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A. Introduction 

VOLUME II 

SECTION I 

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. 

B. 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 loc::::I 
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, will enable continued 
development to occur within the Watershed, utilizing both structural and nonstructural 
measures to properly manage storm water runoff in the watershed. 



A. Storm Water Management Act 

SECTION II 

ACT 167 

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 consultation with the municipalities, and will 
periodically review and revise such plans at least every five years when funding is 
available. Within six months following adoption and approval of a watershed storm 
water plan, 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 _ J 
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. 

B. Purpose of the Study 

There is increased sentiment statewide, as well 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 
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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 
regulation 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 I, 
Executive Summary, Volume II, Plan Content, and the Technical Appendices. Volume I 
provides an overview of Act 167 and Watershed Level Storm Water Management. 

Volume II 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 II 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 utilized 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 Ill 

MILL CREEK WATERSHED CHARACTERISTICS 

The Mill Creek is located in the eastern portion of Lancaster County as illustrated in Figure 111-
1 and contains nine municipalities in the County as listed below. 
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MILL CREEK WATERSHED - MUNICIPALITIES 

LANCASTER COUNTY 
1. Pequea Township 
2. West Lampeter Township 
3. East Lampeter Township 
4. Leacock Township 
5. Upper Leacock Township 
6. Earl Township 
7. East Earl Township 
8. New Holland Borough 
9. City of Lancaster 

A. Drainage Area 

Mill 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. 

B. 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 111-1 shows the overall land use by category within the Mill Creek Watershed 

C. 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 1/3 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. 
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The New Holland reservoir is the only major impoundment in the Mill 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 111-1 
Land Use Status By Category 

1993 

Land Use I Area (acres) I Percent 

Commercial/Industrial/Institutional 2,390 7.2 

Farmstead 706 2.0 

Forest 2,857 7.9 

Meadow/Grass 947 2.6 

Open Space 1,142 3.2 

Residential 3,470 9.6 

Row Crops 24,340 67.5 

I 

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 well-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. 

E. Climate 

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

Intense local flash floods are most likely to occur in squall lines just to the east of a 
slow moving north-south oriented 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. 

F. 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 plays 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 siltstones 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 runo11 
while soils in hydrologic group Dare tight, low permeable soils with high runoff 
rates. Plate Ill shows the locations of the four hydrologic soil groups for the Mill 
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 II procedure. The existing conditions land use maps for the Mill 
Creek Watershed may be found in Plate I. 
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G. 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. 

H. Projected and Alternative Land Development Patterns in the Watershed 

1 . Proiected 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 111-2 provides an overview of the types of development that will 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, floodplain, topography) as can be 
seen in Plate II. 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 111-3. 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 111-2 
Development Potential by Municipality 

Based Upon Existing Patterns 
in the Mill Creek Watershed 

Municieali!}'. I R-1 

New Holland Borough -

East Earl Township 0 

Earl Township 0 

Upper Leacock Township 0 

Leacock Township 0 

East Lampeter Township 0 

West Lampeter Township 0 

Pequea Township 0 

Citv of Lancaster -

R-1 Residential lots 2 acres to 4 acres 
R-2 Residential lots ½ acre to 1 acre 
R-3 Residential lots ¼ acre to 'h acre 
R-4 Residential lots v, acre or less 
I Industrial 
C Commercial 

I R-2 

-

X 

X 

X 

X 

X 

X 

0 

-

8 

I R-3 I R-4 I I 

0 0 0 

X 0 -

X 0 X 

X X X 

0 0 X 

X X X 

X X X 

0 - 0 

- - -

X Major Development Impact 
0 Minor Development Impact 

No Development Impact 

I C 

0 

-

X 

X 

0 

X 

X 

-

-

I 



TABLE 111-3 
100 Year Storm of 24-hour Duration 

Subarea Number Present Conditions (CFS) Future with No Control (CFS) 

1 10051.0 10852.6 

2 10152.9 10955.0 

3 10231.3 11031.3 

4 10181.7 10973.5 

5 10263.9 11056.8 

6 10455.7 11248.1 

7 2309.2 2477.0 

8 644.3 690.2 

9 478.9 478.9 

10 2003.1 2173.6 

11 1024.1 1162.6 

12 427.5 485.5 

13 10078.4 10848.5 

14 10413.0 11210.2 

15 868.3 943.5 

16 572.0 572.0 

17 10417.1 11212.5 

18 10354.1 11148.2 

19 10399.1 11182.5 

20 1733.2 2154.4 

21 822.6 1139.3 

22 10160.2 10893.7 
--

23 10045.6 10776.6 

24 9292.6 9895.0 

25 2806.1 3366.6 

26 10300.7 11059.5 

27 9446.7 10065.4 

28 10181.7 10937.4 

29 10447.5 11224.7 

30 10431.8 11203.3 

31 9555.5 10190.2 
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Future With SWM Control (CFS) 
Per This Plan 

10325.4 

10401.8 

10454.2 

10398.9 

10456.5 

10588.0 

1868.0 

633.7 

478.9 

1541.1 

511.0 

213.0 

10068.9 

10287.7 

978.5 

572.0 

10257.9 

10196.9 

10187.7 

1047.0 

617.0 

9778.4 

9730.3 

8641.2 

2641.6 

9998.4 

8722.7 

9873.6 

10170.1 

10130.6 

8736.6 

I 
j 
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Subarea Number Present Conditions (CFS) Future with No Control (CFS) Future With SWM Control (CFS) 

32 2356.7 2538.5 2106.9 

33 2212.9 2399.7 1960.7 

34 7124.4 7597.4 6537.2 

35 7123.2 7602.7 6500.2 

36 6207.9 6693.6 5619.6 

37 7234.1 7725.8 6507.6 

38 774.3 774.3 774.3 

39 953.7 1203.3 476.9 

40 4397.3 4810.3 3722.5 

41 1109.9 1212.9 555.0 

42 6463.8 6974.9 5650.8 

43 6618.1 7209.1 5478.6 

44 5548.0 5960.4 4736.5 

45 2104.1 2287.4 1865.3 

46 1557.5 1557.5 1557.5 

47 627.8 627.8 627.8 

48 This Subarea Number was not used 

49 553.0 553.0 553.0 

50 442.0 442.0 442.0 

51 5199.7 5616.3 4411.7 

52 2826.3 3064.2 2524.8 

53 3330.4 3672.6 2720.3 

54 2182.3 2525.9 1567.8 

55 519.6 60/ .1 259.9 

56 1189.4 1208.8 1185.2 

57 735.1 735.1 735.1 

58 544.3 544.3 544.3 

59 202.8 202.8 202.8 

60 10486.1 11263.8 10208.2 

61 10245.8 11002.6 9945.1 

62 3499.6 3768.1 3248.8 

63 2423.5 2641.2 1806.4 



I. Present and Projected Development in the Flood Hazard Areas 

1. Present Conditions 

I 

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 111-4 summarizes the status of available flood data for the various township 
and streams. 

TABLE 111-4 
Available Flood Insurance Studies 

Municieal!!i: I Stream I A11encl I Tl~ of Studl I 
East Earl Township Mill Creek FEMA Detailed 

Earl Township Mill 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 

Leacock Township Mill Creek FEMA Approximate 

Muddy Run FEMA Approximate 

Pequea Township Mill Creek 

Citv 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. 
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Table 111-5 outlines the type of development and land use which infringe upon the 
floodplain by township, general location and creek or tributary. 

TABLE 111-5 
Mill Creek 

Present Residential and Commercial Areas 
Within 100-Year Floodolain 

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

City of Lancaster Mill Creek None Not applicable 

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 applicable 

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 II, 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, lev~I floodplains but the 
floodplains would expand considerably in width, whereas in streams with steep 
embankments, the flood elevation would most likely increase significantly with little 
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. 
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J. 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&S} 

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 Outlets 

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 _J 
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. 

K. 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 large 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. 

L. Existing and Proposed State, Federal and Local Flood Control Projects 

No Federal or local flood control projects exist or are known to be proposed at this time. 

M. 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 

A. Watershed Modeling 

An initial step in the preparation of this Storm Water Management Plan was the 
identification of the storm water runoff simulation model 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. 

B. Calibration Process 

In order to model a watershed with confidence and reliability, the chosen computer model 
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 Groffs Run and being 
routed downstream to the confluence of the Mill Creek with the Conestoga River. No 

1 

other verification of the model was available. J 

C. 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 potential 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 

A. 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 results. 
Figure IV-1 shows a comparison of three calculation methodologies for one-acre lots. 
The conclusions 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 PS UHM 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 1124-hour 
hydrograph. 
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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 

STANDARD I BENEFIT 

Storm Water Management 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. 

FIQodi;ilains All floodplains shall not be filled so Natural storm water detention/flood control 
as to reduce the storage capacity. downstream. Protection of existing 

conveyance capacity. 

t!ydrologic Soils Groui;is 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 will 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 into 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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lnaggcogriate Outl!:!!S If outlet from storm water Safe conveyance, continued surface and 
conveyance systems from a development site to ground water quality, storm water detention, 
a stream, tributary, stabilized channel, or storm flow attenuation. 

~ 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. 

' 
eervious Surfaces The use of pervious Infiltration, groundwater recharge. 11 
materials will be encouraged for parking 

i1 surfaces and sidewalks. 

Structures Concentrate on locating facilities Infiltration, groundwater recharge, stream base-1 
flow. ( within areas conducive to recharge and design, 

accommodate recharge to meet release rate 
requirements. 1 
W!:!tls!0dli Network regulatory agencies Infiltration, structure integrity, surface water 

'1 involvement within wetland areas. quality, safe conveyance, stream, culvert, and 
channel capacity. I 

Steeg Sieges Regulate activities in critical Stream base flow, flow attenuation conveyance 
1
·J 

slope areas where management of storm water integrity, surface water quality. [ 
bv structure is inaoorooriate. 

Note: See Volume I 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. _ j 
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, 

19 



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 shall 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 II. 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. fhe 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 II, Volume II) 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. 
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Stream channels, water courses or other conveyance facilities may be improved to 
meet the above requirements and alleviate exiting capacity cieficiencies as long as 
local, state, and federal requirements are met and permits 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 lime 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 
105 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. 

2. Sub-Regional (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. 

I 

j 

To take this concept a step further, there is also the possibility that the storm water _J 
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. 

3. "No Harm Option" 

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 request. 

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. 

4. "Match Pre-existing Hydrograph" 

Developers and/or landowners will have the option to provide infiltration fat;ilitie,::, 
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. 

5. "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 gfilj 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 
Lancaster City Ordinance for storm water management. 

B. Watershed Level Runoff Control 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 

A. Storm water Controls 

As indicated in Volume I, 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 Vl-1 
indicated a general overview of measures that can be applied to reduce or delay storm 
water runoff while Table Vl-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 Vl-1. 

In determining what measures or combination of measures to install, 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 
Ill). 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 Vl-3. 
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TABLE Vl-1 

VARIOUS ON-SITE STORM WATER CONTROL METHODS 

I AREA I REDUCING RUNOFF I DELAYING RUNOFF I 
Large Flat Roof 1 . Cistern storage 1. Ponding on roof by constricted 

2. Rooftop gardens downspouts 
3. Pool storage or fountain 2. Increasing roof roughness 

storage a. Rippled roof 
b. Graveled roof 

Parking Lots 1. Porous pavement 1. Grassy strips on parking lots 
a. Gravel parking lots 2. Grassed waterways draining 
b. Porous or punctured parking lot 

asphalt 3. Ponding and detention 
2. Concrete vaults and cisterns measures for impervious areas 

beneath parking lots in high value a. Rippled pavement 
areas b. Depressions 

3. Vegetated ponding areas c. Basins 
around parking lots 

4. Graveltrenches 

Residential 1. Cisterns for individual homes or 1. Reservoir of detention basin 
groups of homes 2. Planting a high delaying grass 

2. Gravel driveways (porous) (high roughness) 
3. Contoured landscape 3. Gravel driveways 
4. Ground-water recharge 4. Grassy gutters or channels 

a. Perforated pipe 5. ln~reased length of travel of 
b. Gavel (sand) runoff by means of gutters, 
c. Trench diversions, etc. 
d. Porous pipe 
e. Ory wells 

5. Vegetated depressions 

General 1. Gravel alleys 1. Gravel alleys 
j 

2. Porous sidewalks 
3. Mulched olanters 

Source: Urban Hydrology for Small Watersheds. Technical Release No. 55 

J 
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TABLE Vl-2 

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

I MEASURE I ADVANTAGES I DISADVANTAGES I 
A. Cisterns and 1. Water may be used for: 1. Expensive to install 

Covered Ponds a. Fire protection 2. Cost required may be restrictive if 
b. Watering lawns the cistern must accept water from 
C. Industrial processes large drainage areas 
d. Cooling purposes 3. Requires slight maintenance 

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 reriuiring maintenance 

b. Circulation through 3. Freezing during winter (expansion) 
3. Roof ponding provides fire 4. Waves and wave loading 

protection for building (roof 5. Leakage of roof water into building 
water may be trapped in case (water damage) 
of fire) 
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E. Increased Roof 1. Runoff delay and some 1. Somewhat higher structural l 
Roughness reduction ( detention in ripples loadings 
a. Rippled roof or gravel) 
b. Gravel on roof 

F. Porous pavement 1. Runoff reduction (a and b) 1. Clogging of holes or gravel pores 
(parking lots and 2. Potential groundwater (a and b) 
alleys) recharge ( a and b) 2. Compaction of earth below 
a. Gravel 3. Gravel pavements may be pavement or gravel decreases 
b. Holes in cheaper than asphalt or permeability of soil (a and b) 

impervious concrete (a) 3. Ground-water pollution from salt in 
pavements (¼ winter (a and b) 
in. diameter) 4. Frost heaving for impervious 
filled with sand pavement with holes (b) 

5. Difficult to maintain 
6. Grass or weeds could grow in 

porous pavement (a and b) 

G. Grassed channels 1. Runoff delay 1. Sacrifice some land area for 
and vegetated 2. Some runoff reduction vegetated strips 
strips (infiltration recharge) 2. Grassed areas must be mowed or 

3. Esthetically pleasing cut periodically (maintenance 
a. Flowers costs) 
b. Trees 

H. Ponding and 1. Runoff delay (a, b, and c) 1. Somewhat restricted movement of 
detention 2. Runoff reduction (a and b) vehicle (a) 
measures on 2. Interferes with normal use (a and c l impervious 3. Damage to rippled pavement 
pavement during snow removal (a) 
a. Rippled 4. Depressions collect dirt and debris 

pavement (a, b, and c) 
b. Basins I 
c. Constricted l 

inlets 
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I. Reservoir or 1. Runoff delay 1. Considerable amount of land is 
detention basin 2. Recreation benefits necessary 

a. Ice skating 2. Maintenance costs 
b. Baseball, football, etc. if a. Mowing grass 

land is provided b. Herbicides 
3. Esthetically pleasing C. Cleaning periodically (silt 
4. Could control large drainage removal) 

areas with low release 3. Mosquito breeding area 
4. Siltation in basin 

J. Converted septic 1. Low installation costs 1. Requires periodic maintenance (silt 
tank for storage 2. Runoff reduction (infiltration removal) 
and ground-water and storage) 2. Possible health hazard 
recharge 3. Water may be used for: 3. Sometimes requires a pump for 

a. Fire protection emptying after storm 
b. Watering lawns and 

gardens 
C. Ground-water recharge 

K Ground-water 1. Runoff reduction (infiltration) 1. Clogging of pores or perforated 
recharge 2. Ground-water recharge with pipe 
a. Perforated pipe relatively clean water 2. Initial expense of installation 

or hose 3. May supply water to garden (materials) 
b. French drain or dry areas 
C. Porous pipe 4. Little evaporation loss 
d. Dry well 

L. High delay grass 1. Runoff delay 1. Possible erosion or scour 
(high roughness) 2. Increased infiltration 2. Standing water on lawn in 

deoressions 

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

SUITABILITY OF RUNOFF CONTROL MEASURES 
IN THE MILL CREEK WATERSHED 

1. 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. 

2. Rooftop Gardens 

Not recommended in this watershed due to its rural nature. 

3. 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. 

4. 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. 

5. 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. 

6. Porous Pavement 

I 
j 

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

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

8. 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. 

9. 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. 

10. Groundwater Recharge 

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

11. 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. 

B. 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 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. 

1. 3 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. 

1.4 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. 

1.5 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. 

1.6 Nonpoint Source Pollution Control on Construction 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 primarily 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 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. 

2.2 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. 

2.3 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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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 allow the stored water to 
infiltrate into the groundwater. This method prevents surface water pollution 
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 Filter 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 soil 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. 

3.0 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 , 1 
directions of flows. 

3A 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 (Oil 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 VII 

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 <-untrol facilities are regulated by the Act 167 
Ordinance. Storm water management and erosion and sedimentation control during 

I 

j 

construction would continue to be regulated under the existing storm water ordinance i 
and Chapter 102 Erosion and Sediment and Pollution Controls, Title 25 of DER _ j 
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: 

I - General Provisions 
11 - Definitions 

Ill - Drainage Plan Requirements 
IV - Drainage Plan Submittal and Review Procedures 
V - Permit Requirements and Procedures 

VI - Inspections 
VII - Fees and Expenses 

VIII - Financial Guarantees and Maintenance 
IX - Enforcement and Penalties 

Although the actual storm water control provisions, as shown in Tables Vll-1 and Vll-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 Vll-1 

I 
TYPICAL STORM WATER MANAGEMENT AND EARTH DISTURBANCE PERMIT 

ARTICLE I- General ARTICLE II - ARTICLE Ill - ARTICLE IV - Drainage ' 

Provisions Definitions Drainage Plan Plan Submittal and 
Reauirements 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) 

! 
I ARTICLE IX -

I I I 
Eofoccomeot aod 
Penalties 

Right-of-Entry 
Enforcement l 

Notification 
Penalties 
Enforcement Remedies 
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TABLE Vll-2 

SPECIAL STORM WATER MANAGEMENT PROVISIONS 

lmQerviQus CQver Limitations Qistyrbaoce Qf ~atural 8reas 
- Use of pervious materials - Prohibit disturbance of wetlands area 
- Standards based upon soil permeability - Improve where possible removal of vegetation or 
- Limitations in high groundwater areas trees 

- Prohibit sediment pollution 

Plan Review Mainteoange of EaQilitie~ Runoff Control 
- Establish review fees - Establish one or two year - Design storm as specified 

. Fixed-fee payments maintenance bond - Release rate application for 
Actual costs (Schedule - Applicant priority maintenance no increase in runoff 
of Fees and Application) fund for perpetual care of 

facility 

Reduce Size of Facilities Si:2ecial Geologig Congitions 
- Encourage on-lot recharge - Special consideration needs in the design of 
- Allow generous standards for calculation storm water detention, retention and conveyance 
of infiltration when in a naturally porous facilities in sensitive areas such as: 
area . Limestone areas 

- Encourage grass-lined low gradient . Landslide-prone areas 
channels and check dams . Abandoned minina areas 

~O0QQi□t SQY[Qe PQllutiQD CQ□t[QI§ 
- Zero increase in nutrient runoff 
- Use of extended detention or wet ponds 
- Increase infiltration or use vegetation for nutrient uptake 
- 2-year design storm 
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SECTION VIII 

MODEL 

ORDINANCE 

37 

! 
j 

I 

j 



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 I 
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. 

B. A comprehensive program of storm water management, including reasonable 
regulation 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 health, safety, and welfare 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. 

B. Utilize and preserve the existing natural drainage systems. 

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

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

E. Preserve and restore the flood-carrying capacity of streams. 

F. 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 II 
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. 
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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. 

De1,elopor - A person, partnership, association, corporation. or other entity, c,r 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 Pollution 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 Commonwealth. 

Floodplain - 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 Manageme:11/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, channel 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. 

lmpoundment - 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 

(ii) 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 natural 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. 

46 



I 

Manning Equation (Manning formula) - A method for calculation of velocity of flow (e.g. feet . 
1 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, Lancaster 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. 

Outfall - 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 

I 
j 

flow values by adjusting key model input parameters. 1 

j 

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 Ordinance." The Plan Administrator 
shall be appointed by the municipality. 

Planning Commission - The planning commission of [Name of Municipality]. 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 Oceanographic 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 flat 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 PiUSeepage 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, natural or man-made, that, due to its 
condition, design, or construction, conv~ys, !,\u, as, 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 w3ter 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, shall 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 Ill 
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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B. 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. 

C. 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. 

D. 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. 

E. 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. 

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

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

a. sinkholes 
b. closed depressions 
c. lineamen:;; in carbonate areas 
d. fracture traces 
e. caverns 
f. intermittent lakes 
g. ephemeral streams 
h. bedrock pinnacles (surface or subsurface) 

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. All 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. All storm water management plans shall be designed and certified by 
individuals registered in the Commonwealth 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 Obstrucfr'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 Yighway 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 also 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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applicable requirements of Act 166, the Pennsylvania Floodplain Management 
Act. 

8. 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. 

9. 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 lands, or drainage easements from 
the affected landowners are provided. 

1 O. All storm water runoff flowing 0ver the project site shall be considered in the 
design of the storm water management facilities. 

11. 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. 

B. 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. 

2. 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: 

a. Detention basins 
b. Retention basins (subject to prior Township approval) 
c. Roof-top storage 
d. Parking lot ponding 
e. Seepage pits, seepage trenches or other infiltration structures 
f. Concrete lattice block surfaces 
g. Grassed channels and vegetated strips. 
h. Cisterns and underground reservoirs 
I. Routed flow over grass 
J. Decreased impervious surface coverage 
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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 shall 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 shall be 
kept to a minimum, within practical 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 
municipal engineer.) 

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

4. 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. 

5. 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. 

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

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

8. All discharge control devices and piping with appurtenances shall be made of J 

reinforced concrete and stainless steel. 

9. 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 _ j 
and shall be designed to enable ease of maintenance. 

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

11. Design storm~ f'Jr the computation of retention basins (where approved) 
volumes shall be based upon a 24-hour storm. 

12. 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. 

8. Minimum floor elevations for all 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 calculations addressing the effects of storm water 
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ponding on the structure and water-proofing and/or flood-proofing design 
information shall be submitted for approval. 

C. 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. 

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

E. 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. 

F. 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. 

G. 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. 

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

I. 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. 

J. 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 
"OW" headwalls and endwalls shall be utilized. 

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

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

N. Energy dissipaters 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. 

0. 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 ;xactices as approved by the 
municipality. 

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

P. Manning "n" values used for design of pipes and culverts shall be in accordance 
with Appendix B7. 
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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 shall 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 all 
points of discharge. 

Section 304. Calculation Methodology 

Storm water runoff from all development sites shall be calculated using either the modified 
rational method or a soil-cover-complex 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 soil cover complex method. Table Vlll-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 dreas that contain more than 50 
acres. 
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TABLE Vlll-1 

ACCEPTABLE COMPUTATION METHODOLOGIES FOR STORM WATER 
MANAGEMENT PLANS 

METHOD METHOD DEVELOPED BY APPLICABILITY 

TR-20 USDASCS Applicable where use of full 
( or commercial package hydrology computer model is 
based on TR-20) desirable or necessary. 

TR-55 USDASCS Applicable for land 
(or commercial computer development plans within 
package based on TR-55) limitations described in TR-55. 

HEC-1 US 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 Emil Kuichling (1889) For sites less than 50 acres, or 
commercial computer as approved by the Municipal 
package based on Rational Designee. 
Method) 

Other Methods Varies Other computation 
methodologies approved by 
the Municioal Desionee. 
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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 
82 and B3 if the actual land use is listed in those Appendices. If the actual 
land use is not listed in these Appendices, runoff coefficie.nt 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 B5. 

(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 B5. 

(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 Vlll-1 and outlined below. 

A. Compute: 

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

2. 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 levels for 
required design storms. 
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FIGURE Vlll-1 

STORM WATER CONTROL DETERMINATION FLOW CHART 

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

Compare Hydrographs 

I 
Does Post-Development Hydrograph Match 

Pre-Development Hydrograph 

Yes I l\ln 

I 
Determine Detention Distr 

I 
ict 

Design Detention Facilities so Post­
in 
rates 

Criteria Met! Development Peak Rates are 
conformance with the release 
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 lot, 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 other 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 Q 100 year flood 
elevation. 

C. The above provision shall not be construed as a prohibition of the following, 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 shall 
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 
floodplain 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 deve,;,:ipment plans, th& ;.;sua,1ce of any building or occupancy permit, or the 
commencement of any land disturbance activity may not proceed until 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 Plan preparation provisions of this Ordinance. This 
criteria shall 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 "rarent 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. 

8. 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 al l 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 Drainage 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 faci lities. 

3. Complete hydrologic, hydraulic, and structural computations for all storm water 
management facilities. 
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B. 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 property 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. 

1 O. The name of the development, the name and address of the owner of the 
property, and the name 0f the :.1dividual 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. A key map showing all existing man-made features two hundred (200) feet 
beyond the property boundary that could be affected by the project. 

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

18. Overland drainage paths. 

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

20. 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. 

21. 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. 

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

"I, [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." 

23. 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. 

2. A soil erosion and sedimentation control Plan, including 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. Infiltration 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. 

"-· Four (4) copit::" 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. 

B. 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. 

C. 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. 

D. 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. 

E. 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. 

F. 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 0.Jrvey 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. 

G. 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. • I 

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 whicl1 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. 

8. 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 VII 
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). 

B. The Storm Water Management Plan 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. 

C. 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 Plan. 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 

1 

A Prior to final approval of the site's Storm Water Management Plan, the property j 
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. 

B. 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 shall be converted to present worth of 
the annual series values. The municipal engineer shall determine the present 
worth equivalents which shall be subject to the approval of the governing body. 

B. 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. 

C. 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 VIII 
ENFORCEMENT AND PENAL TIES 

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 penalties 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 
($ ). plus costs of suit. Each day lhcit 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 

73 



shall 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] 

[Name], [Title] 

ATTEST: 

[Name), Secretary (type or print) 

I hereby certify that the foregoing Ordinance was advertised in tr.e [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 

74 



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 j 
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 
oe approved by derault. 

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

The key ingredient for implementation of the Storm Water Management Plan 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. 

D. 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 Mnnagement 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 r1 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 particular 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 
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coordination at the watershed level), participation by the county in the technical 
review of storm water management plans, maintenance a.id 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 Plan, 
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. Tr.e 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 

Federal 
Environmental Protection Agency 

Soil Conservation Service or 
Natural Resources Conservation 
Service 

Corps of Engineers 

U.S. Fish & Wildlife Service 

State 
Dept. of Environmental Protection 

Clean Water Act - concerned with water quality 
including runoff quality and wetlands 

Erosion and sediment pollution control -
agriculture. 

Floodplain management, navigation and flood 
control, wetlands. 

Wetlands, land use. 

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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County 

Storm Water Management Act - administers law; 
approves watershed management plans. 

Administers Flood Plain Management Act; reviews 
watershed plans. 

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 land 
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 watershed Municipalities will also enter into a Memorandum of 
Understanding /M.O,U.) 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 downstream 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; 

o 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. • 1 

2. 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) c."r> 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. 

3. Recommendations for Institutional Arrangemer.ts 

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 I, be adopted. 
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F. 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 municipality 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 list should be based on a schedule commensurate with completing 
engineering studies on all problem areas within approximately 1 O years. 

3. On the 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 resolving all existing documented c:ainage 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 aduption 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 

A. 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 I - Executive 
Summary and Volume II - 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. 

Ldncaster County Vv;;; 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. 

B. 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 I a central location not only to prepare an updated Plan, but 
also, if required, to make interim runs on the runoff simulation model 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. It is 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. It is 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. It is 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 Lancaste~ 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) Adequacy 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 Mill 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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EXEMPTION CRITERIA 



APPENDIX A 

ACT 167 STORM WATER MANAGEMENT 
EXEMPTION CRITERIA 

Effective Agricultural 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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TIME 
(Min.) 

5.0 

6.0 

7.0 

8.0 I 
9.0 

10.0 

l l.O 

12.0 

13.0 

14.0 

15.0 

20.0 

25.0 

30.0 

40.0 

50.0 

60.0 

APPENDIX NO 8-1 

PA-DOT REGION 5 STORM IDF DATA BASE 
RAINFALL INTENSITY (Inches/Hour) 

STORM FREQUENCY (Years) 

2 5 I 10 25 50 
4.63 I 5.40 I 6.02 I 6.70 7.51 
4.34 I 5. 15 I 5.70 6.39 7.22 
4.12 4.95 I 5.42 6.10 6.95 
3.92 4.70 I 5.17 5.85 6.70 
3.75 4.50 I 4.95 5.62 6.47 
3.59 I 4.30 4.75 5.41 6.26 
3.45 I 4.15 4.58 5.22 6.07 
3.32 4.00 4.42 5.05 5.88 
3.21 3.85 4.27 4.89 5.7 l 
3.10 3.70 4.16 4.74 5.56 
3.00 3.55 4.00 4.60 5.40 
2.60 3.10 3.50 4.03 4.78 
2.31 2.65 3.15 3.6 l 4.30 
2.09 2.45 2.82 3.27 3.92 
l.76 2.05 2.39 2.78 3.34 
l.53 l .77 2.08 2.42 2.92 
1.35 l.60 l .85 2.15 2.60 

100 

8.19 
7.9() 

7.62 

7.36 

7.12 
6.9() 

6.70 

6.50 

6.33 

6.16 

6.00 

5.34 

4.83 

4.41 

3.79 

3.33 

2.98 



Soil Group 

Slope 0-2% 

Land Use 

Cuttivated Land 
·Nlnte, conditions 48 
summer conditions 35 

Fallowed Fields 
poor conditions 45 
good conditions 30 

Forest/Woodland 30 

Grass Areas 
good conditions 35 
average conditions 45 
poor conditions 48 

lmpeJVious Areas 96 

Weighted Residential 
lot size 'Al acre 71 
lot size ¼ acre 81 
lot size 'I• acre 57 
lot size ½ acre 54 
lot size 1 acre 51 

APPENDIX NO. B-3 

RUNOFF CURVE NUMBERS "CN" FOR 
SCSMETHOD 

Runoff Curve Numbers "CN" for SCS Method 

A B C 

2-6% 6%+ 0-2% 2-6% 6%+ 0-2% 2-6% 

60 65 82 73 73 68 78 
51 81 48 55 70 57 85 

54 78 56 83 85 64 74 
44 74 43 48 83 48 54 

30 40 42 48 55 45 50 

39 51 48 54 81 56 59 
49 53 52 55 89 80 63 
55 68 56 67 79 66 74 

97 98 96 97 98 96 97 

75 77 74 76 85 78 80 
62 67 66 69 75 67 89 
59 65 64 66 72 65 66 
57 63 62 64 70 63 65 
55 62 61 63 68 61 64 

D 

6%+ 0-2% 2-6% 6%+ 

79 77 81 88 
n 84 89 BO 

90 69 77 93 
88 56 60 90 

70 50 58 77 

74 82 63 BO 
79 65 69 84 
86 73 81 89 

98 96 97 98 

90 81 83 92 
83 75 78 87 
81 74 77 86 
80 72 76 85 
79 71 75 64 



Soil Group 

Slope 0-2% 

Land Use 

Cultivated Land 
winter conditions 48 
summer conditions 35 

Fallowed Fields 
poor conditions 45 

good conditions 30 

Fores!M'oodland 30 

Grass Areas 
good conditions 35 
average conditions 45 
poor conditions 48 

Impervious Areas 96 

Weighted Residential 
lot size 1/a acre 71 
lot size ¼ acre 61 
lot size 113 acre 57 
lot size ½ acre 54 
lot size 1 acre 51 

APPENDIX NO. B-3 

RUNOFF CURVE NUMBERS "CN" FOR 
SGS METHOD 

Runoff Curve Numbers "CN" for SGS Method 

A B C 

2-6% 6%+ 0-2% 2-6% 6%+ 0-2% 2-6% 

60 65 62 73 73 68 78 
51 61 48 55 70 57 vO 

54 76 56 63 85 64 74 
44 74 43 48 83 48 54 

30 40 42 46 55 45 50 

39 51 48 54 61 56 59 
49 53 52 55 69 60 63 
55 68 56 67 79 66 74 

97 98 96 97 98 96 97 

75 77 74 76 85 78 80 
62 67 66 69 75 67 69 
59 65 64 66 72 65 66 
57 63 62 64 70 63 65 
55 62 61 63 68 61 64 

D 

6%+ 0-2% 2-6% 6%+ 

79 77 81 88 
77 64 Jg 80 

90 69 77 93 
88 56 60 90 

70 50 56 77 

74 62 63 80 
79 65 69 84 
86 73 81 89 

98 96 97 98 

90 81 83 92 
83 75 78 87 
81 74 77 86 
80 72 76 85 
79 71 75 84 



APPENDIX NO. 8-4 

NOMOGRAPH FOR DETERMINING SHEET FLOW 

(for use with the Rational Method) 
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APPENDIX NO. 8-5 

Worksheet #1: Time of concentration (Tc) or travel time (Tt) 

Project __________________ _ By _____ _ Date ___ _ 
Location _________________ _ Checked __ _ Date ___ _ 

Circle one: Present Developed 

Circle one: Tc 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. Manrung·s roughness coeff.. n (table 3-1) .... . 

3. Flow length. L (total L !,, •• 150 ft) .......... ft 

4. Two-yr 24-hr rainfall. P2 ............... in 

5. Land slope. s ...................... ft/ft 
0.6 

6 Tt = 0.007 (nl.l 
• 0.5 0.4 

I', ' 

Compute Tt ......... hr 

Shallow concentrated flaw Segment ID 

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

8. Flow length. L ........................ ft 

9. Watercourse slope. s ................ ft/ft 

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

11. Tt = 3,.;, V Compute Tt ......... hr 
c_ __ __J+~ __ __,=~I ___ J 

Channel flow Segment ID 

12. Cross sectional flow area. a ............ ft2 

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

14. Hydraulic radius. r =-"- Computer ...... ft 
Pw 

15. Channel slope. s ................... ft/ft 

16. Manning's roughness coeff .. n ............ . 

' ' l 7 . V = t.49 r l'J s ,'] 
n 

Compute V ...... ft/s 

18. Flow length. L ........................ ft 

19.Tt=_L_ ComputeTt ......... hr + -~ 

20. Wat::::ed or subarea Tc or Tt (add Tt ln steps 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 
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APPENDIX NO. 8-6 

AVERAGE VELOCITIES FOR ESTIMATING TRAVEL T IME FOR 
SHALLOW CONCENTRATED FLOW 
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APPENDIX NO. 8-7 

MANNING 'n" VALUES FOR PIPES 

Manning ·n· Values for Pipes 

PIPE MATERIAL MANNING 

Helical conugated steel/aluminum 
2 2 

/ 3 x 1 / 2 corrugations 
diameter (inches) 

15 0.014 
18 0.015 
21 0.016 
24 0.017 
27 0.018 
30 0.019 
36 0.020 
42 0.021 
4B 0.021 

Reinforced Concrete 
All diameters 0.013 

Corrugated Polyethylene 
Smooth lining 

All diameters 0.012 

·n· 

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 APPLICATION") 

APPLICATION IS 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 OF SUBDIVISION OR DEVELOPMENT PROPOSED: 

__ SINGLE-FAMILY LOTS __ TOWNHOUSES COMMERCIAL (MUL Tl-LOT) 
__ TWO-FAMILY LOTS __ GARDEN APARTMENTS __ COMMERCIAL (ONE-LOT) 
__ MULTI-FAMILY LOTS __ MOBILE-HOME PARK INDUSTRIAL (MUL Tl-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) 
B. PROPOSED 

8. STORM WATER 

______________ L.F. 
______________ L.F. 



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

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

NO. OF SUBAREA 
WATERSHED NAME 
OTHER 

EXPLAIN: _________________________ _ 

C. 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? 

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

E. TYPE OF PROPOSED RUNOFF CONTROL ________________ _ 

F. 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 _________________________ _ 

G. DOES THE PLAN MEET THE REQUIREMENTS OF ARTICLE Ill OF THE STORM WATER 

ORDINANCES? .,---~-=-..,..,.....,..,..,=,,----,-=-=-=c=-c-==.,--------------
- IF NOT, WHAT VARIANCES/WAIVERS ARE REQUESTED ___________ _ 

- REASONS WHY _________________________ _ 

H. WAS TR-55, JUNE 1986, UTILIZED IN DETERMINING THE TIME OF CONCENTRATION? 

I. IS A HYDRAULIC ROUTING THROUGH THE STORM WATER CONTROL STRUCTURE 
SUBMITTED? __________________________ _ 

J. IS A CONSTRUCTION SCHEDULE OR STAGING ATTACHED? __________ _ 

K. IS A RECOMMENDED MAINTENANCE PROGRAM ATTACHED? __________ _ 

L. WHO WILL HAVE ULTIMATE MAINTENANCE RESPONSIBILITY OF THE STORM WATER 
CONTROL FACILITIES? _______________________ _ 

9. 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? 

B. TOTAL AREA OF EARTH DISTURBANCE ________________ S.F. 



10. 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 ___________________ _ 

11. FILING 

A. HAS THE REQUIRED FEE BEEN SUBMITTED? _______________ _ 
AMOUNT _________________________ _ 

B. HAS THE PROPOSED SCHEDULE OF CONSTRUCT/ON INSPECTION TO BE PERFORMED BY 
THE APPLICANT'S ENGINEER BEEN SUBMITTED? ______________ _ 

C. NAME OF INDIVIDUAL WHOM WILL BE MAKING THE INSPECTIONS ________ _ 

D. GENERAL COMMENTS ABOUT STORM WATER MANAGEMENT AT DEVELOPMENT 



CERTIFICATE OF OWNERSHIP AND ACKNOWLEDGMENT OF APPLICATION: 
COMMONWEALTH OF 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 application 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 ____________________ _ 

(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 _________________ _ 



ORDINANCE APPENDIX D 

SAMPLE OCCUPANCY PERMIT APPLICATION 



___________ TOWNSHIP 
DRAINAGE PLAN 

PROPOSED SCHEDULE OF FEES 

SUBDIVISION NAME ________________ SUBMITTAL NO. ______ _ 

OWNER ____________________ DATE __________ _ 

ENGINEER _______________________________ _ 

1. FILING FEE $ ------

2. LAND USE 
2A. SUBDIVISIONS, CAMPGROUNDS, MOBILE HOME PARKS, AND $ _____ _ 

MULTI-FAMILY DWELLINGS WHERE THE UNITS ARE LOCATED 
IN THE SAME LOCAL WATERSHED. 

28. MULTI-FAMILY DWELLING WHERE THE DESIGNATED OPEN SPACE $ 
IS LOCATED IN A DIFFERENT LOCAL WATERSHED FROM THE ------
PROPOSED UNITS. 

2C. COMMERCIAL/INDUSTRIAL $ _____ _ 

3. RELATIVE AMOUNT OF EARTH DISTURBANCE 
3A. RESIDENTIAL 

ROAD <500 L.F. $ _____ _ 
ROAD 500-2,640 L.F. $ _____ _ 
ROAD >2,640 L.F. $ 

38. COMMERCIAL/INDUSTRIAL AND OTHER ------
IMPERVIOUS AREA >3,500 S.F. $ _____ _ 
IMPERVIOUS AREA 3,500-43,560 S.F. $ _____ _ 
IMPERVIOUS AREA >43,560 S.F. $ _____ _ 

4. RELATIVE SIZE OF PROJECT 
4A. TOTAL TRACT AREA 

5. STORM WATER CONTROL MEASURES 

<1 AC 
1-5 AC 
5--25 AC 

25--100 AC 
100-200 AC 

SA. DETENTION BASINS & OTHER CONTROLS WHICH 
REQUIRE A REVIEW OF HYDRAULIC ROUTINGS. 
($ PER CONTROL) 

58. OTHER CONTROL FACILITIES WHICH REQUIRE 
STORAGE VOLUME CALCULATIONS BUT NO HYDRAULIC 
ROUTINGS. ($ PER CONTROL) 

6. SITE INSPECTION ($ PER INSPECTION) 

TOTAL 

$ _____ _ 
$ _____ _ 
$ _____ _ 
$ _____ _ 
$ _____ _ 

$ _____ _ 

$ _____ _ 

$ _____ _ 

$ _____ _ 

ALL SUBSEQUENT REVIEWS SHALL BE ¼ 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. 



ORDINANCE APPENDIX E 

BEST MANAGEMENT PRACTICES 



Summary Report on 
Urban Storm,vater 

Nonpoint Source Pollution 
Controls and Practices 



Executive Sum man· 

The purpose of this report is to summarize, for individuals and local government officials, the latest 
information on issues surrounding urban nonpoinr source pollution, introduce how Btv1Ps work and are 
applied and to assist local officials in developing management strategies and ordinances that would include 
B\[Ps to maintain or improve water quality. This report is not intended to be a design manual. A.JI 
infom1arion contained in this report is based on available publication from Federal and Stare agencies as 
well as private organizations. 

Chapter I introduces the relationship of urbanization and storm water runoff, how land development 
witbjn a watershed affects peak discharges, volumes, sedimentation, discharges of pollutants and other 
en,ironmenral 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 pollurant 
loadings are carried by stormwater resulting in degradation to water bodies. This chapter pro\ides details 
on sources of pollutants found in stormwater runoff and their impacts 

Chapter 2 describes the benefits of Best Management Techniques or Biv1Ps in addressing the 
impacts of runoff on water quality as well as descriptions and applications of various structural 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 pro\isions 
for direct amendment of existing ordinances. Steps are presented on determining the applicability of a 
B\fP 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 
El\!Ps may be applied to achieve maximum water quality and quantity benefits. The chapter ends ,,irh 
information on the Commonwealth's Pennvest loans that are available to municipalities in resolving 
existing stormwater problems. 

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

The relationship of storm water management and water quality is gaining greater attention from 

F'ederal, State, County and local governments across the countrv As ,,·ater quality management agencies 

improve the point source pollution discharges ( i e, sewage treatment and industrial discharges), increased 

attention is being paid to non point sources of pollution. In urban and developing areas, changes to 

drainage patterns, increased impervious surfaces and human activities add sedi111ent, pesticides, fertilizers, 
animal waste, oil, grease, heavy metals and other pollutants into storm,•. ater systems that teed into 
waterways and groundwater 

Eflective and practical means to prevent or reduce the im~act vi urban nonpoint source pollution 

include the application of techniques known as Best i'vlanage111ent Practices or "B,\fPs" These Bi\fPs. 

often categorized as either structural or nonstructural. include nonstructural practices ol'pollution 

prevention at their source, pollution reduction and vMious structural treat111ent measures such as basins and 

infiltration trenches. BMPs may be utilized during construction of new develop111ents as preventative 
measures or constructed or '·retrofitted" into e.,isting development areas as ways of improving water 
quality in areas having docu111ented water quality problems. 

This report s11111marizes, for individuals and local govcrn111cnt offici:1ls, the latest 

information 011 issnes surrounding urb:111 nonpoint source pollution, how BMPs work and arc 
applied to assist local officials in developing 111a11nge111e11t strategics and o, di11nnces that would 

i11clude Bi\-!Ps to maintain or improve w:1ter quality. This report is !.'.Q]_intendcd to be a design 
111a1111al. 

E[fecrs On The C111111111111ir,1· 

In the past, co111111unities treated water pollution only l'ro111 point sources by building treat111cnt 

plants witl•~ut knowing the e.,'. 0
"'. ofrconpoint sources to water pollution problems Stonmvater 

management systems were built primarily to convey away surface runol1'1,ithout consideration to the 

relationship of water pollutio,1 and stor111water runoff. Today, com,m,nities across the country are 

recognizing the importance 011 11011poi11t sources of pollution and its relationship with storrnwater runoff. 

Many communities can no longer use and enjoy their natural resources due to water pollution 

directly attributed to nonpoint sources When pollution is present. the,· can 110 longer ranicipate in the 

activities such as, S\\'i111rni11g, boating, fishing. ha\'ing a ricnic. or just cnjoving a lake or river. Pollution 

also causes propeny values to foll, eroding the ta.\ base. With this increased ,1wareness and knowledge. 

communities of all sizes can build two-pronged water quality programs (I) identifying and correcting 

e\isting problems. and (1) focusing on preventing future problems created by land develop111ent. 

Communities have lound that a comprehensive nonpoint source manage111c11I program will help the111 a,·oid 
111a11y of the problems created by pollutants from land de\'elopment before they occur 

11/1/96 5 'brnp\dral\~ doc 



Chapter I - Lrbanization and Storm\\,lter Runoff 

Land development may signiticantly imp?.:: stornm·ater runoff quaillity and quality. Impervious 
surfaces reduce natural inti It ration of rainfall anc stornmater conveyance systems concentrate collected 
runoff with resulting increases in volume and velocity. Water quality degradation is also associated with 
land development as the increased volumes of runoff carry with it higher conce111rations of pollutants from 
sources such as automobiles, lawn care products, materials discharged into storm sewers and sedimentation 
from erosion. The effects in a typical moderately developed watershed include the following: 

• Increased peaK discharges • Increased levels of bacteria 
• Increased runoff volumes • Introduction and/or increased loading of toxic 
• Decreased travel time of runoff substances 
• Increased runoff velocities • Increased inputs of trash and debris 

• Increased frequency and severity ot· flooding • Lower levels of dissolved oxygen 
• Reduced stream tlow in dry weather periods • Increased stream temperature . 
• Increased discharge of pollutants • Reduced biodiversity 
• Increased sedimentation 

In the past, stormwater runoff was not recognized as a major pollution contributor. Nonpoint 
source sources 3re now recognized as major contributors to the degradation ot'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 Runoff Program (NURP) and the 
State's reports written in response to the requireme111s of section 305(b) and section 319 of the Clean 
Water Act (North Virginia SWCD. 1994). The :--:URP report states 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 Virginia SWCD. 1994). There are four 
major sources of non point source pollutants: 

• agriculture 

• land development 
• 
• 

torestry operations 

1111n1n~ sources 

Non-urban sources of pollutants vary from agricultural sources including runoff 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 r-orestry operations, if they 

involve improperly constructed logging roads and poorly managed tree harvesting. can lead to erosion. 
Mining sources include acid drainage from abandoned mines, mine tailing sites. and pollution from 
resource extraction activities, such as contamination from improperly scaled oil and gas wells. 

Urban runoff otlen contains oily residues and other pollutants deposited on impervious surfaces 
such as streets a11d paved parking lots, i11 addition 10 sediment eroded from 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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Ejfecrs Of Urbanb11io11 

The volume of· sIornw•aIer runoff genera:d bv· a rain sIorn1 depends upon 1he to1al amount of 

rainfall, after losses from in~ltra1ion, transpirwon. evapora1ion. and surfoce storage are considered The 

amount of these losses is a tunrnon of clima1e. soils, geology, topograµhv, vege1ative cover and land use 

Changes in land use affect the hydrologv of an area in four ways changes in peak tlow 

characteristics of runotl changes in runoff volume, changes in water quality, and changes in the hydrologic 

amenities of a community The hydrologic ameni1ies are the appearance or the impression of a water body 

and its adjacent lands leave with the observer Of all 1he land use changes that affect an area's hydrology, 

land development is the mos1 important. 

S1urmw,ltcr Quantity 

As an area urbanizes, stree1s, sidewalks, parking lo1s and buildings alter natural ground cover The 

process removes natural vegetation and co111pacIs the soil. The land's surface becomes more imper-·ious. 

Rainfall no longer soaks in10 the ground as readilv as before. This causes an increase in runoff and 

accelerates the speed at which runoff flows (peak discharge rate), as seen in FIGURE I. 

F!GURE 1- ln1pcrvio11s11css and Ru11off 

0 
> 

Low 

--------------

, -

Imperviousness High 

• • ♦ • • Runoff Peaks.Volumes and 

Ve!oci!ies 

------0--- /nfi/tration 

Histoncall~. the p1·i111.:1ry co11ccrn about stornn•:otcr \Vas to r·c1110\·c it 1!·0111 c1 cicn~lopcci area as 

quicl-:ly as possible for flood protec1ion U11I·onuna1elv, 1his led 10 drainage sys1e111s 1l1aI 111a.,imized local 

co11\·~:1ience crnd protection, without coris1ckrin~ .:•,1rnulc1ti\·c imp;icts dow11strca111 such zis flooding and 

water µollu1io11 
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floodplain and channel erosion. loss ot· property. decreased 1vildlit'e l•abit2t and decreased natural 
\·egetation. 

fn an undeveloped area, a natural strea111 normally adjusts so that the cross sections and slope are in 
appro:,;i111ate equilibriu111 Increased volu111es and peak discharge rates ot' storm water cause drastic changes 

i~ the natural stream channel. Eroded banks and frequent flooding are not onlv 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 

da111ages by the deposition of eroded sediment. Lakes and reservoirs till, storm sewers and culverts 
become clogged causing flooding, areas adjacent to streams and lakes become covered with mud and 

debris left after the storm. Increased volumes and velocities associated with the stormwater frorn land 

development produce more frequent strearn flooding. Areas that previously flooded only once in tive years 
may flood every year. or several times each year. Floodplain erosion and damage to structures and 

vegetation, are the results of increased land development without proper stormwater controls 

Stormwatcr Quality 

Land use directly affects water quality. In an undeveloped area, physical, chemical and biological 
processes interact to recycle most of the 111aterials found in stor111water . .-\s land development increases, 
the natural hydrologic processes are altered and disrupted. With land de,·elopment co111es high pollutant 
loadings from leaves. litter, animal wastes, oil, grease, trace metals, t'ertilizers. and pesticides washed olTby 
rainfall and are carried by storrmvater to our lakes. rivers. and bays. 

FIGURE 2- First Flush 

Amount of 
PJl!uto .ls 

Bcgin11i11g or 
Storm 

Ti111c 

Pollutant 
Co11cc11tr.ition 

Runoff 
Rate oC 
Discli:irgc 

The Co11111w11 Pol/111a11/s Oj'Srorn11l'a/cr ,i/11/ The l111pac1.1· 

The l'irst Flush (FIGUl~E 2) is 

ret'erred to as the washing action 
that storrnwater runoff has 011 

accumulated pollutants in a 

watershed. In the early stages of 
the stormwater flow, the land 

surface. especially the impervious 
surfaces like streets and parking 

areas. is !lushed clean by the 
s1orrmvater. This creates a shock 

loading 01· pollutants. 

Nonpoint source pollutants are as varied and numerous as the sources themselves. Nonpoint 
source pollutants are the cause of many of the sa111e water quality problems as point sources (those from 
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indusrry and commercial acriviries). Stormware: rL:noff from nonpoinr "arer polluranr sources such as, 

srreers, parking !ors, and lawns can contain sedi~enr. nurrients. metals. ro,ins. bacteria. and salt :\onpoint 

source pollution is not Ii mired to urban land de,·elopmenr. A cenain 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 2nd water quality problems ad,wsely affect the 

~nvironment. 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 felt by adjacent streams and on downstream receiving 
warer bodies such as lakes, rivers and estuaries (see Table I). Government oflicials, planners and 

designers should become familiar with these situarions to determine tl1e pollurants of greatesr concern to 

the community and then choose the most appropriate measures to control the negative effects. 

T . .\BLE I- Pollutanrs, Their Source and lmµacr 0,1 the Environment 

POLLUTANTS•·· SOURCE •· ,· ... • ········• NONPOl'cT SOURCE fl-IP ACTS •.·· .·• ··• ... •· .•. •. 

Si.:Jimi.:nt Grass & l.t.:JI. Cu1ti11gs \.Vh,.;11 ~ill :111J sus1x:11J..:d solids i.:nt..:r n;I1..:r hodi,.;:,;, th..:'.-· c:rn ri.:Uuc..: \\·;it..:r d,.;pth, 

• .. 
. 

Co11s1rui..:Lio11 smotll..:r pbms :1nJ <1qu,1ti..: 1irga11i:-111.,. J..:slrn~· !ish h;1hit.it. [),.;..:0111pos11io11 o( org;mii..: 
l.O!!!!lll!! On..:r.iliu11s 111:11..:ri;1 I ~:.,..:sun Jissolv..:d O\\<.!<.:!l. 111;1~!11'.! 11 dl!fo.:ult 1(1r !i:-11 to br..:;1111..: 

Nu1ri..:11l::i N1Lr;1t,.;s i11 S..:,\:1g..:. i\ni1n,d E.,i.;..:ss k•, ...:1:- 01 11u1ri..:11ls nh:r:-l1111u!;110..: :::ruHlh 01 :Iqu,111i.; pl;lllts aml i.:;1uso..: :dg:d 
W.ist..:s,F..:nilizcrs hlooms i'..\(i..:s:;i,·..: plant grcl\\th clog., navigahli..: wati.:rs, i111p:1irs r..:cr..::1tim1:il :ii.;tivitii.:::; 
Pl10sph,1t..:s from sud1 assn :111I11mg ,111c.l h(lsllmg, :111d tb:r...:;1s..:s pl;mt an animal Ui,·i.:rsitY, ,,·ith thi.: 
D..:ti.;rgi.:nts ._{. 1-'..:r!iliz..:rs t.kcr..:;1s...: !II su1!1ight. Nitr;ll,.;s in ~rou11JHatt.:r ;Ir..: :1 prini.:ip:d t.:0111amin;1n1, k:u..ling lo 

n..:11 dost:r..:s 

n,1c1cria Stonn,,.itt.:r l{unoll", 1111111;111 Cius..: ill11i.:s.,...:s sui.;li ;is 1:p!mid ;md d:,s .. ::1L:r: !'r..:-....:11-:i.: oi" i11d1c1l0r h:1i..:tcri:1 sui..:h :is 
& ,\11im:d \V;1stc !Cc:il colitiinu.-.; Sll!.!!.!..:st the pt1ssI hi I it\· o( nwrc d:t11!.!..:rnus orn;II1 is111 h..:i11!.! 11r..:scI1t 

I i~dro..:;1rbo11s I S1or111\\;1t..:r l{unoIr S..:n·1i..:...: l"o,1i.:it, ..:rn11rib11t..:s lo ll1...: d..:i..:li11...: 11(:1qt1:tl1i..: ur,:;:111is111s. The~· ;1i.;curnubt..: 111 
St:1t1011s or!.!:111i:-;11h ;111d llO"L :1 11..:a!th lllro..::1l lo l1llm:111s \\ 110 ...::1l th..:111 

Tr:Ke 1\-kt;ils ;\uton10hiks. [{onI·111g l"o.,ii..: to ;I,1u:1lIl· or;:111i.,111:,;. ,1 i.:011(;I1I1III.111t 11r"dri1d-:i11g \\;Ikr. :111d :ii.:i..:u:::t!!:::-~·" Ill 

:',.1;11..:rlals .iml Pi11..:s c1rn1;1!ii.: or~:1ni.,111:- 110.,in'.! a li..:alth ris~. 1r..::11..:n l{..:strii..:ts sports li:-h111<2. 
lo,1i.; \V.ist..:s Ston11w;1k:r l{unotl". SIr..:a111 :-;nuri..:..: 1s rn110!l fro111 110111...: g;1nk11s :111d l;iH11-; C:111 hio:1n:u111ul:1t...: in orgm1isms ;111c.l 

111oc.liIii..::iti011s, I.:1\\ll lT...:a(...: 10,:c 11..::dtli h:1/;inls \\-ill1111 th..: tl){iJ d1:1i11 Olis..:r\"..:d kn:ls ar..: i.:urr..:ntly h..:lo•.,· 
F..:nilir...:rs :--1;111d:1n!., 

·1·1i..:n11:1I En..:q;y Cn11strui..:1int1, Str..::1111 [kdlli.:..:s \ Igor ;ind gn)\\ th 111· !ish. d..:cro..:;1:--,.:s J1:--.,nl ,·..:d n,_, g..:n. prumot..:s 
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Seclimc11t is one ottlle most sig11i[icant µoilutams transferred by stor111watcr 
mostly of soil materinls eroded as a result of natural ~roccsses nnd hu11@1 activities. 

Sccli111c111 consists 
Sediment loads 

increase \vith accelerated stor111watcr runoff, cen:1i11 agriculture µractices and cictOrcst;-ition from logging 
operations Sediment clogs storm drains, !ills i11 "atcrbodies. reduces hyd,·aulic capacirics of bridges and 

culverts, and t,11s in water supply reservoirs rcsult111g i11 costly dredging and/or development of new water 
resources 
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High concentrations of suspended solids in water bodies cause nnnv adverse consequences 
including increased turbiditv, reduced light penetration. reduced prey capture for sight-feeding predators, 
clogged gills offish 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 
tl)e bottom substrate, the rapid filling-in of small impoundments which creates the need for costly dredging 
and reductions in the overall aesthetic value of the water resource. Sediment is an etlicient carrier of toxins 
and trace metals. Once deposited. pollutants can be remobilized under suitable conditions. posing a risk to 
aquatic life. The increased surface water temperature decreases the dissolved 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 Institute, 3/1994) 

Nutrients are phosphorus and nitrogen, which plants use in various forms in 1he process ot· 
photosynthesis. Pollution from inorganic phosphorus and inorganic nitrogen are ot· chief concern. 

Excessive levels of inorganic phosphorus and inorganic nitrogen pose a severe problem as urban 
development intensities (Terrene Institute, 3/1994). Fertilizer spread on lawns during the winter contribute 
nutrients to runoff in 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 
to.,ins, and decreased oxygen. This breakdown of plant matter can limit swimming, boating, fishing and 
other recreational uses: reduce fish and wildlife habitat: and contaminate wa1er supplies. It can, also, 
reduce tourism and property values. 

13:ictcria results from runoff tl1at alien contains high levels ot· ha,rnt,d 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 disease in 1he United States (NJ-DEP, 
1994 ). Deficient water treatment and ground water contamination ot· 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 .. As a result, the cost at.treating drinking water supplies is increased. 

Hydrocarbons, petroleum hydrocarbons in water are considered to be very harm tu/ to the natural 
ecology. Some constituents are not only toxic to humans but are also carcinogenic (NJ-DEP, 1994). Oil 
and grease are not considered especially dangerous. with the exception ot' petroleum hydrocarbons and 
therefore control efforts arc mainly directed at the hydrocarbons. Some are harmful to sensitive animal 
species (i e. geese and ducks) and aquatic lite (e.g. fish and photoplankton) Oil and grease problems are 
highest in runoff from parking lots, roads, and service stations. Residenti?I land uses generate less 
hydrocarbon expon, 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 bottom in 

water bodies. Once in the bottom sediments or a water body, harm to bo11on1 dwelling organisms (i.e., 

benthic organisms) occurs and is transferred through the food chain. Hydrocarbons tend to rapidly 
accumulate in the bottom sediments of water bodies. where they persist for long periods of time, and 

eventually seep though to groundwater supplies and are carried to local streams They lower dissolved 
o·.,ygen levels by limiting the interaction ot· water and air. 

Trace i\letals found in water can have adverse effects upon public health and aquatic life. Lead, 
copper, cadmium, mercury, arsenic and some forms of chromium are all metals 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. 

,vletals occur naturally in soil and arise from n1c1n-made sources The amount ot· these metals that 

leach into water from natural sources is intluenced largely by the water's pH . ..\cid rain and the lo" 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 at· primary public health 

concern. It has a cumulative, toxic neuralgic etlect and may be particularly harmtul to children. One of 

the principal sources of lead in storm water runoff has been the lead in gasoline. However, pollution from 
this source is rapidly declining due to stringent federal controls o,·er leild in gasoline 

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

Trace metals accumulate in sediments, posing a risk to bottom keding organisms and their 

predators. Gioaccu,nulation at· metals occurs in f,sh tissue, a risk to humans who eat them and restricts 

angling success. Trace metals affect the reproductive rates and lite span 01· ilquatic organisms, and hinder 

photosynthesis in aquatic plants Trace metals can cause a health hazard it' toxic metals contaminate the 

water supply 

Toxic W:1s tcs are found in pesticiC:es, le .. :!izcrs. herbicides, and household substances such ;is 

paints and cleaning mziterials To.\ic 1.,vastes result from storm,,·ater runoff co111i11g fro111 la,,·11s ;:1nd golf 
courses treated "ith pesticides c1nd tenilizers Toxic wastes accumulate in sccli,nents. posing a risk 10 

bottom feeding organisms ancl their prcclatms To.,ic wastes bioaccumulate in tisl1 tissue and can ,ill fish 

and other aquatic organisms The reproductive rates :rnd lite spans at· list, ;ind other aquatic organisms arc 

af1ected Photosrnthcsis is hindered in aquatic plants Some 10,ic or,;ilnics ilrc carcinogens and create 

increased public health risk. 

Thcr111al Energy is a ri$e in water temperJturc due to tllrec: e\·c11ts thar occur together rirst, the 
urban landscaµe heJ!S up and in turn heats a11y n1:1oll' p;1ssi11g o,·cr it Scco11d. tc,,·cr trees are present 011 

the streambank 10 shade the strcilnl channel, adding 10 the wanning clfoc1 Third. l'Llnotr stored in shallow 

wet ponds and other impoundments is heated 111 bct"een s101111 c,c,11s. ;i11ci 1s then rclc;iscd in a rapid pulse. 

lollowing a storm (Scheulcr. I9S7) 
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An increase in temperature of onlv a fe" cegrees can reduce or eli111inate sensitive stream insects 
and fish species (i e. mayflies and trout) (Scheu lee. I 9S7) This is particularlv true ot· streams that 

alternate seasonally between cold and warm water In general, sustained surnmertime water te111peratures 

in e:,cess of21 degrees Celsius (70 degrees Fahre1heit) is considered to be stressti.il. if not lethal, to many 
cold water organisms (Scheuler, 1987) 

[ncreased stream temperatures reduce the vigor and growth ot'tish, and their resistance to disease. 

The dissolved oxygen decreases as stream tempecature increases .. -\s temperature increase the water 

supply is affected by increased corrosive action in drinking water pumps and equipme'lt. The water quality 

is decreased by the production ot' odors and objec,ionable taste, and the favorable conditions for bacterial 
growth. Recreation is affected by the pro111otion of eutrophication of lakes and rivers. increased algae and 
weed growth that creates a public health risk, reduces fishing activities, and boating activities; decreased 

aesthetic value; and reduction of tourism and property values. 

Chlorides or salts are a result ot' road salting to remove ice and snow. Chlorides run off roads, 

parking lots, and sidewalks, and now into surface water bodies and ground water supplies. Salt levels in 

snow melt runoff have been reported to exceed several thousand milligrams 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 111any freshwater aquatic organis111s_ which can tolerate only a certain level of 
salinity. [ncreased levels of salt in surface and ground waters affect the soil, which creates stress on plant 

respiration and reduces plant viability. Excessive salt in water supplies also reduces drinking water quality. 

Trash and Debris are floatable wastes that collect at imµasses in streams and lakes. disturbing 
water now and impairing the aesthetic quality of the environment This debris. fro111 street litter and 

careless disµosal practices, washes into water bodies both over land and through the stormwater drainage 
systems. An increase of trash a11d debris in water bodies lowers dissolved oxygen levels. which results in 

the release of other pollutants into the water column. 

I 1/1/96 12 \bmpldraf't-l doc 

1 

l 
1 

I 

I 

I 



Chapter 2 - Best i'danagement Pr:1ctices 

Best ;\lanauement Practices (B:vfPs) are techniques, often c:ite'-'.orized 2.s either structural or non-- -
structural, to control the quantity and quality of storm water runoff. Nonstructural practices are routines, 
procedures or land management planning strategies to prevent or reduce pollutants washed off by rainfall. 
In contrast, structural practices are treatment devices that reduce the amount of pollutants leaving a site by 
treating the runoff The following information is provided to brief municipalities on available technology 
Refer to "Literature Cited" for references that provide specific information on design, installation, and 
operation specifications The following are the basis for applying BMPs 

• To establish a baseline control to reduce pollutants in stormwater runoff, 

• To sufficiently reduce pollutant levels to eliminate or mitigate an existing water quality problem; 

• To avoid the creation of future problems where no problems currently exist. 

JJencfits of JJ1'vf Ps 

The community benetits in many ways when Bi\lP techniques are incorporated into the land development 
tools (comprehensive plan, subdivision and land develop111ent regulations, and zoning ordinances). When 
i111plemented with new development activities, B:vlPs will function to minimize the impact ofNPS pollution 
from the development. When installed as a IreaI111ent technique in existing developed areas, levels ofc'iPS 
pollution reaching receiving streams 111ay significantly be reduced. Each co111111unity may consider utilizing 
specific techniques or a combination of techniques 10 111a1ch the needs and llla:,i1num benetits to their 
community. It is important to understand that site specit-1c use ot· 8,\IP tecl111iques and land use tools are 
required for effective control of stormwater runoff 

Environntcntal l111provc111cnt 

• Qualitv and quantity of surfs re w"ter and groundwater are maintained ,111d i111proved. 

• Increased water habitats/ increase aquatic wildlite. 

• But1er zones, provide vegetative cover that enhances wildlife and vegetative diversity 

• Vegetative areas help to stabilize water temperatures. as well as provide tood, cover, and nesting sites 

for wildlife 

• Trees along strea,ns prev·ent channel erosion. absorb noise - reducing noise pollution, provide shade -
reducing stream temperatures a11ci moderate ~1ir temµcraturcs. and improve tl1e l;indscaping value of the 

site . 

. -\ cs t It ct i cs/Llll cl Va I u cs/Rec rc,1 ti o 11 

• Lands set aside for floodplains can double as playing fields, and hu11ti11g and lishin~ areas during dry 
periods 
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• Aerators, fountains or cascades installed in pends to increase dissol,·ed 0\vge11 can double as sce~,ic 
also provide aesthetic e11ha11ce111e11ts to otlice and industrial comple\es. residential com!llunities 

• Land ,·alues may increase when natural settin~s are provided or enhanced within the residemial areas ot· 
the community 

• Shopping areas are fllore appealing to the consumer ,vhen innovative B~IP techniques are utilized in 
the commercial areas ot· the com111unity. 

• When water front properties are provided through the use ofBMP basins, people are more likelv co 
move into the area increasing the tax base with property taxes. 

Educational Value 

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

• The community can learn how nature works 10 tah:e care of man-!llade pollutants. Developing tools to 
enhance the environment is a great way to teach co111munity residents about the environment and get 
them involved in com111unity development. 

• Learning about our watershed helps people to understand the need to protect water resources. 

• Government agencies can foster water stewardship by forming partnershi)Js with stakeholder groups to 
encourage ·,oluntary compliance with the co111111unity's water quality goals. 

• Implementation ot· Bivl Ps 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 \Vat er Quality l'roule111s 

• The use of BMPs can help to prevent the flooding ot· downstrca111 com111u11ities by managing the 
quantity, velocity, and direction ot· stor111water runoff. 

• 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

development storms are adequately managed "'ith BivlP technology. 

• The downstream community's water quality is maintain when upstream communities use BMPs. 

No11struct11ml /J,\IPs 

Nonstructural best ma11ageme11t practices prevent, reduce or eliminate pollutants bet·ore they are 
washed off a site by storm water runoff Nonstruc1ural £3,'vl l's" ill reduce pollutant loadings on their own 
and enhance the performance when used with structural £3,\Jl's The ability to reduce pollutants increases 
as BMPs are used together as a system. Public education and outreach in explaining these techniques and 
their benefits is important since they may involve changes to local government land use regulation and 
planning. 
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:\onstructural Bt\fPs include 

• Comprehensi,·e Planning 

• Subdivision/Land De,elopment Ordinances 

• Single Purpose Ordinances 

• Zoning Practices 

• Maintenance Practices 

• Pollution Prevention/Source Control 

Comprehensive Planning 

Land use planning in Pennsylvania is p,imarily a municipal and county government function. Local 

governments have the legal authority to develop comprehensive plans 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 nonpoi,11 source pollution Specitic 
practices are put in place through zoning laws that regulate development 

Subdivision/Lllld Development Ordi11a11ccs 

Storrmvater rnanagernent and water qualit1· pro,·isions rnay be introduced i,110 municipal subdi,·ision 

and land development ordinances providing specitic regulations 011 how rrnrch runoff is 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 language is provided in 

Chapter 3, Municipal Implementation of BMPs to amend an existing ordinance to include water quality 
provrsrons. 

Single Purpose Ordi11,111ccs 

• Storrnwater Ordinances outline the spccifrc r·equirements tor both the rnanagernent ot· runoff and 

the protection ot' water quality frorn acti,·ities that rnay all'cct storrmvatcr runoff. Similar to the 

requirements under a subdi,·ision and land dcvcloprncnt o,·dinance. they may include water quality 

requirements such as tl1c need for e,tenclcd detention 01· the !irst I lush l'r-0111 a rai11 evc11t ,111d 

conibi11i11g of G,\'I r 1ecl111iqucs Sarnplc ordi11a11ce language is pro,ic\ed i11 Chapter 3, t\'lunicip:il 
lrnpleme111:ition of G,\,ll's 

• Erosion and Sedimenta1io11 Re<.!ulatio11s provide tor water quality protcctio11 by minimizing 

sedime11t from entering streams and other water bodies The1· oi'tcn require contractors al 
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construction sites to post bonds to cover potential damages froil1 erosion. inspect and enforce the 

program • 1 

Zoning Practices • 1 
I 

The zoning process specifics the density and type ot· land use that can occur in a given area. , J 
Zoning is the working arm of a comprehensive plan that controls overall local development and considers 
water quality and other environmental goals along with a myriad of community concerns. Zoning 
ordinances apply only to uses that begin after the ordinance is enacted, and therefore affect 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 rnust provide adeouate drainage 

systems for their projects. Several types of zoning apply to water quality issues 

• Open Space (Cluster) Development (FIGURE 3) preserves the e.,isting topography and open 
green space by concentrating residential development on a limited ( and least sensitive) portion 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. 

11/1/96 

Preserving open space and the existing tree canopy minimizes impervious surfaces and the resulting 
runoff Also by following the land's natural contours. open space development may result in less 
earth disturbance as compared to traditional developil1ents 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 population density. 
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FIGURE 3- Open Space De,elop111ent 
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Open space development 111ini111izes the need to convert agricultural land to residential use. It also 

allows development to match actual site capacity Homeowners and the public can enjoy many of 

the amenities of rural living within a,1 urb?.n envirocment. Ope11 space development also helps 

maintain property values. one 01· zoning·s basic goals. 

• Planned Unit Developments (PUDs) pro,ide a mix ot'zoning classilications so that commercial. 

residential. and light industrial all occur "ithin the same developme111 PUDs blend varying uses to 

create an attractive, interrelated unit that µreserves both propeny values and aesthetics. A PUD's 

goal is to maintain density while maximizing open space Co111111u11ities may meet open space and 

recreation needs by ensuring that developers(" ho create the demand) providing lor these needs 

rather than burdening the comrrn111ity "ith the responsibility Tl1e ideal PUD locates residences and 

ot1ices within wal~ing dis1:111ce 01· each orlicr, reducing trallic 
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r\ PUD's main \Vclter (]uality bcnclit is la:~;;-scale urban ru11offrna11agc111c11t planning. Loca! 
governments control PUDs through ncgo,ic1tio11s between the developer, and the public review 
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authority PUDs 111ust rnai11tain ope11 sp2.ce to facilitate swrnmater drainage and ma,· require 

developers to provide special structures to ha11dle runoff 

• lnce11tive Zo11i11u is used to promote ope~ space developT11e111 It permits the developer to utilize 
higher density than normal in another area of development whiie maxi111iz111g open and/or public use 

of space or other amenities in a different location. 

• Downzonin° 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 waterways to 

provide a buffer area between industrial sites and the streambank or on a whole area surrounding a 

waterbody to reduce or prevent pollution. 

• Phase-in zoninu is used when present development is inco111patible with water quality goals, so that 

abrupt change would be too disruptive to the econo111y and the com111unity For exa111ple, a 
community T11ay close and decontaminate an industrial area that is advei-sely effecting a lake in the 

area, rather than allow the land to continue as an industrial area. 

FIGURE 4- Overlay Zoning 
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(1\lctropolitan \V;1slii11gton Count.:il or Gon:rnrrn.:nts, 199]) 

• Floatinu Zone is detined by 
characteristics rather than 

geographical location. The proposed 
use must be co111patible with the 

surrounding uses and conform to the 
zone's expressed purposes. For 

example, 111ulti-family dwellings that 
confor111 to specific code 

requirements regarding septic tanl-:s, 
grading, and open space preservation 

could be acceptable in an area zoned 
for single family dwellings. 

Alternatively, a floating 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 
1101 fall within tl1e area subject to 

floating zones or take adequate steps 
to protect water quality within the 

zone 

• Overlav Zonin« (f-lGURE -l) 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 e.xample, 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 corridor buffer ovd2.y zones provide special protection for water resources 

located within the existing zones, reducing the impact ot'uses on water and natural h.ibit,H. 

• Floodplain Zonin" is .in area where de,·e,opment is restricted, except for roads or other 
transportation facilities Building in the floodplains is considered unsat'e 

• Buffer zones around sensitive water resource areas can reduce the impact of storm water runoff 

Forested and grassed areas around water bodies can trap pollutants, encourage infiltration, and 

reduce erosion. Buf1'er zone regulations c2n be part ofa COllllllunity's and/or state's wetland 

protection laws, wellhead protection prograllls, and public surface drinking water programs. 
Benefits also include 

• 
• 

Reduces watershed imperviousness 

Provides for effective flood control 

• provides streambank protection 

• 
• 

improves habitat for wildlife 

increases property values 

• Setback requirements are discrete distances traditionally adlllinistered by boards of health and 

zoning boards to protect hulllan health needs. They can also be used to protect resource areas, 
ensure ecological integrity, and avoid concentration ot' flood flows 

• Conservation Easements are an alternate method to protect land around critical resource areas. 
Easements are an effective tool to use along with designated buffer zones and setbacks. 

Traditionally, easements are negotiated bet"·een individual landowners, conservation organizations, 

or governments and included as pan of the deed to the property These easelllents li111it users of all 
or portions of a property while leaving om1ership to current landowners. 

• Impervious Surface Reduction, can increase intiltration, which reduces pollution and flooding. 

Pollution frolll urban runoff increases when areas are covered with illlpervious 11\aterials that collect 
pollutants and then release them during rainstorms or snow melts illlpervious areas can be reduced 

by incorporating open spaces in urban are2s. protecting wetlands, and using alternatives to 

impervious surfaces, such as gravel or porous pave111ent (discussed under the structural BMPs 

section). An important goal for every community is to minimize illlpervious areas that are directly 

connected to stormwater system. The minimization will help reduce storm flow volumes and 

velocity, and witl1 proper implementation teclrniques, pollutant loadings. Zoning regulations can be 
used 10 ensure tl1at new dc,clopme111 incluJes ,·cgetated open space areas. 

:\lai11tena11ce Practices 

I 1/1196 

• Institute progra111s to remove accun1ul2:io11s ct'littcr and debris for example sponsor 
streamban, cleanup and street sweepir:~ 

• Institute environmentally protective ro2d lllaintenance practices r-or example, cover salt 

storage areas, avoid excessive aµplic2i1ici11 rotes. and consid~r !ow maintenance vegetation 
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instead ot· herbicide use Deicing s2lts used on roadways can adversely effect water resources. 
Stormwater management programs should specifv lo,v salt application or salt substitutes such 
as sand or magnesium chloride in es~ecia!!y scnsiri\·e 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 litter in water resources, and composting yard wastes (grass clippings and leaves). 
Also, household hazardous waste collection and proper disposal of wastes, such as used oil and 
antifreeze, ensure that these pollutanrs do not enter the stream. 

Poll11tio11 Prcve11tio11/So11rcc Controls 

• Exclude lnaporopriate Discharues to S1orn1warer Svstems: Encourage proper use and disposal of 
materials by homeowners. The contaminates addressed by this control activity include materials, 
such as fertilizers, pesticides and herbicides. oil and antifreeze, paints, and solvents. Specific 
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 fertilizers in developed areas are at an application rate of two or three times 
greater than that used for agriculture. This increases the likelihood that pollutants may enter the 
water resource area. Communities can lower 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 ot'the area along 
with pollution control. Specitic actions include educating about nonpoint source pollution, 
providing funds for research. strengthen and enforce existing regulatio11s, develop and implement 
community clean up days. and provide and maintain litter receptacles. 

• Control animal waste. r\nimal waste is a source of bacteria in stor1mvater runoff The level of 
bacteria can be lowered by reducing or eliminating waste let\ where it can be washed into 
stormwater runoff Regulations requiring collection and proper disposal of pet wastes from yards, 
parks, and roadways, and other developed areas can prevent this problem. 

Implementing the nonstructural Biv!Ps requires a strong commitment from local ot1icials and 
extensive planning and community cooperation. Community review boards must investigate development 
plans closely to determine the nonstructural Be.!Ps 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 B,'v!Ps can be used in conjunction with well­
planned structural BM['s Comprehensive stornl\\ater runoff control needs to include nonstructural Biv!Ps 
to be successful 
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Structuml !J111ps: 

The structural BMPs outlined in this re~on are a sampling or' current devices being utilized These 

devices have evolved fro111 single purpose stoc:;:·:.ater quantitv· control to ones e:,hibiting both quan:ity and 

quality benefits. 

Structural stormwater Biv!Ps fall under four categories 

• Vegetative Practices • Basins 
• Infiltration Practices • Water Quality Inlets/Treatment Devices 

The success or failure of BivlPs are tied 10 factors occurrinP vvitr;" three stages of its l"e: design - ~ ~ ' 
construction, and maintenance. For example, alt!:ough a structure may be designed correctly for volume 

comrol and water quality, it will still fail if the design is not adhered to during construction or ifit is not 

maintained as designed. Experience has shown that even small changes in the life stages of Bi'vlPs can lead 
to performance failure concerning the designed ;'unction. 

General information about the design, pollutant re111oval mechanis111s. and maintenance is described 
in this section. Although the physical site suitability of a BMP is an i111portant component. this report 

could not present details on this due to the complexity and specificity of physical site suitability. We 

recommend consulting references presented under Literature Cited for more information 

An important concept to rerne111ber is that Structural 81-.IPs are best utilized in co111binatio11 or in 
conjunction with nonstructural Bivlr-s. Since no single BMP is 100% effective in re111oving pollutants, the 

most effective water quality control for a site C:lll be acco111plished using B,\IPs together in a system. For 

example. a vegetativ·e Jilter strip 111ay be placed in front of a wet basin Structural B\I rs should be v·iewed 

as a means to reduce polluta11ts only and not a means of eliminating pollutants entirely FIGURE 5 

illustrates how various techniques can be integrated on a development site 
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FIGURE 5- I11tegr:1ti11g 13,\IP Techniques 
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Vegetative Practices 
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Vegetative 81-.'!Ps (flGUI{[ 6) are used primarily to reduce the velocitv ot·stormwater runoff 
thereby preventing erosion, promoting infiltration and settling 01· suspended solids. Less costly than other 
control practices, vegetative practices enhance the attractiveness and value 01· sites. Using vegetative 
controls to pre-treat runoff improves the operation and maintenance of other Bi'vlPs. 

Vegetati,·e practices may be effective in removing up to 50% ot"suspended solids during small 
storms. Vegetation practices also remove trace metals, organic material, and nutrients Removal rates are 
achieved by intiltration, settling, plant uptake, and microbial processes. These are important when 
combined with other B~1Ps in a system. The success 01· vegetative practices relies on proper construction 

and maintenance 

All of these practices rely on various forms ofvegetatio11 to enhance the pollutant removal, habitat value or 
appearance of a development site. While each practice by itse11· is not generally capable of entirely 
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comrolling the increased runoff and pollutant e,porc from a sire, they can improve the performance and 
amenirv value of other BMPs and are considered an integral part ot' ev·ery site plan 

F!Gl'RE 6- Vegetative 13:'IIPs 

(Sch11clcr, 1987) 

Typically, the costs for vegetative B:VIPs ai-c very small in rel.11ion 10 those incurred when constructing 
ponds and basins. ,-\!so. vegetative G,\IPs arc applicable during any stage ol'dcvclop111cn1 and in some 

instances. may be rc1roli11ed to imp,·ovc water quality in a degr.idcd arc•.i These practices ,nay last an 

indefinite period of time it'properlv designed, periodically molV'cd, and il'rcmoval ol'secliment deposits 

occurs from time to time. 

• Grassed Swales (FIGURE 7) ai-e a common vegetative practice used in many modern single family 

residential developments and highway medians A grassed swalc is a linear area ot· grass. The purpose 

of a grassed swale is to retard or impound concentrated runoff 10 induce infiltration, and decrease 

velocities. Grassed swales utilize chcc, da,11s 10 provide stormwater management for small design by 
infiltration anc'. tlow at1enua1ion (Ma,yland Water Resources Administration, 19S4). A BMT' train 

utilizes swales do\vnstream to 111eet stormwater management requirements. 
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FIGURE 7- Grassed Swale 
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\ lodeling efforts and tie Id 
studies indicate mixed 
results ot' grasses swales to 
Jilter out particulate 
pollutants under certain 
site conditions Trace 
metals can be leached from 
grassed swale culverts and 
nutrients leached from 
intensive lawn Certilization 
may actually increase the 
export ot' these pollutants 
Pollutant removal occurs 
by the filtering action of 
the grass, deposition in low 
velocity areas, or by 
infiltration into the subsoil. 

(Schueler, 1987) 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. 

Filter Strips (FIGUl~E 8) are similar in many respects to grassed swales, except that they only accept 

overland sheet flow Runoff 

FIGURE 8- Filter Strips 

(Schueler, 1987) 
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from an adjacent impervious 
area must be evenly distributed 
across the filter strips. Their 
purpose is to reduce the 
velocity of storm water runoff 

They remove sediments and 
pollutants by filtering, 
aosorption, 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 effectively bind the soil: 
graded to a unitorm, even and 
relatively low slope: and be at 
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least as long as the contributing runoff area 

c-lodeling studies indicate that filter strips can remo,·e a high perce:i,age ot·paniculate pollurants. Filter 
strips are relatively ine.~pensive 10 establish 2.11d cost almost nothing if 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 Forestrv involves preserving trees during construction, planting them after site clearance, or 
allowing landscaping by homeowners after the site is fully developed Careful landscape design can 

provide as much as 50% ofa residential lot to be converted into an attractive natural setting of trees, 
shrubs and ground covers. The runoff 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 high environmental amenity. 

Urban forestry removes pollutants through plant uptake and storage, reducing the volume of storm 

runoff (and associated pollutants) delivered from the site and preventing soil erosion. When planted 

along 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 elernent in the design of stormwater basins. The variety of plant species 

used to stabilize a basin has a profound influence on the basin's remo,·al performance, appearance, 

habitat value, and maintenance requirements. Landscaping around a basin reduces the amount of 

impervious surface area. provides an attracti,·e, green buffer along stream banks, and protects and 

enhances the use of existing wetlands. Proper landscaping can route storrmvater runoff through green 
areas and away from erosion prone steep slopes and other areas 

• Bioretention (FIG UR[ 9) facilities are designed 10 be used in urban and suburban areas as of1~line 

systems (locate away from a water body or svstern) 10 treat the first tlush of· runoff The facility is a 

combination of three types of Ireat111cnI processes· filtration. infiltration, and plant uptake - designed 

into one system. Vegetation selected lor 8ioretention will assimilate pollutants, survive in harsh 
conditions. and tolerate fluctuating water le,·els and soil moisture conditions 

• Riµari,rn Buffers are areas (buffers. zones. and corridors) located imrnediately adjacent to water 

resources. Riparian zones contribute 10 the integrity of a resource area bv influencing the quality ot· the 

water and habitat as well as the antourll of"ater and energy entering the svstern. As such, they are a 

multi-purpose practice for watershed I11anagcrneI11 rro111 a water quality perspective, they are effective 

as treatment devises 10 be incorporated into the o,·er?.1I managernc,11 svstcrn. ln1plcrnentation of 

riparian areas occurs through several 111e1hods including site pla1111i11g. enhancemcrll 01· an existing area, 
or restoration 01· a disturbed area 
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FIGURE 9- Bioretention 

R>J~l='"Al.L 

......... . . . . . . . 

.... - ... . . . . . . . 
•·.• -···. •· •· - .. 

. ,:::Uff iIGtnlrt:·-:· -
·:·i::~--·-~~~~~-~-.::::· 
: : : i: :.(::< ;; 
_/ 

TI.,JRF" CRASS 

CROUNO 

L •~-s,ru ._..,.,TCR•Al. 

(Pri1H.:c George's Count.,. 1\I D) 

l!V- 0-~ANSP•l'l,.,,..1"10,-. 

I 
I I I 

I 
810 ... eTll!' ..... Tw,N 

--.eA 

-:Z--.:-::---~- . --~-

·-

- - ---.,.._..,.,.. -- -- - - - -- - - - - -
=='.'" 

- - -------- - -- - - -

~-~. - ,: ~--~~f ~ ~ 
·-::T"~ -~ - - - - - - - -

• - - - - - - - -
• - ' 

' -
TURF" CRASS 

PONQfNC A""'ICA 

~-- ""LA~T1NC S0•L 

LJ:::::
1
=: __ ;1;;:;:,~/~,~-=====.=.~~f\t;;-- ••~o eco 

T T T .,..,.,.._.,.~,...,T\0,-.1 

Riparian areas along streambanks can stabilize soil, cool water. and benetit many torms of aquatic life 
Pollutant removal includes suspended solids. phosphorus. nitrates, trace metals. litter, pesticides, and 
hydrocarbons. The prima1)' removal mechanisms are filtering and attenuation. 

Infiltration Practices 

lnfil1ra1ion practices remove pollutants from stormwater runoff Specific types of infiltration BiVIPs 
include infiltration trenches. intiltration basins, and porous pavement. It is imponant to note that the 
concept of intiltration practices. although accepted. have variable eff,cie,·cy and longevity. Careful 
planning and consideration need 10 precede imple:11enta1ion of"inliltration practices. lnI·i11ration practices 
that are poorly planned and installed have failed completely. 
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The inftltratio11 and adsorption mech211is-:1s trap many polluta11ts - particularly suspe11ded solids, 

bacteria, heavy metals. a11d phosphorous - in the upper soil layers and pre,ents them from reaching the 
water table. 

• Infiltration Trenches (FIGURE JO) are an adaptable B;1,·fP that effecti,ely removes both soluble and 

particulate pollutants . .-\s "ith other intiltration systems, trenches are not intended to trap coarse 

sediments. Grass buffers, or special inlets, installation is to capture sediment before it enters the trench 

Depending 011 the degree ot· water storage achieved, trenches can provide groundwater recharge, low 
flow augmentation, and localized streamba11K erosion control. 

FIGURE 10- l11filtratio11 Trench 

Emergency Overflow Berm 

(Schueler·, t9S7) 
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Individual tre11cl1es a,·e p11111arrly all 011 site COlltrol, and are seldo,11 practical or ccono,nical on sites 

larger than 5 or IO acres Trencl1es arc ollly 1·easiblc whell soils a, c permeable and the water table and 

bedrock are situated "ell belO\,. the botto,11 at· the trench Besides regular i11spcctions and more 

rigorous sediment and erosion co11trol, trenches have limited rout111e mailltena11ce re~uireme11ts 

However, trenches will prematurely clog ii' sedime11t gets into the trench before, duri11g, and a tier 

construction of a site I 1· a trench docs become severely clogged. partial or complete replace1nc11t of 
the structure may be required 

lnftltratio11 trenches preserve the natural groc:11dwatcr recharge capabilities of the site, are relatively 

easy to fit into the margins, perimeters and o:he,· anllualizcd areas of a developme,11 site. They are one 

of the few G~IPs that provide pollutant rernc,al Oil small sites or i11t,II developments 

I I/ I /96 27 \brnp\draftc doc 



Infiltration trenches include practical difficulties in keeping sediment out of the structure during site 
construction (particularly it-development occurs in phases) and the need for careful construction of the 
trench and regular maimenance thereafter There is also a possible risk of groundwater contamination 

• Infiltration Basins {FIGURE 11) have the potential to effectively remove both soluble and fine 
particulate pollutants from in urban runoff Coarse grained pollutams should generally be removed 
before they enter a basin. Unfortunately, these basins are notoriously short lived. Studies have shown 
that few basins surveyed were capable ofintiltrating runoff after five years and otien 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 relativelv large drainage areas. up to 50 
acres. Depending on the degree of water storage achieved in the basin. signiticant 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 (discussed later in the basin section) Infiltration 
basins do need to be inspected regularly to check for standing water. 

FIGURE 11- Infiltration Ilasin 
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FIGL:RE 12- Porous Pn,cmcnt • 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, 

Side V,ew 

although it can accept runoff 

from rooftop storage or 

adjacent conventionally paved 

areas. Porous pavement is 

only feasible on sites with 

gentle slopes, permeable soils, 

and relatively deeµ water cable 
and bedrock levels. 

The major drawback 
associated with porous Schueler, 1987 

pavement is that if it becomes 
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clogged it is difficult and costly to restore. The risk of premature clogging of porous pavement is 

fairly high, and can be prevented only if sediment is kept off the p?.ve111ent before, during and afcer 

construction. 

I3nsin Prncticcs 

basin practices contro, storn1watcr by retaining runoff and slo11·ly releasing it to surface waters. 

Basin practices rely heavily on settling ofpaniculate for pollutant removal. Regular maintenance of these 
facilities is critical. but cost is low Basin practices include detention ponds, e.~tended detention ponds, wee 

basins. and consti-ucted wetlands. 

• Detention Ponds temporarily store excess runoff from a site and slowly release it to the surface's 

natural drainage system A detention basin !12.s no permanent water pool and is considered a dry basin 

except during periods ofstor111water runoff It provides settle111e111 ofpaniculate pollutants 

• Extended Detention Basins {f'!GllRF. 13) or dual purpose ponds extend the detention time of dry or 

wet ponds It is an effective. low cost I11e2.Ps of removing particul:ite pollutilnts and controlling 

increases in downstream bank erosion However, e.,tended detelliion only slightly reduces le,·els of 

soluble phosphorus and nitrogen found in urban runoff Removal of these pollutants can be enh2nced if 

the normally inundated area ot· the pond is rn:rnaged as il shallow n1:irsh or a permanent pool 
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FIGURE 13- E.xtcndcd Dctc111io11 Gnsin 
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Extended de1e11tio11 µ011ds are effective in controlli11g post development discharge rates to the desired 

pre-developme11t levels for the design storm specified. The optimum level of nood co11trol is achieved 

when multiple desig11 storms are co11trolled. Rece11t modeli11g analyses suggest that control of both the 

2 and IO year design storms may be sul1icier1i 10 adequately control the e11tire range of expected nood 

frequencies (Schueler, I 9S7). Extended detention µ011ds are also capable of managing smaller floods 

that contribute to channel erosion problems occurring more frequently tha11 the 011e or two year flood. 

The desired downstream reductio11 in peak discharge associated with the two year flood may not be 

achieved in watersheds if the ponds are randomly sighted. due to the location and timing of individual 
releases (Schueler, 19S7). Ge11erally, watershed ,iming problems are not a concern during smaller, 

more frequent storms because of the low discharge rates of e.,tended detention ponds. 

Traditionally, dete111ion ponds have reduced the extent of do\\'nstrcam channel erosion. Research has 

demonstrated that bank-full discharges co11trol the shape and form of natural channels. i'vlany local 

governments have subsequently adopted storrn\\'ater management policies that require the post­

development peak discharge for the two yeu s,orm be co11trolled to µre-development levels. However, 

keepi11g the post-develop111e11t two year desig11 s,orm within the strcarnbanks are 11ormally i11suflicient 
i11 preventi11g downstream ba11k erosion, because ,he two year llood is itselt· an erosion condition 
mechanism. 
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Ex,ended detention ponds have moderate to high routine 111ai111enance re~uiremems. 2nd the e,·encual 
need for sedimerH removal They are applied in most new de,·elop111ent sites, and is 2n anracti,·e 
option when retrofitting dry ponds in older urbanized areas 

• We, Basins (FIGURE 1-1) or retention ponds are eanhen embank111ents or e.,cavated ponds tha, 

concain a permanern pool and tcmpornrily stores excess runoff The e.,cess stormwater is then 

released to an existing stream channel at a rate that is no greater then the peak pre-developmenc 

discharge rate. The existing stream system will not experience a greater flooding then would ha·ce 

occurred before development took place. However. longer duration flows may cause some stream 

degradation. Retention basins generally do not decrease the volume of runoft'. but do decrease the rate 

of runoff Excess runoff is discharged through an outlet or emergency spillway. The main purpose is 
the retention ofstormwater runoff and for the settlement ofpaniculate pollutants 

FIGURE 1-1- Wet Pond 

(Planted as Marsh) 
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Wet ponds are capable ot· removing a high rate 01· sediment, BOD. or·g,,nic ·1uIrirnts and trace metals 

Wet ponds are most cost-effective in larger. mor·e in1e,1siveh' developed sites (Schueler, I 9S7) They 

have the potential to provide a great deal 01· storage volume 10 cormol llood waters and attenuate peak 
flows if enough space exists to accom111oda1e a lar-ger pond 

1 I/ 1 /96 31 \bmp\dr;ili-1 doc 



Impacts can include higher property ,·alues due 10 aesthetics. and recreation. Other impacts can 
include upstream and downstream habi1a1 degrada1ion. poielllial safety hazards. nuisance problems like 
odor, algae and debris; and the e,·entual need for sediment relllO\'al or maintenance cost 

\Vet basins should not be contused witl1 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 intiltration or permeability cannot be implemented. 

• Constructed Wetlands, or created or artificial wetlands. artiticial marshes. and artificial wetland 
systems. (FIGURE 15) can treat stormwater runoff effectively by combining the pollutant removal 
capabilities of structural stormwater controls with the llood storage provided by natural wetlands 
Careful design, the choice of vegetation. and potential pre-treatment requirements are crucial to this 
systems effectiveness 

FIGURE 15- Constructed Wetland 
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(i\lct. \V:tsh. Council of Gon:r11111c111.s, 1992) 

A constructed wetland consists of a properly designed basin that contains water. a substrate, and, most 

commonly, vascular plants. Hydrology is the most important design factor in constructed wetlands. 
Hydrology links all of the functions in a wetland and it is otten the primary factor in the success or 
failure of a constructed wetland. Substrates used to construct wetlands include soil. sand, gravel, rock, 
and organic materials such as compost. Both ,·ascular plants and 11on-vascular plants are important in 
constructed wetlands. A fundamental characterist;c of wetlands is that their functions are largely 
regulated by microorganisms and their metabolism. The microbial biomass is a major sink for organic 
carbon and many nutrients. Invertebrate animals, such as insects and worms contribute to the 

I I /1/96 \bmp\d ra ft-1.doc 

1 

l 
I 

I 
j 



treatment process. Constructed wetlands 2lso attract a variety of amphibians. tunles. birds, and 
mammals that enhance its aesthetic ,·alue. 

Constn.,cted wetlands can remo,·e suspended solids. nutrients. oil and grease. bacteria, and trace 
metals. The wetland's system pollutant removal mechanisms are settling, and plane uptake. The 

mechanisms that are available to improve water quality are numerous and often interrelated. These 
mechanisms include: 

• settling of suspended paniculate matter 

• filtration and chemical precipitation through chemical translormation, adsorption and ion 
exchange 

• breakdown and transformation of pollutants 

• uptake and transformation of nutrients 

• predation and natural die-off of pathogens 

The treatment ofstormwater 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 technology. Constructed wetlands for water treatment are complex, integrated 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 materials 

• habitat for fish and wildlife 

• passive recreation. such as bird watching 

• active recreation, such as huming 
• education and research 

• aesthetics and landscape enhancement 

Constructed wetland systems can combine "·ith conve11tional trcatI11en1 technologies. Species diversity 

increases as ecosystems 111ature. It is generally assumed that decomposition ot·conta111inants in 
sediments and litter are long-term sinb for contaminants. 

\Yater Quality Inlets 

• Oil and grit separators {FIG ll RE 16) arc designed 10 remo,·e sediment and hydrocarbon loadings 

from parking lot runoff in a three stage underground retention system. before they arc conveyed to the 

storm drain network or to an inliltration 8\11'. Separators grnerally serve parking lots of one acre or 
less in size. and arc particularly appropriate for sites that are e.,pected to receive a great deal of 

automobile trafric or petroleum inputs (i e. gas st;itions. roads. loading areas) Routine maintcn;ince 

costs are high since the inlets must be cleaned out at least t\\ice a year to permanently dispose 01· 
trapped pollutants and to ensure proper inlet ll111ction 
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FIGuRE 16- \\ ,11cr Qualit, lulct 
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Concrete 
Construction 

Permanent Pool 
400 Cubic Feet 
of Storage Per 
Contributing 
Acre, 4 Feet 
Deep 

(Shuclcr, 19H7) 

n 
Trash Rack Pr_otects j 1

1 Two 6 Inch Onf,ces , 
I' 

First Chamber 
(Sedimenl Trapping) 

Second Chamber 
(Oil Separa1ion) 

Third Chamber 

Separators are compatible with the stor111 draill network. easy to access alld capable of pre-treating 
runoff before it enters all inliltration Bi\lP \\'ater quality inlets are capable ofremovillg coarse-grained 
sedimelltS, litter, alld ltvdrncarbons The primary re111oval 111echanis111s are settling, and separation. 

Limited informatioll e.,ists on the el1iciency 01· these structures. Results gellerally depend on the 

volume of water detailled perni;rnentlv, the velocity 01· llow, alld the desigll of the tallk. Well­
maintained separators are cauable 01· re,noving up 10 25% suspellded solids, 75% oil alld grease, and 

25<% trace metals 

These separators are relatively s111all, so they call be placed throughout a draillage sysIe111 to capture 
coarse sediments. lloatillg wastes. alld ;iccidental or illegal spills of hazardous wastes alld thus reduce 
maintenance of intiltration s,·sIe111s or detentioll basins. Separators can be adapted to all regions. 

' 1 

1 
I 

! 
• Sand Filters (flGlJl~E I/) pre-treat stornm:iter runoff before it enters another stormwater structure. . l 

They are suitabk lor s111all sites in highly i111pervious areas and retroI·,t into existing urban areas. 

Erosion COlltrol devices lleed to be ill place, due to clogging 

Sand filter design is maillly to ellhallce ,vater quality. However, sand filters are used to control first 

nush water qualltity in smaller drainage areas First !lush examples illclude densely developed 

downtown areas, gas stations, commercial alld industrial sites, alld pad;ing lots 

The removal e11iciellcy for salld tilters is relati,ely high for some pollutants, while variable and in some 

cases a net exporter of others This overall vuiability suggest< that the sand tilter should be used as 
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part of a treatment system 10 achieve rna.,imum pollutant removal efriciently. Sand filters have a,·erage 

removal rates for suspended solids, nitrogen. dissolved phosphorus. tecal coliform, and trace me1als. 

Sand filters to date suggest that the nitritica,ion process occurs in the system, producing a net export ot' 
nitrates. 

FIGURE 17- Sand Filter 

(Amini, Truon~ & Chan:,!) 

OUTF'LOrl TO 
STC(lr~'W ~=F! 

ivlost of the maintenance requires manual labor. such as raking. disposal of contaminated sand, and 

trash. debris. and leaf litter re,noval The design should acco111111oda1e appropriate access for 

maintenance to occur. The removed contaminants can be land tilled 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 inspections should 1ake place. 

Sand filters are adaptable to rnost de,·elop111e111 si1es and have few constraining factors They can be 

used in areas ol·poor soil infil1r;i1ion or ,,here groundwater concerns restrict the use ofinliltration 
techniques 

• .-\dvanced Treatment Devices ;i1e recenI in110,a1ions that have evolved ti-0111 earlier water quality inlet 

technologies Two major varia1ions oi' tl1ese cic1·ices e,ist which separate out and 1·e1ain pollutant laden 

sediment and grit. noatablcs and oils by either passing !low througl1 batllcs with pollutants collecting 

into a lower storage compart111e11i or by passi11g !low in a vortex-like path with pollutants collec1d in 

a circular grit chamber. ;\sin water quali1y i11lets. periodic cleani11g is required usually by vacuurn 

through manholes. It has reported by the manufocturers that these devices provide significant 
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improvements in et1iciency in trapping pollutants and maintenance as compared to older oil/grit 
separators and other water quality inlet designs Other reported benetits include wider ranges of 
applications and tle.,ibility in locations. 
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Chapter 3 - i\Iunicipal Implementation of B:'>!Ps 

!1_,1rod11c1io11 

This chapter provides ideas on how the B'vlPs presented in Chapter 2 can be implemented for new 
land development activities through ordinances and regulations. Sample ordinance provisions to amend 
e.,isting municipal ordinances are provided along with two sample development layouts incorporating 
BivlPs for a residential and commercial application 

!n1plcmcnu11io11 tlzro11glz Ortli111111ccs 

Stand-alone ordinances 

The development of :1 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 regulations. 

Amendment of existing ordinances 

Municipalities with co111prel1ensive stormwater ordinances or good subdivision and land 
development ordinances with storrmvater management provisions may opt to amend them to include water 

quality, BldP provisions Suggested provisions would include: I) 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. 

S;unplr or ;111 •·:1mc11di11g ordi11:111c('" amending a11 ('.\is1i11g ordi11a11cr 

(Incorporating bv Reference) 

An Ordi11:111cL' :11111:ndin~ lmunicip:d n:1mL'] Ordin:mn .. • No. ___ kno11n a, the j11:11111: uf nrdi11:1ncc). in urJL'r 
to rL·fcn:ni:L' :111J ini.:Jud1.: 11at1:r q11:dity n:q11in.:1111.·11h. 

\YHE REAS, lho..:: (11,1111...: oi' 1nu11ic1p.il ~01·0..::rni!I~ bo;.I\ j 11.1:; r...:,;011111i,..:11d,:d li> ;1111t.:ml )111u111c1p:il 11;11ni.:! Ord111:1m.:o..:: No. __ _ 
~llO\\l\ ;is tho..: [ nam...: oi' ord 1n:111i..:c J 111 ord...:1 lo 111cl udc :111J r,:!~·rc:1i..:...: \\ ;1kr qu:il i 1 :· r..:qu1 r c111...:11t-;. :11,d 

\\'HER E,\S. the I 1uu111c I p:d 11:11111 . .: I I >1;11111m~ C rnn1111 :-~1\l1t :il°kr p11hl it..: h1.:;1n 11:,: ,11id dl1,: rail i,._.,_.. li:1s r .. x01111n...:mkd ! li:11 [ n;1:::...: 01· 
11H11t1i..:qxilit:·] OrJ111;111C...: No __ be ;1mcmkd :1:-i -...:t t(1r1'1 !:.:;..:in. c111d 
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\VHEREAS. ;1!'l..::r du..:: ;111d \!jlJ<.:I:, 1H1l1c..:: ~1, pub!ic::t;t;n _ ,:s rs.:qu1r..::J tn b11. publ11..: l:s.:.1rrng u1 10n the purpos..::J :unL:1J;:::.'::t 
ma~i11g th,.; ch.111g...: as set forth h,.;r,.;:11 

i','OW, THEREFORE, BE IT ORD...\L\:ED .-1.:\"0 E.\"ACTEO. h_1· Ill..: fn,1111,.; o(mu111cip;d go1..:rni11g boJ~·I ot"[11n111iciµ.JI r..'.1111..::I. 
____ County. Pt.::1\n:;;:,h·:ini:1. 1!i:1l fi11u111cip;tl n;i1n..:J OrJ;;:~:1i.:i.: :--.:1i. ___ . k1Hn1:1 :1:-i th,.: 111:1111,.; u(orJ1n:rn.:,.;j, b..:: anJ th,.; s.1m~ ;;l!:-..::b:, 
ami;::1J,.;d as t'ollo11s· 

A. Design sto11111,·;1l .r J,.;t,.:ntion / n.:tcntirn1 hasrns so lhat th,.; outkt oi"th,.; b;1sin SHALL. in ;1Jditio11 to :in~- other 
s1onrn1;1tcr r..:quin..:t1h..:11ts 1111po:--,.;d b:,· th,.; 1tH11ucip,d :;to111111:!lcr r..:gul:11i011:;_ Ji:-;di;1rgc th..:: runoff from th..:: I ~-~ar, 2-1 
hour stonn 01·,.:r :1 p..:rwJ 01· 2---lours 

!3 As ;m ,il1<..::i1:1lr\",.: lo Lh,.: r..:quir...:111..::nls oi" :-uh...:1..·11D11 .'\ _ tll...: 11:11..::r qu:d11~- oh_1,.:cti1·,.;s 1\\..\ Yb..:: .1i.:h1,.;\"ed through :i 

rn111li1n:it1011 oi"Bi\ll'·s 11KlwJ1ng. hut 11ot l11111t..:t! tu. 111lil1r:111rn1 _,1n11,;1ur..::s. J...:1...:nlirn1 / r...:t...:11tiu11 basins, veg...:'. .. t1011 !:'.:..:r 
strips :111J bun;.;rs or ,111~ crnnhi11atio11 ot"!3\1ir:i !1:-.ll.:J i111\ppi..:11J1'\ A Th...: crn11bi11ation of UtvU>'s shall b..: J...:sig:!1-!d 
.iccDrJ111g lo th,.: r..::quir...:1:1...:nts 11:st,.:J l111J...:~ U~IP S..:l...:i.:tirn1 Crit...:ria a11d 111 co11sult;il11111 11ith th...: Munii..:ip,d Eng:n..:::.:~ 

C. 111 J1,.;u ot" A n11J fl. :!1101·,.;, lhi..: l:111d d...:l",.;!up,.:r MAY sub1rnt 1n11u\·;1ti\"..:: J1.:s1g11s to th...: Munlt.:iµal E11gi11..:...:r for rc\·1~11· 
.inJ :1ppro1·al prior lo i111pkm...:11t:itio11 

Section . Bi\JP Sdcction Criteria. 

A. In sd..:cting th...: upprnpri;1t,.; !liv!P" s or co111bi11:1tio11s 111..::r..::oi". lh..: l:111J U..:\·,.;lup,.:r SHALL cunsiLkr the following. 

loL,il cu11lrihuti11g ar...:a 

P...:1111...:ahdit~ anJ i11lillr:1Lio11 ral...: ut"th..:: Sile soils 
Slop..: ,111d J..::plh to b...:Jruck 
S..:.ison,d high 1,:11..::r t;1hl...: 

l1ro.,i111it.\· to building. Jl1u11J:11iun:- ;111J ,1..::11111.:;ids 
• 1-:rodihilit,· of soils 

[.;111J al"ail;1hdH~ anJ conlig.ur:1llu11 uf th...: lopog.r,1pll~ 

11 ·111...: fol lo\\ i11g add it irn1;1I li.1clors SI i OU LO ~ con:-id...:r..::d 11 hi..:n ...:l"alu:1li11g. 111,.; suitahi I 11 y oi" lh..:: 11M!>· s us,.:J lo control 
w;1t..:r qu:dit~· al a g.i,·...:11 J..::,·..::lopm...:nt site: 

l'...::1h: Jisch;1rg....: :111d r...:~1uir..::d \"11!u111,.; -.:ontrol 
Th1..: ,olu111,.: Pl° ru1101f th:11 ,, di Ix: elkct1,·...:I~ lr..:;11..::J 

Ellit.:i..:11c~- ot" !ht..: llMP"s lo mitigate pot<.:nti:il \\';1l...:r qtwliL~ pruhk111s 
Th,.; 11:l!ur,.; o( Ill...: po!lut;111t b...:i11g ri..:mm·cJ 

:vl:1i111...:n:111i.:,.: r,.;quir..::1111.:11ts 

Frosion o( r..::c..::i1·i11g slr..::;1ms ;mJ 1,;1!<.:rcourses 

Cr...:alion / prokction ot";1qu:1tic ;111J \\i[Jlif..: h;1bi1:i1 
!{..::cr..:::itirn1:d v;ilu...: 

1:11l1:11\l..:...:111i.:11t 01";1,.:stli..::ti-.: ;111J pru1"k.:rty ,·:1lu..:: 

BE IT L'<ACTED A.,o ORDAl,,ED, tliis 
Name or' 1nu11icip;d gtn...:rnu1g body I 

[n:1111...: anJ ltlkj 
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I hcrl!b~· i..:ertil'y that th<.! tOr...:going OrJi 11;1;1c.: \\·;1s ,1J\·...:rt 1:-...:J 1n th...: [ narn...: u!' 11...:\\·sp.ip...:r! Oil (<fol..:]. ,1 11._:\\·;,;p,1;1...:r n( gi..:11...:r;11 circulation i 11 th..: 
m~mii..:iµa l ity .ind \\·as July ...:11:1i..:t...:J :111J :1ppro\·...:d ;i.--; :-...:l l{)rth al ,1 regular 111...:...:ting 11( !Ii..: [ 11:1111...: ut' 1nt!!tii..:i 1i:1J g_(w...:n1i11g bod~· j hr.!l<l 011 ( <l:ite I 

(nmnc:], s~cretary 

11/1/96 

Exnmple Onli11n11ce Provisions (Direct :1me11d111e11t into n11 Ord inn nee) 
(ARTICLE OR CHAPTER 11.,SERT NU,\IBERll WATER OUALITY 

Sccliun __ Arrlic:1hili[y. 

[n ;1d<lilion to tli...: p...:r!"on11a11ci..: s1:111d,mls ,mJ J...:sign i..:rit...:ri;1 r...:quir...:111...:11t:, o( /\rtid...: HI 01· this OrJinani..:...:, llil.! lanJ 
<kv...:lopi..:r SHALL i111pkmi..:nl th...: [{il!oniug \\·;1!1.:r quali1~- r...:quiri..:mi..:nts n(this 1\nii..:k lmkss otlit.:n\·is...: ...::-..:...:mpl...:d by 
the pro\'isions o!' this Ord inane..:. 

Scciion __ . \V:1Ccr Quality Rcquin.:mcnb. 

In :iJJitio11 to th..: \\iJl<.:r qu:1111i1y r...:quir...:1n...:11t.-; oi"thi:-: orJi11:1ni..:...:, 111...: l;111J J...:\·dop...:r SHALL; 

A l)...:si~11 storn1H.1!...:r d...:ti..:ntion / r...:1i.:11tio11 h~1si11s so Lh;1t th..: 1111tkl ot.lh...: hasi11 SHALL, in a<lJi11m1 lo .111y 
oth...:r sto111l\\;!l...:r r...:quir...:1n...:nts i111po.,..:d h~ th...: nH111it:ipa! s\11111111:ii..:r r...:gul;1tio11:-. disd1;1rg...: th..: ru11u1r fro 1u 
th..: I y...:;1r. 1---1 hour stonn m-...:r :1 p...:rioJ oi" 2---1 hours 

11 ;\_..; an a!t...:111,1ti1·...: !o tli...: r,.:q111r...:m...:11ts oi" :-uh:-,.:c11011 1\, 111...: \\;11..:1 quail!~ ob_i...:t.:!1\·...:., ,\1,\ \' h,.; ;1ch1..:1·..:d thruugh 
;i i..:rnnl1111;1t1011 o( I L\•!11·s 111i..:ludi11~. hul 11ot !11nit...:J to. m1·i11r;1\1t111 .,tnu;1ur...:s. r...:t,..•1111011 / ri.:t...:11tio11 h;1sins. 
\·..:;i..:t:llion 1il1...:r strips ;111d bu!l:.:r., or :111~· comh111:1l1u11 (11· 1 L\!1 1

• s li:-t..:d 111 J\pp...:11di, t\. Th...: i..:0111bi11;1tion of 
13Ml''s shall b...: J...:sig11...:d at:t:ording !o thi..: r..:quir...:111...:nh li:-t...:d umkr 11~!1' S...:l...:l1io11 Cr11...:ria ;ind in 
t.:0nsul1.i1ion with lll...: /\.lunii..:ip;d l:ugini.:...:r. 

C. 111 li...:u ol° J\_ ;1m! 11. ;1h{w...:. tli..: l:111d di..:v..:lop...:r ,\1,\ \' submit i111Hn;1l1\·,.; d...:signs to th..: Munii..:ip;d f:ngl 11...:..:r for 
r..:\"i<.:\1· ,111d ;1pprcn·;il prior to i111pk!n...:111:1tio11. 

Scc1ion __ 8,\1P Sdcccion Cri1L·ri:1. 

Tot;d i..:m1tnhuti11g ,1ri.:a 

!)...:rn1...:;1hd11, ;111J 1nl'iltr:1t1n11 r;Jt...: ui"tl:...: sit..: ~oil_-.. 

Slup,.: :1llll d...:plh to h...:dtod, 

S...::1~011:il high \\·;11...:r t;1hl...: 

Pru,i1ni1~· lo building li1umb1ions :ind w,.:!l lii.::1ds 

l.·:rud1hd1l~- o( ~oils 

l . .i11d ;i1·;11L1hil1t_\- ;111d i.:0111ig.ur;it1011 orill..: (l))lO:;r:1pll: 

n Th...: l(il!onin~ :1dditioi1:d l'.1..:tor~ SHOULD h...: i.:onsid,:r...:d \\11..:11 ...:\·:ilu:1t111g. Ill..: :-uic1hilit:,· ot'lh...: B;.,_1p·:-; us...:J 
lo Clllllrnl \\c1l,..·1· qu,illl\ ;11 ;1 ~I\Cil d..:\i.:lop111i.:11l ..;it..: 

[)...::1~ di.-.....:ll;1r~1.: ;111d ri.:qu1r,.;d \Olu111...: i.:oi1lrnl 

Thi.: rn!u111...: o(n111nl1"lli:1t 1.1111 hi..: ...:1f...:i.:t11·...:h tr...:;1t,:d 

Uliui..:nt.:_\ 01· tli...: I :Mii· s lP 1n111~;1ti.: pol...:1ll1:d 1, :11<..T uu:il1l\ pr(lhk111s 
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Public Education 

lh.: \(llum,.: n1·ru1H111":!:::: \\ill ho.: ,.:((,.:i...:lt\,.:h lrc:11,.:J 

Th...: 1t:1lur<.: ul.li!<.: pl>llu'.::1:t h...::11g r..:111u1..:d 

Fr(hto11 (11· r...:i..:...:i 1·i11g sloc.::n11s ;111d 11 :it<.:n;<ll!! :-:._·:-,: 

C,..::1l1011 / pn1t1.:i..:t1tm ui" ::q'.1;1tii..: ;md 11 ilJlii",.: ll:1h1t:11 
!{ci..:rc:1tional 1·,i!uc 

l'.nh:11Kcmcn1 01·,10..:stllL·:ii..: ,ind prup._•n~ 1·,ilu..: 

Public education and citizen participation is an i111portant pan of a overall co111111unity program 
regarding water quality management. Many people are not aware of the i111pacts ofnonpoint source 
pollution and how it affects their community. Education of citizens and political representatives will not 
only heighten awareness about pollution problems and their prevention, but also help broaden support for 
other stormwater a11d nonpoint source pollution management strategies 

Education efforts would include: public 111eetings and presentations: program materials such as 
newsletter, fact sheets, brochures, and posters; homeowner education programs; press releases; 
coordination with interest groups and community events and de111onstration projects. 

1 

Citizen participation may include providing input, collecting data and identitying problem areas all 
of which may help avert potential water quality proble111s and building overall support for re111edial action . J 
to improve conditions. 

Selection of JJM Ps 

An i111portant consideration is the selection ofa Bi'vlP or combination of Bi'vlPs for a particular site. 
i'vlunicipal regulations may require a specitic BMP application, such as an extended detention pond as a 
minimum criteria or may allow a combination of B,'v!Ps. Achieving the goal of minimal i111pact by a 
development is not necessarily achieved through the application ofa single Bi'vlP as a "treatment", bu: 
through thoughtful layout ofa development. Utilization of non-structural techniques such as impervious 
surface minimization and clustering of units along with techniques such as buffers, grassed swales, pervious j 
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 Bi'v!P or 
combination 01· BMPs. i\fore specilic information on a BM P's effectiveness and applicability may be found j 
under a number ofreforences found under "lnfor111ation and Publications" following this chapter. Keep in , 
mind that the lollowin'! steps are applicable when 010 soecilic eflluent limits or water gualitv standards have 
been established. Under those regulatorv conditions a more rigorous prioritization or selection procedure 
would need to be i111plemented 

I I/ 1/96 '10 lbmpldratt4 doc . I 



Sten I ldentifv which BMPs :ire suirnble for the phvsical conditions of the site. 

Consider: 

Total contributing area 
Permeability and infiltration ne of the site soils 
Slope and depth to bedrock 
Seasonal high water table 

Proximity to building foundations and well heads 
Erodibility of soils 
Land availability and configuration of the topography 

Step 2 Screen Bi\lP's based 011 stormw:iter benefits: 

Consider: 

Peak discharge and required volume storage requirements 
Streambank erosion potential or existing problems 

Step 3 Screen for poll11ta11t removal benefits 

Consider: 

BMP pollutalll removal ef1iciencies 

Step 4 Additio11:1I co11sidcrntio11s 

groundwater recharge 

aquatic and wildlife habitats 
landscaping 

recreation safety 
aesthetic value 
community accepti\nce 
maintenance requirements 
project and 81vlP construction cost 

S11111ple /)e1·elo11111e111 Sire P/011s 

The following figures provide conceptual layouts of residential and commercial developments that 
illustrate 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 ul'the natural conditions oftl1e site by maintaining natural 
grades, prcviding open spaces. minimizing impervious surfaces and maximizing use oftecl111iques 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 t[1at concentrate runoff and do nothing for water ~uality. 
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Figure 18- Sample Resideutial Application or B;\IPs 
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Figure 19- Sample Co111111cr-ci:il .-\pplica1io11 or B.\IPs 
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Addressing Existing Water Quality Proh/ems 

Addressing water quality problems, fi-om non-point sources is a major effort for state and municipal 
governments. Programs established through the I 987 amendments to the Federal Clean Water Act 
provides assistance to States in abatement of water quality problems. Many of the efforts under this 
initiative are not implemented by individual municipalities, but by multi-jurisdictional 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 ofBi\fPs 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 public 
storrnwater facilities including installation ofBMPs Projects eligible for these low-interest loans 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, 4th floor 
22 South Third Street 
Harrisburg, PA 17 l O I 
(717)787-8138 
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Glossary 

ABSORPTIO,'1: The process of taking up one substance into the body of another, such 
as a sponge absorbing water. 

ACCELERATED EROSION: The removal of the surface ot'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 sulfur and 11itroge1: ;ollut~:11s in the atmosphere; because of 
its low pH, acid rain has a harmful effect on some plants, soils and surface waters, 
buildings, and, indirectly, 011 some organisms that live in surface waters 

ADSORPTION Attraction and holding or'one substance 011 the surface ot·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 oxygen. 

AGGREGATE The stone or rock gravel needed to till in an intiltration B~IP, such as a 
trench or porous pavement. Clean washed aggregate is simply aggregate that has been 
washed clean so that 110 sediment is associated with it. 

ALGAE: Non-vascular plants, usually aquatic and capable oh,sing carbon dioxide by 
photosynthesis. 

ALGAL 13LOOi\l Large. readily visible. masses of algae tound in bodies ot·water 
(usually ponds and lakes) during warm weather. 

ANAERO13IC Non-vascular plants, usually aquatic and capable ot·using carbon dioxide 
by photosynthesis . 

..\,\Tl-SEEP COLLAR A plate, attached to the barrel running through an embankment 
of a pond, that prevents seepage of water around the pipe 

13,\I P (best 111:111:1gc111c11t prncticcs): Stormwater structures and facilities designed or 
used to maintain or improve the water quality of surface runoff B,\IPs may be structural 
(basins, seepage pits). nonstructural (vegetated tilter strips. buffers) or managerial 
techniques ( maintenance practices) that may be used singly or in combination to achieve 
water quality. 
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B:\'IP FINGERPRINTING A series ot'teclrniques for locating 8.\IPs (particularlv 
ponds) within a developmenr site so as ,o minimize their impacts to wetlands, forest, and 

sensitive stream reaches. 

BASE FLOW: That portion of stream ilow that is not due to storm runoff, and is 
supported by groundwater seepage inro a channel. 

BIOASSA Y. Laboratory tests used to determine that response of organisms to specified 
conditions relating to the natural environment (i e , water quality). 

BIOCHEi\'IICAL O\'.YGEN DEi\1.-\.\D (BOD) A laboratory measurement of the 
"strength" or potency of an organic or inorganic waste; the rest determines the amount of 
oxygen used by microorganisms as they biochemically degrade (red., 0 e to simple by­
products) the waste. BOD values pro,·ide a somewhat stand;ird measure of how much 

oxygen will be required to degrade a waste, and therefore rellecr the effect the waste may 
have on fish or other aquatic organisms that requi1·e oxygen ro live. 

BIO Fl L TRA Tl ON. The use of a series of vegetated S1Va/es to provide tilrering 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: Strips ot·grass or other close growing vegetation that separates a 

waterway from an intensive land use area; also reterrcd to as tilter strips, vegetated tilter 
strips, and grassed butlers 

CHECK DA1\I: (a) A log or gabion siructure placed perpendicular to a stream to 
enhance aquatic habitat. (b) An earthen or log structure, used in grass swa/es to reduce 
water velocities, promote sediment deposition. and enhance in lilt ration 

CHEi\llC.-\L O\'.YGE,\' DE,\I.\ND (COD) .-\n indirect measurement ol'theamount of 
o.\ygen used by organic and inorgt!llic 111atter in \\·atcr. The rncasurc111e11t is a laboratory 
test based on a chemical oxidant and theretore does not necessarily correlate with the 
biochemical oxygen demand 

CLUSTERF:D DEVELOI'i\l J-:,';T: .-\ development design tecl111iquc that arranges 

buildings on a specitic area 01· a site so as to preserve a portion ot· the entire site tor 
common open space, recreation, or presl?rvcltion ot~ c11viro11111entt1lly sensitive areas in 

perpetuity 
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COMPREHENSIVE LAND USE PLA,'-S A plan adopted bl' the local government to 
guide the physical growth and improvement of a cit,· or cou,m·. including any future 
amendments and revisions 

CONTRJ BUTJNG WATERSHED AREA. Portion of the watershed contributing its 
runoff to the B,vlP in question. 

DEN ITRI FICA TION A biological process in which nitrate (NO3), a co111pound ot· 
nitrogen onen founc4 in sewage or water. is turned into nitrogen gas, which can dissipate 
into the atmosphere 

DEPARTi\l ENT. The Department ot· Environmental Prorection of the Co111111onwealth 
of Pennsylvania formerly the Department ot· Environmental Resources. 

DESIGN STORM: Is a rainfall event of specified size and rerurn frequency (i e, a storm 
that occurs only once in 2 years) that is used to calculate the runoff volume and peak 
discharge rate of Br.·IP. 

DETENTJON: The temporary storage of storm runoff in a BMP, which is used to 
control the peak discharge rates, and which provides gravity settling of pollutants. 

DETENTION TiivIE: The amount of time a parcel of water acrually is present in a 
BMP. Theoretical detention time for a runoff event is the average time parcels ot· water 
reside in the basin over rhe period ot'release from the BMP. 

DISCHARGE POINT: Places where groundwater flows out ofan aquifer. Springs are 
visible discharge points Discharge points also occur as seepage into wetlands, lakes, and 
streams. 

DRAINAGE EASE,\IENT A rigl11 granred by a land owner to a grantee, allowing the 
use of private land tor storimvater management purposes 

DRAW DOWN: Gradual reduction in water level in a pond 8,\IP due to the co111bined 
effect of infiltration and evaporation. 

EROSION: Is the re111oval ot·soil particles by the action ohvater, wind, ice, and other 
geological agents. 

EUTROl'HIC.-\TION 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 results in the co111plete tilling in and drying 
up of a water body. 

EV.-\POTRANSPIRATION· Is the combined loss or 111ove111cnt of moisture from the 
surface of the earth through evaporation and transpiration processes. 

11/1/96 \b111p\dran4 doc 

1 

l 
l 
l 

. J 

I 

l 



EVENT MEAN CONCENTRATIO\ (E1\IC): The average concentration ofan urban 

pollutant measured during a storm runoff event The Ei\IC is calculated by flow­
weighting each pollutant sa111ple measured during a storm event. 

EXFILTRATION: The downward mo,·ement of runoff through the bot10111 ofa111 

infiltration BMP into the soil layer. 

FECAL COLIFORi\l BACTERIA \finute li,·ing organisms associated "ith humiln or 
animal feces that are used as an indirect indicator of the presence of other disease causing 

bacteria. 

FILTER FABRIC: Textile ofrelative!y small mesh or pore size that is used to (a) allow 
water to pass through while keepins sediment our (per111eable). or (b) prevent both runoff 
and sediment fro111 passing through (impermeable). 

FIRST FLUSH: Is the delivery ot·a disproportionately large load ofpollutanrs during the 
early part of storms due to the rapid runoff of accumulated pollutants. The first flush of 
runoff has been defined several ways (i e .. one-half inch per impervious acre) 

FORE BAY: An extra storage area provided near an inlet ofa Bl\'IP to trap incoming 
sediments before they accumulate in a pond Bivf P 

GROUND\\'.-\ TER IU:CJIARGE. Replenish111en1 of existing natural underground 
water supplies by rile process of the hydrologic cycle. 

HYDROGRAl'II: Is a graph showing ,·ariation in the water depth or discharge in a 

stream or channel, over time. at a specitied point ot· interest 

li\lPERVIOUS AREA. l111pcri11cable surfaces. such as pavement or rooftops, which 
prevent the intiltration of water into the soil. 

li\FILTRATION (a) Is the downward move111en1 ohvater t'rom the surface to the 
subsoil. (b) The infiltration capacity is expressed in terms of inches per hour 

INTERCEPTI01'\ Precipitation that is retained by the leaves and stems of,·egctation 

L\i','D DEVELOPMENT: (I) the improvement of one lot or two or more contiguous 
lots, rracts or parcels of land tor any purpose involving (a) i1 group 01·1wo or 111ore 

buildings, or (b) the division or allocation ot'land or space between or among two or more 
existing or prospective occupants by n1l!:111s of. or for tile purpos~ ot· streets. c0111rno11 
areas. leaseholds. condominiums. building ~roups or other t'eatures: (II) a subdivision or 
land 
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L..\.'\D DISTURl3A\CE. Any activit'- i;i,.olving grading. tilling. digging or tilling ot· 
ground, or stripping of vegetation. or an\ other act;1·ity that causes land to be e.,posed to 
the danger ot· erosion. 

LO . .\DING: ls the quantity ofa substance entering the environme111 (soil, water, or air). 

NCTRIENTS: Chemical elements or substances, such as nitrogen and phosphorus, that 
are essential for pla111 and animal gro"th 

NUTRIENT POLLUTION: Contamination of water resources by excessive inputs of 
nutrients; in surface waters, excess algae or aquatic pla111 production is a result of elevated 
nutrient concentrations. 

OVERFLOW RA TE Detention basin release rate divided by the surface area of the 
basin. It can be thought ot· as an average flow rate through the basin. 

PEAK DISCHARGE: Is the maximum instantaneous rate oftlow during a stor111, 
usually in reference to a specific design storm event. 

P £..\ K RA TE OF STO R,\I WATER R lJ ,'\OFF Is the ma,imu111 rate of flow of 
stormwater runoff at a given point and ti111e resulting from a storm event. 

PEAK SIIA YING: Controlling post development peak discharge rates to pre 
develop111ent levels by providing te111porary detention in a Bi'vlP. 

RETENTION: Is the holding ot·runoffin a basin without release except by means of 
evaporation, infiltration, or e111ergency bypass. 

RETROFIT: The creation or 111oditication ofstor111water 111anagement systems in 
developed areas through the construction ohvet ponds. intiltration syste111s, wetland 
plantings, strea111 bank stabilization, and other Biv!P techniques tor improving water 
quality and creating aquatic habitat. A retrofit can consist of the construction of a 
management structure, or a combination of improvement and new construction. 

RIPARl,\N A relatively narrow strip of land that borders a stream or river. ot'ten 

coincides with the maximum water surface elevation ot· the one hundred year stor111. 

RIPARIAN REFOREST,\ TIOi'-1 The replanting of the banks and floodplain ofa 
strea111 with native forest and shrub species to stabilize erodible soils, i111prove both surface 
and ground water quality, increase strea111 shading, and enhance wildlife habitat. 

RISER: A vertical pipe extending from the bottom ot·a pond BtVIP that is used to control 
the discharge rate fro111 a 13iv!P for a speciticd design storm 
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RUNOFF CHARACTERISTICS: The surface components of any watershed that affec, 
the rate, amount and direction of s,orm"·ater runoff These may include, but not limited 
to: vegetation soils. slopes and man-made landscape glterations 

SEDii\JENT Solid materials, both mineral and organic, that are in suspension are being 
transported, or has been moved from its site of origin by water. 

SHEETFLOW: Runoff that :lows over the ground surface as a thin, even layer, not 
concentrated in a channel. 

SORPTION. Is the physical or chemical binding of pollutants to sediment or organic 
particles 

SPILL \VAY: .-\ depression in the embankment of a pond or basin that is used to pass 
peak discharges greater than the maximum design storm controlled by the pond. 

STORi\lSEWER: .-\ system at.pipes or other conduits that carries intercepted surface 
runoff street water and other wash warers. or drainage, but excludes domestic sewage 
and industrial wastes. 

STORi\l\VATER COLLECTION SYSTEM Natural or man-made strucrures that 
collect and transport stormwater. 

STORr\J\V.-\TER RUNOf-T That pan ofprecipirarion thar tlows o,·er the land The 

rate of stormwater runolT is the instantaneous measurement ot· water tlow expressed in a 
unir of volume per unir ot·rinre, also relerred to as Discharge 

SU!3Dl\'ISION The di,·ision or re-di,ision ot·a lot. tract or parcel oi'la,rd bv any 111eans 
into two or more lors. tracts, parcels or or her divisions ot· land including cilangcs in 

existing lot lines tor the purpose. whether i111mcdiate or ILl!ure. 01· lease. transter ot· 

ownership or building m lot develop111en1. provided. howe,u. thar rhe divisio·n ot· land tor 
agricultural purposes into parcels of more than ten acres, 1101 i1wo!vi11g a11y new street or 
easement of access. shall be e.,empt. 

TRANSPll<.-\TIO,,. The process by "hichplants release water vapor i,110 the air 

\\'.-\TERSIIED. The enrire region or are:i drained by a river or other body ol·water 
whether natural or artificial A Designated Watershed is an area delineated by the 
Departmenr of Environmental Protection ;111d approved by the [nviron111ental Quality 
Board for which counties are required to develop watershed storm water plans 

1,. W.-\ TE R QU,\ LITY ll,\ 11' A fl,\-1 r specit,cally designed for pollutant re111oval. 

\VEIR: .A structure that extends across the width ot·a channel and is intended 10 

impound. delay or in some way alter ilie ,low 01·,,ater through ·lie channel. .A CIIECK is 
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a type of weir as is any kind of darn ..\ PORTED WEIR is a wall or dam that contains 
openings through which water may pass. Ported weirs slow the velocity ot'tlow and 
therefore. can assist in the removal of poilu1ants in runoff by providing opportunities for 
pollutants to settle. infiltrate or be adsorced. 

WETL..\ i'i D MIT I G..\ TION Regulatory requirement 10 replace wetland areas 
destroyed or impacted during the land ce·,elopme111 process. Mitigation seeks 10 replace 
structural and functional qualities of the natural wetland type that has been destroyed. 
Stormwater wetlands typically do not co~nt for credit as mitigation. because their 
construction does not replicate all the ecosystem IL111ctions o!' a natural wetland. 

• 1 
i 

1 

l 

l 

lo)~© [aw~ mill 
!Jl]/ JAN 6 1997 ~: j 

i i 
LANCASTER COUNTY l l 

ENGINEERS _ 

11/1/96 5S 1b111plctraft4 .doc -I 



ORDINANCE APPENDIX F 

SUBWATERSHED BOUNDARY MAP 
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8RIOC( / STRUCTURE I 1 

Th is Structure was included in a HEC-11 
Hood st ud y..Jl.:t J ustin and Courtne~ Inc . 

,.,~.,,.,,~'""''"'y;;;;. 
1#7. ~oiJd~tt>dj-w(fa cbr'nple!'e'd--for 
FE~~~ for (','l~~~P/"/"Ship 

uf.n..,o cJU"-..:::'.A....n..JU,:JJ 
QMAX before o,ertopping = 13400 + els 

Overlapp in g elevat ion = 247.50 

BRIDGE / STRUCTURE I 3 

OMAX b"fore a,ertopping = 13400 + els 
Overlappin g ele,0\10.-. = 252.50 

BRIDGE / STRUCTURE I ~ 

Th is Structure ·~os · included in o HEC-11 
flood study by Jus tin or,d Courtney. Inc . 

><r-f'!, oo;,~,o Aog 
► .._ dy&3r.a led for 

o~ Lorn"Pffi,er ownship f'/[f:} r-,<,,rci)l7" ~v; 
WA'.f-'bfuf I.J,~rtefk,"rr - 1'.HOO + els 

Overlapp ing ele•otion 259.50 

BRIDGE / STRUCTURE # 5 
This Structure was field checked 

OMAX before overlapping = 18359 el s 
Overlapping eleV<Jtion • 269.50 

The TAILWA TER was based on o roting 
curve using streom cross section doto 

~~~~"''17:~'%-' 6 ••• 
INL-.:~~Hi C!!J..EJ 252 

r,~un:u m~,'00 '° 
u ocnim m..;,i. tt*<r--r)JU...AJ 251 _ 9 

NU.;BER OF BARRELS 1 
SLOPE (V- FT/H - FT) .005 
CULVERT LENG"rti ALONG SLOPE (FT) 20 

CULVERT DAT A SUMMARY •••••••••••••.,••• 
BA.RREL SHAPE BOX 
BARREL SPAN 85.00 FT 
BARREL RISE 17.50 FT 
BARREL MATERIAL CONCRETE 
BARREL MANN ING'S N 0.012 
INLET TYPE CONVENTIONAL 
INLET TtPE SQUARE EDGE (30 - 75 • FLARE) 

BRIDGE / STRUCTURE # 5 

OMAX before over topping = 13000 + cfs 
Q....,r\opping ele·rot ion = 270.00 

BRIDGE / STRUCTURE I 7 

Th is Structure "as included in a HEC-11 
Hood study by Justin and Courtney, Inc . 

r.!'<~·~o,~o, ?e'.o'<~ '"' [/Hf_ ~- wg l:&hi d for 
F ond or es Lomi;,et~hip 

\•A0 /, C;''ffrlol('•,71ii 
lefM-A(- b/, fo~Jel-l\:,w,~~000 .,. cfa 

Q.,edopping el~vat ion 271.50 

BRIDGE / STRUCTURE I 8 
This Structure " os ~eld checked 

OMAX be fore o ... er topping = 11484 cfs 
O""rtopping elevation = 285.00 

The TAJLWA TER "Os bosed on orating 
cur.e using str~om cross section dota 

SITE DATA ••••• CULVERT INVERT t, 1 ••• 
INLEf ST A Tl ON ( FT) O 
INLU ELEVA!ION (FT) 271 

Lm~ fl@:§) ;~0.6 

l~H/~~~~fiITT .61 
LttK~t ;Rc'U~~y (FT) 40 

CULVERT DATA SUMMARY ............. ., • • , 
BARREL SHAPE BOX 
BARREL SPAN 76.00 FT 
BARREL RISE 13.00 FT 
BARREL MA TERIAL CONCRETE 
B-.RREL MANNING"S N 0.012 
INLET TYPE CONVENTIONAL 
INLET TYPE SQUARE EDGE (30- 75 • FLARE) 

BRIDGE / STRUCruRE I 9 

This Structure was includ ed 1n a HEC-11 
~d1-('_1-.Juitl,~lney. Inc. 
~ '97,':rl._ ~~ed in Aug. 
~ s'Tu y was completed for 

~o@~e1er Town ship 

W~~torr~j~;:;S,:120 ds 
l.O(krtappinOJe0Jt1Q[V/.3<• ... Ji...A:zti . DO 

BRIOG( / STRUCTURE f 11 
Th js Structure was field checked 

OMA X betore o,..-tapping = 12707 cfs 
Ow,r\opp ing elevation = 315.00 

The TAILWATER " OS based an a ra ting 
curve u~ing stream cro~• section data 

SITE DA TA """ CULVERT INVERT ii 1 "' 
INLET STATION (FT) O 

~~~ fl@:§) 2:5 -4 

~~~~~ "f' 
SLoPE (v- FT/H- FT) .01 
CULVERT LENG"rti ALONG SLOPE (FT) 50 

CULVERT DATA SUMMARY ••••••"'"""•" 
BARREL SHAPE BO X 
BARREL SPAN 76.00 FT 
BARREL RISE l 2.00 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S N 0.012 
INLET TYPE CONVENTIONAL 
INLET TYPE SQUARE EDGE (30-75 • FLARE) 

BRIOG( / STRUCTURE I 13 
Th is Structure .. os ~eld checked 

OMAX before over topp,ng = 4555 cfs 
0\lei"topp ,ng elevation - 315.00 

Th~ TAILW"-TER .. os bosed on o roting 
curve using st reom cross section dato 

SITE DA TA ••••• CU LVERT INVERT 
INLET STATION ('1) 

* 1 ••• 
0 

INLET ELEVATION (FT) 
OUTLET STATION (FT) 

(;/,'fJ:§Jf? 
307.5 
30 
307.1 5 

)~E (FT) 
' .0117 

30 

COo<n;OA r """""''""""""',. • .,., •• 
BAU°i'.JnsID,PcJ LJ ~rix.J_)2.J 
BARREL SPAN 74 ,00 FT 
B-"RREL RISE 12.00 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S N 0.012 
INLET TYPE CONVENTIONAL 
INLET TYPE SQUARE EDGE (30- 75 • FLARE) 

BRIDGE / STRUCTURE f 14 

BRIDGE / STRUCTURE I 15 

This Struc ture was included ,n o HEC-11 

' -"Ir- " ~ er. '" c 
dt,~y;'-~,lJ'ii /,.J;IilJ<fii,d in Au g_ 
19}_7-.,P-,r..-Q~-lllu~compleled for 
FS~t.~r Town ship 

,,, 

BRIDGE / STRUCTURE f 16 
Th is Structure ,.os Held checked 

OMAX befor~ overtopping = 63340 cfs 
Overtopp;ng elevation ~ 355.00 

The TAIL WATER ,wos bosed on o rating 
curve using streom cross section doto 

SITE DATA ., • ., CULVERT INVERT I 1 •" 

~- fl@:@!• 
5'19,f'.~fJELE . _ - •~ 320 
r-lti~~N;AR LI'tJlA:.U 4 
SLOPE (V-FT/H- FT) .02 
CULVERT LEN GTH ALONG SLOPE (FT) 30.01 

CULVERT DATA SU MMARY •••••••••••••••••• 
BARREL SHAPE BOX 
BARREL SPAN 53.00 FT 
BARREL RISE 12.00 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S N 0.025 
INLET TYPE CONVENTIONAL 
INLET TYPE SQUARE EDGE (90-45 ') 

BRIDGE / SlRUCTURE I 17 
Th is Structure was 3Urveyed 

QMAX be fore overlopping = 920 els 
Overtopp1ng elevation = 3.31.10 

Constant TAILWATI:R assumed at 329.50 

SITE DATA ••"• CULVERT INVERT 
INLET STATION (FT} 
INLET ELEVATION (FT) 

II 1 ... 
0 
325 
30 
324.8 

' ~~ 
~~G SLOPE (FT) 

.0067 
30 

~s~rli!):!••••••••••• 
BARREL SPAN 8.00 FT 
BARREL RISE 18.00 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S N 0.016 
!NLET TYPE CONVENTIONAL 
INLET TYPE SQUARE EDGE (90-45 ') 

I 
I 

BRIDGE / STRUCTl.JRd I 1 8 
This Structure v,as surveyed 

QMA X before overtopp,ng => 1248 cfs 
Over topping elevot ian = 337.88 

Constant TAILWA TER J s sum..,J "t 335 90 

'>'lC-..i,,r,,,,--"'"Y4' "°"'"'1"' ' ' ••• IWL'e~J-A:J .. ~.../U 0 
~~cFn 330 

dd~~Fi ~i9.8 
M~"µ° ~ 0 §7ViJ 2 
~0PEf<fi,O.Ff/HL/cTJ 1.JL.U:A..J .0067 
CULVERT LENG"rti ALOtiG SLOPE (FT) 30 

OJLVER T DA TA SUMMARY •••• ••""••"•••• 
BARREL SHAPE BOX 
BARRE L SPAN 9. 00 FT 
BARREL RISE 30.00 FT 
BARREL MA TERI AL CONCRETE 
BARREL I.IANNING'S N 0.016 
INLET TYPE CONVENTION/IL 
INLET TYPE 1; I BEVEL (45 • FLARE) 

BR10GE / STRUCTURE I 10 
This Structure " OS surveyed 

OMAX before a.,.,rt0pping - 2123 tfa 
Over topping elevotion ~ 345 . .58 

Constant TAILWATER oseumed ot 344.30 

SITE DATA "••• CUL\IERT INVERT 

INLET ST:ilitiT) --= (f7'[t§Jf7 1(#~ (F~ 

~,!'!@ 

II 1 •• • 
0 
3J9-5 
,o 
339.3 

e\,P)'s,{V-~== 
~L~FT) 

2 
.0067 
30 

CULVERT DATA SUMMARY ........ ,.,__. .. ,, 
BARREL SHAPE BOX 
BARREL SPAN 28.bo FT 
BARREL RISE 5.30 FT 
BARREL MATERIAL I CONCRETE 
BARREL MANNING'S N 0.076 
INLET TYPE COtlVENTIONAL 
INLET TYPE SQUARE EOG£ (90-45 ·) 

BR1DGE / STRUCTURE I 22 
To;s Structure wos ~11rveyed 

QMAX before avertopping = 7287 cfs 
Overtopplng elevat ioi\ = 358.98 

Const ont TAILWATER ossumed ot 355.00 

344.5 

' .0067 
30 

CULVERT DATA SUMMARY ....... ,. •• .,, •• ., 
BARREL SHAPE BOX 
BARREL SPAN 52.00 FT 
BARREL RISE 10.00 FT 
BARREL MA TERI AL CONCRETE 
BARREL MANNING'S N 0 .016 
INLET TYPE CON\1£NTIONAL 
INLET TYPE 1: 1 BE\IR (45 • FLARE) 

BRIDGE / SlRUCTURE ' 23 
This Structure was sur~eyed 

Qf.lAX before overtopping = 2771 els 
Overtopping elevat ion - 362.88 

Const ant TAILWATER assumed ot 367.40 

/J 1 ••• 
0 
352 7 
30 
352.6 

2 
.0033 
30 

CULVER T DATA SUMMARY ••·••••••••••••••• 
BARREL SHAPE BOX 
BARREL SPAN 18.00 FT 
BARREL RISE 10.00 FT 
BARREL MA TERI AL CQrJCRETE 
BARREL MANNING'S IJ 0.016 
INLET TYPE CONVENTIONAL 
INLET TYPE 1:1 BEVEL (45 • FLARE) 

BRIDGE / STRUC1URf ~ 25 
This Structure wos su r , ;,~1 

Qf.lAX before o""rtopp,ng = 1215 cfs 
Ovartopp ing ele..,(io~ - 369.01 

Constant TAILWATER1 ossumed at 357.50 

I 
SITE DATA ,.,.. CUL'-'ERT INVERT 
INLET STATION (FT) r 
l~~~T) 

:~~11'(~ 

II 1 ••• 
0 
359 .9 
30 
359.8 

2 '""""""'-"" = ~>u& .0033 

'"~"'~r".~'JJ ,0 

cul~THI.J.f~t_;JjJ.,., ...... . 
BARREL SHAPE BOX 
BARREL SPAN 9.00 FT 
BARREL RISE 20.00 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S N.,.0.016 
INLET TYPE CONVENTIONAL 
INL!::T TYPE 1: 1 BEVEL ( 45 • FLARE) 

J, ., 
BRtDCE / STRUCTURE ~ 6 

This St ructure was sur~eyed 

Ot.,>X before overtopp ir>g = 2831 ds 
Overlapping ele·,alibn = 373.82 

Constant TAILWA TER assumed ot 372 30 

SITE DATA ""• CUL\£RT INVERT i, I ••• 
INLET STA TION (FT) 0 

~~r~ J;; 
2~~~~F- 36f.9 
SL'tiP~ .0033 
Cl.f\lm~7.EN 30 -= <-rw 
CULVERT DATA SUMMARY "•••••••••••"''' 
BARREL SHAPE OOX 
BARREL SPAN 40.00 FT 
BARREL RI SE 8.00 FT 
BARREL MA TERI AL CONCRETE 
BARREL MANNING'S N 0.016 
INLET TYPE CONVENTIONAL 
INLET TYPE 1; I BEVEL ( 45 • FLARE) 

BRIDGE / STRUCnJRE I 27 
This Structure was surveyed 

QMAX before o""rtopp1ng = 2059 els 
0--toppl'IQ elevot\bn = 382.00 

Con~tant TAILWA1q o~,oum ed at 380.50 

SITE DATA ••••• CUL\£RT INVERT II I •·• 
INLET STATION (FT) 0 

~~T~Y@'z? 3;;·6 

~&J@ 
~~~1) 

374 5 

' .0033 
30 

CULVERT DATA SU MMARY •• .. •••••••••••••• 
BARREL SHAPE BOX 
BARREL SPAN J 40.00 FT 

' BARREL RISE 7.00 FT 
BARREL MA TERI AL l CONCRETE 
BARREL MANNI NG'S N 0.012 
INLET TYPE CONVENTIONAL 
INLET TYPE SQUARE EOG€ (90-45 ·) 

BRIDGE / SlRUCTURE f 28 
This Structure wos_ surv&yed 

QMAX before o'fflrtopp ,ng = 1081 cfs 
Overtoppiig ele..,tlon - 388.54 

Constant TAILWA~ assumed ot 387.00 

SITE DATA ••• -- c J LVERT INVERT /I I •·• 
INLET STATION (FT) / 0 
INLET El£VA TION (Fi~ 383.1 
OUn.Ef STATION ( r 30 

~ E i,- 0 38~.9 

~ ~ ~@OPE (FT) :?a°57 

~~~~········· 
BARREL SPAN t lS.00 FT 
BARREL RISE 5.00 FT 
BARREL MA TER!AL CONCRETE 
BARREL MANNING'S N 0.016 
INLET TYPE CONVENTIONAL 
INLET TYPE 1: 1 B §EL (45 • FLARE) 

BRIDGE / SlRUCllJRE f 29 
This Structure was surveyei:I 

QMAX before overtopping - 2935 cfs 
Over t c,pp;ng ele..,t ion = 390.46 

Constant TAILWATER assumed ot 389 ,00 

SITE DATA ••••• CUl'-'£RT INVERT 
INLET STA TION (FT) 
INLET ELEVATION ( fi T) 

~U~T) 

~?~ 
~/~PE (FT) 

j 1 ... 
0 
382.6 
30 
3 1:!2.4 

' .0067 
30 

CU~T~•••••••• 
BARREL SHAPE BOX 
BARREL SPAN 45.00 FT 
BARREL RISE 9.00 FT 
BARREL MA TERI AL CONCRETE 
BARREL MANNING'S N 0.020 
INLET TYPE CONVENTIONAL 
INLET TYPE 1: 1 BEVEL (+.5 . FLARE) 

BRIDGE / STRUCTURE f 30 
This Structure was surveyed 

QMAX befora overtoppiig = 2695 cfa 
Overlapping elevollan = 401 .70 

Constant TAILWA TER ossumed ot 400.20 

SITE DATA 0 "'* CULVERT INVERT 
INLET STATION (FT) 
INLET ELEVATION (f.T) 
OUn.ET STATION (FT) 
OUn.ET ELEVATION (FT) 

II 1 ••• 
0 

'" 30 
393.8 

~ffl!l§Jfj' "" 
~

LOPE (FT) 30 
a 

S A ••--•••••••• .. •••• 

""""°s"~ BAllRW~Mf'..IU ~T 
BARREL RISE 7.00 FT 
BARREL MATERIAL CONCRETE 
BARREL t.4ANNING'S N 0.016 
INL£T TYPE CONVENTIONAL 
INLET TYPE: 1:1 BEVEL (45. FLARE) 

BRIDGE / STRUCTURE I 31 
This Structure was sur veyed 

OMAX before o~enopping = 1072 cfo 
O\lei"lopping e,levotion = 415.18 

Constan t TAILINATER ossum~d at +IJ.70 
tn~rc7"a 1.VY2r,' 

SIT~t,.1f.?...:.._-elJL Vffi-i'-fiJ,M°R'T // ! " ' 
'"C'lcF,l>OtMfll o 
IN~iitYe..'™11:c(FTJV@ 408.5 

o,B0 '"~5-:l'-- ;--;r-: 30 OUTI )-I r ,tr :; =,lj;,-11 4083 
NUMB R 8 R ttS - J>_/L.JU 1 • 
SLOPE (V-FT/H-FT) .0067 
CUL VERT LENGTH ALONG SLOPE (FT) JD 

CUL\IERT DATA SUMMARY ••••• ••••••••••••• 
BARREL SHAPE BOX 
BARREL SPAN 22.00 FT 
BARREL RISE 6.00 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNI NG'S N 0.016 
INLET TYPE CONIIENDONAL 
INLET TYPE 1: 1 BEVEL ( 45 • FLARE) 

BRIOGc: / STRUCTURE I 34 
Thi:, Structure "'"" surveyed 

QMAX before overtopping = 450 cfs 
0..-erlopplng e,levotior, = 432.65 

Const an t TAILWATER ossumed at 431.10 

SITE OATA 0 ••• CULVERT INVERT 
INLET STATION (FT) 

# I '"" 
0 
429.2 
30 
429. 1 

~i/Eiifi? 
~,W@ 
~~--wi 

' .0033 
,0 

CULVERT DATA SUMMARY •"••••"• ••• •••• • 
BARREL SHAPE BOX 
BARREL SPAN 25.00 FT 
BARREL RISE 4-.00 FT 
BARREL MA TERI AL CONCRETE 
BARREL MANNING·s N 0.016 
INLET TYPE CONVENTIONAL 
INLET TYPE 1: I BEVEL ( 45 • FLA RE) 

BRIDOC / SlRUCTURE I 37 
This Structure wos surveyed 

OMAX before overlapping = 174 els 
O""rtopping elevation - 441.47 

Conetont TAILWATER assumed at 439.50 

SITE DATA "*" CULVERT INVERT /t 1 ••• 
INLET STATION (FT) 0 

~~;~ 4;; 7 

0~ (Fr.±:, 436.6 
N 4 L~ 2 
SL9!;'~~.(~::-,.,-..r:-::: .0033 
CU'c!-"-....J(JH!~.KliJ!l/i 30 

CULVERT DATA SUMMARY •~•••••••••• • •••• • 
BARREL SHAPE CIRCULAR 
BARREL DIAMETER 5.00 rT 
BARREL MATERIAL CORRUGATED STEEL 
BARREL MANNING' S N O 024 
INLET TYPE CONVENTIONAL 
INLET TYPE SQUARE EOGE WITH HEADWALL 
INLET DEPRESSION NONE 

BRIDGE / STRUCTURE # 38 
This Structure was f ield checked 

' OMAX before overtopping = 174 ds 
Q,,,.,rtopping .,1 .. vot;on "" 465.40 

Constant TAILWATER os'.SUm ed at 463.90 

.01 3.3 
30 

CULVERT DATA SUMMARY ""•••••••••••••• 
BARREL SHAPE ELLIPTICAL 
BARREL SPAN 6 .33 FT 
BARREL RISE 4.00 FT 
8ARR£\. MA~ AL CONCRETE 
8 1\RREL MANNING'S N 0.012 
INLET TYPE CONVEN TIONAL 
INLET TYPE CROOV[O ENO WITH HEADWALL 

BRIDGE / STRUCTURE I 41 
This Structure was fie,id checked 

QMAX before over topp1ng = 73 els 
Overtopping elevation = 541.20 

Constant TAILWATER ossumed ot 540 .20 

SITE DATA ••••• CULVERT INVERT 
INLET STATION (FT) 
INLET ELEVATION (FD 
OUTLET STATION (FT) 

* 1 • • • 
0 

:i;~,'!l"JE7i? 
~R~(.i)oPt (FT) ·?d 4 

~~~;n]··"····· 

539.3 
30 
538.88 

' 

BARREL SPAN 9.30 FT 
BARREL RISE 2. 75 FT 
BARREL MATERIAL CONCRETE 
BARREL MANN ING"S N 0.012 
INLET TYPE CONIIEN IIONAL 
INLET TYPE SOOARE ED GE (30- 75 • FLARE) 

8RIOGE / STRUCTIJRE I 42 
This Structure wo• fiel d che-ck<>d 

OMAX before overtopp,ng = 107 els 
Q\lei"topp;ng elevot;on - 575.00 

Constant TAILWATER ossumed ol 574.00 

CULVERT DATA SUMMAR Y • • ••·•• .. • •• •• .... 
BARREL SHAPE ARCH 
BARREL SPAN 8.00 FT 
BARREL RISE 3.33 FT 
BARREL MATERIAL STEEL STRUCTURAL PLATE 

BRIDGE / STRUCTIJRE f 47 
This Structure was field d i ecked 

Qf.l AX before over topping = 109 el s 
Overtapptng ele·,o\ian = 473.20 

Constant TAI LWATER os~umed ot .071.70 

SI TE DATA ••••• CULVERT INVERT ii I ••• 
INLET STATION {fl) O 

~~tf~? 4f6 
61.tTl~~~ ~;,.;{-:::V l 46 6.81 

~~RlrW@ 0063 

'f'I-, ~'1£frl> LEN~~l!01?~/4F,T) 30 
Ju{_fa f:::f?J <.E,/tJ,jf_j:Jj 

CULVERT DATA SUMMARY ........... ., ., ,., 
BARREL SHAPE ELLIPTICAL 
BARREL SPAN 5.00 FT 
BARREL RISE 3. 17 FT 
BARREL MATERIAL CONCRETE 
BARREL f.l ANNING'S N Q_Q12 
INLET TYPE CONVEN TIONAL 
IIJ LET TYPE GROOVED mo PROJECTING 

BRIDCE / STRUCTURE i 48 
This Structure wos fi eld checked 

QMAX before overtopping = 1 06 cfs 
Overtoppin9 elevation = 488.50 

Curistont TAILWATER c~sumed ot 487.00 

SITE DATA ••·•• CULVERT INVERT 
INLET STATION (FT) 

# 1 ••• 

~~r~ 
~~~~E,21v~ 
±6~~;~ 
Ctm'.ilSJ7LENFf~lt~Srnli'El,(.F,:r) 

L.fl..n..JO <:'::!JLJ/~I 

0 
484.2 
30 
484.03 

• .0057 
,o 

CULVERT DATA S\JMMARY ............. ,, ... 
BARRE:L SHAPE ELLIPTICAL 
BARREL SPAN 5 .00 FT 
BARREL RISE 3.17 FT 
BARREL MA TERI AL CONCRETE 
BARREL MANNING'S N 0.01 2 
INLET TYPE CONVENTIONAL 
1Nl.£T TYPE GROOVED ENO PROJECTING 

BRIOGE / STRUCTU1E f 49 
This Structure wos field checked 

OMAX before overlopping - 284 cfs 
Overtopping elevation - 433.60 

Constant TAILWATE'} assumed ot 431.60 

SITE DATA •••o CUL\£R T IN\l(RT # 1 "• 
INLET STATION {FT) O 
INLET ELEVATION (FT) 429 
OUTLET STATION (FT) 30 
OUTLET ELEVATI ON (F~ 428 78 
IJ W,f$(1Y~ 0 1 
SLofi~J .0073 
c u~~E (FT) 30 

cu~~~•••••• .. •••••••·• 
::R~~ ' ~W 
BARREL RISE 2.50 FT 
BARREL MATER IAL CONCRETE 
BARREL MANNING"S N 0.016 
INLET TYPE CONVEN TIONAL 
INL.Ef TYPE SQUARE EDGE (90&15 • FLARE) 

BRIDGE / STRUCTIJHE f 50 
This Structure ,.o, field checked 

OMAX before o,ertopping = 140 cfs 
O·,edopping elevation = 461 .00 

Constcm l TAILWA TER assumed ot 450.00 

SI fE OAfA .,. .. CULVERT INVERT # 1 "" 
INLET STATION (FT) • • O 
INLET ELEVATION (FT) 457. 2 

~~~\~ 30 
~~~E~ 45i 

~~'~oeE (er) 
.0067 
30 

,\;fM(,,,~ ........ . 
BARREL SH APE BOX 
BARREL SPAN 7.00 FT 
BARREL RISE 3.00 FT 
BARREL MATERl"-L CONCRETE 
BARREL MANNING'S N 0.0115 
INLET TYPE CONVENTIONAL 
INLET TYPE 1: 1 BEVEL (4S • FLARE) 

BRIDGE / SlRU CTURE # 51 
Th is Structure wos field checkad 

QMAX Oe!ore overtopping = 106 els 
Overtopping elev<ition • 473.00 

Constan t TAILWAfER osoumed at 472.DO 

SITE DATA ... ,. CULVERT INVER T 
INLET~ TATION FT 
1NM7 'TCTYo"fi? 
OIJ-lt TY~u 

'~=-'""' N~I.~ 

II 1 ... 
0 
H O 
20 
469.8 

• 
1~~~~~ 0, 

,0 

CULVERT DATA SUt,iMARY •••••"••••• •·•••• 
BARREL SHAPE BOX 
BARREL SPAN 7.00 FT 
BARREL RISE 3.00 FT 
BARREL MATERIAL CONCRETE 
BARREL t.ANNING'S N 0.015 
INLET TYPE CONVENTIONAL 
INLET TYPE SQUARE EDGE (30- 75 ' FLARE) 

BRIDGE / STRUCTIJRE I 52 
Th,s Struclu re wo.: field checked 

QMAX before o~erl op p1ng • 57 cf, 
Ovartopp1ng elevo'!1on = 414.20 

Constant TAILYI ATEj.? assumed a t 412..70 

SITE OATA , .... CiJLVERT INVERT 
INLET STATION {FT} 

/I 1 ••• 

'""'~=''hr= oiln.tk~Alffllr'(i"T)'..A.:fi..0 LJ 

NYiB!,.f!,t<!li:".:J . 00.-~, ~tr ~ ~N~T 7> 

0 

"' " +09.9 

• .0025 

CULVERT O-.TA SUMMARY •••••••••••"""' 
BARREL SHAPE PIPE ARCH 
BARREL SPAN 4.75 FT 
BARREL RI SE 3.17 FT 
BARREL MATERIAL STEEL OR ALUMINUM 
BARREL MANNING'S N 0.024 
INLET TYPE CONVENTIONAL 
INLET TYPE PROJ[CTING 

BARREL MANNING'S N 0.0 35 FOR SIDES ANO TOP 
0.035 f"OR BOTTOM BRIDGE: / STRUCTIJRE I 5.3 

CON VEN flONAL This Structure was field checked INLET TYPE 

BRIDGE / STRUCllJRE I -4-3 
This Structure wos fie,ld check"d 

OMAX before overtopping = 533 cfs 
Q.,...topping alewlion - 602.00 

Constan t TAILWATER assumed at 501.00 

SITE DA TA •••-- CULVERT INVERT t, 1 "' 
INLET STATION (FD 0 

~~ f](§Xff) 5jg·7 

~~ 59f.04 

SLOPE (V-FT /H-FT) .0 22 
CUL VERT L£NGTH ALONG SLOPE (FT) 30 01 

CUL'v!':RT DATA SUMMARY •••••••••••••••"' 
BARREL SHAPE BOX 

"' BARREL SPAN ' 15.00 f T ' 
BARREL RISE 5.00 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S N 0.020 
INLET TYPE CONVENTIONAL 
INLET TYPE SQUARE EDGE (30-75 • FLARE) 

BRIDGE / STRUCTURE I 45 
This Structure wos field checked 

Qt.AX before overlapping 928 els 
Overtopping elevotian - 793.10 

Constant TAILWATER assumed al 780.00 

SITE DATA "••• CULVERT IN VERf ii 1 • •• 
INLET STATTON (FT) 0 
1Nl.£T ELEVATION (FT) 780.7 
OUTlET STATION- (FT) 150 
OUTlET ELEVATION (FT) 774.3 

~ fl@X§) ;,,, 
~RT~ (FT) 150 14 

l/~T~k1~f'J4A.'•••••••••••••• 
BARREL SHAPE BOX 
BARREL SPAN 10.00 FT 
BARREL RISE 6.00 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S N 0.012 
INL£T TYPE CON\£NTIONAL 
INLET TYPE 1: 1 BEVEL (45 • FLARE) 

BRIDGE / SlRUCTURE II -46 
This Structure was field checked 

OMAX be fore overlapping - 145 cfs 
Overtopping elevation = 455. 70 

Constait TAILWATER assumed at 454.20 

SITE DATA ••••• CULVERT INVERT # 1 ••• 
INLET STATION (FT) U 

'"~n 450.83 

OU ( 450.62 
ouu )r,o 

NU~S 1 
g__~~ . .007 

co~c~ ,o 

CULVERT DATA SU.;MARY •••••••"*"•••••• 
BARREL SHAPE ARCH 
BARREL SPAN 8.00 FT 
BARREL RISE 3.33 FT 
BARREL MATERIAL STEEL SlRUCTURAL PLATE 
BARREL MANNING'S N 0.020 FOR SIDES ANO TOP 

0.020 FOR BOTTOM 
INLET TYPE CONVENTIONAL 

BRIDGE: / S"TRUCTURE -I -WA 
This Structure was field checked 

01.!AX befor<1 o""rt<:>pping - 790 cfs 
Overtopping elevotion - 452.80 

Cons tont TAILWATER assumed at 450.80 

I 1 ••• 
0 
'47 
20 
446.8 

2 

·°' 20 

CUL'-'£RT DATA SUMMARY "*• .. ••••••0•0>♦ 
BARREL SHAPE BOX 
BARREL SPAN 10.00 FT 
BARREL RISE 5.00 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S N 0.012 
INL£T TYPE CON'-1::NTIONAL 
INLET TYPE SQUARE EDGE {:30- 75 • fLARE) 

18 cfs 
416.00 

OMAX before overtopping ~ 
Overtopping elevolion = 

Constant TAILWATER assumed ot 414.00 

SHE OAfA ••••• CULVERT INVERT (/ 1 ••• 
INLET STATION (FT) O 
INLET ELEVATION (F.T) 413 
OU~All~ 30 
OU ~'j!T-fi:!l§Jf! 41 2. 9 

$LO -,, y:;;) .OOJJ NO,~ ' 
CUL R - O~LOPE (FT) 30 

CUL~ &Iifill§J[/{IiJiJ ...... 
BARREL SHAPE I CIRCULAR 
BARREL DIAMETER 2.50 FT 
BARREL MA1£RIAL CORRUGATED STEEL 
BARREL MAN NINC'S N 0.024 
1Nl.£T TYPE C0Ni/£NTIONAL 
INLET TYPE THIN /rnGE PROJECTING 
INLET OEPRESSION NONE 

BRIDGE / STRUCTURE I 55 
This Structure wo" field checked 

Qt. AX before o.-ertopping = 350 cfs 
Overtopping elevotion = H0.80 

Constant TAILWATTR o!lsumed ot 439.80 

SI TE DATA •••n CULVERT INVERT 
1Nl.£T STATION {Fl) 
INLET ELEVATION (FT) 
OUTlET STATION (FT) 

' 1 ... 
0 
435.5 
,0 
435.3 ~~) fl @X§) 

-Ea (v-= 
~r~1!f ~ (FT) 

' .0067 
30 

CULVERT DATA SUMMARY ........... , ..... , 
BARREL SHAPE BOX 
BARREL SPAN 16.00 FT 
BARREL RISE 3.50 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S N 0.015 
INLET TYPE ~ CONVENTIONAL 
INLET TYPE SQUrE EDGE (90-45 ') 

BRIDGE / SlRUCTURE I 57 
Thi s Structure "'T' field checked 

OMAX before o\ler\opping = 69 cf~ 
Overtopping ele119\ion - 4S0.00 

Constant TAILWATER assumed ot 447.00 

SI TE DATA """ CULVERT INVERT I 1 ••• 
INLET STATION (Fl) O 
INLET ELEVA~r 446 

g~ (~ ~~5.7 

~~~~ .t1 

co~,c~ 30 - " -CUL TA ...... .. 
BARREL SHAPE CI RCULAR 
BARREL DIAMETER 2.00 FT 
BARREL MATER IAL CORRUGATED STEEL 
BARREL MANNING'S N 0.02 4 
INLET TYPE CONVENTIONAL 
INLET TYPE SQUARE EDGE WITH HEAD WALL 
INLET DEPRESSION NONE 

BRIDGE / STRUCTURE f 58 
This Structure w~s field checked 

QI.IA)( before overtopp;ng - 163 els 
Overtopping ele=lion = 391 .1 7 

Constant TAILWATER ossumed ot 390.40 

SITE DATA .. ,,. CULVERT INVERT 
INLET STATION (FT) 

"~ili{l§fi?' OU Sl 0 
0 ( 

# 1 ••• 
0 
386.9 
30 
386.7 

~~~§ 
"'f"JJff!)c~ 

2 
.0067 
30 

CULVERT DATA SUI.IMARY ••--••uuou•u• 
BARREL SHAPE PIPE ARCH 
BARREL SPAN 5.33 FT 
BARREL RISE 3.58 FT 
BARREL MATERIAL STEEL OR ALUMINUM 
BARREL MANNING'S N 0.024 
INLET TY?E CONVENTIONAL 
INLET TYPE HEADWALL 

BRIOCE / SlRUCTURE f 59 
This Sttuclure was li,.ld checked 

OMAX before a~ertopping = 715 cfs 
Overlopping <!levolion • 405.00 

Constant TAILWATER assumed ot 403.00 

SITE DATA ••"• CULVERr INVERT 
INLET STATION (FT) 
INLET El£VA TION ('1) 
QUJl.l;y]CASO,<J'@ 
OU7J+'O J,l.O!), -m,i Tr:yz,--y:;-;:,/ 
FIO'-IBER 'or'!r,\'RREt .A!:::.,/ LI 

/j I • •• 
0 
397,5 
30 
397.!5 

~<-f~7i~~-loPE (FT) 3°~ 17 

g,Jjf].,,,b,~@ ........ . . 
BARREL SHAPE BOX 
BARREL sPAN 14.00 FT 
BARREL RISE 5.50 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S N 0.016 
INLET TYPE CONVENTIONAL 
INLET TYPE SQUARE EDGE (30- 75 'FLARE) 

BRIDGE / STRUCTURE l 60 
Th;s Stru cture was fiel d checked 

QMAX before ave,topp,ng - 80 cf~ 
O...ertopping ele.,otion = 430.00 

Constant TAIL WATER assumed at 428.00 

SIT[ OATA •••" OJLVERT INVERT If 1 '" 

'""" e:-= fi:'JJjJfj' "'·' '""'-'~=- 0 
C(}T( T A I IUN FT) 30 
OU~ (~ 425.3 
NlAfBE'~ RR LS.::::l' 1 

~~~~ 
CUL¥ERT DATA SUl,HAARY •••••••••••••••" • 
BARREL SH APE PIPE ARCH 
BARREL SPAN 4.75 FT 
BARREL RISE 3.17 FT 
BARREL MATERIAL STEEL QR ALUMINUM 
BARREL MANNING 'S N 0.024 
INLET TYPE CONVENTIONAL 
INLET TYPE HEADWALL 

BRIDGE / STRUCllJRE I 62 
This Structure was field checked 

QMAX before oV<!rtopp"1g = 314 els 
Overtopp1ng elevation '*' 365.00 

Constant TAILWA TE:R assumed ot 363.00 

SfTE DATA •••" CULVERT INVERT 
INLE T STATION (FD 

, 1 ... 

INLET ELEVATION (FT) 
OUTLET STATION (FT) 
OUTLET ELEVATION (FT) 
NUMBER OF BARRELS 

~;'[j,;JJswZ',,n 

0 
359.4 
30 
359 . .J 

• .0033 
30 

Qll~-~ 1Mfj.'if7i;•••••.,•••••••u• 
SARR~- "-ifox 

~ ,:©L~l 
BARREL MA TERIAL CONCRETE 
BARREL MANNING'S N 0.012 
INLET TYPE CONVENTIONAL 
INLET TYPE SOUARC: EOG.E {90&15 • FLARE) 

BRIDGE / SlRUCTURE # 63 
This Struc tur~ wo9 fi eld checked 

QMAX tletore overtopping = 220 c rs 
Overtopping elevat ion 387 70 

Constant TAILWATER assumed ot 386.70 

SITE OATA ••••• CULVER T INVERT 
INLET STATION (FT) , 
INLET ELEVATION (FT) 

g~,~ 

II I "" 
0 
382.2 
30 
'82 

si..lJ ~ v :r:tr) 0 ro) .006 7 
so~BER,-F. ;.(LS 1 

cue T G ALOfic "s[OPE \FT\ 30 = C"i'i7/o¥ ~ T,'I;/ 
cu~"l'-19: T Ml'.l'MM,l;RY"'..,..._,,.A.,.., ••• •····· 
BARREL SHAPE 80X 
BARREL SPAN 14.00 FT 
BARREL RISE 2.50 FT 
BARREL MA TERI AL CONCRETE 
BARREL MANNIN G'S N 0.012 
INLET TYPE CONVENTIONAL 
INLE T TYPE SQUARE EDGE (90- 45 ·) 

BRIDGE / STRUCTIJRE f 64 
This Structure was field checked 

QMA X bdore o ... ertappl'lg = 250 cfs 
Q.,ertopping ele,o tian 405.00 

Consl onl TAILWATE R OS3Umed ot 404.10 

SffE DATA , .... CULVER T INVERT 
INLET STATI ON (FT) 
INLET ELEVATION (FT) 
OUl\.ET STATION (FT) 

11 1 ••• 
0 
3gg_3 
ao 
399 4 

' 
0Ull£T ELEVATION (FT) 
NOm,-;<J~.:,S ~ 
SL~tt'-R.~) f..A.:..A:::/ U .005 
CUY-ffl}-4,~LO'!!!tff.E (FT) ao 
[?~ 

CUl,..'{f;MiATA ~lrlb~~;••••••""'••••• 
"' •• "' ''8/F..EJ'f.,e)7Vf' 
BAAA N ,WP"f-1 
BARREL RISE 4_3Q FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S N 0.012 
INLET TYPE CONVE NTION"-L 
INLET TYPE SQUARE EDGE (90- 45 ·J 

BRIDGE: / STRUCTIJRE I 65 
Th,s Structure wos field c~ecked 

QMA X before o.,e,tc,pp ing = 554 cf.5 
Overtopping ~ evotion ., 430.70 

Constant TAILWATE R assumed o t 429.70 

SfTE DATA ••••• CULVERT INVERT 11 1 ••• 
INLET STATI ON (FD D 
IN LET ELEVA n ON (FT) 421.7 
0Un.ET STATION (FT) 30 

.~1}-J.,~ f}@@ 42: .45 
t'de~~~ .0083 

~ L~.!Jr) 30 

CULVER T OAT"- SUMMARY •••••••••• • .,••••• 
BARREL SHAPE BOX 
BARREL SPAN 10.00 FT 
BARREL RISE 7. 70 FT 
BARREL MA TERI AL CONCRETE 
B ARREL MANNING'S N 0.01 2 
INLET TYPE CONVENTIONAL 
INLET TYPE BEVELED EDGE (1.5: 1) 

BRIDGE / STRUCT\JRE I 65 
This Structur e -,.os field checked 

OMA~ t,efore o.,ertoppiig = 88 cfs 
Overtopping ele,ot ion = 378.65 

Constant TAILWATER O"-"uo,.,d ot 376.65 

# 1 ••• 
0 
373.75 
30 
373.55 

' .0067 
30 

OJLVERT OATA SUMMARY '""""""•••"• 
BARREL SHAPE PIPE ARCH 
BARREL SPAN 4.82 FT 
BARREL RISE 2.95 FT 
BARREL MATERIAL STEEL OR ALUM INUM 
BARREL MANNING'S N 0.024 
IN LET TYPE CONVENTIONAL 
IN LET TYPE HEADWALL 

BRIDGE / STRUCTURE # 67 
This Structure was field checked 

QMAX before overtopping - 65 cfs 
Overtopp ing elev<ition - 375.70 

Const ant TAILWATER assumed ot 374.70 

SITE DATA *"** CULVERT INVERT 
INLET STATION (FT) 

/1, 1 ••• 
0 

'!Z_~~ 
~'W~ec'E/@ 
~~H~~_rn1 

371.1 
30 
370.9 

• .oos, 
30 

CULVERT DATA SUMMARY •••••••• .. •• .. •••• 
BARREL SHAPE PIPE ARCH 
BARREL SPAN 4.75 FT 
BARREL RISE 3.17 FT 
BARREL MA TERI AL STEEL OR ALUMINUM 
BARREL t.ANNING'S N 0 .024 
INLET TYPE CONVENTIONAL 
INLET TYPE HEADWALL 

5TKIX,TUKC5 Ni'C NOT Nt::Cl'.55#1'/I-Y 

NUMfJCKCD CON5ro.Jr/v'C/.Y - PIPC5 

AND fJR'ID6C5UNDCR' PK/v'ATC lN.Jl'.5 

WCR'C Nt:eLJXTt:D 

l 
l 

BRIDGE / STRUCTI.JRE f 68 
This Structure wos field checked 

OMAX befar" ov.,r topping ~ 63 cfs 
OV<!rlapping elevation - 379 50 

Constant TAILWATER assumed ot 378.50 

0 
375.5 

'° 375.1 

' 0, 

"' 
CULVERT DATA SUMMARY •••"••••••••••• 00 

BARREL SH APE PIPE ARCH 
BARREL SPAN 4.75 FT 
BARREL RISE 1 3.17 FT 
8ARREL MAITRIAL STEEL OR ALUMIN UM 
BARREL MANN(NG'S N 0.024 
1Nl.£f TYPE CONVENTIONAL 
INLET TYPE PROJECTING 

BRIDGE / STRUCTURE ii 69 
This Structure was field checked 

' 
QMAX before overtopping - 70 cfs 

Overlopp ing elew, tion - 381.50 
Constan t TAIU\'ATER assumed ot 380.50 

SITE DATA ••• •• CULVERT INVERT 
INLET STA Tiig/fi'D 
,')>l'ffivaa . (F/fJVYofi? 
OOflff"'"§r A-'flO (~ u 

II 1 ... 
0 
377.5 

r,m,;.,-,'"'"''''" ~ '1tJM6Ca~...-iS,;RRElB l!:!,/ 
'° 377.1 

"9",Y>- ' Jl.!.- _k,r;;;o~ 
~d-E~lJ~~r T) 

' ·°' <O 

CULVER T OAT,> SUMMARY "••• •••••"•" • •• 
BARREL SHAPE PIPE ARCH 
BARREL SPAN 4.75 FT 
BARREL RISE 3.17 FT 
BARREL MATERIAL STEEL OR AWMINUM 
BARR EL MANNIN G'S N 0.024 
INLET TYPE CONVENTIONAL 
INLET TYPE HEADWALL 

BRIDGE / Sl'RUCTURE I 70 
This Struc tur.., was field ch ecked 

QMAX before ,:,vertc,pping = 504 cfs 
Over t opp ir,g ~levolion = 342.30 

Con~ tont TAIL~IATER as~umed at 341.30 

' SITE DATA ••••• CULVERT INVERT 
INLEI STATIQl,// (FT) 
INLET ELEVATION (FT) 

~~~~~,,. 
~~E~ 

II 1 ... 
0 

=• ,0 

336.3 

s"""""'c,.,;;ttr) <7 ;;;1 
c{C~tft' AL&-io.:st'OPE (FT) 

• .0033 
30 

C~lf)A~J{J ....... .. 
BARREL SHAPE BOX 
BARREL SPAN 16.00 FT 
BARREL RISE 4.50 FT 
BARREL MATEl!'IAL CONCRETE 
BARREL MANNING'S N 0.016 
INLET TYPE l CON\£NTIONAL 
INLET TYPE 1: 1 BEVEL (45 • FLARE) 

BRIDGE / STRUCT\JRE 11 71 
Th is Slruc tuM wa3 fie ld check~d 

QMAX before overtopping = 923 els 
Overtopping devotion = 349.80 

Con3lont TAILWA TER assumed al 348.30 

SITE: DATA ••"• CULVERT INVERT 
INLET STATION (FT) 

~='' 0 

II 1 ... 
0 
342.6 
,0 
342.5 

' ' .0033 

" 
CULVERT DATA SU MM ARY ""'"••••••••"" 
BARREL SH APE BOX 
BARREL SPAN 21.00 FT 
BARREL RISE 5.00 Fl 
BARREL MATERIAL CONCRETE 
BARREL MANNINC"S N 0.012 
INLET TYPE CONVENTIONAL 
INLET TYPE 1: I BEVEL ( 45. FLARE) 

BRIDGE / STRUCTURE 11 72 
Th is Structure .. os field ch~cked 

OMAX before overtopping = 1050 el s 
Overlappin g elaw,\1on • 354.30 

Constant TAll'.WATER assumed at 352.80 

SITE DATA ••• •• CULVERT INVERT f 1 ••• 
INLET STATior· (n) 0 
INLET ELEVATION (FT) 346.8 

g~~~~ j~6.7 

SL ' . )B'oJ .0033 
NO~~- :..§.ol.RRq.S 2 

cu l: "' , ~~v;} 30 
cu'S.t.'1.r{/r,..TA<:&JM'}{;,)Jr.-.lJ.:L. ...... .. 
BARREL SH -.P~ BOX 
BARREL SPAN 12.00 FT 
BARREL RISE 5.00 FT 
BARREL MATERIAL CONCRETE 
BARREL MANj-J ING"S N 0.012 
INLET TYPE V, CONVENTIONAL 
INLET TYPE 1: 1 BEVEL (45. FLARE) 

BRIDC£ / STFUCTI.JRE I 73 
Th is Structuf e was field checked 

OMAX bef?n• .'o ,eclappiro'} - 1 089 cfs 
o~er t opp1ng ~levation - 365.00 

Constont)i"JIWATER assumed ot 363.80 

SITE DATA ., ,.. CULVERT INVERT t 1 ••• 
INLET STA TIOII (FT) 0 
INLET ELE:VATION (FT) 358.3 
OUTLET STAn ON (FT) JO 
OUTlET ELEVA TION_Jf_T,l_,~c 358 

~~hi~t_e.f l? .0 1 

1;"-)~ 'tff!J!j-"'' (nl 30 

iii!it~~;-·· --· --· 
BARREL RISE 6.20 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S N 0.016 
INLET TYPE CONVENTIONAL 
INLET TYPE 1: 1 BEVEL (45 • FLARE) 

BRIDGE / STRUCTI.JRE 11 74 
This Structure was field checked 

OMAX be fore o••orlopping = 337 els 
Over t opping elevation 397.85 

Con5tont TAILWATER o5~umed at 395.8 5 

t, 1 ••• 

0 
390.6 

" 389.8 

' 02 
40,01 

CULVERT DATA SUMMARY ••"'""•••••"•• 
BARREL SHAPE 
BARREL SPAN 
BARREL RISE 
BARREL MATERIAL 
BARREL MANNING'S N 
INLET TYPE 

so, 
8.25 FT 

4.25 FT 
CONCRETE 
0.016 

CONVENTIONAL 
INLET TYPE 1: 1 BE\i'E:L ( 45 ' FLARE) 

BRIDGE / STRUCTURE f 75 
This Structure was field checked 

QMAX befo..-e avertoppln9 - 669 cfs 
OV<!rlopping elevotion - 372.1 7 

Constant TAILWA TER OS"'--'med ot 371 .17 

~~' ,, ... 
~F~ ~;;-1 

~~ ""; 
SLOPE (V-FT/H - FT) .0033 
OJLVERT LEM GTl-l ALONG SLOPE (FT) 30 

CULVERT DATA SUMMARY "••••••••"•••u• 
BARREL SHAPE BOX 
BARREL SPAN 20.00 FT 
BARREL RISE" 5. SD FT 
BARREL MA TERI AL CONCRETE 
BARREL MANNING'S N 0 .012 
INLET TYPE CONVENTIONAL 
INLET TYPE I 1: 1 BEVEL ( 45 • FLARE) 

BRIDGE / STRUCTI.JRE ,j/ 76 
This Structure was field checked 

Q.;AX before over t opping = 
Overtopping ele~otion 

Consl on t TAILWA TER assume<! 

722 cfs 
375.50 
"t 374.50 

# 1 ... 
0 
370 6 
30 
370 5 

' 0033 
30 

CULVERT DATA SUMMARY ••••• • ••·•••••00 •• 

BARREL SltAPE OOX 
BARREL SPAN 23.00 FT 
BARREL RISE 4 75 FT 
BARREL MA fERIAL CONCRETE 
BARREL MANNING"S N 0012 
INLET TYPE CONVENTIONAL 
INLET TYPE SQUARE EDGE ( 30-75 • FLARE ) 

BRIDGE / STRUCTURE # 77 
Th is Structure wos field checked 

QMAX before ovedopping • 417 c fa 
O~ertopping ~evotion = 378.50 

Constant TAILWATER assumed at 377.50 

SITE DATA •••·• CULVERT INVERT t, 1 "' 
INLET STATION (FD 0 

~~~~18?!:'rrotf? 3x;·3 
ou~iJ (Flf:--'--=--- ,_, 374.2 
NU~~S fl 'c)I 1 
SL!¥E~~) ~ .0033 

.'"'f'!fjff!;•~.JiX!!"Jiil_l 30 

CULVERT DATA SUMMARY •• ~"•••••••••••" 
BARREL SHAPE BOX 
BARREL SPAN 16.00 FT 
BARREL RISE 5.00 FT 
BARREL MATERlll.L CONCRETE 
BARREL MANNING'S N 0.012 
INLET TYPE CONVEN n ONAL 
INLET TYPE 1:1 BEVEL (45 • FLARE) 

BRIDGE / STRUCTURE # 78 
This Structure wos field checked 

QMAX tiefore o~ertopping = 716 cfs 
Overtopplng elew,Uon = 389. 70 

Can~tont TAILWATER os5umed ol 388.20 

SITE DATA ""•• CULVERT INVERT II 1 " ' 
0 
382.7 
,0 
382 6 ~!~ 

~~$:,@ 
'l'JfJfJ:f'!~'fM!!J/JfJN/l 

' .0033 
30 

CULVER T DATA SUMMARY •••0 ••••"'""" 

BARREL SHAPE BOX 
BARREL sPAN 14.00 FT 
BARREL RISE 5.80 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S N 0.012 
INL£T TYPE CONVENTIONAL 
INL£T TYPE 1:1 BEVEL (45 . FLARE) 

BRIDGE / STRUCTURE t, 79 
This Structure was fiel d ch eck<><! 

OMAX before over topping = 77 c fs 
Overtopplng elevollon • 398.1 0 

Constant TAILWATER os;umed at 397 10 

SITE DATA "'" CULVERT INVE RT # I ... 
INLET STATION (FT) 0 

OU ) r.fY'o"fi? 30 
l'c.E~ELEVATION FT) . _ 394.J 

OU FT-:fV~U 394 .1 
NU~_H,~Sr.=J 1 
SL~)~ 0067 
CU~NG~~,.P.;E. (9,-7 30 

CUL tlkrd");t A c;;;,1r1A'r/?J.I-:.lt-.'/~ ..... •• 
BARREL SHAPE BOX 
BARREL SPAN 6_ 25 FT 
BARREL RISE 2.00 FT 
BARREL MATERIAL CONCRETE 
BARREL ~ANNING•s N 0.012 
INLET TYPE CON\1£NTIONAL 
INLET TYPE SQUARE EOCE (90-45 ·) 

BRIDGE / STRUCllJRE fl 80 
This Structure .. as field checked 

OMAX before overtopping = 804 cfs 
Overtopping elevation 385.00 

Constant fAILWATER ossum ed ot 384.15 

SITE DATA •u•• CULVERT INVERf /i 1 ... 
INLET STATION (FT) 0 

375.5 
Cl /o''O' ,o 
LJ \.V~ 375.3 

~'fb~~ 
CULVERT LDIGTI-l ALONG SLOPE (FT) 

' .0067 
,0 

CULVERT DATA SUMMARY ,,., ... , . . ....... . 
BARREL SHAPE BOX 
BARREL SPAN 16,00 FT 
BARREL RISE 8.25 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S N 0.016 
INLET TYPE CONVENTIONAL 
INLET TYPE SOU ARE EDGE (30-75 • FLARE) 

BRIDGE / SffiUCTIJRE II 81 
This s ,ruc ture was field checked 

OMAX before overtappi,-,9 = 4 15 els 
Q..,,rtoppin g elew,tion = 410.00 

Gonstont TAILWATER assumed at 406.00 

SITE DATA ••••• CULVERT INVERT # 1 "' 
INLE T STATION (FT) 0 
INLE T ELEVA TIQN (F1) 400 
""""1'1<""""0 (rtfrof,7 30 
l4rl\:~( ~ p u 399.8 

~ -Rrt°J@X§J .6067 

~ ~~{;Ji.(~-~~ ... ~~ -
BARREL SHAPE BOX 
8ARREL SPAN 6.00 FT 
BARREL RISE 5.00 FT 
BARREL MA TERIAL CONCRETE 
BARREL MANNING'S N 0.01 2 
INLET TYPE CONVENTIONAL 
INLET TYPE SQU ARE EDGE (90 - 45 ") 

I 
BRIOGE / STRUCTURE / 82 

This Stn,cture ; as field checked 

◊MAX before over l opping - 50.3 cfs 
Overtopping ele\..o tion • 340.00 

Constant TAILWATER assumed at 339.00 

SI TE D-ATA •••••1 CULVERT INVERT II I ••• 
INLET STATION (FT) 0 
INLET ELEVATlO~ (FT) JJ4.9 
OUTLET STATION! (FT) 30 
OUn.ET ELEVATl0N (FT) 3.34.1:! 
NUMBER OF BARRELS 1 
SLOPE (V- FT/HLFT) .0033 
CULVERT LENGTI\ ALONG SLOPE (FT) 30 

CULVERT DATA SUMMARY ••,.•••••••••••••• 

::~S' ~ 
""'16.m~ Cl /2,\D " 8AFi!,ic:~1;} U C.,~RETE 

INLt':'J':; 1 C,'1 """'~"'"~o 
INL , S :l'. &f. • FLARE) 

SHE DATA """" CULVERT INVERT 
INLET STATION (F f) 

II 2 ••• 
0 

INLET ELEVATION (Ff) 
OUTLET STATION, (FT) 
OUTLH ELEVATION (FT) 

335 9 
30 
334. 7 

NUMBER OF BARRELS • SLOPE (V-FT/Hr FT) 
CULVERT LENG TH ALONG SLOPE (FT) °' 30_02 

CULVERT OATA SUMMARY ""••••••••""•• 
BARREL SHAPE CIROJLAR 
BARREL DIAMETER 4J)O FT 

~1~~~ ~1~7~t\ N g~~RE TE 
INLET TYPE CONVENTIONAL 
INLET TYPE GROO\IEO ENO PROJECTIO'J 
INLET OEPRESSl0N NONE 

BRIDGE / STRUC TURE I 83 
This Structure wos field checked 

OMAX before 01:,erlopping • 843 els 
Overtopplng ele~ct lon - J50.50 

Constan t TAILWATER os,umed ot 349.10 

SITE DATA .... ~ CULVERT INVERT II 1 "• 
INLET STATION (FT) 0 
INLET ELEVATIOII ?T) 344.2 

-

OUTLET ST~~FT) O ~;.l 

- .0033 
~ LOPE {FT) 30 

~'(!JJ{J'fJ[!j] .......... . 
~A~-~~~N-f 10.00 FT 
BARREL RISE I 5.00 FT 
BARREL MA TERl ,'IL COM CRETE 
BARREL MANNING·s N 0.012 
INLET TYPE 1 CONVENTIONAL 
INLET TYPE 1: 11 B[\£L (45 • FLARE) 

I 
BR10GE / STRU~ TIJRE I 84 

This Struclurel was li@ld checked 

OMAX be fore 0·1ertopp ir,g = 720 el s 
Ove r t0pp1ng ele·,ation = 375.00 

Constant TAILt TER as sumed ct 370.00 

SITE DATA ••• •• CULVERT IN VERT If 1 ... 
INLET STATION (F D 0 

,l!4b~,}-E;l§;__\o'.¢,lB) J68.4 
LOOM~~-- fl@X§) ,oo 

-

ELEV Tl T) 367 
0 ~"· ,,.."'f"'.fjl 

{'V- -l'ft, 'l)J., .0039 
CULVERT LENGTH ALONG SLOPE (FT) 360 

CULVERT DAT~ SUMM ARY .,,,; •• , ..... .. $ •• 

BARREL SHA BOX 
BARREL SPAN 14.00 FT 
BARREL RISE 9.50 FT 

~:~:~t ~~~711~\ N 6~6,~RETE 

INLET TYPE ~ CONVENTIONAL 
INLET TYPE 1 1 BE\IEL ( 45 • FLARE) 

BRIDGE / STR CTIJRE f 84A 
This Structure wos field checked 

OMAX before overtc,pping - 245 ch 
Overtopping ~ ew,tion = 380.00 

Canstan\ TAI L'1'ATER ossumed ot 378.50 

CULVERT OATA S\Jt.MARY , .......... ,,.,.,, 
BARR EL SI-IAPE BOX 
BARREL S?AN . 8.00 FT 
BARREL RISE 4 00 FT 
8 ARR EL MATE~IAL CO'JCRETE 
aARREL MAN1:!JNG'S N 0.0 20 
INLET TYPE ~ CON\IENTIQNAf. 
INLET TYPE SQUARE EDGE (30- 75 • FLARE) 

-, 
l 

BRIDGE / STRUCTURE t, 85 
This Structure was fie ld c:hecked 

OMAX befare owrtopping - 159 els 
Q.,ertopping elevat ion • 406.90 

Constant TAILWATER os~umed ot 405.40 

SITE DATA ••••• CULVERT IN'-1::RT 

l~~~~T) 
~~(~ 
~~ 
-w- ,vhf'k-,~ .• 
~cJ.E~lj~yf_~T) 

4-01.7 
2 

.0067 
,0 

CULVl:RT DATA SUMMARY •••••••••., • ••"•• 
BARREL SHAPE PIP[ ARCH 
BARREL SPAN 4.75 FT 
BARREL RISE 3. 17 FT 
BARREL MA TERIAL STEEL OR ALUM INUM 
BARREL MANNING'S N 0.024 
INLET TYPE CONVENTIONAL 
INLET TYPE HEADWALL 

BRIDGE / STRUCTIJRE I B6 
This Structure was Field checked 

QMAX before oV<!rtopping = 337 els 
Q.,artopping elevotion = 415.DO 

Coostor>t TAILWATER ossumed o l 413.90 

SITE DATA "••• CULVERf INVERT 
INL£T STATION (FT) 

'1finfl{gg:J{lf3Jy[j' 

/j 1 ••• 
0 
409.4 
30 
+09.1 m <e~ 

EL?] ~ 

~) 

CULVERT OATA SU MM ARY .,, • ., •• , •• , , ..... 
BARREL SHAPE BOX 
BARREL SPAN 10.00 FT 
BARREL RISE 5.00 FT 
BARREL MA TE RIAL CONCRETE 
BARREL MANNING'S N 0.020 
INL£T TYPE CONVENTIONAL 
INLET Tl'PE SQUARE EDGE (90-45 ·) 

BRIDGE / STRUCTURE I 87 
This Struc ture -as field checked 

CULVER T DATA SUMMARY ••••••••"•"••••• 
BARREL SHAPE USER DEFINED 
BARREL SP AN 8.50 FT 
BARREL RISE 12.50 FT 
BARREL MATERl.l\L CON CRETE 
BARREL MANNING'S N O 020 FOR SIOES ANO 

INLET TYPE 
I 0.020 fOR BOTTOM 

CONVENTIONAL 

BRIDGE / STRUCTIJRE: t 90 
This Structure wos fi eid ch ecked 

OMAX b~fo,., over!oppir>g - 701 cfs 
O·,ertopping elevatior> = 385.DO 

Can stont TAILWATER assumed at 383.25 

' SITE DATA ••••• CULVERT INVERT # 1 ••• 
INLET STA1)&4,.~ O 

~~~ f}~ 3;g 

[re~ ~ JJ/Xm] 37;-8 

SLOPE (V-FT/H-FT) .0067 
CULVERT LENG"rti ALONG SLOPE (FT) 30 

CULVERT DATA SUMMARY .,.,.,.., ....... ,. 
BARREL SHAPE BOX 
BARREL SPAN 18.00 FT 
BARREL RISE 4. 50 FT 
BARREL MA TI:R IAL CONGRETE 
BARREL MANNING'S N 0.016 
INL£T TYPE CONVENTIONAL 
INLET TYPE SQUARE EDGE (30-75 • FLARE) 

BRIDGE / STRUCTI.JRE I 9\ 
This Slructur~ wos field checked 

OMAX before o.,ert opping "" 441 cfa 
Overtopping ele,otion = 329.80 

Const an t TAILWATER assumed at 328.JO 

~ti~il/f~T I~ ... 

~
(?h~ iJ 323.8 
( 'fa) 30 
N ~ 323.7 

....,<RJ,, l!f-I<m,o){oT.V,7 ' 
sb(i~~F~)S-"Ln...lLA.A./ .DOJJ 
CULVERT LENGTH ALONG SI.OPE (FT) 30 

CULVERT DATA SUMMARY ., ..... ,,.,., ... ,. 
BARREL SHAPE BOX 
BARREL SPAN 15.00 FT 

rn, 

BRIDGE / STRUCTURE II 93 
This Struc ture ·~as field ch~cked 

QMAX before over topping = 247 els 
Overtopping ele'-'<ltion = 350.00 

Constant TAILWATER assumed o t 348.90 

SIIT DATA ••••• CULVERT INVERT f 1 • • • 

:~~~ ~43.9 

'""""'-= 30 ou'D:~trot-t (tyy;.__0' 343.7 

;~~Lf'"TB,e...J!;~ .~7 
Cu~mNanr j[~?'S(Op"'t'1ff) 30 

CULVERT DATA SUMMARY "•"•••••• ••• •"• 
BARREL SHAPE BOX 
BARREL SPAN 7.50 FT 
BARREL RISE s_oo FT 
BARREL MA TERI AL CONCRETE 
BARREL ~ ANNING'S N 0.016 
INLET TYPE CONVENTIONAL 
INLET TYPE SOOARE EDGE (90-45 ") 

BRIOGE / SlRUCTURE I 94 
Th is Structur;, was field d,ecked 

OMAX before avertopping = 59 els 
Over lapping elevolio~ • 386. 90 

Con5lonl TAI LWATER 03sumed ot 385.40 

fJ 1 ••• 
0 
383.4 
,0 

382.7 

' .02'.3 
30.01 

CUL\£RT DATA SUMMARY .... , ......... ,. •• 
BARREL SHAPE CIRCULAR 
BARREL DIAMETER 2.00 FT 
BARREL MA TERI AL CONCRETE 
BARREL MANNING'S N 0.012 
INLET TfPE CONVENTIONAL 
INLET TYPE SQUARE EDGE \',\TH HEADWALL 
INLET DEPRESSION NONE 

BRIDGE / STRUCTURE I 94A 
This Stru c ture was field checked 

l, 

j 
l 

' BRI DGE / STRUCTIJRE I 96 
This Structure was rield checked 

OMAX before overtopping = 1136 cfs 
Overtopping elevation = 345.0D 

Const ant TAILWATER <l5sumed at 340 .00 
' 

SITE DATA •••u CULVl::RT INVERT i, 1 "' 

~ f](§Xi) g33.9 

~i ),~~lfJ,~ 11, 2 
~~A~~E~ 1 

SLOPE ( V-FT/H- Ff} .0087 
CULVERT LENGTH ALONG SLOPE (FT) 80 

CULVERT DATA SUMMARY ••"•••••••••.,••• 
BARREL SHAPE I BOX 
BARREL SPAN 12.00 FT 
BARREL RISE 7.50 FT 
BARREL MA TE RIAL j CONCRETE 
OARREL MANNING'S N°I 0.01 2 
INLET TYPE j CONVENTIONAL 
:NLET TYPE 1:1 BEVEL ( 45 • fLARE) 

BRIDGE / STRUCTURE # 97 
This Structur& wos fiel d checked 

OMAX be rore ow,r topping = 88 cfs 
Ovedopping elevation = 375.00 

Conston\ TAILWATER assumed ot 373.SO 

SITE DATA •••u CU VERT INVERT 
INLET STATION (FT) 

I \:n ' 0 

/1 1 ... 
0 

''° 30 
365,5 

' ·" 30.34 

CULVERT DATA SUMMAR Y ............ , .... . 
BARREl SHAPE CIRCULAR 
BARREL DIAMETER 4,00 rT 
BARREL MA TERI AL CORRUGA TEO STEl:1 
BARREL MANNING'S N 0.0 2.4 
INLET TYPE CONVENTIONAL 
INLET TT?E SQUARE ECCE WITI-l HEADWALL 
INLET DEPRESSION NONE 

BRIDGE / STRUCTURE f 98 &: 102 (CCMBINED) 
This Structure~ field checked 

BRIDGE / STRUCTURE I 99 
This Structure wos field thecked 

OMA)( before overtopping = 162 els 
Overtopping elevation = 347.90 

Constont TAILWATER assumed at 346. 40 

SITE DATA .... , CULVERT INVERT I 1 • ., 
INLET STAnON (FT) O 

1/Af'.-V.:_t:i;y~~(r l '>v 342. 9 
mt.f!_g,~~(F'. a 3o 
Q11 n ET Ell:_V!\D.PN 342.3 
i;jw~~~ - 1 
5LOPE""'(\r°"rt-/i¥-- f1l .02 

~lf~""@!~!ll2JT) 30.01 

CULVERT DATA SUMMAR Y .,..,.,.,.,.,., • ., 
BARREL SHAPE BOX 
F.IARREL SP AN 6.25 FT 
BARREL RISE 3.25 FT 
BARREL MA TE RIAL CONCRETE 
BARREL MANNING'S N 0.012 
INLET TYPE CONVENTIONAL 
INLET TYPE SQUARE EOG[ (30-75 • FLARE) 

BRIDGE / STRUCTI.JRE I 100 
This Structure wa~ field checkerl 

QMAX before overtopp ing ~ 92 els 
Overtopping elevation ~ 387.20 

Constan t TAILWATER assumed ot .385.20 

' 1 ... 
0 
382.2 

'° "' ' .015 
80. 01 

CULVERT OATA SU MMARY '"••••••"•• • ••••• 
BARREL SHAPE PIPE ARCH 
BARREL SPAN 4.75 FT 
BARREL RISE 3. 17 FT 
BARREL MA TERI AL STEEL OR ALUMIN UM 
BARREL MAN NING'S N 0.024 
INLET TT?E CONVENTIONAL 
INLET TYPE HEADWALL 

BRIDGE / STRUCTURE I 101 
Thii St ruc tur<1 wo, fiel d checked 

OMAX t> efore overtopplng - 125 el s 

CULVERT DATA SUMMARY ...... ........... , 
BARREL SHAPE BOX 
BARREL SPAN 18.00 Fl 
BARREL RISE 3.50 FT 
BARREL MA TERI AL CONCRETE 
BARREL MANNING'S N 0.016 
INLET TYPE CONVENTIONAL 
INLET TYPE SQUARE EDGE {30- 75 ' FLARE) 

BR1DGE / STRUCTURE I I 04' 
This Structure wos field ch~cked 

OMA X befor e overtopping = 1012 els 
o ~ertopping ale..,tion ~ 342.20 

Constant TAILINATER assumed ot 336.70 

SITE OATA ••••• CU LVERT INVERT ii 1 ••• 
INLET STATION (FD 0 

~~~.l#c, 330 7 

t;t;;7~o~rr) fl (§X§J g~ 
~~~~~~ .6117 
OJLVERT LENGTH ALONG SLOPE (FT) 60 

CULVERT DATA SUMMARY ••••••"'"""""• 
BARREL SHAPE BOX 
BARREL SPAN 10.00 fT 
BARREL RISE 3-00 FT 
BARREL MA TERI AL CO\'JCRETE 

~~~~E~tNING'S N c~3t~NTIONAL 

INLE T TYPE 1:1 BC\IEL {45. FLARE) 

BRIDGE / SlRUCTURE I 105 
fhis Structure was field d ack ed 

QMAX l)efw<1 overtopp1ng ~ 97 ~Is 
Overti;ipplng <1levotion ~ 357.00 

Cont\Qn t TAILWATER assumed at 3:55.00 

SITE OATA •••" CULVERT INVERT I/ 1 ••• 
IN L.ET STATION (FT) 0 
INL~Of~JIOtin.q) /7,,~ J51.5 
OlJ'tll::P4-S:fll"tlCW...~) lA.I~ LJ 80 

~~-, ITtl@ 3~, 4 

SL - H- .0138 
CU L G .ti!INJ BQ_01 

CUL.\JERT DATA SUMM ARY ,(. . . . .... .,., • •••• 
BARREL SHAPI:'. CIRCULAR 
BARREL DIAM l:'.TER -4 00 FT 

BRIDGE: / STRUCTURE I \07 
This Structure wos field check"d 

OMA~ before ovedopping = 29 els 
Ov~rlopping elevation = 369. 70 

Constant TAILWATER a5sumed ot 366.70 

SITE DAfA .. *" CU LVERT INVERT 
INLE:T STA flON (FT) 

I I .,. 
0 

mim:= ( ' 0 

'@ 
• ~f"T) 

365 7 
,0 
36 4.B 

' .018 
50.01 

CUL VERT DAT A SUMMARY ........ ,., ••••• " 
BARREL SHAPE CIRCULAR 
BARREL DIAMETER 2.00 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING·s N 0.01 2 
INLET TYPE CONVENTIONAL 
INLET TYPE GROOVED ENO PRO..£CTION 
INLET OEPRESSION NONE 

BRIOCE / SlRUCTIJRE I 10B 
This Structure wos fi eld checked 

QMAX befo..-e overtopping = 648 cfs 
Qw,rtoppin g elevotion = 262.00 

Const ont TAILWATER assumed ot 2S5_00 

SI TE DATA 0 ~ •• CULVER T INVERT 
INLET STATION (FT) 

# 1 ••• 
0 
251.2 
80 

INLET ELEVATION {FT) 

O~TSTATI FT 
9V. @ 

""""' 
f/(0(0250 

~~m.1:i~uei~ln 
• .015 

80.01 

CULVERT DATA SU MM ARY ••••••••• ••••• •• " 
BARREL SHAPE PIPE ARCH 
BARREL SPAN 10.17 FT 
BARREL RISE 6.4+ FT 
BARREL MA TERI AL CONCRETE 
BARREL MANNING'S N 0.012 
INLET TYPE CONVENTIONAL 
INLET TYPE so. EDGE wrn-1 90 ' HEADWALL 

BRIDGE / STRUCllJRE I 109 
This Structure wo9 fiel d checked 

OMAX before overtc,pping ,. 66 els 
o.,ertOpplng elevation = 380.00 

BARREL RISE 3. 75 FT 
BARREL MA TE RIAL CONCRETE: 

OMAX before overtopping ? 539 cfs 
Overtopping ~ewt ion - 300.00 

OM AX before O'-'<lrtopping - 510 c fs 
Overlapping &!aw,_tion" • 298.30 

Over toppin g elevc tion • 365.00 
Constont TAILWATER anu [1'1ed aJ 38150 

0ARR£l MATtRl_bL CQRRUGAT£D STEEL 
.......-BARREL MANNING•s N 0.02 4 

INLET TYPE cor, ~'ENTIONAL 

OMAX b,-lore ow,r topplng - 203 els 
Ov<1rtopping elevction - 305.00 

Constant TAILWA TER assumed ot 378.50 

SI TE DATA ••••• CULVERT INVERT 
INLET STATION (FT) 
INLET ELEVATION (Fr) 

,. 1 ••• 

0 
376.4 
mo 
375.9 

BARREL MANNING'S N 0.01 2 
INLET TYPE ~ CONVENTIONAL 
INLET TYPE SQUARE tOGE (90&1 5 • FLARE) 

BRIDGE / STRUCTIJRE # 92 

Constant TAILWATER a~"'--'med ot 299_QQ 

SITE DATA ••••• CULVERT INVERT II 1 ... 
INLET STATION (FT) 0 

,N~V !!t!}Q .(FT)1;,',ry;:;;y;,;3 294.6 
0 CS ·r _J.-0 U JO 
0 I ( 294.5 

Constonl TAfLWATER ~ ssumed at 297.~0 

SITE DATA ••••• CUL VERT INVERT # 1 "' 
INLET STATION (FT) 0 
IN Q 291 ,3 

,0 
r 291 

SITE DATA ••••• CULVERT INVERT 
INLET STATION (FT) 

'" ' 0 
0 ( 
N---C 
SL(ej,~-FT 

/J 1 ... 
0 
'60 
30 
359.7 

~~ This Slructurs was fi&ld checked 

~F~G SLOPE (FT) QMAX before overtopping - 774 cfs 
~~i?fl@Xq) .01 

:~~®.: .... ~~ .. 
' ·°' 30 

' 'fJf'1f,"~) 
' ·°' 30 

~~••••••••H 
0-..ertopping ele,otion - 341 .40 CULVERT DATA SU MMARY •• ••••.,••• .. ••••• 

Constant TAILWATER assumed ot 339.90 
BARREL SHAPE BOX 

CULVERT DATA SUMMARY •• ••o0••• • •""'" 
BAR REL SHAPE BOX 

BARREL SH APE PIPE ARCH 
BARREL SPAN 6.02 FT 

BARREL DIAMETER 5.00 FT BARREL SPAN 16.00 FT BARREL SPAN 8.00 FT BARREL RISE 3. 70 FT 

BARREL MATERIAL CONCRETE 
SITE DATA ••••• CULVERT INV'ERT # 1 ••• '"'- = 0 IN!:.Er°'~~ -'(?"A-~TY,~ u 333 9 

BARREL RISE 4.75 FT BARREL RISE 5.00 FT BARREL MATERIAL STEEL OR ALUMINUM 
BARREL MANNING"S N 0.01 2 BARREL MATERIAL CONCRETE BARREL MAlERIAL CONCRElE BARREL MANNING'S N 0.02 4 
INLET TYPE CONVENTIONAL ool"'m-nb ,.,v;;.., so BARREL MANN ING'S N 0012 BARREL MANNING'S N 0.01 2 INLET TYPE CONVENTIONAL 

INLET TYPE SQUARE EDGE WITH HEADWALL 
INLET DEPRESSION NONE 

Oliltrit...tlbAlhD;-,' (FQ &.iv 333.4 

Niil..QF B>~~C, , 
SLI) E,4 TA}+- 0 ;{_ ."fi'lil .0056 
cu I 'a':NG O SL0P'E1Hi 90 

INLET TYPE CONV£NTIONAL 
INLET TYPE 1: 1 BEVEL (45 • FLARE ) 

INLET TYPE CONVENTIONAL 
INLET TYPE SOUARf. EDGE ( 90- 45 ") 

' 2 

INLET TYPE HEADWALL 

BRIDGE / STRUCTURE I 102 
f his Struc ture was field ch ecked 

8RIDGE / STRUCT\JRE if 88 CULVERT DATA SUMMARY •••••••••• •• •••••• BRIDGE / STRUCTI.JRE f 9 5 

SITE DATA •• ,., CUI.VERT INVERT 
INLET STATION (FT) I 
INLET ELEVATION (FT) 

0 
2S2 See the calculations tor I! 98 to th ~ left 

This Structure wo~ fie ld checked BARREL SMAPE BOX This Structure wa , field checked 
Bl\RREL SPAN 14.00 FT 

OMA)( before overtopping = 450 els 8"-RREL RISE 6.50 FT QMAX before o ... ertopping ~ 631 cfs 

OU TLET STATION (FT) 
OUTlET ELEVATION (FT) 
NUMBER OF BARRELS 

30 
291 7 BRIDGE / STRUCTURE ' 1 03 

This Structure wos field ch~cked 

Overtopping elevotion = 370.00 
Constant lAILWA TER assumed at 368.50 

8ARREL MAT[Rl/>L CONCRETE 
BARREL MAtlNING"S N 0.012 

Overtopping elevotion = 275.00 
Constont TAILWA TER assumed at 273.50 

SLOPE (V- FT/H- FT) 
CUL VERT LENGTH ALONG SLOPE (FT) 

• 
°' 30 

OM AX be/ore o,ertopping = 424 cf~ 

SITE DATA ••••• .CULVERT INVERT . 
INL£T STATION (FT) 
INLET ELEVATION (F T) 
OUTLET STATION (FT) 

II ·1 ••• 
0 
364 .5 
,0 

INLET TYPE CONVENTIONAL 
" INLEf TYPE 1: 1 EJE\£L ( 45 • Fl."-RE) SITE DATA ""'· CULVERT INVERT 

::m@r.~flfG.':@lf 
'~"~"@\ ;;, 

II l ·• • 
0 

'" JO 

) 
CULVERT DATA SUMMARY ......... , ....... . 
BARREL SHAPE BOX 
BARREL SPAN 8.00 FT 
BAIIBEL RISE ~ 5.DO FT 

~m§t~o 

l~;TT~ 
i I • • • 

0 
329.J 
,00 
327.9 

OIITI E~l.!l.r ( . 364.3 BRIOCE / STRUCTURE # 9Y:-­
This Structure .. os fi eld checked 

OU ~ ( - a · ~..-' 
NM R BAREL @ _ 26 7.6-

< 

BARREL MATERIAL CONCRETE 
lr-lLET ELEVATION (FT) 
OUTLET STATION (FT) 
OU TLET ELEVATION (FT) 
NU MBER Of" BARRELS 
SLOPE (V- FT/H-FT) 

MBtl!.J a . -, o 
troF'i - - FT ' .0067 

BARREL MANN ING·s N 0.012 

1~efJ#jft~'1),, .01 3 3 
30 

INLET TYPE , CONVENTIONAL 

~ACl'J''@)OPE (n) 30 OMAX before overtopping = 2322 cfs INLET TYP E SQUARE EDGE (90-45 ·) 

;~'(,~~"'······· 
Overtoppin,J elew,tioro = 3'.>1.00 

Constant TAILWATER assumed at 347. 00 CULVERT DATA SUMMARY , .. , ..... , •• ,. •• ., 
BARREL SHAPE BOX 

BARREL SPAN 14.00 FT ~£ui,~T I~••• BARREL SPAN 11.50 FT 
BARREL RISE 4.50 FT m~"R'°" ,., 

BARREL RISE 8.00 FT 
BARREL MATERIAL CONCRETE BARREL MATERIAL CONCRETE 
BARREL MANNING'S N 0.01 2 A ( ~ 30 

,i'O!'( (i'rJ' Ln ... ~) ...A., 341.8 
BARREL MANNING'S N 0.012 

INLE:T TYPE CONVENTIONAL INLET TYPE CONVENTIONAL 
INLET TYPE SQUARE (OGE (90-45 ·) NUMSER OF BARRELS 1 H..f.T TVP( 1: 1 BEVEL (45. FLARE) 

BRIDGE / SlRUCTURE If 89 
rhi5 Str'Jct ure wa5 field checked 

o.;Ax before overtopping 2 596 els 
_,~~,38•.oo 

&21:iJ.lS!rlf~~ •rrB/\;'t~.Ji! at 377. 70 

SLOPE (V-FT/H- FT) .0067 
CULVERT LENGTH ALONG SLOPE (FT) 30 

CULVERT DATA SUMMARY ••• • •• •••••••• 00 • • 

BARREL SHAPE BOX 
BARREL SPAN 40,00 FT 
BARREL RISE 5.2!> FT 
BARREL MATERIAL CON CRETE 
BARREL .;ANNING'S N 0.012 

~ri)~RT 
# 1 ••• 

0 
373.7 
70 
] 73.4 

INLET TYPE CONVENTIONAL 
INLET TYPE SOUAREI EDGE (90- 45 ·) 

~g~!l] 
OUTLET ELEVATION (FT) 
NUMBER Of BARRELS 
SLOPE (V-FT /H-FT) ' 
CULVERT LENGTH ALONG SLOPE (FT) 

.OQ4j 

70 

\ 
\ 

BRIDGE / STRUCTURE # 110 
This Structure was field ch ecked 

QMAX before overtopping = 7DO els 
Overtoppiig elevat ion 310.00 
Const □nl TAILWATER assumed ot 306,00 

~,~··· 
~~~:-6 

OUn.ET ELEVATION {FT) 298.9 
NUMBER OF BARRELS 1 
SLOPE (V- FT/H-FT) .0175 
CULVERT L£NGTH ALONG SLOPE (FT) 40.01 

CULVERT DATA SUMt.4ARY ••"••••••""•••• 
BARREL SHAPE USER DEFINED 
BARREL SPAN 10.00 FT 
BARREL RISE 9.00 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING·s N 0 .012 FOR SIDES AND 

0.012 FOR BOTTOM 
INLET Tl'PE CONVENTIONAL 

~u~~-•~·······• 

'~ ;ijS O -
MA IA • ~ ALUMINUM 

BARREL MANNING'S N 0.024 
INLET TYPE CONVENTIONAL 
INLET TYPE HEADWALL 

BRIOGE / STRucruR£ 1 112 
This Structure was fie ld checked 

OMAX before overtopping = 527 cfs 

-~""'~'·" ~~LJot 417.25 

~~~NVERT ,. d ••• 
~d:r::Ji~ 4~~.1 

OUTLET ELE:VATION (FT) 41 5.6 
NUMBER Of BARRELS 2 
SLOPE (V-FT /H- FT) .02 
CULVERT LENGTI-l ALONG SLOPE (FT) 25.01 

CULVERT DATA SUMMARY .... ,._.,.,, ...... 
BARREL SHAPE CIRCULAR 
BARREL DIAMETER 6.00 FT 
BARREL MATERIAL CORRUGATED STEEL 
BARRl:1 MANNING'S N 0.024 
INLET TYPE CONVENTIONAL 
INLET TYPE SQUARE EDGE WlfH HEADWALL 
INLET DEPRESSION NONE 

SITE: DATA •••-- CULVERT IIWERT 
INLET STATION (FT) 
INLET ELEVATION (FT) 
OUTLET STA TION (FT) 
OUTlET ELEVATION (FT) 
NUI.IBER OF BARRELS 
SLOPE (V-FT /H-FT) 

I 2 ••• 
0 
417.5 
30 
417.3 

' .ooo, 

OJLVERT DATA SUMMARY ••"•0 ••••••..,••• 

BARREL SHAPE CIRCULAR 
BARREL DIAMETER 2.50 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S N 0.012 
INLET TYPE CONVENTIONAL 
INLET TWE SQ.JAR[ EDGE 'M TH HEADWALL 
INLET OEPRESSlc»l NONE: 

BRIDGE / STRUCTURE f 114 
This Structure was f"ield checked 

QMAX before overtoppir>g - 55S els 
Overtopplng el<1votion = 438.70 

/JtJJ!)/J!l!J!J"IJ:!f§YtY'' <'6.70 

BRIDGE / STRUCTURE f 111 

CULVERT LENGlH ALONG SLOPE (f"T) 30 

CULVERT DATA SUMMARY ou••••••••--•0 •• 

BARREL SHAPE CIRCULAR 

~~ INVERT f 1 ••• 

ren;,) ST~ ~tJ·9 ~ 
Mm1Ct~M~ 431.7 J. 

This Structur<1 was field checked 

QMAX before overtopplng = 92 els 
Overtopplng elew,tian - 361 .90 

Conalont TAILWATER ouumed ot 359. 90 

BARREL DIAMETER 2.00 FT 
BARREL MATERIAL CORRUGATED STEEL 
BARREL f.lANNING'S N 0.024 
INL£T TYPE CDN\£NTIONAL 
INLET TYPE SQUARE EDGE wm; HE-'DWALL 
INLET DEPRESSION NONE 

NUMBER OF BARRELS 1 
SLOPE (V-FT/H-FT) .006 
CULVERT LENGffl ALONG SLOPE (FT) 30 

I 

CULVERT LENGTH AL(Y',IG SLOPE (FT) 

CULVERT DATA SUMMARY ...... , ...... , •• •• 
BARREL SHAPE CIRCULAR 
BARREL DIAMETER 3.00 FT 
BARREL MATERIAL CORRUGATED STEEL 
BARREL MANNING'S N 0.024 
INLET TYPE CONVENTIONAL 
INLET TYPE SQUARE EDGE WITH I-IEADWALL 
INLET DEPRESSION NONE 

BRIDGE / STRUClURE f 116 
This Structure wo s field cha,;kad 

Qf.lAX before o-rtopplng "" 25 cfs 
0--topping ele....;,tion - 4-68.50 
~~at 467.00 

~• ~fFIVERT # I ... 

~~F~ ~65 

""""1 sr~= '° 
tOU.:lt:En~~U/ 464.7:S 
NUMBER OF BARRELS 1 
SLCPE {V-FT /H-FT) .0083 
CULVERT t.rNCTI-l ALONG SLOPE (FT) 30 

CULVERT DATA SUMMARY "••••+••••••••••• 
BARREL SHAP£ PIPE ARC>I 
BARREL SPAN 2.92 FT 
BARREL RISE 2.00 FT 
BARREL MATERIAL STEEL OR ALUMINUM 
BARREL MANNING'S N 0.025 
INLET TYPE CONVENTIONAL 
INLET TYPE PROJE:CTING 

.014 
100.01 

INLET TYPE SQUARE EDGl) \'IITH HEADWALL 
INLEJ OEPRESS!ON NO 'E 

BRIOGE / SlRUCTIJRE I 108 
Thi~ Strueture woi field ch ecked 

QMAX before av~rtopplr,g -· 393 els 
Over topp;ng ele....;, tion - 322.50 

Cons lorot TAILWATER assum ed at 320-00 

SI TE DATA , ... , CUL\IERT INVERT t, 1 ••• 
INLET S TATION (FT) 0 

[7~~ fl @X§) ,~s 
,~',,,'0 E\,.,"1,)lr,;;\FJ,'.J-:,0 
u~~'f;.:-f-rJH'=F"rfu •• v 

CULVERT LENGTH ALONG SLOPE (FT) 

'" • .0167 
30 

CULVERT DATA SUMMARY ,..,..,,. • • ,., • ••• 
BARREL SHAP£ em 
BARREL SPAN 7.25 FT 
BARREL RISE 5.75 FT 
BARREL MA TERIAL CONCRETE 
'BARREL MANNING•s N O 01 2 
INLET TYPE CC, NVENTIONAL 
INLET TYP£ SQUARE EDGE (90- .oS ") 

MILL 

Constant TAILWATtR ouumed ol 260.00 

~,'lf~Jf]Bn I 6 ... 
~~ 

M~~~ 
CULVERT LENGTH ALONG SLOPE (FT) 

'" 7,0 

275 

' .0227 
750.19 

CULVERT DATA SUMMARY '""""'" '•••••• 
BARREL SHAPE QRCULAR 
BARREL DIAMETER 4.00 F T 
BARREL MATERIAL CONCRETE 
BARREL MAN NING·s N 0.012 
INLET fYPE CONVENTIONAL 
INLET TYPE SQUARE EDGE WITH HEADWALL 
INLET DEPRE SSION NONE 

# 3 ••• 
0 
539.6 

'° 538. 7 

' ·°' 30.01 

--

CULVERT DATA SUMMAR Y , ....... , ........ . 
BARREL SHAPE CIRCULAR 
BARREL DIA.;ETER 1.50 FT 
BARREL MATE RIAL COO RUGATE:0 STEEL 
BARREL MANNING'S N 0.02 4 
INLET TYPE CONVENllONAL 
INL'ET TYPE SQUARE EDCE WI TH HEADWALL 
INLET DEPRESSION NONE 

BRIOCE / STRUCTURE 11 121 
This Structure v,os fie ld checked 

QMAX before ow, rl opp"1g - 1.33 cfs 
Overtopping eleVQl ion - 5 10.00 

Con~tMl TAILWATER assum e-:! a t 509 .00 

~ 1 • •• 
0 
506.5 
30 
505.9 

CUl.'-'ERT OATA SUt.MAR Y •• , .... , .. ... .... . 

BARREL SHAPE SOX 
BARREL SPAN 8.00 FT 
BARREL RISE J .2.5 FT 
8ARflEL MATERIAL CONCRETE 
BARREL MAN NING'S N 0,016 
INLET TWE CON\'ENTlDNAL 
INLET TYPE SOUARE EDGE (0 • FLARE) 

BRIDGE / STRUCruRE j 122 
This Structure wos fie ld checked 

OMAK Oefor1 ovtr\oppln11 - 112 Cf5 
0Yef't09PlnQ 11,votlon • ,1:i.00 

Con:,ton t TAILIIIATER OS!!Vmed Ot !111,00 

SIT( DATA ••"• CULVERT INVERT f l ••• 
INLET STATION (FT) 0 

(IT)fYc,i'fi? 51 T.7 .,.,_=u '° 
I;@ 511.1 

' _ .. 
30.01 

CULVERT DATA SUMMARY •••••••••••""••• 
BARREL SHAPE BOX 
BARREL SPAN 8.50 FT 
BARREL RISE 2.25 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S N 0.012 
INLET TYPE CONVENTIONAL 
INLET TYPE SQUARE EDGE (D • FLARE) 
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