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INFILTRATION LOADING TESTS
TOWN OF CHATHAM, MASSACHUSETTS

SECTION 1 – INTRODUCTION
1.1

PURPOSE OF REPORT

The Town of Chatham (Town) is undertaking Comprehensive Wastewater Management
Planning to develop strategies for collecting, treating, and recharging treated wastewater. A key
element of that planning process is identifying a site in the Town where treated wastewater can
be recharged to the groundwater. This report describes the testing that was completed to
determine the site’s suitability for receiving and infiltrating treated wastewater.
1.2 BACKGROUND
In the course of completing Comprehensive Wastewater Management Planning, the Town
determined that additional wastewater collection and treatment at the existing wastewater
treatment facility (WWTF) was an appropriate remedy to water quality concerns in the Town.
To accommodate an increase in treated effluent from the treatment facility, the Town has been
evaluating alternative locations for the recharge of highly treated effluent. The Town undertook
an extensive screening process to identify areas of Town that would be most suitable for
wastewater recharge. They then identified six specific sites that were considered favorable for
recharge. Preliminary investigations, including completion of soils borings, observation wells,
test pits, and percolation tests, were completed at each of the sites. At the culmination of that
testing, the Town determined that the area between the existing WWTF infiltration beds and
Middle Road (see Figure 1, Potential Effluent Recharge Sites and Site Location Map) would be
the priority candidate site. This decision was based on a number of factors, including location,
distance to the WWTF, surrounding land use, proximity of sensitive receptors, size, and
hydrogeologic properties.
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1.3 PRELIMINARY SITE CHARACTERIZATION
The site occupies approximately 80 acres. The eastern portion of the site contains the capped
municipal landfill and transfer station. The western portion is the site of the municipal
wastewater treatment plant along with several acres of wooded terrain. The preliminary
investigation completed in the spring of 2004 indicated generally favorable conditions for treated
wastewater recharge. Test pits revealed the surficial material was comprised of medium to coarse
sand. Percolation test rates were all less than 2 minutes per inch. The soil boring at the Middle
Road site indicated medium to coarse sands to a depth of 25 feet and fine to medium sands to a
depth of 60 feet.
1.4 RECOMMENDATIONS BASED ON PRELIMINARY SITE CHARACTERIZATION
After the initial screening process and the preliminary site evaluations, the Town selected the
WWTF site as the priority candidate site. Existing sand beds have functioned well, indicating
that the site would be favorable for expansion of the sand beds. However, larger-scale loading
tests were proposed to further evaluate the infiltration capacity of the site soils. The proposed
loading tests would evaluate the site’s infiltration capacity using thousands of gallons of water
rather than a few gallons of water, as are used for percolation tests.
The Massachusetts Department of Environmental Protection (MADEP) accepted standard
application rate is 5 gallons per day per square foot (gpd/sf). The existing effluent sand beds
have been in use for more than 30 years. Discussions with Town personnel indicated that the
WWTF site appears to have a significantly larger infiltration capacity than 5 gpd/sf. The loading
tests were set up to determine whether this loading rate can be increased at the existing sand beds
and any future sand beds.
SECTION 2 - FIELD INVESTIGATION
2.1 LOADING TESTS
Loading tests are essentially large-scale percolation tests. They are accomplished by applying
large quantities of water to basins with a specific surface area to allow the calculation of an
infiltration rate in minutes per inch and in gallons per day per square foot. The general protocol
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for completing loading tests is described in the USEPA Process Design Manual–Land Treatment
of Municipal Wastewater (1981). A work plan (Appendix C) was developed describing the
proposed loading test and was submitted to MADEP for review and approval.
2.2 TEST PREPARATION
Two locations were selected as test sites – one adjacent to Middle Road and one in the existing
WWTF sand beds. One 10-foot diameter basin was installed at each test site. Both of the test
sites were located in close proximity to existing monitoring wells. Figure 2 is a site map
showing the approximate locations of the test basins and monitoring wells. The basins served as
the infiltration sites for the loading tests and the observation wells were used for monitoring the
water table response to the infiltration tests. The basins were provided by an outside contractor
and consisted of prefabricated 10-foot diameter, 30-inch tall, 3/16-inch thick, aluminum “rings”
which served as the walls of the basin. A schematic of a completed test basin is shown in Figure
3.
Both basins were provided with water by means of fire hydrants on the WWTF property. A 2.5inch fire hose was laid from the hydrants to the basins. The WWTF basin was nearly 500 feet
from the hydrant, whereas the Middle Road basin was closer to 1,500 feet from the hydrant. The
Chatham Water Department provided a meter and a backflow preventer. A valve for controlling
flow was located at each test basin.
WWTF Test Basin. This test basin was installed in one of the existing effluent sand beds. For
this reason, no site preparation was needed. The aluminum ring was installed in the corner of the
sand bed closest to the monitoring wells (MW 23-D and MW 23-S). The ring was placed on the
sand and pushed down approximately 6 inches until it was securely positioned in the sand so as
to promote vertical flow from the basin rather than lateral flow.
A subsurface clay layer exists in the vicinity of the WWTF, dividing the groundwater into upper
and lower aquifers. The MW 23 wells were installed at different elevations, one in the upper
aquifer and one in the lower aquifer. The 2-inch wells were installed in 1993 and included 10
feet of screen at the bottom of the well. The wells were finished with cast iron protective casings
and locking caps. Boring logs are provided in Appendix A.
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Middle Road Test Basin. Test site preparation for this basin included sufficient clearing and
grading at the Middle Road site to allow installation of the test basin. The soil was cleared to a
depth sufficient to remove top soil and roots and to get beyond the organic layer of soil. The test
ring was then placed on the soil and pushed down until it was securely situated in the soil. The
contractor then backfilled behind the walls of the test ring to a depth of about 4-5 inches.
The monitoring well that was used as part of this hydraulic loading tests was MW 1-1 that was
installed in 2004 and was constructed with 10’ of screened pipe at the bottom of the well.
Boring logs are provided in Appendix A.
2.3 CONSTANT HEAD AND FALLING HEAD TESTS
A series of tests were conducted at the basins over a two-week period. Appendix B includes
selected photographs taken during the testing. The Water Department was only able to provide
one water meter, so only one basin test was conducted at a time. Each round of tests took three
days. The testing was completed on the schedule as illustrated in Table 1.
The basin testing included three phases, as indicated on the schedule: saturation, constant head
testing, and falling head testing. Each phase is described below.
A. Saturation. The soils at each basin were saturated before testing began. This was done by
supplying water to the basin for a 24-hour period. Flow into each basin was sustained at a rate
that would keep a generally constant level of water in the test basin, although the exact level was
not a factor. As saturation progressed, the infiltration rate of the underlying soils declined. By
the end of the day, it was possible to adjust the flow into the basins to a rate that kept water in the
basins overnight at a relatively constant head.
B. Constant Head Test. The constant head tests were started after the basins had been
saturated for 24 hours. The constant head test was performed by noting the water level in the
basin and supplying enough flow to maintain this level over the course of an eight hour test
period. In the early stages of the test, the flow rate had to be adjusted periodically to keep the
water level in the basin constant. The water level was noted, the flow rate was measured, and the
observation well water levels were measured throughout the testing. In the constant head tests,
the infiltration capacity is measured in gallons per minute (gpm) as water is added to the 10-foot
infiltration basin at the same rate that the water infiltrates out of the basin. Flow rate was
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measured at the spigots using containers of known volume and a stop watch. By dividing the
rate of flow by the square foot area of the basin, an infiltration capacity in gallons per day per
square foot is calculated.
At the end of the day of constant head testing, the basins were again supplied with a constant
flow overnight to maintain saturated conditions.
C. Falling Head Test. The falling head tests were started the day after the constant head tests.
These tests were performed by filling the basin to a specific level and then cutting off the water
supply and observing the rate at which the water level in the basin dropped. The falling head
tests were repeated six times by refilling the basin after the water level had dropped a minimum
of 6 inches for each test. In the falling head tests, infiltration is measured in inches per hour.
This result is converted to cubic feet per hour and subsequently to gallons per day per square
foot. Water levels in the monitoring wells were observed at the beginning and the end of the
falling head tests.
SECTION 3 - FINDINGS AND CONCLUSIONS
3.1

SUBSURFACE CONDITIONS

The surface elevation at the two test sites is 70 feet, plus or minus a few inches. Depth to
groundwater at the sites ranges from 51 to 57 feet, depending on the surface elevation and
whether or not the well is in the upper or lower aquifer; and groundwater at the site is found in
the elevation interval between 13 and 18 feet. Based on data obtained from the ongoing
groundwater monitoring program, groundwater flows south toward Cockle Cove Creek.
Overall, the subsurface conditions are generally homogeneous, comprised of sand and gravel
with lenses of finer grained materials. The predominance of the sand suggests suitable
conditions for infiltration of treated wastewater.
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3.2

CONSTANT HEAD TEST RESULTS

The first set of testing at each basin was constant head testing. As described above, the constant
head testing entailed adding water to the basins at the same rate that water drained out of the
basin. As expected, from the time saturation was initiated to the time the constant head tests
were initiated, the infiltration rate decreased considerably as the soils became more saturated.
During the testing period, flow was measured with a 5-gallon bucket and a stopwatch. The valve
used for flow control consisted of six spigots. The spigots were adjusted as necessary to increase
or decrease the flow. As a result, conversion from gallons per minute (based on 5 gallons of
water) to gpd/sf showed some variation as a result of minor adjustments of the spigots. This
being considered, the infiltration rates from constant head tests remained generally constant.
Apparently large differences in infiltration rates may be accounted for by considering the minor
adjustments that were made to achieve a flow rate equivalent to the infiltration rate. For
example, at the beginning of the day of constant head testing, the water level was brought to the
desired water level (between 2 and 4 inches). This may have required increasing the flow
temporarily, then decreasing the flow to achieve a balance. As the fine tuning of the flow was
done, differences in flow rate resulted. The infiltration rates for the two constant head
infiltration tests are illustrated on Figure 4.
The raw data from the constant head tests is presented on Table 2 and summarized on Table 3.
The basins generally accepted a flow of 26 to 29 gpm. For general discussion, a rate of 25 gpm
will be used as a conservative generalization. Twenty-five gpm equates to 36,000 gallons per day
(gpd). The discharge of 36,000 gpd in a 10-foot diameter basin (surface area 78 sq. ft.) equates
to 460 gpd/sf.
USEPA protocols for conducting loading tests suggest that, although loading tests are probably
the most accurate means of estimating loading rate, loading tests have a greater horizontal flow
component than full-scale installations; therefore, loading tests overestimate full-scale capacity.
Therefore, USEPA recommends design rates that are only 10 to 15 percent of observed rates in
loading tests. The loading tests suggest an infiltration rate of approximately 460 gpd/sf, hence a
design loading rate of up to 46 gpd/sf can be considered reasonable. MADEP suggests a
maximum design loading rate of 5 gpd/sf, but allows proponents to make a demonstration for a
greater loading rate through hydraulic loading tests and through longer-term operations.
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Based on the results of the constant head testing, which indicated an infiltration rate of at least
460 gpd/sf, a design loading rate of up to 46 gpd/sf is reasonable. Hence, the MADEPrecommended rate of 5 gpd/sf for rapid infiltration beds is conservative for this site.
3.3 FALLING HEAD TEST RESULTS
To supplement the constant head test results, falling head tests were performed in each of the
basins after the constant head tests were completed. Between the tests, water was continuously
added to the basins to retain the saturated soil conditions.
To complete the falling head tests, basins were filled to a specific measured mark. The water
supply was then turned off and the rate at which the water level in the basin dropped was
recorded. The falling head tests were repeated six times in each basin, with the basin being
refilled at the beginning of each test run. The results of the falling head tests are presented on
Tables 4 and 5. Infiltration rate is presented in three different units on the tables: minutes per
inch, inches per hour, and gallons per day per square foot (gpd/sf). Infiltration rates in minutes
per inch (the units used in MADEP guidance) are illustrated on Figures 5 and 6. Infiltration rates
in gpd/sf for all of the tests are summarized on Figure 7. The average infiltration rates in gpd/sf
for the two basins were 270 gpd/sf (WWTF) and 324 gpd/sf (Middle Road). The average result
was 297 gpd/sf. Using the EPA criteria of 10 percent of the average infiltration test rate, a
design loading rate of 30 gpd/sf is appropriate
3.4

MOUNDING IMPACTS

Two observation wells were located in close proximity to the test basins. The water levels in
these wells were noted throughout the three days of testing at each location. Water level data is
depicted graphically on Figures 8 and 9.
There was minimal precipitation during the testing, which was initiated on June 26. Table 1
includes precipitation data for the testing period. However, the month of June saw much higher
than average rainfalls. Rainfall from June 1 through June 24, 2006 totaled 9.13 inches, whereas
the average rainfall for June is 3.44 inches (www.weather.com). Due to the excessive rain, the
water tables were higher than normal.
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A slight rise in the water table elevation can be seen over the course of the three days of testing,
though not in the deeper of the MW-23 wells. It should be noted that a silt/clay layer exists
throughout a large portion of the site, according to groundwater monitoring reports by Metcalf &
Eddy, Inc. The silt/clay layer divides the water table into an upper and a lower aquifer. Both
MW 1-1 and MW 23-S were installed within this upper aquifer. This is likely the reason why no
response was seen in MW 23-D.
SECTION 4 - CONCLUSIONS
4.1 Test Summary and Conclusions
Hydraulic loading tests were completed between June 26 and July 7, 2006.
performed at two 10-foot basins. Testing was comprised of:

Testing was

1.
One day of saturating the soils beneath the basins for a 24-hour period by sustaining a
water level in the basins equivalent to what was infiltrating out of them.
2.
One day of constant head testing, during which water was fed to the basin at the same
rate that water drained from the basin, as indicated by a constant water level in the basin.
3.
One day of falling head testing, recording the rate at which the water level in the
basins dropped. This was repeated six times.
For the constant head testing, an average infiltration rate of 460 gpd/sf for the two basins was
calculated. Applying the USEPA design factor of 10 percent to that result, an appropriate design
loading rate is 46 gpd/sf.
In the falling head testing, an average infiltration rate of 297 gpd/sf for the two basins was
calculated. If this rate is used and the USEPA design factor of 10 percent is applied to that
result, an appropriate design loading rate is 30 gpd/sf.
The Town is in the process of completing their CWMP and needs to present the size of the future
effluent recharge facilities for the proposed future flows at the treatment plant site. The Town
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will be able to save significant amounts of money if it can avoid having to build redundant
infiltration beds that would be based on an overly conservative design rate of 5 gpd/sf.

Stearns & Wheler believes that the observed rate of 300 to 460 gpd/sf is not appropriate for
sizing future facilities. As a result we have followed USEP guidance and have used 10% of the
observed rate for the recommended design rate of 30 gpd/sf. We recommend this rate be used to
plan for future infiltration facilities. We believe that the Town will have several years of
operational time to check the performance of this rate with the first beds to be used as the flows
at the plant increase. The Town should reserve additional space nearby in case the sand beds do
not perform as expected with this rate.
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APPENDIX C
HYDRAULIC LOADING TEST
WORK PLAN

May 22, 2006

Mr. Steve Hallem
Massachusetts Department of Environmental Protection
One Winter Street
Boston, MA 02108
Re:

Town of Chatham
Hydraulic Loading Test Work Plan
S&W Job No. 70098.5

Dear Mr. Hallem:
As we have discussed, the Town of Chatham (Town) is seeking new sites that can be
used for the recharge of treated wastewater. Also, the Town is interested in obtaining a
design hydraulic loading rate for its existing beds at a value higher than 5 gallons per
minute per square foot and one that is more reflective of the actual rate observed at the
existing beds. A screening process that evaluated site hydrogeology, area receptors, and
general site conditions has been completed for several sites. Additionally, preliminary
site evaluations have been completed that included the excavation of a number of test
pits, completion of a number of percolation tests, and the installation of observation/test
wells. Based on the findings of the site screening and preliminary evaluation, the Town
has determined that the site just north of the existing infiltration beds (Site 1) is the best
site, and the Town wants to conduct hydraulic load tests at this location.
Figure 1 is the project locus map, and Figure 2 illustrates the Chatham WWTF site and
property. There are several monitoring wells located at the site to monitor groundwater
quality and elevations with respect to the WWTF and the capped landfill which share the
property. Figure 2 also illustrates the groundwater elevations that existed in April 2005 as
documented in the WWTF Groundwater Monitoring Report by Metcalf & Eddy. The
groundwater in this area flows south to Cockle Cove Creek as illustrated on Figure 5.
To further evaluate the site’s infiltration capacity, the Town is planning to conduct a
large-volume, long-term loading test at the two locations indicated on Figure 2. This
letter describes the planned approach for completing the loading tests. The Town is
requesting that the Massachusetts Department of Protection (DEP) review this approach
and provide comment regarding the technical and regulatory suitability of the proposed
loading test.
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Mr. Steve Hallem
MADEP

May 22, 2006
Page 2

PROPOSED LOADING TEST APPROACH
1.

Work Plan Review. This task includes review and finalization of the Work Plan.
We are proposing to complete two loading tests, one in an existing basin that will
be retained for future use (Test 1), and one north of the existing basins in an area
proposed for additional infiltration beds (Test 2). (The locations are illustrated on
attached Figure 2.)

2.

Basin Construction. Two pre-manufactured, round, 10-foot diameter test rings
will be placed at the site. One ring will be pushed down into the existing sand bed
to the point of refusal using a loader bucket on the underlying natural material.
Pushing to refusal is planned to seal the ring so that infiltrating water will not leak
to the surrounding sand in the sand bed. The second ring will be placed in a cleaned
area near MW-1-1 in a basin that is 1 to 2 feet deep to remove the topsoil, roots, etc.
in the area. It will be pushed into the subsoil to the point of refusal by the loader
bucket to seal the ring into the ground.

3.

Water Conveyance. Fire hydrants are in relatively close proximity to the test site
and are expected to be used to supply the water. Water will be conveyed from the
hydrants to the test basin using an arrangement of flexible hose or lengths of rigid
pipe. The exact configuration, type and length of piping, and necessary fittings and
valves will be determined in the near future with the contractor that will supply the
pipe.

4.

Basin Testing. Tests will be conducted sequentially with one basin test being
completed at a time. Prior to initiating testing, the soils at each basin will be
saturated.
a.

Basin Saturation. Each test basin will be flooded to saturate the soils of the
test basin. It is anticipated that the saturation period will last 24 hours. Water
will be applied day and night at a low enough rate that the basin will not
flood.

b.

Infiltration Testing. Two types of hydraulic tests will be completed
(consistent with USEPA guidance and MADEP direction) to provide
information regarding the infiltration capacity of the soils as described below:
Constant Head Test - In this test, water is continuously added to the basin
and allowed to infiltrate. The flow rate into the basin is adjusted so that
input equals output and the water level in the basin remains constant. This
results in a gallon per minute result, that when divided by the surface area
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Mr. Steve Hallem
MADEP

May 22, 2006
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of the basin, yields a gallons per minute per square foot value. This test is
sustained over an eight-hour period of time to determine the infiltration
capacity of the soil.
Falling Head Test - After the constant head test, water will be applied to
the basin during the overnight period at a slow rate to sustain saturation of
the soil but not flood the basin. The falling head test will be started by
adding water to the basin to a prescribed depth of 10 inches
(approximately 500 gallons). The water supply will be shut off and the
rate of infiltration in minutes per inch will be measured until the basin is
nearly drained. The test is repeated several times (as many cycles as can
be completed in a one-day test period) to obtain an average rate. The rate
of recharge in minutes per inch is then mathematically converted to an
infiltration rate in gallons per day per square foot. Groundwater elevations
will be monitored on an hourly basis to check for potential impacts.
During the basin saturation and testing, the groundwater levels in the nearest
monitoring well will be checked. The typical depth to groundwater is
approximately 20 feet and we may see some change in groundwater elevation,
but would not be surprised if no change is evidenced due to the highly
permeable soils in that area of Chatham.
5.

Data Evaluation and Preparation Report. The results of the hydraulic load
testing will be evaluated to estimate the infiltration capacity of the site (in
gallons per day per square foot). A letter report will be prepared describing the
testing, presenting the results, and providing the capacity of the site.

We are also attaching two figures (Figures 3 and 4) that illustrate the particle tracks of
USGS modeling a total effluent recharge of 1.5 million gallons per day (mgd) of treated
water at this site. The model was run two times: once with the Indian Hill well pumping
water and once with the Indian Hill well turned off. As you know, the Indian Hill well
has been turned off for several years due to contamination unrelated to the WWTF or the
landfill. The Town is currently evaluating effluent recharge at this site from 1.3 to
1.9 mgd on average.
The Town would appreciate the opportunity to discuss this project with you and invites
you to visit the site. It is our intent to receive your input prior to May 25, 2006, if
possible. I will call you in a few days to set up a time for us to discuss the project in more
detail.
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In the meantime, if you have any questions, please call.
Very truly yours,
STEARNS & WHELER, LLC

Nathan C. Weeks, P.E.
Associate
NCW/
Attachments
cc. Robert A. Duncanson, Ph.D., Town of Chatham, w/attach.
Brian Dudley, P.E., MADEP, w/attach.
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