
City of Elko New Market

2030 Storm Water Management Plan

Appendix E 

2008 Elko New Market Comprehensive Plan

Scott WMO Approval:  June 24, 2008

VRWJPO Approval:  June 26, 2008

City Approval:  July 9, 2009



 

2030 Comprehensive Surface Water Management Plan 
Elko New Market, Minnesota 

 
BMI Project No. T15.22071 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
I hereby certify that this plan, specification or report was prepared by me or under my direct supervision, 

and that I am a duly Registered Professional Engineer under the laws of the State of Minnesota. 
 

 
 

   By:  ______________________________          
    Richard J. Revering 

         Registration No. 20711 
 
 

           Date: _______________________________ 
 

 
 
 
 
 
 
 
 
 
 

BOLTON & MENK, INC. 
CONSULTING ENGINEERS & SURVEYORS 

Mankato - Fairmont - Sleepy Eye - Burnsville - Willmar - Chaska - Ramsey, MN 
Ames, IA 

 



 
City of Elko New Market, Minnesota – T15.22071    
2030 Comprehensive Surface Water Management Plan Prepared by Bolton & Menk, Inc. 

TABLE OF CONTENTS 
 
 

      EXECUTIVE SUMMARY ........................................................................................................ ES-1 

1. PURPOSE………………………. ................................................................................................ 1-1 

2. WATER RESOURSE MANAGEMENT AND RELATED RESPONSIBILITIES .................... 2-1 

3. LAND AND WATER RESOURCE INVENTORY .................................................................... 3-1 

4. ESTABLISHMENT OF GOALS AND POLICIES ..................................................................... 4-1 

5. ASSESSMENT OF PROBLEMS AND CORRECTIVE ACTIONS ........................................... 5-1 

6. IMPLEMENTATION PRIORITIES ............................................................................................ 6-1 

7. IMPLEMENTATION PROGRAM .............................................................................................. 7-1 

8. FINANCIAL CONSIDERATIONS ............................................................................................. 8-1 

9. AMENDMENTS TO THE PLAN ................................................................................................ 9-1 

10. FUTURE CONSIDERATIONS ................................................................................................. 10-1 

11. CONCLUSIONS  ....................................................................................................................... 11-1 

 
APPENDIX A 
 
 Watershed Drainage District Map............................................................................... Figure No. 1 

 Digital Aerial Photographic Map ................................................................................ Figure No. 2 

 Scott County Soils Map .............................................................................................. Figure No. 3 

 Scott County Wetlands and Bluff Areas Map ............................................................. Figure No. 4 

 DNR Protected Waters Map ....................................................................................... Figure No. 5 

 Floodplain Map  .......................................................................................................... Figure No. 6 

 Future Land Use Map ................................................................................................. Figure No. 7 

 Waterway Corridor Classification Map ...................................................................... Figure No. 8 

 

APPENDIX B 
 
 Memo:  Section 20 Discharge Agreement with New Market Township and Scott County 
 
APPENDIX C 
 

 Hydroperiod Guidelines for Wetlands 

 
APPENDIX D 
 
 HydroCAD Modeling Files: 100-Year Existing 



 

 
 
City of Elko New Market, Minnesota – T15.22071                                                                             ES-1                                                           
Comprehensive Surface Water Management Plan Prepared by Bolton & Menk, Inc. 

EXECUTIVE SUMMARY 
 
The City of Elko New Market’s Comprehensive Surface Water Management Plan (Plan) was modeled 
after Minnesota Rules Chapter 8410 (Metropolitan Area Local Water Management), Minnesota Statutes 
Section 103B.235, the Scott Watershed Management Organization (WMO) Comprehensive Water 
Resource Management Plan (CWRMP) and the Vermillion River Watershed Management Plan 
(VRWMP).  The City of Elko New Market (City) will utilize this Plan, the accompanying Rules, the 
existing and new Ordinances as the basis for managing wetlands, surface, storm, flood, and groundwater 
within the municipal boundary.   
 
This Plan, accompanying Rules, and Ordinances, when adopted in conjunction with the Scott CWRMP 
and the VRWMP, will provide the management goals, policies, and objectives the City will implement to 
protect, improve, and preserve wetlands, surface, storm, flood, and groundwater resources within the City.  
It will also address the topics required to meet the Scott WMO CWRMP and the VRWMP criteria for a 
Local Water Plan for submittal, acceptance, and approval under Minnesota Statutes 103B and Minnesota 
Rule 8410.   
 
The Plan has been prepared with cooperation of Scott and Dakota County staff, the City of Elko New 
Market Staff, and the Elko New Market City Council to address the concern for the City’s wetlands, 
surface, storm, flood, and groundwater impacts resulting from continued development and growth both in 
and adjacent to the City of Elko New Market.   
 
Elko New Market is situated in a unique area geographically in that the study area sits at the headwaters 
of three watersheds: 1) Vermillion River, 2) Sand Creek (via Porter Creek and Duck Creek), and 3) the 
Cannon River.  There are four Department of Natural Resources protected wetlands within the City limits 
and numerous smaller wetlands.  There are no major water bodies or rivers in the City.  Given this, the 
City’s protection of land and resources during the planning and design of development will affect 
downstream resources.  To protect natural communities the natural resources and environmental 
conservation goals of the current Southeast Scott County Comprehensive Plan will be included in the 
City’s 2030 update and ordinances adopted that will implement the standards of the Scott WMO and 
VRWMP. 
 
This Plan addresses various methods of ensuring that continued growth and development does not 
adversely affect the City’s natural resources as well as the existing storm sewer, open channel, and 
regional pond networks.  Acceptance of this Plan by the Scott WMO and the VRWJPO identifies the City 
of Elko New Market as the Local Government Unit (LGU) for matters related to protection, preservation, 
use, and regulation of surface and groundwater resources.  In addition, this Plan includes a review of the 
surface water related costs associated with continued development in the City.  It identifies a basis and a 
methodology for storm sewer infrastructure related charges associated with the corresponding 
development and provides a framework for managing the City’s natural resources in relation to continued 
development and urban growth.  The costs and regulatory efforts are proportional to the burdens that 
urban developments place on existing and future public infrastructure as well as the City’s natural 
resources.  Given this information, the findings and goals of this Plan are summarized as follows:  
 
A. The majority of the existing storm sewer and regional detention basin networks serving the developed 

portion of the City is adequately sized to accommodate the design storm runoff from the existing 
service area given current land use data.  Please refer to the hydrologic model included in Appendix B 
of this Plan for further information. 
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B. The existing storm sewer conveyance and regional detention systems do not have capacity to 

accommodate future development within the City’s ultimate growth boundary.  
 
C. The existing natural resources within the City must be preserved while accommodating the projected 

growth and development.  The City’s goal for wetland management is for no net loss of wetland area.  
The City looks forward to working with Scott WMO, the VRWJPO and the Minnesota Pollution 
Control Agency (MPCA) in developing the Total Maximum Daily Load (TMDL) concentrations for 
Sand Creek and the Vermillion River.  The groundwater resources in the City will be managed in 
conjunction with Minnesota Department of Health (MDH) through the Wellhead Protection Plan 
(WHPP), which is currently being developed by the Minnesota Department of Natural Resources 
(DNR) and the City. 

 
D. Although there are numerous alternative methods of accommodating future development and growth, 

the City is advocating the continued design and construction of regional and localized detention 
basins as the preferred BMPs for water quality and rate control associated with future development in 
the City’s outlying growth areas. 

 
E. Regional and localized detention basins are advocated because of a number of benefits.  They are the 

most easily adapted to unforeseen changes in development design and layout.  They can 
accommodate changes in the rate and location of development.  Regional ponding has the potential to 
reduce the number of individual ponds constructed.  The construction of upland regional detention 
basins will compensate for increased flow volumes and rates (due to continued development) and 
help with future regulations and/or address currently unidentified problems with the existing 
conveyance system.  This approach has the additional benefit of decreased long-term maintenance 
and capitol costs associated with public infrastructure improvements. 

 
F. Due to the amount of data contained in the Hydrologic modeling files (HydroCAD), only the 

summaries are included in Appendix D.  Detailed information including surface areas, storage 
volumes, flow rates for the existing conditions, etc. will be available upon request and modified as 
required to account for future development and provide the required level of service. 

 
G. An estimate of the costs associated with the design, land, easements, construction and maintenance of 

the proposed drainage network has been included in this Plan.  These estimated costs were used to 
formulate a City Storm Area Charge (SAC).  The SAC is a per-acre fee that is collected from 
developers based on 2007 undeveloped land values.  A multiplier has been developed to account for 
proposed land-use.  Because of the extreme variability in land values and rapidly increasing mean 
value paid for undeveloped land in Scott County, the SAC will be reviewed and adjusted on an annual 
basis.  This annual review will also account for changes in construction costs, land costs, materials 
costs, bonding costs, legal costs, etc.   

 
H. The proposed land use type is the primary component of the SAC fee because higher density land use 

types, with more impervious area, create more stormwater runoff.  The three identified land use rate 
categories are: 1) Single Family Residential, 2) High Density Residential, and 3) 
Commercial/Industrial. 
 

I. This Plan is a document-in-progress and will be amended as required.  Annually as development 
occurs the hydrologic model will be reviewed and modified to account for the differences between the 
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actual and modeled hydrologic conditions.  It is anticipated that, as development layouts are 
submitted for review, the proposed storm sewer and detention pond improvements can be temporarily 
entered into the hydrologic model and analyzed for possible adverse effects on the area hydrology.  If 
accepted and constructed, these improvements will then be permanently entered into the 
comprehensive hydraulic and hydrologic model as an existing condition. 
 

J. The goal of this Plan is to provide and compile information relative to the current surface water 
planning needs, for the management of urban stormwater and the protection of natural resources and 
to ensure that future development is in compliance with the associated Rules.   
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1. PURPOSE 
 
This Plan, in conjunction with the Scott WMO CWRMP and the VRWMP satisfies the requirements of 
MN Statute 103B.205 to 103B.255 – Local Water Management Plans and MN Rule-8410 – Local Water 
Management.  
 
The overall purpose of this plan is to protect, preserve, and manage surface and groundwater systems 
within the City while accommodating rapid municipal, residential, commercial development, and 
agricultural activity.  This Plan outlines sustainable and equitable means to effectively reach this goal.  
This Plan provides goals, policies, guidance, and specific standards for decision-makers, residents, 
landowners, and City personnel.  
 
This submittal is a culmination of many months of research, mapping, land use analysis, planning, and 
hydrologic and hydraulic design.  The end product is a comprehensive design tool that may be used by the 
City for managing growth and planning for future public infrastructure construction.  Approximately 180 
City watersheds were identified and modeled as part of this Plan and are available to City staff for 
reference during future development plan reviews.  This Plan is not a “stand-alone” document and should 
only be utilized in conjunction with the Scott WMO CWRMP and the VRWMP.    
 
This Plan represents a technical report and includes a large amount of detailed design data.  The 
accompanying overall Watershed Drainage District map (Figure No. 1) identifies major watershed 
boundaries and major water bodies along with identify minor subwatersheds, contours, proposed storm 
sewer improvements, and regional development detention basin locations.  This map serves as an 
overview of the entire system and proposed stormwater improvements.  
 
The maps identify the present land use conditions and the proposed drainage conditions required to 
accommodate anticipated development within the City defined growth boundary.  A summary of the 
hydrologic modeling data for the 2-, 10- and 100-year, 24-hour storm events is included in Appendix D.  
 
 

1.1 DESIGN AND PLAN PREPARATION 
 
The scope of this section of the Plan is the development of a design document intended to size and locate 
future storm sewers and regional detention basins, and other drainage facilities within the City as dictated 
by development in the 2030 growth boundary area of the City.  Preparation of the Plan follows traditional 
storm water modeling and design procedures.  The following summarizes the major activities associated 
with Plan development: 

 
a) Existing City utility maps were reviewed to determine overall drainage patterns (watersheds), 

catch basin locations, and other applicable drainage features. 
 

b) Scott County 2-foot contour maps covering the area within the study limits were used to 
delineate major watersheds.     

 
c) Field inspections of selected areas of concern, identified on the topographic map, were made 

to verify the accuracy of the model.  When development occurs, a more detailed topographic 
survey will be required from the developer to verify the existing drainage conditions and 
existing and proposed structures. 
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d) Each drainage area flowing to a low point, natural agricultural depressions, or existing 
storage areas upstream from roadway culverts; were identified and mapped.   

 
e) All watershed and subwatershed boundaries were exported to a GIS mapping program 

(ArcGIS) and drainage areas were computed. 
 
f) Existing public storm sewer data was compiled and included. 
 
g) Interior subwatersheds were delineated within the major watersheds. 
 
h) Subwatershed maps were developed for each major drainage area within the City’s growth 

boundary.  These maps were used to review existing drainage patterns and develop 
reasonable alternatives for future storm sewer improvements.  Many factors were considered 
in this planning/design process including, but not limited to: 

 
1. Verification and inclusion of the most recent storm sewer improvements into the model. 
 
2. Incorporation of detention BMPs for flood protection and cost effective pipe sizing 

wherever public open space or future development accommodated such facilities.   
 

i) Surface runoff and storm sewer conveyance design is dependent upon the permeability of 
existing surfaces.  Representative runoff coefficients (C factors) for the rational method 
(CIA) of stormwater conveyance modeling and Curve Numbers for the Soil Conservation 
Service (SCS) method were computed for each major watershed to reasonably reflect the 
degree of existing residential, commercial and industrial development.  Undeveloped areas 
were modeled using runoff coefficients and curve numbers representative of their existing 
land use. 

 
j) Based on subwatershed routing analysis, existing and proposed public ROW, a proposed 

future storm sewer conveyance system associated was developed. 
 

k) Preliminary basin sizing was based upon a program and criteria that William W. Walker 
developed for the National Urban Runoff Program called “Design Calculations For Wet 
Detention Ponds”.  Pond surface area and volumes were determined from this pond sizing 
program. 

 
l) As each subwatershed design was completed, the proposed storm sewer pipe sizes, drainage 

swales, and regional ponds were added to the topographic map.  Preliminary locations for 
treatment basins have been shown on the maps in areas that will likely require ponding when 
development occurs. 

 
m) Printed reports (HydroCAD) for each drainage area in the existing condition have been 

prepared.  Summary copies of the reports are included in Appendix D. 
 
n) The stormwater management system costs, which are needed to assist the City in calculating 

the Storm Sewer Area Charge (SAC), have been included in the Financial Considerations, of 
this report.  SACs have been calculated for two different land use types, based upon the 
amount of runoff generated from each area.  The more impervious area in a given land use, 
the more runoff that is generated.  This justifies charging a higher SAC fee for the land use 
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that produces greater amounts of runoff.  The two area charge categories are: 1) residential, 
and, 2) commercial/industrial.   

 
 

1.2 HYDROLOGIC METHODOLOGY 
 
The hydrologic analysis utilized in this Plan has been performed using the HydroCAD Modeling 
Software as developed by HydroCAD software solutions, LLC.  The model is based on SCS TR-20.  The 
SCS TR-20 methodology is widely accepted among water resource engineers across the United States.  
The SCS procedure is based on a standard rainfall hydrograph, which is modified by site-specific 
parameters (i.e., rainfall amount, soil type, ground cover, time of concentration, time to peak flow, etc.). 
 
Information such as pond storage volumes, runoff slopes, drainage areas and ditch locations were 
compiled directly from the topographic maps.  Topographic slope information was used to calculate the 
time of concentration for each sub-watershed, a critical parameter in the hydrological analysis.  Soil cover 
was compiled from review of orthographic photos obtained from Scott County.  
 
The SCS defines the time of concentration as the total travel time of a particle of water from the 
hydraulically most distant point in the watershed to the outlet itself.  The time of concentration was 
tabulated for each sub-basin by breaking the sub-basin flow length into regions of sheet flow, shallow 
concentrated flow, and channel flow, if applicable.  A separate time of concentration was computed for 
each length, with the summation resulting in the total time of concentration for each sub-basin. 
 
For purposes of this report, we analyzed the effects of a 2-year (2.8-inch), 10-year (4.2-inch), and 100-
year (6.0-inch), 24-hour storm events for the Scott WMO portion of the watershed.  The 1-year (2.4-inch), 
10-year (4.2-inch) and 100-year (6.0-inch), 24-hour storm events were analyzed for the VRWJPO portion 
of the watershed.  Conceptually, the 1-year storm event has a 100 percent chance of occurring in any 
given year, the 2-year storm event has a 50 percent chance, the 10-year storm event has a 10 percent 
chance and the 100-year storm event has a 1 percent chance of occurring in any given year. 
 
The City reviewed various rainfall distribution events and determined that the Soil Conservation Service 
(SCS) Type II, 24-hour, rainfall distribution is the critical duration event.  This is consistent with the 
City’s geographical location in the watershed, soils and water resources.  Based on this information the 
SCS Type II, 24-hour, is the storm duration event that will be used for future planning and development 
purposes.     
 
Project specific detention basin design procedure requires ponds to be sized to ensure there is no net 
increase in off-site flow rates for specific storm events.  This procedure will minimize adverse effects to 
downstream properties.  Unfortunately, when this procedure is applied to individual development sites 
without comprehensive review of regional drainage patterns the cumulative effect may be to inadvertently 
increase downstream flow conditions and possibly cause flooding at some locations.  The use of large 
regional detention ponds has been proposed as a comprehensive stormwater management tool.  This will 
better coordinate the possible development design changes and supplement, as much as possible, 
numerous smaller upstream localized ponds that would be provided on a project by project basis. 
 
Based on our analysis, the existing pond and culvert system will function properly for storm events less 
than or equal to the 100-year, 24-hour storm.  However, for future detention and water quality ponds the 
100-year storm events will need to be managed to prevent damage to the downstream properties.  This 
may be accomplished by proper siting of improvements, consideration and protection of natural 
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resources, constructing emergency spillways, providing larger interconnecting conveyance systems, 
diversion piping, increased pond storage volume, and/or adoption of low-impact site design practices.  All 
of these options can be implemented while protecting the natural features of the City.   
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2. WATER RESOURCE MANAGEMENT RESPONSIBILITIES AND RELATED 
REGULATORY RESPONSIBILITIES 

 
The City of Elko New Market (City) will be assuming regulatory authority for development while 
recognizing the role of other local, state, and federal entities.  Several entities will have administrative 
responsibilities within the planning area.  For a local water management effort to be successful, each 
entity’s commitment and role must be clearly understood.  The agencies currently having some level of 
administration responsibility include the City, Scott WMO, VRWJPO, Scott County, Minnesota 
Department of Natural Resources (Mn/DNR), Minnesota Pollution Control Agency (MPCA), the U.S. 
Army Corps of Engineers (USACE), and the Board of Water and Soil Resources (BWSR).  It has been 
recognized that regulatory agencies can achieve common goals by joining together to combine already 
scarce financial and regulatory resources.  
 
Intergovernmental cooperation is an excellent tool to address natural resource protection.  This is due to 
the fact that natural resources do not recognize political boundaries and are often located across local, 
state, and federal regulatory boundaries.  The City is ultimately responsible for planning, permitting, 
construction, maintenance, and other projects related to the City’s surface water and ground water 
infrastructure and will work in conjunction with all state and federal agencies to achieve its goal of sound 
resource management.  The City looks forward to cooperating with intergovernmental agencies in the 
future if the need should arise. 
 
The major task of administering this plan will be in the permitting process.  It is the intent of the City to 
assume the role of permitting for all land alteration, thereby enforcing the policies and standards of this 
Plan.  The City’s existing permit procedures include surface water management elements outlined in this 
Plan and the current Environmental Protection Ordinance.  Surface water management elements will be 
reviewed at the same time all other permits are reviewed.  
 
To ensure conformance to this Plan and the associated Rules, the City’s preliminary and final platting 
process and site plan approval process will require more detailed information.  Erosion control, water 
quality, and other pertinent information such as stormwater rate and volume control, regarding local plan 
standards are among the elements that will be addressed on preliminary and final plans and/or preliminary 
plats.  Conditional approvals by the Planning Commission and/or City Council must require the 
incorporation of conditional elements into the final plan to ensure compliance. 
 
The revised plan will then be re-distributed to City staff to confirm the inclusion of the provisions under 
which the plans were approved.  The Building Permit issuance process can be the check-point for staff to 
review final plans for compliance with this Plan and associated Rules while holding the condition of 
building permit issuance as the incentive.  Engineering staff will have a sign-off procedure prior to permit 
issuance. 
 
The City’s administrative responsibilities include, but are not limited to the following: 
 

• Comprehensive Plan update(s); 
• Land use regulation; 
• Ordinance review and amendment; 
• Local plat review and amendments; 
• Permits; 
• Wetland management as the LGU; 
• Sediment and erosion control (Ordinance); 
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• Groundwater – City wells; 
• Participation and cooperation with the programs of the Scott WMO, VRWJPO, Minnesota DNR, 

and Scott County; 
• Hydrologic model update with comprehensive plan changes; 
• Financing Alternatives; 
• Capital improvements; and 
• Conveyance system and detention pond maintenance; 

 
 
Scott WMO and VRWJPO responsibilities and authorities may include but are not limited to the 
following: 

• Monitoring; 
• Establishing land use or ordinance requirements; 
• Local plan review and approval; 
• Review and comment on projects 40 acres and greater in size (VRWJPO); 
• Projects of regional significance; and 
• Verification of plan implementation. 
• Approval of variances. 

 
 
Metropolitan Council: Comprehensive Plan Amendment 
Metropolitan Council has a regional review authority regarding surface water management including: 

• Local Plan review; and 
• Regional controls related to nonpoint source pollution. 
 

This Plan and all subsequent amendments will become part of the City’s Comprehensive Plan (adopted by 
reference), in accordance with Minnesota Statutes 103B.235, Subd. 3A and 473.859, Subd. 2 (Chapter 
176, Laws of Minnesota 1995), as part of the adoption process for this Plan. 
 
This Plan does not have to be re-submitted as a formal comprehensive plan amendment, subject to 
additional review, at a later date.  The adopted City Plan and associated Rules will satisfy Metropolitan 
Council’s requirements and will be thereby recognized as an amendment to the City’s Comprehensive 
Plan. 
 
 

2.1 Water Resource Related Agreements 
 
As part of the 2005 School Core Street and Utility Improvements an agreement between the City of New 
Market and New Market Township was reached to limit surface water discharge from the associated 
drainage area in Section 20 to limited presettlement rates.  Future development in this subwatershed will 
limit discharge on a per acre basis.  Developers will be encouraged to use low impact development, 
infiltration practices and Best Management Practices to meet the requirements.  A copy of the agreement 
letter is located in Appendix B.     
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3. LAND AND WATER RESOURCE INVENTORY 
  
The City of Elko New Market is located in the southeast corner of Scott County and is surrounded by 
New Market Township.  The total hydrologic study area includes over 5,220 acres of watershed and is 
shown in Figure No. 1.  As can be seen from the figure, the study area lies both within and outside of the 
current City limits.  It has been assumed that growth around Elko New Market will continue to expand in 
all directions outward of the current City limits.   
 
Elko New Market is situated at the divide of four major watershed divides.  To the northeast is the 
Vermillion River, to the northwest is Credit River, to the southwest is Sand Creek and to the southeast is 
the North Cannon watershed.  The stormwater runoff begins in each of these upper-most basins as sheet 
and shallow concentrated flow.  This flow follows existing contours and ravines and develops into 
intermittent surface flows and creeks directed downstream where they eventually enter into the Minnesota 
and Mississippi Rivers.  The Vermillion River watershed areas within the City are the headwaters for a 
branch of the Vermillion River that is a designated trout stream located downstream in Eureka Township, 
which is in Dakota County.   
 
Land use with the study area, outside of the urban areas, consists chiefly of gently rolling agricultural 
crop land with interspersed wetlands.   
 

3.1 Soils and Geology 
For the most part, the majority of soils in the Elko New Market study area consist of loam and silty clay 
loam.  Although there are random areas that have high sand content with high infiltration rates, a large 
percentage of the soils found are classified as SCS, type B and/or type D, which are known to have 
moderate to low infiltration capabilities.   
 
The typical B type soil consists of Hayden loam, which occupy approximately one-third of the upland 
soils in Scott County.  Hayden soils are light-colored and are well-drained.  These soils have a moderate 
rate of infiltration in the range of 0.15-0.30 inches/hour.  Type D soils have a high runoff potential due to 
very slow infiltration rates.  These soils consist primarily of soils with high ground water tables, soils with 
a claypan or a clay layer at or near the surface, and shallow soils over nearly impervious parent material.  
These soils have a very low rate of infiltration in range of 0-0.05 inches/hour.  The watershed soil 
classifications are shown in Figure No. 3. 
 
The dominant land form in Elko New Market is “dead ice moraine”, which refers to the remnants of the 
last of the glacier as it retreated.  As the last ice melted it released huge piles of accumulated debris in a 
random pattern.  The net result was the creation of a vast number of both connected and isolated wetlands 
with few organized stream patterns, except for the Vermillion River and Credit River corridors.  The 
preservation and any potential enhancement of the Vermillion River and the enhancement of Credit River 
are key components of the City’s Storm Water Pollution Prevention Plan. 
 

3.2 Temperature, Precipitation and Evaporation Summary  
 

The typical 24-hour storm events used for modeling in the Elko New Market area are shown in the table 
below: 
 
 1-Year 2-Year 10-Year 25-Year 50-Year 100-Year 
Rainfall 
(inches) 

 
2.4 

 
2.8 

 
4.2 

 
4.8 

 
5.4 

 
6.0 
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The total average annual precipitation in this area is approximately 29 inches.  The average annual 
snowfall is about 25 inches, which is roughly equivalent to 2.5 inches of water.  It is interesting to note 
that the average annual pan evaporation amount is almost 37 inches for the months from April to October, 
which does not include evaporation that may occur during the winter months. 

 
 

AVERAGE MONTHLY TEMPERATURE, PRECIPITATION AND SNOWFALL 
Station: JORDAN 1 S, MN4176  (For the months from 1971 – 2000) 
Month  Ave. Temperature (°F) Ave. Precipitation (inch) Ave. Snowfall (inch) 
January 11.6 0.76 9.3 
February 18.4 0.51 3.2 
March 30.6 1.62 3.6 
April 45.5 2.34 1.5 
May 58.1 3.40 0.0 
June 66.8 4.42 0.0 
July 70.6 3.86 0.0 
August 67.7 4.68 0.0 
September 59.2 2.97 0.0 
October 47.1 2.14 0.1 
November 31.1 1.69 2.5 
December 17.0 0.77 4.7 

Average = 54.9   
Total =  29.18 24.9 

Pan evaporation is used to estimate the evaporation from lakes.  An evaporation pan is used to hold 
water during observations for the determination of the quantity of evaporation at a given 
location.  The table below shows the average pan evaporation at the University of Minnesota St. 
Paul campus.  

1972-2007 PAN EVAPORATION DATA 
ST. PAUL CAMPUS CLIMATOLOGICAL OBSERVATORY 21-8450-6 

 Monthly Pan Evaporation (inches)  
 April May June July Aug. Sept. Oct. Total 

Avg. 1.86 6.74 7.60 8.08 6.64 4.72 1.25 36.89 
 
 
The Scott WMO CWRMP – Section 1: Land and Water Resource Inventory contains the most current and 
comprehensive resource inventory for the Scott WMO portion of the watershed.  Please reference Section 
1, page 9, of the Scott WMO CWRMP for further information: 
(http://www.co.scott.mn.us/wps/portal/ScottCounty/) 
 
The VRWMP – Section1: Existing and Future Environment, and Section 2: Water Resources, provide 
existing and historical information regarding land and water resource information for the Vermillion 
River portion of the watershed.  Please reference Sections 1 and 2 of the VRWMP for further information: 
(http://www.co.dakota.mn.us/CountyGovernment/PublicEntities/VermillionJPO/PrintedMaterial.htm) 
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4. ESTABLISHMENT OF GOALS AND POLICIES  
 
The primary goal of the City’s Plan and associated Rules is to provide the framework for the management 
of all forms of surface water as development occurs both within and adjacent to the City in the area 
defined as the City’s ultimate growth boundary.  This Plan provides clear guidance on how the City will 
manage surface water both in terms of quantity and quality.  The goals and policies stated in this Plan are 
complimentary to the goals and policies stated in the Scott WMO CWRMP and VRWMP. 
 
An interceptor sewer line was constructed in 2005 along CSAH 2 to the City’s eastern boundary.  In 2011 
this line is proposed to be operational and connected to the Empire Waste Water Treatment Plant, which 
will replace the City’s existing waste water treatment plant.   Once this occurs, it is anticipated that 
growth in the Elko New Market community will begin to occur at a more rapid pace.  Population growth, 
resource education, and increasing regulation of surface water at the State, County, and Federal levels 
necessitate that the City’s surface water management goals evolve over time with increased awareness. 
 
The goals and policies detailed in this Plan focus on future development as much as the existing 
infrastructure.  The City only conducts plan reviews “as development occurs” as part of the preliminary 
plat submittal and approval process.  This emphasis on future requirements ensures that future 
development augments the City’s amenities rather than diminishes the complex environments that the 
City is located within. 
 
 
GOAL 1: WATER QUANTITY 
 
The purpose of this goal is to control flooding and minimize related public capital and maintenance 
expenditure necessary to control excessive volumes and rates of surface water runoff, in accordance with 
the Scott WMO CWRMP and the VRWMP.  Traditional surface water management deals with just one 
component of the hydrologic cycle; surface runoff.  Large amounts of energy are directed towards 
alleviating significant negative impacts of surface runoff and flooding for the cultural, water, and natural 
resources.   
 
The primary management strategy is shifting from detention in both existing natural and constructed 
basins, to Low Impact Development (LID) techniques and Integrated Management Practices (IMPs) that 
emphasize reduction of runoff volume and on-site runoff control via infiltration or small volume storage 
to mimic predevelopment hydrology for more frequent rainfall events.  This trend will help remedy the 
negative impact of stormwater runoff on water quality.  With increased value placed on natural wetlands, 
the number and extent to which wetlands can be used for detention is already in decline.  The approach to 
sound water quantity management relates directly to water quality, wetland management, erosion control, 
and land development strategies.  By comprehensively managing the quantity and quality of surface water 
runoff, the other goals of this Plan are more efficiently achieved. 
 
 
Subject: Surface Water Runoff (Rate and Volume) Management. 
Purpose: Control post-development stormwater runoff. 
Goal: Control flooding, protect human life, protect public and private property, mimic existing runoff 
conditions, minimize related public capital and maintenance expenditure necessary to control excessive 
volumes and rates of surface water runoff from entering rivers, streams and wetlands in the watershed, 
and maintain or improve the downstream conveyance system. 
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Surface Water Quantity Policies 
 
Policy 1.1:  Utilize LID site design and alternative landscape techniques where applicable, along with 
conventional constructed on-site detention ponds for large, infrequent rainfall events.  Pre-developed peak 
flow rates for the 1-yr, 10-yr, and 100-yr, 24-hour, storm events cannot be exceeded by new development.  
These design techniques will be relied upon to help mimic pre-development hydrology and to control 
downstream flooding.   
 
This method is an interim approach of meeting the pre-development rate for the 100-year event.  Once the 
VRWJPO completes the subwatershed peak flow standards, the City will need to make a plan amendment 
that adopts these new standards.  Unincorporated areas/development that are annexed into the City within 
the Scott WMO that have storm water facilities designed to the unincorporated standard of pre-settlement 
rates must retain that design rate. 
 
The SCS Type II, 24-hour rainfall will be the distribution used by the City for calculating peak flow rates.  
The main reasons behind this are that the City is located at the top of several watersheds, this type of 
distribution is familiar to design engineers in Minnesota, and the most conservative peak runoff rates  
typically result with the use of this distribution in the Elko New Market watershed environment. 
 
Policy 1.2: The City encourages the use of regional detention ponds rather than localized on-site ponding 
when it works effectively into the planning and design of proposed improvements.  The City recognizes 
that regional ponding works best when incorporated into active developments and will not in general 
initiate the construction of regional ponds independently. 
 
Policy 1.3: Development that creates more than one acre of new impervious surface must incorporate 
volume control practices into the design sufficient to control the runoff volume from the 2-year 24-hour 
rainfall event to pre-development conditions.  This requirement may be met on a regional or site by site 
basis. 
 
Policy 1.4: Credits for various site design techniques will be allowed to help meet the volume control 
requirements and are the preferred approach for meeting volume controls. 
 
Policy 1.5: Where LID techniques and localized ponding are not feasible, the City may consider cash in 
lieu of on-site ponding if downstream regional ponding facilities are feasible. 
 
Policy 1.6: Emergency overflows or outlets for drainage systems are required and shall be provided to 
prevent flood damages and overtopping of constructed basins.  These shall not be placed below the 
seasonally high water table unless it can be demonstrated that there is a reasonable need for such an outlet 
to control seepage damage to existing structures.   
 
Policy 1.7: The minimum building elevation shall be set/designed to prevent flood damage from the 
established 100-year, 24-hour, storm event in accordance with established City Ordinances and the 
standards of this Plan, and associated Rules. 
 
Policy 1.8: The City rewards the use of alternative landscape techniques and materials to reduce rates and 
volumes of stormwater runoff. 
 
Policy 1.9: The City shall require stormwater ponds, wetlands, flood plains, and ditches to be located in 
outlots as part of the land development approval process. 
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Policy 1.10: Outlets from landlocked basins will be allowed, provided such outlets are consistent with 
State and federal regulations, and the downstream impacts, riparian impacts, and habitat impacts of such 
outlets have been analyzed and no detrimental impacts result. 
 
Policy 1.11: The City shall maintain and periodically inspect stormwater management facilities and 
structures to assure they function as originally designed according to the Storm Water Pollution 
Prevention Plan requirements. 
 
Policy 1.12: For development that occurs near the outer limits of the City’s 2030 growth boundary, 
adjacent to the townships, the City will work closely with the County and the townships to ensure that 
downstream conveyance systems are not impacted by upstream development. 
 
The City of Elko New Market Environmental Protection Ordinance addresses the current water quantity 
requirements.  When this Plan is adopted the Ordinance will be revised to incorporate by reference this 
Plan that reflects the new goals, policies and forthcoming Rules. 
 
 
GOAL 2: WATER QUALITY 
 
The purpose of this goal is to achieve water quality standards in lakes, creeks, and wetlands consistent 
with the intended use and classification, in accordance with the Scott WMO CWRMP and the VRWMP.  
Water quality is often directly related to the level of nutrients in the water body.  While nutrients 
comprise only one category of substances that can affect water quality, nutrients, principally phosphorous, 
must be controlled to achieve the water quality goals of this Plan.  Phosphorous is generally the limiting 
factor to plant growth.  An increase in phosphorous will cause the plant species dominating the lakeshore, 
open water, or marsh to shift in favor those plants that can best take advantage of the increased supply of 
the nutrient.  
 
Controlling nutrients through housekeeping practices are a way for City residents to make a difference. 
According to the Minneapolis Chain of Lakes Clean Water Partnership, many people do not realize that 
organic materials like leaves, grass clippings, fertilizers, pesticides, and pet waste can disrupt the fragile 
ecosystem of a lake or creek. 
 
Leaves and grass clippings that make their way into lakes and creeks are doing more damage than 
fertilizers, pesticides, or motor oils, according to the Minneapolis Chain of Lakes Clean Water 
Partnership.  Once in the lakes and creeks, these organic materials decay, and subsequently release 
nutrients. The excess nutrients increase algae growth, which inhibits the growth of other aquatic plants 
and animals.  When algae die and decay, they exert a biological oxygen demand on the lake, depleting 
available oxygen for fish.  Algae growth due to nutrient loading can damage or even kill a lake’s 
ecosystem. 
 
Fertilizer application may be necessary for a healthy lawn, but the nutrients in fertilizer can be harmful to 
lakes, creeks, and wetlands.  Nutrients from fertilizers run off lawns and ultimately discharge to area 
lakes, creeks, and wetlands.  Effective January 1, 2005, in Minnesota, fertilizers containing phosphorous 
cannot be used on lawns.  Refer to the Minnesota Department of Agriculture 
(www.mda.state.mn.us/appd/ace/phoslaw.htm) website for additional information.  Applying the proper 
fertilizer, in the right amount, ensures a healthier lawn and healthier lakes, creeks, and wetlands.  
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Total Maximum Daily Load (TMDL) represents the maximum amount of a pollutant that a water body 
can receive and still meet federal and state water quality standards. TMDL also refers to the process of 
allocating pollutant loadings among point and non-point sources.   
 
Sand Creek has been listed as a state impaired water for turbidity and fish bioassessments.  It was 
assigned a 5A classification in the 2006 TMDL List.  The 5A classification indicates the water is impaired 
by multiple pollutants and that no TMDL study plan has been approved by the U.S. EPA at this time.  The 
target start date of the TMDL study is 2006 with a projected completion date of 2012.  The City looks 
forward to working with the MPCA and Scott WMO when a study plan for the TMDL listing of Sand 
Creek has been approved by the EPA.   
 
That portion of the Vermillion River within the 2030 growth boundary, from the headwaters to the east, 
has been added to the 2008 draft list of impaired waters.  It was listed for impairment due to fecal 
coliform.  The TMDL study target date is set to start in 2012 and scheduled for completion in 2014.  
When the TMDL study begins for the Vermillion River the City plans to actively participate in the study 
planning process. 
 
The VRWJPO Standards have criteria for temperature control of discharge from areas that do not first 
drain to a waterbody of 10 or more acres of open water.  The western one-third of the Vermillion River 
Watershed in the City drains through Rice Lake, a lake approximately 40 acres in size, prior to flowing 
into a reach of the Upper Vermillion River.  The easterly two-thirds portion of the Vermillion River 
Watershed in the City’s growth area drains to the east, on the south side of Rice Lake, where it then joins 
together with the outlet channel from Rice Lake.  The distance from the easterly portion of the Vermillion 
River Watershed to the designated trout stream portion of the river is approximately 16,500-ft (~3 miles).  
In a report prepared by Emmons & Olivier Resources, titled “Vermillion River Headwaters Groundwater 
Area Inventory and Protection Plan”, this 3mile stretch of river was classified as a losing reach.  This 
means that the river was losing water to the adjacent soils and groundwater.   
 
With the westerly portion of the City’s Vermillion River Watershed draining through Rice Lake and the 
interaction of runoff from the easterly portion through a “losing reach”, temperature control of runoff 
from the Vermillion River Watershed in the City would have little, if any, effect on the downstream 
temperature of the trout stream.  Given this, the City will establish policies that promote cooling of 
runoff, but does not intend to establish limits or required BMP’s. 
 
Subject: Water quality in lakes, rivers, creeks, and wetlands. 
Purpose: To protect and enhance water quality. 
Goal: Achieve water quality standards in lakes, rivers, creeks, and wetlands consistent with their intended 
use and established classification. 
 
Water Quality Policies 
 
Policy 2.1: Development that disturbs more than one acre, or creates more than one acre of impervious 
surface, shall demonstrate that phosphorus and Total Suspended Solids (TSS) reduction in discharge 
runoff meets National Urban Runoff Program (NURP) levels described in this Plan and accompanying 
Rules. 
 
Policy 2.2: Public road and utility projects that disturb greater than one acre must include temporary 
BMPs to control water quality; if more than one acre of additional impervious surface is created, the 
project shall include permanent water quality BMPs to meet the requirements of the NPDES/SDS permit, 
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this Plan, and accompanying Rules. 
 
Policy 2.3: The rebuilding, repair, or alteration of a structure, land surface, road or street, or facility that 
creates less than 1 acre of new impervious surface, and disturbs, replaces, or alters more than 1 acre of 
existing impervious surface shall incorporate water quality BMPs to the extent practical. 
 
Policy 2.4: Proposed developments must identify all reasonable steps taken to avoid water quality 
impacts.  They must also mitigate unavoidable impacts with appropriate BMPs to prevent water quality in 
receiving waters from falling below established standards including TMDLs, and to meet City erosion 
control Ordinance standards.   
 
Policy 2.5: The City shall supplement its regulatory approach with an education-based approach to 
achieve appropriate yard care measures.  This will reduce nutrient loading to City lakes, creeks, and 
wetlands, and will reduce the impacts of domestic animal waste. 
 
Policy 2.6: The City shall promote the reduction or minimization of hard surfaced areas, where 
applicable. 
 
Policy 2.7: The City will balance protection of natural wetlands and utilization of constructed wetlands to 
protect the water quality of other water resources (i.e., wetlands, lakes, creeks) based on Mn/RAM 3.0 
wetland classification. 
 
Policy 2.8: The City encourages and rewards the use of alternative landscape techniques and materials 
and LID IMPs to reduce and mitigate water quality impacts.   
 
Policy 2.9: The City will manage public properties in accordance with the appropriate BMPs. 
 
Policy 2.10: It essential that the condition of water bodies in the Watershed included on the MPCA 
impaired waters [303(d)] list be improved so that these waterbodies can be removed from the 303d list. 
 
Policy 2.11: Use of existing natural retention and detention areas for stormwater management to maintain 
or improve existing water quality will be achieved to the extent possible. 
 
Policy 2.12: The City supports land use planning, policies and controls that maintain sustainable, high-
quality surface water resources and ensure that development causes no adverse or cumulative impacts. 
 
Policy 2.13: Require buffers adjacent to major waterways tributary to the Vermillion River.  See Figure 
No. 8 for the waterway corridors to be protected and the required buffer widths.  The buffers shall be 
protected as outlots or with conservation easements. 
 
The City of Elko New Market Environmental Protection Ordinance addresses the current water quality 
requirements.  When this Plan is adopted the Ordinance will be revised to incorporate by reference this 
Plan that reflects the new goals, policies and accompanying Rules. 
 
 
GOAL 3: EROSION CONTROL 
 
The purpose of this goal is to minimize soil erosion through increased education and enforcement, in 
accordance with the Scott WMO CWRMP and VRWMP.  Water quality problems are frequently linked 
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to high phosphorus concentrations.  Phosphorus is often transported to surface water through soil erosion 
but can also be transported to waters in a variety of other mechanisms.  Nevertheless, erosion control is an 
important factor in the effort to improve surface water quality.  Soil erosion and sediment deposition can 
also impact pond and drainage-way performance and create maintenance issues.   
 
Ponds and drainage facilities may be impacted by erosion and sedimentation from a variety of sources 
including construction sites and winter street sanding.  The coarse sediment accumulates in ditches and 
ponds where runoff velocities are low.  When a sand delta appears at a storm sewer outfall that is a visible 
indication of the effectiveness of erosion and sediment control measures and road maintenance activities 
of the past winter.  As the sediment builds up over time, it reduces the capacity of the drainage system and 
the pollutant removal capabilities of ponds by reducing storage volume below the outlet.  This also 
reduces the infiltration rates for stormwater facilities.  Extending the life of facilities involves source 
control and elimination of the material that causes the problem.  Regulatory actions will control a major 
portion of the sediment.  Street maintenance and an effective sweeping program will also have a positive 
impact. 
 
 
Subject: Erosion control. 
Purpose: To control erosion and sedimentation. 
Goal: Minimize soil erosion through increased education, enforcement and management of stormwater. 
 
 
Erosion Control Policies 
 
Policy 3.1: Erosion and Sedimentation Control Plans shall be reviewed and enforced by the City for all 
grading activities.  These plans shall conform to the general criteria set forth by the City’s Environmental 
Protection Ordinance and applicable NPDES Construction Site Erosion Control Permits (MPCA Permit 
MN R100001). 
 
Policy 3.2: The City will implement an erosion control Ordinance to control erosion and sediment to 
extend the effective life of water resource facilities and reduce pollutant loading to streams, lakes, and 
wetlands. 
 
Policy 3.3: The City will develop proactive measures such as education, incentives, and recognition of 
erosion control efforts to prevent soil erosion and encourage responsible site development. 
 
Policy 3.4: Construction site inspection by the City must be completed prior to commencing earthwork 
activities to ensure the proper BMPs are in place and operational. 
 
Policy 3.5: Horizontal, vegetative buffer zones between twenty -five and fifty feet are required around 
existing wetlands based on the MnRAM rating and the VRWJPO buffer requirements.  Stormwater ponds 
shall have a minimum 25-foot building setback from buffers.  New development or redevelopment 
projects must provide the appropriate buffer zone around new and existing wetlands and are required to 
provide 25-foot buffers around existing and new stormwater ponds.  Buffers shall be maintained in native 
vegetation to provide habitat for wildlife.  These buffer widths will be required by ordinance and 
protected by outlots or conservation easements. 
 
Policy 3.6: The City will maximize the use of bioengineering approaches whenever possible for all slope 
stabilization and permanent erosion control projects. 
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Policy 3.7: If a construction activity creates more than 1 acre of disturbed area and the activity takes place 
where the soils are currently disturbed, areas that will not be graded as part of the development and areas 
that will not be stabilized according to the NPDES General Construction Permit, shall be seeded with a 
temporary or permanent cover before commencing the proposed land disturbing activity. 
 
The City of Elko New Market Environmental Protection Ordinance addresses the current erosion control 
requirements.  When this Plan is adopted the Ordinance will be revised to incorporate by reference this 
Plan that reflects the new goals, policies and accompanying Rules. 
 
 
GOAL 4: WETLANDS 
 
The purpose of this goal is to maintain or increase the amount of wetland acreage, and increase the 
wetland functions and values within the City, in accordance with the Scott WMO CWRMP and the 
VRWMP.  The City is the LGU for the Wetland Conservation Act (WCA).  The City has not completed a 
Comprehensive Wetland Management Plan.  The wetland inventory is based on the wetlands in the 
National Wetland Inventory (NWI) and Scott County’s records, which may not include all of the wetlands 
and aquatic resources in the City.  The City does not have the resources to survey all of the wetlands at 
this time.  Field delineation, assessment of hydrology, identification of plant species, characterizations of 
soils, MnRAM assessment and restoration are generally completed and reviewed on an “as development 
occurs” basis.  This approach places the financial burden for identification, delineation, and possible 
restoration on the land developer. 
 
The policies below will be used to achieve the City’s wetland goals.  The strategies will apply to new 
development and redevelopment projects submitted to the City for review and approval.  Any wetland 
habitat on property to be developed will be subject to the following management strategies, as well as the 
rules and requirements of the WCA and other City, State, and Federal regulations. 
 
Proper implementation of stream, bluff, and wetland buffers in new developments is paramount.  Without 
proper implementation of buffers; stream and wetland water temperatures increase, sediment deposition 
increases, stream and bluff bank erosion and collapse are more severe, and riparian habitats are destroyed. 
 
Subject: Wetland Management 
Purpose: To utilize, protect, preserve, and enhance existing natural wetlands. 
Goal: Maintain or increase the amount of wetland acreage, and increase the wetland functions and values 
within the City. 
 
 
Wetland Policies 
 
Policy 4.1: The City shall administer wetland protection and mitigation as the LGU for the WCA in 
accordance with the Minnesota WCA, Scott WMO CWRMP and the VRWMP. 
 
Policy 4.2: A function and value assessment using the most current version of MnRAM shall be 
completed for each wetland delineated.   
   
Policy 4.3: The City will require the establishment of vegetative buffers around wetlands in accordance 
with its MnRAM ranking.  Development or redevelopment of an area adjacent to a wetland will require 
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the establishment of the appropriate buffer.  The buffer areas will be protected by outlots or conservation 
easements. 
 
Policy 4.4: The artificial water level fluctuation (bounce) in wetlands resulting from stormwater runoff 
will be managed in accordance with the WCA, Scott WMO CRWMP and the VRWMP.  Outflow rates 
and elevations must be controlled to avoid water elevations that may permanently affect the character of 
the resource per Table 10.14 in the State of Minnesota Stormwater Manual, November, 2005(see 
Appendix). 
 
Policy 4.5: The City may utilize the available technical resources of outside agencies, such as the 
Minnesota DNR, USACE, Scott SWCD, the Board of Water and Soil Resources and/or the Scott WMO 
and VRWJPO, for review of private developments and City-proposed projects that may affect wetland 
resources. 
 
Policy 4.6: Developers must provide a field delineation in accordance with applicable rules and 
regulations to determine the jurisdictional boundaries of wetlands, including a report of the results of the 
field delineation, detailing the methodology and findings of the delineation.  A printed and electronic 
copy (.dwg) of the approved delineation boundary will be required to be submitted to the City. 
 
Policy 4.7: Prior to any site development activities, the City will verify through a wetland boundary 
delineation review, the location and extent of all wetlands present.  The results of the wetland boundary 
delineation will be compared to the field delineation data provided by the developer. 
 
Policy 4.8: Any review of a proposed wetland encroachment must first address the issue of avoidance and 
project alternatives.  Prior to allowing any wetland encroachment, all reasonable attempts to avoid such 
alteration must be demonstrated.  This avoidance must also consider the reasonableness of the no-build 
alternative. 
 
Policy 4.9: Replacement for unavoidable wetland impacts will be provided (if possible, within the same 
subwatershed), in accordance with the requirements of the Scott WMO CWRMP, the VRWMP and the 
WCA. 
 
Policy 4.10: The City will not allow excavation, or other non-filling related alterations to an existing 
wetland without the expressed written approval of the City Administrator or designee.   
 
Policy 4.11: The City shall require pretreatment of stormwater runoff discharged directly into wetlands, 
except possibly for wetlands with a low quality MnRam rating.  Treatment will be required to meet or 
exceed N.U.R.P. efficiencies for removal of TSS and total phosphorous prior to discharge.   
 
Policy 4.12: The City will encourage wetland restoration as well as wetland protection strategies in 
proposed development and redevelopment projects.  Public Value Credits (PVCs) may be provided for 
improvement of existing wetland habitat associated with development and/or wetland replacement 
projects, in accordance with established WCA rules. 
 
Policy 4.13: Fragmentation and impacts to natural areas and corridors will be avoided when feasible or 
mitigated when unavoidable at equal value.  High priority natural areas identified through the land cover 
mapping done for the Scott Biological Survey and other inventories will be the tools used to evaluate 
development proposals and set preservation goals to protect high-quality habitat for plants and animals. 
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The City of Elko New Market Environmental Protection Ordinance addresses the current wetland 
requirements.  When this Plan is adopted the Ordinance will be revised to incorporate by reference this 
Plan that reflects the new goals, policies and accompanying Rules. 
 
 
GOAL 5: PUBLIC PARTICIPATION, INFORMATION & EDUCATION 
 
The purpose of this goal is to increase public participation and knowledge in management of the City’s 
water resources, in accordance with the Scott WMO CWRMP and the VRWMP.  Public involvement is a 
strategy that recognizes people want to be involved in decisions that affect any facet of their life.  It 
provides opportunities for the public to participate in the processes that lead to decision-making.   
 
As part of the National Pollutant Discharge Elimination System (NPDES) Phase II requirements the City 
was required to prepare a Surface Water Pollution Prevention Plan (SWPPP).  There are two minimum 
control measures in the SWPPP that deal with public education and participation.  Measure number one 
is:  Public Education and Outreach on Storm Water Impacts.  Measure number two is:  Public 
Participation and Involvement.  To meet the permit requirements the City must educate its citizens on six 
minimum control measures in the SWPPP.  The City must also hold at least one public hearing per year to 
address an annual report regarding the SWPPP to receive public input.  The activities described in the 
SWPPP will be the guiding document that will be followed to increase public awareness of the storm 
water related issues. 
 
Website Availability - http://www.ci.enm.mn.us/.  The website is an alternative medium to provide 
municipal information to both City residents and those people who live outside Elko New Market.  An 
electronic version of this Plan will ultimately be accessible on the website.  Because the Plan has such a 
wide audience from engineers, planners, developers, citizens, scientists, and educators electronic access to 
the text and mapping creates a better understanding of the goals, policies, and activities of this Plan. 
 
The City will continue to distribute information on pertinent water and wetland management issues via 
the City of Elko New Market Monthly Newsletter (Elko New Market City News).  The newsletter will 
promote opportunities for residents to participate in water resources management activities.  The City will 
make an ongoing effort on both a City-wide and watershed level toward educating the public by 
distributing information to its residents on responsible practices they should employ to protect water 
resources within the community.  The program will also educate residents on the benefits of using 
phosphorus-free fertilizer.   
 
Subject: Enhancement of Public Participation, Information and Education 
Purpose: Encourage active community involvement in water resources management. 
Goal: Increase public participation and knowledge in management of the water resources of the 
community. 
 
 
Public Involvement Policies 
 
Policy 5.1: The City will use a public involvement process in resource management decision-making 
(i.e., the Parks Commission, and the Planning Commission). 
 
Policy 5.2: The City will use a variety of media, including newsletters, and the City's Website, to inform 
the community about water resource issue programs including alternative landscapes, phosphorus free 
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fertilizer, aquatic plant management, etc.  The City will make an ongoing effort on both a local and 
municipal level to distribute information to residents on responsible practices to protect water resources in 
the City.  Educational information will also be provided regarding the proper use of a wide range of lawn 
chemicals and proper disposal of hazardous household materials. 
 
Policy 5.3: The City will work with all available resources to increase public participation in water 
resources management. 
 
Policy 5.4: The City will follow the best management practices outlined in the City’s Storm Water 
Pollution Prevention Plan (SWPPP) that address public education and outreach and public 
participation/involvement.  Educational goals and activities have been identified in the SWPPP to make 
the public more informed of the impact storm water discharges and pollutants have on receiving waters. 
 
The City of Elko New Market Environmental Protection Ordinance does not currently address public 
education.  When this Plan is adopted the Ordinance will be revised to incorporate by reference this Plan 
that reflects the new goals, policies and accompanying Rules. 
 
 
GOAL 6: GROUNDWATER MANAGEMENT 
 
The City’s groundwater resources will be identified in the city of Elko New Market Wellhead Protection 
Plan, which is in the process of being updated for a March 2008 completion date.  The City’s aquifers 
have been assigned a “Not Vulnerable” rating.  This rating indicates “there is not a hydraulic connection 
between surface waters and the aquifer serving the water supply system for the City”.   
 
The City of Elko New Market Wellhead Protection Plan currently outlines requirements for continued 
groundwater protection and well management.  The report will be obtainable directly from the City of 
Elko New Market and will soon be made available on the City’s Website. 
 
Subject: Groundwater Management 
Purpose: To protect groundwater quality and improve groundwater supplies through effective 
management. 
Goal: Provide clean and safe drinking water for the City while managing increased development and 
population. 
 
Groundwater Management Policies 
 
Policy 6.1: Promote ongoing evaluation of land use impacts on groundwater quality and quantity. 
 
Policy 6.2: Provide information to the public by revising and updating the City Wellhead Protection Plan 
as required by the Minnesota Department of Health. 
 
Policy 6.3: Support identification and reduction of groundwater contamination from both point and non-
point sources. 
 
Policy 6.4: Promote water conservation efforts to reduce water use and conserve the City’s groundwater 
resources. 
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Policy 6.5: Groundwater quality should not be sacrificed to manage surface water.  Holding ponds, 
animal watering ponds, wetlands and other water storage areas must be designed to protect groundwater. 
 
Policy 6.6: Infiltration of stormwater and resulting groundwater recharge will be promoted where it is 
feasible and does not pose a threat to groundwater quality. 
 
 
The City of Elko New Market Environmental Protection Ordinance addresses the current municipal and 
private water supply requirements.  When this Plan is adopted the Ordinance will be revised to 
incorporate by reference this Plan that reflects the new goals, policies and accompanying Rules. 
 
 
GOAL 7: FLOODPLAIN MANAGEMENT 
 
There is only one area shown on the Flood Insurance Rate Map (FIRM) for the City of Elko New Market 
and the growth area that is identified as a Zone A  floodplain in the 2030 study area, which is the 
Vermillion River and its floodplain (see Figure No. 6).  No base flood elevations have been determined 
for this floodplain.  This area is located outside the City limits and is located on the northern edge of the 
2030 growth boundary.  However, the City is expected to grow into this area.  When this area is annexed 
into the City a floodplain ordinance will be required to adopt a floodplain ordinance in compliance with 
State and Federal regulations.  The ordinance will regulate development adjacent to the Vermillion River 
corridor. 
 
Moderate flood hazard areas, labeled Zone X (shaded) are also shown on the FIRM, and are the areas 
between the limits of the base flood (100-year) and the 0.2-percent-annual-chance (or 500-year) flood.  
Unshaded Zone X areas are those areas determined to be outside the 100-year and 500-year floodplains. 
These areas have been identified on the FIRM as areas of moderate or minimal hazard from the principal 
source of flood in the area.  However, buildings in these zones could be flooded by severe, concentrated 
rainfall coupled with inadequate local drainage systems.   
 
FEMA and Scott County are currently updating the FIRM’s for the Vermillion River with new panels 
expected to be published in 2009. 
 
Subject: Floodplain Management 
Purpose: To provide flood protection for people and property. 
Goal: Manage and protect the floodplains from encroachment. 
Floodplain Management Policies 
 
Policy 7.1:  Protect the natural function of a floodwater storage area in a floodplain from encroachment. 
 
Policy 7.2:  Work to maintain no net loss of floodplain storage. 
 
Policy 7.3:  Manage floodplains to maintain critical 100-year flood storage volumes. 
 
Policy 7.4:  Restrict construction of new structures to sites above flood prone areas. 
 
Policy 7.5:  Adopt floodplain zoning regulations consistent with Dakota and Scott County water resource 
plans and ordinances. 
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Policy 7.6:  Maximize upstream floodwater storage areas and require mitigation for any fill within a 
floodplain. 
 
 
 
POND DESIGN AND CRITERIA 
 
Whenever possible, regional detention/water quality ponds will meet NURP or NPDES standards and 
City requirements.  Wet settling basins are an accepted and proven BMP technique widely accepted for 
stormwater quality treatment prior to discharge.  All regional and localized detention/water quality pond 
design parameters will need to be carefully considered to ensure that there is no impact to existing 
downstream properties.  It is imperative not to increase the groundwater gradient and the potential for 
basement seepage associated with regional or localized detention/water quality ponds. 
 
Every attempt has been made to strategically locate regional and localized detention/water quality ponds 
in existing closed depressions within a given watershed or subwatershed.  Steps have been taken to avoid 
wetlands and DNR waters.  The intent is to minimize the excavation required and to optimize the volume 
and size of storm sewer conveyance piping associated with pond construction.   
 
The proposed conveyance network utilizes the natural drainage routes wherever feasible.  An advantage 
of incorporating large, detention/water quality ponds is the associated multi-functional recreational uses 
for these areas.  A buffer zone encompassing each regional pond may be used for greenway, walking 
trails, parks, conservation areas, and wildlife habitat. 
 
The proposed detention/water quality ponds may be designed as non-uniform meandering waterways, 
creating a more natural appearance while maintaining the design intent and providing cost savings by 
reducing the length of large diameter pipe. 
 
The VRWJPO is going to set flow limits, via numeric standards, at several boundary locations that the 
City must not exceed.  Depending on the flowrates, regional ponds may be needed in strategic locations to 
shave off the peak outflow rates.  The hydrologic model will need to be analyzed and ran to determine 
how these set flowrates will affect future development and the sizing of ponds.  A plan amendment will 
need to be made and the hydrologic model potentially updated to see how the numeric standards will be 
met.  
 
When reviewing development plans the SCS runoff curve number (CN) for the existing agricultural areas 
and the minimum CN's for developed conditions should be limited to the values in the following table: 

 
 

Land Use Curve Number 
Maximum existing (excludes wetlands)    70 
Minimum residential development 72 
Minimum commercial development 90 
Minimum industrial development 90 

 
These values are general in nature and typically apply to the urban development of existing farmland.  We 
anticipate instances in which the existing land use is either pasture, wetland, or ungrazed meadows, etc., 
which will require appropriate curve number adjustment in accordance with standard SCS TR-20 and TR-
55 methodology. 
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5. ASSESSMENT OF PROBLEMS AND CORRECTIVE ACTIONS 
  
There are no lakes, as defined by the DNR, or navigable waters within the City’s growth boundary.  There 
are several ditches that are the headwaters of creeks and rivers, which are part of three different 
watersheds.  Given the lack of aquatic resources most of the water resource related issues the City faces 
will deal with development and the problems associated with it.  Given this, the City will concentrate on 
effective implementation of their Storm Water Pollution Prevention Plan (SWPPP), which addresses all 
aspects in the protection of water resources. 
 
The assessment of problems in the Plan includes reviewing possible adverse effects of surface water that 
have been identified by local, state and federal agencies, in research, literature, and other stormwater 
management materials.  The assessments were divided into three potential sources of problems (Source 
Areas).  
 
1. The first potential Source Area addresses public lands or areas that are managed by public agencies 

(i.e., public streets, parking lots, sewer lines, parks, public facilities, etc.).  The identified potential 
problems in this source area include but are not limited to: 

 
a) The need to maintain high quality recreational use of the City’s water resources, whether it is for 

fishing, waterfowl habitat, etc.  The MPCA first listed the Vermillion River as a state impaired 
water in the 2008 TMDL List of Impaired Waters and the TMDL is scheduled to be completed in 
2014.  Sand Creek was first listed by the MPCA as impaired for turbidity in 2002 and for fish 
bioassessments in 2004.  The Sand Creek TMDL is scheduled to be completed in 2012. 

b) The need for community education programs regarding sustainable water resource management. 
c) The need for an adequate road salt management program. 
d) The importance of maintaining the City's surface water management system and overall goals 

while encouraging private development. 
 
2. The second potential Source Area addresses existing development on privately owned lands (i.e., 

private homes, small businesses, large commercial areas, industrial areas, private parking lots, and 
private streets, etc.).  The identified potential problems in this source area include but are not limited 
to: 

 
a) Soil erosion from site disturbances (construction) on private lands. 
b) Private lawn and garden maintenance (phosphorous and nitrogen loading). 
c) Landscaping of stream banks on private land. 
d) Litter accumulation on private lands. 
e) Wetland buffer degradation on private lands. 
f) Stream bank erosion and collapse on private lands. 
g) Private vehicle and equipment storage sites. 
h) Snow and ice removal methods from private parking lots and streets. 
i) Impervious surface management (private streets and parking lots). 
j) Illicit discharge to storm sewers. 

 
3. The third potential source area focuses on new residential, commercial, and industrial development.  

Possible surface water problems in this section are directly associated with the construction process 
and how new developments may impact local natural resources and public infrastructure both during 
construction and after they are completed.  
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A major source of concern for the City is the projected development rate and associated stormwater 
volume and rate increases.  In addition, problems caused by development in environmentally sensitive  
areas are also a concern (i.e., buffers, streams and wetlands).  The identified potential problems in this 
Source Area include but are not limited to: 

 
a) Concern about contamination of Credit River, Vermillion River and public conveyance networks 

with sediment from construction sites and improper use of BMPs in new developments (e.g., 
detention basins, grass swales, etc.).  

 
b) Proper implementation of creek, bluff, and wetland buffers in new developments. Without proper 

implementation of buffers, sediment deposition increases, creek bank erosion and collapse are 
more severe, and riparian habitats are destroyed.  See Appendix A, for the applicable area maps.  
As part of the development permitting process the City will determine, based on accurate 
topographical maps, whether development will be permitted in any particular bluff, creek, or 
wetland area.  
 

The City is a discretionary MS4 (Stormwater Program for Municipal Separate Storm Sewer Systems).  
The Environmental Protection Agency developed a program called the National Pollution Discharge 
Elimination System (NPDES). Under Phase II of this program, small MS4s are required to get a 
permit for their storm water management system.  As a condition of the permit the City was required 
to prepare a SWPPP.  The SWPPP identifies structural and non-structural controls that will be put 
into place to minimize negative impacts caused by storm water discharges to the environment.  Best 
management practices (BMPs) have been identified and are used to meet the six minimum control 
measures requirements of the NPDES Phase II permit.   
 
Programmatic improvements and implementations will be required to manage the water resources 
within the City more effectively.  For the area within the City’s defined growth boundary area where 
there is a planned increase in development and stormwater runoff systems are planned, corrective 
actions may include but are not be limited to: 

 
a) Implement City programs to target developer and resident education efforts.  The programs will 

outline what residents and developments can do to improve the efficiency of nitrogen and 
phosphorus reduction from existing and proposed surface water runoff.    

 
b) Review of proposed development submittals to verify the requirements stated in the City 

Comprehensive Surface Water Management Plan Rules and existing City Ordinances have been 
met prior to approval.  This will ensure that the approved BMPs have been selected and the City 
is engaged in a pattern of sustainable growth. 
 

Many of the following issues and corrective actions have been identified in the City’s SWPPP and 
associated BMP summary sheets. 

 
 ISSUE AND CORRECTIVE ACTIONS 

 
1. ISSUE:   

Illicit discharge detection and elimination. 
 
CORRECTIVE ACTION: 
Draft and adopt an illicit discharge ordinance prohibiting non-storm water discharges, including 
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illegal dumping into the storm sewer system. 
 

2. ISSUE: 
Public education regarding storm water related issues. 
 
CORRECTIVE ACTION: 
Implement and education program that involves distributing storm water related educational 
materials to the community. 
 

3. ISSUE: 
Illicit discharge detection and elimination plan. 
 
CORRECTIVE ACTION: 
Develop and implement an illicit discharge inspection and assessment program.  Included would 
be developing administrative procedures for notifying and enforcing non-compliance. 
 

4. ISSUE: 
Construction site storm water runoff control. 
 
CORRECTIVE ACTION: 
Draft and adopt a construction site storm water runoff control ordinance to reduce pollutants in 
storm water runoff from construction activities. 
 

5. ISSUE: 
Location of farm field drain tiles. 
 
CORRECTIVE ACTION: 
Conduct research on the location of existing drain tiles and prepare a map that can be used when 
conducting reviews of proposed developments. 
 

6. ISSUE: 
Floodplain management ordinance. 
 
CORRECTIVE ACTION: 
Draft and adopt an ordinance to effectively address floodplain management. 
 

7. ISSUE: 
Site inspection and enforcement procedures. 
 
CORRECTIVE ACTION: 
Establish procedures, an inspection checklist and time frames for conducting site inspections. 
 
 

8. ISSUE: 
Financing of storm water projects, which include storm water facilities, water quality 
improvements and community education. 
 
CORRECTIVE ACTION: 
Review storm water utility fee to insure that sufficient funds are being collected by the City. 
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9. ISSUE: 

Pollution prevention and good housekeeping practices. 
 
CORRECTIVE ACTION: 
Annual inspection of all structural pollution control devices within the City. 
 

10. ISSUE: 
Ground water protection. 
 
CORRECTIVE ACTION: 
Prepare a well head protection plan per the Minnesota Department of Health requirements. 
 

11. ISSUE: 
Increased runoff volumes due to new development. 
 
CORRECTIVE ACTION: 
Promote a decrease in runoff volume through infiltration and other volume reduction best 
management practices through administrative policies and decisions. 
 

12. ISSUE: 
Compliance with future TMDL standards. 
 
CORRECTIVE ACTION: 
Participate in the development of the TMDL studies for the Vermillion River and Sand Creek.
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6.   IMPLEMENTATION PRIORITIES 
 
The criteria, considerations, and constraints used to prioritize City surface water improvements and 
activities reflect the City's values, goals, and policies.  Changes in any one of these factors can result in a 
change in project priority.  The City's stormwater management program has evolved over time, and in 
view of recent challenges, the future will bring even more significant change. The breadth and extent of 
these changes, at present, are largely unknown.  
 
The City’s SWPPP identifies an implementation schedule for each of the six minimum control measures 
identified.  The implementation priorities will closely follow those specified in the SWPPP.  For 
management components that are not identified in the SWPPP they will be addressed largely through the 
rules that will enforce this plan. 
 
Some factors that influence the City's stormwater management program do not lend themselves to a 
quantitative system of prioritization.  For example, deciding the exact projects to include in each year’s 
City improvement plan requires a high level of professional judgment based upon the best available 
knowledge and awareness of the local political climate toward cost-effective improvements.  Many 
projects that are included in an annual improvement package most likely will have surface water 
components although the project focus is not surface water.  Though difficult to quantify, these 
components and influences play an important part in deciding the inclusion of selected projects into the 
following improvement program. 
 
The City of Elko New Market will continue to conduct private development project reviews on a “project-
by-project” basis.  Based on when specific property owners choose to develop the City will take that 
opportunity to implement the following priorities.  The City will also implement the following 
components of possible CIP projects;  
 
SURFACE WATER QUANTITY MANAGEMENT 
Prioritize City projects that provide storm water runoff quantity management.  The purpose is to control 
post-development surface water runoff.  The goal is to promote projects that control flooding and 
minimize related public capital and maintenance expenditure necessary to control excessive volumes and 
rates of runoff. 
 
SURFACE WATER QUALITY MANAGEMENT 
Prioritize projects that provide water quality improvements in lakes, creeks, and wetlands within the City. 
The purpose is to protect and improve water quality in the City’s lakes, creeks and wetlands.  The goal is 
to achieve water quality standards in lakes, creeks, and wetlands consistent with their intended use and 
established classification. 
 
EROSION CONTROL MANAGEMENT 
Prioritize projects that minimize the mobilization of sediment and enhance site erosion control 
requirements.  The purpose is to control erosion and sedimentation on private developments and in public 
drainage systems.  The goal is to minimize soil erosion through increased education and enforcement of 
existing BMP Ordinance. 
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WETLAND MANAGEMENT 
Prioritize projects that enhance the City’s wetland management.  The purpose is to utilize, 
protect, preserve, and enhance existing natural wetlands.  The goal is to maintain or increase the 
amount of wetland acreage, and increase the wetland functions and values within the City, in 
accordance with the Scott WMO CWRMP and VRWMP.  
 
PUBLIC PARTICIPATION AND EDUCATION 
Prioritize projects that enhance the current level of public participation, information, and education on 
City projects.  The purpose is to encourage active community involvement in all aspects of surface water 
resources management.  The goal is to increase public assistance, participation, and knowledge in 
management of the water resources of the community. 
 
GROUNDWATER MANAGEMENT 
Prioritize projects that provide sound, long-term groundwater and aquifer management.  The purpose is to 
protect groundwater quality and improve groundwater supplies through effective management.  The goal 
is to provide clean and safe drinking water for the City while managing increased development and 
population. 
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7.   IMPLEMENTATION PROGRAM 
 
The primary means the City will use to implement the standards of this Plan, the Scott WMO CWRMP and the VRWMP 
is through the adoption and implementation of the City of Elko New Market Plan, associated Rules, and Ordinances.  
Private development projects within the City are reviewed on a “project-by-project” basis and it is during this review the 
City has the opportunity to implement the goals, policies, and priorities developed in the Plan.   
 
City improvement projects provide another opportunity for the City to implement the goals, policies, and priorities 
developed in this Plan.  Most CIP projects generally have a surface water component.  Development of a CIP will serve as 
a useful planning tool for City sponsored surface water projects.  
 
There are also specific development-independent implementation goals that the City will continue to develop on a parallel 
administrative track to the general goals listed above.   The City will finance these goals either directly or by specific 
development related review and construction inspection budgets. 
 
The following is an implementation process list of the recommended actions, timing, responsible party, and the cost or 
funding sources which are presented for the City Council’s consideration based upon the data compiled in this report. 
Actions are listed in order of priority, from highest to lowest. 

 

 

Action Timing Responsible 
Party 

Funding Source 

Maintain and implement 
Capital Improvement Program 

On-going, updated 
on a 5 year period 

City of Elko 
New Market 

Storm water area 
charge, utility fee and 
project specific 
engineering budgets 

Storm water maintenance 
program to ensure the 
successful operation of the 
drainage system. 

On-going City of Elko 
New Market 

Storm water area 
charge, utility fee and 
annual engineering 
and maintenance 
budgets 

Corrective actions for storm 
water problems be developed 
and implemented. 

On-going, as 
problems are 
brought to the 
attention of Staff 

City of Elko 
New Market 

Storm water area 
charge, assessments 
and project specific 
engineering budgets 

Enforcement of the erosion and 
sedimentation control 
ordinance for new 
developments. 

On-going, as 
development 
projects are 
submitted to the 
City for approval 

City of Elko 
New Market 

Funding by 
developer’s fees, 
building permits and 
fines collected for 
non-compliance 
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Action Timing Responsible 
Party 

Funding Source 

Encourage low impact 
development and better site 
design components for new 
development projects. 

On-going, as 
development 
projects are 
submitted to the 
City for approval 

City of Elko 
New Market 

Funding by 
developer’s fees and 
project specific 
engineering budgets 

Established modeled ponding 
areas and maximum flow rates 
and volumes as referenced 
during initial phases of 
development projects. 

On-going, as 
developments are 
submitted to the 
City for approval 

 

City of Elko 
New Market 

Funding by 
developer’s fees and 
annual engineering 
budget 

Review procedures to be 
established to ensure all 
Construction projects within the 
City are in compliance with 
erosion control ordinance. 

On-going City of Elko 
New Market 

Funding by 
developer’s fees and 
annual engineering 
budget 

Update the City detailed 
hydrologic analysis during final 
design of all ponding areas. 

Currently in place. 
Update as 
necessary. 

City of Elko 
New Market 

Funding by 
developer’s fees and 
project specific 
engineering budgets 

High water elevations 
governing building finish floor 
elevations adjacent to ponding 
areas and floodplains be 
established per this Plan, Rules, 
and Ordinance. 

On-going, as 
development 
projects are 
submitted to the 
City for approval 

City of Elko 
New Market 

Funding by 
developer’s fees and 
building permits. 

Emergency overflow routes be 
established and maintained to 
provide stabilized relief during 
extreme storm conditions, 
which exceed design 
conditions. 

On-going, as 
development 
projects are 
submitted to the 
City for approval 

City of Elko 
New Market 

Funding by 
developer’s fees and 
project specific 
engineering budgets 

An education program for City 
residents, staff, and 
development community 
developed and implemented. 

On-going City of Elko 
New Market 

City of Elko New 
Market with 
assistance from Scott 
WMO, DNR, U of M 
Extension Service, 
SWCD & VRWJPO 
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Action Timing Responsible 
Party 

Funding Source 

Amendments to the SWMP be 
adopted and implemented and 
the SWMP be updated. 

As warranted by 
future standards or 
regulations – by 
2010 or earlier if 
needed 

City of Elko 
New Market 

Storm water area 
charge and annual 
engineering budget 

Encourage landowners to retain 
areas of native vegetation, and to 
plant species native to the area, 
to protect and improve wildlife 
habitat and maintain the historic 
ecological role.  

On-going, as 
developments are 
submitted to the 
City for approval 

City of Elko 
New Market 

Funding by 
developer’s fees, 
storm water utility 
and project specific 
engineering budgets 

Develop an implementation 
strategy for the Vermillion 
River and Sand Creek when the 
TMDL study’s are complete. 

After EPA has 
approved study and 
TMDL has been 
developed 

City of Elko 
New Market, 
MPCA, Scott 

WMO 

MPCA, Scott WMO, 
BWSR, DNR, City of 
Elko New Market, 
etc. 
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8.   FINANCIAL CONSIDERATIONS 
 
The cost of implementing the Surface Water Management Plan will be supported by several revenue sources.  
Following are several of the sources that will be used to implement the plan.  As new development occurs within 
the City the amount of impervious cover typically increases.  This places additional burden on the existing storm 
sewer infrastructure by increasing the volume of storm water runoff, which also increases the amount of 
pollutants transferred downstream to the receiving waters.  To minimize these impacts, new development and 
redevelopment shall implement these standards and associated rules.  The City has 180 days upon approval of this 
plan to update City ordinances that will enforce it.  

 
Potential Funding Source Revenue Produced 

  
• City’s Storm Water Utility Fee 

The City has implemented a storm water utility fee that 
is charge to property owners on a monthly basis.  The 
funds generated from this fee  are used to finance a 
storm water management program. 

• Approximately $92,000/year 

• Special Assessments 
The idea behind this assessment method is that generally 
the benefited properties pay in relation to the benefits 
received.  The benefit would be realized by an increase 
in market value of the property that resulted from the 
improvement. 

• Variable depending on the projects 
undertaken. 

• Grants 
State and Federal grants are available for surface water 
management and non-point source pollution.  Grants can 
be a good way to help fund special projects that meet 
grant eligibility criteria, but are not a good finance 
source to depend upon for an annual income source. 

• Variable depending on the projects 
undertaken. 

• Wetland Permit Review Fees 
Local government units, per M.S. 103G.2242 Sub. 5, 
can charge processing fees to cover the costs of 
implementing the rules and administrative review time.  
Costs could also include site evaluation and inspection 
of the project site. 

• Variable depending upon the number 
of permits reviewed. 

• Land Development Fees 
As new development occurs within the City, the 
developer pays a storm sewer trunk fee based upon the 
net acreage of the property, exclusive of road right-of-
way and public ponding areas.  If the development 
includes oversizing of trunk facilities, a credit for 
oversizing will be given to the developer.  If the City 
determines that a development is premature, the 
developer will pay for oversizing. 

• Variable depending upon the amount 
of development that occurs on an 
annual basis. 
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It is the current policy of the City to charge new land development a Stormwater Area Charge (SAC) to 
finance storm drainage improvements on a per-acre basis, taking into account the proposed land use type.  
The amount of imperviousness on a parcel is directly related to the water quality, quantity, and 
conveyance impacts on the downstream stormwater conveyance system.  Commercial/industrial 
development contributes significantly more stormwater runoff than residential development.  Given this, 
it is recommended that the City charge proportionally higher SAC fees for those areas that contribute 
more runoff. 
 
As with all improvements, there is a cost associated with prudent stormwater management.  The costs 
incurred to achieve these improvements should be supported by new developments coming into the city 
through the Storm Water Area Charge.  The following is an estimate of future improvement costs: 

 
ESTIMATED COSTS 

 ITEM        COST 
  

1. Regional Ponding Facilities     $8,274,000 
  

2. Trunk Conveyance      $2,261,000 
 

3. County Road Drainage Facilities    $2,600,000 
 
     Total Cost = $13,135,000 

 
As with all estimates of this nature, they are based on current construction costs and should be 
adjusted annually to account for inflation, bonding costs, legal costs, interest costs, etc.   
 
For determining a land-use based charge, the runoff from a 10-year, 24-hour storm event was compared 
for three land-use categories, as shown in the following table.  Based on this information a runoff 
multiplier was calculated by comparing the runoff amount for a particular land use to that from single-
family residential land use.  The equivalent number of acres was calculated and the resulting SAC fee per 
acre of development was calculated for residential and commercial/industrial land use. 
 

Stormwater Area Charge (SAC) Cost Summary 
 

Land Use 2030 
Developable 

Acres 

Curve 
Number 

10-Year 
24-Hour 
Runoff 

Multiplier Equivalent 
Acres 

Area 
Charge  

 
Residential 

 
3,899 

 
72 

 
1.60” 

 
1 

 
3,899 

 
$3,121 

Commercial/ 
Industrial 

 
160 

 
90 

 
3.11” 

 
1.94 

 
310 

 
$6,054 

       Total 4,059    4,209  
 

Total Stormwater Management System Cost = $13,135,000 
 

Cost Per Equivalent Acre = $2,775 
 
Adopting the land-use based SAC enables the construction of, and provides for, the effective management 
and financing of the recommended storm water management system within the projected City growth 
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boundary area.  Existing areas of development, large wetland areas, trunk highway rights-of-way and the 
areas shown on the watershed drainage district map that require further analysis have been excluded from 
the calculation for developable acres.  It is recommended that these areas be excluded in the future when 
computing the SAC for new development.     
 
Because of the extreme variance in land values and rapidly increasing value paid for land in Scott County, 
along with increasing construction costs, the SAC should be reviewed on an annual basis to account for 
land value increases and adjusted accordingly.   
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9.   AMENDMENTS TO THE PLAN 
 
AMENDMENT PROCEDURES 
For the Plan to remain a dynamic, effective document, a system must be identified and available to update 
information and implement new ideas, methods, standards, management practices, and any other changes, 
which may affect the intent and/or results of the Plan.  This Plan shall remain in effect for five years from 
its adoption date by the Council or until an amended Plan is adopted, not to exceed 10 years from the date 
of initial adoption.  Any person or persons either residing or having business within the City may request 
amendment at any time.  The City itself may amend this Plan at any time if changes are required or if 
issues or opportunities arise that are not currently addressed.  All amendments shall be in accordance with 
Minnesota Rules 8410.0170 Subp. 11 and Minnesota Statutes 103b.235 Subd. 5. 
 
REQUEST FOR AMENDMENT 
The amendment process begins when a written request for a plan amendment is submitted to the City 
administrator.  The request must outline the need for the specified amendment as well as additional 
materials that the City will need to consider before making its decision.  
 
CITY STAFF REVIEW 
A decision is made as to the validity of the request. Two options exist; 

• Accept the amendment as a minor issue, with minor issues collectively added to the Plan during 
the annual review process; and 

• Accept the amendment as a major issue, and refer the matter to the City Council for 
consideration.  In acting on an amendment request, staff shall recommend to the City Council 
whether or not a public hearing is warranted. 

 
COUNCIL CONSIDERATION 
The amendment and the need for a public hearing shall be considered at a regular or special City Council 
meeting. Staff recommendations should also be considered before decisions on appropriate action(s) are 
made. 
 
PUBLIC HEARING AND COUNCIL APPROVAL 
This step allows for public input based on public interest.  The City Council shall determine when the 
public hearing should occur in the process. Based on the Public hearing, the City Council will approve or 
reject the amendment. 
 
WATERSHED ORGANIZATION APPROVAL 
Proposed amendments must be reviewed and approved by the watershed organizations, including 
Metropolitan Council, prior to final adoption of the amendments by City Council. 
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10. FUTURE CONSIDERATIONS 
 

As noted in the Watershed Delineation section, Item h, numerous factors were considered in developing 
the proposed future storm sewer plan for the City.  Because of the intricacies of the planned 
improvements, this summary report will the not discuss every detail.  The enclosed HydroCAD data 
sheets of the existing conditions can be compared with existing storm sewer data as necessary to address 
specific issues.  However, we wish to highlight several key design features and recommendations. 
 

a) Proposed regional detention and water quality ponds are shown on the Watershed Drainage District 
Map (Figure No. 1).  Ponds have been located in strategic low areas on or near the watershed or 
subwatershed perimeter and upstream to accommodate future development.  These locations were 
identified to provide maximum control for storm water runoff protection for downstream properties. 

 
b) In the older more densely developed areas of the community, such as the originally platted areas and 

the historic downtown business and residential district areas, the possibility of acquiring space for 
regional or localized detention basin construction is improbable.  Throughout most of this area, new 
detention basin construction would require site clearing and re-platting of developed properties.  
Consequently, in these developed areas, water quality and detention requirements will be 
complicated and may require construction of storm sewer interceptors.  The hydrologic analyses of 
these areas will be reviewed on a case-by-case basis as required. 

 
To meet the future Scott County, Vermillion River Watershed or possible NPDES Phase III 
requirements, it may be necessary to construct and/or install some form of in-line treatment that does 
not require a large amount of open space.  Stormwater Management, Inc., Bay Saver and 
Stormceptor are a few of a many of in-line treatment systems being presently being incorporated into 
existing developed areas. 

 
c) The flood plain areas adjacent to the corridor along the Vermillion River will need a hydraulic 

analysis as these areas develop in the future.  These regions are typically protected from future 
development by zoning Ordinances.   

 
d) Installation of stream gauges to monitor boundary flows leaving the City at the two locations set by 

the VRWJPO should be considered.  Establishing a baseline for flows will help in determining if 
future best management practice techniques are effective in runoff and volume control.   

 
Siting of detention basins have been preliminarily sited to suit existing closed depressions and low areas.  
Siting was also based on existing open space and individual hydraulic requirements.  Cursory 
consideration has been given to land use, development potential, property boundaries, etc.   
 
The actual shape and location of the constructed ponds may differ from what is shown provided that the 
controlling design conditions are maintained (storage volume, maximum elevation, MPCA and BWSR 
requirements).  In the event the development characteristics of any of the watersheds and subwatersheds 
change significantly, pond design and storm sewer conveyance design will need to be modified 
accordingly. 
 
A majority of Section 20, located in the northwest corner of the study boundary area, will be limited to 
discharge limits that were agreed upon between the City, New Market Township and Scott County.  
When development occurs in this area, see Figure No. 1, runoff will be limited on a per acre basis to the 
amounts agreed upon in the memo, located in Appendix B.
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11. CONCLUSIONS 

 
The existing City’s storm sewer treatment and conveyance system cannot accommodate continued 
development in the growth boundary area.  If development in this area continues as predicted and the 
existing treatment and conveyance system is utilized, it will require major improvements to serve the 
existing and future community without exacerbating intermittent flooding issues.   
 
The regional and localized stormwater detention/water quality pond model presented in this Plan is one 
approach to accommodate the predicted urban development in the regional growth boundary area of the 
City.  Further enhancement of this model must include scheduled updates on an annual basis, at a 
minimum, and coordination with proposed development on a project by project basis particularly in the 
event a private development will be constructing a regional pond as a condition of their permit.  These 
updates will ensure that adjustments, due to new construction and urban development, can be coordinated 
with the model and regional flow rates and volumes can continually be reviewed, verified, and updated to 
ensure they do not exceed the numerical standards to be set by the VRWJPO.  The components of the 
proposed SAC should also be reviewed and updated annually.  These reviews will ensure that the 
associated City’s costs and accurate land values are accounted for, appropriately financed, and the 
developers are paying their fair share for the improvements.    
 
As stated earlier, this model is predominantly based on information obtained from available Scott County 
GIS mapping data, the City aerial and contour maps, field verification of accurate watershed boundaries, 
and discussions with City staff relative to the historical flooding areas.  Based on all available information 
the modeled system closely matches qualitative descriptions given by individual observation. We believe 
this Comprehensive Surface Water Management Plan has significant benefit as a planning, engineering, 
and design tool.  However, this Plan and the regional and localized stormwater and water quality pond 
network model is not necessarily the only method of accomplishing the goal of comprehensive surface 
water management.  The quality and accuracy of this model may be further validated with more detailed 
survey data at the time of proposed development in the regional growth area of the City. 
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Appendix A 
 
 
 Maps 
 
   

Watershed Drainage District Map ...............................Figure No. 1 
 
Digital Aerial Photographic Map ................................Figure No. 2 
 
Scott County Soils Map ..............................................Figure No. 3 
 
Scott County Wetlands and Bluff Areas Map .............Figure No. 4 
 
DNR Protected Waters Map........................................Figure No. 5 
 
Floodplain Map ...........................................................Figure No. 6 
 
Future Land Use Map ................................................Figure No. 7 
 
Waterway Corridor Classification Map ......................Figure No. 8 
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Appendix B 
 
 
 
Memo:  Section 20 Discharge Agreement with New Market Township and Scott County 
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APPENDIX C 
 

 

Hydroperiod Guidelines for Wetlands 



 
HYDROPERIOD GUIDELINES FOR WETLANDS 

 
 
 
 
 

Table 10.14 Recommended Hydroperiod Standards for Wetlands (Source: State of Minnesota 
Storm-Water Advisory Group, 1997) 

 Susceptible Non-Susceptible 
Hydroperiod 

Standard 
Highly 

Susceptible 
Wetlands 

Moderately 
Susceptible 
Wetlands 

Slightly 
Susceptible 
Wetlands 

Least Susceptible 
Wetlands 

Storm Bounce Existing Existing plus 0.5 ft Existing plus 1.0 ft No limit 
Discharge Rate 
from Wetland 

 
Existing 

 
Existing 

 
Existing or less 

 
Existing or less 

Inundation Period* 
for 1 & 2 –Year 

Precipitation Event 

 
Existing 

 
Existing plus 1 day 

 

 
Existing plus 2 

days 

 
Existing plus 7 

days 

Inundation Period 
for 10 –Year 

Precipitation Event 
& Greater 

 
Existing 

 
Existing plus 7 

days 

 
Existing plus 14 

days 

 
Existing plus 21 

days 

Run-Out Control 
Elevation (Free 

Flowing) 

 
No change 

 
No change 

 
0 to 1.0 feet above 

existing run out 

 
0 to 4.0 feet above 

existing run out 

Run-Out Control 
Elevation 

(Landlocked) 

 
Above delineated 

wetland 

 
Above delineated 

wetland 

 
Above delineated 

wetland 

 
Above delineated 

wetland 

*Inundation period is the time above the normal water level (NWL) 
 
Source:  State of Minnesota Stormwater Manual, November 2005, Chapter 10, Volume 2, Page 35. 
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Appendix D 
 
 
 

HydroCAD Modeling Files 
100-Year Existing 

 
(Files of other storm events are available upon request.) 
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Type II 24-hr 100  Rainfall=6.00"Sand Creek Existing
Page 2Prepared by Bolton & Menk, Inc.

5/12/2008HydroCAD® 8.00  s/n 002276  © 2006 HydroCAD Software Solutions LLC

Time span=0.00-72.00 hrs, dt=0.01 hrs, 7201 points
Runoff by SCS TR-20 method, UH=SCS

Reach routing by Sim-Route method  -  Pond routing by Sim-Route method

Runoff Area=112.000 ac   Runoff Depth=2.99"Subcatchment CROS-1: 
   Flow Length=1,000'   Tc=42.1 min   CN=72   Runoff=229.81 cfs  27.937 af

Runoff Area=6.600 ac   Runoff Depth=2.99"Subcatchment CROS-2: 
   Tc=20.0 min   CN=72   Runoff=21.92 cfs  1.646 af

Runoff Area=32.330 ac   Runoff Depth=2.81"Subcatchment SC-1: 
   Flow Length=430'   Tc=58.9 min   CN=70   Runoff=48.36 cfs  7.558 af

Runoff Area=53.830 ac   Runoff Depth=3.28"Subcatchment SC-10: 
   Flow Length=497'   Tc=85.1 min   CN=75   Runoff=72.58 cfs  14.723 af

Runoff Area=13.790 ac   Runoff Depth=3.18"Subcatchment SC-2: 
   Flow Length=100'   Slope=0.0300 '/'   Tc=39.5 min   CN=74   Runoff=31.46 cfs  3.660 af

Runoff Area=12.330 ac   Runoff Depth=3.18"Subcatchment SC-3: 
   Flow Length=295'   Tc=22.7 min   CN=74   Runoff=40.52 cfs  3.272 af

Runoff Area=14.740 ac   Runoff Depth=3.09"Subcatchment SC-4: 
   Flow Length=455'   Tc=22.6 min   CN=73   Runoff=47.03 cfs  3.794 af

Runoff Area=9.830 ac   Runoff Depth=3.09"Subcatchment SC-5: 
   Flow Length=500'   Tc=36.4 min   CN=73   Runoff=23.06 cfs  2.530 af

Runoff Area=45.160 ac   Runoff Depth=3.18"Subcatchment SC-6: 
   Flow Length=1,742'   Tc=46.6 min   CN=74   Runoff=91.84 cfs  11.986 af

Runoff Area=25.220 ac   Runoff Depth=2.81"Subcatchment SC-7: 
   Flow Length=382'   Tc=45.8 min   CN=70   Runoff=45.25 cfs  5.896 af

Runoff Area=32.900 ac   Runoff Depth=3.18"Subcatchment SC-8: 
   Flow Length=971'   Tc=27.8 min   CN=74   Runoff=95.34 cfs  8.732 af

Runoff Area=19.830 ac   Runoff Depth=3.18"Subcatchment SC-9: 
   Flow Length=680'   Tc=43.7 min   CN=74   Runoff=42.14 cfs  5.263 af

Peak Elev=1,099.41'  Storage=24.929 af   Inflow=229.81 cfs  27.980 afPond CR0S-1P: 
24.0" x 85.0' Culvert   Outflow=3.50 cfs  3.186 af

Peak Elev=1,098.29'  Storage=1.626 af   Inflow=21.92 cfs  1.646 afPond CROS-2P: 
24.0" x 65.0' Culvert   Outflow=0.03 cfs  0.122 af

Peak Elev=1,086.04'  Storage=208,208 cf   Inflow=80.31 cfs  20.237 afPond SC-10P: 
24.0" x 141.0' Culvert   Outflow=33.19 cfs  20.234 af



Type II 24-hr 100  Rainfall=6.00"Sand Creek Existing
Page 3Prepared by Bolton & Menk, Inc.

5/12/2008HydroCAD® 8.00  s/n 002276  © 2006 HydroCAD Software Solutions LLC

Peak Elev=1,108.54'  Storage=329,212 cf   Inflow=48.36 cfs  7.558 afPond SC-1P: 
   Outflow=0.00 cfs  0.000 af

Peak Elev=1,128.23'  Storage=159,428 cf   Inflow=31.46 cfs  3.660 afPond SC-2P: 
   Outflow=0.00 cfs  0.000 af

Peak Elev=1,118.66'  Storage=142,548 cf   Inflow=40.52 cfs  3.272 afPond SC-3P: 
   Outflow=0.00 cfs  0.000 af

Peak Elev=1,105.10'  Storage=83,646 cf   Inflow=47.03 cfs  3.794 afPond SC-4P: 
24.0" x 96.0' Culvert   Outflow=6.34 cfs  3.682 af

Peak Elev=1,098.83'  Storage=1,651 cf   Inflow=23.06 cfs  2.530 afPond SC-5P: 
24.0" x 133.0' Culvert   Outflow=22.95 cfs  2.530 af

Peak Elev=1,105.56'  Storage=511,621 cf   Inflow=91.84 cfs  11.986 afPond SC-6P: 
   Outflow=2.06 cfs  0.462 af

Peak Elev=1,099.40'  Storage=413,794 cf   Inflow=45.81 cfs  9.543 afPond SC-7P: 
   Primary=0.00 cfs  0.000 af   Secondary=0.14 cfs  0.044 af   Outflow=0.14 cfs  0.044 af

Peak Elev=1,104.33'  Storage=378,014 cf   Inflow=95.34 cfs  8.732 afPond SC-8P: 
   Outflow=0.75 cfs  0.211 af

Peak Elev=1,089.18'  Storage=112,471 cf   Inflow=42.14 cfs  5.596 afPond SC-9P: 
24.0" x 75.0' Culvert   Outflow=8.50 cfs  5.515 af

Total Runoff Area = 378.560 ac   Runoff Volume = 96.996 af   Average Runoff Depth = 3.07"
96.58% Pervious Area = 365.628 ac     3.42% Impervious Area = 12.932 ac
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Time span=0.00-72.00 hrs, dt=0.01 hrs, 7201 points
Runoff by SCS TR-20 method, UH=SCS

Reach routing by Sim-Route method  -  Pond routing by Sim-Route method

Runoff Area=10.230 ac   Runoff Depth=3.28"Subcatchment VR-100: 
   Flow Length=280'   Slope=0.0100 '/'   Tc=45.9 min   CN=75   Runoff=21.68 cfs  2.798 af

Runoff Area=61.910 ac   Runoff Depth=3.28"Subcatchment VR-101: 
   Tc=0.0 min   CN=75   Runoff=440.55 cfs  16.933 af

Runoff Area=16.790 ac   Runoff Depth=3.18"Subcatchment VR-102: 
   Flow Length=1,020'   Tc=48.5 min   CN=74   Runoff=33.22 cfs  4.456 af

Runoff Area=135.290 ac   Runoff Depth=3.88"Subcatchment VR-103: 
   Flow Length=605'   Tc=53.5 min   CN=81   Runoff=306.56 cfs  43.786 af

Runoff Area=11.600 ac   Runoff Depth=2.81"Subcatchment VR-104: 
   Flow Length=175'   Slope=0.0380 '/'   Tc=18.5 min   CN=70   Runoff=37.69 cfs  2.712 af

Runoff Area=15.930 ac   Runoff Depth=2.81"Subcatchment VR-105: 
   Flow Length=300'   Slope=0.0200 '/'   Tc=36.7 min   CN=70   Runoff=33.41 cfs  3.724 af

Runoff Area=25.160 ac   Runoff Depth=3.09"Subcatchment VR-106: 
   Flow Length=712'   Tc=30.2 min   CN=73   Runoff=66.99 cfs  6.476 af

Runoff Area=22.820 ac   Runoff Depth=3.38"Subcatchment VR-107: 
   Flow Length=580'   Tc=35.9 min   CN=76   Runoff=59.42 cfs  6.428 af

Runoff Area=3.330 ac   Runoff Depth=2.81"Subcatchment VR-108: 
   Flow Length=300'   Tc=23.6 min   CN=70   Runoff=9.34 cfs  0.778 af

Runoff Area=250.250 ac   Runoff Depth=3.28"Subcatchment VR-C1: 
   Flow Length=5,482'   Tc=154.6 min   CN=75   Runoff=213.86 cfs  68.444 af

Runoff Area=23.590 ac   Runoff Depth=3.48"Subcatchment VR-C2: Old Gravel Pit
   Flow Length=109'   Slope=0.0200 '/'   Tc=25.1 min   CN=77   Runoff=80.03 cfs  6.839 af

Runoff Area=31.170 ac   Runoff Depth=3.78"Subcatchment VR-C21: 
   Flow Length=300'   Slope=0.0200 '/'   Tc=25.2 min   CN=80   Runoff=114.51 cfs  9.822 af

Runoff Area=45.520 ac   Runoff Depth=3.09"Subcatchment VR-C22: 
   Flow Length=1,300'   Slope=0.0080 '/'   Tc=60.9 min   CN=73   Runoff=73.86 cfs  11.716 af

Runoff Area=47.680 ac   Runoff Depth=2.44"Subcatchment VR-C23: 
   Flow Length=740'   Tc=43.1 min   CN=66   Runoff=76.28 cfs  9.696 af

Runoff Area=38.800 ac   Runoff Depth=3.18"Subcatchment VR-C24: 
   Flow Length=1,392'   Tc=66.7 min   CN=74   Runoff=60.69 cfs  10.298 af
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Runoff Area=81.250 ac   Runoff Depth=3.09"Subcatchment VR-C26: 
   Flow Length=2,868'   Tc=79.9 min   CN=73   Runoff=107.47 cfs  20.912 af

Runoff Area=14.570 ac   Runoff Depth=2.90"Subcatchment VR-C27: 
   Flow Length=1,250'   Tc=35.8 min   CN=71   Runoff=32.17 cfs  3.520 af

Runoff Area=27.520 ac   Runoff Depth=2.99"Subcatchment VR-C3: 
   Flow Length=1,180'   Tc=42.9 min   CN=72   Runoff=55.41 cfs  6.864 af

Runoff Area=33.000 ac   Runoff Depth=2.99"Subcatchment VR-C4: 
   Flow Length=778'   Tc=55.8 min   CN=72   Runoff=55.19 cfs  8.231 af

Runoff Area=33.200 ac   Runoff Depth=2.99"Subcatchment VR-C5: 
   Flow Length=1,400'   Tc=43.7 min   CN=72   Runoff=66.00 cfs  8.281 af

Runoff Area=18.910 ac   Runoff Depth=3.09"Subcatchment VR-C6: 
   Flow Length=850'   Tc=36.6 min   CN=73   Runoff=44.22 cfs  4.867 af

Runoff Area=161.670 ac   Runoff Depth=3.28"Subcatchment VR-C7: 
   Flow Length=3,715'   Tc=99.7 min   CN=75   Runoff=193.48 cfs  44.217 af

Runoff Area=11.230 ac   Runoff Depth=5.76"Subcatchment VR-C8: 
   Tc=10.0 min   CN=98   Runoff=84.69 cfs  5.392 af

Runoff Area=30.430 ac   Runoff Depth=3.18"Subcatchment VR-D1: 
   Flow Length=1,000'   Slope=0.0120 '/'   Tc=46.0 min   CN=74   Runoff=62.54 cfs  8.076 af

Runoff Area=68.410 ac   Runoff Depth=2.81"Subcatchment VR-D2: 
   Flow Length=2,332'   Tc=67.4 min   CN=70   Runoff=92.37 cfs  15.992 af

Runoff Area=10.720 ac   Runoff Depth=2.81"Subcatchment VR-D21: 
   Tc=35.0 min   CN=70   Runoff=23.24 cfs  2.506 af

Runoff Area=11.050 ac   Runoff Depth=2.99"Subcatchment VR-D22: 
   Flow Length=705'   Tc=36.1 min   CN=72   Runoff=25.20 cfs  2.756 af

Runoff Area=3.180 ac   Runoff Depth=3.18"Subcatchment VR-D23: 
   Flow Length=609'   Tc=11.0 min   CN=74   Runoff=15.04 cfs  0.844 af

Runoff Area=18.290 ac   Runoff Depth=2.99"Subcatchment VR-D24: 
   Flow Length=260'   Slope=0.0350 '/'   Tc=40.2 min   CN=72   Runoff=38.76 cfs  4.562 af

Runoff Area=19.800 ac   Runoff Depth=2.99"Subcatchment VR-D25: 
   Flow Length=900'   Tc=28.3 min   CN=72   Runoff=53.20 cfs  4.939 af

Runoff Area=24.550 ac   Runoff Depth=3.09"Subcatchment VR-D26: 
   Flow Length=300'   Slope=0.0250 '/'   Tc=51.6 min   CN=73   Runoff=44.81 cfs  6.319 af

Runoff Area=13.660 ac   Runoff Depth=3.09"Subcatchment VR-D27: 
   Flow Length=385'   Tc=26.5 min   CN=73   Runoff=39.47 cfs  3.516 af
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Runoff Area=10.210 ac   Runoff Depth=3.18"Subcatchment VR-D28: 
   Flow Length=400'   Tc=25.9 min   CN=74   Runoff=30.93 cfs  2.710 af

Runoff Area=28.170 ac   Runoff Depth=3.09"Subcatchment VR-D29: 
   Flow Length=500'   Slope=0.0200 '/'   Tc=58.0 min   CN=73   Runoff=47.33 cfs  7.250 af

Runoff Area=94.960 ac   Runoff Depth=2.81"Subcatchment VR-D3: 
   Flow Length=2,500'   Tc=78.5 min   CN=70   Runoff=114.03 cfs  22.198 af

Runoff Area=14.700 ac   Runoff Depth=2.81"Subcatchment VR-D30: 
   Flow Length=670'   Tc=21.6 min   CN=70   Runoff=43.55 cfs  3.436 af

Runoff Area=27.920 ac   Runoff Depth=2.90"Subcatchment VR-D31: (new node)
   Flow Length=660'   Tc=78.3 min   CN=71   Runoff=34.93 cfs  6.744 af

Runoff Area=102.230 ac   Runoff Depth=3.18"Subcatchment VR-D32: 
   Flow Length=2,328'   Tc=75.4 min   CN=74   Runoff=146.16 cfs  27.133 af

Runoff Area=27.510 ac   Runoff Depth=4.63"Subcatchment VR-D33: 
   Flow Length=1,164'   Tc=51.9 min   CN=88   Runoff=74.81 cfs  10.605 af

Runoff Area=11.390 ac   Runoff Depth=4.63"Subcatchment VR-D34: 
   Flow Length=573'   Tc=18.5 min   CN=88   Runoff=59.28 cfs  4.391 af

Runoff Area=72.390 ac   Runoff Depth=3.38"Subcatchment VR-D35: 
   Flow Length=1,963'   Tc=73.0 min   CN=76   Runoff=112.77 cfs  20.391 af

Runoff Area=7.460 ac   Runoff Depth=2.90"Subcatchment VR-D37: 
   Flow Length=607'   Tc=25.9 min   CN=71   Runoff=20.46 cfs  1.802 af

Runoff Area=2.950 ac   Runoff Depth=2.71"Subcatchment VR-D38: 
   Flow Length=300'   Slope=0.0126 '/'   Tc=44.2 min   CN=69   Runoff=5.24 cfs  0.667 af

Runoff Area=44.580 ac   Runoff Depth=3.68"Subcatchment VR-D39: 
   Flow Length=1,008'   Tc=66.4 min   CN=79   Runoff=81.44 cfs  13.670 af

Runoff Area=376.160 ac   Runoff Depth=2.90"Subcatchment VR-D4: 
   Flow Length=4,210'   Tc=140.7 min   CN=71   Runoff=298.56 cfs  90.866 af

Runoff Area=17.370 ac   Runoff Depth=3.28"Subcatchment VR-D40: 
   Flow Length=570'   Tc=59.0 min   CN=75   Runoff=30.72 cfs  4.751 af

Runoff Area=146.980 ac   Runoff Depth=3.38"Subcatchment VR-D41: 
   Flow Length=2,275'   Tc=82.9 min   CN=76   Runoff=208.21 cfs  41.401 af

Runoff Area=43.610 ac   Runoff Depth=2.62"Subcatchment VR-D5: 
   Flow Length=917'   Tc=88.4 min   CN=68   Runoff=44.53 cfs  9.525 af

Runoff Area=22.970 ac   Runoff Depth=2.35"Subcatchment VR-D6: 
   Flow Length=700'   Tc=28.9 min   CN=65   Runoff=46.49 cfs  4.501 af
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Runoff Area=4.200 ac   Runoff Depth=2.99"Subcatchment VR-D7: 
   Flow Length=100'   Slope=0.0008 '/'   Tc=42.0 min   CN=72   Runoff=8.58 cfs  1.048 af

Runoff Area=3.600 ac   Runoff Depth=2.99"Subcatchment VR-D8: 
   Flow Length=300'   Slope=0.0200 '/'   Tc=27.9 min   CN=72   Runoff=9.73 cfs  0.898 af

Runoff Area=21.300 ac   Runoff Depth=2.62"Subcatchment VR-E1: 
   Flow Length=740'   Tc=55.5 min   CN=68   Runoff=30.72 cfs  4.652 af

Runoff Area=32.550 ac   Runoff Depth=2.99"Subcatchment VR-E15: 
   Flow Length=666'   Tc=48.4 min   CN=72   Runoff=60.15 cfs  8.119 af

Runoff Area=47.300 ac   Runoff Depth=2.90"Subcatchment VR-E16: 
   Tc=60.0 min   CN=71   Runoff=72.23 cfs  11.426 af

Runoff Area=17.510 ac   Runoff Depth=2.62"Subcatchment VR-E2: 
   Tc=60.0 min   CN=68   Runoff=23.83 cfs  3.824 af

Runoff Area=34.860 ac   Runoff Depth=2.99"Subcatchment VR-E20: 
   Flow Length=1,230'   Tc=43.6 min   CN=72   Runoff=69.38 cfs  8.695 af

Runoff Area=150.910 ac   Runoff Depth=3.58"Subcatchment VR-E22: 
   Flow Length=3,293'   Tc=116.2 min   CN=78   Runoff=175.29 cfs  45.008 af

Runoff Area=47.000 ac   Runoff Depth=3.18"Subcatchment VR-E3: 
   Flow Length=690'   Tc=64.5 min   CN=74   Runoff=75.54 cfs  12.474 af

Peak Elev=1,098.85'  Storage=61,585 cf   Inflow=21.68 cfs  2.798 afPond 100-P: 
30.0" x 67.0' Culvert   Outflow=4.55 cfs  2.711 af

Peak Elev=1,126.86'  Storage=14.418 af   Inflow=440.55 cfs  16.933 afPond 101-P: 
24.0" x 40.0' Culvert   Outflow=2.93 cfs  9.108 af

Peak Elev=1,133.38'  Storage=39,356 cf   Inflow=33.22 cfs  4.456 afPond 102-P: 
24.0" x 178.0' Culvert   Outflow=19.47 cfs  4.455 af

Peak Elev=1,126.50'  Storage=78.073 af   Inflow=326.43 cfs  52.498 afPond 103-P: 
   Primary=0.74 cfs  1.380 af   Secondary=0.00 cfs  0.000 af   Outflow=0.74 cfs  1.380 af

Peak Elev=1,133.22'  Storage=62,563 cf   Inflow=37.69 cfs  2.712 afPond 104-P: 
   Outflow=3.63 cfs  2.696 af

Peak Elev=1,129.54'  Storage=117,679 cf   Inflow=33.41 cfs  3.724 afPond 105-P: 
   Outflow=1.23 cfs  3.281 af

Peak Elev=1,134.71'  Storage=149,111 cf   Inflow=66.99 cfs  6.476 afPond 106-P: 
12.0" x 130.0' Culvert   Outflow=5.66 cfs  6.776 af

Peak Elev=1,132.76'  Storage=90,040 cf   Inflow=62.84 cfs  13.203 afPond 107-P: 
24.0" x 100.0' Culvert   Outflow=28.19 cfs  13.197 af
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Peak Elev=1,094.39'  Storage=1,022,107 cf   Inflow=213.86 cfs  68.444 afPond C1P: 
3.50' x 2.42' x 55.0' Culvert   Outflow=78.42 cfs  68.444 af

Peak Elev=1,127.45'  Storage=6.811 af   Inflow=114.51 cfs  11.201 afPond C21P: 
   Primary=2.13 cfs  9.475 af   Secondary=1.08 cfs  1.560 af   Outflow=3.15 cfs  11.035 af

Peak Elev=1,123.28'  Storage=1.327 af   Inflow=73.86 cfs  11.716 afPond C22P: 
   Outflow=51.81 cfs  11.716 af

Peak Elev=1,130.54'  Storage=4.039 af   Inflow=76.28 cfs  13.576 afPond C23P: 
   Primary=15.99 cfs  13.233 af   Secondary=2.20 cfs  0.264 af   Outflow=18.15 cfs  13.496 af

Peak Elev=1,130.41'  Storage=418,097 cf   Inflow=74.79 cfs  16.650 afPond C24P: 
   Primary=7.14 cfs  11.669 af   Secondary=2.97 cfs  3.880 af   Outflow=10.11 cfs  15.549 af

Peak Elev=1,118.38'  Storage=3.761 af   Inflow=125.96 cfs  45.814 afPond C26P: 
   Primary=60.83 cfs  24.237 af   Secondary=32.35 cfs  21.975 af   Outflow=93.19 cfs  46.212 af

Peak Elev=1,115.24'  Storage=4.406 af   Inflow=66.12 cfs  27.757 afPond C27P: 
36.0" x 59.0' Culvert   Outflow=49.24 cfs  27.757 af

Peak Elev=1,103.69'  Storage=123,200 cf   Inflow=55.41 cfs  6.864 afPond C3P: 
15.0" x 30.0' Culvert   Outflow=11.04 cfs  6.863 af

Peak Elev=1,125.44'  Storage=3.149 af   Inflow=55.19 cfs  8.231 afPond C4P: 
   Outflow=31.64 cfs  6.046 af

Peak Elev=1,118.75'  Storage=110,785 cf   Inflow=108.26 cfs  29.471 afPond C5P: 
   Outflow=94.42 cfs  29.426 af

Peak Elev=1,132.84'  Storage=4.867 af   Inflow=44.22 cfs  4.867 afPond C6P: 
   Outflow=0.00 cfs  0.000 af

Peak Elev=1,107.14'  Storage=1,602,066 cf   Inflow=309.00 cfs  79.689 afPond C7P: 
   Outflow=49.03 cfs  79.671 af

Peak Elev=1,093.38'  Storage=0.433 af   Inflow=85.54 cfs  88.091 afPond D1P: 
   Outflow=85.15 cfs  88.061 af

Peak Elev=1,134.43'  Storage=0.686 af   Inflow=26.15 cfs  6.091 afPond D21P: 
18.0" x 50.0' Culvert   Outflow=12.57 cfs  6.089 af

Peak Elev=1,140.97'  Storage=1.152 af   Inflow=25.20 cfs  2.756 afPond D22P: 
12.0" x 60.0' Culvert   Outflow=5.71 cfs  2.751 af

Peak Elev=1,135.87'  Storage=0.951 af   Inflow=16.42 cfs  3.595 afPond D23P: 
12.0" x 50.0' Culvert   Outflow=4.79 cfs  3.585 af

Peak Elev=1,199.06'  Storage=2.539 af   Inflow=38.76 cfs  4.562 afPond D24P: 
12.0" x 250.0' Culvert   Outflow=3.75 cfs  4.510 af
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Peak Elev=1,190.40'  Storage=6.251 af   Inflow=87.44 cfs  15.767 afPond D26P: 
   Primary=11.19 cfs  13.871 af   Secondary=4.71 cfs  1.592 af   Outflow=15.90 cfs  15.463 af

Peak Elev=1,180.89'  Storage=0.459 af   Inflow=39.47 cfs  5.108 afPond D27P: 
   Outflow=34.53 cfs  5.108 af

Peak Elev=1,147.30'  Storage=85,664 cf   Inflow=62.52 cfs  7.818 afPond D28P: 
   Outflow=27.77 cfs  7.816 af

Peak Elev=1,145.52'  Storage=34,649 cf   Inflow=27.77 cfs  7.816 afPond D28P-a: 
24.0" x 129.0' Culvert   Outflow=20.34 cfs  7.813 af

Peak Elev=1,141.66'  Storage=3.019 af   Inflow=47.33 cfs  7.250 afPond D29P: 
18.0" x 31.0' Culvert   Outflow=14.51 cfs  7.203 af

Peak Elev=1,087.45'  Storage=665,031 cf   Inflow=155.05 cfs  136.702 afPond D2P: 
   Outflow=100.32 cfs  135.544 af

Peak Elev=1,141.04'  Storage=1.192 af   Inflow=43.55 cfs  3.436 afPond D30P: 
   Outflow=8.06 cfs  3.436 af

Peak Elev=1,127.86'  Storage=124,485 cf   Inflow=75.63 cfs  25.197 afPond D31P: 
   Outflow=73.94 cfs  23.323 af

Peak Elev=1,104.17'  Storage=1,527,973 cf   Inflow=202.99 cfs  76.864 afPond D32P: 
24.0" x 179.0' Culvert   Outflow=34.75 cfs  80.018 af

Peak Elev=1,110.06'  Storage=95,792 cf   Inflow=112.99 cfs  33.927 afPond D33P: 
   Outflow=111.98 cfs  33.984 af

Peak Elev=1,109.94'  Storage=108,484 cf   Inflow=117.53 cfs  38.375 afPond D34P: 
   Outflow=89.86 cfs  120.740 af

Peak Elev=1,104.88'  Storage=7.824 af   Inflow=112.77 cfs  20.391 afPond D35P: 
36.0" x 176.0' Culvert   Outflow=28.98 cfs  20.390 af

Peak Elev=1,143.15'  Storage=0.912 af   Inflow=20.46 cfs  1.802 afPond D37P: 
12.0" x 75.0' Culvert   Outflow=2.58 cfs  1.754 af

Peak Elev=1,139.07'  Storage=5,188 cf   Inflow=7.29 cfs  2.421 afPond D38P: 
15.0" x 77.0' Culvert   Outflow=6.18 cfs  2.393 af

Peak Elev=1,137.48'  Storage=16.063 af   Inflow=87.60 cfs  16.063 afPond D39P: 
   Outflow=0.00 cfs  0.000 af

Peak Elev=1,069.25'  Storage=690,653 cf   Inflow=164.74 cfs  60.548 afPond D3P: 
   Outflow=86.95 cfs  48.108 af

Peak Elev=1,134.05'  Storage=200,533 cf   Inflow=30.72 cfs  4.751 afPond D40P: 
   Outflow=0.80 cfs  0.304 af
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Peak Elev=1,106.45'  Storage=813,941 cf   Inflow=208.21 cfs  41.705 afPond D41P: 
48.0" x 44.0' Culvert   Outflow=53.01 cfs  41.677 af

Peak Elev=1,055.10'  Storage=1,741,037 cf   Inflow=642.83 cfs  517.541 afPond D4P: 
72.0" x 370.0' Culvert   Outflow=403.47 cfs  517.556 af

Peak Elev=1,076.36'  Storage=0.229 af   Inflow=60.15 cfs  38.350 afPond E15P: 
48.0" x 242.0' Culvert   Outflow=57.48 cfs  38.350 af

Peak Elev=1,100.03'  Storage=13.093 af   Inflow=109.04 cfs  40.489 afPond E16P: 
   Outflow=51.95 cfs  30.231 af

Peak Elev=1,066.87'  Storage=1.061 af   Inflow=30.72 cfs  4.652 afPond E1P: 
24.0" x 37.0' Culvert   Outflow=16.05 cfs  4.650 af

Peak Elev=1,105.33'  Storage=3.899 af   Inflow=69.38 cfs  8.695 afPond E20P: 
24.0" x 78.0' Culvert   Outflow=14.72 cfs  8.673 af

Peak Elev=1,102.69'  Storage=56.664 af   Inflow=221.86 cfs  86.685 afPond E22P: 
24.0" x 24.0' Culvert   Outflow=25.64 cfs  86.535 af

Peak Elev=1,060.57'  Storage=6.180 af   Inflow=38.07 cfs  8.474 afPond E2P: 
   Outflow=4.76 cfs  2.431 af

Peak Elev=1,034.43'  Storage=6.798 af   Inflow=414.72 cfs  532.457 afPond E3P: 
   Outflow=414.59 cfs  532.435 af

Total Runoff Area = 2,732.300 ac   Runoff Volume = 724.886 af   Average Runoff Depth = 3.18"
94.55% Pervious Area = 2,583.315 ac     5.45% Impervious Area = 148.985 ac
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Time span=0.00-72.00 hrs, dt=0.01 hrs, 7201 points
Runoff by SCS TR-20 method, UH=SCS

Reach routing by Sim-Route method  -  Pond routing by Sim-Route method

Runoff Area=1,142,504 sf   Runoff Depth=2.81"Subcatchment VRNM-102: 
   Flow Length=1,710'   Slope=0.0240 '/'   Tc=42.0 min   CN=70   Runoff=49.92 cfs  6.131 af

Runoff Area=340,399 sf   Runoff Depth=2.81"Subcatchment VRNM-103: 
   Flow Length=1,064'   Slope=0.0350 '/'   Tc=23.8 min   CN=70   Runoff=21.80 cfs  1.827 af

Runoff Area=607,197 sf   Runoff Depth=2.99"Subcatchment VRNM-107: 
   Flow Length=955'   Slope=0.0290 '/'   Tc=22.7 min   CN=72   Runoff=42.94 cfs  3.477 af

Runoff Area=923,743 sf   Runoff Depth=3.28"Subcatchment VRNM-108: 
   Flow Length=1,385'   Slope=0.0130 '/'   Tc=42.0 min   CN=75   Runoff=47.94 cfs  5.800 af

Runoff Area=330,481 sf   Runoff Depth=3.68"Subcatchment VRNM-125: 
   Flow Length=1,069'   Slope=0.0280 '/'   Tc=20.7 min   CN=79   Runoff=30.39 cfs  2.326 af

Runoff Area=1,102,789 sf   Runoff Depth=3.28"Subcatchment VRNM-136: 
   Flow Length=883'   Slope=0.0660 '/'   Tc=13.0 min   CN=75   Runoff=115.05 cfs  6.924 af

Runoff Area=109,263 sf   Runoff Depth=2.71"Subcatchment VRNM-137: 
   Flow Length=298'   Slope=0.0840 '/'   Tc=5.7 min   CN=69   Runoff=12.33 cfs  0.567 af

Runoff Area=279,246 sf   Runoff Depth=2.90"Subcatchment VRNM-138: 
   Flow Length=452'   Slope=0.0840 '/'   Tc=7.5 min   CN=71   Runoff=31.45 cfs  1.549 af

Runoff Area=1,215,609 sf   Runoff Depth=2.62"Subcatchment VRNM-139: 
   Flow Length=1,921'   Slope=0.0170 '/'   Tc=57.8 min   CN=68   Runoff=39.05 cfs  6.095 af

Runoff Area=137,887 sf   Runoff Depth=3.09"Subcatchment VRNM-140: 
   Flow Length=396'   Slope=0.5100 '/'   Tc=2.6 min   CN=73   Runoff=19.72 cfs  0.815 af

Runoff Area=650,374 sf   Runoff Depth=2.71"Subcatchment VRNM-142: 
   Flow Length=1,472'   Slope=0.0230 '/'   Tc=39.1 min   CN=69   Runoff=28.90 cfs  3.375 af

Runoff Area=85,931 sf   Runoff Depth=3.68"Subcatchment VRNM-143: 
   Flow Length=193'   Slope=0.0730 '/'   Tc=3.3 min   CN=79   Runoff=13.99 cfs  0.605 af

Runoff Area=177,937 sf   Runoff Depth=2.71"Subcatchment VRNM-144: 
   Flow Length=573'   Slope=0.0240 '/'   Tc=18.0 min   CN=69   Runoff=13.00 cfs  0.923 af

Runoff Area=309,942 sf   Runoff Depth=3.28"Subcatchment VRNM-145: 
   Flow Length=1,003'   Slope=0.0240 '/'   Tc=23.9 min   CN=75   Runoff=23.36 cfs  1.946 af

Runoff Area=139,019 sf   Runoff Depth=2.53"Subcatchment VRNM-146: 
   Flow Length=382'   Slope=0.0160 '/'   Tc=16.8 min   CN=67   Runoff=9.77 cfs  0.673 af
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Runoff Area=8,866,970 sf   Runoff Depth=2.81"Subcatchment VRNM-147: 
   Flow Length=4,150'   Slope=0.0070 '/'   Tc=158.2 min   CN=70   Runoff=142.76 cfs  47.585 af

Runoff Area=1,029,241 sf   Runoff Depth=2.81"Subcatchment VRNM-149: 
   Flow Length=1,387'   Slope=0.0250 '/'   Tc=34.8 min   CN=70   Runoff=51.38 cfs  5.523 af

Runoff Area=1,272,851 sf   Runoff Depth=3.78"Subcatchment VRNM-150: 
   Flow Length=2,262'   Slope=0.0130 '/'   Tc=53.5 min   CN=80   Runoff=64.49 cfs  9.208 af

Runoff Area=219,202 sf   Runoff Depth=4.30"Subcatchment VRNM-151: 
   Flow Length=1,026'   Slope=0.0200 '/'   Tc=19.4 min   CN=85   Runoff=24.08 cfs  1.804 af

Runoff Area=7.164 ac   Runoff Depth=2.99"Subcatchment VRNM-152: 
   Flow Length=288'   Slope=0.0350 '/'   Tc=7.9 min   CN=72   Runoff=35.73 cfs  1.787 af

Runoff Area=521,679 sf   Runoff Depth=3.18"Subcatchment VRNM-153: 
   Flow Length=775'   Slope=0.1300 '/'   Tc=8.6 min   CN=74   Runoff=61.76 cfs  3.179 af

Runoff Area=43.820 ac   Runoff Depth=3.88"Subcatchment VRNM-154: 
   Flow Length=1,889'   Slope=0.0190 '/'   Tc=37.2 min   CN=81   Runoff=127.84 cfs  14.182 af

Runoff Area=140,979 sf   Runoff Depth=3.48"Subcatchment VRNM-156: 
   Flow Length=600'   Slope=0.0630 '/'   Tc=9.2 min   CN=77   Runoff=17.75 cfs  0.938 af

Runoff Area=284,433 sf   Runoff Depth=3.88"Subcatchment VRNM-157: 
   Flow Length=555'   Slope=0.0180 '/'   Tc=14.3 min   CN=81   Runoff=33.34 cfs  2.113 af

Runoff Area=440,847 sf   Runoff Depth=3.09"Subcatchment VRNM-158: 
   Flow Length=550'   Slope=0.0360 '/'   Tc=12.8 min   CN=73   Runoff=43.66 cfs  2.605 af

Runoff Area=225,928 sf   Runoff Depth=2.99"Subcatchment VRNM-167: 
   Flow Length=1,006'   Slope=0.0270 '/'   Tc=24.6 min   CN=72   Runoff=15.20 cfs  1.294 af

Runoff Area=55,933 sf   Runoff Depth=2.99"Subcatchment VRNM-169: 
   Flow Length=269'   Slope=0.0590 '/'   Tc=5.8 min   CN=72   Runoff=6.92 cfs  0.320 af

Runoff Area=478,521 sf   Runoff Depth=2.99"Subcatchment VRNM-171: 
   Flow Length=971'   Slope=0.0470 '/'   Tc=18.1 min   CN=72   Runoff=38.62 cfs  2.740 af

Runoff Area=758,514 sf   Runoff Depth=2.01"Subcatchment VRNM-172: 
   Flow Length=1,908'   Slope=0.0310 '/'   Tc=51.1 min   CN=61   Runoff=19.45 cfs  2.910 af

Runoff Area=419,011 sf   Runoff Depth=3.09"Subcatchment VRNM-173: 
   Flow Length=891'   Slope=0.0410 '/'   Tc=17.6 min   CN=73   Runoff=35.49 cfs  2.476 af

Runoff Area=1,164,416 sf   Runoff Depth=2.35"Subcatchment VRNM-174: 
   Flow Length=1,609'   Slope=0.0300 '/'   Tc=40.9 min   CN=65   Runoff=42.54 cfs  5.238 af

Runoff Area=407,657 sf   Runoff Depth=3.68"Subcatchment VRNM-175: 
   Flow Length=1,163'   Slope=0.0110 '/'   Tc=35.3 min   CN=79   Runoff=26.80 cfs  2.870 af
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Runoff Area=3.050 ac   Runoff Depth=3.48"Subcatchment VRNM-176: 
   Flow Length=200'   Slope=0.0150 '/'   Tc=20.5 min   CN=77   Runoff=11.66 cfs  0.884 af

Runoff Area=1,270,770 sf   Runoff Depth=3.18"Subcatchment VRNM-177L: 
   Flow Length=1,060'   Slope=0.0520 '/'   Tc=17.4 min   CN=74   Runoff=111.65 cfs  7.743 af

Runoff Area=236,344 sf   Runoff Depth=3.28"Subcatchment VRNM-178: 
   Flow Length=744'   Slope=0.0360 '/'   Tc=15.4 min   CN=75   Runoff=22.78 cfs  1.484 af

Runoff Area=184,224 sf   Runoff Depth=3.38"Subcatchment VRNM-179: 
   Flow Length=861'   Slope=0.0140 '/'   Tc=26.9 min   CN=76   Runoff=13.28 cfs  1.191 af

Runoff Area=984,356 sf   Runoff Depth=3.68"Subcatchment VRNM-23: 
   Flow Length=1,483'   Slope=0.0200 '/'   Tc=31.8 min   CN=79   Runoff=69.63 cfs  6.929 af

Runoff Area=788,016 sf   Runoff Depth=3.28"Subcatchment VRNM-46: 
   Flow Length=1,540'   Slope=0.0180 '/'   Tc=38.9 min   CN=75   Runoff=43.10 cfs  4.948 af

Runoff Area=1,059,622 sf   Runoff Depth=3.48"Subcatchment VRNM-48: 
   Flow Length=1,698'   Slope=0.0290 '/'   Tc=31.2 min   CN=77   Runoff=71.68 cfs  7.053 af

Runoff Area=514,638 sf   Runoff Depth=3.28"Subcatchment VRNM-49: 
   Flow Length=734'   Slope=0.0290 '/'   Tc=16.9 min   CN=75   Runoff=47.30 cfs  3.231 af

Runoff Area=549,835 sf   Runoff Depth=2.62"Subcatchment VRNM-50: 
   Flow Length=1,418'   Slope=0.0380 '/'   Tc=30.3 min   CN=68   Runoff=27.97 cfs  2.757 af

Runoff Area=360,569 sf   Runoff Depth=3.58"Subcatchment VRNM-51: 
   Flow Length=1,077'   Slope=0.0230 '/'   Tc=23.6 min   CN=78   Runoff=29.88 cfs  2.469 af

Runoff Area=1,268,534 sf   Runoff Depth=3.99"Subcatchment VRNM-52: 
   Flow Length=832'   Slope=0.0300 '/'   Tc=14.9 min   CN=82   Runoff=149.32 cfs  9.676 af

Runoff Area=607,511 sf   Runoff Depth=3.28"Subcatchment VRNM-53: 
   Flow Length=1,109'   Slope=0.0270 '/'   Tc=24.4 min   CN=75   Runoff=45.38 cfs  3.814 af

Runoff Area=440,847 sf   Runoff Depth=2.99"Subcatchment VRNM-54L: 
   Flow Length=1,397'   Slope=0.0420 '/'   Tc=25.6 min   CN=72   Runoff=28.99 cfs  2.524 af

Runoff Area=385,670 sf   Runoff Depth=3.28"Subcatchment VRNM-55: 
   Flow Length=885'   Slope=0.0750 '/'   Tc=12.2 min   CN=75   Runoff=41.35 cfs  2.422 af

Runoff Area=994,866 sf   Runoff Depth=3.28"Subcatchment VRNM-57: 
   Flow Length=1,999'   Slope=0.0370 '/'   Tc=33.4 min   CN=75   Runoff=60.59 cfs  6.247 af

Runoff Area=480,138 sf   Runoff Depth=2.99"Subcatchment VRNM-58: 
   Flow Length=1,319'   Slope=0.0590 '/'   Tc=20.6 min   CN=72   Runoff=36.01 cfs  2.749 af

Runoff Area=206,870 sf   Runoff Depth=3.48"Subcatchment VRNM-59: 
   Flow Length=859'   Slope=0.0280 '/'   Tc=18.4 min   CN=77   Runoff=19.24 cfs  1.377 af
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Runoff Area=322,569 sf   Runoff Depth=3.68"Subcatchment VRNM-61: 
   Flow Length=1,464'   Slope=0.0360 '/'   Tc=23.4 min   CN=79   Runoff=27.59 cfs  2.271 af

Runoff Area=211,928 sf   Runoff Depth=2.81"Subcatchment VRNM-62: 
   Flow Length=413'   Slope=0.0770 '/'   Tc=7.5 min   CN=70   Runoff=23.11 cfs  1.137 af

Runoff Area=818,512 sf   Runoff Depth=3.48"Subcatchment VRNM-63: 
   Flow Length=1,330'   Slope=0.0320 '/'   Tc=24.4 min   CN=77   Runoff=64.87 cfs  5.448 af

Runoff Area=1,241,991 sf   Runoff Depth=3.48"Subcatchment VRNM-64: 
   Flow Length=1,688'   Slope=0.0170 '/'   Tc=40.6 min   CN=77   Runoff=70.08 cfs  8.266 af

Runoff Area=517,589 sf   Runoff Depth=2.35"Subcatchment VRNM-65: 
   Flow Length=1,070'   Slope=0.0410 '/'   Tc=25.2 min   CN=65   Runoff=26.29 cfs  2.328 af

Runoff Area=96,093 sf   Runoff Depth=3.58"Subcatchment VRNM-66: 
   Flow Length=450'   Slope=0.0400 '/'   Tc=8.9 min   CN=78   Runoff=12.54 cfs  0.658 af

Runoff Area=261,817 sf   Runoff Depth=2.90"Subcatchment VRNM-67: 
   Flow Length=668'   Slope=0.0500 '/'   Tc=13.4 min   CN=71   Runoff=23.81 cfs  1.452 af

Runoff Area=195,160 sf   Runoff Depth=2.18"Subcatchment VRNM-68: 
   Flow Length=484'   Slope=0.0740 '/'   Tc=10.5 min   CN=63   Runoff=14.60 cfs  0.813 af

Runoff Area=1,206,710 sf   Runoff Depth=2.09"Subcatchment VRNM-69: 
   Flow Length=1,995'   Slope=0.0170 '/'   Tc=69.7 min   CN=62   Runoff=25.83 cfs  4.826 af

Runoff Area=296,210 sf   Runoff Depth=2.62"Subcatchment VRNM-70: 
   Flow Length=1,197'   Slope=0.0250 '/'   Tc=32.7 min   CN=68   Runoff=14.31 cfs  1.485 af

Runoff Area=211,892 sf   Runoff Depth=3.48"Subcatchment VRNM-72: 
   Flow Length=492'   Slope=0.0200 '/'   Tc=14.0 min   CN=77   Runoff=22.63 cfs  1.410 af

Runoff Area=265,219 sf   Runoff Depth=3.48"Subcatchment VRNM-73: 
   Flow Length=586'   Slope=0.0200 '/'   Tc=16.1 min   CN=77   Runoff=26.49 cfs  1.765 af

Runoff Area=3,905,891 sf   Runoff Depth=3.38"Subcatchment VRNM-74: 
   Flow Length=3,617'   Slope=0.0260 '/'   Tc=62.2 min   CN=76   Runoff=157.83 cfs  25.257 af

Runoff Area=1,230,770 sf   Runoff Depth=3.68"Subcatchment VRNM-76: 
   Flow Length=2,062'   Slope=0.0240 '/'   Tc=37.7 min   CN=79   Runoff=77.44 cfs  8.664 af

Runoff Area=2,504,294 sf   Runoff Depth=3.68"Subcatchment VRNM-79: 
   Flow Length=2,047'   Slope=0.0280 '/'   Tc=34.7 min   CN=79   Runoff=167.12 cfs  17.629 af

Runoff Area=856,574 sf   Runoff Depth=2.18"Subcatchment VRNM-80: 
   Flow Length=1,156'   Slope=0.0480 '/'   Tc=26.1 min   CN=63   Runoff=38.97 cfs  3.567 af

Runoff Area=99,448 sf   Runoff Depth=2.90"Subcatchment VRNM-81: 
   Flow Length=198'   Slope=0.0760 '/'   Tc=4.1 min   CN=71   Runoff=12.70 cfs  0.551 af
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Runoff Area=229,753 sf   Runoff Depth=3.09"Subcatchment VRNM-88: 
   Flow Length=1,394'   Slope=0.0280 '/'   Tc=30.4 min   CN=73   Runoff=13.97 cfs  1.358 af

Runoff Area=694,578 sf   Runoff Depth=3.58"Subcatchment VRNM-89: 
   Flow Length=1,456'   Slope=0.0360 '/'   Tc=24.0 min   CN=78   Runoff=56.99 cfs  4.756 af

Runoff Area=1,371,971 sf   Runoff Depth=3.58"Subcatchment VRNM-90: 
   Flow Length=2,706'   Slope=0.0200 '/'   Tc=53.0 min   CN=78   Runoff=66.15 cfs  9.393 af

Runoff Area=1,949,929 sf   Runoff Depth=3.68"Subcatchment VRNM-91: 
   Flow Length=1,880'   Slope=0.0230 '/'   Tc=35.8 min   CN=79   Runoff=127.11 cfs  13.726 af

Peak Elev=1,049.35'  Storage=19.381 af   Inflow=170.50 cfs  260.831 afPond 1P: ?Check Pond?
84.0" x 65.0' Culvert   Outflow=125.93 cfs  255.322 af

Peak Elev=1,093.11'  Storage=76,776 cf   Inflow=69.63 cfs  6.929 afPond SCNM-23P: 
   Outflow=24.45 cfs  9.616 af

Peak Elev=1,119.71'  Storage=264,204 cf   Inflow=53.44 cfs  12.942 afPond VRNM-102P: 
18.0" x 57.0' Culvert   Outflow=3.73 cfs  9.036 af

Peak Elev=1,119.05'  Storage=324,969 cf   Inflow=21.80 cfs  10.863 afPond VRNM-103P: 
   Outflow=1.85 cfs  3.437 af

Peak Elev=1,119.85'  Storage=84,942 cf   Inflow=42.96 cfs  7.982 afPond VRNM-107L: 
   Primary=4.33 cfs  6.811 af   Secondary=0.07 cfs  0.067 af   Outflow=4.39 cfs  6.879 af

Peak Elev=1,142.71'  Storage=189,615 cf   Inflow=47.94 cfs  5.800 afPond VRNM-108L: 
15.0" x 41.0' Culvert   Outflow=1.63 cfs  4.505 af

Peak Elev=1,091.69'  Storage=169,848 cf   Inflow=37.31 cfs  5.235 afPond VRNM-125P: 
   Outflow=11.88 cfs  4.440 af

Peak Elev=1,134.64'  Storage=321,111 cf   Inflow=115.08 cfs  7.373 afPond VRNM-136L: 
   Primary=0.00 cfs  0.000 af   Secondary=0.00 cfs  0.000 af   Outflow=0.00 cfs  0.000 af

Peak Elev=1,136.48'  Storage=24,693 cf   Inflow=12.33 cfs  0.567 afPond VRNM-137L: 
   Primary=0.00 cfs  0.000 af   Secondary=0.00 cfs  0.000 af   Outflow=0.00 cfs  0.000 af

Peak Elev=1,126.78'  Storage=26,959 cf   Inflow=31.45 cfs  1.549 afPond VRNM-138L: 
   Outflow=12.35 cfs  1.142 af

Peak Elev=1,123.48'  Storage=114,984 cf   Inflow=39.27 cfs  8.183 afPond VRNM-139L: 
   Outflow=20.87 cfs  6.701 af

Peak Elev=1,138.36'  Storage=23,960 cf   Inflow=19.72 cfs  0.815 afPond VRNM-140L: 
   Primary=0.42 cfs  0.449 af   Secondary=0.00 cfs  0.000 af   Outflow=0.42 cfs  0.449 af

Peak Elev=1,126.68'  Storage=75,311 cf   Inflow=28.90 cfs  3.428 afPond VRNM-142L: 
   Outflow=6.18 cfs  2.088 af
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Peak Elev=1,136.55'  Storage=17,005 cf   Inflow=13.99 cfs  0.605 afPond VRNM-143L: 
   Primary=0.59 cfs  0.235 af   Secondary=0.00 cfs  0.000 af   Outflow=0.59 cfs  0.235 af

Peak Elev=1,135.52'  Storage=38,582 cf   Inflow=13.00 cfs  0.923 afPond VRNM-144L: 
   Primary=0.21 cfs  0.053 af   Secondary=0.00 cfs  0.000 af   Outflow=0.21 cfs  0.053 af

Peak Elev=1,098.18'  Storage=137,489 cf   Inflow=131.76 cfs  191.504 afPond VRNM-145P: 
   Primary=99.14 cfs  190.996 af   Secondary=0.91 cfs  0.001 af   Outflow=99.14 cfs  190.997 af

Peak Elev=1,127.93'  Storage=29,310 cf   Inflow=9.77 cfs  0.673 afPond VRNM-146L: 
   Outflow=0.00 cfs  0.000 af

Peak Elev=1,119.96'  Storage=2,423,990 cf   Inflow=163.08 cfs  55.664 afPond VRNM-147L: 
   Outflow=0.00 cfs  0.000 af

Peak Elev=1,118.43'  Storage=453,725 cf   Inflow=51.38 cfs  10.416 afPond VRNM-149L: 
15.0" x 62.0' Culvert   Outflow=0.00 cfs  0.000 af

Peak Elev=1,121.51'  Storage=217,604 cf   Inflow=64.49 cfs  9.208 afPond VRNM-150P: 
   Outflow=21.71 cfs  4.825 af

Peak Elev=1,131.40'  Storage=78,593 cf   Inflow=24.08 cfs  1.804 afPond VRNM-151L: 
   Outflow=0.00 cfs  0.000 af

Peak Elev=1,141.34'  Storage=23,409 cf   Inflow=35.73 cfs  1.787 afPond VRNM-152L: 
   Primary=5.96 cfs  2.228 af   Secondary=0.00 cfs  0.000 af   Outflow=5.96 cfs  2.228 af

Peak Elev=1,140.81'  Storage=235,471 cf   Inflow=67.64 cfs  5.406 afPond VRNM-153P: 
   Outflow=0.00 cfs  0.000 af

Peak Elev=1,113.18'  Storage=296,491 cf   Inflow=137.98 cfs  16.086 afPond VRNM-154P: 
21.0" x 98.0' Culvert   Outflow=20.98 cfs  30.857 af

Peak Elev=1,117.42'  Storage=9,754 cf   Inflow=17.75 cfs  0.938 afPond VRNM-156L: 
   Outflow=6.00 cfs  1.024 af

Peak Elev=1,131.88'  Storage=92,048 cf   Inflow=33.34 cfs  2.113 afPond VRNM-157P: 
   Outflow=0.00 cfs  0.000 af

Peak Elev=1,129.23'  Storage=52,576 cf   Inflow=56.12 cfs  6.103 afPond VRNM-158P: 
   Outflow=40.16 cfs  5.857 af

Peak Elev=1,128.47'  Storage=156,833 cf   Inflow=55.26 cfs  7.151 afPond VRNM-167P: 
   Primary=3.55 cfs  5.722 af   Secondary=0.00 cfs  0.000 af   Outflow=3.55 cfs  5.722 af

Peak Elev=1,127.61'  Storage=2,055 cf   Inflow=6.92 cfs  0.320 afPond VRNM-169L: 
   Primary=4.60 cfs  0.320 af   Secondary=0.00 cfs  0.000 af   Outflow=4.60 cfs  0.320 af

Peak Elev=1,058.84'  Storage=36,579 cf   Inflow=170.70 cfs  261.176 afPond VRNM-171L: 
   Outflow=170.50 cfs  260.858 af
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Peak Elev=1,061.87'  Storage=6,767 cf   Inflow=168.81 cfs  258.505 afPond VRNM-172L: 
   Outflow=168.81 cfs  258.463 af

Peak Elev=1,086.77'  Storage=157,916 cf   Inflow=172.84 cfs  252.296 afPond VRNM-173L: 
   Outflow=162.78 cfs  252.660 af

Peak Elev=1,087.68'  Storage=1,234,807 cf   Inflow=271.82 cfs  272.900 afPond VRNM-174L: 
   Primary=170.66 cfs  249.847 af   Secondary=0.00 cfs  0.000 af   Outflow=170.66 cfs  249.847 af

Peak Elev=1,128.79'  Storage=124,999 cf   Inflow=26.80 cfs  2.870 afPond VRNM-175L: 
   Primary=0.00 cfs  0.000 af   Secondary=0.00 cfs  0.000 af   Outflow=0.00 cfs  0.000 af

Peak Elev=1,126.99'  Storage=0.331 af   Inflow=11.66 cfs  0.884 afPond VRNM-176P: 
21.0" x 499.0' Culvert   Outflow=4.56 cfs  0.880 af

Peak Elev=1,099.97'  Storage=247,136 cf   Inflow=127.25 cfs  38.600 afPond VRNM-177: 
   Outflow=22.54 cfs  38.481 af

Peak Elev=1,094.27'  Storage=27,521 cf   Inflow=41.03 cfs  44.638 afPond VRNM-178P: 
   Primary=28.58 cfs  44.608 af   Secondary=0.00 cfs  0.000 af   Outflow=28.58 cfs  44.608 af

Peak Elev=1,109.30'  Storage=63,100 cf   Inflow=43.10 cfs  4.948 afPond VRNM-46P: 
   Outflow=35.95 cfs  3.899 af

Peak Elev=1,087.70'  Storage=291,399 cf   Inflow=208.91 cfs  263.750 afPond VRNM-48P: 
   Primary=206.70 cfs  258.073 af   Secondary=0.00 cfs  0.000 af   Outflow=206.70 cfs  258.073 af

Peak Elev=1,113.17'  Storage=17,480 cf   Inflow=47.30 cfs  3.231 afPond VRNM-49P: 
   Outflow=44.37 cfs  3.077 af

Peak Elev=1,119.47'  Storage=120,081 cf   Inflow=27.97 cfs  2.757 afPond VRNM-50L: 
   Outflow=0.00 cfs  0.000 af

Peak Elev=1,093.94'  Storage=48,073 cf   Inflow=29.88 cfs  2.469 afPond VRNM-51P: 
12.0" x 24.0' Culvert   Outflow=5.74 cfs  2.411 af

Peak Elev=1,096.75'  Storage=632,573 cf   Inflow=174.69 cfs  17.462 afPond VRNM-52P: 
   Primary=4.73 cfs  4.676 af   Secondary=0.00 cfs  0.000 af   Outflow=4.73 cfs  4.676 af

Peak Elev=1,098.46'  Storage=72,299 cf   Inflow=99.10 cfs  7.873 afPond VRNM-53P: 
   Outflow=71.73 cfs  7.786 af

Peak Elev=1,135.12'  Storage=48,984 cf   Inflow=28.99 cfs  2.524 afPond VRNM-54: 
   Outflow=12.68 cfs  1.481 af

Peak Elev=1,133.55'  Storage=39,291 cf   Inflow=41.35 cfs  3.902 afPond VRNM-55L: 
   Primary=19.76 cfs  3.498 af   Secondary=0.00 cfs  0.000 af   Outflow=19.76 cfs  3.498 af

Peak Elev=1,127.09'  Storage=206,913 cf   Inflow=60.59 cfs  6.247 afPond VRNM-57L: 
   Outflow=2.90 cfs  1.727 af
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Peak Elev=1,121.45'  Storage=4,703 cf   Inflow=54.04 cfs  4.058 afPond VRNM-58P: 
   Outflow=53.80 cfs  4.058 af

Peak Elev=1,125.08'  Storage=7,655 cf   Inflow=19.24 cfs  1.377 afPond VRNM-59L: 
   Outflow=18.16 cfs  1.309 af

Peak Elev=1,082.30'  Storage=11,303 cf   Inflow=27.59 cfs  2.271 afPond VRNM-61P: 
   Outflow=100.25 cfs  2.692 af

Peak Elev=1,082.27'  Storage=78,432 cf   Inflow=171.85 cfs  17.093 afPond VRNM-62L: 
   Primary=69.24 cfs  15.781 af   Secondary=64.20 cfs  1.313 af   Outflow=132.49 cfs  17.094 af

Peak Elev=1,082.40'  Storage=18,488 cf   Inflow=105.03 cfs  6.760 afPond VRNM-63P: 
   Outflow=135.94 cfs  13.264 af

Peak Elev=1,068.03'  Storage=4,956 cf   Inflow=138.24 cfs  24.047 afPond VRNM-64P: 
   Primary=30,367.00 cfs  11,312.535 af   Secondary=0.00 cfs  0.000 af   Outflow=30,367.00 cfs  11,312.535 af

Peak Elev=1,087.39'  Storage=31,803 cf   Inflow=26.29 cfs  13.713 afPond VRNM-65L: 
   Outflow=20.83 cfs  13.210 af

Peak Elev=1,119.19'  Storage=6,610 cf   Inflow=12.54 cfs  0.658 afPond VRNM-66L: 
   Primary=12.26 cfs  0.543 af   Secondary=0.00 cfs  0.000 af   Outflow=12.26 cfs  0.543 af

Peak Elev=1,106.60'  Storage=50,958 cf   Inflow=35.75 cfs  1.995 afPond VRNM-67L: 
   Outflow=2.36 cfs  0.890 af

Peak Elev=1,095.28'  Storage=32,014 cf   Inflow=20.71 cfs  11.976 afPond VRNM-68L: 
   Outflow=19.58 cfs  11.385 af

Peak Elev=1,113.12'  Storage=74,868 cf   Inflow=25.83 cfs  11.829 afPond VRNM-69P: 
   Outflow=17.42 cfs  10.274 af

Peak Elev=1,127.07'  Storage=89,567 cf   Inflow=14.89 cfs  7.207 afPond VRNM-70P: 
   Primary=0.00 cfs  0.000 af   Secondary=4.17 cfs  5.277 af   Outflow=4.17 cfs  5.277 af

Peak Elev=1,150.06'  Storage=61,426 cf   Inflow=22.63 cfs  1.410 afPond VRNM-72L: 
   Outflow=0.00 cfs  0.000 af

Peak Elev=1,143.27'  Storage=9,467 cf   Inflow=26.49 cfs  1.765 afPond VRNM-73L: 
   Outflow=23.58 cfs  1.708 af

Peak Elev=1,064.52'  Storage=1,278,067 cf   Inflow=758.33 cfs  305.562 afPond VRNM-74L: 
   Outflow=2,371.18 cfs  305.416 af

Peak Elev=1,103.10'  Storage=193,727 cf   Inflow=93.05 cfs  10.372 afPond VRNM-76L: 
   Outflow=32.58 cfs  10.891 af

Peak Elev=1,064.87'  Storage=4,619,991 cf   Inflow=30,367.00 cfs  11,635.579 afPond VRNM-79L: 
   Discarded=7,002.89 cfs  11,367.790 af   Secondary=758.33 cfs  267.095 af   Outflow=7,288.12 cfs  11,634.886 af
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Peak Elev=1,073.85'  Storage=67,933 cf   Inflow=165.75 cfs  256.199 afPond VRNM-80L: 
   Primary=165.33 cfs  255.348 af   Secondary=0.00 cfs  0.000 af   Outflow=165.33 cfs  255.348 af

Peak Elev=1,092.56'  Storage=13,303 cf   Inflow=12.70 cfs  0.551 afPond VRNM-81P: 
   Outflow=0.80 cfs  0.274 af

Peak Elev=1,106.90'  Storage=683 cf   Inflow=13.97 cfs  1.358 afPond VRNM-88L: 
24.0" x 772.0' Culvert   Outflow=15.25 cfs  3.894 af

Peak Elev=1,101.01'  Storage=93,779 cf   Inflow=183.54 cfs  25.623 afPond VRNM-89P: 
   Outflow=108.77 cfs  189.558 af

Peak Elev=1,091.94'  Storage=229,451 cf   Inflow=200.12 cfs  253.011 afPond VRNM-90P: 
   Primary=146.28 cfs  249.748 af   Secondary=16.98 cfs  2.909 af   Outflow=161.45 cfs  252.657 af

Peak Elev=1,101.74'  Storage=74,168 cf   Inflow=142.54 cfs  21.376 afPond VRNM-91P: 
   Outflow=140.65 cfs  20.866 af

Total Runoff Area = 1,262.946 ac   Runoff Volume = 334.062 af   Average Runoff Depth = 3.17"
91.68% Pervious Area = 1,157.911 ac     8.32% Impervious Area = 105.035 ac
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Time span=0.00-72.00 hrs, dt=0.01 hrs, 7201 points
Runoff by SCS TR-20 method, UH=SCS

Reach routing by Sim-Route method  -  Pond routing by Sim-Route method

Runoff Area=2,362,341 sf   Runoff Depth=4.09"Subcatchment SCNM-100: 
   Flow Length=2,293'   Slope=0.0220 '/'   Tc=37.8 min   CN=83   Runoff=164.39 cfs  18.490 af

Runoff Area=309,300 sf   Runoff Depth=3.18"Subcatchment SCNM-101: 
   Flow Length=778'   Slope=0.0410 '/'   Tc=15.3 min   CN=74   Runoff=29.02 cfs  1.885 af

Runoff Area=310,302 sf   Runoff Depth=3.09"Subcatchment SCNM-109: 
   Flow Length=1,158'   Slope=0.0540 '/'   Tc=18.9 min   CN=73   Runoff=25.29 cfs  1.833 af

Runoff Area=102,000 sf   Runoff Depth=3.28"Subcatchment SCNM-110: 
   Flow Length=337'   Slope=0.0530 '/'   Tc=6.7 min   CN=75   Runoff=13.31 cfs  0.640 af

Runoff Area=112,473 sf   Runoff Depth=2.81"Subcatchment SCNM-111: 
   Flow Length=329'   Slope=0.0420 '/'   Tc=8.5 min   CN=70   Runoff=11.82 cfs  0.604 af

Runoff Area=465,502 sf   Runoff Depth=3.18"Subcatchment SCNM-112: 
   Flow Length=831'   Slope=0.0310 '/'   Tc=18.6 min   CN=74   Runoff=39.44 cfs  2.836 af

Runoff Area=5,171,322 sf   Runoff Depth=2.99"Subcatchment SCNM-115: 
   Flow Length=3,380'   Slope=0.0310 '/'   Tc=60.4 min   CN=72   Runoff=186.56 cfs  29.612 af

Runoff Area=866,544 sf   Runoff Depth=2.99"Subcatchment SCNM-118: 
   Flow Length=1,977'   Slope=0.0400 '/'   Tc=34.6 min   CN=72   Runoff=46.64 cfs  4.962 af

Runoff Area=112,412 sf   Runoff Depth=2.18"Subcatchment SCNM-119: 
   Flow Length=573'   Slope=0.0600 '/'   Tc=13.3 min   CN=63   Runoff=7.56 cfs  0.468 af

Runoff Area=141,467 sf   Runoff Depth=3.09"Subcatchment SCNM-120: 
   Flow Length=609'   Slope=0.0560 '/'   Tc=11.1 min   CN=73   Runoff=14.87 cfs  0.836 af

Runoff Area=3,827,844 sf   Runoff Depth=2.81"Subcatchment SCNM-121: 
   Flow Length=2,805'   Slope=0.0310 '/'   Tc=55.0 min   CN=70   Runoff=137.75 cfs  20.542 af

Runoff Area=1,575,911 sf   Runoff Depth=3.18"Subcatchment SCNM-122: 
   Flow Length=1,828'   Slope=0.0420 '/'   Tc=30.0 min   CN=74   Runoff=99.86 cfs  9.602 af

Runoff Area=662,556 sf   Runoff Depth=3.88"Subcatchment SCNM-123: 
   Flow Length=622'   Slope=0.0200 '/'   Tc=14.9 min   CN=81   Runoff=76.19 cfs  4.923 af

Runoff Area=681,668 sf   Runoff Depth=3.38"Subcatchment SCNM-124: 
   Flow Length=926'   Slope=0.0350 '/'   Tc=18.0 min   CN=76   Runoff=62.52 cfs  4.408 af

Runoff Area=4,233,587 sf   Runoff Depth=2.01"Subcatchment SCNM-126: 
   Flow Length=4,030'   Slope=0.0110 '/'   Tc=156.0 min   CN=61   Runoff=46.82 cfs  16.243 af
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Runoff Area=645,100 sf   Runoff Depth=2.90"Subcatchment SCNM-127: 
   Flow Length=1,072'   Slope=0.0370 '/'   Tc=22.7 min   CN=71   Runoff=44.10 cfs  3.577 af

Runoff Area=127,345 sf   Runoff Depth=2.81"Subcatchment SCNM-128: 
   Flow Length=298'   Slope=0.0400 '/'   Tc=8.0 min   CN=70   Runoff=13.62 cfs  0.683 af

Runoff Area=749,820 sf   Runoff Depth=2.81"Subcatchment SCNM-130: 
   Flow Length=1,121'   Slope=0.0110 '/'   Tc=44.3 min   CN=70   Runoff=31.62 cfs  4.024 af

Runoff Area=1,359,103 sf   Runoff Depth=2.90"Subcatchment SCNM-132: 
   Flow Length=1,606'   Slope=0.0190 '/'   Tc=43.7 min   CN=71   Runoff=59.89 cfs  7.537 af

Runoff Area=924,933 sf   Runoff Depth=2.99"Subcatchment SCNM-133: 
   Flow Length=1,453'   Slope=0.0260 '/'   Tc=33.6 min   CN=72   Runoff=50.86 cfs  5.296 af

Runoff Area=2,406,786 sf   Runoff Depth=3.09"Subcatchment SCNM-134: 
   Flow Length=2,485'   Slope=0.0380 '/'   Tc=41.5 min   CN=73   Runoff=118.37 cfs  14.221 af

Runoff Area=249,327 sf   Runoff Depth=3.38"Subcatchment SCNM-162: 
   Flow Length=611'   Slope=0.0890 '/'   Tc=8.1 min   CN=76   Runoff=31.79 cfs  1.612 af

Runoff Area=566,688 sf   Runoff Depth=3.38"Subcatchment SCNM-31: 
   Flow Length=1,215'   Slope=0.0490 '/'   Tc=18.9 min   CN=76   Runoff=50.58 cfs  3.664 af

Runoff Area=1,288,536 sf   Runoff Depth=3.48"Subcatchment SCNM-33: 
   Flow Length=1,268'   Slope=0.0280 '/'   Tc=25.2 min   CN=77   Runoff=100.14 cfs  8.576 af

Runoff Area=654,691 sf   Runoff Depth=3.58"Subcatchment SCNM-36: 
   Flow Length=1,522'   Slope=0.0290 '/'   Tc=27.8 min   CN=78   Runoff=49.10 cfs  4.482 af

Runoff Area=219,009 sf   Runoff Depth=3.48"Subcatchment SCNM-37: 
   Flow Length=689'   Slope=0.0380 '/'   Tc=13.3 min   CN=77   Runoff=23.93 cfs  1.458 af

Runoff Area=2,227,047 sf   Runoff Depth=3.68"Subcatchment SCNM-38: 
   Flow Length=1,423'   Slope=0.0230 '/'   Tc=28.7 min   CN=79   Runoff=168.34 cfs  15.677 af

Runoff Area=185,135 sf   Runoff Depth=3.38"Subcatchment SCNM-45: 
   Flow Length=711'   Slope=0.0340 '/'   Tc=14.8 min   CN=76   Runoff=18.72 cfs  1.197 af

Runoff Area=84,214 sf   Runoff Depth=3.48"Subcatchment SCNM-83: 
   Flow Length=760'   Slope=0.0380 '/'   Tc=14.3 min   CN=77   Runoff=8.91 cfs  0.561 af

Runoff Area=1,115,370 sf   Runoff Depth=3.58"Subcatchment SCNM-84: 
   Flow Length=1,733'   Slope=0.0320 '/'   Tc=29.3 min   CN=78   Runoff=80.76 cfs  7.637 af

Runoff Area=180,315 sf   Runoff Depth=3.48"Subcatchment SCNM-85: 
   Flow Length=572'   Slope=0.0310 '/'   Tc=12.6 min   CN=77   Runoff=20.17 cfs  1.200 af

Runoff Area=500,272 sf   Runoff Depth=3.78"Subcatchment SCNM-86: 
   Flow Length=1,258'   Slope=0.0240 '/'   Tc=24.6 min   CN=80   Runoff=42.70 cfs  3.619 af
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Runoff Area=779,957 sf   Runoff Depth=3.28"Subcatchment SCNM-87: 
   Flow Length=1,349'   Slope=0.0320 '/'   Tc=26.2 min   CN=75   Runoff=55.76 cfs  4.897 af

Runoff Area=1,241,976 sf   Runoff Depth=3.58"Subcatchment SCNM-92: 
   Flow Length=966'   Slope=0.0680 '/'   Tc=12.6 min   CN=78   Runoff=142.62 cfs  8.503 af

Runoff Area=1,921,573 sf   Runoff Depth=3.58"Subcatchment SCNM-93: 
   Flow Length=1,921'   Slope=0.0300 '/'   Tc=32.9 min   CN=78   Runoff=128.98 cfs  13.156 af

Runoff Area=2,281,707 sf   Runoff Depth=3.48"Subcatchment SCNM-94: 
   Flow Length=2,382'   Slope=0.0320 '/'   Tc=39.0 min   CN=77   Runoff=132.94 cfs  15.186 af

Runoff Area=1,652,782 sf   Runoff Depth=3.48"Subcatchment SCNM-95: 
   Flow Length=1,757'   Slope=0.0380 '/'   Tc=28.0 min   CN=77   Runoff=119.90 cfs  11.000 af

Runoff Area=1,202,269 sf   Runoff Depth=3.48"Subcatchment SCNM-96: 
   Flow Length=1,083'   Slope=0.0550 '/'   Tc=15.8 min   CN=77   Runoff=121.07 cfs  8.002 af

Runoff Area=2,216,579 sf   Runoff Depth=3.38"Subcatchment SCNM-97: 
   Flow Length=1,083'   Slope=0.0550 '/'   Tc=16.3 min   CN=76   Runoff=214.11 cfs  14.333 af

Runoff Area=736,562 sf   Runoff Depth=3.38"Subcatchment SCNM-98: 
   Flow Length=2,210'   Slope=0.0310 '/'   Tc=38.4 min   CN=76   Runoff=42.04 cfs  4.763 af

Runoff Area=279,812 sf   Runoff Depth=3.48"Subcatchment SCNM-99: 
   Flow Length=485'   Slope=0.0330 '/'   Tc=10.7 min   CN=77   Runoff=33.43 cfs  1.862 af

Runoff Area=557,657 sf   Runoff Depth=3.68"Subcatchment VRNM-148: 
   Flow Length=934'   Slope=0.0110 '/'   Tc=29.6 min   CN=79   Runoff=41.22 cfs  3.926 af

Runoff Area=649,975 sf   Runoff Depth=3.09"Subcatchment VRNM-180: 
   Flow Length=800'   Tc=21.5 min   CN=73   Runoff=49.10 cfs  3.841 af

Peak Elev=1,046.08'  Storage=72,991 cf   Inflow=132.94 cfs  15.186 afPond 94P: 
   Outflow=127.12 cfs  15.111 af

Peak Elev=1,109.18'  Storage=599,133 cf   Inflow=164.39 cfs  18.490 afPond SCNM-100P: 
   Outflow=7.38 cfs  7.925 af

Peak Elev=1,114.22'  Storage=12,368 cf   Inflow=29.02 cfs  1.885 afPond SCNM-101L: 
   Outflow=16.05 cfs  3.134 af

Peak Elev=1,099.56'  Storage=13,000 cf   Inflow=50.87 cfs  9.093 afPond SCNM-109L: 
   Primary=50.74 cfs  8.916 af   Secondary=0.00 cfs  0.000 af   Outflow=50.74 cfs  8.916 af

Peak Elev=1,111.01'  Storage=9,971 cf   Inflow=21.66 cfs  4.070 afPond SCNM-110L: 
   Primary=10.63 cfs  4.126 af   Secondary=0.00 cfs  0.000 af   Outflow=10.63 cfs  4.126 af

Peak Elev=1,114.32'  Storage=1,312 cf   Inflow=11.82 cfs  0.604 afPond SCNM-111L: 
   Primary=9.53 cfs  3.429 af   Secondary=0.00 cfs  0.000 af   Outflow=9.53 cfs  3.429 af
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Peak Elev=1,105.54'  Storage=20,969 cf   Inflow=39.44 cfs  2.836 afPond SCNM-112P: 
   Outflow=19.02 cfs  2.835 af

Peak Elev=1,053.68'  Storage=74,217 cf   Inflow=218.39 cfs  43.307 afPond SCNM-115L: 
   Outflow=216.90 cfs  43.885 af

Peak Elev=1,056.73'  Storage=55,269 cf   Inflow=50.02 cfs  5.896 afPond SCNM-118L: 
   Outflow=21.86 cfs  6.533 af

Peak Elev=1,080.87'  Storage=7,957 cf   Inflow=7.56 cfs  0.468 afPond SCNM-119L: 
   Outflow=1.61 cfs  0.389 af

Peak Elev=1,097.37'  Storage=1,057 cf   Inflow=14.87 cfs  0.836 afPond SCNM-120L: 
   Outflow=14.14 cfs  0.934 af

Peak Elev=1,046.08'  Storage=410,442 cf   Inflow=177.30 cfs  66.840 afPond SCNM-121P: 
   Primary=116.69 cfs  66.150 af   Secondary=0.00 cfs  0.000 af   Outflow=116.69 cfs  66.150 af

Peak Elev=1,046.09'  Storage=528,278 cf   Inflow=198.42 cfs  75.748 afPond SCNM-122L: 
   Primary=19.46 cfs  26.478 af   Secondary=97.69 cfs  42.714 af   Outflow=116.83 cfs  69.192 af

Peak Elev=1,048.61'  Storage=214,393 cf   Inflow=76.19 cfs  4.923 afPond SCNM-123L: 
   Discarded=0.00 cfs  0.000 af   Primary=0.00 cfs  0.000 af   Outflow=0.00 cfs  0.000 af

Peak Elev=1,049.47'  Storage=60,791 cf   Inflow=62.52 cfs  4.408 afPond SCNM-124L: 
   Outflow=44.46 cfs  3.584 af

Peak Elev=1,049.14'  Storage=2,990,372 cf   Inflow=187.22 cfs  70.627 afPond SCNM-126L: 
   Discarded=1.72 cfs  6.975 af   Secondary=0.00 cfs  0.000 af   Outflow=1.72 cfs  6.975 af

Peak Elev=1,053.28'  Storage=417,347 cf   Inflow=227.71 cfs  47.462 afPond SCNM-127L: 
   Discarded=0.00 cfs  0.000 af   Primary=130.10 cfs  47.462 af   Secondary=0.00 cfs  0.000 af   Outflow=130.10 cfs  47.462 af

Peak Elev=1,062.50'  Storage=29,767 cf   Inflow=13.62 cfs  0.683 afPond SCNM-128L: 
   Outflow=0.00 cfs  0.000 af

Peak Elev=1,141.06'  Storage=90,674 cf   Inflow=31.62 cfs  4.024 afPond SCNM-130L: 
   Outflow=9.66 cfs  2.064 af

Peak Elev=1,123.49'  Storage=586,760 cf   Inflow=80.36 cfs  13.471 afPond SCNM-132L: 
48.0" x 57.0' Culvert   Outflow=0.00 cfs  0.000 af

Peak Elev=1,127.76'  Storage=56,916 cf   Inflow=50.86 cfs  5.296 afPond SCNM-133L: 
24.0" x 109.0' Culvert   Outflow=22.43 cfs  5.934 af

Peak Elev=1,105.28'  Storage=461,011 cf   Inflow=132.36 cfs  18.071 afPond SCNM-134L: 
15.0" x 60.0' Culvert   Outflow=9.36 cfs  18.062 af

Peak Elev=1,098.09'  Storage=2,150 cf   Inflow=42.76 cfs  7.137 afPond SCNM-162L: 
   Primary=42.60 cfs  8.624 af   Secondary=0.00 cfs  0.000 af   Outflow=42.60 cfs  8.624 af
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Peak Elev=1,085.07'  Storage=5,366 cf   Inflow=50.58 cfs  3.664 afPond SCNM-31L: 
   Discarded=43.39 cfs  12.029 af   Secondary=0.00 cfs  0.000 af   Outflow=43.39 cfs  12.029 af

Peak Elev=1,086.92'  Storage=51,352 cf   Inflow=100.14 cfs  8.576 afPond SCNM-33L: 
   Outflow=88.71 cfs  8.296 af

Peak Elev=1,078.03'  Storage=69,250 cf   Inflow=136.10 cfs  12.778 afPond SCNM-36L: 
   Discarded=31.20 cfs  52.438 af   Secondary=92.49 cfs  3.231 af   Outflow=123.69 cfs  55.669 af

Peak Elev=1,073.76'  Storage=25,560 cf   Inflow=97.73 cfs  4.689 afPond SCNM-37L: 
   Outflow=96.65 cfs  4.419 af

Peak Elev=1,067.90'  Storage=422,439 cf   Inflow=249.10 cfs  25.607 afPond SCNM-38L: 
   Outflow=61.75 cfs  26.256 af

Peak Elev=1,107.56'  Storage=836 cf   Inflow=18.72 cfs  1.197 afPond SCNM-45L: 
36.0" x 86.0' Culvert   Outflow=18.56 cfs  1.458 af

Peak Elev=1,077.76'  Storage=7,516 cf   Inflow=8.91 cfs  0.561 afPond SCNM-83L: 
18.0" x 49.0' Culvert   Outflow=4.59 cfs  0.532 af

Peak Elev=1,056.50'  Storage=35,418 cf   Inflow=80.76 cfs  7.637 afPond SCNM-84L: 
   Discarded=18.15 cfs  9.362 af   Secondary=50.22 cfs  2.306 af   Outflow=68.38 cfs  11.668 af

Peak Elev=1,094.17'  Storage=52,272 cf   Inflow=20.17 cfs  1.200 afPond SCNM-85L: 
   Outflow=0.00 cfs  0.000 af

Peak Elev=1,100.80'  Storage=49,721 cf   Inflow=42.70 cfs  3.619 afPond SCNM-86L: 
24.0" x 67.0' Culvert   Outflow=10.42 cfs  5.511 af

Peak Elev=1,101.21'  Storage=108,913 cf   Inflow=69.85 cfs  6.355 afPond SCNM-87L: 
   Primary=39.07 cfs  5.524 af   Secondary=0.00 cfs  0.000 af   Outflow=39.07 cfs  5.524 af

Peak Elev=1,087.12'  Storage=206,540 cf   Inflow=172.74 cfs  25.052 afPond SCNM-92L: 
   Outflow=58.24 cfs  22.703 af

Peak Elev=1,070.68'  Storage=165,978 cf   Inflow=182.83 cfs  35.859 afPond SCNM-93L: 
   Outflow=159.52 cfs  34.663 af

Peak Elev=1,045.50'  Storage=890,016 cf   Inflow=600.75 cfs  111.600 afPond SCNM-95L: 
   Discarded=210.66 cfs  125.662 af   Secondary=0.00 cfs  0.000 af   Outflow=210.66 cfs  125.662 af

Peak Elev=1,048.19'  Storage=156,235 cf   Inflow=335.50 cfs  24.911 afPond SCNM-96L: 
   Outflow=281.07 cfs  24.348 af

Peak Elev=1,065.88'  Storage=54,342 cf   Inflow=231.85 cfs  17.168 afPond SCNM-97P: 
   Outflow=221.25 cfs  16.909 af

Peak Elev=1,108.91'  Storage=207,437 cf   Inflow=42.04 cfs  4.763 afPond SCNM-98L: 
   Primary=0.00 cfs  0.000 af   Secondary=0.00 cfs  0.000 af   Outflow=0.00 cfs  0.000 af
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Peak Elev=1,105.49'  Storage=81,117 cf   Inflow=33.43 cfs  1.862 afPond SCNM-99L: 
   Outflow=0.00 cfs  0.000 af

Peak Elev=1,140.39'  Storage=62,225 cf   Inflow=41.22 cfs  3.926 afPond VRNM-148L: 
   Outflow=7.97 cfs  4.779 af

Peak Elev=1,131.98'  Storage=62,009 cf   Inflow=49.10 cfs  3.841 afPond VRNM-180P: 
   Outflow=14.52 cfs  3.850 af

Total Runoff Area = 1,100.546 ac   Runoff Volume = 292.377 af   Average Runoff Depth = 3.19"
97.98% Pervious Area = 1,078.308 ac     2.02% Impervious Area = 22.237 ac
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Time span=0.00-72.00 hrs, dt=0.01 hrs, 7201 points
Runoff by SCS TR-20 method, UH=SCS

Reach routing by Sim-Route method  -  Pond routing by Sim-Route method

Runoff Area=22.600 ac   Runoff Depth=2.90"Subcatchment NC-C1: 
   Flow Length=1,120'   Tc=40.4 min   CN=71   Runoff=45.84 cfs  5.459 af

Runoff Area=5.400 ac   Runoff Depth=3.58"Subcatchment NC-C10: 
   Flow Length=132'   Slope=0.0300 '/'   Tc=24.9 min   CN=78   Runoff=18.86 cfs  1.611 af

Runoff Area=7.940 ac   Runoff Depth=2.18"Subcatchment NC-C11: 
   Flow Length=606'   Tc=26.0 min   CN=63   Runoff=15.75 cfs  1.440 af

Runoff Area=34.950 ac   Runoff Depth=3.09"Subcatchment NC-C12: 
   Flow Length=1,784'   Tc=61.2 min   CN=73   Runoff=56.38 cfs  8.996 af

Runoff Area=28.190 ac   Runoff Depth=3.58"Subcatchment NC-C13: 
   Flow Length=615'   Tc=42.2 min   CN=78   Runoff=69.42 cfs  8.407 af

Runoff Area=94.850 ac   Runoff Depth=3.58"Subcatchment NC-C2: 
   Flow Length=770'   Tc=68.2 min   CN=78   Runoff=165.22 cfs  28.288 af

Runoff Area=14.140 ac   Runoff Depth=3.48"Subcatchment NC-C3: 
   Flow Length=520'   Tc=30.0 min   CN=77   Runoff=42.78 cfs  4.100 af

Runoff Area=18.880 ac   Runoff Depth=2.62"Subcatchment NC-C4: 
   Flow Length=810'   Tc=44.9 min   CN=68   Runoff=31.85 cfs  4.123 af

Runoff Area=54.170 ac   Runoff Depth=3.48"Subcatchment NC-C5: 
   Flow Length=540'   Tc=41.8 min   CN=77   Runoff=130.98 cfs  15.705 af

Runoff Area=4.850 ac   Runoff Depth=3.09"Subcatchment NC-C6: 
   Flow Length=436'   Tc=46.6 min   CN=73   Runoff=9.55 cfs  1.248 af

Runoff Area=78.250 ac   Runoff Depth=2.71"Subcatchment NC-C7: 
   Flow Length=1,245'   Tc=52.8 min   CN=69   Runoff=121.73 cfs  17.688 af

Runoff Area=26.900 ac   Runoff Depth=2.53"Subcatchment NC-C8: 
   Flow Length=615'   Tc=59.5 min   CN=67   Runoff=35.48 cfs  5.672 af

Runoff Area=27.100 ac   Runoff Depth=2.18"Subcatchment NC-C9: 
   Flow Length=678'   Tc=71.4 min   CN=63   Runoff=25.97 cfs  4.915 af

Runoff Area=37.440 ac   Runoff Depth=2.35"Subcatchment NC-D1: 
   Flow Length=686'   Tc=55.1 min   CN=65   Runoff=47.87 cfs  7.336 af

Runoff Area=31.460 ac   Runoff Depth=2.90"Subcatchment NC-D10: 
   Flow Length=1,010'   Tc=47.7 min   CN=71   Runoff=56.96 cfs  7.600 af
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Runoff Area=14.070 ac   Runoff Depth=3.18"Subcatchment NC-D11: 
   Flow Length=300'   Slope=0.0100 '/'   Tc=36.8 min   CN=74   Runoff=33.79 cfs  3.734 af

Runoff Area=12.330 ac   Runoff Depth=2.99"Subcatchment NC-D12: 
   Flow Length=917'   Tc=32.3 min   CN=72   Runoff=30.29 cfs  3.076 af

Runoff Area=9.740 ac   Runoff Depth=3.48"Subcatchment NC-D13: 
   Flow Length=910'   Tc=65.0 min   CN=77   Runoff=17.06 cfs  2.824 af

Runoff Area=228.010 ac   Runoff Depth=3.18"Subcatchment NC-D14: 
   Flow Length=5,020'   Tc=72.1 min   CN=74   Runoff=336.11 cfs  60.515 af

Runoff Area=8.440 ac   Runoff Depth=2.53"Subcatchment NC-D2: 
   Flow Length=475'   Tc=30.1 min   CN=67   Runoff=18.04 cfs  1.779 af

Runoff Area=22.100 ac   Runoff Depth=3.28"Subcatchment NC-D3: 
   Flow Length=1,317'   Tc=39.3 min   CN=75   Runoff=52.51 cfs  6.044 af

Runoff Area=11.050 ac   Runoff Depth=2.90"Subcatchment NC-D4: 
   Flow Length=200'   Tc=48.4 min   CN=71   Runoff=19.71 cfs  2.669 af

Runoff Area=80.700 ac   Runoff Depth=3.38"Subcatchment NC-D5: 
   Flow Length=480'   Tc=49.8 min   CN=76   Runoff=166.43 cfs  22.731 af

Runoff Area=20.180 ac   Runoff Depth=2.62"Subcatchment NC-D6: 
   Flow Length=285'   Tc=22.8 min   CN=68   Runoff=53.73 cfs  4.407 af

Runoff Area=250.600 ac   Runoff Depth=2.90"Subcatchment NC-D7: 
   Flow Length=5,060'   Tc=203.8 min   CN=71   Runoff=150.51 cfs  60.536 af

Runoff Area=25.270 ac   Runoff Depth=2.44"Subcatchment NC-D8: 
   Flow Length=1,467'   Tc=55.1 min   CN=66   Runoff=33.77 cfs  5.139 af

Runoff Area=43.350 ac   Runoff Depth=2.53"Subcatchment NC-D9: 
   Flow Length=1,570'   Tc=45.8 min   CN=67   Runoff=69.26 cfs  9.140 af

Runoff Area=91.000 ac   Runoff Depth=3.09"Subcatchment NC0S-1: 
   Flow Length=1,300'   Slope=0.0100 '/'   Tc=60.6 min   CN=73   Runoff=147.75 cfs  23.422 af

Avg. Depth=0.79'   Max Vel=1.38 fps   Inflow=31.85 cfs  4.123 afReach 1R: 
n=0.035   L=40.0'   S=0.0025 '/'   Capacity=213.76 cfs   Outflow=31.90 cfs  4.123 af

Peak Elev=1,142.59'  Storage=129,265 cf   Inflow=45.84 cfs  5.459 afPond 1P: 
12.0" x 240.0' Culvert   Outflow=4.59 cfs  5.430 af

Peak Elev=1,131.85'  Storage=12.793 af   Inflow=169.38 cfs  33.719 afPond 2P: 
   Outflow=60.42 cfs  33.586 af

Peak Elev=1,127.82'  Storage=356,005 cf   Inflow=64.27 cfs  37.686 afPond 3P: 
36.0" x 100.0' Culvert   Outflow=43.66 cfs  37.207 af
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Peak Elev=1,124.58'  Storage=1,734,914 cf   Inflow=181.18 cfs  65.408 afPond 5P: 
   Outflow=21.56 cfs  54.475 af

Peak Elev=1,124.18'  Storage=77,869 cf   Inflow=21.84 cfs  55.720 afPond 6P: 
   Outflow=21.84 cfs  55.025 af

Peak Elev=1,120.03'  Storage=420,771 cf   Inflow=124.43 cfs  72.709 afPond 7P: 
30.0" x 68.0' Culvert   Outflow=24.37 cfs  71.765 af

Peak Elev=1,115.55'  Storage=8,300 cf   Inflow=35.48 cfs  5.672 afPond 8P: 
   Primary=13.40 cfs  4.369 af   Secondary=22.02 cfs  1.303 af   Outflow=35.42 cfs  5.671 af

Peak Elev=1,113.39'  Storage=151,154 cf   Inflow=46.92 cfs  6.218 afPond 9P: 
12.0" x 100.0' Culvert   Outflow=5.29 cfs  6.195 af

Peak Elev=1,065.44'  Storage=563,563 cf   Inflow=64.23 cfs  24.241 afPond 10P: 
24.0" x 30.0' Culvert   Outflow=21.91 cfs  24.221 af

Peak Elev=1,116.41'  Storage=1,127 cf   Inflow=15.75 cfs  1.440 afPond 11P: 
21.0" x 41.0' Culvert   Outflow=14.98 cfs  1.440 af

Peak Elev=1,115.90'  Storage=244,234 cf   Inflow=75.54 cfs  82.196 afPond 12P: 
24.0" x 55.0' Culvert   Outflow=29.86 cfs  82.167 af

Peak Elev=1,126.26'  Storage=3.376 af   Inflow=69.42 cfs  8.407 afPond 13P: 
24.0" x 118.0' Culvert   Outflow=19.38 cfs  8.372 af

Peak Elev=1,054.92'  Storage=856,155 cf   Inflow=462.70 cfs  261.362 afPond 14P: 
   Outflow=293.86 cfs  261.342 af

Peak Elev=1,140.45'  Storage=162,665 cf   Inflow=33.79 cfs  3.734 afPond D11P: 
   Outflow=0.00 cfs  0.000 af

Peak Elev=1,125.52'  Storage=37,894 cf   Inflow=30.29 cfs  3.076 afPond D12P: 
15.0" x 50.0' Culvert   Outflow=10.54 cfs  3.075 af

Peak Elev=1,125.52'  Storage=1,505 cf   Inflow=17.06 cfs  2.824 afPond D13P: 
22.0" x 40.0' Culvert   Outflow=17.04 cfs  2.824 af

Peak Elev=1,113.63'  Storage=29,868 cf   Inflow=47.87 cfs  7.336 afPond D1P: 
   Outflow=32.99 cfs  7.849 af

Peak Elev=1,144.85'  Storage=43,202 cf   Inflow=18.04 cfs  1.779 afPond D2P: 
   Outflow=2.82 cfs  0.823 af

Peak Elev=1,099.98'  Storage=70,058 cf   Inflow=79.67 cfs  14.717 afPond D3P: 
   Outflow=63.16 cfs  17.184 af

Peak Elev=1,154.35'  Storage=116,273 cf   Inflow=19.71 cfs  2.669 afPond D4P: 
   Outflow=0.00 cfs  0.000 af
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Peak Elev=1,117.95'  Storage=1,583,838 cf   Inflow=167.66 cfs  36.360 afPond D5P: 
18.0" x 40.0' Culvert   Outflow=0.00 cfs  0.000 af

Peak Elev=1,100.60'  Storage=87,276 cf   Inflow=53.73 cfs  4.407 afPond D6P: 
   Primary=7.55 cfs  4.383 af   Secondary=0.00 cfs  0.000 af   Outflow=7.55 cfs  4.383 af

Peak Elev=1,065.66'  Storage=417,407 cf   Inflow=232.23 cfs  202.570 afPond D7P: 
   Primary=207.88 cfs  194.953 af   Secondary=15.90 cfs  7.589 af   Outflow=222.96 cfs  202.542 af

Peak Elev=1,094.16'  Storage=123,849 cf   Inflow=33.77 cfs  5.139 afPond D8P: 
18.0" x 30.0' Culvert   Outflow=5.02 cfs  3.520 af

Peak Elev=1,088.17'  Storage=203,117 cf   Inflow=69.26 cfs  9.140 afPond D9P: 
18.0" x 60.0' Culvert   Outflow=9.01 cfs  9.054 af

Peak Elev=1,127.45'  Storage=70,154 cf   Inflow=18.86 cfs  1.611 afPond NC-10: 
   Outflow=0.00 cfs  0.000 af

Peak Elev=1,118.96'  Storage=16.629 af   Inflow=147.75 cfs  23.422 afPond OS-1P: 
18.0" x 60.0' Culvert   Outflow=7.96 cfs  13.629 af

Total Runoff Area = 1,303.960 ac   Runoff Volume = 328.605 af   Average Runoff Depth = 3.02"
95.55% Pervious Area = 1,245.889 ac     4.45% Impervious Area = 58.071 ac
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Time span=0.00-72.00 hrs, dt=0.01 hrs, 7201 points
Runoff by SCS TR-20 method, UH=SCS

Reach routing by Sim-Route method  -  Pond routing by Sim-Route method

Runoff Area=7.000 ac   Runoff Depth=1.52"Subcatchment 10SA: 
   Flow Length=375'   Slope=0.0250 '/'   Tc=26.6 min   CN=55   Runoff=8.68 cfs  0.885 af

Runoff Area=2.880 ac   Runoff Depth=1.52"Subcatchment S1: 
   Flow Length=270'   Slope=0.0280 '/'   Tc=22.6 min   CN=55   Runoff=4.00 cfs  0.364 af

Runoff Area=16.870 ac   Runoff Depth=1.52"Subcatchment S10: 
   Flow Length=1,095'   Tc=84.0 min   CN=55   Runoff=8.99 cfs  2.134 af

Runoff Area=21.470 ac   Runoff Depth=1.52"Subcatchment S11: 
   Flow Length=990'   Tc=46.8 min   CN=55   Runoff=17.77 cfs  2.716 af

Runoff Area=20.880 ac   Runoff Depth=1.52"Subcatchment S12: 
   Flow Length=500'   Tc=37.3 min   CN=55   Runoff=20.39 cfs  2.641 af

Runoff Area=12.670 ac   Runoff Depth=1.52"Subcatchment S13: 
   Flow Length=720'   Tc=33.9 min   CN=55   Runoff=13.26 cfs  1.603 af

Runoff Area=20.920 ac   Runoff Depth=1.52"Subcatchment S2: 
   Flow Length=1,155'   Tc=38.3 min   CN=55   Runoff=20.06 cfs  2.646 af

Runoff Area=6.220 ac   Runoff Depth=1.52"Subcatchment S20: 
   Flow Length=660'   Tc=36.2 min   CN=55   Runoff=6.21 cfs  0.787 af

Runoff Area=4.770 ac   Runoff Depth=1.52"Subcatchment S21: 
   Flow Length=300'   Slope=0.0113 '/'   Tc=35.4 min   CN=55   Runoff=4.82 cfs  0.603 af

Runoff Area=34.500 ac   Runoff Depth=1.52"Subcatchment S22: 
   Flow Length=1,380'   Tc=59.6 min   CN=55   Runoff=23.77 cfs  4.364 af

Runoff Area=4.760 ac   Runoff Depth=1.52"Subcatchment S23: 
   Flow Length=360'   Tc=27.2 min   CN=55   Runoff=5.83 cfs  0.602 af

Runoff Area=1.910 ac   Runoff Depth=1.52"Subcatchment S24: 
   Flow Length=510'   Tc=22.7 min   CN=55   Runoff=2.65 cfs  0.242 af

Runoff Area=300,259 sf   Runoff Depth=4.20"Subcatchment S25A: Drains direct to pond
   Flow Length=200'   Slope=0.0200 '/'   Tc=20.3 min   CN=84   Runoff=31.50 cfs  2.411 af

Runoff Area=40.860 ac   Runoff Depth=4.09"Subcatchment S25B: Elem Site thru storm sewer
   Flow Length=2,250'   Tc=49.5 min   CN=83   Runoff=103.02 cfs  13.931 af

Runoff Area=323,433 sf   Runoff Depth=5.41"Subcatchment S25C: City Road
   Flow Length=3,533'   Tc=13.4 min   CN=95   Runoff=49.40 cfs  3.348 af



Type II 24-hr 100 Yr Storm  Rainfall=6.00"Section 20
Page 3Prepared by Bolton & Menk, Inc.

5/12/2008HydroCAD® 8.00  s/n 002276  © 2006 HydroCAD Software Solutions LLC

Runoff Area=25.760 ac   Runoff Depth=1.52"Subcatchment S26: 
   Flow Length=1,500'   Tc=48.6 min   CN=55   Runoff=20.69 cfs  3.258 af

Runoff Area=5.800 ac   Runoff Depth=1.52"Subcatchment S27: 
   Flow Length=510'   Tc=25.5 min   CN=55   Runoff=7.42 cfs  0.734 af

Runoff Area=11.240 ac   Runoff Depth=1.52"Subcatchment S28: 
   Flow Length=350'   Tc=22.8 min   CN=55   Runoff=15.52 cfs  1.422 af

Runoff Area=9.460 ac   Runoff Depth=1.52"Subcatchment S3: 
   Flow Length=720'   Tc=26.7 min   CN=55   Runoff=11.70 cfs  1.197 af

Runoff Area=9.320 ac   Runoff Depth=1.52"Subcatchment S4: 
   Flow Length=750'   Tc=40.8 min   CN=55   Runoff=8.50 cfs  1.179 af

Runoff Area=2.570 ac   Runoff Depth=1.52"Subcatchment S5: 
   Flow Length=480'   Tc=30.3 min   CN=55   Runoff=2.92 cfs  0.325 af

Runoff Area=4.830 ac   Runoff Depth=1.52"Subcatchment S6: 
   Flow Length=630'   Tc=32.5 min   CN=55   Runoff=5.22 cfs  0.611 af

Runoff Area=6.460 ac   Runoff Depth=1.52"Subcatchment S8: 
   Flow Length=1,140'   Tc=38.7 min   CN=55   Runoff=6.12 cfs  0.817 af

Runoff Area=85.320 ac   Runoff Depth=1.52"Subcatchment S9: 
   Flow Length=2,610'   Tc=62.4 min   CN=55   Runoff=56.85 cfs  10.791 af

Avg. Depth=0.20'   Max Vel=0.74 fps   Inflow=5.00 cfs  6.547 afReach 1R: 
n=0.035   L=1,200.0'   S=0.0046 '/'   Capacity=1,824.38 cfs   Outflow=4.99 cfs  6.534 af

Avg. Depth=1.14'   Max Vel=3.09 fps   Inflow=7.60 cfs  19.219 afReach 2R: 36" PIPE
D=36.0"   n=0.013   L=344.0'   S=0.0014 '/'   Capacity=24.91 cfs   Outflow=7.60 cfs  19.218 af

Avg. Depth=0.99'   Max Vel=3.15 fps   Inflow=7.60 cfs  19.218 afReach 3R: 48"PIPE
D=48.0"   n=0.013   L=1,800.0'   S=0.0016 '/'   Capacity=56.96 cfs   Outflow=7.60 cfs  19.211 af

Avg. Depth=0.09'   Max Vel=0.83 fps   Inflow=1.70 cfs  0.241 afReach 9R: 
n=0.035   L=750.0'   S=0.0160 '/'   Capacity=997.03 cfs   Outflow=1.23 cfs  0.241 af

Avg. Depth=0.38'   Max Vel=0.90 fps   Inflow=38.00 cfs  17.241 afReach 22R: 
n=0.035   L=960.0'   S=0.0028 '/'   Capacity=286.38 cfs   Outflow=35.33 cfs  17.223 af

Avg. Depth=0.00'   Max Vel=0.00 fps   Inflow=0.00 cfs  0.000 afReach 23R: 
n=0.035   L=700.0'   S=0.0186 '/'   Capacity=1,027.41 cfs   Outflow=0.00 cfs  0.000 af

Avg. Depth=0.13'   Max Vel=0.45 fps   Inflow=4.05 cfs  0.597 afReach 26R: 
n=0.035   L=840.0'   S=0.0030 '/'   Capacity=1,322.99 cfs   Outflow=1.41 cfs  0.596 af

Peak Elev=1,115.10'  Storage=0.417 af   Inflow=4.00 cfs  0.364 afPond 1P: 
   Outflow=3.25 cfs  0.364 af
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Peak Elev=1,108.61'  Storage=4.109 af   Inflow=23.06 cfs  3.010 afPond 2P: 
   Outflow=9.88 cfs  3.009 af

Peak Elev=1,107.75'  Storage=4.714 af   Inflow=11.70 cfs  6.814 afPond 3P: 
   Discarded=0.00 cfs  0.000 af   Primary=2.73 cfs  5.779 af   Outflow=2.73 cfs  5.779 af

Peak Elev=1,107.75'  Storage=8.175 af   Inflow=58.97 cfs  128.800 afPond 4P: 
   Primary=60.40 cfs  118.842 af   Secondary=3.05 cfs  5.619 af   Outflow=62.42 cfs  124.461 af

Peak Elev=1,114.59'  Storage=5,359 cf   Inflow=2.92 cfs  0.325 afPond 5P: 
   Outflow=2.82 cfs  0.325 af

Peak Elev=1,107.77'  Storage=67,309 cf   Inflow=60.40 cfs  119.777 afPond 6P: 
   Primary=0.00 cfs  0.000 af   Secondary=56.41 cfs  118.835 af   Outflow=56.41 cfs  118.835 af

Peak Elev=1,093.70'  Storage=64,190 cf   Inflow=7.51 cfs  7.176 afPond 8P: 
   Outflow=5.00 cfs  6.547 af

Peak Elev=1,089.79'  Storage=4.656 af   Inflow=56.85 cfs  17.326 afPond 9P: 
   Outflow=38.00 cfs  17.241 af

Peak Elev=1,087.01'  Storage=0.457 af   Inflow=41.22 cfs  32.450 afPond 12P: 
   Outflow=41.19 cfs  32.445 af

Peak Elev=1,089.18'  Storage=30.492 af   Inflow=64.94 cfs  27.818 afPond 13P: 13, 15, &16 Combined
   Outflow=36.31 cfs  27.654 af

Peak Elev=1,101.82'  Storage=1.670 af   Inflow=6.21 cfs  0.787 afPond 20P: 
   Outflow=3.26 cfs  0.787 af

Peak Elev=1,100.63'  Storage=1.053 af   Inflow=4.82 cfs  0.603 afPond 21P: 
   Outflow=4.05 cfs  0.597 af

Peak Elev=1,100.35'  Storage=52.957 af   Inflow=31.10 cfs  6.348 afPond 22P: 22, 9, & 10 combined
   Outflow=4.41 cfs  6.118 af

Peak Elev=1,100.68'  Storage=2.086 af   Inflow=5.83 cfs  0.602 afPond 23P: 
   Discarded=0.00 cfs  0.000 af   Primary=3.34 cfs  0.602 af   Outflow=3.34 cfs  0.602 af

Peak Elev=1,107.09'  Storage=50,716 cf   Inflow=2.65 cfs  0.242 afPond 24P: 
   Outflow=1.70 cfs  0.241 af

Peak Elev=1,094.84'  Storage=0.202 af   Inflow=20.69 cfs  3.258 afPond 26P: 
   Outflow=20.50 cfs  3.258 af

Peak Elev=1,095.11'  Storage=0.368 af   Inflow=7.42 cfs  0.734 afPond 27P: 
   Outflow=6.77 cfs  0.734 af

Peak Elev=1,091.55'  Storage=41,334 cf   Inflow=15.52 cfs  1.422 afPond 28P: 
   Outflow=9.47 cfs  1.422 af
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Peak Elev=1,091.87'  Storage=0.181 af   Inflow=8.68 cfs  0.885 afPond 90P: 
   Outflow=5.03 cfs  0.885 af

Peak Elev=1,086.12'  Storage=1.809 af   Inflow=48.70 cfs  51.655 afPond 124P: 
   Outflow=48.65 cfs  51.636 af

Peak Elev=1,096.28'  Storage=24.212 af   Inflow=120.39 cfs  19.690 afPond P25: School Pond
   Outflow=7.60 cfs  19.219 af

Total Runoff Area = 370.788 ac   Runoff Volume = 59.609 af   Average Runoff Depth = 1.93"
96.81% Pervious Area = 358.957 ac     3.19% Impervious Area = 11.831 ac




