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INTRODUCTION

Nitsch Engineering has prepared this Stormwater Management Report to document
compliance with the Massachusetts Stormwater Management Standards associated with the
Mystic Water Works located at Capen Court in Somerville, Massachusetts.

This work will include the demolition of existing garage building, paved driveways, parking
areas and walkways, renovation of the existing Mysfic Water Works building and the
construction of a new housing building, parking lot, courtyard, and the stormwater
management system to treat and control the stormwater runeff from the associated surface
areas.

EXISTING CONDITIONS
Site Description

The site is located Mystic Water works building consists of approximately 1.4+ acres and is
located at the intersection of Capen Court and Mystic Valley Parkway in Somerville,
Massachusetts. The property is bounded by Mystic Valley Parkway to the north and west,
commerciatl properties to the east and senior housing to the south. The existing sife includes
Capen Court and the adjacent paved parking area along the western portion of the site.

The soil type on the site was determined using the Natural Resources Conservation Services
{NRCS) Soil Survey for Middlesex County, Massachusetts. The NRCS has classified the
existing subsoil covering the project site consisting of Scio very fine sandy loam with 0 to 3
percent stopes and urban land (land disturbed by construction activity).

The overall terrain generally slopes in a northerly/northwesterty direction from a maximum
elevation of 35 along the southern property line to a minimum elevation of 17 along Mystic
Valley parkway based on the National Geodetic Vertical Datum (NGVD) of 1929,

The site is listed within Zone X (outside of 100 year flood plain} on Panel 417, Map No,
25017C0417E of the Flood Insurance Rate Map

PROPOSED CONDITIONS
Site Description

The project consists of the redevelopment and conversion of the existing Mystic Water Works
located on Mystic Valley Parkway in Somerville into a twenty-five (25} affordable housing unit
rental aparfment building and the demolition of the existing office and garage outbuilding to be
replaced with a newly constructed thirty-five {35) affordable housing unit rental apartment
building. All of the sixty (60) one-bedroom units will be designated as low or moderate
income units under state guidelines.

The existing Mystic Water Works office and garage outbuilding will e demolished along with
the existing paved driveways, paved areas, parking areas, and walkways. The proposed site
construction will include new access roadways/driveways, parking areas, courtyard and a
stormwater management system to treat and control the stormwater runoff from the site
surface areas.

Sediment and Erosion Control Measures
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Sediment and erosion confrol during construction will prevent possible damage to the BVW
and the drainage systems. The foliowing guidelines will be adhered to during construction:

1. Keep land disturbance to a minimum. Plan the phases of development so that only
the areas actively being developed are exposed. All other areas should have natural
vegetation preserved, have good temporary cover, or permanent vegetation established.

2. Stabilize disturbed areas. Permanent structures, temporary or permanent
vegetation, and mulch should be employed as quickly as possibie after land is disturbed.

3. Protect disturbed areas from stormwater runoff. Install erosion control or stormwater
management measures to prevent water from entering and running over disturbed areas,
and to prevent erosion damage to downstream facilities.

Install perimeter control practices (siltation fences andfor straw bales). Use practices that
isolate the development site from surrounding areas. There will be sediment and erosion
confrols placed on site. The control will include silt fence with straw bales or watties, and
intet protection for all the catch basins that coutd receive sediment from work on site.

The contractor will be required to do inspections of all controls regularly to ensure that the
controls are working properly. The contractor shall clean and reinstall any controi that needs
to be cleaned or replaced.

Contractor will clean/flush entire stormwater system prior to finat acceptance by the owner.
STORMWATER MANAGEMENT ANALYSIS

Nitsch has performed a stormwater management analysis to compare the pre- and post-
development conditions for the Mystic Water Works at Capen Court. The proposed project
will reduce the impervious area on site from 42,149 square feet to 40,916 square feet (a
reduction of 2.02% compared to the total site area) of the site. As such, the proposed project
will result in a decrease in the rate and volume of stormwater run-off.

Nitsch analyzed the hydrology for the drainage areas with the Soil Conservation Service's
(SCS) Runoff Curve Number (CN) methodology. The HydroCAD Version 9.10 computer

modeling system was used in conjunction with the SCS's methods to determine the peak
rates of runoff for the 2-year, 10-year, 25-year, and 100-year 24-hour storm events.

Methodology
Hydrology and Hydraulics

A drainage area, or subcatchment, is an area where the runoff from that area flows to a
point, referred to as a design point. The design point is the focus of the runoff analysis.
Peak rates of runoff for the existing and proposed conditions are caiculated and compared at
the design point.

The rate at which the runoff reaches the design point is determined by a number of factors:
the slope and flow lengths of the subcatchment area, the soil type of the subcatchment area,
and the type of surface cover in the subcatchment area.

The slope of the subcatchment area directly affects the amount and rate of runoff from a
subcatchment area. With all other things being equal, a site with steep slopes will produce
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more runoff and transport it at a faster rate than a flat site. With a {lat site, the rain will have
more time to infilirate the ground before it flows away as runoff. The slope of the site is
easily determined by using an existing conditions survey or by a field examination.

The flow length of a subcatchment area is the longest distance that runoff would have to
travel to reach the design point. Flow length is an important factor in determining the time of
concentration {T,). The time of concentration is time for runoff to travel from the hydrautically
most distant point of the drainage area to a point of interest in that drainage area, in this
case, the design point. The time of concentration influences the volume and rate of runoff.

A low T, will result in more runoff with a higher peak rate than a high T..

The type of solil on a site also affects the amount and rate of runoff generated. The soil type
found on a site determines the amount and rate at which water can be absorbed into the
ground. This is important because the maore water that infilirates the soil, the greater the
reduction in the volume and rate of runoff. The Soil Conservation Service categorizes soil
into one of four hydrologic soils group: Types A, B, C, and D. Type A soils are the most
permeable and Type D soils are the least.

The Soil Censervation Service (SCS) Runoff Curve Number (CN) method is the most
commonly accepted method for generating peak rates of runoff from areas. CNs are used to
calculate the amount of runoff flowing from a subcatchment area using the surface cover and
soil type.,

The soit type on the site was determined using the SCS's Soil Survey. The Soil Survey
contains soil maps that indicate the location and type of the various soils in the area.
Descriptions of the soils and their properties (inctuding hydrologic soif group) are also
contained in the survey,

The surface cover on a site refers to what is on the surface of a site, whether it is lawn, roof,
pavement, brush, woods, etc. Similarly, to the slope and the type of soil, surface cover
affects the rate and volume of runoff. Certain types of cover atlow for more opportunity for
water to be absorbed into the ground. A site covered with impermeable pavement will not
alfow for any water to be absorbed into the ground, while a site covered by grass will allow
some of the water to be absorbed into the ground. Almost all the rain that falls on pavement
or other impermeable covers will be converted to runoff. In addition, different vegetative
covers have different properties concerning producing runoff.

For each subcatchment area, Nitsch determined drainage flow path lengths, surface cover
type, and slopes for sheet and shallow concentrated flow. The information was used to
determine the time of concentration (T,) for each subcatchment area. SCS Runoff Curve
Numbers (CNs) were selected by using the cover type and hydrologic soil group of each
area. The peak runoff rates for the 2-year, 10-year, and 100-year 24-hour storm events were
then determined by inputting the weighted CN, T, drainage areas, and drainage information
into the HydroCAD storm water modeling system computer program,

HydroCAD Version 9.10

The HydroCAD computer program uses SCS and TR-20 methods to model drainage
systems. The SCS Runoff Curve Number method uses CNs to classify the runoff
characteristics of an area by the type of soif and the type of ground cover. TR-20 {Technical
Release 20) was developed by the Soil Conservation Service to estimate runoff and peak
discharges in small watersheds. TR-20 is generally accepted by engineers and reviewing
authorities as the standard method for estimating runoff and peak discharges.
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HydroCAD Version 9.10 uses up to four types of components {o analyze the hydrology of a
given site. These components are subcatchments (drainage areas), reaches, basins, and
links.

Subcatchments are areas of land that produce surface runoff. The area, weighted CN, and
T, characterize each individual subcatchment area. Reaches are generally uniform streams,
channels, or pipes that convey water from one point to another. A basin is any impoundment
that fills with water from one or more sources and empties via an outlet structure. Links are
used to introduce hydrographs into a project from another source.

Storm Event

Nitseh used Technical Paper 40 by the National Weather Service to estimate the rainfall for
the 2-year, 10-year, and 100-year 24-hour storms. The rainfall values used are as follows:

Storm Event  24—hour Rainfall (inches)

2-year 3.1
10-year 4.5
25-year 5.3
100-year 6.5

Closed Drainage System

The existing closed drainage system consists of catch basins, manholes, and one water
guality separator unit. The closed drainage system will discharge to the municipal closed
drainage system within Mystic Valley Parkway.

Best Management Practices

Best Management Practices (BMPs} include structural and non-structural features used on
the site to promote water quality and water quantity mitigation for the developed conditions.
BMPs selected for this project include deep sump catch basins with hoods, proprietary water
quality units, and subsurface infiliration structures. The Department of Environmental
Protection "Massachusetts Stormwater Handbook,” Volumes 1, 2, and 3 (January 2008) was
used to select structural and non-structural BMPs for the long-term protection of resources at
the site.

Hydrologic Analysis
Existing Site Conditions

The site is located Mystic Water works building consists of approximately 1.4+ acres and is
located at the intersection of Capen Court and Mystic Valley Parkway in Somerville,
Massachusetts, The property is bounded by Mystic Valley Parkway to the north and west,
commercial properties to the east and senior housing to the south. The existing site includes
Capen Court and the adjacent paved parking area along the western portion of the site,

The overall terrain generally slopes in a northerly/northwesterly direction from a maximum
elevation of 35 along the southern property line to a minimum elevation of 17 along Mystic
Valley parkway based on the National Geodetic Vertical Datum (NGVD) of 1929,
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There is a limited drainage system serving the existing site. A majority of the stormwater
runoff from the existing building and site surfaces flow on the surface to a closed drainage
system within Capen Court. This closed system flows northerly and discharges to the
municipal drainage system with Mystic valley Parkway.

The existing drainage areas were compiled from an existing conditions survey prepared by
Nitsch Engineering. Additionally, Nitsch Engineering conducted site visits to evaluate the
existing onsite drainage patterns and watershed divides from the existing conditions survey.
The drainage areas and design points analyzed for this project are shown on the “Pre-
Development Drainage Plan (PRE)". The hydrologic calculations for these drainage areas
and design points are included in Appendix L. The design points for the analysis are as
follows:

¢ Design Point 1 (3E): The Capen Court closed drainage system located to the north of the
project site. Subcatchment Area 1E, 2E, & 4E contributes stormwater runoff to Design
Point 1. Subcatchment 1E includes the area associated with the site to the east of Capen
Court which include the existing buildings and garage. Subcatchment 2E includes the
area associated with the paved parking area to the west of Capen Court, Subcatchment
4E includes the impervious area associated with Capen Court.

Proposed Site Conditions

The project consists of the redevelopment and conversion of the existing Mystic Water Works
located on Mystic Valley Parkway in Somerville into a twenty-five {25) affordable housing unit
rental apartment building and the demolition of the existing office and garage outbuilding to be
replaced with a newly constructed thirty-five (35) affordable housing unit rental apartment
building. All of the sixty (60) one-hedroom units will be designated as low or moderate
income units under state guidelines.

The existing Mystic Water Works office and garage outbuilding will be demolished along with
the existing paved driveways, paved areas, parking areas, fire lane and walkways. The
proposed site construction will include new access roadways/driveways, parking areas,
courtyard and a stormwater management system fo treat and control the stormwater runoff
from the site surface areas.

The existing site is not located within the buffer zone of any resource areas, and as such, not
subject to Mass DEPs stormwater management regulations. The proposed stormwater
management system does however incorporate several Best Management Practices {i.e.
stormwater infiltration units, catch basins with sumps and hoods) to reduce the rate of runoff
and improve the stermwater quality leaving the site.

To meet these conditions, infiltration Best Management Practices (BMPs) are proposed in
the stormwater management plan for the site. These systems include infiltration subsurface
structures. Infiltration subsurface structures are underground systems constructed of either
perforated pipes or chambers surrounded by stone that capture runoff, and gradually
infiltrate it into the ground. These systems are simitar to a Title 5 sail absorption system.

Stormwater runoff from the proposed buiidings’ roof will be directed to the subsurface
infiltration structures. Stormwater runoff from the site paved areas will be directed to
prefreatment BMPs to remove sediments and other pollutants prior to discharging to
subsurface infiltration structures prior to discharging to onsite ground surfaces. Stormwater
runoff directed to the subisurface infiltration structures will be pretreated by deep sumgp catch



Somerville, Massachusetts

Mystic Water Works
10/14/2011

Nitsch Project #8398

basins and proprietary water guality structures prior to discharging to the infiltrations
systems.

The same overall area and design points were analyzed for the proposed conditions and are
indicated on the "Post-Development Drainage Plan (POST)". The hydrologic calculations for
these drainage areas and design points are included in Appendix L. The design points for
the analysis are as follows:

s Design Point 1 (3P): The Capen Court closed drainage system located to the north of the
project site. Subcatchment Area 1P, 2P, & 4P contributes stormwater runoff to Design
Point 1. Subcatchment 1P includes the area associated with the site to the east of Capen
Court which include the existing Mystic Water Works building and proposed housing
building. Subcatchment 2P includes the area associated with the proposed parking area
to the west of Capen Court. Subcatchment 4P includes the impervious area associated
with Capen Court.

The change in impervious coverage for the site is provided in Table 1 below.

Table 1: Area Summary Table

Cover Existing Proposed Difference Impervious Area
(SF) (SF) {SF) (%)

Impervious 42,148 40,918 -1,232 ~2.01%

Pervious 19,031 20,263 +1,232 +2.01%

Total 61,179 61,179

Peak Flow Rates

The proposed stormwater management system is expected to reduce the post-development
peak rates of runoff to at or below the pre-development rates, with controls. Table 2, "Peak
Rates of Runoff,” compares the pre- and post-development peak rates of runoff at the design
point. Table 2 shows no increase for the 2-, 10-, 25-, and 100-year design storms.

Table 2: Peak Rates of Runoff

Design Peint — 1

2-Year 10-year 25-year 100-Year
Existing 4.14 cfs 6.20 cfs 7.37 cfs 9.11 cfs
Proposed 2.56 cfs 4.08 cfs 6.63 cfs 8.25 cfs
Quantity

The proposed stormwater management system is expected to reduce the post-development
volumes of runoff fo at or below the pre-development volumes, with confrols. Table 2,
“Volume Quantities,” compares the pre- and post-development volumes of runoff at the
design point. Table 2 shows no increase for the 2-, 10-, 25-, and 100-year design storms.

Table 2: Volume Quantities

Design Poin{ -1

2-Year 10-year 25-year 100-Year
Existing 13,242 cf 20,255 cf 24,306 cf 30,405 cf
FProposed 12,415 cf 19,428 cf 23,435 ¢f 29,403 cf
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CONCLUSION

In conclusion, the proposed Mystic Water Works project will result in a decrease in the peak
rate of stormwater and velume leaving the site and improve the stormwater quality.

PA8398 MWW Somerville\CivilProject Data\Drainage\Stormwater Report(2011-1014).doc
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APPENDIX A

UNITED STATES GEOLOGICAL SURVEY MAP






Mystic Water Works Somerville, Massachusetts
Nitsch Project #8398 10/14/2011

APPENDIX B

FLOOD INSURANCE RATE MAP (F..LR.M.) FOR SITE
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APPENDIX C

NRCS (SCS) SOIL DESCRIPTION AND MAP









Soil Map—Middiesex County, Massachuselts Mystic Water Works - Somerville

Map Unit Legend

Middlesex County, Massachusetts (MAD17)

Map Unit Symbol - Map Unit Name Acres in AOI - Percent of AO!
1 Water 21 6.4%
?223A - Scmvery ﬁne sandy Ioarlrm, Oto 3 per.ce.m. s.l.o.;.).e.s. S 5? . - 17.?%;
502 e 'Urbénland e LT . o3 e 25._9%3

56218 Scio-Urban land complex, 0 to 8 percent slopes 4.0 12.6%

56268 Merrimac-Urban land complex, O to 8 percent 0.3 1.0% :
: siopes :

;6270 Newport-Urban tand complex, 3 to 15 percent 0.0 0.1% :
: . sfopes
56290 Canton-Chariton-Urban land complex, 3to 15 7.3 22.8%
: percent slopes ; :

654 Udorthents, loarmy 3.1 9.8%

655 Udorthents, wet substratum 12 3.8%

‘Totals for Area of Interest 322 100.0% .

USDA  Natural Resources Web Soit Survey 10/14/2011
Conservation Service National Cocperative So#f Survey Page 3 0f3



Map Unit Description: Scic very fine sandy loam, 0 {o 3 percent slopes—

Middlesex County, Massachusetts

Mystic Water Works - Somerville

Map Unit Description

The map units delineated con the detailed soil maps in a soif survey represent the
soils or miscellaneous areas in the survey area. The map unit descriptions in this
report, 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 sail 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
tandscape, 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
inctuding areas of other taxcnomic 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 taxenomic classes cother than those of the major sois.

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 te 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 strongiy 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
compeonents 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 enocugh 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 {o 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
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.

USDA

Natural Resources Web Soil Survey
Conservation Service National Cooperative Soil Survey

1011412011
Page 1 of 4



Map Unit Description: Scio very fine sandy loam, 0 te 3 percent slopas-

Middlesex County, Massachuseits

Mystic Water Works -~ Somerville

Soils that have profiles that are almost alike make up a soil series. All the soils of
a series have major horizons that are similar in composition, thickness, and
arrangement. Soils of a given 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 soif 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 soifs 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
miscellangous 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
simifar. 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.

Additional information about the map units described in this report is avaitable in
other sail reports, which give properties of the soils and the limitations, capabilities,
and potentials for many uses. Also, the narratives that accompany the soll reports
define some of the properties included in the map unit descriptions.

Middlesex County, Massachusetts

223A—Scio very fine sandy loam, 0 to 3 percent slopes

Map Unit Setting
Elevation: 0 to 2,100 feet
Mean annual precipitation: 45 to 54 inches
Mean annual air temperature: 43 to 54 degrees F
Frost-free period: 145 to 240 days

Map Unit Composition
Scio and similar soils; 80 percent
Minor components: 20 percent

S

Natural Resources Web Soil Survey
Conservation Service National Cooperative Soil Survey

10/14/2011
Page 2 of 4



Map Unit Description: Scio very fine sandy foam, 0 to 3 percent slopes—

Middlesex County, Massachusetts

Mystic Water Works -~ Somerville

Description of Scio

Setting

Landform: Terraces, depressions

Landform position (two-dimensional): Footslope
Landform position (three-dimensional); Tread
Down-slope shape: Concave

Across-siope shape: Concave

Parent material: Loamy and/or silty glaciofluvial deposits

Properties and qualities

Slope: 0 to 3 percent

Depth to restrictive feature: More than 80 inches

Drainage class: Moderately well drained

Capacity of the most limiting layer to transmit water
{Ksat): Moderately high to high {(0.60 to 2.00 in/hr)

Depth to water table: About 18 to 24 inches

Frequency of flooding; None

Frequency of ponding: None

Calcium carbonate, maximum content: 1 percent

Available waler capacity: High (about 11.4 inches)

Interpretive groups

Land capability (nonirrigated): 2w

Typical profile

0 to 8 inches: Very fine sandy loam
8 to 35 inches: Very fine sandy loam
35 to 65 inches: Silt loam

Minor Components

Haven

Percent of map unit: 10 percent

Landform: Terraces, plains

Landform position (two-dimensional): Footslope
Landform position (three-dimensional); Tread, rise
Down-slope shape. Convex

Across-slope shape: Convex

Sudbury

Percent of map unit: 5 percent

Landform: Terraces, plains

Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Tread, dip
Down-slope shape: Linear

Across-siope shape: Concave

Tisbury

Percent of map unit: 5 percent

Landform: Plains, terraces

Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Tread, dip
Down-slope shape. Concave

USDA  Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

1041472011
Page 3 of4



Map Unit Description: Scio very fine sandy foam, 0 to 3 percent slopes—
Middiesex County, Massachusetts

Mystic Water Works - Somerville

Across-slope shape: Concave

Data Source Information

Soil Survey Area:  Middiesex County, Massachusetts
Survey Area Data:  Version 12, Feb 26, 2010

LSDA  Natural Resources Web Soil Survey
Conservation Setvice National Cooperative Soil Survey

10/14/201
Page 4 of 4
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APPENDIX D
PRE-CONSTRUCTION HYDROLOGY REPORT

POST-CONSTRUCTION HYDROLOGY REPORT






Pre v Post (2011-0831)
Prepared by Nitsch Engineering
HydreCAD® 9,10 s/n 00546 © 2009 HydroCAD Software Soluticns LLGC

Printed 10/14/2011
Page 2

Area Listing (selected nodes)

Area CN  Descriptien
{acres) {subcatchment-numbers)
0.437 89 <50% Grass cover, Poor, HSG D (1E, 2E)
0.089 98 Paved parking, HSG A (4E)
0.868 98 Paved roads wicurbs & sewers, HSG D {1E, 2E)
1.404 TOTAL AREA



Pre v Post (2011-0831)

Prepared by Nitsch Engineering
HydroCAD® 9.10 s/n 00546 © 2009 HydroCAD Software Selutions LLG

Printed 10/14/2011
Page 3

Soil Listing (selected nodes)

Area  Soil Subcatchment
(acres) Group Numbers
0.088 HSGA 4E
0.000 HSGB
0.000 HSGC
1.305 HSGD 1E, 28
0.000 Other
1.404 TOTAL AREA



Pre v Post (2011-0831) Type Hi 24-hr 2-yr Rainfall=3.10"

Prepared by Nitsch Engineering Printed 10/14/2011
HydroCAD® 9.10 s/n 00546 © 2009 HydroCAD Software Solutions LLC Page 4

Time span=0.00-25.00 hrs, dt=0.02 hrs, 1251 points
Runoff by SCS TR-20 method, UH=SCS
Reach routing by Stor-ind+Trans method - Pend routing by Stor-Ind method

Subcatchment 1E: Existing Site Runoff Area=49,675 sf  62.58% Impervious Runolf Depth=2.55"
Te=5.0 min  CN=95 Runoff=3.33 ¢ts 0.242 af

Subcatchment 2E: Existing Parking Lot Runoff Area=7,174 sf 93.84% Impervicus Runoff Depth=2.76"
Tc=5.0 min CN=97 Runoff=0.50 cfs 0.038 af

Subcatchment 4E: Capen Court Runoff Area=4,331 sf 100.00% Impervious Runoff Depth=2.87"
Te=5.0 min CN=98 Runof=0.31 c¢fs ¢.024 af

Reach 3E: Existing Inflow=4,14 cfs 0.304 af
Oudflow=4.14 cfs 0.304 af

Total Runoff Area = 1.404 ac Runoff Volume = 0.304 af Average Runoff Depth = 2.59"
31.11% Pervious = 0.437 ac  68.89% Impervious = 0.968 ac















Pre v Post {2011-0831) Type 1 24-br 10-yr Rainfall=4.50"

Prepared by Nitsch Engineering Printed 10/14/20%1
HydroCAD® $.10_s/n 00546 © 2009 HydroCAD Software Solutions LLC Page 9

Time span=0.00-25.00 hrs, dt=0.02 hrs, 1251 points
Runoff by SCS TR-20 method, UH=8CS
Reach routing by Stor-ind+Trans method - Pond routing by Stor-Ind method

Subcatchment 1E: Existing Site Runoff Area=4%,675 sf 62.58% Impervicus Runaoff Depth=3.82"
Te=5.0 min  ON=95 Runoff=5.01 ¢fs 0.373 af

Subcatchment 2E: Existing Parking Lot Runoff Area=7,174 st 93.84% Impervicus Runoff Depth=4.15"
Tc=5.0 min CN=97 Runoff=0.74 ¢fs 0.057 af

Subcatchment 4E: Capen Court Runoff Area=4,331 sf 100.00% Impervicus Runoff Depth=4.26"
Tc=5.0 min  CN=28 Runcif=0.45 ¢fs 0.035 af

Reach 3E: Existing Inflow=6.20 cfs 0.465 af
Quitflow=6.20 cfs 0.465 af

Total Runoff Area = 1.404 ac Runoff Volume = 0.465 af Average Runoff Depth = 3.98"
31.11% Pervious = 0.437 ac  68.89% Impervious := 0.968 ac
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Time span=0.00-25.00 hrs, dt=0.02 hrs, 1251 points
Runoff by SCS TR-20 method, UH=SCS
Reach routing by Stor-ind+Trans methed - Pond routing by Stor-ind method

Subcatchment 1E: Existing Site Runoff Area=49,676 sf 62.58% Impervious Runoff Depth=4.72"
Te=5.0 min  CN=95 Runoff=5.96 cfs 0.448 af

Subcatchment 2E: Existing Parking Lot Runoff Area=7,174 sf 93.84% Impervious Runoff Depth=4.95"
Te=5.0 min CN=97 Runoff=0.88 cfs 0.068 af

Stibcatchment 4E: Capen Court Runoff Area=4,331 sf 100.00% Impervicus Runoff Depth=5.08"
Te=5.0 min CN=98 Runoff=0.53 ¢fs 0.042 af

Reach 3E: Existing Inflow=7.37 cfs 0,558 af
Outflow=7.37 ¢fs 0.558 af

Total Runoff Area = 1.404 ac  Runoff Volume = 0.558 af Average Runcff Depth = 4.77"
31.11% Pervious = 0.437 ac  68.89% Impervious = 0.968 ac
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Time span=0.00-25.00 hrs, dt=0.02 hrs, 12561 poinis
Runoff by SCS TR-20 method, UH=5CS
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment 1E: Existing Site Runoff Area=49,675 sf 62.68% Impervious Runoff Depth=5.91"
Te=5.0 min CN=95 Runofl=7.37 cfs ¢.561 at

Subcatchment 2E: Existing Parking Lot Runoff Area=7,174 sf  93.84% Impervious Runoff Depth=6.14"
Te=5.0 min - CN=97 Runoff=1.08 ¢fs 0.084 af

Subcatchment 4E: Capen Court Runoff Area=4,331 sf 100.00% Impervious Runoff Depth=5.26"
Te=5.0 min CN=88 Runoff=0.65 cfs 0.052 af

Reach 3E: Existing Inflow=9.11 cfs 0.698 af
Outflow=9.11 cfs 0.698 af

Total Runoff Area = 1.404 ac  Runoff Volume = 0.698 af Average Runoff Depth = 5.96"
31.11% Pervious = 0.437 ac  68.89% Impervious = 0,968 ac
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Area Listing (selected nodes)

Area CN Description

{acres) {subcatchment-numbers)
0.465 89 <50% Grass cover, Poor, HSG D (1P, 2P)
0.09% 98  Paved parking, HSG A (5P)
0.812 98 Paved roads w/icurbs & sewers, HSG D (1P, 2P)
0.028 98 Pavers [1F)
1.404 TOTAL AREA
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Soil Listing (selected nodes)

Area Seil Subcatchment
(acres) Group Nurmbers

0.099 HSG A 5P

0.000 HEG B

0.000 HSG C

1.277 HSG D 1P, 2P

0.028  Other 1P

1.404 TOTAL AREA
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Time span=0.00-25.00 hrs, dt=0,02 hrs, 1251 points
Runoif by SCS TR-20 method, UH=58CS
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-ind method

Subcatchment 1P: Proposed Site Runofi Area=49,675 st 64.31% Impervious Runoff Depth=2.55"
Te=6.0min CN=85 Runoff=3.33 cfs 0.242 af

Subcatchment 2P: Proposed Patking Lot Runoff Area=7,173 sf 64.65% Impervious Runoff Depth=2.55"
Te=5.0 min CN=85 Runof{=0.48 cfs 0.035 af

Subcatchment 5P: Capen Court Runoff Area=4,331 st 100.00% Impervious Runoff Depth=2.87"
: Te=5.0min CN=98 Runofi=0.31cls 0.024 af

Reach 3P: Proposed Inflow=2.56 cis 0.285 af
QOutflow=2.56 cfs 0.285 af

Pond 4P: Underground Storage Peak Elev=13.50' Storage=0.043 af Inflow=3.33 cis 0.242 af
Discarded=0.00 cfs 0.005 af Primary=1.96 cfs 0.226 af Outflow=1.96 cfs 0.231 af

Total Runoff Area = 1.404 ac Runoff Volume = 0.301 af Average Runoff Depth = 2.57"
33,12% Pervious = 0.465 ac  66.88% Impervious = 0.939 ac
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Summary for Pond 4P: Underground Storage

Inflow Area = 1.140 ac, 64.31% Impetvious, Inflow Depth = 2.55" for 2-yr event

Inflow = 333 cfs @ 12.07 hrs, Volumes= 0.242 af

Outflow = 196 cfs @ 12.17 hrs, Volumes= 0.231 af, Atten= 41%, lag= 5.9 min
Discarded = 0.00cts@ 5.00 hrs, Volume= 0.005 af

Primary = 1.96cfs @ 12.17 hrs, Volume:= 6.226 af

Routing by Stor-Ind method, Time Span= 0.00-25.00 hrs, dt= 0.02 hrs / 2
Peak Elev= 13.50' @ 12.17 hrs Surf Area= 0.034 ac Storage= 0.043 at

Plug-Flow detention time= 55.7 min calculated for 0.231 af (96% of infiow)
Center-of-Mass det. time= 30.3 min ( 811.3-781.0)

Volume Invert  Avail.Storage  Storage Description
#1A 11.50° 0.023 af 25.25'W x 58.96'L x 3.50'H Field A
0.120 af Overall - 0.042 af Embedded = 0.077 af x 30.0% Voids
#2A 12.00" 0.042 af StormTech SC-740 x 40 Inside #1

Effective Size= 44.6"W x 30.0"H => 6.45 sf x 7.12'L. = 45.9 of
Overall Size= 51.0"W x 30.0"H x 7.56'L with 0.44' Overlap
0.085 af Total Available Storage

Storage Group A created with Chamber Wizard

Device Routing Invert Qutlet Devices
#1  Primary 12.00" 18.0" Vert. Orifice/Grate  Cs= 0.600
#2  Device 1 12.18" 6.0" Vert. Orifice/Grate X 2.00 C= 0.600
#3  Device 1 14.50' Custom Weir/Orifice, Cv= 2.62 {C= 3.28)

Head (feet) 0.00 1.00 2.50
Width (feet) 3.00 3.00 3.00
#4  Discarded 11.50' 0.090 in/hr Exfiltration over Surface area

Discarded OutFlow Max=0.00 cfs @ 5.00 hrs HW=11.568" (Free Discharge)
T_4=Exfiltration (Exfiltration Contrels 0.00 cfs)

Primary OutFlow Max=1.96 cfs @ 12.17 trs HW=13.,50° (Free Discharge)
t_1:-Orifice/Grate (Passes 1.96 cfs of 7.37 ¢fs potential flow)
2=Orifice/Grate (Orifice Controls 1.96 cfs @ 4.98 fps)
3=Custom Weir/Orifice { Controls 0.00 cfs)
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Time span=0.00-25.00 hrs, di=0.02 hrs, 1251 points
Runofi by SCS TR-20 method, UH=SCS
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-ind method

Subcatchment 1P: Proposed Site Runoff Area=49,875 st 64.31% Impervious Runoff Depth=3.92"
Te=5.0 min CN=95 Runoif=5.01 cfs 0.373 ai

Subcatchment 2P: Proposed Parking Lot Runoff Area=7,173 si 64.65% Impervious Runoff Depth=3.92"
To=6.0min CN=95 Runoff=0.72c¢fs 0.054 af

Subcatchment 5P: Capen Court Runoff Area=4,331 sf 100.00% Impervious Runotf Depth=4.26"
Te=5.0 min  CN=98 Runeli=0.45 cfs 0.035 af

Reach 3P: Proposed Inflow=4.08 cis 0.446 af
Qutflow=4.08 cls 0.446 af

Pond 4P: Underground Storage Peak Flev=14.63 Storage=0.062 af Inflow=5.01 cfs 0.373 af
Discarded=0.00 cfs 0.006 al Primary=3.28 cfs 0.357 af Outflow=3.29 cfs 0.362 af

Total Runoff Area = 1.404 ac  Runoff Volume = 0.462 af Average Runoff Depth = 3.95"
33.12% Pervious = 0.465 ac  66.88% Impervious = $.939 ac
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Summary for Pond 4P: Underground Storage

Inflow Arga = 1.140 ac, 64.31% Impervious, Inflow Depth = 3.92" {or 10-yr event
Inflow = 501¢is @ 12.07 hrs, Volume= 0.373 af

Quiflow = 328 ¢cfs @ 12.16 hrs, Volume= 0.362 af, Atten=34%, Lag= 5.1 min
Discarded = 0.00cfs@ 3.68 hrs, Volumes= 0.008 af

Primary = 3.29c¢fs @ 12.16 hrs, Voiumes= 0.357 af

Routing by Stor-Ind method, Time Span= 0.00-25.00 hrs, dt= 0.02 hrs / 2
Peak Elev=14.63' @ 12.16 hrs Surf.Area= 0.034 ac Storage= 0.062 af

Plug-Flow detention time= 44.0 min calculated for 0.362 af (97% of inflow)
Center-of-Mass det. time= 28.4 min ( 796.5 - 770.1 )

Velume Invert  Avail.Storage  Siorage Description
#1A 11.50" 0,023 af 25.25'W x 58.96'L x 3.530'H Field A
0.120 af Overall - 0.042 af Embedded = 0.077 af x 30.0% Voids
#2A 12.00° 0.042 af StormTech SC-T40 x 40 Inside #1

Effective Size= 44.6"W x 30.0"H => 6.45 sf x 7.12'L = 45.8 ¢f
Cverall Size= 51.0"W x 30.0"H x 7.56'L with 0.44' Qverlap

0.065 at  Total Available Storage

Storage Group A created with Chamber Wizard

Device Routing Invert  Outlet Devices
#1  Primary 12.00' 18.0" Vert. Orifice/Grate C= 0.600
#2  Device 1 12.18' 6.0" Veri. Orifice/Grate X 2.00 C= 0.800
#3  Device 1 14.50' Custom Weir/Orifice, Cv= 2.62 {C:= 3.28)

Head (feet) 0.00 1.00 2.50
Width (feet} 3.00 3.00 3.00
#4  Discarded 11.50" 0.090 in/hr Exfiltration over Surface area

Discarded OutFiow Max=0.00 cfs @ 3.68 hrs HW=11.56"' (Free Discharge)
4=Exfiltration {Exfiltration Contrels 0.00 ofs)

Primary OutFlow Max=3.26 ¢fs @ 12.16 hrs HW=14.63" (Free Discharge)
T—-1=Orifice/Grate {Passes 3.26 ¢fs of 11.66 cfs potential flow)
2=0Orifice/Grate (Orifice Controls 2.80 ¢fs @ 7.14 fps)
3=Custom Weir/Orifice (Weir Controls 0.45 cfs @ 1.18 fps)
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Time span=0.00-25.00 hrs, dt=0.02 hrs, 1251 points
Runoff by SCS TR-20 method, UH=5CS
Reach rodting by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Suhcatchment 1P: Proposed Site Runoff Area=49,675 sf  64.31% Impervious Runoff Depth=4.72"
Te=5.0 min CN=95 Runoif=5.96 cfs 0.448 af

Subcatchment 2P: Proposed Parking Lot Runolf Area=7,173 sf  64.65% Impervious Runoff Depth=4.72"
Te=5.0 min CN=95 Runoif=0.86 ¢fs 0.085 af

Subcatchment 5P: Capen Court Runoff Area=4,331 st 100.00% Impervious Runoff Depth=5.06"
Te=5.0 min CN=98 Runoif=0.53 ¢fs 0.042 af

Reach 3P: Proposed inflow=8.83 cfs 0.538 af
Outflow=6.63 cfs 0.538 af

Pond 4P: Underground Storage Peak Elev=14.88' Storage=0.064 ai Inflow=5.96 cis 0.448 af
Discarded=0.00 c¢fs 0.006 af Primary=5.25 cfs 0.432 ai Outflow=5.26 cfs 0.437 af

Total Runoff Area = 1.404 ac  Runoff Volume = 0.555 af Average Runoff Depth = 4.74"
33.12% Pervious = 0.465 ac  66.88% Impervious = 0.939 ac
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Summary for Pond 4P: Underground Siorage

Inflow Area = 1.140 ac, 64.31% Impetvious, Inflow Depth = 4.72" for 25-yr event

Infiow = 596 cfs @ 12.07 hrs, Volume= 0.448 af

Outflow = 526 cis @ 12.11 hrs, Volumes= 0.437 af, Alten= 12%, Lag= 2.4 min
Discarded = 0.00cfs @ 3.20 hrs, Volume= 0.008 af

Primary = 525¢cfs @ 12.11 hrs, Volume= 0.432 af

Routing by Stor-ind method, Time Span= 0.00-25.00 hrs, di= 0.02 hrs/ 2
Peak Elev=14.88' @ 12.11 hrs Surf.Area= 0.034 ac Storage= 0.064 af

Plug-Fiow detention time= 39.4 min calcuiated for 0.437 af (98% of inflow)
Center-of-Mass det. time= 24.4 min { 790.2 - 765.8)

Volume Invert  Avail.Storage  Storage Description
#1A 11,50 0.023 af 25.25'W x 58.96'L. x 3.50'H Field A
0.120 af Overall - 0.042 af Embedded = 0.077 af x 30.0% Voids
#2A 12.00° 0.042 af SiormTech SC-740 x 40 Inside #1

Effective Size= 44.6"W x 30.0"H == 6.45 sf x 7.12'. = 45.9 ¢f
Overall Size= 51.0"W x 30.0"H x 7.56'L with 0.44' Qverlap

0.065 af Total Available Storage

Storage Group A created with Chamber Wizard

Device Routing Invert  Outlet Devices
#1  Primary 12.00° 18.0" Vert. Orifice/Grate C= 0.800
#2 Device 1 12.18' 6.0" Vertl. Orifice/Grate X 2.00 C= 0.600
#3 Device 1 14.50" Custom Weir/Qrifice, Cv= 2.62 (C= 3.28)

Head (feet) 0.00 1.00 2.50
Width (feet) 3.00 3.00 3.00
#4  Discarded 11.50" 0.090 in/hr Exfiltration over Surface area

Discarded OutFlow Max=0.00cfs @ 3.20 hrs HW=11.56' (Free Discharge)
T g=Extittration (Exfiliration Controls 0.0C cfs)

Primary OutFlow Max=5.18 cfs @ 12.11 hrs HW=14.87" (Free Discharge)
1=Orifice/Grate (Passes 5.18 cfs of 12.39 cfs potential flow)
2=0Orifice/Grate (Orifice Controls 2.95 cfs @ 7.52 fps)
3=Custom Weir/Orifice (Weir Controls 2.23 cfs @ 2.00 fps)
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Time span=0.00-25.00 hrs, dt=0.02 hrs, 1251 points
Runoff by SCS TR-20 method, UH=5CS
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment 1P: Proposed Site Runoff Area=49,675 sf 64.31% impervious Runoff Depth=5.91"
Te=5.0 min CN=85 Runoff=7.37 cfs 0.561 af

Subcatchment 2P: Proposed Parking Lot Runoff Area=7,173 sf 64.65% Impervious Runoff Depth=5.91"
Te=5.0min CN=95 Runoff=1.06 cfs 0.081% af

Subcatchment 5P: Capen Court Runoff Area=4,331 st 100.00% Impervious Runo!f Depth=6.26"
Te=5.0min CN=98 Runoff=0.65 cfs 0.052 af

Reach 3P: Proposed Inflow=8.25 cfs 0.675 af
Outflow=8.25 cfs 0.675 af

Pond 4P: Underground Storage Peak Elev=15.00" Storage=0.065 af Inflow=7.37 cis 0.561 ai
Discarded=0.00 ¢fs 0.006 af Primary=6.53 cfs 0.542 af Outflow=6.54 cfs 0.548 al

Total Runoff Area = 1.404 ac  Runoff Volume = 0.694 af Average Runoff Depth = 5.93"
33.12% Pervious = 0.465 ac  66.88% Impervious = 0.939 ac
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Summary for Pond 4P: Underground Storage

Inflow Area = 1.140 ac, 84.31% Impervicus, Inflow Depth = 5.91"  for 100-yr event
Inflow = 7.37cls @ 12.07 hrs, Volume= 0.561 af

Qutflow = 6.54 cis @ 12.0G7 hrs, Volume= 0.548 af, Atten= 11%, Lag= 0.1 min
Discarded = 0.00cfs@ 2.66 hrs, Volume= 0.006 af

Primary = 6.53 cfs @ 12.07 hrg, Voiume= 0.542 af

Routing by Stor-Ind method, Time Span= 0.00-25.0C hrs, dt= .02 hrs / 2
Peak Elev= 15.00' @ 12.07 hrs Surf.Area= 0.034 ac Storage= 0.065 af

Piug-Flow detention time= 37.2 min caiculated for 0.548 af (98% of inflow)
Center-of-Mass det. ime= 22.3 min { 783.0 - 760.8)

Voiume Invert  Avail.Storage  Storage Description

#1A 11.50° 0.023 af 25.25'W x 58.96']. x 3.50'H Field A

0.120 af Overall - 0.042 af Embedded = 0.077 af x 30.0% Voids

#2A 12.00° 0.042 af StormTech SC-740 x 40 Inside #1

Effective Size= 44.6"W x 30.0"H =» 6.45sf x 7.12°L = 45.9 ¢f
Overall Size= 51.0"W x 30.0"H x 7.56'L with 0.44' QOvetrlap

0.065 af Totat Available Storage

Storage Group A created with Chamber Wizard

Device  Routing Invery  Qutlet Devices
#1  Primary 12.00" 18.0" Vert, Orifice/Grate C= 0.600
#2  Device 1 12.18' 6.0 Vert. Orifice/Grate X 2.00 C= G.600
#3  Device § 14.5¢" Custom Weir/Qrifice, Cv= 2.62 (C= 3.28)
Head {feet) 0.00 1.00 2.50
Width (feet) 3.00 3.00 3.00
#4  Discarded 11.50" 0,090 infhr Exfiitration over Surface area

Discarded QutFlow Max=0.00 cis @ 2.66 hrs HW=11.56" (Free Discharge)
*_4=Exfiltration {Exfiltration Controls 0.00 cfs) '

Primary OQuiFlow Max=6.52 cfs @ 12.07 hrs HW=15.00"' (Free Discharge)}
T 1-Orifice/Grate (Passes 6.52 cfs of 12.77 ¢fs potential flow)
2=0rifice/Grate (Orifice Controls 3.03 ¢fs @ 7.72 fps)
3=Custom Weir/Orifice (Weir Controls 3.48 cfs @ 2.32 fps)
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APPENDIX E
PRE-CONSTRUCTION HYDROLOGY PLAN

POST-CONSTRUCTION HYDROLOGY PLAN
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