e Glacial Till is the oldest of the glacial soils, and consists of a heterogeneous mixture of sand, gravel,
clay, silt and sometimes cobbles. Till was deposited directly on top of the bedrock, either beneath the
continental ice sheet as it advanced south (“lodgement till"), or later as the glacial ice melted away
(“ablation till” or “ground moraine”). Till generally does not transmit groundwater rapidly, and is not
considered suitable for municipal water supply. In the test wells AECOM has drilled in Ipswich, only a
thin layer of till, no more than about eight-feet thick, has been encountered. Till was not encountered
in borings at the Lynch Site. AECOM's drilling has been limited to the lowlands and in pre-glacial
valleys, where the till may have been partially or completely washed off the bedrock surface by glacial
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meltwater streams. Thicker till is undoubtedly present in the hills of Ipswich, e.g., at Turner Hill,
Turkey Hill, Scott Hill and Bush Hill, among other places.

e Glaciofluvial Deposits were laid down on top of till or bedrock by streams flowing from the ice sheet
as it melted away. As the streams flowed, they carried a mixture of “dirty” soils, some originating as till
and some from the base of or within the ice sheet. The action of flowing water washed the “dirt” (clay
and silt) from the soils, leaving behind only the coarse-grained soils, i.e., sand, gravel and cobbles.
These soils commonly have interconnected pore spaces and transmit groundwater rapidly. Where
these soils are widespread, they constitute aquifers that are suitable for municipal water supply. All of
the Town’s existing groundwater supplies are built in aquifers consisting of glaciofluvial deposits. The
aquifer soils identified at the Lynch Site are extremely coarse-grained, though thin, consisting largely
of gravel and cobbles. The coarseness of the soils implies deposition by very rapidly flowing
meltwater.

« Glaciomarine Deposits were deposited by ocean water that flooded the land in Ipswich in late glacial
times. These soils consist of soft, un-layered clay, often overlain by 5 to 30 feet of uniform fine-
medium sand and silty sand. For the most part, the glaciomarine deposits were laid down directly on
top of the glacial till, or on top of the glaciofluvial deposits. Clay is widespread in Ipswich and has
been exploited for brick-making at several locales, including the former clay pit directly north of the
Browns Well. At the Browns Well, approximately 40 feet of glaciomarine clay overlies a 15-foot thick
glaciofluvial aquifer consisting of sand, gravel and cobbles. At the Lynch Site, approximately 50 feet
of glaciomarine soils (uniform sand and silty sand layers, above the clay layer), overlie the
glaciofluvial aquifer.

Swamp deposits, developed after the glacial era and presumed to be relatively thin, directly overlie the
glaciofluvial and glaciomarine soils. Swamp deposits are widespread in the watershed of the Lynch Site.

AECOM has developed two geologic cross sections for the Lynch Site and its surroundings (Figure 5 and
6), one extending from the Mile Lane Well southwest to the Lynch Site, and the second, from areas north
of Bull Brook Reservoir southwest to the Doyon Elementary School. The cross sections are based largely
on recent drilling. Geologic logs of borings are in Appendix A. The Town is planning to install an additional
eight borings and observation wells near the Lynch Site, which will further define local stratigraphic
conditions.

Groundwater Flow, Boundary Conditions and Aquifer Recharge

Regionally, the groundwater in Ipswich flows toward the marshlands along the coast, which in this case,
is almost directly east of the Lynch Site. Locally, groundwater flow is undoubtedly more complex. To our
knowledge, no detailed maps of groundwater flow in the glaciofluvial aquifers of this part of Ipswich exist.
For now, we can assume that groundwater in these aquifers also flows generally easterly, though on a
more local scale, groundwater probably flows more or less downhill and parallel to Bull Brook and
tributary streams. Elevations of existing and proposed test and observation wells in the area will be
determined under the New Source Approval process. Once this is completed, static water levels will be
measured to develop maps showing groundwater flow patterns.

Resolving the aquifer boundaries for the Lynch Site presents a challenge. For one thing, the coarse-
grained glaciofluvial aquifer soils are buried beneath glaciomarine deposits, and the presence of the
buried aquifer can only be known through drilling. For example, test wells completed north of Bull Brook
indicate that the soils consist entirely of glaciomarine deposits, and aquifer soils are absent. In addition, it
may be that the aquifer soils lie in a pre-glacial valley, whose presence is also unknown without drilling.
Finally, the glaciomarine clay undoubtedly “pinches out” inland, but the whereabouts of the limits of
glaciomarine clay cannot be known without drilling. With this in mind, our comments below about aquifer
boundaries must be considered preliminary.

The existing surficial geologic mapping (Figure 4) indicates that glaciofluvial and glaciomarine soils are
widespread, and dominate over till soils. The lateral aquifer boundaries are represented by the contact
between the till and the glaciofluvial/glaciomarine deposits. Where the glaciofluvial/glaciomarine soils
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extend to the watershed divide, the watershed divide represents the aquifer boundary. The bedrock
surface, which underlies the soils everywhere, represents the base of the aquifer. The top of the aquifer is
represented by the contact between the glaciofluvial aquifer and overlying clay, except where the clay is
absent, in which case the water table is the top of the aquifer.

In her study of the Assabet River basin, Leslie DeSimone of the U.S. Geological Survey (USGS), in
Scientific Investigations Report 2004-5119 (2004), discusses rainfall-recharge estimates for glacial
aquifers of southern New England. These recharge estimates, ranging from 17.5 to 25.5 inches per year,
were developed by a number of USGS authors over the years. We have selected 20 inches-per-year of
rainfall recharge for Ipswich (see Preliminary Zone Il discussion below). Olimpio and de Lima (1984), in
their study of the Mattapoisett River valley, estimate that groundwater runoff from till provides an
additional 6.9 inches of recharge (equivalent to 0.34 mgd per square mile) to aquifer soils. We have
assumed that this till recharge-rate applies to Ipswich (see Preliminary Zone |l discussion below).

Test-Well Drilling Summary
As stated above, a set of test wells was drilled at the Lynch Site in August 2016, including TW 13-16, TW
14-16, TW 15-16 and TW 16-16. The soils were found to consist in general of the following:

e Glaciomarine: Brown fine-to-medium sands and fine gravel, ground surface to a depth of 4 feet;

e Glaciomarine: Brown, clean, fine sands from 4 to 13 feet;

e Glaciomarine: Stiff olive-grey to brown silts with fine sands from 13 to 28 feet;

e Glaciomarine: Grey, sticky, soft, clay of high plasticity from 28 to between 39 and 50 feet;

e Glaciofluvial: Very dense, brown fine-to-coarse gravel with a trace of fine-to-coarse sand to a
depth of between 50 to 59 feet.

 Refusal, presumed to be a heavily cobbled layer, or top of bedrock, encountered at a depth of
between 50 to 59 feet.

A fifth test well, TW 17-16, was placed two feet from TW 13-16 for pumping-test observation purposes.
Well screens of 0.100- to .250-inch slot were installed in the test wells, the wells were developed and then
rated, in gallons per minute (gpm). Individual pumping rates ranged from 55 to 89 gpm. The static water
level was measured to be about 10 feet below ground surface. All of the test wells were left-in-place.
Table 1 summarizes the test-well construction, development and pumping details. Geologic logs are in
Appendix A.

Summary of 8-Hour Pumping Test

On August 31, 2016, TW 13-16, TW 14-16, TW 15-16, and TW 16-16 were manifolded together and
pumped for eight hours at a constant rate of 171 gpm. A vacuum of 20 inches was recorded in TW 13-
16. The static water level in observation well TW 17-16, two feet from TW 13-16, was approximately
10.06 feet below ground surface. At the end of eight hours of pumping, the drawdown observed in TW 17-
16 was 3.43 feet. Water-level recovery was satisfactory. The water level in TW 17-16 recovered to within
0.47 foot of the static level (86%) after two hours of recovery, and 0.04 foot (99%) in eight hours.
TW 13-16, TW 14-16, TW 15-16, TW 16-16, and TW 17-16 were left in place. The pumping test record
and drawdown-recovery graph are in Appendix B.
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TABLE 1

SUMMARY OF TEST WELLS

LYNCH SITE

IPSWICH, MASSACHUSETTS

Well ID TW 13-16 TW 14-16 TW 15-16 TW 16-16 TW 17-16

Location 0.53 mi SW 75 ft W of TW 75 ft E of 75 ft S of 2 ft NE of
Mile Ln Well 13-16 TW 13-16 TW 13-16 TW 13-16

Total Depth, ft bgs 55.5 51 50 55 59
Apparent top of gravel, 50 45 46 49 50
ft bgs
Gravel thickness, ft 55 6 4 6 9
Screen Interval, ft bgs 50-55 46 - 51 45 - 50 50-55 52 -57
Screen Slot Size, inch 100 250 250 250 200
Riser Pipe 2" diam. PVC | 2" diam. PVC 2" diam. PVC 2" diam. PVC 2" diam. PVC
Well Screen 2" diam. 2" diam. 2" diam. 2" diam. 2" diam.

stainless steel

stainless steel

stainless steel

stainless steel

stainless steel

Bentonite Seal Interval,

o 5-49 5-44 5-43 5-48 5-50
Static Water Level

Depth, ft below ground 9.6 10.3 7.8 9.4 9.9
surface

PVC Riser Above

Ground, ft 03 *s - - >
Development Time, 25 15 1.5 2 2
hours

Development Pumping 67 84 84 89 55
Rate, gpm

pevelopment vacuum, 23 25 20 22 29
inches

Pumping Test Rate, 67 84 84 89 55
gpm

Pumping .Test 23 25 20 22 29
vacuum, inches

Specific Capacity, 498 NA NA NA NA
8 hr, gpm/ft

Status Left-in-place Left-in-place Left-in-place Left-in-place Left-in-place

Potential Well Yield

The eight-hour pumping tests conducted on August 31, 2016 indicates that four permanent wells at the
Lynch Site could yield in the range of 300 to 400 gallons per minute (gpm) combined. The long-term

sustainable yield is subject to confirmation through a prolonged pumping test.
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Water Quality

Water samples, collected at the conclusion of the pumping test on August 31, 2016, were subjected to
both field and laboratory water-quality testing. Samples were collected from a tap fitted to the discharge
end of the suction pump manifolded to the four test wells. Therefore, the samples represented a
composite of the four wells. Samples were tested for those parameters specified for DEP New Source
Approval, as the Town was considering using the Lynch wells as an emergency supply due to extreme
drought conditions during the summer of 2016. Laboratory testing was performed by Alpha Analytical, Inc.
of Westborough, Massachusetts, or its subcontractor laboratories. AECOM field-tested water samples
for pH, specific conductance, temperature, dissolved oxygen, and oxidation-reduction potential using a
YSI 556 water-quality testing apparatus equipped with a flow-through cell.

At the end of the pumping test, total iron and manganese levels were found to meet the secondary
drinking water limits of 0.30 and 0.05 mg/L, respectively. Iron was detected at 0.030 mg/L; manganese at
0.001 mg/L. Nitrate levels were found to be 3.0 mg/L, below the Maximum Contaminant Level (MCL) of
10 mg/L. Of the volatile organic compounds (VOCs), only a trace (less than 0.5 ug/L) of chloroform was
detected. Synthetic Organic Compounds (SOCs) were not detected. Total Coliform Bacteria was
detected in the sample, though e-coli was not detected. It is likely that the Total Coliform is an artifact of
sampling, and perhaps related to sampling under hot, dry, dusty conditions in an agricultural field. Field
pH was found to range from 7.90 to 7.96. Tables 2 and 3 below summarize the results of the field and
laboratory water-quality testing. Laboratory reports are in Appendix C.

TABLE 2
FIELD WATER-QUALITY SUMMARY
LYNCH SITE
IPSWICH, MASSACHUSETTS
Reporting | Drinking Water | TW 13-16
Parameter Units Limit Standard
Field Tests — Sampled: August 31,
2016
Temperature °C N/A NE 11.1
Specific conductivity umho/cm N/A NE 573
Dissolved oxygen mg/L N/A NE 5.31
Dissolved oxygen % saturation N/A NE 48.7
Oxidation-reduction potential mV N/A NE 37.5
pH Std units N/A 6.5-8.5* 7.9
Carbon dioxide gas mg/L 2 NE 16
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TABLE 3
LABORATORY WATER-QUALITY SUMMARY
LYNCH SITE
IPSWICH, MASSACHUSETTS
Reporting | Drinking Water | TWs 13-16, 14-16, 15-

Parameter Units Limit Standard 16, 16-16
Laboratory Tests — Sampled August 31, 2016
pH Std. Unit NA 6.5-8.5° 7.7
Turbidity NTU 0.20 1 1.1
Color APCU 5.0 15° ND
Odor TON 1 3 No Odor
Alkalinity, as CaCO3 mg/L 2.00 NE 137
Specific Conductance umhos/cm 10 NE 690
Hardness, Total mg/L 0.660 NE 134
Total Dissolved Solids mg/L 10 500° 370
Fluoride mg/L 0.20 4.0 0.03
Chloride mg/L 12.5 2502 122
Total Cyanide mg/L 0.005 0.2 ND
Sulfate mg/L 1.00 250° 15.8
Ammonia-Nitrogen mg/L 0.075 NE ND
Nitrite-Nitrogen mg/L 0.050 1 ND
Nitrate-Nitrogen mg/L 0.10 10 3.0
Phosphorus mg/L 0.010 NE ND
Aluminum mg/L 0.100 0.05-0.2° 0.021
Antimony mg/L 0.00200 0.006 ND
Arsenic mg/L 0.00100 0.010 ND
Arsenic, dissolved mg/L 0.0010 0.010 ND
Barium mg/L 0.00100 2 0.01739
Beryllium mg/L 0.00100 0.004 ND
Cadmium mg/L 0.00100 0.005 ND
Calcium mg/L 0.100 NE 45.6
Chromium mg/L 0.00100 0.1 0.00050
Copper mg/L 0.00100 1.0° 0.00158
Iron mg/L 0.050 0.3 0.030
Iron, dissolved mg/L 0.05 0.3 ND
Lead mg/L 0.00100 0.015 ND
Magnesium mg/L 0.100 NE 4.77
Manganese mg/L 0.00100 0.05° 0.00103
Manganese, dissolved mg/L 0.0010 0.05° 0.0011
Mercury mg/L 0.0002 0.002 ND
Nickel mg/L 0.0010 0.1° 0.00010
Potassium mg/L 2.50 NE 3.76
Selenium mg/L 0.00500 0.05 ND
Silicon mg/L 0.500 NE 6.35
Silver mg/L 0.00100 0.10° ND
Sodium mg/L 2.00 20° 104
Thallium mg/L 0.00100 0.002 ND
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LABORATORY WATER-QUALITY SUMMARY

TABLE 3 (Continued)

LYNCH SITE
IPSWICH, MASSACHUSETTS
Reporting | Drinking Water | TWSs 13-16, 14-16,
Parameter Units Limit Standard 15-16, 16-16

Laboratory Tests — August 31, 2016
Sampled
Zinc mg/L 0.00500 5° 0.00397
Gross Alpha pCi/L 1.8 15 0.8(+-2.0)
Gross Beta pCi/L 2.2 4 millirem/yr 0.6(+-2.2)
Radium 226 pCi/L 0.1 5 (Ra226+228) 0.1(+-0.2)
Radium 228 pCi/L 0.5 5 (Ra226+228) 0.2(+-0.6)
Radon pCi/L NA 10,000° 520
Total Coliform Col/100ml NA Positive Positive
E-Coli Col/100ml NA Positive Negative
Total Organic Carbon mg/L 0.500 NE 0.760
Perchlorate pg/L 0.050 2 0.524
SOCs pg/L Various Various ND
VOCs - Chloroform Hg/L 0.5 70° 0.27
VOCs — All others ug/L 0.5 Various ND

Abbreviations:

NT = not tested

ND = not detected
NE = not established
N/A = Not applicable mV = millivolts

o0 C = degrees Celsius TON = Threshold Odor Number
Col/100 ml = colonies per 100 milliliter

'Mass. Max. Contaminant Level

*Mass. Secondary Max. Contaminant Level
*Mass. Drinking Water Guideline

pmho/cm = micromho per centimeter

NTU = Nephelometric Turbidity Units

SOC = Synthetic Organic Compounds

ug/L = microgram per liter
mg/L = milligram per liter
pCi/L = picoCurie per liter

Zone |

The Town of Ipswich owns approximately 5.87 of the 6.49 acres of land (about 90%) required for Zone |
water-supply protection (see Site Plan, Figure 2). Ipswich would therefore need to purchase or gain
control of 0.62 acres of land, largely wetland.

Preliminary Zone Il and Zone Il
AECOM delineated the Preliminary Zones Il and Il for the proposed wells at the Lynch Site using the
following criteria:

e Stagnation-point analysis to determine the down-gradient Zone Il boundary;
+ the till and watershed boundaries for the lateral Zone Il boundaries; and
e Watershed boundaries for the Zone Ill boundaries.

The stagnation point analysis (boundary flow line equation, Bear, 1979) can be stated as follows:
L = Q/21Ti,

Where:
L = down-gradient stagnation point, in feet
Q = well yield, in cubic feet per day (ft*/day)
K = hydraulic conductivity, (ft/day)
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b = aquifer thickness, (ft)
T = K x b = Transmissivity, in feet squared per day (ft*/day)
i = hydraulic gradient, ft/ft

Given:
Q = 400 gpm (77,000 ft*/day),
K = 200 ft/day

b=10ft
T =K x b = 2,000 ft*/day
i =0.0011 ft/ft

The down-gradient stagnation point is computed to be:
L = 5,500 feet.

Note that the hydraulic gradient is based on the estimated hydraulic gradient in Bull Brook (from LIDAR,
2011), wherein the brook elevation drops from 37.5 feet at Linebrook Road to 35.3 feet, a distance of
2,000 feet downstream. The downgradient Preliminary Zone Il boundary was extended to the Bull Brook
Reservoir dam, a distance of 4,000 feet downgradient of the Lynch Site, not 5,500 feet, as computed.
Field investigations planned (see Pumping Test Proposal, below) should help to clarify groundwater flow
patterns, hydraulic gradient and stratigraphic conditions necessary to improve the final Zone |l
delineation.

The Preliminary Zones Il and Il are shown on Figure 7. The watershed divide shown on Figure 7 was
created from the USGS’ Streamstats application. The total watershed area (Zones Il and Ill) that could
contribute water to the Lynch Site is 2.59 square miles. The total area of the Preliminary Zone I, which
consists of glaciomarine, glaciofluvial and swamp deposits, is 1.69 square miles. Assuming a direct
recharge to the aquifer of 0.95 million gallons per day (mgd) per square-mile (equivalent to 20 inches of
rainfall recharge per year), Zone |l receives 1.61-mgd of recharge. The total area of the Preliminary Zone
Il is 0.90 square mile. Zone Il could theoretically contribute an additional 0.31-mgd of recharge,
assuming 0.34-mgd per square-mile of groundwater runoff from the till terrain (see aquifer recharge
discussion on page 3). The total recharge from the Preliminary Zones Il and IIl would then, theoretically,
be 1.92-mgd, more than enough to support a withdrawal of 0.58-mgd (400 gpm) from the Lynch Site.

Wellhead Protection Compliance

A September 12, 2005 letter from DEP (see Appendix D) states that the Town of Ipswich is in compliance
with the Massachusetts Wellhead Protection Regulations, 310 CMR 22.21(2). Ipswich has both a
compliant Water Supply Protection District Bylaw and Floor Drain Regulation.

Land Use, Zoning, Potential Contamination Sources, Ecological Features and Water Withdrawals
Land use, zoning, potential contamination sources, ecological features and water withdrawals within one-
half mile of the proposed wells were determined from MassGIS databases, the Ipswich Water
Department, AECOM'’s knowledge of the area and Google Earth. Land use within one-half mile of the
Lynch Site (see Figure 8) consists of open space (largely wooded, but also including Town recreation
fields), utility (undeveloped, wooded land controlled by the Town for water-supply protection), mixed use
(largely undeveloped and wooded, with lesser amounts of commercial and agricultural uses), residential,
commercial (in agricultural use) and institutional (school). The Lynch Site itself is currently used for
agriculture. All land within one-half mile is zoned residential (RRA). Potential contamination source (PCS)
locations are shown on Figure 8, and PCS characteristics are summarized on Table 4. Wetlands
associated with Bull Brook and its tributaries are common within one-half mile of the site (see Figure 9).
One Certified Vernal Pool has been identified approximately one-half mile southwest of the Lynch Site.
Massachusetts Natural Heritage and Endangered Species Program (NHESP) Habitats for Rare Species
and Rare Wildlife are absent from within one-half mile of the site.
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TABLE 4
POTENTIAL CONTAMINATION SOURCES
LYNCH SITE
IPSWICH, MASSACHUSETTS

Site DEP Risk
Number®  Location Description Category’

1 Lynch Site Agricultural M

2 Linebrook Road Agricultural M

3 Doyon School School with septic system discharge M

4 Acushnet Road Mixed commercial/agricultural M
Notes:

1 Locations shown on Figure 8

2 High (H), Medium (M), or Low (L) threat to groundwater based on table of Potential Sources

of Groundwater Contamination, page 23 of DEP’s “Making Wellhead Protection Work in
Massachusetts”, December 1997.

The nearest existing, public community and non-community water withdrawals (see Figure 10) are
Ipswich’s Mile Lane Well, Bull Brook Reservoir and Dow Brook Reservoir. Only Bull Brook Reservoir is
within one-half mile of the Lynch Site. Minor withdrawals are made from small ponds north of Bull Brook
and tributaries of Bull Brook to support local agriculture.

Site Screening Worksheet
The Site Screening Worksheet is included in Appendix E, along with the Alternatives Analysis, and Early
Notice in the Environmental Monitor. We also include the output from the Streamstats application.

The Town of Ipswich is preparing a Water Conservation Questionnaire, and will submit it under separate
cover. Over the last 15 years, the Town has made diligent efforts to achieve the water-conservation
goals of the Massachusetts Water Resources Commission, including unaccounted for water (UAW),
residential gallon per capita per day (rgpcd) and those involving leak detection, metering, pricing, and
public education. These efforts are described in more detail in the attached Alternatives Analysis.
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PUMPING TEST PROPOSAL
LYNCH SITE
IPSWICH, MASSACHUSETTS

Project Background

Since 2015, the Town of Ipswich has been investigating potential new sources of groundwater supply to
either supplement or replace existing sources. In all, the Town has undertaken test-well drilling at six
locations. The most promising of these locations, in terms of both water quality and capacity, is the Lynch
Site on Linebrook Road. The Town is proposing to develop the Lynch Site as a well field with four gravel-
packed wells, in which case a 250-foot Zone | radius would apply. The Town currently owns more than
90% of Zone | (see Figure 2). Should the Lynch Site become an approved public water supply, the Town
will acquire or obtain control of the remainder of Zone I. The Lynch Site is in Zone A and/or Zone B for
Bull Brook Reservoir (Figure 11).

Pumping Test - General

Four 8-inch diameter test wells will be installed at each of sites TW 13-16, TW 14-16, TW 15-16, and TW
16-16 for pumping-test purposes. AECOM proposes to conduct a 48-hour pumping test on one of the 8-
inch diameter test wells, followed directly thereafter by a second test of all four wells, lasting for a period
of five days or more. The overall goals of the pumping tests are: 1) to evaluate the long-term combined
yield of the four well sites, 2) to evaluate the water quality, 3) to understand conceptually how the aquifer
functions under pumping and non-pumping conditions, 4) to collect technical data necessary to support a
Zone 1l delineation, and 5) to evaluate potential impacts on Bull Brook and bordering wetlands due to
pumping. The single-well pumping test is aimed at obtaining drawdown data sufficient to compute aquifer
hydraulic characteristics. The multiple-well pumping test will be used to test water quality, to establish
drawdown stabilization, to estimate long-term yield, to learn how the aquifer functions and to observe
impacts to the brook and associated wetlands, if any.

The proposed observation-well network is intended to define local groundwater-flow patterns, hydraulic
gradient, and stratigraphic conditions. Individual observation wells will be used to obtain water-level
drawdown data necessary to compute aquifer hydraulic characteristics. The observation wells may be
useful in the future for water-level and water-quality monitoring. AECOM will install up to four shallow
hand-driven well points in nearby wetlands and/or Bull Brook to evaluate to what extent the wetlands and
brook are hydraulically connected to the pumped aquifer. One seepage meter each will be paired with
two drive points to evaluate hydraulic conductivity of the stream bottom.

Zones Il and 11l will be delineated using conceptual Zone-1I modeling methods.

Prolonged Pumping Test

8-inch Diameter Pumping Wells

An 8-inch diameter test well will be installed one to two feet from each of existing test wells TW 13-16, TW
14-16, TW 15-16, and TW 16-16 for pumping test purposes (locations shown on Figure 2). The wells will
be driven to a depth of 50 to 60 feet. A 3- to 5-foot length of telescoping well screen will be installed at
these depths. The screen slot-sizes will be determined from grain-size analysis of soil samples obtained
during drilling.

Duration of Tests

Water levels will be measured for a period of at least one week prior to the first pumping test, sufficient to
observe water-level trends. The first pumping test will last a period of 48 hours. During this test, only one
8-inch diameter well will be pumped. The second test will commence directly after the first pumping test
has been completed, with no intervening recovery phase. During the second pumping test, all four 8-inch
diameter test wells will be pumped simultaneously. We anticipate that the second pumping test will last
five days or more. However, this will be extended if necessary to achieve required stabilization. After the
second test, recovery measurements will be taken for a period of time equal to the period of pumping.
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Pumping Rates

During the first pumping test, we expect to pump the 8-inch diameter well at a rate of about 125 to 150
gpm. For the second test, we expect to pump each well at a rate of between 75 to 100 gpm. The actual
rates will be established once the 8-inch diameter test wells are constructed and developed.

Observation Wells

AECOM is proposing to observe water-levels in 16 conventional test/observation wells and four drive
points. Five test wells already exist at the Lynch Site (TW13-16, TW14-16, TW15-16, TW16-16, TW17-
16), plus two test wells near the Mile Lane Well (TW7-16 and TW11-16) and one well near the High
School (TW21-17). AECOM intends to install five new observation wells on Water Department land
(TW13A, TW13B, TW13C, TW13D and TW13E), three new observation wells at the Doyon School
(TW13F, TW13G and TW13H) and four new drive points (DP-1, DP-2, DP-3 and DP-4) in Bull Brook.
TW21-17, which is nearly 7,000 feet east of the Lynch Site, will be used as an ambient well. Provided
field conditions permit, a seepage meter will be installed at each of two drive-point locations. All wells and
drive points will be surveyed for location and elevation relative to sea level.

The proposed observation-well/drive-point locations (shown on Figure 2) are approximate and are subject
to change depending on field conditions. For example, observation well locations may be adjusted if the
glaciofluvial aquifer is not encountered during drilling. Observation well distances and construction
features are summarized on Table 5.

Antecedent Readings

Prior to the first test, water levels will be measured in the drive points, selected observation wells, and the
ambient well at least three times before the pumping test to establish an ambient water-level trend. All
observation wells and drive points will be read immediately before the start of the first test to establish
static water-level conditions and static groundwater flow patterns.

Precipitation Measurements

AECOM will establish a temporary rain gauge in an open area on-site for the pumping tests. Rainfall will
be recorded daily on site. Rainfall data will also be obtained from the nearest National Weather Service
Station for comparison.

Drawdown Readings

Upon startup of the first test, water levels will be measured manually in the 8-inch pumping well and four
selected observation wells (selected among TW13-16, TW14-16, TW15-16, TW 16-16, TW13A and
TW13B), according to the following schedule: 30 seconds into the test; one minute to ten minutes - every
minute; ten minutes to 100 minutes - every ten minutes; two hours to 12 hours - every hour; 12 hours to
the end of the test - every two hours. Electronic data logging equipment will be installed in five selected
observation wells to facilitate aquifer analysis. Water levels in the ambient well and the drive points will
be measured at least twice per day during the pumping period. The remaining observation wells will be
measured at intervals of two, four, or six hours throughout the pumping test. The exact observation wells
selected for intensive observation will be subject to review in the field and may change from what is
proposed above.

For the second test, the 8-inch diameter pumping wells and test wells TW13-16, TW14-16, TW15-16, TW
16-16, will be measured every two hours. The remaining wells will be measured every two, four, or six
hours, depending on actual drawdown conditions. The drive points and ambient well will be measured
twice daily.
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TABLES
EXISTING AND PROPOSED OBSERVATION WELLS
LYNCH SITE
IPSWICH, MASSACHUSETTS

Distance, feet, from Well Construction Well Screen Depth,

Observation Well Proposed 8-inch Diameter (Casing/Screen) feet Below Ground
Well, TW 13-16

Existing Well
TW 7-16 1,950 NE 2" PVC/2" St.St. 20.5-23.5
TW 11-16 2,850 E 2" PVC/2" St.St. 44-49
TW 13-16 0 2" PVC/2" St.St. 50-55
TW 14-16 75W 2" PVC/2” St.St. 46-51
TW 15-16 75E 2" PVC/2" St.St. 45-50
TW 16-16 75 S 2" PVC/2" St.St. 50-55
TW 17-16 2 2" PVC/2" St.St. 52-57
TW 21-17 (ambient) 6,900 E 2" PVC/2" St.St. 40-45
Proposed Obs. Well
OW 13A 300 SE 2"PVC/2"PVC <60
OW 13B 370 W 2"PVC/2"PVC <60
OW 13C 600 E 2"PVC/2"PVC <60
OW 13D 800 ENE 2"PVC/2"PVC <60
OW 13E 800 WSW 2"PVC/2"PVC <60
OW 13F 550 S 2"PVC/2"PVC <60
OW 13G 1200 SW 2"PVC/2"PVC <60
OW 13H 1650 S 2"PVC/2"PVC <60
Proposed Drive Point
DP-1 (Bull Brook) 450 NE 1.25"galv/1.25"St.St. 7-9 (+/-)
DP-2 (Bull Brook) 200 N 1.25"galv/1.25"St.St. 7-9 (+/-)
DP-3 (Bull Brook) 550 W 1.25"galv/1.25"St.St. 7-9 (+-)
DP-4 (Bull Brook) 800 SW 1.25"galv/1.25"St.St. 7-9 (+/-)

E = East, W = West, N = North, S = South, galv = galvanized, St.St. — stainless steel

Recovery Readings

Upon shutdown of the second test, recovery readings will be measured manually in selected wells, as
follows: 30 seconds into recovery; one to ten minutes - every minute; ten minutes to 100 minutes - every
ten minutes; two hours to 12 hours - every hour; 12 hours to 24 hours - every two hours; and every two
days thereafter until full recovery is evident. Selected wells will be monitored for recovery with electronic
data logging equipment. Water levels in the ambient well will be measured at least once every two days
during recovery. Drive points will be read once in the first 24 hours of recovery and once more, if
necessary. All other observation wells will be read once every two, four or six hours for the first 24 hours
of recovery and every two days thereafter until full recovery is achieved. As with the drawdown readings,
the exact observation wells selected for intensive observation will be subject to review in the field and
may change from what is proposed above.

Discharge Conveyance and Flow Measurements

Water will be conveyed to Bull Brook about 600 feet northeast of TW 13-16 (see Figure 2 for proposed
location) through four separate discharge lines. The rate of flow from the 8-inch diameter wells will be
measured using individual circular orifice weirs fitted to the end of each discharge pipeline or a 50-gallon
drum, whichever is more accurate and practical.
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Water Quality Testing

Water samples will be collected from the four 8-inch diameter pumping wells during the second pumping
test only. A composite set of samples will be obtained and analyzed for the four wells. Samples will be
collected from sample taps fitted to the discharge pipelines at each wellhead and composited in the field.
Samples will be tested for the parameters listed on Table 6 one-hour after pumping begins, at the
midpoint of the pumping test and on the final day of pumping. All laboratory analytical testing will be
performed by a DEP certified laboratory. Additional samples will be collected and tested in the field for

pH, specific conductance,

temperature.

carbon dioxide, dissolved oxygen,

TABLE 6

oxidation-reduction potential and

PROPOSED WATER QUALITY TESTING SCHEDULE

LYNCH SITE

IPSWICH, MASSACHUSETTS

First Day of Pumping |Midpoint

|Fina| Day of Pumping

Field-Testing

Dissolved Oxygen Dissolved Oxygen Dissolved Oxygen

Carbon Dioxide Carbon Dioxide Carbon Dioxide

Oxidation-reduction Oxidation-reduction Oxidation-reduction

potential potential potential

pH pH pH

Specific Cond. Specific Cond. Specific Cond.

Temperature Temperature Temperature

Laboratory Testing

Alkalinity Alkalinity Alkalinity Radium 226

Ammonia Ammonia Ammonia Radium 228

Chloride Chloride Chloride VOCs by 524.2

Color Color Color Antimony

Hardness Hardness Hardness Arsenic

Nitrate Nitrate Nitrate Barium

Nitrite Nitrite Nitrite Beryllium

Odor Odor Odor Cadmium

pH pH pH Chromium

Specific Cond. Specific Cond. Specific Cond. Cyanide

Sulfate Sulfate Sulfate Fluoride

TDS TDS TDS Lead

Turbidity Turbidity Turbidity Mercury

Aluminum Aluminum Aluminum Nickel

Calcium Calcium Calcium Selenium

Copper Copper Copper Thallium

Iron Iron Iron Phosphorus

Magnesium Magnesium Magnesium SOCs

Manganese Manganese Manganese Gross Alpha

Potassium Potassium Potassium Gross Beta

Silver Silver Silver Radon Gas

Sodium Sodium Sodium Perchlorate

Zinc Zinc Zinc TOC
Total/Fecal Coliform Total/Fecal Coliform Oxidation-reduction potential
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FIGURES
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APPENDIX A — GEOLOGIC/WELL LOGS
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APPENDIX B - PUMPING TEST RECORDS
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APPENDIX C — LABORATORY REPORTS
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APPENDIX D — DEP CORRESPONDENCE, STATUS OF WELLHEAD PROTECTION COMPLIANCE

Page 18

\\uschl1fp001.na.aecomnet.com\data\projects\wakefield\data_2\everyone\ipswich, ma\60567459 new source approval lynch\500 deliverables\final site exam
request\lynchsiteexam_ppt_april2018-ddfinal4-10-18.docx






A=COM

APPENDIX E — ALTERNATIVES ANALYSIS, SITE SCREENING, EARLY NOTICE IN
ENVIRONMENTAL MONITOR
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