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Introduction: 
 

Paragon Star, LLC proposes to construct a multi-use development on a 120 acre site located at the 
northeast corner of Interstate 470 and View High Drive in Lee’s Summit, Missouri. The development 
includes a sporting complex with 10 synthetic turf fields with lighting, multi-purpose clubhouse, and 
associated parking areas. The development also includes a mixed-use building zone or “village” that 
includes hotel, restaurant, and entertainment accommodations, new housing and office options and, 
associated parking areas. A roadway network, trail system, and utilities, including storm sewer, sanitary 
sewers, natural gas, and electric service, will also be constructed within the development.    

In addition to discussing the overall development conditions, this report will serve as the final 
stormwater drainage study for the first phase of development of the mixed-use portion of the Paragon 
Star development.  The mixed-use development will encompass approximately 38 acres of the Paragon 
Star property.  The proposed site is situated between Interstate 470 and the Little Blue River.  Paragon 
Parkway will be constructed running east-west, bisecting the mixed-use development.  Paragon 
Parkway will connect to the south roundabout on River Road on the east and the new roundabout on 
View High Drive to the west.   

Methodology: 
 

The Study methodology is based on allowable methods and procedures outlined in “The City of Lee’s 
Summit Design and Construction Manual and the Kansas City Metro Chapter of the American Public 
Works Association (APWA) Section 5600.  A summary of each component of the report is provided 
below. 

• Storm depths are based on TR-55 (24 hour duration). 

• The October 2012 Edition of the MARC BMP Manual was used for water quality calculations. 

• The flood study is based on analysis performed with HEC-RAS 4.1.0 software and the FEMA 

flood study for the area dated October 10, 2014.   

• The Stormwater Detention Study was performed using XP-SWMM.  See Flood Study portion of 

this report for further information. 

• The Flood Study HEC-RAS data was obtained from FEMA. 
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Existing Conditions: 
 

The 120 acre project site is located in Lee’s Summit, Jackson County, Missouri at the northeast corner 
of Interstate 470 and View High Drive.  The site ranges in elevation from approximately 796 feet along 
the Little Blue River and approximately 920 feet to the north.  The site sits within the Little Blue River 
watershed.  The Little Blue River flows through the southern portion of the site from west to east.  The 
Little Blue River enters the site via a triple 20’x15’ RCB under the existing View High Drive.  The site is 
covered by both wooded areas and open grassed areas and drains via overland flow and through small 
unnamed tributaries to the Little Blue River.  A total of 66.4 square miles drain to the Little Blue River 
before it exits the project site.  The existing floodplain boundary for the Little Blue River covers 
approximately half the project site, with 22 acres of existing wetlands in the floodplain.   

Of the 120 total acres, 38 acres will be developed within Lee’s Summit for the mixed-use portion of the 
property. 

Wastewater lagoons were previously constructed on the site, and since abandoned and filled in.  The 
fill has since settled and created a low lying area and the majority of the wetlands which exist on site 
today.  The location of previous lagoons can be found in Appendix B.   

The currently adopted FEMA Flood Insurance Rate Maps (FIRM) for the project site are designated 
Community Panel No. 29095C0279F, revised September 29, 2006 and Community Panel No. 
29095C0287F, revised September 29, 2006.  However, as instructed by the City of Lee’s Summit and 
FEMA, GBA has used the preliminary FIRM numbered 29095C0404G and 29095C0412G, both dated 
October 10, 2014.  The preliminary FIRMs are to be adopted as the current standard in the near future 
and were used in the analysis of the site.  The property lies partially within an area designated as Zone 
X and Zone AE.  Zone X areas, when not hatched, are areas determined to be outside the 0.2% annual 
chance floodplain.  Zone X, when hatched, are areas of 0.2% annual chance flood and areas of 1% 
annual chance flood with average depths less than 1 foot.  Zone AE is described as a special flood 
hazard area subject to inundation by the 1% annual chance flood, with base flood elevations 
determined.  See Appendix B for details. 

According to the NRCS soil report, the undisturbed site consisted of group C and group D soil groups.  
Existing soils have been considered as group C for conservative water quality calculations.  A negligible 
amount of impervious surface is located on site, however approximately 1.54 acres of gravel surface 
has been created near the southern property line.  Using this data, a composite curve number (CN) of 
76 was calculated for the existing site.  See Appendix C for details. 

No stormwater detention facilities are currently located on site.  The project site is located within the 
Little Blue River watershed. 

The Little Blue River and its tributaries are subject to APWA Section 5605.3 - Stream Preservation and 
Buffer Zones.  Stream buffer zone widths are dependent on each stream’s tributary area.  The stream 
buffer zone is measured from the ordinary high water mark of the stream and extends outwards, on 
each side of the waterway, the appropriate length.  Streams with tributary areas greater than 5000 
acres have a stream buffer zone of 120 feet on either side.  The current condition of the buffer through 
the project site is dense hardwood vegetation. 
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The site is located downstream of Longview Dam, and therefore is included in the Longview Lake 
Emergency Action Plan, dated July 2011, produced by the US Army Corps of Engineers.  In the unlikely 
event Longview Dam fails, the project area would be inundated by the high flows produced by the 
failure.  An exhibit from the aforementioned emergency action plan has been included in Appendix B to 
show the limits of inundation in the event of dam failure. 

Approximately 103 acres upstream of the site drain through the project area, under Interstate 470 
through a concrete culvert a and an unnamed tributary to the Little Blue River.  The tributary is located 
near the southeast corner of the project area. 

Wetland Impacts: 
 

On January 19, January 28th, February 7th, and April 10, 2013 the Preliminary Waters of the U.S. 
Delineation (Delineation) was completed at the project site. In summary, the Delineation process 
identified 20.61 acres of wetlands to be filled and 1,089 linear feet of three ephemeral streams to be 
piped or filled. The project proposes to redevelop the property as a soccer complex and mixed-use 
development which will require multiple anticipated permanent fills within potential jurisdictional waters.  
See Appendix D for details.  The full Wetland Delineation report, including Routine Wetland 
Determination Data Forms can be provided upon request. 

A U.S. Army Corps of Engineers permit has been acquired for wetland and stream fills.  The purchase 
of 20.61 acres of wetland credits and 3,403 stream credits from an approved compensatory mitigation 
bank in the service area of the project is required prior to project commencement.  A 401 Water Quality 
Certification and permit has also been acquired through the Missouri Department of Natural Resources.  
Permits from U.S. Army Corps of Engineers and MDNR are included in Appendix C.  

A tributary of the Little Blue River crosses under Interstate 470 and enters the project site near the 
southeast corner.  This Jurisdictional Water of the U.S. has not been permitted to be filled and will be 
permitted prior to development of this portion of the site.  The first phase of the mixed-use development 
does not impact this tributary.  

Proposed Conditions: 
 

Paragon Star, LLC proposes to construct a mixed-use building zone or “village” that includes hotel, 
restaurant, entertainment accommodations, new housing, and office options with the associated 
parking areas and infrastructure.  The purpose of this study is to analyze the mixed-use development.  

The mixed-use development will encompass approximately 38 acres of the Paragon Star property.  The 
proposed site is situated between Interstate 470 and the Little Blue River.  Paragon Parkway will be 
constructed running east-west and will bisect the mixed-use development.  Paragon Parkway will 
connect to the south roundabout on River Road on the east and the new roundabout on View High 
Drive to the west.   
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Full build out of the area as shown in the preliminary development plan includes approximately 18.53 
acres of impervious surface through pavement and building area.  The first phase of development 
includes approximately 13.54 acres of impervious surface.  See the Stormwater Detention section of 
this report for stormwater detention discussion. 

The first phase of development of the mixed-use area includes Paragon Parkway, the retail/commercial 
south of the Paragon Parkway, one office building south of Paragon Parkway, and the associated 
parking and infrastructure.  The multi-family and commercial/retail north of Paragon Parkway, the two 
buildings southeast of the courtyard, and the hotels towards the southeast corner of the property will be 
part of a later phase of development.  See Appendix C for details. 

Storm drainage on site will be handled with enclosed storm sewer.  Storm sewer has been designed 
per City of Lee’s Summit standards, to the 10-year storm.  Streets and parking lots will be provided with 
curb, gutter, and curb inlets to divert local drainage into the storm sewer system.  Multiple storm sewer 
lines, consisting of RCP and HDPE, will collect stormwater from the proposed development and convey 
it to the Little Blue River.  The enclosed storm sewer will discharge into the Little Blue River along 
various points throughout the project.  Storm sewer layout and calculations can be found in Appendix 
C.   

An unnamed tributary of the Little Blue River currently crosses under Interstate 470 and enters the 
project site near the southeast corner.  Approximately 103 acres drain to the tributary, with an 
estimated C value of 0.40.  This Jurisdictional Water of the U.S. has not been permitted to be filled 
through the U.S. Army Corps of Engineers and will be permitted prior to development of this portion of 
the site.  The hotels in this area are not to be constructed with the first phase of development.  When 
the area is developed, the tributary will be conveyed in a large diameter pipe (84” Dia.) or reinforced 
concrete box (7’x6’). 

Stream Buffer Zone: 
 

The Little Blue River within the site is subject to a 120 foot stream buffer zone. Existing trees will be 
preserved where possible within the entire property; however, the bulk of the preserved trees will lie 
within the stream buffer zone.  Bridges will be constructed to allow floodway function and minimize 
scour.  At locations where grading within the stream corridor is required, the graded areas are to be 
restored as vegetated stream corridor.  See Appendix C for grading details. 

Water Quality: 
 

The stream corridor following the Little Blue River and its tributaries will be preserved or restored.  All 
disturbed areas within the stream corridor will be replanted with native vegetation, aside from the fire 
access road on the north side of the development. 

Other water quality BMPs are provided within the Paragon Star development, including bioretention 
planters, native vegetation, and an existing U.S. Army Corps of Engineers jurisdictional wetland.  These 
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BMPs are located on the north side of the Little Blue River, with the soccer complex, and are described 
in the associated stormwater report, dated January 28, 2019, prepared by GBA. 

Flood Study: 
 

The objective of this Flood Study is to report the floodplain impacts of the proposed Paragon Star 
development, located near View High Drive and I-470 in Lee’s Summit, Missouri. Little Blue River flows 
through the property and will be affected by the project. Expected changes to the hydraulics of both 
flooding sources were evaluated for the impacts on the flood elevations beyond the property limits and 
the location of the FEMA Special Flood Hazard Area (SFHA) and Floodway. The Flood Study results 
were also utilized to establish low opening elevations for buildings as well as street and parking lot 
elevations, and to size the roadway and pedestrian bridges that will cross the river.  

The project proposes placing fill within a federally defined floodplain as well as redefining the regulatory 
floodway. Therefore, a Conditional Letter of Map Revision (CLOMR) is required. To meet the objectives 
of this Flood Study and the CLOMR, the analyses and discussion provided in this report are based on 
the following data:  

• Preliminary hydraulic model (HEC-RAS 4.1.0) for Little Blue River, received from the City of 
Lee’s Summit  

• FEMA panels 29095C0404G and 29095C0412G, Preliminary October 10, 2014 
 

Per City guidance, this Flood Study and subsequent CLOMR were based on the October 10, 2014 
preliminary model and FIRM panels rather than the September 29, 2006 Effective data. The preliminary 
data show changes since the effective date that include an approximately 4-ft increase in the BFE and 
a floodway calculation.  

Site Description 

Little Blue River enters the project site at View High Drive, flows East, and leaves the property as it flows 
through the abandoned railroad bridge located approximately 4,800-ft downstream of View High Drive. 
Cedar Creek, a tributary of Little Blue River, enters the project site approximately 520-ft upstream of the 
abandoned railroad bridge. The Cedar Creek floodplain is not impacted by the proposed Paragon Star 
development. A total of 66.4 square miles drain to the project site, with 8-square miles below and 
unaffected by Longview Dam (Appendix E: Exhibit A).  

The existing floodplain boundary for Little Blue River is broad and covers over half of the land area of the 
site (Appendix E: Exhibit B). The water surface elevations through the site are currently controlled by 
backwater effects from the Railroad bridge. The bridge is not currently in use by the railroad. Near the 
downstream end of the project site, between cross section stations 56837.7 and 59234.2, approximately 
22 acres of existing wetlands are in the floodplain. There are currently no bridges crossing Little Blue 
River between the Railroad bridge and View High Drive. Beyond the limits of the project area, Upstream 
of I-470, there is one building located within the Preliminary floodway.   
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Model Development  

The Duplicate Effective, Corrected Effective and Proposed Conditions Models contain profiles for the 
100-, 10-, 4-, 2-, 1-, and 0.2-percent chance flows for existing conditions. Table 1 provides a list of the 
name and description of the plan files that are included in the HEC-RAS model. 

Table 1: Description of model plans and water surface profiles used in the Flood Study 

HEC-RAS Plan Plan Short ID Flow Profiles Description 

Duplicate Effective DuplicateEffecti 100yr, FDWY, 

500yr, 50yr, 

25yr, 10yr, 1yr 

Copy of the 2014 Preliminary Model 

received from City of Lee’s Summit 

Corrected Effective CorrectedEff 100yr, FDWY, 

500yr, 50yr, 

25yr, 10yr, 1yr 

Duplicate Effective model updated with 

topography collected in 2015, survey data 

collected in 2016, the Railroad bridge at the 

downstream limits of the project area, and 

additional cross sections placed where 

needed to  

Proposed Conditions Proposed 100yr, FDWY, 

500yr, 50yr, 

25yr, 10yr, 1yr 

Corrected Effective model updated to model 

proposed development and its effects on 

the floodplain. 

 

To determine if the proposed project would impact the 1-percent chance floodplain elevations outside of 
the project area, the model was studied sufficiently upstream and downstream of the project area. The 
model contains the entire studied Little Blue River reach length, though proposed changes to the model 
were limited to between cross section stations 56362.9 and 63690.9.   

Prior to updating the model with the proposed development, a Corrected Effective Model was created to 
correct any errors that were observed in the Duplicate Effective Model. Modifications to the model include 
adding in the railroad bridge at the downstream end of the project area, just downstream of lettered cross 
section AT (station 56549.9). This bridge was in place at the time the model was developed for the 2014 
Preliminary DFIRM, but was not included in that analysis. All of the previously modeled cross sections 
were updated in the overbank areas with revised topographic data collected in 2015, and in-stream data 
was revised with detailed survey collected in 2016. Cross sections were added at the following stations: 
56658, 58764.42, 58788.61, 58807.06, 58996.41, 59645.95, and 60101.84. These sections were added 
to properly model the impacts of the proposed development at those locations. Lettered cross section AV 
(station 60784.3) was relocated to station 60736.85 for the purpose of modeling a proposed bridge and 
cross section AX (station 61539.3) was relocated to station 61487.2 because it was not positioned right 
at the upstream face of the culvert under View High Drive in the Preliminary model. Overbank Manning’s 
N-values were revised based on a site visit conducted on April 12, 2016. 

The Proposed Conditions Model was developed using the proposed 2’ contours and infrastructure layout 
shown on Exhibit B (Appendix E). Two open span bridges that will pass the 1-percent chance event have 
been proposed at approximate river stations 58924.5 and 60897.3. Two pedestrian bridges which the 1-
percent chance event will overtop have been proposed at approximate stations 58776.11 and 59687.6. 
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Manning’s n values were adjusted throughout the project areas to model the proposed changes in land 
use due to the development.  

Flood Study Results 

Exhibit B (Appendix E) displays a comparison of the Preliminary, Corrected Effective, and the Proposed 
Conditions floodplain and floodway. Table 2 (Appendix E), with Exhibit C (Appendix E), presents a 
comparison of the water surface elevation results from the Duplicate Effective, Corrected Effective, and 
Proposed Conditions models for Little Blue River from the downstream limits of the project area to just 
downstream of Longview Dam. The proposed conditions floodplain boundaries for Little Blue River 
decreased in width within the project area. Upstream of the proposed development, the water surface 
elevation increases a maximum of 0.2’ from the upstream face of View High Drive to just downstream 
of Longview Lake.  

Stormwater Detention Study: 
 

The objective of the detention study was to determine the impacts of increasing the impervious area of 
the site with the planned conditions. If the proposed project was found to increase the peak discharge of 
Little Blue River at any point downstream of the project site, then detention would be required onsite. The 
site drains directly into Little Blue River as it runs from the west to the east through the site. Little Blue 
River has a watershed area of 66.4 square miles (42,500 acres) where it leaves the project site. The 
project area is 136 acres and makes up approximately 0.3% of the total Little Blue River watershed. 

Existing land use of the project area is undeveloped wetlands, wooded riparian area and floodplain, and 
maintained grassland. The land use for the proposed, mixed use development will consist of soccer fields, 
roadways, buildings, and parking lots.  To model the change in land use and the resulting impacts on the 
hydrology of the site, the XP-SWMM model that was used in the development of the FEMA flows was 
obtained from the City of Lee’s Summit.  

 The XP-SWMM model was updated to use the SCS Hydrology methodology in the runoff mode on the 
sub-basins within the project area.  Times of Concentration were calculated for existing conditions and 
updated in the model.  The existing model was run and the existing hydrograph was exported. 

The model was then updated with the increased impervious percentages and updated times of 
concentration for the proposed conditions model.  The proposed model was run and the proposed 
hydrograph was exported. 

The existing hydrograph for the channel downstream of the site was compared to the proposed 
hydrograph (see below).  The existing hydrograph has a higher peak flow because the proposed changes 
to the site result in a quicker peak, reducing the overall peak flow downstream.  Based on this result, 
stormwater detention would not be beneficial to the site. 
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Figure 1 – Little Blue River Flow Analysis at East Property Line 

Summary and Recommendations: 
 

Design of the Paragon Star Soccer Complex and mixed-use development will conform to City 
Standards.  The proposed mixed-use development will add approximately 18.53 acres of impervious 
area to the site, which will drain via overland flow and enclosed storm sewer to the Little blue Valley 
River.  A full wetland delineation and flood study have been included within this report for further 
analysis in their respective areas.  Construction of the proposed development according to the 
recommendations of this report will meet or exceed the stormwater requirements of the City of Lee’s 
Summit, Missouri.  
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APPENDIX A – LOCATION INFORMATION 

Exhibit 1 – Location Maps  

 Figure 1 – Location Map 

 Figure 2 – USGS Topographic Map 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







 

Page 11 of 15 

 

 

APPENDIX B – EXISTING CONDITIONS 

Exhibit 2 – FEMA Flood Insurance Rate Map, FIRMette 

Exhibit 3 – USDA Soil Resource Report  

Exhibit 4 – Historic Topographic and Aerial Map with Lagoon Location 

Exhibit 5 – Long view Dam Breach EAP Exhibit 

Exhibit 6 – Existing Conditions Plan 
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NOTES TO USERS
This map is for use in administering the National Flood Insurance Program. It does
not necessarily identify all areas subject to flooding, particularly from local drainage
sources of small siz e.  The community map repository should be consulted for
possible updated or additional flood haz ard information.
To obtain more detailed information in areas where Base Flood Elevations (BFEs)
and/or floodways have been determined, users are encouraged to consult the Flood
Profiles and Floodway Data and/or S ummary of S tillwater Elevations tables contained
within the Flood Insurance S tudy (FIS ) R eport that accompanies this FIR M .  Users
should be aware that BFEs shown on the FIR M  represent rounded whole-foot
elevations.  These BFEs are intended for flood insurance rating purposes only and
should not be used as the sole source of flood elevation information.  Accordingly,
flood elevation data presented in the FIS  R eport should be utiliz ed in conjunction with
the FIR M  for purposes of construction and/or floodplain management.
Boundaries of the floodways were computed at cross sections and interpolated
between cross sections.  The floodways were based on hydraulic considerations with
regard to requirements of the National Flood Insurance Program.  Floodway widths
and other pertinent floodway data are provided in the Flood Insurance S tudy R eport
for this jurisdiction.
Certain areas not in S pecial Flood Haz ard Areas may be protected by flood control
structures.  R efer to S ection 2.4 "Flood Protection M easures" of the Flood Insurance
S tudy R eport for information on flood control structures for this jurisdiction.
The projection used in the preparation of this map was M issouri S tate Plane
W est Zone (FIPS  z one 2403).  The horizontal datum was NAD 83, GR S  1980
spheroid.  Differences in datum, spheroid, projection or UTM  z ones used in the
production of FIR M s for adjacent jurisdictions may result in slight positional
differences in map features across jurisdiction boundaries.  These differences do not
affect the accuracy of this FIR M .
Flood elevations on this map are referenced to the North American V ertical Datum of
1988.  These flood elevations must be compared to structure and ground elevations
referenced to the same vertical datum.  For information regarding conversion
between the National Geodetic V ertical Datum of 1929 and the North American
V ertical Datum of 1988, visit the National Geodetic S urvey website at
http://www.ngs.noaa.gov or contact the National Geodetic S urvey at the following
address:
NGS  Information S ervices
NOAA, N/NGS 12
National Geodetic S urvey
S S M C-3, #9202
1315 East-W est Highway
S ilver S pring, M aryland 20910-3282
(301) 713-3242
To obtain current elevation, description, and/or location information for bench marks
shown on this map, please contact the Information S ervices Branch of the National
Geodetic S urvey at (301) 713- 3242, or visit its website at http://www.ngs.noaa.gov.
Base map information shown on this FIR M  was derived from the U.S .D.A Farm 
S ervice National Agriculture Imagery Program (NAIP) dated 2010, and by the U.S  
Geological S urvey Digital Orthophoto Q uadrangles dated 1993 or later, produced 
at a scale of 1:24,000. 

The profile baselines depicted on this map represent the hydraulic modeling baselines 
that match the flood profiles in the FIS  report.  As a result of improved topographic data, 
the profile baseline, in some cases, may deviate significantly from the channel 
centerline or appear outside the S FHA.
Corporate limits shown on this map are based on the best data available at the time
of publication.  Because changes due to annexations or de-annexations may have
occurred after this map was published, map users should contact appropriate
community officials to verify current corporate limit locations.
Please refer to the separately printed Map Index for an overview map of the
county showing the layout of map panels; community map repository addresses;
and a L isting of Communities table containing National Flood Insurance Program
dates for each community as well as a listing of the panels on which each community
is located.
For information on available products associated with this FIR M  visit the Map
Service Center (MSC) website at http://msc.fema.gov. Available products may
include previously issued L etters of M ap Change, a Flood Insurance S tudy R eport,
and/or digital versions of this map. M any of these products can be ordered or
obtained directly from the M S C website.
If you have questions about this map, how to order products, or the National
Flood Insurance Program in general, please call the FEMA Map Information
eXchange (FMIX) at 1-877-FEMA-MAP (1-877-336-2627) or visit the FEM A
website at http://www.fema.gov/business/nfip.

                                    NOTICE TO M AP US ER S
                  FEM A maintains information about map features, such
                  as street locations and names, in or near designated
                  flood haz ard areas.  R equests to revise information in
                  or near designated flood haz ard areas may be
                  provided to FEM A during the community review period
                  or at the final Consultation Coordination Officer's
                  meeting.  Approved requests for changes will be
                  shown on the final printed FIR M .
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The 1% annual chance flood (100-year flood), also  known as the  base flood, is the flood that has
a 1% chance of being equaled or exceeded in  any given year.  The Special Flood Hazard Area is
the area subject to flooding by the 1% annual chance flood.  Areas of Special Flood Hazard
include Zones A, AE, AH, AO, AR, A99, V, and VE.  The Base Flood Elevation is the water-surface
elevation of the 1% annual chance flood.
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Base Flood Elevations determined.
Flood depths of 1 to 3 feet (usually areas of ponding);  Base Flood Elevations
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average depths of less than 1 foot or with drainage areas less than 1 square
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Areas in which flood hazards are undetermined, but possible.

CBRS areas and OPAs are normally located within or adjacent to Special Flood Hazard Areas.
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NOTES TO USERS
This map is for use in administering the National Flood Insurance Program. It does
not necessarily identify all areas subject to flooding, particularly from local drainage
sources of small siz e.  The community map repository should be consulted for
possible updated or additional flood haz ard information.
To obtain more detailed information in areas where Base Flood Elevations (BFEs)
and/or floodways have been determined, users are encouraged to consult the Flood
Profiles and Floodway Data and/or S ummary of S tillwater Elevations tables contained
within the Flood Insurance S tudy (FIS ) R eport that accompanies this FIR M .  Users
should be aw are that BFEs shown on the FIR M  represent rounded w hole-foot
elevations.  These BFEs are intended for flood insurance rating purposes only and
should not be used as the sole source of flood elevation information.  Accordingly,
flood elevation data presented in the FIS  R eport should be utiliz ed in conjunction with
the FIR M  for purposes of construction and/or floodplain management.
Boundaries of the floodways were computed at cross sections and interpolated
between cross sections.  The floodways were based on hydraulic considerations with
regard to requirements of the National Flood Insurance Program.  Floodway widths
and other pertinent floodway data are provided in the Flood Insurance S tudy R eport
for this jurisdiction.
Certain areas not in S pecial Flood Haz ard Areas may be protected by flood control
structures.  R efer to S ection 2.4 "Flood Protection M easures" of the Flood Insurance
S tudy R eport for information on flood control structures for this jurisdiction.
The projection used in the preparation of this map was M issouri S tate Plane
W est Zone (FIPS  z one 2403).  The horizontal datum was NAD 83, GR S  1980
spheroid.  Differences in datum, spheroid, projection or UTM  z ones used in the
production of FIR M s for adjacent jurisdictions may result in slight positional
differences in map features across jurisdiction boundaries.  These differences do not
affect the accuracy of this FIR M .
Flood elevations on this map are referenced to the North American V ertical Datum of
1988.  These flood elevations must be compared to structure and ground elevations
referenced to the same vertical datum.  For information regarding conversion
between the National Geodetic V ertical Datum of 1929 and the North American
V ertical Datum of 1988, visit the National Geodetic S urvey website at
http://www.ngs.noaa.gov or contact the National Geodetic S urvey at the following
address:
NGS  Information S ervices
NOAA, N/NGS 12
National Geodetic S urvey
S S M C-3, #9202
1315 East-W est Highway
S ilver S pring, M aryland 20910-3282
(301) 713-3242
To obtain current elevation, description, and/or location information for bench marks
shown on this map, please contact the Information S ervices Branch of the National
Geodetic S urvey at (301) 713- 3242, or visit its website at http://www.ngs.noaa.gov.
Base map information shown on this FIR M  was derived from the U.S .D.A Farm 
S ervice National Agriculture Imagery Program (NAIP) dated 2010, and by the U.S  
Geological S urvey Digital Orthophoto Q uadrangles dated 1993 or later, produced 
at a scale of 1:24,000. 

The profile baselines depicted on this map represent the hydraulic modeling baselines 
that match the flood profiles in the FIS  report.  As a result of improved topographic data, 
the profile baseline, in some cases, may deviate significantly from the channel 
centerline or appear outside the S FHA.
Corporate limits shown on this map are based on the best data available at the time
of publication.  Because changes due to annexations or de-annexations may have
occurred after this map was published, map users should contact appropriate
community officials to verify current corporate limit locations.
Please refer to the separately printed Map Index for an overview map of the
county showing the layout of map panels; community map repository addresses;
and a L isting of Communities table containing National Flood Insurance Program
dates for each community as w ell as a listing of the panels on which each community
is located.
For information on available products associated with this FIR M  visit the Map
Service Center (MSC) website at http://msc.fema.gov. Available products may
include previously issued L etters of M ap Change, a Flood Insurance S tudy R eport,
and/or digital versions of this map. M any of these products can be ordered or
obtained directly from the M S C website.
If you have questions about this map, how to order products, or the National
Flood Insurance Program in general, please call the FEMA Map Information
eXchange (FMIX) at 1-877-FEMA-MAP (1-877-336-2627) or visit the FEM A
website at http://www.fema.gov/business/nfip.

                                    NOTICE TO M AP US ER S
                  FEM A maintains information about map features, such
                  as street locations and names, in or near designated
                  flood haz ard areas.  R equests to revise information in
                  or near designated flood haz ard areas may be
                  provided to FEM A during the community review period
                  or at the final Consultation Coordination Officer's
                  meeting.  Approved requests for changes will be
                  shown on the final printed FIR M .

Zone D boundary
Floodway boundary

1% Annual Chance Floodplain Boundary
0.2% Annual Chance Floodplain Boundary

*Referenced to the North American Vertical Datum of 1988

LEGEND
SPECIAL FLOOD HAZARD AREAS (SFHAs) SUBJECT TO
INUNDATION  BY  THE  1% ANNUAL  CHANCE  FLOOD

ZONE A
ZONE AE
ZONE AH

ZONE AO

ZONE AR

ZONE A99

ZONE V

ZONE VE

ZONE X

FLOODWAY AREAS IN ZONE AE

OTHER FLOOD AREAS

OTHER AREAS
ZONE X
ZONE D

The 1% annual chance flood (100-year flood), also  known as the  base flood, is the flood that has
a 1% chance of being equaled or exceeded in  any given year.  The Special Flood Hazard Area is
the area subject to flooding by the 1% annual chance flood.  Areas of Special Flood Hazard
include Zones A, AE, AH, AO, AR, A99, V, and VE.  The Base Flood Elevation is the water-surface
elevation of the 1% annual chance flood.

No Base Flood Elevations determined.
Base Flood Elevations determined.
Flood depths of 1 to 3 feet (usually areas of ponding);  Base Flood Elevations
determined.
Flood depths of 1 to 3 feet (usually sheet flow on sloping terrain);  average
depths determined. For areas of alluvial fan flooding, velocities also determined.

Special Flood Hazard Areas formerly protected from the 1% annual chance
flood by a flood control system that was subsequently decertified.  Zone
AR indicates that the former flood control system is being restored to provide
protection from the 1% annual chance or greater flood.
Area to be protected from 1% annual chance flood by a Federal flood
protection system under construction; no Base Flood Elevations determined.
Coastal flood zone with velocity hazard (wave action);  no Base Flood Elevations
determined.
Coastal flood zone with velocity hazard (wave action);  Base Flood Elevations
determined.

The floodway is the channel of a stream plus any adjacent floodplain areas that must be kept free of
encroachment so that the 1% annual chance flood can  be carried without substantial increases in
flood heights.

Areas of 0.2% annual chance flood;  areas of 1% annual chance flood with
average depths of less than 1 foot or with drainage areas less than 1 square
mile; and areas protected by levees from 1% annual chance flood.

Areas determined to be outside the 0.2% annual chance floodplain.
Areas in which flood hazards are undetermined, but possible.

CBRS areas and OPAs are normally located within or adjacent to Special Flood Hazard Areas.

CBRS and OPA boundary
Boundary dividing Special Flood Hazard Area Zones and boundary 
dividing Special Flood Hazard Areas of different Base Flood Elevations, 
flood depths, or flood velocities.
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Preface
Soil surveys contain information that affects land use planning in survey areas. They
highlight soil limitations that affect various land uses and provide information about
the properties of the soils in the survey areas. Soil surveys are designed for many
different users, including farmers, ranchers, foresters, agronomists, urban planners,
community officials, engineers, developers, builders, and home buyers. Also,
conservationists, teachers, students, and specialists in recreation, waste disposal,
and pollution control can use the surveys to help them understand, protect, or enhance
the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil properties
that are used in making various land use or land treatment decisions. The information
is intended to help the land users identify and reduce the effects of soil limitations on
various land uses. The landowner or user is responsible for identifying and complying
with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some cases.
Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/portal/
nrcs/main/soils/health/) and certain conservation and engineering applications. For
more detailed information, contact your local USDA Service Center (http://
offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as septic
tank absorption fields. A high water table makes a soil poorly suited to basements or
underground installations.

The National Cooperative Soil Survey is a joint effort of the United States Department
of Agriculture and other Federal agencies, State agencies including the Agricultural
Experiment Stations, and local agencies. The Natural Resources Conservation
Service (NRCS) has leadership for the Federal part of the National Cooperative Soil
Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs
and activities on the basis of race, color, national origin, age, disability, and where
applicable, sex, marital status, familial status, parental status, religion, sexual
orientation, genetic information, political beliefs, reprisal, or because all or a part of an
individual's income is derived from any public assistance program. (Not all prohibited
bases apply to all programs.) Persons with disabilities who require alternative means
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for communication of program information (Braille, large print, audiotape, etc.) should
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a
complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and
employer.
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How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous areas
in a specific area. They include a description of the soils and miscellaneous areas and
their location on the landscape and tables that show soil properties and limitations
affecting various uses. Soil scientists observed the steepness, length, and shape of
the slopes; the general pattern of drainage; the kinds of crops and native plants; and
the kinds of bedrock. They observed and described many soil profiles. A soil profile is
the sequence of natural layers, or horizons, in a soil. The profile extends from the
surface down into the unconsolidated material in which the soil formed or from the
surface down to bedrock. The unconsolidated material is devoid of roots and other
living organisms and has not been changed by other biological activity.

Currently, soils are mapped according to the boundaries of major land resource areas
(MLRAs). MLRAs are geographically associated land resource units that share
common characteristics related to physiography, geology, climate, water resources,
soils, biological resources, and land uses (USDA, 2006). Soil survey areas typically
consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that is
related to the geology, landforms, relief, climate, and natural vegetation of the area.
Each kind of soil and miscellaneous area is associated with a particular kind of
landform or with a segment of the landform. By observing the soils and miscellaneous
areas in the survey area and relating their position to specific segments of the
landform, a soil scientist develops a concept, or model, of how they were formed. Thus,
during mapping, this model enables the soil scientist to predict with a considerable
degree of accuracy the kind of soil or miscellaneous area at a specific location on the
landscape.

Commonly, individual soils on the landscape merge into one another as their
characteristics gradually change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the soils. They can observe only
a limited number of soil profiles. Nevertheless, these observations, supplemented by
an understanding of the soil-vegetation-landscape relationship, are sufficient to verify
predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock
fragments, distribution of plant roots, reaction, and other features that enable them to
identify soils. After describing the soils in the survey area and determining their
properties, the soil scientists assigned the soils to taxonomic classes (units).
Taxonomic classes are concepts. Each taxonomic class has a set of soil
characteristics with precisely defined limits. The classes are used as a basis for
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic
classification used in the United States, is based mainly on the kind and character of
soil properties and the arrangement of horizons within the profile. After the soil
scientists classified and named the soils in the survey area, they compared the
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individual soils with similar soils in the same taxonomic class in other areas so that
they could confirm data and assemble additional data based on experience and
research.

The objective of soil mapping is not to delineate pure map unit components; the
objective is to separate the landscape into landforms or landform segments that have
similar use and management requirements. Each map unit is defined by a unique
combination of soil components and/or miscellaneous areas in predictable
proportions. Some components may be highly contrasting to the other components of
the map unit. The presence of minor components in a map unit in no way diminishes
the usefulness or accuracy of the data. The delineation of such landforms and
landform segments on the map provides sufficient information for the development of
resource plans. If intensive use of small areas is planned, onsite investigation is
needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map.
The frequency of observation is dependent upon several factors, including scale of
mapping, intensity of mapping, design of map units, complexity of the landscape, and
experience of the soil scientist. Observations are made to test and refine the soil-
landscape model and predictions and to verify the classification of the soils at specific
locations. Once the soil-landscape model is refined, a significantly smaller number of
measurements of individual soil properties are made and recorded. These
measurements may include field measurements, such as those for color, depth to
bedrock, and texture, and laboratory measurements, such as those for content of
sand, silt, clay, salt, and other components. Properties of each soil typically vary from
one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of
characteristics for the components. The aggregated values are presented. Direct
measurements do not exist for every property presented for every map unit
component. Values for some properties are estimated from combinations of other
properties.

While a soil survey is in progress, samples of some of the soils in the area generally
are collected for laboratory analyses and for engineering tests. Soil scientists interpret
the data from these analyses and tests as well as the field-observed characteristics
and the soil properties to determine the expected behavior of the soils under different
uses. Interpretations for all of the soils are field tested through observation of the soils
in different uses and under different levels of management. Some interpretations are
modified to fit local conditions, and some new interpretations are developed to meet
local needs. Data are assembled from other sources, such as research information,
production records, and field experience of specialists. For example, data on crop
yields under defined levels of management are assembled from farm records and from
field or plot experiments on the same kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on such
variables as climate and biological activity. Soil conditions are predictable over long
periods of time, but they are not predictable from year to year. For example, soil
scientists can predict with a fairly high degree of accuracy that a given soil will have
a high water table within certain depths in most years, but they cannot predict that a
high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the
survey area, they drew the boundaries of these bodies on aerial photographs and
identified each as a specific map unit. Aerial photographs show trees, buildings, fields,
roads, and rivers, all of which help in locating boundaries accurately.

Custom Soil Resource Report
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of soil
map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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MAP LEGEND MAP INFORMATION

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

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil line
placement. The maps do not show the small areas of contrasting
soils that could have been shown at a more detailed scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

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

Soil Survey Area:  Jackson County, Missouri
Survey Area Data:  Version 15, Sep 11, 2015

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Feb 19, 2012—Mar
25, 2012

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.
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Map Unit Legend

Jackson County, Missouri (MO095)

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

10107 Menfro silty clay loam, 9 to 14
percent slopes, severely
eroded

0.5 0.3%

10113 Oska silty clay loam, 5 to 9
percent slopes, eroded

5.3 3.0%

10120 Sharpsburg silt loam, 2 to 5
percent slopes

0.9 0.5%

10141 Snead-Rock outcrop complex,
14 to 30 percent slopes

34.4 19.2%

36007 Bremer silt loam, 0 to 2 percent
slopes, occasionally flooded

80.3 44.7%

36020 Kennebec silt loam, 0 to 2
percent slopes, occasionally
flooded

53.4 29.7%

99033 Udarents-Urban land complex, 2
to 9 percent slopes

4.7 2.6%

Totals for Area of Interest 179.4 100.0%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the soils
or miscellaneous areas in the survey area. The map unit descriptions, along with the
maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the landscape,
however, the soils are natural phenomena, and they have the characteristic variability
of all natural phenomena. Thus, the range of some observed properties may extend
beyond the limits defined for a taxonomic class. Areas of soils of a single taxonomic
class rarely, if ever, can be mapped without including areas of other taxonomic
classes. Consequently, every map unit is made up of the soils or miscellaneous areas
for which it is named and some minor components that belong to taxonomic classes
other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They generally
are in small areas and could not be mapped separately because of the scale used.
Some small areas of strongly contrasting soils or miscellaneous areas are identified

Custom Soil Resource Report

10



by a special symbol on the maps. If included in the database for a given area, the
contrasting minor components are identified in the map unit descriptions along with
some characteristics of each. A few areas of minor components may not have been
observed, and consequently they are not mentioned in the descriptions, especially
where the pattern was so complex that it was impractical to make enough observations
to identify all the soils and miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the usefulness
or accuracy of the data. The objective of mapping is not to delineate pure taxonomic
classes but rather to separate the landscape into landforms or landform segments that
have similar use and management requirements. The delineation of such segments
on the map provides sufficient information for the development of resource plans. If
intensive use of small areas is planned, however, onsite investigation is needed to
define and locate the soils and miscellaneous areas.

An identifying symbol precedes the map unit name in the map unit descriptions. Each
description includes general facts about the unit and gives important soil properties
and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major horizons
that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, salinity,
degree of erosion, and other characteristics that affect their use. On the basis of such
differences, a soil series is divided into soil phases. Most of the areas shown on the
detailed soil maps are phases of soil series. The name of a soil phase commonly
indicates a feature that affects use or management. For example, Alpha silt loam, 0
to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps. The
pattern and proportion of the soils or miscellaneous areas are somewhat similar in all
areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present or
anticipated uses of the map units in the survey area, it was not considered practical
or necessary to map the soils or miscellaneous areas separately. The pattern and
relative proportion of the soils or miscellaneous areas are somewhat similar. Alpha-
Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas that
could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion of
the soils or miscellaneous areas in a mapped area are not uniform. An area can be
made up of only one of the major soils or miscellaneous areas, or it can be made up
of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil material
and support little or no vegetation. Rock outcrop is an example.

Custom Soil Resource Report
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Jackson County, Missouri

10107—Menfro silty clay loam, 9 to 14 percent slopes, severely eroded

Map Unit Setting
National map unit symbol: yrm0
Elevation: 400 to 900 feet
Mean annual precipitation: 33 to 41 inches
Mean annual air temperature: 50 to 55 degrees F
Frost-free period: 177 to 220 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Menfro and similar soils: 90 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Menfro

Setting
Landform: Hillslopes
Landform position (two-dimensional): Shoulder, backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Loess

Typical profile
A - 0 to 6 inches: silty clay loam
Bt - 6 to 40 inches: silty clay loam
C - 40 to 80 inches: silt loam

Properties and qualities
Slope: 9 to 14 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20

to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water storage in profile: High (about 11.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Ecological site: Deep Loess Upland Prairie (R107BY002MO)
Other vegetative classification: Trees/Timber (Woody Vegetation)

Custom Soil Resource Report
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10113—Oska silty clay loam, 5 to 9 percent slopes, eroded

Map Unit Setting
National map unit symbol: yrm7
Elevation: 600 to 1,200 feet
Mean annual precipitation: 33 to 41 inches
Mean annual air temperature: 50 to 55 degrees F
Frost-free period: 177 to 220 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Oska and similar soils: 90 percent
Minor components: 5 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Oska

Setting
Landform: Ridges
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Crest
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Residuum

Typical profile
A - 0 to 7 inches: silty clay loam
Bt - 7 to 34 inches: silty clay loam
R - 34 to 80 inches: bedrock

Properties and qualities
Slope: 5 to 9 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Natural drainage class: Well drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately

high (0.00 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water storage in profile: Low (about 5.6 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: D
Ecological site: Limestone Upland Prairie (R112XY020MO)
Other vegetative classification: Grass/Prairie (Herbaceous Vegetation)

Custom Soil Resource Report

13



Minor Components

Sampsel
Percent of map unit: 5 percent
Landform: Hillslopes
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Side slope
Down-slope shape: Convex
Across-slope shape: Concave
Other vegetative classification: Grass/Prairie (Herbaceous Vegetation)

10120—Sharpsburg silt loam, 2 to 5 percent slopes

Map Unit Setting
National map unit symbol: 2ql02
Elevation: 1,000 to 1,300 feet
Mean annual precipitation: 33 to 41 inches
Mean annual air temperature: 50 to 55 degrees F
Frost-free period: 177 to 220 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Sharpsburg and similar soils: 95 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Sharpsburg

Setting
Landform: Interfluves
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Loess

Typical profile
A - 0 to 17 inches: silt loam
Bt - 17 to 55 inches: silty clay loam
C - 55 to 60 inches: silty clay loam

Properties and qualities
Slope: 2 to 5 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Moderately well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to

moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None

Custom Soil Resource Report
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Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water storage in profile: Very high (about 12.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: C
Ecological site: Loess Upland Prairie (R109XY002MO)
Other vegetative classification: Grass/Prairie (Herbaceous Vegetation)

10141—Snead-Rock outcrop complex, 14 to 30 percent slopes

Map Unit Setting
National map unit symbol: 2ql0p
Elevation: 600 to 1,100 feet
Mean annual precipitation: 33 to 41 inches
Mean annual air temperature: 50 to 55 degrees F
Frost-free period: 177 to 220 days
Farmland classification: Not prime farmland

Map Unit Composition
Snead and similar soils: 70 percent
Rock outcrop: 15 percent
Minor components: 5 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Snead

Setting
Landform: Hillslopes
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Residuum weathered from calcareous shale

Typical profile
Ap - 0 to 3 inches: silty clay loam
Bw - 3 to 24 inches: silty clay
Cr - 24 to 80 inches: bedrock

Properties and qualities
Slope: 14 to 30 percent
Depth to restrictive feature: 20 to 40 inches to paralithic bedrock
Natural drainage class: Moderately well drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to

moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 24 to 36 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 10 percent

Custom Soil Resource Report
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Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water storage in profile: Low (about 3.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: D
Ecological site: Interbedded Sedimentary Backslope Savanna (R109XY012MO)
Other vegetative classification: Mixed/Transitional (Mixed Native Vegetation)

Description of Rock Outcrop

Typical profile
R - 0 to 80 inches: bedrock

Properties and qualities
Slope: 14 to 30 percent
Depth to restrictive feature: 0 inches to lithic bedrock
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately

high (0.00 to 0.20 in/hr)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8

Minor Components

Sampsel
Percent of map unit: 5 percent
Landform: Hillslopes
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Base slope
Down-slope shape: Convex
Across-slope shape: Concave
Other vegetative classification: Grass/Prairie (Herbaceous Vegetation)

36007—Bremer silt loam, 0 to 2 percent slopes, occasionally flooded

Map Unit Setting
National map unit symbol: 2qnvb
Elevation: 500 to 1,400 feet
Mean annual precipitation: 35 to 41 inches
Mean annual air temperature: 50 to 54 degrees F
Frost-free period: 177 to 209 days
Farmland classification: Prime farmland if drained

Map Unit Composition
Bremer and similar soils: 90 percent
Minor components: 5 percent

Custom Soil Resource Report
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Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Bremer

Setting
Landform: Flood-plain steps
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium

Typical profile
A - 0 to 20 inches: silt loam
Btg - 20 to 41 inches: silty clay loam
Cg - 41 to 60 inches: silty clay loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Poorly drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to

moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 0 to 12 inches
Frequency of flooding: Occasional
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water storage in profile: High (about 12.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: C/D
Ecological site: Wet Terrace Prairie (R109XY038MO)
Other vegetative classification: Grass/Prairie (Herbaceous Vegetation)

Minor Components

Colo
Percent of map unit: 5 percent
Landform: Flood-plain steps
Landform position (three-dimensional): Dip
Down-slope shape: Linear
Across-slope shape: Linear
Other vegetative classification: Grass/Prairie (Herbaceous Vegetation)

36020—Kennebec silt loam, 0 to 2 percent slopes, occasionally flooded

Map Unit Setting
National map unit symbol: 2qnvq
Elevation: 500 to 1,400 feet
Mean annual precipitation: 35 to 41 inches

Custom Soil Resource Report
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Mean annual air temperature: 50 to 54 degrees F
Frost-free period: 177 to 209 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Kennebec and similar soils: 90 percent
Minor components: 6 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Kennebec

Setting
Landform: Flood-plain steps
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium

Typical profile
A - 0 to 19 inches: silt loam
AC - 19 to 60 inches: silty clay loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Moderately well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to

moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 36 to 60 inches
Frequency of flooding: Occasional
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water storage in profile: Very high (about 12.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2w
Hydrologic Soil Group: C
Ecological site: Loamy Floodplain Prairie (R109XY005MO)
Other vegetative classification: Grass/Prairie (Herbaceous Vegetation)

Minor Components

Colo
Percent of map unit: 3 percent
Landform: Flood-plain steps
Down-slope shape: Linear
Across-slope shape: Linear
Other vegetative classification: Grass/Prairie (Herbaceous Vegetation)

Nodaway, frequently flooded
Percent of map unit: 3 percent
Landform: Flood plains
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Other vegetative classification: Mixed/Transitional (Mixed Native Vegetation)

Custom Soil Resource Report
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99033—Udarents-Urban land complex, 2 to 9 percent slopes

Map Unit Setting
National map unit symbol: 1n85n
Elevation: 720 to 1,050 feet
Mean annual precipitation: 33 to 43 inches
Mean annual air temperature: 46 to 57 degrees F
Frost-free period: 170 to 200 days
Farmland classification: Not prime farmland

Map Unit Composition
Udarents and similar soils: 50 percent
Urban land: 47 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Udarents

Setting
Landform position (two-dimensional): Summit, shoulder
Landform position (three-dimensional): Side slope, crest
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Mine spoil or earthy fill

Typical profile
C1 - 0 to 5 inches: silt loam
C2 - 5 to 80 inches: silty clay loam

Properties and qualities
Slope: 2 to 9 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Somewhat poorly drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to

moderately high (0.14 to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water storage in profile: Moderate (about 9.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: C
Other vegetative classification: Mixed/Transitional (Mixed Native Vegetation)
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Description of Urban Land

Setting
Landform position (two-dimensional): Backslope
Across-slope shape: Convex

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8

Custom Soil Resource Report
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APPENDIX C – PROPOSED CONDITIONS 

Plan Sheets C003 and C004 – Grading Plan 

Plan Sheets C010 and C011 – Utility Plans 

Plan Sheets C012 and C013 – Drainage Map and Calculations 

Exhibit 7 – Regional Drainage Map 

Exhibit 8 – U.S. Army Corps of Engineers 404 Permit 

Exhibit 9 – MDNR 401 Water Quality Certification and Permit 
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1 Year Storm

Direct Line Total Downstream Hydraulic Hydraulic
From To Area In Area C K Tc Flow Time Intensity Design Q Description Pipe length Pipe Slope Pipe dia (in) Manning's Q full Pipe V full Design V Hw/D outlet HW, Inlet HW, Outlet Inlet Top upstream downstream Invert water Grade Elev. Grade

(acre) (acre) (acre) (min) (min) (in/hr) (cfs) (lin ft) Slope, % n Value (cfs) Area, sf fps fps head, H Control, (ft) Control, (ft) Elevation flowline flowline Drop (ft) elevation (Calculated) (allowable)

4105 1.06 0.90 1.00 5.00 5.41 5.2 Curb Inlet 819.50 810.76 818.17
4104 1.06 0.90 1.00 5.00 0.54 5.41 5.2 RCP 206.90 2.00 24 0.013 32.08 3.14 10.21 6.41 0.7 0.29 810.76 806.51 809.31 805.17 806.23

4104 0.00 0.48 0.90 1.00 5.00 5.41 0.0 Junction Box 818.00 0.5 806.23 816.67
4103 1.54 0.90 1.00 5.54 0.22 5.28 7.3 HDPE 110.95 2.00 24 0.01 41.70 3.14 13.27 8.48 0.8 0.35 806.23 803.99 804.67 802.45 803.64

4103 0.42 0.90 1.00 5.00 5.41 2.0 Curb Inlet 818.00 0.5 803.64 816.67
4102 1.96 0.90 1.00 5.76 0.13 5.23 9.2 HDPE 71.85 2.00 24 0.01 41.70 3.14 13.27 9.00 0.8 0.42 803.64 802.17 801.95 800.52 801.74

4102 0.13 0.90 1.00 5.00 5.41 0.6 Curb Inlet 818.00 0.5 801.74 816.67
4101 2.09 0.90 1.00 5.89 0.09 5.20 9.8 RCP 42.61 2.00 24 0.013 32.08 3.14 10.21 7.52 0.9 0.36 801.74 800.70 800.02 799.16 800.34

4101 0.18 0.84 0.90 1.00 5.00 5.41 0.9 Curb Inlet 818.00 1 800.34 816.67
4100 3.11 0.90 1.00 5.98 0.18 5.18 14.5 HDPE 108.17 2.00 36 0.01 122.95 7.07 17.39 9.90 0.7 0.19 800.34 797.69 798.16 796.00 797.50

4201 0.48 0.90 1.00 5.00 5.41 2.3 Curb Inlet 818.00 807.74 816.67
4104 0.48 0.90 1.00 5.00 0.06 5.41 2.3 RCP 24.11 5.00 24 0.013 50.72 3.14 16.15 6.44 0.7 0.02 807.74 806.19 806.38 805.17 806.17

4303 0.35 0.90 1.00 5.00 5.41 1.7 Curb Inlet 819.50 813.94 818.17
4302 0.35 0.90 1.00 5.00 0.22 5.41 1.7 RCP 62.05 2.00 18 0.013 14.90 1.77 8.43 4.74 0.7 0.05 815.63 813.99 814.59 813.35 813.94

4302 0.20 0.90 1.00 5.00 5.41 1.0 Curb Inlet 819.50 0.5 813.94 818.17
4301 0.55 0.90 1.00 5.22 0.45 5.36 2.7 HDPE 179.65 2.00 18 0.01 19.36 1.77 10.96 6.62 0.7 0.29 813.94 810.25 812.85 809.25 809.96

4301 0.12 0.17 0.90 1.00 5.00 5.41 0.6 Curb Inlet 819.50 0.5 809.96 818.17
4101 0.84 0.90 1.00 5.67 0.38 5.25 4.0 RCP 137.65 2.00 18 0.013 14.90 1.77 8.43 6.02 0.8 0.53 809.96 807.28 808.75 806.00 806.75

4502 1.07 0.90 1.00 5.00 5.41 5.2 Curb Inlet 814.00 810.33 812.67
4501 1.07 0.90 1.00 5.00 1.29 5.41 5.2 RCP 77.11 1.00 24 0.013 22.68 3.14 7.22 1.00 0.7 0.14 810.33 809.51 808.88 808.11 809.37

4501 0.44 0.90 1.00 5.00 5.41 2.1 Curb Inlet 814.00 0.5 809.37 812.67
4500 1.51 0.90 1.00 6.29 0.44 5.11 6.9 RCP 108.62 0.50 30 0.013 29.08 4.91 5.92 4.10 0.7 0.11 809.37 808.43 807.61 807.07 808.32

4804 0.89 0.90 1.00 5.00 5.41 4.3 Curb Inlet 819.50 808.51 818.17
4803 0.89 0.90 1.00 5.00 0.57 5.41 4.3 HDPE 197.37 1.00 24 0.01 29.49 3.14 9.39 5.78 0.7 0.20 807.61 808.51 806.20 804.22 808.31

4803 0.19 0.67 0.90 1.00 5.00 5.41 0.9 Curb Inlet 819.00 0.5 808.31 817.67
4802 1.75 0.90 1.00 5.57 0.31 5.27 8.3 HDPE 127.11 1.00 24 0.01 29.49 3.14 9.39 6.79 0.8 0.51 805.34 808.31 803.72 802.45 807.80

4802 0.15 0.90 1.00 5.00 5.41 0.7 Curb Inlet 819.00 0.5 807.80 817.67
4801 1.90 0.90 1.00 5.88 0.14 5.20 8.9 RCP 49.19 1.00 24 0.013 22.68 3.14 7.22 5.70 0.8 0.32 807.80 807.11 806.14 805.65 806.79

4801 0.14 0.69 0.90 1.00 5.00 5.41 0.7 Curb Inlet 819.00 1 806.79 817.67
4101 2.73 0.90 1.00 6.03 0.18 5.17 12.7 RCP 65.06 1.00 36 0.013 66.88 7.07 9.46 6.16 0.7 0.11 806.79 805.61 804.65 804.00 805.50

4901 0.67 0.90 1.00 5.00 5.41 3.3 Curb Inlet 818.00 806.83 816.67
4803 0.67 0.90 1.00 5.00 0.46 5.41 3.3 RCP 122.54 1.00 24 0.013 22.68 3.14 7.22 4.43 0.7 0.08 806.83 805.30 805.45 804.22 805.22

5206 0.37 0.90 1.00 5.00 5.41 1.8 Curb Inlet 817.50 812.05 816.17
5205 0.37 0.90 1.00 5.00 0.65 5.41 1.8 RCP 187.98 2.00 18 0.013 14.90 1.77 8.43 4.84 0.7 0.14 812.05 808.16 811.01 807.25 808.02

5205 0.59 0.90 1.00 5.00 5.41 2.9 Curb Inlet 817.50 0.5 808.02 816.17
5204 0.96 0.90 1.00 5.65 0.45 5.25 4.5 HDPE 206.00 2.00 18 0.01 19.36 1.77 10.96 7.55 0.8 0.97 808.02 804.64 806.75 802.63 803.66

5204 0.54 0.90 1.00 5.00 5.41 2.6 Curb Inlet 817.50 0.5 803.66 816.17
5203 1.50 0.90 1.00 6.10 0.23 5.15 7.0 RCP 96.53 2.00 24 0.013 32.08 3.14 10.21 6.88 0.8 0.29 803.66 801.52 802.13 800.20 801.23

5203 0.00 0.90 1.00 5.00 5.41 0.0 Manhole 816.00 0.5 801.23 814.67
5202 1.50 0.90 1.00 6.34 0.18 5.10 6.9 RCP 72.80 2.00 24 0.013 32.08 3.14 10.21 6.86 0.8 0.24 801.23 799.92 799.70 798.24 799.68

5202 0.10 1.17 0.90 1.00 5.00 5.41 0.5 Curb Inlet 813.50 0.5 799.68 812.17
5201 2.77 0.90 1.00 6.51 0.07 5.06 12.6 RCP 33.00 2.00 30 0.013 58.16 4.91 11.85 7.99 0.8 0.19 799.68 798.92 797.74 797.08 798.73

5201 0.09 0.90 1.00 5.00 5.41 0.4 Curb Inlet 813.50 0.5 798.73 812.17
5200 2.86 0.90 1.00 6.58 0.06 5.05 13.0 RCP 29.11 2.00 36 0.013 94.58 7.07 13.38 8.10 0.7 0.09 798.73 797.59 796.58 796.00 797.50

5303 0.54 0.90 1.00 5.00 5.41 2.6 Curb Inlet 813.50 808.47 812.17
5302 0.54 0.90 1.00 5.00 0.44 5.41 2.6 RCP 143.04 2.00 18 0.013 14.90 1.77 8.43 5.40 0.7 0.24 808.47 805.53 807.38 804.52 805.30

5302 0.43 0.90 1.00 5.00 5.41 2.1 Curb Inlet 815.00 0.5 805.30 813.67
5301 0.97 0.90 1.00 5.44 0.14 5.30 4.6 RCP 63.24 3.00 18 0.013 18.24 1.77 10.32 7.28 0.9 0.40 805.30 803.42 804.02 802.12 803.02

5301 0.20 0.90 1.00 5.00 5.41 1.0 Curb Inlet 814.00 0.5 803.02 812.67
5202 1.17 0.90 1.00 5.59 0.21 5.27 5.5 RCP 95.99 3.00 18 0.013 18.24 1.77 10.32 7.60 0.9 0.77 803.02 800.26 801.62 798.74 799.49

5402 0.45 0.90 1.00 5.00 5.41 2.2 Curb Inlet 819.50 810.07 818.17
5401 0.45 0.90 1.00 5.00 0.27 5.41 2.2 RCP 62.05 1.00 24 0.013 22.68 3.14 7.22 3.82 0.7 0.02 810.07 809.00 808.71 808.09 808.97

5401 0.24 0.90 1.00 5.00 5.41 1.2 Curb Inlet 819.50 0.5 808.97 818.17
4801 0.69 0.90 1.00 5.27 0.73 5.34 3.3 RCP 193.95 1.00 24 0.013 22.68 3.14 7.22 4.44 0.7 0.11 808.97 806.76 807.59 805.65 806.65

5401 0.17 0.90 1.00 5.00 5.41 0.8 Curb Inlet 819.50 811.52 818.17
4301 0.17 0.90 1.00 5.00 0.29 5.41 0.8 RCP 62.67 2.00 18 0.013 14.90 1.77 8.43 3.63 0.7 0.01 811.52 810.02 810.51 809.25 810.00
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10 Year Storm

Direct Line Total Downstream Hydraulic Hydraulic
From To Area In Area C K Tc Flow Time Intensity Design Q Description Pipe length Pipe Slope Pipe dia (in) Manning's Q full Pipe V full Design V Hw/D outlet HW, Inlet HW, Outlet Inlet Top upstream downstream Invert water Grade Elev. Grade

(acre) (acre) (acre) (min) (min) (in/hr) (cfs) (lin ft) Slope, % n Value (cfs) Area, sf fps fps head, H Control, (ft) Control, (ft) Elevation flowline flowline Drop (ft) elevation (Calculated) (allowable)

4105 1.06 0.90 1.00 5.00 7.35 7.0 Curb Inlet 819.50 810.85 818.17
4104 1.06 0.90 1.00 5.00 0.50 7.35 7.0 RCP 206.90 2.00 24 0.013 32.08 3.14 10.21 6.90 0.8 0.53 810.85 806.94 809.31 805.17 806.41

4104 0.00 0.48 0.90 1.00 5.00 7.35 0.0 Junction Box 818.00 0.5 806.41 816.67
4103 1.54 0.90 1.00 5.50 0.20 7.20 9.9 HDPE 110.95 2.00 24 0.01 41.70 3.14 13.27 9.18 0.9 0.66 806.41 804.59 804.67 802.45 803.93

4103 0.42 0.90 1.00 5.00 7.35 2.8 Curb Inlet 818.00 0.5 803.93 816.67
4102 1.96 0.90 1.00 5.70 0.12 7.14 12.6 HDPE 71.85 2.00 24 0.01 41.70 3.14 13.27 9.76 1.0 0.79 803.93 802.87 801.95 800.52 802.08

4102 0.13 0.90 1.00 5.00 7.35 0.9 Curb Inlet 818.00 0.5 802.08 816.67
4101 2.09 0.90 1.00 5.82 0.09 7.11 13.4 RCP 42.61 2.00 24 0.013 32.08 3.14 10.21 8.21 1.0 0.67 802.08 801.15 800.02 799.16 800.49

4101 0.18 0.84 0.90 1.00 5.00 7.35 1.2 Curb Inlet 818.00 1 800.49 816.67
4100 3.11 0.90 1.00 5.91 0.17 7.08 19.8 HDPE 108.17 2.00 36 0.01 122.95 7.07 17.39 10.92 0.8 0.36 800.49 797.86 798.16 796.00 797.50

4201 0.48 0.90 1.00 5.00 7.35 3.2 Curb Inlet 818.00 807.76 816.67
4104 0.48 0.90 1.00 5.00 0.05 7.35 3.2 RCP 24.11 5.00 24 0.013 50.72 3.14 16.15 7.34 0.7 0.03 807.76 806.20 806.38 805.17 806.17

4303 0.35 0.90 1.00 5.00 7.35 2.3 Curb Inlet 819.50 814.02 818.17
4302 0.35 0.90 1.00 5.00 0.20 7.35 2.3 RCP 62.05 2.00 18 0.013 14.90 1.77 8.43 5.25 0.7 0.10 815.66 814.12 814.59 813.35 814.02

4302 0.20 0.90 1.00 5.00 7.35 1.3 Curb Inlet 819.50 0.5 814.02 818.17
4301 0.55 0.90 1.00 5.20 0.42 7.29 3.6 HDPE 179.65 2.00 18 0.01 19.36 1.77 10.96 7.11 0.8 0.55 814.02 810.68 812.85 809.25 810.13

4301 0.12 0.17 0.90 1.00 5.00 7.35 0.8 Curb Inlet 819.50 0.5 810.13 818.17
4101 0.84 0.90 1.00 5.62 0.35 7.17 5.4 RCP 137.65 2.00 18 0.013 14.90 1.77 8.43 6.51 0.9 0.98 810.13 807.73 808.75 806.00 806.75

4502 1.07 0.90 1.00 5.00 7.35 7.1 Curb Inlet 814.00 810.43 812.67
4501 1.07 0.90 1.00 5.00 1.29 7.35 7.1 RCP 77.11 1.00 24 0.013 22.68 3.14 7.22 1.00 0.8 0.26 810.43 809.70 808.88 808.11 809.44

4501 0.44 0.90 1.00 5.00 7.35 2.9 Curb Inlet 814.00 0.5 809.44 812.67
4500 1.51 0.90 1.00 6.29 0.41 6.98 9.5 RCP 108.62 0.50 30 0.013 29.08 4.91 5.92 4.44 0.7 0.20 809.44 808.52 807.61 807.07 808.32

4804 0.89 0.90 1.00 5.00 7.35 5.9 Curb Inlet 819.50 809.39 818.17
4803 0.89 0.90 1.00 5.00 0.53 7.35 5.9 HDPE 197.37 1.00 24 0.01 29.49 3.14 9.39 6.19 0.7 0.36 807.68 809.39 806.20 804.22 809.03

4803 0.19 0.67 0.90 1.00 5.00 7.35 1.3 Curb Inlet 819.00 0.5 809.03 817.67
4802 1.75 0.90 1.00 5.53 0.29 7.19 11.3 HDPE 127.11 1.00 24 0.01 29.49 3.14 9.39 7.36 0.9 0.95 805.58 809.03 803.72 802.45 808.08

4802 0.15 0.90 1.00 5.00 7.35 1.0 Curb Inlet 819.00 0.5 808.08 817.67
4801 1.90 0.90 1.00 5.82 0.13 7.11 12.2 RCP 49.19 1.00 24 0.013 22.68 3.14 7.22 6.26 1.0 0.59 808.08 807.49 806.14 805.65 806.90

4801 0.14 0.69 0.90 1.00 5.00 7.35 0.9 Curb Inlet 819.00 1 806.90 817.67
4101 2.73 0.90 1.00 5.95 0.16 7.07 17.4 RCP 65.06 1.00 36 0.013 66.88 7.07 9.46 6.72 0.8 0.21 806.90 805.71 804.65 804.00 805.50

4901 0.67 0.90 1.00 5.00 7.35 4.4 Curb Inlet 818.00 806.87 816.67
4803 0.67 0.90 1.00 5.00 0.43 7.35 4.4 RCP 122.54 1.00 24 0.013 22.68 3.14 7.22 4.74 0.7 0.14 806.87 805.36 805.45 804.22 805.22

5206 0.37 0.90 1.00 5.00 7.35 2.4 Curb Inlet 817.50 812.09 816.17
5205 0.37 0.90 1.00 5.00 0.59 7.35 2.4 RCP 187.98 2.00 18 0.013 14.90 1.77 8.43 5.31 0.7 0.26 812.09 808.51 811.01 807.25 808.24

5205 0.59 0.90 1.00 5.00 7.35 3.9 Curb Inlet 817.50 0.5 808.24 816.17
5204 0.96 0.90 1.00 5.59 0.42 7.18 6.2 HDPE 206.00 2.00 18 0.01 19.36 1.77 10.96 8.18 1.0 1.81 808.24 805.65 806.75 802.63 803.83

5204 0.54 0.90 1.00 5.00 7.35 3.6 Curb Inlet 817.50 0.5 803.83 816.17
5203 1.50 0.90 1.00 6.01 0.22 7.05 9.5 RCP 96.53 2.00 24 0.013 32.08 3.14 10.21 7.48 0.9 0.55 803.83 801.95 802.13 800.20 801.40

5203 0.00 0.90 1.00 5.00 7.35 0.0 Manhole 816.00 0.5 801.40 814.67
5202 1.50 0.90 1.00 6.22 0.16 6.99 9.4 RCP 72.80 2.00 24 0.013 32.08 3.14 10.21 7.46 0.8 0.45 801.40 800.36 799.70 798.24 799.91

5202 0.10 1.17 0.90 1.00 5.00 7.35 0.7 Curb Inlet 813.50 0.5 799.91 812.17
5201 2.77 0.90 1.00 6.39 0.06 6.95 17.3 RCP 33.00 2.00 30 0.013 58.16 4.91 11.85 8.68 0.9 0.36 799.91 799.21 797.74 797.08 798.85

5201 0.09 0.90 1.00 5.00 7.35 0.6 Curb Inlet 813.50 0.5 798.85 812.17
5200 2.86 0.90 1.00 6.45 0.06 6.93 17.8 RCP 29.11 2.00 36 0.013 94.58 7.07 13.38 8.70 0.8 0.16 798.85 797.66 796.58 796.00 797.50

5303 0.54 0.90 1.00 5.00 7.35 3.6 Curb Inlet 813.50 808.55 812.17
5302 0.54 0.90 1.00 5.00 0.41 7.35 3.6 RCP 143.04 2.00 18 0.013 14.90 1.77 8.43 5.84 0.8 0.44 808.55 805.97 807.38 804.52 805.53

5302 0.43 0.90 1.00 5.00 7.35 2.8 Curb Inlet 815.00 0.5 805.53 813.67
5301 0.97 0.90 1.00 5.41 0.13 7.23 6.3 RCP 63.24 3.00 18 0.013 18.24 1.77 10.32 7.86 1.0 0.74 805.53 804.10 804.02 802.12 803.36

5301 0.20 0.90 1.00 5.00 7.35 1.3 Curb Inlet 814.00 0.5 803.36 812.67
5202 1.17 0.90 1.00 5.54 0.19 7.19 7.6 RCP 95.99 3.00 18 0.013 18.24 1.77 10.32 8.29 1.2 1.44 803.36 800.93 801.62 798.74 799.49

5402 0.45 0.90 1.00 5.00 7.35 3.0 Curb Inlet 819.50 810.09 818.17
5401 0.45 0.90 1.00 5.00 0.24 7.35 3.0 RCP 62.05 1.00 24 0.013 22.68 3.14 7.22 4.29 0.7 0.04 810.09 809.05 808.71 808.09 809.01

5401 0.24 0.90 1.00 5.00 7.35 1.6 Curb Inlet 819.50 0.5 809.01 818.17
4801 0.69 0.90 1.00 5.24 0.68 7.28 4.5 RCP 193.95 1.00 24 0.013 22.68 3.14 7.22 4.76 0.7 0.21 809.01 806.86 807.59 805.65 806.65

5401 0.17 0.90 1.00 5.00 7.35 1.1 Curb Inlet 819.50 811.53 818.17
4301 0.17 0.90 1.00 5.00 0.25 7.35 1.1 RCP 62.67 2.00 18 0.013 14.90 1.77 8.43 4.13 0.7 0.02 811.53 810.03 810.51 809.25 810.00
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100 Year Storm

Direct Line Total Downstream Hydraulic Hydraulic
From To Area In Area C K Tc Flow Time Intensity Design Q Description Pipe length Pipe Slope Pipe dia (in) Manning's Q full Pipe V full Design V Hw/D outlet HW, Inlet HW, Outlet Inlet Top upstream downstream Invert water Grade Elev. Grade

(acre) (acre) (acre) (min) (min) (in/hr) (cfs) (lin ft) Slope, % n Value (cfs) Area, sf fps fps head, H Control, (ft) Control, (ft) Elevation flowline flowline Drop (ft) elevation (Calculated) (allowable)

4105 1.06 0.90 1.25 5.00 10.32 12.3 Curb Inlet 819.50 811.26 818.17
4104 1.06 0.90 1.25 5.00 0.43 10.32 12.3 RCP 206.90 2.00 24 0.013 32.08 3.14 10.21 8.01 1.0 1.64 811.26 809.75 809.31 805.17 808.11

4104 0.00 0.48 0.90 1.25 5.00 10.32 0.0 Junction Box 818.00 0.5 808.11 816.67
4103 1.54 0.90 1.25 5.43 0.17 10.15 17.5 HDPE 110.95 2.00 24 0.01 41.70 3.14 13.27 10.69 1.3 2.04 807.25 808.11 804.67 802.45 806.07

4103 0.42 0.90 1.25 5.00 10.32 4.9 Curb Inlet 818.00 0.5 806.07 816.67
4102 1.96 0.90 1.25 5.60 0.10 10.08 22.2 HDPE 71.85 2.00 24 0.01 41.70 3.14 13.27 11.49 1.7 2.46 805.29 806.07 801.95 800.52 803.60

4102 0.13 0.90 1.25 5.00 10.32 1.5 Curb Inlet 818.00 0.5 803.60 816.67
4101 2.09 0.90 1.25 5.71 0.07 10.04 23.6 RCP 42.61 2.00 24 0.013 32.08 3.14 10.21 9.76 1.8 2.08 803.60 803.23 800.02 799.16 801.15

4101 0.18 0.84 0.90 1.25 5.00 10.32 2.1 Curb Inlet 818.00 1 801.15 816.67
4100 3.11 0.90 1.25 5.78 0.14 10.01 35.0 HDPE 108.17 2.00 36 0.01 122.95 7.07 17.39 12.61 1.0 1.12 801.15 798.62 798.16 796.00 797.50

4201 0.48 0.90 1.25 5.00 10.32 5.6 Curb Inlet 818.00 807.84 816.67
4104 0.48 0.90 1.25 5.00 0.04 10.32 5.6 RCP 24.11 5.00 24 0.013 50.72 3.14 16.15 8.95 0.7 0.09 807.84 806.26 806.38 805.17 806.17

4303 0.35 0.90 1.25 5.00 10.32 4.1 Curb Inlet 819.50 814.36 818.17
4302 0.35 0.90 1.25 5.00 0.17 10.32 4.1 RCP 62.05 2.00 18 0.013 14.90 1.77 8.43 6.05 0.8 0.30 815.80 814.67 814.59 813.35 814.36

4302 0.20 0.90 1.25 5.00 10.32 2.3 Curb Inlet 819.50 0.5 814.36 818.17
4301 0.55 0.90 1.25 5.17 0.36 10.25 6.3 HDPE 179.65 2.00 18 0.01 19.36 1.77 10.96 8.22 1.0 1.69 814.36 812.61 812.85 809.25 810.92

4301 0.12 0.17 0.90 1.25 5.00 10.32 1.4 Curb Inlet 819.50 0.5 810.92 818.17
4101 0.84 0.90 1.25 5.54 0.30 10.10 9.5 RCP 137.65 2.00 18 0.013 14.90 1.77 8.43 7.72 1.4 3.06 810.92 809.81 808.75 806.00 806.75

4502 1.07 0.90 1.25 5.00 10.32 12.4 Curb Inlet 814.00 810.85 812.67
4501 1.07 0.90 1.25 5.00 1.29 10.32 12.4 RCP 77.11 1.00 24 0.013 22.68 3.14 7.22 1.00 1.0 0.81 810.85 810.55 808.88 808.11 809.75

4501 0.44 0.90 1.25 5.00 10.32 5.1 Curb Inlet 814.00 0.5 809.75 812.67
4500 1.51 0.90 1.25 6.29 0.34 9.81 16.7 RCP 108.62 0.50 30 0.013 29.08 4.91 5.92 5.25 0.9 0.61 809.75 808.93 807.61 807.07 808.32

4804 0.89 0.90 1.25 5.00 10.32 10.3 Curb Inlet 819.50 813.39 818.17
4803 0.89 0.90 1.25 5.00 0.46 10.32 10.3 HDPE 197.37 1.00 24 0.01 29.49 3.14 9.39 7.17 0.9 1.11 807.97 813.39 806.20 804.22 812.28

4803 0.19 0.67 0.90 1.25 5.00 10.32 2.2 Curb Inlet 819.00 0.5 812.28 817.67
4802 1.75 0.90 1.25 5.46 0.24 10.14 20.0 HDPE 127.11 1.00 24 0.01 29.49 3.14 9.39 8.74 1.5 2.94 806.67 812.28 803.72 802.45 809.34

4802 0.15 0.90 1.25 5.00 10.32 1.7 Curb Inlet 819.00 0.5 809.34 817.67
4801 1.90 0.90 1.25 5.70 0.11 10.04 21.5 RCP 49.19 1.00 24 0.013 22.68 3.14 7.22 7.43 1.6 1.85 809.34 809.26 806.14 805.65 807.41

4801 0.14 0.69 0.90 1.25 5.00 10.32 1.6 Curb Inlet 819.00 1 807.41 817.67
4101 2.73 0.90 1.25 5.81 0.14 10.00 30.7 RCP 65.06 1.00 36 0.013 66.88 7.07 9.46 7.82 0.9 0.66 807.41 806.16 804.65 804.00 805.50

4901 0.67 0.90 1.25 5.00 10.32 7.8 Curb Inlet 818.00 807.03 816.67
4803 0.67 0.90 1.25 5.00 0.37 10.32 7.8 RCP 122.54 1.00 24 0.013 22.68 3.14 7.22 5.49 0.8 0.43 807.03 805.66 805.45 804.22 805.22

5206 0.37 0.90 1.25 5.00 10.32 4.3 Curb Inlet 817.50 812.25 816.17
5205 0.37 0.90 1.25 5.00 0.51 10.32 4.3 RCP 187.98 2.00 18 0.013 14.90 1.77 8.43 6.13 0.8 0.80 812.25 811.05 811.01 807.25 810.24

5205 0.59 0.90 1.25 5.00 10.32 6.9 Curb Inlet 817.50 0.5 810.24 816.17
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1.0 INTRODUCTION

Acer Environmental, LLC has been retained by GBA and Happy Valley Properties to conduct a
Clean Water Act Section 404 Preliminary Jurisdictional Wetland Delineation on an
approximately 158-acre site located northeast of the View High Drive and Interstate 470
intersection in Lee’s Summit, Jackson County, Missouri (Appendix A — Figure 1). The project is
situated in the SW1/4 of Section 27 and NW1/4 of Section 34, Township 48N, Range 32W of
the U.S. Geological Survey (USGS) 7.5 minute topographic quadrangle —Lee’s Summit, MO
(Appendix A - Figure 2). Land use within the project area primarily consists of open fields and
wooded areas. The open field areas appear to have been used for agricultural use (grazing and
hay) in the past (Appendix — Figure 3).

The purpose of the investigation is to provide data in support of a Clean Water Act Section 404
Preliminary Jurisdictional Wetland Delineation as required by the U.S. Army Corps of Engineers
(Corps). The onsite wetland delineation was performed in accordance with the U.S. Army Corps
of Engineers Wetlands Delineation Manual, Technical Report Y-87-1, U.S. Army Engineer
Waterways Experiment Station, Vicksburg, Mississippi and Regional Supplement to the Corps
of Engineers Wetland Delineation Manual: Midwest Region (Version 2.0).

According to the on-site Preliminary Jurisdictional Wetland Delineations conducted on January
19, January 28, February 4, February 7, and April 10, 2013, seven (7) channels (approximately
4,165 total linear feet of perennial; 800 total linear feet of intermittent; and 2,087 total linear feet
of ephemeral), five (5) herbaceous wetlands (approximately 19.58 acres), three (3) wooded
wetlands (approximately 2.50 acres), and one (1) pond (approximately 0.44-acre) were
identified within the approximately 135-acre project site. The Little Blue River flows through the
southern section of the site.

This report does not constitute a jurisdictional determination of waters of the U.S. Any such
determination must be made by the Corps, which is the lead agency regarding Clean Water Act
Section 404 waters of the U.S. including jurisdictional wetlands.

2.0 DESCRIPTION OF PROJECT SITE

The total area of the project site is approximately 158 acres. Land use within the project area
consists of open fields, residential, old pastures, and wooded areas. (Appendix A — Figure 3).

The project site is located in the Lee’s Summit, Jackson County, Missouri. The site ranges in
elevation from approximately 920 feet in the northern section to 796 feet along the Little Blue
River channel in the southern section of the site.

3.0 PRELIMINARY DATA GATHERING

Prior to performing the onsite assessment, available documentation containing site condition
information was reviewed. The information reviewed included the following:



3.1 USGS Topographic Maps

According to the USGS 7.5 minute topographic quadrangle Lee’s Summit, MO
(Appendix A - Figure 2), the Little Blue River, five (5) unnamed tributaries to the Little
Blue River, and one (1) pond were identified within the project site.

3.2 National Wetlands Inventory Maps

According to the National Wetlands Inventory (NWI) 7.5 minute quadrangle Lee’s
Summit, MO (Appendix A - Figure 4), two (2) potential waters of the U.S. were
identified within the project site and are listed below.

• Palustrine, Unconsolidated Bottom, Intermittently Exposed, Excavated (PUBGx)
• Riverine, Lower Perennial, Unconsolidated Bottom, Intermittently Exposed

(RU2BG)

3.3 Soils Map 2012 Missouri Cares

The Soil Survey Map of Jackson County, MO, identified six (6) soil map units within the
project site. The units are listed in the table below and shown on Figure 5 in Appendix
A.

Table 1. Project Site Soils per Soil Map.

4.0 ON-SITE ROUTINE WETLAND DELINEATION

The on-site wetland delineation was performed in accordance with the Corps of Engineers
Wetlands Delineation Manual, Technical Report Y-87-1, U.S. Army Engineer Waterways
Experiment Station, Vicksburg, Mississippi and Regional Supplement to the Corps of Engineers
Wetland Delineation Manual: Midwest Region (Version 2.0).

The Preliminary Jurisdictional Wetland Delineation was conducted on January 19, January 28,
February 4, February 7, and April 10, 2013. The wetland delineation began with an overall
assessment of onsite plant communities, hydrology, and topographic features.

Soil Unit Soil Name and Information Hydric/Non-Hydric

10113 Oska silty clay loam, 5-9% slopes, eroded Non-hydric

10120 Sharpsburg silt loam, 2-5% slopes Non-hydric
10141 Snead-Rock outcrop complex, 14-30% slopes Non-hydric

36007 Bremer silt loam, 0-2% slopes, occasionally Bremer with Cob
flooded inclusion

36020 Kennebec silt loam, 0-2% slopes, occasionally Cob and Nodaway
flooded inclusions

99033 Uddrents-Urban land complex, 2-9% slopes Non-hydric
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4.1 Plant Communities

The site was dominated by open fields and wooded areas. The open fields appear to be
used for pasture and hay in the past. Dominate species within the open fields include
fescue (Festuca arundinacea) and Reed’s canary grass (Phalaris arundinacea). The
Reed’s canary grass is located in the herbaceous wetlands. The fescue in the wetland
areas has developed a morphologic adaptation referred to as tufting in this document. It
is tufting to adapt to the wet hydrologic conditions. Other species included in the
wetlands, open fields, and wooded areas are rough-leaf dogwood (Cornus drummondii),
eastern red cedar (Juniperus virginiana), eastern cottonwood (Populus deltoides), silver
maple (Acer saccharinum), black willow (Salix nigra), oaks (Quercus sp.), osage orange
(Maciura pomifera), poison ivy (Toxicodendron radicans), and coralberry
(Symphoricarpos orbiculatus). Species are listed on the data sheets.

4.2 Hydrology

Based on field observations, it appears that the main sources of hydrological support for
the identified wetlands is direct precipitation, sheet flow from adjacent upland areas, over
flow from the Little Blue River, and ground water.

The hydrologic support for the channels appears to be direct precipitation, sheet flow
from adjacent upland areas, and ground water.

4.3 Identified Stream Channels

During the field investigation, 7 (seven) channels (Cl through C7) were identified. A
detailed description of each channel is provided in Table 2 below. Locations of each
identified potential waters of the U.S. are depicted in Appendix A - Figures 6A and 6B.

Table 2. Description of Identified Channels

Identifier
Code Average Estimated Estimated
(see Type of System Width OHWM On-site Dominant Adjacent Vegetation

Figures GA (Feet) (inches) Quantity
and GB)

Oaks (Quercus sps), silver maple
(Acer saccharinum), Cottonwood

Cl Little Blue River (Populus deltoids), Poison Ivy
20 feet 30 3,982 LF (Toxicodendron radicans),Perennial

Coralberry ( Symphoricarpos
orbiculatus), and Wild rye ( Elymus
sp.)

Unnamed channel
C2 to Little Blue River 5 6 611 LF Oaks, Hackberry (Celtis

ephemeral occidentalis), and coralberry.

Unnamed channel
C3 to Little Blue River 4 6 891 LF

Oaks, Hackberry, Poison Ivy, and

ephemeral Coralberry
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Identifier
Code Average Estimated Estimated
(see Type of System Width OHWM On-site Dominant Adjacent Vegetation

Figures 6A (Feet) (inches) Quantity
and 6B)

Not connected to
C4 another channel or 2 4 364 LF Oaks, Hackberry, Poison Ivy, and

Coralberrywetland
Unnamed channel

C5 to Little Blue River 2 6 221 Fescue, osage orange, and oaks
ephemeral

Unnamed channel
C6 to Little Blue River 5 12 800 Oaks, Hackberry, Poison Ivy, and

Coralberryintermittent
Oaks (Quercus sps.), silver
maple (Acer saccharinum),
Cottonwood (Populus

Unnamed channel
C7 to Little Blue River 15 30 183

deltoids), Poison Ivy

perennial ( Toxicodendron radicans),
Coralberry (Symphoricarpos
orbiculatus), and Wildrye
(Elymus sp.)

OHWM — Ordinary High Water Mark

LF — Linear Feet

4.4 Identified Potential Wetlands

During the field investigation, eight (8) herbaceous/wooded wetlands were identified on-
site. The wetlands include open field and wooded areas. A pond is located in the
northeastern section of the site. Wetlands are not adjacent to the pond. The wetlands
and pond are located in the natural floodplain of the Little Blue River.

A large 21.60-acre wetland system (herbaceous and wooded) is in an open field. The
wetland is primarily herbaceous with a small section of trees and is low quality. The
herbaceous section is dominated by Reed’s canary grass and fescue. The fescue has
developed a morphological adaptation referred to in this document as tufting. The
adaptation is due to the wet conditions at the site. Past land use appears to be
agricultural (pasture and hay) as observed in the Natural Resource Conservation
Service aerial photographs (1979 and 1981). According to the 1993 aerial photograph
the wetland site is no longer beginning used for an agricultural purposes. The remaining
wetlands are also considered low quality.

A detailed description of the identified wetlands is provided in Table 3 below and on the
data sheets in Appendix C. Location of the identified potential waters of the U.S. is
depicted in Appendix A - Figures 6A and 6B.
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Table 3. Description of Potential Wetlands and Pond

Potential
Wetland! Estimated

Type of System On-site Dominant Vegetation
Pond Quantity

herbaceous - notWetland 1 0.04-acre Cattail (Typha sp.)connected to
tributary

herbaceous - not
Wetland 2 connected to 0.10-acre Cattail and fescue (tufting)

tributary
herbaceous - not Black willow (Salix nigra) — no herbaceous veg.,Wetland 3 connected to 0.04-acre willows along edgestributary
herbaceous - not

Wetland 4 connected to 0.04-acre Cattail and smartweed (Persicaria pensylvanica)
tributary

herbaceous - not
Reed’s canary grass (Phalaris arundinacea) andWetland 5 connected to 19.36 acres fescue (tufting)tributary

wooded - not
No vegetation — distinct topographic changesWetland 6 connected to 0.04-acre trees at top of slopetributary

wooded - not
Wetland 7 connected to 0.22-acre Black willow and fescue (tufting)

tributary
wooded - not Black willow, cottonwood (Populus deltoides),Wetland 8 connected to 2.24 acres and fescue (tufting)tributary

Pond open water 0.41-acre

Representative photographs of the on-site Preliminary Jurisdictional Wetland Delineation
are provided in Appendix B. Routine Wetland Determination Data Forms completed
during the wetland delineation are provided in Appendix C.

5.0 CONCLUSIONS

According to the on-site Preliminary Jurisdictional Wetland Delineations conducted on January
19, January 28, February 4, February 7, and April 10, 2013, seven (7) channels (approximately
4,165 total linear feet of perennial; 800 total linear feet of intermittent; and 2,087 total linear feet
of ephemeral), five (5) herbaceous wetlands (approximately 19.58 acres), three (3) wooded
wetlands (approximately 2.50 acres) , and one (1) pond (approximately 0.44-acre) were
identified within the approximately 158-acre project site. The Little Blue River flows through the
southern section of the site.

The identified wetlands and pond are located within the natural floodplain of the Little Blue
River. The intermittent channel (C6); perennial channel (C7); and three (3) of the ephemeral
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channels are connected to the Little Blue River. The fourth ephemeral channel (C4) is ended by
disturbance, fill, and topography and not connected to a channel or wetland.

This report does not constitute a jurisdictional determination of waters of the U.S. Any such
determination must be made by the Corps, which is the lead agency regarding Clean Water Act
Section 404 waters of the U.S. including jurisdictional wetlands.
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PHOTOGRAPHIC LOG
B. Burton

Preliminary Jurisdictional Wetland Delineation
View High Development
Lee’s Summit, Jackson County, Missouri

Happy Valley Properties

Frame No.: 01

Direction: Southwest

Comments:
View of Wetland W-1 and
Plot F-i. Note distinct
topographic change at
edges.

Frame No.: 02

Direction: East

Comments:
View of Wetland W-2 and
Plots F-4, F-5, and F-7. Note
fescue morphological
adaptation — “tufting”.

January and February 2013



PHOTOGRAPHIC LOG
B. Burton

Preliminary Jurisdictional Wetland Delineation
View High Development
Lee’s Summit, Jackson County, Missouri

Happy Valley Properties

Frame No.: 03

Direction: West

Comments:
View of Wetland W-2 and
Plot F-8.

Frame No.: 04

Direction: East

Comments:
View of Wetland W-3 and
Plot F-2. Wetland spillway of
pond.

January and February 2013



PHOTOGRAPHIC LOG
B. Burton

Preliminary Jurisdictional Wetland Delineation
View High Development
Lee’s Summit, Jackson County, Missouri

Happy Valley Properties

Frame No.: 05

Direction: East

Comments:
View of Wetland W-4 and
Plot F-3. Wetland part of
pond spiliway.

Frame No.: 06

Direction: West

Comments:
View of Wetland W-5 and
Plot F-16.

January and February 2013



PHOTOGRAPHIC LOG
B. Burton

Preliminary Jurisdictional Wetland Delineation
View High Development
Lee’s Summit, Jackson County, Missouri

Happy Valley Properties

Frame No.: 07

Direction: Northwest

Comments:
View of Wetland W-5 and
Plot F-17.

Frame No.: 08

Direction: Southeast

Comments:
View of Wetland W-5 and
Plot F-18.

January and February 2013



PHOTOGRAPHIC LOG
B. Burton

Preliminary Jurisdictional Wetland Delineation
View High Development
Lee’s Summit, Jackson County, Missouri

Happy Valley Properties

Frame No.: 09

Direction: Southeast

Comments:
View of Wetland W-5 and
Plot F-19.

Frame No.: 10

Direction: Southeast

Comments:
View of Wetland W-5 and
Plot F-20.

January and February 2013



PHOTOGRAPHIC LOG
B. Burton

Preliminary Jurisdictional Wetland Delineation
View High Development
Lee’s Summit, Jackson County, Missouri

Happy Valley Properties

Frame No.: 11

Direction: Southeast

Comments:
View of wooded Wetland W
8 and Plot F-21.

Frame No.: 12

Direction: Southeast

Comments:
View of Wetland W-5 and
Plot F-22.

January and February 2013



PHOTOGRAPHIC LOG
B. Burton

Preliminary Jurisdictional Wetland Delineation
View High Development
Lee’s Summit, Jackson County, Missouri

Happy Valley Properties

Frame No.: 13

Direction:

Comments:
View of Wetland W-5 and
Plot F-23.

Frame No.: 14

Direction: North

Comments:
View of Wetland W-5 and
Plot F-24.

January and February 2013



PHOTOGRAPHIC LOG
B. Burton

Preliminary Jurisdictional Wetland Delineation
View High Development
Lee’s Summit, Jackson County, Missouri

Happy Valley Properties

Frame No.: 15

Direction: Northeast

Comments:
View of Wetland W-5 and
Plot F-25.

Frame No.: 16

Direction:

Comments:
View of Wetland W-5 and
Plot F-26.

January and February 2013



PHOTOGRAPHIC LOG
B. Burton

Preliminary Jurisdictional Wetland Delineation
View High Development
Lee’s Summit, Jackson County, Missouri

Happy Valley Properties

Frame No.: 17

Direction: Southwest

Comments:
View of Wetland W-5 and
Plot F-27.

Frame No.: 18

Direction: South

Comments:
View of Wetland W-5 and
Plot F-28.

January and February 2013



PHOTOGRAPHIC LOG

Preliminary Jurisdictional Wetland Delineation
View High Development
Lee’s Summit, Jackson County, Missouri

Happy Valley Properties

Frame No.: 19

Direction: East

Comments:
View of Wetland W-5 and
Plot F-29.

Frame No.: 20

Direction: South

Comments:
View of Wetland W-5 and
Plot F-30.

B. Burton

January and February 2013



PHOTOGRAPHIC LOG
B. Burton

Preliminary Jurisdictional Wetland Delineation
View High Development
Lee’s Summit, Jackson County, Missouri

Happy Valley Properties

Frame No.: 21

Direction: North

Comments:
View of Wetland W-6 and
Plot F-9.

Frame No.: 22

Direction:

Comments:
View of wooded Wetland W
7 and Plot F-lU.

January and February 2013



PHOTOGRAPHIC LOG
B. Burton

Preliminary Jurisdictional Wetland Delineation
View High Development
Lee’s Summit, Jackson County, Missouri

Happy Valley Properties

Frame No.: 23

Direction: Southeast

Comments:
View of wooded Wetland W
7and Plot F-li.

Frame No.: 24

Direction: Northeast

Comments:
View of wooded Wetland W
7 and Plot F-12.

January and February 2013



PHOTOGRAPHIC LOG
B. Burton

Preliminary Jurisdictional Wetland Delineation
View High Development
Lee’s Summit, Jackson County, Missouri

Happy Valley Properties

Frame No.: 25

Direction: North

Comments:
View of wooded Wetland W
7 and Plot F-13.

Frame No.: 26

Direction: North

Comments:
View of wooded Wetland W
7 and Plots F-14 and F-15.
Note tufting fescue (F-i 5)
and color change to brome
and fescue mix (F-i4).

January and February 2013



PHOTOGRAPHIC LOG

Preliminary Jurisdictional Wetland Delineation
View High Development
Lee’s Summit, Jackson County, Missouri

Happy Valley Properties

Frame No.: 27

Direction: Northwest

Comments:
View of Little Blue River (C
1).

Frame No.: 28

Direction: Northeast

Comments:
View of Little Blue River (C
1).

B. Burton

January and February 2013



PHOTOGRAPHIC LOG
B. Burton

Preliminary Jurisdictional Wetland Delineation
View High Development
Lee’s Summit, Jackson County, Missouri

Happy Valley Properties

Frame No.: 29

Direction: West

Comments:
View of C-2 (ephemeral
channel).

Frame No.: 30

Direction: West

Comments:
View of Little Blue River and
C-2 entering river.

January and February 2013



PHOTOGRAPHIC LOG
B. Burton

Preliminary Jurisdictional Wetland Delineation
View High Development
Lee’s Summit, Jackson County, Missouri

Happy Valley Properties

Frame No.: 31

Direction: South

Comments:
View of C-3 (ephemeral
channel).

Frame No.: 32

Direction: East

January and February 2013

Comments:
View of C-3.



PHOTOGRAPHIC LOG
B. Burton

Preliminary Jurisdictional Wetland Delineation
View High Development
Lee’s Summit, Jackson County, Missouri

Happy Valley Properties

Frame No.: 33

Direction: North

Comments:
View of C-4 (ephemeral
channel).

Frame No.: 34

Direction:

Comments:
View of end of C-4, south of
photo 33.

January and February 2013



PHOTOGRAPHIC LOG
B. Burton

Preliminary Jurisdictional Wetland Delineation
View High Development
Lee’s Summit, Jackson County, Missouri

Happy Valley Properties

Frame No.: 35

Direction: Southeast

Comments:
View of pond in northern
section of site.

Frame No.: 36

Direction:

Comments:
Typical view of fescue with
morphological adaptation —

tufting”.

January and February 2013



APPENDIX C

Routine Wetland Determination Data Forms

9

Provided Upon Request
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APPENDIX E – FLOOD STUDY EXHIBITS 
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Table 2: Water surface elevation results for the Duplicate Effective, Corrected Effective and Proposed Conditions models (Little 

Blue River)

Duplicate 

Effective 

Model 

Corrected Effective 

Model Water 

Surface Elevation

Proposed 

Conditions 

Difference (Proposed - 

Duplicate Effective)

Difference (Proposed - 

Corrected Effective)

Water Surface 

Elevation

Water Surface 

Elevation

Water Surface 

Elevation

Water Surface 

Elevation Water Surface Elevation

Station Flow Profile FT FT FT FT FT

55518.3 100YR 809.4 809.4 809.4 0.0 0.0

56362.9 100YR 809.7 809.6 809.6 -0.1 0.0

AT 56549.9 100YR 809.7 809.7 809.7 0.0 0.0

56658 100YR * 810.2 810.2 * 0.0

56837.7 100YR 810.0 810.4 810.4 0.4 0.0

57526.5 100YR 810.2 810.7 810.7 0.5 0.0

AU 58190 100YR 810.2 810.7 810.7 0.5 0.0

58764.42 100YR * 810.8 810.8 * 0.0

58788.61 100YR * 810.8 810.8 * 0.0

58807.06 100YR * 810.8 810.8 * 0.0

58996.41 100YR * 810.9 810.8 * -0.1

59234.2 100YR 810.4 810.9 810.9 0.5 0.0

59645.95 100YR * 811.0 811.0 * 0.0

59733.6 100YR 810.5 811.0 811.1 0.6 0.1

60101.84 100YR * 811.0 811.1 * 0.1

60384.3 100YR 810.5 811.0 811.1 0.6 0.1

AV 60736.85 100YR * 811.1 811.1 * 0.1

61029.3 100YR 810.6 811.1 811.2 0.6 0.2

AW 61217.1 100YR 810.9 811.2 811.3 0.5 0.2

AX 61487.2 100YR * 811.8 811.9 * 0.2

61996.8 100YR 811.7 811.9 812.1 0.4 0.1

62394 100YR 811.8 812.0 812.2 0.3 0.1

AY 62668.9 100YR 812.1 812.3 812.4 0.3 0.1

AZ 63129.3 100YR 815.0 815.2 815.3 0.3 0.1

63690.9 100YR 815.2 815.4 815.5 0.3 0.1

64158.1 100YR 815.3 815.5 815.6 0.3 0.1

BA 65072.4 100YR 815.5 815.7 815.8 0.3 0.1

66352.2 100YR 815.7 815.9 816.0 0.3 0.1

66839.9 100YR 815.8 815.9 816.0 0.2 0.1

BB 67649.8 100YR 815.9 816.0 816.1 0.2 0.1

68788.5 100YR 816.0 816.1 816.2 0.2 0.1

BC 69768.7 100YR 816.3 816.4 816.5 0.2 0.1

70839.9 100YR 816.3 816.5 816.6 0.2 0.1

BD 71783.4 100YR 816.4 816.5 816.6 0.2 0.1

71913.7 100YR 816.4 816.5 816.6 0.2 0.1

BE 72171.9 100YR 816.4 816.5 816.6 0.2 0.1

72301 100YR 816.4 816.5 816.6 0.2 0.1

BF 72532.5 100YR 816.5 816.6 816.7 0.2 0.1

BG 73602.7 100YR 904.2 904.2 904.2 0.0 0.0

* Cross section was added to Proposed Conditions model to account for proposed structure and is not part of the Duplicate Effective model

Cross Section 
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APPENDIX F – MASS GRADING CULVERT ANALYSIS & STREAM 
ASSESSMENT 

 

 



 

 

9801 Renner Boulevard 
Lenexa, KS 66219 
 

 
 
 

MEMORANDUM 
 
 
To:  Sue Pyles, P.E. – City of Lee’s Summit 

From:  Beth Fry, P.E., CFM - GBA 

Date:  July 10, 2018 

Subject:  Paragon Star – Culvert Analysis, Stream Assessment  

 

Culvert Analysis 

A culvert analysis for storm sewer Lines 100, 300, 500, 700, and 1200 were completed using the 

Federal Highway Administration’s HY-8 modeling program. The model inputs and results are provided 

at Table 1.  

 

The procedures outlined in HEC 14 – Hydraulic Design of Energy Dissipators for Culverts and 

Channels were used to determine the D50 of the rock lining for all energy dissipators. For the partially 

lined scour holes at the outlets of Lines 300 and 500, a composite riprap material was specified so the 

lining would be well graded and contain large boulders that can withstand the high outlet velocities.  

 

Stream Assessment 

An unnamed tributary of Little Blue River will be realigned upstream of and through the proposed Line 

300 culvert. Approximately 550-feet of stream channel will be impacted by the proposed project. The 

following stream assessment was completed based on the guidelines provided in  APWA 5600 Section 

5605.5. 

 

GBA conducted a visual survey of the stream reach to identify bankfull characteristics and a reference 

cross section for the realignment. A photo log has been included. The entire reached displayed on 

Exhibit 1 was assessed, and the reference reach was identified between stations 496.8 and 651.8. 

Downstream of 496.8, the characteristics of the stream changed, becoming steeper and more 

entrenched (bankfull elevation is lower than the top of the channel bank). Therefore, the channel 

characteristics between stations 496.8 and 651.8 were used as the reference reach for the channel 

realignment.  

 



  

 

A cross section was surveyed at a riffle, at station 582.9, and was selected because it was 

representative of the stream channel. The bankfull depth was identified in the field and a pebble count 

was conducted to determine the median particle size, or D50. Measured pool depths within this 

reference reach were 1-foot. The bankfull dimensions, flow, results of the materials analysis, and shear 

stress analysis are all provided on Exhibit 2.  

 

The bankfull characteristics of this section were used as the basis for design of the realigned channel 

reach. The proposed channel was designed to carry the calculated bankfull flow, maintain a similar 

threshold grain size, entrenchment ratio, and mean depth of flow. The design cross section and its 

bankfull characteristics has been provided with Exhibit 3 and is also shown on Sheet 8 of the mass 

grading plans (attached).  

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 1. Culvert Analysis for Paragon Star Development

Culvert Segment Design Event Discharge, cfs Tailwater Method

Tailwater 

Depth, ft

Culvert 

Material

Diameter, 

in FL, in FL, out Length, ft

Inlet Control 

Depth, ft

Outlet 

Control 

Depth, ft

Headwater 

Elevation

Outlet 

velocity, 

fps

103-102 100-year 106 Manning's Equation 5.5 RCP 42 798.5 797.2 128.77 7.12 7.94 806.47 11.02

102-101 100-year 106 DS Headwater N/A* RCP 48 796.9 796.4 58.42 5.49 4.9 802.42 11.65
101-100 100-year 106 Manning's Equation 4.25 RCP 48 789.2 788.6 58.69 5.49 5.49 794.7 8.44

300 302-300 100-year 991 Manning's Equation N/A* RCB 8x8 795.9 795.1 157.45 14.49 13.43 810.43 15.87

500 501-500 100-year 308 Manning's Equation 5.9 RCP 72 797.8 794.7 204 6.07 11.67 810.45 12.29

703-702 100-year 265 Manning's Equation 3.78 RCP 60 797.1 796.9 34 10.53 9.2 807.66 14.21

702-701 100-year 265 DS Headwater N/A* RCP 60 796 796.6 69.47 8.57 3.22 805.13 13.74
701-700 100-year 265 Manning's Equation 3.78 RCP 60 787.4 786.8 56.7 10.52 8.93 797.9 14.88

1203-1202 100-year 23 DS Headwater N/A* RCP 30 807.5 806.9 20.19 2.52 1.58 810.02 9.74

1202-1201 100-year 23 Manning's Equation 2.52 RCP 30 801.3 800.8 43.11 2.55 3.49 804.75 4.69
1201-1200 100-year 23 Manning's Equation 1.22 RCP 30 800.5 800 53.25 2.55 1.75 803.08 8.31

*Headwater at downstream structure is lower than flowline of structure being analyzed. 

100

700

1200

Model ResultsModel Inputs



 

  
 

2/9/2017 
 

 

 

 
 

 

Paragon Star Development Mass Grading 
Channel (Line 300) Realignment 
 
 

BEF 

12720.05 

Frame No.:  1 
 
Direction: Southeast 
 
Comments:  
Surveyed cross section (582.9) 
looking downstream.     

 

 

Frame No.: 2 
 
Direction:  Northwest 
 
Comments:  
Surveyed cross section (582.9) 
looking upstream.     
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Exhibit 1: Line 300/Little Blue River Tributary Existing Plan and Profile
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Cross Section  1

Bankfull Dimensions Flood Dimensions Materials
59.2 x-section area (ft.sq.) 155.8 W flood prone area (ft) 38 D50 Riffle (mm)

30.7 width (ft) 5.1 entrenchment ratio 90 D84 Riffle (mm)

1.9 mean depth (ft) 4.8 low bank height (ft) 48 threshold grain size (mm):

3.0 max depth (ft)  1.6 low bank height ratio

32.5 wetted parimeter (ft)

1.8 hyd radi (ft)

16.0 width-depth ratio

Bankfull Flow Flow Resistance Forces & Power
5.5 velocity (ft/s) 0.037 Manning's roughness 0.85 channel slope (%)

327.3 discharge rate (cfs) 0.13 D'Arcy-Weisbach fric. 0.97 shear stress (lb/sq.ft.)

0.72 Froude number 7.8 resistance factor u/u* 0.71 shear velocity (ft/s)

6.5 relative roughness 5.6 unit strm power (lb/ft/s)
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5 + 82.9    Little Blue River Tributary - Reference Section,  Riffle

Exhibit 2: Bankfull Characteristics of Reference Cross Section (582.9)



Cross Section  4

Bankfull Dimensions Flood Dimensions Materials
70.8 x-section area (ft.sq.) 185.2 W flood prone area (ft) 38 D50 Riffle (mm)

36.0 width (ft) 5.1 entrenchment ratio 90 D84 Riffle (mm)

2.0 mean depth (ft) --- low bank height (ft) 32 threshold grain size (mm):

3.5 max depth (ft)  --- low bank height ratio

36.8 wetted parimeter (ft)

1.9 hyd radi (ft)

18.3 width-depth ratio

Bankfull Flow Flow Resistance Forces & Power
4.6 velocity (ft/s) 0.036 Manning's roughness 0.54 channel slope (%)

329.1 discharge rate (cfs) 0.12 D'Arcy-Weisbach fric. 0.65 shear stress (lb/sq.ft.)

0.59 Froude number 8.0 resistance factor u/u* 0.58 shear velocity (ft/s)

6.7 relative roughness 3.1 unit strm power (lb/ft/s)
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Exhibit 3: Bankfull Characteristics of Design Cross Section 
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