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Transmittal

Please find attached a copy of an update to the Hydrogeologic Evaluation report submitted to MassDEP for a
proposed groundwater discharge at the Route 6 (Exit 12) Site in Orleans Massachusetts.  The purpose of this
document is to update the October 2017 Hydrogeologic Evaluation report with the results of the wick loading
test performed at the site.

The discharge to the site will be from the Town of Orleans’ proposed Downtown Area WWTF.  The initial
WWTF discharge is expected to be approximately 150,000 gpd with flows approaching 250,000 gpd at build-
out.  If the Town chooses to treat wastewater from the Meetinghouse Pond Area at the proposed WWTF,
flows could increase to 360,000 gpd at a later date.

Based on site conditions, subsurface soils encountered, a wick loading test, and groundwater model results, a
minimum of 360,000 gpd can be discharged at the site.  The proposed discharge method is series of wicks.
The Town expects to install three to four wicks at the site.  The number of wicks installed will factor in
redundancy in the WWTF discharge capacity as well as the proper operation and maintenance of the wicks.
The wick design, number of wicks, and location of the wicks within the discharge area will be submitted as
part of the WWTF design documentation.

If you have questions or would like to discuss the enclosed report, please contact me or Mark Owen
(mark.owen@aecom.com or 508-833-6964).

To Stephen Hallem, MassDEP Boston
CC Brian Dudley, MassDEP SERO

Thomas Cambareri, Cape Cod Commission, Water Resources Department
John Kelly, Town of Orleans Town Administrator
Thomas Daley, P.E., Town of Orleans Director of Public Works & Natural Resources
George Meservey, Town of Orleans Director of Planning & Community Development
Betsy Shreve, AICP, AECOM Project Director

Subject Town of Orleans, MA
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From Thomas Parece, P.E., AECOM Project Manager
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1. BACKGROUND AND INTRODUCTION
The Hydrogeologic Evaluation updates the existing Hydrogeologic Evaluation titled “Hydrogeologic
Evaluation Route 6 (Exit 12) Cloverleaf Site Town of Orleans, Massachusetts” and submitted to MassDEP
in October 2017.  On February 2, 2018, MassDEP approved the hydrogeologic evaluation for an
Individual Groundwater Discharge Permit (BRPWP 79) subject to several conditions.  Two of the
conditions being that:

(a) Design flow of the proposed groundwater discharge shall not exceed 145,000 gallons per day; and

(b) Loading rate to the infiltration beds shall not be greater than the maximum allowed under present
Department Guidelines.  If wicks are proposed and the preferred alternative, further testing will be
required prior to approval of their installation.

On April 20, 2018, a proposal to perform a wick loading test at Route 6 (Exit 12) Cloverleaf Site was
submitted to MassDEP Review.  Prior to submitting the proposal, Mr. Mark Owen (AECOM), Mr. Brian
Dudley and Mr. Stephen Hallem visited the site on January 29, 2018 to discuss site conditions and the
loading test proposal.

This letter documents the approach used to evaluate the Route 6 (Exit 12) site (Figure 1) for a wick
groundwater discharge from the proposed Downtown Area wastewater treatment facility (WWTF) in
Orleans Massachusetts.  Copies of MassDEP’s letter approving the hydrogeologic evaluation, and the
wick loading test proposal are provided in Appendix A.

This letter includes the following:

· Description of the steps taken to evaluate the site for a wick groundwater discharge;

· Summary of field investigations conducted at the Route 6 (Exit 12) site;

· Evaluation of the loading test results; and

· Preliminary wick design and discharge capacity for the Route 6 (Exit 12) site.

A wick loading test was performed to evaluate the site for the use of wicks as a groundwater discharge
method for effluent from the proposed Downtown Area WWTF.  The results of the wick loading test do not
change the findings and conclusions of the October 2017 Hydrogeologic Evaluation and therefore this
document should be considered an addendum to the original report.

2. LOADING TEST
On April 18 2018, AECOM submitted a loading test proposal to MassDEP.  The submittal included a
preliminary design for the proposed test wick and a proposal to perform a 30-day loading test.  A copy of
the submittal is provided in Appendix A.

A wick loading test was performed to evaluate whether the site could accommodate the groundwater
discharge from the Downtown Area WWTF.  The loading test included the installation of four monitoring
wells, the installation of test wick, performing a long-term loading test, and an analysis of the loading test
data.  Details of the monitoring well installation, test wick installation and loading test follow.

2.1. Monitoring Well Installation
Prior to conducting the loading test, three monitoring wells (CLS-1, CLS-2 and CLS-3) existed at
the site and were installed as part of the 2017 hydrogeologic evaluation.  To monitor water levels in
the vicinity of the wick during the loading test, four additional monitoring wells (CLS-4, CLS-5, CLS-
6 and CLS-7) were installed.  The well locations are shown on Figure 2 and Figure 3.  Well
construction details are summarized on Table 1.  Well logs are provided in Appendix B.
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Monitoring wells CLS-4, CLS-5, CLS-6 and CLS-7 were installed in February and March 2018 using
an AMS 9400 direct push rig.  No soils samples were collected during installation.  Each monitoring
well consisted of ten-foot sections of schedule 40 PVC riser pipe attached to 10-foot sections of 10-
slot well screen.  Natural sand pack was used between the well and the formation from the base of
the well to approximately 2 feet above the well screen.  The sand pack was then capped by
approximately 2 feet of bentonite pellets and allowed to hydrate.  Natural sand pack was allowed to
collapse from above the bentonite to the surface.  Well construction details are summarized on
Table 1.  Soil boring, geologic and hydrogeologic information are included in the October 2017
hydrogeologic evaluation report.

As described in the 2017 Hydrogeologic Evaluation, soil borings at locations CLS-1, CLS-2 and
CLS-3 were a tan to light brown, fine or fine-to-medium sand with low percentages of silt from a
depth of 5 to approximately 60 feet.  Within this interval, thin layers of silty sand, silt and silt with
varying amounts of clay were encountered.  These layers appeared to be discontinuous across the
site.

Between 60 and 110 ft, the soils generally became finer and more variable.  There were layers of
clay, silt mixed sands and silt as well as medium to course sands.  Most layers were no more than
2 feet thick.  The variations in soil type did not appear to be continuous across the site, but
discontinuous layers of highly variable soils.  Overall the conductivity of the lower soils was
significantly less than those of the upper soils, but did not appear to be continuous enough prevent
a groundwater discharge from infiltrating into the lower soils.  Details of the installation and soils
encountered are provided in the 2017 report.  If the site were to be developed, additional monitoring
wells would be installed at various locations across the site.  These fine soil layers would be logged
and correlated with existing soil borings.

2.2. Test Wick Installation
A single “test” wick was installed at the Route 6 (Exit 12) site from March 20 through 27, 2018.  A
CME auger rig with 14-inch outside diameter (OD), 8-inch inside diameter (ID) augers was used to
drill to a depth of 84 feet.  A 2-inch diameter PVC well with 80 feet of screen was set inside the
drilled hole and 3/4-inch diameter washed stone was placed around the 2-inch well and the one-
foot diameter test wick from a depth of 84 feet to ground surface.  A plastic 6-foot diameter culvert
pipe was set four feet into the ground as a protective cover for the test wick.  The piping has was
fitted with a fire hose on the end outside the culvert pipe, and terminated inside with a 90-degree
bend which directed water downward into the wick.  The test wick log is attached in Appendix B.

2.3. Loading Test Operation
2.3.1. Test Wick Loading

Loading of the test wick began at 9:00 am on April 2, 2018 and was completed at 10:00 on
May 3, 2018.  Water discharged into the wick was supplied by the Town of Orleans water
system, delivered via an on-site hydrant.  Water use volume was determined by taking daily
readings at a passive in-line meter installed at the hydrant.  Loading rate was also
calculated using the meter.  Over 1.43 million gallons were discharged into the wick over
the course of the loading test.

2.3.2. Observation Wells
During the loading test, water levels were measured at on-site wells CLS-1 through CLS-7,
and off-site wells LH-1, LH-5, MW-9, MW-14, MW-15S, MW-16S, and MW-5D.  Well
locations monitored are shown on Figures 2 and 3.  Water levels were measured once to
twice daily at on-site wells for the first five days of the loading test.  Pressure transducers
were installed in the test wick, monitoring wells CLS-1, CLS-4, CLS-5, CLS-6, CLS-7, and
LH-1.  The water levels were recorded every 10 to 15 minutes.  A copy of water level data
recorded during the loading test is included in Appendix C.
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Table 1
Summary of Well Construction Details

Observation
Well

Diameter
(inches)

Borehole
Depth

Depth of
Screened
Interval

Ground
Elevation Northing Easting

Top of PVC
Elevation
(ft msl)

Depth to
Water Table

(4 8 18)

Groundwater
Elevation
(NAVD 88)

Route 6 (Exit 12) Site
CLS-1 2.0 110 92 - 102 98.5 2747481.708 1064740.808 100.89 84.22 16.67
CLS-2 2.0 97 76 - 86 85.4 2747662.213 1064877.471 87.33 70.88 16.45
CLS-3 2.0 105 76 - 86 85.8 2747684.466 1064699.986 87.90 71.35 16.55
CLS-4 2.0 96 86 - 96 97.7 2747500.055 1064750.34 99.43 82.72 16.71
CLS-5 2.0 93 83 - 93 96.7 2747512.854 1064756.961 98.56 81.88 16.68
CLS-6 2.0 95 85 - 95 99.7 2747462.269 1064808.305 101.48 84.82 16.66
CLS-7 2.0 99 89 - 99 98.2 2747615.423 1064779.369 101.09 83.34 17.75

Test Wick 12.0 84 4 - 84 98.7 2747487.183 1064743.586 100.48 NA NA

32 Lots Hollow St.
LH-1 2.0 128 118 - 128 122.4 2747103.768 1065269.699 124.27 107.12 17.15
LH-5 2.0 124 114 - 124 118.2 2747133.158 1065419.554 119.81 102.53 17.28

43 Lots Hollow St.
MW-5D 2.0 150 140 - 150 101.7 2746922.228 1066033.688 103.6 86.39 17.21
MW-9 2.0 102 92 - 102 105.5 2746873.731 1065600.504 107.32 89.99 17.33
MW-14 2.0 160 150 - 160 105.4 2746904.287 1065380.336 105.15 87.99 17.16
MW-15S 2.0 125 115 - 125 107.4 2747058.283 1065707.528 109.17 92.12 17.05
MW-16S 2.0 120 110 - 120 101.3 2746994.936 1065935.913 103.38 86.26 17.12

USGS Wells
BMW-22 1.25 52 49 50.5 41°46'30" 70°01'49" 50.4 28.00 22.08

Lat Long (NAD 27)

2.3.3. Ambient Monitoring Well
USGS well BMW 22, located approximately 1.5 miles west of the Route 6 (Exit 12) site,
was used to establish ambient water levels.  Monitoring well BMW-22 has been monitored
since 1967, and is screened in a similar formation and hydrogeologic setting as the Route 6
(Exit 12) Site.  A copy of the water level data at the ambient well is provided in Appendix C.

2.3.4. Precipitation
Precipitation data was provided by the Town of Orleans Water Department and is included
in Appendix D along with detailed water level readings.  During the test, approximately 2.15
inches of rain was recorded.  One notable rain events of more than a half-inch was
recorded on April 15.

2.3.5. Loading Rate
Initial test wick loading took place at 28 gpm (40,000 gpd) for the first 14 days of the
loading test.  The rate was increased to 36 gpm (52,000 gpd) for the remainder of the test.
Loading rates over time are summarized in Table 2.
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Table 2
Loading Test Summary – Route 6 (Exit 12) Site

gpm gpd
Days at

Rate
Total
Days

CLS-1
(6)*

CLS-4
(15)*

CLS-5
(29)*

CLS-6
(69)*

CLS-7
(133)*

CLS-2
(220)*

CLS-3
(202)*

LH-1
(646 ft)

LH-5
(763 ft)

Wick
(0)*

Wick
Efficiency
(gpm/ft)

Wick
Efficiency

(gpd/ft)
28 40,320 14 14 0.41 0.43 0.53 0.32 0.53 0.40 0.48 0.09 0.11 77.14 0.36 523
36 51,840 17 31 1.29 1.39 1.54 1.06 1.80 1.11 1.26 0.48 0.48 79.44 0.45 653

0.41 588

Loading Rate Loading Duration Water-Level Rise, Feet Efficiency

Note * Distance from test wick in feet
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3. LOADING TEST - RESULTS
The loading test took place during a wet winter.  Approximately 2.15 inches of rain was recorded during
the test.  Over 10 inches of rain was recorded in the months preceding the test (January through March).
Historic high water levels were recorded at BMW-22 during the loading test.  In general, the loading test
took place under historic high water table conditions.  Daily and cumulative rainfall throughout the loading
test is shown on Figure 4.

Water levels rose across the entire study area during the test.  Water levels at the Route 6 (Exit 12) site
(CLS-1 through CLS-7) rose between 1.0 and 1.7 feet during the loading test after adjusting for the
ambient water levels recorded at BMW-22.  Increases in groundwater levels across the site were
relatively similar and did not necessarily correlate with the monitoring well’s distance from the test wick.

Water levels at well locations LH-1, LH-5, MW-9, MW-14, MW-15S, MW-16S, and MW-5D also rose
throughout the loading test (Figure 3).  The groundwater level increase was fairly uniform among these
wells rising between 0.3 to 0.4 feet.  At the ambient well BMW-22, groundwater levels rose approximately
0.1 feet between the beginning of the test and April 16.  Throughout the remainder of the test, water
levels dropped approximately 0.15 feet.  Figure 4 shows daily rainfall, cumulative rainfall and water level
trends in wells monitored during the loading test.  Table 2 summarizes high water levels recorded at each
loading rate.
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4. LOADING TEST - ANALYSIS
As described in Section 2.2, a 2-inch diameter PVC well was installed inside the 12-inch diametertest
wick to monitor water levels during the loading test.  Water levels in the test wick were digitally monitored
throughout the loading test using an Onset Hobo data logger.  Manual water level readings were also
collected periodically.  Table 2 summarizes the loading rates, high water levels (within the wick and on
monitoring wells) noted during each loading rate, and the number of days of loading at each rate.

To evaluate the test wick’s performance, the wick loading rate was divided by the mound height in feet.
The resulting value is referred to as the wick efficiency and is expressed as gallon per day of discharge
per foot of mounding within the test wick (gpd/ft).

The mound height within the wick is dependent on several factors: the loading rate, the permeability of
the artificial-gravel pack within the wick, the permeability of the surrounding soils, and the surface area
between the wick and the surrounding soils per foot of wick.  In the full scale wick, the permeability of the
artificial-gravel pack will be great enough that the packs impact to mounding is negligible.  This will leave
the loading rate, the permeability of the surrounding soils and the surface area of the wick as the primary
factors in wick mounding.  Less mounding due to higher infiltration can be expected with higher
permeability soils.  A larger diameter wick which creates more surface area with the formation per foot of
wick, will also produce less mounding

Using the test wick as an example, at a discharge rate of 32 gpm (46,000 gpd), a wick efficiency of 600
gpd/ft of wick mounding was calculated.  Using this wick efficiency, the 1-foot diameter test wick could
discharge approximately 45,000 gpd (600 gpd/ft times 75 feet).

To estimate wick mounding and the potential discharge capacity of a larger diameter wick, the efficiency
of the test wick (600 gpd/ft) was multiplied by the increase in surface area per foot between the test and
full scale wick.  For example, if the wick diameter is increased from 1 to 3 feet, the surface area between
the wick and surrounding formation would increase by a factor of 3.  Assuming the same formation and
infiltration rate, the wick efficiency should also increase by a factor of three.

Using the test wick location as an example, the wick efficiency of the 1-foot diameter test wick was
approximately 600 gpd/ft.  If a 3-foot diameter wick were installed at the same location, the wick efficiency
should increase to approximately 1,800 gpd (Table 3).  Therefore, a 75-foot deep 3-foot diameter wick
installed at the same location as the test wick, should discharge approximately 135,000 gpd.  To
discharge the Downtown Area estimated build-out flow of 250,000 gpd, it would take approximately two
wicks.

The anticipated discharge from the WWTF from the Downtown Area is not expected to exceed 150,000
gpd initially and 250,000 gpd at build-out.  The WWTF flow could increase to 350,000 gpd if flow from the
Meetinghouse Pond Area is tied into the WWTF.  The estimated number of wicks required to discharge
several flows are summarized in Table 3.
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Table 3
Estimated Number of Wicks per Discharge Rate

Discharge Rate
Wick Efficiency

(gpd/ft)
Estimated Number

of Wicks
Wick Efficiency

(gpd/ft)
Estimated Number

of Wicks

150,000 600 3 1,800 1
200,000 600 4 1,800 1
250,000 600 6 1,800 2
350,000 600 8 1,800 3
400,000 600 9 1,800 3
450,000 600 10 1,800 3
500,000 600 11 1,800 4

Estimate of Number of Wicks
1-foot Diameter Test Wick

Depth 75 Feet
Wick Surface Area (220 sqft/ft)

3-foot Diameter Wick
Depth 75 Feet

Wick Surface Area (665 sqft/ft)
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5. GROUNDWATER DISCHARGE – ROUTE 6 (EXIT 12) SITE
Based on site conditions, subsurface soils encountered, the wick loading test, and groundwater model
scenario results, the Town is proposing to install a series of wicks at the Route 6 (Exit 12) Site to
discharge up to 350,000 gpd of WWTF effluent.  The estimated number of wicks, preliminary wick design,
and proposed discharge areas are discussed in the following sections.

5.1. Preliminary Wick Design and Capacity
A wick is a column of gravel that is installed vertically from the ground surface through the
unsaturated portion of the aquifer to a specified depth above the water table.  Once online, effluent
from the WWTF will be conveyed from the WWTF and discharged over the gravel at the surface of
the wick.  Once discharged, the effluent will flow downward through the gravel in the wick,
discharging outward into the aquifer.  This will first occur at the base, but will climb once the wick or
once the discharge reaches the temporary mound created by effluent discharging into the aquifer.

Based on the site soils, depth to water table, and wick loading test results, it is expected that a full
scale wick would range from three and six feet in diameter.  The total depth of the wick would be
between 50 and 75 feet.  The final wick design including the diameter, total depth, gravel selection,
etc. will be included as part of the GWDP application.  Wick operations and maintenance (O&M) will
also be proposed as part of the application.

As discussed in Section 4, the capacity of each wick is expected to be in excess of 150,000 gpd.  It
is anticipated that six to eight wicks will be installed at the site.  The number of wicks installed will
allow for redundancy in the discharge capacity and for proper operation and maintenance of the
wicks. Once installed, each wick will be load tested using potable water to evaluate wick mounding,
wick efficiency, and wick capacity.  Details of the wick design and testing will be submitted with the
WWTF design.

5.2. Preliminary Wick Locations
At this time, the wicks are proposed to be installed in the southern discharge area (Figure 2).  This
is primarily due to the slightly higher ground elevation and greater depth to the water table.  The
final wick locations will be based on discussion with and approval of MassDOT, the Town, and site
conditions.  The final locations will be submitted with the final wick design as part of the GWDP
application.

5.3. Groundwater Monitoring Plan
A groundwater monitoring plan will be implemented to assess both baseline and compliance
groundwater quality in the vicinity of the proposed discharge.  The number and location of the
compliance monitoring wells will be based on the final wick locations.  Preliminary monitoring
locations (CLS-8, CLS-9, CLS-10 and CLS-11) are shown on Figure 5.  A detailed compliance
monitoring plan will be submitted with the GWDP application.

Prior to discharging, two rounds of groundwater samples will be collected at the compliance
monitoring wells and sent to a laboratory for analysis.  As required by MassDEP, water samples will
be analyzed in the field for temperature, pH and specific conductance.  Groundwater samples
collected from each of the monitoring wells will also be sent to a MassDEP certified laboratory for
analysis.  At a minimum, laboratory analysis will include nitrate-nitrogen, total nitrogen, total
phosphorus, sodium, and volatile organic compounds (VOCs).  Groundwater sampling will be
conducted in accordance with MassDEP guidance.  A round of water levels will also be collected
during each round of sampling.  The water level data and water quality results will be submitted to
the MassDEP for review.
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6. PRIMARY AND RESERVE DISCHARGE LOCATIONS
A summary of the proposed primary and reserve discharge locations follows.

6.1. Primary Discharge Location
The Town of Orleans has selected 32 Lots Hollow as the primary discharge location and is seeking
MassDEP approval to discharge 500,000 gpd at the site.  The request to discharge WWTF effluent
at the site will be included as part of the Groundwater Discharge Permit application.  32 Lots Hollow
Road is shown on Figure 6.

Based on site conditions, subsurface soils encountered, the wick loading test, and groundwater
model scenario results, the Town is proposing to install a series of wicks at the 32 Lots Hollow
Road Site is to discharge 500,000 gpd of WWTF effluent.  Groundwater modeling indicates that a
minimum of 500,000 gpd can be discharged at the site.  The Town has submitted a Hydrogeologic
Evaluation for up to 500,000 gpd discharge at 32 Lots Hollow Road.

6.2. Reserve Discharge Locations
Three reserve discharge locations have been identified.  The locations are 43 Lots Hollow Road,
Route 6 (Exit 12), and 223 Beach Road.  The reserve discharge locations are shown on Figure 6.

6.2.1. Route 6 (Exit 12)
MassDEP has approved a discharge of 140,000 gpd at the Route 6, Exit 12 site.  As
discussed above, the Town is requesting a groundwater discharge of 350,000 gpd through
a series of wicks from MassDEP.  The site is controlled by MassDOT.  The Town of
Orleans and MassDOT are working on an agreement to allow the Town to use the site for a
groundwater discharge.

6.2.2. 43 Lots Hollow Road
The Hydrogeologic Evaluation for 43 Lots Hollow Road has been submitted to MassDEP
for approval of a 500,000 gpd discharge at the site (Figure 6).  As with 32 Lots Hollow
Road, the groundwater discharge would take place through a series of wicks.

6.2.3. 223 Beach Road
MassDEP has approved 223 Beach Road for a 200,000 gpd discharge using subsurface
leaching trenches.  A copy of the MassDEP approval letter is provided in Appendix A.

Model scenarios performed as part of the site Hydrogeologic Evaluation (AECOM, 2017),
indicated that at the discharge rate of 200,000 gpd, all of the WWTF discharge and nitrate
load would reach the Atlantic Ocean.  At discharges greater than 200,000 gpd, a portion of
the effluent and nitrate load discharged to a subwatershed (Pochet River) of the nitrate
impacted Pleasant Bay Watershed.

The soils at 223 Beach Road will allow a discharge greater than 200,000 gpd.  If the Town
planned to discharge at a rate greater than the approved 200,000 gpd, additional nitrate
reduction measures at the WWTF or within the Pochet River subwatershed, may be
required by MassDEP.   The purpose of the nitrate reduction measures would be to offset
the additional nitrate load from the WWTF discharge to the Pochet River subwatershed.
Prior to increasing the discharge over 200,000 gpd, the Town would be required by
MassDEP to submit a request to MassDEP for the proposed discharge rate.  At a minimum,
the request would need to include the anticipated discharge rate at the site, an estimate of
the nitrate load from the WWTF discharge to the Pochet River subwatershed, and
supporting documentation.
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AECOM
9 Jonathan Bourne Drive
Pocasset, MA 02559
www.aecom.com

508.833.6950 tel
508.833.6951 fax

Memorandum

On behalf of the Town of Orleans, AECOM is submitting an updated proposed Hydrogeologic Evaluation
Scope of work for the proposed groundwater discharge at the Route 6 (Exit 12) Cloverleaf site (Figure 1).
The updated scope proposes to install a test wick and conduct a 30-day wick loading test in addition to the
Hydrogeologic Evaluation completed in 2017 and summarized in the final report submitted October, 2017.
AECOM proposes to update the final report to include details on the wick installation, wick loading test,
groundwater model results, conclusions, and recommendation.

1. Background
The proposed hydrogeologic site evaluation is being conducted as part of the evaluation of proposed
treatment and disposal of sanitary sewage generated in the Downtown Area of Orleans, MA.  Proposed
treatment would take place at a new facility on Overland Way in Orleans, MA.

On December 15, 2015, a proposed scope of work to conduct a Hydrogeologic Site Evaluation was
submitted to MassDEP for review and comment.  The notification of the proposed scope of work was
published in Volume 85, Issue 4 on December 23, 2015 of the Environmental Monitor and was open to
public comment.  The Proposed Hydrogeologic Site Evaluation was approved by MassDEP on
May 16, 2017.

The Hydrogeologic Evaluation was completed in the fall of 2017.  The final report was submitted to
MassDEP in October 2017.  On February 2, 2018, the MassDEP approved the Hydrogeologic Evaluation
report pursuant to 314 CMR. 5.09 (1) (f) and authorizes the Town of Orleans to apply for an Individual
Groundwater Discharge Permit (BRPWP 79).  The conditional approval was for a groundwater discharge
not to exceed 145,000 gallons per day (gpd).

Since the completion of the hydrogeologic evaluation and submittal of the of the final report, the Town has
received a Site Access Permit granting permission to install four additional monitoring wells, a test wick,
and perform a 30-day loading test at the site.  A copy of the access permit is provided in Appendix A.

To Brian Dudley, MassDEP SERO
CC George Meservey, Town of Orleans, Director of Planning & Community Development;

Steve Hallem, MassDEP Boston
Henry Barbaro: MassDOT Boston
Thomas Cambareri: Cape Cod Commission
Betsy Shreve-Gibb, AICP, AECOM Project Director
Mark Owen, PG, AECOM

Subject Town of Orleans, MA
Water Quality and Wastewater Planning
Proposed Wick Loading Test
Route 6 Cloverleaf Proposed Discharge Area

Project Number 60476644
From Thomas Parece, P.E., AECOM Project Manager
Date April 18, 2018
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At present, the Town is also seeking an agreement with MassDOT to allow a groundwater discharge at
the site.  The form of the agreement and timing are to be determined.

The project history and background, previous proposed scope, and results of the Hydrogeologic
Evaluation are contained in the Hydrogeologic Evaluation report submitted October 2017.

In the following section, AECOM has updated the Proposed Hydrogeologic Evaluation to reflect the
installation of a test wick, perform a 30-day loading test, evaluate the loading test results, and update the
Hydrogeologic Evaluation report.  All proposed tasks, as well as those included in December 23, 2015
Proposed Hydrogeologic Evaluation are included below.  Tasks that have been completed have been
identified.  The results of those tasks are included in the report submitted in October 2017.

2. Updated Hydrogeologic Evaluation Scope
A. Test Pit Investigation – Completed 2017

B. Soils Testing and Data Analysis - Completed 2017

C. Baseline Water Quality Analysis - Completed 2017

D. Estimate of High Water Table - Completed 2017

E. Test Wick Design and Installation - Proposed

As part of the Hydrogeologic Evaluation, a test wick will be installed and load tested to assist in
evaluating the capacity of a full-sized wick.  The approximate location of the test wick is shown on
Figure 2.  Also shown on Figure 2 are the existing and proposed monitoring well locations for
observing groundwater levels during the loading test.  The monitoring wells are to be located
approximately 5, 15, 30, 60 120, 200 and 220 feet from the proposed test wick.

The test wick will be installed using a drilling rig with 14-inch outside diameter, 8.78-inch inside
diameter augers.  The borehole will be drilled to approximately 2 feet above the water table or 83 feet
below land surface (bls).  Once drilled, an internal observation well consisting of 2-inch diameter PVC
well screen and casing will be installed and centralized in the borehole to the total depth of the
borehole.  The internal observation well will be installed with approximately 80 feet of continuous slot
(20-slot) PVC well screen and 5 feet of PVC casing at the top.  As the augers are removed, a washed
¾-inch stone will be installed between the formation and well screen.  The test wick will be completed
with protective casing and secured with a concrete pad and locking cover.

1) 30-Day Loading Test - Proposed

Once installed, the 30-day loading test will be performed by discharging potable over the gravel at
the top of the test wick.  The source of potable water will be from the Orleans Water Department.

The loading test will consist of successively higher loading rates, beginning at approximately 20
to 25 gallons per minute (gpm).  Each step of the loading test with be increased incrementally
based on the previous loading rate and water levels observed in the internal monitoring well.  We
anticipate that each step of the test will last several days, although the goal is to allow water
levels within the test wick and monitoring well CLS-1 (located approximately 5 feet from the wick)
to level off before beginning the subsequent step.

Background water level readings will be collected daily for a minimum of 5 days prior to the start
of the prolonged loading test.  Background water level readings will be collected from the test
wick and monitoring wells CLS-1, CLS-5, CLS-6, and LH-1,

Data loggers will be installed in the test wick and monitoring wells CLS-1, CLS-4, CLS-5, CLS-6,
and CLS-7 to monitor water levels throughout the loading test.  Monitoring wells CLS-2, CLS-3,
LH-1, LH-5, MW-9, and MW-14, will also be monitored periodically throughout the test.
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Manual water level readings will be collected at all of the well locations periodically throughout the
loading test.  Precipitation data will be collected and recorded daily at the Orleans Water
Department located approximately 5,200 feet southeast of the 32 Lots Hollow Road.  Water level
data from USGS monitoring well BMW-22 will be used to provide ambient water levels.

At the conclusion of the test, water level data will be summarized and analyzed to evaluate
groundwater mounding and the loading efficiency of the soils underlying the site.  The water level
data will also be used to design and estimate the capacity of a full sized wick as well as estimate
the capacity of the site for a groundwater discharge.

2) Estimated Groundwater Mounding - Proposed

Data obtained from the site investigations will be analyzed and used to update a numerical
groundwater flow model to simulate groundwater flow in the vicinity of the proposed discharge.
The groundwater flow model will use MODFLOW, developed in 1988 by McDonald and Harbaugh
of the USGS, to compute groundwater flow in an aquifer under different stressors.  Once
calibrated, groundwater mounding resulting from the discharge of wastewater will be simulated.
The model will also be used to design the proposed groundwater discharge method, and assess
potential impacts to sensitive receptors.

3) Final Report - Proposed

The Hydrogeological Evaluation Report previously submitted will be updated to include the test
wick installation and loading test methods.  The updated report will also summarize and updated
the results of the field investigations, data analysis, groundwater mounding analysis, numerical
model documentation, and potential impacts to sensitive receptors.  Included will be pertinent
USGS geologic and hydrogeologic data, estimated depth to bedrock, the location of existing and
potential water supply wells, water supply protection areas, and pertinent subsurface
investigations conducted at nearby sites.

The updated report will also identify watershed recharge areas and boundaries, assess potential
impacts of nitrogen to receiving waterbodies, and estimate the additional nutrient load to the
receiving watershed(s).  The groundwater model results will include the lateral extent of the
groundwater discharge, separation between the ground surface and the mounded water table
under high water table conditions, groundwater travel times, and potential impacts on
watershed(s), infrastructure, and potential sensitive receptors.
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MassDOT Access Permit No. 5-2017-0056 (Amendment)
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Client: Town of Orleans
Project Number: 60476644
Site Location: Orleans, MA Date Installed: 03/19/2018
Well Location: Exit 12 Cloverleaf Coords: Inspector: Erika Amir-Lin
Method: CME truck mounted hollow-stem auger Contractor: Desmond Drilling

MONITORING WELL CONSTRUCTION DETAIL

Depth from G.S. (feet) Elevation(feet)

Top of Steel Guard Pipe 99.7
Measuring Point 
for Surveying & 
Water Levels Top of Riser Pipe 99.43

Ground Surface (G.S.) 97.7

Cement, 
Bentonite, 

Bentonite Slurry 
Grout, or Native 

Materials Riser Pipe:
Length
Inside Diameter (ID)

0 % Cement Type of Material

0 % Bentonite
Bottom of Steel Guard Pipe 95.7

100 % Native
Materials

Top of Bentonite 17.7

Bentonite Seal Thickness

Top of Sand N/A

Top of Screen 12

Stabilized Water Level

Screen:
Length
Inside Diameter (ID)
Slot Size
Type of Material

Type/Size of Sand
Sand Pack Thickness

Bottom of Screen 1.7

Bottom of Tail Pipe:

Bottom of Borehole 1.7

Borehole Diameter: Approved:

Describe Measuring Point:
Signature Date

Top of PVC.

6-inch

81 16.43

10
2 inch
0.01
PVC

Natural Pack
N/A

96

N/A

96

86
2-inch

86

WELL ID: CLS-4

+2

1.7

0.0

PVC

2

80

2 feet

N/A



Client: Town of Orleans
Project Number: 60476644
Site Location: Orleans, MA Date Installed: 03/20/2018
Well Location: Exit 12 Cloverlead Coords: Inspector: Erika Amir-Lin
Method: CME truck mounted hollow-stem auger Contractor: Desmond Drilling

MONITORING WELL CONSTRUCTION DETAIL

Depth from G.S. (feet) Elevation(feet)

Top of Steel Guard Pipe 98.7
Measuring Point 
for Surveying & 
Water Levels Top of Riser Pipe 98.56

Ground Surface (G.S.) 96.7

Cement, 
Bentonite, 

Bentonite Slurry 
Grout, or Native 

Materials Riser Pipe:
Length
Inside Diameter (ID)

0 % Cement Type of Material

0 % Bentonite
Bottom of Steel Guard Pipe 93.7

100 % Native
Materials

Top of Bentonite 21.7

Bentonite Seal Thickness

Top of Sand N/A

Top of Screen 14

Stabilized Water Level

Screen:
Length
Inside Diameter (ID)
Slot Size
Type of Material

Type/Size of Sand
Sand Pack Thickness

Bottom of Screen 3.7

Bottom of Tail Pipe: N/A

Bottom of Borehole 3.7

Borehole Diameter: Approved:

Describe Measuring Point:
Signature Date

Top of PVC.

83
2-inch

83

WELL ID: CLS-5

+2

1.9

0.0

PVC

3

75

2 feet

N/A

6-inch

80 16.56

10
2 inch
0.01
PVC

Natural Pack
N/A

93

N/A

93



Client: Town of Orleans
Project Number: 60476644
Site Location: Orleans, MA Date Installed: 03/22/2018
Well Location: 32 Lots Hollow Coords: Inspector: Erika Amir-Lin
Method: CME truck mounted hollow-stem auger Contractor: Desmond Drilling

MONITORING WELL CONSTRUCTION DETAIL

Depth from G.S. (feet) Elevation(feet)

Top of Steel Guard Pipe 101.7
Measuring Point 
for Surveying & 
Water Levels Top of Riser Pipe 101.48

Ground Surface (G.S.) 99.7

Cement, 
Bentonite, 

Bentonite Slurry 
Grout, or Native 

Materials Riser Pipe:
Length
Inside Diameter (ID)

0 % Cement Type of Material

0 % Bentonite
Bottom of Steel Guard Pipe 96.7

100 % Native
Materials

Top of Bentonite 24.7

Bentonite Seal Thickness

Top of Sand N/A

Top of Screen 15

Stabilized Water Level

Screen:
Length
Inside Diameter (ID)
Slot Size
Type of Material

Type/Size of Sand
Sand Pack Thickness

Bottom of Screen 4.7

Bottom of Tail Pipe: N/A

Bottom of Borehole 4.7

Borehole Diameter: Approved:

Describe Measuring Point:
Signature Date

Top of PVC.

85
2-inch

85

WELL ID: CLS-6

+2

1.8

0.0

PVC

3

75

2 feet

N/A

6-inch

83 17

10
2 inch
0.01
PVC

Natural Pack
N/A

95

N/A

95



Client: Town of Orleans
Project Number: 60476644
Site Location: Orleans, MA Date Installed: 03/23/2018
Well Location: 32 Lots Hollow Coords: Inspector: Erika Amir-Lin
Method: CME truck mounted hollow-stem auger Contractor: Desmond Drilling

MONITORING WELL CONSTRUCTION DETAIL

Depth from G.S. (feet) Elevation(feet)

Top of Steel Guard Pipe 102.09
Measuring Point 
for Surveying & 
Water Levels Top of Riser Pipe 100.09

Ground Surface (G.S.) 98.2

Cement, 
Bentonite, 

Bentonite Slurry 
Grout, or Native 

Materials Riser Pipe:
Length
Inside Diameter (ID)

0 % Cement Type of Material

0 % Bentonite
Bottom of Steel Guard Pipe 95.2

100 % Native
Materials

Top of Bentonite 23.2

Bentonite Seal Thickness

Top of Sand N/A

Top of Screen 9

Stabilized Water Level

Screen:
Length
Inside Diameter (ID)
Slot Size
Type of Material

Type/Size of Sand
Sand Pack Thickness

Bottom of Screen -0.8

Bottom of Tail Pipe:

Bottom of Borehole -0.8

Borehole Diameter: Approved:

Describe Measuring Point:
Signature Date

Top of PVC.

89
2-inch

89

WELL ID: CLS-7

+2

1.9

0.0

PVC

3

75

2 feet

N/A

6-inch

81 17

10
2 inch
0.01
PVC

Natural Pack
N/A

99

N/A

99

























Client: Town of Orleans
Project Number: 60476644
Site Location: Orleans, MA Date Installed: 03/20/2018 - 03/27/2018
Well Location: Exit 12 Cloverleaf Coords: Inspector: Mark Owen
Method: CME truck mounted hollow-stem auger Contractor: Desmond Drilling

WICK DISCHARGE CONSTRUCTION DETAIL

Depth from G.S. (feet) Elevation(feet)

Top of Plastic Culvert Pipe (3-foot diameter) 100.7
Measuring Point 
for Surveying & 
Water Levels Top of PVC well 100.48

Ground Surface (G.S.) 98.7

Cement, 
Bentonite, 

Bentonite Slurry 
Grout, or Native 

Materials Well Riser Pipe:
Length
Inside Diameter (ID)

0 % Cement Type of Material

0 % Bentonite
Bottom of Plastic Culvert Pipe 98.7

100 % Native
Materials

Note: PVC well set in center of the wick.
N/A

N/A

Top of Screen 98.7

Stabilized Water Level

Screen:
Length
Inside Diameter (ID)
Slot Size
Type of Material

Type/Size of Sand 3/4" gravel - wick interior
Sand Pack Thickness

Bottom of Screen 14.7

Bottom of Tail Pipe:

Bottom of Borehole 14.7

Borehole Diameter: Approved:

Describe Measuring Point:
Signature Date

Top of 2" PVC well inside wick well.

25
2-inch

4

Test Wick - Cloverleaf Site

+2

+1.78

0.0

PVC

4

N/A

N/A

12-inch

above water table N/A

80
2 inch
0.01
PVC

5 inches

84

N/A

84
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