
 
 
 
 

 

STORMWATER MANAGEMENT PLAN 
 

 

FOR 
 

 

Good Harvest Market II, LLC 
 

 
 

City of Waukesha, WI 
 

  
 

 

 

 

 

 

May 28, 2014 
 

 
 
     



                        
  May 28, 2014 

Page 1 

TABLE OF CONTENTS 

 

Storm Water Management Report 

Section               Page 
Introduction 2 
Hydraulic Software 2 
Soil Classification 2 
Rainfall Data 3 
Analysis of Stormwater Management Techniques 3 
Results 4 
 

Appendix A – Supporting Documentation & Relevant Data  
Location Map 
Hydrologic Soil Group Map – National Cooperative Soil Survey 
Engineering Properties – National Cooperative Soil Survey 
Geotechnical Engineering Report- LandMark Engineering Sciences, Inc. 
Rainfall Depth & NRCS Runoff Curve Number – Waukesha 
Existing Conditions Watershed 
Proposed Conditions Watershed 
Detail Sheet Showing Pond Outlet Structure and Cross Section 

    

Appendix B – Existing Conditions Stormwater Calculations  
Existing Conditions Stormwater Model  
Type II, 24-Hour 2-Year Design Storm 
Type II, 24-Hour 10-Year Design Storm 
Type II, 24-Hour 100-Year Design Storm  

 

Appendix C – Stormwater Detention Calculations  
Post-Construction Stormwater Model  
Type II, 2-year, 24-Hour Design Storm 

 

Appendix D – Stormwater Detention Calculations  
Post-Construction Stormwater Model  
Type II, 10-year, 24-Hour Design Storm 

   
Appendix E – Stormwater Detention Calculations  

Post-Construction Stormwater Model  
Type II, 100-year, 24-Hour Design Storm 

 

Appendix F – Water Quality Compliance  
WINSLAMM Input and Output 

 
Appendix G – Long Term Maintenance Plan  



                         
  May 28, 2014 

Page 2 

 
 

INTRODUCTION 
 

McClure Engineering is designing The Good Harvest Market site in the City of 
Waukesha, Wisconsin.  The property is located at the southwest corner of Silvernail 
Road and Meadow Lane.  Excluding the wetlands on the south, the site is 

approximately 5.13 acres.   
 
Storm water from the developed portion of the site will be routed through one of 

two stormwater management devices.  Runoff from the southern portion of the site, 
Area 1, will be will directed to a stormwater detention basin in the southwest corner 

of the site.  Runoff from the northern portion of the site, Area 2, will be directed to a 
small stormwater detention basin in the north part of the site.   
 

This stormwater management design was prepared in conformance with the 
requirements set forth by Wisconsin DNR Chapter NR 151 and the City of Waukesha 
Storm Water Management and Erosion Control Code.  

 
 
 

HYDRAULIC SOFTWARE 
 
The hydrographs contained in this report were generated and routed through the 

proposed detention ponds using HydroCad-9 – Stormwater Modeling Systems, 
Version 9.1 for Windows.  
 

 
 
SOIL CLASSIFICATION 

 
Predominant soil types found in the proposed developed portion of the site: 

 
 HmB2  Hochheim loam, 2 to 6 percent slopes, eroded  
 HoD3  Hochheim soils, 12 to 20 percent slopes, severely eroded  

 
The above soil types both classify in Hydrologic Soil Group “B,” as seen in the Site 
Soil Survey in Appendix A.  The curve number used for the existing land cover is 70 

as determined by the City of Waukesha Stormwater Management and Erosion 
Control Technical Standards and Specifications.  
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RAINFALL DATA 

 
The following rainfall events, derived from NRCS for the City of Waukesha, were 
used to conduct the storm water modeling represented in this report: 

 
 24-Hour 1-Year Design Storm    2.3 inches 
 24-Hour 2-Year Design Storm    2.7 inches 

 24-Hour 10-Year Design Storm    4.0 inches 
 24-Hour 100-Year Design Storm    5.6 inches 

 
ANALYSIS OF STORMWATER MANAGEMENT TECHNIQUES  
 

Drainage Area 1 will direct stormwater to the large detention basin in the southwest 
corner of the site. This detention facility was designed as a water quality pond (wet 
pond) with adequate capacity to contain the 100-year, 24-hour rainfall event without 

overtopping the overflow weir.  The pond was designed in such a way as to allow 
sediment to settle out prior to discharge.  The facility is a wet pond with a normal 
water level (NWL) of 101.0.  Stormwater is discharged south to the existing wetland 

area on the property from the pond through a 5” orifice grouted into a 12” pipe to 
prevent clogging.  
 

Drainage Area 2 will direct stormwater to a small detention basin in the northern 
corner of the site.  This detention facility was designed as a water quality pond (wet 
pond) with adequate capacity to contain the 100-year, 24-hour rainfall event without 

overtopping the overflow weir.  The pond was designed in such a way as to allow 
sediment to settle out prior to discharge.  This detention pond was designed to 
discharge via a 4” orifice grouted into a 12” pipe.  The facility is a wet pond with a 

normal water level (NWL) of 99.0.         
 

 
CITY OF WAUKESHA – STORMWATER MANAGEMENT REQUIREMENTS AND 
PERFORMANCE CONTROL  

  
 The calculated post-development peak stormwater discharge rate shall not 

exceed the calculated pre-development discharge rate for the 2-year, 10-

year, or 100-year, 24-hour design storms.   
 
DNR – CHAPTER NR 151 RUNOFF OFF MANAGEMENT REQUIREMENT 
 
Site Assessment – A Geotechnical Engineering Report prepared by LandMark 
Engineering Sciences, Inc. has been conducted at the drainage facility locations.  
Based upon the soil type found on site it has been determined that the soil does not 
have necessary properties conducive for infiltration. 
 
The Stormwater Management Plan is in compliance with the DNR NR 151 Code. 
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 -Total Suspended Solids:  
  Compliance with DNR Code 151.12(5)(a)1; Refer to WinSLAMM Calcs 
 -Peak Discharge: 

  2-year, 24-hour design storm for Post-Development is maintained or 
reduced, as compared to pre-Development. 

  Post-Development (1.76 cfs) ≤ Pre-Development (1.95 cfs) 
 -Infiltration:    

  Exemption:  Areas where the infiltration rate of the soil is less than 0.6 
inches/hour (See Geotechnical Engineering Report) 

 -Protective areas: 
  Locations of proposed impervious surfaces exceed the minimum 

required setback from lakes, streams, rivers, and delineated wetland 
boundaries.  Areas of proposed wetland buffer encroachment are 
currently under permit review by Wisconsin DNR.  Said areas are 
proposed to be mitigated. 

 
 

RESULTS 
 
The storm water modeling results are summarized in the table below and can be 

reviewed in Appendix B. 
  

Storm Event Existing Site 

Runoff (cfs) 

Proposed Site 

Runoff (cfs) 

2-Year, 24-Hour 1.95 1.76 

10-Year, 24-Hour 5.53 3.66 

100-Year, 24-Hour 10.87 6.34 

 

 
WATER QUALITY 
 

WinSLAMM version 10 was used to determine the percentage of total suspended 
solids removal.  The input and output files can be found in Appendix F.  The water 

quality results are summarized below.  The requirement is a minimum of 80% 
removal for new development. 
 

 
 % Total 

Suspended Solids 

Removal 

North Pond 88.23% 

South Pond 82.93% 
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APPENDIX A 

 

SUPPORTING DOCUMENTATION & RELEVANT DATA 
 
 

LOCATION MAP 
 

HYDROLOGIC SOIL GROUP RATING FOR MILWAUKEE AND WAUKESHA 
COUNTIES, WISCONSIN; UNITED STATES DEPARTMENT OF AGRICULTURE, SOIL 

CONSERVATION SERVICE 
 

ENGINEERING PROPERTIES; UNITED STATES DEPARTMENT OF 
AGRICULTURE, SOIL CONSERVATION SERVICE 

 
GEOTECHNICAL ENGINEERING REPORT; LANDMARK ENGINEERING 

SCIENCES, INC. 
 

RAINFALL DEPTH & NRCS RUNOFF CURVE NUMBER; CITY OF WAUKESHA 
STORMWATER MANAGEMENT AND EROSION CONTROL TECHNICAL 

STANDARDS AND SPECIFICTIONS, CHAPTER 32 
 

EXISTING CONDITIONS EXHIBIT 
 

PROPOSED CONDITIONS EXHIBIT 
 

DETAIL SHEET SHOWING OUTLET STRUCTURES AND POND CROSS SECTION 
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Units

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip
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Stony Spot
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Wet Spot

Other

Special Line Features
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Other

Political Features
Municipalities
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Urban Areas

Water Features
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US Routes
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Other Roads

Original soil survey map sheets were prepared at publication scale.
Viewing scale and printing scale, however, may vary from the
original. Please rely on the bar scale on each map sheet for proper
map measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  UTM Zone 16N

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Milwaukee and Waukesha Counties, Wisconsin
Survey Area Data:  Version 3, Feb 14, 2007

Date(s) aerial images were photographed:  2000

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.

Soil Map–Milwaukee and Waukesha Counties, Wisconsin
(Meadow Lane Development)

Natural Resources
Conservation Service

Web Soil Survey 2.0
National Cooperative Soil Survey

8/8/2008
Page 2 of 3



Map Unit Legend

Milwaukee and Waukesha Counties, Wisconsin (WI602)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

HmB2 Hochheim loam, 2 to 6 percent
slopes, eroded

2.2 27.5%

HoD3 Hochheim soils, 12 to 20
percent slopes, severely
eroded

2.3 28.6%

HtA Houghton muck, 0 to 2 percent
slopes

2.9 36.2%

LmB Lamartine silt loam, 1 to 4
percent slopes

0.1 0.8%

Oc Ogden muck 0.5 6.5%

Ph Pella silt loam 0.0 0.1%

PrA Pistakee silt loam, 1 to 3 percent
slopes

0.0 0.3%

Totals for Area of Interest (AOI) 8.1 100.0%

Soil Map–Milwaukee and Waukesha Counties, Wisconsin Meadow Lane Development

Natural Resources
Conservation Service

Web Soil Survey 2.0
National Cooperative Soil Survey

8/8/2008
Page 3 of 3



Milwaukee and Waukesha Counties, Wisconsin

Percent passing sieve number--
Map symbol

and soil name
Depth USDA texture

Plasticity
index

Liquid
limit

FragmentsClassification

Unified AASHTO
>10

Inches
3-10

Inches
4 10 40 200

In Pct Pct Pct

HmB2:

Hochheim 0-6 --- 0-15 90-100 85-100 70-100 50-90 20-30 4-9Loam CL, 
  CL-ML

A-4

6-17 --- 0-15 75-100 70-100 60-100 45-90 30-60 10-35Clay loam, Loam CH, 
  CL, 
  SC

A-6, 
  A-7

17-60 --- 0-15 51-95 50-90 30-85 15-70 15-26 NP-8Gravelly loam, Loam, Sandy
   loam

CL, 
  ML, 
  SC, 
  SM

A-1, 
  A-2, 
  A-4

HoD3:

Hochheim 0-6 --- 0-15 85-100 80-100 75-100 55-80 35-40 15-18Clay loam CL A-6

6-17 --- 0-15 75-100 70-100 60-100 45-90 30-60 10-35Clay loam, Loam CH, 
  CL, 
  SC

A-6, 
  A-7

17-60 --- 0-15 51-95 50-90 30-85 15-70 15-26 NP-8Gravelly loam, Loam, Sandy
   loam

CL, 
  ML, 
  SC, 
  SM

A-1, 
  A-2, 
  A-4

HtA:

Houghton 0-9 0 0 --- --- --- --- --- ---Muck PT A-8

9-60 0 0 --- --- --- --- --- ---Muck PT A-8

Engineering Properties

Tabular Data Version Date: 02/14/2007

Tabular Data Version: 3

Page 1 of 3

This report shows only the major soils in each map unit. Others may exist.



Milwaukee and Waukesha Counties, Wisconsin

Percent passing sieve number--
Map symbol

and soil name
Depth USDA texture

Plasticity
index

Liquid
limit

FragmentsClassification

Unified AASHTO
>10

Inches
3-10

Inches
4 10 40 200

In Pct Pct Pct

LmB:

Lamartine 0-8 0 0 100 100 90-100 85-95 25-35 5-15Silt loam CL, 
  CL-ML

A-4, 
  A-6

8-25 0 0 100 100 90-100 85-95 35-60 15-40Silty clay loam, Silt loam CH, 
  CL

A-6, 
  A-7

25-36 0 0 75-100 75-100 65-95 45-80 30-45 11-25Clay loam, Loam CL, 
  SC

A-6, 
  A-7

36-60 --- 0-5 50-90 40-90 40-80 25-70 15-30 NP-11Fine sandy loam, Loam,
   Sandy loam

GM, 
  ML, 
  SC, 
  SM

A-2, 
  A-4, 
  A-6

Pella soils --- --- --- --- --- --- --- --- ------ --- ---

Oc:

Ogden 0-24 --- --- 0 0 --- --- --- ---Muck PT ---

24-60 0 0 100 95-100 90-100 85-95 45-65 25-40Clay, Silty clay CH, 
  CL

A-7

PrA:

Pistakee 0-7 0 0 100 100 85-100 80-100 25-35 4-12Silt loam CL, 
  CL-ML

A-4, 
  A-6

7-48 0 0 100 100 85-100 85-100 20-40 4-18Silty clay loam, Silt loam CL, 
  CL-ML

A-4, 
  A-6

48-60 0 0 80-100 80-100 80-100 80-100 20-30 4-10Stratified sand to silt loam CL, 
  CL-ML

A-4

Wet alluvial land --- --- --- --- --- --- --- --- ------ --- ---

Wetter soils --- --- --- --- --- --- --- --- ------ --- ---

Engineering Properties

Tabular Data Version Date: 02/14/2007

Tabular Data Version: 3

Page 2 of 3

This report shows only the major soils in each map unit. Others may exist.



Engineering Properties

     This table gives the engineering classifications and the range of engineering properties for the layers of each soil in the survey area.

     "Depth" to the upper and lower boundaries of each layer is indicated.

"Texture" is given in the standard terms used by the U.S. Department of Agriculture. These terms are defined according to percentages of sand, silt, and clay in the fraction of the soil that is less 
than 2 millimeters in diameter. "Loam," for example, is soil that is 7 to 27 percent clay, 28 to 50 percent silt, and less than 52 percent sand. If the content of particles coarser than sand is 15 
percent or more, an appropriate modifier is added, for example, "gravelly."
     
     "Classification" of the soils is determined according to the Unified soil classification system (ASTM, 2005) and the system adopted by the American Association of State Highway and 
Transportation Officials (AASHTO, 2004).

     The Unified system classifies soils according to properties that affect their use as construction material. Soils are classified according to particle-size distribution of the fraction less than 3 
inches in diameter and according to plasticity index, liquid limit, and organic matter content. Sandy and gravelly soils are identified as GW, GP, GM, GC, SW, SP, SM, and SC; silty and clayey 
soils as ML, CL, OL, MH, CH, and OH; and highly organic soils as PT. Soils exhibiting engineering properties of two groups can have a dual classification, for example, CL-ML.

     The AASHTO system classifies soils according to those properties that affect roadway construction and maintenance. In this system, the fraction of a mineral soil that is less than 3 inches in 
diameter is classified in one of seven groups from A-1 through A-7 on the basis of particle-size distribution, liquid limit, and plasticity index. Soils in group A-1 are coarse grained and low in 
content of fines (silt and clay). At the other extreme, soils in group A-7 are fine grained. Highly organic soils are classified in group A-8 on the basis of visual inspection.

     If laboratory data are available, the A-1, A-2, and A-7 groups are further classified as A-1-a, A-1-b, A-2-4, A-2-5, A-2-6, A-2-7, A-7-5, or A-7-6. As an additional refinement, the suitability of a 
soil as subgrade material can be indicated by a group index number. Group index numbers range from 0 for the best subgrade material to 20 or higher for the poorest.

     "Rock fragments" larger than 10 inches in diameter and 3 to 10 inches in diameter are indicated as a percentage of the total soil on a dry-weight basis. The percentages are estimates 
determined mainly by converting volume percentage in the field to weight percentage.

     "Percentage (of soil particles) passing designated sieves" is the percentage of the soil fraction less than 3 inches in diameter based on an ovendry weight. The sieves, numbers 4, 10, 40, and 
200 (USA Standard Series), have openings of 4.76, 2.00, 0.420, and 0.074 millimeters, respectively. Estimates are based on laboratory tests of soils sampled in the survey area and in nearby 
areas and on estimates made in the field.

     "Liquid limit" and "plasticity index" (Atterberg limits) indicate the plasticity characteristics of a soil. The estimates are based on test data from the survey area or from nearby areas and on field 
examination.

References:
American Association of State Highway and Transportation Officials (AASHTO). 2004. Standard specifications for transportation materials and methods of sampling and testing. 24th edition.
American Society for Testing and Materials (ASTM). 2005. Standard classification of soils for engineering purposes. ASTM Standard D2487-00.

Tabular Data Version Date: 02/14/2007

Tabular Data Version: 3

Page 3 of 3

This report shows only the major soils in each map unit. Others may exist.
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119 COOLIDGE AVENUE - SUITE 100, WAUKESHA, WISCONSIN 53186-6602 
TELEPHONE:  414-719-2769 

LANDMARK-ENGINEERING@LIVE.COM 
 

 
January 31, 2014 

 

Good Harvest Market 

Attn: Joe Nolan 

1850 Meadow Lane 

Pewaukee, WI 53072 

 

RE: Geotechnical Evaluation  

 Good Harvest Market Site, Silvernail Road & Meadow Lane, Waukesha, Wisconsin 

 LandMark Project No. 2160.03 

 

 

Dear Mr. Nolan: 

 

LANDMARK ENGINEERING SCIENCES, INC. (LandMark) is pleased to submit the attached completed 

Geotechnical Evaluation for the proposed new store location referenced above. This report provides you 

with the results of the field activities, geotechnical considerations, and general recommendations for the 

design of storm water structures, building foundations and pavement with respect to the subsurface 

conditions encountered. 

 

LandMark appreciates the opportunity to provide these geotechnical engineering services to you; we look 

forward to providing construction phase services of this project. If you have any questions or comments, 

or if we can be of further assistance to you, your call or letter will receive our prompt response. 

 

 

Respectfully, 

LANDMARK ENGINEERING SCIENCES, INC. 

 
Mark D. Augustine, PE, RLS, CHMM 

President 

 

 

Enclosures: Geotechnical Evaluation 

 

c:  File 2160.02 

 

 

 
C:\Users\Asus\Documents\Landmark\2160 - Mehmert (Waukesha-ESA)\Geotech\2160-Soilsreport.Docx 
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1.0  PROJECT INFORMATION 

1.1  PROJECT AUTHORIZATION 

LANDMARK ENGINEERING SCIENCES, INC. (LandMark) has completed the geotechnical evaluation for the proposed 

commercial building at Silvernail Road and Meadow Lane, City of Waukesha, Wisconsin (henceforth referred to 

as the “Site”). LandMark’s services were conducted in general accordance with the local industry standards. 

 

1.2  PROJECT DESCRIPTION 

LandMark understands that the project consists of evaluating the foundation subgrade and groundwater conditions 

for the proposed commercial building (store) with a driveway and parking lot areas. LandMark assumes the 

structure utilizes exterior load bearing walls and interior steel columns supported by continuous and isolated 

spread footings. Based on this type of construction, the structural loads are anticipated to be moderate. 

 

The proposed development parcel is for 5.7 acres of vacant land described as being a part of the Northwest 1/4 of 

Section 28, Township 7 North, Range 19 East, City of Waukesha, Waukesha County, Wisconsin. The proposed 

building will be located in the northern quarter of the Site, with access drives and parking lot areas proposed for 

most of the rest of the Site. The Site is located on the south side of Silvernail Road and on the west side of the 

vacated portion and active right-of-way portion of Meadow Lane. 

 

1.3  SCOPE OF SERVICES 

LandMark’s scope of services was limited to cursory observations of the subject property, geotechnical 

subsurface exploration, field observations, analyses of findings, and design recommendations. The subsurface 

exploration consisted of completing four (4) soil borings advanced to nominal depths of twenty feet below ground 

surface (20’ bgs), three (3) soil borings advanced to nominal depths of 5’ bgs, and six (6) test pits excavated to 

nominal depths of 15’ bgs. Geotechnical design recommendations are based upon subsurface conditions 

encountered at these soil test locations. 

 

This report provides preliminary information regarding the foundation and pavement design options. LandMark’s 

scope of services at this time also included a limited environmental assessment for addressing the concerns 

expressed in the Phase I Environmental Site Assessment (ESA). Specifically, the exposed soil profiles were field 

evaluated for potential methane vapor issues and suspect fill materials on this Site. Any statements in this report 

regarding odors, colors, and unusual or suspicious items or conditions are strictly for informational purposes only. 

 

 

2.0  SITE AND SUBSURFACE CONDITIONS 

2.1  SITE DESCRIPTION 

The Site is currently a commercial office building with the following abbreviated legal description: 

PT NW1/4 SEC 28 T7N R19E COM W1/4 COR SEC 28; N89 5'30 E 1322.30'; N0 10'30 E 447.75' TO BEG; N0 10'30 

E 294.13'; N48 55'30 W 392.30'; N42 36'30 E 251.54'; N49 13'11 W 330'; N43 21'51 W 739.2'; N19 31''7 W 23.56'; N64 

4'30 W 238.25'; S0 2'14 W 1125.98'; S42 42'30 E678.74'; N89 5'30 E 642.51' TO BEG& S1/2 VACATED MEADOW 
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LN ADJOINING ON N - EXCEPT PT FOR HWY, EXCEPT CSM NO 9095 (V82 CSMP70) & EXCEPT DOC NO 

3116408 -5.71 AC R2444/1125 & R2918/119 

Site elevations are sloping primarily from the central and northeastern portions of the lot outward towards the 

wetlands on the western and southern portions. Based on topographical data of the project area, about 14’ of 

differential elevation exists across the Site from the lowest point to the highest point on the lot. 

 

2.2  USDA SOIL SURVEY 

A review of the Soil Survey of Milwaukee & Waukesha Counties, Wisconsin prepared by the U.S. Department of 

Agriculture, Natural Resources Conservation Service (USDA NCRS) indicates the soils on the Site are primarily 

eroded loams of the Hochheim (HmB2 and HoD3) series. However, the soils within the wetland areas on the 

southern and western portions of the site are listed as Houghton muck (HtA) series. 

 

Generally, Hochheim soils have a subsoil of loam transitioning to clay loam, underlain by gravelly loam within 

the upper 5’. These soils are well drained, moderately or moderately slowly permeable soils formed in loamy 

deposits over dense loamy till. The Soil Survey also indicates the depth to seasonal high groundwater is greater 

than 5’ bgs; i.e., Hochheim soils are not considered to be hydric soils. 

 

The Houghton muck has a subsoil of “muck” described for the entire 5’ profile depth. Muck is very poorly 

drained soil formed in herbaceous organic matter with a thickness of greater than 51” deep. These soils are 

considered to be hydric soils. Thus, Houghton muck presents severe constructability issues. 

 

2.3  SUBSURFACE EXPLORATION 

On December 13 and 17, 2013, seven (7) soil borings and six (6) test pits were advanced within the proposed 

development areas. Three (3) soil borings were conducted to nominal termination depths of 5’ bgs within the 

proposed parking lot area. Four (4) soil borings was conducted along the perimeter of the proposed building to 

nominal termination depths of 20’ bgs. A total of six (6) soil test pits, two (2) test pits in each of three (3) 

proposed storm water management areas, were conducted to nominal depths of 15’ bgs. 

 

The soil borings were drilled using a truck-mounted, rotary drilling rig. Soil samples were routinely obtained from 

the soil borings at ASTM standard intervals of 2.5’ down to 10’ bgs and 5’ intervals thereafter. Soil samples were 

collected and visually classified using the Unified Soil Classification System (USCS) as a general guide. The 

samples were also subject to limited testing to measure their engineering properties. The results of the field 

exploration were used to determine geotechnical engineering recommendations. The drilling of the soil borings, 

sampling, and testing methods were conducted in general accordance with ASTM procedures. 

 

The soil test pits were conducted using a tracked excavator. Soil samples were collected and visually classified 

from the test pits at various depths, according to the soil profiles observed. Observed soils were classified via 

Visual-Manual methods (ASTM 2387) according to USDA Soil Classification System (SCS) guidelines. The 

samples were also subject to limited testing to measure their engineering properties. The results of the field 

exploration were used to determine storm water infiltration potential and design recommendations. The 

excavation of the soil borings, sampling, and testing methods were conducted in general accordance with NR 151 

procedures. 

 

Soil samples collected during field classification were not discarded. These samples will be retained for thirty (30) 

days from the date of the fieldwork. 

 

The soil test locations and surface elevations were determined via land survey methods, utilizing City datum 

information. Soil boring depths were measured by tabulating the number and amount of 5’ auger sections used. 

Soil test pit depths were determined utilizing scaled tape measures. 
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2.4  SUBSURFACE CONDITIONS  

LandMark encountered very dense, gravelly sand and silt with concrete, asphalt and/or boulders (fill material) of 

varying depths at many of the soil test locations. The fill material appeared to increase in depth from minor 

amounts along Meadow Lane (east-northeast side of the Site) up to 14’ bgs in one test pit on the west-northwest 

side of the Site (within the proposed rain garden area). Below the fill, soils typically consisted of brown, medium 

dense, silty loam and silty clay, transitioning to wet, medium dense to dense, fine sands at deeper depths. 

 

The above subsurface soil description is generalized; a more detailed discussion of observed soil conditions can 

be found in subsequent sections of this report. The Soil Boring Logs and Soil Evaluation Forms included in the 

Appendix should be reviewed for specific information regarding the subsurface conditions at each soil test 

location. The soil stratification shown on the Soil Boring Logs represents approximate boundaries between the 

subsurface materials; the actual transition may be gradual. Subsurface variations may occur and should be 

expected between soil test locations. 

 

2.5  GROUNDWATER CONDITIONS 

The soil on site was generally damp to saturated down to termination depths. Based on field observations, the 

colorization/moisture content of the recovered soils samples, and a review of site topographical data, the seasonal 

high groundwater levels are estimated to range between elev. 95.2’ in the north to elev. 101.7’ in the south of the 

Site. Please note that groundwater levels may fluctuate both seasonally and annually due to variations in 

precipitation, evaporation, ground surface runoff conditions, and other factors not apparent during the field 

exploration. 

 

 

3.0  EVALUATIONS AND RECOMMENDATIONS 

3.1  GEOTECHNICAL DISCUSSION 

Generally, the subsurface soils encountered consisted of varying depths and types of fill material underlain by 

granular soils (mostly fine sands) to the soil boring and test pit termination depths (see attached Soil Boring Logs 

for detailed soils information). The soils were generally moist to saturated, with medium dense to very dense 

consistencies (blow counts (N) of 12 to 50+ blows per foot) within the observed soils. 

 

The native soils are considered suitable for foundation load bearing if the design vertical loads are not greater than 

4,000 pounds per square foot (psf). 

 

The proposed building can be supported by shallow strip and isolated footing pads designed to bear within the 

underlying suitable load-bearing soils. Please be aware that all foundations must extend to the suitable load 

bearing soils. Also, long-term groundwater elevations were not monitored and may fluctuate considerably from 

the water levels observed during the field exploration. Specific recommendations are discussed in the “Foundation 

Design” section of this report. 

 

3.2  FOUNDATION DESIGN 

Prior to field exploration, the Site was not graded to approximate finished grade elevations. LandMark anticipates 

excavation operations are required to prepare foundation areas for the building foundation pad. LandMark 

presents the following recommendations to provide a suitable subgrade below the foundation pad area. 

1) Shallow strip footings and isolated column pad footings can be used to support the proposed foundation 
for this structure. Footings must be founded directly into and underlain by suitable load bearing soils. 

Suitable load bearing soils were encountered below a depth of about 3’ bgs in the soil borings completed. 
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However, a saturated soil layer with lower load bearing capacities was encountered approximately 

between 13’ bgs and 17’ bgs. 

2) For the proposed Good Harvest Market building location, LandMark recommends that foundation loads 

be transferred down to the native soils found at depths between 3’ bgs and 10’ bgs. The net allowable 

design load bearing capacity for the soil at this depth is <4,000 pounds per square foot (psf). If footing 

depths are required to be greater than 10’ bgs, the net allowable design soil load bearing capacity must be 

reduced to <3,000 psf. 

3) LandMark recommends that a qualified geotechnical engineer test and approve the foundation support 

soils prior to foundation construction to verify that the soils are capable of supporting the design loads 

and are consistent with the soils discussed in this report. If over-excavation is required for the foundation 

to extend to suitable load bearing soils, the footings can be designed to: 

a) extend to the suitable load bearing native soils at a greater depth, or 

b) bear on engineered compacted fill or lean mix concrete used to bring the area back up to design 
elevation and founded upon the deeper suitable bearing soils.   

4) If compacted-in-place engineered fill is used, then the excavation will need to be widened a minimum of 
6” beyond each side of the foundation face for every 12” of over-excavated depth. Over-excavated areas 

should be backfilled to the proposed footing grade in 8” deep loose lifts. Backfill materials should be 

suitable granular fill compacted in place to at least 95% of the maximum Modified Proctor dry density 

(ASTM D-1557). A qualified geotechnical engineer must approve the backfill materials and direct the 

over-excavation of unsuitable soils within the foundation areas during construction. 

5) Alternatively, footings may also be designed to bear upon lean mix concrete fill founded on the 
undisturbed, suitable soils. If lean mix concrete is used, the footing over-excavation will need to extend a 

minimum of 12” beyond the footing face. 

6) Exterior footings and footings in unheated or poorly heated areas will need to be at least 4’ below the 
final exterior grade to provide adequate frost protection. Also, footings must be adequately protected from 

weather during construction. 

7) If the building will have below grade walls for a basement, the walls must be designed to resist lateral 
pressure and pressure from surface and subsurface surcharges. LandMark assumes that the below grade 

walls will be above the groundwater level and therefore will not be subjected to hydrostatic pressures or 

buoyant uplift. LandMark also assumes that the top and bottom of the walls will be fixed. 

8) LandMark recommends that an underdrain system be included at the base of all basement wall areas to 

prevent the buildup of hydrostatic pressures on the wall. The underdrain system should be designed by a 

firm specializing in this type of work, but at a minimum should include perforated or slotted drain tiles 

along the interior and exterior of the basement footings. Drain lines should be connected at maximum 10’ 

intervals by bleeder pipes passing through the footing walls and connected to sump pits from which water 

can be pumped or drained, as required. LandMark believes this site has topography well-suited for the use 

of a gravity drain discharge for the foundation drain system. 

9) All foundation drain lines should be surrounded by at least 12 inches of free-draining aggregate, such as 
clean sand or gravel containing no more than 2% fines passing a No. 200 sieve. A suitable filter fabric to 

prevent clogging of the system with silts and fine sands should also surround drainage aggregate. 

10) Free-draining granular fill consisting of clean sand or gravel with no more than 5% fines passing through 

the No. 200 sieve should be used for backfill within 4’ of any basement walls. Some of the native sand 

and gravel material may be suitable for use as backfill material. The free-draining material should be 

capped by 2’ of less pervious soil to minimize infiltration of surface water. Also, the surface of the site 

must be graded to provide for positive drainage away from the basement/foundation walls. 
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11) Backfill materials should be placed in uniform layers no greater than 12” thick (loose measured) and 
compacted to between 90% and 95% of the Standard Proctor (ASTM D-698) maximum dry density. The 

backfill should be compacted using hand-operated vibratory plates; heavy compaction and grading 

equipment should not be operated within 10’ of the below-grade walls, to prevent excessive temporary or 

long-term lateral pressures on the walls. Backfilling should not take place until the walls have had 

adequate time to cure. The below-grade walls must be braced during backfill placement operations and 

must remain braced until the top and bottom of the walls are secured. LandMark also recommends that a 

qualified geotechnical engineer’s representative monitor all backfill placement and compaction 

operations. 

12) Any foundation excavations should be constructed as quickly as possible to avoid exposing the soil to 
adverse weather. If the shallow footings are dug with temperatures at or below freezing, the exposed 

footing soils must be insulated prior to the placement of concrete. After concrete is placed, the footings 

should remain insulated for at least 24-hours to allow for minimum concrete curing time. Surface runoff 

must be drained away from the excavations and not allowed to pond within the excavation. Any standing 

water present in the foundation excavation must be pumped out, the saturated/unstable soils removed, and 

the soils re-tested prior to concrete placement. If possible, the foundation concrete should be placed 

during the same day the excavation is made. 

13) LandMark estimates that the total foundation settlement will be about 1”, based upon the engineering 

properties of the soils encountered at the soil borings and the recommended maximum net allowable soil 

load bearing capacity. Differential settlement will likely be about 75% of the total settlement. While 

settlement of this amount is generally tolerable, the structure must be properly designed to accommodate 

the estimated settlements. 

 

3.3  FLOOR SLAB DESIGN 

1) A subgrade modulus of 125 pounds per cubic inch (pci) should be used for design of the floor slab on 
grade.  

2) LandMark recommends that the floor slab be a reinforced concrete “floating slab” design suitable to 

allow for differential movement between the foundation walls and the floor slab as well as to resist 

shrinkage cracking. 

3) A minimum six-inch (6”) thick layer of well-graded, free-draining gravel with less than five percent (5%) 
fines passing the No. 200 sieve is recommended to be placed under the floor slab to serve as a capillary 

break. This will reduce the effects of concrete slab “curling”. A minimum six-millimeter (6-mil) thick 

plastic vapor barrier should also be placed directly beneath the concrete course. LandMark recommends 

that a representative of a qualified geotechnical engineer test and approve the floor slab base course 

materials prior to and during placement. 

4) If unsuitable fill material is encountered within the footprint of the building floor plan, the unsuitable 
material must be undercut a minimum of 1’ and replaced with compacted-in-place granular fill materials. 

5) A methane vapor barrier/mitigation system under the floor is not required for the proposed building 
location. 

 

3.4  PAVEMENT DESIGN 

1) Based on the upper 5’ subsurface soil profiles observed in these borings as well as previous borings 
conducted by Giles Engineering in 1997 and Gestra Engineering in 2007, the pavement subgrade soils 

will consist of clayey sand, mixed fill, and newly-placed compacted structural base materials. The clayey 

sands and mixed fill are somewhat to very sensitive to moisture, depending on the amount of fines in the 
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soil. Thus, they are susceptible to reduced load-bearing characteristics if allowed to get too wet and/or 

over-worked due to heavy construction traffic. 

2) The observed soils have a CBR value of >5 and an AASHTO classification of A-6. The CBR value and 
the AASHTO classification are based on the soil description as well as field testing results. The WisDOT 

program for pavement design, WISPAVE, can be used to design pavement and base course thicknesses 

by inputting the soil parameters for pavement design provided in Table 3.3-1 below. 

TABLE 3.3-1 

AASHTO 

CLASSIFICATION 

SOIL 

SUPPORT 

VALUE 

WISCONSIN 

DESIGN GROUP 

INDEX 

FROST 

INDEX 

SUBGRADE 

(K) 

RESILIENT 

MODULUS 

(Mr) 

A-6 3.8 14 F-3 125 2800 

Soil parameters for pavement design were obtained from Chapter 14 – State of Wisconsin Department of Transportation Facilities Development Manual. 

3) In lieu of pavement design via WISPAVE, LandMark recommends designing the pavement section 

utilizing Wisconsin Asphalt Pavement Association (WAPA) guidelines. Assuming 1 to 5 Design Daily 

ESALs (18,000 pound equivalent single axle loads) for the parking lot structure of greater than 50 stalls, 

the parking lot should be designed as Traffic Class II. The subgrade is considered “medium”, provided 

this report’s design and construction recommendations are followed. Medium subgrade areas designed for 

Traffic Class II are recommended to include minimum 3.5” asphalt layer (WisDOT Type E0.3 mix) in 

combination with minimum 8” crushed aggregate base. Higher traffic volumes or heavy truck areas (i.e., 

supply truck delivery docks) will require thicker pavement sections. 

4) LandMark also recommends that the contractor develop and implement a satisfactory quality control 

program during construction to ensure the pavement material placed on site meets the required physical 

properties outlined in the WisDOT Standard Specifications – 2012 Edition. 

5) Pavement areas, to a minimum of 5’ outside the planned pavement edges, should be proof-rolled during 
subgrade preparation to identify the presence of unstable soils. Any unstable soils identified during the 

proof-roll should be undercut and replaced with suitably compacted structural fill materials. Areas 

exhibiting high instability during the proof-roll may require additional stabilization methods, such as 

incorporating geotextile fabric or grid reinforcement. A geotechnical engineer should determine the 

appropriate response action on a case-by-case basis. 

6) Base course materials should consist of a dense-graded crushed stone meeting the requirements of Section 
305 of the WisDOT Standard Specifications – 2012 Edition. The granular base course materials must be 

compacted in place to a minimum 95% maximum dry density as determined by ASTM D1557 Modified 

Proctor soil density testing. Maximum backfill loose lift thickness is 8”. When placing the structural 

backfill materials, each lift layer should be uniformly placed with uniform moisture contents within 3% of 

the soil’s optimum moisture content. Each backfill layer should be tested and approved by a qualified 

geotechnical engineer prior to the placement of the next subsequent layer. Any improperly placed and 

compacted fill materials must be removed and replaced with suitably compacted material. 

7) Pavement should be sloped to provide positive surface drainage. Water should not be allowed to pond on 

or adjacent to the pavements as this could saturate the subgrade and cause premature roadway pavement 

deterioration. The granular base course should be protected from water inflow along drainage paths. 

Additionally, the granular base course should extend at least 2’ beyond the edges of the pavement to 

allow water entering the base course a path for exit. 
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3.5  SITE SEISMIC CLASS 

In the 2002 Wisconsin Enrolled Commercial Building Code, the State of Wisconsin has adopted the provisions of the 

2000 International Building Code (IBC). Under the current code provisions, the effect of soil amplification on 

earthquake ground motions must be taken into account by adjusting the earthquake spectral response accelerations for 

the soil or rock conditions at the site. The code groups soil or rock conditions into five Site Classes, as defined in 

Table 1615.1.1, with the site coefficients Fa and Fv increasing from Site Class A through F. The Site Class is based on 

the weighted average of known or estimated soil properties for the uppermost 100’ of the subsurface profile.   

 

Soil borings at the project site extended to depths of 20’ bgs, where they terminated within outwash deposits. 

Based on regional geologic mapping, we anticipate that the subsurface conditions below the explored depth may 

generally consist of unconsolidated glacial deposits overlying limestone bedrock. Based on our review of the 

available data, knowledge of regional geology, and the field observations, we recommend that the seismic design 

for this project be based on Site Class D. 

 

4.0  PRELIMINARY STORM WATER INFILTRATION EVALUATION 

4.1  SITE DESCRIPTION 

The Site consists of two vacant parcels with a combined +/-6.4 acres, which is proposed for future commercial 

development. At this time, the proposed storm water management plan improvements include the construction of rain 

garden, bio-swale, and detention areas. 

 

4.2  HISTORICAL INFORMATION PROVIDED 

Previous information provided to LandMark included Giles Engineering’s Preliminary Geotechnical Report (1997) 

and Gestra Engineering’s Geotechnical Report (2007). 

 

4.3  FIELD TESTING 

Test Pits TP-1 through TP-6 were utilized to evaluate the infiltration potential of the onsite soils. Two (2) test pits 

were conducted in each of the three (3) proposed storm water management structure areas. 

 

The observed subsurface soils in the proposed detention basin area (northern end of the Site) generally consisted of 

1.5’ of native silt loams underlain by 2’ to 3’ of silt clays. This was underlain by 2’ of gravelly silt loams, which then 

transitioned to silts extending down to test pit termination depths (maximum depth = 11’ bgs). Seasonal high 

groundwater redox indicators were observed in the soils at 1.5’ bgs (redox @ elev.95.2’).  

 

The observed subsurface soils in the proposed rain garden and bio-swale areas (west-southwestern portion of the Site) 

generally consisted of 4’ to 8.5’ of miscellaneous fill material, some of it crushed asphalt and concrete. Below this 

were native soils consisting of silty loams and silt clays transitioning to very fine and fine sands extending down to 

test pit termination depths (maximum depth = 15.5’ bgs). Seasonal high groundwater redox indicators were observed 

at 7’ bgs in the soils of the rain garden area (redox @ elev.101.7’) and the bio-swale area (redox @ elev.99.4’).  

 

The subgrade soils encountered in the test pits were classified in accordance with the USDA textural soil 

classification system. Estimated design infiltration rates for the various soil types are shown below as they appear 

in Table 2 of the Site Evaluation for Stormwater Infiltration (1002) document, published by the WDNR 

Conservation Practice Standards. 
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SOIL TEXTURE
1 

DESIGN INFILTRATION WITHOUT MEASUREMENT 

(inches/hour)
2 

Coarse sand or coarser (COS) 3.60 

Loamy coarse sand (LCOS) 3.60 

Sand (S) 3.60 

Loamy sand (LS) 1.63 

Sandy loam (SL) 0.50 

Loam (L) 0.24 

Silt loam (Si, L) 0.13 

Sandy clay loam (SCL) 0.11 

Clay loam (CL) 0.03 

Silty clay loam (Si, CL) 0.04
3 

Sandy clay (SC) 0.04 

Silty clay (Si, C) 0.07 

Clay (C) 0.07 
1
 Use sandy loam design infiltration rates for fine sand, very fine sand and loamy fine sand soil textures. 
2
 Infiltration rates represent the lowest value for each textural class presented in Table 2 of Rawls, 1998. 
3
 Infiltration rate is an average based on Rawls, 1982 and Clapp & Hornberger, 1978. 

 

4.4  EVALUATION - INFILTRATION 

The soils observed in the proposed detention basin area are prohibited from storm water infiltration in accordance 

with NR151.12(5)(C)5i, which outlines a minimum soil layer thickness and fines content above groundwater or 

bedrock. The seasonal high water table level in this area of the site as determined in accordance with SPS385.30 

will not provide the required 3’ minimum separation between the basin bottom and the seasonal high water table 

elevation. This area is still appropriate for use as a wet detention area. 

 

The fill materials (mixed soils and miscellaneous road debris) observed in the test pits for the proposed rain 

garden and bio-swale areas are not suitable for storm water infiltration. This is due to the potential for negative 

impacts to the infiltration water quality. However, these areas can be made suitable for storm water infiltration, 

provided that the existing fill material is replaced with engineered infiltration soils. Also, the elevation at the 

bottom of the rain garden must be >104.7’ and the elevation at the bottom of the bio-swale must be >102.4’ to 

provide the required separation from seasonal high water table levels. 

 

4.5  EVALUATION - CLAY LINER 

A wet detention basin placed in the proposed storm water management area located in the northern end of the Site 

will require a liner due to the close proximity to the seasonal high water table levels. The native silty clay soils 

present on site are suitable for use as a “Type A” clay liner. 

 

 

5.0  CONSTRUCTION CONSIDERATIONS 

5.1  GENERAL CONSIDERATIONS 

A qualified geotechnical engineer, such as one provided by LandMark, should be retained for observation and 

testing of the construction activities involved in the foundation activities of this project. LandMark will not accept 

responsibility for any conditions deviating from those described in this report, nor for the performance of 

structures, if we are not engaged to provide construction observation and testing for this project. If another 

qualified engineering firm other than LandMark is engaged to provide construction observation and testing for 

this project, that firm assumes the liability for deviating soil conditions and subsequent structural performances. 
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5.2  EXCAVATIONS 

Excavations may be unstable within the onsite soils. It is mandated that excavations, whether they be for utility 

trenches or footing excavations, be constructed in accordance with the current Occupational Safety and Health 

Administration (OSHA) guidelines to protect workers and others during construction. LandMark recommends 

that these regulations be strictly enforced. 

 

The Contractor is solely responsible for designing and constructing stable excavations and must shore, slope, or 

bench the sides of the excavations as required to maintain stability. The Contractor’s “responsible person”, as 

defined in 29 CFR Part 1926, should evaluate the soil exposed in the excavations as part of the Contractor’s safety 

procedures. In no case should slope height, slope inclination, or excavation depth (including utility trench 

excavation depth) exceed those specified in local, state, and federal safety regulations. 

 

Trench/excavation spoil, heavy equipment, and heavy vibrating machinery should not be permitted within a 

lateral distance of the depth of the trench/excavation or 3’, whichever is greater. Nor should these types of 

activities be located within 5’ of any existing foundation. 

 

This information is provided solely as a service to our client. LandMark does not assume any responsibility for 

construction site safety or the Contractor’s compliance with local, state, and federal safety or other regulations. 

 

 

6.0  LIMITED PHASE II ESA 

Per the findings of the Phase I Environmental Site Assessment (ESA), LandMark conducted a limited Phase II 

ESA during the geotechnical field activities. The recognized environmental concerns (RECs) addressed were the 

potential for: 

1. Asbestos and lead-based paints/varnishes contained on/in construction debris used for fill material. 
2. Methane sources beneath the proposed building area. 

 

Samples collected from the soil borings and test pits were field screened to assess whether additional testing 

and/or sampling efforts were needed to address the listed RECs. LandMark noted only road construction debris 

materials within the fill materials exposed in the test pits and soil borings conducted on site. These materials do 

not typically pose a concern for asbestos or lead-based coatings. Also, methane sources of buried organic matter 

were not observed within the proposed building footprint or its nearby surrounding areas. 

 

Therefore, LandMark concludes that the potential RECs determined from the Phase I ESA information have been 

addressed and are considered to have de minimus environmental liability associated for this property. 

 

 

7.0  REPORT LIMITATIONS 

The recommendations in this report are based on assumptions made by LandMark, project details furnished by the 

Client, the subsurface conditions encountered at the soil boring locations, and site conditions encountered at the 

time of the field data collection. If assumptions are inaccurate, if there are changes to the project, or if the 

subsurface conditions encountered during construction differ from those noted in this report, LandMark must be 

notified immediately (in writing) to determine if the recommendations provided in this report must be changed or 

supplemented. If LandMark is not notified of deviations encountered, we will not be responsible for the impact of 

those deviations on the project. 

 

LandMark warrants that the findings, recommendations, and professional advice contained herein have been made 
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in accordance with generally accepted professional geotechnical engineering practices at this time. No other 

warranties are implied or expressed. 

 

After the plans and specifications for the project are complete, LandMark should be retained and allowed to 

review the final design plans and specifications to check that our engineering recommendations have been 

properly interpreted and are correctly incorporated into the design documents. At that time, it may be necessary to 

revise the recommendations provided in this report or submit supplemental recommendations. 

 

This report has been prepared for the exclusive use of our Client for the proposed project construction. 

 

After you have reviewed this report, please contact us with any questions or comments you may have. LandMark 

appreciates the opportunity to be of service to you on this project; we look forward to additional opportunities to 

provide you with our engineering services. 

 

 

LANDMARK ENGINEERING SCIENCES, INC. 

 
Mark D. Augustine, PE, RLS, CHMM 

President 
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Chapter 32

Stormwater Management and Erosion Control 

(Rep. & recr. #34-05)

32.11 Technical Standards and Specifications 

(a)   Hydrologic and Hydraulic Computations.   1. Models.  All 

computations of runoff volumes and peak flow rates used in the 

development of erosion control and storm water management plans in 

accordance with this ordinance shall be based on United States 

Department of Agriculture - Natural Resources Conservation Service 

(NRCS) methodology.  Models such as Source Load And Management 

Model (“SLAMM”), P8 or other approved models may be used to evaluate 

the efficiency of the design in reducing total suspended solids to meet this 

ordinance.

2. Rainfall depths.  To determine compliance with this 

ordinance, the following design storm rainfall depths shall be used, which 

are derived from NRCS publications and extrapolated for City of 

Waukesha:

Design Storm  1-year 

 24-hour 

2-year

24-hour

10-year

24-hour

100-year

24-hour

Rainfall Depth 2.3 inches 2.7 inches 4.0 inches 5.6 inches 

3. Runoff curve numbers.  All computations of pre-

development conditions as specified in this ordinance shall use those 

NRCS runoff curve numbers assigned for a "good" hydrologic condition 

for each land cover type.  For lands where the pre-development land use 

was cropland, the following NRCS curve number values shall be used as 

maximums: 

Soil Hydrologic Group A B C D

NRCS Runoff Curve Number 56 70 79 83

4. Average annual rainfalls.  All modeling involving average 

annual rainfall or runoff volumes shall use rainfall data from the 

Milwaukee area between March 28 and December 6, 1969 as the typical 

annual rainfall pattern for the City of Waukesha.

5. Rainfall distribution.  All peak flow calculations shall use 

Type II rainfall distribution patterns, as defined in NRCS methodologies. 

6. Other methods.  All velocity and peak flow computations 

for open channels and storm sewer pipe flows shall be based on the 

formula commonly known as “Manning’s Formula” used to 

mathematically predict hydraulic flow rates through channels.  Flow 

routing, culvert design, weir and orifice flow and other related hydraulic 

computations used to design storm water management facilities shall be 
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PROPOSED SITE- AREA 1

136,586 S.F. (3.14 ACRES)

Tc = 6 MIN

CN = 94

Q2 = 0.58 CFS

Q10 = 0.74 CFS

Q100 = 0.84 CFS

100 YR HWL = 103.62

PROPOSED

SITE- OFFSITE
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APPENDIX B 

 

EXISTING CONDITIONS STORMWATER CALCULATIONS 
 

EXISTING CONDITIONS STORMWATER MODEL  
 

HYDROCAD 9.10, HYDROGRAPHS SUMMARY REPORTS; 2-YEAR, 10-YEAR, AND 
100-YEAR, 24-HOUR RAINFALL EVENTS FOR THE EXISTING CONDITIONS 
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Summary for Subcatchment E1: Existing Site- North Basin

Runoff = 0.62 cfs @ 12.29 hrs,  Volume= 0.074 af,  Depth= 0.55"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr 2 Year Storm  Rainfall=2.70"

Area (sf) CN Description

69,770 70 Pasture, HSG B

69,770 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

24.7 268 0.0478 0.18 Sheet Flow, Overland Flow
   n= 0.240   P2= 2.57"

4.8 232 0.0132 0.80 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

29.5 500 Total

Subcatchment E1: Existing Site- North Basin

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

F
lo

w
  
(c

fs
)

0.65

0.6

0.55

0.5

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

0

Type II 24-hr 2 Year Storm

Rainfall=2.70"

Runoff Area=69,770 sf

Runoff Volume=0.074 af

Runoff Depth=0.55"

Flow Length=500'

Tc=29.5 min

CN=70

0.62 cfs
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Summary for Subcatchment E2: Existing Site- South Basin

Runoff = 1.34 cfs @ 12.30 hrs,  Volume= 0.163 af,  Depth= 0.55"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr 2 Year Storm  Rainfall=2.70"

Area (sf) CN Description

153,493 70 Pasture, HSG B

153,493 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

15.4 148 0.0480 0.16 Sheet Flow, Overland Flow
Grass: Dense   n= 0.240   P2= 2.57"

14.8 128 0.0391 0.14 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.57"

30.2 276 Total

Subcatchment E2: Existing Site- South Basin

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

F
lo

w
  
(c

fs
)

1

0

Type II 24-hr 2 Year Storm

Rainfall=2.70"

Runoff Area=153,493 sf

Runoff Volume=0.163 af

Runoff Depth=0.55"

Flow Length=276'

Tc=30.2 min

CN=70

1.34 cfs
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Summary for Link E3: Total Existing Site Flow

Inflow Area = 5.125 ac, 0.00% Impervious,  Inflow Depth = 0.55"    for  2 Year Storm event
Inflow = 1.95 cfs @ 12.29 hrs,  Volume= 0.237 af
Primary = 1.95 cfs @ 12.29 hrs,  Volume= 0.237 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs

Link E3: Total Existing Site Flow

Inflow
Primary

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

F
lo

w
  
(c

fs
)

2

1

0

Inflow Area=5.125 ac
1.95 cfs

1.95 cfs
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Summary for Subcatchment E1: Existing Site- North Basin

Runoff = 1.75 cfs @ 12.26 hrs,  Volume= 0.177 af,  Depth= 1.33"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr 10 Year Storm  Rainfall=4.00"

Area (sf) CN Description

69,770 70 Pasture, HSG B

69,770 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

24.7 268 0.0478 0.18 Sheet Flow, Overland Flow
   n= 0.240   P2= 2.57"

4.8 232 0.0132 0.80 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

29.5 500 Total

Subcatchment E1: Existing Site- North Basin

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

F
lo

w
  
(c

fs
)

1

0

Type II 24-hr 10 Year Storm

Rainfall=4.00"

Runoff Area=69,770 sf

Runoff Volume=0.177 af

Runoff Depth=1.33"

Flow Length=500'

Tc=29.5 min

CN=70

1.75 cfs
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Summary for Subcatchment E2: Existing Site- South Basin

Runoff = 3.78 cfs @ 12.27 hrs,  Volume= 0.390 af,  Depth= 1.33"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr 10 Year Storm  Rainfall=4.00"

Area (sf) CN Description

153,493 70 Pasture, HSG B

153,493 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

15.4 148 0.0480 0.16 Sheet Flow, Overland Flow
Grass: Dense   n= 0.240   P2= 2.57"

14.8 128 0.0391 0.14 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.57"

30.2 276 Total

Subcatchment E2: Existing Site- South Basin

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Type II 24-hr 10 Year Storm

Rainfall=4.00"

Runoff Area=153,493 sf

Runoff Volume=0.390 af

Runoff Depth=1.33"

Flow Length=276'

Tc=30.2 min

CN=70

3.78 cfs
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Summary for Link E3: Total Existing Site Flow

Inflow Area = 5.125 ac, 0.00% Impervious,  Inflow Depth = 1.33"    for  10 Year Storm event
Inflow = 5.53 cfs @ 12.26 hrs,  Volume= 0.568 af
Primary = 5.53 cfs @ 12.26 hrs,  Volume= 0.568 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs

Link E3: Total Existing Site Flow

Inflow
Primary

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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w
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fs
)
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Inflow Area=5.125 ac
5.53 cfs

5.53 cfs
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Summary for Subcatchment E1: Existing Site- North Basin

Runoff = 3.43 cfs @ 12.25 hrs,  Volume= 0.333 af,  Depth= 2.49"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr 100 Year Storm  Rainfall=5.60"

Area (sf) CN Description

69,770 70 Pasture, HSG B

69,770 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

24.7 268 0.0478 0.18 Sheet Flow, Overland Flow
   n= 0.240   P2= 2.57"

4.8 232 0.0132 0.80 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

29.5 500 Total

Subcatchment E1: Existing Site- North Basin

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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w
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fs
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Type II 24-hr 100 Year Storm

Rainfall=5.60"

Runoff Area=69,770 sf

Runoff Volume=0.333 af

Runoff Depth=2.49"

Flow Length=500'

Tc=29.5 min

CN=70

3.43 cfs
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Summary for Subcatchment E2: Existing Site- South Basin

Runoff = 7.44 cfs @ 12.26 hrs,  Volume= 0.732 af,  Depth= 2.49"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr 100 Year Storm  Rainfall=5.60"

Area (sf) CN Description

153,493 70 Pasture, HSG B

153,493 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

15.4 148 0.0480 0.16 Sheet Flow, Overland Flow
Grass: Dense   n= 0.240   P2= 2.57"

14.8 128 0.0391 0.14 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.57"

30.2 276 Total

Subcatchment E2: Existing Site- South Basin

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Type II 24-hr 100 Year Storm

Rainfall=5.60"

Runoff Area=153,493 sf

Runoff Volume=0.732 af

Runoff Depth=2.49"

Flow Length=276'

Tc=30.2 min

CN=70

7.44 cfs
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Summary for Link E3: Total Existing Site Flow

Inflow Area = 5.125 ac, 0.00% Impervious,  Inflow Depth = 2.49"    for  100 Year Storm event
Inflow = 10.87 cfs @ 12.25 hrs,  Volume= 1.064 af
Primary = 10.87 cfs @ 12.25 hrs,  Volume= 1.064 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs

Link E3: Total Existing Site Flow

Inflow
Primary

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Inflow Area=5.125 ac
10.87 cfs

10.87 cfs
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STORMWATER DETENTION CALCULATIONS 
 

POST-CONSTRUCTION STORMWATER MODEL OUTPUT 
 

HYDROCAD 9.10, HYDROGRAPHS SUMMARY REPORTS; 2-YEAR, 24-HOUR 
RAINFALL EVENT FOR THE PROPOSED CONDITIONS 
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Summary for Subcatchment 1S: Area 2

Runoff = 2.16 cfs @ 11.97 hrs,  Volume= 0.107 af,  Depth= 1.71"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr 2 Year Storm  Rainfall=2.70"

Area (sf) CN Description

8,756 70 Grass Cover, HSG B
* 19,655 98 road

4,137 98 Water Surface, HSG B

32,548 90 Weighted Average
8,756 26.90% Pervious Area

23,792 73.10% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 1S: Area 2

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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w
  
(c
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0

Type II 24-hr 2 Year Storm

Rainfall=2.70"

Runoff Area=32,548 sf

Runoff Volume=0.107 af

Runoff Depth=1.71"

Tc=6.0 min

CN=90

2.16 cfs



Type II 24-hr 2 Year Storm  Rainfall=2.70"Revised 2006 Stormwater
  Printed  5/28/2014Prepared by McClure Engineering

Page 19HydroCAD® 9.10  s/n 02854  © 2010 HydroCAD Software Solutions LLC

Summary for Subcatchment 3S: Area 1

Runoff = 10.39 cfs @ 11.96 hrs,  Volume= 0.534 af,  Depth= 2.06"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr 2 Year Storm  Rainfall=2.70"

Area (sf) CN Description

21,259 70 Grass Cover, HSG B
78,385 98 Paved parking
25,721 98 roof
9,959 98 Water Surface, HSG B

135,324 94 Weighted Average
21,259 15.71% Pervious Area

114,065 84.29% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 3S: Area 1

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Type II 24-hr 2 Year Storm

Rainfall=2.70"

Runoff Area=135,324 sf

Runoff Volume=0.534 af

Runoff Depth=2.06"

Tc=6.0 min

CN=94

10.39 cfs
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Summary for Subcatchment 8S: Offsite

Runoff = 1.10 cfs @ 11.99 hrs,  Volume= 0.057 af,  Depth= 0.55"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr 2 Year Storm  Rainfall=2.70"

Area (sf) CN Description

* 54,129 70

54,129 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 8S: Offsite

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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w
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1

0

Type II 24-hr 2 Year Storm

Rainfall=2.70"

Runoff Area=54,129 sf

Runoff Volume=0.057 af

Runoff Depth=0.55"

Tc=6.0 min

CN=70

1.10 cfs
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Summary for Pond 4P: Northwest Pond

Inflow Area = 0.747 ac, 73.10% Impervious,  Inflow Depth = 1.71"    for  2 Year Storm event
Inflow = 2.16 cfs @ 11.97 hrs,  Volume= 0.107 af
Outflow = 0.18 cfs @ 14.86 hrs,  Volume= 0.106 af,  Atten= 92%,  Lag= 173.5 min
Primary = 0.18 cfs @ 14.86 hrs,  Volume= 0.106 af

Routing by Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs
Peak Elev= 99.59' @ 12.52 hrs   Surf.Area= 4,326 sf   Storage= 2,372 cf

Plug-Flow detention time= 214.7 min calculated for 0.106 af (99% of inflow)
Center-of-Mass det. time= 212.4 min ( 1,023.0 - 810.6 )

Volume Invert Avail.Storage Storage Description

#1 99.00' 20,237 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

99.00 3,670 0 0
100.00 4,775 4,223 4,223
101.00 5,993 5,384 9,607
102.00 7,364 6,679 16,285
102.50 8,443 3,952 20,237

Device Routing     Invert Outlet Devices

#1 Primary 99.00' 4.0"  Round Culvert   
L= 152.0'   RCP, end-section conforming to fill,  Ke= 0.500   
Inlet / Outlet Invert= 99.00' / 97.80'   S= 0.0079 '/'   Cc= 0.900   n= 0.013   

Primary OutFlow  Max=0.18 cfs @ 14.86 hrs  HW=99.42'   (Free Discharge)
1=Culvert  (Barrel Controls 0.18 cfs @ 2.13 fps)
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Pond 4P: Northwest Pond

Inflow
Primary

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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0

Inflow Area=0.747 ac

Peak Elev=99.59'

Storage=2,372 cf

4.0"

Round Culvert

n=0.013

L=152.0'

S=0.0079 '/'

2.16 cfs

0.18 cfs
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Summary for Pond 6P: Southeast Pond

Inflow Area = 3.107 ac, 84.29% Impervious,  Inflow Depth = 2.06"    for  2 Year Storm event
Inflow = 10.39 cfs @ 11.96 hrs,  Volume= 0.534 af
Outflow = 0.58 cfs @ 12.87 hrs,  Volume= 0.527 af,  Atten= 94%,  Lag= 54.4 min
Primary = 0.58 cfs @ 12.87 hrs,  Volume= 0.527 af

Routing by Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs
Peak Elev= 102.19' @ 12.87 hrs   Surf.Area= 12,487 sf   Storage= 13,397 cf

Plug-Flow detention time= 342.4 min calculated for 0.527 af (99% of inflow)
Center-of-Mass det. time= 336.2 min ( 1,125.8 - 789.6 )

Volume Invert Avail.Storage Storage Description

#1 101.00' 49,893 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

101.00 9,959 0 0
102.00 12,058 11,009 11,009
103.00 14,264 13,161 24,170
104.00 17,119 15,692 39,861
104.50 23,009 10,032 49,893

Device Routing     Invert Outlet Devices

#1 Primary 101.00' 5.0"  Round Culvert   
L= 51.0'   RCP, mitered to conform to fill,  Ke= 0.700   
Inlet / Outlet Invert= 101.00' / 100.00'   S= 0.0196 '/'   Cc= 0.900   
n= 0.011  Concrete pipe, straight & clean   

Primary OutFlow  Max=0.58 cfs @ 12.87 hrs  HW=102.19'   (Free Discharge)
1=Culvert  (Inlet Controls 0.58 cfs @ 4.22 fps)
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Pond 6P: Southeast Pond

Inflow
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Inflow Area=3.107 ac

Peak Elev=102.19'

Storage=13,397 cf

5.0"

Round Culvert

n=0.011

L=51.0'

S=0.0196 '/'

10.39 cfs

0.58 cfs
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Summary for Link 7L: Total Post-Develped Site Flow

Inflow Area = 5.096 ac, 62.10% Impervious,  Inflow Depth > 1.63"    for  2 Year Storm event
Inflow = 1.76 cfs @ 11.99 hrs,  Volume= 0.690 af
Primary = 1.76 cfs @ 11.99 hrs,  Volume= 0.690 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs

Link 7L: Total Post-Develped Site Flow
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Hydrograph
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Summary for Subcatchment 1S: Area 2

Runoff = 3.58 cfs @ 11.97 hrs,  Volume= 0.182 af,  Depth= 2.92"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr 10 Year Storm  Rainfall=4.00"

Area (sf) CN Description

8,756 70 Grass Cover, HSG B
* 19,655 98 road

4,137 98 Water Surface, HSG B

32,548 90 Weighted Average
8,756 26.90% Pervious Area

23,792 73.10% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 1S: Area 2

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr 10 Year Storm

Rainfall=4.00"

Runoff Area=32,548 sf

Runoff Volume=0.182 af

Runoff Depth=2.92"

Tc=6.0 min

CN=90

3.58 cfs
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Summary for Subcatchment 3S: Area 1

Runoff = 16.25 cfs @ 11.96 hrs,  Volume= 0.861 af,  Depth= 3.32"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr 10 Year Storm  Rainfall=4.00"

Area (sf) CN Description

21,259 70 Grass Cover, HSG B
78,385 98 Paved parking
25,721 98 roof
9,959 98 Water Surface, HSG B

135,324 94 Weighted Average
21,259 15.71% Pervious Area

114,065 84.29% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 3S: Area 1

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

F
lo

w
  
(c

fs
)

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

Type II 24-hr 10 Year Storm

Rainfall=4.00"

Runoff Area=135,324 sf

Runoff Volume=0.861 af

Runoff Depth=3.32"

Tc=6.0 min

CN=94

16.25 cfs
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Summary for Subcatchment 8S: Offsite

Runoff = 2.85 cfs @ 11.98 hrs,  Volume= 0.138 af,  Depth= 1.33"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr 10 Year Storm  Rainfall=4.00"

Area (sf) CN Description

* 54,129 70

54,129 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 8S: Offsite

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

F
lo

w
  
(c

fs
)

3

2

1

0

Type II 24-hr 10 Year Storm

Rainfall=4.00"

Runoff Area=54,129 sf

Runoff Volume=0.138 af

Runoff Depth=1.33"

Tc=6.0 min

CN=70

2.85 cfs
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Summary for Pond 4P: Northwest Pond

Inflow Area = 0.747 ac, 73.10% Impervious,  Inflow Depth = 2.92"    for  10 Year Storm event
Inflow = 3.58 cfs @ 11.97 hrs,  Volume= 0.182 af
Outflow = 0.20 cfs @ 12.85 hrs,  Volume= 0.181 af,  Atten= 94%,  Lag= 52.9 min
Primary = 0.20 cfs @ 12.85 hrs,  Volume= 0.181 af

Routing by Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs
Peak Elev= 100.02' @ 12.85 hrs   Surf.Area= 4,800 sf   Storage= 4,322 cf

Plug-Flow detention time= 261.6 min calculated for 0.181 af (100% of inflow)
Center-of-Mass det. time= 260.6 min ( 1,056.0 - 795.4 )

Volume Invert Avail.Storage Storage Description

#1 99.00' 20,237 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

99.00 3,670 0 0
100.00 4,775 4,223 4,223
101.00 5,993 5,384 9,607
102.00 7,364 6,679 16,285
102.50 8,443 3,952 20,237

Device Routing     Invert Outlet Devices

#1 Primary 99.00' 4.0"  Round Culvert   
L= 152.0'   RCP, end-section conforming to fill,  Ke= 0.500   
Inlet / Outlet Invert= 99.00' / 97.80'   S= 0.0079 '/'   Cc= 0.900   n= 0.013   

Primary OutFlow  Max=0.20 cfs @ 12.85 hrs  HW=100.02'   (Free Discharge)
1=Culvert  (Barrel Controls 0.20 cfs @ 2.34 fps)
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Pond 4P: Northwest Pond

Inflow
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Hydrograph
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Inflow Area=0.747 ac

Peak Elev=100.02'

Storage=4,322 cf

4.0"

Round Culvert

n=0.013

L=152.0'

S=0.0079 '/'

3.58 cfs

0.20 cfs
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Summary for Pond 6P: Southeast Pond

Inflow Area = 3.107 ac, 84.29% Impervious,  Inflow Depth = 3.32"    for  10 Year Storm event
Inflow = 16.25 cfs @ 11.96 hrs,  Volume= 0.861 af
Outflow = 0.74 cfs @ 13.11 hrs,  Volume= 0.853 af,  Atten= 95%,  Lag= 69.1 min
Primary = 0.74 cfs @ 13.11 hrs,  Volume= 0.853 af

Routing by Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs
Peak Elev= 102.86' @ 13.11 hrs   Surf.Area= 13,949 sf   Storage= 22,154 cf

Plug-Flow detention time= 398.4 min calculated for 0.853 af (99% of inflow)
Center-of-Mass det. time= 392.9 min ( 1,169.5 - 776.7 )

Volume Invert Avail.Storage Storage Description

#1 101.00' 49,893 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

101.00 9,959 0 0
102.00 12,058 11,009 11,009
103.00 14,264 13,161 24,170
104.00 17,119 15,692 39,861
104.50 23,009 10,032 49,893

Device Routing     Invert Outlet Devices

#1 Primary 101.00' 5.0"  Round Culvert   
L= 51.0'   RCP, mitered to conform to fill,  Ke= 0.700   
Inlet / Outlet Invert= 101.00' / 100.00'   S= 0.0196 '/'   Cc= 0.900   
n= 0.011  Concrete pipe, straight & clean   

Primary OutFlow  Max=0.74 cfs @ 13.11 hrs  HW=102.86'   (Free Discharge)
1=Culvert  (Barrel Controls 0.74 cfs @ 5.40 fps)
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Pond 6P: Southeast Pond
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Inflow Area=3.107 ac

Peak Elev=102.86'

Storage=22,154 cf

5.0"

Round Culvert

n=0.011

L=51.0'

S=0.0196 '/'

16.25 cfs

0.74 cfs
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Summary for Link 7L: Total Post-Develped Site Flow

Inflow Area = 5.096 ac, 62.10% Impervious,  Inflow Depth > 2.76"    for  10 Year Storm event
Inflow = 3.66 cfs @ 11.98 hrs,  Volume= 1.172 af
Primary = 3.66 cfs @ 11.98 hrs,  Volume= 1.172 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs

Link 7L: Total Post-Develped Site Flow

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=5.096 ac
3.66 cfs
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POST CONSTRUCTION STORMWATER MODEL OUTPUTS 
 

HYDROCAD 9.10, HYDROGRAPHS SUMMARY REPORTS; 100-YEAR, 24-HOUR 
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Summary for Subcatchment 1S: Area 2

Runoff = 5.33 cfs @ 11.96 hrs,  Volume= 0.278 af,  Depth= 4.46"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr 100 Year Storm  Rainfall=5.60"

Area (sf) CN Description

8,756 70 Grass Cover, HSG B
* 19,655 98 road

4,137 98 Water Surface, HSG B

32,548 90 Weighted Average
8,756 26.90% Pervious Area

23,792 73.10% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 1S: Area 2

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr 100 Year Storm

Rainfall=5.60"

Runoff Area=32,548 sf

Runoff Volume=0.278 af

Runoff Depth=4.46"

Tc=6.0 min

CN=90

5.33 cfs
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Summary for Subcatchment 3S: Area 1

Runoff = 23.37 cfs @ 11.96 hrs,  Volume= 1.269 af,  Depth= 4.90"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr 100 Year Storm  Rainfall=5.60"

Area (sf) CN Description

21,259 70 Grass Cover, HSG B
78,385 98 Paved parking
25,721 98 roof
9,959 98 Water Surface, HSG B

135,324 94 Weighted Average
21,259 15.71% Pervious Area

114,065 84.29% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 3S: Area 1

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr 100 Year Storm

Rainfall=5.60"

Runoff Area=135,324 sf

Runoff Volume=1.269 af

Runoff Depth=4.90"

Tc=6.0 min

CN=94

23.37 cfs
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Summary for Subcatchment 8S: Offsite

Runoff = 5.34 cfs @ 11.97 hrs,  Volume= 0.258 af,  Depth= 2.49"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr 100 Year Storm  Rainfall=5.60"

Area (sf) CN Description

* 54,129 70

54,129 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 8S: Offsite

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

F
lo

w
  
(c

fs
)

5

4

3

2

1

0

Type II 24-hr 100 Year Storm

Rainfall=5.60"

Runoff Area=54,129 sf

Runoff Volume=0.258 af

Runoff Depth=2.49"

Tc=6.0 min

CN=70

5.34 cfs
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Summary for Pond 4P: Northwest Pond

Inflow Area = 0.747 ac, 73.10% Impervious,  Inflow Depth = 4.46"    for  100 Year Storm event
Inflow = 5.33 cfs @ 11.96 hrs,  Volume= 0.278 af
Outflow = 0.23 cfs @ 13.24 hrs,  Volume= 0.277 af,  Atten= 96%,  Lag= 76.3 min
Primary = 0.23 cfs @ 13.24 hrs,  Volume= 0.277 af

Routing by Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs
Peak Elev= 100.52' @ 13.24 hrs   Surf.Area= 5,404 sf   Storage= 6,852 cf

Plug-Flow detention time= 344.8 min calculated for 0.277 af (100% of inflow)
Center-of-Mass det. time= 342.7 min ( 1,126.4 - 783.7 )

Volume Invert Avail.Storage Storage Description

#1 99.00' 20,237 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

99.00 3,670 0 0
100.00 4,775 4,223 4,223
101.00 5,993 5,384 9,607
102.00 7,364 6,679 16,285
102.50 8,443 3,952 20,237

Device Routing     Invert Outlet Devices

#1 Primary 99.00' 4.0"  Round Culvert   
L= 152.0'   RCP, end-section conforming to fill,  Ke= 0.500   
Inlet / Outlet Invert= 99.00' / 97.80'   S= 0.0079 '/'   Cc= 0.900   n= 0.013   

Primary OutFlow  Max=0.23 cfs @ 13.24 hrs  HW=100.52'   (Free Discharge)
1=Culvert  (Barrel Controls 0.23 cfs @ 2.63 fps)
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Pond 4P: Northwest Pond

Inflow
Primary

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

F
lo

w
  
(c

fs
)

5

4

3

2

1

0

Inflow Area=0.747 ac

Peak Elev=100.52'

Storage=6,852 cf

4.0"

Round Culvert

n=0.013

L=152.0'

S=0.0079 '/'

5.33 cfs

0.23 cfs
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Summary for Pond 6P: Southeast Pond

Inflow Area = 3.107 ac, 84.29% Impervious,  Inflow Depth = 4.90"    for  100 Year Storm event
Inflow = 23.37 cfs @ 11.96 hrs,  Volume= 1.269 af
Outflow = 0.84 cfs @ 13.52 hrs,  Volume= 1.260 af,  Atten= 96%,  Lag= 93.6 min
Primary = 0.84 cfs @ 13.52 hrs,  Volume= 1.260 af

Routing by Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs
Peak Elev= 103.62' @ 13.52 hrs   Surf.Area= 16,044 sf   Storage= 33,619 cf

Plug-Flow detention time= 483.7 min calculated for 1.260 af (99% of inflow)
Center-of-Mass det. time= 479.3 min ( 1,246.1 - 766.8 )

Volume Invert Avail.Storage Storage Description

#1 101.00' 49,893 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

101.00 9,959 0 0
102.00 12,058 11,009 11,009
103.00 14,264 13,161 24,170
104.00 17,119 15,692 39,861
104.50 23,009 10,032 49,893

Device Routing     Invert Outlet Devices

#1 Primary 101.00' 5.0"  Round Culvert   
L= 51.0'   RCP, mitered to conform to fill,  Ke= 0.700   
Inlet / Outlet Invert= 101.00' / 100.00'   S= 0.0196 '/'   Cc= 0.900   
n= 0.011  Concrete pipe, straight & clean   

Primary OutFlow  Max=0.84 cfs @ 13.52 hrs  HW=103.62'   (Free Discharge)
1=Culvert  (Barrel Controls 0.84 cfs @ 6.19 fps)
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Pond 6P: Southeast Pond

Inflow
Primary

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

F
lo

w
  
(c

fs
)

26

24

22

20

18

16

14

12

10

8

6

4

2

0

Inflow Area=3.107 ac

Peak Elev=103.62'

Storage=33,619 cf

5.0"

Round Culvert

n=0.011

L=51.0'

S=0.0196 '/'

23.37 cfs

0.84 cfs
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Summary for Link 7L: Total Post-Develped Site Flow

Inflow Area = 5.096 ac, 62.10% Impervious,  Inflow Depth > 4.23"    for  100 Year Storm event
Inflow = 6.34 cfs @ 11.98 hrs,  Volume= 1.795 af
Primary = 6.34 cfs @ 11.98 hrs,  Volume= 1.795 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-60.00 hrs, dt= 0.05 hrs

Link 7L: Total Post-Develped Site Flow

Inflow
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Time  (hours)
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Inflow Area=5.096 ac
6.34 cfs
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APPENDIX F 

 

WATER QUALITY COMPLIANCE 
 

WINSLAMM INPUT AND OUTPUT 
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APPENDIX G 

 

LONG TERM MAINTENANCE AGREEMENT 

 

(SIGNED AGREEMENT TO 

BE ADDED UPON EXECUTION) 
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