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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 

Period (years) 

 

Existing Peak 

Rate of Runoff 

(c.f.s.) 

(REACH 1EX) 

Proposed (Site 

Developed) Peak 

Rate of Runoff 

(c.f.s.) 

(REACH 1D) 

Difference 

c.f.s. (%) 

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 

(c.f.s.) 

(REACH 2EX) 

Proposed (Site 

Developed) Peak 

Rate of Runoff 

(c.f.s.) 

Difference 

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 

(c.f.s.) 

(REACH 3EX) 

Proposed (Site 

Developed) Peak 

Rate of Runoff 

(c.f.s.) 

Difference 

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 

(c.f.s.) 

(REACH 4EX) 

Proposed (Site 

Developed) Peak 

Rate of Runoff 

(c.f.s.) 

Difference 

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%) 
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TOTAL RUNOFF FROM BUILDING 1 PROJECT TO BUILDING 4 DRIVE DRAIN 

AND ON SITE BASIN 

Storm Return 

Period (years) 

Existing Peak 

Rate of Runoff 

(c.f.s.) 

(REACH 5EX) 

Proposed (Site 

Developed) Peak 

Rate of Runoff 

(c.f.s.) 

Difference 

c.f.s. (%) 

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 ½ 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 ½” = 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 ½” = 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 ½” = 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 ½” = 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 

sequence 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.  
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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 (BMPs)  

 

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.  

 

• 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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• Unfiltered water will not be allowed to enter pipes from unstabilized 

surfaces.  

 

• 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 

 

• 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.  

 

• All paved areas will be swept on a weekly basis, as permitted by weather, 

during the construction period.  

 

• 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.  

 

• Erosion control, sedimentation prevention, and stormwater management 

measures will be inspected at least once per week throughout the 

construction period.  

 

• 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 



STORMWATER REPORT 
Proposed Redevelopment of Building 1 

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

 

 

January 26, 2022 
Page 16 of 17 

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 Illicit Discharges 

 

A signed Illicit Discharge Compliance Statement is attached to this Stormwater 

Report.  The project has been designed to avoid illicit discharges. 
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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 
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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 soil 
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 soil 
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 

Custom Soil Resource Report
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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.

Custom Soil Resource Report
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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 
3 percent slopes

0.4 5.1%

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

8.4 94.9%

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 
major 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 

Custom Soil Resource Report
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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.

Custom Soil Resource Report
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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

Custom Soil Resource Report
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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.

Custom Soil Resource Report
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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 - 2 to 9 inches: fine sandy loam
Bw1 - 9 to 20 inches: fine sandy loam
Bw2 - 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

Custom Soil Resource Report
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Across-slope shape: Concave
Hydric soil rating: Yes

Custom Soil Resource Report
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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



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.

Custom Soil Resource Report
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Table—Hydrologic Soil Group

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

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

A 0.4 5.1%

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

C/D 8.4 94.9%

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

Custom Soil Resource Report
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MEMORANDUM 
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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.E. (MA); Mark Kelley, P.E. (MA), SE (SE# 1195) 
 
SUBJECT: Preliminary Stormwater Infiltration Design Recommendations 
  Proposed Building Addition 
  One Corporate Drive 
  Andover, Massachusetts 
 
 
The purpose of this memorandum is to provide preliminary stormwater infiltration design 
recommendations for the proposed Building Addition located at One Corporate Drive in Andover, 
Massachusetts.  These preliminary design recommendations are based on field explorations and in-situ 
hydraulic conductivity testing recently completed at the site and is intended to aid Linden Engineering in 
design of the stormwater infiltration 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 
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locations ranged from elevation (El.) 161.7 to El. 141.51 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 pit location ranging 
from about 1.5 to 7.5 ft in thickness.  In paved areas of the site, a 0.3- to 0.4-ft thick layer of 
asphalt pavement was encountered above the fill.  The fill generally consisted of SAND with 
varying amounts of silt, gravel and cobbles or SILT with varying amounts of sand, gravel, cobbles 
and boulders.  Deleterious materials, including roots, wood, organic soils, and scrap building 
materials, were encountered within the fill.  At test pit locations HA21-TP2 through HA21-TP5, 
HA21-TP7, HA21-TP11 and HA21-TP13, remnant topsoil and subsoil were observed at the 
bottom of the fill layer and above the naturally deposited Glacial Deposits. 

 Glacial Deposits: Glacial Deposits were encountered beneath the fill at each test pit location at 
depths ranging from approximately 1.5 to 7.5 ft bgs, corresponding to about El. 159.2 to 
El. 139.1.  The Glacial Deposits were described as either Glacial Till or Glacial Outwash and 
generally consisted of silty SAND with varying amounts of gravel, cobbles and boulders. 

 
Groundwater Conditions 
 
Groundwater levels observed during excavation of the recent test pit explorations ranged from 
approximately 7.4 to 11.0 ft bgs, corresponding to about El. 153.2 to El. 134.1, and were determined by 
observing seepage into the test pit excavations.  The estimated seasonal high groundwater table was 
observed to range from about 5.5 to 10.0 ft bgs, corresponding to El. 154.9 to El. 136.0, based on 
redoximorphic features observed within the test pits.  The bottom of proposed infiltration systems 
should be set a minimum of 2 ft above seasonal high groundwater. 
 
Infiltration Considerations 
 
Haley & Aldrich conducted 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: 

 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) 

 HA21-TP7, 3.5 to 4 ft (El. 150.3 to El. 149.8): Infiltration Rate = 3.0x10-4 cm/s (0.43 in/hr) 

 HA21-TP11, 4.3 to 4.8 ft (El. 157.4 to El. 156.9): Infiltration Rate = 7.6x10-4 cm/s (1.1 in/hr) 
 
For application in the design of the proposed stormwater infiltration systems, a factor of safety of 2 
should be applied to the field-measured hydraulic conductivity results. Based on these results, the 
Glacial Deposits are in Hydrologic Soil Group B. 
 
Additionally, at the request of Linden Engineering and in accordance with Town of Andover stormwater 
regulations, Haley & Aldrich provided a Soil Evaluator to observe test pits conducted at potential 
locations of stormwater infiltration systems including HA21-TP2, HA21-TP5, HA21-TP6, HA21-TP7, HA21-
TP8, HA21-TP11 and HA21-TP12.  The Soil Evaluator prepared Form 11 – Soil Suitability Assessments for 
these test pit locations.  DRAFT forms are attached for reference and include United States Department 
of Agriculture (USDA) Natural Resources Conservation Service (NRCS) soil classifications and estimated 
seasonal high groundwater table observations, among other details. 
 
Attachments: 
 DRAFT Figure 1 – Site and Subsurface Exploration Location Plan 
 DRAFT Test Pit Logs 
 DRAFT Guelph Permeameter Calculations 
 DRAFT Form 11 – Soil Suitability Assessments 
 
\\haleyaldrich.com\share\CF\Projects\0203691\Transmittals\Infiltration\2021-1206-HAI-One Corporate-Infiltration Memo-D4.docx 
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ML

SP

SM

154.9
3.0

150.4
7.5

149.1
8.8

Dark brown sandy SILT (ML), no structure, no odor, moist, 15% of
cobbles and roots, trace scrap building materials, trace oversized, mps
2 ft

 - LOAMY FILL -

Yellow poorly-graded SAND (SP), no structure, no odor, moist

 - FILL -

Gray-brown to tan silty SAND with gravel (SM), no structure, no odor,
till becomes less gray brown and more tan with depth, possible
remnant topsoil at stratum change, cuttings indicate possible leaching
coloration on upper foot of till from removed topsoil above

 - GLACIAL TILL -
BOTTOM OF EXPLORATION 8.8 FT
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HA21-TP1

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

Test Pit No.TEST PIT LOG

Approx. Vol. (cu.ft)

VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION

(Color GROUP NAME & SYMBOL, % oversized, maximum particle size,
structure, odor, moisture, optional descriptions

GEOLOGIC INTERPRETATION)
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SP

SM

SM

151.9
0.4

150.6
1.7

148.5
3.8

142.3
10.0

-ASPHALT-

Yellow poorly-graded SAND (SP), no structure, no odor, moist

 - FILL -

Light-brown to brown silty SAND (SM), no structure, no odor, moist,
10% pockets of dark brown organic soil, Mix of remnant topsoil, subsoil
and fill above

 - FILL -

PID = 0.0/0.0 ppm

Light-brown to tan silty SAND with gravel (SM), bonded, no odor, moist
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

BOTTOM OF EXPLORATION 10.0 FT
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HA21-TP2

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

Test Pit No.TEST PIT LOG

Approx. Vol. (cu.ft)

VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION

(Color GROUP NAME & SYMBOL, % oversized, maximum particle size,
structure, odor, moisture, optional descriptions

GEOLOGIC INTERPRETATION)

RUBBER TRACKED EXCAVATOR

Field TestsGravel Sand
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SP

SM

SM

152.8
0.3

151.3
1.8

150.2
2.9

147.6
5.5

-ASPHALT-

Yellow-brown poorly-graded SAND (SP), no structure, no odor, moist

 - FILL -

Yellow-brown to brown silty SAND (SM), no structure, no odor, moist,
trace oversized, mps 1.2 ft, appears to be remnant subsoil, trace
topsoil in pockets, disturbed with fill above

 - FILL -

Tan to olive-brown silty SAND (SM), trace cobbles, no oversized

 - GLACIAL TILL -

BOTTOM OF EXPLORATION 5.5 FT
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ANDOVER, MA
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File No.
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Pit Length x Width (ft)
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153.1

HA21-TP3

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

Test Pit No.TEST PIT LOG

Approx. Vol. (cu.ft)

VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION

(Color GROUP NAME & SYMBOL, % oversized, maximum particle size,
structure, odor, moisture, optional descriptions

GEOLOGIC INTERPRETATION)

RUBBER TRACKED EXCAVATOR

Field TestsGravel Sand
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SP

SM

SM

SM

153.9
0.4

153.3
1.0

152.6
1.7

151.8
2.5

143.8
10.5

-ASPHALT-

Yellow-brown poorly-graded SAND with gravel (SP), no structure, no
odor, moist, no oversized

 - FILL -
Brown to gray-brown silty SAND (SM), no oversized, mps 3 in.

 - FILL -
Black to brown silty SAND (SM), Appears disturbed, remnant topsoil
and subsoil, some subsoil may be undisturbed

 - FORMER TOPSOIL -

PID = 0.0/0.0 ppm
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

BOTTOM OF EXPLORATION 10.5 FT
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ONE CORPORATE DRIVE

EARTHWORK INDUSTRIES, INC.

Location

Test Pit Dimensions (ft)
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)

=

Ground El.:

12 to 24

Project

Obstructions:

IQHQ-One Corporate LLC

0203691-000

M. Dodson

USCS
Symbol

Number
=

Equipment Used

Location:

ftat depth

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

Boulders

Client

Standing Water in Completed Pit

hours elapsedmeasured after

Diameter (in.)

ANDOVER, MA

Field Tests
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Pit Length x Width (ft)
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Symbol
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154.3

HA21-TP4

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

Test Pit No.TEST PIT LOG

Approx. Vol. (cu.ft)

VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION

(Color GROUP NAME & SYMBOL, % oversized, maximum particle size,
structure, odor, moisture, optional descriptions

GEOLOGIC INTERPRETATION)

RUBBER TRACKED EXCAVATOR

Field TestsGravel Sand
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SP

OL/OH

SM

SM

152.1
0.3

149.5
2.9

148.4
4.0

147.4
5.0

141.1
11.3

-ASPHALT-
Yellow poorly-graded SAND (SP), no structure, no odor, moist

 - FILL -

Black sandy ORGANIC SOIL (OL/OH), no structure, organic odor,
moist, 10% roots

 - FORMER TOPSOIL -
Brown silty SAND (SM), no structure, no odor, moist, fines slightly
organic

 - SUBSOIL -
Silty SAND with gravel (SM), bonded, 5% oversized, very slightly to
unbonded, mottling, more silty below ~ 10.0 ft, possibly stratified or
bedded

 - GLACIAL TILL -

BOTTOM OF EXPLORATION 11.6 FT
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ONE CORPORATE DRIVE
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Location

Test Pit Dimensions (ft)
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=

Ground El.:

12 to 24

Project

Obstructions:

IQHQ-One Corporate LLC

0203691-000

M. Dodson

USCS
Symbol

Number
=

Equipment Used

Location:

ftat depth

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

Boulders

Client

Standing Water in Completed Pit

hours elapsedmeasured after

Diameter (in.)

ANDOVER, MA

Field Tests
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Change
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Pit Length x Width (ft)
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152.4

HA21-TP5

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

Test Pit No.TEST PIT LOG

Approx. Vol. (cu.ft)

VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION

(Color GROUP NAME & SYMBOL, % oversized, maximum particle size,
structure, odor, moisture, optional descriptions

GEOLOGIC INTERPRETATION)

RUBBER TRACKED EXCAVATOR

Field TestsGravel Sand
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SP

SM

SM

SM

152.7
0.3

150.7
2.3

150.3
2.7

149.0
4.0

143.0
10.0

-ASPHALT-

Yellow poorly-graded SAND (SP), no structure, no odor, no oversized

 - FILL -

PID = 0.0/0.0 ppm
Black to gray-brown silty SAND with gravel (SM), no structure, no odor,
trace wood debris

 - FILL -
Dark brown to red-yellow silty SAND (SM), no structure, no odor,
disturbed, higher fines % and organic content towards top, variable
thickness

 - 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

PID = 0.0/0.0 ppm

BOTTOM OF EXPLORATION 10.0 FT
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Groundwater depths/entry rates (in./min.):
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Depth

(ft)

ONE CORPORATE DRIVE

EARTHWORK INDUSTRIES, INC.

Location

Test Pit Dimensions (ft)

Sample
ID
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)

=

Ground El.:

12 to 24

Project

Obstructions:

IQHQ-One Corporate LLC

0203691-000

M. Dodson

USCS
Symbol

Number
=

Equipment Used

Location:

ftat depth

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

Boulders

Client

Standing Water in Completed Pit

hours elapsedmeasured after

Diameter (in.)

ANDOVER, MA

Field Tests

Stratum
Change
Elev./
Depth

(ft)

Contractor

Remarks:

Sample
ID

El. Datum:
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File No.

10 Nov 2021

Pit Length x Width (ft)

USCS
Symbol

D
ep

th
 (

ft
)

over 24
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153.0

HA21-TP6

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

Test Pit No.TEST PIT LOG

Approx. Vol. (cu.ft)

VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION

(Color GROUP NAME & SYMBOL, % oversized, maximum particle size,
structure, odor, moisture, optional descriptions

GEOLOGIC INTERPRETATION)

RUBBER TRACKED EXCAVATOR

Field TestsGravel Sand
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SP

SM

SM

SM

153.5
0.3

152.3
1.5

151.6
2.2

144.8
9.0

142.3
11.5

-ASPHALT-
Yellow-brown to light-brown poorly-graded SAND (SP), layer, no odor,
moist, no oversized

-FILL-

Dark brown brown silty SAND (SM), no structure, no odor, moist,
former topsoil and subsoil, partially excavated, disturbed, fines
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
unbonded, moist to nearly wet below ~8 ft

 - GLACIAL TILL -

PID = 0.0/0.0 ppm

Tan to olive-brown silty SAND with gravel (SM), no structure, no odor,
moist to wet, trace oversized, mps 1.0 ft, lodgement till

 - GLACIAL TILL -

PID = 0.0/0.0 ppm

BOTTOM OF EXPLORATION 11.5 FT
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ONE CORPORATE DRIVE

EARTHWORK INDUSTRIES, INC.

Location

Test Pit Dimensions (ft)
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ID
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=

Ground El.:

12 to 24

Project

Obstructions:

IQHQ-One Corporate LLC

0203691-000

M. Dodson

USCS
Symbol

Number
=

Equipment Used

Location:

ftat depth

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

Boulders

Client

Standing Water in Completed Pit

hours elapsedmeasured after

Diameter (in.)

ANDOVER, MA

Field Tests

Stratum
Change
Elev./
Depth
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Contractor

Remarks:
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11.5Pit Depth (ft)

File No.

10 Nov 2021

Pit Length x Width (ft)

USCS
Symbol
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153.8

HA21-TP7

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

Test Pit No.TEST PIT LOG

Approx. Vol. (cu.ft)

VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION

(Color GROUP NAME & SYMBOL, % oversized, maximum particle size,
structure, odor, moisture, optional descriptions

GEOLOGIC INTERPRETATION)

RUBBER TRACKED EXCAVATOR

Field TestsGravel Sand
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OL/OH

GP-GM

SM

140.4
1.1

139.1
2.4

132.5
9.0

Black to dark brown sandy ORGANIC SOIL (OL/OH), no structure, no
odor, moist, trace oversized

 - LOAMY FILL -

Tan to gray poorly-graded GRAVEL with silt and sand (GP-GM), no
structure, no odor, moist, 25% cobbles, trace boulders, 10% oversized

 - FILL -

PID = 0.0/0.0 ppm
Tan silty SAND with gravel (SM), bonded, no odor, moist to wet,
highest seepage 7.4 ft, little seepage

 - GLACIAL TILL -

PID = 0.0/0.0 ppm

BOTTOM OF EXPLORATION 9.0 FT
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Project

Obstructions:

IQHQ-One Corporate LLC

0203691-000

M. Dodson

USCS
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Number
=

Equipment Used

Location:

ftat depth

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

Boulders

Client

Standing Water in Completed Pit

hours elapsedmeasured after

Diameter (in.)

ANDOVER, MA

Field Tests
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9.0Pit Depth (ft)
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Pit Length x Width (ft)

USCS
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141.5

HA21-TP8

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

Test Pit No.TEST PIT LOG

Approx. Vol. (cu.ft)

VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION

(Color GROUP NAME & SYMBOL, % oversized, maximum particle size,
structure, odor, moisture, optional descriptions

GEOLOGIC INTERPRETATION)

RUBBER TRACKED EXCAVATOR

Field TestsGravel Sand
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SP

SM

ML

SM

157.7
0.3

155.2
2.8

149.5
8.5

147.0
11.0

-ASPHALT-
Yellow-brown to dark brown poorly-graded SAND (SP), layer, no odor,
moist, no oversized, mps 6 in, remnant former topsoil in lenses, more
prevalent

 - FILL -

PID = 0.0/0.0 ppm

Tan to olive-gray silty SAND (SM), bonded, no odor, moist, 5%
cobbles, mps 8 in

 - GLACIAL TILL -

PID = 0.0/0.0 ppm

Olive-brown to olive-gray sandy SILT (ML), bed, no odor, wet, bedded
stratified horizontal but uneven and slightly folded

Olive-brown silty SAND with gravel (SM), bonded, no odor, wet

 - GLACIAL TILL -
PID = 0.0/0.0 ppm

BOTTOM OF EXPLORATION 11.0 FT
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Obstructions:

IQHQ-One Corporate LLC

0203691-000

M. Dodson
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=

Equipment Used

Location:

ftat depth

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

hours elapsedmeasured after

Diameter (in.)

ANDOVER, MA

Field Tests
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Pit Length x Width (ft)
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158.0

HA21-TP10

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

Test Pit No.TEST PIT LOG

Approx. Vol. (cu.ft)

VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION

(Color GROUP NAME & SYMBOL, % oversized, maximum particle size,
structure, odor, moisture, optional descriptions

GEOLOGIC INTERPRETATION)

RUBBER TRACKED EXCAVATOR

Field TestsGravel Sand
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ML

ML

SM

160.7
1.0

159.2
2.5

151.9
9.8

SILT with sand (ML), no structure, organic odor, moist, fines
moderately organic

 - LOAMY FILL -

Yellow-brown sandy SILT (ML), no structure, no odor, moist

 - SUBSOIL -

PID = 0.0/0.0 ppm

Tan silty SAND with gravel (SM), bonded, no odor, moist to wet, trace
oversized, mps 2.0 ft, wet below 8.5 ft

PID = 0.0/0.0 ppm

BOTTOM OF EXPLORATION 9.8 FT

PID = 0.0/0.0 ppm
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Weather

Groundwater depths/entry rates (in./min.):
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Change
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ONE CORPORATE DRIVE
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)

=

Ground El.:

12 to 24

Project

Obstructions:

IQHQ-One Corporate LLC

0203691-000

M. Dodson

USCS
Symbol

Number
=

Equipment Used

Location:

ftat depth

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

Boulders

Client

Standing Water in Completed Pit

hours elapsedmeasured after

Diameter (in.)

ANDOVER, MA

Field Tests

Stratum
Change
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9.8Pit Depth (ft)

File No.

15 Nov 2021

Pit Length x Width (ft)

USCS
Symbol
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)
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161.7

HA21-TP11

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

Test Pit No.TEST PIT LOG

Approx. Vol. (cu.ft)

VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION

(Color GROUP NAME & SYMBOL, % oversized, maximum particle size,
structure, odor, moisture, optional descriptions

GEOLOGIC INTERPRETATION)

RUBBER TRACKED EXCAVATOR

Field TestsGravel Sand
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SP

SM

SM

156.8
1.5

147.8
10.5

Yellow-brown poorly-graded SAND with gravel (SP), no structure, no
odor, moist, no oversized, mps 8 in.

 - FILL -
Tan silty SAND with gravel (SM), bonded

PID = 0.0/0.0 ppm

Yellow-brown to olive-brown silty SAND with gravel (SM), bonded, no
odor, moist to wet, 10% cobbles, no oversized, moist to wet below
highest seepage at 10.0 ft, lodgement till

 - GLACIAL TILL -
PID = 0.0/0.0 ppm

BOTTOM OF EXPLORATION 10.5 FT
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Test Pit Dimensions (ft)
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)

=

Ground El.:

12 to 24

Project

Obstructions:

IQHQ-One Corporate LLC

0203691-000

M. Dodson

USCS
Symbol

Number
=

Equipment Used

Location:

ftat depth

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

Boulders

Client

Standing Water in Completed Pit

hours elapsedmeasured after

Diameter (in.)

ANDOVER, MA

Field Tests
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15 Nov 2021

Pit Length x Width (ft)
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158.3

HA21-TP12

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

Test Pit No.TEST PIT LOG

Approx. Vol. (cu.ft)

VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION

(Color GROUP NAME & SYMBOL, % oversized, maximum particle size,
structure, odor, moisture, optional descriptions

GEOLOGIC INTERPRETATION)

RUBBER TRACKED EXCAVATOR

Field TestsGravel Sand
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SP

SM

SM

154.2
0.3

150.1
4.4

149.0
5.5

143.0
11.5

-ASPHALT-
Yellow poorly-graded SAND with gravel (SP), no structure, no odor,
wet, 5% cobbles, trace oversized mps 2.5 ft from bottom of fill

 - FILL -

PID = 0.0/0.0 ppm

Yellow-brown to brown silty SAND with gravel (SM), no structure, no
odor, moist, mix of remnant topsoil,  subsoil and fill from above

Light-brown to tan silty SAND with gravel (SM), bonded, no odor, moist
to wet, becomes more tan/light gray with depth, mottling below est. 8.5
ft

 - GLACIAL TILL -

PID = 0.0/0.0 ppm

BOTTOM OF EXPLORATION 11.5 FT
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Ground El.:

12 to 24

Project

Obstructions:

IQHQ-One Corporate LLC

0203691-000

M. Dodson
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Symbol

Number
=

Equipment Used

Location:

ftat depth

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

Boulders

Client

Standing Water in Completed Pit

hours elapsedmeasured after

Diameter (in.)

ANDOVER, MA

Field Tests
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Pit Length x Width (ft)
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Symbol
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154.5

HA21-TP13

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

Test Pit No.TEST PIT LOG

Approx. Vol. (cu.ft)

VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION

(Color GROUP NAME & SYMBOL, % oversized, maximum particle size,
structure, odor, moisture, optional descriptions

GEOLOGIC INTERPRETATION)

RUBBER TRACKED EXCAVATOR

Field TestsGravel Sand
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ML

SP

155.9
2.0

151.9
6.0

Dark brown sandy SILT (ML), no structure, organic odor, moist, 15%
roots, trace scrap building materials

 - LOAMY FILL -

Yellow poorly-graded SAND (SP), no structure, no odor, moist

 - FILL -
PID = 0.0/0.0 ppm

PID = 0.0/0.0 ppm

BOTTOM OF EXPLORATION 6.0 FT
PID = 0.0/0.0 ppm
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Ground El.:

12 to 24

Project

Obstructions:

IQHQ-One Corporate LLC

0203691-000

M. Dodson
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Symbol

Number
=

Equipment Used

Location:

ftat depth

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

Boulders
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Standing Water in Completed Pit

hours elapsedmeasured after

Diameter (in.)

ANDOVER, MA

Field Tests
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6.0Pit Depth (ft)
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12 Nov 2021

Pit Length x Width (ft)

USCS
Symbol
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157.9

HA21-TP14

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

Test Pit No.TEST PIT LOG

Approx. Vol. (cu.ft)

VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION

(Color GROUP NAME & SYMBOL, % oversized, maximum particle size,
structure, odor, moisture, optional descriptions

GEOLOGIC INTERPRETATION)

RUBBER TRACKED EXCAVATOR

Field TestsGravel Sand
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ML

SP

SM

155.4
2.5

151.6
6.3

149.9
8.0

Dark brown sandy SILT (ML), trace building material debris, No
oversized, fines moderately organic

 - LOAMY FILL -

PID = 0.0/0.0 ppm

Yellow-brown poorly-graded SAND (SP)

 - FILL -

PID = 0.0/0.0 ppm

Tan to light-brown silty SAND (SM), no structure, no odor, moist

 - GLACIAL TILL -

PID = 0.0/0.0 ppm

BOTTOM OF EXPLORATION 8.0 FT
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Ground El.:
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Project

Obstructions:

IQHQ-One Corporate LLC

0203691-000

M. Dodson
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Number
=

Equipment Used

Location:

ftat depth

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

hours elapsedmeasured after

Diameter (in.)

ANDOVER, MA

Field Tests
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8.0Pit Depth (ft)
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Pit Length x Width (ft)

USCS
Symbol
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157.9

HA21-TP15

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

Test Pit No.TEST PIT LOG

Approx. Vol. (cu.ft)

VISUAL-MANUAL IDENTIFICATION AND DESCRIPTION

(Color GROUP NAME & SYMBOL, % oversized, maximum particle size,
structure, odor, moisture, optional descriptions

GEOLOGIC INTERPRETATION)

RUBBER TRACKED EXCAVATOR

Field TestsGravel Sand
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DRAFT Guelph Permeameter Calculations 
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RUNOFF CALCULATIONS 
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EXISTING
 CONDITIONS   1
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Area Listing (all nodes)

Area
(acres)

CN Description
(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
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Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

0.000 HSG A
0.000 HSG B
7.865 HSG C 1E, 2E, 3E, 4E, 5E, 6E
0.000 HSG D
0.000 Other

7.865 TOTAL AREA
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Ground Covers (all nodes)

HSG-A
(acres)

HSG-B
(acres)

HSG-C
(acres)

HSG-D
(acres)

Other
(acres)

Total
(acres)

Ground
Cover

Subcatchment
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
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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

Runoff Area=17,379 sf   3.61% Impervious   Runoff Depth=3.01"Subcatchment 1E: FRONT OF SITE
   Flow Length=185'   Tc=33.2 min   CN=72   Runoff=0.76 cfs  0.100 af

Runoff Area=45,130 sf   5.60% Impervious   Runoff Depth=3.20"Subcatchment 2E: OVERLAND TO CORP 
   Flow Length=305'   Tc=14.9 min   CN=74   Runoff=2.94 cfs  0.276 af

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

Runoff Area=17,916 sf   0.00% Impervious   Runoff Depth=2.82"Subcatchment 4E: OFFSITE AREA TO B1
   Flow Length=235'   Slope=0.0300 '/'   Tc=14.2 min   CN=70   Runoff=1.04 cfs  0.097 af

Runoff Area=13,858 sf   0.00% Impervious   Runoff Depth=2.82"Subcatchment 5E: B1 FRONT WOODS
   Flow Length=87'   Slope=0.0230 '/'   Tc=12.6 min   CN=70   Runoff=0.83 cfs  0.075 af

Runoff Area=194,667 sf   72.51% Impervious   Runoff Depth=4.98"Subcatchment 6E: MAIN B1 SITE
   Tc=6.0 min   CN=91   Runoff=24.09 cfs  1.853 af

   Inflow=0.76 cfs  0.100 afReach 1EX: SHATTUCK RD DITCH
   Outflow=0.76 cfs  0.100 af

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

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

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

   Inflow=31.63 cfs  2.601 afReach 5EX: TOTAL B1 SITE TO EXIST. SW BASIN
   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
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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 III 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

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr
25 YEAR Rainfall=6.02"
Runoff Area=17,379 sf

Runoff Volume=0.100 af
Runoff Depth=3.01"

Flow Length=185'
Tc=33.2 min

CN=72

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

Runoff = 2.94 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 III 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"

5.4 255 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

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr
25 YEAR Rainfall=6.02"
Runoff Area=45,130 sf

Runoff Volume=0.276 af
Runoff Depth=3.20"

Flow Length=305'
Tc=14.9 min

CN=74

2.94 cfs
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Summary for Subcatchment 3E: MEADOW

Runoff = 4.12 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 III 24-hr  25 YEAR Rainfall=6.02"

Area (sf) CN Description
765 70 Woods, Good, HSG C

52,888 71 Meadow, non-grazed, HSG C
53,653 71 Weighted Average
53,653 100.00% Pervious 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 3E: MEADOW

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr
25 YEAR Rainfall=6.02"
Runoff Area=53,653 sf

Runoff Volume=0.299 af
Runoff Depth=2.91"

Flow Length=216'
Tc=6.0 min

CN=71

4.12 cfs
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Summary for Subcatchment 4E: OFFSITE AREA TO B1

Runoff = 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 III 24-hr  25 YEAR Rainfall=6.02"

Area (sf) CN Description
17,916 70 Woods, Good, HSG C
17,916 100.00% 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 4E: OFFSITE AREA TO B1

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr
25 YEAR Rainfall=6.02"
Runoff Area=17,916 sf

Runoff Volume=0.097 af
Runoff Depth=2.82"

Flow Length=235'
Slope=0.0300 '/'

Tc=14.2 min
CN=70

1.04 cfs
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Summary for Subcatchment 5E: B1 FRONT WOODS

Runoff = 0.83 cfs @ 12.18 hrs,  Volume= 0.075 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 III 24-hr  25 YEAR Rainfall=6.02"

Area (sf) CN Description
13,858 70 Woods, Good, HSG C
13,858 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
11.8 50 0.0230 0.07 Sheet Flow, 

Woods: Light underbrush   n= 0.400   P2= 3.12"
0.8 37 0.0230 0.76 Shallow Concentrated Flow, 

Woodland   Kv= 5.0 fps
12.6 87 Total

Subcatchment 5E: B1 FRONT WOODS

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr
25 YEAR Rainfall=6.02"
Runoff Area=13,858 sf

Runoff Volume=0.075 af
Runoff Depth=2.82"

Flow Length=87'
Slope=0.0230 '/'

Tc=12.6 min
CN=70

0.83 cfs
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Summary for Subcatchment 6E: MAIN B1 SITE

Runoff = 24.09 cfs @ 12.09 hrs,  Volume= 1.853 af,  Depth= 4.98"

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

Area (sf) CN Description
3,000 70 Woods, Good, HSG C

141,158 98 Paved parking, HSG C
50,509 74 >75% Grass cover, Good, HSG C

194,667 91 Weighted Average
53,509 27.49% Pervious Area

141,158 72.51% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 6E: MAIN B1 SITE

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr
25 YEAR Rainfall=6.02"
Runoff Area=194,667 sf

Runoff Volume=1.853 af
Runoff Depth=4.98"

Tc=6.0 min
CN=91

24.09 cfs
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Summary for Reach 1EX: SHATTUCK RD DITCH

Inflow Area = 0.399 ac, 3.61% Impervious,  Inflow Depth = 3.01"    for  25 YEAR event
Inflow = 0.76 cfs @ 12.47 hrs,  Volume= 0.100 af
Outflow = 0.76 cfs @ 12.47 hrs,  Volume= 0.100 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach 1EX: SHATTUCK RD DITCH

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=0.399 ac

0.76 cfs0.76 cfs
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Summary for Reach 2EX: CORP. DRV. & 4 CORP. DRV.

Inflow Area = 1.036 ac, 5.60% Impervious,  Inflow Depth = 3.20"    for  25 YEAR event
Inflow = 2.94 cfs @ 12.21 hrs,  Volume= 0.276 af
Outflow = 2.94 cfs @ 12.21 hrs,  Volume= 0.276 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

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

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=1.036 ac

2.94 cfs2.94 cfs
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Summary for Reach 3EX: MEADOW TO DRAIN

Inflow Area = 1.232 ac, 0.00% Impervious,  Inflow Depth = 2.91"    for  25 YEAR event
Inflow = 4.12 cfs @ 12.09 hrs,  Volume= 0.299 af
Outflow = 4.12 cfs @ 12.09 hrs,  Volume= 0.299 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach 3EX: MEADOW TO DRAIN

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=1.232 ac

4.12 cfs4.12 cfs
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Summary for Reach 4EX: B1 SITE TO DRAINs

Inflow Area = 5.198 ac, 62.34% Impervious,  Inflow Depth = 4.67"    for  25 YEAR event
Inflow = 25.45 cfs @ 12.09 hrs,  Volume= 2.025 af
Outflow = 25.45 cfs @ 12.09 hrs,  Volume= 2.025 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach 4EX: B1 SITE TO DRAINs

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=5.198 ac
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Summary for Reach 5EX: TOTAL B1 SITE TO EXIST. SW BASIN

Inflow Area = 7.466 ac, 44.18% Impervious,  Inflow Depth = 4.18"    for  25 YEAR event
Inflow = 31.63 cfs @ 12.09 hrs,  Volume= 2.601 af
Outflow = 31.63 cfs @ 12.09 hrs,  Volume= 2.601 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

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

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=7.466 ac
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Routing Diagram for Andover Lot 1 PC 1
Prepared by LINDEN ENGINEERING PARTNERS, LLC,  Printed 2/1/2022
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Area Listing (all nodes)

Area
(acres)

CN Description
(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



PROPOSED BUILDING 1 SITE
Andover Lot 1 PC 1

  Printed  2/1/2022Prepared by LINDEN ENGINEERING PARTNERS, LLC
Page 3HydroCAD® 10.00-25  s/n 07179  © 2019 HydroCAD Software Solutions LLC

Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

0.000 HSG A
0.000 HSG B
8.134 HSG C 10S, 12S, 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

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

Ground Covers (all nodes)

HSG-A
(acres)

HSG-B
(acres)

HSG-C
(acres)

HSG-D
(acres)

Other
(acres)

Total
(acres)

Ground
Cover

Subcatchment
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 12S, 

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
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Summary for Subcatchment 10S: (new Subcat)

Runoff = 2.94 cfs @ 12.09 hrs,  Volume= 0.246 af,  Depth= 5.78"

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

Area (sf) CN Description
22,241 98 Roofs, HSG C
22,241 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 10S: (new Subcat)

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr
25 YEAR Rainfall=6.02"
Runoff Area=22,241 sf

Runoff Volume=0.246 af
Runoff Depth=5.78"

Tc=6.0 min
CN=98

2.94 cfs
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Summary for Subcatchment 12S: D6F

Runoff = 5.44 cfs @ 12.09 hrs,  Volume= 0.431 af,  Depth= 5.32"

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

Area (sf) CN Description
34,882 98 Paved parking, HSG C

7,522 74 >75% Grass cover, Good, HSG C
42,404 94 Weighted Average

7,522 17.74% Pervious Area
34,882 82.26% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 12S: D6F

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
25 YEAR Rainfall=6.02"
Runoff Area=42,404 sf

Runoff Volume=0.431 af
Runoff Depth=5.32"

Tc=6.0 min
CN=94

5.44 cfs
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Summary for Subcatchment 13S: (new Subcat)

Runoff = 3.58 cfs @ 12.09 hrs,  Volume= 0.300 af,  Depth= 5.78"

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

Area (sf) CN Description
27,100 98 Roofs, HSG C
27,100 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 13S: (new Subcat)

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
25 YEAR Rainfall=6.02"
Runoff Area=27,100 sf

Runoff Volume=0.300 af
Runoff Depth=5.78"

Tc=6.0 min
CN=98

3.58 cfs
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Summary for Subcatchment 16S: (new Subcat)

Runoff = 2.30 cfs @ 12.09 hrs,  Volume= 0.180 af,  Depth= 5.20"

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

Area (sf) CN Description
14,100 98 Paved parking, HSG C

4,000 74 >75% Grass cover, Good, HSG C
18,100 93 Weighted Average

4,000 22.10% Pervious Area
14,100 77.90% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 16S: (new Subcat)

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
25 YEAR Rainfall=6.02"
Runoff Area=18,100 sf

Runoff Volume=0.180 af
Runoff Depth=5.20"

Tc=6.0 min
CN=93

2.30 cfs



PROPOSED BUILDING 1 SITE
Type III 24-hr  25 YEAR Rainfall=6.02"Andover Lot 1 PC 1

  Printed  2/1/2022Prepared by LINDEN ENGINEERING PARTNERS, LLC
Page 9HydroCAD® 10.00-25  s/n 07179  © 2019 HydroCAD Software Solutions LLC

Summary for Subcatchment D1: FRONT OF SITE

Runoff = 0.70 cfs @ 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 III 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

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
25 YEAR Rainfall=6.02"
Runoff Area=15,990 sf

Runoff Volume=0.092 af
Runoff Depth=3.01"

Flow Length=185'
Tc=33.2 min

CN=72

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

Runoff = 2.29 cfs @ 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 III 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
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Subcatchment D2: OVERLAND TO CORP DRV & 4 CORP DRV

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
25 YEAR Rainfall=6.02"
Runoff Area=32,770 sf

Runoff Volume=0.207 af
Runoff Depth=3.30"

Flow Length=313'
Tc=13.2 min

CN=75

2.29 cfs
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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 III 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

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420

F
lo

w
  (

cf
s)

4

3

2

1

0

Type III 24-hr
25 YEAR Rainfall=6.02"
Runoff Area=51,334 sf

Runoff Volume=0.296 af
Runoff Depth=3.01"

Flow Length=216'
Tc=6.0 min

CN=72

4.07 cfs
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Summary for Subcatchment D4: OFFSITE AREA

Runoff = 1.12 cfs @ 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 III 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

Runoff

Hydrograph

Time  (hours)
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F
lo

w
  (

cf
s)

1

0

Type III 24-hr
25 YEAR Rainfall=6.02"
Runoff Area=19,299 sf

Runoff Volume=0.104 af
Runoff Depth=2.82"

Flow Length=235'
Slope=0.0300 '/'

Tc=14.2 min
CN=70

1.12 cfs
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Summary for Subcatchment D5A: (new Subcat)

Runoff = 3.75 cfs @ 12.09 hrs,  Volume= 0.282 af,  Depth= 4.65"

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

Area (sf) CN Description
18,900 98 Paved parking, HSG C
12,849 74 >75% Grass cover, Good, HSG C
31,749 88 Weighted Average
12,849 40.47% Pervious Area
18,900 59.53% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment D5A: (new Subcat)

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
25 YEAR Rainfall=6.02"
Runoff Area=31,749 sf

Runoff Volume=0.282 af
Runoff Depth=4.65"

Tc=6.0 min
CN=88

3.75 cfs
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Summary for Subcatchment D6A: (new Subcat)

Runoff = 7.14 cfs @ 12.09 hrs,  Volume= 0.580 af,  Depth= 5.55"

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

Area (sf) CN Description
* 45,920 98 Paved parking, Roof, HSG C

8,720 86 <50% Grass cover, Poor, HSG C
54,640 96 Weighted Average

8,720 15.96% Pervious Area
45,920 84.04% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment D6A: (new Subcat)

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
25 YEAR Rainfall=6.02"
Runoff Area=54,640 sf

Runoff Volume=0.580 af
Runoff Depth=5.55"

Tc=6.0 min
CN=96

7.14 cfs
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Summary for Subcatchment D6B: (new Subcat)

Runoff = 4.86 cfs @ 12.09 hrs,  Volume= 0.377 af,  Depth= 5.09"

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

Area (sf) CN Description
28,500 98 Paved parking, HSG C
10,210 74 >75% Grass cover, Good, HSG C
38,710 92 Weighted Average
10,210 26.38% Pervious Area
28,500 73.62% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment D6B: (new Subcat)

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
25 YEAR Rainfall=6.02"
Runoff Area=38,710 sf

Runoff Volume=0.377 af
Runoff Depth=5.09"

Tc=6.0 min
CN=92

4.86 cfs
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Summary for Reach 1D: SHATTUCK RD DITCH

Inflow Area = 0.367 ac, 5.80% Impervious,  Inflow Depth = 3.01"    for  25 YEAR event
Inflow = 0.70 cfs @ 12.47 hrs,  Volume= 0.092 af
Outflow = 0.70 cfs @ 12.47 hrs,  Volume= 0.092 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach 1D: SHATTUCK RD DITCH

Inflow
Outflow

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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Inflow Area=0.367 ac

0.70 cfs0.70 cfs
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Summary for Reach 2D: OVERLAND TO CORP DRV. & B4 DRV DRAIN.

Inflow Area = 0.752 ac, 10.31% Impervious,  Inflow Depth = 3.30"    for  25 YEAR event
Inflow = 2.29 cfs @ 12.19 hrs,  Volume= 0.207 af
Outflow = 2.29 cfs @ 12.19 hrs,  Volume= 0.207 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

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

Inflow
Outflow

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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Inflow Area=0.752 ac

2.29 cfs2.29 cfs
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Summary for Reach 3D: MEADOW TO DRAIN

Inflow Area = 1.178 ac, 2.63% Impervious,  Inflow Depth = 3.01"    for  25 YEAR event
Inflow = 4.07 cfs @ 12.09 hrs,  Volume= 0.296 af
Outflow = 4.07 cfs @ 12.09 hrs,  Volume= 0.296 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach 3D: MEADOW TO DRAIN

Inflow
Outflow

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420
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Inflow Area=1.178 ac

4.07 cfs4.07 cfs
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Summary for Reach 4D: B1 SITE TO DRAIN

Inflow Area = 5.837 ac, 75.38% Impervious,  Inflow Depth = 4.54"    for  25 YEAR event
Inflow = 22.48 cfs @ 12.18 hrs,  Volume= 2.210 af
Outflow = 22.48 cfs @ 12.18 hrs,  Volume= 2.210 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach 4D: B1 SITE TO DRAIN

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=5.837 ac

22.48 cfs22.48 cfs
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Summary for Reach 5D: TOTAL B1 SITE TO EXIST. SW BASIN

Inflow Area = 7.767 ac, 58.04% Impervious,  Inflow Depth = 4.19"    for  25 YEAR event
Inflow = 27.88 cfs @ 12.16 hrs,  Volume= 2.712 af
Outflow = 27.88 cfs @ 12.16 hrs,  Volume= 2.712 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

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

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=7.767 ac

27.88 cfs27.88 cfs
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Summary for Reach 5R: 

Inflow Area = 1.332 ac, 49.13% Impervious,  Inflow Depth = 4.33"    for  25 YEAR event
Inflow = 5.65 cfs @ 12.10 hrs,  Volume= 0.481 af
Outflow = 5.65 cfs @ 12.10 hrs,  Volume= 0.481 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach 5R: 

Inflow
Outflow

Hydrograph

Time  (hours)
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Summary for Reach 17R: 

Inflow Area = 1.038 ac, 91.15% Impervious,  Inflow Depth = 5.55"    for  25 YEAR event
Inflow = 5.88 cfs @ 12.09 hrs,  Volume= 0.480 af
Outflow = 5.88 cfs @ 12.09 hrs,  Volume= 0.480 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach 17R: 

Inflow
Outflow

Hydrograph

Time  (hours)
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Summary for Reach STC1: STC#1

Inflow Area = 4.134 ac, 76.55% Impervious,  Inflow Depth = 4.65"    for  25 YEAR event
Inflow = 16.70 cfs @ 12.17 hrs,  Volume= 1.603 af
Outflow = 16.70 cfs @ 12.17 hrs,  Volume= 1.603 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach STC1: STC#1
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Summary for Reach STC2: STC#2

Inflow Area = 1.702 ac, 72.53% Impervious,  Inflow Depth = 4.28"    for  25 YEAR event
Inflow = 5.91 cfs @ 12.21 hrs,  Volume= 0.607 af
Outflow = 5.91 cfs @ 12.21 hrs,  Volume= 0.607 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Reach STC2: STC#2

Inflow
Outflow

Hydrograph

Time  (hours)
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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 = 7.14 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 = 6.22 cfs @ 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' L  x 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)
2=Culvert  (Passes 6.11 cfs of 11.18 cfs potential flow)

1=Sharp-Crested Rectangular Weir  (Weir Controls 6.11 cfs @ 2.61 fps)



PROPOSED BUILDING 1 SITE
Type III 24-hr  25 YEAR Rainfall=6.02"Andover Lot 1 PC 1

  Printed  2/1/2022Prepared by LINDEN ENGINEERING PARTNERS, LLC
Page 27HydroCAD® 10.00-25  s/n 07179  © 2019 HydroCAD Software Solutions LLC

Pond IB1: ISTR#1
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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 = 20.33 cfs @ 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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Pond IB2: (new Pond)
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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 = 3.75 cfs @ 12.09 hrs,  Volume= 0.282 af
Outflow = 3.40 cfs @ 12.13 hrs,  Volume= 0.231 af,  Atten= 9%,  Lag= 2.3 min
Primary = 3.40 cfs @ 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' L  x 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)
2=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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Pond IS3: IS#3
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Summary for Pond IS4: IS#4

Inflow Area = 1.702 ac, 72.53% Impervious,  Inflow Depth = 4.67"    for  25 YEAR event
Inflow = 8.72 cfs @ 12.10 hrs,  Volume= 0.662 af
Outflow = 5.91 cfs @ 12.21 hrs,  Volume= 0.607 af,  Atten= 32%,  Lag= 6.4 min
Primary = 5.91 cfs @ 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 )

Volume Invert Avail.Storage Storage Description
#1 146.50' 0.184 af Shea Leaching Chamber  8x14x4.7  x 20

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 147.70' 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 IS4: IS#4
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Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands Program 

Checklist for Stormwater Report  
 

 A. Introduction 

Important: When 
filling out forms 
on the computer, 
use only the tab 
key to move your 
cursor - do not 
use the return 
key. 

 

A Stormwater Report must be submitted with the Notice of Intent permit application to document 
compliance with the Stormwater Management Standards. The following checklist is NOT a substitute for 
the Stormwater Report (which should provide more substantive and detailed information) but is offered 
here as a tool to help the applicant organize their Stormwater Management documentation for their 
Report and for the reviewer to assess this information in a consistent format. As noted in the Checklist, 
the Stormwater Report must contain the engineering computations and supporting information set forth in 
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. 
 
The Stormwater Report must include: 

• The Stormwater Checklist completed and stamped by a Registered Professional Engineer (see 
page 2) that certifies that the Stormwater Report contains all required submittals.1 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 

• 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 Illicit Discharge Compliance Statement required by Standard 10.  If not included in 
the Stormwater Report, the Illicit 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. 
 

 

 

 

 

http://www.mass.gov/dep/water/laws/policies.htm#storm
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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 

 I 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 Illicit 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.  I 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 

  
 

  

   

   
 
 
 
 
 
                                                                                                  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 

  Redevelopment 

  Mix of New Development and Redevelopment 
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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) 

 
 Reduced Impervious Area (Redevelopment Only) 

 
 Minimizing disturbance to existing trees and shrubs 

 
 LID Site Design Credit Requested: 

 
  Credit 1    

 
  Credit 2 

 
  Credit 3 

 
 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 

 
 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 

 
 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 4 of 8 

 

 

 

 

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

Checklist for Stormwater Report  
 

 Checklist (continued) 

 
Standard 2:  Peak Rate Attenuation 

  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 

 
 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. 

 
  Static   Simple Dynamic   Dynamic Field1 

 
 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. 

 
  

 
1 80% 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. 

 

 

 

 

 

 

 

 

 

  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 II 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. 

  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) 

 
 The BMP is sized (and calculations provided) based on: 

 
  The ½” 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. 

 
 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. 

  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.  

  All exposure has been eliminated. 

  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 oil 
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 

 
 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 

   Redevelopment Project 

   Redevelopment portion of mix of new and redevelopment. 

 
 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. 

 
 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. 

 

 

 

 

 

 

 

 

 
 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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 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. 

 
 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 

 
 The Post Construction Operation and Maintenance Plan is included in the Stormwater Report and 

includes the following information: 

   Name of the stormwater management system owners; 

   Party responsible for operation and maintenance; 

   Schedule for implementation of routine and non-routine maintenance tasks; 

   Plan showing the location of all stormwater BMPs maintenance access areas; 

   Description and delineation of public safety features; 

   Estimated operation and maintenance budget; and 

   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 Illicit Discharges 

  The Long-Term Pollution Prevention Plan includes measures to prevent illicit discharges; 

  An Illicit Discharge Compliance Statement is attached; 

 
 NO Illicit Discharge Compliance Statement is attached but will be submitted prior to the discharge of 

any stormwater to post-construction BMPs. 
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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@iqhqreit.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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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:  

 

• 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. 

• Products will be kept in their original containers with the original 

manufacturer's label.  

• Substances will not be mixed with one another unless recommended by 

the manufacturer.  

• Whenever possible, all of a product will be used up before disposing of the 

container.  

• 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.  

 

• Products will be kept in original containers unless they are not re-sealable. 

• Original labels and material safety data will be retained; they contain 

important product information. 
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• 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. 
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2. The minimum practical quantity of all such materials will be kept on the 

property at all times.  

 

3. 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. 

 

4. 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.  

 

2. The spill area will be kept well ventilated and personnel will wear 

appropriate protective clothing to prevent injury from contact with the 

hazardous substances.  

 

3. The property manager will be notified immediately. 

 

4. 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 
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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:  

 

• Discharges from fire-fighting activities  

• Fire Hydrant flushings  

• Waters used to wash vehicles where detergents are not used  

• Water used to control dust in accordance with off-site vehicle tracking  

• Potable water including uncontaminated water line flushings 

• Routine external building wash down that does not use detergents 

• 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  

• Uncontaminated air conditioner compressor condensate  

• Uncontaminated ground water or spring water  

• Foundation or footing drains where flows are not contaminated with 

process materials such as solvents  

• Uncontaminated excavation dewatering  

• 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.  
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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). 

 

2. 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. 

 

3. 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. 

 

4. 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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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. 

 

5. 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. 

 

6. 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. 

 

7. 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. 

 

8. All sediments removed from the site drainage facilities shall be disposed of 

properly and in accordance with all applicable local and state regulations. 

 

9. All vegetated slope areas on the site shall be stabilized following 

completion of construction and maintained to control erosion.  Any 
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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: 
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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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DRAIN SYSTEM PLANS 
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THE PLANS OF THE DRAINAGE SYSTEM ATTACHED 
HERETO WILL BE REPlACED 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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Stormceptor Design Notes
•	 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:

Maximum inlet and outlet pipe diameters:

•	 The inlet 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)

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 3 in. (75 mm) 1 in. (25 mm) 3 in. (75 mm)

Multiple inlet pipes 3 in. (75 mm) 3 in. (75 mm) Only one inlet pipe.

Inlet/Outlet Configuration
Inlet Unit 
STC 450i

In-Line Unit  
STC 900 to STC 7200

Series* 
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)
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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:

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

•	 Austrian Patent No. 289647

•	 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)

•	 China Patent No 1168439

•	 Denmark DK 711879

•	 German DE 69534021

•	 Indonesian Patent No 16688

•	 Japan Patent No 9-11476 (Pending)

•	 Korea 10-2000-0026101 (Pending)

•	 Malaysia Patent No PI9701737 (Pending)

•	 New Zealand Patent No 314646

•	 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.
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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.
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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:

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

H = tank depth, ft (m)

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

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

AS = surface area, ft2 (m2)

(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.

vSC =	 H	 =	 Q 
	 6H		  AS
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4. Stormceptor Product Line
4.1. Stormceptor Models
A summary of Stormceptor models and capacities are listed in Table 1.

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.

Table 1. Stormceptor Models

Stormceptor Model Total Storage Volume 
U.S. Gal (L)

Hydrocarbon Storage 
Capacity U.S. Gal (L)

Maximum Sediment 
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)
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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 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.  
 

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. 
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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 2.  Inlet Stormceptor 
 

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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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.
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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.  
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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.

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.

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
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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:

	x 	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)

	x 	The distribution of TSS with the hydrology is properly and accurately considered in the sizing

	x 	Particle size distribution is properly considered in the sizing

	x 	The sizing can be optimized for TSS removal

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

	x 	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.



Stormceptor® Operation and Maintenance Guide      13

 
 

Technical Manual 
 

12 

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. 
 

 
 

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. 

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. 
 
 

‘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.	 Oil 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.

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
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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. 
 

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.
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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.  

7.4. 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.

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.

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
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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:

•	 Stormceptor top of grade elevation

•	 Stormceptor outlet pipe invert elevation

•	 Standing water elevation
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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: 
 

• 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

•	 Use as a bend structure

•	 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.

•	 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

•	 Como Park (1997), demonstrated 76% TSS removal

•	 Ontario MOE SWAMP Program – 57% removal of 1 to 25 micron particles

•	 Laval 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

2.	 Base slab

3.	 Lower chamber sections

4.	 Upper chamber section with fiberglass insert

5.	 Connect inlet and outlet pipes

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

7.	 Remainder of upper chamber

8.	 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:

•	 Designed to withstand the weight of personnel

•	 A safety grate is located over the 24 inch (600 mm) riser pipe opening

•	 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).

Oil 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

2.	 Remove any oil separately using a small portable pump

3.	 Decant the water from the unit to the sanitary sewer, if permitted by the local regulating authority, or into a separate containment tank

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

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



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.
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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.

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.



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

Model 
Number

Diameter
Distance from Water Surface to  

Top of Sediment Pile
Sediment Storage Capacity

ft m ft m y3 m3

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  1.3 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  4.4  3.3 

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. 

Cascade Separator® Maintenance Indicators and Sediment Storage Capacities
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Cascade Separator® Inspection & Maintenance Log

Cascade Model: Location:

Date
Depth Below Invert 
to Top of Sediment1

Floatable Layer 
Thickness2

Describe 
Maintenance 

Performed

Maintenance 
Personnel

Comments

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.
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