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Abstract

Harveys Lake is the largest natural lake, by volume, entirely located within the
Commonwedth of Pennsylvaniaa. Due to some sporadic cyanobacterial alga blooms
experienced through the 1980's and 1990's, an US EPA Clean Lakes (314) Phase | Diagnostic /
Feasibility Study was conducted on HarveysLake. The resulting Restoration / Management Plan
was used by the Borough of Harveys Lake to implement several watershed projects and conduct
additional testing under an US EPA Non-Point Source (319) grant. In addition, the Pennsylvania
Department of Environmental Protection conducted a TMDL analysis of the Harveys Lake
watershed in early 2003, using data that were collected and developed as part of the Phase |
Study.

As aresult of the Clean Lakes study and the Non-Point Source pollution project, as well
as local concern, a 28.4 acre (11.5 ha) portion of residential land, known as Hemlock Gardens,
was identified as a site that generates a large non-point source (NPS) pollutant load for the lake.
The NPS pollutants of concern were total suspended solids (TSS) and total phosphorus (TP). In
order to address these concerns, the Borough of Harveys Lake and the Harveys Lake
Environmental Advisory Council, were awarded a grant by the Pennsylvania Department of
Environmental Protection (PA DEP) through the State's Growing Greener Program.

Princeton Hydro conducted on-site surveys and engineering analyses for a structural Best
Management Practice (BMP) for the Hemlock Gardens site. The selected BMP was a nutrient
separating baffle box in series with a water polishing unit. This structural BMP was designed to
accommodate on-site restrictions and to reduce the TSS and TP loads that flow from Hemlock
Gardens, into a nearby tributary that, in turn, flows directly into Harveys Lake. The BMP was
specifically designed to treat the NPS pollutant loads during the 1 to 10-year storm events. The
BMP was installed in the spring of 2003 and stormwater runoff samples were subsequently
collected by students and staff of Wilkes University. As part of the BMP monitoring program,
the Borough has aready cleaned-out the baffle box on one occasion.

Once the monitoring program is complete, the storrnwater runoff data will be used to
assess the relative effectiveness of the structura BMP in reducing the TSS and TP pollutant
loads that enter Harveys Lake from the Hemlock Gardens portion of the watershed. The
calculated reductions in the TP pollutant load will be compared to the lake's TMDL, which was
recently completed by PA DEP.

It was estimated that when the first two chambers of the baffle box were cleaned-out in
late August 2003, that approximately 14,578 Ibs or 7.3 tons of material (soil, rock and gravel)
were removed. The Borough will continue to be responsiblefor the maintenance and up-keep of
the BMP. Although some additiona roadside swale stabilization work is required for the
Hemlock Gardens portion of the watershed, the installation of the BMP and associated pipework
has resulting in a substantial improvement in the treatment of NPS pollution originating from
Hemlock Gardens. In turn, this reduction in the NPS pollutant load will reduce the nutrient load
entering Harveys Lake.
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I ntroduction

The Harveys Lake watershed is 1,892 ha (4,673 acres) in size and islocated in the
Upper Susquehanna - Lackawanna watershed. Surface runoff within the Harveys Lake
watershed eventually drains into Harveys Lake, the largest natural lake, by volume,
within the Commonwealth of Pennsylvania. In turn, Harveys Lake forms the headwaters
of Harveys Creek. Most of the watershed is located in Luzerne County, but a small
portion extends into the northeastern comer of Wyoming County (Appendix A). Harveys
Lake, its surrounding watershed and the downstream environments, are located in the
State Water Plan Watershed of Toby-Wapwallopen Creeks (5B) and the approximate
coordinates of the lake's centroid are 4121 26" north latitude and 76'0'50" west longitude.

The outlet of Harveys Lake discharges into Harveys Creek. The creek travels
down the watershed, through Bryant Pond and discharges into the Susguehanna River at
West Nanticoke. Based on Title 25, Chapter 93 classification, from the outlet of Pikes
Creek Pond to the Susguehanna River, Harveys Creek is classified as a cold water fishery
(CWF) for water quality protection. In contrast, the section of Harveys Creek from the
outlet of Harveys Lake down to, and including, Pikes Creek Pond is classified as a high
quality - cold water fishery habitat (HQ-CWF). The highly sensitive environmental
status of Harveys Creek, especialy in the portion immediately down stream of Harveys
Lake, indicates that declines in the water quality of the lake will have a direct and
negative impact on the stream. Thus, efforts to improve the water quality of the lake
itself will benefit both the lake and the creek.

Alga blooms have periodically plagued Harveys Lake throughout the 20th
century. In response to these bloomsand their accompanying declines in water quality, a
sewage system was designed and constructed to cover the entire area immediately
surrounding the lake and most of the Borough of Harveys Lake. This sewage system was
put on line in the summer of 1976 (Reif, 1986). While the sewage system substantialy
improved the water quality of the lake, periodic blooms were still a major problem.
These blooms, in spite of the sewage system, prompted the funding of a Phase |
Diagnostic/Feasibility Study of Harveys Lake and its watershed under the U.S. EPA
Clean Lakes Program.

The Phase | Study was conducted in 1993-94 and was used to generate a
limnological and watershed-based database on Harveys Lake, in an effort to develop a
Restoration and Management Plan for the lake. The primary objective of the Restoration
and Management Plan was to identify a series of cost effective in-lake and watershed-
based techniques to improve the water quality of Harveys Lake. A number of structural
Best Management Practices (BMPs) were recommended as part of this plan which
included upgrading the catch basins along Route 415, the road that completely surrounds
Harveys Lake, and the strategic installation of larger regional basins in key locations
within the Harveys Lake watershed. This report documents the design, installation and
efficiency of astructural BMP for a specific section of the Harveys L ake watershed.

Princeton Hydro 1



Harveys Lake — Hemlock Gardens Project
Luzerne County, Pennsylvania

Final Report (ME # 350385)

Project # 156.011, September 2003

Project Location

The project site is located in the southeasternportion of the Harveys Lake
watershed, known as Worden Place (Appendix A). Specifically, the site is a 28.4 acre
(11.5 ha) area of land in an older development known as Hemlock Gardens (Appendix
A). There are approximately 26 homes located in Hemlock Gardens with a dirt road
looping within the development. In addition, the percent slopes within Hemlock Gardens
vary between 8 and 18%. These conditions have resulted in the generation of large non-
point source (NPS) pollutant loads.

Prior to the implementation of this project, the Hemlock Gardens community did
not have any form of stormwater conveyance system and overland runoff generated
during storm events, flows across Second Street and into the unnamed tributary on the
other side of the street. In turn, the tributary flows directly into Harveys Lake. It has
been documented, both on video tape and through stormwater sampling, that this
overland runoff transports a large NPS pollutant load to the tributary and, in turn,
Harveys Lake.

The NPS pollutants of particular concern for Harveys Lake are total suspended
solids (TSS) and total phosphorus (TP). TSS is essentially a measure of the amount of
particulate material or "dirt" in the water. High concentrations of TSS produce muddy or
turbid conditions and accumulate in receiving waterbodies. This in-filling of aquatic
ecosystems reduces water depth which impacts both ecological habitat and recreational
use.

The Phase | Diagnostic / Feasibility Study of Harveys Lake identified phosphorus
as its primary limiting nutrient. It takes very little phosphorus to produce a lot of algal
and/or aguatic plant growth. In fact, phosphorus has sucha substantial impact on the
growth of algae and aguatic plants, the targeted water quality parameter for the Harveys
Lake Total Maximum Daily Load (TMDL) analysis is phosphorus. Given the impacts
associated with TSS and TP, the Restoration and Management Plan for Harveys Lake
focuses on these two NPS pollutants.

In most cases, the majority of the phosphorus in stormwater is adsorbed onto
sediments particles. Thus, efforts to reduce the TSS load will also substantially
contribute toward the reduction of the TP load. This strategy was employed for the
Hemlock Gardens section of the watershed.

Both TSS and TP concentrations of stormwater directly leaving the Hemlock
Gardens section of the watershed have been documented as being excessive. For
example, during the pre-installation stormwater monitoring program, conducted by staff
and students of Wilkes University, TSS concentrations were as high as 1,178 mg/L, while
the TP concentrations were as high as 0.06 mg/L. In addition, TP concentrations
downstream of Hemlock Gardens were as high as 0.14 mg/L. More details on the
stormwater monitoring results are provided in subsequent sections of this report.
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Project | mplementation

The Borough of Harveys Lake (the Borough) and the Harveys Lake
Environmental Advisory Council (the EAC) were awarded a Growing Greener grant by
the Pennsylvania Department of Environmental Protection (PA DEP) in 2001 to design,
install and evaluate the pollutant removing efficiency of a structura BMP to be installed
in the Hemlock Gardens drainage area of the Harveys Lake watershed. The total amount
of funds awarded for the project was $ 156,050.00. The Borough provided general
management of the project as part of their in-kind contributions.

As will be described below, the Borough and the EAC worked with a number of
organizations in the successful completion of this project. Specifically, Princeton Hydro
was the technical manager for the project, completing the majority of the technical tasks
(i.e. field work, engineering design and cal culations, acquiring permits, oversight of BMP
installation). In terms of the field work, Princeton Hydro conducted the topographic
survey of the site, as well as collected soil borings to quantify various soil characteristics
such as depth to bedrock and depth to groundwater. Such data were essential in order to
determine the feasibility of installing a BMP at Hemlock Gardens. The BMP that was
original proposed for Hemlock Gardenswas an infiltration basin. However, as explained
below, this recommended BMP had to be substantially modified.

The Borough surveyor, Michad J. Pasonick, Jr., Inc., also provided assistance
toward the project by completing the necessary property boundary surveys for Hemlock
Gardens. Given the complexity associated with the site (i.e. water lines, sewer lines), the
property survey was required to determine the right-of-ways and property limits. The
Borough paid for the property boundary survey as part of their in-kind contribution
toward the project.

Staff and students from Wilkes University, managed by Mr. Brian Oram,
conducted all of the project-related stormwater sampling and laboratory analyses to
assess the pollutant removal efficiency of the structural BMP. A portion of their time
counted as an in-kind contribution toward the project.

Princeton Hydro worked with a number of agencies in obtaining the necessary
permits and approval for the project. From PA DEP, general permits GP-4, GP-5 and
GP-8 were obtained for the BMP discharge pipe which travels through private property to
the unnamed tributary. In addition, a PennDOT Highway Occupancy Permit was
required for the installation of a 24" reinforced concrete pipe that was placed under
Second Street, connecting the BMP to the discharge pipe. A letter of adequacy for
erosion & sediment pollution control was obtained from the Luzerne Conservation
Digtrict.
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In order to properly size the BMP, the Rational Method was used to determine the
10 year storm runoff peak flow. More detailed information on the required permits, the
stormwater flow modeling, and the design of the BMP are provided in the engineering
report which was submitted to the Borough of Harveys L ake (Appendix B).

Structural Best Management Practice used at Hemlock Gardens

The origina concept for a structural BMP at Hemlock Gardens was a large,
infiltration basin that would allow surface runoff from small to moderately-sized storms
to infiltrate back into the groundwater, while retaining particulate pollutants and their
associated pollutants (i.e. TSSand TP). However, the results of the soil boringsindicated
that an infiltration basin would not be very effective. The soil borings revealed that the
depth of groundwater in the soil profile was high and the depth to bedrock was shallow.
Thus, the capacity for infiltrationwas very limited.

Given the on-site limitations associated with the soil, it was decided to use a
Nutrient Separating Baffle Box, combined with a Water Polishing Unit, to reduce the
NPS pollutant load originating from Hemlock Gardens (Appendix B). The entire system
was designed by Suntree Technologies, Inc. Essentidly, the baffle box is a three
chambered basin with screens above its static water line. The screens provide a means of
collecting vegetation, gravel and rock, litter and larger debris. The polishing unit
providesa secondary degree of treatment after the larger material has been removed. The
system was designed in such a manner as to not obstruct design storm flows if either of
the structures are completely filled. Thus, while the system would no longer retain NPS
pollutantsat this point, it would not obstruct stormwater flow.

Suntree Technologies provided a local contractor with the design specifications
for the construction of the structures. More detailed information on the baffle box and
polishing unit are provided in Appendix B. As an in-kind contribution, Suntree
Technologies provided a 25% reduction in the purchase of the materials and the
construction of the baffle box and nutrient polishing unit.

Dueto the particularly severe winter of 2002-2003, as well as a wet spring season,
the installation of the baffle box and polishing unit did not commence until April of 2003
(Appendix C). In addition to the installation of the BMP a limited amount of roadside
swale stabilization work was also conducted. Some local funds were aso contributed
toward the stabilization portion of the project. I1n addition, funds from other State-based
grants were used to augment the added costs associated with the revised BMP design.
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By May 2003 the BMP was ingtalled and the identified roadside swale
stabilization work was complete. Additional stabilization work in the upper areas of the
Hemlock Gardens section of the watershed, as well as paving of the roads, has yet to be
completed. However, these tasks were outside of the identified Scope of Work for this
Growing Greener project. The Borough has recently secured funds to pave the road and
is currently seeking funds to complete the remaining roadsi de stabilization work.

A series of digital photographs provided in Appendix C document pre-existing
conditions at Hemlock Gardens, as well as the actual installation of the structural BMP
and post-installationconditions.

Budget Associated with the Hemlock Gar dens Pr o] ect

The total amount funded under the Growing Greener project for the Hemlock
Gardens section of Harveys Lake (ME #350385) was $156,550.00, with approximately
$95,000.00 being alocated toward the purchase of materias and installation of the
structural BMP. Originally, an infiltration basins was going to be installed at Hemlock
Gardens, however, collected soil borings revealed that the depth to groundwater was only
6 inches below the soil surface. Since these soil borings were collected during relatively
dry conditions in early May 2002 (Appendix B), it was determined that an alternative
BMP was more appropriate for the site. This alternative BMP turned out to be the
Nutrient Separating Baffle Box, combined with a Water Polishing Unit (Appendix B).
This increased the cost associated with the construction section of the project to
$134,183.00.

The actual cost of the construction and installation of the Hemlock Gardens
project was $39,183.00 higher than the budgeted amount. Additional tasks associated
with the project, such as the replacement of the saturated soils and some of the roadside
swale stabilization work, were aso conducted. In order to fund both the Hemlock
Gardens project and these additiona tasks, monies remaining in two other completed
Borough grants, the first being a Non-Point Source (319) grant (ME #359579) and the
second being a supplement to the NPS grant (ME #350206), were used toward the
Hemlock GardensProject.

A monetary contribution of $10,000.00 was given to the Borough by Ruckno, a
local developer, toward the project. These funds were used to conduct some of the
roadside swal e stabilizationwork.

Local contributionstoward the Hemlock Gardens project included both monetary
and in-kind sources. As previousy mentioned, $10,000.00 was contributed to the
Borough by Ruckno toward the stabilization work. In addition, Suntree Technologies,
Inc. reduced its price for the materials and construction of the structural BMP by 25% for
acontribution of $7,776.00.
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In addition to the monetary contribution of reducing materials and construction
costs by 25%, the owner and President of Suntree Technologies, Mr. Henry Happel, came
to Harveys Lake to oversee the construction of the BMP at a local foundry and its
installation at Hemlock Gardens. Mr. Happel did not charge the Borough or the project
for his travel or any of these services. Mr. Happel's in-kind contribution was
conservatively estimated to be $1,500.00.

Another local contribution toward the project was the property survey work
conducted at Hemlock Gardens by Michael J. Pasonick, Jr., Inc. The survey cost
$4,500.00 and was paid by the Borough of Harveys Lake. Given the complexities
associated with the site, such as water lines, sewer lines, and questions over property
boundaries, such a survey was absolutely necessary. An additiona contributionwas with
the easement authorized and given by Mr. Sardoni, the owner of the property where the
BMP outlet pipe discharges into the small unnamed tributary of Harveys Lake. The
easement and related legal fees were very conservatively estimated to be $2,000.00.

Both the Borough of Harveys Lake and the Harveys Lake Environmental Council
provided in-kind services toward the successful completion of the Hemlock Gardens
project. These services and their associated costs are provided in Table 1. Combined
these local in-kind services total $15,600.00. Finally, some in-kind services were
provided by students and staff of the Wilkes University GeoEnvironmental Science and
Engineering Department. These services included the collection and analysis of
stormwater samples prior to and after the structurad BMP was installed a Hemlock
Gardens. The in-kind contribution made by the students and staff of Wilkes University
was calculated to be $1,740.00. This contribution included six stormwater sampling
eventsand attendanceat two project meetings.

Combined, the monetary and in-kind local match toward the State PA DEP-
funded Growing Greener grant was $54,396.00. This total match accounted for amost
26% of the total project budget.

Stormwater Monitoring for the Hemlock Gardens Proj ect

In order to estimate the current NPS pollutant loads that originate from Hemlock
Gardens, as well as quantify the relative pollutant-reducing efficiency of the installed
structural BMP, a limited amount of stormwater sampling was conducted. This
storrnwater sampling program focused primarily on quantifyingthe total phosphorus (TP)
and total suspended solid (TSS) NPS pollutant loads leaving the Hemlock Gardens
community both prior to and after the installation of the structural BMP. Discrete
samples were collected by students and staff of the GeoEnvironmental Science and
Engineering Department at Wilkes University.
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The stormwater data set was designed to document and quantify the relative
pollutant-reducing efficiency of installed structural BMP. In addition, the collected
stormwater data will be valuable in evaluating long-term reductions in the NPS pollutant
loads originating from the Hemlock Gardens section of the watershed, relative to the
State's TMDL on Harveys Lake. Specifically, the Harveys Lake TMDL focused on TP
as the primary pollutant of concern, however, given the impacts associated with TSS (i.e.
in-filling of near shore areas, loss of littoral habitat) the reducing capacity of this
pollutant was also evaluated.

The raw stormwater data for the three storm events that were monitored prior to
the installation of the structural BMP are provided in Appendix D. At this time, storm
water datafor two of the three post-installation storm events are being processed and the
third storm event has yet to be sampled. A detailed evaluation of the pollutant-reducing
efficiency of the Nutrient Separating Baffle Box and Water Polishing Unit will be
conducted once all of the stormwater data are received from Wilkes University. This
detailed evaluation will be an addendum to this final report.

While the stormwater data have yet to be anayzed, preliminary information
collected to date certainly demonstrate that the Nutrient Separating Baffle Box and Water
Polishing Unit are effective in collecting and retaining particulate material and the
pollutants (i.e. phosphorus) adsorbed onto its surface. Some digital photos are provided
in Appendix E as evidence to support this statement.

The center photo (INFLOW) in Appendix E is the first chamber within the
Nutrient Separating Baffle Box during a storm event on 22 July 2003. As shown in the
photo, a large amount of material have accumulated in the first chamber; gravel collected
on the filtration baskets and smaller particulate material collected on the bottom of the
chamber. The inflow was extremely turbid with a brown color. The photo in the upper
right (OUTFLOW) is the Water Polishing Unit, after the stormwater passes through the
three chambers of the Baffle Box. Note that the water is amost clear and has a sightly
gray color (Appendix E). These photos clearly demonstrate that the installed structural
BMP is extremely effective in removing a large portion of the NPS pollutant load,
specifically particulate material, from the Hemlock Gardens portion of the watershed.

On 23 August 2003, the Borough of Harveys Lake cleaned out the Baffle Box.
Due to watershed activities upstream of the basin, such as the excavation of the leaking
water line and the roadside swale stabilization work, a large amount of material
accumulated in the basin since it was on-linein late April 2003. By 23 August 2003 the
first two of the three chambers in the Baffle Box were filled with gravel and soil.
Approximately 4 cubic yards of material was removed from the first two chambers on 23
August 2003, not including the gravel that accumulated on the filtration baskets. The
material was removed with the use of arented Vac-All unit.
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Using a weight estimate of 135 Ibs per cubic foot, the amount of material
removed from the first two chambers was approximated to be 14,578 |bs or 7.3 tons.
Once the Hemlock Gardens section of the watershed is stabilized and the soil excavating
projects are completed, the amount of material accumulating within the BMP over a
given period of time should decline. However, even with the added |oads experienced
during the summer of 2003, only the first two chambers were filled after 4-5 months.

Given the observations made during the summer of 2003, the following
recommendations are being made with regard to the maintenance of the Hemlock
Gardens BMP. Excluding any particularly large storm events (> 50 storm events), the
BMP should be cleaned out twice a year; once in late autumn after al of the leaves have
fallen from the trees and in late spring, after road de-icing activities are finished. It
should be emphasized, that additiona cleaning events might be required, depending on
the frequency and magnitude of storm events. Thus, the Borough should inspect the
BMP after a storm event if more than 2 inches of rain is expected within a 24 hour period
or aflash flood warning is issued for the area. Again, it shouldbe emphasized, that the
inspections should occur after the storm event to avoid any issues associated with safety.
These inspections will be used to determine if accumulated material needs to be removed
from the BMP.
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TOTAL

Table 1

Local Contributions Toward the Growing Greener Grant (ME #350385)
for Hemlock Gardens, Borough of Harveys Lake, Luzerne County, PA

Source

Monetary Contribution from Ruckno
for roadside swale stabilization

Property Boundary Survey
conducted by Michael J. Pasonick, Jr., Inc.

Suntree's 25% reduction in the material
and construction costs of BMP

Mr. Happel's (Suntree) project oversight with
construction and installation of BMP

Mr. Sardoni's easement agreement for the
BMP outlet pipe (includes legal fees) - estimated

Borough of Harveys Lake

general project management and oversight
administrative / fiscal management

review of construction bids

hosting the mandatory bid meeting / other meetings
supplemental oversight at BMP installation
supplemental stabilization work upstream of BMP
sub-total

Additional management and project
coordination by the Harveys Lake
Environmental Advisory Council

In-kind contributions from the students
and staff of Wilkes University for the
stormwater monitoring program

$10,000.00

$4,500.00

$7,776.00

$1,500.00

$2,000.00

$5,760.00
$1,440.00
$240.00
$720.00
$1,200.00
$1,920.00
$11,280.00

$4,320.00

$1,740.00

$54,396.00
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Princeton Hydro, LLC
1108 Old York Road
Suite 1, P.O. Box 720
Ringoes, NJ 08551

September 16,2002

Mr. Walter Chamberlain
District Manager

Luzerne Conservation District
485 Smith Pond Road
Shavertown, PA 18708

Re: Stormwater Capture, Conveyance and Treatment System Design Report
Revised September 16,2002
Hemlock Gardens Subdivision
HarveysLake Borough, Luzerne County, Pennsylvania
Princeton Hydro Project No. 156.11

Dear Mr. Chamberlain:

Princeton Hydro, LLC is pleased to provide to you the attached revised Stormwater Capture,
Conveyance and Treatment System Design Report for the above referenced project. | have addressed
the comments in the review letter dated August 30,2002 by John J. Glushefski, P.E., asdiscussed with
you on the phoneon September 13,2002, asfollows:

102.4 (b)(3)

. Qualificationsand experience of the plan preparer have been added to the report.

102.4 (b) (5) (i)

. Additional contour information has been included in the revised plan.

102 4 (b) (5) (iii)
The limit of disturbance has been added to the plan and encompasses the staging, access, and
stock-pile areas.

. Proposed contoursand channel grading have been included in this revision.

. An additional sheet was added to the set entitled " Erosion & Sedimentation Pollution Control
Plan" with legend included on this sheet (sheet 3 of 7).

102.4 (b) (5)()

. The Chapter 93 classification was mentioned in the revised report.

102 4 (b) (5) (viii)
The channel calculationswere revised and expanded to include actual depth and velocity for all
proposed channels. All channels have a minimum one (1) foot of freeboard.

. As we discussed in the phone conversation, | have added rip-rap to the opposite side of the
discharge location to provide for slope protection.

. The rock lining thickness has been increased to satisfy the 1.25 x Dmax requirement.

. The apron rip-rap thickness has been increased to satisfy the 1.50 x Dmax requirement.

102.4 (b) (5) (xi)

. The proposed and graded channel s have been numbered and coincide with the detail for same.

Phone: 908.237.5660 Fax: 908.237.5666
E-Mail: info@princetonhydro.com



Topsoil stock-pilesand temporary material stock-piles have been indicated on theplan bordered
on the downslope side with silt fence.
. Silt fence and an additional temporary rock filter has been added below disturbed areas.

| believe that the above reference modifications have satisfied the review comments. If you have any
questions, please do not hesitate to contact me at (609) 397-5335.

Sincerely,

Qihn A. Miller, P.E.

Senior Project Engineer

enclosures

c: Michael Daley, Harveys Lake Borough EAC President
Edward J. Kelly, Harveys L ake Borough President
Fred Lubnow, Ph.D., Princeton Hydro
file
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10 Introduction

The Hemlock Gardens subdivision islocated in the southeastern section (within an areacalled Wordan
Place, Appendix A) of the Harveys Creek Watershed, that drainsto Harveys Lake, the largest natural
lake, by volume, within the Commonwealth of Pennsylvania. As Hemlock Gardensis a residential
subdivision located on steep slopes with unimproved roads, the site generates a substantial hydrologic
and non-point source (NPS) pollutant load that eventually flows into Harveys Lake. Runoff generated
by storm events flow across and along Second Street (S.R. 1024) and into the unnamed tributary on the
opposite side of the road. Currently, the subdivision does not have any improved and stabilized

stormwater conveyance system, which hastens the erosion of the unimproved roads within the
development.

An Environmental Stewardshipand Watershed Protection Grant Application (2000-2001) wassubmitted
and accepted, whereby a Pennsylvania Growing Greener grant was provided to addressthe problemsat
Hemlock Gardens. Thiscurrently funded phase addressesthedesign of theproject and the construction
of the infrastructurefor collection and conveyance at the lower elevationsof the site. Funding for the
second phase to compl ete the roadside stabilization has not been provided, but the swale and driveway
culvert geometries have been assessed and check dams have been designed to provide some reduction
of swaleflow velocities. Additional boundary survey to determinethe right-of-waysand property limits
will be necessary before finalizing the second phase design.

Permitting will be required for the proposed construction. A PennDOT Highway Occupancy Permit is
required for theinstallation of the24 inchreinforced concrete pipe(RCP) pipeunder Second Street (S.R.
1024). The Luzerne Conservation District will review for erosion & sediment pollution control
adequacy and General Permits (GP-4, 5 and 8) for the 30 inch high density polyethylene (HDPE)
discharge pipe on the Sardoni property to the unnamed tributary (easement also required on private
property). Chapter 93 describes the Harveys Creek basin (including Harveys Lake and the subject
unnamed tributary), from the source to Pikes Creek, asaHigh Quality-Cold Water Fishery. Thisstate
funded project has been designed to enhance the quality of the downstream receiving waterbodies.

PennDOT's County manager has informed Princeton Hydro that resurfacing of Second Street (S.R.
1024) isto commence in the Spring of 2003. In order not to disturb PennDOT's construction schedule
and to avoid opening of the roadway after PennDOT's work, thefirst phase must be completed before
the onset of unfavorable weather conditions in the Fall/Winter of 2002.

Mr. John A. Miller, P.E. isthe design/project engineer for the project and isalicensed engineer in the
Commonwealth of Pennsylvania. Mr. Miller hasnine(9) yearsof experience in stormwater anaysisand
design of stormwater runoff systems, and erosion and sedimentation pollution control design.

Princeton Hydro, LLC  Project No. 156.11
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2.0 Stormwater Flow Development

Peak flows for the 10-year frequency, Type Il storm to three (3) subareas, were determined (Appendix
D) by the NRCS (formerly Soil Conservation Service, SCS) TR-55 method utilizing soil information
(Type "B/C" soils) fromthe Soil Survey of Luzerne County (Appendix C, USDA, 1981, reissued 1992).
The land usewasconsidered to bearesidential district with anaveragelot size of 12acre (although some
properties in Hemlock Gardensare 113 acre, the balance of larger lots makesthe 12acre lot assumption
conservative) with future complete development in the drainage area. This was a conservative
assumption since full build-out of the entire areais unlikely. The three (3) subareas were defined for
thedistinct major contributions to theexisting unimproved/future improved swales(Appendix B). The
design considers that the swales may never be improved, although the current phase will fully be
effective only if the second phase is implemented. Time of concentration was determined by the
Segmental Approach in the TR-55 method.

An analysis (Appendix E) was conducted to support the application for the PennDOT Highway
Occupancy Permit. TheRational Method was utilized to determinethe 10-year storm runoffpeak flow,
followingthedetermination proceduresinthe Design Manual, Part 2, Chapter 10, DrainageDesign. The
resulting peak flowswere lower than the TR-55 method, therefore the sizing of the conveyance system
by the TR-55 method wasrelatively conservative. A storm sewer computation table wasgenerated with
the Rational Method flows.

3.0 Runoff Captureand Conveyance

Various structures and storm sewer pipe will be installed to capture and convey the runoff (including
suspended solids) from the Hemlock Gardens subdivision roads. Endwallswill permit the stormwater
and sediment to enter the system at | ocations al ong the roads(existingunimproved swales). At locations
wherethealignment of the storm sewer changes, inletswill also permit additional locationsof capture.
Two (2) 'M' Inletswill be bordered by concrete and connected to a concrete channel on the road to
improved capture efficiency. The downstream most inlet will provide a optimum location for pre-
treatment sampling. A trenchdrainwith vane grateswill beinstalled across East Hemlock Drive where
substantial erosion has been identified in the road and runoff continues downslope.

The crossing under Second Street (SR. 1024) will be accomplished by a 24 inch RCP within the road
right-of-way. A manhole will makeatransition of dissimilar materials, provide a change in alignment
and will provide agood location for post-treatment sampling. An easement will be established on the
Sardoni private landsto permit maintenance and accessalong the pipefrom the PennDOT right-of-way
to the discharge location. Due to existing sanitary sewer in close elevation proximity to the proposed
storm sewer, several locationswill haveto be reinforced with a concrete encasement.

The entrances and exists of the storm sewer will be stabilized with rip-rap. A flared end-section (or
type ' DW' endwall if necessary) will be constructed in the proximity of the unnamed tributary with a

Princeton Hydro. LLC  ProjectNo. 156.11 2
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stabilized rip-rap energy dissipator. A temporary rock filter will be constructed in the stream to
minimize any sediment runoff downstream.

40 Treatment

The Nutrient Separating Baffle Box made of concrete was selected to perform the bulk removal of
suspended solidsfromthe conveyancesystem. The Baffle Box will treat theentireflow from the system
and can provide up to 90% collection of suspended solids in three (3) baffle chambers (Suntree
Technologies, Inc.) and remove nutrient rich vegetation and capture litter on screens above the unit's
static water line. A polisher, also constructed of concrete, (larger than, but modeled after the Suntree
Technologies Golf Green Water Polisher) will be installed downstream of the Baffle Box to provide
secondary treatment after the majority of the large sediment has been removed. The polisher has a
nitrate, nitrite, phosphorus, and nitrogen absorbent filter media. If either or both treatment devicesreach
pollutant capture capacity, design storm flows will not be obstructed, but the system will no longer
provide cleaning of the storm water runoff.

Both units are manufactured by Suntree Technologies, Inc. (Suntree) who has offered a 25% in-kind
contribution of theproductsto the grant (Appendix F). Suntreewill also send arepresentativeto thejob
site to ensure that the devices are correctly installed. The owner of Suntree has provided details,
literature and technical guidance during the design process.

5.0 SiteLimitations and Erosion and Sediment Pollution Control

Two (2) soilsexist in the drainage area: McD (in the first phase work limits) - Mardin very stony silt
loam, 8 to 25 percent sloping, and OpD (outside the first phase work limits) - Oquaga and Lordstown
extremely stony silt loams, 8to 25 percent slopes. Both soils have medium to rapid runoff and aslight
hazard of erosion. One (1) soil isoutside the drainage areato the storm sewer system but in the work
area, VrB - Volusia very stony silt loam, 0 to 8 percent slopes, with slow runoffand slight erosion
hazard. The McD and VB soil surface areasare about 3 to 10 percent loose stones which will aid in
stabilization. The McD limitations are related to a seasonal high water table, slow to very slow
permeability, slope (McD only), and surface stoniness.

Todeterminethe limitations of thesite sail, five(5) soil borings were progressed to determinethe depth
to bedrock and the depth to groundwater (Appendix F). Bedrock was not encountered within the
expected excavation limits. The Baffle Box (and storm sewer piping) can not be perforated to permit
infiltration, and must be constructed of concrete (versus fiberglass) due to the shallow depth to
groundwater realized in the borings.

T o minimize disturbance during construction, the trench excavation will be backfilled immediately as
the pipeisinstaled. Followingthe construction sequence (installation from downstream to upstream)
will limit the erosion and sediment pollution runoff from the construction activities.

PrinctonHdro. LLC  Project No. 15611 3
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Maintenance and clean-out of the Nutrient Separating Baffle Box and polishing unit will be the
responsibility of theBorough of HarveysLake. Material removed from the unitswill betransported and
stabilized on Borough property as approved by the Luzerne Conservation District.
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sides of hills, knolls, and valleys and at the base of
the steeper areas of broad, rolling mountaintops and
intermountain basins. Runoff is rapid, and the hazard
o erosion is moderate.

The profiled this soil issimilar to the one described
as representative of the series, but the plow layer is
about 6 inchesthick and depth to the fragipan isabout
16 inches. Included in mapping are a few small areas
o Mardin very stony silt loam and a few small areas
of poorly drained and very poorly drained soils. Also
ilnc uded areafew small areas of Volusiachannery silt
oam.

This Mardin soil is medium in natural fertility and
low in content of organic matter. Erosion is a severe
hazard if this soil is used intensively for cultivated
crops. Diversion terraces, stripcropping, minimum till-
age, and a crop rotation that includes mostly close
growing grasses and legumes are needed to control
erosion. Artificial drainage is needed to remove excess
water and improve use and management.

Thissoil issuited to most shallow rooted crops com-
monly grown in the county. Most areas are used for
ha%/ and pasture and occasionally for cultivated crops.
A few small areas left idle are reverting to brush and
trees. Most limitations for nonfarm use are related to
the seasonal high water table, the slow permeability,
and slope. Capability subclass 1Ve.

McB---Mardinvery stony silt loam, 3 to 8 percent
slopes. Thisgently sloping soil is on the smooth, slight-
ly concave uplands of broad, rolling mountaintops and
intermountain basins. The surface area is about 3 to
10 percent loose stones. Runoff is medium, and the
hazard of erosion is glight.

The profile of this soil issimilar to the one described
as representative of the series, but stones have not
been removed from the surface and the soil has no
plow layer. Included in mapping are a few small areas
of Mardin channery silt loam and a few small areas
of poorly drained and very poorly drained soils.

This Mardin soil is medium in natural fertility and
moderate in content of organic matter. Because of the
surface stones, thissoil isnot suited to cultivated crops.
It is better suited to permanent pasture, woodland, or
wildlife habitat. Applying adequate amounts of lime
and fertilizer helpsto maintain pasture yields.

Most areas of thissoil arein woodland. A few small
areas have been cleared and are used for permanent
pasture. Most limitations for nonfarm use are related
to the seasonal high water table, the slow permeability,
and the surface stoniness. Capability subclass Vs.

D McD---Mardin very stony silt loam, 8 to 25 percent

sloping. This sloping and moderately steep soil is on
smooth or dlightly concave uplands on the crests and
sides of hillsand knolls and at the base of the steeper
areasof broad, rolling mountaintops and intermountain
basins. The surface area is about 3 to 10 percent loose
stones. Runoff is medium to rapid, and the hazard o
erosion isdight.

The profiledf this soil issimilar tothe one described
as representative of the series, but stones have not
been removed from the surface and the soil has no plow
layer. Included in mapping are a few small areas of

Mardin channery silt loam and a few small areas of
poorly drained and very poorly drained soils.

This Mardin soil is medium in natural fertility and
moderate in content of organic matter. Because d the
surfacestones, thissoil is not suited to cultivated crops.
It is better suited to permanent pasture, woodland, or
wildlife habitat. Applying adequate amounts of lime
and fertilizer helps to maintain pasture yields.

Most areas of thissoil arein woodland. A few small
areas have been cleared and are used for permanent
pasture. Most limitations for nonfarm use are related
to theseasonal high water table, the slow permeability,

sl/tl)pe, and the surface stoniness. Capability subclass
S.

Meckesville Series

The Meckesville series consists of deep, well drained,
gently sloping to moderately steep soils. These soils are
on the uplands of broad, rolling intermountain basins.
They formed in thick old glacia till material derived
from sandstone, siltstone, and shale. _

In a representative profile, the surface layer isdark
reddish brown channery silt loam about 8 inches thick.
The subsoil to a depth of 60 inches is 27 inches of
dark reddish brown and reddish brown silt loam and
channery silt loam and 25 inches of firm and brittle,
reddish brown channery silt loam.

Thefragipan in these soils restricts downward move-
ment of roots. Permeability is moderately slow, and
available water capacity is moderate. _

Representative profile of Meckesville channery silt
loam, 3 to 8 percent slopes, in Black Creek Township
about 51/2miles west of Conyngham:

Ap—0 to 8 inches; dark reddish brown (5YR 3/3) chan-
nery silt loam; moderate fine and very fine granular
structure; very friable, slightly sticky, slightly pastic;
many small roots; 15 percent shale fragments; very
stronglf/ acid; abrupt smooth boundary. )

B21---8 to 15 inches; dark reddish brown (SYR 3/3) silt
loam; weak medium and fine blocky structure; friable,
slightly sticky, slightly plastic; many small roots; 10
percent shale fragments; very strongly acid; gradual
wavy boundary.

B22—15 to 18 inches; reddish brown (5YR 4/3) channery
silt loam; weak medium blocky structure; friable,
slightly sticky, slightly plastic; common small roots:
20 percent shale fragments; very strongly acid; clear
wavy boundary.

B23}—18 to 26 inches: reddish brown (5YR 4/3) silt
loam; moder ate medium suban?ular blocky structure
parting to very fine angular blocky; friable, slightly
sticky, slightly plastic; common small roots; 10 Per-
cent shale fragments; thin patches of clay films on
ped faces: strongly acid: S%radual wavy boundary.

B24t—26 to 35 inches; reddish brown ﬂZ.SYR 4/4) " silt
loam; moderate medium angular blocky structure;
friable, slightly stick)(, slightly plastic; few small
roots; 10 percent shale fragments; thin patches of
clay films on ped faces: strongly acid; clear wavy
boundary.

Bx---35 to 60 inches; reddish brown (25YR 414) chan-
ner){_ silt loam; weak very coarse prismatic structure

parting to moderate medium angular blocky; firm,

brittle, slightly sticky, dlightly plastic: few small

roots: 40 percent shale fragments: few black (N 2/0)

coatings on bedfaces; thick patches of clay films in

pores; strongly acid.
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Representative profile of Lordstown channery silt
loam, in an area of Oquaga and Lordstown channery
silt loams, 3 to 8 percent slopes, in Kingston Township
about 112 miles southwest of Dallas:

Ap---0 to 8 inches; dark grayish brown (10YR 4/2) chan-
nery silt loam; moderate very fine and fine granular
structure; very friable, nonsticky, slightly plastic;
many small roots; 15 percent coarse fragments; very
strongly acid; gradual wavy boundary.

B21--8 to 18 inches; yellowish brown (10YR 5/4) chan-
nery silt loam; weak fine subangular blocky structure;
very friable, slightly sticky, slightly plastic; common
small roots; 15 percent coarse fragments; strongly
acid; gradual wavy boundary.

B22—18 to 27 inches; yellowish brown (10YR 5/4) chan-
nery silt loam; weak very fine and fine subangular
blocky structure; very friable, slightly sticky. slightly
plastic; common small roots; 15 percent coarse frag-
ments: very strongly acid; gradual wavl¥e boundary.

C---27 to 30 inches; yellowish brown (10YR 5/4) very
channery silt loam; weak, massive; verg friable.
slightly sticky, nonplastic; few small roots; 50 percent
coarse fragments; very strongly acid; abrupt wavy
boundary. ]

R - 30inches; olive gray thin bedded sandstone.

Solum thickness and depth to bedrock range from 20 to
40 inches. The content of coarse fragments ranges from
15 to 35 percent in the A and B horizons and from 20 to
60 percent in the C horizon. The fine earth texture through-
out the profile is loam or silt loam. Reaction ranges from
very strongly acid to slightly acid in the A horizon and
from very strongly acid to medium acid in the B and C
horizons. "Color in the B horizon ranges from dark brown
(7.5YR 414) or brown (10YR 4/3) to light olive brown
(2.5Y 516). Color in the C horizon ranges from dark
brown (7.5YR 3/2) to light olive brown (2.5Y 516).

Lordstown, Oquaga, Mardin, Bath. and Volusia soils
formed in similar material. Lordstown soils are similar to
Oquaga soils in depth and drainage, but they are yellower.

[> Mardin Series

The Mardin series consists of deep, moderately well
drained, gently sloping to moderately steep soils. These
soils are on the smooth, slightly concave uplands of
broad, rolling mountaintops and intermountain basins.
They formed in thick glacial till material derived from
sandstone and shale.

In a representative profile, the surface layer is dark
brown channery silt loam about 8 inches thick. The
upper 11inches of thesubsoil islight olive brown chan-
nery silt loam and channery loam, and the lower 31
inches is firm and brittle, yellowish brown, and dark
yellowish brown channery loam. The underlying ma-
terial to a depth of 64 inchesis yellowish brown chan-
nery loam.

The fragipan in these soils restricts downward
movement roots and water. Permeability is sow
in the fragipan. Available water capacity is low to
moderate.

Representative profile of Mardin channery silt loam

3 to 8 percent slo;ﬁes, in Union Township about 112

miles south of Muhlenburg:

Ap--0 to 8 inches; dark brown (10YR 4/3) channery silt
loam; weak fine granular structure; very friable, non-
sticky, nonplastic; many small roots; 20 percent coarse
fragments; medium acid; abrupt smooth boundary.

B21—8 t0 17 inches; light olive brown (2.5Y 5/4) chan-

nery silt loam: weak very fine and fine subangular

blocky structure; friable, slightly stick%/, slightly plas-
tic; common roots; 25 percent coarse fragments; me-
dium acid; gradual wavy boundary.

B22—17 to 19 inches; light olive brown (2.5Y 514) chan-
nery loam; many medium and coarse distinct light
gray (10YR 7/2) and stron? brown (7.5YR 516)
mottles; weak very fine and fine subangular blocky
structure; friable,” slightly sticky, slightly plastic;
few roots; 15 percent coarse fragments; medium
acid; clear broken boundary.

Bx1—191t0 26 inches; yellowish brown (10YR 5/4) chan-
nery loam, light gray (25Y 712) prism faces; few
fine faint mottles, dark brown (7.5YR 4/4) prism in-
terior; weak very coarse prismatic structure parting
to weak fine and medium subangular blocky; firm.
brittle, slightly sticky. slightly plastic; few roots; 20
percent coarse fragments: medium acid; gradual
wavy boundary.

B2—26 to 39 inches; brown (10YR 5/3) channery loam,
light gray (N 7/0) prismfaces; many medium prom-
inent light gray FlOYR 7/1) and strong brown
(7.5YR 5/6) streaks and mottles; moderate very
coarse prismatic structure parting to weak fine and
medium blocky; firm, brittle, sticky, plastic; few roots
along prism faces; common fine black (N 2/0) coat-
ings on ped faces and a yellowish brown (10YR 5/4)
horizontal streak at the base of the horizon; 20 per-
cent coarse fragments; medium acid; gradual wavy
boundary.

BX3—-30 to 43 inches; yellowish brown (10YR 5/4) chan-
nery loam, light gray (10 YR 7/1) prism faces; weak
very coarse prismatic structure parting to weak fine
medium subangular blocky; firm, brittle, slightly
sticky, slightly plastic; 5-millimeter thick strong
brown (7.5YR 5/6) horizontal streak across the ho-
rizon; 20 percent coarse fragments; medium acid;
gradual wavy boundary.

Bx4---43 to 50 inches; dark yellowish brown (10YR 414)
channery loam, light gray (N7/O) rism faces; com-
mon coarse distinct strong brown (7.5YR 5/6) mot.
tles; weak very coarse prismatic structure parting tc
weak fine and medium subangular blocky; firm. brit.
tle, slightly sticky, slightI%/ plastic; common fine black
(N 2/0) coatingson ped faces; thin clay films arounc
pores; 25 percent coarse framents;
gradual wavy boundary.

IIC-50 to 64 inches; yellowish brown (10 YR 514) chan
nery loam; massive; friable, nonsticky, nonplastic
30 percent coarse fragments; medium acid.

Solum thickness ranges from 40 to 70 inches. Depth t
the Bx horizon ranges from 16 to 26 inches. Depth to bed
rock is 6 feet or more. The content of coarse fragment
ranges from 10 to 35 percent above the Bx horizon and
from 20 to 50 percent in the Bx and C horizons. Reaction
ranges from very strongly acid to medium acid above th
Bx horizon and from very strongly acid to slightly acid in
the Bx horizon. Color in the B2 horizon ranges from stron
brown (7.5YR 5/6) to olive brown (25Y 4/4) an
brown (10YR 5/3). This horizon has high and low chrom
mottles between depths of 15 and 26 inches. The fine eart
texture of the B2 horizon ranges from loam to silt loan
Color in the Bx and C horizons ranges from dark brow
(7.5YR 312) to light olive brown (2.5Y 514). These hor
zons have faint to prominent mottles and streaks. The fin
earth texture of the Bx horizon is silt loam or loam. Th
fine earth texture of the C horizon ranges from silt lcem
to loam.

Mardin. Bath. Lordstown. Volusia. and Chippewa soi
formed in similar material. Mardin soils are deep and mod-
erately well drained. Bath sails are deep and well drained
Lordstown soils are moderately deep and well drained
Volusia soils are deep and somewhat poorly drained, ar
Chippewa soils are deep and poorly drained and vel
poorly drained.

MaB--Mardin

medium acid

channery silt loam, 3 to 8 peoat
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better suited to woodland, wildlife habitat, recreation,
or esthetic use. The extremely stony surface layer and
rock outcrop restrict the use of some woodland equip-
ment.

Most areas of this mapping unit are used for wood-
land. A few small areas have been cleared and are used
for permanent pasture. Most limitations for nonfarm
use are related to the depth to bedrock and the surface

.\stoni ness. Capability subclass Vlls.

OpD---Oquaga and Lordstown extremely stony silt
loams, 8 to 25 percent slopes. This sloping and mod-
erately steep mapping unit is on the convex, rounded
tops, crests, and sides of hills; on knolls; and on the
mountain ridges of broad, rolling mountains and in-
termountain basins. About 55 percent of the total
acreage is Oqguaga soil and 30 percent is Lordstown
soil. Some mapped areas are entirely Oquaga soil. Some
are Lordstown soil. Loose stones cover about 15 to 25
percent of the surface. Runoff is medium to rapid,
and the hazard of erosion is slight.

The Lordstown soil has a profile similar to the one
described as representative of the Lordstown series,
but stones have not been removed from the surface.
The Oé]uaga soil has the profile described as represent-
ativeof the Oquaga series.

Included with this unit in mapping are a few small
areas o a deep, moderately well drained soil without
a fragipan; a few small areas of Oquaga and Lords-
town channery silt loams; and a few small wet areas.
Also included is rock outcrop, which in places makes
up about 5to 15 percent of the surface area.

Natural fertility is medium, and content of organic
matter is moderate. Because of the surface stones, this
unit is not suited to cultivated crops or to pasture. It
is better suited to woodland, wildlife habitat, recre-
ation, or esthetic use. The extremely stony surface layer
and rock outcrop restrict the use of some woodland
equipment.

Most areas of this mapping unit are used for wood-
land. A few small areas have been cleared and are used
for permanent pasture. Most limitations for nonfarm
use are related to the depth to bedrock, the surface
stoniness, and slope. Capability subclass Vlls.

OXF—Oquaga and Lordstown extremely stony silt
loams, steep. This steep and very steep mapping unit
ison the sides of hills, mountain ridges, and valleys
o broad, rolling mountaintops and intermountain ba-
sins. About 55 percent of the total acreage is Oquaga
soil, and 30 percent is Lordstown soil. Some mapped
areas are entirely Oquaga soil. Some are Lordstown
Soil. Loose stones cover about 5 to 30 percent of the
surface. Runoff is rapid to very rapid, and the hazard
o erosion isslight.

The Lordstown soil has a profile similar to the one
described as representative of the series, but stones
have not been removed from the surface. The Oquaga
soil has a profile similar to the one described as rep-
resentative  of the series. Depth to bedrock is about
24 inchesin both soils.

. Becauseof the steep and very steep dopes, this map-
p'ng unit has not been investigated as thoroughly as
most areas in the county, and It contains more inclu-

sions than the less sloping Oquaga and Lordstown ex-
tremely stony silt loams mapping units. The most com-
mon inclusions are a few small areas of a deep, mod-
erately well drained soil without a fragipan. Also in-
cluded is rock outcrop, which in places makes up about
5t0 15 percent of the surface area.

Natural fertility is medium, and content of organic
matter is moderate. Because of the steep and very
steep slopes, this unit is not suited to cultivated crops.
Itis better suited to woodland, wildlife habitat, recrea-
tion, or esthetic use. The stece}o and very steep slopes
and stones restrict the use o most woodland equip-
ment.

Most areas of this mapping unit are used for wood-
land. Most limitations for nonfarm use are related to
slope, the depth to bedrock, and the surface stoniness.
Capability subclass VllIs.

Pocono Series

The Pocono series consists of deep, well drained,
gently sloping to moderately steep soils. These soils
are on the smooth, convex uplands of broad, rolling
mountaintops and mountainsides. They formed in
thick glacialy influenced material derived from sand-
stone, conglomerate, and shale.

The top inch in a representative profileisan organic
layer of partly decomposed leaf litter. The surfacelay-
er is about 1 inch of very dark brown gravelly loam.
The subsurface layer is pinkish gray gravelly sandy
loam about 4 inches thick. The subsoil to a depth of
65 inches is strong brown gravelly loam.

Permeability is moderate, and available water ca-
pacity is moderate to high.

Representative profile of Pocono gravelly sandy
loam, in a wooded area of Pocono extremely stony
sandy loam, 8 to 25 percent slopes, in Hazle Township
about three-quarters of amile southwest of the village
of Japan aong a coa haul road east of Legislative
route 40004:

02— 1inch tlo 0; black (N 210) partly decomposed organic
material.

Al1—0to 1 inch; very dark brown (10YR 212) gravelly
loam; moderate fine granular structure; very friable.
nonsticky, nonplastic; many roots; 30 percent coarse
fragments: very strongly acid ; abrupt wavy boun-

dary.

A2—-1 tyo 5 inches; pinkish gray (7.5YR 612) gravelly
sandy loam; weak coarse granular structure; very
friable, nonsticky, nonplastic; many roots; 35 percent
coarse fragments; very strongly acid; clear wavy
boundary.

B21t—5 to 11 inches; strong brown (7.5YR 516) gravelly
loam; weak fine subannular blocky structure; very
friable, slightly sticky, slightly plastic; many roots;
some clay bridging sand grains; 40 percent coarse
fragments; very strongly acid; clear wavy boundar?/.

B22t-11 to 24 inches; strong. brown (7.5YR 516) gravelly
loam; weak fine subangular blocky structure; friable.
slightly sticky, plastic; common roots: few thin clay
films in pores and bridging sand grains: few thin
black coatings; 50 percent coarse fragments. very
strongly acid; gradual wavy boundary.

B23—24 to 36 inches; strorgjg brown (7.5YR 5/6) gravel-
ly loam; weak fine and medium subangular blocky
structure; friable. dightly sticky. plastic: common
roots, common thin clap films in pores and bridging
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positions in drainageways or at the base of steeper,
better drained soils on broad, rolling mountaintops
and in intermountain basins. The surface area is about
3 to 10 percent loose stones. Runoff is medium, and
the hazard of erosion is slight.

Included with this soil in mapping are a few small
areas of Morris channery silt loam and a few small
areas where stones cover more than 10 percent of the
surface.

This Morris soil is medium in natural fertility and
moderate in content of organic matter. Because of
the surface stones, this soil is not suited to cultivated
crops. It is better suited to permanent pasture, wood-
land, or wildlife habitat. Applying adequate amounts
of limeand fertilizer helps to maintain pasture yields.
The seasonal high water table restricts the use of
some woodland equipment.

Most areas of thissoil arein woodland. A few small
areas have been cleared and are used for permanent
pasture. Most limitations for nonfarm use are related
to the slow permeability, the seasonal high water table,

dope, and the surface stoniness. Capability subclass
Vlls.

Muck

Mu—Muck  consistsof very poorly drained, level and
nearly level organic soils. These soils are in low lying,
concave depressions of broad, rolling mountaintops
and intermountain basins. They formed in decaying
organic deposits 5 to 30 feet thick. Runoff is slow, and
ponding is common. The hazard of erosion is slight.

These organic soils have a black surface layer. The
underlying organic layers are very dark gray, very
dark grayish brown, dark brown, very dark brown,
and dark reddish brown. The material isfibric, hemic,
or sapric.

Included with Muck in mapping are a few small
areas of Muck that is 10 to 36 inches thick over con-
trasting mineral soils or bedrock.

Permeability is moderately rapid, and available
water capacity is high. Natural fertility is medium to
low, and content of organic matter is extremely high.
Because of the high water table, these soils are gen-
erally not suited to cultivated crops. If drained, how-
ever, they are suited to certain high cash value truck
crops.

Most areas of Muck are in woodland or wetland
Shrubs. Organic material from several of the larger
bogs is sold commercially for mushroom culture and
landscaping purposes. Most limitations for nonfarm
Us are related to the high water table, ponding, the
difficultyin locating suitable drainage outlets, and the

possibility of subsidence if the material is excessively
drained and as it continues to decay.

O‘IUaga Series

The Oguaga series consists of moderately deep, well
drained, gently sloping to very steep soils. These soils
s 0[t1 the convex tops and sides of hills, knolls, and

Untain ridges of broad, rolling mountaintops and
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intermountain basins. They formed in moderately thick
glacia till material weathered from sandstone, shale,
and conglomerate.

The top 3 inches in a representative profileis an or-
ganic layer of recently deposited and partly decom-
posed leaf litter. The surface layer is 4 inches of dark
reddish brown channery silt loam. The subsoil is dark
reddish brown and dark red channery silt loam, chan-
nery loam, and very channery loam about 26 inches

thick. The underlying material to a depth of 35 inches
isdark reddish brown very channery loam. Shale bed-
rock isat adepth of 35inches.

These soils have bedrock within adepth of 40 inches.
Permeability is moderate: and available water ca-
pacity is moderate to low.

Representative profile of Oquaga channery silt loam,
in an area of Oquaga and Lordstown extremely stony
silt loams, 8 t0 25 percent slopes, in Bear Creek Town-
ship about 2 miles south of the Wilkes-Barre inter-
change of Northeast Pennsylvania Turnpike along
State Route 115:

0O1---3 to 2 inches; recently deposited leaf litter.

02—2 inchesto 0; black (5YR 211) partly decomposed or-
ganic material.

Al—0to 4 inches; dark reddish brown (2.5YR 314) chan-
nery silt loam; weak and very fine granular structure;
friable, nonsticky, nonplastic; many small roots; 15
percent coarse fragments; very strongly acid; clear
wavy boundary.

B1-4 to 9 inches; dark reddish brown (2.5YR 3/ 4) chan-
nery silt loam; weak very fine subangular blocky
structure; friable. slightly sticky. slightly plastic;
many small roots; 20 percent coarse fragments:
strongly acid; clear wavy boundary.

B21—9 to 18 inches; dark red (25YR 3/6) channery silt
loam; weak very fine subangular blocky structure;
friable, slightly sticky, slightly plastic; common small
roots; 30 percent coarse fragments; strongly acid;
clear wavy boundary.

B22—18 to 26 inches; dark reddish brown (2.5YR 3/4)
channery loam; weak very fine and fine subangular
blocky structure; friable, slightly sticky, nonplastic;
few small roots; 40 percent coarse fragments; strong-
ly acid; clear wavy boundary.

B3—26 to 30 inches: dark reddish brown (25YR 3/4)
very channery loam; weak very fine and fine sub-
angular blocky structure; friable, slightly sticky. non-
plastic; few small roots; 60 percent coarsefragments:
strongly acid; clear wavy boundary.

C--30 to 35 inches; dark reddish broun (2.5YR 3/4) very
channery loam; massive. silt within interstices of the
shale fragments; friable. slightly sticky, nonplastic
85 percent shale fragments; very strongly acid
abrupt wavy boundary.

R—35 inches; dark reddish gray shale.

Solum thickness ranges from 15 to 35 inches. Depth to
bedrock rangesfrom 20 to 40 inches. The content of coarse
fragments ranges from 15 to 50 percent in the solum and
from 60 to 90 percent in the C horizon. In unlimed area
reaction is very strongly acid or strongly acid throughout
the profile. Color in the B horizon ranges from dark red
dish brown (2.5YR 3/4) to strong brown (7.5YR 5/6)
The fineearth texturein the B and C horizons issilt loar
or loam. In some pedons faint mottles are at the point o
contact with bedrock.

Oquaga. Arnot, Lackawanna. and Wellsboro soils forme
in similar rnaterial. Oquaga soils are moderately deep an
well drained. Arnot soils are shallow and well drained
Lackawanna soils are deep and well drained. and Well:
boro soils are deep and moderately well drained.

01B---Oquaga and Lordstown channery silt loams
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and a crop rotation that includes close growing grasses
and legumes are needed to control erosion in steeper
areas.

This soil is suited to most shallow rooted crops com-
monly grown in the county. Most areas arein hap or
permanent pasture. A few small areas are used for
cultivated crops, and some areas | eft idle are reverting
to brush and trees. Most limitations for nonfarm use
are related to the seasonal high water table and the
very dow permeability. Capability subclass I11w.

VoC---Volusa channery silt loam, 8 to 15 percent
slopes. This sloping soil is in smooth, concave upland
Bositions in drainageways or at the base of steeper,

etter drained soils of broad, rolling mountaintops and
intermountain basins. Runoff is medium, and the haz-
ard of erosion is moderate.

In most areas the profile of thissoil issimilar to the
one described as representative of the series, but the
Volusia soils near Wurtsboro soils are slightly coarser
textured throughout the profile than those near Mardin
soils. Included in mapping are a few small areas of
Volusia very stony silt loam and afew small areas of
poorly drained and very poorly drained soils.

This Volusia soil is medium in natural fertility and
low in content of organic matter. Erosion is a mod-
erate hazard if this soil is used for cultivated crops.
Diversion terraces, stripcropping, minimum tillage,
and acrop rotation that includes close growing grasses
and legumes are needed to control erosion. Artificial
drainage is needed t0 remove excess water and im-
prove use and management.

This soil issuited to most shallow rooted crops com-
monly grown in the county. Most areas are in hay or
permanent pasture. A few small areas arein cultivated
crops, and some areas left idle are reverting to brush
and trees. Most limitationsfor nonfarm use are related
to sope, the seasonal high water table, and the very
slow permeability. Capability subclass llle.

Vrb---Volusia very stony silt loam, O to 8 percent
slopes. This nearly level to gently doping soil isin the
smooth, concave depressions and drainageways of
broad, rolling mountaintops and intermountain basins.
The surface areais about 3 to 10 percent loose stones.
Runoffis slow, and the hazard of erosion is slight.

The profile of this soil issimilar to the one described
as representative of the series, but stones have not
been removed from the surface and the soil has no plow
layer. TheVolusiasoils near Wurtsboro soils areslight-
ly coarser textured throghout the profile than those
near Mardin soils. Included in mapping areafew small
areas of Volusia channery silt loam and a few small
areas of poorly drained and very poorly drained soils.

This Volusia soil is medium in natural fertility and
moderate in content of organic matter. Because of the
surfacestones, thissoil is not suited to cultivated crops.
I't is better suited to permanent pasture, woodland, or
wildlife habitat. Applying adequate amounts of lime
and fertilizer helps to maintain pasture yields. The
seasonal high water table restricts the use of some
woodland equipment.

Most areas of this soil arein woodland. A few small
areas have been cleared and are used for permanent
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pasture. Most limitations for nonfarm use are related
to the seasonal high water table, the very slow permea-
l\)/ility, and the surface stoniness. Capability subclass

[ls.

VrC--Volusa way stony silt loam, 8 to 15 percent
slopes. This sloping soil is in smooth, concave upland
Eosmons in drainageways or at the base of steeper,

etter drained soils of broad, rolling mountaintops
and intermountain basins. The surface area is about
31010 percent loose stones. Runoff is medium, and the
hazard of erosion is slight.

The profile of thissoil issimilar tothe one described
as representative of the series, but stones have not
been removed from the surface and the soil has no
plow layer. The Volusia soils near Wurtsboro soils are
slightly coarser textured throughout the profile than
those near Mardin soils. Included in mapping are afew
small areas of Volusia channery silt loam and a few
smiall areas of poorly drained and very poorly drained
soils.

This Volusia soil is medium in natural fertility and
moderate in content of organic matter. Because of the
surface stones, thissoil isnot suited to cultivated crops.
I't is better suited to permanent pasture, woodland, or
wildlife habitat. Applying adequate amounts of lime
and fertilizer helps to maintain pasture yields. The
seasonal high water table restricts the use of some
woodland equipment.

Most areas of thissoil arein woodland. A few small
areas have been cleared and are used for permanent
pasture. Most limitations for nonfarm use are related
to the seasonal high water table, the very slow perme-

ability, slope, and the surface stoniness. Capability
subclass Vlls.

Wayland Series

The Wayland series consists of deep, very poorly
drained, nearly level soils on flood plains. These soils
formed in mixed alluvial material deposited by streams.

In arepresentative profile, the surface layer is very
dark grayish brown silt loam about 3 inches thick. The
substratum to a depth of 60 inches is mottled gray
and olive gray sty clay loam and heavy sity clay
loam.

Permeability is slow, and available water capacity

ishigh. Thewater tableisat or near the surface during
wet periods.

Representative profile of Wayland silt loam, in Lake
Township about 1-14kiles northeast of the village of
Pike's Creek. Slope is less than 1 percent:

Alg---0 to 3 inches; very dark grayish brown (10YR 3/2)
silt loam, gray (10YR 511) rubbed and dry; mod-
erate very fine granular structure; very friable, non-
stick~.nonplastic: neutral: abrupt wavy boundary.

Clg- 3to 35 inches; gray (5Y 6/12) siity clayloam; many
medium prominent yellowish brown (10YR 5/8) and
strong brown (7.5YR 5/6) mottles; weak stratification
or weak medium and thick platy structure; friable,
sticky. plastic; thin continuous clay films in pores;
neutral; gradual wavy boundary.

C29--35 to 42 inches. pray (5Y 511) silty clay loam;
few fine prominent yellowish red (5YR 416) mottles
and stains around old root channels, massive; friable,
sticky. plastic; neutral; gradual wavy boundary.



40

Urban Land

Urban land is a nearly level to moderately steep nix-
ture of sail, rock, and miscellaneous manmade material.
[t is in industrial, commercial, and some residential
areas where urban structures and works so obscure
the land surfacethat identification of the soils is not
practical. Most areas are on uplands or terraces, but
some are on flood plains.

In many places the original soil profile has been com-
pletely destroyed, but i n some scattered areas the soils
remain intact. Urban land is used as sites for shop-
ping centers, schools, factories, railroads, homes, and
other urban and industrial facilities. Thelargest areas
are between West Pittston and Nanticoke near the Sus-
guehanna River and, in the southern part of the coun-
ty, in Hazleton.

Ub---Urban land is on smooth or slightly convex up-
lands. It is nearly level to moderately steep. Runoff is
dow to rapid. The surface layer in most areas is sta-
bilized artificially or with vegetation. If the surface
cover isinadequate, the hazard of erosion is severe.

Included with Urban land in mapping are a few
areas of Minedump, Strip mine, and Cut and Fill land
and a few small areas of soils adjacent to Urban land.

Most areas of Urban land are in the closely built-up
sections of communities. Onsite investigation is need-
ed to determine the suitability, hazards, and degree of
limitations before selecting an area for a specific use.

Uf — Urbanland, rarely flooded, is on smooth or
dightly concave flood plains. Itisnearly level to gently
sloping. The soil material consists of water-laid sedi-
ments. Color and texture are variable. Runoff is slow
to rapid. The surface layer in most areas is stabilized
artificially or with vegetation. If the surface cover is
inadequate, the hazard of erosion is moderate.

Included with Urban land, rarely flooded, in map-
ping are afew areas of Mine durgr), some areas of
Pope and Basher soils, and afew small sand and gravel
qguarries that have been filled with trash.

Onsite investigation isneeded todetermine the flood-

ing frequency before selecting an area for a specific
use.

D Volusia Series

The Volusia series consists of deep, somewhat poorly
drained, nearly level to sloping soils. These soils arein
the smooth, concave depressions and drainageway of
broad, rolligg mountaintopsand intermountain basins.
They formed in thick glacial till material weathered
from sandstone and shale.. _

In arepresentative profile, the surface layer is dark
grayish brown channery silt loam about 9 inches thick.
The subsoil to adepth of 60inchesisa1 inches of mot-
tled pale olive and light olive gray channery silt loam
and channery heavy silt loam and 40 inches of very
firmand brittle, olive channery loam.

Thefragipan in thesesoils restricts downward move-
ment of roots and water. Permeability is very slow
inthe fragipan. Available water capacity is moderate.

Representative profile of Volusia channery silt loam,

SOIL SURVEY

0 to 8 percent slopes, in Union Township about three-

quarters of a mile southwest of Muhlenburg:

to 9 inches; dark grayish brown (10YR4/2) chan-
nery silt loam; moderate very fine and fine granular
structure; very friable, nonsticky, slightly plastic;
many small roots; 25 percent coarse fragments;
slightly acid; abrupt smooth boundary.

B21—9 to 15 inches; pale olive (5Y 613) channery silt
loam; few medium distinct yellowish brown |:$10YR
5/8) mottles and dark grayish brown (10YR 4/2)
stains in earthworm channels; weak fine and medium
subangular blocky structure: friable, nonsticky, slight-
ly plastic; common small roots; 30 percent coarse
fragments; thin continuous clay films in root pores
and earthworm channels; slightly acid; gradual wavy

boundar%/.

B22--5 to 20 inches; light olivegray (5Y 612) channery
heavy silt loam; common coarse and medium distinct
yellowish brown ( 10YR5/81 and gray (5Y 6/) not-
tles: weak fine and medium an(I;uIar blocky structure;
friable to slightly firm slightly sticky. plastic; few
small roots; 15 percent coarse fragments; thin contin-
uous clay filmsin root pores and earthworm channels;
stronglg acid: clear wavy boundari(].

Bx—20 to 60 inches; olive(5Y 5/3) channery loam, light
gray (5Y 6/1) prism faces: many medium promi-
nent yellowish' brown (10YR 5/8) mottles; moderate
very coarse prismatic structure parting to weak me-
dium and coarse angular blocky; very firm, brittle,
nonstickp. nonplastic; few fine roots along prism
faces: 30 percent coarse fragments; few thin clay
filmson prism faces and around pores and stone faces:
dlightly acid.

Solum thickness ranges from 40 to 72 inches. Depth to
the Bx horizon ranges from 10 to 20 inches. In unlimed
areas reaction ran%es from very strongly acid to slightly
acid above the Bx horizon and from medium acid to slight-
ly acid in the BX horizon. The content of coarse fragments
ranges from 15 to 30 percent in the solum and from 30
to 60 in the C horizon. Thefineearth texturein the solum
is loam or silt loam. The B2 horizon ranges from light
yellowish brown ﬁlOYR6/4) to olive gray (5Y 4/2). but
a chromaof 2 or lessis dominant inthelower part of the
B2 horizon, just above the Bx horizon. Color in the BX
horizon rangesfrom very dark grayish brown (10YR3/2)
to olive (5Y 5/4).

Volusia. Chippewa, Mardin, Wurtsboro. and Bath soils
formed in similar material. Volusia soils are somewhat
poorly drained. Chippewa soils are poorly drained and very
poorly drained, Mardin and Wurtsboro soils are moderate-
ly well drained. and Rath soils are well drained.

VoB---Volusa channery silt loam, 0 to 8 percent
dopes. This nearly level and gently sloping soil is in
the smooth, concave depressions and drainageways of
broad, rolling mountaintops and intermountain basins.
Runoff is dow to medium, and the hazard of erosion
is moderate.

In most areas this soil has the profile described as
representative of the series, but the Volusia soils near
Wurtsboro soils are slightly coarser textured through-
out the profile than those near Mardin soils. Included
in mapping areafew small areasof Volusia very stony
silt loam and a few small areas of poorly drained and
ve[Iy poorly drained soils. o

his Volusiasoil is medium in natural fertility and
low in content of organic matter. The seasona high
water table delays tillage in spring and during wet
periods. Diversion terraces or artificial drainage is
needed to remove excess water and improve ue and
management. Contour stripcropping, minimum tillage
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Chapter 3

Time of concentr ation and travel time

Travel time (7)is thetimeit takeswater to travel from
one !ocation to another in awatershed. T, isa compo-
nent of timeof concentration (7,), which isthetime
for runoff to travel from the hydraulically most distant
point of thewatershed to a point of interest within the
watershed. T, iscomputed by summing all the travel
timesfor consecutivecomponents of the drainage
conveyance system.

T, influences the shape and peak of the runoff
hydrograph. Urbanization usually decreases T,
thereby increasing the peak discharge. But T,.can be
increased asaresult of (a) ponding behind small or
inadequate drainage systems, including storm drain
inletsand road culverts, or (b) reduction of land slope
through grading.

Factor saffecting time of concen-
tration and travd time

Surface roughness

One of the most significant effects of urban devel op-
ment on flow velocity i sless retardance to flow. That
is, undevel oped areas with very slow and shallow
overland flow through vegetation become modified by
urban development: theflow isthen delivered to
streets, gutters, and storm sewers that transport runoff
downstream more rapidly. Travel time through the
watershed isgenerally decreased.

Channel shape and flow patterns

In small non-urban watersheds, much of the travel
timeresultsfrom overland flow in upstream areas.
Typically, urbanization reduces overland flow lengths
by conveyingstorm runoff into a channel assoon as
possible. Since channel designs have efficient hydrau-
lic characteristics. runoff flow velocity increasesand
travel time decreases.

Slope

Slopes may beincreased or decreased by urbanization.
depending on theextent of site grading or the extent
to which stormsewersand street ditchesare used in
thedesign of thewater management system. Slope will
tend to increase when channel sar e straightened and
decrease when overland flow isdirected through
storm sewers. street gutters, and diversions.

Computation of travd time and
time of concentr ation

Water moves through awatershed as sheet flow,
shallow concentrated flow, open channel flow, or
some combination of these. The type that occursisa
function of t he conveyance system and is best deter-
mined by field inspection.

Trave time (T, isthe ratio of flow length to flow
velocity:
L

T =— A
£~ 3600V [eq. 311

where:
7, = travel time (hr)
L =flow length (ft)
V=averagevelocity (ft/s)

3600 = conversion factor from secondsto hours.

Timeof concentration (TJ isthesum of 7; valuesfor
thevarious consecutive flow segments:

T=Ty+Tp+.. T [eq. 321
where:

T.=timeof concentration (hr)
m= number of flow segments

(210-VI-TR-55. Second Ed.. June1986)
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Time of concentration and travel time

Technical Release 55
Urban Hydrology for Small Water sheds

Sheet flow

Sheet flow isflow over planesurfaces. It usualy
occursin the headwater of streams. With sheet flow,
the friction value (Manning's n) isan effective rough-
nesscoefficient that includes the effect of raindrop
impact; drag over the plane surface; obstacles such as
litter, crop ridges, and rocks: and erosion and trans-
portation of sediment. These nvalues are for very
shallow flow depths of about 0.1 foot or so. Table 3-1
gives Manning's nvaluesfor sheet flow for various
surface conditions.

Table3-1  Roughnesscoefficients (Manning'sn) for
e sheet flow
Surface description ny

Smooth surfaces (concrete. asphalt.

gravel, or baresoil) 0011
Fdlow (noresidue) 005
Cultivated soils:

Residuecover 120% 006

Resduecover »20% 017
Grass.

Short grass prairie 015

Densegrasses? 024

Bermudagrass 041
Range (natural) 013
Woods:3

Light underbrush .....eeceeeeessessenesesseeesesenns 040

Dense underbrush ....eeeceveecerecreecseecseecnnns 0.80 <]
1 Then valuesarea composite of infor mationcompiled by Engman

(1986).

2 Includes speciessuch asweeping lovegr ass. bluegrass. buffalo
grass. blue gramagrass. and nativegrassmixtures.
3 When selecting n. consider cover toa height of about 0.1 ft. This

istheonly part of the plant cover that will obstruct sheet flow.

For sheet flow of |essthan 300 feet, use Manning's
kinematic solution (Overtopand Meadows 1976) to
compute 7y

7 _ 0.007(nr)"”
= .331
(A )0.5 04 [eq
where:
7, = travel time (hr),
N = Manning's roughness coefficient (table 3-1)

L =flow length (ft)

P, = 2-year. 24-hour rainfall (in)

S = slopeof hydraulicgradeline
(land slope, ft/ft)

Thissimplified form of the Manning's kinematic solu-
tion is based on the following: (1) shallow steady
uniform flow. (2) constant intensity of rainfall excess
(that part of arain availablefor runoff), (3) rainfall
duration of 24 hours, and (4) minor effect of infiltra-
tion on travel time. Rainfall depth can be obtai ned
from appendix B.

Shallow concentrated flow

After a maximum of 300 feet, sheet flow usually be-
comesshallow concentrated flow. The average veloc-
ity for thisflow can be determined fromfigure 3-1,in
which average velocity isa function of watercourse
slope and type of channel. For slopes|ess than 0.005
ft/ft, use equations given in appendix Ffor figure 3-1.
Tillagecan affect thedirection of shallow concen-
trated flow. Flow may not always be directly down the
watershed slope if tillage runs acrosstheslope.

After determining average velocity in figure 3-1,use
equation 3-1to estimate travel timefor the shallow
concentrated flow segment.

Open channels

Open channelsare assumed to begin where surveyed
crosssection information has been obtained, where
channelsarevisible on aerial photographs, or where
bluelines (indicating streams) appear on United States
Geological Survey (USGS) quadrangl e sheets.
Manning's equation or water surface profile informa
tion can be used to estimate average flow velocity.
Averageflow velocity is usually determined for bank-
full elevation.

(210-VI-TR-55Second Ed.. June1986)



4 U’_ 4 TASLE 210152
". GGESTED GUIDES FOR CORROSION PROTECTION
BASED ON pH VALUES OF WATER

¢ Guide for the selection of pipe based on pH values of the
& weter the installation is expected to carry.

pH Values of Water or Soil

pH—3.5 or less — Stainless Steel, Vitrified Clay, Coal

Tar Epoxy Lined Reinforced
Cement Concrete Pipe. Coated
Corrugated Galvanized Steel Pipe.
Coated Aluminum Alloy Pipe.

pH—35 to 50 — Coated Corrugated Galvanized
Steel Pipe. PLCC. Pipe (24" Max.).
Reinforced Cement Concrete Pipe
or Coated Aluminum Alloy Pipe.

pH—50 to 8 --Corrugated Galvanized Steel Pipe.

PIL.C.C. Pipe (24" Max.). Reinforced
3537 CementConcrete Pipe. or Alumi-
- ... num Alloy Pipe.
" "Coated Corrugated Galvanized
- Steel Pipe. Coated Aluminum Alloy
. Pipe. Reinforced Cement Concrete
,- - Pipe or PLC.C. Pipe (24" Max.).
High Sulphur Content---Same as 35 or less.
Note:

pH--8 and above

In areas wherehighly abrasive conditions may exist,

the metal pipe. should have a Type A polymeric
coating. -

./ Reaquisitions for pipe should be supported with the pH of
the affluent. .

For design purposes; the pH of water at a future construc-
tion site shall be determined, in the field, by PTM 208. If the
pH is found to be below 50 a one (1) quart sample shall be
furnished to the Materials and Testing Division
for exact identificatibn, Such testing should be done sea-
sonally. if possible, and the worst set of conditions used in
making determination of proper type of pipe.

Further. a the discretion of the District Soils Engineer. if a
site is considered to have exceptionally acidic or alkaline
conditions. asix (6) to eight (8) pound sample of the site soil
should be sent to the Materialsand Testing Division
for determination of soil pH and resistivity(pp).

Selection of the type of polymeric coating required shall
be made as per the following:

Type A o

Water pH of less than 5.0 or greater than 8 combined with
asoil pHof 5.0 to 8 and/or a soil resistivity if 6000 ohmlcm or
greater.

Type B e

Water pH of less than 50 or greater than 8 combined with
a soil pHof 35 to 5.0 and/or a soil resistivity of 2000 to 6000
ohm/cm. A Type B polymeric coating shall be used for water

withapHof 35 to 5.0 ofsoil conditions are not being tested.

Type C .

Water pH of less than 5.0 or greater than 8 combined with
a soil pH less than 35 or greater than 8 and/or a soil
resistivity of less than 2000ohm/cm.

2.10.11

TABLE 2101 31
ROUGHNESS COEFFICIENT "n"
FOR MANNING'S EQUATION

Description "n"
Concrete Pipe .012
Annular Corrugated Steel andAlum. Alloy
Pipe or Pipe Arch + (plain or coated) .024
Vitrified Clay Pipe .012
Cast Iron Pipe .013
Brick Sewer .015
Asphalt Pavement .015
Concrete Pavement .014
Grass Medians .05
Earth .02
Gravel .02
Rock - 035 <]
Cultivated Areas - .03 = 05
Dense Brush L .07 — .14
Heavy Timber —Little Undergrowth - .10 - .15
Streams
a. some grass and weeds--littleorno brush .03 = .035
b. dense growth of weeds .035- .05
c. some weeds—heavy brush on banks .05 = .07

Note: Inconsideringeach factor more critical judgment will
be exercised if it is kept in mind that any condition
that causes turbulence and retards flow results in a

greater value of "n".

—+ Roughness Coefficient (n)
for Helical Corrugated Steel and
Alum. Alloy Pipe

Corruqgations

Diameters 18 24

[ P or
Coated

2§-1 {

' 3%
1B B0 | 7Z | 84" |90

ALL  DIA.

| caal .016( .019|020] 021 | 021 .021| 021| .024

TABLE 2101 32
CAPACITY OF TYPE CINLET
OR TYPE M INLET (MOUNTABLE CURB)

SLOPE
LONGITUDINAL (96) SWALE* CAPACITY (cfs)*
Q5 12:1 15
05 61 15
Q5 241 0.3
Q5 481 0.2
20 121 28
20 1611 21
20 24:1 18
2.0 48:1 0.6
4.0 12:1 3.4
4.0 16:1 26
fll% %% ol 24
80 121 2.4
8.0 16:1 20
80 241 12
80 48:1 0.5

‘Pavement cross slope *.100% EFFICIENCY
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SUWARY for Area 1

Segnent 1: OVERLAND FLOW
L =100 ft, S = .1 ft/ft, n= .8, P(2yr/24hr) = 2.9 in
Travel Tinme = 20.6 m nutes

Segnent 2: CONCENTRATED FLOW
L = 1500 ft, S = .19t/ft, UNPAVED surface

Travel tine = 3.6 m nutes

Segnent 3: CHANNEL FLOW
A=3 fe"2p=51ft, L =100 ft, S =aft/ft, n= .04
Travel Tinme =.2minutes

TOTAL TRAVEL TIME = 24.4 mn.



Chapter 2 Estimating runoff Technical Release5
Urban Hydrology for Small Watersheds

Table2-2a  Runoff curvenumbersfor urban areas1/

L]
o Curve numbersfor
Cover description «ee-——-hydrologic soil group --------- —
Average percent
Cover typeand hydrologic condition imperviousarea A B C D
Fullydeveloped urban areas (vegetation established)
Open space (lawns. parks, golf courses, cemeteries. etc.) ¥:
Poor condition (grasscover < 50%) 68 79 86 89
Fair condition (grass cOVer 50%t0 75%0) wusmssssssesereses 49 69 79 84
Good condition (grass cover > 75%) 39 61 74 80

Imperviousareas:
Paved parkinglots, roofs. driveways. etc.
(excluding right-of-way) 98 98 98 98
Streetsand roads:
Paved; curbs and storm sewers (excluding

right-of-way) 98 98 98 98

Paved; open ditches (including right-0f-Way) ..o 83 89 92 93

Gravel (including right-of-way) 76 85 89 91

Dirt (includingright-of-way) 72 82 87 89
Western desert urban areas:

Natural desert landscaping (pervious areasonly) J ..o 63 77 85 88

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

and basin borders) 96 96 96 96
Urban districts:
Commercial and business 85 89 92 94 95
Industrial 72 81 88 91 93
Residential districtsby averagelot size:
118acreor less (town houses) 65 77 85 90 92
114 acre 38 61 75 83 87
l13acre 30 57 72 ¥y 8l 86
1/2acre 25 54 70 YA 80 85
lacre 20 51 68 79 84
2acres 12 46 65 77 82
Developingurban areas
Newly graded areas
(pervious areasonly, no vegetation) ¥ 77 86 91 94

Idlelands (CN'sare determined using cover types
similar tot hose in table 2-2c).

1 Averagerunoff condition,and I, = 0.2s.

2 Theaverage percent imperviousareashown was used to develop the composite CN's. Other assumptions are asfollows. impervious areasare
directly connected to thedrainagesystem, imperviousareashavea ON of 98. and perviousareasare considered equivaentto open spacein
good hydrologiccondition. CN's for other combinationsof conditionsmay be computed using figure 2-3or 2-4.

3 CN's shownareequivaent tot hose of pasture. Composite CN'smay be computed for other combinationsof open space
covertype.

4 CompositeCN's for natural desert landscaping should be computed usingfigures2-3or 2-4 based on the imperviousarea percentage (ON =
98) and the perviousrea CN. The perviousarea CN'sare assumed equivalent to desert shrubin poor hydrologic condition.

s CompositeCN'sto usefor thedesignd temporary measuresduring gradingand construction should be computed using figure 2-3or 2-4
based on the degr ee of development (imperviousarea percentage) and the CN's for the newly graded
perviousaress.

(210V1-TR55.Second Ed. . June 1936) 2-5



Appendix B: Synthetic Rainfall Distributionsand Rainfall

FigureB-5 Ten-year, 24-hr rainfall
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PACE

Princeton Hydro, LLC
R ngoes, NJ

AUGUST 6, 2002

HYDROLOQ C REPCRT FCR
Hem ock Gardens (Harveys Lake)
24 HOR S. C S. HYDROGRAPH

BASI N | DENTI FI CATI ON Area 1

BASI N D SCHARGES | NTO Swal e East

BASI N AREA = 13. 42 ACRES

BASI N CQURVE NUMBER = 75. 00

24-HOUR PREC PI TATION = 4 .50 | NOHES

24- HOUR RUNCFF = 2.05 | NCHES

AVERAGE BASI N SLCPE = 18.00 %

HYDRAUL| C LENGTH = 1, 700. 00 FEET

BASI N LAG , (Tc) = 0.24 HOURS , 0 .40 HOURS
UN TPEAK CCEFFI O ENT = 484. 00

RAINFALL DISTRIBUTICN = TYPE 11

HYDROGRAPH RUNCFF VALUES
10 YEAR STCRM FREQUENCY

RUNCFF TIME  RUNCFF TITME  RUINGHF TIME RUINCHF
CF. S HOUR C F. S HOOR CF. S HOUR C F. S
0.0 8.75 0.0 8.83 0.0 8.92 0.0
0.0 5.08 0.0 9.17 0.0 9.25 0.0
0.0 9.42 0.0 9.50 0.0 9.58 0.0
0.0 9.75 0.1 9.83 0.1 9.92 0.1
0.1 10.08 0.1 10.17 0.1 10.25 0.2
0.2 10.42 0.2 10.50 0.2 10.58 0.3
0.3 10.75 0.4 10.83 0.4 10.92 0.5
0.6 11.08 0.6 11.17 0.7 11.25 0.8
0.9 11.42 1.0 11.50 1.2 11.58 1.4
2.0 11.75 3.3 11.83 5.2 11.92 8.4
14.1 12.08 20.9 12.17 25.3 12.25 24.5
20.0 12.42 15.1 12.50 11.3 12.58 8.8
7.1 12.75 6.0 12.83 5.2 12.92 4.6
4.2 13.08 3.8 13.17 3.5 13.25 3.2
3.0 13.42 2.8 13.50 2.6 13.58 2.5
2.4 13.75 2.3 13.83 2.2 13.92 2.1
2.0 14.08 1.9 14.17 1.8 14.25 1.8
1.7 14.42 1.7 14.50 1.6 14.58 1.5
1.5 14.75 1.4 14.83 1.4 14.92 1.3
1.3 15.08 1.3 15.17 1.3 15.25 1.3
1.3 15.42 1.2 15.50 1.2 15.58 1.2
1.1 15.75 1.1 15.83 1.1 15.92 1.1
1.1 16.08 1.1 16.17 1.1 16 .25 1.1
1.1 16.42 1.1 16.50 1.1 16 .58 1.1
1.1 16.75 1.1 16.83 1.0 16 .92 1.0
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Princeton Hydro,

Ri ngoes,

AUGUST 6, 2002

HYDROLOG C REPORT FOR
Hem ock Gardens (Harveys Lake)

HYDROGRAPH RUNCFF VALUES
10 YEAR STORM FREQUENCY ( CONT' D)

NJ

RUNCFF TI ME RUNOFF TIME  RUNOFF Tl VE

C. F. S HOUR C F. S HOUR CF. S HOUR
1.0 17.08 0.9 17.17 0.9 17.25
0.9 17.42 0.9 17.50 0.9 17.58
0.9 17.75 0.9 17.83 0.9 17.92
0.9 18.08 0.8 18.17 0.8 18.25
0.8 18.42 0.8 18.50 0.7 18.58
0.7 18.75 0.7 18.83 0.7 18.92
0.7 15.08 0.7 19.17 0.7 19.25
0.7 19.42 6.7 19.50 0.7 19.58
0.7 19.75 0.7 15.83 0.7 15.92
0.7 20.08 0.7 20.17 0.6 20.25
0.6 20.42 0.6 20.50 0.6 20.58
0.6 20.75 0.6 20.83 0.6 20.92
0.6 21.08 0.6 21.17 0.6 21.25
0.6 21.42 6.6 21.50 0.6 21.58
0.6 21.75 0.6 21.83 0.6 21.92
0.6 22.08 6.6 22.17 0.6 22.25
0.6 22 .42 0.6 22.50 0.6 22.58
0.6 22.75 0.6 22.83 0.6 22.92
0.6 23.08 0.6 23.17 0.6 23.25
0.6 23.42 0.6 23.50 0.6 23.58
0.6 23.75 0.6 23.83 0.6 23.92
0.5 24 .08 0.5 24 .17 0.4 24 .25
0.2 24 .42 0.1 24.50 0.1 24 .58
0.0 24 .75 0.0 24 .83 0.0 24 .92
0.0 25.08 0.0 25.17 0.0 25.25
0.0 25.42 0.0 25.50 0.0 25.58
0.0 25.75 0.0 25.83 0.0 25.92

TI ME TO PEAK
PEAK RUNCFF

N
o
=
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O
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Trapezoi dal Channel Anal ysis & Design
Qpen Channel - Uniformfl ow

Vor ksheet Nane:
Comment: SWALE TO EWL
Sol ve For Di scharge
d ven I nput Data:

Bottom Wdth.....
Left Side Sl ope..
R ght Side Sl ope.
Manning' ' sn......
Channel Sl ope....
Depth............

Conput ed Resul ts:

D scharge........
Velocity.........
Flow Area........
H ow Top Wdth...
VWetted Perineter.
Citical Depth...

Critical Sope...
Froude Nunber ....

Qren Channel Fl ow Modu
Haest ad Met hods, | nc.

.00 ft
.00:1 (H:V)
.00:1 (H:V)
.040

.1500 ft/ft
.00 ft

HFoobdhNDH

.91 cfs

.64 fps

.00 sf

.00 ft

47 ft

.44 ft

.0282 ft/ft

.19 (flowis Supercritical)

NORFRUGIOLWoo

l e, Version 3.21 (c) 1990
* 37 Brookside RO * Waterbury, & 06708
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* TRAVEL TI ME CALCULATI ONS - SCS Segnental Approach, TR-55 (1986) *
B T

SUWARY for Area 2

Segnent 1: OVERLAND FLOW
L =100 ft, S= .06 ft/ft, n = .8, P (Qyr/24hr) = 2.9 in
Travel Time = 25.3 nm nutes

Segnment 2: CONCENTRATED FLOW
L =800 ft, s= .18 ft/ft, UNPAVED surface

Travel time = 1.9 m nutes

Segnent 3: CHANNEL FLOW
A=6ft~2, P=7ft, L = 1000 ft, S = .07 ft/ft, n = .035

Travel Time = 1.6 m nutes

TOTAL TRAVEL TI ME =28.9 mn.
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Princeton Hydro, LLC

Ri ngoes, NJ
AUGUST 6, 2002

HYDROLOQ C REPORT FCR
Hem ock Gardens (Harveys Lake)
24 HOR S. C S. HYDROGRAPH

BASI N | DENTI FI CATI ON Area 2

BASI N DI SCHARGES | NTO Swal e Vst

BASI N AREA = 7.91 ACRES
BASI N CQURVE NUMBER = 75. 00

24-HOUR PREC PI TATI ON = 4. 50 | NGHES
24- HOUR RUNCFF = 2. 05 | NCHES
AVERACGE BASIN SLCPE = 12.00 %
HYDRAULI C LENGTH = 1, 900. 00 FEET
BASI N LAG , (Tc) = 0.29 HORS ,
UNl TPEAK CCEFFI G ENT = 484. 00

RAINFALL DISTRIBUTION = TYPE 11

HYDROGRAPH RUNCFF VALUES
10 YEAR STCRM FREQUENCY

TITME RUNCFF TIME  RUNCFF TIME  RUNCFF TI ME
HOOR CF. S HOUR C F. S HOOR C F. S HOUR
8.67 0.0 8.75 0.0 8.83 0.0 8.92
9.00 0.0 9.08 0.0 9.17 0.0 9.25
9.33 0.0 9.42 0.0 9.50 0.0 9.58
9.67 0.0 9.75 0.0 9.83 0.0 9.92
10.00 0.1 10.08 0.1 10.17 0.1 10.25
10.33 0.1 10.42 0.1 10.50 0.1 10.58
10.67 0.2 10.75 0.2 10.83 0.2 10.92
11.00 0.3 11.08 0.3 11.17 0.4 11.25
11.33 0.5 11.42 0.6 11.50 0.6 11.58
11.67 1.0 11.75 1.4 11.83 2.3 11.92
12.00 6.2 12.08 9.4 12.17 12.3 12.25
12.33 12.7 12.42 10.6 12.50 8.4 12.58
12.67 5.3 12.75 4.4 12.83 3.7 12.92
13.00 2.8 13.08 2.6 13.17 2.3 13.25
13.33 1.9 13.42 1.8 13.50 1.7 13.58
13.67 1.5 13.75 1.4 13.83 1.3 13.92
14.00 1.2 14.08 1.2 14.17 1.1 14.25
14 .33 1.0 14 .42 1.0 14.50 1.0 14.58
14.67 0.9 14.75 0.9 14.83 0.8 14.92
15.00 0.8 15.08 0.8 15.17 0.8 15.25
15.33 0.7 15.42 0.7 15.50 0.7 15.58
15.67 0.7 15.75 0.7 15.83 0.7 15.92
16.00 0.7 16.08 0.6 16.17 0.6 16.25
16.33 0.6 16.42 0.6 16.50 0.6 16.58
16.67 0.6 16.75 0.6 16.83 0.6 16.92

0.48 HOURS

0
n
2
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HYDRCOLOGE C REPORT FOR

Hem ock Gardens (Harveys Lake)

HYDROGRAPH RUNOFF VALUES
10 YEAR STORM FREQUENCY
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Princeton Hydro,

Ri ngoes,
AUGUST 6,

( CONT' D)
RUNOFF T
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* TRAVEL TI ME CALCULATIONS - SCS Segnental Approach, TR-55 (1986) *
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SUMVARY for Area 3

Segnent 1: OVERLAND FLOW
L =100 ft, S = .2 ft/ft, n = .35, P (2yr/24hr) = 2.9 in

Travel Time = 8.1 m nutes

Segment 2: CONCENTRATED FLOW
L =450 ft, S = .13 ft/ft, UNPAVED surface

Travel time = 1.3 m nutes
04

Segment 3: CHANNEL FLOW
A=15ft~2, P=35ft, L =250 ft, S= .08 ft/ft, n =

Travel Time = .7 m nutes

TOTAL TRAVEL TIME = 10.1 mn.
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Princeton Hydro, LLC

R ngoes, NJ
AUGUST 6, 2002

HYDRCOLOA C REPCRT FCR
Hem ock Gardens (Harveys Lake)

24 HOOR S. C S HYDROGRAPH

BASI N | DENTI FI CATI ON Area 3

BASI N DI SCHARGES | NTO Swal e | nsi de
BASI N AREA - 7.16 ACRES
BASI N CURVE NUVBER - 75. 00

24- HOUR PREC PI TATI ON = 4.50 | NGHES
24- HOUR RUNCHF - 2.05 | NGHES
AVERACGE BASIN SLCPE = 12.00 %

HYDRAULI C LENGTH 800. 00 FEET

BASI N LAG , (Tc) 0.10 HOURS ,

UNl TPEAK GCEFFI O ENT = 484. 00
RAINFALL DI STRIBUTION = TYPE 11
HYDROGRAPH RUNCFF VALUES
10 YEAR STCRM FREQUENCY
TITME  RUNCFF TIME  RUNCFF TIME RUNCFF TI ME
HOOR CF. S HOUR CF S HOUR C F. S HAOUR
8.67 0.0 8.75 0.0 8.83 0.0 8.92
9.00 0.0 9.08 0.0 9.17 0.0 9.25
9.33 0.0 9.42 0.0 9.50 0.0 9.58
9.67 0.0 9.75 0.1 9.83 0.1 9.92
10.00 0.1 10.08 0.1 10.17 0.1 10.25
10.33 0.1 10.42 0.2 10.50 0.2 10.58
10.67 0.2 10.75 0.3 10.83 0.3 10.92
11.00 0.4 11.08 0.5 11.17 0.5 11.25
11.33 0.6 11.42 0.8 11.50 0.9 11.58
11.67 3.1 11.75 4.4 11.83 6.6 11.92
12.00 18.2 12.08 18.5 12.17 10.0 12 .25
12.33 4.2 12.42 3.1 12.50 2.6 12.58
12.67 2.2 12.75 2.1 12.83 2.0 12.92
13.00 1.7 13.08 1.6 13.17 1.5 13.25
13.33 1.4 13.42 1.3 13.50 1.2 13.58
13.67 1.1 13.75 1.0 13.83 1.0 13.92
14.00 1.0 14.08 0.9 14.17 0.9 14.25
14 .33 0.8 14 .42 0.8 14.50 0.8 14.58
14.67 0.7 14.75 0.7 14.83 0.7 14.92
15.00 0.7 15.08 0.7 15.17 0.7 15.25
15.33 0.7 15.42 0.6 15.50 0.6 15.58
15.67 0.6 15.75 0.6 15.83 0.6 15.92
16.00 0.6 16.08 0.6 16.17 0.6 16.25
16.33 0.6 16.42 0.6 16.50 0.6 16.58
16.67 0.5 16.75 0.5 16.83 0.5 16.92

0.17 HOURS
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wn
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TI VE
HOUR

17.
17.
17.
18.

18

22
22
22
23
23
23
24
24
24

00
33
67
00

.33
18.
19.
19.
19.
20.
20.
20.
21.
21.
21.

67
00
33
67
00
33
67
00
33
67

.00
.33
.67
.00
.33
.67
.00
.33
.67

HYDROLOG C REPORT FOR

Hem ock Gardens (Harveys Lake)

HYDROGRAPH RUNOFF VALUES

10 YEAR STORM FREQUENCY

RUNOFF
CF.S

17
17
17

18
18

20
20
20
21
21
21

22
22

23
23
24
24

eXoReReReoRoReReReReNoNoNeoNeoNoNole oo e ool oNe)
CONMNWWWWWWWWWWWWH bbbt wm

TI ME
HOUR

.08
.42
.75
18.
.42
.75
19.
19.
19.

08

08
42
75

.08
.42
.75
.08
.42
.75
22.

08

.42
.75
23.
.42
.75
.08
.42
24.

08

75

RUNOFF

CF.S

TI ME TO PEAK

PEAK RUNOFF

oleReReRekeReReReReReReReReNeNoNoNoNoNeNoNoNaNea)
CONWWWWWWWWWWWWD & B BB SGU U

TI ME
HOUR

17

17
18
18
18
19
19

20

20
21

23
23
23
24
24
24

.17
17.

50

.83
.17
.50
.83
.17
.50
19.

83

.17
20.

50

.83
.17
21.
21.
22.
22.
22.

50
83
17
50
83

.17
.50
.83
.17
.50
.83
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RUNOFF
CF.S
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24
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.58
.92
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.25
.58
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@)
T
wn

CO0O0000000O00OOCODOO0O0O00O0O0O0OO
COONWWWWWWWWWWWWH DB NOWY



Trapezoi dal Channel Anal ysis & Design
Qpen Channel - Uniformfl ow
Wr ksheet Nanme: HEM.OCK GARDENS
Comment : CHANNEL TO EWL (c1)
Sol ve For Depth
G ven | nput Dat a:

BottomWdth..... 1.50 ft
Left Side S ope.. 1.00:1 (HV)
R ght Side Sl ope. 1.00:1 (HYV)
Manning's n.. .... 0. 040
Channel S ope.... 0.3300 ft/ft
D scharge........ 25. 30 cfs
Conput ed Resul ts:
Depth............ 0.82 ft< 2 o t3 dosd
Velocity......... { Al — g .
Fl ow Nga ........ 1P ggEEPSL &af-tae (05.a27)
Fl ow Top Wdth. .. 3.13 ft
Wetted Perineter. 3.81 ft
Citical Depth... 1.49 ft
Oitical Y ope... 0.0323 ft/ft
Froude Nunber .... 3.03 (flowis Supercritical)

Open Channel Fl ow Modul e, Version 3.21 (c¢) 1990
Haest ad Met hods, Inc. * 37 Brookside Rd * Waterbury, & 06708



Tr apezoi dal Channel

Qpen Channel

Wor ksheet Nane: HEM_.OCK GARDENS

Anal ysis & Design

- Uniformfl ow

Comment : CHANNEL BETWEEN EVR-EWB (C2)

Sol ve For Depth
G ven | nput Dat a:

BottomWdth.....
Left S de Sl ope..
R ght Si de Sl ope.
Manning's n. .. ...
Channel Sl ope....
D scharge........

Conput ed Results:

Depth............
Velocity.........
Flow Area........
Fl ow Top Wdth. ..
Wetted Perineter.
Qitical Depth...
Qitical Sope...
Froude Nunber . ...

RPOROUIUI® R

.0750 ft/ft
.80 cfs

.20 ft 3 35S f' >\ fewunt
._684&;33 R-& tfthe (O 07)
.40 ft

40 ft

.57 ft
.0286 ft/ft
.58 (flowis Supercritical)

Open Channel Fl ow Mbdul e, Version 3.21 (c) 1990

Haest ad Met hods, |nc.

* 37 Brookside Rd * Waterbury, @ 06708



Tr apezoi dal Channel Anal ysis & Design
Open Channel - Uniformfl ow

Wor ksheet Nane: HEML.OCK GARDENS

Commrent : CHANNEL BETWEEN EWA-EVWS (C3)

Sol ve For Depth
G ven I nput Dat a:

BottomWdth.....

Open Channel

Left Side Sl ope..
R ght Side Sl ope.

Manning's n......
Channel Sl ope....
D scharge........

Conput ed Resul ts:

Depth............
Velocity .........
Flow Area........
Fl ow Top Wdth. ..

Wetted Peri neter.

Qitical Depth...
Qitical S ope...
Froude Nunber . ...

1

POR 00N

.50ft <25 = N ST

.44 fpS Lod Wafopae w -
.50 sf " LBr> 60
.00 ft

71 ft

.85 ft
. 0253 ft/ft
.54 (flow is Supercritical)

FI ow Modul e, Version 3.21 (c) 1990
Haestad Met hods, Inc. * 37 Brookside Rd * Waterbury, @ 06708



Princeton Hydro, LLC project._Yemtue  eadem
1108 Old York Road SheetNoi__~ d _
Suite 1, P.O. Box 720 By: _dme¢~ Date: 811912002

Ringoes, NJ 08551

COMPUTATION TABLE - STORM SEWER DESIGN

DESIGN STORM: 10YEARS (TR-55)
CAPACITY OF
INLET DISCHARGE| LENGTH | SLOPE OF | TYPE OF | MANNINGS| SIZE OF MEAN PIPE, FULL
Q PIPE OF PIPE PIPE PIPE ‘n' VALUE PIPE [ VELOCITY SLOPE
3 CFS FEET FT/IFT : = = IN FPS CFS
| ! ! i
EW1 | | | ] i
l % ‘ 1 iL
‘ i
EW1-11 25.26 ! 20 0.15 i HDPE f 0.012 18 25.76 i 4403 —
| , | ] ]
11 i ! X . ,
; i |
11-EW?2 2526 | 27 . 0.093 HDPE | 0.012 18 | 2148 34.67 _~
(including trench drain) | (concrete) | |
EW3 ! | i |
i | i ; | |
| | | ; i ! ! i 1
EW3-EW4 4376 1 39 " 0051 HDPE | 0012 | 24 | 1965 | 55.34 —
EWS5 ' ! T { .
' i i i i : ]
i ; | ; . 1
EW5S-12 57.23 70 . 0.097 HDPE | 0.012 24 i 26.78 76.32
| i
12 ?
12-13 57.23 ; 51 0.063 i  HDPE 0.012 24 22.66 ; 61.51 —
i3 ‘; * I ;
| | ; f
T T 14 T : H
13-BB i 57.23 ! 18 ! 0.055 i HDPE | 0012 i 24 | 21.49 i 5747
i [ | f
Polisher ! ' | l ! |
| ! i ! ! ( ] §
’ I | ] B ; i o
Polisher-MH1 ! 57.23 i 50 ' 0.055 ' RCP 0.012 | 24 ' 21.49 ! 57 47
] y 1 I
MH1 : ! | i i |
. \ ' ‘ | l |
] | T T T
|
MH1-EW6 | 57.23 | 103 ; 0017 | HDPE ' 0012 30 | .13.85 57 97 «—

STORMSEW2
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DESIGN OF RIPRAP APRON OUTLET PROTECTION FROM A ROUND PIPE FLOWING FULL T
MINIMUM TAILWATER CONDITION (T, < 0.5 DIAMETER)
90 1 it
4
3D, 80 ; | R
Outlet i W=3D+L, oL A
Pipe I 2 X 70 L4 i
l et > 78
Diameter, Do . B\ Sf
La “'\’3 60 I bg’l § //tb P
Tallwater <0.5 D « w° il I LA YAl
:w: AN
S 50 > o, .
O -
Ao S S ]
A&
40 it PR ) "), 4 '2.
\ O et vd e
.1130 f}ﬁ e oz stis! awa (%
] o Yol L Hilt a
20 i \5 64"‘ .' i 4 3 .9‘
=T\ 21 8 S LR 12
M"‘A A 77 # /I, dL 8
! “Un AN
10 I zestlid i H S j,ﬂ,. T
v U . ! « [TH!
il ve dvii > S
0 I il ) S ] s 405. 2 R-8
‘{r\ > A npar it 4 A
| Nilipy Ay K,
I VA M aapte y oii?
* }‘:fb y . pat % :
\% 6 . >, H 6 » 7 » L - R-7
HRT AR e o T T 1 R-6
Py By e e - .5
6 - 4
= o anes a . % - R_4
I -:_ = R R-3
1 inmEi i 0
3 5 10 20 50 100 200 500 1000

Discharge, ft.?’lsec.

* For discharge velocities exceeding Maximum Allowable for Riprap indicated, increase dsq stone size and/or provide velocity reduction device.

uonipuo Jajemiie) wnunuiy ‘ubisaq uosdy deidiy
LZ 3dnoid

R Size Riprap™



Princeton Hydro, LLC Project._Hemlay Govdens
1108 Old York Road Sheet No:__\ of _\
Suite 1. P.O. Box 720 By: JMA  Date: 8/6/2002

Ringoes, NJ 08551

OUTLET PROTECTION CALCULATIONS

ENDWALL Basin 1 outlet

Do 30 inches maximum inside culvert width
2.5 feet Basin 1 A w—
3Do 7.5 feet width at pipe outlet
Q 57.23 cfs pipe discharge
T™W less than 112 Do 3Do I: R-6 W
7.5 feet stone 32
La 25 feet length of apron ‘ feet
24 inches apron thickness
W 32 feet width of the outlet
La
Rip-Rap N
fesgt
d50 0.80 feet
9.60 inches

stone R-6 Figure 21



Stormwater Capture, Conveyanceand Treatment System Design Report
Hemlock Gardens Subdivision

Harveys Lake Borough, LuzerneCounty, Pennsylvania

Princeton Hydro ProjectNo. 156.11

August 22,2002

Revised September 16, 2002

APPENDIX E

PENNDOT-RATIONAL TIME OF CONCENTRATION/STORM FLOWS/ STORM SEWER
DESIGN

Princgton Hydro, LLC  Prgject No. 156.11



2.10.03

TABLE 2.10.12.1
RUNOFF FACTORS FOR THE RATIONAL EQUATION

Runoff Factor ""C"

Typeof Drainage Area or Surface Minimum Maximum
Pavements, concrete or bituminous concrete 0.75 0.95
Pavements, bituminous macadam or surface-treated gravel 0.65 0.80
Pavements. gravel, macadam. etc. 0.25 0.60
Sandy soil. cultivated or light growth 0.15 0.30
Sandy soil. woods, or heavy brush 0.15 0.30
Gravel. bare or light growth 0.20 0.40
Gravel. woods or heavy brush : 0.15 0.35
\ Clay soil, bare or light growth 0.35 0.75
Clay soil. woods or heavy growth 0.25 0.60
City business sections 0.60 0.80
Dense residential sections 0.50 0.70
Suburban. normal residential areas - 035 —» 0.60
Rural areas. parks. golf courses 0.15 0.30

NOTE: Higher values are applicable to denser soils and steep slopes.

Consideration should be given to future land use changes in the drainage area in
selecting the "C' factor.
For drainage area containing several different types of ground cover. a weighted
value of ""C™ must be used.
In special situations-where sinkholes, stripped abandoned mines, etc. exist. careful

) evaluation shall be given to the selection of a suitable runoff factor with considera-
tion given to possible reclamation of the land in the future. *

TABLE 210122
RECOMMENDED AVERAGE VELOCITIES OF OVERLAND FLOW
FOR DETERMINING TIME OF CONCENTRATION

Description of Course Velocities in feetlsecond
of Runoff Water

Slope in Percent

0-3 4-7 8-10 11-15 16-20 21-25 26-30
Woodland 0.5 10 15 17 20 27 35
Pasture 0.8 15 22 26 30 41 45
Cultivated (Row Crop) 10 20 30 35 40 45 50
Pavement 50 12.0 155 18.0 — — -_—

Natural Draw(Not Well Defined) 0.8 25 4.0 60 - T




Princeton Hydro, LLC

1108 Old York Road

Suite 1, P.O. Box 720

Ringoes, NJ 08551

timeconcentration

AREA 1

AREA 2

AREA 3

Project:_\Yam\oibe Gev dany
Sheet No: of
By: YN  Date: 8/5/2002

TIME OF CONCENTRATION

PennDOT Design Manual, Part 2

slope
length
velocity

tc =

slope
length
velocity

tc =

slope
length
velocity

tc=

0.180 Wi
1700 feet
2.0 Wsec

14.2 minutes

0.120 ftfft
1900 feet
1.7 ft/sec

18.6 minutes

0.120 ft/t
800 feet
1.7 ft/sec

7.8 minutes
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PAGE
Princeton Hydro, LLC
Ri ngoes, NJ
AUGUST 5, 2002
HYDROLOGI C REPORT FOR
HEMLOCK GARDENS ( pH #156. 11)
UNIVERSAL RATI ONAL HYDROGRAPH

Q(PEAK) = C*I*A
10 YEAR STORM FREQUENCY

BASI N | DENTI FI ER AreAn

DI SCHARGES | NTO EWL

BASI N AREA 13.42 ACRES
RUNOFF COEFF. 0. 30

RAI NFALL | NT. 4.08 INHR

14.20 M NUTES
35841. 66 CUBI C EEET

TI ME OF CONC.
VOLUME

TI ME RUNOFF
(M N) (C.F.S.)

0.
7.
14.
21.
28.
35.
42.
49.
56.
63.
71.
78.
85.
92.
99.
106.
113.
120.
127.
134.
142.
149.
156.
163.
170.
177.
184.
191.
198.
205.

w WP o
w2 NOHWHO

P
[e )N e

[}
OCOCO0OO0QOOOOCOHFHHREHENNWWAEULOH

WONOAUPdWNROVONONMPWNHFRFOOVONIAAWUTIPEWNEFO

OO0 OCOOCOOOUMKENEPONOPDLVUPRJIWVN



PAGE
Princeton Hydro, LLC
Ri ngoes, NI
AUQUST 5, 2002
HYDRCOLOA C REPORT FCR
HEM_LOCK GARDENS (pH #156. 11)
UNIVERSAL RATIONAL HYDROGRAPH

Q PEAK) = C'I*A
10 YEAR STORM FREQUENCY

BASI N | DENTI FI ER AREA 3
D SCHARGES | NTO BV3

BASI N AREA
RUNCFF  CCEFF.

7.16 ACRES
0. 40

RAI NFALL I NT. = 5.20 INHR
TIME OF CONC. = 7.80 M NUTES
VOLUME - 20483.26 CUBlI C FEET
TI VE RUNCFF
(MIN) (C.F.S.)
0.0 0.0
3.9 1.5
7.8 3.1
11.7 3.4
15.6 3.8
19.5 9.3
23.4 14.9
27.3 11.3
31.2 7.7
35.1 6.4
39.0 5.2
42 .9 4.3
46.8 3.4
50.7 2.9
54.6 2.4
58.5 2.1
62.4 1.7
66.3 1.7
70.2 1.6
74 .1 0.8
78.0 0.0
81.9 0.0
85.8 0.0



Princeton Hydro, LLC Project; W&m\ethe (o y,y
1108 Old York Road SheetNo:___» of _\

Suite 1. PO Box 720 By: _ M+ Date: 8/19/2002
Ringoes, NJ 08551

COMPUTATION TABLE - STORM SEWER DESIGN

DESIGN STORM: 10 YEARS (PennDOT)
CAPACITY OF
INLET DISCHARGE| LENGTH | SLOPE OF | TYPE OF | MANNINGS| SIZE OF MEAN PIPE, FULL
NO. Q PIPE OF PIPE PIPE VELOCITY SLOPE
Bees - CFS FEET FT/FT FPS CFS
i i
! i
EW1 ! : i
i X : i i
EW1-11 ! 16.40 20 0.15 HDPE 0.012 i 18 23.01 44.03
| i 1
N 3 ! ' j
11-EW2 | 16.40 i 27 ¢ 0.093 HDPE | 0.012 ! 18 1931 | 3467 -
(including trench drain) | (concrete) | | §
EW3 | | | ! i
E 1 i
EW3-EW4 25.00 ‘ 39 ! 0.051 ' HDPE | 0012 24 1714 A 5534 -~
I
EW5 - . '
i i i
EW5-12 39.90 i 70 i 0097 | HDPE 0.012 ' 24 | 2454 76.32
| t
2 i )
i |
! I
1213 ! 39.90 i 51 0.063 HDPE _0.012 . 24—1—2085 6151 —
i —t—
B | !
| | |
[ i [ f I
13-BB i 39.90 | 18 i 0.055 i HDPE | 0.012 ' 24 | 19.80 5747
! i i
Polisher | ' i
! \ ! ! ’
' | ' . i i
Polisher-MH1| 39.90 ' 50 i 0.055 ¢ RCP | 0.012 i 24 | 19.80 57.47
i i ! !
MH1 [ ! | | i
! ! | t ‘ |
‘ ’ i ! i
MH1-EW6 | 39.90 | 103 i 0.017 | HDPE : 0.012 30 12,76 5797 -

STORMSEW2-PennDOT



Stomwater Capture. Conveyanceand Treatment System Design Report
Hemlock Gardens Subdivision

Harveys Lake Borough, LuzerneCounty, Pennsylvania

Princeton HydroProject No. 156.11

August 22,2002

Revised September 16,2002

APPENDIX F

BORING LOGS/ SUNTREETECHNOLOGIES,INC.LITERATURE

Princeton Hydro, LLC  Project No. 156.11
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[TOCATTON OF BORTNG JOUB NO. | CLT ENI | LOCATT ON
| | 5e Pomecs (apoens  Hoalocue
| R DRI LLI NG METHOD: BORING ma .
E T T - 257 MNoww. Amves_ (o) 2
! 2 \~ [ e SHEET
< 3 TocamPo. SAWPLT NG METHOD: U oo |
i v gy pemione S D v DRI LLI NG
o) A 2Tl ¥ \\ : START |FINISH
3! L WATER LEVEL | " — 4'¢ DATE | DATE
5 TI VE h:q0 |1i1bp |40 61b |6 |
« DATE S 5[(,/0: Siule TINE | TIMg
DATUM ELEVATI ON lcasing ePTH—— | 7 T Iios i gy
w 86 Nl |2 . SURFACE CO\DITIONS _
T |x 5=/1a 0 - .
N lw Z g ju ~N ol ~ LAvON
@ |J -9 Tz |2 n I~ T
wlaw = |/ | =@ —uW . 0
i byl valen &/ 0 1OX= Al (=<
1< > TolWw< w | I< W  Ox
— | QLIRO a mwm Asw nya
8 =5
20/ -yl o I - PenT - Telsew - Qunaes St o] SR0vives
2 s 3
/ i A5 C/ L2 T _ _
2' |79 ) PPen  Dae Svo W Siot o £0n penT
2/ 5/ i wined o] 8O - ORen VBt Sunnd ¥Sir]
! © oL/ [(Fwey _
\: Z 7 ix | 3 D vt ey SaT E-SND ~A <3 AT
@ a4 | 2t LG
3 ye g A sl 23| Prown 1% 43 e TSw0 V5T = M
2 o NS wep EX 3. i T D%ow0 Jrsai -
{-‘r: ‘9, 1 v d l ‘)‘ 5 — = T
v"\: VA, 0T RDGCA TonMza, on BN
i a.w 2 \ 0 -
o "“.,‘ } )// A |6 (o DO TS -
o Y 18T
2 A A ;:3/// (\‘ y 7 1 Svle M
[e% (4 Pl 3
Z . »a 1
/ -
S ® % L | 8
S % "\"") 9 Koo Doty cn Der G W - ?>\_:\Z)4.S?;?-’YA 238
(O/ B PR R e
pARY ﬂ A y 0 — | = B:C);Q l’l >/ TMDAAA_@JML_%MQ AN
i AL a
3 el T Hee SAMNG_ DAMP__Teen \a:
= ) AN ot L Saedun ar (($5eene)
Th v qyi= -
] o =
a %'y 3 Bom fine oL f;qu\,) Sarn W Foxtn
a (2 A ) 4 D Sarmv_ Olon 20 Sp0oTve Ml Aaceres 1y DL R
M 1 2l - %}
; W 414
1 L]
\ - o ( -
! P AL \le > _
| 4 : 20 6l | Sk @ 7? A
; T~ T -
' n Zol\ ‘sg i MY, BPV1! RS PO/ g
A NP - DT MR om,
j, 'L ;1-:5!‘!
i °1]
: = 712" Buywoed]
> 9
o
0 Tetmweng s € 25




LOCATI ON O~ BORI NG JOB NO. CLI ENT LQCATI N
! iSC-..1 a»ﬂout‘ .l YHeomue 6
o= (\\ / DRI LLI NG_NETHOD: BORING NO.
:I. 3 = - _31:_'\_\‘*‘\40-‘ A’*‘ |33
S J . _ SHEET
H o T —— SAMPLI NG_METHOD: i oF \
\"‘L . m;\.mwa e N SPT soord DRI LLI NG
=) AN START |FINI SH
: / ~ WATER LEVEL | &' DATE | DATE
; TIME q:sp S |56
o DATE lolaz TIME | TIME
W | DATUM ELEVATION CASING DEPTH—=— L2ep |22
o use flu 2 . SURFACE CONDITIONS )
T |x 5= /|0 NoYo4
N W Z (G} 3 ~N Wi ~ -
x |J = Tz |3 v I~ T
wjaw = — X /X = Q. - Ll Ja
Jl=za molaw |5/5 |0 WIS Ep
| <> I>|W< w |I< WL |Ox
_— )~ [SYSI=0S) a [oa N 7] A~ wn©
(4 Z W
a =24 -~
_ | 315, 0 | QITOION, 4o 7 ¢ SPoops Bonca,
NV- N‘L i L Tro e jl- 0 smextvd 9 N Gave s,
M Z P \ 4. A LA, (G
' v w l 3 1Rouun Rsave miﬁ N Stk L
} 3 ¥ 5 Sb 2 —_— . L4
A > \ | Re- Ldg Ty baar - wek
'jJ' 2.4%
2! = 1y ?; 3 -
= b {2 30 [Boorn ligg dunl €5 b SOAE oon,
2 o i
!l 2 e 5 41,4 =
A ' o \' Bt | Beear e Ay $FD- v\)f m
U[: A ic A1) 5| X TN veirs a PR
\F]: 2w it 11X5 Mmoo fo Sru simo —
1 .-
‘1 » H . 1 T 6
& L AYAN,
< pry \L ’).., 7 - '?c:-’»ws-;‘ Lo F%M17 Ao O 10" - weki, \AR A 7y
[ \" A0 ,
E < '2 j 4 _
& = - n | S emea————
o q' A i
¢ Al
- \‘ ~ g - - " -
M b ;.,///c [w o (Sapue coer
\ ) 72%e)
r-\\: 6 ' t\’J / (&Z 1M 12! G eatovvte .
o} LAV —_—
S 18/ 1, 2l 5 sy @ty e Doolbye,
0 [ \o
= 1P 34 Y Bpor B Bropumer. (e
S iV _ .
ald H Brontey o Bamvares
:
: SH
1
i
3 i
at o _}/[ 2L Hex L peys
0 S A remd 11 (eeacer)
= 8 |-
= 9™
m
0




DRILLER/HELPER _f_?_«_i_c_j/:‘}’iﬁj_______

PEIRG__

CONTRACTOR 57 ¢

oz

DATE_f’J_bJ

BY_‘K-V“ . A M‘){\

LOCATION OF BORING JOB NO. CLIENT LOCATION
| D B F oL fremuece Gae
DRILLING METHOD: BORING NO.
I 25Y busie Puteqy 24
SHEET
/_x__:_: SAMPLING METHOD : v or )
o g’; ST, SPoum DRILLING
START |FINISH
/~~f~-—— WATER LEVEL | 'Y DATE | DATE
R/\ TIME 4 siy | Sl
N DATE Sle TIME | TIME
DATUM ELEVATION CASING DEPTH — o~ 3100 |4 >
95 Nl |2 . SURFACE CONDITIONS
¥ 1gz/19, |, ox ~ Gy Qoo - Bauag S My | 2
3 2% |1z |2 o T T 4 — el S EL g0 ] A Mon
a Wi = — x /X = Qo - uJ Ja
za | filaw |g/5 (O auw =<
<> e [WR4 Lio< Wi (O
=<
'/ ’E, o ‘ZO okl © Gccjl 5’0\@‘79'6,\4&1%\4»{ Coren 5.
7 4| A TiwhNg . Toke
< ‘ { ", '
@ 1‘ \ 3(/ 1'—' ¢ - P — Z
b%mw&\;\'\.‘q— v-\) XYM,
M/ 4 2
25 % ?Z
ZaARIP
e 4 4‘ L“}lﬂ Doow Swdy Sovey o] Goon, (Monomd)
W'/ V)g s
[}g] £ ¢ I Poocn S, Ser o) Soma Cimy - Teirg
> g B - ANAAS 1L - - .
5l 1 ‘j 6 by Boem wesk | Sornt St Y Goaey (B Teo)
,‘7:‘\ \7 / . 5 L 5“‘740 Sy ( D",\,\ ?)
v A1 (L'
/l A ‘—,q q 8 M .
q 25 WO foeyting, @ 'O
-/ 5
B/ 3/2 o | 104
e V5
5 e u
| AV (M)
) v A
T Aall? | 2
'b \o ) . T'Zf & San s
i3 | /1) \\q 130 stoveaps ()
14 Teememyioo € W BoTrTom  Wek
S.—
6—-
7 et
8
9.—
0-—




SOF D

o

t

[tanse

DRILLER/HELPER _l:ﬂ_ﬁe_}_m____-___

ooz

LOCATION OF BORING JOB NO. CLIENT LOCATION
1S 1) Boro of B | fremuoce Gea
DRILLING METHOD: BORING NO.
2hs Wo. kvg PSS
SHEET
Q erd, "SAMPLING METHOD: i oF
2ia S 5 DRILLING
. START |FINISH
X D WATER LEVEL |#e'| Aq' | g' ¥ DATE | DATE
TIME = |50 |59 5l 5"3
DATE Ao | sib | Slb TIME | TIME
DATUM ELEVATION CASI NG DEPTAES - |4, - }—T - Guos7|4.08
8d flw g . SURFACE CONDITIONS
5 §E Do w \\05 ~ Giapt Qono - ZharcO. v2] D ast .
J - rz |2 (2 I+ T
Q. W =— |E /T = Q = Ld Ja
Ta molew |€/5 |ax ol =<
< > Y2l < Sla< WL | O
(20 ol (2;8 aQ =] m [ [ RVes
=X
pix] ?fi/’, ol © Voo Oz = 28 do, ) P N2z, pents
& 7
P LV # Bl 2ot ks Rone 2y Foo,
il s 1, | ower
aut ‘3 ("5
LK 4 A 2 & _ -
o T - 2P ool L. Shmd sy Shovo i Geaver .
'l > Ly ; (oo me )
! gl Avsprwn ™ S B
|| Cm7 - SARNNIR
! 24/ YA s TRRS 2oy — (SAmeus Danp)
l ) il =
1
3 > N
& © 0 6
-
(<-t) A - i ' 9 / 7H & n 7
& 2 £ 1,12 2 | Pecar Lo bnp‘b}jﬁv{) Wl Poel Ry
& 5 \ 8 H ((Corese (AT~ wosies)
(@] ‘\‘ \D A
o ( AvucRire I W'
Li 4 o—ﬁ'ﬁm ConT . sArv.)
. P2y 1 PNPUE LT
1 v 1€ | |
1 (153 % !
2 »/ ¢ ol
l: ‘\
E T ¢ \$ e 3 1 - ~
< 14 | A% SAMPUS (Iuv
| 41+ Saanzterei
]
5 13 </ s Fosee Bonvmyon Cryrjos «
:‘ 2 ‘ ~ m
3 iC- J ('\} 1
=
: Un
]
1
! 8-
1
1
>-' 9 H
m
0 —




THE EVALUATION OF SUNTREE TECHNOLOGIES, INC.
GRATE INLET SKIMMER BOXES
FOR DEBRIS, SEDIMENT, AND OIL & GREASE

REMOVAL
/252

Rexly Crek Improvement District
Planning & Engineering Department
Eddie Swell, Compliance Specidid

mwater IS NOW recognized & the leading source of pollution to our remaining natural
sr bodies N the United States. Development and urbanization have removed mog of
natural filtration and sediment trapping systems provided by the environment Current
elopment must address this need through the implementation of stormwater

tments systems in the project design. Most of thexe systems perform reasonably well,
properly designed, constructed, ad maintained.

rofit of odder wban aress lacking these modem stormwater systems is a continually
ensive chdlenge The Downtown Disney complex, formely' the Lake Buena Viga
pping Village, has svad drainage basins with 1970s stormwater sytems These
er systems discharge directly into the adjacent drainage Candl with no pollutart

itment. Over time the accumulaion Of sedimenis, nutrients, intensive development,
] recreational/entertainment PresUreS are contnbutng to water cuality degradation.

wnever New devdlopment o redevelopment occurs, the siommwater system IS brought
current code/permit requirements. [n the interim, ssverd aress are m need for rgad
ective, and economica improvement in the quality of its stormwater discharge.

nwee Technologies Incorporated, located in Cape Canaveral, FL, manufactures
mmwater grate inlet simma boxes They are made of a high quality fiberglass frame,
th stainless steel filter screens backed by heavy-duty aluminum grating. Each unit is
stom mede to accommodate various inlet sizes. A hydrocarbon absorption boom is
ached to the top OF the Ximmer box for petroleum, oil, and grease removal.

xese devices fit below the grate and catch sediment, debris and petroleums, oils &
tases. Clean-out, maintenance, and performance reporting is provided by Sunmee on a
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Of Total Suspended Solids

Customize With Large E&
Load Rated Access Lids il
or Mamnhole LLids -- 2o e




|
A y § b e w4 oot .
TR ASLE TPl L] [N LA PO A G e PR
IR S RN A PPN lr’:“%m\ ! :\".."-—'v-“\":.'\"vk

NUTRIENT RICH VEGETATION
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Advanced Baffle Box With Nutrient/VVegetation/Litter Separation
HEAVIER SEDIMENT GETS SEPARATED OUT AND FALLS TO BOTTOM

Our BaffleBox design captures sediment, nutrient rich vegetation, and litter
without head loss, and can treat the entire maximum flow of the drain pipe.
Requires no additional land acquisition, and can be installed in existing
easementsin line with existing pipes. Because of the high strength and
lightweight design, our fiberglass baffle box can be easily transported, lifted, T@cﬂgm@[]@gﬁgs Inec,

and lowered into place without heavy equipment. Available In concrete too. 220 Mullet Road, Suite 1t

Phone (321) 799-0001 Fax 321) 799-1245
www.suntreetech.com Happel@suntreetech.com

Patented with Patents Pending




L

| nside Baffle Box

- -~ - ——

The baffled chambers measure 36" deep and are spaced to create 3 equally sized
chambers. The tops of the baffles are below the incoming and outflow openings in the
ends of the box. The screens elevate the foliage and other debris 4" above the baffles.
This separates the foliage from the water, capturing foliage and preventing nutrient 1oss
to the water flow. The screens are hinged and can easily swing out of the way to givea
vacuum truck accessto the lower chambers.

The screens measure approximately 3' wide, 18" tall, and run the length of the
box stopping 20" short of the outflow opening This alows for 12 horizontal inches of
unobstructed flow over the baffles along each side of the screens. In addition, the
screens are elevated 4" above the baffles allowing unobstructed flow over the baffles
and under the screens.

In order to prevent water flowing into the bafflebox during cleaning, a damper is
built into each end of the baffle box, The access lids in the top of the box will dide
down an aluminum track built into the ends of the bafflebox to make a damper. This

will stop the water flow from either or both ends, alowing faster, more effective
cleaning.




Technologies Inc.

720 Mullet Road. Suite "H"
Cape Canaveral. FL 32920
Phong(321) 799-0001 Fax 321)799-1245
www.suntreetech.com happel@suntreetech.com

Left: Inside the Nutrient
Separating Baffle Box, the
filtration screens are in the down,
working position. Foliage and
liter is captured and separated
from the lower sediment
chambers. During servicing, the
captured foliage and litter is
removed by a vacuum truck.

RO
sssss

Right: The filtration screens are hinged
up, exposing the lower sediment
chambers for easy clean out by a vacuum
truck.

Emtry Is Not Required
For Servicing
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Tecﬂnm@ll@@ﬂes Inc,
720 Mullet Road,Suite "H'
Cape Canaveral. FL 32920

Phone (321) 799-0001 Fax é@Zl) 799-1245
www.suntreetech.com happek@suntreetech.com

Nutrient Separating Bajjle Box

Sediment settles
to bottom

_ Swimming
.. Fish




The Nutrient Separating Baffle Box by Suntree Technologies inc 321-799-0001
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Appendix C

Project Documentation



Prior to Installation



Photo2: Sormwater conveyancesystem at Hemlock Gardens, prior to theingallation of the BMP.

Hemlock Gardens
Borough of HarveysL ake
L uzerne County, Pennsylvania
Growing Greener grant (ME #350385)
Funded by PA DEP




Photo 1: Roadsideswalesat Hemlock Gardensprior tothe ingallation of the gructural BMP.

Photo 2: Roadsdeswalesat Hemlock Gardensprior tothe ingallation of the sructural BMP.

Hemlock Gardens
Borough of HarveysLake
L uzerneCounty, Pennsylvania
Growing Greener grant (ME #350385)
Funded by PA DEP
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| nstallation of the BMP



Photo2: Ingallation of part of the outflow pipefor the Hemlock Gardens BMP in the fall of 2002.

Hemlock Gardens
Borough of HarveysLake
LuzerneCounty, Pennsylvania
Growing Gremner grant (ME #350385)
Funded by PA DEP
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Photo2: Ingallation of the Water Polishing Unit section of the sructural BMP.

Hemlock Gar dens
Borough of HarveysLake
LuzerneCounty, Pennsylvania
Growing Greener Grant (ME #350385)
Funded by PA DEP




Photo2: Ingallation of the Nutrient Separating Baffle Box section of the gructural BMP.

Hemlock Gardens
Borough of Harveys Lake
Luzerne County, Pennsylvania
Growing Greener grant (ME #350385)
Funded by PA DEP




Photo 1: Completed installation of theNutrient Separ ating Baffle Box section of thestructural BMP.
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Photo2: Insdeof thefirst chamber of theNutrient Separating Baffle Box.

Hemlock Gardens
Borough of HarveysLake
L uzerne County, Pennsylvania
Growing Greener grant (ME #350385)




Completed Project



Photo 1: Some of theroadsdeswalestabilizationwork that was completed as part of the project.

Photo 2: Thedructural BVP after it wasingalled at Hemlock Gardens.

Hemlock Gardens
Borough of Harveys Lake
Luzerne County, Pennsylvania
Growing Greener grant (ME #350385)
Funded by PA DEP

Princeton Hydro m i




Photo 1: Additional stabilization work completed as part of the Hemlock Gardens project.

Photo2: Vanegratetrench drain which was ingalled as part of the Hemlock Gardensproject.

Hemlock Gardens
Borough of Har veylsake
L uzer neCounty, Pennsyl vani a
Growing Greangr grant( IME #350385)
Funded by PA DEP




Photo 1; Gravd that hasaccumulated within the baffle box over the cour seof two and a half months.

Photo2: Sormwater flowingthrough the first chamber of the baffle box and into the polishingunit.

Hemlock Gardens
Borough of HarveysLake
L uzerneCounty, Pennsylvania
Growing Greener grant (ME #350385)
Funded by PA DEP




Appendix D

Raw Water Quality Data



Hemlock Gardens
Storrnwater Monitoring Program
Raw Water Quality Data

Date Sampling TP TSS
Label mg/L mg/L
14-May-01 SS-2 0.14 40
25-May-01 SS-2 0.14 35
7-Aug-01 SS-2 0.12 42
24-Aug-02 SS-2 0.01 137
24-Aug-02 HG-1 0.01 7.6
24-Aug-02 HG-2 0.03 5.5
24-Aug-02 HG-3 0.02 190.4
29-Aug-02 SS-2 <0.01 12
29-Aug-02 HG-1 0.011 4
29-Aug-02 HG-2 0.07 1062
29-Aug-02 HG-3 0.08 1178
29-Aug-02 SS-2B 0.05 47
29-Aug-02 SS-2C <0.01 14
27-Sep-02 8§S-2 0.061 46
27-Sep-02 HG-1 0.03 13
27-Sep-02 HG-2 0.05 34
27-Sep-02 HG-3 0.06 54
27-Sep-02 SS8-2B 0.04 27

27-Sep-02 8s8-2C 0.01 9
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Princeton Hydro w I
. 4

Harveys Lake is the largest natural lake, by vol-
ume, within the Commonwealth of Pennsylvania.
As a result of an increase in the frequency and
magnitude of algal blooms, as well as near shore
sedimentation and an increase in elevated counts
of fecal coliform, the Borough of Harveys Lake and
the Harveys Lake Environmental Advisory Council
was awarded funding in 1993 to conduct a US
EPA Phase | Diagnostic | Feasibility Study on the
lake. Staff of Princeton Hydro conducted the tech-
nical components of the Study, such as the devel-
opment of the pollutant (nitrogen, phosphorus,
sediments) budget, and the long-term Manage-
ment Plan.

COMPLETED BMP

Project: Hemlock Gardens Collection, Conveyance and
Treatment System
Harveys Lake, Pennsylvania

Client: Borough of Harveys Lake

Through the use of State-based Growing Greener funds, engineering services
were provided for the design and implementation of a stormwater Best Man-
agement Practices (BMP) project for an approximately 30-acre portion of the
Harveys Lake watershed. This section of watershed, known as Hemlock Gar-
dens, has steep slopes with exposed dirt roads and had no existing stormwa-
ter conveyance system. This stormwater BMP project included the installa-
tion of a large baffle box / sedimentation chamber and nutrient absorption pol-
ishing unit. The baffle box collects trash and allows particulate matter to set-
tle, while the polishing unit inactivates or "collects” incoming phosphorus be-
fore it can enter the stream that discharges into Harveys Lake. Thus, this
BMP treats the stormwater before it enters the stream.

1108 Old York Road, Suitel, P.O. Box 720
Ringoes, New Jersey 08551
908.237.5660 (p), 908.237.5666 (f),info@ princetonhydro.com

o



o mm  mm— Project: Hemlock Gardens Collection, Conveyance and
anl e— L . Treatment System
Harveys Lake, Pennsylvania
H "II .Clienl: Borough of Harveys Lake
TP (mg/L) TP (kg)
Net Removal (kg)
Date Inflow  Outflow Date Inflow Outflow
4-Aug-04 0.659 0.524 4-Aug-04 1.0196 0.8108 0.2089
12-Aug-04 0.214 0.201 12-Aug-04 1.0058 0.9447 0.0611
21-Aug-04 0.537 0.251 21-Aug-04 1.5677 0.7328 0.8349
Phosphorus removed per inch of rain
total annual rain
Annual removal
2003removal
2004removal
Mean Removal of TP (Ibs)
TSS (mg/L) TSS (kg)
Net Removal (kg)
Date Inflow  Outflow Date Inflow Outflow
4-Aug-04 1527 167 4-Aug-04  2362.6542 258.3911 2104.2631
12-Aug-04 768 55 12-Aug-04 3609.7104 258.5079 3351.2025
21-Aug-04 459 158 21-Aug-04 1339.9789 461.2563 878.7225

Raw data collected by:
Dr. Fred Lubnow [flubnow@princetonhydro.com]

Phorphorus removed per inch of rain

total annual rain

Annual removal
in 2004

pounds

0.459533926

0.13442411
1.836851194
2.430809231

0.76125027
36.74
27.97

44 .5Ibs

28lbs

36.25Ibs

Net Removal Ibs

4629.378815
7372.645425
1933.189544
13935.213784

3993.542028
36.74

146723Ibs
73.4tonnes
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