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This report details the existing and proposed hydrological and hydraulic conditions
for the Redevelopment of the One Corporate Drive building in Andover, MA. This
report has been prepared in conformance with the requirements of the
Massachusetts Department of Environmental Protection (MADEP) 2008
Stormwater Handbook and the 2008 amendments to 310 CMR 10.00 et. seq.
(Massachusetts Wetlands Act Regulations (MAWPA Regs)) and the Town of
Andover Stormwater Bylaw. The report has been organized to follow the MADEP
Stormwater Checklist.

Site Description:

The project which is the subject of this report is located at One Corporate Drive
on the eastern side of Shattuck Road in Andover, MA. The One Corporate Drive
building is a portion of a larger property which also contains the Four Corporate
Drive building. The property is shown on the Town of Andover Assessor’'s Map
166 as Lots 23E (old Lot 1) and 12 (old Lot 2). An Approval Not Required Plan to
combine the properties into one lot was recently endorsed by the Andover
Planning Board. It is the intention of the lot owners (which are entities of IQHQ
Real Estate Investment Trust) to convey title to the respective properties to a
single, to-be-formed affiliated entity that will own the fee to all of Lot A (the “Lot A
Owner”).

Existing Conditions:

The portion of the site which is the subject of the proposed work is located just to
the east of Shattuck Road on the western portion of the 24 acre site. The area is
presently occupied by the One Corporate Drive building and the surrounding
parking area, lawn areas and some wooded areas. Drainage from the project
area either flows overland to the drainage ditch adjacent to Shattuck Road,
overland to the drainage system in Corporate Drive or is collected in the existing
on site drainage system which is connected to the drainage system on the
property which collects drainage from Corporate Drive, other driveways and
parking areas.

Drainage from the area of the proposed work and other portions of the site flows
to the onsite stormwater basin located to the east of the Four Corporate Drive
building on the east side of the property adjacent to Interstate Route 93.
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Proposed Conditions:

The redevelopment of the site consists of the renovation of the existing One
Corporate Drive building and the construction of a two story addition to the
existing building along with reconfiguration of the surrounding parking area.

Drainage from the project area will continue to flow either overland to the drainage
ditch adjacent to Shattuck Road, overland to the drainage system in Corporate
Drive and through the site or is collected in the proposed stormwater management
system which is connected to the main site drainage system and conveyed to the
existing stormwater basin on the site.

Stormwater Standard 1: No New Untreated Discharges

The proposed project does not include any new discharges as the runoff will flow
through the existing drainage system to the stormwater basin on the site which
discharges through an existing discharge to the drainage ditch adjacent to
Interstate Route 93. In addition, all of the runoff from the redeveloped site will be
treated with deep sump catch basins, subsurface infiltration systems and
stormwater treatment units and the peak rates of runoff from the project area will
be reduced when compared to the existing conditions.

Since no new discharges are proposed and stormwater treatment is being
provided for the redeveloped site, Standard 1 has been fully met by the proposed
project.

Stormwater Standard 2: Peak Rate Attenuation

The proposed project involves the redevelopment of an existing developed site.
As such, compliance with Stormwater Standard 2 is required only to the maximum
extent practicable and measures must be taken to improve existing conditions.

As part of this study our firm prepared existing and proposed runoff calculations
for the project for the 2, 10, 25 and 100 year storms. To reduce the volume of
paperwork we have attached to this report a print out of the modelling results for
the existing and site developed 25 year storm. The printouts for the 2, 10 and 100
year storm can be provided if requested. All of the stormwater modeling
calculations were prepared using SCS Methods consistent with the requirements
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of the Regulations. The calculations were prepared using HydroCAD software,
Version 10.00 by Applied Microcomputers Systems.

Soils data for the stormwater study was obtained from the National Resource
Conservation Service Soil Map for the Town of Andover as well as on-site test pits
by a Massachusetts Licensed Soil Evaluator. Our firm analyzed that data and
made our determination of what Hydrologic Soils Groups to use for the
calculations.

Ground cover data is based on the existing and proposed site conditions using on
the ground survey and observations of the site. Times of concentration are based
on the tributary watershed characteristics and SCS Methodology with a minimum
time of concentration of 6 minutes as prescribed by the methodology. Rainfall
data for the study is based on the latest NOAA Atlas 14 Point Precipitation
Frequency Estimates.

Stormwater mitigation for the proposed project is provided by the installation of
subsurface infiltration systems throughout the site. These subsurface structures
will infiltrate the required portion of the runoff and the additional volume will allow
mitigation of the peak runoff from the redeveloped site.

A summary of the peak rate of runoff calculations from the project area through
the discharge pipe is as follows:

RUNOFF TO SHATTUCK ROAD DRAINAGE DITCH

Storm Return Existing Peak Proposed (Site Difference
Period (years) Rate of Runoff Developed) Peak c.f.s. (%)
(c.f.s) Rate of Runoff
(REACH 1EX) (c.f.s)
(REACH 1D)

2 0.20 0.19 -0.01 (-5.0%)
10 0.53 0.49 -0.04 (-7.5%)
25 0.76 0.70 -0.06 (-7.8%)
100 1.13 1.04 -0.09 (-7.9%)
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OVERLAND RUNOFF TO CORP. DRIVE/BUILDING 4 DRIVE

Storm Return
Period (years)

Existing Peak
Rate of Runoff

Proposed (Site
Developed) Peak

Difference
c.f.s. (%)

(c.f.s) Rate of Runoff
(REACH 2EX) (c.f.s)
2 0.85 0.68 -0.17 (-20.0%)
10 2.09 1.65 -30.44 (-21.0%)
25 2.94 2.29 -0.65 (-22.1%)
100 4.34 3.35 -0.99 (-22.8%)

RUNOFF FROM MEADOW TO BUILDING 4 DRIVE DRAIN

Storm Return
Period (years)

Existing Peak
Rate of Runoff

Proposed (Site
Developed) Peak

Difference
c.f.s. (%)

(c.f.s) Rate of Runoff
(REACH 3EX) (c.f.s)
2 1.07 1.10 +0.03 (+2.8%)
10 2.87 2.87 -0.00 (-0.0%)
25 4.12 4.07 -0.05 (-1.2%)
100 6.21 6.09 -0.12 (-1.9%)

RUNOFF FROM MAIN BUILDING ONE SITE TO BUILDING 4 DRAIN

Storm Return
Period (years)

Existing Peak
Rate of Runoff

Proposed (Site
Developed) Peak

Difference
c.f.s. (%)

(c.f.s) Rate of Runoff
(REACH 4EX) (c.f.s)
2 11.31 8.83 -2.48 (-21.9%)
10 20.08 18.33 -1.75 (-8.7%)
25 25.45 22.48 -2.97 (-12.1%)
100 34.03 29.38 -4.65 (-13.6%)

January 26, 2022
Page 6 of 17




STORMWATER REPORT

Proposed Redevelopment of Building 1

IQHQ-1 Corporate, LLC and IQHQ-4 Corporate, LLC
1 Corporate Drive, Andover, MA

TOTAL RUNOFF FROM BUILDING 1 PROJECT TO BUILDING 4 DRIVE DRAIN
AND ON SITE BASIN

Storm Return Existing Peak Proposed (Site Difference
Period (years) Rate of Runoff Developed) Peak c.f.s. (%)
(c.f.s) Rate of Runoff
(REACH 5EX) (c.fs.)
2 12.90 10.29 -2.61 (-20.2%)
10 24.39 22.14 -2.25 (-9.2%)
25 31.63 27.88 -3.75 (-11.8%)
100 43.36 37.35 -6.01 (-13.8%)

A review of the above summaries indicates that the redevelopment of the site as
proposed will not increase the peak runoff from the site to the Shattuck Road
ditch, Corporate Drive or the main site drain to the existing Stormwater Basin.

Based on the results of the calculations we feel that Standard 2 has been met by
the proposed project.

Stormwater Standard 3: Recharge

The proposed project involves the redevelopment of an existing developed site.
As such, compliance with Stormwater Standard 3 is required only to the maximum
extent practicable and measures must be taken to improve existing conditions.
Test pits were conducted on the site by Haley and Aldrich to determine the
Estimates Seasonal High Ground Water Table (ESHGWT) elevations and the
infiltration capacity of the soils. This information was used along with the NRCS
Soil Maps to determine that the soils are Hydrologic Soils Group C with an
infiltration capacity of 0.21 inches/hour.

Given that the soils are HSG C the required infiltration is 0.25 inches x the
impervious area. Since the subsurface infiltration structures have been designed
to infiltrate the ¥z inch water quality volume see Standard 4 below for the
subsurface infiltration system design. All of the systems have been located 2 feet
above the ESHGWT and infiltration was not used as a component of the peak
runoff mitigation.
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Based on the fact that the water quality volume is being infiltrated and this volume
exceeds the required infiltration volume Standard 3 has been met by the proposed
project.

Stormwater Standard 4: Water Quality

The proposed project involves the redevelopment of an existing developed site.
As such, compliance with Stormwater Standard 4 is required only to the maximum
extent practicable and measures must be taken to improve existing conditions.
Treatment for the runoff from the impervious surfaces is provided by new deep
sump catch basins with hooded outlets, Subsurface Infiltration Structures and
Cascade Stormwater Treatment Units. Calculations for these systems are as
follows:

Infiltration Structure #1.
Tributary Impervious Area = 45,920 s.f.
Water Quality Volume = 45,920 s.f. x 2" = 1,913.3 c.f.
Captured Volume at the Overflow Depth = 3,659 c.f. which is > 1,913.3 c.f.
Time to Empty = 1.2 ft. deep x 12 in./ft.*0.21 in./hr. = 68.57 hrs < 72 hrs

Infiltration Structure #2:
Tributary Impervious Area = 91,941 s.f.
Water Quality Volume = 91,941 s.f. x 2" = 3,830.9 c.f.
Captured Volume at the Overflow Depth = 4,312 c.f. which is > 3,830.9 c.f.
Time to Empty = 1.2 ft. deep x 12 in./ft.*0.21 in./hr. = 68.57 hrs < 72 hrs

Infiltration Structure #3:
Tributary Impervious Area = 48,900 s.f.
Water Quality Volume = 48,900 s.f. x /2" = 2,037.5 c.f.
Captured Volume at the Overflow Depth = 2,221 c.f. which is > 2,037.5 c.f.
Time to Empty = 1.2 ft. deep x 12 in./ft.*0.21 in./hr. = 68.57 hrs < 72 hrs

Infiltration Structure #4:
Tributary Impervious Area = 34,882 s.f.
Water Quality Volume = 34,882 s.f. x /2" = 1,453.4 c.f.
Captured Volume at the Overflow Depth = 2,395 c.f. which is > 1,453.4 c.f.
Time to Empty = 1.2 ft. deep x 12 in./ft.*0.21 in./hr. = 68.57 hrs < 72 hrs
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Note that due to the soils all of the infiltration structures were designed to retain
1.2 feet of water so that they would drain in less than 72 hours and treat the
required water quality volume as required.

TSS and Phosphorous Removal

Runoff from the proposed impervious surfaces is being treated by a combination
of deep sump catch basins, subsurface infiltration structures and Cascade
Stormwater Treatment Units. The combination of the deep sump catch basins
and subsurface infiltration structures removes 80% of the Total Suspended Solids
(TSS) and 60% of the Total Phosphorous. The runoff from the subsurface
structures is then treated using Contech Cascade CS-4 Stormwater Treatment
Units. These units have been tested and shown to remove 80% of the TSS.

Calculations for these units are as follows:

Unit #1.:

Impervious Area = 137,861 s.f. (3.165 acres), time of concentration = 0.12 hours
WQF = (qu)(A)(WQV)

WQF = (755 csm/in)(3.165 acres)(0.0015625 mi2/acre)(1/2 in)

WQF = 1.87 CFS Note: The chosen Unit can treat 2.00 c.f.s.

Unit #2:

Impervious Area = 83,782 s.f. (1.923 acres), time of concentration = 0.12 hours
WQF = (qu)(A)(WQV)

WQF = (755 csm/in)(1.923 acres)(0.0015625 mi2/acre)(1/2 in)

WQF = 1.134 CFS Note: The chosen Unit can treat 2.00 c.f.s.

By using the specified treatment units, the residual TSS load of 20% is further
reduced to 4% for a total TSS Removal of 94%. Note that further treatment is
provided by the existing stormwater basin on the site.

The runoff quality from the proposed redevelopment represents a significant
improvement compared to existing conditions therefore, Standard 4 has been met
by the proposed project.
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Stormwater Standard 5: Land Uses with Higher Potential Pollutant Loads
(LUHPPLS)

The portion of the site where the work will be conducted does not contain any
activities that are classified as Land Uses with Higher Potential Pollutant Loads as
defined by the 2008 MADEP Stormwater Handbook and the 2008 amendments to
310 CMR 10.00 et. seq. (MAWPA Regs). Therefore Standard 5 has been met by
the proposed project to the extent practicable.

Stormwater Standard 6: Critical Areas

The proposed project does not discharge stormwater runoff to a critical area as
defined by the 2008 MADEP Stormwater Handbook and the 2008 amendments to
310 CMR 10.00 et. seq. (MAWPA Regs). Therefore Standard 6 has been fully
met by the proposed project.

Stormwater Standard 7: Redevelopments and Other Projects Subject to the
Standards only to the maximum extent practicable

The proposed project involves the redevelopment of an existing developed site.
As such, compliance with Stormwater Standards 2, 3, 4, 5, and 6 is required only
to the maximum extent practicable and measures must be taken to improve
existing conditions. Throughout this report we have listed the areas of compliance
with the standards in the 2008 MADEP Stormwater Handbook. The proposed
project has been carefully thought through and designed to meet the requirements
of stormwater standards 1, 2, 3, 4,5 & 6.

Stormwater Standard 8: Construction Period Pollution Prevention and
Erosion and Sedimentation Control

Erosion Control and Construction Sequencing

With regard to work proposed on the project and erosion and siltation control, the
seqguence of activities will generally take place as follows:

1. Prior to general pavement removal, or topsoil stripping, place all erosion
controls (straw wattles and silt sacks) in the locations specified on the
drawings.
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2. Damaged or loose siltation controls shall be replaced as necessary to maintain
their function of controlling erosion and siltation. Silt sacks in catch basins
shall be replaced as necessary to maintain its function of controlling erosion
and siltation.

3. Remove any accumulation of silt or soil build-up behind the straw wattles as it
occurs.

4. Throughout excavation, and grading operations the Contractor shall take other
necessary precautions, including installation of temporary drainage swales,
siltation sumps/filtration dams, check dams, straw bales, straw wattles and
temporary pipe, to direct and control drainage from disturbed areas on the site
so that erosion and siltation is minimal. In addition, no erosion or discharge of
silt or larger particles shall occur in wetland areas or onto adjacent properties.

5. Remove all erosion control measures, including the straw wattles only when
construction is completed, upland surfaces are stabilized, and the piped
drainage system is fully operational, and the removal of the devices has been
approved by the Architect/Civil Engineer and the Town of Andover.

If the Contractor anticipates deviations from the above procedures, he shall obtain
written approval from the Architect/Civil Engineer prior to proceeding.

Erosion and Sediment Control BMP’s

The Erosion and Sediment Controls represent the suggested best management
practices proposed for the project. The Contractor's approach to controlling
stormwater runoff from the site may vary however he must implement appropriate
corresponding erosion control measures.

The use of erosion and sediment controls are mandatory and must be employed
to minimize impacts to adjacent areas during construction. If sediment escapes
the construction site, off-site accumulations of sediment must be removed at a
frequency sufficient to minimize off-site impacts.

The control practices which are required to minimize stormwater pollution during
construction must remain functional until disturbed areas have been stabilized.
Erosion control products are to be installed and maintained in accordance with
manufacturer's specifications and good engineering practices.

January 26, 2022
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The most important aspects of controlling erosion and sedimentation are limiting
the extent of drainage structures. These fundamental principles will be the key
factors in the contractor's control of erosion on the project site. If appropriate, the
contractor will construct temporary diversion swales and settling basins or use a
settling tank. If additional drainage or erosion control measures are needed, they
will be located up-gradient from the straw bales and silt fences.

The contractor is responsible for the maintenance and repair of all erosion control
devices on-site. All erosion control devices will be regularly inspected. At no time
will silt-laden water be allowed to enter sensitive areas (wetlands, streams, and
drainage systems). Any runoff from disturbed surfaces will be directed through a
sedimentation process prior to being discharged to the existing on site drainage
system.

The contractor will establish a staging area for the overnight storage of equipment
and stockpiling of materials. In the staging area, the contractor will have a
stockpile of materials required to control erosion on-site to be used to supplement
or repair erosion control devices. These materials will include, but are not limited
to straw bales, straw wattles, siltation control fence, stakes, erosion control
matting, and crushed stone. As mentioned previously, erosion and sedimentation
controls will be employed to minimize the erosion and transport of sediment into
resource areas during the earthwork and construction phases of the Project.
Erosion and sedimentation control measures will be installed prior to site
excavation or disturbance and will be maintained throughout the construction
period.

The contractor is responsible for erosion control on the site and will utilize
supplemental erosion control measures to supplement the erosion controls shown
on the plans prepared for this project to work with his day to day operations at the
site.

Primary erosion control techniques proposed include compost filled filtrexx soxx,
siltation control fence with straw bale barriers and silt sacks, inlet sediment traps,
siltation control dikes, a stabilized construction entrance, temporary diversion
channels, and temporary sedimentation ponds when applicable. A detailed
description of each technique is discussed below. During the growing season,
slope stabilization will be achieved by applying topsoil followed by seeding and
mulching as soon as final grades are achieved. Organic mulching, jute netting,
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geo-textiles, or a combination will be used to stabilize slopes completed outside of
the growing season.

Best Management Practices (BMPSs)
Straw Wattles/Straw bales

Erosion control barriers (straw wattles) will be installed in the locations shown on
the drawings or as directed in the field by the Architect/Civil Engineer prior to the
start of construction. These barriers will remain in place until all tributary surfaces
have been fully stabilized.

The barriers will be placed to trap sediment transported by runoff before it reaches
the drainage system or leaves the construction site. In areas where high runoff
velocities or high sediment loads are expected, silt fencing may be installed
adjacent to the straw wattle barriers. This semi-permeable barrier made of a
synthetic porous fabric will provide additional protection. The straw wattle barrier
will be replaced as determined by periodic field inspection. The underside of the
wattle will be kept in close contact with the earth and reset as necessary. Straw
wattles will be maintained and cleaned until slopes have healthy stands of grass
and all proposed paved areas have been paved with the binder course of
pavement.

Drain System Protection

Silt Sack sediment traps supplemented with straw bale erosion checks will be
installed at drainage structures and maintained and cleaned until slopes have
healthy stands of grass. Catch basins, drain inlets, stormwater treatment units and
storm drain pipes will be cleaned of sediment and debris after the completion of
construction. Sediment collected in structures will be disposed of properly and
covered, if stored on-site.

o Until tributary areas are stabilized, catch basin inlets will be fitted with Silt
Sacks. If intense rainfall is predicted before all tributary areas are stabilized,
erosion control measures will be reinforced for the duration of the storm.
Downstream areas will be inspected, and any sediment removed at the end of the
storm.
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o Unfiltered water will not be allowed to enter pipes from unstabilized
surfaces.
o Trench excavation will be limited to the minimum length required for daily

pipe installation. All trenches will be backfilled as soon as possible. The ends of
pipes will be closed nightly with plywood

o During construction of the site, silt-laden waters should be intercepted prior
to reaching catch basins. Any gross depositions of materials on paved surfaces
will be removed by sweeping.

o All paved areas will be swept on a weekly basis, as permitted by weather,
during the construction period.

o Catch basins should be inspected monthly and cleaned in anticipation of
the winter season in November and at the same time the roads are swept in the

spring.
Utility Construction

The Contractor will construct utility trenches in a manner that will not direct runoff
toward wetlands or to drainage system structures.

Stabilization Activities

All disturbed surfaces will be stabilized within 14 days after construction in any
portion of the project site is completed or is temporarily halted, unless additional
construction is intended to be initiated within 14 days. The Contractor will not
disturb more area than can be stabilized within 14 days unless the area is to
remain active. The Contractor will not disturb more area than can be stabilized
within the same construction season.

Slope Stabilization

The smallest practicable area of land will be exposed at a time. Slopes greater
than three-to-one (horizontal to vertical) will be stabilized with seed, organic
mulch, jute fabric, or rip-rap, as appropriate, to prevent erosion during
construction. After disturbed areas have been stabilized, the temporary erosion
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control measures will be removed, and accumulated sediment will be removed
and disposed of in an appropriate location. Disturbed areas will be stabilized with
appropriate ground cover as soon as possible. After the removal of temporary
erosion control measures, disturbed areas will receive a layer of topsoil for
stabilization.

Stabilized Construction Entrance

Temporary stabilized construction entrance or entrances will be installed at the
project site. The purpose of the construction entrance is to remove sediment
attached to vehicle tires and to minimize sediment transport and deposition onto
public road surfaces. The construction entrance or entrances will be composed of
crushed stone which will be replenished as necessary to maintain their proper
function.

Inspections

The Contractor shall perform the following inspections in accordance with the
2022 EPA Construction General Permit Conditions which require routine
inspections of the site and careful documentation of events and conditions. The
following inspection activities will be completed by a qualified, designated site
monitor.

e Erosion control, sedimentation prevention, and stormwater management
measures will be inspected at least once per week throughout the
construction period.

e All controls, outfalls, and potential problem areas will also be inspected
within 24 hours of any storm exceeding 0.25 inches of precipitation.

A log of inspection results will be maintained on-site and will include the name of
the inspector, date, major observations, and necessary corrective measures.

Built up sediment will be removed when it has reached one-third the height of the
straw wattle.

All needed repairs or modifications will be reported to the contractors to permit the
timely implementation of required actions. Where necessary repairs do not pose
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an immediate concern, repairs or modifications will be implemented within two (2)
days of inspection.

A report summarizing the scope of the inspection, name(s) and qualifications of
personnel making the inspection, the date(s) of the inspection, major observations
relating to the implementation of this CPPPP, and actions taken will be made and
retained as part of the CPPPP.

Maintenance

The following maintenance practices will be used by the Contractor to maintain
erosion and sediment controls. Maintenance activities will be documented on his
Inspection Report.

Erosion and sediment control measures and other protective measures must be
maintained in effective operating condition.

. If site inspections indicate that the BMPs are not operating effectively,
maintenance must be performed as soon as possible and before the next storm
event whenever practicable to maintain the continued effectiveness of the BMPs.
. If existing BMPs need to be modified or if additional BMPs are necessary
for any reason, implementation must be completed before next storm event
whenever practicable.

. Pollution prevention measures must be maintained in good working order.
If a repair is necessary, it will be initiated, if practicable, within 24 hours of report.
. Accumulated sediment within the catch basin inlet protection must be
removed on a weekly basis.

. Maintenance and inspection of pollution prevention measures must be
continued on the site for as long as a portion of the site remains disturbed.

. Stabilization measures will be initiated as soon as practicable on portions

of the site where construction has temporarily or permanently ceased. This will
occur in NO CASE more than 14 days after construction activities have
temporarily or permanently ceased.

. If issues are identified at hazardous materials storage areas, corrective
actions will be implemented immediately. If leaks or spills are identified
procedures outlined in Standard 9 will be followed.
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Stormwater Standard 9: Operation and Maintenance Plan

Attached to this report is an updated Operation and Maintenance Plan which is an
update of the O&M Plan approved by the Town of Andover Conservation
Commission for the property in 2021. The updated to the plan include is
summarized below and will be incorporated into the construction documents for
this project.

Stormwater Standard 10: Prohibition of lllicit Discharges

A signed lllicit Discharge Compliance Statement is attached to this Stormwater
Report. The project has been designed to avoid illicit discharges.

January 26, 2022
Page 17 of 17
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Preface

Soil surveys contain information that affects land use planning in survey areas.
They highlight soil limitations that affect various land uses and provide information
about the properties of the soils in the survey areas. Soil surveys are designed for
many different users, including farmers, ranchers, foresters, agronomists, urban
planners, community officials, engineers, developers, builders, and home buyers.
Also, conservationists, teachers, students, and specialists in recreation, waste
disposal, and pollution control can use the surveys to help them understand,
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil
properties that are used in making various land use or land treatment decisions.
The information is intended to help the land users identify and reduce the effects of
soil limitations on various land uses. The landowner or user is responsible for
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering
applications. For more detailed information, contact your local USDA Service Center
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as
septic tank absorption fields. A high water table makes a soil poorly suited to
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States
Department of Agriculture and other Federal agencies, State agencies including the
Agricultural Experiment Stations, and local agencies. The Natural Resources
Conservation Service (NRCS) has leadership for the Federal part of the National
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability,
and where applicable, sex, marital status, familial status, parental status, religion,
sexual orientation, genetic information, political beliefs, reprisal, or because all or a
part of an individual's income is derived from any public assistance program. (Not
all prohibited bases apply to all programs.) Persons with disabilities who require


http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/
http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/
https://offices.sc.egov.usda.gov/locator/app?agency=nrcs
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?cid=nrcs142p2_053951
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?cid=nrcs142p2_053951

alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity
provider and employer.
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How Soil Surveys Are Made

Soil surveys are made to provide information about the soils and miscellaneous
areas in a specific area. They include a description of the soils and miscellaneous
areas and their location on the landscape and tables that show soil properties and
limitations affecting various uses. Soil scientists observed the steepness, length,
and shape of the slopes; the general pattern of drainage; the kinds of crops and
native plants; and the kinds of bedrock. They observed and described many soil
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The
profile extends from the surface down into the unconsolidated material in which the
soil formed or from the surface down to bedrock. The unconsolidated material is
devoid of roots and other living organisms and has not been changed by other
biological activity.

Currently, soils are mapped according to the boundaries of major land resource
areas (MLRAs). MLRAs are geographically associated land resource units that

share common characteristics related to physiography, geology, climate, water

resources, soils, biological resources, and land uses (USDA, 2006). Soil survey
areas typically consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that
is related to the geology, landforms, relief, climate, and natural vegetation of the
area. Each kind of soil and miscellaneous area is associated with a particular kind
of landform or with a segment of the landform. By observing the soils and
miscellaneous areas in the survey area and relating their position to specific
segments of the landform, a soil scientist develops a concept, or model, of how they
were formed. Thus, during mapping, this model enables the soil scientist to predict
with a considerable degree of accuracy the kind of soil or miscellaneous area at a
specific location on the landscape.

Commonly, individual soils on the landscape merge into one another as their
characteristics gradually change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the soils. They can observe only
a limited number of soil profiles. Nevertheless, these observations, supplemented
by an understanding of the soil-vegetation-landscape relationship, are sufficient to
verify predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock
fragments, distribution of plant roots, reaction, and other features that enable them
to identify soils. After describing the soils in the survey area and determining their
properties, the soil scientists assigned the soils to taxonomic classes (units).
Taxonomic classes are concepts. Each taxonomic class has a set of soll
characteristics with precisely defined limits. The classes are used as a basis for
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic
classification used in the United States, is based mainly on the kind and character
of soil properties and the arrangement of horizons within the profile. After the soil
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scientists classified and named the soils in the survey area, they compared the
individual soils with similar soils in the same taxonomic class in other areas so that
they could confirm data and assemble additional data based on experience and
research.

The objective of soil mapping is not to delineate pure map unit components; the
objective is to separate the landscape into landforms or landform segments that
have similar use and management requirements. Each map unit is defined by a
unique combination of soil components and/or miscellaneous areas in predictable
proportions. Some components may be highly contrasting to the other components
of the map unit. The presence of minor components in a map unit in no way
diminishes the usefulness or accuracy of the data. The delineation of such
landforms and landform segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, onsite
investigation is needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map.
The frequency of observation is dependent upon several factors, including scale of
mapping, intensity of mapping, design of map units, complexity of the landscape,
and experience of the soil scientist. Observations are made to test and refine the
soil-landscape model and predictions and to verify the classification of the soils at
specific locations. Once the soil-landscape model is refined, a significantly smaller
number of measurements of individual soil properties are made and recorded.
These measurements may include field measurements, such as those for color,
depth to bedrock, and texture, and laboratory measurements, such as those for
content of sand, silt, clay, salt, and other components. Properties of each soll
typically vary from one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of
characteristics for the components. The aggregated values are presented. Direct
measurements do not exist for every property presented for every map unit
component. Values for some properties are estimated from combinations of other
properties.

While a soil survey is in progress, samples of some of the soils in the area generally
are collected for laboratory analyses and for engineering tests. Soil scientists
interpret the data from these analyses and tests as well as the field-observed
characteristics and the soil properties to determine the expected behavior of the
soils under different uses. Interpretations for all of the soils are field tested through
observation of the soils in different uses and under different levels of management.
Some interpretations are modified to fit local conditions, and some new
interpretations are developed to meet local needs. Data are assembled from other
sources, such as research information, production records, and field experience of
specialists. For example, data on crop yields under defined levels of management
are assembled from farm records and from field or plot experiments on the same
kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on
such variables as climate and biological activity. Soil conditions are predictable over
long periods of time, but they are not predictable from year to year. For example,
soil scientists can predict with a fairly high degree of accuracy that a given soil will
have a high water table within certain depths in most years, but they cannot predict
that a high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the
survey area, they drew the boundaries of these bodies on aerial photographs and
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identified each as a specific map unit. Aerial photographs show trees, buildings,
fields, roads, and rivers, all of which help in locating boundaries accurately.



Soil Map

The soil map section includes the soil map for the defined area of interest, a list of
soil map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI
256A Deerfield loamy fine sand, 0 to 0.4 5.1%
3 percent slopes
311B Woodbridge fine sandy loam, 0 8.4 94.9%
to 8 percent slopes, very
stony
Totals for Area of Interest 8.8 100.0%

Map Unit Descriptions

The map units delineated on the detailed soil maps in a soil survey represent the
soils or miscellaneous areas in the survey area. The map unit descriptions, along
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
maijor kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic

class there are precisely defined limits for the properties of the soils. On the
landscape, however, the soils are natural phenomena, and they have the
characteristic variability of all natural phenomena. Thus, the range of some

observed properties may extend beyond the limits defined for a taxonomic class.
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without
including areas of other taxonomic classes. Consequently, every map unit is made

up of the soils or miscellaneous areas for which it is named and some minor

components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different

management. These are called contrasting, or dissimilar, components. They

generally are in small areas and could not be mapped separately because of the
scale used. Some small areas of strongly contrasting soils or miscellaneous areas
are identified by a special symbol on the maps. If included in the database for a

given area, the contrasting minor components are identified in the map unit
descriptions along with some characteristics of each. A few areas of minor
components may not have been observed, and consequently they are not

mentioned in the descriptions, especially where the pattern was so complex that it

was impractical to make enough observations to identify all the soils and

miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the

usefulness or accuracy of the data. The objective of mapping is not to delineate
pure taxonomic classes but rather to separate the landscape into landforms or
landform segments that have similar use and management requirements. The
delineation of such segments on the map provides sufficient information for the
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development of resource plans. If intensive use of small areas is planned, however,
onsite investigation is needed to define and locate the soils and miscellaneous
areas.

An identifying symbol precedes the map unit name in the map unit descriptions.
Each description includes general facts about the unit and gives important soil
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness,
salinity, degree of erosion, and other characteristics that affect their use. On the
basis of such differences, a soil series is divided into soil phases. Most of the areas
shown on the detailed soil maps are phases of soil series. The name of a soil phase
commonly indicates a feature that affects use or management. For example, Alpha
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps.
The pattern and proportion of the soils or miscellaneous areas are somewhat similar
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present
or anticipated uses of the map units in the survey area, it was not considered
practical or necessary to map the soils or miscellaneous areas separately. The
pattern and relative proportion of the soils or miscellaneous areas are somewhat
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas
that could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion
of the soils or miscellaneous areas in a mapped area are not uniform. An area can
be made up of only one of the major soils or miscellaneous areas, or it can be made
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil
material and support little or no vegetation. Rock outcrop is an example.

12
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Essex County, Massachusetts, Northern Part

256A—Deerfield loamy fine sand, 0 to 3 percent slopes

Map Unit Setting
National map unit symbol: 2xfg8
Elevation: 0 to 1,100 feet
Mean annual precipitation: 36 to 71 inches
Mean annual air temperature: 39 to 55 degrees F
Frost-free period: 145 to 240 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Deerfield and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Deerfield

Setting
Landform: Outwash terraces, outwash deltas, outwash plains, kame terraces
Landform position (three-dimensional): Tread
Down-slope shape: Concave, convex, linear
Across-slope shape: Convex, linear, concave
Parent material: Sandy outwash derived from granite, gneiss, and/or quartzite

Typical profile
Ap - 0 to 9 inches: loamy fine sand
Bw - 9 to 25 inches: loamy fine sand
BC - 25 to 33 inches: fine sand
Cg - 33 to 60 inches: sand

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Runoff class: Negligible
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to very
high (1.42 to 99.90 in/hr)
Depth to water table: About 15 to 37 inches
Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline (0.0 to 1.9 mmhos/cm)
Sodium adsorption ratio, maximum: 11.0
Available water supply, 0 to 60 inches: Moderate (about 6.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2w
Hydrologic Soil Group: A
Ecological site: F144AY027MA - Moist Sandy Outwash
Hydric soil rating: No

13
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Minor Components

Windsor
Percent of map unit: 7 percent
Landform: Outwash terraces, kame terraces, outwash deltas, outwash plains
Landform position (three-dimensional): Tread
Down-slope shape: Concave, convex, linear
Across-slope shape: Convex, linear, concave
Hydric soil rating: No

Wareham
Percent of map unit: 5 percent
Landform: Drainageways, depressions
Down-slope shape: Concave
Across-slope shape: Concave
Hydric soil rating: Yes

Sudbury
Percent of map unit: 2 percent
Landform: Outwash plains, kame terraces, outwash deltas, outwash terraces
Landform position (three-dimensional): Tread
Down-slope shape: Concave, convex, linear
Across-slope shape: Convex, linear, concave
Hydric soil rating: No

Ninigret
Percent of map unit: 1 percent
Landform: Kame terraces, outwash plains, outwash terraces
Landform position (three-dimensional): Tread
Down-slope shape: Convex, linear
Across-slope shape: Convex, concave
Hydric soil rating: No

311B—Woodbridge fine sandy loam, 0 to 8 percent slopes, very stony

Map Unit Setting
National map unit symbol: 2t2qr
Elevation: 0 to 1,440 feet
Mean annual precipitation: 36 to 71 inches
Mean annual air temperature: 39 to 55 degrees F
Frost-free period: 140 to 240 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Woodbridge, very stony, and similar soils: 82 percent
Minor components: 18 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

14
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Description of Woodbridge, Very Stony

Setting
Landform: Ground moraines, hills, drumlins
Landform position (two-dimensional): Backslope, footslope, summit
Landform position (three-dimensional): Side slope
Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Coarse-loamy lodgment till derived from gneiss, granite, and/or
schist

Typical profile
Oe - 0 to 2 inches: moderately decomposed plant material
A - 2to 9inches: fine sandy loam
Bw1 - 9 to 20 inches: fine sandy loam
Bwz2 - 20 to 32 inches: fine sandy loam
Cd - 32 to 67 inches: gravelly fine sandy loam

Properties and qualities
Slope: 0 to 8 percent
Surface area covered with cobbles, stones or boulders: 1.6 percent
Depth to restrictive feature: 20 to 43 inches to densic material
Drainage class: Moderately well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately
low (0.00 to 0.14 in/hr)
Depth to water table: About 19 to 27 inches
Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline (0.0 to 1.9 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 4.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: C/D
Ecological site: F144AY037MA - Moist Dense Till Uplands
Hydric soil rating: No

Minor Components

Paxton, very stony
Percent of map unit: 10 percent
Landform: Ground moraines, hills, drumlins
Landform position (two-dimensional): Shoulder, backslope, summit
Landform position (three-dimensional): Crest, side slope
Down-slope shape: Convex, linear
Across-slope shape: Linear, convex
Hydric soil rating: No

Ridgebury, very stony
Percent of map unit: 8 percent
Landform: Hills, drainageways, drumlins, depressions, ground moraines
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Head slope, base slope
Down-slope shape: Concave

15
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Across-slope shape: Concave
Hydric soil rating: Yes
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Soil Information for All Uses

Soil Properties and Qualities

The Soil Properties and Qualities section includes various soil properties and
qualities displayed as thematic maps with a summary table for the soil map units in
the selected area of interest. A single value or rating for each map unit is generated
by aggregating the interpretive ratings of individual map unit components. This
aggregation process is defined for each property or quality.

Soil Qualities and Features

Soil qualities are behavior and performance attributes that are not directly
measured, but are inferred from observations of dynamic conditions and from soil
properties. Example soil qualities include natural drainage, and frost action. Soil
features are attributes that are not directly part of the soil. Example soil features
include slope and depth to restrictive layer. These features can greatly impact the
use and management of the soil.

Hydrologic Soil Group

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture. These soils
have a moderate rate of water transmission.

17



Custom Soil Resource Report

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell

potential, soils that have a high water table, soils that have a claypan or clay layer at
or near the surface, and soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in their
natural condition are in group D are assigned to dual classes.

18
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Custom Soil Resource Report

Table—Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

256A Deerfield loamy fine A 0.4 5.1%
sand, 0 to 3 percent
slopes

311B Woodbridge fine sandy | C/D 8.4 94.9%
loam, 0 to 8 percent
slopes, very stony

Totals for Area of Interest 8.8 100.0%

Rating Options—Hydrologic Soil Group

Aggregation Method: Dominant Condition
Component Percent Cutoff: None Specified
Tie-break Rule: Higher
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HALEY HALEY & ALDRICH, INC.
465 Medford St.

ALBRICH

Boston, MA 02129

617.886.7400

MEMORANDUM

6 December 2021
File No. 0203691-000

TO: IQHQ-One Corporate, LLC
Bryan Gubbins
Matt Formicola
David Surette

C: Linden Engineering; William Jones
Ellenzweig; James Blount
EBI Consulting; Brian Hasemann

FROM: Haley & Aldrich, Inc.
Kyle Block, LSP; Mark Haley, P

SUBJECT: Preliminary Stormwate

The purpose
recommendations far the proposgd Building Addition located at One Corporate Drive in Andover,
Massachusetts. \These preliminary design recommendations are based on field explorations and in-situ
hydraulic conductivity testingfecently completed at the site and is intended to aid Linden Engineering in
design of the stormwaterinfiltration systems for the project. The results of laboratory grain size
distribution analyses/for soils representative of the in-situ hydraulic conductivity testing intervals are
currently pending and will be used to confirm the preliminary hydraulic conductivity estimates provided
herein. The recommendations provided herein will be reviewed and updated recommendations
provided in our forthcoming Geotechnical Report, as necessary.

Recent Subsurface Explorations

During the period 10 to 16 November 2021, Earthwork Industries, Inc., under the observation of Haley &
Aldrich, Inc. (Haley & Aldrich), excavated 14 test pits, designated as HA21-TP1 through HA21-TP8 and
HA21-TP10 through HA21-TP15. Due to site constraints that limited access, HA21-TP9 was not
completed and was omitted from the exploration program. The test pits were excavated to depths
ranging from 5.5 to 11.6 ft below ground surface (bgs). The ground surface elevation at the test pit

www.haleyaldrich.com



IQHQ-One Corporate, LLC
6 December 2021
Page 2

locations ranged from elevation (El.) 161.7 to El. 141.5% with site grades generally sloping downward
from the highest ground surface elevation to the southwest of the existing One Corporate Drive building
at test pit HA21-TP11 down to the bottom of the existing slope at the location of test pit HA21-TP8.
Refer to the attached DRAFT Figure 1 for the locations of the test pits. DRAFT test pit logs are attached
for reference.

Soil Conditions

Generally, the subsurface explorations encountered fill above Glacial Deposits as described below:

* Fill: A layer of heterogeneous fill material was encountered at each test pi

ocation ranging

ounts 6f sand, gravel, cobbles
and boulders. Deleterious materials, including roots, wood, organic A s, and i

* Glacial Deposits: Glacial Deposits were encounte ~ & est pit location at

Infiltration Considerations

Haley & Aldrich cofrducted in-situ hydraulic conductivity testing using a Guelph Permeameter in
accordance with standard testing methods specified in ASTM D5126 at three test pits (HA21-TP2, HA21-
TP7 and HA21-TP11) located in areas of proposed stormwater systems. The Guelph Permeameter is an
in-hole constant-head permeameter which operates on the Mariotte siphon principle. The method
involves measuring the steady-state rate of water recharge into unsaturated soil from a cylinder hole in
which a constant depth or head of water is maintained. The rate of this constant outflow of water,
together with the diameter of the hole, can be used to determine the field saturated hydraulic

1 Elevations are in feet and reference the National Geodetic Vertical Datum of 1929 (NGVD 29).
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conductivity of the soil. The Guelph Permeameter was installed in the test pits to measure the in-situ
hydraulic conductivity at the depths and elevations indicated below. DRAFT Guelph Permeameter
calculations are attached for reference. The results are as follows:

e HA21-TP2, 4.7 to 5.2 ft (El. 147.6 to El. 147.1): Infiltration Rate = 1.4x10°3 centimeters per second
(cm/s) (2.0 in/hr)

e HA21-TP7, 3.5 to 4 ft (El. 150.3 to El. 149.8): Infiltration Rate = 3.0x10™ cm/s (0.43 in/hr)
e HA21-TP11, 4.3 to 4.8 ft (El. 157.4 to El. 156.9): Infiltration Rate = 7.6x10% cm/s (1.1 in/hr)

For application in the design of the proposed stormwater infiltration systems, a factor of safety of 2

Glacial Deposits are in Hydrologic Soil Group B.

Additionally, at the request of Linden Engineering and in accordance
regulations, Haley & Aldrich provided a Soil Evaluator to observe test
locations of stormwater infiltration systems including HA21-TP2, HA

"AtbkicH






© Bremzus||3 120z

T 34N9I14 T¢0z ¥39n3D3a 09 0 ov 0 ov

NMOHS SV -31VOS

L=\S

ope .l oo NV 1d NOILLYDO1 NOILYHO1dX3 4T0H3404d dd131dINOD NI d3T1VLSNI (MO)

ubisaq oleWaYOS T1AM NOILVAJISdO d391VMANNOHD S41VOIANI

40V4dNSdNSs dNV 411S 14Vdd

"“ONI ‘HOIFAV 2 AFTVH A9 dIAYISHO ANV T20Z d3dINIAON 9T Y|

KOAING &1 13SHAYSSYIN “HIACANY ANV 0T NIIMLIF "ONI ‘STIHLSNANI ¥HOMHLHYYI A9 ATLVAVIXT

11d 1S31 40 NOILYDO01 ALVINIXOHddY ANV NOILYNDIS3AA Id1l-1¢VH
SIS dAIdd 31vd0dd00 ANO ‘d XIANIddVY NI A3IANTINI SOLOHd AILVLIONNY OL 94343 ‘Sliid 1S3 L
NI AI4ILNNOINT SNOILIANOD NO NOILYINHOANI TYNOILIAAyY ¥04 °S
ANV 866T AVIN Z NO ONIHOd JdIHSdNVH MIN A9 A3LVAVOXS T-86d.1 aQ3Y3AISNOD 39 ATNOHS ANV d1314 IHL NI STYNLY3H ILIS
1ld 1531 40 NOILVOO1 31VINIXOdddV ANV NOILVYNOIS3A ONILSIXT OL ONIdVL A9 AILVINILST IYIM TZ0Z NI SNOILVHOTdXT
JHL 40 SNOILYIDOT IHL “ONI ‘HOIHATY B ATTVH A9 AINHO4HId SYM
‘ONI ‘HOIMA 1V ® ATIVH SONIYOL 1S31 ANV S1id 1S3L IHL 40 ONIYOLINOW TVIINHOIL

A9 d3AYISEO ANV 886T NI "ONI ‘NOILONYLSNOD SAYOUSSOHD  [X] |
dO 286T NI "ONI ‘SNOS ® ISIHOUVIN T A9 AILVAVIXI Tdl (62 AAON) 626T 40 INNLVA TVOILYIA 01130039
ToTo55 55 o 1ld 1S31 40 NOILYOO1 ILVINIXOHddV ANV NOILYNOIS3d TVNOILVYN 3H1 30N3d443d ANV 1344 NI 34V SNOILVAT'13 ¢
SUOISIASY
AN 1202 ¥390100 T A3Lva ANV ONIYIINIONT NIANIT AL aIdvdIdd
L 20Z ‘1890100 L0 aled ‘ - .
Sowu 2 poroos HORATY B ATTYH AG QIANTSTO ANY £002 ANY 36T dv AIAENS ILIS T-AS. AITLIL ONIMYHEA WOHH AANIVLIO NV1d 3ISvg T
ooty soauwn Gor NIIMLIE SNOILYHOTdXT ONIYOd LSTL TVOIHOLSIH / . S3LON
1-9
40 NOILYDO1 ILYNIXOHddY ANV NOILYNOISAA \ \
@)

INANASY ALIILA

INEDER Jam 14 0¢ .Hm_.__wm_._o

(4N) IATVA 3d 2

AININ3AYd "ONOD ‘119

B NI NUILJIAL >34 TIvVM

78F|
S AOVELAS “1SIX3 _
<
_ =
> | = =0 T — ==\ \ W r———a———==17"1 /T I | 1  , /" TP QNN AL N 0o~ N SN T R e——— NN TS,/ - £6°LS1 ~
7 X /A\lil\\\\n\.@mﬂ/ TR oo SN, N
” Z G < ONJ COOM NI ¥TIvaL%Y”
m ~_ %.EM/
= _ \
Sy IS ST A —=—x.
> 1L Lo | |8 La@v\on QNNOYOONN . SR _ -
W ’|+| T_.lx_\ :;_v’/ V\D.muw{W_ @mm C | ‘ ‘ - v\ﬂ ] \//\/mN/o.__u._nﬂ_n_un._”Nam«_l_)\;mxmm_;\()w\ .
> 4 - ~ ¢ < ; : < 7 QO 09 avd NO
=< 11 @ | | pas . \AA adl \ . _ I\ AL v ws 0T e
/ M.n - — T , AVMTIIdS AN _,@WMOu 0dd mm_mm_u N ,O._”‘m_h_. ._\”Wd_\_l__ / N \\/\\\ S e w 1665 1= \\ 2 ~
S .y W , ‘118~ @Z 31 V) ] ; X v \\/p Lozl N ST V\ 2\ -
: [ee] A z \ : -
SO e P

9,011 9Lt LIS
[8161=)l O 8¢
Qvd ON0OD o

N~ -QC\— ~

— ) ) - £ ; 4.‘ _— . / . - ) > .
. < oo | o . . . 0%l o ! P
8l._omnn ; w : : 39| ‘ ) . .
T . o . " , 7 N0OLIEE . | | ) -
\% P COUR N g R B 0 ob St i 108 . : 51) ; N : NN om L 4 .
. * — X W \ \" — -, ; . . .

1'9g1

& i
— AN 9] &W\\w T3] NO SIAX

. 6L 09ESING| 4o .
'S8JON 99cl ¢ : @ | . g IS SANYHS _ 5791
/\ 5 N N g6 /GL=pL—— ® HOIN b
. T ) N . . STV INOD Sl2) ol
. . = , By N \ N ~ N N RN \ N 7/ / ¥IA0D LN N\ 9851 et E © ,
/msr% ) | %/ / AW /muw_w\_; DN Y NN ///////// N\ /N7 Ve /] T oogg My, 071 S| o | “ ]
M. ] I — \ N N X¢) N \ . 7 . .
fond ) 91817 AN\ oo TN DN /mmwm\;/// NN/ / L O ’ 044 NG |
0 ) [ N o
8.68-69€ 208 L TR NG YL D SNg N O \ B cRiSiHL, /
‘ . & N—ONTIVY 1N/ M
€650 LA ‘Ainge|ppIN JUBHNSUOD Suoneoyeds \ \ d : ~2 : . / /7 Ny, N R O s D -
peoy I||sule\ 88 dnoio) Aepu4 8y e J/ — o KO . “ . Lo SN 2 S
L) [81N) —— | N R %), . e N g N/v% L //\wv INIWN3SYI ALNILN
8168-69€ 8.6 L . . , , 0.7 T SYTALTOVH oD &5 v B TIAN
‘DJ02UO ue)nNsuon Aljigeuieisn . = — A L %‘ VP O [/ == S Szgogn \
¢v/LOVIN P J juey| O Alljiqeulelsng - : 8 d  —— 969G 1=ML \v% \W/O Q /m%v\@ -\ %/ / ( V8S1, //E.ml / \ N
192118 piOjpeId €7 192UbuZ USID 241 | o ¢ > 2 ) DN St AN WO
N . —C ~% PN Hzm_\ﬁmﬁ E._.__S / 4 »
A ) <I,f/w 3aM L4 08 “ISKI—~ o2
- N\ -_ 100X = ” ‘0
9LL1-28Y LL9 L L-TZV} s 05'2cIH e — I3 (3659611 O W
01120 VIN "'uojsog Bunyiwiiad 3 buluoz \ MOVIH | —A>TN ® HOINW AN (M)2£951=]
anuUaAY JhueNy 00y S1I0]S R U0}s|N09 éﬁzﬁﬂ_ g \_ N \ _ A SONT 3did .2 & N
W @ h st | — \\@\ | A
/ = AN | [ w
L7 TIVM L34 @3ov4 _9= == = & V=\S \ o TZVH 1s /777N ) : , 3
INOLS 1D x STV L 1 < _ o 21169517 Sdl ldHDS M| dAvd y y . // /V\
‘ / N . \ £G1=N8 . ‘ : N Y,
62120 VIN ‘uoisog Je8UIBUT [ED1UYD}08D) \\\ A S 591Gl = N S9csihe | o (1 . s \ mwow,r / Z
00¢¢ {ung 19341S PIOJPSIN GOF youp|v-AsieH S w? 7 / | K\ wo.ﬁﬂ.ﬁ , o1 . > . NO NIIS—X 5 NJ /\
_ “ \M: = . . \\|..||.\\ 1 \ Z/ /n M_.P.B—R o nn|b .n_u._.mo _09°GZ=16L5 . % y b \\W A
1 & _— e — _ o |£S§] X ~ — U nﬁd = ..uzo 16 nw— wiNg/ /- o<l . \m.@m/
= _ — : : - il By /g 1GL . . / o
0006759 219 L @: NI — e | O NN kf YE TdL-TOVH__ =g/ mm a1 sl e I X e
60120 VIN "ucisog 1osNyoLy edeospuery R i N0LS 1M N B RN | s AN B i S =y . S Ve /
GLE] a1NS ‘asenbg 9010 1504 0  dnous) ubBisaq Iop Asjdo) WA | L TLY | ap gyt . @/ ~o ! \ _‘wAmV Al Q<1057 550 i
} w0 0rhl 109-17 SIS \ ~ . fire € i <
2 f\...%/ m m.m.v— ..ml —.:W|N . . . ' ’ N.. —m_, ’m / > ' Q /
- Joauibu 2-86d L7t A o NGRS \ , O yzel “ . YSYSL | oy 0IGS! o 5y~ .
HI1EeE6 18 1 Iou3 _ 2, 00d LRIl (UHIN— p-g6q - @] e\ osssl & w3l
10810 VIN ‘UInqom Bupiied 9 INID /oHS \ e\ e < I e e — . — g - > . | ; i\ sl N I aeg
}984)S UspuI G BuussuIBug uspui > X o.%ﬁﬁm < . gyl 3 . . — . . \ \&, . : . cy5s . 7 S0SSL . .
A SN om.wﬁ\mmgﬁw e (‘dn) qHSN | | ‘ ‘ \ SN . o5 ST ‘ | ‘ . 2 //mmommmzu \ o%wmmmb_m_vmmov,@
2 el N o (MO) 8-VH ] g » _ \ LN\ \ I Gt / . , N
L1¥8-16€ 80G 1 Jue}NSU0D 8poD SRR IR et ﬁ = AAN.WG e WIS SN AHS NS 6-VH ; ) . % | N SN I Phiashs 7\ exar S9——— 1 = : ~ 2 mmmw_u_
9%/10 VIN "UolsijioH $$900Yy @ 8414 buipjing AW 2 TIVM L34 @30V NOLS LNO ; PR \ | 05t , , : 4 \ 058Gl N (Wprsei=
1984)S uojueH zZyl Bunnsuo) sbunseH SONITIVY/M dAVY "ONOD Sepl P . ( b , \- WY . , \ NSN3 3dd 2 29651
. ) \ O.N.v—;._. N e ..//// /// N | K N
s100UBUZ BupINSUOD 8 ar 3 o e/ E lagy U gy HOLII—0 (¢
6526128 80S L dIND /8590014 " oo 10.5-Rr-2 NN, . B\ Y
8020 YIN PIOUSUEN 8 Bulguinid "dd "OVAH AT HLNOS JAINA ILYHOdYH0D +# NO¥dy SNV, N /i ’ P
0¢c¢ ®{1ns .U—GO._“—W JSOM\ G2S SOl-wejleH avd “INOD . INOLS @3HSNAD Sdals N0y Sv0GL %
. N \ X
= ONIQTING TINVd TYLIN B SS9 ‘ANOLS | R S I N
= . J- 6eESl=y = N &
i (¥d ‘ONOD _—fidhL) 3aVHS NNS A40LS OML® ANO ONILSIX3 gGrl NN N @ NSV
0v00-LEL L19 L L6277 \aud¥ INOLS QIHSNND 3d0H QALYH0I43d, N , - | KR
J994iS [B18pa4 101 BINES EIEWENIN \ ' 2%5 ozwozoz%ﬁﬁo%_oo REIE) -1 ~ N T 7| “ONOD L1 / | A _. 2 ,
/ JINSPTONT TINVd "W - —~— 0T-VH _ | e 5 4
) — 2 NOdY Senvd Ao , | xe \
ﬁé 018 “INOD - Z  INOLS QIHSNYO 1-86d.l () SN \ _ : o
006¢-€/218L 1 SO\ i o INOLS aummmw i N 30VHS NnS NS . \ Wz N/E%_mmm__‘_ n
40X L1NVA, “ONO . e < , =
€0810 VI ‘uoibuiling Jabeue) 108lold JaumQ . | s ~ON0D NO 162 V';:/ v <_|,_;/ . V- g ; e \/ \ ﬁ//.m.ﬁ__N\_
1991S €12 Bunnsuo) |g3 SN NS . . N\ 86t 10§70 , ; T A (‘XO¥ddY 207 — ZIX0L) NS
‘o @3HSN¥D | — : : 0 ' , GCp : ‘
; : ' . . —v-C AdONVO— NG <
§.8G716v 19 1 BuILUE| | 2INOBIYDIY — ; \ =T\ . - et e . LS X =c-g6ai / 8Ghl SRS I A T 6py _ BV6YL 80°€GL="AN|
01120 VA uojsogd ! ! . . Ay Ao a e N 10,8 I~ - 5 o= TSI - ~Q 7420
joellg ss8.16U0D) 057 Blomzus||3 . - ‘ . T A dg o or-ay X Ny Q\A 04 s /_, B AR gl h ININSY3 ALIILA
\ ) — 9 . 10 =~y . - N /. (dALT10d 1H0N 2 = ('f ). Ol e d”
: i T g T o —— — —— . _ Gyl S QN ) :
AN : . Y o1 —epiS = : 1 / INOLS CIHRY A A>>O.v| .w.om.mmo mﬁm_ wwmowuim . ) rWA _ 7 T T T T8y 0im "1 0€ "LSIX3
40 AW . v’ : ! < &t \ 1 ) Noudy 3noLs W— AN N /
Al A : T, e (-dAL)avHS NS TIVML ‘L3 G044 OIS 1) . N &
) ) WA ; : 1202/v1/4 ¥3LVM wo | _ X (U3 (AMO) SOT
> , 40 3903 "X0Y¥ddV HO €0T-dl VM "ONOD 43 ——[h - 6L
01810 VIN H3IAOANY A XTIV © . , : (oL g MU RGO () g ST — AR
m<m¢__ma& A . - FILIVH MVALS P ONF LTS 1S3 - .\\« y LI X.«\L NIVY0 yoLoano ¥MOT 3QVHS NNS mzzh_wo._“-n_._.m_._._m_E 1N - N / 6L Lyl N
A V¥V d3LNVId o 20T s A I.\hﬂk / ! Q _..Ww. /‘ NOSIY TIVMY 2. == INOLS L1nD N 5 =~ ININIAVA
IAIEA FLYHOLHOD INO o\, 4 AT e FUE e N s
o 120z . - NMIVY LN \L — - T N g
o i M@ i Lk /\ W Sdls JLINVE = F.v.im.omm\ﬁ .m_ﬂ.,_h..ﬂ\ﬂ 7 %.« N m\ M.s &N
‘ (1202/1/%) o152 77 b\ war'V T STEVL U\ ' & i ‘ ~<oneront | &\ A INLLSTENE A
) Cit o ¢ (9402/51/1) £92z! Y8 1o Fu— m \ :m\;__////, o 7 0T-dl &, 60l .;0M.«,WN 5 )5z o’ TN Ol_l_ WW_MZ._.N._,QH_ >®O|_OZ_|_OM._| N._m>Oﬁ_ Z<
27 N %208 (s o2 & e T R Ak ST e Gl i \ 1IN
W CW wd S ._.@__N\//vz\ 0S°Z1=M1 \NQQN\NN\\\\ 81cl 1£°621=ML Y ~ ol ‘_\W\Al“ _ \..CC = o f\..\J \1, mmNo.v\—/vv\/ 1 u‘.«\w /
e 5 , ) & 120N TU1vH MVALS B ONA 1T IS NOUVATTT &3LVM so-n# 120z-M —5 gf /1 HOINNE 1/ P 7 ¢ . 0l — — — —= Z20T-dL . A 0L ¥
\ & . ; ] 2% . . . 108
ﬂ\nﬁr A7 /\\CG»« \.%.FJo.mﬂuﬁ_l ar7i—ua AANIN T AN AT §k5§)u~ N \\mﬂ. - onver W/\/%._V’O.__M_MQ ":1 [\ A .. ov 10,0 E./ Noﬁ./







Dec 1, 21

\HALEYALDRICH.COM\SHARE\CF\PROJECTS\0203691\GINT\0203691-000-TP.GPJ

HATESTPIT-09 PLOG-HA-LIB09-BOS STANDARD ONLY.GLB HA-TP07-1.GDT

Project ONE CORPORATE DRIVE
Location ANDOVER, MA
Client IQHQ-One Corporate LLC

HALRY ioH TEST PIT LOG DRAF

Test Pit No. HA21-TP1

File No. 0203691-000

H&A Rep M. Dodson

Contractor EARTHWORK INDUSTRIES, INC. Date 12 Nov 2021
Equipment Used RUBBER TRACKED EXCAVATOR Weather
Ground El.: 157.9 Location: Groundwater depths/entry rates (in./min.):
El. Datum:
£ Stratum VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION Gravel SaE“d Field Tests
= Change @ @ @
g_ Sample | Elev./ SU SCbS| (Color GROUP NAME & SYMBOL, % oversized, maximum particle size, 210|828 g g 2|5
[0) ID Depth ymbo structure, odor, moisture, optional descriptions S UE_ S % UE_ L% S|y S
a GEOLOGIC INTERPRETATION) L2 IL L 23| = s
(ft) R [R[R[R|R|A|+-|a|®n
- 0 Dark brown sandy SILT (ML), no structure, no odor, moist, 15% of 5 |5|5(10{25|50
cobbles and roots, trace scrap building materials, trace oversized, mps
2 ft
- LOAMY FILL -
ML
= 2 -
%49 ] I R O O A e
3.0
Yellow poorly-graded SAND (SP), no structure, no odor, moist 5 | 5|10(50|25| 5
L 4 - FILL -
SP
= 6 -
150.4
7.5 Gray-brown to tan silty SAND with gravel (SM), no structure, no odor, 10 (10| 5(15|35|25
till becomes less gray brown and more tan with depth, possible
- 8 A remnant topsoil at stratum change, cuttings indicate possible leaching
SM coloration on upper foot of till from removed topsoil above
1491 - GLACIAL TILL -
8.8 BOTTOM OF EXPLORATION 8.8 FT
Obstructions: Remarks: Field Tests
Dilatancy R-Rapid S-Slow N-None
Toughness L-Low M-Medium H-High
Plasticity N - Nonplastic L-Low M-Medium H -High
Dry Strength N - None L -Low M- Medium H - High V - Very High
Standing Water in Completed Pit Diameter (in.) N%A Vol. (cu.ft) Test Pit Dimensions (ft)
iameter (in. umber rox. Vol. (cu. . .
at depth ft 12 t0 24 =pp Pit Length x Width (ft)
measured after hours elapsed over 24 = Pit Depth (ft) 8.8

NOTE: Soil identification based on visual-manual methods of the USCS system as practiced by Haley & Aldrich, Inc.




Hﬂ:EKICH TEST PIT LOG DRAF Test Pit No. HA21-TP2

Dec 1, 21

\HALEYALDRICH.COM\SHARE\CF\PROJECTS\0203691\GINT\0203691-000-TP.GPJ

Project ONE CORPORATE DRIVE File No. 0203691-000
Location ANDOVER, MA
H&A Rep M. Dodson
Client IQHQ-One Corporate LLC
Contractor EARTHWORK INDUSTRIES, INC. Date 11 Nov 2021
Equipment Used RUBBER TRACKED EXCAVATOR Weather
Ground El.: 152.3 Location: Groundwater depths/entry rates (in./min.):
El. Datum:
=) Stratum VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION Gravel SaE“d Fleld Tests
= Change @ @ ?
g_ Sample E|eV£_J/ SU SCbS| (Color GROUP NAME & SYMBOL, % oversized, maximum particle size, 2l olg2l0l8 g g 2|5
o) ID Depth ymbo structure, odor, moisture, optional descriptions 8 UE_ 8 % UE_ L% Sl S
a GEOLOGIC INTERPRETATION) L2 IL L 23| = s
(ft) SR PR R R R e 1)
0 -ASPHALT-
151.9
0.4 Yellow poorly-graded SAND (SP), no structure, no odor, moist 5 | 5 [15[35|35| 5
- FILL -
SP
%06 ] I O I A e
1.7 Light-brown to brown silty SAND (SM), no structure, no odor, moist, 5 | 5[10(25|35|20
- 2 10% pockets of dark brown organic soil, Mix of remnant topsoil, subsoil
and fill above
SM - FILL -
PID = 0.0/0.0 ppm
148.5
L 4 3.8 Light-brown to tan silty SAND with gravel (SM), bonded, no odor, moist | 5 |10(10[10(45|20
to wet, 5% cobbles, no oversized, slightly to occasionally moderately
bonded, becomes more tan and slightly more silty/bonded with depth
- GLACIAL TILL -
PID = 0.0/0.0 ppm
= 6 -
SM
- 8 -
L 10 - 142.3
10.0 BOTTOM OF EXPLORATION 10.0 FT
Obstructions: Remarks: Field Tests
Dilatancy R-Rapid S-Slow N-None
Toughness L-Low M-Medium H-High
Plasticity N - Nonplastic L-Low M-Medium H -High
Dry Strength N - None L -Low M- Medium H - High V - Very High
Standing Water in Completed Pit Diameter (in.) N%A Vol. (cu.ft) Test Pit Dimensions (ft)
at depth # 'f;“ti 7 Pit Length x Widith (ft)
measured after hours elapsed over 24 = Pit Depth (ft) 10.0

HATESTPIT-09 PLOG-HA-LIB09-BOS STANDARD ONLY.GLB HA-TP07-1.GDT

NOTE: Soil identification based on visual-manual methods of the USCS system as practiced by Haley & Aldrich, Inc.
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HATESTPIT-09 PLOG-HA-LIB09-BOS STANDARD ONLY.GLB HA-TP07-1.GDT

HALEG TEST PIT LOG Test Pit No. HA21-TP3
ICH
Project ONE CORPORATE DRIVE File No. 0203691-000
Location ANDOVER, MA
H&A Rep M. Dodson
Client IQHQ-One Corporate LLC
Contractor EARTHWORK INDUSTRIES, INC. Date 11 Nov 2021
Equipment Used RUBBER TRACKED EXCAVATOR Weather
Ground El.: 153.1 Location: Groundwater depths/entry rates (in./min.):
El. Datum:
=) Stratum VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION Gravel SaE“d Fleld Tests
= Change @ @ ?
g_ Sample E|eV£_J/ SU SCbS| (Color GROUP NAME & SYMBOL, % oversized, maximum particle size, 2l olg2l0l8 g g 2|5
o) ID Depth ymbo structure, odor, moisture, optional descriptions 8 UE_ 8 % UE_ L% Sl S
Qo GEOLOGIC INTERPRETATION) N M N N R
(ft) R [R[R[R|R|A|+-|a|®n
ik -ASPHALT-
152.8
0.3 Yellow-brown poorly-graded SAND (SP), no structure, no odor, moist 5 | 5 [10[35(40| 5
- FILL -
C 1] sP
13 1 R O A O O A A
1.8 Yellow-brown to brown silty SAND (SM), no structure, no odor, moist, 5 | 5]5(20]45]20
- 2 trace oversized, mps 1.2 ft, appears to be remnant subsoil, trace
topsoil in pockets, disturbed with fill above
SM -FILL -
150.2
L 3 29 Tan to olive-brown silty SAND (SM), trace cobbles, no oversized 5 | 5 [15[25(30(20
- GLACIAL TILL -
- 4 -
SM
= 5 -
147.6
5.5 BOTTOM OF EXPLORATION 5.5 FT
Obstructions: Remarks: Field Tests
Dilatancy R-Rapid S-Slow N-None
Toughness L-Low M-Medium H-High
Plasticity N - Nonplastic L-Low M-Medium H -High

Dry Strength N - None L -Low M- Medium H - High V - Very High

Standing Water in Completed Pit

at depth
measured after

ft
hours elapsed

Boulders

Diameter (in.) Number Approx. Vol. (cu.ft)

12t0 24
over 24

Test Pit Dimensions (ft)
Pit Length x Width (ft)
Pit Depth (ft) 5.5

NOTE: Soil identification based on visual-manual methods of the USCS system as practiced by Haley & Aldrich, Inc.
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HALEG TEST PIT LOG Test Pit No. HA21-TP4
ICH
Project ONE CORPORATE DRIVE File No. 0203691-000
Location ANDOVER, MA
H&A Rep M. Dodson
Client IQHQ-One Corporate LLC
Contractor EARTHWORK INDUSTRIES, INC. Date 10 Nov 2021
Equipment Used RUBBER TRACKED EXCAVATOR Weather
Ground El.: 154.3 Location: Groundwater depths/entry rates (in./min.):
El. Datum:
£ Stratum VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION Gravel SaE“d Field Tests
= Change @ @ @
g_ Sample E|eV£_J/ SU SCbS| (Color GROUP NAME & SYMBOL, % oversized, maximum particle size, 2l olg2l0l8 g g 2|5
[0) ID Depth ymbo structure, odor, moisture, optional descriptions S UE_ S % UE_ L% Sl S
a GEOLOGIC INTERPRETATION) N M N N R
5 (ft) R IR |RR|RR|A |- |0 |®
153.9 -ASPHALT-
0.4 Yellow-brown poorly-graded SAND with gravel (SP), no structure, no 5 [10]10{40(30| 5
153.3 SP odor, moist, no oversized
1.0 [ 777 5 |5 |5]20]45[20] | | | |
smMooM\ SPL-_ J
152.6 Brown to gray-brown silty SAND (SM), no oversized, mps 3 in.
1.7 515(10|40(40
-2 SM -FILL -
151.8 Black to brown silty SAND (SM), Appears disturbed, remnant topsoil
25 and subsoil, some subsoil may be undisturbed 5 | 5 [15[15]40|20
- FORMER TOPSOIL -
PID = 0.0/0.0 ppm
- 4 Light-brown to tan silty SAND (SM), bonded, no odor, moist to moist,
slight mottling below 5.5 ft, highest seepage 7.4
- GLACIAL TILL -
PID = 0.0/0.0 ppm
= 6 -
SM
= 8 -
= 10 -
143.8
10.5 BOTTOM OF EXPLORATION 10.5 FT
Obstructions: Remarks: Field Tests
Dilatancy R-Rapid S-Slow N-None
Toughness L-Low M-Medium H-High
Plasticity N - Nonplastic L-Low M-Medium H -High

Dry Strength N - None L -Low M- Medium H - High V - Very High

Standing Water in Completed Pit

Boulders
Diameter (in.) Number Approx. Vol. (cu.ft)

Test Pit Dimensions (ft)

at depth ft
measured after hours elapsed

12t0 24
over 24

Pit Length x Width (ft)
Pit Depth (ft) 10.5

NOTE: Soil identification based on visual-manual methods of the USCS system as practiced by Haley & Aldrich, Inc.




Dec 1, 21

HATESTPIT-09 PLOG-HA-LIB09-BOS STANDARD ONLY.GLB HA-TP07-1.GDT  \HALEYALDRICH.COM\SHARE\CF\PROJECTS\0203691\GINT\0203691-000-TP.GPJ

HALEY o1 TEST PIT LOG
Project ONE CORPORATE DRIVE

Location ANDOVER, MA

Client IQHQ-One Corporate LLC

E EF Test Pit No. HA21-TP5
0203691-000

File No.

H&A Rep M. Dodson

Contractor ~EARTHWORK INDUSTRIES, INC. Date 10 Nov 2021
Equipment Used RUBBER TRACKED EXCAVATOR Weather
Ground El.: 152.4 Location: Groundwater depths/entry rates (in./min.):
El. Datum:
) Stratum VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION Gravel SaE“d Field Tests
= Change @ @ @
€ | Sample E|eV£_J/ SU SCbS| (Color GROUP NAME & SYMBOL, % oversized, maximum particle size, A EI ) HER
) ID Depth ymbo structure, odor, moisture, optional descriptions 8 UE_ 8 % UE_ L% Sl S
(a)] () GEOLOGIC INTERPRETATION) 2 | e lelele|e g é 2z
i 152.1 -ASPHALT-
0.3 Yellow poorly-graded SAND (SP), no structure, no odor, moist 5 | 5 [15/45(30
- FILL -
SP
= 2 -
149.5
2.9 Black sandy ORGANIC SOIL (OL/OH), no structure, organic odor, 5| 5(30|60
moist, 10% roots
OL/OH
148 .4 - FORMER TOPSOIL -
[ 4] 40 [T T E Brown siity SAND (SM), no structure, no odor, moist, fines slightly ~— | | | [10[50[40] | | | |
organic
SM
147.4 - SUBSOIL -
5.0 Silty SAND with gravel (SM), bonded, 5% oversized, very slightly to 5 110]5|20/45]15
unbonded, mottling, more silty below ~ 10.0 ft, possibly stratified or
bedded
= 6 -
- GLACIAL TILL -
= 8 -
SM
= 10 -
1411
11.3
BOTTOM OF EXPLORATION 11.6 FT
Obstructions: Remarks: Field Tests
Dilatancy R-Rapid S-Slow N-None
Toughness L-Low M-Medium H-High
Plasticity N - Nonplastic L-Low M-Medium H -High
Dry Strength N - None L -Low M- Medium H - High V - Very High
Standing Water in Completed Pit Diameter (in.) N%A Vol. (cu.ft) Test Pit Dimensions (ft)
at depth # 'f;“ti 7 Pit Length x Widith (ft)
measured after hours elapsed over 24 = Pit Depth (ft) 11.6

NOTE: Soil identification based on visual-manual methods of the USCS system as practiced by Haley & Aldrich, Inc.
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HatBRicH

Test Pit No. HA21-TP6

TEST PIT LOG DRAF

Project ONE CORPORATE DRIVE File No. 0203691-000
Location ANDOVER, MA
H&A Rep M. Dodson
Client IQHQ-One Corporate LLC
Contractor EARTHWORK INDUSTRIES, INC. Date 10 Nov 2021
Equipment Used RUBBER TRACKED EXCAVATOR Weather
Ground El.: 153.0 Location: Groundwater depths/entry rates (in./min.):
El. Datum:
£ Stratum VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION Gravel SaE“d Field Tests
= Change @ @ @
g_ Sample E|eV£_J/ SU SCbS| (Color GROUP NAME & SYMBOL, % oversized, maximum particle size, 210|828 g g Z\g
[0) ID Depth ymbo structure, odor, moisture, optional descriptions S UE_ S % UE_ L% S|y S
Qo GEOLOGIC INTERPRETATION) L2 IL L 23| = s
(ft) R IR |RR|RR|A |- |0 |®
i 1527 -ASPHALT-
0.3 Yellow poorly-graded SAND (SP), no structure, no odor, no oversized 5 | 5|10(45|30| 5
- FILL -
SP
(2] 150.7
z_é - N ___________PD=0000ppm=gTiaT05[35[20] | T T |
150.3 | _SM__ | Black to gray-brown silty SAND with gravel (SM), no structure, noodor, | | | | | 1
2.7 trace wood debris
‘ [
| - FILL -
Dar browin o Ted-yeliow siy SAND (SM)hasrustare i odar,— — | ° | ° [12°[%%|2°
SM disturbed, higher fines % and organic content towards top, variable
L 4 A 149.0 thickness
4.0 10| 5 [5(20|40|20
- FILL -
Tan to light-brown silty SAND (SM), bonded, no odor, moist to wet, 5%
oversized, mps 2.5 ft, slight red yellow oxidation below 7.5 ft, trace
clayey pockets
PID = 0.0/0.0 ppm
= 6 -
PID = 0.0/0.0 ppm
SM
= 8 -
L 10 - 143.0
10.0 BOTTOM OF EXPLORATION 10.0 FT
Obstructions: Remarks: Field Tests
Dilatancy R-Rapid S-Slow N-None
Toughness L-Low M-Medium H-High
Plasticity N - Nonplastic L-Low M-Medium H -High
Dry Strength N - None L -Low M- Medium H - High V - Very High
Standing Water in Completed Pit Diameter (in.) N%A Vol. (cu.ft) Test Pit Dimensions (ft)
at depth # 'f;“ti 7 Pit Length x Widith (ft)
measured after hours elapsed over 24 = Pit Depth (ft) 10.0

NOTE: Soil identification based on visual-manual methods of the USCS system as practiced by Haley & Aldrich, Inc.
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HATESTPIT-09 PLOG-HA-LIB09-BOS STANDARD ONLY.GLB HA-TP07-1.GDT

Project ONE CORPORATE DRIVE
Location ANDOVER, MA
Client IQHQ-One Corporate LLC

HAHEYicH TEST PIT LOG DRAF

Test Pit No. HA21-TP7

File No. 0203691-000

H&A Rep M. Dodson

Contractor ~EARTHWORK INDUSTRIES, INC. Date 10 Nov 2021
Equipment Used RUBBER TRACKED EXCAVATOR Weather
Ground El.: 153.8 Location: Groundwater depths/entry rates (in./min.):
El. Datum:
) Stratum VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION Gravel SaE“d Field Tests
= Change @ @ @
€ | Sample E|eV£_J/ SU SCbS| (Color GROUP NAME & SYMBOL, % oversized, maximum particle size, A EI ) HER
) ID Depth ymbo structure, odor, moisture, optional descriptions 8 UE_ 8 % UE_ L% Sl S
(a) GEOLOGIC INTERPRETATION) L2 IL L 23| = s
(ft) R IR |RR|RR|A |- |0 |®
[0 1535 -ASPHALT-
0.3 Yellow-brown to light-brown poorly-graded SAND (SP), layer, no odor, | 5 | 5 [10[45|30| 5
moist, no oversized
SP -FILL-
152.3
15 Dark brown brown silty SAND (SM), no structure, no odor, moist, 515(10|50(30
L o SM former topsoil and subsoil, partially excavated, disturbed, fines
1212-6 moderately organic
- FORMER TOPSOIL -
PID = 0.0/0.0 ppm
Tan to light-brown silty SAND (SM), bonded, no odor, moist, 10%
oversized, mps 3 ft, boulder remained in sidewall at 8 ft, slightly to
- 4 unbonded, moist to nearly wet below ~8 ft
- GLACIAL TILL -
PID = 0.0/0.0 ppm
SM
= 6 -
= 8 -
1448\ | ___ _ ] I A N A A A A A A
9.0 Tan to olive-brown silty SAND with gravel (SM), no structure, no odor, | 5 |10(5|10{35(35
moist to wet, trace oversized, mps 1.0 ft, lodgement till
L 10 - - GLACIAL TILL -
SM PID = 0.0/0.0 ppm
142.3
11.5 BOTTOM OF EXPLORATION 11.5 FT
Obstructions: Remarks: Field Tests
Dilatancy R-Rapid S-Slow N-None
Toughness L-Low M-Medium H-High
Plasticity N - Nonplastic L-Low M-Medium H -High
Dry Strength N - None L -Low M- Medium H - High V - Very High
Standing Water in Completed Pit Diameter (in.) N%A Vol. (cu.ft) Test Pit Dimensions (ft)
at depth # 'f;“ti 7 Pit Length x Widith (ft)
measured after hours elapsed over 24 = Pit Depth (ft) 11.5

NOTE: Soil identification based on visual-manual methods of the USCS system as practiced by Haley & Aldrich, Inc.
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Project ONE CORPORATE DRIVE
Location ANDOVER, MA
Client IQHQ-One Corporate LLC

HAHEYicH TEST PIT LOG DRAF

Test Pit No. HA21-TP8

File No. 0203691-000

H&A Rep M. Dodson

Contractor ~EARTHWORK INDUSTRIES, INC. Date 11 Nov 2021
Equipment Used RUBBER TRACKED EXCAVATOR Weather
Ground El.: 141.5 Location: Groundwater depths/entry rates (in./min.):
El. Datum:
) Stratum VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION Gravel SaE“d Field Tests
= Change @ @ ?
€ | Sample E|eV£_J/ SU SCbS| (Color GROUP NAME & SYMBOL, % oversized, maximum particle size, A EI ) HER
) ID Depth ymbo structure, odor, moisture, optional descriptions 8 UE_ 8 % UE_ L% Sl S
Q GEOLOGIC INTERPRETATION) L2 IL L 23| = s
(ft) R [R[R[R|R|A|+-|a|®n
- 0 Black to dark brown sandy ORGANIC SOIL (OL/OH), no structure,no | 5 5110|2555
odor, moist, trace oversized
OL/OH
- LOAMY FILL -
404 1 R O A O A A
1.1 Tan to gray poorly-graded GRAVEL with silt and sand (GP-GM), no 40 (20| 5]10[{15[10
structure, no odor, moist, 25% cobbles, trace boulders, 10% oversized
5 GP-GM - FILL -
139.1 PID = 0.0/0.0 ppm
24 Tan silty SAND with gravel (SM), bonded, no odor, moist to wet, 10 |1011010| 20140
highest seepage 7.4 ft, little seepage
- GLACIAL TILL -
- 4 -
PID = 0.0/0.0 ppm
SM
= 6 -
- 8 -
132.5
9.0 BOTTOM OF EXPLORATION 9.0 FT
Obstructions: Remarks: Field Tests
Dilatancy R-Rapid S-Slow N-None
Toughness L-Low M-Medium H-High
Plasticity N - Nonplastic L-Low M-Medium H -High
Dry Strength N - None L -Low M- Medium H - High V - Very High
Standing Water in Completed Pit Diameter (in.) N%A Vol. (cu.ft) Test Pit Dimensions (ft)
iameter (in. umber rox. Vol. (cu. . .
at depth ft 12 t0 24 =pp Pit Length x Width (ft)
measured after hours elapsed over 24 = Pit Depth (ft) 9.0

NOTE: Soil identification based on visual-manual methods of the USCS system as practiced by Haley & Aldrich, Inc.
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HATESTPIT-09 PLOG-HA-LIB09-BOS STANDARD ONLY.GLB HA-TP07-1.GDT

HALEY o1 TEST PIT LOG
Project ONE CORPORATE DRIVE

Location ANDOVER, MA

Client IQHQ-One Corporate LLC

E E F Test Pit No. HA21-TP10
0203691-000

File No.

H&A Rep M. Dodson

Contractor EARTHWORK INDUSTRIES, INC. Date 15 Nov 2021
Equipment Used RUBBER TRACKED EXCAVATOR Weather
Ground El.: 158.0 Location: Groundwater depths/entry rates (in./min.):
El. Datum:
) Stratum VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION Gravel SaE“d Field Tests
= Change @ @ ?
€ | Sample E|eV£_J/ SU SCbS| (Color GROUP NAME & SYMBOL, % oversized, maximum particle size, A EI ) HER
) ID Depth ymbo structure, odor, moisture, optional descriptions 8 UE_ 8 % UE_ L% Sl S
Q GEOLOGIC INTERPRETATION) L2 IL L 23| = s
(ft) R [R[R[R|R|A|+-|a|®n
[0 157.7 ASPHALT-
0.3 Yellow-brown to dark brown poorly-graded SAND (SP), layer, no odor, | 5 | 5 [5(30(50( 5
moist, no oversized, mps 6 in, remnant former topsoil in lenses, more
prevalent
sp - FILL -
= 2 -
PID = 0.0/0.0 ppm
155.2
2.8 Tan to olive-gray silty SAND (SM), bonded, no odor, moist, 5% 5 |5]|5(15/40(30
cobbles, mps 8 in
- GLACIAL TILL -
- 4 -
PID = 0.0/0.0 ppm
SM
= 6 -
= 8 -
495 1 R O A O O A A
8.5 ML Olive-brown to olive-gray sandy SILT (ML), bed, no odor, wet, bedded 5[35(60
stratified horizontal but uneven and slightly folded
- 10 7 Olive-brown silty SAND with gravel (SM), bonded, no odor, wet 10 [10]10] 15| 25|30
SM - GLACIAL TILL -
147.0 PID = 0.0/0.0 ppm
11.0 BOTTOM OF EXPLORATION 11.0 FT
Obstructions: Remarks: Field Tests
Dilatancy R-Rapid S-Slow N-None
Toughness L-Low M-Medium H-High
Plasticity N - Nonplastic L-Low M-Medium H -High
Dry Strength N - None L -Low M- Medium H - High V - Very High
Standing Water in Completed Pit Diameter (in.) N%A Vol. (cu.ft) Test Pit Dimensions (ft)
at depth # 'f;“ti 7 Pit Length x Widith (ft)
measured after hours elapsed over 24 = Pit Depth (ft) 11.0

NOTE: Soil identification based on visual-manual methods of the USCS system as practiced by Haley & Aldrich, Inc.
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HatBRicH

Test Pit No. HA21-TP11

TEST PIT LOG DRAF

at depth
measured after

ft 12 to 24
hours elapsed

over 24

Project ONE CORPORATE DRIVE File No. 0203691-000
Location ANDOVER, MA
H&A Rep M. Dodson
Client IQHQ-One Corporate LLC
Contractor EARTHWORK INDUSTRIES, INC. Date 15 Nov 2021
Equipment Used RUBBER TRACKED EXCAVATOR Weather
Ground El.: 161.7 Location: Groundwater depths/entry rates (in./min.):
El. Datum:
=) Stratum VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION Gravel SaE“d Fleld Tests
= Change @ @ ?
g_ Sample E|eV£_J/ SU SCbS| (Color GROUP NAME & SYMBOL, % oversized, maximum particle size, 2l olg2l0l8 g g Z\g
o) ID Depth ymbo structure, odor, moisture, optional descriptions 8 UE_ 8 % UE_ L% Sl S
Qo GEOLOGIC INTERPRETATION) L2 IL L 23| = s
(ft) R [R[R[R|R|A|+-|a|®n
- 0 SILT with sand (ML), no structure, organic odor, moist, fines
moderately organic
ML
160.7 - LOAMY FILL -
1.0 Yellow-brown sandy SILT (ML), no structure, no odor, moist
- SUBSOIL -
ML
= 2 -
159.2 PID = 0.0/0.0 ppm
2.5
Tan silty SAND with gravel (SM), bonded, no odor, moist to wet, trace 5 |5|5(10{45|30
oversized, mps 2.0 ft, wet below 8.5 ft
- 4 -
PID = 0.0/0.0 ppm
= 6 -
SM
- 8 -
151.9
9.8 BOTTOM OF EXPLORATION 9.8 FT
PID = 0.0/0.0 ppm
Obstructions: Remarks: Field Tests
Dilatancy R-Rapid S-Slow N-None
Toughness L-Low M-Medium H-High
Plasticity N - Nonplastic L-Low M-Medium H -High
Dry Strength N - None L -Low M- Medium H - High V - Very High
Standing Water in Completed Pit . ) Boulders Test Pit Dimensions (ft)
Diameter (in.) Number Approx. Vol. (cu.ft)

Pit Length x Width (ft)

Pit Depth (ft) 9.8

NOTE: Soil identification based on visual-manual methods of the USCS system as practiced by Haley & Aldrich, Inc.
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HATESTPIT-09 PLOG-HA-LIB09-BOS STANDARD ONLY.GLB HA-TP07-1.GDT

HatBRicH

TEST PIT LOG B E F Test Pit No. HA21-TP12

Project ONE CORPORATE DRIVE File No. 0203691-000
Location ANDOVER, MA
H&A Rep M. Dodson
Client IQHQ-One Corporate LLC
Contractor EARTHWORK INDUSTRIES, INC. Date 15 Nov 2021
Equipment Used RUBBER TRACKED EXCAVATOR Weather
Ground El.: 158.3 Location: Groundwater depths/entry rates (in./min.):
El. Datum:
£ Stratum VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION Gravel SaE“d Field Tests
= Change @ @ @
g_ Sample E|eV£_J/ SU SCbS| (Color GROUP NAME & SYMBOL, % oversized, maximum particle size, 2l olg2l0l8 g g 2|5
[0) ID Depth ymbo structure, odor, moisture, optional descriptions S UE_ S % UE_ L% Sl S
Qo GEOLOGIC INTERPRETATION) L2 IL L 23| = s
5 (ft) R [R[R[R|R|A|+-|a|®n
Yellow-brown poorly-graded SAND with gravel (SP), no structure, no 5 5|30(50| 5
odor, moist, no oversized, mps 8 in.
SP
156.8 -FILL -
1.5 SM Tan silty SAND with gravel (SM), bonded 10 | 5 [10[15[35|25
= 2 -
PID = 0.0/0.0 ppm
- 4 -
= 6 -
-8 Yellow-brown to olive-brown silty SAND with gravel (SM), bonded, no 15(10|10(10|20|35
odor, moist to wet, 10% cobbles, no oversized, moist to wet below
highest seepage at 10.0 ft, lodgement till
- GLACIAL TILL -
SM PID = 0.0/0.0 ppm
= 10 -
147.8
10.5 BOTTOM OF EXPLORATION 10.5 FT
Obstructions: Remarks: Field Tests
Dilatancy R-Rapid S-Slow N-None
Toughness L-Low M-Medium H-High
Plasticity N - Nonplastic L-Low M-Medium H -High
Dry Strength N - None L -Low M- Medium H - High V - Very High
Standing Water in Completed Pit Diameter (in.) N%A Vol. (cu.ft) Test Pit Dimensions (ft)
at depth # 'f;“ti 7 Pit Length x Widith (ft)
measured after hours elapsed over 24 = Pit Depth (ft) 10.5

NOTE: Soil identification based on visual-manual methods of the USCS system as practiced by Haley & Aldrich, Inc.
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HATESTPIT-09 PLOG-HA-LIB09-BOS STANDARD ONLY.GLB HA-TP07-1.GDT

Project ONE CORPORATE DRIVE
Location ANDOVER, MA
Client IQHQ-One Corporate LLC

HALRY ioH TEST PIT LOG DRAF

Test Pit No. HA21-TP13

File No. 0203691-000

H&A Rep M. Dodson

Contractor EARTHWORK INDUSTRIES, INC. Date 11 Nov 2021
Equipment Used RUBBER TRACKED EXCAVATOR Weather
Ground El.: 154.5 Location: Groundwater depths/entry rates (in./min.):
El. Datum:
F=) Stratum VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION Gravel SaE“d Fleld Tests
= Change @ @ ?
g_ Sample E|eV£_J/ SU SCbS| (Color GROUP NAME & SYMBOL, % oversized, maximum particle size, 2l olg2l0l8 g g 2|5
o) ID Depth ymbo structure, odor, moisture, optional descriptions S UE_ S % UE_ L% Sl S
Qo GEOLOGIC INTERPRETATION) L2 IL L 23| = s
(ft) R [R[R[R|R|A|+-|a|®n
[0 154.2 -ASPHALT-
0.3 Yellow poorly-graded SAND with gravel (SP), no structure, no odor, 10 | 5 [10[45|25] 5
wet, 5% cobbles, trace oversized mps 2.5 ft from bottom of fill
- FILL -
= 2 -
SP PID = 0.0/0.0 ppm
- 4 -
%01 1 I O A O O A A
4.4 Yellow-brown to brown silty SAND with gravel (SM), no structure, no 10 [10]10[30(|25] 15
odor, moist, mix of remnant topsoil, subsoil and fill from above
SM
149.0
5.5 Light-brown to tan silty SAND with gravel (SM), bonded, no odor, moist | 10 | 5 {10{20{30|25
L 5 - to wet, becomes more tan/light gray with depth, mottling below est. 8.5
ft
- GLACIAL TILL -
PID = 0.0/0.0 ppm
= 8 -
SM
- 10 -
143.0
11.5 BOTTOM OF EXPLORATION 11.5 FT
Obstructions: Remarks: Field Tests
Dilatancy R-Rapid S-Slow N-None
Toughness L-Low M-Medium H-High
Plasticity N - Nonplastic L-Low M-Medium H -High
Dry Strength N - None L -Low M- Medium H - High V - Very High
Standing Water in Completed Pit Diameter (in.) N%A Vol. (cu.ft) Test Pit Dimensions (ft)
at depth # 'f;“ti 7 Pit Length x Widith (ft)
measured after hours elapsed over 24 = Pit Depth (ft) 11.5

NOTE: Soil identification based on visual-manual methods of the USCS system as practiced by Haley & Aldrich, Inc.
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HatBRicH

TEST PIT LOG B E F Test Pit No. HA21-TP14

Project ONE CORPORATE DRIVE File No. 0203691-000
Location ANDOVER, MA
H&A Rep M. Dodson
Client IQHQ-One Corporate LLC
Contractor EARTHWORK INDUSTRIES, INC. Date 12 Nov 2021
Equipment Used RUBBER TRACKED EXCAVATOR Weather
Ground El.: 157.9 Location: Groundwater depths/entry rates (in./min.):
El. Datum:
=) Stratum VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION Gravel SaE“d Fleld Tests
= Change @ @ ?
g_ Sample E|eV£_J/ SU SCbS| (Color GROUP NAME & SYMBOL, % oversized, maximum particle size, 2l olg2l0l8 g g 2|5
o) ID Depth ymbo structure, odor, moisture, optional descriptions 8 UE_ 8 % UE_ L% Sl S
a GEOLOGIC INTERPRETATION) 2SR5 23 ss
(ft) SR PR R R R e 1)
F 0 Dark brown sandy SILT (ML), no structure, organic odor, moist, 15% 5 | 5(10{10({20|50
roots, trace scrap building materials
- LOAMY FILL -
-1 ML
P %59 ] I R O O A e
2.0 Yellow poorly-graded SAND (SP), no structure, no odor, moist 5 |5|5(50(30| 5
- FILL -
PID = 0.0/0.0 ppm
= 3 -
-4 SP
PID = 0.0/0.0 ppm
= 5 -
L 6 - 151.9
6.0 BOTTOM OF EXPLORATION 6.0 FT
PID = 0.0/0.0 ppm
Obstructions: Remarks: Field Tests
Dilatancy R-Rapid S-Slow N-None
Toughness L-Low M-Medium H-High
Plasticity N - Nonplastic L-Low M-Medium H -High
Dry Strength N - None L -Low M- Medium H - High V - Very High
Standing Water in Completed Pit Diameter (in.) N%A Vol. (cu.ft) Test Pit Dimensions (ft)
at depth # 'f;“ti 7 Pit Length x Widith (ft)
measured after hours elapsed over 24 = Pit Depth (ft) 6.0

NOTE: Soil identification based on visual-manual methods of the USCS system as practiced by Haley & Aldrich, Inc.
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HALRY ioH TEST PIT LOG DRAF

Project ONE CORPORATE DRIVE
Location ANDOVER, MA
Client IQHQ-One Corporate LLC

Test Pit No. HA21-TP15

File No. 0203691-000

H&A Rep M. Dodson

Contractor EARTHWORK INDUSTRIES, INC. Date 16 Nov 2021
Equipment Used RUBBER TRACKED EXCAVATOR Weather
Ground El.: 157.9 Location: Groundwater depths/entry rates (in./min.):
El. Datum:
=) Stratum VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION Gravel SaE“d Fleld Tests
= Change @ @ ?
g_ Sample E|eV£_J/ SU SCbS| (Color GROUP NAME & SYMBOL, % oversized, maximum particle size, 2l olg2l0l8 g g Z\g
o) ID Depth ymbo structure, odor, moisture, optional descriptions 8 UE_ 8 % UE_ L% Sl S
Qo GEOLOGIC INTERPRETATION) N M N N R
(ft) R [R[R[R|R|A|+-|a|®n
- 0 Dark brown sandy SILT (ML), trace building material debris, No
oversized, fines moderately organic
- LOAMY FILL -
ML
= 2 -
PID = 0.0/0.0 ppm
155.4 ________________________________Ep______ I A I A
2.5 Yellow-brown poorly-graded SAND (SP) 5 | 5 [15/30]40| 5
- FILL -
- 4 -
PID = 0.0/0.0 ppm
SP
= 6 -
151.6
6.3 Tan to light-brown silty SAND (SM), no structure, no odor, moist 5|5 [5[15[40(30
- GLACIAL TILL -
SM
PID = 0.0/0.0 ppm
L g 149.9
8.0 BOTTOM OF EXPLORATION 8.0 FT
Obstructions: Remarks: Field Tests
Dilatancy R-Rapid S-Slow N-None
Toughness L-Low M-Medium H-High
Plasticity N - Nonplastic L-Low M-Medium H -High
Dry Strength N - None L -Low M- Medium H - High V - Very High
Standing Water in Completed Pit Diameter (in.) N%A Vol. (cu.ft) Test Pit Dimensions (ft)
at depth # 'f;“ti 7 Pit Length x Widith (ft)
measured after hours elapsed over 24 = Pit Depth (ft) 8.0

NOTE: Soil identification based on visual-manual methods of the USCS system as practiced by Haley & Aldrich, Inc.
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EXISTING CONDITIONS
RUNOFF CALCULATIONS

(25 YEAR STORM PRINTOUT ONLY)
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SHATTUCK RD DITCH

/VZEX\D

@ CORP. DRV. &4
CORP. DRV. TOJAL B1 SITRTO

S5EX

OVERLAND TO CORP IST. SW BAS

DRV & 4 CORP DRV

® @ e

FRONTOFSITE g1 FRONT WOODS  BY/SITE TO %NS

Reach

OFFSITE AREA TO B1 MAIN B1 SITE

EXISTING
CONDITIONS 1
CORPORATE SITE

3EX

MEADO\ATO DRAIN

MEADOW

Routing Diagram for Andover Lot 1 EC 2
Prepared by LINDEN ENGINEERING PARTNERS, LLC, Printed 2/1/2022

HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC




Andover Lot 1 EC 2

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

EXISTING BUILDING 1 SITE

Printed 2/1/2022
Page 2

Area Listing (all nodes)

Area CN Description
(acres) (subcatchment-numbers)
1.750 74 >75% Grass cover, Good, HSG C (1E, 2E, 6E)
0.017 65 Brush, Good, HSG C (1E)
1.214 71 Meadow, non-grazed, HSG C (3E)
3.313 98 Paved parking, HSG C (1E, 2E, 6E)
1.571 70 Woods, Good, HSG C (1E, 2E, 3E, 4E, 5E, 6E)
7.865 83 TOTAL AREA



Andover Lot 1 EC 2

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

EXISTING BUILDING 1 SITE

Printed 2/1/2022
Page 3

Soil Listing (all nodes)

Area Soil Subcatchment
(acres) Group Numbers
0.000 HSG A
0.000 HSG B
7.865 HSGC 1E, 2E, 3E, 4E, 5E, 6E
0.000 HSG D
0.000 Other
7.865 TOTAL AREA



EXISTING BUILDING 1 SITE
Andover Lot 1 EC 2

Prepared by LINDEN ENGINEERING PARTNERS, LLC Printed 2/1/2022
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC Page 4

Ground Covers (all nodes)

HSG-A HSG-B HSG-C HSG-D Other Total Ground Subcatchment
(acres) (acres) (acres) (acres) (acres) (acres) Cover Numbers
0.000 0.000 1.750 0.000 0.000 1.750 >75% Grass cover, Good 1E, 2E,

6E
0.000 0.000 0.017 0.000 0.000 0.017  Brush, Good 1E
0.000 0.000 1.214 0.000 0.000 1.214 Meadow, non-grazed 3E
0.000 0.000 3.313 0.000 0.000 3.313 Paved parking 1E, 2E,
6E
0.000 0.000 1.571 0.000 0.000 1.571  Woods, Good 1E, 2E,
3E, 4E,
5E, 6E

0.000 0.000 7.865 0.000 0.000 7.865 TOTAL AREA



EXISTING BUILDING 1 SITE

Andover Lot 1 EC 2 Type Il 24-hr 25 YEAR Rainfall=6.02"
Prepared by LINDEN ENGINEERING PARTNERS, LLC Printed 2/1/2022
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC Page 5

Time span=0.00-72.00 hrs, dt=0.05 hrs, 1441 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment1E: FRONT OF SITE Runoff Area=17,379 sf 3.61% Impervious Runoff Depth=3.01"
Flow Length=185" Tc=33.2 min CN=72 Runoff=0.76 cfs 0.100 af

Subcatchment2E: OVERLAND TO CORP Runoff Area=45,130 sf 5.60% Impervious Runoff Depth=3.20"
Flow Length=305" Tc=14.9 min CN=74 Runoff=2.94 cfs 0.276 af

Subcatchment 3E: MEADOW Runoff Area=53,653 sf 0.00% Impervious Runoff Depth=2.91"
Flow Length=216" Tc=6.0 min CN=71 Runoff=4.12 cfs 0.299 af

Subcatchment4E: OFFSITE AREA TO B1 Runoff Area=17,916 sf 0.00% Impervious Runoff Depth=2.82"
Flow Length=235" Slope=0.0300"/" Tc=14.2 min CN=70 Runoff=1.04 cfs 0.097 af

Subcatchment5E: B1 FRONT WOODS Runoff Area=13,858 sf 0.00% Impervious Runoff Depth=2.82"
Flow Length=87" Slope=0.0230"/'" Tc=12.6 min CN=70 Runoff=0.83 cfs 0.075 af

Subcatchment6E: MAIN B1 SITE Runoff Area=194,667 sf 72.51% Impervious Runoff Depth=4.98"
Tc=6.0 min CN=91 Runoff=24.09 cfs 1.853 af

Reach 1EX: SHATTUCKRD DITCH Inflow=0.76 cfs 0.100 af
Outflow=0.76 cfs 0.100 af

Reach 2EX: CORP. DRV. & 4 CORP. DRV. Inflow=2.94 cfs 0.276 af
Outflow=2.94 cfs 0.276 af

Reach 3EX: MEADOW TO DRAIN Inflow=4.12 cfs 0.299 af
Outflow=4.12 cfs 0.299 af

Reach 4EX: B1 SITE TO DRAINs Inflow=25.45 cfs 2.025 af
Outflow=25.45 cfs 2.025 af

Reach 5EX: TOTAL B1 SITE TO EXIST. SW BASIN Inflow=31.63 cfs 2.601 af
Outflow=31.63 cfs 2.601 af

Total Runoff Area = 7.865 ac Runoff Volume = 2.701 af Average Runoff Depth = 4.12"
57.88% Pervious = 4.552 ac  42.12% Impervious = 3.313 ac



Andover Lot 1 EC 2
Prepared by LINDEN ENGINEERING PARTNERS, LLC

EXISTING BUILDING 1 SITE
Type Il 24-hr 25 YEAR Rainfall=6.02"
Printed 2/1/2022

HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC Page 6
Summary for Subcatchment 1E: FRONT OF SITE
Runoff = 0.76 cfs @ 12.47 hrs, Volume= 0.100 af, Depth= 3.01"
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type Il 24-hr 25 YEAR Rainfall=6.02"
Area (sf) CN Description
720 65 Brush, Good, HSG C
3,805 74 >75% Grass cover, Good, HSG C
627 98 Paved parking, HSG C
12,227 70 Woods, Good, HSG C
17,379 72 Weighted Average
16,752 96.39% Pervious Area
627 3.61% Impervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)
28.7 50 0.0025 0.03 Sheet Flow,
Woods: Light underbrush n=0.400 P2=3.12"
4.5 135 0.0100 0.50 Shallow Concentrated Flow,
Woodland Kv= 5.0 fps
33.2 185 Total
Subcatchment 1E: FRONT OF SITE
Hydrograph
0.75
07 o Typelll24 -hr |
0.65_E> I I I I I I I I I I I I I I I I I I |

0.6
o.55—f
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3
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0.45—;

Flow (cfs)
o
~
mn

0.35]
0.3
0.25]
0.2
0.15
0.1—:
0.057

I 25 YEAR Réihfﬂ""ﬁ 02'

| |
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EXISTING BUILDING 1 SITE

Type Il 24-hr 25 YEAR Rainfall=6.02"
Printed 2/1/2022
Page 7

Andover Lot 1 EC 2

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

Summary for Subcatchment 2E: OVERLAND TO CORP DRV & 4 CORP DRV

Runoff 294 cfs @ 12.21 hrs, Volume= 0.276 af, Depth= 3.20"
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Type Il 24-hr 25 YEAR Rainfall=6.02"

Area (sf) CN Description
21,936 74 >75% Grass cover, Good, HSG C
2,529 98 Paved parking, HSG C
20,665 70  Woods, Good, HSG C
45,130 74 Weighted Average
42,601 94.40% Pervious Area
2,529 5.60% Impervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)
9.5 50 0.0400 0.09 Sheet Flow,
Woods: Light underbrush n=0.400 P2=3.12"
54 255 0.0245 0.78 Shallow Concentrated Flow,
Woodland Kv= 5.0 fps
14.9 305 Total

Subcatchment 2E: OVERLAND TO CORP DRV & 4 CORP DRV

Hydrograph

Flow (cfs)

Runoff Depthp3 20"‘ §
Flow Length=305' |
Tc=14.9 min |

wwwwwww

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72
Time (hours)



Andover Lot 1 EC 2
Prepared by LINDEN ENGINEERING PARTNERS, LLC

EXISTING BUILDING 1 SITE
Type Il 24-hr 25 YEAR Rainfall=6.02"
Printed 2/1/2022

HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

Page 8

Runoff = 412

Summary for Subcatchment 3E: MEADOW

cfs@ 12.09 hrs, Volume= 0.299 af, Depth= 2.91"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Type Il 24-hr 25 YEAR

Area (sf) CN

Rainfall=6.02"

Description

765
52,888

70
71

Woods, Good, HSG C
Meadow, non-grazed, HSG C

53,653
53,653

71

Tc
(min)

Length
(feet)

Slope
(ft/ft)

Weighted Average
100.00% Pervious Area

Velocity Capacity Description
(ft/sec) (cfs)

2.3 50

1.3 166

0.1900

0.0900

0.36 Sheet Flow,
Grass: Short n=0.150 P2=3.12"
Shallow Concentrated Flow,

Short Grass Pasture Kv= 7.0 fps

2.10

3.6 216

Total,

Increased to minimum Tc = 6.0 min

Subcatchment 3E: MEADOW
Hydrograph

Flow (cfs)

0_

0 2 4 6 8 10121416 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72
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~ Typelll 24-hr
25 YEAR Rainfall=6.02"

_Runoff Area=53,653 sf
Runoff Volume=0.299 af
~ Runoff Depth=2.91"
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EXISTING BUILDING 1 SITE

Type Il 24-hr 25 YEAR Rainfall=6.02"

Printed 2/1/2022

Page 9

Runoff

Summary for Subcatchment 4E: OFFSITE AREA TO B1

1.04 cfs @ 12.20 hrs, Volume= 0.097 af, Depth= 2.82"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type lll 24-hr 25 YEAR Rainfall=6.02"

Area (sf)

CN  Description

17,916

70 Woods, Good, HSG C

Tc

(min)

17,916

Length
(feet)

100.00% Pervious Area

Slope
(ft/ft)

Velocity Capacity Description
(ft/sec) (cfs)

1

0.6
3.6

50

185

0.0300 0.08 Sheet Flow,

Woods: Light underbrush n=0.400 P2=3.12"

0.0300 0.87 Shallow Concentrated Flow,

Woodland Kv= 5.0 fps

14.2

235

Total

Subcatchment 4E: OFFSITE AREA TO B1

Hydrograph

T T
Tl Twemzenr
| 25YEARRainfalime02"
|  Runoff Area=17,916 sf |
- | | Runoff Volume=0.097 af
| RunoffDeptnezez’
! 1  Flowlength=235"
-4t Slope=0.0300"/" |
o ez

Time (hours)
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Page 10

Printed 2/1/2022
0.05 hrs

0.400 P2=3.12"

EXISTING BUILDING 1 SITE

Type Il 24-hr 25 YEAR Rainfall
72.00 hrs, dt

0.00-

0.075 af, Depth= 2.82"

Shallow Concentrated Flow,

Woods: Light underbrush n
Woodland Kv= 5.0 fps

Sheet Flow,

(cfs)
Hydrograph

SCS, Weighted-CN, Time Span

=6.02"
0.07
0.76

Subcatchment 5E: B1 FRONT WOODS

(ft/sec)

Summary for Subcatchment 5E: B1 FRONT WOODS
100.00% Pervious Area

Slope Velocity Capacity Description
(ft/ft)

0.83cfs@ 12.18 hrs, Volume
70 Woods, Good, HSG C

CN  Description

50 0.0230
37 0.0230

87 Total

Area (sf)
13,858
13,858

Tc Length
(feet)

(min)
0.8

12.6

11.8

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

Runoff by SCS TR-20 method, UH
Type lll 24-hr 25 YEAR Rainfall

Andover Lot 1 EC 2

Runoff
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Page 11

Printed 2/1/2022
0.05 hrs

EXISTING BUILDING 1 SITE
Type Il 24-hr 25 YEAR Rainfall
72.00 hrs, dt

0.00-

1.853 af, Depth= 4.98"

Time Span

CN

Direct Entry,

Hydrograph

Weighted
(cfs)

SCS,

Subcatchment 6E: MAIN B1 SITE

6.02"

UH

(ft/sec)

Summary for Subcatchment 6E: MAIN B1 SITE

>75% Grass cover, Good, HSG C

Weighted Average
72.51% Impervious Area

27.49% Pervious Area
Slope Velocity Capacity Description

(ft/ft)

70 Woods, Good, HSG C
98 Paved parking, HSG C

74

24.09cfs @ 12.09 hrs, Volume
91

CN  Description

20 method

Type Il 24-hr 25 YEAR Rainfall

Area (sf)
3,000
141,158
50,509
194,667
53,509
141,158
Tc Length
(feet)

(min)
6.0

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

Andover Lot 1 EC 2
Runoff by SCS TR
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EXISTING BUILDING 1 SITE
Printed 2/1/2022

Type Il 24-hr 25 YEAR Rainfall

Summary for Reach 1EX: SHATTUCK RD DITCH

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

Andover Lot 1 EC 2
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EXISTING BUILDING 1 SITE

Type Il 24-hr 25 YEAR Rainfall

=6.02"

Andover Lot 1 EC 2

Printed 2/1/2022

Prepared by LINDEN ENGINEERING PARTNERS, LLC

Page 13

HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

Summary for Reach 2EX: CORP. DRV. & 4 CORP. DRV.
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Inflow Area
Inflow
Outflow

0.05 hrs

0.00-72.00 hrs, dt=

Routing by Stor-Ind+Trans method, Time Span

Reach 2EX: CORP. DRV. & 4 CORP. DRV.

Hydrograph

= Outflow

= Inflow
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EXISTING BUILDING 1 SITE
Printed 2/1/2022

Type Il 24-hr 25 YEAR Rainfall

Summary for Reach 3EX: MEADOW TO DRAIN

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

Andover Lot 1 EC 2
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EXISTING BUILDING 1 SITE
Printed 2/1/2022

Type Il 24-hr 25 YEAR Rainfall

Summary for Reach 4EX: B1 SITE TO DRAINs

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

Andover Lot 1 EC 2
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Printed 2/1/2022

0.0 min

EXISTING BUILDING 1 SITE
0%, Lag

Type Il 24-hr 25 YEAR Rainfall
for 25 YEAR event

418"
0.05 hrs

2.601 af

2.601 af, Atten

0.00-72.00 hrs, dt

Hydrograph

Reach 5EX: TOTAL B1 SITE TO EXIST. SW BASIN

7.466 ac, 44.18% Impervious, Inflow Depth

31.63cfs @ 12.09 hrs, Volume

Summary for Reach 5EX: TOTAL B1 SITE TO EXIST. SW BASIN
31.63cfs @ 12.09 hrs, Volume

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

Routing by Stor-Ind+Trans method, Time Span

Andover Lot 1 EC 2
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PROPOSED CONDITIONS
RUNOFF CALCULATIONS

(25 YEAR STORM PRINTOUT ONLY)



S11ISNHOVSSYW ‘HINOANY worzos  otne @ mL SO NI amyes  Lavisz (o) e i SRS 203 (T T
Z-SM m\&\w\@ %WM\%W\QMNO& M&W@n@ M%\Qﬂww.\% 0265 3LINS 1IILS NOLONHSYI 102 0V1d NOLSOE 3NO e oo ooy e
9T1'3LVH04H0D +-DHOI ONY OT1‘3LYHOdY09 1-DHDI | 017 SHANLYVd e
133Hs NV'id IHSHILVM dISOL0Hd 404 aFdvdINd ONIYIINIONT Z m D Z _ I_@ o P

= e e

U

S N
(SIo¥ F0OHL). o\
TS FSeS'SHO LAY\

0717 d3AOANY NTOONIT

TOTT SHANLYV

4/IN

ADOTONHOIL H3IAOANY

s
NN -

) { — —
s ] 3 0

“NOWLYAYOX3 AG Q3LHIMIA
38 ATNO N¥O ONY SNUOIT4NOD SI ¥1¥a
INOS €5Z/—¥pE—888 -1 ,3IVS 910, TV
NOLLOMALSNOO 340438 “ATNO_ ILVNIXONddY
Q343CISNGD 38 QINOHS ATHL NMOHS

WY ANV 4 ONY NYTd SIHL NO NWOHS
10N 33V S3ILMILA ONNOYIYIANN TV

&

Looom
SININLHVAY
¥IAOANY

AN

Eal

&y

AVMHOM 3LVLS 'SSYW




1D

()

SHATTUCK RD DITGFRONT OF SITE

Reach

2D

OVERLA O CORP

DRV. &|B4 DRV
DRAIN.
=
TAL BfRITE TO
OVERLAND TO CORP EXIST. SW BASIN
DRV & 4 CORP DRV @
4D

STC2

B1 SJTE TO DRAIN

—D@’_’D STC#Z 3D

(new Subcat) I1S#3 1S#4 STC1 MEADovv‘ro DRAIN
/ STCH#1
o) —» fod —— o
(new Subcat) ISTR#1 new%ond 17R| & @ MEADOW

new Subcat)
@B\ "\

(new Subcat)
(new Subcat)

(new Subcat)

OFFSITE AREA

PROPOSED/DEVELOPED
1 CORPORATE SITE

A Routing Diagram for Andover Lot 1 PC 1
Prepared by LINDEN ENGINEERING PARTNERS, LLC, Printed 2/1/2022
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC




Andover Lot 1 PC 1

PROPOSED BUILDING 1 SITE

Prepared by LINDEN ENGINEERING PARTNERS, LLC Printed 2/1/2022
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC Page 2

Area Listing (all nodes)

Area CN Description
(acres) (subcatchment-numbers)
0.200 86 <50% Grass cover, Poor, HSG C (D6A)
1.453 74 >75% Grass cover, Good, HSG C (12S, 16S, D1, D2, D3, D5A, D6B)
0.017 65 Brush, Good, HSG C (D1)
1.021 71 Meadow, non-grazed, HSG C (D3)
2.342 98 Paved parking, HSG C (12S, 16S, D1, D2, D3, D5A, D6B)
1.054 98 Paved parking, Roof, HSG C (D6A)
1.133 98 Roofs, HSG C (10S, 13S)
0.915 70 Woods, Good, HSG C (D1, D2, D3, D4)
8.134 87 TOTAL AREA



Andover Lot 1 PC 1

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

PROPOSED BUILDING 1 SITE

Printed 2/1/2022
Page 3

Soil Listing (all nodes)

Area Soil Subcatchment
(acres) Group Numbers
0.000 HSG A
0.000 HSG B
8.134 HSGC 108, 128, 13S, 16S, D1, D2, D3, D4, D5A, D6A, D6B
0.000 HSG D
0.000 Other
8.134 TOTAL AREA



PROPOSED BUILDING 1 SITE
Andover Lot 1 PC 1

Prepared by LINDEN ENGINEERING PARTNERS, LLC Printed 2/1/2022
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC Page 4

Ground Covers (all nodes)

HSG-A HSG-B HSG-C HSG-D Other Total Ground Subcatchment
(acres) (acres) (acres) (acres) (acres) (acres) Cover Numbers
0.000 0.000 0.200 0.000 0.000 0.200 <50% Grass cover, Poor D6A
0.000 0.000 1.453 0.000 0.000 1.453 >75% Grass cover, Good 12S,
16S, D1,
D2, D3,
D5A, D6B
0.000 0.000 0.017 0.000 0.000 0.017  Brush, Good D1
0.000 0.000 1.021 0.000 0.000 1.021 Meadow, non-grazed D3
0.000 0.000 2.342 0.000 0.000 2.342 Paved parking 128,
16S, D1,
D2, D3,
D5A, D6B
0.000 0.000 1.054 0.000 0.000 1.054 Paved parking, Roof D6A
0.000 0.000 1.133 0.000 0.000 1.133 Roofs 10S, 13S
0.000 0.000 0.915 0.000 0.000 0.915 Woods, Good D1, D2,
D3, D4

0.000 0.000 8.134 0.000 0.000 8.134 TOTAL AREA



=6.02"

PROPOSED BUILDING 1 SITE

Type Il 24-hr 25 YEAR Rainfall

Andover Lot 1 PC 1

Page 5

Printed 2/1/2022

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

Summary for Subcatchment 10S: (new Subcat)

0.246 af, Depth= 5.78"

294 cfs @ 12.09 hrs, Volume

Runoff

0.05 hrs

0.00-72.00 hrs, dt=

SCS, Weighted-CN, Time Span

6.02"

Runoff by SCS TR-20 method, UH
Type lll 24-hr 25 YEAR Rainfall

CN  Description

Area (sf)

98 Roofs, HSG C

22,241
22,241

100.00% Impervious Area
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=6.02"
Page 6

Printed 2/1/2022

0.05 hrs

PROPOSED BUILDING 1 SITE

Type Il 24-hr 25 YEAR Rainfall

0.00-72.00 hrs, dt

0.431 af, Depth= 5.32"

Direct Entry,

(cfs)
Hydrograph

SCS, Weighted-CN, Time Span
Subcatchment 12S: D6F

6.02"

Summary for Subcatchment 12S: D6F

(ft/sec)

>75% Grass cover, Good, HSG C

94 Weighted Average
82.26% Impervious Area

17.74% Pervious Area

(ft/ft)

Slope Velocity Capacity Description

544 cfs @ 12.09 hrs, Volume
98 Paved parking, HSG C

CN  Description
74

Area (sf)
34,882
7,522
42,404
7,522
34,882

Tc Length

(feet)

(min)
6.0

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

Runoff by SCS TR-20 method, UH
Type lll 24-hr 25 YEAR Rainfall

Andover Lot 1 PC 1

Runoff
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=6.02"

PROPOSED BUILDING 1 SITE

Type Il 24-hr 25 YEAR Rainfall

Andover Lot 1 PC 1

Page 7

Printed 2/1/2022
0.05 hrs

0.00-72.00 hrs, dt

0.300 af, Depth= 5.78"

SCS, Weighted-CN, Time Span

6.02"

100.00% Impervious Area

Summary for Subcatchment 13S: (new Subcat)
3.58 cfs @ 12.09 hrs, Volume
CN  Description
98 Roofs, HSG C

27,100
27,100

Area (sf)

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

Runoff by SCS TR-20 method, UH
Type lll 24-hr 25 YEAR Rainfall

Runoff
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Direct Entry,

Subcatchment 13S: (new Subcat)
Hydrograph

6.0

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72
Time (hours)

6

...Ilflufln‘sl, “““““ 3

A m‘z‘s“a‘ooll‘gj “““““ 2
— 40007m= “““““ 2
L 260muu50N4 “““““ 2
“““ - 1 T =6C
\\\\\ _——=-=-~No LYY
“““ oSN @ L
o N o Qo , 3
\\\\\\ v\o\uu\l\\a\\m\\e\T\\\\\\T\\\\\\\:-
\\\\\\ T\\a\e\\ \D\\\\\\\\\,\\\\\\\\\\n
“““““ 3 |
“““““ e IS ]
\\\\\\\\\ T e —
\\\\\\\\\ wgse |
- I - ] ]
““““ oS ]
o Ny REai 3

(sy0) mol4



6.02"
Page 8

Printed 2/1/2022
0.05 hrs

PROPOSED BUILDING 1 SITE

Type Il 24-hr 25 YEAR Rainfall

0.00-72.00 hrs, dt

0.180 af, Depth= 5.20"

Direct Entry,

SCS, Weighted-CN, Time Span
(cfs)
Hydrograph

Subcatchment 16S: (new Subcat)

6.02"

(ft/sec)

>75% Grass cover, Good, HSG C

93 Weighted Average
77.90% Impervious Area

Summary for Subcatchment 16S: (new Subcat)
22.10% Pervious Area

(ft/ft)

Slope Velocity Capacity Description

2.30cfs @ 12.09 hrs, Volume
98 Paved parking, HSG C

CN  Description
74

Area (sf)
14,100
4,000
18,100
4,000
14,100

Tc Length

(feet)

(min)
6.0

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

Runoff by SCS TR-20 method, UH
Type lll 24-hr 25 YEAR Rainfall

Andover Lot 1 PC 1

Runoff
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PROPOSED BUILDING 1 SITE

Andover Lot 1 PC 1 Type Il 24-hr 25 YEAR Rainfall=6.02"
Prepared by LINDEN ENGINEERING PARTNERS, LLC Printed 2/1/2022
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC Page 9

Summary for Subcatchment D1: FRONT OF SITE

Runoff = 0.70cfs @ 12.47 hrs, Volume= 0.092 af, Depth= 3.01"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type lll 24-hr 25 YEAR Rainfall=6.02"

Area (sf) CN Description
720 65 Brush, Good, HSG C
3,805 74 >75% Grass cover, Good, HSG C
927 98 Paved parking, HSG C
10,238 70 Woods, Good, HSG C
300 74 >75% Grass cover, Good, HSG C

15,990 72 Weighted Average

15,063 94.20% Pervious Area
927 5.80% Impervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)
28.7 50 0.0025 0.03 Sheet Flow,
Woods: Light underbrush n=0.400 P2=3.12"
4.5 135 0.0100 0.50 Shallow Concentrated Flow,

Woodland Kv= 5.0 fps

33.2 185 Total

Subcatchment D1: FRONT OF SITE
Hydrograph

0754
074
0.65
064
0.5
051
0.45

(cfs)

0.4—:

Flow

0.35]
0.3

0.25]
0.2

0.154
0.1

0.05]

0 2 46 810 12 14 16 1820 22 24262830 32 34 36 384042444648 50 5254 56 58 60 62 64 6668 70 72
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PROPOSED BUILDING 1 SITE

Andover Lot 1 PC 1 Type Il 24-hr 25 YEAR Rainfall=6.02"
Prepared by LINDEN ENGINEERING PARTNERS, LLC Printed 2/1/2022
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC Page 10

Summary for Subcatchment D2: OVERLAND TO CORP DRV & 4 CORP DRV

Runoff = 2.29cfs @ 12.19 hrs, Volume= 0.207 af, Depth= 3.30"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type lll 24-hr 25 YEAR Rainfall=6.02"

Area (sf) CN Description
9,975 74 >75% Grass cover, Good, HSG C
9,856 74 >75% Grass cover, Good, HSG C
3,379 98 Paved parking, HSG C
9,560 70 Woods, Good, HSG C

32,770 75 Weighted Average

29,391 89.69% Pervious Area
3,379 10.31% Impervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)

8.5 50 0.0520 0.10 Sheet Flow,
Woods: Light underbrush n=0.400 P2=3.12"

1.2 58 0.0280 0.84 Shallow Concentrated Flow,
Woodland Kv=5.0 fps

0.7 50 0.0300 1.21 Shallow Concentrated Flow,
Short Grass Pasture Kv= 7.0 fps

2.8 155 0.0350 0.94 Shallow Concentrated Flow,

Woodland Kv= 5.0 fps

13.2 313 Total



PROPOSED BUILDING 1 SITE
Type Il 24-hr 25 YEAR Rainfall=6.02"

Andover Lot 1 PC 1
Printed 2/1/2022

Prepared by LINDEN ENGINEERING PARTNERS, LLC

HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC Page 11

Subcatchment D2: OVERLAND TO CORP DRV & 4 CORP DRV
Hydrograph

LLIEEEL |
o typemanr
i 28 YEAR Rainfali=e.02"
| Runoff Area=32,770 sf |
z | |  Runoff Volume=0.207 af
: | | RunoffDepth=330"
4 | FlowLength=313

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72

0 2 46 8
Time (hours)



Andover Lot 1 PC 1

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

PROPOSED BUILDING 1 SITE

Type Il 24-hr 25 YEAR Rainfall=6.02"
Printed 2/1/2022
Page 12

Summary for Subcatchment D3: MEADOW

Runoff =

4,07 cfs @ 12.09 hrs, Volume=

0.296 af, Depth= 3.01"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Type Il 24-hr 25 YEAR Rainfall=6.02"

Area (sf) CN Description
765 70 Woods, Good, HSG C
38,528 71 Meadow, non-grazed, HSG C
5,930 71  Meadow, non-grazed, HSG C
4,761 74  >75% Grass cover, Good, HSG C
1,350 98 Paved parking, HSG C
51,334 72 Weighted Average
49,984 97.37% Pervious Area
1,350 2.63% Impervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)
2.3 50 0.1900 0.36 Sheet Flow,
Grass: Short n=0.150 P2=3.12"
1.3 166 0.0900 2.10 Shallow Concentrated Flow,
Short Grass Pasture Kv= 7.0 fps
3.6 216 Total, Increased to minimum Tc = 6.0 min
Subcatchment D3: MEADOW
Hydrograph
| =] R
ad T e e e
tr 1t . Typelll 24-hr |
{1 |  25YEARRainfall=6.02"
s—»+++++~+++++4~:f%~:+:~:——:———RunoffArea~51,‘334sf—%
¢ | |  Runoff Volume=0.296 af |
:{ |  Runoff Depth=3.01" |
L2 T T T e T e T A A v
!  FlowLength=216"' |
lf 1  Tc=60min
J N CN=T2

0_
0 2 4 6 8 10121416 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72

Time (hours)



PROPOSED BUILDING 1 SITE

Andover Lot 1 PC 1 Type Il 24-hr 25 YEAR Rainfall=6.02"
Prepared by LINDEN ENGINEERING PARTNERS, LLC Printed 2/1/2022
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC Page 13

Summary for Subcatchment D4: OFFSITE AREA

Runoff = 1.12cfs @ 12.20 hrs, Volume= 0.104 af, Depth= 2.82"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type lll 24-hr 25 YEAR Rainfall=6.02"

Area (sf) CN Description
19,299 70 Woods, Good, HSG C
19,299 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)
10.6 50 0.0300 0.08 Sheet Flow,
Woods: Light underbrush n=0.400 P2=3.12"
3.6 185 0.0300 0.87 Shallow Concentrated Flow,
Woodland Kv= 5.0 fps

14.2 235 Total

Subcatchment D4: OFFSITE AREA

Hydrograph
bbb | e
o Typel2shr
|  25YEARRainfall=6.02"
| RunoffArea=19,299 sf

|l RunoffVolume=0.104 af

kaunoffDeptHZBZ"

= | | FlowlLength=235"
! slope=0.0300""
o Te=142min
N cNeT0

Time (hours)



6.02"

Page 14

Printed 2/1/2022
0.05 hrs

PROPOSED BUILDING 1 SITE

Type Il 24-hr 25 YEAR Rainfall

0.00-72.00 hrs, dt

0.282 af, Depth= 4.65"

Direct Entry,

(cfs)
Hydrograph

SCS, Weighted-CN, Time Span

6.02"

Subcatchment D5A: (new Subcat)

(ft/sec)

>75% Grass cover, Good, HSG C

88 Weighted Average
59.53% Impervious Area

Summary for Subcatchment D5A: (new Subcat)
40.47% Pervious Area

(ft/ft)

Slope Velocity Capacity Description

3.75cfs @ 12.09 hrs, Volume
98 Paved parking, HSG C

CN  Description
74

Area (sf)
18,900
12,849
31,749
12,849
18,900

Tc Length
(feet)

(min)
6.0

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

Runoff by SCS TR-20 method, UH
Type lll 24-hr 25 YEAR Rainfall

Andover Lot 1 PC 1

Runoff
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6.02"

Printed 2/1/2022

PROPOSED BUILDING 1 SITE

Type Il 24-hr 25 YEAR Rainfall

Prepared by LINDEN ENGINEERING PARTNERS, LLC

Andover Lot 1 PC 1
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HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

Summary for Subcatchment D6A: (new Subcat)

0.05 hrs

0.00-72.00 hrs, dt

0.580 af, Depth= 5.55"

SCS, Weighted-CN, Time Span

6.02"

714 cfs @ 12.09 hrs, Volume

Runoff by SCS TR-20 method, UH
Type lll 24-hr 25 YEAR Rainfall

Runoff

CN  Description

Area (sf)

<50% Grass cover, Poor, HSG C

96 Weighted Average
84.04% Impervious Area

98 Paved parking, Roof, HSG C
15.96% Pervious Area

86
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54,640
8,720
45,920
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Printed 2/1/2022
0.05 hrs

PROPOSED BUILDING 1 SITE

Type Il 24-hr 25 YEAR Rainfall

0.00-72.00 hrs, dt

0.377 af, Depth= 5.09"

Direct Entry,

(cfs)
Hydrograph

SCS, Weighted-CN, Time Span

6.02"

Subcatchment D6B: (new Subcat)

(ft/sec)

>75% Grass cover, Good, HSG C

92 Weighted Average
73.62% Impervious Area

Summary for Subcatchment D6B: (new Subcat)
26.38% Pervious Area

(ft/ft)

Slope Velocity Capacity Description

4,86 cfs @ 12.09 hrs, Volume
98 Paved parking, HSG C

CN  Description
74

Area (sf)
28,500
10,210
38,710
10,210
28,500

Tc Length
(feet)

(min)
6.0

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

Runoff by SCS TR-20 method, UH
Type lll 24-hr 25 YEAR Rainfall

Andover Lot 1 PC 1

Runoff
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PROPOSED BUILDING 1 SITE

Type Il 24-hr 25 YEAR Rainfall

Summary for Reach 1D: SHATTUCK RD DITCH

Prepared by LINDEN ENGINEERING PARTNERS, LLC
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Andover Lot 1 PC 1

1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72
Time (hours)

2
20
ot
=35
£0
c I
w £
> Q o
() o \L\\r\\AU\p\L\\L\\r\L\\p\L\\L\\r\L\\F\L\\\u
€ N S 4
<€ o | I« » | | | | | | | | | | |
Ll m e e b i e L e [ e e S
| | | | | | | | | | | | | | |
M R IR | o
| |
g e )
o I o2 I I I | | I I I | | I
— A et ettt et et It Sl s Al St It S el
Rel F \\,\\,\\0\\,\L\\\,\\,\\L\\\,\\,\\\,\\,\\L\\w\\,\\\u
i T T | i T | T | i T | T |
m | | —,— | | | | | | | | | | | |
= M m H Lt I O A N B
| | | I | | | | I | | | | I
m - C \\,\\,\\a\\,\\,\\\,\\,\\\,\\\,\\,\\\,\\,\\J\\ﬂ\\,\\ln
N Y= Y= % = \\,\\,\\e\\,\L\\\,\L\\L\\\,\L\\\,\L\\L\\F\L\l-
— | | | I | | | | | | | | | |
unn/_a o (=) \\,\\,\\r\\,\L\\\,\\,\\L\\\,\L\\\,\\,\\L\\F\L\\\-
TN | | A | | | | | | | | | | | |
I o (I (N IR N NN B
£ OO L (a] | | | | | | | | | | | I | |
Boo © [1'd \L\\r\W\;\\T\L\\r\L\\;\\T\L\\r\\?\#\\,\\\u
o % G P S T S O SO N S S 4
o |m “ | | 6 | | | | | | | | | | | |
2 o 35 ‘L,",f‘W‘Jlﬁlﬂ#"ﬁL,l”lf#lﬁ#l”‘l-
O o O e T (R i e e e B e R e s
&= H | | | | | | | | | | | | | |
< N [ il el el Bl il il ellied il Sl il el el (e Ml il
_n“v r_u —/_ A .m. | | | | | | | | | | | | | | |
- 1 T o T T T S T T
% e E m T S| | | | | | | | | | | | | | |
. A et et s et et (ot Sl et el Sttt S el
o=22= o (/p) mv | | ” | ” | | ” | ” I I ” I ”
WWW " . m\\,\\,\\J\\\,\\,\\\,\\,\\J\\\,\\,\\\,\\,\\J\\ﬂ\\,\\wl
[ | I | | I | I | | I | I | | I
m m D u_Vu.\\,\\,\\J\\\,\\,\\\,\\,\\J\\\,\\,\\\,\\,\\J\\ﬂ\\,\\wn
~oor - | | | | I | | | | I | | | | I
e m m Q 15 I N N A A DR A
—_ C C 2] Im R L [ A
NS N N A
0044 m % | | | | | | | | | | | | | | |
I [ S [ 5
SQQ = (2’4 | I | | | | I | | | | I | | |
0 Eel e Y
) | | | | | | | | | | | |
y@@ - R e e a S
o - | | | | | | | | | | | |
Fdoct—-l——4--—-d4--t-=——4--—-d4--+t----+-#~- %
© o 0 m Tl I I I | | | | | | |
A—W o O Il =7 i e i I e (e e S A it -l by 3
| L — 7 [ | |
3mm m \Jm.ﬂ\\,\\A\J\h\f\\ﬂ\J\\J " ; T ~_
T —_ | | | | | | | | | | | I I | I
000 _._I \\,O,\\J\\\,\\,\\J\\,\\J\\\,\\,\\J\\,\\J\\yl
o) | | | | I | | | | I | | | | I
= L e e e N B
Q_u A
c S T A S S N A S T N R A
I > N e e T e T R
© n m)] I R R R A AN R E S R M R R
> | | | | | | | | | | | | | | |
o o] ::p.v::_“/:::“.v::npo.:.:“.v:::p.v::_..p.v::A“w::Lu.:uu::_..“.v::np/_:::r.:.T.:_..p.v::C
< =z O N S © gw & ¥ 5 @3 N g % 5 9
==z0 = <} o <} <} o <} <} <}
OO0%: > (sy2) mold
== 5 0O
£L£0



=6.02"
Page 18

Printed 2/1/2022

0.0 min

for 25 YEAR event
0%, Lag

PROPOSED BUILDING 1 SITE

Type Il 24-hr 25 YEAR Rainfall

0.05 hrs

0.207 af, Atten

0.207 af

0.00-72.00 hrs, dt

Hydrograph

0.752 ac, 10.31% Impervious, Inflow Depth = 3.30"

2.29cfs @ 12.19 hrs, Volume

229cfs @ 12.19 hrs, Volume
Reach 2D: OVERLAND TO CORP DRV. & B4 DRV DRAIN.

Summary for Reach 2D: OVERLAND TO CORP DRV. & B4 DRV DRAIN.

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

Routing by Dyn-Stor-Ind method, Time Span

Andover Lot 1 PC 1

Inflow Area
Inflow
Outflow

= Outflow

= Inflow
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Time (hours)
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PROPOSED BUILDING 1 SITE

Type Il 24-hr 25 YEAR Rainfall

=6.02"

Andover Lot 1 PC 1

Printed 2/1/2022

Prepared by LINDEN ENGINEERING PARTNERS, LLC
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Summary for Reach 3D: MEADOW TO DRAIN
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Inflow Area

Inflow
Outflow

0.05 hrs

0.00-72.00 hrs, dt=

Routing by Dyn-Stor-Ind method, Time Span

Reach 3D: MEADOW TO DRAIN

Hydrograph

= Outflow

= Inflow
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PROPOSED BUILDING 1 SITE

Type Il 24-hr 25 YEAR Rainfall

Summary for Reach 4D: B1 SITE TO DRAIN

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

Andover Lot 1 PC 1
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Printed 2/1/2022

PROPOSED BUILDING 1 SITE

Type Il 24-hr 25 YEAR Rainfall

Summary for Reach 5D: TOTAL B1 SITE TO EXIST. SW BASIN

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

Andover Lot 1 PC 1
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= Outflow

= Inflow

Printed 2/1/2022
0.0 min

for 25 YEAR event
0%, Lag

PROPOSED BUILDING 1 SITE

Type Il 24-hr 25 YEAR Rainfall

4.33"

0.481 af
0.05 hrs

0.481 af, Atten

0.00-72.00 hrs, dt

Reach 5R:

Hydrograph

Summary for Reach 5R:

1.332 ac, 49.13% Impervious, Inflow Depth

5.65cfs @ 12.10 hrs, Volume
5.65cfs @ 12.10 hrs, Volume

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

Routing by Dyn-Stor-Ind method, Time Span

Andover Lot 1 PC 1

Inflow Area

Inflow
Outflow

U U U U U U U U U U U 1 1 U 1 1 U U U U U 1
Time (hours)
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Printed 2/1/2022

PROPOSED BUILDING 1 SITE

Type Il 24-hr 25 YEAR Rainfall

Summary for Reach 17R:

Prepared by LINDEN ENGINEERING PARTNERS, LLC
HydroCAD® 10.00-25 s/n 07179 © 2019 HydroCAD Software Solutions LLC

Andover Lot 1 PC 1
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PROPOSED BUILDING 1 SITE

Type Il 24-hr 25 YEAR Rainfall

=6.02"

Andover Lot 1 PC 1

Printed 2/1/2022

Prepared by LINDEN ENGINEERING PARTNERS, LLC

Page 24
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Summary for Reach STC1: STC#1

for 25 YEAR event

4.65"

1.603 af

4.134 ac, 76.55% Impervious, Inflow Depth

16.70 cfs @ 12.17 hrs, Volume

Inflow Area
Inflow

0.0 min

0%, Lag=

1.603 af, Atten=

16.70 cfs @ 12.17 hrs, Volume

Outflow

0.05 hrs

0.00-72.00 hrs, dt=

Routing by Dyn-Stor-Ind method, Time Span

Reach STC1: STC#1

Hydrograph
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PROPOSED BUILDING 1 SITE

Type Il 24-hr 25 YEAR Rainfall

Summary for Reach STC2: STC#2
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Andover Lot 1 PC 1
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Summary for Pond IB1: ISTR#1

Inflow Area = 1.254 ac, 84.04% Impervious, Inflow Depth = 5.55" for 25 YEAR event
Inflow = 714 cfs @ 12.09 hrs, Volume= 0.580 af

Outflow = 6.22 cfs @ 12.14 hrs, Volume= 0.495 af, Atten=13%, Lag= 3.0 min
Primary = 6.22cfs @ 12.14 hrs, Volume= 0.495 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Peak Elev=151.81' @ 12.14 hrs Surf.Area= 0.064 ac Storage= 0.127 af

Plug-Flow detention time= 121.9 min calculated for 0.495 af (85% of inflow)
Center-of-Mass det. time= 59.1 min ( 817.2 - 758.2)

Volume Invert  Avail.Storage Storage Description
#1 150.00' 0.141 af Shea Leaching Chamber 8x14x2.7 @ 13.00' Lx 33
Inside= 84.0"W x 24.0"H => 15.38 sf x 12.07'L = 185.7 cf
Outside= 96.0"W x 32.0"H => 21.36 sf x 13.00'L = 277.7 cf

Device Routing Invert Outlet Devices
#1  Device 2 151.20" 4.0' long Sharp-Crested Rectangular Weir 2 End Contraction(s)
2.7' Crest Height
#2  Primary 148.50" 18.0" Round Culvert L=50.0'" Ke= 0.500

Inlet / Outlet Invert= 148.50' / 148.30' S=0.0040"'/" Cc= 0.900
n=0.013, Flow Area= 1.77 sf

Primary OutFlow Max=6.11 cfs @ 12.14 hrs HW=151.80' TW=150.08" (Dynamic Tailwater)
T o=culvert (Passes 6.11 cfs of 11.18 cfs potential flow)
1=Sharp-Crested Rectangular Weir (Weir Controls 6.11 cfs @ 2.61 fps)
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Summary for Pond IB2: (new Pond)

Inflow Area = 4.134 ac, 76.55% Impervious, Inflow Depth = 4.94" for 25 YEAR event
Inflow = 20.33cfs @ 12.10 hrs, Volume= 1.702 af

Outflow = 16.70 cfs @ 12.17 hrs, Volume= 1.603 af, Atten=18%, Lag=4.2 min
Primary = 16.70 cfs @ 12.17 hrs, Volume= 1.603 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Peak Elev=150.14' @ 12.17 hrs Surf.Area= 0.075 ac Storage= 0.260 af

Plug-Flow detention time= 71.8 min calculated for 1.602 af (94% of inflow)
Center-of-Mass det. time= 40.1 min ( 822.4 - 782.3)

Volume Invert  Avail.Storage Storage Description
#1 147.00' 0.331 af Shea Leaching Chamber 8x14x4.7 x 36
Inside= 84.0"W x 48.0"H => 30.77 sf x 13.00'L = 400.0 cf
Outside= 96.0"W x 56.0"H => 37.36 sf x 14.00'L = 523.0 cf

Device Routing Invert Outlet Devices
#1  Primary 148.20' 18.0" Round Culvert L=5.0'" Ke= 0.500
Inlet / Outlet Invert= 148.20' / 148.13' S=0.0140"'/" Cc=0.900
n=0.012, Flow Area= 1.77 sf
#2  Primary 148.20' 18.0" Round Culvert L=7.0" Ke= 0.500
Inlet / Outlet Invert= 148.20'/ 148.13' S=0.0100"'/" Cc=0.900
n=0.012, Flow Area= 1.77 sf

Primary OutFlow Max=16.50 cfs @ 12.17 hrs HW=150.12" TW=0.00" (Dynamic Tailwater)
1=Culvert (Barrel Controls 8.28 cfs @ 4.75 fps)
2=Culvert (Barrel Controls 8.22 cfs @ 4.71 fps)
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Summary for Pond IS3: IS#3

Inflow Area = 0.729 ac, 59.53% Impervious, Inflow Depth = 4.65" for 25 YEAR event
Inflow = 3.75cfs @ 12.09 hrs, Volume= 0.282 af

Outflow = 3.40cfs@ 12.13 hrs, Volume= 0.231 af, Atten=9%, Lag= 2.3 min
Primary = 3.40cfs @ 12.13 hrs, Volume= 0.231 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Peak Elev=153.10' @ 12.13 hrs Surf.Area= 0.039 ac Storage= 0.068 af

Plug-Flow detention time= 121.2 min calculated for 0.231 af (82% of inflow)
Center-of-Mass det. time= 49.2 min ( 840.5-791.4)

Volume Invert  Avail.Storage Storage Description
#1 151.50' 0.085 af Shea Leaching Chamber 8x14x2.7 @ 13.00' Lx 20
Inside= 84.0"W x 24.0"H => 15.38 sf x 12.07'L = 185.7 cf
Outside= 96.0"W x 32.0"H => 21.36 sf x 13.00'L = 277.7 cf

Device Routing Invert Outlet Devices
#1  Device 2 152.70" 4.0' long Sharp-Crested Rectangular Weir 2 End Contraction(s)
1.2' Crest Height
#2  Primary 150.00" 15.0" Round Culvert L=60.0'" Ke= 0.500

Inlet / Outlet Invert= 150.00' / 149.40' S=0.0100"'/" Cc=0.900
n=0.013, Flow Area= 1.23 sf

Primary OutFlow Max=3.33 cfs @ 12.13 hrs HW=153.10' TW=149.40" (Dynamic Tailwater)
T o=culvert (Passes 3.33 cfs of 9.05 cfs potential flow)
1=Sharp-Crested Rectangular Weir (Weir Controls 3.33 cfs @ 2.14 fps)
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Inflow Area

Summary for Pond 1S4: IS#4

1.702 ac, 72.53% Impervious, Inflow Depth = 4.67" for 25 YEAR event

8.72cfs @ 12.10 hrs, Volume= 0.662 af
591cfs @ 12.21 hrs, Volume= 0.607 af, Atten=32%, Lag= 6.4 min
591cfs @ 12.21 hrs, Volume= 0.607 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Peak Elev=149.60' @ 12.21 hrs Surf.Area= 0.042 ac Storage= 0.142 af

Plug-Flow detention time= 91.1 min calculated for 0.607 af (92% of inflow)
Center-of-Mass det. time= 47.7 min ( 841.3 - 793.6 )

Avail.Storage Storage Description

0.184 af Shea Leaching Chamber 8x14x4.7 x 20

Device Routing

Inside= 84.0"W x 48.0"H => 30.77 sf x 13.00'L = 400.0 cf
Outside= 96.0"W x 56.0"H => 37.36 sf x 14.00'L = 523.0 cf

Qutlet Devices

14.0" Round Culvert L=40.0" Ke= 0.500
Inlet / Outlet Invert= 147.70' / 147.00' S=0.0175"'" Cc=0.900
n=0.012, Flow Area= 1.07 sf

Primary OutFlow Max=5.90 cfs @ 12.21 hrs HW=149.60' TW=0.00" (Dynamic Tailwater)
1=Culvert (Inlet Controls 5.90 cfs @ 5.52 fps)

Pond I1S4: IS#4
Hydrograph

Flow (cfs)
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MADEP CHECKLIST FOR
STORMWATER REPORT



Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report

A. Introduction

Important: When ~ A Stormwater Report must be submitted with the Notice of Intent permit application to document

filing outforms ¢ mpliance with the Stormwater Management Standards. The following checklist is NOT a substitute for
on the computer, . . . . . . .

use only the tab  the Stormwater Report (which should provide more substantive and detailed information) but is offered
key to move your here as a tool to help the applicant organize their Stormwater Management documentation for their
cursor - do not Report and for the reviewer to assess this information in a consistent format. As noted in the Checklist,

use the return the Stormwater Report must contain the engineering computations and supporting information set forth in

ke' Volume 3 of the Massachusetts Stormwater Handbook. The Stormwater Report must be prepared and
certified by a Registered Professional Engineer (RPE) licensed in the Commonwealth.
A

The Stormwater Report must include:
IEA" e The Stormwater Checklist completed and stamped by a Registered Professional Engineer (see
page 2) that certifies that the Stormwater Report contains all required submittals.* This Checklist
is to be used as the cover for the completed Stormwater Report.
Applicant/Project Name
Project Address
Name of Firm and Registered Professional Engineer that prepared the Report
Long-Term Pollution Prevention Plan required by Standards 4-6
Construction Period Pollution Prevention and Erosion and Sedimentation Control Plan required
by Standard 82
e Operation and Maintenance Plan required by Standard 9

In addition to all plans and supporting information, the Stormwater Report must include a brief narrative
describing stormwater management practices, including environmentally sensitive site design and LID
techniques, along with a diagram depicting runoff through the proposed BMP treatment train. Plans are
required to show existing and proposed conditions, identify all wetland resource areas, NRCS soil types,
critical areas, Land Uses with Higher Potential Pollutant Loads (LUHPPL), and any areas on the site
where infiltration rate is greater than 2.4 inches per hour. The Plans shall identify the drainage areas for
both existing and proposed conditions at a scale that enables verification of supporting calculations.

As noted in the Checklist, the Stormwater Management Report shall document compliance with each of
the Stormwater Management Standards as provided in the Massachusetts Stormwater Handbook. The
soils evaluation and calculations shall be done using the methodologies set forth in Volume 3 of the
Massachusetts Stormwater Handbook.

To ensure that the Stormwater Report is complete, applicants are required to fill in the Stormwater Report
Checklist by checking the box to indicate that the specified information has been included in the
Stormwater Report. If any of the information specified in the checklist has not been submitted, the
applicant must provide an explanation. The completed Stormwater Report Checklist and Certification
must be submitted with the Stormwater Report.

1 The Stormwater Report may also include the lllicit Discharge Compliance Statement required by Standard 10. If not included in
the Stormwater Report, the lllicit Discharge Compliance Statement must be submitted prior to the discharge of stormwater runoff to
the post-construction best management practices.

2 For some complex projects, it may not be possible to include the Construction Period Erosion and Sedimentation Control Plan in
the Stormwater Report. In that event, the issuing authority has the discretion to issue an Order of Conditions that approves the
project and includes a condition requiring the proponent to submit the Construction Period Erosion and Sedimentation Control Plan
before commencing any land disturbance activity on the site.

SW Report Checklist 1-26-2022.doc « 04/01/08 Stormwater Report Checklist « Page 1 of 8
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Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report

B. Stormwater Checklist and Certification

The following checklist is intended to serve as a guide for applicants as to the elements that ordinarily
need to be addressed in a complete Stormwater Report. The checklist is also intended to provide
conservation commissions and other reviewing authorities with a summary of the components necessary
for a comprehensive Stormwater Report that addresses the ten Stormwater Standards.

Note: Because stormwater requirements vary from project to project, it is possible that a complete
Stormwater Report may not include information on some of the subjects specified in the Checklist. If it is
determined that a specific item does not apply to the project under review, please note that the item is not
applicable (N.A.) and provide the reasons for that determination.

A complete checklist must include the Certification set forth below signed by the Registered Professional
Engineer who prepared the Stormwater Report.

Registered Professional Engineer’s Certification

| have reviewed the Stormwater Report, including the soil evaluation, computations, Long-term Pollution
Prevention Plan, the Construction Period Erosion and Sedimentation Control Plan (if included), the Long-
term Post-Construction Operation and Maintenance Plan, the lllicit Discharge Compliance Statement (if
included) and the plans showing the stormwater management system, and have determined that they
have been prepared in accordance with the requirements of the Stormwater Management Standards as
further elaborated by the Massachusetts Stormwater Handbook. | have also determined that the
information presented in the Stormwater Checklist is accurate and that the information presented in the
Stormwater Report accurately reflects conditions at the site as of the date of this permit application.

Registered Professional Engineer Block and Signature

_ " = ’i . ,g/ =, .

Jan. 26, 2022

Signature and Date

Checklist

Project Type: Is the application for new development, redevelopment, or a mix of new and
redevelopment?

[ ] New development
X Redevelopment

[] Mix of New Development and Redevelopment

SW Report Checklist 1-26-2022.doc « 04/01/08 Stormwater Report Checklist « Page 2 of 8



Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report

Checklist (continued)

LID Measures: Stormwater Standards require LID measures to be considered. Document what
environmentally sensitive design and LID Techniques were considered during the planning and design of
the project:

[] No disturbance to any Wetland Resource Areas

[] Site Design Practices (e.g. clustered development, reduced frontage setbacks)
X] Reduced Impervious Area (Redevelopment Only)
[] Minimizing disturbance to existing trees and shrubs
[] LID Site Design Credit Requested:
[ ] Credit1
[ ] Credit2
[] Credit3
[] Use of “country drainage” versus curb and gutter conveyance and pipe
[] Bioretention Cells (includes Rain Gardens)
[] Constructed Stormwater Wetlands (includes Gravel Wetlands designs)
[] Treebox Filter
[] Water Quality Swale
[] Grass Channel
[] Green Roof
[] Other (describe):

Standard 1: No New Untreated Discharges

X No new untreated discharges (Project uses recently approved outlet with reduced flow)

[] Outlets have been designed so there is no erosion or scour to wetlands and waters of the
Commonwealth

Xl Supporting calculations specified in Volume 3 of the Massachusetts Stormwater Handbook included.

SW Report Checklist 1-26-2022.doc « 04/01/08 Stormwater Report Checklist « Page 3 of 8



Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report

Checklist (continued)

Standard 2: Peak Rate Attenuation

L]
L]

X

Standard 2 waiver requested because the project is located in land subject to coastal storm flowage
and stormwater discharge is to a wetland subject to coastal flooding.

Evaluation provided to determine whether off-site flooding increases during the 100-year 24-hour
storm.

Calculations provided to show that post-development peak discharge rates do not exceed pre-
development rates for the 2-year and 10-year 24-hour storms. If evaluation shows that off-site
flooding increases during the 100-year 24-hour storm, calculations are also provided to show that
post-development peak discharge rates do not exceed pre-development rates for the 100-year 24-
hour storm.

Standard 3: Recharge

X

L]
L]
X

0 X

O X

X
L]

Soil Analysis provided.

Required Recharge Volume calculation provided.

Required Recharge volume reduced through use of the LID site Design Credits.

Sizing the infiltration, BMPs is based on the following method: Check the method used.

X Static [] Simple Dynamic ] Dynamic Field*

Runoff from all impervious areas at the site discharging to the infiltration BMP.

Runoff from all impervious areas at the site is not discharging to the infiltration BMP and calculations
are provided showing that the drainage area contributing runoff to the infiltration BMPs is sufficient to

generate the required recharge volume.

Recharge BMPs have been sized to infiltrate the Required Recharge Volume.

Recharge BMPs have been sized to infiltrate the Required Recharge Volume only to the maximum
extent practicable for the following reason:

[] Site is comprised solely of C and D soils and/or bedrock at the land surface
[] M.G.L. c. 21E sites pursuant to 310 CMR 40.0000

[] Solid Waste Landfill pursuant to 310 CMR 19.000

[] Project is otherwise subject to Stormwater Management Standards only to the maximum extent
practicable.

Calculations showing that the infiltration BMPs will drain in 72 hours are provided.

Property includes a M.G.L. c. 21E site or a solid waste landfill and a mounding analysis is included.

180% TSS removal is required prior to discharge to infiltration BMP if Dynamic Field method is used.
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Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report

Checklist (continued)

Standard 3: Recharge (continued)

[] The infiltration BMP is used to attenuate peak flows during storms greater than or equal to the 10-
year 24-hour storm and separation to seasonal high groundwater is less than 4 feet and a mounding
analysis is provided.

[ ] Documentation is provided showing that infiltration BMPs do not adversely impact nearby wetland
resource areas.

Standard 4: Water Quality

The Long-Term Pollution Prevention Plan typically includes the following:

Good housekeeping practices;

Provisions for storing materials and waste products inside or under cover;

Vehicle washing controls;

Requirements for routine inspections and maintenance of stormwater BMPs;

Spill prevention and response plans;

Provisions for maintenance of lawns, gardens, and other landscaped areas;

Requirements for storage and use of fertilizers, herbicides, and pesticides;

Pet waste management provisions;

Provisions for operation and management of septic systems;

Provisions for solid waste management;

Snow disposal and plowing plans relative to Wetland Resource Areas;

Winter Road Salt and/or Sand Use and Storage restrictions;

Street sweeping schedules;

Provisions for prevention of illicit discharges to the stormwater management system;
Documentation that Stormwater BMPs are designed to provide for shutdown and containment in the
event of a spill or discharges to or near critical areas or from LUHPPL,;

Training for staff or personnel involved with implementing Long-Term Pollution Prevention Plan;
List of Emergency contacts for implementing Long-Term Pollution Prevention Plan.

X A Long-Term Pollution Prevention Plan is attached to Stormwater Report and is included as an
attachment to the Wetlands Notice of Intent.

[ ] Treatment BMPs subject to the 44% TSS removal pretreatment requirement and the one inch rule for
calculating the water quality volume are included, and discharge:

] is within the Zone Il or Interim Wellhead Protection Area

[] is near or to other critical areas

[] is within soils with a rapid infiltration rate (greater than 2.4 inches per hour)
] involves runoff from land uses with higher potential pollutant loads.

The Required Water Quality Volume is reduced through use of the LID site Design Credits.

X O

Calculations documenting that the treatment train meets the 80% TSS removal requirement and, if
applicable, the 44% TSS removal pretreatment requirement, are provided.
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Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report

Checklist (continued)

Standard 4: Water Quality (continued)
X] The BMP is sized (and calculations provided) based on:

X The %’ or 1” Water Quality Volume or

[] The equivalent flow rate associated with the Water Quality Volume and documentation is
provided showing that the BMP treats the required water quality volume.

X The applicant proposes to use proprietary BMPs, and documentation supporting use of proprietary
BMP and proposed TSS removal rate is provided. This documentation may be in the form of the
propriety BMP checklist found in Volume 2, Chapter 4 of the Massachusetts Stormwater Handbook
and submitting copies of the TARP Report, STEP Report, and/or other third party studies verifying
performance of the proprietary BMPs.

[ ] A TMDL exists that indicates a need to reduce pollutants other than TSS and documentation showing
that the BMPs selected are consistent with the TMDL is provided.

Standard 5: Land Uses With Higher Potential Pollutant Loads (LUHPPLS)

[] The NPDES Multi-Sector General Permit covers the land use and the Stormwater Pollution
Prevention Plan (SWPPP) has been included with the Stormwater Report.
The NPDES Multi-Sector General Permit covers the land use and the SWPPP will be submitted prior
to the discharge of stormwater to the post-construction stormwater BMPs.

Ll
[] The NPDES Multi-Sector General Permit does not cover the land use.
[ ] LUHPPLs are located at the site and industry specific source control and pollution prevention

measures have been proposed to reduce or eliminate the exposure of LUHPPLS to rain, snow, snow
melt and runoff, and been included in the long term Pollution Prevention Plan.

[l

All exposure has been eliminated.

[l

All exposure has not been eliminated and all BMPs selected are on MassDEP LUHPPL list.

[] The LUHPPL has the potential to generate runoff with moderate to higher concentrations of oil and
grease (e.g. all parking lots with >1000 vehicle trips per day) and the treatment train includes an oll
grit separator, a filtering bioretention area, a sand filter or equivalent.

Standard 6: Critical Areas

[] The discharge is near or to a critical area and the treatment train includes only BMPs that MassDEP
has approved for stormwater discharges to or near that particular class of critical area.

[] Critical areas and BMPs are identified in the Stormwater Report.
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Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report

Checklist (continued)

Standard 7: Redevelopments and Other Projects Subject to the Standards only to the maximum

extent practicable

X The project is subject to the Stormwater Management Standards only to the maximum Extent
Practicable as a:

[] Limited Project

[] Small Residential Projects: 5-9 single family houses or 5-9 units in a multi-family development
provided there is no discharge that may potentially affect a critical area.

[] Small Residential Projects: 2-4 single family houses or 2-4 units in a multi-family development

with a discharge to a critical area

[] Marina and/or boatyard provided the hull painting, service and maintenance areas are protected
from exposure to rain, snow, snow melt and runoff

[] Bike Path and/or Foot Path
X Redevelopment Project

[ ] Redevelopment portion of mix of new and redevelopment.

[l

Certain standards are not fully met (Standard No. 1, 8, 9, and 10 must always be fully met) and an
explanation of why these standards are not met is contained in the Stormwater Report.

X The project involves redevelopment and a description of all measures that have been taken to
improve existing conditions is provided in the Stormwater Report. The redevelopment checklist found
in Volume 2 Chapter 3 of the Massachusetts Stormwater Handbook may be used to document that
the proposed stormwater management system (a) complies with Standards 2, 3 and the pretreatment
and structural BMP requirements of Standards 4-6 to the maximum extent practicable and (b)
improves existing conditions.

Standard 8: Construction Period Pollution Prevention and Erosion and Sedimentation Control

A Construction Period Pollution Prevention and Erosion and Sedimentation Control Plan must include the
following information:

Narrative;

Construction Period Operation and Maintenance Plan;

Names of Persons or Entity Responsible for Plan Compliance;
Construction Period Pollution Prevention Measures;

Erosion and Sedimentation Control Plan Drawings;

Detail drawings and specifications for erosion control BMPs, including sizing calculations;
Vegetation Planning;

Site Development Plan;

Construction Sequencing Plan;

Sequencing of Erosion and Sedimentation Controls;

Operation and Maintenance of Erosion and Sedimentation Controls;
Inspection Schedule;

Maintenance Schedule;

Inspection and Maintenance Log Form.

X] A Construction Period Pollution Prevention and Erosion and Sedimentation Control Plan containing
the information set forth above has been included in the Stormwater Report.
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Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report

Checklist (continued)

Standard 8: Construction Period Pollution Prevention and Erosion and Sedimentation Control
(continued)

[] The project is highly complex and information is included in the Stormwater Report that explains why
it is not possible to submit the Construction Period Pollution Prevention and Erosion and
Sedimentation Control Plan with the application. A Construction Period Pollution Prevention and
Erosion and Sedimentation Control has not been included in the Stormwater Report but will be
submitted before land disturbance begins.

[] The project is not covered by a NPDES Construction General Permit.

[] The project is covered by a NPDES Construction General Permit and a copy of the SWPPP is in the
Stormwater Report.

XI The project is covered by a NPDES Construction General Permit but no SWPPP been submitted.
The SWPPP will be submitted BEFORE land disturbance begins.

Standard 9: Operation and Maintenance Plan

X The Post Construction Operation and Maintenance Plan is included in the Stormwater Report and
includes the following information:

X Name of the stormwater management system owners;

X] Party responsible for operation and maintenance;

X] Schedule for implementation of routine and non-routine maintenance tasks;
X] Plan showing the location of all stormwater BMPs maintenance access areas;
X Description and delineation of public safety features;

X] Estimated operation and maintenance budget; and

X] Operation and Maintenance Log Form.

[] The responsible party is not the owner of the parcel where the BMP is located and the Stormwater
Report includes the following submissions:

[ ] A copy of the legal instrument (deed, homeowner’s association, utility trust or other legal entity)
that establishes the terms of and legal responsibility for the operation and maintenance of the
project site stormwater BMPs;

[] A plan and easement deed that allows site access for the legal entity to operate and maintain
BMP functions.

Standard 10: Prohibition of lllicit Discharges
X The Long-Term Pollution Prevention Plan includes measures to prevent illicit discharges;

X] An lllicit Discharge Compliance Statement is attached;

[ ] NO lllicit Discharge Compliance Statement is attached but will be submitted prior to the discharge of
any stormwater to post-construction BMPs.
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OPERATIONS AND MAINTENANCE MANUAL
STORMWATER MANAGEMENT SYSTEM
1 and 4 Corporate Drive, Andover, MA

Property Description:

The property which is the subject of this O & M Manual is located at 1 and 4
Corporate Drive in Andover, MA. The land area of the property consists of 24.0+
acres and the land is located to the east of Shattuck Road and to the west of
Interstate Route 93.

Stormwater from the improvements on the land is collected in a series of catch
basins and conveyed by drainage pipes to a stormwater management basin
located on the east side of the property near Interstate Route 93. The discharge
from this basin is conveyed via a constructed drainage channel in a utility and
drainage easement north to a culvert under River Road and subsequently to the
Merrimac River.

Operation and Maintenance Plan

In accordance with the Stormwater Management Regulations issued by the
Department of Environmental Protection (DEP) and the Town of Andover
Stormwater Management Bylaw, Linden Engineering Partners, LLC has prepared
the following Operation and Maintenance Plan for the 1 and 4 Corporate Drive

property.

This plan is broken into two major sections. The first section describes
operational management practices. The second section is devoted to the
operation and maintenance plan.

Basic Information

Property Owner & Financially Responsible Party:
IQHQ-1 Corporate, KKC and IQHQ-4 Corporate, LLC
c/o Mr. Will Ashton, IQHQ
One Boston Place, 201 Washington St, Suite 3920, Boston, MA 02108
Tel: 617-314-9620; Mobile 617-992-1930
Email: washton@ighqgreit.com

Property Manager and Person Responsible for Maintenance and Repairs:
Stacy Browne, Senior Real Estate Manager
CBRE, Property Management
One Tech Drive, Andover, MA 01810
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OPERATIONS AND MAINTENANCE MANUAL
STORMWATER MANAGEMENT SYSTEM
1 and 4 Corporate Drive, Andover, MA

Tel: 1 978 683 5224; Cell: 1 617 594 8883
Email: Stacy.Browne@cbre.com

Good Housekeeping BMP’s (Construction and Post Construction Periods)

The following good housekeeping practices will be followed onsite during and
after the construction project:

e An effort will be made to store only enough product required to do a
particular job. All materials stored onsite will be stored in a neat, orderly
manner in their appropriate containers and, if possible under a roof or other
enclosure.

e Products will be kept in their original containers with the original
manufacturer's label.

e Substances will not be mixed with one another unless recommended by
the manufacturer.

e Whenever possible, all of a product will be used up before disposing of the
container.

e Manufacturer's recommendations for proper use and disposal will be
followed.

Material Handling and Waste Management
Hazardous Products:

These practices will be used to reduce the risks associated with hazardous
materials. Material Safety Data Sheets (MSDSs) for each substance with
hazardous properties that is used on the property will be obtained and used for
the proper management of potential wastes that may result from these products.
An MSDS will be posted in the immediate area where such product is stored
and/or used and another copy of each MSDS will be maintained in the property
management office. Each employee who must handle a substance with
hazardous properties will be instructed on the use of MSDS sheets and the
specific information in the applicable MSDS for the product they are using,
particularly regarding spill control techniques.

e Products will be kept in original containers unless they are not re-sealable.
e Original labels and material safety data will be retained; they contain
important product information.

April 3, 2021, REVISED January 26, 2022
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OPERATIONS AND MAINTENANCE MANUAL
STORMWATER MANAGEMENT SYSTEM
1 and 4 Corporate Drive, Andover, MA

e |If surplus product must be disposed of, manufacture's or local and State
recommended methods for proper disposal will be followed.

Hazardous Waste

All hazardous waste material will be disposed of in the manner specified by local,
state, and/or federal regulations and by the manufacturer of such products. Site
personnel will be instructed in these practices by the job site superintendent, who
will also be responsible for seeing that these practices are followed.

Sanitary Wastes

All sanitary waste will be disposed of by means of the municipal sewer system
connected to the buildings on the property

Equipment Fueling

No fuel shall be stored on the property except for fuel stored in approved
containers as part of equipment. All fueling areas will be inspected and cleaned
weekly as necessary.

Spill Prevention and Control Plan

The property manager will train all personnel in the proper handling and cleanup
of spilled materials. No spilled hazardous materials or hazardous wastes will be
allowed to come in contact with storm water discharges. If such contact occurs,
the storm water discharge will be contained on site until appropriate measures in
compliance with state and federal regulations are taken to dispose of such
contaminated storm water. It shall be the responsibility of the job site
superintendent to properly train all personnel in spill prevention and clean up
procedures.

In order to minimize the potential for a spill of hazardous materials to come into
contact with storm water, the following steps will be implemented:

1. All materials with hazardous properties (such as pesticides, petroleum
products, fertilizers, detergents, chemicals, acids, paints, paint solvents,
cleaning solvents will be stored in a secure location, with their lids on,
under cover, when not in use.

April 3, 2021, REVISED January 26, 2022
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OPERATIONS AND MAINTENANCE MANUAL
STORMWATER MANAGEMENT SYSTEM
1 and 4 Corporate Drive, Andover, MA

2. The minimum practical quantity of all such materials will be kept on the

property at all times.

A spill control and containment kit (containing, for example, absorbent
materials, acid neutralizing powder, brooms, dust pans, mops, rags,
gloves, goggles, plastic and metal trash containers, etc.) will be provided at
the storage site. Catch basin inlet cover blankets and inflatable pipe plugs
will be used to seal the openings in the outlet control structure and isolate
product in the wet basin should a spill occur.

Manufacturer’s recommended methods for spill cleanup will be clearly
posted and site personnel will be trained regarding these procedures and
the location of the information and cleanup supplies.

In the event of a spill, the following procedures should be followed:

1.

All spills will be cleaned up immediately after discovery.

The spill area will be kept well ventilated and personnel will wear
appropriate protective clothing to prevent injury from contact with the
hazardous substances.

The property manager will be notified immediately.
Spills of toxic or hazardous materials will be reported to the appropriate

federal, state, and/or local government agency, regardless of the size of
the spill.

The property manager will be the spill prevention and response coordinator.
He/she will designate the individuals who will receive spill prevention and
response training. These individuals will each become responsible for a particular
phase of prevention and response. The names of these personnel will be posted
in the property management office.

Allowable Non-Stormwater Discharge Management

Certain types of discharges are allowed under the NPDES Permit System, and it
is the intent of this O & M Plan to allow such discharges. These types of

April 3, 2021, REVISED January 26, 2022
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OPERATIONS AND MAINTENANCE MANUAL
STORMWATER MANAGEMENT SYSTEM
1 and 4 Corporate Drive, Andover, MA

discharges will be allowed under the conditions that no pollutants will be allowed
to come into contact with the water prior to or after its discharge. The control
measures that have been outlined previously in this O & M Plan will be strictly
followed to ensure that no contamination of these non-stormwater discharges
takes place. The following non-stormwater discharges that may occur from the job
site include:

e Discharges from fire-fighting activities

e Fire Hydrant flushings

e Waters used to wash vehicles where detergents are not used

e Water used to control dust in accordance with off-site vehicle tracking
e Potable water including uncontaminated water line flushings

¢ Routine external building wash down that does not use detergents

e Pavement wash waters where spills or leaks of toxic or hazardous
materials have not occurred (unless all spilled material has been removed)
and where detergents are not used

e Uncontaminated air conditioner compressor condensate

e Uncontaminated ground water or spring water

e Foundation or footing drains where flows are not contaminated with
process materials such as solvents

e Uncontaminated excavation dewatering

e Landscape irrigation

STORMWATER MANAGEMENT SYSTEM MAINTENANCE
Stormwater BMP’s

Several types of structural and non-structural water quality controls in various
combinations are proposed to treat stormwater generated on the site. These
measures include deep sump catch basins, stormwater treatment units,
underground infiltration systems and a wet basin. These Water quality treatment
measures will result in the removal of most of the total suspended solids (TSS)
load in runoff prior to discharge from the site, consistent with DEP's TSS removal
standards.

The following best management practices are specified in the proposed
development program to mitigate the increase in stormwater runoff from the site.

April 3, 2021, REVISED January 26, 2022
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OPERATIONS AND MAINTENANCE MANUAL
STORMWATER MANAGEMENT SYSTEM
1 and 4 Corporate Drive, Andover, MA

BMPs Used
» Deep Sump Catch basins — 50 Catch basins
» Trench Drains — 2 Trench Drains
» Stormwater Treatment Units — 1 Stormceptor STC 900, 2 Contech
Cascade CS-4
» Underground Infiltration Structures — 5 Systems Total
» Wet Basin — 1 Basin

Post-Development Activities

1.

Paved Areas: Paved Areas shall be mechanically swept during the dry
weather to remove excess sediments, thereby reducing the amount of
sediments that the drainage system will have to remove from the runoff.
Paved areas shall be mechanically swept a minimum of two times each
year ( in the spring after all snow and ice have melted and late in the fall
prior to snowfall).

The use of salt or chemicals for de-icing on the paved areas during the
winter months shall be limited to the minimum amount necessary to
maintain pedestrian and vehicle safety. Alternative measures to sodium
chloride are encouraged for use at the site.

Deep Sump Catch Basins: All Catch basins shall be inspected at least four
times/year (once in the spring at the end of snowfall and once at the end of
the fall foliage season and two other times spaced throughout the year) to
verify that the inlet openings are not clogged by debris and to determine if
the sump needs to be cleaned). Any debris shall be removed from the inlet
grates and disposed of properly. The catch basin sumps shall be
inspected and cleaned whenever the depth of the sediment is 25% or more
of the sump depth or cleaned a minimum of twice annually. Material shall
be removed from the catch basins and disposed of in accordance with all
applicable regulations.

Trench Drains: All Trench Drains shall be inspected at least four times/year
(once in the spring at the end of snowfall and once at the end of the fall
foliage season and two other times spaced throughout the year) to verify
that the inlet and outlet openings are not clogged by debris and to
determine if they need to be cleaned). Any debris shall be removed from
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OPERATIONS AND MAINTENANCE MANUAL
STORMWATER MANAGEMENT SYSTEM
1 and 4 Corporate Drive, Andover, MA

the inlet grates and disposed of properly. The trench drains shall be
inspected and cleaned whenever the depth of the sediment is 25% or more
of the depth or cleaned a minimum of twice annually. Material shall be
removed from the trench drains and disposed of in accordance with all
applicable regulations.

The Stormwater Treatment Units (Stormceptor & Cascade): Stormwater
Treatment Units shall be cleaned and inspected a minimum of four times
per year for the first year and twice per year thereafter if the silt trap is not
full in six months . Cleaning shall be in strict conformance with the
manufacturer’s written instructions which are attached to this Operations
and Maintenance Plan.

The Subsurface (Underground) Infiltration Structures and the inlet/outlet
pipes shall be inspected a minimum of twice/year for signs of accumulated
water, debris and rodent activity. Remove any debris that is observed.
Implement appropriate corrective action if any issues are discovered during
the inspections.

Inspect the Wet Basin at least once per year to ensure the basin is
operating as designed. Inspect the outlet pipes and structure for evidence
of clogging or excessive outflow releases. Potential problems to check
include: subsidence, erosion, cracking or tree growth on the embankment,
damage to the emergency spillway, sediment accumulation around the
outlet, inadequacy of the inlet/outlet channel erosion control measures,
changes in the condition of the pilot channel, erosion within the basin and
banks, and the emergence of invasive species. Make any necessary
repairs immediately. During inspections, note any changes to the wet basin
or the contributing watershed area because these may affect basin
performance. At least twice a year, mow the upper-stage, side slopes,
embankment and emergency spillway. Remove sediment from the basin
as necessary, and at least once every 10 years.

All sediments removed from the site drainage facilities shall be disposed of
properly and in accordance with all applicable local and state regulations.

All vegetated slope areas on the site shall be stabilized following
completion of construction and maintained to control erosion. Any
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OPERATIONS AND MAINTENANCE MANUAL
STORMWATER MANAGEMENT SYSTEM
1 and 4 Corporate Drive, Andover, MA

disturbed areas shall be re-seeded and stabilized by the application of jute
mesh if the slope exceeds 3 feet horizontal to 1 foot vertical.

10. Maintenance Responsibilities: All post-construction maintenance activities
shall be documented and kept on file and made available to the Town of
Andover Conservation Commission. Post-construction maintenance shall
be the responsibility of the Property Owner.

All structural BMP’s and maintenance responsibilities as identified on the site
plans and within this document will be owned and maintained by the owner of the
property and shall run with the title of the property.

Annual Reporting Form
The Owner of the facility shall keep complete records of all BMP maintenance

activities. Annual reports shall be made to the Andover Conservation
Commission using the following form:

April 3, 2021, REVISED January 26, 2022
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OPERATIONS AND MAINTENANCE MANUAL
STORMWATER MANAGEMENT SYSTEM
1 and 4 Corporate Drive, Andover, MA

Annual Operating Budget

The estimated annual operating budget for the O & M Plan for the 1 and 4
Corporate Drive property is $10,000.

Plan of BMP’s

Reference is made to the As-Built Plan to be prepared upon completion of the 1
Corporate Drive Redevelopment Project for the location of all BMP’s.

Conclusion

The construction of the proposed site development as proposed will provide runoff
control for the completed development as required by the MADEP Stormwater
Regulations.
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1 and 4 Corporate Drive, Andover, MA

DRAIN SYSTEM PLANS



OPERATIONS AND MAINTENANCE MANUAL
STORMWATER MANAGEMENT SYSTEM
1 and 4 Corporate Drive, Andover, MA

THE PLANS OF THE DRAINAGE SYSTEM ATTACHED
HERETO WILL BE REPIACED WITH NEW UP TO DATE
AS-BUILT PLANS OF THE SITE UPON COMPLETION OG
THE BUILDING 1 REDEVELOPMENT. FULL SIZE PLANS
WILL BE PROVIDED TO THE MAINTENANCE
PERSONNEL AT THE SITE.
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OPERATIONS AND MAINTENANCE MANUAL
STORMWATER MANAGEMENT SYSTEM
1 and 4 Corporate Drive, Andover, MA

STORMCEPTOR MAINTENANCE
INSTRUCTIONS



A .
>

ENGINEERED SOLUTIONS

Stormceptor® STC
Operation and Maintenance Guide

Stormceptor:

- STC



Stormceptor Design Notes

e Only the STC 450i is adaptable to function with a catch basin inlet and/or inline pipes.
«  Only the Stormceptor models STC 450i to STC 7200 may accommodate multiple inlet pipes.

Inlet and outlet invert elevation differences are as follows:

Inlet and Outlet Pipe Invert Elevations Differences
Inlet Pipe Configuration STC 450i STC 900 to STC 7200 STC 11000 to STC 16000
Single inlet pipe 3in. (75 mm) 1in. (25 mm) 3in. (75 mm)
Multiple inlet pipes 3in. (75 mm) 3in. (75 mm) Only one inlet pipe.

Maximum inlet and outlet pipe diameters:

Inlet/Outlet Configuration Inlet Uni.t In-Line Unit Series*
STC 450i STC 900 to STC 7200 STC 11000 to STC 16000
Straight Through 24 inch (600 mm) 42 inch (1050 mm) 60 inch (1500 mm)
Bend (90 degrees) 18 inch (450 mm) 33 inch (825 mm) 33 inch (825 mm)

e Theinlet and in-line Stormceptor units can accommodate turns to a maximum of 90 degrees.

¢ Minimum distance from top of grade to crown is 2 feet (0.6 m)

«  Submerged conditions. A unit is submerged when the standing water elevation at the proposed location of the Stormceptor
unit is greater than the outlet invert elevation during zero flow conditions. In these cases, please contact your local Stormceptor

representative and provide the following information:
« Top of grade elevation
*  Stormceptor inlet and outlet pipe diameters and invert elevations
«  Standing water elevation

«  Stormceptor head loss, K = 1.3 (for submerged condition, K = 4)

2 Stormceptor® Operation and Maintenance Guide
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1. About Stormceptor

The Stormceptor® STC (Standard Treatment Cell) was developed by Imbrium™ Systems to address the growing need to remove and isolate
pollution from the storm drain system before it enters the environment. The Stormceptor STC targets hydrocarbons and total suspended
solids (TSS) in stormwater runoff. It improves water quality by removing contaminants through the gravitational settling of fine sediments
and floatation of hydrocarbons while preventing the re-suspension or scour of previously captured pollutants.

The development of the Stormceptor STC revolutionized stormwater treatment, and created an entirely new category of environmental
technology. Protecting thousands of waterways around the world, the Stormceptor System has set the standard for effective stormwater
treatment.

1.1. Patent Information

The Stormceptor technology is protected by the following patents:

e Australia Patent No. 693,164 ¢ 693,164 ¢ 707,133 ¢ 729,096 ¢ 779401

e Austrian Patent No. 289647

e Canadian Patent No 2,009,208 *2,137,942 * 2,175,277 » 2,180,305 * 2,180,383 * 2,206,338 * 2,327,768 (Pending)
e China Patent No 1168439

e Denmark DK 711879

e German DE 69534021

* Indonesian Patent No 16688

e Japan Patent No 9-11476 (Pending)

e Korea 10-2000-0026101 (Pending)

e Malaysia Patent No PI9701737 (Pending)

e New Zealand Patent No 314646

e United States Patent No 4,985,148 ¢ 5,498,331 ¢ 5,725,760 * 5,753,115 * 5,849,181 * 6,068,765 * 6,371,690
»  Stormceptor OSR Patent Pending * Stormceptor LCS Patent Pending

2. Stormceptor Design Overview
2.1. Design Philosophy

The patented Stormceptor System has been designed to focus on the environmental objective of providing long-term pollution control. The
unique and innovative Stormceptor design allows for continuous positive treatment of runoff during all rainfall events, while ensuring that
all captured pollutants are retained within the system, even during intense storm events.

An integral part of the Stormceptor design is PCSWMM for Stormceptor - sizing software developed in conjunction with Computational
Hydraulics Inc. (CHI) and internationally acclaimed expert, Dr. Bill James. Using local historical rainfall data and continuous simulation
modeling, this software allows a Stormceptor unit to be designed for each individual site and the corresponding water quality objectives.

By using PCSWMM for Stormceptor, the Stormceptor System can be designed to remove a wide range of particles (typically from 20 to
2,000 microns), and can also be customized to remove a specific particle size distribution (PSD). The specified PSD should accurately reflect
what is in the stormwater runoff to ensure the device is achieving the desired water quality objective. Since stormwater runoff contains small
particles (less than 75 microns), it is important to design a treatment system to remove smaller particles in addition to coarse particles.

4 Stormceptor® Operation and Maintenance Guide



2.2. Benefits

The Stormceptor System removes free oil and suspended solids from stormwater, preventing spills and non-point source pollution from
entering downstream lakes and rivers. The key benefits, capabilities and applications of the Stormceptor System are as follows:

Provides continuous positive treatment during all rainfall events
Can be designed to remove over 80% of the annual sediment load
Removes a wide range of particles

Can be designed to remove a specific particle size distribution (PSD)
Captures free oil from stormwater

Prevents scouring or re-suspension of trapped pollutants
Pre-treatment to reduce maintenance costs for downstream treatment measures (ponds, swales, detention basins, filters)
Groundwater recharge protection

Spills capture and mitigation

Simple to design and specify

Designed to your local watershed conditions

Small footprint to allow for easy retrofit installations

Easy to maintain (vacuum truck)

Multiple inlets can connect to a single unit

Suitable as a bend structure

Pre-engineered for traffic loading (minimum AASHTO HS-20)
Minimal elevation drop between inlet and outlet pipes

Small head loss

Additional protection provided by an 18" (457 mm) fiberglass skirt below the top of the insert, for the containment of hydrocarbons
in the event of a spill.

2.3. Environmental Benefit

Freshwater resources are vital to the health and welfare of their surrounding communities. There is increasing public awareness, government
regulations and corporate commitment to reducing the pollution entering our waterways. A major source of this pollution originates from
stormwater runoff from urban areas. Rainfall runoff carries oils, sediment and other contaminants from roads and parking lots discharging
directly into our streams, lakes and coastal waterways.

The Stormceptor System is designed to isolate contaminants from getting into the natural environment. The Stormceptor technology
provides protection for the environment from spills that occur at service stations and vehicle accident sites, while also removing
contaminated sediment in runoff that washes from roads and parking lots.

Stormceptor® Operation and Maintenance Guide 5



3. Key Operation Features

3.1. Scour Prevention

A key feature of the Stormceptor System is its patented scour prevention technology. This innovation ensures pollutants are captured and
retained during all rainfall events, even extreme storms. The Stormceptor System provides continuous positive treatment for all rainfall
events, including intense storms. Stormceptor slows incoming runoff, controlling and reducing velocities in the lower chamber to create a
non-turbulent environment that promotes free oils and floatable debris to rise and sediment to settle.

The patented scour prevention technology, the fiberglass insert, regulates flows into the lower chamber through a combination of a weir
and orifice while diverting high energy flows away through the upper chamber to prevent scouring. Laboratory testing demonstrated no
scouring when tested up to 125% of the unit’s operating rate, with the unit loaded to 100% sediment capacity (NJDEP, 2005). Second,
the depth of the lower chamber ensures the sediment storage zone is adequately separated from the path of flow in the lower chamber to
prevent scouring.

3.2. Operational Hydraulic Loading Rate

Designers and regulators need to evaluate the treatment capacity and performance of manufactured stormwater treatment systems. A
commonly used parameter is the “operational hydraulic loading rate” which originated as a design methodology for wastewater treatment
devices.

Operational hydraulic loading rate may be calculated by dividing the flow rate into a device by its settling area. This represents the critical
settling velocity that is the prime determinant to quantify the influent particle size and density captured by the device. PCSWMM for
Stormceptor uses a similar parameter that is calculated by dividing the hydraulic detention time in the device by the fall distance of the
sediment.

Where:

v, = critical settling velocity, ft/s (m/s)

H = tank depth, ft (m)

@,, = hydraulic detention time, ft/s (m/s)

Q = volumetric flow rate, ft3/s (m3/s)

A, = surface area, ft? (m?)

(Tchobanoglous, G. and Schroeder, E.D. 1987. Water Quality. Addison Wesley.)

Unlike designing typical wastewater devices, stormwater systems are designed for highly variable flow rates including intense peak
flows. PCSWMM for Stormceptor incorporates all of the flows into its calculations, ensuring that the operational hydraulic loading rate is
considered not only for one flow rate, but for all flows including extreme events.

3.3. Double Wall Containment

The Stormceptor System was conceived as a pollution identifier to assist with identifying illicit discharges. The fiberglass insert has

a continuous skirt that lines the concrete barrel wall for a depth of 18 inches (457 mm) that provides double wall containment for
hydrocarbons storage. This protective barrier ensures that toxic floatables do not migrate through the concrete wall into the surrounding
soils.

6  Stormceptor® Operation and Maintenance Guide



4. Stormceptor Product Line
4.1. Stormceptor Models

A summary of Stormceptor models and capacities are listed in Table 1.

Stormceptor Model

Table 1. Stormceptor Models

Total Storage Volume Hydrocarbon Storage

Maximum Sediment

U.S. Gal (L) Capacity U.S. Gal (L) Capacity ft3 (L)
STC 450i 470 (1,780) 86 (330) 46 (1,302)
STC 900 952 (3,600) 251 (950) 89 (2,520)
STC 1200 1,234 (4,670) 251 (950) 127 (3,596)
STC 1800 1,833 (6,940) 251 (950) 207 (5,861)
STC 2400 2,462 (9,320) 840 (3,180) 205 (5,805)
STC 3600 3,715 (1,406) 840 (3,180) 373(10,562)
STC 4800 5,059 (1,950) 909 (3,440) 543 (15,376)
STC 6000 6,136 (23,230) 909 (3,440) 687 (19,453)
STC 7200 7,420 (28,090) 1,059 (4,010) 839 (23,757)
STC 11000 11,194 (42,370) 2,797 (10, 590) 1,086 (30,752)
STC 13000 13,348 (50,530) 2,797 (10, 590) 1,374 (38,907)
STC 16000 15,918 (60,260) 3,055 (11, 560) 1,677 (47,487)

NOTE: Storage volumes may vary slightly from region to region. For detailed information, contact your local Stormceptor representative.

4.2. Inline Stormceptor

The Inline Stormceptor, Figure 1, is the standard design for most stormwater treatment applications. The patented Stormceptor design

allows the Inline unit to maintain continuous positive treatment of total suspended solids (TSS) year-round, regardless of flow rate. The Inline

Stormceptor is composed of a precast concrete tank with a fiberglass insert situated at the invert of the storm sewer pipe, creating an upper

chamber above the insert and a lower chamber below the insert.

Stormceptor® Operation and Maintenance Guide
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Surface access for
ease of maintenance

Durable precast

concrete
Weir directs water to
quiet chamber below

Impervious liner
provides double
wall containment
for hydrocarbons

Patented technology
prevents captured
pollutants from
scouring

Treated water

Captures and stores exits the unit

a wide range of particle
sizes, from 20 to 2,000
microns, for later removal

Free olls are
Sediment lies dormant trapped for
for later removal later removal

Quiet chamber creates
ideal conditions for free oils
to rise and sediment to settle

Figure 1. Inline Stormceptor

Operation

As water flows into the Stormceptor unit, it is slowed and directed to the lower chamber by a weir and drop tee. The stormwater enters the
lower chamber, a non-turbulent environment, allowing free oils to rise and sediment to settle. The oil is captured underneath the fiberglass
insert and shielded from exposure to the concrete walls by a fiberglass skirt. After the pollutants separate, treated water continues up a riser
pipe, and exits the lower chamber on the downstream side of the weir before leaving the unit. During high flow events, the Stormceptor
System'’s patented scour prevention technology ensures continuous pollutant removal and prevents re-suspension of previously captured
pollutants.
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Figure 2. Inlet Stormceptor

4.3. Inlet Stormceptor

The Inlet Stormceptor System, Figure 2, was designed to provide protection for parking lots, loading bays, gas stations and other spill-prone

areas. The Inlet Stormceptor is designed to remove sediment from stormwater introduced through a grated inlet, a storm sewer pipe, or
both.

The Inlet Stormceptor design operates in the same manner as the Inline unit, providing continuous positive treatment, and ensuring that
captured material is not re-suspended.

4.4. Series Stormceptor

Designed to treat larger drainage areas, the Series Stormceptor System, Figure 3, consists of two adjacent Stormceptor models that function
in parallel. This design eliminates the need for additional structures and piping to reduce installation costs.
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Figure 3. Series System

The Series Stormceptor design operates in the same manner as the Inline unit, providing continuous positive treatment, and ensuring that
captured material is not re-suspended.

5. Sizing the Stormceptor System

The Stormceptor System is a versatile product that can be used for many different aspects of water quality improvement. While addressing
these needs, there are conditions that the designer needs to be aware of in order to size the Stormceptor model to meet the demands of
each individual site in an efficient and cost-effective manner.

PCSWMM for Stormceptor is the support tool used for identifying the appropriate Stormceptor model. In order to size a unit, it is
recommended the user follow the seven design steps in the program. The steps are as follows:

STEP 1 - Project Details

The first step prior to sizing the Stormceptor System is to clearly identify the water quality objective for the development. It is recommended
that a level of annual sediment (TSS) removal be identified and defined by a particle size distribution.

STEP 2 - Site Details

Identify the site development by the drainage area and the level of imperviousness. It is recommended that imperviousness be calculated
based on the actual area of imperviousness based on paved surfaces, sidewalks and rooftops.

STEP 3 — Upstream Attenuation

The Stormceptor System is designed as a water quality device and is sometimes used in conjunction with onsite water quantity control
devices such as ponds or underground detention systems. When possible, a greater benefit is typically achieved when installing a
Stormceptor unit upstream of a detention facility. By placing the Stormceptor unit upstream of a detention structure, a benefit of less
maintenance of the detention facility is realized.

10 Stormceptor® Operation and Maintenance Guide



STEP 4 - Particle Size Distribution

It is critical that the PSD be defined as part of the water quality objective. PSD is critical for the design of treatment system for a unit process
of gravity settling and governs the size of a treatment system. A range of particle sizes has been provided and it is recommended that clays
and silt-sized particles be considered in addition to sand and gravel-sized particles. Options and sample PSDs are provided in PCSWMM for
Stormceptor. The default particle size distribution is the Fine Distribution, Table 2, option.

Table 2. Fine Distribution

Particle Size Distribution Specific Gravity
20 20% 1.3
60 20% 1.8
150 20% 2.2
400 20% 2.65
2000 20% 2.65

If the objective is the long-term removal of 80% of the total suspended solids on a given site, the PSD should be representative of the
expected sediment on the site. For example, a system designed to remove 80% of coarse particles (greater than 75 microns) would provide
relatively poor removal efficiency of finer particles that may be naturally prevalent in runoff from the site.

Since the small particle fraction contributes a disproportionately large amount of the total available particle surface area for pollutant
adsorption, a system designed primarily for coarse particle capture will compromise water quality objectives.

STEP 5 — Rainfall Records

Local historical rainfall has been acquired from the U.S. National Oceanic and Atmospheric Administration, Environment Canada and
regulatory agencies across North America. The rainfall data provided with PCSMM for Stormceptor provides an accurate estimation of small
storm hydrology by modeling actual historical storm events including duration, intensities and peaks.

STEP 6 — Summary

At this point, the program may be executed to predict the level of TSS removal from the site. Once the simulation has completed, a table
shall be generated identifying the TSS removal of each Stormceptor unit.

STEP 7 - Sizing Summary

Performance estimates of all Stormceptor units for the given site parameters will be displayed in a tabular format. The unit that meets the
water quality objective, identified in Step 1, will be highlighted.
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5.1. PCSWMM for Stormceptor

The Stormceptor System has been developed in conjunction with PCSWMM for Stormceptor as a technological solution to achieve water
quality goals. Together, these two innovations model, simulate, predict and calculate the water quality objectives desired by a design
engineer for TSS removal.

PCSWMM for Stormceptor is a proprietary sizing program which uses site specific inputs to a computer model to simulate sediment
accumulation, hydrology and long-term total suspended solids removal. The model has been calibrated to field monitoring results from
Stormceptor units that have been monitored in North America. The sizing methodology can be described by three processes:

1. Determination of real time hydrology
2. Buildup and wash off of TSS from impervious land areas

3. TSS transport through the Stormceptor (settling and discharge). The use of a calibrated model is the preferred method for sizing
stormwater quality structures for the following reasons:

»  The hydrology of the local area is properly and accurately incorporated in the sizing (distribution of flows, flow rate ranges and
peaks, back-to-back storms, inter-event times)

»  The distribution of TSS with the hydrology is properly and accurately considered in the sizing
»  Particle size distribution is properly considered in the sizing

»  The sizing can be optimized for TSS removal

»  The cost benefit of alternate TSS removal criteria can be easily assessed

»  The program assesses the performance of all Stormceptor models. Sizing may be selected based on a specific water quality
outcome or based on the Maximum Extent Practicable

For more information regarding PCSWMM for Stormceptor, contact your local Stormceptor representative, or visit www.imbriumsystems.com
to download a free copy of the program.

5.2. Sediment Loading Characteristics

The way in which sediment is transferred to stormwater can have a considerable effect on which type of system is implemented. On typical
impervious surfaces (e.g. parking lots) sediment will build over time and wash off with the next rainfall. When rainfall patterns are examined,
a short intense storm will have a higher concentration of sediment than a long slow drizzle. Together with rainfall data representing the site’s
typical rainfall patterns, sediment loading characteristics play a part in the correct sizing of a stormwater quality device.

Typical Sites

For standard site design of the Stormceptor System, PCSWMM for Stormceptor is utilized to accurately assess the unit’s performance. As
an integral part of the product’s design, the program can be used to meet local requirements for total suspended solid removal. Typical
installations of manufactured stormwater treatment devices would occur on areas such as paved parking lots or paved roads. These are
considered “stable” surfaces which have non — erodible surfaces.

Unstable Sites

While standard sites consist of stable concrete or asphalt surfaces, sites such as gravel parking lots, or maintenance yards with stockpiles
of sediment would be classified as “unstable”. These types of sites do not exhibit first flush characteristics, are highly erodible and exhibit
atypical sediment loading characteristics and must therefore be sized more carefully. Contact your local Stormceptor representative for
assistance in selecting a proper unit sized for such unstable sites.

6. Spill Controls

When considering the removal of total petroleum hydrocarbons (TPH) from a storm sewer system there are two functions of the system: oil
removal, and spill capture.

‘Oil Removal” describes the capture of the minute volumes of free oil mobilized from impervious surfaces. In this instance relatively low
concentrations, volumes and flow rates are considered. While the Stormceptor unit will still provide an appreciable oil removal function
during higher flow events and/or with higher TPH concentrations, desired effluent limits may be exceeded under these conditions.
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‘Spill Capture’ describes a manner of TPH removal more appropriate to recovery of a relatively high volume of a single phase deleterious
liquid that is introduced to the storm sewer system over a relatively short duration. The two design criteria involved when considering this
manner of introduction are overall volume and the specific gravity of the material. A standard Stormceptor unit will be able to capture and
retain a maximum spill volume and a minimum specific gravity.

For spill characteristics that fall outside these limits, unit modifications are required. Contact your local Stormceptor Representative for more
information.

One of the key features of the Stormceptor technology is its ability to capture and retain spills. While the standard Stormceptor System
provides excellent protection for spill control, there are additional options to enhance spill protection if desired.

6.1. Qil Level Alarm

The oil level alarm is an electronic monitoring system designed to trigger a visual and audible alarm when a pre-set level of oil is reached
within the lower chamber. As a standard, the oil

level alarm is designed to trigger at approximately 85% of the unit’s available depth level for oil capture. The feature acts as a safeguard
against spills caused by exceeding the oil storage capacity of the separator and eliminates the need for manual oil level inspection.

The oil level alarm installed on the Stormceptor insert is illustrated in Figure 4.
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Figure 4. Oil level alarm

6.2. Increased Volume Storage Capacity

The Stormceptor unit may be modified to store a greater spill volume than is typically available. Under such a scenario, instead of installing
a larger than required unit, modifications can be made to the recommended Stormceptor model to accommodate larger volumes. Contact
your local Stormceptor representative for additional information and assistance for modifications.
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7. Stormceptor Options

The Stormceptor System allows flexibility to incorporate to existing and new storm drainage infrastructure. The following section identifies
considerations that should be reviewed when installing the system into a drainage network. For conditions that fall outside of the
recommendations in this section, please contact your local Stormceptor representative for further guidance.

7.1. Installation Depth Minimum Cover

The minimum distance from the top of grade to the crown of the inlet pipe is 24 inches (600 mm). For situations that have a lower
minimum distance, contact your local Stormceptor representative.

7.2. Maximum Inlet and Outlet Pipe Diameters

Maximum inlet and outlet pipe diameters are illustrated in Figure 5. Contact your local Stormceptor representative for larger pipe diameters

Ctlpptte}r Maximum Pipe Diameters for Straight Through and 90° Bends
namoer (Based on Concrete Pipe)
Diameter
24 inch 24 inch
600 | 600 18 inch
Ll oy » (4551:1@
Inlet
Stormceptor [
18 inch
W (450mm)

42 inch 42 inch
(1050 mm) % (1050 mm)

Inline
Stormceptor

\ 60 inch 60 inch
Inline (1500 mm) m (1500 mm)
Stormceptor (Wf W

or | i

| + 1
Series ,/:é )
Stormceptor

Figure 5. Maximum pipe diameters for straight through and bend applications

*The bend should only be incorporated into the second structure (downstream structure) of the
Series Stormceptor System

7.3. Bends

The Stormceptor System can be used to change horizontal alignment in the storm drain network up to a maximum of 90 degrees. Figure
6 illustrates the typical bend situations of the Stormceptor System. Bends should only be applied to the second structure (downstream
structure) of the Series Stormceptor System.

14 Stormceptor® Operation and Maintenance Guide



Stormceptor ; , ;
P Maximum Bend Configurations
System
90°
Inlet Stormceptor \ Outlet Pipe
Inlet Pipe e /
90°
Inline
Stormceptor Inlet Pipe Outlet Pipe
Outlet Pipe
Series
Stormceptor
SE 90°
Upstream Unit Downstream Unit

Figure 6. Maximum bend angles

7.4. Multiple Inlet Pipes

The Inlet and Inline Stormceptor System can accommodate two or more inlet pipes. The maximum number of inlet pipes that can be
accommodated into a Stormceptor unit is a function of the number, alignment and diameter of the pipes and its effects on the structural
integrity of the precast concrete. When multiple inlet pipes are used for new developments, each inlet pipe shall have an invert elevation 3
inches (75 mm) higher than the outlet pipe invert elevation.

7.5. Inlet/Outlet Pipe Invert Elevations

Recommended inlet and outlet pipe invert differences are listed in Table 3.

Table 3. Recommended Drops Between Inlet and Outlet Pipe Inverts
Number of Inlet

Pipes Inlet System In-Line System Series System
1 3 inches (75 mm) 1 inch (25 mm) 3 inches (75 mm)
>1 3 inches (75 mm) 3 inches (75 mm) Not Applicable

7.6. Shallow Stormceptor

In cases where there may be restrictions to the depth of burial of storm sewer systems. In this situation, for selected Stormceptor models,
the lower chamber components may be increased in diameter to reduce the overall depth of excavation required.

7.7. Customized Live Load

The Stormceptor system is typically designed for local highway truck loading (AASHTO HS- 20). When the project requires live loads
greater than HS-20, the Stormceptor System may be customized structurally for a pre-specified live load. Contact your local Stormceptor
representative for customized loading conditions.
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7.8. Pre-treatment

The Stormceptor System may be sized to remove sediment and for spills control in conjunction with other stormwater BMPs to meet the
water quality objective. For pretreatment applications, the Stormceptor System should be the first unit in a treatment train. The benefits of
pre-treatment include the extension of the operational life (extension of maintenance frequency) of large stormwater management facilities,
prevention of spills and lower total life- cycle maintenance cost.

7.9. Head loss

The head loss through the Stormceptor System is similar to a 60 degree bend at a manhole. The K value for calculating minor losses is
approximately 1.3 (minor loss = k*1.3v2/2g).

However, when a Submerged modification is applied to a Stormceptor unit, the corresponding K value is 4.

7.10. Submerged

The Submerged modification, Figure 7, allows the Stormceptor System to operate in submerged or partially submerged storm sewers. This
configuration can be installed on all models of the Stormceptor System by modifying the fiberglass insert. A customized weir height and a
secondary drop tee are added.

Submerged instances are defined as standing water in the storm drain system during zero flow conditions. In these instances, the following
information is necessary for the proper design and application of submerged modifications:

e Stormceptor top of grade elevation
«  Stormceptor outlet pipe invert elevation

«  Standing water elevation

Figure 7. Submerged Stormceptor
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8. Comparing Technologies

Designers have many choices available to achieve water quality goals in the treatment of stormwater runoff. Since many alternatives are
available for use in stormwater quality treatment it is important to consider how to make an appropriate comparison between “approved
alternatives”. The following is a guide to assist with the accurate comparison of differing technologies and performance claims.

8.1. Particle Size Distribution (PSD)

The most sensitive parameter to the design of a stormwater quality device is the selection of the design particle size. While it is
recommended that the actual particle size distribution (PSD) for sites be measured prior to sizing, alternative values for particle size should
be selected to represent what is likely to occur naturally on the site. A reasonable estimate of a particle size distribution likely to be found
on parking lots or other impervious surfaces should consist of a wide range of particles such as 20 microns to 2,000 microns (Ontario MOE,
1994).

There is no absolute right particle size distribution or specific gravity and the user is cautioned to review the site location, characteristics,
material handling practices and regulatory requirements when selecting a particle size distribution. When comparing technologies, designs
using different PSDs will result in incomparable TSS removal efficiencies. The PSD of the TSS removed needs to be standard between two
products to allow for an accurate comparison.

8.2. Scour Prevention

In order to accurately predict the performance of a manufactured treatment device, there must be confidence that it will perform under all
conditions. Since rainfall patterns cannot be predicted, stormwater quality devices placed in storm sewer systems must be able to withstand
extreme events, and ensure that all pollutants previously captured are retained in the system.

In order to have confidence in a system’s performance under extreme conditions, independent validation of scour prevention is essential
when examining different technologies. Lack of independent verification of scour prevention should make a designer wary of accepting any
product’s performance claims.

8.3. Hydraulics

Full scale laboratory testing has been used to confirm the hydraulics of the Stormceptor System. Results of lab testing have been used to
physically design the Stormceptor System and the sewer pipes entering and leaving the unit. Key benefits of Stormceptor are:

*  Low head loss (typical k value of 1.3)

*  Minimal inlet/outlet invert elevation drop across the structure

e Useas a bend structure

e Accommodates multiple inlets

The adaptability of the treatment device to the storm sewer design infrastructure can affect the overall performance and cost of the site.

8.4. Hydrology

Stormwater quality treatment technologies need to perform under varying climatic conditions. These can vary from long low intensity rainfall
to short duration, high intensity storms. Since a treatment device is expected to perform under all these conditions, it makes sense that any
system’s design should accommodate those conditions as well.

Long-term continuous simulation evaluates the performance of a technology under the varying conditions expected in the climate of the
subject site. Single, peak event design does not provide this information and is not equivalent to long-term simulation. Designers should
request long-term simulation performance to ensure the technology can meet the long-term water quality objective.
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9. Testing

The Stormceptor System has been the most widely monitored stormwater treatment technology in the world. Performance verification and
monitoring programs are completed to the strictest standards and integrity. Since its introduction in 1990, numerous independent field tests
and studies detailing the effectiveness of the Stormceptor System have been completed.

e Coventry University, UK — 97% removal of oil, 83% removal of sand and 73% removal of peat

«  National Water Research Institute, Canada, - scaled testing for the development of the Stormceptor System identifying both TSS
removal and scour prevention.

*  New Jersey TARP Program — full scale testing of an STC 900 demonstrating 75% TSS removal of particles from 1 to 1000 microns. Scour
testing completed demonstrated that the system does not scour. The New Jersey Department of Environmental Protection was followed.

«  City of Indianapolis — full scale testing of an STC 900 demonstrating over 80% TSS removal of particles from 50 microns to 300 microns
at 130% of the unit's operating rate. Scour testing completed demonstrated that the system does not scour.

*  Westwood Massachusetts (1997), demonstrated >80% TSS removal
e« Como Park (1997), demonstrated 76% TSS removal
e Ontario MOE SWAMP Program — 57% removal of 1 to 25 micron particles

»  lLaval Quebec — 50% removal of 1 to 25 micron particles

10. Installation

The installation of the concrete Stormceptor should conform in general to state highway, or local specifications for the installation of
manholes. Selected sections of a general specification that are applicable are summarized in the following sections.

10.1. Excavation

Excavation for the installation of the Stormceptor should conform to state highway, or local specifications. Topsoil removed during the
excavation for the Stormceptor should be stockpiled in designated areas and should not be mixed with subsoil or other materials.

Topsoil stockpiles and the general site preparation for the installation of the Stormceptor should conform to state highway or local
specifications.

The Stormceptor should not be installed on frozen ground. Excavation should extend a minimum of 12 inches (300 mm) from the precast
concrete surfaces plus an allowance for shoring and bracing where required. If the bottom of the excavation provides an unsuitable
foundation additional excavation may be required.

In areas with a high water table, continuous dewatering may be required to ensure that the excavation is stable and free of water.

10.2. Backfilling

Backfill material should conform to state highway or local specifications. Backfill material should be placed in uniform layers not exceeding
12 inches (300mm) in depth and compacted to state highway or local specifications.

11. Stormceptor Construction Sequence
The concrete Stormceptor is installed in sections in the following sequence:

1. Aggregate base

Base slab

Lower chamber sections

Upper chamber section with fiberglass insert

Connect inlet and outlet pipes

Assembly of fiberglass insert components (drop tee, riser pipe, oil cleanout port and orifice plate

Remainder of upper chamber

© N o v ok~ W N

Frame and access cover

The precast base should be placed level at the specified grade. The entire base should be in contact with the underlying compacted granular
material. Subsequent sections, complete with joint seals, should be installed in accordance with the precast concrete manufacturer’s
recommendations.
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Adjustment of the Stormceptor can be performed by lifting the upper sections free of the excavated area, re-leveling the base and re-
installing the sections. Damaged sections and gaskets should be repaired or replaced as necessary. Once the Stormceptor has been
constructed, any lift holes must be plugged with mortar.

12. Maintenance
12.1. Health and Safety

The Stormceptor System has been designed considering safety first. It is recommended that confined space entry protocols be followed if
entry to the unit is required. In addition, the fiberglass insert has the following health and safety features:

e Designed to withstand the weight of personnel
»  Asafety grate is located over the 24 inch (600 mm) riser pipe opening
e Ladder rungs can be provided for entry into the unit, if required

12.2. Maintenance Procedures

Maintenance of the Stormceptor system is performed using vacuum trucks. No entry into the unit is required for maintenance (in most
cases). The vacuum service industry is a well- established sector of the service industry that cleans underground tanks, sewers and catch
basins. Costs to clean a Stormceptor will vary based on the size of unit and transportation distances.

The need for maintenance can be determined easily by inspecting the unit from the surface. The depth of oil in the unit can be determined
by inserting a dipstick in the oil inspection/cleanout port.

Similarly, the depth of sediment can be measured from the surface without entry into the Stormceptor via a dipstick tube equipped with
a ball valve. This tube would be inserted through the riser pipe. Maintenance should be performed once the sediment depth exceeds the
guideline values provided in the Table 4.

Table 4. Sediment Depths Indicating Required Servicing*

Particle Size Specific Gravity

Model Sediment Depth inches (mm)
450i 8 (200)
900 8 (200)
1200 10 (250)
1800 15 (381)
2400 12 (300)
3600 17 (430)
4800 15 (380)
6000 18 (460)
7200 15 (381)
11000 17 (380)
13000 20 (500)
16000 17 (380)

* based on 15% of the Stormceptor unit’s total storage

Although annual servicing is recommended, the frequency of maintenance may need to be increased or reduced based on local conditions
(i.e. if the unit is filling up with sediment more quickly than projected, maintenance may be required semi-annually; conversely once the site
has stabilized maintenance may only be required every two or three years).

QOil is removed through the oil inspection/cleanout port and sediment is removed through the riser pipe. Alternatively oil could be removed
from the 24 inches (600 mm) opening if water is removed from the lower chamber to lower the oil level below the drop pipes.

The following procedures should be taken when cleaning out Stormceptor:

1. Check for oil through the oil cleanout port
Remove any oil separately using a small portable pump
Decant the water from the unit to the sanitary sewer, if permitted by the local regulating authority, or into a separate containment tank

Remove the sludge from the bottom of the unit using the vacuum truck

vk weN

Re-fill Stormceptor with water where required by the local jurisdiction
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12.3. Submerged Stormceptor

Careful attention should be paid to maintenance of the Submerged Stormceptor System. In cases where the storm drain system is
submerged, there is a requirement to plug both the inlet and outlet pipes to economically clean out the unit.

12.4. Hydrocarbon Spills

The Stormceptor is often installed in areas where the potential for spills is great. The Stormceptor System should be cleaned immediately
after a spill occurs by a licensed liquid waste hauler.

12.5. Disposal

Requirements for the disposal of material from the Stormceptor System are similar to that of any other stormwater Best Management
Practice (BMP) where permitted. Disposal options for the sediment may range from disposal in a sanitary trunk sewer upstream of a sewage
treatment plant, to disposal in a sanitary landfill site. Petroleum waste products collected in the Stormceptor (free oil/chemical/fuel spills)
should be removed by a licensed waste management company.

12.6. Oil Sheens

With a steady influx of water with high concentrations of oil, a sheen may be noticeable at the Stormceptor outlet. This may occur because a
rainbow or sheen can be seen at very small oil concentrations (<10 mg/L). Stormceptor will remove over 98% of all free oil spills from storm
sewer systems for dry weather or frequently occurring runoff events.

The appearance of a sheen at the outlet with high influent oil concentrations does not mean the unit is not working to this level of removal.
In addition, if the influent oil is emulsified the Stormceptor will not be able to remove it. The Stormceptor is designed for free oil removal
and not emulsified conditions.

SUPPORT

Drawings and specifications are available at www.ContechES.com.

Site-specific design support is available from our engineers.
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Maintenance

The Cascade Separator® system should be inspected at regular
intervals and maintained when necessary to ensure optimum
performance. The rate at which the system collects sediment

and debris will depend upon on-site activities and site pollutant
characteristics. For example, unstable soils or heavy winter sanding
will cause the sediment storage sump to fill more quickly but
regular sweeping of paved surfaces will slow accumulation.

Inspection

Inspection is the key to effective maintenance and is easily
performed. Pollutant transport and deposition may vary from year
to year and regular inspections will help ensure that the system is
cleaned out at the appropriate time. At a minimum, inspections
should be performed twice per year (i.e. spring and fall). However,
more frequent inspections may be necessary in climates where
winter sanding operations may lead to rapid accumulations, or in
equipment wash-down areas. Installations should also be inspected
more frequently where excessive amounts of trash are expected.

A visual inspection should ascertain that the system components are
in working order and that there are no blockages or obstructions

in the inlet chamber, flumes or outlet channel. The inspection
should also quantify the accumulation of hydrocarbons, trash and
sediment in the system. Measuring pollutant accumulation can be
done with a calibrated dipstick, tape measure or other measuring
instrument. If absorbent material is used for enhanced removal of
hydrocarbons, the level of discoloration of the sorbent material
should also be identified during inspection. It is useful and often
required as part of an operating permit to keep a record of each
inspection. A simple form for doing so is provided in this Inspection
and Maintenance Guide.

Access to the Cascade Separator unit is typically achieved through
one manhole access cover. The opening allows for inspection and
cleanout of the center chamber (cylinder) and sediment storage
sump, as well as inspection of the inlet chamber and slanted
skirt. For large units, multiple manhole covers allow access to the
chambers and sump.

The Cascade Separator system should be cleaned before the level

of sediment in the sump reaches the maximum sediment depth
and/or when an appreciable level of hydrocarbons and trash has
accumulated. If sorbent material is used, it must be replaced

when significant discoloration has occurred. Performance may be
impacted when maximum sediment storage capacity is exceeded.
Contech recommends maintaining the system when sediment level
reaches 50% of maximum storage volume. The level of sediment

is easily determined by measuring the distance from the system
outlet invert (standing water level) to the top of the sediment pile.
To avoid underestimating the level of sediment in the chamber, the
measuring device must be lowered to the top of the sediment pile
carefully. Finer, silty particles at the top of the pile typically offer less
resistance to the end of the rod than larger particles toward the
bottom of the pile. Once this measurement is recorded, it should be
compared to the chart in this document to determine if the height
of the sediment pile off the bottom of the sump floor exceeds 50%
of the maximum sediment storage.

Outlet Pipe

Cleaning

Cleaning of a Cascade Separator system should be done during
dry weather conditions when no flow is entering the system.

The use of a vacuum truck is generally the most effective and
convenient method of removing pollutants from the system.
Simply remove the manhole cover and insert the vacuum tube
down through the center chamber and into the sump. The
system should be completely drained down and the sump fully
evacuated of sediment. The areas outside the center chamber
and the slanted skirt should also be washed off if pollutant build-
up exists in these areas.

In installations where the risk of petroleum spills is small, liquid
contaminants may not accumulate as quickly as sediment.
However, the system should be cleaned out immediately in the
event of an oil or gasoline spill. Motor oil and other hydrocarbons
that accumulate on a more routine basis should be removed
when an appreciable layer has been captured. To remove these
pollutants, it may be preferable to use absorbent pads since they
are usually less expensive to dispose than the oil/water emulsion
that may be created by vacuuming the oily layer. Trash and debris
can be netted out to separate it from the other pollutants. Then
the system should be power washed to ensure it is free of trash
and debris.

Manhole covers should be securely seated following cleaning
activities to prevent leakage of runoff into the system from above
and to ensure proper safety precautions. Confined space entry
procedures need to be followed if physical access is required.
Disposal of all material removed from the Cascade Separator
system must be done in accordance with local regulations. In
many locations, disposal of evacuated sediments may be handled
in the same manner as disposal of sediments removed from catch
basins or deep sump manholes. Check your local regulations

for specific requirements on disposal. If any components

are damaged, replacement parts can be ordered from the
manufacturer.

Access Cover

Center Chamber

Flumes — Inlet Pipe

Outlet Channel

Inlet Chamber

Outlet Deck Center Cylinder

Outlet Window Slanted Skirt

Drain down Pipe



Cascade Separator® Maintenance Indicators and Sediment Storage Capacities

Model Diameter Diﬂa?;‘:)t?':g‘é‘::ﬁ;ts‘;;?ce to Sediment Storage Capacity
Number ft m ft m y? m?
Cs-3 3 0.9 1.5 0.5 0.4 0.3
Cs-4 4 1.2 2.5 0.8 0.7 0.5
Cs-5 5 13 3 0.9 1.1 0.8
CS-6 6 1.8 3.5 1 1.6 1.2
cs-8 8 2.4 4.8 1.4 2.8 2.1
Cs-10 10 3.0 6.2 1.9 44 33
Cs-12 12 3.6 7.5 2.3 6.3 4.8

Note: The information in the chart is for standard units. Units may have been designed with non-standard sediment storage depth.

A Cascade Separator unit can be easily cleaned A vacuum truck excavates pollutants from the systems.
in less than 30 minutes.



Cascade S Inspection & Maintenance Log

Cascade Model: Location:
Describe .
Depth Below Invert Floatable Layer . Maintenance
Date . . Maintenance Comments
to Top of Sediment! Thickness? Personnel
Performed

1.The depth to sediment is determined by taking a measurement from the manhole outlet invert (standing water level) to the top of the sediment pile.
Once this measurement is recorded, it should be compared to the chart in the maintenance guide to determine if the height of the sediment pile
off the bottom of the sump floor exceeds 50% of the maximum sediment storage. Note: to avoid underestimating the volume of sediment in the
chamber, the measuring device must be carefully lowered to the top of the sediment pile.

2. For optimum performance, the system should be cleaned out when the floating hydrocarbon layer accumulates to an appreciable thickness. In the
event of an oil spill, the system should be cleaned immediately.

I
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® Drawings and specifications are available at www.ContechES.com.
® Site-specific design support is available from our engineers.
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