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Drainage Assessment November 2011
Brushneck Cove — Asylum Road

Section I: Introduction

This drainage assessment has been prepared for stormwater management improvements to the
existing closed drainage system on Asylum Road in Warwick, Rhode Island. This project is part
of a larger effort by the City and RIDEM to increase stormwater runoff infiltration within the
Brushneck Cove watershed. The site is located within a residential neighborhood generally
formed around Keeley Avenue, Wellington Avenue and Asylum Road. The site locus is
illustrated in Figure 1. The USGS Map for the project area and site photographs are shown in the
appendix.

Stormwater runoff from the residential neighborhood generally drains in a northerly direction
towards the Carpenter Brook, which flows easterly to Brushneck Cove. Currently, stormwater
runoff either flows directly into Carpenter Brook by surface flow and roadway gutter flow or it is
collected by a closed drainage system which conveys it to the brook with limited pretreatment.
The closed drainage system is located on Asylum Road, and on a portion of Wellington Avenue.

The project proposes to retrofit a portion of the existing closed drainage system on Asylum Road
by re-routing the flow from two catch basins into an underground infiltration trench system
which is sized to recharge the runoff volume from storms up to the 10-year frequency event.
During larger storm events excess runoff will overflow into the existing closed drainage system.
An oil and grit separator chamber will provide pretreatment of the runoff prior to entering the
infiltration trench system.

The Stormwater Management System has been designed with Best Management Practices
(BMP) as outlined in the Rhode Island Stormwater Design and Installation Standards Manual,
December 2010 for stormwater retrofit projects. In general, the proposed retrofit system is
designed to provide additional water quality treatment and groundwater recharge. The
improvements arc designed to accommodate peak flows from the 2, 10 and 100-year storm
events,

An Operation and Maintenance Schedule for the Stormwater Management System is provided in
Scction 3 of this document.  This provides the Owner with specific maintenance
recommendations for the proposed BMPs afler construction. In addition, operation and
maintenance of the proposed BMPs must be in conformance with the City of Warwick’s existing
stormwater pollution prevention plan for its municipal stormwater collection system.

Anticipated Local and State Permits:

The project will require approval from the RI Department of Environmental Management
Underground Injection Control Program for the proposed infiltration trench system. No Local
permits are required.

CEI Project No. 1624.23 )
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Drainage Assessment November 2011
Brushneck Cove — Asylum Road

Section 2: Methodology

2.1 Stormwater Runoff

The existing and proposed runoff hydrographs have been computed utilizing the “Hydrocad
Version 9.10” software package.

Generally, the methodology encompasses the Soil Conservation Services (SCS) unit hydrograph
method used in TR-20 that provided a basis for TR-55. The hydrologic data is the same
information required for TR-55 and includes watershed areas, SCS runoff curve numbers,
watershed slope and the travel length from the most remote watershed point. With this data,
complete SCS hydrographs can be developed for a 24-hour Type-HI storm. The watershed time
of concentration is computed internally using the SCS “TR-55 Method,” but if special conditions
exist, the time can be adjusted manually.

2.2 Detention Ponds

The detention ponds will be designed by modeling stage/storage/discharge relationships with the
“Hydrocad” program. The input data required is:

Discharge:
Orifice: Outlet diameter
Pipe: Outlet diameter Weir: Crest length
Manning’s N-Value Crest elevation
Invert Weir cocfficient
Length
Slope

2.3 Stage/Storage

The “Hydrocad” program provides surface areas at various stage elevations based on the input
data. Then, the “Hydrocad” program automatically routes hydrographs through detention
facilities to determine the resulting outfllow while also combining hydrographs to determine
cumulative sub-watershed flows.

2.4 Drainage Pipe Sizing

The drainage pipe system will be designed by utilizing the “Hydraflow Storm Sewer” Version 8
software package developed by Intellisolve. In general, the methodology is based upon the
Standard Step (Energy Equation) and the Manning’s equation. All drainage lines are designed
for the 100-year frequency storm event. Rainfall Intensity Duration data was obtained for Kent
County Rhode Island from the website “Extreme Precipitation in New England and New York”
(“http://precip.cas.cornell.edu”™).

CEl Project No. 1624.23 5
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Drainage Assessment November 2011
Brushneck Cove — Asylum Road

3.0 Stormwater Management System — Maintenance & Operation

3.1 Responsibility

The City of Warwick Department of Public Works, or their designee, will be responsible for
performing maintenance of the proposed drainage system improvements and the existing
drainage system components.

Contact Information: City of Warwick Department of Public Works
952 Sandy Lane
Warwick, RI 02889
Telephone Number: 401-738-2000, ext. 6500

3.2 Catch Basins, Manholes and Drain Lines

An inspection must occur on an annual basis by qualified personnel to ensure proper operation.
The inspection should, as a minimum, concentrate on the following:

e Damage to grate/cover

* Evidence of standing water

s Decbris removal

¢ Structural alignment/integrity

Any deficiency noted during the inspection will be immediately repaired or replaced. Catch
basins must be cleaned on an annual basis. All removed sediment is to be tested to determine
pollutant content. The sediment is to be properly disposed in upland areas based upon the test
results and local, state and federal regulations.

3.3 Oil and Grit Separator

An inspection must occur on an annual basis by qualified personnel to ensure proper operation.
The inspection should, as a minimum, concentrate on the following:
* Damage 10 covers

* Evidence of clogged baffle orifices and/or elbows, such as standing water deeper than 5
feet in the sediment storage and oil separation chambers,

e Debris removal
s  Sediment and Oil/Grease accumulation
¢ Structural alignment/integrity

¢ Inlet and Qutlet free of debris

CEl Project No. 1624.23 7

ATTACHMERT B-10



Drainage Assessment November 2011
Brushneck Cove — Asylum Road

Any deficiency noted during the inspection must be immediately repaired or replaced. The
chamber must be inspected on an annual basis and if necessary cleaned. Removed sediment is 1o
be properly disposed in upland areas based upon the test results and local, state and federal
regulations. Removed hazardous liquids (petroleum products) and debris are to be properly
disposed based upon local, state and federal regulations

3.4 Infiltration System

The infiltration systems shall be inspected annually and after storm events equal to or greater
than the I-year, 24 hour storm event. if the infiltration system does not drain after three days (72
hours), the drain lines shall be cleaned. Any deficiency noted during the inspection will be
immediately repaired or replaced.

3.4 Sample Checklist

The following pages contain a sample drainage system maintenance checklist, which can be
utilized by the Owner or their designee.

CEf Project No. 1624.23 8
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Drainage Assessmeni November 2011
Brushneck Cove - Asylum Road

Sample Stormwater
Management Systems
Inspection and Maintenance Log

Site:
Address:
Date:
Inspector:
Jem Inspection Service Service Supervisor
OK Required | Performed Notified
1.0 | Catch basins
1.1 | Sediment and debris
accumulation within 6" of ] 0] i ]
Outlet Service Required
1.2 | Frame and Grate in Good
Condition L L . L
1.3 | Inlet and Qutlet Pipes Free of
Debris L [ L L
1.4 | Integrity of Catch basin
Structure D O O L
1.5 | Describe Service Provided:
2.0 | Manholes
2.1 | Invert free of sediment and
debris 0 L L D
2.2 | Frame and Cover in Good
Condition D L L L]
2.3 | Inlet and Qutlet Pipes free of
debris O L D u
2.4 | Integrity of Manhole
Structure O U D D
2.5 | Describe Service Provided:
3.0 | Oil and Grit Separator
3.1 | Sediment and Oil/Grease
Accumulation D m U
3.2 | Frame and Covers in Good
Condition [ L] [ o
3.3 | Inlet and Outlet Pipes Free of
Debris U L ] L

CEf Project No. 1624.23 9
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3.4 | Evidence of clogged baffle
orifices and/or elbows, such
as standing water deeper than ] [ ] ]
5 feet in the sediment storage
and oil separation chambers

3.5 | Integrity of Structure ] M n ]

3.6 | Describe Service Provided:

4.0 | Infiltration Drain Lines ~ Annual Inspection
4.1 | Observation well cap
maintained; Observation Well ] [] £} ]
clear of debris

4.2 | No standing water in
Observation well after O J ] 1
precedent 72 hour dry period
4.3 : Describe Service Provided:

5.0 | Miscellaneous
5.1 | Excessive sediment L] L] L L]
accumulation on driveways,
parking lots and sidewalks
5.2 | Evidence of erosion within ] L} ] ]
landscape areas or on
adjacent parcels

5.3 | Describe Service Provided:

6.0 | General Comments:

CEl Project No. 1624.23 10
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SECTION 4: WATERSHED ANALYSIS SUMMARY

e
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Drainage Assessmeni November 2011
Brushneck Cove — Asylum Road

Section 4: Watershed Analvsis Summary

This section details conformance of the proposed project with the Rhode Island Stormwater
Design and Installation Standards Manual, December 20190.

4.1 Site Soils

Site Soils were identified from Map No. 68 of the Soil Survey of Rhode Island prepared by the
USDA, Soil Conservation Service. The site contains the following SCS soil types:

Mu —~ Merrimac Urban Land Complex

‘The Merrimac Urban Land Complex soils are well drained Merrimac soils formed in glacial
outwash deposits located in upland areas that are suitable for community development. Merrimac
Urban Land Complex soils are in Hydrologic Soil Group — A.

Seasonal high groundwater elevations were determined by an on-site soil evaluation test pit
performed in April 2011. The test pit data sheets are shown in the Appendix.

4.2 Watershed Analysis Summary

The watershed to the proposed BMP structure contains 1.21 acres and is situated within a larger
residential neighborhood with % acre lots, In general, the neighborhood and the subject
watershed, drain in northerly direction towards the Carpenter Brook, which flows in an easterly
direction to Brushneck Cove. The subject closed drainage system collects stormwater runoff
from Asylum Road and Wellington Avenue, and conveys it to the Carpenter Brook via a trunk
line situated within the Boyle Avenue right-of-way.

The proposed improvements consist of re-routing stormwater runoff from two existing catch
basins into an underground infiltration system which is sized to recharge the runoff volume from
storms up to the 10-year frequency event. During larger storm events the excess runoff will be
discharged into the aforementioned trunk line. An oil and grit separator chamber will provide
pretreatment of the runoff prior to entering the infiltration system. The following Sections 4.3,
4.4 and 4.5 detail the pretreatment design and the infiltration system design.

Hydrographs were developed for the watershed and the infiltration system routing. For the
infiltration system routing the Hydrocad program determined the exfiltration rate and volume
using the design infiltration rate and the system surface areas. Calculations for the 2, 10 and 100-
year storm events and the watershed map are shown in the Appendix. Tables 1 and 2 summarize
the results of the analysis.

CEJ Project No. 1624.23 12
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Drainage Assessment November 2011
Brushneck Cove — Asylum Road

Table 1: Watershed Data

Surface Area (ac) CN AxCN
Vs Acre Residential 1.21 61 73.81
(38% Impervious)
Totals 1.21 73.81
Weighted CN = 61

Table 2: Watershed Analysis Resnlts

[ . Peak Flow, Q (cfs)[Runoff Volume (ac-ft)]
Condition 2-Year 1 {J-Year 100-Year
Inflow (Hyd. #18) (0.52[0.049] 1.80{0.126] | 6.34[0.402]
Infiltration System 0.00{0.00] 0.00{0.00] 4.69[0.185]
Overflow (Hyd. #1P,
Primary Outflow)
% Reduction 100%(100%)] | 100%{100%)] | 26%[54%)]

4.3 Water Quality Volume (WQ,) and Water Quality Flow (WQy)

Area of Impervious Surfaces within the contributing watershed (I) = 0.46 acres
Water Quality Volume (WQy) = 0.46 acres x 43,560 sf/Acre x 17/127/ft = 1,670 of
Water Quality Flow (WQy):

P=1.2 inches

Q= 1,670 cf/(1.21 acres x 43,560 sf/acre) = 0.032 ft = 0.384 inches

CN = 1000/[10 + 5(1.2) + 10(0.384) — 10((0.384)? + 1.25(0.384x1.2)) *] = 88.2
[,=200/88.2 — 2 = (0,232

L/P =0.232/1.2=0.19, use 0.2

Time of Concentration from Hydrocad = 2.6 min. ~ 0.10 hrs

trom TR-55 Figure 4-111, q, = 625 csn/in

Drainage Area in Square Miles (A) = 1.21 Acres/640 ac./mi. = 0.0019 mi.?
WQr=qux Ax Q=0625x0.0019 x 0.384 = 0.456 cfs

CEf Profect No. 1624.23 13
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Drainage Assessmeni November 2011
Brushneck Cove — Asylum Read

4.4 Oil and Grit Separator Design

An oil and grit separator is proposed for pretreatment of stormwater runoff prior to entering the
infiltration trenches. The structure will constructed as specified in the Massachusetts Stormwater
Handbook Structural BMP Specifications. The Massachusetts specifications allow a 25% TSS
Removal credit for the structure if the permanent pool (sediment storage chamber and oil
separation chamber) has a minimum volume equal to 400 cubic feet per acre of impervious
surfaces and if the permanent pool is at least 4 feet deep. The RIDEM Stormwater design manual
also requires the structure to provide a 60 second detention time.

Area of Impervious Surfaces (A) = 0.46 acres

Minimum Volume of Permanent Pool = 0.46 acres x 400 cf/Acre = 184 cf

25-year storm peak flow = 3.29 cfs

60 second detention volume for 25-year storm = 3.29 cfs x 60 seconds = 197 cf

Minimum Permanent Pool Volume = 197 ¢f

Proposed Permanent Pool Volume:
Pool Volume in Sediment Storage Chamber = 5" deep x 6 wide x 4.5” long = 135 ¢f
Pool Volume in Oil Separation Storage Chamber = 5° deep x 6” wide x 3* long = 90 cf
Total Volume of Permanent Pool = 135 ¢f + 90 cf = 225 cf

The peak flow capacity of the structure is sized to pass the 100-year storm peak inflow. Capacity
calculations for the sediment storage chamber baffle and the oil separation chamber baffle are
shown in the appendix. The sediment storage chamber bafflec has two 107 diameter orifices and
the oil separation chamber has three 127 diameter elbows.

4.5 Infiltration System Design

The proposed infiltration system consists of two interconnected infiltration trenches located in an
unimproved section of the Boyle Avenue right-of-way. Existing single family residences are
situated on both sides of the right-of-way which are served by public water and public sewer. A
summary of the horizontal setbacks as required in Table 5-2 of the stormwater design manual is
shown below in Table 3.

CEl Project No. 1624.23 14
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Table 3: Horizontal Setbacks from the Infiltration System

Minimum (ft) Proposed (ft)

Pyblic Drinking Water Supply Well - Drilled 200 > 200

Public Drinking Water Supply Well - Gravel 400 > 400

Private Drinking Water Wells 100 > 100

Surface Water Drinking Water Supply 200 > 200
Impoundment

Tributaries that Discharge to a Surface

Drinking Water Impoundment 100 >100
Coastal Features 50 450 (brook)
All other Surface Waters 50 450 (brook)
Up-gradient from Natural slopes >15% 50 120
Down-gradient from Building Structures 25 20
Up-gradient from Building Structures 50 20
On-sitc Wastewater Treatment Systems 25 Project Area is
sewered

A soil evaluation test pit was performed on April 4, 2011 by Crossman Engineering, which
found a coarse to loamy coarse sands from the subsoil layer (21”) down to 84” and a loamy
sands from 84" to the bottom of the test pit at 96”. No redox features and no groundwater
seepage were observed in the test pit. The seasonal high groundwater elevation was determined
to be deeper than 84”. An adjacent soil boring performed for the gravity sewer system dcsign on
Asylum, indicated a groundwater depth of 11.7°. A copy of the sewer system design plan and
profile is shown in the appendix. The seasonal high groundwater depth utilized for design was
set to the bottom of the test pit at 967 (elevation = 28.0), however the actual elevation could be
lower.

An infiltration test was performed at a depth of 54”with a double ring infiltrometer which
determined an infiltration rate of over 4 inches/min. However, the limiting soil layer for
infiltration was considered to be the loamy sand layer below 84”, therefore a design infiltration
rate of 2.41 inches per hour from Table 5-3 of the stormwater design manual was utilized.

Each infiltration trench is 178’ long x 7° wide and 3.5” deep, with an 18” diameter perforated
pipe located in the center for distribution surrounded by crushed stone and a 10” diameter
overf{low pipe. The two trenches are interconnected with 18” diameter pipe. The invert of the 187
diameter distribution pipe was set at elevation 31.0 to maintain a minimum slope from the oil
and grit separator, the bottom elevation of the crushed stone was set 6” below at elevation 30.5,
and the invert elevation of the 10” overflow pipe was set at 32.25.

To verily the infiltration system’s ability to recharge stormwater under high groundwater
conditions, the response of the water table was predicted by using the “Colorado State University
Pit and Well” (CSUPAW) computer program which is based upon the Ilantush Method (1967).
The program modeled the mound created by the 100-storm event infiltration volume determined

CEl Project No. 1624.23 15
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Brushneck Cove — Asylum Road

by the Hydrocad program over a 24 hour (1-day) period with groundwater levels at the seasonal
high elevation. The input data is shown below:

Groundwater Mound Analysis Input Data:

L.

2.

BHn A

Dimension of Recharge Basin: Width* = 14°, Length = 178’ (*combined width of both

trenches)

Recharge Rate: 100-yr storm, 24-hour exfiltration volume = 0.203 ac-ft. = 8,843 ¢f

= (8,843 cf/day)/(178’x 14°) = 3.55 ft/day

Transmissivity (T): T = (Aquifer thickness) x (Permeability)
Average Permeability Rate = 1x10™m/sec (Fine to Coarse Sand) = 28.3 ft/day
Aquifer Thickness ~ 20 feet (No refusal at 17°in adjacent sewer system soil boring)
T = (28.3 ft/day)(20 feet) = 566 sf/day

Average Specific Yield =25% (Sand)

Analysis Duration = 1 day

Recharge Period = 1 day

Range of Model = 100 fect

Depth to Groundwater from bottom of System = 2 feet (kL 30.5 ~ EL. 28 = 2.5 feet)

A simulation was performed along the short axis (90 degrees to the trenches) and along the long
axis. For the 100-year storm event the analysis determined a rise of 2.105 feet directly beneath
the infiltration system and a rise of 1.493 feet at a distance of 20 feet on the short axis. The
results showed that under these extreme conditions the resulting mound does not affect operation
of the proposed system. The analysis output data are shown in the appendix.

ATTACHMENT B-19
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SECTION 5: DRAINAGE PIPE DESIGN

CLL Project No. 1624.23 17
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Brushneck Cove — Asylum Road

Section 5: Drainage Pipe Design

The drainage pipe design has been modeled by using the “Hydraflow” Storm Sewer program,
also developed by Intellisolve. In general, the methodology is based upon the Standard Step
(Energy Equation) Method and Manning’s equations. The Standard Step applied Bernoulli’s
energy equation between the downstream and upstream ends of each line to compute the
hydraulic profile. Manning’s equation determines the head loss due to pipe friction. All
drainage lines will be designed to accommodate a 100-year storm event and included runoff from
the future parking area and future building additions.

[ "Fable 1: Sub-Catchment Breakdown of Surface Areas —j
| Area Number Total Area (AC) Residential (AC)

CB #1 0.44 0.44
CB#2 0.77 0.77

The following runoff coeificients (C) were utilized for the above arcas:

Single Family Residential = 040

CEI Project No. 1624.23 18
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SECTION 6: APPENDIX

CEI Project No. 1624.23 19
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a. Stormwater Management Checklist — Appendix A

CEI Project No. 1624.23
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Rhode Island Stormwater Design and Installation Standards Manual December 2010

CITY OF WARWICK STORMWATER MANAGEMENT IMPROVEMENTS TO BRUSHNECK COVE, ASYLUM ROAD

APPENDIX A: STORMWATER MANAGEMENT
CHECKLIST

The first thing that applicants and designers must do before beginning a project is to
make sure they are familiar with the 11 minimum standards listed in Manual Chapter
Three, as projects must meet all 11 standards. Next, designers should review the
available LID site planning and design strategies and BMPs in Manual Chapters Four
through Seven to determine which would work best at their site. This checklist serves
as a guide for engineers and designers to refer to during all stages of a project to
ensure that they are meeting all applicable requirements. In addition, designers must
include a completed checklist with their final stormwater management plan,

A.1 CHECKLIST FOR STORMWATER MANAGEMENT PLAN PREPARATION AND REVIEW

A.1.1 General Information
Applicant name, mailing address, and telephone number

Contact information for the licensed professional(s) responsible for site plans and
stormwater management plan

Common address and legal description of project site
Vicinity map
Existing zoning and land use at the project site (MUNICIPAL RIGHT-OF-waY)

Proposed land use - indicate if land use meets definition of a LUHPPL (see
Manual Table 3-2)

General Project Narrative
Project type (new development or redevelopment) STORMWATER SYSTEM RETROFIT

BN BEBRE BAH

A.1.2 Existing and Proposed Mapping and Plans

Existing and proposed mapping and plans (scale not greater than 1" = 40’) with
North arrow that illustrate at a minimum:

[zl Existing and proposed site topography (2-foot contours required). 10-foot
contours accepted for off-site areas.

{E] Existing and proposed drainage area delineations and drainage flow paths,
mapped according to the DEM Guidance for Preparation of Drainage Area Maps
(included in Appendix K). Drainage area boundaries need to be complete;
include off-site areas in both mapping and analyses, as applicable.

Perennial and intermittent streams, in addition to areas subject to storm flowage
(ASSFs) NONE IN PROJECT AREA

APPENDIX A STORMWATER MANAGEMENT CHECKLIST A-1
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Rhode Island Stormwater Design and Installation Standards Manual December 2010

Mapping of predominant soits from USDA soil surveys, especially hydric soil
groups as well as location of site-specific borings and/or test pits (on drainage
area maps only - not site plans)

X1 Boundaries of existing predominant vegetation and proposed limits of clearing

Location and field-verified boundaries of resource protection areas such as
freshwater and coastal wetlands, lakes, ponds, coastal shoreline features and
required setbacks (e.g., buffers, water supply wells, septic systems)

M Location of floodplain and, if applicable, floodway limits and relationship of site to
upstream and downstream properties and drainages

Location of existing and proposed roads, buildings, and other structures including
limits of disturbance

[¥] Existing and proposed utilities (e.g., water, sewer, gas, electric) and easements

Location of existing and proposed conveyance systems such as grass channels,
swales, and storm drains

M Location and dimensions of channel modifications, such as bridge or culvert
Crossings

[#] Location, size, and limits of proposed LID planning and site design techniques
(type of practice, depth, area). LID technigues should be labeled clearly on the
plan and a key shouid be provided that corresponds to a tabular description.

Location, size, and limits of disturbance of proposed stormwater treatment
practices (type of practice, depth, area). Stormwater treatment practices (BMPs)
should be labeled with numbers that correspond to the table in Section A.1.5.

Soils information from test pits or borings at the location of proposed stormwater
management facilities, including but not limited to soil descriptions, depth to
seasonal high groundwater, depth to bedrock, and estimated hydraulic
conductivity. Soils information will be based on site test pits or borings logged by
a DEM:-licensed Class lV soil evaluator or Rl-registered PE.

8.5 x 11 inch copy of site plan for public notice, as applicable.

A.1.3 Minimum Stormwater Management Standards

Minimum Standard 1: LID Site Planning and Design Strategies

Document specific LID site planning and design strategies and associated methods that
were employed for the project in the foliowing table:

APPENDIX A STORMWATER MANAGEMENT CHECKLIST A-2
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Rhode Island Stormwater Design and Installation Standards Manual December 2010

LID Site Planning and Design Checklist

The applicant must document specific LID site planning and design strategies applied for the
project (see Manual Chapter Four and the R/ Community LID Guidance Manual for more details
regarding each strategy). If a particular strategy was not used, a justification and description of
proposed alternatives must be provided. If a strategy is not applicable (N/A), applicants must
describe why a certain method is not applicable at their site. For example, preserving wetland
buffers may be not applicable for sites located outside any jurisdictional wetland buffers. In
communities where conservation development or other low-impact development site planning
and design processes exist, following the local community conservation development option
may help a project achieve this standard.

1. Strategies to Avoid the Impacts

A. Preservation of Undistarbed Areas

Not Applied or N/A. Use space below to explain why:

Select from the following list:
Limits of disturbance clearly marked on all construction plans.
Mapped soils by Hydrofogic Soil Group (HSG).
Building envelopes avaid steep slopes, forest stands, riparian corridors, HSG D soils, and floodplains.
New lots, to the extent practicable, have been kept out of freshwater and coastal wetland jurisdictional
areas.
Important natural areas (i.e., undisturbed forest, riparian corridors, and wetiands) identified and
protected with permanent conservation easement.

[2 Percent of natural open space calculation is provided.

[ Other (describe):
Explain constraints when a strategy is applied and/or proposed afternatives in space below:

PROJECT IS A MUNICIPAL STORMWATER RETROFIT PROJECT, WORK IS PROPCSED WITHIN EXISTING

B Q0Oooo

B. Preservation of Buffers and Floodplains
Not Applied or N/A. Use space below to explain why:
Select from the following:
Applicable vegetated buffers of coastal and freshwater wetlands and perennial and intermittent
sireams have been preserved, where possible.
O Limits of disturbance included on all construction plans that protect applicable buffers
[ Other {describe):

Explain constraints and/or proposed alternatives in space below:
SEE RESPONSE IN SECTION A.

APPENDIX A STORMWATER MANAGEMENT CHECKLIST A-3
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LID Site Planning and Design Checklist

C. Minimized Clearing and Grading
Not Applied or N/A. Use space below to explain why:
Select from the following list:

{3 Site fingerprinting o extent needed for building footprints, construction access and safety (i.e., clearing
_ and grading limited to 15 feet beyond building pad or 5 feet beyond road bed/shoulder).
Y] Other (describe):

Explain constraints and/or proposed afternatives in space below:
SEE RESPONSE IN SECTION A,

D. Locating Sites in Less Sensitive Areas

] Not Applied or N/A. Use space below to explain why:
Select from the following list:

[3 A site design process, such as conservation development, used to avoid or minimize impacts to

sensitive resources such as floodplains, steep slopes, erodible soils, wetlands, hydric soils, surface
waters, and their riparian buffers,

0 Development located in areas with least hydrologic value (e.g., soil groups A and B)

O Development on steep slopes, grading and flattening of ridges has been avoided to the maximum
extent practicable.

Other {describe):
Explain constraints and/or proposed alternatives in space below:

E. Compact Development
Not Applied or N/A. Use space below to explain why:
Select from the following list:

[J A site design technique (e.g., conservation development) used to concentrate development to
preserve as much undisturbed open space as practicable and reduce impervious cover.

[J Reduced setbacks, frontages, and right- of- way widths have been used where practicable.

{1 Other (describe):

Explain constraints and/or proposed alternatives in space below:
SEE RESEONSE IN SECTION A.

APPENDIX A STORMWATER MANAGEMENT CHECKLIST A-4
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LID Site Planning and Design Checklist

F. Work with the Natural Landscape Conditions, Hydrology, and Soils
Not Applied or N/A. Use space below to explain why:

Select from the following list:
[1 Stormwater management system mimics pre-development hydrology to retain and attenuate runoff in
upland areas (e.q., cuts and fills limited and BMPs distributed throughout site; trees used for
interception and uptake).
The post-development time of concentration (t.) should approximate pre-development t;.
Flow velocity in graded areas as low as practicable to avoid soil erosion {i.e., slope grade minimized).
Velocities shall not exceed velocities in Appendix B, Table B-2.
Plans show measures to prevent soil compaction in areas designated as Qualified Pervious Areas
(QPAs) for better infiltration.
[ Site designed to locate buildings, roadways and parking to minimize grading (cui and fill quantities)
Other (describe):
Explain constraints and/or proposed alternatives in space below:
SEE RESPONSE IN SECTION A.

a4

0

2. Strategies to Reduce the Impacts

Reduce Impervious Cover
Not Applied or N/A. Use space below to explain why:
Select from the following list: ‘
1 Reduced roadway widths [ Reduce driveway areas El Reduced building footprint
[3 Reduced sidewalk area I3 Reduced cul-de-sacs 1 Reduced parking lot area
Ed Other (describe):
Explain constraints and/or proposed alternatives in space below:
SEE KESPONSE IN SECTION A.

3. Strategies to Manage the Impacts

A. Disconnecting Impervious Area
ZINot Applied or N/A. Use space below to explain why:
Select from the following list:

O impervious surfaces have been disconnected to QPAs to the extent possible,
[0 Other (describe):

Explain constraints and/or proposed alternatives in space below:
SEE_RSSPQ&?E IN SﬁCTION A,

APPENDIX A STORMWATER MANAGEMENT CHECKLIST A-5
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LID Site Planning and Design Checklist

B. Mitigation of Runoff at the point of generation
[ZINot Applied or N/A. Use space below to explain why:
Select from the following list:

3 Roof runoff has been directed to a QPA, such as a yard or vegetated area.
£} Roof runoff has been directed to a lower impact practice such as a rain barrel or cistern.
L1 A green roof has been designed to reduce runoff.
{3 Small-scale BMPs applied at source.
[0 Other (describe):
Explain constraints and/or proposed alternatives in space below:
SEE RESPCNSE IN SECTION A. PROJECT PROPCSES TO INCREASE STORMWATER INFILTRATION.

C. Stream/Wetland Restoration
EINot Applied or N/A. Use space below to explain why:
Select from the following list:

Historic drainage patterns have been restored by removing closed drainage systems and/or restoring
degraded stream channels and/or wetlands.

[3 Removal of invasive species.

[T Other (describe):

Explain constraints and/or proposed alternatives in space below:
SEE RESPONSE IN SECTION A.

D. Reforestation

EiNot Applied or N/A. Use space befow to explain why:
Select from the foliowing list:
0 Low maintenance, native vegetation has been proposed.

00 Trees are proposed to be planted or conserved to reduce runoff volume, increase nutrient uptake, and
provide shading and habitat.

] Other (describe):

Explain constraints and/or proposed alternatives in space below:
 SBE RESPONSE IN SECTION A.

E. Source Control
[X]Not Applied or N/A. Use space below to explain why:
Select from the following list:

[d Source control techniques such as strest sweeping or pet waste management have been proposed.
GOther (describe):

Explain constraints and/or proposed alternatives in space below:
SEE RESPONSE IN SECTION_A. o

APPENDIX A STORMWATER MANAGEMENT CHECKLIST A-6
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[¥] Minimum Standard 2: Groundwater Recharge (SEE NOTE)
Demonstrate that groundwater recharge criteria for the site have been met. Include:
B3 The required recharge volume (Re,) in acre-feet (See Manual Section 3.3.2)

B3 LID Stormwater Credit from Checklist Section A.1.4 to be applied to recharge
requirement, if applicable, with the following calculations (See Manual Section 4.6.1):

— the recharge area (Res) in acres for the site
— the site impervious area draining to QPAs
~ the new Re, requirement

[ Specific BMPs from Checklist Section A.1.5 that will be used to meet the recharge
requirement. Note: Only BMPs listed in Manual Table 3-5, List of BMPs Acceptable

for Recharge may be used to meet the recharge requirement.

NOTE: PROJECT PROPOSES TO RETROFIT EXISTING MUNTCIPAL DRAINAGE SYSTEM BY RDDING AN
INFILTRATION TRENCH SYSTEM.

] Minimum Standard 3: Water Quality
Demonstrate that the water quality criteria for the site have been met. Include:
%] Required water quality volume (WQ,) in acre-feet or ft* (see Manual Section 3.3.3).

B LID Stormwater Credit from Checklist Section A.1.4 to be applied to water quality
requirement, if applicable, with the following calculations (see Manual Section 4.6.1):

— the new impervious area (in acres) for the site
—~ the new WQ, in acre-feet or ft*

Specific BMPs from Checklist Section A.1.5 that will be used to meet water quality
volume requirement. Note: Only BMPs listed in Manual Table 3-6, Acceptable BMPs
for Water Quality Treatment may be used to meet the water quality requirement.

Specify any additional pollutant-specific requirements and/or pollutant removal
efficiencies applicable to the site as the resuit of SAMP, TMDL, or other watershed-
specific requirements, NoNE

[ Minimum Standard 4: Conveyance and Natural Channel Protection

Demonstrate that the conveyance and natural channel protection criteria for the site
have been met. Include:

[ Justification for channel protection criterion waiver, if applicable {see Manual Section
3.3.4).

f Required channel protection volume (CP,) (see Manuatl Section 3.3.4).

Specific BMPs from Checklist Section A.1.5 that will be used to meet the channel
protection requirement. Hydrologic and hydraulic site evaluation as described in
Manual Section 3.3.4 should be included in Checklist Section A.1.5 for each channe!
protection BMP.

APPENDIX A STORMWATER MANAGEMENT CHECKLIST A-7
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Minimum Standard 5: Overbank Flood Protection

Demonstrate that the overbank flood protection criteria for the site have been met.
Include:

[® Justification for overbank flood protection criterion waiver, if applicable (see Manual
Section 3.3.5).

B8 Pre- and post-development peak discharge rates.

Specific BMPs from Checklist Section A.1.5 that will be used to meet the overbank
flood protection requirement. Hydrologic and hydraulic site evaluation as described
in Manual Section 3.3.4 should be included in Checklist Section A.1.5 for each
overbank flood protection BMP.

¥4 Minimum Standard 6: Redevelopment and Infill Projects

Demonstrate that criteria for redevelopment and/or infill projects have been met, if
applicable. Include:

B3 Description of site that meets redevelopment/infill definition.

k& Approved off-site location within watershed where stormwater management
requirements will be met, if applicable (see Manual Section 3.2.6).

] Not Applicable.

Minimum Standard 7: Pollution Prevention

Demonstrate that the project meets the criteria for pollution prevention. Include:
}' i i (ONCE COMPLETED, OPERATION, MANAGEMENT AND MAINTENANCE OF
Stormwater pO"UtIOﬂ preventlon plan THE PROPOSED BMPS MUST BE IN ACCORDANCE WITH THE CITY OQF

WARWICKES EXISITNG STORMWATER POLLUTION PREVENTION PLAN FCR
ITS MUNICIPAL STORMWATER COLLECTION SYSTEM.)

(@ Minimum Standard 8: LUHPPLs
Demonstrate that the project meets the criteria for LUHPPLs, if applicable. Include:

Description of any land use activities considered stormwater LUHPPL {see Manual
Table 3-2).

Specific BMPs listed in Checklist Section A.1.5 that receive stormwater from
LUHPPL drainage areas. These BMP types must be listed in Manual Table 3-3,
“Acceptable BMPs for Use at LUHPPLs.”

{4 Additional BMPs, if any, that meet RIPDES MSGP requirements.
Not Applicable.

K] Minimum Standard 9: lllicit Discharges

Applicant asserts that no illicit discharges exist or are proposed to the stormwater
management system in accordance with State regulations.

APPENDIX A STORMWATER MANAGEMENT CHECKLIST A-8

ATTACHMENT B-31



Rhode Island Stormwaler Design and Installation Standards Manual December 2010

Minimum Standard 10: Construction Erosion and Sedimentation Control

Demonstrate that ESC practices will be used during the construction phase and land
disturbing activities. Inciude:

Description of temporary sediment trapping and conveyance practices, including
sizing calculations and method of temporary and permanent stabilization (see
Manual Section 3.2.9 and the Rhode Isiand Soil Erosion and Sediment Control

Handboack).

K] Description of sequence of construction, Activities should be phased to avoid
compacting soil during construction, particutarly in the location of infiltrating
stormwater practices and qualifying pervious areas for stormwater credits.

] Location of construction staging and material stockpiling areas.

Minimum Standard 11: Stormwater Management System Operation and
Maintenance

Provide a stormwater management system operation and maintenance plan that at a
minimum includes:

X1 Name, address, and phone number of responsible parties for maintenance
Description of annual maintenance tasks

Description of applicabie easements

E7 Description of funding source

Minimum vegetative cover requirements

B} Access and safety issues

A.1.4 LID Stormwater Credit (NOT APPLICABLE)

Description of stormwater credit, if applicable. Label qualifying pervious areas (QPAS)
on the site map, and document that all stormwater credit requirements listed in Section
4.6 are met. For each QPA, note the impervious area (in acres) that drains to it, and
place a check in the appropriate box to demonstrate that it meets the following criteria:
QPA1 QPA2 QPA3 QPA4

Impervious Area Draining to QPA (acres)

QPA Criteria Criterion Met?

Construction vehicles shall not be allowed to drive over the
QPA during construction. If the area becomes compacted, soil
must be suitably amended, tilied, and revegetated once
construction is complete to restore infiltration capacity.

QPA infiltration area is at least 10ft from building foundation.

APPENDIX A STORMWATER MANAGEMENT CHECKLIST A-9
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QPA1 QPA2 QPA3 QPA4

Contributing impervious area does not exceed 1,000 fi2,

Length of QPA in feet is equal to or greater than the
contributing rooftop area in ft? divided by 13.3. The maximum
contributing flow path from non-rooftop impervious areas is
75ft.

QPA does not overlap any other QPA.

Lot is greater than 6,000 ft2,

The slope of the QPA is less than or equal to 5.0%.

Disconnected downspouts draining to QPA are at ieast 10 feet
away from the nearest impervious surface.

Runoff from rooftops without gutters / downspouts that drains to
QPA flows away from the structure as fow-velocity sheet fiow.

QPA is located on Hydrologic Soil Group (HSG) A or B soils.

Depth to groundwater within QPA is 18 inches or greater (has
been confirmed by evaluation by a DEM-licensed Class IV soil
evaluator or Ri-registered PE).

Runoff is directed over soft shoulders, through curb cuts or
level spreaders to QPA.

Measures are employed at discharge point to prevent erosion
and promote sheet flow.

The flow path through the QPA complies with the setback
requirements for structural infiliration BMPs.

Rooftop runoff draining to QPA from LUHPPLs does not
commingle with runoff from any paved surface or areas that
may generate higher pollutant loads

inspection and maintenance of the QPA is included in the site
Operation and Maintenance Plan (Minimum Standard 11).

The QPA is owned or controlled by the property owner

There is no history of groundwater seepage and / or basement
fiooding on the property

APPENDIX A STORMWATER MANAGEMENT CHECKLIST A-10
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A.1.5 Best Management Practices

Provide detailed information for afl structural stormwater best management practices
(BMPs) to be implemented. Note: If a BMP cannot meet the required design criteria in
Manual Chapters Five, Six, and Seven, a different BMP should be considered.

Fill in the following table to document which proposed practices meet which
requirement(s). Number each BMP and label them accordingly on the site map:

Check the function provided by the

BMP Type of BMP BMP
No. Pretreatment | Re, |WQ, |CP, |Q
1 CIL AND GRIT SEPARATCR X

INFILTRATION TRENCH SYSTEM FCR X p:4

2
STORMWATER RETROFIT

In addition, for aff structural components of stormwater system (e.g., storm drains, open
channels, swales, stormwater BMPs, etc.) provide the following, if applicable:

Hydrologic and hydraulic analysis, including:
iy Study design/analysis points. The existing and proposed condition
analyses need to compare the same overall area; thus, common study
points are needed for both existing and proposed conditions.
NOTE: EXISITNG CONDITION ANALYSIS IS NOT APPLICABLE.

APPENDIX A STORMWATER MANAGEMENT CHECKLIST A-11
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NA

Existing condition analysis for drainage area boundaries, curve numbers,
times of concentration, runoff rates, volumes, velocities, and water surface
elevations showing methodologies used and supporting calculations.

Proposed condition analysis for drainage area boundaries, curve
numbers, times of concentration, runoff rates, volumes, velocities, water
surface elevations, and routing showing the methodologies used and
supporting calculations.

Downstream Analysis, where required (see Manual Section 3.3.6).

Final sizing calculations for structural stormwater BMPs including,
contributing drainage area, storage, and outlet configuration.

Stage-discharge or outlet rating curves and inflow and outflow
hydrographs for storage facilities (e.q., detention, retention, or infiltration
facilities).

Dam breach analysis, where necessary, for earthen embankments over
six (6) feet in height, or a capacity of 15 acre-feet or more, and that is a
significant or high hazard dam.

%] Drainage Area Maps prepared in accordance with DEM’s Guidance for Preparation
of Drainage Area Maps (included in Appendix K).

Representative cross-section and profile drawings, notes and details of structural
stormwater management practices and conveyances (i.e., storm drains, open
channels, swales, etc.), which include:

Locations, cross sections, and profiles of all streams and drainage swales
and their method of stabilization.

Existing and proposed structural elevations (e.g., invert of pipes,
manholes, etc.).

Design water surface elevations.

Structural details of outlet structures, embankments, spillways, stilling
basins, grade control structures, conveyance channels, etc.

Logs of borings and/or test pit investigations along with supporting
soils/geotechnical report.

B Planting plans for structural stormwater BM Ps, including:

Species, size, planting methods, and maintenance requirements of
proposed planting.

B Structural calculations, where necessary.
[X] Applicable construction specifications.
[X] Identification of all anticipated applicable local and State permits,

Identification of all anticipated legal agreements related to stormwater (e.g., off-site
easements, deed restrictions, and covenants).

APPENDIX A STORMWATER MANAGEMENT CHECKLIST A-12
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Drainage Assessment

November 2011 1
Brushneck Cove - Asylum Road

b. Stormwater Runoff Calculations

CEl Project No. 1624.23
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Inflow WSD

Sed-0Oil Separation
Chamber

Infiltration System

A e
@bcat) Reach Pond Eink} Drainage Diagram for Asylum Road-4

Prepared by Crossman Engineering, Printed 11/4/2011
N HydroCAD® 8,10 s/n M24556 © 2011 HydroCAD Software Solutions LLC
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Drainage Assessment November 2011

2 YEAR STORM

CE@ Project No. 1624.23
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Asylum Road-4 Type lil 24-hr 2 yr storm Rainfall=3.30"

Prepared by Crossman Engineering Printed 11/4/2011
HydroCAD® 9.10 s/n M24556 © 2011 HydroCAD Software Solutions LLC Page 1

Time span=5.00-48.00 hrs, dt=0.02 hrs, 2151 points x 3
Runoff by SCS TR-20 method, UH=SCS
Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-ind method

Subcatchment 18: Inflow WSD Runoff Area=1.210 ac  38,00% Impervious Runoff Depth=0.49"
Flow Length=316' Tc=2.6 min CN=61 Runoff=0.52 cfs 0.049 af

Pond 1P: Sed-Oil Separation Chamber Peak Eiev=31.18" Storage=5 cf Inflow=0.52 cfs 0.049 af
Cutflow=0.52 cfs 0.049 af

Pond 3P: Infiltration System Peak Elev=30.89" Storage=314 c¢f [nflow=0.52 cfs 0.049 af
Discarded=0.16 cfs 0.049 af Primary=0.00 cfs 0.000 af Outflow=0.16 cfs 0.049 af
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Asylum Road-4
Prepared by Crossman Engineering

HydroCAD® 9.10 s/n M24556 © 2011 HydroCAD Software Solutions LLE

Type Il 24-hr 2 yr storm Rainfall=3.30"
Printed 11/4/2011
Page 2

Summary for Subcatchment 1S: Inflow WSD

Runoff =

0.52cfs @ 12.07 hrs, Volume=

0.049 af, Depth= 0.49"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs

Type Il 24-hr 2 yr storm Rainfall=3.30"

Area (ac) CN Description

1.210 61

1/4 acre lots, 38% imp, HSG A

0.750
0.460

Tec
{min)

Length

(feet)  (fvit)  (ft/sec)

62.00% Pervious Area
38.00% Impervious Area

Slope Velocity Capacity Description

(cfs)

2.2 50 0.5000 0.37

0.1 69 0.5000 14,35

0.3 197 0.6000 11.94

Sheet Flow, Lawn

Grass: Dense n=0.240 P2=3.30"
Shallow Concentrated Flow, Driveway
Paved Kv=20.31ps

Channe! Flow, Gutter

Area= 1.0 sf Perim=20.2' r=0.05'
n=0.013 Asphait. smooth

11.94

2.6 316 Total

Subcatchment 1S: Inflow WSD

Hydrograph

0551

0.5

0.45-
0.4+

0.35-

Flow (cfs)
o
w

s, pp———

RN

NN

0.25°

N

0.2

0.15-

0.1-

W

0.051

2
.

Type Ill 24-hr 2 yr storm
Rainfali=3.30"

Runoff Area=1.210 ac
Runoff Volume=0.049 af
Runoff Depth=0.49"
Flow Length=316'
Tc=2.6 min

CN=61

ATTACHMENT B--40

5676 81011121314161617 18192021 22232425 2627 28203031 42 4334 3536 37 3B 304041 42 43 44 45 46 47 48

Time (hours)



Asylum Road-4 Type ill 24-hr 2 yr storm Rainfall=3.30"

Prepared by Crossman Engineering Printed 11/4/2011
HydroCAD® 9.10_s/n M24556 © 2011 HydroCAD Software Solutions LLC Page 3

Summary for Pond 1P: Sed-0il Separation Chamber

Inflow Area = 1.210 ac, 38.00% Impervious, Inflow Depth = 0.49" for 2 yr storm event
Inflow = 0.52cfs @ 12.07 hrs, Volume= 0.049 af
Qutflow = 0.52cfs @ 12.07 hrs, Volume= 0.049 af, Atften=0%, Lag= 0.1 min
Primary = 0.52cts @ 12.07 hrs, Volume= 0.049 af

Routing by Dyn-Stor-ind method, Time Span= 5.00-48.00 hrs, dt=0.02 hrs / 3
Peak Elev=31.18' @ 12.07 hrs Surf.Area= 60 sf Storage= 5 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 0.0 min ( 907.8 - 807.7 )

Volume Invert __Avail.Storage  Storage Description
#1 31.10 180 cf 6.00'W x 10.00'L x 3.00'H Prismatoid
Device Routing Invert Qutlet Devices
#1  Primary 31.00' 18.0" Vert. Orifice/Grate X 3.00 C=0.600

Emary OutFlow Max=0.51cfs @ 12.07 hrs HW=31.18' TW=30.59' (Dynamic Tailwater)
1=Orifice/Grate (Orifice Controls 0.51 cfs @ 1.44 fps)

Pond 1P: Sed-0il Separation Chamber

Hydrograph
B Inflow
065 i _ B Primary
o Inflow Area=1.210 ac
0.5 '
0ss] _ Peak Elev=31.18'
04 ;\_f Storage=5 cf
_oas} A
zf; 03 g;ﬁ
E 025- Eégﬁt
gg%
015 ﬁ%ﬁ,
_ Y
00s: ' L
o Y

6 B 10 12 14 16 18 20 22 24 26 28 30 82 34 35 38 40 42 44 46 48
Time {hours)
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Asylum Road-4 Type llt 24-hr 2 yr storm Rainfall=3.30"

Prepared by Crossman Engineering Printed 11/4/2011
HydroCAD® 9.10 s/n M24556 © 2011 HydroCAD Software Solutions LLC Page 4

Summary for Pond 3P: Infiltration System

inflow Area = 1.210 ac, 38.00% Impervious, Inflow Depth = 0.49" for 2 yr storm event
Inflow = 0.52cfs @ 12.07 hrs, Volume= 0.049 af

Outflow = 0.16cfs @ 12.51 hrs, Volume= 0.049 af, Atten=70%, Lag=26.2 min
Discarded = 0.16cfs @ 12.51 hrs, Volume= 0.049 af

Primary = 0.00cfs @ 5.00 hrs, Volume= 0.000 af

Routing by Dyn-Stor-ind method, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs / 3
Peak Elev=30.89' @ 12.51 hrs Surf.Area= 2,492 sf Storage= 314 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 10.3 min ( 918.1 - 907.8 )

Volume invert _ Avail.Storage Storage Description
#1 30.50' 1,270 cf  7.00'W x 178.00'L. x 3.50'H Prismatoid
4,361 cf Overall - 514 cf Embedded = 3,847 cf x 33.0% Voids
#2 31.00 315c¢f 18.0" D x 178.0'L Pipe Storage Inside #1
514 cf Qverall - 2.5" Wall Thickness = 315 ¢f
#3 31.00 38 ct 4.00'D x 3.00'H Vertical Cone/Cylinder -Impervious
#4 30.50 1,270 cf  7.00'W x 178.00'L x 3.50'H Prismatoid
4,361 cf Overall - 514 cf Embedded = 3,847 cf x 33.0% Voids
#5 31.00 315 ¢t 18.0" D x 178.0'l. Pipe Storage Inside #4
514 cf Overall - 2.5" Wall Thickness = 315 of
#6 31.00 38 cf _4.00'D x 3.00'H Vertical Cone/Cylinder -Impervious
3,244 ¢f Totai Avallable Storage
Device _Routing invert OQutlet Devices
#1  Discarded 30.50' 2.410 in/hr Exfiitration over Wetted area
#2  Primary 32.25' 10.0" Round Culvert

L=9.0" CPP, square edge headwall, Ke= 0.500
Inlet / Outlet Invert= 32.25' / 31.00" $=10.1389'"/ Cc=0.900
n=0.015

#3  Primary 32.25' 10.0" Round Culvert
L=5.0' CPP, square edge headwall, Ke=0.500
Iniet / Outlet Invert= 32.25' / 31.00' S=0.2500 " Cc=0.900
n=0.015

iscarded OutFlow Max=0.16 cfs @ 12.51 hrs HW=30.89' {Free Discharge)
1=Exfiltration (Exfiltration Controls 0.16 cfs)

rimary OutFlow Max=0.00 ¢fs @ 5.00 hrs HW=30.50' (Free Discharge)

2=Culvert ( Controls 0.00 cfs)
3=Culvert { Controls 0.00 cfs)
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Asylum Road-4 Type 1l 24-hr 2 yr storm Rainfall=3.30"

Prepared by Crossman Engineering Printed 11/4/2011
HydroCAD® 9.10 s/n M24556 © 2011 HydroCAD Software Solutions LLC Page &

Pond 3P: Infiltration System
Hydrograph

M inflow
Qutflow
I Discardad

, Inflow Area=1.210 ac | |grimay
0;)55; | Peak Elev=30.89'
® Storage=314 cf

0.45-

Flow {cfs)
o
w

3

6 B 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)
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Drainage Assesspient November 204 |
Brushreck Cove - Asplum Road

10 YEAR STORM

CEL Project No. 1624.23
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Asylum Road-4 Type Il 24-hr 10 yr siorm Rainfali=4.80"

Prepared by Crossman Engineering Printed 11/4/2011
HydroCAD® 9.10 s/n M24556 © 2011 HydroCAD Software Solutions LLC Page 2

Time span=5.00-48.00 hrs, dt=0.02 hrs, 2151 points x 3
Runoff by SCS TR-20 method, UH=SCS
Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-ind method

Subcatchment 1S: Inflow WSD Runoff Area=1.210 ac  38.00% Impervious Runoff Depth=1.25"
Flow Length=316' Tc=2.6 min CN=61 Runoff=1.80 cfs 0.126 af

Pond 1P: Sed-Oil Separation Chamber Peak Elev=32.19' Storage=66 cf Inflow=1.80 cfs 0.126 af
Outflow=1.79 cfs 0.126 af

Pond 3P: Infiltration System Peak Elev=32.19' Storage=1,694 ¢f Inflow=1.79cfs 0.126 af
Discarded=0.21 cfs 0.126 af Primary=0.00 ¢fs 0.000 af Outflow=0.21 cfs 0.126 af
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Summary for Subcatchment 1S: Inflow WSD

Runoff = 1.80cfs @ 12.05 hrs, Volume= 0.126 at, Depth= 1.25"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs
Type Wl 24-hr 10 yr storm Rainfali=4.80"

Area{ac) CN Description
1.210 61 1/4 acre lots, 38% imp, HSG A

0.750 62.00% Pervious Area
0.460 38.00% Impervious Area

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

2.2 50 0.5000 0.37 Sheet Flow, Lawn
Grass: Dense n=0.240 P2=3.30"
0.1 69 0.5000 14.35 Shallow Concentrated Flow, Driveway

Paved Kv=20.3fps

0.3 197 0.8000 11.94 11.94 Channel Flow, Gutter
Area= 1.0 sf Perim=20.2"' r=0.05'
n=0.013 Asphalt. smooth

2.6 316 Total

Subcatchment 1S: Inflow WSD

Hydrograph
# (& Runoif)
Type Hli 24-hr 10 yr storm
Rainfall=4.80"
Runoff Area=1.210 ac
Runoff Volume=0.126 af

Runoff Depth=1.25"
" 7 Flow Length=316"
Tc=2.6 min

Flow {cfs)

Time {hours)
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Summary for Pond 1P: Sed-0il Separation Chamber

inflow Area = 1.210 ac, 38.00% Impervious, Inflow Depth = 1.25" for 10 yr storm event
inflow = 1.80cfs @ 12.05 hrs, Volume= 0.126 af
Outflow = 1.79cfs @ 12,05 hrs, Volume= 0.126 af, Atten= 1%, Lag= 0.0 min
Primary = 1.79cfs @ 12.05 hrs, Volume= 0.126 af

Routing by Dyn-Stor-Ind method, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs / 3
Peak Elev=32.19' @ 12.99 hrs Surf.Area= 60 sf Storage= 66 cf

Plug-Flow detention time= (not calculated: outfiow precedes inflow)
Center-of-Mass det. time= 2.5 min ( 874.7 - 872.2)

Volume invert __ Avail.Storage  Storage Description
#1 31.10° 180 cf  6.00'W x 10.00'L. x 3.00'H Prismatoid
Device Routing Invert Outlet Devices
#1  Primary 31.00° 18.0" Vert. Orifice/Grate X 3.00 C= 0.600

%l:l. ary QutFlow Max=1.86 cfs @ 12.05 hrs HW=31.35' TW=31.16' (Dynamic Tailwater)
1=Orifice/Grate (Orifice Controls 1.86 cfs @ 2.01 fps)

Pond 1P: Sed-Oil Separation Chamber
Hydrograph

B Infiow
Primeasy

Inflow Area=1.210 ac
Peak Elev=32.19'
Storage=66 cf

Flow {cfs)
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Summary for Pond 3P: Infiltration System

Inflow Area = 1.210 ac, 38.00% impervious, Inflow Depth= 1.25" for 10 yr storm event
inflow = 1.79cfs @ 12.05 hrs, Volume= 0.126 af

Outflow = 0.21cfs @ 12.99 hrs, Volume= 0.1286 af, Atten=88%, Lag=56.5 min
Discarded = 021cfs @ 12.99 hrs, Volume= 0.126 af

Primary = 0.00cfts @ 5.00 hrs, Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs / 3
Peak Elev=32.19' @ 12,99 hrs Surf.Area= 2,492 sf Storage= 1,694 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 78.8 min ( 953.5 - 874.7)

Volume Invert __ Avail.Storage Storage Description
#1 30.50° 1,270 cf  7.00'W x 178.00'L. x 3.50'H Prismatoid
4,361 cf Overall - 514 ¢f Embedded = 3,847 cf x 33.0% Voids
#2 31.00' 315¢f 18.0" D x 178.0'L Pipe Storage Inside #1
514 cf Overall - 2.5" Wall Thickness = 316 cf
#3 31.00' 38cf 4.00'D x 3.00'H Vertical Cone/Cylinder -Impervious
#4 30.50° 1,270 ¢t 7.00'W x 178.00'L. x 3.60'H Prismatoid
4,361 cf Overall - 514 cf Embedded = 3,847 cf x 33.0% Voids
#5 31.00 315¢cf 18.0" D x 178.0'L Pipe Storage Inside #4
514 cf Overall - 2.5" Wali Thickness = 315 cf
#6 31.00' 38 cf 4.00'D x 3.00'H Vertical Cone/Cylinder -Impervious
3,244 cf Total Available Storage
Device Routing invert Qutlet Devices
#1  Discarded 30.50' 2.410 in/hr Exfiltration over Wetted area
#2  Primary 32.25' 10.0" Round Culvert

L=9.0' CPP, square edge headwall, Ke=0.500
Inlet / Qutlet Invert= 32.25' / 31.00' S=0.1389' Cc= 0.900
n=0.015

#3  Primary 32.25' 10.0" Round Cuivert
L=5.0' CPP, square edge headwall, Ke=0.500
inlet / Outlet Invert= 32.25'/ 31.00' S$=0.2500" Cec=0.900
n=0.015

iscarded OutFlow Max=0.21 cfs @ 12,99 hrs HW=32.19' (Free Discharge)
1=Exfiltration (Exfiltration Controls 0.21 cfs)

rimary OutFlow Max=0.00 cfs @ 5.00 hrs HW=30.50' (Free Discharge)

2=Culvert ( Controis 0.00 cfs)
3=Culvert ( Controis 0.00 cfs)
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Pond 3P: Infiltration System
Hydrograph
E Inflow
2 Quiflow
Inflow Area=1.210 ac Pamary.
Peak Elev=32.19'
Storage=1,694 cf

Flow (cis}

o /.4" 7 // 2 e

(R ¢ :
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Time (hours)
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Time span=5.00-48.00 hrs, dt=0.02 hrs, 2151 points x 3
Runoff by SCS TR-20 method, UH=8CS
Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-ind method

Subcatchment 1S: Inflow WSD Runoff Area=1.210 ac  38.00% Impervious Runoff Depth=3.99"
Flow Length=316' Tc=2.6 min CN=61 Runoff=6.34 cfs 0.402 af

Pond 1P: Sed-Oil Separation Chamber Peak Elev=33.50' Storage=144 ¢f Inflow=6.34 cfs 0.402 af
h Outflow=6.24 cfs 0.402 af

Pond 3P: Infiltration System Poak Elev=33.47" Storage=2,791 cf Inflow=6.24 cfs 0.402 af
Discarded=0.26 ¢fs 0.217 af Primary=4.69 cfs 0.185 af Outflow=4.96 cfs 0.402 af
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Summary for Subcatchment 1S: Inflow WSD

Runoff = 6.34cfs @ 12.04 hrs, Volume= 0.402 af, Depth= 3.99"

Runoff by SCS TR-20 method, UH=8CS, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs
Type Il 24-hr 100 yr storm Rainfall=8.70"

Area{ac) OCN Description
1.210 61 1/4 acre lots, 38% imp, HSG A

0.750 62.00% Pervious Area
0.460 38.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min)  (fee) (f/ft)  (ft/sec) (cts)

2.2 50 0.5000 0.37 Sheet Flow, Lawn
Grass: Dense n=0.240 P2=3.30"
0.1 69 0.5000 14.35 Shallow Concentrated Flow, Driveway

Paved Kv=20.3fps

0.3 197 0.6000 11.94 11.94 Channel Fliow, Gutter
Area= 1.0 sf Perim= 20.2' r=0.05'
n=0.013 Asphalt, smooth

2.8 316 Total

Subcatchment 1S: inflow WSD
Hydrograph

"
Type ill 24-hr 100 yr storm
Rainfall=8.70"

Runoff Area=1,210 ac
Runoff Volume=0.402 af
Runoff Depth=3.99"

Flow Length=316'

Tc=2.6 min

CN=61

Flow (cfs)
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Summary for Pond 1P: Sed-Qil Separation Chamber

Inflow Area = 1.210 ac, 38.00% Impervious, Inflow Depth = 3.99" for 100 yr storm event
Inflow = 6.34cfs @ 12.04 hrs, Volume:= 0.402 af

Outfiow = 6.24cfs @ 12.04 hrs, Volume= 0.402 af, Atten=2%, Lag= 0.0 min
Primary = 6.24cfs @ 12.04 hrs, Volume= 0.402 af

Routing by Dyn-Stor-Ind method, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs /3
Peak Elev=33.50' @ 12.09 hrs Surf.Area= 60 sf Storage= 144 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 2.0 min { 838.5 - 836.5)

Volume Invert _ Avail.Storage _Storage Description
#1 31.10' 180 cf 6.00'W x 10.00'L x 3.00'H Prismatoid
Device Routing Invert Qutiet Devices
#1  Primary 31.00" 18.0" Vert. Orifice/Grate X 3.00 C=0.600

giimary OutFlow Max=6.14 cfs @ 12.04 hrs HW=33.31' TW=33.25' (Dynamic Tailwater)
1=Orifice/Grate (Orifice Controls 6.14 cfs @ 1.16 fps)

Pond 1P: Sed-0il Separation Chamber
Hydrograph

E Inflow
Primary

inflow Area=1.210 ac
Peak Elev=33.50'
Storage=144 cf

Flow (cfs)
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Summary for Pond 3P: Infiltration System

Inflow Area = 1.210 ac, 38.00% Impervious, Inflow Depth= 3.99" for 100 yr storm event
Inflow = 6.24cfs @ 12.04 hrs, Volume= 0.402 af
Outflow = 496¢cfs @ 12.10 hrs, Volume= 0.402 af, Atten=21%, Lag= 3.1 min
Discarded = 0.26cfs @ 12.10 hrs, Volume= 0.217 af
Primary = 4.69cfs @ 12.10 hrs, Volume= 0.185 af

Routing by Dyn-Stor-ind method, Time Span= 5.00-48.00 hrs, dt=0.02 hrs / 3
Peak Elev=33.47' @ 12.10 hrs Surf.Area= 2,492 sf Storage= 2,791 ¢f

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 55.8 min ( 894.4 - 838.5)

Volume Invert  Avail.Storage _ Siorage Description
#1 30.50' 1,270 cf  7.00'W x 178.00'L x 3.50'H Prismatoid
4,361 cf Overall - 514 cf Embedded = 3,847 ¢f x 33.0% Voids
#2 31.00 315¢f 18.0" D x 178.0'L. Pipe Storage inside #1
514 cf Overali - 2.5" Wall Thickness = 315 cf
#3 31.00' 38¢f 4.00'D x 3.00'H Vertical Cone/Cylinder -Impervious
#4 30.50 1,270 ¢f 7.00'W x 178.00'L x 3.50'H Prismatoid
4,361 cf Overall - 514 cf Embedded = 3,847 c¢f x 33.0% Voids
#5 31.00' 315¢f 18.0" D x 178.0'L Pipe Storage Inside #4
514 cf Overall - 2.5" Wall Thickness = 315 cf
#6 31.00° 38 ¢t 4.00'D x 3.00'H Vertical Cone/Cylinder -Impervious
3,244 cf Total Available Storage
Device Routing _ invert _Qutlet Devices
#1  Discarded 30.50' 2.410 in/hr Exfiltration over Wetted area
#2  Primary 32.25' 10.0" Round Cuivert

L=98.0' CPP, square edge headwall, Ke=0.500
Inlet / Outlet Invert=32.25'/31.00' $=0.1389'" Cc=0.900
n=0.015

#3  Primary 32.25' 10.0" Round Culvert
L=5.0' CPP, square edge headwall, Ke= 0.500
Infet / Outlet Invert= 32.25'/ 31.00' S=0.2500 " Cc= 0.900
n= 0.015

iscarded OQutFlow Max=0.26 cfs @ 12,10 hrs HW=33.46' (Free Discharge)
1=Exfiltration (Exfiitration Controls 0.26 cfs)

2=Culvert (Inlet Controls 2.34 cis @ 4.29 fps)

Eimary OutFlow Max=4.68 cfs @ 12.10 hrs HW=33.46' (Free Discharge)
3=Culvert (Infet Controls 2.34 cfs @ 4.29 fps)
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Pond 3P: Infiltration System

Hydrograph

IR Inflow
B Outfiow

Inflow Area=1.210ac | |grimy.
Peak Elev=33.47"
Storage=2,791 cf

Flow (cfs)

.B81012714161820222426'2830323436384042444548
Time {(hours)

ATTACHMENT B-55




Drainage Assessment November 2011
Brushneck Cove - Asplum Road

¢. Drainage Pipe Sizing Calculations

CEf Project No. 1624.23
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Hydraflow Summary Report

Page 1
Line Line ID Flow tine Line Invert Invert Line HGL HGIL. Minor | Dns
No. rate size fength EL Dn EL Up siope down up loss | line
(cfs) (in) ) () (ft) (%) (ft) (ft) ) | No.
1 DMH1TO OG 4.50 2 ¢ 5.0 31.60 31.80 0.000 | 32.60* 32.71* 0.51 End
2 CB1 TO DMH1 1.91 12 ¢ 10.0 31.60 31.62 0.900 | 33.22* 33.25" 0.09 1
3 CB2 TO DMH1 2.89 12 ¢ 2.0 31.80 32,63 3.219 | 3322 33.43 029 | 1

Project File: Asylum-1.stm

IDF Fite: Kent.IDF

Total No. Lines: 3

Run Date: 11-04-2011

NOTES: ¢ =circular; o = elliptical; b=box; Return period = 100 Yrs.; * Indicates surcharge condition.
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Drainage Assessment November 2011
Brushneck Cove — Asylum Road

d. Mounding Analysis

CEI Project No. 1624.23
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3.55 FT/DAY
566 SQ.FT/DAY

RECHARGE RATE
TRANSMISSIVITY

SPECIFIC YIELD = .25
BEGINNING TIME = 1 DAYS
FINAL TIME = 1 DAYS
TIME INCREMENT = 1 DAYS
TIME QOF CUT QOFF = 1 DAY S
BEGINNING DISTANCE = (O T
FINAL DISTANCE = 100 '
DISTANCE INCREMENT = 10 FT
DEPTH = 2.5 [SaF Ny
WIDTH = 14 BT
LENGTH = 178 T
ANGLE = S0 DEGREES
TTME DTSTANCE HEIGHT
{DAYS ) {FT) {(FT")
1.000 0.000 2.105
1.600 10.000 1.851
1.000 20.000 1.493
1.000 30.000 1.188
1.000 40.000 0.933
1.000 50.0060 0.721
1.000 6G.000 0.550
1,000 T70.000 0.413
1.000 80.000 0.305
1.0C0 90.000 0.222
1.000 100.000 0.159
J
S, u
:§~ Qﬁg

v

L Tt TR TEN
St TSysrem
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RECHARGE RATE = 3.55 FT/DAY
TRANSMISSIVITY = 566 SQ.FT/DAY

SPECIFIC YIELD = .25
BEGINNING TIME = 1 DAYS
FINAL TIME = 1 DAYS
TIME INCREMENT = 1 DAYS
TIME OF CUT OFFf = 1 DAYS
BEGINNING DISTANCE = 0 FT
FINAL DISTANCE = 100 ¥PF7T
DISTANCE INCREMENT = 10 FT
DEPTH = 2.5 F7T
WIDTH = 14 FT
LENGTH = 178 FT
ANGLE = (0 DEGREES
TIME DISTANCE HEIGHT
{DAYS)} (FT) (BT
1.000 0.000 2.105
1.00¢0C 10.000 2.098
1.0C0 20.000 2.078
1.00¢0 30.000 2.042
1.000 40.000 1.988
1.000 50.0600 1.810
1.000 60.000 1.800
1.000 70.000 1.64¢6
1.000 80.00C 1.421
1.000 90.000 1.055
1.000 100.000 0.726

{ e XIS

TNEre FER Frond & CYSTE?
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GROUNDWATER 79

Table 4-1 Approximate average porosity, specific yield, and permeability of various
materials

Permeability K, Intrinsic

Porosity, Specific yield, permeabitity,
Material % o gpd/ie m/day darcys
Clay 45 3 001 0.0004 0.0005
Sand 35 25 3000 41 50
Gravel 25 22 100000 4100 5000
Gravel and sand 20 16 10000 410 500
Sandstone 15 3 100 4.1 5
Limestone, shale 5 2 1 0.041 0.05
Quartzite, pranite i 0.5 001 0.0004 0.0005

may yield almost all the water it contains. The most important aguifers econom-
ically are deposits of sand and gravel, which have a fairly high specific yield.

44 The water table The static Jevel of water in wells penetrating the zone of
saturation (Fig. 4-1) is called the water table. The water table js often described as
a subdued replica of the surface topography. It is commonly higher under the hills
thuan under valleys, and a contour map of the water table in an area may look
much like the surface topography. The water table is the surface of a water body
which is constantly adjusting itself toward an equilibrinm condition. If there were
no recharge to or outflow from the groundwater in a basin, the water table would
eventually become horizontal. Few basins have uniform recharge conditions at
the surface. Some areas receive more rain than others. Some portions of the basin
have more permeable sojl, Thus, when intermittent recharge does occur, mounds
and ridges form in the water table under the areas of greatest recharge. Sub-
sequent recharge creates additional mounds, perhaps at other poiats in the basin,
and the flow pattern is further changed. Superimpose upon this fairly simple
picture variations in permeability of the aquifers, impermeable strata, and the
influence of lakes, streams, and wells, and one obtains a picture of a water table
constantly adjusting toward equilibrium. Because of the low flow rates in most
aquifers this equilibrium is rarely attained before additional disturbances occur.

When water occurs in cracks, fissures, and caverns, the situation is somewhat
different. Flow in large openings is usually turbulent, and adjustments take place
fairly rapidly. Water is usually found at about the same level anywhere within a
system of interconnected openings. Water levels may vary considerably, however,
between entirely separate openings in the same formation (Fig. 4-3). Wells driven
into such formations will yield little water unless they intersect one of the fissures
Of caverns.

45 Artesian aquifers The discussion thus far has dealt with aquifers in which the
upper surface of the water is unconfined, Sometimes an aquifer is confined by
strata of low permeability (Fig. 4-4). Such artesian aquifers are analogous to



Hed H. C. Hwang
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University of Houston
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244 Ch.7 Hydraulics of Wells and Seepage

The derivation of Equations (7.11) and (7.12) assumes that the aquifer is
homogeneous and isotropic and that it extends over an area larger than the area
that the radius of influence can reach. In practice, however, the equations have
been widely used to provide good estimations of permeability coefficients for a
variety of aquifer conditions, in spite of these restrictive conditions.

Table 7.2 gives an indication of the numerical values for the coefficient of
permeability for some natural soil forinations.

TABLE 7.2 Magnitude of Coefficient of
Permeabitity of Some Natural Soil

Formations

Soils Kim/sec)
Clays < 107%
Sandy clays 0% — 107F
Peat 07— 1077
Silt 1078 — 1077
Very fine sands 19 - 107°
Fine sands 1w -1
Coarse sapds 107% — 1072
Sand with graveis 1077 - to7?
Gravels > 1072

Example 7.2

A well 20 cm in diameter penetrates 30 m deep into the undisturbed water table
of an unconfined aguifer. After & lorg period of pumping at the constant rate of
0.1 m¥*sec, the drawdown at distances of 20 m and 50 m from the well are
observed to be 4 rm and 2.5 m, respectively. Determine the coefficient of perme-
ability of the aguifer. What is the drawdown at the pumped well?

Solution

Conditions given are Q=0.1msec, rn =20m, r, =50 m; hence, f =
300m —-4m=26m, and A, = 30.0 m — 25 m = 27.6 m, in referance 1o Fig-
ures 7.4 and 7.5. Substituting these values inte Equation {7.11), we have

0.1 50\  0.00114
K= s | — = = 0.0003263 /
m{27.5° — 269 n (20) " 0.000363 m/sec

The drawdown at the pumped well can be calculated by using the same
equation with the calculated value of the coefficient of permeability and the well
diameter.
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Table 2.2a.--Runoff eurve nuembers for urban areas!

'Y

Curve numbers for
Cover description hydrologic s0il group—

Average percent
Cover type and hydrolagic condition impervious area? A B C D

Fully developed urban areas fvegetation sstablished)

Open space (lawns, parks, golf courses, cemeteries,

etey:
Poor condition (grass cover < 509%) ... 0viversnn. 68 K] 8¢ &8s
Fair condition {grass cover 50% to 75%)....... e 49 69 79 84
Good condition (grass cover > 75%)............ o 39 61 T )

Impervious areas:
Puved parking lots, reofs, driveways, ete.
{excluding rightofway) ... i iiiisinnns 98 98 94 93
Streets and rpads;
Paved: curba and storm sewers {excluding

rightofway) . vuuuvo ..., N e 58 98 85 95
Paved; open ditches (including rightafeway) ... .... 83 a3 82 83
Gravel (including rightofway) ..., ......... reaen 76 83 B9 91
Dirt {including rightofway) ............. eereaas 2 2 BY 89

Western desert urban areas:
Natural desert landseaping (pecvious areas only... 63 i 83 83

Artificial desert landscaping (impervious weed
barrier, desert shrub with 1. to 2-inch sand

or gravel mulch and basin borders). ,......... e 96 96 96 94
Urban districts:
Commercial and business.............. et 85 89 9z 94 93
Industrial,...... L, T2 81 B8 91 9@
Residential districts by average lot size; ) : ’
1/8 acre or less {town houses)........ Cr e vt 65 T 83 go 92
Vdacre ..ovvunven... et e ieeaa, Carerens - 38 61 75 83 T
V3acre ,........ Ce e e eraiaesas P 30 37 72 8l &
VZacre .., ..o oo Ve P, 25 54 70 B0 B3
lacre ... o i, e e 20 51 63 79 34
Bacres ... ... i, e Cebeeanean 2 46 63 i gl

Developing urban areas

Newly graded areas {pervious areas only,

no vegetation)® ....,,....... e Caraere e 71 36 9] 9
Idie lands {(CN's are determined using cover types

similar to those in table 2.2¢),

‘Average runofT cundition, and [, = 0.29.

*The averuge percent impervious ares shown was used to develap the composite CN's, Other ussumptions are as follows: imparviou: urews
sre directly connected to the druinuge system, impervious ureud huave w CN uf 98, and pervious areas ure ronsidered equivalent to open
spuce in goud hydrolugic conditivn, N2 for other combinations vl conditions muy be computed using figure 2. or 24,

ICN"s shown are equivalent tn thase of pusture. Compusite CN"3 may be computed for other combinations of vpen ipuce cuves tvpe,
*Compasite CN'3 fur nutural desert bandacaping shuulil be computed using figures 241 or 24 bused on the impervious ares percentuge (CX
= M) und the pervivus urew ON, The prervivus ares CN's are assumetd equivalent to desert shrub in puur hydestugie eonditien.
Womposite TNt use fur the thesigzn of temporury measures during grading and construetiug shoukl be computed using ficure 22 ur 2y
buser] nn the deres of develupment Hmervinga area percentave) und the CN's fur the newly graded pervivus areus.

1%
L)

(210-VI-TR-35, Second Ed., June 1986)

#

“
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Table 2-2b.—Runoff curve numbers for cultivated agricultural lands!

= Curve numbers for
Cover deseription hydrologic seil group—
Hydrologic
Cover type Treatment? condition? A B Cc D
Fullow Bare soil - n 86 g1 94
Crop residue cover (CR) Poor 76 83 80 83
Goaod T4 83 23 80
Row erops Straight row (SR) Paor 72 a1 a8 91
Good 67 78 B3 B9
SR +CR Poar 71 80 87 20
Good 64 73 82 85
Contoured (C) Poor 70 T 84 38
Good 63 73 32 35
C +CR Poor 69 78 83 T
Good 84 r2) 8t 85
Contoured & terraced (C&T) Poor 66 e 80 g2
Good 62 T 78 81
C&T + CR Paor 65 73 19 Bl
Good 61 70 7 80
Small grain SR Poor 65 6 84 88
Good 63 75 83 87
SR +CR Poor 64 75 g3 86
Goed 60 72 80 84
C Poor 63 T4 52 835
. Good 61 73 81 g4
C +CR . Poor 62 73 3l 84
Gonad 60 72 S0 83
C&T Paor 61 72 79 k¥
: Good 59 50 T 81
C&T + CR Poor 60 Tl 78 81
Good 38 59 77 80
Close-seeded SR Poor 56 77 83 39
or broadeast Gaod o8 7 81 85
legumes or c Poor 64 73 83 85
rotation Good 83 69 78 83
meudow C&T Poor 63 73 30 33
Good al 67 ;] 80

fAveruge runotl condition, and {, =024,

Hornp vesseloe cocee appliva wnly i resiilue s on at least 3% of the surfuve theyughout the year,

Hytlugle enndithon is bused on combinstion of fucturs that aflect infiltmition and runolf, incluthig G} density amd canapy of veretative
areas. th) wouunt of vear-couml wover, ¢} amount of Kriwss or tluse-seeded] legumes in putations, (i) pereent of residue cover un the laml sur-

fuce Darat 2 209 ), and (&) slegrew of sitace roughnesy, B

Faort Fuctors impaie infilustion amd tomed G inervitse rumdT.

firands Fugtors encoussige averige sl hetter than averuee nfiltzution and tend to decrease reault,
2:6 (210-VI.TR-35, Second Ed., June 1936)
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Table 2-2c.—Runeff curve numbers for other agricultural lands'
LY

Curve numbers for

Cover deseription hydrologie goil group—
Hydrologic

Cover type candition A B C D
Pasture, grassland. or rarge—continuous Poor 68 ] g &g
forage for grazing.? Fair 49 69 79 &
Good 39 61 T4 &0
Meadow—continuous grass, protected from — 30 58 71 78

grazing and generally mowed for hay.
Brush—brush-weed-grass mixture with brush ’ Poor 48 67 7T b
the major element.? Fair 33 35 7 I
Good 430 48 5 73
Woods—grass combination {orchard Poor a7 T3 g2 85
or tree farm).* Fair 43 63 T a2
Gaod 32 58 72 19
Woods.4 Poor 45 66 7 83
Fair 38 60 73 o
Good 30 33 70 i1
Farmsteads—buildings, lanes, driveways, - 39 74 a2 Bij

and surrounding lots.

'Averuge runeff condition, and {, = 0.25,

oo < 30% yround cever or heavily gruzed with su mulch,
Fair: 5w 75% yroumd cover und not heuvily gruzed.
Cond: >75% gruund quver and lightly ur uniy vecastonally gruzed,

Woorr < 30% ground cover.
Fairr 50 to 75% ground cover,
Guod: > 73% ground cover.

*Actuul cuve number i less thun 307 use CN = 30 fur runoll compytations.

*}CN'9 shuwn were cumputed for wreas with 50% woods and 305 gruss (pasture) cover. Other cumbinationz uf conditions may be cumpute
frum the TN’y for wourds andpasture.

Shwer Furest litter, small trees, and brush are destroyed by heuvy gruzing or regulur burming.
Fairr Wowls are gruzed but nut burned, anrd sume furest litter tovers the soil,
Gud: Wigels are protected [rum mzing, and litter and brush arleyuutely cover the suil.

(210-VI-TR-53, Second Ed., June 1936) 3.-
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Tahle 2-2d.~Runoff curve numbers for arid and semiarid rangelands!

- Curve numbers for
Cover description hydrolagic soil group—
Hydrologic
Cover type condition? A3 B C
Herbaceous—mixture of grass. weeds, and Poor 30 7 93
low-growing brush, with brush the Fair ! 81 89.
minor element. Good 62 74 85
Cuk-aspen—mountain brush mixture of oak brush, Poor 66 4 9
aspen, mountain mahagany, bitter brush, maple, Fair 48 57 63
and other brush. Good 30 41 48
Pinyon-juniper—pinyon, Jjuniper, or both; Poor 73 83 89
grass understory. Fuir 58 73 80
CGood 41 61 7l
Sagebrush with grass understory. Poor 57 g0 83
Fair 31 63 70
Good 35 47 33
Desert shrub—major plants include saltbush, Poor 63 17 85 88
greasewcod, ereosotebush, blackbrush, bursage, Fair 33 T2 81 86
palo verde, mesquite, and cactus. Good {9 68 79 &
!Average runoif condition, and 1, = 0.45, For runge in humid regions, use tuble 2.2z,
Hwov <30% ground cover {litter, gTusy, and brush everstury),
Faive 30t 70% ground cover,
Cueel: > 70% ground cover,
3 urve numbery for gruup A huve been developed unly for desert shryb,
2.8 (210-VI-TR-533, Second Ed., June 1986)

ATTACHMENT B-73



TREEE 00 RS BN

TABLE 10-2.02¢

RECOMMENDED RUNOEE COEFFICIENTS (C}
FOR RATIONAL METHOD
“{BY OVERALL CHARACTER OF AREA}

10-2(22)

.DESCRIPTION OF AREA

RUNOQFF, COEFFICIENTS

BUSINESS : )
COWNTOWHN 0.70 to 0.95
NEIGHBORHOQD 0.55 te 0.70°

RESIDENTIAL .

SINGLE.FAMILY 0.30 12 0.50
MULTI-FAMILY, DETACHED 0.40 to 0.60 -

- MULYL-FAMILY, ATTACHED 0.60 10 0,75

RESIDENTIAL {SUAURBAMN] 0.25 to’ Q.40

APARTMENT 0.5 o 0.70 .

HIDUSTAIAL
LIGHT 052 to 0,80

. HEAVY 0.60 to 0.90

PARKS, CEMETERI&S 0.10 to 0.25

PLAYGROUNDS 0.20 to 035 .

RAILROAD YARD 0.20 te 035

UNIMPROVED 0.10 to 0.30

WOODLAND 0.15 ta Q.25

CULTIVATED 0.49 to 0.60

SWAMP, MARSH G.10

TAOLE 10-2.02F

(FOR SURFACE TYPEg)

RECOMMENDED RUNOFF COEFFICIENTS (C)
FOR RATIONAL METHOD

CHARACTER OF SURFACE

RUNOFF COEFFICIENTS

PAVEMENT
ASPHALTIC AND CONCRETE 0730 ta 093
anicK ©.70 to 0.05
AOOFs - 0.75 to 0.95
LAWHS, SANDY soil
FLAY, 2 PERCENT 0903 to Q.10
AVERAGE, 2 TQ 7 PENCENT Q.16 to 0.15
SYEEP, 7 PERCENT 0.15 o 0.20
LAWNS, HEAVYY SOIL
FLAT, 2 pPeRcent 0.13 o 0.17
AVERAGE, 2 TO 7 PERCENT 2.1% w 0.2
STEEP, 7 PERCENT 0.25 to 0,15

lufe-:enca: WPCF Manual of Practica tNo, 9, Design and Construction of Sanitary

and Qtarm Crveine -
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StarE OF RHODE IsLAND AND PROVIDENCE PLANTATIONS
Department of Environmental Management
Office of Water Resources

Site Evaluation Form
Part A - Soil Profile Description Application Number
Property Owner: C 1 oF La@wi( v {1624.23)
Propeny tocation: G v e ur (({RTERE STEEET) IV uRTH OF AYevin . badbfodic b
Date of Test Hole: _<| l'{' f?m ! }

g 1 -
Soil Evatuator: __ 2T g ol fivisd License Number: _ 04 ¢/ {
Weather: _ 9> o)y Shaded: Yes[] No?ﬁ Time: |- %v P
o Horizon Boundaries Soil Colors Re-Dox Description Soil
Horizon Depth Dist Topo § Walrix Re-Dox Ab. 8. Con. Texture Structura Consistence | Category
o Features
%%T?ﬂ i
e I-Cuialh. " [T S
pot E T / ‘ i i
{q‘? G-l e "T/'/]S ‘ \-“C&J i L
2 LN Iy "!&/’ ! ) i
WAl E (. !} Cr L(/‘; S ( 1} '\/\jbk_’d _:/{ 1 -
: 2.5
Cifur-g ¢ /! sl O, j
— [ &ﬁ A 5 @/?_ a3 L'ﬁﬁ l
) Ny 2.6
[ 8 - Z v ~ b 3
1 Ik £ Jon | fr | ¢
Occasyrfnal gra-t A Ghie Ll cobsolds weindn Ol ez e,
™ Horizon Boundages Soil Colors Re-Dox Deseription Soil
Horizon Depgh Dist Topo | Matrix Re-Dox Ab. 5. C€on Texture Structure | Comsistence | Category
Foatures
Soil Class: _{ - _0wbwins t\f\ — Total Depth of eachTest Hole: ci Q’ "
Depth to Groundwater Seepage: _[Mov: a7 A6 Depth to Impervious or Limiting Layer: __ o0 &
Estimated Seasonat High Water Table: _ >~ & . Comments:

Aot

Veae 7 ot
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Part B
Site Evaluation - to be completed by Class 1L or NI Designer or Soil Evaluator
Please use the area below Yo locate:

1. Testholes
2. Approximate direction of due noith
3. Offsets from test holes to fixed poirts such as steet, wiliy pole, of other permanent, marked object

Key:
E Approximate location of test holes
% Estimated grdient and disection of slope
ji Approximale direction of dise north

WG 1ol T :\} RAVEORN £

Tret

&
W
S

{

‘E"mwf'"""”" N

Y l-vol oAb

4
]
|

i

B

L

Fzez |

e

1. Retief and Siope: ’Ji T gl O B9,

2. Presence of any watercourse, wetlands or surface water bodies, within 200 feet of test holes: YESCI  NOER  §f yes, locate on above sketch.

3. Presence of existing or proposed private drinking water wells within 200 feet of test holes: YESDOI

NOS I yes, locate on above sketch.

4. Public drinking water wells within 500 feel of test holes: YESTT NOR if yes, locate on above sketch.

5. Is site within the watershed of a public drinking water reservoir or ather critical area defined in SD 19.00? YESDS NO®
B. Has soit been excavaled from or i deposited on ste? YESC] NO® K yes, locate on above sketch.

1. Site’s poterial for flooding or ponding: NONE & SUGHTCI  MODERATEC]  SEVERED

8. Landscape posttion: & vrevi, T

9. Vegetation: S 8ds7 Lonns ‘/ PG ven e f

10. indicate appreximate location of property lines and roadways.
11. Additional comments, site constrainis or additional information regarding site:

Certification

The undersigned hereby certifies that alf information on this application and accompanying forms, submitials and sketches are tue and accurate and that | have

been authorized by the owner(s) to conduct these hecessary feld investigations and submit this requast.

Part A prepared by: Part B prepared by

Senahsn Licanse 4 Sigiative

Lisersa &

FOR OFFICE USE ONLY
Decision:  Approved £l

Comments;

Disclaimed  []

gwme‘_‘:am e R D
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Sall Map-State of Rhede Isiend. Bristol, Kent, Newpert, Providence, and
Washington Counties

Map Unit Legend

Stato of Rhode island: Bristol, Kenl, N;;;nrt, Providente, ana'V\;ashlngtcn Countles (msum -
" Wap Unitsymbol Map Uit Name Acres In AL Percent of ACH
bc Deerfieid icamy fine send o 1.a> T
;IkC B H)nckicy g:averfy sandy Ioam rolllng 1.7 7 |
Mk I Makunuck mucky peat Ty *M;_; T
Mma Merrimac sandy loam, 0 to 3 percent siopes | 52
MmB Mesrimac sandy loam, 3to 8 percenl slopes 1.0
me T Mertimae. Urban land complex o 1728] i
8b Scarboro mucky sandy loam 0.0
up Udo:thent&Urban land complex 3.4
R — e S VY SR el
wo Water 02
Wea ’ _\};'alpoie sandy Ioam Y 142 .
Wigh ’ Wndbm ioamy sand 0io 3 percent slopes T B 1.C
WgB I Wlndsor loamy sand, 3to 8 percent slopes 1T Gg i ) ?7%
:anlals for Area of nterest 211.6 T 100.0%
Natural Rasoareas I e Barvay T
Conservation Service Natienal Cooperative Soil Survey Page 3 of 3
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g. USGS Topographic Map and Site Photographs
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