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VOLUME Il
SECTION |
INTRODUCTION
Introduction

The Mill Creek Watershed is located in the eastern portion of Lancaster County,
adjacent to the Conestoga River.

Large portions of this watershed are undeveloped with a potential for extensive growth.
The effects of this potential growth and development on drainage, flooding, and erosion
problems is a major concern for municipal officials and affected property owners.
Extensive commercial growth along U.S. Routes 30, 340, and 23 can result in
accelerated storm water runoff which has the potential of causing flooding and erosion
problems for property owners along Mill Creek. Stream water quality can also become
degraded as impervious areas grow throughout the watershed.

Storm Water Management

Storm water management entails bringing surface runoff caused by precipitation events
under control. In past years, storm water control was viewed only on a site-specific
basis. Recently, local perspectives and policies have changed, with the realization that
proper storm water management can only be accomplished by evaluating the
comprehensive picture (i.e. by analyzing what adverse impacts a development located
in a watershed's headwaters may have on flooding downstream). Proper storm water
management reduces flooding, soil and stream bank erosion and sedimentation and
improves the overall quality of the receiving streams.

Storm water management requires cooperation between the state, county and loczl
officials and involves proper planning, engineering, construction, operation and
maintenance. This includes educating the public and local officials and requires
program development, financing, revising policy, developing workable criteria and
adopting ordinances. The Mill Creek Watershed Storm Water Management Plan,
prepared under the Pennsylvania Storm Water Management Act, wil! enable continued
development to occur within the Watershed, utilizing both structural and nonstructural
measures to properly manage storm water runoff in the watershed.



SECTION Il
ACT 167

Storm Water Management Act

The Pennsylvania General Assembly, recognizing the adverse effects of inadequate
management of excessive rates and volumes of storm water runoff resulting from
development, approved the Storm Water Management Act, P.L. 864, No. 167, October
4, 1978. Act 167 provides for the regulation of land and water use for flood control and
storm water management purposes. It imposes duties and confers powers to the
Department of Environmental Protection (DEP), municipalities and counties and
provides for enforcement and appropriations. The Act requires the DEP to designate
watersheds and develop guidelines for storm water management and model storm
water ordinances (the designated watersheds were approved by the Environmental
Quality Board July 15, 1980, and the guidelines and model ordinances were approved
by the Legislature May 14, 1985). The Act provides for grants to be appropriated by
the General Assembly and administered by the Department for 75% of the allowable
costs for preparation of official storm water management plans and administrative,
enforcement and implementation costs incurred by any municipality or county in
accordance with Chapter Ill - Storm Water Management Grants and Reimbursement
Regulations (adopted by the Environmental Quality Board August 27, 1985).

Each county must prepare and adopt a watershed Storm Water Management Plan for
each of its designated watersheds in consuitation with the municipalities, and will
periodically review and revise such plans at least every five years when funding is
availablte. Within six months following adoption and approval of a watershed storm
water pian, each municipality is required to adopt or amend, and implement ordinances
and regulations as are necessary to regulate development within the municipality in a
manner consistent with the applicable watershed storm water plan and the provisions of
the Act.

Developers are required to manage the quantity, velocity, and direction of resulting
storm water runoff in a manner which adequately protects health and property from
possible injury, and must implement control measures that are consistent with
provisions of the watershed plan and the Act. The Act also provides for civil remedies
for those aggrieved by inadequate management of accelerated storm water runoff.

Purpose of the Study

There is increased sentiment statewide, as weil as local recognition, that a sound and
effective storm water management plan should be a diversified multiple-purpose plan.
This plan should address the full range of hydrologic consequences resulting from

development instead of simply focusing on controlling site-specific peak flow, without




consideration of tributary timing, flow volume reduction, base flow augmentation, water
quality control and ecological protection.

Managing storm water runoff on a site-specific basis does not meet the requirements of
watershed-wide storm water management objectives. The timing of flood peaks for
each subbasin within a watershed contributes greatly to the flooding potential of a
particular storm. Each storm water control site within a subbasin should be managed
by evaluating the comprehensive picture. The overall objective of the Plan is to
maintain peak flows throughout the watershed to existing conditions as the watershed
becomes developed.

By developing the Mill Creek Watershed Storm Water Management Plan, reasonable
reguiation of development activities can be administered to control accelerated runoff
and thus protect the health, safety and welfare of the public. The Plan shall include
recognition of the various rules, regulations and laws at the federal, state, county and
municipal level. Once implemented, the Plan will aid in reducing costly flood damages
by reducing the source and cause of local uncontrolled runoff. The Plan will make
municipalities and developers more aware of comprehensive planning in storm water
control and will also help maintain the quality of both the Mill Creek and its tributaries.

C. Plan Format

The plan format of the Mill Creek Storm Water Management Plan consists of Volume |,
Executive Summary, Volume lI, Plan Content, and the Technical Appendices. Volume |
provides an overview of Act 167 and Watershed Level Storm Water Management.

Volume Il provides the purpose of the study, data collection, identification of existing
problems, present conditions, projected and alternative land development patterns and
the model ordinance. Volume Il also assesses the impact of managing storm water by
utilizing the criteria and standards set forth in this Plan.

The Technical Appendices provide all of the supporting data, procedures, parameters
and watershed modeling.

In order to provide for planning consistency in computational methods utitized for storm
water calculations in the Mill Creek Watershed, standards and criteria had to be

established. Thus, standards were established for runoff curve numbers, rational 'C’
values, rainfall depths and intensities, and time of concentratior:s.

SECTION Il
MILL CREEK WATERSHED CHARACTERISTICS

The Mill Creek is located in the eastern portion of Lancaster County as illustrated in Figure lli-
1 and contains nine municipalities in the County as listed below.
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MILL CREEK WATERSHED - MUNICIPALITIES

LANCASTER COUNTY
Pequea Township

West Lampeter Township
East Lampeter Township
Leacock Township

Upper Leacock Township
Earl Township

East Earl Township

New Holland Borough
City of Lancaster

CONIG A WN =

Drainage Area

Mili Creek drains a total surface area of approximately 57 square miles.
The major tributaries to the Mill Creek are Groff Run, Muddy Run and Big Spring Run.

Land Use

Land use in the watershed consists of approximately 68% crop land, 8% woodland, 2%
pasture land, and 3% open space. Approximately 7% of the area is used for
commercial and industrial use, 10% residential area and 2% farmsteads. Extensive
tracts of woodland exist in the Welsh Mountains at the eastern edge of the watershed.

Although the land use in the Mill Creek Watershed is diversified, large portions of the
land is undeveloped with the potential for extensive future development.

Routes 30, 340 and 23 are the major transportation arteries within the Watershed.
Most areas of commercial and industrial development potential exist along these
routes. Residential development exists throughout the Watershed.

Table I1l-1 shows the overall land use by category within the Mill Creek Watershed.
Topography and Streambed Profile

The topography of the watershed is characterized nearly level to steep well-drained
soils in undulating broad valleys formed in residuum from limestone. The highest point
in the Watershed is an unnamed hill in the Welsh Mountains with an elevation of 1100
feet above sea level U.S.G.S. datum. The lowest point occurs at the Conestoga River
confluence with an approximate elevation of 230 feet. There is one major
impoundment in the watershed and there are many small farm ponds ranging in size
from ¥ to 1 acre. The streams generally have shallow beds which causes bottom land
flooding during prolonged rains, typically in the spring of the year. Currently, most of
the bottom land is farmed. The average stream bed slope of the Mill Creek is
approximately 0.50 percent.



The New Holland reservoir is the only major impoundment in the Mili Creek Watershed.
The reservoir is located in the Welsh Mountains near the most upgradient area in
watershed. The area which drains to the reservoir is mostly wooded and owned by the
New Holland Borough Water Authority. The location of this reservoir has little effect on
the analysis of the watershed.

Table HI-1
Land Use Status By Category
1993

| Land Use _ _ Area (acres) Percent
Commercial/industrial/institutional 2,390 7.2
Farmstead 706 20
Forest 2,857 7.9
Meadow/Grass 947 26
Open Space 1,142 3.2

|| Residential 3,470 9.6
Row Crops 24,340 67.5

D. Soils

Soil properties influence the process of runoff generation and are therefore classified
into four hydrologic soil groups, A through D. The A soils have the lowest runoff
potential and are typically sands and gravels whereas the D soils have a high runoff
potential and are typically clay soils. The majority of the soils in the watershed are of
the B and C hydrologic soil group.

The Letort-Pequea-Conestoga and the Duffield-Hagartown soils account for 95% of the
soils in the watershed. These soils are nearly level to steep weli-drained soils formed
in residuum of limestone. The Clymer-Chester soils account for the remaining 5%.
These soils are nearly level to very steep well-drained soils formed in residuum from
sandstone, micaschist and quartzite. This soil makes up the area of the Welsh
Mountains.

Climate

Lancaster County is generally cool and humid. The average annual precipitation is
about 45 inches.




Major rain producing storms, other than hurricanes, tend to have the same general
characteristics. They are slow moving storms from the south or southwest with an
abundance of moisture that has been transported from the Gulf of Mexico and
resupplied with Atlantic Ocean moisture by a strong, nearly stationary, Bermuda High.
At the same time, there is frequently a blocking high pressure area to the northeast of
Pennsyivania.

Intense local flash floods are most likely to occur in squali lines just to the east of a
slow moving north-south ariented cold front. These are usually warm weather
phenomena where afternoon heating adds to the instability of the already unstable,
moist air mass.

Large magnitude floods occurred in June 1972 and September 1975. Lesser floods
occurred in November and December 1993 and January 1996.

Description of Data Collection

1. Topography: The base map was developed using Lancaster County GIS data.
The data was gathered for the County at one inch equals two hundred feet. The
vertical interval is five feet. The coverages used for this project included land use,
roads, contours, soils, streams, municipal boundaries, zoning, urban growth
boundaries, and parks and open space. Subwatersheds were determined for the
modeling process. The subwatersheds were made into a GIS coverage and is
shown on the Subwatershed Boundary Map in the Executive Summary.

2.  Geology: Geology piays a major role in this study. Ninety-five percent of the basin
has underlying carbonate geology. This was taken into consideration when the
modeling process was completed.

3. Soils: Soils derived from the underlying bedrock (residual soils) have various
drainage properties depending upon the type of bedrock from which they evolved.
Soils derived from limestone shales and siitstones may be fairly well-drained.
S.C.S has nationally classified soils into four hydrologic soil groups, A through D.
Hydrologic soil group A is the most pervious with the least amount of naturai runon
while soils in hydrologic group D are tight, low permeable soils with high runoff
rates. Plate 1ll shows the locations of the four hydrologic soil groups for the Mili
Creek Watershed. Soils were identified from the Lancaster County Soil Surveys
of the U.S. Department of Agriculture’s Soil Conservation Service.

4. Land Cover/Land Use: Existing land use was determined from 1993 Lancaster
County GIS data. The land use coverage was delivered using the modified
Anderson Level Il procedure. The existing conditions land use maps for the Mill
Creek Watershed may be found in Plate |.



Significant Obstructions
Approximately 120 structures were field verified and analyzed with HY-8.

The obstruction capacities were then compared to the peak flow at that point derived
through the modeling process for each design storm duration and frequency. Flood
frequency relationships were then developed from each obstruction and are recorded in
tabular form in the Technical Appendix. From these flood-frequency relationships,
those obstructions found to be significant were determined. A significant obstruction is
defined as “any structure or assembly of materials which would impede, retard, cause
ponding or diversion of storm water runoff or erosion of surrounding land or stream
banks.” The obstructions were classified into seven (7) categories as follows:

- Those obstructions which are able to pass the 100-year, 24-hour storm and
greater without obstructing the flow.

- Those obstructions which are not able to pass the 100-year, 24-hour storm and
greater without obstructing the flow.

- Those obstructions which are not able to pass the 50-year, 24-hour storm and
greater without obstructing the flow.

- Those obstructions which are not able to pass the 25-year, 24-hour storm and
greater without obstructing the flow.

- Those obstructions which are not able to pass the 10-year, 24-hour storm and
greater without obstructing the flow.

- Those obstructions which are not able to pass the 5-year, 24-hour storm and
greater without obstructing the flow.

- Those obstructions which are not able to pass the 2-year, 24-hour storm and
greater without obstructing the flow.

The locations of all 120 obstructions can be found on the Pipe/Structure Capacity
Map.

Projected and Alternative Land Development Patterns in the Watershed

1. Projected Land Development Patterns

Most of the townships within the watershed are predominantly rural in nature and
largely undeveloped. Conversely, a majority of suitable land in the Borough of
New Holland has been developed. Overall, potential development pressures will
be significant based on existing zoning.
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Future development within the Mill Creek Watershed will most likely occur where
public facilities are available. Commercial and industrial development will most
likely be confined to industrial parks or areas where public water and sewer are or
will soon be available.

Table I11-2 provides an overview of the types of development that wili occur when
existing patterns are considered for each municipality within the watershed.

2. Impact of Runoff From Future Development
A Future Land Use Map was developed using existing zoning and UGB’s in
conjunction with physical limitations (wetlands, floodpiain, topography) as can be
seen in Plate Il. The potential impact of additional runoff was then evaluated by
placing the future land use conditions into the computer model and re-running the
model. A comparison of the predicted future conditions flows with and without
control of post-development flows versus the existing conditions flows for the 100-
year, 24-hour storm can be found in Table |lI-3. Other storm frequencies can be
found in the Technical Appendix. Increased development in a watershed
increases runoff peaks, volumes, and velocities. This decreases the time to peak,
increasing the frequency of flooding.
TABLE IlIl-2
Development Potential by Municipality
Based Upon Existing Patterns
in the Mill Creek Watershed
| Municipality R-1 R-2 R-3 R-4 | c
New Holland Borough — — 0 0 0 0
East Earl Township 0 X X 0 — —
Earl Township 0 X X 0 X X
Upper Leacock Township 0 X X X X X
Leacock Township 0 X 0 0 X 0
East Lampeter Township 0 X X X X X
West Lampeter Township 4] X X X X X
Pequea Township 0 0 0 —_ 0 —
City of Lancaster — — — — — —

R-1 Residential tots 2 acres to 4 acres X Major Development Impact
R-2 Residential lots ¥z acre to 1 acre O Minor Development Impact
R-3 Residential lots ¥ acre to 4 acre —  No Development Impact
R-4 Residential lots ¥ acre or less

I Industrial

C Commercial



TABLE 1ll-3 ,
I 100 Year Storm of 24-hour Duration !
Subarea Number Present Conditions (CFS3) Future with No Control (CFS) | Future With SWM Control (CFS)
Per This Plan . ‘
1 10051.0 10852.6 10325.4 |
2 10152.9 10955.0 10401.8 ,
3 102313 11031.3 104542 ‘
4 10181.7 ] 10973.5 10398.9
5 10263.9 11056.8 10456.5 ‘|
6 10455.7 112481 10588.0 -
7 2308.2 2477.0 1868.0 1
8 644.3 690.2 6337 |
9 478.9 478.9 478.9
10 20031 21736 1541.1
1" 10241 1162.6 511.0
12 427.5 485.5 213.0
13 10078.4 10848.5 10068.9
14 10413.0 11210.2 10287.7
15 868.3 843.5 §78.5
16 5720 572.0 572.0
17 104171 112125 10257.9
18 103541 11148.2 10196.9 }
19 10399.1 111825 10187.7
20 1733.2 2154.4 1047.0 i
21 82286 1139.3 617.0
22 10160.2 10893.7 9778.4 ]
23 10045.6 10776.6 9730.3
24 9292.6 9895.0 8641.2 j‘
25 2806.1 3366.6 26416 7
26 10300.7 11059.5 9998.4 *
27 9446.7 10065.4 87227 |
28 10181.7 10937 .4 88736 i
29 10447 5 11224.7 101701 | ‘
30 10431.8 11203.3 10130.6
3 9555.5 106190.2 8736.6




Subarea Number

Present Conditions (CFS)

Future with No Control {(CFS)

Future With SWM Control (CFS)

32 2356.7 2538.5 21069

33 22129 23997 1960.7

34 7124 4 7597 .4 6537.2

35 7123.2 7602.7 6500.2

36 6207.9 6693.6 5619.6

37 72341 7725.8 6507.6

38 7743 7743 774.3

39 9537 1203.3 476.9

40 4397.3 4810.3 37225

41 1109.9 1212.8 555.0

42 6463.8 6974.9 5650.8

43 6618.1 7209.1 5478.6

44 5548.0 5960.4 4736.5

45 21041 2287.4 1865.3

46 15575 1657.5 1557.5

47 627.8 627.8 627.8

48 This Subarea | Number was not used

49 553.0 553.0 553.0
50 4420 442.0 442.0
51 51997 5616.3 44117
52 2826.3 3064.2 2524.8
53 33304 36726 27203
54 21823 25259 1567.8
55 5196 60s.1 259.9
56 1189.4 1208.8 1185.2
57 7351 7351 7351

58 544.3 5443 544.3
59 202.8 202.8 202.8
60 104861 11263.8 10208.2
61 102458 11002.6 9945.1
62 34996 37681 32488
63 24235 2641.2 1806.4
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l. Present and Projected Development in the Flood Hazard Areas

1.

Present Conditions

The U.S. Department of Housing and Urban Development, Federal Insurance
Administration has prepared a flood insurance study for several municipalities in the
Mill Creek Watershed. The areas studied by detailed methods were known flood
hazard areas and areas of projected development. Those areas studied by
approximate methods were those areas having low development potential or
minimal flood hazards.

Table llI-4 summarizes the status of available flood data for the various township
and streams.

TABLE (14
Available Flood Insurance Studies

Municipality Stream Agency Type of Study

East Earl Township Mill Creek FEMA Detailed

Eart Township Mili Creek FEMA Approximate

New Holland Borough None

East Lampeter Township Mill Creek FEMA Detailed/Approximate

West Lampeter Township Mill Creek FEMA Detailed/Approximate

Upper Leacock Township Mill Creek FEMA Approximate

teacock Township Mill Creek FEMA Approximate
Muddy Run FEMA Approximate

Pequea Township Mill Creek

City of Lancaster * Mill Creek FEMA Detailed

FEMA - Federal Emergency Management Agency
* Detailed Study included in West Lampeter Township Study

Detailed methods included hydrologic computations and detailed HEC-2 backwater
computations. The areas studied by detailed methods were selected with priority
given to all known flood hazard areas and areas of projected development and
proposed construction. Approximate analyses were used to study those areas
having low development potential or minimal flood hazards.

At present, the 100-year floodplain within the Mill Creek Watershed is primarily

cultivated fields and meadow lands. However, several residential and commercial
areas along the Mill Creek and its tributaries lie within the floodplain.

11




Table I11-5 outlines the type of development and land use which infringe upon the
floodplain by township, general location and creek or tributary.

TABLE lil-5
Mill Creek
Present Residential and Commercial Areas

Within 100-Year Floodplain
_— ]

Township/Borough Stream Land Use Which Infringes General Location
on Flood Boundary

City of Lancaster Mill Creek None Not appticable

New Holland None None Not applicable

Pequea None None ‘ Not applicable

East Earl None None Not applicable

Earl Mill Creek Residential Airport and Trailer
Roads

Upper Leacock Mill Creek None Not applicabie

Leacock Mill Creek None Not applicable

East Lampeter Mill Creek None Not applicable

West Lampeter Mill Creek Residential Linden Avenue and
Mill Creek Road

2. Future Conditions

As can be seen from the projected Future Land Use Map, Plate |l, the potential for
development in the floodplains is great. However, the 100-year flood elevation was
determined on the land use characteristics at the time of the study and does not
account for increased runoff due to developmental pressures. Therefore, the
potential for future flooding would increase as development continues if this
Watershed Storm Water Management Plan were not adopted. The trend would be
that flood elevations would not rise significantly on broad, levz| floodplains but the
floodplains would expand considerably in width, whereas in streams with steep
embankments, the flood elevation would most likely increase significantly with littie
increase in the floodplain width. Increased flows from developing watershed
conditions would also widen the current floodway widths in many instances, thus
resulting in the potential for existing development to infringe on the floodway. With
the implementation of the Plan, the 100-year flood elevation at a particular site
should be no higher in the future than it is now, if development is not allowed to
encroach into the delineated floodplain.

12



Survey Existing Drainage Problems and Proposed Solutions

There were no significant flooding problems reported on the WPAC survey or mentioned
at any WPAC meeting. Minor inconveniences such as roadways becoming flooded in
rural areas and minor street flooding in New Holland Borough do exist. This is not
uncommon considering most of the Mill Creek and its tributaries flow through agricultural,
forest, and rural development.

Erosion and Sedimentation (E&

The LCCD is responsible for administering Title 25, Chapter 102 (Erosion Regulations
Control). These regulations address accelerated erosion and the resulting sedimentation
from earthmoving activities. Permanent stabilization of exposed areas and proper
stabilization of channels of conveyance will reduce these problems.

Although the initial survey did not indicate the occurrence of erosion and sediment
problems, it should be noted that stream bank erosion problems are evident throughout
this watershed. Most complaints about erosion are the result of poor farming practices.

Culverts and Qutlets

The minor problems identified above are the result of inadequately sized culverts which
traverse State roads, Township roads, or private access roads. The typical solution
involves performing a hydrologic study to determine pipe size and replacing the pipe with
a properly sized unit. Costs are borne by the owner of the road.

Bridges

Many bridges reach capacity on an annual basis. The proposed solutions involve
performing hydrologic studies and increasing the hydraulic capacity underneath the
roadway.

Channels of Conveyance

Problem areas on channels of conveyance were identified in the watershed. These sites
consist of road ditches and drainage ditches that extend to and from these roads. These
problems are often associated with undersized culverts. Typically, these channels of
conveyance are undersized and have excessive flow velocities which cause scouring of
the channel. The resulting down stream sedimentation further reduces capacity and
causes increased road maintenance costs. Inadequate channel capacities result in
flooding of adjacent properties. Solutions consist of increasing channel capacity,
stabilizing drainageways with appropriate material and, in some cases, providing positive
drainage to extend the channels to existing drainage systems.
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Streams

The minor problems listed above include eroding stream banks. Proposed solutions
consist of stabilizing the banks using rock rip-rap, cribbing, or geotextiles.

Flooding

The minor problems listed above are flooding in nature. Most of these are caused by
inadequate conveyance systems in developed areas or undersized culverts and bridges.

Existing and Proposed Storm Water Collection Systems

The only storm sewer system is located in the Borough of New Holland. Generally, small
diameter trunk lines feed into the natural channels avoiding any iarge collector main.
The design storm that the system is capable of handling is indeterminate since many of
the pipes were installed prior to standards being adopted. The projected life span is
good with general maintenance required for removal of debris at inlets and pipe and
manhole cleaning. Expansion capabilities are limited due to existing capacities, the
general built-out nature of the Borough, and topography.

Existing and Proposed State, Federal and Local Flood Control Projects

No Federal or local filood control projects exist or are known to be proposed at this time.
Storm Water Collection and Control Facilities

Due to the nature of the watershed and the fact that the largest projects are constructed
by the private sector, there are no municipal storm water collection and control facilities
proposed for the next ten years. The cost, design capacity, construction and operation of
these private facilities cannot be projected at this time since they occur on a case-by-
case basis as a developer buys land, submits plans, and develops the tract. Typically,

the cost of such facilities are paid through the developer’s financing with costs
transferred to the buyer.

SECTION IV
WATERSHED TECHNICAL ANALYSIS - MODELING
Watershed Modeling
An initial step in the preparation of this Storm Water Management Plan was the
identification of the storm water runoff simulation mode! to be utilized. A number of

widely accepted computer models are available each of which has its own forte,
however, for this study, it was necessary to select a model which:
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- Could model design storms of various durations and frequencies to produce
routable hydrographs which could be combined.

- Was adaptable to the size of subwatersheds in this study.
- Could evaluate specific physical characteristics of the rainfall-runoff process.
- Was capable of utilizing GIS coverages to provide model input.

The model comparison yielded the decision that the Geostorm GIS “front end” for TR-20
would be utilized for the following reasons:

- TR-20 had been developed by the hydrology branch of the Soil Conservation
Service (SCS) specifically for the analysis of the timing of surface flow contributions
to peak rates at various locations in a watershed.

- The data requirements make it easily adaptable for input from GIS.
- input parameters provide a flexible calibration process.

- It has the ability to analyze reservoir or detention basin routing effects and location
on the watershed.

- It is accepted by the Pennsylvania Department of Environmental Protection.

Calibration Process

In order to model a watershed with confidence and reliability, the chosen computer modei
should be calibrated against actual field data or actual storm events. There are,
however, no recording stream gauges located on the Mill Creek, therefore, stream flow
records for particular storm events are nonexistent. The model runs were checked using
the detailed studies completed for FEMA. Some correlation was found, but the limited
hydrology analysis completed for the FEMA study could not be used as the only
calibration check for the model. The unique shape of the basin resulted in peak flow
rates being generated at the confluence of the Mill Creek and Groff's Run and being
routed downstream to the confluence of the Mill Creek with the Conestoga River. No
other verification of the model was available.

Modeling Process

The Mill Creek Watershed was subdivided into 62 subwatersheds for modeling purposes.
Considerations in the subdivision process were: location of obstructions, known
flooding, drainage or erosion problems, zoning, and tributary confluences. The most
downstream point of each of these areas was considered a “point of interest” in which
increased runoff was analyzed for its pctential impact.
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The ultimate goal for selecting the key points of interest was to provide overall watershed
storm water runoff control through effective control of individual subarea storm runoff.
Thus, comprehensive control of storm water runoff for the entire watershed can be
achieved through storm water management in each subbasin.

The watershed was modeled to determine the hydrologic response for the 2, 5, 10, 25,
50 and 100-year storm events for the 24-hour storm, the results of which can be found in
the Technical Appendix.

The modeling process addressed.

- peak discharge values at various locations along the stream and its tributaries;
- time to peak for the above discharges;

- runoff contributions of individual subareas at selected downstream locations;,

- flow values contained in the channel and overflow values, and

- overall watershed timing.

Additional model runs were made for the purpose of assessing alternative storm water
management approaches. This involves an evaluation of constant vs. variable release
rate options.

SECTION V
STANDARDS AND CRITERIA FOR THE CONTROL OF STORM WATER

Performance Standards

An engineering evaluation of the applicability of various calculation methodologies was
conducted as part of the Plan preparation and was supported by previous research.
Typical subwatersheds varying in size were selected to evaluate desktop methods for
determining onsite runoff. The results were compared with the calibrated TR-20 resulits.
Figure IV-1 shows a comparison of three calculation methodologies for one-acre lots.
The conciusions drawn from the analysis are that, utilizing the Soil Conservation Service
curve numbers and rational 'C’ values specified in Ordinance Appendix B, either the
curve number method or rational method can be used to determine pre- and post-
development runoff peak rates.

The rational method only determines peak rates, however. The design of any detention
facility would have to include a routing of the calculated runoff through the basin.
Routing refers to the calculation process of taking the post-development runoff and
determining if the detention facility’s stage/storage/discharge characteristics are
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adequate. The hydrograph can be generated through the use of the PSUHM program
and the PennDOT IDF curves, where the peak intensity occurs at 3 times the Tc and the
storm length is 10 times the Tc. This hydrograph is similar to the SCS Type || 24-hour
hydrograph.

A Rational
g SCS TRSES

30

Figure IvV-1
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The performance standards and criteria that have been developed through the
watershed modeling analysis are summarized inTable V-1.

TABLE V-1
CRITERIA & STANDARDS
——-———-———-———-——_—__—_,—__—_——1——————-—_#_"—'——__
STANDARD BENEFIT
tor ater Managemen No increase in runoff on a watershed wide
Release rates vary by Districts. basis, storm water detention and attenuation
Design Storm No increase in runoff in entire range of design
Consideration to be given to the 2, 10, 25, 50, storms, continued surface and groundwater
and 100 year design storms. quality.

Floodplains Ait floodplains shall not be filled so | Natural storm water detention/flood control
as to reduce the storage capacity. downstream. Protection of existing
conveyance capacity.

Hydrologic Soils Groups A & B All development | Groundwater/stream base flow recharge, flow
proposed in hydrologic soil groups A & B should | attenuation.

investigate the implementation of infiltration or
retention structures for the Storm Water Control
measures as opposed to surface detention. This
also pertains to the portions of the watershed
that have storm sewers. Recharge structures
installed prior to tapping into the storm sewers
are recommended where soils and physical
conditions permit.

Existing Storm Sewers or Culverts Discharge Preserve sewer/culvert capacity thereby
into existing sewer networks or culverts wili be reducing O & M and replacement costs.
based on system capacity or design storm(s),
whichever is more restrictive.

Roof Drains, Residential/Commercial Prevent Promotes infiltration, flow attenuation and

all roof drains from discharging into storm increases runoff time of concentration, flow
sewers, roadside ditches or channels. attenuation.

Discharge to lawns, recharge basin or storage

facilities.

Discharge of Accelerated Runoff Accelerated Safe conveyance, continued surface and
storm water runoff shall not be discharged info groundwater quality, flow attenuation.
drainage patterns and storm sewers as it may
adversely affect properties or cause channel
scouring and erosion.
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Inappropriate Qutlets If outlet from storm water
conveyance systems from a development site to
a stream, tributary, stabilized channel, or storm
sewer is not possible, runoff shall be collected in
a detention/retention facility and discharge at a
nonerosive rate. Outlets discharging onto
adjacent property owner’s properties must have
adjacent property owner's written permission.

Safe conveyance, continued surface and
ground water quality, storm water detention,
flow attenuation.

Pervious Surfaces The use of pervious
materials will be encouraged for parking
surfaces and sidewalks.

Infiltration, groundwater recharge.

Structures Concentrate on locating facilities
within areas conducive to recharge and design,
accommodate recharge to meet release rate
requirements.

Infiltration, groundwater recharge, stream base_ j

flow.

1

Wetlands Network regulatory agencies
involvement within wetland areas.

Infiltration, structure integrity, surface water
quality, safe conveyance, stream, culvert, and
channel capacity.

Steep Slopes Regulate activities in critical
slope areas where management of storm water
by structure is inappropriate.

Stream base flow, flow attenuation conveyance
integrity, surface water quality.

Note: See Volume | and the Model Ordinance for more detailed standards and criteria.

1. Description of Performance Standard Districts

In performing the tasks for the Mill Creek Watershed Plan under Act 167, the goal
was to provide a runoff control strategy which should be implemented so as not to
increase stormwater runoff anywhere in the Mill Creek basin. It was also important
to determine to what extent storm water detention would be required in individual
subareas. Individual subareas would fall into one of three districts:

a. One Hundred Percent Predevelopment Release Rate: In these subareas it was

determined to be advantageous not to over detain the runoff volume.

Development areas which can be discharged directly to the main channel may
do so if discharge will not cause an erosion problem. Other areas in these
basins may discharge 100% of the predevelopment runoff rate. This is an
effort to direct the storm flows to the Mill Creek before the peak flow rate

arrives.

b. Seventy-five Percent Predevelopment Rate: In these subareas it was
determined to be advantageous not to over detain the runoff volume; however,
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100% release rates could not be permitted without damage to tributary streams
before reaching the Mill Creek.

c.  Fifty Percent Predevelopment: In these subareas it was determined to be
advantageous to over detain the storm water flows at development sites so as
not to increase peak flows on Mill Creek. Most of these subareas directly
contribute to the peak flows.

Development in the 100% release rate subareas designated on the Subwatershed
Boundary Map as 100% predevelopment flow rate areas must convey the generated
storm water runoff to a stream or watercourse in a safe manner. The design must
manage the quantity, velocity and direction of resulting storm water runoff in a
manner which adequately protects health and property from possible injury pursuant
to Act 167, does not overtax existing drainage facilities, and does not cause erosion
or sedimentation. Anyone who proposes no detention for greater than the 2-year
storm must show that the downstream natural or man-made channel or watercourse
has the capacity within its banks to convey the 2-year design storm at velocities
which are not erosive. Acceptable velocities shail be based upon criteria contained
in the PADEP “Erosion and Sediment Pollution Control Program Manual.” The flows
from the site must also be safely conveyed by the stream and its overbanks without
causing additional erosion or sedimentation, or creating any damage, safety or
property hazard. The post-development flow greater than pre-development flow can
only be released if it does not aggravate a significant obstruction or existing
problem area as identified on Pipe/Structure Capacity Map, Volume Il. If it would,
proper storm water management, obstruction replacement or standard detention
would be required. Any increase in flow from the 50-year storm not carried by
downstream drainage facilities must be addressed and, where necessary, additional
controls installed to assure upstream collection of this water by control facilities
where required by the storm water design in accordance with Chapter 105, as well
as any local ordinances.

Proper analysis of channel capacity downstream of a development site for the
purpose of discharging greater than pre-development peak flow rates is essential
for insuring that the goal of not creating any new problem areas or aggravating
existing drainage problem areas is achieved. [he analysis must include the
assumption of complete build-out of the tributary areas to the channel being
evaluated based upon the Future Land Use Map (Plate Il, Volume [l) or the latest
zoning revision after Plan adoption. Also, storm water contrc! measures consistent
with the Plan must be assumed in analyzing projected development tributary to the
point of evaluation.

Culverts, bridges, stream enclosures, or any other facilities proposed within an area
where no detention is required, must pass flows for the 50-year design storm
without causing a backwater that would act as a “detention basin” in conformance
with Chapter 105 criteria or other local ordinances. Such facilities shall allow an
unimpeded flow to be conveyed.



Stream channels, water courses or other conveyance facilities may be improved to
meet the above requirements and alleviate exiting capacity deficiencies as long as
local, state, and federal requirements are met and perinits obtained.

Any proposed facilities that constitute stream enclosures, channel modifications, or
dams, as regulated in PADEP Chapter 105 regulations (as amended or replaced
from time to time by PADEP), shall be designed in accordance with Chapter 105
and will require a permit from PADEP. The definition of a dam is defined in Chapter
106 regulations. Any roadway crossing, including pipes, bridges, storm sewers or
any other drainage conveyance facilities, or any work involving wetlands as
described in PADEP Chapter 105 regulations, shall be designed in accordance with
Chapter 105 regulations and may require a permit from the Department. Any
roadway crossing any facility located within a PADOT right-of-way must meet
PADOT minimum design standards and permit submission requirements.

ub-Regiona! (Combined Site} Storage

Traditionally, the approach to storm water management has been to control the
runoff on an individual site basis. However, there is a growing commitment to
finding cost-effective comprehensive control techniques which both preserve and
protect the natural drainage system. In other words, two developers developing
sites adjacent to each other could pool their capital resources to provide for a
community storm water storage facility in the most hydrologic advantageous
location.

The goal should be the development and use of the most cost-effective and
environmentally-sensitive storm water runoff controls which significantly improves
the capability and flexibility of land developers and communities to control runoff
consistent with the Mill Creek Management Plan and the release rates set forth.

An advantage to combining efforts is to increase the opportunity to utilize storm
water control facilities to meet other community needs. For example, certain storm
water control facilities could be designed so that recreational facilities such as fall
fields, open space, volleyball, etc. could be incorporated. Natural or artificial ponds
and lakes could serve both recreational and storm water management objectives.

To take this concept a step further, there is also the possibility that the storm water
could be managed “off-site;” that is, in a location of the property(s) in question.
There could be publicly owned detention, retention, lake, pond or other physical
facilities to serve multiple developments. The design and release rate would need
to be consistent with the Plan.

“No Harm Qption”

For any proposed development site not located in a provisional no detention district,
the developer has the option of using a less restrictive runoff control (including no
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detention) if the developer can prove that “no harm” would be caused by
discharging at a higher runoff rate than that specified by the Plan. Proof of “no
harm” would have to be shown from the development site through the remainder of
the downstream drainage network until there is no additional flow increase. Proof of
“no harm” must be shown using the capacity criteria specified in Section 303.C of
the Model Ordinance if downstream capacity analysis is a part of the “no harm’
justification.

Attempts to prove “no harm” based upon downstream peak flow versus capacity
analysis shall be governed by the following provisions:

a. The peak flow values to be used for downstream areas for the design return
period storms (2-, 5-, 10-, 25-, 50-, and 100-year) shall be the values from the
calibrated TR-20 Model for the Mill Creek Watershed. These flow values
would be supplied to the developer by the County upon reguest.

b. Any available capacity in the downstream conveyance system as documented
by a developer may be used by the developer only in proportion to his
development site acreage relative to the total upstream undeveloped acreage
from the identified capacity (i.e. if his site is 10% of the upstream
undevelopment acreage, he may use up to 10% of the documented
downstream available capacity).

c. Developer-proposed runoff controls which would generate increased peak flow
rates at documented storm drainage problem areas would, by definition, be
precluded from successful attempts to prove “no harm,” except in conjunction
with proposed capacity improvements for the problem areas consistent with
Section 303.C. of the Model Ordinance.

Any “no harm” justifications shall be submitted by the developer as part of the
Drainage Plan submission per Article IV of the Model Ordinance.

“Match Pre-existing Hydrograph”

Developers and/or landowners will have the option to provide infiltration facilities
allowing the post-development hydrograph to match the pre-existing hydrograph for
the site. This will be most useable for small subdivisions in the 50% pre-
development runoff rate areas.

“Hardship Option”

The development of the Plan and its standards and criteria was designed to
maintain existing peak flows throughout the Mill Creek Watershed as the
watersheds become developed. There may be certain instances, however, where
the standards and criteria established are too restrictive for a particular landowner
or developer. The existing drainage network in some areas may be capable of
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safely transporting slight increases in flows without causing a problem or increasing
flows elsewhere. If a developer or homeowner cannot reasonably meet the storm
water standards due to lot conditions or if conformance would become a hardship to
an owner and the developer/homeowner can demonstrate “no harm® if the hardship
waiver is granted, the hardship option may be applied. The landowner would have
to plead their case to the municipal officials with the final determination made by the
municipality. Any landowners pleading the “hardship option” will assume all
liabilities that may arise due to exercising this option. in cases where the hardship
option is requested, it will be the applicant’s responsibility to notify adjacent and/or
affected property owners and municipalities and provide written proof of the
notification. Financial obligations are not considered a hardship.

Pequea Township and the City of Lancaster will not be required to update the
current Storm Water Management Ordinances for the areas which flow to the Mill
Creek. Pequea Township has only 80 acres which flow to the Mill Creek. These 80
acres are located on a preserved farm. All areas which are within the City of
Lancaster which flows to the Mill Creek and not developed are owned by the County
and are located in Central Park. Any structures constructed by the County of
Lancaster in Central Park must meet the standards set forth in the existing
LLancaster City Ordinance for storm water management.

Watershed Level Runoff Controi Philosophy

One option in watershed-wide storm management is to control runoff using regional
facilities. Developers could pool their capital to build a regional detention basin at a
strategic location in place of installing basins on each individual site.

It has been concluded that due to the existing development and road patterns in the
watershed, wetlands and land ownership considerations, there are no potentially viable
regional basin locations available.

SECTION VI

ALTERNATE RUNOFF CONTROL TECHNIQUES
AND THEIR EFFICIENCY IN THE WATERSHED

Storm water Controls

As indicated in Volume |, each developer must not allow the runoff from his site to
exceed the applicable release rate applied to the subwatershed in which the site is
located. This runoff control can be obtained in a number of different ways. Table VI-1
indicated a general overview of measures that can be applied to reduce or delay storm
water runoff while Table VI-2 shows the advantages and disadvantages for several types
of runoff control measures. It will be up to the developer or the developer's engineer to
select the technique that is the most appropriate to the type of project and physical
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characteristics of the site. Effective measures for reducing peak rates of runoff are not
limited to those listed in Table VI-1.

in determining what measures or combination of measures to instali, the following
parameters should be considered:

- Soil characteristics (hydrologic soil group, [i.e. permeability], erodibility, etc.)

- Subsurface conditions (depth to seasonal high water table, bedrock, etc.)

- Topography (steepness or slope, earthcut)

- Existing drainage patterns (nearby streams, swales, and flooding potential)

- Economics

- Advantages and disadvantages of each technique.

Infiltration structures are encouraged for soils with an A or B hydrologic rating (see Plate
I1). Innovative approaches are encouraged to aid in meeting the applicable release rate

percentage. The general suitability of individual runoff control measures in the Mill
Creek Watershed are listed in Table Vi-3.
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TABLE VI-1

VARIOUS ON-SITE STORM WATER CONTROL METHODS

M S
AREA REDUCING RUNCFF

DELAYING RUNOFF

Large Flat Roof 1. Cistern storage
2. Rooftop gardens
3. Pool storage or fountain

1. Ponding on roof by constricted
downspouts
2. Increasing roof roughness

a. Gravel parking lots
b. Porous or punctured
asphalt
2. Concrete vaults and cisterns
beneath parking lots in high value
areas
3. Vegetated ponding areas
around parking lots
4. Gravel trenches

storage a. Rippled roof
b. Graveled roof
Parking Lots 1. Porous pavement 1. Grassy strips on parking lots

2. Grassed waterways draining
parking lot

3. Ponding and detention
measures for impervious areas
a. Rippled pavement
b. Depressions
c. Basins

Residential 1. Cisterns for individual homes or
groups of homes
. Gravel driveways (porous)
. Contoured landscape
. Ground-water recharge
a. Perforated pipe
b. Gavel (sand)
¢. Trench
d. Porous pipe
e. Dry wells
5. Vegetated depressions

N

Reservoir of detention basin
Planting a high delaying grass
(high roughness)

Gravel driveways

Grassy gutters or channels
Inureased length of travel of
runoff by means of gutters,
diversions, etc.

N -

ohw

. Gravel alleys
. Porous sidewalks
. Mulched planters

General

WN -

1. Gravel alleys

Source: Urban Hydrology for Small Watersheds. Technical Retease No. 55
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MEASURE

ADVANTAGES AND DISADVANTAGES OF VARIOUS
ON-SITE STORM WATER CONTROL METHODS

TABLE VI-2

ADVANTAGES

DISADVANTAGES

A. Cisterns and
Covered Ponds

. Water may be used for:

a. Fire protection

b. Watering lawns

¢. Industrial processes
d. Cooling purposes

. Expensive to install

Cost required may be restrictive if
the cistern must accept water from
large drainage areas

Requires slight maintenance

protection for building (roof
water may be trapped in case
of fire)

2. Reduce runoff while only 4. Restricted access
occupying small area 5. Reduces available space in
3. Land or space above cistern basements for other uses
may be used for other
purposes
B. Rooftop Gardens | 1. Esthetically pleasing 1. Higher structural loadings on roof
2. Runoff reduction and building
3. Reduce noise levels 2. Expensive to install and maintain
4. Wildlife enhancement
C. Surface Pond 1. Controls large drainage areas | 1. Requires large areas
Storage (usually with low release 2. Possible pollution from storm water
residential areas) | 2. Esthetically pleasing and siltation
3. Possible recreation benefits 3. Possible mosquito breeding areas
a. Boating 4. May have adverse algae blooms as
b. Ice skating a result of eutrophication
c. Fishing 5. Possible drowning
d. Swimming 6. Maintenance problems
4, Aquatic life habitat
5. Increases land value of
adjoining property
D. Ponding on Roof 1. Runoff delay 1. Higher structural loadings
by constricted 2. Cooling effect for building 2. Clogging of constricted inlet
Downspouts a. Water on roof renuiring maintenance
b. Circulation through 3. Freezing during winter (expansion)
3. Roof ponding provides fire 4. Waves and wave loading
5.

Leakage of roof water into building
(water damage)
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E.

Increased Roof
Roughness

a. Rippled roof
b. Gravel on roof

. Runoff delay and some
reduction (detention in ripples

or gravel)

. Somewhat higher structural

foadings

Porous pavement

(parking lots and

alleys)

a. Gravel

b. Holes in
impervious
pavements (V4
in. diameter)
filled with sand

—

Runoff reduction (a and b)
Potential groundwater
recharge (a and b)

Gravel pavements may be
cheaper than asphalt or
concrete (a)

. Clogging of holes or gravel pores .

(a and b)
Compaction of earth below

pavement or gravel decreases
permeability of soil {a and b)
Ground-water pollution from salt in

winter (a and b)

Frost heaving for impervious

pavement with holes (b)
Difficult to maintain

Grass or weeds could grow in

porous pavement (a and b)

. Grassed channels

and vegetated
strips

. Runoff delay

Some runoff reduction
(infiltration recharge)
Esthetically pleasing
a. Flowers

b. Trees

Sacrifice some land area for

vegetated strips

Grassed areas must be mowed or
cut periodically (maintenance

costs)

Ponding and

detention

measures on

impervious

pavement

a. Rippled
pavement

b. Basins

c. Constricted
iniets

Runoff delay (a, b, and c)

2. Runoff reduction (a and b)

XN

. Somewhat restricted movement of

vehicle (a)

Interferes with normal use (a and ¢
Damage to rippled pavement

during snow removal (a)

Depressions collect dirt and debris

(a, b, and c)

R
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|. Reservoir or
detention basin

—

W

. Runoff delay

Recreation benefits

a. Ice skating

b. Baseball, football, etc. if
land is provided

Esthetically pleasing

Could control large drainage

areas with low release

1. Considerable amount of land is
necessary

2. Maintenance costs

a. Mowing grass

b. Herbicides

c. Cleaning periodically (silt
removal)

Mosquito breeding area

Siltation in basin

W

J. Converted septic
tank for storage
and ground-water
recharge

. Low installation costs

Runoff reduction (infiltration

and storage)

Water may be used for:

a. Fire protection

b. Watering iawns and
gardens

c. Ground-water recharge

1. Requires periodic maintenance (silt

removal)

Possible health hazard
Sometimes requires a pump for
emptying after storm

W N

K Ground-water
recharge
a. Perforated pipe
or hose
b. French drain
c. Porous pipe
d. Dry well

Ny =

Runoff reduction (infiltration)

. Ground-water recharge with

relatively clean water

May supply water to garden
or dry areas

Little evaporation loss

1. Clogging of pores or perforated
pipe

2. Initial expense of installation
(materials)

L. High delay grass
(high roughness)

1.
2.

Runoff delay
Increased infiltration

1. Possible erosion or scour
2. Standing water on lawn in
depressions

Source: Urban Hydrology for Small Watershed Technical Release No. 55
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TABLE VI-3

SUITABILITY OF RUNOFF CONTROL MEASURES
IN THE MILL CREEK WATERSHED

Cisterns and Covered Ponds

Recommended in industrial parks where water could be used for fire protection;
expensive to install with limited benefit. Low maintenance costs (usually requires
periodic sediment removal); good for receiving stream'’s water quality since no
outflow.

Rooftop Gardens

Not recommended in this watershed due to its rural nature.

Surface Pond Storage

Recommended where pond sites exist or on more porous soils (A and B) for
groundwater recharge. Relatively inexpensive to install and maintain. Helps entrap
sediment to improve water quality of receiving stream.

Ponding on Roof, Constricted Downspouts

Possible in the Borough of New Holland or on large public buildings. Required
structure modifications usually expensive. Low maintenance costs unless leaks
occur. Typically “warms” water that could affect receiving water.

increased Roof Roughness

Possible for industrial, commercial and public buildings. Relative effectiveness
minimal on a watershed-wide basis. Moderate installation costs; little maintenance
costs. “Warms” runoff.

Porous Pavement

Highly recommended where possible, especially in A and B soils and large parking
facilities. Promotes groundwater recharge. Moderate in expense compared with
typical paving, however, less land intensive if surface detention would be required.
Low maintenance costs.

Grassed Channels and Vegetated Strips

Recommended wherever possible throughout the watershed to slow velocity and
reduce erosion. Minimal slopes (greater than 0.5%) recommended, could entrap
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10.

11.

sediment to improve water quality. Low installation and maintenance costs.
Promotes infiltration.

Ponding and Detention on Pavement

Recommended in entire watershed except in “no detention” areas. Tends to warm
water that could affect receiving water. Very inexpensive with low maintenance
costs. Freezing should be considered. Entraps some pollutants.

Reservoir or Detention Basin

Recommended in entire watershed except in “no detention” areas. Relatively easy
to implement. Moderate installation and maintenance costs. Aids in entrapping
some sediment which improves water quality.

Groundwater Recharge

Recommended in A and B soils and in broad flat valleys where minor elevation
drops preclude typical detention basin outlets.

High Delay Grass and Routing Flow Over Lawns
Recommended in the entire watershed. Delays runoff, entraps sediment, reduces

velocities, reduces erosion potential and improves water quality of receiving
watercourse. Relatively inexpensive installation and maintenance costs.

Best Management Practices

Water quality problems resulting from storm water runoff have necessitated the
development of innovative pollution and runoff control practices termed best
management practices (BMP’s). Current literature offers many examples of such
practices proposed to solve specific storm water quality problems. Below is a summary
of recommended practices based upon three separate categories. In addition, detailed
information and standards are included in Appendix D of the Model Ordinance, which
follows. Additional information on effects of storm water on ground water quality can be
found in the Water Resources part of the Lancaster County Comprehensive Plan.

1.0 Pollution Source Controls are practices intended to improve water quality by

reducing the generation and accumulation of potential runoff at or near their
sources. These would include:

1.1 Street Sweeping - Sweeping, vacuuming, controlled flushing or otherwise
cleaning streets, parking lots and other paved vehicular traffic areas. This
removes dry-weather accumulations of pollutants before they are washed into

streams.
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1.2

1.3

1.4

1.6

1.6

Solid Waste Collection and Disposal - Municipal collections of refuse such as

leaves which would otherwise be dumped in a place which would wash into the
stream. Public education is important.

Fertilizer Application Control - Preventing fertilization near streams, waterways,
lakes and ponds, and insuring that lawns are not over-fertilized keeps nutrients

from entering the streams. Public education, the need for soil testing to
determine fertilizer needs, and application timing are important factors in
reducing nutrient loads to surface waters.

Pesticide Use Control - Again, public education on proper use, application
rates, equipment cleaning, disposal of unused chemicals and containers,

storage and alternate pest control compounds is recommended with limitations
placed on their use.

Highway Deicing Compound Control - Highway deicing compounds in storage

and application sites run off the land and pollute streams. Proper storage and
application of deicing compounds is recommended with limitations placed on
their use.

Nonpoint Source Pollution Control on Censtruction Sites - Proper erosion and

sediment pollution control on construction sites is important in reducing solids
and phosphorus transported to receiving waters. Such concepts may include
sedimentation basins, storm sewer inlet protection, proper refuse disposal,
dust control, designated equipment cleaning areas, etc.

2.0 Runoff Controls are practices aimed primariiy at runoff rate and volume control,
however, they also provide some degree of storm water treatment. Many typical
runoff control measures can be easily modified to provide a higher degree of
pollution control. Described below are the quality control aspects of runoff control

measures.

2.1

2.2

2.3

Dry Detention Basin - A typical detention basin remains dry between periods of
rain events. Its primary purpose is to reduce the peak rate of runoff to that
which occurred prior to development. The ponding time during a storm event
allows a portion of the pollutants to settle out.

Extended Detention Basin - Extended detention basins are designed to allow
an extended ponding time, thus allowing a larger volume of pollutants to settle
out. These basins are typically designed to reduce peak rates of runoff for a
much greater frequency storm, i.e., the one-year storm,

Wet Detention Basin - A wet detention basin is essentially a wet pond which
has a permanent pool of water. The pool allows an extended detention time
allowing pollutants to settle. Aquatic plants and organisms utilize the nutrients
in the water preventing escape of those pollutants.
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3.0

2.4 |Infiltration Basins - An infiltration basin is an excavated impoundment with a
relatively permeable bottom soil. The purpose is to temporarily store the
surface runoff for a selected design storm and then ailow the stored water to
infiltrate into the groundwater. This method prevents surface water poliution
but care to prevent groundwater pollution should be exercised.

2.5 Infiltration Trenches - Trenches excavated in porous soils and filled with
aggregate allow runoff from small drainage areas to infiltrate into the ground.

2.6 Dry Wells - Pits excavated in porous soils and filled with aggregate. These are
typically used to control roof runoff.

2.7 FEilter Strips - Grass filter strips accept runoff from roofs or parking areas and
filter pollutants before the runoff can enter the receiving water.

2.8 Grassed Waterways and Seepage Areas - Grassed waterways and seepage

areas reduce runoff velocities, enhance infiltration and filter runoff pollutants,
thus improving runoff quality.

2.9 Concrete Grid and Modular Pavement - Concrete grid and modular pavement
promotes infiltration and retards runoff thereby improving runoff quality. These
are typically promoted in overflow parking areas.

2.10 Porous Asphalt Pavement - Special asphaltic paving material allows storm
water to infiltrate through the pavement through an aggregate base and into
the soi! thus reducing runoff and in turn pollutant wash-off to streams. Runoff
temperatures are also reduced from conventional pavement since the initial
rainfall (which typically generates the warmest runoff) infiltrates as opposed to
running off into receiving waters.

2.11 Constructed Wetlands - Are excavated basins into which wetland vegetation is
planted to enhance pollutant removal. Similar to wet detention basins, they are
typically much shallower, thus allowing rooted vegetation to grow. Much larger
surface areas are therefore required to store the required volume of storm
water runoff.

Collection and Treatment deals with collecting and treating urban storm water
runoff. It typically applies to more heavily developed areas with defined collection

systems.

3.1 New Sewer System Control - Involves the planning of proposed storm sewer
systems to incorporate storm water treatment of some sort before being
discharged into the receiving waters.

3.2 Storm Sewer System Storage - Incorporates storage capabilities (detention) in
storm sewers for pollutant deposition and “clean” water discharge.
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3.3 Flow Regulators - Involves installing mechanized devices in storm water
conveyance and storage facilities to control runoff volumes, velocities and
directions of flows.

3.4 Treatment - Involves considering methods of treatment for storm water runoff
to remove solids and contaminants. Such processes may be filtration, settling,
screening, flocculation or disinfection.

3.5 Water Quality Inlets (Qil and Grease Separators) - Designed to remove

sediment and hydrocarbons from parking lot runoff before they are conveyed to
the storm sewer or infiltration structure. They are typically multi-chambered
and are limited to small drainage areas due to their small storage volume.

SECTION VI
THE DEVELOPMENT OF THE MODEL ORDINANCE

The implementation of the runoff control strategy for new development will be through
municipal adoption of the appropriate ordinance provisions. As part of the preparation of the
Mill Creek Watershed Storm Water Management Plan, a model municipal ordinance has been
prepared which would implement the Plan provisions presented in the ordinance as a single
purpose ordinance. This could be adopted essentially “as is” by the municipalities.

Provisions would also be required in the Subdivision and Land Development Ordinance to
ensure that activities regulated by the ordinance were appropriately referenced. The Mill
Creek Watershed Act 167 Storm Water Management Ordinance will not completely replace
the existing storm drainage ordinance provisions currently in effect in the municipalities. The
reasons for this are as follows:

Not all of the municipalities in the Mill Creek Basin are completely within the watershed.
For those portions of the municipality outside the Mill Creek Watershed, the existing
ordinance provisions would still apply.

Permanent and temporary storm water cuntrol facilities are regulated by the Act 167
Ordinance. Storm water management and erosion and sedimentation control during
construction would continue to be regulated under the existing storm water ordinance
and Chapter 102 Erosion and Sediment and Pollution Controls, Title 25 of DER.
Regulations.

The Act 167 Ordinance contains only those minimum storm water runoff control criteria
and standards which are necessary or desirable from a total watershed perspective.
Additional storm water management design criteria (i.e., inlet spacing, inlet type,
collection system details, etc.) which should be based on sound engineering practice
should be regulated under the current ordinance provisions or as part of the general
responsibilities of the municipal engineer. (Section 303 are suggested criteria.)
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The Act 167 Ordinance contains only those storm water runoff controls required from
new development which are the minimum criteria from a watershed perspective.

The text of the ordinance is organized into nine articles as follows:

| - General Provisions
Il - Definitions
Il - Drainage Plan Requirements
IV - Drainage Plan Submittal and Review Procedures
V - Permit Requirements and Procedures
VI -Inspections
VIl - Fees and Expenses
VIIl - Financial Guarantees and Maintenance
IX - Enforcement and Penalties

Although the actual storm water control provisions, as shown in Tables VII-1 and VII-2,
may change significantly from an existing municipal ordinance, the structure of the
ordinance itself is very similar to many existing ordinances.

Within six months following adoption and approval of the watershed storm water plan,
each municipality shall adopt or amend, and shall implement such ordinances and
regulations, including zoning, subdivision and development, building code, and erosion
and sedimentation ordinances, as are necessary to regulate development within the
municipality in a manner consistent with the applicable watershed storm water plan and
the provisions of this act.

The following amendment is required for the municipalities that issue an occupancy
permit:

An Occupancy Permit shall not be secured or issued unless the Storm Water
Management and Earth Disturbance Ordinance of the Mill Creek Watershed have been
complied with. The occupancy permit shall be required for each lot owner and/or
developer of all subdivisions and land development in the municipality, unless exempt
under the exemption criteria.

For municipalities without an occupancy permit, they may want to adopt the above draft

and also include other regulatory items in the occupancy permit requirement for their own
purpose and use.
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TABLE VII-1

TYPICAL STORM WATER MANAGEMENT AND EARTH DISTURBANCE PERMIT |

ARTICLE | - General ARTICLE Il - ARTICLE Il - ARTICLE IV - Drainage ' ’
Provisions Definitions Drainage Plan Plan Submittal and
Requirements Review Procedures

Statement of Findings General Requirements | General Requirements
Purpose Drainage Plan Content | Exemptions
Statutory Authority Plan Submission
Applicability Drainage Plan Approval
Repealer Modifications of Plans
Severability
Comparability with Other

Permit Ordinance
Requirements
Disclaimer of Liability
ARTICLE V - Permit ARTICLE VI - ARTICLE VII - Fees ARTICLE VIII - Financia \
Requirements and inspections and Expenses Guarantees and
Procedures Maintenance
Permit Requirements and | Schedule of General Performance

Exemptions Inspections Modification of Plans Guarantees
Permit Issuance Expenses Covered by | Maintenance
Modification of Drainage Fees Guarantees
Plans Improvements
Application of Permit Agreement
Expiration and Renewal Maintenance by
Suspension and Individual Lot or
Revocation Multiple Ownership(s)
ARTICLE IX -
Enforcement and
Penalties ¥
Right-of-Entry
Enforcement ,
Notification
Penalties
Enforcement Remedies N
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TABLE VII-2

SPECIAL STORM WATER MANAGEMENT PROVISIONS

Imperviou ver Limitations
- Use of pervious materials
- Standards based upon soil permeability

- Limitations in high groundwater areas

Plan Review
- Establish review fees
. Fixed-fee payments
. Actual costs (Schedule
of Fees and Application)

- Encourage on-lot recharge

- Allow generous standards for calculation
of infiltration when in a naturally porous
area

- Encourage grass-lined low gradient
channels and check dams

[ e — ——
N int-Sousss Pollfiion ¢ |

- Zero increase in nutrient runoff

- Use of extended detention or wet ponds

- Increase infiltration or use vegetation for nutrient uptake

- 2-year design storm

Disturbance of Natural Areas
- Prohibit disturbance of wetlands area
- Improve where possible removal of vegetation or
trees

- Prohibit sediment pollution

Maintenance of Facilities

- Establish one or two year
maintenance bond

- Applicant priority maintenance
fund for perpetual care of

Runoff Control
- Design storm as specified
- Release rate application for
no increase in runoff

facility
Reduce Size of Facilities cial Geologic Conditions

- Special consideration needs in the design of
storm water detention, retention and conveyance
facilities in sensitive areas such as:

. Limestone areas
. Landslide-prone areas
. Abandoned mining areas
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SECTION Viii

MODEL

ORDINANCE
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STORM WATER MANAGEMENT

ORDINANCE

ORDINANCE NO.

LANCASTER COUNTY, PENNSYLVANIA

[Name of Municipality]

Adopted at a Public Meeting Held on

19
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MILL CREEK WATERSHED
ACT 167 STORM WATER MANAGEMENT ORDINANCE

ARTICLE
GENERAL PROVISIONS

Section 101. Statement of Findings

The governing body of the Municipality finds that:

A.

Inadequate management of accelerated storm water runoff resulting from
development throughout a watershed increases flood flows and velocities,
contributes to erosion and sedimentation, overtaxes the carrying capacity of existing
streams and storm sewers, greatly increases the cost of public facilities to convey
and manage storm water, undermines floodplain management and flood reduction
efforts in upstream and downstream communities, reduces groundwater recharge,
and threatens public health and safety.

A comprehensive program of storm water management, including reasonable
regutation of development and activities causing accelerated erosion, is
fundamental to the public health, safety, welfare, and the protection of the people of
the Municipality and all the people of the Commonwealth, their resources, and the

environment.

Section 102. Purpose

The purpose of this Ordinance is to promote heaith, safety, and weifare within the Mill Creek
Watershed by minimizing the damages described in Section 101.A of this Ordinance through
provisions designed to:

A

Manage accelerated runoff and erosion and sedimentation problems at their source
by regulating activities that cause these problems.

Utilize and preserve the existing natural drainage systems.

Encourage recharge of groundwater where appropriate and prevent degradation of
groundwater quality.

Maintain existing flows and quality of streams and watercourses in the Municipality
and the Commonwealth.

Preserve and restore the flood-carrying capacity of streams.

Provide proper maintenance of all permanent storm water management facilities
that are constructed in the Municipality.
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G. Provide performance standards and design criteria for watershed-wide storm water
management and planning.

Section 103. Statutory Authority

The Municipality is empowered to regulate land use activities that affect runoff by the authority
of the Act of October 4, 1978, 32 P.S. P.L. 864 (Act 167), Section 680.1, as ameded, the
“Storm Water Management Act,” [and the applicable Municipal Code].

Section 104. Applicability

This Ordinance shall only apply to those areas of the Municipality that are located within the
Mill Creek Watershed, as delineated in the Subwatershed Boundary Map of this Ordinance
located in Appendix F.

This Ordinance shall only apply to permanent storm water management facilities constructed
as part of any of the Regulated Activities listed in this Section. Storm water management and
erosion and sedimentation control during construction activities are specifically not regulated
by this Ordinance, but shall continue to be regulated under Chapter 102, “Clean Streams
Law.”

This Ordinance contains only the storm water management performance standards and
design criteria that are necessary or desirable from a watershed-wide perspective. Local
storm water management design criteria (e.g., inlet spacing, inlet type, collection system
details, outlet structure design, etc.) shall continue to be regulated by the applicable Municipal
Ordinances or at the municipal officials’ or engineer’'s discretion.

The following activities are defined as “Regulated Activities” and shall be regulated by this
Ordinance:

A. Land Development

B. Subdivision

C. Construction of new or additional impervious or semi-pervious surfaces (driveways,
parking lots, etc.).

D. Construction or new buildings or additions to existing buildings.

E. Diversion or piping of any natural or man-made stream channel.

F. Installation of storm water management facilities or appurtenances thereto.

Section 105. Repealer

Any provisions of any ordinance of the Municipality inconsistent with any of the provisions of
this Ordinance is hereby repealed to the extent of the inconsistency only.
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Section 106. Severability

Should any section or provision of this Ordinance be declared invalid by a court of competent
jurisdiction, such decision shall not affect the validity of any of the remaining provisions of this
Ordinance.

Section 107. Compatibility With Other Ordinance Requirements

Approvals issued pursuant to this Ordinance do not relieve the Applicant of the responsibility
to secure required permits or approvals for activities regulated by any other applicable code,
rule, act, or ordinance.

ARTICLE Il
DEFINITIONS

For the purposes of this chapter, certain terms and words used herein shall be interpreted as
follows:

A. Words used in the present tense include the future tense; the singular number
includes the plural, and the plural number includes the singular; words of masculine
gender include those of feminine gender and vice-versa.

B. The word “includes’ or “including” shall not limit the term to the specific example but
is intended to extend its meaning to all other instances of like kind and character.

C. The word “person’ includes an individual, firm, association, organization,
partnership, trust, company, corporation, or any other similar entity.

D. The words “shall” and “must” are mandatory; the words “may” and “should” are
permissive.

E. The words “used or occupied” include the words “intended, designed, maintained,
or arranged to be used or occupied.”

Accelerated Erosion - The removal of the surface of the land through the combined action of
man’s activity and the natural processes at a rate greater than would occur because of the

natural process alone.
Agricultural Activities - The work of producing crops and raising livestock including tillage,

plowing, discing, harrowing, pasturing and installation of conservation measures.
Construction of new buildings or impervious areas is not considered an agricultural activity.

43




Alteration - As applied to land, a change in topography as a result of the moving of soil and
rock from one location or position to another; also the changing of surface conditions by
causing the surface to be more or less impervious; land disturbance.

Applicant - A landowner or developer who has filed an application for approval to engage in
any Regulated Activities as defined in Section 104 of this Ordinance.

Channel Erosion - The widening, deepening, and headward cutting of small channels and
waterways, due to erosion caused by moderate to large floods.

Cistern - An underground reservoir or tank for storing rainwater.
Conservation District - The Lancaster County Conservation District.

Culvert - A structure with appurtenant works which carries a stream under or through an
embankment or fill.

Dam - An artificial barrier, together with its appurtenant works, constructed for the purpose of
impounding or storing water or another fluid or semifluid, or a refuse bank, fill or structure for
highway, railroad or other purposes which does or may impound water or another fluid or
semifluid.

Design Storm - The magnitude and temporal distribution of precipitation from a storm event
measured in probability of occurrence (e.g., a 5-year storm) and duration (e.g., 24-hours),
used in the design and evaluation of storm water management systems.

Designee - The agent of Lancaster County and/or agent of the governing body involved with
the administration, review or enforcement of any provisions of this ordinance by contract or
memorandum of understanding.

Detention Basin - An impoundment structure designed to manage storm water runoff by
temporarily storing the runoff and releasing it at a predetermined rate.

Developar - A person, partnership, association, corporation. or other entity, or any responsible
person therein or agent thereof, that undertakes any Regulated Activity of this Ordinance.

Development Site - The specific tract of land for which a Regulated Activity is proposed.
Downslope Property Line - That portion of the property line of the lot, tract or parcels of land
being developed located at the topographically lowest point of the parcel such that some or all

overland or pipe flow from the site would be directed toward it.

Drainage Conveyance Facility - A storm water management facility designed to transmit storm
water runoff and shall include streams, channels, swales, pipes, conduits, storm sewers, etc.
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Drainage Easement - A right granted by a landowner to a grantee, allowing the use of private
land for storm water management purposes.

Drainage Permit - A permit issued by the municipal governing body after the drainage plan
has been approved. Said permit is issued prior to or with the final municipal approval.

Drainage Plan - The documentation of the storm water management system, if any, to be used
for a given development site, the contents of which are established in Section 403.

Earth Disturbance - Any activity including, but not limited to, construction, mining, timber
harvesting and grubbing which alters, disturbs, and exposes the existing land surface.

Erosion - The movement of soil particles by the action of water, wind, ice, or other natural
forces.

Erosion and Sediment Poliution Control Plan - A plan which is designed to minimize
accelerated erosion and sedimentation.

Existing Conditions - The initial condition of a project site prior to the proposed construction.

Flood - A general but temporary condition of partial or complete inundation of normally dry
land areas from the overflow of streams, rivers, and other waters of this Commonwealith.

Floodpiain - Any land area susceptible to inundation by water from any natural source or
delineated by applicable Department of Housing and Urban Development, Federal Insurance
Administration Flood Hazard Boundary - Mapped as being a special flood hazard area. Also,
the area of inundation which functions as a storage or holding area for floodwater to a width
required to contain a base flood of which there is a one percent (1%) chance of occurring in
any given year. The floodplain contains both the floodway and the flood fringe.

Floodway - The channel of the watercourse and those portions of the adjoining floodplains
which are reasonably required to carry and discharge the 100-year frequency flood. Unless
otherwise specified, the boundary of the floodway is as indicated on maps and flood insurance
studies provided by FEMA. In an area where no FEMA maps or studies have defined the
boundary of the 100-year frequency floodway, it is assumed - absent evidence to the contrary
- that the floodway extends from the stream to 50 feet from the top of the bank of the stream.

Forest Management/Timber Operations - Planning and activities necessary for the
management of forest land. These include timber inventory and preparation of forest
management plans, silvicultural treatment, cutting budgets, logging road design and
construction, timber harvesting, site preparation and reforestation.

Freeboard - A vertical distance between the elevation of the design highwater and the top of a
dam, levee, tank, basin, or diversion ridge. The space is required as a safety margin in a
pond or basin.
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Grade - A slope, usually of a road, channe! or natural ground specified in percent and shown
on plans as specified herein. (To) Grade - to finish the surface of a roadbed, top of
embankment or bottom of excavation.

Grassed Waterway - A natural or constructed waterway, usually broad and shallow, covered
with erosion-resistant grasses, used to conduct surface water from cropland.

Groundwater Recharge - Replenishment or existing natural underground water supplies.
Impervious Surface - A surface that prevents the percolation of water into the ground.

Impoundment - A retention or detention basin designed to retain storm water runoff and
release it at a controlled rate.

Infiltration Structures - A structure designed to direct runoff into the ground (e.g. french drains,
seepage pits, seepage trench).

Inlet - A surface connection to a closed drain. A structure at the diversion end of a conduit.
The upstream end of any structure through which water may flow.

Land Development - Any of the following activities:

(1) The improvement of one lot or two or more contiguous lots, tracts or parcels of land
for any purpose involving:

(i) a group of two or more residential or nonresidential buildings, whether
proposed initially or cumulatively, or a single nonresidential building on a lot or
lots regardless of the number of occupants or tenure; or

(i) the division or allocation of land or space, whether initially or cumulatively,
between or among two or more existing or prospective occupants by means of,
or for the purpose of streets, common areas, leaseholds, condominiums,
building groups or other features.

(2) A subdivision of land.
(3) Development in accordance with section 503 (1.1).

Landowner - The legal or beneficial owner or owners of land including the holder of an option
or contract to purchase (whether or not such option or contract is subject to any condition), a
lessee if he is authorized under the lease to exercise the rights of the landowner, or other
person having a proprietary interest in land.

Land Disturbance - Any activity involving grading, tilling, digging, or filling of ground or
stripping of vegetation or any other activity that causes an alteration to the naturai condition of

the land.

Main Stem (Main Channel) - Any stream segment or other runoff conveyance facility used as a
reach in the Mill Creek hydrologic model.
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Manning Equation (Manning formula) - A method for calculation of velocity of flow (e.g. feet
per second) and flow rate (e.g. cubic feet per second) in open channels based upon channel
shape, roughness, depth of flow and slope. “Open channels” may include closed conduits so
long as the flow is not under pressure.

Memorandum of Understanding - An agreement between [Name of Municipality] and the
Lancaster County Conservation District to provide for cooperation between the Lancaster

County Conservation District and the [Name of Municipality] officials, l.ancaster County, to
include within its ordinances, and to jointly promote conservation of natural resources within

[Name of Municipality] on lands both public and private, for the purposes of preventing
accelerated soil erosion and sedimentation of streams, reducing storm water damage, and
promoting the health, safety and general welfare of the residents of [Name of Municipality].

Municipality - [The Borough or Township of (name)], Lancaster County, Pennsylvania.
NRCS - Natural Resources Conservation Service (previously SCS).

Nonpoint Source Pollution - Pollution that enters a body of water from diffuse origins in the
watershed and does not result from discernible, confined, or discrete conveyances.

Open Channel - A drainage element in which storm water flows with an open surface. Open
channels include, but shall not be limited to, natural and man-made drainage ways, swales,
streams, ditches, canals, and pipes flowing partly full.

QOutfall - Point where water flows from a conduit, stream, or drain.
Outlet - Points of water disposal from a stream, river, lake, tidewater or artificial drain.

Parking Lot Storage - Involves the use of impervious parking areas as temporary
impoundments with controlled release rates during rainstorms.

Peak Discharge - The maximum rate of storm water runoff from a specific storm event.

TR-20 (calibrated) - The comouter-based hydrologic modeling technique adapted to the Mill
Creek Watershed for the Act 167 Plan. The model has been “calibrated” to reflect published

flow values by adjusting key modei input parameters.

Pipe - A culvert, closed conduit, or similar structure (including appurtenances) that conveys
storm water.

Plan - The storm water management and erosion and sediment pollution control plans and
narratives.

Plan Administrator - The entity set up specifically to review Act 167 Drainage Plans, inspect
storm water management structures, and otherwise enforce all regulations as outlined in the
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Mill Creek Watershed Act 167 Storm Water Management Crdinance.” The Plan Administrator
shall be appointed by the municipality.

Planning Commission - The ptanning commission of [Name of Munigipality], Lancaster
County, Pennsylvania.

PMF - Probable Maximum Flood - The flood that may be expected from the most severe
combination of critical meteorologic and hydrologic conditions that are reasonably possible in
any area. The PMF is derived from the probable maximum precipitation (PMP) as determined
on the basis of data obtained from the National Qceanographic and Atmospheric
Administration (NOAA).

Present Worth - (Optional, only needed if Section 703.A.3, also optional is used). The
equivalence of any future amount to any present amount.

Rational Formula - A rainfall-runoff relation used to estimate peak flow.

Regulated Activities - Actions or proposed actions that have an impact on storm water runoff
and that are specified in Section 104 of this Ordinance.

Retention Basin - An impoundment in which storm water is stored and not released during the
storm event. Stored water may be released from the basin at some time after the end of the
storm.

Return Period - The average interval, in years, within which a storm event of a given
magnitude can be expected to recur. For example, the 25-year return period rainfall would be
expected to recur on the average once every twenty-five years.

Riser - A vertical pipe extending from the bottom of a pond that is used to control the
discharge rate from the pond for a specified design storm.

Rooftop Detention - Temporary ponding and gradual release of storm water falling directly
onto fltat roof surfaces by incorporating controlled-flow roof drains into building designs.

Runoff - Any part of precipitation that flows over the land surface.
SCS - U.S. Department of Agriculture, Soil Conservation Service (now known as NRCS).

Sediment Basin - A barrier, dam, retention or detention basin located and designed to retain
rock, sand, gravel, silt, or other material transported by water.

Sediment Pollution - The placement, discharge or any other introduction of sediment into the
waters of the commonwealth occurring from the failure to design, construct, implement or
maintain control measures and control facilities in accordance with the requirements of this
Ordinance.
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Sedimentation - The process by which mineral or organic matter is accumulated or deposited
by the movement of water.

Seepage Pit/Seepage Trench - An area of excavated earth filled with loose stone or similar
coarse material, into which surface water is directed for infiltration into the ground.

Sheet Flow - Runoff which flows over the ground surface as a thin, even layer, not
concentrated in a channel.

Soil-Cover Complex Method - A method of runoff computation developed by the SCS that is
based on relating soil type and land use/cover to a runoff parameter called Curve Number

(CN).

Soil Group, Hydrologic - A classification of soils by the Soil Conservation Service into four
runoff potential groups. The groups range from A soils, which are very permeable and
produce little runoff, to D soils, which are not very permeable and produce much more runoff.

Spillway - A depression in the embankment of a pond or basin which is used to pass peak
discharge greater than the maximum design storm controlled by the pond.

Storage Indication Method - A reservoir routing procedure based on solution of the continuity
equation (inflow minus outflow equals the change in storage) with outflow defined as a
function of storage volume and depth.

Storm Frequency - The number of times that a given storm “event” occurs or is exceeded on
the average in a stated period of years. See “Return Period.”

Storm Sewer - A system of pipes and/or open channels that convey intercepted runoff and
storm water from other sources, but excludes domestic sewage and industrial wastes.

Storm Water - The total amount of precipitation reaching the ground surface.

Storm Water Management Facility - Any structure, naturai or man-made, that, due to its
condition, design, or construction, conveys, stuies, or otherwise affects storm water runoff.
Typical storm water management facilities include, but are not limited to, detention and
retention basins, open channels, road gutters, swales, storm sewers, pipes, and infiltration
structures.

Storm Water Management Plan - The Plan for managing storm water runoff in the Mill Creek
Watershed adopted by Lancaster County as required by the Act of October 4, 1978, 32 P.S.
P.L. 864, (Act 167) as amended, and known as the Mill Creek Watershed Act 167 Storm
Water Management Plan.

Storm Water Management Site Plan - The Plan prepared by the Developer or his
representative indicating how storm water runoff will be managed at the particular site of

interest according to this Ordinance.
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Stream Enclosure - A bridge, culvert or other structure in excess of 100 feet in length
upstream to downstream which encloses a regulated water of this Commonwealth.

Subwatershed Area - The smallest drainage unit of a watershed for which storm water
management criteria have been established in the Storm Water Management Plan.

Subdivision - The division or redivision of a lot, tract or parcel of land by any means into two
or more lots, tracts, parcels or other divisions of land including changes in existing lot lines for
the purpose, whether immediate or future, of lease, partition by the court for distribution to
heirs or devisees, transfer of ownership or building or lot development: provided, however,
that the subdivision by lease of land for agricultural purposes into parcels of more than ten
acres, not involving any new street or easement of access or any residential dwelling, shatll be
exempted.

Swale - A low lying stretch of land which gathers or carries surface water runoff.

Timber Operations - See Forest Management.

Time of Concentration {Tc) - The time for surface runoff to travel from the hydraulically most
distant point of the watershed to a point of interest within the watershed. This time is the
combined total of overland flow time and flow time in pipes or channels, if any.

Watercourse - A stream of water; river; brook; creek; or a channel or ditch for water, whether
natural or manmade.

Waters of the Commonwealth - Any and all rivers, streams, creeks, rivulets, ditches,
watercourses, storm sewers, lakes, dammed water, wetlands, ponds, springs, and all other
bodies or channels of conveyance of surface and underground water, or parts thereof,
whether natural or artificial, within or on the boundaries of this commonwealth.

Wetland - Those areas that are inundated or saturated by surface or ground water at a
frequency and duration sufficient to support, and that under normal circumstances do support,
a prevalence of vegetation typically adapted for life in saturated soil conditions, including
swamps. marshes, bogs, ferns, and similar areas.

ARTICLE it
STORM WATER MANAGEMENT

Section 301. General Requirements
A. Storm water drainage systems shall be provided in order to permit unimpeded flow

along natural watercourses, except as modified by storm water management
facilities or open channel consistent with this Ordinance.
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The existing points of concentrated drainage that discharge onto adjacent property
shall not be relocated and shall be subject to any applicable discharge criteria
specified in this Ordinance.

Where a Development Site is traversed by watercourses other than permanent
streams, a drainage easement shall be provided conforming substantially to the line
of such watercourses. The terms of the easement shall prohibit excavation, the
placing of fill or structures, and any alterations that may affect adversely the flow of
storm water within any portion of the easement. Also, maintenance and mowing of
vegetation within the easement shall be required.

The PADEP, Chapter 105, Rules and Regulations, apply to the construction,
modification, operation or maintenance of both existing and proposed water
obstructions and encroachments throughout the watershed, including work in
wetlands. Inquiries on permit requirements or other concerns shall be addressed to
PADEP's Regional Office. Permit requirements or inquiring on dam safety should
be addressed to the PADEP, Bureau of Dams, Waterways & Wetlands - Harrisburg.

When it can be shown that, due to topographic conditions, natural drainageways on
the site cannot adequately provide for drainage, open channels may be constructed
conforming substantially to the line and grade of such natural drainageways. Work
within natural drainageways shall be subject to approval by PADEP through the
Joint Permit Application process, or, where deemed appropriate by PADEP, through
the General Permit process.

Carbonate Geology - In areas of carbonate geology, a registered professional
geologist shall certify the following:

1. No storm water facilities shall be ptaced in, over or immediately adjacent to the
following features:

sinkholes

closed depressions

lineament: in carbonate areas

fracture traces

caverns

intermittent lakes

ephemeral streams

bedrock pinnacles (surface or subsurface)

S@ e Q0T

2. Storm water management basins shall not be located closer than one hundred
(100) feet from the rim of sinkholes or closed depressions, nor within one
hundred (100) feet from disappearing streams; nor shall these basins be
located closer than fifty (50) feet from lineaments or fracture traces; nor shall
these basins be located closer than twenty-five (25) feet from surface or
identified subsurface pinnacles.
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3. Stormwater resulting from land development activities shall not be discharged
into sinkholes.

Section 302. Storm Water Management Performance Standards
A.  General

The following general standards shall be applied to all development within the Mill
Creek Watershed to promote flow attenuation, erosion and sediment control and
flood control.

1. Al site developments in the Mill Creek Watershed which do not fall under the
exemption criteria in Appendix A shall submit a drainage plan consistent with
the Mill Creek Watershed Storm Water Management Plan to the municipality
for review.

The exemption criteria in Appendix A shall apply to the total proposed
development even if development is to take place in stages. Impervious cover
shall include, but not be limited to, any roof, parking or driveway areas and any
new streets and sidewalks. Any areas designed to initially be gravel or
crushed stone shall be assumed to be impervious.

2. Alt storm water management plans shall be designed and certified by
individuals registered in the Commonweaith of Pennsylvania and qualified to
perform such duties.

3. Runoff from impervious areas shall be drained to pervious areas of the
property.

4. Roof drains shall not be connected to streets, sanitary or storm sewers or
roadside ditches.

5. Where applicable, storm water management facilities shall comply with the
requirements of Chapter 105 (Water Obstructi~ns and Encroachments) of Title
25, Rules and Regulations of the Pennsylvania Department of Environmental
Protection.

6. Storm water management facilities which involve a State Highway shall be
subject to the approval of the Pennsylvania Department of Transportation.

7. Storm water management facilities located within or affecting the floodplain or
any watercourse shall aiso be subject to the requirements of Section 306.
Floodplain Management, of this Ordinance, the [Name of Municipality] Zoning
Ordinance, any Ordinance which regulates construction and development
within areas of the [Name of Municipality] subject to flooding, and any other
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B.

10.

11.

applicable requirements of Act 166, the Pennsylvania Fliocodplain Management
Act.

Storm water runoff from a project site shall flow directly into a natural
watercourse or into an existing storm sewer system, or onto adjacent
properties in a manner similar to the runoff characteristics of the pre-
development flow. Maximum use shall be made of the existing on-site natural
and man-made storm water management facilities.

Storm water runoff shall not be transferred from one watershed to another
unless the watersheds are sub-watersheds of a common watershed which join
together within the perimeter of the property, or the effect of the transfer does
not alter the peak discharge onto adjacent iands, or drainage easements from
the affected landowners are provided.

All storm water runoff flowing aver the project site shall be considered in the
design of the storm water management facilities.

When Final Plan applications are submitted in sections, and if temporary
facilities are required for construction of a section, such facilities shall be
included in the submitted plans for that section.

Detention/Infiltration Standards

1.

Post-development rates of runoff from any regulated activity shall not exceed
the peak rates of runoff prior to development for the design storms specified on
Subwatershed Boundary Map, Appendix F.

Innovative methods for the detention and control of storm water runoff are
encouraged. Various combinations of methods should be tailored to suit the
particular requirements of the type of development and the topographic
features of the project site. The following is a partial listing of detention and
control methods which can be utilized in storm water management systems
where appropriate:

Detention basins

Retention basins (subject to prior Township approval)
Roof-top storage

Parking lot ponding

Seepage pits, seepage trenches or other infiltration structures
Concrete lattice block surfaces

Grassed channels and vegetated strips.

Cisterns and underground reservoirs

Routed flow over grass

Decreased impervious surface coverage

T eSO he Q0 Uw
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3. The following principles shall be applied to the design plan and construction
schedule to minimize soil erosion and sedimentation:

a. Stripping of vegetation, grading, or other soil disturbance shail be done in a
manner which will minimize soil erosion.

b. Whenever feasible, natural vegetation shall be retained and protected.

c. The extent of the disturbed area and the duration of its exposure shali be
kept to a minimum, within practicat limits.

d. Either temporary seeding, mulching, or other suitable stabilization
measures shall be used to protect exposed critical areas during
construction.

e. Drainage provisions shall accommodate the storm water runoff both during
and after construction.

f.  Soil erosion and sedimentation facilities shall be installed prior to any on-
site grading.

Section 303. Design Criteria for Storm Water Management Facilities

{These are suggested criteria that should be adopted with input from the
icipal : )

A.  Any storm water management facility (i.e. detention basin) designed to store
stormwater runoff and requiring a berm or earthen embankment shall be designed
to provide an emergency spillway to handle the 100-year post-development
conditions. The height of embankment must be set as to provide a minimum 1.0
foot of freeboard above the maximum pool elevation computed when the facility
functions for the 100-year post-development inflow with the outlet structure closed.
However, criteria for design and construction of storm water management facilities
are not the same criteria that are used in the permitting of dams under the PADER.
Dam Safety Program. Depending upon the physical characteristics of a dam, a dam
permit may be required and the design will have to meet the provisions of Chapter
105 of the Dam Safety and Encroachments Act. Depending on the physical
characteristics of a dam, the design could require that anywhere from a 100-year to
a PMF storm event be considered. The following minimums shall be required:

1. The maximum water depth shall not exceed six (6) feet, unless approved by a
waiver granted by the municipal officials.

2. The minimum top width of all dams shall be five (5) feet.
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10.

11.

12.

The interior side slopes shall not be greater than five (5) horizontal to one (1)
vertical.

All basins shall be structurally sound and shall be constructed of sound and
durable materials. The completed structure and the foundation of all basins
shall be stable under all probable conditions of operation. An emergency
spillway shall be provided for the basin and shall be capable of discharging the
100-year peak rate of runoff which enters the basin after development, in a
manner which will not damage the integrity of the facility and will not create a
downstream hazard. Where practical, the emergency spillway shall be
constructed in undisturbed ground. An easement for inspection and repair
shall be provided when the conveyance structure crosses property boundaries.

All basins shall include an outlet structure to permit draining the basin to a
completely dry position within twenty-four {24) hours following the end of the
design rainfall.

A cutoff trench of relatively impervious material shall be provided within all
basin embankments.

All structures passing through basin embankments shall have properly spaced
concrete cutoff collars and “O-ring” rubber gaskets.

All discharge control devices and piping with appurtenances shall be made of
reinforced concrete and stainless steel.

Low flow channels shall be provided from each water carrying facility to the
outlet structure. Low flow channels shall be one (1) percent minimum slope
and shall be designed to enable ease of maintenance.

Minimum slope within a basin shall be two (2) percent positive grade to the low
flow channel.

Design storms for the computation of retention basins (where approved)
volumes shall be based upon a 24-hour storm.

The effect on downstream areas if the basin embankment fails shall be
considered in the design of all basins. Where possible, the basin shall be
designed to minimize the potential damage caused by such failure of the
embankment.

Minimum floor elevations for alt structures that would be affected by a basin, other
temporary impoundments, or open conveyance systems where ponding may occur
shall be two (2) feet above the 100-year water surface. If basement or underground
facilities are proposed, detailed ca'culations addressing the effects of storm water

55



ponding on the structure and water-proofing and/or flood-proofing design
information shall be submitted for approval.

All storm sewer pipes, culverts and bridges (excluding detention and retention basin
outfall structures) conveying water originating only from within the boundaries of the
project site shall be designed for a twenty-five (25) year storm event. All storm
sewer pipes, culverts and bridges (excluding detention and retention basin outfall
structures) conveying water originating from offsite shall be designed for a fifty (50)
year storm event. Drainage easements shall be provided to contain and convey the
100-year frequency flood throughout the project site. Easements shall begin at the
furthest upstream property line of the proposed development in a watershed.

A concentrated discharge of storm water to an adjacent property shall be within an
existing watercourse or otherwise an easement shall be required.

Storm sewer pipes other than those used as roof drains, detention basin
underdrains, and street subbase underdrains, shall have a minimum diameter of
fifteen (15) inches.

Storm sewer pipes and culverts shall be installed on sufficient slopes to provide a
minimum velocity of three (3) feet per second when flowing full.

All storm sewer pipe and culverts shall be laid to a minimum depth of one (1) foot
from finished subgrade to the crown of pipe in paved areas and one (1) foot from
finished grade to the crown of pipe in grassed areas.

Curves in pipes or box culverts without an inlet or manhole are prohibited. Tee
joints, elbows and wyes are also prohibited.

Manholes, inlets, headwalls and endwalls proposed for dedication or located along
streets or subject to vehicular traffic, shall conform to the requirements of the
Pennsylvania Department of Transportation, Bureau of Design, Standards for
Roadway Construction in effect at the time the design is submitted, or as otherwise
modified by the Township.

Headwalls and endwalls shall be used where storm water runoff enters or leaves
the storm sewer horizontally from a natural or manmade channel. PADOT Type
"DW" headwalls and endwalls shall be utilized.

Storm water roof drains, sump pumps, and pipes, shall not directly discharge water
into a street right-of-way or sanitary sewer,

All existing and natural watercourses, channels, drainage systems, wetlands and
areas of surface water concentration shall be maintained in their existing condition
unless an alteration is approved by the Township and any other necessary
approving body.
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P.

Flow velocities from any storm sewer may not result in erosion of the receiving
channel.

Energy dissipators shall be placed at the outlets of all storm sewer pipes, culverts,
and bridges where flow velocities exceed maximum permitted channel velocities as

specified below:

(1) Three (3) feet per second where only sparse vegetation can be established
and maintained because of shade or soil condition.

(2) Four (4) feet per second where normal growing conditions exist and
vegetation is to be established by seeding.

(3) Five (5) feet per second where a dense, vigorous sod can be quickly
established or where water can be temporarily diverted during
establishment of vegetation. Netting and mulch or the equivalent methods
for establishing vegetation shall be used.

(4) Six (6) feet per second where there exists a well established sod of good
quality.

The following conditions shall be met for all swales:

(1) Capacities and velocities shall be computed using the Manning equation. The
design parameters shall be as follows:

(a) Vegetated swales shall meet the following design considerations:

(i) the first shall consider swale stability based upon a low degree of
retardance (‘n"=.03);

(ii) the second shall consider swale capacity based upon a high
degree of retardance (“n"=.05).

All vegetated swales shall have a minimum slope of one (1) percent
unless otherwise approved by the municipal engineer.

(b)  The "n" factors to be used for paved or rip-rap swales or gutters shall be
based upon accepted engineering design practices as approved by the
municipality.

(2) Al swales shall be designed to concentrate low flows to minimize siltation and
meandering.

Manning “n” values used for design of pipes and culverts shall be in accordance
with Appendix B7.

57



Q.  All storm sewer crossings of streets shall be perpendicular to the street centerline.

R.  Storm facilities not located within a public right-of-way shall be contained in and
centered within an easement.

S.  Capacity Improvements - If the Developer can prove that it would be feasible to
provide capacity improvements to relieve the capacity deficiency in the existing
drainage network, the adequate capacity improvements could be provided by the
Developer in lieu of storm water management facilities on the development site.
Any capacity improvements would be designed based on development of all areas
tributary to the improvements and the capacity criteria specified in this Ordinance.
The type and amount of development that the Developer must consider shall be
either based on the current zoning or established by the municipality, whichever
results in a greater amount of impervious surface. It shail be assumed that all new
development upstream of a proposed capacity improvement would implement
applicable storm water management techniques, consistent with this Ordinance.

T. Adequate erosion protection shall be provided along all open channels, and at ali
points of discharge.

Section 304. Calculation Methodology

Storm water runoff from ali development sites shall be calculated using either the modified
rational method or a soil-cover-compiex methodology.

A Any storm water runoff calculations involving drainage areas greater than 50 acres,
including on- and off-site areas, shall use generally accepted calculation technique
that is based on the SCS soi! cover complex method. Table VIII-1 summarizes
acceptable computation methods. It is assumed that all methods will be selected by
the design professional based on the individual limitations and suitability of each
method for a particular site.

The municipality or it's designee may approve the use of the modified Rational
Method to estimate peak discharges from drainage areas that contain more than 50
acres.
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TABLE VIil-1

ACCEPTABLE COMPUTATION METHODOLOGIES FOR STORM WATER

MANAGEMENT PLANS

g_—_——*—m—-_—“‘_——“——"—‘——_———
]_—___—___——————————
METHOD METHOD DEVELOPED BY APPLICABILITY

TR-20
(or commercial package
based on TR-20)

USDA SCS

Applicable where use of full
hydrology computer model is
desirable or necessary.

TR-55
(or commercial computer
package based on TR-55)

USDA SCS

Applicable for land
development plans within
limitations described in TR-55.

HEC-1

tJS Army Corps of Engineers

Applicable where use of full
hydrologic computer model is
desirable or necessary.

PSRM

Penn State University

Applicable where use of a
hydrologic computer model is
desirable or necessary; simpler
than TR-20 or HEC-1.

Rational Method (or
commercial computer
package based on Rational
Method)

Emil Kuichling (1889)

For sites less than 50 acres, or
as approved by the Municipal
Designee.

Other Methods

Varies

Other computation
methodologies approved by
the Municipal Designee.
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B. If the Soil-Cover-Complex Method is used, storm water runoff shall be based on the
following 24-hour storm events: (Antecedent Moisture Content 1 must be asumed)

Storm Event Inches-of-Rainfall
2 years 3.1
5 years 4.1
10 years 5.0
25 years 5.5
50 years 6.2
100 years 7.0

If the Rational Method is used, the Region 5, Pennsylvania Department of
Transportation Storm Intensity - Duration - Frequency Chart (PDT-IDF), dated May
1986 shall be used to determine the rainfall intensity in inches per hour. See chart
in Appendix B1.

C. Runoff calculations shall include a hydrologic and hydraulic analysis indicating
volume and velocities of flow and the grades, sizes, and capacities of water carrying
structures, sediment basins, retention and detention structures and sufficient design
information to construct such facilities. Runoff calculations shall also indicate both
pre-development and post-development rates for peak discharge of storm water
runoff from the project site.

D. For the purpose of calculating pre-development peak discharges, all runoff
coefficients shall be based on actual land use assuming summer or good land
conditions. Runoff coefficients for off-site discharges used for design of facilities
shall be based on actual land use assuming winter or poor land conditions.

E. Criteria and assumptions to be used in the determination of storm water runoff and
design of management facilities are as follows:

(1) Runoff coefficients should be based on the information contained in Appendix
B2 and B3 if the actual fand use is listed in those Appendices. If the actual
land use is not listed in these Appendices, runoff coefficient shall be chosen
from other published documentation, and a copy of said documentation should
be submitted with the storm water management report.

(2) Times of concentration shall be based on the following design parameters.
(a) Sheet flow: The maximum length for each reach of sheet or overland
flow before shallow concentrated or open channel flow develops is one

hundred fifty (150) feet. Sheet flow may be determined using the
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nomograph in Appendix B4, or the Manning's kinematic solution shown
in the Sheet Flow section of Worksheet No. 1 in Appendix BS.

(b) Shallow concentrated flow: Travel time for shallow concentrated flow
shall be determined using Figure 3-1 from TR-55, Urban Hydrology for
small watersheds, as shown in Appendix B6.

A sample worksheet for calculating times of concentration is provided in
Appendix BS.

(c) Open Channel flows: At points where sheet and shallow concentrated flows
concentrate in field depressions, swales, gutters, curbs, or pipe collection
systems, the travel times and downstream end of the site between these
design points shall be based upon Manning’s Equation and/or acceptable
engineering design standards as determined by the municipal engineer.

Section 305. Use of Performance Standards and Criteria

The methodology for determining required storm water controls for a regulated activity is
shown in Figure VIII-1 and outlined below.

A, Compute:

1.

Pre-development hydrograph at the site discharge point for the required 24-
hour design storm.

Post-development hydrograph at the site discharge point incorporating any
“non-detention” techniques such as pervious areas, swales, infiltration

trenches, etc. ‘

Note: Hydrographs may be obtained from SCS methods such as TR-55, or from use
of the “modified” rational formulas.

B. Compare:

Post-development hydrographs with pre-development hydrographs. If the peak rate
of runoff and the shape of the hydrographs are nearly identical to the same
significant figure, storm water management has been achieved. Detention will not
be required. If not, proceed to item C.

C. Design:

Detention/retention facilities, in conjunction with any non-detention techniques, such
that post-development peak rates from the site will not exceed permissible leveis for
required design storms.
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FIGURE VIll-1

STORM WATER CONTROL DETERMINATION FLOW CHART

Compute Pre-Development Hydrograph and Post-Development
Hydrograph Incorporating any Infiltration/Non-Detention Techniques

1
Compare Hydrographs

Does Post-Development Hydrograph Match
Pre-Development Hydrograph

Yes | No

Determine Detention District

Design Detention Facilities so Post-
Criteria Met! Development Peak Rates are in
conformance with the release rates
in that subbasin.

Section 306. Floodplain.
(This section is highly recommended, but can not be required under Act 167.)
Floodplain areas shall be established and preserved as provided below:

A. A one hundred (100) year floodplain shall be established for all watercourses and
shall be delineated by one of the following methods.

(1) Ahydrologic report prepared by an individual registered in the Commonwealth of
Pennsylvania to perform such duties.

(2) A hydrologic report prepared by an agency of the County, State, or U.S.
Government.

B. Whenever a floodplain is located within or along a Iot, the plan shall include the
boundary of the floodplain, along with the elevation and locational dimensions from
the centerline of the watercourse; a plan note that the floodplain shall be kept free of
structures, fill, and ather encroachments; and a plan note that floor elevations for all
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structures adjacent to the floodplain shall be two (2) feet above the Q100 year flood
elevation.

C. The above provision shall not be construed as a prohibition of the foliowing, provided
they comply with Section 306.D:

(1) Storm water management facilities.

(2) Stream improvements whose sole purpose is to improve aquatic life habitat and
which are approved by the Pennsylvania Fish Commission.

(3) Farm ponds.

(4) Flood-proofing and flood hazard reduction structures to protect existing
buildings.

(5) Public and private utility facilities, except buildings.

(6) Water-oriented uses (except building), e.g. docks, piers, boat launching ramps,
hatcheries.

(7) Water monitoring devices.

(8) Culverts, bridges, and their approaches for floodplain crossings by streets,
access drives, and driveways.

D. Plans for any of the eight uses within a floodplain permitted under C shail
demonstrate that the the proposed uses do not increase the height or frequency of
flooding; are installed so as to withstand the maximum volume, velocity, and force of
floodptain water; are flood and flotation proof; do not create unhealthy or unsanitary
conditions; and do not degrade quality of surface water, or groundwater.

ARTICLE IV
DRAINAGE PLAN REQUIREMENTS

Section 401. General Requirements

For any of the activities regulated by this Ordinance, the final approval of subdivision and/or
land deveiopment plans, the ssuance of any building or occupancy permit, or the
commencement of any land disturbance activity may not proceed untii the Property Owner or
Developer or his/her agent has received written approval of a Drainage Plan from the
municipality or it's designee.

Section 402. Exemptions

A. Any Regulated Activity that meets the exemption criteria in Ordinance Appendix A is
exempt from the Drainage Pian preparation provisions of this Ordinance. This
criteria shail apply to the total development even if development is to take place in
phases. The date of the municipal ordinance adoption shall be the starting point
from which to consider tracts as “parent tracts” in which future subdivision and
respective impervious area computations shall be cumulatively considered.
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Exemption shall not relieve the applicant from providing adequate storm water
management to meet the purpose of this Ordinance.

B. Land disturbance associated with existing one and two family dwellings, subject to
conditions described in A. of this Section.

C. Use of land for gardening for home consumption.

D. Agriculture when operated in accordance with a conservation plan or erosion and
sedimentation control plan found adequate by the Conservation District. The
agricultural activities such as growing crops, rotating crops, tilling of soil and
grazing animals and other such activities are specifically exempt from complying
with the requirements of this Ordinance.

E. Forest Management operations which are following the Department of
Environmental Resources’ management practices contained in its publication “Soil
Erosion and Sedimentation Control Guidelines for Forestry” and are operating
under an erosion and sedimentation control plan.

No exemption shall be provided for Regulated Activities as defined in Section 104.E and
104.F of this Ordinance.

Section 403. Drainage Plan Contents

The Drainage Plan shall consist of all applicable calculations, maps and plans. A note on the
maps shall refer to the associated computations and erosion and sedimentation control plan
by title and date. The cover sheet of the computations and erosion and sedimentation control
plan shall refer to the associated maps by title and date. All Drainage Plan materials shall be
submitted to the municipality or it's designee in a format that is clear, concise, legible, neat
and well organized; otherwise, the Drainage Plan shall be disapproved and returned to the
Applicant.

The following items shall be included in the Draihage Plan:
A. General
1. General description of project.

2. General description of permanent storm water management techniques,
including construction specifications of the materials to be used for storm water

management facilities.

3. Complete hydrologic, hydraulic, and structural computations for all storm water
management facilities.
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Drawings or map(s) of the project area shall be submitted on 24-inch x 36-inch
sheets and shall be prepared in a form that meets the requirements for recording for

- the office of the Recorder of Deeds of Lancaster County. These drawings shall be
in conformance with the applicable subdivision regulations. The contents of the
map(s) shall include, but not be limited to:

1. The location of the project relative to highways, municipalities or other
identifiable landmarks.

2. Existing contours at intervals of two feet. In areas of steep slopes (greater
than 15 percent), five-feet contour intervals may be used.

3. Existing streams, lakes, ponds, or other bodies of water within the project area.
4.  Other physical features including flood hazard boundaries, wetlands,

sinkholes, streams, existing drainage courses, areas of natural vegetation to
be preserved, and the total extent of the upstream area draining through the

site.

5. The locations of all existing and proposed utilities, sanitary sewers, and water
lines within 50 feet of propenrty lines.

6. An overlay showing soil names and boundaries.

7. Proposed changes to the land surface and vegetative cover, including the type
and amount of impervious area that would be added.

8. Proposed structures, roads, paved areas, and buildings.

9. Final contours at intervals of two feet. In areas of steep slopes (greater than
15 percent), five-feet contour intervals may be used.

10.  The name of the development, the name and address of the owner of the
property, and the name of the .adividual or firm preparing the Plan.

11.  The date of submission.
12. A graphic and written scale of one (1) inch equals no more than fifty (50) feet.

13. A North arrow.

14.  The total tract boundary and size with distances marked to the nearest foot
and bearings to the nearest degree.

15.  Existing and proposed land use(s).
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16.

17.

18.

19.

20.

21.

22.

23.

A key map showing all existing man-made features two hundred (200) feet
beyond the property boundary that could be affected by the project.

Horizontal and vertical profiles of all open channels, including hydraulic
capacity.

Overland drainage paths.

A minimum twenty (20) foot wide access easement around ail storm water
management facilities that would provide ingress from and egress to a public
right-of-way.

A note on the Plan indicating the location and responsibility for maintenance of
storm water management facilities that would be located off-site. All off-site
facilities shall meet the performance standards and design criteria specified in
this Ordinance.

A statement, signed by the landowner, acknowledging the storm water
management system to be a permanent fixture that can be altered or removed
only after approval of a revised Plan by the municipality or it's designee.

The following signature block for the municipality or it's designee:

“|, [municipality or it's designee], on this date [date of signature}, have
reviewed and hereby certify that the Drainage Plan meets all design standards
and criteria of the Mill Creek Watershed Act 167 Storm Water Management
Ordinance.”

The location of all erosion and sedimentation control facilities.

C. Supplemental Information

1.

A written description of the following information shall be submitted:

a. The overall storm water management concept for the project.

b.  Storm water runoff computations as specified in this Ordinance.

c.  Storm water management techniques to be applied both during and after
development.

d. Expected project time schedule.

A soil erosion and sedimentation control Plan, inciuding all reviews and

approvals, as required by PADEP or the Lancaster County Conservation
District (LCCD).
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3. The effect of the project (in terms of runoff volumes and peak flows) on
adjacent properties and on any existing municipal storm water collection
system that may receive runoff from the project site.

4. A Declaration of Adequacy and Highway Occupancy Permit from the PADOT
District Office when utilization of a PADOT storm drainage system is proposed.

D. Storm Water Management Facilities

1. All storm water management facilities must be located on a map and described
in detail.

2.  When groundwater recharge methods such as seepage pits, beds or trenches
are used, the locations of existing and proposed septic tank infiltration areas
and wells must be shown. A minimum fifty (50) foot separation from On Lot
Disposal System (OLDS) infiltration areas is required. Infiitration rates shall be
based upon perk and probe tests conducted at the site of the proposed facility.

3. All calculations, assumptions and criteria used in the design of the storm water
management facilities must be shown.

Section 404. Plan Submission

For all activities required by this Ordinance, the steps below shall be followed for submission.
For any activities that require a PADEP Joint Permit Application and regulated under Chapter
105 (Dam Safety and Waterway Management).or Chapter 106 (Floodplain Management) of

PADER'’s Rules and Regulations, require a PADOT Highway Occupancy Permit, or require
any other permit under applicable state or federal regulations, the permit(s) shall be part of

the Plan.

1. The Drainage Plan shall be submitted by the Developer as part of the
Preliminary Plan submission for the Regulated Activity.

z. Four (4) copies of the Drainage Plan shall be submitted.
3. Distribution of the Drainage Plan will be as follows:

a. Two (2) copies to the Municipality accompanied by the requisite Municipal
Review Fee, as specified in this Ordinance.

b. One (1) copy to the Municipal Engineers.

c. One (1) copy to the Lancaster County Planning Commission.
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Section 405. Drainage Plan Review

A

The municipality or it's designee shall review the Drainage Plan for consistency with
the adopted Mill Creek Watershed Act 167 Storm Water Management Plan. The
municipality or it's designee shall require receipt of a complete plan, as specified in
this Ordinance.

The Municipal Engineer shall review the Drainage Plan for any submission or land
development against the municipal subdivision and land development ordinance
provisions not superseded by this Ordinance.

For Regulated Activities requiring a PADEP Joint Permit Application, the
municipality or it's designee shall notify PADEP whether the Drainage Plan is
consistent with the Storm Water Management Plan and forward a copy of the review
letter to the Municipality and the Developer. PADEP may consider the municipality
or it's designee’s review comments in determining whether to issue a permit.

The Municipality shall not approve any subdivision or land development for
Regulated Activities specified in Sections 104.A and 104.B of this Ordinance if the
Drainage Plan has been found to be inconsistent with the Storm Water
Management Plan. All required permits from PADEP must be obtained prior to
approval.

The Municipal Building Permit Office shall not issue a building permit for any
Regulated Activity specified in Section 104 of this Ordinance if the Drainage Plan
has been found to be inconsistent with the Storm Water Management Plan. All
required permits from PADEP must be obtained prior to issuance of a building
permit.

The Developer shall be responsible for completing an “As-Built Survey” of all storm
water management facilities included in the approved Drainage Plan. The As-Built
Survey and an explanation of any discrepancies with the design plans shall be
submitted to the Plan Administrator for final approval. In no case shall the
municipality or it's designee approve the As-Built Survey until the municipality or it’s
designee receives a copy of an approved Declaration of Adequacy, Highway
Occupancy permit from the PADOT District Office, and any applicable permits from
PADEP.

The municipality or it's designee’s approval of a Drainage Plan shall be valid for a
period of not to exceed one (1) year. This one-year time period shall commence on
the date that the municipality or it's designee signs the approved Drainage Plan. If
storm water management facilities included in this approved Drainage Plan have not
been constructed, or if an As-Built Survey of these facilities has not been approved
within this one-year time period, then the municipality or it's designee may consider
the Drainage Plan disapproved and may recommend that the Municipality revoke
any and all permits. Drainage Plans that are considered disapproved by the
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municipality or it's designee shall be resubmitted in accordance with Section 407 of
this Ordinance.

Section 406. Modification of Plans

A modification to a submitted Drainage Plan for a development site that involves a change in
storm water management facilities or techniques, or that involves the relocation or re-design
of storm water management facilities, or that is necessary because soil or other conditions are
not as stated on the Drainage Plan (as determined by the municipality or it's designee or the
Municipal Engineer), shall require a submission of the modified Drainage Plan consistent with
Section 404 of this Ordinance and be subject to review as specified in Section 405 of this

Ordinance.

A modification to an already approved or disapproved Drainage Plan shall be submitted to the
municipality or it's designee, accompanied by the applicable Plan Administrator Review Fee.
A modification to a Drainage Plan for which a formal action has not been taken by the
municipality or it's designee shall be submitted to the municipality or it's designee,
accompanied by the applicable municipality or it's designee Review Fee.

Section 407. Resubmission of Disapproved Drainage Plans

A disapproved Drainage Plan may be resubmitted, with the revisions addressing the
municipality or it's designee’s concerns documented in writing, to the municipality or it's
designee in accordance with Section 404 of this Ordinance and be subject to review as
specified in Section 405 of this Ordinance. The applicable municipality or it's designee
Review Fee must accompany a resubmission of a disapproved Drainage Plan.

ARTICLE V
INSPECTIONS

Section 501. Schedule of Inspections

A.  The municipality or it's designee or his assignee shall inspect all phases of the
installation of the permanent storm water management facilities.

B. During any stage of the work, if the municipality or it's designee determines that the
permanent storm water management facilities are not being installed in accordance
with the approved Storm Water Management Plan, the Municipality shall revoke any
existing permits until a revised Drainage Plan is submitted and approved, as
specified in this Ordinance.
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ARTICLE VI
FEES AND EXPENSES

Section 601. General
The fees required by this Ordinance are the Municipal Review Fee and the municipality or it's
designee Review Fee. The Municipal Review Fee shall be established by the Municipality to
defray review costs incurred by the Municipality and the Municipal Engineer. The municipality
or it's designee Review Fee shall be established by the municipality or it's designee to defray
the municipality or it's designee's review costs. All fees shall be paid by the Applicant.
Section 602. Expenses Covered by Fees
The fees required by this Ordinance shall at a minimum cover:

A.  The review of the Drainage Plan by the municipality or it's designee.

B. The site inspection.

C. The inspection of storm water management facilities and drainage improvements
during construction.

D. The final inspection upon completion of the storm water management facilities and
drainage improvements presented in the Drainage Plan.

E. Any additional work required to enforce any permit provisions regulated by this
Ordinance, correct violations, and assure proper completion of stipulated remedial
actions.

F. Defray administration and clerical costs.

Section 603. Improvement Security

An improvement security (bond or letter of credit) for storm water related improvements shall
be supplied by the Developer in conjunction with the subdivision/land development approval.

ARTICLE VIl
MAINTENANCE RESPONSIBILITIES

Section 701. Maintenance Responsibilities

A. The storm water management plan for the development site shall contain an
operation and maintenance Plan prepared by the developer and approved by the
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municipal engineer. The operation and maintenance Plan shall outline required
routine maintenance actions and schedules necessary to insure proper operation of
the facility(ies).

The Storm Water Management Pian for the development site shall establish
responsibilities for the continuing operating and maintenance of all proposed storm
water control facilities, consistent with the following principals:

1. If a development consists of structures or lots which are to be separately
owned and in which streets, sewers and other public improvements are to be
dedicated to the municipality, storm water control facilities should also be
dedicated to and maintained by the municipality or by an approved private
entity.

2. If a development site is to be maintained in a single ownership or if sewers and
other public improvements are to be privately owned and maintained, then the
ownership and maintenance of storm water control facilities should be the
responsibility of the owner or private management entity.

The governing body, upon recommendation of the municipal engineer, shall make
the final determination on the continuing maintenance responsibilities prior to final
approval of the Storm Water Management Pian. The governing body reserves the
right to accept the ownership and operating responsibility for any or all of the storm
water management controls.

Section 702. Maintenance Agreement for Privately Owned Storm Water Facilities

A

Prior to final approval of the site’s Storm Water Management Plan, the property
owner shall sign and record a maintenance agreement covering all storm water
control facilities which are to be privately owned. The agreement shall stipulate

that:

1. The owner shall maintain all facilities in accordance with the approved
maintenance schedule and shall keep all facilities in a safe and attractive

manner.

2.  The owner shall convey to the municipality easements and/or rights-of-way to
assure access for periodic inspections by the municipality and maintenance, if

required.

3. The owner shall keep in file with the municipality the name, address and
telephone number of the person or company responsible for maintenance
activities; in the event of a change, new information will be submitted to the
municipality within ten (10) days of the change.
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4. If the owner fails to maintain the storm water control facilities following due
notice by the municipality to correct the problem(s), the municipality may
perform the necessary maintenance work or corrective work and the owner
shall reimburse the municipality for all reasonable costs. Failure to reimburse
the municipality may lead to a lien being placed against any or all properties
which utilize the facility.

Other items may be included in the agreement where determined necessary to
guarantee the satisfactory maintenance of all facilities. The maintenance
agreement shall be subject to the review and approval of the municipal solicitor and
governing body.

Section 703. Municipal Storm Water Maintenance Fund

(NOTE:; This provision is an example of one way that a municipality could establish a special
fund to finance its maintenance and inspection activities for storm water retention/detention
facilities. It is an optional provision of the ordinance. if a municipality is interested in
establishing such a fund, it is recommended that it consult with its solicitor for legal
requirements and procedures.)

A

Persons installing storm water storage facilities shall be required to pay a specified
amount to the Municipal Storm Water Maintenance Fund to help defray costs of
periodic inspections and maintenance expenses. The amount of the deposit shall
be determined as follows:

1. If the storage facility is to be privately owned and maintained, the deposit shall
cover the cost of periodic inspections performed by the municipality, for a
period of ten (10) years, as estimated by the municipal engineer. After that
period of time, inspections will be performed at the expense of the municipality.

2. If the storage facility is to be owned and maintained by the municipality, the
deposit shall cover the estimated costs for maintenance and inspections for ten
(10) years. The municipal engineer will establish the estimated costs utilizing
information submitted by the applicant.

3. The amount of the deposit to the fund shail be converted to present worth of
the annuat series values. The municipal engineer shall determine the present
worth equivalents which shall be subject to the approval of the governing body.

If a storage facility is proposed that also serves as a recreation facility (e.g. ballfield,
lake), the municipality may reduce or waive the amount of the maintenance fund
deposit based upon the value of the land for public recreation purpose.

If at some future time a storage facility (whether publicly or privately owned) is

eliminated due to the installation of storm sewers or other storage facility, the
unused portion of the maintenance fund deposit will be applied to the cost of
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abandoning the facility and connecting to the storm sewer system or other facility.
Any amount of the deposit remaining after the costs of abandonment are paid will
be returned to the depositor.

ARTICLE VI
ENFORCEMENT AND PENALTIES

Section 801. Right-of-Entry

Upon presentation of proper credentials, duly authorized representatives of the municipality
may enter at reasonable times upon any property within the municipality to investigate or
ascertain the condition of the subject property in regard to any aspect regulated by this
Ordinance.

Section 802. Notification

In the event that a person fails to comply with the requirements of this Ordinance, or fails to
conform to the requirements of any permit issued hereunder, the municipality shall provide
written notification of the violation. Such notification shall set forth the nature of the
violation(s) and establish a reasonable time limit, for correction of these violation(s). Failure
to comply within the time specified shall subject such person to the penalty provisions of this
Ordinance. All such penaities shall be deemed cumulative and shall not preclude by the
municipality from pursuing any and all other remedies. it shall be responsibility of the owner
of the real property on which any Regulated Activity is proposed to occur, is occurring, or has
occurred, to comply with the terms and conditions of this Ordinance.

Section 803. Public Nuisance

A.  Any violation of any provision of this Ordinance is deemed to be a public nuisance.

B. Each day that a violation of any provision continues constitutes a separate violation.

Section 804. Penalties

A. Any person who or which has violated any provisions of this Ordinance, shall, upon
a judicial determination thereof, be subject to civil judgment for each such violation
of not less than or more than and 00/100 dollars
(3 ), plus costs of suit. Each day {hat a violation occurs shall

constitute a separate offense. All fines shall be paid to the

{(Name of Municipality].
B. In addition, the [Name of Municipality] may institute

injunctive, mandamus or any other appropriate action or proceeding at law or in
equity for the enforcement of this Ordinance. Any court of competent jurisdiction
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shali have the right to issue restraining orders, temporary or permanent injunctions,
mandamus or other appropriate forms of remedy or relief.

Section 805. Appeals

A. Any person aggrieved by any action of the [Municipality) or its designee may appeal
to [the municipality's governing body] within thirty (30) days of that action.

B. Any person aggrieved by any decision of [the municipality's governing body] may

appeal to the [County Court or Common Pleas] within thirty (30) days of that
decision.

ENACTED and ORDAINED at a regular meeting of the {Name of the municipal governing

body] on the th day of . 19___. This Ordinance shall take effect
immediately.

[Name], [Title]

[Name], [Title]

[Namej, [Title]
ATTEST.

[Name}, Secretary (type or print)

| hereby certify that the foregoing Ordinance was advertised in th.2 [name of newspaper]
on {date], a newspaper of general circulation in the municipality and was duly enacted and
approved as set forth at a regular meeting of the [name of municipal governing body] held on
[date].

[name], Secretary
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SECTION IX

THE DEVELOPMENT OF PRIORITIES FOR
IMPLEMENTATION OF ACTION WITHIN THE PLAN

The Mill Creek Watershed Storm Water Management Plan preparation process is completed
with Lancaster County’s adoption of the draft Plan and submission of the Final Plan to PADEP
for approval. Procedures for the review and adoption of the Plan are included in Section X.
Subsequent activities to carry out the provisions of the Plan are considered by PADEP to be
part of the implementation of the Plan. PADEP approval sets in motion the mandatory
schedule of adoption of municipal ordinance provisions to implement the storm water
management criteria. Mill Creek Watershed municipalities would have six months from
PADEP approval within which to adopt the necessary ordinance provisions.

A

PADEP Approval of the Plan

Upon adoption of the watershed Plan by Lancaster County, the Plan is submitted to
PADEP for approval. A draft of the Storm Water Management Plan and Draft Model
Ordinance will be sent to PADEP prior to adoption of the watershed Plan. The
PADEP review process involves determination that all of the activities are
completed in the Plan. Further, the Department will only approve the Plan if it
determines the following:

1. That the Plan is consistent with municipal floodplain management plans, State
programs which regulate dams, encroachments and other water obstructions,
and State and Federal flood control programs; and

2. That the Plan is compatible with other watershed storm water plans in which
the watershed is located and is consistent with the policies and purposes of

Act 167.

PADEP action to either approve or disapprove the Plan must take place within
ninety (90) days of receipt of the Plan by the Department. Otherwise, the Plan would

pe approved by derault.
Publishing the Final Plan

Consistent with the Mill Creek Scope of Study, the Lancaster County Planning
Commission will publish 46 copies of the Watershed Plan after PADEP approval. At
minimum, two copies of the Text of the Plan will be provided to each municipality.
Additional separate copies of the Mill Creek Watershed Act 167 Storm Water

Management Qrdinance will be published for use by the municipalities.
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Municipal Adoption of Ordinance Provisions to Implement the Plan

The key ingredient for implementation of the Storm Water Management Pian is the
adoption of the necessary ordinance provisions by the Mill Creek Watershed
municipalities. Provided as part of the Plan is the Mill Creek Watershed Act 167
Storm Water Management Ordinance which is a single purpose storm water
ordinance that could be adopted by each municipality essentially “as is” to
implement the Plan. The single purpose ordinance was chosen for ease of
incorporation into the existing structure of municipal ordinances. All that would be
required of any municipality would be to adopt the ordinance itself and adopt the
necessary provisions for tying into the existing subdivision and land development
ordinance and zoning ordinance. The tying provisions would simply refer any
applicable regulated activities within the Mill Creek Watershed from the other
ordinances to the single purpose ordinance. It is recommended that the delineation
of the watershed subareas and the release rate percentages assigned to each
subarea be enacted as part of each municipality's zoning or subdivision ordinance
so that the requirements for management of storm water will be applicable to all
changes in land use and not limited only to activities which are subject to
subdivision and land development regulations.

The proposed model ordinance provisions include the technical standards of the
Mill Creek Watershed Storm Water Management Plan as well as recommended
procedures for review and approval of development applications and for the
financing and maintenance of storm water control facilities constructed in
conjunction with development and land alteration activities. These technical,
procedural and administrative provisions are summarized in this section and
Section V, Criteria and Standards.

Level of Government Involvement in Storm Water Management

The existing institutional arrangements for the management of storm water include
federal, state, and county governments, as well as every municipality within the
watershed. Table IX-1 indicates the major areas of involvement of each of these
agencies - prior to the adoption of the Watersheu Storm Water Management Plan.

in the absence of a single entity with responsibility for all aspects of storm water
management within a watershed, it is clear that the “management” which occurs is
primarily a function of a multiple permitting process in which a developer attempts to
satisfy the requirements of all of the permitting agencies. Each public agency has
established its own regulations based on its own objectives and legislative
mandates as well as its own technical standards, applicable to its particutar storm
water concerns.

The minimum objectives of this Plan and the minimum mandates of ACT 167 can be
accomplished without significant modification of existing institutional arrangements -
by action taken at the municipal level (in combination with continuing voluntary

76



coordination at the watershed level), participation by the county in the technical
review of storm water management plans, maintenance and operation of the
computer model {(as necessary) and compilation of data required for periodically
updating the Plan. In addition, upon adoption and approval of the watershed Pian,
all future public facilities, facilities for the provision of public utility services, and all
facilities owned or financed by state funds will have to be consistent with the
watershed Plan, even though they might not otherwise be subject to municipal
regulation.

1. Municipal/Watershed Level Activities

Adoption or amendment of development regulations by each municipality to
incorporate watershed storm water management standards. ACT 167 requires

that this be accomplished within six months of the Plan’s adoption and
approval. Model ordinance provisions have been distributed to all of the
watershed Municipalities. The Lancaster County Engineering Office will be
available upon request to assist Municipalities in the adoption of the model
ordinance provisions to fit particular municipal ordinance structures.

TABLE IX-1
Public Involvement in Storm Water Management
Government Level and Agency Area of Involvement
Eederal
Environmental Protection Agency Clean Water Act - concerned with water quality

including runoff quality and wetlands

Soil Conservation Service or Erosion and sediment pollution control -
Natural Resources Conservation agriculture.

Service

Corps of Engineers Floodplain management, navigation and flood

control, wetlands.

U.S. Fish & Wildlife Service Wetlands, land use.
State
Dept. of Environmental Protection Clean Streams Law - concerned with runoff

quality, specifically erosion and sedimentation.
Dam Safety and Encroachments Act - regulates

dams, obstruction and encroachments on streams,
flood plains, and wetlands.
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Storm Water Management Act - administers law,
approves watershed management plans.

Administers Flood Plain Management Act; reviews
watershed plans.

County
Conservation District Approves erosion and sediment pollution control
plans under agreement with PADEP and
Municipalities.
Engineer's Office Prepares watershed plans. Reviews municipal
subdivision regulations.
Municipalities Enact and administer zoning, subdivision and !and

development, building code, site alteration
regulations. In addition, the State, County and
Municipalities all construct and maintain a variety
of public facilities - such as roads, bridges,
culverts, storm sewers and other storm control
facilities, which affect and are affected by storm

water flows.
The w shed Municipalities will als ter into a Memorandum of
Understanding (M.Q.4.) with the Lancaster County Conservation Districts. The

M.O.U. will allow for cooperation between both parties for the review of erosion
and sediment pollution control plans and on-site inspection and enforcement of
applicable regulations.

In developing a proposal for the ongoing management of storm water in the Mill
Creek Watershed, the Task Force should also consider issues of the repair,
maintenance and improvement of existing municipal storm water facilities in
order to ensure the proper functioning of the total system and to address the
correction of existing problems.

2.  County Level Activities

a. Establishment of review procedures. The model ordinance calls for review
of storm water management plans for development sites by the Lancaster
County Planning Commission, and Erosion and Sediment Pollution Control
Plans by the Lancaster County Conservation District. Evidence is also
required that the appropriate State and Federal agencies responsible for
administering wetland regulatory programs have been contacted for land
development sites containing regulated wetlands. The purpose is to ensure
that plan standards have been applied appropriately and that downstream
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impacts have been adequately addressed. Procedures and capabilities for
performing the review function exist within the governmental agencies.

b. Maintenance of data for performance of review and of no-harm evaluation.
The materials initially prepared by the consultants during the Plan
preparation process which are needed or which may be needed in the
development of site specific storm water management plans, including data
needed to perform the no-harm evaluation as detailed in Volume I, must be
maintained in a place and form which is accessible to users. This material
includes the computer model tabular printouts and the TR20 input files on
disc.

E. County Wide Coordination

1.

Regional Storm Water Management Board

There are possible situations of storm water management functions and
concerns which may not be adequately addressed within the structure of the
existing institutional arrangements or by the adoption and enforcement of new
regulations at the municipal level, as outlined above.

For example, the construction of regional storage facilities may offer a very
economic and technically sound alternative to the construction of individual, on-
site detention basins. There is, however, no organization at the present time
which is capable of implementing such a concept. To do so would require a
multi-municipal entity capable of planning, financing, constructing, operating and
maintaining the shared storage facilities in a manner similar to the management
required for the collection, treatment and disposal of sanitary wastes.

The Mill Creek Watershed is a drainage system. All of its parts are interrelated.
What happens upstream affects what happens downstream, and what happens
downstream places limitation on what happens upstream. If runoff is not
controlled in upstream communities, downstream communities will flood. But, if
in a downstrearm community, the capacity of a drainage channel can be safely
increased, more upstream runoff may be released, thus reducing to some
degree the cost of required upstream control facilities.

The standard proposed in this Plan is the primary standard for managing storm
water on a watershed basis and is a very simple concept which can be
implemented on a property-by-property basis. It is equitable and can be used to
achieve the law's “no-harm” mandate. But the same technical tool which allowed
the modeling of rainfall routing throughout the watershed and the development
of a usable standard for property-level control is capable of testing numerous,
technically feasible solutions which would work for combinations of properties
and for combinations of subareas. Some of these potential solutions may be
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preferable to those which would result from the application of release rates to
individual properties.

There are, of course, ways to work out agreements on a case-by-case basis to
permit the accomplishment of almost any objective, whether a public or a private
undertaking. But, as the number of storm water detention and control facilities
increases during future years, continuing maintenance to ensure the integrity of
structures and their performance will become very important. A proliferation of
“special agreements” to handle special situations may make future accountability
very difficult.

An ideal structure for the management of storm water on a watershed basis
would be an entity capable of dealing with all of the interrelated elements of the
system in order to achieve the following:

o the best possible technical solutions in the most effective manner,

o the efficient and competent review of Storm water management
components of development plans;

o the continued maintenance and proper functioning of all elements of the
system;

o the repair and replacement of system components as necessary,

o continuing monitoring and evaluation of the performance of the drainage
system;

0 updating and revision of system requirements and standards as necessary;

o coordination of storm water management in the watershed with other actors
and concerns such as water quality and supply, recreation, conservation
and environmental objectives; and responsible financial management
including an equitable apportionment of operating and capital costs among
the system's users and beneficiaries.

It is clear that not all of these objectives can be achieved on a watershed basis
through municipal implementation of the storm water plan, but that the existence
of an inter-municipal entity capable of continuous action at the system or
watershed level is required.

An optimum management system would be an entity capable of performing
similar functions for multiple watersheds - a county-level Storm water
management institution. There are a variety of models for such an entity, ranging
from assigning new responsibilities to a coordinated team of existing county
departments to the creation of a regional Storm water management board to
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include storm water functions. Further, under any management system, some of
the elements in the process could be contracted out to a private vendor.

Financing

The essential concept is that storm water can be managed like a public utility
and that the costs for planning, construction, operation and maintenance,
monitoring and evaluation can be equitably shared by all of the system’s users.

A basic assumption underlying the concept of user financing of Storm water
management is that damage caused by existing and potential storm water runoff
without controls is intolerable. Therefore, it is in the public interest to undertake
Storm water management immediately, and such management should not be
delayed until federal and state funding is available.

Another way in which the completion and implementation of this plan can be of
assistance in addressing storm drainage problems is by opening the avenue of
funding assistance through the PENNVEST program. The PENNVEST Act of
1988, as amended, provides low interest loans to governmental entities for the
construction, improvement or rehabilitation of stormwater projects including the
transport, storage and infiltration of stormwater and best management practices
to address point or non-point source pollution associated with stormwater.

In order to qualify for a loan under PENNVEST, the municipality or county:

1. Must be located in a watershed for which there is an existing county
adopted and DEP approved stormwater plan with enacted stormwater
ordinances consistent with the plan or,

2 Must have enacted a stormwater control ordinance consistent with the
Storm Water Management Act.

Based on storm water management experience elsewhere, users (defined to
include beneficiaries aiso) van finance the full cost of storm water management
inexpensively and equitably. The cost to each user is calculated on the basis of
user's property characteristics. Because this method is based on a formula, it
has the advantage of being objective in its application.

Recommendations for Institutional Arrangemeris

In order that the technical standards for control of storm water in the Mill Creek
Watershed can be implemented within the time period specified by the law (six
months after approval to the adopted Plan by PADEP, it is recommended that
the technical criteria and standards outlined in Section V together with those
management standards to implement the technical standards at the municipal
level outlined in Volume |, be adopted.
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Development of a Systematic Approach for Correction of Existing Storm
Drainage Problem Areas

Correction of the existing storm drainage problem areas in the watershed is not
specifically part of the ACT 167 planning process. However, the development of the
watershed Plan has provided a framework for their correction for the following
reasons; (1) existing storm drainage problems have been documented through
interaction with the Watershed Plan Advisory Committee (WPAC); (2) implementation
of the runoff control criteria specified in the Plan will prevent the existing drainage
problems from becoming worse (and prevent the creation of new drainage problem
areas); and (3) the hydrologic model developed to formulate the runoff control criteria
could be used as an analytical tool for designing engineering solutions to existing
drainage problems.

With the above in mind, each municipatity within the Mill Creek Basin should take the
following steps to implement solutions to the existing storm drainage problem areas:

1. Prioritize the list of storm drainage problems within the municipality based on
frequency of occurrence, potential for injury to persons or property, damage
history, public perception of the problems, and other appropriate criteria.

2. For the top priority drainage problems in the Municipality, conduct detailed
engineering evaluations to determine the exact nature of the problems (if not
known), determine alternative solutions, provide cost estimates for the
alternative solutions, and recommend a course of municipal action. The number
of drainage problems to be evaluated by a municipality as a first cut from the
priority tist should be based on a schedule commensurate with completing
engineering studies on all problem areas within approximately 10 years.

3. Onthe priority and cost basis, incorporate the implementation of recommended
solutions to the drainage problems in the annual municipal capital budget or the
municipal maintenance budget as funds are available. The number of drainage
problems corrected in a given year should be based on a maximum 15 year
schedule of resoiving all existing documented drainage problems in the
Municipality for which cost-effective solutions exist.

The above-stated procedure for dealing with existing storm drainage problem areas is
not a mandatory action placed on municipalities with the adcption of the watershed
Plan. Rather, it represents one systematic method to approach the problems
uniformly throughout the watershed and attempt to improve the current runoff
situation in the basin. The key elements involved in the success of the remedial
strategy will be the dedication of the Municipalities to construct the corrective
measures and the consistent and proper application of the runoff control criteria
specified in the Plan. The latter element is essential to ensure that remedial
measures do not become obsolete (under designed) by increasing peak flows with
new development.
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SECTION X
PLAN REVIEW ADOPTION AND UPDATING PROCEDURES
County Adoption

Prior to Plan completion, Lancaster County transmitted a draft of the proposed Storm
Water Ordinance for review to affected local governing bodies and the Watershed
Plan Advisory Committee.

Lancaster County then transmitted the Plan for review to the municipal planning
agency and the governing body of each involved Municipality, the County Planning
Commission and the Watershed Plan Advisory Committee by official correspondence.
This review included an evaluation of the Plan's consistency with other plans and
programs affecting the watershed. The reviews and comments will be submitted to the
County by official correspondence. The County will receive, tabulate and respond to
the comments and will revise the Plan as appropriate.

Lancaster County held a public meeting. A notice for the hearing was published two
weeks prior to the hearing date. The meeting notice contained a summary of the
principal provisions of the Plan and stated where copies of the Plan could be
examined or obtained within each municipality. The comments received at the public
hearing were reviewed by the county and appropriate modification to the Plan made.

The Plan was passed as a resolution by the Lancaster County Commissioners for the
purpose of adoption. The resolution included references to Volume | - Executive
Summary and Volume |l - Text of the Plan including maps and the model ordinance.
The Technical Appendix is supporting data and not part of the adopted Plan. The
County resolution was recorded in the minutes of a regular meeting of the Lancaster
County Commissioners.

L ancaster County wiii submit to the Department of Environmental Protection a letter of
transmittal and three copies of the adopted Plan, the review by each affected
municipal planning agency and local governing body and the County Planning
Commission, public hearing notice and minutes, and the resolution of adoption of the
Plan by the County. The letter of transmittal will state that Lancaster County has
complied with all procedures outlined in Act 167 and will request that the Department
of Environmental Protection approve the adopted Plan.

Provisions for Plan Revision

Section 5 of the Storm Water Management Act requires that the Storm Water
Management Plan be updated at least every five years.
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This requirement considers the changes in land use, obstructions, flood control
projects, floodplain identification, and management objectives or policy that may take
place within the watershed.

It will be necessary to collect and manage the required data in a consistent manner
and preferably store it | a central location not only to prepare an updated Plan, but
also, if required, to make interim runs on the runoff simulation modei to analyze the
impact of a proposed major development or a proposed major Storm water
management facility.

The following recommendations deal with the minimum requirements that will have to
be undertaken to maintain an effective technical position for periodically reviewing,
revising and updating the Plan.

1. Itis recommended that the Lancaster County Board of Commissioners authorize
the County Engineer's Office to undertake the task of collecting and organizing
storm water management plans and supporting documentation and data
submitted for review and to assume responsibility for periodically reviewing,
revising, and updating the Storm Water Management Plan.

2. ltis recommended that the Lancaster County Planning Commission prepare a
workable program for the identification, collection and management of the
required data. The program should not be limited to the cooperative efforts of the
constituent member Municipalities within the Mill Creek watershed, but should
also include both State and County agencies concerned with storm water
management.

3. Itis recommended that The Watershed Plan Advisory Committee convene bi-
annually or as needed to review the Storm Water Management Plan and
determine if the Plan is adequate for minimizing the runoff impacts of new
development. At minimum, the information (to be reviewed by the Committee)
will be as follows:

(a) Development activity data as monitorea by the Lancaster County Planning
Commission.

(b) Information regarding additional storm drainage problem areas as provided
by the municipal representatives to the Advisory Committee.

(c) Zoning and Subdivision amendments within the watershed.

(d) Impacts associated with any regional or sub-regional detention alternatives
implemented within the watershed.

(e) Adeqguacy of the administrative aspects of regulated activity review.
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(f) Additional hydrologic data available through preparation of the Storm Water
Management Plan for the Mili Creek Watershed.

The Committee will review the above data and make recommendations to the
County for revisions to the Mill Creek Storm Water Management Plan.
Lancaster County will review the recommendations of the Watershed Plan
Advisory Committee and determine if revisions are to be made. A revised Plan
would be subject to the same rules of adoption as the original Plan preparation.
Should the County determine that no revisions to the Plan are required for a
period of five consecutive years, the County will adopt a resolution stating that
the Plan has been reviewed and been found satisfactory to meet the
requirements of ACT 167 and forward the resolution to PADEP.
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APPENDIX A

ACT 167 STORM WATER MANAGEMENT
EXEMPTION CRITERIA

Effective Agaricultural Zones and Conservation Zones:

The following criteria shall apply to all existing lots in conservation zones and effective
agriculture* areas (1 lot per 20 acres or larger).

Total Parcel Size | Minimum Distance* (Feet) Impervious Areas
Exempt from Ordinance
0-0.5 acre 10 500 sq. ft.
0.5-1 acre 50 2,500 sq. ft.
1-2 acres 100 10,000 sq. ft.
2-5 acres 250 15,000 sq. ft.
>5 acres 500 20,000 sq. ft.

* The minimum distance between the proposed impervious area and/or storm
water controls/structure discharge point to the down slope property line. in lieu of
meeting the minimum distance criteria, the applicant may provide documentation from a
Registered Professional in the state of Pennsylvania that the increased flows from the
site leaves the site in the same manner as the pre-development condition and that
there will be no adverse effects to adjacent property, or the increased flows reach a
natural drainage way or existing storm water management structure before affecting
adjacent property.

** All farms for which an exemption is requested shall have a Conservation Plan
approved by the appropriate officials.

Existing Developed Properties:

Lands improved with existing structures may be exempted for an additional 1000
square feet of impervious surface in all zones provided that flows from the site after
development leave the site in the same manner as the pre-development condition.
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PA-DOT REGION 5 STORM IDF DATA BASE
RAINFALL INTENSITY (inches/Hour)

APPENDIX NO B-1

TIME STORM FREQUENCY (Years)

(Min.) 2 5 | 10 25 50 100
5.0 463 | 540 | 602 6.70 7.5] 8.19
6.0 4.34 5.15 5.70 6.39 7.22 7.50
7.0 4.12 495 | 5.42 6.10 6.95 7.62
8.0 3.92 470 | sa7 5.85 6.70 7.36
9.0 3.75 450 | 495 5.62 6.47 7.12
10.0 3.59 4.30 4.75 541 6.26 .90
11.0 3.45 4.15 4.58 5.22 6.07 .70
12.0 3.32 4.00 4.42 5.05 5.88 6.50
13.0 3.21 3.85 4.27 489 7| 871 6.33
14.0 3.10 3.70 4.16 4.74 5.56 6.16
15.0 3.00 3.55 4.00 4.60 5.40 .00
20.0 2.60 3.10 3.50 4.03 4.78 5.34
25.0 2.3 2.65 3.15 3.61 4.30 4.83
30.0 2.09 2.45 2.82 3.27 3.92 4.41
40.0 1.76 2.05 2.39 2.78 3.34 3.79
50.0 1.53 1.77 2.08 2.42 2.92 3.33
0.0 1.35 1.60 1.85 2.15 2.60 2.98




APPENDIX NO. B-3

RUNOFF CURVE NUMBERS “CN’ FOR
SCS METHOD

Runoff Curve Numbers “CN" for SCS Method
—

Soil Group A B Cc D
Slope 0-2% | 26% | 6%+ | 0-2% |26% [6%+ | 0-2% | 28% | 6%+ | 0-2% | 28% | 6%+
Land Use
Cultivated Land
winter conditions 48 80 65 62 73 73 88 78 79 77 81 88

summer conditions 35 51 61 48 65 70 57 65 77 64 690 80
Fallowed Fields

poor conditions 45 54 76 56 63 85 64 74 90 €9 77 a3

good conditions 30 44 74 43 48 a3 48 54 88 56 60 80
ForestWoodiand 30 30 40 42 48 55 45 50 70 50 58 77
Grass Areas

good conditions 35 39 51 48 54 61 56 59 74 62 63 BO

average conditions 45 49 53 52 55 €9 60 63 79 65 69 84

poor conditions 48 55 68 56 67 79 68 74 86 73 81 89
Impervious Areas 96 a7 o8 86 o7 a8 g6 o7 98 86 a7 o8
Weighted Resldential

lot size % acre 74 75 77 74 76 85 78 80 a0 81 83 92

lot size ¥; acre 61 62 67 66 69 75 67 68 83 75 78 87

lot size Vs acre 57 58 85 64 66 72 65 66 81 74 77 86

Iot slze % acre 54 87 63 82 64 70 63 65 80 72 76 85

lot size 1 acre 51 55 62 61 63 68 61 64 79 71 75 84




APPENDIX NO. B-3

RUNOFF CURVE NUMBERS "CN” FOR
SCS METHOD

Runoff Curve Numbers “CN” for SCS Method

Soil Group A B C D
Slope 0-2% | 2-6% | 6%+ | 0-2% | 2-6% | 6%+ | 0-2% | 2-6% | 6%+ | 0-2% | 2-6% | 6%+

Land Use
Cultivated Land

winter conditions 48 60 65 62 73 73 68 78 79 77 81 88

summer conditions 35 51 61 48 55 70 57 w3 77 64 39 80
Fallowed Fields

poor conditions 45 54 76 56 63 85 64 74 90 69 77 a3

good conditions 30 44 74 43 48 83 48 54 88 56 60 90
ForestWoodland 30 30 40 42 46 55 45 50 70 50 56 77
Grass Areas

good conditions 35 39 51 48 54 61 56 59 74 62 63 80

average conditions 45 49 53 52 56 69 60 63 79 65 69 84

poor conditions 48 55 68 56 67 79 66 74 86 73 81 89
Impervious Areas 96 97 g8 96 97 98 96 97 98 96 97 98
Weighted Residential

lot size ¥4 acre 71 75 77 74 76 85 78 80 a0 81 83 92

lot size % acre 61 62 67 66 69 75 67 69 83 75 78 87

Iot size 4 acre 57 59 65 64 66 72 65 66 81 74 77 86

lot size V2 acre 54 57 63 62 64 70 63 85 80 72 76 85

lot size 1 acre 51 55 62 61 63 68 61 64 79 71 75 84




APPENDIX NO. B4

NOMOGRAPH FOR DETERMINING SHEET FLOW

{for use with the Rational Method)
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150
. 140

120
100

80
70
60

50

L UL B B B |

40

1

T

10

1

20

Runoff Coefficient "“C"

I

IIII]I]I]" 'I'l

I

.95
.80

.70

.60
.50
.40
.30
.20
.10

.05

Pivot Line

10,
20.

Percent of Slope

15

30

25

20

—
wn

10

A A_. A A l A_M_) l._l_l_l A .I_l

1

Time of Concentration (mins)




APPENDIX NO. B-5
Worksheet #1: Time of concentration (Te) or travel time (1)

Project By _ _ _ Date
Location Checked Date
" Circle one: Present  Developed

Circle one: Te Tt through subarea

NOTES: Space for as many as two segments per flow type can be used for each
worksheet.

Include a map. schematic, or description of flow segments.

Sheet flow (Applicable to Tc only) Segment iD

1. Surface description (table 3-1) . ............

2. Manning's roughness coeff., n (table 3-1). .. ..

3. Flowlength, L (total L<**150f).......... ft

4, Two-yr24-hrrainfall, P2 ............... in

5. Landslope.s . ... . it ft/ft

6. Tt= %ﬁ“”o—ji Compute Tt......... hr " =

P s

Shallow concentrated flow Segment ID

7. Surface description (paved or unpaved} ... ...

8 Flowlength, L..... ... .. ft

9, Watercourseslope,s ................ ft/ft

10. Average velocity, V {figure 3-1). . .. .... .. ft/s

11. T = o= Compute Tt......... hr + -
Channel flow Segment ID

12, Cross sectional flowarea,a ............ it

13. Wetted perimeter, Pw . ... ... ... .. ... ft

14. Hydraulic radius, r= & Computer...... ft

15. Channel slope, S . ..o i v v nnn. ft/ft

16. Manning's roughnesscoeff., n.............

17. V=140 casn ComputeV. ... .. ft/s

18 Flowlength, L. .. ... ... . . ... ... ... ft

19. Ty = aeéov Compute Tt......... hr + =
20. Watershed or subarea Teor Tt (add TyInsteps 6, 11, and 19)........ hr

*Table 3-1 per latest TR-55. Urban Hydrology for Small Watershed
**150" sheet flow length per latest TR-55 revision



APPENDIX NO. B-6

AVERAGE VELOCITIES FOR ESTIMATING TRAVEL TIME FOR

SHALLOW CONCENTRATED FLOW
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APPENDIX NO. B-7

MANNING “n” VALUES FOR PIPES

Manning *n* Values for Pipes

PIPE MATERIAL MANNING “n°
Helical corrugated steel/aluminum
22/3 x 1/2 corrugations
diameter (inches)
15 0.014
18 0.015
21 0.0186
24 0.017
27 0.018
30 0.019
36 0.020
42 0.021
48 0.021
Reinforced Concrete
All diameters 0.013
Corrugated Polyethylene
Smooth lining
All diameters 0.012

Note: Arch pipe shall have the Manning "n" of an equal

periphery of circular pipe.
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ORDINANCE APPENDIX C

SAMPLE -- DRAINAGE PLAN APPLICATION

(TO BE ATTACHED TO THE “LAND SUBDIVISION PLAN OR DEVELOPMENT PLAN REVIEW APPLICATION"
OR “MINOR LAND SUBDIVISION PLAN REVIEW APPLICATIONT)

APPLICATION 1S HEREBY MADE FOR REVIEW OF THE STORM WATER MANAGEMENT AND EROSION
AND SEDIMENTATION CONTROL PLAN AND RELATED DATA AS SUBMITTED HEREWITH IN
ACCORDANCE WITH THE TOWNSHIP STORM WATER MANAGEMENT AND
EARTH DISTURBANCE ORDINANCE.

FINAL PLAN PRELIMINARY PLAN SKETCH PLAN

DATE OF SUBMISSION SUBMISSION NO.

1. NAME OF SUBDIVISION OR DEVELOPMENT

2. NAME OF APPLICANT TELEPHONE NO,
(IF CORPORATION, LIST THE CORPORATIONS NAME AND THE NAMES OF TWO OFFICERS OF THE
CORPORATION)
ADDRESS

ZIP

APPLICANT'S INTEREST IN SUBDIVISION OR DEVELOPMENT

(IF OTHER THAN PROPERTY OWNER GIVE OWNERS NAME AND ADDRESS

3.  NAME OF PROPERTY OWNER TELEPHONE NO.
ADDRESS
ZIP
4. NAME OF ENGINEER OR SURVEYOR TELEPHONE NO.
ADDRESS
ZIP

5. TYPE CF SUBDIVISION OR DEVELOPMENT PROPOSED:

SINGLE-FAMILY LOTS TOWNHOUSES COMMERCIAL (MULTI-LOT)
TWO-FAMILY LOTS GARDEN APARTMENTS COMMERCIAL (ONE-LOT)
MULTI-FAMILY LOTS MOBILE-HOME PARK INDUSTRIAL (MULTI-LOT)
CLUSTER TYPE LOTS CAMPGROUND INDUSTRIAL {ONE-LOT)
PLANNED RESIDENTIAL OTHER ( )
DEVELOPMENT
6. LINEAL FEET OF NEW ROAD PROPOSES? L.F.

7. AREA OF PROPOSED AND EXISTING IMPERVIOUS AREA ON ENTIRE TRACT,

A.  EXISTING (TO REMAIN) LE.
B. PROPOSED LE.

8. STORMWATER



DOES THE PEAK RATE OF RUNOFF FROM PROPOSED CONDITIONS EXCEED THAT FLOW
WHICH OCCURRED FOR PREDEVELOPMENT CONDITIONS FOR THE DESIGNATED DESIGN
STORM?

DESIGN STORM UTILIZED (ON-SITE CONVEYANCE SYSTEMS) (24 HR.)
(CHECK ONE)

NO. OF SUBAREA

~ WATERSHED NAME
__OTHER
EXPLAIN:

IS THE PROPOSED RUNOFF REDUCED TO THE ALLOWABLE RELEASE RATE FOR THE
SUBAREA IN WHICH THE SITE IS LOCATED FOR THE 2.33- AND 50-YEAR DESIGN STORM?

NUMBER OF SUBAREA FROM PLATE 1, VOLUME 1 TECHNICAL MANUAL OF THE MILL CREEK
WATERSHED STORM WATER MANAGEMENT PLAN.

TYPE OF PROPOSED RUNOFF CONTROL

DOES THE PROPOSED STORM WATER CONTROL CRITERIA MEET THE
REQUIREMENTS/GUIDELINES OF THE STORM WATER ORDINANCES?

- IF NOT, WHAT VARIANCES/WAIVERS ARE REQUESTED?

- REASONS WHY

DOES THE PLAN MEET THE REQUIREMENTS OF ARTICLE {ll OF THE STORM WATER
ORDINANCES?

- IF NOT, WHAT VARIANCES/WAIVERS ARE REQUESTED

- REASONS WHY

WAS TR-55, JUNE 1988, UTILIZED IN DETERMINING THE TIME OF CONCENTRATION?

IS A HYDRAULIC ROUTING THROUGH THE STORM WATER CONTROL STRUCTURE
SUBMITTED?

IS A CONSTRUCTION SCHEDULE OR STAGING ATTACHED?

1S A RECOMMENDED MAINTENANCE PROGRAM ATTACHED?

WHO WILL HAVE ULTIMATE MAINTENANCE RESPONSIBILITY OF THE STORM WATER
CONTROL FACILITIES?

EROSION AND SEDIMENT POLLUTION CONTROL (E&S)

A

HAS THE STORM WATER MANAGEMENT AND E&S PLAN, SUPPORTING DOCUMENTATION
AND NARRATIVE BEEN SUBMITTED TO THE LANCASTER COUNTY CONSERVATION
DISTRICT?

TOTAL AREA OF EARTH DISTURBANCE S.F.




10.

1.

WETLANDS

A

HAVE THE WETLANDS BEEN DELINEATED BY SOMEONE TRAINED IN WETLAND
DELINEATION?

B. HAVE THE WETLAND LINES BEEN VERIFIED BY A STATE OR FEDERAL PERMITTING
AUTHORITY?

C. HAVE THE WETLAND LINES BEEN SURVEYED?

D. TOTAL ACREAGE OF WETLAND WITHIN THE PROPERTY,

E. TOTAL ACREAGE OF WETLAND DISTURBED

F.  SUPPORTING DOCUMENTATION

FILING

A.  HAS THE REQUIRED FEE BEEN SUBMITTED?

AMOUNT

B. HAS THE PROPOSED SCHEDULE OF CONSTRUCTION INSPECTION TO BE PERFORMED BY
THE APPLICANT'S ENGINEER BEEN SUBMITTED?

C. NAME OF INDIVIDUAL WHOM WILL BE MAKING THE INSPECTIONS

GENERAL COMMENTS ABOUT STORM WATER MANAGEMENT AT DEVELOPMENT




CERTIFICATE OF OWNERSHIP AND ACKNOWLEDGMENT OF APPLICATION:

COMMONWEALTH CF PENNSYLVANIA COUNTY OF LANCASTER SS

On this the day of , 19 » before me, the undersigned officer, personally
appeared

who being duly sworn, according to law, desposes and says that owners of

the property described in this application and that the application was made with
knowledge and/or direction and does hereby agree with the said appiication and to the submission of the same.

Property Owner Property Owner

My Commission Expires , 19

Notary Public or Officer

THE UNDERSIGNED HEREBY CERTIFIES THAT TO THE BEST OF HIS KNOWLEDGE AND BELIEF THE
INFORMATION GIVEN ABOVE ARE TRUE AND CORRECT.

SIGNATURE OF APPLICANT

hh Akt AR E A RS F R AR SRR AR AARRARRA SRR ARG AR RS A A b A b A bR AR N AR AR AR S RSN R AR R R AR A AR AR AR R R A r e R A AR AN A A S RN Rd b

(INFORMATION BELOW THIS LINE TO BE COMPLETED BY THE TOWNSHIP)

TOWNSHIP OFFICIAL SUBMISSION RECEIPT.

DATE COMPLETE APPLICATION RECEIVED PLAN NUMBER

FEES DATE FEES PAID RECEIVED BY

OFFICIAL SUBMISSION RECEIPT DATE

RECEIVED BY
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TOWNSHIP

DRAINAGE PLAN
PROPOSED SCHEDULE OF FEES

SUBDIVISION NAME SUBMITTAL NO.
OWNER DATE
ENGINEER
1. FILING FEE $
5. LAND USE
2A.  SUBDIVISIONS, CAMPGROUNDS, MOBILE HOME PARKS, AND $

MULTI-FAMILY DWELLINGS WHERE THE UNITS ARE LOCATED
IN THE SAME LOCAL WATERSHED.
2B. MULTI-FAMILY DWELLING WHERE THE DESIGNATED OPEN SPACE $

IS LOCATED IN A DIFFERENT LOCAL WATERSHED FROM THE
PROPOSED UNITS.
2C. COMMERCIALANDUSTRIAL $

3. RELATIVE AMOUNT OF EARTH DISTURBANCE
3A. RESIDENTIAL
ROAD <500 L.F.

ROAD 500-2,640 L.F.

ROAD >2,640 L.F.

iB. COMMERCIALANDUSTRIAL AND OTHER
IMPERVIOUS AREA >3,500 S F.

IMPERVIOUS AREA 3,500-43,560 S.F.

& & @ 9 O

IMPERVIOUS AREA >43,560 S.F.

4. RELATIVE SIZE OF PROJECT
4A. TOTAL TRACT AREA <1 AC

1-5AC

5-25 AC

25-100 AC

o o9 O B P

100-200 AC

5. STORMWATER CONTROL MEASURES
5A. DETENTION BASINS & OTHER CONTROLS WHICH $

REQUIRE A REVIEW OF HYDRAULIC ROUTINGS.
% PER CONTROL)
5B. OTHER CONTROL FACILITIES WHICH REQUIRE 3

STORAGE VOLUME CALCULATIONS BUT NO HYDRAULIC
ROUTINGS. (% PER CONTROL)

6. SITE INSPECTION ($ PER INSPECTION) $

TOTAL $

ALL SUBSEQUENT REVIEWS SHALL BE ¥4 THE AMOUNT OF THE INITIAL REVIEW FEE UNLESS A NEW
APPLICATION IS REQUIRED AS PER SECTION 505 OF THE STORM WATER ORDINANCE. A NEW FEE
SHALL BE SUBMITTED WITH EACH REVISION IN ACCORDANCE WITH THIS SCHEDULE.
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Summary Report on
Urban Stormwater
Nonpoint Source Pollution
Controls and Practices




Executive Summary

The purpose of this report is to summarize, for individuals and local government officials, the latest
information on issues surrounding urban nonpoint source pollution, introduce how BMPs work and are
applied and to assist local officials in developing management strategies and ordinances that would include
BMPs to maintain or improve water quahty. This report is not intended to be a design manual. All
information contained in this report ts based on available publication from Federal and State agencies as
well as private organizations.

Chapter 1 introduces the relationship of urbanization and stormwater runoff, how land development
within a watershed affects peak discharges, volumes, sedimentation, discharges of pollutants and other
environmental indicators. As an example, increased imperviousness within a watershed often translates
‘into increased peak rates of runoff as less rainfall is able to infiltrate into the ground. Additional pollutant
foadings are carried by stormwater resulting in degradation to water bodies. This chapter provides details
on sources of pollutants found in stormwater runoff and their impacts.

Chapter 2 describes the benefits of Best Management Techniques or BMPs in addressing the
impacts of runoff on water quality as well as descriptions and applications of various structurai and non-
structural BMPs.

Chapter 3 discusses the options available to municipalities for implementation of BMPs. Included
are examples of ordinance language for amending existing ordinances by reference and sample provisions
for direct amendment of existing ordinances. Steps are presented on determining the applicability of a
BMP based on physical conditions of a site and other considerations. Also provided are two sample
development layouts, one residential and another commercial, demonstrating how a multiple number of
BMPs may be applied to achieve maximum water quality and quantity benefits. The chapter ends with
information on the Commonwealth’s Pennvest loans that are available to municipalities in resoiving
existing stormwater problems.

The document also includes a listing of referenced Informaiion and Publications available for
further study and a glossary of terms.
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Introduction

The relationship of stormwater management and water quality is gaining greater attention from
Federal, State, County and local governments across the country. As water quality management agencies
improve the point source poliution discharges ( i.e, sewage treatment and industrial discharges), increased
attention is being paid to nonpoint sources of pollution. [n urban and developing areas, changes to
drainage patterns, increased impervious surfaces and human activities add sediment, pesticides, ferilizers,
animal waste, oil, grease, heavy metals and other pollurants into stormwater systems that feed into
waterways and groundwater.

Effective and practical means to prevent or reduce the impact o/ urban nonpoint source pollution
include the application of techniques known as Best Management Practices or “BNTPs”. These BMPs.
often categorized as either structural or nonstructural, include nonstructural practices of pollution
prevention at thetr source, pollution reduction and various structural treatment measures such as basins and
infiltration trenches. BMPs may be utilized during construction of new developments as preventative
measures or constructed or “retrofitted” into existing development areas as ways of improving water
quality in areas having documented water quality problems.

This report summarizes, for individuals and local government officiats, the latest
mformation on issues surrounding urban nonpoint source pollution, how BMPs work and are
applied to assist local officials in developing management strategies and ordinances that would
include BNVIPs to maintain or improve water quality. This report is not intended to be a desien
manuat,

Effects On The Connnuinity

In the past, communities treated water pollution enly from point sources by building treatment
plants with~ut knowing the ext~~t of nonpoint sources to water pollution problems. Stormwater
management systenis were built primarily 1o convey away surface runoft without consideration to the
relationship of water pollution and stormwater runoff. Today, commumities across the country are
recognizing the importance on nonpoint sources of pollution and its refationship with stormwater runoff.

Many communities can no longer use and enjoy their natural resources due to water pollutton
directly attributed to nonpoint sources. When pollution is present. they can no longer participate in the
activities such as, swimming, boating, fishing, having a picnic, or just enjovinu a lake or river. Pollution
also causes property values to fall, eroding the tax base. With this increased awareness and knowledee,
communities of all sizes can build two-pronged water quality prourams: (1) identifyving and correcting
existing problems, and (2) focusing on preventing future problems created by land c‘ievztlopmem )
Communities have found that a comprehensive nonpoint source management program will help them avoid
many of the problems created by pollutants from land development before they occur

1171796 3 ‘bmpidrati4 doc




Chapter I - Urbanization and Stormwater Runoff

Land development may significantly impaz: siormwater runoft quantity and quality, Impervious
surtaces reduce natural atiltration of raintall ang stormwater conveyance systems concentrate collected
runoff with resulting increases in volume and velocity . Water quality degradation is also associated with
land devetopment as the increased volumes of runoff carry with it higher concentrations of pollutants from
sources such as automobiles, lawn care products, materials discharged into storm sewers and sedimentation
from erosion. The eftects in a typical moderately developed watershed include the tollowing:

+ Increased peak discharges + Increased levels of bacteria

* Increased runoft volumes * Introduction and/or increased loading of toxic
¢ Decreased travel time of runoff substances

+ Increased runott velocities ¢ Increased mputs of trash and debris

+ Increased trequency and severity of flooding ¢ Lower levels of dissolved oxygen

» Reduced stream flow in dry weather periods ¢ Increased stream temperature.

+ Increased discharge of poilutants + Reduced biodiversity

+ Increased sedimentation

In the past, stormwater runoft was not recognized as a major pollution contributor. Nonpoint
sSource sources are now recognized as major contributors to the degradation of the nation’s waters.
Documentation about the negative impacts, from land development, on water quality is reported in a
number of sources. Two examples include: The Nationwide Urban Runott Program (NURP) and the
State’s reports written in response to the requirements of section 305(b) and section 319 of the Clean
Water Act (North Virginia SWCD, 1994). The NURP report statés that urban runoff and storm sewers
are the second leading source of water quality impacts on lakes and estuaries, and the third leading source
of water quality degradation on rivers in the United States (North Virgimia SWCD, 1994). There are four
major sources of nonpoint source pollutants:

« agricufture » forestry operations
+ land development ¢ minine sources

Non-urban sources of pollutants vary from agricultural sources including runoft from eroded
cropiands, overgrazed pastures, animal feedlots and dairies, salts from irrigation practices, discharges from
rural septic tanks, and nitrates from atmospheric deposition into water bodies. [Forestry operations, if they
involve improperly constructed logging roads and poorly manaued tree harvesting, can lead to erosion.
Mining sources include acid drainage {rom abandoned mines, mine tailing sites, and potlution from
resource extraction aclivities, such as contamination from improperly sealed oil and gas wells.

Urban runoft otien contains oily residues and other pollutants deposited on umpervious surfaces
such as streets and paved parking lots, in addition to sediment eroded trom road and land development
construction sites. Other sources include discharges from improperly maintained suburban septic tanks,
leachate from landfills and hazardous waste sites, salts from road de-icing operations, and atmospheric
deposition of contaminants produced by burning fossil fuels, such as coal,
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Effects Of Urbanization

The volume of stormwater runott generaizd by a rain storm depends upon the total amount of
rainfall, after losses trom infiltration, transpiration, evaporation, and surface storage are considered. The
amount of these losses is a tuncuion of climate, soils, geology, topography, vecetative cover and land use.

Changes in land use aftect the hydrology of an area in four ways: changes in peak flow
characteristics of runott, changes in runofl volume, changes in water quality, and changes in the hydrologic
amenities of a community. The hydrotogic amenities are the appearance or the impression of a water body
and its adjacent lands leave with the observer. Of all the land use changes that aftect an area’s hydrology,
land development 1s the most important.

Stermwater Quantety

As an area urbanizes, streats, sidewalks, parking lots and buildings alter natural ground cover. The
process removes natural vegetation and compacts the sorl. The land’s surface becomes more impenious.
Raintall no longer soaks into the uround as readilv as before. This causes an increase in runoft and
accelerates the speed at which runoft flows (peak discharge rate), as seenin FIGURE I,

FIGURE 1- Imperviousness and Runofl
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Histoncally, the primary concern about stormawater was to remove it trom a developed arca as
quickly as possible for lood protection  Unfortunately, this led to drainage systems that maximized local

convenience and protection, without considering cumulative impacts dewnstrean such as Hooding and
water pollution
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floodplain and channel erosion, loss of property, decreased wildlite habitat and decreased natural

vegetanon.

fn an undeveloped area, a naturai stream normally adjusts so thai the cross sections and slope are in
approxunate equilibrium. Increased volumes and peak discharge rates of stormwater cause drastic changes
in the natural siream channel. Eroded banks and frequent flooding are not only unsightly but cause damage

to adjacent property and homes. Structures are undermined, homes are damaged, recreational areas are
threatened and aesthetic values are destroyed. Accelerated channel erosion also creates downstream
damages by the deposition of eroded sediment. Lakes and reservoirs fill, storm sewers and culverts
become clogged causing flooding, areas adjacent to streams and lakes become covered with mud and
debris left after the storm. lncreased volumes and velocities associated with the stormwater trom land

development produce more frequent stream flooding. Areas that previously looded only once in tive vears

may flood every year, or several times each year. Floodplain erosion and damage to structures and
vegetation, are the restits of increased land development without proper stormwater controls.

Stormwater Quality

Land use directly aftects water quality. In an undeveloped area, physical, chemical and biological
processes interact to recycle most of the materials found in stormwater. As land development increases,
the natural hydrologic processes are altered and disrupted. With land development comes high pollutant

loadings from leaves, litter, animal wastes, oil, grease, trace metals, fertilizers, and pesticides washed off by
rainfall and are carried by stormwater to our lakes. rivers, and bays.

FIGURE 2- First Flush
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The Conunon Pollutants Of Stornovater And The Tnpacts

The First Flush (FIGURE 2} 1s
reterred to as the washing action
that stornvwater runott has on
accumulated pollutants in a
watershed. In the early stages of
the stormwater flow, the land
surtace, especially the impervious
surtaces like streets and parking
areas, 1s Hlushed clean by the
stormwater. This creates a shock
loading of pollutants.

Nonpoint source pollutants are as varied and numerous as the sources themselves. Nonpoint
source pollutants are the cause of many of the same water quality problems as point sources (those from
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industry and commercial activities). Stormiwatz: runott from nonpoint water pollutant sources such as,
streets, parking lots, and fawns can contain sediment, nutrients, metals, toxins, bacteria. and salt. Nonpoint
source pollution is not imited to urban land development. A certain amount results from natural
processes, such as land slides and the weathering of rocks and minerals. Land development activities
increase the quantity and rate of pollutant runoff and water quality problems adversely aftect the
environment. These problems have frequently occurred due to the lack of understanding between the
relationships of the water resource and the associated land development activities with those resources
within the surrounding watershed.

The impact of higher levels of pollutants is feli by adjacent streams and on downstream receiving
water bodies such as lakes, rivers and estuaries (see Table 1).  Government ofticials, planners and
desigrers should become familiar with these situations to determine the pollutants of greatest concarn to
the community and then choose the most appropriate measures to control the negative eftects.

TABLE 1- Pollutants, Their Scurce and [mpaci on the Environment

| POLLUTANTS | SOURCE " o v it

NONPOINT SOURCE IMPACTS

When siltand suspended solids enter water bodies, they can reduee water depth,

& Annal Waste

Sediment Grass & Leal Cutungs
Conslruction sother plants and ayuatic argumisnis. destroy (0 habitat. Decomposition ol organic
Logaing Operations madernal sses up dissolved ovvaen, making it dsticult tor {ish 1o brenthe,

Nulrienls Nitrates in Sewage, Aaind [ Exeess levels ol sutrients overstmuadate grosth of agueane plants and ciuse algal
Wastes,Ferttlizers hlocuns, Excessive plant garowtl cloes navigable witers, impairs recreational activities
Phasphates from such s swaming and boatng, and decreases plant an animal diversity, with the
etergents & Lertihizers deerease mosunlicht. Nitrates in groundwater are a principal conlaminant, teuding to

well elosures,
Bactena Stomysater Runel?, Ehuman | Cause ilfnesses such as tvphoid and dysentzn . Presence of indicator bacteria such as

fecal colitonns sueeest Ute possibility o more dimieerous orsanisng being present

tisdrocarbons

Stonnvwater Runall. Service
Sttions

Toviens contobutes o the declioe of aguatic vrganisos, They aceumuiate in
oreanisits d pose o health threat o umans who eat them,

Trace Metals

Automohiles, Rooling
Materials and Pipes

N

ToNie to aquatic erganisms. a contanant of dripking water, s aceume
aquatic organisms posing a health risk, ifcaten. Restricts sports lishing,

Tovie Wasles

Stonnwalter Runot?, Stream
madilicitions, Lawn
Ferttlizers

Source 13 ool from honwe eardens and Livns Can ioaceumulate in orvanisims mid
craite loxie haulth hazards wathn the tosd <hain. Observed levels are currently helow

slimird <

Thennal Eneroy

Construction, Stream
Maoditications

Reduges vicer and growt ol fish, devreises dissolved oxveen, promotes
cutrophication ol water resourees, i acceleraies comasion ol water supply pumps

and gt

Chiloridues

Road Salung, Imeation

N - L - .
Fasic e Beshwater arganssins, ereiies mercased stress on plants, and reduces drinking

Waler guaniy

Irash and Debris

Somnsder Rimnaoll,

Careless Iisposal Proctiees

Lovwers dissalved oxvec iwiner hodies

Acids

Stonuwater Runoll,
fncornplete Combustion

fncreases gy tosenmads and Osheny resourees that ean result i their death

Sediment is one of the most signilicant pollutants transterred by stormwater. Scdiment consists
mostly of soil materials eroded as a result of natural processes and human activities. Sediment loads
increase with accelerated stormwater runoft, certain agriculture practices and deforestation from logging
operations. Sediment clogs stornm drains, fills in waterbodies, reduces hydraulic capacities of bridues and
culverts, and fills in water supply reservoirs resuling in costly dredging and/or development of new water

resources.
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High concentrations ot suspended solids in water bodies cause many adverse consequences
mcluding increased turbidity, reduced light penetration, reduced prey capture tor sight-teeding predators,
clogged gills of fish and reduced angling success. Additional impacts can result after sediment is deposited
in slower moving waters including the smothering of benthic communities. alterations in the composition of
the bottom substrate, the rapid filling-in of small impoundments which creates the need tor costly dredging
and reductions in the overall aesthetic value of the water resource. Sediment is an efficient carrier of toxins
and trace metals. Once deposited. poilutants can be remobilized under suitable conditions. posing a risk to
aquatic fife. The creased surface water temperature decreases the dissoived oxygen concentration in the
water decreasing the value of aquatic habitats. Sediment can carry other materials, such as nutrients,
pesticides, and trace metals, that can harm both aquatic lite and human health (Terrene Insutute, 3/1994).

Nutrients are phosphorus and nitrogen, which plants use in various torms in the process of
photosynthesis. Pollution from inorganic phosphorus and inorganic nitrogen are of chief concern.

Excessive levels of inorganic phosphorus and inorganic nitrogen pose a severe probleim as urban
development intensities (Terrene [nstitute, 3/1994). Fertilizer spread on tawns during the winter contribute
nutrients to runoftin the springtime. Similarly, animal waste contributes nutrients to stormwater runoff on
a year-round basis. Other pollutants include detergents, and raw sanitary wastewaters.

Nutrients encourage undesirable algae blooms and excessive aquatic weed growth (Terrene
Institute 3/1994). This process is eutrophication and it greatly decreases the water’s quality. In lakes, for
example, decomposing plants can cause surface scum, unpleasant odors, discoloration of water, release of
toxins, and decreased oxygen. This breakdown of plant matter can limit swimming, boating, tishing and
other recreational uses; reduce fish and wildlife habitat; and contaminate water supplies. 1t can, also,
reduce tourism and property values.

Bacteria results from runott that often contains high fevels of harmtul bacteria and viral strains,
including fecal streptococcus and fecal coliform from human and animal wastes (Terrene Institute, 3/1995),
In humans, gastroenteritis is the leading waterborne infectious diseasc in the United States (NJ-DEP,
1994). Deficient water treatment and ground water contamination of wells are responsible for most of the
outbreaks and cases. Eating shellfish harvested from contaminated waters can also lead to disease.

Older more intensively developed areas produce the most bacteria from organic wastes and sewer
overflows. Asa result, the cost of treating drinking water supplies is increased.

Hydrocarbons, petroleum hydrocarbons in water are considered to be very harmtul to the natural
ecology. Some constituents are not only toxic te humans but are also carcinogenic (NJ-DEP, 1994). Oil
and grease are not considered especially dangerous, with the exception of petroleum hyvdrocarbons and
therefore control etforts are mainly directed at the hydrocarbons. Some are harmful 1o sensitive animal
species (i.e., geese and ducks) and aquatic life (e.¢. fish and photoplankton). Oil and arease problems are
tighest in runoft from parking lots, roads, and service stations. Residential land uses generate less
hydrocarbon expor, although illegal disposal of waste oil into storm sewers is a local problem (Scheuler,
1987).
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Hydrocarbons are lighter than water and are initially found by the rainbow colored film on the
water's surface (Scheuler, 1987). Hydrocarbons are attracted to sediment and settle to the botiom in
water bodies. Once in the bottom sediments of a water body, harm to betrom dwelling organisms (i.e.,
benthic organisms) occurs and is transferred through the food chain. Hydrocarbons tend to rapidly
accumulate in the bottom seduments of water bodies, where thev persist for long periods of time, and
eventually seep though to groundwater supplies and are carried 1o local streams. They lower dissolved
oxygen levels by limiting the interaction of water and air.

Trace Metals found in water can have adverse eftects upon public health and aquatic life. Lead,
copper, cadnium, mercury, arsenic and some forms of chromium are all metais of concern. Among the
sources of metals are roofing materials, down spouts, galvanized pipes, metal plating, paints, wood
preservatives, catalytic converters, brake linings, and tires.

Metals occur naturally in soi and arise trom man-made sources. The amount of these metals that
leach into water from natural sources is influenced largely by the water's pH. Acid rain and the low pH
water often found in swamps may increase the solution of metals into water. Although mercury and
copper have been shown to cause serious health problems, lead is the metal of primary public health
concern. It has a cumulative, toxic neuralgic effect and may be particularly harmtul to children. One of
the principal sources of lead in stormwater runoft has been the lead in gasoline. However, potlution from
this source is rapidly declining due to stringent federal controls over lead in gascline.

Some trace metals found in stormwater runoft come from corroding, decaying metals (i.e., copper,
automobiles, and drain spouts). The decayinyg process is often accelerated by acid rain, and the leaching of
materials (i.e., land disposal operations).

Trace metals accumulate in sedrments, posing a risk to bottom teeding organisms and their
predators. Bioaccumulation of metals occurs in fish tissue, a risk to humans swho eat them and restricts
angling success. Trace metals attect the reproductive rates and hie span ot aquatic orzanisms, and hinder
photosynthesis in aquatic plants. Trace metals can cause a health hazard it toxic merals contantinate the
water supply.

Toxic Wastes are tound 1 pesticices, (¢, lizers, herbicides, and heousehold substances such as
paints and clecaning materials. Toxic wastes result from stormwater runoft coming trom lavwns and ¢olf
courses treated with pesticides and fertilizers. Toxic wastes accumulate in sediments, posing a risk o
bottom feeding organisims and their predators  Toxic wastes bicaccumulate in Hish tissue and can kill fish
and other aquatic organisms  The reproductive rates and lite spans of fish and other aquatic organisms are
aftected. Photosvathesis is hindered in aquatic plants. Some toxic organics are carcinogens and create
mcreased public health risk.

Thermal Energy is a rise in water temperature due to three events that occur together. First, the
urban landscape heats up and 1 turn heats any runoll passing over it Second, fewer trees are present on
the streambank to shade the stream channel, adding to the warming elfect Third, runolY stored in shallow
wet ponds and other impoundments is heated in between storm events, and is then released in a rapid pulse,
following a storm (Scheuler, 1987)
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An increase in temperature of only a few cegrees can reduce or eliminate sensitive stream insects
and fish species (i.e, maytlies and trout) (Scheuler, 1987)  This is particularly true of streams that
alternate seasonally between cold and warny water  [n general, sustatned summertime water temperatures
in excess of 21 deurees Celsius (70 degrees Falirenheit) 15 considered to be stresstul. if not lethal, to many
cold water organisms (Scheuler, 1937)

Increased stream temperatures reduce the vigor and growth of fish, and their resistance 1o disease.
The dissolved oxygen decreases as stream temperature increases. As temperature increase the water
supply is atfected by increased corrosive action in drinking water pumps and equipment. The water quality
is decreased by the production of odors and objectionable taste, and the favorable conditions for bacterial
arowth. Recreation is affected by the promotion of eutrophication of [akes and rivers. increased algae and
weed growth that creates a public health risk, reduces fishing activities, and boating activities; decreased
aesthetic value; and reduction ot tourism and property values.

Chlorides or salts are a result ot road salting to remove ice and snow. Chlorides run oft roads,
parking lots, and sidewalks, and flow into surface water bodies and ground water supplies. Salt levels in
snow melt runoff have been reported to exceed several thousand nulligrams per liter (about as salty as the
Chesapeake Bay (Scheuler, 1987). Due to salt’s extreme solubility, almost all the chloride applied for
snow removal ends up in surface and ground water resources (Scheuler, 1987).

Chlorides are toxic to many freshwater aquatic organisms, which can tolerate only a certain level of
salinty. Increased levels of salt in surtace and ground waters aftect the soil, which creates stress on piant
respiration and reduces plant viability. Excessive salt in water supplies also reduces drinking water quality.

Trash and Debris are Hoatable wastes thart collect at impasses in streams and lakes, disturbing
water flow and impairing the aesthetic quahty of the environment. This debris, from street hitter and
careless disposal practices, washes into water bodies both over land and through the stormwater drainage
systems. An mcrease of trash and debris tn water bodies lowers dissolved oxygen levels, which results in
the release of other pollutants into the water column.
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Chapter 2 - Best Management Practices

Best Management Practices (BMPs) are techniques, often categorized as either structural or non-
structural, to controi the quantity and quatity of stormwater runoft. Nonstructural practices are routines,
procedures or land management planning strategies to prevent or reduce pollutants washed oft by rainfall.
In contrast, structural practices are treatment devices that reduce the amount of pollutants leaving a size by
treating the runoff. The following information is provided to brief municipalities on available techneclogy.
Refer to “Literature Cited” for references that provide specific information on design, installation, and
operation specifications. The following are the basis for applying BMPs:

e To establish a baseline control to reduce poilutants in stormuwater runofl’
« To sufficiently reduce pollutant levels to eliminate or mitigate an existing water quality problem,
o To avoid the creation of future problems where no problems currently exist.

Benefits of BMPs

The community benetits in many ways when BN P rechniques are incorporated into the land development
toots (comprehensive plan, subdivision and land development reguiations, and zoning ordinances). When
implemented with new development activities, BMPs will function to minimize the impact of NPS pollution
from the development. When installed as a treatment technique in existing developed areas, levels of NPS
pollution reaching receiving streams may sigmficantly be reduced. Each community may consider uulizing
specific techniques or a combination of techniques to match the needs and maximum benetits to their
community. [t Is important to understand that site specific use of BMP techniques and land use tools are
required for eftective control of stormwater runoft

Environmental Improvement

+  Quality and quantity of surfare water and groundwater are maintained and improved.

« Increased water habitats/ increase aquatic wildlite

« Bufler zones, provide veuetative cover that enhances wildlife and vegetative diversity.

« Vegetative arcas help to stabilize water temperatures, as well as provide tood, cover, and nesting sites
for wildhfe.

« Trees along streams prevent channel ergsion, absorb noise - reducing noise poilution, provide shade -
reducing stream temperatures and moderate air temperatures, and improve the landscaping value of the
site.

Aesthetics/Land Values/Recreation

« Lands set aside tor Hoodplains can double as plaving fields, and hunting and fishing areas during dry
periods.

-
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* Acrators, fountains or cascades mstalled in ponds to increase dissoived oxyvuen can double as scenic
also provide aesthetic enliancements to othice and industrial complexes, residential communities

» Land values may increase when natural settings are provided or enhanced within the residenuial arzas of
the community.

« Shopping areas are more appealing to the consumer when innovative BMP techniques are utilized in
the commercial areas of the community.

¢ \When water front properties are provided through the use of BMP basins, people are more likelv to
move into the area increasing the tax base with property taxes.

Educational ¥Vaiue

« BMPs can be utilized as a teaching tool, from elementary students learning about nature to college
students fearniny ecology and biology

+  The community can learn how nature works to take care of man-made pollutants. Developing tools to
enhance the environment is a great way to teach community residents about the environment and get
them involved in community development.

+ Learning about our watershed helps people to understand the need to protect water resources.

» Government agencies can foster water stewardship by forming partinerships with stakeholder groups to
encourage voluntary compliance with the community's water quality goals.

« Implementation of BMPs is an extension of water management on a watershed wide basin in that
management of NPS pollution not only benefits the community at the project site but also benefits
communities downstream, '

Prevention of Flooding and Water Quality Problems

« The use of BMPs can help to prevent the tlooding of downstream communities by managing the
quantity, velocity, and direction ot stormwater runoft.

« The use of BMPs can prevent the contamination of downstrea... water bodies by trapping pollutants.

» Downstream channel erosion is prevented when both the magnitude and frequency of the post-
developrient storms are adequately managed with BMP technology.

» The downstream community's water quality is maintain when upstream communities use BMPs,

Nonstructural BM Py

Nonstructural best management practices prevent, reduce or eliminate pollutants before they are
washed off'a site by stormwater runoft. Nonstructural BMPs will reduce pollutant toadings on their own
and enhance the performance when used with structural BMPs. The ability to reduce pollutants increases
as BMPs are used toyether as a system. Public education and outreach in explaining these techniques and
thetr benefits is important since they may involve changes to local government land use regulation and
planning.
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Nonstrectural BhvPs include

« Comprehensive Planning

+ Subdivision/Land Development Ordinances
» Single Purpose Ordinances

e Zoning Practices

< Maintenance Practices

< Pollution Prevention/Source Control

Comprehensive Planning

Land use planning in Pennsylvania is piimarily a municipal and county government function. Local
governments have the legal authority to develop comprehensive ptans and programs to prevent pollution
problems by protecting water quality, open spaces, stream valleys, and floodplains. This must be
accomplished by balancing environmental needs with local economic needs,

Land use planning reduces pollutant loads in two ways: by managing the type, size, and location of
development in a given area, and by reducing pollution generated at specific levels of development,
Comprehensive planning provides general guidance in managing nonpoint source pollution. Specific
practices are put in place through zoning laws that regulate development.

Subdivision/Land Development Ordinances

Stormwater management and water quality provisions may be introduced into municipal subdivision
and land development ordinances providing specitic regulations on how much runoftis to be controlled and
how. These ordinances may include water quality requirements such as the need tor extended detention of
the first flush from a rain event and combining of BMP techniques  Sample languace is provided in
Chapter 3, Municipal Implementation of BMPs to amend an existing ordinance to include water quality
provisions.

Single Purpose Ordinances

¢ Stormwater Ordinances outline the specific requirements tor both the management of runoft and
the protection of water quality from activities that may afect stormwater runoft.  Similar to the
requirements under a subdivision and land development ordinance. they may include water quality
requirements such as the need for extended detention of the tirst Nush from a rain event and
combining of BMP techmiques  Sample ordinance language is provided in Chapter 3, Municinal
Implementation of BMIPs

+ Erosion and Sedimentation Regulations provide tor water quality protection by minimizing
sediment from entering streams and other water bodies  Theyv olien require contractors at
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construction sites to post bonds to cover potential damages from erosion. inspect and entorce the
program. ‘

Zoning Practices ‘

The zoning process specifics the density and tvpe of land use that can occur in a given area.

Zoning is the working arm of a comprehensive plan that controls overall locat development and considers 1
water quality and other environmental goals along with a myriad of community concerns. Zoning

ordinances apply only to uses that beuin after the ordinance is enacted, and therefore attect only future

practices. Because zoning ordinances also regulate authorized uses (i.e. building, lot sizes, designs), they ]

can be structured to control nonpoint source pollution. This control is particularly relevant on highly
erodible steep slopes and shores or in high-density areas where developers must provide adeouate drainage }
systems for their projects. Several types of zoning apply to water quality issues:

+ Open Space (Cluster) Development (FIGURE 3) preserves the existing topography and open ]
green space by concentrating residential development on a limited ( and least sensitive) portton of
the site. This leaves substantial area for amenities such as playgrounds, parks, and woods while
preserving natural features such as steep slopes and timber stands.

Preserving open space and the existing tree canopy minimizes impervious surfaces and the resulting
runoft. Also by following the land’s natural contours. open space development may result in less
earth disturbance as compared to traditional developments thereby reducing the potential for
erosion, improving aesthetics, and preserving sensitive habitats. Open space development reduces
the lengths of paved roadways and utilities needed, by keeping the same populauon density.
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FIGURE 3- Open Space Development
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{(Metropolitin Washinaton Council of Govermnents, 1993)

Open space development minimizes the need to convert agricultural land to residential use. [t also
allows development to match actual site capacity. Homeowners and the public can enjoy many of
the amentites of rural living within an urban environment. Open space development also helps
maintain property values. one ot zoning’s basic goals.

+ Planned Unit Developments (PUDs) provide a mix of zoning classifications so that commercial,
residential, and light industrial all occur within the same development. PUDs blend varying uses to
create an attractive, mnterrelated unit that preserves both property values and aesthetics. A PUD’'s
goal 1s to maintain density while maxinizing open space. Communities may meet open space and
recreation needs by ensuring that developers (who create the demand) providing tor these needs
rather than burdemng the community with the responsibility. The ideal PUD locates residences and
oftices within walking distance ot each other, reducing traflic

A PUDs main water quality benelitis la: z2-scale urban runoff management planning. Local
governments control PUDs through negeiiations between the developer, and the public review
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authority. PUDs must maintain open spacz (o facilitate siormwater drainage and may require
developers to provide special structures (o handle runoft,

Incentive Zoning is used 10 promote cpen space development [t permits ihe developer to utilize
higher density than normal in another ar2a of development while maximizing open and/or public use
of space or other amenities in a difterent location.

Downzoning changes an established zone to a lower density level or to a less intense use.
Typically, industrial zoning permits the most intense land use, followed by light industrial,
commercial, and residential. Downzoning is used on strips of land adjacent to watenwvays to
provide a butlter area between industnial sites and the streambank or on a whole area surrounding a
waterbody to reduce or prevent pollution.

Phase-in _zoning is used when present development is incompatible with water quality goals, so that
abrupt change would be too disruptive to the economy and the community. For example, a
community may close and decontaminate an industrial area that is adversely effecting a lake in the
area, rather than allow the land to continue as an industrial area.

FIGURE 4- Overlay Zoning »  Floating Zone is defined by

characteristics rather than
geographical location. The proposed
use must be compatible with the
surrounding uses and conform to the
P*;L‘:;;G;EZ:Y . zone's expressec} purposes. For

' example, multi-tamily dwellings that
contorm to specific code
requirements regarding septic tanks,
grading, and open space preservation
could be acceptable in an area zoned
for single family dwellings.
Alternatively, a tloating zone might
restrict certain development in a
wetland or around a well or aquifer
recharge zone. A developer would
need to show that the project does
not fall within the area subject to
floating zones or take adequate steps
to protect water quality within the
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(Mctropolitan Washington Council of Governments, 1993)

Qverlay Zoning (FIGURE_4) is a mapped district that places restrictions or requirements in
addition to those of the underlying zone. Overlay zones are used to meet a special public interest
that is not met by the existing zone or by rezoning. For example, these zones can protect specific
water sources such as ponds, wells, or wetlands lying within residential, commercial, or industrial
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zones. Stream valley cornidor bufter overiay zones provide special protection for water resources
located within the existing zones, reducing the impact of uses on water and natural habitat.

» Floodplain Zoning is an area where deve:opment is restricted, except for roads or other
transportation tacitities. Building in the floodplains is considered unsafe.

« Buffer zones around sensitive water resource areas can reduce the impact of stormwater runoff,
Forested and grassed areas around water bodies can trap pollutants, encourage infiltration, and
reduce erosion. Buffer zone regulations can be part of a community’s and/or state's wetland
protection laws, wellhead protection programs, and public surface drinking water programs.
Benefits also include:

. Reduces watershed imperviousness . improves habitat for wildlife
. Provides for eftective flood control . increases property values
. provides streambank protection

»  Setback requirements are discrete distanczs traditionally administered by boards of health and
zoning boards 1o protect human health needs. They can also be used to protect resource areas.
ensure ecological integrity, and avoid concentration of flood Hows.

» Conservation Easements are an alternate method to protect land around critical resource areas.
Easements are an effective tool to use along with destenated butter zones and setbacks.
Traditionally, easements are negotiated between individual landowners, conservation arganizations,
or governments and included as part of the deed to the property. These easements limit users of all
or portions of & property while teaving ownership to current landowners.

+  Impervious Surface Reduction, can increase infiltration. which reduces pollution and flooding.
Pollution from urban runott increases when areas are covered with impervious materials that collect
pollutants and then release thent during rainstorms or snow melts  Impervious areas can be reduced
by incorporating open spaces in urban areas. protecting wetlands, and using alternatives to
impervious surfaces, such as gravel or perous pavement (discussed under the structural BMDPs
section). Anmportant goal for every community is to minimize impervious areas that are directly
connected to stormwater system. The minmuzation will help reduce storm flow volumes and
velocity, and with proper implementation techniques, pollutant loadings. Zoning regulations can be
used to ensure that new development includes vegetated open space arcas.

Maintenance Practices

+ Institute programs to remove accumulations of hiter and debris  For example sponsor
streambank cleanup and strect sweeptg

+ Institute environmentally protective read maintenance practices. For example, cover salt
storage areas, avoid excessive applicaton rates, and consider low maintenance vegetation
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instead of herbicide use. Deicing salts used on roadways can adversely effect water resources.
Stormwater management programs siould specity low salt application or salt substitutes such
as sand or magnesium chloride in escecially sensitive areas.

» Neighborhood recycling programs are designed to remove pollutants from urban and rural
households. This can include recycling cans, bottles, and plastics, which often end up as
floatable fitter in water resources, and composting vard wastes (grass clippings and leaves).
Also, household hazardous waste coilection and proper disposal of wastes, such as used o1l and
antitreeze, ensure that these poilutanis do not enter the stream.

Pollution Prevention/Source Controls

« _Exclude [nappropriate Discharges to Stormwarer_Svstems: Encourage proper use and disposal of
materials by homeowners. The contaminates addressed by this control acuvity include materials,
such as fertilizers, pesticides and herbicides, oil and antitreeze, paints, and sclvents. Specitic
actions for preventing discharge include educating the public about the proper storage and use;
developing and implementing programs for recycling; strengthen and enforce existing regulations;
and label storm drain inlets.

+ Use of pesticides and tertilizers in deveioped areas are at an application rate of two or three times
greater than that used for agriculture. This increases the lkelilicod that pollutants may enter the
water resource area. Communities can fower the impact of these substances on receiving water by
reducing their use and switching to slow release fertilizers.

»  Reduce Street and Land Surface Sources of Pollutants: Controlling litter and improper waste
disposal practices. This program will improve the general aesthetic appearance of the area along
with pollution control. Specific actions include educating about nonpoint source pollution,
providing funds for research, strengthen and enforce existing regulations, develop and implement
communtty clean up days, and provide and maintain litter recepacles.

» Control animal waste, Animal waste is a source ol bacteria in stormwater runoft. The level of
bacteria can be lowered by reducing or eliminating waste lett where it can be washed mto
stormwater runoft. Regulations requiring collection and proper disposal of pet wastes trom yards,
parks, and roadways, and other developed areas can prevent tlus problem.

Implementing the nonstructural BMPs requires a strong commitment from local otlicials and
extensive planning and community cooperation. Community review boards must investigate development
plans closely to determine the nonstructural BNIPs that can be included in their community land use control
mechanisms. Residents living in areas close to water resource areas must also be aware of their
responsibility to protect these resources. Nonstructural BMPs can be used in conjunction with well-
planned structural BMPs. Comprehensive stormwater runoft control needs to include nonstructurai BMPs
to be successful
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Structural Binps:

The structural BMPs outlined in this repert are a sampling of current devices being utilized. These
devices have evolved from single purpose stormuwater quantity control to ones exhibiting both quantity and
quality benefits.

Structural stormwater BMPs fall under four categories:

+ Vegetative Practices « Basins
+ Infiltration Practices +  Water Quality Inlets/Treatment Devices

The success or failure of BMPs are tied 1o factors occurring withi~ three stages of its I'fe: design,
construction, and maintenance. For exampie, although a structure may be designed correctly for volume
control and water quality, it witl still fail if the design 1s not adhered te during construction or if it is not
maintained as designed. Experience has shown that even small changes in the life staues of BMPs can lead
to performance fallure concerning the designed rfunction.

General information about the design, pollutant removal mechanisms, and maintenance is described
m this section. Although the physical site suitability of a BMP is an imporiant component, this report
could not present details on this due to the complexity and specificity of physical site suitabitity. We
recommend consulting references presented under Literature Cited for more information.

1

An impertant concept to remember 1s that Structural BNPs are best utilized in combination or in
conjunction with nonstructural BMPs. Since no single BMP is 100% ettective in removing pollutants, the
most eftective water quality control for a site can be accomplished using BMPs together in a system. For
example, a vegetative filter strip may be placed in tront of a wet basin  Structural 8MPs should be viswed
as a means to reduce pollutants only and not a means of elimmating pollutants entirely. FIGURE 3
Hlustrates how various techniques can be integrated on a development site.
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FIGURE 3- Integrating BMP Techniques
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Vegetative Practices

Vegetative BMPs (FIGURLE 6) are used primarily to reduce the velocity of stormwazer runocft,
thereby preventing erosion, promoting infittration and settling ot suspended solids. Less costly than other
control practices, vegetative practices enhance the atiractiveness and value ot'sites. Using vegetative
controls to pre-treat runoff improves the operation and maintenance of other BMPs.

Vegetative practices may be eftective in removing up to 30% ot suspended solids during small
storms. Vegetation practices also remove trace metals, organic material, and nutrients. Removal rates are
achieved by infiltration, settling, plant uptake, and microbial processes. These are unportant when
combined with other BMPs in a system. The success of vegetative practices relies on proper construction
and maintenance

All of these practices rely on various forms of vegetation to enhance the pollutant removal, habitat value or
appearance of a development site. While each practice by itselt'is not generally capable of entirely
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controlling the increased runoft and pollutant export from a site, they can improve the pertormance and
amenity value ot other BMPs and are considered an integral part of every site plan.

FIGURE 6- Vegetative BN Ps
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Typically, the costs for vegetative BMPs are very small in relation to those incurred when constructing
ponds and basins. Also, vegetative BNIPs are applicable ducing any stace of development and in some
instances, may be retrotitted to improve water quality in a degraded arca. These practices may last an
indetinite period of time it properly designed, periodically mowed. and it removal ol sediment deposits
occurs from time to time.

»  Grassed Swales (FIGURE 7) are a common vegetative practice used in many modern single family
residential developments and highway medians. A grassed swale is a linear area of grass. The purpose
of a grassed swale 15 to retard or impound concentrated runoft, to induce infiltration, and decrease
velocities. Grassed swales utilize check dams to provide stormwater management for smalt design by
nfiltration ane Hlow attenuation (Maryland Water Resources Administration, 1984). A BMP train
utilizes swales downstream to meetl stormwater management requirements.

I~
()
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FIGURE 7- Grassed Swale
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Modeling eftorts and field
studies mdicate mixed
results of grasses swales to
filter out particulate
pollutants under certain
site conditions. Trace
metals can be leached trom
grassed swale culvents and
nutrients leached from
intensive lawn fertilization
may actually increase the
export of these pollutants.
Pollutant removal occurs
by the filtering action of
the grass, deposition in low
velocity areas, or by
infiltration into the subsoil.

Grassed swales are usually
less expensive then the

curb and gutter alternatives, but may require more land. Swale maintenance is performed by adjacent
homeowners and basically involves normal lawn care activities, such as mowing and periodic sediment

removal.

*  Eilter Strips (FIGURE_8) are similar in many respects to grassed swales, except that they only accept

FIGURE 8- Filter Strips
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overland sheet flow. Runoft
from an adjacent impervious
area must be evenly distributed
across the filter strips. Their
purpose is to reduce the
velocity of stormiwater runoft,

They remove sediments and
pollutants by filtering,
aasorption, and gravity
sedimentation. To work
properly, a filter strip must be
equipped with some sort of
level spreading device; be
densely vegetated with a mix of
erosion resistant plant species
that eftfectively bind the soil;
uraded to a uniform, even and
relatively low slope; and be at
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least as long as the contributing runoft area.

Modeling studies indicate that filter strips can remove a high perceniaue of particulate poilutants. Filter
strips are relatively inexpensive to establish and cost almost nothing it preserved before the site is
developed. A creatively landscaped filter strip can become a valuable community amenitv providing
wildlife habitat, screening and stream protection.

+ Urban Forestry involves preserving trees during construction, planting them afier site clearance, or
allowing landscaping by homeowners after the site is fully developed. Careful landscape design can
provide as much as 50% of a residential lot 10 be converted into an attractive natural setting of trees,
shrubs and ground covers. The runoft from these landscaped areas is generally 30-50% less than those
from lawn areas. The cost and maintenance requirements for most urban forestry practices are quite
low, with a hizh environmental amenity.

Urban forestry removes poliutants through plant uptake and storage, reducing the volume of storm
runoft (and associated pollutants) delivered from the site and preventing soil erosion. When planted
atong streams, they prevent channel erosion, absorb noise - reducing noise pollution, provide shade -
reducing stream temperatures and moderating air temperatures, and improve the landscaping value of
the site.

« Basin Landscaping is a critical element in the design of stormwater basins. The variety of plant species
used to stabilize a basin has a profound influence on the basin's removal performance, appearance,
habitat value, and mainienance requirements. Landscaping around a basin reduces the amount of
impervious surface area, provides an attraciive, green butlter along stream banks, and protects and
enhances the use of existing wetlands. Proper landscaping can route stormwater runott through green
areas and away from erosion prone steep slopes and other areas.

+ Bicretention (FIGURE 9) tacilities are desiuned 10 be used in urban and suburban areas as off-line
systems (locate away from a water body or svstem) to treat the first Hush of runoff. The facility is a
combination of three types of treatment processes - filtration, infiltration, and plant uptake - designed
into one system. Vegetation selected lor Bioretention will assimilate pollutants, survive in harsh
conditions, and tolerate fluctuating water levels and soil moisture conditions.

« Ripanan Butters are areas (buflers, zones, and corridors) located mmediatety adjacent to water
resources. Riparian zones contribute to the integrity of a resource area by influencing the quality of the
water and habitat as well as the amount of water and enteruy entering the system. As such, they are a
multi-purpose practice for watershed management. From a water quality perspective, they are effective
as treatment devises to be incorporated into the overall management svstem. Impiementation of
riparian areas occurs through several methods including site planning, enhancement of an existing area,
or restoration of a disturbed area
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FIGURE 9- Bicretention
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Riparian areas along streambanks can stabiliz2 soil, cool water, and benefit many forms of aquatic life.
Pollutant removal includes suspended solids, phosphorus, nitrates, trace metals, litter, pesticides, and
hydrocarbons.  The primary removal mechanisins are filtering and attenuation.

Infiltration Practices

Infiltration practices remove pollutants from stormwater runofl. Specific types of infiltration BMPs
include infiltration trenches, infiltration basins, and porous pavement. lt is important to note that the
concept of mfiltration practices, although accepizd, have vanable efliciercy and longevity. Careful
planning and consideration need 1o precede implementation of infiltration practices. Infiltration practices
that are poorly planned and installed have failed compietely.
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The infiltration and adsorption mechanisms trap many poilutants - particularly suspended solids,
bacteria, heavy metals, and phosphorous - in the upper soit layers and prevents them from reaching the
water table,

» Infiltration Trenches (FIGURE 10) are an adaptable BMP that effectively removes both soluble and
particulate pollutants. As with other infiltration systems, trenches are not intended to trap coarse
sediments. Grass butlers, or special inlets, installation is to capture sediment before it enters the trench.
Depending on the degree of water storage achieved, trenches can provide groundwater recharge, low
flow augmentation, and localized streambank erosion control.

FIGURE 10- Infiltration Trench
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[ndividual trenches are primarily an on site control, and are seldom practical or economical oa sites
larger than 5 or 10 acres  Trenches are only teasible when soils aie permeable and the water table and
bedrock are situated well below the bottom ot the trench. Besides reaular inspections and more
rigorous sediment and erosion control, trenches have limited routne maintenance requirements,
However, trenches will prematurely clog if sediment gets into the trench before, during, and atter
construction of a site. [Fa trench does become severcly clogued, partial or complete replacement of
the structure may be required.

[nfiltration trenches preserve the natural groundwater recharue capabilities of the site, are relatively

easy to fit into the margins, perimeters and other annualized areas of a development site. They are one
of the few BMPs that provide pollutant remeval on small sites or infill developments
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[nfiltration trenches include practical ditficulties in keeping sediment out of the structure during site
construction (particuiarly it development occurs in phases) and the need tor careful construction of the
trench and regular maintenance thereatier. There is also a possible risk of ¢roundwater contamination.

. Infiltration Basins {FIGURE 11) have the potential to effectively remove both soluble and fine
particulate pollutants from in urban runott. Coarse grained pollutants should generally be removed

betore they enter a basin. Unfortunately, these basins are notoriously short lived. Studies have shown

that few basins surveyed were capable of infiltrating runof¥ after five vears and often revert into a

marsh system. Unlike other infiltration systems, basins can be easily adapted to provide full control of
peak discharges for large design storms. Also, basins can serve relatively larue drainage areas, up to 50

acres. Depending on the degree of water storage achieved in the basin, significant groundwater
recharge, low flow augmentation and localized streambank erosion control can be achieved.

Basins are a feasible option where soils are permeable and where the water table and bedrock are

situated well below the soil surface. Both the construction costs and maintenance requirements for
basins are similar to those for conventional dry ponds (djscussed later in the basin section). Infiltration

basins do need to be inspected regularly to check for standing water,

FIGURE L1- tnfiltration Basin
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« Porous Pavement (FIGURE
12) is capable of removing
both soluble and fine
particulate pollutants in urban
runoff. It also provides
groundwater recharge, low
flow augmentation, and
streambank erosion control.
Porous pavement’s use is
generally restricted to low
volume parking areas,
although it can accept runoft
from rooftop storage or
adjacent conventionally paved
areas. Porous pavement is
only feasible on sites with
gentle slopes, permeable soils,
and relatively deep water table
and bedrock levels.

The major drawback
associated with porous

pavement is that if it becomes

FIGURE 12- Porous Pavement
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clogged it is difficult and costly to restore. The risk of premature cloguing of porous pavement is
fairly high, and can be prevented only if sediment is kept off the pavement before, during and afier

construction.

Basin Practices

Jsasin practices contror stormwater by retaining runoff and slowly releasing it to surface waters.
Basin practices rely heavily on settling of particulate for pollutant removal. Regular maintenance of these
facilities is critical, but cost is low. Basin praciices include detention ponds, extended detention ponds, wet

basins. and constructed wetlands.

+ Detention Ponds temporarily store excess cunofl from a site and slowly release it to the surface’s
natural drainage system. A delention basin has no permanent water pool and is considered a dry basin
except during periods of stormwvater runoft. [t provides settlement ol particulate pollutants.

« Extended Detention Basins (FIGURE 13) or dual purpose ponds extend the detention time of dry or

wet ponds. [t is an effective, low cost means of removing particulate pollutants and controliing

increases tn downstream bank erosion

However, extended detention only stightly reduces levels of

soluble phosphorus and nitrogen found in urban runoff. Removal of these pollutants can be enhanced if
the normally inundated area of the pond is managed as a shallow marsh or a permanent pool.

[1/1/96
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FIGURE 13- Extended Detention Basin
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Extended detention ponds are effective in controlling post development discharge rates to the desired
pre-development levels for the design storm specified. The optimum level of flood control is achieved
when multiple design storms are controlled. Recent modeling analyses suggest that control of both the
2 and 10 year design storins may be suflicient to adequalely control the entire range of expecied flood
frequencies (Schueler, 1987). Extended detention ponds are also capable of managing smaller floods
that contribute (o channel erosion problems occurring more trequently than the one or 1wo year flood.
The desired downstream reduction in peak discharge associated with the two year flood may not be
achieved in watersheds if the ponds are randomly sighted. due 10 the location and timing of individual
releases (Schueler, 1987).  Generally, watershed timing problems are not a concern during smaller,
more frequent storms because of the low discharue rates of extended detention ponds.

Tradiionally, detention ponds have reduced the extent of downstream channel erosion. Research has
demonstrated that bank-full discharges control the shape and form of natural channels, Many local
governments have subsequently adopted stormwater management policies that require the post-
development peak discharge for the two year storm be controlled to pre- developmeni tevels. However,
keepmrr the posi-development two year design storm within the streambanks are normally insufficient
in preventing downstream bank erosion, because ihe two year llood is itself an erosion condition
mechanisn.
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Extended detention ponds have moderate to high routine maintenance requirements, and the eventual
need for sediment removal. They are applied in most new development sites, and is an attractive
option when retrofitting dry ponds in older urbanized areas.

Wet Basins (FIGURE 14) or retention ponds are earthen embankments or excavated ponds that
contain a permanent pool and temporarily stores excess runoft. The excess stormwater is then
released to an existing stream channel at a rate that is no greater then the peak pre-development
discharge rate. The existing stream system will not experience a greater flooding then would have
occurred before development took place. However, longer duration flows may cause some stream
degradation. Retention basins generally do not decrease the volume of runoff, but do decrease the rate
of runoff. Excess runoft'is discharged through an outlet or emergency spillway. The main purpose is
the retention of stormwater runoff and for the setilement of particulate pollutants.

FIGURE 14- Wet Pond

I |

Top View

Embankment

jPermanent
;Pootb e

.| wedge-shaped ., o

Riprap
Quttall
Protection

Satety Bench
(10 Feel Wide)

Emergancy
Spellway

Side View Trash Hood

Anu-Sseep
Collars

Sediment Forebay
{Planied as Marsh)

(Schueler, 1987)

Wet ponds are capable of remaving a high rate ol sediment, BOD_ orzanic nutrients and trace metals.
Wet ponds are most cost-ettective in larger, more intensivelv developed sites (Schueler, 1987). They
have the potential to provide a yreat deal of storage volume to control Hood waters and attenuate peak
flows if enough space exisis to accommodate a larger pond
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Impacts can include higher property values due to aesthetics. and recreation. Other impacts can
include upstream and downstream habirat degradation, potential satety hazards, nuisance problems like
odor, algae and debris; and the eventual need for sediment removal or maintenance cost.

Wet basins should not be contused with wetlands Wet ponds have a deeper permanent pool, less
emergent vegetation and an outlet structure. They should be used in areas where infiltration techniques
due to poor soil infiltration or permeability cannot be impiemented.

Constructed Wetlands, or created or arttficial wetlands, artificial marshes. and articial wetland
systems, (FIGURE 13) can treat stormwvater runoft ettectively by combiming the pollutant removal
capabilities of structural stormwater controls with the Hlood storage provided by natural wetlands.
Careful design, the choice of vegetation, and potential pre-treatment requirements are crucial to this
systems eftectiveness.

FIGURE 13- Constructed Wetland
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A constructed wetland consists of a properly designed basin that contains water, a substrate, and, most
commonly, vascular plants. Hydrology 1s the most important design factor in constructed wetlands.
Hydrology links all of the functions in a wetland and it is often the primary factor in the success or
failure of a constructed wetland. Substrates used to construct wetlands include soil, sand, gravel, rock,
and organic matertals such as compost. Both vascular plants and non-vascular plants are important in
constructed wetlands. A fundamental characteristic of wetlands 1s that their functions are largely
regulated by microorganisms and their metabolism. The microbial biomass is 2 major sink for organic
carbon and many nutrients. Invertebrate antmals, such as insects and worms contribute to the
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treatment process. Constructed wetlands also attract a variety of amphibians, turtles, birds, and
mammals that enhance its aesthetic value.

Constructed wetfands can remove suspended solids, nutrients, oil and grease, bacteria, and trace
metals. The wetland's system pollutant removal mechanisms are settling, and plant uptake. The
mechanisms that are available 1o unprove water quality are numerous and often interrelated. These
mechanisms include:

« settling of suspended particulate matter

+ filtration and chemical precipitation through chemical transformation, adsorption and ion
exchange

+ breakdown and transformation of pollutants

e uptake and transformation of nutrients

» predation and natural die-off of pathogens

The treatment of stormwater by constructed wetlands can be a low-cost, low-energy process requiring
minimal operational attention. The use of constructed wetlands to improve water quality is a
developing techrology. Constructed wetlands for water treatment are complex, intearated systems of
water, plants, animals, microorganisms, and the environment. Wetlands are transitional areas between
land and water. Under appropriate circumstances, constructed wetlands can provide:

» water quality improvement

+ flood storage

« cycling of nutrients and other matertals

« habitart for fish and wildlife

+ passive recreation, such as bird watching
« active recreation, such as hunting

« education and research

< aesthetics and landscape enhancement

Constructed wetland systems can combine with conventional treatment technologies. Species diversity
increases as ecosystems mature. It is generally assumed that decomposition of contaminants in
sediments and litter are long-term sinks for contaminants.

Water Quality Inlets

L}

F71796

Qiland gnit separators (FIGHRE 16) are designed 1o remove sediment and hydrocarbon loadings
from parking lot runoft’ in a three stage underground retention system, before they are conveyed to the
storm dram network or to an infiltration BMP. Separators generally serve parking lots of one acre or
less i size, and are particularly appropriate for sites that are expected to receive a great deal of
automobile traftic or petroleuny ioputs (i.e | ¢as stations, roads, loading areas). Routine maintenance
costs are high since the inlets must be cleaned out at least twice a year 1o permanently dispose of
trapped pollutants and to ensure proper inlet function.
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FIGURE 16- Water Quality Inlet
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Separators are compatible with the storin drain network, easy to access and capable of pre-treating
runoft before it enters an infiltration BN Water quality inlets are capable of removing coarse-grained
sediments, litter, and hvdrocarbons  The primary removal mechanisins are settling, and separation.
Limited information exists on the efticiency of these structures. Results generally depend on the
volume of water detained permanently, the velocity ot flow, and the design of the tank. Well-
maintained separators are capable of removing up to 23% suspended solids, 75% o1l and grease, and
25% trace metals,

These separators are relatively small, so they can be placed throughout a dramage system to capture
coarse sediments. floating wastes, and accidental or illegal spills ot hazardous wastes and thus reduce
maintenance ol infiliration svstems or detention basins. Separators can be adapted to all regions.

Sand Filters (FIGURE 17) pre-treat stormwater runotl before it enters another stormwater structure.
They are suitable for smail sites i highly impervious areas and retrofit into existing urban areas.
Erosion control devices need 1o be in place, due to clogy

gging

Sand filter design is mainly to enhance water quality. However, sand filters are used to coatrol first
flush water quantity in smaller drainage areas  First Hush examples include densely developed
downtown areas, gas stations, commercial and industrial sites, and parking lots.

The removal efticiency for sand filters is relatively high for some pollutants, while variable and in some
cases a net exporter of others. This overall variability suggests that the sand filter should be used as
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part of a treatment system to achieve maximum pollutant removal efticiently. Sand filters have average
removal rates for suspended solids, nitrouen, dissolved phosphorus, fecal coliform, and trace merals.
Sand filters to date suggest that the nitrification process occurs in the system, producing a net export of
nitrates.

FIGURE 17- Sand Filter
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Most of the maintenance requires manual labor, such as raking, disposal of contaminated sand, and
trash, debris, and leaf litter removal. The design should accommiodale appropriate access for
maintenance to occur. The removed contaminants can be landfilled because they are non-toxic. Sand
tilters are costly, but live long and possess a reasonable maintenance burden. Periodic sand removal is
required and annual imspections should take piace.

Sand filters are adaptable to most development sites and have few constraining factors. They can be
used n areas of poor soil infiliraiton or where groundwater concerns restrict the use of infiltration
techniques.

+  Advanced Treatment Devices are recent imnovations that have evolved from carlier water quality inlet
technologies. Two major variations ol these devices exist which separate out and retain pollutant laden
sediment and grit, floatables and oils by either passing tlow through baflles with pollutants collecting
mnto a lower storaze compartiment or by passing low in a vortex-like path with poflutants coliected in
a circular grit chamber.  As in water quality inlets, periodic cleaning is required usually by vacuum
through manholes. 1t has reported by the manufacturers that these devices provide significant
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improvements in efticiency in trapping pollutants and maintenance as compared to older oil/grit
separators and other water quality inlet designs. Other reported benefits include wider ranges of
applications and tlexibility in locations.
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Chapter 3 - Municipal Implementation of BN Ps

fntroduction

This chapter provides ideas on how the BMPs presented in Chapter 2 can be implemented for new
land development activities through ordinances and regulations. Sample ordinance provisions to amend
existing municipal ordinances are provided along with two sample development layouts incorporating
BMPs for a residential and commercial application.

Implementation througl Ordinances

Stand-alone ordinances

The development of a single purpose, stand-alone ordinance for water quality is not
necessary or desirable. Alternatively, a municipality may consider amending an existing single purpose
stormwater management ordinance to include water quality provisions, or incorporate these provisions into
existing subdivision and land development ordinances or zoning reguiations.

Amendment of existing ordinances

Municipalities with comprehensive stormwater ordinances or sood subdivision and land
development ordinances with stormwater management provisions may opt to amend them to include water
quality, BMP provisions. Suggested provisions would include: 1) general legal declarations of what
ordinance is being amended, why and how 2) specific requirements 3) appendices providing technical
assistance to those needing to comply with the ordinance,

Sample of an “amending ordinance™ amending an existing ordinance
{Incorporating by Reference)

ORDINANCE NO.

An Ordinance amending [municipal name] Ordinance No. known as the [name of ordinance), in arder
to reference and include water quality requirements,

WHEREAS, the [iinne of municipal goverming bods | bas recemmended toimend finanapal e Ordinanee No,
Known as the Inante of ardianee| i order 1o inelede and reference water guality requirements:

WHEREAS. the hnumapal mnne] Plhinine Comnussion after public hearine aed Jue notice. has recontmended that e of
muicipality] Ordinanes No be iended as st torth heretn: and
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WHEREAS. utter due snd tunely nouce by publiciiion s required by Jan . public bearng upon the purposed amendinest
making the change as set torth herenn,

NOW, THEREFORE, BE IT ORDAINED AND ENACTED, by the fnume of muwnicipal coveming bodv] ol (uwnivipal name|.

County, Penpsslvania. that fmunicipal mene] Ordinenice No. - Known as the Jame of ordinance ], be and the same hercby
ansended as lollows:

Section

CWater Quality Requirementa.

Inaddition to the water quantits requirenients of this srdinance, the land developer SHALL:

Al

Sectiun

Design stonmwat.r detention / reterstion busins s that the ootlet ol the basin SHALL, in addition 1o any other
stonnwater reguireniants impased by the muicipad stonmsvater resulations. discharge the runotl lrom te | vear, 24
hour stonn over a period vl 2dours.

As an alteziative Lo e reguarennents ol subsection AL the water qualiny obyezctives SMAY be uchieved throuzh a
combimation ol BMI7s mehading, but not fmnted w. mlilrstion stiectures. detention £ retention basing, vepelien [Hler
strips and butlers or any combination o BMPs Tisted in Appendin A The combivation of BMP's shall be designed
according 1o the requirements listed under BME Selection Criteriz and iy consultation with the Municipal Enagimeer

b hiewol A and B, above, the Land developer MAY subiit innovative desions to e Municipal Engineer tor review
! 3 E]
aad approvil prior 1o tnpicientation.

. BMP Sclection Criteria.

In selecting the appropriate BMP s or combinations thereol’ the lund developer SHALL consider the tollowing;

. Total contributing arca

. Permcatnlity and intiltration rie ol te soe sotls

. Slope and depil 1o baedrock

. Scusonal ligh water table

. Proxinity o building Touandations and well hemds

. Vrodibibiv ol soils

. Land avaitabiligy sond contiguration of the topography

The tollowing adeitional Taglors SHOULD e conxidercd when evithuing the suitabslny ol the BMP’s wsed to control
water quadity at o vrven developiment sile:

. Peak discharee and reguired volume control

. The volume ol runofl that will be electively treated

. Ellicieney ol the BMEP™s to mitigate potential wiler qualily problens
. The nature of the peilutant being removed

. Munlenanee requirements

. Frosion of recaiving stresns and watercourses

. Creation £ pratection ol ayguirtic and wildlife habitat

. Recrcational value

. Lnhancement of aesthetic and property valae

BE IT ENACTED AND ORDAINED, thus dav at’ Y

Nime of municipat zoveming body |

(e and ttle]

[ and tetle)
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A3t

[name and tide]

[name], Secretary { Lvpe or print )

[ hereby ceruly that the Toregoing Ordinance was advertised inthe [name of newspaper| an {date), o newspaner of 2eneral cireulation in the
municipality and was daly enacted and approved s set forth ata regular mecting of the [rame of muicipal goveniing body) held on [date].

{name], Secretary

Example Ordinance Provisions {Direct amendment into an Ordinance)

(ARTICLE OR CHAPTER [INSERT NUMBER]) WATER QUALITY

Section . Applicabiliey,

In addition to the pertonuanee standards and design criterin requicements of Article HT ol Uis Ordinanee, the land
developer SHALL tmplement the tollowing water quality reguirenents ol this Article unless otherwise exampted by
the provisions ot this Qrdixnice.

Section __ . Wuter Quulity Requirements,

[ addition te the water quantity requiraments of this ardimanee, the Lind devetoper SHALL;

Al

Destan stomater detention / retention basins so that the sutlet of te basin SHALL, in addition o any
ather stormnmater regquirements imyxesad by the municipad stonnvwater resalations, discharee the runo! from
the | vear, 24 hour stomn over a perssd ol 24 hours

Az an abtermative 1o the requirenients ol xubsection A e witer quility objectives MAY be achieved throesl
acombmatien ol BNV including, bat not Junped e miiliration stracteres, retention £ retention basins, i
vegetation filier strps and bulters or any combitation ol M s Brsted in Appendin AL The combination of
BMIPs shall be desiened according to the requarcgnts Disted ander MY Scelection Criterizad i
consllation with the Municipal Engineer.

I Jicw ol A and B above, the land developer MAY submit innovatve designs 1o the Municipal Enginecr for
review andd approval prior o implementation.

Section . BMP Sclectian Criterin.

1171796

A.

M3

In selecting the appropriate BMIP s or combinations thereol' the Lind developer SITALLU consider the followina:

. Totud contributing arca

. Perncabidils and wtithruon rite ol the site soils

. Stope and depth to bedrock

. Scusonal high water table

. Proximuity o building foundations aod well heads

. Erodibility ol soils

. Lamd avadabilite and conliguration ol the pography

The tollowing addittonal Ewtors SHOULD be considerad when evaluating the saitibilic: af the BAMP 5 used

to contral sater quality at a wiven development site

. Peak discharge andd reguired volwme contraol
. The volunse of runoft that will he erlectveds treated
. Eticieney ol the BMIPs wo nutizate polentiad water qualiy problems
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. The volume o runetY e wall be eltegtinvels ireated
. The atare ol the poltutint beme ramosad

. Slantenintee requrenents

. Froson ol receiving streums and watereots ses

‘. Creation / protection of aquatic and wildlie habian
. Recreationad value

. Enhancement ol acsthetic and property value

Public Education

Public education and citizen participation is an important part of a overall comumunity program
regarding water quality management. Many people are not aware of the impacts of nonpoint source
pollution and how it aftects their community. Education of citizens and political representatives will not
only heighten awareness about pollution problems and their prevention, but also help broaden suppon for
other stormwater and nonpoint source pollution management strategies.

Education eftforts would include: public meetings and presentations: program materials such as
newsletter, fact sheets, brochures, and posters; homeowner education proygrams; press releases;
coordination with interest groups and community events and demonstration projects.

Ciuzen participation may include providing input, collecting data and identitying problem areas all
of which may help avert potential water quality problems and building overall support for remedial action
10 improve conditions.

Selection of BM Py

An important consideration is the selection of a BMP or combination of BMPs for a particular site.
Municipal regulations may require a specific BMP application, such as an extended detention pond as a
minimum criteria or may allow a combination of BMPs . Achieving the goal of minimal impact by a
development is not necessarily achieved through the application of a single BMP as a “treatment”, but
through thoughtful layout of a development. Utilization of non-structural techniques such as impervious
surface minimization and clustering of units along with techniques such as bufTers, grassed swales, pervious
parking areas and others may, if a conventional pond is still required, reduce the ponds size or perhaps
eliminate the need for a pond entirely thus reducing the cost of a project.

Following are a few steps that may be followed in determining the applicability of a BMP or
combination of BMPs. More specific information on a BMP's elffectiveness and apphicability may be found
under a number of references found under “Information and Publications™ following this chapter. Keepin
mind that the following steps are applicable when no specific eflluent limits or water quality standards have
been established. Under those reyulatory conditions. a more rigorous prioritization or selection procedure
would need o be implemented.
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Step 1 Identify which B¥MPs are suitable for the physical couditions of the site.

Consider:

Total contributing area

Permeability and filtration rte of the site soils

Slope and depth to bedrock

Seasonal high water table

Proximity to building foundations and well heads
Erodibility of soiis

Land availability and configuration of the topography

Step 2 Screen BMP's based on stormwater benefits:

Consider:
Peak discharge and required volume storage requirements
Streambank erosion potential or existing problems

Step 3 Screen for pollutant removal benefits

Consider:
BMP pollutant removal efticiencies

Step 4 _Additional considerations

groundwater recharge

aquatic and wildlife habitats
landscaping

recreation safety

aesthetic value

comniunity acceptance
maintenance requirements

project and BMP construction cost

Sample Development Site Plans

The following figures provide conceptual layouts of residential and commercial developments that
lustrate how various BMPs may be applied. Not all development will be able utilize these techniques at
the same time due to site conditions, land use and soils. The goal for a development is to minimize the
impacts of runoff by thoughtful consideration f the natural conditions of the site by maintaining natural
grades, previding open spaces, minimizing impervious surfaces and maximizing use of techniques such as
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vegetate swales, wet ponds, infiltration and buffers. Avoid, to the maximum extent, the use of piping
systems and conventional dry basins that concentrate runott and do nothing for water quality,
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Figure 18- Sample Residential Application of BMPs
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Figure 19- Sample Commercial Application of BMPs
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Addressing Existing Water Quality Problems

Addressing water quality problems, from non-point sources is a major effort for state and municipal
governments. Programs established through the 1987 amendments to the Federal Clean Water Act
provides assistance to States in abatemnent of water quality problems. Many of the efforts under this
initiative are not implemented by individual municipalities, but by multi-junisdictional watershed-wide
organizations. Municipalities in Pennsylvania desiring to improve the quality of their water resources on
their own are limited by legal authority and finances. Some success may be achieved by municipalities in
improving existing conditions through the enactment of ordinances requiring the installation of BMPs on
existing development sites at the time major changes are made to the site, such as during urban renewal
projects or during major additions to buildings and parking areas.

Although comprehensive, non-point source water quality restoration programs are beyond the
means of most municipalities, local governments do have the availability of loan moneys through the
Pennsylvania Infrastructure Investment Authority (PENNVEST) to improve or rehabilitate pubiic
stormwater facilities including installation of BMPs. Projects eligible for these low-interest Joans may
include construction of detention ponds and basins to address both peak rates of runoff as well as water
quality improvements, water quality inlets and new technologies such as swirl/vortex concentrator devices.
Further information on the PENNVEST Stormwater Project Program may be obtained from:

PA Infrastructure Investment Authority
Keystone Building, 4" floor

22 South Third Street

Harrisburg, PA 17101

(717)787-8138
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Glossary

ABSORPTION: The process of taking up one substance into the body of another, such
as a sponge absorbiny water.

ACCELERATED EROSICN: The removal of the surface of the land through the
combined action of man’s activities and natural processes at a rate greater than would
occur because of the natural processes alone.

ACID RAIN: Precipitation that has a low pH; the precipitation becomes acidic when
moisture in the air reacts with suftur and nitroger: sollutants in the atmosphere; because of
its low pH, acid ratn has a harmful eftect on some plants, soils and surtace waters,
buildings, and, indirectly, on some organisms that live in surface waters.

ADSORPTION: Attraction and holding of one substance on the surface of another; this
often involves the attraction of molecules in gases and liquids to the surface of a solid.

AEROBIC: Living ot active organisms only in the presence of oxyuen.

AGGREGATE: The stone or rock gravel needed to hil in an infiitration BNIP, such as a
trench or porous pavement. Clean washed aguregate is simply aggreuate that has been
washed clean so that no sediment is associated with it

ALGAE: Non-vascular plants, usually aquatic and capable of ustng carbon dioxide by
photosynthesis.

ALGAL BLOOM: Large, readily visible, masses ot alcae found in bodies ot water
{usually ponds and lakes) during warm weather.

ANAEROBIC: Non-vascular plants, usually aquatic and capable ot using carbon dioxide
by photosynthesis.

ANTI-SEEP COLLAR: A plate, attached to the barrel running through an embankment
of a pond, that prevents seepage of water around the pipe.

BMP (best management practices): Stormwater structures and facilities desizned or
used to maintamn or improve the water quality of surface runoft. BMPs may be structural
(basins, seepaue pits), nonstruciural (vegetated hlter strips, butters) or managerial
techniques ( maintenance practices) that may be used singly ot in combination to achieve
water quality.
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BMP FINGERPRINTING: A sertes ot techaniques for locating BMPs (particularly
ponds) within a development site so as to minimize their impacts ro wetlands, forest, and
sensitive stream reaches.

BASEFLOW: That portion of stream :low that is not due to storm runoff, and is
supported by groundwater seepage into a channel.

BIOASSAY. Laboratory tests used to determine that response of organisms to specified
conditions relating to the natural environment (1.e., water quality).

BIOCHEMICAL OXYGEN DEMAND (BOD): A laboratory measurement of the
“strength” or potency of an organic or norganic waste; the test determines the amount of
oxygen used by microorganisms as they biochemically degrade (red-~e to simple by-
products) the waste. BOD values provide a somewhat standard measure of how much
oxygen will be required to degrade a waste, and therefore retlect the eftect the waste may
have on tish or other aquatic organisms that require oxygen (o live.

BIOFILTRATION: The use of a series of vegetated swales to provide filtering treatment
for stormwater as it is conveyed through the channel. The swales can be grassed, or
contain emergent wetlands, or high marsh plants.

BIOLOGICAL MONITORING: Periodic surveys of aquatic biota as an indicator of the
general health of a waterbody. Biological monitoring surveys can span the trophic
spectrum - from macro-invertebrates to fish species.

BUFFER STRIPS: Surips of yrass or other close urowing vegetation that separates a
waterway from an mitensive land use area; also referred to as filter strips, vegetated fiter
strips, and grassed butlers.

CHECK DADMI: (a) A log or gabion structure placed perpendicutar to a stream to
enhance aquatic habitat. (b) An earthen or log structure, used in grass swales to reduce
water velocities, promote sediment deposition, and enhance mfiltration.

CHEMICAL OXYGEN DEMAND {COD)Y. An indirect measurenent of the amount of
oxygen used by organic and morganic matter i water. The measurement is a laboratory
test based on a chemtical oxidant and therefore does not necessarity correlate with the
bicchem:cal oxygen demand.

CLUSTERED DEVELOPMENT: A development design techmque that arranges
buildings on a spectfic area ot a sile so as to preserve a portion of the entire site for
comnion open space, recreation, or preservation of environmentally sensitive areas in

perpetuity.
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CONMPREHENSIVE LAND USE PLANS' A plan adopted by the local government to
guide the physical growth and improvement of a citv or county, including any future
amendments and revisions

CONTRIBUTING WATERSHED AREA: Portion of the watershed contributing its
runoft to the BMP in question.

DENITRIFICATION A biological process in which nitrate (NO3), a compound ot
nitrogen often found in sewage or water, is turned into nitrogen aas, which can dissipate
to the atmosphere.

DEPARTMENT: The Department of Ervironmental Protection of the Commonwealth
of Pennsylvania tormerly the Department of Environmental Resources.

DESIGN STORM: Is a rainfall event of specified size and return frequency (i.e., 2 storm
that occurs only once in 2 years) that is used to calculate the runot¥ volume and peak
discharge rate of BMP.

DETENTION: The temporary storage of storm runoftin a BMP, which is used to
control the peak discharge rates, and which provides gravity settling of poilutants.

DETENTION TIME: The amount of time a parcel of water actually is present in a
BMP. Theoretical detention time tor a runoff event is the average time parcels of water
reside in the basin over the period of release from the BMP.

DISCHARGE POINT: Places where groundwater tlows out of an aquifer. Springs are
visible discharge points. Discharge points also occur as seepage nto wetlands, lakes, and
streams,

DRAINAGE EASEMENT: A right granted by a land owner (o a grantee, allowing the
use of private land for stormwater management purposes.

DRAWDOAMWN: Gradual reduction in water level in a pond BMP due to the combined
effect of infiltration and evaporation.

EROSION: Is the removal of soil particles by the action of water, wind, ice, and other
veological agents.

EUTROPHICATION: The natural aging process of surface waters (such as rivers,
streams, reservoirs) through enrichment by nutrients. Eutrophication is accelerated by
people’s activities, in the end. eutrophication resuits in the complete filling in and drying
up of a water body.

EVAPOTRANSPIRATION: s the combined loss or movement of moisture from the
surface ol the earth through evaporation and transpiration processes.

[1/1/96 34 \bmpidraft4.doc

—



EVENT MEAN CONCENTRATION (EMC): The average concentration of an urban
pollutant measured during a storm runott event. The ENMC is calculated by flow-
welghting each pollutant sample measured during a storm event,

EXFILTRATION: The downward movement ot runoft through the bottom of am
infiltration BMP into the soil layer.

FECAL COLIFORM BACTERIA: Minute living organisms associated with human or
animal feces that are used as an indirect indicator of the presence cf other disease causing
bacteria.

FILTER FABRIC: Textile of refatively small mesh or pere size that 1s used to {a) allow
water to pass through while keeping sediment out (permeable), or (b) prevent both runoft
and sediment from passing through (rmpermeable).

FIRST FLUSH: Is the delivery of a disproportionately large load of pollutants during the
early part of storms due to the rapid runoft of accumulated pollutants. The first flush of
runoft has been defined several ways (i e.. ene-half inch per impervious acre).

FOREBAY: An extra storage area provided near an inlet ot a BMP to trap incoming
sediments before they accumulate in a pond BMP.

GROUNDWATER RECHARGE: Replenishment ot existing natural underground
water supplies by the process’ of the hydrologic cycie.

HYDROGRAPLH: Isagraph showing variation in the water depth or discharge in a
stream or channel, over tme, at a specitied pomnt of interest

IMPERVYIOUS AREA: impermeable surfaces, such as pavement or rooftops, which
prevent the infiltration of water into the soil.

INFILTRATION: (a)ls the downward movement of water trom the surface to the
subsotl. (b) The nfiltration capacity is expressed in terms of inches per hour.

INTERCEPTION: Precipitation that is retained by the leaves and stems of vegetation

LAND DEVELOPMENT: (1) the improvement of one lot or two or more contigzuous
lots, tracts or parceis of land tor any purpose involving (a) a group of two or more
buildings, or (b) the division or allocation ot land or space between or among two or more
existing or prospective occupants by means of, or for the purpose ol strects, common
areas, ieaseholds, condommiums, building ¢roups or other teatures; (1) a subdivision of
land
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LAND DISTURBANCE: Any activity involving grading, tilling, dizging or filling of
ground, or stripping of vegetation, or anv other activity that causes land to be exposed to
the danger of erosion.

LOADING: Is the quantity of a substance entering the environment (soil, water, or air).

NUTRIENTS: Chemical elements or substances, such as nitrogen and phosphorus, that
are essential for plant and animal urowth

NUTRIENT POLLUTION: Contamination of water resources by excessive inputs of
nutrients; in surface waters, excess algae or aquatic plant production is a result of elevated
nutrient concentrations.

OVERFLOW RATE: Detention basin release rate divided by the surface area of the
basin. It can be thought of as an averaze flow rate through the basin.

PEAK DISCHARGE: Is the maximum instantaneous rate of flow during a storm,
usually in reference to a specific design storm event.

PEAK RATE OF STORMWATER RUNOFF: Is the maximum rate of flow of
stormwater runotl at a given point and tinte resulting from a storm event.

PEAK SHAVING: Controlling post development peak discharee rates to pre
development levels by providing temporary detention ina BMP.

RETENTION: Is the holding of runoft'in a basin without release except by means of
evaporation, mnfiltration, or emergency bypass.

RETROFIT: The creation or moditication of stormwater management systems in
developed areas through the construction of wet ponds, infiltration systems, wetland
plantings, stream bank stabilization, and other BMP techniques for improving water
quality and creating aquatic habitat. A retrofit can consist ot the construction of a
management structure, or a combination of improvement and new construction.

RIPARIAN: A relatively narrow strip of fand that borders a stream or river. often
coincides with the maximum water surface elevation of the one hundred year storm.

RIPARIAN REFORESTATION: The replanting of the banks and Hoodplain of a
stream with native torest and shrub species to stabilize erodible soils, improve both surface

and ground water qualily, increase stream shading, and enhance wildlife habitat.

RISER: A vertical pipe extending from the bottom of a pond BMP that is used to control
the discharge rate from a BMP for a specitied design storm.
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RUNOFF CHARACTERISTICS: The surtace components of any watershed that affect
the rate, amount and direction of stormwater runoff. These may include, but not limited
to° vegetation soils, slopes and man-made tandscape alterations.

SEDIMENT: Solid materials, both mineral and organic, that are in suspension are being
transported, or has been moved trom its site of origin by water.

SHEETFLOW: Runoft that flows over the ground surface as a thin, even layer, not
concentrated in a channel.

SORPTION: s the physical or chemical binding of pollutants 1o sediment or organic
particles.

SPILLWAY: A depression in the embankment of a pond o basin that is used to pass
peak discharges greater than the maximum desiga storm controlled by the pond.

STORMSEWER: A system of pipes or other conduits that carries intercepted surface
runoft, street water and other wash waters, or drainage, but excludes domestic sewaue
and industrial wastes.

STORMWATER COLLECTION SYSTEM: Natural or man-made structures that
collect and transport stormwater.

STORMWATER RUNOFT: That part of precipitation that Hlows over the land. The
rate of stormwater runofT is the instantaneous measurement of water flow expressed in a
unit of volume per unit ot time, also referred to as Discharge,

SUBDIVISION: The division or re-division ot'a lot, tract or parcel of land by any means
Into two or more lots, tracts, parcels or other divisions of land including changes in
existing lot lines for the purpose. whether immediate or luture, ot lease, transfer of
ownership or building or lot development. provided. however, that the division of iand for
agricultural purposes into parcels ot more than ten acres, nol invelving any new streel or
easement ot access, shall be exempl.

TRANSPIRATION: The process by which plants release water vapor into the air

WATERSHED. The entire region or area drained by a river or other body of water
whether natural or artificial - A Designated Watershed is an area delincated by the
Department of Environmental Protection and approved by the Environmental Quaiity
Board for which counties are required to develop watershed stormwater plans

v WATER QUALITY BAMP: A BMP specifically desiuned for pollutant removal.

WEITR: A structure that extends across the width of a channel and is intended 1o
impound, defay or in some way alter the flow ot water throuzh “he channel. A CHECK is
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a type of weir as is any kind of dam. A PORTED WEIR is a wall or dam that contains
openings through which water may pass. Ported weirs slow the velocity of flow and
therefore, can assist in the removal of peilutants in runoft by providing opportunities for
pollutants to settle, infiltrate or be adsorced.

WETLAND MITIGATION: Regulatony requirement to replace wetland areas
destroyed or impacted during the land dawelopment process. Mitization seeks to replace
structural and functional qualities of the natural wetland type that has been destroyed.
Stormwater wetlands typically do not count for credit as mitization, because their
construction does not replicate all the ecasystent tunctions ot a natural wetland.
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ORDINANCE APPENDIX F

SUBWATERSHED BOUNDARY MAP



BRIDGE / STRUCTURE # 47
This Structure was field checked

BRIDGE / STRUCTURE # 68

BRIDGE / STRUCTURE # 59 This Structure was field checked

This Structure was field checked

BRIDGE / STRUCTURE # 76
This Structure was field checked

BRIDGE / STRUCTURE # 93

BRIDGE / STRUCTURE # 96

BRIDGE / STRUCTURE # 99
This Structure was field checked

CULVERT DATA SUMMARY **t¥sexssssssssses

, BRIDGE / STRUCTURE # 85 CULVERT DATA SUMMARY *stsssssrssscarses BRIDGE / STRUCTURE # 107
QMAX bef t . 63 cf MAX bef . - 7 f BRIDGE / STRUCTURE # 82 . . 4 ) 1 BARREL SHAPE BOX .
DRIDGE. ' STRUCTURE. 3§ © QMAX before overtopping = 109 cfs QMAX before overtopping = 715 cfs el (il ol A o QOverto:p(i)r:; Srroooin = e This Structure was field checked This Structure was field checked 3252& NFE ey oy b b This Stmctune Wiy ghe'd I opecked GMIOE bafore- cvedipping = - 162 ol BARREL SPAN 18.00 FT This Structure was field checked
: , " Overtopping elevation =  405.0 : ) . | ; :
This Structure was included in a HEC—II BYDGE / SIRUCTURKEL S 18 Overtopping elevatiofs =  473.20 Constont TALWATER assamed ot 403.00 Constant TRQ 7y cssumed ot 37850 SO I TR cremmed & 00 QMAX before overtopping = QEAY: lafane dawipging =" o4 S8 BARREL RISE 12.50 FT QIAR belire svertonplng =" 247 £fy QMaX betors avertigng = 1156 cfs Gt TALWATER assamed at 348,40 BARREL MATERIAL CONGRETE QMAK beforn overtopping = 29 S
This Structure was surveyed BRIDGE / STRUCTURE # 31 Constant TAILWATER assumed at 471.70 SITE DATA **%** CULVERT INVERT # 1 *** Overtopping elevation = Overtopping elevation = 406.90 BARREL MATERIAL CONCRETE Overtopping elevation = 350.00 Overtopping elevation = 345.00 onstant L assumed a s BanReY e i I Overtopping elevation = 369.70

flood d_study by Justin ang\ Court(y\ Inc3
soEpole ey ey
PR 242

This Structure was surveyed

SITE DATA ***** CULVERT INVERT # 1 ***

Constant TAILWATER assumed at 339.00

Constant TAILWATER assumed at 405.40

BARREL MANNING'S N

0.020 FOR SIDES AND TOP

Constant TAILWATER assumed at 348.30

Constant TAILWATER gssumed at 340.00

Constant TAILWATER assumed at 366.70

EeEE C k‘yE 'hl)ffRT # LA
QMAX before overtopping = 1248 cfs SITE DATA ***+* CULVERT INVERT # 1 *** INLET STATION (FT) Y ;m f ’E 0 0.020 FOR BOTTOM SITE DATA ***** CULVERT INVERT # 1 *** INLET TYPE CONVENTIONAL

ik udy-wds cof‘nbiete\d ~for Overtopping elevatiod = 337.88 o INLET STATION (FT) 0 INLET STATION (FT) 0 | v FT m 375.5 370.6 i SITE DATA *###* CULVERT INVERT # 1 *** INLET TYPE CONVENTIONAL SITE DATA *#***+ CULVERT INVERT # 1 *** SITE DATA *xkek CULVERT lNVERT # 1 *xx INLET STATION (FT) 0 INLET TYPE SQUARE EDGE (30-75 * FLARE) SITE DATA ****+ CULVERT INVERT # 1 ***

K‘Jc;jp" for West Lamipets er ¥ownship QMAX before overtopping = 1072 cfs INLET ELEVATION (FT) 397.5 F 40 SITE DATA **##* CULVERT INVERT # 1

nta LA AAAA) Canstant TARWATER Pewuroed -6t 335.90 Overtopping elevation = 41518 INLET (FT 467 wn.&r~summ( T, 30 3751 m % s INLET STATION (FT) INLET STA 0 i 1 0 Nt ‘ o INLET STATION (FT) 0

— - . s L « A \
QMAX befgre overtopping = 13400 + cfs SHIEPATAr LU AT T £ 1 - ccnstont TAILWATER ussumed ot 413.70 % nECIAT MNFT) fJ?z 226 - OUTED %F’L 397.15 L‘%%E' L?)f“’ P . INLET ELEVATION (FT) 'F‘EE Er (F 7/ 4§’c‘)~9 ou 3;5’9 2 342 4 355’-7
Overtopping elevation =  247.50 =7 (i’* P NUMBER OF BARREL 1 - =¥ V] OUTLET STATION (FT) = v =
P INUER STATIOR(ET) LA e SHALC)TS F1ose NU“BEF* ey i £ (] F, o7 SLQ s Dfag BE Wt o JQ#?fgy f gtV o OUTLET ELEVATION (FT) W% 017 BRIDGE / STRUCTURE # 90 et e E ;Eé /i 3.2 BiDGE / STRUCIUEE 4 '8 364.8
ki 0063 e(J—B RQF&%Z FES%%@LOPE (,_.T) . Aghc J8ropt (e 40 R L mone St (FD) 30 2 This Structure was field checked “NUMBER OF BARR 1 This Structure was field checked

BRIDGE / STRUCTURE # 2

Yoty %
30
ATION ﬂ 329.8

IN%@WT)Z &/ 408.5

%E AOPE; V(F]T) 30

CULVER]’ DATA SUMMARY EEAERE R R

CULVERT DATA SUMMARY EEEREERERERREREEREK

NUMBER OF BARRELS
SLOPE (V—FT/H-FT)

SRR ST A FHE D) 50

QMAX before overtopping =

SLOPE (V—FT/H-FT) )
CULVERT LENGTH ALONG SLOPE (FT) 80

0087

q%?iPDLENgz 7{@0) SEE@ T 302 01

QMAX before overtopping = 1012 cfs

51. AnoN
RE 1

.018

1 b%yp‘ éfFT) 50.01

Y228 —; 30 CULVERT LENGTH ALONG SLOPE (FT) ; on =8 34230
NU -?0 jf:’ 2 4 f e ’:‘}/ CULVERT DATA SUMMARY :tttco-nmtcuoa-cct BARREL SHAPE PIPE ARCH BARREL SHAPE BOX Overtoppin elevation 385.00 CULVERT DATA SUMMARY steesrsbassksercs Overtoppmg elevation v
Lﬂ?@}é@t m“la‘;x%?!%'c’lﬁr?nefcln: gb?ﬁvg;ﬁb:ggcﬁ I)Sucigz%e e ;%067 oMl - Ldidf e g:gggt ggAPE e 8222& Ssg:SE E!10‘:<.oo FT Sﬁgggt gg@“ 341‘;5,_—? g:s&gt g,‘;*g” 137.20;7 CULVERT DATA SUMMARY S CULVERTSDALAE SUMMARYP‘;‘E"“"“‘“”“‘ Constant TAILWATER ossamed at 383.25 Sﬂ%@?sﬁﬂ’% SUMMARYB‘O‘;'"‘"“""‘“ gl:;\@ysm;ﬁ; SUMMARYBB‘;"“'"‘“""" g:gggt g;‘:ﬁE Boé . Constant TARWAILIL MUY ot Wi CULVERT DATA SUMMARY *ssssrexsxsrancase
v 191 and’ dpdated in Aug. - SLOPE (V—FT/H—FT) .0067 o : BARREL RISE 5.50 FT BARREL MATERIAL STEEL OR ALUMINUM ' BAR W aREEL. s SITE DATA +++++ CULVERT INVERT 4 1 = BARREL SHAPE CIRCULAR
fﬁaa}m d smg was ompleted for I RY Seseremeseenensas CULVERT LENGTH ALONG SLOPE (FT) 30 BARREL RISE 347 FT BARREL MATERIAL CONCRETE BARREL MANNING'S N 0.024 gﬁ;ggt m,ﬁf,%s N g%":%RETE BAR T BARREL SPAN 4.75 FT SITE DATA **+** CULVERT INVERT # 1 o g:gggt gf’s’g“ 57630;;7 BARREL SPAN 12.00 FT g:gggt s'AS%RIAL ” O~” N%%EFTE INLET STATION (FD) # BARREL DIAMETER 2.00 FT
BARREL SHAPE BOX CULVERT DATA SUMMARY *&t#ssxsssssrssrss BARREL MANNING'S N 0.012 INLET TYPE CONVENTIONAL INLET TYPE CONVENTIONAL BA BARREL MATERIAL STEEL OR ALUMINUM Lﬁg{f, 7 @:(9 378 BARREL MATERIAL CONCRETE BARREL MATERIAL CONCRETE BARREL MANNING'S N 0.012 BARREL MANNING'S N 0.012
YQM_&? Toefobe et (obbing: # 4 4480 cfs BARREL SPAN 9.00 FT BARREL SHAPE BOX INLET TYPE CONVENTIONAL INLET TYPE SQUARE EDGE (30-75 * FLARE) INLET TYPE PROJECTING INLET TYPE SQUARE EDGE (30-75 ° FLARE) BA N,N BARREL MANNING'S N 0.024 / BARREL MANNING'S N 0.016 BARREL MANNING'S N 0.012 INLET TYPE CONVENTIONAL EI' @C@ INLET TYPE CONVENTIONAL
0veﬁogpin‘§’:ngo{acn = 234.00 BARREL RISE .00 FT BARREL SPAN 22.00 FT INLET TYPE GROOVED END PROJECTING gim INLET TYPE CONVENTIONAL AT E Fm——~ 3778 INLET TYPE CONVENTIONAL INLET TYPE CONVENTIONAL INLET TYPE SQUARE EDGE (30-75 * FLARE) 33? INLET TYPE GROOVED END PROJECTION
g:;ggt m&rmrs i g%r:(stRETE BARREL RISE .00 FT ,NLE‘r ~ FLARE) INLET TYPE HEADWALL Sﬁ‘z @E% ;: . INLET TYPE SQUARE EDGE (90-45 °) INLET TYPE 1:1 BEVEL (45 ° FLARE) m@' =7 %}’ s INLET DEPRESSION NONE

BRIDGE / STRUCTURE # 3

QMAX before overtopping = 18359 cfs

INLET TYPE CONVENTIONAL
INLET TYPE 1:1 BEVEL (45 ~ FLARE)

INLET TYPE SQUARE EDGE (90—45 °)

BARREL MATERIAL CONCRETE
BARREL MANNING'S N 0.016
INLET TYPE CONVENTIONAL

INLET TYPE CONVENTIONAL

BARREL MANNING'S N 0.024

BRIDGE / STRUCTURE # 48
This Structure was field checked

BRIDGE / STRUCTURE # 49
This Structure was field checked

BRIDGE / STRUCTURE # 89
This Structure was field checked

BRIDGE / STRUCTURE # 60
This Structure was field checked

This Structure field checked
This Structure was field checked aheadh v hun

BRIDGE / STRUCTURE # 77
This Structure was field checked

This Structure was field checked

SITE DATA ***** CULVERT INVERT # 2 ***

INLET STATION (FT)

INLET STATION (FT)

BRIDGE / STRUCTURE # 87

SLOPE (V—FT/H—FT)
CULVERT LENGTH ALONG SLOPE (FT) 30

CULVERT DATA SUMMARY

ko dOROK R Kok Fokok dok dok

BRIDGE / STRUCTURE § 94

BRIDGE / STRUCTURE # 94A

BRIDGE / STRUCTURE # 98 & 102 (COMBINED)

BRIDGE / STRUCTURE # 100
This Structure was field checked

BRIDGE / STRUCTURE # 101
This Structure was field checked

BRIDGE / STRUCTURE # 102

CULVERT LENGTH ALONG SLOPE (FT) 60

CUL\IERT DATA SUMMARY ARk RRERRERKRRRkEE

CULVERT DATA SUMMARY #icktsomkiorsorbosador sk

X . } BRIDGE STRUCTURE # 86 RO KR AR BRIDCE STRUCTURE # 97 R 108
St ucgirg as mcluded in_a HEC-II INLET TYPE 1:1 BEVEL (45 * FLARE) . QMAX before overtopping = 70 cfs QMAX before overtopping = 417 cfs INLET ELEVATION (FT) This St{ucture was ﬁgd checked gl,i;\é%’ysaﬁyé SUMMARYBOX This Structure was field checked This St{ucture was ﬁeil’d checked BARREL SHAPE 80X B?L?fesz{uiﬁgcxs Eﬁe‘I‘d checked
"d‘ é’ﬁ ﬁgz sétn n;%wlgey, Tc QMAX before overtoplilg = — ngAe):tbef?.—:e o‘veirtgpgmg_= 433%ch3 Overtopping elevation = 381.50 Overtopping elevation = 378.50 %%}' EITEA\PAOT';‘OISF{F)’T) BARREL -SPAR A&00 FT QMAX before overtopping = 92 cfs BARREL SPAN 10.00 FT
Tg;7 n ‘s('ad;wfxs;cor:ph;?ed L;gr BRIDGE / STRUCTURE # 20 Overtopping elevatiof: = 488.50 Consto(:\ptpTﬁ?lLsJ:T%F:’oossted St kond Constant TAILWATER assumed at 380.50 Constant TAILWATER assumed at 377.50 NUMBER OF BARRELS QMAX before overtopping = 337 cfs BARREL RISE 4.50 FT QMAX before overtopping = 69 cfs QMAX before overtopping = 88 cfs COve;to;ipi{_'flLalli\%aEt;on = . 3?7328% 56 gﬁgggt S,E‘EERIAL COSN%%EF}E QMAX before overtopping = 648 cfs
$ 7T FEMACERA é r‘iwe’énkorbdéter Township This Structure was surveyed BRIDGE / STRUCTURE # 34 Constant TAILWATER assumed at 487.00 SITE DATA =##++ CULVERT INVERT # 1 *&* B T — - SLOPE (V—FT/H-FT) Overtopping elevation = 415.00 BARREL MATERIAL CONCRETE Overtopping elevation = 386.90 Overtopping elevation = 375.00 onstan assumed a . BARREL MABNCS N Overtopping elevation = 262.00
This Structure was surveyed SITE DATA xxxsx CULVERT INVERT # 1 -~ # CULVERT LENGTH ALONG SLOPE (FT) Constant TAILWATER assumed at 413.90 BARREL MANNING'S N 0.016 Constant TAILWATER assumed at 385.40 Constant TAILWATER assumed at 373.50 S AoE R VENTIONAL Constant TAILWATER assumed at 255.00
OMAX beices overtoppiig = 13400 4 ofs QMAX before overtopping = 2123 cfs SITE DATA ***s+ CULVERT INVERT # 1 *** (£T) :N'-ET STA&%?@%T) 377 : INLET STAWON (FT) 0 INLET TYPE CONVENTIONAL smz DATA ###xx CULVERT INVERT R ::::ET TYPE 1:1 BEVEL. (8B * FLARE)
Overtopping elevation = 252.50 Overtopping elevation = 345.58 QMAX before overtopping = 450 cofs INLET STATION (FT) 0 ; m 4255 ﬁ@ 4 O 374.3 CULVERT DATA SUMMARY *&#&ssxitikstihss SITE DATA ***** CULVERT INVERT # 1 *** INLET TYPE SQUARE EDGE (30-75 ° FLARE) SITE DATA *#+xxxx CULVERT INVERT # 1 e SITE DATA ***** CULVERT INVERT # 1 *** 0 : SITE DATA ***++ CULVERT INVERT # 1 ***
: Constant TAILWATER assumed at 344.30 Grerlocing siavation. = 43565 mn Dl 484.2 ) 30 OuTL 40 3342 BARREL SHAPE CIRCULAR INLET STATION (FT) 0 ATI 383 . INLET STATION (FP gm ’ :sgg.z INLET STATION (FT) )
y : 30 . . - 1 F 409.4 | INLET ELEVATION (FT) 251 2
Constant TAILWATER assumed at 431.10 X : ( 425.3 BARREL DIAMETER 4.00 FT (@) N AN O YT T
SITE DATA ***#x CULVERT INVERT # 1 *** 0 T (F 484.03 ; ﬁ? 1 WFW 30 30 T 30 381 OUTLET STATIC (F
BRIDGE / STRUCTURE # 4 3-“—5 1 BARREL MATERIAL CONCRETE . ppsag _ RE 4 105 UTL —23?
lNLESTATlON(FT) , 0 SITE DATA ***** CULVERT INVERT # 1 *** N 1 SLOR Fr/Hg@-— 01 U & ) : 30(?33 BARREL MANNIN3'S N 0.012 oy | (g) 00 409.1 BRIDGE / STRUCTURE # 91 382.7 ! EVAT 365.5 (1)15 B?L?fzstfuiﬁgcﬁs Eﬁ e’f 2 - o U? ’“250
This Structure was includied in @ HEC— : 3395 INLET STATION (FT) 0 SLOPE V=FTy=r g 0 CULVER™. LeNGTIE AL NG SAFRAR) 30 | WELLENGRabone S 0BEy (FT) RILET e NN TONAL NS loF BargeL s/ (2)() ! This Structure was fied checked 3 " m W &3 AUVBER oF 1
flood study by Justin and Courtney, Inc. 429.2 / CULVERT DATA SUMMARY *#sssrssarssssnere T DATA SUMMARY *+esssssrsrsssssss INLET TYPE GROOVED END PROJECTION ' ; ; ! ' ' ' QMAX before ‘overtopping = 97 cfs %@m
7 =ity odyupaiadiin Aug - o CliVERTEéATA SUMUIIRY. soessssressenssons S o Ry e BARREL SHAPE PIPE ARCH S,‘{.‘s‘é‘é‘ﬁ saALE Y BOX INLET DEPRESSION ~ NONE YPERTE P D (VTR Qg\fe)itct;:;?r:; aevation B 324;180(:1:3 00 - CULVERT DATA SUMMARY *s**strsarssserras Overtopping devation = 357,00 ' Kl
4% konﬁ%%a Loré\}tlwer \rom::ﬁ o .0067 4219'1 BARREL SHAPE ELLIPTICAL g:gREt SS:RSE PlF;E;;Rg;—! BARREL SPAN 4.75 FT BARREL SPAN 16.00 FT CULVERT DATA SUMMARY *#ssksnkstshsss Constant TAILWATER assumed at 528.30 CULVERT DATA SUMMARY *#sxsexxxssxssssns CULVERT DATA SUMMARY ####sasssssssssn BARREL SHAPE PIPE ARCH Constant TAILWATER assumed at 355.00 CULVERT DATA SUMMARY **+ss#sssrsssersne
e e p 30 BARREL SPAN 5.00 FT R 3 BARREL RISE 3.17 FT BARREL RISE 6.00 FT BARREL SHAPE BOX BARREL SHAPE CIRCULAR BARREL SHAPE CIRCULAR BARREL SPAN 4.75 FT BARREL SHAPE PIPE ARCH
‘IV/? ég [éﬁ -0033 BARREL RISE 317 FT BARREL RISE 317 FT BARREL MATERIAL STEEL OR ALUMINUM BARREL MATERIAL CONCRETE BARREL SPAN 10.00 FT ULVER , BT 4 1 *ee BARREL DIAMETER 2.00 FT BARREL DIAMETER 4.00 FT BARREL RISE 317 FT SITE DATA ***** CULVERT INVERT 4 1 *** BARREL SPAN 1017 FT
egvkeggpp e el"eé":?on 13;8% S e CULVERT DATA SUMMARYIBRsssssrsnrsnenres 0 BARREL MATERIAL CONCRETE gﬁgsg‘[ opl e N nggi OR ALUMINUM BARREL MANNING'S N 0.024 BARREL MANNING'S N  0.012 B?,',?,G %t{uftﬁﬂcﬂf S hecked BARREL RISE 5.00 FT mﬁ\ . BARREL MATERIAL CONCRETE BARREL MATERIAL CORRUGATED STEEL BARREL MATERIAL STEEL OR ALUMINUM INLET STATION (FT) : % s ARGEL BiE e
i vati = ; . ; ; ; VY 1.
BARREL SHAPE BOX Y. BARREL MANNING'S N 0.012 INLET TYPE CONVENTIONAL INLET TYPE CONVENTIONAL BARREL MATERIAL CONCRETE | ( 323.8 BARREL MANNING'S N 0.012 BARREL MANNING'S N 0,024 BARREL MANNING'S N 0.024 'NLW 207, BARREL MATERIAL CONCRETE
BARREL SPAN 28.00 FT ggk\ésg sm;% SUMMARYB:)‘X” i INLET TYPE CONVENTIONAL :B'[g mg HEADWALLCONVENTIONAL INLET TYPE HEADWALL INLET TYPE 1:1 BEVEL (45 * FLARE) QOMAX before ‘llertopping = BARREL MANNING'S N 0.020 30 INLET TYPE CONVENTIONAL INLET TYPE CONVENTIONAL INLET TYPE CONVENTIONAL ou FTRJ’ 2l ggo X BARREL MANNINGS N 0.012
BARREL RISE 5.30 FT BARREL SPAN 25.00 FT INLET TYPE GROOVED END PROJECTING Overtopping elévation = INLET TYPE CONVENTIONAL 323.7 INLET TYPE SQUARE EDGE WITH HEADWALL INLET TYPE SQUARE EDGE WITH HEADWALL INLET TYPE HEADWALL ou [ b @ g INLET TYPE CONVENTIONAL
BRIDGE / STRUCTURE # 5 DARFEL MATEIAL . f JERRIEHETE BARREL RISE 4.00 FT Constant TAILWATER assumed at 349.10 INLET TYPE SQUARE EDGE (90-45 ) ) 1 INLET DEPRESSION ~ NONE INLET DEPRESSION  NONE - aly LI INLET TYPE SQ. EDGE WITH 90 * HEADWALL
- BARREL MANNING'S N 0.016 " ' F " .0033 = % ~ %
This Structure was field checked BARREL MATERIAL CONCRETE 3
o e e T TeE JEERCITIONAL BARREL MANNING'S N 0.016 BRIDGE / STRUCTURE # 62 g et A W TIBUCTORE § 70 SITE DATA s#42¢ CULVERT INVERT # 1 ++* CULVERT LENGTH ALONG SLOPE (FT) 30 iy . ey S0

BRIDGE / STRUCTURE # 109

Overtopping elevation = 269.50 INLET TYPE 1:1 BEVEL (45 ° FLARE) QMAX bef vertopping = 504 cf MAX bef; ing = 716 cf INLET ELEVATION (FT) : . ; - BARREL SHAPE CIRCULAR .
The TAILWATER was based on a rating :. WX beTod Boarisiolas = 284 cfs QMAX before overtopping = 314 cfs Overtopphng @L"Voﬁﬁﬁ'“l 342.30 QOve):to:p?r:; devation = 389.70 cUnEy Sinmop (F1) N OREERS S BN S O, A P o E7 This Structure was field checked This StructiiNggs field checked QMAX before overtopping = 125 cfs BARREL DIAMETER 4.00 FT T iy . e
curve using stream cross section data BRIDGE / STRUCTURE # 22 Overtopping elevation = 433.60 c‘é’f‘:‘;’;g%‘i”‘{_‘g&‘%%%% ss:med if%%% 56 Constant TAILWATER assumed at 341.30 Constant TAILWATER assumed at 388.20 QMAX before overtopping = 66 cfs BARREL RISE 3_%5 ET QMAX before overtopping = 539 cfs QMAX before overtopping = 510 cfs Overtopping elevation = 365.00 BARREL MAT%?L%‘:S X RRUGATED STEEL QMAX before overtopping = 203 cfs
| e VERT INVERT_ # 1 *** This Structure was surveyed BRIDGE / STRUCTURE # 37 Constant TAILWATEI1 assumed at 431.60 : eith o — - Overtopping elevation = 380.00 BARREL MATERIAL CONCRETE Overtopping elevation = 300.00 Overtopping elevation = 298.30 Constant TAILWATER assumed at 363.50 ﬁl‘l\_‘z’;ElngéN C%’ \%tN“ ONAL Overtopping elevation = 305.00
E’% !?JYE a) 0 tood e This Structure was surveyed 5 o SITE DATA **:+% CULVERT INVERT # 1 *** ﬁ:{ETDQTT:mN (F%U‘-VERT INVERT #c’) I?«:TLE:TDQTT:nm (F%JLVERT INVERT #C‘) Constant TAILWATER assumed at 378.50 BARREL MANNING'S N  0.012 Constant TAILWATER assumed at 299.00 Constant’ TAILWATER assumed at 297.30 STe DATA *toe CULVERT INVERT ¢ Tiae ey T couie BRI HEABWALL Constant TAILWATER assumed at 280.00
] QMAX before overtopping = 87 cfs ITE DATA *xess INVERT 4 1 #*+ INLET TYPE CONVENTIONAL :
252 Overtopping elevation =  358.98 o INLET STATION (FT) 0 INLET STATION (F1) = INLET ELEVATIDN (FT) 336.4 | v, FT, 382.7 SITE DATA ++##* CULVERT INVERT 1 *** INLET TYPE SQUARE EDGE (90&15 * FLARE) SITE DATA ***x* CULVERT INVERT # 1 *** SITE DATA **+t* CULVERT INVERT # 1 **+ INLET STATION (FT) 0 INLET DEPRESSION  NOE 50 NYERT 4 3 ast
V-l AR U ye i) B VT - Constant TAILWATER assumed ot 355.00 R Ddfve ocioplg = TT1.o INLET ELEVATION (FT) 429 oy g aidicoh ) ol 30 NE 30 S . INLET STATION (FT) INLET STATION (FT) 0 INLET STATION (FT) 0 N T ~— 360 / D
BER OF BARRELS 1 A 439.5 OUTLET STATION (FT) 30 OUTLET ELEVATION (FT) 359.3 s o DEL6 BARREL SPAN 10.00 FT BUEY BLEVATEN (FT) 375 4 F 294.3 : 291.3 o oI % 202
NUM SITE DATA *##** CULVERT INVERT 4 1 **+ Constant TAILWATER assumed at 439.50 OUTLET ELEVATION (FT 428.78 ; 1 N & 1 g ET S (FT 80 y 30 30 o ( 359.7 750
SLOPE (V—FT/H—FT) .005 ,N!H STATION (FT) 8 o _ e NUMBER OF BARRELS 1 ﬂ (@ 0033 E - BARREL RISE 5.00 FT F 375 5 BRIDGE / STRUCTURE 4 82 : Mo = ( 294.5 291 N L ) BRIDGE / STRUCTURE # 106 e el
CULVERT LENGTH ALONG SLOPE (FT) 20 v SITE DATA ****¢ CULVERT INVERT # 1 *** W p Y T .0033 ;;,/A._ OPE (FT) 30 c LEN T 30 BARREL MATERIAL CONCRETE NG, T . 1 A A 1 i T .01 This Structure was field checked - ,@ 7 >
4.7 SL ) .0073 RR NG'S N 0.0 This Structure was field checked N j 0 LSRN
o INLET STATION (FT) 0 : 7 E ¥ 30 AL (FT) 30 m ¥ 7 by eqETEI{_YgEANNI CO.N\1I§NTIONAL F 0028 s axo 51 ot s N -%) 30 105 o 7 i s . —
CULVERT DATA SUMNARY 72 Sreemresmsmeme 436.7 : £ ' c AR MMARY £ bb e vernne CULVERT DATA SUMMARY *kkkarssersurssrs 5 ing = ' ' %E m QMAX before overtopping = cfs
BARREL SHAPE BOX s il A g@@mg@“"“"““*““ BARREL SHAPE BOX BARREL SHAPE BOX INLET TYPE 1:1 BEVEL (45 ° G SLOPE (FT) 180 AR betors onerlepogis. 704 i N 31“@, SFP 30 ) % T DATL ACIARY eneserenseitnss Overtopping elevation =  322.50 CULVERT LENGTH ALONG SLOPE (FT) 75019
32§§§t 375’&” 1?65'80 F? ) -0067 432'6 %}*Df @#f@:ﬁg@ Rice PA ) xtdoxl)azﬁ g:gggt 2,‘;';"‘ 165%0,:? g“;ggt g:as,%N 1546%0[:5;7 %D Sy Constant TALWATER assumed at 339.90 CULVERT DATA SUMMARY ssentwmsrsencrens CULVERT DATA SUMMARY **ssssswsssrsrsrss BARREL SHAPE P"ZEOQRS: Constont TALWAJER: assumed ot 320.00 CULVERT DATA SUMMARY **sxsxsrxscsrscuss
: CULVERT LENGTH ALONG SLOPE (FT) 30 = R ‘é@:& Fow - A ; BARREL SHAPE ULAR BARREL SHAPE BOX BARREL SHAPE BOX BARREL SPAN ! . BARREL SHAPE CIRCULAR
g:gf;gt m’ziﬁz&%s : goc;czRerE ﬂéﬂ %’33 BARREL RISE 2.50 FT SARSEL ﬁfmm AL CONETIE gﬁgggt m;‘m‘é&s N %%%RETE g:sggt mﬁm;l’s . ‘éoagRETE BRIDGE / STRUCTURE # 84 BARREL DIAMETER soo FT SITE_DATA **wex CUL\;ERT INVERT # 1 *** BARREL SPAN 15.700FFTT BARREL SPAN 8.00 FT g:gzgt sf%: CAL i 1%571? g; — iﬂIETDQTTQnB'J'Z F%ULVERT INVERT  # 1 BARREL DIAMETER : ggeg
e EEE" * i . . - -
BACE W b — CULVERT DATA SUMMARY ssesesssseressess BARREL MATERIAL  CONCRETE BARREL MANNING'S N 0.012 INLET TYPE CONVENTIONAL INLET TYPE CONVENTIONAL iy Syruchiy won field checked BARREL MANMRCE N D013 'N £ s SARREL MATERIAL CONCRETE BARREL. MATERIAL CONCRETE BARREL MANNING'S N  0.024 ) 3145 pposs oy T
INLET TYPE SQUARE EDGE (30-75 * FLARE) BARREL SPAN 52.00 FT CULVERT DATA SUMMARY *sswssxsenssussmns INLET TYPE CONVENTIONAL INLET TYPE CONVENTIONAL INLET TYPE 1.1 BEVEL (45 ° FLARE) INLET TYPE 1:1 BEVEL (45 * FLARE) INLET TYPE CONVENTIONAL osLe BARREL MANNING'S N 0.012 BARREL MANNING'S N 0.012 INLET TYPE CONVENTIONAL ﬂ\l INLET TYPE CONVENTIONAL
' BARREL SHAPE CIRCULAR 3 : INLET TYPE SQUARE EDGE (90&15 * FLARE) QMAX before overtopping = m&‘fggam ‘ ” o ' ' NLET TYPE HEADWALL e
BARREL RISE 10.00 FT Syt glioh g I g INLET TYPE SQUARE EDGE (90&15 * FLARE) Ovoriopping lhevation = INLET TYPE SQUARE EDGE WITH HEADWALL 'rmu FT 333.4 INLET TYPE CéONVEY:_TIO:EASL INLET TYPE CONVE(NTIONAL) INLE HEA REL Vil . INLET TYPE SQUARE Eo%s éMTH HEADWALL
BARREL MATERIAL CONCRETE s " ; INLET DEPRESSION NONE 1 INLET TYPE 1:1 BEVEL (45 ° FLA INLET TYPE SQUARE EDGE (90-45 ° INLET DEPRESSION NON
BRIDGE / STRUCTURE # 6 BARREL MANMING'S NAL & Bre BARREL MATERIAL CORRUGATED STEEL Constant TAILWATER assumed at 370.00 S _Fr ﬁ o167
G 90

INLET TYPE CONVENTIONAL

BRIDGE / STRUCTURE # 71

BRIDGE / STRUCTURE # 79

S

SITE DATA ***** CULVERT INVERT # 2 ***

CULVERT LENGTH ALONG SLOPE (FT) 30

This, Strusturs wgs_included in o HEC _ . INLET TYPE CONVENTIONAL BRIDGE / STRUCTURE # 63 This Struckidre was fictd checked K R ki SITE DATA ***** CULVERT INVERT # 1 *** This Structure was field checked
h /—(’ md 9uf’\@c INLET TYPE 1:1 BEVEL (45 * FLARE) INLET TYPE SQUARE EDGE WITH HEADWALL BRIDGE / STRUCTURE # 50 This Stschue scs Bod checked is Structure was field checke is Structure was field checke INLET STATION (FT) S N BRIDGE / STRUCTURE # 95 :ztg; EEQJLOTINO’SIFR_D 392 See the calculations for # 98 to the left CULVERT DATA SUMMARY *s#sssxstrensersss
'don%f?rrewcéﬂ pdated Aug. INLET DEPRESSION ~ NONE This Structure was Jii Whacked QMAX before overtopping = 923 cfs QMAX before overtopping = 77 cfs ANLE %—%‘E‘F} i R bbby Y. S il SUMM"‘RYBOX Tis Stuicture wios Fidld ‘checked OUTLET STATION (FT) 3 BARREL SHAPE BOX
- = T Is ructure was field checke
Aelredia Rnd kA o QMAX before overtopping = 140 cfs vertonping devaton = 38770 O OO e = ot ORI o - g o s ; 7@E BARREL SPAN 14.00 FT OUTLET ELEVATION (FT) 291.7 s Siustio wof: Aad chedies s 538 FT
nship BRIDGE / STRUCTURE # 23 Overtopping elevation = 461.00 Cor\:zia?\‘zp?/?l&i\‘ll%éozss;med % 85.70 Constant TAILWATER assumed at 348.30 Constant TAILWATER assumed at 397.10 (SQ m] QMAX before overtopping = 450 cfs BARREL RISE &50. FT QMAX before overtopping = 755;54ch5 NUMBER OF BARREL\ 1 is Structure gﬁgggt sf%ERML Sl
QMAX before overtopping = 13000 + cfs This Structure was sgsRd BRIDGE / STRUCTURE # 38 Constant TAILWATER{MSSSad at 460.00 SITE DATA *##+* CULVERT INVERT # 1 *** SITE DATA ***** CULVERT INVERT # 1 *** —FTa Comatort, TALWATER esommed ot 368,50 BARRES MANnGs N o WATER sasumed ot 275,50 gb?PVER(Tv_IEF;é?H L —— (FT) % QMAX befors auprtopping = 424 cfs BARREL MANNING'S N 0.012
Overtopping elevation =  270.00 QMAX before overtopclllh = 2771 cfs This Structure was field checked SITE DATA *=+** CULVERT INVERT # 1 e lsh.‘TEngTT:n;:u F$ULVERT INVERT  # 5 oxs INLET STATION (FT) o INLET STATION (FT) o CULVERT LENGTH ALONG SLOPE (FT) - i Al o Overt é% 5 INLET TYPE CONVENTIONAL
Ovartipping slevatiorgile 362.88 QMAX bekors overtopping = 174 ofs INLET STATION (F‘{) : m'[ET ELEVAnor(J (,).—T) : 382.2 ' (( Vil 3;3'6 'NLET ST FT) it 3?3'3 CULVERT DATA SUMMARY *##ssrsrsnsncarsrs SITE DATA -mz c)ULVERT INVERT . # 1 *»= INLET TYPE 1:1 BEVEL (45 * FLARE) SlTE DATA #sxes CULVERT JVERT 1+ gUlé\éFERTSaALé SUMMARYB'O‘;“"“““‘”” E?ﬂff E@%‘% INLET TYPE SQUARE EDGE (90-45 )
Constant TAILWATER assumed at 361.40 i : i INLET ELEVAT]ON FT 457 2 ’ INLET STATION (FT 0 ARREL SHA e
BRIDGE / STRUCTURE # 7 Overtopping elevation =  465.40 LET) ” 30 EVA 0 425 ¥ BARREL SHAPE BOX M #1
STE DATA =% cUtUBRL MVERT & § +* Constont TAILWATER assamed at 463.90 OUILE 4 7 u.'ﬂ-]. (m"'ijz} 382 3 : 39“ BARREL SPAN 14.00 FT Z‘Lﬂfﬁ}ﬂé’ﬁ (’fTT) 3;"6*'5 2:?08 32523 gg‘&” 53680;: m&%n 0
This Structure was included in a HEC—II helinhagd # s 1 0033 0067 BARREL RISE 9.50 FT u (FT) ( 00, e R il oo INLET ELEVATION (FT) 329.3
flood study by Justin ond Courtney, Inc. s b s SITE DATA **#++ CULVERT INVERT # 1 *** ot .0067 30 cu G = BARREL MATERIAL CONCRETE OUTLET ( 364.3 BRIDGE / STRUCTURE # 92A - - OUTLET STATION (FT) 100
rinint ad d,cm;g,ui Aug. (W 352.7 0 m” 067 LO \Sd)P £y 30 BARREL MANNING'S N 0.012 NUMEER) ‘ ¢ ! This Structure was field checked N M BARRELS ! OARREL NANNRASS 012 OUTLET ELEVATION (FT) 327.9
LS ' ”g\‘-‘?@“’ for élF ggz = o oy = m.&d..’ CAM T R cuLVERT BATA el ey ALY e Cy 0 —F; OPE (FT '300?67 ing = Q‘s&a{ﬁ T) g)ows ::tg mg SQUARE Eggf? VE(QSE’:QL‘) g g el e :
or es Lo Qeter ownship FLE 2~6 30 Cm N - BARREL SHABE 80X BARREL SHAPE BOX INLET TYPE 1:1 BEVEL (45 ° FLARE) W Lﬁ@ (F7) QgAthef9re olvert:_ppmg = Z’Z;ZCZ)ocfs SLOPE (V—FT/H—FT) 014
/3 2 /7 0033 %0 BARR % BARREL SHAPE BOX BARREL SPAN 21.00 FT BARREL SPAN 6.25 FT c DATA s ey T ol WATER b : CULVERT DATA SUMMARY *+sstesssssssssans CULVERT LENGTH ALONG SLOPE (FT)  100.01
NP Y s PR wad; "_ c 000 + cfs LE J EL SHAPE B BARREL SPAN 14.00 FT BARREL RISE 5.00 FT BARREL RISE 2.00 FT % m Constant TAILWATER assumed at 347.00 DARREL SHAPE BOX
A 30 BARREL SPAN 7.00 FT : - : B
Overtopping elevation = 271.50 m %\‘%@JGMM) 300‘33 BARREL RISE 3.00 FT ~prisson - A DARKEL MARRIAL GERERETE psriic ot SRR BRIDGE / STRUCTURE # 84A OAREL DA 14.00 FT oo BARREL SPAN 11.50 FT
CULVERT DATA SUMMARY *=#ssxsssssesesses BARREL MATERIAL CONCRETE = BARREL MANNING'S N 0.012 BARREL MANNING'S N 0.012 = 3 BARREL RISE 450 FT BARREL RISE 8.00 FT
BARREL SHAPE BOX BARREL MANNING'S N 0.016 Sy Aol INLET TYPE CONVENTIONAL INLET TYPE CONVENTIONAL This Structyg was fleld chacked BARREL MATERIAL CONCRETE 342 BARREL MATERIAL CONCRETE
CULVERT DATA SUMMARY #*#ssssssscesssssns INLET TYPE CONVENTIONAL INLET TYPE 1:1 BEVEL (45 ° FLARE) INLET TYPE SQUARE EDGE (90-45 * ; ’
BRIDGE / STRUCTURE # 8 BANEL S Fh0 T BARREL SHAPE ELLIPTICAL INLET TYPE CONVENTIONAL INLET TYPE SQUARE EDGE (90-45 °) ‘ ( ) QMAX before overtopping = BARREL MANNING'S N 0.012 30 BARREL MANNING'S N 0.012
acig S Mot hbes %, g PO BARREL RISE 10.00 FT ekl i INLET TYPE 1:1 BEVEL (45 * FLARE) Overtopping devation = INLET TYPE CONVENTIONAL , 341.8 INLET TYPE CONVENTIONAL
i e ECRETE BARREL RISE 4.00 FT Constant TAILWATER assumed ot 378.50 INLET TYPE SQUARE EDGE (90-45 ) NUMBER OF BARRELS 1 WLET TWPE 1:1 BEVEL (45 ° FLARE)
QMAX before overtopping = 11484 cfs BARREL MANNING'S HiSguis BARREL MATERIAL CONCRETE BRIDGE / STRUCTURE # 72 BRIDGE / STRUCTURE # 80 SLOPE (VT F) o

Overtopping elevation = 285.00

The TAILWATER was based on a rating INLET TYPE CONVENTIONAL 2 This Structure was field checked L) = |
s This Structur field checked pavorase ; BRIDGE STRUCTURE # 89 RT DATA MMARIESEERSssss sttt esn
curve using stream cross section data INLET TYPE GROOVED END WITH HEADWALL ’ UCIUrG Wasime . Svecns AR ot o P QMAX bef?,-e oyertqpping = 1050 cfs QMAX bef9re overtopping = 804 cfs : z This St{ucture was figd checkad EXE\F/EEL S?-lAPE U BOX
SITE DATA ***xx CULVERT INVERT # 1 *** QMAX before overtopping = 106 cfs Overto:p?r:; :‘V:v;ggﬁ'"9=" 405 OOC o Overtopping elevation = 354.30 Overtopping elevation = 385.00 G BARREL SPAN 40.00 FT
s ; BRIDGE / STRUCTURE # 25 Overtopping elevatigil = 473.00 Conetort TALWATER sesarsod ot ‘-‘04 10 Constant TAILWATER assumed at 352.80 Constant TAILWATER assumed at 384.15 | QMAX before overtopping = 596 cfs BARREL RISE 5.25 FT
This Structure was surveyed Constant TAILWATER assumed at 472.00 ’ ! i atjornyzm~y 4.00 BARREL MATERIAL CONCRETE
INLET ELEVATION (FT) 271 BRIPGE / STRUCTURE.I 41 B R —— . SITE DATA **+** CULVERT INVERT # 1 *#* SITE DATA ***** CULVERT INVERT # 1 *** CUL m m mb@ at 377.70 BARREL MANNING'S N 0.012
.. 2706 QMAX before overtopping = 1215 cfs Rl SUEENCS WO, TR S SITE DATA ***++ CULVERT INVERT # 1 ** INLET STATION (FT) g INLET STATION (FT) 0 INLET STATION (FT) 0 INLET TYPE CONVENTIONAL i 5 : -
op 8 Overtopping elevation =  369.01 " ek 75 of INLET_STATION_(FT) 0 INLET ELEVATION (FT) 399.8 Uyl (FT) wees.8 INLET ELEVATION (FT) 3755 CULVERT DR SUMMARY *ssetessssesnnsnes y CYCVERTMROERT ¢ 1+ INLET TYPE SQUARE EDGE (90-45 °) ’ A
Constant TAILWATER assumed at 367.50 AR befure ariopping i N 470 ' 30 O O L FT) 0 ~ T TR TR
g Overtopping elevation =  541.20 oo r 20 OUTLET STATION (FT) 80 nmv(r G 346.7 375.3 BARREL SHAPE BOX VAT ’ - Eg&gﬂﬂ t_
GT‘H’ Al (FT) 40 SITE DATA ***** CULVERT INVERT # 1 *=* Constant TAILWATER assumed at 540.20 459 8 SSTLET ELEVATION (FT) 3919.4 NUMB'ER ~_BARRELS 2 1 g:gggt ;';’SAEN 4Bdg()’:l;T 'l'l'_..’} _/._,[7 70. J B rd's
INLET STATION (FT) 0 m m wrenr SL% C%D)dgn?g%?pw :0033 TAHE 0067 ' OUTLET ELEVATION (FT 373.4
CULVERT DATA SUMMARY ****tssksssssssrss INLET ELEVATION FT) 58D SITE DATA ***** CULVERT INVERT # 1 #** FT/ .005 cu AL £ (FT 30 CULVERT LENGTH ALONG SLOPE (FT) 30 BARREL MATERIAI: CONCRETE NUMBER OF BARREL(S ) :
BARREL SPAN 76.00 FT W 359.8 INLET ELEVATION (FT) 539.3 CUL%g.%ALCQ;M ?R/;K--EJJ--“‘“‘O CULVERT DATA SUMMARY *##*ssassesnsnrass INLET TYPE CONVENTIONAL CULVERT LENGTH ALONG SLOPE (FT '70
BARREL RISE 13.00 FT L, = QUTLET STATION (FT) 30 PP CULVERT DATA SUMMARY Feresexsssrsnsrsns BARREL SHAPE BOX BARREL SHAPE BOX INLET TYPE SQUARE EDGE (30-75 ° FLARE) (FT)
el aTEL | CONCRETe ~ go wEDEERmOUOTT e SRR o e STE ] oo tes0 1
ot .012 ENG .\ _.(FJ' 30 1 BARREL SPAN 7.00 FT BARREL RISE 430 FT BARREL RISE 5.00 FT BARREL RISE 8.25 FT
LET TYPE CONVENTIONAL W O, 014 BARREL RISE 3.00 FT - BARREL MATERIAL CONCRETE BARREL MATERIAL CONCRETE
INLET TYPE SQUARE EDGE (30-75 * FLARE) o) ,. ,‘....,.... AL LOPE (FT) 30 BARREL MATERIAL CONCRETE BARREL MATERIAL CONCRETE BARREL MANNING'S N 0.012 BARREL MANNING'S N 0.016
BARREL SHAPE BOX ’ BARREL MANNING'S N 0.016 BARREL MANNING'S N 0.012 INLET TYPE CONVENTIONAL INLET TYPE CONVENTIONAL
BARHEL BEAN COSERT) DR oy feeeeseses INLET TYPE CONVENTIONAL INLET TYPE 1:1 BEVEL (45 * FLARE) INLET TYPE SQUARE EDGE (30-75 * FLARE) ,
BRIDGE / STRUCTURE ¢ 9 L 9.00 FT oy ¥ A e &G INLET TYPE CONVENTIONAL INLET TYPE SQUARE EDGE  (90-45 °) ]
BARREL RISE 20.00 FT BARREL SPAN 9.30 FT INLET TYPE SQUARE EDGE (30-75 * FLARE)
This Structure was included in o HEC-II gzgggt a::ﬁl’?{l}%’-s N ((Z)%h:(éRETE BARREL RISE 2.75 FT
y BARREL MATERIAL CONCRETE BRIDGE / STRUCTURE # 73

a... Ju tney, Inc.
. EEQ ed in Aug.
ood §fu y was completed for

a @ eter Township INLET TYPE SQUARE EDGE (30-75 * FLARE) ) QMAX before overtopping = 1089 cfs QMAX before overtopping = 415 cfs
om . 20 £ QMAX before overtepping = 57 cfs ogAxtbefere olvertspplng = 4:?3‘;(;"’8 Overtopping elevation = 365.00 Overtopping elevation = 410.00
Ofimmﬂg’ cfs BRIDGE / STRUCTURE # 26 Gvarteoni ) c ol vertopping eievation = . Constant TAIWATER assumed at 363.80 Constant TAILWATER assumed at 406.00
; pping elevation = 414.20
md:ﬁeidtiad/?ﬁ_%; Constant TAILWATER ossumed at 412.70 Constant TAILWATER assumed at 429.70

. ; This Structure was field checked SITE DATA ***** CULVERT INVERT # 1 *** INLET STATION (FT) 0 INLET STATION (FT) 0
f t = ITE DATA *wses RT INVERT 4 1 **+
rtanng aoail. S _ i Areion ok o e B INLET STATION (FT) 0 INLET ELEVATION (FT) 358.3 INLET ELEVATION (FT) 400
BRIDGE / STRUCTURE # 11 Constant TAILWATER @ssumed at 372 30 QMAX before overtopping = 107 cfs v INLET ELEVATION (FT) 421 7 OUTLET STATION (FT) 30 ( ”Z}D 30 & —
This Structure was field checked ’ Overtopping elevation = 575.00 QUTLET STATION (FT) OUTLET ELEVATION (FT 358 O 399.8 . § 15"
OMAX bef toasi 12707 of SITE DATA *#*** CULVERT INVERT # 1 *** Constant TAILWATER assumed at 574.00 \/ ﬂ{/E 421 45 Nvmeg}g o) 2? 1 1 S 2, 31 M
efore overtopping = cfs .0067 : L )
Overtopping elevation =  315.00 gl e (FT) g PAERT § 1 o0 .0083 CONG-SLOPE (FT) % TL sL PE_(FT) 30 | -
The TAILWATER was based on a rating 3§g W W&mm) 30 %ﬁm “ m %ﬁ = /0 ‘Ff sy g v :
curve using stream cross section data OU 3639 E ELEV ON FT 571 3 (= T DAT A Y SARERE R RRRA R NRE ...-._...... \ ;S.
CULVERT DATA SUMMARY *s*ssssssssassssss CULVERT DATA SUMMARY *srssassssstasuers v Z BARREL SHAPE BOX e
STt aranon rep Ry BAERT 4 1 0033 0 (P 37088 BARREL SHAPE PIPE ARCH B ook -l A Pt BARREL SPAN 6.00 FT
INLET STATION (FT) @m 1 BARREL SPAN 475 FT BARREL SPAN 10.00 FT BARREL RISE 6.20 FT BARREL RISE 6.00 FT
Lop CIV 0147 BARREL RISE 317 FT BARREL RISE 7.70 FT BARREL MATERIAL CONCRETE BARREL MATERIAL CONCRETE

[RRENEs 1@ 2

INLET TYPE CONVENTIONAL
INLET TYPE 1:1 BEVEL (45 ° FLARE)

INLET TYPE CONVENTIONAL
INLET TYPE 1:1 BEVEL (45 ° FLARE)

This Structure was surveyed

CULVERT DATA SUMMARY AokkkkR Rk Rk Rk

BARREL MANNING'S N 0.012

BARREL MANNING'S N 0.012
INLET TYPE CONVENTIONAL

BRIDGE / STRUCTURE # 42

CULVERT LENGTH ALONG SLOPE (FT) 30

BRIDGE / STRUCTURE # 51

BRIDGE / STRUCTURE # 52
This Structure wa: field checked

BARREL MATERIAL STEEL OR ALUMINUM

BRIDGE / STRUCTURE § 64

This Structure was field checked

BRIDGE / STRUCTURE # 65

This Structure was field checked
This Structure was field checked

SITE DATA ***** CULVERT INVERT f# 1 ***

BARREL MATERIAL CONCRETE

BARREL MANNING'S N 0.016

This Structure was field checked

BRIDGE / STRUCTURE # 81
This Structure was field checked

SITE DATA **+*+ CULVERT INVERT f§ 1 ***

BARREL MANNING'S N 0.012

298 8 , BARREL MANNING'S N 0.012 INLET TYPE CONVENTIONAL INLET TYPE CONVENTIONAL
ARREL SHAP X ARREL MANNING'S N 0.024
mﬁ W ?’[‘27 1 gARREt gp ANE B,?O 00 FT CULVERT DATA SUMMARY **#sessesssssssase IBNLETE%'YPE < CONVENTIONAL INLET TYPE CONVENTIONAL INLET TYPE 1:1 BEVEL (45 ° FLARE) INLET TYPE SQUARE EDGE (90-45 °)
SLOPE (V—FT/H-FT) .01 BARREL RISE 8.00 FT BARREL SHAPE ARCH INLET TYPE PROJEETING INLET TYPE BEVELED EDGE (1.5:1)
CULVERT LENGTH ALONG SLOPE (FT) 60 ’ BARREL SPAN 8.00 FT ;
BARREL MATERIAL CONCRETE BARREL RISE 333 FT

CULVERT DATA SUMMARY FRERERREERE R Rk E

BARREL MANNING'S N 0.016

BARREL MATERIAL

STEEL STRUCTURAL PLATE

BRIDGE / STRUCTURE # 74

INLET TYPE CONVENTIONAL ;
BARREL SHAPE BOX . ; BARREL MANNING'S N 0.035 FOR SIDES AND TOP BRIDGE / STRUCTURE # 66 This Strdllhre wos field checked
BARREL SPAN 76.00 FT INLET TYPE  1:1 BEVEL (45 * FLARE) 0.035 FOR BOTTOM SEOGE 7 STRUCTUNES 53 o This Stnicture was field checked
BARREL RISE 12.00 FT INLET TYPE CONVENTIONAL S iatctre. wa S Toud a5 o QMAX before overtopping = 337 efs
BARREL MATERIAL CONCRETE H efore overtopping = cfs Overtopping elevation = 397.85
BARREL MANNING'S N 0.012 BrDGE / STRUCTURERE 27 QUAX before overloping = aos™ Overtopping elevation =  378.65 Constant TAILWATER ossumed at 395.85
INLET TYPE CONVENTIONAL # vertopping ‘e.evg = - Constant TAILWATER assumed at 376.65

INLET TYPE SQUARE EDGE (30—-75 * FLARE)

This Structure was surveyed

QMAX before overtopping = 2059 cfs

BRIDGE / STRUCTURE # 43
This Structure was field checked

Constant TAILWATER assumed at 414.00

SITE DATA ***** CULVERT INVERT # 1 ***

SITE DATA ***** CULVERT INVERT # 1 ***
0
390.6

ATT0

Overtopping elevation = 382.00 QMAX before overt 5 _ INLET STATION (FT) 0
opping = 533 cfs 4 373 75 40
BRIDGE / STRUCTURE # 13 Constant TAILWATER assumed at 380.50 Overtapping elevation = = 602.00 gl‘.\J_ET ELEVATION (FT) 4;8 m (Fg@ -9
This Structure was field checked SITE DATA ***++ CULVERT INVERT # 1 *** Constant TAILWATER assumed at 601.00 OU%@M’TW 412.9 2 ON 4 3713 .55 (1)2
QMAX before overtopping = 4555 cfs o ST g SITE DATA s+ CULVERT INVERT # 1 *** m : .0067 40,01
CULVERT LENGTH ALONG SLOPE (FT) 30

Overtopping elevation = 315.00
The TAILWATER was based on a rating

INLET STATION (FT)

ﬂ@ 5967

NUM! 1
SLO .0033
cuL R LOPE (FT) 30

CULVERT DATA SUMMARY Aok oK 0K OR K dokok

SITE DATA . CULVERT INVERT # 1 ***

CULVERT LENGTH ALONG SLOPE (FT) 30

curve using stream cross section data CUL ¢' Og J— gxlé\éEERLTSg;LIE SUMMARYP:I;;:”;;:::"“"" BARREL SHAPE BOX
SITE DATA ***** CULVERT INVERT # 1 *** R 59?'04 BARREL SHAPE CIRCULAR BARREL SPAN 482 FT BARREL A 48é§5F§-'T e bs RS SRS
’ OPE (V—FT/H—F 022 BARREL DIAMETER 2.50 FT BARREL RISE 2.96 FT . . CULVERT DATA SUMMARY
INLET STATION (FT) 2 SLOPE (V—FT/H—FT) : BARREL MATERIAL CORRUGATED STEEL : BARREL MATERIAL CONCRETE BARREL SHAPE CIRCULAR
INLET ELEVATION (FT) 307.5 CULVERT LENGTH ALONG SLOPE (FT)  30.01 : BARREL MATERIAL STEEL OR ALUMINUM BARREL MARNING'S N 0.015 e oy
CULVERT DATA SUMMARY *sssxxssxsxrsxssss BARREL MANNING'S N 0.024 DARREL MAMNGS N D.024 BARREL DIAME
Ouns  SIAlion = ¢ BLET 1O CXRVENTION /. BARREL MATERIAL CORRUGATED STEEL
BARREL SHAPE BOX T DAT RY #eksssmnessnkossne INLET TYPE CONVENTIONAL INLET TYPE CONVENTIONAL : '
(F 307.15 CULVERT DATA SUMMARY INLET TYP INLET TYPE 1:1 BEVEL (45 * FLARE) BARREL MANNING'S N 0.024
BARREL SPAN 40.00 FT - ot LE € THIN EDGE PROJECTING INLET TYPE  HEADWALL
! BARREL RISE 7.00 FT ; BARREL_ SHAPE X ‘ INLET DEPRESSION ~ NONE INLET TYPE CONVENTIONAL
e BARREL MATERIAL CONCRETE ol o D br INLET TYPE SQUARE EDGE WITH HEADWALL
= BARREL MANNING'S N 0.012 BARREL. RISE oAk INLET DEPRESSION  NONE

INLET TYPE CONVENTIONAL
INLET TYPE SQUARE EDGE (90-45 °)

BARREL MATERIAL CONCRETE
BARREL MANNING'S N 0.020
INLET TYPE CONVENTIONAL

BRIDGE / STRUCTURE # 55
This Structure was field checked

BRIDGE / STRUCTURE # 75

BRIDGE / STRUCTURE # 67 This Structure was field checked

This Structure was field checked

BARREL SPAN 74. OO FT INLET TYPE SQUARE EDGE (30—75 B FLARE) QMAX before overtopping - 669 cfs BRIDGE / STRUCTURE # 121
BARREL RISE 12.00 FT QMAX before overtopping = 350 cfs i e ok Sl L Overtopping elevation = 37217 > : a%pct:&/ STChme 2 A - This Structure was field checked
BARREL MATERIAL CONCRETE veriopping -eevation:, = ; Constant TAILWATER assumed at 371.17 BRIDGE / STRUCTURE # 117 g >

BARREL MANNING'S N 0.012

INLET TYPE CONVENTIONAL This Structure was surveyed This Structure was field checked Constant TAILWATER assumed at 439.80 RT 4 1 .. v This Structure was field checked QMAX before overtopping = 13 ofs Qg:e)it::;?;; :l\;evr;aggint-
INLET TYPE SQUARE EDGE (30-75 * FLARE SITE DATA ***** CULVERT INVERT # 1 . S o Overtopping elevation =  542.33
( ) QMAX bef?re overtopping = 1081 cfs QMAX before overtopping = 928 cfs SITE DATA ***«x CULVERT INVERT # 1 **= INLET STATION (FT) 3671 ‘ “T T \\ QMAX before overtoppmg_— 50;600cfs Constont TAILWATER assumed at 540.30 Constant TAILWATER assumed at 509 00
Overtopping elevation = 388.54 Overtopping elevation = 793.10 INLET STATION (FT) 0 T 37, 1 ’ S Overtoppmg elevahon = A e CULVERT ——
Constant TAILWATER assumed at 387.00 Constant TAILWATER assumed at 780.00 ’ONLI)%EE'FLg:‘IT'I]C())I\T ((;1‘!')) 435.5 30 367 - &C -0,_7 ; SITE DATA ***** CULVERT INVERT # 1 *** IN 0
RI TRUCTURE # 14 - 370.9 E ﬁOUND AEY ( v wes  INLET STATION (FT) 0
BEIES F BHLIEE. ¥ SITE DATA ***** CULVERT INVERT # 1 *** SITE DATA *+*% CULVERT INVERT # 1 === (AT g 53 : 5 ﬁAﬁ ,‘ i VERT 4 ! RGN - - rr o)y 506.5
INLET STATION (FT) 0 T ) SLOPE (V—FT/H FT) 0033 T 30 ou
i EC—i INLET STATION (FT) 10067 CULVERT LENGTH ALONG SLOPE (FT) 30 - 501 8 JATON-( o @)
f.om iR, nc BAET BEVATON (o) 383, INLET ELEVATION (FT) 780.7 0067 30 (FT) g Y. o TondeTy waon GO e ) (17}
dorig-i ted St Aug: OUTLET STATION (FT) 150 Rk : ' { O " ARREL 1 . = _
1977 mpleted for m‘ W 382.9 OUTLET ELEVATION (FT) e CULVERT DAT, RY #eesessskimensrsrs CULVERT DATA SUMMARY **#ssskssrssirnnss gx}i;EERLTsaAA]F”Aé SUMMARYBOX NUMBER oF BARRELS 50 6 ﬁ/[@mﬂ% .03 QNWSWRd néﬂ-)
FEVK and for €33t LompTr Townan e 0067 SISO O BARREL SHAPE " Box B FIRIE. A BARREL SPAN 20.00 FT ¢ SLOPE (V—FT/H~FT) o067  CULVERTH OPE (FT)  Sa.bd
o @R b od mqﬂ@ovc (FT) 30 RPE (FT) i%?)2174 BARREL SPAN 16.00 FT gﬁgggt F%TSAEN 341~?/5F1ET BARREL S5 5.50 FT i | CULVERT LENGTH ALONG SLOPE (FT) 30 sk m =T »@;r A_ .(':L“""“ CULVERT DATA SUMMARY **sssssssssnsssase
it e e ' BARREL RISE 3.50 FT BARREL MATERIAL STEEL OR ALUMINUM SARREL EFERIAL CONCRETE ' BARKZL SHAPE CIRCULAR BARREL SHAPE e
Overtopping elevation = 324.00 AT ST Jvsssnnnnn Fal. AP EE BARREL MATERIAL CONCRETE - BARREL MANNING'S N 0.012 il ] L - b | CULVERT DATA SUMMARY *#ssxsarssresnesne i BARREL SPAN 8.00 FT
o e I SR SHARE Bl BARREL MANNING'S N 0.016 iy S d b L INLET TYPE CONVENTIONAL A \ { - BARREL SHAPE CIRCULAR S L. 1AETER oM CRETE BARREL RISE 3.25 FT
BARREL SPAN 15.00 FT INLET TYPE CONVENTIONAL iy £ e INLET TYPE 1:1 BEVEL (45 * FLARE) A’ . BARREL DIAMETER 2.50 FT BREFEL MATERIAL BARREL MATERIAL CONCRE TE
BRIDGE / STRUCTURE # 15 BARREL SPAN 10.00 FT INLET TYPE HEADWALL s % CORRUGATED STEE BARFEL MANNING'S N 0.012 MANNING'S N 0.016
BARREL RISE 5.00 FT BARREL RISE 6.00 FT INLET TYPE SQUI*RE EDGE (90-45 °) EO EL/NE (TYF) \ BARREL MATERIAL EEL INLET TYPE CONVENTIONAL BARREL CdNVENTIONAL
Thi BARREL MATERIAL CONCRETE BARREL MATERIAL CONCRETE X BARREL MANNING'S N 0.024 INLET TYPE GROOVED END PROJECTION INLET TYPE L
is Structure was included in a HEC-II ] - INLET TYPE CONVENTIONAL K INLET TYPE SQUARE EDGE (0 * FLARE)
B g et e SR cone opig Mol R INLET TYPE SQUARE EDGE WITH HEADWALL . [NUET DEPRESSION NONE
m mj Ir; Aug. s R L o gt INLET TYPE CONVENTIONAL 2 ; sy INLET DEPRESSION NONE
19 ug com leted for INLET TYPE 1:1 B'iVEL (A5 * FLARE) INLET TYPE 1:1 BEVEL (45 ° FLARE) BRIDGE / STRUCTURE # 57 R/ SITE DATA ***++ CULVERT INVERT # 2 ***
e r T:wnshlp This Structure was field checked m ‘u;’-. mLE‘D STATION (FT) 0 BRIDGE / STRUCTURE # 122
- INLER ELEVATION (FT) 539.83 e i
QMAX before overtopping = 69 cfs M OUTLET STATION (FT) 30 This Structure was field chec
Qg% BIEGE 7 SRUCTURS. § % BRIDGE / STRUCTURE # 46 Overtopping elevation =  450.00 ; COUNI OUR L/NE (ZO ft. INT, EE\/ AL ) srioce / STRUCTURE # ! hscked OUTLET ELEVATION (FT) 5389 QMAX before overtopping =
This Structure was surveyed This Structure was field checked Constant TAILWATER assumed at 447.00 SITE DATA ***** CULVERT INVERT # 1 *** This Structure was field checke NUMBER OF BARRELS 1 e e &
INLET STATION (FT) 0 BRIDGE / STRUCTURE 4 113 CULVERT DATA SUMMARY *#*esssreansrsssss . : SLOPE (V=FT/H=FT) 081 Owrleeing davotion = 1800
BRIDGE / STRUCTURE # 16 ovtonsing dovat Bl & 3008 s S mTLETDg:ngr:‘ZF%JLVERT ERT #c; N INLET ELEVATION (FT) 357.4 SR CEROMESN MO, (RO SRR BARREL SPAN "72.00 FT R =il o B CUJMERT LENGTH ALONG SLOPE (FT)  30.04 o ‘
Thig Structare wos Reld checkad Comatomy TALWATER @ssumed at 389.00 o st rralk b i INLET_ ELEVATION FT) 446 QUTLET STATION (FT) o QMAX before overtopping = 560 cfs BARREL RISE 5.00 FT Constant TAILWATER assumed at 467.75 R 57 DATA SUMMARY Seesmesesessiness  SITE DATA ®ses¢ GUUVERT INVERT
' SUEEIE TREREIES SER SRS 30 QLT ELEVATION (&1) 2953 Overtopping elevation =  430.00 BARREL MATERIAL  CONCRETE BARREL SHAPE CIRCULAR INLET STATION (FT)
OMAX before owertopping, = 83540 of SITE DATA ***** CULVERT INVERT # 1 *** SITE DATA **+** CULVERT INVERT # 1 *** 445.7 s VoET/HFT Constant TAILWATER assumed at 429.00 BARREL MANNING'S N 0.016 SITE DATA *+ss* CULVERT INVERT # 1.***  gapee DIAMETER 100 £T ,
Tgve;:ﬁwz%slcvotnog =d 355(:0 INLET STATION (FT) 0 INLET STAT!ON (FT) 0 3 W FT) 30 o1 - INLET TYPE CONVENTIONA.L INLET STATION (FT) 5 BARREL MATERIAL CONCRETE
e o atrein: Croos caction don INLET ELEVATION (FT) 382.6 450.83 .01 S0 SITE DATA **+** CULVERT INVERT # 1 INLET TYPE SQUARE EDGE (30-75 ° FLARE)  INLET ELEVATION (FT) 9 BARREL MANNING'S N
B o 2 ST G . pe SR ey m e e ey, 223 e R e BN
SITE DATA ***** CULVERT INVERT # 1 *** 1 450.62 cult o ...v . 3 N Aok PE ARCH QUTLET STATION (FT) 30 1
PRESSION NONE
2 W % .0067 _(1,07 BARREL SHAPE CIRCULAR OUTLET ELEVATION (FT) 422.8 BRIDGE / STRUCTURE # 115 W $ . ;%)67 INLET DEPRE b e SRR
PE (FT) 30 30 BARREL DIAMETER 2.00 FT BAR TAL ALUMINUM o n’@ LY - This Structure was field checked ULVERT LENGTH ALONG SLOPE [F ) . SITE DATA *+++ CULVERT INVERT # 3 *=* oyl St
W RRE 1H7 (o) 2 MY, (=} DARREL WATERIAL CORRUGATED STEEL BARREL MANNING'S N 0.024 L i A eevseeres  INLET STATION (FT) BARREL SPAN 8.50 FT
cuU T Rk K CULVERT DATA SUMMARY *Hikrisssinikrink BARREL MANNING'S N 0.024 INLET TYPE CONVENTIONAL QMAX before overtopping = 95 cfs INLET ELEVATION (FT) 539.5
BARREL SHAPE BOX INLET TYPE CONVENTIONAL Overtopping elevation =  452.60 BARREL SHAPE CIRCULAR N (FT 30 BARREL RISE 2.25 FT
¥, BARREL SHAPE ARCH INLET TYPE HEADWALL T, ; OUTLET STATION (FT) MATERIAL CONCRETE
SLOPE (V—FT/H-FT) -02 INLET TYPE SQUARE EDGE WITH HEADWALL veae Constant TAILWATER assumed at 451.60 BARREL DIAMETER 2.50 FT B S3s7  BARREL MA
CULVERT LENGTH ALONG SLOPE (FT)  30.01 BARTEL. SEAN gl BARREL SPAN 8.00 FT . -.-. 50 ' BARREL MATERIAL CORRUGATED STEEL ~ QUTLET ELEVATION (FT) 77 BARREL MANNING'S N 0.012
BARRET" BATERIAL CONCRETE gt i gl WEHIERERE | B SPA (o)l RT 41 #e BARREL MANNING'S N 0.024 Nuggngo';TB/’:,RRfT")s 3 INLET TYPE CONVENTIONAL
L A R BARREL MANNING'S N 0.020 Sitilerddes g gl BARREL RISE 6.00 FT mpm 0 INLET TYPE CONVENTIONAL PP o siore (FT) 30,01 INLET TYPE SQUARE EDGE (0 * FLARE)
OARREL. SHAPE BoX INLET TYPE CONVENTIONAL B R R i to BRIDGE / STRUCTURE # 112 BARREL MATERIAL CONCRETE €D 449.1 INLET TYPE THIN EDGE PROJECTING B VER
BARREL SPAN 53.00 FT A . - ¢ ; 0.016 m‘ 30 INLET DEPRESSION NONE
INLET TYPE 1:1 BEVEL (45 * FLARE) BRIDGE / STRUCTURE # 58 This Structure was field checked BARREL MANNING'S N O. (F1)
BARREL RISE 12.00 FT WLEY TarE SORYENDRItAL This Structure was field checked ' INLET TYPE CONVENTIONAL ELL 448.9
ot QUAX before overtopping = 527 cfs INLET TYPE SQUARE EDGE (30-75 * FLARE) o 3
BARREL MANNING'S N 0.025 QMAX before overtopping = 163 cfs — —F .0067

CONVENTIONAL

INLET TYPE
INLET TYPE SQUARE EDGE (90-45 %)

BRIDGE / STRUCTURE # 28

BRIDGE / STRUCTURE # 30
This Structure was surveyed

BRIDGE / STRUCTURE # 45

BRIDGE / STRUCTURE # 46A

Overtopping elevation = 440.80

Overtopping elevation = 391.17
Constant TAILWATER assumed at 390.40

Constant TAILWATER assumed at 374.70

3.50

SITE DATA ***** CULVERT INVERT # 2 ***
INLET STATION (FT) 0

CULVERT LENGTH ALONG SLOPE (FT) 30

PIPE / STRUCTURE CAPACITIES

This Structure was field checked INLET ELEVATION (FT) 428‘5 CULVERT DATA SUMMARY ***ssesseisssssses
i = . 3 | AR ’
QMAX before overtopping = 2695 cfs QMAX before overtopping = 790 cfs SITE DATA *#+x* CULVERT INVERT # 1 **+ BRIDGE / STRUCTURE ¢ 110 QUTLET STATION o'(qFTz_T) ;- BARREL SHAPE _ CIRCULAR
Overtopping elevation = 401.70 Overtopping elevation = 452.80 INLET STATION (FT) 0 This St Sild checked U ( 5 BARREL !
BRIDGE / STRUCTURE # 17 Constant TAILWATER assumed at 400.20 ‘ 386.9 s Structure wos. fisidt o STAT : , NUMBER OF BARRELS 1 BARREL MATERIAL CORRUGATED STEEL
This Structure was surveyed Constant TAILWATER assumed at 450.80 30 ) 700 of sty i g et (FT) T SLOPE (V—FT/H—FT) 0667 BARREL MANNINGS N 0,024
QMAX bef topping = 920 cfs SITE DATA 2aert SYRWERT JWERT 1= SITE DATA *##** CULVERT INVERT # 1 *** 386.7 Gt shlicoal ikl Dl Ay NUMBER OF BARRELS 2 CULVERT LENGTH ALONG SLOPE (FT)  30.07 INLET TYPE CONVENTIONAL
il e I INLET STATION (FT) 0 INLET STATION (FT) ) 2 Constant TAILWATER assumed at 306.00 SLOPE (V—FT/H-FT) .02 s INLET TYPE SQUARE EDGE WITH HEADWALL 1 7
Overtopping elevation - = ol INLET ELEVATION (FT) 394 .0067 ot ' TH ALONG SLOPE (FT)  25.01 CULVERT DATA SUMMARY **s+essessnns INLET DEPRESSION  NONE NCASTER COUNTY A
c I 447 CULVERT LENG
onstant TAILWATER assumed at 329.60 OUTLET STATION (FT) 30 F 5 30 . ” BARREL SHAPE CIR%%LAF'SI.
OUTLET ELEVAT]ON FT 393.8 adie MMARY #$&sssssensensions BARREL DIAMETER 2.
T Sonnon (Fr T ERT 45 ( ) ! ' CULVERT DATA SUMMARY sstssssettsessuns : £ S gl CIRCULAR BARREL MATERIAL  CONCRETE STORM WATER MANAGEMENT PLAN
.0067 BARREL SHAPE PIPE ARCH AL . 6.00 FT BARREL MANNING'S N 0.012 BRIDGE / STRUCTURE # 116
RMET ELEVATION (FT) % h LOPE (FT) 30 BARREL SPAN 5.33 FT ot 24 BARREL. WATERIAL CORRUGATED STEEL INLET TYPE CONVENTIONAL This Structure was field checked PHASE | AGREEMENT # M E 92428
OUTLET STATION (FT) 30 PASS BARREL RISE 358 FT OUTLET ELEVATION (FT) 2918.9 BARREL MANNING'S N 0.024 INLET TYPE SQUARE EDGE WITH HEADWALL
30 L R SUM " ARESRSEERRREEERERS CULVERT DATA SUMMARY *#kkessprstrssiss BARREL MATERIAL STEEL OR ALUMINUM BRIDGE / STRUCTURE # 109A gt’gPBEER(VO—FFTB/ﬁlRRFETL)S 0175 INLET TYPE CONVENTIONAL INLET DEPRESSION NONE QMAX before overtopping = 25 cfs
\FES /1 ) BARREL SHAPE BOX FQE?E%—Y#EANN'NG'S N c%:l)\%g fon This Structure was field checked CULVERT LENGTH ALONG SLOPE (FT)  40.01 INLET TYPE SQUARE EDGE WITH HEADWALL Overtopping elevation = 4:334%% =
. BARREL SPAN 10.00 FT N NTIONAL ) QMAX before overtopping = 360 cfs INLET DEPRESSION NONE d4a
BARREL R]SE 7. 00 FT BARREL RISE 5.00 FT INLET TYPE HEADWALL N——-—OTE' /NFOKMATION FOE 5Tmnjﬁf5 MMKED Overtoppin; elevatigamg 320.00 CULVERT DATA SUMMARY ***sssssssrsrssesy E@E‘S N@T ANCAS TER
BARREL MATERIAL CONCRETE BARREL MATERIAL CONCRETE AS PEING "FIELD CHECKED" WAS OPTAINED Constant TAILWATER assumed at 305.00 SITE DATA +*¢ CULVERT INVERT # 2 *** BRIDGE / STRUCTURE # 114 NVERT 4 1 **e
m W“"”“m BARREL MANNING'S N 0.016 BARREL MANNING'S N 0.012 s il i P ey INLET STATION (FT) This Structure was field checked 0
bl e i INLET TYPE CONVENTIONAL INLET TYPE CONVENTIONAL FROM ASITEVISIT AND FROM THE LANCASTER #1m Syl el INLET ELEVATION (FT) 75 —ry oo I NG 15 C OUNTY
. NLET TYPE 1:1 BEVEL (45 ° FLARE . 9 FT 30 efore overtopping =
e o i INLE ( ) INLET TYPE SQUARE EDGE (30-75 ° FLARE) COUNTY GlS, DATAPASE, ELEVATIONS, LENGTH, 302.1 BARREL MATERIAL CONCRETE ok 2 2@»?1’1‘0»(1 (2_0 20 5 OVQ,toppmg S EPd = 43870 -
BARREL MATERIAL CONCRETE AND CAPACITY FOR THESE STRUCTURES 15 100 BARREL MANNING'S N O. e S : t 436.70 NUMBER OF BARRELS 1 -
BARREL MANNING'S N 0.016 300.3 0.012 FOR BOTTOM P ALED j - SLOPE (V—FT /H—FT) 0083 3
MET TEE CREN oL, APPROXIFIATE, 1 RS i CONVENTIONAL CULVERT LENGTH ALONG SLOPE (FT) 30 sseer UL INVERT #lom CULVERT LENGTH ALONG SLOPE (FT) 30 NGINEER S
INLET TYPE SQUARE EDGE (90-45 °) 018 m |
CULVERT LENGTH ALONG SLOPE (FT) 100.02 CULVERT DATA SUMMARY *Hektsssasnsionsiors 431 9 CULVERT DATA SUMMARY *k#tsmiminnihbsnns
STRUCTURES ARE NOT NECESSARILY N BRIDGE / STRUCTURE # 111 BARREL SHAPE CIRCULAR th, ) RM 30 BARREL SHAPE FEE. A FF[ CFE
NUMPERED CONSECUTNMELY - PIPES i : BARREL DIAMETER 2.00 FT L7 BARREL SPAN 292 ¥ T
SCALE IN FEET BARREL SHAPE USER DEFINED This Structure was field checked et ey L NUMBER OF BARRELS 1 BARREL RISE 2.00 FT
AND PRIDGES UNDER PRMATE LANES BARREL SPAN 4.00 FT 92 cf BARREL MANNING'S N 0.024 SLOPE (V—FT/H-FT) .0067 BARREL MATERIAL STEEL OR ALUMINUM
WERE NEGLECTED e m— T — BARREL MAT ACRETE o s sy DR INLET TYPE CONVENTIONAL CULVERT LENGTH ALONG SLOPE (FT) 30 BARREL MANNING'S N 0.025 TE: DRAWN BY:
4

1 /
0 3000 6000 9000 12000 BARREL MANNING'S N 0.012 FOR SIDES AND TOP  Constant TAIATER assumed ot 359.90 R T PRETIE /" =2,000

INLET DEPRESSION NONE (
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